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1Herbal therapeutic systems

lesson for healthcare today. These sources are not to be 
dismissed lightly.

As it is now known that animals use plants for medicinal 
purposes,1,2 it is unlikely that there was a time when humans 
did not use herbal remedies. There is prehistoric evidence 
of the use of medicinals from the USA3 and medicinal plant 
traces found at neolithic sites.4 There are also innumerable 
accounts of medicinal plants being used by small communities 
around the world, living wholly within the natural world and 
crafting their survival from the facilities around them.5–7

Most of what is known about herbal use from recorded 
history is provided by early texts, often among the earliest 
of all known books. However, one overwhelming gap in this 
record is that, although in its original mode herbal medicine 
was centred in local communities and practised largely by 
women, this is barely reflected in contemporary accounts.8 
After the demise of organised medicine with the collapse of 
the Roman empire, healthcare in Europe for most people was 
again provided at a very local level, probably including a mix 
of herbs and diet, together with faith and holy relics, as well 
as astrology, pagan incantation and ritual9 (the Inquisition per-
mitting – millions of women were killed for practising ‘witch-
craft’ across Europe from the 13th to the 18th centuries).10 
Hildegarde von Bingen, one of the first prominent woman 
authorities in Europe, achieved particular renown through 
her medicinal text Physica. In it, she became the first woman 
publicly to discuss plants in relation to their medicinal proper-
ties.11 She was, however, a solitary exception to the prevailing 
view that women were not in the forefront of academic, pro-
fessional or literary efforts. Like her, however, most European 
writers of the time were from the monastic tradition, only 
moving into the popular arena around Chaucer’s time. By 
then well-organised medicinal gardens and practices were 
recorded in England by authors such as Henry Daniel, John 
Arderne, John Bray and Chaucer himself, all reflecting on cur-
rent medicinal practice across Europe in the 14th century.12 
Where systems were apparent in these texts, they appear to 
have been derived from the Graeco-Roman tradition with 
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From the beginning: popular 
practices

Plants and humans share many experiences. Humans are 
of course one species spread around the world with all indi-
viduals sharing essentially the same physiology and anatomy. 
However, even the myriad species of plants share more than 
they differ, with common mechanisms of primary metabo-
lism and cell structure and many common strategies of regula-
tion, reproduction and even defence. Although there are vast 
numbers of pharmacologically active ‘secondary’ metabolites 
in plants, they mostly classify into a small list of phytochemi-
cal groups (see Chapter 2). A review of human medical cul-
tures shows that there are common themes that may arise 
from consistent experiences of consuming plants. When these 
themes are recast in the light of modern scientific enquiry one 
may glimpse therapeutic approaches that are radically differ-
ent from those which underpin conventional medicine.

What also emerges again and again is that, contrary to 
modern prejudice, writers on medicine from the very ear-
liest eras demonstrate a respect for rigorous observation 
and humane pragmatism that still may provide a valuable 
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varying amounts of astrology, especially in works by Culpeper 
and Gerard. It was only with the works of Paracelsus that 
scholarship began substantially to question the previous defer-
ence to Galen and medicine moved into the modern techno-
logical age, leaving folk practice way behind.

Such was the enormous variety of folk practices around 
the world that one must conclude that, while most rationales 
were based on empiricism, local shibboleths and traditions 
often acted as a brake on innovation. Nevertheless, there are 
likely to have been common features. A fascinating account of 
one remote group in Central America13 shows significant simi-
larities between their and other humoral approaches around 
the world. It is also certain that where therapeutic systems 
did develop, they were based on popular practices.

Graeco-Roman and Islamic medicine

The systematic development of medical ideas that started 
with the Hippocratic writings from the Greek island of Kos 
in the fifth and fourth centuries bc and climaxed in the work 
of Galen in the second century ad, laid the foundations for 
European medicine until the scientific era, and the frame-
work for Islamic medicine until the present time. They were 
marked by almost modern standards of empiricism, logic and 
rigour.14

The Hippocratic writings,15 a complex series of treatises 
from a school rather than from one individual, were an aston-
ishing event. In passages of renaissant illumination, they evi-
denced an enlightened tradition that invoked dietary, lifestyle, 
environmental and psychotherapeutic means to encouraging 
health. The Hippocratic tradition is generally associated with 
the concept of the natural healing power of life, the vis medi-
catrix naturae. In fact, most of the texts are pragmatic guides 
to maintaining health and to the practice of medicine, with 
some passages (e.g. The Art of Medicine) being undisguised 
paeans to the importance of physicians in healthcare!

There were herbs included in the Hippocratic canon, but it 
was a wider doctrine of whole healthcare that was being for-
mulated. It was left to others to formulate the materia medi-
cae of the day. The Greek Dioscorides in the first century ad 
rigorously collected information about 500 plants and reme-
dies in tours with the Roman armies and collated them in his 
seminal Materia Medica.16

Galen is widely regarded as the pivotal Graeco-Roman 
authority in medicinal matters. He wrote extensively about his 
subject, setting out comprehensive principles of sometimes sur-
prising topicality. For example, he proposed a research agenda 
for establishing the ‘powers’ of a remedy, based on the obser-
vance of eight conditions:

1.	The drug must be of good unadulterated quality.
2.	The illness must be simple, not complex.
3.	The illness must be appropriate to the action of the drug.
4.	The drug must be more powerful than the illness.
5.	One should make careful note of the course of illness and 

treatment.
6.	One must ensure that the effect of the drug is the same for 

everybody at every time.

7.	One must see that the effect of the drug is specific for 
human beings (in an animal it can have another effect).

8.	One must distinguish the effect of drugs (working by their 
qualities) from foods (working by their substance).

In further passages (most have never been translated into 
English) he shows clear evidence of modern logical thought in 
setting out a series of experiments to prove that the kidneys 
were the source of urine into the bladder.14

The fundamental principle in Galen’s work was that nature 
was an active dynamic force, and phenomena its expressed 
purpose. Treatments engaged these forces, either in the case 
of drugs through their own dynamic ‘qualities’, or in the  
case of foods by the qualities of their substance. In classify-
ing the dynamic qualities of medicines, he refined the widely 
established view that they had ‘temperaments’ reflecting well-
understood climatic influences.

In the Greek and Roman world the temperaments hot, 
cold, dampness and dryness were formed into paired com-
binations of the four elements that made up nature: earth, 
water, fire and air (heat is generated by fire and air, cold by 
earth and water and so on). The elements were associated 
with four fluids, ‘juices’ or humours in the body, respectively 
black bile, phlegm, yellow bile and blood (their more everyday 
manifestations were faeces, mucus, vomit and bleeding), with 
these being linked with personality types: the melancholic, 
phlegmatic, choleric and sanguine. As we will see elsewhere, 
the Old World had no problems in associating the most banal 
phenomenon with fundamental truths about human nature! 
Therapeutically the humours were the cornerstone and phy-
sicians moved to counteract excess (plethora) or deficiency 
(kenos) in any of them. For excess or toxic conditions ‘dias-
thetic’ remedies, sometimes alterants and eliminatives, were 
literally ‘antidotes’, primarily heating, cooling, drying and 
moistening accordingly, in degrees, with remedies in the 
‘first degree’ milder than those in the third or fourth (which 
became increasingly dangerous). In deficiency conditions 
‘physic’ remedies were replenishing, supportive or ‘plerotic’.

A widely noted quality of remedies was the effect they 
appeared to have on the mobilisation of body heat, especially 
in relation to fevers. His authoritative definitions of these 
pharmaceutical qualities were widely used throughout medi-
eval Europe:

All medicines considered in themselves are either hot, cold, moist, 
dry or temperate.

The qualities of medicines are considered in respect of man, not of 
themselves; for those simples are called hot which heat our bodies; 
for those cold which cool them; and those temperate which work no 
change at all …

Such as are hot in the first degree, are of equal heat with our bodies, 
and they only add a natural heat to them, if it be cooled by nature 
or by accident thereby cherishing the natural heat when weak, and 
restoring it when wanting. Their use is: 1. To make the offending 
humours thin, that they may be expelled by sweat or perspiration; 
and 2. By outward application to abate inflammations and fevers by 
opening the pores of the skin.

Such as are hot in the second degree, as much exceed the first, as 
our natural heat exceeds a temperature. Their use is to open the 
pores, and take away obstructions, by relaxing tough humours and by 
their essential force and strength, when nature cannot do it.
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Such as are hot in the third degree, are more powerful in heating, 
because they tend to inflame and cause fevers. Their use is to 
promote perspiration extremely, and soften tough humours, and 
therefore all of them resist poison.

Such as are hot in the fourth degree, burn the body, if outwardly 
applied. Their use is to cause inflammation, raise blisters, and 
corrode the skin.

Such as are cold in the first degree, fall as much on the one side of 
temperate as doth hot on the other. Their use is: 1. To qualify the 
heat of the stomach and cause digestion; 2. To abate the heat in 
fevers; and 3. To refresh the spirits being almost suffocated.

Such as are cold in the third degree, are such as have a repercussive 
force. Their use is: 1. To drive back the matter, and stop defluctions; 
2. To make the humours thick; and 3. To limit the violence of choler, 
repress perspiration, and keep the spirits from fainting.

Such as are cold in the fourth degree, are such as to stupefy the 
senses. They are used: 1. In violent pains; and 2. In extreme 
watchings, and the like cases, where life is despaired of.

This is a clinically elaborate classification. Heating remedies 
start as at ‘equal heat with our bodies’ (i.e. normalising a 
healthy body temperature), increasing in stages to those that 
are so hot that they must only be ‘outwardly applied’ in coun-
ter-irritation and blistering strategies (see p. 39). Their primary 
function is to thin ‘offending humours’, or toxic accumulations, 
a process that may have been likened to the effect of warming 
congealed meat stock, so that they may be expelled by perspi-
ration (in fever). This strategy was clear: fevers were a healthy 
response and such remedies supported this response ‘when 
nature cannot do it’. As they become stronger they are more 
forceful, till they actually ‘cause fevers’ and ‘cause inflamma-
tions’, taking over entirely from a failing constitution.

Cooling remedies are inherently more risky. The ultimate 
cold is the corpse. Nevertheless, they can be used to contain 
excessive vital responses such as pain, ‘choler’ and excessive 
eliminations (‘defluctions’). Intriguingly, at the gentlest such 
level, the effect is to ‘cause digestion’; the bitters (see p. 84) 
were included in this category, the attraction being that these 
cooled but did not depress, reducing heat by switching the 
physiology towards increased digestive activity (universally 
seen as cooling) and thus increased nourishment, a highly 
attractive tactic in many fevers. Also intriguing is the insight 
at the other end of the spectrum. Using powerful sedatives 
when all else fails and death is imminent (‘in extreme watch-
ings’) is one of the less formally advisable clinical knacks from 
a more desperate age; it appears that the effect can be to wipe 
out the clamour of adversity at that stage of crisis so that new 
life might just flicker back. The works of the Graeco-Roman 
writers were most extensively remodelled by the medical 
writers of the Islamic era. Up to 100 authors on pharmaceu-
tics and materia medica are identifiable in the Arabic bibliog-
raphies, most copying and adapting directly from Dioscorides 
and Galen. There were, however, notable developments, 
including the work of the Persians al-Majusi (Ali Abbas), ar-
Rhazi (Rhazes) and Ibn-Sina (Avicenna), the Jew Maimonides 
and the Christian Hunayn ibn-Ishaq. However, not for the 
first time in reviews of classic texts (the Chinese canon is 
another example) there is a sense that much that was writ-
ten was truly theoretical, with evidence of systematisation by 
rote, showing little regard for likely actual practices.17

Nevertheless, it is apparent that in Islamic pharmaceutics 
considerable respect was paid to the qualities of individual 
herbs (unlike the Chinese emphasis on formulations, these 
were seen as reflecting a secondary skill). Physicians were 
expected to understand intimately the nature of each remedy, 
its natural habitat, its specific energy pattern, actions, indica-
tions, specific relationships to the organs, duration of action, 
toxicity and contraindications, types of preparation, dosage, 
administration and antidotes.18

The Islamic medical tradition as Unani/Tibb has been 
maintained in its heartland until the present day and it also 
generated important benefits for the medicine of Europe. 
Montpellier and Salerno were among the first of the new 
medical centres of Europe. Rather than relying just on ancient 
texts, a new experimental culture led to reports of the tested 
effects of substances from identified plants. This advance was 
fostered by the foundation of universities and greatly aided by 
the later invention of the printing press, which also allowed 
wider dissemination of the classical texts.19

Chinese herbal medicine

The traditions of medicine that developed in China from 
prehistoric times have survived as a major part of healthcare 
provision to the present day and through this extraordinary 
continuity constitute the most comprehensive clinical strategy 
for the use of herbal medicines anywhere.

This text is not the place for an exhaustive overview of 
Chinese medicine. There are effective texts available in 
English, notably the essential work by Unschuld,20 other 
classic texts,21,22 one very accessible introduction,23 a rigor-
ous yet practical review,24 and a summary designed to help 
the Western practitioner.25 What will be attempted here is 
the distillation of uniquely herbal strategies and concepts 
from the vast corpus of Chinese medicine. There is much 
to choose from. Over the last 2000 years a number of semi-
nal texts and systems have been developed, each incorpo-
rating the developments of their predecessors. These were 
often very intricate systems, reflecting perhaps the priori-
ties of scholarship and portent lore (much theorising at the 
early stages was for the Imperial court26). At more than one 
stage, there appears to have been some difficulty in organis-
ing the empirical folk traditions into neat systems20 and there 
is always a suspicion that realities may have been squeezed to 
justify the cosmology.

However, Chinese medicine was certainly not idle theo-
rising. In one review of the medicine of early China,27 it has 
been pointed out that among other ‘modern’ advances were 
the use of androgens and oestrogens (in placentas) to treat 
hypogonadism, the development of forensic medicine, the 
advocacy of hand washing to avoid infection and the asso-
ciation of hardening of the arteries with high salt intake. 
Qualifying examinations for physicians were conducted by the 
Chinese state as early as the first century ad and there was an 
elaborate system of medical ethics.

It is first important to emphasise that the Chinese world view 
has been fundamentally different from that in the West since 
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the time of Aristotle. In Chinese thinking everything moves 
(the seminal classic, the I Ching, is translated as the ‘Book of 
Changes’). Events are automatically described by their transient 
qualities in relation to other events and are manifestations of 
energies in ways that the West understood only after Einstein.28 
The generic term for these energies is qi, but in the case of the 
living body there are many forms of varying density, from wei 
qi as the most rarefied on the body surface, manifest in acute 
defensive reactions like fever and colds, through ying qi, the 
nourishing qi flowing through the meridians, to xue or blood, 
the most substantial aspect of qi, manifest in many somatic 
events. Qi is also manifest in jing (essence) and the body fluids. 
The comparison with modern physics is even more apposite as 
qi is simultaneously energy, movement and fluid (reminiscent of 
attempts to define light as waves and/or particles).

Transience continues: thus, in what has become known as 
Traditional Chinese Medicine (TCM – in fact the mainstream 
tradition in China after the Communist Revolution of 1948 
and the one most widely used by Western practitioners), the 
framework by which diseases are addressed is made up of 
four sets of polar opposites, the ‘eight conditions’.

Each pair denotes a spectrum of qualities onto which any 
illness can be placed; each implies that the aim of any thera-
peutic measure is to move extremes back towards a healthy 
mean. Although used as a diagnostic framework for acu-
puncture, it is widely agreed that TCM is primarily based on 
herbal therapeutics. Thus herbs are ascribed temperaments or 
tendencies accordingly: they may be Yin or Yang, tonic or dis-
persive, cooling or heating, eliminative or constructive. These 
manifestations are in turn aspects of fundamental properties 
of the remedies (see Table 1.1).

In Chinese medicine there is little regard for anatomy and 
the main entities upon which pathogenic or therapeutic forces 
act are essentially functional and physiological. There are six 
pairs of functions, often confusingly translated in the West as 
‘organs’. These, like all phenomena in the Chinese world, are 
ascribed to points on the five-phase cycle that further illumi-
nate their qualities. The five phases (the frequently used term 
‘five elements’ is clearly not appropriate here) are seasonal 
and cyclical transitions through which all the universe moves. 
They have a multitude of dynamic relationships with each 

other and an array of more or less consistent qualities. The 
five phases, their attributes and their relationship with the six 
pairs of functions are illustrated in Table 1.2.

Following the strictures of Porkert,21 words in this text 
which may be confused with their Western meanings are dis-
tinguished typographically (with capitals and italics though 
not, as he insisted, using completely new words altogether).

The five Tastes (Chinese 
pharmacology)
In days before laboratory investigations, taste was obviously a 
major arbiter of a plant’s quality and it is easily seen how an 
association with pharmacological activity could be made. In 
the case of Chinese medicine the taste became a pharmaco-
logical force in its own right.

Two of the Tastes are primarily yang and tend to disperse 
upwards in the body. They are the pungent and sweet Tastes 
(the latter is usually yoked with a sixth non-taste quality, 
referred to here as the bland Taste).

Three Tastes are primarily yin and tend to flow downwards 
in the body. They are the sour, bitter and salty Tastes.

The Tastes were assigned to the five phases and their func-
tional manifestations in the body, as below. In turn, this came 
to mean that the normal role of each Function included being 
a vehicle for the activity of its own Taste and depended on 
acquiring a quantum, primarily from food or medicine.

While a moderate amount of each Taste is necessary for 
its corresponding Function, there are also wider effects aris-
ing from their consumption. The relationships are expressed 
in Figure 1.1. (For a review of the implications of the four-
phase nature of the relationships and the peculiar position of 
the Spleen, see Mills.25)

Tonification
As well as being associated with one Function, each Taste is 
also seen to tonify, i.e. at moderate levels support, another 
Function.

Dispersing
Extra amounts of each Taste disperse excessive activity in 
the Function with which it is linked. This is straightforward 
except in the case of the Spleen, which is already tonified by 
sweet: it appears, therefore, to do a swap with the Heart.

Damaging
The effects of taking excessive amounts of any particular Taste 
follow a conventional destructive ko cycle pattern in the five-
phase relationship.

A brief review of the properties of each Taste is instructive.

Salty
The taste of common salt and seafood, but is not well repre-
sented in the herbal materia medica. However, seaweeds are 
occasionally used in maritime cultures and in Japan. It is pos-
sible to classify the occasional remedy like celery seed in this 

Table 1.1 

Condition Attributes

Yang Active, expanding, transforming, dispersive, centrifugal, 
aggressive, light

Yin Constructive, sustaining, completing, condensing, 
centripetal, responsive, dark

Full Repleted
Empty Depleted

Hot Active
Cold Passive

External Acute
Internal Chronic
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category. In China, however, the main group of drugs classi-
fied as salty are animal tissues and the minerals.

The salty Taste is directed by the Spleen to the Kidneys. It 
is yin and tends to flow downwards in the body and particu-
larly to the bones.

It is said to ‘moisten’ and ‘soften’ and salty remedies are 
used for ‘dry, hard’ pathologies, such as tumours, fibroses (e.g. 
liver cirrhosis), constipation and other abdominal swellings.

In moderation it tonifies the Heart, but damages it in 
excess. It is interesting to see how closely ancient observations 
tie in with current views on the influence of salt and electro-
lytes on the circulation.

Sour
This arises as the result of the stimulation of the sour taste 
buds by hydrogen ions. It is the taste of fruit acids, vinegar 
and tannins.

The sour Taste is directed by the Spleen to the Liver; it is 
yin and tends to move downwards in the body. It moves par-
ticularly to the muscle fibres (or ‘sinews’).

It is said to ‘absorb’ and ‘bind’ and is applied to discharges, 
excessive diuresis, incontinence, perspiration and premature 
ejaculation. Some of these indications recur in the discussion 
of the effect of tannins (see p. 35).

It disperses excess activity in the Liver and tonifies the 
Lungs. Among other roles, the latter is concerned with the 

maintenance of the body’s defences against external patho-
gens. The role of fruit as protection, particularly against res-
piratory infections, was thus apparently not a new discovery.

In excess it damages the Spleen. Excessive consumption of 
tannins interferes with assimilation of foods.

Bitter
This taste is mediated by bitter taste buds in the mouth 
which are stimulated by a number of chemical structures. It is 
thus a quality recognised by the Chinese, and others, as being 
intrinsic to herbal remedies.

It is directed by the Spleen to the Heart; it is yin and tends 
to flow downwards in the body. It moves particularly to xue 
(‘blood’). As the densest of the circulating energies in the body, 
xue is in effect the speculative force behind the more somatic 
events in the body. Compared to acupuncture, which is seen 
to primarily affect qi, the more rarefied circulating energy, the 
archetypal bitterness of herbal remedies is strongly associated 
with treating more substantial deep-seated clinical problems.

It is said to ‘sedate’, ‘dry’ and ‘harden’. The first reflects 
bitter’s cool temperament while ‘drying’ refers to bitter’s 
use in ‘damp-heat’ conditions (e.g. hepatitis); ‘harden’ may 
be better translated by the term ‘consolidate’ to express the 
effect of improving assimilation and nourishment.

It disperses excess in the Spleen. A modern manifestation 
of such a condition is the excessive consumption of sweet 

Table 1.2 

Phase Fire Earth Metal Water Wood

Attributes Heating, attracting, 
burning, destructive, 
ascending, illuminative

Nourishing, stable, 
restful, central, fertile

Hard, strong but 
mouldable, cold but 
responsive to heat, 
lustrous, protective

Soaking, sinking, cold, 
still, deep, dark, potent, 
latent

Growing, spreading 
outward

Function (yin) Heart/Pericardium Spleen Lungs Kidney Liver

Attributes 1) Sovereign, rules xue, 
stores shen, maintains 
individual integrity, 
seen in face, tongue, 
pleasure, sweating and 
laughter
2) Ambassador, origin 
of pleasure and social 
skills

Transformation, 
primary digestive 
function, in charge of 
upward movement, 
stores nourishing qi, 
rules flesh and limbs, 
seen also in lips, 
mouth, sympathy, 
saliva and singing

Prime minister, source 
of rhythm, directs 
movement outward 
(defence) and fluid 
downward, site of qi 
production, rules qi, 
seen also in nose, 
skin, sorrow, nasal 
secretions and crying

Root of life and 
will, stores jing 
(essence), rules birth, 
development and 
reproduction, source of 
yin and yang, heat and 
power, rules bones and 
marrow, seen also in 
hair, ears, fear, sputum 
and moaning

Allocation of resources, 
spreading, stores xue, 
rules sinews, also seen 
in nails, eyes, anger, 
tears, shouting

Function (yang) Small Intestine/
Triple Heater

Stomach Large Intestine Bladder Gallbladder

Attributes 1) Rules separation of 
pure from impure
2) Smelting, distillation 
and condensation, 
regulates movement 
of fluids

Receives and digests 
food, in charge of 
downward movement, 
starts separation of 
pure from the impure

Rules elimination, 
continues separation of 
pure from impure

Rules fluid eliminations, 
confluence of fluids

Directs other functions, 
stores bile

Pharmacological 
attribute (Taste)

Bitter Sweet Pungent Salty Sour
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foods with the consequent possible disruptions in blood sugar 
levels. There is clinical experience of the benefits of bitter 
herbs in stabilising such disruptions.

It tonifies the Kidneys. As the repository of constitutional 
reserves, the Kidneys provide the greatest tonifying challenge, 
another example of the universal traditional reverence for 
bitters.

In excess it damages the Lungs. Excessive cooling sup-
presses vital defences.

Sweet
In a time when sugar was almost unknown, this was a far 
more subtle taste and was used to refer to the intrinsic 
sweetness of the rural diet: cereals, pulses, cooked root veg-
etables and those fruits suitable for drying and storing as win-
ter food such as apricots, figs and prunes. In days when even 
honey was rare, the taste of extracted sugar would have been 
considered intrinsically excessive. In herbal remedies the 
sweet taste is exhibited particularly by the saponins, a chemi-
cal group often found in Chinese tonics and adaptogens.

The Spleen keeps the sweet Taste to itself; it is yang and 
tends to move upwards in the body, particularly to the soft tis-
sues. Sweetness is nourishment: it is the quality of a simple 

agrarian diet and has its most potent metaphor in mother’s milk. 
It thus manifests in the soft tissues and in overall body shape.

It is said to ‘tonify’ and to ‘balance’. As well as being the 
obvious tonic influence, a good stable agrarian diet is the most 
effective way to promote homeostasis; many saponin-rich 
adaptogenic remedies have a similar clinical reputation.

It disperses excess in the Heart, including symptoms of 
anxiety and nervous tension.

In excess it damages the Kidneys, a terminal effect in 
Chinese medicine, resulting in premature ageing. The Chinese 
in effect predicted an enfeeblement of general vitality through 
excessive sweet consumption.

Pungent
Sometimes also called ‘acrid’, this is the taste of the hot 
spices: cayenne, ginger, mustard, the peppers, horseradish, 
raw onions and garlic (both the latter become sweet when 
cooked) and generally all the ‘heating’ herbal remedies. 
Unlike the other four tastes, the effect is not linked to any 
special taste bud but simply follows direct irritation of any 
exposed tissues and sensory nerve fibres. The association with 
the Metal phase may have followed inhaling the fumes given 
off from smelting.

Bitter

Heart

Sweet

Sweet

Spleen

Bitter

Sour

Liver

Sour

Salty

Kidney

Acrid

Lungs

Salty

Tonifying

Dispersing

Damaging

Acrid

Figure 1.1 • The five Tastes and their relationships.



9

Herbal therapeutic systems C H A P T E R  1

It is directed by the Spleen to the Lungs; it is yang and 
tends to move upward, particularly to qi. The heating proper-
ties of the pungent Taste are always its dominant feature.

It is said to ‘move qi’, ‘disperse’, ‘activate the body flu-
ids’, ‘cause expulsion from the Lungs’ and ‘open the pores’. 
It tends to be used therefore for superficial, external disease 
conditions, to counteract external pathogenic influences, 
especially Wind and Cold, and to mobilise stagnant body 
energies.

It disperses excess in the Lungs, notably that manifested by 
congested bronchial inflammations. It tonifies the Liver, the 
Function responsible for ensuring a balanced dispersal of all the 
body’s energies and activities, but in excess also damages the 
Liver.

Bland
Is a substance seen as having no character and without 
dynamic action in the body. It is not, therefore, a typical Taste 
and is not recognised in all classical texts. Where it is, it is said 
to slip through the body without hindrance or interaction. It 
moves straight through from the Spleen to the Bladder, i.e. 
the urinary system, and thus out of the body.

Its only effect, therefore, is that it is a diuretic. Many of 
the diuretics used in herbal medicine have a characteristic 
blandness of taste.

Ayurvedic herbal medicine

The written record of the traditional medicine of India is less 
accessible than that for China, with few English texts from 
India itself29–31 and few notable, though exceptional, texts 
written in the West.32,33 Nevertheless, it is clear that this tra-
dition includes significant systematising of medical practices 
in one of the major cultures in history. Medicines were clas-
sified, for example, by their Tastes and therapeutic categories, 
as in Chinese medicine, and their effects on illnesses linked to 
constitutional types (doshas) and humours.

The doshas provide the primary orientation. The word 
derives from the same root as the English ‘dys-’ as in ‘dysfunc-
tion’: the dosha is essentially a fault in the healthy state of the 
body. Three doshas are fundamental, each being a condensa-
tion of pairs of the five elements, waste products produced 
when the body replenishes its elements. The doshas support 
the body only as long as they continually flow out of it, as 
proper eliminations of urine, faeces and sweat.

Kapha is a condensation of water and earth (the damp and 
dry elements of matter) and it projects itself into the produc-
tion of lubricant fluids in the body. It is the stabilising influ-
ence in the body and generally concentrates in the thorax to 
contain rising vata; it is associated with mucus. Illnesses of 
excessive kapha are marked by symptoms of cold, damp and 
heaviness (e.g. catarrh, oedema, abdominal congestion) and 
are relieved by warming, drying, stimulating remedies such as 
the pungent spices, warming diaphoretics and expectorants, 
emetics, aromatic and bitter digestives, and carminatives and, 
to a lesser extent, perhaps combined with the above, diuret-
ics, laxatives and astringents.

Pitta collects fire and water elements into the produc-
tion of bile and is associated with digestive juices more gen-
erally; it is in charge of transformation and processing, and 
concentrates in the mid-abdomen. Illnesses of excessive or 
obstructed pitta are marked by biliary disturbances and may 
include symptoms of heat, damp and excessive activity (e.g. 
fever, inflammation, infection, blood toxicities, bleeding); 
they are relieved as appropriate, and perhaps in combination, 
by cooling, drying, nutritive or calming remedies such as the 
bitters, purgatives, sweet tonic remedies, astringents, cooling 
diaphoretics, alteratives and diuretics.

Vata arises from condensation of air and space and is the 
(often unstable) windy form of prana, linked to the functions 
of the respiratory system. It is in charge of all movement in 
the body and it concentrates in the lower abdomen to help 
lift kapha. Illnesses of the vata type, marked by cold, dry-
ness and excessive (especially nervous) activity, are of two 
types. Deficient vata (e.g. emaciation and constitutional 
dehydration) is treated with sweet and nutritive tonics, bulk-
ing laxatives, demulcents and salty remedies. Accumulated 
or obstructed vata is a congestive version that may include 
abdominal distension and gas, constipation and rheumatic 
and arthritic conditions. This is treated with modest pungent 
herbs in the short term only, moderate warming diaphoret-
ics, carminatives and antispasmodics and temporary laxatives. 
All vata conditions are indications for traditional Ayurvedic 
enema therapy.

In a bias that often recurs in herbal medicine texts, the 
Ayurvedic tradition also sees many conditions as combinations 
of the doshas with toxicity, ‘damp’ or ama. This is a kapha-
like influence, being generally cold, slimy, heavy and dense, 
with phlegm and mucus, loss of taste and appetite, indiges-
tion, depression and irritability as common symptoms, and 
may arise from emotional difficulties as well as physical rea-
sons. It lies at the root of much chronic disease and immune 
disturbance. Where there is evidence of ama, improving elim-
inations is the first priority of treatment, a universal theme 
in herbal therapeutics. The prime herbal influences in the 
elimination of ama are the bitter and pungent herbs, often in 
that sequential order, perhaps after a fast. (This is exactly the 
strategy for the Galenic elimination of ‘damp’.) Sweet, salty 
and sour herbs can increase ama.

The treatment of ama is, however, complicated by its 
combinations with the doshas (in which case it has the suf-
fix sama). Combined with kapha (kapha sama), it is marked 
by severe mucus conditions and is a clear indication for pun-
gent with bitter herbs. Pitta sama is the classic Galenic damp-
heat condition, with yellow tongue coating, urine and faeces, 
congestive anorexia, loss of thirst and biliousness. Bitter herbs 
lead the treatment, with modest amounts of pungent, as 
appropriate. Vata sama is associated with constipation, painful 
abdominal congestion and flatulence, anorexia and bad breath, 
and is treated with pungent herbs, warming aromatic diges-
tives and carminatives combined with laxatives as required.

The six tastes (rasas)
As with the Chinese view, the effects of foods and the phar-
macology of medicines were classified in terms of their 
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immediate impact on the body. Rasas are not only subjective 
impressions but attributes of the body itself in its relationship 
with its environment: everyone craves the taste most lacking 
within. The choice of both medicines and foods is thus often 
determined by such assessments, the distinction between 
them again being a function of their effects on the body: foods 
nourish, medicines balance and poisons disturb.

The effects of rasas on the body are complex and rarely 
isolated. For example, the sweet, sour and salty tastes 
decrease vata and increase kapha but sour, salty and pungent 
tastes increase pitta. Bitter, pungent and astringent tastes 
increase vata and decrease kapha.

The primacy of cleansing
The Indian traditions of therapeutics concurred with most 
other older cultures in seeing disease as initially a toxic accu-
mulation. The disease process is seen generally to start with 
an obstruction to the pathways and an accumulation of one or 
more of the doshas (one recalls that the healthy manifestations 
of doshas are as eliminations from the body) in their respec-
tive locales: the stomach for kapha, the intestine for pitta and 
the bowel for vata. It is easiest to combat diseases at this earli-
est stage and there are several cleansing routines that people 
are encouraged to observe to remove accumulations of doshas 
before they lead to the next stages of disease development.

If hygienic and other observances are insufficient to deal 
with the accumulations, a range of therapeutic measures are 
indicated. These may include an elaborate structure of proce-
dures called panchakarma, designed to purify the body from 
the accumulations and pacify associated disturbances. Always 
the physician had to respect the relative strength of the patient 
and of the disease and adopt only those treatments that did 
not disturb or debilitate (there was little attraction in the 
‘healing crisis’ of some more recent alternative traditions). 
Often a treatment would start with fasting, especially to pro-
mote removal of any ama or in acute outbreaks. Thereafter, 
there might be variously intense body massages with oils or 
heating and sweating to soften and loosen the dosha accumula-
tions (as in the Galenic tradition referred to earlier).

Herbal or other remedies would be applied at any stage (or as 
a substitute for a stage of panchakarma where this was not indi-
cated), with the most active tactics being those that led to the 
most vigorous eliminations (emetics for accumulated vata and 
kapha, purgatives for pitta) but because of the risks of depletion 
there were many approaches to consider, some being particularly 
gentle. For every purification treatment successfully completed, 
there would be a mandatory convalescence to allow recovery, 
perhaps augmented by appropriate rejuvenating remedies.

Ayurvedic prescribing
Ayurvedic texts provide considerable detail in their therapeu-
tic recommendations. According to a recent English text,34 
Ayurvedic treatment is based on:
l	 correct diagnosis
l	 defined treatment principles
l	 understanding the disease process and the cause

l	 defined treatment strategies with an emphasis on the above
l	 developing a unique prescription.

Preparation of herbal remedies, for example, is most elabo-
rate, with a wide range of methods designed to transform the 
original plant material in a variety of ways to match the typol-
ogy of the disturbance being treated. The remedies were also 
applied to the body in many forms and at various times in the 
treatment according to its development.

As well as using the pulse, tongue and other traditional 
diagnostic methods, Ayurveda also invokes the 10 assess-
ments: constitution, habits (lifestyle), state of balance in the 
body, mental state, quality of the tissues, digestive power, 
quality of the body, energy levels, body type and age.

From the above text again, the fundamental Ayurvedic 
treatment principles are:
l	 reducing excess: excess pathologies are either treated by 

purification or palliation
l	 tonifying deficiency with tonics (rasayana)
l	 drying therapy for excess dampness; diuretic and 

anticatarrhal herbs are Western examples
l	 lubricating dryness with oily or demulcent herbs
l	 fomentation or sweating therapy reduces coldness, 

heaviness, stiffness or trapped heat – using steam and 
diaphoretic herbs (very analogous to Thomsonian medicine)

l	 astringent herbs are used for excess flow of bodily fluids.

This approach translates into the following treatment 
strategy:
l	 Balance the humours
l	 Support digestion and correct imbalances
l	 Restore equilibrium to the tissues, focusing on where the 

disease is manifesting
l	 Treat the disease and disease manifestations
l	 Detoxify the whole body
l	 Select one or two herbs for each aspect of treatment.

Whatever the sophistication in Ayurvedic texts, it was 
clear, however, that they were meant to be enabling rather 
than a formulaic prescription; they encouraged a respect for 
diversity and complexity, for the individuality of the patient. 
Empiricism and pragmatism are essential features of any sur-
vival strategy but the repeated emphasis in the texts on judg-
ing a remedy or tactic by its effects on the body in clinical 
adversity rather than in theory, and the transparency of the 
therapeutic tactics, all provide an encouraging antidote to idle 
acquiescence to the elders.

Nineteenth-century North American 
herbal medicine

The majority of the early immigrants to North America were 
Europeans looking for a fresh chance in the vast spaces of the 
‘New World’. Although there were new towns and cities, sig-
nificant numbers lived remotely from any organised services, 
for example often hundreds of miles from a doctor (who was 
often poorly qualified). These were hardy self-reliant people 
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who had to find all resources on their doorstep. They had to 
rediscover their self-sufficiency in health terms as well, com-
bining their (imported) old European home remedies with 
native North American flora and a considerable amount of 
Indian lore as well. Their experience provides the modern 
reader with a unique precedent: the rediscovery of traditional 
herbal medicine by a modern population.

A new group of practitioners emerged, sometimes referred 
to now as ‘travelling medicine shows’, more often contempo-
rarily as ‘white Indian doctors’, often peripatetic, exploiting 
their claimed skills and usually their own patent nostrums. 
Many were opportunists with little to contribute in a lasting 
way to the development of healthcare (although one 19th-
century herbal tonic was to become, as Coca-Cola, the most 
massively consumed product of all time). Nevertheless, there 
were also true pioneers among this group; some passionately 
keen to develop a self-reliant healthcare system based on what 
they knew of plant remedies.

One ‘white Indian doctor’ went into print. Samuel 
Thomson (1769-1843) was brought up as a shepherd boy in 
New Hampshire and introduced to herbs by a ‘wise woman’, 
Mrs Benton, who was versed in Indian lore. He very quickly 
became adept, being called upon by neighbours in competi-
tion with what may have been particularly poor service from 
the local doctor.

Thomson was horrified by the remedies used in ‘regu-
lar physic’, these being dominated by toxic minerals based 
on mercury, arsenic, antimony and sulphur. He also saw that 
there was a fundamental difference in therapeutic approach. 
He saw the objective of the doctors as being to stop the dis-
ease at all costs. The main conditions of the day were febrile 
infections and the regular approach was to use mineral prod-
ucts and bloodletting to stifle the symptoms and bring the 
temperature down (this was before germ theory redefined 
the objective as eliminating pathogens). Thomson had minis-
tered to patients almost killed by the combination of calomel 
(mercurous chloride), antimony, bloodletting and fever. In 
native Indian tradition (as seen in the sweat lodge), Thomson 
treated fevers in the opposite way, by maintaining and sup-
porting them. He saw the fever as a sign of healthy resist-
ance: it was possible for damage to follow if the fever got out 
of hand but the main risk was failure of the febrile defence. 
Thus Thomson used Capsicum (cayenne) as a powerful sup-
port to the febrile mechanism, along with a range of other 
remedies including Lobelia inflata (lobelia), Myrica cerifera 
(bayberry), Viburnum opulus (cramp bark) and Zanthoxylum 
(prickly ash) to modulate and support various aspects of the 
febrile response.

Thomson was sufficiently enthused by the distinction 
between his and the regular approaches that he learned to 
read and write so that he could pass on his message. He set 
out a principle that at once encapsulated this tradition and 
fired the public imagination. The book in which he propa-
gated his views35 was a runaway publishing success across the 
East and Mid-West and at the time it was calculated that over 
half the population of Ohio were adherents of Thomsonian 
medicine.

Thomson’s language was simple, even simplistic, and aimed 
at a God-fearing readership. However, he seemed to have 

touched a gut instinct that life and health are positive virtues, 
to be protected or recovered through personal self-sufficiency 
using the medicinal aids provided by the Maker. In one key 
passage he appears to have adopted some of the language of 
Graeco-Roman humoral medicine:

I found that all animal bodies were formed of four elements. The 
Earth and Water constitute the solid; and the Air and Fire (or heat) 
are the cause of life and motion; that the cold, or the lessening of 
the power of heat, is the cause of all disease; that to restore heat 
to its natural state was the only way health could be produced, and 
that, after restoring the natural heat, by clearing the system of all 
obstruction and causing a natural perspiration, the stomach would 
digest the food taken into it, and the heat (or nature) be enabled to 
hold her supremacy.

To a readership versed in the Book of Genesis, the fact that 
Earth and Water (or clay) were the stuff of life, the dry and 
wet principles respectively, would have been readily appreci-
ated. For those spending all their lives in the open, Air would 
have been easily equated with its original meaning, wind, a per-
sistent metaphor for movement. The important vital principle, 
of course, was Fire or heat, the obvious difference between a 
living body and a corpse, the universal metaphor for life.

Thomson’s message was simple. Heat is life. Disease and 
death are degrees of cold. Heating thus provides the funda-
mental principle of healing. Other measures, principally in 
improving eliminations and digestive performance, are often 
essential supports to this central measure. Cayenne is literally 
a life promoter.

In the case of fever this message was particularly appropri-
ate in its radical emphasis. The battle lines between heat and 
cold are more clearly drawn. Thomson was of course essen-
tially correct in his judgement: fevers are defence mechanisms 
and the symptoms of pyrexia, anorexia, nausea, vomiting, 
diarrhoea or convulsions are all side effects of this mobili-
sation, not to be confused with the underlying pathogen. 
Clinical experience is that a fever well fought, with a clear cri-
sis and lysis, no hyperpyrexia and side effects prevented from 
causing collateral damage, can leave the body in a stronger 
position. Effective fever management can be a more helpful 
strategy than suppression.

The central point, of course, was that Thomson had articu-
lated, with popular success, an essential feature of the herbal 
tradition: that the primary task was to support the body’s 
own recuperative efforts. Everything else was secondary. He 
also sounded the essential difference between that tradition 
and what had already become conventional medicine. The 
fact that his relationship with the medical establishment was 
almost entirely acrimonious only served to reinforce his posi-
tion as a fundamentalist.

Thomson highlighted common naturopathic and traditional 
principles in his principles of medicine (note, for example, 
similarities with the principles of Ayurvedic diagnosis and 
treatment listed above34). These included:36

1.	Health follows from obeying natural laws
2.	Disease is an obstruction or diminution of vital energy
3.	Disease is caused by violation of natural laws such as:

a.	hereditary (violation by forefathers)
b.	lack or excess of exercise



12

Background and StrategiesP A R T  O N E

c.	sudden temperature changes
d.	wrong diet and over-eating
e.	poisons and pollutants
f.	 injury

4.	Symptoms, such as fever, are due to the effect of the 
disease and are not the disease itself

5.	Disease has only one basic type of cure – to remove 
obstructions or restore vital energy using substances that 
act in harmony with natural laws and the vital energy

6.	In doing so one or more of the following effects should be 
accomplished:

a.	relaxation
b.	contraction
c.	stimulation
d.	soothing
e.	nourishing
f.	 neutralisation.

There are some obvious and striking parallels between 
the Thomsonian strategies and Ayurveda. From the Charaka 
Samhita Sutrasthana30 1.53 and 22.4 we find ‘The goal of 
Ayurveda is the equilibrium of the tissues’ and ‘One who 
knows how to reduce excess, nourish deficiency, dry, oleate 
(lubricate), sweat and astringe is a real Ayurvedic physician.’

Some of Thomson’s followers were less keen on his sim-
plicities. Much to the old man’s disgust, several started devel-
oping variations on his teachings, recognising, for example, 
that there were conditions that could be diagnosed as exces-
sive heat. There were different emphases on the need to 
control heat (in fact, circulation) and variations in the mecha-
nisms for keeping the blood ‘clean’. In the second half of the 
19th century, at the same time as osteopathy and chiroprac-
tic emerged, Thomsonian approaches inspired both eclecti-
cism and physiomedicalism. Unlike these former, however, 
the medicinal therapies did not fare well. The main colleges 
of physiomedicalism and eclecticism, along with those of 
homeopathy, were ‘invited’ to come within the umbrella of 
established medical training in talks held with the American 
Medical Association (AMA) at the turn of the century. This 
was an inspired example of the establishment eliminating rad-
icalism by accommodation, the most notable of which was for 
osteopathy (the modern American osteopathic physician is to 
all intents a conventional medical practitioner).

Three figures stand out in physiomedicalism: the intel-
lectual offshoot of Thomsonian medicine. TJ Lyle pro-
duced a superb herbal materia medica,37 concentrating on 
the observed influence of each remedy on the human being 
rather than listing its symptomatic indications. JM Thurston 
produced the last authoritative physiomedical text, posing 
operational definitions of the vital force, health and disease 
and the distinctions between functional symptoms and those 
arising from organic (‘trophic’) origins, and elaborating on the 
need to use only such remedies as supported vitality. He also, 
rather prematurely, sought to classify remedies in terms of the 
newly discovered autonomic nervous system, reasoning that in 
its vasomotor activity control could be exerted on local cir-
culation and thus on all tissue functions, including digestion, 
elimination and hormonal and nervous activity.38

Of the physiomedical theorists, WH Cook was particularly 
inspired. Like the others, Cook attempted to link the rapid 
new discoveries of medical science to traditional approaches. 
Through his arguments appears to run the theme that the 
living body is essentially a functional entity and that disease 
starts as a disturbance of normal functional rhythms, for 
example:

Regularity in periods of alternate labor and rest is characteristic of all 
vital action …

… the earliest departure of the tissues from under the full control 
of the vital force will be in the lack of ability either to relax or to 
contract some of the tissues as readily as in the healthy state …39

Like other physiomedicalists, Cook started with the princi-
ple that the ideal medicine should support recuperative func-
tions, but added considerably to the view that thereafter they 
should have a gentle dynamism, helping to correct distorted 
functions, either ‘relaxing’ overstimulated tissues or functions, 
or ‘contracting’ those that are sluggish.

Thomsonian medicine and physiomedicalism both travelled 
to Britain to a welcome from the newly urbanised medical 
herbalists of the Industrial Revolution. Their approaches led 
to the birth of Anglo-American herbalism (which is largely 
reflected in this textbook) and formed the foundation of 
the oldest body of medical herbalism in the Western world, 
the National Institute of Medical Herbalists, established in 
1864. Although the vigour of the American pioneers faded in 
the following century, their ideas at least survived on foreign 
shores while they singularly failed to do so after the AMA 
takeover at home.

Although the eclectics were a more intellectual and pro-
fessional group than the Thomsonians, their system lacked 
an overall cohesive philosophy. Although they used their 
medicines in physical doses, their prescribing approach could 
be like homeopathy and many of their new remedies were 
adapted by homeopaths. However, their wealth of clinical 
experience was outstanding and they made substantial con-
tributions to Anglo-American herbalism through the devel-
opment of the materia medica. They introduced Echinacea 
and golden seal and discovered the immunostimulant action 
of the former (although they did not realise it at the time). 
Their innovations in pharmacy and chemical research on 
plants set the scene for modern phytochemistry. Some of 
their developments pre-empted modern drug medicine: in 
their development of ‘Specific Medications’ they rejected 
‘inert’ plant material. The name of a leading eclectic figure 
John Uri Lloyd was preserved in the title of a major jour-
nal of plant research (Lloydia, now the Journal of Natural 
Products). The key eclectic texts are Ellingwood,40 King’s 
Dispensatory41 and Felter.42 King’s Dispensatory (especially 
later versions written by Felter and Lloyd) provides the best 
traditional use data in existence for Western herbal medi-
cine. Ellingwood also contains a wealth of clinical experi-
ence. Felter has extensive information on materia medica, 
including dosage charts. Subsequent developments with spe-
cific medications (and the costs involved) disenchanted the 
English herbalists who realigned themselves strongly with the 
physiomedicalists.
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Middle European herbal medicine

Much of Western herbal therapeutics is imbued with the 
values of a healthcare tradition that arose in central Europe 
from the 18th century. Built on the philosophical foundations 
of Goethe and Schiller, a cultural view arose of health as a 
refinement, a separation of the pure from the greater impure.

The Goethian view achieved practical therapeutic form 
in Germany in the homeopathy of Samuel Hahnemann, the 
biochemic tissue salts of Schussler and, in the 20th century, 
the anthroposophical medicine that arose as one aspect of the 
holistic world view of Rudolph Steiner (and indirectly in the 
Flower remedies of Edward Bach in England). It also provided 
the founding principles of a variety of practices that have been 
grouped under the heading of naturopathy. The use of dietary 
changes (and in later years dietary supplements), hydrother-
apy and a range of physical therapies in order to allow ‘nature 
cure’ has one of its strongest cultural roots in this tradition.

The European naturopathic tradition also developed 
Galenic concepts of heat and cold and notably (as a north-
ern European phenomenon) that of damp. The concept of 
‘catarrh’ and ‘mucus’ became a cornerstone of naturopathic 
treatment. Following the Graeco-Roman lead, many infec-
tious and inflammatory diseases were seen as congestive 
toxicities to be warmed and dried. When germ theory estab-
lished the role of bacteria in infections, these were seen as 
‘saprophytes’ rather than pathogens; in other words, essen-
tially beneficial cleansing organisms, like forest fungi breaking 
down dead wood, taking advantage of the catarrhal nutrients 
to effect extraordinary healing responses like inflammation 
and fever. As in all other foregoing traditions, herbal remedies 
were seen as important contributions to detoxifying damp 
conditions, although these were closely interwoven with die-
tary techniques in ways that have permeated much herbal 
practice in the West to this day.

The main impact of the Middle European tradition of 
herbal medicine was on dosage. Whereas the historical 
emphasis has always been on large ‘heroic’ doses of herbs, 
often single preparations for short-term use in acute diseases, 
the homeopathic initiative led to a general move towards 
smaller doses, often linked to the use of their ‘mother tinc-
tures’ from fresh rather than dried plants. Some of today’s 
leading German phytomedicine companies were formed by 
homeopaths and have provided plant products over a mixed 
range of doses and potencies, with the herbal remedies having 
sometimes tiny material doses. In some European countries, 
notably The Netherlands, the public perception of herbal or 
phytomedicine is that it uses homeopathic remedies. The sig-
nificance of this is that the German industry makes up the 
largest single part of the European herbal market and the 
overwhelming part of the herbal clinical research literature. 
Much of this literature relates to products supplied in much 
lower doses than those commonly used elsewhere in the 
world, with chaste tree and black cohosh representing good 
examples.

The clinical implications, and possible limitations, of 
low-dose phytotherapy are reviewed in Chapter 6 on dos-
age. Whatever the pharmacological doubts, however, one 

beneficial effect is that it marked the move from primi-
tive drastic short-term medication for acute conditions to 
a therapy that could, and did, take its place in the modern 
mainstream in the treatment of chronic disorders. Remedies 
changed their role when so transformed (for example, haw-
thorn moved from a fever management treatment in high 
doses to a gentle cardiovascular modulator, valerian from an 
alterative to a mild sedative, garlic from an antiseptic to a 
treatment for high plasma cholesterol). It can be argued that 
the Western fascination with Chinese and Ayurvedic herbal 
medicine is for traditions that have yet to be adequately 
exposed to the clinical realities of illnesses of a modern devel-
oped society.

Common elements: reading the 
body/mind as a natural phenomenon

Several themes emerge from the previous reviews of tradi-
tional herbal therapeutic systems, as already touched on in 
the comparison of Ayurvedic and Thomsonian treatment 
strategies:

1.	Medicines, most of which were herbal, were seen as 
correcting internal disharmonies (‘diseases’) rather than 
targeting symptoms.

2.	In the absence of modern instrumentation, internal 
disharmonies were understood as subjective matters, firstly 
manifested as body fluids or even excretions (the humours, 
doshas, xue, jing and qi) and then often described in 
climatic or emotional metaphors or by metaphysical 
constructs) that might be widely understood among the 
general population.

3.	As most internal disharmonies involved disruptions of 
body fluids or humours most traditional medicine has been 
humoral medicine.

4.	By definition the humours suffused equally the body 
and the mind (and often the spirit), so that one internal 
disharmony could affect all levels of experience. There was 
no Cartesian body/mind split in traditional medicine.

5.	Herbal remedies were often classified by the internal 
disharmony they affected; thereafter many were used as 
allopathic remedies, in the strict sense of that term. Others 
were replenishing or tonic in effect, a role almost entirely 
lost in modern medicine, although as far as the Greeks 
were concerned supportive medicine was true ‘physic’.

If modern herbal therapeutics is to be true to its tradi-
tions then it should be able to postulate modern versions of 
the above themes. Unfortunately, this language is lost among 
the modern population. Any postulates at this stage have to 
remain speculative and theoretical. They may form principles 
for the practitioner rather than an effective language for the 
patient.

It will also be difficult to arrive at acceptable modern ver-
sions of the humours. We no longer relish the language of body 
fluids and so lose the opportunity to create a modern metaphor 
that links both the bedpan and the spirit and our own per-
sonal experiences. At another level, however, modern systems 
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analysis of body fluid dynamics may support the prospect for 
oceanic currents through the tissues rather than the mecha-
nistic pipes and channels of Harvey,43 so providing a possible 
rationale for meridianal movement. This is again not a substan-
tial point.

There may still, however, be a future for a subjective 
physiology and pathology. Indeed, one of the concerns about 
the way modern medicine has developed is that its language 
has long left the patient behind. Doctors have become better 
and better at differentiating pityriasis alba from seborrhoeic 
eczema but are not as good at telling the patient what is wrong, 
especially if there is only superficial treatment available.

Again, there is a long way to go. However, there are few 
conceptual barriers to a new physiology that might become 
understood by anyone. Much of the theoretical ground has 
been broken in such disciplines as endocrinology and neuro-
peptide science, neurophysiology, immunology (and the radi-
cal North American hybrid of almost every human science: 
‘psychoneuroimmunology’). In embryology and developmen-
tal biology, researchers regularly think in four dimensions and 
of models of transience that are rare in the other medical sci-
ences. For some time biology has been taking mathematics, 
physics and computer sciences into its domain. As will be 
seen in the next section, the fascinating insights that have fol-
lowed a better understanding of the behaviour of complex liv-
ing systems have also begun to affect the biomedical model, at 
least slightly. All these disciplines are still highly arcane, barely 
comprehensible even to other biologists, let alone the general 
public. However, they do offer opportunities for a functional 
physiology based on the insights of many cultures over many 
centuries.

The traditional herbal therapeutic systems reviewed in pre-
ceding sections were all constructed using empirical insights, 
honed by generations of observers of the human condition. 
Even without instrumentation, they were able to draw clini-
cal connections between observed body functions in health 
and disease. As outlined earlier, there was an assumption that 
a principle applying at one level applied equally across others; 
there was also much more interest in function than anatomi-
cal structure, malfunctions rather than pathologies. Principles 
were often established with the acquiescence and knowledge 
of the wider population, using the common language. They 
were often workaday and pragmatic, with only occasional 
efforts to construct elaborate theoretical systems. The vast 
number of local cultures means that there are considerable 
diversity and even contradictions in the detail. Nevertheless, 
fundamental principles about vital functions were widely 
agreed. We can see the basis of a traditional physiology.44

All living organisms clearly:
l	 perceive and respond to their environment
l	 either accommodate to or react against each environmental 

stimulus
l	 on ingestion of environmental influences, either assimilate 

or reject them
l	 engage in a confusing and largely impenetrable triad 

of linked functions to process and circulate assimilated 
material and remove its metabolites

l	 integrate all these functions with an endogenous vital force 
that was manifest primarily as vital rhythms but was often 
also literal and material

l	 reproduce themselves, generally using functions analogous 
to the integrative functions.

Moreover, living organisms manifested these vital func-
tions at every level of body, mind and spirit and in their social 
groups. In modern parlance, we would say equally at the cell, 
tissue, organ, body, psyche, society and wider ecosystem lev-
els (the Gaia model develops similar principles). Importantly 
each of the vital processes above is a recognisable system that 
could be used to characterise a wide range of different func-
tions. They lead to the thought that a systems analysis might 
be a fruitful language for the new physiology; that it is in the 
study of complex dynamic systems that the future may lie.

A new synthesis: the body/mind as 
complex dynamic systems

This theory of life’s origins is rooted in an unrepentant holism, born 
not of mysticism, but of mathematical necessity.

Stuart Kauffman, At Home in the Universe45

One of the serious drawbacks of the science inspired by 
Galileo and Newton and developed mainly in the 19th cen-
tury is that it was never designed to understand wholes. Its 
strength is in reduction of complexities to their parts. While 
modern science is, therefore, unprecedented in understanding 
the constituents of life and nature and building new edifices 
and realities with the results, it has been poor in understand-
ing or predicting the behaviour of life and nature itself.

It is difficult to put this right. Scientific tools have not been 
readily available to understand patterns. Nevertheless, the 
study of complex systems has been tackled by leading scien-
tific minds since computers provided the tools. Traditionally, 
the study has been one of high mathematics as the permuta-
tions and calculus of relationships between entities are worked 
through. However, application of often relatively simple mathe-
matical formulae or simple modelling has shown that surprising 
things can happen in apparently random arrays. Programmed 
with only two simple instructions, dots on the screen behave 
spontaneously like flocks of birds, and a simple mathematical 
formula creates myriad self-similar fractal patterns of astonish-
ing natural beauty that closely resemble natural patterns and 
structures. New properties that are genuinely more than the 
sum of the parts emerge from simple constituents.

All this has enormous implications for those who wish that 
there was another way to observe life and health rigorously, 
and the reader is strongly recommended to read the excellent 
early introductory texts.46–48

One of the most stunning proposals of complexity in the 
biological realm is the radical riposte to conventional views of 
the origin and, by inference, the mechanics of life. So far, the 
current view is that life formed once upon a time after the 
fortuitous combination of numbers of organic molecules in a 
primeval soup, perhaps aided by the odd burst of lightning. 
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The first key stage in reproducible life was the formation 
of strands of ribonucleic acid (RNA) that could provide the 
mechanism for protein synthesis and eventually replication. 
A mathematical review of this scenario shows how astonish-
ingly improbable it is that such events could have happened 
by chance, even in the billion years or so that were available 
for this leap. Visions of monkeys producing not one but many 
Shakespearean texts by random play with a typewriter come 
to mind.

However, it is a principle of organic chemistry that mol-
ecules interact, tending to catalyse each other’s transforma-
tions. If there are enough organic molecules together, catalytic 
loops may be closed (i.e. some catalysts are formed by trans-
formations they themselves initiate), then the molecules in 
that loop become self-sustaining: they become an ‘autocata-
lytic set’. Their levels will be built up within their locale, they 
will ‘consume’ building block molecules and ‘excrete’ metabo-
lites and they will colonise any other locales into which they 
spill. This is not only possible; it is inevitable if there is suf-
ficient diversity of organic molecules in the medium. Self-
organisation is shown to happen spontaneously, simply out of 
the mathematical permutations of the events. This is ‘order 
for free’, as the leading proponent of this scenario, Stuart 
Kauffman, puts it.45 It implies that organised structures arise 
spontaneously all the time. It resonates with a much wider 
finding that complex systems tend to self-organisation as an 
essential property of their complexity.

But this order is not fixed. If it were, it could not grow, 
move or adapt. It would be dead. It is important that there 
be some adaptability in self-organisation. Science and math-
ematics are now very familiar with the phenomena of chaotic 
behaviour in natural systems. The patterns of clouds or sand 
dunes or flames, the flow of water down pipes, the weather, 
all are manifestations of the behaviour of particles acted upon 
by natural forces. Chaos in this sense is not random; its pat-
terns are deterministic, not actually predictable overall but 
made up of elements which at any one point follow a pre-
dictable trajectory. Chaotic behaviour also creates moving 
zones of minimum energy or ‘attractors’ (a ‘point attractor’ is 
reached by a ball dropped into a bowl) which behave in char-
acteristic ways: these are the ‘strange attractors’. The trajec-
tories of activity to and from strange attractors mean that a 
small initial stimulus, if on the appropriate trajectory, could 
amplify to massive effects: the fabulous ‘butterfly wing effect’ 
where in theory a hurricane in the Gulf of Mexico could start 
with a butterfly flapping in the Amazon … or not.

Chaos, although sometimes manifest in familiar patterns 
(such as clouds), is not consistent with sustainable life and 
health. What appears to happen, however, in self-organised 
complex systems is that they spontaneously tend to a state 
just on the ‘edge of chaos’, a position where, in informa-
tion theory terms, there is enough stability to store informa-
tion, and enough fluidity to send it. It has been described as 
a ‘phase transition’ such as exists between the solid and fluid 
state of substances. Complexity therefore is seen as a state 
between fixed order and chaos, one to which complex sys-
tems seem gravitationally to revert. The cell sustains high 

potassium levels in a dissipative sea of sodium; the heart beats 
most effectively when it is neither too regular nor too sensi-
tive but somewhere in between (and this behaviour may well 
be the inevitable dynamic effect of circulatory structures – 
the heart doesn’t beat, it resonates); an ant colony appears 
automatically to adjust its boundaries so that its density is 
always at optimum levels for effective ant-to-ant interactions; 
human civilisations consume chaotic phenomena and con-
struct stable systems from them before eventually decaying 
through too much order or too much chaos.

Without going through the many fascinating arguments, it 
really does appear possible that the hovering of complex sys-
tems on the edge of order and chaos is itself an attractor, a 
state of lowest energy for such systems. And this is the punch 
line: health itself could be seen as a biological attractor, the 
state to which living systems revert, effortlessly!

The interest of the herbalist in a science of wholes, of qual-
ities rather than quantities, is obvious. Unlike conventional 
pharmaceutical medicine, even the remedy is a complex and 
unquantifiable thing. On the other hand isolated drugs pro-
duce unpredictable side effects because real people are also 
unfathomably complex. There may after all be a principle 
to be elucidated that one way to treat complexity is with an 
appropriate complexity – perhaps on some principle of pat-
tern recognition (e.g. diagnosis or anamnesis).

This cannot be a thorough review of the impact of com-
plexity theory on therapeutics; indeed, such a text has not yet 
been written. However, the subject is beginning to generate 
vigorous debate in some quarters and taking all the discussions 
in this chapter together, as well as reviewing the section on 
the placebo effect (see p. 89) it is possible to make the fol-
lowing tentative therapeutic propositions:

l	 Health in biological systems emerges out of an essential 
drive to self-organisation. Moves to self-correction are 
therefore the principal responses to pathogenic forces and 
the main origin of disease symptoms.

l	 System failure in adapting to disturbances is more likely to 
lead to ill health than pathogens as such.

l	 While a system is capable of adaptive self-organisation, 
including competent resistance to disturbance, selection 
of inputs from its environment and elimination of 
metabolites, therapeutic interventions are unnecessary 
except to steady the recovery (such healthy adaptations 
include fevers, inflammations and increased eliminations 
like coughing, vomiting and diarrhoea).

l	 Therapeutic measures are justified mainly in supporting 
self-organisation if it is failing; the value of any medication 
can be judged in relation to its effect on these adaptive 
processes.

l	 All recovery is self-repair. The placebo effect and 
spontaneous remission are merely examples of a principle 
that underpins all therapeutic efficacy – medicines in 
themselves do not heal.

Somewhere in this there is the basis of a truly rational ther-
apeutic approach ideally suited to the use of herbal remedies.
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associated with cell wall polymers and can be released under 
mild extraction.2 Another interesting exception comes from 
the clinical use of a leaf concentrate from alfalfa (Medicago 
sativa) as an efficacious iron and folate supplement.3

The archetypal plant constituents making up the vast 
majority of the pharmacological properties of plants generally 
come from the class of plant metabolites (phytochemicals) 
that are known as secondary metabolites. Primary metabolites 
are fundamental to the life of the plant and include enzymes 
and other proteins, lipids, carbohydrates and chlorophyll. In 
contrast, secondary metabolites do not appear to be necessary 
to sustain life at a fundamental biochemical level. However, 
they probably do have more subtle functions that increase the 
survival prospects of the plant in its natural environment. A 
brief general discussion of the functions of secondary metabo-
lites (there are still many gaps in this knowledge) is provided 
below.

The phytochemistry of secondary metabolites is com-
prehensively covered in the relevant texts. Textbooks on 
pharmacognosy are especially relevant for the student of 
phytotherapy and two such texts have been drawn on for the 
phytochemistry content of this chapter:
l	 Bruneton J. Pharmacognosy, Phytochemistry, Medicinal 

Plants, 2nd ed. Paris: Lavoisier Publishing; 2008.
l	 Evans WC. Trease and Evans’ Pharmacognosy, 16th ed. 

London: Saunders Elsevier; 2009.

The field of pharmacognosy (from the Greek pharmacon 
for medicine and gnosis for knowledge) is the study of the 
definition, description and phytochemistry of natural drugs 
(typically medicinal plants or preparations derived from 
them).4 In fact, the term drug is derived from the old French 
word drogue, meaning to dry, referring originally to dried 
herbs. These days the application of pharmacognosy often 
extends to knowledge about the pharmacology of medicinal 
plants, and in some circles the term is used to specifically 
denote the study of herbal pharmacology, although this is 
technically incorrect.
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Defining our ground

Pharmacology can be defined as the study of the interac-
tion of biologically active agents with living systems.1 The 
study of pharmacology is further divided into two main areas. 
Pharmacodynamics looks at the effects of an agent at active 
sites in the body. In contrast, pharmacokinetics is concerned 
with the effects the body has on the medicine, and specifi-
cally the concentrations that can be achieved at active sites. 
The approach used in this chapter, and to some extent in the 
therapeutic chapters, is to examine the pharmacology of key 
chemical groups in plants, the ‘archetypal plant constituents’, 
as much as individual herbs. (For detailed information on the 
pharmacology of selected herbs see Part Three.)

The chemical nature and classification of these archetypal 
plant constituents are studied within the discipline known as 
phytochemistry. Hence, any discourse on herbal pharmacol-
ogy must be founded on a sound knowledge of phytochem-
istry. A misconception about ‘why medicinal plants work’ 
sometimes occurs in lay and even in professional circles. This 
is that the various nutrients such as vitamins, minerals and so 
on are largely responsible for the pharmacological activity of 
plants. (It is perhaps supported by the fact that most herbal 
products in the United States are regulated as ‘dietary sup-
plements’.) Almost without exception, this is not the case. 
One notable exception is that certain plants, such as net-
tle leaf (Urtica species) and horsetail (Equisetum species), 
are rich sources of the trace element silicon. There is evi-
dence that part of this silicon in horsetail is found intimately 

http://dx.doi.org/10.1016/B978-0-443-06992-5.00002-5
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There are also some primers in phytochemistry aimed at the 
herbal reader who does not have a strong background in natural 
products chemistry. In addition to this chapter, they represent 
a useful starting point for students of phytotherapy.5,6

Why should secondary metabolites have biological activity 
in animals? One suggestion put forward by Michael Baker is 
that enzymes in animals can share a common ancestry with 
enzymes or proteins in plants.7 This evolutionary kinship, 
when combined with structural similarities between plant 
and animal substrates for these enzymes, could explain the 
hormone-like or hormone-modulating effects of several arche-
typal plant constituents in humans. (See the licorice mono-
graph for one such example.)

The role of secondary metabolites
Before discussing the pharmacodynamics of the archetypal 
plant constituents, it is worthwhile to consider some exam-
ples of their value to the plant.

The immobility of plants in diverse and changing physical 
environments, along with the possibility of attack by animals 
and pathogens, has necessitated the development of numer-
ous chemical mechanisms for protection and offence. Over 
the past few decades, considerable attention has been paid to 
the specific ecological roles of secondary metabolites, which 
were often formerly regarded as waste products.

However, there is still considerable debate on this complex 
issue. Even the line between primary and secondary metabo-
lites can be arbitrary. They cannot be readily distinguished on 
the basis of precursor molecules, chemical structures or bio-
synthetic origins. For example, both primary and secondary 
metabolites are found among the diterpenes and triterpenes. 
In the diterpene series, both kaurenoic acid and abietic acid 
are formed by a similar sequence of related enzymatic reac-
tions; the former is an essential intermediate in the synthe-
sis of gibberellins. These are growth hormones found in all 
plants.8 The latter is a resin component. Similarly, the essen-
tial amino acid proline is classified as a primary metabolite, 
whereas the six-carbon ring analogue pipecolic acid is consid-
ered an alkaloid and hence a natural product. Even lignin, the 
essential structural polymer of wood and second only to cellu-
lose as the most abundant organic substance in plants, is con-
sidered a natural product (secondary metabolite) rather than a 
primary metabolite.8

It has been suggested that, in the absence of a valid dis-
tinction based on chemical structure and biochemistry, a 
functional definition becomes the logical choice.8 Primary 
metabolites participate in nutrition and essential metabolic 
processes inside the plant, whereas secondary metabolites 
influence ecological interactions between the plant and its 
environment.

But even here, there is disagreement. Firn and Jones have 
recently argued that the terms primary and secondary metab-
olism as applied to plants are misleading and unsatisfactory.9 
They suggested that important metabolites such as lipids, 
polysaccharides and carotenoids do not fit into either class, 
and proposed that they be classified as supportive metabolites 
(with the remainder of secondary metabolites classified as 
speculative metabolites).

By way of elaboration, lipids are essential for the short-
term functioning of the cell and all cells contain a mix of 
lipids. But there are some individual lipids made by only a few 
species and, when their synthesis is inhibited, the cell suffers 
no short-term disadvantage.9

Since there is no consensus yet on this issue, the term ‘sec-
ondary metabolites’ will still be employed in this chapter. Be 
they speculative, supportive or secondary metabolites, their 
specialised functions include:10

l	 defence against herbivores (insects, vertebrates)
l	 defence against plant pathogens
l	 defence against other plants
l	 signal compounds to attract pollinating and seed dispersing 

animals
l	 signals for communication between plants and symbiotic 

microorganisms
l	 protection against ultraviolet light, oxidation and other 

physical stressors.

Based on their biosynthetic origins, plant secondary metab-
olites (the archetypal plant constituents) can be divided into 
three major groups: the terpenoids, the alkaloids, and the 
phenylpropanoid and allied phenolic compounds.8 All terpe-
noids, including the primary metabolites, are derived from 
the five-carbon precursor isopentenyl diphosphate. Alkaloids 
are biosynthesised principally from amino acids, and the phe-
nolic compounds by either the shikimic acid pathway or the 
malonate/acetate pathway.8

According to Efferth and Koch, two large groups of second-
ary plant metabolites can be distinguished in terms of their 
biological/therapeutic activities:11

l	 A smaller group of highly active compounds possessing a 
high selectivity for cellular targets

l	 A larger group of moderately or weakly acting compounds 
that interact with a broad range of cellular targets (hence 
possessing molecular promiscuity).

These authors reflect that medicinal plants with highly 
active phytochemicals represent only a minority of those 
commonly used (probably because of potential toxicity). 
However, plants with highly active phytochemicals are sought 
after in natural products research because they represent 
prime candidates for new drug discovery. In contrast, 90% 
of all thoroughly described medicinal plants contain broad-
spectrum phytochemicals with weak or moderate bioactiv-
ity. Efferth and Koch suggest that plants have learned to cope 
with the problem of resistance development by producing 
combinations of pleiotropic multi-targeted phytochemical 
complexes (see also the concept of intelligent mixtures dis-
cussed later).11 They also note that those medicinal plants 
synthesising certain classes of highly active compounds might 
protect themselves by producing ‘prodrug’ phytochemi-
cals that are activated only in predators or on damage to the 
plant.11 Many such molecules are glycosides (for example,  
see the later discussion of cyanogenic glycosides and 
glucosinolates).12,13

Alkaloids can play a defensive role in plants against herbi-
vores and pathogens.8,14 Glucosinolates appear to have a role 
in protecting against insect attack.15 Tannins act to preserve 
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the wood in living trees from microbial decomposition and 
insects.12 Several classes of secondary metabolites are induced 
by infection, wounding or grazing, which probably speaks to 
their defensive roles.16 Variation in the speed and extent of 
such induction may account, at least in part, for the differ-
ences between resistant and susceptible plant varieties.17 Both 
salicylic and jasmonic acids have been implicated as signals in 
such responses. Toxic chemicals formed in response to dam-
age, especially from fungal attack, are called phytoalexins.12 
In legumes, secondary metabolites are involved in interac-
tions with beneficial micro-organisms (flavonoids as inducers 
of the Rhizobium symbiosis) and in defence against pathogens  
(isoflavonoid phytoalexins).8,18

As noted above, plants have also developed chemical 
defences against other plants, a phenomenon known as nega-
tive allelopathy. Many compounds are implicated, including 
phenolics19 and terpenoids.20,21 Positive biochemical interac-
tion, or facilitation, among plants is also becoming increasingly 
recognised (positive allelopathy).22

Confusing the use of the term is the fact that ‘allelopathy’ 
can be applied in a broader context to denote the interac-
tions between plants and animals. In other words, the word is 
sometimes used to describe the field of study of the broader 
ecological functions of secondary metabolites, as discussed 
above. A recent allelopathy textbook reflects this wider appli-
cation of the term.21

How do herbs differ from 
conventional drugs?
While many conventional drugs or their precursors are 
derived from plants, there is a fundamental difference 
between administering a pure chemical and the same chemi-
cal in a plant matrix. This issue of chemical complexity (and 
its possible advantage) is both rejected by orthodoxy as having 
no basis in fact and avoided by most researchers as introduc-
ing too many variables for comfortable research. Herein lies 
the fundamental difference between the phytotherapist, who 
prefers not just to prescribe chemically complex remedies, 
but often to administer them in complex formulations, and 
the conventional physician, who would rather prescribe a sin-
gle agent.

Is there in fact any advantage in chemically complex medi-
cines? Life is indeed chemically complex, so much so that 
science is only beginning to grasp the subtle and varied mech-
anisms involved in processes such as inflammation and immu-
nity. It does seem logical that, just as our foods are chemically 
complex, so should be our medicines. But hard proof of this 
advantage has been difficult to establish. There are, however, 
several examples from the literature of how an advantage 
might arise from chemical complexity and some of these are 
discussed below.

Synergy and additive effects
‘The body is not a one-note melody, but a symphony of many 
interactive components functioning synergistically … the 
active ingredient model does not stem from a strength of the 
scientific method, as often supposed; rather, it stems from a 

weakness – from the inability of the reductionist method to 
deal with complex systems.’23

Synergy is an important hypothesis in herbal pharmacol-
ogy in the context of the advantage of chemical complexity. It 
applies if the action of a chemical mixture is greater than the 
arithmetical sum of the actions of the mixture’s components: 
the whole is greater than the sum of the individual parts. 
In other words, there is a cooperative or facilitating effect 
between the components for a specific outcome. Another 
helpful definition of synergy is an effect seen by a combi-
nation of substances that is greater than would have been 
expected from a consideration of individual contributions.24 
A well-known example of synergy is exploited in the use of 
insecticidal pyrethrins. A synergist known as piperonyl butox-
ide, which has little insecticidal activity of its own, inter-
feres with the insect’s ability to break down the pyrethrins, 
thereby substantially increasing their toxicity. This example 
emphasises one important possible mechanism behind syn-
ergy as applied to medicinal plant components: increased 
or prolonged levels of key components at the active site. In 
other words, components of plants that are not active them-
selves can act to improve the stability, solubility, bioavailabil-
ity or half-life of the active components. Hence a particular 
chemical might in pure form have only a fraction of the phar-
macological activity that it has in its plant matrix. This key 
mechanism for synergy, therefore, has a pharmacokinetic 
basis.

Methods for assessing pharmacological synergy were pro-
posed in an extensive paper by Berenbaum in 1989.25 Later 
Williamson26 and Houghton27 elaborated on these in the 
context of medicinal plants. Essentially, there are four math-
ematical techniques for demonstrating synergy proposed and 
discussed in these works, but only the isobole method is truly 
rigorous, although it is not always undertaken because of its 
complexity. Hence, several of the examples of herbal syn-
ergy discussed below need to be viewed in the context that 
they are only possible examples of synergy, since the isobole 
method was not performed.

The isobole method has the advantage that it is independ-
ent of the mechanism of action involved. Although some 
explanations of the isobole method can be complex, a sim-
ple way to describe it follows. For a series of two-component 
mixtures, the concentration or dose of component A in each 
mixture required to give a defined effect (such as an ED50 or 
minimum inhibitory concentration, MIC) is plotted on the X 
axis against the concentration or dose of component B in the 
same mixture on the Y axis. The line joining all the points is 
then constructed. If there is no interaction between the effects 
of A and B, and their combination is merely additive, the line 
will be straight (Fig. 2.1). If there is a synergy between A and 
B, the line (the isobologram) will be concave. Alternatively, if 
antagonism exists the isobologram will be convex.

There are some published examples in the literature of 
the isobole method demonstrating synergy for mixtures of 
phytochemicals from the same herb. Williamson provides 
the example of ginkgolides A and B from ginkgo in terms of 
an anti-PAF (platelet activating factor) effect on platelets in 
vitro.26 In much earlier work in mice, a potentiating effect of 
different concentrations sennoside C on the purgative activity 
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of sennoside A was observed.28 In this study an isobologram 
of ED50 values for laxative activity was not plotted, but one 
can be readily constructed from the data provided showing a 
concave line. Interestingly, a mixture of these compounds in 
the ratio 3:7 (which somewhat reflects the relative levels in 
senna leaf) gave the lowest ED50 value.

In several published examples, only one mixture of two 
given phytochemicals from the same plant is tested, and 
hence an isobologram construct from just three points (A, B 
and A plus B) could be plotted. There is little point in doing 
this, however, since synergy is readily apparent from such a 
simple experimental design (if the activity of A plus B is 
greater than the expected activity calculated from the individ-
ual activities of A and B). Although this is a less robust means 
of demonstrating synergy than an isobologram constructed 
from four or more points, if there is a dramatic increase in 
activity from the mixture of A and B it is reasonable to 
assume that synergy has been demonstrated.

One example of where the combination of two components 
from the same plant has yielded a significantly greater effect 
than expected is a study on the upregulation of phase II detox-
ification enzymes in mice by the glucosinolate breakdown 
products from broccoli.29 An orally administered mixture of 
crambene and indole-3-carbinol caused a significantly greater 
induction of glutathione S-transferase and quinone reductase 
that could be expected from the activity of oral doses of the 
individual treatments. Another example is the study where 
the three major curcuminoids from turmeric (Curcuma longa) 
were investigated for their in vitro nematocidal activity against 
second stage larvae of Toxocara canis.30 Each of the three cur-
cuminoids was ineffective on its own, whereas any combina-
tion of two, or all three together, was active. The combination 
of all three demonstrated the highest activity.

Another example identified in early research is the anti-
bacterial activity of major components of lemongrass essential 
oil. While geranial and neral individually elicited antibacterial 
action, the third main component, myrcene, did not show 
any activity in vitro. However, when mixed with either of the 

other two main components, myrcene enhanced their activ-
ity.31 As pointed out in one review11 this example is techni-
cally not one of synergy, but rather exemplifies potentiation, 
where an inactive compound enhances the potency of a bioac-
tive one.

In an interesting study, the impact on serum lipids of 
four active components of Chinese hawthorn (Crataegus  
pinnatifida), and their combination, was investigated in mice 
fed a high fat and cholesterol diet.32 The four compounds 
(quercetin, hyperoside, rutin and chlorogenic acid), and their 
combination at percentages reflected in the berry, were each 
fed orally to the mice at a dose of 2.85 mg/kg. The greatest 
reduction in total cholesterol and LDL-cholesterol was found 
for the combination. For LDL-cholesterol, only the combina-
tion yielded a significant reduction versus the control group 
(p<0.01).

The above examples therefore demonstrate two types of 
synergistic interactions for phytochemicals within a plant. The 
first example is where the phytochemicals are all active in the 
test method used. The second example is where one or more 
of the phytochemicals are inactive, yet their inclusion in a 
mixture increases the observed effect.

Pharmacodynamic synergy has also been demonstrated for 
combinations of extracts or phytochemicals from different 
herbs. The in vitro antitumour activity for combinations of 
extracts of Corydalis and turmeric rhizomes (a traditional for-
mulation) demonstrated a synergistic interplay, as determined 
using an isobologram.33 Berberine from Coptis chinensis and 
evodiamine from Evodia rutaecarpa demonstrated synergis-
tic antitumour activity in vitro against a human hepatocellular 
carcinoma cell line.34 A pronounced convex curve was pro-
duced on an isobologram.

A recent review highlighted that two key developments 
are behind growing interest in synergy research in phyto-
therapy.35 The first is the new methods of analytical chemis-
try and molecular biology that have become available in the 
21st century. The second is an unexpected change of para-
digm in chemotherapy that has appeared without drawing 
much attention as to its radical nature. This is the transition 
in chemotherapy towards a multi-drug approach. Multi-drug 
therapy is already widely practised in the treatment of AIDS 
and other infectious diseases, hypertension, cancer and many 
other diseases.

In particular, the review notes this multi-drug concept in 
cancer chemotherapy is often aimed at being biomodula-
tory, not just at direct destruction of the tumour.35 Instead, 
suppression of different processes essential for the tumour’s 
survival are also targeted (such as angiogenesis, oncogene 
expression, anti-apoptotic mechanisms, immunological tol-
erance and inflammation). This concept of multi-targeted 
or polyvalent therapy is not new to phytotherapy and is dis-
cussed further below.

There are several examples in the herbal research literature 
where synergistic interactions are strongly implied, although 
they have not been absolutely demonstrated using the 
isobologram method. One example is the research cited by 
Williamson26 and several others where cannabis extract dem-
onstrated higher antispastic activity in mice than the equiva-
lent dose of pure tetrahydrocannabinol (THC). As pointed 
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Figure 2.1 • The isobologram method for demonstrating synergy.
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out by Houghton,27 this might not represent an example of 
true synergy. Rather other components in the cannabis extract 
might also have antispastic activity. In other words, there 
could be an additive effect between THC and other phyto-
chemical components in the extract. However, the increased 
activity is so striking that synergy is a very plausible explana-
tion. Testing a THC-free cannabis extract in the same model 
would have provided clear proof, one way or another.

Another example of a striking result that strongly implies 
a synergistic interaction is provided by Williamson.26 This is 
the research where the antiulcer activity of a fraction of gin-
ger extract was found to be 66 times that calculated from the 
individual components of that fraction. More recent similar 
examples include:
l	 analysis of the in vitro butyrylcholinesterase inhibitory 

activities of essential oils of various Salvia species, which 
revealed that the activities of isolated major components 
could not account for the observed activity36

l	 tea tree oil (Melaleuca alternifolia), which exhibited 
pronounced in vitro antitumour activity against murine 
B16 melanoma cells.37 However, a ‘mock’ tea tree oil 
(containing its five major phytochemical components at the 
same concentrations found in the oil, and representing 80% 
of its total content) was only half as active. Of these five 
major oil components, only terpinen-4-ol (about 40% of 
the oil) was active in this model.

There are several examples of a pharmacokinetic basis for 
synergy, where chemical complexity results in enhanced solu-
bility or bioavailability of key phytochemical components in 
plant extracts. The basic issues were discussed by Eder and 
Mehnert.38 The isoflavone glycoside daidzin given in the crude 
extract of Pueraria lobata achieves a much greater concen-
tration in plasma than an equivalent dose of pure daidzin.39 
Ascorbic acid in a citrus extract was more bioavailable than 
ascorbic acid alone.40 More recently, consumption of a prep-
aration of fresh kiwi fruit resulted in up to five times more 
effective ascorbate delivery to tissues than when ascor-
bate was administered via the drinking water to vitamin  
C-deficient mice.41 The kava lactones appear to increase each 
other’s bioavailability, especially when given as the herbal 
extract. (For more details, see the kava monograph under 
Pharmacokinetics.)

Improved pharmacokinetic parameters can also apply to 
combinations of herbs, although this is not necessarily always 
the case. The traditional Chinese formulation Huangqin-Tang 
decoction, together with decoctions of its individual herbal 
components, were studied in rats after oral dosing.42 The  
constituents/metabolites baicalin, wogonoside, oroxylin-A-glu-
curonide, risidulin I and liquiritin demonstrated higher overall 
bioavailability from the compound formulation than from the 
relevant single herb decoctions, due largely to a longer resi-
dence time.

Often synergy is invoked to explain experimental results 
that can be readily explained by additive effects. Synergy is 
not always necessary to justify the use of complex mixtures, 
be they single herbal extracts or herb combinations. Additive 
effects can be just as favourable to enhanced therapeutic 
activity and are probably more common in phytotherapy. 

A team of German scientists headed by the late Dr Hilke 
Winterhoff discovered that the procyanidins in St John’s 
wort extract (Hypericum perforatum) significantly increased 
the in vivo antidepressant activity of hypericin and pseudo-
hypericin, probably by a solubilising effect (these compounds 
otherwise have poor solubility).43 The same research team 
found that the flavonoids in St John’s wort have activity in an 
animal model of depression, with hyperoside and isoquerci-
trin showing significant activity.44 The flavonoid perspective 
was backed up by another in vivo study from Italy that found 
a flavonoid-enriched St John’s wort extract exhibited a more 
significant influence on central neurotransmitters.45 Later 
work from the German researchers demonstrated that a St 
John’s wort extract free of both hypericin and hyperforin 
(another phytochemical in the herb thought to play a role in 
the antidepressant activity) still exerted an antidepressant 
activity in rodent models.46 Hence, it seems that hypericin, 
procyanidins (indirectly), hyperforin and the flavonoids can 
all contribute to the clinically verified antidepressant activity 
of St John’s wort.

Additive effects also apply to herb combinations. The 
reduction of amphetamine-induced hypermotility was stud-
ied in mice after a single oral dose of passionflower extract 
(Passiflora incarnata, 250 mg/kg), kava extract (100 mg/kg) 
or the two combined (250 mg/kg+100 mg/kg, respectively).47 
The combination yielded a much greater reduction in hyper-
motility over 2 hours than each individual herbal extract, 
which the authors attributed to a synergistic interaction. 
However, a careful analysis of the numbers suggests that the 
observed result is more likely to have been due to an additive 
effect (in terms of the differences observed from the control 
group). Additive benefits have also been observed at a clinical 
level. A combination of ginseng (Panax ginseng) and Ginkgo 
has been extensively investigated in volunteers for its acute 
and long-term impact on cognitive function. The effect of the 
combination appears to be significantly greater than either 
herb alone. This might be an example of synergy (which 
would be difficult to prove conclusively) but is at least an 
additive effect. (See the ginseng monograph for more details.)

Polyvalent or multifaceted activity
As touched on above, the concept of multi-agent medicines is 
a developing theme in modern drug therapy. However, it rep-
resents nothing new for phytotherapy. Due to their chemical 
complexity, even a single herbal extract is a nature-designed 
multi-agent medicine that can simultaneously target a range 
of desirable pharmacological effects. There are many exam-
ples of this provided in the herbal monographs in Part Three. 
This helps to explain why identifying the ‘active constitu-
ent’ in many herbal extracts has proved to be so difficult. For 
most if not all herbal extracts the ‘active constituent’ is the 
whole extract itself, as illustrated by the above discussion of 
the antidepressant activity of St John’s wort. The potential 
for chemical complexity to confer polyvalent activity or poly-
pharmacology can also explain the apparent therapeutic ver-
satility of herbal extracts. As an example there is the rather 
large and novel range of clinical uses for Ginkgo, all somewhat 
supported by evidence from randomised, controlled trials.
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It has also been argued that polyvalence may be behind 
some effects that have been attributed to synergy (although 
ultimately such a distinction is probably academic, as both 
explanations argue in favour of chemical complexity).27 In 
whole organism or tissue studies, other compounds present in 
the mixture may be active against a range of targets, all act-
ing to contribute to the observed outcome. Houghton goes on 
further to assert that:

Polyvalence can be defined as the range of biological activities that an 
extract may exhibit which contribute to the overall effect observed 
clinically or in vivo. It is often confused with synergism but the 
distinction lies in the fact that synergism is strictly concerned with 
only one pharmacological function, rather than a range of activities 
resulting in an overall effect.27

As outlined by Houghton, polyvalence can occur at three 
key levels:

1.	Several types of phytochemicals are present that each exert 
a different biological effect.

2.	Phytochemicals of one particular chemical type are present 
that have more than one biological effect relevant to 
treating the disease and/or improving the health of the 
patient.

3.	Phytochemicals are present that do not affect the cause or 
symptoms of the disease itself, but instead modify the side 
effects, absorption, distribution, metabolism or excretion 
of active constituents.

The third possibility overlaps with the concept of phar-
macokinetic synergy underlining, as noted above, that the 
distinction between polyvalence and synergy might be quite 
arbitrary at times. There are many examples of these phe-
nomena in the pharmacodynamic and pharmacokinetic sec-
tions of the monographs in Part Three of this book.

In a recent review, Gertsch observed that herbal extracts 
might be ‘intelligent mixtures’ of secondary plant metabolites 
that have been shaped by evolutionary pressures.48 As such 
they could represent complex therapeutic mixtures possess-
ing inherent synergy and polyvalence. Gertsch also notes that 
another important concept related to polyvalence is that of 
network pharmacology, as originally proposed by Hopkins.49 
In the context of plant extracts (which for commonly used 
herbs typically contain hundreds of potentially bioactive nat-
ural products with only mild activity) it is possible that dif-
ferent proteins within the same signalling network are only 
weakly targeted. However, this is sufficient to shut down or 
activate a given process by network pharmacology.48 In other 
words, network pharmacology can explain how a number of 
weakly active plant secondary metabolites in an extract may 
be sufficient to exert a potent pharmacological effect without 
the presence of a highly bioactive compound.48 In the context 
of herbal pharmacology, Paul Ehrlich’s concept of the magic 
bullet is supplanted by one of a ‘green shotgun’, to paraphrase 
Gertsch and James Duke. However, the herbal research that 
can verify such theoretical constructs is only in its infancy.

The ‘-omic’ technologies (genomics, transcriptomics, 
proteomics and metabolomics) are recent developments in 
molecular biology that have the potential to open new per-
spectives for our understanding of the multi-faceted activities 

of complex plant mixtures. However, their meaningful appli-
cation to medicinal plant research poses several challenges.50 
The reviews of Wagner and colleagues and Efferth and Koch11 
provide a more complete discussion of the application of 
these techniques to natural product research.

Intelligent mixtures
Whether it is a manifestation of synergy or by other means, 
the hypothesis that herbal extracts might act at a pharma-
cological level as intelligent mixtures is intriguing. One such 
example could be the root of Pelargonium sidoides. Its phy-
tochemical content is unremarkable, including oligomeric pro-
cyanidins (OPCs) and highly oxygenated simple coumarins.51 
Yet a liquid preparation of the herb has been shown to be 
effective in several clinical trials. A meta-analysis published 
in 2008 reviewed its efficacy for acute bronchitis.52 Six ran-
domised trials were included, providing results for a total 
of 1647 patients (treatment and control groups): one trial 
compared Pelargonium against a non-antibiotic treatment 
(N-acetylcysteine); the other five trials tested Pelargonium 
against placebo. In two trials the ages of the participants were 
6 to 12 years, and 6 to 18 years. Adults were enrolled in the 
other trials. Key findings were:52,53

l	 all trials reported clinical results suggesting Pelargonium 
was beneficial in the treatment of acute bronchitis

l	 meta-analysis of the four placebo-controlled trials involving 
adults indicated that Pelargonium root significantly reduced 
bronchitis symptom scores by day 7

l	 the duration of illness was significantly shorter for 
patients treated with Pelargonium compared to placebo 
(Pelargonium-treated patients were able to return to work 
nearly 2 days earlier than placebo-treated patients)

l	 patients noticed a treatment effect earlier under 
Pelargonium than under placebo.

Moreover, the herb had previously developed a traditional 
reputation as a treatment for tuberculosis.

Another example of an intelligent mixture could be willow 
bark. Its phytochemical content cannot be reconciled against 
its impressive clinical results (see the willow bark monograph 
for more details).

Pharmacodynamics of the 
archetypal plant constituents

Simple phenols and glycosides
Phenols comprise the largest group of plant secondary metabo-
lites. They range from simple structures with only one benzene 
ring to larger molecules such as tannins, anthraquinones, flavo-
noids and coumarins. Tannins and flavonoids are often referred 
to as polyphenolics. Phenols are defined as compounds that 
have at least one hydroxyl group attached to a benzene ring. 
They differ in their chemical properties from other tertiary 
alcohols because the presence of the benzene ring stabilises 
the phenolate ion; they are therefore more acidic and more 
reactive.
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Glycosides are secondary metabolites that yield one 
or more sugars on hydrolysis. The most frequently occur-
ring sugar is glucose (a glycoside yielding glucose is called a  
glucoside). The non-sugar component of the molecule, which 
may be a simple phenol, flavonoid, anthraquinone, triterpe-
noid or one of many other structures, is called the aglycone. 
If the glycosidic bond is via oxygen, the molecule is termed 
an O-glycoside; if it is via a carbon, it is a C-glycoside. The 
glycosidic linkage is somewhat resistant to human digestive 
enzymes (being a beta linkage) and glycosides are often poorly 
absorbed from the digestive tract. Hence, their usual fate is 
to travel to the distal ileum or large bowel. Here microbial 
activity forms the aglycone, which is less polar and can be 
absorbed into the bloodstream to a variable extent, depending 
on its structure (see Pharmacokinetics later in this chapter).
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Phenolic acids are a special class of simple phenols 
that have in addition at least one carboxylic acid group. 
Phytochemists usually restrict this term to the benzoic and 
cinnamic acid derivatives only, such as gallic acid, salicylic 
acid, caffeic acid, vanillic acid and ferulic acid. Phenolic acids 
derived from cinnamic acid are usually found in plants as 
esters (phenolic acid esters). These include chlorogenic acid 
and rosmarinic acid. Caffeic acid esters of quinic acid, such 
as chlorogenic acid, are also known as caffeoylquinic acids 
(see the monograph on globe artichoke). Some of these com-
pounds are sometimes called pseudotannins, since they have 
astringent characteristics, but lack all the properties of true 
tannins (see below).

From a pharmacological perspective, the best known 
simple phenol is salicylic acid. Its precursors are found in 
willow (Salix species) and poplar (Populus species) barks 
and salicylic acid is subsequently formed on ingestion (see 
Pharmacokinetics later). Salicylic acid has recognised antipy-
retic and anti-inflammatory properties that underlie the use of 
willow bark for fever and arthritis. Acetylsalicylic acid (aspi-
rin) is a synthetic derivative of salicylic acid that in addition 
has pronounced antiplatelet properties due to the presence of 
the acetyl group.54 Salicylic acid lacks this property and con-
sequently willow bark is not suitable as a natural substitute 
for aspirin in cardiovascular patients. Simple phenols are also 
powerful antiseptics. Arbutin is a phenolic glycoside that con-
fers bacteriostatic properties to urine (see the monograph on 
bearberry).

Several studies have shown that extracts of many members 
of the mint family (Lamiaceae or Labiatae) have considerable 
in vitro antioxidant activity due to the presence of phenolic 
acids such as rosmarinic acid. Highest antioxidant activity was 
found in Prunella vulgaris, which had a rosmarinic acid con-
tent of about 5%.55

Caffeic acid, as well as its derivatives such as rosmarinic 
acid and chlorogenic acid, were found to exert antithyroid 
activity after oxidation. This activity may form the basis of 
the clinical use of Lycopus species for hyperthyroidism (see 
the bugleweed monograph).56 Similar oxidation products 
of caffeic acid inhibit protein biosynthesis in vitro and these 
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compounds probably account for the clinically established 
antiviral activity of a topical preparation of Melissa officinalis 
(see also Chapter 8, p. 142).57

The simple phenol resveratrol is probably the most 
actively researched phytochemical worldwide, with many 
properties demonstrated in pharmacological models. There 
are more than 4000 studies on resveratrol. Resveratrol is a 
phytoalexin produced by several plants in response to fungal 
attack. However, well-known sources are grapes (Vitis vin-
ifera) and the Chinese herb Polygonum cuspidatum. It has 
demonstrated an amazing array of (mainly in vitro) pharma-
cological activities including antioxidant, cardioprotective, 
antidiabetic, anticancer, antiviral, neuroprotective, anti-
platelet, anti-inflammatory and modulation of fat metabo-
lism.58–60 Resveratrol inhibits cancer development at all the 
three known phases of chemical carcinogenesis, namely ini-
tiation, promotion and progression.61 The development of 
other chronic diseases might also be reduced by resveratrol, 
based on the many laboratory studies. These diseases include 
cardiovascular disease, dementia, type 2 diabetes and osteo-
arthritis.62,63 In addition to its indirect effects on the ageing 
process via SIRT1 (hence possibly acting as a calorie restric-
tion mimetic), this one simple molecule has the potential 
to prevent most of the chronic diseases associated with 
ageing.64 Resveratrol could well be the best example of the 
molecular promiscuity of common secondary metabolites: 
‘Considering the structural simplicity of this stilbene, the 
intensity of interest is phenomenal’.61

One important pharmacological study was published in 
Nature in 2006. Rather than administering resveratrol to nor-
mal mice to see if it simulated calorie restriction, the effect 
of resveratrol on a high calorie diet was studied. Middle-aged 
(1-year-old) male mice on a high calorie diet (HCD) were 
given resveratrol and compared to untreated mice on the 
same diet or a standard diet.65 The administered doses of res-
veratrol were either 5.2 or 22.4 mg/kg/day for 6 months, but 
only results for the higher dose were reported.

The mice receiving the HCD become overweight, whether 
they were receiving resveratrol or not. However, a clear sur-
vival benefit from resveratrol was evident: survival rates for 
mice on the HCD plus resveratrol were the same as those 
for the mice on the standard diet (SD). Quality of life was 
determined by the rotarod test, which measures balance 
and coordination. Surprisingly, the resveratrol-fed mice on 
the HCD steadily improved their motor skills as they aged, 
to the point where they were indistinguishable from the SD 
group. Resveratrol also corrected the following parameters in 
the overfed mice to levels similar to those observed in the SD 
mice: plasma insulin, fasting glucose, plasma albumin, plasma 
amylase, liver weight, aortic elastic lamina morphology and 
mitochondria levels in liver tissue. Furthermore, resveratrol 
opposed the effects of the HCD on 144 out of 153 signifi-
cantly altered metabolic pathways.

One of the issues with resveratrol is that it is rapidly 
metabolised and has limited bioavailability as such. However, 
resveratrol metabolites (mainly phase II conjugates) might 
also be bioactive, or act as a reservoir of resveratrol at target 
tissues. One study found that to maximise plasma resveratrol 
levels it should be taken with a standard breakfast and not 

with a high fat meal.66 The high fat breakfast was observed to 
reduce its bioavailability by about 45%.

Cyanogenic glycosides
Cyanogenic glycosides are capable of generating hydrocyanic 
acid (prussic acid, cyanide). Structurally they are glycosides 
of 2-hydroxynitriles that can be hydrolysed by the enzyme 
beta-glucosidase into cyanohydrin. This is unstable and dis-
sociates to hydrocyanic acid. Common cyanogenic glycosides 
include amygdalin found in bitter almonds and peach kernels 
(both used in Chinese medicine), and prunasin in wild cherry 
bark (Prunus serotina). The small quantities of cyanide gen-
erated from this bark are said to be responsible for its anti-
tussive properties, although this has not been confirmed in 
modern pharmacological experiments. Both amygdalin and 
prunasin yield benzaldehyde on hydrolysis, which accounts for 
the characteristic almond-like aroma of wild cherry bark. The 
cyanogenic glycosides linustatin, neolinustatin and linamarin 
(trace) are found in linseeds (flax, Linum usitatissimum).67

�

Prunasin

H

CN

O-β-D-Glucose

�

Amygdalin

H

CN

O-β-D-Gentiobiose

Although hydrocyanic acid is a violent poison, oral intake 
of cyanogenic glycosides (for example via food, especially in 
primitive diets) is not necessarily toxic, particularly in the 
short-term. Hydrolysis of the glycosides in the digestive tract 
or by the liver leads to a slow release of hydrocyanic acid that 
is readily detoxified by the body. Addition of 10% apricot ker-
nels to the diet of rats for 18 weeks showed only moderate 
toxic effects.68 Amygdalin given orally to humans at 500 mg 
three times a day produced no toxic effects and only mod-
erately raised blood cyanide levels.69 However, co-administra-
tion of beta-glucosidase with amygdalin to rats substantially 
increased its toxicity.70 Acute poisoning has occurred in graz-
ing animals.71

Considerable interest arose in the 1970s regarding the 
use of a synthetic cyanogenic glycoside, patented as Laetrile 
(mandelonitrile beta-glucuronide), as an alternative anticancer 
compound.72 However, most of what was subsequently sold 
as Laetrile was in fact amygdalin (which probably had similar 
properties on injection or ingestion).73 The theory proposed 
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was that cancer tissues contain beta-glucosidase and circulat-
ing cyanogenic glycosides can therefore act as selective cyto-
toxic agents. However, amygdalin did not prove to be an 
effective anticancer agent either in animals74 or in humans,75 
presumably because the beta-glucosidase activity of can-
cer cells is quite low.76 In an interesting development of the 
Laetrile theory, beta-glucosidase was conjugated to a tumour-
associated antibody. When combined with amygdalin in vitro, 
the cytotoxicity of amygdalin to tumour cells was increased 
36-fold.77

Longer periods of intake of subacute amounts of cyano-
genic glycosides in daily food have led to chronic intoxica-
tion. Products of human detoxification processes, such as the 
formation of rhodanide and cyanocobalamine, lead to severe 
diseases, especially neurotoxic syndromes.67 This is thought to 
be involved in tropical ataxic neuropathy in Nigeria. In other 
African countries, consumption of cassava root (Manihot 
esculenta, also known as tapioca) together with a diet defi-
cient in sulphur amino acids is apparently responsible for an 
endemic upper motor neuron disease known as konzo.67 The 
peeled root contains much lower levels of cyanogenic glyco-
sides. Konzo typically occurs in epidemics in Mozambique, 
which may reflect inadequate processing of the root in times 
of drought or war.78

Mucilages
Although from a phytochemical standpoint mucilages are 
often considered a minor category of the group of large plant 
polysaccharides (a category that includes gums, the various 
mannans, hemicelluloses and pectins), they are highly prized 
by phytotherapists. Strictly speaking, the class of compounds 
that the phytotherapist considers as ‘mucilages’ are acidic het-
erogeneous polysaccharides or the ‘acidic mucilages’.

Mucilages are generally not chemically well defined. They 
are large, highly branched polymeric structures built from 
many different sugar and uronic acid units (uronic acids are 
carboxylic acids derived from sugars). They are very hydro-
philic (water loving) and are capable of trapping water (and 
other molecules) in their cage-like structures to form a gel. 
Consequently, when a mucilage is mixed with water it swells 
to many times its original volume as it absorbs water. The 
saccharide linkages are in a beta configuration, which means 
that human digestive enzymes cannot break down mucilages. 
However, they can at least be partially decomposed by bowel 
flora into beneficial metabolites such as short-chain fatty acids 
(SCFA). This may explain the traditional use of slippery elm 
bark (Ulmus rubra) as a food for convalescents. Not only 
would the mucilage soothe a disturbed digestive tract, the 
SCFA formed in the colon would provide a source of readily 
absorbed and assimilated nourishment. There are some clini-
cal and experimental studies that support the concept that 
mucilages can act as prebiotics, especially after their partial 
processing by the upper gastrointestinal tract.79–81

Mucilaginous remedies have been primarily used for their 
topical emollient and internal demulcent properties and their 
direct, if temporary, benefits in the management of inflamma-
tory conditions of the digestive tract. This anti-inflammatory 
effect is probably more than just mechanical, although the 

protective benefits of a layer of mucilage on the digestive 
mucosa are obvious, especially as an extra barrier to gastric 
acid. The protective effect of mucilage isolated from Plantago 
major leaves against aspirin-induced gastric ulcer has been 
demonstrated in rats.82 Similar gastroprotective activity has 
been demonstrated for guar gum.83 It has also been shown 
that guar gum forms a layer closely associated with the intesti-
nal mucosal surface when given to rats, providing a protective 
barrier.84

In order to assess the activity of mucilages on epithelia, a 
test system based on porcine buccal membranes was devised.85 
While mucilages from marshmallow (Althea officinalis) and 
ribwort (Plantago lanceolata) showed moderate bioadhe-
sion to epithelial tissue, polysaccharides from bladderwrack 
(Fucus vesiculosus) and Calendula exhibited strong adhesion. 
Histological studies of membranes indicated the presence of 
distinct polysaccharide layers on the apical membrane surface. 
In vitro investigations of an aqueous marshmallow root extract 
and its isolated mucilage on human epithelial KB cells (origi-
nating from the nasopharyngeal epithelia) and skin fibroblasts 
found a stimulating effect on the cell viability and proliferation 
of the former only.86 The marshmallow mucilage was internal-
ised into epithelial cells, but not into fibroblasts, although it 
did form a bioadhesive layer on the latter. Microarray analysis 
indicated an upregulation of genes related to cell adhesion pro-
teins, growth regulators, extracellular matrix, cytokine release 
and apoptosis. The authors concluded that their findings were 
consistent with the traditional use of marshmallow root for 
irritated mucous membranes.

Mucilages are topically applied for an anti-inflammatory 
(demulcent) effect and for a drawing and healing effect on 
wounds and infected skin lesions. This latter application is 
analogous to the use of hydrocolloid dressings in modern 
medicine.

Mucilages can also function as bulk laxatives and the most 
widespread use in this regard is ispaghula or psyllium husks, 
widely sold as a number of proprietary products. These 
are derived from the seeds of Plantago psyllium or P. ovata. 
However, the traditional use of mucilages such as linseed 
(flaxseed) and fenugreek (Trigonella foenum-graecum) as bulk 
laxatives often provides a valuable alternative,87 particularly 
where psyllium causes the characteristic side effects of bloat-
ing, abdominal pain and flatulence.88 Slippery elm powder 
(Ulmus rubra) can also be useful here. Mucilages can also be 
employed as weight loss agents and presumably act by creat-
ing a sensation of fullness.88 Since they are known to cause 
oesophageal obstruction, mucilages should be taken with 
plenty of water and not prescribed in tablet form.89 Even 
then, Health Canada issued a 2010 warning that glucoman-
nan (a fibre very similar to mucilage) as a powder or capsule 
needs to be taken with copious amounts of water as otherwise 
it may cause serious choking.90

Mucilages are also used by phytotherapists to create 
reflex demulcency, especially to ease irritable and ticklish 
dry coughs. It is clear that there is no readily recognised 
pharmacological model for the transfer of demulcent prop-
erties directly to the bronchial mucosa: mucilages are too 
large to be absorbed and transported to this remote site. 
The emetic effect in reverse, that is the reflex effects on 
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the tracheobronchial musculature of a soothing effect on the 
upper digestive tract, is instead postulated, mediated by the 
vagus nerve. Similar associations are used to justify the use of 
mucilages in painful conditions of the urinary tract.

Reflex demulcency does have experimental support. An 
extract of marshmallow root and its isolated mucilage demon-
strated significant antitussive activity in an animal test. Doses 
were administered orally (50 and 100 mg/kg of mucilage) and 
cough from both laryngopharyngeal and tracheobronchial stimu-
lation was depressed.91 The mucilage was as potent as some non-
narcotic antitussive drugs. More recently, marshmallow mucilage 
was shown to be the most effective of a range of plant polysac-
charides in terms of in vivo cough-suppressant activity.92 There 
was no negative impact on expectoration, unlike for codeine. A 
mechanistic study in guinea pigs demonstrated that marshmallow 
root mucilage (25 and 50 mg/kg, oral) produced an antitussive 
effect that was comparable to codeine (10 mg/kg, oral) in the 
model used.93 The effect was partially suppressed by a 5-HT2 
receptor antagonist, suggesting an involvement of these seroton-
ergic receptors thought to participate in the cough reflex.

There is a complex association now recognised between 
gastro-oesophageal reflux (GORD) and chronic cough and 
asthma.94–96 The link between reflux and asthma has long 
been suspected. In fact, there is quite long-standing evidence 
that reflux is an important cause of asthma in some asthmat-
ics. Monitoring of oesophageal acidity revealed reflux in 7 out 
of 9 patients with persistent asthma.97 In another early study 
61% of patients with asthma had reflux.98 Treatment of reflux 
by surgery or drugs can result in improvement or cure of 
asthma.98,99

While aspiration of gastric acid has been proposed as a pos-
sible cause, an effect from the reflux itself also has currency.100 
One paper reported an investigation into the link between acid 
reflux into the oesophagus and coughing or wheezing fits in asth-
matic patients.101 The scientists asked a question debated for 
some time among respiratory and gastrointestinal physicians: 
‘Does cough cause reflux or does reflux cause cough?’ They stud-
ied more than 100 chronic adult asthmatics and found that half 
of all their coughs and wheezes occurred at the same time as 
when acid refluxed from the stomach into the oesophagus. But 
more importantly, they concluded that in the majority of cases 
it was the reflux that caused the coughing and not the other way 
around. The chronic cough that often follows a respiratory infec-
tion and seems to persist long after the infection is gone is proba-
bly due to acid reflux, which in turn is induced by the weakening 
of the oesophageal sphincter as a result of the violent coughing 
during the infection. Here the role of reflex demulcency is par-
ticularly valuable. Even further, if there is acid in the oesopha-
gus, then the direct demulcent activity of the mucilage on the 
oesophageal wall will also soothe the irritation and thereby allay 
the very stimulus driving the cough or wheeze.

Animal models have confirmed that the association 
with GORD and cough is most likely a reflex mediated by 
the oesophageal afferent nerve fibres carried by the vagus 
nerve.102 The nocioceptive C-fibres are stimulated by the 
acid; however, multiple neural pathways are likely to be 
involved. In clinical studies, inhalation of a low concentra-
tion of a C-fibre stimulant leads to an irritating, itchy, urge-
to-cough sensation that mimics the sensations associated with 

cough linked to respiratory tract infection, post-infection, 
GORD and asthma.103

Mucilages are also a class of viscous soluble fibre and in 
this context the properties of psyllium husks have been well 
studied. In particular, the mucilage from psyllium is effective 
at lowering blood cholesterol, as evidenced by reviews of the 
clinical data.104,105 Trial results suggest that it must be taken 
with food to be effective.106 The effective dose is around 
10 g/day, with recent trials suggesting more modest effects of 
around a 7% reduction in LDL-cholesterol.

Viscous soluble fibre helps to retain glucose in the gut and 
reduce blood insulin levels after eating. Probably the main 
effect here is delayed gastric emptying. Psyllium seed was 
shown to have particular benefits in this regard, with a clear 
dose-related response on the effects of a glucose challenge.107 
Results were not highly robust and obviously it needs to be 
taken with meals.105

Mucilages may compromise the absorption of nutrients and 
drugs (see Appendix C). However, the potential for psyllium 
to decrease the absorption of minerals is not proven.105

Since mucilages are water soluble and relatively insoluble 
in ethanol, liquid galenical preparations of mucilages are not 
appropriate (except for their use as reflex demulcents); for 
demulcent effects in the digestive tract, mucilages are best 
given as powders, capsules, or glycerol-based tinctures. In any 
case, an effectively made liquid extract of slippery elm, for 
example, would be so viscous that it could not be poured. Yet 
there are still some companies that sell this very thing (obvi-
ously not made well).

Essential oils

Phytochemistry
Essential oils (from the word ‘essence’) are mixtures of fra-
grant compounds that can be isolated from plants by the pro-
cess of steam distillation. In this procedure, steam is driven 
through the plant material and then condensed, with the sub-
sequent oil and water phases separating out. Since they are 
volatile in steam, and usually have pronounced aromas, essen-
tial oils are often referred to as volatile oils. However, this 
term is not accurate since they have boiling points well above 
100°C. Often the oil is slightly modified by the steam distilla-
tion process, so that it does not exactly reflect what is found 
in the plant. In some cases, such as chamazulene produced 
from matricine in German chamomile, steam distillation actu-
ally produces substantial quantities of a new chemical.

Other processes are also used to produce essential oils and 
these include solvent extract using hexane or liquid or super-
critical carbon dioxide, enfleurage (oil extraction of delicate 
essential oils in flowers) and expression (used to produce 
orange and lemon oils from the peel). Essential oils are impor-
tant items of commerce, being used for perfumes, food fla-
vourings and personal care and pharmaceutical products. They 
also comprise the medicines of the therapeutic system known 
as aromatherapy.

Essential oils are water-insoluble oily liquids that are usu-
ally colourless. Despite their being called oils, they are not 
related chemically to lipid oils (fixed oils) such as olive oil, 
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corn oil and so on. Although often hydrocarbon in nature, 
they are unrelated to the hydrocarbon oils from the pet-
rochemical industry. They will slowly evaporate if left in an 
open container, and placing a drop of oil on blotting paper can 
be used as a simple technique to test for adulteration with a 
fixed oil. If a fixed oil is present, an oily smear will remain on 
the paper a few days later.

Adulteration is an important issue in the trading of essen-
tial oils and many sophisticated techniques have been devel-
oped to imitate and extend essential oils. In some cases, such 
as oil of wintergreen, trade in the synthetic oil has completely 
supplanted the natural product. One survey found a large var-
iability between the biological activities of different samples 
of oils and groups of oils under the same general name, for 
example lavender, eucalyptus or chamomile.108 This reflected 
on the blending, rectification and adulteration that occurs 
with commercial oils. Of course, this issue does not apply for 
oils prescribed as part of the whole plant extract, as used by 
phytotherapists.

The synthesis and accumulation of essential oils are gener-
ally associated with the presence of specialised structures in 
the plant often located on or near the surface; for example, 
the delicate glandular trichomes (hairs) of the mint family 
(Lamiaceae or Labiatae). Essential oil composition can vary 
quite dramatically within a species and often distinct chemo-
types are recognised. This means that the same plant species 
can produce quite different oils in terms of their chemistry, 
pharmacology and toxicology. From a biosynthetic perspec-
tive, components of essential oils can be classified into two 
major groups: the terpenoids and the phenylpropanoids. 
Any given essential oil might contain more than 100 of these 
components.

When the chemical structures of terpenoids are examined, 
they can be theoretically constructed from five-carbon isoprene 
units. Plants produce terpenoids using the mevalonic acid bio-
synthetic pathway. As mentioned earlier, the building block 
is actually isopentenylpyrophosphate, not isoprene, but the 
outcome is molecules based on the characteristic five-carbon 
units. Naming of terpenoids is based on multiples of 10 car-
bons (two isoprene units). Hence, molecules with 10 carbons 
are called monoterpenes; those with 15 are called sesquiterpe-
nes (sesqui means one and a half) and so on. Only mono- and 
sesquiterpenes are found in essential oils. Higher terpenoids are 
too large and hence not volatile in steam. Diterpenes occur in 
resins as resin acids and triterpenes are found as saponins. Not 
even all mono- and sesquiterpenes are volatile in steam – the 
iridoids featured in the eyebright monograph are one example. 
Examples of monoterpenes in essential oils include limonene, 
geraniol, borneol and thujone. Bisabolol is a sesquiterpene.

�  
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Phenylpropanoids are far less common as components of 
essential oils. Their basic chemical skeleton is a three-carbon 
chain attached to a benzene ring. They are formed by the shi-
kimic acid biosynthetic pathway and examples include anet-
hole and eugenol.
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Essential oil components can also be classified according 
to their functional groups. The most common compounds 
found in essential oils are hydrocarbons, alcohols, aldehydes, 
ketones, phenols, oxides and esters. These functional groups 
play a large part in determining the pharmacology and toxicol-
ogy of the essential oil component; for example, ketones are 
more active and toxic than alcohols, and alcohols and phenols 
are more potent as antimicrobial agents, with phenols being 
more irritant. Essential oil components often exhibit optical 
isomerism (where the two isomers are mirror images of each 
other). For example, (+)-carvone isolated from caraway oil 
has a caraway-like odour and (−)-carvone isolated from spear-
mint oil has a spearmint-like odour.

Pharmacodynamics
Aromatherapy is a treatment system based on the use of 
essential oils. The oils may be inhaled, applied to the skin or 
orifices, added to baths or ingested. There is no doubt that 
ingested oils or those applied to the skin or added to baths 
are absorbed into the bloodstream in significant quantities.109 
However, the use of essential oils by inhalation, mainly to 
influence mental function, is more controversial. In fact, 
in the German-speaking world, aromatherapy is typically 
defined as the therapeutic use of fragrances only by means 
of inhalation. Evidence is accumulating that this form of aro-
matherapy also has a pharmacological basis and is not pla-
cebo, nor is it a manipulation of emotions via the sense of 
smell. A recent review of the therapeutic properties of lav-
ender essential oil exemplifies this, with 14 clinical studies 
demonstrating possible beneficial effects from its inhalation, 
including enhanced sleep, decreased anxiety and improved 
cognition.110

Given the great chemical diversity of essential oils, it is not 
surprising that they exhibit a wide variety of pharmacological 
activities. However, some common themes do emerge, nota-
bly antimicrobial (including antiviral) and spasmolytic actions.

Most of the evidence for the antibacterial and antifungal 
activities of essential oils comes from in vitro tests, although 
case reports and clinical trials are scattered throughout the lit-
erature (see below). A review of the published in vitro work 
between 1976 and 1986 found that results were difficult to 
compare.111 Test methods used differed widely and important 
factors influencing results were frequently neglected. One of 
these factors was the composition of the essential oil being 

tested (given the existence of chemotypes and adulteration). 
This was highlighted in another study of commercial essential 
oils that found a wide variation in the antimicrobial activities 
of commercial samples of thyme oil, eucalyptus oil and gera-
nium oil, among others.108

A review of more recent investigations summarised the 
antibacterial and antifungal activity data from around 50 
studies.112 Most tests assessed either MICs or the concentra-
tion required to kill 50% of the test micro-organism culture 
(EC50). Many of the reviewed publications tested a range of 
oils and essential oil components. Wide variations in activity, 
depending on the test method, the essential oil tested and the 
test organism were tabulated.

Of 53 essential oils tested against four organisms, only a 
few oils exhibited remarkable activity, particularly thyme and 
origanum.113 Pseudomonas aeruginosa was the least suscep-
tible organism and Candida albicans the most susceptible. 
These oils stand out because they contain the highly active 
phenols thymol and carvacrol.114

Attempts have been made to identify the mechanisms 
behind the antifungal and antibacterial activities of essen-
tial oils and the key components responsible for this activity. 
Antimicrobial activity was said to parallel cytotoxic activity, 
suggesting a common mode of action, most probably exerted 
by membrane-associated reactions.115 In simple terms, it 
appears that the mobile and lipophilic nature of essential oil 
components, especially the monoterpenes, enables them to 
penetrate and disrupt cell membranes. Concentrations of tea 
tree oil that inhibit or decrease growth of Escherichia coli also 
inhibit glucose-dependent respiration and stimulate the leak-
age of intracellular potassium.116 According to a recent review, 
essential oils seem to have no specific cellular targets because 
of their great number of constituents.112 This suggests a very 
low risk of the development of microbial resistance against 
essential oils. Being lipophilic (fat-soluble) they pass through 
the cell wall and membranes, disrupting their structures. In 
bacteria, permeabilisation of the membranes is associated 
with the loss of ions and a reduction of membrane potential, 
collapse of the proton pump and depletion of the ATP pool. 
Essential oils can also coagulate the cytoplasm and damage 
lipids and proteins. Damage to the cell wall and membrane 
can lead to the leakage of macromolecules and eventually to 
lysis.

In eukaryotic cells, essential oils can provoke depolarisation 
of mitochondrial membranes by decreasing the membrane 
potential, impact ionic calcium cycling and other ionic chan-
nels and reducing the pH gradient, affecting the proton pump 
and the ATP pool. Chain reactions from the cell wall or mem-
brane invade the whole cell, leading to widespread oxidative 
damage.112

Of five components tested for antibacterial activity,  
cinnamic aldehyde was the most active, followed by citral, 
geraniol, eugenol and menthol.117 Essential oils with high 
concentrations of thymol and carvacrol usually inhibit Gram-
positive bacteria better than Gram-negative bacteria,118 
although they still possess a good broad-spectrum activity. In 
another study, linalool was the most active antibacterial agent 
and citral and geraniol were the most effective antifungal 
agents.119 Essential oils with a high monoterpene hydrocarbon 
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level were very active against bacteria but not against fungi, 
with the exception of dill.108 There was a negative correla-
tion observed between cineole content and antifungal activ-
ity. In the case of tea tree oil, terpinen-4-ol was identified as 
the most important antimicrobial compound120,121 and cineole 
detracted from its antifungal activity.121

Recent research has highlighted the significant in vitro 
antiviral activity of essential oils.122 Most of the studies have 
been conducted against herpes simplex virus (HSV)-1 and 
HSV-2, with quite potent activities (at the parts-per-million 
level) being observed. A viral envelope is necessary, as growth 
of non-enveloped (naked) viruses is not affected by essential 
oils. They appear to act on enveloped viruses by affecting the 
viability of the free virus (virion), probably by interfering with 
the viral envelope (which like the cell membrane is lipid in 
nature).122

Clinical studies of the antimicrobial activity of essential 
oils have been published, with a focus on Australian tea tree 
oil used only topically. In an early double blind trial, 10% 
tea tree oil cream reduced symptoms of tinea pedis but was 
not effective in eradicating the fungus.123 However, a 5% tea 
tree oil gel was as effective as a 5% benzoyl peroxide lotion 
in the treatment of acne and patients experienced few side 
effects.124

A 2006 review of tea tree oil included published clini-
cal trials.125 In addition to the trials summarised above, tea 
tree oil demonstrated efficacy as an antibacterial mouthwash 
or gel in three trials (with a residual effect on oral bacteria), 
reduced methicillin-resistant Staphylococcus aureus (MRSA) 
carriage, and successfully treated fungal infections of the nails, 
mouth and skin. Since then, topical tea tree oil has demon-
strated clinical efficacy in another randomised, double blind 
trial assessing its value in acne patients126 and improved heal-
ing in recurrent herpes labialis after application of a 6% gel 
(although the results did not achieve statistical significance in 
this small trial).127 Tea tree oil as a topical application is also 
quite effective for head lice infestation.128,129

One review noted that other essential oils show bacteri-
cidal activity against oral and dental pathogenic micro-organ-
isms and have been incorporated into mouth rinses.118

Information about topical use is important, but phytothera-
pists also rely on essential oils to achieve antimicrobial effects 
within the body. In particular, the excretion of essential oils 
via the lungs or urine might be expected to exert at least a 
mild antimicrobial activity at these sites. This is the basis of 
the use of juniper and buchu for urinary tract infections and 
one of the reasons for the use of thyme in respiratory infec-
tions. However, essential oil components are excreted into 
the urine in metabolised forms, mainly as glucuronide and 
sulphate conjugates. Hence, any antibacterial activity may not 
be reflected in the urine. Studies are necessary to understand 
further this traditional use.

Essential oils certainly have a promising role in the man-
agement of intestinal pathogens, bacterial or otherwise. In 
an open label trial, oil of oregano was orally administered to 
14 adult patients whose stools tested positive for the enteric 
parasites Blastocystis hominis, Entamoeba hartmanni and 
Endolimax nana.130 After 6 weeks of 600 mg/day of emul-
sified oil, there was a substantial reduction in detectable 

pathogens that correlated somewhat with an improvement 
in gastrointestinal symptoms. The clinical anthelmintic 
action of the (toxic) essential oil of wormseed (Chenopodium 
ambrosioides) is well documented, although this has been 
questioned.131

The spasmolytic activity of essential oils has been observed 
many times on isolated smooth muscle preparations and 
forms much of the basis of their use in functional gastrointes-
tinal disorders.132 The effects of essential oils from 22 plants 
and some of their constituents on tracheal and ileal smooth 
muscle were investigated in one study.133 All of the oils had 
relaxant effects on tracheal smooth muscle, the most potent 
being angelica root, clove and elecampane root. Sixteen oils 
inhibited the phasic contractions of the ileal muscle prepara-
tion, the most potent being elecampane root, clove, thyme 
and lemon balm. Two oils (anise and fennel) increased the 
phasic contractions. Spasmolytic activity has also been con-
firmed clinically. For example, peppermint oil added to bar-
ium sulphate suspension significantly relieved colonic muscle 
spasm (p<0.001) during barium enema examination in a dou-
ble blind, placebo-controlled study involving 141 patients.134 
For more examples of the clinical spasmolytic activity of pep-
permint oil and its value in irritable bowel syndrome, see the 
peppermint monograph.

Carminatives relax sphincters and assist in the expulsion of 
intestinal gas. Their activity is somewhat related to spasmo-
lytic activity. Certain essential oils or essential oil-containing 
herbs have been traditionally used as carminatives over many 
years. Oils of peppermint, sage and rosemary all relaxed 
Oddi’s sphincter, but peppermint was the most active.135 The 
carminative activity of cardamom and dill was confirmed in 
human studies.136 However, they were also shown to cause 
oesophageal reflux and should be used cautiously in suscepti-
ble patients.

Some essential oils are traditionally regarded as diuretics 
because they act as ‘kidney irritants’. The infusion and essen-
tial oil of juniper berries as well as terpinen-4-ol were tested 
for diuresis response in rats.137 On initial dosing, all three 
test substances exhibited an antidiuretic effect, but a signifi-
cant diuretic effect was established on repeated doses, with 
the infusion having the strongest effect. The ‘irritant’ effect 
of juniper oil on the kidneys was also investigated, since there 
are concerns in the literature about its long-term use. No 
nephrotoxic effects were observed in an animal model and 
the authors suggested that provided high-quality oil is used 
(distilled from the ripe berries), concerns about the kidney 
irritant effects of juniper are unfounded.138 Essential oil ter-
penes used orally had shown some promise in dissolving small 
kidney stones in small, uncontrolled trials in adult patients, 
but these findings were not supported by controlled trials.139 
However, a positive pilot trial in children suggests further 
investigations are desirable.

Certain essential oils (or the herbs that contain them) are 
used as expectorants. A proprietary product containing myr-
tle oil was popularly prescribed by doctors in Germany as an 
expectorant and mucolytic agent for acute and chronic bron-
chitis and sinusitis. The oil contains limonene, cineole and 
alpha-pinene. An expectorant activity for this oil was con-
firmed in a clinical trial in patients with chronic obstructive 
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airways disease.140 Earlier animal experiments by Boyd sug-
gested an expectorant activity for essential oils probably via 
influencing goblet cells to secrete more respiratory tract fluid 
(RTF) and mucus.141 In the 1940s, Boyd studied the effects 
of several essential oils in various experimental models.142,143 
The most pronounced increase of RTF was seen after inges-
tion of oil of anise. Interestingly ingestion of oil of eucalyp-
tus had a moderate effect that was not eliminated by cutting 
efferent gastric nerves. This finding supports the premise that 
essential oils do not act as reflex expectorants (see later).

One intriguing aspect of Boyd’s research is that he was able 
to demonstrate that inhaled essential oils also acted as expec-
torants. These results are summarised in Table 2.1.

Boyd found a biphasic effect in that high concentrations 
of essential oils suppressed RTF and mucin release, whereas 
lower doses (on the threshold of detection by the nose) had 
a pronounced stimulatory effect. A seasonal effect was also 
observed, with an increased activity in autumn (fall). These 
findings provide a rational basis for the hot lemon drink in 

respiratory infections, since active amounts of lemon oil 
would be inhaled while ingesting the hot drink.

The inhalation of essential oils into the lungs might exert 
a direct antimicrobial activity. A case report from Australia 
describes the successful use of inhaled eucalyptus oil to 
effect clinical improvement in a patient with tuberculosis.144 
A 28-year-old woman presented with cough, shortness of 
breath, fever, night sweats, weight loss and malaise. She had 
been unwell for 12 months. A sputum sample was positive for 
Mycobacterium tuberculosis. X-ray of the chest confirmed the 
diagnosis of pulmonary tuberculosis.

The patient initially refused conventional treatment and 
instead inhalation of a Eucalyptus globulus essential oil prep-
aration (in an ethanol-water base) was initiated. A vapour 
inhaler was used to administer 3 mL of the preparation in 
500 mL of boiling water 3 times a day for 3 weeks. After 10 
days the patient reported reduced malaise, normal tempera-
tures, improved appetite, absent cough and a gain of 4.5 kg in 
weight. Her sputum cultures were negative. The patient sub-
sequently underwent conventional treatment.

A sedative activity following the ingestion of essential oils 
such as lavender is commonly recognised and was supported by 
early animal studies.145 More recently, a proprietary essential 
oil of lavender at 80 mg/day was found to be clinically effec-
tive in sub-threshold anxiety disorder. Three randomised, con-
trolled, double blind clinical trials were identified in a review, 
demonstrating significant improvements in anxiety scores after 
10 weeks of treatment with the lavender oil.146

Stimulant activity has also been attributed to some essen-
tial oils. Inhalation and oral doses of rosemary oil increased 
locomotor activity in mice.147 Infusions of essential oil-con-
taining herbs are often taken as diaphoretics, especially during 
acute respiratory infections. In this context, it is interest-
ing to note that a case report describes a patient who exhib-
ited pronounced diaphoresis attributed to up to 10 cups a 
day of sassafras tea (not recommended because of potential 
carcinogenicity).148

Essential oils and essential oil components have been exten-
sively studied in animal models for analgesic-like activity.149 
Overall, 43 bioactive essential oil components were identified 
in one review, mainly monoterpenes. However, these findings 
are yet to translate into clinical applications, apart from topical 
use of peppermint oil or menthol (for example) in headache 
and joint pain (see the peppermint monograph). In contrast, 
the local anaesthetic activity of oil of cloves is well described 
and the local anaesthetic activity of lavender oil has been dem-
onstrated in an in vivo model.150

Given their cytotoxic properties on bacterial and fun-
gal cells, it is not surprising that essential oils have exhib-
ited a wide range of antitumour activities against cancer cell 
lines.112,122 Essential oils exert cytotoxicity at levels consider-
ably lower than their antibacterial activity (in the parts-per-
million range). As in bacterial cells, the cell membrane is one 
of the sites of cytotoxic activity.122 This antitumour research 
is particularly well developed (at least at the in vitro level) 
for thymoquinone, a component of the essential oil from the 
seeds of the black cumin (Nigella sativa).151

For more information about the pharmacology of essential 
oils and associated anti-inflammatory, antiulcer, spasmolytic, 

Table 2.1  Expectorant effect of inhaled essential oils or their 
components

Year of study Expectorants 
studied

Results

1968580 Thuja oil RTF markedly 
increased, as was the 
soluble mucin content 
of RTF. Effect was 
most marked in fall

Anise oil No effect at normal 
doses

Eucalyptus oil No effect at normal 
doses

1969581 Menthol No change in amount 
of RTF, but its soluble 
mucin content was 
increased

Thymol No effect at normal 
doses

1970582 Lemon oil RTF and its soluble 
mucin content 
increased

1970583 Nutmeg oil RTF and its soluble 
mucin content 
moderately increased. 
Effect most 
pronounced in fall

1970584 Citral, geraniol RTF and its soluble 
mucin content 
moderately increased

RTF = respiratory tract fluid
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oestrogenic, expectorant, antimicrobial and analgesic activi-
ties, see the monographs on chamomile, fennel, peppermint 
and thyme in Part Three.

Toxicology
Essential oils are highly concentrated from their original plant 
matrix and as a result can present specific safety issues when 
used as such. Their toxicology has already been comprehen-
sively reviewed.152 Nevertheless, a few issues are worth not-
ing here. Certain toxic essential oils, notably pennyroyal, tansy 
and parsley, have been used as abortifacients. However, as 
early as 1913 it was found that these oils have absolutely no 
specific or direct stimulating action on the uterine muscle.153 
In fact, consistent with the known pharmacodynamics of 
essential oils, they were found to inhibit uterine contractions. 
Their abortifacient action was concluded to be due to general 
poisoning or gastrointestinal irritation, which makes their use 
not only uncertain, but also extremely dangerous.

Thujone is a constituent of commonly used herbs such as 
wormwood, yarrow, thuja and sage. This compound is neu-
rotoxic and its presence in liqueurs such as absinthe appar-
ently caused widespread toxicity and abuse syndromes in the 
early 20th century.154 The first sign of toxicity is a headache. 
High and prolonged doses of the above herbs are hence best 
avoided, unless they are low-thujone varieties. It has been sug-
gested that thujone intoxication may have played a part in Van 
Gogh’s style of painting.155 However, this has been recently 
challenged and it now appears that the syndrome known as 
absinthism is largely attributed to the toxic effects of etha-
nol.156 Safrole, a major component of sassafras oil, is carcino-
genic and its use should be avoided.

Topical use of essential oils can cause contact dermatitis, 
as one review of tea tree oil cases noted.157 Oxidation, and 
hence the age of the oil, appears to increase the likelihood of 
a reaction.

Glucosinolates and isothiocyanates

Phytochemistry
Glucosinolates are sulphur- and nitrogen-containing glycosides 
responsible for the pungent properties of horseradish, nastur-
tium and mustard. The glucosinolate itself is not pungent. 
When it encounters the enzyme myrosinase, normally stored 
in another compartment of the cell, the aglycone is formed 
which then usually rearranges into a pungent and corrosive 
isothiocyanate. Isothiocyanates can also be formed from glu-
cosinolates by steam distillation and so are called mustard oils. 
For this reason, they are sometimes classified as essential oils, 
but from a phytochemical perspective this is inappropriate. 
The structure of a typical glucosinolate is provided in the fig-
ure below. They are ionic in nature and occur in the plant as 
potassium salts.

Glucosinolate

R C
S

N O KSO3

glucose

myrosinase

steam

Isothiocyanate

– +

R C SN

 

Glucosinolates are also found in brassicas such as cabbage, 
broccoli and Brussels sprouts. As such, they are frequently 
consumed as a normal part of human diet.

Pharmacodynamics
In traditional herbal and folk medicine, strong skin irritants 
and inflammatory substances were empirically used to com-
bat inflammatory processes in tissues and organs remote from 
the site where the irritant was applied. This is the principle 
of counterirritation. This poorly understood effect is recog-
nised in pharmacology and can often provide misleading anti-
inflammatory effects in test models for substances with no 
pharmacological activity other than being irritants. The mode 
of action of such skin irritants is characterised by an ability 
to influence deeper regions of the body, probably by reflex 
responses mediated by the nervous system. The stinging of 
arthritic joints with nettles and the subsequent reduction in 
pain and inflammation is one such example. Hyperaemic 
medicines can be used in the form of ointments, compresses, 
liniments or plasters. The mustard compress or plaster is still 
used in Europe today, particularly for bronchial infections and 
detoxification in chronic diseases. Mustard oil is highly corro-
sive and if applied for too long will cause blistering and may 
even permanently scar the skin.

The main component of nasturtium oil (Tropaeolum majus) 
is benzyl isothiocyanate. This has potent antibacterial and 
antifungal activity. In Europe, enteric-coated capsules of the 
oil are used to treat bronchial and urinary tract infections.158 
Horseradish preparations are used in the treatment of bron-
chial and sinus conditions. Presumably, the sulphur com-
pounds confer a mucolytic effect. Recent research interest in 
benzyl isothiocyanate relates to its potential role in cancer.159

Isothiocyanates and some of their products (such as goi-
trin) are goitrogenic and interfere with the function of the 
thyroid gland.160 Goitrin inhibits iodine incorporation and 
the formation of thyroxin and its effects cannot be countered 
by iodine administration. Although this is a potentially toxic 
effect, it could possibly be exploited in cases of patients with 
hyperthyroidism.

The bulk of recent research attention on glucosinolates and 
their various transformation products (including sulforaphane, 
indole-3-carbinol and di-indoylmethane) has focused on their 
potential to prevent and modify cancer. This phenomenon has 
been known for more than 30 years. The anticarcinogenicity 
of these compounds, specifically in relation to brassica vege-
tables, has been recently reviewed for in vitro assays, animal 
experiments and various human studies.161–163 Alterations 
in phase I, and particularly phase II, detoxification enzymes 
are suggested as mechanisms by which these plant constitu-
ents might inhibit chemical carcinogenesis or alter the level of 
cancer promoting hormones such as oestrogen. On the other 
hand, possible mutagenicity, tumour promotion and carcino-
genicity are also discussed, indicating that caution should be 
exercised if recommending long-term intake of these com-
pounds at doses well in excess of optimum dietary levels.

The following brief review of the data, especially for broc-
coli sprouts, is provided as a good example of the progress in 
this field of research. Epidemiological evidence suggests that 
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diets containing vegetables from the Brassica genus (including 
broccoli, cabbage, Brussels sprouts and cauliflower) are associ-
ated with a reduced cancer risk. After reviewing the results of 
7 cohort studies and 87 case-control studies, it was concluded 
that the association appears to be most consistent for lung, 
stomach, colon and rectal cancer.164 A series of studies to find 
the active constituents and mechanisms of action began in the 
mid-1990s. As a result of this research, Brassica vegetables 
were found to be rich sources of inducers of phase II detoxifi-
cation enzymes in vitro, with the isothiocyanate sulforaphane 
the main phase II inducer in broccoli.165

As noted above, glucosinolates in Brassica vegetables are 
broken down to form isothiocyanates (the aglycones) by the 
action of the enzyme myrosinase. This occurs when the plant 
is crushed, but also during cooking or in the human intes-
tine by intestinal flora.166 Glucoraphanin is the glucosinolate 
precursor of sulforaphane. Broccoli sprouts contain about 15 
times more glucoraphanin than the mature broccoli plant.167

Sulforaphane was found to be a potent in vitro inducer of 
the phase II enzymes quinone reductase (QR) and glutathione 
S-transferase (GST).168 Sulforaphane also induces phase II 
enzymes in vivo. In mice treated orally with sulforaphane, 
QR and GST were increased in many organs, including the 
liver.168 It is a potent inducer of the multiorgan protector 
pathway and hence initiates the cytoplasmic transcription fac-
tor Nrf2 to migrate into the cell nucleus, where it activates 
the antioxidant response element, upregulating the produc-
tion of antioxidant and phase II enzymes.

The induction of phase II enzymes is one of the main 
mechanisms by which sulforaphane exerts its chemopre-
ventative activity. Orally administered sulforaphane has been 
shown to be protective against carcinogen-induced cancer at 
a variety of sites.169 Taken together these findings suggest that 
sulforaphane can inhibit the development of cancer during the 
initiation and post-initiation stages.169

The chemopreventative activity of sulforaphane probably 
involves many mechanisms. These include:169

l	 inhibition of phase I enzymes
l	 induction of phase II enzymes
l	 antioxidant functions through increased tissue glutathione 

levels
l	 apoptosis-inducing properties
l	 induction of cell cycle arrest
l	 anti-inflammatory properties
l	 inhibition of angiogenesis.

A randomised, placebo-controlled trial found that sul-
foraphane exerted a phase II inducing effect in participants 
who achieved a good bioavailability (that is, who were able to 
convert glucoraphanin to sulforaphane in their intestine). Two 
hundred healthy volunteers from a region in China with a high 
risk for development of hepatocellular carcinoma were enrolled. 
Urinary levels of the markers of two environmental carcinogens 
were assessed. A strong, highly significant inverse association 
was observed when the marker levels were compared with lev-
els of dithiocarbamate excretion (a measure of the metabolism 
of glucoraphanin).170 Oral administration of a broccoli sprout 
homogenate over 3 days induced mucosal phase II enzyme 
expression in the upper airway of human volunteers.171

Flavonoids

Phytochemistry
Flavonoids are extremely common and widespread in the 
plant kingdom. They function as plant pigments and are 
responsible for the colours of many flowers and fruits. Being 
abundant in plants, flavonoids are commonly consumed in the 
human diet, especially if it is rich in fruits and vegetables.

The word ‘flavonoid’ is derived from the Latin word  
flavus meaning yellow and many flavonoids are indeed yellow 
in colour. However, many others are white and the special 
flavonoid-related anthocyanins are red, blue or purple. (For a 
discussion of the pharmacological properties of anthocyanins, 
see the bilberry monograph.) Flavonoids are also present in 
leaves, where they are said to protect the plant tissue against 
the damaging effects of ultraviolet radiation.

Flavonoids consist of a single benzene ring joined to a 
benzo-gamma-pyrone structure. They are formed from three 
acetate units and a phenylpropane unit (via the shikimic 
acid pathway). More than 2000 are known with nearly 500  
occurring in the free (aglycone) state and the rest as O- or 
C-glycosides. Flavonoid glycosides are generally water-soluble. 
There are three main types, classified according to the state of 
oxygenation at carbon 3. These are flavones, flavonols and fla-
vonones. The properties of isoflavonoids are discussed in the 
phyto-oestrogen section.
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Unfortunately, the term flavonoid is used rather loosely 
in the pharmacological literature. It is often applied as a col-
lective term to describe any plant polyphenolic compounds, 
including anthocyanins, green tea polyphenolics, the flavono
lignans in St Mary’s (milk) thistle and oligomeric procyanidins 
and catechins, by way of example. None of these phyto-
chemicals is actually flavonoids, and their bundling with flavo-
noids only serves to confuse any meaningful conclusions that 
can be drawn about the pharmacological properties of true 
flavonoids.

Pharmacodynamics
Most of the studies conducted on flavonoids have used in 
vitro models, often employing isolated enzyme systems. The 
findings of these studies need to be interpreted with caution, 
since it is uncertain that oral doses of flavonoid glycosides or 
even their aglycones can reach sufficient concentrations in 
living organisms to reproduce these effects. This reservation 
applies even more for oral doses of herbs containing flavo-
noids, since the flavonoid dose will be commensurately lower 
in the plant matrix. The issue was well illustrated by one early 
clinical pharmacology study that found, while quercetin and 
apigenin inhibited platelet aggregation in vitro, no significant 
effect was found in human volunteers.172 Fortunately, clini-
cal studies involving flavonoids (albeit at doses typically much 
higher than can be achieved by phytotherapy) and flavonoid-
containing herbs are on the increase. (For a further discussion 
on the bioavailability of flavonoids, see the Pharmacokinetics 
section.) There are now tens of thousands of published stud-
ies on flavonoids. Hence, the brief section in this chapter 
serves only as a primer to this vast body of literature.

The original pharmacological interest in flavonoids arose 
during vitamin C research in the 1930s. Studies by Hungarian 
workers indicated that a number of vegetables and fruits 
(notably citrus) contained substances capable of correct-
ing certain abnormalities associated with scurvy. In particu-
lar, this new factor, designated as vitamin P, corrected the 
capillary fragility associated with ascorbic acid deficiency. 
Vitamin P was subsequently found to be a mixture of flavo-
noids. Additional research disputed that vitamin P was essen-
tial to maintain human life and the term was dropped in the 
1950s. However, research did confirm the therapeutic value 

of flavonoids for fragile capillaries (actually fragile connective 
tissue surrounding capillaries) and as extenders of vitamin C 
activity, possibly through improved absorption and protection 
from oxidation, and by partially substituting for some of its 
biological functions.173

Decreased capillary fragility denotes improved connective 
tissue tone and a reduced tendency for capillary contents to 
leak into surrounding tissue. This implies that flavonoids will 
prevent oedema associated with inflammation and stasis. Such 
effects from flavonoids are reasonably well established from 
clinical trials.

A proprietary mixture of micronised flavonoids consisting 
of 90% diosmin and 10% hesperidin, usually administered at 
a dose of 1000 mg/day, has been investigated in several clinical 
trials. Such double blind, placebo-controlled trials have shown 
that this flavonoid combination improves venous tone in nor-
mal volunteers,174 enhances microcirculation in patients with 
venous insufficiency,175 assists healing of venous ulcers176 and 
relieves symptoms of acute haemorrhoids.177 A recent critical 
review confirmed the benefits of this combination in patients 
with advanced venous disease.178 A meta-analysis of clinical 
trials also supported its benefit in the treatment of haemor-
rhoids.179 Of course, this is more a ‘nutraceutical’ therapy and 
it is arguable whether these doses have any relevance to phy-
totherapy, as they could not be realistically achieved by the 
administration of plant extracts.

Flavonoids are polyphenolic compounds (they contain sev-
eral phenolic hydroxyl groups), some more so than others. 
The chemical properties that flow from this feature under-
lie many of the impressive in vitro pharmacological effects 
of these compounds. In particular, they are able to complex 
metal ions, act as antioxidants and bind to proteins such as 
enzymes and structural proteins (this last feature could also 
explain the ability of flavonoids to enhance the integrity of 
connective tissue).

The in vitro antioxidant properties of flavonoids were 
the focus of much early research.180,181 The ability of fla-
vonoids to complex pro-oxidant metallic ions such as iron 
probably augments their antioxidant effects in specific cir-
cumstances.182 Of particular interest is the capacity of flavo-
noids to inhibit macrophage-mediated oxidation of LDL and 
thereby attenuate atherogenesis.183 The antioxidant proper-
ties of flavonoids could also contribute to their observed anti-
inflammatory and antiplatelet effects,184 and are related not 
only to their structural characteristics, but also to their abil-
ity to interact with and penetrate the lipid bilayers of the cell 
membrane.185 Flavonoids scavenge the nitric oxide radical,186 
the superoxide anion187 and singlet oxygen.188 Like most 
other antioxidants, flavonoids can also act as pro-oxidants in 
particular circumstances.189

The molecular promiscuity conferred by the phenolic 
groups of flavonoids is well demonstrated by the range of 
enzymes inhibited by them in vitro. Enzyme activities inhib-
ited to varying degrees by flavonoids in vitro include cyclo-
oxygenase,190 lipoxygenase,190 lens aldose reductase,191 
xanthine oxidase,192 cGMP phosphodiesterase,193 cAMP 
phosphodiesterase,194 angiotensin-converting enzyme,195 
aromatase,196 thyroid peroxidase,197 hyaluronidase,180 phos-
pholipases180 and protein phosphokinases.180 However, more 
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research is needed to determine which of these activities 
might realistically translate into clinical effects. Since enzyme-
inhibiting activity depends on the structure of the flavonoid, 
some compounds are more likely than others to be clinically 
active.

Using isolated cells or organs in vitro, the activities dem-
onstrated for flavonoids include antiviral activity, especially 
for the 3-methoxylated flavones,181,195 anti-inflammatory 
activity,198 antimicrobial activity,195,199 inhibition of hista-
mine release from mast cells,200,201 antiplatelet activity,195,202 
tumour cell cytotoxicity, especially for highly methoxylated 
flavones,195 and spasmolytic activity.203,204 The flavonoid 
8-isopentenylnaringenin (now 8-prenylnaringenin) isolated 
from the Thai herb Anaxagorea luzonensis was found to be 
an oestrogen agonist with an activity about 10 times greater 
than genistein.205 This flavonoid, which also occurs in hops 
(Humulus lupulus), has now been extensively studied as a 
phyto-oestrogen.206 It strongly activates oestrogen receptor 
alpha and at least partially accounts for the observed clinical 
value of hops in menopausal women experiencing mild vaso-
motor symptoms.207

Animal experiments (usually using high doses) have dem-
onstrated a number of interesting pharmacological effects 
for flavonoids. One study found antioxidant effects in vivo 
for dietary flavonoids (quercetin and catechin), with reduced 
lipid peroxidation in rats.208 Flavonoids have also demon-
strated hepatoprotective, antiulcer (gastroprotective)209 and 
analgesic activity in vivo.180 Several flavonoids tested showed 
anti-inflammatory effects in acute and chronic animal mod-
els.210,211 A favourable effect of quercitrin on experimentally 
induced diarrhoea was probably related to anti-inflammatory 
effects.212

Flavonoids have exhibited preventative activity against 
chemical carcinogens and tumour promotion in animal 
models,213,214 although most of the speculation over their 
cancer preventative role is based on in vitro studies.215 
Anxiolytic properties have been demonstrated for some fla-
vonoids (including chrysin and apigenin), which selectively 
bind with a high affinity to the central benzodiazepine 
receptor.216,217

The relationship between dietary flavonoid intake and car-
diovascular disease was tested in several early epidemiological 
studies. The Zutphen Study in Holland found that flavonoid 
intake in elderly men (largely via tea, onions and apples) was 
significantly inversely associated with mortality and incidence 
of stroke.218 A Finnish study also found that people with 
very low intakes of flavonoids had a higher risk of coronary 
disease,219 but US studies found no significant association.220 
These investigations are confounded by the difficulties in 
isolating effects due to just the flavonoids and the loose use 
of the term, as discussed above.221 This was well illustrated 
by another US study that found the observed non-significant 
inverse associations for broccoli, apples and tea on cardiovas-
cular disease incidence in women were not mediated by fla-
vonoids.222 The same researchers later detected no protection 
from dietary flavonoids on incidences of insulin resistance, 
type 2 diabetes223 and cancer,224 all from epidemiological 
investigations in women.

In another interesting Finnish study, the total dietary 
intakes of 10 054 men and women during the year pre-
ceding the baseline examination were determined with a 
dietary history method.225 Flavonoid intakes were esti-
mated mainly on the basis of the flavonoid concentrations 
in Finnish foods. Participants with higher quercetin intakes 
exhibited lower mortality from ischaemic heart disease. 
The relative risk (RR) between the highest and lowest 
quartiles was 0.79 (95% CI: 0.63 to 0.99: p=0.02). The 
incidence of cerebrovascular disease was lower at higher 
kaempferol (0.70; p=0.003), naringenin (0.79; p=0.06) 
and hesperetin (0.80; p=0.008) intakes. Men with higher 
quercetin intakes had a lower lung cancer incidence (0.42; 
p=0.001), and men with higher myricetin intakes had a 
lower prostate cancer risk (0.43; p=0.002). Asthma inci-
dence was lower at higher quercetin (0.76; p=0.005), 
naringenin (0.69; p=0.06) and hesperetin (0.64; p=0.03) 
intakes. A trend toward a reduction in risk of type 2 dia-
betes was associated with higher quercetin (0.81; p=0.07) 
and myricetin (0.79; p=0.07) ingestion.

Clinical studies of flavonoids (more as nutraceuticals than 
as herbal extracts) are yielding some interesting results. Citrus 
flavonoids have demonstrated promising results in patients 
with hypercholesterolaemia226 and in combination appear to 
exert significant anti-inflammatory activity in patients with 
osteoarthritis.227 Hesperidin, also from citrus, lowered dias-
tolic blood pressure in a randomised, controlled trial.228 
Flavopiridol, a flavonoid-derived drug, is being developed as a 
treatment for cancer and inflammation.229

The flavonoid most widely studied as a clinical nutraceuti-
cal is quercetin, and doses of around 500 to 1000 mg/day are 
typical. Generally, the clinical findings are modest, possibly 
reflecting on its low and variable bioavailability.230 Favourable 
effects were observed on endurance in a randomised, con-
trolled trial,231 although other trials have not been posi-
tive.232–234 It did reduce blood pressure and oxidised LDL 
concentrations in overweight patients with a high cardiovascu-
lar disease risk phenotype at only 150 mg/day.235

For more information about the pharmacology of flavonoids, 
see the monographs on Astragalus, chamomile, Ginkgo, haw-
thorn, horsechestnut and licorice. In particular, the monographs 
on Ginkgo and hawthorn extensively review the cardiovascular 
effects of flavonoids, an area not emphasised in this chapter.

Toxicology
Flavonoid aglycones, but not their glycosides, are mutagenic in 
various assay systems. Quercetin is probably the most muta-
genic (and most widespread) flavonoid. When glycosides are 
incubated with beta-glucosidase or bacteria possessing this 
enzyme, they acquire mutagenic properties.236 However, the 
presence of methoxy groups markedly decreases the muta-
genicity of the flavonoid.237 Concerns about the mutagenicity 
and carcinogenicity of quercetin first arose among Japanese 
researchers who were searching for the carcinogenic com-
pounds in bracken fern. However, those compounds were 
later identified to be ptaquilosides.238 Dietary quercetin also 
enhanced pretumorous lesions in a model of rat pancreatic 
carcinogenesis, indicating possible promoting and progressing 
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effects,239 but lacked tumour-promoting effects in a different 
model.240 On the other hand flavonoids, including quercetin, 
have shown antimutagenic effects and are widely considered 
to be antimutagens.241,242

With the initial discovery of the mutagenicity of quercetin 
and concerns about the carcinogenicity of bracken fern, tests 
were conducted to determine if quercetin was carcinogenic. 
While two studies were positive in rats, many other studies 
in rats, mice and golden hamsters failed to demonstrate car-
cinogenic activity.243 This is reassuring since quercetin is the 
most common flavonoid in the human diet. Proposed reasons 
for the lack of carcinogenicity included poor absorption and 
rapid microbial degradation, as already discussed.

However, the lack of carcinogenicity of a massive exposure 
to quercetin at 10% of diet suggests that more active mecha-
nisms might be at work. This was confirmed in a study that 
demonstrated the rapid metabolic inactivation of quercetin by 
catechol-O-methyltransferase to form non-mutagenic meth-
oxy groups on the flavonoid.243 This could be a major reason 
for the lack of carcinogenicity of other flavonoids in vivo. A 
more recent critical review of the data related to the safety of 
quercetin noted a lack of in vivo toxicity (including a lack of 
carcinogenic properties) and concluded that the weight of the 
available evidence supports the safety of this flavonoid.244

Tannins and oligomeric procyanidins
Tannins are defined as vegetable substances capable of tanning 
animal hides to produce leather. This is used as a method to 
preserve the hide, and at a molecular level is effected via the 
cross-linking of hide proteins by the tannins. This definition is 
prescriptive and powdered hide is still used as a phytochemi-
cal test for tannins. Like flavonoids, tannins are polyphenolic 
compounds that have an affinity for proteins. However, the 
higher number of phenolic groups and the larger molecular 
size of tannins mean that they are capable of binding strongly 
to proteins at several sites and can thereby precipitate them 
from solution.

The phytochemical classification of tannins can be com-
plex, but two main groups are usually recognised: hydrolys-
able tannins and condensed tannins (the procyanidins or 
proanthocyanidins). Hydrolysable tannins usually consist of 
a central glucose molecule linked to molecules of gallic acid 
(gallotannins) or hexahydroxydiphenic acid (ellagitannins). 
They are readily hydrolysed, hence their name. Ellagitannins 
are found in herbs such as pomegranate, cranesbill, oak bark 
and meadowsweet. Oak bark (Quercus robur) also contains 
condensed tannins.
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Unlike hydrolysable tannins, condensed tannins are poly-
meric flavans and are not readily hydrolysable. They often 
consist of molecules of catechin and epicatechin joined by 
carbon-carbon bonds. Hence catechin and epicatechin are 
referred to as monomers and molecules containing 2 to 4 
monomers are referred to as oligomeric (a few) procyanidins 
(OPCs). Protein-binding capacity increases markedly with 
the degree of polymerisation, so dimers are much less astrin-
gent than hexamers, for example. It is, however, difficult to 
define the point at which OPCs end and true tannins start. 
From a pharmacological perspective, OPCs and their mono-
mers behave much like flavonoids (they also resemble them 
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chemically) and they are sometimes incorrectly classified with 
them. Condensed tannins are known as proanthocyanidins 
(procyanidins) because they release coloured cyanidin com-
pounds on boiling with acid, hence the prefix ‘pro-‘ meaning 
‘forming’.
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The polyphenolics in green tea (Camellia sinensis) are 
a class of pseudotannins known as catechins. These are 
smaller molecules than tannins. While they do possess some 

astringency, they cannot tan hides, although they have been 
classified as condensed tannins in some publications. Green 
tea also contains condensed and hydrolysable tannins.245

Hydrolysable tannins generally decompose slowly when 
kept in aqueous solution. They may also be hydrolysed by 
acids or enzymes such as tannase into their component mol-
ecules. As noted above, condensed tannins are more resist-
ant to decomposition into their monomeric components. 
However, they are readily oxidised over time, as shown by 
their colour change to purplish pink. These oxidised tan-
nins are responsible for the reddish colour of many barks 
and roots. Prolonged storage of solutions of condensed tan-
nins (such as tinctures and fluid extracts) induces extensive 
precipitation of condensate products known as phlobaphenes 
or phlobatannins. Glycerol was traditionally added to liquid 
galenicals to decrease this effect. Tannins complex with and 
precipitate alkaloids, and herbal extracts containing tannins 
should not be mixed with alkaloid-containing extracts.

Pharmacodynamics
When tannins encounter mucous membranes, they react 
with and crosslink proteins in both the mucus and epithelial 
cells of the mucosa. The mucosa is consequently bound more 
tightly and rendered less permeable, a process referred to as 
astringency. If this phenomenon occurs in the mouth, such as 
when eating an unripe banana, a puckering and drying sensa-
tion is experienced. Astringency affords increased protection 
to the subadjacent layers of the mucosa from micro-organisms 
and irritant chemicals. It also leads to an antisecretory effect 
on the mucous membrane.

Since tannins are large polar molecules, they are generally 
poorly absorbed through the skin or gastrointestinal tract. 
Hence, the pharmacological effects of tannins can be largely 
explained in terms of their local effects on these organs (such 
as astringency) or effects within the gastrointestinal lumen. 
However, decomposition products of tannins (and the mono-
mers of condensed tannins) can be absorbed and thereby do 
exert systemic effects (see the Pharmacokinetics section). 
The poor bioavailability of tannins is fortunate, since they 
can be quite toxic if absorbed in large amounts. Being smaller 
molecules, the green tea catechins do show some intact bio-
availability in humans. However, their polyphenolic nature 
ensures that this is still relatively low.

One of the most notable effects of tannins in the gut is their 
dramatic effect on diarrhoea. It can be proposed that the effect 
of tannins is to produce a protective (if temporary) layer of 
coagulated protein on the mucosa along the upper levels of the 
gut wall, so numbing the sensory nerve endings and reducing 
provocative stimuli to additional peristaltic activity. Supporting 
this central astringent activity, tannins will also inhibit the via-
bility of infecting micro-organisms, check fluid hypersecretion 
and neutralise inflammatory proteins. Because of their affinity 
for free protein, they will concentrate in damaged areas.

Condensed tannins were able to bind to and inactivate the 
hypersecretory activity of cholera toxin.246 At present, there 
are attempts to develop new therapies for cholera, and one 
approach showing promise is the inhibition of transport pro-
teins involved in cAMP-activated chloride channels. One of 
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these is the cystic fibrosis transmembrane conductance regula-
tor protein (CFTR). (Mutations in CFTR cause cystic fibro-
sis, hence its name.) A hydrolysable tannin from the Chinese 
gallnut inhibited CFTR in vitro. Intraluminal placement of 
this tannin (0.6 mg/kg) in mice reduced cholera-toxin-induced 
intestinal fluid secretion by 75%, with no effect on intestinal 
fluid absorption.247

Roots from the genus Potentilla typically contain hydrolys-
able and condensed tannins.248 In a randomised, double blind, 
placebo-controlled trial, an extract of tormentil root (Potentilla 
erecta) effectively treated rotavirus infection in children.249 
The duration of diarrhoea in the herbal group was 3 days, com-
pared with 5 days in the control group (p<0.0001).

Tannins in herbs such as meadowsweet were traditionally 
regarded as beneficial in mild peptic ulceration and inflamma-
tion. This application is analogous to the use of the synthetic 
antiulcer drug known as sulcrafate. Sulcrafate is an astringent 
aluminium-based compound (aluminium is highly astringent). 
It is said to bind selectively to the exposed proteins at the 
ulcer base. The barrier thus created protects the ulcer crater 
from gastric contents. Antiulcer activity has been demon-
strated for black tea extract250 and for condensed tannins.251 
Ellagic acid suppresses acid secretion252 and pomegranate pre-
vented experimentally induced gastric ulcers.253

Tannins and pseudotannins can also affect bowel flora com-
position. For example, tea fed to chicks significantly changed 
the levels of particular microflora.254 This may explain why 
rhubarb and other tannin-containing herbs reduced levels of 
uraemic toxins in rats with renal failure (perhaps at least in 
part by inhibition of the bowel flora production of some of 
these compounds).255 Whatever the mechanism, tannin-con-
taining herbs such as rhubarb have been used in China to treat 
renal failure.

Local use of tannins on bleeding surfaces renders a styp-
tic or haemostatic effect due to localised vasoconstriction 
and possibly an increased rate of coagulation. Since the pres-
ence of tannins is widespread in higher plants, this would 
explain the folk use of so many different plants as ‘wound 
herbs’. An aqueous extract of a tannin-containing herb dem-
onstrated haemostatic activity due to vasoconstriction and the 
formation of an ‘artificial clot’ (presumably resulting from a  
tannin-protein reaction), that tended to produce a mechanical 
plug to arrest bleeding from small blood vessels.256 This styp-
tic effect can also be useful for mild internal bleeding.

The topical application of tannins can exert favourable 
effects on burns, weeping eczema and viral infections. In the 
early 20th century, tannin sprays were applied to severe burns 
as preferred therapy. The tannin-protein complex thus formed 
acted as an artificial semi-permeable membrane known as an 
eschar.257 This procedure was abandoned because toxic levels 
of tannic acid (the hydrolysable tannin used) were sometimes 
absorbed through the damaged skin. Tannic acid also dam-
aged epithelial stem cells and caused excessive scar formation. 
However, the procedure is still practised in China using con-
densed tannins, which are less toxic and kinder to the regen-
erating epidermis.

One of the notable properties of tannins that has emerged 
in recent research is their antioxidant effects. Given their 
polyphenolic nature, this is not surprising. Hamamelitannin 

(from witchhazel) and gallic acid were more active than ascor-
bic acid in scavenging reactive oxygen species.258 Oral admin-
istration of geraniin was found to lower the level of lipid 
peroxide in the serum and liver of rats suffering liver injury.259 
Most of the antioxidant research on tannins and pseudotan-
nins has focused on green tea catechins. As well as impressive 
in vitro effects, it appears that an antioxidant activity can also 
be achieved in the human body, presumably brought about by 
the absorption of decomposition products as well as the cat-
echins (see the Pharmacokinetics section).

A recent review classified the key antioxidant mechanisms 
of tannins as comprising free radical scavenging, chelation of 
transition metals and inhibition of pro-oxidative enzymes and 
lipid peroxidants.260 Conflicting results have been reported 
for the antioxidant activity of green tea in clinical studies. 
The results may have been confounded by how the tea was 
prepared (e.g. brewing time, concentration) and other dietary 
and lifestyle factors.261 A review of trials to 2000 found that 
antioxidant activity has been demonstrated, although a strong 
conclusion could not be drawn. In subsequent trials in healthy 
volunteers, green tea:

l	 decreased susceptibility of plasma and LDL to oxidation 
(using lag time of conjugated diene formation). SOD 
(superoxide dismutase) activity in plasma and serum 
antioxidant activity remained unchanged262

l	 was associated with a 37.4% reduction in the concentration 
of oxidised LDL, and a decrease in the levels of 
antioxidised LDL IgM antibodies263

l	 increased in plasma total antioxidant activity and decreased 
plasma peroxide levels and DNA oxidative damage in 
lymphocytes, compared to baseline values.264

There are many other clinical benefits demonstrated for 
green tea catechins.

Good clinical evidence exists for the role of cranberry juice 
and extracts in the prevention of urinary tract infections.265 
It is believed that consumption of cranberry results in urine 
that discourages bacterial adherence to the bladder wall. The 
A-type proanthocyanidins (condensed tannins) are thought to 
be key here, although they might be too large to be excreted 
as such in the urine.266,267 Perhaps their decomposition prod-
ucts are active in urine?

As noted earlier, the pomegranate is a rich source of ella-
gitannins. Pomegranate extract and juice products standard-
ised for their ellagic acid content are available (presumably 
the ellagic acid being measured is that contained in the ella-
gitannins). An initial uncontrolled clinical trial of pomegran-
ate juice in patients with prostate cancer reported a significant 
prolongation of prostate specific antigen (PSA) doubling 
time. Anticancer effects in other types of cancers have been 
observed in vitro and in vivo.268,269 Pomegranate peel extract 
also promoted wound healing in rats after topical application, 
an effect certainly predicted by its tannin content.270

As alluded to previously, the many and impressive in vitro 
effects of tannins may not have clinical relevance because of 
their poor bioavailability. This is highlighted by a study that 
postulated hydrolysable tannins were responsible for the anti-
prostatic activity of Epilobium species via inhibition of 5-alpha-
reductase.271 Sufficient quantities of almost any tannin will 
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non-specifically inhibit almost any enzyme. Other effects of 
tannins unlikely to have clinical relevance include antiviral 
activity (except topically and in the gut lumen, see above),272 
inhibition of elastase,273 cytotoxic effects,274 reverse tran-
scriptase inhibition,259 antimutagenic activity,259 host-mediated 
antitumour activity259 and inhibition of lipoxygenase.259

The lower than expected rate of coronary artery disease in 
France has been termed the French paradox. Several reasons 
have been proposed for this effect, notably the high consump-
tion of red wine rich in OPCs. Independently of this develop-
ment, a French scientist named Masquelier researched the 
antioxidant and connective-tissue-stabilising benefits of OPCs 
over many years. This led to the development of two OPC 
products (containing predominantly B-type OPCs and their 
monomers), one from grapeseeds and the other from the bark 
of the maritime pine (Pinus pinaster). These products are pre-
scribed for applications similar to flavonoids and early clinical 
research supported their use for varicose veins, capillary fragil-
ity and chronic venous insufficiency.275 An impressive array of 
outcomes from randomised, controlled trials has now accumu-
lated, demonstrating the remarkable clinical diversity of these 
OPC-rich extracts. For example, a recent review of pine bark 
extract noted benefits in cardiovascular disorders, type 2 diabe-
tes, cognition, asthma, osteoarthritis and glaucoma, among oth-
ers.276 Given the postulated beneficial effects of OPCs in heart 
disease, it should come as no surprise that hawthorn, the most 
important herb for the heart in modern phytotherapy, is rich in 
these substances (for more details on the cardiovascular phar-
macology of OPCs, see the hawthorn monograph).

Important tannin-containing herbs not already men-
tioned include agrimony (Agrimonia eupatorium) and bistort 
(Polygonum bistorta). There is also a monograph on witchha-
zel in Part Three.

Adverse reactions and toxicology
Tannins are found to some extent in many medicinal plants. 
The following comments about adverse reactions refer only to 
relatively high doses of herbs containing significant quantities 
of tannins. It is unlikely that incidental exposure to tannins 
at low levels has any significant negative impact on health. In 
fact, condensed tannins are found in several commonly con-
sumed foods. In contrast, hydrolysable tannins are less com-
mon in foods (the pomegranate being one exception) and this 
suggests that the long-term therapeutic intake of this group of 
tannins should be avoided.

High doses of tannins lead to excessive astringency on 
mucous membranes, which produces an irritating effect. This 
probably led to the practice of adding milk to tea whereby the 
tannins preferentially bind to proteins in the milk rather than 
the gut wall. However, even adding milk does not prevent the 
constipation that can result from chronic intake of high levels 
of tannins. For these reasons, high doses of strongly astringent 
herbs should be used cautiously in highly inflamed or ulcer-
ated conditions of the gastrointestinal tract and in patients 
complaining of constipation.

Chronic intake of tannins inhibits digestive enzymes, espe-
cially the membrane-bound enzymes on the small intestinal  
mucosa.277 Tannins complex metal ions and inhibit their 

absorption. One study found that as long as tea and iron are 
consumed separately, iron absorption is not affected.278 This 
iron-complexing property of tannins could be exploited in 
male patients with haemochromatosis, which is now recog-
nised to be a relatively common disorder. (See Appendix C 
for more information on such potential interactions with tan-
nin-containing herbs.) Tannins can also react with thiamine 
and decrease its absorption.279

Addition of tannic acid, a hydrolysable tannin, to the barium 
sulphate mixture used in barium enemas increases the yield 
and accuracy of the examination. The colonic mucosa stands 
out clearly and tumour visualisation is improved. However, the 
practice was banned in 1964 by the US FDA (Food and Drug 
Administration).280 Several deaths caused by acute hepatotoxic-
ity, the majority in children, were attributed to this practice.281 
In these cases, quantities of tannic acid sufficient to cause mas-
sive liver damage were absorbed directly into the bloodstream 
from the colon. This effect is highly unlikely to follow from use 
of tannin-containing herbs. Nonetheless, some unexplained cases 
of herbal hepatotoxicity have been recorded. It is therefore pru-
dent to avoid the use of high doses of highly astringent herbs in 
patients with very damaged gastrointestinal tracts, other than in 
the circumstances outlined above. Green tea extract consumption 
has been linked to rare cases of idiosyncratic hepatotoxicity.282

Tannins are carcinogenic when injected subcutaneously283 
and herbal teas containing tannins have been implicated in 
the possible development of oesophageal cancers.284,285 While 
these associations probably have little relevance to phytother-
apy, they do suggest caution with the long-term oral and topi-
cal use (on damaged skin) of tannin-containing herbs.

Resins
Resins are sticky, water-insoluble substances often exuded by 
the plant. The term is used in several contexts. When certain 
plants are damaged, either by incision or naturally due to the 
action of animals or the environment, they secrete a viscous 
fluid that soon hardens. This probably serves as protection. 
The resultant exudate is an amorphous, complex mixture of 
chemicals that softens on heating. Such resins are often asso-
ciated with essential oils (oleoresins), with gums (gum resins) 
or with oil and gum (oleo-gum resins). Their resin compo-
nents, which mainly comprise diterpenes known as resin 
acids, resin alcohols and resin phenols, are soluble in alcohol 
and ether but are insoluble in water and hexane.

In another context, the term ‘resin’ (or occasionally ‘resin-
oid’) means the part of the plant that is soluble in ether or 
alcohol, as in kava resin, guaiacum resin (also prepared by 
burning the heartwood) and jalap. These resins are chemically 
diverse and can contain resin acids, pyrones, lignans, esters 
and glycosides amongst others. On microscopic examination 
of the tissues of these plants, secretion cells with resinous 
contents are sometimes visible.

Myrrh (Commiphora molmol) is an oleo-gum resin with 
astringent and antimicrobial properties. The former quality 
is probably entirely due to the resin and the latter is a com-
bined effect from the resin and the essential oil. Tincture of 
myrrh is a potent antiseptic in the mouth and throat. There 
is a modern tradition that one of its effects is to provoke a 
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local leucocytosis, to effectively stimulate defensive white 
blood cell responses and so involve the body in eliminating 
local infections. Clinical experience of long-standing improve-
ment in recurrent throat and gum disease, for example, lends 
support to this view. In recent times, myrrh has also demon-
strated clinical anthelmintic activity, possibly mediated by an 
effect on immune function. The resin could also play a role 
here (see the monograph in Part Three for more details).

Resins have also been applied to inflammatory conditions 
of the upper digestive tract with some benefit. This prob-
ably reflects on their astringent property. The oleoresin mas-
tic (Pistacia lentiscus var. chia) is traditionally used for the 
relief of dyspepsia and peptic ulcers.286 Mastic demonstrated 
a duodenal ulcer healing effect at 1 g/day in a double blind, 
placebo-controlled clinical trial.286 Cytoprotective and mild 
antisecretory effects were demonstrated in a rat model of 
ulceration, consistent with astringent activity.287 Its effects on 
Helicobacter are controversial.288 Mastic improved dyspepsia 
symptoms in a randomised, double blind placebo-controlled 
trial.289 Boswellia (frankincense) is a resin with consider-
able anti-inflammatory activity in the digestive tract and else-
where. (This is reviewed in its monograph in Part Three.)

Important resin-containing herbs not already mentioned 
include propolis (not actually a herb, but collected by bees 
from resinous plants), grindelia, calendula, guggul, juniper and 
the various balsams.

Resins are contact allergens that can cause oral ulceration and 
contact dermatitis.290 Myrrh is particularly prone to this effect.

Bitters
Bitters are substances capable of strongly stimulating the bit-
ter receptors in the taste buds at the back of the tongue. The 
taste stimulus is triggered by an intramolecular bonding with 
these receptors. Each taste bud contains approximately 20 to 
30 sensory cells whose microvilli extend to the bud opening. 
The taste receptors lie in the membrane of these microvilli 
and consist of glycoproteins.

Recent research has made considerable advances in our 
understanding of the bitter taste receptors. A family of 
approximately 30 such receptors (denoted TAS2R) has been 
identified in mammals.291 The TAS2Rs are broadly tuned 
to each detect multiple bitter substances, explaining how 
humans can recognise numerous bitter compounds with 
only a limited set of receptors. The TAS2Rs are expressed 
in a subset of taste receptor cells that are distinct from those 
mediating responses to other taste qualities. Cells with these 
receptors appear to be wired to elicit aversive behaviour, 
probably because many toxic chemicals are bitter in taste.291

One intriguing discovery is that bitter taste receptors are not 
restricted to the oral cavity.292 There are numerous reports of 
TAS2Rs expressed in the gut and in cell lines originating from 
gastrointestinal tissue, including the stomach. Insulin secretion 
can be stimulated from clonal pancreatic beta cells in vitro by 
a bitter molecule (denatonium). Gastric infusion of the same 
molecule (without it being tasted) delayed gastric emptying in 
rodents, presumably as a primordial defence against toxicity. 
There is also evidence of an elevated anion secretion within the 
large intestines of the rat and human induced by another bitter 

compound, 6-n-propyl-thiouracil (presumably against a defen-
sive mechanism). An inactive variant of the TAS2R9 recep-
tor has been associated with altered glucose homeostasis in a 
human family study.

Although direct humoral effects of bitter compounds in 
the gastrointestinal tract appear plausible, at least part of the 
bitter sensing mechanism seems to involve the activation of 
vagal nerve fibres. It was demonstrated that a mixture of bit-
ter compounds administered intragastrically to mice led to 
an activation of brainstem neurons, the first relay station of 
taste information within the brain. This effect was abolished 
by cutting the vagus nerve, as well as inhibitors of cholecys-
tokinin (CCK) and peptide YY (PYY) receptors. Since vagal 
nerve fibres contain receptors for these and terminate close to 
enteroendocrine cells, bitter compounds could stimulate the 
secretion of these peptide hormones.292 In other words, bitter 
taste receptors in the gastrointestinal tract appear to regulate 
metabolic and digestive functions.

Interesting as this may be, the story becomes even more fas-
cinating with the discovery that TAS2Rs are also expressed on 
the human respiratory tract.293 It was demonstrated that bitter 
taste receptors are located in the nasal respiratory epithelium 
as well as in ciliated cells of lung epithelium, where they affect 
respiratory functions in response to noxious stimuli. Moreover, 
in the epithelium of the lower airways, a cell type of unknown 
function has been termed ‘brush cell’ because of an apical tuft 
of microvilli. Brush cells in the mouse trachea express bit-
ter taste receptors and effect a reduction in respiration when 
stimulated with a bitter agent.294 Human airway smooth mus-
cle cells also possess TAS2Rs, and their stimulation with bit-
ter tastants effects a bronchodilation that is 3-fold greater than 
that elicited by beta-adrenergic receptor agonists.295 Inhaled 
bitter tastants decreased airway obstruction in a mouse model 
of asthma. Perhaps this provides a rational basis for the past use 
of asthma cigarettes containing bitter herbs?

Given that bitters are defined physiologically based on their 
interactions with TAS2R, it might be expected that bitter 
compounds come from a number of different phytochemical 
classes. This is certainly the case; monoterpenes, sesquiterpe-
nes, diterpenes, flavonoids and triterpenes can all exhibit bitter 
properties. However, the most notable bitter compounds are 
the monoterpene secoiridoid glycosides of gentian (particularly 
amarogentin), centaury and bogbean, and the sesquiterpene 
lactone dimers (such as absinthin) of wormwood. These com-
pounds are amongst the most bitter substances known.
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The interaction of specific phytochemicals with specific 
human TAS2Rs (denoted as hTAS2Rs) is now reasonably well 
documented. For example, andrographolide interacts with 
hTAS2R50, strychnine with hTAS2R10 and the humulones 
from hops with hTAS2R10.296

Many cultures recognise the value of bitter substances in 
promoting digestive function and general health. In Holland, 
older people would celebrate the bitter hour in the early 
evening when they would partake of bitter food and drink 
to support their fading digestive powers. In India, it is said 
that those with liver problems seek bitter-tasting substances. 
In Africa, the medicinal value of bitter herbs, particularly as 
digestive stimulants, is commonly recognised in traditional 
medical systems.297 Bitter drinks taken before meals are still 
called aperitifs.

In the early 20th century, it was still widely accepted in 
medical and scientific circles that bitters promoted diges-
tion. Even Pavlov was said to have acknowledged this con-
nection.298 However, this was a time when such assumptions 
were being subjected to scientific scrutiny. In 1915, the 
American physiologist Carlson and co-workers published a 
study entitled ‘The Supposed Action of the Bitter Tonics on 
the Secretion of Gastric Juice in Man and Dog’.298 The group 
found that bitters either applied to the mouth or directly to 
the stomach, produced no change in the acidity and pepsin 
concentration of the gastric juice produced prior to food actu-
ally being in contact with the stomach. Despite the fact that 
this study had a number of methodological flaws, notably that 
gastric secretions were not tested under the stimulus of actual 
contact with food, it was largely interpreted as discrediting 
the concept of bitters as digestive stimulants.

However, work published also in 1915 by Moorhead, a col-
league of Carlson, demonstrated a radically different activ-
ity profile for bitters.299 Moorhead found that a tincture of 
gentian (Gentiana lutea) given by mouth or directly into the 
stomach of cachectic dogs caused a marked increase in appe-
tite. Also, only when gentian was given by mouth (tasted) did 

it cause a marked increase in gastric secretion and its acid and 
pepsin content. This effect only occurred after normal feeding 
and all the above effects were absent in normal animals.299

The conclusions that could be drawn from this early 
research are several:
l	 Bitters markedly increase appetite only if a cachectic, 

malnourished or debilitated state exists in the body.
l	 Similarly, bitters increase digestive power mainly when it is 

below optimum, as in a state of cachexia.
l	 Experiments with bitters should involve actual feeding; 

that is, the presence of food in the stomach is important 
for their activity.

l	 At normal doses, bitters act in the mouth; that is, tasting 
optimises their activity.

From this research, a key aspect of the mode of action 
of bitters can be postulated. Bitters applied to the mouth 
(tasted) before a meal have a priming effect on upper diges-
tive function. This effect is most marked in states where 
digestion is below optimum, where a positive effect on appe-
tite is also observed. This increase in upper digestive function 
is probably mediated by a nerve reflex from the bitter taste 
buds and involves an increase in vagal stimulation (interest-
ingly the very latest research now appears to be supportive of 
a vagal-mediated mechanism). From physiology, we know that 
vagal stimulation causes:
l	 an increase in gastric acid secretion
l	 a transient rise in gastrin
l	 an increase in pepsin secretion
l	 a slight increase in gallbladder motility
l	 a priming of the pancreas.

Therefore, bitters could have a promoting effect on all 
components of upper digestive function, namely the stomach, 
liver and pancreas. Why does this reflex exist? As mentioned 
above, it probably developed as a protective mechanism, since 
many poisonous substances taste bitter.

Some more recent research supports this activity profile 
for bitters. Oral doses of liquid preparations of gentian and 
wormwood (Artemisia absinthium) were tested in human vol-
unteers 5 minutes before a meal.300 Both bitter tonics stim-
ulated gastric secretion. Gentian also stimulated bile release 
from the gallbladder and both herbs increased bile produc-
tion by the liver. Another study found that oral doses of liquid 
wormwood caused a dramatic increase in the duodenal levels 
of pancreatic enzymes and bile.301 Studies have also shown 
that bitters increase the secretion of saliva. A lemon wedge 
saturated with Angostura bitters was also found to cure hic-
cups in 88% of subjects in an open trial.302

Some bitter herbs also appear to have a direct effect on 
the stomach, something that can now be reconciled with 
the discovery of bitter receptors further down the diges-
tive tract. Wolf and Mack carried out an excellent study on 
the action of various bitters on the stomach of their famous 
patient, Tom, who had an occluded oesophagus and a gastric 
fistula.303 Bitters were administered by mouth and swallowed 
into the blind oesophagus; the resulting salivary volume and 
gastric secretion were compared with direct administration 
into the stomach. In the 96 experiments conducted, it was 
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found that there was considerable variation in the effects of 
bitters. Surprisingly, golden seal (Hydrastis canadensis) was 
the most active herb and gentian was virtually inactive at the 
levels tested. The increase in salivation when the bitter was 
administered orally was usually comparable with the increase 
in gastric secretion after direct introduction into the stomach. 
The alcoholic content of the bitters was shown to evoke no 
response. It was concluded that bitters exerted a direct effect 
on the stomach, since no significant effect was observed in 
Tom’s stomach following their oral administration. These 
results therefore, contrast with the work of Moorhead, but 
the experimental design did not include a test meal, a com-
mon flaw in some of the early research.

A more recent publication also confirms that bitters do 
indeed exert a direct effect in the stomach.304 When isolated 
stomach cells were exposed to different levels of an extract 
of gentian root, a concentration-dependent rise in gastric acid 
production was observed. No stimulatory effect was exerted by 
globe artichoke extract (Cynara scolymus). Significant effects 
for gentian extract were observed at concentrations of 10 to 
100 μg/mL. This concentration range can be readily achieved by 
normal doses of gentian. The author suggested that his results 
can explain why encapsulated gentian extracts also show thera-
peutic effects and downplayed the importance of the reflex 
effect to one of ‘supportive importance only’. While this is per-
haps an over-extrapolation, the recent discovery of bitter recep-
tors in the stomach makes sense of these findings.

Some support for this concept of direct activity in the 
stomach also comes from a multicentre, uncontrolled study 
of gentian capsules involving 205 patients.305 Patients took on 
average about five capsules per day, each containing 120 mg of 
a 5:1 dry extract of gentian root, and achieved rapid and dra-
matic relief of symptoms, including constipation, flatulence, 
appetite loss, vomiting, heartburn, abdominal pain and nausea.

Healthy upper digestive function is important for maintain-
ing good health and preventing disease. Low acidity can lead 
to poor nutrient absorption and abnormal bowel flora. Patients 
with reduced gastric secretion are more susceptible to bac-
terial and parasitic enteric infections.306 The contribution of 
poor upper digestive function to the chronicity of intestinal 
dysbiosis is often overlooked by therapists.

Early studies associated low gastric acidity with a number 
of chronic diseases such as rosacea, gallbladder disease, eczema 
and asthma, and this has been reflected in writings that are 
more recent.307 The experimental method used in these early 
studies typically measured gastric pH following a test meal. 
This is now considered an invalid way to investigate a patho-
logical hydrochloric acid deficiency (hypochlorhydria). Instead, 
a potent gastric cell stimulus such as pentagastrin is currently 
preferred to establish the diagnosis of hypochlorhydria.

However, the early studies were probably measuring the 
physiological response of the stomach to food, rather than a 
pathological absence or deficiency of the secretory apparatus. 
If this is the case, then the observation is still valid that a poor 
physiological response to food may be associated with certain 
chronic diseases. The use of bitters is particularly relevant 
in this context, since they can act via a vagal reflex, which is 
the normal physiological way that the upper digestive tract is 
primed for food.

As early as 1698, Floyer in his Treatise of the Asthma 
reflected that:

Some writers, as Sylvius and Etmuller, have observed the 
hypochondriac symptoms in the stomach, and conclude the asthma 
is a hypochondriacal flatus, and wants digestives … It is commonly 
observed that fulness of diet, and all debauches render the fits most 
severe, and a temperate diet makes the fits more easy … This defect 
of digestion and mucilaginous slime in the stomach are very obvious 
and observed by writers, and were supposed the immediate cause of 
the asthma.

A modern study found that allergic asthma was associ-
ated with a reduction in histamine-stimulated peak acid out-
put from the gastric mucosa (about 60% of normal). There is 
therefore a depression of gastric H2 histamine receptor func-
tion in asthma.308

Diabetics respond well to bitters, and some herbalists 
believe they can assist in normalising blood sugar levels in 
both reactive dysglycaemia and diabetes. A lack of insulin 
could impair the vagal stimulation of gastric acid secretion309 
and oral doses of a bitter herb lowered blood sugar in healthy 
rats.310 Long-standing diabetics may have impaired upper 
digestive function secondary to vagal neuropathy.311 The 
finding that bitter receptors further down the digestive tract 
appear to be involved will hopefully encourage more research 
into the role of bitter herbs in insulin resistance.

It has been found that in some cases patients’ responses to 
herbal medicines depend on their upper digestive function.312 
A Japanese study observed that the antioxidant properties of a 
herbal product could be increased by fermentation. A brewing 
process degraded high molecular weight polymers to smaller 
molecules that were more active. The unfermented herbal 
product was tried on patients with autoimmune diseases. 
Some responded to the product, others did not. Those who 
responded had a greater capacity to produce the small anti-
oxidant molecules in their gastric secretions, which was cor-
related with their acid and pepsin secretion. It was concluded 
that one of the factors determining the patients’ response was 
the ability of their digestive system to produce low molecular 
weight compounds from the natural polymers.

Herbalists consider that bitters have a tonic effect on the 
body and the term ‘bitter tonic’ is often used. In addition to 
their use for poor upper digestive function, low appetite and 
hypochlorhydria and its consequences, bitters are used to 
treat anaemia. Bitters are valuable for food allergies and intol-
erances, since poorly digested proteins and other compounds 
probably contribute to this condition. Herbalists also believe 
that bitters stimulate immune function and a patient who is 
pale, lethargic and prone to infections is a prime candidate for 
bitters. Interestingly, the herb wormwood has been shown to 
be beneficial for Crohn’s disease, an autoimmune disease of 
the digestive tract, in two clinical trials.313,314 Whether this 
is a consequence of interaction with TAS2Rs remains to be 
investigated.

The famous herbalist Dr Weiss stressed that the action of 
bitters was most pronounced after continued use (probably 
because it is a conditioned reflex).315 He described how a 
physician in Vienna noted that dyspeptic patients liked worm-
wood tea and kept asking for it, despite the taste. Another 
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Viennese paediatrician considered bitters to be an excel-
lent remedy for anorexic children. Weiss claimed that bitters 
neutralised the negative influence of higher mental functions 
on digestion, which usually results from chronic stress. He 
claimed that bitters had a toning effect on the colon when 
applied over a long period. Interestingly, non-tasters with an 
inactive hTAS2R38 receptor were found to have an increased 
risk of colon cancer in one epidemiological study.316

Bitters are contraindicated in states of hyperacidity, espe-
cially duodenal ulcers. Tasted bitters may actually be ben-
eficial in gastric ulcers, since this condition is often associated 
with atrophic gastritis. Tasted bitters may also help oesopha-
geal reflux because they could improve the tone of the 
oesophageal sphincter. However, they should be used with 
caution here and in relatively mild doses.

The main bitter herbs used in Western herbal medicine 
are gentian and wormwood. For a reflex effect, bitters do not 
usually have to be given in high doses. Enough to promote a 
strong taste of bitterness is usually sufficient. This is typically 
5 to 10 drops of the 1:5 tinctures of the above herbs in about 
20 mL of water. (Bitters are one exception where drop doses 
are appropriate.) Since bitters have a priming effect on upper 
digestive function and work (at least in part) by a visceral 
reflex (which is slow) they are best taken about 15 minutes 
before meals. Also, bitters work best if they are sipped slowly, 
to prolong the stimulation of the reflex. This can be difficult 
for some people, but will yield optimum results.

In contrast, for a direct effect on the gastric mucosa, higher 
doses need to be used. About 300 to 600 mg of gentian root 
before meals would be an appropriate dose. Care should be 
exercised with such high doses of gentian taken in liquid 
form, since they might cause nausea in some people.

One question that has vexed herbal clinicians is whether 
masking the taste of bitters given in liquid form interferes 
with their reflex activity. This is probably not the case, since 
masking agents will change the conscious perception of bitter-
ness, but the bitter taste buds will still be stimulated.

A number of papers have been published on the subject 
of supertasters.317 Supertasters perceive the greatest bitter-
ness and sweetness from many stimuli, as well as the greatest 
oral burn from alcohol and capsaicin (from Capsicum species). 
This is an inherited ability produced by a dominant allele. 
Women are more likely than men to be supertasters. This 
phenomenon needs to be kept in mind because some patients 
may be very sensitive to the taste (and possibly effects) of 
bitter and other strong-tasting herbs. These patients are also 
more likely to experience nausea if the dose of bitters used is 
too high.

In epidemiological studies, functional variants in bitter 
taste receptors have been linked to alcohol dependency,318 
adiposity,319 eating behaviour disinhibition320 and body-mass 
index.321 Generally, people with lower bitter tasting sensitiv-
ity exhibited the poorer health measure.

Pungent constituents
Like bitters, pungency is a physiological classification rather 
than a phytochemical one. The three most commonly 
used hot spices are the cayenne pepper (Capsicum), the 

black pepper and ginger, and while their pungent compo-
nents (respectively capsaicin, piperine and the gingerols and 
shogaols) are chemically distinct, it is now known that they 
act upon a common group of nerve cell receptors: the vanil-
loid receptors.322 Capsaicin and piperine are alkaloids based 
on homovanillic acid (hence vanilloid receptor), whereas the 
gingerols are substituted alkylphenols.

The transient potential receptor vanilloid 1 (TRPV1) 
receptor is a non-selective cation channel activated by capsai-
cin.323 TRPV1 receptors are predominantly expressed in pri-
mary afferent fibres, which are peptidergic sensory neurons, 
such as the unmyelinated C-fibres. TRPV1 is a pro-inflam-
matory receptor due to its key role in neuropathic pain, joint 
inflammation and inflammatory bowel disease. However, it 
appears to also play a protective role in sepsis and is involved 
in the physiological regulation of urinary bladder function, 
thermoregulation, neurogenesis323 and the cough reflex.324 
Many of these functions are reflected in the traditional uses 
of cayenne and the modern applications of capsaicin (see 
below). TRPV1 is also strongly activated by piperine325 and 
the gingerols.326
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Since capsaicin-sensitive sensory nerves (rich in TRPV1) 
are densely distributed in the cardiovascular and gastroin-
testinal system, activation of TRPV1 either by endogenous 
ligands or by exogenous agonists has been repeatedly reported 
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to exert hypotensive activity or protective effects against car-
diac or gastrointestinal injury. This is via stimulation of the 
synthesis and release of multiple neurotransmitters such as 
calcitonin gene-related peptide and substance P.327 Therefore, 
TRPV1 is not only a prime target for the pharmacological 
control of pain, but also a useful target for drug development 
to treat various diseases including cardiovascular and gastro-
intestinal diseases. However, considering the contribution of 
TRPV1 to the development of inflammation in the gastroin-
testinal tract (as touched on below), the potential side effects 
of TRPV1 agonists cannot be ignored.

Pharmacodynamics
Capsaicin has been the most commonly studied of the pun-
gent compounds. As mentioned above, the C-fibre sensory 
neurons, which release inflammatory neuropeptides such as 
substance P, mediate a wide variety of responses including 
neurogenic inflammation, thermoregulation and chemical-ini-
tiated pain. Capsaicin functions to activate and then, at higher 
doses and over time, desensitise this class of neurons. This lat-
ter response, by a process known as tachyphylaxis, provides 
the basis for the therapeutic interest in capsaicin. Capsaicin 
stimulates C-fibres by interacting with TRPV1 receptors.328 
The intense sensation of pain and heat which is experienced 
after eating a hot curry is testimony to this C-fibre activation. 
But, as experienced curry eaters will testify, they can tolerate 
hotter and hotter food over time due to tachyphylaxis.

Although the pain and burning from consumption of cay-
enne or capsaicin can be disturbing, no actual harm results 
from its consumption. In effect, the specific action on vanil-
loid receptors creates an illusion of pain and burning. Tissue 
damage is not concurrent with these sensations. This contrasts 
strongly with the mustard oils, which are highly corrosive and 
produce sensations of pain and burning in association with 
actual tissue damage. On the other hand, capsaicin is a pro-
nounced irritant, as evidenced by the incapacitating effect of 
capsicum spray. Sometimes ingestion of cayenne does seem to 
produce lingering sensations of discomfort, and this probably 
highlights the role of substance P in neurogenic (nervous sys-
tem-mediated) inflammation. Once the process of neurogenic 
inflammation has been triggered, it can become self-perpetu-
ating. Neurogenic inflammation has been implicated in a num-
ber of chronic functional disorders of uncertain aetiology such 
as interstitial cystitis and irritable bowel syndrome.

The desensitisation of C-fibres has value for pain relief in a 
number of chronically painful disorders. Early controlled clini-
cal trials of the topical use of capsaicin cream demonstrated 
symptom relief in osteoarthritis,329 neuropathy330 and post-
herpetic neuralgia.331 Topical capsaicin was effective for pain-
ful skin disorders such as psoriasis and pruritus and possibly 
useful for neural dysfunction in the form of cluster headaches 
and phantom limb pain.332,333 Vasomotor rhinitis could also be 
alleviated by topical capsaicin.334

However, Cochrane reviews have demonstrated mixed out-
comes for the topical application of capsaicin, being negative 
for pruritus,335 mildly positive for neuropathic pain336 and 
stating insufficient evidence to support intranasal application 
in allergic rhinitis.337 Four weeks of a 0.0125% capsaicin gel 

was an effective treatment for mild to moderate knee osteo-
arthritis in a recent placebo-controlled trial involving 100 
patients,338 but its role in this disorder is controversial,339 
despite a positive meta-analysis (yielding moderate evidence 
of benefit).340

The higher fibrinolytic activity observed in Thai people has 
been attributed to daily intake of cayenne pepper.341 Cayenne 
also increases gastric acid output.342 Since gastric acid is a nat-
ural defence against gastrointestinal pathogens, it can be spec-
ulated that this could explain the preference for hot, spicy 
food in tropical countries. In the rat stomach there is clear 
evidence that capsaicin-sensitive sensory nerves are involved 
in a local defence mechanism against gastric ulcer. However, 
excessive capsaicin exposure caused tachyphylaxis and 
impaired this defensive mechanism.343 Perhaps the maxim of 
‘too much of a good thing’ applies here.

Like capsaicin, piperine has attracted research interest, 
but for quite different reasons. Attention has focused on the 
capacity of piperine to enhance the bioavailability of other 
agents. These include aflatoxin B1 in rats344 and propano-
lol, theophylline,345 curcumin,346 vasicine and sparteine in 
humans.347 While there is good evidence that piperine inhib-
its drug metabolism by the intestine and liver,348 other pos-
sibilities include increased permeability of intestinal cells349 
and even complexation with drugs.350 It strongly inhibits 
hepatic and intestinal aryl hydrocarbon hydroxylase and UDP-
glucuronyl transferase.351 Hence, piperine also has the poten-
tial to induce herb-drug interactions.

In traditional Chinese medicine, a mixture of radish and 
pepper is used to treat epilepsy. Piperine and some synthetic 
derivatives have been shown to be anticonvulsant agents that 
can antagonise convulsions induced by physical and chemical 
methods.352 Antiepilepsirine, a derivative of piperine, is used 
as an antiepileptic drug in China.

Hot spices are used around the world for their general 
warming effects on the body, in modern terms stimulating cir-
culatory activity. A mechanism for this universal experience is 
suggested. In a study that compared the effects of various pun-
gent agents, an increase in catecholamine secretion, especially 
adrenaline, from the adrenal medulla was observed. Capsaicin 
was most active, but piperine and zingerone (from ginger) also 
showed activity, although allylisothiocyanate (from mustard) 
and diallyldisulphide (from garlic) did not have this effect. 
The effective principles were readily transported from the 
gut around the body.353 Capsaicin is known to increase energy 
expenditure in the body and boost basal metabolic rate, which 
has implications for its use in weight control.354

Epidemiological data reveal that the consumption of foods 
containing capsaicin is associated with a lower prevalence of 
obesity. Rural Thai people consume diets containing 0.014% 
capsaicin.355 Rodents fed a diet containing 0.014% capsaicin 
showed no change in caloric intake, but demonstrated a sig-
nificant 24% reduction in visceral fat weight.

The above findings hark back to the use of cayenne pro-
moted by Samuel Thomson, who regarded it as a life-pro-
moting heating herb and a general metabolic stimulant. The 
physiomedicalists extended this concept and proposed that 
cayenne administered in conjunction with another herb would 
augment the particular stimulatory activity of that herb. 
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Given what we now know about the bioavailability effects of 
piperine (and therefore possibly capsaicin), this apparently 
arcane dictum may have a rational basis.

A discussion of the pharmacology of the gingerols is 
included in the ginger monograph.

Toxicology
Investigations have been conducted to determine the poten-
tial mutagenic and carcinogenic activity of capsaicin and cay-
enne, but findings are contradictory.356 Results indicate that 
capsaicin also demonstrates chemoprotective activity against 
some chemical carcinogens and mutagens.357 Piperine appears 
to lack mutagenic activity.358 A review of the cayenne and 
capsaicin toxicity data did not find any reasons for concern.359

Saponins

Phytochemistry
Saponins are phytochemicals that produce a foam when dis-
solved in water. Their name derives from the same root as 
the word soap (Latin sapo=soap). Like soaps or detergents, 
saponins are large molecules containing a water-loving (hydro-
philic) part at one end separated from a fat-loving (lipophilic 
or hydrophobic) part at the other. In aqueous solution, saponin 
molecules align themselves vertically on the surface with their 
hydrophobic ends oriented away from the water. This has the 
effect of reducing the surface tension of the water, causing 
it to foam. For this reason, saponins are classified as surface-
active agents. Similar to other surface-active agents, saponin 
molecules can align to form a spherical configuration within 
the water, creating a micelle. Micelles have a lipophilic centre, 
and this creation of a fat-loving compartment explains why 
detergents can dissolve grease and oils.

Saponins are glycosides (the sugar part comprises the hydro-
philic end). Two classes are recognised based on the struc-
ture of their aglycone or sapogenin: steroidal saponins contain 
the characteristic four-ringed steroid nucleus, and triterpe-
noid saponins have a five-ringed structure. Both of these have 
a glycosidic linkage, usually at carbon 3, and share a common 
biosynthetic origin via the mevalonic acid pathway. Steroidal 
saponins are mainly found in the monocotyledons. Triterpenoid 
saponins are by far the most common. There are some unu-
sual classifications; for example, the ginsenosides in ginseng 
are grouped with the triterpenoid saponins even though they 
exhibit a steroidal structure. Steroidal saponins typically con-
tain extra furan and pyran heterocyclic rings, which is not a 
feature of the ginsenosides. (Furans and pyrans are respectively 
five- and six-membered rings containing oxygen.)

Saponins are consumed in many common foods and bever-
ages including oats, spinach, asparagus, soya beans and other 
legumes, peanuts, tea and beer.

Pharmacodynamics
The pharmacological events that result from the ingestion of 
saponins can be broadly classified into two categories: the gen-
eral effects from the detergent-like properties of intact sapo-
nins, and those specific actions that ensue after a saponin (or 

more usually the sapogenin) is absorbed into the bloodstream. 
This discussion will concentrate on the former, but will also 
provide a context for the specific activities of saponins. Also 
the anti-inflammatory, tonic, adaptogenic, aldosterone-like 
and mucoprotective properties (among others) of specific sap-
onins are examined in detail in the monographs on Astragalus, 
black cohosh, Bupleurum, ginseng, horsechestnut, licorice, 
poke root, gotu kola and Withania.

Saponins are capable of destroying red blood cells (RBCs) 
by dissolving their membranes, a process known as haemoly-
sis, releasing free haemoglobin into the bloodstream. RBCs 
are particularly susceptible to this form of chemical attack 
because they have no nucleus and therefore cannot effect 
membrane repair. Haemolysis explains why saponins are 
much more toxic when given by injection than when admin-
istered orally. The toxic dose of an injected saponin occurs 
if sufficient haemoglobin is released to cause renal fail-
ure (haemoglobin damages the delicate membranes of the 
glomerulus). After oral intake, much of the saponin is not 
absorbed intact. Typically, it is slowly and partially absorbed 
as the aglycone. The kidneys are thereby spared the sudden 
influx of haemoglobin. For a long time this feature of sapo-
nin toxicity was interpreted by many pharmacologists as an 
indication that saponins were largely inert after oral doses. 
While it is true that saponins and even their sapogenins are 
generally not well absorbed from the gut, there can be no 
doubt that they can exert significant pharmacological activ-
ity after ingestion (for example, the aldosterone-like licorice 
side effects).

A common misconception is that the haemolytic activ-
ity of saponins is related to their detergent-like character-
istics. However, as early as the 1960s this was shown to be 
false. The mechanism of saponin-induced haemolysis was 
investigated by extracting the active haemolysing factor from 
ghost cells of saponin-haemolysed blood. The fact that only 
the corresponding aglycones could be extracted shows that 
hydrolysis of the glycosidic bond precedes haemolysis (RBC 
membranes possess a beta-glucosidase). The lack of haemo-
lytic activity of a saponin was either due to the fact that it 
could not be hydrolysed by the beta-glucosidase or that it 
could not adsorb onto the RBC membrane.360 This is further 
supported by the observation that some sapogenins are also 
quite haemolytic (for example, glycyrrhetinic acid is actually 
more haemolytic than glycyrrhizin)360 and that haemolysis by 
saponins is inhibited by aldonolactones, which are glycosidase 
inhibitors.361

Saponins are more or less irritant to gastrointestinal 
mucous membranes (whether this is related to their deter-
gent or haemolytic properties is not understood). This irritant 
property creates an acrid sensation in the throat when a sapo-
nin-containing herb is chewed. One resultant effect, like the 
emetics, may be by upper gastrointestinal irritation to induce 
a reflex expectoration. Certainly many of the traditional 
expectorant herbs such as soapbark, senega, primrose root 
and ivy leaf are rich in acrid saponins. This reflex expectorant 
effect, and its relationship to emesis, has been demonstrated 
in animal models.362 Presumably, it is mediated via the vagus 
nerve, as it was abolished when the afferent gastric nerves 
were cut.
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The detergent effect of saponins helps to increase the 
solubility of lipophilic molecules via micelle formation. One 
example that illustrates this phenomenon is the kava lactones. 
These compounds are quite insoluble in water, yet water can 
readily extract a percentage of lactones from kava root, which 
also contains a significant amount of saponins. Moreover, the 
bioavailability of kavain from a kava matrix is much greater 
than for the pure compound (see the kava monograph), pos-
sibly due to the presence of saponins.

However, this phenomenon for kava does not necessarily 
apply to other herbs. The influence of saponins on the water 
solubility of compounds having poor aqueous solubility was 
investigated with the model compounds digitoxin, rutin and 
aesculin.363 The saponins that were tested represented the 
most common structural types. Only slight effects on aqueous 
solubility were obtained for all the model compounds. These 
effects include both enhancement and reduction in aqueous 
solubility, depending on the saponin, the concentration of the 
saponin solution and the model compound. Hence, saponins 
generally should not be regarded as solubilisers.

Early research suggested that the incorporation of sapo-
nins into the cell membrane probably forms a structure that 
is more permeable than the original membrane.364 Saponins 
readily increase the permeability of the mammalian small 
intestine in vitro, leading to the increased uptake of other-
wise poorly permeable substances and a loss of normal func-
tion.365 The disruptive effect of saponins on the architecture 
of the enterocyte cell membrane can lead to the impaired 
absorption of smaller nutrient molecules, which are other-
wise rapidly absorbed via specific transporters. This appears 
to be the case for glucose and ethanol, based on in vitro 
models.366,367 Tablets containing an extract of the Ayurvedic 
herb Gymnema sylvestre are sold in Japan as a weight loss 
agent, which is attributed to reduced glucose absorption 
rates. Results from one study suggest that the saponin-rich 
herb Asparagus racemosus can act as a transdermal permea-
tion enhancer for larger molecules.368

Sapogenins, both steroidal and triterpenoid, resemble cho-
lesterol in their structure and may have a profound effect on 
cholesterol metabolism in the liver. Diosgenin is well studied in 
this regard. It interferes with the absorption of cholesterol of 
both dietary and endogenous origin; such interference is accom-
panied by increased rates of hepatic and intestinal cholesterol 
synthesis. Diosgenin also markedly enhanced cholesterol secre-
tion into bile which, in conjunction with the unabsorbed cho-
lesterol, resulted in increased faecal excretion of cholesterol 
(neutral sterols) without affecting excretion of bile acids.369 
Higher levels of ingestion of saponins or sapogenins lead to 
cholestasis and jaundice associated with the presence of choles-
terol-like crystals in hepatocytes. In grazing animals, this can in 
turn lead to photosensitivity due to the photosensitising effect 
of the high plasma levels of chlorophyll metabolites resulting 
from impaired biliary excretion (see the Tribulus monograph).

It is well established that saponin intake lowers plasma 
cholesterol levels in animal models.370 Various mecha-
nisms have been put forward, such as increased faecal 
excretion of bile salts370 and loss of cholesterol via exfoli-
ated mucosal cells,365 but the mechanism suggested by the 
above research on diosgenin seems most likely.369 In this 

context, it is pertinent to note that diosgenin (a sapogenin) 
inhibits cholesterol absorption, suggesting that the mecha-
nism behind this phenomenon might have more to do with 
the haemolytic or steroid-like nature of the saponins rather 
than their detergent properties. As an interesting foot-
note, it has been suggested that the Masai, who consume 
2000 mg of cholesterol per day yet maintain very low blood 
levels, might achieve this feat by their high consumption 
of saponins from both foods and medicines.371 To date this 
potential for saponin-containing herbs has not really been 
exploited clinically.

Saponins may have beneficial effects on bowel flora; yucca 
saponins are added to commercial piggery feeds to suppress 
ammonia production. As testimony to the fact that a percent-
age of saponins pass through the digestive tract unabsorbed, 
the product brochures maintain that the faecal material is eas-
ier to hose down because of the detergent action of excreted 
saponins.

A recent review surveyed research of the effects of sapo-
nins on microbial populations and fermentation in rumi-
nants.372 The primary effect of saponins in the rumen appears 
to be inhibition of protozoa (defaunation), which might 
increase the efficiency of microbial protein synthesis and 
protein flow to the duodenum. Furthermore, saponins may 
decrease methane production via defaunation and/or directly 
by decreasing the activities and numbers of methanogens. 
Saponins may also selectively affect specific rumen bacte-
ria and fungi, which may alter the rumen metabolism. The 
effects of saponins on rumen fermentation have not been 
found to be consistent. These discrepancies appear to be 
related to the chemical structure and dosage of saponins, diet 
composition, microbial community and adaptation of micro-
biota to saponins. The clinical effects of saponins on human 
bowel flora have not yet been adequately explored.

Saponins are very gentle detergents that can be used to 
wash the hair and skin in conditions such as acne without 
causing a rebound increase in sebum production. Decoctions 
of soapwort have been used to wash and restore ancient fab-
rics in stately homes; modern soaps are too harsh and disinte-
grate the fabrics.

One of the most interesting effects of saponins (or sapo-
genins) that follows from their ingestion is their capacity to 
interact with and influence steroid hormone metabolism. 
Much of this is covered in the monographs, but some of the 
principles behind this are worth highlighting here. The role 
of enzymes that metabolise steroid hormones in the regu-
lation of the activity of these hormones has only been rela-
tively recently appreciated. The most pertinent example for 
phytotherapy is 11-beta-hydroxysteroid dehydrogenase. This 
enzyme regulates glucocorticoid action by catalysing the 
interconversion of hydrocortisone (cortisol) and cortisone, an 
inactive steroid. In the kidney, hydrocortisone is oxidised to 
cortisone by the type 2 form of this enzyme, a reaction that 
prevents circulating hydrocortisone from occupying kidney 
mineralocorticoid receptors and stimulating a mineralocorti-
coid response. Aldosterone, being inert to 11-beta-hydroxy-
steroid dehydrogenase (11beta-HSD), is then available to 
regulate mineralocorticoid responsive genes in the kidney 
on its own. Inhibition of 11beta-HSD in the kidney allows 
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hydrocortisone to exert an additional aldosterone-like effect. 
This is exactly what licorice does.7

An important consequence of this mechanism for regu-
lating hormone action is that compounds that inhibit these 
enzymes will appear to be acting as hormones (or antihor-
mones). Thus the active sapogenin from licorice appears to 
behave like aldosterone, even though it has no affinity at all 
for mineralocorticoid receptors. Similar examples need to be 
better understood. For example, the anti-inflammatory effect 
of escin from horsechestnut is abolished in the absence of 
steroid hormones.

The influence of steroidal saponins on oestrogen metab-
olism may share similar aspects, but perhaps with some 
noteworthy differences. This is illustrated by research 
on Tribulus terrestris. Saponins from Tribulus appear to 
increase FSH (follicle-stimulating hormone) in premenopau-
sal women, which in turn increases levels of oestradiol.373 
They may do this by binding with, but only weakly stimu-
lating, hypothalamic oestrogen receptors, which are part of 
the negative feedback mechanism of oestrogen control. The 
weak stimulus (as opposed to the strong stimulus of oestro-
gen) leads the body to interpret that oestrogen levels are 
lower than they really are. Consequently, the body increases 
oestrogen production via the negative feedback mechanism. 
In the postmenopausal woman, herbs such as Tribulus, wild 
yam (Dioscorea villosa) and false unicorn (Chamaelirium 
luteum) appear to alleviate symptoms of oestrogen with-
drawal. It is possible that the binding of plant steroids to 
vacant receptors in the hypothalamus (in this low-oestrogen 
situation) is sufficient to convince the body that more oes-
trogen is present in the bloodstream than actually is, and 
calms the body’s response to oestrogen withdrawal.

Claims have arisen in the popular literature that the 
female body can manufacture progesterone from diosgenin, 
particularly if a wild yam cream is applied to the skin. This 
is despite the fact that wild yam contains dioscin and other 
steroidal saponins, not diosgenin, and there is no information 

about the dermal absorption of these compounds. 
Furthermore, no evidence exists for mammalian enzymes 
that are capable of effecting what is a difficult chemical con-
version. The evidence that does exist strongly disputes the 
possibility of this conversion.374 Hopefully, the above discus-
sion demonstrates that the interaction of saponins with ster-
oid hormones is far more subtle than this. In fact, diosgenin 
appears to have oestrogenic properties in mice and lacks pro-
gesterogenic effects.375
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In addition to this already impressive array of diverse 
activities for saponins, further effects have been dem-
onstrated using in vitro and in vivo models. However, 
the results from the former types of studies need to be 
interpreted with caution, since in the majority of cases 
saponins will not be absorbed in sufficient quantities to 
manifest these effects systemically (and the sapogenins 
do not always share these properties). In vitro findings 
may have relevance to the topical activity of saponins and 
effects in the gut lumen, and where the saponin metabolite 
in the bloodstream has pharmacological properties similar 
to its parent saponin.

A review of the in vitro and in vivo effects of triterpe-
noid saponins has documented pharmacological properties 
such as antiallergic, antiatherosclerotic and antiplatelet, anti-
bacterial, anticomplementary, antidiabetic, contraceptive, 
antifungal, anti-inflammatory, antileishmanial, antimalarial/
antiplasmodial, anti-obesity, anti-proliferative, antipsoriatic, 
antispasmodic, antisweet, antiviral, cytotoxic/antitumor, gas-
troprotective, hepatoprotective, immunomodulatory, anti-
osteoporotic and insulin-like.376

Adverse reactions and toxicology
Saponins are gastrointestinal irritants. In milder examples, 
this can lead to oesophageal reflux in sensitive or over-
weight patients, which can be remedied by using enteric-
coated preparations or by taking the saponin-containing 
herbs during a meal. In more severe examples, such as with 
poke root, this irritation can lead to acute vomiting and 
diarrhoea. If the irritation is sufficiently prolonged, erosion 
of the gastrointestinal mucosa can occur, resulting in sub-
stantial absorption of saponins into the bloodstream with 
the expected toxic sequelae. This is probably the mecha-
nism via which acute oral doses of saponins cause death in 
humans.

Saponins are toxic to fish and other cold-blooded animals 
and have been used to kill snails that harbour the bilharzia 
parasite.377 However, normal intake of the majority of sapo-
nins is not toxic to humans, as evidenced by the fact that sap-
onin intake by vegetarians is in the range of 100 to 200/day.370 
Saponins are permitted as food additives in many countries 
(for example, to give a satisfactory head to beer), although 
there are inconsistencies in regulations.378 Long-term feed-
ing of saponins to animals did not demonstrate any signs of 
toxicity.378

As noted previously, grazing animals that consume large 
amounts of saponins can develop cholestatic liver damage. 
In South Africa, consumption of Tribulus by sheep contrib-
utes to a bilirubin-induced disorder known as geeldikkop 
(see the Tribulus monograph for a more comprehensive dis-
cussion).379 While it is unlikely that normal human doses 
would cause cholestasis, this phenomenon should be con-
sidered in unexplained cases of this disorder in patients 
taking herbs. More importantly, saponin-containing herbs 
are best kept to a moderate level in patients with pre-exist-
ing cholestasis.

Cardiac glycosides

Phytochemistry
These compounds, also known as cardioactive glycosides, are 
steroidal glycosides. They are similar to, but essentially dif-
ferent from, steroidal saponins and constitute a well-defined 
and highly homogeneous group from both a structural and a 
pharmacological perspective. They (or the plants that contain 
them) have been used as conventional medical drugs for over 
200 years and are still relatively widely used today, despite 
their potential toxicity and the controversy over their clinical 
value. There are two main types, which either have a steroidal 
aglycone with 23 carbons (the cardenolide glycosides) or 24 
carbons (the bufadienolide glycosides). The sugar part usually 
consists of 2 to 4 sugars joined together (an oligosaccharide).
�  
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The cardenolide aglycone

Pharmacodynamics
The properties of cardiac glycosides are very well documented. 
They inhibit the sodium-potassium cellular pump leading to a 
rise in intracellular calcium levels that increases the contractile 
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force and speed of the heart muscle (positive inotropy). In 
patients with compromised cardiac function, this positive iso-
tropic effect translates into increased cardiac output and asso-
ciated events that flow from this central effect. Heart rate is 
decreased (negative chronotropy) via the autonomic nerv-
ous system. Digitalis glycosides in particular also cause elec-
trophysiological changes in the heart: conduction velocity at 
the atrioventricular node is slowed, together with an increase 
in its refractory period (negative dromotropy). This last fea-
ture underlies the use of digitalis glycosides in supraventricular 
rhythm abnormalities such as atrial fibrillation.

It is beyond the scope of this chapter to discuss the pros 
and cons of digitalis therapy or the various adverse reac-
tions and toxicity considerations associated with its use. 
Its medical use certainly appears to be in decline, although 
there is continued evidence of its frequent clinical utility.380 
Phytotherapists find digitalis to be too powerful for comfort 
and prefer to see it used, if necessary, under appropriate spe-
cialist care (generally the legal restrictions on its use render it 
available only on a medical prescription).

In some countries, herbalists and physicians practising 
phytotherapy find value in the use of milder herbs containing 
cardiac glycosides, in particular lily of the valley (Convallaria 
majalis). Its properties are similar to those of digitalis, but 
much less cumulative. The principal glycoside is conval-
latoxin, but the plant contains many minor cardenolides. 
Convallatoxin is poorly absorbed as a pure compound but the 
other components in the herb are said to aid its absorption.381 
It is unsuitable for manifest congestive heart failure, but com-
bines well with hawthorn in the management of milder forms 
of this condition, for digitalis hypersensitivity or for heart fail-
ure associated with a low pulse rate.381 All the usual cautions 
governing the use of cardiac glycosides should be observed.

Recent reviews have highlighted the novel therapeutic 
applications of cardiac glycosides, in particular the accumu-
lating in vitro and in vivo studies reporting antitumour activ-
ity.382,383 The first generation of glycoside-based anticancer 
drugs are in clinical trials.

Anthraquinones

Phytochemistry
Anthraquinones, as the name implies, are phytochemicals 
based on anthracene (three benzene rings joined together). 
At each apex of the central ring is a carbonyl group (carbon 
double-bonded to oxygen), and these provide the quinone 
part. Not all anthraquinones are strictly quinones; for exam-
ple, the sennosides are dianthrones consisting of two anthrone 
units, each bearing only one carbonyl group. Anthraquinones 
usually occur in plants as glycosides; for example, the senno-
sides from senna (Cassia species) are O-glycosides and the 
aloins from Aloe are C-glycosides. The cascarosides from 
cascara (Rhamnus purshiana) are unusual molecules in that 
they are C,O-glycosides, having one glucose linked to a cen-
tral anthrone via a carbon atom and a second glucose linked 
via oxygen. If aglycones are present in dried herbs, they are 
always anthraquinones; anthrones are too unstable in the free 
state. Dianthrone glycosides such as the sennosides are not 

found in the living plant, being formed on harvesting and dry-
ing from monomeric anthrone glycosides.
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Pharmacodynamics
Plants like rhubarb, senna and cascara have been used for their 
laxative effects since prehistory. Given their widespread con-
temporary use, it should not be surprising that their pharma-
cology is relatively well studied. Of particular interest is the 
pharmacokinetics of the anthraquinone glycosides. This topic 
will be more extensively discussed in the pharmacokinetics 
section, but, briefly put, these agents travel to the large bowel 
where bacterial action forms anthrone aglycones, the true 
active forms.

The laxative effect on the gut is largely a local one; systemic 
absorption is limited. Two distinct mechanisms are in force: a 
modification of intestinal motility and an accumulation of fluid 
in the intestinal lumen.384 Experiments in animals and humans 
have shown that the introduction of anthrones into the colon 
quickly induces vigorous peristaltic movements.384 Such a 
fast response is certainly not a secondary effect resulting from 
increased faecal water. This effect on motility is at least in part 
due to the release of prostaglandins, since its action is abol-
ished by indomethacin and other cyclo-oxygenase inhibitors.385 
However, other research shows that inhibition of intestinal tone 
and segmentation (and therefore reduced colonic transit time) 
could be the primary motility effect.384

Accumulation of fluid in the colonic lumen also leads 
to a laxative effect. While it has been suggested that this 
might be due to the inhibitory effect of anthrones on the 
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sodium pump,384 these agents have instead been shown to 
stimulate active chloride secretion into the lumen, which is 
then balanced by an increase in sodium and water flow.386 
Prostaglandins may be involved in this process387 but not 
PAF.388 Alteration of calcium transport may also play a 
role.384

The dual action of anthraquinones highlights an impor-
tant aspect of their safe and effective usage. In lower laxa-
tive doses that produce a normal bowel motion, the effects 
on motility are dominant. In higher doses, electrolyte secre-
tion and diarrhoea will predominate. Habituation and adverse 
effects are more likely to result from the excessive electrolyte 
loss associated with the use of high doses. Chronic abuse of 
laxatives raises aldosterone levels in response to the electro-
lyte loss, diminishing their effectiveness. Higher doses also 
empty a larger portion of the colon. The resulting natural 
absence of defaecation over the next day or so leads to anth-
raquinone reuse, perhaps at an even higher dose, and the cycle 
of laxative need is perpetuated.

Natural anthraquinones in the form of chrysarobin 
have also been used topically in the treatment of psoriasis. 
Chrysarobin, a mixture of substances including chrysophanol, 
is obtained from araroba or goa powder. Araroba is extracted 
from cavities in the trunk of the South American tree Andira 
araroba.389 Dithranol (or anthralin), a cheaper synthetic ana-
logue of chrysarobin, has been the focus of the most stud-
ies.390 Chrysarobin is an effective topical agent for psoriasis, 
as was demonstrated in an open comparative study with coal 
tar and ultraviolet radiation.391 However, it has a number of 
drawbacks: it is only stable in a greasy base and it irritates and 
stains the skin.

The antiproliferative action of dithranol, and presumably 
chrysarobin, is thought to be either through effects on DNA, 
probably mitochondrial DNA, which reduces cell turnover, 
or through activity on various vital enzyme systems.392 A pos-
sible relationship with reduction-oxidation potential has also 
been observed.393 Other research on chrysarobin has been 
concerned with its tumour-promoting activity.394 Not surpris-
ingly, this finding has further reduced its use in therapy.

Hypericin and pseudohypericin are dianthrones (structur-
ally related to anthraquinones) with antiviral activity. Several 
anthraquinone aglycones including rhein, alizarin and emodin 
have also demonstrated antiviral activity against human cyto-
megalovirus.395 This may explain the traditional use of apply-
ing the leaves of Cassia species to viral skin conditions.389 It is 
unlikely that systemic antiviral effects would follow from the 
ingestion of anthraquinones, due to their low bioavailability.
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Rhein is an anthraquinone aglycone found in rhubarb that 
inhibits the activity of cytokines in models of osteoarthri-
tis.396 This observation led to the development of diacerhein 
(diacetylrhein), a synthetic derivative with better bioavail-
ability. In early clinical studies, oral diacerhein at 100 mg/day  
improved symptoms in patients with osteoarthritis.396 
Diarrhoea was a common side effect, as might be expected. 
A later Cochrane review of seven controlled clinical trials 
concluded that there is ‘gold’ level evidence that diacerhein 
(diacerein) has a small consistent benefit in the improvement 
of pain in osteoarthritis.397

Madder root (Rubia tinctorum) contains a characteristic 
spectrum of intensely coloured anthraquinone glycosides such 
as glycosides of lucidin and alizarin. As well as being used as a 
vegetable dye and natural food colouring, madder has tradi-
tionally been employed for the prevention and treatment of 
kidney stones. The anthraquinones in madder can function 
as chelating agents for some metal ions, such as calcium and 
magnesium. With oral doses of glycosides and aglycones, a pro-
nounced calcium complexing effect and a significant reduction 
in the growth rate of kidney stones was observed in an animal 
model.389 A therapeutic oral dose of madder root will colour the 
urine slightly pink, which indicates that significant quantities of 
anthraquinones are excreted in the urine. Its regular use is said 
to slowly dissolve kidney stones. Given the concerns (below) 
over the carcinogenicity of madder, perhaps other anthraqui-
nones sharing this property could be explored for potential value 
as oral chelation therapy in patients with atherosclerotic lesions.

Adverse reactions and toxicology
Madder has been withdrawn from the German market due to 
concerns over its mutagenicity and potential carcinogenicity. 
In particular, rats metabolise alizarin glycosides to alizarin and 
1-hydroxyanthraquinone, a known rodent carcinogen.398 One 
long-term feeding of madder root to mice failed to produce 
neoplastic lesions.399 However, studies that are more recent 
do tend to confirm carcinogenic activity.400

Anthraquinone laxatives may cause mild abdominal com-
plaints such as cramps and abdominal pain and should be 
used cautiously in patients with these symptoms. Other side 
effects include discoloration of the urine and haemorrhoid 
congestion. Overdosage can result in diarrhoea and, coupled 
with prolonged use, may cause excessive loss of electrolytes, 
particularly potassium.384

Abuse of anthraquinone laxatives has been stated to cause 
damage to the myenteric plexus. However, results from 
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animal studies and a controlled study in humans have chal-
lenged this finding.401 Habituation can occur with laxative 
abuse, primarily due to hyperaldosteronism. The evidence 
is that anthraquinone laxatives used sensibly are unlikely 
to cause habituation. In fact, in several studies senna has 
been claimed to have a re-educative function and helped to 
restore normal bowel function.402 For example, out of 210 
patients in a psychiatric hospital, 44% were taking laxatives 
at the outset, but 3 months’ treatment with senna lowered 
this to 8%.403

Cathartic colon coupled with hypokalaemia (low serum 
potassium) is a characteristic finding associated with chronic 
laxative abuse (not just for anthraquinones). The cathartic 
colon is characterised by the existence of a segment of intes-
tine (typically the ascending colon) that has become largely 
non-functioning. Cathartic colon presents as chronic diar-
rhoea resistant to therapy. This is probably a rare disorder 
and is often associated with psychological abnormalities.404 
Cathartic colon can be reversed; a case was described of a 
78-year-old woman with cathartic colon who, after treatment 
was switched to psyllium, demonstrated complete reversal of 
the condition after 4 months.405

Contraindications for anthraquinone laxatives include ileus 
from whatever cause. Use in pregnancy and lactation is con-
troversial. In traditional Chinese medicine anthraquinone- 
containing herbs are contraindicated in pregnancy because 
they promote a downward movement of energy. Apart 
from this consideration, they are unlikely to cause adverse  
effects since their action in the gut is largely topical and 
systemic absorption is limited (see Pharmacokinetics). 
Results from several clinical studies on senna indicate that 
its normal use does not involve any increased risk for the 
pregnancy or the fetus.406 Moreover, clinical observations 
of infants and analytical studies of breast milk both lead to 
the conclusion that the treatment of lactating mothers with 
senna does not carry a risk of producing a laxative effect in 
the infant.407

Long-term use of anthraquinone laxatives leads to a condition 
known as melanosis (or pseudomelanosis) coli. This is a brown 
discoloration of the intestinal mucosa beginning at the ileocolonic 
junction and may extend to the rectum. This harmless pigmenta-
tion is not due to staining by the anthraquinones, but is instead a 
lipofuscin-like substance within the macrophages of the colonic 
mucosa.384 (Lipofuscin is a pigmented, peroxidised fatty acid 
residue found in many organs with advancing age.) However, 
the intrinsic colour of anthraquinones may play some part in the 
development of this pigment. It is generally accepted that mela-
nosis is a benign, reversible condition.408,409

The mutagenicity of isolated anthraquinones has been 
extensively studied and established in several models, particu-
larly microbial assays such as the Ames test.410 On the other 
hand, some studies involving both in vitro and in vivo models 
found an absence of mutagenicity for senna, sennosides and 
rhein.411 The same research group concluded that senna does 
not represent a genotoxic risk to humans when used periodi-
cally at normal therapeutic doses.412

Nonetheless, their putative mutagenicity has led to the 
investigation of carcinogenic effects associated with the 

use of anthraquinone laxatives. One review examined the 
relationship between anthraquinone laxatives and colorec-
tal cancer.413 Danthrone (two studies) and 1-hydroxyanth-
raquinone (one study) were carcinogenic in rodent models. 
Three clinical studies did not show an association of colo-
rectal cancer with laxative abuse, but these studies also 
included bulk laxatives. When melanosis coli was taken as 
an indicator of anthraquinone laxative use, a retrospective 
study of 3049 patients undergoing endoscopic diagnosis for 
suspected colorectal cancer found an association between 
anthraquinone use and colorectal adenomas.413 A prospec-
tive study by the same research group found that 18.6% of 
patients with colorectal carcinoma had evidence of anth-
raquinone use.413 From their data, they suggested that a 
relative risk of 3.04 could be calculated for colorectal can-
cer due to anthraquinone laxative abuse. However, these 
studies did not differentiate between natural and synthetic 
(danthrone) laxative use. This is significant, because rela-
tively higher doses of danthrone are required for a laxative 
effect and, since it is not a glycoside, its systemic absorp-
tion is greater. It was later asserted that epidemiological 
studies do not give conclusive evidence for any association 
between anthraquinone use and colorectal cancer.384 Since 
then, a comprehensive review of the pharmacological and 
human data concluded that (1) there is no convincing evi-
dence that the chronic use of senna can induce a structural 
and/or functional alteration of the enteric nerves or the 
smooth intestinal muscle, (2) there is no relation between 
long-term administration of a senna extract and the appear-
ance of gastrointestinal tumours (or any other type) in rats, 
(3) senna is not carcinogenic in rats even after a 2-year 
daily dose of up to 300 mg/kg/day, and (4) the current 
evidence does not show that there is a genotoxic risk for 
patients who take laxatives containing senna extracts or 
sennosides.414

Given the above concerns, whatever their basis in fact, 
most regulatory authorities now require that anthraquinone 
laxatives are labelled as a short-term treatment for constipa-
tion. Since the goal of the phytotherapist is to effect change 
(re-educate the bowel) rather than compensate for a deranged 
physiology, this approach is consistent with good herbal clini-
cal practice.

Coumarins

Phytochemistry
Coumarins owe their name to ‘coumarin’ which was the 
common name for the tonka bean (Dipteryx odorata), from 
which the simple compound coumarin was first isolated 
in 1820. Coumarins are benzo-alpha-pyrones (lactones of 
o-hydroxycinnamic acid) formed via the shikimic acid path-
way. Except for a few rare cases, including coumarin itself 
which is unsubstituted, all plant coumarins contain hydroxy 
or methoxy groups in position 7. These substituted simple 
coumarins, such as scopoletin, aesculetin and umbellifer-
one, are common and widespread in higher plants and often 
occur as glycosides.
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Simple coumarins
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Simple coumarin has a pleasant vanilla-like odour. It is 
probably not present in the intact plant, but is rather formed 
by enzymatic activity from a glycoside of o-hydroxycinnamic 
acid (such as melilotoside) after harvesting and drying. This 
accounts for the odour of newly-mown hay, not present in the 
undamaged plant. Coumarin is used to perfume pipe tobacco 
and can be sometimes found as an adulterant in commercial 
vanilla flavouring.415

The furanocoumarins are closely related furano derivatives 
of coumarin (furan is a five-membered heterocyclic ring con-
taining oxygen) commonly found in the Rutaceae (rue family) 
and Umbelliferae (Apiaceae, celery family). Linear furano-
coumarins are often called psoralens and are photosensitising 
agents (see below).
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The furanochromones such as khellin from Ammi visnaga 
are structural derivatives of benzo-gamma-pyrone (furanobenzo-
gamma-pyrones) and therefore are as much related to flavonoids 
as coumarins. In other words, the carbonyl group is opposite the 
oxygen rather than adjacent to it. However, they are usually clas-
sified as coumarins and will be considered in this section. Ammi 
visnaga also contains visnadin, a pyranocoumarin.
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The widespread nature of coumarins means that they are 
consumed in the human diet, for example carrots, celery and 
parsnip.416 Coumarins are fluorescent compounds and this 
property is widely utilised in a number of biochemical tech-
niques. Simple substituted coumarins are also used as pig-
ments in sunscreens.

Pharmacodynamics
Dicoumarol is a potent anticoagulant compound formed 
from coumarin by bacterial action in spoiled sweet clover hay 
(Melilotus species). Its discovery led to the development of 
modern anticoagulant drugs. Dicoumarol and related anti
coagulants are hydroxylated in the 4 position. This is deemed 
an essential requirement (among others) for powerful anti
coagulant activity. All of the common plant coumarins are not 
substituted at this position and therefore lack significant clini-
cal anticoagulant activity, although many do possess very lim-
ited activity when given to animals in high doses.417 Coumarin 
has anti-oedema, anti-inflammatory, immune-enhancing and 
anticancer activities which are more fully described in the 
Melilotus monograph.

Simple substituted coumarins such as scopoletin and umbel-
liferone have exhibited a diverse range of pharmacological 
activities. The spasmolytic activity of scopoletin is probably a 
major reason for the use of Viburnum species such as cramp 
bark and black haw for hypertension and dysmenorrhoea. 
Scopoletin and aesculetin were identified in black haw as hav-
ing significant spasmolytic activity on guinea pig small intes-
tine.418 Another research team working at the same time also 
identified scopoletin as a component of the Viburnums that 
exhibited uterine spasmolytic activity.419 It has been suggested 
that the spasmolytic activity of scopoletin might be due to a 
blockade of autonomic neurotransmitters.420

Further studies are required to establish if scopoletin, 
umbelliferone and related compounds possess clinically rel-
evant anti-inflammatory and analgesic activities, but such 
activities have been established in animal studies.421 Inhibition 
of cyclo-oxygenase and 5-lipoxygenase may play a role.422 
Aesculetin and umbelliferone are also strong xanthine oxidase 
inhibitors in vitro.423

Of eight simple coumarins tested, aesculetin was the 
most potent at protecting cells in vitro against oxidative 
damage.424 The coumarins all inhibited xanthine oxidase in 
vitro.424 Aesculetin possessed hypouricaemic activity in rats  
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(100 mg/kg, ip) and mice (150 mg/kg, ip), but was devoid 
of xanthine oxidase inhibitory activity at these doses.425 
Scopoletin (50 to 200 mg/kg, ip) was also hypouricaemic after 
induced elevation of uric acid in mice, but did not affect the 
serum uric acid level in normal mice.426 It exhibited both xan-
thine oxidase inhibition and uricosuric activity. However, the 
high doses of such phytochemicals given by injection probably 
have little relevance to phytotherapy.

Like coumarin, substituted coumarins may have a role to 
play in cancer prevention and treatment. Umbelliferone and 
scopoletin are antimutagenic427,428 but were much less pro-
tective than coumarin in one model of chemical carcinogen-
esis.429 Aesculetin exhibited considerably higher cytotoxic 
activity than coumarin in vitro on two tumour cell lines, but 
scopoletin was inactive.430 Umbelliferone has similar cyto-
toxic activity to coumarin.431 Two reviews have outlined the 
potential of simple natural coumarins in cancer therapy, but 
most of the data to date are in vitro.432,433

Other in vivo properties of simple coumarins include gas-
troprotective activity for aesculin,434 and antiasthmatic activ-
ity for umbelliferone,435 all in mice, together with antithyroid 
activity for scopoletin in hyperthyroid rats436 and antidiabetic 
activity for umbelliferone in diabetic rats.437

Furanocoumarins have a long history of therapeutic use in 
humans. More than 3000 years ago, it was recorded in both 
Egyptian and Ayurvedic medicine that the ingestion of herbs 
containing psoralens followed by exposure to sunlight could 
assist in the treatment of vitiligo, a skin condition character-
ised by a loss of pigmentation.438 This traditional knowledge 
was developed into a modern therapy in the 1940s when xan-
thotoxin (8-methoxypsoralen, 8-MOP) plus sunlight exposure 
was introduced as a therapy for vitiligo.439 The treatment was 
not very successful, mainly due to phototoxic side effects, and 
it was only when ultraviolet A light sources (UVA) became 
available that significant advances were made. UVA radiation 
is less energetic and therefore less damaging than ultraviolet 
B (UVB) radiation. It was demonstrated that oral 8-MOP and 
UVA were highly effective in the control of psoriasis and the 
malignant skin condition mycosis fungoides.439 The treatment 
was called PUVA (psoralen plus UVA) and the new field of 
photochemotherapy was initiated.

Bergapten (5-methoxypsoralen, 5-MOP) is a psoralen with 
superior therapeutic characteristics in PUVA. Furanocoumarins 
in conjunction with ultraviolet radiation stimulate melanogenesis 
(tanning) and cause antiproliferative effects, but they also initiate 
phototoxic erythema (inflammation). For 8-MOP, the therapeu-
tic dose is similar to the dose that causes erythema. With the use 
of oral 5-MOP it is possible to obtain melanogenic doses of drug-
UVA or drug-sunlight combinations without the development of 
phototoxicity. This provides a wider margin of safety and permits 
the induction of a tan (known as a PUVA tan) that is more effec-
tive than a normal tan in attenuating the damaging effects of UV 
exposure. Psoralens are now the basis of yet another new field of 
therapy: photochemoprotection.439

The use of 5-MOP has also provided a more effective 
treatment for vitiligo and yields fewer side effects in PUVA 
therapy of psoriasis.440 As a further development in photo-
chemoprotection, studies have shown that this furanocou-
marin, in conjunction with UVB sunscreens, provides a faster 

tan (without burning) that is more protective against the 
harmful effects of ultraviolet radiation441 and even chemical 
irritation.442 It should be noted that certain citrus oils are rich 
sources of bergapten (5-MOP) and are used in these tanning 
products in preference to the synthetic chemical.

PUVA therapy is also used for psoriasis,443 although there 
are concerns over increased skin cancer risk (see below).444

Furanocoumarins in conjunction with UV light kill bacteria 
and inactivate viruses.445,446 In addition, they may be responsi-
ble for the enhanced bioavailability that grapefruit juice affords 
to several pharmaceuticals (see the Pharmacokinetics section).

The decoction of the fruits of Ammi visnaga has been used 
since ancient times in Egypt as a spasmolytic for kidney stones 
and in the treatment of angina pectoris. The pyranocou-
marin visnadin was isolated and exhibited positive inotropic 
and marked coronary vasodilatory activities. Visnadin was 
developed as a drug treatment for angina, possibly acting as 
a calcium channel blocker.447 Ammi visnaga also contains the 
spasmolytic furanochromone khellin, adopted for the treat-
ment of angina and asthma. Its use was discontinued because 
of side effects such as drowsiness, headache and nausea.

As further evidence that the archetypal plant constituents 
still provide much of the inspiration for the development of 
modern drugs, sodium cromoglycate was discovered in an 
attempt to find a derivative of khellin which was devoid of 
its side effects. Unlike khellin, the antiasthmatic activity of 
this drug is believed to result from increased stability of mast 
cells.448

Toxicology
The toxicology of coumarin is reviewed in the Melilotus mon-
ograph. It is hepatotoxic in the rat and also less commonly 
in humans, probably as an idiosyncratic reaction. Coumarins 
are structurally related to fungal aflatoxins, which are potent 
hepatotoxins, but it appears that the substituted coumarins do 
not share this property (see the Melilotus monograph).

Plant coumarins are incorrectly implicated as anticoagulant 
agents. This is a fundamental misunderstanding of the rel-
evant pharmacology (see Chapter 5 and the Melilotus mono-
graph). Although a case of increased haemorrhagic tendency 
was attributed to coumarin intake from tonka beans, sweet 
clover and woodruff, intake was excessive and there were a 
number of confounding factors.449

As noted above, the furanocoumarins are potent photosen-
sitising agents. Chance exposure to these compounds in the 
field can lead to severe photodermatitis and blistering. The 
giant hogweed is one example of a plant that consistently 
causes this problem. Celery pickers can develop photoderma-
titis after handling celery infected with fungus, which induces 
celery to produce high levels of psoralens.450

Furanocoumarins are powerful mutagens in the presence of 
UVA and psoralens are light-activated carcinogens.450 In the 
presence of UV light, psoralens are capable of binding to and 
cross-linking DNA, which causes genetic damage and muta-
tions. Only linear furanocoumarins (psoralens) are able to 
bind two DNA bases to cause cross-links. Non-linear furano-
coumarins (isopsoralens) can only bind to one base to form 
monoadducts. Although concerns were expressed that the 
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development of isopsoralens as photochemotherapeutic agents 
may increase carcinogenic risk because monoadducts are sub-
ject to error-prone DNA repair mechanisms,450 this does not 
appear to be the case.451

The use of UV filters decreases the photomutagenic and 
photocarcinogenic effects of psoralens, but the employment 
of 5-MOP in sun tanning lotions remains controversial.452,453 
Given the advantages of a PUVA tan, it is likely that the bene-
fits will outweigh risks, provided that UV exposure is carefully 
controlled. This may only occur under clinical supervision.

Use of PUVA therapy in psoriasis is postulated to be asso-
ciated with an increased risk of skin cancer, particularly squa-
mous cell carcinoma.454 Risk of developing skin cancer was 
claimed to be proportional to the number of treatments and 
the degree of exposure to UVA.454 However, these associations 
have been disputed by at least one study, which proposed that 
prior exposure to arsenic treatments or X-rays largely explained 
the higher incidence of skin cancer in PUVA-treated psoriasis 
patients.455 Significant exposure of the unprotected human 
eyes to PUVA may accelerate cataract formation, but this is 
readily alleviated by protective eyeglasses.454

Phyto-oestrogens
Phyto-oestrogens are phytochemicals that have oestrogenic 
activity because they bear some structural similarity to 17-beta-
oestradiol. Compounds belonging to several phytochemi-
cal classes interact with oestrogen receptors, but research has 
focused on the isoflavones and lignans. Oestrogenic isoflavones, 
which include genistein, daidzein and their glycosides, are mainly 
found in members of the Leguminosae (pea family) such as soya 
beans and red clover. Linseed (flaxseed) is the richest source of 
the oestrogenic lignans enterodiol and enterolactone, which are 
formed by gut bacterial action on the precursor phytochemical 
secoisolariciresinol diglucoside (SLDG) found in the seed.
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Pharmacodynamics
Interest in the oestrogenic effects of plants first arose in the 
scientific world when clover disease was identified in Australia 
in the 1940s. It was observed that infertility developed in 
sheep after grazing on various species of clover (Trifolium spe-
cies). Research interest at the time focused on understanding 
the factors that caused clover disease, which were identified 
as isoflavone glycosides. It was several decades later, when 
results from epidemiological studies suggested that the die-
tary consumption of soya products might have a protective 
role in breast cancer, that interest in the oestrogenic proper-
ties of isoflavones was rekindled.456

Early studies using various animal tissues demonstrated 
that, while isoflavones compete strongly with oestradiol at oes-
trogen receptors, their stimulation of these receptors is much 
weaker than oestradiol.457 In other words, they were thought 
to act as partial oestrogen agonists that could function as oes-
trogen agonists or antagonists depending on the hormonal 
milieu. The theory was that in a high-oestrogen environment 
(such as in the premenopausal woman), their displacement of 
endogenous oestrogens is postulated to have an antioestrogenic 
effect. In contrast, in a lower oestrogen environment, as in the 
postmenopausal woman, they were expected to provide a net 
oestrogenic effect. While this theory still has some relevance, 
the situation is now known to be more complex.

There are two isoforms of the oestrogen receptor, ERalpha 
and ERbeta. Their distribution and density varies, depending 
on the target tissue. The existence of an oestrogen receptor 
was first reported in the early 1960s. In 1996, an additional 
ER was discovered. This receptor was designated ERbeta and 
consequently the originally discovered receptor was renamed 
ERalpha.458 Both ERalpha and ERbeta may coexist in a tissue 
and relevant proportions often vary. ERalpha is the dominant 
receptor in the adult uterus. ERbeta is expressed in high lev-
els in prostate, salivary glands, testis, ovary, vascular endothe-
lium, bone, smooth muscle, certain neurons in the central and 
peripheral nervous system and the immune system.459 Both 
isoforms are present in the female breast and reproductive 
tissue.460

Each of the ERs may influence the function of the other. 
The effects of substances that interact with receptors when 
both forms are present are complex.460 It is hypothesised 
that ERbeta may modulate, or even antagonise, the actions of 
ERalpha.461 For example, in the breast ERalpha and ERbeta 
exhibit opposing functions in cell proliferation: ERalpha pro-
motes epithelial proliferation, whereas ERbeta has a restrain-
ing influence.462 Other studies suggest several possible 
interactions for the two receptors: antagonistic, synergistic 
and sequential.463

The female sex hormones (the oestrogens) consist of 
17beta-oestradiol, oestrone and oestriol. Oestradiol binds 
to ERalpha and ERbeta with equal affinity.464 The isoflavone 
phyto-oestrogen genistein has greater binding affinity for 
ERbeta than for ERalpha. This preferential binding of gen-
istein to ERbeta indicates such isoflavones probably produce 
pharmacological and clinical effects quite distinct from oes-
trogens. In particular, they tend to exhibit antiproliferative 
activity.464 Other isoflavone phyto-oestrogens also bind more 
strongly to ERbeta.465
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Furthermore, isoflavones bind to ERs with a much lower 
affinity than oestrogens and therefore produce less potent 
responses.466,467 However, they initiate greater gene transcrip-
tion of ERalpha compared to ERbeta.467

As noted above, isoflavones and other phyto-oestrogens are 
thought to compete with oestradiol for binding and activation 
of ERs,460 potentially decreasing the effect of oestradiol in 
vivo in some circumstances. However, there have been some 
in vitro results to the contrary.468 The effect depends on the 
doses (of both phyto-oestrogens and oestradiol). In a pilot 
study, a soy protein isolate containing isoflavones (120 mg/
day) taken for 6 months did not prevent oestradiol-induced 
endometrial hyperplasia in postmenopausal women.469 (But 
interestingly, there was also no additive effect.)

Research on selective oestrogen receptor modulators 
(SERMs) such as tamoxifen has provided more insights into 
how non-steroidal molecules can interact with the oestrogen 
receptor. A summary of the knowledge thus far is that once 
a SERM binds to the ER it causes a change in its shape. This 
allows recruitment of co-activators if it is destined to elicit an 
oestrogenic response, or co-repressors if its response is anti-
oestrogenic. The binding of the coregulatory molecules leads 
to the activation of the promoter sequence of the oestrogenic 
responsive gene. Isoflavones have been proposed as natural 
SERMs.465

Studies have found that isoflavones have both agonistic 
and antagonistic effects, though they are strong ERbeta ago-
nists and weak ERalpha agonists. The presence of a correctly 
positioned phenolic ring and also the distance between the 
two opposing phenolic oxygens in the isoflavones structure is 
similar to that of 17-beta-oestradiol. This similarity allows the 
isoflavones to bind to the ER, effectively displacing 17-beta-
oestradiol. This action may help explain how phyto-oestrogens 
help protect against breast cancer, because ERbeta inhibits 
mammary cell growth as well as the stimulatory effects of 
ERalpha.465 As with the SERMs, studies have shown that the 
recruitment of coregulatory molecules may be important in 
determining the function of phyto-oestrogens. In particular, 
isoflavones appear to trigger selectively ERbeta transcriptional 
pathways, especially transcriptional repression.465

The in vitro and in vivo studies on phyto-oestrogens can be 
divided into three general categories: chemoprevention, treat-
ment effects and lifetime exposure studies (in vivo only).465 
This literature is so vast that a thorough review is beyond the 
scope of this primer. However, one aspect worth emphasis-
ing is that isoflavones have been shown to prevent cancer or 
inhibit cancer cell lines in a variety of models.470,471 Another 
is that isoflavones exert favourable effects in vivo and in vitro 
on parameters relevant to cardiovascular risk including insu-
lin resistance, lipid peroxidation, haemostasis and endothe-
lial function.472 Probably of greater relevance are the many 
human studies of the impact of phyto-oestrogens on various 
health outcomes or parameters. Some of the key findings 
of these studies are featured below, in a brief outline of the 
reviews.

A meta-analysis concluded that soya isoflavone consump-
tion was associated with a reduced risk of breast cancer, but 
this protective effect has only been observed in studies in 
Asian populations.473 Soya isoflavone intake was also inversely 

associated with the risk of breast cancer recurrence. Moderate 
consumption of isoflavones in diet does not increase the risk 
of breast cancer recurrence in Western women who have sur-
vived breast cancer, and Asian breast cancer survivors exhibit 
better prognosis if they continue consuming a soya diet.474

Results from Asian epidemiological studies suggest a ben-
eficial impact of isoflavones on bone health.475 However, 
clinical trials have yielded conflicting results on bone mineral 
density and turnover markers that may reflect on differences 
in study parameters, type and dose of phyto-oestrogen used 
and the variable metabolism of isoflavones, especially in terms 
of equol production.475

A systematic review and meta-analysis of soya isoflavones 
versus placebo in the treatment of menopausal vasomotor 
symptoms concluded that there was a significant tendency 
in favour of soya.476 Another meta-analysis found that con-
sumption of 30 mg/day of soya isoflavones (or at least 15 mg 
genistein) reduced menopausal hot flushes by up to 50%.477 
Individual responses in menopause could be determined by 
bioavailability and metabolism, especially to equol.478

The published effects of isoflavones on the circulating hor-
mones in pre and postmenopausal women were the subject 
of a systematic review and meta-analysis.479 In all, 47 stud-
ies were included. In premenopausal women, meta-analysis 
suggested that isoflavone consumption did not affect levels of 
oestradiol, oestrone or sex hormone binding globulin (SHBG), 
but did significantly reduce FSH and luteinising hormone 
(LH) (by about 20%). In postmenopausal women there was 
no impact of isoflavones on any of these hormones, although 
there was a 14% non-significant increase in oestradiol.

Epidemiological studies indicate that soya isoflavone con-
sumption is possibly protective against prostate cancer.480 
There is also some suggestion from clinical trials that isofla-
vones can slow the disease progression.481

Isoflavone intake appears to confer cardiovascular benefits 
that may or may not be related to their phyto-oestrogenic 
properties. One systematic review identified improvement in 
arterial stiffness482 and another used meta-analysis to establish 
a small reduction in blood pressure.483 Soya isoflavone intake 
improved flow-mediated dilation (an indicator of cardiovascu-
lar health) based on a meta-analysis of randomised, controlled 
clinical trials.484

Intestinal metabolism of isoflavones to their aglycone form 
is crucial for ensuring bioavailability and therapeutic activ-
ity. In other words, the intestinal microflora is pivotal in the 
metabolism of oestrogenic isoflavones. Individual differences 
in intestinal microflora have been proposed as a possible rea-
son why there is some inconsistency in the clinical effects of 
isoflavones.485 In particular, daidzein is further metabolised 
by gut microflora to produce equol, a more active oestrogenic 
compound. There are large individual variances in the capac-
ity to produce equol and hence possibly a therapeutic effect. 
Dietary fat consumption is known to reduce this capacity.486 
On the other hand, dietary supplementation with fructo- 
oligosaccharides such as inulin is known to increase equol.487

In contrast to the isoflavones, research on the oestro-
genic lignans enterolactone and enterodiol has not been as 
extensive. Initial interest in these compounds resulted from 
the observation in the early 1980s that their urinary levels 
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in menstruating women exhibited a cyclic pattern during 
the menstrual cycle, with maximum excretion in the luteal 
phase.488 The relatively high concentrations of these new 
lignans in urine, their cyclic pattern of excretion and their 
increased excretion in early pregnancy suggested that they 
were a new class of human hormone. It transpired what had 
been found was a plant chemical modified by bacteria in the 
human digestive tract.488 Selective antibiotic administration 
to humans suppressed oestrogenic lignan formation.488

Enterolactone, like isoflavones, inhibits oestradiol-stim-
ulated breast cancer cell growth in vitro.489 Lignan ingestion 
has been associated with increased concentrations of SHBG, 
but this was not confirmed in clinical studies.489–491 Linseed 
intake by normal premenopausal women was consistently 
associated with longer luteal phase lengths and higher ratios 
of luteal phase progesterone to oestradiol.489 These findings 
may reflect favourably on breast cancer risk. An earlier animal 
study found that linseed supplementation reduced early risk 
markers for breast cancer.492 Dietary studies and assays of uri-
nary lignans in postmenopausal women have found that lignan 
excretion is significantly lower in the urine of women with 
breast cancer,493 although the situation is not as clear from 
recent prospective cohort studies.494

In more recent times, the health effects of linseed and 
SLDG supplementation have been investigated in a number 
of clinical trials. Results of trials involving whole linseed are 
confounded by its content of mucilage and fixed oil (rich in 
omega-3 fatty acids), especially the trials investigating its 
impact on blood lipids or glucose.

The following is obviously not a comprehensive review 
of the clinical data for linseed and its lignans and focuses 
on hormonal effects. Linseed (25 g/day) altered oestro-
gen metabolism more than soya (25 g/day), and significantly 
shifted oestrogen metabolites to less biologically active forms 
(2-hydroxyoestrone) in postmenopausal women.495 This 
was confirmed in other clinical trials at 10 g/d, in pre- and  
postmenopausal women.496,497 At 10 g/day linseed decreased 
endogenous oestrogen levels and increased prolactin in  
postmenopausal women.491 Linseed supplementation does not 
appear to benefit menopausal symptoms, although more stud-
ies are necessary.498

Adverse reactions and toxicology
Epidemiological studies have not found adverse effects from 
the dietary consumption of isoflavones or lignans. However, 
when quantities well above dietary exposure are used in a 
therapeutic context, adverse events might well ensue. As 
noted above, the phyto-oestrogens are partial oestrogen ago-
nists similar to the drug tamoxifen. Research has shown that 
while tamoxifen has potential for preventing breast cancer 
and cardiovascular disease, its use increases the risk of devel-
oping endometrial cancer. Moreover, concurrent intake of 
phyto-oestrogens and tamoxifen may reduce the therapeu-
tic effects of the drug in breast cancer. For this reason, and 
because of the observation that phyto-oestrogens can stimu-
late the growth of oestrogen-dependent tumours in some cir-
cumstances, intake of these phytochemicals should be limited 
to dietary levels in women with oestrogen-sensitive breast 

cancers until clinical studies suggest otherwise. Such data are 
beginning to emerge (see the discussion on breast cancer risk 
below).

Controversy has arisen over the possible adverse effects of 
soya-based infant milk formulas. One earlier study found that 
infant exposure to isoflavones from these products was rela-
tively much greater than levels shown to alter reproductive 
hormones in adults.499 It was suggested that further studies of 
possible developmental effects are highly desirable.

On the other hand, studies in males have found no indi-
cation of adverse effects. For example, a 2010 review found 
no evidence from rodent studies and nine clinical trials that 
isoflavone intake impacted oestrogen levels in males. Clinical 
evidence also indicates no impact on sperm and semen param-
eters in men.500 In addition, a meta-analysis that included 15 
placebo-controlled clinical trials found that neither soya nor 
isoflavones altered testosterone parameters in men.501

While the epidemiological evidence suggests that a lifetime 
of moderate to high isoflavone intake is protective against 
breast cancer incidence in women, the impact of such intake 
commenced later in life is uncertain. Concerns have been 
raised that a later intake of high levels of phyto-oestrogens 
might in fact increase the risk of oestrogen-associated cancers. 
However, these fears are not supported by the available data.

Mammographic density may be a predictor of breast can-
cer risk. Women with a high percentage of dense tissue are at 
4-fold greater risk of breast cancer. Mammographic parenchy-
mal patterns assess the variation between radiological appear-
ances: fat appears dark and epithelium and stroma appear 
light. Percentage density is the ratio of dense area to breast 
area. A meta-analysis of randomised, controlled clinical trials 
on soya and red clover (Trifolium pratense) isoflavones found 
no impact on mammographic breast density in postmeno-
pausal women.502 However, isoflavones may cause a small 
increase in breast density in premenopausal women, which 
is of uncertain clinical relevance. An epidemiological study 
in 3315 Chinese women in Singapore found no significant 
impact of soya intake on breast density, with the suggestion of 
a possible reduction.503

The results of a case-control study involving nearly 800 
participants conducted in New Jersey and published in 2009 
suggest a reduction in endometrial cancer risk with intake of 
foods containing isoflavones (but not lignans) in lean women. 
Four case-control studies prior to this reported conflicting 
results for the role of dietary phyto-oestrogens in endometrial 
cancer risk, although there was a suggestion of a reduced risk 
for soya foods.504

A Cochrane meta-analysis of randomised, controlled, clini-
cal trials published to March 2007 investigating relief of meno-
pausal symptoms found no evidence that food or supplements 
containing phyto-oestrogens caused oestrogenic stimulation 
of the endometrium when used for up to 2 years. Trials of 
women who had breast cancer or a history of breast cancer 
were excluded.505 The dosage of isoflavones was 50 to 120 mg/
day, with many of the soya products containing soya protein.

One concern is that isoflavones may adversely affect thy-
roid function and interfere with the absorption of synthetic 
thyroid hormone. A 2006 review evaluated the relevant litera-
ture describing the effects of soya on thyroid function.506 In 
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total, 14 trials (thyroid function was not the primary health 
outcome in any trial) were identified where the effects of 
soya foods or isoflavones on at least one measure of thyroid 
function was assessed in presumably healthy people. Eight 
involved women only, four involved men, and two both men 
and women. With only one exception, no effects or only very 
modest changes, were noted in these trials. Collectively, the 
findings provide little evidence that soya foods or isoflavones 
adversely affect thyroid function in euthyroid, iodine-replete 
individuals. In contrast, some evidence suggests that soya, by 
inhibiting absorption, may increase the dose of thyroid hor-
mone required by hypothyroid patients. In addition, there 
remains a theoretical concern based on in vitro and animal 
data that isoflavone intake by individuals with compromised 
thyroid function and/or marginal iodine intake may increase 
their risk of developing clinical hypothyroidism.

Alkaloids

Phytochemistry
Because they are a vast and diverse group of archetypal plant 
constituents, it is consequently difficult to arrive at a consist-
ent definition of alkaloids. The word derives from the term 
‘vegetable alkali’, referring to the alkaline nature of these 
compounds, a property that results from the presence of 
nitrogen. The following definition is concise and descriptive: 
alkaloids are alkaline (basic) nitrogen-containing heterocy-
clic compounds derived from higher plants often exhibiting 
marked pharmacological activity. However, there are several 
exceptions to this definition. For example, the nitrogen in 
ephedrine is not part of a ring, so it is not heterocyclic. For 
this reason, it is sometimes referred to as a protoalkaloid. 
Berberine is not alkaline and some alkaloids are derived from 
animals and micro-organisms. Generally, alkaloids are white, 
but some are highly coloured; for example, berberine is yel-
low and sanguinarine is red. (By now it should be apparent 
that names of alkaloids end with the letters -ine.)

Alkaloids were the first chemical drugs to be derived from 
plants; a mixture of morphine and narcotine was isolated 
from opium in 1803. They have maintained an important 
role in conventional drug therapy since then. Names such as 
codeine, morphine, atropine, quinine, pilocarpine, theophyl-
line, colchicine, pseudoephedrine and vincristine are a familiar 
part of modern drug medicine. These drugs are potent phar-
macological agents and their properties are well described in 
conventional pharmacology texts. A high risk of adverse reac-
tions ensues from their use. In contrast, while phytotherapists 
do rely on plants containing alkaloids, their activity is at the 
milder end of the pharmacological spectrum. Alkaloids as 
a group are not nearly as important to the phytotherapist as 
they are to the conventional doctor.

Accordingly, this section will not include a broad and 
detailed treatment of various classes and subclasses of alka-
loids, but will instead focus on a few examples important to 
phytotherapy. Nevertheless, it is worthwhile to consider the 
basic structures of the important classes of alkaloids. These 
are provided in the following diagrams.

Examples of each class named are: pyrrolidine – hygrine; 
piperidine – lobeline; pyridine – nicotine; indole – strychnine; 
quinoline – quinine; isoquinoline – morphine; pyrrolizidine – 
seneciphylline; tropane – hyoscyamine; purine (xanthine) – 
caffeine; imidazole – pilocarpine; quinolizidine (norlupinane) 
– sparteine.
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Most alkaloids are synthesised by the plant from amino 
acids. If they are not, they are called pseudoalkaloids. Most 
of the known examples of pseudoalkaloids are isoprenoids and 
are referred to as terpenoid alkaloids. Aconitine from various 
species of aconite is an example of a diterpene alkaloid and is 
one of the most toxic substances known. Steroidal alkaloids 
are also found in plants. Some are combined as glycosides, for 
example solanine from potato shoots.

Despite being the most important archetypal plant con-
stituents from a conventional perspective, the function of 
alkaloids in plants is only beginning to be understood. They 
probably have a defensive or deterrent role, but other theories 
are still suggested in texts, including they are a by-product of 
primary metabolism.

Pharmacodynamics
Alkaloids have two key properties that determine much of 
their pharmacology: an ability to cross the blood-brain barrier 
and exert depressant or stimulant effects on the central nerv-
ous system (CNS), and an ability to interact with various neu-
rotransmitter receptors. Examples include CNS depressants 
such as morphine and codeine, CNS stimulants such as caf-
feine and cocaine and sympathetic nervous system stimulants 
such as ephedrine.

Alkaloids are important to phytotherapy, but their role is 
less significant than other archetypal plant constituents, as 
demonstrated by the fact that only three alkaloid-contain-
ing herbs are covered by monographs in this text, namely 
Chelidonium, Berberis and Hydrastis. The research on berber-
ine is now extensive and is comprehensively reviewed in the 
Berberis and Hydrastis monograph. Some additional examples 
of important alkaloid-containing herbs and their pharmacody-
namic properties are discussed below.

Lobelia (Lobelia inflata) and ipecacuanha root (Cephaelis 
ipecacuanha) contain emetic alkaloids (lobeline and emetine, 
respectively) that act as reflex expectorants at sub-emetic 
doses (similar to the expectorant saponins). Oral preparations 
of lobelia are also used as an aid to stop smoking, since lobe-
line is very similar to nicotine in its pharmacodynamic actions.

Several alkaloid-containing herbs are used as mild analge-
sics and anxiolytics. California poppy (Eschscholtzia califor-
nica) is a traditional medicine used by the rural population 
of California for its analgesic and sedative properties. Animal 
studies have verified these actions and demonstrated low tox-
icity.507 A proprietary formula consisting of 80% California 
poppy and 20% Corydalis cava (both herbs are rich in iso-
quinoline alkaloids) has been the subject of clinical studies.508 
Results from two clinical trials showed that disturbed sleep 
behaviour could be normalised by the combination, without 
evidence of carry-over effects or addiction.508 In vitro stud-
ies suggest that the two herbs co-operate in establishing an 
advantageous catecholamine status necessary for maintaining 
sedative and antidepressant effects.509

Various species of Ephedra contain the protoalkaloids 
ephedrine and pseudoephedrine.510 Ephedra is a commonly 
used Chinese herb possessing diaphoretic, antipyretic, antial-
lergic and antiasthmatic properties. It is also favoured in phy-
totherapy, particularly for the latter two activities. Ephedrine 
has been used as a conventional treatment for asthma.

Broom tops (Cytisus scoparius) contains the alkaloid spar-
teine and is an important herb for the treatment of cardiac 
arrhythmias.511 Sparteine acts as a potassium channel antag-
onist512 and delays systolic depolarisation. Normal sinus fre-
quency is slightly reduced, the refractory period is prolonged 
and the threshold is raised, reducing the risk of fibrillation 
and extrasystoles. Indications for broom tops include sinus 
tachycardia, ventricular extrasystoles and arrhythmias follow-
ing a heart attack.511 High doses of the herb are necessary to 
achieve therapeutic levels of sparteine and related alkaloids. 
Sparteine was once widely used as an oxytocic drug, but it fell 
out of favour because of the uterine spasm that occurred in 
women who were unable to metabolise it effectively. About 
5% of male and female volunteers studied were unable 
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to metabolise sparteine by N-oxidation513 and this defect 
appeared to have a genetic basis.514

Pharmacokinetics in herbal medicine

Pharmacokinetics can be defined as the study of the absorp-
tion, distribution, metabolism and elimination of pharma-
cologically active agents in the body. This discussion is not 
intended to be a primer on the principles of pharmacokinetics 
(there are appropriate texts for this purpose); however, cer-
tain basic issues will be discussed where there is particular rel-
evance to plant chemicals.

One important issue that should underlie much of the 
study of herbal pharmacokinetics is that herbs are not usu-
ally directly introduced into the bloodstream by injection or 
other means, but rather the traditional oral or topical routes 
of administration are preferred. This renders the study of bio-
availability of paramount importance for active constituents in 
plants. Bioavailability can be defined as the degree of absorp-
tion of active substances into the bloodstream after oral doses. 
Hence bioavailability is also a factor of the preparation that 
is used to deliver the dose of active substance. Conventional 
drugs intended for oral use are designed to have good bioavail-
ability. In contrast, phytochemicals are of natural origin and 
may exhibit unusual or poor bioavailability that may be fur-
ther compounded by the choice of dosage preparation.

In this discussion, the issue of the bioavailability of sev-
eral of the archetypal plant constituents will be emphasised. 
For pharmacokinetic details related to specific herbs, see the 
monograph section (Part Three) of this book.

Herbal clinicians and students sometimes question the 
value of studying herbal pharmacokinetics. The following 
premises should be considered:
l	 If it is accepted that medicinal plants act at a chemical 

level in the body (as well as possibly other levels of 
activity), then knowledge of how their chemicals behave in 
the body is vital.

l	 Given that, with a few exceptions in some countries, oral 
and topical doses are used for herbal medicines, a better 
knowledge of bioavailability is critical to meet the challenge 
of future health problems.

Specifically the information derived from the detailed 
study of herbal pharmacokinetics can deliver:
l	 information to further assess the traditional and anecdotal 

uses of a medicinal plant
l	 better information on which to base rational dosages
l	 a better interpretation of scientific information, particularly 

in vitro research or in vivo studies where the active 
compounds are administered by injection. There is an 
abundance of misinformation in the herbal literature 
related to excessive extrapolation from such studies, with 
no consideration of bioavailability

l	 a better appreciation of the safety and toxicity of a plant
l	 anticipation of potential herb-drug interactions
l	 supporting evidence for the synergistic nature of herbal 

medicine

l	 ways to optimise the bioavailability and hence efficacy of 
herbal medicines.

The study of herbal pharmacokinetics is a unique and 
extraordinarily complex field. This is for the following 
reasons:
l	 The chemical complexity of plant medicines and the 

potential interactions between constituents
l	 The differing bioavailability of different compounds
l	 Often large polar molecules are involved that might be 

expected to have poor and unpredictable bioavailability
l	 The active components are often not known, so the 

components in the plant that should be studied cannot be 
identified

l	 Unlike drugs, herbal medicines are not designed for 
predictable pharmacokinetic behaviour, and in particular 
natural compounds are often metabolised in the digestive 
tract – that is, they are pro-drugs; this key feature is 
emphasised in this chapter.

But this does not mean to imply that the existing informa-
tion is without value. On the contrary, many studies now pro-
vide a better understanding of this topic and inform clinical 
practice.

Before particular examples of the pharmacokinetics of 
plant constituents are discussed, it is worthwhile to exam-
ine some of the key issues pertaining to bioavailability. The 
bioavailability of a molecule depends on several factors that 
determine how it traverses the barrier of the gastrointestinal 
tract and survives into the bloodstream. These include:
l	 the pharmaceutical preparation
l	 the size of the molecule – very large molecules still have 

some bioavailability (about 1% or less) which may be due 
to pinocytosis

l	 the fat (lipid) solubility of the molecule – the more fat-
soluble, the better the bioavailability (see Table 2.2515 for 
examples of how fat solubility influences bioavailability for 
cardioactive glycosides)

l	 the water solubility of the molecule – if a molecule is 
both water- and fat-soluble it will exhibit very good 
bioavailability because it will dissolve in the digestive 
juices and then cross lipid membranes; otherwise, purely 

Table 2.2  Effect of lipid solubility on bioavailability515

Cardiac glycoside P B%

g-Strophanthin 0.01 6.6

Convallatoxin 0.33 13.6

Digoxin 18.2 26.4

Digitoxin 70 74.9

Oleandrin 338 86.0

B = bioavailability; P = partition between water and octanol, an indication of fat 
solubility.
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water-soluble molecules can be expected to have poor 
bioavailability; ionisation of a molecule usually denotes 
poor bioavailability

l	 specific factors related to crossing the gut wall, such as 
active transport

l	 factors within the gut – interaction with food, stability in 
the gut, gastric emptying

l	 metabolism in the gut and first-pass metabolism by the 
liver

l	 individual factors in the patient, including the influence of 
genetic and pathological factors.

Food is known to affect the bioavailability of conventional 
drugs (see Tables 2.3 and 2.4516 for examples). The pres-
ence or absence of food may also influence the absorption 
and bioavailability of plant constituents. For example, acetyl-
11-keto-beta-boswellic acid (AKBA) from Boswellia serrata 
exhibits better bioavailability with a high fat meal,517 whereas 
a high fat meal reduces the bioavailability of resveratrol from 
Polygonum cuspidatum.66

Grapefruit juice (GFJ) is a plant substance that can exert 
a marked effect on bioavailability. For example, in early 

studies it increased the bioavailability of oral 17-beta-oestra-
diol and its metabolite oestrone.518 GFJ also substantially 
increased the bioavailability of the following drugs: felopi-
dine,519 caffeine,520 nifedipine and similar drugs,521 cyclo-
sporine522 and triazolam523 and similar drugs. The major 
interaction seems to be in the gut wall with enzymes belong-
ing to various cytochrome P450 subfamilies.524 It also appears 
to inhibit renal 11-beta-hydroxysteroid dehydrogenase in 
humans and could therefore potentiate the side effects of 
licorice.525 Although the flavonoids naringin and naringenin 
were at first implicated, they are probably not the active 
components.526,527 In fact, the furanocoumarin bergamot-
tin and related compounds appear to be largely responsi-
ble for this activity.528 This ability of plant furanocoumarins 
to inhibit drug-metabolising enzymes was first noted by 
Korean researchers in 1983.529 A 2011 review noted that 
GFJ demonstrated multiple interactions with drugs lead-
ing to loss of therapeutic effects or increased side effects.530 
GFJ decreases presystemic metabolism through competitive 
or mechanism-based inhibition of gut wall CYP3A4 isoen-
zymes and P-glycoprotein. In addition multidrug resistance 
protein-2 or organic anion-transporting polypeptide inhibition 
may play a role. The review confirmed that, although GFJ 
contains high amounts of flavonoids (such as naringin, narin-
genin), furanocoumarins (especially 6′,7′-dihydroxybergamot-
tin and bergamottin) are the main phytochemicals involved in 
the pharmacokinetic interactions. As compounds of GFJ show 
additive or synergistic effects, all the major furanocoumarins 
are necessary for the maximal inhibitory effect. Related cit-
rus fruits or other plants containing furanocoumarins may also 
present pharmacological interactions yet to be discovered.

This phenomenon raises the question of how other plants 
and their phytochemicals might influence the bioavailability 
of both drugs and herbal constituents. The example of hyper-
forin in St John’s wort is now well studied in this regard (see 
the St John’s wort monograph).

Bioavailability is also affected by the preparation used 
to deliver the dose of the medicine. This area of study has 
been largely neglected for herbal medicines. However, some 
general statements about aqueous preparations such as infu-
sions and decoctions can be proposed. Infusions and decoc-
tions extract water-soluble compounds from plants. Many of 
these will have poor bioavailability. One important exception 
is plants containing essential oils taken by infusion. Here the 
hot water acts almost as a distillation medium and the oil will 
collect on the surface of the water. The addition of saponin-
containing herbs to the mixture may increase the solubility 
of compounds not as water-soluble, which may then have 
better bioavailability. However, this advantage has been dis-
puted (see previously under saponins). This practice is often 
observed in traditional Chinese medicine, a therapeutic sys-
tem that relies heavily on aqueous preparations. Changes in 
water-soluble compounds in the digestive tract, most signifi-
cantly the conversion of glycosides to aglycones in the caecum 
and large bowel, will render them more lipid-soluble. They 
can then be absorbed as the aglycone. In general, however, 
bioavailability and solubility considerations suggest that infu-
sions and decoctions are inferior preparations for the extrac-
tion and delivery of herbal actives. The exception is where 

Table 2.3  Drugs with absorption enhanced by food516

Drug Mechanism

Carbamazepine Increased bile production; enhanced 
dissolution and absorption

Diazepam Food enhances enterohepatic 
recycling; increased dissolution 
secondary to gastric acid secretion

Griseofulvin Drug is lipid soluble; enhanced 
absorption

Metoprolol Food may reduce first-pass 
extraction and metabolism

Phenytoin Delayed gastric emptying and 
increased bile production improve 
dissolution and absorption

Table 2.4  Drugs with absorption decreased by food516

Drug Mechanism

Isoniazid Food raises gastric pH preventing 
dissolution and absorption; also 
delayed gastric emptying

Captopril Mechanism unknown

Chlorpromazine Drug undergoes first-pass 
metabolism in gut; delayed gastric 
emptying affects bioavailability

Tetracyclines Bind with calcium ions or iron salts 
forming insoluble chelates
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those actives are largely water-soluble anyway, such as some 
saponins, tannins, polysaccharides and proteins. However, 
only small quantities of these relatively large molecules will be 
absorbed as such (see later).

Salicin
A good starting point in the study of herbal pharmacokinetics 
is those archetypal plant constituents that have been relatively 
well investigated. The phenolic glycoside salicin and the anth-
raquinone glycosides are two such examples.

Salicin and its conversion products are illustrated in Figure 
2.2 and a schematic diagram of the pharmacokinetics of sali-
cin is provided in Figure 2.3.531,532 As shown in Figure 2.3, 
salicin derivatives are first converted into salicin in the stom-
ach or small intestine. The salicin may then be absorbed in the 
small intestine, but in humans it is mainly carried to the dis-
tal ileum or colon where gut flora convert the glycoside into 
its aglycone, known as salicyl alcohol. The salicyl alcohol is 
absorbed and oxidised in the blood, tissue and liver to give sal-
icylic acid, the main active form. The excretion of these vari-
ous products is also outlined in Figure 2.3.

Despite the elaborate route by which salicin (and indeed 
willow bark) delivers salicylic acid into the bloodstream, 
the relative bioavailabilities of sodium salicylate and salicin 
are remarkably similar (Fig. 2.4531). The curve for salicin is 
slightly lower and flatter, indicating a greater half-life. The 
rapid absorption of salicin as salicylic acid additionally implies 

that its conversion is also rapid, suggesting the distal ileum or 
caecum as the site of conversion rather than the large intes-
tine (orocaecal transit time is typically up to a few hours).

At this point, it is worth reflecting upon the traditional use 
of willow bark and the history of aspirin. When scientists in 
the 19th century began to investigate the antipyretic and anti-
inflammatory effects of willow bark, salicin was isolated as 
the active compound. Salicylic acid was more readily synthe-
sised and was adopted into mainstream therapy, but had the 
drawback of being a strong irritant to the stomach. This led 
to the development of aspirin, a derivative of salicylic acid, in 
an attempt to minimise the gastric irritation. (Unfortunately, 
aspirin was still a gastric irritant, but it was more active than 
salicylic acid as an analgesic and antiplatelet agent.) Had the 
early scientists instead preferred salicin, they might have rec-
ognised that nature had already designed a derivative of sali-
cylic acid that gave a good yield of bioavailable salicylic acid 
and was kind to the stomach.

This proposition is supported by an in vivo study.533 When 
salicin was administered orally to rats, salicylic acid appeared 
slowly in the plasma and levels increased gradually, in contrast 
to the rapid appearance observed after oral administration of 
sodium salicylate or saligenin. However, oral salicin still signifi-
cantly reduced yeast-induced fever, producing a normal body 
temperature. Salicin did not induce gastric lesions, even at a 
high dose; conversely sodium salicylate and saligenin induced 
severe gastric lesions in a dose-dependent manner. When given 
to germ-free rats around 20% of the salicin was recovered intact 
from the digestive tract and no saligenin was found. These 
results provided clear evidence that salicin is a pro-drug, as dis-
cussed above, that is gradually transported to the lower part of 
the intestine and hydrolysed to saligenin by intestinal bacteria, 
producing its therapeutic effects without gastric injury.

Anthraquinone glycosides
Early research on the laxative properties of anthraquinones 
and their glycosides baffled researchers. When equiva-
lent doses were used, only the glycosides were active orally, 
not their aglycones. However, when equivalent doses were 
administered by injection, the reverse situation applied: 
the aglycones were more active. Equally intriguing were the 
observations that oral doses of the anthraquinone glycosides 
took 6 to 8 h to exert their laxative effect and the effective 
dose for laxation often varied dramatically from person to 
person.

The modern understanding of the pharmacokinetics of 
anthraquinone glycosides provides a simple explanation for 
these paradoxical observations. This is illustrated schemati-
cally in Figure 2.5.534

As anthraquinone glycosides pass through the digestive 
tract, a significant proportion undergoes polymerisation to 
inactive polymers. Any remaining glycoside is unchanged and 
unabsorbed until it reaches the large intestine. There the 
action of certain bowel flora converts the glycosides into their 
anthrone aglycones. These active aglycones then exert a laxa-
tive action in situ in the colon.534
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Figure 2.2 • Salicin and its conversion products.
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Hence, the anthraquinone glycoside given by injection 
exerts less activity, because this is not the active form. On the 
other hand, the aglycone given orally also exerts little activity 
because it is broken down or absorbed before it reaches the 
colon. (Some modern laxative drugs are anthrone aglycones, 
but they are administered orally in quite high doses.) The 6 to 
8 h lag-time for activity reflects the time it takes for ingested 
anthraquinone glycosides to reach the appropriate part of the 
colon for conversion into aglycones.

We can only wonder at this elegant and, when one considers 
the quantities of liberated anthrone aglycone involved, exqui-
sitely sensitive mechanism designed by nature. One inference 
from this example is that the composition of an individual’s 

bowel flora is highly relevant to the pharmacokinetic equa-
tion and hence to the final pharmacological effect.534 This is a 
common theme for several of the archetypal plant constituents 
and emphasises the herbal clinician’s obsession with the health 
of the gut, not just as the central focus for restoring robust 
health, but also for delivering effective therapy.

Glycosides and gastric modification
A number of plant glycosides are modified by the action of 
gastric acid or the alkaline conditions of the duodenum. The 
following examples and their implications serve to illustrate 
this phenomenon.

Salicin
Salicin (up to 30%

in rats, much
less in humans)

Salicin
Salicortin
Tremulin

Tremulacin

Product or stomach
or small intestine

Intestinal bacteria
(mainly colon or
distal ileum)

Enzymes in
blood and
tissue?

Small

intestine
Salicin

GUT BODILY FLUIDS

Excretion

Oxidation in blood,
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Salicylic acid
conjugates

Salicyl
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URINE
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Figure 2.3 • Pharmacokinetics of salicin and its derivatives.531,532
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Harpagoside from devil’s claw (Harpagophytum procumbens) 
has oral anti-inflammatory activity (Fig. 2.6). However, when 
it is incubated with gastric acid, which generates harpagogenin 
from harpagoside, it tends to lose this activity in oral dose mod-
els.535 While harpagoside may not be the final bioavailable form, 
this research suggests that the action of gastric acid is detrimen-
tal to the anti-inflammatory activity of devil’s claw. Preparations 
of this herb should therefore be enterically coated or at least 
taken between meals to optimise the bioavailability of anti-
inflammatory components. (See the devil’s claw monograph for 
a further discussion of this topic.)

The valepotriates (Fig. 2.7) of valerian have cytotoxic activ-
ity when administered by injection, but do not exhibit this 
effect after oral doses. The former observation initially raised 
concerns about the safety of valerian, but it is now clear that 
valepotriates are quite unstable in aqueous solution and are 
decomposed by gastric acid. The breakdown products of the 
valepotriates still possess some sedative activity.536 (See the 
valerian monograph for more details.)

The following example is not of therapeutic significance 
but it does illustrate that the empirical basis for the tradi-
tional use of plants sometimes reflects an implicit under-
standing of pharmacokinetic issues. Salvia divinorum is a 
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Figure 2.4 • Relative bioavailabilities of salicin and salicylic acid 
(doses are approximately equivalent).531

Sennosides

Sennosides

B
ile

Small intestine

Polymers

Conjugates

Rhein

Sennosides

R
he

in
 +

 S
en

ni
di

ns

M
es

en
te

ric
 b

lo
od

Rhein (partly conjugated), Sennidins 

R
he

in
 –

 S
en

ni
di

n
co

nj
ug

at
es

Sennidins 

Rhein-
anthrone

Stomach

Large intestine

Blood

Kidney

Liver

2–6%

Faeces
Sennosides A + B
Sennidins A + B
Rhein-9-anthrone 
Rhein 
+ Polymers (approx. 90%) 

3–6%

Urine
Rhein
Rheinmonoglucoside
Rheinmonosulphate
Sennidins A + B 

Mouth
Sennosides
A+B (100%)

Figure 2.5 • Pharmacokinetics of sennosides.534



63

Principles of herbal pharmacology C H A P T E R  2

species of sage with hallucinogenic properties. Traditionally 
the fresh leaves are chewed for this effect, which led to the 
belief that the hallucinogenic component(s) were inacti-
vated by drying the herb. Research has revealed that this is 
not the case. The active hallucinogenic component in Salvia 
divinorum is salvinorin A (Fig. 2.8).537 This is converted by 
gastric acid into salvinorin B, which is inactive. Hence the 
chewing of leaves by the shamans was in fact a delivery 
mechanism for salvinorin A that bypassed decomposition in 

the stomach. That the hallucinogenic quantities of salvinorin 
A can be absorbed through the oral mucosa underlines the 
potent activity of this compound.

Flavonoid glycosides and enteric 
modification
Flavonoid glycosides are a common component of many 
plants and are a significant class of archetypal plant constitu-
ents with pharmacological activity. However, in vitro models 
dominate the pharmacodynamic research on flavonoids and 
their glycosides. This is of concern because an understand-
ing has existed for some time (and has been repeatedly con-
firmed) that flavonoids tend to have poor bioavailability as 
such, because they are largely decomposed by bowel flora.

Studies have shown that flavonoid-O-glycosides are con-
verted into the aglycone by bowel flora. But the decompo-
sition can extend further than this; the aglycones undergo 
further breakdown by a process known as C-ring fission (the 
C-ring is the central ring in the flavonoid structure) to give 
two different phenolic products. An example of C-ring fis-
sion is illustrated in Figure 2.9. The ring fission products for 
several common flavonoids, flavonoid glycosides and related 
products are summarised in Table 2.5538 and a general scheme 
for the pharmacokinetics of many flavonoid glycosides is out-
lined in Figure 2.10.

Studies have also shown the following:

l	 Oral doses of flavonoid aglycones are less bioavailable (as 
the flavonoid) than their glycosides because they are more 
susceptible to ring fission

l	 Levels of a flavonoid aglycone in the bloodstream will vary 
according to:
◯	 whether it is administered as an aglycone or glycoside
◯	 if given as a glycoside, the form of the glycosidic pro-drug
◯	 the nature of the individual bowel flora, which is partly 

dependent on the individual diet.539
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This picture of flavonoid pharmacokinetics needs to be 
modified in one specific area following the work of a German 
group of scientists early this century. Their study of the bio-
availability of quercetin in various forms provided new and 
important information about the pharmacokinetics of flavo-
noids.540–542 The pharmacokinetics of two quercetin glyco-
sides, and plant extracts containing these, were investigated 
in 12 healthy volunteers in a crossover study.540,542 This was 
because prior investigation had indicated that the bioavailabil-
ity of quercetin may actually be improved by the presence of a 
sugar on the molecule. That is, certain quercetin glycosides can 
deliver quercetin more effectively into the bloodstream, pre-
sumably via active uptake by enterocytes. (Even this enhanced 
bioavailability was only about 5% of the amount ingested.)541

Each volunteer received an onion extract (containing 
quercetin-4′-O-glucoside) or pure quercetin-4′-O-glucoside, 
both equivalent to 100 mg of quercetin; or buckwheat tea 
(containing quercetin-3-O-rutinoside) or pure quercetin-3-O-
rutinoside (rutin), both equivalent to 200 mg of quercetin. 
Pure quercetin was not detected in the human plasma sam-
ples. Instead, four different quercetin glucuronides (QG) 
were detected. These were presumably formed following 
uptake by the action of enterocytes.

The form of the flavonoid greatly influenced the rate and 
extent of QG appearance in the bloodstream. After admin-
istration of quercetin-4′-O-glucoside or onions, maximum 
plasma levels of QG were reached after 0.5 to 1 h. But only 
5 to 10 h after administration of rutin or buckwheat tea did 
QG appear in volunteers’ bloodstreams. Despite the fact 
they were given at half the dose, the levels of QG achieved 
from onions and quercetin-4′-O-glucoside were about four 
times those achieved from rutin and buckwheat tea. The plant 
matrix enhanced the rate and extent of QG appearance, but 
to a much lesser extent than the form of the flavonoid.

These simple and elegant findings add a new dimension to 
our understanding of the pharmacokinetics of flavonoids:
l	 Aglycones (such as quercetin) have poor or even zero 

bioavailability

l	 There is an active uptake and metabolism of flavonoid 
glycosides by enterocytes that is determined by the nature 
of their sugar (with a preference for glucose)

l	 Before the flavonoid is taken up by the enterocyte, it is 
probably hydrolysed to the aglycone by a membrane-bound 
beta-glucosidase

l	 Quercetin-4′-O-glucoside is taken up in the small intestine, 
whereas rutin (which has a glucose and a mannose = 
rutinoside) is not

Table 2.5  Flavonoid ring fission metabolites538

Flavonoid administered Ring fission products

Quercetin, rutin 3,4-dihydroxphenylacetic acid,
3-methoxy-4-hydroxyphenylacetic 
acid,
m-hydroxyphenylacetic acid

Hesperidin, diosmin, eriodictyol, 
homoeriodictyol

m-hydroxyphenylpropionic acid,
m-coumaric acid (rat), 3-hydroxy-
4-methoxyphenyl-hydracrylic acid 
(human)

(+)-Catechin delta-(hydroxphenyl)-gamma-
valerolactones,
m-hydroxyphenylpropionic acid,
m-hydroxybenzoic acid,
m-hydroxyhippuric acid

Kaempferol delta-(p-hydroxyphenyl)-gamma-
valerolactone,
p-hydroxyphenylacetic acid

Myricetin, myrictrin 3,5-dihydroxyphenylacetic acid

Tricetin, tricin m-hydroxyphenylacetic acid,
3,5-dihydroxyphenylpropionic acid,
m-hydroxyphenylpropionic acid
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Flavonoid m-hydroxphenylpropionic acid

Figure 2.9 • An example of C–ring fission.
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l	 Presumably rutin travels to the large intestine (hence the 
lag in QG appearance), where the terminal mannose is 
removed by bacteria, exposing the glucose which then 
results in uptake by enterocytes

l	 Measurement of the renal elimination of flavonoids 
suggested that at least 6% of the flavonoid dose was 
absorbed when given as onions.

QG have slightly more antioxidant activity than querce-
tin, but will not exert much effect in plasma as antioxidants 
because they are tightly bound to plasma proteins. However, 
they could well become active at target tissues, especially 
after removal of the glucuronide group.

The above study could provide no information on the 
uptake of C-ring fission compounds, since these are also 
metabolites naturally found in the bloodstream and it was 
therefore difficult to detect any changes in their levels above 
the natural background.

A 2011 review supported this perspective, albeit with 
some subtle modifications.543 As described above, lactase 
phlorizin hydrolase (LPH), a membrane-bound beta-glucosi-
dase, is able to liberate aglycones into the intestinal lumen, 
where they passively diffuse across the small intestinal 
membrane. However, cytosolic beta-glucosidase may also be 
involved. As this particular enzyme is located intracellularly 
in the enterocyte, active transport of the flavonoid glycoside 
via the sugar transporter SGLT-1 (sodium-dependent glucose 
transporter) is first required. Flavonoid glycosides that are 
not substrates of LPH or SGLT-1 will pass to the colon where 
bacterial hydrolysis will produce the aglycone and C-ring fis-
sion products. Of course, the action of LPH or SGLT-1 is not 
quantitative, with much of the flavonoid glycosides that are 

their substrates still passing unchanged to the colon. In other 
words, the actions of LPH and SGLT-1 only render a small 
percentage of a flavonoid glycoside bioavailable in the small 
intestine.

Once absorbed, the flavonoid aglycones are subject to 
three main types of conjugation: methylation, sulphation 
and glucuronidation.543 The extent of conjugation is high and 
only a small percentage of free flavonoid aglycones is present 
in the plasma.543,544 The presence of conjugated metabo-
lites in the portal blood of rats suggests that conjugation first 
occurs in the enterocytes before further metabolism in the 
liver.543,545

The issue of the bioavailability of the flavonoid aglycone 
quercetin is controversial. Many nutritional supplement com-
panies market products containing quercetin. The rationale 
for including quercetin in such products is often largely based 
on in vitro research or in vivo models following dosage by 
injection (although there are also clinical trials demonstrat-
ing positive effects from high doses - see previous). The con-
sensus of studies is that the bioavailability of quercetin (as 
quercetin) is poor. This is due to its propensity to undergo 
C-ring fission. Following the Zutphen Elderly Study and the 
Netherlands Cohort Study where flavonol and flavone dietary 
intakes were inversely associated with mortality from coro-
nary heart disease and risk of stroke, Dutch researchers once 
again studied quercetin bioavailability.546 Conclusions from 
their study on ileostomy patients were uncertain because 
they did not measure quercetin in the bloodstream.547 It was 
assumed that, because of the ileostomy, any unrecovered 
quercetin was absorbed. But significant microbial degradation 
could also have occurred. This is supported by the minimal 
level of quercetin (0.5% of original dose) found in subjects’ 
urine. Nonetheless, this study has been misinterpreted by 
many authors as unequivocally demonstrating a high oral bio-
availability for quercetin. More recent studies tend to confirm 
the relatively low and variable bioavailability of intact querce-
tin.230,544 Gut flora metabolism might account for a large part 
of this variability.

One study of the C-ring fission products of quercetin 
found that 3,4-dihydroxyphenylacetic acid possessed sig-
nificant antioxidant activity.548 In vitro antiplatelet activity is 
also suggested in another.549 Pharmacodynamic research on 
flavonoids should include more studies on their C-ring fis-
sion products, which in many instances are probably the main 
bioavailable and active form of this important group of arche-
typal plant constituents.550

Isoflavones
As noted earlier, the isoflavones are a group of archetypal 
plant constituents attracting increasing attention because of 
their affinity for oestrogen receptors. The principal isoflavones 
are the glycosides genistin and daidzin and their aglycones 
genistein and daidzein, from the soya plant, and the aglycones 
formononetin and biochanin A from red clover (see Fig. 2.11). 
Formononetin can be converted to daidzein, which in turn 
can be metabolised to equol by bowel flora. This is a signifi-
cant reaction pathway from a pharmacodynamic perspective, 
because equol has substantially more oestrogenic activity than 

(Generally too large and polar
to be absorbed, but see text)

Hydrolysis of beta-linkage
by bacterial enzymes

Flavonoid-O-glycoside

(Can be absorbed)

Ring fission by
bacterial enzymes

(Readily
absorbed)

Flavonoid aglycone

Absorption into
the bloodstream

Smaller ring
fission products

Absorption into
the bloodstream

Complete
breakdown to CO2

Figure 2.10 • Pharmacokinetics of flavonoid glycosides.
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its precursors. However, equol appears to be produced to dif-
ferent degrees in different people. Table 2.6551 illustrates that 
individuals can be grouped into high and low equol producers. 
The high equol producers are likely to experience significantly 
greater oestrogenic effects from the consumption of soya or 
red clover.

Early studies also found the following:
l	 Soya isoflavones are 85% degraded in the intestine552

l	 Differences in faecal flora account for the differing 
metabolism of soya isoflavones553

l	 Faecal flora could completely degrade genistein and 
daidzein553

l	 Differences in faecal excretion of isoflavones profoundly 
altered isoflavone bioavailability: higher faecal excretion 
was correlated with higher bioavailability. Such people may 
have fewer bacteria that degrade isoflavones, leaving more 
intact for absorption.548 Bioavailability varied from 13% to 
35% depending on the individual gut microflora553

l	 Soya protein (containing isoflavone glycosides) increased 
follicular phase length in women, while miso (containing 
isoflavone aglycones) did not.554 This suggests that the 
glycosidic group delays the degradation of isoflavones, 
resulting in higher bioavailability of their aglycones or equol.

These earlier studies served to emphasise the importance 
of bowel flora in determining the bioavailability and hence 
pharmacodynamic activity of isoflavones.

Recent reviews of the pharmacokinetics of isoflavones 
have noted similar mechanisms to flavonoids. LPH on the 
enterocyte cell membrane is thought to play a key role in 
the removal of sugar from isoflavone glycosides. However, 
in contrast to the flavonoid glycosides, there is no evidence 
that isoflavone glycosides are transported by SGLT-1 (or 
other transmembrane transporters) into the enterocyte 

cytoplasm.555 Any glycoside not remaining after passage 
through the small intestine is converted to the aglycone by 
colonic bacteria.

Contradictory results have been recorded for the differ-
ences in bioavailability between isoflavone aglycones and 
glycosides.556 However, a review of 16 human pharmacoki-
netic studies determined that genistin (the glycoside) was 
about 60% more bioavailable than genistein (the aglycone). 
Similarly, daidzin was around 80% more bioavailable than 
daidzein.557 These reviewers stated that some comparative 
studies used different food sources to compare aglycone ver-
sus glycoside bioavailability (for example, comparing tempeh 
with soya bean pieces), yielding contradictory results that 
were confounded by food matrix effects. Both reviews con-
firmed that isoflavones possess substantially higher relative 
bioavailabilities than flavonoids.556,557

Equol production was significantly higher after ingestion 
of daidzin than daidzein, but this has not been confirmed in 
every study, again possibly because of food matrix effects. 
Genistin and daidzin exhibit relatively similar bioavailabilities, 
as do genistein and daidzein. It was thought that the greater 
urinary excretion of daidzein metabolites reflected its greater 
bioavailability compared with genistein. However, the expla-
nation for this finding is that a greater fraction of genistein is 
eliminated via bile.556,557

The nature of isoflavone metabolites in plasma is the 
same after glycoside or aglycone ingestion. Glycosides are 
not found. Unconjugated aglycones represent about 5% of 
the total level in plasma, together with their main metabo-
lites the 7-O-glucuronides and 4′-O-glucuronides, with 
smaller proportions of sulphate esters. Additional metabo-
lites include equol, dihydroequol and dihydrogenistein. Equol 
itself possesses good bioavailability and is excreted as the 
glucuronide.555,556
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Figure 2.11 • Major isoflavones and equol.
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Saponins
If a saponin exhibits good fat solubility it can be absorbed 
unchanged in significant quantities in the small intestine. This 
is the case for many cardiac glycosides, a related chemical 
group. If saponins are not absorbed, they will pass to the large 
intestine where the gut flora will convert them to the sapo-
genin (aglycone). The sapogenin usually has better lipid solu-
bility and will be absorbed to some extent. Hence, in these 
cases the saponin acts as a pro-drug. Since the bioactivity of 
saponins may be due to their aglycone, the extrapolation of in 
vitro results for saponins is potentially unreliable.

Glycyrrhizin (GL) is a triterpenoid saponin with hepato-
protective activity in vitro and by injection. It also has 
antiviral activity, even against HIV-1. This has led to sugges-
tions that oral doses of licorice might be used as a systemic 
antiviral treatment or for hepatoprotective activity. Early 
pharmacokinetic experiments with licorice or GL demon-
strated that the aglycone glycyrrhetinic acid (GA) was the 
predominant form absorbed into the bloodstream after oral 
doses.558,559 GL is converted to GA by human intestinal 
flora.560 Some GL may be absorbed, although this could also 
be recycled GA-glucuronide being misread as GL on chroma-
tograms.558,561 So licorice may possess antiviral activity after 
oral doses, but only if the GA-glucuronide or GA itself pos-
sesses this activity. GA has been shown to be more hepato-
protective than GL,562 so licorice may also prove to be a 
valuable hepatoprotective herb (this awaits clinical confirma-
tion for oral doses). (For a further discussion of the pharma-
cokinetics of glycyrrhizin, with a focus on the human data, 
see the licorice monograph.)

Other triterpenoid saponins appear to follow a simi-
lar pathway, for example the ginsenosides.563 The bacterial 
metabolism and subsequent pharmacokinetics of ginseno-
sides are complex, because these saponins typically contain 
several sugars bonded at various positions on the triterpenoid 
structure. Hence, metabolism by the gut flora usually occurs 
in several stages as sugars are progressively stripped from 
the molecule. (For a discussion of the key issues pertaining 

to the pharmacokinetics of the ginsenosides, see the ginseng 
monograph.) Some studies on the bioavailability of steroidal 
saponins have also been published. Ruscus extract (1 g), con-
taining 60 mg degluconeoruscin and other steroidal saponins, 
was orally administered to three human volunteers.564 Plasma 
analysis showed significant absorption: degluconeoruscin con-
centrations peaked after about 90 minutes. Hence, some ste-
roidal saponins may therefore show good bioavailability (this 
work does need to be repeated). However, others probably 
follow the same pattern as glycyrrhizin; the aglycone formed 
after colonic bacterial metabolism is the absorbed form. This 
is supported by extensive historical work on cardioactive 
glycosides showing that some glycosides, such as digitoxin, 
are quantitatively absorbed (the oral dose of digitoxin is the 
same as the intravenous dose). In contrast, ouabain (from 
Strophanthus) exhibited poor and erratic oral absorption and 
was only given by injection.

Tannins and catechins
Because of their large size, high affinity to bond with proteins 
and poor lipid solubility, tannins have negligible bioavailabil-
ity as such. Hence, the activity of tannins (and the herbs that 
contain them) should be explained in terms of local effects. 
This poor bioavailability of intact tannins is important, since 
hydrolysable tannins absorbed into the bloodstream can cause 
hepatotoxicity. Many common herbs would be poisonous if 
tannins were highly bioavailable. Also tannins injected sub-
cutaneously cause cancers, so it is also fortunate that they do 
not penetrate the skin. Breakdown products of tannins pro-
duced in the colon by gut flora (and perhaps spontaneously 
in the small intestine in the case of hydrolysable tannins) are 
absorbed and probably explain many of the modern uses of 
tannin and OPC-containing herbs (see previous).

Early in vitro experiments found that ellagic acid was lib-
erated from condensed tannins at pH 7 to 8 (not at pH 2) 
and also by microflora when in contact with caecum contents 
(ellagic acid has antioxidant and anticancer properties).565 
About 95% of orally administered tannic acid is decomposed 
(as assessed by faecal excretion).566 Tannic acid is a hydrolys-
able tannin that probably releases gallic acid and other com-
pounds on decomposition. Condensed tannins, OPCs and 
green tea polyphenols show more complex decomposition 
patterns, but microflora again produce smaller bioavailable 
phenolic compounds (see below).567

The probable behaviour of tannins as they pass through 
the digestive tract is summarised in Figure 2.12. Apart from 
antioxidant activity and other systemic effects from the 
decomposition products of tannins, all the other possible 
effects are due to local activity at the designated site. The 
remote astringency and antihaemorrhagic properties some-
times attributed to oral doses of tannin-containing herbs 
must be in doubt (in other words, tannins given orally will 
not, for example, astringe lung tissue or staunch uterine 
bleeding, unless such effects are due to their smaller break-
down products).

Because of their widespread occurrence in many foods and 
beverages (for example berries, nuts and wine), the bioavail-
ability and metabolism of ellagitannins has been the subject 

Table 2.6  Comparison of the urinary excretion rates of daidzein 
and two daidzein551 metabolites in individuals over a 3-day period 
following soya challenge*

Mean (SD) excretion (μmol) per 3 days

Metabolite <8 μmol equol  
(n=8)

>25 μmol equol  
(n=4)

Daidzein 23.05 (12.43) 14.95 (6.69)

Equol 1.53 (2.60) 64.89 (59.23)

O–Dma 21.72 (17.93) 6.97 (6.47)

Note: Equol is substantially more oestrogenic than daidzein or O–Dma.
*Individuals are grouped as either low equol producers (less than 8 μmol in 3 days) 
or high equol producers (over 25 μmol in 3 days).
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of several studies and a 2010 review.568 The review noted the 
following:
l	 In vitro digestion studies have shown that in general 

ellagitannins are stable under stimulated stomach conditions
l	 Under the physiological conditions of the small intestine 

(neutral to mild alkaline pH) there is hydrolysis and release 
of free ellagic acid

l	 Microbial metabolites of ellagic acid are then formed, 
mainly urolithins (A to D), which are largely absorbed and 
glucuronidated by enterocytes and in the liver (in both 
humans and rodents)

l	 Low levels of intact ellagitannin and ellagic acid may also 
be absorbed, although results are inconsistent

l	 In human studies large interindividual variability has been 
observed in levels of urolithins (probably related to gut 
flora variability)

l	 The urolithins undergo enterohepatic circulation and their 
conjugates are the main metabolites detected in plasma and 
urine.

As stated earlier, OPCs are a part of the archetypal group 
known as condensed tannins. Products high in OPCs, such as 
pine bark and grapeseed extracts, enjoy enormous popularity 
as antioxidants and even cure-alls. This popularity was origi-
nally based on the work of the French scientist Masquelier, 
although there is now an impressive body of accumulated clin-
ical data (see previous).

One feature of the early work is the reputed high bioavail-
ability of OPCs, which were even said to cross the blood-
brain barrier. Masquelier conducted pharmacokinetic studies 
on OPCs using radioactively labelled compounds. On the 
basis of these studies, he concluded that OPCs have good 

bioavailability and cross the blood-brain barrier. However, the 
bioavailability of OPCs observed by Masquelier was probably 
that of their smaller decomposition products, since his study 
only measured radioactivity, not the chemical entity carrying 
that radioactivity.

This assertion was certainly supported by a 2005 review556 
which concluded that polymeric procyanidins (condensed 
tannins) are not absorbed as such and even the absorption of 
OPC dimers was very minor, about 100-fold lower than the 
flavonol monomers (catechin and epicatechin).556 The review 
pointed out that commercial extracts such as those from 
grape seed and pine bark contain a substantial percentage of 
monomers that could be largely responsible for the observed 
therapeutic effects. In addition, gut flora metabolites of OPCs 
might also deliver biological effects. Similar to flavonoids, 
OPCs are degraded by the microflora into various aromatic 
acids such as m-hydroxyphenylpropionic acid, m-hydroxyphe-
nylacetic acid and their p-hydroxy isomers.

A rat study found that the extent of degradation into 
aromatic acids decreased as the degree of polymerisation 
increased. In other words, tannins will tend to resist microbial 
degradation (presumably because they tend to inactivate the 
very enzymes that might decompose them).

An in vitro study published since the review found that 
procyanidin B dimers are metabolised by human gut bac-
teria to yield 2-(3,4-dihydroxyphenyl) acetic acid and 
5-(3,4-dihydroxyphenyl)-gamma-valerolactone (DHPV) as 
the major metabolites.569 This finding was corroborated by 
an investigation in 11 healthy volunteers given a single dose 
of 300 mg of pine bark extract.570 Catechin, taxifolin, caf-
feic acid, ferulic acid and DHPV were the major compounds 
present in plasma, together with 10 unknown compounds. 

Site Chemical entities

Oral cavity Free tannin
Astringent, anti-inflammatory,

antimicrobial

Stomach
Free tannin, tannin-
protein complexes

Astringent, anti-inflammatory,
antimicrobial, haemostatic, antacid

Small intestine

Tannin-protein
complexes, free tannin, 

hydrolysable tannin
decomposition products

Astringent, anti-inflammatory,
antimicrobial, antidiarrhoeal,

antioxidant

Large intestine

Tannin-protein
complexes, free tannin,
tannin decomposition

products

Astringent, anti-inflammatory,
antimicrobial, antidiarrhoeal,

antioxidant, hypocholesterolaemic
antiuraemic

Effects

Figure 2.12 • The ‘lifecycle’ of a tannin through the gut.
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Analysis of steady state plasma samples after chronic dosing 
revealed significant phase II metabolism.

Green tea is rich in polyphenols such as epigallocatechin 
(EGC) and epigallocatechin gallate (EGCG). Black tea is 
fermented green tea. During fermentation, the simple poly-
phenols undergo polymerisation leading to more complex 
molecules, such as theaflavins and therarubigens (MW 500 to 
3000). Green and black tea have marked antioxidant activity 
in vitro, but green tea is about five times more potent than 
black. Adding milk has no effect. Early human experiments 
using oral doses demonstrated that:571

l	 green tea and black tea cause a significant increase in the 
antioxidant activity of plasma

l	 green tea is only about 50% stronger than black tea in vivo
l	 the effect is rapid, peaking at about 30 minutes after 

consumption for green tea and 50 minutes for black tea
l	 in contrast to the in vitro study, adding milk completely 

destroys this effect in people.

One possible explanation is that the tea polyphenols 
undergo spontaneous decomposition in the gut and the smaller 
antioxidant molecules are then absorbed. This would explain 
the similar activities of green and black tea in vivo. Adding 
milk causes protein binding, which would inhibit this decom-
position. This implies that only tea without milk will render 
significant antioxidant activity in the bloodstream. However, 
this study did not monitor plasma antioxidant activity after 
more than a few hours. It is possible that the tannin-protein 
complexes formed after milk is added are decomposed further 
down in the gut and bacterial action on the liberated tannins 
(or just spontaneous breakdown) leads to absorption of anti-
oxidant phenolics from the colon into the bloodstream.

Another possible explanation is that the observed antioxi-
dant effects in plasma were due to absorption of unchanged 
tea phenolics. Both EGC and EGCG have been detected in 
the plasma of healthy human volunteers 90 minutes after they 
consumed capsules containing green tea extract.572 However, 
as might be expected for such large polar molecules, levels 
detected corresponded to only 0.2% to 2.0% of the ingested 
amount.

The 2005 review quoted above reflected that bioavailabil-
ity differs markedly among catechins.556 Galloylation of cat-
echins reduces their absorption. Epigallocatechin (EGC) is 
methylated on absorption, with 4′-O-methyl-epigallocatechin 
accounting for 30% to 40% of the total metabolites. EGCG 
is also methylated, as is catechin itself. EGCG is the only 
green tea polyphenol present in plasma mainly as the free 
form, although its overall bioavailability is low (about one-
third of catechin and one-tenth of EGC). The other catechins 
are highly conjugated with glucuronic acid and/or sulphate. 
Microbial metabolites similar to those found after ingestion of 
herbal OPC extracts, namely various valerolactone derivatives 
(mostly in conjugated forms) were identified in the plasma 
and urine of human volunteers after ingestion of green tea. 
These metabolites accounted for 6% to 39% of ingested EGC 
and epicatechin and were 8 to 25 times the levels measured 
for the unchanged compounds. Galloylated catechins are only 
eliminated via the bile. These findings were corroborated in a 
later 3-month study in human volunteers.573

Polysaccharides
In some modern herbal literature, great emphasis is placed on 
the role of polysaccharides as immune-enhancing agents, par-
ticularly in the context of herbs such as Echinacea and the 
medicinal mushrooms. However, the main evidence for this is 
in vitro research. Polysaccharides are polymers based on sug-
ars and uronic acids. They are found in all plants, especially as 
a component of the cell wall. However, some plants particu-
larly accumulate polysaccharides. Any herbal extract prepared 
in 50% ethanol or stronger will not contain significant quanti-
ties of polysaccharides because of their insolubility in ethanol. 
Since they are large water-soluble molecules, which may even 
carry an ionic charge, polysaccharides will have low (but not 
zero) bioavailability. Pharmacokinetic considerations therefore 
dictate that if a herb is to be used as a source of polysaccha-
rides it must be rich in these compounds, be prepared in a way 
to preserve or extract the polysaccharides and be administered 
in sufficient doses to compensate for the poor bioavailability. 
Such considerations will only apply in special cases and prob-
ably do not apply for oral doses of any Echinacea preparation 
(examples might include high doses of aqueous extracts of 
medicinal mushrooms and Astragalus). Unabsorbed polysaccha-
rides will pass into the large intestine where they are broken 
down by bowel flora (and may have an effect on flora balance).

Whole-leaf Aloe vera preparations appear to be one good 
source of active polysaccharides, provided they are prepared 
to contain high levels of acemannan (about 1%). Acemannan 
is a polysaccharide found under the skin in Aloe vera leaves 
and is often not present in Aloe gel or juice preparations, 
because the outer leaf is not incorporated or enzymes used 
during manufacture have destroyed the acemannan. Doses of 
50 to 100 mL/day of this concentrate can provide significant 
doses of acemannan. In a little-known, open, uncontrolled 
clinical study, 29 AIDS patients received Aloe vera whole-
leaf juice, essential fatty acids and nutrients.574 The Aloe dose 
was the equivalent of 1200 mg/day of acemannan. Karnofsky 
scores improved in 100% of these patients after 180 days. 
Although this study had many design flaws, it does suggest 
that this type of preparation as a source of polysaccharides is 
worthy of further study.

While medicinal mushroom polysaccharide preparations 
such as PSK from Coriolus versicolor show activity after oral 
doses,575 others such as lentinan from Lentinus edodes are 
clinically administered by injection, presumably because of 
poor oral bioavailability.576 However, an oral formulation of 
lentinan (superfine dispersed lentinan) has recently become 
available.577

Optimising efficacy
Hopefully the above discussion demonstrates that knowl-
edge of factors influencing bioavailability can lead to the 
more effective use of herbal medicines. In particular, the 
bowel flora characteristics that can optimise the efficacy of 
many herbal treatments need to be better understood, as 
highlighted in two recent reviews.578,579 This factor probably 
underlines the importance of a wholesome diet and adequate 
fibre intake, which will lead to healthy bowel flora. Other 
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issues to be considered in the context of optimising efficacy 
include the following:
l	 relationship to meals:

◯	 Polyphenolics should be taken away from meals because 
of their interaction with protein

◯	 Components relying on gastric acid hydrolysis should be 
taken with meals

◯	 Components damaged by gastric acid should be taken 
away from meals

◯	 Lipophilic components will probably be better absorbed 
with a high fat meal and polar (hydrophilic) compounds 
will probably be better absorbed with a low-fat meal

l	 saponins can be used to improve absorption
l	 some foods can be used to inhibit gut biotransformation, 

for example grapefruit juice
l	 the frequency of dosage should be based on bioavailability 

and metabolism.
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of sources. Notable among these is the bibliography at the end 
of the chapter listing authors who mostly were in contact with 
primary resources or leading teachers. The attempt is to distil 
rather than list scholastically.

Cleansing: detoxification  
and elimination
In much traditional practice there was an explicit or implicit 
assumption that, before healing could take place, noxious 
influences needed to be removed. In the earliest animistic 
traditions, pathogens could be literally demons and shamanis-
tic practices emerged to drive them out. However, there was 
also a consistent, more mundane view of toxins and poisons: 
these needed to be removed by the body’s eliminatory func-
tions. Disease was widely seen as a failure of elimination and 
the vomiting, diarrhoea, coughing, diaphoresis and diuresis 
of most acute diseases as evidence that the body was being 
driven to extraordinary eliminative measures. In Ayurvedic 
medicine the doshas were initially excretions and health their 
healthy presence; in Chinese medicine the development of 
chronic disease was a sign that acute eliminatory responses 
had failed in their primary task of keeping pathogens out and 
that penetration into the interior had occurred.

The task of the physician was equally clear: to support 
eliminatory functions as vigorously as possible compatible 
with the body’s vital reserves (eliminatory functions were 
mostly seen as taxing the body’s energies). In practice this 
meant robust ‘heroic’ treatments in acute disease, notably 
involving emetics, purgatives, powerful expectorants and, in 
fever management, diaphoretics. In chronic and debilitated 
conditions the aim was to use gentler treatments, peeling 
away toxic accumulations like the layers of an onion, always 
making sure that eliminatory measures, laxatives, diuretics, 
choleretics, expectorants and the more systemic lymphat-
ics and alteratives were supported by adequate sustenance 
for the vital functions: rest, nourishment and the use of tonic 
remedies (see below).
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First principles of traditional herbal 
treatment

As any review of herbal traditions from around the world will 
confirm, the use of plants in medicine reflects the enormous 
diversity of local traditions, with much more variety than con-
sistency. However, more consistent themes emerge in history, 
most clearly where local folk practices were systematised in 
the great written traditions, reviewed in Chapter 1.

When these traditions are examined closely, especially 
when they relate to human experience of illness and medi-
cine, or to recurrent pharmaceutical forms (for example, 
tannin, resin, laxative, essential oil, acrid or bitter principle 
formulations rather than the individual remedies) and then 
translated into modern terminology, it is possible to identify 
recurrent features. These appear to encapsulate essential char-
acteristics of the material, universal archetypes of the effects 
plants have on humans. They certainly reflect the therapeu-
tic priorities of earlier ages (and should therefore be adapted 
before being applied to modern health needs). They are valu-
able, however, because they probably represent the roots of 
herbal therapeutics, those characteristics of the remedies that 
are the most reliable and potent. They also draw stark con-
trasts with the approaches that have emerged with the devel-
opment of modern technological medicine. They are antidotes 
to the modern tendency to view herbs solely as milder ver-
sions of modern drugs. In essence, they should underpin any 
rational phytotherapy.

Note: Therapeutic insights are generally better absorbed 
from instruction and in practice rather than in the scientific 
literature and the following information arises from a breadth 
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Typically in traditional therapeutics, therefore, eliminatory 
measures were the first stage of treatment, to be followed 
increasingly by the following more adjustive and sustaining 
treatments.

Heating: moving the circulation
It was apparent to all humans that heat equated to vitality. 
The extreme absence of heat was the striking coldness of 
the corpse. When Samuel Thomson in North America built 
his therapeutics around the principle that disease was essen-
tially a cold intrusion and that before all else remedies should 
heat the struggling body, he was only highlighting an almost 
universal instinct. In every tradition there is frequent use of 
heating remedies; the hot spices, or ‘pungent’ remedies, were 
the strongest for internal use, but there was always a raft of 
gentler warming remedies as well. Some were applied as aro-
matic digestives to failing ‘cold’ digestion, others as warming 
expectorants or mucolytics in treating the effects of cold and 
damp on the chest and respiratory system. There were warm-
ing tonics (yang tonics in traditional Chinese medicine) and a 
variety of remedies that brought heat to the head, reproduc-
tive system or kidneys.

All the above could be used, along with hot packs, hot 
baths, ‘sweat lodges’ or hot drinks in fever, which was the 
major indication for supportive heating. Heating remedies 
used in fever management are now called ‘diaphoretics’ as 
their main effect is to increase perspiration. Sweat was under-
stood not only as a cooling agent but also as the prime elimi-
natory route in febrile disease; in this context, therefore, 
heating was an obvious cleansing strategy, as above.

Indications for the use of heating agents apart from fevers 
were easily understood. If the patient felt cold, as a whole 
or in the diseased part, or favoured hot food, hot drinks, hot 
packs or hot baths; if there was diminished vitality; if there 
was pallor (the nail bed or ‘quick’ was a particularly sensi-
tive guide) or signs of cumulative cold-damp conditions like 
mucus or gravity-dependent oedema, then heating remedies 
were indicated. The fact that a headache or arthritic joint or 
abdominal swelling was relieved by a hot pack was as impor-
tant in choosing the course of treatment as determining what 
pathological factor was involved.

When the focus of cold was clearly demarcated, then 
extreme heating, in the form of powerful ‘counter-irritation’, 
cayenne or mustard plasters, blistering croton oil or formic 
acid or stinging nettles, might be applied topically, with some-
times dramatic beneficial effects.

Heat in modern terms equates also to circulation: a ration-
ale that includes improved tissue perfusion, oxygenation and 
metabolite removal can easily be made. A modern phyto-
therapist might avoid the more drastic topical heating agents 
and may have less need to manage fevers, but could still con-
sider the role of heating agents in a prescription if these were 
indicated.

The major caution in modern times is that many patients 
are also debilitated, at least from the perspective of earlier, 
more robust times. Heating agents do not heat directly, but 
instead stimulate increased thermogenesis and circulatory 
activity. They thus require reserves of energy in the body. 

Someone weakened by chronic ill health may suffer if stimu-
lated in this way. An assessment of vital reserves is essential in 
such treatment.

Cooling: stimulating digestion
Whereas heating was clearly ‘on the side of the angels’ in tra-
ditional healthcare, cooling was altogether a more thought-
ful matter. It is, after all, perfectly possible to have hot spicy 
foods at every mealtime (especially in the tropics where they 
prompt gastric defences against enteric infections) but, with 
a few notable exceptions, cooling was confined to therapeu-
tics. Cooling meant reducing vitality. The ultimate cold was 
death. In their simple restatement of fundamental principles, 
Samuel Thomson and his followers denied any prospect of 
cooling in healthcare and even saw something diabolical in it. 
Nevertheless, more considered views throughout history rec-
ognised that one can have too much, or inappropriate, heat. 
The obvious examples were hyperpyrexia in fevers, inflam-
matory diseases, hypersensitivity or allergic reactions, nervous 
agitation and, above all, pain. The respective treatments, feb-
rifuges, anti-inflammatories, antiallergic remedies, sedatives, 
hypnotics (and narcotics) and analgesics, would all be classi-
fied as cooling in these terms. Indeed, some of the elimina-
tory treatments often applied for these purposes, especially 
the laxatives and cholagogues, were also seen as cooling. 
Reference to the Galenic classification (pp. 4–5) will put all 
this into context.

The classification of sedatives is illuminating. In former 
times, neurosis and anxiety, irritability and tension were 
aspects of heat. Children were hotter than adults and there 
was progressive constitutional cooling with age. Psychological 
explanations were not prominent and no one was told ‘it is all 
in the mind’. The Cartesian body–mind split had not occurred.

Clearly there was more likely to be care in prescription of 
cooling remedies. Although many popular treatments existed, 
it was more likely that professional expertise would be called 
for, especially in the treatment of severe pains and inflamma-
tions. Almost everything now prescribed by modern doctors 
would have been classified as cooling.

There was one striking exception to the cautions linking 
cooling to reduced vitality. As referred to in the Galenic clas-
sification, the gentlest category of cooling remedy (those ‘cold 
in the first degree’) did ‘qualify the heat of the stomach and 
cause digestion’. Digestion was widely seen as a cooling activ-
ity, marked of course by a shift of blood flow from the periph-
ery to the core (so that excessive exercise after a big meal can 
lead to cramps).

The archetypal digestive stimulants were the bitters. Of all 
the herbal strategies in history, these are probably the most 
respected (the Chinese even gave them the awesome role in 
their five-phase classification of tonifying the Kidneys – the 
source of constitutional energies in their system). Bitters are 
universally used before and after eating as appetite stimu-
lants (‘aperitifs’) and digestives. They were the first resort 
in digestive difficulties, especially when associated with heat 
and hepatobiliary (‘damp-heat’) disorders (bitters are also the 
most commonly used choleretics). Critically, they were also 
favourite febrifuges, apparently lowering body temperature 
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in fever. They appeared to correct an apparent design incon-
sistency in the febrile response, wherein digestion is shut 
down, leaving undigested material as a source of new toxicity 
and even the original source of infection in the case of gas-
troenteritis. Bitters appeared to switch on digestive defences 
as well as bring the fever down. In many cultural traditions 
bitters were seen as primarily cooling (although in northern 
European traditions especially, some bitter remedies were 
classified as ‘heating’ for their stimulant properties – and 
possibly as a reflection of the prevailing cold environment). 
Unlike other cooling agents that counteracted vital func-
tions, bitters appeared to transcend these limitations, to con-
vert heat and vitality into nourishment. This was sometimes 
regarded as magical.

The modern phytotherapist in effect competes in cooling 
remedies with modern orthodox medicine. Technology has 
produced the most powerful analgesics, sedatives and anti-
inflammatory and antiallergic drugs (although many are still 
derived from natural sources). Phytotherapy may score in 
two ways: first, by producing a more gentle and sustained and 
perhaps even a longer lasting alternative (treating an inflam-
matory disease with cleansing remedies, for example) and sec-
ond, by having recourse to the cooling digestives to transform 
a hot condition in the most constructive way. The phytothera-
pist might also be sensitive to the risks of excessive cooling; 
especially when vital reserves are low (there is a well-signed 
risk of provoking latent kidney inflammations).

Bitters and other cooling herbs and other strategies (such 
as cooling drinks, baths and cold packs) could be consid-
ered by the phytotherapist when the patient, whatever the 
diagnosis, favours cool applications or is thirsty, abhors heat, 
has a reddened complexion, is excessively animated or dis-
tressed, has a dry and possibly red tongue and/or coloured 
tongue coating. Any sign of liver difficulties (particularly 
with fatty food or alcohol) or a history of hepatobiliary 
problems or digestive troubles strongly indicates bitter rem-
edies. When so appropriate, they are one of the best tactics 
available.

Tonification: supporting nourishment 
and repair
So far all the foregoing strategies make demands on the 
patient’s reserves. In more robust times (i.e. when not being 
robust seriously compromised one’s chances of survival) and 
in the treatment of acute disease, this was not a major issue. 
However, it quickly becomes one when there is diminished 
vitality. It can be argued that traditional practitioners would 
see most modern clinical indications as marked by degrees 
of debility. The low-grade viral or fungal infections, the per-
sistent catarrhal state, recurrent headaches or migraines, 
allergies, skin and arthritic disease and other chronic inflam-
matory diseases, stress problems and anxiety neuroses and 
cancer are all marked by a failure to cope or adequately to 
defend. One perspective on this development is that mod-
ern medicine has so effectively neutered the acute disease, 
especially in the too frequent use of antibiotics and anti-
inflammatories, that most people in developed countries have 
never had to muster their defences. Life is also much easier 

in these societies and there is generally less rigorous testing 
of physiological functions.

Whatever the reason, the modern phytotherapist will need 
to ensure that there are adequate vital supports in their pre-
scriptions. In large part this involves mobilising the principles 
of convalescence – rest, exercises and diet (see below) – but 
in herbal terms the remedies to use are the ‘tonics’.

Tonics have been poorly defined, with different meanings 
in different contexts. In this text they are taken to refer to 
remedies with substantially supportive reputations. Some 
are also classified as adaptogens, i.e. they appear to encour-
age the body to better adaptability under stress (so reflecting 
the concept elaborated by Hans Selye as the general adapta-
tion syndrome, as a marker of health and vitality in the face of 
stresses). On one hand remedies used as tonics overlap wholly 
with foods: different parts of the oat, wheat, barley, rye, 
asparagus and artichoke, for example, have been used as both 
foods and medicines. In modern times dietary supplements 
like evening primrose oil and grape seed have further blurred 
the distinction. Other tonics are more dynamic, notably some 
of those used in Chinese medicine, particularly the yang ton-
ics like Trigonella (fenugreek) and Eucommia and the qi ton-
ics like Panax ginseng (asiatic ginseng): these move beyond 
the simply sustaining towards their own contraindications in 
the very debilitated.

Within this spectrum there is a vast range of remedies 
which are used in modern phytotherapy because they appear 
to support some aspect or other of body function: Silybum 
(St Mary’s thistle) and Taraxacum (dandelion root) for the 
liver and hepatobiliary functions, Crataegus (hawthorn) for 
the cardiovascular system, Plantago lanceolata (ribwort) for 
the upper respiratory system, Verbascum (mullein) and Inula 
(elecampane) for the chest, Hypericum (St John’s wort), 
Withania and Turnera (damiana) for nervous with hormo-
nal symptoms, Foeniculum (sweet fennel), Cardamomum 
(cardamom) for the digestion, Linum (linseed), Plantago 
psyllium (psyllium seed) and Mentha (peppermint) for the 
bowel, Echinacea, Picrorrhiza and Astragalus for the immune 
defences, Vitex agnus-castus for the female reproductive 
system, Serenoa repens (saw palmetto) for the prostate, and 
many more in this and other herbal traditions. In earlier times 
tonification was often the final stage of a course of herbal 
treatment. The phytotherapist most often has to start a pre-
scription with at least some tonic element.

Approaches to using herbs

Instant treatments: trigger-point 
phytotherapy
Herbal medicine has developed the reputation in modern 
times of being an innocuous alternative to conventional drug 
treatment. It is often thought that if the remedies work at 
all, it can only be after weeks or months. The French term 
médecine douce sums up a modern European view of herbal 
medicine; that it is ‘soft’ and above all safe, free from the side 
effects of modern chemical drugs.
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This is not how herbal medicines were developed. Before 
ambulances and hospital casualty wards, men and women had 
to turn to the remedies they had available, sometimes for life-
and-death emergencies. Until a few hundred years ago there 
were few other options than to use plant products. These 
were often administered in heroic doses and judged on their 
ability to produce dramatic results. In most people’s daily 
lives there was little room for sentiment or for the modern 
romantic view of natural medicine maintaining holistic health 
and balance. The imperative was simple and urgent: ‘Will this 
measure work, and work soon? If not, I do not want to waste 
time in trying it’.

All this should not be surprising. The notion that people 
used somehow to be less interested in efficacy or had less wit 
in seeking out and recommending the best strategies avail-
able would be more extraordinary. There is no doubt that the 
measures actually adopted in the past, often by ordinary peo-
ple, did work dramatically when needed.

It is of course unlikely that while modern emergency facili-
ties are available anyone would choose to adopt the traditional 
alternatives, which were often uncomfortable, crude and 
imprecise. What may be more interesting is to consider the 
many ways in which these traditional herbal techniques were 
applied to lesser problems. In having to learn how to survive 
illnesses, early practitioners appear to have gained consider-
able insight into the way the body behaves.

One of the tactics adopted was the use of remedies for 
provocation. The heroic techniques of emesis and cathar-
sis were merely the most dramatic of the approaches used: 
the bitter digestives and cholagogues, circulatory stimulants, 
topical rubefacients and expectorants are more gentle exam-
ples of remedies that nudge the body towards hopefully 
useful activity. All these effects are short term, even imme-
diate, as are the measures adopted for symptom relief: the 
demulcents, carminatives and spasmolytics. These catego-
ries of activity link closely to categories of plant constituents 
(see Chapter 2) and recur again and again in human history. 
They now may make a persuasive case for modern herbal 
therapeutics.

Long-term repair
As we have seen, in modern times herbal medicine has 
come to be seen as gentle, almost innocuous, most suitable 
for long-term therapy. Patients often expect herbs to take a 
long time to work. This perspective, however, says more for 
the conditions being treated than for the herbs themselves. 
Chronic diseases cannot be corrected quickly. An infor-
mal rule of thumb used by some practitioners is to allow 3 
months’ treatment for a problem of a year’s standing and 
a month for every further year (or a week’s treatment for 
every month in problems of shorter duration). Such formu-
lae can of course only be approximate, but at least they are 
indicative. They also imply that real correction of chronic 
disease is possible. This may be unattainable in conditions 
that are too far established but there are many pleasant sur-
prises in herbal practice and most patients may gain some 
long-term benefits.

In general, herbal treatment for chronic conditions uses 
relatively smaller doses, less robust remedies and more tonics.

Other healing strategies

Convalescence
It is ironic that at the very time that healthcare has to deal 
with so much chronic and debilitating disease it has aban-
doned the best strategic approach inherited from tradition. 
In the past it was taken for granted that any illness would 
require a decent period of recovery after it had passed, a 
period of recuperation, of convalescence, without which 
recurrence was possible or likely. For the really debilitating 
diseases convalescent care was the primary treatment, reach-
ing its apogee in the many European sanatoria for tuberculosis 
patients.

Convalescence fell out of favour as powerful modern drugs 
emerged. It appeared that penicillin and the steroid anti-
inflammatories produced so dramatic a resolution of the old 
killer diseases, including tuberculosis, that all the time spent 
convalescing was no longer necessary. Then, as healthcare pro-
vision became generally more effective and public expecta-
tions increased, pressure on hospital facilities led to shorter 
stays, whilst the increasing angst of the modern working 
rhythm has conspired to ensure that most people now could 
not consider time off to convalesce after a bout of flu. That 
this means they are more likely to get another bout the next 
year is a cruel irony.

A good convalescence is a marvellous thing. It rounds off 
an illness and gives it meaning; it makes the sufferer stronger 
for having had the illness. In a way no vaccination could do, 
it arms and strengthens the immune defences and provides 
real protection against recurrence, possibly forever. It is 
probably the only strategy that will allow real recovery from 
debilitating disease, fatigue syndromes, recurrent infections 
and states of compromised immunity. It is the therapeu-
tic recognition that healing, like the growth of children, is 
almost inevitable but that it needs to be allowed to proceed. 
Convalescence needs time, one of the hardest commodities 
now to find.

There are four essential features of convalescence, in 
general agreed through history, though with many cultural 
embellishments.

Rest
This is by far the most important element. It should include 
maximum sleep, as physiologically this is the body’s time for 
repair. In the early stages of vigorous convalescence almost 
constant sleep should be encouraged (as in the former ‘sleep 
clinics’). Thereafter it should be promoted as much as pos-
sible. Rest also means less activity: if work has to be done it 
should be in brief bouts, switching frequently between differ-
ent activities (‘change is as good as a rest’). Patients should 
be encouraged to pace themselves, to go to bed early, sleep 
late and not to volunteer for any work that is not absolutely 
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necessary. As much as anything rest becomes a mental prior-
ity: all other considerations are secondary. That hour of more 
sleep is more important than a film on TV, a late-night conver-
sation or night out.

Exercise
This is the flipside and necessary adjunct to rest, the equiva-
lent to ‘turning the engine over’, to prevent congestion and 
stagnation. Essentially the body needs to be taken to aerobic 
exercise (defined for these purposes as any activity producing 
a pulse rate of between approximately 60–80% of 220 minus 
one’s age, e.g. 108–144 for a 40-year-old) at least briefly each 
day. Using the pulse rate to set exercise levels has the advan-
tage of being self-adjusting: the very debilitated will reach 
high pulse rates with minimal activity. Nevertheless, cau-
tion is required. The debilitated will have very little stamina 
and even a minute may be too long. If exercise is followed 
by more fatigue, it is too much. Rather, one should build up 
to being able to undertake aerobic activity for up to 15 min-
utes each day. The main benefit of the aerobic mode is that 
it quickly dissipates sympathetic-adrenergic effects on the 
body (‘adrenaline’), constantly generated during the day in 
response to perceived stressors, and the enemy of convales-
cence. Timing one’s exercise for the evening will encourage 
better sleep that night.

Diet
The principle of the convalescent diet is that it should simply 
nourish. It should not stimulate or impose demands. Subject 
to individual dispositions, a convalescent diet is based on veg-
etables, especially root vegetables, cereals and pulses (if tol-
erated), fish and eggs, as the most easily assimilated protein 
sources, and chicken and other fowl if acceptable (chicken 
stock and soup remain one of the most universal and puzzling 
convalescent recommendations of history!). There should be 
no stimulants, caffeine, nicotine, alcohol or sugar, little dairy 
food and a minimum of convenience foods and food additives. 
Patients should thus be encouraged to take a simple peasant 
diet, sharing also with the peasant a simple respect for the 
food, taking time over it, building their daily rhythm around it.

Medication
It is obviously important to maintain treatment during con-
valescence: herbal or conventional. However, there is also a 
key contribution to the measures above in herbal traditions. 
It was accepted that rest, exercise and diet alone might not 
be sufficient to bring about recovery. A range of herbal rem-
edies have been directed to facilitating the process, to drive 
recovery. Many of these are the tonics listed earlier. If recov-
ery is from febrile disease, sustaining warming remedies like 
Achillea (yarrow), Angelica archangelica (common angelica), 
Cinnamonum zeylanicum (Ceylon cinnamon), Cardamomum 
(cardamom) or Foeniculum (sweet fennel) might be indi-
cated. Recovery from low-grade assault on the immune sys-
tem, chronic viral or fungal infections, conditions marked 
by swollen lymph glands, persistent sore throats or catarrhal 

states would need Echinacea, Picrorrhiza or Baptisia tinctoria 
(wild indigo). Digestion is often in need of support, whether 
from cooling bitters or warming aromatic digestives. Cleansing 
should be managed, above all, by gentle eliminatives.

For the phytotherapist convalescence is often the main 
strategy in making headway in chronic debilitated conditions 
such as a fatigue syndrome or persistent low-grade infections. 
Often these problems start with an infection early in life – a 
glandular fever or infectious mononucleosis, perhaps. The 
phytotherapist might suggest to the patient that the task is to 
go back and complete the convalescence from the original ill-
ness. The remedies available are probably uniquely appropri-
ate to the job.

Nutrition: helping to convert foods 
into nourishment
The revival in holistic and traditional healthcare rightly high-
lights the importance of good diet. It can also be argued that 
in an age of processed foods and widespread adulteration of 
the environment, additional foods and food supplements 
are sometimes essential. Most phytotherapists will attend to 
these matters as an intrinsic part of their treatment. This text 
is not the place to rehearse this complex matter but it is the 
place to explore the phytotherapist’s particular perspective on 
dietary therapy.

One could start with a principle, literally a fundamental 
principle (‘fundament’ comes from the Latin for stomach). 
New-wave dietetics has been associated with the dictum that 
‘You are what you eat’. This pop simplicity might be derided 
but it reflects much of what inspires nutritional therapy. A 
phytotherapist, on the other hand, grounded in the affairs 
and rude robustness of the digestive tract and liver, might 
respond: ‘No, you are what you assimilate’. To almost every 
popular dietary measure it is possible to add a functional 
modifier or a caveat.

Is there any real point giving extra vitamins, minerals or 
other food supplements if they are not being well absorbed 
or utilised, or are being excessively metabolised? What is the 
point of eliminating potential dietary allergens if the gut is 
in hypersensitivity mode (when one simultaneously reduces 
vital dietary variety and creates new allergens)? If there is 
abdominal bloating or flatulence after eating a food, improv-
ing digestive performance might be better than removing 
the food. Correcting bowel environment by attending to 
biliary or gastric functions may be more useful in containing 
Candida outbreaks than drastic eliminations of starches and 
yeasts.

The phytotherapist would want to answer such ques-
tions satisfactorily before embarking on extra dietary meas-
ures. Referral to the sections on treating digestive, bowel and 
liver problems and the section on acupharmacology (p. 187) 
should provide a rich range of tactics to modify digestive per-
formance and modulate dietary measures. Appropriate use of 
eliminative or heating remedies may provide additional influ-
ence on dietary metabolism. Phytotherapy provides unique 
opportunities to convert food into useful nourishment. It 
gives dietary therapy much added value.
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4Validating herbal therapeutics

good clinical studies show only a modest effect beyond placebo. 
Critics also point out that pharmacological constituents in most 
herbs are at relatively low levels in a final therapeutic dose, that 
the complexity of constituents is at least as likely to reduce as 
to potentiate activities, and that traditional reputation is often 
clouded by plagiarism and inappropriate transmission.

On the other hand, most herbal practitioners will attest to 
consistent therapeutic performance and will also have accounts 
of dramatic responses from their patients, where genuinely 
powerful pharmacological effects have followed consumption 
of herbal prescriptions, often after conventional treatments had 
failed. They will also point to the essential features of clinical trial 
data as denying precisely that which they value most about their 
therapy – the individualisation of treatment and response. As an 
example, experimental data consistently deny the possibility of 
appreciable diuretics among plant remedies, yet substantial diu-
resis in individual patients is one of the most familiar treatment 
reactions in practice. Such experiences are enough to convince 
most practitioners that herbal medicine is a serious alternative to 
conventional drug treatment with few of the adverse effects.

Any move in the stand-off between the sceptics and the 
believers is, however, likely to include a full discussion of the 
placebo effect.

The placebo response

Honesty can be painful to all health practitioners: it is likely 
that most benefits seen in taking any therapy are not produced 
directly by the treatments themselves. This is the main conclu-
sion reached after taking into account the substantial literature 
about placebo.

The term ‘placebo effect’ itself is not wholly appropriate 
for this discussion. It derived originally from observations in 
double blind clinical studies where the treatment was com-
pared with a dummy pill made to look as close as possible to 
the treatment, with neither the patient nor the practitioner 
aware of which was which. Early observations were that a 
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But do herbs actually work?

Among all the therapies that are called ‘complementary’, 
phytotherapy is the one that can draw on the most scientific 
support. This book is constructed largely on the foundation 
of published literature. It is clear that there is now a suffi-
cient case to construct a rational therapeutic system from the 
older traditions. However, in spite of this and the presence 
in medicinal plants of many pharmacologically active con-
stituents, the most persistent doubt expressed by the medical 
world is whether whole herbs actually work in practice.

Most published material on phytomedicines is based on 
laboratory research rather than on observed effects in humans 
of realistic doses. There is still a relative paucity of top-quality 
controlled clinical studies of the whole herb. Moreover many 

http://dx.doi.org/10.1016/B978-0-443-06992-5.00004-9
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significant proportion of subjects in such studies who were 
taking the dummy nevertheless got better. Initial impressions 
in the 1940s and 1950s, when such rigorous studies became 
more common, were that figures varied from trial to trial, 
but it appeared that about a third of subjects were likely to 
be ‘placebo responders’. This behaviour was put down, in the 
psychosomatic model emerging at the same time, as reflecting 
a particular suggestibility on the part of that proportion of the 
population. As a result the placebo response has been seen to 
be a non-serious event, not something to be confused with real 
medicine and at worst a confounding nuisance in establishing 
therapeutic efficacy for treatments.

Many doctors and other practitioners became used to think-
ing that about a third of their patients would get better what-
ever they were given and many thought they knew who they 
were! After discounting this element they were pleased to feel 
that any further improvement in their patient population was a 
result of therapeutic efficacy and skill. Herbal practitioners have 
therefore been able to confirm to themselves that there must be 
much more to account for the evidence before their eyes.

Both practitioners and sceptics must review their opinion 
about the placebo effect in the light of overwhelming later 
evidence. The last 50 years have completely overturned early 
prejudices. In brief, it is now possible, after analysis of the clin-
ical trial literature, to confirm that:
l	 placebo benefits can occur in any proportion of a treatment 

group, from zero to almost 100%,1 depending on the 
condition and circumstances2

l	 there are no particular ‘placebo responders’ as such3

l	 placebos have time–effect curves and peaks, cumulative and 
carryover effects similar to those of active medications2; 
they can also generate significant levels of interactions with 
other medications4 as well as adverse effects5,6 (see also the 
discussion of the ‘nocebo effect’ on p. 109.)

l	 placebo responses can involve real cures over the long 
term7 – they are not, as often thought, transient, imaginary 
events8

l	 placebo response can lead to long-term benefit even in 
difficult conditions such as multiple sclerosis,9 ulcerative 
colitis,10 benign prostatic hyperplasia8 and schizophrenia.11

The first real shock to the herbal practitioner is that those 
‘conditions and circumstances’ where placebo responses have 
been recorded as particularly high include many of those cov-
ered by herbal and other complementary treatments. There is 
support for the cynic’s case that the success of herbal tradition 
over centuries, especially that drawn from close-knit early soci-
eties (where placebo responses were likely to be particularly 
high because of stronger peer pressures and belief systems), 
could be due to benefits other than the treatment itself.

The shock also applies, however, to conventional medicine 
and especially surgery, where placebo responses, as evidenced 
by examining data from non-controlled clinical studies of sur-
gical interventions which were later found to be valueless, are 
among the highest recorded.2 The simple instruction from a 
doctor carries enormous ‘placebo’ impact.12 In whole indus-
tries, such as those promoting antidepressant drugs, the impact 
of placebo relative to treatment response has probably been 
systematically understated.13

Among both conventional and complementary healthcare 
practitioners there is an understandable feeling that cures hav-
ing nothing to do with the treatment so skilfully provided are 
something of an embarrassment and even a challenge to one’s 
choice of vocation. Thus the placebo effect is one of the least 
discussed phenomena in clinical medicine. Yet it is by far the 
most powerful factor of all.

The way through this potential difficulty is to reconsider 
what the placebo response means.

Non-specific supports for self-repair: 
a different therapeutic strategy?

When a moderate cut is sustained, one assumes it will heal 
itself. A cold or bout of influenza will generally get better on 
its own. The only treatment for serious trauma like broken 
bones or operation wounds is to put the tissues back together 
and leave them for natural healing to occur.

No one doubts that self-repair is a vital phenomenon. 
Nevertheless, medicine has moved away from the classic princi-
ple that all healing is self-healing, that the vis medicatrix naturae, 
the healing power of life, is the only healer and that the physi-
cian should do no more than help it on its way. Exasperation at 
the slow and uncertain pace of natural healing, the realisation 
that one can save lives and health by stepping in with something 
direct and powerful, has led to the discovery of healing bullets. 
The modern success in this venture has allowed medicine to for-
get the fundamental principle that ultimately no drug or surgery 
actually heals: its value is in reducing pain and distress, returning 
an acceptable function and at best enabling spontaneous repair to 
occur when it had previously been prevented.

There is no problem with the modern strategy in many clin-
ical cases; it is certain that it can save lives and protect health 
in ways inconceivable to prescientific medicine. Nevertheless, 
there is another strategy that may be more appropriate in 
many other clinical conditions, a therapeutic approach with 
the primary objective of supporting self-repair. This could be 
most appropriate in facing the challenge of chronic diseases, 
the broad range of indeterminate syndromes, along with the 
numerous minor self-limiting symptoms that make up the vast 
majority of the family practitioner’s caseload.

What researchers have labelled as the placebo effect in their 
clinical trials may be described as an improvement in self-
repair. That it was merely the effect of being recruited into the 
clinical study and being given a dummy treatment (the main 
feature of most clinical trials is the increased attention that 
subjects receive for their condition) is surely evidence of how 
little it can take to mobilise this self-repair. Dismissing pla-
cebo healing as just suggestibility is to miss the point; as shown 
above, placebo healing can occur in any subject when the cir-
cumstances are right.

Indeed, some medical practitioners have got the point. 
There is a long unspoken tradition of non-specific prescribing, 
with vitamins, laxatives, aspirin and, unfortunately, antibiotics 
to keep the patient happy (placebo means ‘I please’), although 
actual prescription of placebos as such usually breaches ethical 
and legislative codes.
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Many researchers prefer to use the term ‘non-specific 
effects’ to describe contributions to improvements in clini-
cal studies that are not caused by the treatment in isolation. 
As well as the placebo effect itself, they include the natural 
course of the illness (‘getting better anyway’ is something ‘con-
trol groups’ of non-treated patients are supposed to quantify 
in the better organised clinical trials but even here confusion 
reigns about hidden ‘placebo effects’14), ‘spontaneous remis-
sion’ (generally used to describe recovery that cannot other-
wise be explained), a trend for improvement (‘regression to 
the mean’) due to the fact that people tend to get recruited to 
studies (and come to obtain treatment) when they are at their 
worst. All these phenomena are aspects of self-repair. A shift 
in terminology so that the generally prejudicial ‘placebo effect’ 
becomes ‘non-specific effects’ will be welcome.

Herbal remedies and placebos

In reflecting on practice experience with the full impact of 
the placebo literature in mind, one could easily become dis-
mayed at the difficulty in separating possible herbal treatment 
effects from non-specific effects. Nevertheless, one is quickly 
reminded of the peculiar properties of herbal remedies; time 
and again one sees in practice changes that are characteristic 
of the remedies, rather than fitting any preconceived notion 
of a placebo response. Changes in physiological functions, in 
digestion, bowel performance, expectoration, diuresis, circula-
tion and many others can often be invoked. There is enough 
evidence to support the view that many herbal remedies have 
appreciable effects on various organ and tissue functions, much 
of which is considered throughout this book.

If this is the case and the objectives of treatment are to 
better mobilise self-repair functions, then herbal remedies 
could have unique prospects for this job. If non-specific 
responses are manifestations of such mobilisation then, to put 
it simply, the role of the herbal practitioner is to improve such 
responses. No one needs to feel their vocation is challenged if 
they acknowledge the large contribution of non-specific factors 
in their professional performance. It may even be possible to 
develop research questions that test the hypothesis that herbal 
remedies have unique prospects for mobilising the self-repair 
functions.

Whatever the argument for or against the benefits of herbal 
medicine, this has been driven more by prejudice on both 
sides than by the evidence. It is time to review the status of 
research so far and pose new, more appropriate methods for 
the future.

The difficulty of enquiry

Judging by the substantial markets for herbal products in 
the developed world, let alone the vast use in traditional cul-
tures, a great many people have already found herbal medi-
cines useful. Compared with the experience of most modern 
drugs, the human use and approval of most herbal remedies is 
phenomenal. The requirement by the medical and scientific 

establishment for research to ‘prove’ that herbs are effective 
is not found among the population at large. It is apparent that 
most ordinary people are content to rely on their impressions 
of the world to get by in it.

Knowledge within traditional medicine has also generally 
been in the form of received wisdom moulded to the indi-
vidual needs and prowess of each practitioner. Such means of 
acquiring healing skills seem temperamentally suited to most 
practitioners, herbal and conventional, even today. Their inter-
est in inquiry for its own sake, with secure truths up for con-
stant possible refutation, is understandably secondary to their 
concern to survive in practice. In the case of herbal medicine, 
adherents understandably tend to give it the benefit of doubt. 
The view that: ‘What worked for our grandparents is good 
enough for me, and at least it is natural’ probably generates a 
casual approach about research. It is also possible to question 
the validity of the research forum and only to play it as far as 
absolutely necessary (so that the rights to supply herbs are not 
restricted by law).

Moreover, in spite of the public indifference to the evi-
dence base, they do want to be assured that someone is look-
ing after them. They therefore assume the questions are being 
asked by those who ought to do it. The physician and the regu-
lators are charged with the job of making sure that medicine is 
safe and effective. There are internal reasons why some practi-
tioners may be willing to submit to the rigours of the research 
method: a simple pride in the therapy might generate the 
challenge ‘If what you say is so valuable and powerful then it 
should be able to stand up for itself in any forum’.

There are, however, practical problems in pursuing good 
clinical research in herbal medicine:

1.	To produce results carrying sufficient statistical weight 
is expensive and laborious (each trial has to be costed 
in research salaries plus logistical expenses). Herbal 
medicine in the West can boast no teaching hospitals 
or research institutes, nor funding by government or a 
wealthy industrial sector. The necessary infrastructure 
is lacking. Neither can the costs of undertaking research 
studies easily be justified commercially. The size of the 
market for any individual product is not comparable to 
that for any conventional drug. Commercial investment 
in clinical trials costing many millions of euros or dollars 
can only be justified if the manufacturer can recover the 
investment in the market. A crude herbal is free for anyone 
to copy and must therefore be transformed into something 
patentable and different from its natural origins. This leads 
phytomedicine manufacturers, therefore, to produce new 
extracts from plants that they can commercially protect. 
For example there are almost no clinical trial data for 
Ginkgo leaves as such: on the other hand for proprietary 
extracts of Ginkgo (EGb761 and other patented 
extracts15) there is a large evidence base.16 The same is 
largely true for black cohosh, saw palmetto, St John’s wort, 
horse chestnut and kava. It is difficult for the wider herbal 
community to claim efficacy for non-standardised products 
based on these clinical data. The very high and rapidly 
escalating costs of conducting clinical trials to modern 
manufacture, ethical standards and regulatory requirements 
puts off all but the most promising prospects.
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2.	The indications often claimed for herbal medicines include 
many without robust outcome measures. Most are destined 
for the self-medication or over-the-counter (OTC) market 
so are by definition directed at lesser degrees of morbidity 
where hard measures are elusive. By contrast most synthetic 
OTC medicines on the market have ‘switched’ from 
prescription status and have acquired their efficacy evidence 
on harder clinical indications in hospital or clinics. With 
more variable and lower grade symptoms among the patient 
population, and with a greater likelihood of self-limiting or 
other spontaneously changing conditions, clear treatment 
effects are harder to establish. The result is that it is usually 
necessary to recruit particularly large patient samples and to 
devise more artificial exclusion criteria to constrain sample 
variability. All this places extra logistical demands on those 
wishing to set up effective clinical trials for these products.

3.	Herbs are complex medicines, occupying an 
unusual position in being medicines with many of 
the characteristics of foods. Being a complex of 
pharmacologically active chemicals, the whole package 
will have different properties from that of any single 
constituent acting alone. The action of the latter will 
not predict the effect of the former, particularly if the 
experimental evidence is based on work done on laboratory 
animals. It is therefore rare to find the satisfactory 
preclinical evidence often required by ethics committees 
for the approval of major clinical studies.

4.	There are other unintended consequences of clinical 
research that can limit their benefits to investors in 
research. Even the best studies have failed to lead to 
medicine registrations outside central Europe for example, 
St John’s wort, Ginkgo and hawthorn (Crataegus spp.). 
In part this is linked to the indications established by such 
studies. In all three cases the evidence points to uses that 
are not appropriate for unsupervised self-medication: 
depression, cardiovascular disease and heart disease 
respectively. Therefore in countries where the public are 
more likely to use herbs in self-medication than through 
a practitioner, there is little incentive for doing such 
research. Looking ahead there are new reasons for concern. 
In Europe, where so much of the herbal clinical literature 
has been generated, there is a new regulatory regime. The 
2004 Directive on Traditional Herbal Medicinal Products 
permits the registration (rather than licensing) as medicines 
of herbal products on the basis of their traditional use 
rather than on proven efficacy.17 Such products still have to 
comply with pharmaceutical good manufacturing practice 
and safety monitoring, but there is no longer any incentive 
to prove their efficacy in clinical trials. In fact, as the 
Directive does not apply ‘where the competent authorities 
judge that a traditional herbal medicinal product fulfils the 
criteria for authorisation’, any such data may bar a herbal 
product from the less expensive registration option and 
lead to a requirement that it be licensed as a full medicine. 
There is a concern that the new Directive will lead to a 
progressive devaluing of herbal medicines and a drying up 
of clinical research activity.18

5.	The application of herbs and their effect on the body are 
not always the same as usually understood for conventional 

medicines. As has been suggested above, herbal medicines 
may be used more to evoke healing responses in the body 
than to attack symptoms; this generates a different research 
question. Clinical trial data will help with, but still not 
answer, the basic question ‘is this remedy going to be good 
for this patient?’ It is also likely that genuinely important 
benefits for a minority of the population will be overlooked.

6.	There are some instances in herbal research where 
blinding will be difficult. For example, the impact of bitter 
remedies, potentially mediated by the effects on digestive 
functions of stimulation of the bitter taste buds, have 
played important parts in the claims of traditional herbal 
medicine: this is almost impossible to blind. There will as 
always be a role for the good single blind study, especially if 
other elements are rigorously controlled.

Conventional clinical trials

Even with these difficulties, conventional double blind ran-
domised clinical trials can sometimes be completed, although 
the track record so far is patchy. The controlled trial is a nota-
bly flexible instrument and clinical trial data at least involve 
rigorous observations of human use of plants: of the forms of 
research available they are by far the most valuable in making 
clinical judgments. For now there are many hundreds of well-
conducted random-assigned, double blind controlled studies, 
and even systematic reviews of these, at least for the propri-
etary products on the market. The monographs in this text 
also include well-conducted clinical trials for products based 
on valerian, feverfew, ginger, saw palmetto and others. These 
studies show that the conventional methodology is very pow-
erful and can be suited to understanding herbal remedies in 
some contexts at least. They also show that even such unre-
markable plants, when researched thoroughly, can demonstrate 
efficacy beyond the placebo.

It is also important to counter some practitioner resistance 
to clinical trials. Some have decried them as inherently unethi-
cal, in denying a proportion of patients the most useful treat-
ment. However, the researcher goes into a controlled clinical 
study professionally neutral to the outcome: the point is that 
until the study is complete there is no ‘most useful treatment’. 
Second, no study in a developed country could proceed with-
out painstaking adherence to the principle of informed con-
sent and to other reassurances that the interests of the subject 
are paramount. The ethics committees that legally review all 
orthodox study protocols are charged to represent the inter-
ests of the subjects (and this includes rejecting studies that are 
not sufficiently well designed to actually answer the question). 
Indeed, medical researchers may point out in their terms that 
administering a remedy that has not been proven by good-
quality research is itself unethical. This may not be an argu-
ment for herbal practitioners to pursue too far!

Moreover it should be recognised that OTC herbal use far 
outstrips practitioner prescription, probably by a factor of 
more than 20:1 even in Europe.19 For researching OTC label 
indications for single medicinal products, in which individual 
responses to remedies are not the critical issue, the double 
blind controlled clinical trial is clearly the most applicable 
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method. In addition, as the ‘patient’ is in many cases not being 
diagnosed professionally and is determining his or her own 
treatment and prognosis, self-assessment questionnaires are 
often an appropriate measure of progress. These are not 
expensive to administer. This is often ‘out-patient’ medicine. 
Research costs can be saved as close clinical supervision need 
not be always be necessary throughout the trial.

Unfortunately clinical research on herbs has often also been 
of indifferent methodological quality. Modern studies, even 
those otherwise highly rated, can be undermined because 
they neglect basic precautions against the very variable quality 
of herbal products. In a surprising proportion of clinical trial 
papers the herbal product used is not quantified, stabilised or 
verified.20 Other studies may not relate to the herbal remedy 
as such but to its chemically-defined ingredients.

Perhaps future hopes for a new injection of investment in 
clinical research lie with the moves towards sustainable eco-
nomic development in countries around the world. Renewed 
interest in the potential of indigenous medical traditions, 
in some cases linked to emerging economies, has increased 
research activities in a wider range of plants.21 At best, stand-
ards developed for herbal research in Europe can be exported 
to improve the quality of investigation elsewhere and to new 
products linked to sustainable ‘free trade’ arrangements. There 
is still a hunger for beneficial natural medicines. If there is any 
substance in the promise, new ways will be found to service 
that demand. This phenomenon has already begun, as evi-
denced by the clinical data being generated in India and China, 
of which this book contains many examples.

So the practical applications of the conventional controlled 
clinical trial to herbal practice are mixed. It would be help-
ful to develop other techniques to explore how herbs affect 
human beings. There have fortunately been some considerable 
efforts in constructing appropriate methodologies of sufficient 
weight.22 These include looking at different outcome meas-
ures, applying rigorous observational studies and monitoring 
individual case studies.

The measurement of transient 
clinical effects: the functional assay

In the review earlier in this chapter, the tendency to use herbs 
to support individual self-repair rather than simply to tar-
get disturbances was raised as prompting different research 
questions.

Traditional views of herbal remedies emphasise their primary 
influence on transient body functions, e.g. they are classed as 
diaphoretics, expectorants, circulatory stimulants, diuretics, 
digestive stimulants, laxatives and so on. These effects, con-
trary to common beliefs about the effect of herbal remedies, 
can occur very quickly after treatment. The requirement is to 
devise a process by which such properties can be substantiated.

By working with either healthy individuals or, more appro-
priately, cohorts of patients, it should be possible to monitor 
functional changes after administering herbal remedies. Recent 
advances in electronic biochemical monitors provide the pos-
sibility of following changes in liver function and blood levels 
of various markers very simply. Moreover, monitoring changes 

in blood flow to various organs with thermal imaging or cuta-
neous thermocouples is a most elegant way of pursuing one of 
the persistent traditional claims for herbal medicines, that they 
affect the circulation to heat or cool various tissues, organs or 
functions. With such advances in non-invasive monitoring tech-
nologies it is possible to conceive of important trials in human 
subjects, in both observational and controlled studies.

Rather than pursue isolated effects from isolated chemical 
entities it may be better to chart several changes within indi-
viduals, using such parameters as are relevant, useful and non-
invasive. Emphasis would shift to the simultaneous recording of 
several parameters of change. It is precisely the interdependence 
of synchronous events that leads to their exclusion from conven-
tional trials as distracting variables. Acceptance of these variables 
as important data is a key feature of such work and must there-
fore profoundly change the nature of the information gathered. 
Instead of trying to eliminate all variables that might cloud the 
specific issue in question (‘Is it drug A that reduces inflamma-
tion in this organ or other factors?’, for example), the aim of the 
‘functional assay’, as it might be called,* is ideally to define all 
factors which determine the medicinal substance’s influence on 
the course of disease (‘What, in fact, is drug A likely to do in 
this individual?’). The task would in some ways resemble homeo-
pathic ‘proving’; in other ways it might take advantage of mod-
ern computerised and multilevel diagnostic techniques known as 
‘metabolic profiles’.

Any conclusions drawn from such complex information 
would be qualitative rather than quantitative: relationships 
may be induced rather than causes analysed. The process will 
resemble anthropological rather than conventional medical 
research. It could however augment the collation of exhaustive 
case stories as described below. The demonstration of transient 
effects would not always lead to predictable changes in pathol-
ogies, representing as these do the somatic accumulation of 
various, previous functional disorders. However, many clinical 
presentations are wholly functional (e.g. acute inflammations, 
asthma, migraine, digestive disorders and the whole range of 
psychosomatic disorders). Even in the worst case, knowing the 
functional impact of a herbal remedy would be a most useful 
guide to its use in clinical practice. (See also later in this chap-
ter under Human phytopharmacological research.)

These latter multiple measurements lead the discussion on 
to the role of observational studies as a whole in assessing the 
impact of herbal remedies.

Observational and single-case 
studies

There are many ways in which rigorous, though uncontrolled, 
observations can illuminate therapeutic events. Although it is 
difficult to establish cause and effect in observational or field 
studies or specifically to separate specific from non-specific 
treatment effects, there are a number of ways that observa-
tional studies could productively be used in herbal research.

Performance and effectiveness of a therapy overall can be 
measured with various outcome measures, including the whole 

* After Professor Manfred Porkert at the University of Munich.
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range of clinical or biochemical measures, patient question-
naires or analysis of records. This information can inform those 
who are determining health policy or the allocation of resources 
(a good observational study could demonstrate that herbal 
medicine was a sufficiently cost-effective strategy in the man-
agement of interstitial cystitis, for example, to enable a clini-
cal group to bid for public health funding for treatment of the 
condition). Of course, only limited evidence of efficacy can be 
obtained; however, if a herb were to be given to one group of 
patients with a condition while another group with the same 
condition was observed as a matching control, then any clear 
improvement in the first group will suggest follow-up research.

There is another way in which observational studies are a 
highly appropriate method for herbal medicine. A persistent 
tradition (see Chapter 1) is that herbal medicines may support 
self-corrective functions in the body: only by looking globally 
at the body’s responses could this be confirmed. Following 
the earlier discussion about self-repair and the supportive role 
of the practitioner of herbal medicine, as well as the review 
of the self-organisation found in living complex systems in 
Chapter 1 and the therapeutic principles that arise (p. 15), 
then it is apparent that different research methodologies are 
required. These should:
l	 have regard to global behaviour of the system rather than 

particular variables in isolation
l	 aim to measure quantifiable components of health, rather 

than of morbidity, mortality or other indicators of disease
l	 involve minimal intervention.

All this suggests observational rather than controlled stud-
ies. Non-invasive monitoring of physiological functions, as in 
the ‘functional assay’ above, may be applied, perhaps coupled 
with patient self-rated questionnaires, clinical observations of 
overall behaviour and epidemiological methods, to establish as 
far as possible what actually happens to living patients when 
they do or do not use treatments.

In effect observational studies accrue as sequential sin-
gle accounts or ‘n=1 studies’. The criteria for validity of sin-
gle case studies have been well reviewed by Reason and 
Rowan23 and by Aldridge.24 A good design can be very rigor-
ous. It includes providing as many points of view on the event 
as possible, clarifying operational definitions, and recycling 
observed data around the researchers (including the patient 
as co-researcher) for checking and possible refutation. As well 
as applying qualitative research methodologies it is possible to 
conduct double blind, placebo-controlled studies in a series of 
such individual case studies with each patient being his or her 
control. These could allow for a useful database of reliable case 
histories to be assembled over the years, as both an educational 
and research exercise.

In an ideal study design, data about a particular treatment 
could be drawn from:
l	 the patient, acting as co-researcher and with a uniquely 

intimate though slanted view of the internal landscape
l	 the practitioner, with sufficient competence and clinical 

experience to provide both an informed and empathic 
account of the encounter

l	 a third person acting as coordinator and observer.

The account of each participant can be compiled individu-
ally and then cross-checked and combined at a case conference 
so as to produce a final consensus report of the treatment. 
Each such report can be examined by the coordinating 
researcher or assistant, applying a form of grounded inquiry 
similar to that originally proposed by Diesing in the social sci-
ences.25 In other words, themes of disturbance and incapacity 
are elicited by formal contents analysis of the original material, 
and are then used to construct the working case story, both 
steps being subjected to re-evaluation by all co-researchers. As 
each case is thus graphically characterised, it can be used for 
comparative purposes with other cases to see whether a pat-
tern occurs and can be sustained.

Inherent validity in even rigorous consensual research is, of 
course, no greater than when a number of people agree among 
themselves that ‘all swans are white’ (to use Popper’s image), 
but it can still be argued that this is a fair basis on which to 
base practical predictions and applications (it would be consid-
ered very sound intelligence in the business world). It has the 
advantage that all conclusions are based on real experiences 
and can more thoroughly be applied to meaningful clinical 
application.

Such rigorous exercises are best conducted in the environ-
ment of a training clinic where there is likely to be a more 
overt climate of inquiry and debate and extra administrative 
labour. Routine collection of patient and clinical data at a teach-
ing clinic is feasible, for example, including self-rating ques-
tionnaires for general health and target conditions, perhaps 
combined with a number of other non-invasive observations, 
compared with general remission rates. Modern database tech-
nology and touch-screen inputs facilitate routine data collection 
and can allow meaningful collation, retrieval and analysis.

The story as evidence

Raising the benefits of using observational, single case studies 
of pattern recognition rather than reducing events to the sin-
gle mechanism leads inevitably to one of the oldest and surest 
currencies in human intercourse: the story or narrative.

Stories have a terrible time in medical research. They are 
often called anecdotes and studiously ignored. One common 
truism is: ‘the plural of anecdote is not data’. Traditional use 
evidence for plant medicines, for example (see below), is gen-
erally discounted for the purposes of medical research as no 
more than a series of unconnected anecdotes, not generalis-
able to the human condition. The story it is argued is only a 
personal experience, hopelessly tied to the particular circum-
stance of that person, time and place. Scientific facts need to 
be removed from the idiosyncratic and are only valuable when 
they can be applied to a wider population. Medical research-
ers have generally been the more confident the more they can 
quantify the probability that what they observe is not due to 
‘chance’. An individual account remains just that, of little rel-
evance to the rest of us.

However, in clinical medicine there is growing inter-
est in extracting evidence that arises from actual experience 
of healthcare interventions, the ‘narrative evidence base’. 
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In such an approach each person, patient or research sub-
ject is a character living their story, the evidence about each 
event is obtained by ‘living through’ rather than ‘knowledge 
about’ these characters, the patient’s own words and account 
are the data and the message is in that story.26 In the narra-
tive evidence base even the derided anecdote has a role. Such 
evidence can inform clinical and health policy decisions by illu-
minating the positive and negative consequences of these deci-
sions and the public’s eventual compliance with, and outcome 
of, treatment.

Beyond that, the concept of narrative rather than raw data 
as a unit of measure chimes well with conclusions drawn from 
observing the behaviour of complex dynamic systems (above 
and in Chapter 1), especially in the biological and physiologi-
cal sphere. One can here see life and health as emergent phe-
nomena from systems built on self-similar fractal geometries, 
where, as described in the field of biosemiotics, organisms 
extract ‘meaning’ from the available script, the elements that 
constitute them.27 Only a narrative could describe such a 
phenomenon.

That most human experience of healthcare is ignored is 
a rebuke to the modern research focus. There is a Sufi story 
about Nasrudin, who when asked why, when he had lost his 
key inside his house, he was looking for it in his garden, replied 
‘because there is more light here’. Perhaps in looking for evi-
dence where there is more light, where the instruments work, 
the modern scientist is looking for one key in the wrong place. 
Those most involved in everyday clinical work are perhaps 
more likely to agree that at the end of the encounter, when 
the clinical decision is made, it is the individual ‘story’ that 
counts most.28 Human experience is an accretion of billions 
of stories. Each is meaningful. The challenge is to find rigorous 
approaches to learn from them.

Using traditional evidence

The value of narrative is finally at its most acute in addressing 
the great bulk of herbal evidence base. The persistent theme 
running through any discussion on the efficacy of herbal medi-
cine is that it has been used over centuries and millennia. It 
is claimed with some justification that at least some value will 
have been distilled out by this vast store of human bioassay 
data, especially as there would have been little room for sen-
timent and idealism in the life-and-death situations that pre-
vailed through most of herbal use.

However, the record of traditional use can appear as little 
more than a hotchpotch of folk fancies. The review of histori-
cal methodologies highlights some limitations, but the power 
of cultural placebo alone, as discussed above, renders any indi-
vidual observation almost worthless. What is needed is the 
identification and extraction of themes, a structure for assess-
ing traditional claims. Fortunately this is possible.

Clinical insight into the traditional record leads to the reali-
sation that, from the very earliest and most primitive accounts 
of herb use, humans classified the plant material into rela-
tively consistent pharmaceutical categories. The classification 
was based on subjective properties of taste or appearance and 

the immediate impact they made on consumption. These cat-
egories, encountered repeatedly in the ethnobotanical records, 
became the basis of core therapeutic principles in the classic 
texts of China, India, Graeco-Roman Europe, Islam and almost 
all other written traditions. The pharmaceutical principles of 
traditional medicine provide a potentially robust correlation 
with modern herbal research, provided the latter can be linked 
to these phytochemical subgroups, as is done in Chapter 2 of 
this book. In other words, provided both the scientific and the 
traditional data relate to the same common elements in com-
parable contexts. By way of example, a recent study compared 
three independent ethnomedicinal floras.29 Similarities of usage 
could be interpreted as independent discoveries, and there-
fore likely to be an indicator of efficacy. Data from the litera-
ture were compiled about the ethnomedicinal floras for three 
groups of cultures (Nepal, New Zealand and the Cape of South 
Africa), selected to minimise historical cultural exchange. 
Ethnomedicinal applications were divided in to 13 categories 
of use. Regression and binomial analyses were performed at the 
family level to highlight ethnomedicinal ‘hot’ families and gen-
eral and condition-specific analyses were carried out. Several 
‘hot’ families (Anacardiaceae, Asteraceae, Convolvulaceae, 
Clusiaceae, Cucurbitaceae, Euphorbiaceae, Geraniaceae, 
Lamiaceae, Malvaceae, Rubiaceae, Sapindaceae, Sapotaceae and 
Solanaceae) were recovered in common in the general analyses. 
Several families were also found in common under different 
categories of use. Although profound differences were found 
in the three ethnomedicinal floras, common patterns in ethno-
medicinal usage were observed in widely disparate areas of the 
world with substantially different cultural traditions.

Modern ethnopharmacological studies show countless 
examples where pharmacological activity can be demonstrated 
in traditional remedies and practices. In effect, the traditional 
reputation provides the ‘human bioassay data’, the clinical evi-
dence preceding the preclinical studies, rather than the other 
way around as is usual in modern pharmaceutical research. 
This phenomenon has been described as ‘reverse pharmacol-
ogy’.30 These correspondences may lift the findings of labora-
tory research into a real clinical context.

If laboratory or preclinical research has a new role in sub-
stantiating traditional use, it also has its own rationale that 
should now be considered.

Preclinical research

Laboratory studies account for the vast majority of pub-
lished papers on herbal remedies. However, their relevance 
to human use is clearly often doubtful and the preclinical 
information provided in the monographs in this book should 
be viewed from this perspective. They often also include 
extraction or isolation of ‘active principles’ and exposure to 
tissues in forms and at doses very different from what could 
be seen in human consumption. Nevertheless there are funda-
mental technical questions raised in building a case for herbal 
therapeutics that could be usefully addressed. The following 
reviews highlight areas of preclinical research that really could 
benefit clinical practice.
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Pharmacokinetic issues
Any rationale for herbal medicine is likely to be based on the 
activity of many plant chemical constituents whose fate in the 
body is unknown. The following might form the basis of use-
ful pharmacokinetic questions:
l	 In what ways are plant constituents likely to interact in the 

gut to affect bioavailability and activity?
l	 What is known of hepatic action on plant constituents?
l	 Following from both the above, what plant-derived 

constituents are likely to reach the systemic circulation?
l	 How do changes in pharmaceutical formulation affect the 

bioavailability and activity of plant constituents?

With new biochemical monitoring technology, it is feasible 
that some of these answers can be obtained non-invasively 
in healthy human subjects (see Chapter 2 and Part Three). 
However, such topics have been addressed mainly with animal 
and organ culture experiments.

Animal experiments
There can be no doubt of the problems of using animals or in 
vivo research into herbal remedies. Apart from the difficulty 
of applying findings to the human situation, there are ethical 
objections from many of those who support the use of herbal 
medicines, especially in the English-speaking developed world.

Nevertheless, much phytotherapeutic research in Europe and 
Asia has involved animal experimentation and the findings have 
entered everyday debate about the action of herbal remedies. It 
is also possible to devise trials that involve no pain or discom-
fort to the animals involved, as is the obvious practice in geron-
tological research (animals live longest when well treated). It is 
recalled that herbal therapy aims to support vital functions (in 
China the worth of any therapeutic practice is determined by 
how successfully its use appears to encourage a long and healthy 
life). If the intention of a trial was to assess the effects of herbal 
medication applied in approximately therapeutic doses adjusted 
for body weight and metabolism, there could be little complaint 
that the animals would be harmed and they are likely to actu-
ally benefit. Advice is that authorities responsible for licensing 
animal experiments are likely to consider such studies as indis-
tinguishable from keeping animals as pets.

Feasible trials might include monitoring the effects of pos-
ited ‘adaptogens’ on life expectancy, stamina and reproductive 
capacity, the effects of antimicrobial remedies on normal resist-
ance to disease among large populations and observing changes 
in digestive and urinary performance (as judged by changes in 
excretion, appetite and weight). As the common laboratory ani-
mal with a metabolism closest to the human being, the humble 
rat would probably be the creature of choice.

It might also be valuable to have the results of careful 
observations of the use of herbs in veterinary practice, where 
many of the limitations attending patient-practitioner interac-
tion can be minimised.

There are examples of how sympathetic animal research 
can successfully investigate traditional concepts. A team of 
Chinese scientists decided to tackle the challenge of finding a 
scientific way to characterise a core hypothesis of Traditional 

Chinese Medicine (TCM). According to established TCM 
theory, the hot or cold properties of herbs can be explored 
by the relationship between environmental temperature and 
one’s perception of it. For example, hot herbs were seen to 
be able to help the body tolerate a cold environment. The sci-
entists set up a model to study the hot and cold properties of 
medicinal herbs along these lines, by observing their impact 
on animal behaviour and function when they were exposed to 
different environmental temperatures.31

Normal male mice were orally administered as a single 
dose several herbal extracts at doses ranging from 0.38 g/kg to  
20 g/kg, depending on the herb. The experiment was per-
formed on a tri-zone temperature control plate (15, 25 and 
40°C). Normal mice given the cold herbs rhubarb (Rhei spp.) 
and Coptis (Coptis chinensis, containing bitter alkaloids such as 
berberine) and the mineral gypsum significantly increased the 
time that they stayed in the high-temperature zone (p<0.05). 
In contrast, administration of the hot herbs ginger (Zingiber 
officinale), ginseng (Panax ginseng) and prepared aconite (pro-
cessed daughter root of Aconitum carmichaelii) resulted in 
mice dwelling longer in the low-temperature zone (p<0.05).

These findings offer a scientific validation of the hot and 
cold theory of herbs and, being so novel, need to be repli-
cated in other experiments. Should the results and methodol-
ogy prove to be robust, the technique could provide a useful 
objective way to better understand the heating or cooling 
properties of individual herbs. One example is Echinacea root, 
with opinions varying as to whether it is hot or cold.

Cell, tissue and organ cultures
As part of the modern move to find alternatives to animal 
experimentation, increasing attention is being paid to tech-
niques for assessing the effects of drugs on cultures of cells, 
tissues and organs in vitro. Conventional drug research is 
switching in this direction for preliminary screening in drug dis-
covery programmes and there is a lesser move for at least initial 
toxicological testing. The advantages are in the opportunity for 
the direct observation of the action of an agent on target cells, 
with reduced ethical difficulties (although the sacrifice of ani-
mals is often necessary to supply short-lived organ and tissue 
samples).

The problems are the limited application of such observa-
tions to the clinical situation and the need to confirm any in 
vitro findings anyway. From the point of view of herbal research 
there is the additional problem that it is impossible at this stage 
to reproduce that balance of plant constituents that will actu-
ally reach internal tissues (after digestion, absorption and the 
‘first-pass’ hepatic effect). Difficulties are increased by the 
desirability of using tissues most closely mimicking the real sit-
uation, i.e. mammalian organ cultures (rather than the easier to 
culture amphibian tissues or the less sophisticated cell lines).

Nevertheless, in vitro techniques could provide valuable 
supplementary information to other research, as in the follow-
ing suggested projects:
l	 The influence of herbal extracts on epithelial tissue 

cultures. This represents a point of genuine tissue 
interaction with herbal remedies and might add much to 
pharmacokinetic research.
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l	 Observations on the biotransformation of plant 
constituents using liver cultures.

l	 Alteration in the migratory behaviour and internal 
metabolism of macrophages as a result of exposure to 
herbal extracts.

l	 The influence of herbal preparations on microbiological 
cultures.

l	 Non-specific observations (as in longevity research) on 
cell migrations, length of interphase, longevity and other 
pointers to in vitro cell health.

l	 Observations in vitro of the effects of phytochemicals with 
proven human bioavailability, for example the alkylamides 
in Echinacea root.

Human phytopharmacological 
research
In the face of this uncertainty, and given that most key 
herbs are already approved for human use, the best possible 
research model for herbal pharmacological investigation is the 
human. Listed below are some examples of pharmacological 
research that has been undertaken on humans.

Such examples include:

l	 pharmacokinetic and bioavailability studies
l	 ex vivo research on isolated cells. In this example the 

volunteer is given the herb and then cells such as blood 
cells are removed and studied to ascertain if they possess 
different features to those from someone who did not take 
the herb (that is, a control)

l	 use of non-invasive techniques: EEG, ECG, ultrasound, PET 
(positron emission tomography) scans, polysomnography

l	 changes in physiological function: hormone levels, urine 
output and quality, hepatic biotransformation, immune 
function, gastric acid output and so on

l	 performance: memory, cognitive function, intelligence, 
endurance, recovery.

There are many opportunities where herbal research using 
human volunteers can be creatively devised. Using this kind 
of research many of the uncertainties are covered off, includ-
ing extrapolation to the human, bioavailability and dosage (see 
Part Three for more examples).

Natural product drug discovery
The new reader of the natural product pharmacology litera-
ture will find a vast and confusing diversity of research, often 
into phytochemicals from obscure, exotic and/or toxic plants. 
This research is largely driven by the desire to find new medi-
cal drug leads, rather than to validate or understand traditional 
herbal medicine. As might be expected, most of this research 
holds little interest to the herbal clinician.

On the other hand, the use of natural products as therapeutic 
agents is still an important part of conventional medicine, albeit 
one that is in decline. Significant drugs discovered from plants 
in the past few decades include artemisinin (antimalarial),  
camptothecin and its semisynthetic derivative irinotecan 

(anticancer), taxol and its semisynthetic derivatives (anticancer) 
and lovastatin and its statin analogues (hypolipidaemic).32

Critically assessing research  
on herbs

There is now an abundance of preclinical and clinical research 
on medicinal plants (as evidenced by the content of this book). 
However, the reader can sometimes mistake the clinical rel-
evance or importance of a published study, or misinterpret its 
findings. In order to appropriately interpret a herbal scientific 
study, or the body of work on a particular herb, the following 
four information filters are proposed:
l	 The identity filter
l	 The filter of the relevance to human use
l	 The filter of the reliability of the data
l	 The phytoequivalence filter.

If the information passes these filters then it can be assessed 
as having relevance to the safe and/or effective human use of 
the plant under investigation.

Questions that might be asked concerning identity are as 
follows:
l	 Is it in fact a herbal product?
l	 Is it from the right species?
l	 Is it the right variety or chemotype of that species?
l	 Is it the right part of the plant?
l	 Was it harvested from the right region and at the right time?

In terms of relevance of the research to normal human use, 
some of the following questions are relevant:
l	 Is the information extrapolated from pharmacological 

studies in animals or test tubes (in vitro)?
l	 Does the information come from use of a pure 

phytochemical in vitro, in animals or in humans?
l	 For animal trials, was the herb or phytochemical 

administered by injection?
l	 For all of the above, were the doses or concentrations used 

well in excess of those that could be realistically achieved 
from herbal doses or the opposite?

Reliable data are paramount. Poorly designed trials cer-
tainly do not inform the efficacy debate for herbal products. 
Relevant questions include:
l	 Does the information come from a clinical trial? If so, how 

good was the trial?
l	 Was there a control, such as a placebo group?
l	 Have there been other clinical trials? How do their designs 

and results compare?
l	 Has the scientific evidence been comprehensively reviewed 

and are the conclusions an objective evaluation of all the 
available information?

Phytoequivalence defines the transferability of herbal data 
(clinical or traditional) from one herbal product to another. 
It is a vital concept because clinicians do not use ‘herbs’ in 
their clinics, they use herbal products. A clinician might seek 
to reproduce the known clinical properties of a herb (as 
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informed by either tradition or clinical trials), hereby denoted 
as ‘the reference study’ with a specific product in his or her 
practice. Relevant questions to ask include:
l	 Was the herb extracted under the same conditions as in the 

reference study?
l	 Is the proposed dose the same as in the reference study?
l	 Are the quality markers comparable and relevant, and how 

were they measured?
l	 Does the phytochemical profile of the proposed product 

match that in the reference study?
l	 Are they similarly formulated?

See also Appendix E on herbal clinical trials and how to 
read them.

Conclusions and recommendations

There is a substantial evidence base for the use of herbal medi-
cines. However, much of the research data has been generated 
to find pharmaceutical leads rather than inform clinical deci-
sions. There is scope for integration of the evidence and better 
research in the future, though only if two conditions are met.

1.	Observations of actual human use, previously 
marginalised, should become central. This is accepted 
when establishing safety but should be acknowledged as 
the key element in determining benefit as well. Human 
experience is all that counts in the end. In the case of 
herbal medicine this experience is already more extensive 
than in other forms of complementary medicine and it 
would be unrealistic to ignore it and insist that herbs 
are only used if proved de novo. Traditional and clinical 
experience should be rigorously assessed and clearly 
articulated to make the opening case for efficacy. It can 
then be refuted or amended by linking that material to 
research in other areas. Where pharmacological or clinical 
research supports traditional use, the latter is reinforced. 
Where modern findings discredit received wisdoms, these 
should be adjusted or discarded, provided the research 
is comprehensive and sound. It may also be possible 
by meta-assessment of the traditional use data to see 
recurrent patterns of pharmacology or therapeutics that are 
themselves reinforcing, as touched on previously.33 It has 
been shown that much current research does not address 
clinical questions: a more useful role could be in refuting, 

validating or illuminating the issues and answers suggested 
by human experience.

2.	Herbs need to retain their position as medicines in 
Europe, Canada and Australia and improve their status 
elsewhere. The great part of clinical trial research has 
been in support of herbal products that are prescribed and 
dispensed as medicines in central Europe. Although there 
have been some admirable clinical trials in the USA, these 
have been in publicly funded research programmes that 
are generally reactive to public use rather than strategically 
innovative. The major risk to the future funding of herbal 
research are regulatory regimes that classify herbs as food 
supplements or as second-class medicinal products with a 
status dependent only on traditional use. If manufacturers 
cannot develop a therapeutic use for a herbal product, they 
will be unlikely to invest in researching one. If the research 
funding bodies do not consider herbal remedies as serious 
contributors to health care, they will not set aside precious 
resources to develop their potential. Unfortunately 
the political and market trends are set to diminish the 
medicinal status of herbs and there is thus a real threat to 
the future of good herbal research.

Fundamentally, research provides new information and is 
absolutely necessary in order that the field of phytotherapy 
evolves to meet the new clinical challenges of the 21st century. 
But by far the best reason for doing research is that it provides 
the best education, for herbal students and practitioners alike. 
Many of the project ideas are feasible for student clinics asso-
ciated with undergraduate degree training programmes. Being 
trained to ask questions of their working environment is the 
best way to produce effective practitioners, able to adapt to 
different circumstances and avoid formulaic and lazy prac-
tice. At its heart research is a process by which it is possible to 
develop the professional ideal of critical acumen, to select, sort 
and clarify the information available about a healing technique, 
to answer the fundamental question: ‘Is this treatment likely 
to make the patient well or is it not?’ As Carl Rogers put it:

Scientific methodology needs to be seen for what it truly is: a way 
of preventing me from deceiving myself in regard to my creatively 
formed subjective hunches which have developed out of the 
relationship between me and my material.34

Or as Oliver Cromwell is said to have cried: ‘By the bow-
els of Christ, I beseech ye, bethink yourselves that ye may be 
mistaken’.
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5 Optimising safety

information vacuum for many herbs into which adherents 
can project safety and critics hidden dangers. Most signifi-
cantly, government regulators, in the interests of public safety, 
can exercise due diligence and reduce access to any herb over 
which even theoretical doubt may arise. Yet we find that a 
large diversity of herbal products is available in those countries 
that observe the most sophisticated regulatory scrutiny for 
their availability. This certainly must speak to safety, as do the 
incredibly low insurance premiums enjoyed by herbal clinicians 
in countries such as the UK, Australia and New Zealand.

Nonetheless, for all concerned, what is needed is more 
information on safety. This chapter is not intended to be a 
comprehensive treatise on the issue of herbal safety. There are 
already a number of textbooks devoted solely to this topic and 
the monographs in this book provide detailed safety informa-
tion for each of the 50 herbs covered. The information below 
is intended more as an introduction to the topic. Texts such as 
The Essential Guide to Herbal Safety1 and the Botanical Safety 
Handbook2 are particularly recommended for more informa-
tion, as they represent a balanced view based on both clinical 
experience and the published data.

The case for concern

Adverse case reports
There have been a number of cases reported in the medical 
literature indicating a link between herbal consumption and 
adverse effects. Many of these are reviewed in the mono-
graphs in this book. Most are minor and infrequent in nature. 
Where serious adverse events are reported, the information 
is often of poor quality, making a credible link between cause 
and effect difficult to establish. However, it is worthwhile to 
note some defining examples of serious adverse events that 
have occurred in the past few decades. Many of these have 
resulted from contamination or adulteration, or relate to 
known toxic herbs.
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Introduction

Medical opinion generally has been that it is impossible for 
any medicine to have effects without side effects, that if herbs 
are claimed to be free from side effects they are probably not 
effective either. This is a rational view within its own terms. 
Any intervention at one site is always likely to lead to reactions 
at other sites, either because of functional or structural con-
nection or because of similarity in sensitivity.

On the other hand, there is a persistent popular belief that 
herbs are safe. Probably the main reason why patients first turn 
to herbs is they assume they are free from side effects, ‘not 
like drugs’. Many herbal clinicians emphasise the same point. 
They refer to the uninterrupted use of the most established 
remedies by millions of people since prehistory. They also 
talk of herbs being used for different reasons than conven-
tional drugs, promoting healing responses rather than targeting 
pathology or symptoms, of the whole herb being a complex 
package around the active constituents.

How can these discrepancies be resolved? The answer is not 
clear or satisfactory. The evidence shows (as abundantly dem-
onstrated in the monographs in this text) that toxic effects 
of herbal remedies are rarely recorded, although there are 
a few cases that prompt concern. The main problem is the 
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During the early 1990s, several patients with renal failure 
were admitted to hospitals in Brussels with progressive inter-
stitial fibrosis and tubular atrophy that was linked to a herbal 
slimming preparation. At least 30 individuals were found to 
have sustained end-stage renal failure from the incident, mak-
ing it perhaps the single most serious adverse event linked 
to herbal consumption in modern times. The Chinese herb 
Aristolochia fangchi was found to be an ingredient of the for-
mulation instead of the intended Stephania tetrandra. The 
consequent presence of aristolochic acid, a known toxin, was 
put forward as a hypothesis for the aetiology of the nephropa-
thies in the literature and the phenomenon became known 
(perhaps incorrectly) as Chinese herb nephropathy (CHN). 
However, the case prompted the Association Pharmaceutique 
Belge at the Service du Contrôle des Médicaments to probe 
the matter further.3 They pointed to the idiosyncratic nature 
of the reactions and the presence of other powerful synthetic 
drugs in the mixture as suggesting a more complex story. They 
considered that the cocktail of sometimes powerful prepara-
tions adopted by some observing slimming regimes might have 
significantly lowered the threshold for renal damage. However, 
aristolochic acid has been known as a nephrotoxin for decades 
and cases not linked to the concurrent use of drugs have been 
reported.4

In 1997, it was reported that two of the women subse-
quently developed urothelial cancer caused by the geno-
toxicity of aristolochic acid.5 An article published in June 
1999 reported further cases of urothelial cancer. Cosyns and  
co-workers tested 10 patients with CHN.6 Four (40%) were 
found to have urothelial carcinoma and abnormal cells were 
found in all of the 10 patients. Nortier and co-workers7 (June 
2000) concluded that the incidence of urothelial cancer among 
patients with CHN is high and that the risk was related to 
the cumulative dose of the herb. They reported treating 105 
patients with CHN of whom 43 had been admitted with end-
stage renal failure. Thirty-nine of these patients were tested 
for urothelial carcinoma. Eighteen cases were found, and mild-
to-moderate dysplasia was found in a further 19 patients.

Cases of CHN have also been reported in France, Spain, 
Japan, the UK and Taiwan, where cases of urothelial carcinoma 
have also been detected.7 Aristolochia spp. can also be used 
as substitutes for several other Chinese herbs,8 and Chinese 
herbal products found to contain aristolochic acid have been 
recalled in several countries (including Australia9 and the 
USA10).

This is the first credible, real-world example where the 
clinical use of a medicinal plant (albeit not the intended one) 
has resulted in the subsequent development of cancer.

During the early 1990s, liver units in France began to report 
a number of cases of liver disease possibly linked to the con-
sumption of a slimming herb. The hepatotoxicity of germander 
(Teucrium chamaedrys) was confirmed in isolated rat hepato-
cytes, particularly a crude fraction containing the diverse 
furanoditerpenoids. It was concluded that they are acti-
vated by cytochrome P450 3 A into electrophilic metabolites 
that deplete glutathione and protein thiols and form plasma 
membrane blebs.11 However, these cases were more likely to 
have been idiosyncratic drug reactions (IDRs) to the german-
der. Germander was subsequently banned from use in many 

countries, although germander-induced hepatotoxicity is prob-
ably still occurring, mainly from the fact that certain species 
of Teucrium are commonly used as a substitute for American 
skullcap (Scutellaria lateriflora).

In fact, so widespread was this adulteration, the macro-
scopic and microscopic description of skullcap cut herb in the 
British Herbal Pharmacopoeia 1983 was probably for a spe-
cies of Teucrium. Adulteration of commercial skullcap contin-
ued to be an issue in Europe, the UK and the USA into the 
late 20th century.12 Idiosyncratic hepatotoxicity was reported 
for tablets containing skullcap and valerian in 198913 and for 
tablets containing skullcap, mistletoe, kelp, wild lettuce and 
motherwort in 198114 (although the presence of mistletoe 
was later questioned).15 The observed hepatotoxicity of these 
herbal products is probably attributable to a germander spe-
cies, rather than the herbs mentioned, including skullcap. Case 
reports of hepatotoxicity caused by germander are not limited 
to T. chamaedrys,16 other Teucrium spp. have caused hepatic 
failure.17 One of the reported UK cases of skullcap-related 
hepatotoxicity was confirmed as being due to T. canadense 
rather than skullcap.16

From January 1991 to December 1993, the Medical 
Toxicology Unit (formerly Poisons Unit) at Guy’s and St 
Thomas’s Hospital in London received reports of 11 cases of 
liver damage following the use of Chinese herbal medicine 
for skin conditions. There was strong evidence of an associa-
tion in two cases, as recovery after withdrawal and recurrence 
of hepatitis after rechallenge were observed. The time-course 
relationship, recovery after ceasing Chinese herbal medicine 
and absence of alternative causes of liver damage suggested 
an association in two further symptomatic cases following a 
single period of exposure. Herbal material was available for 
analysis in seven cases. The plant mixtures varied, so no sin-
gle ingredient could account for liver injury. Effects did not 
appear dose related and it was concluded they were probably 
idiosyncratic.18 Two patients were additionally described who 
suffered an acute hepatic illness related to taking traditional 
Chinese herbs for skin disease. Both recovered fully. The mix-
tures they took included two herbs that were also present in 
the mixture taken by a previously reported patient who suf-
fered fatal hepatic necrosis.19 Sporadic cases of IDRs to 
Chinese herbal formulations resulting in hepatotoxicity have 
been reported in the literature ever since. A 2009 study from 
a gastroenterological department in a Chinese hospital con-
cluded that Chinese herbs were a significant factor in idiosyn-
cratic hepatotoxicity, although the liver injury was not severe 
in most cases.20 Other studies reviewing patients attending 
single clinics or hospitals in the UK, Germany and Japan have 
found a much lower incidence of idiosyncratic hepatitis from 
the use of Chinese herbal formulations.21

Case reports of idiosyncratic hepatotoxicity to Western herbs 
extend beyond germander. A review of 18 reports of adverse 
events associated with the ingestion of chaparral reported to the 
Food and Drug Administration (FDA) between 1992 and 1994 
found evidence of hepatotoxicity in 13 cases (causal (10), not 
followed up (1), probable (2), insufficient data (5)). Of the 13 
cases, 10 had ingested chaparral only, with the remainder taking 
products containing chaparral and other herbs and/or ingredi-
ents. Adverse events occurred 3 to 52 weeks after the ingestion 
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of chaparral and resolved 1 to 17 weeks after ceasing intake. 
The predominant pattern of liver injury was characterised as 
toxic or drug-induced cholestatic hepatitis. In four individuals 
there was progression to cirrhosis and in two individuals there 
was acute fulminant liver failure that required a liver transplant. 
Of the patients requiring a liver transplant, chaparral was prob-
ably not the only factor in one case.22

In November 2001 the German Health Authority (BfArM) 
announced that it was intending to ban the use of kava (Piper 
methysticum) because of reported cases linking kava consump-
tion with hepatotoxicity. Despite submissions from manu-
facturers, the therapeutic use of kava was banned altogether 
in Germany in 2002 and several other countries such as 
Japan, France and Canada followed suit. Late in 2002 it was 
announced that the Medicines Control Agency (MCA) in the 
UK would also be banning kava; in February 2003 Swissmedic 
in Switzerland followed. Like most other herbal hepatotoxicity 
cases, those linked to kava usage were most likely an immu-
nologically mediated IDR ca rather than a direct toxic effect. 
Issues associated with this potential IDR to kava are fully 
explored in the kava monograph.

In 2002 a group of Australian doctors reported suspected 
hepatotoxicity, presumably an IDR, associated with the inges-
tion of black cohosh (Actaea racemosa).23 At least 68 more 
cases have been reported since then, but the association 
remains a contentious issue. One analysis of the reported cases 
using the updated Council for International Organisations 
of Medical Sciences (CIOMS) causality assessment asserted 
that there was little, if any, evidence for a causal relationship 
between use of black cohosh and liver damage.24 For more 
information on this topic see the black cohosh monograph.

Since its widespread promotion and use in the USA, 
numerous adverse reactions to the herb Ephedra (Ephedra 
sinica) have been recorded. However, it is difficult to assess 
meaningfully the majority of these due to insufficient infor-
mation, the failure to distinguish between its main alkaloid 
ephedrine and Ephedra as treatments, and the tendency to 
combine Ephedra with other stimulants in weight loss prod-
ucts (which may potentiate its ability to cause serious side 
effects).

Nonetheless, the RAND Report undertook a comprehen-
sive analysis of adverse consequences from both clinical trials 
and case reports submitted to the FDA.25 Using data from 
clinical trials, the report concluded that there is sufficient evi-
dence that the use of ephedrine and/or Ephedra or ephedrine 
plus caffeine is associated with two to three times the risk of 
nausea, vomiting, psychiatric symptoms such as anxiety and 
change in mood, autonomic hyperactivity and palpitations. It 
was not possible to determine the contribution of caffeine to 
these events. There were no reports of serious adverse events 
in the controlled trials.25

From the adverse events reported by one manufacturer 
of Ephedra-containing dietary supplements and to the FDA, 
the RAND Report identified what it termed to be ‘sentinel 
events’. Classification of a sentinel event does not mean to 
imply a proven cause and effect relationship. These included 
two deaths, three myocardial infarctions, nine strokes, three 
seizures and five psychiatric cases associated with prior 
Ephedra consumption. The report also identified 43 additional 

cases as possible sentinel events and noted that about half 
of all the sentinel events occurred in people aged 30 years 
or younger.25 Hepatotoxicity has also been linked to the use 
of Ephedra both in traditional Chinese formulations and in 
weight loss supplements.26–28

Animal exposure to pyrrolizidine alkaloids (PAs), found in 
several medicinal plants, has led to a dose-dependent swelling 
of hepatocytes and haemorrhagic necrosis of perivenular cells 
of the liver, with concomitant loss of sinusoidal lining cells, 
with sinusoids filled with cellular debris, hepatocyte organelles 
and red blood cells. These are all features of veno-occlusive 
disease.29 These effects do not represent an IDR, but rather 
follow from the direct hepatotoxic activity of these alka-
loids. The LD50 for a pyrrolizidine-rich extract of Senecio was 
found to be 160 mg/kg.30 Despite their similarity in structure, 
PAs differ in their individual LD50 values and in the organs 
in which toxicity is expressed. In one study of four PAs, the 
proportion of the PA removed by liver cultures varied consid-
erably due to differences in the production of reactive metabo-
lites (dehydroalkaloids), which appear to be largely responsible 
for the toxicity of PAs, and in their conversion to a safer form 
(GSDHP).31 Among pyrrolizidine-containing plants, helio-
trope32 and Senecio33 have been found to be responsible for 
veno-occlusive disease in humans. Clinical manifestations of 
poisoning in humans include abdominal pain, ascites, hepa-
tomegaly and raised serum transaminase levels. Prognosis is 
often poor with death rates of 20% to 30% being reported.34 
In vivo studies of coltsfoot, containing senkirkine, have shown 
some evidence of toxicity.35 However, the key reported case 
linked to coltsfoot consumption turned out to be a substi-
tution problem. Tea containing peppermint, and what the 
mother thought was coltsfoot (Tussilago farfara), was associ-
ated with veno-occlusive liver disease in an 18-month-old boy. 
Pharmacological analysis of the tea compounds revealed high 
amounts of PAs, mainly seneciphylline and the correspond-
ing N-oxide. It was calculated that the child had consumed at 
least 60 mg/kg body weight per day of the toxic pyrrolizidine 
alkaloid mixture over 15 months. Macroscopic and micro-
scopic analysis of the leaf material indicated that Adenostyles 
allariae had been erroneously gathered by the parents in place 
of coltsfoot. The child was given conservative treatment only 
and recovered completely within 2 months.36

A review of 18 case reports of pennyroyal ingestion docu-
mented moderate to severe toxicity in patients who had been 
exposed to at least 10 mL of pennyroyal oil. In one fatal case, 
postmortem examination of a serum sample obtained 72 h 
after the acute ingestion identified 18 ng/mL of pulegone 
and 1 ng/mL of menthofuran.37 In another case of ingestion 
of 30 mL of pennyroyal oil by a pregnant woman, symptoms 
included abdominal spasm, nausea, vomiting, alternating leth-
argy and agitated behaviour. Kidney failure and a solid liver 
necrosis developed subsequently and death occurred 7 days 
later. In two similar cases where doses used were 10 mL and 
15 mL of oil, vomiting, agitation, fainting, flank pain and der-
matitis occurred, but with no lasting toxic symptoms.38

Maternal ingestion of blue cohosh (Caulophyllum thal-
ictroides) in late pregnancy has been associated with four 
documented cases of perinatal adverse events. The first case 
occurred after a normal labour, where a female infant was 
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not able to breathe spontaneously and sustained central nerv-
ous system (CNS) hypoxic-ischaemic damage. A midwife had 
attempted induction of labour using a combination of blue 
cohosh and black cohosh given orally (dosage undefined) at 
around 42 weeks’ gestation.39

In the second case, severe congestive heart failure and myo-
cardial infarction in a newborn male were attributed to mater-
nal consumption of blue cohosh tablets. The woman had been 
advised to take 1 tablet per day (herb quantity not specified) 
but she took 3 tablets per day for 3 weeks prior to delivery. 
Cardiomegaly and mildly reduced left ventricular function 
were still evident at 2 years of age.40 The tablets were not 
analysed for their content. Stroke in an infant was reported 
as a possible association with a blue cohosh-containing dietary 
supplement in the FDA’s Special Nutritionals Adverse Event 
Monitoring System database (which listed adverse events but 
was not subject to preconditions, analysis or peer review).41 
The level of documentation of this case is poor.

Finally, a case report linked stroke in a baby with blue 
cohosh consumption by the mother.42 A female infant weighing 
3.86 kg was born at just over 40 weeks’ gestation to a healthy 
24-year-old woman. The obstetrician reportedly had advised 
the woman to drink a tea made from blue cohosh because 
induction of labour was a recognised effect of this herb. A cae-
sarean section was performed after a failed attempt at vaginal 
delivery. The infant had focal motor seizures of the right arm, 
which began at 26 h of age, and were controlled with pheno-
barbital and phenytoin. A computed tomographic (CT) scan 
obtained when the infant was 2 days of age showed an evolv-
ing infarct in the distribution of the left middle cerebral artery. 
There were no other apparent causes for the baby’s condition.

In a curious development with this fourth case, urine and 
meconium were positive for the cocaine metabolite benzoyl
ecgonine, and testing of the mother’s bottle of blue cohosh and 
another brand of the same herb were also positive for this metab-
olite. Maternal cocaine is a well-known cause of perinatal stroke. 
Later the authors commented that the finding of a cocaine 
metabolite in blue cohosh should be interpreted with caution.43 
The finding is most likely due to a false positive reading from the 
analytical tests used (which did not have a high degree of speci-
ficity). In other words, blue cohosh most likely contains a phyto-
chemical which reacts like the cocaine metabolite in terms of the 
test used, but is not related in any way to cocaine.

Adverse effects have also been documented for a pregnant 
woman ingesting blue cohosh. Nicotinic toxicity was reported 
following the attempted use of blue cohosh as an abortifa-
cient.44 A 21-year-old woman developed tachycardia, sweat-
ing, abdominal pain, vomiting and muscle weakness following 
the ingestion of a blue cohosh tincture. The authors suggested 
that these symptoms were consistent with nicotinic toxicity 
and probably resulted from N-methylcytisine, a phytochemical 
component of blue cohosh. Symptoms resolved over 24 h.

Plants as poisons
Many plants are designated as poisonous, based on toxic 
effects either after human exposure or following grazing in 
livestock. Several commonly and safely used medicinal plants 
are responsible for toxic effects in livestock, notably St John’s 

wort and Tribulus. However, the issue here is the amount 
ingested by the animals, which can be several orders of mag-
nitude greater than the human therapeutic dose. Other fac-
tors can also influence toxic effects in ruminants. In the case 
of Tribulus, rumen bacteria apparently metabolise the steroidal 
saponins into toxic components. This is not relevant to human 
metabolism. (See the Tribulus monograph for a full discussion 
of this phenomenon.)

In general, plants have considerably less acute toxicity than 
many other agents in our modern environment, such as chemi-
cals and drugs. This could be expected since the chemicals in 
plants are diluted by a large percentage of inert plant material. 
This assertion is borne out by statistics, for example data from 
the American Association of Poison Control Centres (AAPCC). 
In a recent publication, information from the 1983 to 2009 
annual reports of the AAPCC was analysed, together with que-
ries of the 2000 to 2009 AAPCC Toxic Exposure Surveillance 
System and the National Poison Data System databases.45 
During 2000 to 2009, 668 111 plant ingestion exposures were 
reported, with around 90% of these involving single plants. There 
was a steady decline in the number of plant exposures, falling 
from 8.9% of all reported exposures in 1983, to 2.4% in 2009. 
Young children accounted for more than 80% of plant ingestion 
exposures. Only 45 fatalities were recorded between 1983 and 
2009, with Datura and Cicuta species accounting for about one-
third of these. The authors concluded that, while plant ingestion 
remains a common call for poison information centres, morbidity 
and mortality associated with these were very low relative to the 
total number of reported plant exposures.

Given the existence of toxic plants, it is accepted by all 
involved that not all plants are safe to use as remedies. The 
incidence of these clearly varies from country to country. 
Appendix B provides a list of several potentially toxic medici-
nal herbs. With a few exceptions, their use is best avoided, 
especially during pregnancy and lactation. The individual herb 
monographs in this book contain detailed toxicity information, 
where available.

Adverse reactions
Understanding the key safety issues and demonstrating the 
safe use of herbal therapy is probably the biggest challenge 
that faces the future widespread use of medicinal plants. A key 
issue is that the safety of any given therapy can never be con-
sidered in isolation from its efficacy. In every therapeutic task, 
risks must be weighed against benefits for each particular clini-
cal situation. Therapy is justified only if the possible benefits 
outweigh the potential risks in an informed risk-benefit analy-
sis. This decision is dependent on an adequate clinical knowl-
edge of the patient and his or her disease, and knowledge of 
the treatment pertinent to the specific situation.

Although the term ‘benefit-risk ratio’ is convenient and 
often used, such an assessment is qualitative not quantitative 
(in other words, the division of a number for risk by a num-
ber for efficacy is rarely actually performed) and hence always 
involves some element of subjectivity. For a drug that is life-
saving, a greater safety risk is acceptable when it is used in 
that context. This is the reason dangerous therapeutic drugs 
are tolerated by the regulators.
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A major problem in the assessment of many herbs is the 
lack of hard data supporting their efficacy. Hence, in the eyes 
of the authorities the benefit is zero, so any risk is unaccepta-
ble, as was the case with kava (despite the clinical data). One 
positive development in this area would be the acceptance of 
well-established traditional (historical) use as evidence for effi-
cacy. Nonetheless, the fact remains that, in order to preserve 
the status of herbs, information about efficacy as well as safety 
is required.

Patients can sometimes experience a mild adverse effect 
that they attribute to the herbal treatment. Often this is not 
the case and dechallenge and rechallenge can clarify this. In 
highly sensitive patients, it can be best to start with a lower 
dose and build up. The vast majority of clinical trials (see the 
many examples in the herb monographs) have demonstrated 
that the side effect profile of a herbal treatment is about the 
same as placebo.

A number of milder adverse reactions are predictable on the 
basis of the known phytochemistry of the herb. More details 
of such side effects are provided in Chapter 2, but a few key 
examples follow:
l	 Tannin-containing herbs, such as cranesbill (Geranium 

maculatum) and oak bark (Quercus robur), can inhibit trace 
element and B vitamin absorption. They should therefore 
not be used in high doses for long periods, or alternatively 
given away from food and other medications

l	 Saponins are gastric irritants. Hence, doses of herbs 
which contain saponins, such as horsechestnut (Aesculus 
hippocastanum) and Gymnema (Gymnema sylvestre), can 
cause reflux and/or vomiting in sensitive individuals. The 
alternative is to prescribe them in enteric-coated tablets or 
with meals

l	 Licorice root (Glycyrrhiza spp) can cause sodium and fluid 
retention and potassium loss. This effect only occurs with 
extended use at high doses and can be minimised by a high 
potassium diet. An adult dose equivalent to 3 g/day should 
not cause this problem

l	 Korean ginseng (Panax ginseng) can cause overstimulation, 
usually only at higher doses (in excess of 1 g/day)

l	 Pungent herbs such as capsicum (Cayenne spp) and ginger 
(Zingiber officinale) create a burning sensation which 
patients may find uncomfortable. In the case of herbs 
that contain mustard oils, such as horseradish (Armoracia 
rusticana), the burning sensation is real and can cause 
considerable gastric discomfort. High doses of ginger can 
cause heartburn

l	 Bitter herbs in high doses may cause some patients to 
vomit when given in liquid form

l	 Echinacea and prickly ash (Zanthoxylum clava-herculis) 
in liquid form cause tingling in the mouth and promotion 
of saliva, which in a few patients can give them a choking 
sensation and rarely a panic reaction

l	 Thujone can cause CNS stimulation and possibly epilepsy. 
Care should be exercised when giving thujone-containing 
herbs in high doses to epileptics. These herbs include 
Thuja (Thuja occidentalis), sage (Salvia officinalis), tansy 
(Tanacetum vulgare), wormwood (Artemisia absinthium) 
and some types of yarrow (Achillea millefolium). 

Thujone-containing herbs can also cause headaches in high 
doses

l	 Garlic can inhibit thyroid function
l	 Blood root (Sanguinaria canadensis) and bryony (Bryonia 

alba) are potent irritants and should only be used in low doses
l	 Bladderwrack (Fucus vesiculosus) and kelp (Laminaria) 

may aggravate or induce hyperthyroidism when given in 
high doses for prolonged periods

l	 Laxative herbs can cause abdominal pain. Abuse can lead to 
electrolyte loss, especially potassium. Chronic use leads to 
a characteristic pigmentation of the colonic mucosa known 
as melanosis coli. This is harmless and reversible

l	 Use of kava (Piper methysticum) for insomnia can cause 
a mild lethargy the next morning and chronic use is 
associated with skin changes

l	 It is unlikely that St John’s wort (Hypericum perforatum) 
causes photosensitivity with normal usage. It may cause 
an allergic skin rash in some cases, which has been 
misinterpreted as photosensitivity.

Many other potential side effects have been identified for 
individual herbs and these are outlined in the monograph sec-
tion of this text.

Allergic reactions
In general, allergic reactions to herbs are relatively uncommon. 
A typical allergic reaction, if one occurs, is contact sensitivity. 
This is acquired only when contact is made with the plant via 
the skin or mucous membranes. Most herbs have the potential 
to cause contact sensitivity; however, herbs that contain either 
resins or sesquiterpene lactones are more likely to have this 
property. Contact sensitivity can be manifest on the skin either 
after topical application or in the oral cavity after contact, such 
as for a gargle or just ingesting a liquid preparation.

Allergic contact dermatitis due to the presence of sesquit-
erpene lactones (SLs) occurs for many plant species, espe-
cially the Asteraceae or daisy family (Compositae). (Note for 
readers with a chemistry background: in this plant family, the 
presence of an alpha-methylene on the lactone group is mainly 
responsible for allergenicity.) It is often observed that individu-
als who are SL-sensitive tend to develop cross-reactions when 
encountering other SL-containing species. Commonly used 
medicinal plants containing SLs include Arnica, feverfew, globe 
artichoke, elecampane (Inula helenium) and dandelion.

Some other herbs which can commonly cause contact sensi-
tivity include myrrh (Commiphora), cinnamon (Cinnamomum 
spp), lime flowers (Tilia), propolis (not strictly a herb) and 
balm of Gilead (Populus candicans).

Anaphylactic reactions can also occur; however, these are 
quite rare. The Compositae plants are again often involved and 
the issues for Echinacea and chamomile are fully discussed in 
their relevant monographs.

Idiosyncratic reactions
Idiosyncratic reactions are reactions that are peculiar to a sin-
gle individual or a very small group of people. They are by 
nature unexpected and unpredictable.

Ivana
Highlight
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In such cases, unless the herbal formula is rechallenged, it 
is difficult to be entirely sure that the therapy was the cause. 
However, when the side effects cause considerable discom-
fort it may be unethical to rechallenge and in many cases the 
patient is unwilling to try the same formula again.

We cannot rule out the possibility that many so-called idio
syncratic reactions to herbs could be coincidence or a placebo 
(or in fact nocebo, which is the opposite of placebo, see later) 
effect. On the other hand, there are some patients (although 
they are rare) who appear to react to almost anything. This 
hyper-reactivity is part of their being unwell and will be 
revealed during the initial case history taking. For example, if 
a patient reports a history of ‘unusual reactions to drugs’ or 
‘being very sensitive to drugs’ it is prudent to take note of this 
information and make the assumption that, in this particular 
patient, a reaction to herbal therapy might also occur.

As a general rule, clinicians need to take great care in treat-
ing such patients. This is also true for patients who report mul-
tiple food sensitivities. When writing a herbal prescription for 
such patients, it is probably wise to err on the side of caution 
and use fewer rather than more herbs. This way, if any type 
of reaction does occur, it may be easier to isolate the cause. In 
extreme cases, the practitioner may choose to use just one or 
two herbs initially and add others as the treatment progresses.

Some specific organ toxicities that occasionally seem to 
occur in herbal therapy may be idiosyncratic reactions. This 
especially applies in the case of hepatotoxicity (see above). 
That is, the particular herb does not contain hepatotoxins, but 
immunologically driven liver destruction is driven by consist-
ent exposure to that herb.

Pregnancy and lactation
It is a general principle that one should refrain from giv-
ing medicines to a pregnant woman unless clearly necessary. 
Although some herbs have been used safely by women when 
pregnant and may thus be seen to have a degree of positive vet-
ting, they should be prescribed particularly carefully in the cru-
cial first trimester when fetal organ development is underway. 
Although there are very few accounts that link any pregnancy 
problems to herb consumption, too little is known for any 
sweeping recommendation. Particular caution should be exer-
cised for plants with alkaloidal principles, strong volatile con-
stituents (notably including pure essential oils and plants with 
high levels of thujone) and in cases where there is a history of 
miscarriage or where low back or abdominal pains occur. Toxic 
herbs should be avoided; see Appendix B for such a list.

A number of other herbs should be particularly avoided in 
pregnancy. In many popular herb books, the term ‘emmena-
gogue’ is used to refer to a gynaecological remedy. Probably 
the most frequent indication for such remedies in earlier 
times was to bring on delayed menstruation; in other words, 
many ‘emmenagogues’ were used for birth control, as abortifa-
cients. This was likely to be one of the specialist skills of ‘wise 
women’ and, theoretically, remedies affecting the gravid uterus 
are as likely to harm fetal growth as to abort pregnancy.

The pregnancy safety ratings advocated in The Essential 
Guide to Herbal Safety1 have been adopted for the mono-
graphs in this text. This categorisation is designed to remove 

the subjectivity from assessing the safety information for herbs 
during pregnancy. The ratings are self-explanatory, but a fur-
ther discussion is provided in Chapter 10 (How to use the 
monographs). However, some herbal clinicians might prefer 
a simpler approach of a list of contraindications and cautions, 
and this is provided in Table 5.1 for more than just the 50 
herbs detailed in this book.

In regulatory terms, the caution referred to above in the 
case of pregnancy is also extended to the stage of lactation. 
Although critical organ development is not threatened, there 
remains some doubt in many cases about how secondary plant 
metabolites, many of which pass easily and even preferentially 
into breast milk, affect the baby. Practitioners should therefore 
maintain a degree of caution in attending to clinical problems 
affecting mother and suckling baby. However, it should be 
pointed out that documented adverse effects for herbs used 
during lactation are minimal, other than milk reduction or 

Table 5.1  Common herbs under contraindication or caution during 
pregnancy

Contraindicated
Adhatoda (except at birth) Jamaica dogwood

Andrographis (first trimester) Juniper

Baical skullcap (first trimester) Mugwort

Barberry Myrrh

Bearberry Oregon grape

Black cohosh (except to assist with birth) Pasque flower

Bladderwrack Pau d’arco

Blue cohosh (except to assist with birth) Poke root

Cat’s claw Qing hao

Corydalis Sage

Dan shen Schisandra (except at birth)

Dong quai (first trimester) Thuja

Golden seal Tienchi ginseng

Horseradish (high doses only) Tylophora

Hyssop Wormwood

Caution

Aloes resin Raspberry leaf (best to use 
in 2nd and 3rd trimesters)

Cascara Rehmannia

Cinnamon Rhubarb root

Ginger Senna pods

Motherwort Shepherd’s purse
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reduced infant feeding. Table 5.2 provides some basic guide-
lines for commonly used herbs.

Adverse herb-drug interactions
The issue of adverse herb-drug interactions (HDIs) is prob-
ably the most contentious problem in the understanding of 
the safe use of medicinal plants. Many texts carry pages and 
pages of theoretically possible interactions for each herb, often 
based on unsupported extrapolations from pharmacological 
data (typically in vitro studies). Such information is not only 
needlessly cautious it is potentially alarmist. The reader might 
experience such difficulty managing the complexity of the pro-
vided information that he or she might conclude that the only 
safe option is never to recommend any herbs in conjunction 
with conventional drugs. In addition to these hypercautions, 
there is also considerable misinformation in the field. For a full 
discussion of these issues, the reader is referred to the relevant 
chapter in The Essential Guide to Herbal Safety.1

While adverse HDIs can certainly be theorised, clinically 
relevant examples that can be predicted on theoretical grounds 
are probably uncommon. One such example is the combina-
tion of licorice (Glycyrrhiza glabra, G. uralensis) with thiazide 
diuretics. Prolonged use of both could accelerate potassium 
depletion. If the patient was also taking digoxin, then a further 
adverse interaction could occur, since the toxicity of digitalis 
glycosides is increased by potassium depletion. However, most 
important adverse HDIs are likely to be unexpected, with case 
reports representing the best way to discover them.

Adverse HDIs can be either pharmacokinetic or pharmaco-
dynamic in nature. The above example for licorice represents 
a pharmacodynamic interaction. With a pharmacokinetic inter-
action, the herb increases or decreases the activity of the drug 
by altering its absorption, distribution, biotransformation or 
excretion, or any combination of these. The best-documented 
example is St John’s wort, and this issue is fully discussed in 

its monograph. Pharmacokinetic HDIs can be investigated via 
clinical studies in healthy volunteers, where the impact of tak-
ing a herb on the pharmacokinetics of one or more probe drugs 
is explored. This information is substantially more reliable than 
extrapolation from in vitro studies of the impact of a herb 
extract on cytochrome P450 enzymes. Such extrapolations 
should not be given any clinical credibility because of the many 
uncertainties involved.

Appendix C provides a reference table for HDIs, together 
with explanatory information. The table is designed to be accu-
rate and responsible and is based on a critical assessment of the 
clinical relevance of the available information. Entries are mainly 
drawn from case reports and clinical studies. In addition, the 
various relevant monographs typically contain a more complete 
discussion of some of the issues summarised in the appendix.

It must be emphasised that most of the interactions listed 
are only potential in nature, and the existence of the major-
ity of interactions in the table is not supported by definitive 
data. However, prudence and good practice suggest that these 
combinations are considered with caution, the level of which 
is flagged in the table.

Cases of contention

False alarms?
Over the past two decades, articles have appeared in the 
media and in journals attributing significant harmful effects 
to commonly available herbs. In the main, these articles are 
either imbalanced, misinformed, poorly researched or based on 
extrapolations from pharmacological studies that have little or 
no relevance to normal human use. A few examples follow.

In 1999 a team of scientists at Loma Linda University 
School of Medicine in California undertook studies to analyse 
the effects of some popular herbs on the fertilisation process 
and on sperm DNA.46 They used hamster eggs with their 
outer coating (zona pellucida) removed, exposed them first to 
the herbs for 1 h and then to human sperm. In a separate test, 
human sperm cells were incubated with the herbs for 7 days 
and then tested for viability and the intactness of their DNA. 
The coding sequence for an important gene in the sperm was 
also evaluated as a test for mutagenic activity.

At the lower concentrations tested, there was no effect 
from the herbs in any of the tests. But at the higher con-
centrations, St John’s wort, Echinacea purpurea and Ginkgo 
prevented human sperm from penetrating the hamster eggs. 
Exposure of sperm to Echinacea and St John’s wort at only 
the higher concentrations resulted in DNA denaturation, 
and St John’s wort also caused genetic mutation. In contrast, 
Ginkgo and saw palmetto had no effect.

Despite occasional cautions about the significance of their 
in vitro (test tube) study, the authors at times appeared to 
exaggerate the relevance of their findings. For example, they 
wrote:

The results of the present study, which demonstrates the effect of 
high concentrations of St John’s wort as a blocker of fertilization, are 
important for infertile couples who are attempting to conceive and 
who are taking St John’s wort.

Table 5.2  Common herbs under caution or contraindication during 
breastfeeding

Contraindicated
Barberry Pasque flower

Bearberry Poke root

Bladderwrack Sage (except to stop milk)

Blue cohosh Thuja

Golden seal Tylophora

Mugwort Willow bark

Oregon grape Wormwood

Caution

Aloes resin Rhubarb root

Cascara Senna pods

Peppermint Shepherd’s purse
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The study illustrates several of the pitfalls that can hap-
pen in experimental design and interpretation when scientists 
and clinicians with little training in, or understanding of, herbs 
attempt research in this field. That the authors of this paper 
were unfamiliar with herbs is well illustrated by their repeated 
reference to Echinacea purpurea as Echinacea purpura. More 
significantly, the study did not specify whether commer-
cial samples of the plants or their extracts were employed. If 
extracts were used, these are significantly more concentrated 
than the original herb, and such an omitted piece of infor-
mation would reflect markedly on any interpretation of the 
results. No information is provided about any attempts to ver-
ify the authenticity of the herbs used or their quality or phyto-
chemical profile. There is also no information on solvents used 
to extract the herbs. (Different solvents extract different phy-
tochemicals from herbs, a variability which can substantially 
influence the outcome of any study.) The exception here was 
saw palmetto, for which the liposterolic extract was used (see 
the saw palmetto monograph).

Throughout the paper, it was maintained that each herb was 
tested at an amount that reflected the normal human dosage. 
But these amounts were dissolved in only 1 mL of medium 
instead of the much greater amount of medium required to 
reflect the normal quantity of human body fluids. As a conse-
quence, the concentrations tested far exceeded typical human 
exposure to these herbs. The no-effect level was described 
as representing ‘very low’ concentrations. In fact, these ‘very 
low’ concentrations were equivalent to exposure well above 
normal human intake (which would suggest that, far from 
implying harmful effects on fertility, the study found that 
the herbs were safe). The maximum meaningful concentra-
tion for in vitro research on whole herbs is considered to be 
about 0.1 mg/mL on a dry weight basis. In contrast, the ‘low’ 
concentrations used in the study were in fact high at 0.06 to 
0.9 mg/mL and the ‘high’ concentrations (referred to as ‘nor-
mal’ in the text) were excessively high at 0.6 to 9 mg/mL. 
Furthermore, if these values represent the concentrations of 
extracts, as opposed to dried herb (as was the case with saw 
palmetto), then the equivalent dried herb concentrations 
would be considerably greater still.

But there is an equally important consideration that the 
authors failed to take into account. Many pharmacological 
screening programmes using in vitro tests on herbs, such as the 
programme of the National Cancer Institute in the USA, first 
remove interfering compounds like tannins. Tannins, which 
are relatively common in herbs, can bind non-specifically to 
proteins such as enzymes, effectively producing false positive 
results. In addition, tannins have very low bioavailability, so any 
observed non-specific activity on intracellular enzymes is likely 
to be little more than a scientific curiosity. This consideration 
was well demonstrated by an elegant but perhaps ultimately 
futile study published in the Journal of Ethnopharmacology.47 
Owen and Johns found that the inhibitory activity of 26 plants 
on the enzyme xanthine oxidase was positively correlated with 
their tannin content (p<0.001).

There are many other cautions which govern the extrapo-
lation of in vitro research to living organisms. In the case of 
herbs, these include the digestive modification, absorption, 
metabolism and elimination of the many compounds found in 

plants. To their credit, the authors of the hamster cell study 
do occasionally acknowledge these cautions. For example, 
they write: ‘The possibility of a lack of a physiological effect 
in vivo should be considered’.

The international media response to this article was 
extraordinary, considerably assisted by a press release from 
the journal in which the editor at the time was quoted as say-
ing: ‘This is a very important study that could provide impor-
tant information to patients suffering from infertility’.

Perhaps the most bizarre episode of a herbal false alarm 
was the reported occurrence of the toxic alkaloid colchicine 
in Ginkgo biloba. A group of US scientists investigating natu-
ral anti-inflammatory substances in pooled placental blood 
found a compound present that they identified as colchicine.48 
Naturally the scientists were curious as to the origins of this 
plant chemical, so they decided to examine individual blood 
samples from 24 pregnant women. Only five of these con-
tained colchicine and the group reported that all of the colchi-
cine-containing blood samples came from women who used 
herbal supplements. For some undisclosed reason they next 
tested Ginkgo and Echinacea products from local retail out-
lets and found that only Ginkgo contained significant levels of 
colchicine (26 µg per tablet). The authors concluded that due 
to its potential harmful effects, it would appear that Ginkgo 
biloba should be avoided by women who are pregnant or are 
trying to conceive.

Colchicine is a drug mainly used to treat acute gout and was 
originally isolated from the autumn crocus (Colchicum autum-
nale). It is highly toxic and the effective dose is quite close to 
a toxic dose. Toxic effects include nausea, vomiting and bone 
marrow suppression.49 Colchicine inhibits normal cell division 
(mitosis) and is linked to Down’s syndrome. Clearly, it is con-
traindicated in pregnancy.50

Before critiquing the actual scientific merit of the study, 
some commonsense, logical questions were not answered by 
the study (and obviously not asked by peer reviewers). These 
include:
l	 Were the five women with the colchicine levels taking 

Ginkgo?
l	 If not, what herbs were they taking?
l	 Why would a pregnant woman wish to take Ginkgo?
l	 Why choose just Echinacea and Ginkgo for analysis?
l	 How many Ginkgo products were tested?
l	 Why were not verified Ginkgo leaves tested as well?
l	 Do the findings match the known safety record of Ginkgo?

Questions about the research from a scientific perspective 
might include:
l	 Is it known that Ginkgo contains colchicine?
l	 Can we expect, from a phytochemical perspective, that 

Ginkgo should contain colchicine?
l	 How conclusively was colchicine identified in Ginkgo?
l	 Could the levels of ‘colchicine’ in Ginkgo account for the 

levels found in placental blood?
l	 Are these levels of ‘colchicine’ in placental blood toxic? If 

so, what effects were observed on the mother and child?
In fact colchicine has never before been reported in Ginkgo 

and a comprehensive literature search by the late Professor 
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Farnsworth at the University of Chicago found no evidence 
of colchicine in Ginkgo.51 According to Professor Farnsworth: 
‘Based on biogenetic considerations, colchicine should 
never be found outside of the Monocotyledoneae (Araceae, 
Liliaceae) and the report of its occurrence in Saussurea sacra 
(Asteraceae) is an anomaly that has not been duplicated by 
other reports on the chemistry of this species. Thus, colchicine 
has never been reported as a normal constituent of Ginkgo 
biloba nor would it be expected or predicted to be present’.

Farnsworth also questioned the scientific validity of the 
study and the editorial process it underwent prior to publica-
tion. ‘Anyone who thinks that colchicine can be found natu-
rally in Ginkgo is not qualified to be a peer reviewer of this 
paper,’ he said, referring to the editorial process for scientific 
journals in which papers are reviewed by independent experts 
to determine their scientific merit and the accuracy of their 
conclusions prior to publication. Schwabe, the German com-
pany that researched and developed Ginkgo extract, tested 
three separate samples of Ginkgo leaf and failed to find any 
colchicine. This finding was backed up by industry testing in 
the USA.51

In response to the study, the Australian Therapeutic Goods 
Administration tested five Ginkgo biloba products. Colchicine 
was not found in any (detection limit 1 µg/g). Interestingly, 
using a method similar to the study in question, a substance 
was found in the Ginkgo products which had similar ana-
lytical properties to colchicine. Although its identity was not 
determined, further analysis demonstrated conclusively that it 
was not colchicine.52

Were the levels of colchicine in Ginkgo responsible for 
those reportedly observed in the pregnant women? The scien-
tists claimed to have found 49 to 763 µg/L of colchicine in the 
placental blood of the women allegedly taking herbal supple-
ments.48 They also claimed to have found 26 µg of colchicine 
per Ginkgo tablet. In a multiple dose study of the pharmacoki-
netics of colchicine, 1 mg/day achieved plasma concentrations 
in human subjects in the range of 0.3 to 2.5 µg/L.53 Hence to 
achieve a level of 49 µg/L of colchicine (the lowest value in 
the reported range) a person would need to consume around 
50 mg of colchicine per day. Since each Ginkgo tablet contains 
only 26 µg, this equates to around 2000 Ginkgo tablet per day. 
In their defence, the authors claimed that placental tissue is 
known to concentrate ingredients from the mother’s blood. 
But even assuming a concentration factor of 50, this is still  
40 tablets per day to achieve the lowest reported concen-
tration of colchicine, when the normal dose is typically 3 to  
4 tablets per day.

Perhaps most astounding of all, the reported levels of 
colchicine would have been lethal to the unborn children. 
Several cases involving suicide by the ingestion of colchicine 
tablets have been reported in the literature. In one case, the 
plasma level of colchicine 24 h after ingestion was 4.5 µg/L,54 
in another the femoral blood level was 62 µg/L.55 Colchicum 
autumnale is the richest plant source of colchicine. Yet a 
case report of a man who consumed 17.1 g of flowers found 
that his maximum colchicine level was just 4.34 µg/L, which 
occurred 13 h after ingestion of the flowers.56 Nonetheless he 
was hospitalised with nausea, vomiting and abdominal pain.

The authors and the journal involved made sure that their 
study received due attention by releasing their findings to the 
press. And despite the many shortcomings of the study the 
press responded. Press releases and articles ran headings such as:

Ginkgo and Pregnancy Don’t Mix
Ginkgo Biloba Compound May Affect Fetus
Magazine Warns Pregnant Women About Herbal 

Supplement

But perhaps best of all was the quote attributed in London’s 
Daily Mail to a UK professor working in the field of comple-
mentary medicine who was quoted as saying that the alleged 
Ginkgo health risk was ‘a disaster waiting to happen’ and lik-
ened it to ‘another catastrophe like thalidomide’. Despite criti-
cism from the herbal industry, the scientists and journal editor 
involved in the publication of the study were reported to be 
unrepentant.57

On April 10, 2003, an Australian newspaper (the Brisbane 
Courier-Mail)58 ran a brief article relating concerns raised by 
recent research that the herb black cohosh may increase the 
toxicity of two chemotherapy drugs. The article went on to say: 
‘Many women diagnosed with breast cancer use the herb as an 
alternative to hormone replacement therapy’. Similar alarmist 
reports of this research were also carried in the US media.

The article was in response to a press release of research 
findings that were to be presented at the American Association 
for Cancer Research meeting in Toronto, but the event 
was cancelled due to concerns over SARS in that city.59 
Notwithstanding the lack of an appropriate forum for the pres-
entation and discussion of their findings, the authors pressed 
ahead and released their findings via the media.

The first paragraph of the release read: ‘Women with breast 
cancer who are undergoing chemotherapy may want to avoid 
black cohosh …’ The press release then went on to describe 
that black cohosh extracts appeared to increase the toxicity of 
the commonly used chemotherapy drugs doxorubicin and doc-
etaxel when tested on cultures of breast cancer cells. Hence, 
this finding was based on in vitro or test tube research. Black 
cohosh did not potentiate the toxicity of a third drug tested, 
cisplatin. No exact details of the experiments were provided. 
The initial paragraph of the press release seemed to contra-
dict a later statement that: ‘Results in laboratory cells may not 
mimic what happens in the body ….’.

Publication by press release is a growing and controversial 
trend in scientific circles. But the central problem with this 
story is that it makes much ado about very little. The reality is 
that, as already noted, test tube research on herbal extracts is 
fraught with difficulties and any extrapolations to human use 
need to be heavily qualified, and certainly do not deserve the 
type of attention by the media which they typically receive. 
This case is certainly an example of in vitro non-veritas.

Inaccuracies regarding the true risks of HDIs have already 
been discussed. However, it is worth noting the alarmist 
issues raised in a recent paper published in the Journal of the 
American College of Cardiology.60 As one example, concerns 
over alfalfa and fenugreek interacting with warfarin were 
expressed; these are not supported by sound science. To phy-
tochemists, the term ‘coumarin’ means plant chemicals based 



109

Optimising safety C H A P T E R  5

on the coumarin structure. To pharmacists the term ‘coumarin’ 
means anticoagulant drugs derived from or related to coumarin 
phytochemicals. There is no solid evidence that normal plant 
coumarins have anticoagulant activity (see Chapter 2).

The article was riddled with other errors, such as confus-
ing Aloe vera gel and juice with Aloe vera resin. Many of the 
stated ‘commonly used’ herbs are not used at all in the US and 
are known to be toxic, such as oleander, Chinese toad venom, 
Strophanthus, gossypol and khella. The vast majority of the 
other potential HDIs described had no clinical data to support 
them.

The authors claimed green tea interacts with warfarin 
purely because it is a leafy material (and hence contains vita-
min K). Saw palmetto was linked to bleeding and Echinacea 
to causing arrhythmias, but there is no sound evidence to 
suggest any such problems with either herb (see the relevant 
monographs). The irony is that the authors complained about 
public misinformation about herbs! Despite a detailed and 
well-credentialled response from the American Botanical 
Council pointing out the many inaccuracies,61 the journal was 
unrepentant.

It appears there is indeed a media bias in the reporting of 
herbal studies. In late November 2008, a study investigating 
the print media coverage of clinical trials was published in the 
open access journal BMC Medicine.62 Public health research-
ers from Canada investigated the nature and tone of newspaper 
reporting of clinical trials of herbal medicines compared with 
reporting of clinical trials of drugs used to treat the same medi-
cal conditions. Databases were searched for newspaper articles 
in the UK and Ireland, the US, Australia/New Zealand and 
Canada covering the period from January 1995 to June 2005. 
The clinical trials were identified and sourced. The study was 
limited to newspaper articles that were directly related to 
peer-reviewed clinical trials.

The researchers coded 57 trials on herbal medicine men-
tioned in 352 newspaper articles and 48 drug trials men-
tioned in 201 newspaper articles. The main comparisons 
were tone (positive, neutral, negative), quality measures and 
content between the herbal medicine and drug clinical trials. 
Newspaper articles on the pharmaceuticals were more likely to 
be positive or neutral, but those on herbals were likely to be 
negative (more so than implied by trial results). No report of 
a pharmaceutical trial was negative, 22% of the herbal reports 
were. Clearly identified researchers or practitioners expert in 
herbal therapy were quoted in only 8% of the herbal articles.

It may be easier to publish reports in medical journals on 
the risks of herbal remedies than it is to prepare a publishable 
account of their efficacy. In the first case anecdotal evidence 
is the norm, in the latter case it would be dismissed out of 
hand. It is therefore incumbent on authors who rely on anec-
dote (and editors who review the results) to be assiduous in 
their presentation of the evidence (to get the botanical details 
correct, for example), to look for other possible factors in the 
pathogenesis and consistently to insert caveats about their ina-
bility to generalise from their evidence.

At the end of the day, risk assessment is more a politi-
cal than a scientific discipline. The BSE crisis in Europe led 
to a marked increase in sensitivity to risk, with food policy 

measures being made in that case on the basis of risks less 
than one in many millions. Yet it is inconceivable that truly 
dangerous activities like driving and smoking would ever be 
banned, although each may be curtailled to some extent. 
Unfortunately, for the same reason, herbs as medicines are vul-
nerable; although political weight is apparent when there have 
been serious threats to their availability (in Britain, Germany 
and the US, for example), phytotherapy is less able to muster 
strong political reasons to save its outlying positions. A ques-
tion of definition arises in these discussions. What does toxic-
ity actually mean in real life?

Poisonous food
Many ordinary foods naturally contain poisonous constituents:
l	 Wheat, rye and barley contain the protein gluten (or one 

that is gluten-like) that is hydrolysed in the digestive 
system to yield the peptide alpha-gliadin, a well-established 
and occasionally dangerous intestinal irritant that has 
caused many thousands of deaths around the world 
through coeliac disease and sprue.

l	 Apple seeds and the kernels of apricots, plums and other 
stone fruits, as well as bitter almonds, contain significant 
quantities of glycosides that yield cyanide on hydrolysis in 
the digestive tract.

l	 The cabbage family contain glucosinolates that yield toxic 
nitriles and goitrogenic thiocyanates.

l	 The oil from rapeseed, widely grown in temperate climates 
as a cheap vegetable oil, can contain erucic acid, which is 
known to cause heart damage in experimental animals.63

l	 Potatoes are members of the deadly nightshade family; 
when the tuber turns green under the influence of light it 
produces the same poisonous alkaloids.

l	 Many common household pulses, including soya bean, red 
kidney bean and haricot bean (as in baked beans), contain 
toxic lectins called phytohaemagglutinins as well as trypsin 
inhibitors, that can only reliably be neutralised by boiling 
for at least 30 minutes.

The foods listed above are considered safe to eat, most in 
unlimited quantities. However, they do demonstrate how dif-
ficult it is to predict the toxicity of a plant from the presence 
of toxic constituents alone. The action of the whole plant and 
the way in which it is normally consumed clearly in these cases 
count for more than any individual constituent list. It is at least 
possible that medicinal plants impugned for their inclusion of 
toxic constituents are in the same position. In the absence of 
clear reports of adverse side effects, it can be argued that the 
burden of proof falls on those who would restrict access to 
popular remedies.

The nocebo effect
What is much less debated are negative placebo effects. In 
reports on most double blind clinical trials there are accounts 
of adverse effects among the placebo group. The symp-
toms listed cover a wide range and are not necessarily short-
term and transient. In one report of studies of 1228 healthy 
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volunteers the overall incidence of adverse events during pla-
cebo administration was 19%. Complaints were more frequent 
after repeated dosing (28%) and in elderly subjects (26%). 
Overall, the most frequent adverse events were headache 
(7%), drowsiness (5%) and asthenia (4%), with some variation 
depending on study design and populations.64 Pain can cer-
tainly be induced by placebo65 and placebo can also interact 
negatively with other medications.66

The nocebo effect raises an intriguing prospect. It is quite 
likely that some adverse effects ascribed to a remedy are as 
non-specific as placebo-induced efficacy. Most of these nocebo 
effects are likely to be clinically insignificant but there are real 
possibilities that more serious adverse effects could also have 
nothing directly to do with the remedy itself.

Unfortunately, placebo-controlled safety studies are not 
feasible but it will be helpful in assessing overall herbal safety 
to have some better understanding of the potential of the 
nocebo effect to confound the picture. For a more extensive 
discussion of this phenomenon, the reader is referred to The 
Essential Guide to Herbal Safety.1

An innocent bystander?
In some cases (perhaps many), an adverse effect attributed to 
a herb might only represent a coincidental association. One 
possible example is the hepatotoxic IDRs attributed to black 
cohosh. Research in several countries has found that one of the 
most serious causes of liver damage is unknown. Around about 
one-third of all liver transplants are due to a disorder known as 
idiopathic or non-A non-B hepatitis.67,68 The demographics of 
idiopathic hepatitis (female, late 30s to early 50s) and poten-
tial black cohosh use strongly overlap. Hence, there is a distinct 
possibility that some patients who develop idiopathic hepati-
tis might also coincidentally be taking black cohosh, given that 
this herb is now so popular. The herb could then be mistakenly 
attributed as the cause. Once one mistaken case is described in 
the literature, however poor its quality, it is likely that others 
will follow in a process akin to a self-fulfilling prophecy.

A coincidental association is more likely to occur when the 
quality of reporting a herbal adverse reaction is poor and does 
not take into account all possible causative factors. (Another 
problem with most herbal adverse reaction reports is that the 
identity of the herb purportedly involved is not identified, as 
is discussed elsewhere in this chapter).

Poor-quality case reports might not only incorrectly attrib-
ute a harmful effect to a herb, but they can also hamper the 
value of case reports as red flags for genuine adverse events. 
One group recently developed an instrument for assessing the 
quality of case reports, based on a point-based rating scale 
incorporating 21 items yielding a total possible score of 42.69 A 
review was undertaken of adverse reports for herbal products 
over three periods, 1986 to 1988, 1996 to 1998 and 2006 to 
2008. In total, 137 case reports were included. The percent-
age of high-quality case reports (scoring 29 or more) rose from 
0% in 1986 to 1988, to 27.9% in 1996 to 1998 and 34.2% in 
2006 to 2008. This study demonstrates that, while the quality 
of adverse herbal case reports is improving, there is still a long 
way to go.

Herbal safety: the arguments

A matter of debate
Given all the above, the issue of herbal safety is indeed a mat-
ter of contention. The following are the arguments marshalled 
by the doubters, particularly those who feel that their duty to 
public safety is to assume the worst-case scenarios.

The doubts
l	 Herbal remedies are complex mixtures of chemicals, about 

whose effects on the body little is known even in their 
isolated state, let alone when mixed in infinitely variable 
ways.

l	 Chemical complexity can work in both directions, 
buffering against and towards potentiation of adverse 
effects.

l	 Traditional use is likely to have spotted only acute and 
relatively frequent adverse reactions; chronic, delayed 
or infrequent reactions would probably not have been 
associated with the herb.

l	 Traditional reputations are in any case highly unreliable in 
their transmission.

l	 It is possible to exceed modern standards of risk, say 
1:1000, and still statistically mean that very few  
working practitioners will see the adverse events in their 
lifetimes (although this argument does not apply to 
consumer branded products selling in millions of units per 
annum).

l	 There are particularly heavy biases in the way of reporting 
adverse effects of herbal remedies at the present time (see 
below); therefore the current state of information is almost 
certainly understating the risk.

The reassurances
l	 The remedies used in herbal medicine represent only a tiny 

proportion of available plant species around the world. It 
is likely that humans through history moved inexorably to 
using those plants that were effective with a minimum of 
toxic or other adverse consequences.

l	 Even allowing for under-reporting of adverse events, 
levels in databases are remarkably low and certainly do 
not compare with the levels of iatrogenic problems in 
conventional medicine.

l	 Some benign qualities may arise from the very complexity 
of the plants, for which they are dismissed by conventional 
pharmacologists. The existence of tannins, mucilages, 
saponins or other constituents is likely to buffer or 
modulate the effect of more active constituents, which are 
often in any case present in only low levels.

l	 Most of the serious adverse events reported involve 
problems of product quality and adulteration (see 
elsewhere in this chapter). Attendance to pharmaceutical 
standards of quality assurance and quality control (as is the 
norm for European herbal medicinal products) and insisting 
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on minimal training standards for those who prescribe 
herbal remedies will reduce risk.

l	 Most importantly, the thrust of treatment in phytotherapy 
is often different from that of conventional pharmacology. 
The herbs may better be understood as promoting healing 
responses in the body rather than directly targeting 
symptoms or pathology; this allows for a more elliptical, 
nutritional tilt at the body with consequent reduced 
negative impact. Certain herbs may be contraindicated 
in certain cases, not because they can cause side effects 
or threaten danger, but because they may simply be 
inappropriate for the job.

Conditional conclusions
None of the arguments presented above are mutually contra-
dictory. An honourable position is possible on either side.

Given the low profile of adverse effects compared with 
other human activities, however, it could be argued strongly 
that herbal use should be given the benefit of the several 
doubts that remain. The burden of proof should lie with the 
regulator rather than with the herbal sector; that theoretical 
reasons for impugning safety (such as the presence of con-
stituents with toxic potential in isolation) are not sufficient 
in themselves for banning herbal remedies. Nevertheless, 
the herbal sector has a professional responsibility to moni-
tor assiduously and continuously the situation and to react 
responsibly if genuine concerns arise (see also the discussion 
of pharmacovigilance later in this chapter).

The impact of quality on safety

Appreciating quality
Medicinal plants are sourced from nature and hence, unlike 
conventional chemical drugs, will vary from batch to batch. 
This can be readily understood by comparison with another 
plant product – wine. In technical terms, wine is the fer-
mented juice of the fruit of Vitis vinifera. However, factors 
such as the grape variety, climatic conditions, soil type, time 
of harvest and fermentation conditions can all determine 
whether a batch of wine will be either poor or good quality 
(which is subsequently reflected in the price of the wine).

In the case of wine, factors such as the texture, colour, 
aroma and taste determine if the product is of good qual-
ity or otherwise. For medicinal plants, the situation is more 
complex. Most of the chemical components of herbs that 
are important for therapeutic activity are secondary metabo-
lites. Secondary metabolites are defined as those not likely 
to be important for normal growth and survival of the plant, 
although they are sometimes produced in higher levels in 
response to infection, insect attack and adverse growing con-
ditions. One consequence of this is that, even though they 
may give an impression of its quality, the appearance and col-
our of a herb are not necessarily indicators of its therapeutic 
benefit or safety. Indeed, plants grown under adverse condi-
tions may sometimes have a poor appearance, but higher 
levels of secondary metabolites. One corollary of this is that 

while herb batches that have a good appearance and a pleas-
ant taste might be suitable for a herbal tea, they may not be 
optimum for use as medicines. Chamomile is a good example. 
Matricine is considered to be an important active component 
and varieties of chamomile have been bred that contain higher 
levels of this phytochemical. Since matricine imparts a bitter 
taste to the flowers, these high medicinal grade varieties are 
not suitable for a culinary herbal tea.

Markers of quality?
One approach adopted by the various pharmacopoeias and 
used by manufacturers is to set minimum levels of marker 
chemical compounds for a herbal raw material. These are 
seen to give some indication of activity and hence quality. This 
approach, although valid, is fraught with difficulties. Even 
where the marker compound is known to contribute to the 
therapeutic activity of the herb (and this is not always the 
case), herbal clinicians stress that the chemical complexity of 
the plant confers the sum total of its activity. However, until 
there is better understanding of how individual herbs work in 
their chemical totality, setting markers is a good beginning. 
The uncertainties can be lessened by choosing phytochemical 
classes of marker compounds (flavonoids, essential oil, oligo-
meric procyanidins and so on) rather than just single chemical 
constituents. Along these lines, testing for a range of marker 
compounds (or groups of marker compounds) in the one plant 
might lead to a better assessment of activity. However, none 
of this should occur at the expense of the chemical totality of 
the plant’s extractable material.

Pharmaceutical GMP
In a number of countries, including those in Europe as well 
as Japan and Australia, all herbal medicines must be made 
according to the code of pharmaceutical GMP (Good 
Manufacturing Practice). The US now requires compli-
ance with ‘GMPs’ for dietary supplements, but the standard 
applied falls short of pharmaceutical GMP in some respects. 
Pharmaceutical GMP is a fail-safe system of quality assurance 
and quality control which defines a number of procedures and 
observances including:
l	 validation of equipment and processes
l	 documented standard operating procedures covering every 

aspect of manufacture
l	 documented cleaning and calibration logs for equipment
l	 control of the manufacturing environment, air and water
l	 quarantining and unique identification and testing of raw 

materials, labels and packaging
l	 discrete batch identification
l	 comprehensive batch record documentation
l	 reconciliation of raw materials, product, packaging and 

labels
l	 quarantining and testing of finished products
l	 documented release-for-sale procedures
l	 testing of stability of finished product
l	 documentation of customer complaints and recall 

procedures.
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In practice, herbal manufacturing under GMP is more 
complex than conventional drugs. This is because a herb is 
biologically rather than chemically defined and:
l	 may be incorrectly identified
l	 may vary in chemical content and hence efficacy
l	 carries with it ‘a history’, for example it may be 

contaminated with unwanted substances
l	 processing of herbs may enhance or impair their safety and 

efficacy
l	 stability may be difficult to define and measure.

Nevertheless, all the considerations above point strongly to 
the importance of herbal product manufacture under appro-
priate GMP.

As part of GMP, herbal raw materials are subjected to a 
battery of tests to ensure their quality and purity. These tests 
are outlined in Box 5.1. A useful guide to the British and 
European standards in these areas is provided by the British 
Herbal Pharmacopoeia 1996,70 together with the current 
British and European Pharmacopoeias and the United States 
Pharmacopeia – National Formulary.

Thin layer chromatography (TLC) is a particularly useful 
technique for the identification of plant material. It can also 
be used to quantify plant constituents. The process of per-
forming TLC is outlined in Box 5.2.

Finished herbal products also need to undergo testing 
before their release. Boxes 5.3 and 5.4 provide examples of 
possible testing protocols for finished products.

Microbial contamination
Since plants come from nature, herbal raw materials carry a 
microbial burden which needs to be reduced during process-
ing. Although microbial contamination of herbs is a potential 
safety issue, there is relatively little evidence that is a signifi-
cant issue in practice.

The European Pharmacopoeia sets limits for microbial con-
tamination for herbal remedies in Category 4, Section 5.1.4. 
Microbial Quality of Pharmaceutical Preparations (1997) as 
follows.

A.	 Herbal remedies to which boiling water has been added 
before use:
l	 Total viable aerobic count. Not more than 107 aerobic 

bacteria and not more than 105 fungi per gram or per 
millilitre

l	 Not more than 102 Escherichia coli per gram or per 
millilitre.

Box 5.1

Herbal raw material testing
l	 Identity and quality with thin layer chromatography
l	 Microscopic analysis
l	 Macroscopic analysis and organoleptic assessment
l	 Pesticide residues
l	 Microbial levels
l	 Aflatoxins
l	 Heavy metals
l	 Foreign material
l	 Infestation
l	 Radiation levels
l	 Active or marker compounds (quantitative)

Box 5.2

Thin layer chromatography
l	 An extract of a herb is spotted at the bottom of a thin layer of 

silica gel on a glass plate
l	 The plate is dipped in a solvent mixture so that the level of the 

solvent is below where the herb was applied
l	 The solvent draws up the layer and carries the phytochemical 

components in the herb extract different distances
l	 Sprays and/or ultraviolet light are used to view the components, 

giving a characteristic pattern of spots
l	 Each spot corresponds to a phytochemical in the herb
l	 Different solvent systems draw out different classes of 

phytochemicals in the herb

Box 5.3

Quality considerations for finished liquid herbal 
products
l	 Extraction efficiency
l	 Identity:

a.	 organoleptic assessment
b.	 thin layer chromatography or high performance liquid 

chromatography fingerprint
l	 Active or marker phytochemicals
l	 Microbial testing:

a.	 total count
b.	 pathogens
c.	 yeast and mould

l	 Pesticide residues

Box 5.4

Quality considerations for finished tablet herbal 
products
l	 Identity:

a.	 organoleptic assessment
b.	 thin layer chromatography

l	 Microbial testing:
a.	 total count
b.	 pathogens
c.	 yeasts and mould

l	 Hardness and friability
l	 Disintegration time
l	 Tablet size
l	 Weight
l	 Active or marker phytochemicals
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B.	 Other herbal remedies:
l	 Total viable aerobic count. Not more than 105 aerobic 

bacteria and not more than 104 fungi per gram or per 
millilitre

l	 Not more than 103 enterobacteria and certain other 
Gram-negative bacteria per gram or per millilitre

l	 Absence of Escherichia coli (1.0 g or 1.0 mL)
l	 Absence of salmonella (10.0 g or 10.0 mL).

These levels are incidentally much tighter than those applied 
to food supply industries where absolute levels are often absent.

Substitution problems in herbal 
medicine
Substitution of one herbal raw material with another can pose 
a considerable problem in herbal manufacture. Substitution 
can occur at several different levels:
l	 Within a species of a less active chemical race or subspecies
l	 Of the wrong or less active plant part
l	 Within a genus of a related plant
l	 Of a completely different genus.

Many problems associated with herbal quality have been 
caused by substitution. This particularly threatens remedies 
that have suddenly become popular so that demand exceeds 
supply, such as the previous substitution of Echinacea with 
Parthenium integrifolium and the replacement of Arnica spe-
cies with Mexican arnica (Heterotheca inuloides). It is partic-
ularly serious where safety is compromised, for example the 
substitution of Teucrium species (germander) for Scutellaria 
lateriflora (skullcap), as noted previously.

Some substitution practices may avoid detection at manu-
facture, even under GMP, and are occasionally detected in 
over-the-counter products in some countries. However, the 
knowledge of a specific substitution and the application of an 
appropriate test method can and does expose such practices. 
Despite the substitution of Stephania by Aristolochia being 
implicated in renal disease, apparently this practice still com-
monly occurs.

Contamination issues in herbal 
medicine
Herbal products can sometimes be contaminated with other 
agents and a few isolated instances have raised public health 
concerns. These include:
l	 products made in China and India contaminated with 

heavy metals (sometimes added intentionally) or 
potentially pathogenic microorganisms

l	 products made in China contaminated with conventional 
drugs

l	 contamination of a safe herb with a toxic herb, for example 
Digitalis (foxglove leaves) found among Arctium lappa 
(burdock) leaves.

The practice of pharmaceutical GMP in a well-regulated 
environment should eliminate the possibility of these types of 
contamination.

As mentioned above, one persistent quality problem that 
can dramatically impact on safety is the adulteration of herbal 
products with undeclared conventional drugs. Examples of the 
adulteration of Chinese herbal medicines with synthetic drugs 
are provided in two reviews.71,72 A wide variety of agents 
including corticosteroids, non-steroidal anti-inflammatory 
drugs, analgesics, benzodiazepines, anticonvulsants and hypo-
glycaemic drugs have been found.

Cases of adrenal suppression have been linked to the intake 
of Chinese herbal products. A Taiwanese study found that 8 of 
13 patients with severe illness and low cortisol levels reported 
using herbal products.73 Two cases of adrenal suppression were 
reported in New Zealand and attributed to the intake of the 
Chinese herbal product Shen Loon.74 The product was later 
found to contain the corticosteroid betamethasone, although 
the authors suggested other factors could be involved as well.

Undeclared codeine was detected in a Chinese antiasthmatic 
proprietary product.75 One phenomenon which has fortunately 
received a high degree of media attention is the adulteration of 
Chinese weight loss products with banned weight loss drugs 
such as fenfluramine. This has led to toxic reactions or fatalities 
in the UK, Singapore, Japan and China.76–79

This problem is still current, with the US FDA recently 
issuing a recall notice on a herbal slimming capsule con-
taminated with sibutramine, a controlled substance that was 
withdrawn from the US market in October 2010 for safety 
reasons.80

A particularly cautionary tale is that of PC-SPES. PC-SPES 
was a herbal formulation specifically targeted at the treatment 
of prostate cancer (hence PC) developed and patented in the 
early 1990s by a research chemist.81 It ostensibly contained 
seven Chinese herbs and one American herb (saw palmetto: 
Serenoa repens). The product was very successful in the US 
marketplace and there were consistent anecdotal accounts 
of its efficacy, especially for controlling PSA (prostate spe-
cific antigen) levels. In particular, naturopathic physicians and 
holistic medical doctors recommended the product to many 
patients. Being a US-sponsored product they had no reason 
to believe it was anything other than a herbal product, despite 
the fact that it was manufactured in China.

PC-SPES soon began to attract the interest of well-
respected research scientists including those at Johns Hopkins 
School of Medicine, Harvard Medical School and the National 
Center for Complementary and Alternative Medicine.81 In 
2002, three reviews of the use of PC-SPES were published 
which surveyed the major publications on its pharmacology 
and clinical activity.82–84 By early 2002 there were 116 pub-
lished clinical and laboratory-based studies of PC-SPES.85

The reviews highlighted the significant in vitro and in 
vivo activities of PC-SPES in prostate cancer models and 
noted the small number of positive but preliminary clinical  
trials.82–84 Oestrogenic activity was confirmed for the prod-
uct, which was consistent with some of the side effects exhib-
ited by patients taking the formulation such as gynaecomastia, 
loss of libido, decrease in body hair and superficial thrombo-
sis. However, there was also another worrying and paradoxi-
cal side effect of PC-SPES: it was linked to severe bleeding in 
one case86 and suspected of potentiating the effects of warfa-
rin in another.87
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Another perspective on PC-SPES began to emerge in 2002 
at around the same time the above reviews were published. In 
early April a group of scientists presented their findings to the 
93rd Meeting of the American Association for Cancer Research 
that PC-SPES samples from 1996 to 2001 contained the oes-
trogenic drug diethylstilbestrol as well as warfarin and indo-
methacin.88 Their comprehensive results were published later 
that year.89 Earlier in February 2002, the FDA alerted consum-
ers to stop taking PC-SPES because the California Department 
of Health Services had detected the presence of warfarin. 
Another product called SPES from the same corporation had 
been found to contain the anti-anxiety drug alprazolam.90 The 
manufacturer undertook a voluntary recall and PC-SPES was 
subsequently withdrawn from the market.81

Resolving the safety issue: 
pharmacovigilance initiatives

Postmarketing surveillance
Given that so few herbal extracts have ever been submitted 
to extensive preclinical studies, the toxicological information 
about herbal remedies is generally sketchy. In European leg-
islation the principle has been accepted that drugs already 
widely used in the population need not go back to the labo-
ratory for new toxicological studies. Instead, those supply-
ing such remedies are under increasing burden to establish 
safety on an ongoing basis; postmarketing surveillance or 
pharmacovigilance are terms generally used to describe this 
monitoring process. There is an overwhelming mathemati-
cal case for systematising observations of adverse reactions. 
Statisticians have calculated that if, for example, an adverse 
event occurred in as many as 1 in 1000 cases, one would need 
to see 3000 cases to have a 95% probability of spotting one.91 
This ‘law of three’ makes the individual practitioner of little 
use in identifying even substantial risks.

All modern medicine legislatures have drug monitoring 
administrations and encourage physicians to report adverse 
events they encounter. In some countries, reporting to the 
authority is mandatory and various forms are produced for the 
purpose. There is thus in most countries a database of adverse 
drug reactions (ADRs), which contribute to the warnings 
added to drug labels and datasheets. A very small number of 
ADRs relate to herbal remedies, but for a number of reasons 
(see below) these have been poorly evaluated.

In the cases where analysis of the data has been done, 
reports of adverse effects from human consumption of herbs 
appear to be relatively infrequent, making up around 1% of 
spontaneous reporting.92 There is a widespread concern among 
the regulatory authorities, however, that these cases represent 
only a small proportion of such incidents. Spontaneous report-
ing for even conventional prescribed drugs is an inefficient 
mechanism, with reporting rates among physicians as low as a 
few per cent of actual cases.93 In the case of herbal remedies, 
so many of which are self-prescribed or are prescribed by non-
doctors, there is much less opportunity for doctors to become 
aware of this factor in adverse events. Reporting mechanisms 

for non-doctors are rarely in place and even pharmacists have 
only variable opportunities or tradition for notifying adverse 
events. Even where reporting is possible, there are other rea-
sons why spontaneous notification is likely to be particularly 
ineffective for herbal remedies (Box 5.5).

On the other hand the herbal sector can claim that uncon-
trolled observations of adverse events are likely to be mis-
leading for the case of herbal safety, and even the regulators 
accept that there are particular problems (Box 5.6).

In this context it is an encouraging development that most 
countries now include herbal adverse reaction reporting in 
their respective databases, often with a formal requirement 
on manufacturers to report their knowledge of such events to 
the relevant statutory authority. Such adverse reaction data 
from government or WHO databases that have occasionally 
been drawn on for safety information regarding individual 

Box 5.5

Problems affecting the reporting of ADRs involving 
herbal remedies
There may be fewer adverse drug reactions (ADRs) for herbal 
remedies due to the following:
l	 Lethargy (general reporting rates for all drugs are very poor)
l	 Physicians are usually unaware of natural product consumption
l	 Physicians do not routinely ask about non-prescribed 

medications
l	 Common bias against associating adverse effects with natural 

medicines
l	 Ignorance of reporting mechanisms by potential non-physician 

notifiers
l	 Users reluctant to talk to professionals if self-prescribed 

treatment goes wrong
l	 Potential notifier’s reluctance to get involved in ‘the system’
l	 Potential notifier’s reluctance to risk losing a favourite remedy
l	 Uncertainty of connections in multiple ingredient prescriptions

Box 5.6

Perceived problems in applying ADRs to assessing the 
safety of herbal remedies
Adverse drug reaction (ADR) reporting is not sensitive to herbal 
use. It does not easily:
l	 detect adverse reactions that are:

a.	 subtle
b.	 infrequent
c.	 delayed

l	 pick out causative agents from multiple ingredients
l	 disentangle multiple/multicausal pathologies most often seen in 

chronic diseases.

There is a wider lack of context in which to place herbal ADRs, 
in particular concerning:
l	 market availability/consumption
l	 pharmacotoxicology
l	 drug interactions
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herbs and, where available, in published form, are included in 
the relevant monograph in Section Three.

In addition, studies are published from time to time that 
examine the totality of case reports on a specific database. 
One relatively recent example is from Sweden that drew 
on adverse reactions submitted to the Swedish Medicinal 
Products Agency between 1987 and 2006.94 Among a total of 
64 493 reports, 778 concerned 967 suspected adverse reac-
tions related to 175 complementary medicine products. Of 
these 967 adverse reactions, the most reported substance 
was Echinacea purpurea singly (8.1%) and in combination 
(7.3%), with Ginkgo biloba leaf next at 6.7%. In 221 reports, 
at least one reaction was categorised as serious, the frequency 
of these being pulmonary embolism (1.7%), liver reactions 
(2.8%) and anaphylactic reaction (2%).

For a detailed discussion of the pharmacovigilance of herbal 
medicines, see Chapter 11 of The Essential Guide to Herbal 
Safety.1

Conclusion

There is no absolute safety in life. Every human activity is 
risky and accidents will happen, even to herbal clinicians. 

Some plants are likely to be dangerous when consumed; as 
material medicines, herbs are bound to interact with the body 
in ways that are not always convenient. Since little is known 
about the long-term consequences of herbal intake, it would 
make good practical sense to discourage patients from taking 
the same prescriptions for long periods unless there is a clear 
benefit.

It is surprising, however, how few problems have been laid 
at the door of medicinal plants. Considering the vast usage 
around the world of plants as medicines, it is remarkable that 
there is so little epidemiological or clinical evidence that this 
is a harmful activity. It is possible even that the safety record 
for phytotherapy is better than for any other widespread 
human activity, including eating, drinking, sleeping (a particu-
larly dangerous activity), taking exercise, working or travelling.

The problem for legislators, medical professionals and pub-
lic guardians is that they inevitably find themselves balancing 
risk with benefit. If they can see a public benefit as well as a 
demand for an activity they will feel able to cover themselves 
against public and media attack if something ever went wrong. 
Unfortunately, despite the accumulating research, the case for 
the efficacy of herbal treatments is making relatively slower 
headway with many legislators and conventional medical prac-
titioners than the case for their safety.
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6Dosage and dosage forms  
in herbal medicine

high doses of herbs possibly also act through other unknown 
interactive factors), it is useful to review and contrast current 
and historical dosage approaches. By doing this, one can arrive 
at an appropriate dosage system for modern phytotherapy in 
that it is consistent with:
l	 dosage ranges used in other important herbal traditions, 

e.g. China and India
l	 dosages used by important historical movements in 

Western herbal medicine, e.g. the Eclectics
l	 dosages currently recommended in pharmacopoeias
l	 dosages established from pharmacological and clinical 

research.

In any discussion of herbal doses, the influence of dosage 
form and quality of preparations must also be considered, as 
should the mechanics of formulation and prescription writing.

Review of dosage approaches

Traditional Chinese medicine
The daily dose for individual non-toxic herbs in traditional 
Chinese medicine is usually in the range of 3 to 10 g, given as 
a decoction or in pill or powder form.1 Often higher doses are 
prescribed by decoction than for pills, as might be expected 
since not all active components readily dissolve in hot water.2 
(Pills generally consist of the powdered herb incorporated into 
a suitable base.) Herbs are invariably prescribed in formula-
tions. Doses for such formulations are about 3 to 9 g taken 
three times daily but can be higher in the case of decoctions.

For each individual herb, a wide dosage range is usually 
given in texts. (This applies for all herbal systems.) One rea-
son for this is that if a herb is used by itself or with just a 
few other herbs, a larger dose is used than when it is com-
bined with many other herbs.2 Dose also varies according to 
the weight and age of patients and the severity or acuteness of 
their condition.
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The subject of appropriate dose is probably the most con-
troversial aspect of contemporary Western herbal medicine. 
Among Western herbal practitioners, many different dosage 
approaches are found from country to country and within 
countries. Underlying these different approaches are different 
philosophies about the therapeutic action of medicinal plants.

At one extreme is the assumption that the therapeutic 
effect relies on a specific dose of the active chemicals con-
tained in each particular plant. At the other extreme, empha-
sis is placed on the assumption that a herbal medicine, being 
derived from a living organism, carries a certain energy or 
vital force. The quality of this energy confers the therapeutic 
effect and hence the amount of actual herb is not as impor-
tant, as long as some is present. Others perhaps feel that the 
active components act as catalysts to restore health and do 
not need to be present in pharmacological quantities.

The low dosage approach should not be confused with 
homeopathy, although it has been influenced by this sys-
tem. One important difference from homeopathy is that the 
therapeutic indications are not derived from the principle of 
similars and mainly come from traditional indications. Like 
homeopathy, this approach probably relies on a high degree of 
patient susceptibility to the medication.

Both the high and low dosage approaches have their adher-
ents who maintain that their respective systems give good 
results in the clinic. While it is inappropriate to label one 
approach as correct and the other incorrect (indeed, even 
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Recently, a more processed form of dosage has become 
popular among practitioners of Chinese medicine. This 
involves the prescription of formulas in a granulated form. 
The granules are prepared by drying or freeze-drying decoc-
tions, that is aqueous extracts, of herbal formulas. Usually 2 g 
of granules is prescribed three times daily, which corresponds 
to about 6 to 10 g of original dried herbs per dose.

Some herbs, or closely related species, are used in both 
Chinese and Western herbal medicine. Table 6.11,3,4 compares 
dosages for a few of these herbs.

In general, the similarity in the dosage range between 
the different systems is striking. Discrepancies do exist for 
Zingiber and Taraxacum, which in the case of Zingiber can 
be explained by a higher content of the active components in 
the alcoholic tincture compared to the decoction, and, in the 
case of Taraxacum may be a reflection on the different species 
used.

Ayurveda
Ayurveda often involves complex formulations which are 
prepared over several days and can contain many herbal 
and mineral components. Consequently, there is more dos-
age diversity than for Chinese medicine. Dosage ranges for 
individual non-toxic herbs are generally in the region of 1 to  
6 g/day as powders or tinctures, with higher doses often rec-
ommended for decoctions.5

Eclectic medicine
Eclectic medicine was a largely empirical school of medicine 
which developed in America during the 19th century.6 The 

movement was most prominent for a brief period from the 
late 19th to the early 20th centuries, when there were several 
teaching universities and many eminent scholars in the USA. 
Although the Eclectics used simple chemical medicines such 
as phosphoric acid, they mainly prescribed herbal medicines. 
Their knowledge of materia medica was their greatest contri-
bution to Western herbal medicine; for example, herbs such 
as Echinacea and golden seal were made popular by them 
after observation of their use by the Native Americans.

The Eclectics tended to use higher doses than those rec-
ommended in current texts and pharmacopoeias, although the 
ranges tend to overlap. Table 6.2 compares dosages currently 
used3,4 with those found in Eclectic texts7,8 for alcoholic 
extracts of herbs.

The British Herbal Pharmacopoeia
The British Herbal Pharmacopoeia 1983 (BHP) carries 
extensive dosage information for individual herbs and is gen-
erally regarded as an important traditional reference on this 
subject for Western herbal practitioners. Dosages given in 
the BHP were derived from earlier texts such as the British 
Pharmacopoeia (BP) and the British Pharmaceutical Codex 
(BPC) but also resulted from a survey of herbal practitioners. 
More recently, the British Herbal Compendium (BHC) has 
been published in two volumes, with dosage information for 
the practitioner.9,10

The doses given by the BHP 1983 contain some inconsist-
encies. The main problem is that doses for tinctures often do 
not correlate to corresponding doses for liquid extracts. For a 
1:1 extract and a 1:5 tincture of a particular herb to correlate 
in terms of dose, the dose range for the tincture should be five 
times that of the extract, since it is theoretically five times 
weaker. This problem contrasts with other pharmacopoeias 
such as the BPC 1934 where the correlation is generally, but Table 6.1  Comparison of dosages used in Chinese and Western 

herbal medicine

Herb Chinese dosage1  
g/day

Western dosage3,4  
g/day

Ephedra sinica 3–9 3–9 (extract)

3–12 (decoction)

Zingiber officinale 3–9 0.75–3 (decoction)

0.38–0.75 (tincture)

Taraxacum 
mongolicum

9–30 6–24 (decoction)

3–6 (tincture)

Glycyrrhiza uralensis 3–12 3–12 (decoction)

6–12 (extract)

Rheum palmatum 3–6 2.3–4.5 (decoction)

1.8–6 (extract)

Note: For dosages of tinctures and extracts given three times daily, the corresponding 
amount of dried herb per day has been calculated.

Table 6.2  Comparison of dosages used by the Eclectics and 
modern dosages

Herb Eclectic dosage7,8  
g/day

Current dosage3,4  
g/day

Euphorbia hirta 1.8–10.8 0.36–0.9

Echinacea angustifolia 0.9–5.4 0.75–3.0

Hydrastis canadensis 0.9–10.8 0.9–3.0

Passiflora incarnata 1.8–10.8 1.5–3.0

Valeriana officinalis 2.1–6.0 0.9–3.0

Rumex crispus 1.8–10.8 6.0–12.0

Viburnum opulus 3.6–10.8 6.0–12.0

Serenoa repens 2.7–10.8 1.8–4.5

Note: The corresponding amount of dried herb per day has been calculated from 
recommended dosages for fluid extracts.
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not exactly, observed. Some examples that highlight this prob-
lem are provided in Table 6.3.

The poor correlation demonstrated in Table 6.3, where in 
the case of Eupatorium purpureum the tincture dose is actu-
ally less than the extract dose, probably arises for two reasons:

1.	As stated above, the BHP 1983 doses were in part derived 
from a survey of herbal practitioners. It is probable 
that there were different dosage philosophies between 
practitioners using extracts compared to those using 
tinctures. Hence, a correlation should not be expected.

2.	Tinctures are manufactured using different techniques 
to 1:1 fluid extracts. This is particularly important. 
Fluid extracts can be prepared by reconstituting more 
concentrated extracts, rather than the traditional method 
of reserved percolation. In either case, the heat or vacuum 
used in concentration can rob the preparation of important 
active chemicals. Tinctures better preserve the activity of 
the whole plant because they are made without heat or a 
concentration procedure. Fluid extracts were also often 
manufactured using lower alcohol strengths than tinctures, 
and important active components may therefore not be 
extracted from the starting plant material. The result of 
these factors is that a 1:1 fluid extract can have an activity 
which is much less than five times that of a 1:5 tincture. 
This will be dealt with in more detail in the part of this 
chapter that discusses liquid preparations.

Since tinctures better preserve the chemical profile of the 
dried herb, more credibility should be given to the tincture 
doses when using the dosage ranges in the BHP 1983.

Commission E and ESCOP 
monographs
Under the direction of the German Health Department, the 
Commission E prepared a series of monographs on commonly 
used medicinal herbs during the 1980s. The Commission E 

was an expert committee consisting of doctors, pharmacolo-
gists, pharmacognocists and toxicologists from both academia 
and industry. If a herb did not receive a positive monograph 
from the Commission E, it could not be readily registered as 
a medicine in Germany. In the preparation of a monograph, 
the Commission E took into account relevant traditional use 
as well as scientific research.

A positive monograph for a herb also included dosage 
information. Many of the monograph doses are for infusions 
or decoctions since this reflects the common use of teas in 
the German marketplace.11 Such daily doses are usually in 
the range of 2 to 10 g. Occasionally a monograph will specify 
a dose for a herb in terms of major active constituents; for 
example, for Ephedra the daily dose is 45 to 90 mg of alka-
loids (about 4 to 8 g of herb) which is similar to the range in 
Table 6.1. Occasionally, where tincture and extract doses are 
given by the Commission E, there is not always a good cor-
relation. For example, the single dose for valerian tincture is 1 
to 3 mL and yet the single dose for a fluid extract is 2 to 3 mL. 
The reasons for this may be the same as those discussed above 
for the BHP 1983.

The Scientific Committee of ESCOP (European Scientific 
Cooperative of Phytotherapy) has published a series of herbal 
monographs.12,13 These were compiled by an international 
team of expert authors and represent a major contribution to 
the harmonisation of standards for herbal medicines across 
the European Union. These monographs contain useful dosage 
information reflecting the European situation and have been 
taken into account for the dosage recommendations in this text.

Clinical trials
The clinical trial is arguably the best way to determine the 
effective dose of either a single herb or a herbal formulation. 
This will not always be applicable to traditional medicine, 
however, since prescriptions are usually prepared on an indi-
vidual basis. Also, a clinical trial does not necessarily deter-
mine the optimum dose. However, it does confer a relative 
certainty to the clinical results. That is, at a given dose of a 
given preparation a certain percentage of patients are likely 
to respond; for example, Ginkgo biloba standardised extract 
at 120 mg/day (which corresponds to about 6 g/day of dry 
leaves), given for 2 months, will improve intermittent claudi-
cation in 60% of patients.14

Sometimes the clinical trial has used a standardised extract 
of the herb which can then be correlated to the whole herb; 
for example, silymarin in liver disorders at 240 mg/day corre-
sponds to 8 to 16 g/day of Silybum marianum seeds.15

The low dosage approach
Currently in the USA, New Zealand, parts of Europe (espe-
cially among homeopaths) and to some extent Australia, there 
are practitioners who prefer to prescribe drop doses of 1:5 or 
even more dilute tinctures. It is useful to examine the possi-
ble origins of this approach.

In Europe, homeopaths often use combinations of herbal 
mother tinctures in drop dosage, for example, ‘drainage’. This 
approach is sometimes incorrectly labelled as ‘phytotherapy’.

Table 6.3  Comparison of extract and tincture dosages in the  
BHP 1983

Herb Dose range 
1:1 extract3

Dose range 
1:5 tincture3

Expected dose 
range for  
1:5 tincture

Agrimonia 
eupatoria

1–3 mL 2–4 mL 5–15 mL

Achillea 
millefolium

2–4 mL 2–4 mL 10–20 mL

Eupatorium 
purpureum

2–4 mL 1–2 mL 10–20 mL

Menyanthes 
trifoliata

1–2 mL 1–3 mL 5–10 mL

Note: The expected dose range for the 1:5 tincture is calculated by multiplying the 
dose range for the 1:1 extract by 5.
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In the USA a more direct influence comes, ironically, from 
a development of Eclectic medicine. In 1869, the Eclectic 
physician John Scudder proposed the concept of ‘specific 
medication’.7 With this concept, medicines were matched 
specifically to the symptom picture of the patient and then 
given in the minimum dose required. Although this system 
may seem similar to homeopathy, there were important dif-
ferences.16 Material doses were always used, albeit lower 
than those prescribed by other Eclectics, and the prescription 
was not based on the law of similars. However, like classical 
homeopathy, there was a tendency to use only one medicine 
at a time.

Scudder initially proposed that ‘specific medicines’ should 
be tinctures prepared from the fresh plant.16 A fresh plant 
tincture is sometimes still called a ‘specific tincture’. Hence, 
the approach of using drop doses of tinctures, especially fresh 
plant tinctures, also comes from Scudder.

Although Scudder’s system of specific medication was seen 
as an important development in Eclectic medicine, it was con-
siderably modified by Lloyd.17 Lloyd felt that drop doses of 
tinctures were too low and described the preparations pro-
posed by Scudder as ‘superficial’. Lloyd proceeded to develop 
elaborate herbal preparations which were concentrated, semi-
purified liquids. He also called these ‘specific medicines’ and 
they were widely adopted by Eclectic practitioners. However, 
in the early 20th century English herbalists aligned themselves 
with the American physiomedicalists in using simpler formu-
lations, because Lloyd’s specific medicines proved too costly 
to import.

Lloyd sometimes used solvents other than ethanol and 
water in the preparation of his specific medicines.17 His meth-
ods were kept secret and even today are not widely known. 
Lloyd writes: ‘The aim has been to exclude colouring matters 
… and inert extractive substances also from these prepara-
tions …’. In this sense, he was tending towards the concept 
of orthodox drugs. However, his preparations were still chemi-
cally complex and ‘very characteristic’ of the original herb.17 
According to Felter, the specific medicines developed by Lloyd 
were at least eight times stronger than 1:5 tinctures.7 It is 
these highly concentrated preparations which were generally 
used by Eclectic physicians in drop doses, and even then doses 
could be quite high – up to 60 drops (3 mL) three times daily.7

In conclusion, the use of drop doses of tinctures, especially 
fresh plant tinctures, originated in response to the availability 
of more concentrated specific medications and was not rep-
resentative of the general practice of Eclectic medicine, nor 
initially a challenge to traditional dosages.

The current system in the UK
In the UK in the past herbalists used fluid extracts, usually 
prepared using heat or from concentrates. However, among 
newer practitioners in the 1980s there was disenchantment 
with these preparations because of their inconsistent qual-
ity. These practitioners instead adopted the use of 1:5 tinc-
tures. Usually, formulations of tinctures are prescribed at 
doses of 2.5 to 5 mL three times daily. However, BHP 1983 
doses for tinctures can only be achieved by this approach if 
the formulation contains one to three herbs (see Table 6.3 for 

examples). Unfortunately, this restriction is usually not fol-
lowed and it can be concluded that the move to tinctures has 
resulted in the use of lower doses.

A rational system for modern 
phytotherapy
The dosages used by the traditional systems of India and 
China, by most of the Eclectics and those established by clini-
cal trials or recommended by expert committees or in phar-
maceutical texts all tend towards the higher end of the dosage 
spectrum. Such an agreement should not be ignored if there is 
to be consistency in modern phytotherapy.

If liquid preparations are to be used, then the BHP 1983 
is an appropriate guide. However, as discussed above, more 
credibility should be given to the tincture doses. The dif-
ficulty in using 1:5 tinctures is the large volumes which are 
required to achieve BHP doses for multi-herb formulations. 
One way to overcome this problem is to make a more con-
centrated preparation but without the use of heat or vacuum. 
Such a preparation would be more akin to a 1:5 tincture than 
a fluid extract, since it would better reflect the chemical char-
acteristics of the starting herb. The most concentrated prepa-
ration which can be achieved from a dried herb without using 
heat or vacuum concentration, and yet achieving high extrac-
tion efficiency, is a 1:2. A process of cold percolation is neces-
sary to achieve a 1:2 extract. Dosages for 1:2 extracts can be 
calculated as 0.4 of the dose for 1:5 tinctures, since they are 
2.5 times stronger.

This approach enables the use of multi-herb formulations 
consistent with BHP and BHC dosage guidelines. For special 
preparations, such as herbal extracts standardised for active 
components, dosages established by clinical trials should be 
followed.

Oral dosage forms in herbal 
medicine

It is worth examining the relative advantages and disadvan-
tages of the various oral dosage forms used by practitioners of 
Western herbal medicine.

Liquids
Liquid preparations have considerable advantages and are 
widely used. The main advantage is the easy preparation of 
formulations for each individual patient (extemporaneous dis-
pensing). The other considerable advantage of liquids is that, 
if properly prepared, they involve minimal processing and 
truly reflect the chemical characteristics of the herb in a com-
pact, convenient form. They also confer considerable dosage 
flexibility, which is especially relevant when prescribing low 
doses for small children. Liquids are readily absorbed and are 
convenient to take.

Superior bioavailability is also an under-researched advan-
tage of herbal liquids. When a solid dosage preparation is 
ingested, it must first disintegrate. The plant’s phytochemicals 
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need to dissolve in digestive juices (and the water simulta-
neously imbibed with the tablet or capsule) in order to be 
absorbed by the body. Research has demonstrated that there 
is a relationship between the rate and degree of dissolution 
of the phytochemicals in a solid dosage preparation and their 
ultimate absorption into the bloodstream. The advantage of 
herbal liquids is that the all-important phytochemical constit-
uents are already in solution.

The main disadvantage of liquids is taste, although in the 
case of bitters the taste is an essential part of the therapy. The 
taste problem is somewhat exaggerated by some patients. 
Most patients get used to the taste of their mixture and some 
even grow to like it. If taste becomes a problem, there are fla-
vouring preparations available and these are particularly useful 
for children.

It is helpful to ask patients before prescribing if they mind 
taking strong-tasting liquids. This will draw a commitment 
from those who say it is not a problem and guide the clinician 
to solid dose alternatives if the answer is otherwise.

The way a herbal liquid is taken can minimise the experi-
ence of any unpleasant taste. The most important factors are 
the contact time of the remedy in the mouth and the inten-
sity of the contact. Some practitioners claim that absorption 
from the oral cavity is often part of the activity of herbal 
preparations. So it may in fact be preferable to prolong the 
contact time. But from the point of view of taste, it should be 
minimised.

To reduce the intensity of the contact, the herbal liquid 
must be diluted. However, if it is diluted too much the con-
tact time will be too long. So there is a trade-off between 
intensity and contact time. It is recommended that a 5 mL 
dose is diluted with around 10 mL of water or fruit juice. 
This can easily be swallowed in one go, making the contact 
time minimal. Another way to reduce further the intensity of 
the contact is to suck on some ice beforehand. This deadens 
the taste buds and the olfactory nerve. Chilling the medicine 
beforehand and adding chilled water is another way to reduce 
the taste intensity.

Contact time can be further reduced by immediately rins-
ing the mouth with water or fruit juice. About 50 mL can be 
quickly consumed immediately after the liquid is taken. To 
best achieve this, the diluted liquid should be in one hand and 
the rinse in the other. They are then consumed in a one–two 
action, as quickly as possible. Using this technique, taste can 
be dramatically minimised and few patients complain of any 
problem. For herbs with a lingering aftertaste, eating some-
thing afterwards will help.

Another option to avoid the taste of a herbal liquid is to 
put the liquid (undiluted) into a hard gelatin capsule using a 
dropper. The capsule will soften slowly over the next hour, so 
it can be conveniently consumed well before this happens.

Another disadvantage of liquids that applies in a few cases 
is the alcohol content. This is if the patient is allergic to alco-
hol or is an ex-alcoholic who does not wish to take alcohol in 
any form. Also, some strict Muslims will also not take alco-
hol, even in medicines. Only a very small minority of patients 
are genuinely sensitive to alcohol. In others, a presumed sen-
sitivity is only an exaggerated reflex response to the medi-
cine. This can usually be alleviated by lower doses at greater 

frequency, taken with copious water or food. Usually the 
small quantities of alcohol involved will not affect a mildly 
damaged liver – a 5 mL dose contains as much alcohol as 
about one-sixth of a glass of beer or wine. The alcohol content 
of liquids is not a problem for children since correspondingly 
lower amounts of liquids, and hence alcohol, are prescribed.

Use of alcohol in herbal liquid preparations is important 
since it is a good solvent for herbal active components and an 
excellent preservative. This is discussed in more detail later in 
this chapter, together with a brief review of the history and 
context of ethanol use in herbal preparations.

Tablets
Herbal tablets are a convenient dosage form and no problems 
with taste or alcohol are associated with their use. However, 
tablets contain fixed formulations which cannot be exactly 
adapted to the needs of the individual patient. Therefore, it is 
critical that the herbs contained in a tablet are carefully cho-
sen for the disorder they are intended to treat. Even then, the 
degree of treatment flexibility is limited.

A major potential problem with tablets is the degree of 
processing required. Processing is minimal for tablets contain-
ing the powdered herb, but the amount of herb which can 
be incorporated into such tablets is limited (without making 
them excessively large). Tablets are therefore usually made 
from extracts, which are more concentrated than the original 
dried herb. In order to achieve this, the herb is first extracted 
with a solvent. Often water is used to keep costs down. The 
resultant liquid is then dried to either a soft or a powdered 
concentrate using processes such as vacuum concentration or 
spray drying. Heat-sensitive or volatile components can be 
damaged or lost by this process. Heat is also sometimes used 
in the tablet-making process via a granulation step: the tab-
let mixture may be wetted and then dried in an oven before 
the final pressing. This risks further damage to the active com-
ponents. Hence, when manufacturing tablets, quality may be 
sacrificed for the sake of quantity. One way to compensate for 
this problem with concentrates is to standardise each herbal 
ingredient for key active components. However, the compo-
nents chosen for standardisation must be meaningful in terms 
of the desired activity of the herb (see later). In other words, 
they must be meaningful indicators of quality.

Another problem with tablets is that, despite the use of 
concentrates, they are sometimes formulated to contain low 
amounts of herbs. Many tablets contain herbs in equivalent 
dried herb doses of 1 to 50 mg (that is, the herb is there as a 
concentrate and the equivalent amount of dried herb is calcu-
lated from the known strength of the concentrate). It is dif-
ficult to see how therapeutic doses can be achieved from such 
small quantities.

For many patients one liquid formulation may not be 
enough to treat adequately their complex and varied medical 
conditions. This is where tablets can be extremely useful. For 
these patients a herbal formulation can be combined with one 
or more tablet formulations.

Sometimes only tablets can confer clinically effective 
doses. Some herbal products have been shown in clinical trials 
to be only effective at high doses. If these herbs were given 
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in liquid form, the doses of liquid needed would be impracti-
cally high. A good example of this is the willow bark tablet 
that contains around 8 g of willow bark. This means that each 
tablet is equivalent to 16 mL of a 1:2 liquid extract. The only 
practical way to give such clinically effective doses of willow 
bark, based on clinical trials, is to use a herbal tablet.

Boswellia is a highly resinous herb which needs to be 
extracted in 90% alcohol. Hence, if Boswellia was used as 
a liquid and administered at clinically effective doses, the 
amount of alcohol the patient would need to consume would 
be too high. So the best way to give Boswellia is therefore in 
tablet form (or as a capsule).

By using herbal tablets, the herbalist does not need to carry 
an overly large range of herbal liquids in their dispensary. For 
example, for a condition such as a urinary tract infection, 
rather than carrying three or four herbs to treat this issue, 
only one tablet product needs to be stocked. Tablets are also 
far more easily transported both from the supplier and to 
patients in remote locations, and for use during travel.

A well-developed tablet formulation, put together by expe-
rienced and knowledgeable herbalists, represents a valuable 
tool, especially for the young and inexperienced practitioner. 
In a sense, the practitioner who uses such a formulation is 
drawing on the wealth of clinical experience of the formula-
tors and is more likely to achieve a better clinical result and to 
learn through that process.

Powders
Sometimes the best way to prescribe a herb is as a powder. 
This particularly applies to mucilage-containing herbs. When 
these herbs are mixed with water, the mucilage reacts with 
the water to form a gel and the wet herb swells to many times 
its original volume. Mucilage is not very soluble in alcohol-
water mixtures, hence it is difficult to use mucilaginous herbs 
effectively as liquids. In any case, if fluid extracts of, say, slip-
pery elm and marshmallow were properly made, they would 
be so gelatinous that they could not be poured.

When giving mucilaginous herbs as powders it is best to 
advise the patient to mix them quickly with water and to 
take the mixture immediately before it swells. Otherwise, the 
patient often experiences difficulty negotiating the gelatinous 
mass which results. A copious amount of water should then 
be consumed to allow swelling in the stomach. Other herbs 
given as powders are also best taken slurried with water and 
rinsed down by additional water.

Tannin-containing herbs for the treatment of colon prob-
lems should also be given as powders. This is because the 
tannins are only slowly dissolved from the herb matrix and, 
therefore, are still being released in an active form when the 
powdered herb reaches the colon.

A big advantage of powders is that the total constituents 
of a herb are presented to the patient’s digestive tract, rather 
than those constituents which only dissolve in alcohol or 
water. This can also be a disadvantage if the patient has com-
promised digestion. Where the fat-soluble components are an 
important part of the activity of a herb, the powder should 
be followed by a dose of vegetable oil or lecithin to assist 
absorption.

Capsules
Capsules are a convenient way to give powdered herbs 
because they conceal unpleasant tastes or textures. A draw-
back is that even large capsules can only hold 300 to 600 mg 
of powdered herb, which means that sometimes many cap-
sules need to be taken to achieve adequate doses. Capsules 
containing herbal formulations are subject to the same limi-
tation of flexibility as tablet formulations. Single herbs in 
capsules do confer prescription flexibility, since one merely 
prescribes each of the required herbs in capsule form. The 
disadvantage is that the patient may need to take a large num-
ber of capsules in order to achieve adequate doses for several 
herbs.

Concentrated extracts can be used in capsules instead of 
the powdered herb. In this instance, the same advantages and 
disadvantages discussed above for tablets apply.

Infusions and decoctions
Infusions and decoctions are time-honoured methods for 
delivering oral doses of herbs. In modern phytotherapy, they 
are mainly used where the active components of the herb are 
water soluble, for example, for herbs containing polysaccha-
rides, tannins or mucilage or some glycosides. They also can 
be advantageous for the treatment of urinary tract problems 
and for the administration of alterative (depurative) herbs. 
Diaphoretics should be given hot to maximise their effec-
tiveness, hence they are often administered as infusions or 
decoctions.

The major disadvantage of infusions or decoctions is that 
water is not a good solvent for many of the active components 
in herbs. This problem is compounded by the relatively short 
extraction time used in their preparation (usually 5 to 10 
minutes). In addition, the large volume of hot liquid usually 
means that exposure to any unpleasant taste is considerably 
prolonged. The higher doses of herb often used in infusions 
and decoctions can sometimes compensate for the limitations 
of hot water as a solvent.

The preparation of liquids

It is useful to consider in detail some of the factors involved 
in the preparation of herbal liquids.

The strength or ratio
The strength of a liquid preparation is usually expressed as a 
ratio. For example, 1:5 means that 5 mL of the final prepa-
ration is equivalent to 1 g of the dried herb from which the 
preparation was made. Liquid preparations weaker than 1:2 
are usually called ‘tinctures’ whereas 1:1 and 1:2 prepara-
tions are typically called ‘extracts’. Tinctures are usually made 
by a soaking process known as maceration, whereas extracts 
are best made using percolation. However, tinctures can also 
be adequately manufactured by a percolation process. These 
days, 1:1 liquid extracts can be made by reconstituting soft or 
powdered concentrates (not recommended).
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It has been argued that 1:2 extracts are relatively new, are 
not mentioned in the BHP 1983 or other pharmacopoeias and 
therefore should not be used. In fact, 1:2 extracts are men-
tioned in 19th century texts16,18 and were described in the 
German Pharmacopoeia (DAB). The seventh edition of the 
DAB actually defines a liquid extract as a 1:2 extract.19

The dominant historical use of 1:1 extracts may not 
have been the wisest choice because of the extra processing 
required. In 1953, a Dutch PhD student studied the impact 
of pharmaceutical processing on some active components of 
thyme (Thymus vulgaris).20 The components tested were the 
phenols (thymol and carvacrol), which are responsible for the 
antiseptic activity of thyme. Thymol and carvacrol are found 
in the essential (volatile) oil of thyme and could conceivably 
be lost under conditions of vacuum or heat. The following 
preparations were made:

1.	A 1:1 liquid extract in 50% ethanol by the method 
of reserved percolation, which is described in most 
pharmacopoeias

2.	A 1:2 liquid extract in 50% ethanol by cold percolation
3.	A soft extract (13:1) by evaporating some of the liquid 

described in (2) under vacuum
4.	A powdered extract (16:1) by drying some of the liquid 

described in (2) in a spray dryer.

The phenol content in all four preparations and in the 
original herb was measured and the results are summarised in 
Table 6.4. The table also provides the essential oil content of 
some of the preparations.

As can be seen from Table 6.4, the 1:2 extract contains 
only marginally less phenol content than the 1:1. This is pre-
sumably because the phenols were largely lost during the 
heating of the second percolate which occurs in reserved per-
colation. Hence, on the basis of the active components tested, 
the 1:2 is almost as strong as the 1:1. It should be noted 
from Table 6.4 that neither the 1:1 nor the 1:2 quantitatively 
extracted all the phenols from the dried herb, presumably 
because these components were not completely soluble at 
the ethanol percentage chosen. The 1:2 contained 37% of the 

original phenol content in the dried herb, compared to 22% 
for the 1:1.

The results for the soft and powdered extracts are dis-
turbing. For the soft extract, 82% of the phenols were lost in 
processing, and for the powdered extract the loss was 48%. 
Compared to spray drying, conditions of vacuum therefore 
seem more likely to cause the loss of essential oil components, 
although the losses in both cases are considerable. A Swiss 
study found that concentration of a chamomile extract under 
vacuum caused the loss of about half of the essential oil.21

The content of essential oil and phenols in the correspond-
ing amount of dried herb are also provided for the various 
preparations in the right-hand columns of Table 6.4. As can be 
seen from the table, the soft and powdered extracts only con-
tain a fraction of the essential oil and phenol content of the 
dried herb. Hence, for this example, the use of these concen-
trates in the manufacture of liquids, tablets or capsules would 
clearly represent a substantial sacrifice of quality for the sake 
of an increase in quantity. If the soft extract was reconstituted 
to a 1:1 which is a common practice, it would contain about 
30% of the phenol content of the 1:2 (0.04% versus 0.11%).

Ethanol-water as the solvent
Ethanol (or alcohol) has been used for hundreds of years to 
prepare liquid herbal preparations and indeed ethanol-water 
mixtures do appear to be quite efficient for the extraction 
of a wide variety of compounds found in medicinal plants. 
Chemical analyses of organic substances absorbed into pot-
tery jars have recently confirmed the use of medicinal wines 
in ancient Egypt (about 3150 bc and millennia thereafter) 
and ancient China (seventh millennium bc). The ancient 
Egyptian wine contained herbs and tree resins dispensed 
in wine made from grapes. The jar from ancient China con-
tained a mixed fermented beverage of rice, honey and fruit 
(hawthorn (Crataegus spp.) fruit and/or grape). The medici-
nal use of wines has been described in ancient documents, and 
the early Chinese history of fermented beverages is suggested 
from the shapes and styles of Neolithic pottery vessels.22,23 
Ancient Egyptian papyri describe water, milk, oil (presumably 
olive oil), honey, beer and wine as carriers for medicinal herbs. 
Jewish medicine, described in the second-century Talmud, 
refers to a ‘potion of herbs’ mixed with beer or wine.24

Although the principle of distillation was known to the 
ancient Greeks, the Arabs adapted the process to produce 
alcohol, which they then used for medicinal purposes. (The 
word alcohol, which first appeared in most modern languages 
in the 16th century, was derived from Arabic (al-koh’l).)25

The first official British Pharmacopoeia, the London 
Pharmacopoeia, was issued in 1618. It contained a section out-
lining ethanolic fluid extracts and drew heavily on the classics.26

Nicholas Culpeper, the 17th century English herbal-
ist and one of the best-known advocates of Western herbal 
medicine, described the distillation of one or more herbs in 
wine, and the maceration of spices in alcohol. Single herbs, 
such as dried wormwood (Artemisia absinthium), rosemary 
(Rosmarinus officinalis) and eyebright (Euphrasia officinalis), 
were steeped in wine and set in the sun for 30–40 days to 
make a physical wine.27

Table 6.4  Essential oil and phenol content of various 
pharmaceutical preparations of thyme20

Essential oil 
content %

Phenol 
content %

Equivalent content in 
the dried herb

Essential 
oil %

Phenol %

Dried herb 2.81 0.59 2.81 0.59

1:1 extract – 0.13 – 0.13

1:2 extract – 0.11 – 0.22

Soft extract 
(13:1)

0.88 0.51 0.07 0.04

Powdered 
extract (16:1)

3.54 1.84 0.22 0.12
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A number of studies have highlighted the importance 
of the correct choice of the ethanol percentage in terms of 
maximising the quality of liquid preparations. The Swiss 
study mentioned above found that 55% ethanol was the opti-
mum percentage for the extraction of the essential oil from 
chamomile (Matricaria chamomilla).21 Higher percentages 
of ethanol did not extract any additional oil and there was a 
decrease in the solids content of the extract, which indicates 
that other components were being less efficiently extracted. 
More recently, Meier found that 40–60% ethanol was the 
optimum range for achieving the highest extraction effi-
ciency for the active components of a variety of herbs.28 For 
example, at 25% ethanol, none of the saponins in ivy leaves 
(Hedera helix) was extracted, but at 60% ethanol they were 
maximally extracted.

Higher ethanol percentages do not always confer higher 
activity. French researchers found that Viburnum prunifolium 
bark extracted at 30% ethanol was five times more spasmo-
lytic than a 60% extract.29

The basic guidelines for the choice of the ethanol percent-
age to optimise the activity of the final liquid are as shown in 
Table 6.5.

Some educators have suggested that herbal liquids are a 
less desirable dosage form because they are less stable than 
solid dosage preparations. However, there is little objective 
evidence to back up this assertion. Some companies now 
undertake stability studies on their herbal liquids as a require-
ment of pharmaceutical GMP, and experience in this field is 
that most liquids maintain their phytochemical profiles within 
the normal shelf-life requirements of 2 to 3 years.

Provided herbal liquids are purchased through a herbal 
manufacturer which operates to pharmaceutical GMP stand-
ards and has a comprehensive stability programme in place, 
keeping to within expiry dates is sufficient to ensure retained 
activity. This is, of course, if the manufacturer’s recom-
mended storage conditions are observed. Sunlight is particu-
larly damaging to the phytochemicals in a herbal liquid, so 
they must be stored in amber glass bottles away from direct 
sunlight. Temperature is also an important factor. Generally 
storage below 30°C (86°F) is recommended (temperatures 
occasionally above 30°C (86°F) will not cause a problem, if 
the average is below this level). Also a minimum storage tem-
perature of 10°C (50°F) should be maintained. Some herbal 
liquids such as celery and wild yam will form into a gel if they 

become too cold. While gentle reheating will generally make 
them liquid again, irreversible changes may occur if the cold 
conditions are prolonged.

Many herbal liquids develop a sediment over time. If the 
extract has not been heated during its manufacture this is a 
natural occurrence which generally has only a minor impact on 
quality. A common question among practitioners is whether 
this sediment should be rejected or redispersed into the liquid. 
There are no hard and fast rules here, but a general guide is 
that if the sediment has tended to aggregate or concrete into 
a hard mass, then it should be rejected. If, however, the sedi-
ment is fine and easily redispersed, then the bottle should be 
shaken to do this before dispensing. For mixtures of several 
herbal liquids the sediment should always be redispersed

Glycetracts or glycerites are liquid preparations made using 
glycerol and water instead of ethanol and water. They are 
useful preparations where the active components are water-
soluble, for example, marshmallow root (Althaea officinalis), 
since they do not contain alcohol and the sweetness of the 
glycerol gives them a better taste. However, their importance 
should not be overrated. Glycerol is a poor solvent for many 
of the active components found in herbs and glycetracts are 
less stable than alcoholic extracts. Moreover, because of the 
viscosity of glycerol, concentrated preparations are difficult 
to make by percolation. The manufacture of 1:1 or 1:2 glyce-
tracts therefore invariably requires the use of a concentration 
step involving heat or vacuum.

In recent times the use of tinctures made from the fresh 
plant has become popular among some herbalists. The belief 
is often that a fresh plant tincture better reflects the plant’s 
‘vitality’ or ‘energy’ and therefore will be a more therapeu-
tic preparation. Other practitioners believe that a fresh plant 
tincture will better preserve the delicate active components of 
the plant.

On the other hand, the following observations need to be 
considered:

l	 The evidence from phytochemical analysis that fresh plant 
tinctures contain better levels of active components than 
dried plant tinctures is generally lacking. In fact, fresh plant 
tinctures are usually prepared in a low alcohol environment 
(see below), which means that some less polar (more 
lipophilic) components may be only poorly extracted. 
Furthermore, the enzymatic activity of the plant material may 
not be inhibited in this low alcohol environment, meaning that 
key phytochemicals may actually be decomposed during the 
maceration process. This fact was dramatically illustrated by 
Bauer who found that cichoric acid in fresh plant preparations 
of Echinacea purpurea was largely decomposed by enzymatic 
activity.30 So what can be found in the living Echinacea plant 
was not preserved in the fresh plant tincture.

l	 Fresh plant tinctures were never official. While fresh 
plant preparations were included in homeopathic 
pharmacopoeias (given the energetic considerations in 
homeopathy this is understandable), they were never listed 
in conventional pharmacopoeias, other than a few entries 
for stabilised fresh juices known as succi (singular: succus). 
Hence, the use of a wide range of fresh plant tinctures is 
travel into unknown territory.

Table 6.5  Choice of ethanol percentage to optimise the activity of 
final liquid

Ethanol (%) Final liquid

25% Water-soluble constituents such as mucilage, tannins 
and some glycosides (including some flavonoids and  
a few saponins)

45–60% Essential oils, alkaloids, most saponins and some 
glycosides

90% Resins and oleoresins
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l	 Because of the water content of fresh plant tinctures, it 
is difficult to make preparations which are stronger than 
a 1:5 on a dry weight basis. This can be readily illustrated 
by the following example. A leafy, fresh plant material 
typically contains 80% moisture. Therefore, 100 g of this 
material represents 20 g of dried herb. To make a 1:5 
tincture, this 20 g equivalent of dried herb must be mixed 
with 100 mL of liquid menstruum. But there is already 
80 mL of water from the herb itself. So to preserve the 1:5 
ratio only 20 mL of 96% ethanol can be added. This 20 mL 
of ethanol is not enough to extract the bulky 100 g of fresh 
plant material. But what is probably just as detrimental is 
that the effective ethanol percentage is only 20% (20 mL 
of ethanol and 80 g (or mL) of water from the fresh plant). 
This is too low to extract lipophilic components and barely 
enough to preserve the tincture. Some authors suggest the 
use of multiple macerations to overcome this problem, 
where the resultant tincture is macerated with a new batch 
of fresh herb, but this only makes the situation worse, 
diluting the alcohol to below the level that can stabilise the 
final tincture.

Quality versus quantity

The issues above arise because herbs are chemically com-
plex biological drugs which need to be processed in some 
way and losses of activity can occur during this process-
ing. Few of these kinds of problems arise when using pure 
chemicals.

But even if the problems of processing the herb are 
ignored, there remains the problem of the quality of the herb 
itself. A herb is biologically defined and even if this biologi-
cal definition is adhered to (and sometimes unfortunately it is 
not), there is an element of chemical uncertainty. The active 
components of a particular dried herb can vary considerably. 
This is due to factors such as climate, soil conditions, genetic 
characteristics, time of harvest, methods of harvest and drying 
techniques.

One way partially to solve this problem is to use ‘organic’ 
and ‘wildcrafted’ herbs. By definition, these are herbs which 
not only have been organically grown or harvested from the 
wild under natural growing conditions, but have also been 
subjected to maximum care at all stages of harvesting and dry-
ing to ensure that quality is optimised.

A more certain way to overcome the problem of the 
chemical variation of herbs and herbal preparations is to 
quantify them for indicator or marker chemicals. In other 
words, the content of a particular component or group 
of components should always be greater than a minimum 
level. These components may not be solely responsible for 
the complete spectrum of the therapeutic effects of the 
herb, but rather will act as indicators of consistent quality. 
However, they should be meaningful indicators of quality 
(see below). Although more research is needed in this direc-
tion, many common herbal medicines can now be quantified 
for active components and the appropriate dosage range can 
be set accordingly.

Standardised extracts

In the context of herbs, the term ‘standardised extract’ means 
different things to different people. To some the concept 
denotes herbal products which have moved away from a time-
honoured traditional basis. To them standardised extracts 
represent highly concentrated plant extracts (artificially so). 
Standardised extracts are additionally represented as result-
ing from processes which have preferentially selected or iso-
lated one phytochemical (or group of phytochemicals) from 
the herb at the expense of others that might have importance 
for recognised traditional uses. Or it may be even worse: some 
herbalists maintain that standardised extracts are frequently 
adulterated with pure chemicals that are added back to the 
extract to give it the desired level of ‘active constituent’. 
Moreover, the use of standardised extracts is associated with a 
limited, reductionist model of herbal therapy where, like con-
ventional drugs, one herb is prescribed for the often-sympto-
matic treatment of a disorder.

On the other hand, many authorities in the field main-
tain that standardised extracts represent the future of 
herbal therapy because they are a way of ensuring consist-
ent activity of a herbal extract from batch to batch. This 
is particularly important for replicating clinical trials on 
herbs or extrapolating the results of trials to a clinical set-
ting. Standardised extracts are promoted as being more 
effective and higher in quality than traditional galenical 
extracts and the conclusion which the consumer or practi-
tioner might reach is that the latter have no value in modern 
phytotherapy.

The reality is that there are examples of so-called stand-
ardised extracts that reflect all the above positions. Hence, 
a meaningful understanding of the value and limitations of 
standardised extracts can only be achieved by reviewing them 
on a case-by-case basis.

Issues and terminology

Standardised extracts
In the herbal context, a standardised extract is a herbal 
extract which is made to a consistent standard. This standard 
can be quite simple, such as the ratio of the starting herbal 
raw material to the finished extract. Hence, a 4:1 extract, 
where 4 kg of dried herb is extracted to yield 1 kg of final 
extract, can technically be called a standardised extract. But 
generally the term has a more specific meaning: a standard-
ised extract is one that is manufactured to contain a consist-
ent level of one or more phytochemical constituents which 
are derived from the original starting material.

Extract or concentration ratio
The extract or concentration ratio is the ratio of the starting 
herbal raw material to the resultant finished concentrated 
extract. The finished extract is always expressed as the 1 and 
comes second. Thus, 10:1 means 10 kg of dried herb is used 
to produce 1 kg of extract.
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Galenical extract
A galenical extract is a traditional pharmacopoeial extract of 
a herb. Guidelines were laid down in the various pharmaco-
poeias (such as earlier versions of the BPC) which defined 
the method of preparation, the extracting solvent (which was 
usually a combination of ethanol and water) and the ratio 
of the starting material (the herb) to finished product (the 
extract). Galenical extracts were usually in liquid form, typi-
cally tinctures and fluid extracts. However, with the modern 
trend to solid dosage forms, quite often a galenical extract 
is dried to its solid residue and incorporated into a tablet or 
capsule.

Herbalists often regard galenical extracts as ‘whole’ 
extracts in that they extract a comprehensive spectrum of 
the phytochemical content of the plant. While this is gener-
ally the case, it should be kept in mind that alcohol-water 
mixtures are still selective solvents and do not equally extract 
everything from the plant that is extractable. Something will 
always be left behind, depending on the percentage of ethanol 
which is chosen for the solvent.

On the other hand it should be considered that many 
standardised extracts are merely dried galenical extracts 
that have been fixed to a consistent level of chosen marker 
compound(s). Hence they are just as ‘whole’ as galenical 
extracts.

Consistent activity
The aim of standardised extracts is to achieve consistent 
activity of a herbal product from batch to batch. Depending 
on the circumstances, this is not always the case. If com-
pounds other than the chosen marker compounds (see below 
for definition) are important for activity and these are not also 
fixed at consistent levels by the manufacturing process, then a 
standardised extract will not achieve consistent activity.

Other simpler issues can sabotage the goal of consistent 
activity. For example, if the analytical method chosen is not 
very specific towards the desired marker compounds, then 
this inherent weakness in the yardstick used to measure con-
sistent activity will result in the failure of batch-to-batch con-
sistency. This will be the case even though the certificate of 
analysis of the extract will provide data to suggest the same 
‘activity’ for each batch.

Although standardised extracts, done well, will ensure con-
sistent activity, they do not necessarily guarantee potency. 
Potency is a biological term and in this context will relate to 
some pharmacological or clinical outcome. Only when a par-
ticular extract has been shown to be effective in a pharma-
cological model or (preferably) a clinical trial, can consistent 
activity be linked to guaranteed potency. Fortunately, many 
standardised extracts have been shown to be effective in clini-
cal trials, and provided the various caveats above and through-
out this article are met, their consistent activity can be linked 
to guaranteed potency (see also the discussion of phytoequiv-
alence below).

Marker compounds or constituents
Marker compounds are characteristic phytochemicals found 
in a plant that are chosen to represent the standard for a 

standardised extract. Hence, in the case of say passionflower 
(Passiflora incarnata), the marker compound is often chosen 
to be the flavonoid isovitexin and the standardised extract 
of passionflower is fixed to contain a consistent level of this 
compound (usually a few per cent). Marker compounds are 
not necessarily active compounds (see below). However, if 
well chosen they do serve a useful function in terms of qual-
ity, such as the purposes of identification and ensuring appro-
priate drying, handling and extraction of the herbal starting 
material.

Usually to achieve a consistent level of a marker compound 
(or compounds) in a standardised extract, the starting herbal 
raw material will need to contain a minimum acceptable level. 
This implies consistent quality practices in terms of harvest-
ing, drying and storage of the herb. Also, the way in which the 
herb is processed such as extraction conditions and choice of 
solvent will need to be carefully controlled. Because of this, it 
is likely that fixing an extract to a consistent level of marker 
compound(s) will also render the extract more or less consist-
ent in terms of other phytochemical components, at least for 
that particular manufacturer. This aspect underpins much of 
the utility of standardised extracts as consistent products.

However, the difficulty arises when another manufacturer 
then attempts to produce the same standardised extract. 
Although this ‘imitation’ extract will obviously be made to 
contain the same level of marker compound(s), it is not nec-
essarily true that it will be an identical extract to that pro-
duced by the original manufacturer (see the concept of 
phytoequivalence below).

Active compounds or constituents
Active constituents are phytochemicals that are important 
for a given therapeutic effect of a herbal extract. This is a 
highly complex issue, but one proposition is simple and clear: 
marker compounds are not necessarily active compounds. 
Hence, when Ginkgo biloba leaf standardised extract (GBE) 
was originally manufactured to contain 24% ginkgo flavone 
glycosides, there was no unequivocal evidence that these 
compounds conferred the various and exciting therapeu-
tic activities that had been discovered for the extract. Later 
research suggested that a different group of phytochemicals, 
the ginkgolides and bilobalide, were more important and GBE 
is now standardised for these as well. But in terms of say its 
effects in Alzheimer’s disease, the active compounds in GBE 
are not known. Even if the ginkgolides and bilobalide were 
found to be important (this could be achieved by a clinical 
trial comparing two Ginkgo extracts with high and low lev-
els of these compounds which were otherwise identical), it 
would be unlikely that they were the only compounds impor-
tant for activity. This observation is also well illustrated by 
the example of St John’s wort where several of its phyto-
chemical components have been shown to have antidepres-
sant activity. (For more details, see the relevant monographs 
in this book.)

Such a dilemma supports the basic premise of herbalists 
that the true active component is the herbal extract itself. 
Nonetheless, it is also likely that an extract low in marker 
compounds, which from pharmacological experiments have 
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been found to have some relevant activity, will be less likely to 
confer a therapeutic effect and hence be poorer quality.

This last issue underlies an important point with marker 
compounds: they should be chosen carefully. Preference 
must be given to phytochemicals that (on the basis of current 
knowledge) are likely to have pharmacological activity that 
is relevant to the proposed use of the extract. On the other 
hand, if a marker compound is chosen which has no known 
useful pharmacological activity, it should not be optimised 
in the extract at the expense of other phytochemicals, for 
example, selecting for and optimising echinacoside levels in 
Echinacea angustifolia at the expense of alkylamides. Where 
the marker compound is inactive (on current knowledge), 
the safest approach to take is to produce a normal galenical 
extract standardised to the marker.

Sometimes the great body of pharmacological and clinical 
evidence that we have for a herb relates only to the use of 
one isolated, purified constituent. Good examples are ephed-
rine from Ephedra and berberine from Berberis spp. Clearly, it 
makes sense that extracts of these herbs should be standard-
ised to these compounds. On the other hand, the temptation 
to regard the herbal extracts in question as merely a carrier 
of this constituent should be resisted. The whole extract will 
confer matrix effects that might modify the activity of these 
compounds. Hence, ‘standardised extracts’ of say Ephedra 
with greater than 50% ephedrine or of Berberis spp. with 
greater than 50% berberine should be viewed with suspicion. 
They are chemical medicine, not phytotherapy.

Analytical methodology
One weakness of some standardised extracts on the market is 
the poor or inappropriate choice of the analytical methodol-
ogy employed to measure the marker compound(s). A num-
ber is only as consistent, reliable or relevant as the technique 
used to measure it. This is particularly evident for standard-
ised extracts from Ayurvedic or Chinese herbs, but is by no 
means confined to these.

The following examples will serve to illustrate some 
aspects of this issue. Boswellia serrata extract is standardised 
to boswellic acids which, because of their anti-inflammatory 
activity, are important as marker compounds. However, for 
the majority of extracts on the market the level of boswellic 
acids is determined by simple acid-base titration. This method 
will measure the level of any acid in the extract, so an unscru-
pulous manufacturer could readily add a fruit acid that would 
result in a false and elevated reading for boswellic acids.

Sometimes gravimetric methods are used to standardise 
extracts. Here the attempt is to isolate the marker compound 
from the extract and weigh it. However, the isolation tech-
niques used are generally quite crude and the methodology 
is consequently prone to much interference. This problem is 
exemplified by an extract of Andrographis paniculata which 
was supposed to contain 10% andrographolide (determined 
by a gravimetric technique) but by a more accurate method 
was found to contain no andrographolide whatsoever. Another 
example is a Tribulus terrestris extract certified to contain 
40% saponins (gravimetric), but which contained about 4% 
when a more accurate analytical technique was applied.

Even the popular St John’s wort standardised extract is not 
free of this problem. The determination of ‘total hypericin’ 
is usually based on a method from the DAC (German 
Pharmaceutical Codex). But there are two methods found in dif-
ferent editions of the DAC. The earlier method will give a num-
ber for total hypericin that is about 25% higher than the later, 
preferred method. However, some manufacturers intentionally 
base the level of ‘total hypericin’ in their St John’s wort extract 
on the earlier, outdated method in order to inflate the value. Both 
these methods give a higher level of total hypericin than that 
obtained by HPLC (high performance liquid chromatography).

Phytoequivalence
When positive clinical trial data for a standardised extract is 
made public, because of the fact that patents usually do not 
protect them, other manufacturers will produce and sell cop-
ies of this extract. Certainly, such copies will have the same 
level of marker compound, but are they really the same as the 
extract used in the clinical trial? Can the other manufactur-
ers legitimately claim that their extract will produce the same 
clinical results as the original extract?

In order to answer this question (which is a real regulatory 
issue in countries such as Germany where prescribed herbal 
products were rebated under the pharmaceutical benefits 
scheme) the concept of phytoequivalence has been initiated. 
So the above questions can be answered in the affirmative 
only if the two extracts are phytoequivalent.

But what does phytoequivalence mean? Firstly, the second 
extract should closely match the phytochemical spectrum 
of the original extract. In other words, not just the level of 
marker compounds should be the same; all other measurable 
compounds in the extract should be present at similar levels. 
Some authorities suggest that a second criterion must also be 
met: the levels of marker compounds (or their derivatives) 
achieved in the bloodstream of humans after oral doses of 
the two products should be similar. This is a much more chal-
lenging condition that is often not attempted because of the 
experimental difficulties involved.

Types of standardised extracts
Based on how they are made, standardised extracts can be 
classified into three basic types. These are:

1.	Galenical-type extracts
2.	Highly concentrated extracts
3.	Selective phytochemical extracts.

These types of extracts progressively represent a transi-
tion from a more traditional herbal product through to more 
modern types of products, which can be called phytophar-
maceuticals. Phytopharmaceuticals are not like conventional 
drugs, but they are also very different from galenical extracts. 
Practitioners will wish to choose, based on their philosophi-
cal perspective, whether the use of phytopharmaceuticals 
is acceptable to them. However, as part of this process they 
should consider that phytopharmaceuticals are often chemi-
cally complex (an important criterion for phytotherapy), clini-
cally proven and very safe. Probably, as suggested earlier, the 
decision is best based on a case-by-case basis.
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Galenical-type extracts
Galenical-type standardised extracts have been defined pre-
viously. They are not usually highly concentrated. The reason 
for this is simple: the alcohol-water extractives from a dried 
herb are typically more than 10% of its weight. Say the alco-
hol-water extractives from a herb were exactly 10%. When 
the extract is dried the final weight will be one-tenth of the 
weight of the starting herb. Therefore, it is a 10:1 extract. 
In other words, galenical-type extracts are usually less con-
centrated than 10:1. The concentration ratios typically range 
from 4:1 to 6:1. Galenical-type standardised extracts rep-
resent extracts that are no different from those that have 
been traditionally used by herbalists for hundreds of years. 
Examples include standardised extracts of devil’s claw, kava, 
St John’s wort and horsechestnut. In fact the majority of 
standardised extracts are of the galenical type.

Highly concentrated extracts
From the above discussion, it is obvious that highly concen-
trated extracts (which can be defined for sake of argument as 
greater than 10:1) are made by processes which are different 
to galenical-type standardised extracts. These processes usu-
ally involve one or more of the following aspects:
l	 Extraction with solvents different to ethanol-water 

mixtures such as acetone, chloroform, liquid carbon 
dioxide or hexane, etc

l	 Multiple solvent extraction steps (involving ethanol-water 
mixtures and/or other solvents such as those listed above)

l	 Standard chemical isolation techniques such as 
chromatography columns, ion-exchange resins, 
precipitation and so on.

The drive to produce highly concentrated extracts has sev-
eral aspects. Fundamentally, it is one of pharmaceutical con-
venience: the herbal dose can be delivered in a small tablet or 
capsule. Another aspect of this is the ability to deliver a higher 
dose: the more concentrated the extract, the greater the temp-
tation to increase the dose (which may or may not be advanta-
geous). Sometimes undesirable components are intentionally 
removed from the extract as part of this process, for exam-
ple, the allergenic ginkgolic acids from Ginkgo biloba extract. 
Examples include silymarin and Ginkgo biloba extract.

Selective phytochemical extracts
Here one particular phytochemical group is selectively 
removed from the herb. This could involve any of the pro-
cesses used to make highly concentrated extracts described 
above (and these extracts are often, but not always, highly 
concentrated). Although such extracts might seem removed 
from herbal therapy (and indeed not herbal products at all), 
it should be kept in mind that essential oils and evening 
primrose oil, widely used by natural therapists around the 
world, are in fact good examples of selective phytochemi-
cal extracts. (Essential oils produced either by steam dis-
tillation or hexane extraction are more or less identical for 
many herbs.) Examples include turmeric extract with high 
levels (90% or more) of curcumin, grapeseed and pine bark 
extracts.

Closing remarks
Standardised extracts are not a guarantee of quality, as they 
are often represented. Inappropriate choice of marker com-
pounds, poor design or execution of analytical methods, 
spiking with pure phytochemicals (which is actually quite 
rare except for examples where the pure phytochemical is 
relatively cheap, such as caffeine or rutin) or failure to dem-
onstrate phytoequivalence can mean that the standardised 
extract is poorer in quality or less effective than a well-made 
galenical extract. Only those manufacturers who practise good 
science and have a comprehensive understanding of the many 
complex issues that impact on herbal quality will be able to 
produce meaningful standardised extracts.

A mechanism for formulating liquids

There are a number of mechanisms for writing liquid pre-
scriptions but a simple system widely used in the UK is worth 
describing. This is the system of formulating in terms of 
weekly doses.

If the dose for a herb is 1 to 2 mL three times daily, then 
the weekly dose is 21 times this or 21 to 42 mL per week, 
which is usually rounded down to 20 to 40 mL. Prescriptions 
for patients are then written in terms of weekly doses.

Assuming the patient is to take 5 mL of a liquid formula-
tion three times daily, this amounts to 105 mL per week which 
can be rounded down to 100 mL. Hence the weekly dosages 
of the individual herbs in a formulation should total 100 mL. 
If the total amount of herbs in a formula is less than 100 mL, 
water or aqueous ethanol can be added to bring the volume 
to 100 mL. Using this system the patient then automatically 
receives the correct amount of each herb in each dose, pro-
vided they take 5 mL three times a day (see Table 6.6).

When dispensing for more than 1 week, the weekly doses 
are simply multiplied by the number of required weeks. This 
system confers considerable flexibility and ease in prescription 
writing and dispensing.

Even using 1:1 and 1:2 extracts, formulations based on 
100 mL for 1 week should not contain more than about six 
to seven herbs. Otherwise, therapeutic doses will not be 
achieved. If more than this number of herbs is required then 

Table 6.6  An example prescription for 1 week might be as follows

Sambucus nigra 1:2 20 mL

Echinacea angustifolia 1:2 25 mL

Glycyrrhiza glabra 1:1 20 mL

Mentha piperita 1:2 25 mL

Zingiber officinale 1:2 10 mL

Total 100 mL

The dosage is 5 mL of the mixture three times daily with water.
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the week’s formulation should be based on 150 mL. The sin-
gle dose becomes 7.5 mL (which can be rounded up to 8 mL) 
three times daily.

Comparing doses

Often it is difficult for practitioners to compare doses 
between liquid and/or solid preparations made with various 
types of extracts. The concept of ‘dried herb equivalent’ is a 
useful way of comparing doses between different strengths 

of liquids or between liquids and tablets. Using the product 
ratio, the dried herb equivalent of a given amount of product 
can be calculated. The product ratio expresses the weight of 
original dried herb starting material to the volume or weight 
of finished product (in that order), e.g. 5:1, 1:4, 1:1, etc. For 
example, a dried herb equivalent of 1 g might be:

2 mL of a 1:2 liquid
1 mL of 1:1 liquid
250 mg of 4:1 soft extract
200 mg of a 5:1 spray-dried powder.
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7 A systematic approach  
to herbal prescribing

just compensating for the chemical deficiencies or excesses 
resulting from an abnormal physiology. Physiological compen-
sation often requires the constant presence of the medicine to 
achieve the desired effect, whereas physiological support can, 
in time, lead to a permanent correction of an abnormal body 
chemistry.

One group of herbalists in the 19th century recognised 
these considerations and, in an attempt to translate tradi-
tional herbal thinking into more modern concepts, named 
their discipline ‘physiomedicalism’. Obviously, other tradi-
tional herbal practitioners did not and could not express their 
understanding of physiology in terms of modern scientific 
theories, but this does not detract from the value or elegance 
of their comprehension of the healthy functioning of the 
human body.

One example of physiological support versus physiologi-
cal compensation can be seen in the treatment of bacterial  
infections. The traditional herbal approach is to sup-
port immunity and to fine tune the normal physiological 
responses to infection such as fever. In contrast, the conven-
tional approach is to suppress the fever and kill the bacte-
ria with antibiotics, thereby compensating for weakened or 
overloaded bodily defences. The latter approach has life-sav-
ing value but will not prevent infections from recurring. The 
traditional herbal approach may see a higher rate of failure in 
acute situations, although this is debatable, but could lead to 
improved immunity and possibly a reduced rate of recurrent 
infections. Clearly, an important complementary role for tra-
ditional herbal medicine can be argued from this and other 
examples.

Western herbal medicine is also not opposed to employ-
ing physiological compensation when needed, although the 
approach is far less interventionist than that possible with 
modern drugs. It recognises that a disease process can often 
create a vicious cycle and that only direct intervention to 
break that cycle can restore health in some instances. At a 
pragmatic level, interventionist treatment gives quicker relief 
of symptoms, which encourages the patient to persist with 
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Introduction

In order to appreciate a key element of the approach behind 
Western herbal therapeutics, we must assume that a nor-
mally functioning human body is free from disease and 
capable of resisting disease. Therefore, a deeper understand-
ing of the cause and treatment of disease should also come 
from a consideration of physiology, the normal functioning 
of the body, as well as pathology and pathophysiology. An 
excessive focus on pathology will lead to a medical system 
which is interventionist and directed towards compensating 
for the physiological deficiencies and imbalances that arise 
in disease (physiological compensation), without seeking 
a greater understanding of how they arose in the first place. 
Such a basic strategy will lead to a superficial and short-term 
approach to treatment. This is increasingly the orthodox  
medical system we have today. While it is very useful for 
advanced pathologies and life-threatening states, it is incom-
plete, and especially inadequate in the treatment of many 
chronic diseases.

In contrast, most traditional medical systems, which are 
partially or completely based on herbal medicine, concern 
themselves more with the underlying physiological imbal-
ances that led to and sustain the disease. As such, they are 
more focused on physiology than pathology. The treatment is 
aimed at physiological support or enhancement, rather than 

http://dx.doi.org/10.1016/B978-0-443-06992-5.00007-4
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the treatment. Sometimes, the very concepts treated might 
require an interventionist approach because they are ortho-
dox concepts, for example, hypertension and high serum 
cholesterol. This is not to say that a more traditional herbal 
approach cannot be of assistance as well.

Therapeutic strategy

The treatment strategy that should inform prescribing in 
modern Western herbal medicine therefore arises from a con-
sideration of both physiological enhancement and physiologi-
cal compensation.

Physiological enhancement

General strategy
In general, the goal of physiological enhancement is to cre-
ate a state of active, robust health. This is more than just 
the absence of overt disease, although such a positive state 
of body and mind would be free of disease and capable of 
resisting disease. It is the optimum state of body chemistry 
and body energy. The term ‘energy’ in this context is more 
than just physical or chemical energy and reflects a subjec-
tive quality of good health. All traditional health systems 
without exception conclude that the obvious extra energy in 
good health signifies the presence of a vital force that inte-
grates the normal physiological functioning of the body and 
maintains homeostasis. This controversial concept, ‘vitality’,  
represents a fundamental difference between traditional and 
orthodox medical systems.

The general treatment goals of physiological enhancement 
can be elaborated as follows:
l	 Optimise body chemistry by improving nutrition and 

enhancing detoxification. This applies not just to the body 
as a whole but to every cell, organ and system within the 
body.

l	 Optimise body energy by raising vitality. Improved vitality 
automatically follows from optimised body chemistry. 
But it can also be specifically encouraged using tonics, 
which make more energy available, and adaptogens, which 
optimise the capacity to cope with stressors of all kinds, 
thereby helping to conserve vitality.

As noted above, an important general goal of physiologi-
cal enhancement is the stimulation of detoxification. This is 
particularly required for problems where toxin overload is 
significant, as may be the case in chronic fatigue syndrome, 
autoimmune disease and cancer, for example. Detoxification 
is traditionally achieved by both stimulating detoxification 
processes with depuratives, immunostimulants and liver herbs 
and stimulating elimination with diaphoretics, diuretics, lym-
phatics, laxatives and expectorants.

Specific strategies
With the exception of ‘whole-body’ medicines such as the 
tonics and adaptogens, the general goals of physiological 

enhancement are achieved by enhancing the function of 
individual systems, organs or even tissues and cells. Such 
enhancement often involves the correction of imbalances. 
Deficient function in one physiological compartment can 
lead to overstimulated function in another, which in turn can 
create a deficiency elsewhere. For this reason the specific 
treatment is sometimes not aimed at the problem site: for 
example, in constipation caused by deficient liver function, 
liver function would be enhanced instead of, or in conjunc-
tion with, enhancing bowel function. In another example, an 
excess of female hormones causing a menstrual problem may 
again be treated by enhancing liver detoxification processes, 
since the liver is the organ which breaks down these hor-
mones. Rather than directly manipulating ovarian secretions, 
it may also be treated by optimising the inputs to the pitui-
tary, which controls ovarian function.

From the brief examples above it becomes apparent 
that fundamental to the specific strategy of physiological 
enhancement is the individualisation of the patient. If the 
concept of a vital force is the first pillar of traditional herbal 
medicine, the treatment of the patient as an individual is 
the second. This is in direct contrast to current medical sci-
ence, since double blind, placebo-controlled clinical trials 
only examine the effect of a treatment in a group of patients 
(the more the better, for statistical power) rather than 
individuals.

Where appropriate, specific physiological enhancement 
might involve the regulation or boosting of digestive func-
tion, immunity, circulation, respiratory function and hor-
mone output. It may also involve the enhancement of 
specific organs such as the liver, kidneys, ovaries and so on. 
The focus may be on specific tissues, for example, the exo-
crine cells of the pancreas. Specific functions of organs may 
also be supported, for example, the bile secretion from the 
liver or the detoxification enzyme systems in the liver. In all 
cases, this must be assessed on an individual basis and peri-
odically reviewed.

Physiological compensation
Sometimes an overstimulated function needs to be directly 
controlled, or deficiencies need to be compensated, because 
the pathological process has gone too far. In other cases, a 
vicious cycle needs to be broken or the patient needs relief 
from uncomfortable or debilitating symptoms. These are  
circumstances where physiological compensation is appropri-
ate. Actions which begin with ‘anti’ usually denote a role in 
physiological compensation, for example, anti-inflammatory, 
antiviral, antispasmodic, antiseptic, antiallergic and so on. 
Sedative and hypnotic actions also involve compensatory 
mechanisms and there are many other examples. Many of 
the ‘specific’ herbs come into this category. Experience has 
shown that these herbs work well for particular disease states, 
for example, Tanacetum parthenium and migraine, Arnica 
and bruises, etc. Their mechanism of action is not necessarily 
known, but probably involves compensatory effects, although 
mechanisms that are more fundamental might also apply. 
Knowledge about ‘specifics’ often originates from folk medi-
cine, where frequently just one herb is used at a time.
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Treating the perceived causes

The question which must be asked at the outset and through 
all stages of treatment is: ‘What is the cause of disease in 
this individual?’ Depending on the perceived cause, treat-
ment involving physiological enhancement and/or compensa-
tion will be directed at that cause. Using the word ‘cause’ in 
any medical discussion can lead ultimately to a metaphysi-
cal debate, therefore the adjective ‘perceived’ becomes an 
important practical qualification. As the perception and 
understanding of the patient’s problem improve, one gets 
closer to the ‘real’ cause. Often there is a chain of causal 
events. Here the traditional herbal approach is often to treat 
as many of the links in the chain as are amenable to treat-
ment and active at the time of treatment. Perception of the 
cause should always be linked to a correct medical diagnosis, 
although, reflecting the complexity of many clinical condi-
tions and the difficulty that even orthodox medicine has in 
diagnosing some presentations, a more pragmatic ‘assess-
ment’ may be at least as useful.

Factors involved in disease causation can be divided into 
predisposing, excitatory and sustaining causes. A predisposing 
cause is any factor which renders the body more liable to dis-
ease. Such predisposing causes include stress, lowered vitality, 
poor diet, inherited defects and so on. Excitatory causes are 
the direct provoking causes of a disease, such as infection and 
trauma. Sustaining causes usually come into play as a result of 
the initiation of a disease process and hinder the resolution of 
the disease. In this context, inflammation can be a sustaining 
cause. In general, orthodox medical treatment is aimed only 
at excitatory and sustaining causes, at best.

As much as is possible, predisposing causes should be 
removed by lifestyle changes, or countered through appropri-
ate physiological enhancement. Neutralisation of excitatory 
causes often requires both enhancement and compensatory 
mechanisms. Treatment of sustaining causes usually needs 
emphasis on physiological compensation to break the sustain-
ing cycle.

An example of treating the links in a causal chain can be 
illustrated by the following sequence of events:

1 2 3
54

. . .
.
Stress Insomnia Lowered vitality
Weakened immunity

→ → →
→ ..

..
Viral infection

Catarrhal stateof mucous membranes Cough
→

→ 76

In the context of the above causal sequence, 1–4 are pre-
disposing causes, 5 is the excitatory cause, 6 is a sustaining 
cause and 7 is the symptomatic expression of the disease.

The treatment approach is set out in Table 7.1.
While not all this may be achievable in one prescription, 

over time all the links in a chain might be addressed. By 
choosing herbs which cover several of the required actions, it 
may be possible to treat many or most links in the one pre-
scription; for example, Hypericum is antiviral and a mild hyp-
notic, Echinacea is immunostimulant and lymphatic. Other 
actions might also be required if the body retraces the links in 

order to resolve the problem; for example, the catarrhal state 
may be resolved by an acute infection and this would require 
stimulants (in the herbal sense) and diaphoretics in addi-
tion to some of the above. If the catarrhal state were found 
to be more than just a sustaining cause, then it would require 
deeper treatment using lymphatic and expectorant herbs.

Sometimes, where there is a good understanding of the 
main predisposing cause and a very effective treatment, only 
this cause needs to be treated. For example, Ross River virus 
infection, which is endemic in Australia, can lead to a chronic 
condition with joint pain, lethargy and night sweats due to 
the persistence of the immune imbalance caused by the virus. 
Treatment with just Echinacea angustifolia root (or its com-
bination with E. purpurea root) in sufficient doses usually 
resolves the condition in 6–10 weeks.

Some causes are not treatable by herbal medicine; for 
example, if insomnia is caused by a traumatic experience, then 
herbs can compensate but cannot treat or remove the cause. 
Causes amenable to herbal treatment are listed in Box 7.1.

Some of the causes which cannot be removed but can be 
compensated for by herbal treatment are listed in Box 7.2.

Often, as part of arriving at an individual treatment frame-
work based on the above considerations, it is necessary to 
take into account the current medical understanding of the 
patient’s condition. This understanding needs to be carefully 
interpreted, but nonetheless the current scientific literature is 
yielding very useful information. For example, potential caus-
ative factors identified in autoimmune disease include chronic 
bacterial and/or viral infections, abnormal bowel flora, dietary 
allergies and chemical sensitivities. Factors identified in gas-
tric ulceration include bacterial infection, defective sphincter 
function and poor mucosal resistance.

Table 7.1  Example of a herbal treatment approach for a causal 
chain

Link in chain Treatment Physiological 
enhancement (E) or 
compensation (C)

1 Adaptogens E

2 Sedatives C

Hypnotics C

3 Tonics (choosing those 
which will not aggravate 
insomnia)

E

4 Immunostimulants E

5 Antivirals C

6 Anticatarrhals C

7 Expectorants E

Antitussives C
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The critical role of case taking

The major aim of case taking is to establish the treatment 
goals or treatment protocols for that individual. Even for the 
same medical disorder, this can vary greatly from patient to 
patient; for example, a patient with eczema with a history of 
insecticide exposure when young will be treated differently to 
a patient with eczema which developed after her first child. 
The following is a basic outline for a consultation which seeks 
to obtain the information needed to arrive at the treatment 
framework. Particular emphasis should be given to:
l	 the historical factors behind the development of the 

presenting complaint
l	 factors which modify the presenting complaint
l	 current and previous medication
l	 information about the patient’s constitution and current 

condition
l	 diet
l	 social history

l	 past serious disorders or health problems and disorders 
related to the presenting complaint, as these can lead to 
information about underlying causes.

The main issue is that the patient should be individualised 
as much as possible. As part of this process of individualisa-
tion, the general morphology and constitution of the patient 
should also be assessed. All this can be greatly assisted by a 
symptom checklist. Going through the list may also show up 
other problems that have a connection to the presenting com-
plaint. A good example is a female patient who complained 
of regular bouts of thrush. Careful questioning revealed that 
the thrush always followed a course of antibiotics prescribed 
for an infected throat. Effective preventative treatment of the 
infected throat saw that the patient never had a recurrence of 
thrush. Yet she was never specifically prescribed a treatment 
for this disorder.

The treatment framework

The treatment framework or protocol sets out the aims or 
goals of treatment. This is mainly derived from an under-
standing of the perceived causes of the condition together 
with an assessment of the need for physiological enhancement 
or compensation.

Information used to arrive at the treatment framework for 
a particular disorder is drawn from the following sources:
l	 The traditional herbal understanding of the disorder
l	 The clinical experiences of the practitioner in the 

treatment of the disorder
l	 A general understanding of the type of the disorder; for 

example, if it is an infection, what usually leads to this, 
or if it is an autoimmune disease, the factors that usually 
precipitate and sustain an autoimmune process

l	 A scientific understanding of the causes involved in the 
particular disorder. This information might be derived from 
clinical and epidemiological studies which have revealed 
factors which precipitate and sustain the disease process

l	 A knowledge of scientific studies which have defined  
the underlying pathological process for that particular 
disorder

l	 The individual case history. In a sense, the individual 
case history acts as a filter for all the above information. 
An obvious example is lung cancer. Smoking is known to 
cause lung cancer, but if a patient has never smoked then 
this consideration is irrelevant to that particular patient. 
In other words, only those known or suspected causative 
factors which apply to the particular patient should be 
incorporated into his or her treatment framework

l	 The need for symptomatic treatment; again, this relies 
largely on the individual case history.

For many disorders, development of the treatment frame-
work is a relatively simple process. However, in some instances 
this process may become quite complex, especially in the case 
of chronic disorders.

Box 7.2

Causes which can only be compensated for by herbal 
treatment
Attitudes to life
Emotional or physical trauma
Heredity
Climate
Age
Lifestyle
Diet

Box 7.1

Causes amenable to herbal treatment
Lowered vitality
Toxicity
Tumour
Emotional imbalance
Organ malfunction
Organ damage
Inflammation
Hormonal imbalance
Weakened immunity
Allergy
Infection – chronic, subclinical or acute
Stress
Catarrhal state of mucous membranes
Autoimmunity
Unhealthy bowel flora
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The actions

The concepts that link the treatment goals or treatment 
framework to the choice of herbs are the actions. These are 
traditional herbal concepts, but scientific research also yields 
information about the actions of a herb. The stepwise process 
in linking treatment goals to choice of herbs for prescription is 
then suggested as follows:

1.	Decide the treatment goals based on traditional herbal 
concepts, the current medical understanding of the 
disorder and the patient’s case.

2.	Ensure that the goals are individualised to the requirements 
of the individual case.

3.	Decide upon the immediate priorities of treatment.
4.	On the basis of the immediate treatment goals, decide 

what actions are required.
5.	Choose reliable herbs which have these actions, with 

as much overlap as possible. For example, if anti-
inflammatory and antispasmodic actions are required 
for the gut, Matricaria can effectively cover both these 
requirements. Make sure that these herbs are matched to 
the patient’s constitution and general condition according 
to the considerations outlined in Chapter 3.

6.	If a particular action needs to be reinforced, do this by 
choosing more than one herb with this action or by using a 
very effective herb in a higher dose.

7.	Combine the herbs in a formula with appropriate doses 
(this is usually done as a mixture of fluid extracts or 
tinctures). Do not choose too many herbs as this will 
compromise their individual doses in the formula and may 
lead to undefined interactions.

To facilitate this process, the practitioner needs a clear 
understanding of herbs in terms of their reliable, well-estab-
lished actions. Reference lists of herbs classified under each 
action and ranked in order of priority from the most reliable 
herb to the least reliable are a useful tool. For example, under 
the heading of immune stimulants, one might list the following 
herbs in this order:

Echinacea angustifolia
Echinacea purpurea
Astragalus membranaceus
Andrographis paniculata
Picrorrhiza kurroa
down to Allium sativum and Baptisia tinctoria which are 
less proven.

This list could be annotated: for example, Echinacea spp., 
best at increasing phagocytic activity and early aspects of 
immune recognition (innate immunity), Andrographis best 
for acute infections, and Astragalus best in chronic states of 
impaired immunity and contraindicated in acute infections, 
and so on. (There will be an element of subjectivity in the 
compilation of such lists!) The interactive preparation of 
these lists by a group of practitioners can be a useful learning 
experience.

The event sequence in Western herbal therapeutics is sum-
marised in Figure 7.1.

As part of this process, it can be helpful to draw up a 
table of treatment goals, corresponding actions and can-
didate herbs. Depending on the case, this might be quite 
elaborate, with many treatment goals expanded into even 
more required actions and yet even more candidate herbs. 
However, it is also likely that the same herb might appear 
more than once, indicating that this herb probably (but 
not necessarily always) needs to be included in the final 
prescription.

The following brief outline of a case can serve as an illus-
tration of this process. Consider a female patient aged 38 
who wants a second child after two miscarriages in the past 
4 years. The patient also experiences difficulty conceiving, 
which makes her miscarriages even more traumatic. Her 
cycle is long at 36 to 38 days and she experiences marked 
premenstrual syndrome (PMS) with mastalgia, headaches, 
emotional lability, anxiety and depression. The patient 
also suffers from habitual sleep maintenance insomnia. 
All hormonal tests are normal, save for prolactin, which is 
elevated.

Table 7.2 provides an example of what might form the key 
treatment goals, relevant herbal actions and resultant candidate 
herbs for this patient. Referring to the table it can be seen that 
a number of herbs appear several times, in particular chaste 
tree and St John’s wort. These are probably the key herbs. 
Other herbs can be chosen according to their perceived reli-
ability (and associated evidence), the corresponding treatment 
priorities and the number of times they appear in the table. 
For this particular case, they would also need to be selected 

Case history

Medical understanding

Treatment framework

Required actions

Individual prescription

Traditional considerations
and practitioner experience

Perception
of causes

Figure 7.1 • A summary of the event sequence in Western herbal 
therapeutics.



139

A systematic approach to herbal prescribing C H A P T E R  7

according to their suitability in early pregnancy, should the 
patient successfully conceive. According to these criteria, such 
herbs might include passionflower, cramp bark, wild yam and 
false unicorn root. As Tribulus has clinical trial data for promot-
ing fertility, it could be given priority. A case could be argued 

for a role for adrenal tonic, adaptogen and general tonic herbs 
for this patient, in which case they could also be included in the 
table, with stress management as the treatment goal. Patient 
energetics and relevant herb-drug interactions can also be taken 
into account to refine further the prescription.

Table 7.2  Goals, actions and herbs for the case example under discussion (see text)

Treatment goals Relevant herbal actions Candidate herbs

Improve sleep (sleep maintenance insomnia) Melatonin boosting Chaste tree

Antidepressant St John’s wort

Hypnotic Valerian, passionflower, hops

Alleviate PMS symptoms Nervine tonic Skullcap, St John’s wort, Schisandra

Female hormonal balancer Chaste tree

Reduce prolactin levels Prolactin inhibitor Chaste tree

Normalise cycle Female hormonal balancer Chaste tree

Stabilise mood and relieve anxiety Antidepressant St John’s wort

Anxiolytic Valerian, passionflower, kava

Promote fertility and ovarian function Progesterogenic (indirect) Chaste tree

Female tonic Shatavari, dong quai

Ovarian tonic False unicorn root, Tribulus

Oestrogen modulating False unicorn root, Tribulus, Paeonia, wild yam

Reduce risk of miscarriage (see also actions for promoting fertility and ovarian 
function above)

Uterine spasmolytic Black haw, cramp bark, wild yam
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8 Herbal approaches  
to pathological states

Because of its use of secondary plant products, particular 
caution is necessary in applying topical topical phytotherapy in 
cases of:
l	 broken skin
l	 individuals with certain contact sensitivities.

Orientation

Background
Plants contain many constituents with local physical impact 
on body tissues. The topical use of herbal remedies is among 
the first emphases in the earliest and simplest traditions of 
healthcare. Wound healing was an obvious primal indication 
for which plant remedies appeared especially suitable.

From a modern perspective, direct effects on tissues are 
readily testable in research. Most antiseptic, anti-inflamma-
tory and antitumour effects in the research literature relate to 
in vitro observations, of little direct application to anticipating 
the effects of oral consumption, but quite relevant to the pre-
diction of topical activity.

Referral to Chapter 2 will provide much of the detail for 
this review. The following topical properties, however, can be 
highlighted.

Demulcents and healing agents
Plant material often contains apparently soothing effects on 
physical contact and plant remedies must have been a very 
early instinctive application to wounds. Plants with high muci-
lage content form the basis of poultices and creams. Linum 
(linseed, flaxseed) is one of the most impressive poultices 
where the skin (or subdermal tissue in even unbroken skin) 
is painfully inflamed. Ulmus rubra (slippery elm bark) when 
powdered is one of the most obviously mucilaginous plant 
materials available for poultices. Stellaria (chickweed) in a 
cream base provides effective relief for many itchy conditions. 
Althaea (marshmallow root) and Trigonella foenum-graecum 
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Topical applications

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 minor wounds and lesions
l	 sprains and bruises
l	 seborrhoeic inflammations (such as acne vulgaris)
l	 cutaneous infections and infestations
l	 minor inflammations of mouth, throat, anus and nasal and 

vaginal mucosa
l	 certain inflammatory conditions affecting the surface of  

the eye.

Management and relief of:
l	 pruritic symptoms
l	 cutaneous eruptions from skin and systemic inflammatory 

diseases
l	 inflammations affecting joints, muscles and other 

subcutaneous tissues
l	 pain in muscles, joints and subdermal tissues
l	 varicose ulceration and pressure sores.
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(fenugreek) have notably soothing reputations. The expressed 
juice of Aloe vera also has impressive topical demulcent prop-
erties when applied directly to broken or unbroken skin.1–3

However, non-mucilaginous herbs like Alchemilla vulgaris 
(lady’s mantle) have also demonstrated topical healing effects, 
in this case on mouth ulcers.4 The anti-inflammatory remedy 
Boswellia has been shown topically to heal skin damaged by 
age and sunlight.5 The link between anti-inflammatory and 
healing properties is particularly well illustrated in an ex vivo 
study on an aqueous extract of Uncaria tomentosa (cat’s claw). 
The carboxy alkyl esters, in particular quinic acid esters, easily 
absorbed across the skin, have been shown to enhance DNA 
repair and skin resilience to UV damage through anti-inflam-
matory properties involving the inhibition of nuclear transcrip-
tion factor kappaB (NF-kappaB).6

Perhaps the most thorough healing remedy is Symphytum 
(comfrey root) cream. When this is applied topically it com-
bines an unparalleled local demulcent action, and tannins (see 
below) with an active promoter of repair, allantoin, which is 
known to be very rapidly absorbed into the subdermal tissue.7 
Comfrey has demonstrated healing effects in controlled trials 
in ankle sprains,8 and even pain-relieving and anti-inflammatory 
effects (see below).

Astringents – tannins and OPCs
Tannins and related polyphenols are very common plant con-
stituents with the simple property of curdling protein mol-
ecules into which they come in contact. The principle of 
tanning animal skins to make leather, most often using oak 
galls or oak bark, follows from this property. Simple washes 
with strong decoctions of high-tannin preparations (like 
broadleaved tree bark) are well-established country first-aid 
treatments for open wounds and third-degree burns and the 
technique was formally revived among ‘barefoot doctors’ in 
China after the Cultural Revolution in the 1960s. The aim 
here was to produce a sealing eschar over the exposed tissues 
formed from coagulated protein on the surface. In modern 
clinical application, suspensions of decoctions of high-tannin 
herbs in gum tragacanth or gum arabic can produce impres-
sive healing effects in open wounds or skin lesions. Plants to 
be considered for this role include decoctions of Hamamelis 
(witchhazel bark), Potentilla tormentilla (tormentil root), 
Quercus (oak bark), Krameria (rhatany) and Geranium  
maculatum (American cranesbill root). The antioxidant effects 
of such preparations have also drawn attention.9–11 Topically 
applied tea extracts have been shown to help to restore skin 
integrity in people with radiation-induced skin damage. On 
the basis of in vitro cell responses to various tea extracts, these 
effects are suggested to involve compounds other than the 
polyphenols.12 The role of related polyphenols, the oligomeric 
proanthocyanidins (OPCs), in topical application has been 
suggested in a clinical study that pointed to a healing effect 
of combined oral and topical application of an OPC-rich pine 
bark extract in the treatment of ulcers of diabetic origin.13

The usefulness of application of green tea catechins for 
periodontal disease was investigated in a placebo-controlled 
trial.14 Strips containing the catechins as a slow release local 

delivery system were applied to oral pockets in patients once 
a week for 8 weeks. The pocket depth and amount of bacteria 
were markedly decreased in the tannin group, whereas there 
was no change for the placebo group.

A double blind study investigated the effect of chewing a 
green tea confectionery on gingival inflammation.15 A total of 
47 volunteers (23 male, 24 female) were randomly assigned 
to chew either eight green tea or placebo candies per day for 
21 days. While there was an improvement in the green tea 
group, the placebo group deteriorated slightly.

Anti-inflammatories
A number of plant constituents appear to possess topical anti-
inflammatory effects, frequently in addition to their demulcent 
and astringent properties. They might be considered as alter-
natives to conventional steroidal and other anti-inflammatory 
prescriptions. For example, herbal Arnica extract compared 
well with topical non-steroidal anti-inflammatories in the relief 
of osteoarthritic pain.16 Calendula (marigold),17 at least when 
extracted in high-strength alcohol, and Matricaria recutita 
(German chamomile),18 both included in creams, have useful 
benefits in soothing inflamed skin lesions.19 Berberis aquifo-
lium20 and Aloe vera21 have demonstrated efficacy in the treat-
ment of psoriatic lesions. Echinacea applied topically appears 
to have local anti-inflammatory effects on minor wounds.22 
Hypericum (St John’s wort) extracted in oil as a red pigment 
is a long-standing remedy for the relief of burns and skin pain, 
and a hyperforin-rich extract has shown benefit over placebo in 
relieving atopic dermatitis.23 Other traditional remedies used 
topically for anti-inflammatory effects include Curcuma longa 
(turmeric), Juniperus (juniper oil) and Angelica archangelica 
(Angelica oil). Bruising is traditionally treated with external 
applications of Aesculus hippocastanum.24 The antiseptic prop-
erties of tea tree oil (see below) are complemented with an 
observed topical antihistaminic effect.25 Many of these applica-
tions are fully reviewed in the relevant monographs.

The comfrey ointment referred to above was evaluated 
for the treatment of knee arthritis.26 In a large placebo-con-
trolled clinical trial, 220 patients applied 2 g of ointment three 
times a day for 3 weeks to their painful knee joint. The oint-
ment either contained comfrey or was a matching placebo. In 
terms of self-rated pain, there was a 55% drop in the comfrey 
group as opposed to a drop of only 11% in the placebo group. 
Similar results were also seen for other measures of osteoar-
thritis symptoms. Overall, pain was reduced, the mobility of 
the knee improved and quality of life increased.

Comfrey is also good for helping to relieve muscle pain. 
Two strengths of comfrey cream (10% and 1%) were tested in 
a double blind study involving 215 people with pain in either 
the upper or lower back.27 The stronger cream caused sig-
nificant improvements in pain on movement, pain at rest and 
pain on pressure.

A favourite herb for eczema and other forms of inflamed 
skin (dermatitis) and to promote healing is the Calendula mar-
igold (Calendula officinalis). Radiation-induced dermatitis is 
a common side effect of radiation therapy. For approximately 
80% of patients, irradiation induces dermatitis. Apart from the 
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pain and inconvenience associated with the dermatitis, it can 
lead to interruption of the radiotherapy. There is no standard 
treatment for the prevention of radiation-induced dermatitis. 
A survey conducted in 2001 in France indicated that one-third 
of radiation oncologists prescribed a preventative topical agent 
for women undergoing irradiation for breast cancer; the most 
popular choice was the drug trolamine. Hence when French 
researchers initiated a trial of topical Calendula in patients 
receiving radiotherapy for breast cancer, they decided to com-
pare its efficacy with that of trolamine.28

Between July 1999 and June 2001, 254 patients who had 
been operated on for breast cancer and who were to receive 
postoperative radiation therapy were randomly allocated to 
application of either trolamine (128 patients) or Calendula 
ointment (126 patients) on the irradiated areas after each ses-
sion. The occurrence of acute dermatitis of grade 2 or higher 
was significantly lower (41% versus 63%) with the use of 
Calendula than with trolamine. Patients receiving Calendula 
had less frequent interruption of radiotherapy and experi-
enced significantly reduced radiation-induced pain. Calendula 
ointment was considered to be more difficult to apply, but 
self-assessed satisfaction was greater.

Antiseptics
The topical effects of herbal remedies can include some anti-
septic effects in vitro, although only a few whole preparations 
have significant clinical prospects. The antimicrobial effects 
of tea tree oil have been demonstrated in controlled clinical 
studies in acne vulgaris,29 dandruff30 and even methicillin-
resistant Staphylococcus aureus (MRSA) infections.31 The oil 
also has established antifungal properties.32,33 Another clinical 
study has demonstrated clinically relevant antifungal effects 
for a member of the Solanaceae (deadly nightshade) family.34

Topical antiviral properties have been demonstrated for 
the concentrated extract of Melissa officinalis (lemon balm) 
in the relief of herpes infections.35 One early study found 
an improved healing rate for 75% of patients, with the time 
between outbreaks prolonged in 50% of cases.36 Compared 
with conventional treatments (at the time), the average heal-
ing time of lesions was halved to about 5 days and the time 
between outbreaks was approximately doubled.36 In another 
multicentre study involving 115 patients, treatment of her-
pes lesions was commenced between 24 and 72 h from their 
outbreak.37 It was found that lesions in 87% of patients were 
completely healed within 6 days of treatment. The time 
between outbreaks was increased for 69% of patients, and this 
was 2.3 months with lemon balm compared with 1.3 months 
for conventional drug treatments such as idoxuridine and tro-
mantadine. Minor side effects were observed in only 3% of 
patients. The delay in new lesions occurring was without any 
prophylactic application, and it is possible that a preventative 
application of the cream to normally affected areas would fur-
ther increase the time between outbreaks. Lemon balm cream 
can also be used to treat herpes simplex type 2 infection, and 
probably other similar viral skin infections, including shingles. 
The cream contained 1% of a concentrated 70:1 extract of 
lemon balm.

Rhubarb root (Rheum officinale) and sage (Salvia officinalis) 
also have activity against viruses, including herpes simplex type 
1. In a double blind, controlled trial involving 49 patients, the 
results for creams containing either 2.3% sage, or 2.3% sage 
and 2.3% rhubarb, were compared against the conventional 
antiviral cream containing acyclovir. The average time for the 
herpes sores to fully heal was 7.6 days with the sage cream, 
6.7 days with the rhubarb-sage cream and 6.5 days for acy-
clovir.38 Hence, the herbal combination worked as well as the 
conventional drug.

Many herbs are used as a gargle, lozenge or throat spray to 
treat a sore throat. These include Calendula, sage, propolis, 
Echinacea root and golden seal. Acute viral pharyngitis is linked 
to the common cold and includes symptoms such as sore throat 
and fever. In a double blind, placebo-controlled clinical trial, the 
value of a sage throat spray was compared against a placebo spray 
in almost 300 patients with acute viral pharyngitis.39 The throat 
spray was used for seven applications over 3 days, and each appli-
cation consisted of three sprays. A 15% strength sage spray was 
found to be much better than placebo for relieving throat pain. 
Symptomatic relief occurred within 2 h of applying the spray.

For a further review of antimicrobial effects of herbal rem-
edies see Chapter 2.

Local anaesthetics and analgesics
As well as the well-known effects on dental pain of topical 
Syzygium aromaticum (clove) oil,40 and the impact on muscle 
pain41 and intractable itching42 of capsaicin preparations from 
Capsicum spp., there is now increasing evidence that comfrey 
(see above) also has pain-relieving properties in arthritis.43

Formulations
Many types of topical formulation have evolved for the appli-
cation of plant materials on body surfaces. A brief summary 
of their characteristics well reflects the diversity of possible 
approaches.

Liquids

Liniments (and embrocations)
Semi-liquid preparations prepared in oily or alcoholic solu-
tion respectively, with rubefacient or analgesic intentions, are 
rubbed into unbroken skin. Examples include liniments of 
mustard and Capsicum, used to stimulate circulation, and lini-
ment of Arnica for healing.

Lotions
These are non-oily liquids applied externally and generally not 
rubbed in. They are applied to the body surface or any external 
orifice. Sometimes a lotion will be a herbal tincture used, for 
example, as a topical treatment for skin or nail fungal infections.

Eardrops
The external ear canal can be treated with oil or alcohol/
water-based preparations to help clear obstructions, to treat 
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inflammation or infection of the canal or ear drum or to influ-
ence the middle ear by diffusion across the ear drum. Warm 
olive oil is a popular treatment for waxy obstructions and 
may be augmented by garlic or Verbascum (mullein flowers) 
steeped in the oil. However, bacterial contamination of such 
products is a concern and non-industrially produced prepara-
tions are often not to be recommended.

Eyebaths
Aqueous solutions are the usual basis for irrigation of the eye 
in blepharitis, conjunctival and corneal affections. Bacterial 
contamination of the eye tissues is particularly hazardous in 
any home-produced eyebath and these should be discouraged. 
Great care must be taken to ensure sterility of the fluid which 
must be boiled for at least 15 minutes in its final container (or 
added to a sterilised container after boiling). Any water added 
to the preparation must also be boiled or sterilised. Preparations 
must be used immediately or stored in sterile frozen blocks. 
Decoctions of Euphrasia (eyebright), Foeniculum (fennel seed), 
Agrimonia (agrimony), Glycyrrhiza (licorice root), made at 30 g 
per 500 mL and then diluted 1:1 with water for application, 
may be used to reduce inflammatory symptoms.

Gargles
These are preparations in water or alcohol-water solution to 
be used for throat problems. They may be antiseptic, sooth-
ing and/or healing. Herbal gargles may also be swallowed to 
obtain a secondary, systemic effect. Effective gargles can be 
made with tinctures of Salvia (sage), Commiphora (myrrh), 
Calendula and Echinacea, these ideally combined with fluid 
extract of Glycyrrhiza (licorice) or mucilaginous ingredients. 
Honey is another effective ingredient.

Inhalants (or vapours)
Volatile components may be inhaled either from a pad applied 
to the nose and mouth or from liniments or ointments applied 
to the skin under the nose or on the chest or, most effectively, 
with steam from hot water. They allow deep and accurate 
penetration of medicinal agents throughout the whole respira-
tory system, including the sinuses and middle ear. They will 
clear catarrhal congestion, soothe irritable mucous membranes 
and reduce some hypersensitivity reactions. The simplest 
steaming herb is Matricaria (chamomile) strewn onto the sur-
face of recently boiled water. Recommended oils include pine, 
aniseed, eucalyptus and, to a limited extent, peppermint.

Baths
Adding herbs or volatile oils to baths has been a traditional 
technique, with the particular benefit of allowing inhalation 
of the volatile components in the steam. One common non-
volatile application is the mustard bath, used to bathe feet 
or hands affected by arthritic trouble or as a means of stimu-
lating circulation generally throughout the system. Mustard 

powder is added at up to 1% by weight to hand-hot water and 
the part bathed in it until cool.

Douches
Aqueous solutions may be directed against the body or into a 
body cavity to cleanse or disinfect. The vaginal douche is the 
most frequently used: infusions or decoctions of astringent or 
antiseptic herbs may be prepared and applied deep into the 
vagina with a bulb syringe or similar applicator whilst the 
patient is lying supine, for vaginal and cervical infections and 
inflammations. Douches can also be used for the nasal cavity, 
although this is rarely done nowadays.

Solids

Creams
These are emulsions of oil in water or water in oil designed 
to be well absorbed by the skin. They may have various rem-
edies dissolved in either the oil or water fraction. Creams 
are generally softer than ointments and are more complex in 
their formulation. For this reason, they were not common in 
pharmacies of the past but with technical advances are very 
prominent today, especially in the cosmetics industry. Where 
available, preparations with Stellaria (chickweed), Calendula, 
Echinacea and Symphytum (comfrey) are suitable for the 
treatment of pruritic or inflammatory skin conditions.

Ointments (salves or unguents)
These are semi-solid solutions of various preparations in non-
aqueous bases that are not absorbed easily into the skin and are 
therefore used to provide a protective or remedial film over 
the skin. Being immiscible with water or skin secretions, oint-
ments effectively form an occlusive layer over the skin, pre-
venting evaporation by transpiration or sweating and allowing 
the skin to become hydrated. This permits easier absorption of 
any water-soluble materials in the ointment.

Jellies (or gels)
Suspensions or colloids made from gums, pectin or gelatin allow 
non-oily applications to be applied to mucous membranes (like 
the vagina and rectum) and to open or discharging wounds or 
lesions. They are the most effective way of applying an astrin-
gent treatment, especially if gum tragacanth is used as the gel-
ling/suspending agent. Infusions, juices or tinctures may be used 
for the fluid part. Soothing astringent preparations made, for 
example, with witchhazel are ideal for irritated wounds, slow-
healing leg ulcers or haemorrhoids. Without preservatives, gels 
should be made and used freshly or from frozen samples.

Plasters
Unlike the modern item, traditional plasters were impreg-
nated dressings applied over the skin where a long-term and 
concentrated medication was required. The plaster mass was 
a waxy, rubber, resinous or other base incorporating medical 
agents, spread on to fabric. It was often designed to convey 
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rubefacient, analgesic or protective effects. Cayenne (capsi-
cum) plasters containing capsaicin are notable applications for 
arthritic disease.

Poultices
The oldest traditional application was a mass of mate-
rial soaked in hot water in a fabric bag and applied to the 
skin while still hot. Poultices have particular ability to draw 
wounds and infections and to soothe, heal and astringe. 
Linseed, comfrey, marshmallow and cabbage leaf are fre-
quently used in poultice form in traditional practice.

Suppositories and pessaries
Solid preparations suitable for rectal and vaginal insertion 
respectively, generally consist of a solution or suspension of 
active agents in a solid base designed to melt at body temper-
ature (and thus needing to be stored at cool temperatures). 
Two main types of base are cocoa butter and gelatin-glycerine 
mixes. The former is most immediately applicable where dry 
herbal preparations are to be added. Gelatin-glycerine bases 
are better able to hold fluid; nevertheless, their use may lead 
to drying of the mucosal membranes and this may provoke 
inflammation if used frequently.
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Fever

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 uncomplicated and moderate fevers from infectious causes.

Management and relief of:
l	 febrile symptoms of non-infectious origin.

Particular caution is necessary in applying phytotherapy in 
cases of:
l	 severe, rampant fever with hyperpyrexia and/or when due 

to virulent causes.

Orientation

Introduction
Fever is most often associated with viral and bacterial infec-
tious illnesses of varying degrees of severity, such as ‘flu’, 
measles, rubella, rheumatic fever, pneumonia, malaria, scarlet 
fever, polio, tuberculosis and meningitis. It can also accom-
pany a wider range of problems such as cardiovascular and 
autoimmune diseases, drug reactions and some cancers. Many 
cases, especially in children, remain mysterious.1

It is therefore vital that the onset of any fever is diagnosed 
as accurately as possible, especially in the very young and 
elderly, pregnant women, among overseas travellers and those 
with immune disorders. Conventional drug therapy and even 
hospitalisation may be essential.

The fever as friend?
Perhaps because of the associations above, the fever process 
has come to be seen as a problem to be treated in its own 

right (‘We must bring the fever down’). The serious risks 
from hyperpyrexia (overheating) are well understood and the 
accompanying unpleasant symptoms are reason enough to 
regard fever with suspicion. However, if it is clear that fever is 
not part of a serious condition there are also good reasons for 
not suppressing the process unnecessarily. This view is gaining 
support in conventional medicine,2,3 particularly in reaction to 
the fashion for using paracetamol, and previously aspirin, to 
treat common childhood fevers.4

A recent example of such concerns is the New Zealand 
study that investigated the association between infant 
and childhood paracetamol use and later atopy and aller-
gic disease.5 Children given paracetamol before the age 
of 15 months were 3.6 times more likely to have atopy at 
age 6 years than infants who had not been given the drug. 
Paracetamol use between the ages of 5 and 6 years showed 
dose-dependent associations with wheeze and asthma.

Such modern reassessment of fever treatment echoes the 
older traditional view that fever was not the disease itself but 
the body’s extraordinary efforts to resist disease. It was there-
fore something to be supported, or at least managed, rather 
than unduly suppressed. In this view, a ‘good fever’, one which 
went through its natural course satisfactorily, would not only 
lead to better resolution of the immediate crisis but would 
actually rearm the body’s defences and increase its resist-
ance to future onslaughts. Indeed, it was on this issue above 
all others that the revivalist practices of Samuel Thomson in 
the 19th century were based (see p. 11). It was common prac-
tice among ‘regular’ physicians to suppress fevers with mineral 
drugs based on mercury, arsenic and antimony. Thomson was 
moved by Indian practices, especially the sweat lodge, to vehe-
mently challenge such principles and insist instead on the view 
that fever was a sign of healthy defences (the ‘natural heat’ of 
the body resisting ‘cold’ intrusion) and should be supported 
in its efforts rather than suppressed. To this end, he recom-
mended the use of heating remedies, including cayenne, and 
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aging excesses of the febrile condition along the way. Although 
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Thomson’s message was simple (reflecting the predominance 
of fevers as the main clinical priority of the times), he iden-
tified a fundamental difference between traditional practices 
and the new direction of orthodox medicine – supporting body 
defences versus attacking disease processes.

Other traditional approaches to fever management were 
similar. Because fever was so common, the universal clas-
sification of remedies as heating or cooling was made very 
largely on the basis of their observed effects in this condition. 
Heating herbs would be used to support a flagging fever and, 
by promoting perspiration, were additionally seen as aiding 
elimination through the sweat glands (sweat glands do resem-
ble primitive nephrons and can stand in for kidney function 
to some extent); cooling remedies would be used to temper 
excessive pyrexia. Herbs with subtle heating or cooling (such 
as the Galenic ‘hot in the first degree’) were seen as exerting a 
normalising effect, helping to steady body temperature. Other 
remedies were classified for their ability to reduce the impact 
of febrile convulsions, diarrhoea, vomiting and distress.

There is modern support for the traditional view.6 The 
body’s febrile response is accompanied by the arousal of pow-
erful, unpleasant and debilitating defensive measures, the 
release of inflammatory chemicals, temperature-stimulated 
activity in the circulation and in various blood cells, including 
the scavenger white blood cells, and associated alterations in a 
wide range of other functions.7,8 In many ways it is like inflam-
mation, for which an analogous traditional view applies (see 
p. 152): it generally proceeds in defined stages, tends to be 
self-limiting and is directed to mobilising defensive resources 
to the rapid elimination of an intrusion into the tissues. Both 
inflammation and fever are accompanied by what may be 
regarded as guarding symptoms, in the case of fever often by 
nausea (leading to reduced eating and unnecessary digestive, 
eliminative and metabolic burdens), thirst (increasing fluid 
consumption and compensating for fever-induced dehydra-
tion), lassitude and exhaustion (ensuring adequate rest during 
the process) and photophobia (encouraging withdrawal to a 
darkened place so as to reduce visual and other stimulation).

In contrast to our forebears, modern practitioners can now 
accept the far superior diagnostic and treatment prospects 
that medicine can bring and be grateful that the killer fevers 
are largely in the past. Nevertheless, there is real value in 
revisiting some fundamental fever management approaches in 
the majority of feverish illnesses that do not present a serious 
threat. There is a real concern that suppressive measures like 
aspirin and paracetamol and pre-emptive (and often unsuit-
able) antibiotic treatments are aborting an important natural 
healing process. Earlier observers predicted that unresolved 
fevers would lead to recurrent low-grade problems there-
after. The current frequency of chronic catarrhal problems, 
sore throats, cervical lymphadenopathy (swollen glands), 
sinusitis, otitis media (glue ear) and atopic allergy, especially 
among children, reminds many modern practitioners of such a  
syndrome. Modern studies are beginning to validate these 
concerns (see above).

It is possible to retrieve some of the early measures as part 
of a new strategy of fever management, taking advantage of 
insights and technology unavailable to our forebears.

Practical fever management
Fevers present serious challenges for any practitioner more 
used to dealing with modern chronic and low-grade condi-
tions. Fevers can be dangerous. They can change rapidly and 
initial diagnoses can be wrong. It would be professionally 
negligent to take responsibility for managing a fever without 
the necessary personal medical qualifications and experience 
unless supported by an effective health team. The following 
suggestions can only be applied in such circumstances.

After best available medical diagnosis has determined that 
dangerous disease is unlikely, the phytotherapeutic approach to 
fever is to see the condition as something to be managed, even 
nurtured, to allow the body temperature to stay at acceptable 
febrile levels (usually the range 100–102°F or 37.8–38.9°C) 
until the fever breaks, then to switch to recuperative measures 
as required. During the fever the practitioner watches for dan-
gerous symptoms (and ensures ongoing medical supervision as 
necessary), works with herbal and other measures to prevent 
body temperature rising too high and provides relief for ancil-
lary symptoms like nausea, vomiting, diarrhoea, coughing, con-
vulsions and general malaise and discomforts.

Many fever-causing bacteria and viruses either produce as 
metabolites, or present as surface antigens, trigger chemicals, 
referred to as exogenous pyrogens, that stimulate the tempera-
ture control mechanism in the hypothalamus – in effect, they 
‘set the thermostat higher’. The result is a stimulus to the 
heat-generating and heat-conserving mechanisms of the body 
so that body temperature can rise to match the new setting in 
the hypothalamus. Such mechanisms include shutting down 
the blood flow to the surface (pallor), shivering and seeking 
warmth. In short, when the temperature is rising the patient 
feels cold.

This is the ‘chill’ phase of fever. When the body tempera-
ture rises to the level set by the hypothalamus, a new stability 
with balance of heat gain and loss returns. The symptoms of 
chill recede and a less uncomfortable phase commences.

With the rise in body temperature, blood flow through the 
tissues and the activity of the phagocytes increase. The body’s 
defences are alerted and mobilised. The intruder’s prospects 
are reduced, as eventually is its production of exogenous pyro-
gens. The upward stimulus on the hypothalamus is reduced 
and the thermostat setting falls. The outward sign of this 
change could be predicted from knowing that the body tem-
perature will now be higher than that set in the thermostat 
so heat has to be lost. The circulation to the periphery opens 
up again, the sweat glands operate, clothing and coverings are 
thrown off. The temperature falls and for that reason the 
patient feels hot. In traditional terms, the fever has ‘broken’, 
‘crisis’ has been reached and ‘lysis’ or resolution intervenes. 
With luck, the infection has been successfully rejected and 
recovery can commence.

There is a more complex story of course. For example, 
there are a range of cytokines, such as interleukin (IL)-1-
(alpha and beta), IL-6 and tumour necrosis factor-alpha, 
produced by the body itself and known as endogenous pyro-
gens which, possibly interacting with prostaglandins, can 
induce relapsing and other complex fever patterns with no 
clear cause. More recently, it has been shown that inhibitors 



147

Herbal approaches to pathological states C H A P T E R  8

of cytochrome P450 exacerbate pyrexia and that inducing 
P450 arachidonic acid metabolism reduces fever.9–11 There 
are also endogenous antipyretic mediators including neuroac-
tive substances such as glucocorticoids, vasopressin, IL-10 and 
melanocortins.12

However, the summary account above provides an accept-
able basis for a policy of fever management, in which basic 
principles of nursing can be augmented by herbal remedies.

The first requirement is for some means of monitoring the 
situation. A clinical thermometer is obviously central but its 
usefulness is greatly enhanced by knowing how to interpret its 
findings. Referring to the account of fever above will explain 
the following points:

1.	Feeling cold, with pale cyanosed skin and shivering means 
that the body temperature is lower than that set in the 
hypothalamus and is most likely to be still rising.

2.	Feeling hot, with flushed skin and sweating means that the 
body temperature is higher than the thermostat setting and 
is most likely to be coming down.

3.	Having no dominant feeling of being hot or cold suggests 
relative equilibrium between thermostat and body 
temperature.

With these clues and a thermometer, it is generally possi-
ble to assess progress through the fever. If, for example, the 
temperature was 104°F (40°C), its importance would depend 
on whether the patient was feeling hot or cold. In the former 
case, one would expect the temperature to fall; in the latter 
case, some quick treatment would be called for.

Apart from the usual techniques for bringing temperature 
down, such as cold wet face flannels or tepid baths, there is 
conventional aspirin.13 This, however, simply turns the ther-
mostat controls down without attending to any other aspects 
of the fever; there is the risk of an unresolved problem with 
symptoms lasting for years.14

Its use in children has in any case been discontinued in 
recent years because of the incidence of serious side effects.15,16 
Paracetamol and ibuprofen17 are still used for similar purposes; 
there are reports of adverse effects in the case of paracetamol 
particularly,18,19 but a recent systematic review indicates safety 
of these agents compared with nocebo effects is not a major 
concern.20 The wider question is the wisdom of using such 
agents to bring down the fever, with consequent risks to anti-
body production and cell repair, when no other risk is present.21

Herbal remedies, by contrast, have a number of more com-
plex effects on the body and on the febrile response. There 
are a number of peripheral antipyretic mechanisms associated 
with plant remedies,22–24 including ginger,25 fennel,26 boldo27 
and Andrographis.28 However, it is worth noting in the prac-
tical guides to fever management that follow, that the pub-
lished evidence for efficacy in humans has been undermined 
by poor methodological quality of the studies.29

Herbal treatments during fevers are best provided in the 
form of aqueous infusions or decoctions (see p. 126), either 
hot or warm depending on the wider context.

As a steadying influence, the peripheral vasodilators or dia-
phoretics are appropriate, including remedies such as Achillea 
(yarrow), Sambucus (elderflower), Matricaria (chamomile), 

Tilia (limeflowers), Nepeta cataria (catmint) and Eupatorium 
perfoliatum (boneset). Their effect in hot infusion, seen only 
in a febrile state, is subjectively to reduce chill and encourage 
cooling perspiration; they also have a variety of other useful 
benefits for the digestion, mucous membranes and neuromus-
cular system. They may be combined with peppermint tea for 
a more accelerated cooling effect.

For gentle but stronger reduction in febrile temperature, 
the cooling bitters, like Taraxacum (dandelion root), Gentiana 
(gentian root) and Cichorium (chicory root) and Erythraea 
(centaury), are favoured. They have the additional advantage 
of stimulating the otherwise dormant digestive system, thus 
helping to counter fermentation or infection arising from 
the gut. Throughout history some plants were particularly 
favoured for their fever-reducing properties; most were nota-
ble bitters as well as having a range of antipathogenic and anti-
inflammatory properties. They are, however, inherently more 
powerful and should be applied with more caution and under 
closer supervision. They include Cinchona (Peruvian bark that 
later yielded quinine), various members of the Artemisia or 
wormwood family, Jateorhiza (calumba), Berberis vulgaris 
(barberry bark) and Hydrastis (golden seal).

Apart from body temperature, there are other symptoms of 
fever that need to be watched. Many, such as nausea, vomiting, 
diarrhoea, headaches, coughing, pains and spasms, can usually 
be controlled by the appropriate herbal remedy, covered else-
where in this book. Accepting the potential value of the febrile 
reaction does not mean consigning the patient to unnecessary 
discomfort. There are of course danger signs as well (a pulse 
that does not rise with temperature as expected might herald 
meningitis; convulsions, although common enough in children, 
can disguise and exacerbate polio; a dry cough of measles can 
resemble that of pneumonia, which can also be heralded by 
rapid breathing rates; malaria remains impossible to diagnose 
without blood tests).30 The untrained must not attempt to 
take full responsibility for any such treatment.

Raising fever
In addition to containing excessive body temperature, there 
may be a need to encourage it to rise. If it is clear that the 
fever is not adequately materialising and that there is no seri-
ous infection or underlying pathology, warming remedies 
might be chosen. This is a common scenario in affluent soci-
eties. Here, fevers are rare after childhood but unresolved 
low-grade chronic infections are not. In a case of persistent 
catarrh, for example, it is often useful to take advantage of a 
partial attempt by the body to raise the stakes, a cold or sore 
throat perhaps, and set a ‘therapeutic fever’ in train.

The patient should be advised to prepare properly. Bed rest, 
a minimal fresh diet and plenty of fluid are basic requirements. 
It is then possible to take one of the many circulatory stimu-
lants, such as Cinnamomum zeylanicum (cinnamon,) Angelica 
archangelica (angelica), Zingiber (ginger), Allium (raw garlic) 
or even Capsicum (cayenne). A modest febrile process can 
then be nudged into existence, often to considerable advan-
tage. Echinacea root, being both warming and stimulating to 
mucosal immune defences, may be particularly useful here.
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Aftermath
As important as any other part of the treatment is adequate 
convalescence (see p. 86) after it is all over. There are a range 
of remedies traditionally used for post-fever recuperation. 
These include some of the warming and cooling remedies 

above, those with additional tonic reputations, like Inula 
helenium (elecampane), Cardamomum (cardamom seed), 
Echinacea, Taraxacum (dandelion root) and Gentiana (gentian 
root).
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Infectious diseases

Scope
Apart from their use in providing non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 minor to moderate acute infections of the respiratory, 

urinary and gastrointestinal mucosa

l	 minor to moderate systemic infections especially when 
accompanied by lymphadenopathy

l	 topical bacterial and fungal infections
l	 minor to moderate febrile infections
l	 minor to moderate chronic viral, bacterial and fungal 

infections.

Management of:
l	 refractory cases of chronic viral, bacterial and fungal 

infections especially accompanied by lowered immune 
resistance.
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Because of its use of secondary plant products, particu-
lar caution is necessary in applying phytotherapy in cases of 
infections of the kidney parenchyma.

Note: In most developed countries there are usually legal 
constraints on non-physicians treating, or claiming to treat, 
notifiable infections, for example contagious infections, tuber-
culosis and venereal infections. Severe acute infections, espe-
cially involving vital organs, should in general be approached 
with extreme care and never without full medical supervision 
unless this is clearly not available.

Orientation

Background
A modern observer might presume that one area where tradi-
tional herbal medicine could not be claimed as a useful model 
is in the area of infections. It is generally accepted that until 
Pasteur’s germ theory of disease and the isolation of effec-
tive antimicrobials, humanity had seriously missed the plot. 
The history of pestilences and plagues, the decimation caused 
by the killer infections such as smallpox, cholera, typhoid and 
scarlet fever, the waking medieval nightmares of tuberculosis 
and syphilis, the Russian roulette that every mother and infant 
played with perinatal mortality, along with the near universal 
ignorance of the dangers of living in filth and squalor along with 
dark mutterings about ‘contagions’ and ‘toxins’ in lieu of simple 
hygienic measures, all looks rather bad for traditional medicine.

Much of this is undeniable. There is no doubt that health-
care shifted beyond recognition with public hygiene measures 
like clean water and separate sewage systems from the 19th 
century and the discovery of penicillin in the early decades of 
the 20th. Herbal practitioners can admit this gracefully and 
be grateful they no longer have to attempt to thwart life-
threatening infectious diseases.

Nevertheless, the herbal cupboard is not entirely bare. Most 
of the horrors referred to above were features of life in cities 
and towns, of crowded squalid conditions, far from sources of 
fresh food (and with no refrigerated delivery) and clean water. 
The historical and archaeological evidence available suggests 
that life was more equable in traditional rural communities, 
that, leaving perinatal mortality aside, average lifespans in the 
ancient world differed little from those reached until the mid-
dle of the 20th century1–3 and that longevity was not uncom-
mon where land was fertile.4 In such circumstances, the case 
against the traditional remedies used by country people is 
harder to sustain.

Furthermore, if the killer diseases are taken out of the pic-
ture and more ordinary everyday infections are considered, 
the balance shifts in favour of historical treatment. There 
are a number of traditional remedies that appear to support 
the body in its battle against infections. From an exhaustive 
review of traditional cooking practices and recipes and corre-
lation with exposure to infections, it has been concluded that 
the pungent spices were adopted as flavourings, consciously 
or unconsciously, at least in part because of their protective 
effect against enteric infections, with the hottest used where 
there is greatest exposure.5 There are other indications that 
chillies in particular are antimicrobial in moderate doses.6,7

As another example of a dietary antimicrobial, various pub-
lications indicate that garlic extract also has broad-spectrum 
antimicrobial activity against many genera of bacteria and 
fungi. This activity, particularly in respect of Gram-negative 
bacteria, seems to be stronger than that of other members of 
the onion family.8,9 Allicin was the early candidate as the most 
active constituent in garlic.10 In terms of the phytochemi-
cal world it has been verified as a potent antibacterial agent, 
but even then its activity is relatively modest compared with 
conventional antibiotics.11 Later research has demonstrated 
that ajoene, the prominent metabolite of allicin, also conveys 
particular antimicrobial activity, including against such Gram-
negative bacteria as Escherichia coli and Klebsiella pneumo-
niae. The disulphide bond in ajoene appeared to be necessary 
for this activity, since reduction by cysteine, which reacts with 
these bonds, abolished its antimicrobial activity.12 This activ-
ity is, however, significantly exceeded by another metabolite, 
10-devinylajoene, marked by substitution of the allyl group 
in ajoene by a methyl group and sulfinyl group.13 These find-
ings might explain why a garlic extract was observed to have 
a more potent anti-staphylococcal activity than an equivalent 
amount of allicin.11

The incidence of stomach cancer is lower in individuals and 
populations with high allium vegetable intakes. To investigate 
this further, an aqueous extract of garlic cloves was standard-
ised for its thiosulfinate concentration and tested for its anti-
microbial activity on Helicobacter pylori. Minimum inhibitory 
concentration was 40 µg/mL thiosulfinate. This study may have 
detected a particular sensitivity of H. pylori to garlic constit-
uents as Staphylococcus aureus tested under the same condi-
tions was not susceptible to garlic extract up to the maximum 
thiosulfinate concentration tested (160 µg/mL).14 However, 
clinical trials of the use of garlic in eradicating H. pylori have 
been disappointing, although this might reflect on the form 
of garlic used.15,16 Systemic antifungal activity has been sup-
ported in a study where commercial garlic extract was given 
intravenously to two patients with cryptococcal meningitis and 
three patients with other types of meningitis. Plasma titres of 
anti-Cryptococcus neoformans activity rose two-fold over pre-
infusion titres.17

The position with other plant constituents is less clear. 
Essential oils have demonstrated antimicrobial effects in vitro 
(see, for example references18–20 and also Chapter 2). In one 
study, for example, the antimicrobial effects of some essen-
tial oils on oral bacteria were surveyed. Tea tree oil, pepper-
mint oil and sage oil proved to be the most potent essential 
oils, whereas thymol and eugenol were potent essential oil 
components.21 Tea tree oil has demonstrated a number of 
antimicrobial effects, even against MRSA.22 More studies on 
tea tree oil are reviewed in Chapter 2. In research on anti-
fungal effects, those of phenolics such as iso-eugenol, cinna-
maldehyde, carvacrol, eugenol and thymol were linked to the 
presence of a free hydroxyl group linked to an alkyl substitu-
ent.23 However, all these studies generally refer to isolated 
oils rather than to the whole plant and it is difficult to infer 
from these that traditional treatments had much antimicro-
bial efficacy.

On the other hand, ethnobotanical reviews of tradi-
tional plants (often reported in the excellent Journal of 
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Ethnopharmacology) have shown in vitro efficacy of whole-
plant preparations (for example references24–27) and in one 
study a high correlation was demonstrated between traditional 
use and in vitro antisepsis among plants in North America.28 It 
is possible that modest antimicrobial effects may lie in other 
plant constituents: tannins (especially tannic acid and propyl 
gallate) have demonstrated such properties. This activity is sug-
gested as being associated with the hydrolysis of ester linkage 
between gallic acid and polyols, hydrolysed after the ripening 
of many edible fruits. Tannins in these fruits thus may serve as a 
natural defence mechanism against microbial infections.29

There were other particular remedies, generally at least 
a few in each tradition, with a role of directly helping the 
body resist infections. Raw garlic in Europe, Echinacea and 
Baptisia (wild indigo) in North America, Picrorrhiza in Asia 
and Andrographis in China were all accorded great respect in 
their respective cultures. Some were mobilised in managing 
the fevers that often resulted, others were used to support 
recovery and the hopefully increased defensive strength of the 
well-managed convalescence. There is little evidence that any 
of these are antibiotics in the modern sense: most were under-
stood as supporting some defensive function or other. This list 
would also contain other supporters of host resistance:
l	 The powerful bitters – Artemisia absinthium (wormwood), 

Columbo, Marsdenia (condurango), Cinchona (quinine 
bark), Swertia, Berberis vulgaris (barberry bark) and 
Hydrastis canadensis (golden seal root) – that were likely 
to have been effective protectors against enteric and hepatic 
infections (see the monograph for the last two herbs)

l	 The hot pungent spices – Capsicum spp. (chillies), Zingiber 
(ginger) – that complement this role in enteric infections 
and, with Cinnamomum (cinnamon), that still today 
provide effective treatments in respiratory infections (see 
the monograph on ginger)

l	 Remedies like Juniperus (juniper berries), Arctostaphylos 
uva-ursi (bearberry), Barosma betulina (buchu) and Piper 
cubeba (cubeb) in the treatment of urinary infections (see 
the monographs on bearberry and buchu).

For the many non-serious infections in everyday life, the 
deathbed recantation attributed to Pasteur is increasingly rel-
evant. No seed can develop without le terrain, the soil to nour-
ish it, no infections can establish without the body, by deficit, 
enabling a sympathetic environment for colonisation to occur. 
There are very few genuinely aggressive pathogens; there are 
always some people, usually the majority, unaffected in even 
the most notorious epidemics. The normal environment, food, 
air, skin, mouth and gut lining, is full of theoretically pathogenic 
bacteria (legally allowable counts in many foods are still in the 
millions of bacteria per milligram). In the absence of support-
ing immune defences, it is likely that the drive to kill pathogens 
has gone too far. While antibiotics have changed the prospects 
for bacterial infections beyond traditional recognition, and 
antifungals, antiprotozoals and antiviral medicines have played 
important parts in the management of other infections, it is also 
clear that infectious diseases remain major clinical problems 
in even the most modern societies. In particular, there is con-
cern about the increasing resistance of many pathogens to new 
drugs. Antibiotic resistance is causing particular worries, with 

the spectre of ‘super-bugs’ now occupying the attention of the 
popular press. In Britain the government instructed doctors in 
September 1998 to avoid prescribing antibiotics in minor self-
limiting infectious conditions such as colds and sore throats or 
when infections are likely to be viral in origin.

With every new epidemic, be it SARS, bird flu, swine flu or 
an outbreak of antibiotic-resistant bacteria, it becomes increas-
ingly obvious that the conventional approach to preventing 
and treating infection is beginning to fail our communities. 
The hero antibiotics of yesteryear are being rendered next to 
useless by resistant organisms, with the cost and challenges of 
developing new antibiotic drugs ensuring that future prospects 
are relatively bleak. The role for phytotherapy in infectious 
diseases is likely to increase rather than diminish under these 
circumstances.

Phytotherapeutics

General approach to infections
It is worthwhile reviewing the considerations for the herbal 
management of infections. These are as follows:
l	 Immune-enhancing herbs like Echinacea angustifolia or E. 

purpurea root or Baptisia (wild indigo root) are an effective 
core element in the treatment of any infection acute or 
chronic (see below for a treatment protocol for Echinacea 
root). Andrographis is particularly suited to acute 
infections, with consistent evidence for its clinical efficacy 
(see the Andrographis monograph).

l	 Warming circulatory stimulants will act to promote 
defensive immune activities in many cases of acute 
infections. Zingiber (ginger) is particularly helpful in these 
circumstances; Capsicum (cayenne) and Cinnamomum 
(cinnamon) are respectively stronger and milder substitutes 
or accompaniments.

l	 If the infection is located in a particular organ, herbs are 
often prescribed to support that organ or its defensive 
functions: strong bitters in the case of enteric infections; 
Silybum (St Mary’s thistle) for liver infections; expectorants 
for lung infections; Juniperus for the urinary system; Serenoa 
(saw palmetto) for prostate infections. This is especially the 
case if these infections are subacute or chronic.

l	 Hypericum (St John’s wort) may be applied in the long-
term treatment of infections with enveloped viruses; Thuja 
(arbor-vitae) more widely for viral infections.

l	 For topical treatment of accessible surfaces a different 
range of products can be used. Melaleuca (tea tree oil) 
can be applied directly to some skin infections and, in 
suitable carriers, for vaginitis, in the case of either bacterial 
or fungal origin. Melissa (lemon balm) and Glycyrrhiza 
(licorice) have topical antiviral activity and can be applied 
to herpes and similar outbreaks, as can essential oils such 
as tea tree (provided the virus is enveloped). Thuja and 
Calendula tinctures and tea tree oil are effective for fungal 
infections of the skin and nails. For the mouth and throat, 
mouthwashes and gargles can be made with Echinacea 
angustifolia or E. purpurea root, high-strength alcoholic 
tinctures of Commiphora (myrrh), Calendula, Populus 
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gileadensis (balm of Gilead) or propolis, all best combined 
with fluid extract of Glycyrrhiza.

Poor immunity and recurrent infections
Patients with poor immunity and/or recurrent infections 
should receive treatment selected from the following groups:
l	 Immune-enhancing herbs: Echinacea, Astragalus, 

Picrorrhiza, Andrographis, Phytolacca. Astragalus should 
not be prescribed during acute episodes and Picrorrhiza 
and Andrographis should not be prescribed if the patient is 
constitutionally cold. Astragalus is particularly indicated for 
chronically depleted immunity.

l	 Tonic and adaptogenic herbs: Panax, Eleutherococcus, 
Withania. It is advisable to hold back on using these during 
an acute infection.

l	 Bitter herbs: Gentiana, Artemisia absinthium especially 
where the patient appears anaemic or undernourished. 
Exercise caution if the patient is also constitutionally 

cold; if necessary counter the cooling effect with heating 
herbs.

Echinacea protocol
Echinacea alone, either the root of E. angustifolia or E. purpu-
rea, or their combination, has helped countless patients prone to 
infection in doses equivalent to 2.5 to 7.5 g/day (5 to 15 mL of 
a 1:2 preparation). The treatment protocol is as follows (equiva-
lent doses in tablet or capsule form can also be used):

1.	Take a 5 mL dose each day (2.5 g) as a maintenance dose (take 
twice this dose for maintenance if immunity is very poor).

2.	If infection threatens, double or triple the daily 
maintenance dose until the threat passes.

3.	If infection takes hold, maintain the higher dose until 
the infection is completely gone and then return to the 
normal daily dose. Alternatively, or in addition, apply the 
treatments noted above for acute infections.

See also the Echinacea root monograph.
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Inflammatory and autoimmune 
diseases

Scope
Phytotherapy includes some unique approaches to influenc-
ing inflammatory and immunological mechanisms. Although 
there is an incomplete evidence base, in some cases there 
are enough strong themes to influence clinical practice. 
Phytotherapeutic strategies include the following.

Treatment of:
l	 acute inflammations of muscles, joints, connective tissues 

and glandular and gut tissue.
Management of:

l	 chronic inflammatory diseases of the digestive tract, 
including gastritis, Crohn’s disease and ulcerative colitis

l	 chronic inflammatory diseases of joints, and other 
connective tissues, including rheumatoid arthritis (RA) and 
ankylosing spondylitis (see also Chapter 9)

l	 psoriasis, scleroderma, other chronic inflammatory skin 
diseases (dermatitis), including complex and autoimmune 
conditions such as psoriasis (see also Chapter 9)

l	 long-term inflammatory processes underlying chronic 
conditions such as diabetes and atherosclerosis.

Because of the use of secondary plant products, particular 
caution is necessary in applying phytotherapy in cases of:
l	 inflammatory disease complicated by glomerulonephritis or 

other kidney disease.

Orientation

Relevant inflammatory mechanisms
The skeletal and connective tissues of the body are primar-
ily designed to cope with wear and tear and have a range of 
impressive repair mechanisms to reduce consequent prob-
lems for the organism, at least until late in life. By far their 
most frequent problems therefore involve disturbances of 
the inflammatory and immunological mechanisms. As well 
as the familiar inflammations of the skin (dermatitis, includ-
ing eczema and psoriasis) and joints (arthritis), these include 
those of other connective tissues: arteritis, cellulitis, chon-
dritis, meningitis, osteitis, pericarditis, phlebitis, pleurisy and 
vasculitis. Chronic inflammatory disturbances also involve 
glandular tissue: epididymitis, oöphoritis, pancreatitis, pros-
tatitis and thyroiditis, as well as endodermal tissue: Crohn’s 
disease, gastritis and ulcerative colitis. Inflammatory changes 
in the blood vessel walls have also been shown to be key ele-
ments in the chronic deterioration associated with athero-
sclerosis, and more broadly with several stages in the path 
through late-onset diabetes, increasing insulin resistance and 
the later vascular complications of the illness.

In many of these long-term inflammatory conditions, there 
are also wider disturbances of the immune system, so that 
mechanisms designed to cope with foreign material begin to 

attack the body’s own tissues. These ‘autoimmune’ exacerba-
tions in turn provoke their own inflammatory responses. In 
many chronic inflammatory diseases, there are multiple path-
ological elements to disentangle. The practitioner rarely has a 
clear target.

The modern approach to most inflammatory and immu-
nological disturbances is to suppress the manifestations with 
anti-inflammatory drugs, either steroids or the non-steroidal 
anti-inflammatories (NSAIDs), or coal-tar products in the 
case of topical applications to the skin. When steroidal drugs 
based on cortisone became widely available in the early 1950s, 
the transformation these made to the prognosis for arthritic, 
skin and other connective tissue diseases was dramatic. For 
two decades, any challenge to these drugs would have been 
derided. However, it then became apparent that both steroids 
and their non-steroidal counterparts based on aspirin were 
associated with a range of side effects and diminishing thera-
peutic returns that now lead physicians to limit their prescrip-
tion much more than in the past. There is again a demand for 
other approaches, especially in the case of those sufferers oth-
erwise condemned to a lifetime of powerful and potentially 
dangerous drugs.

Traditional herbal practice approached these conditions 
in radically different, although surprisingly consistent, ways. 
Even though there is very little modern clinical evidence of 
efficacy, their consistency justifies a rational review, not least 
because some of the traditional insights concur with the latest 
findings about the aetiology and mechanisms of inflammatory 
and immunological diseases. It will be useful to look at some 
relevant pathophysiological mechanisms.

Chronic low-grade systemic inflammation has come to be 
defined as a term for a wide variety of conditions marked by 
a two- to three-fold increase in the systemic concentration 
of C-reactive protein (CRP) and increased systemic levels 
of some cytokines. Cytokines are small polypeptides, which 
were originally discovered to have immunoregulatory roles. 
The local response to infections or tissue injury involves mac-
rophage activation (often by certain toxins) that causes them 
to produce cytokines. Some of these facilitate an influx of 
lymphocytes, neutrophils, monocytes and other cells. The ini-
tial cytokines in the cytokine cascade are (in order) tumour 
necrosis factor (TNF)-alpha, IL-1, IL-6, IL-1 receptor antago-
nist (IL-1ra) and soluble TNF-alpha receptors. In response 
to an acute infection or trauma, the cytokines and cytokine 
inhibitors may increase several-fold and decrease when the 
infection or trauma is healed.

The key interface in the inflammatory response is the 
endothelium, the cell lining of the blood vessels, through which 
the white blood cells that mediate both inflammation and 
immunity have to pass. Endothelial cells secrete various fac-
tors influencing vessel tone, platelet function, coagulation and 
fibrinolysis and which initiate inflammatory responses. Clinical 
problems develop when these processes are imbalanced.

In the early stages of the inflammatory response, TNF-
alpha and IL-1, among other cytokines, stimulate the 
endothelial cells to express the cell surface adhesion mol-
ecule P-selectin. Within a couple of hours, a second surface 
adhesion molecule, E-selectin, is produced. Together E- and 
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P-selectin slow the motion of leukocytes through the blood-
stream by causing them to roll along the endothelial surface, 
allowing other molecules to interact with the slowed leuko-
cytes to stop them and promote their movement into the 
tissues (described as analogous to throwing a tennis ball at a 
Velcro surface). Tight adhesion to the rolling leukocyte is per-
formed by two endothelial cell ligands, intercellular adhesion 
molecule-1 (ICAM-1) and vascular cellular adhesion mole-
cule-1 (VCAM-1), which arrest the motion of the rolling leu-
kocyte.1 Stopping the leukocyte allows it to enter the tissues 
by secreting proteases to breach the endothelial basement 
membrane, a process known as diapedesis.

There are a number of other mediators of endothelium-
mediated inflammation. The major cause of the endothelial 
dysfunction is thought to be decreased availability of nitric 
oxide (NO), either due to decreased production or enhanced 
breakdown due to increased oxidative stress.2 It is the major 
factor in large arteries mediating endothelial dependent 
relaxation and inhibits platelet aggregation, cell adhesion and 
smooth muscle cell proliferation. A number of plant remedies 
hold promise as promoters of NO activity at the endothe-
lium.3 The activation of nuclear transcription factor-kappa B 
(NF-kappaB) has also been linked with a variety of inflamma-
tory diseases. Kappa B kinase catalyses NF-kappaB activation 
and is implicated in the effects of excessive free fatty acids on 
the induction of insulin resistance, in atherogenesis, and other 
inflammatory disorders.

The above are among a number of mechanisms involved in 
altering endothelial function in the inflammatory response. 
They therefore represent potential mechanisms in any inflam-
matory-modulating strategy, and, as will be seen below, there 
are many plant constituents with this potential.4 In the case 
of chronic deteriorations such as increased insulin resistance, 
diabetes and atherosclerosis, there is the prospect that many 
dietary plants may have long-term protective effects. The 
warming spices like ginger,5 cinnamon6 and turmeric7 may 
share cholinergic ‘endothelium-dependent’ vasodilator effects 
mediated by NO and counteracted for example by high glu-
cose levels. Garlic8 and even daily beverages of tea9,10 and 
coffee,11 have been shown to benefit endothelial markers 
associated with reduced inflammation in atherosclerosis and 
diabetes. Among its well-attested benefits on microvascular 
function,12 chocolate also reduces inflammatory markers like 
CRP.13

Many commonly consumed herb and spice constituents 
may inhibit extravasation in the inflammatory response. See 
Table 8.1.

Others may inhibit migration through inflamed endothelial 
cells. See Table 8.2.

However, it must be kept in mind that this research is iden-
tifying prospects only until such effects are also demonstrated 
in humans after oral doses. Nonetheless, there can be no harm 
in increasing the dietary intake of such phytochemicals in cases 
of chronic inflammation as a background therapy. For a fuller 
discussion of herbal compounds able to target defined bio-
chemical and molecular mediators of inflammatory, autoim-
mune arthritis (at least from experimental models), the reader 
is referred to an excellent recent review.43

It is, however, obvious that chronic inflammatory dis-
eases are among the most demanding indications. It is likely 
that only individual treatments have been truly effective in 
the past and, apart from the undoubted power of the pla-
cebo effect, these are not very amenable to simple recipes or 
over-the-counter treatments (fish oils in arthritic disease are 
perhaps the main exception). The required complexity and 
individualisation of treatments also renders controlled clinical 
trials near impossible to conduct.

The traditional understanding of inflammatory diseases 
notably involved ideas of ‘toxicity’ and, particularly but not 
exclusively, in Chinese herbal therapeutics, meteorological 
concepts of ‘damp’, ‘wind’, ‘heat’ and ‘cold’ (see also p.158). 
These apparently quaint medieval notions are metaphors for 
clinical insights into the way the body appears to behave in 
such illnesses that can indeed inform a modern review. This 
will now be attempted.

Modern research into the causes of inflammatory diseases 
has uncovered, in particular, disturbed reactions to infections 
and significant events in the digestive tract.

Infectious agents
At the turn of the 20th century, the rheumatoid-like condition 
ankylosing spondylitis was regarded as a venereal disease, though 
20 years later the wider association with urinary infection had 
been made. This, however, was lost by the time steroids trans-
formed the prospects for the condition.

An interesting later brush with ancient notions by modern 
medical research was seen in an issue of The British Medical 
Journal.44 It was reported that patients with RA had a sig-
nificantly higher incidence or history of pulmonary disease 
than the wider population. It was pointed out that the lungs 
remain sub-clinically infected, almost indefinitely in many 
cases, after the incidence of pneumonia, bronchitis and pleu-
risy, and this persistence is obvious in conditions like emphy-
sema and bronchiectasis. The findings were dramatic and led 
a linked editorial to speculate, probably reluctantly, that ‘tox-
ins’ in the infected lung base might provoke the inflammatory 
changes in the rheumatoid joints.

Modern rheumatology has now taken such notions into 
orthodoxy, although gratefully abandoning any primitive 
imagery. Rather than ‘toxic’ influences, the role of ‘immu-
nological cross-reactivity’ has emerged as a leading factor in 
the aetiology of rheumatic diseases. In this view, the autoim-
mune nature of these diseases is reinforced; it had long been 
understood that the body’s own immune defences were the 
main cause of many connective tissue inflammations (the 
term ‘collagen diseases’ was used to embrace a wide range 
of such conditions). In immunological cross-reactivity, the 
immune system is provoked and then confused by the simi-
larity between bacterial, viral or other antigens and those of 
its own tissues and attacks both. In fact, a survival imperative 
drives invading organisms to resemble their host, at least at a 
molecular level, in order to escape immune detection. This 
phenomenon of ‘molecular mimicry’ drives immunological 
cross-reactivity.

Infectious agents are now (controversially) regarded as 
the major environmental factors that may cause arthritic 



154

Practical Clinical GuidesP A R T  T W O

Table 8.1  Inhibition of extravasation

Herb or spice 
constituemt

Properties

Ajoene Inhibits tumour–endothelial cell adhesion, as well as the in vivo TNF-alpha response to LPS in mouse melanoma cells.14

Allicin Inhibits the spontaneous and TNF-alpha-induced secretion of IL-1beta, IL-8, IP-10 and MIG in a dose-dependent manner from intestinal 
epithelial cells in vitro, suppresses the expression of IL-8 and IL-1beta mRNA levels.15

Allyl 
isothiocyanate

Significantly inhibits the cellular production of pro-inflammatory mediators such as TNF-alpha and NO.16

Anethole Inhibits NF-kappaB activation induced by TNF, TRAF2 and NIK in vitro, suppresses TNF-induced activation of the transcription factor AP-1, 
JNK and MAPK in vitro.17

Apigenin Inhibits TNF-alpha in LPS stimulated macrophages resulting in diminished MCP-1 and inhibition of IL-1beta in vitro.18

Capsaicin Blocks the STAT3 activation pathway in multiple myeloma cells in vitro leading to downregulation of cyclin D1, Bcl-2, Bcl-xL, survivin and 
VEGF.19

Carnosol Decreases LPS-induced iNOS mRNA and protein expression, reduces NF-kappaB subunits translocation and NF-kappaB DNA binding activity 
in activated macrophages due to inhibition of IKK, inhibits iNOS and NF-kappaB promoter activity.20

Caryophyllene Inhibits the LPS-induced NF-kappaB activation and neutrophil migration in rat paw oedema in vivo.21

Cinnamaldehyde Inhibits age-related NF-kappaB activation and targets inflammatory iNOS and COX-2, inhibits the activation of NF-kappaB via three signal 
transduction pathways, NIK/IKK, ERK, and p38 MAPK.22

Curcumin Downregulates the constitutive activity of NF-kappaB, decreases expression of NF-kappaB target genes COX-2 and cyclin D1, and induces 
apoptosis in mouse melanoma cells in vitro.23 Significantly inhibits the cellular production of proinflammatory mediators such as TNF-alpha 
and NO.16

Diallyl sulphide Significantly reduces the production of and serum levels of IL-1beta, IL-6, TNF-alpha and GM-CSF in mice with melanoma.24

Eugenol Blocks the release of IL-1beta, TNF-alpha and prostaglandin E2 and suppresses the mRNA expression of IL-1beta, TNF-alpha and COX-2 in 
LPS-stimulated human macrophages in vitro.25

[6]-Gingerol Inhibits the production of TNF-alpha, IL-1beta and IL-12 in murine peritoneal macrophages exposed to several doses of 6-gingerol in the 
presence of LPS stimulation.26

Humulene Inhibits the LPS-induced NF-kappaB activation and neutrophil migration in rat paw oedema, prevents the production of TNF-alpha and IL-
1beta and the in vivo upregulation of kinin B(1) receptors.21

Limonene / 
myrcene

Inhibits the LPS-induced inflammation including cell migration and production of NO along with significant inhibition of gamma-interferon 
and IL-4 production in mouse model of pleurisy.27

Perillyl alcohol Reduces NF-kappaB DNA-binding activity.28

Phytic acid Modulates IL-8 and IL-6 release from colonic epithelial cells stimulated with LPS and IL-1beta, suppresses IL-8 basal release, and it dose-
dependently reduces IL-8 secretion by colonocytes and downregulates IL-6.29

Piperine Significantly reduces the expression of IL-1beta, IL-6, TNF-alpha, GM-CSF and IL-12p40 genes in melanoma cells.30

Quercetin Attenuates PMACI-induced activation of NF-kappaB,31 inhibits LPS-induced NO and TNF-alpha production in murine macrophages.32

Ursolic acid Inhibits IKK and p65 phosphorylation leading to the suppression of NF-kappaB activation induced by various carcinogens; this correlates 
with the downregulation of COX-2, MMP-9 and cyclin D1 in vitro.33

Zingerone Significantly inhibits the cellular production of proinflammatory mediators such as TNF-alpha and NO and inhibits the release of MCP-1 from 
3T3-L1 adipocytes.34
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inflammation in genetically susceptible hosts. Retroviruses, 
urinary and pulmonary, and especially enteric bacteria are 
the provocateurs most often discussed.45–48 Helicobacter 
pylori has been associated with diseases such as autoim-
mune gastritis, Sjögren’s syndrome, atherosclerosis, immune 
thrombocytopenic purpura, inflammatory bowel diseases and 
autoimmune pancreatitis, in each of which it seems to play a 
pathogenic role in some cases. On the other hand, it has also 
been suggested that it may help to protect against the devel-
opment of autoimmune gastritis, multiple sclerosis, systemic 
lupus erythematosus and inflammatory bowel diseases.49

Molecular mimicry has been found between a white blood 
cell protein, HLA-B27, and two molecules, nitrogenase and 
pullulanase D, in the anaerobic gut bacterium Klebsiella  
pneumoniae among ankylosing spondylitis patients,50 and 
between HLA-DR1/DR4 and the haemolysin molecule in 
another gut anaerobe, Proteus mirabilis, among RA patients.51 
Molecular mimicry between HLA-B27 and K. pneumoniae 
molecules in the aetiology of ankylosing spondylitis patients 
has been extensively studied. It was first proposed by Dr Alan 
Ebringer in 1976. K. pneumoniae was isolated in stool samples 
more frequently in active phases of the disease and was linked 
to relapses. High antibody levels in ankylosing spondylitis 
patients directed against K. pneumoniae were found in several 
studies. Some of these antibodies were shown to cross-react 
with HLA-B27 as well as spinal collagens. Specific anti-Kleb-
siella antibodies in ankylosing spondylitis patients have now 
been reported from 18 different countries. ‘B27 disease’ is 
the new terminology proposed by Ebringer.52

In another growing association, patients with long-stand-
ing active RA have a substantially increased frequency of 
periodontal disease compared with that among healthy con-
trols. High levels of oral anaerobic bacteria antibodies (such 
as from Porphyromonas gingivalis, Tannerella forsythensis, 
and Prevotella intermedia) have been found in the serum and 
synovial fluid of such patients. Appropriate antibiotics have 
been shown to be effective against the arthritis53 (leading to 
intriguing prospects for herbal oral antiseptics such as gum 
myrrh). Autoimmunity in RA has been characterised lately 

as an antibody response to citrullinated proteins. There is an 
association with periodontitis that is largely, but not exclu-
sively, caused by Porphyromonas gingivalis infection. The 
citrullination of proteins by P. gingivalis and the subsequent 
generation of autoantigens that drive autoimmunity in RA rep-
resent a possible causative molecular mimicry link between 
these two diseases.54 As noted above, a further link with the 
aetiology of RA is with Proteus infection in the urinary tract.55 
Both bacteria can be found as secondary infections elsewhere 
in the body and prospects for future control of rheumatoid 
diseases by antibiotic therapy have been raised.56

There are some strong indications from archaeology for an 
infectious trigger for RA. Examinations of skeletal remains 
from antiquity in Europe do not show signs of RA. In con-
trast, specimens dating back several thousand years from 
Native American tribes in North America show clear evidence 
of the disease. The prevalence of RA in this ethnic group 
today remains extraordinarily high, with over 5% of indi-
viduals affected in some groups. Evidence of RA in Europe 
first appeared in 17th century art, especially by the Dutch 
Masters, and the first case report was published in 1676. RA 
could well be linked to an infectious agent brought from the 
New World to the Old World.57

The site of the trigger for ankylosing spondylitis is not 
necessarily always the bowel. An association between ankylo
sing spondylitis and chronic bacterial prostatitis has long been 
observed. The incidence of chronic prostatitis in male anky-
losing spondylitis patients was 83%, compared with 33% in 
patients with RA.58 This association was confirmed in a later 
study.59 The fact that the prostate may harbour bacteria that 
contribute to ankylosing spondylitis could explain the higher 
incidence of this disorder in males. Evidence of Chlamydial 
urinary tract infection is frequent in female patients with 
ankylosing spondylitis.60

Gut inflammation is a prime candidate for having a bac-
terial origin (see also below). Johne’s disease, which occurs 
in cattle and other ruminants, is very similar to Crohn’s dis-
ease and is caused by Mycobacterium avium subspecies  
paratuberculosis (MAP). In 1984, Chiodini and co-workers 

Table 8.2  Inhibition of invasion

Herb or spice constituemt Properties

Allicin Inhibited TNF-alpha induced ICAM-1 expression in human endothelial cells.35

Allyl isothiocyanate Downregulated mRNA level and activity of MMP-2/MMP-9 in human hepatoma SK-Hep1 cells.36

Apigenin/kaempferol Inhibited TNF-alpha induced ICAM-1 expression.37

Caffeic acid Inhibited MMP-9 activity in human hepatocellular carcinoma cell line.38

Curcumin Downregulated MMP-2 expression and activity and expression of integrin receptors, FAK and MT1-MMP in Hep2 cells.39

Diallyl disulfide Inhibited activity of MMP-2 and MMP-9 in human endothelial cells.24

[6]-Gingerol Suppressed expression and enzymatic activity of MMP-2/MMP-9 in human breast cancer cells.40

Myricetin Inhibited expression and activity of MMP-2 in colorectal cancer cells.41

Quercetin Decreased the expressions of MMP-2 and MMP-9 in PC-3 cells.42



156

Practical Clinical GuidesP A R T  T W O

reported the isolation of a strain resembling MAP from the 
intestinal tissue of three patients with Crohn’s disease.61 This 
report initiated interest and controversy about a mycobacte-
rial aetiology for Crohn’s disease that is still ongoing. MAP has 
also now been cultured from human milk, faeces, intestinal tis-
sues and peripheral blood of patients with Crohn’s disease.62 
Ebringer has also implicated Klebsiella in Crohn’s disease and 
advised a low starch diet (see later).63 In terms of Crohn’s dis-
ease, one group of researchers reflected: ‘The mycobacterial 
theory and the autoimmune theory are complementary; the first 
deals with the aetiology of the disorder, the second deals with 
its pathogenesis. Combined therapies directed against a myco-
bacterial aetiology and inflammation may be the optimal treat-
ment …’.64 The levels of MAP found in Crohn’s disease patients 
is not high, so its presence does not represent a bacterial infec-
tion per se. Rather it is best viewed as a form of dysbiosis.

Viruses may also be involved in triggering an autoimmune 
response. For the past 25 years, a potential role of Epstein-Barr 
virus (EBV) in the pathogenesis of RA has been suspected. The 
QKRAA amino acid sequence of HLA-DRB1, a tissue marker 
that carries susceptibility to RA, is found in the EBV envelope. 
Sera from patients with RA contained higher levels of antibod-
ies to latent and active EBV antigens.65 RA patients have more 
EBV-infected B cells than normal controls. Patients with RA 
have a 10-fold higher EBV load than healthy controls. EBV 
DNA is detected more frequently in immune cells, synovial 
fluid and saliva from RA patients than from controls.65

In contrast to Crohn’s disease, studies over 40 years have 
associated ulcerative colitis with cytomegalovirus (CMV).66 A 
clear association between onset of ulcerative colitis and pri-
mary CMV infection was confirmed by viral studies in two 
patients.67,68 Higher frequency and amount of antibodies to 
CMV were found in patients with ulcerative colitis.66 The 
simultaneous presence of DNA from several herpes viruses, 
including CMV, was much greater in ulcerative colitis patients 
compared to those with Crohn’s disease or normal controls.69 
While it is debated that CMV infection may be a causative 
factor in ulcerative colitis, it is recognised by many clinicians 
as a complicating event that can increase its severity.70

Intestinal wall damage
There is increasing evidence of damage to the gut wall in a 
range of autoimmune diseases. One category of diseases, clas-
sified as spondylarthropathies, involve inflammatory damage of 
the joints and the skeleton, the eyes, gut, urogenital tract, skin 
and sometimes the heart.71,72 Ankylosing spondylitis is the 
prototype example of this condition; other examples include 
reactive arthritis, psoriatic arthritis and arthritis in patients 
with inflammatory bowel disease. In a series of investigations, 
histological signs of gut inflammation were found in a high pro-
portion of patients with spondylarthropathies.73 Most of these 
patients did not present any clinical intestinal manifestations. 
Remission of the joint inflammation was always connected 
with a disappearance of the gastrointestinal inflammation. 
Persistence of locomotor inflammation was mostly associated 
with the persistence of gastrointestinal inflammation. It was 
proposed that some patients with a spondylarthropathy had 
a form of subclinical Crohn’s disease in which the locomotor 

inflammation was the only clinical expression.74 Further 
genomic work substantiates the unique relationship between 
gut and joint inflammation.75 These data suggest that spon-
dylarthropathies and Crohn’s disease should be scientifically 
and clinically considered as distinct phenotypes of common 
immune-mediated inflammatory disease pathways, rather than 
as separate disease entities.76

This hypothesis is supported in prospective long-term 
studies in which ileocolonoscopied patients were reviewed 
over periods of up to 9 years. About 6% of spondylarthropa-
thy patients who did not present any sign of Crohn’s dis-
ease at first investigation (but did show gut inflammation on 
biopsy) developed full-blown Crohn’s disease within 9 years. 
Electron microscopy of these lesions demonstrated an increase 
in the number of membranous (M) cells in inflamed mucosa. 
Necrosis and rupture of these M-cells, with lymphocytes 
entering the gut lumen, was observed. Such evidence of dam-
age to the gut mucosa could be responsible for an increase in 
local antigenic stimulation and could readily lead to secondary 
systemic immunological disorders.77

Pathogenic forms of Escherichia coli with specific hairs or pilli 
adhere to the gut mucosa. In 1988, it was first demonstrated that 
E. coli isolated from patients with ulcerative colitis and Crohn’s 
disease showed a significantly greater index of adhesion when 
compared with normal controls.78 A new term adherent-invasive 
Escherichia coli (AIEC) was coined to describe this aggressive 
form. They can replicate intracellularly and survive within mac-
rophages. AIEC strains were found (predominantly in the ileum) 
in 21.7% of Crohn’s disease chronic lesions versus 6.2% of con-
trols.79 Crohn’s disease patients with anti-E. coli antibodies were 
more likely to have internal perforating disease and to require 
small bowel surgery.80 Because AIEC can cross and breach the 
intestinal barrier, move to deep tissues and continually activate 
macrophages, they can generate persistent inflammation.81

As mentioned above, AIEC are found in significant amounts 
in patients with ulcerative colitis compared with controls.78 
Several workers have shown that isolates of E. coli obtained 
from patients with ulcerative colitis can degrade mucins and 
produce toxins. Results from one study suggested that connec-
tive tissue exposed by bowel ulcerations may result in selec-
tion of E. coli strains able to bind to them.82 Compared with 
healthy people, ulcerative colitis patients have increased levels 
of IgG directed against their normal flora.83 There may be an 
increased number of bowel bacteria in ulcerative colitis, but 
reduced counts of ‘protective’ bacteria such as Lactobacilli and 
Bifidobacteria.83 Lactobacilli numbers were certainly found to 
be lower in ulcerative colitis patients during the active phase.84 
This was confirmed in another study that also found the bacte-
rial diversity decreased during a relapse.85

In patients with active ulcerative colitis there is an over-
production of hydrogen sulphide, which is toxic to the intes-
tinal mucosa by competing with short-chain fatty acids.86 
This appears to be due to an excess (or greater activity) of 
sulphate-reducing bacteria (SRB), such as Desulfovibrio  
desulfuricans.86 In a pilot study, a low sulphur diet for 12 
months was associated with a remarkable clinical improve-
ment in four patients with chronic ulcerative colitis.87 A 
recent review concluded that there is evidence to implicate 
SRB in the pathogenesis of ulcerative colitis.88
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As noted in a Lancet review: ‘The long-standing assump-
tion that ulcerative colitis is an autoimmune disease has been 
revised to incorporate evidence suggesting that commensal 
microflora and their products are autoantigens, and that ulcer-
ative colitis is caused by loss of tolerance towards otherwise 
harmless components of the normal intestinal flora’.89

Hormonal factors
Hormonal factors in rheumatoid disease are well accepted. 
Risk factors include reduced childbearing and breastfeeding; 
these apparently contradictory influences are both associated 
with high prolactin levels.90

Several autoimmune diseases have been linked to higher lev-
els of prolactin in the blood, including lupus,91 RA,92 Sjögren’s 
syndrome93 and juvenile arthritis.94 For systemic lupus ery-
thematosus (SLE), serum prolactin concentrations have 
been correlated with both clinical activity and remission.91,95 
On the other hand, preeclampsia and breast cancer have a 
negative association with rheumatic and other autoimmune  
diseases.96

Such links are confusing and even contradictory, but a 
defective response of the neuroendocrine system to inflamma-
tory stimuli has been proposed as one feature of RA.97

Traditional approaches to 
inflammatory diseases

Anti-inflammatory remedies
The use of willow bark for rheumatism in traditional medicine 
is a reminder that where remedies clearly provided sympto-
matic relief, they were used. More recently, there has been a 
huge research effort to find new anti-inflammatory activities 
in the plant world. Many chemical subgroups from plants 
have shown promising experimental activity, including terpe-
noids and steroids, phenolics and flavonoids, fatty acids, poly-
saccharides and alkaloids.98 Most of this work remains on the 
laboratory bench as interesting markers for the effect of the 
whole plant; the evidence is more persuasive when demon-
strated in clinical trials. For long the potential benefit of sea 
buckthorn (Hippophae rhamnoides) for inflammatory condi-
tions has been assumed on the basis of its high levels of anti-
oxidants but reinforced by clinical trials.99 Herbal remedies 
that have shown efficacy in clinical trials for osteoarthritis 
include Harpagophytum procumbens (devil’s claw),100 Rosa 
canina (rosehip),101 Uncaria tomentosa (cats claw)102 and 
Boswellia serrata. RA has also been relieved by Boswellia.103 
The benefits of Tripterygium wilfordii in the same condition 
were found to be associated with an in vitro suppression of 
antigen-stimulated T-cell production, immunoglobulin pro-
duction by B-cells104 and reduction of IL-2 production and 
activity.105 However, while it is a promising intervention in 
inflammatory disorders, this herb is potentially toxic and has 
been associated with serious side effects.106 The effect of the 
Chinese herbal formulation found effective in London tri-
als in the treatment of atopic eczema has been shown to be 
associated with changes in a number of immunological func-
tions, such as decreasing the higher levels of circulating IgE 

complexes and IL-2 receptors and vascular cell adhesion mol-
ecules in atopic eczema patients.107

Topical anti-inflammatory activity has been observed in 
clinical studies of Matricaria recutita (wild chamomile) in 
mucositis,108 and Melaleuca alternifolia (tea tree) oil in hista-
mine-induced skin inflammation.109 (See earlier in this chap-
ter regarding topical anti-inflammatory treatments.)

Counter-irritation
The most common application of counter-irritation was to 
inflamed arthritic joints and the technique is discussed further in 
the appropriate chapter (see p. 304). Nevertheless, the approach 
was also used for other subdermal inflammations, notably in 
pleurisy and other chest infections, mastitis and other celluli-
tis conditions. (A traditional treatment of mastitis and pleurisy 
involved making poultices with cabbage leaves, a relative of  
mustard.) Heating of inflammations was not always considered 
appropriate, however. As discussed below, some inflammatory 
diseases are excessively ‘hot’ and can react violently to additional 
heat. Some rheumatic joints can behave in this way.

Diet
One of the persistent dietary notions in European tradition 
in the case of degenerative diseases, particularly arthritis, has 
been the distinction between ‘acid’ and ‘alkaline’ foods. The 
view is that as metabolites tend to be acidic, as acid-buffering 
agents are a major constituent of the body fluids and as elimi-
natory channels (lungs, kidney, bile and bowel) pass mainly 
acidic materials, inflammatory diseases may be marked by, 
and even result from, greater acidosis. Overt metabolic acido-
sis is well characterised in medicine and may follow excessive 
alcohol consumption, laxative abuse, excessive vitamin D and 
NSAIDs (most often prescribed in arthritis) and salicylate use, 
among other drugs.110 The case for a more subtle effect is con-
sidered further in the section on joint disease in Chapter 9. In 
addition to the prospects for therapy that could, for example, 
include diuretic herbal remedies, there are associated dietary 
observations that reinforce the potential for benefit in some 
chronic inflammatory diseases. There was, for example, a 
widespread traditional instinct in many inflammatory diseases 
to reduce animal protein, although chicken and other fowl 
were a common exception.

There is modern support for this approach in rheumatic dis-
eases. A combination of fasting and vegetarian diets has been 
shown to reduce the ability of the urine to support the growth 
of Proteus mirabilis and Escherichia coli.111 A substantial pla-
cebo-controlled trial has confirmed that gamma-linolenic acid, 
(GLA), a component mainly of plant-based foods, has anti-
rheumatic activity.112 The possibility of cross-reaction between 
dietary collagen found in animal products and the sufferer’s 
connective tissue has also been postulated.113,114 The effects 
of a low-starch diet in reducing the gut levels of anaerobic bac-
teria such as Klebsiella and serum IgA antibody levels in both 
normal subjects and those suffering ankylosing spondylitis, and 
in benefiting symptoms in the latter, have been supported by 
clinical evidence.115 Nevertheless, the quality of the research 
on this issue is too limited to draw firm conclusions on the 
value of dietary changes on RA.116
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Phytotherapeutics
The treatment of chronic inflammatory diseases is complex. 
Traditional strategies rely on the assessment of prevailing con-
ditions within the body and generally incorporate the idea of 
change and adaptability in ongoing prescription.

In most traditions, inflammatory diseases of the joints, 
skin and other body tissues were viewed as compounded and 
deep-seated toxic conditions. It might have been explained 
that, whereas fevers, acute inflammations and infections were 
examples of noxious intrusions to which the body mounted 
a frank and usually successful defence (what modern medi-
cine refers to as the ‘self-limiting’ condition), chronic prob-
lems indicated that the body had not ‘repelled boarders’ at 
first attack, had primary defences breached (like the digestive 
tract, skin and lymphatics: the ‘reticuloendothelial’ phagocytic 
wing of the immune response) and had allowed toxic patho-
genic influences to penetrate and disturb deeper functions. 
Treatment often therefore involved characterising the toxic-
ity and constructing the best strategy to help the body better 
eliminate it. There were many strategies and in the best prac-
tice these were tailored to individual circumstances, but cer-
tain remedies were more popular for joint and skin diseases 
than others. These are listed below.

In certain traditions, diagnosis might include assessing the 
extent of the following characteristics of the disease process; in 
most cases more than one of which was likely to occur. These 
are based very much on insights from traditional Chinese medi-
cine and particular Chinese remedies can be readily allocated 
to each category or blend of categories. Western herbal medi-
cine is less systematised and no such classification of treatments 
can reliably be made. However, it is most likely that in practice 
intuitive assessments would resemble what follows.

Damp (the presence of tissue congestion or 
chronic infection)
Damp was the universal metaphor for toxic congestion, recall-
ing the notions of stagnation, brackishness and mould. As 
expected, it tended to occur in conditions of poor circulation, 
most often associated with cold but with a hot ‘humid’ vari-
ant as well. Damp is exacerbated and to some extent caused by 
external climatic dampness (as the Romans noted, a feature of 
Britain and the Britons). Associated with cold, it tends to gravi-
tate to the lower regions of the body and can be associated with 
sluggish digestion and congested abdomen. Associated with 
heat, it involves the liver, with intolerance to fats, rich food and 
alcohol and perhaps a history of jaundice/hepatitis. Naturally, it 
would need treatment with ‘drying’ remedies: warming aromat-
ics for cold-damp and bitters for hot-damp conditions.

Wind (the degree of fluctuation)
The tendency of rheumatic and some skin problems to 
fluctuate and move rapidly around the body was obvious. 
Chinese medicine in particular invoked the universal meta-
phor of change, wind, to characterise this phenomenon. 
Wind of course occurs with the juxtaposition of hot and 
cold and implies that there was similar imbalance within the 
body. Apart from the fluctuation of symptoms, signs of wind 

might include, when deep seated (a common occurrence 
in rheumatic disease) wandering, sudden pains in joints. In 
Chinese medicine, there were a number of remedies specifi-
cally reputed to calm the wind but the deeper view might be 
that attendance to the underlying imbalances of hot and cold 
would be the more lasting strategy.

Heat (the violence of the inflammatory reaction 
and extent of immunological hypersensitivities)
As the obvious vital sign, heat was seen as a mark of vigor-
ous defence (as in fever and inflammation) and in its place 
was even encouraged. When stuck, however, or marked by 
destructive symptoms like allergic reactions or eczema, it sig-
nified blocked poisons which needed clearing, perhaps with 
local cooling as well. When coupled with dryness, there would 
be respiratory symptoms like asthma, allergic rhinitis or hay-
fever, dry eczema and/or constipation; when coupled with 
damp, the liver and digestion would be involved as above. It 
might also be localised to an organ like the lungs or kidneys or 
to some other part of the body. Heat was often diagnosed on 
the basis of simple palpation or by the presence of flushing, 
and a preference for cool drinks, cool weather or cold applica-
tions. The tongue might be more red in colour, with less saliva 
(if associated with dryness) or with a coloured coating (if 
associated with damp). A range of cooling remedies were used 
to help clear such hot spots and help with a wider strategy to 
improve circulation.

Cold (the degree of circulatory, immune and other 
debility)
Cold is the symptom of diminished vitality and death and 
marks a condition where the metabolic furnace has faltered, 
either generally or locally. The patient would prefer heat, in 
food and drink or as hot applications, abhor cold and might 
be listless, pale and withdrawn. The tongue might be pale 
and wet and (if associated with damp) the coating would be 
white. As long as debility was not too extreme, heating rem-
edies like the spices were indicated either systemically or as 
hot topical applications.

The modern concepts of immunological diseases as dis-
turbed responses to infection or disrupted gut barriers entirely 
accord with the intuitive and systematised traditional focus 
on toxicities. In the particular remedies below, their relevant 
properties are also listed. Not all plants are ascribed tempera-
ments like warming or drying: some, like diuretics and astrin-
gents, were considered to have neutral temperaments; in other 
cases some Western herbs have no consistent tradition that 
would allow these qualities to be safely ascribed.

Plants with anti-infective properties
l	 Allium sativum (garlic): heating, disinfectant, especially in 

lungs and gut
l	 Berberis vulgaris (barberry): cooling and drying
l	 Echinacea spp. (Echinacea): warming and promoting 

defences, particularly of throat and upper gut wall; this 
applies specifically to the root
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l	 Hypericum perforatum (St John’s wort): restorative tonic 
with potential antiviral support (enveloped viruses only)

l	 Lavandula spp. (lavender): topically warming and antiseptic
l	 Thuja occidentalis (arbor-vitae): warming and stimulating, 

with potential antiviral support (all viruses)
l	 Andrographis paniculata: cooling and drying, to clear heat 

and eliminate toxins, especially in respiratory and digestive 
infections.

Plants with eliminative properties
l	 Apium graveolens (celery): diuretic and eliminating acidic 

metabolites through the kidneys, particularly used in 
arthritic disease

l	 Arctium lappa (burdock): general eliminative particularly 
popular in skin disease

l	 Arctostaphylos uva-ursi (bearberry): diuretic and urinary 
antiseptic, most likely to be applied in arthritic disease 
(often to be recommended in ankylosing spondylitis, but 
more for the latter property)

l	 Betula spp. (birch): diuretic, particularly useful in arthritic 
disease and where inflammation leads to calcification

l	 Berberis aquifolium (Oregon grape): cooling and drying, 
cholagogue and popular in treating skin disease

l	 Fumaria officinalis (common fumitory): cholagogue, 
popular in treating skin disease

l	 Galium aparine (cleavers): diuretic and lymphatic, and 
used particularly in skin disease

l	 Gaultheria procumbens (wintergreen): topically warming 
and used over inflammations

l	 Inula helenium (elecampane): warming and aiding 
elimination (expectoration) from the lungs

l	 Juglans nigra (walnut bark): general alterative and laxative 
remedy

l	 Rumex crispus (yellow dock): cooling and drying with mild 
aperient properties for helping bile and bowel elimination

l	 Scrophularia nodosa (figwort): warming and generally 
eliminative, traditionally for aggressive skin disease

l	 Solidago spp. (goldenrod): traditional diuretic used for 
skin and sinus conditions, with some anti-inflammatory 
properties

l	 Taraxacum officinale (dandelion root): cooling and drying 
with cholagogue and diuretic properties, popularly 
combined with Apium for arthritic disease and as a remedy 
in skin disease

l	 Trifolium pratense (red clover): lymphatic and expectorant, 
used in skin and joint disease

l	 Urtica dioica (nettle leaf): warming and nutritive taken 
internally, popular in skin and joint disease.

Plants with digestive anti-inflammatory properties
A large number of remedies are effective for intestinal wall 
problems (see p. 156). The following are immediately obvious 
options in arthritic, skin and other chronic inflammatory diseases:
l	 Aloe vera (aloe juice): reducing digestive wall inflammation
l	 Calendula officinalis (marigold): lymphatic and reducing 

inflammation in the throat and stomach

l	 Dioscorea villosa (wild yam): antispasmodic and anti-
inflammatory on lower gut wall, possibly steroidal effect 
systemically

l	 Filipendula ulmaria (meadowsweet): demulcent and 
astringent effect on stomach wall overwhelming low levels 
of salicylates

l	 Hamamelis virginiana (witchhazel): astringent throughout 
the digestive tract

l	 Matricaria recutita: cooling and reducing inflammatory 
damage in the upper digestive tract, especially bisabolol 
chemotypes

l	 Myrica cerifera (bayberry): warming and astringent, 
traditionally used in fever management associated with 
diarrhoea and dysentery

l	 Symphytum officinale (comfrey leaf): potent healing effects 
on gut wall, to be used only in the short term

l	 Ulmus rubra (slippery elm): mucilaginous and healing on 
the upper digestive tract, best used as an early stage of, and 
preparatory to, wider treatment.

Plants with hormonal properties
Many herbs are rich in stigmasterol and other potentially anti-
inflammatory phytosterols, or saponins with anti-inflammatory 
activity. Some also have reputations for hormone balancing and 
all those below have a traditional reputation in the treatment 
of inflammatory diseases:
l	 Aesculus hippocastanum (Horsechestnut seed): particularly 

useful where inflammation leads to oedema and swelling 
that interferes with other structures or causes compression 
syndromes (see monograph)

l	 Bupleurum falcatum (Bupleurum): (see monograph)
l	 Cimicifuga racemosa (black cohosh): has a reputation for 

arthritis, especially small joint osteoarthritis
l	 Pfaffia paniculata (Brazilian ginseng)
l	 Rehmannia glutinosa (Rehmannia): a useful adrenal tonic and 

anti-inflammatory in autoimmune diseases (see monograph)
l	 Smilax spp. (sarsaparilla)

Plants with general anti-inflammatory properties
The traditional herbal approach includes anti-inflammatories 
in the modern medical sense (like NSAIDs). These remedies 
are, perhaps with a few exceptions, less clinically power-
ful than modern drugs and are most useful as adjuncts to the 
therapeutic measures listed above:
l	 Boswellia serrata (Boswellia): a herb that appears to possess 

a broad range of anti-inflammatory effects (see monograph)
l	 Curcuma longa (turmeric): like Boswellia, a very broad 

acting anti-inflammatory (see monograph)
l	 Fraxinus excelsior (ash): moderate anti-inflammatory 

containing coumarins that inhibit T-cells and prostaglandin 
biosynthesis117

l	 Guaiacum spp. (lignum vitae): traditional reputation in 
arthritic diseases; however, is now an endangered species

l	 Harpagophytum procumbens (devil’s claw): mild anti-
inflammatory effects (see monograph)
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l	 Menyanthes trifoliata (bogbean): a bitter and hepatic 
remedy applied to rheumatic conditions where such effects 
are useful

l	 Populus spp. (poplar bark): containing salicylates with 
established anti-inflammatory properties117

l	 Salix spp. (willow bark): the original source of 
salicylates and with a strong traditional reputation as 
an antirheumatic, now supported by clinical trials (see 
monograph)

l	 Tanacetum parthenium (feverfew): potential anti-
inflammatory properties (see monograph)

l	 Zingiber officinale (ginger): mild anti-inflammatory effects 
(see m onograph)

Contraindications for anti-inflammatory remedies
The use of anti-inflammatory herbs is inappropriate when 
there is already prescription of strong anti-inflammatory med-
ication, unless they are acting by a different mechanism to the 
drug and/or are aimed to gradually replace the drug.

Traditional therapeutic insights into the use  
of treatments for inflammatory diseases
Faced with a highly complex condition like a chronic inflam-
matory disease, the traditional practitioner might of course 
proceed entirely intuitively to clear the obstacles, using rem-
edies such as the above in their own favoured ways. However, 
where strategies are systematised, notably in the Chinese 
tradition, a consistent pattern emerges. There is an almost 
geological approach. Pathogenic influences are envisaged as 
penetrating to different strata of the body, becoming more 
disturbed, disruptive and persistent the deeper they go. In 
chronic inflammations, by definition, the pathologies are 
deeply rooted and very intermingled. Looking for a way to 
disentangle the complexity, the traditional approach was often 
compared with peeling the layers of an onion, starting from 
the outside. Any opportunity to use effective ‘superficial’ 
eliminative measures would be taken up.
l	 A cold or fever, provided it could be managed within the 

patient’s often-diminished reserves, could lead to an effective 
clearing of burdens by mobilising the phagocytic defences. 
The occurrence of any such event would lead the practitioner 
to uswitch treatment rapidly and deal with the acute 
indications intensively until resolved (see also pp. 146–148).

l	 Primary eliminatory routes would be an early therapeutic 
focus; diuretics, aperients, depuratives and cholagogues are 
especially likely to be used, as indicated in the individual’s 
story. These might be step-like interventions, each pursued 
briefly for particular medium-term goals.

l	 The gut wall was always a priority zone. Dietary 
approaches would usually be combined with treatments 
to enhance the digestive process, like bitters or warming 
aromatic digestives as required, or remedies with anti-
inflammatory or healing effects on the wall itself. For 
example, one strategy might be to start or rotate a course 
of treatment with a demulcent remedy like slippery elm.

Chronic inflammatory diseases are often, almost by defi-
nition, accompanied by compromised defences and reduced 
vigour and there may be hot spots of relatively violent inflam-
mations, for example rheumatic joints or skin eruptions. It is 
thus possible that treatments may be unduly provocative and 
exacerbations may occur. Contrary to some popular opinion 
(‘Things must get worse before they get better’), these ‘heal-
ing crises’ are rarely a good idea; indeed, they may worsen the 
condition in the long term. (Therapeutic exacerbations may 
be justified under carefully controlled conditions to expedite 
a blocked inflammation or fever but only when the patient is 
in a sufficiently robust state and the inflammation concerned 
is relatively simple.) Thus a good practitioner will peel the 
onion layers with care, only proceeding at a pace the body can 
stand, avoiding unnecessary exacerbation (for example with 
remedies that are too heating or cooling or with too strong an 
eliminative effect) and using remedies that calm and soothe. 
The practitioner will often take special care to apply strategies 
that aid recuperation and restoration of a robust and balanced 
immune system. This may mean, for example, adopting con-
valescent dietary principles (see p. 87) and combining these 
with appropriate digestive or hepatic remedies.

Application
Anti-inflammatory remedies are best taken before or, if there 
is any stomach irritation, after meals.

Long-term therapy with anti-inflammatory remedies is usu-
ally acceptable, although this should be kept under review.

Although the conditions involved are sometimes very com-
plex there should still be early endpoints to aim for. The obvi-
ous is relief of the symptoms, but there may be stages along 
the way as well.
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Fatigue and debility

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 chronic fatigue syndrome and related conditions such as 

fibromyalgia
l	 fatigue and debility after illness, prolonged stress, injury or 

trauma (convalescence).

Management of:
l	 fatigue linked to clinical depression
l	 fatigue due to untreatable or terminal illness.

Because of the use of secondary plant products, caution is 
necessary in applying phytotherapy in cases of:
l	 severe digestive depletion
l	 renal or hepatic failure.

Orientation

A debilitating symptom
Phytotherapists increasingly find that a major indication for 
treatment is a degenerative or debilitating illness. Unlike their 
forebears, for whom acute diseases were the norm and recu-
perative support of debility was usually convalescent after-
care, the modern practitioner will be less often involved in 
first-line treatment. Patients will more often report for help 
after years of ill health or when conventional medicine has run 
out of options.

There are many diseases that can lead to such signs of 
debility as tiredness, inability to rest, weakness, depression, 
wasting and anorexia. Indeed, any illness of sufficient dura-
tion or severity can lead to such symptoms; chronic low-grade 
infections, especially viral infections, are particular precursors 
in modern times. In some cases severe or traumatic diseases 
from the distant past can lead to a legacy of weaknesses of 
this type. A few are constitutionally enfeebled and are prone 
to debilitating responses to a range of stressors. A good prac-
titioner will obviously seek to address current problems as 
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far as possible. However, one of the prominent elements of 
a debilitating condition is that the weakness imposes its own 
limitations on any treatment. It is often impractical to embark 
upon the usual treatment strategy while the patient is at a low 
ebb, as even the gentlest remedies can provoke uncomfortable 
responses.

Finding a regime of treatment that simply addresses the 
debility with little consideration of the causes or background 
factors might be the only strategy feasible if the condition is 
especially severe. The principles involved in such approaches 
can best be reviewed for a classic modern syndrome of  
debility – chronic fatigue syndrome.

Chronic fatigue syndrome
Although the name might be relatively new, chronic fatigue 
syndrome (CFS) is not a new disorder. While the affliction, 
described as ‘neurasthenia’ in Victorian times, does not nec-
essarily represent an early forerunner, the ‘bed cases’ or ‘sofa 
cases’ reported among middle-class women in the period from 
1860 to 1910 probably were CFS and, by the time of World 
War I, a syndrome resembling CFS was a common complaint 
in Europe and North America.1 CFS is also known as post-
viral fatigue syndrome or myalgic encephalomyelitis (ME). 
Although the medical profession was reluctant at first to 
recognise CFS as a physical disorder rather than a variant of 
depression or neurosis, this opinion is changing. Nonetheless, 
treatment of CFS as a psychiatric problem is still relatively 
widespread, with a conventional treatment preference for 
antidepressants. More enlightened thinking is to see the dis-
turbance in biopsychosocial terms, as a complex disruption of 
a psychoneuroimmunoendocrine information network which, 
when dysregulated, leads to both psychological and somatic 
symptoms.2 The basic principles applied here in the discus-
sion of phytotherapy of CFS will be relevant to the manage-
ment of patients suffering from most types of fatigue.

CFS was formally defined in 1988 as disabling fatigue of 
at least 6 months duration of uncertain aetiology. Additional 
symptoms can include mild fever, sore throat, painful lymph 
nodes, weight gain, exertional malaise, muscle weakness, mus-
cle and joint pain, headaches, depression, light-headedness, 
anxiety, visual and cognitive impairment and disturbed sleep 
patterns. It usually has a relatively definite onset that resembles 
influenza. Six of these additional symptoms must be present, 
plus two or more of the following signs: low-grade fever, non-
exudative pharyngitis and palpable or tender lymph nodes.3

This 1988 definition was amended in 1994 by the United 
States Centers for Disease Control and Prevention (CDC) to 
the following:4

1.	Having severe chronic fatigue for at least 6 months or 
longer with other known medical conditions (that can 
cause fatigue) excluded by clinical diagnosis.

2.	Concurrently having four or more of the following symptoms:
◯	 post-exertional malaise
◯	 impaired memory or concentration
◯	 unrefreshing sleep
◯	 muscle pain
◯	 multi-joint pain without redness or swelling

◯	 tender cervical or axillary lymph nodes
◯	 sore throat
◯	 headache.

3.	The symptoms must have persisted or recurred during 6 
or more consecutive months of illness and must not have 
predated the fatigue.

Currently there is no accepted biochemical test for the 
condition. Another problem is that the definitions are some-
what restrictive. Many patients with chronic, unexplained 
fatigue and typical symptoms of CFS may not exactly fulfil 
the above criteria.

Possible causes of chronic fatigue syndrome

Viruses
The fact that CFS can occur in epidemics has always pointed 
to an infectious origin. However, despite the fact that various 
researchers have implicated a number of viruses, a clear asso-
ciation with a single viral infection has not been established. 
Originally, Epstein-Barr (EBV) virus was thought to be the 
cause, since CFS can follow glandular fever. Human herpes-
virus-6 (HHV-6) is another virus that has been plausibly lined 
to CFS outbreaks and prevalence.5

The link between CFS and some kind of enterovirus, pos-
sibly a Coxsackie B virus, is particularly interesting. Coxsackie 
B viruses are related to the polio virus, which can infect 
and weaken muscle tissue. There was evidence from British 
research that enteroviral RNA occurs in the muscle tissue 
of CFS patients6 and this may lead to mitochondrial injury.7 
However, a Spanish investigation found only minor changes 
in muscle tissue, which did not support the hypothesis that 
viral infection is a cause of muscle fatigue.8 Also the British 
research group appears to have abandoned their stance on 
enteroviruses, concluding it was unlikely that a persistent 
enterovirus plays a pathogenic role in CFS.9 Nonetheless, 
an effect in initiating the disease process should not be 
excluded,9 and other groups have certainly pursued the enter-
ovirus connection.10,11 More recently, the human parvovi-
rus (HPV)-B19 has been the most reported CFS-associated 
virus,12 and a new infectious human gamma-retrovirus, xeno-
tropic murine leukaemia virus-related virus, has also been 
detected at high levels in CFS patients.13,14

The only sense which can be made of this research is that:

1.	Either a number of viruses are capable of triggering CFS, in 
which case CFS is not an infection in the strict meaning of 
the term because there is no single causative agent
or

2.	CFS may involve the reactivation of the immune response 
to previous viral infections. In other words, the immune 
system may be fighting the ghosts of past viral infections.
On the latter point it is interesting to note that several 

investigators have reported increased 2′,5′-oligoadenylate 
synthetase activity in the mononuclear cells of patients with 
CFS, with levels correlating with disease severity. This protein 
is induced by interferons and is an important defence against 
viral proliferation.10 It has been suggested that stress-induced 
EBV reactivation may represent the initial event that leads to 
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a disturbance of immune memory, which in turn leads to a 
prolongation and accentuation of viral symptoms.

It is worthwhile to examine the implications of CFS epi-
demics. The Royal Free Hospital epidemic in London was a 
famous epidemic where a polio-like illness struck down many 
people. The illness also affected cranial nerves, which is not a 
feature of CFS. The majority recovered in a matter of weeks 
to months, but a significant number went on to develop 
CFS. These susceptible people among the staff at the Royal 
Free Hospital were left with CFS, and the original epidemic 
was probably a Coxsackie viral infection.15 Hence the CFS 
was probably caused by this viral trigger. The viral infection 
occurred in an epidemic and created a related epidemic of 
CFS.15 It is likely that the same conclusion could be drawn 
from studying other CFS epidemics.

Other microorganisms
Other microorganisms have also been linked to the incidence 
of CFS. Polymerase chain reaction (PCR) techniques have 
established a connection between possible mycoplasmal blood 
infections and CFS in 50% to 60% of patients.16–18 However, 
until these organisms are isolated and cultured from the blood 
of CFS sufferers, such a link must be regarded as tenuous. 
Mycoplasmal DNA was not detected in the plasma of 34 suf-
ferers of CFS.19

Infection with coagulase negative Staphylococcus has been 
described as another indirect connection. The pattern of mus-
cle catabolism seen in CFS corresponds to that produced by 
this organism.20 Also CFS and fibromyalgia patients treated 
with staphylococcus toxoid vaccine do show some clinical 
improvement.21

Infection with yeast, possibly Candida albicans, has been 
hypothesised.22 Since there is a high prevalence in CFS suf-
ferers of non-allergic sinusitis, and this condition is associ-
ated with fungal infection and fungal allergy, it was suggested 
that the upper respiratory tract could harbour a chronic yeast 
infection in CFS.23

Chronic Lyme disease due to past or current infection with 
Borrelia burgdorferi has been described as a possible variant 
of CFS, although this connection is controversial.24

Inflammatory disease and immune abnormalities
Chronically elevated levels of proinflammatory cytokines 
are associated with inflammatory diseases and psychologi-
cal symptoms of depression and tiredness. There is now 
evidence that fatigue correlates closely with inflammatory 
symptoms (relating to allergy, gastrointestinal upset and 
to pain) in otherwise healthy populations. It has been sug-
gested that immune dysregulation may explain the exist-
ence and covariation of psychological and physical symptoms 
in the healthy population, including people with medically 
unexplained symptoms.25 The immune abnormalities that 
occur in CFS are, however, inconsistent, perhaps because 
different viral triggers might cause different malfunctions. 
One important study found no difference between CFS 
patients and controls for any white blood cell counts, save 
the CD8 T-lymphocytes.26 These cells were activated as in 

a viral infection and the cytotoxic cell subset was increased. 
These differences were significant (p=0.01) in patients with 
major symptoms of CFS. The study was noteworthy because 
of the large number of patients involved and also because 
the degree of these changes corresponded to the severity 
of the CFS. The authors concluded that immune activa-
tion in CFS leads to increased secretion of cytokines caus-
ing the observed symptoms. Their findings were consistent 
with chronic stimulation of the immune system, perhaps 
by a virus. If this is correct, the feeling of malaise experi-
enced in the early stages of influenza, when cytokine output 
is increased, is similar to the way CFS sufferers must feel 
most of the time. Reviews have supported findings that pro-
inflammatory cytokines such as IL-1, IL-6 and TNF-alpha are 
raised in CFS, with impaired natural killer (NK) cell func-
tion as well. Cancer patients treated with the cytokine IL-2 
to boost immunity experience side effects remarkably similar 
to CFS. Serum levels of some cytokines are often raised in 
CFS. For example, levels of IL-1 alpha,27 TNF-alpha10 and 
TNF-beta28 were significantly more often increased in CFS 
patients. A recent review concluded that, despite the hetero-
geneity in CFS, there is growing evidence that immune dys-
function plays an important role, with cytokine dysregulation 
a key feature.10

Reduced NK cell activity has been reported in several stud-
ies. For example, a correlation between low levels of NK cell 
activity and severity of CFS was found in 20 CFS patients.29 
Also, a marked decrease in NK cell activity was found in 
almost all patients with CFS, as compared with healthy 
individuals.30 However, a Danish study found that NK cell 
activity in CFS patients was no different from healthy con-
trols.31 Another relatively common, but inconsistent, find-
ing is the reduced response of lymphocytes to stimulation by 
mitogens.32,33

An increased occurrence of autoantibodies such as rheu-
matoid factor, thyroid antibodies and antinuclear antibodies 
(ANA) can be found in CFS patients.34 This, together with an 
observed high incidence of circulating immune complexes, led 
a German research team to conclude that CFS is associated 
with, or is the beginning of, manifest autoimmune disease.35 
These findings were somewhat supported by a large study 
on 579 patients from Boston and Seattle that found levels of 
immune complexes were abnormal in 35% of CFS patients 
compared with 2% of controls (p=0.0001), and ANA was 
abnormally high in 15% of CFS patients compared with 0% of 
controls (p=0.003).36 The same study found that serum cho-
lesterol and IgG levels were also significantly raised in CFS. 
Immunodeficiency and disturbed immunological memory 
have also been explored as contributors to the pathophysiol-
ogy of CFS.10

Gut dysfunction
In any condition marked by immunological disturbances, the 
digestive system is likely to be implicated. There is increasing 
evidence of this. CFS is marked by lower levels in the bowel 
of Bifidobacteria and higher levels of aerobic bacteria and 
higher prevalence and median values for serum IgA against 
enterobacteria lipopolysaccharides (pointing also to increased 
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leakiness of the gut wall).37 These findings resonate with clini-
cal experience that symptoms of gut dysbiosis, irritable bowel 
and food intolerances are widely encountered in chronically 
fatigued patients.

Circulatory abnormalities
A study of 24 CFS patients who were 50 years or younger 
found that 100% had slightly abnormal ECG readings, com-
pared with only 22.4% of controls (p<0.01).38 Mild left ven-
tricular dysfunction was found in 8 of 60 patients with CFS, 
and gross dysfunction occurred with increasing workloads.38 
Some studies suggest that CFS patients have a low cardiac 
output due to a small heart39,40 or perhaps a comorbid hypo-
volaemic condition.41 Lower blood pressure and abnormal 
diurnal blood pressure can be associated with CFS.42

A significant breakthrough came with the study by 
Peckerman and co-workers published in 2003.43 Impedance 
cardiography and symptom data were collected from 38 
patients with CFS grouped into cases with severe (n=18) and 
less severe (n=20) illness and compared with those from 27 
matched, sedentary control subjects. The patients with severe 
CFS had significantly lower stroke volume and cardiac output 
than the controls and less ill patients. Post-exertional fatigue 
and flu-like symptoms of infection differentiated the patients 
with severe CFS from those with less severe CFS (88.5% 
concordance) and were predictive (p<0.0002) of lower car-
diac output.

Simpson and co-workers found that subjects complaining 
of chronic fatigue were more likely to have abnormally shaped 
(nondiscocytic) red blood cells.44 They concluded that this 
association between increased nondiscocytes and impaired 
muscle function could indicate a cause and effect relationship, 
which would be in agreement with the physiological con-
cept of fatigue resulting from inadequate oxygen delivery.44 
Simpson advocated the use of evening primrose oil and fish oil 
to decrease nondiscocytes, and given the favourable influence 
of Ginkgo biloba on red blood cell fragility and blood rheol-
ogy, it might also be indicated.

Regional cerebral blood flows to the cortex and basal 
ganglia were significantly reduced in a majority of CFS 
patients.45,46 This finding of reduced regional cerebral blood 
flow in CFS is supported by a study in older patients, which 
found that the abnormal blood flow in CFS was different to 
that observed in depression.47

Delayed orthostatic hypotension caused by excessive 
venous pooling (and also linked to a subnormal circulating 
erythrocyte volume) is a frequent finding in CFS that appears 
to be linked to fatigue.48–51 This can be associated with ortho-
static hypocapnia.52

An autonomic imbalance with a sympathetic dominance 
expressed as dysregulated cardiac function has been observed 
in several studies. For example, heart rate during sleep and 
mean arterial blood pressure were significantly higher in CFS 
patients,53 and another study also observed a higher heart rate 
together with reduced heart rate variability (a sign of sympa-
thetic dominance) during sleep.54 Reduced heart rate variabil-
ity also predicts poor sleep quality in CFS55 and is associated 
with orthostatic stress in CFS patients.56

Brain and cognitive abnormalities
Magnetic resonance imaging (MRI) scans of the brains of CFS 
sufferers found a high incidence of inflammation (oedema 
and demyelination) in association with serological evidence 
of active HHV-6 infection.57 This controversial finding of 
brain abnormalities in CFS has been somewhat supported 
by a study which observed that CFS patients had signifi-
cantly more abnormal scans than controls: 27% versus 2%.58 
However, the authors felt that this might instead indicate that 
some patients labelled with CFS could actually be suffering 
from other medical conditions. Abnormal MRI and single-
photon emission computed tomography (SPECT) scans were 
found with far greater frequency in CFS patients compared to 
normal controls.59 SPECT abnormalities were present in 81% 
of CFS patients versus 21% of control subjects (p<0.01).59

The presence of brain abnormalities in CFS, as assessed 
by MRI, was related to subjective reports of poor physi-
cal function60 and mental fatigue.61 A strong correlation in 
CFS between brainstem grey matter volume and pulse pres-
sure suggested impaired cerebrovascular autoregulation.62 
However, abnormal MRI findings have not always been 
observed in CFS.63

It should also be stressed that modern techniques of brain 
imaging are highly sensitive, and these findings do not nec-
essarily indicate gross organic brain defects. They are prob-
ably more indicative of chronic encephalitis, which is possibly 
either viral or immunological in origin.

A number of objective tests have revealed memory deteri-
oration in CFS patients compared with healthy controls, but 
findings between studies have not been consistent. Short-term 
memory,64 general memory,65 retrieval from semantic mem-
ory66 and memory requiring cognitive effort67 have been found 
to be impaired. Attention can also be impaired.68 However, 
other studies have found that memory was not affected,69 
or was only mildly impacted.70 It has been suggested that 
impaired information processing, rather than a primary mem-
ory dysfunction, may underlie the cognitive problems that 
afflict so many patients with CFS.71 A 2010 meta-analysis that 
included 50 eligible studies concluded that patients with CFS 
demonstrate moderate to large impairments in simple and 
complex information processing speed and in tasks requiring 
working memory over a sustained period of time.72

Pituitary and hypothalamic abnormalities
Patients with CFS have a mild central adrenal insufficiency 
secondary to either a deficiency of corticotropin-releasing 
hormone or some other central stimulus to the pituitary-adre-
nal axis.73 This leads to a decreased response of the adrenal 
cortex. Abnormalities in the regulation of the hypothalamic-
pituitary-adrenal (HPA) axis are also a well-recognised fea-
ture of endogenous depression. It has been suggested that, 
since cytokines potently influence the HPA axis, their acti-
vation may underlie many of the features found in CFS and 
depression.74

A comprehensive 2007 review of this topic concluded that 
there is distinct evidence for a hypofunction of the HPA axis 
in a proportion of patients with CFS, despite negative studies 
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and methodological difficulties.75 About half the reviewed 
studies indicated this finding; the others found no significant 
changes. The following mechanisms underlying the hypocorti-
solism were discussed:
l	 Reduced biosynthesis of releasing factors (CRH, ACTH)
l	 Downregulation of central receptors
l	 Increased negative feedback sensitivity to endogenous 

glucocorticoids
l	 Decreased availability of free cortisol
l	 Reduced effects of cortisol on target tissues (relative 

cortisol resistance).

The above findings suggest that a focus on regulating and 
restoring normal HPA function in CFS should be a priority for 
herbal clinicians, one that they are well equipped to deal with. 
Most patients with CFS were found to have sleep disorders 
that are likely to contribute to the daytime fatigue and may 
also be important in the aetiology of the syndrome.76,77 CFS 
patients exhibited significant elevations in fatigue, subjective 
sleep disturbance and objective sleep disorders compared to 
MS patients and a healthy control group.78

A 2008 study confirmed these observations, finding that 
CFS patients had significant differences in polysomnographic 
recordings compared with healthy controls and felt sleepier 
and more fatigued than controls after a night’s sleep.79 CFS 
patients also had less total sleep time, lower sleep efficiency 
and less rapid eye movement (REM) sleep than controls.

Biochemical abnormalities
It has been hypothesised that the imbalances in immune func-
tion, the HPA axis and the sympathetic nervous system in 
CFS can be explained by changes in essential fatty acid (EFA) 
metabolism. Dietary EFA modulation afforded substantial 
improvement in a majority of cases.80 A Japanese study did find 
that serum concentrations of EFAs were depleted in CFS suf-
ferers81 and controlled clinical trials of evening primrose oil82 
and fish oil demonstrated significant symptom reduction.83 
Japanese scientists have found lower levels of serum acylcarni-
tine in CFS, which they proposed might explain the fatigue and 
muscle weakness.84 Also, the concentration of serum acylcar-
nitine tended to increase to normal with recovery from fatigue 
in CFS.65 However, an open clinical study in 20 CFS patients 
found no improvement after 3 months of L-carnitine therapy.8

Studies on the magnesium status of CFS patients have not 
resolved this issue. A report on one patient found consider-
able improvement after 6 weeks of therapy with intravenous 
magnesium sulphate,85 but a study of 89 patients with CFS 
found no evidence of magnesium deficiency in any patient.86

When serum folate levels of 60 patients with CFS were 
assayed it was found that 50% had values below 3.0 µg/L.87 
The authors concluded that some CFS patients are deficient 
in folic acid.

Clinical trials
There have been a few studies of herbal interventions for CFS or 
chronic fatigue (not necessarily CFS) in randomised, controlled 
trials. A randomised, double blind, placebo-controlled clini-
cal study of a standardised Lycium barbarum juice product was 

conducted (by the manufacturer) with 60 older healthy adults 
(55 to 72 years old). Participants either took 120 mL/day of the 
juice, equivalent to at least 150 g of fresh fruit, or placebo for 
30 days. The Lycium group showed significantly improved meas-
ures of fatigue and sleep, and a statistically significant increase 
in the number of lymphocytes and levels of IL-2 and immu-
noglobulin G compared to the placebo group. The number of 
CD4, CD8 and NK cells and levels of IL-4 and immunoglobulin 
A were not significantly altered.88

Consuming high-cocoa liquor/polyphenol-rich chocolate 
45 g/day for 8 weeks was beneficial in improving fatigue and 
residual function in CFS, compared with the consumption of 
simulated isocaloric low polyphenol chocolate.89 In a separate 
study, flavanol-rich cocoa in drinks at 520 mg and 994 mg were 
compared to matched controls in a randomised, controlled, 
double blinded, three period crossover trial in 30 healthy adults 
undergoing the sort of sustained mental demands often lead-
ing to fatigue. Various assessments, psychomotor tests and 
measures of cognitive performance showed the highest dose of 
cocoa flavanols had the clearest benefit on mood and psycho-
motor performance in these circumstances.90 While the mech-
anisms underlying the effects are unknown, they are thought 
to be related to known effects of cocoa flavanols on endothelial 
function and blood flow, a further link between inflammatory 
processes and the aetiology of fatigue that picks up discussions 
earlier in this chapter.

A randomised, double blind, controlled trial found that a 
combination of Astragalus and Salvia miltiorrhiza ameliorated 
chronic fatigue.91 (See the Astragalus monograph for more 
details.) There is also the trial assessing Rhodiola in chronic 
fatigue mentioned later in this chapter.

Phytotherapeutics

Clinical impressions of fatigue
CFS appears to involve a complex interaction between emo-
tional, infectious and environmental stressors leading to sub-
tle immune dysfunction. The extreme debility sometimes 
encountered has the unfortunate effect of blocking many 
treatment approaches: rest may be disrupted, exercise may 
be debilitating and even the simplest foods may seem to be 
too demanding. Many otherwise useful remedies may be too 
stimulating or unsettling.

Fatigue may take different forms and arise from different 
stresses. There may be a deficiency condition, there may be an 
obstruction to normal functions (such as the effects of clinical 
depression) or fatigue may follow excessive activity, perhaps 
marked by anxiety and nervous stress. In other cases it may 
predispose to recurrent infections, creating a vicious cycle. The 
therapeutic approach in each case will be different. In the first 
instance, nutritional and supportive therapies will dominate. In 
the second, there may be the need to embark upon substantial 
constitutional and metabolic strategies. Where tension is the 
predominant factor then repair will be difficult if there is not 
some relaxant or even sedative relief. If poor immune function 
is evident, then emphasis needs to be placed here.

The majority of CFS patients were probably devitalised 
before they contracted the disorder. This might have been 
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due to emotional pressures, work pressures, family pressures, 
ambition, toxins, pregnancy, or even a bad diet, but the end 
result is the same. This observation is supported by the find-
ing that stress is a significant predisposing factor in CFS.92 
Any stressor, be it chemical, physical, biological or emotional, 
then acts to aggravate this condition. This reduced capacity to 
cope with stress is a key factor in creating the vicious cycle 
that perpetuates the syndrome.

The devitalisation leads to weakened immunity and finally to 
an abnormal immune response to a viral infection. A stalemate 
is reached where the resultant hyperimmune state causes auto-
toxicity, but is not sufficiently focused to resolve a viral pres-
ence, or any other cause, and restore health. It is a curious state 
where some compartments of the immune system are overac-
tive, but other compartments are deficient.93 Figure 8.1 sum-
marises the interplay between psychosocial, immune and viral 
factors in the initiation and perpetuation of CFS.10

Sometimes benefits will follow a focus on what could be 
exacerbating or even causative factors. These might include:
l	 intestinal dysbiosis, endotoxaemia or similar syndromes, 

other syndromes involving autotoxicity, chronic 
inflammation

l	 allergies or food intolerances
l	 toxins, e.g. dental amalgam, hair dyes, pesticides
l	 recurrent fungal, viral or bacterial infection.

Above all else, it is important to ensure that sleep and 
rest are adequate and much useful treatment effort can be 
directed to this end as a first priority. Whatever the initiat-
ing disturbance, the treatment of fatigue must be marked by 
extreme gentleness and patience.

Convalescence
With any fatigue syndrome the fundamental principle of treat-
ment is to set up an appropriate recuperative regime. Remedies 
should be set against a wider programme of convalescence. 
Convalescence as a strategy is outlined in Chapter 3. Extensive 

and appropriate rest is essential and may need to be supported 
by treatment to help with sleep and relaxation: exercise, even if 
minimal, will help engage adrenosympathetic disturbances; the 
diet should be based on the most easily assimilable foods pos-
sible. Only when such a regime is in place can herbal treatment 
have a chance of facilitating further improvements.

Herbal remedies useful in CFS include the following.

Tonic and adaptogenic herbs
Tonics help revitalise the patient and adaptogens improve the 
response to stress. Tonics were traditionally used to help build 
strength after illness and trauma and may also build immune 
function.

Major herbs in this group are:
l	 Astragalus membranaceus (Astragalus): tonic and immune 

enhancing (see monograph)
l	 Eleutherococcus senticosus (Siberian ginseng): adaptogenic, 

stimulates T-lymphocyte function (see monograph)
l	 Lycium spp. (goji): a tonic remedy in China with some 

evidence as an adaptogen
l	 Panax ginseng (Ginseng): tonic, adaptogenic, stimulates 

hypothalamic output and ACTH and hence adrenal 
cortex function, increases stamina, spares muscle use of 
carbohydrate (see monograph)

l	 Rhodiola rosea: a herb with adaptogenic and ergogenic 
reputations

l	 Schisandra chinensis: a herb with adaptogenic and 
hepatoprotective reputations94

l	 Withania somnifera (Withania): a tonic herb which is not 
stimulating and facilitates sleep (as its name implies), hence is 
ideal in situations of sympathetic dominance (see monograph).

Of this group, most interest in recent years has been in 
Rhodiola, with a wide range of clinical studies reported. These 
have been unsympathetically reviewed95 and defended.96 
However, in one case a substantial positive study has been 

Severe/prolonged
viral and/or

other infections

Stress associated with
anxiety, depression,
insomnia, inactivity

Reactivation of
pre-existing chronic

viral infection or
new viral infection

Fatigue

Cellular immune
dysfunction/exhaustion
impaired T and B cell
memory and altered
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Viral proteins induce
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cytokine release with
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Figure 8.1 • The inter-relationship between psychosocial, immune and viral factors in the initiation and perpetuation of chronic fatigue.10 
Reproduced from Bansal AS, Bradley AS, Bishop KN, et al. Chronic fatigue syndrome, the immune system and viral infection. Brain Behav Immun 2011, with permission 

from Elsevier.



169

Herbal approaches to pathological states C H A P T E R  8

reported: 60 men and women with stress-related fatigue were 
randomised into two equal groups, one received four tablets 
daily of standardised Rhodiola extract (576 mg/day), and the 
other placebo. After comparing results for various psychomo-
tor and quality of life tests and serum cortisol levels, it was 
concluded that, compared with placebo, repeated adminis-
tration of this particular extract exerts an anti-fatigue effect 
with increased mental performance, ability to concentrate and 
decreased cortisol response to awakening stress.97 This proba-
bly also has relevance to the use of this herb in CFS. Rhodiola 
has the additional advantage that its efficacy in depression has 
been demonstrated in a randomised, placebo-controlled trial 
and also has considerable pharmacological support.98

Adrenal supportive herbs
The main herbs for this purpose are Glycyrrhiza (licorice) 
and Rehmannia glutinosa (see also the relevant monographs). 
There is one case report of recovery from CFS with the use 
of licorice that speculates a role in adrenocortical function.99 
Another case report from Japan observed that a chronic 
fatigue patient went into remission when she developed 
hyperaldosteronism due to an adrenal tumour. When the 
adrenal tumour was removed the fatigue returned.100 Licorice 
in high doses can cause pseudoaldosteronism due to its aldo
sterone-like action, but obviously should not be used to this 
level. A high-potassium, low-sodium diet, as in the Gerson 
therapy, can also raise plasma aldosterone.

Immune-enhancing herbs
Although these may seem contraindicated, immune-enhancing 
herbs are often needed to help prevent the recurrent viral infec-
tions that can plague patients with CFS. In cases of infection, 
treatment with tonic herbs may need to be discontinued so 
that defensive measures can be applied. Echinacea angustifolia 
and E. purpurea root are safe to use since, on current knowl-
edge, they mainly enhance innate immunity. This can improve 
antigen recognition, which leads to better immune responsive-
ness. Picrorrhiza kurroa should be used with caution as it is a 
potent promoter of all aspects of immune function, but it may 
be indicated for patients who have frequent viral infections. 
Andrographis and Astragalus also have a role, especially the lat-
ter where there is chronic immune depletion.

Antiviral herbs
Although the viral association is not always clear, these herbs 
can be useful in many cases. Hypericum perforatum (St John’s 
wort) may contribute to antiviral and antidepressant activity. 
Hypericum is probably active against enveloped viruses such 
as EBV and HHV-6. Thuja occidentalis is also active against 
enveloped viruses as well as naked viruses, such as the wart 
virus and enteroviruses.

Immune-depressing and anti-inflammatory herbs
There are a few non-toxic herbs that can depress immune 
function and may be useful at some stages of treatment. The 
safest to use is the Indian herb Hemidesmus indicus (Indian 

sarsaparilla). Rehmannia, Bupleurum and Boswellia can be 
useful anti-inflammatories and may downregulate cytokine 
production and responses (see monographs).

Others
Ginkgo biloba, Salvia miltiorrhiza and Zanthoxylum (prickly 
ash) can improve blood flow. Ginkgo decreases erythrocyte 
fragility and improves blood rheology and short-term mem-
ory. Valeriana (valerian), Passiflora incarnata (passionflower), 
Piper methysticum (kava) and other such herbs will help 
the disordered sleep pattern and sympathetic dominance. 
Crataegus (hawthorn) may help any cardiac and circulatory 
abnormalities and the sympathetic dominance. Butcher’s 
broom (Ruscus aculeatus) and horsechestnut (Aesculus hip-
pocastanum), being venous toning, should be considered for 
orthostatic symptoms (see monographs). EFA therapy with 
evening primrose oil and fish oil is also recommended.

Notes about treatment
Deep-seated devitalisation is a major part of CFS, so results 
must be measured in months not weeks. If results are slow to 
come about the patient should be encouraged, since improve-
ment usually does occur with consistent use of herbs. Patients 
must be instructed not to overexert themselves when they 
begin to feel improvement, as this can cause a relapse. They 
should only partake in mild exercise and not exercise beyond 
the point of fatigue. Sleep helps to restore the immune system 
and CFS patients will not improve unless they have adequate 
sleep, which may be more than they needed previously. They 
must avoid stress and emotional crises as much as possible. The 
importance of stress as a cause and sustaining factor of CFS 
should not be underestimated and appropriate lifestyle meas-
ures must be incorporated into the treatment plan.

CASE HISTORY

‘William’, aged 48, sought treatment for CFS, from which he had 
suffered for 3 years after exposure to Ross River virus. Symptoms 
included aches and pains, especially in the first 6 months after the 
infection, malaise, mild fever, physical weakness, lack of stamina and 
poor sleep. He worked as a manager at a cemetery and was still able 
to manage (barely) his job, despite the CFS. He was previously very 
active. Current medication was salbutamol for asthma and the occa-
sional use of a benzodiazepine to help his sleep

He was placed on the following herbal treatment:

A.	 Liquid formula:

Echinacea angustifolia and E. purpurea (root) 1:2 35 mL
Glycyrrhiza glabra (high in glycyrrhizin) 1:1 15 mL
Astragalus membranaceus 1:2 20 mL
Hypericum perforatum (high in hypericin) 1:2 20 mL
Withania somnifera 1:1 20 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day.

B.	 Withania (600 mg) and Korean ginseng (125 mg) tablets 3/day
Eleutherococcus (Siberian ginseng) tablets 1.25 g 3/day
Valeriana edulis (Mexican valerian) tablets 1.0 g 3/day (as required)
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CASE HISTORY

‘Kylie’, aged 17, had glandular fever 6 years previously. She had suf-
fered from fatigue ever since, but after beginning Year 12 at school 
her fatigue was particularly severe. Often catching colds and influ-
enza, her attendance was less than 50%. Even on ‘well’ days, she 
often did not have the energy to attend school. Herbal treatment con-
sisted of the following basic formula (written for 1 week):

Astragalus membranaceus 1:2 30 mL
Panax ginseng (standardised extract) 1:2 15 mL
Ginkgo biloba (standardised extract) 2:1 20 mL
Echinacea angustifolia root 1:2 35 mL

Total: 100 mL

Dose: 5 mL with water three times a day.
In addition, Withania 1:2 5 mL with water once a day was 

prescribed.
If a cold came on, the above treatment was stopped for 3 to 4 

days and the following formula was taken:

Zingiber officinale 1:2 10 mL
Echinacea angustifolia root 1:2 40 mL
Euphrasia officinalis 1:2 20 mL
Achillea millefolium 1:2 30 mL

Total: 100 mL

Dose: 5 mL with warm water up to five times a day.
Initially, Kylie had difficulty taking the herbal formula because it 

was too stimulating. So the dose was reduced to half and gradually 
increased. There was only slight improvement in her condition for 3 
months, but then gradual and steady progress was made. While she 
received herbal treatment from time to time, she was free of CFS for 
more than 2 years.

In addition, Echinacea angustifolia root 1:2 5 mL once a day was 
prescribed from time to time. Also an ‘acute formula’, similar to the 
one for ‘Kylie’, was taken during colds and influenza instead of the 
basic formula. The Crataegus was for the headaches and circulation 
and the Baical skullcap for the sinusitis. ‘John’ actually worsened in 
the first 3 months of treatment, probably because of the natural pro-
gression of the disorder. However, after 5 months he thanked the 
friend who recommended herbal treatment because it was ‘the best 
thing I could have done’. He gradually improved over a period of sev-
eral more months.

CASE HISTORY

‘John’, was 35 and had not worked for 3 years. By the time he 
sought herbal treatment he complained that he was getting sicker 
and sicker. He experienced constant headaches and had suffered 
from chronic sinusitis for about 10 years. His history showed a previ-
ous high exposure to insecticides and years of overwork due to family 
pressures. His wife could not cope with his not working and his mar-
riage was strained. Various formulas were given but the treatment set-
tled at the following (for 1 week):

Panax ginseng (standardised extract) 1:2 15 mL
Astragalus membranaceus 1:2 30 mL
Crataegus spp. fol. 1:2 20 mL
Ginkgo biloba (standardised extract) 20 mL
Picrorrhiza kurroa 1:2 15 mL
Glycyrrhiza glabra (high in glycyrrhizin) 1:1 20 mL
Scutellaria baicalensis 1:2 30 mL

Total: 150 mL

Dose: 8 mL with water three times a day.

There was not much improvement over the first 8 to 12 weeks, but 
after that he felt the herbs were helping, especially the feeling of malaise 
and low energy. He then changed to a more stressful job, but was able 
to cope well with this, relying on the support of the herbal treatment. 
After another 8 weeks he reported a noticeable improvement all round 
and was able to undertake a regular programme of exercise.

Tonics

Plant remedies traditionally used as tonics
l	 Astragalus membranaceus
l	 Avena sativa (oatstraw)
l	 Glycyrrhiza glabra (licorice)
l	 Hypericum perforatum (St John’s wort)
l	 Medicago sativa (alfalfa)
l	 Panax ginseng (ginseng)
l	 Rhodiola rosea
l	 Serenoa repens (saw palmetto)
l	 Swertia chirata (chiretta)
l	 Trigonella foenum-graecum (fenugreek)
l	 Turnera diffusa (damiana)
l	 Verbena officinalis (vervain)
l	 Withania somnifera.

Indications for tonics
l	 Convalescence
l	 Debilitating conditions with or without anorexia
l	 Chronic fatigue syndrome.

Cautions in the use of tonics
The use of tonic herbs may be difficult in the following 
circumstances:
l	 Very severe debility especially if associated with immune or 

digestive collapse
l	 Renal or hepatic failure
l	 Rampant cancer or strong regimes of chemotherapy.

Application
The state of digestion is the main determinant of dosage times. 
Tonics may be best taken with or after meals if the stomach 
and digestive system are weakened; in severe cases, they may 
need to be taken with fluid nourishment. Dosage should be 
rather more than less frequent: ‘little and often’ might be a 
useful axiom. Tonics taken immediately before bed can help 
when sleep is non-restorative. Withania is ideal for this.

Long-term therapy with tonics is generally indicated and 
often advisable.
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Chinese tonics
In Chinese medicine, tonic remedies are generally divided into 
four groups, depending on whether they are seen to particularly 
support qi, yang, xue or yin. The first two groups tend to be 
warming, the last two cooling. They are often more dynamic than 
the tonics listed above and may thus be more likely to generate 
adverse reactions. It is more important, therefore, to be careful in 
their prescription and to take close account of the interpretation 
of debilitated conditions that Chinese practitioners use. However, 
they reflect a perspective on debility and its treatment that is not 
well articulated in the Western traditions. This works both ways: 
unfortunately methodological limitations have also undermined 
the evidence for efficacy in the West so far published.101

In the following review, Chinese terms will therefore be 
used. They are briefly introduced in the summary of Chinese 
herbal medicine in this text (see p. 5) but any practitioner 
wishing to apply them should be well trained in that tradition. 
Nevertheless, there is some overlap with Western remedies and 
some useful insights are possible for a Western phytotherapist.

Qi tonics
These support active energies; they are used for depletion of 
qi, particularly in the Spleen and Lungs.

In the first case, possibly as a result of prolonged illness 
or constitutional weakness, debility may affect the functions 
of assimilation and distribution and be associated with such 
symptoms as fatigue and depression with depressed digestion, 
diarrhoea, abdominal pain or tension, visceral prolapse, pale 
yellow complexion with a tinge of red or purple, pale tongue 
with white coating and/or languid, frail or indistinct pulses. 
This may lead in turn to a ‘damp’ condition developing.

In the second case, extreme or prolonged stress or disease, 
or chronic pulmonary disease, leads to depletion or cold in the 
Lungs, with easy fatigue and prostration associated with distur-
bances of regulation, shortness of breath or shallow breathing, 
rapid, slow or little speech, spontaneous perspiration, pallid 
complexion, dry skin, pale tongue with thin white coating, 
weak and depleted pulses.

Plant remedies traditionally used as Qi tonics:
l	 Astragalus membranaceus (huang qi)
l	 Atractylodes macrocephela (bai zhu)
l	 Codonopsis pilulosa (dang shen)
l	 Glycyrrhiza uralensis (Chinese liquorice – gan cao)
l	 Panax ginseng (Asiatic ginseng – ren shen)
l	 Zizyphus jujuba (Jujube – da zao).

Yang tonics
These remedies support the active energies, particularly those 
of the Kidneys (but also Heart and Spleen).

Deficient Kidney yang leads to listlessness with a feeling 
of cold and cold extremities, back and loins; there may be 
weak legs, poor reproductive function, frequency of micturi-
tion, nocturia, diarrhoea (especially early in the morning), pale 
complexion and submerged weak pulses.

Deficiency affecting the Heart involves poor performance 
and coordination associated with profuse cold sweating, 

asthmatic states, thoracic or anginal pain on exertion, palpita-
tions and fear attacks, cyanosis, white tongue coating and/or 
diminished, hesitant or intermittent pulses.

Plant remedies traditionally used as yang tonics:
l	 Eucommia ulmoides (du zhong)
l	 Juglans regia (walnut – hu tao ren)
l	 Morinda officinalis (ba ji)
l	 Trigonella foenum-graecum (fenugreek – hu lu ba).

Xue tonics
These are remedies that support more substantial energies, 
those manifesting in substantial disturbances or pathologies. 
By definition, such disturbances are serious and profound and 
treatment will need to be prolonged. Symptoms of depletion 
of xue may include cyanosis, pallor, vertigo or tinnitus, palpi-
tations, loss of memory, insomnia or menstrual problems.

There is considerable overlap with yin tonics.
Plant remedies traditionally used as xue tonics:

l	 Angelica sinensis (dang gui)
l	 Mori alba (mulberry fruit – sang shen)
l	 Paeonia lactiflora (paeony root – bai shao)
l	 Rehmannia glutinosa (sheng di huang – fresh, and shu di 

huang – prepared).

Yin tonics
These are remedies for replenishing the body fluids and 
essence, supplying condensed energies and nourishment, for 
the most depleted conditions. Areas in most need of support 
are the Kidneys, Liver, Lungs and Stomach.

Deficient Kidney yin often follows very serious debilitating 
disease or, alternatively, extended sexual or alcohol abuse or 
overwhelming nervous stress. It may manifest as a deficient 
Fire condition, marked by a pale complexion with red cheeks, 
red lips, dry mouth, dry but deeply red tongue, dry throat, 
hot palms and soles, palpitations, vertigo or tinnitus, pains in 
the loins, night sweats, nocturnal emissions, nightmares, uri-
nary retention, constipation, accelerated though weak pulses.

Deficient Liver yin, usually following the above, is often 
associated with dry eyes, poor vision and vertigo or tinnitus, 
deafness, muscle twitching, sleeplessness, hot flushed face 
with red cheeks, red dry tongue with little coating, dimin-
ished, stringy and accelerated pulses.

Deficient Stomach yin is marked by anorexia, regurgitation, 
thirst, abdominal rumbling, red lips and red tongue with no 
coating.

Deficient Lung yin, often following prolonged exposure 
to dryness or chronic pulmonary disease, is marked by dry 
cough, haemoptysis, hoarseness and loss of voice, strong thirst 
and/or restlessness and insomnia.

Plant remedies traditionally used as yin tonics:
l	 Asparagus cochinchinensis (tian men dong)
l	 Ligustrum lucidum (nu zhen zi)
l	 Lycium chinensis (gou qi zi)
l	 Ophiopogon japonicus (mai men dong)
l	 Panax quinquefolium (American ginseng)
l	 Sesamum indicum (sesame seeds – hei zhi ma).
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Malignant diseases

Scope
Apart from their use in providing non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Adjunctive treatment of:
l	 most cancers.

Management of:
l	 symptoms of cancer treatment, such as nausea/vomiting of 

chemotherapy
l	 recuperation from chemotherapy and radiotherapy.

Because of its use of secondary plant products, particular 
caution is necessary in applying phytotherapy in cases of can-
cers of the stomach, liver and kidneys.

Orientation

Background
Herbal practitioners are often asked to provide treatment 
for cancer patients. This is most often as a complement to 
conventional treatments. However, in a few cases they are 
asked to construct completely alternative treatment strate-
gies. In the latter case especially, the practitioner can be put 
in a most difficult position. Cancer is undoubtedly one of the 
most serious and also one of the most complex and diverse 
diagnoses to receive. Modern oncology has confirmed that 
finding and attacking malignant targets remains most difficult, 

and that different forms of cancer present very different pros-
pects. Modern treatments have, moreover, been powerful, 
indeed dangerous, assaults on cells that may be more vigor-
ous than their normal neighbours. The efficacy and safety of 
these treatments depend on being able to focus on their target 
most selectively. Alternative approaches are usually derided 
by orthodox authorities because they apparently lack such 
potency, and reviews tend to reinforce the view that direct 
efficacy is lacking.1

Herbal clinicians respond that they are trying a differ-
ent approach: mobilising the body’s own powerful defences 
against the proliferation of malignant cells by providing appro-
priate supportive therapies. They point out that endogenous 
anticancer defences are formidable in even modest health. 
It is statistically likely that a tiny fraction of the body’s cells 
(but this could mean thousands of cells) slip out of normal 
tissue constraints and become malignant each day; through 
quiet surveillance, the body’s defences normally clean up such 
vagaries without further harm. Against that background, the 
actual development of a tumour must represent the failure of 
an impressive protective mechanism. In theory, it may be pos-
sible to reactivate these defences, at least in conditions that 
are not too advanced or debilitating. In practice, there is only 
modest evidence to guide a practitioner who aims to work in 
this direction, mainly from in vitro and in vivo studies.

On the positive side, the cases of spontaneous remissions 
from cancer and unexpected delays in deterioration that all 
healthcare practitioners encounter are evidence that there are 
powerful defensive forces to be had. To be set against this, 
however, is the need for evidence for any strategy towards 
mobilising these forces. However, there are some pointers, at 
least to the possibility of improving protection against cancer 
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development before it happens and, by implication (but only 
by implication), to guide supportive or adjunctive measures to 
improve the prospects of spontaneous recovery after the event.

Plants and cancer prevention
After a $20 million research campaign over many years and on 
the basis of in vitro and in vivo studies as well as epidemiolo
gical evidence, the American National Cancer Institute (NCI) 
identified a range of foods with cancer preventive potential in 
three categories:2,3

1.	Highest anticancer activity was found in garlic, soya, ginger, 
licorice and the umbelliferous vegetables (e.g. carrots, 
celery, parsley and parsnips).

2.	Moderate anticancer activity was found in onions, linseed 
(flaxseed), citrus, turmeric, cruciferous vegetables (e.g. 
broccoli, Brussels sprouts, cabbage and cauliflower), 
solanaceous vegetables (tomatoes and peppers), brown rice 
and whole wheat.

3.	Modest anticancer activity has been demonstrated in oats 
and barley, cucumber and the kitchen herbs such as the 
mints, rosemary, thyme, oregano, sage and basil.

The chemical groups suggested by the NCI as convey-
ing some of this activity include allyl sulphides in garlic and 
onions; phytates in grains and legumes; lycopene, limonoids, 
glucarates and related terpenes; carotenes and flavonoids in 
citrus; lignans in linseed4 and soya; isoflavones in soya; sapo-
nins in legumes; indoles, isothiocyanates and dithiolthione in 
cruciferous vegetables;5 ellagic acid in grapes and other fruit; 
and phthalides and polyacetylenes in umbelliferous vegeta-
bles. Most of these are relatively robust to food preparation 
and are likely to reach target tissues in the body after oral 
consumption. Interaction with hormone receptors and other 
metabolic pathways leading to tumour generation is impli-
cated as a mechanism.

Epidemiological evidence so far supports these findings.6 
For example, a study in Finland, following a cohort of 9959 
cancer-free individuals (from a population of 62 440) for 24 
years from 1967 found an inverse relationship between the 
development of lung and other cancers and the consump-
tion of flavonoid-rich fruits and vegetables.7 In a study in 
The Netherlands on a randomly selected cohort of 3123 sub-
jects (from a total study size of 120 852), researchers found 
an inverse relationship between onion consumption and the 
development of stomach cancers over 3 years.8 A review of 
this and other studies concluded that onions, garlic and other 
allium vegetables were likely to convey protective effects 
against cancer development, especially in the gastrointes-
tinal tract.9 There is actually some evidence for similar pro-
tective effect on the incidence of breast cancer in women 
for the use of herbal medicines in general. The Mammary 
Carcinoma Risk Factor Investigation (MARIE) study, a 
German population-based case-control study of 10 121 post-
menopausal women (3464 with histologically confirmed 
breast cancer compared to 6657 controls) between 2002 and 
2005, included analysis of associations between patterns of 
herbal preparations use and invasive breast cancer. Accounting 
for lifestyle and other risk factors, the authors concluded that 

those who used herbal preparations – such as black cohosh 
(Actaea racemosa), St John’s wort (Hypericum perforatum), 
chaste tree (Vitex agnus-castus), pulsatilla (Pulsatilla praten-
sis), rhubarb (Rheum rhaponticum) and Asian ginseng (Panax 
ginseng) – to manage their menopausal symptoms reduced 
their risk of breast cancer by 4% for every year’s use of the 
herbal remedies and up to one-quarter, irrespective of histo-
logical type and receptor status.10

Some of the most persuasive data on the benefits of plants 
in at least reducing the incidence of cancer has been in epi-
demiological studies on the association with tea drinking. In 
addition to a number of studies demonstrating antitumour 
effects of extracts of Camellia sinensis (green tea) consump-
tion and cancers of the bowel, stomach and breast, there have 
also been epidemiological studies supporting its protective 
effect in humans, and there are early studies under way to 
investigate its benefits in cancer patients.11

In the Shanghai Women’s Health Study, 69 710 women 
aged 40 to 70 years were selected for observations over 6 years 
between 1996 and 2000. Women who reported drinking green 
tea regularly had around two-thirds of the risk for colorec-
tal cancer compared with non-regular tea drinkers, and there 
also appeared to be a dose-dependent effect.12 In a Japanese 
study, 26 464 men and 38 720 women between the ages of 
40 and 80 were studied over 10 years. In all, 37 oral cancer 
cases were identified in this group. Subjects who consumed 5 
or more cups per day had a reduced risk of oral cancer com-
pared with those who consumed less than one cup per day; 
this was marked mainly in women. Interestingly, the authors 
proposed that the protective effects of green tea consumption 
may be through prevention of caries and periodontal disease.13 
Another study also in Japan pooled the results of several stud-
ies to indicate that there was a significant decrease in gastric 
cancer risk in the highest category of green tea consumption 
(at least five cups per day), but again only in women.14

Potential benefit in women at least was also suggested 
in Swedish studies on the links between all tea consump-
tion and epithelial ovarian cancer. In a large study, 61 057 
women between the ages of 40 and 76 years (the Swedish 
Mammography Cohort) were observed over an average of 15 
years. After controlling for potential confounders, an inverse 
association was observed between tea consumption and ovar-
ian cancer, and in a dose-dependent manner.15

Although there is criticism of such conclusions being drawn 
from low incidences of cancer, inadequate descriptions of tea 
consumption and of confounding factors,16,17 there is an inter-
esting pointer to the effect of a flavonoid-rich food and the 
incidence of cancer in women. This picks up on the associa-
tions already established with the consumption of flavonoid-
rich diets referred to earlier. It also bridges to the interesting 
debate on the potential of phyto-oestrogen diet sources.

In a large controlled study in China reported in the British 
Medical Journal, data was consistent with the hypothesis 
that regular intake of soya foods is associated with a reduced 
risk of endometrial cancer, especially among overweight 
women.18 The authors of this report believed that soya foods 
exert an anti-oestrogenic effect in an oestrogen-rich envi-
ronment. This view is widely held. It is also postulated as a 
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basis for a protective effect of other plant remedies with 
oestrogenic properties. However the evidence so far on this 
point has not been compelling (see also Chapter 2 under 
Phyto-oestrogens).19

On the other hand there seems to be little risk of phyto-
oestrogens worsening oestrogen-dependent tumours either. 
In one study 18 861 women were included in a single-blinded 
observational retrospective cohort study, on survival time 
from breast cancer and the use of an isopropanolic black 
cohosh extract. Only about 1000 of these women were tak-
ing the black cohosh, but there was no shift in relapse rates 
in this group compared to controls, even among patients 
with oestrogen-dependent tumours.20 In a substantial study 
conducted in Cambridge, UK, the effect of another phyto- 
oestrogen source, a red-clover-derived isoflavone extract, on 
oestrogen-linked mammographic breast density (this is associ-
ated with an increased risk for breast cancer) was investigated 
in 205 women aged 49 to 65 years and without a history of 
breast cancer. The women received either a placebo or an 
isoflavone tablet containing 26 mg biochanin A, 16 mg for-
mononetin, 1 mg genistein and 0.5 mg daidzein, derived from 
a proprietary brand of red clover, daily for 1 year. Baseline 
and 12-month follow-up mammograms were evaluated for 
density. The supplement did not significantly increase mam-
mographic breast density nor did it have any other effect on 
hormonal levels. There was no significant effect on menopau-
sal symptoms or hot flushes. The authors conclude that the 
isoflavone supplement, at the dose given, was acting neither as 
an oestrogen nor as an anti-oestrogen.21

However, this is an area where promising leads rarely trans-
late into firm recommendations: lycopene from tomatoes has 
inconsistent benefits in human studies,22 and the disappointing 
outcomes from the large study on the effects of beta-carotene 
as a food supplement have acted as a reminder that isolated 
plant-based solutions may be the wrong targets.23 There are 
even data suggesting that some plant beverages, for example 
maté tea,24 can have a negative effect on cancer incidence. 
On the other hand, it is noticeable that reviewers are less dis-
missive of natural approaches to cancer prevention and even 
management,25 with, for example, the role of ginger in treat-
ing the side effects of chemotherapy widely appreciated (see 
below and the ginger monograph).26 There is even evidence 
for positive combination effects: 5-fluorouracil is a common 
chemotherapy that can be limited over time. In one study, an 
improvement was observed in some patients with combined 
therapy with standardised Ginkgo biloba (see also later).27

There remain future prospects of genuine leads. Anti-
inflammatory activity, for example by aspirin and indometha-
cin, has been shown to have tumour-inhibitory effects in some 
models (and aspirin consumption has been linked to reduced 
human colorectal incidence; for example, see the willow bark 
monograph). Cyclo-oxygenase inhibition by a polyphenol, res-
veratrol, has been cited as a mechanism for a range of in vitro 
and in vivo tumour inhibitory effects of red grapeskin prod-
ucts like red wine.28 There are many other plant mechanisms 
that may modulate inflammation mentioned in other parts of 
this text (see, for example, the feverfew and turmeric mono-
graphs) and including the flavonoids mentioned earlier. Some 

of the key phytochemicals with cancer preventative activity 
are also discussed in Chapter 2.

Plants and cancer treatment
The potential of plant remedies directly to correct estab-
lished malignancies is apparently limited. In its intensive pro-
gramme from 1955, screening plant extracts for anticancer 
activity, the NCI found less than four extracts in every thou-
sand tested containing compounds that demonstrated effi-
cacy. Of the approximately 114 000 extracts studied, 11 000 
exhibited antitumour activity in the P338 pre-screen, but 
of these only 500 demonstrated such activity in panel test-
ing and only 26 proceeded to secondary testing. Of the plant 
isolates that reached this stage, most were alkaloids or terpe-
noids, with few from plants used in traditional medicine (for 
example, a triterpene from Withania spp., a diterpene from 
Brucea spp., a lignan from Podophyllum spp., a quinone from 
Tabebuia spp., an alcohol from Aristolochia spp. and alkaloids 
from Camptotheca acuminata, Fagara macrophylla, Ficus spp., 
Heliotropium indicum, Ochorisia moorei and Zanthoxylum 
nitidum). Only the diterpene taxol from Taxus brevifolia 
eventually received marketing approval from the Food and 
Drug Administration.29 The anticancer benefits of the alka-
loids vinblastine and vincristine from the Madagascar peri-
winkle, Catharantheus roseus, were identified separately from 
the NCI programme. The NCI has studied the tamoxifen-like 
properties of the monoterpene perillyl alcohol, a naturally 
occurring analogue of limonene in citrus fruits and extracted 
from oil of lavender.30

Other plant isolates from traditional remedies have been 
identified as having antitumour effects in vitro and in vivo in 
other research programmes.31 These include:
l	 the anthraquinones rhein and emodin from Cassia spp. 

(the sennas), Rhamnus spp. (cascara sagrada and alder 
buckthorn) and Rumex crispus (yellow dock)

l	 the furanocoumarin psoralen from Angelica spp. and other 
umbelliferous remedies

l	 the alkaloid berberine from Berberis spp. (barberry and 
Oregon grape), Hydrastis canadensis (golden seal) and the 
Chinese remedy Coptis chinensis (see monograph)

l	 the alkaloids matrine and oxymatrine from the Chinese 
remedies Sophora spp.

l	 boswellic acids from Boswellia serrata (see monograph).

There have been a few studies that suggest that plant prep-
arations may have anticancer effects in experimental condi-
tions. An extract of garlic was shown to have effects against 
bladder cancer in mice.32 A pectin fraction from citrus dem-
onstrated inhibitory effects on metastasis also in mice,33 and 
curcumin has shown consistent laboratory effects (see the tur-
meric monograph for more details).34

Among plant-based treatments for cancer, the fresh plant 
mistletoe extract marketed as Iscador has been one widely 
prescribed by physicians in Europe. There is contention in 
the literature on the strength of the evidence for this. One 
meta-analysis found broadly in favour of benefit in combina-
tion with conventional cancer therapy, although it also called 
for more rigorous studies.35 Other reviewers have been more 
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sceptical and deemed the positive studies to be methodologi-
cally compromised.36 It should be noted that this extract is 
administered by injection.

Phytotherapeutics

Patient expectations
There are several reasons why a patient with cancer might 
seek herbal treatment. They include:
l	 As a stand-alone alternative treatment aimed at controlling 

the tumour and alleviating symptoms. This is often the 
situation with terminal patients who have no conventional 
treatment options left: the focus here should be on 
extending life, improving quality of life (QOL), well-being 
and palliative care

l	 As a complementary treatment to enhance survival 
prospects, reduce side effects and improve QOL and 
well-being after or in conjunction with surgery and/or 
chemotherapy and/or radiotherapy

l	 As a post-conventional treatment to increase survival 
prospects (prevent recurrence) and improve QOL. In a 
sense this is tertiary prevention.

An improvement in survival prospects might occur via an 
enhancement of the effects of conventional therapy, a mitiga-
tion of the toxic effects of conventional therapy or a contri-
bution via different pathways, such as promoting the immune 
response to the tumour.

Surveys tend to back these reasons. For example, an 
Australian survey of breast cancer patients identified the follow-
ing key reasons for the use of vitamin and herbal remedies:37

l	 To improve physical well-being (major reason)
l	 To boost the immune system (major reason)
l	 To reduce side effects (major reason for herbs only)
l	 To improve emotional well-being
l	 To prevent recurrence
l	 To assist in treating the cancer
l	 To reduce symptoms.

A US survey across the 10 most common cancers (bladder, 
colorectal, breast, kidney, lung, lymphoma, ovarian, prostate, 
melanoma and uterine) assessed dietary supplement use by 
cancer survivors.38 Time between diagnosis and participating 
in the survey averaged 19 months. Over half had localised dis-
ease and most (78.22%) did not have recurrence, metastasis or 
multiple tumours. Almost all (97.3%) underwent conventional 
treatment and 69.3% had used supplements after diagnosis. 
Gender (female) and higher education strongly predicted such 
use. The supplements most commonly used after diagnosis 
were green tea, multivitamins and protein supplements. The 
main reasons for use were self-help, to boost immunity and 
increase energy, and the most common sources for information 
were doctors (47.3%) and friends or family (37.5%).

In reality the key drivers for patients with cancer seek-
ing herbal treatment can be complex and varied. They might 
include:
l	 empowerment, taking control, being an active participant, 

wanting to do everything possible

l	 urging of friends and family
l	 fear of the cancer and the need to find hope and moral 

support
l	 fear of failure of conventional treatments
l	 fear of the side effects of conventional treatments.

Some cancer patients can hold unrealistic expectations 
about what phytotherapy might have to offer, often encour-
aged by their encounter with fad cures. Others come in hope 
or as a last option. In all these difficult circumstances, an 
evidence-based approach can help to manage expectations on 
both sides and enable the setting of realistic goals.

Complete eradication of a malignant tumour is not always 
achieved, even by aggressive mainstream treatments. As already 
discussed, natural approaches are generally not that active at 
killing tumour cells or controlling tumour growth. Often they 
work best in a complementary role in conjunction with the con-
ventional approach. In this context, a highly relevant concept 
has been suggested by one research group: living with cancer.

Dr Harvey Schipper, Professor of Medicine at the 
University of Toronto, has proposed this interesting con-
cept.39 It has profound implications for phytotherapy in the 
context of cancer. In particular, it challenges the notion that 
the tumour is the ‘disease’ in an otherwise healthy body and 
asserts that cancer is a process, not a specific lump of abnor-
mal tissue. Schipper asserts that for more than 50 years the 
paradigm underlying cancer research and treatment has been 
that of irreversibly deranged cells, which would inevitably kill 
their host unless they were totally eradicated.

Experimentation procedures, evaluation criteria and thera-
pies are all based on cell killing. Yet there is substantial evidence 
that the kill/cure paradigm has reached its limit, and may be 
blinding us to other mechanisms. Both old and new data lead to 
the conclusion that the derangements in cellular function, while 
profound, are in large measure derivatives of normal mecha-
nisms for organ growth, repair and renewal. Further, these are 
dynamic processes, potentially capable of reversal.39

If cancer is viewed as a community of cells in which signal-
ling and communication is deranged, but functional, it becomes 
clear that cytotoxic approaches may serve to worsen the very 
control and communication defects that permit growth, inva-
sion and metastasis. In the new model, the cancer cell is seen as 
largely normal, but aberrantly regulated. Viewed from this per-
spective, any ‘cures’ achieved may not be the result of a total 
kill, but instead may result from a reassertion of control.

This model leads to an approach aimed at the re-institution 
of normal regulatory process. In particular, inducing apoptosis, 
redifferentiation and tumour regulation become specific pri-
orities. In this context the seven strategies proposed by Boik 
become highly relevant (Box 8.1).40 However, at the same time 
the clinician should be guided by clinical outcome evidence and 
not be blinded by molecular biology theories and purely in vitro 
evidence.

Phytotherapy

The traditional approach
All the above evidence suggests that in sufferers from cancer 
it would generally be wise to start supportive treatment with 
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dietary measures to increase fruits, especially citrus fruits 
and grapes, and vegetables, particularly of the onion, cab-
bage, umbelliferous and nightshade families and edible fungi. 
Supplementation with garlic and green tea seems generally to 
be advisable. Particularly if there is a tendency to constipa-
tion (itself a strong naturopathic focus for correction in cancer 
patients), the use of linseed as a bulking agent for the bowel 
seems indicated.

So far, so good. However, all generalities are just that, sta-
tistical guides for the population as a whole. None of the above 
can take account of individual differences. Herbal treatment is 
most consistently predicated on the uniqueness of each patient 
and his or her story of illness. It is always possible that there 
will be some for whom the above advice will not be helpful. 
It is even more difficult to steer more active treatments, espe-
cially without rigorous observations for guidance.

Apart from such general supports, therefore, treatment 
will concentrate in the first place on supporting what are 
often depleted resources (see the section on Chronic fatigue 
syndrome, p. 164, for general principles). Only once eve-
rything has been done to bolster endogenous defences can 
gentle active remedies be considered, using only the mildest 
remedies until or unless the practitioner can be confident that 
the patient is strong enough to take anything more vigorous. 
Without any clear clinical evidence for this next step, the 
practitioner can only be guided by precedent.

The overwhelming instinct through history is to see can-
cer as an indication for cleansing. Manifestations of this have 
included strict dietary eliminations (raw food, grain and 
fruit only, even grape-only diets have been applied). In the 
nature cure clinics of central Europe, often alpine establish-
ments dedicated originally to the treatment of tuberculosis 
but switching increasingly to cancer management as the for-
mer condition diminished, the emphasis was on strict diets, 
invigorating hydrotherapy treatments and alterative herbal 
formulations. The latter might include, depending on other 
indications:
l	 Arctium lappa (burdock)
l	 Calendula officinalis (marigold)
l	 Galium aparine (cleavers)
l	 Phytolacca decandra (poke root)
l	 Rumex acetosella (sheep’s sorrel)
l	 Rumex crispus (yellow dock root)
l	 Taraxacum officinale (dandelion)

l	 Thuja occidentalis (arbor-vitae)
l	 Trifolium pratense (red clover flowers)
l	 Urtica dioica (nettle)
l	 Viola odorata (sweet violet)
l	 Viola tricolor (heartsease).

Laxatives and cholagogues were often applied where indi-
cated. The relatively toxic laxatives Podophyllum peltatum 
(American mandrake) and P. emodi from India were spe-
cifically used and have been found to have notable cytotoxic 
constituents that have featured in conventional chemother-
apy; however, these are not part of the conservative strategy 
being discussed here. The full panoply of phytotherapy would 
additionally be directed at other factors seen to be contrib-
uting to the problem. The inclusion of Zingiber (ginger) in 
cases judged to be in need of circulatory stimulation seems 
to be supported by its status in the NCI rankings. The use of 
Glycyrrhiza (licorice) to modulate a prescription is similarly 
justified. European medicine also features the specific use of 
mistletoe extract (notably a product Iscador) as a non-toxic 
stimulant of endogenous defences (see earlier).

There were comparable strategies applied in traditional 
Chinese medicine, although diagnostic differentiation here 
is consistently more specific and application of such signs as 
pulse type and tongue appearance might lead to very individual 
treatments, particularly in replenishing deficient energies.41 
Nevertheless, cleansing or clearing (of toxins, damp-heat 
phlegm or stagnant qi, for example) featured highly. The 
impression from other cultural traditions is that remedies gen-
erally considered as eliminatory are those most often used for 
cancer.

In a major review of traditional treatments for ‘tumours’, 
under the aforementioned NCI programme, researchers at 
the University of Illinois listed several thousand remedies 
from around the world.42–44 Allowing for semantic confu-
sion about what ‘tumours’ may have meant in early societies 
(widely encountered ‘tumours’, for example, are likely to have 
included faecal impaction, the result of other digestive obstruc-
tions or simple lymphadenopathies), it is still notable how 
many of the remedies listed could be classified as eliminatives.

In North America the theme has been extended into a num-
ber of popular approaches to cancer treatment. The controver-
sial Harry Hoxsey treatments (derived from the formulations 
of a veterinary practitioner), the Essiac formula (based on sheep 
sorrel and burdock and supported by more commendations and 
professional and political support than other natural approaches) 
and many other examples usually emphasise the same or com-
parable remedies and themes. They usually support their theory 
with dramatic case reports – encouraging but not entirely per-
suasive. Whatever the doubts about efficacy, these strategies are 
at least generally consistent with historical approaches. What is 
less desirable is the occasional promotion of treatments based 
on whimsical rationale. The claims for apricot kernels and their 
constituent ‘laetrile’ or vitamin B17 obscured the fact that this 
active is a cyanogenic glycoside for which the rationale was in 
effect a selective toxicity against tumour cells. Apart from the 
fact that the claim was never adequately tested, it sat uneasily in 
the alternative culture by competing directly with conventional 
chemotherapy (see also Chapter 2).

Box 8.1

The seven strategies according to Boik
l	 Promote genetic stability
l	 Promote differentiation and apoptosis
l	 Inhibit abnormal signal transduction
l	 Promote normal cell-to-cell communication
l	 Inhibit tumour angiogenesis
l	 Inhibit tumour invasion and metastasis
l	 Promote immunity against the tumour
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The laetrile incident reminds practitioners that cancer 
patients are notably vulnerable to marketing hype. Claims for 
treating cancer are for that reason proscribed for over-the-
counter medications in the European Union and have been 
the subject of proscriptive court judgments. A practitioner 
faced with a request to help an individual patient through 
cancer will approach the task with humility and a recognition 
that, in most cases, the treatment course will be set without a 
compass or a map. The most responsible practitioner will pri-
vately dread the burden.

Combination with conventional treatments
Far safer ground is to use phytotherapy to support the can-
cer patient undergoing conventional treatments. Phytotherapy 
may be given prior to conventional treatments to help the 
patient prepare for them (in order to minimise side effects). 
They may also be given during conventional treatments to 
improve treatment outcomes, QOL and reduce side effects. 
They may be given after conventional treatment for all the 
above reasons, but also to prevent cancer recurrence and 
improve survival prospects. This is the most active area of 
research for phytotherapy in cancer and some relevant clinical 
studies will be reviewed.

Twenty-five patients with a variety of very advanced can-
cers of the gastrointestinal tract undergoing palliative radio- 
or chemotherapy received up to 3 g/day of GLA as evening 
primrose oil (EPO). They were matched to 25 controls.45 The 
group receiving EPO exhibited highly statistically significant 
and clinically relevant survival differences (p=0.0001) and 
fewer adverse effects were noted from concurrent conven-
tional treatment. Cancer markers also fell in some patients 
(see monograph).

In a long-term Korean study, the impact of Korean red gin-
seng (Panax ginseng) therapy on postoperative immunity and 
survival was investigated in patients with gastric cancer.46 
Forty-nine patients who had undergone gastric resection with 
lymph node removal by the same surgeon for histologically 
proven AJCC (American Joint Committee on Cancer) stage 
III gastric adenocarcinoma were enrolled in the trial. After the 
application of predefined exclusion criteria, 22 patients were 
given ginseng (4.5 g/day) for the first 6 months after surgery 
and 20 acted as placebo controls. All patients were also treated 
with chemotherapy each month for 6 months after surgery. 
The study demonstrated 5-year disease-free survival and over-
all survival rates that were significantly higher in patients tak-
ing ginseng compared with controls (68.2% versus 33.3% and 
76.4% versus 38.5%, respectively; p<0.05). Sun ginseng is a 
red ginseng extract manufactured under a patented process in 
Korea. A randomised, placebo-controlled, double blind trial in 
53 cancer patients undergoing ‘usual medical treatment’ found 
that 12 weeks of 3 g/day of sun ginseng significantly improved 
QOL (p=0.02) and general health (p<0.01).47 A well-pub-
licised study (n=282) on American ginseng root (Panax 
quinquefolium) found that 750 to 2000 mg/day for 8 weeks 
significantly reduced cancer-related fatigue.48

Nausea is a common side effect of chemotherapy and gin-
ger has been well tested in that context (see the ginger mon-
ograph). For example, in a large clinical study funded by the 

NCI, 644 cancer patients (mostly with breast cancer) were 
included in a double blind trial49 and given either a placebo 
or three different doses of ginger root as 250 mg capsules for 
6 days, starting 3 days before chemotherapy. On the day of 
chemotherapy patients were given a standard antiemetic drug. 
All the tested doses of ginger significantly reduced nausea com-
pared with the placebo, and surprisingly the largest reduction 
occurred for the lower ginger doses (500 mg and 1000 mg).

The value of medicinal mushrooms has also been assessed 
in cancer patients. The results of a randomised, double blind, 
placebo-controlled trial indicate that reishi (Ganoderma luci-
dum) extract (equivalent to 90 g/day of mushroom) may have 
an adjunct role in the treatment of patients with advanced 
lung cancer. After 12 weeks of reishi treatment stable disease 
occurred in 35% of patients, compared to 22% in the con-
trol group.50 A palliative effect on cancer-related symptoms, 
and an increase in Karnofsky performance score occurred in a 
greater number of patients receiving reishi. In uncontrolled tri-
als, reishi extract improved the immune function and stamina 
of debilitated patients and cancer patients undergoing chemo- 
and radiotherapies.51 Oral lentinan from Lentinula edodes has 
improved immune function in cancer patients, although it is 
usually given by injection for this application.52

PSK is an isolate rich in polysaccharides from the mush-
room Coriolus versicolor approved as an adjunctive cancer 
treatment in Japan. It is usually administered orally at a dose 
of 3 g daily in conjunction with chemotherapy, but also with 
radiotherapy. Significant improvements in 5-year survival rates 
in breast, colorectal and gastric cancer have been demonstrated 
in several controlled clinical trials and in one meta-analysis that 
included 8009 patients from eight randomised controlled tri-
als.53 However, differences are often relatively modest.

Chemotherapy and radiotherapy are obviously substan-
tial stressors; hence the stress-adapting role of adaptogens is 
a strong reason for their consideration. Other compelling rea-
sons for using adaptogens as adjunctive therapy are to help the 
patient survive the treatment, to support immunity and blood 
cell counts and to assist with well-being and improve QOL. 
However, choosing adaptogens that also have some additional 
benefits on specific cancer mechanisms is a useful parallel 
strategy. These are best given before conventional therapy for 
reasons outlined below.

Recently the concept of hormesis has been adopted by 
biology and medicine as the beneficial adaptive response of 
cells and organisms to moderate stress. In other words mod-
erate stress promotes health, well-being and mental and 
physical performance, and increases resistance to toxic influ-
ences. There are countless examples: for example, mild 
34°C shock protected fruit fly larvae against a long 0°C 
shock, mild hypoxia can increase lifespan of the roundworm 
(Caenorhabditis elegans) and induce cross-tolerance to other 
types of stress.54

How can exposure to low levels of toxins or other stressors 
have beneficial effects? The answer lies in the defence mol-
ecules the body calls up in response to threats. Once rallied, 
these molecules not only deal with the immediate threat, but 
also increase resistance to other threats. They can even repair 
existing damage. Examples of these molecular defence agents 
include heat shock proteins, sirtuin 1, growth factors and cell 
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kinases. Adaptogens are herbs that help the body better adapt 
to stressors by fine-tuning the stress response. It has recently 
been shown that the stress-protective effect of adaptogens is 
not the result of inhibition of the stress response of an organ-
ism, but actually comes from the adaptation of the organism 
to the mild stressful effects of the adaptogen. The repeated 
administration (adaptation) of adaptogens gives rise to an adap-
togenic or stress-protective effect in a manner analogous to 
repeated physical exercise, leading to a prolonged state of non-
specific resistance to stress and increased endurance and stam-
ina under extreme conditions. This is in fact hormesis.55

The use of Chinese herbal medicine in conjunction with 
conventional cancer treatments is widespread in China. There 
are several books on this topic and a number of system-
atic reviews and meta-analyses, sometimes by the Cochrane 
Collaboration. Quite often, individual herbs or formula-
tions are administered by injection. One key adaptogenic and 
tonic herb that is widely used in China during cancer treat-
ment is Astragalus. A systematic review of Chinese herbs 
for chemotherapy side effects in colorectal cancer patients 
found that, while studies were of low quality, results suggest 
that Astragalus may stimulate immunocompetent cells and 
decrease side effects.56 A meta-analysis of randomised trials of 
Chinese herbal medicine and chemotherapy in the treatment 
of hepatocellular carcinoma representing 2079 patients found 
significantly improved survival at 12 months, compared with 
chemotherapy alone.57 (Also see the Astragalus monograph.)

Codonopsis is a widely prescribed adaptogen in China, used 
in conjunction with conventional cancer therapies to reduce 
side effects and support immunity.58 It was used as an adju-
vant in 76 cancer patients during radiotherapy and reduced its 
immunosuppressive effect.59 Pharmacological studies suggest it 
can help both white and red blood cell production.60

A small cohort study following 254 women with ovarian 
cancer over 3 years found that regular green tea use caused 
a significant dose-dependent increase in survival rate.61 
Following colorectal adenoma removal, a significant reduction 
in relapse was observed in a randomised, placebo-controlled 
trial over 12 months in 125 patients in Japan when green tea 
consumption was increased (from the equivalent 6 cups/day) 
to 10 cups/day.62 Following the report of four cases of remis-
sion or regression of chronic lymphocytic leukaemia after 
green tea consumption,63 the Mayo clinic undertook a small 
phase. I trial.64 A proprietary green tea extract was used that 
was welltolerated. Declines in lymphocyte count and/or lym-
phadenopathy were observed in the majority of patients.

Several open label trials have shown benefit from Boswellia 
extract in patients with brain tumours in terms of controlling 
symptoms by reducing inflammation. Boswellic acids have 
inhibited growth of various cancer cells in vitro and in vivo at 
concentrations of the same order of magnitude to those seen 
in human pharmacokinetic studies (particularly if Boswellia 
is taken with food). (See the Boswellia monograph for more 
details.) There is substantial preclinical evidence that curcumin 
targets multiple factors that sustain tumour development and 
growth.53 Curcumin is currently being trialled (albeit in very 
high doses) in cancer patients with promising findings. It is also 
being investigated in clinical studies as a cancer preventative. 
(See the turmeric monograph for more details.)

Despite increasing use by cancer patients, most oncologists 
recommend avoidance of herbs and supplements throughout 
most phases of cancer care, especially concurrent use with chem-
otherapy and radiotherapy.65 Evidence of harm remains largely 
theoretical and documented benefit is on the increase. Negative 
interactions can be either pharmacokinetic or pharmacodynamic, 
and most evidence for the former exists for extracts of St John’s 
wort (Hypericum perforatum), probably those rich in hyperforin 
(see the monograph). The use of antioxidants with both chemo-
therapy and radiotherapy is particularly controversial.65

A comprehensive two-part review of this topic was published 
in 2007, which reviewed all published literature from 1965 to 
2003.66,67 Most of the concerns expressed were regarding vita-
mins, and there was little evidence for any negative interaction 
with herbs. A 2006 systematic review included 19 randomised, 
controlled studies in 1554 patients receiving antioxidant sup-
plements (not herbal) concurrent with chemotherapy and con-
cluded that there was no evidence for concern, and perhaps 
benefit.68 A 2008 review that included 16 trials of antioxidants 
with chemotherapy found the same, but suggested the studies 
were underpowered.69 The nine radiotherapy studies reviewed 
suggested less tumour control for vitamin E and beta-carotene. 
These findings suggest that strongly antioxidant herbs are best 
avoided within 24 to 48 h either side of radiotherapy.

CASE HISTORY

‘Robert’, aged 57 years, presented with metastatic bladder cancer 
that had been diagnosed 8 months earlier. The cancer had spread to 
his local lymph glands and his prostate, and these had been surgically 
removed. Following diagnosis he was also treated with six 4-week 
cycles of intravenous chemotherapy using the drugs carboplatin 
and gemcitabine. This had finished only 1 month prior to his seeking 
herbal treatment. Despite the chemotherapy, the patient had unfortu-
nately developed extensive secondary tumours throughout his lym-
phatic system, especially in the supraclavicular fossa. He was about 
to embark on another six cycles (each over 4 weeks) of a complex 
intravenous chemotherapy cocktail that included the drugs metho-
trexate, vinblastine, doxorubicin and cisplatin. Past medical history 
included testicular cancer 18 years prior that was successfully treated 
by surgery and chemotherapy. Despite the fact that the patient 
was attempting another six cycles of chemotherapy, his oncologist 
expressed the view that he would only be able to tolerate two to three 
at best, because of the long-term damage to his bone marrow stem 
cells as a result of past chemotherapy treatments.

He was advised to consume button mushrooms, green tea 
and vegetable juices in his diet and prescribed the following herbal 
treatments:

A.	 Liquid formula:

Withania somnifera 1:1 25 mL
Panax ginseng (standardised extract) 1:2 10 mL
Astragalus membranaceus 1:2 35 mL
Codonopsis pilosula 1:2 40 mL

TOTAL 110 mL

Dose: 10 mL with water 3 times daily

B.	 Four tablets/day of the following formulation:*

Polygonum cuspidatum root 8.0 g
Standardised to resveratrol 36 mg
Pinus massoniana bark 5.0 g
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Summary
The validity of using phytotherapy for cancer patients needs 
to be assessed in terms of risk, benefit, cost, effort and 
empowerment. More studies are needed to understand risk 
and benefit, but the most promising area (and least difficult 
in terms of ethical issues) is the combination with conven-
tional treatments. Antioxidant herbs and supplements are 
best avoided 24–48 h either side of radiation or chemotherapy, 
although such caution is largely theoretical and radiotherapy is 
probably of more concern.
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l	 inflammatory diseases of the gut such as Crohn’s disease 
and ulcerative colitis

l	 diverticulitis.

Modern research provides support for traditional herbal 
approaches in treating the gastrointestinal tract as strategic 
therapy in cases of:
l	 allergic conditions and inflammatory diseases of the skin, 

joints and connective tissues
l	 oedematous and fluid retention problems
l	 migraine.

Caution is necessary in applying herbal remedies to:
l	 severe malabsorption and malnutrition states
l	 gastric cancer
l	 biliary obstruction and bile duct cancer.

Orientation

An intelligent self-correcting disassembly line
The gut is a long passage designed to break down and process 
food, absorb nutrients and reject waste. Like an assembly line 
in reverse, it will only work efficiently if the delivery of material 
to the next stage is coordinated closely with the optimum rate 
of process at that stage. This subtle coordination is achieved 
by a robust and remarkably reliable network of control sys-
tems, orchestrated by a range of neurochemical and endocrine 
responses reacting to the material in the gut and managed by 
the complex circuitry and programmes of the enteric nerv-
ous system. Smooth muscle cells and the recently reviewed 
nerve-like interstitial cells of Cajal1 spontaneously generate 
electrophysiological slow waves that are then modulated by 
a network of nerves, ganglia and neurohormones within the 
abdomen and the intestinal wall that is complex enough to 
merit the description ‘intelligent’. Yet this is a decentralised 
system, not controlled entirely by the autonomic or higher 
nervous systems (the gut has approximately 108 nerve cells 
but only thousands of nerve fibres connecting to the central 
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Digestive system and bowel

Scope
Apart from their use to provide non-specific support for recu-
peration and repair, specific phytotherapeutic strategies include 
the following.

Treatment of:
l	 functional disorders such as dyspepsia, gastro-oesophageal 

reflux, irritable bowel syndrome
l	 inflammatory conditions of the upper tract, such as 

aphthous ulcers, oesophagitis, gastritis
l	 chronic gastrointestinal infections and dysbiosis
l	 constipation.

Management of:
l	 digestive deficiency and anorexia
l	 food intolerances and allergies
l	 peptic ulceration
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nervous system, CNS), and most ‘decisions’ are made at a 
very local level rather than relying on central controls.2

Thus when functions are disturbed, treatments at a local 
level may have significant impact. Plant constituents have a 
unique range of topical effects on the gut. The case will be 
made that, because of the fundamental linkages between gut 
and other body functions, these effects can account for not 
only a valuable contribution to the therapeutics of the diges-
tive system, but also for a very wide range of systemic activity 
as well (see also later).

In phytotherapy there is a traditional emphasis on normal-
ising the functions of the digestive system. This accords well 
with its dynamics: like other complex dynamic systems in 
nature, the digestive system is essentially self-correcting. A 
gentle trigger stimulation of an appropriate reflex response or 
the temporary dampening of an inappropriate response may 
be all that is required to prompt or allow the digestive system 
to revert to normal patterns of behaviour. Plant constituents 
seem well suited to such tasks. The following text will review 
some of the areas of the gut where they may work.

Law of the gut: coordinated absorption, secretion 
and motility
Normal peristalsis is a simple example of the self-correcting 
and automatous nature of the digestive system. Gut activity is 
coordinated by a vast complex of nerve fibres, intrinsic fibres 
within the digestive tract linking to networks of extrinsic 
fibres, these in turn linked to ganglia within the abdominal 
cavity. Ascending intrinsic pathways are excitatory on the gut 
musculature and descending pathways inhibitory, but both 
are activated by distension. Peristalsis follows the activation 
by a bolus of food of ascending excitatory pathways proxi-
mal to each point along the intestine and the simultaneous 
inactivation of the descending inhibitory pathways distal to 
the contraction. The propagation of the circular muscle con-
traction stops when there is no longer a sufficient distension 
stimulus ahead.3 The result of this arrangement is known as 
the ‘law of the gut’. Any bolus of food material in the gut, 
simply by being there, is normally propelled in one direction, 
towards the lower bowel;4 the absence of such a bolus leads 
to quiescence.

As well as provoking muscular activity, or motility, the pres-
ence of food in the gut also stimulates secretomotor reflexes 
via submucous neurons and causes a proportion of water and 
electrolytes that are absorbed with nutrients such as glucose 
to be returned to the lumen or instead for more to be lost in 
diarrhoea.5 Observations in healthy volunteers point to innate 
rhythms of absorption, secretion and motility in the small 
intestine and biliary tract during fasting, these marked by vari-
ations in plasma levels of gastrointestinal hormones. Current 
evidence indicates that this periodicity is generated within the 
intrinsic innervation,6 that is probably by local environmental 
factors, and that disturbances in these rhythms are potent fac-
tors in the aetiology of gastrointestinal and hepatic disease.7 
There is a significant correlation between motility and secre-
tory modes, so that they are often coupled as the ‘secretomo-
tor’ mode. As elaborated below, cholinergic neurons seem to 
mediate the shift in their direction from the absorptive mode.8

Carminative herbal remedies, such as the warming spices, 
reduce motility9 (and thus, possibly, secretory activity) and, at 
least in the case of ginger, increase absorptive activity (see the 
ginger monograph). Increases in secretory activity and motil-
ity may be seen after the prescription of bitters, cholagogues 
and stimulating laxatives. However, these responses are not 
always predictable (in the case of bitters and cholagogues they 
may even be the opposite reaction in some cases) and it is also 
observed that reactive bowel looseness may follow a much 
wider variety of treatments. It appears that increases in gut 
activity are programmed as a response to any potentially per-
turbing influence, presumably as a simple defence mechanism.

Gut activity and its immune system
If there is gut infection or food intolerance, luminal antigens 
or bacterial products may be detected by the immune sys-
tem. This may trigger a cascade of events associated with the 
release of inflammatory mediators. These mediators lead to 
increased motility and secretory patterns that are characterised 
by strong muscular contractions, copious secretion and diar-
rhoea.10,11 The close connection between the gut-associated 
immune responses and the enteric nervous system is confirmed 
as important in the symptomatology of several functional dis-
orders.12,13 The enteric nervous system is also increasingly rec-
ognised as a regulator of epithelial barrier integrity, especially 
when the latter is exposed to inflammatory challenge; chronic 
inflammation has further disabling effects on enteric neuronal 
function.14 All this provides further support for an integrated 
functional model in managing gut and bowel disturbances.

The gut and fluid balance
Diarrhoea is an extreme pattern of fluid and electrolyte loss 
which, as a consequence of enteric infections and malnutri-
tion, is still the most common immediate cause of death 
around the world. In developed societies it is rarely as dan-
gerous as it is in impoverished regions, where rehydration 
with fluids and electrolytes is a critical life-saving measure  
(as seen in the sugar and salt solution widely used by aid agen-
cies around the world for the purpose). Nevertheless, diar-
rhoea is relatively common, reflecting a wide variety of events 
in the gut, from food poisoning and enteric infection through 
hepatobiliary activity (bile being a prominent potential irri-
tant of the gut wall), food intolerance, to irritable bowel 
behaviour.15 Often diarrhoea is of short duration and is not 
explained. It is even seen as a benign transient cleansing event 
in some healing strategies (‘better out than in’).

Any looseness of the bowel involves the loss of consider-
able amounts of fluid and electrolytes which, with the cer-
tainty of the excretion of a wide range of other materials, 
means that the gut can dwarf the function of the kidneys. 
Even modest fluctuation in bowel consistency and frequency 
can have significant impact on fluid balance in the body.

Some herbal traditions use remedies that loosen or bulk 
the bowel contents to reduce fluid accumulation and reten-
tion and even in some circumstances reduce weight. Cathartic 
remedies were included among those with drastic diuretic 
effects in the Chinese tradition, and stimulating anthraqui-
none laxatives clearly lead to fluid and electrolyte loss. In the 
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French tradition, even bulk laxatives and fibre are used to 
reduce weight associated with fluid retention.

By contrast, there are also a range of approaches to reduc-
ing bowel looseness if this is seen as harmful. These include 
the temporary use of astringent tannins that reduce reflex 
irritation of the bowel from the higher reaches of the gut in 
the case of gastroenteritis, the aromatic digestives and vola-
tile antispasmodics, and the use of demulcent and topically 
anti-inflammatory remedies such as Althaea (marshmallow), 
Filipendula (meadowsweet), Glycyrrhiza (licorice), Calendula 
(marigold) and, for short-term use, Symphytum (comfrey) 
(see Chapter 2).

Stomach activity
The stomach’s functions are closely coordinated with the rest 
of the digestive tract. It stores masticated food as a hopper, 
delivering its acidic contents into the alkalinised duodenum 
only at a rate that can be alkalinised: too fast and it damages 
the duodenal wall, too slow and it leads to discomfort and 
inhibits digestion of the following meal.

The stomach is also the first significant point of contact 
with most herbal remedies. Many have immediate effects on 
its function, increasing secretions of acid, pepsin and mucus  
(bitters and pungent constituents), calming activity (mucilagi-
nous, astringent and some aromatic and antispasmodic rem-
edies) or stimulating motility (saponins and emetic alkaloids). 
It is often highly sensitive to even minor doses of herbal 
remedies.

Healthy upper digestive function is important for main-
taining health and preventing disease. Low acidity can lead to 
poor nutrient absorption and abnormal bowel flora. Patients 
with reduced gastric secretion are more susceptible to bacte-
rial and parasitic enteric infections.16 The contribution of poor 
upper digestive function to the chronicity of intestinal dysbio-
sis is often overlooked by therapists: the herbal practitioner 
has bitters and pungent principles to employ.

The chemical mediators of digestive activity
The coordination of digestive processes is mediated in the 
first instance by batteries of neurohumoral agents, chemicals 
that range from familiar endocrine hormones, standard neuro-
transmitters and chemical mediators, found also in the CNS 
and other body tissues, to gut-specific chemical agents. Each 
may be elicited by several receptor types in the gut wall and 
thus may be sensitive to different secreted, metabolised, die-
tary or pharmacological agents. These interactions, although 
highly complex and multilayered, are all integrated into a 
whole control mechanism for digestive activity.17 Many con-
stituents of herbal remedies are likely to interact with chemi-
cal mediators and this may provide some mechanisms for their 
effect on gut function. When these interactions are combined 
with similar examples in the nervous, endocrine, immunologi-
cal and reproductive systems it appears that herbal medicine 
might genuinely provide a unique ‘psychoneuroimmunological’ 
strategy for the widest body disharmonies, one moreover that 
is centred on the gut.18

One common phytotherapeutic constituent has already 
established a number of contrasting effects on several 

neurohumoral mechanisms. Capsaicin, from Capsicum spp., at 
quite low concentrations blocks the release of calcitonin gene-
related peptide, a peptide found in enteric ganglia and known 
to be elicited directly by local mucosal irritation leading to 
increased peristaltic and secretomotor activity. Capsaicin thus 
results in a concentration-dependent decrease in peristaltic 
activity following mucosal stimulation.19 Another recent dis-
covery is the reflex release by capsaicin-stimulated nerve fibres 
of somatostatin, a systemic anti-inflammatory and analgesic 
with modulating effects on various digestive and pancreatic 
secretions.20 Capsaicin also blocks an alternative stimulant to 
intestinal contraction, vasoactive intestinal peptide (VIP): VIP 
mediates the effects of noradrenaline and local stressors (such 
as acute hypoxia in vitro) which both depress cholinergic 
transmission and stimulate non-cholinergic contractions.21,22 
On the other hand, capsaicin is also known to induce intestinal 
contractions as a stimulant of sensory substance P-containing 
neurons,23 which are also activated by various luminal stimuli 
such as the presence of food metabolites and simple physical 
distension to stimulate intestinal contractions. The consump-
tion of hot spices has long been a feature of traditional herbal 
therapeutics (see also the discussion of ‘acupharmacology’ 
below) and the effects of Capsicum on the wider physiology 
have been confirmed in studies of cutaneous blood flow after 
ingestion of chillies; variable increases in blood flow have been 
observed, most consistently in the abdominal area.24

One of the most important hormonal regulators of the 
digestive process is cholecystokinin. This hormone is concen-
trated in the wall of the upper small intestine and is secreted 
into the blood on the ingestion of proteins and fats and has 
also been implicated in the action of bitters. The physiologi-
cal actions of cholecystokinin include stimulation of pancre-
atic and gastric acid secretion and gallbladder contraction 
and regulation of gastric emptying, gastrointestinal motility 
and satiety, as well as augmenting symptoms of fear and anxi-
ety.25 (Plants with anxiolytic reputations have been shown to 
bind to cholecystokinin receptors and one, gotu kola, has been 
shown to attenuate startle response in human subjects.26) It 
is produced particularly by carbohydrate foods and appears to 
promote a feeling of fullness.27 In humans it has been found 
that foods that lead to high levels of both cholecystokinin and 
satiety (such as bran) are associated with lower postprandial 
blood sugar and insulin levels, compared with refined carbo-
hydrate.28 This may be due to the physical characteristics of 
the carbohydrate but may also suggest that cholecystokinin 
helps to suppress hyperinsulinaemia.29 Cholecystokinin has 
also been observed to suppress taste when feeding strongly 
tasting foods to animals.30 There are suggestions that an 
increase in cholecystokinin production with age may contrib-
ute to the relative anorexia in the elderly.31

Gastrin is a polypeptide hormone which is secreted fol-
lowing vagal nerve activity and by the bulk presence of food 
in the stomach. Some food extractives, including partially 
digested proteins, alcohol and caffeine have an additional 
effect and some of the more stimulating plant constituents 
such as resins, spice ingredients and some saponins are likely 
to compound this activity.32 Gastrin stimulates gastric acid 
and pepsin secretion. It extends and indeed multiplies the 
short-term effect of vagal stimulation on gastric secretions.
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When gastric hydrochloric acid spills over into the intes-
tine it lowers intestinal pH and stimulates the secretion of 
secretin. This acts to stimulate Brunner’s glands and bicarbo-
nate-rich bile and pancreatic secretions so as to alkalinise the 
intestinal contents. Secretin is also a potential mediator of the 
antiulcer actions of mucosal protective agents; it appears that 
secretin inhibits gastric acid secretion via endogenous pros-
taglandins.33 Glycyrrhiza (licorice) stimulates the release of 
secretin in humans.34

Serotonin or 5-HT receptors have been shown to mediate 
the emetic reflex35 and antagonists of the main receptor con-
cerned, type 5-HT3, have been developed to reduce emesis of 
cancer chemotherapy. (These are also found to have anxiolytic 
effects, confirming the overlap in enteric and higher nervous 
mediators.36) There is evidence, referred to in its monograph 
later in this book, that ginger also acts on this receptor. 5-HT 
is also a likely mediator in the lower bowel of both sennoside 
activity and the diarrhoeal response.37 It is possibly implicated 
in the action of the emetic plant remedies.

There are a number of herbal constituents shown to have 
effects on neurosynaptic mediators. These effects are also 
likely to impinge on gut function, as many mediators have 
been found common to both. Gamma-aminobutyric acid 
(GABA), probably affected by a number of plant constitu-
ents, is produced in the myenteric plexus in the gut wall and 
acts via GABA receptors to both stimulate cholinergic and 
relax VIP motor neurons, contributing to both components 
of the peristaltic reflex.38,39 Among many other neuroactive 
substances and receptor sites now identified as important 
modulators of gut function, the endocannabinoids40 and fast-
ing-associated orexins41 are promising further templates for 
phytochemical activities. Certain Echinacea alkylamides are 
cannabinoid 2 receptor agonists (see Echinacea monograph).

Disturbed intestinal permeability
The role of the gut wall is to allow for selective absorption of 
nutrients while providing vital protection against intrusion 
into the body tissues of harmful substances from the lumen. 
Non-steroidal anti-inflammatory drug (NSAID) treatment has 
adverse effects on enterocyte mitochondria, which may pre-
dispose the mucosa to absorption of bacterial and other large 
molecules that provoke a local inflammatory response. A simi-
lar mechanism may operate in patients with untreated Crohn’s 
disease, who show abnormally high permeability. Remission of 
Crohn’s induced by treatment with elemental diets coincides 
with a reduction in permeability. Significant correlations have 
been seen between permeability and plasma IgA concentrates 
in kidney disease and between permeability and the passage of 
neutrophil chemotactic agents.42

It is likely that some plant constituents could reduce exces-
sive intestinal permeability. Tannins are likely to have a lim-
ited short-term effect at least in the upper reaches of the 
tract and healing plants such as Matricaria recutita (chamo-
mile), Filipendula (meadowsweet), Ulmus spp. (slippery 
elm),43 Glycyrrhiza (licorice), Calendula and Symphytum 
(comfrey) have long been applied with this effect in mind. 
In theory, local anti-inflammatory activity might effectively 
reduce some types of increased permeability. However, the 

most promising effect on intestinal permeability is likely to lie 
in changing biliary constituents, using hepatics and choleretics 
(see later in this chapter).

Intestinal flora
The balance of flora populations in the gut is highly complex 
but, in steady-state health and dietary conditions, probably 
reasonably stable. In humans, for example, there seems to be 
a moderately predictable sequence of colonisation after birth 
and through to adulthood, with fluctuations in the relative 
numbers of aerobic and anaerobic bacteria in newborns up to 
a total of 1010/g wet weight, reaching in adulthood between 
105 and 107/g wet weight of aerobic bacteria and between 
1010 and 1011/g wet weight of anaerobic bacteria.44

The benefits of a healthy bacterial population in the gut are 
clear. Anaerobic bacteria in particular are shown to be respon-
sible for considerable secondary digestion and to decrease 
intestinal transit time.45 Normal bacteria like Escherichia 
coli, Enterococcus faecalis and Bacteroides distasonis have 
been shown to help protect the gut from pathogenic infiltra-
tion and there are a number of other non-specific defences 
known.46 Mechanisms are likely to include modification of 
bile acids, stimulation of peristalsis, induction of immunologi-
cal responses, competition for substrates and possible elabora-
tion of various bacteriostatic substances.47 The intestinal flora 
also contributes to non-specific defences against immunologi-
cal challenge from dietary antigens by helping to reduce their 
uptake across the mucosal barrier.48

The populations of bacteria and other organisms are, 
however, obviously dependent on their food supply, the 
dietary material and its metabolites, reaching the lower 
intestine. There is a potential for rapid responses to diet: a 
general reduction in bacteroidetes and increases in firmicutes, 
clostridia, bacilli and erysipelotrichi are apparent within 1 
day of moving the diet from plant based to ‘Westernised’.49 
Bowel flora in African populations with a plant-based diet are 
also found to be much richer in bacteroidetes than Western 
groups.50 Probably the most widespread impact on bacterial 
populations in the gut in modern times, however, is the use 
of antibiotics. It has long been established that this has an 
adverse effect on normal gut flora.51 Antibiotic use can lead to 
secondary hypersensitivities in the body, presumably through 
their effects on intestinal flora.52 For example, they can lead 
to increased activity of Candida, which has been shown to be 
a factor in driving allergic responses.53

The relationship of bile products with intestinal flora is 
complex and works in two directions (see also p. 209). Bile 
salt metabolites variably stimulate growth in bacterial popu-
lations,54 while anaerobic bacteria act on bile products to 
produce volatile fatty acids that control other pathogenic bac-
teria.55 A particularly revealing insight into the relationship 
is seen in the case of bowel cancer. There are three known 
endogenous components that affect development of colo-
rectal cancer – colonic bacteria, the mucus layer and bile 
acids. The major effects of the bacteria are deconjugation 
and reduction of bile acids, activation of mutagen precur-
sors, fermentation and production of volatile fatty acids, for-
mation of endogenous mutagens and physical adsorption of 
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hydrophobic chemicals. The mucus layer covering the surface 
acts as a barrier and its composition changes in premalignant 
and malignant colon tissue. The secretion of protective mucus 
is elevated by plant cell wall components in the diet. Mucus 
has some hydrophobic properties and its presence may alter 
the effect of bile components and bacterial metabolites on the 
gut wall.

Bowel bacteria have been linked to another cancer. In look-
ing for reasons to explain the epidemiological link between 
high-fibre diets and lower risks of breast cancer, it was found 
that both raising fibre content in the diet and suppressing 
microflora with antibiotics led to reduced intestinal reabsorp-
tion of oestrogens and lower levels circulating in the blood.  
It was concluded that intestinal microflora raise oestrogen lev-
els by deconjugating bound oestrogens that appear in the bile, 
thereby permitting the free hormones to be reabsorbed.56 The 
beneficial levels of a high-fibre diet are likely to be the domi-
nant factor in women susceptible to breast cancer, especially 
as there is evidence that bacterial flora actually enhance some 
of its wider benefits.57

There are several ways popularly promoted to correct 
disturbed or damaging bowel flora. Current evidence indi-
cates that varying probiotic strains mediate their effects by 
a variety of different effects that are dependent on the dos-
age employed as well as the route and frequency of delivery. 
Some probiotics act in the lumen of the gut by elaborating 
antibacterial molecules such as bacteriocins; others enhance 
the mucosal barrier by increasing the production of innate 
immune molecules; and other probiotics may mediate their 
beneficial effects by promoting adaptive immune responses 
(for example, secretory immunoglobulin A, regulatory T cells, 
interleukin-10). Some probiotics have the capacity to acti-
vate receptors in the enteric nervous system, which could be 
used to promote pain relief in the setting of visceral hyper-
algesia.58 The value of a high bulk diet with reduced simple 
sugars intake is, however, more accepted. The phytothera-
pist might combine the benefits of such dietary moves with 
attendance to hepatic and biliary function and with bitter or 
aromatic digestive insurance that food matter is well rendered 
in the upper digestive tract. The value of direct agents such as 
Artemisia absinthium (wormwood), Marsdenia (condurango) 
and Allium sativum (garlic) on disruptive bowel flora is likely 
to be upheld (see also later under Intestinal dysbiosis).

Plant fructo-oligosaccharides are associated with ‘prebi-
otic’ properties; that is, they selectively stimulate growth 
and/or activities of health-giving microbial species in the 
gut.59 They are a mixture of oligosaccharides typically con-
sisting of glucose linked to fructose units. They are widely 
distributed in plants such as onions, asparagus and particu-
larly cereals,60 and in herbal remedies such as Cichorium 
(chicory) and Taraxacum (dandelion root).61 They are not 
hydrolysed by human digestive enzymes but are utilised by 
intestinal bacteria such as Bifidobacteria, Bacteroides fragi-
lis group, Peptostreptococci and Klebsiellae. In clinical stud-
ies, improvement of faecal microflora was observed on oral 
administration of fructo-oligosaccharides at 8 g62 and 12.5 g63 
per day; the population of bifidobacteria in faeces increased 
substantially compared with before the administration. 
Mucilages can also be used to ‘feed’ healthy bacteria.

Acupharmacology: a pharmacological basis for 
herbal therapeutics?
Modern insights into the fate of much plant material in the 
digestive tract support a view that a herbal remedy mostly 
affects the gut and its immediate surroundings. Adding what 
is known of the interrelationships between digestive activity 
and the wider body’s physiology allows the modern phyto-
therapist to develop a rationale for the effect of herbal medi-
cines on the body that is both unique to these remedies and 
provides potentially very powerful therapeutic strategies.

The body presents two distinct surfaces to the outside 
world, each of which has its own triggers to initiate reflex 
responses. The skin is a sensitive template from which it is pos-
sible to trigger a wide range of reflex responses elsewhere in 
the body. When one touches a very hot object, for example, the 
response is both complex and predictable. More positively the 
benefits of touch, caressing and massage are increasingly well 
understood. There are a number of established mechanisms by 
which cutaneous stimulation can have an impact on both spe-
cific internal functions and on general well-being: for example, 
via dermatomes and spinal afferents, stretch sensor stimulation 
and somatopsychological connections. These have been used to 
explain the potential benefits of hands-on therapies.

There are other less well-established mechanisms, possibly 
involving neurohormonal reflexes, that have been suggested as 
underpinning acupuncture, acupressure and shiatsu and pos-
sibly reflexology – the claim that stimulating particular points 
on the body surface can effect substantial benefits elsewhere. 
If stimulation of certain points on the body surface can lead to 
changes in neurohormones such as enkephalin, then the fact 
that the stimulant was a steel, stone or gold needle, a warming 
moxa or finger pressure seems less important than the point 
that was stimulated. It appears that such reflexes are pro-
grammed, even wired, into the system.

If the skin has the potential for mediating complex effects 
within the body then the second of the body’s surfaces has 
much greater potential. The lining of the gastrointestinal tract 
has a hundreds of times greater surface than the skin. It is also 
a dramatically more complex surface structure. Unlike the 
skin, which has primarily a protective function, the gut sur-
face has a literally intimate engagement with the outer world. 
It provides by far the largest exposure of the body’s immune 
system and other defences to the outside world.

The main inputs into the decision-making processes 
involved in digestion are a vast array of receptors and sensory 
tissues along the gut wall. Each of these provides signals for 
some effector function elsewhere in the gut or indeed else-
where in the body. The effects of the following archetypal 
plant constituents discussed in this chapter and in Chapter 2 
can clearly be seen to work primarily on the digestive tract.

There are several general ways by which stimulation along 
the digestive tract can influence wider body functions, some 
of which were reviewed earlier.

As a source of enteric reflexes
Through neural links forged during embryonic development, 
stimulation of neural receptors in the gut wall is theoretically 
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able to effect responses in other areas. Vagal modulation can 
lead to wider adjustment of autonomic activity in the body 
and particularly in bronchial muscle activity and cardiovascu-
lar control signals originating in the thorax. Pungent principles 
(hot spices) increase blood flow in other areas after ingestion.24

As an endocrine organ
The gut is responsible directly or indirectly for the secretion 
of insulin, glucagon, somatostatin, gastrin, cholecystokinin and 
a range of other hormones and transmitters with wide effects 
on body functions.

Through common neurohormonal mechanisms
The gut wall contains many regulatory neurosecretory cells 
that produce agents with receptors elsewhere in the body. One 
obvious example of the neurohormonal and endocrine links is 
the close relationship between digestive status and emotion.

As the body’s largest concentration  
of immunological activity
The body has by far its greatest exposure to immunological 
challenge in the digestive system.

As a potential route of access for pathogenic 
materials
Damage to the digestive defences, the digestive secretions 
or the intestinal wall can permit the absorption of danger-
ous materials. As well as the extra strain this may put on the 
immune system referred to above, there are other potential 
problems that can arise for which digestive treatments may 
prove beneficial.

As a determinant of blood sugar levels
The awesome effects on behaviour, on the functions of the 
CNS, and on the major body hormones of undue fluctuations 
in levels of blood glucose is a reflection of the importance not 
only of good carbohydrate intake but of coordinated secretion 
of enteric hormones such as gastrin and cholecystokinin.

Via the enterohepatic circulation
The absorption of materials from the gut into the portal 
bloodstream to the liver presents the latter with its main 
metabolic load. Hepatic processing of this and other circulat-
ing material from elsewhere in the body may include excre-
tion of metabolites into the bile. Depending on the extent of 
secondary breakdown of these metabolites in the gut, particu-
larly with the activity of gut microflora, these products may 
to varying extents be reabsorbed for recirculation around the 
body’s general circulation. Levels of many physiological and 
pharmacological agents in the body can therefore be signifi-
cantly affected by changes in digestive activity.

As the body’s major eliminatory organ
The bowel is the obvious outlet not only of digestive resi-
dues but also of bowel microflora detritus and bile products. 

Any change in eliminatory functions is likely to have signifi-
cant effects in the body; different traditions around the world 
have linked catarrhal states, susceptibility to infections, skin 
and joint diseases, mood disturbances and menstrual problems 
to disturbed bowel eliminations. The almost universal use in 
early times of drastic emetics and purgatives, both involving 
dramatic increase in bile eliminations for the treatment of 
acute diseases, reflects a widespread human instinct that these 
eliminatory functions were important.

As the home for the major populations of symbiotic 
and parasitic organisms in the body
The activity of the gut microflora has an impact on the levels 
of many nutrients, hormones and drugs in the body.

As the source of all physical and much emotional 
nourishment and replenishment
The most obvious truism yet provides the phytotherapist with 
a potent mechanism for effecting better health. Remedies 
that could be shown to improve digestive performance would 
be important elements in convalescence and recuperation.

The main advantage of considering herbal therapeu-
tics as acupharmacology is that it provides a basis for rapid 
responses, a therapeutics based on intervention and review of 
early results on an iterative process towards recovery. In this 
approach to treatment, feedback is almost immediate and a 
muscular strategy of repair can be constructed.

Phytotherapeutic principles

Archetypal digestive remedies
Following Chapter 2, the approach adopted there and in the 
following section is to look at key chemical groups in plants, 
the ‘archetypal plant constituents’, rather than at individual 
remedies. The fragmentary nature of research support for 
herbal therapeutics is always a major limitation, but fortu-
nately in the area of the digestive tract there is a more than 
usually reliable experience of efficacy; the digestive tract is 
one of the most accessible organs in the body and most tradi-
tional treatments relied on immediate clinical effects.

Dosage and other prescription practicalities
Most experience of the impact of herbal remedies on the 
digestion was associated with the use of heroic doses applied 
to acute indications. Emetics and cathartics were often the 
first resort of treatment, and dysentery, life-threatening gas-
trointestinal infections and hepatitis the most common 
indications. Even with more robust constitutions, the occa-
sionally dramatic effects of eating unrefrigerated food were 
very familiar. The remedies outlined above were favoured 
because they had rapid effect.

The gastrointestinal tract provides a large surface area 
and the processes of digestion quickly denature and dilute 
remedies. For most of the effects referred to, therefore, rel-
atively large doses of plant need to be taken (and the prepara-
tion needs to contain the relevant constituent – it is no good 



189

Herbal approaches to system dysfunctions C H A P T E R  9

having a convenient extract of plant without its mucky muci-
lage, resin or tannin if those are the constituents one needs!). 
Many modern prescriptions based on quantities measured in 
drops or milligrams would be unlikely to have much impact 
on this system. The main exceptions are the bitters and hot 
spices or other cases where the target receptors are close to 
the point of entry or the agent is particularly powerful.

It is also likely that for many effects long-term treatment 
is inappropriate. The cases of tannins and anthraquinones are 
examples of when this may even be hazardous. In practice, 
one finds that for most gut-mediated mechanisms the effect is 
strongest in the earliest days of treatment and often wears off 
quite quickly.

It is much better to work on short-term prescriptions of 
relatively strong doses, constantly monitoring for immedi-
ate feedback and adjusting accordingly. In any long-term 
strategy it is generally wise to treat intermittently, maintain-
ing the option of frequent prescription changes according to  
results.

The following summary of the main phytochemical groups 
with impact on the digestive system is treatment focused. 
In each case there is a much more substantial description in 
Chapter 2 and this should be also referred to before mak-
ing clinical decisions, particularly for the mucilages (and 
bulk laxatives), bitters, anthraquinone laxatives and pungent 
constituents.

Bulk laxatives
Plant materials still provide the primary source of fibre that 
remains undigested and can swell when hydrated to bulk up 
the stool contents. The usual reason for consuming these 
materials is to help reduce constipation. However, an impor-
tant application for bulk laxatives is constipation-predominant 
irritable bowel syndrome (IBS). Indeed, this can be the first 
line of therapy (see below). They are also valuable in correct-
ing disturbed bowel flora as prebiotics, in calming an irritated 
bowel wall in inflammatory bowel disease, in counteracting 
potential irritative effects of bile metabolites, and in slowing 
the absorption of sugars and cholesterol.

Plant remedies traditionally used as bulk  
laxatives
l	 Linum (linseed), Plantago ovata (ispaghula), Plantago 

psyllium (psyllium seed and husk).

Indications for bulk laxatives
l	 Constipation
l	 Inflammatory bowel disease
l	 Blood sugar disturbances, including the dietary 

management of diabetes
l	 Some dyspeptic and gastric inflammatory conditions.

Other traditional indications for bulk laxatives
l	 Fluid retention
l	 Obesity.

Contraindications for bulk laxatives
There are few contraindications for the use of fibre and the 
bulk laxatives. However, their supplementation should be 
kept under review in cases of:
l	 iron deficiency anaemia
l	 osteoporosis
l	 chronic malnutrition.

Traditional therapeutic insights into the use  
of bulk laxatives
Some of the bulk laxatives were also used for their obvious 
mucilaginous properties (see below) in reducing inflammatory 
problems in the upper sections of the digestive tract.

Application
Bulk laxatives need to be taken whole as powdered material, 
most conveniently in capsule form, with food.

Long-term therapy with extra supplementation of soluble 
fibre is not always advisable and both soluble and insoluble 
fibre intake should be reviewed where absorption of mineral 
nutrients is a critical issue.

Advanced phytotherapeutics
Bulk laxatives may also be usefully applied in hypercholes-
terolaemia and in some cases (depending on other factors) of 
hypertension.

Emetics
Therapeutic vomiting is much less applied than in previ-
ous centuries. Even in its usual modern application, it has 
been demonstrated as an inefficient way to remove ingested 
poisons, with appreciable amounts being forced into the 
small bowel.64 Activated charcoal as a non-emetic treatment 
for poisoning is likely to be superior,65 for example in par-
acetamol poisoning.66 The main reason to maintain this cat-
egory is in the use of emetic plant remedies in sub-emetic 
doses as reflex expectorants – an important pharmacological  
principle explored in the Respiratory system section of this 
chapter and in Chapter 2.

Plant remedies traditionally used as emetics
l	 Cephaelis (ipecacuanha), Urginea (squill).

Traditional indications for emetics
l	 Any acute toxic and infective condition
l	 Bronchitis.

Contraindications for emetics
The use of emetics is contraindicated in the following:
l	 Poisoning associated with coma, convulsions
l	 Poisoning with petroleum products or corrosive substances
l	 Any debilitated condition or constitutional weakness.
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Traditional therapeutic insights into the  
use of emetics
Emetics were used as a first line of treatment especially for 
enteric and bronchitic infections and for any evidence of 
biliary toxicity. It was always understood that their use was 
essentially debilitating, so a robust constitution was an essen-
tial prerequisite.

Application
For poisoning emergencies use, for example, 15 mL of ipecac 
syrup for children and adults,67 repeating the dose in 15 to 
30 minutes if necessary. If Ipecac is unavailable, soapy water 
or detergent with water may be used or manual stimula-
tion of the gag reflex with finger or blunt instrument may be 
tried.

Mucilages
The demulcent quality of plant mucilages remains one of 
the most effective short-term reliefs for irritation of the 
upper digestive tract, notably including reflux into the 
oesophagus and other effects of acid dyspepsia. The fate of 
ingested mucilages lower down the tract is not always cer-
tain. However, some such as Ulmus (slippery elm) have 
persistent reputations as remedies for irritation and inflam-
mation lower down the gut; and there may be some mucilagi-
nous effect in some plant materials, where these merge into 
prebiotic polysaccharide and fibre elements. The authors in 
one report68 searched online databases for reports of orally 
ingested polysaccharides. Fifteen studies were found show-
ing statistically significant effects in humans, although these 
included open label trials. They involved healthy adults and 
those with cancer, allergies, or aphthous stomatitis. In healthy 
human adults, oral arabinogalactans from Larix occidentalis 
(western larch) increased lymphocyte proliferation, CD8+ 
lymphocytes, and immunoglobulin G response to pneumo-
coccal vaccine in placebo-controlled, randomised, clinical tri-
als. Furanose from American ginseng (Panax quinquefolius) 
reduced incidence and duration of respiratory illness in a trial 
with healthy older adults. As suggested above, most polysac-
charides are partially degraded in the digestive tract. Several 
are metabolised by gut bacteria and may thereby exert prebi-
otic effects. Fucoidans and other polysaccharides from sea-
weeds such as Fucus vesiculosus and agar-agar are notably 
resistant to breakdown and can be included in the bulk laxa-
tive category.

As with the emetic category above, there is an important 
pharmacological principle in the reflex effect of impacts on 
the upper digestive mucosa onto the function of the respira-
tory system. Mucilages are consistently used to calm irritating 
coughs, almost certainly by reflex from their demulcent effect 
on swallowing.

Plant remedies traditionally used as mucilages
l	 Althaea (marshmallow), Ulmus (slippery elm), Plantago 

major (plantain), Plantago lanceolata (ribwort), Chondrus 
(Irish moss), Lobaria (lungwort).

Indications for mucilages
l	 Dyspeptic conditions especially with hyperacidity
l	 Inflammatory diseases of the digestive tract, e.g. reflux 

oesophagitis, gastritis, peptic ulceration, enteritis, ileitis 
and colitis

l	 Non-productive, irritable cough
l	 Topically: inflamed lesions, pruritus.

Other traditional indications for mucilages
l	 Dysuria.

Contraindications for mucilages
The use of mucilages is either contraindicated or at least  
inappropriate in the following:
l	 Congestive bronchial and catarrhal conditions
l	 As a substitute for curative treatments where these are available.

Further traditional therapeutic insights into the use 
of mucilages
Mucilaginous plants were associated in Chinese medicine with 
a diuretic effect and were also seen as valuable tonics in debil-
itated conditions, especially with chronic wasting dry lung dis-
eases, such as tuberculosis.

Application
Mucilages should be taken in a formulation that preserves 
their physical characteristics. Encapsulation is probably the 
most effective way of administering the whole material (sub-
ject to the contents being adequately sterilised) but cold 
aqueous infusion is the most efficient extraction process, 
using glycerol later for preservative purposes. Depending on 
the indication, they may be taken before meals (for diges-
tive problems of the stomach and small intestine), during (for 
some stomach problems) or after meals (in the case of reflux 
oesophagitis/hiatus hernia).

Long-term therapy with mucilages presents few problems 
but, as they are essentially management treatments, such use 
may disguise the need for more substantial treatments.

Saponins
The detergent properties of this phytochemical group can have 
a range of mild topical actions on the gut wall. These vary from 
near emetic activity (for example, with Cephaelis, Senega and 
Primula species) to a likely effect improving assimilation (as in 
the saponin content of many vegetables). This group therefore 
can share some of the properties of both the emetics and muci-
lages, and in the latter case can add considerably to the demulcent 
effect (as seen notably with Glycyrrhiza extract and Trigonella).

Plant remedies traditionally used for saponin 
effects on the gut
l	 Primula (cowslip), Glycyrrhiza (licorice), Cephaelis 

(ipecacuanha), Senega (snakeroot), Trigonella (fenugreek).
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Indications for saponin-containing remedies
l	 Bronchial congestion
l	 Digestive difficulties.

Other traditional indications for saponin-containing 
remedies
l	 As tonics for debilitating conditions
l	 As hormonal modulators.

Contraindications for saponins
The use of saponins is either contraindicated or at least inap-
propriate in the following:
l	 Topically to open wounds
l	 Coeliac disease, fat malabsorption and vitamins A, D, E, 

and K deficiency
l	 In some upper digestive irritations.

Traditional therapeutic insights into the use  
of saponins
Saponins are common constituents in plants used in Chinese 
and Asian medicine as tonics and harmonising treatments. 
Modern pharmacological interest in the effects of ginseng has 
raised speculation that, as steroidal molecules, some saponins 
may modulate steroid hormone control mechanisms in the body 
(see also Chapter 2 and the licorice and ginseng monographs).

Application
Saponin-rich plants may be taken before meals, or if there is a 
sensitive stomach, immediately after eating.

Long-term therapy with saponin-rich plants should be 
avoided unless dosage levels are small or clear benefits are 
apparent which diminish if treatment is stopped. The impact 
of saponins on digestion and absorption is insufficiently clear.

Tannins
The effects of this phytochemical group have been extensively 
covered elsewhere in this book. They can provide short-term 
healing and anti-inflammatory effects on the gut wall, though 
likely to rapidly reduce with transit through the tract unless in 
slowly dispersing solid form. Effects on the bowel, for exam-
ple in diarrhoea, can however be significant if the symptom 
is a reflex consequence of irritation in the gastric or upper 
enteric passages (gastroenteritis). The use of tannins is not to 
be recommended as a long-term solution (see Chapter 2).

Plant remedies traditionally used for tannin 
constituents

l	 Hamamelis (witchhazel), Potentilla tormentilla (tormentil), 
Quercus (oak), Agrimonia (agrimony), Geum (avens), 
Krameria (rhatany), Geranium (cranesbill), Cnicus 
benedictus (blessed thistle), Acacia catechu (catechu), 
Bidens (bur-marigold), Alchemilla (ladies mantle), 
Polygonum (bistort), Sanguisorba (burnet).

Indications for tannins
l	 Inflammation of the upper digestive tract
l	 Diarrhoea following gastrointestinal inflammation
l	 Topically: open, discharging lesions, wounds, haemorrhoids 

and third-degree burns.

Contraindications for tannins
The use of tannins is either contraindicated or at least inap-
propriate in the following:
l	 Constipation
l	 Iron deficiency anaemia
l	 Malnutrition.

Traditional therapeutic insights into the use  
of tannins
Tannins were used throughout history for forming leather 
from animal tissues and as effective cauterising agents for 
burns and other open wounds. The primary traditional indica-
tion for the digestive tract was probably diarrhoea.

Application
Tannins should be taken after food in most cases. For some 
lesions of the upper digestive tract, short-term use between 
meals or before food is justifiable.

Long-term therapy with high doses of tannins is to be 
avoided.

Pungent constituents
Spices have long had a central role in digestion and, as dis-
cussed elsewhere, have a key role in traditional therapeutics 
overall. They can both stimulate and calm upper digestive 
functions, depending on the circumstance and particularly the 
individual constitution. Usually the patient will know whether 
these remedies suit them or not and it is always a good ques-
tion in a consultation.

Plant remedies traditionally used for warming effects
l	 Capsicum (cayenne), Zingiber (ginger), Armoracea 

(horseradish).

Indications for pungent constituents
l	 Congestive dyspepsia
l	 Gastroparesis (especially ginger)
l	 Some cases of nausea, emesis, colic, diarrhoea and other 

hyperperistaltic conditions
l	 Bronchial congestion
l	 Poor peripheral circulation
l	 Topically: for joint and muscle pain, subdermal 

inflammations.

Other traditional indications for heating remedies
l	 Any effect of cold on body systems.
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Contraindications for pungent constituents
The contraindications for heating remedies are constitutional 
rather than symptomatic. The same symptoms in two indi-
viduals may provide contrasting indications for this group of 
remedies. The use of hot spices may be contraindicated or 
inappropriate in the following:
l	 Concurrently with powerful drug regimes where dosage 

levels are critical
l	 Hyperacidity conditions and gastro-oesophageal reflux 

(unless due to gastroparesis)
l	 Hepatitis
l	 Some enteric and bowel inflammatory states with diarrhoea
l	 Some cases of chronic nephritis.

Traditional therapeutic insights into the use  
of pungent constituents
Early insights into the impact of ‘heating’ the body have 
become very developed in some traditions. Most early phy-
sicians would have been familiar with the issues that deter-
mined how far to ‘heat’ or ‘cool’ a prescription (see p. 4). 
A quick guide to the applicability would be the presence of 
white coating on the tongue.

Application
Hot spices can feature in prescriptions taken at various times 
of the day. When taken primarily for their impact on diges-
tion, they may be taken before meals if there are no local 
inflammatory conditions in the upper digestive tract, with or 
after meals if the gut wall proves to be sensitive or there is a 
tendency to hyperacidity.

Long-term therapy with pungent remedies is acceptable 
if the individual is comfortable with the regime. It should be 
discontinued if there are any digestive discomforts.

Aromatics
These can often be regarded as milder version of the pun-
gent constituents above and are often accepted and useful 
when the stronger spices are not. Consistently they are used 
in traditional medicine both for digestive and respiratory con-
gestions and as tonic remedies in convalescent recovery from 
both. They often exert spasmolytic and carminative effects.

Plant remedies traditionally used as aromatics
l	 Elettaria (cardamom), Angelica, Carum (caraway), 

Pimpinella (aniseed), Foeniculum (fennel), Cinnamomum 
spp. (cinnamon), Anethum (dill), Alpinia (galangal), 
Levisticum (lovage), Myristica (nutmeg), Citrus (chen pi).

Indications for aromatics
l	 Colic and flatulence
l	 Irritable bowel disease
l	 Congestive dyspepsia
l	 Catarrh and bronchial congestion.

Other traditional indications for aromatics
l	 Sluggish digestion and metabolism
l	 Congestive chronic infections and inflammatory conditions.

Contraindications for aromatics
The use of aromatics may be contraindicated or inappropri-
ate in gastro-oesophageal reflux, although low doses can some-
times be useful.

Traditional therapeutic insights into the use  
of aromatics
In Chinese medicine aromatics are used for ‘damp’ conditions 
affecting the assimilative functions (represented by the Spleen 
in Chinese medicine). Symptoms include abdominal and 
thoracic congestion (sometimes associated with cough and 
breathlessness), loss of appetite and loose stools.

Application
Aromatics are best taken immediately before meals. Their 
impact on the digestion is often increased if taken in hot 
aqueous infusions.

Long-term therapy with aromatics is often well tolerated.

Volatile spasmolytics
Volatile essential oils are known to have a range of effects on 
gut function. Subjectively they are associated in the gut with 
carminative effects, being helpful in symptoms of colic, flatu-
lence and hyperperistalsis. These benefits tie in with the phar-
macologically confirmed spasmolytic and anti-inflammatory 
effects. There is likely to be an additional contribution from 
the effects of many of these constituents on the CNS. They 
are often particularly well suited for children, being both gen-
tle and relatively palatable.

Plant remedies traditionally used as spasmolytics
l	 Matricaria (chamomile), Mentha (peppermint), Melissa 

(lemon balm), Achillea (yarrow), Nepeta cataria (catmint), 
Petroselinum (parsley root), Thymus spp. (thyme).

Indications for spasmolytics
l	 Nervous dyspepsia
l	 Colic and flatulence
l	 Irritable bowel syndrome
l	 Gastritis.

Other traditional indications for spasmolytics
l	 As components of fever management strategies
l	 General nervous, irritable and anxiety syndromes.

Contraindications for spasmolytics
The use of spasmolytics may be contraindicated or inappropri-
ate in gastric and enteric poisoning incidents.
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Traditional therapeutic insights into the use  
of spasmolytics
These remedies overlap with the aromatics in their effect on 
the digestive tract but are more appropriate in hot and febrile 
conditions. However, in many cases predicting efficacy is 
difficult and patients may be encouraged to try a number of 
these or aromatic remedies to see which suits best. In all cases 
effects are very quick.

Application
Spasmolytics are best taken immediately before meals. Their 
impact on the digestion is often increased if taken in hot 
aqueous infusions.

Long-term therapy with spasmolytics is often well tolerated.

Resins
The development of glass for chemical investigations has under-
mined most modern research on these valuable plant constitu-
ents, given their well-known impact on glass cleanliness. Thus 
remedies that were most highly prized in ancient times, such as 
frankincense and myrrh in biblical times, have been largely lost 
to modern medicine. High alcoholic extracts of resinous plants 
will deliver a powerful antiseptic and stimulating effect on the 
upper digestive mucosa. If delivered in solid form this may be 
transmitted much lower in the gut passage.

Plant remedies traditionally used as resins
l	 Calendula officinalis (marigold), Commiphora molmol 

(myrrh), Boswellia serrata, Ferula (asafoetida), Dorema 
(ammoniacum), Myrica (bayberry), Pistacia (mastic).

Indications for resin-containing remedies
l	 Inflammatory conditions of the mouth, throat and upper 

digestive tract (and in solid form lower regions)
l	 Lymphadenopathies and recurrent infections.

Application
Resins will only dissolve in alcohol, so resin-rich remedies 
need to be taken whole or as tinctures with as little water as 
possible or as the dried extracts made from them (especially 
if higher doses are required, due to the concurrent ingestion 
of too much alcohol).

Long-term therapy with resins is inadvisable.

Anthraquinone laxatives
The use of stimulating laxatives should be seen as a short-term 
measure where no other laxative measures are working. All 
emphasis should be on finding long-term solutions that progres-
sively reduce the need for these remedies. Phytotherapeutic 
alternatives to fibre and bulk laxatives include the use of 
hepatic and biliary remedies and blends of anthraquinone herbs 
with bulk laxative and volatile spasmolytics, with reducing 
doses of the former over several months.

Plant remedies traditionally used as anthraquinone 
laxatives
l	 Aloe, Cassia (senna), Rhamnus purshiana (cascara), 

Rhamnus frangula (frangula), Rheum (rhubarb), Rumex 
crispus (yellow dock).

Indications for anthraquinone laxatives
l	 Atonic constipation.

Other traditional indications for anthraquinone 
laxatives
l	 Fluid retention
l	 Obesity.

Contraindications for anthraquinone  
laxatives
The use of anthraquinone laxatives is either contraindicated or 
at least inappropriate in the following:
l	 Constipation associated with bowel irritability
l	 Bowel disease
l	 Diarrhoea.

Application
Anthraquinones may be taken in laxative doses with the even-
ing meal. Lower doses may be taken with other meals as 
part of a strategy to increase general bowel activity over the 
medium term.

Long-term therapy with anthraquinones is formally 
contraindicated.

Advanced phytotherapeutics
Anthraquinone laxatives may also be usefully applied in some 
cases (depending on other factors) of detoxifying regimes and 
reducing kidney stone risk (see Chapter 2).

Bitters
This group is almost entirely focused in their impact on the 
digestive system, and reference to the Bitters section in 
Chapter 2 is particularly recommended before incorporating 
them into a strategic approach. Some listed below are also 
prominent choleretics and should be further reviewed in that 
section of this chapter.

Plant remedies traditionally used as bitters
l	 Gentiana (gentian), Centaurium (centaury), Artemisia 

absinthium (wormwood), Taraxacum (dandelion root), 
Hydrastis canadensis (golden seal), Berberis vulgaris 
(barberry), Aletris (unicorn root), Marsdenia (condurango), 
Menyanthes (bogbean), Picrasma (quassia), Swertia 
(chiretta), Veronicastrum (black root).
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Indications for bitters
l	 Poor appetite and digestion
l	 Liver and bile disturbances (as choleretics)
l	 Blood sugar disturbances, including the dietary 

management of diabetes
l	 Chronic gastritis and gastric ulceration
l	 Food intolerances and allergies
l	 Debilitated conditions associated with any of the above.

Other traditional indications for bitters
l	 Fever management
l	 Jaundice.

Contraindications for bitters
The use of bitters is either contraindicated or at least inappro-
priate in the following:
l	 Duodenal ulceration
l	 Conditions classed as ‘cold-dry’ in early medicine, involving 

for example ready shivering with dry cough and notably 
including some kidney diseases.

Traditional therapeutic insights into the  
use of bitters
Bitters were universally classified as cooling in early approaches 
to medicine (see Chapter 1). This insight is likely to have fol-
lowed observations that administering bitters helped to contain 
excesses of temperature in fevers and has been associated in 
Chinese medicine, for example, with the view that increased 
digestive activity is intrinsically a cooling phenomenon. In sup-
porting the latter, bitters were seen not only to support nour-
ishment but to reduce the symptoms of excessive heat in some 
pathologies, including some headaches and migraines, skin and 
other inflammatory diseases and allergic or hypersensitivity 
conditions.

Application
Since bitters act by reflex and direct activation of receptors in 
the upper digestive tract, they do not usually have to be given 
in high doses. Enough to promote a strong taste of bitterness 
is usually sufficient. This will typically be seen if 5% to 10% of 
tinctures are bitters such as Gentiana or Artemisia absinthium 
(wormwood).

Long-term therapy with bitters is possible in those indi-
viduals where its effect is beneficial. However, it is always 
valuable to work to a position where the bitters are taken only 
when necessary and useful.

Advanced phytotherapeutics
Bitters may also be usefully applied in some cases (depending 
on other factors) of:
l	 Headaches and migraines
l	 Skin and other inflammatory diseases
l	 Allergic and hypersensitivity conditions.

Phytotherapy for digestive conditions

Recurrent aphthous ulceration (mouth ulcers, 
canker sores)
Aphthous ulceration is a common recurrent condition char-
acterised by superficial ulcers in the mouth that are round 
or ovoid and surrounded by inflammatory halos.69 Ulcers are 
often multiple and may recur. The cause is unknown, but pos-
sible factors include emotional stress, poor innate immunity, 
imbalanced oral flora, low serum insulin levels, food intoler-
ances and nutrient deficiencies, some medications and den-
tures.69 Several of these are controversial. In some women 
ulcers tend to follow a cyclical pattern and occur premenstru-
ally. The presence of serious diseases such as Crohn’s disease, 
ulcerative colitis, coeliac or Behçet’s disease should always 
be excluded. A multitude of conventional drugs have been 
attempted as treatments, indicating how poorly understood 
this condition is.69

Treatment
The approach of herbal treatment is to increase mucosal pro-
tection, accelerate the healing of the ulcers and to correct any 
underlying imbalances, especially focusing on immune sup-
port. Other aspects of treatment include the minimisation of 
stress, attention to a wholesome diet with plenty of fruit and 
vegetables and attention to oral hygiene.

CASE HISTORY

A female patient aged 42 had suffered from mouth ulcers almost con-
tinuously for 30 years. All her teeth had been removed when she was 
15 because they were ‘chalky’. She was a worrier and found it difficult 
to relax. Initial treatment was as follows (based on 1 week):

Glycyrrhiza glabra (high in glycyrrhizin) 1:1 20 mL
Echinacea angustifolia root 1:2 25 mL
Propolis 1:10 25 mL
Valeriana officinalis 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
The following mixture was to be applied directly to the ulcers:

Propolis 1:10 50 mL
Calendula officinalis 1:2 50 mL

TOTAL 100 mL

She was also advised to rinse her mouth regularly with a mixture of 
acidophilus yoghurt and water.

After 4 weeks the patient had only experienced three ulcers, all in 
the first week of treatment. In the following 4 weeks there was only 
one ulcer. One year later she was still taking the herbal treatment at 
a reduced frequency (1 or 2 doses a day) and was relatively free from 
mouth ulcers.

Topical application of a high alcoholic tincture or extract of 
Calendula, myrrh, kava or propolis is particularly beneficial. 
This is because such preparations are quite resinous. When 
they are painted on to the ulcer the alcohol dries and the 
resin fixes the active components so that they are not readily 
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washed away by saliva. It is also possible that they promote a 
local leucocytosis (i.e. attract white blood cells). Topical appli-
cation of licorice via a dissolving oral patch has been success-
fully used in clinical trials.70

Functional dyspepsia and gastro-oesophageal 
reflux disease (GORD)
Functional dyspepsia is marked by pain and discomfort, heart-
burn and epigastric pain, early satiety, bloating and nausea in 
the upper abdomen, all with no apparent pathological cause 
(i.e. after gastroscopic and other investigations have proven 
negative). It is often marked by the production of excess acid 
in the stomach and is for this reason usually characterised as a 
stress response. Other symptoms include those of ‘diaphrag-
matic spasm’, hyperventilation, shallow breathing, dysphagia 
and palpitations, and it is tension in this large muscle that 
probably contributes to the accompanying condition, gastro-
oesophageal reflux. The diaphragm in effect is the foundation 
of the sphincter between oesophagus and stomach: excessive 
tension in this muscle can lead to a functional hiatus hernia 
and reflux of stomach acid back into the oesophagus. This 
condition is initially uncomfortable, then painful (‘heartburn’) 
and eventually damaging (erosive oesophagitis).

Early management of this condition is clearly appropri-
ate and important. Useful benefits may be had from sim-
ple breathing exercises designed to relax the diaphragm and 
‘adrenaline reducing’ exercise; other stress management tools 
should be explored. Fortunately the phytotherapist has a 
range of useful tools to add.

The proprietary preparation Iberogast, used for over 
40 years in Germany for the relief of functional dyspep-
sia, includes a fresh plant extract of Iberis amara (bit-
ter candytuft) and extracts of Angelica archangelica root, 
Silybum marianum (milk thistle), Carum carvi (caraway), 
Chelidonium majus (celandine), Glycyrrhiza glabra (licorice), 
Matricaria recutita (German chamomile), Melissa officinalis 
(lemon balm) leaf, and Mentha × piperita (peppermint) with 
31% ethanol. Four double blind, randomised, clinical trials 
have demonstrated the therapeutic effects in functional dys-
pepsia.71 A previous systematic review including data from 
the manufacturer allowed analysis of four multicentre, ran-
domised, double blind studies against placebo or reference 
treatments, with a total of 595 patients; it showed significant 
reduction in gastrointestinal symptom scores and the conclu-
sion that the combination seems to be an effective phytother-
apeutic option without central nervous side effects.72 Another 
paper reported a literature search on 350 components of 
the mixture and found the most common pharmacologi-
cal activities are motility modulating, anti-inflammatory and 
antioxidant effects.73 These constituents happen to overlap 
considerably the range of phytotherapeutic options below.

In addition to the above discussion, major factors thought 
to operate in GORD include:74–77

l	 Obesity (especially visceral adiposity) and metabolic 
syndrome

l	 Delayed gastric emptying
l	 Ineffective clearance of reflux from the oesophagus 

(including deficient saliva production)

l	 Impaired oesophageal mucosal defence
l	 Reduced lower oesophageal sphincter (LOS) pressure
l	 Visceral hypersensitivity, accentuated by psychological 

stress.

Practical measures in the treatment of GORD include:
l	 Elevation of the head of the bed by 10 to 15 cm. This 

improves oesophageal clearance at night
l	 Regular meal times and not eating on the run
l	 Avoidance of foods that reduce lower oesophageal 

sphincter tone. These include chocolate, carminatives  
(e.g. peppermint and spearmint), fatty foods, coffee, 
tomato concentrates and onions, but will vary from 
individual to individual. Spicy foods may also aggravate. 
Wheat can be a silent factor that seems to predispose to 
reflux in many patients

l	 Individual intolerance to certain foods may aggravate 
reflux, for example dairy products, and these should 
be avoided. These types of intolerances may not cause 
immediate reflux, but rather predispose to the condition. 
Hence an exclusion diet for at least 30 days is the only 
valid way to assess their role

l	 Avoidance of drugs which reduce LOS tone such as 
theophylline, calcium channel blockers and progesterone

l	 Giving up smoking and excessive alcohol intake (these 
reduce LOS tone)

l	 Refraining from overeating
l	 Avoiding eating at bedtime
l	 Losing weight if overweight.

For the reasons given, approaches to the herbal treatment 
of both GORD and functional dyspepsia are similar, although 
different aspects of treatment are emphasised in each dis-
order and for individual cases. Main aspects of treatment 
include the following:
l	 Improving mucosal resistance with Glycyrrhiza (licorice) 

and mucilaginous herbs such as Ulmus (slippery elm) and 
Althaea (marshmallow root) to assist mucoprotection. 
These are best taken after meals and before bed

l	 Bitter herbs at low doses can increase LOS tone, improve 
saliva output and accelerate gastric emptying. However, 
they also increase gastric acidity and therefore should be 
used cautiously. Gentiana and Artemisia (wormwood) may 
be too strong, hence gentler bitters such as Cynara (globe 
artichoke) or Achillea (yarrow) may be appropriate

l	 Carminative herbs and essential oils in high doses will 
aggravate GORD by reducing sphincter tone, but they can 
be indicated for functional dyspepsia. Also, in lower doses, 
they can improve gastrointestinal motility

l	 Treating associated gastroparesis with Zingiber (ginger)
l	 Anti-inflammatory herbs relieve symptoms and improve 

healing and include Filipendula (meadowsweet), Stellaria 
(chickweed) and Matricaria (chamomile), especially those 
chemotypes of Matricaria rich in bisabolol. Filipendula 
is also traditionally thought to reduce excess acidity and 
Matricaria is also spasmolytic. They are indicated in both 
functional dyspepsia and GORD. An in vivo study found 
Matricaria also lowered gastric acidity (see monograph)
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l	 GORD and functional dyspepsia may be linked to stress, 
especially if associated with irritable bowel syndrome. 
Anxiolytic herbs such as Valeriana, and nervine tonic 
herbs such as Scutellaria (skullcap), are indicated if this 
association is evident

l	 Improving healing with herbs such as Calendula and 
Centella (gotu kola)

l	 Gastrointestinal spasmolytics, especially Corydalis, 
Matricaria and Viburnum opulus (cramp bark) may be 
helpful in GORD because they can exert a regulatory role 
on lower oesophageal function.

Example liquid formula

Passiflora incarnata 1:2 20 mL

Matricaria recutita (high in bisabolol) 1:2 25 mL

Filipendula ulmaria 1:2 25 mL

Glycyrrhiza glabra (high in glycyrrhizin) 1:1 15 mL

Cynara scolymus 1:2 15 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day after meals. An 
extra dose can be taken before retiring in the evening.

For best results combine with Ulmus (slippery elm) pow-
der after meals. Note also that some patients with GORD are 
aggravated by ethanolic herbal liquids, and tablets or capsules 
should instead be instituted.

and susceptibility to infections. Symptoms include anorexia, 
a prolonged sensation of fullness or stagnation after eating, 
undigested food in stools, belching or flatulence, intolerance 
of fatty foods and nausea. However, poor upper digestive 
function may be largely asymptomatic in itself, but may con-
tribute to other conditions such as food intolerance or aller-
gies, intestinal dysbiosis (abnormal bowel flora), constipation, 
nutrient deficiencies and migraine headaches. Herbal clini-
cians believe that many chronic diseases originally begin with 
poor digestive function and good upper digestive function is a 
prerequisite for a healthy digestive system.

Herbs that improve upper digestive function can be 
divided into five major groups:
l	 Simple bitters such as Gentiana lutea, which improve most 

aspects of upper digestive function
l	 Aromatic digestives such as Angelica archangelica, 

Cinnamomum (cinnamon) and Coleus forskohlii that 
improve gastric acid secretions. Coleus also improves 
exocrine pancreatic function

l	 Pungent herbs such as Zingiber (ginger) and Capsicum 
(cayenne) that are potent stimulators of gastric acid and 
other aspects of digestive function (as already noted)

l	 Choleretic herbs such as Berberis vulgaris (barberry), 
Silybum (St Mary’s thistle) and Taraxacum (dandelion 
root) that improve bile production by the liver

l	 Cholagogue herbs such Mentha piperita (peppermint) that 
improve gallbladder function.

If there is evidence of liver weakness, including previous 
pesticide exposure, history of hepatitis or symptoms such as 
nausea after rich or fatty food, the above treatment might 
need to strongly focus on the choleretic herbs mentioned 
above, together with hepatic trophorestoratives. If the patient 
notices excessive irritability after using any of the above 
herbs, it is recommended to reduce the dose and/or delete 
any bitter or choleretic herbs, including Berberis. (See also 
the above discussion on functional dyspepsia.)

Nausea
Nausea is a symptom rather than a disease state. A number 
of herbs can be used effectively to give relief. If nausea is 
traceable to poor liver function, then the treatment approach 
outlined above should be followed. Other herbs that can pro-
vide symptomatic relief in cases of nausea include Zingiber 
(ginger, very well studied – see monograph), Mentha piper-
ita (peppermint), Matricaria (chamomile), Ballota nigra 
(black horehound) and Filipendula (meadowsweet). If herbs 
are used to prevent motion sickness, they should be taken 
about 1 h before travel. Ginger is particularly effective for 
all forms of motion sickness and also for morning sickness. 
Herbs should not be administered orally to a person who is 
vomiting.

Peptic ulcer
The herbal approach to the treatment of peptic ulcer disease 
should take into account all the causative and sustaining fac-
tors relevant to the individual patient. Rather than being con-
cerned with inhibiting gastric acid, the herbal clinician stresses 

CASE HISTORY

A female patient aged 58 had suffered irregularly from heartburn for 10 
to 15 years. Over the years she had learnt to avoid alcohol, smoking, 
wheat, yeast and rice. She was already taking slippery elm powder 
and had taken antacids in the past. She sought treatment because 
she was experiencing frequent attacks of heartburn in the past few 
months. She hated licorice, so it was not included in her formula.

Treatment consisted of (based on 1 week):

Passiflora incarnata 1:2 25 mL
Matricaria chamomilla 1:2 25 mL
Filipendula ulmaria 1:2 25 mL
Stellaria media (stabilised succus) 25 mL

TOTAL 100 mL

Dose: 5 mL three times a day.
In the 4 weeks following, the patient experienced only one attack of 

heartburn and in the following 4 weeks had no problems with heartburn, 
despite being unwell with influenza.

Poor upper digestive function/anorexia
Poor upper digestive function can be a consequence of pro-
longed or serious illness or can occur with convalescence. 
Digestive function can deteriorate with age. Poor digestion is 
also reflected in children by their failure to thrive, anaemia 
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the support of factors that protect the mucosa and improve the 
capacity of the body to heal the ulcer. The prominent shift in 
attention towards the role of the bacterium Helicobacter pylori 
in causing peptic ulceration has led to many herbal approaches 
being mooted. These remain largely untested and some research 
on their role has been negative. For example, in spite of positive 
in vitro studies indicating an effect on H. pylori, consumption 
of hot spices such as chilli or of raw garlic is not known to offer 
any benefits in terms of human infection (for example, in Korea 
where these are consumed in high levels infections are notably 
high). In a crossover study, of 12 subjects with known H. pylori 
infection were tested with Jalapeno peppers, raw garlic or a  
bismuth-containing positive control, with clear washouts 
between different treatments. No benefits as assessed by urea 
breath test were found.78

In vitro evidence exists for an anti-adhesion effect that 
might reduce the infectivity of H. pylori for plant constitu-
ents such as proanthocyanidins from Vaccinium macrocarpon 
(cranberry), acidic polysaccharide from Camellia sinensis 
(green tea), carbohydrates from Panax ginseng (Korean gin-
seng), or the false receptors provided by fucoidans and 
glycosaminoglycans in medicinal algae, including Fucus vesic-
ulosus (bladderwrack).79 All need to be confirmed in human 
studies (see also pp. 321–322).

With the focus on H. pylori and NSAIDs as obvious causes 
of peptic ulcer disease a number of previously recognised 
pathogenic factors are now largely overlooked. Only a small 
percentage of patients positive for H. pylori develop peptic 
ulcer disease. Similarly, not everyone who uses NSAIDs ends 
up with peptic ulcers. These forgotten factors are likely to be 
particularly relevant for idiopathic peptic ulcers (an increas-
ingly large patient group), which are by definition not linked 
to H. pylori or NSAIDs.

A review of studies published over 30 years found that sol-
uble fibre from fruit and vegetables was protective and refined 
sugars a risk factor in peptic ulcers.80 Alcohol and coffee do 
not seem to be related to duodenal ulcer, but gastric cancer 
is linked to diets high in salt and low in fresh fruit.81 Use of 
sugar in tea and coffee increases risk, and tea consumption 
reduces risk of peptic ulcers.82 Smoking is a strong risk fac-
tor.82,83 Ulcers heal more slowly in smokers and relapse is 
more likely. Smoking also increases the risk of infection with 
H. pylori84 and decreases gastric mucosal blood flow.85 Leisure 
time physical activity is protective,82 but skipping breakfast is 
a risk factor.86

As touched on above, the time-honoured role of stress has 
been neglected recently, but one review concluded:

The epidemiological, clinical and genetic evidence strongly suggests 
that host factors, especially the effects of stress (in the broadest 
psychosocial sense), may be decisive in determining who develops a 
duodenal ulcer.87

As noted above, local defences are an issue in peptic ulcer 
disease. Gastric mucosal blood flow is considered to be of 
major importance in maintaining mucosal integrity.88 Reactive 
oxygen species and cytokines appear to contribute to the 
gastric damage.89 There is an age-related decline in mucosal 
repair capacity, possibly related to decreased mucosal prosta-
glandin levels.90

Main aspects of phytotherapy include the following:
l	 Glycyrrhiza (licorice) and mucilaginous herbs such as 

Ulmus and Althaea to enhance mucoprotection. These 
are best taken before meals and, in the case of duodenal 
ulceration, should be taken at least half an hour before 
eating. Glycyrrhiza also improves pancreatic bicarbonate 
secretion

l	 Whilst bitter herbs such as Gentiana are contraindicated 
in duodenal ulcers, they may be valuable in gastric ulcers 
because of their trophic effect on the gastric mucous 
membrane

l	 Hydrastis canadensis (golden seal) is traditionally 
restorative to mucous membranes and also antibacterial, 
but would be best avoided in duodenal ulcers

l	 Immune-enhancing and antiseptic herbs such as Echinacea or 
high-resin remedies such as Calendula officinalis (marigold), 
Commiphora molmol (myrrh) and propolis may help resolve 
or contain Helicobacter pylori presence and improve repair 
mechanisms. They were traditionally used in peptic ulcer 
disease long before the importance of H. pylori was recognised

l	 Gently astringent herbs will assist ulcer healing and boost 
mucoprotection in the vicinity of the ulcer. Good examples 
are Agrimonia and Filipendula (meadowsweet). Strongly 
astringent herbs such as Geranium maculatum (cranesbill) 
will aggravate a gastric ulcer, but may be suitable for 
duodenal ulcer treatment

l	 Anti-inflammatory herbs such as Stellaria (chickweed) and 
bisabolol-rich Matricaria (chamomile) and vulneraries such 
as Calendula and Centella (gotu kola) will help break the 
vicious cycle of ulceration and accelerate the healing process

l	 Herbs benefiting the microcirculation, especially in this 
context Vaccinium (bilberry), Ginkgo and Vitis (grape seed 
extract), will also assist healing

l	 Pungent spices have had a common assumption of being 
contraindicated in peptic ulceration. However, in cultures 
where these are frequent components of the diet there is a 
contrary view that they are protective and pharmacological 
research tends to support this91

l	 Spasmolytic and carminative herbs will improve 
gastrointestinal motility. Carminative herbs such as 
Foeniculum (fennel) should be administered only in 
low doses. Good gastrointestinal spasmolytics include 
Matricaria and Viburnum opulus (cramp bark)

l	 Herbs that decrease the negative effects of stress can 
be indicated and include adaptogens, nervine tonics and 
anxiolytics

l	 Filipendula is considered by some herbalists to be a 
normaliser of the acidity of the stomach.92 It does appear 
to decrease the negative effects of acid and pepsin on the 
mucosa, but is probably not a potent antacid. This positive 
effect on the mucosa is paradoxical since it contains salicylates

l	 Some patients with peptic ulcer disease may experience 
irritation from herbal treatment and one approach with 
more severe or chronic cases is to start with a low dose and 
gradually increase over several weeks. This can especially 
apply with liquid preparations, in which case tablets or 
capsules are more appropriate.
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Example liquid formulas

For gastric ulcer

Foeniculum vulgare 1:2 3 mL

Filipendula ulmaria 1:2 25 mL

Glycyrrhiza glabra (high in glycyrrhizin) 1:1 20 mL

Matricaria recutita 1:2 25 mL

Gentiana lutea 1:5 2 mL

Echinacea purpurea/angustifolia root 1:2 25 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day before meals.

For duodenal ulcer

Filipendula ulmaria 1:2 20 mL

Glycyrrhiza glabra 1:1 20 mL

Matricaria recutita 1:2 20 mL

Vaccinium myrtillus 1:1 20 mL

Echinacea purpurea/angustifolia root 1:2 25 mL

TOTAL 105 mL

Dose: 5 mL with water three times a day half an hour 
before meals.

Food intolerance and allergies
Food intolerance can have a number of causes such as enzyme 
defects (e.g. alactasia), pharmacological activity (e.g. salicy-
lates) and immunological reactions (allergy, coeliac disease). 
There are also a number of less well-defined and less specific, 
often idiosyncratic, reactions. Food intolerance can follow 
hepatitis or gastrointestinal infection. In these instances the 
reaction to some or many foods can continue long after the 
actual infection has passed.

In the case of immunological reactions, which represent 
true food allergy, the best approach to treatment is to avoid 
the offending foods, if they can be identified and if exclu-
sion is practical. In other instances of food intolerance, herbal 
treatment may prove beneficial by correcting any physi-
ological defects or deficiencies contributing to the reaction 
to foods, and by dampening any underlying gastrointestinal 
inflammation.

Treatable factors that can contribute to a state of food 
allergy or intolerance include:
l	 Poor digestion which can lead to chemical fragments from 

food such as peptides or polypeptides, which are either 
pharmacologically active or immunogenic

l	 A leaky gut wall which will allow the passage of 
unprocessed or partially processed chemicals from food 

into surrounding tissue and the portal blood. Factors 
which can contribute to a leaky gut include alcohol, drugs, 
intestinal flora dysbiosis, infection and inflammation

l	 Poor hepatic screening of portal vein contents.  
Substances absorbed from the gastrointestinal tract are 
carried by the portal vein to the liver and can be processed 
by hepatocytes or phagocytosed by the Kupffer cells. In 
particular Kupffer cells sequester any immunologically 
active material and thereby dampen any potential immune 
reaction

l	 Poor immunity and detoxifying mechanisms in the body, 
which might lead to an excessive response to a chemical 
insult.

The herbal approach to the treatment of food intolerance 
or allergy can include the following:
l	 Bitter, aromatic, pungent, choleretic and cholagogue herbs 

to improve upper digestive function
l	 Hepatotrophorestoratives and stimulants of hepatic 

metabolism, such as Silybum and Schisandra, to improve 
hepatic screening and detoxification

l	 Depurative and lymphatic herbs, such as Arctium 
(burdock) and Calendula, to assist detoxification 
mechanisms

l	 Herbs with healing and protective effects on the  
gut wall, such as Filipendula (meadowsweet),  
Calendula, Matricaria (chamomile) and Althaea 
(marshmallow) root. These can help reduce the impact  
of a leaky gut

l	 Immune-enhancing herbs such as Echinacea, which 
enhances phagocytic activity. Andrographis is both bitter 
and immune enhancing

l	 Hydrastis (golden seal) as a restorative to the mucous 
membranes of the gut wall and a potential modifier of gut 
flora. Hydrastis is also bitter

l	 Other treatments to restore normal gut flora. This is 
covered in detail later in this section

l	 Antiallergic herbs such as Albizia and Scutellaria 
baicalensis (Baical skullcap) and anti-inflammatory herbs 
such as Matricaria and turmeric.

Appropriate herbs should be selected from the above treat-
ment approach on the basis of the individual case.

Example liquid formula

Echinacea purpurea/angustifolia root 1:2 30 mL

Andrographis paniculata 1:2 10 mL

Silybum marianum 1:1 20 mL

Matricaria recutita 1:2 20 mL

Filipendula ulmaria 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day before meals.
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Constipation
Constipation is medically defined as a bowel frequency of less 
than three times a week or the need to strain more than 25% 
of the time during defaecation. However, it is probably less 
than optimum for health to defaecate less than once a day. 
Phytotherapists certainly believe that regular bowel move-
ments are necessary for the maintenance of good health. 
Constipation may be associated with diseases such as hypo-
thyroidism and Parkinson’s disease and these should always be 
excluded.

Factors that may cause or contribute to simple constipation 
include:
l	 Inadequate fibre and/or fluid intake
l	 Irritable bowel syndrome
l	 Psychological factors that can produce constipation through 

an inhibitory effect on the autonomic innervation of the 
colon. In some cases this may be related to poor toilet 
training during youth

l	 Drugs, excessive tea intake
l	 Poor liver function (bile is an excellent natural laxative).

Use of the well-known and much maligned anthraquinone-
containing herbal laxatives is widespread. On balance, the evi-
dence is that these herbs are safe and effective when used in 
the short term (see Chapter 2). However, they are best used 
as a last resort since their effect is only symptomatic. Their 
tendency to cause wind and griping can aggravate the pain 
associated with irritable bowel syndrome (IBS) and they are 
not at all suitable for constipation associated with bowel ten-
sion, spasm or irritability (see below). Also, the anthraquinone 
laxatives may become habit forming. This is for a number of 

reasons. One simple reason is that in overdose they empty a 
greater portion of the bowel than normal defaecation does. 
Hence, it is usual not to have a bowel movement the day fol-
lowing their use while this area of the bowel again fills. But 
the patient thinks that he or she is constipated again and will 
repeat the medication, thus perpetuating its use. The way 
around this is to take sufficient dose to cause a motion of nor-
mal consistency. This can vary greatly from person to person. 
This variability is because bowel flora activate the anthraqui-
nones into their laxative form and bowel flora vary greatly 
from person to person.

The herbal treatment of constipation can be approached in 
the following way:
l	 Improve liver function with choleretic and cholagogue 

herbs, such as Chionanthus (fringe tree), Taraxacum 
(dandelion root), Silybum and Cynara

l	 Increase stool bulk through diet and with bulking herbs such 
as Ulmus (slippery elm) and Plantago ovata (ispaghula)

l	 Improve motor function with gastrointestinal spasmolytics 
such as Matricaria (chamomile) and Viburnum opulus 
(cramp bark)

l	 Improve gastrointestinal lubrication. Linseeds are 
particularly suitable because of their oil and mucilage 
content

l	 Judicious use of laxative herbs, beginning with gentle 
agents such as Juglans cinerea (butternut), Rumex (yellow 
dock), Glycyrrhiza (licorice) and Rehmannia. Otherwise a 
minimum quantity of Cassia (senna) or Rhamnus purshiana 
(cascara) can be introduced.

Example liquid formula

Rehmannia glutinosa 1:2 25 mL

Cynara scolymus 1:2 20 mL

Rumex crispus 1:2 20 mL

Taraxacum officinale root 1:2 20 mL

Matricaria recutita 1:2 15 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

Irritable bowel syndrome
Irritable bowel syndrome (IBS) is both a very common con-
dition now attracting new research and a difficult disorder to 
comprehend and treat. One reason for this is that the diag-
nosis is only conclusively arrived at after exclusion of other 
known disorders. There are, however, more positive and 
integrated approaches available for managing this condition 
based on a broader psychosocial model,93 and phytothera-
pists are likely to find these more attractive. Possible aetio-
logic factors include hypersensitivity or motor dysfunction in 
the gut, abnormal response of smooth muscle to CNS sig-
nals, visceral and somatic sensory dysfunction and psychoso-
cial distress.94

CASE HISTORY

A female patient aged 35 had been overseas and developed an 
acute gastrointestinal infection with pain and diarrhoea. The infection 
passed but on returning home she experienced bloating and diar-
rhoea often after eating. Stool culture did not demonstrate the pres-
ence of an infection. Symptoms could be controlled by restricting her 
diet to a very simple one: rice and vegetables.

Treatment consisted of:

Echinacea angustifolia root 1:2 30 mL
Picrorrhiza kurroa 1:2 10 mL
Silybum marianum 1:1 20 mL
Matricaria chamomilla 1:2 20 mL
Filipendula ulmaria 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day before meals.
Hydrastis tablets 500 mg, one tablet with each meal.
After 4 weeks of treatment, symptoms had improved and she 

could often be more adventurous with her diet without causing prob-
lems. However, symptoms still occurred on many days.

During the next 4 weeks her condition continued to improve 
with herbal treatment. After another 4 weeks she could eat normally 
and the herbs were discontinued without adverse effect. Note that 
Andrographis would be a suitable substitute for the Picrorrhiza in the 
above prescription.
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In addition to these ‘traditional’ factors involved in IBS, 
much research over the past decade or so has focussed on the 
pathogenic roles of altered enteric microbiota and inflamma-
tion. In addition to gastrointestinal pathogens, recent evidence 
suggests that patients with IBS have an abnormal composi-
tion and higher temporal instability of their intestinal flora.95 
Because this flora is an important determinant of natural gut 
function and immunity, this instability is probably a contribut-
ing factor in IBS and suggests a role for specific management 
of intestinal dysbiosis in a subset of patients (see below). One 
specific and typical abnormal gut flora finding in IBS is small 
intestinal bacterial overgrowth.96 The fact that gastrointestinal 
infection or infestation, but not viral gastroenteritis, is a trig-
ger of IBS in 10% of patients speaks to the role of disturbed 
microbial ecology in this disorder.97

On the topic of mucosal inflammation, one recent review 
of 16 studies found a relationship between mast cell abnor-
malities and symptom severity and frequency in IBS.98 The 
authors suggested that mast cell stabilisers warrant further 
assessment, suggesting a role for Albizia lebbek and Scutellaria 
baicalensis.

After years of inattention, there is a growing body of evi-
dence that dietary components can contribute to IBS.99 While 
genuine food allergies are probably rare, food intolerances and 
especially malabsorption of particular sugars such as fructose 
(as treated by the so-called low FODMAP diet) do appear to 
be relevant in many patients. In addition, gluten restriction 
and sugar/carbohydrate restriction in general have all shown 
value in individual patients with IBS.99

A more definitive approach towards diagnosis and classi-
fication in IBS can lead to a better understanding and man-
agement. For example, it is unreasonable to assume that IBS 
characterised by diarrhoea would necessarily respond to the 
same treatment as IBS for which constipation predominates, 
yet many clinical trials make no attempt to evaluate therapy 
in terms of initial symptoms.

IBS is in fact the most common but yet least understood 
gastrointestinal disorder. There are three basic types:
l	 Functional diarrhoea with abdominal pain (diarrhoea-

predominant IBS)
l	 Chronic abdominal pain and constipation (spastic colitis, or 

now termed constipation-predominant IBS)
l	 Abdominal pain with disturbed and variable bowel habit, 

typically constipation alternating with diarrhoea.

The dated term ‘mucous colitis’ refers to the excessive 
amount of mucus that can be passed with stools. As noted, 
the exact nature of the herbal treatment should depend on 
the factors identified in the individual case.

The first line of therapy for IBS is an increase in dietary 
fibre intake to improve intestinal transit time (especially for 
constipation-predominant IBS). If this fails, smooth mus-
cle relaxants and/or antispasmodics are conventionally pre-
scribed. A systematic review and meta-analysis to determine 
the efficacy of fibre intake, antispasmodics and peppermint oil 
as treatments for IBS identified 615 studies, but concluded 
that only 35 were eligible for inclusion.100 The beneficial 
effect of fibre compared with placebo or no treatment in 12 
studies (n=591 patients) was limited to ispaghula (Plantago 

ovata) husk; wheat bran was no more effective than pla-
cebo or no treatment. Twelve different antispasmodics were 
evaluated in 22 studies compared with placebo or no treat-
ment (n=1778 patients). Two antispasmodics (otilonium and 
hyoscine – an alkaloid from Hyoscyamus niger (henbane) 
and other Solanaceae plants) were deemed to be most effica-
cious. However, 14% of the patients who took antispasmodics 
reported adverse events, and more conservative strategies are 
worth attempting first.

The herbal remedy most researched for IBS is pepper-
mint oil (see the peppermint monograph). Nine clinical trials 
on peppermint oil and its gastrointestinal effects, including 
a total of 269 patients, have been reviewed.101 Most studies 
of orally administered oil demonstrate a substantial spasmo-
lytic effect on the gut, with slowed motility after prolonged 
use of doses above 0.2 mL. The authors concluded that an 
ideal formulation for the treatment of irritable bowel, and 
prevention of heartburn as a side effect through relaxation 
of the gastric sphincter, would be enteric coated and have a 
peak release at about 4 h after ingestion, with a release time 
of up to 24 h. Of 12 placebo-controlled trials reviewed in a 
subsequent paper,102 eight showed a statistically significant 
positive effect for peppermint oil over the placebo. The con-
clusion that peppermint oil ‘may be the drug of choice in IBS 
patients with non-serious constipation or diarrhoea to allevi-
ate general symptoms and improve quality of life’ is, however, 
undermined by the wide range of placebo responses reported 
in the studies reviewed (between 10% and 52%). In a later 
rigorous study103 results indicated that 4 weeks of treatment 
with peppermint oil capsules was superior to a placebo in 
the treatment of IBS symptoms and its beneficial effect per-
sisted 4 weeks after treatment had ended. This may be due to 
antibacterial actions of peppermint oil on enteric bacteria, or 
extended relaxant effects on smooth muscle tissue. Adverse 
event reports associated with peppermint oil were generally 
mild and transient and included heartburn and anal discom-
fort or burning. (See also the peppermint monograph.)

The need for enteric coating to demonstrate an effect for 
peppermint oil is a caution on the widespread recommenda-
tion for the use of other volatile antispasmodic constituents. 
The aromatic or pungent spices are, however, likely to add 
additional effects. A partially blinded, randomised, two-dose 
study on 207 subjects who had self-reported IBS symptoms 
for at least 3 months provided either 72 mg or 144 mg daily of 
standardised turmeric extract equivalent to 1800 or 3600 mg 
of dried root. The report showed overall benefits for both 
doses, though not clearly differentiated from background 
trends.104 Other spices particularly worth trying are Elettaria 
cardamomum (cardamom) and Foeniculum vulgare (fennel) 
and the subjective sensation of relief when taking remedies in 
this group is often striking.

Another approach is to use remedies with positive ben-
efits on digestion higher up in the system. For example, about 
one-third of patients with functional dyspepsia also have IBS, 
and the symptoms of the two disorders overlap consider-
ably: treatment for one might be applicable to the other. A 
postmarketing surveillance (uncontrolled) German study 
prospectively collected data over 6 weeks on 279 patients 
who reported having at least three of five IBS symptoms 
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(abdominal pain, bloating, flatulence, right-sided abdominal 
cramps and constipation) and who took six capsules daily of 
a standardised extract of Cynara scolymus (artichoke) leaf 
extract equivalent to 320 mg per capsule. Improvement in 
their symptoms followed an average of 10 days of treatment 
(see also further studies in the globe artichoke monograph).105

All the above points to the value of trying some of the 
treatment options below:
l	 Spasmolytic herbs including Matricaria (chamomile), 

Humulus lupulus (hops), Viburnum opulus (cramp bark), 
Mentha piperita (peppermint) and any of the carminative 
spices

l	 Corydalis and Zingiber (ginger) may have a role in some 
patients through a modification of the perception of 
visceral organ pain

l	 Sedative and nervine tonic herbs, particularly Scutellaria 
lateriflora (skullcap) and Valeriana (valerian)

l	 Hepatorestorative and choleretic herbs to improve liver 
function such as Silybum (St Mary’s thistle), Cynara (globe 
artichoke leaf) and Schisandra

l	 Mucilage-containing herbs such as Ulmus (slippery elm), 
especially if there is constipation

l	 Gastrointestinal antiseptics to restore normal bowel  
flora such as Hydrastis (golden seal), propolis and oil of 
oregano. IBS patients may be intolerant of Allium (garlic), 
but if not it can be useful (see also under Intestinal 
dysbiosis below)

l	 The presence of mucus implies irritation, and 
gastrointestinal anti-inflammatories such as Filipendula 
(meadowsweet) and Matricaria (chamomile) are indicated

l	 Constipation should be treated with only gentle herbs 
such as Rumex crispus (yellow dock), Juglans cinerea 
(butternut) and Taraxacum (dandelion root)

l	 Symptoms of IBS are often confused or conflated with 
those of premenstrual and other hormonal upsets in 
women: in this case Vitex agnus-castus (chaste berry)  
and Trigonella foenum-graecum (fenugreek) are worth 
including

l	 An appropriate controlled exclusion diet should always be 
conducted to identify food irritants. These should however 
be done rigorously to avoid unnecessary elimination of 
nutritious food that has only occasional or apparent effect.

Gastrointestinal infections and diarrhoea
The most common causes of acute diarrhoea are infectious 
agents. Acute diarrhoea may also be caused by drugs or tox-
ins. Chronic diarrhoea is also most likely to be caused by 
infectious agents. However, other common causes include 
inflammatory bowel diseases, malabsorption, IBS (idiopathic 
diarrhoea), medications and food additives. In all cases the 
source of the diarrhoea should be ascertained and appropriate 
treatment should then follow.

Acute gastrointestinal diarrhoea with vomiting is generally 
not suited to herbal therapy. This is because the patient will 
invariably vomit back the herbal treatment and may conse-
quently develop an aversion to taking herbs.

Acute infectious diarrhoea in the absence of vomiting can 
be approached in the following way:
l	 Boost immunity with immune-enhancing herbs, particularly 

Echinacea and Andrographis
l	 Control fever with diaphoretic herbs such as Mentha 

piperita (peppermint) and Achillea (yarrow)
l	 If the infection does not involve a virus, Hydrastis (golden 

seal) or Berberis vulgaris (barberry) is indicated because 
of the antimicrobial activity of the berberine each contains 
(see the Berberis monograph). Berberine also inhibits the 
activity of enterotoxins. Other herbs rich in berberine 
could also be used such as Phellodendron and Coptis

l	 Antimicrobial essential oils safe for internal use can also be 
used to control gut infections. These include oils of anise, 
thyme and oregano. Allium (garlic) is also a useful, broad-
spectrum gut antiseptic (raw crushed cloves or as the 
allicin-releasing powder)

l	 If cytotoxins or mucosal invasion are part of the pathogenic 
process, anti-inflammatory herbs such as Matricaria 
(chamomile) and mucilage-containing herbs such as Ulmus 
rubra (slippery elm) are indicated

l	 Tannin-containing herbs, such as Geranium maculatum 
(cranesbill), which act as astringents will also gently 
control diarrhoea without risk of aggravating the infection 
by reducing intestinal motility. They also reduce mucosal 
damage and are particularly indicated if the infection is due 
to a virus

CASE HISTORY

A female patient aged 42 complained of chronic episodes of dis-
comfort and distension in the right lower abdomen. This could be 
quite sharp at times and was associated with a feeling of malaise. 
She was intolerant of fatty foods and had what she described as a 
‘sluggish bowel’, although her motions were always ‘loose’. Past 
medical history revealed that she had lived on the Solomon Islands 
for an extended period during which time she had amoebic dysen-
tery and malaria. A number of recent medical tests, including colo-
noscopy, could not find any abnormalities. She also had a history of 
heart damage of undefined origin. For this reason Crataegus (haw-
thorn) was included in her treatment (the Chinese use Crataegus as 
a digestive herb).

The following treatment was prescribed:

Crataegus spp. leaves 1:2 20 mL
Filipendula ulmaria 1:2 20 mL
Chionanthus virginicus 1:2 15 mL
Silybum marianum 1:1 15 mL
Matricaria chamomilla 1:2 20 mL
Viburnum opulus 1:2 20 mL

TOTAL 110 mL

Dose: 5 mL with water three times daily.
Ulmus (slippery elm), one heaped teaspoon with water three times 

a day, was also recommended. After 4 weeks she reported a stunning 
transformation. In the whole month the patient had only experienced 
one bad day. She was feeling very well, eating better and had more 
energy. The patient will remain on her herbal treatment for some time. 
This was a patient who had spent many years and thousands of dol-
lars on conventional medical treatment and yet had remained unwell.
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l	 Antiprotozoal agents include propolis, Artemisia annua, 
berberine-containing herbs, Euphorbia and essential oil of 
oregano

l	 Normal conservative measures such as adequate fluid and 
electrolyte intake should also be implemented.

Chronic infectious diarrhoea is treated in a similar manner 
to acute infectious diarrhoea. However, particular emphasis 
should also be given to factors involved in host resistance:
l	 Gastrointestinal antiseptics (the essential oils noted above, 

Hydrastis), especially when used (but not concurrently) with 
agents that encourage growth of normal flora, will help to 
restore the protective activity of intestinal flora (see below)

l	 Herbs to improve gastric acidity to prevent reinfection may 
also need emphasis. These include Coleus, Angelica, Zingiber 
(ginger), Capsicum (cayenne) and bitters such as Gentiana.

because they have no muscular wall and, therefore, are less 
subject to flushing by normal mixing movements.

The main aim of herbal treatment in uncomplicated diver-
ticular disease is to reduce stagnation and further degeneration 
of the bowel wall. Aspects of treatment include the following:
l	 Appropriate dietary measures to increase fibre intake 

(but excluding seeds and nuts) and supplementation with 
mucilaginous herbs such as Ulmus (slippery elm). This will 
also help to maintain healthy bowel flora

l	 Gastrointestinal spasmolytics to decrease intracolonic 
pressure, including Viburnum opulus (cramp bark), 
Dioscorea (wild yam) and Matricaria (chamomile)

l	 Herbs to improve connective tissue strength including 
herbs containing flavonoids and oligomeric procyanidins 
(OPCs) such as Vitis (grape seed extract) and Crataegus 
(hawthorn). Polygonum multiflorum is also thought to 
improve connective tissue and is also a gentle laxative

l	 Gentle treatment of any associated constipation (see above).

Painful or symptomatic diverticular disease can also occur in the 
absence of diverticulitis. In medical thinking this is considered to 
be a variant of irritable bowel syndrome. However, it could result 
from a low-grade ‘diverticulosis’. Depending on the assessment of 
the patient, this problem should either be treated as irritable bowel 
syndrome or the treatment approach described below to prevent 
recurrence of acute diverticulitis should otherwise be followed.

Acute diverticulitis usually requires hospitalisation. Herbal 
treatment is more suited to prevention of its recurrence. As 
well as incorporating the aspects of treatment of uncompli-
cated diverticular disease described above, the approach to 
prevention of acute diverticulitis should additionally include:
l	 Immune-enhancing herbs such as Echinacea and 

Andrographis to control pathogenic bacteria
l	 Gastrointestinal antiseptic herbs (see Gastrointestinal 

infections above)
l	 Anti-inflammatory gastrointestinal herbs such as 

Filipendula (meadowsweet) and Matricaria (chamomile).

CASE HISTORY

A female patient aged 35 presented with chronic infection with the 
protozoan Giardia that had persisted for more than 3 months. She 
was prescribed the following treatment (based on 1 week):

Echinacea angustifolia root 1:2 35 mL
Picrorrhiza kurroa 1:2 10 mL
Angelica archangelica 1:2 15 mL
Propolis 1:10 20 mL
Zingiber officinale 1:2 5 mL
Matricaria chamomilla 1:2 15 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
Hydrastis (golden seal) 500 mg tablets at 4/day were also pre-

scribed and regular intake of a Lactobacillus culture at separate times 
was recommended.

After 4 weeks symptoms were about the same. There was even a 
1-week period when the patient felt that the herbs were aggravating 
her condition. After another 4 weeks there was considerable improve-
ment and the condition was resolved by a further 8 weeks’ treatment. 
Note that Picrorrhiza in the formula doubled as a bitter to increase 
gastric acid and as an immune-enhancing agent and could be substi-
tuted with Andrographis, which has similar properties.

Diverticular disease
Diverticulosis describes the presence of diverticula or pock-
ets in the wall of the large bowel. Acute diverticulitis is the 
clinical syndrome that occurs when a diverticulum becomes 
inflamed and perforates, which is relatively uncommon.

Lack of dietary fibre is probably the main cause of divertic-
ulosis, but other factors that lead to constipation and colonic 
hypermobility may be involved. (Colonic hypermobility 
results in excessive mixing activity, which exacerbates consti-
pation and causes areas of raised intraluminal pressure.)

Excessive pressure in the colon associated with age-related 
weakness and stiffness of the colon wall are probably all 
involved. If faecal volume is habitually small, pressure may 
rise to excessive levels during segmenting (mixing) move-
ments. This can result in ‘blow outs’, which are herniations of 
the mucosa at naturally weak places in the wall where arter-
ies pass inwards. With age, these can develop into divertic-
ula. Diverticula are potential areas of stagnation in the bowel 

CASE HISTORY

A male patient aged 72 suffered an attack of acute diverticulitis and 
was concerned to prevent another episode.

Treatment consisted of the following prescription (based on 1 week):

Echinacea angustifolia root 1:2 25 mL
Hydrastis canadensis 1:3 20 mL
Viburnum opulus 1:2 20 mL
Matricaria recutita 1:2 20 mL
Propolis 1:10 15 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
Ulmus (slippery elm) powder, one heaped teaspoon with water 

before each meal, was also prescribed.
The patient was also advised to have more fibre in his diet, par-

ticularly more fruit. Fresh crushed garlic, one to two cloves a day, was 
also recommended for 3 days of every week. After 6 months the herbal 
treatment was discontinued but the fresh garlic (for 1 to 2 days/week), 
slippery elm and dietary changes were still observed. Several years later, 
the patient had not experienced any recurrence of acute diverticulitis.
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Intestinal dysbiosis
As well as the obvious involvement of pathogenic gut micro-
organisms in acute and chronic gut infections, they are prob-
ably contributing factors in the chronicity of disturbances of 
immune or gut function such as food sensitivity, IBS, asthma, 
dermatitis, psoriasis and autoimmune diseases such as rheu-
matoid arthritis, inflammatory bowel disease and ankylosing 
spondylitis.

The involvement of gut flora in autoimmune disease is 
exemplified by published studies suggesting the involvement 
of pathogenic organisms in several autoimmune diseases.  
Dr Alan Ebringer of King's College Hospital, London, decided 
to test this association clinically. Patients with ankylosing 
spondylitis were placed on a low starch diet, because it was 
postulated that this would reduce the number of Klebsiella 
organisms in the gut.106 Most patients on this programme had 
their disease process halted, but the diet must be adhered to 
for at least 6 months.

In addition, many people who are chronically unwell but 
with no specific diagnosis may be suffering from a microbial 
dysbiosis, which is not sufficiently marked to be classified as 
an infection. This is well illustrated by the postulated involve-
ment of Candida albicans in many such syndromes.

The gastric acid barrier is an important factor in maintain-
ing healthy gut microflora, and other digestive secretions such 
as bile and pancreatic enzymes also play a role. Immune func-
tion, especially secretory IgA, diet and bowel motility can also 
influence the location and levels of particular microflora.

The assumption made after episodes of gut infection is that 
recovery is complete. However, several pathogenic microor-
ganisms can take up residence in the gut at low levels follow-
ing infection. The implication of this can be chronic disease. 
The role of antibiotics, especially their chronic use, in contrib-
uting to gut flora dysbiosis is widely recognised.

The suggested programme below has been adapted from 
the approach developed by the late Hein Zeylstra (to whom 
this book is dedicated), for the management of inflamma-
tory bowel disease. It can work well in conjunction with a low 
starch diet, as per Ebringer above.

Herbal treatment for gut flora dysbiosis is compatible with 
the use of probiotics and prebiotics. In fact the protocol below 
relies on the use of a herbal ‘prebiotic’. If probiotics are addi-
tionally prescribed (either via supplements or diet), then they 
should not be taken at the same time as antimicrobial herbs:
l	 The herbal approach is based on the ‘weed’ and ‘feed’ 

hypothesis. In other words, the aim is to manipulate 
existing microflora to provide a healthier balance and in 
particular create a predominance of organisms (such as 
Lactobacilli and Bifidobacteria) that do not imbalance 
the immune system. By manipulating existing resident 
microflora, the changes in gut flora are more likely to be 
permanent

l	 The ‘weed-killer’ consists of using broad-spectrum 
antimicrobial herbs that have activity against bacteria, 
fungi and protozoa. By using such agents, levels of most 
microflora are depressed and there is less likelihood of 
exacerbating the gut flora imbalance. The ‘fertiliser’ then 
consists of agents such as marshmallow root glycetract,  

aloe vera concentrate or slippery elm powder that 
selectively encourage healthy microflora, along the same 
principles as the use of prebiotics

l	 This process is repeated over weekly cycles. For 2 to 3 
days only of each week (preferably the weekend) the 
antimicrobial herbs are taken throughout the day. Then 
the ‘fertiliser’ herbs are used for the rest of the week. The 
cycle is then repeated for at least 6 weeks, although much 
longer may be required, especially in the case of chronic 
diseases such as autoimmune disease

l	 Key broad-spectrum antimicrobial herbs are garlic, 
berberine-containing herbs (such as Hydrastis or 
Phellodendron), essential oils (e.g. oregano) and mild 
tannin-containing herbs (especially green tea and grape  
seed extracts). The advantage of tannins is that they are 
poorly absorbed in the gastrointestinal tract and are carried 
to the large bowel. Through their capacity to bind proteins, 
they can inhibit the growth of all microorganisms, but 
appear to be specifically selective on pathogenic organisms 
(see below).

For maximum impact:
l	 The antimicrobial herbs need to be taken in reasonably 

high doses on the 2 to 3 ‘weeding’ days
l	 However, the green tea and grape seed extracts are  

best taken only during the ‘feeding’ days as they  
will have minimal impact on healthy flora, but will 
provide a dampening effect on the regrowth of pathogenic 
bacteria.

Grape seed oligomeric and polymeric procyanidins dem-
onstrated a beneficial effect on caecal fermentation in rats. 
Caecal pH decreased, and fermentative activity was stimu-
lated without an increase of deleterious enzymatic activity.107 
A small clinical study in Japan demonstrated that a green 
tea preparation was able to positively affect intestinal dys-
biosis in nursing home patients by raising levels of lactoba-
cilli and bifidobacteria, lowering levels of Enterobacteriaceae, 
Bacteroidaceae and Eubacteria, and decreasing odorous com-
pounds. Levels of pathogenic bacterial metabolites were also 
decreased.108,109 A further study found that supplementation 
with tea catechins produced favourable improvements in the 
participant's bowel condition, as evidenced by a reduction  
in faecal moisture, pH, ammonia, sulphide and oxidation-
reduction potential. In both trials the dose was 300 mg/day 
of tea catechins, which is equivalent to about six cups of 
green tea.110

In summary, on Saturday and Sunday (and perhaps 
Monday) the patient is advised to take antimicrobial herbs in 
high doses spread throughout the day. These would include 
Allium (garlic), oil of oregano and a source of berberine such 
as Phellodendron. During the rest of the week Ulmus (slip-
pery elm), green tea and grape seed extract are advised. The 
cycle is then repeated for at least 6 weeks.

Inflammatory bowel disease
The principles of treating chronic inflammatory conditions 
have been rehearsed in the Inflammatory and autoimmune 
diseases section in Chapter 8. Inflammatory bowel diseases 
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(IBDs), like Crohn’s disease and ulcerative colitis, however, 
present local digestive challenges that also deserve separate 
discussion.

Clearly the main focus in a systematic approach to the 
digestive role in IBD is to consider diet as a factor. The poten-
tial link between Crohn’s and wheat consumption has been 
referred to in Chapter 8 and these and other possibilities are 
worth rigorously exploring. A low sulphur diet for ulcerative 
colitis111 and a dairy- and yeast-free diet for Crohn’s disease 
are also worth trialling.

There is a potential role for topical herbal treatments. Aloe 
vera gel is widely promoted for the treatment of such diges-
tive disorders. In a randomised, placebo-controlled, blinded 
study 100 mL of Aloe barbadensis (Aloe vera) gel twice daily 
was shown to have modest benefits in the treatment of mild 
to moderate ulcerative colitis, though only on subjective 
symptoms.112

IBDs are marked by increased production of pro-inflamma-
tory cytokines such as tumour necrosis factor (TNF)-alpha, 
interleukin-1 (IL-1) and IL-6. There is the theoretical pos-
sibility that reduction in these markers may be obtained by 
remedies acting primarily on the digestive system. In a ran-
domised, open label, multi-centre trial, 20 patients with 
active Crohn’s receiving standard treatment excluding TNF-
alpha inhibitors ingested 250 mg standardised capsules con-
taining wormwood (Artemisia absinthium, absinthin at 0.32% 
to 0.38%) with Elettaria cardamomum (cardamom) seeds 
and Pistacia lentiscus (mastic), three times a day. These herbs 
might all be chosen as treatments for inflammation of the 
bowel. Blood samples were tested at 3 and 6 weeks to deter-
mine TNF-alpha levels compared with baseline and these 
were significantly lowered in the treatment group compared 
with placebo.113

The important prospect of treating IBD with Boswellia has 
been commented on in the Boswellia monograph.

It is known that bile can be a co-factor in IBD, particularly 
following secondary metabolism by bowel flora. Traditional 
phytotherapeutic approaches have included remedies that are 
known to have choleretic or hepatic effects and these can be 
seen as plausible strategies. Disturbed bowel flora may have 
additional harmful effects and steps to reduce dysbiosis are 
often justified.

Taking these approaches into account, with the obvi-
ous caution of viewing IBD as a systemic disorder as much 
as a local one, the following measures might be consid-
ered. Reference should be made also to the section above 
on Intestinal dysbiosis for other important therapeutic 
considerations:
l	 Immune modulating herbs such as Echinacea root are 

useful and appear to be able to regulate the inflammation 
(see the Echinacea monograph for a discussion of its role in 
autoimmune disease)

l	 Anti-inflammatory herbs especially Boswellia in solid 
extract form, as well as Calendula officinalis (marigold) 
and Curcuma longa (turmeric) can be helpful (see the 
Boswellia and turmeric monographs for relevant clinical 
data)

l	 As with diverticular disease, increased ‘soft’ fibre  
intake and mucilaginous plants and materials, such as  
aloe gel is likely to be helpful. Mucilaginous gums and 
prebiotic constituents will also help to maintain healthy 
bowel flora and counteract negative effects of bile 
irritation. Those with additional inflammatory-modulating 
effects such as Linum usitassimum (flaxseed) or  
Trigonella foenum-graecum (fenugreek) may be  
particularly helpful

l	 Choleretic and hepatic remedies such as Cynara scolymus 
(globe artichoke), Silybum marianum (St Mary’s thistle), 
Hydrastis canadensis (golden seal) and Berberis vulgaris 
(barberry) are often useful in reducing deleterious effects 
of the ‘wrong sort of bile’.

CASE HISTORY

A 39-year-old woman had suffered from Crohn’s disease for 24 
years. Lately (the last 2.5 years) it had been out of control. She had 
a stricture 5 cm from the rectum which made it difficult to control 
her bowel motions. Her main symptoms were almost continuous 
diarrhoea. Other symptoms included mouth ulcers, occasional high 
temperatures and chronically blocked sinuses. Conventional medi-
cations were mesalazine 1500 mg/day, oral prednisone (tapering off) 
and prednisone enemas daily. The following herbal treatments were 
instituted:

l	 The intestinal dysbiosis protocol above for 6 weeks and  
then Hydrastis (golden seal) 1500 mg/day and Ulmus  
(slippery elm) powder on a regular basis (she could not  
tolerate garlic)

l	 Tablets containing Echinacea angustifolia root (600 mg) and 
Echinacea purpurea root (675 mg) (3 per day)

l	 Tablets containing Boswellia (1200 mg), turmeric (2000 mg), celery 
(1000 mg) and ginger (300 mg) (4 per day)

l	 A dairy- and yeast-free diet.

After 5 month’s treatment there was great symptomatic improve-
ment and the patient commented: ‘I no longer view travelling in 
terms of toilet stops’. She had one relatively normal bowel motion 
per day, no mouth ulcers and her high temperatures were gone. After 
12 months there was no need for the prednisone enemas. After 36 
months the patient was completely asymptomatic and on minimal 
conventional medication. Her lifestyle was transformed!

Haemorrhoids
A haemorrhoid or a pile is a dilation of the internal haem-
orrhoidal plexus. Internal haemorrhoids are more signifi-
cant and are covered with mucous membrane. An external 
pile is really a rupture of a small vein in the perianal region.  
The exact cause is not known, but is probably associated 
with a mild partial mucosal prolapse during straining at 
defaecation.

Haemorrhoids are aggravated by pelvic congestion (con-
stipation and pregnancy) and prostatic enlargement. Some 
degree of loss of elasticity of the anal sphincter may play a 
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role. Lifting heavy weights may aggravate the condition. 
Treatment could include the following:
l	 Increase dietary fibre, both soluble and insoluble
l	 Mucilage-containing herbs such as Ulmus (slippery elm) 

and psyllium to keep the stool soft
l	 Any associated constipation should be treated (see above)
l	 Oral treatment using herbs to improve venous and 

connective tissue tone. These include Aesculus 
(horsechestnut), Ruscus (butcher’s broom) and Polygonum 
multiflorum. Flavonoid-containing herbs, such as Crataegus, 
also have this property. Melilotus (sweet clover) helps to 
relieve tissue congestion

l	 Topical treatment with healing and astringent herbs such 
as Hamamelis (witchhazel), Symphytum (comfrey) and 
Calendula. Aesculus also works well topically, especially in 
gel formulations, but should not be applied if the piles are 
bleeding (see monograph)

l	 If liver congestion exists, which will exacerbate pelvic 
congestion, treatment with choleretic and hepatoprotective 
herbs should be applied.
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Biliary system

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 cholecystitis (biliary infection)
l	 minor or early cholelithiasis (biliary stones)
l	 conjugated hyperbilirubinaemia.

Management of:
l	 established cholelithiasis
l	 chronic and moderate hepatobiliary diseases.

Because of the use of secondary plant products, particular 
caution is necessary in applying phytotherapy to:
l	 biliary carcinoma
l	 blocked bile duct
l	 acute and severe hepatobiliary diseases.

Background

Bile acids/salts and mechanisms of biliary flow
Whereas cholesterol accounts for more than 90% to 95% 
of the sterols in bile, bile acids and their salts are the most 
important solutes; they are essential in the management of 
cholesterol levels and themselves help determine the extent 
of bile flow. Bile acids are synthesised from cholesterol by the 
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liver. There are three groups. Primary bile acids, in humans 
mainly cholic and chenodeoxycholic acids and their salts, are 
produced directly. Secondary bile salts are created by the 
action of intestinal bacteria on primary bile salts with deoxy-
cholate and lithocholate being formed from cholate and che-
nodeoxycholate, respectively. Tertiary bile salts are the result 
of modification of secondary bile salts by intestinal flora or 
hepatocytes; in humans these include the sulphate ester of 
lithocholate and ursodeoxycholate and the 7-beta-epimer of 
chenodeoxycholate.1

Bile flow rates and composition are subject to a wide vari-
ety of neural, endocrine and paracrine influences. One of the 
main stimulants of bile flow are bile acids themselves, either 
in their primary form or reabsorbed as secondary or tertiary 
forms in the enterohepatic circulation (see below). The chol-
agogue effects of bile acids have led to their prescription in 
hepatobiliary disorders. One derivative, ursodeoxycholic acid, 
has been shown in controlled clinical studies to be a use-
ful agent in the management of patients with primary biliary 
cirrhosis, autoimmune chronic active hepatitis2 and cystic 
fibrosis.3

Cholestasis
Infective conditions may lead to cholestasis or reduced bile 
flow with symptoms including jaundice, pruritus and stea-
torrhoea. Chronic alcoholics may have hypotonic gallbladder, 
with increased speed of bile secretion and low biliary levels 
of cholic acid, cholesterol and bilirubin. Patterns of bile stag-
nation can occur with increasing severity of alcoholism, espe-
cially when associated with cirrhosis.4 This effect has been 
attributed to the effects of lipopolysaccharide endotoxins.5

The role of inflammatory bowel disease in inducing choles-
tasis is also well established.6 In one study serum cholestanol/
cholesterol proportions were determined in 79 patients 
with inflammatory bowel (colonic and ileal) diseases, such 
as ulcerative colitis and Crohn’s disease, and 23 with irrita-
ble bowel syndrome as controls. The findings suggested that 
the increased cholestanol proportion in colonic inflamma-
tory bowel diseases is determined mainly by impaired biliary 
elimination of this sterol, while in ileal disease the dominat-
ing change in sterol balance is activated cholesterol synthe-
sis. Increased serum cholestanol is a novel finding in colonic 
inflammatory bowel diseases, apparently indicating the pres-
ence of subclinical cholestasis in a marked number (20% to 
50%) of inflammatory bowel disease patients.7

Therapeutic stimulation of bile flow could thus be justified 
in the management and treatment of any of the above circum-
stances (see below).

It appears that a substantial amount of urate is also 
eliminated by the biliary route in humans. Gout and other 
urate-associated conditions linked to decreased renal urate 
excretion may therefore benefit from measures that increase 
biliary urate excretion.8

Toxicity of bile acids
Because it is known that high concentrations of bile acids are 
cytotoxic, it has been speculated that their raised presence 
in serum and tissues in hepatobiliary diseases contributes to 

the pathological progression of these disorders. Bile acids are 
a causative factor in chronic gastritis.9 Evidence is that oral 
administration of ursodeoxycholate, being a relatively non-
toxic bile acid, can replace more hydrophobic hepatotoxic bile 
acids in the circulating pool and, by doing so, ameliorate the 
harmful effects of the latter.10

Enterohepatic circulation
An important aspect of bile acid function and toxicity is the 
constant reabsorption from the intestine into the portal circula-
tion and back to the liver and biliary system – the enterohepatic 
circulation. Both primary and secondary bile acids are involved 
in this recycling. In modern medicine a high degree of recycling 
is assumed. Only 1% of bile acids are lost in the faeces and it 
was calculated that bile acids are recirculated about 12 times 
per day.11 However, it is likely that humans living a more primi-
tive lifestyle with much higher levels of fibre intake had lower 
reabsorption rates. The implications of enterohepatic circula-
tion are best understood with reference to the kinetics of drugs 
such as the morphine alkaloids and digoxin, which are largely 
eliminated from the body through the bile. Increased reten-
tion of bile in the enterohepatic circulation is known to increase 
the half-life of these and other drugs in the body. It is likely, 
therefore, that the level of bile products (with the formation of 
tertiary bile acids) and other potentially toxic metabolites may 
increase, unless the enterohepatic circulation is as low as pos-
sible. In practice, this is most likely to follow a relatively fast 
intestinal transit time, associated with a high-fibre diet.

Bile and cholesterol
Although they are generally cholagogic, the presence of bile 
acids in the enterohepatic cycle acts to decrease the hepatic 
production of cholesterol, presumably through a process of 
negative feedback, and this is likely to control excessive cho-
lesterol secretion in gallstone conditions. As with other hepatic 
conditions, replacement therapy with bile acids such as cheno-
deoxycholic and ursodeoxycholic acids is promoted as a treat-
ment, leading even to dissolution of existing gallstones.12

Of wider significance is the finding that reduction in the 
absorption of bile acids from the gut, associated with, for 
example, diarrhoea, leads to an increase in cholesterol synthe-
sis and cholesterol esterification rate by the liver.13,14

Biliary cholesterol excretion is directly linked to two major 
pathological issues, namely atherosclerotic cardiovascular dis-
ease (ACVD) and cholesterol gallstones. In ACVD biliary 
cholesterol secretion is the final step in the reverse cholesterol 
transport (RCT) pathway, the transport of peripheral cho-
lesterol back to the liver for excretion.15 For RCT, enhanced 
biliary secretion of cholesterol is desirable, although this can 
lead to biliary cholesterol supersaturation and gallstones. The 
most relevant source of cholesterol secreted into bile is cho-
lesterol derived from plasma lipoproteins, with HDL (high 
density lipoprotein) the preferential contributor.15 However, 
definitive studies exploring the underlying metabolic path-
ways are still lacking, although ABC (ATP binding cassette) 
transporters are known to be involved: specifically ABCB11 
for bile acid transport into bile, ABCB4 for phospholipids and 
ABCG5/G8 for cholesterol.15
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Effects of bile acids in the intestinal tract
Both primary and secondary bile acids have secretagogue effects 
on the intestinal mucosa, changing net fluid transport across 
the villi from absorption to secretion.16 There is also an atro-
pine-inhibited (i.e. cholinergic) stimulation of intestinal con-
tractions17 and an increased mucosal vasodilation (blood flow 
increasing by around 50%), which is not inhibited by atropine.18 
Secondary bile acids in particular are thought to increase per-
meability at the zonulae occludentes that binds endothelial cells 
together at their luminal borders, so that normal subepithelial 
hydrostatic pressure is raised sufficiently to reverse net sodium, 
chloride and water absorption to net secretion.19

Bile has sometimes been referred to as the body’s own 
laxative or ‘endolaxative’.20 Indeed, it is established that bile 
acids (especially secondary bile acids – see below) can be 
responsible for bowel looseness and their effects should be 
borne in mind in cases of unexplained chronic diarrhoea.21,22

Bile has a wider range of actions on the intestinal mucosa. 
Where there is clear reduction in bile levels, there is a reduc-
tion in thickness of the mucus blanket, reduced numbers of 
mucus-associated enterocytes (suggesting a reduced endothe-
lial turnover rate) and lymphocytes and increased populations 
of bacterial organisms. The implication is that normal bile 
function is a vital part of the body’s gut-related defences.23 
It has also been demonstrated that bacterial endotoxin 
absorption is increased in the absence of bile salts from the 
intestine.24

Bacterial action on bile acids—consequences 
and implications
The generally positive functions of primary bile acids become 
rather more mixed in their effects once bacterial deconjuga-
tion and dehydroxylation occur. Secondary bile acids are pro-
duced at a very early age – the process is clearly under way 
even in month-old infants25 – and are an entirely normal range 
of metabolites. It is clear that most bacterial deconjugation 
occurs in the colon26 but in various less ideal circumstances 
invasive bacterial populations can lead to secondary bile prod-
uct formation in the small intestine.

Secondary bile acids have a decidedly irritating effect on 
the intestinal wall. Exposure of the intestinal wall to decon-
jugated bile acids stimulates local inflammatory mechanisms, 
accompanied by the release of prostaglandin E2 and leuko
triene C4. Such effects are particularly pronounced if there is 
already latent or active inflammatory disease of the intestinal 
wall, particularly in small intestinal Crohn’s disease.27 The 
irritant effect of secondary bile products is especially appar-
ent if their quantities are increased due to stasis in the small 
intestine. Among a number of ultrastructural alterations to 
the intestinal mucosa, they increase the numbers of lysosomal 
vascular structures, fused microvilli and dilated endoplasmic 
reticulum, which among other implications leads to a reduced 
absorption of solutes including glucose and other carbohy-
drates28,29 and, significantly, fluid absorption:30 diarrhoea is 
thus possible. Secondary bile metabolites substantially increase 
the absorption rates of urea and oxalates from the gut.31

There are more insidious potential effects too. Secondary bile 
acids and their metabolites increase colonic cell proliferation.32 

The carcinogenic effect is clearly linked to changes in the nature 
of bacterial populations in the gut, rather than to the nature of 
the bile acids or indeed other starting materials in the gut.33 
However, there is also little doubt that decreased reabsorption 
of bile acids (for example, as seen with increasing old age) does 
increase the likelihood that carcinogenic and other pathogenic 
bile metabolites will be produced.34

Dietary factors are known to affect the balance between 
intestinal flora and bile metabolism. For example, consumption 
of sugars was shown in nine volunteers on a crossover basis to 
significantly prolong transit time through the colon and sig-
nificantly raise the faecal levels of both primary and second-
ary bile metabolites.35 On the other hand, the consumption of 
16 g of wheat bran a day on a double blind, 6-month crossover 
basis by ulcerative colitis sufferers in remission was shown to 
decrease the faecal concentration of bile acids by almost half. 
No such effect was observed with psyllium seed.36

There are some potential benefits in bacterial action on bile 
acids. Anaerobic bacteria, for example, can produce volatile 
fatty acids known to non-specifically inhibit pathogenic bacte-
rial populations.37

Bile acids in diseases
Disturbed and pathological states can change the dynamics 
of bile and other intestinal relationships. In malnutrition, for 
example, morphological changes in the intestinal wall lead 
to increased sensitivity to the effects of secondary bile acids, 
poor absorption of fats and other nutrients, all of which is 
compounded by changes in intestinal flora.38

The impact of inflammatory intestinal diseases like Crohn’s 
is even more pronounced. The damage induced by the dis-
ease on the intestinal wall leads to reduced bile acid reabsorp-
tion and compensatory increased cholesterol synthesis by the 
liver,39 a reaction that probably explains the high level of bil-
iary disease such as gallstones in sufferers from Crohn’s.40,41 
The link between inflammatory bowel disease and cholestasis 
has already been mentioned, and Crohn’s disease in particu-
lar is linked with disturbed bile metabolism and gallstones.42 
Similar negative impact on enterohepatic circulation follows 
small intestinal resection, which has been shown to lead to 
increased synthesis of both bile acids and cholesterol.43

The association between biliary and intestinal functions is 
further highlighted in the condition primary sclerosing chol-
angitis, a disease characterised by inflammation and oblitera-
tive fibrosis of bile ducts. In 70% of cases it is associated with 
ulcerative colitis. In about two-thirds, there are circulating 
IgG antibodies to a peptide shared by epithelial cell walls in 
both bile ducts and colon. Another suggested cause is portal 
bacteraemia secondary to a diseased bowel wall. The addition 
of bile acids to the gut has been proposed as a treatment.44–46

Phytotherapeutics

Plant constituents, cholesterol and bile function
A useful insight has been made in studies of the metabolism of 
plant sterols. Plant sterols are structurally similar to cholesterol 
but, because of poor intestinal absorption, are ordinarily not pre-
sent in the liver. However, there does appear to be competition 
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in the movement of plant sterols and cholesterol. For example, 
high plant sterol consumption appears to lower blood cholesterol 
levels,47 especially in the short term,48 and the proportions of 
plant sterols are significantly lower in cholesterol-rich gallstones 
than in bile (and stones with low cholesterol content are propor-
tionately richer in plant sterols).49 One sterol studied, sitostanol, 
parallels the secretion from and distribution of cholesterol in the 
liver (for example, both requiring bile salts for secretion in bile) 
so that it can be used as a physiologic analogue of unesterified 
cholesterol to trace the transport of sterols through the liver.50 
Such studies, for example, indicate that HDLs are necessary 
along with bile acids for cholesterol elimination in bile.51 The use 
of plant sterols (in this case campesterol and sitosterol) as mark-
ers of cholesterol absorption and biliary secretion was also seen 
in a study referred to above, showing subclinical cholestasis as a 
feature of inflammatory bowel disease.52

When serum concentrations and metabolism of cholesterol 
were studied in human vegetarians, cholesterol absorption 
was found to be normal and synthesis was slightly enhanced, 
though without increase in serum cholesterol precursors. 
The serum concentrations of total and low-density lipopro-
tein (LDL)–cholesterol were decreased but, in addition to 
the obvious lower intake of cholesterol itself, it appeared that 
the higher intake of plant sterols interfered with cholesterol 
absorption and thus increased endogenous cholesterol synthe-
sis. Thus, cholesterol saturation and bile acid composition of 
the bile were not changed. Biliary excretion of plant sterols 
was apparently relatively inefficient.53

Interactions between cholesterol transport and plant con-
stituents extend to another major group. Saponins have been 
implicated in interference with the absorption of cholesterol, 
bile acids and fats, leading to reduced animal growth, but also 
have shown potential in the reduction of blood cholesterol 
levels.54 There is evidence of interference with the absorp-
tion of vitamins A and E.55 Their cholesterol-lowering effect 
may also be linked to their binding of bile salts and increasing 
their faecal excretion, thus increasing bile salt synthesis from 
endogenous cholesterol.56 Further studies to investigate the 
effects of saponins on bile, cholesterol and lipid metabolism 
are clearly warranted (see also Chapter 2). One steroidal sapo-
genin that has been studied, diosgenin, is, like the sterols, also 
similar enough in structure to cholesterol to interfere with its 
esterification in the liver.57 This may contribute to the marked 
increase observed in biliary cholesterol relative to phospholip-
ids when it was fed for 7 days to rats (see Chapter 2).58

Choleretics and cholagogues
There is a traditional differentiation made between chola-
gogues and choleretics. The former are agents that stimulate 
the release of bile that has already been formed in the biliary 
system. Bile acids are the main endogenous cholagogues and 
fatty foods the most obvious exogenous factors.

Choleretics stimulate bile production by hepatocytes 
and some have effective cholagogue properties as well. 
Cholecystokinin, secretin and some of the other humoral 
agents are involved endogenously. Bitters and some of the 
botanical agents referred to below are likely to have choleretic 
activity (see Chapter 2).

There is very little interest in choleretic and cholagogue 
treatments in conventional medicine, at least in the English-
speaking world. Among agents incidentally discovered, NSAIDs, 
especially aspirin (in one study at a level of 100 mg/kg), cause 
choleresis in animals.59 Magnesium sulphate (Epsom salts), 
sometimes used for constipation, has at doses of 500 mg been 
shown to exert a direct effect on the motor activity of the gall-
bladder in dogs.60

Research on herbal choleretics and cholagogues has largely 
come from Germany and Eastern Europe. It is not comprehen-
sive and most practice in this area is informed by traditional 
reputation. Given the difficulty in knowing what actually hap-
pens in the liver and the potential risks of counterproductive 
treatments (see below), this is not an ideal situation.

Among the work that has been done, it has been shown 
that the ethanolic extract of Chelidonium majus (greater cel-
andine) in isolated liver culture significantly caused choloresis 
by increasing bile acid-independent flow,61 and there is indica-
tion of activity in this area in clinical trials (see monograph). A 
survey of the literature shows that Cynara scolymus (artichoke) 
possesses choleretic, diuretic and hypocholesterolaemic proper-
ties (see monograph). The main active components of this plant 
are mono- and dicaffeoylquinic acids, flavonoids and sesquit-
erpenes. The most suitable raw material is fresh leaves in the 
plant’s first year of growth.62 Recent focus has been on the con-
tribution of the claimed choleretic activity to cholesterol reduc-
tion. A Cochrane review63 of three good-quality double blind 
studies points to a modest effect on total and LDL-cholesterol 
levels, although not at sufficient levels to recommend to pre-
scribers. In one of the more significant placebo-controlled 
studies, involving 75 people in the UK, total cholesterol was 
reduced by 42% in the group receiving 1280 mg of standardised 
artichoke leaf extract per day for 12 weeks, whereas the lev-
els in the placebo group actually rose.64 The choleretic activity 
of globe artichoke leaf has also been confirmed in clinical stud-
ies (see monograph). Phenolic acids in Mentha longifolia were 
found to possess significant in vivo choleretic and CNS stimu-
lating effects65 and peppermint leaf is traditionally regarded as 
a cholagogue. Turmeric (Curcuma longa) is also a clinically rel-
evant cholagogue and choleretic herb (see monograph).

Plant remedies traditionally used as choleretics 
and cholagogues
l	 Berberis vulgaris (barberry), Berberis aquifolium (Oregon 

grape), Chelidonium (greater celandine), Chelone 
(balmony), Chionanthus (fringe-tree), Euonymus 
atropurpureus (wahoo), Taraxacum (dandelion), 
Veronicastrum (black root), Peumus (boldo), Curcuma 
longa (turmeric) and Cynara (globe artichoke).

Indications for choleretics and cholagogues
l	 Non-impacted gallstones
l	 Moderate cholecystitis (gallbladder infection), in 

conjunction with immune system support
l	 Conjugated hyperbilirubinaemia (jaundice due to  

decreased excretion of conjugated bilirubin through the 
bile duct).
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Other traditional indications for choleretics and 
cholagogues
l	 ‘Bilious’ conditions associated with heaviness in the 

epigastrium, nausea, intolerance of alcohol and fats, 
headaches

l	 ‘Toxic’ conditions associated with intestinal congestion, 
especially in skin and autoimmune diseases

l	 Chronic constipation due to sluggish digestion.

Contraindications for choleretics and cholagogues
The effects of choleretic and cholagogue agents may be dif-
ferent in the diseased liver than the response produced in the 
normal liver. For example, experimental evidence suggests 
that the use of choleretic agents where hepatobiliary damage 
(e.g. cholangitis) is caused by obstructive jaundice might fur-
ther depress hepatic functions.66

The use of choleretics and cholagogues is either contraindi-
cated or at least inappropriate in the following:
l	 Obstructed bile ducts (due to impacted gallstones, 

cholangitis or cancer of the bile duct or pancreas)
l	 Unconjugated hyperbilirubinaemia (jaundice following 

haemolytic diseases, hereditary disease such as Gilbert’s 
and Crigler-Najjar syndromes)

l	 Acute or severe hepatocellular disease (for example, 
following viral hepatitis, cirrhosis, adverse reactions to drugs, 
such as anaesthetics, steroids, oestrogen, chlorpromazine)

l	 Septic cholecystitis (where there is a risk of peritonitis)
l	 Intestinal spasm or ileus
l	 Hepatic cancer (although hepatoprotective herbs that also 

have some choleretic activity, such as Silybum marianum, 
can be appropriate, especially for secondary tumours on 
the liver).

Traditional therapeutic insights into the use  
of choleretics and cholagogues
Stimulating bile flow has been seen as one of the main elimi-
native strategies in traditional medicine, reflecting the impor-
tance attached by even the most primitive cultures to the role 
of the liver (the name of the organ was often as evocative as it 
is in English).

However, bile stimulation was often accompanied by vigor-
ous approaches to eliminating it from the gut as well; the almost 
universal reliance in folk medicine on emetics and purgatives 
as first-resort approaches to the treatment of acute disease 
almost certainly had the effect, intended or otherwise (and in 
the case of emetics it was often intended), of radically remov-
ing bile from the body. It is now easy in modern medicine to 
dismiss the use of such drastic procedures as useless or danger-
ous but, unlike the use of bleeding, which was often likely to be 
counterproductive, emesis and catharsis were almost prehuman 
measures and established themselves over millennia in the most 
demanding court of efficacy, the survival from acute disease.

Given what is now known of the retentive qualities of 
the enterohepatic cycle, the certainty that modern diets and 
lifestyle have significantly lengthened intestinal transit time 

compared to that of early humans, thus extending enterohe-
patic recycling further, it is likely that many modern practi-
tioners might look with some envy at their forebears’ ability to 
get rid of this pool of potentially or actually toxic metabolites. 
However, emesis and catharsis were seen as an option for the 
most robust constitutions and, apart from the obvious inappro-
priateness, they are contraindicated in the more chronic and 
low-vitality conditions most often seen in the modern clinic.

Modern techniques to eliminate the bile pool generally 
involve dietary and other measures to decrease intestinal tran-
sit time combined with the use of choleretics and cholagogues. 
Some of the latter actually have laxative effects in any case, 
either because they contain the appropriate constituents or, 
more often, because the release of more bile is in itself laxative.

Application
Choleretics and cholagogues are best taken before meals, 
preferably about 30 minutes, but immediately before will suf-
fice. As many rely at least in part on the effect of bitter con-
stituents, they are best taken in fluid form.

Advanced phytotherapeutics
Choleretics and cholagogues may also be usefully applied in 
some cases (depending on other factors) of:
l	 chronic constipation (not due to intestinal spasm nor 

responding to conventional measures)
l	 migraine
l	 acne rosacea
l	 inflammatory bowel disease
l	 dysbiotic conditions of the gut
l	 chronic skin diseases
l	 autoimmune diseases (especially where associated with any 

of the above – see relevant sections, especially in Chapter 8).

Phytotherapy

Cholesterol gallstones and biliary pain
Gallstones are formed when cholesterol and other solute lev-
els in bile reach supersaturated concentrations and when the 
normal glassy-smooth surfaces of the gallbladder are compro-
mised, often by infection. Bile is often supersaturated after a 
night’s metabolism and before breakfast: this could explain the 
naturopathic practice of recommending lemon juice (a liver 
and gallbladder stimulant) before breakfast. The concentra-
tion of bile also appears to be related to intestinal activity and 
slow intestinal transit has been linked to gallstone formation in 
normal-weight women67 and in other studies.68

Certain risk factors for gallstones are inherent: being 
female, increasing age and ethnicity/family history (genetic 
traits). Others are modifiable: obesity, metabolic syndrome, 
hypertriglyceridaemia, rapid weight loss, diet (low in fibre and 
high in refined carbohydrates and saturated fat) and certain 
diseases (cirrhosis and Crohn’s disease).69

Findings largely from in vitro and in vivo studies suggest 
that infection, inflammation and the response of the immune 
system can also influence the pathogenesis of cholesterol 
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gallstones.70 Supersaturated bile can lead to biliary sludge, 
composed of agglomerated cholesterol crystals. However, 
human studies have shown that biliary sludge does not neces-
sarily lead to gallstone formation.70 The missing link could be 
infection and/or inflammation that seeds stone formation.

Most patients with gallstones have no symptoms and cur-
rent medical thinking is that there is no distinct advantage 
in treating asymptomatic gallstones.71 Small stones are more 
dangerous than large as they can cause pancreatitis.72 Oral 
dissolution therapy with bile salts is still used as a treatment, 
but is reserved for patients with non-calcified cholesterol gall-
stones, a patent cystic duct and for those who do not require 
urgent surgery.71 These considerations also define the condi-
tions for successful herbal treatment of gallstones. Patients 
who receive conventional oral therapy usually have a high rate 
of gallstone recurrence. This underlines the need in herbal 
therapy for long-term treatment concurrent with appropriate 
dietary and lifestyle changes.

A key outcome of phytotherapy for cholesterol gall-
stones is that it can render symptomatic gallstones quiescent. 
However, its greatest value here will be for stones that are not 
calcified in a functional gallbladder.

The essential elements of treatment are as follows:
l	 Bitter herbs to improve digestive and gallbladder function, 

such as Artemisia absinthium (wormwood) or Gentiana 
lutea (gentian)

l	 Choleretic herbs to improve bile flow, such Chelidonium 
(greater celandine), Cynara (globe artichoke), Taraxacum 
radix (dandelion root) and Silybum (St Mary’s thistle)

l	 Cholagogue herbs to improve gallbladder motility, such 
as Chelidonium (greater celandine), Cynara and Mentha 
piperita (peppermint). A proprietary terpene mixture 
similar to essential oil of peppermint has been shown to 
dissolve gallstones73

l	 Spasmolytic herbs, selected from Viburnum opulus (cramp 
bark), Corydalis ambigua, Matricaria (chamomile) and 
Mentha piperita, can help to relieve gallbladder pain

l	 Long-term use of herbs containing steroidal saponins  
such as Dioscorea (wild yam) and Smilax (sarsaparilla) is 
best avoided, since these herbs may increase cholesterol 
levels in bile.74

A short course of copious olive oil and lemon juice is 
often recommended to discharge gallstones, although this is 
controversial.75,76 However, such a therapy should only be 
attempted if the gallstones are not calcified, the cystic duct 
is patent, the gallbladder is functional and herbal therapy to 
soften the stones has been given for at least 6 months.

The above herbal approach can also be used for functional 
gallbladder disorder (gallbladder dyskinesia), which is the 
recurrence of abdominal pain resembling gallbladder pain in 
the absence of gallstones.77
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The liver

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 postpartum symptoms of liver distress, such as after 

consumption of fatty foods and alcohol
l	 moderate acute and chronic hepatitis
l	 poor liver function.

Management of:
l	 chronic and acute hepatotoxin poisoning
l	 acute and chronic hepatitis
l	 cirrhosis.

Because of its use of secondary plant products, particular 
caution is necessary in applying phytotherapy to primary and 
secondary liver carcinoma.

Orientation
Given its relative lack of attention in most medical books, the 
liver has an enormous hidden importance. The hub of many 

of the body’s biochemical pathways, and first processor of 
dietary metabolites, it also has established roles in modulat-
ing the immune and endocrine systems (any hormone has two 
influences on its blood levels, the rate of production and the 
rate of breakdown in the liver – this is an often varied fac-
tor1), and cholesterol and blood sugar levels. With its associate 
Kupffer cells it is a vital defence wall in protecting the body 
against immunological threat from foodstuffs. In its biliary 
production it has a key influence on digestion itself and bowel 
flora and function. All these central roles support the primi-
tive appreciation for the liver as a centre-piece in traditional 
systems of medicine, and even its name in many languages.

Most obvious is the liver’s primary role in detoxification, 
both of ingested molecules (xenobiotics) and internal metabo-
lites and agents such as hormones. There are two phases of 
hepatic biotransformation involved. During phase I, enzy-
matic-induced oxidation, reduction or hydrolysis generates a 
reactive site on the substrate molecule; in phase II a water-
soluble (hydrophilic) group is conjugated with this reactive 
site to make the molecule more polarised (or electrically 
charged) and thus more able to be excreted by the body.

Phase I by definition creates a potentially toxic reactive 
oxygen intermediate with free radical activity, for which 
endogenous antioxidant protection is required. This phase 
is launched primarily by the cytochrome P450 enzyme fam-
ily whose role is, like the antibody system, to recognise and 
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initiate the biotransformation of a wide diversity of sub-
strates. Excessive phase I activity can generate more danger-
ous toxic complications. This might happen, for example, in 
fasting or other sudden loss of adipose tissue where fat-solu-
ble metabolites are stored. The same challenge may occur if 
there is a reduction in antioxidant capacity, such as in heavy 
smoking, exposure to industrial pollutants (which can both 
induce excessive phase I activity as well) or chronically defi-
cient diets. Its role in oestrogen metabolism is a particularly 
good example of the liver’s significance in health and disease. 
Unlike other hormones, oestrogen is eliminated by a full 
phase I and II mechanism, suggesting that the body evolved 
to see it as a threat (oestrogen is one of the most powerful 
of the body’s major hormones). The rate of phase I detoxi-
fication (through cytochromes P450: CYP1A1, CYP1B1, and 
CYP3A4; see also Chapter 5) is determined by many factors, 
including individual ‘mini-mutations’ of P450s known as single 
nucleotide polymorphisms. As phase I metabolites can have 
anti-oestrogenic or DNA-damaging effects, then the impact of 
these variations on the incidence of breast uterine and pros-
tate cancer is known to be substantial.2 The cancer-protective 
role of cruciferous vegetables (through glucosinolates) is likely 
to include a positive effect on these detoxification processes 
(see also Chapter 2).3

Phase II reactions should cut in to neutralise the trans-
formed substrates quickly, to reduce toxic burdens and relieve 
antioxidant defences. They involve conjugation with glucu-
ronic acid, sulphates, glutathione, glycine or other amino 
acids, acetylation or methylation. These protective processes 
are known to be augmented by a diet high in flavonoids, such 
as fruit and vegetables,4,5 particularly cruciferous vegetables,6 
onions, red grapes and soy.7 The onset of diseases, nota-
bly cancer, has been often linked to an imbalance between 
phase I and phase II and the protective benefits of fruit and 
vegetables against cancer have been put down to this effect. 
Fundamentally, it is now understood that many of the phy-
tochemicals in fruits and vegetables activate the Nrf2/ARE 
pathway and thereby induce the production of phase II and 
antioxidant enzymes. (ARE stands for ‘antioxidant response 
element’.)

Liver remedies may help reduce toxic burdens by shifting 
the phase I/II balance towards the latter, stimulating cleansing 
bile flow (see previous section) or by directly protecting the 
liver tissue itself from oxidant attack. Excessive or phase I or 
cytochrome P450 activity may lead to mutation, cancer or tis-
sue necrosis, particularly of the liver with its particularly high 
content of cytochrome P450.8

Consequently, the liver is an extremely active organ in the 
metabolism of ingested materials and it is known to be par-
ticularly vulnerable to the effects of agents that are not read-
ily metabolised or excreted. These are known to include many 
modern drugs, agrochemicals and other modern environmen-
tal pollutants. Although severe hepatic damage is not com-
mon, constant exposure to new industrial agents, particularly 
if at relatively high levels and when combined with other 
well-known burdens on the liver, alcohol and high fat diets, 
can lead to a modern syndrome of functional liver distress.

Because of the central role of the liver in immunological 
function and detoxification, there may also be a significant 

population of patients, perhaps presenting with other condi-
tions (notably skin and bowel diseases, chronic allergic states, 
autoimmune disease and other chronic inflammatory disor-
ders), in whom subtle liver damage or dysfunction may already 
have occurred and can be contributing further to the wider 
pathology. The increased incidence of viral hepatitis is both 
the major cause of long-term hepatic disorders and a likely 
added complication of some of the above adverse changes. The 
mechanisms of chronic liver damage may include immunologi-
cal disturbances such as chronic active hepatitis and primary 
biliary cirrhosis, or may be more subtle with perhaps minor 
alterations in liver function tests or merely subjective intoler-
ance of fats and alcohol (see Poor liver function below).

As hepatic damage usually starts with classic pathologi-
cal processes of fatty infiltration, in theory a good liver rem-
edy should have appropriate antioxidant properties. As these 
need to be focused in liver tissue, they should also be read-
ily absorbed, require little extra liver metabolism and prefer-
ably should be retained in the enterohepatic circulation. The 
best such herbs will contain phytochemicals that activate  
the Nrf2/ARE pathway, such as curcumin.

Phytotherapeutics

Evidence of beneficial effects on the liver
Many plants contain constituents that have been experimen-
tally shown to have beneficial effects on liver cells, at least 
under laboratory conditions. Early research investigated the 
hepatoprotective effects of agents in models of liver toxicity 
(for example, carbon tetrachloride (CCl4), D-galactosamine, 
paracetamol and Amanita mushrooms) and it was such work 
that identified remedies such as Silybum marianum (St 
Mary’s thistle). This and more recent evidence more widely 
points to benefits on hepatic function of a diet rich in fruit 
and vegetables (as noted above). The case for traditional 
herbal practice in its particular focus on the liver as a centre-
piece of therapeutics is also supported.

Particularly likely to feature in evidence are flavonoids and 
related polyphenols. For example, the ubiquitous flavonoid 
quercetin is one of a number of antioxidants that have been 
shown to reduce the high level of chromosomal aberrations 
found in cases of viral hepatitis associated with environmental 
pollution.9 Oral administration of the flavonoids daidzin, daid-
zein and puerarin, from the Chinese herb Pueraria lobata, was 
effective in lowering blood alcohol levels and shortened sleep 
time induced by alcohol ingestion.10,11

Benefits from other notable plant constituents
Glycyrrhizin, a major component of licorice, has been used 
intravenously for the treatment of chronic hepatitis B in 
Japan and improves liver function with occasional complete 
recovery from hepatitis.12 In vitro studies suggest a hitherto 
unique mechanism involving intracellular transport across 
Golgi membranes.13 In addition, weak binding activity to ster-
oid receptors has been demonstrated.14 Derivatives of glycyr-
rhizinic acid promote a decrease in the rate of lipid peroxide 
oxygenation and in the inhibition of liver enzyme activity 
(ALT, AST) and also increase choleresis.15 There is evidence 
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of a choleretic action,16 also involving glycyrrhizin. (See also 
the licorice monograph.)

Piperine, an active alkaloidal constituent of the extract 
obtained from Piper longum and P. nigrum, was evaluated for 
its antihepatotoxic potential against CCl4 and other agents, 
and was found to have an appreciable benefit, but at levels 
lower than for silymarin.17

The water extract from the root of Salvia miltiorrhiza 
showed a protective effect on cultured rat hepatocytes 
against CCl4-induced necrosis. Lithospermate B, a tetramer 
of caffeic acid, was isolated and found to be an active con-
stituent. Lithospermate B was also found to have a potent 
hepatoprotective activity, not only in vitro but also for in vivo 
experimental liver injuries induced by CCl4 or D-galactosamine-
lipopolysaccharide.18 Various other metabolites of caffeic acid 
formed in bap are likely to account for many beneficial effects 
in that organ; these metabolites include cyclolignan derivatives 
as oxidation products, ferulic and isoferulic acid as methylation 
products and aesculetin as a cyclisation product.19

The Phyllanthus genus has been known to contain a number 
of biologically active constituents such as an angiotensin-convert-
ing enzyme inhibitor and HIV reverse transcriptase inhibitors.20 
Phyllanthus amarus has shown antihepatitis B virus activity.21,22 
P. niruri from Malaysia contains various constituents with dem-
onstrated effects aginst hepatitis B.23 P. ussuriensis, a Korean 
native species, has been used to treat several infectious diseases, 
including hepatitis in folk medicine, and antihepatotoxic effects 
have been confirmed in vitro.24 It inhibited hepatitis B virus 
polymerase activity, decreased episomal hepatitis B virus DNA 
content and suppressed virus release into culture medium. A 
number of mechanisms have been elucidated.25

Silybum marianum (St Mary’s or milk thistle) seed, widely 
used in Europe for its hepatic reputation, contains the flavonol 
lignan complex silymarin with antifibrotic activity in diseased 
liver,26 and there are other effects observed in diseased liver,27 
including reducing serum transaminases in patients with chronic 
viral hepatitis.28 The traditional liver remedy Schisandra chin-
ensis contains constituents with antihepatitis activity,29 and has 
been shown to reduce circulating monocyte counts (although 
with no effects on other white blood cell counts) after 2 weeks’ 
treatment of human subjects infected with hepatitis B.30 (See 
more in the St Mary’s thistle monograph.)

The Chinese remedy Sophora flavescens has also been stud-
ies experimentally and has shown promising if not conclusive 
evidence of effectiveness in hepatitis B.31,32

Evidence of hepatoprotective effects also arises from 
studies on other traditional remedies: Artemisia spp.,33,34 
Azadirachta indica leaf extract,35 Picrorrhiza kurroa,36 
Osbeckia octandra,37 Gynostemma pentaphyllum,38 Inula 
britannica L. subsp. japonica,39 Salvia plebeia.40 Other plant 
hepatoprotectors have been reviewed.41–43

Schisandra has emerged as a key herb for boosting phase I 
and especially phase II detoxification processes by the liver. As 
stated previously, phase I and II reactions are involved in the 
metabolism of mainly xenobiotic substances by the liver. Phase 
I reactions (which involve cytochrome P450) can result in the 
production of a more toxic compound (a process called bioac-
tivation). Despite being a postulated powerful inducer of phase 
I enzymes, Schisandra does not cause harmful bioactivation in 

vivo (e.g. after co-administration of paracetamol) and in vitro 
studies have indicated that constituents of Schisandra decrease 
the mutagenicity of benzo(alpha)pyrene by influencing hepatic 
metabolism.44,45 The probable reason is that Schisandra pow-
erfully induces phase II enzymes as well, which results in the 
rapid clearance of the potentially toxic metabolite.46 Other 
keys herbs in this regard include turmeric (see the turmeric 
monograph), garlic, green tea, rosemary and broccoli sprouts 
(all influencing the Nrf2/ARE pathway). St Mary’s thistle is 
unlikely to exert clinically relevant effects on hepatic phase I/
II detoxification processes, with its value being more linked to 
hepatoprotective activity (see below).

Another hitherto little explored hepatic activity may also 
be a feature of some herbal preparations: extracts of Thuja 
occidentalis and Echinacea purpurea have stimulated Kupffer 
cell phagocytosis in vitro.47

Hepatic induction of antitumour effects
The liver has a central role in a wider range of defence mech-
anisms. For example, the Kupffer cells are a final screen 
between enteric antigens and the body cavities, various phase 
II liver enzymes such as glutathione-S-transferase (GST) are 
important detoxifiers of carcinogens, and the transport of IgA 
and IgA immune complexes by the liver from serum to bile 
may provide a host defence against enteric pathogens.48 These 
key functions raise the possibility that hepatic remedies might 
have wider applications.

For example, out of various spices and leafy vegetables 
screened for their influence on GST in Swiss mice, cumin seeds, 
poppy seeds, asafoetida, turmeric, neem flowers and basil leaves 
among other spices increased GST activity high enough in the 
stomach, liver and oesophagus to be considered as significantly 
contributing to protection against carcinogenesis.49 Several 
naturally occurring flavonoids and other polyphenols, promi-
nently tannic acid, were also shown to exert varying degrees of 
concentration-dependent inhibition on uncharacterised rat liver 
GST.50 Sesquiterpenes such as beta-caryophyllene, beta-caryo-
phyllene oxide, alpha-humulene, alpha-humulene epoxide I and 
eugenol, all found in cloves, have demonstrated significant activ-
ity as inducers of GST in the mouse liver and small intestine,51 
as has myristicin, a major aromatic constituent of parsley.52 Of 
course, the most active liver phase II enzyme inducers are the 
brassica glucosinolates, and their protective properties against 
experimental carcinogenesis is well described (see Chapter 2). 
Another key example is turmeric (see the turmeric monograph).

Capsaicin inhibited the formation by liver microsomal frac-
tions of all metabolites of 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone (NNK), a potent carcinogen in tobacco and tobacco 
smoke. With other similar results, such findings suggest that 
it possesses antimutagenic and anticarcinogenic properties 
through the inhibition of xenobiotic metabolising enzymes.53

Hepatoprotectives (or hepatics)
There are few guides to the use of hepatoprotectives (or 
hepatics) in conventional Western medicine. This is a con-
cept more familiar in mainland Europe and further East, but 
has become a more popular concept with the marketing of St 
Mary’s thistle (milk thistle) seed.
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Hepatoprotectives are remedies claimed to help reduce 
damage caused to the liver from hepatic stressors and disease. 
Given what has been said earlier, good hepatoprotectives are 
most likely to deliver antioxidant activity into liver hepato-
cytes and induce cellular protective mechanisms.

Plant remedies traditionally used as 
hepatoprotectives
l	 Silybum marianum (St Mary’s thistle), Cynara (artichoke), 

Bupleurum (chai hu), Schisandra (wu wei zi).

Indications for hepatoprotectives
l	 Viral and other hepatitis and sequelae
l	 Adverse effects of alcohol and excess fat consumption
l	 Exposure to industrial pollutants
l	 In anticipation of or along with the prescription of 

powerful medications
l	 Cirrhosis and other chronic liver diseases.

Other traditional indications for hepatoprotectives
l	 Many dermatological, enteric and bowel, rheumatic, 

catarrhal and other chronic inflammatory diseases.

Contraindications for hepatoprotectives
The most widely used hepatoprotectives in European phy-
tomedicine appear to have few contraindications. They are 
generally mild treatments and, as antioxidants, may have 
wider benefits. To some extent they may merely extend 
the known beneficial effect on the liver of plant foods. 
Nevertheless, some of the remedies mentioned above may 
have individual characteristics that need consideration, espe-
cially in liver carcinoma.

Traditional therapeutic insights into the use  
of hepatoprotectives
Diseases with early morning symptoms may be associated 
with liver disturbances on the assumption that the liver has 
been particularly active overnight during sleep. The occur-
rence of such signs might in itself be an indication for the use 
of hepatoprotectives remedies.

Traditional enquiry might also elicit how well a patient han-
dled alcohol and dietary fats. Although difficulties here might 
rather suggest the use of cholagogues and choleretics, hepato-
protectives would be particularly indicated if symptoms like 
headaches were associated with such consumption.

Hepatoprotectives are very often employed in the treat-
ment of migraine, often seen traditionally as a liver condition.

Western practitioners are reminded of the ancient Greek 
humoral concept of ‘black bile’ (lit: melancholia) and the early 
view of clinical depression as a somatic rather than a psy-
chological phenomenon. Using hepatoprotectives and other 
treatments for liver and digestive function as part of a fresh 
approach to the management of depression can be surprisingly 
productive in some cases.

Application
Hepatoprotectives are best applied before breakfast in the 
morning and before the last meal of the day, to take account 
of the extra liver activity during the night. However, they may 
also be taken before meals throughout the day.

Long-term therapy is quite appropriate for those such as 
St Mary’s thistle and artichoke, which have established their 
safety from extensive human use.

Advanced phytotherapeutics
Hepatoprotectives may also be usefully applied in some cases 
(depending on other factors) of:
l	 migraine
l	 acne rosacea
l	 autoimmune diseases (especially where associated with any 

of the above – see relevant sections)
l	 fatty liver
l	 NASH (non-alcoholic steatohepatitis).

There is also a strong case for their use in anticipation of, 
or association with, the prescription of powerful chemothera-
peutic agents in, for example, the treatment of tuberculosis, 
cancer, psychoses and frequent recourse to general anaesthet-
ics (see also Chapter 8).

For evidence of adverse effects of herbal products on the 
liver, see Chapter 5.

Phytotherapy for liver conditions

Acute viral hepatitis
The most important causes of acute hepatitis are the hepati-
tis A, B and C viruses. Other viruses, including Epstein-Barr 
virus and cytomegalovirus, may also cause acute hepatitis. All 
these viruses (except A) have a viral envelope and hence may 
have some susceptibility to Hypericum perforatum (St John’s 
wort), which is active against enveloped viruses.

Acute hepatitis can be treated using herbal medicine. In 
the case of hepatitis A, treatment can lead to rapid recovery 
and protection against post-hepatitis syndrome. For hepatitis 
B and C, herbal treatment will mainly help to prevent the dis-
ease becoming chronic. The small amounts of alcohol involved 
from using extracts and tinctures will not be a problem to 
most patients. However, if there is a difficulty with alcohol 
then tablets, capsules, glycerol extracts and/or infusions or 
decoctions can be prescribed. As with other acute infections, 
oral herbal treatment should not be administered while there 
is vomiting.

It is hoped that individual strategies will be devised for each 
patient, taking some of the insights in this and other chapters 
into account, but essential aspects of treatment are as follows:
l	 Diaphoretics are indicated in all acute infections 

accompanied by fever. These include Tilia (lime flowers), 
Sambucus (elder) and Achillea (yarrow) and are best taken 
as an infusion. Diaphoretics are assisted by combination 
with a diffuse stimulant such as Zingiber (ginger)

l	 Antiviral agents, which for hepatitis include Hypericum, 
Phyllanthus and Thuja
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l	 Immune-enhancing herbs, especially Echinacea and 
Andrographis

l	 Hepatoprotective agents to minimise liver damage such as 
Silybum, Bupleurum, Taraxacum radix (dandelion root), 
Cynara (globe artichoke) and Andrographis

l	 Post-hepatitis syndrome should mainly be treated with the 
hepatoprotectives listed above.

It should be noted that higher doses need to be employed 
for acute cases (compared to treating chronic conditions).

Chronic viral hepatitis
Chronic viral hepatitis or chronic persistent hepatitis usually 
results from infection with hepatitis B or C. Especially with 
hepatitis C, some features of the disease may resemble auto-
immune hepatitis. (Frank autoimmune liver disease is known 
as chronic active hepatitis. A general treatment approach for 
autoimmune disease is outlined in Chapter 8.)

Treatment
Treatment of chronic viral hepatitis shares many similarities 
with the treatment of acute viral hepatitis. Essential features 
of treatment are:
l	 immune-enhancing agents such as Echinacea, Andrographis 

and Astragalus for any chronic infection
l	 hepatoprotective agents as described previously and particularly 

Schisandra and Silybum in a more concentrated form such as 
tablets or capsules containing the silymarin extract

l	 antiviral agents (see above). The use of Phyllanthus may be 
suitable for chronic viral hepatitis (see previous) as is  
St John’s wort

l	 herbal antioxidants/cytoprotectives to provide further 
protection for hepatocytes, such as turmeric and green tea.

Cirrhosis of the liver
In cirrhosis, widespread death of liver cells, which can result 
from many causes but is most commonly due to alcohol 
abuse, is accompanied and followed by progressive fibrosis 
and distortion of liver architecture. Since alcohol is forbid-
den, herbal treatment should be in the form of tablets, cap-
sules, glycerol extracts, infusions and/or decoctions. The 
main herbal treatment is based around hepatic trophorestora-
tives, especially concentrated tablets of Silybum marianum. 
Other important herbs in this category include Schisandra, 
Taraxacum radix (dandelion root), Cynara (globe artichoke), 
Bupleurum and Andrographis. Berberine-containing herbs can 
also be indicated (see the Berberis monograph). Although cir-
rhosis is a progressive disease, the rate of progression varies 
and the outlook is related to many factors. In this context, 
herbal treatment can make a significant positive contribution.

Antifibrotic activity is another area of herbal activity rele-
vant to cirrhosis that is attracting research interest. The laying 
down of excessive fibrotic tissue in response to repeated liver 
damage is the main disruptive pathological change in cirrhosis. 
Centella asiatica (gotu kola) is a herb with potential to reduce 
an excessive fibrotic response (see gotu kola monograph). 
Salvia miltiorrhiza (dan shen) is also showing promising activ-
ity in this regard.54,55

Poor liver function and fatty liver
The liver plays a vital role in detoxification and many other 
metabolic processes in the body. Phytotherapists and naturo-
paths recognise a condition where liver function is below 
optimum, although no medically observable liver disease or 
liver damage may be present. Because of the importance of 
the liver, a poorly functioning liver can have a wide-ranging 
impact on health.

Symptoms that may be due to poor liver function include 
sluggish digestion, fat intolerance, nausea, chronic constipation 
and chemical, food or drug intolerances. A poorly functioning 
liver may also contribute to a number of disease states such 
as psoriasis, autoimmune disease, irritable bowel syndrome, 
allergies and cancer. Patients might reveal a history of past 
liver infection, infestation or damage, alcohol or drug abuse, or 
exposure to medical drugs or environmental pollutants such as 
pesticides and/or have abdominal obesity. Drug side effects are 
more likely to occur in patients with poor liver function.

Depending on the symptoms, treatment is based on the 
following:
l	 Hepatoprotective and hepatic trophorestorative herbs, 

especially if there is a history of liver damage or exposure 
to toxins. Principal herbs include Silybum, Cynara and 
Taraxacum. Schisandra is particularly useful since it also 
enhances the detoxifying capacity of the liver (see above). 
These herbs will assist in cases of nausea and intolerances 
from any cause

l	 Choleretic herbs to boost liver function are particularly 
indicated if digestive symptoms are predominant. They 
will also boost detoxification via bile and therefore can be 
valuable in conditions such as psoriasis and cancer. Most 
of the hepatoprotective herbs listed above have a gentle 
choleretic activity, but strongly choleretic herbs include 

CASE HISTORY

A female patient aged 56 years had been diagnosed with chronic 
hepatitis C 2 years prior. Her genotype (genotype I) was less respon-
sive to interferon therapy, although it had been trialled for 1 year. ALT 
and AST were moderately elevated at the time of her first consultation 
(130 and 95 U/L, respectively), although they were severely elevated at 
the time of diagnosis. Over the 8 years of treatment with phytotherapy 
her condition has progressively improved. There have been no acute 
episodes and her ALT and AST readings are nearly normal at 47 and 
53 U/L, respectively. This result was achieved with no other additional 
therapy and the patient remains otherwise well.

Treatment consisted of tablet products delivering the following 
daily doses:

Astragalus 3.4 g
Echinacea purpurea root 2.6 g
Grape seed extract 100 mg
Turmeric 4 g
Green tea extract 333 mg
Rosemary 2 g
Siberian ginseng 3 g
St John’s wort (from standardised extract) 5.4 g
Schisandra 2 g
Silymarin extract (from St Mary’s thistle) 630 mg
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Hydrastis (golden seal), Berberis vulgaris (barberry), 
Chelidonium and bitter herbs. These strongly choleretic 
herbs tend to cause nausea and irritability in a patient who 
has some history of liver damage. They should therefore be 
avoided at first in these circumstances and only introduced 
after prior treatment with the hepatic trophorestoratives 
noted above

l	 Depurative herbs are also indicated in cases where 
hepatic detoxification may be inadequate. Those which 
act principally via the liver and digestion include Arctium 
(burdock), Rumex crispus (yellow dock) and Fumaria 
(fumitory)

l	 Other herbs (in addition to Schisandra) that specifically 
boost phase II hepatic detoxification should also be 
considered, including broccoli sprouts, rosemary, turmeric, 
garlic and green tea.
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Cardiovascular system

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 mild to moderate hypertension
l	 angina
l	 palpitations.

Management of:
l	 chronic, non-severe hypertension
l	 atheromatous cardiovascular conditions
l	 recuperation after cardiovascular attacks
l	 venous insufficiency
l	 congestive heart failure.

Because of its use of secondary plant products, particular 
caution is necessary in applying phytotherapy in cases of:
l	 warfarin, heparin and other anticoagulant prescription
l	 acute cardiovascular incidents
l	 digitalis glycoside prescription.

Orientation

Old and new perspectives on the  
circulatory system
A phytotherapeutic perspective on the circulatory system 
has to take two parts. Most of what modern medicine under-
stands of the system arises from preoccupation with disease 
states such as hypertension, hypercholesterolaemia, athero-
sclerosis, clotting disturbances and thrombosis, and coronary 
diseases that were barely understood in an earlier era and for 
which traditional physicians cannot have developed thera-
peutic strategies. There can be no basis therefore for directly 
applying old treatments to the new conditions. Nevertheless, 
as this chapter will show, herbal remedies show considerable 
promise across many of these modern conditions and their 
use for this purpose, at least in Europe, has been considerably 
modified compared with their traditional indications. Three of 
the best-selling herbal products in Europe, Ginkgo, garlic and 
Crataegus (hawthorn), are traditional remedies highly adapted 
to new and productive ends.

Nevertheless, to understand more effectively the poten-
tial of medicinal plants in affecting circulatory functions, 
an appreciation of the earlier traditional perspective will 
be helpful. It is immediately obvious that before modern 
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instruments, human experience of the circulatory system and 
the effects of treatments upon it were very different. As shall 
be seen, the insights developed in these early times usefully 
inform modern prospects.

The circulatory apparatus of William Harvey provided a 
mechanistic framework for modern advances that was, how-
ever, of little application to everyday practice in his time. 
The common experience was that there was vital movement 
within the body, as measured by pulse, heartbeat and breath-
ing, and that there was a red fluid whose presence was clearly 
essential. Even now microscopic film of tissue circulation 
resonates uncannily with the beats of tribal music! It was rel-
atively easy to link this with the main manifestation of mov-
ing blood: the heat of the living body and the variations in 
that heat in health and disease. In short, blood pulsated and 
warmed and was generally linked with the common specu-
lation that there must be circulation of energies, fluids and 
nutrients around the body. Circulation was marked by:
l	 pulsation
l	 heat
l	 blood and reddened complexion and, when in good shape, 

by a general vital potency.

The heart was obviously associated with all this, but as 
much as a resonator with the vital pulse as its director. It 
was the wider pulse itself (reflected in the driving rhythms 
of early tribal music) that was important in early experience 
of the circulatory system; it was clearly linked to wider vital 
events: activity, excitement, emotional stimulation and, in 
medicine, notably the fever.

Therapeutics in fever focused on dispersing agents to dis-
tribute excessive heat and circulation and (as ‘diaphoretics’) 
to diffuse the poisons clearly involved through the sweat 
glands. The detoxifying theme recurred in many traditional 
concepts of ‘blood poisons’ as a cause of inflammatory dis-
eases, and the use of ‘blood cleansers’ or ‘blood purifiers’, 
often very vigorously, to treat them.

Also requiring eliminatives (mainly diuretics and laxatives) 
was oedema, one of the most common indications of poor cir-
culation in the past. As briefly elaborated in Chapter 1, the 
traditional perspective closely linked circulatory function with 
elimination.

Traditional views also linked circulation with the assimila-
tion and processing of nutrients. The vital pulse and heat were 
weakened in debility and exhaustion, conditions associated 
with coldness and pallor. The main treatments were in effect 
‘blood tonics’, warming nutrients (often since found to be rich 
in mineral nutrients).

There will be profit in revisiting these perspectives in 
developing modern strategies for the treatment of circulatory 
problems using herbal remedies. This is even more justified 
when the phenomenon of circulation itself is reviewed.

Circulation as currents
Where there has been speculation about the nature of the cir-
culatory system in traditional medicine, it has tended to infer 
broad currents rather than Harvey’s route map. The closest to 
the latter were the meridians of Chinese medicine, although 
even these were speculative phenomena not associated with 

anatomical conduits.1 The phenomenological perspective of 
tradition turns out, however, to be closer to the reality than 
the conventional understanding of arteries, veins and capillar-
ies might suggest.

As far as most tissue cells are concerned, blood flow is not 
through vessels at all. When plasma filters through the cap-
illary walls to bathe the tissues, it does not diffuse freely. 
In most tissues, cells are embedded in a gelatinous matrix, 
formed of complexes of hyaluronic acid which is largely 
impermeable to aqueous fluids. Movement of plasma is thus 
confined through clefts and cleavages in the matrix. The inter-
stitial matrix thus both maintains tissue integrity and restricts 
the free flow of the circulation; oedema is the main symptom 
of breakdown in this important construct.

The effect of the interstitial matrix on circulatory dynam-
ics is profound. As far as tissues are concerned, circulation 
is not a Harveyian affair at all, it is more a diffusive process 
marked by local and wider ‘oceanic’ currents. Factors that 
affect tissue circulation are thus different from those that pre-
occupy modern cardiovascular medicine. Atherosclerosis and 
thrombosis cause serious local circulatory harm, of course, 
but they impact on general circulation only when very severe. 
More important for circulatory health in the tissues are such 
factors as capillary wall integrity, the local responses to local 
environmental changes of powerful vasoactive agents such as 
the kinins and histamine, venous or lymphatic stasis or con-
gestion with subsequent oedema and toxicity.

Antipathogenic benefits of increased tissue 
perfusion?
A glance at any pathology text will confirm that the cellular 
processes of disease are remarkably consistent. Pathological 
deterioration starts with biochemical lesions, then a variety 
of stages supervene including intracellular lesions, cell hyper-
trophy and a range of possible degenerative changes, cellu-
lar swelling due to water influx into the cell, fatty change or 
accumulation, atrophy, necrosis, possibly leading to inflam-
mation or calcification. Most detectable disease states in 
the body are classified by one or more of these processes. 
Atherosclerosis, for example, involves fatty infiltration and 
then calcification of the tissues in the arterial walls.

Moreover, the very first initiating trauma is even more con-
sistent. The most likely first step in tissue damage is a rela-
tive deficiency of oxygenated blood and fluids. Physical injury 
is the most likely initiating trauma followed by an accumula-
tion of external or endogenous toxic substances. In both the 
first and last cases poor tissue perfusion is critical. There are a 
number of ways in which tissue circulation can be interrupted 
but there is a clear prima facie case for maintaining tissue per-
fusion as a core disease-preventing strategy.

One of the most fascinating prospects for the revival of 
traditional herbal and dietary approaches is in the number of 
ways in which plant constituents, such as flavonoids, antho-
cyanins, sesquiterpenes and pungent principles, appear to act 
beneficially on local circulatory processes.

It is a consistent theme throughout history that the ‘heat-
ing’ remedies were literally life enhancing (see p. 4 and  
p. 9). The pungent remedies such as cayenne, ginger and raw 
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garlic had reputations that transcended the merely mundane. 
It is known that they do increase tissue perfusion and blood 
flow. Everyday subjective experiences of increased body heat 
after eating spicy food can be confirmed with thermometers. 
Reference to the ginger monograph reveals a number of stud-
ies demonstrating a thermogenic effect, involving such mecha-
nisms as increased catecholamine production and cytokine 
activity. Supplementing rats’ diet with garlic powder increased 
rectal temperatures, blood noradrenaline levels and mitochon-
drial activity in brown adipose tissues, an activity that was 
inhibited by beta-adrenergic blockers.2

The prospects for closer investigation are intriguing. It is 
most probable that the traditional remedies most often used 
for their tissue warming benefits will show really exciting 
properties in the treatment of, or prophylaxis against, a range 
of degenerative diseases that may include atherosclerosis and 
other cardiovascular diseases. The fact that most are common 
ingredients of the diet adds even more to this project.

A promise of what may be in store for cayenne, ginger, cin-
namon, turmeric and the like is the remarkable story of gar-
lic, now possibly the most intensively studied of all medicinal 
plants and foods.

Garlic
The chemistry of Allium sativum is complex and the multi-
tude of garlic products available in the marketplace reflects 
this complexity.3 These types of preparations can be divided 
into three main groups, to which is added fresh garlic:

1.	Carefully dried garlic powder that preserves the compound 
alliin (S-allylcysteine sulphoxide) and the enzyme alliinase. 
On disintegration of tablets or capsules containing this 
powder in the digestive tract, alliin comes into contact with 
alliinase and is converted to allicin. This must take place 
outside the stomach, as gastric acid inhibits alliinase. Enteric-
coating of the tablets or capsules is therefore necessary. (This 
process mimics the chemical reaction that occurs when a 
fresh clove of garlic is crushed.) Allicin is unstable and breaks 
down further into compounds such as diallyl sulphides, 
ajoene and the vinyl dithiins (the metabolic pathways for 
allicin in the human body are not fully understood).

2.	Aged garlic extracts or ‘odourless’ garlic products 
that are produced by a fermentation process. These 
preparations contain modified sulphur compounds such as 
S-allylcysteine.

3.	Steam-distilled preparations of garlic (garlic oil) rich in 
diallyl sulphides.

Most of the published clinical studies on garlic have used 
‘garlic powder’ preparations, although trials on aged garlic 
extracts, fresh garlic and garlic oil are also in the literature.

Lipid-lowering effects
Many studies have demonstrated the lipid-lowering effects 
of garlic and the results of meta-analyses have supported the 
premise that garlic acts as a lipid-lowering agent. One exam-
ined five selected clinical trials on various garlic preparations 
with a total of 410 patients.4 The authors concluded that 
the best available evidence suggests that garlic, in an amount 

approximating one half to one clove per day, decreased total 
serum cholesterol levels by about 9%. About a year later 
a second meta-analysis was published by Silagy and Neil.5 
These scientists included 16 clinical trials with a total of 952 
patients. Again, a variety of garlic preparations were included 
in the meta-analysis. They found that garlic lowered choles-
terol levels by 12% and that dried garlic powder preparations 
also lowered serum levels of triglycerides. In spite of some 
published negative trials (for example, on garlic6,7 and on gar-
lic oil8), the latest meta-analysis taking 29 clinical trials up to 
2007 found garlic significantly reduced total cholesterol and 
triglycerides, though exhibited no significant effect on LDL 
or HDL.9 The results of negative trials are confounded by the 
observation of Lawson and team that products used in clini-
cal trials where garlic did not lower cholesterol often did not 
effectively release allicin.10

Antiatherogenicity
Perhaps the real value of garlic in the prevention and treat-
ment of cardiovascular disease lies elsewhere. For example, a 
double blind, placebo-controlled study on 23 patients found 
that garlic powder tablets reduced the atherogenicity of low-
density lipoprotein.11 In a controlled retrospective study on 
202 healthy adults, divided equally between those taking 
garlic powder and controls, in which measures of the elastic 
properties of the aorta were used, garlic reduced age-related 
increases in aortic stiffness.12

An important trial looked at the effect of garlic powder 
intake over 4 years on arterial plaque. The trial was a ran-
domised, double blind, placebo-controlled design involving 
152 patients. Plaque volumes in both carotid and femoral 
arteries were measured by ultrasound. The increase in plaque 
volume over time was significantly reduced by garlic and in 
some cases there was a slight regression. The authors were 
accused of scientific fraud, but subsequently vindicated.13–15

Researchers from Germany report that, in test tubes, 
garlic prevents formation of ‘nanoplaques’ that can accumu-
late to cause arteriosclerosis. During a National Institutes of 
Health workshop on herbs and cardiovascular disease held 
in Bethesda, MD, in August 2002, Dr Günter Siegel from 
the Free University of Berlin, described his team’s research, 
which pinpoints exactly how garlic blunts plaque forma-
tion.16 In the presence of calcium, low-density lipoprotein 
(LDL)-cholesterol binds with molecules secreted from the 
inner lining of the arteries, forming tiny plaques that can 
accumulate and harden. HDL-cholesterol inhibits this pro-
cess by absorbing excess plaque-forming molecules. Siegel’s 
team found that garlic extract works exactly the same way, 
but more potently. Garlic extract was two and a half times 
more effective in inhibiting plaque formation than was HDL-
cholesterol.16 This has led to Siegel describing this form of 
garlic as phyto-HDL, that is a herb acting in the same benefi-
cial way as HDL.

Antihypertensive
A meta-analysis of eight clinical trials (415 patients), all using 
the same garlic powder preparation, found that garlic caused a 
modest but significant reduction in both systolic and diastolic 
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blood pressures.17 However, only three of the trials were spe-
cifically conducted in hypertensive patients and many had 
other methodological shortcomings. A review of aged garlic 
extract has assigned US National Health and Medical Research 
Council levels of evidence III-1 ratings on conclusions that 
7.2 g has been associated with anti-clotting (in vivo studies), 
as well as modest reductions in blood pressure (an approxi-
mate 5.5% decrease in systolic blood pressure).18 In a recent 
meta-analysis involving ten trials, garlic reduced systolic blood 
pressure by 16.3 mmHg (95% CI 6.2 to 26.5) and diastolic 
pressure by 9.3 mmHg (95% CI 5.3 to 13.3) compared with 
placebo, although only in patients with elevated systolic blood 
pressure.19 Another contemporary meta-analysis of eleven 
studies showed a mean decrease of 4.6±2.8 mmHg for sys-
tolic blood pressure in the garlic groups compared to placebo 
(n=10; p=0.001), while the mean decrease in the hyperten-
sive subgroup was 8.4±2.8 mmHg for systolic (n=4; p<0.001), 
and 7.3±1.5 mmHg for diastolic blood pressure (n=3;  
p<0.001).20

Effects on haemostasis and blood flow
A platelet-inhibiting effect has been described for garlic. 
In a double blind, placebo-controlled study involving 60 
volunteers with elevated cerebrovascular risk factors and 
increased spontaneous platelet aggregation, it was demon-
strated that 800 mg/day of garlic powder over 4 weeks led 
to a significant reduction in platelet aggregation and circu-
lating platelet aggregates.21 This inhibition of platelet aggre-
gation by garlic powder was confirmed by another research 
group.22 However, the confounding issue of the various 
dosage forms of garlic was highlighted by a study of an oil 
extract of garlic, which found no significant effect on plate-
let aggregation.23 In contrast, consumption of a fresh clove 
of garlic daily for a period of 16 weeks reduced serum 
thromboxane by about 80%.24

One of the compounds responsible for the antiplatelet 
effect of garlic powder could be ajoene.25 This compound 
inhibits aggregation induced by all known platelet agonists in 
all species studied and prevents the amplification of platelet 
responses. Unlike aspirin, it acts by modifying the platelet 
membrane structure.

A review of published studies found that garlic consistently 
increased fibrinolytic activity after single or multiple doses. 
Garlic oil and garlic powder were both active, sometimes 
after only a single dose. The average increase in the reviewed 
studies was 58%.26 A 1991 controlled study using raw gar-
lic demonstrated a significant increase in clotting time and 
fibrinolytic activity after 2 months in normal volunteers.27

In a randomised, placebo-controlled, double blind, cross
over study in ten healthy volunteers, a single dose of 600 mg 
of garlic powder significantly reduced haematocrit (p<0.001), 
plasma viscosity (p<0.05) and plasma fibrinogen (p<0.05).28 
Fibrinolytic activity was also significantly increased (p<0.01). 
A similar study design also found that a single 900 mg dose of 
garlic powder significantly increased capillary skin perfusion 
by 55% (p<0.01).29 Another study found that garlic powder 
(600 mg/day) administered for 7 days increased calf blood 
flow by approximately 15% (p=0.001).30

Garlic and hydrogen sulphide
Two naturally produced gaseous signalling molecules play 
a key role in the regulation of cardiovascular physiology.31 
These gaseous messengers, nitric oxide (NO) and carbon 
monoxide (CO), are synthesised by endogenous enzyme sys-
tems. Extensive research has shown that agents that improve 
their production protect the brain and heart against cardio-
vascular diseases, although this is sometimes controversial.31

In an intriguing scientific breakthrough, research on garlic 
has revealed it is involved in the generation of a significant 
third gaseous signalling molecule, namely hydrogen sulphide 
(H2S).32 H2S, also known as rotten egg gas, is toxic in high 
amounts. But it appears that the small quantities induced by 
the ingestion of garlic could play a role in its cardiovascular 
benefits, as well as the characteristic garlic breath. Scientists 
were able to demonstrate that garlic-derived organic polysul-
phides, such as diallyl disulphide and diallyl trisulphide, act 
as H2S donors.32 Human red blood cells were able to convert 
these molecules into H2S. The authors of the study suggested 
the major beneficial effects of garlic intake, specifically on car-
diovascular disease and more broadly on overall health, are 
mediated by the biological production of H2S.32

A 2007 review described some of the significant physiologi-
cal actions of H2S.31 It relaxes vascular smooth muscle, induces 
vasodilation of isolated blood vessels and lowers blood pres-
sure. H2S is also a potent anti-inflammatory and antioxidant 
molecule that can increase antioxidant defences. Unlike NO, it 
does not form a potentially harmful toxic metabolite at the low 
levels generated in tissue. In addition, H2S inhibits apoptosis 
in a number of cell types and promotes the formation of new 
blood vessels. Several models of cardiovascular disease have 
demonstrated significant benefit after the administration of 
H2S donors. The discovery of this new and novel mechanism of 
action for garlic adds significant weight to its role in the modifi-
cation and prevention of cardiovascular disease.

Adverse effects
A number of case reports have reflected these effects of garlic 
on bleeding parameters. A spontaneous spinal epidural hae-
matoma associated with platelet dysfunction from excessive 
garlic ingestion was reported.33 A patient taking garlic prior to 
cosmetic surgery experienced bleeding complications and had 
a clotting time of 12.5 minutes. After cessation of garlic, her 
clotting time dropped to 6 minutes and there were no compli-
cations during a second procedure.34

Overview
The value of garlic as a prevention and treatment for cardio-
vascular diseases will best be determined by controlled clinical 
trials using cardiovascular morbidity or mortality as endpoints. 
In the meantime, garlic can be prescribed on the basis that 
it does favourably influence haemorheological parameters 
(blood flow characteristics) and some cardiovascular risk fac-
tors, including modest effect on serum cholesterol and blood 
pressure. Attention should be paid to the type of garlic prep-
aration used; the strongest published evidence to date is for 
garlic powder preparations, although other preparations will 
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also be of value. Caution should be exercised when prescrib-
ing garlic to patients who are also taking other blood-thin-
ning medications such as aspirin or warfarin and garlic intake 
should be discontinued 10 days before surgery. However, a 
clinical trial with healthy volunteers found no adverse effect 
for garlic powder (enteric-coated standardised tablets, equiva-
lent 4 g/day of fresh garlic) taken with warfarin.35

Plant phenolics and the vasculature
When Szent-Gyorgy in the 1930s identified the flavonoid 
constituents of citrus fruits as a necessary co-factor with 
ascorbic acid in the prevention of scurvy, he opened an inves-
tigation which has actually increased in intensity in recent 
years. Interest in the flavonols such as rutin and its agly-
cone quercetin has been augmented by a growing fascination 
with other phenolic molecules, the oligomeric procyanidins 
(OPCs) and the polyphenolics linked to the tannins, all very 
common constituents in dietary fruit and vegetables as well as 
in herbal remedies.

Flavonoids, a group of phenolic constituents found widely 
in plants, including most fruits and vegetables, have been 
found to possess a number of anti-inflammatory effects, 
including, especially for rutin and others from the flavonol 
subgroup, effects on the microvasculature36 (see also the dis-
cussion in Chapter 2 under Flavonoids).

Rutin, quercetin-3-rutoside, is a flavonoid glycoside with 
quercetin as an aglycone and rhamnose and glucose as sugar 
moieties. It is very widely distributed in the plant kingdom. 
It is official in many pharmacopoeias and is widely sold as a 
health supplement, sometimes in association with vitamin C. 
In experiments it has been shown to increase survival times 
of rats fed a thrombogenic diet and in other animals to reduce 
oedema, reduce cholesterol-induced atheroma and inhibit 
the carcinogenic action of benzo(α)pyrene.37 Like ascorbic 
acid, it is an oxygen radical scavenger and has been shown to 
reduce the mutagenicity of dusts and asbestos38 and other 
stressors.39,40

Commercial products with a similar structure, hydroxyeth-
ylrutosides or oxerutins (containing principally tri-O-(beta-
hydroxyethyl)rutoside, as well as a mixture of mono-, di- and 
tetra-O-(beta-hydroxyethyl)rutosides), are marketed for the 
treatment of chronic venous insufficiency. There are a number 
of reports demonstrating positive effects on capillary perme-
ability,41–43 on venous insufficiency44 and venous hyperten-
sion.45 Other researchers have reported an improvement in 
oxygen perfusion of tissues surrounding varicose veins.46

The development of synthetic rutosides has followed the 
finding that natural rutin is poorly absorbed. However, over 
95% of all polyphenolic intake passes to the colon and is fer-
mented by the gut microflora into simple phenols. For exam-
ple, rutin is now known to be rapidly metabolised by bacteria 
in the intestine, via quercetin, to 3,4-dihydroxyphenylacetic 
acid, a small phenol with antioxidant properties. Simple phe-
nolic acids derived from cinnamic acid (such as gallic acid, 
salicylic acid, caffeic acid, vanillic acid and ferulic acid, as 
their esters including chlorogenic acid and rosmarinic acid), 
with their derived polyphenols, make significantly larger con-
tributions to dietary phenol, polyphenol and tannin intake 

than the flavonols and flavones upon which the vast major-
ity of attention has been focused. It is important to include 
these in assessments of the total effects of polyphenols.47 
Such degradation products are readily absorbed and are 
found in urine of animals.48 Early doubts about the venous 
efficacy of such flavonoid molecules49 have therefore not 
been sustained. (See also the Pharmacokinetics section of  
Chapter 2.)

There is much in vitro evidence on the effects of flavonoids 
and other polyphenolics on the microvasculature that can be 
noted, but which for reasons above need confirmation clini-
cally. For example:
l	 hawthorn extract50 and black currant extract51 have 

NO-mediated vasodilatory effects on rat arteries
l	 flavonoids inhibit TNF-alpha induced upregulation of the 

endothelial adhesion mediator ICAM-152

l	 phloretin from apples reduces endothelial adhesion 
molecules and platelet activation.53

Compared with the effects of polyphenols in vitro, the 
effects in vivo are more limited. Several studies, however, 
show benefits of products in streptozotocin-induced diabetic 
rats, for example flavonoid-rich citrus fruit extract54 and rooi-
bos tea (Aspalathus linearis).55 A fundamental point is that in 
vivo studies are not long enough and rarely consider bioavail-
ability problems. In human studies particularly it is important 
that studies are long term, to more closely reflect the likely 
effects of dietary consumption of polyphenols. Two critical 
and important reviews of the intervention studies for the use 
of polyphenols have been published56,57 (see also the relevant 
section in Chapter 2).

Short-term observations still point to, if not confirm, 
prospects of vascular changes. In a prospective, placebo-con-
trolled, randomised study, a high rutoside-containing propri-
etary product (O-(beta-hydroxyethyl rutosides) at 2 g/day 
for 6 months was tested on patients with diabetic microangi-
opathy and oedema. Significant decreases in resting flux and 
rate of ankle swelling were observed in the active treatment 
groups.58 In this author’s preliminary observations in 1993, 37 
patients suffering symptoms of venous insufficiency entered a 
clinical study to determine the impact on their microcircula-
tion of buckwheat leaf, a popular natural treatment for this 
condition that contains high levels of plant flavonoids. Using 
the mild provocation of a suction cup applied to the lower 
leg and monitoring changes in local circulatory activity with 
laser Doppler flowmetry, it was possible to identify three 
characteristics of vascular responses that differentiated suf-
ferers of venous insufficiency from healthy controls: reduced 
vascular reactivity, flow resolution rate and vasomotor activ-
ity. After establishing baseline levels for these characteristics 
all the subjects took buckwheat leaf for a total of 6 weeks. 
Twenty-four satisfactorily completed all stages of the study. In 
this uncontrolled sample it was possible to demonstrate sta-
tistically significant changes in vasomotor activity and vascu-
lar reactivity. However, flow resolution rate, that might have 
indicated a beneficial effect on the endothelium, was not 
changed.

Both short- and long-term improvements in endothelial 
function have been seen with doses of green tea catechins 
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equivalent to several cups a day.59 A standardised OPC extract 
of the bark of the French maritime pine (Pinus pinaster) is 
known to increase capillary resistance. It has been investigated 
in five clinical trials with a total number of 1289 patients since 
the late 1960s for treatment and prevention of diabetic retinal 
microangiopathy, characterised by vascular lesions with exu-
date deposits and haemorrhages. All of these studies showed 
that the extract slowed progression of retinopathy and partly 
recovered visual acuity. It was shown to improve capillary 
resistance and reduce leakage into the retina. Tolerance was 
generally very good and side effects were rare, mostly refer-
ring to gastric discomfort.60

Epidemiological studies suggest that the intake of flavonols 
and flavones is inversely associated with subsequent coronary 
heart disease (CHD).61 There is, however, mixed evidence 
for a benefit of increased fruit and vegetable intake in vascu-
lar health. Improved endothelial function scores and reduced 
insulin resistance have been observed in a controlled observa-
tion of the effects of the Mediterranean diet over 2 years.62 
However, by contrast there was little association found 
between high fruit and vegetable consumption and the inci-
dence of peripheral arterial disease in a 12-year study of a 
cohort of 44 059 men initially free of cardiovascular disease 
and diabetes (after adjustment for smoking and other tradi-
tional cardiovascular disease risk factors).63

Overall, it seems most likely that any benefits of polyphe-
nolic intake will follow long-term and relatively substantial 
use. However, the prospect for short-term changes in vascular 
reactivity with relatively high doses of polyphenols needs to 
be further explored.

The above research highlights that therapeutic herbs can 
offer value in one aspect of the cardiovascular system that 
is somewhat neglected in modern drug treatment, namely 
the health of the small blood vessels or microvasculature. As 
noted above, flavonoids in general, and specifically OPCs from 
pine bark or grape seed, possess clinically relevant vasoprotec-
tive activity. Other plant agents shown to support the micro-
vasculature with, for example, beneficial clinical effects in 
microangiopathy include bilberry, gotu kola, Ginkgo and gar-
lic (allicin-releasing preparations). They will have application 
where structures comprising fine blood vessels are affected, 
such as the retina (e.g. diabetic retinopathy), neurons (e.g. 
diabetic neuropathy) and the glomeruli of the kidneys (e.g. 
diabetic nephropathy).

Phytotherapy for cardiovascular 
conditions

Congestive heart failure
The original observations by William Withering of the benefits 
of foxglove in the treatment of dropsy by a country herbal-
ist led to the discovery of the digitalis glycosides that became 
the primary drug treatment for congestive heart failure. Given 
its seriousness and the potency of these plant extractives, it 
has generally been accepted that crude herbal drugs no longer 
have a place in the rational treatment of the condition.

Nevertheless, there is a consistent tradition for the use of 
herbs with cardiac glycosides such as Convallaria majalis (lily 

of the valley) around the world and pharmacological cases 
have been made for their use as broader spectrum remedies 
(see Chapter 2). Indeed, the use of crude Digitalis folium was 
favoured by some doctors in Britain over the synthetic isolate 
until relatively recently. There is also evidence that a wider 
range of plants may have supportive benefits in the condition. 
For example, Terminalia arjuna 1500 mg/day demonstrated 
substantial benefits in the treatment of refractory congestive 
heart failure linked to dilated cardiomyopathy in a placebo-
controlled, double blind crossover trial.64

There is now substantial clinical evidence for the support-
ive role of hawthorn (Crataegus species) in congestive heart 
failure, not to supplant conventional medication, but to pro-
vide an extra dimension of treatment aimed at supporting the 
heart muscle itself. (This has been fully reviewed in the haw-
thorn monograph.)

Other herbs of potential value include Coleus forskohlii 
containing forskolin, a phytochemical with cardiotonic activ-
ity,65 and Salvia miltiorrhiza (dan shen).66 Astragalus also 
possesses mild cardiotonic activity and can be combined with 
Korean ginseng for this effect (see the ginseng and Astragalus 
monographs). Clinical trials from China suggest a clinical ben-
efit from ginseng in patients with congestive heart failure. 
Mild diuretic herbs may be beneficial for fluid retention, such 
as dandelion leaves.

CASE HISTORY

A male patient aged 82 with a history of congestive heart failure, sta-
ble angina and poor memory (prescribed aspirin and diuretics) was 
placed on the following formulation:

Ginkgo biloba (standardised extract) 2:1 40 mL
Salvia miltiorrhiza 1:2 30 mL
Panax ginseng 1:2 15 mL
Astragalus membranaceus 1:2 25 mL

TOTAL 110 mL

Dose: 8 mL twice a day.
In addition, hawthorn leaf and flower extract tablets (containing  

the equivalent of 1 g of herb) were prescribed at two tablets twice 
daily.

Over a period of 5 years of this treatment (with some varia-
tions) the patient has considerably improved, despite his advancing 
years. His capacity to exercise is now much greater and he recently 
repainted his timber house. Relatives of the patient have expressed 
surprise at his marked improvement.

Essential hypertension
In about 90% of cases with hypertension there is no identifia-
ble cause and the term ‘essential hypertension’ is used. In the 
remaining cases a cause can be identified and this is known 
as ‘secondary hypertension’. The main cause is kidney disease; 
other causes include coarctation of the aorta, endocrine dis-
eases and pregnancy. Generally, the treatment for secondary 
hypertension is the same as for essential hypertension, but 
the cause should also be treated if possible. It is important to 
ensure that patients presenting with essential hypertension do 
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not have a secondary cause. Many patients with hypertension 
have coexisting cardiovascular risk factors, which should also 
be addressed.67

Although the milder stages of essential hypertension 
should probably not be considered as a disease, people with 
hypertension are more likely than those with normal blood 
pressure to develop a number of cardiovascular diseases. 
In particular, hypertension is a risk factor for the develop-
ment of CHD. As such, it is desirable to treat even mild 
hypertension.

Treatment should aim for gradual reduction in blood 
pressure. The kidneys will have become adapted to the pre-
viously high levels (indeed, an approach to understand-
ing essential hypertension is that it may be a mechanism to 
ensure adequate kidney function when this is failing). Sudden 
reduction could lead to other problems. In this sense natural 
approaches, if effective, can be doubly suitable.

It is apparent to most practitioners that hypertension is an 
indication for a broad therapeutic strategy, including dietary 
and lifestyle advice. Some of the features of this advice are 
therefore outlined below. It is not advisable to attempt to treat 
severe (greater than 170/110), malignant or accelerated hyper-
tension with only natural approaches; synthetic prescription 
drugs can be necessary to avoid serious harm in such cases.

Treatment

Diet and lifestyle
Although the physiological mechanisms responsible for the 
lowering of blood pressure as a result of exercise are still 
under debate, strong epidemiological and experimental evi-
dence supports a link between the two.68 Aerobic exercise 
that uses large muscle groups for 20 to 60 minutes a day for 
a minimum of 3 days a week is advisable, although there may 
have to be a gradual build-up to these levels and all stages 
should be closely monitored.

Obesity and hypertension are strongly linked. There is a 
continuous linear relationship between excess body fat, blood 
pressure and the prevalence of hypertension.69 A cause-
and-effect relationship has also been demonstrated. Hence 
weight loss should always be attempted. The waist:hip ratio 
is a more accurate predictor of hypertension than either body 
weight or body mass index.70 In extreme cases this is now 
recognised as linked to the condition known as metabolic 
syndrome.

The role of sodium (salt) restriction in treating hyperten-
sion has been controversial, with recent evidence that casts 
doubt on the conventional view that low sodium intake is 
always helpful.71 However, the consensus is that salt reduc-
tion does lower high blood pressure readings.72

Randomised, controlled trials indicate a specific blood 
pressure lowering effect of lactovegetarian diets.73 A non-
vegetarian diet rich in fruit and vegetables and low fat dairy 
products also significantly reduced blood pressure.74 Although 
the effects of caffeine on blood pressure are considered to 
be temporary, many clinicians suggest a reduction in caffeine 
intake to reduce aggravating factors.75 Potassium supplemen-
tation or the use of a high-potassium, high-magnesium salt has 

been shown to reduce blood pressure.76 Increased calcium 
intake may also be of value77 and 6 g/day of fish oil had a mild 
lowering effect.78

Relaxation techniques could be valuable, although their 
acceptance has been hampered by poorly designed and ambig-
uous studies.79 Some self-prescribed non-prescription drugs 
may cause or exacerbate hypertension. These include ephed-
rine, pseudoephedrine and other decongestant and weight loss 
agents.80

Herbs
Most of the herbal treatments for hypertension probably act 
as peripheral vasodilators. They are all slow to exert their 
activity, except perhaps for Coleus. Important herbs for this 
condition include the following:
l	 Crataegus (hawthorn) – as well as reducing high blood 

pressure this herb has a trophic effect on the heart muscle. 
This is important because left ventricular heart failure is often 
caused by prolonged hypertension. The leaves are apparently 
more potent than the berries for reducing blood pressure (see 
the hawthorn monograph) and effects are modest.

l	 Allium sativum (garlic) – as well as its mild 
antihypertensive effects (see previous) this plant  
also favourably influences other cardiovascular  
risk factors. Allicin-releasing preparations are most  
proven in blood pressure management (see previous 
discussion).

l	 Coleus forskohlii – can have a pronounced lowering  
effect on high blood pressure. Only varieties containing 
forskolin should be used. Coleus also has pronounced 
antiplatelet activity, which may be desirable in some 
cases.65

l	 Valeriana (valerian) – whether this herb acts as a  
peripheral or central vasodilator or if the activity is  
due to a general calming effect on the nervous system is 
not known. It is usually prescribed for stressed patients  
(see valerian monograph).

l	 Olea europaea (olive leaves) – has been proven to lower 
high blood pressure in clinical trials, provided the dose is 
sufficiently high.81

l	 Viburnum opulus (cramp bark) – this herb is  
thought to relax smooth muscle and has been used  
to augment antihypertensive prescriptions as a 
vasorelaxant.

l	 Achillea millefolium (yarrow) – is used by some  
herbalists to specifically lower an elevated diastolic blood 
pressure.

l	 Taraxacum officinale (dandelion leaves) – has diuretic 
activity and high levels of potassium and can be useful 
especially for the treatment of elevated systolic pressure in 
the elderly.

Other herbs also commonly used to lower high blood pres-
sure include Tilia species (lime flowers) and Viscum album 
(mistletoe). The Ayurvedic herb Rauwolfia is a powerful 
treatment for hypertension, but is usually limited to prescrip-
tion only.
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unchanged for 60 days.82 It is by far the most common form of 
angina and symptoms typically develop with a defined amount 
of exercise and abate after a short period of rest. As well as 
physical activity, stable angina can be precipitated by emotion, 
eating or cold weather. Angina can also result from an acute 
reduction in coronary blood flow, and this type of angina can 
occur at rest. This may result from transient restriction of the 
flow in the coronary arteries by platelets or a thrombus, or by 
physiological or pathological vasoconstriction. Vasoconstriction 
of a normal or minimally diseased coronary artery is referred 
to as variant or Prinzmetal angina and is now considered to 
be rare.83 Unstable angina describes a spectrum of ischae-
mic events somewhere between stable angina and myocardial 
infarction (heart attack). An estimated 5% of unstable angina 
patients die within the first few months of diagnosis.84

Stable angina is mostly a distressing rather than dangerous 
symptom, but there is an increased risk of heart attack and a 
small proportion will have fatal or serious attacks soon after 
diagnosis. It is therefore not a condition to be treated casually. 
Conventional prescription drugs may be necessary, although 
these most often work well with herbal treatments. Reduction 
in smoking, hypertension, obesity, any high cholesterol or lipi-
daemia and a measured increase in exercise is strongly advis-
able if these measures can be introduced without serious 
perturbation.

Treatment
The key herb is Crataegus (hawthorn). Preparations from 
the leaves and flowers and/or berries may be used. As well 
as being proven in clinical trials to reduce myocardial oxygen 
demand (see the hawthorn monograph), Crataegus is anti-
oxidant, cardioprotective and a coronary artery vasodilator. 
Clinical trials have shown that Crataegus is safe to combine 
with conventional drugs. In patients with ischaemic heart dis-
ease, Crataegus decreased the signs of ischaemia as assessed 
by an exercise ECG test.85 A related species of Crataegus has 
been successfully trialled for angina in China in an open label 
study.86

The key Ayurvedic herbs Terminalia arjuna and Inula rac-
emosa (a close relative of elecampane – Inula helenium) have 
been shown to benefit angina in clinical trials.87

Ginkgo (by injection) has improved coronary blood flow in 
patients with coronary artery disease and favourably affects 
some cardiovascular risk factors (see Ginkgo monograph).

Salvia miltiorrhiza (dan shen) is a Chinese herb clinically 
studied for angina and other heart conditions.88 Its benefits 
include cardioprotective, vasodilator and antiplatelet activi-
ties. Astragalus can also be of potential value (see Astragalus 
monograph). There is evidence from a clinical trial that 
Korean red ginseng improved coronary flow reserve in post-
myocardial infarction patients.89

Antiplatelet herbs such as Coleus forskohlii, Allium sati-
vum (garlic), Zingiber (ginger) and Curcuma longa (turmeric) 
may have value even if the patient is taking antiplatelet 
medication, because of their differing mechanisms of action. 
(They do not appear to decrease prostacyclin production.) 
They also have other properties that may be beneficial; for 

CASE HISTORY

A female patient aged 48 sought assistance for palpitations, anxiety, 
angina and mild hypertension. Her ECG did not reveal the presence 
of a cardiac arrhythmia and her palpitations were less severe in recent 
times. On examination her blood pressure was 170/95 despite her 
use of the prescribed drugs labetalol and felodipine.

After treatment over a few months, the following prescription was 
settled upon:

Ginkgo biloba (standardised extract) 2:1 20 mL
Panax notoginseng 1:2 20 mL
Crataegus folia 1:2 25 mL
Corydalis ambigua 1:2 20 mL
Hypericum perforatum 1:2 25 mL
Passiflora incarnata 1:2 20 mL
Salvia miltiorrhiza 1:2 20 mL

TOTAL 150 mL

Dose: 7.5 mL with water three times a day. 
Over the ensuing months her blood pressure was typically 135/85. 

She had no problems with palpitations and her anxiety and angina 
had improved.

The rationale for the herbs chosen was as follows:

l	 Panax notoginseng, Crataegus and Salvia for her heart and angina
l	 The above herbs and Ginkgo, Corydalis and Passiflora for 

palpitations
l	 Corydalis, Passiflora and Hypericum for anxiety
l	 Crataegus and the above herbs for anxiety for her hypertension.

CASE HISTORY

A male patient aged 62 with blood pressure as high as 160/100 
sought herbal treatment instead of the ACE inhibitor offered by his 
doctor. He had a high stress job as a property developer and also suf-
fered from benign prostatic hyperplasia.

He was prescribed the following:

Crataeva nurvala 1:2 20 mL
Crataegus folia 1:2 35 mL
Valeriana officinalis 1:2 20 mL
Urtica radix 1:2 15 mL
Zizyphus spinosa 1:2 20 mL

TOTAL 110 mL

Dose: 8 mL with water twice per day, combined with separate cap-
sules for his prostate containing Serenoa repens.

After 6 months on the treatment his prostate symptoms were 
considerably reduced and his average blood pressure was 121/76. 
The patient also followed the lifestyle and dietary advice outlined 
above.

Angina
Angina pectoris is a manifestation of ischaemia of the heart 
muscle usually caused by diseased coronary arteries. Stable 
angina occurs when the frequency, severity, duration, time 
of appearance and precipitating factors for the angina remain 
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example, Coleus is a vasodilator and Curcuma is antioxidant. 
However, care should be taken to ensure that bleeding time 
is not excessively prolonged. (See the ginger and turmeric 
monographs.)

Capsicum spp. (cayenne) has fibrinolytic activity and was 
traditionally used to improve myocardial blood supply.

Vasodilating and relaxing herbs have been traditionally pre-
scribed for angina and include Tilia species (lime flowers) 
and Viburnum opulus (cramp bark). In cases of stable angina 
they are probably of little value since they would be unlikely 
to widen a diseased artery restricted by atheroma. However, 
they might be considered for angina exacerbated by stress and 
anxiety, together with Valeriana and Corydalis or similar calm-
ing herbs.

Example liquid formula
An example formula for stable angina is provided below:

Crataegus folia 1:2 50 mL

Zingiber officinale 1:2 10 mL

Salvia miltiorrhiza 1:2 40 mL

100 mL

Dose: 8 mL with water twice times daily.
Allicin-releasing garlic tablets (equivalent to about 6 to 

12 g/day of fresh garlic and providing at least 12 mg/day alliin).

Hyperlipidaemia and cardiovascular risk factors
Atherogenesis is no longer considered a disorder of lipid accu-
mulation, but a disease process characterised by a dynamic 
interaction between endothelial (vessel lining) dysfunction, 
subendothelial inflammation and a ‘wound healing’ response 
of the vascular smooth muscle cells. Oxidation of LDL (low-
density lipoprotein) triggers the recruitment of macrophages 
into the arterial wall. They accumulate cholesterol, becoming 
foam cells.90,91

The American Heart Association Prevention Conference 
in 1999 classified cardiovascular risk factors into three cat-
egories. The traditional or conventional risk factors came 
from the Framingham Heart Study and are thought to have 
a direct causal role in atherogenesis.90 Predisposing factors 
may act through the conventional factors, but may also have 
independent effects. Conditional risk factors are associated 
with increased risk of ischaemic heart disease, although their 
causative and/or independent contributions are still debated. 
They may further enhance risk if traditional factors are pre-
sent, hence the term ‘conditional’.90 A fourth category can 
be added of the emerging risk factors still under preliminary 
study.

The conventional risk factors comprise cigarette smoking, 
elevated blood pressure, elevated total or LDL serum choles-
terol, low HDL-cholesterol and diabetes mellitus.

Predisposing risk factors are high BMI, visceral adipos-
ity, physical inactivity, male sex, family history of early onset 
coronary disease, socioeconomic and behavioural factors 
(e.g. type A personality) and insulin resistance (sometimes 
regarded as a conditional factor).

Conditional risk factors are currently defined as elevated 
homocysteine, elevated fibrinogen, elevated lipoprotein(a), 
small dense LDL particles, elevated C-reactive protein (CRP) 
and elevated triglycerides.

Emerging risk factors include vascular calcification, infec-
tion and periodontal disease, elevated gamma-glutamyltrans-
ferase (GGT), low heart rate variability and low red blood 
cell omega-3 fatty acids (omega-3 index). Some emerging fac-
tors are naturally quite controversial.

Hyperlipidaemia may involve hypercholesterolaemia (ele-
vated serum cholesterol) or hypertriglyceridaemia (evaluated 
serum triglycerides). In adults less than 65 years of age, a total 
cholesterol concentration greater than 6 mmol/L (240 mg/
dL) or a triglyceride concentration greater than 2.8 mmol/L 
(250 mg/dL) clearly indicates hyperlipidaemia. However, 
in the presence of other independent risk factors for ather-
osclerosis, levels lower than these may require treatment (a 
‘desirable’ cholesterol level is less than 5.2 mmol/L). Low 
HDL-cholesterol, below 0.9 mmol/L (35 mg/dL), is also a risk 
factor for atherosclerosis, as is a high LDL-cholesterol (with a 
target often of 2.5 mmol/L or less).

While there is no doubt that hyperlipidaemia, especially 
hypercholesterolaemia, is associated with increased incidence 
of premature ischaemic heart disease,92 intervention with 
drug therapy, especially in some populations, has been con-
troversial, as for example in healthy women93 and the elderly 
(where high cholesterol levels may even be protective of 
health94). However, the benefits of treating raised cholesterol 
in most patients with CHD after a myocardial infarction (sec-
ondary prevention) are clear.95

There is certainly a clear consensus in the mainstream lit-
erature that LDL-cholesterol is a significant cardiovascular risk 
factor. However, the predictive value of future cardiovascular 
events of LDL-cholesterol appears limited.96 LDL-cholesterol 
is a more complex issue than previously realised; the subfrac-
tion of intermediate density lipoprotein (IDL) cholesterol 
might be the true atherogenic factor and the number of LDL 
particles is also important.96 HDL-cholesterol is a more sensi-
tive predictor of cardiovascular risk and levels are predictive 
of major cardiovascular events in patients treated with statins, 
even those with target LDL-cholesterol.96 Overall, the corre-
lation between HDL-cholesterol and the incidence of CHD is 
better than for LDL-cholesterol. This holds true for all LDL 
levels, independent of statin drug treatment.96 Triglyceride 
levels are acknowledged by many experts now as an independ-
ent risk factor (that is, are not conditional on LDL-cholesterol 
or HDL-cholesterol levels) and non-fasting levels (VLDL plus 
chylomicrons) could well be more relevant to predicting risk 
than fasting triglycerides (VLDL).97,98

As one group of cardiologists observed: ‘Despite the consid-
erable progress made in cardiovascular disease management in 
recent decades, there is almost unanimous agreement among 
epidemiologists and clinicians that coronary risk assessment 
based exclusively on LDL-cholesterol is not optimal …’.99

Despite these considerations, many patients present to 
herbal clinicians with a clear objective of using phytotherapy 
to lower elevated cholesterol. In such circumstances, given 
that herbs are not as powerful as statins, attention to other 
risk factors is also in the patient’s interest. One key herb with 
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a broader activity on cardiovascular risk factors already dis-
cussed in the preamble is garlic (especially the allicin-releasing 
products or the uncooked crushed cloves). Fortunately this 
broader activity seems to be ‘built-in’ for many herbs, owing 
to the molecular promiscuity of their key constituents: tur-
meric is a good example of this.

As noted earlier, garlic appears to be able to lower plasma 
fibrinogen. Starting in the 1970s, elevated fibrinogen levels 
were shown to be a major independent cardiovascular risk fac-
tor. Higher fibrinogen levels enhance the CHD risk of patients 
with hypertension and diabetes and for cigarette smokers. 
Fibrinogen strongly affects blood rheology and coagulation, 
platelet aggregation. It is an acute-phase inflammation marker 
and has direct effects on the vessel wall. The association of 
fibrinogen with traditional cardiovascular risk factors and its 
independent contribution suggests it may play a mechanistic 
role by which the risk factors exert their effect, for example 
smoking, even LDL-cholesterol. Elevated LDL-cholesterol 
poses an ominous risk when accompanied by a high fibrino-
gen level. Reduction of high levels of fibrinogen with drugs 
reduces cardiovascular morbidity and mortality.100

Another interesting risk factor is lipoprotein(a) (Lp(a)). 
Apolipoprotein(a), a large glycoprotein made by the liver, is 
linked to an LDL particle to produce Lp(a). Lp(a) has been stud-
ied as a cardiovascular risk factor since the 1970s, but interest had 
declined in the mid-1990s owing to some underpowered epide-
miological studies that found no link to cardiovascular disease. 
Investigation of Lp(a) has also been hampered by inconsistent 
approaches to its measurement. Several studies, culminating with 
a large meta-analysis of 126 000 participants published in 2009, 
have clearly returned Lp(a) to the cardiovascular risk agenda.101 
Linear and independent associations were shown for Lp(a) lev-
els and incidence of CHD and stroke. Two recent genetic stud-
ies suggest that this association is causal, at least in people of 
European ancestry.102 Ginkgo has been shown to reduce Lp(a) in 
a small clinical study (see Ginkgo monograph).

Even supporting the immune system and oral health of a 
patient with or at risk of atheroma might improve their car-
diovascular health prospects. A review of the published litera-
ture concluded that strong evidence supports an association 
between acute coronary syndromes and acute respiratory 
infections.103 Both peak in winter and acute infections could 
precede up to a third of events. Large and well-designed ret-
rospective studies consistently find a 2- to 3-fold increase 
in risk within 1 to 2 weeks after a respiratory infection. 
It is especially marked in the first few days (nearly a 5-fold 
increase). Up to half of all deaths during influenza epidemics 
are attributable to cardiovascular causes. Several, but not all, 
epidemiological studies have shown that Chlamydia pneumo-
niae antibodies may be related to the development of cardio-
vascular disease. Additionally Chlamydia seems to be present 
in atheroma, but not healthy arteries.104 A meta-analysis of 
29 epidemiological studies found the risk of developing car-
diovascular disease was a significant 34% higher in people with 
periodontal disease (7 cohort studies), and the odds ratio was 
2.35 from 22 case-control studies.105

It should be kept in mind that the process of a heart attack 
has no direct relationship to cholesterol. Essentially there are 
three key factors that can lead to a dangerous heart attack. These 

are the rupture of vulnerable or unstable plaque in a coronary 
artery wall, the resultant formation of a massive clot or throm-
bus (thrombosis) that starves the heart of oxygen, and thirdly the 
dangerous rhythm disturbance that can follow when the heart 
is shocked in this way. Logically, this process would argue that, 
through stabilising plaque, making the blood less likely to clot 
and rendering the heart less prone to dangerous rhythm distur-
bances, the risk of a dangerous heart attack can be reduced.

Gotu kola could have a role in managing unstable plaque. 
Other key herbs that might also be useful in this scenario 
are garlic for blood quality and possibly hawthorn to protect 
heart rhythm. Vulnerable plaque is one that is at high short-
term risk of rupture and plaque rupture is by far the most fre-
quent cause of arterial thrombosis. It is deemed responsible 
for about 75% of coronary blockages leading to heart attacks 
and about 90% of carotid artery blockages causing ischaemic 
stroke. Only plaque with a very thin fibrous cap is at risk of 
rupture and even just a small area is life-threatening. These 
plaques are essentially unstable because of a deficiency of con-
nective tissue. Even in the presence of widespread arterial 
disease, rarely more than a few plaques appear to be at risk 
of rupture at any given moment.106 One group of research-
ers observed: ‘It is not clear why some plaques lead to clinical 
manifestations, whereas many others remain asymptomatic 
and heal with subsequent fibrosis…’.107 In a sense, arterial 
plaque is a type of wound on the blood vessel wall and vulner-
able plaque can be seen as either not healing appropriately, or 
in the early stages of healing (fibrosis).

Gotu kola may help this unstable plaque to heal. In two 
12-month placebo-controlled clinical trials, gotu kola stabi-
lised echolucent low density carotid108 and femoral artery 
plaque.109 (See the gotu kola monograph for more details.) 
Arterial plaque that is echolucent (low echogenicity by ultra-
sound) has a limited amount of connective tissue and the 
plaque is weaker and prone to ulceration and rupture. This 
is not quite the same as vulnerable coronary artery plaque, 
but shares many similarities. On the basis of these findings, 
it would be interesting to investigate the impact of the long-
term intake of gotu kola on health outcomes in patients with 
coronary artery disease.

Treatment

Diet and lifestyle
Dietary treatment should be the first-line therapy for hyperlipi-
daemia, especially in those population groups where the benefit 
of more aggressive therapy has not been established. All com-
mon and most of the rarer types of hyperlipidaemia respond 
to diet therapy. Saturated fat intake should be reduced. Fibre, 
especially sticky soluble fibre from fruit, vegetables, legumes, 
oats and rice, should be increased. Fish consumption, especially 
of oily fish, should also be increased. There is benefit in the use 
of monounsaturated vegetable oils such as olive oil, and choles-
terol intake should be reduced. Alcohol intake should be mod-
erate and binge drinking avoided.110

One interesting protocol that synthesises several aspects 
of the above recommendations into a systematic approach is 
known as the ‘dietary portfolio’. A Canadian research team 
headed by David Jenkins has been clinically investigating 
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this strategy for several years, with remarkable results. Their 
dietary portfolio has been the subject of more than 10 major 
publications and it is based on the concept of introducing 
foods that actively reduce cholesterol.111 In other words, it is 
a dietary approach based on ‘do’ rather than ‘don’t’. The die-
tary portfolio has four simple aspects:
l	 Plant sterols (as a supplement or in a functional food) 

about 2 g/day
l	 Viscous fibre (oat bran, psyllium, eggplant and so on) about 

20 g/day
l	 Almonds about 30 g/day
l	 Soya protein about 40 g/day.

The most impressive study using the dietary portfolio was 
published in JAMA in 2003.111 Here participants were ran-
domised into one of three interventions for 1 month:
l	 A control diet based on whole wheat cereals and low fat 

milk which was low in saturated fat
l	 The above diet plus lovastatin 20 mg/day
l	 The dietary portfolio.

For the control diet, an average decrease of LDL-cholesterol 
of 8% was observed. In contrast, those participants receiving the 
statin or on the dietary portfolio had mean decreases in LDL-
cholesterol of 30.9% and 28.6% respectively. In other words, 
the dietary portfolio achieved a similar cholesterol reduction to 
a statin drug. Triglycerides were also reduced by 8%.

One key aspect of the dietary portfolio approach is that it 
incorporates a vegetarian diet, with a large part of the protein 
coming from soya. This is not acceptable to some patients; 
hence a partial approach (without the soya) could be adopted, 
combined with an appropriate selection of the herbal options 
discussed below.

Herbs
Key herbs to consider are Curcuma (turmeric), Allium sativum 
(garlic), Cynara (globe artichoke) and berberine-containing herbs 
(in extracts capable of delivering relatively high doses of berber-
ine). Adequate doses of all these herbs need to be prescribed to 
achieve meaningful clinical results (see previous, and the relevant 
monographs). There are also some promising in vivo results for 
hawthorn berries (not the leaves, see the hawthorn monograph).

These herbs can be supported by saponin-containing 
herbs that are believed to sequester cholesterol in the diges-
tive tract. Gymnema is rich in saponins and has been found 
to reduce cholesterol in vivo112 and in a clinical trial in type 
2 diabetes.113 Medicago sativa (alfalfa) seed has also been 
shown to lower cholesterol in a clinical trial.114 This may be 
due to both its saponin and mucilage content.

Mucilages are a class of polysaccharide related to solu-
ble fibre. Soluble fibre such as guar gum is thought to lower 
cholesterol by several possible mechanisms. In particular, 
bacterial flora in the large bowel metabolise soluble fibre to 
produce short-chain fatty acids (SCFA). Some of these SCFA 
are carried by the portal venous system to the liver where 
they might influence hepatic metabolism to decrease choles-
terol biosynthesis. Patients can supplement their soluble fibre 
intake with mucilages such as Ulmus (slippery elm), Althaea 
(marshmallow root) and seeds or hulls from Plantago species 

(psyllium, ispaghula). See also the discussion of mucilages in 
Chapter 2 for more data on the impact of psyllium on lower-
ing plasma cholesterol in clinical trials.

Green tea consumption has been shown to significantly 
reduce serum cholesterol and triglycerides and increase HDL.115

Example herbal treatment

Cynara scolymus 1:2 45 mL

Gymnema sylvestre 1:1 35 mL

Crataegus laevigata berry 1:2 25 mL

TOTAL 105 mL

Dose: 8 mL with water two to three times a day.
Together with allicin-releasing garlic tablets (equivalent 

to about 6 to 12 g/day of fresh garlic) and providing at least 
12 mg/day of alliin).

CASE HISTORY

A 74-year-old woman in good overall health was receiving ongoing 
treatment for emotional and digestive problems. In late 2006 her total 
serum cholesterol was elevated at 7.0 with LDL-cholesterol at 4.1 
(and a high HDL). A powder formulation delivering 4.4 g/day Cynara, 
1.85 g/day phytosterols and 4.0 g/day psyllium husks and other 
aspects of the dietary portfolio were recommended. The patient was 
able to comply with most of these, but did not like soya, so found tak-
ing it difficult. Hence that aspect of the treatment was left out. Around 
10 weeks later her total cholesterol tested at 6.0, with an LDL reading 
of 3.2. Hence, a 22% reduction was achieved, even using the modi-
fied dietary portfolio without the soya, but with added Cynara.

Palpitations
Palpitations (undue awareness of the beating of the heart) can 
be a significant source of anxiety to the sufferer. The aware-
ness is most commonly brought about by a benign change in 
the rhythm or rate of the heart (rather than the heart being 
actually damaged), amplified in the resonant chamber of 
a tense thoracic cavity. However, sinus tachycardia or less 
benign arrhythmias such as ventricular or atrial tachycardia, 
heart block or atrial fibrillation may be responsible. These fac-
tors should be excluded in diagnosis.

Treatment

Diet and lifestyle
A key element in palpitations is likely to be diaphragmatic 
spasm, unconscious tension in this large muscle and others in 
the wall of the chest. Palpitations (along with hyperventilation, 
some nervous dyspepsia and swallowing difficulties) are there-
fore an important indication for a coordinated programme of 
breathing exercises, best initiated under instruction. Patients 
should avoid excessive nicotine and caffeine intake. Intake of 
chocolate, cheese and synthetic food preservatives should be 
reduced. Vasodilator drugs and asthma or nasal treatments 
containing sympathomimetic (e.g. ephedrine) drugs should be 
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reviewed. Excessive intake of the stimulant herbs Ephedra, 
Panax and Paulinia (guarana) and Cola should be avoided. 
Methods to reduce emotional stress should be advised.

Herbs
The combination of benign arrhythmias or ectopic beats 
with thoracic tension may be treated with Leonurus cardi-
aca (motherwort), Lycopus (bugleweed), Corydalis, Ginkgo, 
Salvia miltiorrhiza (dan shen) and particularly Crataegus (see 
available monographs).

Lycopus (bugleweed) must be considered if the patient’s 
thyroid is overactive. Emotional and mental tensions can 
be reduced with the above combined with herbs such as 
Valeriana, Scutellaria (skullcap), Passiflora, Piper methysticum 
(kava) and Hypericum (St John’s wort).

The dyspeptic and reflux conditions often associated with 
this syndrome should be treated with the appropriate upper 
digestive relaxants (see the Digestive system section).

Example liquid formula

Corydalis ambigua 1:2 20 mL

Crataegus laevigata leaf 1:2 30 mL

Leonurus cardiaca 1:2 15 mL

Ginkgo biloba (standardised extract) 2:1 20 mL

Scutellaria lateriflora 1:2 20 mL

105 mL

Dose: 8 mL with water twice a day.

Chronic venous disorders
Varicose veins are a common disorder, with prevalence in the 
adult population of between 14% for large varices and 59% for 
small telangiectasias. The term chronic venous insufficiency 
(CVI) defines functional abnormalities of the venous system 
producing advanced symptoms including oedema, skin changes 
and leg ulcers. Both entities, varicose veins and CVI, may be 
summarised under the term chronic venous disorders, which 
includes the full spectrum of morphological and functional 
abnormalities of the venous system. Concerning the aetiology of 
venous disorders, controversial theories exist leading to different 
therapeutic concepts. There is probably a vicious circle between 
structural changes in valves and the venous wall and haemody-
namic forces leading to reflux and venous hypertension. Chronic 
venous insufficiency requires chronic management.116

Varicose veins and CVI have long been regarded as disorders 
of valvular incompetence. However, recent evidence suggests 
that changes in the vein wall could well precede incompe-
tence. For example, varicosities are often observed below com-
petent valves and can occur before valvular incompetence. 
Defects in extracellular matrix and collagen composition in the 
vein wall are thought to be part of this process.117

Areas of intimal hyperplasia and smooth muscle cell pro-
liferation are often noted in varicose veins, although regions 
of atrophy are also present. The total elastin content in vari-
cose veins is reduced compared with non-varicose veins; 

changes in overall collagen content are uncertain. Matrix met-
alloproteinases (MMPs), including MMP-1, MMP-2, MMP-3, 
MMP-7 and MMP-9, and tissue inhibitor of metalloprotein-
ase (TIMP)-1 and TIMP-3 are upregulated in varicose veins. 
Activation of the endothelium stimulates the recruitment of 
leucocytes and release of growth factors, leading to smooth 
muscle cell proliferation and migration. Dysregulated apopto-
sis has also been demonstrated in varicose veins.117

Although there are few prospects for cosmetically chang-
ing established varicosities, herbal treatments stress the need to 
maintain good venous and connective tissue tone, so as to reduce 
further trouble and improve venous return from the lower body.

Treatment

Diet and lifestyle
Fruit and vegetable intake should be high to maintain opti-
mum levels of flavonols and other supportive elements. 
Berries are particularly rich in vasoprotective phytochemicals. 
Regular walking, and resting or sleeping with the legs elevated, 
is often to be recommended. Elastic stockings should be use-
ful, especially if applied first thing in the morning. Cold water 
applied to the legs from the knee to the foot can help to stim-
ulate circulation and tone the area.

Herbs
Aesculus hippocastanum (horsechestnut) and Ruscus (butch-
er’s broom), taken internally and also applied topically in a 
cream, are key aspects of treatment (see monographs). These 
herbs are proven to increase venous tone. Aesculus should not 
be applied to broken skin.

Connective tissue stabilising herbs (pine bark and grape 
seed) and vasoprotective microvascular herbs (bilberry, 
Ginkgo, grape seed, pine bark and gotu kola) improve connec-
tive tissue function. Gotu kola has proven clinical benefits in 
venous insufficiency and a noted activity for connective tissue 
regeneration (see monograph).

Improve circulatory function with circulatory herbs, espe-
cially Ginkgo, Achillea (yarrow) and rosemary, and antiplate-
let herbs such as turmeric.

Melilotus (sweet clover) has anti-oedema activity and 
improves venous return.

Bilberry’s benefits in venous insufficiency are supported by 
clinical trials and it has the advantage of being safe in early 
pregnancy (see bilberry monograph).

Herbs beneficial by topical application include Symphytum 
(comfrey), Arnica, Calendula and Hamamelis (witchhazel).

Example liquid formula

Aesculus hippocastanum 1:2 30 mL

Ruscus aculeatus 1:2 30 mL

Ginkgo biloba (standardised extract) 2:1 20 mL

Centella asiatica (standardised extract) 1:1 30 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day.
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Stasis dermatitis and stasis ulceration
Stasis dermatitis (varicose eczema) develops in the legs as a 
result of chronic oedema and venous incompetence. It usu-
ally begins as a scaling associated with itching over the medial 
aspect of the ankle and can progress to become stained as a 
result of extravasation of blood.

Stasis ulceration (varicose ulcer) is a further complication of 
stasis dermatitis. The ulcers are shallow and can be quite large. 
They often result from damage such as knocking the leg and 
can take months or longer to heal. Bacterial infection is present.

Treatment
Treatment is essentially as for varicose veins, but the follow-
ing additions or modifications are important to prevent fur-
ther damage and heal any ulcer. Oral doses of Aesculus have 
demonstrated clinical benefit in varicose ulcers (see Aesculus 
monograph).

Aesculus or Ruscus should not be applied topically. The 
best topical treatments consist of Calendula and Echinacea 
root as a lotion and Calendula cream applied on the good skin 
around the edge of the ulcer.

Inclusion of Centella (gotu kola) for promotion of healing 
and Echinacea root for its immune effects in the oral treat-
ment can be beneficial.

underlie the many other risk factors that have been identi-
fied, such as surgery, oral contraceptives, air travel, cancer and 
pregnancy. A patient with a spontaneous deep vein thrombo-
sis (DVT) has one chance in six of having cancer diagnosed 
within 2 years.

In at least 40% of cases, fragments of thrombus break loose 
to form a pulmonary embolus. This can be life threatening.

The management of acute DVT and any subsequent pul-
monary embolism requires conventional acute medical care. 
However, phytotherapy does have a role in the prevention of 
DVT in those at risk, and in the management of the chronic 
compromised venous return that may subsequently develop 
(postphlebitic syndrome).

Prevention
Herbs that improve venous tone will decrease the likelihood of 
venostasis. Aesculus (horsechestnut) has been proven to reduce 
the risk of DVT in a clinical trial (see monograph). Other herbs 
listed under chronic venous insufficiency are also relevant.

Integrity of vessel walls can be maintained with OPC-
containing herbs including hawthorn, grape seed and pine bark 
extracts.

Circulation and the quality of the blood can be improved 
with Ginkgo, dan shen, ginger, garlic and turmeric.

Postphlebitis syndrome
Treatment is similar to above (since recurrences must be pre-
vented) but emphasis is also given to assist venous return and 
reduce oedema.

Collateral circulation can be promoted with exercise and 
herbs that improve circulation and the integrity of fine vessels 
such as Ginkgo, bilberry and grape seed extract.

CASE HISTORY

A 62-year-old woman had a very bad varicose ulcer, several centime-
tres in width. She had experienced problems with varicose veins for 
many years to the point where she could not stand still for any length 
of time (and had to do her ironing sitting down). Episodes of cellulitis 
in her legs also occurred from time to time. Her conventional medica-
tions were a thiazide diuretic and a cardioselective beta-blocker.

The following treatments were prescribed:

Ginkgo biloba (standardised extract) 2:1 20 mL
Centella asiatica 1:2 35 mL
Ruscus aculeatus 1:2 25 mL
Aesculus hippocastanum 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times daily.
Topical treatments consisting of:

l	 A 50/50 mixture of Calendula 1:2 and Echinacea angustifolia root 
1:2 diluted one part with five parts of sterile water as a lotion for 
bathing the ulcer

l	 Calendula cream and comfrey cream which were to be applied to 
the good skin around the ulcer several times a day.
After about 4 weeks of treatment there was a noticeable improve-

ment in the ulcer. With continued treatment over the next few months 
the ulcer healed and she could do her ironing standing up. The results 
of the herbal treatment had far surpassed her expectations.

Deep vein thrombosis
Under certain conditions, a thrombus, composed mainly of 
platelets and fibrin, can form in a deep vein. In 1856, Virchow 
described the classic triad of venostasis, hypercoagulability 
and vascular damage as predisposing factors. These factors 

CASE HISTORY

A male patient aged 39 developed multiple DVTs in one leg and seri-
ous pulmonary embolism following a long intercontinental flight. As a 
result he was left with substantially impaired venous return in one leg, 
with a tendency to oedema in that limb.

He was prescribed herbal treatments with the aim of improving his 
venous return by enhancing venous tone and developing collateral 
circulation. Treatment was superimposed on a regular exercise pro-
gramme and was as follows:

l	 Vein tablets (2 tablets/day) each containing:
Horsechestnut 1.2 g (standardised to contain 40 mg escin)
Butcher’s broom 800 mg (standardised to 20 mg ruscogenin)
Ginkgo biloba 1.5 g (standardised to contain 7.3 mg flavone 

glycosides)
As well as the following:

l	 Grape seed extract 50 mg tablets. Dose: 2 tablets/day
l	 Bilberry tablets 6000 mg (fresh weight) standardised to contain 

15 mg anthocyanosides. Dose: 4 tablets/day
l	 Hawthorn leaf tablets (1000 mg). Dose: 2 tablets/day.

Over a period of 3 years there was a considerable improvement 
in his condition. He can walk and exercise without impairment and is 
largely free of symptoms.
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Hypotension syndrome
Hypotension, or very low blood pressure, can be associated 
with a number of serious diseases, or can result from drug 
therapy. Current medical thinking does not associate any 
health issue with mild hypotension. In fact, mild hypotension 
(that is, blood pressure in the normal range but significantly 
lower than average) is considered to be beneficial.

However, herbalists recognise a syndrome associated with 
mild hypotension that can include depression, lack of energy 
and episodic dizziness or light-headedness. Some scientific 
studies now appear to support the existence of this syn-
drome.118 Hypotension has been associated with depression in 
the elderly119 and in the general population.120

The following herbs should be considered:
l	 Circulatory stimulants such as cayenne and prickly ash
l	 Ginkgo to improve nourishment of brain tissue and 

cerebral circulation (see monograph)
l	 Tonics especially Korean ginseng and adrenal 

trophorestoratives such as Rehmannia and licorice to help 
maintain blood pressure and energy

l	 St John’s wort is indicated for any associated depression
l	 Judicious use of herbs to increase blood pressure such as 

licorice at higher doses can be considered.

Example liquid formula

Ginkgo biloba (standardised extract) 2:1 20 mL

Zanthoxylum clava-herculis 1:2 15 mL

Hypericum perforatum 1:2 25 mL

Panax ginseng 1:2 15 mL

Glycyrrhiza glabra 1:1 25 mL

TOTAL 100 mL

Dose: 8 mL with water twice daily.

Cerebral atherosclerosis and peripheral 
circulation disorders
Cerebral atherosclerosis can lead to vascular dementia, which 
is the second commonest cause of dementia (after Alzheimer’s 
disease). It can also lead to transient ischaemic attacks.

As with other disorders involving ischaemia, cerebrovascular 
risk factors should be identified and treated. For example, hyper-
tension may increase the risk of dementia by inducing small ves-
sel disease and white matter lesions (leukoaraiosis).121,122

Treatment

l	 The key herb is Ginkgo, used as the standardised extract 
in tablet or liquid form. Studies have shown that this 
extract can compensate for deficits associated with cerebral 
ischaemia. It may in fact prove to be a specific treatment 
for white matter disease (see Ginkgo monograph).

l	 Prickly ash can improve arterial circulation (traditional 
indication), but should not be used if hypertension is 

present. Rosemary and Salvia miltiorrhiza (dan shen) 
should also be considered to improve circulation.

l	 Garlic, especially in allicin-releasing preparations, improves 
flow in fine blood vessels and treats cardiovascular risk 
factors. Other antiplatelet herbs that may be beneficial 
include turmeric, ginger and Coleus.

l	 Herbs to boost cognitive function such as Bacopa, sage and 
Ginkgo should be used to compensate for any reduced 
cognitive function.

l	 Antioxidant and vasoprotective herbs such as bilberry 
and grape seed can be of value to minimise further 
deterioration.

l	 The same approach can be applied in peripheral  
vascular disease, poor circulation and Raynaud’s 
phenomenon.

l	 In addition, for Raynaud’s phenomenon, herbs with 
peripheral vasodilating properties such as cramp bark, 
hawthorn and Coleus could be considered.

CASE HISTORY: RAYNAUD’S 
PHENOMENON

A 60-year-old female patient developed Raynaud’s phenomenon in 
conjunction with scleroderma. On examination she had ischaemic 
signs on several fingertips in both hands. Her herbal treatment for this 
problem consisted of the following:

Zingiber officinale 1:2 10 mL
Ginkgo biloba (standardised extract) 2:1 20 mL
Crataegus folia 1:2 20 mL
Zanthoxylum clava-herculis 1:2 15 mL
Echinacea angustifolia root 1:2 35 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
This treatment was able to control her Raynaud’s symptoms and 

prevent the development of gangrene. Echinacea was included in the 
formula to help prevent infection in the ischaemic fingertips. The treat-
ment did arrest the progression of ischaemic changes and over time 
improved the health of the fingertips.

Buerger’s disease
Buerger’s disease is an unusual chronic blood vessel dis-
ease.123,124 In 1908 Leo Buerger from New York first 
described a pattern of what he termed ‘presenile spontaneous 
gangrene’ due to a distinctive disease pattern he called throm-
boangiitis obliterans (literally the obliteration of blood vessels 
by inflammatory and clotting processes).125

Buerger’s disease is indeed an inflammatory, occlusive 
(blocking) disorder, affecting the small and medium-size 
arteries and veins.123 Typical patients are mostly young, male 
tobacco smokers and the clinical features include ischae-
mia in the limbs, leg ulcers and even gangrene of the fingers 
or toes.123 It is an unusual disorder because the large arteries 
supplying the heart, brain and abdominal organs are typically 
spared.125 The most serious outcome is amputation.

The average age at onset is 34 years and the male to female 
ratio is 7.5:1.125 The reported incidence in the US is around 
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10 cases per 100 000 population, making the total number 
of cases around 30 000. It has declined in incidence over the 
past 30 years, possibly because of less smoking. However, 
the application of a more strict diagnosis is another explana-
tion for this decline.125 There is a much higher incidence in 
Eastern Europe, the Mediterranean, India, the Middle East 
and Japan and Korea.125 In Japan, Korea and India it can 
account for up to around half of all cases of peripheral vascu-
lar disease.125

The cause of Buerger’s disease is still unknown, although it 
has been suggested that it is an autoimmune response triggered 
when nicotine is present.126 Certainly, recent observations 
point to an endothelial dysfunction in arteries not yet involved 
(particularly impaired vasodilation), and there are elevated 
levels of antiendothelial cell antibodies.127 The histological 
appearance of the inflamed blood vessels does suggest immune 
involvement, with inflammation of the whole vessel wall and 
(typically) lymphocytic infiltration.128 Antiphospholipid anti-
bodies as well as elevated levels of homocysteine have also 
been implicated,129 as has excessive exposure to arsenic via 
tobacco intake.130

On the last point, there can be no doubt that tobacco 
use in some form is crucial to the onset and progression of 
Buerger’s disease.125 The way the tobacco is ingested appears 
not to be critical, since the disease has developed in tobacco 
chewers and snuff users.125 Ceasing tobacco use favourably 
impacts the progression and recurrence of active disease and 
is the best means to avoid limb amputation.125

In terms of basic management, all forms of tobacco use and 
even nicotine patches should be avoided.131 Intravenous ilo-
prost (a prostaglandin analogue) has shown clinical benefit.131 
Arterial bypass and lumbar sympathectomy are surgical tech-
niques used to avoid amputation, but appear to be of limited 
application and benefit.131

Treatment
There are few clinical data on the use of herbs in the man-
agement of Buerger’s disease, apart from some studies of 
traditional Chinese medicines.132,133 Dong quai (Angelica sin-
ensis) has been successfully used to treat Buerger’s disease 
and constrictive aortitis, and is often combined with dan shen 
(Salvia miltorrhiza) in the treatment of peripheral vascular 
disorders.134

Case results for 200 cases of Buerger’s disease using a com-
bination of traditional Chinese and conventional medicine 
were reported.135 The authors observed three key principles 
that they believed should be followed in the management of 
the disease. These were: (1) improve blood circulation and 
remove blood stasis; (2) control infection in any ischaemic 
lesions such as leg ulcers; (3) protect the blood flow and pro-
mote healing. These principles can also be applied using phy-
totherapy in the management of Buerger’s disease.

Given the above, and the factors and issues identified in 
the aetiology of Buerger’s disease, the following are suggested 
to be key herbs for managing this disorder:
l	 Ginkgo (Ginkgo biloba), dong quai, ginger (Zingiber 

officinale) and dan shen to improve peripheral circulation 
and tissue oxygen supply

l	 Echinacea root (Echinacea angustifolia and/or purpurea) to 
support immunity, control infection, promote healing and 
balance the autoimmune aspects136

l	 Hawthorn leaves (Crataegus species) to act as a peripheral 
vasodilator, support connective tissue and provide 
antioxidant activity

l	 Garlic (Allium sativum) as the allicin-releasing powdered 
bulb because of its clinically proven benefits in boosting 
the microcirculatory blood supply, enhancing fibrinolytic 
activity, lowering plasma fibrinogen and decreasing platelet 
aggregation.137 Garlic is also useful for managing heavy 
metal toxic exposure

l	 Gotu kola (Centella asiatica) to promote tissue healing and 
support the venous circulation (see monograph).

CASE HISTORY

A male patient aged 55 presented with a diagnosis of Buerger’s dis-
ease. He also had cardiomyopathy (undetected at the time of initial 
presentation), possibly of viral origin, with considerable enlargement 
of the heart. The Buerger’s disease was diagnosed 20 years prior 
and, despite his having given up smoking for about 15 years (he had 
smoked for 18 years), was following a progressive course.

Circulation to his legs was severely compromised as assessed by 
Doppler flow analysis and he was told by his medical specialist to ‘get 
used to the idea of being in a wheelchair’. His walking was impaired, 
he had pain and his wife stated that his legs ‘felt dead’ when they 
brushed against her when they were lying in bed together.

Medical treatment consisted of two lumbar sympathectomies, one 
half an aspirin a day, enalapril maleate for his raised blood pressure 
and pentoxifylline. When his cardiomyopathy was discovered (about  
1 year into herbal treatment) he was taken off pentoxifylline and 
placed on nifedipine.

The following herbal formula was prescribed:
Crataegus folia 1:2 30 mL
Salvia miltiorrhiza 1:2 30 mL
Ginkgo biloba (standardised extract) 2:1 20 mL
Echinacea angustifolia root 1:2 30 mL
Zingiber officinale 1:2 10 mL
Angelica sinensis 1:2 30 mL

TOTAL 150 mL
Dose: 10 mL with water twice a day.

In addition he was prescribed two allicin-releasing garlic tablets 
(containing 6 mg each of alliin) per day.

Suggested dietary changes were to eat less meat and consider-
ably more fruit and vegetables, especially berries.

Over 3 years of treatment there was a gradual and significant 
improvement. By his last visit before ceasing herbal therapy he was 
completely free of symptoms. Towards the end of herbal treatment 
the patient went on vacation and hiked 20 miles in one day with a 
pack. He has now taken up hiking over mountains as his hobby and 
can cover considerable distances for sustained periods, more than 
the average person.

Circulation had significantly improved in his feet and when he last 
went for Doppler flow measurements the hospital doctor told him the 
condition of his legs was so good that he did not require this test. 
His cardiologist was astounded that his heart had also improved. 
Ventricular function was now normal and his enlarged heart had 
reduced to near normal. This was an unexpected but welcome side 
effect of the herbal treatment.
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Respiratory system

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 inflammatory catarrhal conditions of the upper respiratory 

mucosa (e.g. common cold, rhinitis, sinusitis, otitis media)
l	 acute bronchial and tracheal infections
l	 allergic rhinitis
l	 nervous coughing patterns.

Management of:
l	 chronic obstructive pulmonary diseases (chronic bronchitis, 

bronchiectasis, emphysema, silicosis)
l	 asthma
l	 chronic tracheitis
l	 coughing due to persistent local irritation.

Because of its use of secondary plant products, particu-
lar caution is necessary in applying phytotherapy in cases of 
known allergic reactions to specific medicinal plant products.

Rationale and orientation
To the Chinese, the lungs were the internal organs most in 
contact with the exterior. So as well as ascribing to them the 
source of the body’s rhythm and the site of the catalysis of 
vital energies, they were seen to be the organs in charge of 
defences. In earlier times the role of the respiratory system 
was obvious in all cultures; the first cry was generally taken to 
be the first sign of life, the bronchial gasp on the deathbed the 
last, and a consistent fear throughout history was the hacking, 
bloody cough of consumption or tuberculosis, the disease that 
once cast its baleful influence over the popular imagination 
like cancer and AIDS now do, the constant reminder of how 
fatal debility followed weakening of the lungs. It was obvious 
that the lungs, even more than the stomach, were suscepti-
ble to contagion, the conceptual medieval precursor to viruses 
and bacteria. In this imagery, the key to resistance lay not in 
attacking alien invaders but in strengthening innate resources. 
Traditional strategies for treating respiratory disease were 
notably founded on supportive and tonifying remedies. Given 
that the modern virus remains as elusive as it ever was, an 
emphasis on supporting defences may seem appropriate again.

Modern interpretations of respiratory illness have shifted in 
recent years to identifying underlying inflammatory processes, 
involving leukotrienes and cytokines. Given that most pathol-
ogies have a strong inflammatory element, this is a promising 
avenue of further research for phytotherapy.1

This is, however, the one area where the divide between 
traditional and modern approaches is not very wide. 
Elsewhere, there are very few modern endorsements of early 
treatment strategies.2 Modern medical science, which at first 
embraced such agents in the earlier part of this century, now 
sees no role for their use. For example, modern editions of 

Martindale’s Extra Pharmacopoeia claim that: ‘There is little 
evidence to show that expectorants are effective’. Some mod-
ern drugs may have expectorant activity, such as bromhexine, 
but they are usually referred to as ‘mucolytic’. The impact 
of traditional remedies on the respiratory system is relatively 
poorly researched. Reliable external measures of change in 
mucosal function are elusive; many respiratory diseases are 
either self-limiting or are among some of the most persistent 
conditions in the clinic. Even in asthma, where peak flow rates 
provide a simple measure of benefit, the complexity of the 
condition and the usual presence of confounding and violent 
influences make easy characterisation of the condition, and 
the measurement of all but the most powerful across-the-
board remedies, unreliable.

A sense that traditional approaches should be relegated to 
history is possibly reinforced in the medical psyche by the 
knowledge that one of the most dramatic advances of mod-
ern drugs was in controlling at last the old scourge of tuber-
culosis. However, this dismissal is not as conclusive as once 
thought. Tuberculosis is making a serious come-back on the 
world stage, attacking first the very impoverished and mal-
nourished as it always did. As modern drugs struggle with this 
new manifestation, there may once again be value in look-
ing at the lessons from the past, that treatment should be 
based on supportive remedies in a regime of convalescence. 
With the luxury of choice, with the option of taking modern 
drugs where these are necessary, but also being able to select 
more supportive strategies at other times, there is real value 
in reviewing the treatments forged out of desperate but not 
always unsuccessful battles with disease in earlier times. 
These lessons are fortunately quite well learnt.

The dominant feature of respiratory conditions is how read-
ily changes in their behaviour are appreciated subjectively. The 
often immediate effects of eating and drinking different foods 
and drinks, of temperature and humidity changes and of the var-
ious treatments used through history have been the main guide 
in determining therapeutic strategy. From such experience has 
come the view of the respiratory mucosa and musculature as 
being particularly sensitive to reflex responses, notably from the 
upper digestive tract, from the pharynx to the stomach. There is 
a persistent tradition in many cultures that respiratory problems 
are extensions of digestive dysfunctions. Embryology supports 
such links, with the bronchial tree originating as a diverticu-
lum of the pharyngeal zone of the alimentary duct and sharing 
common vagal innervation, and the association, for example, 
between asthma and histamine H2 receptors in the stomach3 
add further support to such connections.

Phytotherapeutics
Part of the problem with expectorants probably arises from 
confusion over their definition. Another stems from the dif-
ficulties involved with measuring their efficacy.

Overview of expectorants
l	 An expectorant is a substance that enhances those 

physiological mechanisms by which respiratory tract 
secretions are cleared from the lungs. In the course of 
doing this they often render the consistency of respiratory 
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tract secretions more fluid and/or more demulcent. They 
do not necessarily increase the quantity of coughed-up 
phlegm, nor are they necessarily antitussive (see below).

l	 Since reflex and warming expectorants act by different 
mechanisms, and on different parts of the lung tissue, an 
effective herbal prescription can combine these two types 
of expectorants, but depending on the patient’s condition 
as noted above.

l	 The effect and mechanism of action of reflex expectorants 
have been demonstrated by scientific experiments. 
However, since their effect seems to involve vagal 
stimulation of secretory glands, there may also be vagal 
stimulation of smooth muscle tissue in the lungs. Hence 
they should be used with caution in asthma, and combined 
with bronchiolar spasmolytics (but not anticholinergics that 
can dry respiratory secretions).

l	 Many lower respiratory tract disorders will benefit from 
the action of expectorants, but particularly those where 
mucus is tenacious and difficult to cough up. However, it 
depends on the cause of a cough whether an expectorant 
action is also antitussive.

The four definitions of expectorants given below highlight 
the difficulties. The dictionary meaning is only concerned 
with the actual oral production of phlegm or sputum. Since 
the majority of mucus produced from the lungs is swallowed, 
this definition is clearly unsatisfactory. Definitions from the 
pharmacologists Boyd and Lewis are more useful, but prob-
ably the best definition comes from Brunton, a 19th cen-
tury pharmacologist. Brunton’s functional definition best 
explains the various ways in which medicinal plants can act as 
expectorants.

Definitions of expectorants
l	 Oxford Dictionary – ‘Promoting the ejection of phlegm by 

coughing or spitting.’
l	 Boyd (1954) – ‘An expectorant may be pharmacologically 

defined as a substance which increases the output of 
demulcent respiratory tract fluid.’

l	 Lewis (1960) – ‘Expectorants increase the secretions 
of the respiratory tract and so reduce the viscosity of 
the mucus which can then act as a demulcent. By virtue 
of the presence of increased quantities of fluid mucus, 
expectorants produce a “productive cough” which is less 
exhausting and less painful to the patient.’

l	 Brunton (1885) – ‘Remedies which facilitate the removal 
of secretions from the air passages. The secretion may be 
rendered easier of removal by an alteration in its character 
or by increased activity of the expulsive mechanism.’

Why expectorants?
Many respiratory conditions are characterised by abnor-
mal mucus (catarrh) that can narrow airways. This abnormal 
mucus may be thick and tenacious and hence very difficult to 
clear from the airways.

If expectorants can render this catarrh more fluid and/
or assist in its expulsion, then a clinical benefit should be 
achieved.

Expectorants can help to relieve debilitating cough. The 
presence of an irritation in the airways (such as tenacious 
abnormal mucus) invokes the cough reflex. (The cough reflex 
is most sensitive in the trachea and larger airways. The sensi-
tivity progressively decreases in the finer airways and in the 
very fine airways there is no reflex at all. So in alveolitis, there 
is little stimulation of the cough reflex, whereas for trachei-
tis the stimulus is strong.) By clearing abnormal mucus or by 
changing its character and making it more demulcent, expec-
torants can allay cough and are therefore antitussive.

In spite of the incomplete scientific case and lack of a con-
sensus orthodox view, traditional approaches to expectoration 
are strong and consistent across cultures and history. They 
include mechanisms that are rational and usually immediately 
apparent.

The following are categories of herbal remedies acting on 
the respiratory tract.

Stimulating (reflex) expectorants
These are remedies that provoke increased mucociliary activ-
ity by reflex stimulation of the upper digestive wall. The clas-
sic examples were originally used as emetics. It was noted 
that this drastic action was accompanied by a noticeable 
expectoration. In fact, traditional practitioners in Britain used 
emesis as a technique to clear the lungs in asthma and chronic 
bronchitis until quite recent times. Application of these rem-
edies in sub-emetic doses was thus a consistent feature in all 
major herbal traditions. Herbs such as ipecacuanha, squills 
and Lobelia have been standards in Western medicine. There 
is some limited modern investigation of mechanisms involved. 
For example, ipecac-induced emesis is thought to be medi-
ated through both peripheral and central 5-HT3 receptors.4 
Other plants have been used as stimulating expectorants, 
although not used as emetics; members of the Primula, Bellis, 
Saponaria and Polygala genera are often included in this cat-
egory in Western traditions. High saponin levels seem to be a 
common feature of this group and saponins are certainly nau-
seating in high doses.

Plant remedies traditionally used as stimulating 
(reflex) expectorants
l	 Cephaelis (ipecacuanha), Lobelia inflata (Lobelia), Urginea 

(squills), Primula veris (cowslip), Bellis (daisy), Saponaria 
(soapwort), Polygala senega (snakeroot).

Indications for stimulating expectorants
l	 Cough linked to bronchial congestion, especially 

where mucus is thick and tenacious or where there is 
unproductive cough

l	 Bronchitis, emphysema.

Other traditional indications for stimulating 
expectorants
l	 In some cases as emetics in higher doses.
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Contraindications for stimulating expectorants
Although there is no firm evidence of unsuitability, as gastric 
irritants they can transiently upset some individuals (imme-
diately relieved by withdrawing or changing the remedy). In 
addition, the use of stimulating expectorants should be kept 
under review in cases of:
l	 dry and irritable conditions of the lungs
l	 asthma
l	 young children
l	 dyspeptic conditions.

Application
Stimulating expectorants are best taken in hot infusions or as 
tinctures or fluid extracts, before food.

Long-term therapy with stimulating expectorants is appro-
priate in the management of chronic bronchial conditions as 
long as digestive functions are not affected.

Advanced phytotherapeutics
Stimulating expectorants may also be usefully applied in some 
cases (depending on other factors) of rheumatic and connec-
tive tissue diseases.

Warming expectorants  
(mucolytics)
Many of the spices were highly prized in the cold damp cli-
mates of northern Europe for their apparent ability to coun-
teract associated chest problems. In particular, ginger had an 
almost mythical reputation; where this or imported cinnamon 
and cloves were not available, Europeans resorted to fennel, 
aniseed, garlic, mustard and horseradish for the same ends. 
Later cayenne or chilli peppers were used for this purpose, 
although generally taken to be too drying in most cases. The 
effect of the pungent spices probably includes increased blood 
flow to the respiratory mucosa, a reflex irritation of the upper 
digestive mucosa (as with the stimulating expectorants) and, 
especially in the sulphur-containing garlic and mustard family, 
a decrease in the thickness of mucus by altering the structure 
of its mucopolysaccharide constituents; the sensation usually 
is of a clearing of catarrh and the shifting of congestion up 
from the lungs.5 A simple infusion of fresh ginger and cinna-
mon remains one of the most effective home treatments for 
the common cold.

Essential oils from various herbs (either administered as 
essential oils or contained in herbal extracts or tinctures) are 
the most important agents that directly influence goblet cells 
to secrete more respiratory tract fluid and mucus. Boyd stud-
ied the effects of several essential oils in various experimen-
tal models (see Chapter 2). The most pronounced increase 
of respiratory tract fluid was seen after ingestion of oil of 
anise. Interestingly ingestion of oil of eucalyptus had a moder-
ate effect that was not eliminated by cutting afferent gastric 
nerves. This finding supports the premise that essential oils do 
not generally act as reflex expectorants.

Plant remedies traditionally used as warming 
expectorants
l	 Pimpinella anisum (aniseed), Cinnamomum zeylanicum 

(cinnamon), Foeniculum (fennel), Zingiber (ginger), Allium 
sativum (garlic), Angelica archangelica (angelica).

Indications for warming expectorants
l	 Productive cough associated with cold
l	 Bronchitis, emphysema
l	 Profuse catarrhal conditions
l	 Dry cough, as per Boyd.

Other traditional indications for warming 
expectorants
l	 As aromatic digestives
l	 Congestive chronic infections and inflammatory conditions.

Contraindications for warming expectorants
The use of warming expectorants may be contraindicated or 
inappropriate in gastro-oesophageal reflux.

Traditional therapeutic insights into the use  
of warming expectorants
There is a close association in traditional medicine between 
catarrhal congestion and the digestive/assimilative functions. 
The warming remedies were seen to act seamlessly across 
both respiratory and digestive functions treating disturbances 
in either or both together. Symptoms most often found with 
catarrhal conditions might include abdominal distension, loss 
of appetite and loose stools.

Applications
Warming expectorants are best taken immediately before 
meals. They are particularly effective taken in hot aqueous 
infusions.

Long-term therapy with warming expectorants is usually 
acceptable.

Respiratory demulcents
These herbs contain mucilage and have a soothing and anti-
inflammatory action on the lower respiratory tract. Although 
the mechanism is not clear, an opposite effect to that of the 
stimulating expectorants has been postulated; that is the 
effect is a reflex one from the demulcent effect on the phar-
ynx and upper digestive tract, again involving common embry-
onic origins and vagal innervation.

The major respiratory demulcent herbs are Althaea offici-
nalis (marshmallow root or leaves) and other members of 
the Malvaceae (mallows), Ulmus spp. (slippery elm), mem-
bers of the Plantago genus, Cetraria islandica (Iceland moss) 
and Chondrus crispus (Irish moss). Tussilago (coltsfoot) and 
Symphytum (comfrey) were very widely popular before con-
cerns about pyrrolizidine alkaloids constrained their sale.
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Pronounced antitussive activity has been demonstrated 
experimentally with oral doses of 1000 mg/kg body weight 
of extract of Althaea officinalis (marshmallow), with com-
parable effects at 50 mg/kg of the isolated polysaccharides.6 
These animal studies might suggest enormous doses necessary 
for clinical effect but if, as implied, the effect is a mechanical 
one, it is likely that only marginal increases in dose would be 
necessary to have similar impact in larger animals like humans 
(see also Chapter 2 under Mucilages).

Respiratory demulcents were popular for children’s cough 
and generally for dry, irritable and ticklish coughing. They 
were seen as intrinsically contraindicated in wet, damp chest 
problems, although they can sometimes be quite well suited 
to these if there is an irritable element.

Plant remedies traditionally used as respiratory 
demulcents
l	 Althaea (marshmallow), Plantago spp. (ribwort and 

plantain), Verbascum (mullein, especially leaf), Chondrus 
(Irish moss), Cetraria (Iceland moss), Glycyrrhiza (licorice).

Indications for respiratory demulcents
l	 Dry, non-productive, irritable cough
l	 Coughing in children
l	 Asthmatic wheezing and tightness.

Other traditional indications for respiratory 
demulcents
l	 As mucilaginous digestive remedies
l	 The effects of dryness on the respiratory system.

Contraindications for respiratory demulcents
The use of respiratory demulcents may be inappropriate in 
profuse catarrhal or congestive conditions of the mucosa (but 
see above).

Traditional therapeutic insights into the use of 
respiratory demulcents
As with other respiratory remedies, there is a close association 
between effects here and on the digestive tract. Respiratory 
demulcents are at their most appropriate if there are parallel 
indications in the gut: dry inflamed conditions such as gastritis 
and oesophagitis associated with hyperacidity, dry constipa-
tion and its various associated problems.

Application
Respiratory demulcents are best taken before meals. They 
are particularly effective taken in cold aqueous infusions. 
However, if gastro-oesophageal reflux is contributing to the 
pathology, as can be the case in asthma, they should be taken 
after meals.

Long-term therapy with respiratory demulcents is usually 
well tolerated.

Respiratory spasmolytics
Respiratory spasmolytics relax the bronchioles of the lungs. 
Traditionally they included the solanaceous plants (the night-
shade family) with powerful atropine-related antiparasym-
pathetic constituents: Datura, Atropa and Solanum were 
the prominent antiasthmatics of early history. As could now 
be explained pharmacologically, these remedies tended also 
to dry up the mucosa and had other less desirable effects, 
so less powerful remedies were also popular. Ephedra sinica 
(ma huang) from Asia was popular when it reached Europe 
and works through a sympathomimetic action. Other gentle 
remedies include culinary herbs such as hyssop and especially 
thyme, horehound, the North American gumplant, Grindelia 
camporum and elecampane (Inula helenium).

Plant remedies traditionally used as respiratory 
spasmolytics
l	 Ephedra (ma huang), Datura stramonium (jimson 

weed), Atropa belladonna (deadly nightshade), Solanum 
dulcamara (bittersweet), Hyssopus (hyssop), Thymus 
vulgaris (thyme), Lobelia inflata (lobelia), Marrubium 
vulgare (horehound), Grindelia camporum (gumplant), 
Euphorbia hirta (pill-bearing spurge), Coleus forskohlii, 
Glycyrrhiza (licorice), Inula (elecampane).

Indications for respiratory spasmolytics
l	 Tight, breathless, non-productive coughing
l	 Wheezing and other asthmatic symptoms.

Other traditional indications for respiratory 
spasmolytics
l	 Many of the gentler remedies were used as relaxants
l	 The solanaceous plants have potent neuroactive  

properties.

Contraindications for respiratory spasmolytics
The use of respiratory spasmolytics may be contraindicated or 
inappropriate in the following:
l	 In the case of solanaceous plants: glaucoma,  

urinary retention, paralytic ileus, intestinal atony and 
obstruction

l	 In the case of Ephedra: appetite disorders, glaucoma, 
prescription of monoamine oxidase (MAO) inhibitors.

Application
Respiratory spasmolytics may be taken at any time of the day 
as required for immediate effect.

Long-term therapy with respiratory spasmolytics is accept-
able in the case of the gentler examples, but not for the sola-
naceous plants or Ephedra, and in all cases there should be 
attention to treatment of underlying causes rather than rely-
ing on symptomatic relief.
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Anticatarrhals
There are a range of popular herbal treatments for a range 
of respiratory mucosal conditions whose action still remains 
mysterious. Indications for their use range from catarrhal con-
gestion to some types of mucosal hypersensitivity such as hay-
fever and allergic rhinitis.

Plant remedies traditionally used as anticatarrhals
l	 Euphrasia spp. (eyebright), Plantago lanceolata (ribwort), 

Sambucus nigra flowers (elder), Mentha piperita 
(peppermint), Nepeta hederacea (ground ivy), Solidago 
virgaurea (goldenrod), Verbascum thapsus (mullein 
flowers) and Hydrastis canadensis (golden seal). Ephedra 
also has pronounced anticatarrhal activity.

Anticatarrhal herbs for the upper respiratory tract include 
eyebright, ribwort, Ephedra, elder, peppermint, ground ivy and 
golden seal. Golden seal is particularly indicated where there is 
copious yellow to green discharge of a chronic nature. Golden 
rod may also fit into this category. Anticatarrhal herbs for the 
lower respiratory tract include mullein, Ephedra and ribwort.

Sage has a general drying effect on bodily secretions includ-
ing the mucous membranes and may be indicated where 
secretions are particularly copious and watery.

Indications for anticatarrhals
l	 Catarrhal conditions of the upper and lower respiratory tract
l	 Sinusitis, otitis media
l	 Allergic rhinitis, asthma and other hypersensitivity conditions.

Contraindications for anticatarrhals
Anticatarrhals are generally regarded as gentle and safe.

Application
Anticatarrhals are best taken before meals. Long-term therapy 
with anticatarrhals is usually well tolerated.

Herbs modulating inflammation  
and allergy
The inflammatory basis of many respiratory conditions 
has been clearer in recent years, with the role of dietary 
approaches, for example increasing the consumption of 
omega-3 fatty acids, being increasingly justified.7 The role 
of plant flavonoids and phenolics (such as the proprietary 
remedy Pycnogenol derived from the Pinus pinaster – mari-
time pine) as at least an adjunct for inflammatory respiratory 
conditions such as allergic rhinitis8 and childhood asthma9 
has been supported in double blind, controlled clinical trials 
against placebo. Traditional remedies such as Ephedra and 
Scutellaria baicalensis (Baical skullcap) have been refocused 
on the management of mild asthmatic conditions.

A number of herbs in recent years have accumulated a rea-
sonable evidence base of efficacy in dealing with upper respir-
atory disease and in asthmatic symptoms. In the first instance, 

research has been driven by products in the over-the-counter 
(OTC) industry, given that ‘cough-cold’ is the largest sin-
gle OTC sector, especially in winter. Generally these reme-
dies have in common preclinical research pointing to various 
anti-inflammatory activities, but there is little suggestion that 
they have antiviral or other wider asthmatic properties. The 
remedies most researched in this area include Petasites hybri-
dus (butterbur) and the South African Pelargonium sidoides 
(umckaloabo).

Petasites is a traditional European remedy that has been used 
less in recent years since its pyrrolizidine alkaloid (PA) content 
was confirmed. Two pyrrolizidine alkaloid reduced proprietary 
extracts, one from the root and one from the leaf, have come 
on the market with claims to treat allergic rhinitis and migraine. 
Preclinical studies have shown that the sesquiterpenes isopeta-
sin, oxopetasin and petasin are active constituents. They have 
demonstrated smooth muscle relaxant activity and in addi-
tion their esters inhibited the in vitro synthesis of leukotrienes, 
COX-2 and PGE2.10 Clinical trials of the efficacy of Petasites in 
allergic rhinitis have included a significant study showing com-
parability with a conventional antihistamine11 and one show-
ing reduced reaction to the inflammatory agonist adenosine 
monophosphate (AMP).12 Other trials have been smaller or less 
rigorous,13 though add to the case for this new discovery.

Pelargonium is known in Germany for a range of respira-
tory conditions including acute bronchitis and has been mar-
keted more widely as an OTC remedy for the common cold. 
In the former indication the clinical evidence, drawn from 
six randomised controlled trials, was judged as ‘encouraging’ 
in a recent meta-analysis.14 In relation to the common cold, 
a Cochrane review was tentatively positive in its conclusions, 
albeit from limited evidence (see also Chapter 2).15

There is less evidence for a proprietary preparation based on 
Sambucus nigra (elderberry), which as well as showing some 
promise clinically in the treatment of colds, has stimulated 
anti-inflammatory cytokines in human monocytes ex vivo.16

Plant remedies traditionally used as anti-
inflammatory or antiallergy remedies
l	 Ephedra, Albizia lebbek and Scutellaria baicalensis (Baical 

skullcap), Tylophora indica et cordifolia (Indian ipecac),17 
Picrorhiza kurroa, Coleus forskohlii, Urtica (nettle leaf) 
Boswellia serrata (frankincense)18 and Hedera helix (ivy).19

Indications for anti-inflammatory or antiallergy 
remedies
l	 Mild and chronic asthmatic symptoms, including reactive 

wheeziness even without diagnosis of asthma
l	 Allergic rhinitis and other hypersensitivity conditions.

Contraindications for anti-inflammatory or 
antiallergy remedies
Any remedy that might modulate anti-inflammatory activity 
in the body needs to be applied with caution in autoimmune 
disease, although actual interactions with such conditions has 
not been widely reported.
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Application
Most of the remedies in this category are appropriate for rel-
atively long-term use and may need some weeks to demon-
strate benefits.

Antitussives
Antitussives are remedies that allay coughing. Some may work 
through soothing irritability (respiratory demulcents); others 
are claimed to relieve coughs at source, by removing conges-
tive mucus or other mobile provocations (expectorants).

However, the term ‘antitussive’ is often used specifically to 
refer to remedies that depress the cough reflex and, in par-
ticular in herbal terms, to those with appreciable levels of 
cyanogenic glycosides. The notable example in the Western 
tradition is Prunus serotina (wild cherry). Another tradi-
tion was to use opiates, and the gentle version of that strat-
egy, Lactuca (wild lettuce), is still applied to the problem in 
some traditions. Hops (Humulus lupulus) were also used for 
the same reason. Such cough suppressants are not ideal treat-
ments and could even be counterproductive if they reduce 
cleansing of the lungs. However, there are many cases where 
they provide helpful relief and they may be the only solution 
for coughing not due to movable irritants (for example, nerv-
ous cough on the one hand, tumours on the other).

Plant remedies traditionally used as antitussives
l	 Prunus serotina (wild cherry bark), Lactuca (wild lettuce), 

Glycyrrhiza (licorice), Bupuleurum.

Indications for antitussives
l	 Non-productive, severe or persistent cough refractory to 

expectorants
l	 Nervous cough
l	 Cough due to external irritation or obstruction (e.g. 

tumour).

Contraindications for antitussives
Antitussives should be used only as needed and limited as 
soon as practical.

Application
Antitussives are best taken before meals.

Long-term therapy with antitussives is not advisable, 
except for palliative care.

Topical agents

Throat applications
The surfaces at the back of the mouth and pharynx are the 
first point of contact for ingested or inhaled pathogens and 
irritants; the dense masses of lymphatic tissue in the region 
confirm their important role in defence. The use of gargles, 
lozenges and cough drops to mobilise local defences can be 
an effective way to encourage the body’s response to a wide 

range of respiratory infections. In the case of sore throats, 
demulcent remedies such as licorice and marshmallow,20 
and astringents such as sage (Salvia species) and Hamamelis 
(witchhazel) could at least reduce irritation, and there are a 
range of remedies with more substantial reputations as topical 
anti-inflammatories. These can be used as levers to improve 
resistance and recovery in rhinitis, sinusitis and otitis as well 
as treating more local inflammations. Rather than attempt-
ing local antisepsis, resinous tinctures such as Calendula and 
myrrh, balm of Gilead, propolis and Tolu balsam appear to 
mobilise activity in the surrounding lymphatic tissues through 
the mildly provocative effect of their resins and essential oils. 
Other essential oil herbs can provide a mild antiseptic activity, 
for example thyme (Thymus vulgaris).

Plant remedies traditionally used as throat 
applications
l	 Calendula officinalis (marigold), Commiphora molmol 

(myrrh), Populus gileadensis (Balm of Gilead) – all in 
90% alcohol extraction and most effectively combined 
with 1:1 or 1:2 extracts of Glycyrrhiza glabra (licorice); 
Salvia officinalis (sage), Thymus vulgaris (thyme); (for 
more soothing action) tannin- or mucilage-containing herbs 
such as Althaea officinalis (marshmallow), Rubus nigra 
(blackberry leaf), Hamamelis virginiana (witchhazel) and 
Ulmus fulva (slippery elm).

Indications for throat applications
l	 Sore and inflamed throats
l	 Persistent or recurrent upper respiratory infections, 

sinusitis, otitis media
l	 Gum disease and dental caries.

Contraindications for throat applications
Occasionally a very inflamed throat with enlarged lymphatic  
tissues (e.g. tonsillitis) may make the throat tissues too  
sensitive; this can usually be rectified with more licorice or 
other mucilaginous or tannic content.

Application
Throat applications are best taken between meals and at least 
10 minutes before eating or drinking.

Inhalations
The obvious topical applications for the respiratory mucosa, 
traditional approaches to inhalations included smoking 
(Datura for asthma, for example, a high-risk treatment not 
recommended today), inhaling steam from herbal infusions 
to relieve congestion, and simple humidification. When the 
technology for extracting essential oils was developed these 
were frequent applications. Most apparent activity is found 
with the oils from mints (especially menthol), Eucalyptus, 
camphor, the Melaleuca family (tea tree – M. alternifolia, 
cajuput – M. leucadendron, niaouli – M. viridiflora), the 
Artemisia family (especially the aromatic A. abrotanum or 
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southernwood21) and the pine family (turpentine – Pinus 
palustris, P. sylvestris, P. excelsa). These were widely used 
for symptomatic relief of respiratory congestion, although in 
the case of menthol there are doubts as to the real benefits 
(see peppermint monograph).22 It is possible that some vola-
tile principles could exert anti-inflammatory effects23 (steam 
inhaled from chamomile flower infusions in some allergic rhi-
nitis and pine oils in bronchitis, for example). Small doses of 
volatile oils may have a complex combination of activities, 
either reducing or stimulating ciliary activity24 or mucosal 
secretions.25 (See also Essential oils in Chapter 2.)

Multipurpose remedies
As can be seen from the above, some herbs may fall into 
several categories. This is because they contain either sev-
eral active components or a group of active components 
acting in several different ways. For example, Verbascum 
(mullein) contains saponins that are expectorant, mucilage 
that is demulcent and iridoids that are anticatarrhal. Lobelia, 
although an emetic and stimulating expectorant, was used pri-
marily as a relaxant remedy in 19th century North America; 
it thus has a broad spectrum of effects on the respiratory sys-
tem. Probably the broadest acting remedy in common use, 
however, is Glycyrrhiza (licorice) which combines a saponin 
stimulant effect, a soothing effect and appreciable anti-inflam-
matory properties.

Phytotherapy for respiratory 
conditions

Allergic and non-allergic rhinitis
Rhinitis is an inflammation of the lining of the nose charac-
terised by one or more of the following symptoms: nasal con-
gestion, nasal discharge, sneezing and itching. Acute infectious 
rhinitis (and sinusitis) is usually due to the common cold and 
the appropriate treatment is described later in this chapter. 
Chronic infectious rhinitis is treated using the same approach 
as described later under chronic sinusitis. Allergic rhinitis is 
triggered by inhaled allergens and may be perennial or sea-
sonal (hayfever). Non-allergic or vasomotor rhinitis has no 
identified medical cause, although in naturopathic traditions it 
is understood as being caused or exacerbated by diet. Rhinitis 
may also be drug-induced, rhinitis medicamentosus, by over-
use of nasal sprays containing decongestants.

In phytotherapy for rhinitis, it is important to identify 
whether or not inhaled allergens are involved, since this deter-
mines the approach to treatment. Allergic rhinitis is usually 
characterised by sneezing, itching, nasal discharge, conjuncti-
vitis and nasal congestion. There will usually be a family his-
tory of allergy and secretions are often copious, clear and thin. 
Diagnosis is confirmed by positive skin prick test or radioaller-
gosorbent test (RAST) to aeroallergens. In contrast, non-aller-
gic rhinitis is mainly characterised by chronic nasal congestion 
with a scant, thin, whitish discharge. Skin prick tests and 
RAST are negative, and it usually has an adult onset.

The acute allergic response in rhinitis results from the 
interaction of an inhaled allergen with a specific IgE antibody 

on the surface of mast cells and basophils. This leads to the 
release of histamine and other factors that cause the acute 
symptoms. In chronic, persistent rhinitis, T cells recruit eosin-
ophils (in a process quite similar to asthma) and this leads to 
chronic symptoms such as nasal blockage, loss of smell and 
nasal hyper-reactivity.

Allergens involved in seasonal allergic rhinitis are usually 
grass pollens, but pollens from other plants including trees may 
be implicated. In perennial allergic rhinitis, house dust mite, 
molds, cockroaches and cats are common sources of allergen.

Treatment
The approach suggested for the herbal treatment of rhinitis is 
to control symptoms and remove causes. Avoidance measures 
to reduce exposure to aeroallergens should be part of this treat-
ment, such as the standard procedures to reduce levels of dust 
mite allergens. Staying at high altitudes or by the sea can sub-
stantially reduce pollen exposure (sea breezes are low in pollen).

Dietary exclusions should be trialled for both allergic and 
non-allergic rhinitis. Herbalists believe that diet can create 
a state of hypersensitivity and catarrh of the mucous mem-
branes that predisposes to rhinitis. The dietary components 
that contribute to this process do not necessarily give a posi-
tive reaction on the RAST or skin prick test. They include 
dairy products, wheat, salt and refined carbohydrates. 
Excessive consumption of these should be avoided by suffer-
ers of rhinitis and complete exclusion of one component (e.g. 
dairy products) should be tried for at least 2 months, or prior 
to and during the allergy season.

In order for an allergic reaction to occur, an allergen must 
penetrate deep into the nasal lining. If the mucous mem-
branes are healthy and intact, the allergen will never reach 
the mast cells to trigger an allergic reaction. This is why tra-
ditional herbalists have stressed the importance of healthy 
upper respiratory mucous membranes in the management 
of allergic rhinitis and rely on upper respiratory anticatarrhal 
herbs (which is really just another way of saying herbs that 
promote a healthy condition of the mucous membranes) as 
their mainstay of treatment.

Eyebright is often misunderstood in mass-market prod-
ucts and popular literature. Because of the common name 
it is often promoted to help vision. But this has never been 
the case. Because of its favourable effect on upper respira-
tory mucous membranes, the conjunctiva acquires a healthy 
sheen, hence the ‘eye is bright’. The herb will have this effect 
if taken orally or applied topically.

Essential aspects of treatment are as follows
l	 Immune-enhancing herbs such as Echinacea root and 

Astragalus. This is especially the case for allergic rhinitis
l	 Antiallergic herbs only in the case of allergic rhinitis, 

including Albizia, Baical skullcap and Nigella
l	 Upper respiratory anticatarrhal herbs for both types of 

rhinitis, including Euphrasia, Hydrastis and Plantago 
lanceolata

l	 When treating seasonal allergic rhinitis, treatment 
must be commenced 6 weeks before the season starts 



245

Herbal approaches to system dysfunctions C H A P T E R  9

and continued through the season. Any helpful dietary 
exclusions should also follow this time pattern

l	 Stress can exacerbate rhinitis and should be treated if it is 
considered to be a factor with tonic herbs, nervine tonics, 
sedative herbs and adaptogens as appropriate

l	 Treatment of rhinitis at a deeper level may involve the use 
of depuratives (e.g. Galium – clivers), lymphatics (e.g. 
Phytolacca – poke root) and choleretics and other liver 
herbs.

by its marked systemic illness with high fever, malaise and 
muscle pain. Bed rest is usually always required.

(For prevention of respiratory infections, see Chapter 8.)

Treatment
The basic treatment approaches for the common cold and 
influenza are similar. However, in the case of more severe 
forms of influenza, treatment is more vigorous (e.g. higher 
or more repeated doses), and the use of St John’s wort 
(Hypericum perforatum) and garlic (Allium sativum) as puta-
tive antiviral agents is included.

Essential aspects of treatment are as follows:
l	 Diaphoretics and heating remedies to manage and improve 

febrile responses. For the most direct agents, circulatory 
stimulants Zingiber (ginger, especially fresh grated) and 
cinnamon taken in hot water can dramatically improve 
mucosal symptoms and fend off the sensation of cold. For 
more gentle but sustained effects, especially in children, 
hot teas of Mentha piperita (peppermint), Eupatorium 
perfoliatum (boneset), Nepeta cataria (catmint), Achillea 
(yarrow), Tilia (lime flowers) and Sambucus (elderflower) 
are well-established diaphoretic approaches, which in the 
context of a cold can exert surprisingly different effects 
than when consumed at other times. Asclepias tuberosa 
(pleurisy root) is indicated if there are pulmonary or 
bronchial complications. Allium sativum (garlic, taken raw) 
may also be useful as a general and warming defensive agent

l	 Immune-enhancing herbs such as Echinacea root and 
Andrographis to help support the body’s fight against 
the virus. Andrographis is particularly suited to acute 
respiratory infections, whereas the data for Echinacea root 
is mixed. Note that Astragalus and tonics such as Panax 
ginseng are contraindicated in the acute stage of infection. 
Pelargonium sidoides and elderberry also have positive 
clinical data and may support immunity and have other 
relevant activities

l	 Anticatarrhal herbs for upper respiratory catarrh, especially 
Euphrasia (eyebright), Sambucus (elderflower) and 
Hydrastis (golden seal). Traditionally, Hydrastis was said to 
be contraindicated in the acute stage of infection, so its use 
may be best in the later stages of the secondary bacterial 
infection

l	 Hypericum (St John’s wort) as an antiviral treatment for 
influenza.

Since these are acute disorders, dosages should be high and 
often.

CASE HISTORY

A 30-year-old female patient with chronic persistent rhinitis. Symptoms 
were worse in the morning with clear nasal discharge and irritated 
eyes. She was sensitive to house dust mite and had suffered tonsillitis, 
adenoids and otitis media as a child. She regularly took antihistamines.

Treatment consisted of a dairy-free diet, protective measures 
against house dust mite and the following herbs:

Echinacea angustifolia root 1:2 30 mL
Picrorrhiza kurroa 1:2 5 mL
Zingiber officinale 1:2 5 mL
Euphrasia officinalis 1:2 25 mL
Scutellaria baicalensis 1:2 20 mL
Albizia lebbek 1:2 20 mL

TOTAL 105 mL

Dose: 8 mL with water twice a day.
Hydrastis 500 mg tablets, one tablet three times a day. After 3 

months of herbs, her antihistamine use was greatly reduced and 
symptoms were very much improved. Note that Picrorrhiza can be 
replaced by Andrographis if it is not available.

Common cold and influenza
The common cold (acute rhinitis) is a benign viral infection of 
the upper respiratory tract that usually occurs in the winter 
months. Viruses commonly involved are rhinovirus, adenovi-
rus, influenza virus and parainfluenza virus. It usually begins 
with a sore throat, nasal congestion, sneezing with clear dis-
charge and mild fever. After a few days, a mucopurulent dis-
charge occurs due to secondary bacterial infection. A few days 
of bed rest may be necessary and full recovery usually occurs 
7 to 10 days after onset. Complications or sequelae include 
acute sinusitis, sore throat, tonsillitis and otitis media (cov-
ered in this chapter).

In contrast, influenza is often a more severe respiratory 
infection which can result in loss of life. The main viruses 
that cause influenza are enveloped viruses known as influ-
enza A and B. These viruses are capable of mutating and new 
strains constantly appear. Sometimes influenza A virus can 
exchange a segment of its genetic material with another virus. 
This produces a new strain of influenza A to which no-one is 
immune, leading to a worldwide outbreak or pandemic. These 
have occurred in 1918, 1957, 1968 and 2009. Influenza is 
also mainly a winter disease. The influenza virus can produce 
a range of disease, from a mild common cold to fatal pneu-
monia (especially in the elderly or severely debilitated). True 
influenza is usually differentiated from other ‘flu-like’ illnesses 

CASE HISTORIES

The following case history demonstrates the value of immune-
enhancing therapy as an early intervention. John aged 42 was about 
to fly from Brisbane to London (24 h) and had just caught a cold. He 
was concerned about the adverse effect of flying on his condition. He 
was prescribed Echinacea angustifolia root tablets 500 mg and was 
advised to take two tablets every hour, if possible. By the time John 
arrived in London his cold was almost gone. He continued to take two 
Echinacea root tablets every few hours the next day and the cold did 
not reappear.
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Acute and chronic bacterial sinusitis
With sinusitis, drainage of the sinuses is partially blocked, usu-
ally by congestion and mucosal oedema. This results in stasis 
that allows a bacterial infection to take hold. Pain is caused 
by either negative pressure (due to absorption of gases by the 
vasculature) or the positive pressure of mucosal congestion.

Factors involved in the aetiology of chronic sinusitis 
include pollution, occupational dust exposure, tobacco smoke, 
adenoids, allergy (especially in children), rhinitis, cold and 
damp weather, dental problems, trauma and flying. A devi-
ated nasal septum or other structural causes may be present. 
Phytotherapists also believe that dietary factors can cause 
excessive mucus discharge, which may cause and sustain the 
disease. Particularly implicated are dairy products, salt and 
wheat. Stasis and congestion may be aggravated if the patient 
has inadequate fluid intake.

Treatment
The treatment approaches for acute and chronic bacterial 
sinusitis are similar. For acute sinusitis the dose should be 
higher and given more frequently and treatment may need to 
be supplemented with diaphoretics etc., as for acute rhinitis, 
if fever is present. Key aspects are:
l	 supporting the immune system in its fight against the 

bacteria involved using immune-enhancing herbs such as 
Echinacea and Andrographis

l	 anticatarrhal herbs (e.g. Euphrasia) to help clear the stasis
l	 mucolytic herbs to help clear the stasis, such as Allium 

sativum (garlic) and Armoracia (horseradish)
l	 particularly indicated is Hydrastis (golden seal), which has 

antimicrobial and anticatarrhal properties and is a mucous 
membrane trophorestorative. Regularly chewing a Hydrastis 
tablet can be very beneficial, but they are exceedingly bitter

l	 A steam inhalation containing antimicrobial and anti-
inflammatory essential oils, such as tea tree, pine or aniseed 
oils, or chamomile flowers, may be useful.

For chronic sinusitis only
l	 Patients with chronic sinusitis should avoid antihistamines 

and steroid-based decongestant drugs as these will weaken 
immunity in the region further.

l	 Chronic sinusitis may represent a vicarious elimination 
and this can be additionally treated with depuratives such 
as Galium (cleavers), and lymphatics such as Phytolacca 
(poke root)

l	 Exposure to the environmental factors listed above should 
be reduced and a dairy-free, low-salt diet should be trialled 
for at least 3 months. Antiallergic herbs may also be relevant

l	 The sinuses are relatively inaccessible regions of the body and 
once a chronic infection has taken hold it can be difficult to 
eradicate.

The following topical treatment can be beneficial:

Capsicum annuum 1:3 20 mL

Lobelia inflata 1:8 20 mL

Hydrastis canadensis 1:3 20 mL

Commiphora molmol 1:5 20 mL

Myrica cerifera 1:2 20 mL

TOTAL 100 mL

Work over the affected sinuses for 10 minutes once to 
twice a day. Keep away from the eyes. Use a glove or wash 
hands after using.

The Capsicum and Myrica act as decongestants, the myrrh 
is antiseptic and Lobelia assists penetration. The properties of 
Hydrastis are given above. If Lobelia is unavailable, substitute 
with a saponin-containing herb such as Bupleurum or Aesculus 
(horsechestnut).

The next case history illustrates a more complete approach to 
treating the common cold. Anne, aged 38, presented with the early 
stages of a cold including a clear discharge and fever. She was 
treated with the following formula and recovered quickly with only mild 
symptoms:

Echinacea angustifolia root 1:2 40 mL
Picrorrhiza kurroa 1:2 10 mL
Zingiber officinale 1:2 5 mL
Achillea millefolium 1:2 25 mL
Sambucus nigra flower 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with 40 mL hot water five to six times daily.
Treatment was also supplemented with regular intake of pepper-

mint infusions and up to six allicin-releasing garlic (Allium sativum) tab-
lets (5000 mg fresh weight equivalent) a day. Rest was also advised.

Note: for the treatment of influenza the above regime could be fol-
lowed but the elderflower could be replaced by a high hypericin extract 
of St John’s wort which has antiviral activity. Where Picrorrhiza is 
referred to it can be replaced with appropriate doses of Andrographis.

CASE HISTORY

A male patient aged 36 presented with chronic sinusitis that followed 
a bout of the common cold. There was a history of allergic rhinitis 
with chronic use of antihistamines and nasal steroids. Antibiotics had 
failed to resolve the condition, which had been present for 4 years. 
The patient had a high dairy intake and had been a cigarette smoker. 
Treatment consisted of the following:

Echinacea angustifolia root 1:2 40 mL
Euphrasia officinalis 1:2 30 mL
Hydrastis canadensis 1:3 25 mL
Phytolacca decandra 1:5 5 mL

TOTAL 100 mL

Dose: 5 mL with water three times daily
In addition, allicin-releasing garlic (Allium sativum) tablets (5000 mg 

fresh weight equivalent) three per day and Picrorrhiza 500 mg tablets, 
two per day, were prescribed. The patient was placed on a dairy-free 
and low-salt diet and advised not to use antihistamines and steroid 
decongestant drugs. The above sinus rub was also prescribed.

After a period of 6 months of treatment, symptoms were consider-
ably improved.

Note that the Picrorrhiza can be substituted by Andrographis and the 
E. angustifolia root by a mixture of E. purpurea and E. angustifolia roots.
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Chronic tonsillitis and chronic sore throat
Chronic sore throat may be a symptom of other disorders, 
such as sinusitis. However, it may exist in its own right as a 
chronic bacterial infection in a patient with or without tonsils. 
The organism usually responsible is a group A Streptococcus.

The approaches to the herbal treatment of chronic tonsil-
litis and chronic sore throat are similar. The main aspects of 
treatment are as follows:
l	 Immune-enhancing herbs. Being a chronic condition, 

Astragalus may be used as well as Echinacea root and 
Andrographis. Echinacea root is best taken as a liquid to 
obtain a local effect on the throat

l	 Lymphatic and depurative herbs are particularly indicated 
in tonsillitis and include Phytolacca, Echinacea root, 
Galium and Arctium lappa (burdock)

l	 Anticatarrhal herbs, particularly eyebright and golden seal
l	 A local treatment such as a throat spray or lozenge using 

herbs such as:
◯	 Glycyrrhiza (licorice) – soothing, anti-inflammatory, 

topically antiviral
◯	 Salvia (sage) – astringent and antiseptic to the mucous 

membranes
◯	 Propolis – antiseptic, healing and anaesthetic
◯	 Kava – local anaesthetic to provide a soothing effect  

(or clove essential oil)
◯	 Echinacea root – immune-enhancing, anti-inflammatory
◯	 Capsicum – stimulant, antiseptic
◯	 Hydrastis (golden seal) – antiseptic, mucous membrane 

trophorestorative
◯	 Althaea (marshmallow root) – demulcent
◯	 Myrrh – vulnerary and antiseptic, induces local leucocytosis

l	 A dairy-free diet rich in fruit and vegetables should be 
observed.

Example liquid formula

Echinacea purpurea/angustifolia root 1:2 40 mL

Euphrasia officinalis 1:2 25 mL

Phytolacca decandra 1:5 5 mL

Salvia fructicosa 1:2 15 mL

Hydrastis canadensis 1:3 25 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day. Ideally gargle medicine 
briefly before swallowing.

Otitis media
Inflammation of the middle ear, or otitis media, can be divided 
into suppurative or acute otitis media (AOM), and inflam-
mation accompanied by effusion, termed non-suppurative or 
secretory otitis media or otitis media with effusion (OME). 
Viral upper respiratory tract infection is most commonly asso-
ciated with the onset of AOM, although the major infection 
present is bacterial. Symptoms can include pain, purulent dis-
charge from the ear, hearing loss, vertigo, tinnitus and fever. 
Examination will demonstrate a red, dull and bulging or perfo-
rated ear drum.

Recurrent AOM is common, affecting between 10% and 
20% of children up to 12 months of age.26 Young children 
have immature immunity and short and poorly functional 
Eustachian tubes (the latter results in poor middle ear ven-
tilation). Chronic otitis media with discharge from the ear 
can result from ineffectively treated acute or recurrent otitis 
media. The infection is clearly bacterial.

OME is an enigmatic disorder that also usually occurs 
in children. Examination of the ear drum shows that it is 
retracted (‘sucked in’) and there is fluid in the middle ear 
cavity that can lead to conductive hearing loss. Allergy, nasal 
infection and chronic sinus infection may be involved and it is 
associated with increased frequency of respiratory infections. 
Medical treatment can involve the use of grommets to drain 
the middle ear cavity. The overuse of antibiotics is probably ill 
advised, although bacterial infection may play a role in some 
patients with this disorder.

Treatment
The treatments of acute and chronic otitis media are similar 
to the treatments of acute and chronic sinusitis respectively 
(with the exclusion of the topical treatment).

OME should be regarded as an allergic disorder, as well 
as possibly a vicarious elimination. A dairy-free, low-salt diet 
should be tried or otherwise a full elimination diet. However, 
the presence of microorganisms that contribute to the inflam-
mation or the malfunction of the Eustachian tube should also 
be considered. If adenoids are implicated, then the OME 
should be treated similarly to tonsillitis. The following herbs 
are emphasised during OME treatment:
l	 Antiallergic and decongestant herbs such as Albizia, 

Scutellaria baicalensis and Nigella
l	 Upper respiratory anticatarrhal herbs such as Euphrasia, 

Solidago, Hydrastis, Plantago lanceolata and Glechoma 
hederacea

CASE HISTORY

A male patient aged 65 complained of a chronic sore throat that had 
been present for years. Other conditions were also being treated, but 
for the sore throat he was prescribed:

Echinacea angustifolia root 1:2 5 mL once a day with water

A gargle consisting of:

Echinacea angustifolia root 1:2 40 mL
Propolis 1:5 30 mL
Salvia officinalis 1:2 30 mL

TOTAL 100 mL

Dose: 2 mL in 10 mL water as a gargle on the affected area of the 
throat twice a day. Swallow after use.

After 8 weeks the sore throat was considerably improved and with 
continuing treatment it became a minor trouble.
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l	 Depurative and lymphatic herbs such as Galium (clivers) 
and Phytolacca

l	 Immune-enhancing herbs, particularly Echinacea root and 
Astragalus, to correct the presence of allergy and possibly 
infection

l	 Chewing on a Hydrastis tablet (difficult for children 
because of its bitterness) will accentuate its mucous 
membrane trophorestorative and antibacterial effects on 
the upper respiratory tract.

Example liquid formula for AOM

Echinacea purpurea/angustifolia root 1:2 35 mL

Sambucus nigra flower 1:2 25 mL

Pelargonium sidoides 1:5 20 mL

Euphrasia officinalis 1:2 25 mL

Total 105 mL

Adult dose is 5 mL with warm water five to six times a day 
for acute AOM and 5 mL three times a day as a preventative 
for recurrent AOM. Children’s doses should be calculated 
from the application of an appropriate dosage rule.

Acute bronchitis
Acute bronchitis is an acute inflammation of the trachea and 
bronchi. It commonly follows the common cold, influenza, 
measles or whooping cough. Patients with chronic bronchitis 
are particularly prone to develop episodes of acute bacterial 
bronchitis (where their sputum turns from grey or white to 
yellow or green). Other factors that can predispose to this 
kind of bacterial infection include cold, damp, dust and ciga-
rette smoking.

Initially there is an irritating, unproductive cough that even-
tually progresses over a few days to copious, mucopurulent 
sputum. Infection usually starts in the trachea and progresses 
to the bronchi and with this spread there is a general febrile 
disturbance with temperatures of 38°C to 39°C. Gradual 
recovery should occur over the next 4 to 8 days. However, it 
may progress to bronchiolitis or bronchopneumonia.

Treatment
Being an acute disorder, it is important to give frequent doses 
of herbs and, if possible, to follow the progression of the 
infection, adapting the treatment to the various stages:
l	 Antiseptic herbs such as Inula helenium, Thymus vulgaris 

and Allium sativum (garlic) should be prescribed 
throughout the course of the infection and preferably 
should be continued for 1 week into recovery to prevent 
relapse

l	 During the dry, unproductive cough phase, demulcents such 
as Althaea glycetract should be prescribed. This combines 
well with a small quantity of Glycyrrhiza (licorice) (see 
under Chronic obstructive pulmonary disease below)

l	 Diaphoretic herbs are indicated during the febrile phase, 
particularly Asclepias tuberosa (pleurisy root), which 

is almost a specific for acute lower respiratory tract 
infections. It is often combined with Zingiber (ginger) to 
enhance its effectiveness. Other diaphoretics such as Tilia 
and Achillea can also be prescribed

l	 Expectorant herbs, which include Inula helenium, Thymus 
vulgaris, Polygala and other saponin-containing herbs, 
Foeniculum (fennel), Pimpinella (aniseed) and Marrubium 
(white horehound) can be prescribed throughout the 
course of the disorder

l	 Anticatarrhal herbs, especially Verbascum, Plantago 
lanceolata and Hydrastis, may be indicated when the 
sputum is particularly copious or if the productive cough 
lingers beyond the acute stage

l	 Antitussive herbs should be used to help the cough, 
especially at night, and Prunus serotina (wild cherry) is 
particularly indicated if tracheitis predominates.

Example liquid formula

Echinacea purpurea/angustifolia root 1:2 25 mL

Asclepias tuberosa 1:2 20 mL

Zingiber officinale 1:2 5 mL

Inula helenium 1:2 20 mL

Glycyrrhiza glabra 1:1 15 mL

Foeniculum vulgare 1:2 20 mL

Total 105 mL

Dose: 5 mL with 40 mL warm water five to six times a day.

Whooping cough
Whooping cough or pertussis is a highly infectious disease 
caused by Bordetella pertussis. About 90% of cases occur in 
children under 5 years.

The first stage consists of respiratory infection lasting about 
1 week during which conjunctivitis, rhinitis and an unproduc-
tive cough are present. Diagnosis is difficult at this stage, since 
it resembles other respiratory infections.

The coughing stage follows and is characterised by severe 
bouts of coughing. Each paroxysm consists of many short 
sharp coughs, gathering in speed and duration and ending in a 
deep inspiration when the characteristic whoop may be heard. 
The paroxysms can end with vomiting. This stage can last 
from one to several weeks. The sputum is particularly tena-
cious and difficult to expectorate.

Treatment
The treatment approach is similar to acute bronchitis but dif-
ferent aspects of the treatment are emphasised:
l	 Immune-enhancing herbs such as Echinacea and 

Andrographis and respiratory antiseptic herbs such as Inula 
helenium, Thymus vulgaris and Allium sativum (garlic) 
should be prescribed throughout to treat the infection and 
prevent complications
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l	 In the coughing stage, expectorant herbs such as Inula 
helenium, Thymus vulgaris, Polygala, Glycyrrhiza (licorice) 
and other saponin-containing herbs, Foeniculum (fennel), 
Pimpinella (aniseed) and Marrubium (white horehound) 
should be emphasised to loosen the tenacious sputum

l	 Also, antitussive and demulcent herbs are required to 
dampen and soothe the cough reflex. If vomiting is 
occurring, these should be extended by gastrointestinal 
spasmolytics such as Viburnum opulus. (See also the 
marshmallow-licorice formulation below under Chronic 
obstructive pulmonary disease)

l	 Respiratory spasmolytics with expectorant activity, such as 
Grindelia and Inula helenium, should also be emphasised 
in the coughing stage. A combination of Inula, Glycyrrhiza 
and Lobelia is worth trying for the most severe symptoms

l	 Mucolytic herbs such as Allium sativum and Armoracia 
may also be required to help loosen the tenacious sputum.

Chronic obstructive pulmonary disease (COPD)
Although chronic bronchitis and pulmonary emphysema are 
distinct disorders, they often coexist in the patient and it can 
be difficult to determine the relative importance of each con-
dition in the individual case. The term ‘COPD’ often applies 
to a combination of the two. In emphysema, the fine archi-
tecture of the alveoli is damaged, leading to impairment of 
ventilatory capacity. There is probably little that can be done 
to reverse this destruction (although some clinicians feel 
that bioavailable silica and herbs rich in this mineral, such as 
Equisetum and Urtica can help restore lung architecture).

In contrast, chronic bronchitis is a syndrome that can 
develop in response to long-term exposure to various types of 
irritants to the bronchial mucous membranes. These include 
cigarette smoke, dust and automobile or industrial air pollu-
tion, especially in conjunction with a damp climate. Acute 
infection is usually a precipitating or aggravating factor and 
chronic infection is usually present, with regular acute epi-
sodes. Hence, there are many factors in chronic bronchitis 
that are treatable, and long-term herbal treatment can dra-
matically alter the course of chronic bronchitis.

In chronic bronchitis, ventilatory capacity is reasonably 
preserved but hypoxia, pulmonary hypertension and right 
ventricular failure occur early – ‘the blue bloater’. In emphy-
sema, the impairment of ventilatory capacity and exertional 
dyspnoea lead to the sufferer being labelled a ‘pink puffer’. 
A mixed syndrome is most common and all patients should 
be treated along the following lines, regardless of their clinical 
label. The treatment outcome will, however, depend on how 
much the changes in their lungs can be reversed.

Treatment
In chronic bronchitis there is overactivity of the mucus-
secreting glands and goblet cells. The vast excess of 
mucus coats the bronchial walls and clogs the bronchioles. 
Exacerbating this, many ciliated columnar cells are replaced 
by goblet cells in response to the chronic irritation. Therefore 
the excessive mucus is also less able to be cleared from the 
lungs. Hence, the use of expectorants is emphasised in the 

treatment of chronic bronchitis, despite the fact that an eas-
ily productive cough can be a feature of this disease. (In some 
patients sputum may be scanty and tenacious, which also 
requires treatment with expectorants.)
l	 Bronchial irritation must be avoided. Giving up smoking 

and a change in occupation or climate may be necessary. 
Mucus-producing foods such as dairy products and bananas 
should be reduced

l	 Any chronic infection should be treated and acute 
infections prevented by immune-enhancing herbs, 
especially Echinacea root and Astragalus (discontinue 
Astragalus during acute febrile infections). The role 
here of Panax ginseng has been supported in at least 
one clinical trial.27 Many chronic bronchitis patients are 
constitutionally cold, so the cold herbs Picrorrhiza and 
Andrographis are best avoided. Heating herbs such as 
cinnamon may be helpful and could possibly be used in 
conjunction with these cold herbs

l	 Expectorant herbs, such as Inula helenium, Thymus 
vulgaris, Polygala and other saponin-containing  
herbs, Foeniculum (fennel), Pimpinella (aniseed) and 
Marrubium (white horehound) can be prescribed 
throughout the course of the disorder. The diffusive 
stimulant properties of Zingiber will potentiate the  
activity of expectorants

l	 Respiratory antiseptic herbs that also have expectorant or 
mucolytic properties are particularly indicated, such as 
Inula helenium, Thymus vulgaris and Allium sativum

l	 Since the goblet cells are oversecreting, anticatarrhal herbs 
such as Verbascum, Plantago lanceolata and Hydrastis can 
help to reduce this excessive secretion

l	 If there is an unproductive cough at night, a separate 
formula containing demulcents such as Althaea glycetract 
and Glycyrrhiza, and antitussives such as Glycyrrhiza and 
Bupleurum, may be prescribed (see below)

l	 Inhalation of peppermint and eucalyptus oils combined can 
help loosen mucus and dilate airways to make breathing 
easier

l	 Bronchodilating herbs such as Coleus and Lobelia may be 
helpful. Ephedra should probably be avoided. Those with 
expectorant activity such as Grindelia can also be selected

l	 Since chronic inflammation is present, anti-inflammatory 
herbs such as Glycyrrhiza, Bupleurum and Rehmannia will 
be of value, as well as omega-3 fatty acids

l	 Support for the heart and general circulation with 
Crataegus and Ginkgo may be required.

Demulcent/antitussive formula
The following demulcent formula can also be used to relieve 
an irritable cough:

Althaea officinalis glycetract 1:5 80 mL

Glycyrrhiza glabra (high in glycyrrhizin) 1:1 20 mL

Total 100 mL

Dose: 4 mL sipped undiluted (that is no water is added) as 
required up to 6 times a day.
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Bronchiectasis
‘Bronchiectasis’ describes an abnormal dilatation of the bron-
chi that becomes a focus for chronic infection. In most cases 
it develops as a complication of a severe bacterial infection 
and then follows a chronic course. Clinical features include 
chronic cough, often with copious purulent sputum, and 
febrile episodes with malaise and night sweats that can last 
from a few days to weeks, and sometimes haemoptysis. The 
disorder can be debilitating. Although continual use of anti
biotics is inadvisable, patients can often receive this regime.

Treatment
Essential aspects of the treatment of bronchiectasis are as 
follows:
l	 Immune-enhancing herbs such as Echinacea root, 

Andrographis and Astragalus
l	 Respiratory antiseptic herbs such as Inula helenium, 

Thymus vulgaris and Allium sativum
l	 Diaphoretics such as Asclepias tuberosa (pleurisy root) 

during the febrile episodes
l	 Tonics such as Panax, Rhodiola, Eleutherococcus and/or 

Withania if debility is present
l	 Anticatarrhal herbs, including Verbascum, Plantago 

lanceolata and Hydrastis
l	 Expectorant herbs such as Inula helenium, Thymus 

vulgaris, Polygala and other saponin-containing herbs, 
Foeniculum (fennel), Pimpinella (aniseed) and Marrubium 
(white horehound)

l	 Note that Astragalus, Panax and Eleutherococcus should be 
discontinued during any acute febrile phases.

Example liquid formula 

Echinacea purpurea/angustifolia root 1:2 40 mL

Inula helenium 1:2 25 mL

Glycyrrhiza glabra (high in glycyrrhizin) 1:1 15 mL

Hydrastis canadensis 1:3 30 mL

TOTAL 110 mL

Dose: 8 mL with water twice daily.

AU2

CASE HISTORY

A male patient, 66 years, has received herbal treatment for chronic 
bronchitis for 7 years. During this time there has been considerable 
improvement in the patient’s condition and friends often now com-
ment on how well he looks. The frequency of acute episodes has sub-
stantially reduced and his lung function parameters have improved. 
Although treatment varied over this time period, a representative 
herbal treatment is as follows.

Immune formula (mainly):

Echinacea angustifolia/purpurea root 1:2 45 mL
Arctium lappa 1:2 15 mL
Achillea millefolium 1:2 20 mL
Withania somnifera 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.

Lung formula:

Glycyrrhiza glabra 1:1 15 mL
Inula helenium 1:2 20 mL
Zingiber officinale 1:2 10 mL
Foeniculum vulgare 1:2 15 mL
Thymus vulgaris 1:2 20 mL
Grindelia camporum 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.

CASE HISTORY

A male patient, 59 years, with bronchiectasis. He was initially cough-
ing up an egg cup of sputum every morning and experiencing occa-
sional febrile episodes and acute viral infections. This patient has now 
been maintained on phytotherapy for more than 15 years. Apart from 
the occasional winter respiratory infection he remains well. His sputum 
production is minimal and he freely claims that herbs have ‘kept me 
alive’.

l	 Herbal treatment consisted of the following: Echinacea purpurea/
angustifolia root tablets (1.275 g), two tablets one to two times 
daily. The Echinacea liquid disagreed with this patient, hence the 
tablets. The higher dose is taken during febrile episodes and acute 
infections.

The following liquid formula:

Aesculus hippocastanum 1:2 15 mL
Foeniculum vulgare 1:2 10 mL
Thymus vulgaris 1:2 30 mL
Astragalus membranaceus 1:2 25 mL
Inula helenium 1:2 20 mL

TOTAL 100 mL

Dose: 8 mL twice a day.

The Aesculus was mainly for circulatory problems but it also has 
expectorant properties due to its saponin content.

l	 Garlic, 1 to 2 fresh crushed cloves per day
l	 A dairy-free diet was followed.

Asthma
In terms of phytotherapy, asthma is probably the most com-
plex of the respiratory disorders. The successful manage-
ment of asthma hence embodies most of the principles 
already discussed. Asthma can be defined as the occurrence 
of dyspnoeic bronchospasmodic crises linked to an airways 
hyper-responsiveness (AHR). Like autoimmune disease it 
is a chronic disturbance of immunological function that can 
be controlled to some extent, but not eradicated by modern 
drug therapy. In other words asthma is not just the attacks 
(crises); it is a chronic disturbance of the immune sys-
tem with the attacks being the ‘tip of the iceberg’. Hence 
any treatment aimed only at relaxing airways and relieving 
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symptoms, be it orthodox or herbal, is superficial and will not 
change the chronicity of the disease.

Recent research has identified many factors that contribute 
to the aetiology and morbidity of asthma. Traditional herbal 
medicine also recognises the role of inefficient digestion, poor 
immunity, stress, diet and unhealthy mucous membranes 
in the development of the disease. In order to treat asthma 
more effectively with phytotherapy, it is necessary to have 
an understanding of the causative and sustaining factors con-
tributing to the condition. For each individual it is likely that 
the disease process has been precipitated by a unique and 
complex interaction of contributive events. A multi-factorial 
model that allows the individualisation of the patient, yet at 
the same time incorporates the most likely factors operat-
ing in asthma, is discussed below. This in turn requires the 
synthesis of traditional herbal understanding with the lat-
est research findings, which is fundamental to the practice of 
modern phytotherapy.

Asthma can be classified as extrinsic (allergic asthma) 
or intrinsic asthma. Although there has been some confu-
sion with the terms, and some medical scientists feel that 
the classification is meaningless,28 the differentiation is quite 
clear. Patients with extrinsic asthma comprise the major-
ity of cases and exhibit a positive skin test to common aer-
oallergens and foods. Serum IgE levels are usually raised. 
However, extrinsic asthmatics can still be exacerbated by 
non-specific stimuli such as cold air and exercise. Intrinsic 
asthmatics have negative skin tests, and chronic infection 
and other factors are thought to play a role in the disease 
process. Intrinsic asthma is usually later in onset and more 
severe.29 Aspirin-sensitive asthma (ASA) is a form of intrin-
sic asthma. Both types of asthma show an increased family 
occurrence.30

Pathophysiology
Asthmatic lungs are characterised by epithelial cell loss, gob-
let cell hyperplasia, increased collagen deposition, mast cell 
degranulation and inflammatory cell infiltration.31 Asthma 
is now primarily classified as an inflammatory disorder. The 
desquamation allows allergens to penetrate more easily and 
exposes irritant receptors.

There has been an increased understanding over the past 
two decades that asthma is a chronic, immunologically medi-
ated condition with a disturbance of the normal airway repair 
mechanism, which results in inflammatory changes and air-
way remodelling.32 The airway inflammation and remodelling 
together likely explain the clinical manifestations of asthma. 
The mechanisms by which the external environmental cues, 
together with the complex genetic actions, propagate the 
inflammatory process that characterise asthma are beginning 
to be understood. There is also an evolving awareness of the 
active participation of structural elements, such as the air-
way epithelium, airway smooth muscle and endothelium in 
this process. In tandem with this has come the realisation 
that inflammatory cells respond in a coordinated, albeit dys-
functional, manner via an array of complex signalling path-
ways that facilitate communication between these cells; these 
structural elements within the lung and the bone marrow 

serve as reservoirs for and the source of inflammatory cells 
and their precursors. Although often viewed as separate 
mechanistic entities, innate and acquired immunity often 
overlap in the propagation of the asthmatic response.32

Classically, asthma, specifically allergic asthma, has been 
attributed to a hyperactive Th2 cell immune response. 
However, the Th2 cell-mediated inflammation model has 
failed to adequately explain many of the clinical and molec-
ular aspects of asthma.33 In addition, the outcomes of Th2-
targeted therapeutic trials have been disappointing. Thus, 
asthma is now believed to be a complex and heterogeneous 
disorder, with several molecular mechanisms underlying the 
airway inflammation and AHR that is associated with it. The 
original classification of Th1 and Th2 pathways has recently 
been expanded to include additional effector Th cell subsets. 
These include Th17, Th9 and Treg cells. Emerging data high-
light the involvement of these new T helper cell subsets in the 
initiation and augmentation of airway inflammation and asth-
matic responses.33

That regulatory T cells (Tregs) have a crucial role in con-
trolling allergic diseases such as asthma is now undisputed. 
The cytokines most commonly implicated in Treg-mediated 
suppression of allergic asthma are transforming growth fac-
tor-beta (TGF-beta) and interleukin (IL)-10. In addition to 
naturally occurring Tregs, adaptive Tregs, induced in response 
to foreign antigens, have been shown in recent studies. The 
concept of inducible/adaptive Tregs (iTregs) has considerable 
significance in preventing asthma, if such cells are generated 
early enough in life.34

Other inflammatory cells implicated in asthma include nat-
ural killer T cells, although their role is controversial,35,36 mast 
cells, neutrophils and eosinophils.37 Platelets and endothelial 
cells also play a role.

As touched on above, some experts are arguing for a re-
evaluation of the therapeutic implications informed by a 
pathophysiological understanding of asthma. A case is made 
that asthma has its origins in the airways themselves, involving 
defective structural and functional behaviour of the epithe-
lium in relation to environmental insults, with wall thicken-
ing.38 Specifically, a defect in barrier function and an impaired 
innate immune response to viral infection may provide the 
substrate upon which allergic sensitisation takes place. Once 
sensitised, the repeated allergen exposure will lead to disease 
persistence. These mechanisms could also be used to explain 
the observed airway wall remodelling and the susceptibility 
of the asthmatic lung to exacerbations provoked by respira-
tory viruses, air pollution episodes and exposure to biologi-
cally active allergens. It seems that the problem lies in placing 
allergy at the centre of disease pathogenesis, when in prac-
tice other environmental factors may be equally if not more 
important in the induction and then progression of asthma. 
Instead a defect of epithelial barrier function exists that, as 
in atopic dermatitis, allows greater access of environmental 
allergens, microorganisms, and toxicants to the airway tissue. 
Evidence indeed indicates that both the physical and func-
tional barrier of the airway epithelium is defective in asthma 
with disrupted tight junctions, reduced antioxidant activ-
ity, and impaired innate immunity. Viewing asthma primar-
ily as an epithelial disease, with the conceptual adoption of a 
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chronic wound scenario, also provides a route to understand 
the observed airway wall remodelling and the varying asthma 
phenotypes over its life course.39

A host of inflammatory mediators have been identified in 
the pathophysiology of asthma. However some mediators 
may be more involved in triggering the inflammatory process 
than others. In this context, important mediators are the Th2 
cytokines and probably histamine, platelet activating factor 
(PAF), major basic protein, leukotrienes especially (leuko
triene B4)40 and to a lesser extent prostaglandins.37 Patients 
with ASA have increased PAF responsiveness, reduced pros-
taglandin levels and increased leukotrienes compared with 
normal controls.41,42 TGF-beta is a key player in airway 
remodelling.

The host of inflammatory cells and mediators involved in 
the pathogenic process means that treatment directed at a 
single mediator or cell is unlikely to be successful. A multi-
faceted approach to treatment is required. This is compatible 
with herbal therapy, which has traditionally used combina-
tions of plants to treat diseases.

The above considerations also explain the current prefer-
ence in conventional medicine for steroid use in asthma. 
These drugs have a broad suppressing effect on many inflam-
matory mechanisms. In this context the ‘magic bullet’ is more 
like an ordinary shotgun.

Factors associated with asthma
Differentiation should be made between the causes that ini-
tiate or sustain the underlying condition, which are probably 
factors that result in injury to the lining of the lungs, and the 
triggers that precipitate the asthmatic attack. While avoidance 
of the latter group is of course important, it is only attention 
to the former that will reduce the progression of the disease. 
There is no better illustration of this issue than the subject of 
dairy products. Traditional knowledge suggests that consump-
tion of dairy products can lead to a state of unhealthy mucous 
membranes in sensitive patients. However, these patients 
may not give a positive skin test to dairy products, and these 
products may not provoke an acute asthmatic attack. In the 
classical sense there is no allergy to dairy products. Yet the 
avoidance of this food group will, in time, give appropriate 
patients considerable relief from their asthmatic condition. 
Key factors amenable to treatment are reviewed below.

Allergens
The most significant allergen in the long-term development of 
asthma is now considered to be the house dust mite. However, 
this does not necessarily mean that the degree of house dust 
mite exposure will correlate with the day-to-day severity of 
asthma. This is because sensitivity to the house dust mite feeds 
the underlying pathological process. Unfortunately, chemi-
cal and physical methods aimed at reducing exposure to house 
dust mite allergens have yielded disappointing results.43

Other common factors involved in asthma development 
may include cats, cockroaches, grass pollens and molds, but 
the situation is complex, as for dust mite.44 Association with 
severe asthma in children was seen between non-feather 

bedding, especially foam pillows and the current ownership of 
furry pets, or ownership at birth.45 A Finnish study of school 
children aged 7 to 13 found that moisture and mold problems 
in the school building were linked to respiratory infections 
and asthma.46

Of course, all the above allergens can trigger an asthma 
attack, as can many foods, especially dairy products, eggs and 
nuts. Dust mite contamination of wheat flour caused anaphy-
lactic reactions and cooking had no effect. It was suggested 
that flour be stored in the refrigerator.47 Royal jelly should be 
used cautiously as it is now a well-known trigger of asthma 
attacks.

Air quality
Maternal or parental smoking has been linked to asthma inci-
dence and severity.48 Air pollution parameters such as NO2, 
ozone and particulates have also been associated with the inci-
dence of asthma.49

Exposure to dust, irritants and allergens at the workplace 
can also cause asthma. Usually withdrawal from the irritant 
or allergen results in remission, but in some cases where expo-
sure is prolonged the asthma becomes self-sustaining despite 
such withdrawal.

Sinusitis
Sinusitis has been associated with asthma in several stud-
ies,50,51 although this has received less attention recently. This 
is not considered to be due to aspiration of sinus contents.52 
In one study 79% of asthma cases had chronic rhinitis or rhi-
nosinusitis.53 In 69% of cases the nasal symptoms coincided 
with or preceded the onset of asthma. In 59% of associated 
cases, nasal symptoms coincided with acute asthmatic epi-
sodes. Treatment of the nasal condition improved the asthma. 
The link between sinusitis and asthma is strongest in patients 
with intrinsic asthma. Evidence supports the concept that rhi-
nosinusitis and asthma may be the expression of an inflamma-
tory process that appears in different sites of the respiratory 
tract at different times.54

Poor digestion
A number of researchers in the 1930s found a high inci-
dence of hypochlorhydria in asthmatic patients.55 In these 
studies the test meal method was used. This method is now 
considered inappropriate for the assessment of histologi-
cal hypochlorhydria. However it does assess for functional 
hypochlorhydria, that is a deficiency of vagal stimulation of 
acid production. Hydrochloric acid therapy improved the 
asthma.55 Since this kind of gastric deficiency is due to defi-
cient vagal output, the use of bitter herbs that act through 
a vagal reflex to increase gastric digestion is indicated (see 
Chapter 2).

Gastro-oesophageal reflux (GOR) has been linked to 
asthma in several studies. In fact there is evidence that 
GOR is an important aetiological factor for some asthmatics. 
Monitoring of oesophageal pH revealed GOR in seven out of 
nine patients with persistent asthma.56 In another study 61% 
of patients with intrinsic asthma exhibited GOR.57 From 
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studies on children it was concluded that asthma symptoms 
were more often elicited by exposure of the distal oesophagus 
to gastric acid, possibly by a vagal reflex, than by aspiration 
of gastric juice.58 However, other studies have implicated the 
importance of aspiration.59,60 In support of the reflex hypoth-
esis, subjects with GOR (but not asthma) showed a signifi-
cantly greater bronchial reactivity to histamine than normal 
matched controls.61

Treatment of GOR by surgery or drugs can result in 
improvement or cure of asthma, although results are mixed 
and suggest that targetting of individual patients is neces-
sary.62 (Also see Chapter 2, under Mucilages.)

Diet
Particular foods are well-known causes of asthma attacks. 
However, the contribution of diet to the underlying patho-
physiological processes of asthma is not well studied. It has 
been postulated that dietary changes may have contributed 
to the rise in asthma mortality.63 In particular, increased con-
sumption of polyunsaturated fatty acids has resulted in the 
doubling from 8% to 15% of the linoleic content of body 
fat.63 Such a change could be regarded as pro-inflammatory.

Coffee consumption was found to be inversely correlated 
to the prevalence of bronchial asthma in an Italian study.64 
Epidemiological studies found that consumption of oily fish 
may protect against asthma in childhood65 and adults,66 and 
a connection between low magnesium intake and increased 
asthma risk has also been suggested.67 Consumption of apples 
(five per week) was found to improve lung function.68 This 
benefit was attributed to the flavonoids found in apples.

A systematic review and meta-analysis found weak but sup-
portive protective evidence with respect to dietary vitamins A, 
D and E, zinc, fruits and vegetables and a Mediterranean diet.69

Infection and infestation
Viral infections are known to exacerbate asthma. Viral infec-
tion in the upper airways frequently triggers deterioration in 
airways hyperreactivity in asthmatics.70 Most hospital admis-
sions for asthma occur over the winter months and soon 
after the start of school terms.70 Viral infections also worsen 
asthma in adults.71,72

There is also some evidence to suggest that viral infections 
may also contribute to the development of asthma, especially 
in children. About 92% of children hospitalised with respira-
tory syncytial virus (RSV) bronchiolitis in the first year of life 
subsequently developed symptoms suggestive of asthma within 
5 years.73 Of this group, 71% had clinical evidence of asthma.73 
Recurrent upper respiratory tract infections are associated with 
asthma risk in children74 and 37% of children with viral lower 
respiratory tract infections in infancy subsequently developed 
asthma.75 With the development of molecular diagnostics, 
human rhinovirus wheezing illnesses have been recognised more 
recently as a stronger predictor of school-age asthma than RSV.76

In contrast, bacterial infection has been linked to adult-
onset asthma. The first study linking repeated or prolonged 
exposure to Chlamydia pneumoniae with wheezing, asth-
matic bronchitis and asthma was published in 1991.77 Patients 
with evidence of C. pneumoniae exposure comprised 81% 

of 26 patients with asthmatic bronchitis, 100% of asthmatic 
bronchitics 40 years and older, and 8 out of 10 patients with 
asthma. However, findings from later studies have been incon-
sistent.78 Associations between Mycoplasma species and 
chronic asthma are relatively well-established.78

A group of 12 adult patients with asthma and chronic 
fungal skin infection were found to have hypersensitivity to 
Trichophyton spp.79 Several patients had many of the features 
of late-onset intrinsic asthma. A Russian study in children 
with bronchial asthma living near a microbiological factory 
found that most were hypersensitive to Candida.80 Asthma 
has also been associated with parasitic infestation with 
Strongyloides stercoralis.81

Salt intake and dehydration
Regional sales of table salt in England and Wales are strongly 
correlated with deaths from asthma in men and children.82 
A study of 138 men found a close relation between AHR and 
24 h urinary sodium excretion.83 Other studies have yielded 
conflicting results. A large randomised controlled trial of slow 
sodium supplementation showed an increase in AHR in men, 
but not women,84 and a low salt intake was correlated with 
improved asthma in men.85 Several mechanisms for this asso-
ciation have been postulated, such as an increase in circulat-
ing Na,K-ATPase inhibitors or a decrease in catecholamine 
concentration.86 Data supporting dietary salt restriction for 
reducing AHR in asthmatics are encouraging.87

Exercise-induced asthma may be related to dehydration 
of the intrathoracic airways during hyperpnoea.88 A high 
salt intake may interfere with rehydration of the airways. 
Mouth breathing as a result of sinusitis may also cause airway 
dehydration.

Hormonal factors
Glucocorticoid insufficiency related to various adrenal and 
extra-adrenal mechanisms has been associated with asthma 
in a Russian study.89 Reduced nocturnal catecholamine and 
cortisol levels, which are a natural part of circadian rhythm, 
may be linked to the nocturnal exacerbation commonly asso-
ciated with asthma.90 Stress-induced corticosteroid resistance 
or insensitivity in asthma is receiving research attention,91 as 
is hyporesponsiveness of the HPA (hypothalamic-pituitary- 
adrenal) axis (see also below).92

It was postulated that an increase in brain norepinephrine 
can reflect depression of the HPA axis.93 In asthmatic chil-
dren such an increase was found compared with controls.93

Premenstrual asthma has been observed, which was 
improved by progesterone injection.94 Dynamic changes in 
hormone concentrations during the perimenstrual period are 
thought to be responsible for the rise in emergency admissions 
of asthmatic women at this time. Hormonal variation may 
prove to be a significant and independent risk factor for acute 
exacerbations of asthma.95 Although the observed 4-fold 
increase in emergency admissions suggested that hormonal 
variation may influence the timing of an asthma attack, the 
severity of symptoms was no worse than that among women 
who presented at any other time in their menstrual cycle.
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Stress
Low-income patients were more likely to report exacerbation 
of asthma when upset or anxious.96 Parents of children who 
developed asthma were more likely to have problems in cop-
ing and parenting.97

Stress and associated muscular tension might influence lung 
function. One study suggested that an intrinsic impairment 
of the ability of inspiration to stretch airway smooth muscle 
is a major feature of asthma.98 In other words, defective deep 
breathing could be a factor in airway narrowing. This would 
suggest a role for relaxation and breathing techniques in asthma.

Antioxidant status
The role of oxidative stress in asthma is gaining increasing 
research attention.99 Activation of the Nrf2/ARE pathway could 
prove to be of therapeutic benefit.100 Patients with acute asthma 
had decreased antiperoxide plasma activity compared with 
normal controls.101 Moreover the severity of the asthma was 
inversely associated with the above parameter. In patients with 
steroid-dependent asthma the free radical process was more 
intensive.101 Low selenium concentrations in whole blood have 
been correlated to increased asthma risk in New Zealand.102

Traditional factors associated with asthma

Poor digestion
Floyer in his Treatize of the Asthma published in 1698 wrote:

Some writers … have observed the hypochondriac symptoms in 
the stomach and conclude the asthma … wants digestives …. It is 
commonly observed that fullness of diet, and all debauches render the 
fits most severe, and a temperate diet makes the fits more easy …. 
The defect of digestion and mucilaginous slime in the stomach are very 
obvious and observed by writers ….

Salter in 1868 stated that:

… the precursory symptoms are connected with the stomach and 
consist of loss of appetite, flatulence, costiveness and certain peculiar 
uneasy sensations in the epigastrium; but here I think we have something 
more than mere premonitory signs; I think the relation of these 
symptoms to the spasm which follows is often that of cause and effect.

Unhealthy mucous membranes and diet
Mucus secreted by mucous membranes (MM) is normal 
and has many important physiological functions. When MM 
become unhealthy, the nature and the quantity of the mucus 
changes. This can be referred to as a catarrhal condition. The 
degree of catarrhal congestion of the lungs can vary in asthma, 
and is best assessed by auscultation and case history. The 
association of chronic sinusitis with asthma is indicative of 
unhealthy MM. Despite the excessive mucus, catarrhal MM 
are thought to provide less protection than healthy MM, and 
in the case of asthma render the lungs more prone to dam-
aging environmental factors such as allergens and pathogens. 
This traditional concept ties in well with the newer under-
standing of asthma as primarily a defect of airway epithelium, 
as described above.

Diet is a significant factor in causing a catarrhal state of the 
respiratory MM. Excessive protein, refined carbohydrate or 

salt consumption can lead to excessive and unhealthy mucus 
production. In some individuals, particular food groups espe-
cially dairy and/or wheat can also contribute to this process.

Catarrhal MM can also be regarded as a vicarious elimina-
tion due to inefficient detoxification and elimination in the 
body. Hence in traditional terms the detoxifying and elimina-
tive processes need to be supported and stimulated.

Stress
Traditionally asthma has been regarded as imbalance in the 
autonomic nervous system. Stress and nervous anxiety con-
tribute to this imbalance which may also cause muscular ten-
sion in the diaphragm and disturb the rhythmic nature of the 
breathing apparatus.It has been postulated that asthma results 
from a disturbance of the rhythmic activity of the respiratory 
centre in the brain.103 This disorder is then reflected in the 
airways and the respiratory muscles through their respective 
innervations to cause a subclinical template of asthma. This 
rhythmic disturbance is reflected in the EEG of asthmatic 
patients, which generally contain certain abnormalities.103

Treatment
Treatment goals will obviously vary according to the needs 
of the individual case at the particular time of treatment. 
However, based on the above considerations they can be 
divided into two main categories: symptomatic treatment and 
treatment of the underlying issues (Table 9.1). The required 
actions related to the specific treatment goals and relevant 
herbs are also provided. Some treatment goals, such as resolv-
ing sinusitis, are complete therapeutic subjects in themselves 
and are covered elsewhere in this chapter.

This approach is informed by modern research and con-
trasts with the traditional approach that merely focussed on 
bronchodilator and expectorant activities (Table 9.2).

Some key herbs in asthma
Some plants have specialised effects on the inflammatory or 
allergic mechanisms known to occur in asthma. Since some of 
these effects have only recently been discovered or studied, a 
discussion of the research findings follows.

Cepaenes and thiosulfinates from Allium cepa (onion) are dual 
inhibitors of arachidonic acid metabolism, as are the gingerols 
from Zingiber officinale (ginger). See also the monograph on tur-
meric regarding its relevant anti-inflammatory and antiasthmatic 
activities. Boswellia has been successfully trialled in asthma on 
the basis of its anti-inflammatory activity (see monograph).

Isothiocyanates, cepaenes and thiosulfinates from Allium 
cepa have demonstrated an asthma-protective effect in ani-
mal models. The thiosulfinates counter platelet activating 
factor (PAF) and histamine-induced bronchoconstriction. In 
a human experiment, allergen-induced asthma attacks were 
almost completely inhibited by an Allium cepa extract.104

In vitro studies in the late 1980s discovered that the gink-
golides from the Ginkgo biloba leaf are potent and specific 
PAF antagonists (see monograph). In vivo animal studies (oral 
and injected routes) confirmed this activity.105 Ginkgo and 
ginkgolides have also shown some beneficial clinical activity in 
asthma (see monograph).
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Tylophora indica (Tylophora asthmatica) is a potent anti-
asthmatic herb that depresses cell-mediated immunity.106 It 
also stimulates the adrenal cortex, increasing plasma steroid 
levels and antagonising steroid-induced suppression of adre-
nal activity.107 Several poorly designed clinical trials using 
Tylophora have shown benefits.108

Flavonoids from Scutellaria baicalensis have marked anti
allergic activity. Baicalin and baicalein demonstrated anti
allergic and antiasthmatic activity in several animal models.109 
For example oral administration of baicalin to egg-white-sensi-
tised guinea pigs protected them against allergic reaction from 
re-inspiration of the antigen. Both compounds suppressed 
cutaneous allergy in guinea pigs.109 A soluble derivative of bai-
calein was antiallergic after oral administration110 and dem-
onstrated more extensive antiallergic activity than sodium 
cromoglycate in vitro.111 Other flavonoids from Baical skull-
cap were active in inhibiting the histamine release from rat 
peritoneal mast cells in vitro,112 and baicalein inhibited baso-
phil histamine content and growth in vitro.113

Saiboku-To (TJ-96) is a Kampo medicine comprising 10 herbs 
including Baical skullcap. It has been used in Japan for glucocor-
ticoid-dependent asthmatic patients with the aim of reducing 
the dose of administered glucocorticoids. The antiallergic action 
of Saiboku-To is based on the suppression of type I and IV aller-
gic reaction, which has been confirmed in animal studies.114

Albizia lebbek has mast cell stabilising activity.115 Its anti
allergic effects may also be mediated by suppression of lym-
phocyte function.116

Adhatoda vasica is a small evergreen, subherbaceous bush 
that grows on the plains of India, in the lower Himalayan 
ranges and in Sri Lanka, Burma and Malaysia. Adhatoda leaf 
has been used extensively in the Ayurvedic system for over 
2000 years.117 It has antiasthmatic, bronchodilating and 
expectorant activities and is traditionally used for the treat-
ment of asthma, bronchitis cough and common cold.118 In the 
World Health Organization publication The Use of Traditional 
Medicine in Primary Health Care: A Manual for Health 
Workers in South-East Asia, Adhatoda was said to facilitate 
breathing and to make sputum more fluid, thereby facilitat-
ing its removal. Adhatoda preparations are recommended for 
long-term use in adults and children.119 However, it is con-
traindicated during pregnancy.

Table 9.1  Asthma: symptomatic treatment and treating the 
underlying issues

Goal Required actions Herbs

Symptoms

Control the allergic 
response

Antiallergic Baical skullcap, Albizia, 
Nigella

Control acute 
respiratory infection

Diaphoretic, immune-
enhancing, etc.

Echinacea, Andrographis, 
ginger, yarrow, etc.

Reduce 
inflammation

Anti-inflammatory, 
reflex demulcent

Ginkgo, Bupleurum, 
turmeric, marshmallow 
root, Boswellia, Sophora

Clear the airways Expectorant Adhatoda, Elecampane, 
fennel

Relax bronchial 
smooth muscle

Bronchospasmolytic Adhatoda, Elecampane, 
Grindelia, Coleus

Allay debilitating 
cough

Expectorant, 
demulcent, antitussive

Elecampane, 
marshmallow root, 
Bupleurum, licorice

Underlying issues

Control the allergic 
response

Antiallergic Baical skullcap, Albizia, 
Nigella

Treat sinusitis Anticatarrhal, 
antiallergic, immune-
enhancing, etc.

Eyebright, Andrographis, 
golden seal, golden rod

Increase gastric acid Bitter tonic, digestive Gentian, Andrographis

Control reflux Antispasmodic, 
demulcent, antacid, 
mucoprotective

Meadowsweet, 
marshmallow root, 
licorice

Eliminate infection Immune-enhancing, 
antiviral, antibacterial

Echinacea root, 
Andrographis, Hypericum

Reduce the physical 
effects of stress

Adaptogen Astragalus, Siberian 
ginseng

Reduce anxiety and 
tension

Sedative and nervine 
tonic

Valerian, St John’s wort, 
Passiflora

Boost the 
hypothalamic-
pituitary-adrenal axis

Tonic, adrenal tonic Withania, Rehmannia, 
licorice

Balance immunity Immune modifying, 
immune depressant

Echinacea root, 
Hemidesmus, Tylophora

Improve antioxidant 
status

Antioxidant, prime 
Nrf2/ARE

Ginkgo, rosemary, 
turmeric, grape seed, 
green tea

Improve the 
health of mucous 
membranes

Anticatarrhal, 
mucous membrane 
trophorestorative, 
lymphatic, depurative

Eyebright, golden seal, 
Verbascum

Table 9.2  Major herbs for asthma according to the British Herbal 
Pharmacopoeia 1983

Herb Action

Datura Spasmolytic

Drosera Bronchodilator, expectorant

Ephedra Bronchodilator (antiallergic)

Euphorbia Spasmolytic, expectorant

Grindelia Antispasmodic, expectorant

Lobelia Spasmolytic, expectorant
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Key constituents of Adhatoda leaf are the quinazoline alka-
loids (0.5% to 2%). The major alkaloid is vasicine present at 
levels of 45% to 95%. Minor alkaloids include vasicinine, vasi-
cinone, oxyvasicinine, deoxyvasicine, deoxyvasicinone and 
vasicinol.120,121 The drug bromhexine was developed from 
vasicine in Europe prior to the 1960s and is still used as an 
aid to expectoration by reducing the viscosity of secretions.122 
Oral administration of a mixture of vasicine and vasicinone 
(25 mg, three times per day) showed good bronchodilating 
activity in asthma patients. Seventy per cent demonstrated 
clinical improvement and improvement in spirometry.123

Uncontrolled clinical trials conducted in India as early as 
1925 suggested that Adhatoda had an expectorant action. In 
acute bronchitis Adhatoda provided relief, especially where 
the sputum was thick and tenacious. In patients with chronic 
bronchitis cough was relieved and the sputum thinned, 
which facilitated removal. Mild relief was achieved for 
asthma.118

There are approximately 40 to 60 species of Grindelia 
native to temperate, mostly arid and semi-arid regions of 
North and South America. Species of Grindelia (commonly 
called gumweeds or gumplant) are not well differentiated 
and the taxonomy of the genus is still poorly understood. 
The resins produced by Grindelia consist mostly of labdane-
type diterpenoid resin acids, similar in chemistry and physical 
properties to those obtained from pine trees. Resins from var-
ious species of Grindelia have been patented for use in adhe-
sives, rubber, coatings and textiles.124

Several species of Grindelia are used in phytotherapy 
including Grindelia camporum, G. robusta, G. squarrosa 
and G. humilis. Constituents of the medicinal Grindelia spp. 
include the resin together with phenolic acids, flavonoids, an 
essential oil and small amounts of saponins.125

Grindelia is an expectorant herb with bronchospasmolytic 
activity. It is traditionally recommended for the treatment of 
spasmodic respiratory conditions such as asthma and bronchi-
tis. The British Herbal Pharmacopoeia 1983 lists the specific 
indication as bronchial asthma with tachycardia.126 Eclectic 
physicians also utilised Grindelia for asthma.127

The Chinese herb Sophora flavescens, both on its own 
and in a formulation, has yielded promising results in asthma 
management. Its pharmacological properties include diuretic, 
antiviral, antitumour, sedative and anti-inflammatory activi-
ties. The main active components are matrine-type alkaloids, 
particularly matrine and oxymatrine.128 It has been sug-
gested that the Sophora alkaloids can act as modulators of 
cell membrane excitability. This is based on its CNS effects, 
anti-arrhythmic activity and inhibition of glutamate-induced 
responses.128 On the hypothesis that an excitatory modula-
tor (especially in the context of glutamate responses) may 
be beneficial in asthma, an open trial of Sophora in refractory 
asthma was initiated.128

From February 1997 to December 2005, 14 patients with 
moderate to severe asthma (six men and eight women) aged 
22 to 70 years were treated. These patients had been diag-
nosed with asthma by their allergists and had been receiving 
medication for asthma for 3 to 6 years. Despite years of mod-
erate to high doses of inhaled corticosteroids and beta-2 ago-
nists, they still suffered episodes of dyspnoea, expectoration, 

coughing, wheezing or chest tightness more than two times 
a week and waking up at night with asthma symptoms more 
than two times a week.128 The patients were given a dried 
powder of a hot water extract of S. flavescens root, which 
contained a high content of matrine and oxymatrine (1.8% 
to 3.2%). The extract was provided in capsules, with a dose 
equal to 4 g of dried root, three times daily for 3 months and 
two times daily for 6 months and once daily for 27 months 
thereafter. Since the study was open, non-randomised and 
selective, the results below are summarised based on the 
records of the diary card of symptoms, PEF (peak expiratory 
flow), medication use and quality of life.128

After 4 weeks, the daytime asthma symptoms were 
reduced by 78%, and the night-time symptoms by 75%. 
Beta-2 agonist dose was reduced by 72% and the dose of 
corticosteroid inhaler reduced by 45%. The mean PEF 
rate improved by 12%. Two patients had remarkable 
improvements of eczema symptoms. No side effects were 
observed.128 At 1 year, the daytime symptoms of asthma 
reduced by 94% and night-time symptoms by 95%. Beta-2 
agonist use was reduced by 95%; corticosteroid inhaler was 
reduced by 92%. The mean PEF had increased by 18%. After 
3 years, the daytime symptoms of asthma were reduced by 
97%, night-time symptoms by 98%. The dose of beta-2 ago-
nist was reduced by 97% and no patients inhaled corticoster-
oids. The mean PEF had increased by 21%. At 3 years, nine 
of the patients had achieved a symptom-free, medication-
free and also an asthma-free condition, meaning they did not 
develop asthma symptoms when they were exposed to the 
previous triggers of their asthma attacks. Two of the patients 
with functional and radiological evidence of emphysema 
achieved an improvement in both breathing capacity and air-
way fibrosis (emphysema) to the extent that they were no 
longer considered to have emphysema. Two patients had com-
plete remission of their eczema.128

Despite these striking results, they must be viewed with 
caution since this was an open label trial and there was no 
placebo group. Hence, it is encouraging to learn that Sophora 
in conjunction with two other traditional Chinese herbs 
(Glycyrrhiza uralensis (licorice) and Ganoderma lucidum) 
was found to be active in a controlled trial.129 The efficacy 
and tolerability of this formula was investigated in 91 patients 
with moderate to severe asthma in a double blind, randomised 
trial. The herbal treatment was compared with oral pred-
nisone therapy.129

Patients in the herbal group received oral capsules (3.6 g/
day of the mixture) and placebo tablets similar in appearance 
to prednisone. Those in the prednisone group received oral 
prednisone tablets (20 mg/day in the morning) and ‘herbal pla-
cebo capsules’, for 4 weeks. Treatment was administered daily 
over a period of 4 weeks. No medications other than rescue 
beta-2 agonists were allowed. This study found that post-treat-
ment lung function (FEV1 and PEF values) was significantly 
improved in both groups. The improvement was slightly but 
significantly greater in the prednisone group (p<0.05). There 
was a significant and a similar degree of reduction in clinical 
symptom scores in both treated groups.129

Of interest, the Th2 cytokines IL-5 and IL-13 were sig-
nificantly reduced in both treated groups (p<0.001 for each). 
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Strikingly, serum interferon (IFN)-gamma and cortisol lev-
els were significantly decreased in the prednisone group 
(p<0.001), but significantly increased in the herbal group 
(p<0.001). In addition, the herbal treatment had no signifi-
cant effect on body weight (increases in body weight post-
therapy, 2.8 kg in the prednisone group versus 0.8 kg in the 
herbal group). No significant side effects were observed.

Prescription construction
Asthma is a deep-seated protracted condition that requires 
herbal treatment in pharmacological doses. Hence a high dos-
age protocol is proposed. Based on the treatment goals out-
lined above it is suggested that two formulations, each of four 
to six herbs, are developed for the individual patient, or oth-
erwise one formulation and a herbal tablet or capsule.

One should be a long-term treatment aimed at treating 
the underlying factors behind the asthmatic condition. The 
second can be aimed at the symptoms and sustaining causes.  
(A third formula could be developed which is only to be taken 
to alleviate acute attacks, but these days most patients will 
resort to a bronchodilating drug in these circumstances.)

The herbs in the two formulations should be chosen so that 
there is as much overlap of the required actions as possible. 
This reduces the number of herbs needed to give a broad range 
of required actions (as informed by Table 9.1). For example:
l	 Ginger has expectorant, digestive-stimulant and anti-

inflammatory activities.
l	 Adhatoda is expectorant and bronchodilating.

The adult patient is then prescribed an 8 mL dose of each 
formula two to three times a day. Dosages are adjusted for 
children based on their body weight.

The treatment should be varied over time depending on 
the patient’s response. Also not every factor can necessar-
ily be treated at the one time, so particular treatment goals 
may need to be changed from time to time. This should be a 
dynamic and interactive approach. The following case histo-
ries illustrate some aspects of this strategy.

CASE HISTORY

The patient, 16-year-old teenage girl, had had asthma since the age 
of 6. She had been hospitalised several times, including recently. She 
had marked upper respiratory allergy and ‘had a constant cold all 
last year’. Medication was inhaled bronchodilators and steroids. The 
patient was advised to eliminate all dairy products from her diet.

CASE HISTORY

A 75-year-old female patient developed late onset asthma following 
a bout of lower respiratory infections and was prescribed prednisone 
by her medical doctor (now stopped). She also had pronounced sinus 
congestion and was under stress because of selling and moving house.

The following herbal treatments were instituted:

Euphrasia officinalis 1:2 25 mL
Ginkgo biloba (standardised extract) 2:1 25 mL
Echinacea angustifolia/purpurea root 1:2 25 mL
Eleutherococcus senticosus 1:2 25 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day
Three herbal tablets per day containing: Scutellaria baicalen-

sis 500 mg, Adhatoda vasica 750 mg, Grindelia camporum 300 mg, 
Curcuma longa 1000 mg, Ginkgo biloba leaf 1000 mg and Foeniculum 
vulgare essential oil 5 mg.

After 4 weeks, the patient reported that her asthma had substan-
tially improved. This improvement was also sustained by the next con-
sultation 4 weeks later. The patient was then subsequently maintained 
with just the herbal tablets, which according to her reports provided 
substantial relief for her asthma on an ongoing basis.
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Urinary system

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 acute and recurrent urinary infections
l	 functional disturbances of micturition.

Management of:
l	 interstitial cystitis
l	 urinary stones
l	 oedema with renal involvement
l	 moderate autoimmune kidney disease
l	 bedwetting.

Because of its use of secondary plant products, extreme 
caution is necessary in applying phytotherapy in cases of:
l	 renal failure
l	 urinary obstruction
l	 severe glomerulonephritis
l	 acute pyelonephritis.

Orientation

Herbal diuretics
Plants have been used as diuretic remedies thoughout his-
tory (Pliny the Elder mentions that many plants have diu-
retic properties in his Naturalis Historia1). However, the 

early indications for such use were often different: urinary 
stones, nephritis, cystitis, strangury, urinary retention and 
incontinence.2 The excruciating pain of urinary stones would 
of course be well known and would have driven many urgent 
treatments. Because of the severity of such conditions, diu-
retic remedies would have been more drastic than nowadays. 
Remedies would have been given in much higher doses, for 
shorter duration, and stronger agents were used. The diu-
retic effects of purgatives, for example, were well understood 
and these may well have been used in desperate attempts to 
relieve the symptoms of ascites in advanced liver failure – a 
not uncommon condition given the frequency of hepatitis. 
(This reputation of laxatives, although easily experienced, 
remains unsupported in clinical research, although it has been 
found in vivo that anthraquinone derivatives induce experi-
mental diuresis associated with the inhibition of ATPases in 
the kidney medulla.3) Another drastic treatment of dropsy 
forms the basis of one of medicine’s best historical stories. 
When William Withering found that the active principle of 
one effective remedy for dropsy was the cardioactive foxglove 
he initiated a whole new medical tradition as well as confirm-
ing that dropsy was a symptom of heart failure rather than of 
the kidneys (see also Chapter 2).

Inducing appreciable consistent diuresis generally involves 
drastic pharmacological activity and modern diuretic drugs 
are powerful agents. Examples of plants with direct diuretic 
effects producing consistent activity in controlled conditions 
in the literature are rare, and there are some studies that 
specifically show a negative effect in these circumstances.4–7 
There is, for example, the suggestion that essential oils may 
prove to have direct effects on tubular function: a paper on 
the effects of aqueous parsley seed extract has implicated 
tubular inhibition of the sodium/potassium pump, albeit with 
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relatively large doses in rats, that would lead to a reduction 
in sodium and potassium reabsorption and an osmotic water 
flow into the urinary lumen.8 Other examples where a diu-
retic effect has been observed experimentally include a study 
showing significant increase in 24-hour urine volume, urine 
and serum sodium levels in nine mild hypertensives admin-
istered a whole-plant preparation of Phyllanthus amarus.9 In 
another study, Aerua lanata flowers at doses of 10 g induced 
significant diuresis in 70% of subjects in uncontrolled clini-
cal conditions.10 A study on a product based on asparagus 
and parsley root has also shown limited diuretic effect in the 
management of congestive heart failure.11 The benefits of the 
Indian remedy Terminalia arjuna bark extract at 500 mg every 
8 hours, as adjuvant therapy to conventional medications, 
have been attested in a double blind, crossover trial on 12 
patients with chronic congestive heart failure (although this is 
most likely a cardiac rather than a renal effect).12

There is some evidence of diuretic effects of various popu-
lar diuretics in experimental animals, but often at very high 
doses (40 mL/kg13 and 1 g/kg14,15), levels outside any thera-
peutic range. Other plants with experimental diuretic effects 
in animals that have been observed at various dosages include 
Taraxacum (dandelion),16 members of the Equisetum family,17 
Orthosiphon leaf18 and Orthosiphon seeds,19 various Solidago 
species,20,21 Agrimonia eupatoria (agrimony),22 Lactuca virosa 
(wild lettuce)23 and Parietaria (pellitory).24 Diuretic activ-
ity (including renal vasodilation and urinary sodium excretion) 
has been observed in experimental studies on Clerodendron 
trichotomum,25 and Rehmannia radix.26 However, studies on 
Alpinia speciosa27 and Polygonum punctatum28 showed no diu-
retic properties in spite of other pronounced pharmacologi-
cal activities, and the main effect in rats of administering oral 
doses of Opuntia ficus-indica infusions was a marked loss of 
potassium, with only modest diuresis and sodium loss at lower 
concentrations.29

In more recent pharmacological studies, several common herbs 
have exhibited interesting diuretic activity that might prove clini-
cally relevant, including fennel (see fennel monograph). Others 
have been the subject of an extensive 2007 review.30 A  few 
clinical trials have also been undertaken. Powdered cherry stalk 
(Cerasus avium) at 2 g caused a mild increase in urine volume 
in 13 healthy volunteers in an open label trial.31 In another open 
label, pilot study, three 8 mL doses in 1 day of a hydroethanolic 
extract of fresh dandelion leaf given to 17 healthy volunteers 
caused a significant (p<0.05) increase in the frequency of urina-
tion in the 5-hour period after the first dose.32 There was also a 
significant (p<0.001) increase in the excretion ratio in the 5-hour 
period after the second dose of extract. The third dose failed to 
change any of the measured parameters. The herb Eclipta alba 
leaf powder 3 g/day caused a remarkable increase in urine volume 
(34%) and urine sodium (24%) in a placebo-controlled 60-day 
trial involving 60 mildly hypertensive patients.33

The modest research evidence apart, the experience of 
even mild herbal prescriptions having sometimes dramatic 
diuretic effects is well known to practitioners and this is one 
of the most common reactions to treatment that patients 
report. One conclusion that can be drawn is that diuretic 
responses are variable, perhaps reflecting other indeterminate 
susceptibilities in the individual patient.

Aquaretics and diuretic depuratives
Two variations on the diuretic theme have emerged from 
earlier Western traditions. In German practice, the concept 
of ‘aquaretic’ has been used to describe diuretic agents that 
excrete water from the body, most probably associated with 
potassium, but not other electrolyte, excretion.34 They may 
exert their effect due to increased blood flow to the kidney. 
Most herbal diuretics in tradition are likely to be of this class. 
They are thus not easily comparable with modern diuret-
ics that interfere with resorption at the distal tubule of the 
nephron, leading to wider electrolyte elimination, and thus 
may be less effective in treating hypertension and oedema-
tous conditions. They are speculated to act on the glomerulus, 
increasing fluid loss from the body in a physiological manner 
by increasing the formation of primary urine.35

In the case of hypertension, the main benefit of herbal 
aquaretics may be in replacing the potassium lost through the 
use of modern diuretic prescriptions. High potassium levels 
relative to sodium have been shown to be a feature of herbal 
drugs with traditional diuretic activity.36 Compared to a ratio 
in the average diet of 2:1, herbal remedies such as Urtica (net-
tle tops), Equisetum (horsetail), Betula (birch), Sambucus 
(elder), Agrimonia (agrimony), Phaseolus vulgaris (bean pods), 
Matricaria (chamomile) and tilia (lime flowers) had ratios 
greater than 150:1 potassium to sodium, especially in decoction 
form. It is difficult with current information to link high potas-
sium levels to any aquaretic or diuretic effect, but given that 
diuresis is almost by definition accompanied by potassium loss, 
to have an effective potassium supplement seems convenient.

The herb combination that has been most studied in the 
context of aquaretic activity is asparagus root (Asparagus 
officinalis) with parsley herb (Petroselinum crispum).11 In 
uncontrolled trials, this combination caused significant weight 
loss in overweight patients and significantly lowered blood 
pressure in patients with hypertension, without changing 
other biochemical parameters.11

In the case of oedema, phytotherapeutic strategies should 
emphasise activity on other body functions (see below) rather 
than any diuretic impact.

A second concept of ‘diuretic depurative’ is more compat-
ible with the general meaning of diuretics in Western herbal 
tradition; it implies that the remedy removes metabolites and 
waste products as well as water, that is as an aid to excretion.

There is one very gentle diuretic mechanism that may 
underlie the effect of several plants.

Osmotic diuresis
The principle of osmotic diuresis has been established since 
the end of the 19th century when Ustimowitsch, Falck and 
Richet stressed the influence of urinary solutes on urine flow, 
although over a century earlier Segalas and Wohler observed 
that an extra load of urea, or any other substance that is 
excreted by the kidney, causes a diuresis.37

The osmotic plant-based diuretic mannitol is used, by intra-
venous injection, in acute oliguric renal failure.38 Mannitol is 
found in some plants, including the popular diuretic Elymus 
repens (couch grass); however, its absorption from the gut 
wall is limited and it is unlikely to play a significant role in the 
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effect of couch grass. Nevertheless, a number of similar sugar 
molecules may account for a gentle diuretic effect of many 
herbal remedies, as well as, more generally, fruits and vegeta-
bles. For example, the plant starch inulin is used in commer-
cial preparations to measure glomerular filtration rate and in 
experiments of kidney microperfusion as a marker of tubular 
water reabsorption. A number of plant extracts of inulin have 
been shown to have a comparable effect.39

The kidneys and oedema
Although clearly active in the elimination of water from 
the body and the control of fluid levels within the tissues, 
the impact of the kidneys in oedema is not always obvi-
ous, compared with a failing heart, a cirrhotic liver or lym-
phatic or venous insufficiency in their relevant syndromes. 
Nevertheless, in all such cases prescription of conventional 
diuretic drugs is commonplace and it is widely assumed that 
the kidney is centrally involved in most cases.

This assumption has mixed support in the scientific literature. 
For example, renal complications of liver cirrhosis are certainly 
implicated in the development of ascites. These complications 
include inadequate renal prostaglandin production and the nega-
tive effect on the kidney of raised nitric oxide production. Such 
complications may actually reduce the effect of diuretics, but 
they remain indicated in the treatment of ascites as long as they 
are effective.40 In phytotherapy, however, the main effort now 
would be on using hepatics and other treatments for the liver.

Although undoubtedly effective symptomatically, the value 
of diuretics used alone for congestive heart failure in the long 
term has been challenged, because of their possible excitation of 
the renin-angiotensin system. Concomitant prescription of ACE 
inhibitors has been proposed and positively evaluated, because 
they suppress this excitation.41 As seen below, herbal diuretics 
are unlikely to raise the same concerns but may be only second-
tier treatments compared to the cardioactive glycosides.

The localised oedema of lymphatic and venous insufficiency 
is treated in phytotherapy with particular remedies said to act 
on the vessel walls. These may have incidental diuretic effects.

In phytotherapy, there are few traditional strategies that 
are likely to bear directly on the kidney cortex itself, with 
emphasis placed instead on activity lower down the urinary 
system. Nevertheless, little is known about the full impact of 
plant constituents on this organ and, although there are very 
few cases where actual nephrotoxicity occurs, a general cau-
tion in using herbal treatments is advisable where the kidneys 
are already damaged.42

Beneficial effects of plant remedies on the kidney
Kidney disease such as glomerulonephritis and cystic disease 
presents awesome and possibly overwhelming odds for the phy-
totherapist. By definition the kidney in such cases, especially 
where the basement membrane is involved, is vulnerable to 
further damage with any new active metabolite and the prac-
titioner needs to proceed with extreme caution. Nevertheless, 
there is experimental and case report evidence, mainly from 
China and Japan, suggesting that some herbal remedies might 
have beneficial effects in such cases, including such conditions 
as nephrotic syndrome (Chinese herbs Astragalus and Angelica 

(see monographs),43 diabetic nephropathy (Abemoschus mani-
hot44) and other kidney diseases.45–49 Andrographis panicu-
lata has shown experimental ability to reduce pyuria and 
haematuria as complications of urinary stone destruction (see 
Andrographis monograph)50 and magnesium lithospermate B, 
a component of Lycopus and Lithospermum species, has shown 
potential as a therapeutic agent for inhibiting the progression of 
renal dysfunction.51 The use of various Chinese bitter (‘cool-
ing and drying’) herbs has been shown to improve biochemical 
markers associated with free radical damage in patients with 
chronic glomerulonephritis compared with matched controls.52

Other plant materials have shown apparent antinephrotoxic 
activity and may provide the basis for strategies following the 
adverse effects of heavy metals, antibiotics, analgesic and other 
prescription drugs, Amanita mushroom and aflatoxins and 
industrial agents. Protective effects of Arctostaphlos uva-ursi, 
Orthosiphon stamineus and Polygonum aviculare have been 
noted against the nephrotoxic effects of mercuric chloride,53 
and beneficial effects against the nephrotoxin aminoglycoside 
in elderly patients have also been noted in controlled studies 
for Cordyceps sinensis.54 Aqueous rhubarb extract (at 150 mg/
day) reduced proteinurea and glomerulosclerosis in rats 
exposed to experimental chronic renal fibrosis in controlled 
models.55 More recently curcumin and Withania have demon-
strated nephroprotective activity in vivo (see monographs) and 
there have been some interesting reviews of this topic.56–59

Phytotherapeutics: diuretics 
(aquaretics and diuretic depuratives)

Terminology
As noted above, most plants used primarily for their effects 
on the urinary system are collectively referred to as ‘diuret-
ics’ in many texts. Nevertheless, this covers a broad range of 
traditional activities and probably very variable actual diuretic 
effects so the terms ‘aquaretics’ and ‘diuretic depuratives’ (see 
above) may be more accurate. However, the conventional ter-
minology will be used here, as demarcation between the two 
categories is currently inadequate.

Plant remedies traditionally used as diuretics
l	 Eupatorium purpureum (gravel root), Elymus repens (couch 

grass), Eryngium maritimum (sea holly), Zea mays (corn 
silk), Aphanes arvensis (parsley piert), Daucus carota (wild 
carrot), Parietaria diffusa (pellitory), Taraxacum officinale 
(dandelion), Apium graveolens (celery).

Indications for diuretics
l	 Dysuria and oliguria linked to urinary infections or stones 

(although simply increasing fluid intake can achieve the 
same flushing effect)

l	 Heart failure (as an adjunct to cardioactive glycosides)
l	 Ascites (combined with hepatic remedies)
l	 Nocturnal enuresis and other functional disturbances of 

micturition
l	 Urinary stones.
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Other traditional indications for diuretics
l	 Haematuria
l	 Arthritis and skin disorders.

Contraindications in the use of diuretics
The use of diuretic herbs may be inappropriate and possibly 
even contraindicated in the following:
l	 Renal failure
l	 Diabetes.

Other traditional therapeutic insights into  
the use of diuretics
The traditional treatment of arthritic disease often involved using 
herbs that were otherwise considered diuretics. There is a more 
modern tradition that suggests these diuretics act to increase the 
elimination of metabolic acid wastes (e.g. uric acid), factors pop-
ularly associated with arthritic disease. The precise explanation 
for the apparent efficacy of remedies such as birch, celery seed 
and nettle leaf in arthritic diseases may be more complex.

This tradition is a reminder of the wider assumption that 
diuretics were among the eliminative strategies applied to a 
range of toxic conditions associated especially with inflam-
matory diseases and persistent or recurrent infections (see  
p. 149). Any hint of fluid retention accompanying such con-
ditions would be a traditional indication for diuretics.

Application
Diuretics, when prescribed overtly as such, are best taken 
in relatively high quantities at any time relative to eating. 
However, dramatic diuresis in some cases may follow quite 
small doses of many herbs, perhaps directed to other ends.

Phased treatments may be appropriate, for example, early 
morning and lunchtime dosages as part of a strategy for treat-
ing nocturnal enuresis.

Long-term therapy with many diuretics is quite acceptable.

Advanced phytotherapeutics
Diuretics may also be usefully applied in some cases (depend-
ing on other factors) of:
l	 osteoarthritis
l	 dermatitis
l	 other chronic inflammatory diseases accompanied by fluid 

retention
l	 premenstrual syndrome.

Urinary antiseptics

Plant remedies traditionally used as urinary 
antiseptics
l	 Arctostaphylos uva-ursi (bearberry, see monograph), Vaccinium 

macrocarpon (cranberry), Barosma betulina (buchu, see 
monograph), Juniperus communis (juniper), Berberis vulgaris 
(barberry, see monograph), Chimaphila umbellata (pipsissewa), 
Hydrastis canadensis (golden seal), Piper cubeba (cubeb).

The main role of cranberry appears to be in the preven-
tion of urinary tract infections; possibly by reducing bacterial 
adherence to the bladder wall.60 The accumulated evidence 
for its role in this regard is relatively good, especially in terms 
of managing recurrent infections.61,62

Indications for urinary antiseptics
l	 Urinary infections or stones
l	 Prostatitis
l	 Interstitial cystitis (possibly).

Contraindications in the use of urinary antiseptics
The use of urinary antiseptic herbs may be inappropriate and 
possibly even contraindicated in the following:
l	 Kidney disease
l	 Renal failure
l	 Pregnancy.

Application
Urinary antiseptics may be taken before or with meals. It may 
be found that taking whole ground preparations in capsule 
form may be more effective than tinctures, but this is not a 
critical matter. Long-term therapy with many urinary antisep-
tics is not advisable.

Other relevant agents

Urinary tract demulcents
These agents will exert a soothing effect on the lining of the uri-
nary tract and are indicated for inflammation and infections such 
as urethritis and cystitis. They may also be of value for inflam-
mation higher up the urinary tract and the irritation of kidney 
stones. Some urinary tract demulcents such as marshmallow leaf 
act by a reflex effect (reflex demulcents). Others, specifically 
couch grass and corn silk probably have a direct effect.

Antilithics
These herbs decrease the likelihood of urinary stone forma-
tion and may also act to weaken and slowly dissolve existing 
stones. Antilithic herbs include Crataeva, horsetail, gravel 
root (Eupatorium purpureum), parsley piert (Aphanes arven-
sis) and pellitory of the wall (Parietaria species). Gravel root 
may act particularly against uric acid stones, whereas the 
other herbs act on mineral stones. Some antilithics such as 
Crataeva63 can help the expulsion of small stones.

Bladder tonics
These herbs have a toning effect on the smooth muscle of the 
bladder. They are therefore useful in the treatment of hypo-
tonic bladder, as can occur with the urinary outlet obstruction 
caused by benign prostatic hyperplasia, and other neurological 
conditions of the bladder. During bladder infection, bacteria 
may remain with the residual urine that is left in the blad-
der after each voiding. Bladder tonics decrease this residual 
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volume and therefore assist greatly with the flushing of the 
bladder. In this context they can be particularly valuable in 
the resolution of recurrent cystitis. The best established blad-
der tonic is Crataeva bark.63

Kidney tonics
In Western herbal terminology kidney tonics are herbs which 
tonify the function of the kidneys and may be useful in poor 
kidney function in conjunction with diuretic depuratives. 
They may also help protect the kidney during diseases such as 
glomerulonephritis. Unfortunately there is little reliable infor-
mation about herbs that might have this role. In the European 
tradition, Solidago virgaurea (golden rod) stands out64 and 
there could also be a role for horsetail in this context.

In traditional Chinese medicine the term ‘kidney tonic’ is also 
used, but it has no relationship with the anatomical kidney. The 
‘kidney tonics’ of Chinese medicine are typically adrenal cortex 
tonics. It is important that they are not confused with the above.

Phytotherapy for urinary conditions

Recurrent urinary stones
A theme that emerges from the research is the complexity of 
mineral and electrolyte disturbance, involving other body sys-
tems, which can underlie urinary stone formation. For example, 
the pathogenesis of renal calculi may involve relative changes in 
concentrations of other urinary trace elements, notably copper 
and phosphorus,65 that clearly reflect wider metabolic changes.

In industrialised countries, about 80% of stones that form 
in the kidneys are composed of calcium salts and usually 
occur as calcium oxalate and less commonly calcium phos-
phate.66,67 The remaining 20% of stones are largely composed 
of uric acid, struvite or cystine.

Because urine is supersaturated with calcium, crystal for-
mation occurs readily if urine calcium rises, as when there 
is fluid depletion or increased calcium excretion. Calcium is 
also less soluble as the urine becomes more alkaline. Factors in 
urine that inhibit crystallisation processes include:68

l	 magnesium, which complexes oxalate
l	 citrate, which complexes calcium
l	 pyrophosphate, which impairs crystallisation of calcium oxalate.

About 50% of patients with calcium stones have exces-
sive calcium in their urine. The most common cause of this 
is a genetically determined increased calcium absorption in 
the intestine. Excessive urinary calcium can also be caused 
by a diet rich in sodium or animal protein. Low levels of cit-
rate in the urine is another factor, which affects between 20% 
and 60% of patients.66 Factors involved here can include uri-
nary tract infection, a high sodium intake, chronic diarrhoea, 
potassium loss, excessive physical exercise and an excessively 
acid-forming diet (rich in high protein foods). High excretion 
of oxalate in the urine is largely of dietary or genetic origin. 
Ironically, the dietary factor most often responsible for oxalate 
stones is a low calcium intake. However, reducing the intake of 
oxalates is probably a safer option than increasing dietary cal-
cium beyond normal levels,68 although calcium supplementa-
tion has been shown to be beneficial in stone prevention.69

High protein consumption may be a factor in stone forma-
tion, since the resultant sulphates formed generate an acid 
load in the urine that is buffered by bone.67 Animal protein 
also has a high purine content, which will increase uric acid 
excretion. An inverse relationship occurs between renal potas-
sium and calcium excretion, which brings attention to the 
role of potassium-rich fruits and vegetables as preventatives.67 
Obesity and insulin resistance are linked to both calcium and 
uric acid stones.67,70

Recurrent oxalate stone formers are significantly less likely 
to be colonised with the gut-dwelling bacterium Oxalobacter 
formigenes.71 This organism is able to degrade dietary oxalate. 
Probiotic use of lactic acid bacteria that metabolise oxalate 
might also provide a valid alternative to this organism.

Lifestyle and diet are best aimed at preventing stone for-
mation, and, since the recurrence rate of stones is 75% over 
20 years, the following guidelines could be followed by all 
patients with a history of kidney stones.66

Regular weight-bearing exercise will help store calcium 
in bones, which would otherwise be excreted in the urine. 
However, exercise should not be excessive since this increases 
dehydration and can cause lactic acidosis, both factors in 
stone formation. Fluid intake should be adequate, especially 
in warm climates, but commercial drinks are to be avoided 
(these are sometimes loaded with phosphate and sugar).

The diet should be based on fruit, vegetables and unre-
fined carbohydrates. Animal protein (including cheese) intake 
should not be excessive and dietary salt should be restricted.72 
Fruit, which is rich in potassium and citrate, should be 
emphasised, together with foods rich in magnesium such as 
fermented soya products, legumes, nuts and green leafy veg-
etables. Calcium intake, specifically dairy foods, should be 
moderate, but should also not be restricted unless there are 
other reasons for this, such as dairy protein allergy. Restriction 
of calcium can lead to excessive oxalate absorption.73 If there 
is a history of oxalate stones, then foods rich in oxalate are 
best avoided. These include rhubarb, spinach, strawberries, 
ginger, almonds, cashews and beetroot. A probiotic supple-
ment may be relevant here as well.

There is substantial evidence of interaction between uri-
nary urates and oxalates, so that higher urinary levels of the 
former, following disturbances of purine metabolism including 
gout, can lead to ‘salting out’ of calcium oxalate stones; drugs 
such as allopurinol, which reduce urinary urate, also reduce 
oxalate stones.74 This calls into question the use, in the case 
of incipient or actual oxalate calculi (for example, in cases of 
severe small intestinal disease as above), of some plants such 
as the fruits of Apium graveolens (celery) and Petroselinum 
crispum (parsley), Eupatorium purpureum (gravel root), Betula 
spp. (birch) and Urtica dioica (nettle leaf), that are consid-
ered to increase urinary excretion of urates.

Other studies suggest that urate stones themselves may 
be linked to low blood urate levels following enhanced tubu-
lar secretion of urate within the kidney. In such cases, agents 
increasing urate excretion would be clearly contraindicated 
and alkalinisation of urine may be the most effective treat-
ment,75 since overly acidic urine is the key feature of these 
types of stones. It may be the factor that connects the disor-
der with metabolic syndrome.76,77



265

Herbal approaches to system dysfunctions C H A P T E R  9

In pregnancy, hyperuricuria and hypercalciuria, changes in 
metabolic inhibitors of lithiasis formation, urinary stasis, rela-
tive dehydration and the presence of infection all increase the 
likelihood of stone formation.78

Herbal remedies and urinary stones
In seven plants (Verbena officinalis, Lithospermum officinale, 
Taraxacum officinale, Equisetum arvense, Arctostaphylos uva-
ursi, Arctium lappa and Silene saxifraga) studied for their 
effects on experimental risk factors for urinary stones (cit-
raturia, calciuria, phosphaturia, pH and diuresis), moderate 
solvent action on uric stones was linked to the alkalinising 
capacity of the herb infusion and to a possible urinary antisep-
tic activity.79

Other Asiatic herbal products have been shown to reduce 
experimental renal stone formation.80–82 In Ayurveda, 
Crataeva nurvala is highly acclaimed for its use in the man-
agement of urinary tract disorders, especially kidney stones. 
Research has demonstrated a range of activity on urinary 
structures, including improved performance in clinical studies 
of benign prostatic hyperplasia83 and with urinary stones84,85 
and in reducing oxalate stone formation,86 with the steroid 
lupeol being a possible active constituent.87 A pharmaco-
logical study found that Crataeva influenced small intestinal  
Na,K-ATPase, which in turn influenced the transport of min-
erals.88 This is a reminder that oxalate problems may well 
originate from the digestive tract (see above).

Herbal teas in general have been recommended as alterna-
tives to the usual black tea consumption because of the lat-
ter’s association with increased risk of formation of calcium 
oxalate stones, but this is unlikely to reflect a general benefit 
of plant extractives as such.89

Herbal treatment can augment the above dietary and life-
style measures designed to prevent kidney stones and can 
also be used to treat existing stones. The regime is largely the 
same for these two treatment scenarios. In the case of man-
aging existing stones, therapy is aimed at passing small stones 
and/or gradually weakening or dissolving larger stones:
l	 A key herb is Crataeva, which research has shown can 

assist the passage of small stones and prevent the formation 
of new stones (see the detailed information above). 
Other antilithic herbs such as horsetail and golden rod are 
indicated, as are aquaretics which will render the urine 
more dilute (as will copious fluid intake). Dandelion leaf is 
also useful, given that it is rich in potassium.

l	 Anthraquinone-containing herbs such as cascara and 
yellow dock can help by binding calcium in the urine 
and making it less likely to precipitate. The herb madder 
(Rubia tinctorum) was particularly used for this effect in 
Europe, but has now been banned due to concerns over 
carcinogenicity.

l	 Infection can provide a focus for stone formation; hence 
the treatment strategies for cystitis should also be followed 
if infection is thought to play a role. This includes immune 
supporting herbs such as Echinacea root and antibacterial 
herbs such as cranberry and buchu. However, there is some 
clinical evidence to suggest that cranberry may slightly 
increase the risk of oxalate stone formation.90

l	 If a stone is lodged and causing pain then urinary tract 
demulcents and spasmolytic herbs such as cramp bark and 
wild yam are additionally indicated. The prescription-only 
spasmolytic Ammi visnaga was traditionally used in Egypt to 
aid the passage of urinary stones. While stones are causing 
damage to the urinary tract mucosa, immune-enhancing 
herbs and urinary tract antiseptics will lower the risk of 
infection. A species of oak Quercus salicina (Q. stenophylla) 
has been used to treat urinary stones in Japan since 1969. 
Clinical trials have demonstrated efficacy in assisting the 
passage of both renal and ureteral stones.91,92

Example liquid formula

Taraxacum officinale leaf 1:1 25 mL

Equisetum arvense 1:2 25 mL

Viburnum opulus 1:2 20 mL

Solidago virgaurea 1:2 20 mL

Rumex crispus 1:2 20 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day (if Crataeva 1:2 liquid 
is available it can be used instead of the dandelion leaf in the 
above formulation).

Urinary infections
Urinary infections are very common, affecting for example up 
to 20% of women at some time in their lives. Practitioner expe-
rience is that herbal remedies can be effective treatments for 
conditions such as urethritis, cystitis, ureteritis and even pyelo-
nephritis (especially if chronic). Infections of the prostate gland 
(i.e. prostatitis) are also potentially amenable, although two gen-
eral caveats are raised here. There are usually legal and ethical 
issues in the way of tackling urinary infections of venereal ori-
gin without referral to conventional sexually transmitted disease 
clinics. From a clinical point of view also, a urinary infection that 
has progressed beyond the walls of the tubules, as in pyelitis and 
prostatitis, can present other treatment challenges. That being 
said, the judicious use of the urinary antiseptics described below 
is often productive and there are many cases of recurrent cysti-
tis that have been permanently corrected with phytotherapy.

Several plant constituents have at least theoretical antisep-
tic effects when eliminated in the urinary tract and a number 
of plants have firm clinical reputations for long-term efficacy 
in uncomplicated urethritis and cystitis, especially when 
caused by Gram-negative bacteria such as Escherichia coli 
(accounting for 80% of adult cases), Staphyloccocus saprophyt-
icus, Klebsiella and Proteus.

When urinary tract infections are complicated by pregnancy, 
diabetes, immunosuppression or other abnormalities, prudence 
will determine that these are considered before simple uri-
nary antiseptics are applied. Except in pregnancy and severe 
kidney disease, however, the treatments are rarely contraindi-
cated. They may also show effectiveness in urinary tract con-
ditions linked to fungal (e.g. Candida) and parasitic infections 
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(for example, following malaria, leishmaniasis, trichomoniasis 
and bilharziasis) and for those without obvious infective cause. 
In the last case at least alkalinisation of the urine is a helpful 
accompaniment, conventionally with half a teaspoon of sodium 
bicarbonate in water every 3 to 4 hours but also with increased 
consumption of fruit juice (and vegetable juice especially).

Urinary infection probably requires adhesion of the bacteria 
to the otherwise glassy surface of the urinary tract and those 
usually responsible have mechanisms to do this. Constituents 
of berries of the heather family, notably Vaccinium macrocar-
pon (cranberry) and V. myrtillus (blueberry, bilberry), appear 
at least in vitro to interfere with this adhesion mechanism,93 
especially in the case of Escherichia coli (responsible for 80% 
of such infections). This may be due to the D-mannose in 
the berries preferentially adhering to the bacterial surface, or 
to proanthocyanins. There have been a number of clinical tri-
als pursuing this effect and recently an updated Cochrane 
report chose 10 that were of methodologically good quality 
for systematic review and four for meta-analysis. The conclu-
sion from the latter was that cranberry juice products can be 
effective in reducing urinary tract infections, although perhaps 
favouring women and having less impact in the elderly.62 They 
pointed to more work being needed, particularly in establish-
ing effective dosage and other elements of treatment regime.

The benefits of cranberry may be pointers to the clinical 
benefits seen with its relative, Arctostaphylos uva-ursi (bear-
berry), although in this case it is the leaves that are used and 
it is the conversion of the glycoside arbutin into the anti-
septic hydroquinone in the urinary tract that is seen as the 
likely mechanism.94 Another traditional urinary antiseptic 
Chimaphila umbellata (pipsissewa) also contains arbutin.95 
(Also see the bearberry monograph.)

Another plant constituent with clinical antiadhesive proper-
ties, at least in the gut and in synthetic form, is berberine from 
the Berberis genus including Berberis aquifolium (Oregon grape) 
and Hydrastis canadensis (golden seal), both used tradition-
ally for cystitis.96 These also have separate activity against E. 
coli, Klebsiella spp. and other urinary pathogens (see berberis 
monograph).

It is also possible that herbs may help in the condition 
known as interstitial cystitis. This difficult condition, marked 
by inflammatory infiltration in the bladder wall but no obvi-
ous infection, is generally thought to be an autoimmune dis-
order. However, an infective cause has not been ruled out,97 
and in spite of its name, it appears that there is no increased 
bladder permeability.98 There do appear to be changes in neu-
rotransmitter sensitivity (increasing resistance to atropine and 
histamine and a switch towards purinergic transmission in 
parasympathetic nerve terminals)99 and impairment of blad-
der perfusion in patients has also been observed, especially 
when the bladder was full.100 It is for these reasons that in 
herbal treatments urinary antiseptics can be combined with 
other agents with an apparent benefit on the bladder wall (e.g. 
Equisetum, Zea, Crataeva nurvula and Althaea).

A major and debilitating problem is recurrent acute bacte-
rial cystitis (otherwise known as recurrent cystitis), where the 
woman suffers repeated acute infections, often close to one 
another. As already noted the bacteria that cause cystitis can cling 
to and invade the cells lining the bladder wall and there they can 

remain dormant and resistant to antibiotic attack. Their activa-
tion leads to the next infection. Up to 20% of young women with 
cystitis develop recurrent infections of the urinary tract.101

Recurrent cystitis responds positively to herbal treatment, 
which is recommended on a continuing basis to prevent the 
acute attacks. After freedom from acute infections for 3 to 4 
months, the herbal treatment can be reduced and eventually 
discontinued if the response is still favourable. Dietary meas-
ures (especially cranberry intake) should then continue, includ-
ing reduced refined carbohydrate intake and dairy products. 
Adequate fluid intake should be ensured. Also, during acute 
cystitis any use of herbs needs to be combined with copious 
intake of fluid to flush the bladder. Cystitis is an infection, so 
it is always a good idea to support the immune system. For this 
either Echinacea root or the Ayurvedic herb Andrographis pan-
iculata can be used. In a clinical trial Andrographis prevented 
the typical development of urinary tract infections in patients 
undergoing shock wave therapy for kidney stones (see androg-
raphis monograph). Andrographis is appropriate at around 6 g/
day during acute cystitis and about 3 g/day of Echinacea root 
can be used to prevent recurrent cystitis.

Other herbs to consider in cystitis include urinary tract 
demulcents such as couch grass and corn silk and licorice 
(Glycyrrhiza glabra), which may reduce bacterial adherence 
to the bladder wall (see licorice monograph).

Example liquid formula: acute cystitis

Echinacea purpurea/angustifolia root 1:2 35 mL

Barosma betulina 1:2 20 mL

Glycyrrhiza glabra (high in glycyrrhizin) 1:1 15 mL

Zea mays 1:1 30 mL

TOTAL 100 mL

Dose: 8 mL with water 3–4 times daily.

CASE HISTORY

A 26-year-old woman presented with recurrent bouts of cystitis. She 
had been experiencing these attacks for about 7 years, but they had 
increased in frequency since she became sexually active. In the past 18 
months the frequency of her cystitis had been particularly high, and she 
had tried many courses of antibiotics, some very powerful. Her cystitis 
symptoms were almost continuous by her first herbal consultation, but 
in frustration she had ceased all antibiotics about 6 weeks prior.

Results of all investigations were normal and a procedure during 
which the trigone area of the bladder had been scraped had failed to 
change the frequency or morbidity of her cystitis.

The patient was advised to drink 100 mL/day cranberry juice and 
prescribed the following formulation:

Echinacea angustifolia/purpurea root 1:2 50 mL
Barosma betulina 1:2 30 mL
Glycyrrhiza glabra 1:1 25 mL
Crataeva nurvala 1:2 45 mL

TOTAL 150 mL

Dose: 8 mL with water three times daily.
After 5 weeks of herbal treatment the patient reported no cystitis, 

only two mornings of mild burning which passed without develop-
ing further. Following another 6 weeks of treatment, the report was 
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Nocturnal enuresis (bedwetting)
Childhood sleep (nocturnal) enuresis (bedwetting) is the inap-
propriate voiding of urine by a child who has reached the age at 
which satisfactory control is expected. Since a large proportion 
of young children wet their beds, it is inappropriate to use the 
term enuresis until at least 5 years of age. At least 90% of chil-
dren with nocturnal enuresis are reliably dry during the day.102

More than 80% of children with nocturnal enuresis have 
never been dry at night for a prolonged period, but nearly all will 
have had an occasional dry night. This can be referred to as inter-
mittent enuresis. True primary enuresis, in which the child has 
never had a single dry night, is very rare. Secondary (or acquired) 
enuresis is less prevalent than intermittent enuresis, and is where 
enuresis develops after the age of 5 years in a child who has pre-
viously been reliably dry at night for at least 1 year.102

Nocturnal enuresis is more common in boys, first-born 
children, lower social classes and in children who have experi-
enced stress in early life.102 Given the association with families, 
genetic factors may be involved with this disorder. Disorders 
such as diabetes, renal failure, urological abnormalities and epi-
lepsy are rarely the cause, but should be excluded.

Stress is probably a factor, especially in relapses. Obviously 
the condition itself can be stressful. A child with nocturnal enu-
resis may have a smaller functional bladder capacity (that is, 
the child has the habit of emptying the bladder when it con-
tains a relatively small volume of urine).103 Urinary tract infec-
tion is not common, but should be tested for. Constipation can 
be an unrecognised factor and should be attended to.104 Food 
allergies may be present (especially dairy, wheat or yeast) and 
soft drinks, tea and coffee should be avoided. Sleep apnoea 
should be considered and appropriate measures taken if relevant 
(including herbal treatment for adenoids and sinus conditions).

It is now generally agreed that nocturnal polyuria, detrusor 
overactivity and high arousal thresholds are, in various combi-
nations, central to enuresis pathogenesis.105

In addition to the measures described above, the follow-
ing considerations can be useful. If the child shows symptoms 
consistent with food allergies or intolerances, then a relevant 
exclusion diet should be tested. Intake of refined carbohy-
drates should be reduced and a natural whole food diet fol-
lowed as much as possible.

Restriction of fluid intake is not helpful. In fact increasing 
fluid intake during the day to generate higher urine flow rates 
increases the awareness of bladder filling and, by encouraging 
urine holding, achieves an increase in functional bladder size.106

Many research projects have confirmed the merits of 
conditioning using alarms. Body-worn alarms are usually 

preferred.106,107 Rewarding dry nights can reinforce behaviour. 
It might be particularly valuable to reward dry nights without 
making an obvious connection, so that a subconscious impres-
sion is encouraged.

Key herbs to consider are as follows:
l	 The bladder-toning effect of Crataeva is helpful, particularly 

in conjunction with increased diurnal fluid intake. Horsetail 
has been traditionally prescribed for nocturnal enuresis and 
may have a similar function to Crataeva.

l	 St John’s wort is another traditional treatment and its 
nervine tonic and mild antidepressant activities will 
alleviate the vicious cycle of stress. Other nervine tonics 
such as skullcap can be considered.

l	 Chamomile is another nervous system herb that is 
particularly relevant for children. Stronger calming herbs 
such as valerian should not be excluded if the need arises.

l	 Urinary tract demulcents such as corn silk will alleviate any 
irritation of the urinary tract; ribwort is traditionally used.

l	 Allergies may need to be treated with herbs such as Albizia 
and Baical skullcap.

Example liquid formula
The following formula is an example treatment for an 8-year-
old child:

Hypericum perforatum 1:2 25 mL

Crataeva nurvala 1:2 35 mL

Zea mays 1:1 20 mL

Equisetum arvense 1:2 20 mL

100 mL

Dose: 4 mL with water twice a day (morning and afternoon).

CASE HISTORY

A mother came with her 8-year-old son seeking treatment for his noc-
turnal enuresis. He had always had the problem. While his enuresis 
improved during school holidays, on average he was only dry for a 
maximum of two to three consecutive nights. During the school term 
he would wet the bed almost every night. He was a highly strung boy, 
suffered nightmares, was easily agitated, prone to respiratory allergies 
and a very fussy eater. He found school stressful and difficult.

The following formulation was prescribed:

Hypericum perforatum 1:2 20 mL
Zizyphus spinosa 1:2 20 mL
Passiflora incarnata 1:2 15 mL
Crataeva nurvala 1:2 30 mL
Plantago lanceolata 1:2 25 mL

TOTAL 110 mL

Dose: 5 mL with water twice a day.
For the first 2 weeks he experienced dry nights, the first time ever in 

his life. However, this was followed by wetting every night for the next 
2 weeks. Over the ensuing 6 months of treatment there was a gradual 
improvement, to the point that wetting the bed was a rare event. The 
mixture was reduced to one dose a day. Over the ensuing 2 years the 
bedwetting would return from time to time when he was stressed, but 
reinstitution of the mixture at the full dose quickly restored the dry nights.

the same. Her dose was then adjusted to 8 mL twice a day without 
adverse consequences.

The rationale for the herbal treatment was as follows (see also above):

l	 Echinacea improves immunity and thereby decreases the 
tendency to infections.

l	 Buchu is a urinary tract antiseptic.
l	 Licorice contains compounds that decrease bacterial adherence to 

the bladder wall.
l	 Crataeva improves bladder tone and reduces residual volume in 

the bladder, which decreases residual bacteria in the bladder.
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Nervous system

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment in some circumstances of:
l	 stress symptoms
l	 psychosomatic conditions
l	 anxiety states, panic attacks
l	 neuralgia
l	 nervous exhaustion
l	 insomnia
l	 visceral spasm.

Management of:
l	 moderate visceral pain
l	 mild to moderate depressive conditions
l	 nervous debility
l	 dose reduction for prescription hypnotics and sedatives.

As with any pharmacological agent, particular caution is 
necessary in applying phytotherapy in cases of:
l	 severe psychosis or depression
l	 prescription of powerful antipsychotics, antiepileptics, 

anaesthetics
l	 addictive personality.

Orientation

Receptor activity
Although herbal remedies are not exactly comparable to con-
ventional drugs in terms of directness of action, it is most 
likely that the primary effect of plant constituents on the 
nervous system is similar in terms of the synaptic junctions 
between nerve and nerve and nerve and muscle or other tis-
sue. The receptor sites involved, whether on the presynaptic 
or postsynaptic membranes, are the communication junc-
tions in the nervous system where its modulation is generally 
effected. The transmitter chemicals involved are among the 

most powerful molecules in the body and play a major part 
in the functions of other body systems; as seen in the relevant 
chapters of this book, plant constituents have been widely 
shown to engage with receptors in the hormonal, immunologi-
cal and other control systems in the body. These systems form 
a whole, whose study, psychoneuroimmunology, has attracted 
the attention of the more imaginative medical researchers 
since the 1960s. The ability of plant constituents to engage 
cell receptors is also a particular feature of activity within the 
digestive system, which in clinical reality for herbal remedies 
is probably the most accessible interface in the chemical con-
trol of the nervous system.

There are ample opportunities for herbal constituents to 
interact with synaptic function in the nervous system. Various 
herbal extracts have been shown in vitro to act on adrenergic 
and cholinergic,1 muscarinic, 5-HT1A and 5-HT2 receptors, 
dopamine (D1 and D2), the benzodiazepine and the gamma-
aminobutyric acid (GABA) binding sites.2,3 Notable examples 
of such activity follow; the literature cited reflects the fact that 
much published research in this area emanates from China and 
Japan. While these experimental examples might not always 
reflect real clinical effects, some are given here to reflect the 
wide spectrum of possible activities of herbal remedies.

Calcium channel activity
A modification of the movement of calcium ions through 
channels in the cell wall is a common factor in many receptor 
mechanisms. As well as the calcium channel-blocking effect 
of opioid alkaloids like protopine and tetrandine4 (and see the 
Analgesic section below), this has also been observed in vas-
cular tissues for ginseng saponins.5,6 A coumarin, scoparone, 
from Capillaris also inhibits calcium influx.7 From the Chinese 
remedy Dictamnus dasycarpus, calcium channel block was 
found with fraxinellone and dictamine, two constituents with 
vasorelaxant effect.8

Adrenergic effects
The adrenergic effects of alkaloids of Ephedra, ephedrine 
and pseudoephedrine, have been understood for many years. 
Beta-2-adrenergic receptor stimulation has also been mooted 
to explain the effect of Angelica sinensis in reducing experi-
mental pulmonary hypertension.9 The nociceptive effect of 
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processed aconite was demonstrated as involving adrenergic 
rather than opioid receptors10 and hypaconitine appears to 
be the most active of the alkaloids.11 The bronchorelaxant 
(antiasthmatic) effect of coumarins in the fruit of Cnidium 
monnieri is mediated by a beta-2 receptor and blocked by 
propranolol.12

Acetylcholine receptors
Plant remedies with anticholinergic effects (i.e. blocking ace-
tylcholine receptors) are important in traditional medicine. 
Acetylcholine-sensitive or ‘cholinergic’ receptors are divided 
into many types, depending on their other sensitivities. 
‘Nicotinic’ receptors are also sensitive to the alkaloid from 
Nicotiana tabacum (tobacco). ‘Muscarinic’ receptors are also 
sensitive to muscarine from the fly agaric mushroom. The atro-
pine-like alkaloids in plants of the Solanaceae (such as deadly 
nightshade, henbane and jimson weed) block muscarinic recep-
tors in the parasympathetic nervous system. As well as these 
well-known alkaloidal cholinergic blockers, there are likely to 
be other plants with more modest, though significant, positive 
effects on these receptors. For example, the effect of dried 
orange peel on digestive activity was blocked by atropine, 
suggesting activity on the muscarinic receptors.13 More mod-
ern interest in this category has focused on a potential role of 
herbal products in the management of Alzheimer’s disease.14

GABA and benzodiazepine receptors
The benzodiazepine drug valium was named in recognition 
of recent research that had established valerian as manifesting 
some tranquillising properties. Although there are no chemical 
similarities between valerian constituents and benzodiazepines, 
some pharmacological similarities have emerged, with evidence 
that, like the benzodiazepines, valerian acts in part through an 
effect on the receptors on inhibitory neurons sensitive to GABA 
(see also the valerian monograph). GABA-A and benzodiaz-
epine receptor binding has been shown as a feature of a number 
of herbal remedies.15,16 For example, Salvia miltiorrhiza (dan 
shen), much researched in Beijing as a postulated treatment 
for ischaemic damage after strokes,17 and in the repair of other 
nerve tissue damage,18 has effects which apparently include 
stimulating GABA release19,20 and blocking calcium input.21

Dopaminergic receptors
The main pharmacological interest in dopaminergic activity is 
in Parkinsonism research and a number of plants have shown 
some promise in pharmacological research, though not yet 
clinically.22 The Ayurvedic herb Mucuna pruriens is a natu-
ral source of L-DOPA also showing promise in the manage-
ment of Parkinson’s disease.23 Tetrahydrocolumbamine from 
Polygala tenuifolia inhibits dopamine receptors, in part com-
petitively,24 as does tetrahydropalmatine from Corydalis (and 
see below). (In the monograph on chaste tree other evidence 
for dopaminergic receptor activity is outlined.)

Analgesic activity
Analgesics present a major challenge to the modern phyto-
therapist. Painkillers are by definition relatively powerful 

agents. Natural analgesics are likely to have been identified 
early in human history for their immediate benefits in pain 
relief and/or for their psychoactive properties. Obvious exam-
ples are the opium poppy (morphine alkaloids), the night-
shade family (atropine alkaloids), willow (see monograph), 
poplar and birch barks among other sources of salicylates and 
phenols, as well as the many psychoactive plants (coca, can-
nabis, psilocybin, mescaline, etc.). Most are now only legally 
prescribed by doctors, if at all, and it would appear that there 
is little scope for relatively gentle remedies to compete with 
the improved targeting of synthetic analgesics.

There are, however, a number of traditional remedies with 
general and specific analgesic reputations that have been less 
well exploited in modern times and which are relatively well 
tolerated in clinical use. Although not as powerful as some 
of the modern synthetic analgesics, they do show sufficient 
activity to be taken seriously and are particularly likely to be 
helpful in pain linked to inflammation and to visceral and vas-
cular spasm. The research papers cited in the following exam-
ples demonstrate that even in the demanding area of analgesia 
there is ample evidence to support useful clinical intervention 
by the phytotherapist. None of the following remedies are 
safe for widespread use by the public; their use is to be con-
fined to the experienced clinician who can take account of all 
factors, including the increased likelihood of adverse effects.

Eschscholtzia californica (California poppy)
A traditional medicinal plant of the Indians, this herb is now 
used mainly by the rural population of western USA for 
its mild analgesic and sedative properties (and as the state 
flower of California). In studies on a prescription herbal for-
mulation in Germany containing E. californica and Corydalis 
cava (see below) at 4:1 relative concentration, investiga-
tors identified interactions with opioid receptors,25 as well 
as other neurotransmitter activity.26 Aqueous alcoholic 
extracts from E. californica also were shown to inhibit the 
enzymatic degradation of catecholamines as well as the syn-
thesis of adrenaline, dopamine beta-hydroxylase and mono-
amine oxidase (MAO-B).27 A clinical trial of a mixture of 
Eschscholtzia, Crataegus (hawthorn) and magnesium showed 
significant benefits compared with placebo in reducing the 
symptoms of anxiety.28

A key alkaloidal constituent, chelerythrine, is a well-known 
protein kinase C inhibitor with antitumour activity (see also 
the Chelidonium monograph).29 Activation of protein kinase 
C in spinal cord dorsal horn neurons contributes to persistent 
pain following noxious thermal30 and chemical stimulation; 
chelerythrine produced significant reductions of nociceptive 
responses in one study.31 Another Canadian study suggests 
that chelerythrine can attenuate the development of mor-
phine dependence.32 It also demonstrates a range of potent 
anti-inflammatory activities.33,34

Chelerythrine and another alkaloidal constituent, sangui-
narine, exhibited affinity for rat liver vasopressin V1 receptors 
and are competitive inhibitors of [3H]-vasopressin binding. 
These alkaloids represent two of the first non-peptidic struc-
tures providing original chemical leads for the design of syn-
thetic vasopressin compounds.35
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Corydalis cava et spp. (yan hu suo)
This remedy has been widely used in China and the East for 
pain, especially of dysmenorrhoea and the abdomen. In the 
studies referred to above on its combination with E. califor-
nica, Corydalis cava was generally the stronger of the two 
ingredients.

Whole Corydalis extract demonstrated antispasmodic 
activity in acetylcholine-induced contractions at around half 
that seen for papaverine,36 and its isoquinoline constitu-
ents including familiar alkaloids such as protopine, berberine 
and palmatine have exhibited anticholinesterase activity.37 
Consistently with the pharmacological profiles of this group, 
isocoryne produced an inhibitory effect on GABA-activated 
currents.38 Isocorypalmine has close affinity for the D1 
dopamine receptor.39 Dehydrocorydaline appears to block 
noradrenaline release and an experimental antiulcerative 
action is posited.40 Corydalis also has powerful anti-inflamma-
tory effects.41,42

Traditional vinegar-processed preparations of the fresh 
Corydalis tuber have been shown to have stronger analgesic 
effects in vivo than those of the dried preparation.43 There 
appeared to be higher concentrations of total alkaloids in the 
fresh specimen.44

Evodia rutaecarpa (wu zhu yu)
This remedy was traditionally used for pain, especially aris-
ing from abdominal and digestive causes with headaches and 
abdominal pain, including dysmenorrhoea.

At least some of the effectiveness of Evodia has been 
linked to the fraction containing evodiamine and rutaecar-
pine.45 A cholinergic mechanism has been implicated in this 
activity.46,47 On the other hand, in the case of Evodia’s vaso-
dilatory activity, an alpha-adrenoceptor blocking and 5-HT 
antagonising action are suggested,48 including for a recent iso-
late, synephrine,49 as well as for the powerful cardiotonic and 
uterotonic evodiamine50,51 and for the vasorelaxant and hypo-
tensive dehydroevodiamine.52,53 Direct action on muscarinic 
receptors has been linked to its antidiarrhoeal action.54

Among a number of plants tested, Evodia showed a strong 
inhibitory effect on acetylcholinesterase in vitro55 and an anti-
scopolamine effect in vivo. This antiamnesic effect was more 
potent than that of tacrine, an older drug for Alzheimer’s dis-
ease approved by the FDA.56 The active component was iden-
tified as dehydroevodiamine hydrochloride.

Anxiolytic activity
Modern research is investigating a number of medicinal 
plants for anxiolytic activity. The key anxiolytic herbs cov-
ered by monographs in this text are Piper methysticum (kava) 
and Valeriana officinalis (valerian). Withania (Withania som-
nifera), hawthorn (Crataegus species) and Ginkgo (Ginkgo 
biloba) have also demonstrated clinical anxiolytic effects, and 
these trials have been included in their respective monographs.

Another anxiolytic herb with a growing body of evidence 
is passionflower (Passiflora incarnata). The unusual common 
name is not a reference to earthly passions. It comes instead 
from the Christian symbolism (Christ’s Passion) seen in the 

flower by the Spanish conquistadores when they first encoun-
tered the vine growing in South America. This was later elab-
orated by the scholarly monk Jacomo Bosio, who maintained 
that the flowers contained a profound symbolism of Christ’s 
final days on earth.57 For example, the five stamens were the 
number of wounds, the three pistil stigmas represented nails 
and the 72 filaments were the number of thorns in the crown 
given to Jesus.

Despite this focus on the flower, the part of the plant used 
medicinally is the aerial part or the vine. Phytochemicals 
found here that contribute to the anxiolytic activity are not 
fully understood, but they include flavonoids, maltol and  
flavonoid-related molecules such as benzoflavone.58

There are now several clinical trials providing evidence to 
support the value of passionflower for anxiety symptoms. In 
a pilot, randomised, double blind, controlled trial, passion-
flower extract was as efficacious as oxazepam for the man-
agement of generalised anxiety disorder. However, herbal 
treatment resulted in a lower incidence of impairment of job 
performance. The daily dosage of the undefined passionflower 
extract was 45 drops.59 A passionflower and valerian combina-
tion improved symptoms of insomnia in uncontrolled trials.60,61 
The side effects characteristic of benzodiazepine tranquilis-
ers were not observed.61 In a controlled trial with comparison 
against chlorpromazine (an antipsychotic drug), electroenceph-
alographic (EEG) recordings showed a sedative activity after 
6 weeks’ treatment with the herbal combination.60 In a ran-
domised, double blind, placebo-controlled study, a single dose 
of passionflower extract (equivalent to about 7 g of dried herb) 
demonstrated a calming effect in healthy female volunteers, as 
assessed by a self-rating scale for alertness.62

Passionflower has also been used to help drug withdrawal 
symptoms. A randomised, double blind, controlled, 14-day 
trial compared clonidine plus passionflower extract against 
clonidine plus placebo in the outpatient detoxification of opi-
ate addicts. Both treatments were equally effective at treating 
the physical symptoms of withdrawal, but the group receiv-
ing passionflower showed superiority over clonidine alone in 
terms of the management of mental symptoms.63

Many patients suffer from anxiety before surgery, but 
any premedication must be sufficiently strong without caus-
ing undue sedation or interacting with general anaesthesia. 
A recent clinical study found that a single dose of passionflower 
prior to outpatient surgery reduced anxiety without increasing 
sedation.64 In a double blind, randomised, placebo-controlled 
trial, 60 patients received either 500 mg of passionflower herb 
as a tablet or a matching placebo as a premedication 90 min-
utes before surgery. The passion flower tablet was standard-
ised to contain 1.01 mg of benzoflavone. A numerical rating 
scale of 1 to 10, with 10 being the worst possible anxiety, was 
used to assess anxiety and sedation before and 10, 30, 60 and 
90 minutes after premedication. Psychomotor function was 
assessed at arrival in the operating theatre and 30 and 90 min-
utes after tracheal extubation. Anxiety scores were similar for 
both groups at baseline, being 4.6±1.7 for the passionflower 
group and 5.1±2.0 for the placebo control group. After 90 
minutes these had changed to 0.97 for the herbal treatment 
versus 3.88 for control treatment (p<0.001). There were 
no significant differences between the groups in the level of 
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sedation before surgery and the recovery of function after 
surgery. Discharge times were also similar and no side effects 
were observed.

A clinical study presented as a poster at the European 
College of Neuropsychopharmacology Congress held in 
Vienna during October 2007 found that a combination of St 
John’s wort (Hypericum perforatum) and passionflower was 
helpful for the symptoms of depression with anxiety.65 Each 
tablet in the combination contained 450 mg of St John’s wort 
extract (about 2.7 g of herb) and 350 mg of passionflower 
extract (about 1.4 g of herb) and it was given at a dose of  
2 per day. In the trial, 162 patients received either the herbal 
tablets or a matching placebo for 8 weeks using a randomised, 
double blind design. Herbal treatment resulted in a highly 
significant reduction in the Hamilton depression score in the 
mildly depressed patients (15.64±0.93 to 8.05±1.69) ver-
sus an increase for placebo. Results were similar for anxiety 
scores, indicating that the anxiety that often accompanies 
mild depression also responded to the herbal combination, no 
doubt due largely to the passionflower.

Preliminary findings from a clinical trial suggest passion-
flower improves subjective sleep quality, a result entirely 
consistent with its traditional reputation as a mild hypnotic. 
A double blind, placebo-controlled trial conducted in Australia 
investigated the efficacy of passionflower on sleep.66 Forty-
one healthy volunteers (18 to 35 years) without extreme 
sleep problems received passionflower or placebo for 1 week, 
then after a 1-week washout they received the other treat-
ment for 1 week. They drank a cup of tea 1 hour before bed-
time. The tea was prepared from 2 g passionflower or placebo 
(parsley, Petroselinum crispum; 2 g) in 250 mL of boiling water, 
infused for 10 minutes. There was a significant improve-
ment in sleep quality when taking passionflower (5.2% mean 
increase relative to placebo; p<0.01). No significant effects 
were found for other parameters, although the participants 
had initially low levels of anxiety.

Antidepressant activity
Herbs with antidepressant activity form part of the herbal 
category known as the nervine tonics (or nervous system tro-
phorestoratives). The best known example is St John’s wort 
(Hypericum perforatum), which is the subject of a lengthy 
monograph in this book.

In addition, there is some encouraging research that has 
highlighted some unlikely herbal candidates for antidepressant 
activity, namely lavender (Lavandula officinalis) and saffron 
(Crocus sativa). Also, perhaps not unexpectedly, the tonic 
herb Rhodiola now has some reasonable evidence for a sup-
porting role in depression.

Lavender has a strong reputation as a herb for the nervous 
system. In aromatherapy it has been used to calm anxiety and 
boost mood for some time. The use of lavender oil in depres-
sion is also supported by evidence from clinical studies.67 
A small double blind clinical trial was conducted to compare 
the oral use of 60 drops/day of a lavender 1:5 tincture with 
the drug imipramine.68 A third group of patients also took both 
treatments. While the lavender tincture showed some bene-
fit, it was not as effective as the imipramine for depression. 

Perhaps a higher dose of lavender might have yielded better 
results, as the dose used in the trial was quite low. But the 
interesting finding was that the combination of lavender with 
imipramine worked better than imipramine alone, without 
any accentuation of the drug’s side effects.

The evidence for saffron is more extensive, with a num-
ber of clinical trials showing promising results, although again 
these are all small, involving around 40 patients each. Trials 
tested its efficacy against a placebo and against conventional 
antidepressants, both a tricyclic (imipramine) and a selective 
serotonin re-uptake inhibitor (fluoxetine).

Two double blind placebo-controlled trials found that saf-
fron extract at a dose of just 30 mg/day was significantly bet-
ter (p<0.001) than placebo in improving the mood of patients 
with mild to moderate depression.69,70 There were no more 
side effects in the saffron group than in the placebo. There was 
a dramatic drop in the Hamilton depression rating scale for 
the patients taking the saffron that was evident at 2 weeks and 
continued to fall until the end of the trial at 6 weeks. In all, it 
fell from around 23 to 9 in the group taking saffron, versus a 
fall of only around 23 to 18 in the placebo group.

In the comparative clinical trials, saffron was found to be as 
effective as the conventional drugs tested. In the trial compar-
ing saffron with imipramine, patients taking the drug experi-
enced the typical side effects of a dry mouth and excessive 
sedation.71 No such side effects occurred for saffron. Saffron 
was compared with fluoxetine in two published trials72,73 and 
found to have a similar remission rate for depression to the 
drug, of around 25%. There were no significant differences 
between the two patient groups in terms of side effects.

Saffron is a very expensive spice and dye commonly used 
in Indian and Middle Eastern cuisine. The reason why it is 
expensive is that just a small part (the stigma) of each flower 
of this attractive Crocus is harvested by hand.

Research from Sweden has supported the role of Rhodiola 
rosea in depression.74 In an experimental model of depression 
Rhodiola performed as well as St John’s wort and the antide-
pressant drug imipramine. The activity was dose dependent 
and several key phytochemicals in Rhodiola including rosavin 
were shown to be active.

This research led to a clinical trial of Rhodiola extract in 
mild and moderate depression. In a randomised, double blind, 
placebo-controlled design, male and female patients aged 
18 to 70 years with Hamilton Rating Scale for Depression 
(HAMD) scores of 21 to 31 were divided into three groups.75 
Over 6 weeks Group A (31 patients) received 340 mg/day of 
Rhodiola extract, Group B (29 patients) received 680 mg/day 
of extract and Group C (29 patients) were assigned a match-
ing placebo. Both the Hamilton and the Beck Depression 
Inventory (BDI) were used to assess treatment outcomes at 6 
weeks. The BDI is a series of questions developed to measure 
the intensity, severity and depth of depression.

In terms of overall depression, there were highly significant 
reductions (p<0.0001) in both the HAMD and BDI scores 6 
weeks after Rhodiola treatment that was not evident in the 
placebo group. The average HAMD score in Groups A and B 
fell from around 25 to around 18 for both groups, indicating 
that a dose-response effect was not seen for this outcome. In 
contrast, a dose-response relationship was observed for the 
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BDI scale, with values falling from around 11 to 8 in Group 
A and from about 11 to 5 in Group B. In terms of the HAMD 
subgroup scores, significant reductions were seen for insom-
nia, emotional instability and somatisation (physical symp-
toms caused by mental or emotional factors), but not for 
self-esteem (except in the high dose Group B). No serious 
side effects were seen.

In discussing a mechanism of action for Rhodiola, the 
authors emphasised its adaptogenic and antistress activities.74 
In depression it is theorised that stress hormones such as cor-
tisol and indeed the HPA (hypothalamic-pituitary-adrenal) 
axis are overactivated and do not switch off appropriately 
via the normal negative feedback (see later in this section). 
The influence of certain stress chemicals released by cells 
(stress kinases) is thought to play a key role in this overac-
tivity. In particular, they inhibit the sensitivity of receptors 
in the brain to cortisol. In an experimental model, Rhodiola 
extract decreased the release of stress kinases and cortisone 
in response to stress. This suggests that Rhodiola inhibits 
the stress-induced activation of stress kinases in depressed 
patients and so restores the impaired sensitivity of their brain 
receptors to cortisol. This ‘resistance’ of the cortisol recep-
tors is a noted feature in many patients with major depres-
sion (see also p. 338).

Phytotherapeutics

Analgesics

Plant remedies traditionally used as analgesics
l	 Corydalis spp. (yan hu suo), Eschscholtzia californica 

(California poppy), Evodia rutaecarpa (wu zhu yu), 
Gelsemium sempervirens (yellow jasmine), Paederia 
scandens (ji shi teng), Piscidia erythrina (Jamaica 
dogwood). Topically: Bryonia alba (white bryony), Piper 
methysticum (kava), Syzygium aromaticum (clove bud).

Indications for herbal analgesics
l	 Pain associated with inflammation (e.g. arthritis, chondritis, 

tendinitis, myalgia)
l	 Pain associated with visceral spasm (e.g. gallbladder, 

urinary and intestinal colic)
l	 Pain associated with vascular spasm (e.g. migraine, 

spasmodic dysmenorrhoea)
l	 Neuralgic pain (in limited cases).

Other traditional indications for analgesics

l	 Primitive anaesthesia.

Contraindications for herbal analgesics
As powerful agents, herbal analgesics should be restricted in 
their application to experienced and well-trained practitioners 
only. There is a theoretically increased risk of neurotoxicity 
and other adverse effects (although little known incidence) 
and there is always the possibility that individual examples 
could be withdrawn from use by regulatory authorities; this 

is most likely after cases of irresponsible use. The following 
cases should be approached with particular caution:
l	 Concurrent prescription of powerful analgesics
l	 Pain in children
l	 Neurological disease
l	 Depression and psychosis
l	 Liver and kidney disease
l	 History of allergic or anaphylactic reactions.

Application
Herbal analgesics may be taken as required or before food. 
There is likely to be a longer delay compared with synthetic 
analgesics and the temptation to dose excessively must be 
resisted.

Long-term therapy with analgesics is not advisable, except 
in palliative care.

Advanced phytotherapeutics
Herbal analgesics may also be usefully applied in some cases 
(depending on other factors) of inflammatory disease.

Herbal sedatives and hypnotics
In conventional pharmacological terms, sedatives reduce nerv-
ous activity and hypnotics promote sleep. There is obviously 
overlap in practice between the two categories, and both 
imply a degree of depression of nervous activity and conse-
quent dangers (as seen most obviously in the barbiturates). 
There is a third category of calming agent that was postu-
lated as an ideal anxiolytic strategy: the tranquilliser. This was 
originally defined as a treatment whose effect was confined 
to the reticular activating system that determined the level 
of arousal in the central nervous system (CNS), and did not 
otherwise sedate. Although the benzodiazepines were hailed 
as tranquillisers on their discovery, this ideal has been clearly 
compromised and these remedies are now seen to have appre-
ciable sedative and hypnotic effects as well.

Many traditional herbal remedies have various degrees 
of sedative and tranquillising activity, and some have had 
this effect supported in experimental and clinical studies. 
However, it is probably misleading to apply the strict phar-
macological definitions to them; their effects are much 
broader in clinical experience, with strong sedation rare. For 
the purposes of this text, therefore, the terms ‘herbal seda-
tives and hypnotics’ will be used to describe remedies that 
are actually relaxing, with little evidence of depressive  
activity.

Plant remedies traditionally used as sedatives  
and hypnotics

l	 Corydalis spp. (yan hu suo), Humulus lupulus (hops), 
Lactuca virosa (wild lettuce), Passiflora incarnata 
(passionflower), Piper methysticum (kava), Piscidia 
erythrina (Jamaican dogwood), Scutellaria laterifolia 
(skullcap), Zizyphus spinosa.76,77
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Indications for herbal sedatives and hypnotics
l	 Moderate tension and anxiety syndromes (short-term or 

intermittent use)
l	 Insomnia (difficulty in getting off to sleep first thing at 

night)
l	 Weaning off conventional sedative prescriptions.

Other traditional indications for sedative  
and hypnotics
l	 Restlessness disturbing convalescence.

Contraindications for herbal sedatives  
and hypnotics
As generally milder than prescribed sedatives, herbal equiva-
lents should not be seen as immediate substitutes in the more 
serious indications. It would be unwise and even dangerous 
to drop the use of strong sedative medication without careful 
planning, preferably with the cooperation of the prescribing 
physician:
l	 Depression
l	 Insomnia marked by increasing restlessness during the early 

hours of the morning.

Traditional therapeutic insights into the use  
of sedatives and hypnotics
In what were usually harsher and more robust times, the need 
for sedatives was often urgent, and opium extracts were the 
most favoured. The main tradition of use of moderate herbal 
sedatives was as short-term components of convalescent man-
agement, particularly to help with sleep. There was appar-
ently little use of sedatives for wider lifestyle management.

Application
Herbal sedatives and hypnotics may be taken as required, at 
bedtime or before food.

Advanced phytotherapeutics
Herbal sedatives and hypnotics may also be usefully applied 
in some cases (depending on other factors) of inflammatory 
disease.

Spasmolytics and relaxants (anxiolytics)
Most medical preoccupation has been with the nervous sys-
tem as an entity in itself, with the goal of better analgesics, 
sedatives, tranquillisers and antipsychotics. Traditional inter-
est in such areas was of course also strong and many plants 
were favoured for their powerful psychoactive properties. 
However, probably the most widespread use of neuroactive 
plants, or nervines, nowadays is for their effects on innervated 
structures rather than on nervous tissue alone.

The spasmolytic is a modern descriptor of the effect of an 
agent on visceral muscle in vitro, often the isolated guinea pig 
ileum. The technique is widely used as a model to indicate 

muscarinic or related receptor activity as above, but is a prop-
erty with little therapeutic application. By contrast, herbal 
spasmolytics or relaxants are remedies used to reduce the 
symptoms of tension in the body. Pre-Cartesian insights into 
the human condition had no separation between body and 
mind and this particular holistic view is a constant feature of 
Asian medicine still. Apart from the obvious psychoactives, 
remedies were not seen to be acting on the nervous system 
as such; rather there were many remedies that treated vari-
ous manifestations of turbulence in the body linked to what 
nowadays would be described as ‘stress-related’ conditions.

Even though using other terms, early texts described such 
conditions as classic hypertension (‘Liver qi rising’), nervous 
headaches, palpitations, breathless attacks and hyperventila-
tion (‘constriction of the chest’), nervous dyspepsia, dyspha-
gia, irritable bowel and urinary frequency.

The remedies selected for these conditions were seen as 
somatic in emphasis. The markers for application and effec-
tiveness were physical symptoms. Nowadays modern phy-
totherapists refer to many of them as antispasmodics or 
spasmolytics or, more recently, ‘visceral relaxants’. They are 
offered to the modern stressed patient as a welcome anti-
dote to the culture of tranquillisers and sedatives, treat-
ments working from the ‘neck down’ to reduce the physical 
effects of tension without befuddling the brain or impugning 
their sanity. Western remedies such as those listed later have 
all developed reputations as useful management measures in 
helping patients handle and even overcome psychosomatic 
disorders, perhaps combined with appropriate breathing exer-
cises and adrenaline-reducing aerobic activity. Some Chinese 
remedies such as Uncaria rhynchophylla were targeted at such 
conditions and hold out the promise of modern applications.

Plant remedies traditionally used as spasmolytics 
and relaxants (anxiolytics)
l	 Corydalis spp., Dioscorea spp. (wild yam), Leonurus 

cardiaca (motherwort), Lobelia inflata (lobelia), 
Matricaria recutita (chamomile), Melissa officinalis 
(lemon balm), Passiflora incarnata (passionflower), Piper 
methysticum (kava), Scutellaria lateriflora (skullcap), 
Tilia spp. (lime flowers), Valeriana officinalis (valerian), 
Viburnum opulus (cramp bark).

Indications for spasmolytics and relaxants 
(anxiolytics)
l	 Anxiety, irritability and restlessness, including in children
l	 Sleeplessness due to anxiety and irritability
l	 Nervous dyspepsia
l	 Irritable bowel and intestinal colic
l	 Tension headaches and migraines
l	 Spasmodic dysmenorrhoea.

Contraindications for spasmolytics and relaxants 
(anxiolytics)
As a group these remedies are generally safe and well tolerated.
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Traditional therapeutic insights into the use of 
spasmolytics and relaxants
Early use of spasmolytics also appears to have been domi-
nated by their emergency indications, notably urinary and bil-
iary colic. The use of milder relaxant treatments was mainly 
as tisanes for children and in the largely unrecorded but vast 
realm of family care. As expected, systematic classifications of 
medicine throughout history are generally silent on this area 
of popular healthcare.

Relaxants were obviously indicated for functional overac-
tivities; indications such as dyspeptic and colicky conditions 
were probably the most common (and carminatives such as 
the spices the most frequent tisanes). Headaches, teething 
and restlessness in children and menstrual pains were likely to 
make up most of the remaining indications. These were usu-
ally treated within the home by local remedies with recipes 
handed down through the family.

Some remedies are more sedative than others in this class 
(see above). These might be added to a relaxant prescription 
to increase its impact. However, sedation may be deplet-
ing: the more a remedy is chosen for its sedative effects, 
the shorter the treatment should be and the more tonify-
ing remedies should be added (see following section). The 
latter should also be a major element in prescriptions for 
the increasing proportion of tension conditions linked with 
fatigue, debility, depression and exhaustion.

Application
Spasmolytics and relaxants (and also those aromatics and 
volatile spasmolytics used for this purpose) may be best 
taken as hot infusions, though the ordinary teabag may not 
be sufficiently strong compared with the traditional brew, 
and in acute cases traditional doses were very high indeed. 
However, the following herbs probably work better in aque-
ous ethanolic extracts: Dioscorea spp., Lobelia inflata, 
Passiflora incarnata, Piper methysticum, Valeriana officinalis, 
and Viburnum opulus.

Long-term therapy is generally well tolerated and may 
be appropriate, although the use of more sedative remedies 
should be reduced.

Nervine tonics (nervous trophorestoratives)
Herbal medicine has had to adapt significantly from its tradi-
tional roots. There is evidence that in many earlier cultures 
there were different perspectives on anxiety and depression 
syndromes. Whether there was genuinely less opportunity for 
the modern diagnosis in highly structured communities living 
on the edge of survival or whether such symptoms were not 
recognised as such is arguable. There is, however, less empha-
sis on treatments to relieve stress and mood conditions in 
most traditional texts.

There were also no powerful synthetic agents that relieved 
pain and distress. It is thus an entirely modern notion that 
herbs could provide gentle back-up for sufferers with nervous 
or mental problems.

In the West, where such adjustments have been made over 
many decades, the group of remedies that has emerged to 

meet modern needs is sometimes referred to as ‘nervines’. In 
recognition of the common observation that many conditions 
of tension are linked with fatigue, debility and depression, 
there is also a category of remedies that were seen to restore 
energies and build up strength. These have sometimes been 
referred to as ‘trophorestoratives’. It was a general principle 
that some tonifying element be included in most nervine pre-
scriptions, so as to aim for lasting value rather than just short-
term alleviation.

Plant remedies traditionally used as nervous 
system trophorestoratives
l	 Avena sativa (oatstraw), Centella asiatica (gotu kola), 

Hypericum perforatum (St John’s wort), Schisandra 
chinensis, Scutellaria lateriflora (skullcap), Turnera 
diffusa (damiana), Verbena officinalis (vervain), Withania 
somnifera (Indian ginseng).

Indications for nervous system trophorestoratives
(See also Tonics in Chapter 8.)
l	 Nervous exhaustion
l	 Neuralgia, herpes infections
l	 Depressive states
l	 Insomnia (waking up in the small hours after getting off to 

sleep easily).

Other traditional indications for nervous system 
trophorestoratives
l	 Convalescence
l	 Neurasthenia.

Contraindications for nervous system 
trophorestoratives
True trophorestoratives are almost nutritional in their effects, 
with few risks of adverse effects except in those patients with 
extremely debilitated constitutions (see also the discussion on 
tonics).

Traditional therapeutic insights into the use of 
nervous system trophorestoratives
Neurasthenia encompassed a wider range of disorders than 
nervous exhaustion. In days before psychoanalysis and neu-
rology, it included symptoms where the nervous tissues were 
seen to be affected such as neuralgia and neuritis, depression, 
anxiety states and neurosis. The trophorestoratives were thus 
often combined with other tonics and convalescent foods 
such as molasses, yeast and malt extract (now known as rich 
sources of the B vitamins), oatmeal and other cereals.

Application
Nervous system trophorestoratives may be taken as required 
or before food.

Long-term therapy with trophorestoratives is generally  
the norm.
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Phytotherapy for nervous system 
conditions

Anxiety
There are several types of anxiety defined in the various 
diagnostic manuals including panic disorder, phobias, social 
anxiety disorder, obsessive-compulsive disorder, separation 
anxiety and post-traumatic stress disorder. However, the 
condition classified as generalised anxiety disorder (GAD) is 
probably the most common form suffered by patients seeking 
phytotherapy. This is with good reason, since this often milder 
form of anxiety is more amenable to subtle treatments.

The DSM-IV (American Psychiatric Association 2000) 
defines GAD as troublesome excessive anxiety and worry 
(apprehensive expectation) occurring more days than not 
for at least 6 months and not associated with any other con-
dition.78 Three or more of the following will be present: 
restlessness or feeling on edge, being easily fatigued, diffi-
culty in concentration, irritability, muscle tension and sleep 
disturbances.

One interesting discussion suggests that several factors 
have led contemporary psychiatry away from neuroses and 
anxiety disorders and towards depression as a social paradigm 
of distress.79 These included a perception that anxiety disor-
ders have less relevance, the downfall of the benzodiazepines 
and the failure to replace them with better anxiolytics, and 
the development of newer antidepressants. The article sug-
gests that having promoted cognitive-behavioural therapy as 
the treatment for anxiety disorders, these conditions have 
become more the domain of clinical psychologists.

The discussion does touch on an important considera-
tion: that patients suffering from anxiety must be viewed as 
a whole. Aspects of lifestyle and diet should be considered 
and extremes corrected where possible, for example exces-
sive use of alcohol, recreational drugs or sexual indulgence, 
imbalanced diet, excessive tea and coffee intake, and cigarette 
smoking. Such corrections will need to be carefully consid-
ered, since often these factors can be used by the patient to 
allay anxiety and their abrupt withdrawal could exacerbate 
symptoms. Appropriate professional guidance and counselling, 
with the introduction of simple techniques for relaxation, can 
be beneficial.

Aspects of herbal treatment to be considered for the 
patient with GAD are as follows:
l	 Dampening symptoms of anxiety with anxiolytic and 

sedative herbs such as kava, valerian and passionflower. 
Other herbs in these categories can provide valuable 
assistance and include lavender, California poppy, Zizyphus 
seed, Corydalis, Magnolia and Bacopa

l	 The nervine tonic herbs also have a role (these herbs are 
calming, but also lift mood) in the treatment of anxiety. 
They include St John’s wort, Schisandra, lemon balm, 
skullcap, oats and damiana

l	 Spasmolytic herbs to alleviate spasm. Cramp bark and 
chamomile may be useful for any visceral symptoms 
associated with the anxiety, and hawthorn berry can be 
prescribed where there are cardiac symptoms. Motherwort 
is also useful for palpitations

l	 Anxious patients stress their bodies and deplete their adrenal 
reserves. This can create a vicious cycle. Hence adrenal 
restorative, adaptogenic and tonic herbs may be required. The 
herb of choice in this context is Withania, since it has calming 
properties, supported by Rehmannia and licorice (Glycyrrhiza)

l	 Patients who have access to a bath can be advised to add a 
few drops of lavender oil to the bath for its calming effect

l	 Any associated sleep disturbance should be treated with a 
separate formula at night (see Insomnia in this section)

l	 Anxiolytic herbs can be used to aid the withdrawal of 
benzodiazepine drugs. The herbs should be taken for a few 
weeks before the drugs are gradually withdrawn. Additive 
effects to the benzodiazepines are minimal.

Anxiolytic herbs should not in general make the patient 
drowsy or affect their capacity to drive or use machinery. 
However, some sensitive patients may complain of this. These 
are usually people who are sleep-deprived or ‘living on their 
nerves’ and the herbs are probably only making them aware 
of how tired their bodies are. Due attention to rest and sleep 
usually eliminates this effect over a few weeks.

Note: Terminology to describe the classification of medi-
cines is often applied loosely and inconsistently in modern 
usage. Sedatives (according to the Oxford Dictionary) soothe 
the nervous system. Implied in the term, however, is a result-
ant state of sedation. In contrast, anxiolytics allay anxiety, 
without necessarily inducing a state of sedation. In modern 
parlance, sedatives are often used to describe substances that 
induce sleep. But the correct term for this is hypnotic. That 
said, it is obvious that most sedatives will assist someone with 
disturbed sleep (but probably work better as such when taken 
throughout the day, rather than just before bed).

Example liquid formula 

Valeriana officinalis 1:2 20 mL

Passiflora incarnata 1:2 20 mL

Withania somnifera 1:2 35 mL

Hypericum perforatum 1:2 25 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

CASE HISTORY

A female patient aged 45 was suffering from anxiety and depression 
and had been diagnosed as having bipolar disorder and prescribed 
lithium and dothiepin hydrochloride. Three years ago she experienced 
a nervous breakdown. She had recently left a difficult and unstable 
husband, whom she felt had persecuted her. The dothiepin caused 
side effects so the patient had recently discontinued it.

The patient was prescribed the following herbs:

Hypericum perforatum 1:2 20 mL
Piper methysticum 1:2 25 mL
Scutellaria lateriflora 1:2 15 mL
Valeriana officinalis 1:2 20 mL
Bacopa monniera 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
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Depression
Unipolar depressive disorders (depression without a manic or 
hypomanic phase) not associated with medical illness are typi-
cally classified as follows in various diagnostic manuals:
l	 Major depression characterised by sadness, apathy, 

irritability, disturbed sleep, disturbed appetite, weight loss, 
fatigue, poor concentration, guilt and thoughts of death

l	 Dysthymic disorder, which consists of a pattern of chronic, 
ongoing mild depressive symptoms that are less severe than 
major depression

l	 Seasonal affective disorder (SAD), which is more common 
in women and related to seasonal changes. The prevalence 
increases with increasing latitude and it can be treated by 
light therapy. Symptoms include lack of energy, weight gain 
and carbohydrate craving.

The DSM-IV defines major depressive disorder (MDD) 
as a clinical depressive episode that lasts longer than 2 weeks 
and is uncomplicated by recent grief, substance abuse or a 
medical disorder.78 Various theories about the cause of MDD 
have been proposed, and include the monoamine-deficiency 
hypothesis (that underlies modern drug therapy) and a dys-
function in the hypothalamic-pituitary-adrenal (HPA) axis 
with an abnormal stress response.80 Elevated cortisol is con-
sistently present in depressed patients. This overactivity of 
the HPA axis may be related to a conditioned response to 
traumatic events in childhood.

MDD has various degrees of expression, and phytother-
apy is most appropriate for its mild to moderate manifesta-
tions. Patients experiencing severe MDD with acute suicidal 
thoughts or exhibiting other forms of self-endangerment 
should be referred to appropriate care. Impaired circulation 
to the brain, especially in elderly patients, is another cause of 
depression. Low systolic blood pressure was also associated 
with a poor perception of well-being in 50-year-old men81 and 
depression in men aged 60 to 89 years.82

The general considerations outlined in the treatment of anxi-
ety also apply here. Patients suffering from depression should be 
treated as a whole with due attention to lifestyle, diet, drug use 
and mental hygiene (productive attitudes for coping with life 
events). Professional guidance and counselling is often appropri-
ate, rather than the relegation of depression to just a biochemi-
cal imbalance to be corrected with pharmacological agents.

As noted above, phytotherapy is most appropriate for mild 
to moderate episodes of MDD, dysthymic disorder and SAD. 
Episodes of severe depression may require the more strident 
therapy offered by conventional drugs, although herbs can 

have a supportive role, especially in terms of boosting vitality. 
Herbs can also be relevant when the patient has improved and 
wishes to discontinue drug therapy.

Key elements of herbal treatment are as follows:
l	 The nervine tonic herbs are the mainstay of treatment, 

especially St John’s wort, which is a well-proven treatment 
for mild to moderate depression (see monograph). Other 
important herbs in this category include damiana, skullcap, 
Schisandra and Bacopa.

l	 Patients who are also anxious should be prescribed 
anxiolytic herbs. Valerian, passionflower and Zizyphus are 
also useful, but hops is traditionally contraindicated.

l	 Depressed patients are low in vitality, so adrenal restorative 
(licorice and Rehmannia), tonic and adaptogenic herbs are 
often indicated. Ginseng may have antidepressant activity, 
but it should be used cautiously if anxiety is present. 
Rhodiola, Withania and Siberian ginseng are better choices 
in these cases. Licorice and Schisandra also have exhibited 
some antidepressant activity in animal models. These herbs 
will also help correct the adverse long-term effects of stress 
on the physiology of the stress response.

l	 If required, herbs that improve circulation to the brain 
should be prescribed, especially Ginkgo.

l	 Recent research supports the value of lavender, Rhodiola 
and saffron (see above).

Example liquid formula 

Valeriana officinalis 1:2 20 mL

Hypericum perforatum 1:2 25 mL

Rhodiola rosea 2:1 20 mL

Schisandra chinensis 1:2 20 mL

Glycyrrhiza glabra 1:1 15 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.

Also, to help with sleep, valerian tablets 500 mg, three before bed 
were suggested. After taking the herbs for 4 weeks she reported 
that she felt better in herself and was coping well and her sleep had 
improved. She continued on the herbs for another 6 months with 
good results. (The patient was also recommended to consult a clinical 
psychologist skilled in counselling, which she did.)

Note: Bacopa was included in the formula because of its use in 
India for extreme mental states. Kava might be substituted with tab-
lets or capsules if a liquid is not available. Alternatively other herbs 
such as Corydalis could have been used instead of the kava.

CASE HISTORY

A male patient, aged 72, came seeking help for depression following 
the death of his daughter from cancer about 6 months ago. He did not 
want to take conventional medication. He was prescribed St John’s 
wort extract 300 mg in tablets, 3 per day. Each tablet was standard-
ised to 0.9 mg total hypericin and equivalent to 1500 to 1800 mg of 
flowering tops. There was a steady improvement in his mood over 
6 to 8 weeks and he felt much better and more positive about life. The 
patient was maintained at 2 tablets per day with continued benefit.

Insomnia
Generally patients seek phytotherapy for insomnia that has 
become a chronic problem. The DSM-IV additionally requires 
that with chronic primary insomnia the patient’s sleep dis-
turbance disrupts his or her daily performance and quality  
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of life.78 It can be difficult in practice to differentiate primary 
insomnia from possible secondary causes such as alcohol and 
medical problems. Hence, it is more practical to address all 
the issues that might be contributing to the insomnia, while 
prescribing herbs as if it was primary insomnia. This approach 
therefore requires a detailed and careful case history and 
appropriate counselling of the patient.

Insomnia, or inadequate sleep, can be categorised for phy-
totherapy according to the difficulties experienced by the 
patient. These include difficulty falling asleep (sleep-onset 
insomnia), awakening during the night with difficulty falling 
back to sleep (sleep-maintenance insomnia), early morning 
awakening (sleep-offset insomnia) and a sense of not having 
enough sleep (non-restorative sleep). Patients can report a 
combination of these.

Major causes of sleep-onset insomnia include anxiety, 
pain or discomfort, caffeine and alcohol. Sleep-maintenance 
insomnia can be linked to depression, sleep apnoea, fibromy-
algia syndrome, nocturnal hypoglycaemia, pain or discomfort 
and alcohol. If restless legs syndrome is a cause of insomnia, 
this should be addressed separately (see later in this section). 
Any obvious causes of the insomnia (such as pain) should also 
be treated separately.

It is important to ensure that the patient sleeps in a dark-
ened, noise-free environment in a comfortable bed. The use 
of stimulants should be reduced, especially coffee, tea, guar-
ana and cola drinks. Alcohol intake should also be reduced. 
Unwinding at night can be important and a few drops of 
lavender oil added to an evening bath can help this process. 
Where the insomnia has been precipitated by anxiety or other 
psychological problems, appropriate counselling or phytother-
apy should be recommended. The key herbs for insomnia to 
be considered will depend on the pattern of the insomnia:
l	 Anxiolytic and hypnotic herbs are the mainstay of 

treatment. These can be taken throughout the day to 
prevent a build-up of tension or mental excitability that 
might result in insomnia. An additional dose is then 
recommended around 1 hour before bed. If the insomnia 
is not severe, then the herbs can be taken as a single dose 
before bed. Key herbs include valerian, kava, Zizyphus, 
hops, lemon balm, Magnolia, lavender, passionflower, 
California poppy and chamomile. Best results with valerian 
come from continuous use for at least 2 weeks (see 
monograph).

l	 Antidepressant and nervine tonic herbs are indicated, 
especially if the insomnia is associated with fibromyalgia 
or is sleep-maintenance insomnia. These include St John’s 
wort, saffron, skullcap, damiana, Rhodiola and Schisandra.

l	 If the patient is debilitated and suffers from sleep-
maintenance insomnia, then adrenal restorative herbs such 
as licorice or Rehmannia are also indicated. These herbs 
will additionally help to maintain blood sugar levels during 
the night.

l	 Tonic and adaptogenic herbs used throughout the day can 
help to break the vicious cycle of non-restorative sleep in 
stressed patients. The safest and best herb to use in this 
context is Withania, although a small amount of ginseng 
will not be too stimulating for most patients. Also use of 

those herbs taken just before bed can tonify (and thereby 
improve) the sleep of patients experiencing non-restorative 
sleep.

l	 If pain interferes with sleep then analgesic herbs for pain 
management are indicated. For example, willow bark is 
useful for pain associated with inflammation, whereas 
Corydalis, cramp bark, kava and wild yam will help to 
alleviate pain associated with smooth muscle cramping. 
(See also the treatments for restless legs syndrome and 
nocturnal myoclonus.)

Recent research with Vitex (chaste tree) and melatonin 
represents a promising new development in the herbal treat-
ment of maintenance insomnia (see monograph).

Example liquid formulas 

Sleep-onset insomnia

Valeriana officinalis 1:2 30 mL

Passiflora incarnata 1:2 25 mL

Zizyphus spinosa 1:2 25 mL

Withania somnifera 1:1 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day. Take the last dose  
1 hour before bed.

Sleep-maintenance or sleep-offset insomnia

Valeriana officinalis 1:2 25 mL

Hypericum perforatum 1:2 30 mL

Vitex agnus-castus 1:2 20 mL

Scutellaria lateriflora 1:2 25 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day. Take the last dose 1 
hour before bed.

CASE HISTORY

A male patient aged 47 complained of difficulty falling asleep some 
nights. He was prescribed kava tablets, 2 to 3 about 50 minutes 
before bed. Each tablet contained 200 mg of extract standardised to 
60 mg of kava lactones and equivalent to about 1800 to 2000 mg of 
root. He found the tablets very effective, but did find that they caused 
early morning drowsiness on some, but not all, mornings after he 
used them.

CASE HISTORY

A female patient, aged 59, suffered from fibromyalgia (which was 
treated with a herbal mixture taken during the day). However, a sig-
nificant problem (typically associated with fibromyalgia) was her ter-
rible insomnia. She claimed that some nights she only slept for about 
1 hour. Valerian tablets and kava tablets were tried to no effect.
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Restless legs syndrome (and nocturnal 
myoclonus)
Restless legs syndrome (RLS) has been described as ‘the most 
common disorder you’ve never heard of ’.83 It is an unusual 
sensation (paraesthesia) in the legs that typically occurs at 
bedtime and is a common cause of insomnia. The cause of 
RLS is not known. It is known to be associated with a number 
of medical conditions including iron deficiency, pregnancy and 
dialysis.

RLS is surprisingly common and plagues the sleep of many 
sufferers. Various estimates have ranged from 2% to 15% of 
the adult population, with the real number likely to be about 
6%. It is more common in women.84 The older the person, 
the more likely he or she will suffer from restless legs. It is 
rare in young children, but for those older than 65 years 
around 10% to 28% are affected.

Lower iron levels in the brain affect dopamine metabo-
lism, specifically inhibition of tyrosine hydroxylase needed 
for the synthesis of dopamine and requiring iron as a cofac-
tor.85 In one study, 75% of patients with RLS had decreased 
iron stores. Iron concentrations in the blood drop by 50% 
to 60% at night. Ferritin concentrations of <50 ng/mL 
have been correlated with decreased sleep efficiency and 
increased leg movements in sleep in RLS. Oral supplementa-
tion of iron has resulted in significant clinical improvement 
in RLS. Some patients with RLS improve with folate sup-
plementation, which is also involved in tyrosine hydroxylase 
production.84

Magnesium therapy (12.4 mmol/day=301 mg/day) has 
been shown to be beneficial.86 A placebo-controlled trial 
found that 800 mg/day Valerian root for 8 weeks improved 
RLS symptoms and daytime sleepiness.87 A recent pilot trial 
with Vitex (chaste tree) was also promising (see monograph). 
A number of lifestyle factors have been associated with RLS. 
These include heavy smoking, advanced age, obesity, hyper-
tension, loud snoring, use of antidepressant drugs,83 diabetes 
and lack of exercise.88

Conventional medical treatment for RLS focuses on drugs 
for the nervous system, especially dopaminergic agents. Many 
of these drugs are quite powerful and dangerous and should 
be reserved for more severe cases.82 A study found that RLS 
was very common in people with varicose veins (22% inci-
dence).89 After treatment for superficial varicose veins (scle-
rotherapy or vein stripping), 98% reported an immediate 
improvement in their restless legs.

When the blood is not circulating properly, the walls of the 
deeper veins can stretch, resulting in unpleasant sensations 
in the legs. The sluggish circulation can cause red blood cell 
aggregation that can further add to the paraesthesia and rest-
less legs. Consistent with this, the condition is much more 
common during pregnancy.82 One survey of 500 women found 
that 19% reported RLS during pregnancy, that 7% described 
their symptoms as ‘severe’ and that the condition abated in 
96% of affected women within 1 month of giving birth.82

Key herbs to consider for RLS are:
l	 anxiolytic and hypnotic herbs such as valerian, kava 

(especially), skullcap and passionflower to alleviate the 
nervous system imbalance that is part of RLS

l	 many of the factors involved in RLS (smoking, pregnancy, 
obesity, age, diabetes) all point to an involvement of the 
circulation. Hence venotonic herbs such as horsechestnut 
and butcher’s broom and herbs that enhance circulation 
such as Ginkgo have a key (but often neglected) role  
to play

l	 chaste tree and other herbs for insomnia may be  
of value.

She was prescribed the following formula:

Zizyphus spinosa 1:2 30 mL
Scutellaria lateriflora 1:2 25 mL
Lavandula officinalis 1:2 20 mL
Corydalis ambigua 1:2 25 mL

TOTAL 100 mL

Dose: 8 mL with water about 30 minutes before bed. Repeat a few 
hours later if still awake.

The above sleep mixture helped tremendously and, with the sleep 
improvement, her fibromyalgia also improved more rapidly.

CASE HISTORY

A female patient aged 61 complained of sleep-onset insomnia and 
sleep latency largely brought about by restless legs at night. There 
was a history of anxiety and poor venous circulation. She was pre-
scribed tablets (2 per day) containing Aesculus hippocastanum  
(horsechestnut) 1.2 g, Ginkgo biloba (Ginkgo) 1.5 g and Ruscus acu-
leatus (butcher’s broom) 800 mg and a magnesium supplement. Kava 
tablets (providing 120 to 180 mg kava lactones per day) were also to 
be taken as required.

This patient was successfully treated for about 2 years as above 
and then found that the treatment could be stopped for many months 
without problem. The treatment was started again if symptoms 
returned. This on and off approach was followed for 3 years.

Chronic tension headache
Chronic tension-type headache (TTH) is a neurological dis-
order characterised by frequent attacks of mild to moderate 
headache with few other symptoms.90 The headaches are 
typically bilateral, have a pressing (non-pulsatile) quality and 
are not aggravated by routine physical activity. They are not 
characterised by nausea or vomiting and no other causes are 
found. TTH affects up to 78% of the general population and 
3% suffer from the chronic form.91

Peripheral factors are implicated in episodic TTH, whereas 
central factors probably underlie chronic TTH. Activation of 
hyperexcitable peripheral afferent neurons from head and 
neck muscles is the most likely explanation for infrequent 
headaches.90 Muscle and psychological tension are associated 
with and can aggravate TTH, but are not believed to be the 
cause. Abnormalities in central pain processing and a gener-
alised increase in pain sensitivity are present in some patients 
with chronic TTH.90,92

The treatment of a single episode of tension headache is 
rarely an issue for a consultation for herbal treatment. The 
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commonly encountered clinical situation is recurrent or 
chronic TTH, hence the approach to treatment described 
below is more aimed at the prevention of headaches, but 
many of the herbs below will also alleviate tension headache 
pain. Herbs with mild analgesic properties still have a role in 
this context because they generally also possess some relaxing 
or anxiolytic activity.

Aspects of herbal treatment that should be considered:
l	 If the headaches are related to trigger foods, or there are 

signs of problems with digestion, then bitter herbs to 
improve upper digestive and choleretic herbs to improve 
liver function should be included.

l	 Anxiolytic and nervine tonic herbs should be prescribed 
if appropriate, especially those which have some analgesic 
activity such as Corydalis and kava.

l	 Spasmolytic herbs, particularly those with an effect  
on the circulation can help to prevent tension headaches. 
These include wild yam, hawthorn, cramp bark and 
chamomile.

l	 Analgesic herbs include willow bark, California poppy and 
Corydalis. As well as its role in migraine, feverfew is a 
useful anti-inflammatory herb in TTH.

l	 If the headaches have a relationship with the menstrual 
cycle, then hormonal regulating herbs may be valuable,  
for example chaste tree if the headaches occur 
premenstrually.

l	 If eye strain is a factor then higher doses of bilberry 
(equivalent to at least 80 mg of anthocyanins per day) are 
indicated.

l	 In elderly people, cerebral ischaemia may contribute to 
headaches and can be treated with Ginkgo if there is 
evidence of its presence.

l	 Topical application of peppermint oil to the temples  
has been shown to relieve headache pain in clinical trials 
(see monograph).

l	 If the above approach does not give results then  
localised traction or compression of veins or nerves  
may be a cause, and anti-inflammatory and antioedema 
herbs such as horsechestnut and butcher’s broom  
should be tried in conjunction with St John’s wort  
(similar to the approach described next for trigeminal 
neuralgia).

l	 For headaches due to sinusitis, treatment should focus on 
this condition. An analgesic herb such as willow bark could 
also be recommended.

Example liquid formula 

Corydalis ambigua 1:2 25 mL

Viburnum opulus 1:2 25 mL

Crataegus monogyna leaf 1:2 30 mL

Matricaria recutita (high in bisabolol) 1:2 20 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

Trigeminal neuralgia
Trigeminal neuralgia, also known as tic douloureux, is a fre-
quent cause of facial pain that involves the trigeminal nerve 
and occurs almost exclusively in middle-aged or elderly peo-
ple. The pain is severe and fleeting and may be so severe that 
the patient winces (hence the term tic). Pain attacks tend to 
occur in clusters that can go on for several weeks.93

The pathogenesis of trigeminal neuralgia is speculated to be 
an ephaptic conduction caused by segmental demyelination 
and artificial synapse formation (in other words the trigeminal 
nerve becomes cross-wired due to demyelination). The cause 
of the demyelination might be multiple sclerosis, vascular 
degeneration or ageing. However, one recent review suggested 
that the most common aetiology is vascular compression of the 
trigeminal nerve root entry zone that leads to a focal demyeli-
nation.94 The blood vessels involved are said to be aberrant or 
tortuous.92 Studies have demonstrated proximity of the nerve 
root to such vessels, usually the superior cerebellar artery.

Under a relatively new classification from the International 
Headache Society, for the diagnosis of classical trigeminal 
neuralgia no cause of symptoms other than vascular compres-
sion can be found. In contrast, symptomatic trigeminal neural-
gia has the same clinical picture, but an underlying cause such 
as multiple sclerosis, amyloid filtration, small brain infarcts or 
bony compression is identified.92

Relevant herbs to consider include the following:
l	 A key herb is St John’s wort, which is traditionally 

prescribed for any neuralgia related to nerve irritation or 
compression.

l	 The health of large blood vessels and the microcirculation 
can be improved with grape seed and pine bark extracts 
and bilberry, Ginkgo, garlic, gotu kola and hawthorn.

l	 Any compression caused by oedema associated with 
inflammation or tortuous vessels can be treated with 
horsechestnut. The venous-toning effect of this herb may 
also be of value.

CASE HISTORY

A male patient, aged 74, complained of headaches and fatigue. He had 
experienced about one headache per week on and off for years. He had 
some sinus problems, with post-nasal drip at night and his nose could 
be blocked at times. He used to have migraines and his headaches were 
worse with stress. He worked long hours and was anxious and worried.

He was prescribed the following herbs:

Euphrasia officinalis 1:2 20 mL
Viburnum opulus 1:2 15 mL
Tanacetum parthenium 1:5 10 mL
Matricaria recutita 1:2 15 mL
Corydalis ambigua 1:2 20 mL
Crataegus monogyna leaf 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
For the fatigue he was also prescribed 2 tablets per day, each 

containing Withania root 600 mg and ginseng main root 125 mg. The 
eyebright was included in the treatment because of the possible asso-
ciation of the headaches with his sinus condition. After 8 weeks on 
the herbal treatment he was relatively free from headaches.
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l	 Anti-inflammatory herbs could be tried, such as Boswellia 
and turmeric.

l	 Analgesic herbs such as Corydalis or willow bark can be 
prescribed for the painful episodes.

l	 Effects from demyelination can be somewhat improved by 
ensuring adequate intake of essential fatty acids (for example 
evening primrose oil, which is also anti-inflammatory) and 
improving the microvasculature (see above).

l	 A published case history described the successful use of 
consumption of 30 to 60 mL/day of Aloe vera juice for 3 
months. The patient’s pain diminished significantly within 
2 weeks of initiating therapy. When she stopped the Aloe 
juice her pain returned and it went within a few days of 
starting it again.95

Migraine
Results from the American Migraine Prevalence and Prevention 
Study indicate that the cumulative lifetime incidence of 
migraine in the USA is 43% for women and 18% for men. This 
frequency is likely to be reflected in most Western countries 
and, given that the diagnostic criteria used were relatively strin-
gent, the incidence may be even greater.96

A migraine is a complex brain event that can produce a 
wide array of neurological and systemic symptoms. Although 
the term migraine is derived from the word hemicrania, 
meaning one side of the head, the pain is not necessarily one-
sided. Symptoms include extreme and prolonged head pain, 
photophobia, nausea and vomiting. Sometimes the migraine 
is preceded by sensory (especially visual) or motor symptoms 
(the aura). More commonly there is no aura.

The vascular theory of migraine was proposed by Wolff and 
others in the 1930s. It attributes migraine to an initial intra
cranial vasoconstriction (which accounts for the aura) followed 
by an extracranial vasodilation (the headache). However, this 
theory was not consistent with later experimental observations.

There has been further movement away from the con-
cept of migraine as a primarily vascular disorder.96 Although 
intracranial vasodilation is an appealingly simple explanation 
for migraine pain, this hypothesis has never been capable of 
explaining the wide range of symptoms that may precede, 
accompany, or follow the pain. Multiple imaging studies have 
now confirmed that vasodilation is not required for migraine 
headache. In fact cortical hypoperfusion during the headache 
is more characteristic.

A corollary of the vascular hypothesis of migraine is the 
concept that vasoconstriction is a primary mechanism by 
which caffeine, ergotamines and triptans exert their thera-
peutic effect. But experimental studies do not support this 
understanding and suggest that the mode of action of each 
drug class is complex and distinct.96 However, the vascular 
hypothesis still has its supporters as well as detractors.97

Migraine is currently hypothesised by some researchers as an 
episodic disorder of brain excitability, akin to epilepsy and epi-
sodic movement disorders. Waves of altered brain function, such 
as cortical spreading depression could be responsible for translat-
ing changes in cellular excitability into a migraine attack.96 This 
suggests a role for sedative and antiepileptic herbs.

Another suggestion is that migraine is an episode of local 
sterile meningeal inflammation and the subsequent activation 
of trigeminal neurons that supply the intracranial meninges 
and related large blood vessels.98 Meningeal mast cells could 
be involved here as triggers, suggesting a role of Scutellaria 
baicalensis, given the neurological and mast cell activities of 
its flavonoids.

Epidemiological studies suggest that migraine is associ-
ated with disorders of the cerebral, coronary, retinal, der-
mal and peripheral vasculature. There is evidence that 
migraine is associated with vascular endothelial dysfunction 
and impaired vascular reactivity, both as a cause and a con-
sequence.99 This suggests a role for microvascular herbs and 
could explain the role of feverfew in migraine, including this 
herb’s possible effects on platelet function (see the feverfew 
monograph).

CASE HISTORY

A male patient, aged 77, presented with trigeminal neuralgia on the 
right side of his face. He had had the condition for about 9 years and it 
was first diagnosed as a dental problem. His episodes of attacks num-
bered 2 to 3 per year and each episode lasted 3 weeks to 3 months. 
While he was experiencing attacks he found it difficult to shave or 
wash his face. He was told by a specialist that a blood vessel was 
impinging on the trigeminal nerve (he had a history of atherosclerosis 
of the carotid arteries and angina pectoris). He was prescribed car-
bamazepine for the trigeminal neuralgia, but was concerned that this 
medication made him feel sluggish. His case history revealed that he 
suffered from hayfever with bouts of sneezing and he drank an enor-
mous amount of tea each day (which he was advised to reduce).

He was prescribed the following herbal treatments:

l	 Grape seed extract tablets 100 mg/day
l	 Tablets (3 per day) containing the following herbs:

l	 horsechestnut extract equivalent to dry seed 1.2 g containing 
escin 40 mg

l	 butcher’s broom extract equivalent to dry root and rhizome 800 mg
l	 Ginkgo extract 30 mg equivalent to dry leaf 1.5 g containing 

Ginkgo flavone glycosides 7.3 mg
l	 Liquid formulation:

Scutellaria baicalensis 1:2 30 mL
Hypericum perforatum 1:2 30 mL
Crataegus monogyna leaf 1:2 30 mL
Ginkgo biloba (standardised extract) 2:1 10 mL

TOTAL 100 mL

Dose: 5 mL with water twice a day.
(The Ginkgo in the liquid supplemented the amount in the tab-

lets containing horsechestnut and butcher’s broom.) Over the ensu-
ing months the intensity and frequency of the neuralgia abated and 
after 6 months he was free of pain and not taking carbamazepine. 
Continued treatment maintained the freedom from neuralgia. He was 
also sneezing less.

RATIONALE

Given the association with circulation, grape seed extract and Ginkgo 
were prescribed to boost the integrity of the microvascular circulation, 
hawthorn for the arteries and horsechestnut and butcher’s broom 
for any pressure on the nerve associated with oedema or venous 
congestion.

Baical skullcap and grape seed were to help reduce the sneezing 
and St John’s wort was given for the irritated trigeminal nerve.
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Migraine is a potentially progressive disorder, and progression 
of episodic migraine to chronic migraine (migraine chronifica-
tion) is associated with a range of co-morbidities and risk fac-
tors, that could represent either cause or effect. Hypertension is 
one such co-morbidity,100 others include obesity, excessive use 
of medications, caffeine overuse, stressful life events, depres-
sion, sleep disorders, cutaneous allodynia,101 temporomandibu-
lar disorders,102 white matter lesions in the brain,103 cardiac and 
vascular problems, psychiatric disorders,104 head injury, pro-
inflammatory states and prothrombotic states.105

The higher frequency of migraine in women has already 
been noted, and menstrual migraine, which occurs before or 
during menstruation, is believed to be associated with the fall 
of oestrogen.106 In other women, oral contraceptive use can 
trigger migraines.105 At menopause, migraine can regress, 
worsen or remain unchanged.105

Other factors linked to migraine development or migraine 
attacks include prolonged stress,107,108 and trigger foods such as 
cheese, coffee, chocolate or citrus fruits. Alcohol drinks, espe-
cially red wine, can also act as a trigger. About 40% of migraine 
sufferers tested positive for Helicobacter pylori, and eradicating 
this organism resulted in a significant clinical improvement.109

As well as trigger foods it has been suggested that other 
food allergies could also be a factor in migraine headaches. 
Commonly implicated foods include cow’s milk products, 
wheat and eggs.110 Poor body alignment and the benefits of 
spinal manipulation are particularly relevant to this condition.

In general, patients seeking phytotherapy for migraine will 
be sufferers of chronic migraine. Hence therapy is best aimed 
at preventing attacks, although a separate formula to abort 
attacks if taken early can be prescribed. This abortive treat-
ment could include herbs such as feverfew, willow bark, gin-
ger and Corydalis, all in relatively high doses.

Considerations for preventative herbal treatment include 
selection from the following:
l	 Anxiolytic and nervine tonic herbs are used for the effects 

of stress, especially those having some analgesic activity 
such as Corydalis. St John’s wort may be particularly 
valuable, as will herbs with some antiepileptic properties 
such as kava, Bacopa, Withania and valerian.

l	 Feverfew works well as a migraine prophylactic, but it 
must contain good levels of parthenolide. It takes about 
4 to 6 months to fully work (see feverfew monograph). 
Since its primary effect may be on platelets, its role may 
be supported by antiplatelet herbs such as ginger and 
turmeric.

l	 If the migraines are related to trigger foods or there are 
signs of problems with digestion, then herbs to improve 
upper digestive and liver function should be included. 
Phytotherapy places an emphasis on the relationship 
between migraine headaches and liver function. It 
is good practice to include a liver herb in a migraine 
preventative formula, be it a choleretic herb such as globe 
artichoke or ones that aid hepatic detoxification such as 
turmeric or Schisandra. In France, this liver connection is 
acknowledged by phytotherapists, as evidenced by a study 
of migraine treated by the liver herb Fumaria officinalis 
(fumitory).111 Helicobacter pylori can be treated with 

bitters, garlic, sage, thyme, Nigella and golden seal (see also  
pp. 321–322).

l	 Menstrual migraine should be treated with herbs with 
oestrogenic effects such as shatavari, wild yam and 
Tribulus. Premenstrual migraine may be alleviated by 
prescribing chaste tree.

l	 Ginkgo should be included in a preventative formula, given 
that cortical hypoperfusion is associated with migraine. 
The anti-PAF activity of Ginkgo (PAF is platelet activating 
factor) may also be an advantage.

l	 Spasmolytic herbs, particularly those with an effect on the 
circulation, can help to prevent a migraine. These include 
hawthorn, cramp bark and chamomile. The spasmolytic 
herb butterbur is used in Europe for migraine prophylaxis. 
(Caution: butterbur contains toxic pyrrolizidine alkaloids, 
but these compounds have been removed from products 
permitted for sale in Europe.)

l	 Given that a pro-inflammatory cascade might be involved 
in the aetiology of migraine, anti-inflammatory herbs such 
as Boswellia, turmeric and ginger could be of value as 
preventive agents.

l	 Herbs for microvasculature and promoting endothelial 
health could be of value. These include garlic, bilberry, pine 
bark and grape seed extracts, Ginkgo, green tea, turmeric, 
and Polygonum cuspidatum (as a source of resveratrol).

Example liquid formula 

Tanacetum parthenium 1:5 20 mL

Hypericum perforatum or Bacopa monniera 1:2 30 mL

Schisandra chinensis 1:2 25 mL

Zingiber officinale 1:2 10 mL

Viburnum opulus 1:2 20 mL

TOTAL 105 mL

Dose: 8 mL with water twice a day.

CASE HISTORY

A female patient aged 43 suffered from about two severe migraines a 
month. There did not appear to be any association with trigger foods 
and they tended to occur premenstrually. She was prescribed the fol-
lowing treatments:

l	 Feverfew tablets 150 mg standardised to contain 900 μg 
parthenolide, 2 tablets per day

l	 Three tablets per day of an anti-inflammatory formula containing 
Boswellia extract 200 mg equivalent to dry gum resin 2400 mg 
containing boswellic acids 135 mg, celery seed oil equivalent to dry 
seed 3000 mg, and ginger rhizome 300 mg

l	 Chaste tree 500 mg tablets, 2 tablets on rising.

Over a period of about 4 to 6 months the migraines reduced 
substantially in frequency and severity. She found that conventional 
analgesics such as aspirin could better abort or allay an attack than 
previously (this is a common finding with feverfew therapy).
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Enhancing cognition
Although not a health issue, there is considerable interest in 
herbs that may be able to effect cognition enhancement, for 
example among students studying for exams or older people 
whose memories are weakening. In addition, these herbs form 
a central part of the treatment of more serious conditions 
such as Alzheimer’s disease.

On current evidence, Ginkgo has been shown to improve 
cognitive function, although there have been some negative 
findings (see Ginkgo monograph). In particular, the combina-
tion of Ginkgo and ginseng seems to be particularly power-
ful at improving cognition in both acute and long-term studies 
(see the ginseng monograph).

The Ayurvedic herb Bacopa monniera, also known as 
brahmi in India, has a strong traditional reputation for improv-
ing cognitive function and intelligence.112 Several clinical trials 
have found that various Bacopa extracts (typically at around 
300 mg/day) improved cognitive function in healthy volun-
teers, usually when given over 90 days.113–115 Features of 
some of these trials included effects being maximal at 90 days 
and Bacopa decreasing the rate of forgetting of new infor-
mation. A short-term trial (2 hours) on Bacopa showed no 
benefit.113

In a 12-week randomised, double blind trial conducted in 
the USA, the effect of 300 mg/day of Bacopa on cognitive 
function was investigated in healthy elderly volunteers. The 
main outcome was measured by the delayed recall score from 
the AVLT (Auditory Verbal Learning Test) word memory task. 
Also measured was the Stroop Task which assesses the ability 
to ignore irrelevant information. The following results were 
obtained:116

l	 Bacopa significantly enhanced AVLT delayed word recall 
memory scores

l	 Stroop results were similarly significant, with the  
Bacopa group improving and the placebo group  
unchanged

l	 Depression and anxiety scores and heart rate significantly 
decreased over time for the Bacopa group, compared to an 
increase in the placebo group

l	 No effects were found on the DAT (Divided Attention 
Task).

A team of British and Australian scientists, including 
Professor Andrew Scholey now at Swinburne University, have 
undertaken a series of investigations on sage (Salvia offici-
nalis) because of its traditional reputation as a tonic for the 
nervous system and memory. For example, the 16th century 
English herbalist John Gerard wrote about sage: ‘It is singu-
larly good for the head and brain and quickeneth the nerves 
and memory’. The investigators used a randomised, placebo-
controlled, double blind, crossover design to investigate the 
effects of a single dose of sage in healthy older volunteers over 
a 6-hour period.117 Compared with the placebo phase (which 
generally exhibited the characteristic decline in performance 
over the 6-hour test period), the 333 mg extract dose of sage 
caused a highly significant enhancement of secondary mem-
ory at all testing times. Secondary memory is longer term 
memory where, in this case, recently supplied information is 

processed. There were also significant improvements in accu-
racy of attention following this dose, but not for the other 
doses. The extract used in the study was also shown to inhibit 
cholinesterase in test tube experiments. The authors con-
cluded that the overall pattern of results was consistent with 
a benefit to pathways involved in efficient processing of infor-
mation and/or consolidation of memory, rather than enhanced 
efficiencies in retrieval or working memory. The optimum 
sage dosage of 333 mg (about 2.5 g of herb) improved second-
ary memory by about 30 units. The decline with age for the 
healthy group tested (compared to healthy 18 to 25 year olds) 
was around 40 units. Hence the benefits seen in the present 
study reflect a substantial temporary reversal of the deteriora-
tion in secondary memory that typically occurs with about 50 
years of normal ageing.

Other herbs demonstrated to improve cognitive func-
tion include gotu kola (see monograph), Schisandra and 
Rhodiola. In two sets of experiments, young (21 to 24 year 
old) telegraph-operators were asked to transmit Morse code 
at maximum speed for a period of 5 minutes.118,119 Following 
treatment with a single dose of Schisandra extract (3 g herb) 
the test was repeated. The error frequency was within the 
range 84% to 103%, whilst that of the control group (treated 
with a placebo of glucose or 70% ethanol) was 130%. It was 
concluded that Schisandra prevented or reduced exhaustion-
related errors. By using a test method involving the correc-
tion of texts in which fatigue affected the accuracy but not 
the speed of work120 it was demonstrated that 38 (65%) of 
a group of 59 students treated with Schisandra showed an 
improvement in performance. Of these, seven presented an 
increase in the amount of work performed, 14 exhibited an 
enhancement in the quality of correction, and 17 showed 
improvements with respect to both of these.

A combination of Rhodiola, Siberian ginseng and 
Schisandra, used either in single or repeated doses, signifi-
cantly increased the mental working capacity of healthy vol-
unteers (computer operators on night duty).121 A relatively 
low dose of Rhodiola extract at 170 mg/day for 2 weeks 
improved five different tests of cognitive function in a double 
blind, placebo-controlled trial in 56 young, healthy doctors on 
night duty.122

Cognition-enhancing herbs can also be of value in children, 
including those suffering attention deficit hyperactivity disor-
der (ADHD), and Bacopa is a good example of this. BR-16A 
is an Ayurvedic herbal formulation containing Bacopa as the 
main ingredient. It was evaluated for its efficacy in an open 
label trial in 25 children aged between 4 and 14 years having 
hyperkinetic behavioural problems. The duration of the prob-
lem ranged from 6 months to 3 years. Fifteen children were 
mentally disadvantaged and amongst them 10 had a history 
of brain damage. The herbal syrup brought about ‘marked 
improvement’ in five children as judged by both parents and 
doctors. No side effects were noted.123

In terms of controlled trials in ADHD, two have been 
conducted: one with BR-16A and the other using Bacopa 
alone. A randomised, double blind, placebo-controlled trial 
was undertaken to evaluate the efficacy of BR-16A in school-
going children with ADHD. A total of 195 children were 



285

Herbal approaches to system dysfunctions C H A P T E R  9

screened, out of which 60 satisfied the medical criteria for 
ADHD. Among those enrolled in the study, 30 received 
herbal treatment and 30 received placebo. An assessment 
of academic functioning along with psychological tests was 
done before and after the treatment. Statistical analysis 
was carried out in only 50 children and showed improve-
ment in these tests in the herbal group compared with the 
placebo group. However, none of these differences achieved 
statistical significance because of the low number of trial 
participants.124

The study of Bacopa in ADHD was a small pilot study 
only published in abstract form. In this trial, a double blind, 
randomised, placebo-controlled design was employed. A 
total of 36 children were involved. Of these, 19 received 
Bacopa extract 100 mg/day for 12 weeks and 17 were given 
placebo. The active herbal treatment was followed by a 
4-week placebo administration, making the total duration of 
the trial 16 weeks in both groups. One child in the Bacopa 
group and six in the placebo group dropped out. The mean 
ages were 8.3 years and 9.3 years in the Bacopa and placebo 
groups respectively. The children were evaluated on a bat-
tery of tests including mental control, sentence repetition, 
logical memory and word recall. Evaluation was undertaken 
before, during and at the end of the study. Data analysis 
revealed a significant improvement with sentence repetition, 
logical memory and learning following 12 weeks’ adminis-
tration of Bacopa. This improvement was maintained at 16 
weeks. During the clinical trial Bacopa exhibited excellent 
tolerability and no treatment-related adverse effects were 
reported.125

Pycnogenol, a proprietary, standardised extract of French 
maritime pine bark (Pinus pinaster) has shown promising 
results in ADHD and the clinical trial data in children is more 
robust than for Bacopa. Initial positive case reports stimulated 
the interest to study this extract further.126–128 However, a 
double blind, placebo-controlled comparative study in adults 
with ADHD failed to yield significant results.129 No signifi-
cant differences were found between placebo, the drug meth-
ylphenidate and pine bark extract. However, the sensitivity of 
this study can be questioned since it also found no activity for 
the reference drug.

A pilot study found a significant improvement in ADHD 
for the pine bark extract in children at 1 mg/kg/day.130 This 
then led to a double blind, placebo-controlled study in 61 
children, using the same dose over 4 weeks.131 Patients 
were examined at start of trial, 1 month after treatment 
and 1 month after the end of treatment period by standard 
questionnaires: CAP (Child Attention Problems) Teacher 
Rating Scale, Conner’s Teacher Rating Scale (CTRS), 
the Conner’s Parent Rating Scale (CPRS) and a modified 
Wechsler Intelligence Scale for children. Results showed 
that 1 month of the pine bark extract caused a significant 
reduction of hyperactivity and improved the attention, 
coordination and concentration of children with ADHD. 
No positive effects were found in the placebo group. A 
relapse of symptoms was noted 1 month after termination 
of treatment.

Example liquid formulas
For stress-associated memory impairment:

Glycyrrhiza glabra 1:1 20 mL

Rhodiola rosea (standardised extract) 2:1 25 mL

Ginkgo biloba (standardised extract) 2:1 40 mL

Panax ginseng (standardised extract) 1:2 20 mL

TOTAL 105 mL

Dose: 8 mL with water twice a day.
For acutely improving short-term memory and cognitive 

function (the student or speaker’s friend):

Ginkgo biloba (standardised extract) 2:1 60 mL

Panax ginseng (standardised extract) 1:2 40 mL

TOTAL 100 mL

Dose: 8 mL twice within a 1 hour period about 1 to 2 hours 
before an exam or lecture.

For age-associated cognitive decline:

Ginkgo biloba (standardised extract) 2:1 35 mL

Salvia fruticosa 1:2 30 mL

Panax ginseng (standardised extract) 1:2 15 mL

Rhodiola rosea (standardised extract) 2:1 25 mL

TOTAL 105 mL

Dose: 8 mL with water twice a day.
Combine with tablets containing an extract of Bacopa capa-

ble of providing the equivalent of at least 10 g of herb per day 
(100 mg bacosides).

CASE HISTORY

A student studying for university exams requested a formula to 
improve performance in the exam and concentration and memory 
while studying. She was prescribed the following formula:

Ginkgo biloba (standardised extract) 2:1 20 mL
Eleutherococcus senticosus 1:2 30 mL
Schisandra chinensis 1:2 25 mL
Bacopa monniera 1:2 25 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day. (Note: The Siberian ginseng was 
prescribed for the stressful effects of studying as well as its effects on 
performance.)

The student reported improved concentration and memory and 
less fatigue while studying. She passed her exams.
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Female reproductive system

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 irregular menstruation and dysmenorrhoea (painful 

periods)
l	 some cases of menorrhagia (heavy menstrual bleeding)
l	 premenstrual syndromes
l	 menopausal syndrome
l	 impaired lactation
l	 postnatal syndromes
l	 some cases of infertility
l	 functional ovarian cysts
l	 some cases of vaginitis, cervicitis, vulvitis.

Management of:
l	 fibroids and endometrial polyps
l	 endometriosis and pelvic inflammatory diseases
l	 polycystic ovary syndrome.

Because of its use of secondary plant products and for ethi-
cal and legal reasons, particular caution is necessary in apply-
ing phytotherapy in cases of:
l	 delayed menstruation
l	 pregnancy and lactation
l	 venereal disease
l	 ovarian cancers
l	 hormone antagonist treatment for cancer (e.g. tamoxifen).

Orientation

Introduction
The female reproductive system provides perhaps the most 
substantial challenge to modern medical procedures and at 
the same time potentially the richest prospects for an inspired 
phytotherapy. Modern medicine finds disorders of the sys-
tem difficult to treat conservatively. The reproductive struc-
tures themselves are the most dramatic examples of structure 
following function and, indeed, a function that is notably 
rhythmic. Beyond this is the historical and social reality: the 
experience of women has been neglected in medical science 
and their illnesses poorly charted. On the other hand women 
have often been the health care practitioners in society, they 
have necessarily had to focus a great deal on matters of their 
own reproductive health, fertility and, as midwives, childbirth 
and child-rearing. They have mastered the skills of intuitive 
diagnosis and treatment of functions that are notably difficult 
to isolate and measure and have developed some non-medi-
cal approaches to them. Nowadays they may feel particularly 
aggrieved about the medicalisation of their reproductive func-
tions and are receptive to a new appreciation of their own 
insights.

The medical challenge
It has proven difficult to devise modern treatments for dis-
orders of the female reproductive system that are genuinely 
appropriate to the task. It has always been hard to get a true 
measure of the job in the first place. Many problems start 
with dysfunctions in menstrual cycles or with hormonal dis-
ruptions, for which treatment outcome measures are not 
agreed and where subjective distress is not matched by tech-
nological monitoring. Even pathologies are more variable than 
consistent. Endometriosis and fibroids remain largely inexpli-
cable; there are more categories of ovarian cysts and tumours 
than can easily be grasped; pelvic inflammatory conditions are 
almost defined by their unchartability.

Treatments therefore tend to bluntness. The primary 
recourse is to hormones, hormone analogues or hormone 
antagonists. These often have a crude effect on reproductive 
tissues that can be beneficial. However, they cannot interact 
comfortably with the astonishing choreography of multiple 
hormonal interactions that shape normal reproductive func-
tions. They work by blocking this complexity, changing the 
force of negative feedback from subtle rhythm generation to 
the dictator of an artificial regime. As with almost everything 
else in this area, clear indicators of the wider impact of such 
treatments are hard to obtain but many women do not feel 
happy with them. Other conventional treatments are even 
more intrusive. Surgery is probably used for gynaecological 
and obstetric problems more extensively than for any other 
area of medicine. Although the days of routine hysterecto-
mies, ovariectomies and mastectomies may be passing, it is 
still the case that surgery is undertaken too quickly for many 
sufferers, simply for want of any alternatives. Other meas-
ures – antibiotics for pelvic inflammatory disease, short-wave 
diathermy, dilation and curettage and laser ablation – appear 
often to be used without a clear treatment strategy and with-
out an evidence base of efficacy.

One only needs to review the social history of obstetrics 
in the modern world, the move by women in many coun-
tries to reclaim home births, the move to less medicalised 
labour wards in hospitals, the increasing restoration of the 
midwife as arbiter of labour management and the exception-
ally high professional liability insurance premiums required 
of obstetricians, to see that medicine has not always served 
women’s needs well. There appears to be a case for a different 
approach to their healthcare, one ideally that involves them 
better.

Structures and functions
Neither reproductive functions nor structures are fixed 
through life. In the case of the female, there is additional 
variability due to the need to ensure ideal conditions for 
pregnancy. In most mammals ovulation, and the associated 
transformation of the reproductive system, only occurs in cer-
tain situations and at certain times of the year (early hunter 
nomad women also probably ovulated only when food and 
circumstances were acceptable). Nevertheless, there is in the 
human female the mechanism for constant menstrual cycles 
that switches on in adolescence and, circumstances permit-
ting (adequate food is still important), is maintained to the 
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sixth decade of life. The menstrual cycle is a transformative 
cycle, generated by the interplay of secretory sites, the hypo-
thalamus, the anterior pituitary and the ovaries, and of the 
hormones they produce. It leads to real changes in reproduc-
tive structures so that the relevant anatomy actually changes 
through the month. The hormone secretions appear to be the 
outcome of a rhythmic pulse.1 The anatomical changes in the 
ovarian hormone secretors, the development and ripening of 
the follicle to ovulation and the formation of the new secre-
tory apparatus, the corpus luteum, out of the remnants of the 
follicle are rate-limiting elements in the equation and, with 
the functional pulsation, can be seen to provide the structural 
mechanism for the ‘ovarian clock’. If pregnancy occurs the 
corpus luteum is enabled to increase its activity, so priming 
the whole body towards the major shifts in both structure and 
function required to support a developing embryo and eventu-
ally give birth.

The main characteristic of the female reproductive sys-
tem, therefore, is its mobility and changeability. Many dis-
orders of it are thus functional disorders and most start that 
way. Dysfunctions are medical challenges in their own right. 
There is by definition no physical damage or pathological 
change to observe, as functional measures (for example bio-
chemical markers such as metabolite and hormone levels) are 
notoriously unreliable in complex systems. There is a more 
subjective impression than objective monitoring. For example, 
relative dominance of oestrogen or progesterone is as much 
determined by symptoms as by blood tests. Oestrogen domi-
nance may be implicated by sore breasts, heavier periods, 
increased fat distribution in hips and thighs, and presence of 
fibrocystic changes in the breast, fibroids and endometriosis. 
Progesterone lack may be seen in spotting between periods, 
increased premenstrual symptoms and early premenopause.

Treatments that aim to correct such dysfunctions can do so 
in two ways: suspend normal activity, in this case often with 
hormonally active agents – the contraceptive pill or hormone 
replacement therapy, for example, or hormonal antagonists; 
or, secondly, engage the causes of dysfunction at source. In 
this case treatments should be interactive, should support 
rather than interfere with normal checks and balances and 
should in part be guided by the woman herself. Even when 
treating actual pathologies, a strategy that also supported 
the return to underlying functional rhythms could be com-
mended. In modern times exposure to oestrogens in the diet 
and environment has added a significant new factor to repro-
ductive health in both women and men.

The herbal strategy: prompts to  
self-organisation
As there is a particular paucity of hard scientific data for the 
herbal treatment of female reproductive problems, practition-
ers have to be guided by case evidence. In treating menstrual 
disorders, this can be striking. Typically, a woman suffering 
dysmenorrhoea, irregular menstruation, premenstrual syn-
drome or menorrhagia will be given a mixture of traditional 
women’s remedies. For 1 or 2 months there are likely to be 
unfamiliar changes in the menstrual cycle, occasionally even 

a worsening of the original problem. Then from the third or 
fourth cycle there is often a real sense that a normal rhythm is 
emerging. It is as if the original software programme has been 
rebooted: the disturbance is diminished or even disappears. 
Most importantly, it is often possible to stop the medication 
soon after this point without relapse.

Such cases, and there are many in practice, are very illu-
minating. Whatever mechanisms are involved, and these can 
only be speculative, there appears to be a strong self-cor-
rective tendency to the menstrual cycle. It is of course very 
robust and consistent among women all over the world and 
in all sorts of circumstances. A tendency to self-organisation 
would be consistent with the behaviour of other complex 
dynamic systems in biology. It is also highly reassuring. It sug-
gests that to return to normal, menstrual function requires 
only the lightest nudge, even a placebo nudge (see p. 91). 
(It  is also striking, however, how often women through the 
ages spontaneously chose plants with high levels of steroidal 
molecules for this work.)

The herbal nudge to self-correction is a feature of other 
gynaecological treatment strategies. Menopausal distur-
bances are another example. A typical scenario might involve 
a woman in her late 40s with increasing menstrual difficul-
ties, premenstrual syndrome, congestive dysmenorrhoea and/
or emotional turbulence. She thinks they may be signs of 
impending menopause but of course cannot be sure. A herbal 
treatment that might include Vitex agnus-castus (chaste 
berry) and Hypericum (St John’s wort) could be given, with 
one of two possible endpoints. Either periods stop and a 
smooth menopause, with hopefully few symptoms, could 
be underway in a few months or normal menstrual cycles 
could be resumed over the same time frame. The treatment 
seems to prompt the body to revert to its programme, what-
ever that might be. Again, there is the assumption of self- 
organisation, extended in this context to the view that meno-
pause is programmed to be a smooth transition, that meno-
pausal syndrome is an aberration (this could be argued if even 
one woman had a quiet and positive menopause; in fact a 
good proportion of women do).

Similar assumptions underpin the traditional herbal treat-
ment of infertility, difficulties after childbirth and with lacta-
tion, and even of more overtly pathological states, functional 
ovarian cysts, some cases of endometriosis and the manage-
ment of fibroids and pelvic inflammatory disease. Even when 
faced with more serious pathologies where conventional med-
ical treatment is already underway, such as breast and cervical 
cancers, polycystic ovaries or the aftermath of hysterectomies, 
provided that there is some prospect of returning normal 
ovarian-pituitary dialogue and rhythms, then herbal prompts 
to this end are plausible and attractive strategies towards 
improved health.

Emmenagogues and abortifacients
Women in earlier times lived very different lives with radi-
cally different aspirations compared with their descendants 
in modern societies. Childbirth and child-rearing were gen-
erally more central to their lives. Infertility was one of the 
worst social problems a woman could suffer, often seriously 
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threatening her position in the community. In all cultures 
considerable effort was put into treatments to improve fer-
tility. These might well have worked to the principles set 
out above. Nevertheless, childbirth needed to be paced. 
For those who were normally fertile the priority became 
birth control. The absence at the due time of a period was 
not always welcome and there would be a regular demand 
in most communities for remedies that could prompt men-
struation when delayed: emmenagogues. These would clearly 
need to be uterine stimulants and might need to be taken in 
heroic dosages. In modern times they might be classified as 
abortifacients.

Many herbs passed down as ‘women’s remedies’ were 
probably for this purpose, although the term ‘emmenagogue’ 
has come in popular books to refer to menstrual regula-
tors in general and is no longer a reliable pointer to such an 
effect. In reviewing the modern application of traditional 
women’s remedies, it will be useful to keep this category 
of remedies in mind, however. Although generally taken in 
small doses in modern times, they may be contraindicated 
in pregnancy or where pregnancy is being sought and may be 
more stimulating than the menstrual modulators described 
earlier. In the Anglo-American tradition, emmenogogues 
could include Caulophyllum (blue cohosh), Actaea racemosa 
(black cohosh), Mitchella repens (squaw vine), Ruta graveo-
lens (rue), Thuja occidentalis (arbor-vitae), Mentha pulegium 
(pennyroyal), Gossypium herbaceum (cotton root), Artemisia 
spp. (the wormwoods) as well as the stimulating laxatives 
and cathartic remedies. Uterostimulant action has also been 
shown for Chinese herbs Carthamus tinctorius, Angelica 
sinensis and Leonurus sibiricus with H1 and alpha-adren-
ergic receptors as postulated mediators.2 Some traditional 
effects on reproductive structures and functions have been 
linked with herbal activities on various prostaglandin recep-
tors and functions that may also constitute stimulation of  
this type.3

The use of emmenagogues as abortifacients cannot be rec-
ommended in this text. Ethicolegal issues aside, getting the 
dose and timing right to terminate an early pregnancy was 
undoubtedly either a skilled or a messy affair and the possibil-
ity of embryo-damaging mistakes is high.

Phytotherapy in gynaecological and 
obstetric conditions
Note: The first edition of this book often cited the remedy 
Chamaelirium luteum (helonias or false unicorn root) as a 
major remedy in ‘rebooting’ normal menstrual cycles. This 
plant with its steroidal saponins was one of the more dramatic 
legacies of indigenous women’s medicine in North America. 
However it has not fared well in recent decades and is now in 
danger in the wild. There are programmes to grow the plant 
commercially and a few reliable sources of supply are avail-
able, but at the time of writing these are in the minority and 
the majority of stock on the market is likely to arise from wild 
harvesting. One possible substitute is shatavari (Asparagus 
racemosus) from the Ayurvedic tradition. Hence on the few 
occasions where false unicorn is mentioned in the following 

sections, it should be read in the context that it is only being 
recommended if sustainable sources are available.

Premenstrual syndrome
Premenstrual syndrome (PMS) is a variety of psychologi-
cal, behavioural and physical symptoms which occur in the 
luteal phase of the menstrual cycle. Up to 85% of menstru-
ating women report having one or more premenstrual symp-
toms, and 2% to 10% report these as disabling. More than 
200 symptoms have been associated with PMS, but irritabil-
ity, tension and dysphoria are the most prominent and con-
sistently described. Of a number of potential causes that have 
been considered, evidence points to two being particularly 
significant:4

1.	Enhanced sensitivity to progesterone in women with 
underlying serotonin deficiency

2.	An inability to convert linoleic acid to prostaglandin 
precursors.

In anovulatory cycles, symptom cyclicity (PMS) disap-
pears, and there exists a consensus that the cyclical changes 
are provoked by factors from the corpus luteum.5 The nature 
of the provoking factor, however, is unknown; but the ovarian 
steroids, 17beta-oestradiol and progesterone, are suspected.6,7 
The response systems within the brain known to be involved 
in PMS symptoms are the serotonin (as noted above) and 
GABA systems. Progesterone metabolites, especially allo-
pregnanolone, are neuroactive, acting via the GABA system in 
the brain. Allopregnanolone has similar effects to benzodiaz-
epines, barbiturates and alcohol.6,7

The symptoms experienced vary from woman to woman 
and Abraham has created five distinct subgroups (Table 9.3).8  
This classification is relevant since a pilot clinical trial con-
ducted in England found that the herb Vitex agnus-castus 
(chaste berry) gave good results for PMS-A, PMS-D and 
PMS-H. A second larger clinical trial with Vitex found no 
statistical significance over placebo, although there was a ten-
dency to improvement for breast tenderness and symptoms of 
fluid retention (see also the chaste tree monograph).9

Table 9.3  Abraham’s five PMS subgroups and symptoms

PMS-A PMS-C PMS-D PMS-H PMS-P

Nervous 
tension

Increased 
appetite

Depression Fluid 
retention

Aches and 
pains

Irritability Headaches Forgetfulness Weight gain Reduced pain 
threshold

Mood 
changes

Fatigue Crying Swelling of 
extremities

Anxiety Dizziness Confusion Breast 
tenderness

Heart 
pounding

Insomnia Abdominal 
bloating
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Since then the evidence for chaste tree has improved. A 
systematic review of herbal treatments for PMS found that 
chaste tree was the most investigated treatment and, after 
excluding trials because of poor quality or unsuitable diag-
nostic criteria, identified four eligible trials involving 500 
women.10 The review concluded that chaste tree was useful 
for PMS. Several other trials showing benefit in premenstrual 
mastalgia have also been published, including one that demon-
strated that it lowered prolactin levels, another possible factor 
implicated in PMS (see chaste tree monograph).

The aims of herbal treatment in PMS are as follows:
l	 Correct any hormonal imbalance. Vitex is often prescribed 

throughout the cycle on a long-term basis. (See monograph 
for dosage recommendations and discussion.) Actaea (black 
cohosh) and Paeonia (white peony) can also have a role 
here

l	 Correct essential fatty acid status, especially with  
evening primrose oil at doses of 3000 to 4000 mg/day. 
According to Abraham it is particularly indicated  
in PMS-C, which is associated with a prostaglandin 
deficiency

l	 Treat the main physical symptoms as they occur,  
for example treat fluid retention with diuretics such as  
Taraxacum leaves (dandelion), aches and pains with herbal 
analgesics such as Salix (willow bark) and sweats with 
Salvia (sage). Ginkgo throughout the cycle was found to 
be useful for breast symptoms. Sometimes symptomatic 
treatment will not be necessary if the other aims are 
addressed. Ruscus (butcher’s broom) has also shown 
benefits for the congestive symptoms in a clinical trial  
(see butcher’s broom monograph)

l	 Treat the emotional disturbances. This can often be the 
most important part of the therapy. Treatment is usually 
throughout the cycle. Nervine tonics such as Hypericum 
(St John’s wort) have been shown in double blind 
controlled trials directly to reduce symptoms of PMS, 
even after excluding non-luteal depression,11and sedatives 
such as Valeriana (valerian) for anxiety or insomnia are also 
valuable

l	 Compensate for the adverse effects of stress on the  
body using adaptogenic herbs such as Schisandra, 
Eleutherococcus (Siberian ginseng) and Withania.  
Sources of stress should be examined and dealt with if 
possible and diet should be balanced and mainly consist of 
unprocessed foods

l	 Treat the liver if signs of sluggishness are apparent, for 
example difficulty digesting fats, tendency to constipation, 
history of liver disease, tendency to nausea, preference 
for light or no breakfasts, etc. The liver is the site of the 
breakdown of female hormones and a sluggish liver may 
contribute to hormonal imbalance. Herbs to use include 
Taraxacum root and Silybum (St Mary’s thistle), but 
especially those that promote hepatic detoxification such as 
Schisandra and Curcuma (turmeric)

l	 In some cases oestrogen-modulating herbs such as 
Asparagus (shatavari) and Dioscorea (wild yam) can be 
beneficial (especially for PMS-D).

Dysmenorrhoea
There are two types of dysmenorrhoea (painful menstruation) 
recognised:

1.	Spasmodic or primary dysmenorrhoea in which the pain is 
directly related to the onset of menstruation and is uterine 
in origin. A widely prevalent and common complaint among 
young women, estimated to be present in 40% to 50%, with 
severe forms giving rise to work or school absenteeism in 
15%. Prevalence is highest in the early 20s and decreases 
progressively thereafter. It only occurs in ovulatory 
cycles. Advances in the last three decades suggest that in 
primary dysmenorrhea there is abnormal and increased 
secretion of proinflammatory prostaglandins, thromboxane 
A2, prostacyclin and leukotrienes, which in turn induce 
abnormal uterine contractions similar to the way they induce 
contractions in labour. The contractions reduce uterine 
blood flow, leading to uterine hypoxia and pain, analagous 
to that of angina in the heart.12 Unlike endometriosis, 
primary dysmenorrhoea can be relieved by non-steroidal 
inflammatory drugs and usually the contraceptive pill.

2.	Secondary or congestive dysmenorrhoea, which occurs 
before or late in menstruation and may arise in the uterus 
or in some other organ.

Since primary dysmenorrhea usually only causes prob-
lems for 1 to 2 days each month, it makes sense to use herbs 
that can help to control the pain at these times. Treatment 
throughout the whole menstrual cycle is best reserved for 
severe cases only.

Short-term treatment consists of uterine spasmolytics, 
analgesics, sedatives and herbs that decrease prostaglandin 
production. They can be given at around the onset of men-
struation. However, these remedies are usually more effective 
for severe pain when given prior to the onset of menstruation 

CASE HISTORY

A woman, aged 34, with one child, aged 3, experienced severe 
depression, irritability, anxiety, fluid retention and breast tenderness 
that began about 7 days before the onset of menstruation and per-
sisted until the first day of bleeding. Questioning revealed a history of 
viral hepatitis and increased levels of stress and devitalisation caused 
by caring for a young child. Initial treatment consisted of the following:

Valeriana officinalis 1:2 20 mL
Hypericum perforatum 1:2 30 mL
Silybum marianum 1:1 30 mL
Withania somnifera 1:1 25 mL

TOTAL 105 mL

Dose: 5 mL with water three times a day
Tablets containing 500 mg Vitex agnus-castus extract were pre-

scribed at 2 per day.
After 4 weeks there was a mild improvement. After another 3 

months of treatment there was a substantial improvement. The breast 
and fluid symptoms were gone and her emotional symptoms and 
energy levels were considerably better. Treatment was continued. 
After some time of consistent benefit the patient continued on chaste 
tree only (as above) and remained virtually symptom-free.
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by a few days. High doses need to be recommended to con-
trol acute symptoms.

Overall treatment focusses on the following herbs:
l	 Since Vitex (chaste berry) might enhance progesterone 

production, it could aggravate spasmodic dysmenorrhoea 
and should not be used. However, if a woman with 
spasmodic dysmenorrhoea also suffers from PMS with 
congestive symptoms (e.g. breast tenderness), Vitex can 
help both disorders when used as a long-term treatment.

l	 Herbs that support oestrogen function in the body (they 
may not be intrinsically oestrogenic themselves) can be 
indicated and include Asparagus (shatavari) and Dioscorea 
(wild yam). These herbs will help long term.

l	 Lamium (white dead nettle) is a specific that may decrease 
the condition when given long term.

l	 Short-term treatment consists of uterine spasmolytics and 
herbs that decrease prostaglandin production. The former 
include Angelica sinensis (dong quai), Dioscorea, Rubus 
(raspberry leaves) and Viburnum species (cramp bark or 
black haw). Achillea (yarrow) is spasmolytic and will check 
excessive bleeding if taken long term. Fennel has shown 
value in a clinical trial (see monograph). The latter include 
Zingiber (ginger), Curcuma (turmeric) and Salix (willow 
bark). Ginger at 1 g daily dose has been shown in early 
controlled trials to be particularly effective here.13 Actaea 
(black cohosh) is an anti-inflammatory and hormonal herb 
that can also be indicated and Corydalis and Eschscholtzia 
(California poppy) are useful analgesics.

l	 Aromatherapy with herbal oils of lavender, clary sage and 
rose has been shown to be an effective option in managing 
dysmenorrhoea symptoms.14

l	 For congestive dysmenorrhoea, herbs that help reduce 
localised oedema are indicated, including Aesculus 
(horsechestnut) and butcher’s broom.

Example liquid formulas 
Spasmodic dysmenorrhoea  About 3 to 4 days before the 
period is due, start the following herbal formula:

Corydalis ambigua 1:2 25 mL

Dioscorea villosa 1:2 30 mL

Viburnum opulus 1:2 35 mL

Zingiber officinale 1:2 10 mL

TOTAL 100 mL

Dose: 5 mL with water twice a day. Then just before men-
struation, increase to 5 mL with water six times a day and 
stop treatment when pain has gone.

Not all women experience dysmenorrhoea. Hence it  
is not an inevitable consequence of menstruation. If the 
patient desires to treat the underlying condition an additional 
long-term hormonal-balancing formula can be tried. In more 
severe cases of spasmodic dysmenorrhoea, this hormonal-bal-
ancing treatment throughout the cycle is an essential require-
ment. An example is as follows:

Cimicifuga racemosa 1:2 10 mL

Zingiber officinale 1:2 15 mL

Angelica sinensis 1:2 40 mL

Dioscorea villosa 1:2 35 mL

TOTAL 100 mL

Dose: 5 mL with water two times a day. Symptomatic 
treatment should also be used as above, but taken just prior to 
menstruation.

Chaste tree 1:2 liquid (1 to 2 mL with water on rising) so 
long as PMS or congestive symptoms are also present.

Congestive dysmenorrhoea

Vitex agnus-castus 1:2 20 mL

Aesculus hippocastanum 1:2 25 mL

Dioscorea villosa 1:2 30 mL

Angelica sinensis 1:2 25 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

Abnormal uterine bleeding
Excessive or abnormal bleeding from the uterus is a symptom, 
not a disease. The pattern of bleeding can vary, as can the cause. 
Metrorrhagia, where the bleeding is irregular in amount, acycli-
cal in nature and often prolonged in duration, is usually due to 
a pathological condition of the uterus. A number of conditions, 
largely dysfunctional in nature, can respond to herbal treatment 
and are described below. Where abnormal bleeding is due to an 
organic cause, treatment should be directed at that cause. Such 
problems may be beyond the scope of herbal treatment.

A key herb for dysfunctional uterine bleeding is shepherd’s 
purse (Capsella bursa-pastoris). This is antihaemorrhagic and 
astringent, traditionally used to treat chronic menorrhagia 
and uterine haemorrhage.15,16 European herbalists regarded 
shepherd’s purse as useful for heavy bleeding associated with 
fibroids.17,18 In the late 19th century, and during World War I 
in Europe, shepherd’s purse was commonly used as a substi-
tute for ergot in uterine bleeding.19–21 (Ergot is the product of 
a fungus (Claviceps purpurea) that grows on grain, especially 
rye. By the end of the 19th century, ergot was a standard drug 
used to induce contractions during labour. It was also used to 
treat postpartum haemorrhage.22) Ethanolic extracts of shep-
herd’s purse were also found to have a haemostatic action in a 
clinical setting in Japan.23,24

Menorrhagia
This is excessively profuse or prolonged bleeding occurring 
with a normal cycle. The iron status of women with menor-
rhagia should always be checked. Fibroids (see below) are the 
most likely cause, but other underlying causes must be inves-
tigated. In severe cases herbs can be taken throughout the 



294

Practical Clinical GuidesP A R T  T W O

cycle with doses increased to acute levels just prior to men-
struation. In milder cases herbs can be commenced at acute 
doses just prior to menstruation only and continued until it 
has ceased.

Treatment may include Vitex (chaste berry), Paeonia 
(white peony) and antihaemorrhagic herbs, for example 
Achillea (yarrow), Panax notoginseng (Tienchi ginseng) and 
Equisetum (horsetail) and uterine antihaemorrhagics such as 
Capsella (shepherd’s purse) and Trillium (beth root).

Functional secondary amenorrhoea
This is the absence of menses for 6 months or for longer than 
three of the patient’s normal menstrual cycles. First exclude 
pregnancy, lactation, drugs, premature menopause, polycystic 
ovary syndrome (PCOS), poor diet or excessive exercise as 
causes. Other organic causes should also be excluded.

Herbal treatment of amenorrhoea is aimed at:
l	 correcting hypothalamic malfunction and the resultant 

hormonal imbalance using herbs such as Vitex (chaste 
berry), Asparagus racemosus (shatavari) and Caulophyllum 
(blue cohosh)

l	 treating the effects of any co-morbid depression with 
nervine tonics such as Hypericum (St John’s wort)

l	 treating the effects of stress with adaptogens, nervine 
tonics and sedative herbs

l	 treating debility with tonic herbs such as Withania and 
Panax ginseng; Angelica sinensis (dong quai) is specifically 
indicated where amenorrhoea follows menorrhagia or is 
associated with anaemia.

Difficulty with conception
This has a number of causes, many of which are not treatable by 
herbs. It should first be established if the problem truly exists 
with the woman. If this is the case, then the cause or causes 
should be isolated, if possible. Endometriosis and PCOS are 
common causes that will be treated as separate subjects below.

Some categories of difficult conception are listed below 
with the corresponding herbal approach to treatment:
l	 With anovulatory cycles, first establish the cause. Obesity 

or being underweight and overall health may determine 
whether ovulation occurs or not. Serious liver or kidney 
disease and other metabolic disorders all affect ovulation. 
Thyroid disease, even when mild, is a common problem 
affecting fertility. Lifestyle factors such as stress, excessive 
or too little exercise, diet, tea, coffee, alcohol, smoking 
and drugs should all be investigated. Treat the underlying 
cause and additionally give Vitex (chaste tree). Nervine 
tonics are frequently called for. Actaea (black cohosh, 
at higher doses) and Angelica sinensis (dong quai) may 
also be tried to establish ovulation. Tribulus and other 
saponin-containing oestrogen-modulating herbs are often 
appropriate and can either be given during the follicular 
phase of the menstrual cycle or for the whole cycle. 
Paeonia (white peony) can normalise folliculogenesis.

l	 Defective luteal function may be the problem, possibly 
associated with latent or frank hyperprolactinaemia. Treat 
mainly with Vitex and oestrogen-modulating herbs such as 
Tribulus. Paeonia may alternatively be of value.

l	 Cervical mucus may be too viscous. Cervical mucus may be 
‘hostile’ for reasons other than hormonal. If this is suspected, 
recommend an alkaline diet (low protein, high fruit and 
vegetables). Lifestyle factors should be addressed (see below) 
and alkalinising herbs such as Apium (celery seed) prescribed 
together with oestrogen-promoting herbs (Dioscorea, Tribulus, 
and Asparagus) which will help to stabilise vaginal flora.

l	 Immunological rejection of sperm can occur. Sperm 
carries foreign proteins and a woman will often mount an 
immunological reaction against the sperm of her partner. 
With a consistent partner, this reaction usually abates but 
sometimes it does not. Treat with immune-regulating herbs 
such as Echinacea. Also attend to any factors which may 
be causing immune system dysregulation (see Chapter 8 
under Autoimmunity).

l	 After investigation of difficulty with conception, no known 
factor can be identified in 20% to 30% of cases. Emotions 
can affect hypothalamic-pituitary hormone secretion and 
release. Stress and other emotional stimuli are known to 
increase prolactin release, which may affect reproductive 
function. Emotional factors may be involved in producing 
oviductal spasm which is sometimes observed in diagnostic 
tests. Obesity or being underweight and overall health may 
determine whether conception occurs or not. Lifestyle 
factors such as excessive or too little exercise, diet, tea, 
coffee, alcohol, smoking and drugs should be investigated. 
Treatment should be based on the above considerations and 
could include Vitex, Caulophyllum (blue cohosh), Actaea 
(higher doses) Tribulus and Asparagus for the hormonal 
side, Viburnum opulus for oviductal spasm and tonics, 
adaptogens, nervine tonics and sedatives as appropriate.

Example liquid formula 
Chaste tree 1:2, 1 to 2 mL with water on rising each day and 
the following:

Asparagus racemosus 1:2 30 mL

Dioscorea villosa 1:2 30 mL

Cimicifuga racemosa 1:2 10 mL

Angelica sinensis 1:2 30 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

Pelvic inflammatory disease
Pelvic inflammatory disease is infection of the uterus, fallo-
pian tubes and adjacent pelvic structures not associated with 
surgery or pregnancy. It is also known as chronic salpingitis. 
The most common organisms involved are Chlamydia tra-
chomatis and Neisseria gonorrhoeae. There may be an origi-
nal or current venereal origin, which if possible should be 
elicited. Misdiagnosis by the woman or by the practitioner of 
vaginal infections, with symptoms including discharge, irrita-
tion, dyspareunia, urinary complaints, and malodour may lead 
to secondary infections or pelvic inflammatory disease. Three 
likely causes, bacterial vaginosis, vulvovaginal candidiasis and 
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trichomoniasis, should be distinguished and appropriate treat-
ment instituted.25

Any vaginal infection provides a possible topical treatment 
route to a pelvic infection. The healthy vagina is an impres-
sive barrier to infection and first steps should be to maintain its 
healthy microenvironment of lactic-acid-producing commensal 
bacteria (whose activity is maintained by moderate levels of oes-
trogen). Excessive douching, common among some women, is a 
known factor in bacterial vaginitis and should be discouraged.

For pelvic inflammatory conditions uncomplicated by vagi-
nal infection the following systemic approaches can be tried:
l	 Immune-enhancing herbs such as Echinacea, Andrographis 

and Astragalus
l	 Dioscorea and Asparagus to support the female organs
l	 Hydrastis (golden seal) is a mucous membrane tonic useful 

for chronic infections of the oviducts
l	 Corydalis may assist to relieve the pain.

The above approach to treatment is compatible with and 
will actually assist conventional antibiotic treatment.

Uterine myoma (fibroids)
Uterine fibroids are benign, slow-growing smooth muscle 
tumours. They are probably the most common neoplasm in 
women. They are made up of myometrial cells that, under 
various hormonal and unknown stimuli, express increased aro-
matase activity and thus increase local oestrogen production; 
this further increases local tissue growth. Medically they are 
treated by gonadotrophin releasing hormone (GnRH) agonists 
or by surgery or ablation. The most common problem they 
cause is menorrhagia, but this disorder may be suspected in 
any combination of symptoms of lower abdominal congestion 
such as bloating, urinary frequency, painful intercourse, as 
well as infertility and complications of pregnancy.

A significant inverse association between risk of fibroids 
and age at menarche was reported. Compared with women 
who were 12 years of age at menarche, those who were ≤10 
years of age at menarche were at increased risk (relative risk, 
RR, 1.24), whereas women who were age ≥16 years of age at 
menarche were at lower risk (RR 0.68).26,27

Several studies have shown an inverse relationship between 
the number of pregnancies and the risk of fibroids.26 One expla-
nation is that pregnancy reduces the time of exposure to unop-
posed oestrogens. The reduced risk of fibroids requiring surgery 
in postmenopausal patients is probably due to tumour shrinkage 
in the reduced oestrogen environment following menopause.26

The role of the use of oral contraceptives is controversial 
and may depend on the actual components of the pill used.26 
A significantly elevated risk of fibroids has been reported 
among women who first used oral contraceptives in their early 
teenage years (13 to 16 years of age) compared with those 
who had never used them.26,27 In contrast, hormone replace-
ment therapy may not only prevent the shrinkage of fibroids 
after menopause, it may even stimulate their growth (or 
at least the growth of some of the tumours in women with 
multiple tumours).26 While tamoxifen is anti-oestrogenic, 
in breast tissue it probably exerts oestrogenic effects on the 
uterus. Hence it has been linked to promoting fibroid growth 
in a percentage of women in several clinical studies.26

Several studies have found a marked association between 
obesity and an increased incidence of fibroids.26 This may be 
related to hormonal factors, especially excess oestrogen. In obese 
premenopausal women, decreased metabolism of oestradiol by 
the 2-hydroxylation route reduces the conversion of oestradiol 
to inactive metabolites, which could result in a relatively hyper-
oestrogenic state.26,28 (See the studies cited later on how linseed 
may help to correct this effect.) A prospective study from the 
UK found that the risk of fibroids increased approximately 21% 
for each 10 kg increase in body weight.29 A large US study found 
a correlation between BMI and fibroid risk.30

One study has addressed the question of dietary influences 
on the prevalence of fibroids. In an Italian population, 843 
women with fibroids were compared with 1557 women with-
out. A diet weighted toward green vegetables was protective 
(RR 0.5), whereas a higher intake of meat was associated with 
a greater incidence of fibroids (RR 1.7).31,32 It is known that 
vegetarians have lower plasma oestrogen levels compared with 
non-vegetarians, so this fact could explain this observation. 
Also low fat diets are known to reduce oestrogen levels.26

Several studies have shown a reduced risk of fibroids asso-
ciated with current smoking, but not past smoking.26 Again 
this has been attributed to the reputed anti-oestrogenic effect 
of cigarette smoking. One study found no change in risk for 
caffeine consumption and an increased risk for more than 
seven drinks of beer per week.33

A case-control study of 318 women found, after adjust-
ment for other known risk factors, that the incidence of 
uterine fibroids was positively correlated with a history  
of pelvic infection.31,34 A history of three separate episodes 
of pelvic inflammatory disease conferred a relative risk of 3.7. 
Similarly a history of infection with Chlamydia gave a relative 
risk of 3.2.

High blood pressure is known to damage the smooth 
muscle lining of the arteries, and atherosclerosis is in part a 
proliferative condition of blood vessel walls. A prospective 
study of hypertension and risk of uterine fibroids found that 
diastolic blood pressure was an independent risk factor.31,35 
Hypertensive women were 24% more likely to report fibroids, 
and for every 10 mgHg increase in diastolic blood pressure the 
risk for fibroids increased 8% to 10%.

It is widely accepted that oestrogen and the interaction 
with oestrogen receptors in the nucleus of the smooth mus-
cle cell influence the growth of uterine fibroids. At meno-
pause, fibroids begin to shrink in most patients; hence ovarian 
hormones are thought to play a key role in fibroid growth.36 
While there are a considerable amount of both experimen-
tal results and clinical findings to support this connection, 
not the least being the use of GnRH agonists as treatments 
for fibroids, the mechanism remains poorly understood.36 
Oestrogen may directly increase proliferation of leiomyoma 
cells or might indirectly increase growth by augmenting the 
effects of progesterone.36

As noted above, the enzyme aromatase is present in 
fibroids. This enzyme governs the conversion of androsten-
edione into oestrone and testosterone into oestradiol. Also 
17beta-hydroxysteroid dehydrogenase (17beta-HSD), which 
converts oestrone into oestradiol (the active form of oestro-
gen), is overexpressed.37



296

Practical Clinical GuidesP A R T  T W O

The growth promoting effects of oestrogen and progester-
one on the uterine smooth muscle cells is probably mediated 
by various locally produced growth factors.26 In particular, 
TGF-beta appears to be the only factor overexpressed in 
fibroid cells that is hormonally regulated.38 Other growth 
factors have also been extensively investigated, but their role 
remains unclear.26

One interesting observation is the connection with prolactin.26 
Prolactin is produced by uterine tissues as well as the pituitary 
gland, and is a known growth promoter for vascular smooth mus-
cle.26 While this is speculative at this stage, it does provide fur-
ther support for the use of Vitex (chaste tree), which has been 
shown to decrease circulating prolactin levels in clinical trials.39

Treatment
The aim of herbal treatment for uterine fibroids is to minimise 
any further growth of the tumours and to manage any associated 
symptoms, especially the menorrhagia. It is unlikely that herbal 
treatments will substantially shrink fibroids (although see the 
study cited below). Treatment needs to be trialled for at least 
3 months and combined with attention to those lifestyle issues 
identified by the risk factors listed above. In particular, attention 
should be given to achieving a healthy body weight and diet.

One review observed that no controlled trials of complemen-
tary treatments for uterine fibroids could be found in the litera-
ture.40 However, a traditional Chinese herbal formula also used 
in Kampo was found by Japanese medical scientists to shrink 
uterine myomas.41 The formula, known in Japanese as Keishi-
bukuryo-gan (KBG) and in Mandarin as Kuei-chih-fui-ling-wan, 
contains Cinnamomum cassia, Paeonia lactiflora, Prunus per-
sica seeds, Poria cocos and Paeonia suffruticosa. In English it is 
known as cinnamon and hoelen combination. This formula is 
frequently used in gynaecological disorders such as pelvic inflam-
matory disease, menopausal symptoms, and menorrhagia and 
dysmenorrhoea related to venous congestion of the pelvic region.

In an open study, 110 premenopausal women, average age 
43.2 years (ranging from 27 to 52 years) were treated with 
the equivalent of 22.5 g/day of the dried herb formula admin-
istered as a freeze-dried decoction (1.5 g) for 12 weeks or 
more. These women had symptomatic uterine myomas all 
less than 10 cm in diameter. Clinical symptoms of menorrha-
gia and dysmenorrhoea were improved in more than 90% of 
cases, with shrinkage of the fibroids in about 60% of patients.

There is evidence to suggest that linseed supplementation 
causes a change in oestrogen metabolism that may be favour-
able for inhibition of uterine fibroids. Oestradiol is the bio-
logically active oestrogen that drives the tumour growth. It is 
metabolised in the liver by the CYP450 enzymes 2-hydroxy-
lase and 16alpha-hydroxylase into 2-hydroxyoestrone and 
16alpha-hydroxyoestrone, respectively. The latter is still 
potently oestrogenic, with uterotropic activity similar to 
oestradiol. Hence excessive formation of 16alpha-hydroxyoes-
trone contributes to oestrogen excess. Controlled clinical stud-
ies have shown that supplementation with linseed (10 to 25 g/
day) significantly reduced the relative formation of 16alpha-
hydroxyoestrone in both pre- and postmenopausal women.42,43

The most enlightened approach to controlling fibroid 
growth would be to reduce oestrogen levels and especially 
aromatase activity. Factors that stimulate aromatase include 

excessive adipose tissue, high insulin levels (associated with 
insulin resistance), and levels of the proinflammatory prosta-
glandin PGE2. Obesity includes all these negative factors (adi-
pose tissue also produces many proinflammatory cytokines). 
A number of herbs and herbal constituents are considered to 
have aromatase inhibitory properties, including Serenoa (saw 
palmetto) and Linum (linseed or flax seed) and flavonoids in 
general.44 However, much of this represents in vitro data and 
clinical research is needed. Other approaches may include 
reducing exposure to dietary oestrogenic sources by choosing 
organic diets. To modify the effects of oestrogen, the intake of 
(oestrogen-blocking) phyto-oestrogens and oestrogenic lignans 
(e.g. from soya and linseed) should be increased (see above).

Vitex (chaste tree) is a major part of herbal treatment and can 
be given in high doses (e.g. 5 mL twice a day) if the fibroids are 
severe. Paeonia can potentially exert anti-oestrogenic and other 
favourable hormonal effects. Liver herbs, especially Schisandra, 
may help the breakdown and elimination of excessive oestro-
gen. Antihaemorrhagic and uterine antihaemorrhagic herbs are 
indicated for the menorrhagia (see above). Herbs that have been 
traditionally used to control benign growths include Echinacea, 
Thuja (arbor-vitae) and Chelidonium (greater celandine). Ginkgo 
biloba standardised extract can relieve pain associated with 
fibroids. Other immune herbs may also be beneficial. Oestrogen-
promoting herbs such as Dioscorea and Tribulus are best avoided.

Example liquid formula 

Capsella bursa-pastoris 1:2 20 mL

Equisetum arvense 1:2 20 mL

Echinacea purpurea/angustifolia root 1:2 20 mL

Panax notoginseng 1:2 20 mL

Paeonia lactiflora 1:2 20 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.
And chaste tree 1:2, 4 to 6 mL with water once a day.

CASE HISTORY

A patient aged 43 presented with uterine fibroids characterised by 
menorrhagia and pain, especially with menstruation. She did not want 
surgery and asked for herbs to control her symptoms.

Treatment was as follows (based on 1 week):

Capsella bursa-pastoris 1:2 20 mL
Achillea millefolium 1:2 25 mL
Thuja occidentalis 1:5 20 mL
Echinacea angustifolia root 1:2 20 mL
Panax notoginseng 1:2 15 mL

TOTAL 100 mL

Dose: 5 mL with water 3 times a day.
She was also prescribed Vitex 1:2, 2.5 mL with water twice a day, 

with the first dose on rising in the morning. Ginkgo biloba 50:1 stand-
ardised extract, 40 mg per tablet, 2 tablets per day, was also prescribed.

After 10 weeks of treatment there was considerable improvement 
in the menorrhagia and pain. Herbal treatment was maintained for 
continued symptom control.
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Endometriosis
Endometriosis is the presence of functioning endometrial 
tissue in an abnormal location. This may occur between the 
muscle fibres of the myometrium (uterine endometriosis) or 
in various locations in the pelvic cavity. The ectopic endome-
trium forms a cyst that can often rupture, resulting in inflam-
mation and formation of multiple adhesions. Unlike normal 
endometrial tissue, the ectopic cells contain aromatase and 
are thus able to generate and be further stimulated by oestro-
gen (like cells that make up fibroids). The prostaglandin PGE2 
is a potent stimulant of aromatase in endometriosis, emphasis-
ing the inflammatory factors in the origin of this condition.

Treatment
The most important herb for the treat of endometriosis is 
Vitex agnus-castus (chaste tree). Higher doses may be neces-
sary, similar to those recommended for uterine fibroids (see 
chaste tree monograph).

Because of the prostaglandin abnormalities, evening prim-
rose oil can also be indicated. Other herbs indicated for the 
symptoms include:
l	 Viburnum opulus (cramp bark), Corydalis, Angelica sinensis 

(dong quai), Rubus idaeus (raspberry leaf) and Zingiber 
(ginger) for dysmenorrhoea and chronic pelvic pain

l	 Pulsatilla for ovarian and ovulation pain
l	 Centella asiatica (gotu kola) and Saliva miltiorrhiza (dan 

shen) to reduce formation of adhesions
l	 antihaemorrhagic and uterine antihaemorrhagic herbs for 

the menorrhagia
l	 sedative, nervine tonic and adaptogenic herbs for the 

exacerbating effects of stress
l	 anti-inflammatory herbs such as Zingiber (ginger), 

Curcuma (turmeric), Boswellia, Bupleurum, Vitis (grape 
seed extract), Pinus (pine bark extract), Glycyrrhiza 
(licorice) and Rehmannia.

Herbs that may influence the underlying pathology include:
l	 Vitex, because of its regulating effect on ovarian function
l	 liver herbs, especially Schisandra to accelerate the breakdown 

of oestrogen, supported by hepatotrophorestoratives such as 
Silybum (St Mary’s thistle)

l	 immune-enhancing herbs to help prevent and resolve 
endometrial cysts (e.g. Echinacea, Astragalus and 
Phytolacca (poke root))

l	 herbs to control benign growths (e.g. Thuja (arbor-vitae) 
and Echinacea).

To modify the effects of oestrogen, the intake of phyto-
oestrogens and oestrogenic lignans should be increased.

Polycystic ovary syndrome
Full recognition and understanding of this most common cause 
of infertility has been slow, with international conferences 
in 1990 and 2003 marking landmarks in definition and clini-
cal approach. PCOS affects up to 7% of young women with a 
combination of intermittent or absent ovulation, hyperandro-
genism and very often insulin resistance and hyperinsulinaemia. 
This last connection is significant as 60% of sufferers are obese, 
half of even normal weight PCOS sufferers also have insulin 
resistance, and there is also an increased risk of type 2 diabe-
tes and associated cardiovascular conditions among PCOS suf-
ferers later in life. Insulin-sensitising drugs like metformin are 
now common treatments to stabilise cycles. Anovulatory cycles 
and relatively excessive androgen and luteinising hormone (LH) 
production are normal features of puberty for young girls, a 
product of spurts in growth hormone. Early weight gain is now 
regarded as a potent factor in the development of fully fledged 
PCOS from this normal stage of development.45

The most common symptoms of PCOS are hirsutism and 
other signs of hyperandrogenism, such as oily skin and acne.

The evidence of a link between PCOS and insulin resistance, 
although not universal, now dominates clinical approaches. Any 
moves that can reduce adipose tissue levels and other causes of 
hyperinsulinaemia appear to be merited. Other hormonal inter-
ventions are less clear (the use of the contraceptive pill dis-
guises rather than prevents PCOS in adolescence).

Key biochemical features of PCOS are as follows:
l	 Increased serum androgen (testosterone, androstenedione, 

dehydroepiandrosterone sulphate (DHEAS))46 with or 
without hyperinsulinaemia

l	 Decreased SHBG (sex hormone binding globulin) levels46

l	 Increased LH levels and serum LH:FSH (follicle 
stimulating hormone) ratio >246

l	 Increased prolactin levels in some cases46

l	 Increased oestrone levels. Oestradiol can be increased, but 
is typically low or normal47

l	 Increased fasting insulin or fasting glucose.46

Due to long-standing unopposed oestrogen stimulation, 
there is increased risk for endometrial carcinoma.48 Women 
with PCOS also have many abnormalities in lipid profiles, and 
are at increased risk of cardiovascular disease.48

A combination of white peony (Paeonia lactiflora) and licorice 
roots has been used in Chinese and Japanese traditional medicine 
and has the following names: Shaoyao Ganchao Tang (Chinese), 

CASE HISTORY

A female patient aged 41 presented with multiple uterine fibroids and 
heavy bleeding. A few of the tumours were quite large (>8 cm). She 
was placed on the following treatment:

Astragalus membranaceus 1:2 20 mL
Paeonia lactiflora 1:2 30 mL
Hypericum perforatum 1:2 25 mL
Withania somnifera 1:2 35 mL

TOTAL 110 mL

Dose: 5 mL with water twice a day.
Chaste tree 1:2 liquid. Dose: 4 mL with water on rising.
This patient also regularly took Echinacea root 1:2 liquid at 5 mL 

per day.
The Hypericum and Withania were for the stress the patient was 

experiencing due to other issues. Over the ensuing 5 years of treat-
ment her fibroids grew slightly (but not rapidly) but she now experi-
ences normal uterine bleeding. Her gynaecologist cannot understand 
why this is so. Note that, unlike the previous case, this patient 
received no uterine antihaemorrhagic herbs.
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Shakuyaku-Kanzo-To (SKT, Japanese) and TJ-68 (a Japanese pro-
prietary product). In these combinations Glycyrrhiza uralensis is 
used, but Glycyrrhiza glabra would also be suitable, since in tra-
ditional Chinese medicine G. uralensis, G. glabra and G. inflata 
are medicinally interchangeable species.49 The combination has 
also been evaluated in uncontrolled clinical trials in PCOS.

SKT significantly decreased serum testosterone in women 
with defined PCOS, and in those described as infertile, oligome-
norrhoeic or amenorrhoeic. All women had high serum testoster-
one levels. The dosage of extract was 5 to 7.5 g/day (equivalent 
to 4 to 6 g of dried white peony root and 4 to 6 g of dried licorice 
root), and given for periods ranging from 2 to 8 weeks up to  
24 weeks. The extent of the reduction in mean testosterone is 
illustrated by the before and after values in two trials: 137 to 
85 ng/dL (p<0.001) and 94 ng/dL dropping to below 70% of 
this value at 4 and 6 weeks (p<0.005). In some cases regular 
ovulation was established and some women conceived. Several 
trials documented that no side effects were observed.50–52 
SKT (7.5 g/day, equivalent to 6 g of dried white peony root and 
6 g of dried licorice root, and taken for 12 weeks) also signifi-
cantly decreased serum free testosterone compared to baseline 
values in women with acne vulgaris. The herbal treatment sig-
nificantly decreased the number of comedomes. No difference 
was observed for the other hormones measured: total testos-
terone, dihydrotestosterone, DHEAS and SHBG.53 The white 
peony and licorice combination may also be of benefit in low-
ering raised prolactin levels. A rapid decrease in prolactin levels 
was observed in 10 anovulatory women with elevated serum 
prolactin after administration of SKT (7.5 g/day). The decrease 
reached significance 2 weeks after the start of treatment.54 In 
case observation studies SKT (7 g/day) successfully treated drug-
induced hyperprolactinaemia in men and a woman.55,56

Herbal treatment is centred on the following strategy:
l	 If appropriate, address central obesity as the driver of 

insulin resistance with Coleus and licorice
l	 If appropriate, address insulin resistance with St Mary’s 

thistle, Gymnema, ginseng, pine bark, Korean ginseng, 
Polygonum and berberine-containing herbs

l	 Chaste tree for hormonal regulation, doses depending on 
androgen and especially prolactin levels (see monograph)

l	 Licorice and white peony are clinically proven in PCOS 
and especially help to restart ovulation

l	 Tribulus and shatavari will improve fertility if that is a goal
l	 Support adrenal function with licorice and Rehmannia.

Example liquid formula 

Vitex agnus-castus 1:2 20 mL

Glycyrrhiza glabra 1:1 15 mL

Paeonia lactiflora 1:2 30 mL

Gymnema sylvestre 1:1 25 mL

Schisandra chinensis 1:2 20 mL

TOTAL 110 mL

Dose: 8 mL with water two to three times daily.

When a cycle has been initiated, add Tribulus concentrated 
extract, equivalent to furostanol saponins (as protodioscin) 
300 to 400 mg/day on days 5 to 14 of the cycle to ensure 
cyclic regularity and fertility.

CASE HISTORY

‘Karen’ was 27 years old and was diagnosed with PCOS when she 
was 18. Her periods were very irregular, usually between 60 and  
90 day cycles, she had no hirsutism and was of normal weight.

Prior to her period she developed severe sugar cravings, depres-
sion, became very anxious and did not sleep well. Her diet was poor 
(‘Karen’ described herself as a vegetarian, but mostly ate junk food, 
chocolate and fruit) containing very low levels of vegetables, protein 
and complex carbohydrate.

She was placed on a ‘grazing’ diet to improve possible glucose 
tolerance: small, frequent meals, no refined carbohydrates and 
emphasis on a better balance of food groups.

Herbal formula

Paeonia lactiflora 1:2 40 mL
Glycyrrhiza glabra 1:1 30 mL
Taraxacum officinale root 1:2 30 mL

TOTAL 100 mL

Dose: 5 mL three times daily.
After 3 months she had experienced three menstrual cycles at  

27 day intervals and was feeling very well with no PMS. Her herbal 
formula was continued for another two cycles.

Benign breast disorders
Many terms have been used in the past to describe benign 
breast disorders. These include such descriptions as benign 
mammary dysplasia, cystic mastopathy, chronic cystic masti-
tis and cystic epithelial hyperplasia. Often they were grouped 
under the term ‘fibrocystic breast disease’ but this nomencla-
ture is considered to be inappropriate and benign breast dis-
ease can be more appropriately categorised as the following:
l	 Fibroadenoma (FA)
l	 Cystic disease of the breast (fibrocystic changes, breast cysts).

One novel concept has been proposed to describe benign 
breast disorders. They are seen as aberrations of normal breast 
development and involution (ANDI). This is based on the fact 
that most benign breast disorders are not neoplastic growths, 
but rather arise on the basis of normal changes occurring in 
the breast throughout the various stages of reproductive life. 
They are no more benign neoplasms than is endometriosis.57

FA is a common, usually single lesion, typically seen in 
patients between ages 20 and 40. This lesion may enlarge dur-
ing pregnancy, but usually becomes smaller as patients age. 
Clinically, FAs are usually sharply demarcated, with well-cir-
cumscribed smooth borders.58

Fibrocystic changes are commonly seen in the breast.58 The 
term describes pathological changes seen under the micro-
scope and should not be used to describe clinical findings. 
The histological changes include varying amounts of fibrosis 
and cyst sizes. If predominantly fibrosis is present, the lesion 
may be referred to as fibrous mastopathy. Calcification may be 
seen in association with fibrocystic changes.
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FA is classified in most surgical texts as a neoplasm. 
However, evidence supports the fact that FAs come under 
the category of ANDI.57 The natural history of FA is unlike 
that of benign tumours. The average FA grows to a diameter 
of 1 to 1.5 cm and then remains static. It regresses at meno-
pause. FA are more hormonally responsive than most benign 
tumours, they lactate during pregnancy. FA-like lesions occur 
in most women’s breasts. In fact, histologically there is a com-
plete spectrum from normal lobules to large lobules, to sub-
clinical FA, to clinical FA. Moreover, a FA develops from a 
single lobule, not a single cell.

FA accounts for about 12% of all palpable symptomatic 
breast masses. They are quite common in women under 25 
years and rare in women over 40. As noted, FA is probably 
an aberration of normal lobule development, a process which 
begins in the early stages of reproductive life. They can be 
removed surgically, usually after a period of observation.

Mechanisms controlling FA development and growth are 
poorly understood. In addition to the role of oestrogen and 
progesterone receptors expressed by epithelial cells, recent 
studies describe a possible role for growth factors and their 
receptors in the pathogenesis and growth FA, suggesting that 
multiple receptor signalling pathways could be involved in 
the growth and differentiation of benign breast lesions.59 
However, concerning the risk of development of subsequent 
breast cancer, one large retrospective study has concluded 
that there is no increased risk for a woman with a simple FA 
and no family history of breast cancer.

Discrete palpable breast cysts are most common in the 
40 to 50 year age group and are uncommon below 30 and 
over 54. A breast cyst is probably an aberration of lobular 
involution, a process that begins in the later stages of repro-
ductive life.59 Some studies have looked at breast cancer risk 
in patients with palpable breast cysts.60 There may be an 
increased risk of between 2 to 4 times average, but this find-
ing may be exaggerated.60 Patients with macrocysts do appear 
to have a higher risk of later developing breast cancer,61 
although terminology and classifications have confused the 
issue.59

Elimination of caffeine and other methylxanthines from 
the diet (tea, coffee, chocolate and cola) can result in con-
siderable clinical improvement in women with benign breast 
disorders.62 Some women may also respond to a diet low in 
tyramine (i.e. remove aged cheese, wine, mushrooms, bananas 
and aged and processed meats).62 Nicotine also contributes to 
the disorder.62 The common biochemical link between these 
observations is the enhancement of catecholamine release and 
increase of circulating catecholamines (epinephrine and nor-
epinephrine).62 This also underlines the role of physical and 
emotional stress. Women with benign breast disease had a sig-
nificantly higher level of urinary catecholamines than women 
without breast disease.63

Treatment for fibroadenoma
Vitex is the main treatment, because of its regulating effect on 
ovarian function. Herbs for growths such as Thuja (arbor-vitae) 
and Echinacea are also indicated. Oestrogen-promoting herbs 
such as Asparagus (shatavari) and Paeonia may be beneficial 

Treatment for breast cysts
The herbal treatment of breast cysts is similar to the 
approach used for FA, except that oestrogen-promoting 
herbs are best avoided. Vitex is the most important herb and 
the alleviation of the negative physiological effects of stress 
should also be emphasised. Abstinence from stimulants, 
as described above, should also be observed. To modify the 
effects of oestrogen, intake of phyto-oestrogens and oestro-
genic lignans should be increased. This could also reduce any 
risk of breast cancer. Ginkgo could help control mastalgia 
symptoms (see Ginkgo monograph).

Menopause
The climacteric or menopause is a period of waning ovarian 
function that marks the end of the reproductive lifespan. As 
such, it is a normal event in the life of a woman and should 
not be regarded as a disease. Menopause is a retrospective 
diagnosis usually made after 12 months of amenorrhea.64 The 
average age for the menopause is around 51 years and has 
changed little in the last century. The average age of onset of 
the perimenopause is about 46 to 47 years and it lasts about  
4 years.

The aim of herbal treatment is to assist the adjustment to 
this important change and provide symptomatic alleviation of 
the effects of oestrogen withdrawal. It is not intended that 
herbal treatment for the menopausal change should be pre-
scribed indefinitely, although it may be required for several 
years until the body has adapted to the new hormonal levels. 
The principle form of circulating oestrogen in postmenopausal 
women is oestrone, synthesised by the peripheral conversion 
of androstenedione (mainly from the adrenals, with a small 
amount from the postmenopausal ovary) in the liver and adi-
pose tissue.

Many symptoms are associated with menopause, but the 
two that are the most distressing are hot flushes (which often 

CASE HISTORY

‘Jenny’ was 31 and had a breast lump which was diagnosed as an FA. 
Her GP recommended 3 months’ observation but the surgeon wanted 
the lump removed. Being concerned at the prospect of surgery, she 
decided to try herbal treatment during the observation period.

Treatment was as follows (based on 1 week):

Echinacea angustifolia root 1:2 30 mL
Scutellaria lateriflora 1:2 30 mL
Paeonia lactiflora 1:2 25 mL
Thuja occidentalis 1:5 15 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
Vitex 1:2, 2 mL with water on rising, was also prescribed.
Treatment was continued for 3 months. When she returned to the 

surgeon, he could find no trace of the FA.

because an FA is an aberration of normal lobule development. 
Any stress aspects should also be addressed by prescribing 
nervine tonics, sedatives or tonics as the case history dictates.
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cause insomnia) and vaginal dryness. These are experienced 
by over 70% of women and are directly related to the drop 
in oestrogen.64 Hot flushes typically last for 6 months to 5 
years, but may persist for as long as 15 years.64 Other physi-
cal symptoms include night sweats, headaches, bone and joint 
pain, tiredness and breast tenderness. Psychological symp-
toms associated with the menopause include depression, poor 
memory, irritability and loss of confidence. Whether these are 
directly related to the fall in oestrogen is controversial.

Hot flushes tend to persist longer and are more severe in 
women who have had a surgically induced menopause.64 
They occur most often in the first year after the final period. 
Symptoms consist of sweating on the face, neck and chest as 
well as peripheral vasodilation. There is a rise in skin tem-
perature of several degrees Celcius and a transient increase 
in heart rate. The body’s core temperature falls slightly. 
Symptoms last for 4 to 5 minutes each time.

The aetiology of the hot flush is unknown.65,66 Probably the 
rate of change of plasma oestrogen influences the thermoregu-
latory system via the hypothalamus. Neurotransmitter activ-
ity, especially in the serotonergic and noradrenergic pathways, 
is altered. Hot flushes occur in conjunction with the pulsatile 
release of LH. There is a suggestion that women who experi-
ence more extreme hot flushes may have a less healthy cardio-
vascular system.67

An emerging conclusion from clinical practice is that the 
extent of distress in menopause is directly associated with 
conditions and circumstances that would imply adrenal 
exhaustion. One could suggest that during reproductive life 
the woman has two steroid-producing pairs of glands working 
in tandem (and overlapping considerably). With menopause 
the loss of one pair is felt considerably harder. Strategies that 
support adrenal function and relieve stress burdens on the 
body are well justified.

Treatment
There are many remedies sold in the open market for the 
treatment of menopause. However, the results of rigorous 
clinical trials have so far not been overly encouraging for the 
most popular such as Actaea (black cohosh)68 and Trifolium 
pratense (red clover).69 A positive result for a Hypericum and 
Actaea combination70 has been limited by lack of controls and 
other methodological defects (see the black cohosh mono-
graph). However, recent results of a placebo-controlled study 
for St John’s wort point to a benefit.71 In fact, phytotherapists 
often rely on different herbs to these for the management of 
the menopausal transition.

The main aims of herbal assistance with the menopausal 
change are as follows:
l	 To assist the body to adapt to the new hormonal levels 

by reducing the effects of oestrogen withdrawal. This is 
achieved by prescribing saponin-containing herbs such as 
Tribulus, Chamaelirium luteum (helonias root), Asparagus 
(shatavari), Dioscorea (wild yam) and Actaea (black 
cohosh) (see Chapter 2). Alchemilla vulgaris (ladies 
mantle) is also indicated in this context and can be a useful 
backup when other herbs fail to deliver the expected 
result. Some recent clinical studies with hops (Humulus 

lupulus) are encouraging. Panax (ginseng) is a tonic 
saponin-containing herb with some disputed evidence for 
oestrogenic activity; however, it may aggravate irritability 
and insomnia and should be used cautiously

l	 To provide support for the nervous system and adrenal 
function using tonic and nervine tonic herbs with 
adaptogens and adrenal restoratives. Hypericum (St John’s 
wort) is almost a specific for menopausal depression. 
Avena (oats) is also popular. Rehmannia, Panax (ginseng), 
Eleutherococcus (Siberian ginseng), Glycyrrhiza (licorice) 
and Withania are all potentially indicated

l	 To abate the intensity of the hot flushes or sweating. 
The important herb here is Salvia (sage), although 
cardiovascular herbs such as Crataegus (hawthorn) and 
Leonurus (motherwort) also can be useful

l	 Vitex has a role to play for the perimenopausal woman 
with PMS-like symptoms (which may or may not be 
premenstrual due to menstrual irregularity). Some 
herbalists are of the opinion that Vitex also helps allay 
other menopausal symptoms such as flushes  
(see Vitex monograph). Its influence on pituitary function 
might be the key here

l	 Phyto-oestrogen intake should be increased through 
soya products, linseeds and herbal teas, but it should not 
be excessive as this may interfere with the main herbal 
treatment.

Despite its popularity, there is little traditional or clinical 
evidence to support the claim that Angelica sinensis (dong 
quai) has a specific role in menopause, although it has been 
helpful in combination (see dong quai monograph). Its tonic 
effect will also be of some value. Evening primrose oil appears 
to have no place in a therapeutic regime for the menopause.

The above approach will reduce the severity of menopausal 
symptoms in a majority of cases. Many women will find that, 
although hot flushes still occur, their intensity and frequency 
are so reduced as not to be a problem. A small percentage of 
women cannot be helped by the above approach, presumably 
because their levels of oestrogen are too low or have dropped 
too rapidly. Often these are women who have received exten-
sive hormone replacement therapy in the past. After meno-
pause, oestrogen is manufactured in fat and muscle tissue 
from adrenal hormones. Such unresponsive cases may eventu-
ally respond to adrenal support.

CASE HISTORY

A woman 47 years old presented with hot flushes, sweating, depres-
sion and interrupted sleep caused by the hot flushes. She was irri-
table, low in energy and under stress at work. The hot flushes had 
started 18 months ago.

The following formula was prescribed (based on 1 week):

Hypericum perforatum 1:2 20 mL
Chamaelirium luteum 1:2 20 mL
Dioscorea villosa 1:2 20 mL
Crataegus oxyacantha (fruit) 1:2 15 mL
Withania somnifera 1:2 25 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
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Therapy during pregnancy
After taking into account the professional reluctance to pre-
scribe herbs in pregnancy, there are nevertheless a number of 
herbs invaluable for the treatment of some common problems 
of pregnancy.

Morning sickness
In the first trimester, Zingiber (ginger) can provide effec-
tive relief in mild to moderate cases of morning sickness (see 
monograph). About 10 drops (approx 0.3 mL) of a 1:2 extract 
with water can rapidly relieve nausea. This can be repeated 
up to nine times more in a day if required. More severe cases 
may require liver herbs such as Silybum (St Mary’s thistle) 
and Taraxacum (dandelion root). Mentha piperita (pepper-
mint), Filipendula (meadowsweet), Gentiana and Ballota 
(black horehound) are also useful herbs. For morning sick-
ness and nausea that extends into the second trimester, Rubus 
(raspberry leaf) is usually an effective treatment.

Threatened miscarriage
Vitex (chaste berry) is indicated for threatened miscarriage 
if progesterone levels are relatively low (at the lower dos-
age end). Other herbs usually indicated include Dioscorea 
(wild yam), Viburnum opulus or prunifolium for cramping or 
bearing down sensations and Capsella (shepherd’s purse) for 
bleeding.

Varicose veins
Varicose veins are more likely to develop during pregnancy, 
probably because of the weakening effect on connective tis-
sue of higher levels of female hormones. The main basis 

of treatment is therefore to maintain connective tissue; 
safe herbs which do this include Vaccinium (bilberry) and 
Crataegus (hawthorn). A cream containing Aesculus and 
Hamamelis (witchhazel) can be applied to problem areas.

Preparation for childbirth
To help the mother prepare for birth, Rubus idaeus (rasp-
berry leaf) and Mitchella (squaw vine) can be taken con-
tinuously after the first trimester. It is not known how 
these herbs act, but Rubus probably builds up the strength 
of the myometrium (uterine muscle), which leads to an 
easy birth. The value of Rubus in pregnancy has been 
proven in many cases and there is no evidence for any del-
eterious effect. During labour, Rubus should be taken with 
increased frequency, up to six 5 mL doses in a day. Viburnum 
opulus (cramp bark) may also be prescribed if there is a 
problem with dilation of the cervix, as can Mitchella and  
Actaea.

Therapy following pregnancy

Herbs and breastfeeding
Herbs that promote milk include: Galega (goats rue), 
Asparagus (shatavari), Silybum marianum, Foeniculum (fen-
nel), Trigonella (fenugreek), Verbena (vervain), Urtica (net-
tles) and Euphorbia pilulifera. The role of chaste tree is 
controversial and only low doses should be used.

Herbs that decrease milk include Salvia (sage), Mentha 
piperita (peppermint) and Lycopus (gypsywort or bugleweed).

Some herbal components may be passed in the milk.  
A breastfed baby can sometimes be effectively treated by 
medicating the mother, especially if there is infant colic.

Postnatal depression
Postnatal depression is caused by a combination of female 
hormonal effects with the adrenal depletion that can follow 
pregnancy and childbirth. Treatment is based around Vitex, 
tonics and nervine tonics.

A typical treatment is as follows (based on 1 week):

Panax ginseng 1:2 10 mL

Hypericum perforatum 1:2 25 mL

Glycyrrhiza glabra (high in glycyrrhizin) 1:1 15 mL

Withania somnifera 1:2 30 mL

Rhodiola rosea 2:1 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
Also Vitex 1:2, 1 to 2 mL with water once a day on  

rising.

CASE HISTORY

A 49-year-old woman was experiencing hot flushes. It had been 8 
months since her last period. She was waking up one to two times 
a night and having five or six flushes a day, including with sweat-
ing. Herbal tablets containing Dioscorea villosa (wild yam) 400 mg, 
Asparagus racemosus (shatavari) 400 mg, Actaea racemosa (black 
cohosh) 100 mg, Hypericum perforatum (St John’s wort) 600 mg, 
Salvia fruticosa (sage) 290 mg and Panax ginseng 75 mg were pre-
scribed at 3 tablets per day.

After 5 weeks she reported a lower severity and frequency of 
flushes; that outcome was maintained through the following months.

After 1 month of treatment there was little change, but by the 
end of the second month there were considerable reductions in the 
frequency and severity of the hot flushes. She was less irritable and 
depressed. After 1 year of treatment the herbs were stopped and no 
return of menopausal symptoms occurred.
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Joint diseases

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 early and transient joint inflammation
l	 gout
l	 repetitive strain injury.

Management of:
l	 long-standing joint disease with joint damage
l	 low back pain
l	 fibromyalgia.

Because of its use of secondary plant products, particular 
caution is necessary in applying phytotherapy in cases of:
l	 very aggressive joint inflammations.

Orientation

Background
Degeneration of one or more joints in the body affects almost 
all persons from the fifth decade of life and there are equally 

universal clinical signs by the age of 70 years. There is evi-
dence of the problem occurring in the bone records from the 
distant past as well, and it is a condition found in almost all 
vertebrates, even dinosaurs, whales, fish and birds. It is prob-
able that the joint structures reach the limit of their regen-
erative capacity earlier than other body tissues. They certainly 
operate at the limit of engineering tolerance and circulatory 
renewal at the best of times. A number of environmental con-
ditions, life circumstances, traumatic events, infections and 
other diseases and genetic factors might reduce the regenera-
tive capacity even further.

In fact, there is still much uncertainty over the aetiology 
of osteoarthritis (OA). Wear and tear is a factor in prolonged 
overuse of a certain joint, but use is generally better than 
inactivity (long-distance runners have no worse incidence of 
the disease but even moderate forced inactivity can acceler-
ate the condition). The immediate event is a disturbance in 
the behaviour of the chondrocyte, normally a very quiescent 
and isolated cell responsible for maintaining the cartilage of 
the joint, leading to its mitosis, then an interactive stimulation 
of neighbouring osteoblasts to produce the bony overgrowth. 
Whatever provokes the chondroblasts, it is fair, in the absence 
of hard evidence, to look at the widest systemic evidence for 
disturbance around the body and the interpretations of such 
events by earlier observers.

In looking at the wider picture to understand localised 
OA, one is taking a similar path to that for the more overtly 
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inflammatory arthritic conditions, the diffuse connective tis-
sue diseases: rheumatoid arthritis, Sjögren’s and Behçet’s 
syndromes, polymyalgia rheumatica, the lupus erythema-
toses, polymyositis and the like, as well as the spondylitic 
diseases, ankylosing spondylitis, Reiter’s syndrome and pso-
riatic arthropathy. These all share a substantial immunologi-
cal component and their treatment is best taken along with 
other diseases of this type (see Chapter 8). Nevertheless, 
even these diseases, inasmuch as the joints are involved, can 
be approached with some of the following points in mind.

As with skin diseases (see p. 315), the verdict of the 
ancients on joint diseases was unanimous. Arthritis repre-
sented a toxic accumulation at the site. There was probably 
an appreciation that joints were uniquely vulnerable struc-
tures, fairly obvious ‘bottlenecks’ in the circulatory flow; 
the notion of a ‘toxic log jam’ at such sites seems common-
place, evidenced in part by the topical treatments usually  
applied.

Phytotherapeutics

Counter-irritation
There was, of course, an immediate imperative in joint pain in 
the past. It quickly affected mobility and threatened survival. 
It was also easily focused upon. If the problem represented 
a local toxic accumulation then local measures to improve 
circulation were the obvious treatment. Applying heat to the 
joint would most often reduce pain. Applying stronger heat-
ing measures could often have a longer term benefit. Thus 
throughout the world drastic heating measures were applied 
to affected joints. At the least, hot poultices or baths with 
mustard, pepper or cayenne would be used as rubefacients 
(a milder effect can be had with proprietary liniments and 
embrocations). Indeed there is currently evidence that ginger 
applied topically1 or internally2 can benefit OA (see also the 
ginger monograph). For more dramatic effects stronger rem-
edies were used, those in Galenic terms that would be clas-
sified as ‘hot in the fourth degree’, that ‘corrode and cause 
blisters if outwardly applied’ (see Chapter 1).

Blistering in arthritis was a common technique. A very 
strong mustard or cayenne application might do it and flay-
ing with stinging nettles (see nettle monograph for relevant 
clinical trials) was favoured in ancient Europe (even birds and 
some animals will expose themselves to ant bites in certain 
circumstances), but more corrosive substances such as cro-
ton oil and formic acid (found in ant bites and stinging net-
tle) became favoured as they were isolated. Blistering was 
used, for example, among the new industrial working classes 
of 19th century Britain who still favoured their rural herbal 
traditions and would visit the recently urbanised herbal-
ist because in this way, and without effective social secu-
rity or system of disability payments, they would be able to 
get back to work more quickly (they often did not pay until 
such results were achieved either!). The application could 
produce a large blister in minutes; lancing this could yield 
an impressive quantity of fluid. The fact that pain could be 
instantly reduced and mobility often at least temporar-
ily improved led to the obvious supposition that the blister 

fluids carried toxins away and that the associated and obvi-
ous heating brought in more healing circulation to do the 
rest. In modern central Europe, blistering applications have 
sometimes been replaced with precision-depth epidermal 
puncture devices followed by irritant applications; fluids pass 
through the puncture holes without blisters having to form. 
Similar simple devices are also used in traditional Chinese  
medicine.

Counter-irritation is often in modern accounts explained 
as resulting from some form of stimulation of nerve recep-
tors leading to reflex analgesia. This does not do justice to the 
technique or to its therapeutic context; indeed, both rube-
facients and blistering agents, expertly applied, are intrinsi-
cally comforting sensations. A better speculation might be 
that counter-irritation is a proinflammatory technique; the 
increased vasoactivity and stimulation of other inflammatory 
mediators can be seen as constituting a therapeutic inflam-
mation, doing painlessly what the body itself does with pain, 
swelling and disability. It is a principle espoused by Samuel 
Thomson in 19th-century North America (see Chapter 1), 
that fever and its local counterpart, inflammation, are not the 
disease themselves but the body’s defence against disease. 
Like Thomson’s cayenne and Galen’s heating remedies gen-
erally, the topical counter-irritations, whether simply warm-
ing liniments and embrocations or blistering heating packs, 
were recognition that the best therapy was to improve upon 
nature’s defences and even extend them.

In modern practice blistering is rarely acceptable. However, 
good results can often be had with heating poultices, foot-
baths or handbaths, using an agent such as powdered mustard. 
For a poultice, a slurry made with the yellow powder sold to 
make English mustard can be smeared on a gauze and held 
over the affected joint under a hot wet flannel pad. Occasional 
glimpses of the area under the dressing should warn if blis-
tering is impending, but the most common reaction is a mild 
erythema only. Fifteen to 20 minutes should be enough appli-
cation. For a hand- or footbath a dessertspoonful of mustard 
powder is put into a bowl of hot water just large enough to 
immerse the affected limb; this in turn is best placed in a 
larger bowl of hot water better to maintain the temperature 
for up to 20 minutes. It is still possible to obtain cayenne plas-
ters from specialist suppliers, rubber material impregnated 
with cayenne, and it may be possible to make one’s own sub-
stitute. Russian ointment includes cayenne for a particularly 
robust liniment. Otherwise strong muscle rubs or the Asian 
product ‘Tiger Balm’ will provide moderate relief for arthritic 
joints. Most accessibly, many embrocations and liniments are 
available in pharmacies and elsewhere, mostly based on men-
tholated ointments with various rubefacient constituents (e.g. 
eucalyptus and wintergreen oils) added, although these are 
likely to have only mild benefits.

The above approaches are mostly indicated for the low 
level of inflammatory activity associated with OA. They may 
also be indicated in more volatile inflammations of rheu-
matic disease, but are sometimes not. Gout is another joint 
condition that is usually contraindicated. If the joint is too 
inflamed and hot already, these techniques may be aggrava-
tory. Sensitivity to liniments or heat may be a good guide not 
to proceed further.
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Internal treatments
As indicated earlier, a consistent theme in traditional medicine 
was to remove toxic accumulations from the affected joints. 
Equally consistent was the view that this was particularly a bur-
den on the kidneys. Many traditional treatments for arthritis 
were also diuretic (or diuretic depurative) remedies, perceived 
as helping the body remove toxic waste through the urine. 
In European medicine herbs such as Apium (celery), Betula 
(birch), Taraxacum (dandelion) and Filipendula (meadowsweet) 
were widely used diuretics in the treatment of arthritic disease.

The juxtaposition of kidney function and joint disease was 
elaborated in the European naturopathic and North American 
Eclectic traditions in their focus on acid/alkali balance (the 
kidneys of course are dedicated largely to maintaining electro-
lyte equilibrium in the body fluids). The concept has perme-
ated folk culture: acids are bad for joints, alkalis good.

It is widely understood that the body has to eliminate 
acid metabolites and that joint problems are a classic out-
come of failure to do this. Under such circumstances it makes 
sense to reduce acidic foods from the diet; not (and this is 
one detail causing much confusion) foods that taste acidic 
such as citrus and other fruits, but foods that leave an acidic 
residue after digestion, due to a preponderance of sulphates 
and phosphates. Proteins are the major example of the lat-
ter. One guide is to test the acidity of ash after combustion 
of the food, given that digestion is enzymatically an analogous 
process; in this test lemons leave an alkaline ash, and cheese, 
meat and eggs leave an acidic ash.

However, estimates based on the acid or alkaline nature 
of the mineral ash of the food do not take into account the 
incomplete intestinal absorption of various nutrients. A useful 
paper has reviewed the clinical impact of the potential renal 
acid loads (PRAL) of various foods and elaborated on clinical 
strategies for the treatment of chronic inflammatory diseases.3

The PRAL of various foods is calculated from their sodium, 
potassium, calcium, magnesium, phosphorus, chloride and 
sulphur content, taking into account the known percentage 
absorption rates for protein (in the case of sulphur) and min-
erals.4 It is expressed as milli-equivalents (mEq) per 100 g. 
The PRAL content averages for various food groups are shown 
in Box 9.1.4 A positive value means that the food is acidic and 
a negative value indicates alkalinity.

The most acidic food was parmesan cheese (PRAL 34.2) 
and the most alkaline food was raisins (PRAL –21.0).4 Plant-
based beverages such as wine, tea and coffee are generally 
alkaline if taken without milk. However, some beers and cola 
drinks were acidic. Mineral water could be quite alkaline 
(PRAL –1.8) depending on its origin. The most alkaline fruit 
was the banana (PRAL –5.5), closely followed by apricots 
(PRAL –4.8). The most alkaline vegetable was spinach (PRAL 
–14.0), mainly due to its very high calcium content. The least 
alkaline vegetables were cucumber and asparagus. Processed 
meats were the most acidic form of meat or fish consumption 
and lentils and peas were also mildly acidic. Nuts were vari-
able: hazelnuts were alkaline and peanuts and walnuts were 
acidic. Egg yolks were highly acidic (PRAL 23.4) and choco-
late and cake were moderately so.

In the 1930s William Howard Hay, an American doctor, 
published his theories on health and disease (for example 

Hay WH. A New Health Era. London: George G Harrap and 
Co. Ltd; 1935). His system of health became known as the 
Hay Diet or the Hay System and for a time was very popu-
lar. Its influence on naturopathic thinking is still in evidence. 
Hay realised that foods were either acid or alkaline in nature 
and that this was not based on their pH before consump-
tion. Instead, in a predecessor to PRAL values, Hay proposed 
that, since foods are combusted in the body to give energy, it 
is the pH of the residue of a food after combustion (or ash-
ing) that will indicate its acidity or alkalinity in the body (as 
noted above). Hay realised that acid foods are those which are 
rich in protein, since the sulphur content of the protein cre-
ates acidity after combustion. In contrast, the alkaline foods 
are those rich in potassium, sodium and calcium, since these 
combust to give an alkaline ash.

Although the Hay System was very similar to naturopathy, 
the original contribution made by Hay was that the modern 
diet was too acidic and that many modern diseases resulted 
from this. Hay also developed the concept of food combin-
ing, where high protein foods were separated in the diet from 
high carbohydrate foods. He also proposed that one day of the 
week should be ‘alkaline’, when only alkaline foods were to 
be consumed. As noted above, Hay’s classification of alkaline 
or acidic foods correlates very closely with the PRAL values 
developed by Remer and Manz.4

Using the work of Remer and Manz,4 the Hay System can 
be put on a modern scientific basis. Moreover, excessively 
acidic foods can be identified and largely avoided and replaced 
by highly alkaline foods. According to Hay, this will not only 
result in benefits for OA and other rheumatic conditions, but 
also many other chronic disorders. Urine pH can be used to 
measure progress with the diet and adjustments made accord-
ingly. Recent studies indicate that rendering the urine more 
alkaline will have a sparing effect on calcium excretion. This 
implies that an alkaline diet may help to prevent osteoporosis, 
although a recent study suggests this is not the case, except in 
older men.5

Box 9.1

PRAL of certain food groups and combined foods
Food group PRAL (mEq/100 g)
Fats and oils 0
Fish 7.9
Fruits and fruit juices −3.1
Grain products
  Bread 3.5
  Flour 7.0
  Noodles 6.7
Meat and meat products 9.5
Milk and dairy products
  Milk and non-cheese products 1.0
  Cheese with lower protein content* 8.0
  Cheeses with higher protein content** 23.6
Vegetables −2.8

*Less than 15 g protein per 100 g.
**More than 15 g protein per 100 g.
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A number of other points about the paper of Remer and 
Manz are worth noting.4 Since the body excretes organic 
acids in proportion to body weight, the more overweight a 
person is the more acidic their system becomes. If this excess 
acidity is linked to some of the negative health aspects asso-
ciated with obesity, then a more alkaline diet could help to 
counter these negative influences. The fact that the body 
excretes organic acids also means that the diet needs to be 
quite alkaline before the urine pH rises above 7.0 into alka-
linity. One flaw in the proposed PRAL values is that some 
organic acids can be consumed in the diet, for example oxalic 
and tartaric acids, which are not metabolised by the body. 
These could influence the PRAL values of certain foods (e.g. 
oranges, grapes and spinach).

The herbal diuretics mentioned above can be understood as 
usefully complementing a high-alkali diet based on vegetables 
and fruits in reducing the rate of joint deterioration in many 
sufferers from OA.

Diuretic herbs may be augmented by inflammatory mod-
ulators traditionally used in arthritic disease. There are a 
number of treatments that have been subjected to system-
atic review and found to be promising, including gamma-
linolenic acid products such as Borago officinalis (borage 
seed oil), Oenothera biennis (evening primrose oil) and Ribes 
nigrum (blackcurrant seed oil), capsaicin from Capsicum ann-
uum (cayenne), curcumin from Curcuma longa (turmeric), 
Tanacetum parthenium (feverfew), Linum usitatissimum (lin-
seed or flaxseed oil) and Boswellia serrata.6 Given the wide 
disparity of treatments and relatively low number of good 
studies there was understandably a request for confirmatory 
trials in each case,6 some of which have since been conducted. 
(See also Chapter 2 and the respective monographs.)

Salix (willow) and Populus (poplar) have appreciable levels 
of anti-inflammatory salicylates. The review referred to above 
included a double blind trial that one of the authors of this 
book conducted on a product that contains a mixture of the 
two. It showed moderate but significant benefit in the relief 
of chronic arthritic pain in a placebo-controlled study on 82 
patients.7 In an open prospective cohort study, researchers 
examined the effect of a standardised aqueous ethanolic wil-
low bark extract on knee and hip symptoms due to gonar-
throsis (chronic wear of the cartilage in the knee joint) and 
coxarthrosis (non-inflammatory degenerative disease of the hip 
joint). Eighty-eight patients received the equivalent of 120 to 
240 mg/day salicin, 40 patients a standard drug treatment as 
a reference for 6 weeks. As the study progressed there was a 
trend towards greater improvement in the willow bark group 
with better tolerability than for the conventional treatment.8 
A recent systematic review of other studies on Salix concluded 
that there was moderate evidence of efficacy for the use of 
ethanolic willow bark extract in low back pain at doses equiva-
lent to 240 mg/day of salicin (see willow bark monograph).9

Other traditional anti-inflammatories have also been inves-
tigated in modern times: in a recent double blind, placebo-
controlled trial, a standardised Boswellia serrata (frankincense) 
extract was investigated for the treatment of OA of the knee. 
Seventy-five patients with mild to moderate symptoms were 
randomised into three equal groups: placebo, low-dose and 
high-dose extract. Both doses of Boswellia conferred clinically 

and statistically significant improvements in pain scores and 
physical ability scores throughout the 90 days of treatment 
(see also Boswellia monograph).10 In two randomised con-
trolled clinical trials, a traditional European remedy, comfrey 
(applied topically), has been found helpful in reducing ankle 
swelling.11,12 Harpagophytum (devil’s claw) is a remedy that 
has attracted a considerable research effort, generally positive 
though with some poor-quality studies (see devil’s claw mono-
graph).13,14 A number of alterative remedies are used non-spe-
cifically for arthritis. Notable in European tradition is Urtica 
(nettle), for which there is now some pilot evidence of efficacy 
available (see also nettle monograph).15

A Cochrane review of clinical trials for low back pain, 
usually with arthritic elements, found that there was posi-
tive evidence for Harpagophytum procumbens, Salix alba and 
Capsicum spp. although there were methodological shortcom-
ings in each case.16

A more recent contender for an arthritic treatment has 
been standardised preparations of Rosa canina (rosehip). In 
one double blind, controlled study among 100 patients with 
OA of the knee or hip, a modest benefit over placebo was 
detected over 4 months.17 In another double blind, placebo-
controlled crossover trial in 94 patients with the same con-
dition, researchers found that the effect was minimal, but 
included some reduction of stiffness and symptoms, and 
reduced use of back-up analgesics.18 Others are less obvious 
in their rationale and rely on traditional reputation to support 
their use; Actaea racemosa (black cohosh), Curcuma longa 
(turmeric) and Juniperus (juniper) may feature. However, 
there are now positive results for curcumin from turmeric, 
especially in high dose or enhanced bioavailability preparations 
(see turmeric monograph). The efficacy of some of the above 
together has been established in a double blind controlled 
clinical trial and evidence for similar combinations exists else-
where.19 Zanthoxylum (prickly ash) might be added in cases 
where cold and poor circulation are identified as factors.

Phytotherapy

Osteoarthritis
The diarthrodial joint functions to enable smooth articula-
tion of the two adjoining bone ends, at the same time pro-
viding both strength and resilience.20 The joint capsule is stiff 
fibrous tissue to offer structural support, often reinforced by 
other structures such as collateral ligaments. The inner lining 
of the joint capsule is the synovial membrane, consisting of 
an inner thin (1 to 3 cells thick) layer, supported by an outer 
innervated and vascularised stromal layer. Synovial fluid fills 
the joint cavity and acts as the lubricant. It is an ultrafiltrate 
of blood plasma made viscous with hyaluronic acid. The hya-
line cartilage covers the articular surfaces and is a highly spe-
cialised connective tissue adapted to load bearing and shock 
absorption. A sparse population of chondrocytes is distributed 
through the cartilage extracellular matrix, which is mainly 
type II collagen, proteoglycans (aggrecans), glycoproteins and 
water.20

Osteoarthritis (OA) has been defined as the failed repair 
of damage caused by excessive mechanical stress on joint 
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tissues.20 All joint structures are affected, but the major hall-
marks are the destruction of articular cartilage and changes in 
the subchondral bone. Historically OA was called ‘osteoathro-
sis’, a term implying the absence of inflammation. However, 
high-sensitive assays (such as for C-reactive protein, CRP) 
demonstrate that low-grade inflammation is present and that 
synovial tissue is also involved in the pathology.21

OA is the most common joint disorder and the leading 
cause of disability in the elderly. Among adults 60 years or 
older the prevalence in the US of symptomatic knee OA is 
10% in men and 13% in women.22 Total hip replacements are 
estimated to increase by seven times from 2005 to 2030.20 
Clinically diagnosed OA occurs in more than 50% of adults 
older than 65 years and in more than 30% aged 45 to 64 
years.23 Widely accepted risk factors are age, obesity, joint 
injury, genetics (39% to 65% in twin studies), gender, joint 
misalignment and metabolic disorders.24–27 However, the 
robustness of many of these is still debated.

A Canadian study examined the link between primary 
OA and occupation.28 Agricultural workers showed a signifi-
cant excess prevalence of OA, with an observed to expected 
(O/E) ratio of 1.7 in women and 2.3 in men. Linear trends in 
prevalences between white collar, ‘mixed’ collar and blue col-
lar workers were also significant, with O/E ratios respectively 
of 1.0, 2.9, and 2.6 in women and 1.0, 1.2, and 1.7 in men. 
Specific excess prevalence was found in women among house-
keepers (O/E 4.4), and in men among unskilled labour work-
ers (O/E 10.3) and truck drivers (O/E 6.7).28

OA results from a complex interaction of mechanical, bio-
chemical, molecular and enzymatic feedback loops.29 The 
final common pathway is joint tissue destruction resulting 
from the failure of cells to maintain the homeostatic balance 
between matrix synthesis and degradation. As OA advances, 
the dominant catabolic processes lead to progressive joint tis-
sue lesions. The articular cartilage, subchondral bone, synovial 
membrane and synovial fluid are all affected.

The precise mechanisms behind cartilage degradation 
are still unclear. Early on there is an increase of water and a 
decrease of proteoglycans (aggrecans) and type II collagen.30 
The predominant enzymes responsible for cartilage matrix 
degradation in OA are the matrix metalloproteinases (MMPs) 
and aggrecanases. Aggrecan is a large aggregating proteoglycan 
that contains chondroitin sulphate and keratan sulphate and 
is important for the weight-bearing properties of cartilage. A 
subclass of MMPs known as ADAMTS appears to be activated 
in OA and break down aggrecan.30 Later, cartilage mineralisa-
tion (predominantly calcium pyrophosphate and phosphate) 
occurs and can accelerate the inflammation.

Synovial inflammation (synovitis) occurs in early OA but 
can be subclinical. It is possibly induced by cartilage matrix 
degradation29 and becomes more extensive as OA progresses, 
with synovial hypertrophy and hyperplasia occurring.31 There 
are increased numbers of immune cells, such as activated B 
cells and T lymphocytes. In turn, the synovitis may contribute 
to progression of the cartilage degradation.

The degeneration and erosion of cartilage has recently 
been challenged as the primary pathological event in OA.29 
Subchondral bone is suggested to play a key role: after all 
the disease was originally called osteoarthritis because of the 

prominence of the bone reaction. The subchondral bone plate 
is in direct contact with the cartilage and could influence its 
degradation. Evidence from humans and animal models has 
shown that subchondral bone alterations may precede carti-
lage degeneration. The nutrition of the articular cartilage is 
provided in part by the vascular bed of the subchondral bone. 
Early microvascular damage affecting the venous circulation in 
subchondral bone is found in OA. There is also increasing evi-
dence that bone marrow lesions (BMLs) and bone cysts have 
an important role in the pathogenesis of knee OA.32 BMLs are 
strongly associated with radiological progression of knee OA 
and BML enlargement predicts increased cartilage loss and the 
reverse.

The common observation that chronic OA patients can 
experience flare-ups speaks to it being an inflammatory disease. 
Inflammation seems to be a very early event in OA, perhaps 
elicited by the initial traumatic injury. Elevated levels of CRP 
can be observed well before clinical disease.21 Inflammation 
and its triggers directly affect synovial cells (fibroblasts and 
macrophages), as well as cartilage chondrocytes, causing them 
to produce cytokines, particularly interleukin (IL)-1beta and 
later tumour necrosis factor (TNF)-alpha. (The macrophage is 
a key inflammatory cell in OA.)21 OA cartilage produces a large 
amount of nitric oxide (NO) and reactive oxygen species. This 
is attributable to increased expression of inducible NO syn-
thase (iNOS). NO reduces the major anabolic processes and 
increases the catabolic processes.

Eicosanoids, namely leukotrienes (LT) and prostaglan-
dins (PG) are involved, particularly PGE2 produced from 
arachidonic acid by cyclo-oxygenase (COX)-2, followed by 
PG synthase.29 The use of non-steroidal anti-inflammatory 
drugs (NSAIDs) and COX-2 selective inhibitors has shown 
that PGE2 inhibition does not alter the course of progressive 
OA.33 LTs produced by 5-lipoxygenase (5-LOX) could be the 
reason for this, as COX inhibitors might shunt more arachi-
donic acid into the 5-LOX pathway, paradoxically worsen-
ing the progression of OA. LTB4 potently increases IL-1beta 
and TFN-alpha from the synovium. Hence dual inhibitors of 
eicosanoids, acting on both COX and 5-LOX, are desirable.33 
Upstream activation of nuclear factor-kappaB is stimulated 
by cytokines, excessive mechanical stress and matrix deg-
radation products, and in turn regulates the expression of 
cytokines, inflammatory mediators (including COX-2) and 
several matrix degrading enzymes. It may cause chondro-
cytes to malfunction.34

While the OA definition links it to mechanical stress, pre-
disposition to such stress could be more important. One study 
found that OA is more widespread in the body than is appar-
ent from clinical studies.35 This is consistent with other data 
suggesting that OA is a disease that is primarily dependent on 
systemic predisposition to a particular type of bone response 
to mechanical stress. Generalised OA is a strong predictor of 
disease progression.27 One factor in operation here could be 
advanced glycation endproducts (AGEs). Increased severity 
of OA correlates with higher cartilage AGE levels.36 AGEs in 
cartilage trigger AGE receptors (RAGE) on chondrocytes and 
fibroblast-like synoviocytes causing increased catabolic activ-
ity, for example production of cytokines and matrix degrading 
enzymes, which degrade and breakdown cartilage.37
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The source of pain in OA remains enigmatic, especially at 
the level of the individual patient. Cartilage is aneural; hence 
it cannot be the tissue that directly generates pain.20 In con-
trast, subchondral bone, synovium, marginal periosteum, liga-
ments and the joint capsule are all richly innervated, but rarely 
can the precise tissue origin of pain be identified in the indi-
vidual patient. Imaging studies at the knee joint have shown a 
correlation between pain and both synovitis and subchondral 
bone changes. The relatively immediate reduction in pain fol-
lowing total knee replacement could be due to the excision of 
the subchondral plate in this procedure. Grosser pathological 
changes such as subchondral bone exposure, osteophytes and 
oedema probably cause pain in highly advanced disease. In 
addition, alterations of CNS pathways associated with chronic 
pain states (central sensitisation or ‘wind-up’) have also been 
identified in OA patients; the neurotransmitter substance P 
might be involved here.23 While PGE2 is generally acknowl-
edged as a major pain mediator, there are indications that leu-
kotrienes can also play a role in pain.38

Growing evidence from epidemiological studies suggests 
that OA is also linked to primary cardiovascular disease.39 
High prevalences of cardiovascular risk factors and vascular  
co-morbidity have been described in OA. Factors strongly asso-
ciated include hyperlipidaemia and hypertension. A higher risk 
of cardiovascular death is associated with widespread OA and 
one large study found that men with OA in any finger joint 
were 40% more likely to die from cardiovascular disease.40 One 
study found that the same risk factors that predict for cardio-
vascular disease, especially those related to coagulation, throm-
bosis and blood rheology, predict for OA, but with a lower 
threshold.41 The study concluded: ‘that there is a hypercoagula-
ble and prothrombotic condition in osteoarthritis, with hypofi-
brinolysis and indirect evidence of increased fibrin generation’.

One recent review suggested there is mounting evidence 
that microvascular pathology plays a key role in the initiation 
and/or progression of OA.42 Disruption of microvascular blood 
flow in subchondral bone may reduce nutrient diffusion to 
articular cartilage in OA. Ischaemia in subchondral bone due to 
microthrombi may produce osteocyte death, bone resorption 
and articular damage in OA. Another slightly earlier review 
suggested that vascular disease in subchondral bone may accel-
erate the OA process.40 This is either by reducing cartilage 
nutrition or via direct ischaemic effects on bone, depending 
if cartilage damage is a primary or secondary inflammatory 
event. As further evidence, BML formation could be secondary 
to vascular events. Regardless of what initiates OA (which is 
more relevant for prevention), vascular disease is suggested to 
be highly relevant to the progression of OA.

Based on the above information, any rational therapy in OA 
must recognise the following issues:
l	 OA is not simply mechanical wear and tear
l	 Neither is OA a solely PGE2-mediated inflammatory 

disease
l	 The source of pain in OA can be enigmatic
l	 OA is an active and complex biological process of matrix 

degradation mediated by cells within and adjacent to 
the joint, involving a range of inflammatory factors and 
pathological processes

l	 Underlying issues such as vascular and microvascular health 
and insulin resistance should be addressed

l	 Therapy for OA should target the processes driving matrix 
degradation and the true sources of pain and inflammation.

The herb Boswellia serrata is a key agent in the rational ther-
apy of OA. A 2010 review noted the following anti-inflamma-
tory effects of Boswellia or boswellic acids from in vitro and in 
vivo experiments43: inhibition of 5-LOX, but only minor activity 
on PGE production, downregulation of TNF-alpha by inhibition 
of NF-kappaB, inhibition of IL-1beta production and inhibition 
of C3-convertase of the complement system. Particularly active 
are 11-keto-beta-boswellic acid (KBA) and acetyl-11-keto-beta-
boswellic acid (AKBA). The clinical evidence for Boswellia in 
OA is good. In particular, there are suggestions from some tri-
als that Boswellia treatment might be disease-modifying, rather 
than just providing symptom control (see Boswellia mono-
graph). This disease-modifying effect should be no surprise 
given the range of its anti-inflammatory effects relevant to OA.

Another key rational treatment is the proprietary pine bark 
extract known as Pycnogenol. A double blind, placebo-controlled 
trial involving 38 knee OA sufferers found 150 mg/day of the 
proprietary pine bark OPCs (PBO) for 3 months reduced pain 
and stiffness and improved physical function.44 Differences were 
quite significant clinically, with a 49% reduction in the WOMAC 
score and a significant drop in conventional painkiller use. A sim-
ilar design trial, but with 156 patients and PBO at 100 mg/day 
again showed a 50% reduction in the WOMAC score and a sig-
nificant drop in oedema.45 A follow-up study of this trial found 
CRP was lowered by 71% by PBO, and fibrinogen by 37%.46 
Another similar trial in 100 patients receiving 150 mg/day found 
reduced stiffness and use of other painkillers.47 PBO has benefi-
cial effects on the microvasculature, which, in addition to anti-
inflammatory activity, could explain its benefits in OA.

The above discussion proposes that microcirculatory and 
cardiovascular factors may predispose to OA. This was sup-
ported by a UK study in female twins that found a strong 
protective effect on radiographic hip OA for ‘Allium’ con-
sumption (odds ratio 0.70).48 Non-citrus fruit was also pro-
tective (OR 0.56). Of course, a major Allium species is garlic, 
well known for its vascular and microvascular effects.

It is hoped that individual strategies will be devised for 
each patient with OA, taking some of the insights in this and 
other chapters into account, but essential elements of herbal 
treatment are as follows:
l	 Phytotherapy regards OA not as a focal joint disease, but 

a systemic disorder, with emphasis placed on an alkaline-
forming diet

l	 Herbs that make the body more alkaline are a key part of 
support in OA; the main herb in this category is Apium 
(celery seed). This herb is considered to increase the 
excretion of acidic metabolites in the urine. It probably 
also has anti-inflammatory activity. Another herb used for 
OA in this category is dandelion leaves

l	 Depuratives (alteratives), which are believed to aid in the 
clearance of metabolic waste from the body, are often 
recommended. These include Burdock and yellow dock, but 
the key herb is nettle leaf, which has been found to also have 
anti-inflammatory activity in arthritis (see nettle monograph)
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l	 Bladderwrack is used for obese patients with arthritis 
because of its thyroid-stimulating activity, but may also 
have other effects

l	 St John’s wort can be used where nerve entrapment is 
present. Because of its positive effect on the nervous 
system, particularly in cases of depression, it can also 
help to compensate for negative psychosocial factors and 
improve sleep quality

l	 Anti-inflammatory herbs are indicated and these include 
Boswellia, ginger and turmeric. Herbs which may modify 
cytokines and other inflammatory processes, for example 
Rehmannia, Bupleurum and Boswellia, and those working on 
NF-kappaB activation, such as feverfew, should be considered

l	 Willow bark is the key analgesic herb (see monograph)
l	 The importance of improving the circulation to affected 

joints has long been recognised and traditional support such 
as prickly ash can be supplemented with modern support 
from garlic, Ginkgo and celery seed

l	 Herbs to benefit the microcirculation are also relevant, 
such as grape seed and pine bark extracts (sources of 
OPCs), bilberry, gotu kola and Ginkgo

l	 Gotu kola should be considered as part of a long-term 
management to improve viability of chondrocytes.

Example liquid formula 

Apium graveolens 1:2 35 mL

Urtica dioica 1:2 35 mL

Zingiber officinale 1:2 10 mL

Curcuma longa 1:1 30 mL

TOTAL 110 mL

Dose: 8 mL with water twice per day.

Gout
Gout is a common arthritis caused by deposition of mono-
sodium urate (MSU) crystals within joints following chronic 
hyperuricaemia.49 It affects 1% to 2% of adults in developed 
countries where it is the most common inflammatory arthri-
tis in men. Epidemiological studies suggest its incidence is 
rising. Diet, lifestyle and genetic defects in renal transport-
ers of urate seem to be the main causative factors in primary 
gout. Gout and hyperuricaemia are associated with hyper-
tension, type 2 diabetes, metabolic syndrome and renal and 
cardiovascular diseases.49 In fact, gout appears to be a risk 
factor for all cause mortality and cardiovascular mortality and 
morbidity that is additional to the risk conferred by its asso-
ciation with traditional cardiovascular risk factors.50 These  
co-morbidities can be either a cause or effect of gout. For 
example, elevated uric acid contributes to the development of 
essential hypertension.51

A 2011 review of the risk factors for gout identified 53 
relevant studies.52 Alcohol consumption, especially beer and 
spirits, increased the risk of incident gout. Several dietary fac-
tors are also implicated, including meat, seafood, sugar sweet-
ened soft drinks and consumption of foods high in fructose 
(in keeping with gout’s links to metabolic syndrome). Dairy, 
folate and coffee intake were each associated with a lower 
incidence of gout.

Many patients with gout present with an acute attack 
(flare) of gouty arthritis.53 About 20% of patients have urinary 
tract stones and can develop an interstitial urate nephropa-
thy. When the serum urate levels persistently exceed 6.8 mg/
dL (0.4 mmol/L), extracellular fluids become saturated and 
hyperuricaemia occurs, with an increased risk of MSU pre-
cipitation. Although any joint can be affected, the metatar-
sophalangeal joint of the big toe is the first joint involved in 
half of all cases.

CASE HISTORY

A 66-year-old male had been diagnosed with spinal stenosis, with 
a tendency to calcification in his body (e.g. the lower aorta). He was 
experiencing pain in the left side (referred pain) and also pain in his left 
hip (OA of the hip was confirmed by X-ray diagnosis). He was taking 
NSAID drugs and was previously a long-term smoker.

He was prescribed the following:

Ginkgo biloba (standardised extract) 2:1 20 mL
Hypericum perforatum 1:2 25 mL
Apium graveolens 1:2 35 mL
Taraxacum officinale leaf 1:1 20 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.
Also nettle and birch leaf decoction, one to two heaped teaspoons 

per dose twice a day was recommended. After 7 months of treatment 
he was no longer experiencing any symptoms and was not taking the 
NSAID. He continued with the treatment at half the above doses.

The nettle and birch were prescribed for the arthritis and calcification 
tendency. Ginkgo was to improve microcirculation to joints and nerves 
(history of smoking) and St John’s wort was for nerve entrapment pain.

CASE HISTORY

Small joint OA can be difficult to treat and is quite stubborn, presuma-
bly because of its hereditary aspect. A 58-year-old female patient had 
quite advanced disease with large deformities on all of her fingers, 
marked stiffness and moderate pain.

The patient was initially prescribed the following liquid formula:

Zingiber officinale 1:2 15 mL
Apium graveolens 1:2 50 mL
Urtica dioica 1:2 35 mL

TOTAL 100 mL

Dose: 8 mL with water twice per day.
Tablets containing 1.9 g Boswellia serrata, 2.0 g Curcuma longa, 

1.0 g Apium graveolens and 300 mg Zingiber officinale at 2 per day 
were also included.

Progress was initially steady but not dramatic. In the following 6 
months tablets containing 8 g of Salix purpurea at 2 per day were 
added and the patient reported a big improvement in her pain and 
stiffness, despite being more active than usual.
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MSU crystals are potent inducers of inflammation. Within 
the joint they trigger a local inflammatory reaction, neutro-
phil recruitment and the production of proinflammatory 
cytokines.54 Uptake of MSU crystals by monocytes involves 
interaction with components of the innate immune sys-
tem, including Toll-like receptors (TLRs) and the NALP-3 
(NLRP 3) inflammasome complex that drives production of 
interleukin(IL)-1beta. The inflammatory effects of MSU are 
IL-1-dependent.

Arthritic disease caused by accumulation of urate crystals 
at joints provides a particular indication for herbal remedies. 
There are a number which are claimed to increase elimination 
of urate from the kidneys, notably Apium (celery), Urtica 
(nettle) and Betula (birch). There is no doubt that prescrip-
tions based on such herbs appear to ease the symptoms and 
even help to prevent recurrence. They thus provide a simple 
and probably safe treatment, especially when combined with 
a low purine diet (reduced red meat, offal, oily fish, red wine 
and port), so that urate metabolites are as reduced as far as 
possible.

Recent research has further informed the dietary and 
lifestyle advice for patients. Specifically, moderate intake 
of purine-rich vegetables (asparagus, mushrooms, peas and 
so on) or protein is not associated with an increased risk of 
gout.55 Hence, these foods can be consumed in moderation. 
However, the above advice regarding avoidance or reduction 
of meat, seafood and alcohol has been soundly confirmed.55,56 
Low fat dairy products can be increased, as these appear to be 
protective,57 and there are some promising preliminary stud-
ies supporting the time-honoured association of cherries with 
lowering serum uric acid.58,59 Weight reduction with daily 
exercise and a low glycaemic index diet are also important 
considerations.60

The essentials of herbal treatment are as follows:

l	 Herbs containing significant levels of salicylates  
such as willow bark and meadowsweet are probably  
best avoided, since they may inhibit uric acid  
excretion (salicylates certainly block the action of 
uricosuric drugs).

l	 As noted above, the key herb is celery seed, which is 
believed to act as a uricosuric agent. Relatively high 
doses are necessary, and its activity can be improved by 
combination with dandelion leaves. Gravel root has been 
traditionally used for uric acid kidney stones and may 
contain components that inhibit xanthine oxidase. Nettle 
and birch leaves are also said to have the property of 
assisting uric acid removal.

l	 Depurative herbs, especially sarsaparilla, are also 
considered to be a key part of treatment.

l	 Anti-inflammatory herbs (perhaps except for willow bark) 
can be used for acute symptoms. (These are fully listed 
under Osteoarthritis in this section of the chapter.) Given 
the involvement of cytokines, Boswellia is probably a key 
choice.

l	 Uric acid is also excreted via the liver, and choleretic 
herbs such as dandelion root and globe artichoke can be 
indicated in a patient who exhibits symptoms of poor bile 
production.

l	 The beneficial effect of cherries may be due to the 
anthocyanins they contain. Hence bilberry may also have 
similar activity.

Example liquid formula 

Apium graveolens 1:2 40 mL

Taraxacum officinale leaf 1:1 30 mL

Smilax ornata 1:2 30 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

CASE HISTORY

A male patient aged 56 years presented with severe gouty tophi in 
several fingers. He had been suffering gout for several years and 
had only recently commenced conventional medical treatment with 
allopurinol. He basically sought help with the reduction of the size and 
degree of inflammation of the tophi, otherwise his doctor wanted to 
remove part of two fingers. His serum uric acid was currently normal. 
Treatment consisted of the following:

Apium graveolens 1:2 70 mL
Smilax ornata 1:2 30 mL

TOTAL 100 mL

Dose: 5 mL with water twice a day.
Topical treatment of the affected fingers, by bathing in a strong 

Epsom salts solution (once a day) and in a lotion of half Echinacea 
angustifolia root 1:2 and half Calendula 1:2, diluted 1 in 10 with water 
(twice a day), was instituted.

After several weeks of treatment, his fingers were much less pain-
ful and the swelling had reduced in size. After 6 months the appear-
ance of his fingers was almost normal.

Repetitive strain injury/carpal tunnel  
syndrome
According to a 2007 review in The Lancet, repetitive strain 
injury (RSI) remains a controversial topic.61 The label is applied 
to a wide range of specific disorders affecting the upper limbs 
or neck. The best known is carpal tunnel syndrome (CTS). 
Others include cubital tunnel syndrome, tendonitis of the wrist 
or hand, trigger finger, tennis elbow and so on. As the name 
implies, RSI results from repetitive movements, awkward pos-
tures, sustained force and other factors that impact on the nor-
mal use of a joint or group of joints. Other descriptive names 
for the problem include cumulative trauma disorder and occu-
pational overuse syndrome.61

RSI is relatively common in adults of working age. The 
overall prevalence is conservatively thought to be between 
5% and 10% of adults, but depending on the occupation this 
can go up to 40%.61 Statistics show that industrial workers 
performing repetitive, monotonous movements are at a high 
risk, but athletes and musicians are also at risk. Long hours 
at a computer keyboard or using a mouse also can be factors.  
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The occurrence of CTS is quite high, with estimates ranging 
up to 14% of adults.62 RSI is said to cost US industry about 
$6.5 billion every year.61

Given the high cost of RSI, it is surprising to learn that, rel-
atively speaking, not much is known about its causes. Stresses 
at work and psychological distress seem to be contributive fac-
tors.61 However, the factor common to all cases of RSI is over-
use of muscle tendon units, causing a reactive inflammation 
that leads to pain and swelling (oedema) in the local tissues. 
This can lead to impairment or entrapment of nerves, which 
adds to the pain and causes other sensations such as parasthe-
sia.61 In the case of CTS, pressure at the carpal tunnel in the 
wrist is the most important factor, and being overweight can 
add to this.62 In fact, some experts suggest that CTS is not 
really a sub-category of RSI, because overuse of the hands is 
not thought to play a significant role.62

Conventional medical treatment for RSI basically com-
prises the use of anti-inflammatory drugs, including cortisone 
injections.61 For CTS, surgery is often used as a final resort. 
For non-specific, work-related RSI, immobilisation followed 
by exercise and manual therapy is often suggested. From the 
herbal perspective, published clinical studies in RSI are lack-
ing, but clinical experience suggests there is much that can  
be done.

Herbs for RSI can be recommended on the basis of the 
known problems associated with the condition, such as inflam-
mation, restricted blood flow, local oedema and nerve entrap-
ment. There are many relevant anti-inflammatory herbs. 
These include devil’s claw (Harpagophytum procumbens), 
cat’s claw (Uncaria tomentosa), Boswellia (Boswellia serrata), 
celery seed (Apium graveolens), turmeric (Curcuma longa), 
ginger (Zingiber officinale) and willow bark (Salix species). 
Anti-inflammatory herbs also work well applied topically; the 
best ones for this purpose are Arnica (Arnica montana) and 
comfrey (Symphytum species). (See the relevant monographs 
for more details.)

Other key aspects of herbal treatment for RSI are as 
follows:
l	 St John’s wort for the nerve entrapment
l	 Ginkgo for any ischaemic aspects associated with the nerve 

entrapment or restricted blood flow
l	 Horsechestnut and butcher’s broom as anti-oedema agents 

to ameliorate local pressure.

Example liquid formula 

Aesculus hippocastanum 1:2 25 mL

Hypericum perforatum 1:2 30 mL

Ginkgo biloba (standardised extract) 2:1 20 mL

Zingiber officinale 1:2 10 mL

Zanthoxylum clava-herculis 1:2 15 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

Fibromyalgia syndrome
Fibromyalgia syndrome (FMS) is a disorder of unknown cause 
characterised by chronic widespread musculoskeletal pain and 
symptoms such as fatigue, sleep disturbances, gastrointestinal 
complaints and psychological problems.63 One key diagnostic 
condition was the presence of multiple tender points on the 
body (11 of 18 tender points should be present, as defined 
by the American College of Rheumatology). However, not 
all patients meet this diagnostic hurdle. This has led to other 
diagnostic approaches. One such approach uses a widespread 
pain index in conjunction with a symptom severity scale.64 
Subclassification of FMS has also been proposed to better 
inform treatment approaches.65

Some clinicians now consider FMS is part of the spectrum of 
central sensitivity syndrome (CSS).64 Clinical entities included 
under CSS include chronic fatigue syndrome (CFS), irritable 
bowel syndrome, temporomandibular disorder, idiopathic low 
back pain, multiple chemical sensitivity (MCS) and interstitial 
cystitis. Augmented pain and sensory processing in the CNS is 
suggested as the most reproducible pathogenic feature of these 
illnesses. This could be due to deficiencies in serotonergic and 
noradrenergic, but not opioidergic, transmission in the CNS, 
together with increases in pronociceptive neurotransmitters 
such as glutamate and substance P.66

As alluded to above, there is considerable co-morbid-
ity between FMS, CFS and MCS. For example, a study of a 
cohort of CFS sufferers found 40.6% met the criteria for 
MCS and 15.6% met the criteria for fibromyalgia.67 Another 
study found that 70% of tested CFS patients met the criteria 
for fibromyalgia.68 The reverse association is also strong: 58% 
of a female group with fibromyalgia met the full criteria for 
CFS compared to 26.1% of a control group; for males the rates 
were even higher, 80.0% versus 22.2% for controls.69 In fact, 
it has been suggested that FMS and CFS are possibly the same 
condition.70

CASE HISTORY

Carpal tunnel syndrome
A 43-year-old woman had been diagnosed with carpal tunnel syn-
drome, with symptoms of pins and needles in both her hands. She 
also had periodical nosebleeds, although her blood pressure was nor-
mal, as were all other tests. She was prescribed the following formula:

Achillea millefolium 1:2 20 mL
Crataegus monogyna 1:2 20 mL
Panax notoginseng 1:2 20 mL
Aesculus hippocastanum 1:2 15 mL
Ginkgo biloba (standardised extract) 2:1 15 mL
Zanthoxylum clava-herculis 1:2 10 mL

TOTAL 100 mL

Dose: 5 mL with water three times daily.
The yarrow (Achillea) and Tienchi ginseng were for the nosebleeds. 

After about 4 months of treatment, she commented that her hands 
were the best they had been for years and she had very few problems 
with her nose bleeding. Note that the treatment for the carpal tunnel 
syndrome in this case was largely circulatory.
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However, while the literature does support the concept 
that there is much overlap between CFS and FMS, there are 
also studies that have been able to clearly differentiate the 
two conditions (see below). Since CFS and FMS have radi-
cally different clinical definitions that form the basis of their 
respective diagnoses, the possibility exists that they could 
represent the same underlying condition, but with different 
aspects of clinical expression. The analogy is somewhat akin 
to the proverb of the seven blind wise men who sought to 
explain the nature of the elephant. One felt the trunk of the 
elephant and concluded it was like a snake, another felt the 
tail and concluded it was like a rope, and so on.

In this context, an interesting US study examined 646 
patients with CFS and/or FMS in terms of the presence or 
absence of a set of 32 common symptoms.71 A technique 
known as latent class analysis demonstrated that essentially 
patients could be assigned, on the basis of their symptoms, 
into one of four classes. The mean symptom counts in Classes 
1 to 4 were 26±2.0, 20±2.5, 16±2.8 and 11±2.9 respectively. 
Hence, each class was reasonably discrete from the others. It 
was found that the presence of CFS was lowest in the more 
severe class (Class 1) and highest in Class 4. FMS showed the 
reverse trend. Severity of fatigue was highest in Class 1 and 
lowest in Class 4. Hence, FMS could represent a more severe 
form of CFS:

If our interpretation of our results is correct, what are the 
implications for understanding the clinical heterogeneity of chronic 
fatigue syndrome and fibromyalgia? In particular, it is notable that 
latent class analysis did not yield classes corresponding to chronic 
fatigue syndrome alone, fibromyalgia alone and comorbid chronic 
fatigue syndrome/fibromyalgia. These analyses would suggest that 
the clinical definitions of chronic fatigue syndrome and fibromyalgia 
are not particularly distinctive and that these syndromes are 
characterized by greater similarities than differences… . If the notion 
is correct – that the distinction between chronic fatigue syndrome 
and fibromyalgia is very fuzzy rather than sharp – rigid application 
of the existing case definitions of chronic fatigue syndrome and 
fibromyalgia may be more likely to lead to confusion than to clarity.

There may be a clinical implication of our findings. It may prove to 
be the case that classifying patients according to a severity-related 
construct is more important or useful than (other) classification.

Despite the considerable evidence of the co-morbidity 
between CFS and FMS reviewed above, and the suggestion 
that they are not distinct clinical entities, a number of stud-
ies have found distinctive differences between them. A well-
proven case in point is the observation that only patients 
fulfilling the definition of FMS (and not those with CFS) have 
elevated levels of substance P in their cerebrospinal fluid.72,73 
Substance P is a neurotransmitter involved in pain modula-
tion. Higher levels in cerebrospinal fluid may promote periph-
eral nerve growth and abnormal pain perception. This suggests 
that more emphasis must be placed on pain management in 
the treatment of FMS.

Other differences noted in clinical studies include higher 
nocturnal levels of melatonin in FMS patients compared 
with CFS and healthy controls,74 elevated levels of plasma 
endothelin-1 in FMS whereas levels in CFS are normal,75 and 
differing protein profiles in cerebrospinal fluid76 and urinary 
electrophoretic profiles between the two disorders.77

Some cardiovascular parameters differ between CFS and 
FMS. For example, haemodynamic instability using a tilt test 
demonstrated abnormalities for CFS in two studies. Values 
for FMS patients did not differ from healthy controls.78,79 
The results suggest that more emphasis must be placed on the 
cardiovascular system in the management of CFS. Patients 
with FMS often have marked sleep disturbances. In the opin-
ion of one group, sleep disturbances are more marked in FMS 
than CFS. For CFS patients often the main complaint about 
sleep is that it is excessive and non-restorative. In contrast, 
FMS patients almost invariably suffer from less than average 
time asleep.80

There also appear to be marked differences in the neuro
endocrine response between CFS and FMS. In particular, 
with CFS there may be a deficiency of corticotropin releas-
ing hormone (CRH) production, while in FMS there may be 
excess. Patients with CFS have a mild central adrenal insuffi-
ciency, secondary to either a deficiency of CRH or some other 
central stimulus to the pituitary-adrenal axis.81 In contrast, a 
review on hormonal perturbations in FMS asserted:82

Recent studies of the entire endocrine profile of FM patients following 
a simultaneous challenge of the hypophysis with corticotropin-releasing 
hormone (CRH), thyrotropin-releasing hormone, growth hormone-
releasing hormone, and luteinizing hormone-releasing hormone support 
the hypothesis that an elevated activity of CRH neurons determines 
not only many symptoms of FM but may also cause the deviations 
observed in the other hormonal axes.

These findings and the work of others suggest that an adre-
nal hyporesponsive state (adrenal depletion) is a distinctly 
characteristic feature of FMS.

In addition, there appears to be a state of autonomic dys-
function (dysautonomia) in FMS, with sympathetic nerv-
ous system hyperactivity.83 Growth hormone levels may be 
abnormal in FMS and not in CFS.73,79 Adult growth hormone 
deficiency is a well-described syndrome with many features 
reminiscent of fibromyalgia.84 It has been postulated that 
thyroid hormone resistance is also a factor in FMS.85 Patients 
with FMS were less responsive to injections of thyrotropin-
releasing hormone in terms of thyrotropin and thyroid hor-
mone production.86 However, this could be the result of 
hypothalamic malfunction.

Like CFS, FMS can have an infectious trigger.87 But also 
like CFS a wide variety of viruses have been associated with 
the disorder. Viral induced changes in cytokines have been 
suggested to play a role in fibromyalgia,88,89 and one study 
found abnormal cytokine levels,90 but not another.91

Given the similarities between CFS and FMS discussed 
above, the recommended herbs for FMS are similar to those 
for CFS outlined in Chapter 8. Specifically, these include:
l	 nervine tonic herbs such as Hypericum perforatum (St 

John’s wort), which boosted growth hormone in a small 
uncontrolled trial,92 Bacopa and Scutellaria lateriflora

l	 tonic, adaptogenic herbs and adrenal supportive herbs 
including Astragalus, Eleutherococcus, Rhodiola, Panax 
ginseng, Withania, Glycyrrhiza and Rehmannia

l	 immune-modulating herbs such as Echinacea root and 
Hemidesmus

l	 herbs supporting cognition such as Ginkgo and Bacopa.
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In addition, issues that are more unique to FMS also 
require specific attention. Suggested herbal strategies include:
l	 anxiolytic and hypnotic herbs to reduce sympathetic 

overactivity and improve sleep quality such as Piper 
methysticum (kava), Valeriana, Passiflora, Vitex, Zizyphus 
spinosa, Magnolia officinalis and Crataegus

l	 anti-inflammatory and analgesic herbs to help address 
the disorder of central afferent processing and for pain 
management including Rehmannia, Apium, Boswellia, 
Curcuma, Salix, Bupleurum and OPCs from Vitis and 
Pinus

l	 antidepressant herbs such as Rhodiola, Hypericum and 
Lavandula

l	 a particular emphasis on the adrenal restorative herbs 
Glycyrrhiza and Rehmannia.
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eriflora and 100 mg Panax ginseng at three per day.

Progress was very slow, but there were promising signs with some 
symptoms reducing after 2 to 3 months. Only after 5 months was an 
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to improve sleep quality, specifically to address his sleep maintenance 
insomnia.
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Skin diseases

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 eczema (atopic dermatitis)
l	 some cases of psoriasis and immunological skin diseases
l	 contact and other allergic skin disease
l	 superficial fungal infections
l	 acne and furunculosis
l	 viral infections.

Management of:
l	 chronic psoriatic disease
l	 rosacea.

Because of its use of secondary plant products, caution is 
necessary in applying phytotherapy topically over some:
l	 broken skin
l	 mucosal surfaces.

Note: contact sensitivity reactions are possible to almost 
any ingredient in the vehicles (e.g. creams and ointments) for 
topical applications to skin disease.

Orientation

Internal and external applications
Phytotherapy provides two unique approaches to the treat-
ment of skin inflammations. Firstly, there are particular physi-
cal and pharmacological properties in plant constituents that 
possess topical and cosmetic benefits directly on external 
application,1,2 and which are discussed further in Chapter 8 
and below. Secondly, there are developed medicinal strategies 
for treating skin problems as manifestations of internal dis-
ease, such that most herbal prescriptions are taken orally.3 For 
both reasons, and in spite of a relative lack of clinical research 
data, phytotherapy can be recommended as a dermatologi-
cal strategy. Nevertheless, skin diseases are among the most 
complex and inconsistent categories in medicine. There are 
many (including malignant tumours, bullous diseases, alope-
cia areata and pigmentary disorders) that are probably beyond 
conservative treatment, others (such as pityriasis rosea and 
lichen planus) that usually do not need treatment at all and 
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some that are wholly unpredictable. It is unrealistic to claim 
consistent performance for phytotherapy either. What is 
offered below is a number of pragmatic options, productively 
to be considered along with conventional prescription, as well 
as other complementary approaches, dietary and psychothera-
peutic treatments.

A signpost to an enigma?
There are few clear guides to understanding skin diseases. The 
origin of a proportion can be traced to simple sources, bac-
terial, viral or fungal infections for example (although a good 
practitioner would still aim to investigate ultimate causes 
for these too) or toxic exposures, but the great majority are 
largely mysterious. Even attempts to distinguish external 
(exogenous) and endogenous disease are not very helpful. It 
may look a simple matter that someone has a contact derma-
titis to this, that or the other, or that eliminating milk prod-
ucts apparently resolves eczema, but the internal reasons for 
such sensitivity are left unaddressed. For most skin disease, it 
is almost impossible to pick out substantive causative factors. 
Although dermatology is an impressive discipline in terms of 
differential diagnosis (distinguishing plantar psoriasis from 
tinea pedis or sarcoidosis from granuloma anulare), there is 
remarkably little to say about the causes of most skin diseases 
and the specialty is remarkably bereft of curative strategies. 
Topical and systemic corticosteroids largely replaced coal-tar 
products in the 1950s, but these remain the pillars of derma-
tological treatment, although palliative only.

It is clear that much skin disease is very complex. Notable 
are those linked to immunological disorders. Psoriasis is spe-
cifically an immunological skin disease, but there are many 
others with greater or lesser association with internal auto
immune disorders: discoid lupus erythematosus, scleroderma, 
and dermatomyositis. Already in some such cases links have 
been made between the skin symptoms and events deep in 
the body (see also Chapter 8). These conditions are also the 
most inconsistent and refractory; remission may be possible 
in some individuals but relapses are at least as common and 
neither change is likely to show much pattern. Clinical expe-
rience is that each individual case history is unlike any other 
and that the landmarks of deterioration, used by practition-
ers as clues to the construction of a therapeutic strategy, show 
few common themes.

Although the various skin inflammations diagnosed as 
eczema are more likely to be considered as local defects (a 
dermatitis only), it is also certain that these can reflect a wide 
variety of environmental, dietary and psychological/emotional 
influences. Again it is hard to avoid the conclusion that the 
skin manifests deeper disorders; that treatment seems more 
appropriate directed from the inside out.

Traditional observers of skin disease were almost unani-
mous in seeing it as a wider disturbance within. Given the 
paucity of treatment options in conventional dermatology, it 
may be time to reconsider some of the older strategies.

A suitable case for cleansing
An almost universal view of skin diseases in the past was that 
they were signals of inner toxicities, accumulations of irritants 

that the normal eliminatory functions had failed to remove. 
The variety of possible problems reflected a great variety of 
toxicities and most developed traditions had a wide range of 
diagnoses and treatments. The metaphors used were those 
found elsewhere in these humoral systems. In the meteoro-
logical analogies used, toxicity was often equated with ‘damp’, 
which in turn reflected disorders of the digestive system 
and liver. The fluctuation in some skin problems was seen 
to reflect the influence of ‘wind’, the consequence of distur-
bances in metabolic balance, in the balance of heating and 
cooling. Those that currently would be classified as allergic 
eczemas might have been considered ‘dry’ in earlier times, 
with reference to the gut and respiratory system. Skin disease 
could also be predominantly ‘hot’ or ‘cold’. In other words, 
treatments might extend across the whole range of tradi-
tional materia medica, depending on details of the indication, 
mostly through applying remedies that were also seen to be 
eliminative.

Folk traditions were generally less sophisticated, but the 
concept of skin disease as a toxicity symptom was consist-
ent. In European traditions, for example, skin problems were 
treated with ‘blood cleansers’ and ‘blood purifiers’ and the 
terms ‘depurative’ and ‘dyscratic’ are also derived from this 
perspective. In China, some remedies were seen as simply 
good at eliminating poison and were often used as folk treat-
ments for skin diseases. The more acute and severe the skin 
inflammations, the more robust the remedy used.

Unfortunately there is a gaping lack of modern clinical 
research for the traditional internal strategies for skin disease. 
The one notable exception is, however, encouraging.

Two double blind, controlled, clinical trials published by a 
London team of dermatologists and immunologists in 1992 
showed significant efficacy of a herb formulation taken inter-
nally. In one study, 40 adult patients with chronic, refractory, 
widespread atopic dermatitis in crossover between active 
treatment and placebo herbs showed that substantial ben-
efits followed the use of the Chinese herbs.4 In a second, 
47 children with a chronic extensive morbilliform variant 
of non-exudative atopic eczema were given Chinese herbs 
and placebo herbs in random order, each for 8 weeks, with 
an intervening 4-week washout period. In 37 who completed 
the study, the difference in benefits was clear.5 Follow-up 
studies in both cases were also positive. One year after the 
trial, all subjects on treatment in the first study showed sig-
nificant benefit; although none were able to discontinue per-
manently, most had reduced dosage. By contrast, mean scores 
for untreated individuals showed deterioration.6 A 1-year fol-
low-up on the children trial showed that over 50% of patients 
showed significant lasting benefit and 20% were able to stop 
treatment with complete remission.7

Inevitable safety issues were raised, not least by the 
authors of the papers themselves (who recommend routine 
monitoring of liver function tests and tight exclusion criteria 
for treatment). For example, two cases of acute hepatic ill-
ness have been associated with the use of Chinese herbs for 
eczema8 and one case of severe cardiomyopathy was reported 
after a 2-week course of such treatment.9 Nevertheless, actual 
reports in the clinical trials were not alarming. In the follow-
up of the children trial after a year of continuous treatment, 
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two patients taking treatment had raised asymptomatic AST 
(aspartate aminotransferase) levels, but there were no abnor-
malities in either full blood counts or biochemical parameters 
in any adult patient on continued treatment after a year.

The implications of such work have been lost on wider 
medical thinking, and follow-up attempts to develop a less 
complex marketable formula foundered. However, it demon-
strates that it is possible to design appropriate studies apply-
ing traditional diagnoses as inclusion criteria and it is fervently 
to be hoped that more studies will be forthcoming. One case 
where internal approaches have been tested is a study on the 
effects of orally consumed cocoa flavanols on photosensitivity 
(as measured by skin sensitivity, cutaneous blood flow, tran-
sepidermal water loss, and skin structure, texture and hydra-
tion after UV irradiation). In a controlled study comparing 
high and low flavanol cocoa in 24 healthy women over 12 
weeks, those consuming the high flavanol version had signifi-
cantly reduced skin sensitivity to UV.10 This study reinforces 
similar protective properties reported for carotenoids and 
lycopene products. Similar studies exist for the internal use of 
Centella asiatica (see the gotu kola monograph).

Topical treatments
Chapter 2 will lead the reader to many plant constituents 
with appreciable direct action on body tissues. There is a 
wide range of herbal applications to skin lesions, where the 
skin barrier is damaged. The section on topical applications in 
Chapter 8 should also be consulted. In summary, the follow-
ing characteristics of herbal remedies are relevant.

Demulcents
These are helpful in reducing pruritus (itching) and inflamma-
tory pain due to skin disease. In some cases, longer-term heal-
ing can result.

Lipids
Plant lipids can slow moisture loss from and smooth rough, 
scaly skin. Ricinus communis (castor bean) oil is a common 
basis for ointment, sometimes combined with zinc. Oils of 
Oenothera biennis (evening primrose), Borago officinalis 
(borage, starflower), Cannabis sativa (hemp) and Ribes 
nigrum (black currant) seeds have high gamma-linolenic acid 
and are also widely applied.

Astringents
These can sometimes be dramatically helpful where the skin 
is broken and discharging. As well as providing temporary 
relief, a strong astringent application can reduce discharge, 
reduce sepsis and promote healing.

Antiseptics
On a basic level, these are used for containing fungal conditions 
(like tinea and candida) and bacterial infections (erysipelas, 
furunculosis). The oil of Melaleuca alternifolia (tea tree) has 

been shown to be modestly effective in cases of the fungal skin 
infection tinea pedis after 4 weeks’ application of two doses in 
a blinded, placebo-controlled clinical trial with 158 patients 
(see also Chapters 2 and 8).11

Topical anti-inflammatories
In addition to immediate, often physical, properties, a number 
of plants have demonstrated useful anti-inflammatory proper-
ties in skin conditions in clinical trials (see also Chapter 8).  
The known systemic effects of the boswellic acids were tested 
topically in a double blind placebo-controlled study on the 
effects of photo-aging on the faces of 15 women, each act-
ing as her own control. The cream containing boswellic acids 
comparatively reduced measures of photo-ageing skin dam-
age, such as transepidermal water loss and skin thinning over 
30 days, sustained after 2 months of followup.12 It was con-
sidered that this benefit involved improved keratinisation and 
repair in the damaged skin. In another study that claimed to 
be blinded, 86 patients diagnosed with alopecia areata were 
divided into treatment and control groups. The treatment 
group performed a daily scalp massage with the essential oils 
Thymus vulgaris (thyme), Lavandula angustifolia (laven-
der), Rosmarinus officinalis (rosemary) and Cedrus atlantica 
(cedar) in a carrier oil blend of jojoba and grapeseed. They 
then wrapped a warm towel around the head to aid absorption 
of the oils. The control group performed the same procedure 
with only a moderately perfumed carrier oil combination. On 
a blind double-marking of standardised photographs, 44% of 
the treatment group showed significant improvement com-
pared with 15% of the control group.13

Curcumin from turmeric also has pronounced anti-inflam-
matory action on the skin. An open label study found that 
phosphorylase kinase was highly elevated in 10 untreated pso-
riasis patients and was substantially and significantly reduced to 
near normal in 10 patients using a topical curcumin (as a 1% 
gel preparation).14 A small uncontrolled trial in 12 patients 
with psoriasis given curcuminoids (4.5 g/day) for 12 weeks 
found that two of the eight patients who completed the trial 
had responded to treatment.15 A larger placebo-controlled trial 
is necessary, as suggested by the authors. A US dermatologist 
described the successful outcomes of a number of cases treated 
with topical curcumin in the same gel preparation referred to 
above (see turmeric monograph for more details).16

Phytotherapeutics

A strategic approach
A good clinician will have no set treatments for skin diseases. 
It is of course helpful to have a good diagnosis, so that treat-
ment can be better directed. However, even then one reverts 
quickly to first principles. How are the fundamental body  
functions? In particular, is there evidence of difficulties 
in digestive, hepatobiliary and bowel or other eliminatory 
functions? If there is an immunological component, as in auto-
immune or allergic conditions, then events at the gut wall 
or lumen are even more likely to be factors; they should be 
tracked down assiduously, with techniques such as rigorous 
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experimental dietary eliminations to elucidate particular dif-
ficulties. The priority of treatment is to work at such ‘primary 
lesions’. It may then be helpful to apply a humoral classifica-
tion; is there evidence of patterns that might once have been 
classified as damp, dryness, cold, heat and/or wind? Remedies 
that dry, moisten, cool, heat or balance respectively could 
then feature in the prescription. More widely, skin disorders 
can be considered as inflammatory conditions and approached 
strategically using insights developed in the relevant sections 
in Chapter 8.

The treatment of acne and furunculosis may particularly 
suggest bowel treatments: rosacea and allergic drug erup-
tions, heptobiliary and bowel remedies. Particularly in such 
cases one would understandably revert to traditional altera-
tive depurative remedies (see below), especially if their 
role overlapped with what had been determined as primary 
problems.

Healing crises?
Skin disease is particularly prone to exacerbations during 
treatment. It can take very little to provoke this adverse result 
and ‘healing crises’ are common in homeopathic and dietary 
treatments of skin disease (for example, in fasting). Some 
proponents of the latter disciplines claim these are a good 
thing, a sign that ‘toxins are coming out’. An immersion in 
pathophysiological mechanisms of skin inflammation would 
discourage this view and it is not even internally consistent as 
a notion. Skin inflammation is by definition an extraordinary 
event, involving a range of traumata in the dermal tissues that 
have little intrinsic value. If in traditional terms skin diseases 
suggest inadequacies in the ordinary eliminatory and process-
ing functions, then having even more toxins coming out of the 
skin, even briefly, does not recommend itself.

There is only one exception to the inadequacy of the heal-
ing crisis as a technique in treating skin disease. In cases of 
low-grade chronic skin trouble, where lack of activity is a 
characteristic of the condition, promoting subacute or acute 
crises has been a traditional manoeuvre to render the condi-
tion a little more vulnerable to treatment. In most other 
cases, clinical experience suggests exacerbations beyond a few 
initial days rarely lead to benefits in the long term; indeed, the 
opposite is normally true.

A good herbal practitioner will therefore aim for the mini-
mum exacerbation, promoting the defective functions so as to 
diffuse the pathology. Given the readiness with which exac-
erbation does occur, a treatment strategy that led to progres-
sive relief without a healing crisis would be something of a 
triumph.

Plant remedies traditionally used as alteratives/
depuratives
l	 Arctium lappa (burdock root), Berberis aquifolium (Oregon 

grape root),17 Fumaria officinalis (fumitory), Galium 
aparine (cleavers), Iris versicolor (blue flag), Juglans regia 
(walnut), Rumex crispus (yellow dock root), Scrophularia 
nodosa (figwort), Trifolium pratense (red clover flowers), 
Urtica dioica (nettle), Viola tricolor (heartsease).

Indications for alteratives/depuratives
l	 Skin disease traditionally associated with toxaemia or 

septicaemia (e.g. furunculosis, some cases of acne)
l	 Many cases of eczema
l	 Some cases of urticaria
l	 Most other skin diseases (as components of wider acting 

prescriptions).

Other traditional indications for alteratives/
depuratives
l	 Joint diseases
l	 Connective tissue diseases
l	 Any wider detoxification regime (e.g. spring fasts).

Contraindications for alteratives/depuratives
Depuratives can in many cases be provocative to skin disease. 
Care needs to be taken to reduce the prospects for major 
exacerbations (see Healing crises? above).

Traditional therapeutic insights into the use of 
alteratives/depuratives
Depuratives were seen primarily to detoxify, to help elimi-
natory and processing functions reduce the metabolic waste 
products accumulating. It was seen to be better to stimulate 
elimination than processing or at least to conduct therapy in 
that order. Increased processing, without elimination would 
be exacerbatory. Similarly, any remedy that led to increased 
constipation or other elimination would often be accompanied 
by exacerbation. Arctium (burdock) is notable for its poten-
tial for exacerbation; it should be used carefully, well com-
bined with, or preceded by, more eliminatory remedies.

Application
Long-term therapy with depuratives is often appropriate and 
is usually safe.

Phytotherapy

Atopic dermatitis (eczema)
Eczema, or dermatitis, is a pruritic inflammatory skin reac-
tion that manifests with variable clinical and histological 
pictures. Atopic dermatitis (AD) is a dermatitis linked to 
the atopic state. The patient is troubled by itching skin and 
there is a history of chronic or chronically relapsing dermati-
tis, worse on the flexures, and a family or personal history of 
atopy (asthma, hayfever and urticaria). The incidence of AD 
is increasing worldwide. Patients with AD are at a higher risk 
for progressing in the atopic march to asthma.18

AD can be categorised into extrinsic and intrinsic types.19 
Extrinsic or allergic AD shows high total serum IgE levels and 
the presence of specific IgE for environmental and food aller-
gens, whereas patients with intrinsic or non-allergic AD exhibit 
normal total IgE values and the absence of specific IgE. While 
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extrinsic AD is the classical type with a high prevalence, the 
incidence of intrinsic AD is approximately 20%, with a female 
predominance. Clinical features of intrinsic AD include rela-
tively late onset, milder severity and Dennie-Morgan folds, but 
no ichthyosis vulgaris or palmar hyperlinearity. The skin bar-
rier is perturbed in the extrinsic, but not the intrinsic, type. 
Filaggrin gene mutations are also not a feature of intrinsic AD 
(see below). The intrinsic type is immunologically characterised 
by the lower expression of interleukin (IL)-4, IL-5 and IL-13, 
and the higher expression of IFN-gamma. It is suggested that 
intrinsic AD patients are not sensitised with protein allergens, 
which induce Th2 responses, but with other antigens, and met-
als might be one of the candidates for such antigens.19

As touched on above, specific genetic defects in the epider-
mal barrier occur in a significant percentage of AD sufferers. 
The loss-of-function mutations in the structural protein filag-
grin, with resultant enhanced transepidermal water loss, are 
consistent with a unifying hypothesis that offers a mechanistic 
understanding of AD pathogenesis.20 A diminished epidermal 
defence to allergens and microbes is followed by polarised 
Th2 lymphocyte responses with resultant chronic inflamma-
tion, including autoimmune mechanisms.

There is a longstanding controversy as to whether allergy is 
a major pathogenic factor in AD. Several studies have associ-
ated food allergy, inhalant allergens and skin contact with air-
borne allergens with AD.21 Even in the absence of a specific 
IgE for house dust mites, infants with AD have proliferative 
T cell responses to these antigens. The role of restricting food 
allergens in the treatment of AD remains controversial in the 
mainstream literature,22 although one review suggested that egg-
exclusion diets could be of value.23 Another review proposed 
that, while food allergy is an important provoking cause of AD, 
elimination diets are only relevant in about 35% of affected 
individuals.24 Milk, eggs, wheat, soya and peanuts account for 
75% of the cases of food-induced AD. Other clinicians do advo-
cate elimination diets over a period of 4 to 6 weeks in AD suf-
ferers with a high serum IgE and positive skin prick tests.25

Other allergens implicated in AD include those from micro-
organisms and aeroallergens such as pollen, mold and dust 
mite.25 Dust mite sensitivity appears to be particularly impor-
tant.26 One clinic with experience of more than 18 000 AD 
patients also suggested a role for pseudoallergic mechanisms 
through toxic environmental agents (pollutants, solvents, pes-
ticides and so on).27 A double blind, controlled trial found that 
house dust mite avoidance measures greatly reduced the activ-
ity of AD, especially in children.28 Responses to this therapy 
varied considerably, despite the fact that allergic reactivity to 
house dust mite antigens can be established by prick-test chal-
lenge in virtually all patients with AD.

These observations highlight a potential misconception 
concerning allergen exposure in this disorder: a positive skin-
prick test (which tests for an IgE-based response) does not 
necessarily identify those allergens that might be contributing 
to the underlying immunological disturbance. Some patients 
with a positive skin reaction to dust mite do not respond to 
reduced exposure. A corollary is that food allergens are not 
necessarily identified by a prick-test challenge, although the 
study described below illustrates that it can be a useful, but 
not infallible, guide.

Twenty-six children with AD and markedly elevated serum 
IgE concentrations were evaluated for clinical evidence of 
hypersensitivity to foods with double blind, placebo-con-
trolled food challenges. Selection of foods for challenges was 
based on positive skin prick tests (>3 mm wheal) or a convinc-
ing history. At least one positive skin test to a food antigen 
was found in 24/26 patients. A total of 111 double blind, pla-
cebo-controlled challenges were performed in these children 
after suspect foods were eliminated from their diets for 10 
to 14 days. There were 23 positive challenges in 15 children, 
21 of which manifested as cutaneous symptoms, primarily 
pruritus and an erythematous macular and/or maculopapular 
rash involving 5% (or greater) of the body surface. In all, 14 
children (54%) developed cutaneous symptoms after food 
challenges. All symptoms occurred within 10 minutes to 2 
hours of challenge; nasal symptoms, mild wheezing and gas-
trointestinal symptoms were seen in some children. No symp-
toms occurred in 104 placebo challenges. There were 86/111 
clinically insignificant positive skin tests (77%) and three 
false-negative skin tests. These studies demonstrate that, in 
some children with AD, immediate food hypersensitivity 
can provoke cutaneous pruritus and erythema, which leads 
to scratching and subsequent eczematous lesions. Foods that 
commonly elicited symptoms on challenge were milk, wheat, 
eggs, soya and peanuts.29 (This study highlights that replacing 
cow’s milk with soya milk is not advisable in some patients.) 
In a follow-up study, elevated plasma histamine levels were 
found in the group of subjects who had positive reactions to 
food challenges.30 Other studies have found that chocolate, 
seafood, oranges, celery and yeast can also commonly provoke 
symptoms in patients with AD.31,32

Many types of inflammatory cells are present in AD skin 
lesions, but the major abnormality is thought to involve hyper-
stimulatory T cells.21 Much interest has focused on the shift 
in T-helper-cell activity towards a Th2 type response. Both 
Th1 and Th2 cells can induce B cells to produce immunoglob-
ulins, but only Th2 cells induce IgE.21 Regulatory mechanisms 
are also relevant, with an important role for T regulatory 
cells.33

Innate immune responses are also defective in AD, leading 
to increased susceptibility to viral, bacterial and fungal infec-
tions.34 An example of this is the almost 90% rate of coloni-
sation of the skin with Staphylococcus aureus in AD patients, 
compared with only 5% colonisation in healthy people. 
Circulating NK cells are significantly reduced in AD patients 
and are functionally defective, as noted by the reduced 
release of IFN-gamma. A striking finding in lesional biopsies 
from AD patients is the absence of neutrophils.35

Although the Th1/Th2 paradigm, with Th2 responses 
predominating in AD, has been helpful, the actual processes 
involved are more complex. Patients appear to develop a 
biphasic helper T-cell pattern, with Th2 cytokine predom-
inance seen early in the acute stage, but then a switch to a 
more Th1-like profile, with higher levels of IFN-gamma in the 
chronic stage.34

As noted, the cutaneous microbial flora of atopic dermatitis 
patients shows striking differences in terms of the presence 
of Staph. aureus. The relative rarity of colonisation on nor-
mal skin is in sharp contrast to the high rate found in patients 
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with AD, ranging from 76% on unaffected areas up to 100% 
on acute, weeping lesions.36 Staph. aureus can induce inflam-
matory reactions via a range of activities, including toxin and 
protein secretion. Among these are the superantigens, which 
have potent inflammatory and immunological effects.36 
(Superantigens bind directly to macrophages without antigen 
processing. This can have profound pathological effects due to 
the release of cytokines by these cells or via the subsequent 
activation of T-cells.37,38) The superantigen Staph. aureus 
enterotoxin B induces the expansion of Th2 cells, leading to 
increased IgE synthesis.36

An interesting prospective study comparing, 110 AD 
patients and 30 healthy volunteers (age 11 to 45 years) dem-
onstrated a high colonisation density of skin lesions and nasal, 
pharyngeal and vaginal mucosa with Staph. aureus in 102 cases, 
with streptococci in 53 cases and with Candida, Aspergillus or 
Penicillium sp. in 36 cases. Quantitative investigations of fae-
cal and duodenal aspirate microflora in the same AD group 
revealed significantly increased counts of haemolytic coli-
forms, Candida/Geotrichum and pathogenic Clostridia, gener-
ally associated with dramatically reduced counts of lactic acid 
producing bacteria. By contrast, positive skin cultures with 
Staph. aureus were isolated in only two controls and increased 
Candida counts in faeces were found in another three. 
Specific IgE antibodies against Candida albicans, Aspergillus 
fumigatus and Saccharomyces cerevisiae were evident in 61, 
32 and 56 cases, respectively, suggesting an increased infec-
tious susceptibility and sensitivity to fungal antigens in the 
disease group. Thirty-one of 58 tested AD sera showed 
obviously decreased gamma-globulin levels (IgG and IgM,  
p<0.005) and in 24 of 35 patients tested for delayed cutane-
ous hypersensitivity reactions, a severe depression of the cel-
lular immune response was recorded. The authors suggested 
that their experience shows that correction of the intestinal 
and dermal dysbiosis, along with appropriate nutritional sup-
port and immune modulating therapy, are essential steps in 
the management of AD.39 However, a Cochrane review failed 
to find evidence that conventional therapy against S. aureus 
was clinically helpful in people with AD that is not clinically 
infected.40

Some early studies (for example, Ayers in 1929 and 
Brown and co-workers in 1935) found a low gastric produc-
tion of hydrochloric acid was correlated with incidence of 
AD. Therapy with hydrochloric acid resulted in a dramatic 
improvement in some cases.41 A Russian study found mark-
edly reduced activity of membrane-bound small-intestinal 
enzymes in 346 patients with AD. Correction of this dysfunc-
tion resulted in improvements in both digestion and skin.42  
A related study found a similar problem in infants with AD 
and reduction of disaccharide intake (e.g. lactose, sucrose and 
maltose) was instituted.43

A meta-analysis of 21 studies found that current intes-
tinal parasite infection was protective against allergic sen-
sitisation.44 This supports the ‘old friends’ hypothesis, a 
modification of the hygiene hypothesis, where exposure to 
certain relatively harmless microorganisms (including hel-
minths) supports immunological regulation via gut-associated 
T regulatory and regulatory dendritic cells.45 A less diverse 
gut microbiota, with high counts of Bacteroides, Clostridium, 

Enterobacteriaceae and Staphylococcus early in life has been 
associated with an increased risk for AD.46

Based on the above discussion, the following lifestyle and 
dietary changes can be recommended. Measures to eliminate 
exposure to house dust mite antigen should be instituted. 
Simple or multiple exclusion diets should be considered, 
based on the clinical information. Elimination of cow’s milk 
(and related dairy products) is recommended as the starting 
diet if a simple exclusion diet is chosen. Care should be taken 
to substitute protein and calcium in young children. If there 
is no symptom improvement in about 4 to 6 weeks, differ-
ent foods in turn could be tried such as eggs, peanuts or sea-
food.47 Various multiple exclusion diets are available.47 These 
typically involve avoidance of dairy products, eggs, nuts, pork, 
bacon, shellfish, yeast and fruit. Such diets can be severe 
and should not be instituted as a first resort. The diet should 
otherwise be well balanced and should not contain excessive 
amounts of junk food, sugar and refined carbohydrate.

It is hoped that individual strategies will be devised for 
each patient with AD, taking some of the insights in this and 
other chapters into account, but essential elements of herbal 
treatment are as follows:
l	 Echinacea root will help to balance the immune response. 

Experience shows that it does not aggravate AD (and may 
even help shift responses away from Th2 type to Th1). 
Boosting the innate immune response with Echinacea, 
Andrographis and other immune herbs may help to control 
Staph. aureus infection.

l	 Antiallergic herbs (such as Albizia, Baical skullcap and 
nettles) and anti-inflammatory herbs (such as licorice and 
Bupleurum) can help to control symptoms.

l	 Bitter herbs and ginger will improve digestion (if 
indicated).

l	 Long-term treatment with depuratives such as burdock, 
figwort, clivers, yellow dock and sarsaparilla. Solanum 
dulcamara (bittersweet) is a depurative herb that also 
possesses anti-inflammatory properties.48 Heartsease is 
specifically used for infantile eczema.

l	 Evening primrose oil as a source of gamma-linolenic acid 
can correct an essential fatty acid imbalance, confer anti-
inflammatory effects and support the epidermal barrier.

l	 Topical treatment with anti-inflammatory and antiseptic 
herbs. The antiseptic herbs will help to control skin 
microflora imbalance and infection with Staph. aureus. 
Calendula has both antiseptic and anti-inflammatory 
properties. Myrrh and tea tree oil have antiseptic 
properties and topical treatment with myrrh and Echinacea 
could improve the cutaneous immune response (watch for 
contact dermatitis with myrrh). Witchhazel with its tannins 
has antimicrobial activity and other components in the 
herb confer anti-inflammatory effects. Golden seal contains 
antimicrobial alkaloids (hence it should not be combined 
with tannins). Licorice, chamomile and St John’s wort oil 
have topical anti-inflammatory activity (see monographs).

l	 Hemidesmus and Rehmannia can be used to modulate the 
Th2 response.

l	 Therapeutic baths can be of value in AD. A bag of oatmeal 
suspended in a coarse cloth (run the bath water out of the 
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tap through the bag and then suspend the bag in the bath) 
will soothe irritated and inflamed skin. Antiseptic essential 
oils in a bath will help to correct skin microflora imbalance.

l	 Gut dysbiosis should be addressed, if appropriate (see  
p. 203).

Chronic urticaria
Chronic urticaria can be defined as the occurrence of transient 
wheals lasting more than 6 weeks in duration. In many cases a 
specific cause is not identified and this is classified as chronic 
idiopathic urticaria. A physical trigger (heat, cold, exercise, 
etc.), vasculitis or systemic disease (mainly autoimmunity, 
especially thyroid disease) can act as a cause.49 Associations 
with Helicobacter pylori, candida infection, malignancy and 
food intolerances have been reported. An elimination diet 
focusing on salicylate and amine sensitivities should be consid-
ered on a trial basis.

A subset of patients with chronic idiopathic urticaria has 
autoantibodies to the high affinity IgE receptor, or, rarely, 
anti-IgE antibodies. Autologous serum skin testing for these 
autoantibodies can be performed.49 These autoantibodies 
have been shown to activate blood basophils and skin mast 
cells in vitro. Activation of basophils or mast cells causing 
histamine release is quite specific for chronic urticaria and 
defines the autoimmune subgroup.50 New research suggests 
that in some patients the activation of the extrinsic coagula-
tion pathway with thrombin generation might play an impor-
tant role.51

It is hoped that individual strategies will be devised for 
each patient with chronic urticaria, taking some of the insights 
in this and other chapters into account, but essential elements 
of herbal treatment are as follows:
l	 Depuratives are an important aspect of treatment, 

especially the stinging nettle leaf. Perhaps some principle 
of homeopathy applies here, since the stinging nettle 
produces urticarial lesions on contact with the skin. Other 
depurative herbs include yellow dock, Oregon grape and 
burdock.

l	 Antiallergic herbs, especially Albizia and Baical skullcap, 
will help to control symptoms created by mast cell 
activation and prevent recurrence of urticaria.

l	 Echinacea will help to balance the immune response and 
resolve any relevant infection. If infection is suspected to 
be the cause, other immune-enhancing herbs should also 
be prescribed, and St John's wort for antiviral activity if 
appropriate.

l	 Rehmannia has been shown to benefit urticaria in 
uncontrolled clinical trials conducted in China. 
Hemidesmus may also be of value.

l	 Digestive function should be improved using bitters, 
ginger and choleretic herbs if food allergies are suspected.

l	 A clinical study found that 21 of 30 patients suffering 
from chronic urticaria which had lasted from 3 months  
to 5 years had proven Helicobacter pylori infection.52 
After therapy for Helicobacter, all 21 became free of 
urticaria.

l	 Herbs that can help to control Helicobacter if the patient 
tests positive include garlic, thyme, turmeric, cranberry, 
sage, Nigella, barberry and other berberine-containing 
herbs (such as golden seal) and herbs containing tannins 
(note that tannins are incompatible with alkaloids such 
as berberine and should be taken at different times). 
Berberine-containing herbs are particularly active. 

CASE HISTORY

An 8-year-old girl had eczema that started about 4 years ago. It was 
worse each summer, perhaps as a result of swimming in the local 
pool. The mother had tried removing dairy products from her diet, 
with not much success. The girl seemed to be eating quite a few 
sweet biscuits and so it was suggested that these be reduced. Her 
doctor had prescribed a topical steroid. On examination the lesions 
on her face showed signs of a secondary infection. The following for-
mula and dosage was prescribed (based on her weight of 25 kg):

Echinacea angustifolia root 1:2 50 mL
Scutellaria baicalensis 1:2 25 mL
Urtica dioica 1:2 25 mL

TOTAL 100 mL

Dose: 3 mL with water twice a day.
Topical application of a chickweed cream was also recommended 

for the lesions and one 500 mg capsule of evening primrose oil was to 
be broken and taken internally or applied topically (on the abdomen 
where the skin is thin for dermal absorption) twice a day.

On review after 4 weeks the rash had improved substantially and 
her face was clear. Use of the local swimming pool did not seem to 
aggravate the condition as it did previously. Treatment was continued 
for several months and improvement was maintained.

CASE HISTORY

A woman aged 23 years presented with severe AD. It was itchy and 
infected and affected her hands, legs, scalp, face (around the lips) 
and chest. The condition started about 6 years ago and was currently 
being treated with topical steroids. It was worse premenstrually and 
she had a family history of atopy and suffered from asthma. She was 
prescribed the following formula (feverfew for antiallergic effects):

Astragalus membranaceus 1:2 25 mL
Echinacea angustifolia root 1:2 25 mL
Centella asiatica 1:1 20 mL
Tanacetum parthenium 1:5 10 mL
Bupleurum falcatum 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times daily.
In addition she was advised to avoid all dairy products, take 

chaste tree 1:5 2.5 mL with water on rising each morning and three 
1000 mg evening primrose capsules per day. A chickweed cream was 
prescribed for topical application.

Four weeks later her condition was about the same. She had 
made a decision (without seeking advice) to completely stop her ster-
oid cream and her rash grew much worse (a characteristic rebound 
effect). Since then it had stabilised, but not improved. Treatment was 
continued.

After another 8 weeks of treatment there was a significant 
improvement in her skin condition. Treatment was continued over sev-
eral more months, after which her AD had more or less subsided.
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Echinacea should also form part of the treatment and garlic 
will work best as a fresh, crushed clove.

l	 Factors involved in autoimmunity should be addressed if 
appropriate (see Chapter 8).

Example liquid formula 

Echinacea purpurea/angustifolia root 1:2 35 mL

Scutellaria baicalensis 1:2 20 mL

Urtica dioica 1:2 20 mL

Rehmannia glutinosa 1:2 30 mL

TOTAL 105 mL

Dose: 8 mL with water two times a day.

Phytotherapy should be centred on the following:
l	 Immune-enhancing herbs will assist the fight against the 

virus in acute outbreaks and prevent reactivation of latent 
virus. Key herbs include Echinacea root, Andrographis and 
Astragalus. Astragalus should not be used in acute outbreaks.

l	 Internal treatment with St John's wort preparations high 
in hypericin appears to exert a significant activity against 
HSV-1 and -2 (see monograph).

l	 Debilitated patients suffering from recurrent outbreaks 
may benefit from adrenal tonics, tonics, adaptogenic herbs 
and nervine tonics between outbreaks. Key herbs in these 
categories include Rehmannia, licorice, Withania, Siberian 
ginseng and St John's wort.

l	 Topical treatment of lesions includes Calendula extract 
(applied neat to the lesions) and lemon balm, licorice and/or 
tea tree in ointment or cream form (see Chapter 8). Clinical 
studies have shown that use of lemon balm ointment on 
lesions helps to prevent future outbreaks of herpes simplex 
(see Chapter 8).

l	 Post-herpetic neuralgia is treated with St John's wort and 
analgesic herbs for the neuralgia, together with adaptogens, 
tonics and immune-enhancing agents. Peppermint oil can 
be applied topically (see monograph).

l	 Clinical trials have demonstrated that cream containing 
capsaicin (or cayenne extract) might also have value for 
post-herpetic neuralgia (see Chapter 2).

Example liquid formula
For acute outbreaks the following formula has helped several 
patients in conjunction with topical application of Calendula 
extract for both herpes simplex and shingles:

Echinacea purpurea/angustifolia root 1:2 70 mL

Hypericum perforatum (high hypericin) 1:2 30 mL

TOTAL 100 mL

Dose: 5 mL with water four to five times a day until the 
lesions heal.

CASE HISTORY

A girl aged 14 years presented with recurrent urticaria. Her first epi-
sode occurred about 4 to 5 years ago, when she experienced urti-
caria every day for about a month. Her hands and feet were affected 
first, but sometimes the itchy rash would cover most of her body. 
Despite the fact that she was now avoiding certain foods and triggers 
such as contact with couch grass, she was currently experiencing an 
attack every 2 to 3 days. There was no history of hayfever, asthma or 
eczema.

Given that she might react to certain herbs, her prescription was 
three herbs, dispensed separately. The herbs were:

Echinacea angustifolia root 1:2 4 mL/day
Scutellaria baicalensis 1:2 4 mL/day
Urtica dioica 1:2 4 mL/day

Her instructions were to take the first herb only for 3 days, followed by 
the second and the third, each for 3 days. If none of the herbs aggra-
vated her condition (which was the case), she was then to commence 
all three herbs each day at the above doses.

After taking the herbs for about 8 weeks the bouts of urticaria had 
ceased. She stopped the herbal treatment and 3 years later the urti-
caria had not returned.

Herpes simplex and shingles
Herpes simplex skin outbreaks are characteristic mucocuta-
neous lesions which are caused by new infection with herpes 
simplex virus 1 (HSV-1) or 2 (HSV-2), or by reactivation of 
latent virus residing in the nervous system. Typically HSV-1 
affects the face, lips or mouth and HSV-2 affects the genitals, 
although either virus can infect either location.

HSV is a double-stranded DNA, enveloped virus. HSV 
infection of some neuronal cells does not result in cell 
death. Instead, viral genomes are maintained by the cell in a 
repressed state compatible with survival and normal activities 
of the cell, a condition known as latency. Immune compe-
tency is of primary importance in preventing and dealing with 
outbreaks caused by latent virus.

The treatment approach for shingles is basically the same 
as for herpes simplex infection.

CASE HISTORY

A 27-year-old woman was suffering from recurrent cold sores. She 
had been experiencing an outbreak at least every month and the 
sores were large and painful. This had been happening for many 
years. Treatment prescribed was:

Echinacea angustifolia root 1:2 70 mL
Hypericum perforatum (high hypericin) 1:2 30 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.
Picrorrhiza tablets 500 mg at two per day and topical application of 

Calendula 1:2 extract was also prescribed.
After 4 weeks there was a noticeable improvement. She still had an 

outbreak but it was not as severe and healed more quickly. During the 
next 4 weeks she was free from outbreaks of cold sores. Treatment was 
continued for another 8 weeks, again with no outbreaks. For the follow-
ing 4 months she remained free of lesions without herbal treatment and 
has been more or less free of lesions for several years after.
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Warts
Warts are a common skin condition, especially before the age 
of 20. They result from infection with the DNA human papil-
lomavirus, of which there are numerous subtypes. Transmission 
is by contact with the virus either in live or shed skin.

Most warts eventually resolve spontaneously in healthy 
people. In immunocompromised patients they can persist 
and spread (this highlights the importance of immune func-
tion). The spontaneous resolution probably results when the 
immune system ‘discovers’ the virus.

The general approach to treating infections has been pro-
vided in Chapter 8. Treatment for warts centres on:
l	 immune-enhancing herbs, particularly Echinacea root but 

also other herbs with this property will be of value
l	 internal and topical treatment with Thuja
l	 topical treatment with other antiviral agents such as tannin-

rich herbs (abrade the surface of the wart to allow access), 
Calendula and the fresh, yellow latex of greater celandine

l	 other topical treatments include comfrey (the crushed 
fresh leaves are preferred by some) and the white latex of 
the petty spurge (Euphorbia peplus). These treatments may 
also exert some antiviral activity.

Tinea pedis
Tinea pedis or athlete's foot is the most common type of 
human fungal infection. It appears to be spread through shar-
ing of bathing facilities and via swimming pools. Occlusive 
footwear and infrequent washing of socks can lead to chro-
nicity and relapses. The most common organisms involved 
include Trichophyton rubrum and T. mentagrophytes.

Phytotherapy is centred on:
l	 improving immune function with immune-enhancing herbs 

to fight the infection
l	 topical treatment with herbal antifungal agents such as 

Calendula, tea tree oil, orange or lemon essential oil, greater 
celandine and thyme or thyme essential oil. Be careful that 
the topical agents do not excessively irritate the skin.

If the toe nails are involved, tea tree oil application to the 
quick of the nail (eponychium) is particularly useful, but in 
chronic cases may need to be applied for up to 3 months.

CASE HISTORY

A 25-year-old woman had a large, painful lesion on her face which 
had been diagnosed as shingles (herpes zoster) by her doctor. She 
was concerned and depressed because she had been told that the 
sore could possibly leave a scar. The following treatment for this acute 
condition was prescribed:

Echinacea angustifolia root 1:2 70 mL
Hypericum perforatum (high hypericin) 1:2 30 mL

TOTAL 100 mL

Dose: 5 mL with water five to six times a day.
Picrorrhiza 500 mg tablets at three per day were also prescribed, 

and she was advised to apply Calendula 1:2 extract (90% alcohol) 
to the sore, followed by Calendula cream when it started to heal. 
(Caution with Picrorrhiza at this dose as it may induce abdominal pain 
and diarrhoea due to the cucurbitacins it contains.)

After 5 days she rang to report that the lesion was healing well and 
that the pain had abated on the first dose of herbal mixture. After only 
10 days the lesion had completely healed without a trace of a scar 
and she was free from any pain or other symptoms. Note regarding 
these cases: Andrographis at 3 to 4 g/day is a suitable clinical alterna-
tive to the Picrorrhiza.

CASE HISTORY

A male patient aged 23 had been treated for a wart on his knee by 
conventional cryotherapy. Instead of being free of warts, his whole knee 
became covered with them. Being reluctant to use cryotherapy again, 
he sought herbal treatment. He was prescribed the following formula:

Echinacea angustifolia root 1:2 80 mL
Thuja occidentalis 1:5 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day.

After 4 weeks there was no change and he received a repeat pre-
scription. About 2 weeks after this he rang to say that he woke up 
that morning to find that all his warts were gone.

CASE HISTORY

A male patient aged 53 presented with severe, chronic tinea in the 
right foot. The tinea caused the skin to crack which resulted in sec-
ondary bacterial infection. Sometimes this was complicated by 
cellulitis and localised oedema in the lower leg (he had to wear a com-
pression stocking on the lower right leg when the oedema was bad).

At the time of presentation he was experiencing acute bacte-
rial infection and cellulitis and had been prescribed antibiotics. 
Griseofulvin had been prescribed some time ago for the fungal infec-
tion and he maintained this treatment throughout.

The immediate aim of initial treatment was to control the bacte-
rial infection. Being an ex-alcoholic, he requested that tablets be pre-
scribed. He was placed on:

l	 A tablet containing Echinacea angustifolia root 600 mg and 
Echinacea purpurea root 675 mg per tablet. Dose: four tablets/day.

l	 A tablet containing Echinacea angustifolia root 500 mg, holy basil 
500 mg and essential oil 10 mg, and Andrographis 1.0 g per tablet. 
Dose: four tablets/day.

l	 A tablet containing horsechestnut 1.2 g, butcher's broom 800 mg 
and Ginkgo 1.5 g per tablet. Dose: three tablets/day.

The treatment rationale was as follows. The first two tablets were pre-
scribed to boost immune function against the bacteria and fungus. 
The other tablet was for the localised oedema and stasis. In addition 
the patient was given a lotion containing equal parts of Calendula 1:2  
and Echinacea angustifolia root 1:2 to use diluted with water to bathe 
the infected foot. Afterwards a comfrey cream was to be applied to 
the unbroken skin of this foot.

Two weeks later the foot had settled down, but another week later 
the cellulitis flared up again. He was maintained on the same treatment 
to prevent the cellulitis and to work on the fungal infection. Over the 
next 6 months the condition settled, the bouts of cellulitis ceased and 
the skin on the foot healed over. However, the fungal infection remained 
and he was prescribed topical tea tree oil in addition. As long as the 
patient maintained the treatment his condition was stable and the fun-
gal infection was kept under control, with no outbreaks of cellulitis.
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Acne
Acne is the most common disease of the skin.53 It affects 85% 
of teenagers, 42.5% of men, and 50.9% of women between the 
ages of 20 and 30 years. The role of hormones, particularly as 
a trigger of sebum production and sebaceous growth and dif-
ferentiation, is well known. Excess production of hormones, 
specifically androgens, growth hormone, IGF-1 (insulin-like 
growth factor 1), insulin, CRH, and glucocorticoids, is associ-
ated with increased rates of acne development. Acne may be a 
feature in many endocrine disorders, including polycystic ovary 
disease, Cushing syndrome, androgen-secreting tumours and 
acromegaly. Other non-endocrine diseases associated with acne 
include Apert syndrome, SAPHO syndrome, Behçet syndrome 
and PAPA syndrome. Acne medicamentosa is the development 
of acne vulgaris or an acneiform eruption with the use of cer-
tain medications. These medications include testosterone, pro-
gesterone, steroids, lithium, phenytoin, isoniazid, vitamins B2, 
B6 and B12, halogens and epidermal growth factor inhibitors. 
Management of acne medicamentosa includes standard acne 
therapy. Discontinuation of the offending drug may be neces-
sary in recalcitrant cases.

Basic medical interventions for acne include topical therapy, 
systemic antibiotics, hormonal agents, isotretinoin and physical 
treatments. Generally, the severity of acne lesions determines 
the type of acne regimen necessary. The emergence of drug-
resistant Propionibacterium acnes and adverse side effects are 
current limitations to effective acne management.53

Acne is a disorder of the sebaceous follicles (sebaceous 
glands associated with hair follicles), which are located on the 
face, chest and back. Several factors play a pivotal role in the 
pathogenesis of acne:
l	 Androgen dependence
l	 Excessive sebum production (lipogenesis)
l	 Abnormal follicular differentiation (retention 

hyperkeratosis)
l	 Increased colonisation with Propionibacterium acnes
l	 Inflammatory processes.

Sebum is the fatty secretion produced by sebaceous glands. 
Patients with acne have higher rates of sebum production 
than unaffected individuals and severity of acne can be cor-
related to sebum production.54 Enlargement of the sebaceous 
glands and increased production of sebum is stimulated by the 
increase in adrenal and gonadal androgens that precedes the 
onset of puberty. The first signs of acne commonly occur at 
this time.

High (but within normal range) serum concentrations of 
the testosterone precursor dehydroepiandrosterone sulphate 
(DHEAS) correlate with the presence of acne in prepuber-
tal children and in some adults.55 In particular, some women 
with acne do have raised serum concentrations of testosterone 
and DHEAS, but in men the situation is less consistent.

Increased local metabolism of DHEAS in sebaceous glands 
to more potent androgens such as dihydrotestosterone may take 
place under the influence of androgen-metabolising enzymes 
such as type I 5alpha-reductase.55 Low levels of SHBG in the 
plasma may act in concert with this process.56 This, in addition 
to a possible role of growth factors, may influence sebum produc-
tion and hence acne.55

Desquamated cornified cells of the upper canal of the seba-
ceous follicle become abnormally adherent. Instead of under-
going the normal process of shedding, they instead form a 
microscopic plug (the microcomedo) in the follicular canal.55 
The mechanism of this process, known as comedogenesis, 
is not known, but a local deficiency of linoleic acid may be 
involved.57 These lower levels of linoleic acid in sebum may 
result from accelerated sebum production.57

Progressive enlargement of microcomedones gives rise to 
clinically visible comedones, the non-inflammatory lesions of 
acne. The follicular canal becomes blocked, but sebum pro-
duction continues with the resultant proliferation of P. acnes, 
a normal resident of the sebaceous follicle.56 Sebaceous fol-
licles containing microcomedones provide an anaerobic, lipid-
rich environment in which these bacteria flourish. Glycerol is 
a nutritional requirement of P. acnes and is obtained through 
lipolysis of triglycerides in the sebum, with the release of free 
fatty acids as a byproduct.

The free fatty acids have proinflammatory and comedo-
genic properties. P. acnes also releases chemotactic factors, 
which attract neutrophils to the follicular lumen, resulting in 
further inflammatory damage.58 P. acnes further contributes 
to the inflammatory process through complement activation 
and release of other hydrolytic enzymes such as proteases. 
Follicular rupture and extension of the inflammatory pro-
cess into the surrounding skin results in the formation of the 
inflammatory lesions of acne – papules, pustules and nodules. 
Abnormalities in neutrophil chemotaxis and phagocytosis 
of P. acnes and activation of macrophages contribute to the 
chronic, haphazard nature of inflammation in severe acne.59,60

Interest in sebaceous gland physiology and its diseases is 
rapidly increasing. Exploration of sebaceous gland biology, hor-
monal factors, hyperkeratinisation, role of bacteria, sebum, 
nutrition, cytokines and TLRs is receiving research atten-
tion. Sebaceous glands play an important role as active par-
ticipants in the innate immunity of the skin. They produce 
neuropeptides, excrete antimicrobial peptides and exhibit 
characteristics of stem cells. Androgens affect sebocytes and 
infundibular keratinocytes in a complex manner influencing 
cellular differentiation, proliferation, lipogenesis and com-
edogenesis. Retention hyperkeratosis in closed comedones 
and inflammatory papules is attributable to a disorder of ter-
minal keratinocyte differentiation. P. acnes, by acting on TLR-
2, may stimulate the secretion of cytokines, such as IL-6 and 
IL-8 by follicular keratinocytes and IL-8 and IL-12 in mac-
rophages, giving rise to inflammation. Certain P. acnes strains 
may induce an immunological reaction by stimulating the pro-
duction of sebocyte and keratinocyte antimicrobial peptides, 
which play an important role in the innate immunity of the 
follicle. Qualitative changes of sebum lipids induce alteration 
of keratinocyte differentiation and induce IL-1 secretion, con-
tributing to the development of follicular hyperkeratosis. High 
glycaemic load food and milk may induce increased tissue lev-
els of 5alpha-dihydrotestosterone. These new aspects of acne 
pathogenesis lead to the considerations of possible customised 
therapeutic regimens.61

One interesting hypothesis offers a solution for the patho-
genesis of acne and explains all major pathogenic factors at the 
genomic level: this theory is a relative deficiency of the nuclear 
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transcription factor forkhead box-containing transcription factor 
(Fox)O1.62 This poorly understood transcription factor modu-
lates energy homeostasis at both the cellular and whole-body 
levels. Nuclear FoxO1 suppresses androgen receptor, other 
important nuclear receptors and key genes of cell proliferation, 
lipid biosynthesis and inflammatory cytokines. Elevated growth 
factors during puberty and persistent growth factor signals 
due to Western lifestyle stimulate the export of FoxO1 out of 
the nucleus into the cytoplasm via activation of the phospho
inositide-3-kinase (PI3K)/Akt pathway. By this mechanism, 
genes and nuclear receptors involved in acne are derepressed, 
leading to increased androgen receptor-mediated signal transduc-
tion, increased cell proliferation of androgen-dependent cells, 
induction of sebaceous lipogenesis and upregulation of TLR-2-
dependent inflammatory cytokines. All known acne-inducing 
factors exert their action by reduction of nuclear FoxO1 levels. 
In contrast, retinoids, antibiotics and dietary intervention can 
increase the nuclear content of FoxO1, thereby normalising 
increased transcription of genes involved in acne.

As touched on above, despite the popular conventional view 
that diet is not related to acne, several experts in the field are 
encouraging a reassessment of this position, partly because 
the data refuting any association are weak.63 For example, one 
review pointed out that acne is virtually unknown in traditional 
hunter-gatherers.64 The review goes on to suggest an associa-
tion between dairy products (from the protein, not the fat) 
and dietary fat (especially in terms of increased sebum produc-
tion). The severe methodological shortcomings of the negative 
trials involving chocolate were stressed. Such trials have been 
used to refute any connection between diet and acne.

Recent evidence has demonstrated that the hormonal cas-
cade triggered by diet-induced hyperinsulinaemia elicits an 
endocrine response that simultaneously promotes unregulated 
tissue growth and enhances androgen synthesis.65 This former 
aspect is regulated by IGF-1, a potent mitogen, required for 
keratinocyte proliferation. Another review considered that 
there was compelling evidence that high glycaemic load diets 
may exacerbate acne.66

The view is growing that acne can be regarded as an indica-
tor disease of the exaggerated insulinotropic effects of mod-
ern Western diets.67 Especially milk- and whey protein-based 
products contribute to elevations of postprandial insulin and 
basal IGF-1 plasma levels. This is a key aspect of mammalian 
milk designed to promote growth in the neonate. Increased 
insulin/IGF-1 signalling reduces nuclear FoxO1.67 IGF-1 
stimulates 5alpha-reductase, adrenal and gonadal androgen 
synthesis, androgen receptor signal transduction, sebocyte 
proliferation and lipogenesis.68

The use of strong soaps and shampoos that strip sebum 
from the skin and hair and initiate a rebound increase in 
sebum production should be avoided. Herbal extracts such as 
licorice, which are rich in saponins, can act as a gentle skin 
wash which will not cause a rebound in sebum production.

Appropriate dietary strategies for acne, as supported by the 
above evidence, stress the avoidance of high glycaemic index 
foods and dairy products. The diet should also not contain 
excessive levels of fat.

It is hoped that individual strategies will be devised for 
each patient with acne, taking some of the insights in this and 

other chapters into account, but essential elements of herbal 
treatment are as follows:
l	 Depurative herbs are again the mainstay of treatment. 

In particular Calendula and burdock may reduce excess 
sebum production, but other important depuratives for 
acne include yellow dock, poke root and Oregon grape.

l	 A more effective immune response will help to control levels 
of P. acnes. Echinacea has been traditionally used in acne, 
possibly for this reason. Andrographis is another candidate.

l	 Chaste tree given to men and women has shown benefit 
in acne in early clinical trials, possibly due to its hormonal 
effects (see chaste tree monograph). Linseeds contain lignans 
that may raise SHBG (see Chapter 2). Studies have found 
that consumption of licorice can lower testosterone levels, 
but high doses may be necessary (see licorice monograph).

l	 Other internal herbs used to treat acne include garlic and 
golden seal. On the surface it might appear that these 
herbs are selected because of their antimicrobial properties. 
However, their oral use for acne could be explained by 
depurative and immune-regulating effects.

l	 Gugulipid, an extract of Commiphora mukul standardised 
for guggulsterones, produced a similar improvement to 
tetracycline in a controlled clinical trial in 20 patients.69 
Patients with oily skin responded better to gugulipid. 
This herb is thought to act by improving thyroid function; 
bladderwrack can also be used in this context.

l	 Topical treatments can be of benefit, especially as resistance is 
growing to antibiotics used in acne.70 A single blind clinical trial 
found that topical treatment with fresh basil juice (Ocimum 
basilicum) was as effective as conventional treatment.71 
Topical tea tree oil was found to be effective (see Chapter 2). 
Calendula and comfrey are also popular topical treatments.

l	 Topical treatments with herbs can also have value in lowering 
sebum production and assisting exfoliation. For example, 
in vitro lipogenesis in guinea pig sebaceous glands was 
suppressed by wogonin, a component of Baical skullcap.72

l	 Case observations and even clinical studies have shown 
that insulin and antidiabetic drugs appear to cause clinical 
improvement in acne.73 It has even been suggested 
that acne is ‘skin diabetes’. Hence it is conceivable that 
the oral use of herbs used to treat diabetes may have a 
similar beneficial effect, particularly Gymnema, and this 
is supported by the involvement of insulin/IGF-1 in the 
modern understanding of the pathogenesis of acne.

Example liquid formula 

Vitex agnus-castus 1:2 15 mL

Calendula officinalis 1:2 20 mL

Arctium lappa 1:2 20 mL

Scutellaria baicalensis 1:2 20 mL

Phytolacca decandra 1:5 5 mL

Echinacea purpurea/angustifolia root 1:2 30 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day.
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Assisting healing and repair
The basic response of all living organisms to damage or loss of 
body tissues is to initiate repair and regenerate the damaged 
part. So while surgeons may claim that they save the lives of 
their patients (and they often do), without this capacity of the 
body to heal itself surgery would in fact be a death sentence.

There are three basic processes involved in wound healing:74

l	 Regeneration of damaged tissue (such as skin)
l	 Regeneration of damaged connective tissue (connective 

tissue is the building block of the body, providing the 
structural matrix for the functional tissues)

l	 The replacement by fibrous tissue of dead cells that cannot 
regenerate.

When part of the body is wounded the essential sequence 
of events is as follows. The damaged tissue and the bleeding 
around it stimulate the body's inflammatory response. White 
blood cells (particularly macrophages and neutrophils) invade 
the damaged tissue in large numbers and begin engulfing (by 
phagocytosis) and processing the large amounts of debris. This 
usually takes several days. During this process fine and deli-
cate new blood vessels begin to form by the process known 
as angiogenesis. These new blood vessels provide nutrition to 
support the next stage of healing, which is the regeneration 
of connective tissue. During this time other necessary tissues 
such as nerve cells and lymph vessels begin to form.

Fibroblasts are the cells that synthesise the non-cellular 
constituents of connective tissue, namely collagen and gly-
cosaminoglycans, the jelly-like ground substance into which 
the collagen is embedded.

With the passage of time there is organisation and remodel-
ling of the new connective tissue, which becomes progressively 
denser. The zone of new dense connective tissue is known 

as a scar. The fibroblasts contract, pulling the margins of the 
wound together. Scar remodelling continues for months or 
years after the wound has healed,74 and this suggests a long-
term role for herbs such as gotu kola to minimise the scar.

Regeneration of connective tissue is half of wound heal-
ing; the other half is restoration of the cells that line the sur-
faces of tissue (known as epithelium). Skin cells are a form of 
epithelium and the skin cells around the margin of a wound 
begin to multiply and cover the gap created by the wound.

Other tissues (apart from skin) regenerate by a similar pro-
cess (if they are capable of doing so). For example, bone heals in 
a very similar way, except that osteoblasts are involved. Hence 
the approach suggested below should also assist bones to heal.

If the scavenging phase of the macrophages is disturbed, 
say by infection, healing will be slow. Also, a good blood sup-
ply to the general area is essential for efficient healing. Excess 
movement of the wound edges can also impair healing; this is 
the main reason why broken limbs are placed in a cast.

Hence the key steps in healing are:
l	 cleaning up of debris by immune cells, infection can slow 

this down
l	 establishment of new blood vessels
l	 regeneration of the connective tissue elements
l	 regeneration of epithelial cells.

The following herbs can assist these steps:
l	 Echinacea purpurea or E. angustifolia root (or their 

combination) will not only enhance the activity of 
the phagocytic cells, but will also help to prevent any 
complicating infection.

l	 Ginkgo will ensure that the wounded area receives 
adequate oxygen and blood supply, and will also help 
maintain the integrity of the newly formed blood vessels 
(see Ginkgo monograph).

l	 Bilberry is a key herb for the microcirculation (as 
evidenced by its positive effects on damage to the 
retina of the eye) so it will additionally assist the role 
of the Ginkgo in supporting the new blood supply (see 
monograph). Grape seed extract not only supports 
microcirculation,75 it also helps to maintain the strength 
of connective tissue76 and provides valuable antioxidant 
activity.

l	 Gotu kola stimulates the activity of both the fibroblasts 
(or osteoblasts) and epithelial cells to ensure efficient 
regeneration and repair (see gotu kola monograph).

l	 Topical use of healing (vulnerary) herbs such as Calendula 
will also assist the regeneration of epithelial cells.

Example liquid formula 

Echinacea purpurea/angustifolia root 1:2 40 mL

Centella asiatica (standardised extract) 1:1 40 mL

Ginkgo biloba (standardised extract) 2:1 30 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day.

CASE HISTORY

A female patient of 33 years was a flight attendant. Her onset of acne 
was at 21 years and the use of the oral contraceptive pill (OCP) had 
kept her condition under control. She had recently ceased the OCP 
and was now experiencing a major worsening on her back, chest and 
jaw line. The patient also had difficulties in preventing weight gain. The 
following was prescribed:

Calendula officinalis 1:2 15 mL
Vitex angus-castus 1:2 15 mL
Echinacea purpurea/angustifolia root 1:2 25 mL
Rehmannia glutinosa 1:2 25 mL
Bupleurum falcatum 1:2 20 mL

TOTAL 100 mL

Dose: 5 mL with water three times a day
Also the following were recommended:

l	 A tablet containing Gymnema extract 4.0 g. Dose: one tablet 
before meals three times a day

l	 Topical wash of 5% Calendula 1:2 in water two times per day
l	 Diet: low glycaemic index diet, no grains or dairy products.

Within 5 days the lesions began to clear; however, it took a period 
of 12 weeks to totally clear. The patient remained free of acne thereaf-
ter. (Case history kindly provided by Rob Santich, Sydney.)
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Male reproductive system

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following.

Treatment of:
l	 erectile dysfunction
l	 some cases of low fertility.

Management of:
l	 andropause and associated low libido
l	 benign prostatic hyperplasia with lower urinary tract 

symptoms
l	 acute and chronic prostatitis
l	 early stages of prostate cancer.

Orientation
The key to good health in a man is no secret. Men are more 
prone to poor health habits and over time this can lead to the 
expected chronic diseases. Epidemiological studies support 
this proposition. For example, a US study followed nearly 
6000 American men of Japanese descent for 40 years and 
looked at whether or not they survived to 85 years.1 Overall 
42% survived, but only 11% were healthy. The healthy men 

avoided six particular risk factors: being overweight, high 
blood sugar, hypertension, high blood fats, smoking and exces-
sive alcohol. All save the last two are linked to insulin resist-
ance. A more recent study in men >90 years confirmed these 
findings and noted the beneficial effects of healthy exercise.2

However, it is not just the killer diseases that are particularly 
related to lifestyle choices by men. Many of the common male 
disorders, that were once thought to be accidents or the conse-
quence of ageing, are now known to heavily feature dietary and 
lifestyle factors in their aetiology. In fact, reduced testosterone, 
erectile dysfunction, prostate cancer (PC) and benign prostatic 
hyperplasia show a strong pattern of co-morbidity, reflecting on 
common causes. The key causes featured in the literature are 
focused on factors that lead to insulin resistance and ‘inflam-
maging’. Hence appropriate dietary and lifestyle changes are 
particularly relevant in the comprehensive management of most 
male disorders.

Phytotherapy

Andropause
In contrast to women, men do not experience a sudden cessa-
tion of gonadal function comparable to menopause. However, 
there is a progressive reduction in male hypothalamic-pituitary-
gonadal axis function. Testosterone levels decline through both 
central (pituitary) and peripheral (testicular) mechanisms and 
there is loss of the circadian rhythm of testosterone secretion. 
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Overall, at least 25% of men over age 70 meet laboratory crite-
ria for hypogonadism (testosterone deficiency). This has been 
termed andropause or PADAM (partial androgen deficiency of 
ageing men) or popularly ‘male menopause’. It is thought to be 
responsible for a variety of symptoms in ageing men, including 
reduced muscle and bone mass, fatigue and erectile dysfunc-
tion.3 However, its diagnosis and the subsequent use of testos-
terone therapy are still controversial.4

Numerous cross-sectional and longitudinal studies indi-
cate that testosterone declines with age (1% per year from 40 
years). There is an even greater decline in free or bioavailable 
(free + albumin bound) testosterone, partly because of the 1.2% 
per year increase in SHBG (sex hormone-binding globulin).5 
Despite the large body of evidence that testifies to a decline in 
testosterone with age, it is by no means universal. Numerous 
studies have demonstrated that fit and healthy men in their 
70 s could achieve testosterone levels within the range expected 
for young men, provided they took regular exercise, were non-
smokers, were not overweight and in general good health.6

The ADAM (androgen deficiency of ageing men) ques-
tionnaire forms a validated test for screening for symptoms 
related to a low testosterone level. In addition, the questions 
are informative themselves in defining the changes in a man 
associated with declining testosterone. In particular, they 
highlight that testosterone very much functions as a coping 
hormone in men. The questions are:

1.	 Do you have a decrease in libido?
2.	 Do you have a lack of energy?
3.	 Do you have a decrease in strength and/or endurance?
4.	 Have you lost height?
5.	 Have you noticed a decreased ‘enjoyment of life’?
6.	 Are you sad and/or grumpy?
7.	 Are your erections less strong?
8.	 Have you noted a recent deterioration in your ability to 

play sports?
9.	 Are you falling asleep after dinner?

10.	Has there been a recent deterioration in your work 
performance?

A recent study found that questions 1 and 7 were the most 
diagnostic of low testosterone (especially if three other ques-
tions were positive).7

A number of epidemiological studies have identified key fac-
tors associated with PADAM. For example, obesity and meta-
bolic syndrome have been linked to accelerated testosterone 
decline.8 Alcohol use and stress are also implicated.9,10 In turn, 
low testosterone predicts an increased risk of Alzheimer’s dis-
ease,11 cognitive decline,12 insulin resistance and type 2 diabe-
tes.13 Low testosterone is associated with increased mortality 
in men and a higher risk of cardiovascular disease.14

A key herb in the management of PADAM is Tribulus ter-
restris. This herb possibly acts on the central regulation of testos-
terone production, at the level of the pituitary and hypothalamus. 
Clinical and in vivo studies have demonstrated increased tes-
tosterone, libido and sexual activity (see Tribulus monograph). 
Withania somnifera also improved testosterone levels in infertile 
men and boosted DHEAS (dehydroepiandrosterone sulphate) 
levels in stressed patients (see Withania monograph). Another 

traditional male tonic that will certainly help the stress and insu-
lin resistance aspects linked to PADAM is Panax ginseng (see 
monograph). Serenoa repens is traditionally regarded as a herb for 
atrophy of the sexual tissues in both men and women and can 
be included in formulations to address the peripheral (testicular) 
decline in testosterone output (see monograph).

Example liquid formula 

Withania somnifera 2:1 20 mL

Panax ginseng 1:2 10 mL

Tribulus terrestris 2:1 50 mL

Serenoa repens 1:2 30 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day.

Low male fertility
About 15% of all couples are sub-fertile and the man is respon-
sible in 30% of these cases. In another 20% abnormalities 
are detected in both partners.15 Ejaculation volume may be 
reduced, sperm count may be low or sperm may be abnormal. 
The cause in the male is usually unknown, although prescribed 
or recreational drugs can be identified in some cases. Excessive 
exposure to heat, as from hot tubs, can decrease sperm pro-
duction, as can tight underwear. A percentage of men with 
varicoceles are sub-fertile because of them. Varicoceles can be 
treated with vascular herbs such as horsechestnut, gotu kola, 
butcher’s broom and the circulatory herbs listed below.

Treatment should attend to all lifestyle factors, since 
sperm are a reflection of the overall health of the male. Any 
major health problems and weaknesses, such as poor immu-
nity, effects of stress, anxiety and so on, should be specifically 
addressed. A healthy diet rich in fruit and vegetables and low 
in refined carbohydrate should be observed.

Specific herbal guidelines for low fertility in the male are:
l	 male hormone and fertility promoting herbs: Korean 

ginseng, saw palmetto, Tribulus and Withania
l	 tonic and adaptogenic herbs: Korean ginseng, Withania and 

Siberian ginseng
l	 prostate herbs if prostatic secretions are abnormal (usually 

there will be a history of prostatitis): saw palmetto and 
nettle root

l	 antioxidant and circulatory herbs to improve microcirculation: 
grape seed, green tea, bilberry and Ginkgo.

Example liquid formula 

Panax ginseng (standardised extract) 1:2 35 mL

Serenoa repens 1:2 25 mL

Ginkgo biloba (standardised extract) 2:1 20 mL

Withania somnifera (standardised extract) 2:1 20 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.
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Erectile dysfunction
Obviously the development of drugs such as sildenafil has rev-
olutionised the medical management of erectile dysfunction 
(ED). These drugs act as inhibitors of phosphodiesterase-5 
(PDE-5) and increase cyclic GMP (cGMP). Maximal erectile 
function results from the relaxation of the smooth muscle of 
the penile arterial vessels through the activation of neuronal 
nitric oxide synthase (NOS), together with relaxation of the 
smooth muscle around the sinusoids of the corpora cavernosa 
through release of endothelial NO. The smooth muscle relax-
ation brought about by NO is mediated by cGMP release, 
and PDE acts to break down this cGMP. However, in most 
men with ED, poor lifestyle choices and resulting endothelial 
dysfunction and vascular disease result in insufficient NO and 
cGMP functions for the PDE-5 inhibitors to achieve their full 
potential.

ED in an otherwise healthy man is in fact a warning sign 
of endothelial dysfunction and impending vascular disease. 
In terms of risk factors, obesity is strongly associated with 
ED and the disorder is three times more common in dia-
betic men. In fact, one study found 12% of men with ED had 
unrecognised diabetes. Insulin resistance and metabolic syn-
drome are also risk factors for ED. In another study in men 
without diabetes, ED was strongly correlated with waist:hip 
ratio and was significantly improved by weight loss and exer-
cise (with improved endothelial NO production). Smoking 
doubles the risk of ED, but limited alcohol intake is not a 
problem. ED is commonly co-morbid with hypertension, low 
testosterone, diabetes, obesity and benign prostatic hyperpla-
sia and lower urinary tract symptoms (LUTS).16,17

Some studies have delved deeper into the link between 
insulin resistance and ED. For example, a strong associa-
tion was established between metabolic syndrome, insulin 
resistance and the incidence of ED. A fasting blood glucose 
>6.1 mmol/L was found to be positively correlated to increas-
ing severity of ED.18

A systematic review and meta-analysis identified seven ran-
domised controlled trials of Korean red ginseng in the treat-
ment of ED.19 Six of the trials compared the effect of ginseng 
against placebo, enabling a meta-analysis. This demonstrated 
a highly significant and clinical relevant effect of ginseng on 
ED (p<0.00001). However, the authors cautioned that the 
low methodological quality and small sample size precluded 

absolute conclusions. Doses used in the trials were relatively 
high at typically 2 to 3 g/day (see monograph).

Specific herbal guidelines for ED are as follows:
l	 Treat any stress and anxiety with anxiolytic herbs such as 

valerian. Nervine tonics are often required, particularly 
damiana, skullcap and St John’s wort.

l	 Devitalisation is often a factor that can be alleviated by 
tonic and adaptogenic herbs such as Korean ginseng, 
Withania and Rhodiola. Adrenal tonics can be required 
such as Rehmannia.

l	 Male hormone levels can be improved with male tonics: 
saw palmetto, Withania and particularly Tribulus as 
previously described.

l	 Improving circulation will provide a benefit to maintain 
erection, and circulatory herbs, particularly ginger, Ginkgo 
and prickly ash, can assist.

l	 Address insulin resistance and cardiovascular/endothelial 
health with appropriate herbs.

Example liquid formula 

Ginkgo biloba (standardised) 2:1 20 mL

Panax ginseng (standardised) 1:2 30 mL

Serenoa repens 1:2 20 mL

Turnera diffusa 1:2 20 mL

Withania somnifera 2:1 20 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day.
Combine with Tribulus leaf tablets (three per day) provid-

ing 300 mg/day steroidal saponins calculated as protodioscin 
for low testosterone and/or libido.

CASE HISTORIES

A couple were participating in an IVF programme. Sperm count and 
motility in the man were below normal. He took 4 mL of Korean gin-
seng 1:2 with water each day for 8 weeks. At the end of the 8 week 
period his sperm count was the highest recorded that month at the 
clinic.

A 42-year-old male had very low sperm count, 38% abnormal 
forms and poor motility. No pregnancy with unprotected sex (same 
partner) for last 7 years. Therapy was Tribulus one tablet twice a day. 
His wife was pregnant before the 3 months when planned repeat of 
his semen analysis was due. This tablet contained Tribulus terrestris 
herb, standardised for 100 mg steroidal saponins calculated as proto-
dioscin. (Case history kindly provided by Dr Therese Lovell, Sydney.)

CASE HISTORY

A male patient aged 46 presented with ED. He was relatively healthy but 
his blood pressure was slightly elevated at 125/95 mmHg. Otherwise no 
circulatory issues were apparent. On questioning he was regularly drink-
ing a licorice and fennel tea – both herbs are potentially oestrogenic in 
high doses. He had tried a PDE-5 inhibitor but was not overly impressed 
and did not like using it. He was advised to substantially reduce the tea, 
drink green tea instead (hence supporting endothelial function) and do 
regular exercise. After two visits his prescription settled on the following:

Withania somnifera (standardised extract) 2:1 20 mL
Turnera diffusa 1:2 30 mL
Ginkgo biloba (standardised extract) 2:1 30 mL
Passiflora incarnata 1:2 30 mL

TOTAL 110 mL

Dose: 5 mL with water twice a day.
In addition, energy tonic tablets containing 600 mg Rhodiola rosea 

dry root, standardised to contain salidroside 1.5 mg, and 500 mg 
Panax ginseng dry root, standardised to contain ginsenosides calcu-
lated as Rg and Rb 8 mg, were prescribed at two tablets twice a day.

On review 3 months after his initial visit his blood pressure was 
normal (drinking much less licorice/fennel tea as advised), he reported 
having more energy and that the herbs were ‘working’.
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Benign prostatic hyperplasia
BPH is a progressive, benign growth of the prostate gland that 
gradually narrows the urethra.20 The clamping effect eventu-
ally obstructs the flow of urine. As a result, the bladder fails 
to empty completely. Urine remaining in the bladder stag-
nates, leaving the patient vulnerable to infections, bladder 
stones and kidney damage. The poor bladder capacity can 
cause frequent urination especially at night. Associated with 
BPH is therefore a set of LUTS. However, there is not always 
an exact correlation between the size of the prostate and the 
degree of LUTS, suggesting that other urodynamic factors are 
also involved.

The exact cause of BPH is not known and there have been 
various theories proposed.21 The recent understanding down-
plays androgens, both testosterone and dihydrotestosterone; 
their role is said now to be permissive. A higher oestrogen/tes-
tosterone ratio could be a causative hormonal factor. Increased 
peripheral conversion of testosterone to oestradiol by aro-
matase could be at play here.21 Chronic inflammation is also 
a common finding and one theory has proposed that BPH is 
an immune-mediated inflammatory disease caused by either 
infection or autoimmunity (more likely the latter).22 There is 
a strong link between chronic prostatitis and BPH.23 Another 
theory proposes that higher circulating insulin stimulates pros-
tate growth, and hence links BPH to insulin resistance.24,25

Indeed, multiple experimental, clinical and epidemiological 
studies have demonstrated the link between either hyperinsu-
linaemia, elevated fasting blood glucose or type 2 diabetes and 
prostate enlargement and LUTS.24 An association with obesity 
has also been observed.26 The sympathetic overactivity linked to 
obesity, metabolic syndrome and hypertension may specifically 
increase the risk of manifesting LUTS.27,28 LUTS and metabolic 
syndrome have been shown to be co-morbid, as has LUTS and 
ED. Improving testosterone can help symptoms of LUTS29 and 
inflammation may also play a role in LUTS (insulin resistance is 
a pro-inflammatory condition); elevated serum C-reactive pro-
tein (CRP) correlates well with severity of LUTS.30

Increased levels of physical activity have been associated with 
a decreased risk of BPH and LUTS in several large studies.31 

A low fat, low animal protein diet appears to be protective, as 
does alcohol consumption against BPH, but it might increase 
LUTS.32 High glycaemic load foods appear to contribute to 
risk,31,33 whereas consumption of fruit and vegetables appears 
protective.34 A recent review of 14 studies confirmed the ben-
eficial effect of exercise and proposed that decreased sym-
pathetic tone, lower insulin resistance and reduced oxidative 
damage to the prostate could be the mechanisms involved.35

Herbal remedies have a long history in the management of 
BPH/LUTS. The early association of the symptoms of pros-
tatic enlargement (urinary frequency, retention and diminished 
flow) with ageing in men led to the inevitable association of 
remedies that reduced these symptoms with rejuvenating 
male tonics and promoters of male potency. Given the eter-
nal demand for such agents, it is not surprising that they fea-
ture in most traditions. In some it is difficult to distinguish 
the stimulant aphrodisiac from the prostatic remedy; whereas 
cola (kola nuts) and Pausinystalia yohimbe (yohimbe), used 
in male virility ceremonies in west Africa, are obvious stimu-
lants (the former a high caffeine source once briefly combined 
with the cocaine-containing coca leaves in the stimulant tonic 
drink of that name), it is less easy to distinguish the modest 
euphoric effects of high doses of the central American plant 
Turnera diffusa (damiana) from its reputation in aiding at least 
some of the problems of older men. Panax ginseng (Korean 
ginseng) was used particularly for elderly men in traditional 
Asian culture and is still favoured for prostatic enlargement 
symptoms – it has potential hormonal activity as a rationale. 
The most notable remedy from the southern USA is Serenoa 
repens (saw palmetto), initially used as a male tonic (as noted 
previously) but with increasing evidence of benefits in BPH. 
However, the consensus view appears to be shifting against 
its efficacy. Positive 1998 and 2002 Cochrane reviews36 have 
been supplanted by a negative 2009 revision, which suggested 
that in a total of 26 studies there was no benefit above pla-
cebo.37 (See the monograph for a discussion of these issues.) 
Saw palmetto is widely prescribed by urologists in Germany 
for early symptoms of benign prostatic hyperplasia, along with 
Urtica dioica (nettle root) and Curcurbita pepo (pumpkin 
seed).38 There is consistent evidence for benefit in the case of 
Urtica in double blind, controlled studies (see monograph).39 
In the case of pumpkin seed, evidence is disappointing: one 
large multi-centre, placebo-controlled, double blind study on 
542 early stage BPH patients looked at the effect of 500 mg 
standardised pumpkin seed extract or placebo twice daily for 
12 months and found no difference in the two groups on sub-
jective and laboratory measures.40 The African remedy Pygeum 
africanum has been beneficial in clinical trials and is popular in 
France. However, it has been classified as an endangered spe-
cies, with bleak prospects for its sustainability.41 Crataeva nur-
vala improves bladder tone and decreases bladder emptying 
and is a useful symptomatic treatment for urinary obstruction, 
including that linked to prostatic enlargement (see the Urinary 
system in this chapter).

Specific herbal guidelines for BPH/LUTS are:
l	 improve prostate function with antiprostatic herbs that 

act by various mechanisms and include saw palmetto and 
nettle root (with clinical evidence for the benefit of this 
combination)

CASE HISTORY

The following case history of a successful, simple treatment is kindly 
provided by Dr Therese Lovell, Sydney. A 72-year-old male presented 
with a loss of ability to get the penile head (distal half) to harden dur-
ing intercourse. This had been occurring for about 12 months and he 
now had great difficulty in achieving any penetration for his partner 
of many years. He had no other symptoms or signs of neurovascu-
lar compromise outside the presenting complaint. He did have excess 
trunkal fat, which was suggested would only serve to increase his 
overall metabolic risks and would intensify his erectile dysfunction.

He had been using Ginkgo extract tablets (60 mg) at a dose of  
one twice daily for some years for general vascular support. Tribulus 
leaf 9 g tablets (each containing 100 mg protodioscin) were introduced 
on a trial basis for 3 months. Dose was one twice daily. The patient 
returned after 3 months and reported a 95% improvement in his ED. 
He was keen to continue the Tribulus tablets at the same dose and 
was absolutely delighted with the results.
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l	 improve compromised bladder function with the bladder 
tonic Crataeva

l	 control infection with Echinacea and Andrographis and 
urinary antiseptic herbs such as buchu and cranberry

l	 alleviate excess sympathetic tone/LUTS with spasmolytic 
herbs especially cramp bark, Corydalis, wild yam, valerian 
and kava.

Example liquid formula 

Serenoa repens 1:2 40 mL

Urtica dioica 1:2 30 mL

Crataeva nurvala 1:2 40 mL

TOTAL 110 mL

Dose: 8 mL with water twice per day.

The exact cause of CP is unknown, but many relevant fac-
tors have been identified that probably all contribute to the 
problem. Feedback from patients is that prolonged sitting or 
riding a pushbike can make the condition worse, which sug-
gests that poor circulation to the prostate is a probable factor. 
Many also complain that their pain flares up when they drink 
alcohol, so if this is the case it should be avoided.

From the published research, chronic inflammation pos-
sibly due to an autoimmune reaction is identified as an 
important factor. Men with CP have signs of significant 
inflammation in biopsy tissue taken from their prostates, with 
T cells apparently driving this reaction.43 Another factor is 
stress. A study in Finland found that psychological stress is 
common in men with CP/CPPS.44

One of the key herbs for CP/CPPS is saw palmetto, 
because of the thinking that it improves the overall health 
of the prostate gland. One clinical trial found a liposterolic 
extract of saw palmetto did not improve CP/CPPS,45 but 
it can work well in combination, especially as the galeni-
cal. Another key herb is Echinacea, indicated to balance the 
immune system and also to help the body resolve any low 
level bacterial presence that might be driving the autoim-
mune response (also a case for urinary antiseptics such as 
buchu). Other relevant herbs include nettle root (which is 
again another herb to support the prostate), cramp bark and 
chamomile for pain and spasm. The Ayurvedic herb Crataeva 
is useful where bladder symptoms are also involved, since it is 
the best herb to support bladder function. Sometimes other 
immune herbs such as the mushrooms Ganoderma and shii-
take can be valuable in stubborn cases.

In addition, herbs for chronic immune weakness such as 
Astragalus and tonic and adaptogenic herbs should be con-
sidered, as should mucous membrane tonic and anticatarrhal 
herbs such as golden seal and ribwort. Anti-inflammatory 
herbs may be appropriate, such as Bupleurum, Rehmannia and 
even Boswellia.

Example liquid formula 

Echinacea purpurea/angustifolia root 1:2 25 mL

Serenoa repens 1:2 30 mL

Glycyrrhiza glabra (high in glycyrrhizin) 1:1 15 mL

Barosma betulina 1:2 20 mL

Zea mays 1:1 20 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day.

CASE HISTORY

A male patient aged 69 complained of urinary problems, especially fre-
quency. He was needing to go more frequently during the day and was 
getting up three to four times each night. It was assumed he had BPH/
LUTS. Saw palmetto and nettle root were prescribed, but after 3 months 
of treatment there was no improvement. Enquiry to his doctor revealed 
that his prostate was not enlarged and his PSA (prostate specific antigen) 
was very low. A trial of relaxing herbs, plus Crataeva to improve bladder 
function was instituted to treat what might be excess sympathetic tone 
causing LUTS. He noted steady improvement over the next 5 months 
to the point where he was only needing to get up once during the night.

The new treatment consisted of:

Zizyphus spinosa 1:2 20 mL
Scutellaria lateriflora 1:2 20 mL
Viburnum opulus 1:2 20 mL
Crataeva nurvala 1:2 40 mL

TOTAL 100 mL

Dose: 8 mL with water twice per day.

Chronic prostatitis
Prostatitis literally means inflammation of the prostate gland. It 
can be caused by a bacterial infection, in which case it is usu-
ally acute and short-lived. More common, however, is chronic 
prostatitis (also known as chronic prostatitis/chronic pelvic 
pain syndrome, CP/CPPS), for which the cause is basically 
unknown (bacteria are rarely involved). This painful and debili-
tating disorder can affect up to 15% of men at some stage in 
their lives and between 2% and 10% of adult men suffer from 
prostatitis at any given time.42 There is evidence suggesting that 
CP may be associated with an increased risk of prostate cancer 
(PC) as well as enlargement of the prostate (BPH).42

The main symptoms of CP/CPPS are, as the name implies, 
chronic genitourinary pain or discomfort, with or without dif-
ficulties on urination. There is no known effective conven-
tional treatment. Doctors often prescribe antibiotics, but they 
are rarely effective. Even if bacteria are involved (and they are 
mostly not), the prostate gland is notoriously difficult for anti-
biotics to gain effective access.

CASE HISTORY

A male patient aged 53 years presented with chronic prostatitis of 20 
years’ duration. He experienced episodes of pain and cramping and 
sexual intercourse was painful (meaning it did not happen very often). 
Semen had been bloody at times, which supported the diagnosis of 
chronic prostatitis. Antibiotics had been prescribed over long periods 
but had been of no help. Occasionally there was a clear discharge.
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Prostate cancer
Older men are at increased risk of prostate cancer (PC), espe-
cially those with a family history and/or with a higher pros-
tate specific antigen (PSA) level.46 Autopsy results reveal that 
a man’s percentage risk of harbouring PC is about the same as 
his age in years. African Americans have a much higher risk. 
The risk is low in Asia, but when Japanese men move to the 
US their risk increases.47 Infection and inflammation (prostati-
tis) also appear to be causative factors. Many men with PC also 
have prostatitis on biopsy and regular use of anti-inflammatory 
drugs lowers risk of developing PC. The role of androgens is 
unclear and controversial; 5alpha-reductase inhibitors may pre-
vent the condition, but their value in studies might result from 
improved screening (more reliable PSA and biopsies).48

PSA is a protease enzyme produced by the prostate to keep 
the semen liquid. The use of serum PSA to screen for pros-
tate cancer is highly controversial. Some medical experts have 
likened it to ‘tossing a coin’. Around 75% of men with an ele-
vated PSA reading do not have active PC and around 20% of 
men with PC will have a normal PSA. This is largely because 
elevated PSA is also associated with prostatitis and BPH.46,49

A high-grade prostatic intraepithelial neoplasia (HGPIN 
or just PIN) may be found on biopsy. This is a pre-cancerous 
state, like carcinoma in situ, that can regress or progress.50,51

The phenomenon of ‘watchful waiting’ (active surveillance) 
for men with intermediate PSA and/or Gleason score (GS) 
readings provides an opportunity for herbal management of 
men with low-grade PC. This is also the case for the pre-can-
cerous state HGPIN.

Key aspects of a plausible phytotherapeutic strategy are as 
follows:
l	 Address inflammation and downregulate inflammatory 

pathways
l	 Supplement with phyto-oestrogens

l	 Improve immune regulation
l	 Exploit specific pathways of cancer cell regulation (as per 

Boik, see pp. 177–178) using multifunctioning herbs52

l	 Dietary recommendations.

In terms of downregulating inflammatory pathways in PC, 
herbs that can reduce NF-kappaB transcription should be 
emphasised.53 A complex protocol mainly involving an anti-
inflammatory herbal formula (rosemary, turmeric, ginger, 
holy basil, green tea, Polygonum, Coptis, barberry, oregano 
and Baical skullcap) was evaluated over 18 months in 23 men 
with HGPIN in an open label trial. The mean starting PSA 
was 6.13±3.56 ng/mL and by the end of the trial 48% of the 
men demonstrated a 25% to 50% reduction. Of the 15 par-
ticipants who had the 18-month biopsy, 60% had reverted 
to benign, 27% still had HGPIN and 13% progressed to PC  
(GS 6). Serum CRP and NF-kappaB (in prostate tissue) were 
significantly reduced.54

Baical skullcap flavonoids are being actively researched for 
antitumour properties, including PC models. Attenuation of 
NF-kappaB activity is a large part of this activity.55 Curcumin 
has demonstrated apoptosis and a radiosensitising effect in 
prostate cancer cell lines (see also monograph).56,57 Boswellia 
is anti-inflammatory and a boswellic acid (AKBA) induced 
apoptosis in PC cell lines and at 10 mg/kg suppressed PC 
tumour growth in mice and inhibited angiogenesis.58,59 Red 
wine, but not alcohol, has been linked to a significantly lower 
risk of PC.60 Resveratrol and OPCs are anti-inflammatory 
components found in wine. Grape seed extract inhibited 
advanced human prostate tumour growth and angiogenesis 
in mice at 100 mg/kg/day.61 Resveratrol at about 12.5 mg/
kg suppressed PC growth in rats62 and inhibited NF-kappaB-
regulated gene expression in PC cells.63 In vitro and in vivo 
studies suggest that a key tumour-inhibiting mechanism for 
cat’s claw is suppression of NF-kappaB. Cat’s claw has also 
demonstrated clinical anti-inflammatory activity in a trial in 
rheumatoid arthritis patients.64 Feverfew also has profound 
effects on NF-kappaB, but there are problems with bioavail-
ability and hence an effective dose (see monograph).

In terms of phyto-oestrogens, there is promising research 
on linseed and isoflavones. Linseeds (30 g/day) for an aver-
age of 30 days prior to surgery significantly reduced cellu-
lar proliferation rates in a controlled trial involving 161 men 
with PC.65 There were no changes in testosterone or PSA. 
Metabolites of the linseed lignans (such as enterolactone) 
inhibit PC cell growth in vitro.66

There is good evidence from a recent meta-analysis of 14 
epidemiological studies that soya foods will lower the risk 
of PC by around 26%.67 Non-fermented sources of soya 
such as tofu or soya milk showed a higher degree of pro-
tection than fermented soya products such as miso. There 
is also good evidence that soy isoflavone supplementation 
can help patients with PC. Yet extraordinarily in 2007 the 
Cancer Council NSW, Australia, issued a press release warn-
ing patients with PC not to take soya foods ‘because they 
can accelerate the growth of tumours’.68 Clinical studies 
with soya in healthy men have found favourable alterations 
in sex hormone levels and metabolism.69,70 Prostatic fluid 
concentrations of isoflavones in soya consumers are sufficient 

The following formula was prescribed:

Echinacea purpurea/angustifolia root 1:2 25 mL

Barosma betulina 1:2 25 mL

Urtica dioica 1:2 20 mL

Crataeva nurvala 1:2 30 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.
In addition, immune-enhancing tablets containing 400 mg 

Echinacea angustifolia root powder, 1000 mg Andrographis paniculata 
herb standardised to contain 8 mg andrographolide, 500 mg Ocimum 
tenuiflorum herb and 10 mg Ocimum tenuiflorum leaf essential oil were 
prescribed at four tablets per day, together with 320 mg/day of the 
liposterolic extract of saw palmetto.

After 4 weeks there was considerable improvement. On intercourse 
there was no sharp pain, but still a burning sensation. The patient 
described himself as ‘the best I have been for a long time’. Over the 
ensuing months the treatment was continued, and the patient became 
symptom-free on maintenance doses that are half those given above.
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to inhibit PC cell growth in vitro71 and isoflavones have 
been detected in prostate tissue after supplementation.72 In 
fact, prostatic levels exceeded serum levels.73 Healthy men 
receiving 100 mg/day of soya isoflavones were protected 
from TNF-alpha-induced NF-kappaB activation (assessed in 
lymphocytes).74 Four clinical studies have shown reductions 
in PSA or PSA velocity or other favourable effects in men 
with various stages of PC after intake of soya isoflavones or 
soya drinks. Typical isoflavone doses were 100 to 200 mg/
day.75–78 In a controlled trial 50 g/day of soya grits signifi-
cantly reduced PSA and increased free PSA compared with 
a control wheat diet in men with PC scheduled for a radical 
prostatectomy.79 Isoflavone intake is best increased via both 
diet and supplements.80

The effect of an isoflavonoid-rich extract of red clover 
(60 mg/day isoflavones) on 20 men with elevated PSA levels 
(mean 10.16 ng/mL) but negative prostate biopsy was inves-
tigated over 1 year in an uncontrolled study. Mean PSA fell 
to 7.15 ng/mL (p<0.019).81 Randomised controlled trials are 
needed in biopsy-positive men.

In terms of immune regulation, investigations of medici-
nal mushrooms have mainly been undertaken. Activated 
hemicellulose compound is an extract of shiitake mushroom 
mycelia. It acts by enhancing cellular immune responses.82,83 
Modest benefits were observed in patients with advanced 
PC83 and a dramatic remission was published for a patient 
with metastatic castration-resistant PC (GS 9).84 Similar 
modest trial results were seen for a soya product combined 
with Ganoderma mycelia polysaccharides (5 g daily of the 
mushroom extract and also delivering around 900 mg/day iso-
flavones) in patients with PC.85 However, another dramatic 
remission was published of a patient with confirmed PC (GS 
6) who received a low dose of the product for 6 weeks.86 PSA 
fell from 19.7 to 4.2 and no PC was found after prostatec-
tomy. Cases such as these are a clear validation of applying 
the living with cancer principles in early stage cancers (see 
Chapter 8).

Green tea could prove to be a key herb in PC cell regula-
tion, but promising results with silymarin from St Mary’s this-
tle are hampered by its poor access to the prostate. Preclinical 
(in vivo and in vitro) studies suggest that green tea and epi-
gallocatechin gallate possess multi-targeted activity in PC.87,88 
Induction of apoptosis and reduction in NF-kappaB activity 
appear to be important in vitro mechanisms. Tea polyphenols 
were present in human and mouse prostate tissue after green 
tea consumption.89

Early clinical studies with green tea were not promising, 
but both trials were in advanced, hormone-refractory PC 
patients.90,91 A subsequent double blind, placebo-controlled 
study of 60 men with HGPIN over 1 year found that 60 mg/
day of green tea catechins reduced LUTS and reduced the 
incidence of PC development (one case with green tea versus 
nine in placebo).92 A follow-up study of around half the men 
2 years later (after no further treatment) found two more PC 
cases in the placebo group and one in the green tea group, 
establishing that the benefits were maintained.93 Twenty-six 
men with positive biopsies took 1.3 g/day green tea catechins 
until surgery.94 PSA was decreased, as were growth factors in 
prostatic tissue.

Silymarin has demonstrated multiple mechanisms of activ-
ity against PC in vitro and in vivo.95,96 Silymarin also syner-
gises with chemotherapeutic drugs in vitro.97 One mechanism 
involves inhibition of multi-drug resistance pumps. However, 
after oral dosing of high amounts in men only very low levels 
were found in prostatic tissue.98

The use of the PSA biomarker has provided for some interest-
ing studies in prostate cancer. An uncontrolled study of pome-
granate juice (8 oz daily containing 570 mg of polyphenolics) 
in men with rising PSA after surgery or radiotherapy was con-
ducted in 48 patients with PSA 0.2 to <5.0 ng/mL and GS≤7. 
Mean PSA doubling time significantly increased from 15 months 
at baseline to 54 months post-treatment (p<0.001).99

The research team of Dr Dean Ornish in the US has looked 
at the impact of diet in PC patients under watchful waiting. 
In the first study, a very low-fat vegan diet (12% dietary fat) 
plus supplements (soya, vitamin E, fish oil, selenium and vita-
min C), exercise and stress management was compared to con-
trols. PSA declined 4% over 12 months versus a 6% rise in the 
control arm. At follow-up 2 years later, 13 men in the control 
group had progressed to PC treatment versus just two in the 
intervention group. A second study with similar intervention 
examined prostate biopsies after 3 months. Gene expression 
changes in tissue consistent with lower tumourigenesis were 
observed. A low glycaemic index, moderate fat diet in four 
men for 6 weeks found favourable gene expression changes 
after radical prostatectomy compared with controls.100,101

Example treatments
Watchful waiting and post-treatment  The following liquid 
formulation:

Panax ginseng 1:2 15 mL

Echinacea purpurea/angustifolia root 1:2 35 mL

Uncaria tomentosa 1:2 30 mL

Scutellaria baicalensis 1:2 30 mL

TOTAL 110 mL

Dose: 8 mL with water twice a day.
In addition, select from the following:

l	 60 to 120 mg/day resveratrol from Polygonum
l	 Medicinal mushrooms (dose depends on species, etc.)
l	 Soy or red clover isoflavones 100 to 200 mg/day (if appropriate)
l	 Boswellia extract 2 g/day
l	 Ideally a low fat, low GI, organic, vegan diet with soya 

products
l	 30 g of linseeds daily
l	 Green tea (as much as possible)
l	 Organic carrot (two thirds) and beetroot (one third) juice, 

200 to 400 mL daily
l	 A good consumption of brassica vegetables
l	 Tomato paste (40 g daily, containing about 20 to 30 mg 

lycopene) and turmeric powder (5 g daily)
l	 Orange juice (including the peel – best if organic) 300 to 

600 mL daily.
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TOTAL 110 mL

Dose: 8 mL with water two to three times daily.
In addition, the patient was recommended a tea formulation (con-

taining Rumex acetosella, Arctium lappa, Ulmus rubra and Rheum 
palmatum) and tablets providing 6 g/day POA-type cat’s claw. After  
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above. His PSA is still low.
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Endocrine disorders

Scope
Apart from their use to provide non-specific support for 
recuperation and repair, specific phytotherapeutic strategies 
include the following:

Treatment of:
l	 adrenal depletion
l	 reactive dysglycaemia
l	 functional endocrine deficiencies.

Management of:
l	 metabolic syndrome
l	 type 2 diabetes
l	 hyper- and hypothyroidism.

Particular caution is necessary in applying phytotherapy in 
cases of:
l	 brittle type 1 diabetes.

Orientation

Hormone resistance
Declining endocrine function is one key manifestation of age-
ing. However, it appears to have been exacerbated in modern 
times by the phenomenon of functional hormone resistance, 
with insulin resistance being the least controversial, significant 
and most prevalent example.

Functional hormone resistance occurs when the endocrine 
gland produces adequate amounts of a given hormone, but 
the target cells are unable to utilise that hormone properly. 
The consequences are that either the effect of this hormone 
is reduced, or the body responds by producing more of the 
hormone to compensate. Both outcomes can lead to chronic 
health problems.

Insulin resistance is a curse of modern lifestyle that 
can lead to metabolic syndrome and type 2 diabetes. It has 
also been linked to a wide variety of other diseases such as 
breast and prostate cancer, PCOS (polycystic ovary syn-
drome), Alzheimer’s disease, gout and NASH (non-alcoholic 
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steatorrhoeic hepatitis). Abdominal or central obesity (visceral 
adiposity) is probably the most significant issue in metabolic 
syndrome1,2 and underlies the key metabolic change, which is 
insulin resistance.1 ‘Insulin resistance syndrome’ is in fact an 
alternative name preferred by some scientists.

Many patients show clinical evidence of low thyroid function 
(especially low body temperature) but have normal laboratory 
tests for TSH (thyroid stimulating hormone), T3 and T4. It has 
been recently and controversially proposed that this phenom-
enon is due to thyroid hormone resistance (THR), similar to 
insulin resistance.3 This is not to be confused with subclinical 
hypothyroidism, which is medically defined as normal T3 and 
T4 with mildly elevated TSH (less than 10.0 MIU/L, normal 
range typically given as 0.3 to 5.5),4 although the two issues 
could occur together.

Subclinical hypothyroidism is usually associated with 
antithyroid antibodies but THR is not.4 Attributed causes of 
THR include mitochondrial dysfunction and environmental 
toxins including heavy metals, dioxins and pesticides acting as 
endocrine disrupters.3 Adrenal and thyroid function are con-
nected, and elevated cortisol can interfere with thyroid func-
tion and possibly also lead to THR.5 It has also been proposed 
that chronic infection, chronic inflammation and hypercoagu-
lation can cause THR.6

The most reliable method of diagnosis of THR is the symp-
tom picture coupled with a positive Barnes Basal Temperature 
test. Temperatures below 36.6°C indicate hypothyroid func-
tion and possible THR if thyroid hormone tests are normal. A 
favourable response to thyroid treatment (phytotherapeutic or 
medical) confirms the diagnosis. Signs to look for include puffy 
face and lips, thinning hair and outer eyebrows, swollen skin, 
lack of alertness, cold extremities, weight gain and tendency to 
chronic infections. However, low thyroid function is the ‘great 
imitator’ that can mimic a vast number of medical conditions.

Functional cortisol resistance is probably even more con-
troversial. The best example of chronic hyperactivation of 
the stress system (both the HPA axis and the noradrenergic 
system), probably due to a functional cortisol resistance, is 
melancholic depression.7 Hypersecretion of CRH from the 
hypothalamus has been shown in depression, with associated 
increases in ACTH and plasma cortisol. This hypersecretion of 
CRH is thought to be due to an impaired sensitivity of gluco-
corticoid receptors in the cerebral cortex, hypothalamus and 
pituitary, which impedes the normal negative feedback effect 
of cortisol. The higher amount of cortisol in melancholic 
depression has damaging effects leading to osteoporosis, meta-
bolic syndrome, chronic infections and cancers.7 When not 
treated, these patients have a reduced life expectancy of 15 
to 20 years, after excluding suicide. Other conditions possibly 
associated with functional cortisol resistance include anorexia 
nervosa, obsessive compulsive disorder, metabolic syndrome, 
chronic alcoholism and overtraining syndrome. In contrast, for 
fibromyalgia syndrome the resistance is probably to ACTH, 
rather than cortisol, due to poorly functioning adrenal glands.

The antidepressant activity of Rhodiola rosea is interest-
ing in this context. Stress-activated protein kinase (SAPK, 
also known as JNK) inhibits the sensitivity of glucocorti-
coid receptors to cortisol. In an experimental model, both 
Rhodiola extract and salidroside decreased the release of 

SAPK/JNK and cortisone in response to stress. Hence the 
authors postulated that Rhodiola inhibits the stress-induced 
activation of SAPK/JNK in depressed patients and thereby 
restores the impaired sensitivity of glucocorticoid receptors 
to cortisol. Rhodiola also lowered awakening cortisol levels in 
patients with chronic stress and fatigue.8

The three key hormones discussed above exhibit func-
tional relationships with each other. For example, exercise and 
weight loss-induced improvements in insulin resistance were 
blunted by poor thyroid status (subclinical hypothyroidism).9 
The relationship between excess cortisol and insulin resistance 
or impaired thyroid function has already been discussed.

As touched on above, modern exposure to endocrine dis-
rupters could play a significant role in endocrine disorders, 
including functional hormone resistance, metabolic syndrome, 
type 2 diabetes and hypothyroidism. One particularly relevant 
class of potent endocrine disruptors comprises the persistent 
organic pollutants (POPs).

These are mainly the organochlorines, which largely com-
prise the PCBs and DDT and metabolites. They have been 
banned from use in Western countries for several decades, but 
are incredibly stable in the environment and accumulate in fat 
tissue. Consumption of animal products means humans are 
particularly prone to POP accumulation. Some examples of 
their potential chronic effects on the body follow.

Serum levels of PCBs correlate with blood pressure, which 
is independent of BMI or age.10 In utero exposure to PCBs 
in concentrations slightly higher than average impacts on 
intellectual function.11 PCB exposure from a waste incinera-
tor was found to adversely impact thyroid function in chil-
dren.12 POPs including PCBs have been linked to increased 
incidences of oestrogen receptor-positive breast cancer13 and 
breast cancer in general.14

A major metabolite of DDT is DDE.15 The body’s DDE 
level is a risk factor for liver cancer, but associations with 
other cancers are controversial. Elevated DDE levels have 
been linked to CFS. DDT/DDE has been associated with 
female infertility, male infertility and miscarriages.

Gamma-glutamyltransferase (GGT) is the main predictor 
among serum liver enzymes for type 2 diabetes incidence.16 
Relatively recently it has been linked to increased incidences 
of metabolic syndrome17 and insulin resistance.18 Even val-
ues at the high end of the normal range are predictive of a 
marked increase in risk. It has been shown that an increase in 
GGT predicts new onset of metabolic syndrome, incident (as 
opposed to silent) cardiovascular disease and death, suggesting 
that GGT is a marker of metabolic and cardiovascular risk.19

Various theories have been proposed, for example that 
GGT indicates the development of fatty liver disease16 or is 
a measure of inflammation and oxidative stress.20 However, 
one compelling suggestion is that POPs are acting as endocrine 
disruptors, with GGT representing a measure of this expo-
sure. After adjustment for all other known factors, includ-
ing BMI and waist circumference, diabetes prevalence was 
strongly positively associated with POPs.21 In two studies, 
POPs (mainly as organochlorine pesticides) have been posi-
tively linked to insulin resistance22 and metabolic syndrome.23

In humans BMI and fat mass are positively correlated with 
plasma POPs.24 Lipolysis is associated with an increase in POP 



339

Herbal approaches to system dysfunctions C H A P T E R  9

release, leading to a hyperconcentration of these pollutants 
in plasma and tissues during body weight and fat loss. This 
release of POPs during weight loss has been associated with 
decreased energy expenditure, such as resting metabolic rate. 
It accounts for around half of the adaptive drop in thermogen-
esis that occurs with weight loss. It is partly explained by a 
drop in T4 and T3, indicating significant endocrine disruption. 
POPs have even been described as environmental obesogens.24

Such information regarding POPs highlights the need to 
support the body’s detoxification mechanisms where func-
tional hormone resistance is evident. Enhancing phase I and 
especially phase II clearance by the liver is critical to reduce 
the burden of endocrine disruption, as is eating organic foods, 
especially animal products. Nutrients supporting the liver 
and providing the substrates of phase II clearance such as 
glutamine, glycine, taurine, cysteine, methionine and choline 
are important. Key herbs for boosting detoxification include 
Schisandra, rosemary (Rosmarinus), garlic (Allium sativum), 
green tea (Camellia), turmeric (Curcuma longa) and the 
Brassica species. Choleretic herbs also have a role since the 
phase II products will be largely excreted in the bile. During 
weight loss, supporting the hepatic metabolism of POPs 
becomes critical, as does additional thyroid support.

Arresting hormone decline
As mentioned above, the function of most endocrine glands 
declines with age, so it is relevant here to consider whether 
therapeutic plants can play a role in arresting endocrine ageing.

The industrialised world is facing a major challenge. The 
anticipated almost exponential increase in the number of 
older people will have dramatic and potentially disastrous 
consequences for public health, healthcare financing and 
delivery, informal caregiving and pension systems.25 Take the 
US as a key example. In the US the proportion of the pop-
ulation aged 65 years or older is projected to increase from 
12.4% in 2000 to 19.6% in 2030, being 71 million citizens. 
The number of people aged 80 years or older will more than 
double from 9.3 million to 19.5 million. By 2025 the propor-
tion of Florida’s population aged 65 years or older is projected 
to be 26%. This demographic transition, which is due to the 
ageing of the baby boomers and increased life expectancy, 
represents a huge social challenge. About 80% of people aged 
greater than 65 years will have at least one chronic health 
condition, and 50% at least two. For example, about 10% of 
all adults aged 65 years or more will suffer from Alzheimer’s 
disease.25

My relationship with death remains the same. I am very strongly 
against it…. There’s no advantage in getting older. I’m 74 now. You 
don’t get any wiser, you don’t get more mellow…. Nothing good 
happens. Your back hurts more. You get more indigestion. Your 
eyesight isn’t as good. You need a hearing aid. It’s a bad business 
getting older, and I would advise you not to do it.

Woody Allen, 2010

Should getting older be just about ‘nothing good happens’? 
Are we really meant to only become sicker and frailer as we 
age, with declining adrenal, thyroid and pancreatic function? 
The above quote from Woody Allen touches on a key issue 
here: that successful ageing is not just about living longer; it 

is about maintaining optimal mental, social and physical well-
being and function.26 In other words, healthspan is as impor-
tant as lifespan, in fact even more so. Preserving endocrine 
function into old age is a key part of this.

The famous ageing researcher Leonard Hayflick once 
observed that ageing is ‘an increase in molecular disorder’.27 
One recently proposed theory that builds on this basic con-
cept, and ties many ageing concepts together into one model, 
has been dubbed the ‘green theory’ of ageing. This model 
proposes that ageing is the result of damage to large key mol-
ecules, especially proteins, that has accumulated as a result 
of toxic metabolic byproducts (including damage caused by 
oxidation). A primary determinant of healthspan is therefore 
the efficiencies of either the protection against toxic prod-
ucts, the removal of these toxic products, including phase I/II 
detoxification by the liver, or the repair of this large molecule 
damage.28,29 Protect, detoxify and repair is the catch-cry of 
preserving cellular health into old age.

The body has many pathways for detoxification, protection 
and repair:30,31

l	 Multiple pathways of repair of nuclear and mitochondrial 
DNA

l	 Processes for sensing and responding to intra- and extra-
cellular stressors

l	 Pathways for protein repair, including chaperones
l	 Pathways for the removal and turnover of defective 

proteins (involving protease enzymes)
l	 Antioxidative and enzymic defences against oxygen free 

radicals
l	 Processes for the detoxification of harmful chemicals in the 

diet and from the environment (phase I/II)
l	 Immune responses against pathogens and parasites
l	 Processes of wound healing and tissue regeneration
l	 Maintenance of optimum blood glucose levels to minimise 

the damage glucose does to proteins (the damaged proteins 
are known as advanced glycation endproducts or AGEs)

l	 Pathways for the normal programmed death (apoptosis) of 
irreversibly damaged cells.

According to the green theory, as long as these detoxifica-
tion, protection and repair pathways are operating at their 
optimum efficiency, healthy ageing and preserved endocrine 
function should be a given. These themes sound remarkably 
like those in an old-fashioned naturopathy book. A key secret 
in achieving this goal is embedded in the concept of hormesis.

The term ‘hormesis’ was originally developed by toxi-
cologists. In the recent context it conveys a simple message: 
what does not kill you makes you stronger. Medical and bio-
logical scientists now use the word hormesis to describe a 
key, fundamental concept of life: that moderate stress is not 
only healthy, it actually actively promotes optimum health. 
Hormesis therefore describes the beneficial adaptive response 
to moderate, healthy stress. It possibly represents the univer-
sal tonic and perhaps the one true fountain of youth.

Examples of hormesis in the research are many. For exam-
ple, moderate levels of exercise promote excellent health, 
whereas excessive levels are debilitating and can lead to 
overtraining syndrome. There are countless examples from 
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experimental models. For example, mild heat shock protected 
fruit fly larvae against a freezing shock that would normally 
kill them. Mild hypoxia stress can increase the lifespan of the 
roundworm (Caenorhabditis elegans) and can induce cross-
tolerance to other types of stress.

The beneficial effects of mild to moderate stress (or hor-
metic effects) on ageing and longevity have been studied for 
several years, but especially in the last decade. In summary, 
mild to moderate stress has been found to increase longev-
ity, delay behavioural ageing and increase resistance to other 
stresses in many animal models.32–35

How can exposure to low levels of toxins or other stressors 
have beneficial effects? The answer lies in the defence mol-
ecules the body calls up in response to threats. Once rallied, 
these molecules not only deal with the immediate threat, but 
also increase resistance to other threats. They can even repair 
pre-existing damage, as per the green theory. Examples of 
these molecular defence agents include heat shock proteins 
(HSPs), sirtuin1, and the various beneficial growth factors 
and cell kinases. HSPs are produced when cells are exposed 
to high temperatures, toxins or inflammation. Their role is to 
protect (chaperone) other key proteins from damage by bind-
ing to them and shielding them from attack. Another ‘body-
guard’, sirtuin1 (or SIRT1), senses cellular stress and activates 
multiple genes that code for protective proteins such as anti-
oxidants and cell-membrane stabilisers.36

At this point it is worth mentioning the first class of herbs 
that can induce or mimic hormetic effects in the body: these 
are the adaptogens and they include ginseng (Panax ginseng), 
Rhodiola, Eleutherococcus and Withania. Recent research sug-
gests that Echinacea root could be an adaptogen (see mono-
graph). The basic theory of adaptogens was that they helped 
the body cope with stress by fine-tuning (and hence conserving) 
the stress response. They were also thought to support immune 
responses. However, current research has shed new light on how 
adaptogens might confer these benefits, and this is via hormesis.

It has recently been shown that the stress-protective effect 
of adaptogens is not the result of an inhibition of the stress 
response, but actually the result of the adaptation of the 
organism to the mild stress-mimicking effect of the adapto-
gen. In other words adaptogens mimic healthy stress in the 
body and turn on protective hormetic-response molecules, 
such as HSPs, thereby extending healthspan.37,38

Another key antiageing concept that ties in well with the 
green theory and hormesis is the value of calorie restriction 
(CR). All ageing researchers universally acknowledge that 
dietary restriction or CR by 20% to 40% is proven to extend 
lifespan by up to 50%. No other known intervention has such 
a consistent and profound effect: experiments on single yeast 
cells up to primates have verified this outcome. But the key 
story here is not the extension of lifespan; it is the significant 
compression of morbidity (or extension of healthspan and 
normal endocrine function) that also takes place. At advanced 
ages CR animals are more youthful-looking, display inquisitive 
behaviour and are highly active, just like much younger ani-
mals. The exact way that CR works to extend youthfulness 
and lifespan is not fully understood, but several researchers 
have proposed that it is due to hormesis, with CR acting as a 
moderate healthy stressor.39–41

A strong advocate of the hormesis hypothesis for CR is Dr 
David Sinclair, an Australian scientist working at Harvard on 
ageing research. He argues that the hormesis hypothesis links 
so many of the diverse observations about CR from experi-
mental models. The pathways involved are a hardwired sur-
vival mechanism to enhance the chance of survival during 
stress and reduced food availability – a defensive response to 
a survival threat. Sinclair proposes that this very basic survival 
mechanism should be and is regulated by a few genes and 
their corresponding proteins. These genes have been identi-
fied as SIRT1 to 7. SIRT1 is particularly important. The sir-
tuin proteins are increased in CR and regulate a multitude of 
beneficial metabolic effects, as noted above.

Since phytochemicals can cause hormetic responses and 
may act as environmental signals to shift into survival mode 
ahead of an environmental decline, Sinclair’s team investi-
gated whether simple phytochemicals might increase the 
SIRT1 protein. Resveratrol, found in grapes and several other 
foods and herbs, was identified to be the most active natural 
agent at activating SIRT1.42 Polygonum cuspidatum, the giant 
knotweed from Chinese traditional medicine, is a rich phyto
therapeutic source of resveratrol. This plant is a common 
weed in many countries.

CR in practice can be difficult. The mental and physical 
stress of being hungry in conjunction with a modern life might 
provide more stress than is beneficial for a hormetic effect. 
Depression- and anxiety-like symptoms have been observed in 
CR rats. Diminished libido is a common side effect in humans 
and animals. CR might also reduce resistance to infection.39,40

A more compelling strategy to practising actual CR is to 
find herbs and other supplements that can mimic its effects 
in the body, in the same way that adaptogens might directly 
mimic hormesis. The best example of how to do this to date 
is resveratrol (see above). In yeast cells, resveratrol was found 
to mimic CR by stimulating Sir2 (the yeast equivalent of 
SIRT1), and as a result increasing DNA stability and extend-
ing lifespan.42 Resveratrol significantly increased the survival 
of mice fed a high calorie diet and caused favourable physi-
ological changes similar to CR.43 While the intense focus has 
been on resveratrol, other phytochemicals have been shown 
to activate SIRT1 or the SIRT1 pathway in various in vitro 
models. For example components of silymarin from Silybum  
(St Mary’s or milk thistle) are active.44,45

In addition to resveratrol, there are other ways to mimic 
CR effects in the body. Three key biochemical changes are 
observed in CR primate experiments: reductions in body tem-
perature (by around 0.5°C), and plasma insulin, and a preven-
tion of the decline in DHEAS. When men in the Baltimore 
Longitudinal Study on Ageing were divided into upper and 
lower halves for each of these values, there was a clear sur-
vival benefit observed.46 The most marked survival benefit 
was observed for a higher level of DHEAS, followed by a 
lower level of insulin. A lower body temperature might reflect 
the benefits of slower metabolism, better oxidative control 
and reduced workload for the thyroid. Lower insulin prob-
ably results in lower AGEs and other favourable metabolic 
effects, and a higher DHEAS possibly reflects the sparing of 
the adrenal glands. On the insulin resistance front, metformin 
(a diabetes drug that promotes insulin sensitivity) prolonged 
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lifespan in rodents and additionally seems to cause biochemi-
cal changes similar to CR.47 Insulin resistance is known to 
contribute to the risk of developing many chronic diseases 
(see above and elsewhere in this chapter).

Hence, the beneficial consequences of CR can be simu-
lated by improving insulin sensitivity (lowering insulin 
resistance) and better preserving DHEA. Perhaps not sur-
prisingly, the adaptogens can help to improve DHEA levels. 
After oral administration of 6 g of Korean red ginseng for 30 
days to postmenopausal women, DHEAS was increased by 
around 13%. Withania (Withania somnifera) significantly 
increased DHEAS by 30% in a placebo-controlled clinical trial 
(p<0.001).48,49

Research has found that many herbs can improve insu-
lin sensitivity. But two herbs are key in a healthy ageing 
context. A placebo-controlled clinical trial found that a St 
Mary’s thistle extract (delivering 600 mg/day of silymarin) 
for 4 months exerted a beneficial effect on glycaemic profile 
in relatively well-controlled patients with type 2 diabetes (on 
medication). There were also significant reductions in HbA1c 
(13%), fasting blood glucose (15%), total cholesterol (12%), 
LDL-cholesterol (11%) and triglycerides (25%).50 In well-
controlled type 2 diabetic patients, ginseng caused no change 
in HbA1c or fasting plasma glucose in a placebo-controlled 
clinical trial. However, fasting plasma insulin was significantly 
reduced by the ginseng (by 34%), whereas it increased in the 
placebo group (by 10%). In other words the ginseng lowered 
insulin resistance.51

In summary, the phytotherapeutic approach to healthy 
endocrine ageing should:
l	 maintain healthspan as well as lifespan and help to 

compress morbidity
l	 address several of the key insights associated with ageing 

(based on ‘state of the art’ information)
l	 act consistently with current theories of slowing ageing, 

such as the green theory
l	 specifically mimic the beneficial effects of CR by activating 

sirtuin-mediated pathways (SIRT1 especially)
l	 provide hormetic challenge, support detoxification 

pathways, help maintain insulin sensitivity and protect the 
adrenal glands.

Four key herbs discussed above meet many of these targets, 
being Polygonum cuspidatum (with resveratrol), St Mary’s 
thistle (with silymarin), ginseng and Withania.

Phytotherapeutics
Some herbs have a long history of use for endocrine prob-
lems, but probably few can match the time-honoured use of 
Gymnema sylvestre. Nature sometimes has an intriguing way 
of revealing the therapeutic properties of plants. For example, 
the resemblance of the yellow sap oozing from the broken end 
of a greater celandine plant (Chelidonium majus) to bile has 
led some herbalists to conclude that this herb is beneficial to 
the liver and gallbladder. Modern clinical research has sup-
ported this traditional insight.

The association between the physical characteristics of 
a plant and its potential to heal is known as the Doctrine of 

Signatures. Another cited example is the modern use of mis-
tletoe injections in Europe for the treatment of cancer. The 
mistletoe is a plant that grows, like a tumour, on other plants.

The Doctrine of Signatures should never be assumed as 
an absolute rule and it is typically not that useful in describ-
ing the potential uses for a herb. However, in the case of the 
Ayurvedic herb Gymnema or gurmar (which in Hindi means 
sugar destroyer), the association between one of its physical 
properties and its use for diabetes is striking.

Gymnema when applied to the mouth (by chewing the leaf 
or tablet or dropping a liquid extract on the tongue) has the 
remarkable property of anaesthetising the sweet taste buds. 
This effect wears off after an hour or two. Hence the herb, 
which has been used for over 2000 years for the treatment 
of diabetes (ancient texts describe its use for when the urine 
is sweet), makes its ‘sugar-destroying’ actions known by its 
effect on the sweet taste buds one of the most dramatic and 
profound examples of the Doctrine of Signatures.

Gymnema sylvestre is a liana or climbing plant with stems 
up to 8 m in length. It grows in open woods and bush land 
at an altitude of 300 to 3000 feet in India, China, Indonesia, 
Japan, Malaysia, Sri Lanka, Vietnam and South Africa. The 
sweet taste suppressant property of Gymnema was revealed to 
a British officer by the inhabitants of a northern Indian village 
in the mid-19th century. As stated previously, the herb is tra-
ditionally used for the treatment of diabetes, but Gymnema 
extracts are also sold in Japan for the control of obesity.

Gymnema contains a group of compounds known as 
gymnemic acids that appear not only to be largely responsi-
ble for its sweet-abolishing properties, but also contribute 
substantially to its antidiabetic activity. Many in vivo studies 
have verified the antidiabetic properties of Gymnema, but 
one study in particular made a remarkable finding, which if 
verified in time could substantially expand our understand-
ing of the value of this herb for diabetes. Gymnema extracts 
returned fasting blood glucose levels to normal after 20 to 
60 days of oral administration to diabetic rats. Surprisingly, 
there was a rise in insulin levels towards normal values and 
the number of beta cells in the pancreas increased.52 This 
suggests that Gymnema might actually restore damaged pan-
creatic tissue, provided the damage has not gone too far. The 
possibility is supported, to some extent, by the clinical trials 
on Gymnema (see below).

A controlled study in patients with type 1 diabetes found 
that a water-soluble Gymnema extract (400 mg/day) reduced 
insulin requirements (by about 50%). Over the duration of 
treatment Gymnema lowered fasting blood glucose (by about 
35%) and glycosylated haemoglobin levels. Cholesterol was 
also significantly reduced and brought to near normal levels, 
as were triglycerides. The treatment period ranged from 6 
to 30 months. The significant decrease in glycosylated hae-
moglobin occurred after 6 to 8 months, but this parameter 
remained significantly higher than normal values. None of 
these reductions was observed in control patients on insulin 
therapy alone, who were studied over a period of 10 to 12 
months. The authors suggested that Gymnema enhanced 
insulin production, even from the damaged pancreatic tissue 
of type 1 diabetic patients, possibly by pancreatic regenera-
tion. As proof of this they found that levels of C-peptide, a  
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byproduct of the conversion of proinsulin to insulin, were 
apparently raised.53

A second study by the same research group found that the 
same Gymnema preparation (400 mg/day) produced simi-
lar results in type 2 diabetics. Fasting blood glucose and gly-
cosylated haemoglobin were significantly reduced compared 
with baseline values after 18 to 20 months of treatment. 
None of these reductions was observed in patients receiving 
conventional therapy alone, who were studied over a period 
of 10 to 12 months. By the end of the treatment period cho-
lesterol and triglycerides were also significantly reduced in 
those receiving Gymnema. Fasting and post-meal serum insu-
lin levels were significantly increased in the Gymnema group 
compared with the patients taking only conventional drugs. 
Twenty-one of the 22 patients were able to reduce their 
medication; five of these discontinued it entirely and main-
tained their blood glucose with Gymnema extract alone. The 
authors’ suggestion of beta cell regeneration or repair facili-
tated by Gymnema was supported by the higher insulin levels 
in the serum of patients after Gymnema supplementation.54

Despite the long time period for the clinical trials, clini-
cal experience suggests Gymnema can work quickly to con-
trol blood sugar levels. Used on its own it will not drop blood 
sugar to the point of causing hypoglycaemia. However, as the 
trials demonstrated, its real value probably only follows after 
prolonged use, in the order of months or years. The doses 
used in the trials corresponded to about 12 g of herb/day.

Another key endocrine herb is Coleus forskohlii, also from 
the Indian subcontinent. This herb is a significant and recent 
development in phytotherapy. The root has been used for 
centuries in Ayurvedic medicine for cardiovascular disorders, 
abdominal pain and constipation.55,56 Modern Ayurvedic uses 
include hypothyroidism.57

The plant is a small member of the mint family (Lamiaceae 
or Labiatae).58 It grows as a perennial on the Indian plains and 
lower Himalayas. Coleus is also cultivated as a garden ornamen-
tal and is now grown commercially as a medicinal plant. The root 
contains a distinctive essential volatile oil and various diterpenes, 
especially 0.2% to 0.3% forskolin. No other species of Coleus 
contains forskolin and not even all varieties of C. forskohlii. In 
1981 it was first demonstrated that forskolin possessed a special 
property: it could activate in a unique way the enzyme involved 
in the production of cyclic AMP (cAMP, adenylate cyclase).58

cAMP was first discovered in 1956.57 A large number of hor-
mones and neurotransmitters use cAMP to transfer their effects 
deep within a cell. In other words, the hormones or neurotrans-
mitters do not enter the cell but instead activate a receptor on 
the cell surface that is part of the adenylate cyclase enzyme 
complex. This activation results in the production of cAMP. The 
cAMP then activates cAMP-dependent protein kinase, which 
results in changes in the cell’s function. Given this, cAMP is often 
referred to as the ‘second messenger’.

The physiological and biochemical effects of raised intra-
cellular cAMP are many. They include inhibition of platelet 
activation, increased force of contraction of the heart muscle 
and relaxation of smooth muscle. Metabolic effects include 
increased insulin secretion, increased ACTH from the pitui-
tary, increased thyroid function and increased fat breakdown 
in fat cells.

Because of the fundamental effects of cAMP, the phar-
macology of forskolin is very broad. Basically forskolin acts 
synergistically with the wide range of hormones and neuro-
transmitters that activate adenylate cyclase. Effects have been 
noted in most bodily systems including the circulatory, respir-
atory, endocrine, gastrointestinal and nervous systems.58

In terms of its endocrine and metabolic effects, forsko-
lin increases thyroid hormone production (and acts similarly 
to TSH).58 It acts synergistically with calcitonin in inhibiting 
osteoclast function. In fat cells forskolin stimulates fat break-
down and inhibits glucose uptake. It potentiates the secreta-
gogue effects of glucose and stimulates the release of glucagon.

Given the role of central adiposity in insulin resistance, 
the recent clinical discovery that Coleus encourages fat loss 
has a high relevance to endocrine health. In an open trial (8 
weeks), Coleus extract (50 mg/day of forskolin) to six over-
weight women (BMI >25) resulted in significant reduction of 
body weight and fat content. Lean body mass was significantly 
increased. In an open, 12-week trial conducted in Japan, 
involving 13 overweight volunteers (13 women, one man; BMI 
29.9), there was a significant decrease in body weight, BMI 
and body fat from Coleus extract (25 mg/day of forskolin).59 
In the US, a randomised, double blind, 12-week trial observed 
that, although there was no difference in food intake, over-
weight female volunteers taking Coleus extract (50 mg/day 
of forskolin) experienced weight loss (mean: 0.7 kg) while the 
placebo group gained weight (mean: 1 kg). Volunteers taking 
Coleus experienced significantly less hunger and greater full-
ness. No clinically significant side effects were observed.60

A trial of similar design conducted in India with obese men 
and women (BMI: 28 to 40 and/or body fat >30% (males), 
>40% (females)) found that the difference in body weight 
between the groups was significant. Coleus-treated patients 
lost an average of 4% of total body weight (1.73 kg), compared 
to a gain of 0.3% (0.25 kg) in the placebo group.59 Also statisti-
cally significant was the effect on body fat and lean body mass. 
The loss of body fat in the Coleus-treated group was replaced 
with lean body mass, while those on placebo gained body fat 
and experienced a decrease in lean body mass. Serum HDL-
cholesterol significantly increased in those receiving Coleus 
(compared to baseline values and compared to placebo).

In a double blind clinical trial conducted in the USA, 30 
overweight/obese male volunteers (BMI >25) were ran-
domised to receive Coleus extract (containing 50 mg/
day of forskolin) or placebo for a period of 12 weeks.61 
Administration of Coleus resulted in a significant decrease in 
fat mass and body fat. The reduction in fat mass from baseline 
to after treatment with Coleus was 4.5 kg. There was also a 
trend toward a significant increase for lean body mass in the 
Coleus group compared with the placebo group. The average 
change in weight for those treated with Coleus was a loss of 
0.07 kg, in contrast to an average gain of 1.57 kg for the pla-
cebo group. This extensive trial also found that treatment 
with Coleus significantly increased bone mass.61

In addition to its well-described effects on adrenal function, 
licorice (Glycyrrhiza glabra) may also have a role in encourag-
ing fat loss. The enzyme 11beta-hydroxysteroid dehydrogenase 
(11beta-HSD) exists as two types in the body. Type 1 acti-
vates cortisol and type 2 inactivates it, and they are expressed 
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in different tissues. Adipose tissue 11beta-HSD type 1 is 
increased in obesity. Increased cortisol in adipose tissue may 
contribute to the development of metabolic syndrome.62,63

Licorice is well documented to inhibit the activity of 
11beta-HSD type 2. This is responsible for its aldosterone-like 
side effects. A group of Italian scientists found that licorice 
for 2 months reduced body fat mass in 15 healthy volunteers 
without any change in calorie intake. BMI did not change.64 
The authors attributed this effect to inhibition of 11beta-HSD 
type 1 at adipocytes and later showed that topical application 
of glycyrrhetinic acid for 1 month reduced the thickness of 
subcutaneous thigh fat (placebo-controlled trial).65

The number of herbs in various traditions attributed with 
a capacity for glycaemic control is probably testimony to the 
constant challenge that diabetes has posed in the past 100 or 
so years. In fact, the first major diabetic drug, metformin (still 
a mainstay in type 2 diabetes today), was developed from a 
medicinal plant. A key constituent of the herb goat’s rue 
(Galega officinalis) is the guanidine alkaloid galegine. In 1927 
it was found that galegine possessed hypoglycaemic proper-
ties, leading to the development of biguanide drugs such as 
metformin that potentiate the activity of insulin.66 The struc-
tures of galegine and metformin are closely related.

Both fenugreek leaf and seed (Trigonella foenum-graecum) 
have demonstrated hypoglycaemic activity in experimental mod-
els, with mucilage and the free amino acid 4-hydroxyisoleucine 
likely candidates for such activity. Clinical trials using either 
whole or defatted fenugreek seed (5 g/day and more) have led to 
improved blood sugar levels in patients with type 2 diabetes.67

More recently, research attention has shifted to the com-
mon spice cinnamon (Cinnamomum verum), with most of the 
focus on cassia cinnamon (Cinnamomum cassia). Initial clini-
cal trials were promising,68,69 although results were not always 
positive.70 A 2009 review of eight clinical trials concluded the 
herb does possess the potential to lower postprandial blood 
glucose levels.71

Berberine has shown significant blood-sugar lowering activ-
ity in clinical trials in type 2 diabetes (albeit in high doses). 
This suggests a role for berberine-containing herbs in this con-
text (see the monograph for Berberis).

Phytotherapy

Adrenal depletion
Adrenal depletion can be defined as a reduced capacity to 
cope with stress. It usually arises from the chronic effects of 
continued stress brought about by the pace and demands of 
modern living. In a sense it represents a precursor state to 
chronic fatigue and fibromyalgia syndromes. Although not 
recognised as a medical condition, this syndrome is very com-
mon and often underlies why patients seek herbal treatment 
for fatigue. Typical signs and symptoms of adrenal depletion 
include constant fatigue and need for extra sleep, inability to 
cope with stress, irritability and anxiety, reduced libido, sighing 
and yawning, low back pain in the adrenal area, recurrent and 
often prolonged colds or influenza, sweet craving and reactive 
dysglycaemia, sensitive to cold and heat and low core tempera-
ture. Pigmentation in skin creases and loss of body hair may be 

evident, as can poor digestion and assimilation, postural hypo-
tension (Raglan’s sign) and unstable pupillary reflex.72

Treatment for adrenal depletion includes the following 
objectives:
l	 Support adrenal gland function with adrenal restorative 

herbs such as Glycyrrhiza (licorice) and Rehmannia
l	 Decrease the detrimental effects of stress on the adrenal 

glands with adaptogens such as Eleutherococcus, Withania 
and Panax (ginseng)

l	 Enhance adrenal function with tonics such as ginseng and 
Withania

l	 Minimise the effects of stress on the nervous system with 
nervine tonics such as Hypericum (St John’s wort) and 
Scutellaria lateriflora (skullcap)

l	 Support immune function with Echinacea, Astragalus and 
Andrographis if required.

Example liquid formula 

Glycyrrhiza glabra 1:1 10 mL

Rehmannia glutinosa 1:2 20 mL

Withania somnifera 1:1 30 mL

Hypericum perforatum 1:2 20 mL

Eleutherococcus senticosus 1:2 20 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

CASE HISTORY

A female patient aged 36 complained of low energy, mouth ulcers, poor 
concentration, difficulty in staying awake in the evenings, low libido and 
stress at work. She was concerned that she would not be able to cope 
with a new job plus help her husband at night with his business.

Herbal treatment was aimed at supporting her immunity, energy 
and concentration and helping her to better cope with the stressful 
demands of her life. The patient was treated with herbs over several 
years and was able to function well with good energy levels overall. As 
much as possible she changed her lifestyle to ensure adequate rest 
and holidays, but still needed to often work long hours. Herbal treat-
ment was largely based on the following:

Withania 2:1, 2 mL with water on rising, together with:

Glycyrrhiza glabra 1:1 15 mL
Echinacea angustifolia/purpurea root 1:2 25 mL
Ginkgo biloba (standardised extract) 2:1 20 mL
Hypericum perforatum (high in hypericin) 1:2 20 mL
Eleutherococcus senticosus 1:2 20 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

Idiopathic reactive hypoglycaemia
Reactive hypoglycaemia (RH) is a postprandial hypoglycaemic 
state occurring 2 to 5 hours after food intake. While it can 
occur in association with diabetes, gastrointestinal dysfunc-
tion and hormone deficiency states, a large patient group is 
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characterised as having idiopathic RH.73 The definition of idi-
opathic RH is controversial. Patients with idiopathic RH are 
proposed to have a delayed discharge of insulin that occurs 
inappropriately with falling levels of plasma glucose. It might 
also result from an exaggerated insulin response or a high insu-
lin sensitivity.73 It has been suggested that RH can occur in 
lean young women with polycystic ovary syndrome (PCOS), 
where it could be predictive of future diabetes.73 RH is gener-
ally more common in people with low body weight.74

Postprandial RH is characterised by sympathetic and neu-
roglucopenic symptoms developing concurrently with a lower 
blood sugar.74 These include anxiety, trembling, sweating, hunger, 
dizziness, poor concentration and headaches. Being postprandial, 
symptoms typically occur mid-to-late mornings and afternoons.

People with RH are probably more sensitive to a drop in 
blood sugar, possibly due to excessive caffeine intake, stress 
and/or poor cerebral blood flow.75 Diet is an important 
issue. Generally there is excessive consumption of refined 
carbohydrates and a low protein intake (especially at break-
fast). Adrenal depletion can mean that counter-regulatory 
mechanisms of blood sugar control are not adequate.

Basic dietary advice is as follows:
l	 Refined carbohydrates should be avoided and the diet 

should have a low glycaemic load
l	 Intake of caffeine is best avoided
l	 Protein intake at each meal is encouraged (protein stimulates 

gluconeogenesis resulting in a consistent output of glucose by 
the liver).

Herbal treatment includes the following objectives:
l	 Support of adrenal gland function with adrenal restorative 

herbs such as licorice and Rehmannia. Use only Rehmannia 
if the patient has high blood pressure

l	 Decrease the detrimental effects of stress on the adrenal glands 
with adaptogens such as Withania, ginseng and Eleutherococcus

l	 Boost adrenal function with tonics such as ginseng
l	 Improve cerebral circulation with Rosmarinus officinalis 

(rosemary) and Ginkgo
l	 Lower doses of Gymnema in liquid preparations (for 

example 10 mL of 1:1 extract per 100 mL formula) can 
help to control reactive hypoglycaemia and sugar craving, as 
can bitter herbs such as Gentiana

l	 Support liver function with Schisandra and Silybum 
marianum (St Mary’s thistle), since the liver also has a role 
in regulating blood sugar.

Example liquid formula 

Rehmannia glutinosa 1:2 30 mL

Glycyrrhiza glabra 1:1 15 mL

Gymnema sylvestre 1:1 10 mL

Ginkgo biloba (standardised extract) 2:1 25 mL

Eleutherococcus senticosus 1:2 25 mL

TOTAL 105 mL

Dose: 5 mL with water three times a day before meals.

Metabolic syndrome
As noted above, metabolic syndrome is an insulin-resistant 
state and as such is a precursor to type 2 diabetes. It is charac-
terised by a cluster of cardiovascular risk factors and was first 
proposed in 1988, although alluded to in earlier literature.76 
These include various combinations of abdominal obesity, glu-
cose intolerance, hypertension and atherogenic dyslipidaemia. 
The dyslipidaemia includes elevated triglycerides, low HDL-
cholesterol, elevated apolipoprotein B and small LDL particles.

There are three main definitions of metabolic syndrome.77 
The first was developed by the WHO in 1998 with hypergly-
caemia and insulin resistance as a central feature, associated 
with two or more related metabolic abnormalities (hyperten-
sion, dyslipidaemia, abdominal obesity or micro-albuminuria). 
Up until this consensus definition, metabolic syndrome was not 
widely accepted as a medical entity and it is still controversial. 
The US National Cholesterol Education Program (NCEP) defi-
nition requires three or more of: abdominal obesity, elevated tri-
glycerides (>1.7 mmol/L), low HDL-cholesterol (<1.0 mmol/L 
men, <1.3 women), hypertension (>130/85 mmHg) or ele-
vated fasting glucose.77 In 2005 the International Diabetes 
Federation (IDF) proposed a definition similar to the NCEP, but 
elevated abdominal obesity as a necessary requirement.

The prevalence of metabolic syndrome has reached alarm-
ing proportions.77 Depending on the definition, the incidence in 
US adults aged 20 years or more is between 35% and 39%. For 
Australia the estimated prevalence is between 24% and 26%. 
Metabolic syndrome is more prevalent with increasing age, 
affecting about 50% of adults aged 60 years and over. It is also 
more common in men. Despite the current high incidence, the 
prevalence of metabolic syndrome is increasing. For the first 
time in decades, medical scientists are proposing that the aver-
age life expectancy might fall in industrialised countries.

The key aspects of management of metabolic syndrome are:
l	 lifestyle: especially exercise and managing stress loads
l	 dietary: a calorie-restricted low glycaemic load (GL) or low 

carbohydrate diet with good fibre levels and the optional 
use of a protein-based meal replacement supplement

l	 herbs and nutrients: to address the triad of central weight 
loss, improving insulin sensitivity and managing the 
metabolic disturbances.

It is acknowledged by all consensus groups that metabolic 
syndrome is linked to lack of physical activity.78 Physical 
activity not only assists weight loss, it also improves insulin 
sensitivity. The current recommendation of the US American 
Heart Association for metabolic syndrome is at least 60 min-
utes of continuous or intermittent aerobic activity a day. 
Resistance training is also recommended.

A 2007 study compared a low GL diet against a low fat 
diet in obese (BMI >30) young adults.79 For those with insu-
lin resistance, the low GL diet produced a greater decrease 
in weight (−5.8 versus −1.2 kg, p=0.004) and body fat per-
centage (−2.6% versus −0.9%, p=0.03) than the low fat diet 
at 18 months. There was no significant difference for these 
measures between diet groups for those with a normal insu-
lin response. In the full cohort, HDL-cholesterol increased 
and triglycerides decreased more on the low GL diet, whereas 
LDL-cholesterol decreased more on the low fat diet.
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Key herbs and their rationale in the management of meta-
bolic syndrome are as follows:
l	 Coleus and licorice – for weight loss/fat loss (see above)
l	 Gymnema, St Mary’s thistle, ginseng and fenugreek for 

better glycaemic control
l	 Gymnema, St Mary’s thistle, giant knotweed (as a source 

of resveratrol) and ginseng for decreasing insulin resistance
l	 Gymnema, grape seed and pine extracts and green tea for 

reducing the glycaemic index of food intake (taken just 
before meals, see Chapter 2).

l	 St Mary’s thistle for excessive iron stores and fatty liver 
and elevated GGT (see monograph)

l	 Hawthorn, Coleus, garlic, green tea, grape seed extract and 
psyllium for any cardiovascular metabolic disturbances

l	 Globe artichoke for weight loss and cardiovascular 
metabolic disturbances (see monograph)

l	 Grape seed, green tea, rosemary, St Mary’s thistle, 
turmeric for the pro-oxidant, pro-inflammatory metabolic 
disturbances

l	 Schisandra, rosemary, green tea, turmeric, broccoli sprout 
extract for improving xenobiotic clearance

l	 Ginseng, licorice, Rehmannia, Withania, Rhodiola and 
Eleutherococcus, as appropriate, for managing the negative 
metabolic effects of stress.

Being a highly complex disorder, the treatment strategy 
for metabolic syndrome will vary depending on the specific 
issues for the patient. Lifestyle and dietary changes and 
a reduction in central adiposity must be set as the primary 
objectives in the initial stages of treatment. Herbs for the 
insulin resistance and to improve glycaemic control should 
also be a priority.

Be guided by the case: for example, if there is a fatty liver 
and high ferritin then Silybum is the herb of choice (as the 
silymarin concentrate). If there are sugar cravings and bor-
derline diabetes, preference should be given to Gymnema. If 
there is hypertension then hawthorn could be included. Stress 
management and attention to the cardiovascular and other 
metabolic disturbances, as indicated by the case, can be pri-
oritised as appropriate.

Type 2 diabetes
In a 2008 editorial of the Medical Journal of Australia, 
the growing epidemic of type 2 diabetes in Australia was 
described as a ‘juggernaut’.80 In an older population (Blue 
Mountains Eye Study) the overall incidence was 9.3%, with 
impaired fasting glucose in another 15.8% of participants.81 A 
2003 study found that the prevalence of type 2 diabetes has 
doubled in the past 20 years to represent >7% of Australian 
adults.82 The incidence is also rising rapidly in children and 
adolescents.83 These findings would also be typical of most 
Western countries.

The primary aim in type 2 diabetes is to achieve better gly-
caemic control through herbs, nutritional supplements, diet 
and exercise. However, type 2 diabetes is a chronic progres-
sive disease which attacks the eyes, kidneys, nerves and blood 
vessels. Hence therapies aimed to treat and prevent these 
complications may also be necessary.

In terms of the diabetic complications, three major meta-
bolic issues appear to be involved.84,85 These are glycosylation 
of proteins, disturbances of the polyol pathway and inflamma-
tion and oxidative stress.

Glycosylation of proteins is directly related to glucose levels 
in the blood. Later stages are represented by the formation of 
irreversible advanced glycation endproducts (AGEs). These are a 
direct product of glucose concentration, time and oxidant stress. 
AGEs are potentially pathogenic; they accelerate atherogenesis, 
enhance protein deposition and cross-linking, derange normal 
physiology and create oxidative damage and inflammation.84

Not all tissues require insulin for glucose transport, for 
example nerves, the lens, kidneys, blood vessels and endothe-
lium.86 Hyperglycaemia leads to an increase in intracellular 
glucose in these tissues, which is subsequently metabolised by 
aldose reductase (AR) into sorbitol, a polyol, and eventually 
fructose. This causes cellular damage. Increased activity of the 
hexosamine pathway can also lead to disturbed cell function 
via increased fructose production.

Hyperglycaemia increases oxidative stress through several 
pathways, including the interaction of glycosylated proteins 
with receptors (RAGEs) as noted above.85 A major mechanism 
appears to be the overproduction of the superoxide anion by 
the mitochondrial electron transport chain. Hyperglycaemia 
also promotes inflammation via increased cytokine induction.

Flavonoids and related compounds show strong inhibitory 
activity on aldose reductase (AR) in vitro. Licorice and baica-
lein from Baical skullcap (Scutellaria baicalensis) have shown 
significant AR inhibitory activity in an animal model and could 
prove to be useful in preventing some of the long-term com-
plications of diabetes.87 Treatment with silybin (231 mg/
day for 4 weeks) in 14 type 2 patients resulted in significant 
reduction of red blood cell sorbitol levels (suggestive of AR 
inhibitory activity, see monograph).

A link between ferritin, iron stores and type 2 diabetes has 
been proposed.88 Frequent blood donations improve insulin 
sensitivity and glycaemic control in normal people and diabet-
ics. Iron stores may contribute to diabetic complications, and 
being a frequent blood donor appears to confer some protection 
against developing type 2 diabetes. A correlation between serum 
ferritin and diabetic retinopathy has been observed.89 Silybum 
(St Mary’s thistle) as the concentrated extract has been shown 
to lower serum ferritin in a clinical study (see St Mary’s thistle 
monograph).

The glycaemic index is an assessment of the rate of glucose 
elevation in the bloodstream following the intake of a particu-
lar food. Any herb which delays gastric emptying will reduce 
the glycaemic index. These include mucilage herbs and other 
sticky fibre foods. Tannins (e.g. grape seed) also interfere with 
digestive processes, and saponins (e.g. Gymnema) can disrupt 
glucose transport (see also Chapter 2).

Key herbs to consider on the basis of the individual case in 
type 2 diabetes include:

l	 hypoglycaemic herbs such as Gymnema, Silybum (as 
silymarin), pine bark, ginseng, berberine-containing herbs 
and cassia cinnamon to maintain better glycaemic control

l	 antioxidant and microvascular-stabilising herbs such as 
bilberry, Ginkgo, grape seed and pine bark extracts to 
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prevent and treat complications involving fine blood 
vessels such as diabetic retinopathy, nephropathy and 
neuropathy

l	 Gotu kola, which has demonstrated benefits in diabetic 
microangiopathy in clinical trials, as have Ginkgo and 
bilberry (see respective monographs)

l	 herbs with meals to lower the GI of diet (Gymnema, green 
tea and grape seed and pine bark extracts)

l	 potential AR inhibitors such as licorice, Baical skullcap and 
Silybum to prevent the long-term complications of diabetes 
attributed to activation of the polyol pathway

l	 St Mary’s thistle (as the silymarin extract) for  
insulin resistance, AR inhibitory activity and reducing  
iron.

Treatment
A comprehensive protocol for type 2 diabetes patients might 
include the following:
l	 St Mary’s thistle standardised extract (70% to 80% 

silymarin) capsules/tablets 150 to 200 mg of extract, one 
with each meal

l	 High potency Gymnema tablets/capsules to match the 
clinical trial doses, one before each meal

l	 An antioxidant, vasoprotective herbal tablet (see above for 
ingredient candidates)

l	 Green tea, one cup with each meal
l	 Mucilage, either psyllium hulls or slippery elm, 2 to 5 g 

before each meal
l	 * And the following formula:

Glycyrrhiza glabra 1:1 15 mL

Scutellaria baicalensis 1:2 30 mL

Galega officinalis 1:2 40 mL

Panax ginseng 1:2 20 mL

TOTAL 105 mL

Dose: 8 mL with water twice a day.

Clinical and subclinical hypothyroidism
An underactive thyroid is a common condition that may often 
go undiagnosed. Because of the difficulty in detecting an under-
active thyroid from symptoms, clinicians now rely heavily on 
laboratory tests. These thyroid function tests usually measure 
thyroid stimulating hormone (TSH, produced by the pituitary 
gland) and thyroid hormone output (T3 and T4). Also if it is 
suspected that a disease is causing the poor thyroid function, 
such as a disturbance of the immune system as in Hashimoto’s 
disease, then other tests such as antibody tests may be 
conducted.

If TSH is raised and T4 is low (that is, the stimulus to 
the thyroid is higher than normal, but its output is lower 
than normal), this is diagnostic of an underactive thyroid. 
Sometimes TSH is raised, but T4 is normal. This is termed 
sub-clinical hyperthyroidism. But how accurately do the 
blood tests reflect ideal thyroid function? Thyroid hor-
mones regulate many key functions of the body and levels 
in the blood do not always reflect what is happening in the  
tissues.

This point was underlined by the case history of a 12-year-
old boy who had many of the characteristic signs and symp-
toms of an underactive thyroid, such as increased body 
weight, lethargy, no appetite, puffy face, poor initiative and 
relatively slow pulse. Yet his thyroid function tests were nor-
mal. He had previously suffered from an overactive thyroid 
that had been treated with the standard drugs. Whether the 
drugs overcorrected, or whether his thyroid just naturally 
went underactive, could not be known for certain. But the 
important observation was that his tests were normal when 
his guardians were claiming he was a very different boy to 
when he was normal. See also p. 338 on THR.

It has been suggested that the diagnosis of hypothyroid-
ism on the basis of thyroid function tests is flawed.90 A better 
way to assess thyroid function is to measure basal metabolic 
rate (BMR), but this is seldom used. Some time ago Barnes 
suggested that many people have subtle thyroid dysfunction 
that the blood tests fail to detect, and controversially advo-
cated the use of basal body temperature (BBT) to assess 
BMR.91 BBT is measured using a thermometer placed under 
the armpit on waking for 5 consecutive days. (For menstru-
ating women measurement should start on day 2 or 3 of 
the cycle.) Readings less than 36.6°C (97.8°F) can indicate 
underactivity.

CASE HISTORY

A male patient aged 55 years presented with boils (furuncles) and a 
partially rejected corneal graft with eye irritation. He received a liq-
uid combination of Echinacea root 1:2 and Euphrasia (eyebright) 1:2 
(8 mL twice a day) and a healing tablet formula containing gotu kola, 
grape seed extract and Ginkgo. His cornea and boils improved, but 
when the boils did not resolve completely and examination showed 
some muscle wasting in the legs and buttocks, he was sent for a 
blood sugar test. His fasting blood sugar was around 17 mmol/L and 
HbA1c around 12%. His doctor wanted to prescribe insulin, despite 
the diagnosis being type 2 diabetes. Instead he started the drug met-
formin and his herbal treatment eventually settled at:

l	 Tablets containing Gymnema sylvestre (Gymnema) 4 g (one before 
each meal)

l	 Tablets containing Polygonum cuspidatum (giant knotweed) 
root 8.0 g, Pinus massoniana (Masson pine) bark 5.0 g, Silybum 
marianum (St Mary’s thistle) fruit 4.2 g, Ginkgo biloba (Ginkgo) leaf 
1.5 g and Panax ginseng (Korean ginseng) root 250 mg (one before 
each meal)

l	 Tablets containing Vitis vinifera (grape seed) extract 6.0 g, Curcuma 
longa (turmeric) extract 2.0 g, Camellia sinensis (green tea) extract 
4.17 g and Rosmarinus officinalis (rosemary) extract 1.0 g (one 
before two main meals).

The patient’s fasting blood sugar now ranges at 6 to 7 mmol/L and 
his HbA1c is stable at around 7%.
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The key plant used to boost thyroid function is bladder-
wrack (Fucus vesiculosis). Bladderwrack is a shore-dwell-
ing seaweed containing fluid-filled bladders that allow it to 
float as the tide comes in, hence its name. The part used is  
the whole seaweed plant, known as the thallus. The com-
mon understanding of this herb is often confused. It is not 
the same as kelp (although many people call it this). Kelp 
is a large, deep-sea seaweed harvested in significant quanti-
ties from ocean-going ships. In contrast, bladderwrack is 
collected by hand from inter-tidal regions. Although both 
kelp and bladderwrack, like all seaweeds, are rich sources  
of iodine, herbalists believe that bladderwrack addition-
ally contains organic-bound iodine, which stimulates thy-
roid function in a way that simple iodine supplementation 
cannot.

Experiments as early as 1910 indicated that oral doses of 
bladderwrack had a stimulatory action on the thyroid gland.92 
In a controlled clinical trial, overweight participants taking 
bladderwrack extract in addition to a controlled diet achieved  
a significantly greater average weight loss than those on the  
diet alone.93

Caution does need to be exercised when taking bladder-
wrack, especially long term. Kelp and bladderwrack can cause 
overactive thyroid in the short term, and if taken in excess 
quantities over a long period can even induce a compensa-
tory phenomenon that results in an underactive thyroid.94,95 
However, on the other hand, to be effective at stimulating thy-
roid function at least 3 to 4 g/day of bladderwrack is needed, or 
its equivalent in extract form.

Another herb with a mild stimulatory effect on the thyroid is 
the root of Withania somnifera.96,97 Withania is widely regarded 
as a tonic (see monograph). Its stimulatory effect on thyroid 
output was shown in an in vivo model, especially on T4 out-
put (which indicates a direct effect on the thyroid).96,97 How 
it works is not known, but this herb favourably influences the 
function of several endocrine glands, as does another herb from 
India Coleus forskohlii. Coleus makes thyroid-hormone produc-
ing cells in the thyroid more sensitive to the effects of TSH  
(see p. 342).

If thyroid autoantibodies are above normal, then active thy-
roid destruction is occurring and these autoimmune manifes-
tations should be taken into account during treatment (see 
Chapter 8). Issues pertaining to endocrine disruption should 
also be investigated (as discussed above) and antithyroid dietary 
components:98

l	 Some plants are characterised as goitrogens, and although 
they can cause goitre formation in some instances, the 
mode of action can differ greatly.

l	 Plants containing cyanogenic glycosides can reduce thyroid 
function by inhibiting iodine uptake, (e.g. linseeds – not  
the oil).

l	 Brassica species (e.g. cabbage, cauliflower) and garlic 
contain sulphur compounds that interfere with thyroid 
hormone synthesis.

l	 In contrast walnuts and soya beans cause increased 
faecal clearance of thyroxin by somehow interfering with 
enterohepatic cycling.

l	 They increase iodine uptake but this is insufficient to 
compensate for the thyroxin loss.

l	 Excessive soya intake, especially in children, might depress 
thyroid function.

Example liquid formula 

Fucus vesiculosis 1:1 40 mL

Coleus forskohlii 1:1 35 mL

Withania somnifera 2:1 25 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

Hyperthyroidism (Grave’s disease)
Symptoms of an overactive thyroid include weight loss 
with increased appetite, tremor, racing heart, increased 
sweating, soft nails and hair, diarrhoea, palpitations, rest-
lessness, irritability and raised blood pressure. Also with 
Grave’s disease there can be bulging of the eyes known as  
exophthalmos.

Herbs can be used to regulate an overactive thyroid, and 
there are two key plants, both members of the mint family, 
that have been used by herbalists for many generations to 
calm an overactive thyroid. They are Lycopus (bugleweed) 
and Leonurus (motherwort). The recent evidence suggests 
that they mainly counter the cardiovascular symptoms (see 
the bugleweed monograph).

In addition, the following therapeutic goals related to the 
autoimmune aspects could be considered:
l	 Balance immune system function with immune-modifying 

herbs such as Echinacea root and immune-depressing herbs 
such as Hemidesmus

l	 Reduce inflammation with anti-inflammatory herbs such as 
Rehmannia and Bupleurum

l	 Treat any suspected viral aetiology with antiviral herbs  
such as St John’s wort (active only against enveloped 
viruses).

Antithyroid dietary components should be encouraged  
(see previous).

Example liquid formula 

Lycopus spp. 1:2 20 mL

Leonurus cardiaca 1:2 20 mL

Echinacea purpurea/angustifolia root 1:2 20 mL

Bupleurum falcatum 1:2 25 mL

Hypericum perforatum (high hypericin) 1:2 20 mL

TOTAL 105 mL

Dose: 5 to 8 mL with water three times a day.
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CASE HISTORY

A female patient aged 42 presented with thyrotoxicosis. Her main symp-
toms were palpitations, tachycardia, weight loss and nervous agitation. 
Some exophthalmia was present. It was apparently precipitated by a bad 
bout of influenza the previous winter. Since then she had frequent colds 
and was highly stressed. The patient was on the highest recommended 
dose of the antithyroid drug carbimazole (six tablets per day). Her TSH 
was very low and thyroid hormones were considerably elevated. She 
was given basic dietary advice (a more healthy diet) and it was suggested 
that she reduce her tea and coffee intake. The following herbs were 
prescribed:

l	 Tablets containing Andrographis paniculata (Andrographis) extract 
2.0 g, Ocimum tenuiflorum (holy basil) extract 500 mg, Echinacea 
purpurea/angustifolia root 500 mg and Ocimum tenuiflorum (holy 
basil) essential oil 10 mg (three per day).

l	 Tablets containing Hypericum perforatum (St John’s wort) extract 
1.8 g (three per day)

l	 Tylophora 1:5, 10 to 30 drops for the first 10 days of each month.

Echinacea purpurea/angustifolia root 1:2 20 mL
Lycopus spp. 1:2 35 mL
Rehmannia glutinosa 1:2 20 mL
Eleutherococcus senticosus 1:2 25 mL

TOTAL 100 mL

Dose: 8 mL with water twice a day.

The rationale for the treatment:

l	 Andrographis and Echinacea root to balance immunity
l	 St John’s wort: antiviral, nervine tonic
l	 Tylophora: downregulate immune response
l	 Rehmannia: anti-inflammatory, inhibits cytokines
l	 Bugleweed: antithyroid
l	 Siberian Ginseng: adaptogen.

Progress (herbal treatment maintained throughout):

l	 Only minor improvement in the first 3 months (which her doctor 
attributed to her drug)

l	 One month later, thyroid function nearly normal so drug reduced to 
three tablets per day

l	 One month later, thyroid normal, only very mild symptoms
l	 Six months later, off drug, thyroid test normal
l	 One year later: in remission, receiving no treatments.

In treating autoimmune disease it is important to identify the 
underlying issues that feed the pathological process. Herbs to bal-
ance immunity, remove pathogenic agents, balance bowel flora and 
control inflammation should be emphasised in the treatment plan.
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For example, the Echinacea species are currently being 
revised. A potential change includes E. angustifolia→E. pall­
ida var. angustifolia.1 Changes which have been proposed, but 
will not be enacted due to possible detriment to the pharma-
ceutical, herbal and agricultural industries, include:2

E. purpurea→E. serotina
E. laevigata→E. purpurea
With the use of gene-sequencing techniques, changes may 

increase in the future as a greater understanding of taxonomy 
at a genetic level develops. Of an estimated 5 million species 
(of living things), only about 1.5 million are documented at 
present and they are constantly being renamed and moved in 
the 20 or so categories of the Linnaean classification system. 
A new approach (phylogenetic nomenclature), which names 
groups of organisms that descend from a common ancestor is 
gaining popularity.3

Information about the botanical name and family has been 
sourced from the following (in order of preference):
l	 Mabberley DJ. The Plant Book, 2nd Edn. Cambridge 

University Press, Cambridge, 1997. In the preparation of 
this book the authors followed the system of Cronquist 
(1981) as modified by Kubitzki (1990) (pp. ix-xiii)

l	 PLANTS database, United States Department of 
Agriculture, USDA

l	 GRIN Taxonomy database, Agricultural Research Service, 
USDA

l	 Global Plant Checklist, International Organisation for Plant 
Information

The Flora of China database provides additional informa-
tion for certain plants not covered by the above sources.

The botanical name is usually a Latin binomial consist-
ing of a generic name, which comes first and then the spe-
cific epithet. Both components of the name are italicised. 
The generic name, which is capitalised, defines the genus to 
which the plant belongs. The authority that follows the spe-
cific epithet further defines the species. It indicates the tax-
onomist credited with naming the species (and hence the 

General considerations

In this book, the monographs on individual herbs are designed 
to be as user-friendly as possible and hence are divided into 
two sections:
l	 A summary monograph which provides at a glance a 

definition, background material and clinically relevant 
information.

l	 A technical data section which extensively reviews the 
botany, pharmacology, clinical trial data, safety data and 
regulatory status in selected countries.

If the reader requires only information about the clini-
cal applications of a particular herb, and the general sources 
from which this information is derived, he or she needs only 
to refer to the summary monograph. On the other hand, if 
more detailed technical information is required, this is avail-
able in the technical data section. The review of the technical 
material has been conducted as widely and as comprehen-
sively as possible at the time of writing. However, due to lim-
its on space, for certain herbs such as Ginkgo, St John’s wort, 
turmeric and ginseng it was not possible to review all of the 
published studies known to the authors. In these instances, a 
selection was made of what were considered the most impor-
tant publications.

Common and botanical names

The monographs are headed and ordered according to the 
English common name of each herb. This is followed by the 
currently accepted botanical name of the plant from which 
the herb is derived.

Linnaeus’ system of nomenclature for all living things was 
first published in 1735 and is the classification system in cur-
rent use. Nomenclature (naming) and taxonomy (classifica-
tion) are continually changing scientific disciplines, so the 
botanical name (and its ranking) may change over time.

http://dx.doi.org/10.1016/B978-0-443-06992-5.00010-4
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author of the name) and is often abbreviated (e.g. ‘Linnaeus’ 
becomes ‘L’). The authority has been included in the initial 
identifying information in these monographs and if necessary 
in the Adulteration section, but is not retained throughout the 
remainder of the monograph.

Arnica montana L.

Generic name Arnica

Specific epithet montana

Plant species Arnica montana

Authority L. (short for Linnaeus)

A botanical name may contain three Latin names when 
the species is further divided into subspecies or varieties: for 
example, Arnica chamissonis subsp. foliosa, Viburnum opulus 
var. americanum. In the name Mentha × piperita, the × indi-
cates that this is a hybrid.

After the first appearance in the text, the first Latin name 
may be abbreviated to its initial letter (e.g. E. purpurea).

Synonyms

Other English common names, alternative botanical names 
and common names in several other languages are listed.

What is it?

This section includes historical and background information 
about the herb, the plant parts commonly used and other rel-
evant details.

Effects

This section describes how the herb acts in simple language.

Traditional view

The traditional view reviews the traditional uses of the herb. 
As recounted elsewhere in this book, traditional use data are 
more than just anecdotal information and can often provide 
valuable insights into the therapeutic potential of a particu-
lar plant. This section is referenced so that the sources of this 
traditional use information are transparent.

Summary actions

The actions are important because they encompass the tradi-
tional pharmacology of herbal medicine and link the therapeu-
tic requirements of the patient to the choice of herbs (see the 

Chapter 7). Only those actions which are considered to be 
well supported are listed.

Can be used for

This section is divided into two parts. The part headed 
‘Indications supported by clinical trials’ summarises those 
indications for which it is felt that there is good justification 
from clinical trial data.

The part headed ‘Traditional therapeutic uses’ is not just a 
repetition of the ‘Traditional view’ section. Rather these tra-
ditional uses have been selected as being those most relevant 
and supported by contemporary practice.

This section effectively covers the clinical uses that can be 
recommended in practice.

May also be used for

Again, this section is often divided into two parts. The part 
headed ‘Extrapolations from pharmacological studies’ lists 
clinical indications that might be reasonably expected to fol-
low from sound pharmacological data. Unfortunately, such 
extrapolations are often made in herbal writings, but not 
stated to be such. This can leave the reader confused as to 
what recommended indications come from sound clinical or 
traditional data and what are merely speculative.

The second part headed ‘Other applications’ lists applica-
tions of interest which may not strictly involve medical con-
ditions (e.g. cosmetic applications), or potential medical 
applications that derive from the extrapolation of limited clin-
ical, folk or traditional information.

The information in this section should be read in the spirit 
that it is speculative, but may provide a useful solution to a 
particular therapeutic problem.

Preparations

The various preparations of the herb that can be used in ther-
apy are described.

Dosage

Typical adult dosages are usually given for a range of dosage 
forms. The information is obtained from authoritative tradi-
tional texts and authorities and reflects typical modern use. 
Doses above these levels might increase the risk of adverse 
reactions or toxicity (see the section on Overdosage).

The authoritative texts used mainly comprise the following:
l	 British Herbal Medicine Association’s Scientific 

Committee. British Herbal Pharmacopoeia. BHMA, 
Bournemouth, 1983

l	 British Herbal Medicine Association’s Scientific 
Committee. British Herbal Pharmacopoeia, 4th Edn. 
BHMA, Bournemouth, 1996
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l	 Pharmacopoeia Commission of the People’s Republic of 
China. Pharmacopoeia of the People’s Republic of China, 
English Edn. Chemical Industry Press, Beijing, 1997

l	 Bensky D, Gamble A. Chinese Herbal Medicine Materia 
Medica. Eastland Press, Seattle, 1986

l	 Scientific Committee of ESCOP (European Scientific 
Cooperative on Phytotherapy). ESCOP Monographs. 
European Scientific Cooperative on Phytotherapy, ESCOP 
Secretariat, UK, March 1996–October 1999

l	 Blumenthal M, et al (eds). The Complete German 
Commission E Monographs: Therapeutic Guide to Herbal 
Medicines. American Botanical Council, Austin, 1998.

l	 Kapoor LD. CRC Handbook of Ayurvedic Medicinal 
Plants. CRC Press, Boca Raton, 1990

l	 Regional Research Laboratory and Indian Drug 
Manufacturers’ Association. Indian Herbal Pharmacopoeia. 
Indian Drug Manufacturers’ Association, Mumbai and 
Regional Research Laboratory, Jammu-Tawi, 1998

In addition, dosages used in clinical trials were also taken 
into account.

Duration of use

This section provides information about the duration of safe 
use of the herb.

Summary assessment of safety

This section summarises the safety data detailed in the 
Technical data section.

Technical data

Botany
A brief description of the plant is provided.

Adulteration
Correct botanical species identification is both a quality and 
a potential safety issue. Administration of an incorrect spe-
cies may lower the efficacy of the herb, but in some cases 
may cause an adverse reaction due to substitution with a toxic 
herb. This section also includes information regarding endan-
germent. Practitioners need to act to avert the potential loss 
of therapeutic plants, but this information is also relevant to 
safety also because scarcity increases the cost of the herb and 
the potential for adverse reactions through substitution or 
adulteration.

CITES (the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora) currently pro-
vides the only international instrument for the listing of spe-
cies considered to be sufficiently endangered to the extent 
that commercial trade must be either monitored and con-
trolled or prohibited.4

Key constituents
The main phytochemical content of the plant is summa-
rised, and levels of particular constituents are provided where 
available. Chemical diagrams of some key constituents are 
included.

Pharmacodynamics
This section reviews pharmacodynamic studies of various 
extracts of the herb (using different solvents) and of isolated 
key constituents. Sometimes the powdered herb is given 
instead of an extract. This information is grouped under rel-
evant headings. In general, in vitro studies are provided first, 
followed by animal studies. It should be kept in mind that, 
because of their chemical complexity and uncertain pharma-
cokinetics, in vitro studies of herbal extracts do not necessar-
ily provide clinically relevant information. In particular, some 
in vitro studies (and also animal studies) use excessive con-
centrations or doses, which are difficult to relate to normal 
therapeutic regimes. The reader is cautioned to refer to the 
original publication, taking these and other relevant factors 
into account, before drawing conclusions about use in humans.

When extrapolating from animal studies a common mis-
conception is that the dose used in the animal (mg/kg) 
directly relates to the human dose on a body weight basis. In 
other words, the mg/kg dose in the animal is to be multiplied 
by the average human weight of 70 kg to give the correspond-
ing human dose in mg. Such considerations are important in 
toxicology and new drug development (where an effective 
human dose needs to be worked out from prior animal stud-
ies). But animals have much faster metabolism, so a correction 
factor needs to be applied. One publication has defined the 
scale-up factors for common animal models. This is around 
6 for the mouse and 11 for the rat.5 In other words if a rat 
study used 100 mg/kg of extract, the corresponding human 
dose (for 70 kg) is 1.135 g, not 7.0 g. This can only apply if 
oral doses were used in the animal model. Other assumptions 
are that the model is relevant to the human disease and the 
animal metabolises the agent in the same way as humans.

The pharmacodynamic section also includes healthy volun-
teer studies that were seeking to establish information about 
the human pharmacodynamics of the herb in question.

Pharmacokinetics
The known pharmacokinetics of key constituents is reviewed, 
giving emphasis to human studies.

Clinical trials
Emphasis is given to randomised, controlled, double blind 
clinical trials. However, open (not blinded) and uncontrolled 
(no control group) trials are also briefly summarised. Where a 
number of clinical trials have been subjected to meta-analysis, 
or systematic review, this publication is primarily reviewed 
rather than those individual trials included in the meta-anal-
ysis or review, although important individual studies may also 
be highlighted. Also see Appendix E.
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Toxicology and other safety data

Toxicology
This section provides the reader with information about the 
acute and chronic toxicology (including the lethal dose), 
mutagenicity and carcinogenicity for the herb and/or key 
herbal constituents. The route of administration is reported 
for both the toxicological and teratogenicity data, since it 
effects the extrapolation to human use of the herb.

Abbreviations used throughout this section:

ig* intragastric

im intramuscular

ip intraperitoneal

iv intravenous

LD50 lethal dose for 50% of the tested 
population

LOAEL lowest observed adverse effects level

MLD minimum lethal dose

The least amount of a chemical that 
can produce death

MOAEL minimum observed adverse effect 
level

MTD maximum tolerated dose

NOAEL no observed adverse effect level

The highest dosage administered that 
does not produce toxic effects

Sc subcutaneous

TLV threshold limit value

TTL threshold toxic limit

*In some cases ‘oral’ has been used for ‘gavage’ and ‘ig’ administration.

LD50 test
The LD50 test was introduced in 1927 for the biologi-
cal standardisation of drugs.6 With the mean lethal dose 
(LD50) test, groups of experimental animals are treated 
with graduated doses of a test substance with the aim of 
obtaining a 50% or even higher mortality at the highest 
doses. The scientific significance of the classical LD50 test 
has been questioned on the basis of the relatively broad 
variability of the test results (more than 2-fold and up 
to 11-fold differences) and for animal welfare reasons.7 
Three recently developed alternative animal tests that sig-
nificantly improve animal welfare – the fixed dose proce-
dure, the acute toxic class method, and the up and down 
procedure – can now be used within a strategy of acute 
toxicity testing for all types of test substances and for reg-
ulatory and in-house purposes. In vitro cytotoxicity tests 
could be used as adjuncts to these alternative animal tests 
to improve dose level selection and reduce (at least mod-
estly) the number of animals used. However, the total 
replacement of animal tests requires a considerable amount 
of further development8 and such modern data are not yet 
currently available for most herbs.

The LD50 values can be grouped into toxicity levels,9 as 
outlined in the following table with examples.

Lethal dose Toxicity level Example(s)

<1 mg/kg Dangerously toxic Dioxin – 0.045 mg/kg (oral, rat 
(female))

1–50 mg/kg Extremely toxic Indomethacin – 12.6 mg/kg 
(oral, rat)

Dieldrin – 46 mg/kg (oral, rat)

50–500 mg/kg Very toxic Aristolochic acid – 55.9 mg/kg 
(oral, mouse (male))

Curare – 270 mg/kg (oral, 
rabbit)

Paracetamol – 338 mg/kg 
(oral, mouse)

Caffeine – 355 mg/kg (oral, rat 
(male))

500–5000 mg/kg Moderately toxic Atropine – 622 mg/kg (oral, 
rat)

Aspirin – 1500 mg/kg (oral, rat)

Baking soda – 4220 mg/kg 
(oral, rat)

5000–15 000 mg/
kg

Slightly toxic Sodium cyanide – 6444 mg/kg 
(oral, rat)

Monosodium succinate (food 
additive) –>8 g/kg (oral, rat)

>15000 mg/kg Practically non-
toxic

Propylene glycol (cosmetics) – 
20 000 mg/kg (oral, rat)

RELEVANCE OF SCIENTIFIC STUDIES TO 
CLINICAL CHOICES

l	 In vitro: no relevance
l	 In vivo, herb given by injection: no relevance unless known 

active components have established bioavailability, even then of 
limited value

l	 In vivo, herb given orally: some relevance, depending on dose 
and validity of the animal model

l	 Clinical study: highly relevant, but depending on the design of 
the trial and being able to reproduce the treatment used.
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In terms of categorising the acute toxicity of different 
herbs, assessments were based on dried herb equivalent quan-
tities. In other words, a LD50 of 2000 mg/kg for a 5:1 extract 
would give a dried herb equivalent dosage of 10 000 mg/kg, 
indicating slight toxicity.

To calculate an approximate human toxic dose from an ani-
mal dose, see the discussion on dosage extrapolation in the 
Pharmacodynamics section of this chapter.

Ames salmonella/microsome mutagenicity assay 
(Salmonella test, Ames test)
This is a short-term bacterial reverse mutation assay specifi-
cally designed to detect a wide range of chemical substances 
producing genetic damage leading to gene mutations.10 The 
test was developed by Ames and colleagues in the mid-1970s 
and became the most used test because of its initial promise 
of high qualitative (yes/no) predictivity for cancer in rodents 
and, by extension, in humans. The relationship between 
mutagenic potency prediction and quantitative carcinogenic-
ity, however, is now known to be weak,11 despite the fact that 
early studies with this assay indicated that greater than 90% 
of the known carcinogens tested were mutagenic and that 
90% of the non-carcinogens tested were non-mutagenic. The 
power of this assay was derived from the use of a liver micro-
some fraction (S9 mix) containing the mixed function oxidase 
(cytochrome P450) enzymes required to activate the test sub-
stance into precarcinogens (as might occur in the body after 
phase I metabolism by the liver). As the basis of the selection 
of chemicals for mutagenicity testing shifted to relative envi-
ronmental importance, the sensitivity of the Salmonella assay 
for detecting carcinogens decreased. A negative result does 
not imply that the chemical will be non-carcinogenic. There 
are a large number of false-negatives produced (i.e. non-gen-
otoxic carcinogens).12 Some plant components such as flavo-
noids give a false positive on this test.

Micronucleus test
This is the induction and quantitative measurement of chro-
mosomal damage leading to the formation of micronuclei in 
cells that have been exposed to genotoxic agents or ionising 
radiation.

SOS chromotest
The SOS chromotest is a simple bacterial colorimetric assay 
for genotoxicity that may be used as a primary screening tool 
or as part of a battery of short-term tests for carcinogens.

Contraindications
The information presented here is a critical review of tra-
ditional references, clinical trials and the modern under-
standing based on clinical practice. Often contraindications 
are described for herbs in popular literature and medical 
articles that have little realistic basis for recommendation. 
Contraindications listed in this section are advised with a 

definite rationale and, where disagreement exists with other 
recognised references, the rationale is provided.

Special warnings and precautions
Appropriate warnings and cautions are provided. These may 
arise from the consideration of material such as contraindica-
tions, clinical studies, case reports, the phytochemicals in the 
herb (if they are present in significant quantities) and its tra-
ditional uses.

Interactions
Herb–drug interactions are presented from reliable case 
reports, clinical studies and the opinion of expert commit-
tees such as the German Commission E (see Regulatory status 
for explanation). In general, a herb–drug interaction causing a 
possible beneficial effect such as the herb increasing the effec-
tiveness of an administered drug is not included, particularly 
where it involves a known major action of the herb. A clini-
cian prescribing a herbal treatment to a patient concurrently 
taking a drug with a similar activity would be alert to such 
a possibility and should monitor the patient. However, the 
exception is where a positive reinforcement of the action of 
a drug by a herb might lead to harmful effects, such as with 
hypoglycaemic drugs and insulin. Concerns of this kind have 
been included.

In general, information about potential interactions 
between herbs and drugs derived from in vitro studies are 
not featured, due to the unknown relevance of this work 
to oral administration in humans. However, they may be 
included as part of a comprehensive review. Studies using 
experimental models (in vivo animal studies) are typically 
included since they may provide a basis for a possible inter-
action in humans.

Use in pregnancy and lactation
The pregnancy category descriptions outlined in the fol-
lowing table are assigned on the basis of the available and 
relevant traditional and scientific information. Generally, 
traditional information about herbs with an emmenagogue 
action (bringing on menstruation) and in vitro studies dem-
onstrating contraction of isolated uterine tissue are not 
emphasised in the assessment. Information that is more 
reliable is instead included, such as traditional pregnancy 
contraindications, animal models of the use of the herb or 
its constituents during pregnancy as well as in vivo terato-
genicity studies. It must be stressed that this categorisa-
tion is driven by the data and is designed to, as much as 
possible, remove the subjective element from assessing the 
safety of herbs in pregnancy. Therefore, to some readers 
there may be surprises in how the various herbs have been 
assigned.

(The pregnancy categories are adapted from the Australian 
publication Medicines in Pregnancy, 4th Edn, 1999.)
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Category A No proven increase in the frequency of 
malformation or other harmful effects on the 
fetus despite consumption by a large number of 
women.

Category B1 No increase in frequency of malformation or other 
harmful effects on the fetus from limited use in 
women. No evidence of increased fetal damage 
in animal studies.

Category B2 No increase in frequency of malformation or other 
harmful effects on the fetus from limited use in 
women. Animal studies are lacking.

Category B3 No increase in frequency of malformation or other 
harmful effects on the fetus from limited use in 
women. Evidence of increased fetal damage in 
animal studies exists, although the relevance to 
humans is unknown.

Category C Has caused or is associated with a substantial 
risk of causing harmful effects on the fetus or 
neonate without causing malformations.

Category D Has caused or is associated with a substantial 
risk of causing fetal malformation or irreversible 
damage.

Category X High risk of damage to the fetus.

Category A has been usually assigned where the use of 
the herb in pregnancy is known to be widespread and there 
is at least one published study of its safe use in pregnancy. 
However, in some cases where the herb is widely used as a 
food, for example bilberry (Vaccinium myrtillus), the require-
ment for a published study was not enforced.

Although the A to X classification provides a general guide 
to increasing safety concerns, it must be stressed again that 
these categories are assigned according to the data. Hence 
there are many herbs assigned to the category B2. It is likely 
that the vast majority of these herbs are safe during pregnancy 
and in terms of risk deserve a category A. However without 
documented studies of safe use during pregnancy, the cat-
egory A cannot be assigned to such herbs.

As stated earlier this categorisation is designed to remove 
the subjectivity from assessing the safety information for 
herbs during pregnancy. The subjective element comes in 
when the reader interprets this information to guide the 
advice they give to their patients. For example, a highly 
cautious approach might be to only use or advise herbs in 
category A. It is up to each practitioner to use this data to 
conduct a risk–benefit analysis for each individual case, also 
taking into account the confidence and experience of the ther-
apist in recommending herbs during pregnancy.

Use in lactation
Information is provided based on the existing evidence of 
safety or otherwise. In several cases this is not known, and 
hence is stated as such.

Effects on ability to drive and use 
machines
In most cases there is very little pharmacological and clini-
cal research to make a definite recommendation. In these 
instances, the recommendation is presented on the basis of 
knowledge of the herb, its constituents and traditional infor-
mation. Where clinical trial information is available, it is 
referred to.

Side effects
This section includes adverse reactions documented in tra-
ditional texts, regulatory information, clinical trials and case 
reports. Reactions caused by both topical and systemic admin-
istration are included.

Contentious side effects are often discussed in greater 
detail. The listing of side effects does not automatically imply 
causality. In the majority of published cases there is a defi-
ciency of information, including identification of the plant 
material ingested (correct species, plant part) and dosage. 
There is rarely any verification that the product was not con-
taminated. Due consideration of concomitant drug ingestion is 
often not undertaken.

Overdosage
Poisoning and adverse reactions resulting from overdosage 
(mostly in humans) is listed. Poisoning by parts of the plant 
other than the used part is sometimes included for clarifica-
tion, since some texts can assign such information to the herb 
without elaborating which plant part was involved.

Safety in children
Little specific scientific information about the safety of herbs 
in children exists. Recommendations are usually based on the 
knowledge of the herb, its constituents and traditional evi-
dence of safe use in children.

Regulatory status in selected 
countries

The regulatory status of the herb in Australia, China, 
Germany, the UK and the USA is presented.

Australia
Part 4 of Schedule 4 of the Therapeutic Goods Regulations 
specifies herbs which cannot be contained in any prod-
ucts listed on the Australian Register of Therapeutic Goods 
(ARTG), or which can only be present in minute doses or if 
other specified conditions are met. In other words, herbs in 
Part 4 of Schedule 4 are considered to be more toxic and can-
not be included in over-the-counter herbal products without 
further safety evaluations (see below).
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Herbs on this list may be supplied as raw materials to prac-
titioners provided they are not included in retail products. 
Products containing herbs on this list can be registered on the 
ARTG after first passing evaluation for quality, safety and effi-
cacy by a Therapeutic Goods Administration committee.

UK and Europe
The General Sale List indicates the substances that can, 
with reasonable safety, be sold or otherwise supplied by or 
under the supervision of a pharmacist. Generally, such prod-
ucts may be sold in retail outlets. The GSL records sub-
stances often without a definitive common name or with a 
genus name only, and generally this convention is followed 
here. Maximum dose means the maximum quantity of the 
substance that can be delivered in a single dose (denoted as 
‘maximum single dose’ in the monographs). Maximum daily 
dose means the maximum quantity of the substance recom-
mended in any period of 24 hours.

As of April 2011, all manufactured herbal medicines in the 
UK are required to have either a traditional herbal registration 
or a product licence. Under the Framework of the European 
Union Directive on Traditional Herbal Medicinal Products, the 
Traditional Herbal Medicines Registration Scheme began on 30 
October 2005 in the UK. Products are required to meet spe-
cific standards of safety and quality and be accompanied by 
agreed indications, based on traditional usage. Herbal products 
sold as raw materials for practitioner compounding and dis-
pensing are exempt from these requirements, as are products 
commissioned by appropriately registered healthcare providers.

The German Commission E was an expert commit-
tee of the German Federal Health Department set up in 
1978. The committee reviewed the available scientific data 
and traditional information to assess the safety and efficacy 

of selected herbs. They published their findings as con-
cise and unreferenced monographs – the supporting refer-
ence material is stored at the German Health Department. 
The Commission was discontinued in the early 1990s, but 
much of the information remains largely valid. A positive 
Commission E monograph means that the indications are 
officially recognised by the German government, primar-
ily for non-prescription and clinical applications. A negative 
Commission E monograph means that the German govern-
ment does not advocate the use of the herb, either because 
of a lack of adequate scientific evidence for current or his-
torical usage and/or because of potential or documented risks 
associated with its use.

USA
GRAS (Part 582, US Code of Federal Regulations Title 
21 – Food and Drugs) is a listing of substances generally rec-
ognised as safe for their intended use, for example, for inclu-
sion in food.

The DSHEA legislation (Dietary Supplement Health and 
Education Act of 1994) has defined dietary supplements 
as ‘safe within a broad range of intake, and safety problems 
within the supplements are relatively rare’. The intent of this 
legislation was to meet the concerns of consumers and manu-
facturers to help ensure that safe and appropriately labelled 
products remain available to consumers. The provisions of 
DSHEA define dietary supplements and dietary ingredients, 
establish a new framework for assuring safety, outline guide-
lines for literature displayed where supplements are sold, 
provide for use of claims and nutritional support statements, 
regulate ingredient and nutrition labelling and grant the FDA 
(Food and Drug Administration) the authority to establish 
good manufacturing practice regulations.
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Andrographis

(Andrographis paniculata (Burm. f.) Nees)

Synonyms

Chiretta, King of bitters (Engl), kalmegh (Bengali, Hindi), 
kirata (Sanskrit), chuan xin lian (Chin), senshinren (Jap).

What is it?

Andrographis, commonly known as kalmegh (meaning ‘king of 
bitters’), is grown in hedgerows and gardens in India where it 
is highly valued by the local people as a medicine. It has often 
been used as a substitute for the bitter herb Swertia chirata, 
and as such also has the Indian common name of chirayta. At 
one point, Andrographis was advertised in England as a sub-
stitute for quinine (possibly due to its bitterness). However, 
this was discontinued due to a lack of antimalarial activity 
(although new research studies demonstrate there is such 
activity in experimental models). The whole herb, including 
the root, has been used for medicinal purposes in India, but 
use of the leaf or aerial parts is more common. As well as in 
Ayurveda, Andrographis is found in the materia medica of 
other traditional medical systems, particularly those of China 
and south-east Asia.

Effects

Enhances immune system function; stimulates bile production 
and flow; protects the liver from toxins; counters the damag-
ing effects of free radicals; helps to normalise blood sugar.

Traditional view

In Ayurvedic medicine, the herb is used for its bitter tonic, 
stomachic, antipyretic and laxative properties. It is said to 
increase appetite, strengthen digestion and diminish flatu-
lence, hyperacidity and biliousness.1 The herb is also utilised 
for treatment of many other conditions, including diabetes, 
debility and hepatitis.2 The roots and leaves have a reputation 
for being depurative and anthelmintic.3 In traditional Chinese 
medicine, Andrographis is bitter and ‘cold’, and is used to 
clear Heat from the Blood (especially in the lungs, throat and 
urinary tract) and to detoxify Fire Poison (manifesting as skin 
sores and carbuncles). In addition to gastrointestinal com-
plaints, it is prescribed for throat infections, cough with thick 
sputum and snake bites.4,5 Since Andrographis is regarded as 
a ‘cold’ herb, it is ideally suited to treating acute infections, 
which are ‘hot’ conditions.

Summary of actions

Bitter tonic, choleretic, immunostimulant, hepatoprotective, 
antipyretic, anti-inflammatory, antiplatelet, antioxidant.

Can be used for

Indications supported by clinical 
trials
Bacterial and viral respiratory infections including the com-
mon cold, acute sinusitis and pharyngotonsillitis (good evi-
dence), enteric infections (low-level evidence); prevention 
of urinary tract infections; prophylaxis of the common cold; 
familial Mediterranean fever (in combination); ulcerative 
colitis.

Traditional therapeutic uses
Loss of appetite, atonic dyspepsia, flatulence, diarrhoea, dys-
entery, gastroenteritis, bowel complaints of children, sluggish 
liver, diabetes, general debility and for convalescence after 
fevers; respiratory and skin infections.

May also be used for

Extrapolations from pharmacological 
studies
To boost immune function in bacterial and viral infections, for 
protection against hepatotoxicity; to enhance the detoxifying 
capacity of the liver; to alleviate inflammation. May be a use-
ful adjunctive treatment in cancer and diabetes, especially to 
provide immune support.

Preparations

Dried or fresh herb as a decoction, infusion and fluid 
extract for internal use. Dry extracts standardised to andro-
grapholides have been used in tablet or capsule form in clini-
cal trials. The leaf juice is also used in traditional Ayurveda.

Dosage

Being very bitter, some people may find Andrographis diffi-
cult to take in liquid preparations. Whichever way it is taken, 
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Pharmacodynamics

Anti-infective and immunomodulating activity
Although Andrographis is widely used in infections and 
infestations, the most likely opinion is that its value here is 
mainly as an immune-enhancing treatment. Early reports in 
China attributed an antibacterial activity to the plant that 
was not supported in a later review.5 No direct antibacte-
rial activity could be demonstrated for an aqueous extract 
of Andrographis against Salmonella, Shigella, Escherichia 
coli, group A streptococci and Staphylococcus aureus in vitro. 
Animal studies using orally administered Andrographis (0.12 
to 0.24 g/kg) for 6 months failed to demonstrate bactericidal 
activity.13 Serum taken from 10 healthy volunteers after a sin-
gle oral dose of Andrographis (ranging from 1 g to 6 g) showed 
no bactericidal activity against a number of organisms.13

However, an alcoholic extract of Andrographis did show 
significant activity against an E. coli enterotoxin-induced 
secretory response (that causes diarrhoea) in vivo,14 and in 
another study effected in vitro inhibition of adherence of 
Streptococcus mutans.15 Andrographolide potentiated the sen-
sitivity of two strains of Pseudomonas aeruginosa to several 
antibiotic drugs in vitro.16 Significant growth inhibition (com-
pared to five other herbs) was recently demonstrated for an 
Andrographis aqueous extract in vitro against Streptococcus 
agalactiae.17 Feeding Nile tilapia fish (Oreochromis niloti-
cus) with Andrographis reduced mortality following infection 
with this species of Streptococcus (although such an outcome 
could also reflect enhanced immunity).

Liquid extract of Andrographis root demonstrated strong 
in vitro anthelmintic activity against human Ascaris lum-
bricoides.18 Subcutaneous administration of a decoction of 
Andrographis leaves to infected dogs reduced nematode larvae 
in the blood by 85%.19

Early uses as a substitute for quinine in malaria have been 
supported by recent research. An in vitro study revealed that 
xanthones from Andrographis root bearing a hydroxyl group 
at position 2 demonstrated the most potent antimalarial activ-
ity, while xanthones with a hydroxyl group at position 1, 4 
or 8 possessed very low activity. Further, in vivo antimalarial 

the daily preventative dose for an adult is about 2 to 3 g or its 
equivalent (for example, 4 to 6 mL/day of a 1:2 fluid extract). 
During infection, the effective dose is nearer to 6 g/day (up to 
12 mL/day of the 1:2). Standardisation for andrographolides is 
preferable.

Since Andrographis is energetically ‘cold’, it is preferably 
taken in combination with ‘warm’ herbs when used during 
winter as a preventative treatment, especially if the user has 
a ‘cold’ constitution. Warming herbs include ginger, Astragalus 
and tulsi (Ocimum sanctum).

Duration of use

May be taken long term.

Summary assessment of safety

No significant adverse effects from ingestion of Andrographis 
are expected, although high doses may cause gastric discom-
fort. Andrographis is best avoided during early pregnancy.

Technical data

Botany
Andrographis paniculata is an annual shrub belonging to the 
Acanthaceae family. It grows to a height of 1 metre with 
branches that are sharply quadrangular, often narrowly winged 
towards the apical region. The leaves are lanceolate (5 to 8 cm 
long), and the flowers are small, solitary in panicles, with a 
corolla ranging from white to rose pink in colour and hairy 
externally. The fruit is approximately 2 cm long, linear-oblong 
in shape and acute at both ends. The seeds are numerous, yel-
lowish-brown and glabrous.6 It grows wild as an undershrub 
in tropical moist deciduous forests6 and is also cultivated as a 
rainy season crop.2

Key constituents
l	 Diterpenoid lactones, collectively referred to as 

andrographolides, and consisting of aglycones 
(such as andrographolide) and glucosides (such as 
neoandrographolide and andrographiside)7,8

l	 Diterpene dimers,7 flavonoids9

l	 Xanthones in the roots.10

Many of the diterpenoid lactones (such as andro-
grapholide) are bitter; however, neoandrographolide is not.8

Adulteration
Andrographis echioides is an adulterant of A. paniculata.11 
Purchased extracts of Andrographis paniculata are sometimes 
devoid of any andrographolide content, despite claims to the 
contrary on product specifications.12
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testing of the most active xanthone on Swiss Albino mice 
with Plasmodium berghei infection demonstrated a substantial 
reduction (62%) in parasitaemia after treatment with 30 mg/
kg.10 However, more relevant to current herbal use are studies 
on Andrographis leaf or whole plant. An earlier study showed 
that a chloroform extract of the whole plant demonstrated 
complete parasite growth inhibition within a 24 hour incuba-
tion period in vitro at concentrations as low as 0.05 mg/mL. 
There was significant reduction in mortality rates in mice 
administered Andrographis whole plant extract (5 mg/kg/
day, ip for 4 days) just after malarial infection.20 Methanolic 
extracts of Andrographis leaves21 and aerial parts22 were 
active in vitro against both chloroquine resistant and sensitive 
strains of Plasmodium falciparum.

Dehydroandrographolide succinic acid monoester (DASM), 
a drug derived from andrographolide, has been found to 
inhibit HIV in vitro. This effect was observed on several 
HIV strains and DASM was non-toxic to other cells in the 
concentration range. However, the diterpenoid lactones of 
Andrographis (dehydroandrographolide and andrographolide) 
were devoid of anti-HIV activity.23 Moreover, in vitro stud-
ies with aqueous extracts of Andrographis showed little or no 
inhibition of HIV-1. Modes of inhibition studied comprised 
inhibition of HIV-1 protease,24 inhibition of the interaction 
between HIV-1 gp 120 and immobilised CD4 receptor, inhi-
bition of HIV-1 reverse transcriptase and inhibition of glyco-
hydrolase enzymes.25

Andrographolides showed in vitro activity against herpes 
simplex virus 1 in vitro26 and both Andrographis ethanolic 
extract (25 μg/mL) and andrographolide (5 μg/mL) inhib-
ited the expression of Epstein-Barr virus lytic proteins in 
vitro, thereby inhibiting viral maturation.27 Andrographolide 
showed significant activity against influenza A viruses in 
vitro, including the H5N1 strain.28 Administration of andro-
grapholide (100 to 200 mg/kg/day, oral) to mice infected with 
avian influenza A strains H9N2 and H5N1 and the human 
strain H1N1 significantly reduced death rate, prolonged life, 
inhibited lung consolidation and reduced viral titres in the 
lung.28 However, such in vivo activity might also be the conse-
quence of immune effects.

Early research suggested an immunostimulant action for 
Andrographis. Enhanced phagocytosis was demonstrated in 
vitro for a decoction of the herb and in vivo after injection 
of the soluble derivatives.5 Isolated andrographolide (4 mg/
kg/day, ip for 2 days) and an ethanolic Andrographis extract 
(25 mg/kg/day, oral for 7 days) significantly stimulated both 
antigen-specific and innate immune responses in mice. The 
whole extract produced stronger immunostimulation.29 
Prolonged survival in animals after snakebite was observed 
after pretreatment with extracts of Andrographis.30

Four later studies (three from the same research group) 
have demonstrated a downregulation of immune response 
by andrographolide using both in vitro and in vivo models. 
In vitro, andrographolide reduced T cell activation in sple-
nocytes,31 reduced IL-2 production in stimulated Jurkat T 
cells by interfering with nuclear factor of activated T cells 
(NFAT) and mitogen-activated protein kinases (MAPK),32 
reduced IL-2 and interferon-gamma in stimulated murine T 
cells,33 and downregulated macrophage immune responses 

and cytokine expression.34 In vivo, andrographolide (4 mg/
kg/day, ip) reduced T cell function and significantly reduced 
the severity of experimental autoimmune encephalomyelitis 
in mice, including antimyelin T cell and antibody responses.31 
Andrographolide (1 mg/kg/day for 7 days, ip) also reduced 
antibody production and the number of IL-4-producing sple-
nocytes in mice after antigen challenge.34

However, several other later publications have observed 
an enhanced immune response from andrographolide or 
Andrographis extract, most notably the in vivo studies sum-
marised in the Antitumour activity section that follows. In 
addition, andrographolide and a combination of Andrographis 
and Siberian ginseng extracts (Kan Jang) demonstrated lym-
phocyte proliferation and stimulation of some cytokines in 
vitro in a whole blood cell culture.35 Andrographis extract (25 
or 50 mg/kg/day, oral for 14 or 28 days) and andrographolide 
(1 or 4 mg/kg/day, oral for 14 or 28 days) enhanced specific 
antibody and cell-mediated immune responses in mice inocu-
lated with an inactivated Salmonella vaccine.36 A mixture of 
andrographolides (1.0, 1.5 and 2.5 mg/kg, oral) potentiated 
delayed-type hypersensitivity (DTH) in mice inoculated with 
sheep red blood cells, but also countered the increase in DTH 
after cyclophosphamide treatment.37 This suggests an immu-
nomodulatory activity. Further experimentation at the same 
doses revealed that the andrographolide mixture significantly 
stimulated phagocytic activity, white blood cell counts and 
spleen and thymus weights in mice.

Antitumour activity
A methanol extract of Andrographis showed potent cell 
differentiation-inducing activity on mouse leukaemia cells 
in vitro. Some of the isolated diterpenes also demonstrated 
this activity.7,38 Andrographolide was shown to inhibit the 
in vitro proliferation of more than 30 tumour cell lines rep-
resenting various types of cancers, specifically breast, CNS, 
colon, lung, melanoma, ovarian, prostate, renal and leukae-
mia. The compound was found to exert direct anticancer 
activity on cancer cells by cell-cycle arrest via induction of 
p27 and decreased expression of cyclin-dependent kinase 
4 (CDK4). It also enhanced tumour necrosis factor-alpha 
(TNF-alpha) in lymphocytes, and possibly via this mecha-
nism increased their cytotoxic activity against cancer cells in 
vitro.39 Andrographolide (100 and 200 mg/kg/day for 10 days, 
oral) significantly inhibited the growth of B16 melanoma and 
HT-29 colon tumours in mice.39

Since these publications there has been a considerable 
number of in vitro investigations of the antineoplastic activ-
ity of andrographolide against a wide variety of cancer cell 
lines. An extensive review of material up to 2008 by Varma 
and co-workers identified the key mechanisms involved.40 
These included induction of cell-cycle arrest (possibly due to 
increased levels of p21) and apoptosis (via a variety of mecha-
nisms involving caspase-3, caspase-8, BcL-2 and TNF-alpha-
related apoptosis inducing ligand). Other mechanisms have 
been proposed from recent research, including a downregu-
lation of epidermal growth factor receptors,41 a decrease of 
cell-cycle related proteins,42 changes in the intracellular redox 
system43 and a novel cell differentiating activity.44 Other 
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andrographolides have also been shown to induce cell-cycle 
arrest in vitro.45

Neoandrographolide sensitised the cytotoxic action of eto-
piside against a leukaemia cell line46 and andrographolide was 
found to sensitise cancer cells (such as colorectal, cervical and 
hepatic) to doxorubicin.47

Other researchers have investigated inhibition of angio-
genesis as an anticancer prospect for Andrographis extract 
and andrographolide. Intraperitoneal administration of both 
in angiogenesis-induced mice led to substantial reductions in 
elevated proinflammatory cytokines such as IL-1beta, IL-6, 
TNF-alpha and granulocyte-macrophage colony-stimulating 
factor (GM-CSF) and the most potent angiogenic factor, vas-
cular endothelial growth factor (VEGF). Antiangiogenic fac-
tors such as tissue inhibitor of metalloproteinase 1 (TIMP-1) 
and IL-2 levels were elevated after treatment.48 The inhibi-
tory effect on VEGF production was supported by a later in 
vitro study.49

Andrographolide inhibited the adhesion of gastric cancer 
cells to endothelial cells in vitro by blocking E-selectin expres-
sion in the latter.50 Taiwanese scientists have found inhibition 
of migration and invasion of cancer cell lines in vitro via the 
downregulation of matrix metalloproteinase-7 (MMP-7)51,52 
and MMP-2.53

There have also been additional in vivo anticancer stud-
ies on andrographolide and Andrographis extract (both 
administered intraperitoneally). A 70% ethanolic extract of 
Andrographis (10 mg/animal for 10 days, ip) substantially 
reduced tumour growth, helped maintain total white cell 
count, improved IL-2 and GM-CSF levels and reduced TNF-
alpha in mice inoculated with Dalton’s lymphoma ascites 
cells.54 These effects were maintained for 11 to 20 days after 
the final herb dose and were also observed for animals concur-
rently treated with a combination of cyclophosphamide, radi-
ation and whole body hyperthermia. The same authors also 
observed that both Andrographis extract (10 mg/animal for 10 
days, ip) and andrographolide (0.5 mg/animal for 10 days, ip) 
substantially prolonged the survival times of mice inoculated 
with EL4 thymoma cells.55 IL-2 and interferon-gamma lev-
els were increased and the authors concluded, based on this 
and a series of complex experiments, that the two treatments 
increased cytotoxic T lymphocyte activity. In general, the 
Andrographis extract was more active than andrographolide. 
The same research group using similar models and treatments 
has also demonstrated enhanced natural killer cell activity and 
antibody-dependent cytotoxicity in normal and tumour-bear-
ing (Ehrlich ascites carcinoma) mice.56

Hepatoprotective and choleretic activity
Andrographolide showed protective activity against chemically 
induced toxicity in rat hepatocytes in vitro. The observed 
hepatoprotective effect was greater than silymarin.57 
Intraperitoneal administration of andrographolide, androgra-
phiside and neoandrographolide (100 mg/kg) to mice pro-
tected against hepatotoxic damage caused by carbon 
tetrachloride and tert-butylhydroperoxide. Andrographiside 
and neoandrographolide had the greatest effect on reducing 
lipid peroxidation and were comparable to silymarin.58 Similar 
studies suggest that andrographolide is the major active 

antihepatotoxic principle in Andrographis.59 Intraperitoneal 
administration of three diterpene constituents of Andrographis 
showed protective effects on hepatotoxicity induced in mice 
by various chemicals. The protective effect of andrographiside 
and neoandrographolide was as strong as silymarin, and could 
be due to the glucoside groups acting as strong antioxidants.60 
Andrographolide exhibited hepatoprotective activity after oral 
or intraperitoneal administration to rats with chemically 
induced acute hepatitis. Treatment with the herb led to com-
plete normalisation of five biochemical parameters and 
improved histopathological changes in the liver.61

Intraperitoneal pretreatment of mice with different 
doses of andrographolide or arabinogalactan proteins from 
Andrographis for 7 days was followed by intraperitoneal injec-
tion of ethanol (7.5 g/kg of body weight). At 500 mg/kg and 
125 mg/kg, respectively, the protective activity of these two 
preparations against hepatic and renal alcohol toxicity was 
comparable to silymarin.62

Oral administration of Andrographis extract and andro-
grapholide to rats demonstrated a protective action against 
carbon tetrachloride-induced hepatotoxicity. The leaf extract 
showed stronger activity than andrographolide.63 Pre- and 
post-treatment with oral doses of Andrographis (0.5 g/kg/day) 
normalised alcohol-induced increases in serum transaminase 
activity in rats. The researchers concluded that Andrographis 
has a protective as well as a curative effect on alcohol-induced 
toxic liver damage.64

Andrographolide (5, 7 and 10 mg/kg, oral) improved lev-
els of antioxidant parameters such as glutathione, superoxide 
dismutase and catalase in mice treated with the liver carcino-
gen hexachlorocyclohexane (BHC).65 It also reduced param-
eters of liver damage and the development of liver tumours in 
BHC-treated mice at the same doses.66

Significant hepatoprotective activity was demonstrated for 
an alcohol extract of Andrographis and two of its diterpenes – 
andrographolide and neoandrographolide – against the hepato-
toxicity caused by Plasmodium berghei infection in animals. The 
protective effect of Andrographis was thought to be partially due 
to reactivation of superoxide dismutase, which in turn counter-
acted peroxidative damage caused by the infection. Andrographis 
may also induce drug metabolising systems that detoxify hepa-
totoxins.67 Administration of Andrographis (0.5 g/kg/day) or 
andrographolide (5.0 mg/kg/day) to rats for 7 to 30 consecutive 
days induced the liver microsomal drug-metabolising enzymes 
aniline hydroxylase, N-demethylase and O-demethylase.68

Andrographolide produced a dose-dependent choleretic 
effect (increased bile flow, bile salt and bile acids) in rats and 
guinea pigs after oral administration69 and by intraperitoneal 
injection in rats.70 The effect was stronger than silymarin.69 
Aqueous extract of Andrographis orally administered to rats 
at 3.75 mL/kg increased bile flow and liver weight. A maximal 
increase in flow and weight was reached after 2 days.71

Cardiovascular activity
An early study investigating an aqueous extract by intrave-
nous administration suggested that Andrographis may limit 
the expansion of the ischaemic focus, may exert a marked 
protective effect on the reversible ischaemic myocardium and 
could demonstrate a weak fibrinolytic action.72 Andrographis 
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alleviated myocardial ischaemia-reperfusion injury in vivo.73 
It upregulated cellular reduced glutathione and protected 
cardiomyocytes against hypoxia/reoxygenation injury in 
vitro.74 The mechanism was probably via a decrease in the 
harmful effect of oxygen free radicals.75 A study using rab-
bits found Andrographis alleviated atherosclerotic arterial 
stenosis induced by both de-endothelialisation and a high 
cholesterol diet. In addition, it lowered the restenosis rate 
after experimental angioplasty.76 Andrographolide (5 mg/kg, 
presumably ip) suppressed the hyperplasia of arterial neoin-
tima (about a 60% reduction) in a murine model of arterial 
restenosis. This was via the downregulation of NF-kappaB tar-
get genes that are critical in thrombosis and inflammation.77

An aqueous extract of Andrographis given by intraperi-
toneal infusion to rats exhibited a dose-dependent reduc-
tion in systolic blood pressure in spontaneously hypertensive 
rats and normotensive controls.78 A crude water extract of 
Andrographis, and two semi-purified n-butanol and aqueous 
fractions, significantly reduced mean arterial blood pressure 
in anaesthetised rats without decreasing heart rate after ip 
administration. The hypotensive substance in the crude water 
extract appeared to be concentrated in the butanol fraction.79

Following the observation that some patients exhibited a 
hypotensive response while taking Andrographis, the in vitro 
and in vivo actions of the herb and three of its diterpenoids 
were investigated.80 The diterpenoid 14-deoxy-11,12-didehy-
droandrographolide (DIAP) was most active at reducing the 
chronotropic response of isolated rat atria and exerting spas-
molytic activity in rat aortic rings. An Andrographis aqueous 
extract with the highest levels of DIAP (delivering 19 mg/kg 
of this compound, oral doses for 7 days) was the most potent 
(compared to two other extracts with lower levels of DIAP) 
at reducing systolic blood pressure in rats. Mechanistic studies 
suggested that vascular smooth muscle was the major site of 
the hypotensive effect.

Andrographolide inhibited PAF-induced human platelet 
aggregation81 and deoxyandrographolide antagonised PAF-
mediated processes in neutrophils,82 as did andrographolide,83 
all in vitro.

Anti-inflammatory, antipyretic, antiallergic  
and analgesic activity
Several early in vivo studies found antipyretic and anti-inflam-
matory effects for andrographolides (after oral administration or 
injection). The anti-inflammatory activity of the andrographolides 
may be due to the promotion of ACTH (adrenocorticotrophic 
hormone) and consequent enhancement of adrenocortical 
function.5 Andrographolide administered orally (30, 100 and 
300 mg/kg) significantly reduced inflammation in a number of 
animal models including adjuvant-induced arthritis.84 The addi-
tion of andrographolide to an endothelial cell culture together 
with TNF-alpha caused a concentration-dependent reduction 
of the enhancement of endothelial monocyte adhesion, which is 
part of the inflammatory process.85 Another in vitro study found 
that andrographolide inhibited NF-kappaB binding to DNA, 
thereby reducing the expression of pro-inflammatory proteins 
such as COX-2 in neutrophils.83 Andrographolide prevented oxy-
gen radical production by human neutrophils in vitro.86

As well as demonstrating antioxidant activity in vitro and in 
vivo, a 70% methanolic extract of Andrographis (10 mg/animal 
for 5 days, ip) completely inhibited carrageenan-induced paw 
oedema in mice.87 Oral administration of neoandrographolide 
(150 mg/kg) also demonstrated anti-inflammatory activity in 
mice as well as in vitro, using several experimental models.88

In a murine model of asthma, andrographolides (30 mg/
kg, ip) inhibited the elevation of bronchoalveolar fluid (BAF) 
levels of TNF-alpha and GM-CSF, and almost abolished the 
accumulation in BAF of lymphocytes and eosinophils.89 In a 
similar model, andrographolide (0.1, 0.5 and 1 mg/kg, ip) 
dose-dependently inhibited increases in total cell count, 
eosinophil count and IL-4, IL-5 and IL-13 levels in BAF.90 It 
also attenuated IgE responses, eosinophilia and airway mucus 
production and hyper-responsiveness. Examination of lung 
tissue specimens and further in vitro investigations suggested 
that andrographolide might act by inhibiting the NF-kappaB 
pathway. An anti-inflammatory mechanism mediated by 
reduced NF-kappaB expression was also observed for andro-
grapholide (2 mg/kg/day for 7 days, ip) in another study in 
mice, using a similar experimental model of asthma.91

Oral doses of andrographolide at 300 mg/kg demonstrated 
analgesic activity; at 100 and 300 mg/kg significant antipyretic 
effects were also observed after 3 h. In addition, this dose 
exhibited significant protective activity against aspirin-induced 
ulceration in rats.92 An aqueous extract of Andrographis 
(40 and 100 mg/kg, oral) and andrographolide (25, 50 and 
100 mg/kg, oral), but not a 95% ethanolic extract (100 and 
200 mg/kg, oral), demonstrated significant analgesic activ-
ity in mice.93 The aqueous extract and andrographolide were 
also active at oral doses of 100 mg/kg in reducing carrageenan-
induced rat paw oedema. A similar activity profile (analgesic 
and antioedema) was demonstrated for subcutaneous injec-
tion of andrographolide (10, 25 and 50 mg/kg).94 Analgesia 
was probably mediated via non-opioid pathways, since nalox-
one failed to antagonise the activity of andrographolide.  
A methanolic extract of Andrographis (100 to 300 mg/kg, ip) 
slightly lowered body temperature, increased pentobarbitone 
sleeping time, demonstrated analgesic activity, reduced explora-
tory behaviour and curiosity, and exhibited some muscle-
relaxing activity in mice.95 The same doses in rats also reduced 
exploratory behaviour in the Y-maze test.

Hypoglycaemic activity
An aqueous extract of Andrographis (10 mg/kg) was found to 
prevent glucose-induced hyperglycaemia in rabbits, but failed 
to prevent glucose absorption from the gut.96 In a screening 
of several traditional remedies, only Andrographis (as aqueous 
extract, and especially freeze-dried extract, administered at 
50 mg/kg and 6.25 mg/kg body weight) significantly lowered 
blood glucose levels in streptozotocin-induced hyperglycaemic 
rats.97 In a further study Andrographis decoction was orally 
administered to alloxan-induced diabetic rats, with a sig-
nificant reduction in blood glucose levels observed compared 
with controls.98

In a study comparing normal and streptozotocin-induced 
diabetic rats, an ethanolic extract of Andrographis not only 
demonstrated hypoglycaemic effects, but also reduced oxida-
tive stress in the diabetic rats. Normal and diabetic rats were 



365

Andrographis

randomly divided into groups and treated orally with distilled 
water, metformin (500 mg/kg) or Andrographis (400 mg/kg) 
twice daily for 14 days. Both Andrographis and metformin 
significantly increased body weight and reduced fasting serum 
glucose in the diabetic rats, but had no such effects in the 
normal rats. Both treatments also significantly increased the 
activity of the antioxidant enzymes superoxide dismutase 
(SOD) and catalase in the diabetic rats, but again not in 
the normal rats.99 In another study, Andrographis extract 
(400 mg/kg, oral) decreased blood glucose and increase activi-
ties of the antioxidant enzymes SOD and catalase in strepto-
zotocin-induced diabetic rats.100

Inhibition of the digestive enzymes alpha-glucosidase and 
alpha-amylase can significantly decrease the postprandial 
increase in blood glucose. In vitro testing demonstrated that a 
20% ethanolic extract of Andrographis possessed an appreci-
able alpha-glucosidase inhibitory effect, but demonstrated only 
weak inhibition of alpha-amylase.101 Supporting this observa-
tion, a single oral dose of Andrographis extract (250, 500 or 
1000 mg) dose-dependently and significantly reduced blood 
glucose in streptozotocin-induced diabetic rats challenged with 
starch and sucrose, but not after a glucose challenge.101 In con-
trast, andrographolide (0.5 to 1.5 mg/kg, oral) dose-depend-
ently decreased plasma glucose in streptozotocin-induced 
diabetic rats, and at 1.5 mg/kg (oral) significantly attenuated 
plasma glucose after glucose challenge in normal rats.102

As a possible contradiction of the above results for sucrose, 
oral administration of Andrographis extract and andro-
grapholide produced a dose- and time-dependent activation of 
brush-border membrane-bound hydrolases (lactase, maltase, 
sucrase) in rats, suggesting it accelerated the intestinal diges-
tion and absorption of disaccharides.103

Other activity
An aqueous extract of Andrographis (200 mg/kg, oral) largely 
countered the nephrotoxic impact of gentamicin in rats, 
in terms of tending to normalise serum creatinine and urea, 
blood urea nitrogen and urine volume.104 Whether this effect 
was due to antioxidant activity or represented a specific reno-
protective activity is not clear.

Three studies cited above attest to significant in vivo and 
in vitro antioxidant activity for the herb,87,93,100 as do some of 
the hepatoprotection studies. Oral administration of an aque-
ous extract of Andrographis (10, 20 and 30 mg per mouse) 
caused a significant elevation of catalase, SOD and glu-
tathione-S-transferase activities in lymphoma-bearing mice, as 
well as exhibiting some antitumour activity.105

Other studies have demonstrated protection against toxins, 
in some cases linked to antioxidant activity. Andrographolide 
and an aqueous extract of Andrographis (250 mg/kg/day for 7 
days, ip) protected against nicotine-induced neurotoxicity in 
rats by reducing oxidative stress.106 A similar protective activ-
ity against nicotine-induced oxidative stress was demonstrated 
in vitro for lymphocytes.107

A 70% ethanolic extract of Andrographis (10 mg/animal/
day for 10 days, ip) was also shown to protect against cyclo-
phosphamide toxicity in mice in two separate but similar 
studies conducted by the same research group.108,109 The 

elevation of TNF-alpha induced by the drug was lowered by 
Andrographis treatment. Andrographolide was also active.109

Topical application of Andrographis extract (10%) improved 
wound healing in rats.110 Wounds dressed with Andrographis 
showed markedly less scar width, higher fibroblast prolifera-
tion, more collagen, less angiogenesis and an absence of inflam-
matory cells.

Pharmacokinetics
An early study found that oral doses of radiolabelled andro-
grapholide given to mice were rapidly absorbed and distrib-
uted to organs, especially gallbladder, kidney, ovary and lung. 
Andrographolide levels appeared to be low in spleen, heart 
and brain. Approximately 90% was excreted in the urine 
and faeces after 24 h, and 94% after 48 h. At 48 h, radiola-
belled andrographolide only accounted for approximately 
11% of urine and liver fractions, the remainder consisted of 
metabolites.111

Using isolated rat small intestine it was observed that 
P-glycoprotein (P-gp) was involved in the intestinal transport 
and absorption of andrographolide.112 One recent study using 
in vitro models and rats calculated that andrographolide had 
low absolute bioavailability (2.67%) because of its rapid bio-
transformation and efflux by P-gp.113 Metabolites of andro-
grapholide found in rats included sulphates114 and an unusual 
sulphonic acid derivative (in urine).115

Studies in human volunteers have identified sulphate116 
and glucuronide117 conjugates in urine after ingestion of 
andrographolide. Administration of a single 200 mg dose of 
andrographolide to each of 20 healthy volunteers revealed 
mean values of Tmax and Cmax of 1.6 h (range 1.5 to 2.0 h) 
and 58.6 ng/mL (range 29.3 to 81.2 ng/mL), respectively.118 
The elimination half-life of andrographolide was 10.5±2.1 h. 
These results are consistent with a relatively low bioavailabil-
ity for andrographolide.

Andrographolides might exhibit better bioavailability 
from Andrographis extracts. After oral administration of 
1 g/kg of an extract (containing 4.52% andrographolide and 
2.95% 14-deoxy-11,12-didehydroandrographolide (DIAP)) 
to rats, the respective Cmax and Tmax values observed were 
1.42±0.09 μg/mL and 3.0±0.12 h for andrographolide and  
1.31±0.05 μg/mL and 3.0±0.15 h for DIAP.119 Similarly in 
rabbits, 2 mL/kg of a liquid extract of Andrographis (contain-
ing 35.2 mg andrographolide and 20.7 mg DIAP) resulted in 
respective Cmax and Tmax values of 2.28 μg/mL and 1.0 h for 
andrographolide and 1.33 μg/mL and 0.75 h for DIAP.120

The amount of andrographolide was determined in the 
blood plasma of rats and 15 human volunteers following the 
oral administration of a 60% ethanolic Andrographis extract 
to rats and its combination with Siberian ginseng to humans 
(Kan Jang).121 In rats it was found that andrographolide is 
rapidly and almost totally (91%) absorbed after oral admin-
istration of 20 mg/kg of the Andrographis extract. Less than 
10% was found in the urine, presumably because of exten-
sive metabolism. The pharmacokinetics of andrographolide 
was found to be highly variable in humans after the single 
oral administration of 20 mg via Kan Jang, although it was 
reasonably rapidly absorbed (Tmax 1.37 h). The calculated 
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steady-state plasma concentration after the normal multiple 
doses of the herbal combination was around 0.66 μg/mL, with 
a Cmax after each dose of about 1.34 μg/mL.

Clinical trials

Respiratory infections
A recent systematic review of two systematic reviews and 
eight clinical trials concluded that there was evidence that 
Andrographis was useful in the treatment of upper respiratory 
tract infections, but expressed concerns about publication 
bias and particularly the fact that most of the trials had been 
conducted in association with product manufacturers.122 The 
authors called for more independent clinical trials.

The two systematic reviews included in the above were 
as follows. In one, seven double blind, controlled trials 
(n=896) that met inclusion criteria for evaluation of effi-
cacy were considered. All trials scored at least three (out of 
a maximum of five) for methodological quality on the Jadad 
scale. Collectively, the data suggested that Andrographis was 
superior to placebo in alleviating the subjective symptoms of 
uncomplicated upper respiratory tract infection. There was 
also preliminary evidence of a preventative effect. Adverse 
events reported following the herb administration were gen-
erally mild and infrequent.123 In the second review, 433 
patients from three trials were included in the meta-analysis. 
Andrographis either alone or in combination with Siberian 
ginseng was more effective than placebo in the treatment of 
uncomplicated acute upper respiratory tract infection.124

In a general review of the literature for evidence of the 
efficacy and safety of complementary and alternative medi-
cine for the prevention and treatment of upper respira-
tory tract infection in children, the authors concluded that 
Andrographis decreased nasal secretions (p<0.01), but not 
other symptoms.125

The subjects of these reviews as well as other studies follow.
Uncontrolled early Chinese clinical studies in patients 

with bacterial and viral respiratory infections suggested ben-
eficial effects after oral administration of Andrographis or 
andrographolides, implying an immune enhancing action.5 
Investigations from the Sichuan Traditional Medicine 
Research Institution found Andrographis exerted a beneficial 
effect in the treatment of infectious diseases associated with 
cold symptoms. The major finding was the lowered body tem-
perature within 48 h after treatment with Andrographis. Of 
84 cases of common cold, 70 achieved normal body tempera-
ture within 48 h.126

A randomised double blind study of 152 patients with 
pharyngotonsillitis found Andrographis (6 g/day) for 1 week 
to be as effective as paracetamol (acetaminophen) in reliev-
ing fever and sore throat. For both groups the difference 
between baseline symptoms and final evaluation was signifi-
cant (p<0.0001). Lower doses of Andrographis were not as 
effective.127

Tablets containing a total of 1200 mg Andrographis extract 
(standardised to 4% andrographolides) or placebo were given 
to 61 patients suffering symptoms of common cold in a dou-
ble blind, placebo-controlled clinical trial. After 4 days of 

treatment, measured symptoms were significantly reduced 
in the Andrographis-treated group compared to placebo: 
strength of disease (p=0.0001), tiredness (p=0.0001), sweat-
ing/shivering (p=0.001), sore throat (p=0.0001) and mus-
cular ache (p=0.0001). In terms of clinical signs (rhinitis, 
sinus pains and headaches, lymphatic swellings), there was 
no significant difference between the treated and placebo 
groups at day 4. However, when the groups were compared 
over time (specifically day 0 versus day 4), there was a sig-
nificant decrease in the intensity of these signs only for the 
Andrographis group (p<0.05). The overall reduction in the 
symptom score over time was also significant (p<0.01). The 
authors concluded that, based on their findings, Andrographis 
can significantly reduce the symptoms and duration of the 
common cold.128

In a randomised, double blind, placebo-controlled clini-
cal trial, 107 healthy children received either Andrographis 
extract tablets (200 mg/day of extract, standardised to 
11.2 mg andrographolide) or placebo for 3 months during the 
winter season. This dose corresponds to about 1 g of original 
herb. Analysis after the first month indicated no significant 
change for Andrographis treatment. However, by the third 
month there was a significant decrease in the incidence of 
colds compared with placebo (30% versus 62%; p<0.01). The 
relative risk of catching a cold was 2.1 times lower for the 
Andrographis group.129 The same research team conducted a 
further randomised, placebo-controlled, double blind study of 
an Andrographis extract at 1200 mg/day over 5 days in 158 
adult patients. Visual analogue scale evaluations of the inten-
sity of headache, tiredness, earache, sleeplessness, sore throat, 
nasal secretion, phlegm and frequency and intensity of cough 
were performed by the patients at days 0, 2 and 4 of the 
treatment. Using a logistic regression model of assessment, 
there was a significant decrease in the intensity of the symp-
toms of tiredness, sleeplessness, sore throat and nasal secre-
tion in the Andrographis group at day 2, as compared with the 
placebo group. By day 4, a significant decrease in the intensity 
of all symptoms was observed for the Andrographis group. No 
adverse effects were observed or reported.130

In another randomised, double blind, placebo-controlled 
pilot study, 50 outpatients with symptoms of common cold 
were treated with tablets containing Andrographis extract 
(1020 mg/day, about 6 g of herb). The patients were advised 
to make their first clinic visit not later than 3 days after the 
occurrence of cold symptoms. After 5 days of therapy, subjec-
tive evaluation demonstrated a significantly reduced number 
of sick leave days (p<0.03), improved symptoms (p<0.025) 
and hastened recovery (p<0.05). Side effects were very few 
and mild.131

Recently, a randomised, double blind, placebo-controlled 
clinical trial observed that treatment with a standardised 
extract of Andrographis reduced the symptoms of uncom-
plicated upper respiratory tract infection.132 A total of 223 
patients received either 200 mg/day of an Andrographis 
extract (about 2.5 g of herb, containing 60 mg of andro-
grapholides) or a matching placebo for 5 days after expe-
riencing the typical symptoms of a common cold. Nine 
self-evaluated symptoms were used to assess the efficacy of 
the herbal treatment: cough, expectoration, nasal discharge, 



367

Andrographis

headache, fever, sore throat, earache, malaise/fatigue and 
sleep disturbance. Both groups showed improvement in these 
scores from days 1 to 3. However, from days 3 to 5 most of 
the symptoms in the placebo group were unchanged, whereas 
symptom improvement continued for the Andrographis 
group. The difference in the overall symptom score between 
the two groups was significant at day 5 (p<0.05). For indi-
vidual symptoms on day 5, all were significantly improved for 
the Andrographis group versus placebo (p<0.05), except for 
earache. The overall efficacy of Andrographis was a significant 
2.1 times higher than placebo (p<0.05), and the herbal treat-
ment was well tolerated. One weakness of the trial design was 
that patients were not treated for longer than 5 days. Hence 
the impact of Andrographis on shortening the duration of the 
common cold could not be assessed.

In two randomised, parallel-group clinical studies, a 
standardised extract of Andrographis (as the combina-
tion Kan Jang) was compared with amantadine in the treat-
ment of diagnosed viral influenza infection.133 Each tablet 
comprised 85 mg of Andrographis extract (containing 5 mg 
andrographolides) and 10 mg of Siberian ginseng extract 
(from 120 mg root). The typical acute dose was four tablets 
three times daily. In the first pilot study, 71 Kan Jang-treated 
patients were compared with 469 patients on amantadine; in 
the second phase 66 patients were enrolled. Duration of sick 
leave and frequency of post-influenza complications were 
used as outcome measures and indicated that the herbal com-
bination contributed to a quicker recovery. It reduced the risk 
of post-influenza complications and was also well tolerated.

A three-arm study compared the efficacy of standard treat-
ment, Kan Jang and a preparation containing Echinacea purpu-
rea extract in patients with uncomplicated common colds.134 
Of the 130 children aged between 4 and 11 years studied 
over a period of 10 days, 39 patients received only standard 
treatment, 53 were treated with the Andrographis combi-
nation plus standard treatment and 41 were treated with 
Echinacea plus standard treatment. It was found that adju-
vant treatment with the Andrographis combination was sig-
nificantly more effective than the Echinacea preparation when 
started at an early stage of uncomplicated common colds. The 
effect was particularly pronounced in terms of the amount of 
nasal secretion and congestion. It also accelerated the recov-
ery time compared to other treatments. The need for stand-
ard medication was significantly less in the Andrographis 
combination group compared with the others and it was well 
tolerated, with no adverse reactions reported.

The same Andrographis combination was also tested in a 
phase III randomised, double blind, placebo-controlled par-
allel group clinical trial in the treatment of uncomplicated 
upperrespiratory tract infections. After an initial pilot trial 
involving 46 patients over 3 to 8 days, 179 patients completed 
the 3-day study according to protocol. Both the total symp-
tom score (from patients’ evaluation) and the total diagnosis 
score (from physicians’ evaluation) showed highly significant 
improvements (p<0.0006 and p=0.003, respectively), as 
compared with placebo. Throat signs and symptoms demon-
strated the most significant improvement.135

A double blind, placebo-controlled clinical study evalu-
ated the impact of Kan Jang treatment for 5 days in the 

management of acute upper respiratory symptoms (including 
sinusitis) in 185 patients. At the end of the treatment, signifi-
cant differences compared with placebo were in evidence for 
total symptoms in the group as a whole (p<0.001) and in the 
acute and recurrent sinusitis subgroups. In terms of individual 
symptoms in the whole group, significant differences against 
placebo (p<0.001) were observed for sore throat, headache, 
malaise and catarrh.136

Enteric infections
Many early Chinese studies used oral administration of 
Andrographis or andrographolides in acute bacillary dysen-
tery and enteritis and observed a marked benefit.5 Patients 
with acute diarrhoea were treated with powdered leaves and 
stems of Andrographis. The Andrographis was more effective 
in reducing the number of Shigella, but was less effective for 
cholera compared with tetracycline. Oral administration of 1 g 
every 12 h for 2 days was more effective than giving a dose of 
500 mg every 6 h for 2 days.137

Inflammatory disorders
Familial Mediterranean fever (FMF) is a recessively inherited 
inflammatory disorder characterised by recurrent attacks of 
fever and serositis (inflammation of the serous tissues such 
as pleura, pericardium and peritoneum). A combination of 
Andrographis extract 600 mg/day (containing 48 mg andro-
grapholide), Siberian ginseng extract 120 mg/day (stand-
ardised to >9.6 mg eleutheroside E), Schisandra chinensis 
extract 600 mg/day (standardised to >9.6 mg schisandrins) 
and licorice extract 120 mg/day (standardised to >7.2 mg 
glycyrrhizin) was assessed over 30 days in a pilot study 
involving 24 children with FMF.138 Using a double blind, pla-
cebo-controlled design, it was found that duration, frequency 
and severity of attacks were all significantly less compared 
with placebo following the herbal treatment (p=0.0003). A 
separate publication investigated the impact of the herbal 
combination on plasma nitric oxide (NO) levels during the 
trial.139 Additional control groups were used, consisting of 
healthy volunteers and FMF patients treated with colchicine. 
Basal levels of NO in FMF patients during attack-free peri-
ods over the 30-day trial were found to be no different to the 
healthy controls. Surprisingly, NO levels fell during attacks. 
The herbal formulation with Andrographis was found to nor-
malise blood levels of NO and decrease IL-6 in FMF patients 
during attacks.

A 14-week randomised, double blind, placebo-controlled 
clinical trial in 60 patients examined the impact of a 75% etha-
nolic extract of Andrographis (300 mg/day corresponding to 
3 g of herb and containing 90 mg of andrographolides) in active 
rheumatoid arthritis.140 All trial patients were given methotrex-
ate and were allowed to take prednisone or chloroquine in sta-
ble doses if already prescribed. Compared with baseline there 
were significant improvements observed in the Andrographis 
group by week 14 for tender joints (p=0.001), number of swol-
len joints (p=0.02), severity of swollen joints (p=0.01), sever-
ity of tender joints (p=0.002), levels of rheumatoid factor 
(p=0.01) and quality of life measures (p<0.001). However, 
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compared with the placebo group these changes were not statis-
tically significant. Perhaps a larger trial with a higher dose might 
have yielded results that were more definite.

A randomised, double blind trial was conducted at five 
centres in Shanghai to compare a standardised extract of 
Andrographis with the non-steroidal anti-inflammatory drug 
mesalazine (4.5 g/day, in slow release form) in patients with 
mildly to moderately active ulcerative colitis (confirmed by 
colonoscopy).141 One hundred and eight patients completed 
the trial. The aqueous-ethanolic extract provided about 
108 mg/day of andrographolide. Treatment with Andrographis 
extract demonstrated similar efficacy to mesalazine. Scores 
for clinical symptoms (fever, stool frequency, stool consist-
ency, stool blood, abdominal pain, mucous stool, tenesmus 
(straining) and abdominal tension) were assessed through-
out treatment. Symptom scores decreased over time in 
both groups. Clinical efficacy was also assessed by the per-
centage of patients attaining remission, partial remission or 
improvement in symptoms. Mucosal healing was evaluated 
by colonoscopy and, in the 34 patients with biopsies avail-
able, histopathology was evaluated. Such outcomes were sig-
nificantly better (p<0.001) for both groups compared with 
baseline, and there was no significant difference between the 
two treatment groups. Thirteen per cent of patients in the 
Andrographis group and 27% of patients in the mesalazine 
group had at least one adverse event. Most adverse events 
appeared to be related to the underlying disease.

Other conditions
In a phase I clinical trial, 13 HIV positive patients and 5 healthy 
volunteers took 5 mg/kg andrographolide for 3 weeks, escalat-
ing to 10 mg/kg for 3 weeks, which was then intended to rise 
to 20 mg/kg for a final 3 weeks. However, the trial was inter-
rupted at 6 weeks due to adverse events, including an anaphy-
lactic reaction in one patient. All adverse events had resolved 
by the end of observation. A significant rise in the mean CD4+ 
lymphocyte level in HIV patients occurred after administra-
tion of 10 mg/kg andrographolide (from 405 to 501 cells/mm3, 
p=0.002). There were no statistically significant changes in 
mean plasma HIV-1 RNA levels throughout the trial.142

An open study in Thailand compared parameters of urinary 
tract infection in patients undergoing shock wave dissolution 
of kidney stones (lithotripsy). The study found that 1 g of 
Andrographis was as effective as the antibiotics co-trimoxazole 
and norfloxacin in reducing pyuria and haematuria.143

A phase I clinical study of Kan Jang in healthy men 
revealed a slightly positive benefit on sperm count, sperm 
activity and other indices of fertility when it was taken at 
three times the normal dose.144

Sixty-three patients with cardiac and cerebrovascu-
lar diseases were observed at 3 h and/or 1 week after taking 
Andrographis extract. Results showed that platelet aggregation 
induced by ADP was significantly inhibited (p<0.001). The 
aggregation rate was lower at 1 week. In other volunteers 
taking Andrographis, serotonin release from platelets was 
decreased (p<0.01), but plasma serotonin levels remained 
unchanged. A rise in platelet cAMP levels might be the mecha-
nism behind the antiplatelet activity of Andrographis.145

A majority of 20 patients with infective hepatitis showed 
marked improvement in symptoms after approximately 24 
days of treatment with an Andrographis decoction (equivalent 
to 40 g of herb per day). Significant decreases in various liver 
function tests were also observed. Overall, 80% of cases were 
‘cured’ and 20% were relieved.146

Toxicology and other safety data

Toxicology
The following LD50 data have been recorded for Andrographis 
extract and its constituents:

Substance Route, 
model

LD50 value Reference

Andrographis methanol-
aqueous (1:1) extract of 
whole plant

ip, mice >1.0 g/kg 147

Andrographis alcohol 
extract (part not 
specified)

oral, mice >15 g/kg 148

Andrographis alcohol 
extract (part not 
specified)

ip, mice 14.98 g/kg 148

Andrographis alcohol 
extract (part not 
specified)

sc, mice >15 g/kg 148

 total lactones oral, mice 13.4 g/kg 5

 andrographolide oral, mice >40 g/kg 5

 �andrographolide 
sulphonate

iv, mice 2.47 to 2.94 g/
kg

5

 deoxyandrographolide oral, mice >20 g/kg 5

 neoandrographolide oral, mice >20 g/kg 5

In acute toxicity studies, no toxic effects were observed 
in mice after oral administration of a suspension of 
Andrographis leaf powder (2 g/kg), a suspension of leaf 
alcohol extract (2.4 g/kg) or andrographolide (3 g/kg).149 
Similarly, subcutaneous administration of Andrographis 
leaf decoction (0.33 g/kg) to rabbits did not exhibit toxic 
effects.19 Female rats treated for 14 days with an oral dose 
of 5 g/kg of a methanolic Andrographis extract also demon-
strated no adverse effects.150

No toxic effects were observed in subacute oral toxic-
ity tests when either a leaf powder suspension (200 and 
400 mg/kg) or straight leaf powder (50 to 150 mg/kg) was 
administered on alternate days for 4 weeks to mice or for 
14 weeks to rats, respectively.149 Also andrographolide  
(1 g/kg/day) administered to rats and rabbits for 7 days did 
not cause toxic effects.5 Rats administered Andrographis 
powder (part and route not specified) at dosages of 0.12, 1.2 
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and 2.4 g/kg/day for 6 months exhibited no abnormalities 
in growth rate, food consumption, clinical signs, serum bio-
chemical parameters or histology.148

Oral administration of andrographolide (2 g/day) for 4 
days caused a transient elevation of the liver enzyme ALT in 
healthy volunteers. Levels normalised upon discontinuation 
of the andrographolide. Hepatic and renal functions were not 
impaired after doses of 0.9 g/day for 5 days.5

Effects of Andrographis on male fertility show conflicting 
results, but there is probably no cause for concern based on 
the more recent studies. Reduced fertility and prolongation 
of gestation were observed in mice when the male was fed 
Andrographis stem powder (0.75% of diet) prior to mating. 
As mating rates were not confirmed, these effects may have 
been due to a reduction in libido. Treated females mated with 
untreated males showed no appreciable change in fertility or 
gestational period.151 In contrast, antifertility effects were not 
observed in mice fed the powdered leaf or root (1% of diet; 
approximately 2 g/kg/day) for 2 weeks prior to mating and for 
3 weeks during mating.151,152

Oral administration of Andrographis leaf powder (50 
and 100 mg/kg/day) for 24 to 60 days to male rats resulted 
in the cessation of spermatogenesis and biochemical and 
degenerative changes in the testes and male accessory 
organs.153,154 Decreased sperm counts, spermatozoa abnor-
malities, histopathological changes in the testes and lack 
of fertility were observed after oral administration of high 
doses of andrographolide (25 and 50 mg/kg) for 48 days.155 
However, no significant differences were observed in repro-
ductive organ weights, testicular histology or serum testos-
terone levels after oral administration of an Andrographis 
dried herb (5:1) ethanol extract (containing 5.6% andro-
grapholide) at dosages of 20, 200 and 1000 mg/kg/day for 
60 days. The authors concluded that the above variation in 
results might be due to differences in the preparation of the 
plant material used.156

Recently Andrographis extract (20, 200 and 1000 mg/kg/day 
orally for 65 days)157 and andrographolide (50 mg/kg/day for 
2 to 8 weeks)158 demonstrated no significant effects on sperm 
morphology, motility and counts and were without significant 
adverse effects. There is also the phase I clinical study in men 
cited earlier.144

After nitrosation with nitrite under acidic conditions, an 
ethanol extract of Andrographis became mutagenic to strains 
TA 98 and TA 100 (Salmonella/microsome test) tested 
either in the presence or absence of S-9 mix.159 A methanolic 
extract of Andrographis was devoid of significant genotoxic 
effects in three different in vitro models.150

Contraindications
Andrographis should not be used during pregnancy without pro-
fessional advice, especially in early pregnancy. Bitters are con-
traindicated in states of hyperacidity, especially duodenal ulcers. 
Bitters should be used with caution in oesophageal reflux.

Special warnings and precautions
Caution in early pregnancy.

Interactions
Antiplatelet activity was demonstrated ex vivo in the blood 
from patients with cardiac and cerebrovascular diseases tak-
ing Andrographis extract.145 This could possibly lead to an 
adverse interaction with antiplatelet and anticoagulant drugs. 
However, oral doses of Andrographis with Siberian ginseng 
exhibited no interaction with warfarin in rats.160

Andrographis should not be prescribed long-term with 
immunosuppressant medication as it may decrease the effec-
tiveness of the drug. This is a theoretical concern based on the 
immune-enhancing activity of Andrographis. No case report 
of such an interaction has been published.

There have been several studies examining the in vitro 
or in vivo impact of either Andrographis extract or andro-
grapholide on drug metabolising enzymes. However, the clini-
cal relevance of these findings remains uncertain. In vitro, 
andrographolide induced the expression of cytochrome P450 
superfamily 1 members CYP1A1 and CYP1A2, but not 
CYP1B1, in a concentration-dependent manner in murine 
hepatocytes.161,162 In isolated human and rat liver microsomes 
Andrographis extract and andrographolide inhibited CYP3A4 
and 2C9 activity.163 Andrographis extracts and andro-
grapholide significantly induced glutathione-S-transferase 
activity in rat primary hepatocytes.164,165

Of more relevance are the in vivo studies. An aque-
ous or an ethanolic extract of Andrographis (equivalent 
to 5 mg/kg/day andrographolide orally for 14 to 30 days) 
induced CYP1A1 and CYP2B in mice.166 Similar doses of 
Andrographis extract and andrographolide given orally to rats 
decreased CYP2C11 activity.167 Andrographolide (5 mg/kg/
day, sc) enhanced CYP1A1 expression only in polycyclic aro-
matic hydrocarbon responsive mice, and only in males (prob-
ably via an interaction with testosterone).168

Theophylline is a typical substrate of CYP1A2 in rats. 
Oral Andrographis extract (1 or 2 g/day) or andrographolide 
(154 mg/kg/day) pretreatment for 3 days in rats increased the 
clearance of subsequently administered theophylline, confirm-
ing results from in vitro studies.169 The doses used were rela-
tively high and do not reflect typical human doses.

Use in pregnancy and lactation
Category B3 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Evidence of increased fetal damage in animal studies 
exists, although the relevance to humans is unknown.

However, Andrographis is best avoided during early preg-
nancy until more information is available regarding its anti
fertility activity. A product containing standardised extract of 
Andrographis leaf has been used to treat the common cold in 
Scandinavia for over 20 years and no cases of pregnancy ter-
mination have been reported.170 Results from experiments 
regarding possible antifertility effects in female animals are 
conflicting (see below).151,152,170–173

Oral administration of an Andrographis extract (200, 
600 and 2000 mg/kg) for the first 19 days of pregnancy did 
not impact progesterone levels in pregnant rats.170 Female 
mice fed high doses of Andrographis powder (2 g/kg/day) for  



370

Materia MedicaP A R T  T H R E E

6 weeks failed to conceive when mated with males of proven 
fertility in a controlled experiment.171 Intraperitoneal injec-
tion of Andrographis whole plant decoction prevented 
implantation in mice and caused abortion at different stages 
of gestation in mice and rabbits. The decoction also termi-
nated early pregnancy when administered by oral, intrave-
nous, subcutaneous, intramuscular and intrauterine routes in 
mice.172 However, oral administration of Andrographis extract 
to rats at doses less than 2 g/kg during the first 9 days of preg-
nancy failed to interrupt pregnancy, induce fetal resorption 
or alter the number of live offspring.173 Andrographis stem 
powder (0.75% of diet) had no appreciable effect on fertility 
when fed to female mice for up to 4 weeks prior to mating.151 
Antifertility effects were not observed in mice fed the pow-
dered leaf or root (1% of diet; approximately 2 g/kg/day) for 
2 weeks prior to mating and for 3 weeks during mating.151,152

No teratogenic or toxic effects were observed when a sus-
pension of Andrographis leaf powder (200 and 400 mg/kg) 
was orally administered on alternate days for 4 weeks to mice 
in a controlled experiment.149

In vitro tests, which are of uncertain relevance to normal 
human use, have shown the following effects. Andrographis 
chloroform extract and andrographolide sodium succinate 
suppressed hormonal secretion and had a cytotoxic effect on 
cultured human placental chorionic trophoblastic tissue (aged 
between 6 to 8 weeks of pregnancy) in vitro.174 Andrographis 
extract demonstrated uterine relaxant activity in vitro.175

There are no data available on the use of Andrographis dur-
ing lactation.

Effects on ability to drive  
and use machines
No adverse effects expected.

Side effects
In general, Andrographis has been well tolerated in clini-
cal trials. One of 90 patients receiving Andrographis extract 
reported unpleasant sensations in the chest and intensified 
headache,131 and 2 of 50 patients reported urticaria,135 in ran-
domised, double blind, placebo-controlled trials investigating 
respiratory infections. Andrographis extract was administered 

for 3 to 5 days at a dose of 1020 mg/day (containing 63 mg 
andrographolide and deoxyandrographolide).

A high incidence of adverse effects, including head-
ache, fatigue, pruritus/rash, metallic/decreased taste and 
diarrhoea, was reported in a trial of pure andrographolide 
in HIV patients. One patient experienced an anaphylactic 
reaction.142 The oral dose of andrographolide, 15 mg/kg/
day for 3 weeks followed by 30 mg/kg/day for a further 3 
weeks, was very high compared with normal therapeu-
tic dosages of Andrographis extract. Cases of anaphylactic 
shock after injection of Andrographis extract have been 
reported in China.5

Overdosage
No incidents found in published literature. High doses may 
cause gastric discomfort, anorexia and vomiting.5

Safety in children
Adverse events were not reported in a randomised, double 
blind, placebo-controlled trial investigating the prevention 
of the common cold in which healthy children were orally 
administered Andrographis extract (200 mg/day), 5 days per 
week for 3 months.129

Regulatory status in selected 
countries

Andrographis is official in the Pharmacopoeia of the People’s 
Republic of China (English Edition 1997). The usual adult 
dosage, usually administered in the form of a decoction, is 
listed as 6 to 9 g.

Andrographis is not on the UK General Sale List and is not 
covered by a Commission E monograph.

Andrographis does not have GRAS status. However, 
it is freely available as a ‘dietary supplement’ in the USA 
under DSHEA legislation (Dietary Supplement Health and 
Education Act of 1994).

Andrographis is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Arnica flowers

(Arnica montana L.)

Synonyms

Leopard’s or wolf ’s bane, Mountain tobacco (Engl), Arnicae 
flos (Lat), Arnikablüten, Berwohlverleih (Ger), Fleurs d’arnica 
(Fr), Polmonaria di montagna (Ital), Guldblomme (Dan).

What is it?

Arnica flowers have been traditionally used for the exter-
nal treatment of sprains and bruises, typically as the tinc-
ture. Homeopathic preparations are also used internally and 
externally, but are not covered in this monograph. A mac-
erated oil from Arnica flowers known as ‘Arnica oil’ can be 
applied topically as well. The attractive bright yellow flow-
ers of Arnica are native to the mountain pastures in central 
Europe. The plant is pleasantly aromatic. Arnica montana is 
a protected species in Germany and its declining occurrence 
in Europe may be related to soil quality. For this reason, 
another closely related species (A. chamissonis ssp. foli-
osa) is also used there. Products adulterated with Mexican 
Arnica (Heterotheca inuloides), a common substitute, should 
be avoided.

Effects

Arnica stimulates the peripheral blood supply and has anti-
inflammatory activity in external use for bruising, sprains, 
swellings, muscle pain, symptoms of varicose veins and 
haemorrhoids.

Traditional view

Traditionally Arnica has been a popular remedy used exter-
nally for sprains, bruises, painful swellings, injuries and 
wounds. However, topical application was avoided in cases 
of tender or broken skin. It was often applied diluted and 
the surface deliberately not covered with bandages. Arnica 
was also used internally as a stimulant and diuretic, but 
to a much lesser extent due to its allergenic and irritant 
effects.1–3

Summary actions

Anti-inflammatory, anti-ecchymotic (against bruises), analge-
sic, antiseptic.

Can be used for

Indications supported  
by clinical trials
Topically for chronic venous insufficiency, muscle ache and 
osteoarthritis.

Traditional therapeutic uses
Externally for bruises, sprains, swellings, unbroken chilblains, 
haematomas, inflammation, dislocations, oedema associated 
with fractures; haemorrhoids; rheumatic, muscle and joint 
complaints; inflamed insect bites; surface phlebitis and symp-
toms of varicose veins.2,3

May also be used for

Extrapolations from pharmacological 
studies
Topical use for antimicrobial activity, although the effect is 
likely to be mild.

Other applications
External use for alopecia neurotica,4 in hair preparations to 
prevent dandruff and to stimulate circulation in the scalp.5

Preparations

To prepare a poultice, 2 to 3 g of Arnica flowers are covered 
with approximately 150 mL of hot water and strained after  
10 minutes. Bandages, gauze or cotton is soaked in the infu-
sion and then placed on the affected area of the body.

‘Arnica oil’ is obtained by macerating 1 part Arnica flowers 
in 5 parts vegetable oil.

Arnica tincture (1:5, 45% ethanol) is also used topically as 
a lotion or incorporated into creams or ointments. Recently a 
supercritical carbon dioxide extract with a high sesquiterpene 
lactone content has been introduced to the market.6

Dosage

Lotion: dilute a 1:5 tincture five times with water. Apply two 
to three times per day.
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l	 Coumarins, carotenoids10

l	 Non-toxic pyrrolizidine alkaloids (tussilagine and 
isotussilagine)22

l	 Polyacetylenes19

l	 Essential oil (0.23% to 0.35%) containing sesquiterpenes, 
thymol derivatives and other monoterpenes19

l	 Caffeoylquinic acids (phenolic acids) including 3,5- and 
1,5-dicaffeoylquinic acids.23

One study found that the mean total SL levels were higher 
in the disk florets of Arnica (0.87%) than in the ray florets 
(0.71%), lower in the flower receptacles (0.35%) and low-
est in the stems (0.03%).24 The total SL content increased 
progressively as the flowers matured, from 0.51% in buds to 
0.94% in withered flowers. An investigation of the SL content 
of Arnica tincture stored for 3 years at 4, 25 and 30°C found 
a decrease in content of 13%, 32% and 37% respectively.25

Helenalin (R = H) and its ester
derivatives (R = acyl)

O

O O
OR

CH3

CH2

H3C

Pharmacodynamics
Arnica and its key constituents have demonstrated a range of 
pharmacological activities in experimental models. However, 
it should be noted that some of the effects below would be 
mainly relevant to the ingestion of the herb, which is not 
recommended. Most relevant to the topical use of Arnica are 
the anti-inflammatory and antimicrobial activities.

Anti-inflammatory and immune regulatory activity
Like parthenolide from feverfew, helenalin and certain other 
SLs in Arnica exert potent anti-inflammatory activity in vitro 
by inhibiting the activation of the transcription factor nuclear 
factor (NF)-kappaB. This was first demonstrated in 1997 
and found to be quite selective, as the activity of four other 
transcription factors was not affected.26 Follow-up research 
indicated that helenalin acts by selectively alkylating the p65 
subunit of NF-kappaB, rather than by inhibiting the degrada-
tion of IkappaB.27 (NF-kappaB, composed of a p50 and a p65 
subunit, is retained in an inactive cytoplasmic complex by 
binding to a third (inhibitory) subunit IkappaB. Degradation 
of IkappaB results in its activation.)

Inhibition of NF-kappaB has also been demonstrated in vitro 
for various extracts of Arnica species, including Arnica tinc-
ture.28–30 Consistent with inhibition of NF-kappaB activation, 
an Arnica extract inhibited nitric oxide production and cyclo-
oxygenase (COX)-2 activity in activated murine macrophages.31

Ointment typically contains 10% to 25% tincture or about 
15% ‘Arnica oil’. Apply two to three times per day.

Duration of use

Not for prolonged application.

Summary assessment of safety

Arnica is potentially toxic if taken internally. Contact derma-
titis can occur, but is probably relatively rare. Arnica prepara-
tions should not be applied to open wounds or near the eyes 
and mouth.

Technical data

Botany
Arnica, a member of the Compositae or Asteraceae (daisy) 
family, is a perennial herb with a horizontally growing rhi-
zome. It grows to 30 to 60 cm, the lower leaves are up to 
17 cm long, elliptical in shape, 5-veined and form a rosette at 
the base of the stem. The flower heads number 1 to 3, and 
are up to 8 cm wide. They consist of peripheral, ligulate flow-
ers, which are yellow-orange and central flowers which are 
tubular.7,8

Adulteration
Since Arnica montana is a protected species in many coun-
tries, it is liable to adulteration with various yellow flowering 
Compositae plants.2,9–11 Arnica flower does not contain rutin 
and can therefore be easily distinguished from the most com-
monly occurring adulterant Heterotheca inuloides (Mexican 
Arnica).9,10 In addition to this species, the European 
Pharmacopoeia regards Calendula officinalis as an adulterant.

Shortage of A. montana has led to a more widespread use 
of related species including A. chamissonis, A. alpina, A. cor-
difolia, A. sororia, A. fulgens, A. longifolia and A. sachalin-
ensis. The latter three are particularly used for tinctures.12,13 
However, only A. montana is listed as official in the British 
Herbal Pharmacopoeia, British Pharmacopoeia and European 
Pharmacopoeia.4,14,15 A. chamissonis subsp. foliosa is accepted 
by the German Commission E.16

Key constituents
l	 Sesquiterpene lactones (SLs) of the pseudoguaianolide 

type (0.2% to 1.5%), including helenalin and 11alpha, 
13-dihydrohelenalin and their ester derivatives17,18

l	 Triterpenes, including arnidiol19

l	 Flavonoids (0.4% to 0.6%)17 including quercitin 
3-O-glucuronic acid20

l	 Lignans including pinoresinol21
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Other related anti-inflammatory activity has been found 
for the SLs in Arnica. The transcription factor nuclear factor 
of activated T cells (NFAT) is also inhibited in vitro by Arnica 
extract.30 Suppression of matrix metalloproteinase (MMP)-1 
and MMP-13 mRNA levels in bovine and human articular 
chondrocytes was also observed.32 This latter effect may be 
due to inhibition of activation of the transcription factors acti-
vator protein (AP)-1 and NF-kappaB, and implies possible 
activity in osteoarthritis.

Arnica SLs have also demonstrated additional anti-inflam-
matory mechanisms in vitro. Two derivatives of 11alpha, 
13-dihydrohelenalin inhibited the stimulated release of the 
pro-inflammatory enzyme neutrophil elastase from human neu-
trophils.33 Helenalin provoked irreversible inhibition of leuko
triene C4 (LTC4) synthase in human platelets and inhibited 
both 5-lipoxygenase and LTC4 synthase in human granulo-
cytes.34 Polymorphonuclear neutrophil chemotaxis was inhibited 
at low concentrations, whereas prostaglandin synthetase activity 
was inhibited at a higher concentration by a series of sesquiter-
pene lactones, including helenalin and dihydrohelenalin.35

Helenalin also appears to modulate immune activity in 
vitro. It induced apoptosis in activated CD4+ T cells by trig-
gering the mitochondrial pathway of apoptosis, or otherwise 
inhibiting their proliferation.36 As previously demonstrated, 
activation of NFAT (specifically NFATc2) was also found.

Additional results from in vitro studies suggest that the 
mechanism of the anti-inflammatory activity of Arnica and its 
constituents also possibly occurs at several other sites:35

l	 Uncoupling of oxidative phosphorylation in 
polymorphonuclear neutrophils

l	 Elevation of cAMP in neutrophils and liver cells
l	 Inhibition of lysosomal enzymatic activity in neutrophils 

and liver cells.

Several sesquiterpene lactones, including those from 
Arnica, have demonstrated anti-inflammatory activity by 
intraperitoneal injection (2.5 mg/kg/day) in animal models 
such as carrageenan-induced paw oedema and chronic adju-
vant arthritis. The alpha-methylene-gamma-lactone structure 
was required for inhibitory activity in both models and the 
6-hydroxy group of helenalin was required for potency in the 
former model. Inhibition of writhing reflex (an indication of 
analgesic activity) was also demonstrated.37

Topical Arnica was shown to be an effective anti-inflam-
matory in a rat model of acute muscle damage.38 The Arnica 
gel (containing 200 mg/g of an unspecified Arnica tincture) 
was either applied by massage or ultrasound, with the latter 
failing to exert an anti-inflammatory effect above the control 
group.

Antimicrobial activity
Components of the essential oil of Arnica have demonstrated 
potent activity against Gram-positive and Gram-negative 
bacteria and against Candida spp. in vitro.39 Helenalin and 
helenalin acetate were also active in vitro against Gram-
positive bacteria and Proteus vulgaris.40 The polyacety-
lenes have shown broad-range antimicrobial activity against 
pathogenic fungi (Trichophyton spp., Microsporum gypseum, 

Epidermophyton spp.) and bacteria (Staphylococcus aureus, 
Pseudomonas aeruginosa, Escherichia coli) in vitro.41 However, 
compared with propolis, an Arnica extract showed little anti-
bacterial activity against oral pathogens.42 Some modest 
activity for Arnica was demonstrated against periodontal bac-
teria.43 SLs including helenalin were also quite active against 
Leishmania mexicana with IC50 values of 2 to 4 μM.44

Helenalin and related sesquiterpene lactones have anti-
trypanosomal activity (with an IC50 as low as 0.05 μM for 
helenalin)45 and the pseudoguaianolide SLs show high activity 
against asexual blood forms of Plasmodium falciparum.46

Staph. aureus is a major udder pathogen causing bovine 
mastitis. Some pro-inflammatory cytokines, including tumour 
necrosis factor (TNF)-alpha, enhance its growth. Helenalin 
markedly reduced the growth of Staph. aureus in the presence 
of TNF-alpha in bovine mammary epithelial cells.47 Helenalin 
also reduced Staph. aureus infection and associated inflamma-
tion in a murine model of mastitis following ip administration 
(20 mg/kg).

Antitumour activity
Like parthenolide from feverfew, helenalin has exhibited anti-
tumour activity in vitro, although it has been less extensively 
studied. In a screening of 21 flavonoids and five SLs from 
Arnica species, helenalin demonstrated the strongest cyto-
toxic activity of the SLs when tested on lung carcinoma cells. 
The flavonoids showed moderate to low cytotoxicity com-
pared with the reference compound.48

Helenalin strongly induced apoptosis in leukaemia Jurkat 
T cells,49 even if they lacked the CD95 death receptor or 
over-expressed antiapoptotic proteins.50 It probably acts by 
inducing a mitochondria-dependent pathway. The cytotox-
icity of helenalin against KB tumour cells was decreased by 
cysteine, but the cytotoxicity of 11alpha,13-dihydrohelena-
lin was not affected.51

The effect of flavones and flavonols from Arnica spp. on 
the cytotoxicity of helenalin was investigated in the human 
lung carcinoma cell line. At non-toxic concentrations, all fla-
vonoids (except kaempferol) significantly reduced helenalin-
induced cytotoxicity.52

Arnica SLs inhibited Walker 26 carcinosarcoma and Ehrlich 
ascites tumour growth in vivo (2.5 mg/kg day for rats and 
25 mg/kg/day for mice, both ip).53

Other activity
The stabilisation of the lysosomal membrane in liver cells by 
SLs was dependent on the alpha-methylene-gamma-lactone 
structure.35

Helenalin and 11alpha,13-dihydrohelenalin in vitro have 
inhibited human platelet function via thiol-dependent path-
ways. The reduction in platelet sulphydryl groups is probably 
associated with reduced phospholipase A2 activity.54

Helenalin, dihydrohelenalin and epoxyhelenalin (20 mg/
kg/day in mice) produced a lowering of serum cholesterol 
(30%) and serum triglycerides (25%). Thiol-bearing enzymes 
of lipid synthesis were inhibited by these compounds in vitro, 
suggesting they alkylate thiol nucleophiles by a Michael-type 
addition.55
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Pharmacokinetics
In vitro studies using pig skin stratum corneum investigated 
the penetration kinetics of different preparations of Arnica. 
It was observed that SLs penetrate the skin in amounts suf-
ficient to confer an anti-inflammatory effect.56 SLs in tinc-
tures penetrated better than isolated SLs. A later study by 
the same group using a similar model suggested that the 
degree of total penetration depended more on the type of 
the formulation (ointment being superior to gel) and its 
SL content, rather than the SL composition or extraction 
method used.57

Oleic acid and dimethylsulphoxide acted as skin permea-
tion enhancers of SLs from a supercritical carbon dioxide 
extract of Arnica, as assessed using human stratum corneum 
and epidermis as an in vitro membrane.58 Using a similar 
model, 11,13-dihydrohelenalin derivatives were found to 
exhibit the most permeation from an Arnica tincture.59 A 
study using an in vitro pig skin membrane observed that a 
micro-emulsion was a good vehicle for the permeation of 
helenalin.60

Clinical trials
A 6-week, open, multicentre trial involving 26 men and 53 
women with mild to moderate osteoarthritis of the knee 
concluded that an Arnica gel (containing 50 g/100 g of a 1:20 
fresh plant tincture) applied mornings and evenings was an 
effective treatment, as assessed using the WOMAC scale.61 
The overall local adverse event rate of 7.6% included only one 
allergic reaction.

In a randomised, double blind study over 3 weeks, 204 
patients with active osteoarthritis of interphalangeal joints 
of hands were treated topically with gel preparations of 
either ibuprofen (5%) or Arnica (50 g/100 g of 1:20 fresh 
plant tincture). There were no differences between the two 
groups in terms of pain and hand function improvements, 
or for any secondary endpoints evaluated. Adverse events 
reports were comparable and rare.62 The study was planned 
and performed according to strict international guidelines 
for studies of multiple sites of osteoarthritis of the fingers: 
OARSI (Osteoarthritis Research Society International), 
EMEA (European Agency for the Evaluation of Medicinal 
Products) guidelines for controlled studies and their  
statistical evaluation as well as according to good clinical 
practice rules. This was the very first herbal study looking 
at this condition to be performed according to these strict 
guidelines.

A double blind, randomised, controlled trial was conducted 
in healthy volunteers with laser-induced bruises who were 
given either a 20% Arnica ointment, a 5% vitamin K prepa-
ration, a 1% vitamin K/0.3% retinol mix or white petrola-
tum (as a placebo) twice a day under occlusion for 2 weeks. 
Independent assessments of bruise resolution observed that 
the Arnica ointment was comparable to vitamin K and signifi-
cantly more effective than the petrolatum (p=0.003) or vita-
min K/retinol mix (p=0.01).63

In a double blind study, 570 patients with acute ankle joint 
distortion were randomised to four treatment groups: Arnica 

tincture (diluted 10 g tincture/100 mL solution), hydroxyethyl 
salicylate (HES, 3%), their combination, and a placebo.64 The 
medication was applied four to five times daily (0.5 mL each 
time) as a spray. Efficacy was assessed on days 3 to 4 by eval-
uating pain on motion using a visual analogue scale (VAS). 
The base preparation for all four treatments contained essen-
tial oils and camphor, ensuring that the different study prepa-
rations were not discernible by their organoleptic properties. 
Pain improvement for the combination was highly significant 
compared with all other groups, and approximately corre-
sponded to the cumulative effect of the single constituents. 
According to the VAS assessment, the Arnica tincture con-
tributed about one-third to the treatment effect of the com-
bination. Interestingly, no adverse local reaction occurred in 
the group using the Arnica spray (unlike any other treatment 
group). The same research group conducted an earlier pre-
liminary clinical study that demonstrated an additive anal-
gesic effect of Arnica and HES. This was a single blind trial 
involving healthy volunteers following the creation of pain by 
transcutaneous electrostimulation.65

A placebo-controlled, double blind, randomised clini-
cal study involving 89 patients with pronounced symptoms 
of chronic venous insufficiency tested the efficacy of an 
Arnica gel (containing 20% Arnica tincture). After 3 weeks, 
the symptom of feeling heaviness in the legs (which is 
strongly associated with peripheral oedema), together with 
objective measurements of oedema and venous tone, were 
assessed. The ‘heavy leg’ feeling improved significantly 
more in the Arnica group compared with placebo. In addi-
tion, venous tone and oedema were improved. This efficacy 
of Arnica for the treatment of symptoms associated with 
varicose veins is believed to be due to a protective effect 
against oedema.66

Twelve male volunteers externally applied preparations 
for muscle ache. Arnica gel was more effective than pla-
cebo gel.67

A randomised, double blinded, placebo-controlled study 
showed no difference between an Arnica gel and its vehicle 
on post laser treatment burns, with 19 patients acting as their 
own controls.68

Toxicology and other safety issues

Toxicology
The following LD50 data have been recorded for Arnica 
extract and its constituents:

Substance Route, model LD50 value Reference

A. montana 
extract

oral, mice 123 mg/kg 69

A. montana 
extract

oral, rats >5 g/kg 69

A. montana 
extract

ip, mice 31 mg/kg 69
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Substance Route, model LD50 value Reference

Sesquiterpene 
lactone 
enriched extract 
of A. Montana

ip, mice 280 mg/kg 11

helenalin oral, mice 150 mg/kg 70

helenalin oral, rats 125 mg/kg 70

helenalin oral, hamsters 85 mg/kg 70

helenalin oral, rabbits 90 mg/kg 70

helenalin oral, sheep 100 to 125 mg/
kg

70

helenalin ip, mice 43 mg/kg 71

helenalin ip, mice 9.86 mg/kg 72

An aqueous-ethanolic extract of Arnica did not demon-
strate irritating, sensitising or phototoxic activity after topical 
application to the skin of rabbits or guinea pigs. Minimal irri-
tant activity was observed when the 50% extract was instilled 
in the eyes of rabbits.69 In contrast, a short chain ether extract 
of Arnica demonstrated strong dermal sensitising activity in 
guinea pigs.73

Arnica absolute is an alcohol extract of Arnica concrete, 
which is obtained from the fresh flowers by an organic solvent 
extraction process. Arnica absolute (5% to 100%) induced 
slight patchy to moderate erythema in guinea pigs upon topi-
cal application. However, 75% absolute was neither irritat-
ing nor phototoxic to the skin of mice. Also, 4% absolute 
was neither irritating nor sensitising to human volunteers in a 
maximisation study. The absolute did not induce dermal sen-
sitisation in guinea pigs.69

Arnica tincture was weakly mutagenic in the Ames test in 
vitro. The mutagenic activity was thought to be due to the 
flavonoid content and was found to vary, depending on plant 
origin and method of preparation.74 Helenalin was inactive in 
this test.75

In male mice, a single injection of helenalin (25 mg/kg) 
increased serum alanine aminotransferase, lactate dehydro-
genase, urea nitrogen and sorbitol dehydrogenase within 
6 h. Intraperitoneal injection of helenalin (25 mg/kg/
day) increased differential polymorphonuclear leukocyte 
counts and decreased lymphocyte counts and liver, thy-
mus and spleen weights. Histological evaluation revealed 
substantial effects on lymphocytes in the thymus, spleen 
and mesenteric lymph nodes. Multiple helenalin exposure 
(25 mg/kg/day) also inhibited hepatic microsomal enzyme 
activities and decreased cytochrome P450 and cytochrome 
B5 contents.71 Helenalin and helenalin acetate demon-
strated dermal sensitising activity in guinea pigs at concen-
trations of 0.1% to 1.0%.76

The activity of helenalin has been attributed to its abil-
ity to alkylate sulphydryl groups.19 In vitro and in vivo stud-
ies suggest that the cytotoxicity of helenalin is strongly 

dependent on hepatic glutathione levels, which can be 
rapidly depleted by even low concentrations of helenalin.77,78 
Helenalin demonstrated chromosome-damaging activity 
in vitro in Chinese hamster ovarian cells.11 The relevance 
of this result to the in vivo activity of Arnica has not been 
established.

A recent review on the safety of Arnica montana and its 
extract concluded that there are insufficient data to support 
their safe use in cosmetic formulations.69

Contraindications
Not to be taken internally. Do not apply to broken skin or 
near the eyes or mouth. Withdraw use on the first sign of 
dermatitis. Contraindicated in those with known allergy to 
Arnica.

Special warnings and precautions
Not for prolonged external application. Individuals with 
known sensitivity to other members of the Asteraceae fam-
ily (such as ragweed, daisies and chrysanthemums), or to 
plants from other families with SLs, chemically related 
to Arnica (such as the Lauraceae), should use Arnica  
cautiously.79

Interactions
None currently known.

Use in pregnancy and lactation
Category X – high risk of damage to the fetus when taken 
internally. No adverse effects are expected with topical use.

Miscarriage has been reported after overdose of 
ingested Arnica tincture or infusion11,80 (see Overdosage). 
Constituents of Arnica have been shown to increase uter-
ine tone and contraction, but Arnica tincture has not dem-
onstrated these actions. Arnifolin (1 to 5 mg/kg) increased 
the tone and strengthened periodical contractions of the 
rabbit uterus in situ and 6-O-acetyl-11,13-dihydrohelenalin 
contracted isolated rat uterus.11,81 Arnica tincture did 
not increase tone or contraction of isolated pregnant rab-
bit uteri.11 Similar negative results were demonstrated in 
the cat after intravenous administration of 0.3 mL of fresh 
Arnica extract.82

Internal use of Arnica is contraindicated in breastfeeding. 
Do not apply near the nipple.

Effects on ability to drive  
and use machines
No adverse effects expected for topical use.

Side effects
Cases of allergic or irritant contact dermatitis caused by 
topical application of Arnica were first reported in 1844.83 
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A review of the literature up to 1980 found more than 100 
cases of contact dermatitis due to sensitisation with Arnica. 
Most cases were induced by self-treatment with Arnica 
tincture.13 Reactions have also been reported after the use 
of other Arnica preparations, including ointments, creams, 
soaps, lotions and shampoos.79 Arnica ointments and plas-
ters are considered to pose a much lower risk of reaction 
than other types of applications.12,84 Several case reports of 
allergic contact dermatitis from the topical use of Arnica, 
proven by patch testing, have been published since the 1980 
review.85–87

Arnica-sensitive individuals are known to cross-react with 
other Compositae and Lauraceae species.79 SL and epoxy-
thymol-diester constituents of the plant have been proven 
to be both sensitising agents and to act as allergens.13,88 It is 
likely that other constituents of Arnica also contribute to the 
acquired hypersensitivity.89 SL-sensitive individuals tend to 
develop cross-reactions to chemically related SLs in other spe-
cies.90 The presence of an alpha-methylene-gamma-lactone 
group has been shown to be important for cross-reactivity 
between SLs.12

A 1992 review reported that Arnica contact allergy was 
recognised in 11% to 75% of patients at dermatology clinics.79 
However, several studies published since this review have 
reported much lower percentages, only up to 1.14%.84,89,91,92 
Further to this, a survey of 38 physicians provided data for 
18 830 patients who received 42 378 Asteraceae-containing 
products.93 Adverse reactions to the topical use of Arnica 
were rare and not serious.

A relatively recent study investigated eight patients with a 
recent history of Arnica allergy.94 Although all eight had pre-
viously exhibited a positive reaction to an Arnica test prepa-
ration, this could only be reproduced in five. Moreover, the 
majority of the patients were not sensitive to Arnica SLs. 
This demonstrates that the issues governing contact sensitiv-
ity to Arnica are complex. One experimental study suggested 
that the anti-inflammatory and immune modulating prop-
erties of Arnica SLs (see above under Pharmacodynamics) 
reduce their potential for contact sensitisation.95 As exam-
ples of this, contact hypersensitivity to Arnica could not be 
induced in a standard murine model and Arnica tinctures 
suppressed contact hypersensitivity to the strong sensitiser 
trinitrochlorobenzene.95

The Commission E advises that prolonged treatment of 
damaged skin with Arnica can cause oedematous dermati-
tis with the formation of pustules. Extended use may cause 
eczema. In treatment involving higher concentrations, pri-
mary toxic skin reactions with the formation of vesicles or 
even necrosis may occur.16 Extensive oral mucosal ulceration 
was reported in a 48-year-old woman who misused a mouth-
wash containing 70% ethanol, Arnica tincture and oil of pep-
permint.96 The preparation should be diluted five times with 
water, but was instead used neat.

A case of leukaemia-related Sweet’s syndrome, reportedly 
triggered by topical application of a cream containing 1.5% 
Arnica, has been published. Pathergy (skin hyper-reactivity) to 
Arnica was suspected.97

Overdosage
The symptoms of overdose after oral ingestion of Arnica 
include nausea, vomiting, diarrhoea, dizziness, trembling, 
increased heart rate, cardiac rhythm disturbances, difficulty 
with breathing and collapse.98 Arnica poisoning has been 
observed to cause death due to circulatory paralysis with sec-
ondary respiratory arrest.98

A 19-year-old male mistakenly consumed an unknown 
amount of tea made from the leaves and flowers of Arnica. Two 
hours later he experienced myalgia, headache and shaking chills. 
He developed hyperthermia, tachycardia, hypotension and raised 
serum levels of creatinine, aspartate aminotransferase and alanine 
aminotransferase. After treatment with fluid and dopamine, he 
was discharged 6 days later when his symptoms had improved.99 
A man experienced stomach cramping and died within 36 h of 
consuming 70 g of Arnica tincture.11

Miscarriage has been reported after overdose with ingested 
Arnica tincture or infusion.11,80 A woman in the second 
month of pregnancy miscarried after a few days when she 
ingested an infusion of 20 g Arnica flower. Ingestion of three 
tablespoons of a self-prepared tincture of Arnica flowers led 
to miscarriage within 24 h.11 Multisystem failure has been 
reported following the ingestion of Arnica with abortive 
intent.100

Safety in children
For topical use only.

Regulatory status in selected 
countries

Atrogel, an external application, has a Traditional Herbal 
Medicinal Product Registration in the UK with the following 
claims: ‘traditionally used for the symptomatic relief of mus-
cular aches and pains, stiffness, sprains, bruises and swelling 
after contusions’.

Arnica is official in the European Pharmacopoeia (2011).
Arnica for external use is covered by a positive 

Commission E monograph and has the following applications: 
injuries and accidents, for example for haematomas, disloca-
tions, sprains, bruising, oedema associated with fractures, 
in rheumatic muscle and joint complaints, inflammation of 
the mucous membranes of the mouth and throat, furuncles, 
inflamed insect bites and surface phlebitis.

Arnica does not have GRAS status. It is available as a ‘die-
tary supplement’ in the USA under DSHEA legislation (1994 
Dietary Supplement Health and Education Act). However, 
topical preparations are not technically covered by the 
DSHEA legislation.

Arnica for internal use is included in Part 4 of Schedule 4 of 
the Therapeutic Goods Act Regulations of Australia and hence 
is restricted, except for homeopathic products. External use of 
Arnica is unrestricted, provided products with a therapeutic 
claim are listed with the Therapeutic Goods Administration.
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Astragalus

(Astragalus membranaceus (Fisch.) Bge.)

Synonyms

Membranous milk-vetch root (Engl), Astragali Radix (Lat), 
huang qi (Chin), ogi (Jap), hwanggi (Kor), astragel (Dan).

What is it?

The root of Astragalus membranaceus has been used for 
many hundreds of years in traditional Chinese medicine. 
The Pharmacopoeia of the People’s Republic of China defines 
A. membranaceus and A. membranaceus var. mongholicus 
(synonym: A. mongholicus) as the medicine Radix Astragali. 
Another species of the Astragalus genus that grows in the 
mountainous districts of Iran and Iraq yields tragacanth gum 
from its thorny stems. Although many species are used as 
forage for livestock and wild animals, some (including the 
locoweeds) are known to cause intoxication in livestock, 
which can be passed to humans through milk and meat. 
Astragalus membranaceus is not one of these species. In 
Western herbal medicine Astragalus is largely viewed as an 
immune tonic.

Effects

Restores, strengthens and balances the body’s immune 
response; increases vitality; strengthens cardiac function.

Traditional view

In traditional Chinese medicine Astragalus is classified as 
a herb that tonifies the Qi (energy) and Blood (nutrition), 
hence it is used for postpartum fever and recovery from 
severe loss of blood. It tonifies the Spleen (being used for 
fatigue linked to decreased appetite), raises the Yang Qi of 
the Spleen and Stomach (used for organ prolapse and uterine 
bleeding) and promotes urination, tissue healing and the dis-
charge of pus. Its properties are sweet and slightly warm.1 
Traditionally, Astragalus is taken as the powdered dried root 
or decoction. This is reflected in the body of pharmacological 
research on the properties of the Astragalus polysaccharides, 
which would occur in these dosage forms.

Summary actions

Immune-enhancing, tonic, adaptogenic, cardiotonic, diuretic, 
hypotensive, antioxidant, immune-regulating.

Can be used for

Indications supported by clinical 
trials
Impaired immunity, especially if associated with leucopenia; 
adjunct in the treatment of cancer; viral infections including 
the common cold, cervical erosion associated with herpes 
simplex virus infection and viral myocarditis; allergic rhinitis, 
fatigue and heart conditions (usually in combination).

Traditional therapeutic uses
Postpartum fever and recovery from severe loss of blood; 
fatigue; decreased appetite; organ prolapse, uterine bleeding; 
to raise vitality1; palpitation with shortness of breath; sponta-
neous sweating; prostration; chronic diarrhoea.2

May also be used for

Extrapolations from pharmacological 
studies
General prevention of infection; autoimmune diseases; con-
ditions resulting in immune suppression, such as for patients 
receiving chemotherapy; viral infections (for example infec-
tion with Japanese encephalitis, coxsackie B2 and B3, parain-
fluenza virus type I and viral myocarditis); general debility; 
hypertension.

Other applications

Skin care, cosmetics and hair tonics for its healing, nourishing 
and vasodilating properties.3

Preparations

Dried root for decoction; liquid extract, tablets and capsules; 
powdered root.

Dosage

l	 10 to 30 g/day of the dried root by decoction. Larger doses 
are used in traditional Chinese medicine as required, for 
example to treat paralysis1

l	 4 to 8 mL/day of the 1:2 liquid extract or equivalent doses 
of the dried extract in tablet or capsule form.
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decoction with subsequent removal of proteins and colour.10 
Another described the preparation of a decoction of the 
defatted root, followed by protein removal and preliminary 
isolation using ethanol precipitation. This crude polysac-
charide extract was then further purified by ionexchange, 
followed by gel filtration.11 As a result, two polysaccharides 
(APS-I and APS-II) were isolated (consisting of arabinose and 
glucose, or rhamnose, arabinose and glucose, respectively).

The chemical composition of Astragalus was found to vary 
with the region of cultivation.12 Moreover, the content of astra-
galosides in the root bark is up to 74 times that in the xylem, 
hence thin roots contain higher levels than thick roots.12
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Pharmacodynamics
As touched on above, various preparations of Astragalus have 
been studied in pharmacological models, including Astragalus 
polysaccharides, individual or complex saponin isolates, crude 
aqueous or ethanol extracts, and a commercial preparation 
known as ‘Astragalus injection’ (which ironically was adminis-
tered orally in some pharmacological studies).

Since polysaccharides are very large molecules with rela-
tively low oral bioavailability, the relevance of any in vitro 
outcomes is questionable, especially to the oral use of an 
Astragalus decoction. This also applies for in vivo models 
where the polysaccharides were administered by injection. 
Hence, this research is mainly noted in passing and emphasis 
has been placed on the in vivo studies where the polysaccha-
rides were administered orally. Also it should be kept in mind 
that the oral polysaccharide research is only relevant to the 
use of Astragalus as a decoction.

Duration of use

May be taken long term for most applications but is contrain-
dicated during acute infection.

Summary assessment of safety

No adverse effects are expected if used as recommended. 
Astragalus might aggravate acute infection.

Technical data

Botany
Astragalus is a member of the Leguminosae (pea) family, the 
Papilionoideae subfamily, and grouped in the same tribe as 
the licorice genus.4 Astragalus mongholicus is a perennial herb 
growing 60 to 150 cm high. The leaves are pinnate, with 25 
to 37 leaflets, and elliptic. The racemes are axillary, the calyx 
is 5 mm long and tubular. The root is flexible, long and cov-
ered with a tough, wrinkled, yellowish-brown epidermis. The 
woody interior is of a yellowish-white colour.5

Adulteration
Astragalus propinquus, A. lepsensis, A. aksuensis, A. hoantchy, 
A. hoantchy subsp. dshimensis, A. lehmannianus, A. siev-
ersianus and A. austrosibiricus have all been identified as 
adulterants of Astragalus membranaceus, whilst Hedysarum 
polybotrys is a substitute. Astragaloside IV is normally used as 
a marker for quality control. In the Japanese Pharmacopoeia 
1996, substitutes including A. chrysopterus, A. floridus and A. 
tongolensis are officially permitted, but these are not accepted 
in China.6 More recently Glycyrrhiza pallidiflora has been 
suggested as a common adulterant.7

Key constituents
l	 Triterpenoid saponins (including astragalosides I to VIII), 

isoflavonoids (including formononetin), polysaccharides8

l	 Phytosterols, flavonoids, essential oil, amino acids (gamma-
aminobutyric acid, canavanine).9

The important biologically active constituents in Astragalus 
are the polysaccharides and saponins.8 Depending on the 
method of preparation, their levels will vary in extracts. 
Polysaccharides are mainly present in aqueous extracts such 
as a decoction, and can be isolated from these. Hot water 
extracts will also contain saponins. Ethanolic extracts will con-
tain only low levels of polysaccharides, with the solubility of 
Astragalus saponins more or less increasing with the ethanol 
content used (for an extract made at room temperature).

Several pharmacological studies have investigated 
‘Astragalus polysaccharides’. However, the purity and com-
position of such isolates are likely to vary considerably. One 
recent Chinese study described isolation by sequential 
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Saponins do have reasonable oral bioavailability, but they 
are generally changed by gut flora before systemic absorption 
(see Chapter 2). Hence, the relevance of the saponin in vitro 
research is also uncertain, but probably higher than for the 
polysaccharides. Again emphasis has been placed on in vivo 
studies where the saponins were given orally.

Astragalus injection is used clinically in China, hence it is 
logical that its pharmacological properties would also be stud-
ied. However, the relevance of this research to the oral use of 
Astragalus is low, so again such studies are briefly mentioned 
in this monograph without much detail, or even omitted from 
this review.

Of course, the relevance of any pharmacological research to 
human use needs to be interpreted with caution, especially in 
the case of medicinal plants (given their chemical complexity).

One limitation of this review is that several of the studies 
referred to are published in Mandarin. In these cases infor-
mation was only available as the English abstract, rather than 
the full paper. This sometimes rendered interpretation diffi-
cult, especially when such critical issues as dose and route of 
administration were omitted from the abstract.

Astragalus can be combined with dong quai in the formu-
lation known as DBT. Research on this combination can be 
found in the dong quai monograph.

Immune function
Astragalus markedly enhanced the cytotoxicity of natu-
ral killer cells,13 potentiated interleukin-2-generated LAK 
(lymphokine-activated killer) cell cytotoxicity manifested 
by tumour cell lysis14 and reversed tumour-associated mac-
rophage suppression in urological tumours,15 all in vitro. Using 
an in vitro local graft-versus-host reaction as a test assay for 
T-cell function, Astragalus extract restored the reaction in 
cells taken from 9 of 10 cancer patients.16 Saponins from 
Astragalus stimulated the natural killer (NK) cell activity of 
human peripheral blood lymphocytes and restored steroid-
inhibited NK cell activity, both in vitro.17 Astragalus saponins 
reduced nicotinic acetylcholine receptor antibodies in blood 
cell cultures from myasthenia gravis patients.18

More recently, Astragalus was found in vitro to correct the 
immunological dysfunction in peripheral dendritic cells taken 
from children with Henoch–Schönlein purpura19 and modified 
responses from lipopolysaccharide-stimulated macrophages, 
reducing cytokines in a dose-dependent manner.20 Astragalosides 
significantly increased phagocytic activity against Mycobacterium 
tuberculosis in vitro.21 Peripheral blood mononuclear cells 
(PBMCs) from 27 children with recurrent tonsillitis were 
stimulated and cultured with Astragalus in vitro for 48 hours.22 
Astragalus improved interferon-gamma output. Similar results 
were seen for Astragalus in PBMCs from 15 asthma patients, 
suggesting a reversal of Th2 predominant status.23

Oral doses of Astragalus in mice (200 mg/kg) enhanced 
several aspects of immunity, including increased thymus 
weight, potentiation of phagocytic function, superoxide anion 
production by peritoneal macrophages and proliferation of 
splenocytes.24 Protective effects on immune suppression in 
mice were observed after co-administration of Astragalus with 
a carcinogen. Macrophage numbers and white cell function 

were raised to the same as or greater than normal levels.25 
Co-administration of Astragalus with an antitumour agent 
resulted in protection against the immunosuppression induced 
by the antitumour agent.26 Oral administration of Astragalus 
(5 g/kg/day for 7 days) increased phagocytic activity27 and sig-
nificantly increased the lymphocyte transformation rate in a 
suppressed cellular immunity model.28 Astragalus promoted 
interleukin-2 production in splenic lymphocytes of blood-defi-
cient mice.29 A protective effect of Astragalus extract after 
oral administration against Japanese encephalitis virus infec-
tion in mice was demonstrated. The authors proposed that 
the protective effect of Astragalus is based on a non-specific 
mechanism during the early stage of infection, before shifting 
to antibody production, and that macrophages play an impor-
tant role by inducing the production of active oxygen.30

Astragaloside IV (50 mg/kg/day, iv) mitigated the devel-
opment of the characteristic features of ovalbumin-induced 
chronic experimental asthma in mice.31 Astragalus saponins 
(400 mg/kg, oral) exerted a protective effect against micro-
bial sepsis in mice.32 An ethanolic extract of Astragalus modi-
fied Th1/Th2 cytokine secretion patterns in vitro and in vivo 
(1.25 g/kg/day, oral for 7 days), favouring Th2 responses.33 In 
contrast, oral doses of Astragalus attenuated the expression of 
IgA nephropathy in rats, possibly by diminishing Th2 cytokine 
responses.34 Astragalus improved the phagocytic activity of per-
itoneal macrophages in mice.35 The effect of ip injection was 
higher than for oral doses, but the difference was not signifi-
cant. The immune response of carp (including phagocytic activ-
ity) was enhanced after including Astragalus at 0.5% of diet.36

Astragalus injection (at the equivalent of 6 g/kg/day of 
root by oral gavage) protected against cyclophosphamide-
induced thymus injury in mice.37 In other experiments, 
injection of Astragalus protected the immune organs of rats 
with obstructive jaundice,38 and improved haematopoiesis in 
myelosuppressed mice.39,40 Astragalus extract by injection 
demonstrated potential as a vaccine adjuvant41 (this is a com-
mon property of saponins, including those in Astragalus).42 
The injection of an Astragalus decoction (10 g/kg) prevented 
airway hyper-reactivity in the ovalbumin mouse model of 
chronic asthma by inhibiting Th2 cytokine release.43

High oral doses of Astragalus decoction given to healthy 
subjects (15.6 g/day for 20 days) significantly increased serum 
IgM, IgE and cAMP.44 Two months of oral treatment in people 
susceptible to the common cold greatly increased levels of IgA 
and IgG in nasal secretions, and administration for 2 weeks or 
2 months enhanced the induction of interferon by peripheral 
white blood cells.45 Healthy human volunteers treated with 
Astragalus fresh root tincture (15 mL/day, equivalent to 1.23 g 
of root for 7 days) demonstrated significant increases in white 
blood cell CD69 expression (a marker for lymphocyte acti-
vation) after 1 and 7 days compared with placebo in a small, 
double blind trial.46 Patients receiving chronic haemodialysis 
treated with intravenous Astragalus injection (30 mL two to 
three times a week for 2 months) exhibited significantly greater 
levels of interleukin-2 than patients in the control group in a 
small trial involving 31 people, suggesting a favourable effect 
on immune function.47 The expression of CD25 on T cells was 
also significantly increased in a similar clinical study using the 
same doses after 24 hours (p<0.02), but not after 7 days.48
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There is a substantial number of in vitro studies on the 
immune effects of Astragalus polysaccharides of varying 
composition. Astragalus polysaccharides in vitro potentiated 
the immune-mediated antitumour activity of interleukin-249 
and the activity of monocytes.50 Astragalus polysaccharides 
improved the in vitro responses of lymphocytes taken from 
normal volunteers and cancer patients51 and enhanced the NK 
cell activity in vitro of blood samples from normal volunteers 
and systemic lupus erythematosus (SLE) patients.52 The poly-
saccharide fraction F3 potentiated the lymphokine-activated 
killer cell-inducing activity of interleukin-2 in blood taken 
from cancer and AIDS patients.53 Other studies have shown 
that Astragalus polysaccharides in vitro activated and exerted 
mitogenic activity on B cells,54,55 promoted neutrophil adhe-
sion to vascular endothelial cells,56 activated macrophages55,57 
and dendritic cells,58,59 improved the innate immune response 
of bladder epithelial cells,60 and induced differentiation of 
splenic dendritic cells, followed by the shifting of Th2 to Th1 
balance, with enhancement of T cell function.61

Injection of Astragalus polysaccharides downregulated 
the immune response in rats with glomerulonephritis62 and 
mice with type 1 diabetes,63 augmented antibody responses54 
and restored the lymphocyte blastogenic response in older 
mice.54Astragalus polysaccharides (2 g/kg/day, oral) also pre-
vented the development of type 1 diabetes in NOD mice 
by correcting the Th1/Th2 cytokine imbalance.64 Oral doses 
of Astragalus polysaccharides (2 mg per chick) improved 
immune responses in chickens vaccinated against Newcastle 
disease65 and at 220 mg/kg of feed acted synergistically with 
probiotic bacteria in modulating chick immune responses.66 
The innate immune response (phagocytic activity) was 
enhanced in sea cucumbers fed Astragalus polysaccharides 
(0.3% of feed) and superfine root powder (3.0% of feed).67

A comparison of oral doses of the whole extracts of 
Astragalus membranaceus, A. membranaceus var. mongholicus 
and Hedysarum polybotrys (all at 560 mg/kg) and their vari-
ous chemical fractions (all at 560 mg/kg) demonstrated that 
the polysaccharide fractions of all three herbs were the most 
active fractions and exerted similar levels of immune enhance-
ment in two separate assays in mice.68 Another study found 
that the polysaccharides from four Chinese herbs, including 
Astragalus, were all active at inducing serum antibodies and 
promoting T cell proliferation following ip injection in chick-
ens.69 These studies highlight a key paradox of the research 
into the contribution of polysaccharides to the immune activ-
ity of herbs, namely that the polysaccharide fraction from any 
plant is likely to have immune-enhancing activity. A key ques-
tion is: why has a particular herb, such as Astragalus, devel-
oped a strong traditional reputation as an immune-enhancing 
herb if such activity is solely due to similarly acting compo-
nents common to most other plants?

Antiviral activity
The antiviral activity of Astragalus is most likely to be due to 
increased immunity and possibly enhanced interferon produc-
tion.2 In support of this, Astragalus demonstrated slight inhib-
itory activity against adenovirus type 7 in vitro. Natural and 
recombinant interferon enhanced the inhibitory activity of 

Astragalus.70 It also promoted the production of interferon by 
mouse lung against parainfluenza virus type I and Newcastle 
disease virus in vitro.71 Astragalus exhibited potent hepatitis 
B surface antigen-inactivating activity in vitro,72 inhibited the 
activity of murine retroviral reverse transcriptase and human 
DNA polymerases73 and had a protective effect on cultured 
beating heart cells infected with coxsackie B2 virus.74

Astragalus extract exhibited activity against herpes sim-
plex virus type 1 in vitro75 and countered the growth-inhibi-
tory effect of cytomegalovirus infection on human cord blood 
progenitor cells.76 Calycosin-7-O-beta-glucopyranoside, a 
major isoflavonoid in Astragalus, inhibited coxsackie virus B3 
(CVB3) in vitro and was also active (24 mg/kg, oral) in an 
acute myocarditis model in mice.77

Oral or intranasal administration of Astragalus decoction 
protected mice from infection with parainfluenza virus type 
I.24,45,78 Results from a series of in vivo experiments indicated 
that the effect of Astragalus resembled that of both bronchi-
tis vaccine and the interferon mediator tilorone.45 Astragalus 
polysaccharides had a weak inhibitory effect on hepatitis B 
virus in mice,79 but astragaloside IV was quite active against 
the virus in vitro.80

Astragalus increased the survival rate and improved some 
abnormal electrophysiological parameters in acute CVB3 
viral myocarditis in vivo.81 In vitro and in vivo studies indi-
cate Astragalus may act by decreasing the secondary damage 
caused by calcium ion influx, thereby improving abnormal 
myocardial electric activity, as well as inhibiting the replica-
tion of CVB3 virus RNA in the myocardium.82,83

Astragalus feeding (2.2 mg/kg/day) increased survival 
rate, alleviated pathological changes and reduced markers of 
cardiac damage in mice with CVB3 myocarditis.84 In con-
trast to other work, an inhibitory effect on virus RNA rep-
lication in vivo was not correlated with the induction of 
beta-interferon,85 but was greater than a calcium channel 
blocker (verapamil) and a steroidal anti-inflammatory drug 
(dexamethasone) in vitro.86 Routine therapy combined with 
oral administration of Astragalus to viral myocarditis patients 
significantly enhanced immune parameters when compared 
with patients receiving routine therapy alone.87

Adaptogenic and tonic activity
Addition of Astragalus enhanced growth, metabolism and 
longevity in cell cultures.2 It lowered oxygen consumption 
in mitochondria, enhanced tolerance to stress and prolonged 
the life of human embryonic kidney cells in culture.88 Two 
isomers of the molecule HDTIC extracted from Astragalus 
extended the lifespan of human fetal lung diploid fibroblasts 
in vitro by slowing telomere shortening, reducing DNA dam-
age and improving DNA repair.89 They also delayed replica-
tive senescence in the same model.90 The telomerase activator 
cycloastragenol (TA-65, found at low levels in Astragalus) 
elongated short telomeres in mouse embryonic fibroblasts 
and improved some healthspan indicators in adult/old mice 
without increasing cancer incidence.91 Such observations have 
been interpreted by some as suggestive that Astragalus or 
these components will promote human longevity, but this is 
clearly premature on current limited evidence.
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Administration of Astragalus over 2 weeks to mice mark-
edly increased plasma cAMP.92 Astragalus decoction improved 
learning performance in animal maze tests93 and improved 
memory in two models (50 g/kg/day for 7 days, oral).94 
Administration over 15 days inhibited field search behaviour, 
decreased spontaneous activity and increased sleep time.93 
Decoction of Astragalus improved endurance in mice and 
increased weight gain compared with controls.1 A mixture of 
ginseng and Astragalus demonstrated antifatigue activity in 
mice. This activity was partly due to an improvement of energy 
metabolism.95 Astragalus extract (400 mg/kg/day) countered 
the adverse effects of repeated restraint stress in rats, improv-
ing spatial learning and memory and reducing anxiety.96 Oral 
administration of Astragalus increased the turnover of pro-
teins in serum and liver in animals treated daily for 10 days.97 
Astragalus lowered collagen content in the aorta and lung of old 
rats to near levels found in young animals98 and improved the 
density of M-cholinergic brain receptors.99 In early research, 
oral administration of Astragalus increased plasma cAMP in 
healthy subjects.100

Cardiovascular and haemorheological activity
Astragalus saponins demonstrated a positive inotropic action 
on isolated heart and decreased the resting potential of cul-
tured myocardial cells, suggesting an inotropic effect exerted 
through modulation of Na+,K+-ATPase.101 Astragalosides 
reduced intracellular calcium overload in rat cardiomyocytes 
and enhanced free radical removal, both suggestive of a pro-
tective effect against myocardial injury.102 Astragaloside IV 
improved post-ischaemic heart function and ameliorated  
reperfusion arrhythmias in rat hearts in vitro,103 and improved 
intracellular calcium handling in hypoxia-reoxygenated car-
diomyocytes.34 Astragalus extract prevented daunorubicin-
induced apoptosis of cultured cardiomyocytes by decreasing 
free radical release104 and demonstrated a cardiotonic effect 
in isolated beating rabbit atria.105 Astragaloside IV improved 
homocysteine-induced endothelial dysfunction in rat aortic 
rings via antioxidant activity.106

Oral administration of aqueous extract of Astragalus 
countered the rise in blood pressure and plasma renin activ-
ity in a hypertensive model.107 Intragastric administration of 
Astragalus produced a hypotensive effect in another experi-
mental model.108 Gamma-aminobutyric acid was isolated 
as a potential hypotensive constituent.109 Oral Astragalus 
improved impaired endothelial-dependent vasodilation in 
obese rats.110,111 Astragaloside IV has exhibited vasodilatory 
effects in vivo,112,113 as has the whole extract.114

Improvement of cardiac function has been demonstrated 
for Astragalus or its isolates in a number of in vivo models. 
In several such studies Astragalus or Astragalus components 
were given by injection. Examples of oral dose studies include 
the inhibitory effect of Astragalus (5, 10 and 20 g/kg/day) on 
left ventricular hypertrophy induced by pressure overload in 
rats.115 Astragalus (20 g/kg, oral) also counted abnormal car-
diac function in rats with pressure overload-induced heart 
failure, and at oral doses of 3.3 or 10 g/kg/day improved car-
diac function in doxorubicin-injured rat hearts.116 All these 
doses are rather high. Astragalosides have also demonstrated 

cardioprotective activity in vivo following administration by 
injection,103,117 as has Astragalus injection.118

Cardiac output increased in 20 patients with angina pecto-
ris after 2 weeks of treatment with Astragalus.119 Astragalus 
strengthened left ventricular function and had an anti-OFR 
(oxygen free radical) effect in acute myocardial infarction 
patients compared with controls. The decrease in the pre-
ejection period:left ventricular ejection time ratio was closely 
correlated with the increase in superoxide dismutase activity 
of red blood cells and the decrease in lipid peroxidation of 
plasma. This anti-OFR activity of Astragalus may be one of 
the mechanisms behind its cardiotonic activity.120

Astragalus extract demonstrated a protective effect on 
erythrocyte deformability in vitro for blood taken from nor-
mal subjects and patients with SLE.121 Astragalus significantly 
enriched the blood, as measured by improvement in haemor-
heological indices,122 and, in a ‘blood stagnation’ experimental 
model, decreased whole-blood specific viscosity and increased 
plasma specific viscosity.123

Hepatoprotective activity
Astragalus saponins were protective against chemically 
induced liver injury in vitro and in vivo.124 Oral doses of 
Astragalus polysaccharides (200 mg/kg/day) also demon-
strated hepatoprotective activity in rats.125 Astragalus extracts 
exhibited hepatoprotective activity and increased the activity 
of hepatic lysozymes, tissue dehydrogenase and liver glyco-
gen.126–128 Oral doses of an extract combination of Astragalus 
and Paeonia lactiflora (60, 120 and 240 mg/day) protected 
against immunological liver injury in mice.129 The total flavo-
noids of Astragalus (100 mg/kg, oral) protected against par-
acetamol liver damage in mice.130,131

Some studies suggest that Astragalus in combination might 
protect against the hepatic fibrosis associated with chronic 
liver damage. Oral doses of the Astragalus and Paeonia combi-
nation mentioned above (80 and 160 mg/kg/day) reduced liver 
damage and fibrosis in rats with carbon tetrachloride-induced 
liver injury and decreased the elevation of tumour growth fac-
tor (TGF)-beta1.132 Oral doses of a combination of Astragalus 
and Salvia miltiorrhiza (60, 120 and 240 mg/kg/day) also 
demonstrated antifibrotic activity in a similar model.133

Renal activity
A 2009 systematic review examined the published in vivo 
studies for Astragalus in early diabetic nephropathy in rats.134 
Of 41 articles identified, 13 reports that fulfilled the inclusion 
criteria were reviewed. Meta-analysis revealed that Astragalus 
extract (orally or by injection depending on the study, but 
mainly the former) significantly reduced fasting blood glu-
cose, glomerular filtration rate, urinary albumin excretion and 
thickness of the glomerular basement membrane (p values 
ranging from <0.00001 to 0.03).

Several other in vivo studies have demonstrated protective 
effects on renal function in a variety of models, including IgA 
nephropathy.135–140 Doses used were often relatively high and 
the route of administration was not always specified.

See also the Clinical trials section for diuretic activity in a 
human study.
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Antidiabetic activity
In addition to the studies included in the meta-analysis above, 
the effects of Astragalus or its components have also been 
examined in several diabetic models. For example, oral doses of 
Astragalus polysaccharides (400 to 2000 mg/day) alleviated glu-
cose toxicity and restored glucose homeostasis,141 lowered blood 
glucose and reduced insulin resistance142–144 and reduced cardio-
myopathy145 in various diabetic models. Other components have 
also been shown to have antidiabetic activity, including the isofla-
vonoids146 and astragaloside IV, which protected against diabetic 
neuropathy in rats (3, 6 and 12 mg/kg twice a day, oral).147

Anticancer activity
Astragalus saponins,148–150 Astragalus injection151,152 and an 
Astragalus extract153 have all shown growth inhibitory activ-
ity against a variety of tumour cell lines in vitro. Mechanisms 
included promotion of apoptosis,148,149,153 growth inhibi-
tion150 and downregulation of Akt phosphorylation.151

Astragalus saponins (100 and 200 mg/kg/day for 20 days, 
oral) reduced tumour volume in a mice xenograft model of 
colon cancer, demonstrating activity comparable to 5-fluoro
uracil.150 Various fractions of Astragalus polysaccharides 
(prepared by decoction followed by stepwise ethanol pre-
cipitation) demonstrated weak cytotoxic activity in vitro, but 
promoted immune response in a mouse cancer model after 
ip injection.154 Astragalus extracts demonstrated chemopre-
ventative activity in mice (10, 20 and 40 mg/kg/day, oral)155 
and rats (90 and 180 mg/kg/day, oral).156

Antioxidant and anti-inflammatory activities
Astragalus flavonoids demonstrated a protective effect on 
mammalian cell damage caused by the hydroxyl radical, 
inhibited lipid peroxides and increased superoxide dismutase 
activity in vitro.157 Three Astragalus saponins demonstrated 
superoxide anion scavenging activity in vitro.158 Astragalus 
extract reduced free radical-mediated injury to renal tubules 
in rabbits (2.4 g/kg, iv).159 Astragalus injection reduced meas-
ures of oxidative stress and inflammation in a controlled trial 
involving 60 haemodialysis patients.160

An aqueous extract of Astragalus demonstrated a broad 
anti-inflammatory effect on human amnion cells in vitro.161 
Astragalosides inhibited the formation of advanced glycation 
endproducts during the incubation of bovine serum albumin 
with ribose.162

Astragalus polysaccharides (250, 500 and 1000 mg/kg/
day, oral) were anti-inflammatory in rats with adjuvant arthri-
tis163 and the 8:1 dried aqueous extract of Astragalus (30 and 
100 mg/kg/day, oral) reduced the expression of various inflam-
matory mediators in zymosan air-pouch mice.164 Astragalus 
decoction (100 mg/kg/day, oral) also inhibited the develop-
ment of experimental atopic dermatitis in mice.165 High oral 
doses of an aqueous extract of Astragalus either before (2 
and 4 g/kg/day) or after (4 and 8 g/kg/day) hapten provoca-
tion reduced experimental colitis in rats.166 Oral (4 and 8 g/
kg/day) or intracolonic (200 and 800 mg/kg/day) doses of this 
Astragalus extract also demonstrated similar therapeutic activ-
ity in the same colitis model, but by modulation of different 
colonic cytokines, depending on the mode of administration.167

Neurological activity
Astragalus extract,168 astragaloside IV169 and Astragalus isofla-
vones170 exhibited neuroprotective activity in various in vitro 
models. Peripheral nerve regeneration was demonstrated in vitro 
and in vivo (in rats via local administration) for an Astragalus 
extract.171 An Astragalus extract (150 and 300 mg/kg, oral) also 
protected against pentylenetetrazole-induced seizures in mice.172

Other activity
Astragalus inhibited aldose reductase,173 promoted the rep-
lication of hepatic DNA,174 inhibited mitochondrial oxygen 
consumption caused by lipid peroxidation175 and stimulated 
the motility of human sperm,176 all in vitro. Incubating sperm 
from infertile men with Astragalus decoction significantly 
enhanced motility.177,178 Intraperitoneal injection of Astragalus 
extract into rats made infertile by cadmium resulted in signifi-
cant increases in sperm counts and reduced sperm malforma-
tion, compared with untreated controls.179

A methanolic extract of Astragalus inhibited the growth of 
the human intestinal bacterium Clostridium perfringens in 
vitro.180 Oral administration of Astragalus normalised the imbal-
ance in intestinal flora in an experimental model of senility.181

Oral administration of a concentrated solution of Astragalus 
strengthened small intestine movement and muscle tonus, 
especially in the jejunum.182 This activity supports its tradi-
tional use in organ prolapse.

Astragaloside IV (3, 10 and 30 mg/kg/day, oral) exerted 
gastroprotective effects in rats with ethanol-induced gastric 
mucosal damage.183

Pharmacokinetics
A pharmacokinetic investigation of astragaloside IV adminis-
tered by intravenous injection to rats and dogs found highest 
concentrations in the lung and liver.184 The compound was 
relatively quickly eliminated and does not appear to cross the 
blood-brain barrier.

The bioavailabilities of the flavonoids in Astragalus decoc-
tion were examined using various models, namely a computa-
tional chemistry prediction method, a Caco-2 cell monolayer 
and an improved rat everted gut sac model.185 The compu-
tational model suggested that 26 compounds in Astragalus, 
including 12 flavonoids, were potentially bioavailable. The 
two in vitro models found that 21 compounds were absorbed, 
including flavonoid and isoflavonoid aglycones and some of 
their glycosides and metabolites. Following a multiple-dose 
study in a healthy male volunteer who ingested 60 g of the 
crude herb via decoction twice a day for 5 days, several of the 
same compounds were also detected in his urine, but mainly 
the metabolites (as might be expected for urine).

Clinical trials

Immune function
In an open, randomised clinical trial, 115 patients with leuco-
penia received a high dose of a concentrated Astragalus prepa-
ration (equivalent to 30 g/day of Astragalus) or a low dose 
(equivalent to 10 g/day) over a period of 8 weeks. There was a 
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significant rise of average white blood cell (WBC) counts in both 
groups after treatment (p<0.001). The average WBC count for 
the high-dose group was significantly higher than for the low-
dose group (p<0.05). On the basis of these findings, the author 
suggested that Astragalus is an effective treatment for leucope-
nia and increasing the dosage could enhance its effectiveness.186 
In an open study, 1000 volunteers received Astragalus either 
orally, as a nasal spray or in a compound formula. A prophylac-
tic effect for the common cold was observed, as evidenced by 
decreased incidence and shortened duration of infection.45

A combination of Astragalus (320 mg/day of an 18:1 extract 
containing 40% polysaccharides) and calcium-aluminium silicate 
as a mineral carrier and possible synergist was investigated in a 
6-week double blind, placebo-controlled clinical trial involving 
48 patients with seasonal allergic rhinitis.187 Both the attending 
physicians and the patients judged the active treatment as more 
efficacious than placebo (p=0.003 and p=0.026, respectively). 
However, no statistically significant differences were detected 
between the groups for serum IgE, IgG and nasal eosinophils, 
although there was a trend to lower IgG for Astragalus plus min-
erals (p=0.18). In a post hoc analysis of 21 patients with weed 
pollen allergy, Astragalus plus minerals significantly improved 
total symptom score (p=0.022) and quality of life (p<0.001) 
compared with placebo. All adverse events were mild and not 
considered to be connected to the active treatment.

Astragalus in combination with other herbs has also been 
investigated for clinical effects on immune function. In a dou-
ble blind, placebo-controlled trial, 85 children aged 7 to 15 
years with asthma were randomly assigned to receive either 
an oral herbal formula (0.619 g/day, comprising equal weights 
of dried aqueous extracts from Astragalus, Cordyceps, 
Stemona, Fritillaria and Scutellaria baicalensis), or placebo for 
6 months.188 There was no significant difference recorded for 
any of the trial endpoints between the active treatment and 
placebo groups. The impact of Compound Astragalus Recipe 
was investigated in 60 patients with myasthenia gravis in a 
controlled trial.189 While clinical outcomes were similar in the 
herbal and control groups, the herbal treatment significantly 
lowered the CD4+/CD8+ ratio (p<0.05).

Astragalus injection has demonstrated a range of effects on 
immune function in open label clinical trials. For example, it 
improved cellular immunity in patients with serious abdominal 
trauma,190 promoted recovery of haematopoietic function in 
patients with chronic aplastic anaemia,191 improved immune 
function in patients with congestive heart failure192 and 
enhanced the efficacy of conventional treatment for SLE.193

Antiviral activity
Administration of Astragalus to a large number of patients 
with chronic viral hepatitis resulted in a success rate of 70% 
in an open trial. In most cases, elevated serum ALT levels 
returned to normal after 1 to 2 months.194

In a double blind clinical trial, 235 patients with typical 
chronic cervicitis (associated with viral infection) received 
one of the following treatments applied locally by gauze: 
recombinant interferon-alpha1 (at 5 or 10 mg), combined 
interferon (5 mg) and Astragalus (0.5 mL of a 1:1 extract), or 
Astragalus alone (0.5 mL of a 1:1 extract). These treatments 

were applied twice per week for 3 weeks. The Astragalus plus 
interferon group showed a similar improvement to the higher 
dose interferon group, with approximately 60% of patients 
demonstrating complete resolution or marked improvement. 
Only 8% of patients treated with Astragalus alone exhibited 
marked improvement and no patients were completely cured. 
These results suggest that Astragalus acted synergistically with 
interferon therapy.195 An earlier double blind trial showed a 
similar result for 164 patients with cervical erosion associ-
ated with herpes simplex virus infection.196 In 106 patients 
with herpes simplex keratitis, those randomly assigned to 
Astragalus treatment (dose and route not specified in the 
English abstract) exhibited significant improvement in the 
rebalancing of Th1/Th2 cytokines, an effect not observed in 
the comparative control group receiving ribavirin.197

An infused formulation of six herbs with Astragalus as the 
main component was significantly better than a control treat-
ment (including silymarin) in terms of clinical improvement 
and greater negative seroconversions in an open label trial 
involving 208 patients with chronic viral hepatitis B.198

A formulation containing extracts of Astragalus com-
bined with Glycyrrhiza glabra, Artemisia capillaris, Morus 
alba and Carthamus tinctorius was investigated in HIV posi-
tive patients in Thailand. In an open label study, 28 HIV-1 
infected adults (CD4 count >200 cells/mm3 and HIV-1  
RNA >20 000 copies/mL) received 5 g/day of the combina-
tion plus sulfamethozaxole and trimethoprim for 12 weeks.199 
Up to 36% of patients demonstrated a reduction in plasma 
HIV-1 RNA of more than 0.5 log during the trial, but CD4 
counts were unchanged. In a subsequent randomised, double 
blind, 24-week clinical trial, the efficacy of the herbal combi-
nation (7.5 g/day) given with zidovudine and zalcitabine was 
compared against the two drugs plus a herbal placebo in 60 
HIV-1 positive patients.200 The decline in HIV RNA was sig-
nificantly greater in the group receiving the herbal combina-
tion (p<0.001) and CD4 cell counts were higher compared 
with baseline (p<0.05), versus no change in the control group. 
Serious adverse events were not observed.

A 2004 Cochrane review of herbal medicines for viral myo-
carditis found 40 randomised trials involving 3448 patients.201 
Twenty-five different herbal treatments were tested in the 
included trials. Astragalus was given as a single treatment in 
10 trials (oral doses in three, by injection in seven) and as part 
of a herbal combination in another 13 trials (all doses oral). 
Analysis of the 10 Astragalus-only trials (plus one where the 
formulation was mainly Astragalus) found Astragalus sig-
nificantly improved premature beat, cardiac output, ejection 
fraction and some levels of myocardial enzymes (indicating 
cardiac damage). Overall the authors stressed the low meth-
odological quality, but suggested some herbal medicines such 
as Astragalus deserve further examination in this context in 
rigorous trials.

Cardiovascular conditions (other than viral 
myocarditis)
In a comparative trial, 92 patients suffering from ischaemic 
heart disease were treated with Astragalus, Salvia miltiorrhiza 
or the anti-anginal drug nifedipine. Results were superior for 
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the Astragalus-treated group, as demonstrated by marked 
relief from angina pectoris and improvement in several objec-
tive clinical parameters. Treatment of ischaemic heart disease 
by Astragalus was significantly more effective compared with 
the control group (p<0.05).202 In an open label trial in 20 
patients with angina pectoris, Astragalus (60 g/day, presum-
ably by decoction) significantly improved cardiac output by 
16.9% after 2 weeks (p<0.01), with no improvement of left 
ventricular diastolic function.203 Unlike digitalis, the herb did 
not inhibit ATP activity.

Forty-five patients with chronic heart failure (defined in 
TCM (traditional Chinese medicine) terms by Xin-qi or Xin-
yang deficiency) were randomised to receive conventional 
medicine or conventional medicine plus 4.5 g/day (oral) of 
an Astragalus granule containing only Astragalus.204 While 
improvements from baseline in TNF-alpha, left ventricular 
ejection fraction (LVEF) and walking distance were observed 
in both groups, they were all significantly higher in the group 
receiving Astragalus (p<0.05).

Ninety chronic heart failure patients (TCM diagnosis 
as above) were randomly assigned to receive perindopril 
(4 mg/day) and one of three different doses of Astragalus 
granule (15, 9 or 4.5 g/day).205 Clinical improvements, includ-
ing for LVEF, walking distance and quality of life, were great-
est in the highest dose group (p<0.01).

Ninety-four patients with vascular disease secondary to 
type 2 diabetes mellitus were randomly assigned to either 
Astragalus with saponins from Panax notoginseng, or simvas-
tatin, in an open label trial. Blood cholesterol and triglycer-
ide levels and a measure of vascular inflammation (MMP-9) 
improved similarly in the two groups.206

Astragalus injection has demonstrated a range of effects 
in cardiac patients in clinical trials. For example, it improved 
cardiac function and haemodynamics in children with tetral-
ogy of Fallot,207 improved heart function parameters in 
patients with congestive heart failure208,209 and acute myo-
cardial infarction,210 and decreased inflammatory cytokine 
production in patients undergoing heart valve replace-
ment.211 Injected doses typically contained high levels of the 
crude herb (up to 80 g).

Kidney disease
A randomised, double blind, placebo-controlled crossover 
study in 12 healthy men assessed the impact of a single oral 
dose of Astragalus (0.3 g/kg of a dried 4:1 aqueous extract) 
on diuresis.212 Compared with placebo, Astragalus markedly 
increased urinary sodium excretion, fractional sodium excre-
tion and urinary excretion of chloride during the first 4 hours. 
The authors concluded that Astragalus induces marked natri
uresis in healthy men and attributed this to enhanced renal 
responses to endogenous ANP (atrial natriuretic peptide).

A US group of doctors described two separate cases 
(published 3 years apart) of remission of idiopathic mem-
branous nephropathy (IMN, probably autoimmune in ori-
gin) after therapy with Astragalus. The first case described 
a 77-year-old woman with nephrotic syndrome secondary 
to IMN who was largely unresponsive to conventional treat-
ments.213 After beginning Astragalus (15 g/day as part of 

the formulation Shen-Yan Siwei Pian) there was a marked 
decrease in proteinuria. Nephrotic syndrome recurred after 
a temporary cessation of the formulation, with complete 
remission after its reintroduction. Remission persisted even 
after stopping the herbal treatment. The second case was a 
63-year-old man with nephrotic syndrome due to IMN.214 In 
addition to conventional treatments (which had not resolved 
his proteinuria) he took Astragalus (15 g/day herb equiva-
lent of a 4:1 extract – presumably aqueous) for around 12 
months, after which he experienced complete remission of 
nephrotic syndrome.

In an open clinical trial, a combination of Arctium lappa 
fruit and tincture of Astragalus orally for 3 months with 
losartan was compared with losartan alone in 54 patients 
with diabetic nephropathy. The herbal combination reduced 
hyperlipidaemia, proteinuria and postprandial hyperglycae-
mia significantly compared with losartan alone.215 Patients 
with diabetic nephropathy were randomly assigned to take 
simvastatin or a combination of Astragalus and Panax sapo-
nins. Both treatments reduced hyperlipidaemia and vari-
ous markers of renal damage.206 In an open label trial, 21 
patients with type 2 diabetes and microalbuminuria received 
150 mL four times a day of an unspecified Astragalus and 
Ligusticum decoction for 6 months.216 The herbal combina-
tion improved both urinary albumin excretion and endothe-
lial dysfunction.

Astragalus injection improved renal tubular function in 
patients with IgA nephropathy217 and primary nephrotic 
syndrome.218

Cancer therapy
A meta-analysis of 34 randomised clinical trials involving 
patients with non-small-cell lung cancer treated with plat-
inum-based chemotherapy and Astragalus-based Chinese 
herbs suggested a benefit from the combination.219 Most tri-
als involved formulas featuring Astragalus, but two were of 
Astragalus alone. The herbs were administered by injection 
in around one-third of the trials. Twelve trials measuring such 
outcomes reported significantly lower mortality rates after 12 
months when Astragalus was combined with chemotherapy 
(risk ratio 0.67). Nine studies reported significantly lower 
mortality rates after 24 months when Astragalus was com-
bined with chemotherapy (risk ratio 0.73). Most of the stud-
ies included were of low methodological quality. A Cochrane 
review indentified four relevant trials where a decoction of 
Astragalus and a formulation featuring Astragalus was com-
bined with chemotherapy regimens in patients with colorec-
tal cancer.220 Chemotherapy-induced nausea, vomiting and 
leucopenia were all decreased by concomitant administration 
of Astragalus decoction, and immune function was improved. 
The trials were of low quality, suggesting larger, more rigorous 
trials are needed to confirm these results.

A systematic review and meta-analysis of Chinese herbs 
in the treatment of hepatocellular carcinoma found that for-
mulations containing Astragalus had a larger treatment effect 
than the pooled broad estimate (odds ratio 1.35, p=0.048).221 
Products containing Astragalus significantly improved 
12-month survival rates (odds ratio 1.28, p<0.0001). While 
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there were questions over trial design, the authors considered 
this to be compelling evidence that needs to be evaluated in 
high-quality clinical trials. The herbal treatments were often 
administered by injection.

In an open label trial, 20 children with acute leukaemia in 
remission received Astragalus (90 g/day, mode of administra-
tion not specified in the English abstract) plus chemotherapy 
for 1 month, while another 24 in the control group received 
chemotherapy alone.222 The herbal treatment increased den-
dritic cell induction of peripheral mononuclear cells and 
enhanced antigen-presenting ability.

Other conditions
In a double blind, placebo-controlled clinical trial involving 
507 elderly people, oral administration of Astragalus in com-
bination with Polygonum multiflorum and Salvia miltiorrhiza 
demonstrated significant antiageing effects. Improvements 
were noted in vigour, strength, vision, cellular immunity and 
serum lipofuscin levels. The total effective rate was 76.6% 
compared with 34.5% for placebo (p<0.001).223

Eighty-four patients with liver cirrhosis and portal hyper-
tension were randomly assigned to receive either conventional 
treatment or a combination of Astragalus and Salvia miltior-
rhiza (dan shen) for 3 months in an open label trial.224 There 
were significant improvements in haemodynamic measures 
and indices of liver fibrosis in the group treated with the 
herbal combination compared with the control group.

A 4-week randomised, double blind, placebo-controlled clini-
cal trial was conducted with 36 adults with chronic fatigue (but 
not necessarily chronic fatigue syndrome).225 The trial partici-
pants were divided into a control group (receiving a ‘placebo’ 
Chinese herbal formulation known as Hyangsapyunweesan  
(in Korean), 3 g/day) or 3 or 6 g/day of a 3.3:1 concentrated 
aqueous extract from equal parts of Astragalus and dan shen. 
This combination significantly decreased subjective fatigue 
severity scores compared with the control group (p<0.05).

Toxicology and other safety data

Toxicology
No adverse effects were observed within 48 hours after oral 
administration of Astragalus at doses of 75 and 100 g/kg. The 
ip LD50 of Astragalus has been reported to be 40 g/kg in mice. 
However, ip injection of 50 g/kg elicited no significant toxic 
reactions in mice in another study.2 A 3-month subchronic 
toxicity evaluation of Astragalus given by injection found no 
distinct toxicity at doses up to 39.9 g/kg in rats and 19.95 g/
kg in dogs.226

The aqueous extract of Astragalus (1.25 mg/mL) modestly 
increased the incidence (16%) of aberrant cells in the Ames test 
in vitro.227 In contrast, aqueous-methanolic extract of Astragalus 
showed no mutagenic effects228 and an aqueous extract demon-
strated antimutagenic activity in vitro.229 A Chinese herbal for-
mula (Man-Shen-Ling) that contains Astragalus did not exhibit 
toxic, mutagenic, teratogenic or carcinogenic effects in acute 
and chronic toxicity tests in animal models.230

Contraindications
Based on traditional considerations, it is not advisable to pre-
scribe Astragalus in acute infections.

Special warnings and precautions
None required.

Interactions
In vivo studies suggest that Astragalus may reduce the efficacy 
of cyclophosphamide (an immunosuppressive agent).231,232 
However, the clinical relevance of this is uncertain. In princi-
ple, immune-enhancing herbs should not be given long-term 
to transplant recipients receiving immune-suppressing drugs.

Use in pregnancy and lactation
Category B1 – no increase in frequency of malformation or 
other harmful effects on the fetus from limited use in women. 
No evidence of increased fetal damage in animal studies for 
oral doses.

Some species of Astragalus are known to induce locoism 
(a condition that can cause reproductive alterations), abor-
tion and occasional skeletal deformities in livestock.233,234 A. 
membranaceus has not been identified as one of these spe-
cies and swainsonine, the indolizidine alkaloid responsible for 
locoism,235 has not been detected in A. membranaceus. It is 
unlikely that the Astragalus species used medicinally are tera-
togenic, since those species that induce teratogenic effects 
are also known to be toxic. Moreover, a Chinese herbal for-
mula (Man-Shen-Ling) that contains Astragalus did not dem-
onstrate teratogenic activity in animal models.236 Intravenous 
astragaloside IV was maternally toxic at 1.0 mg/kg in rats and 
fetotoxic at a dose higher than 0.5 mg/kg, but was devoid of 
teratogenic effects in rats and rabbits.237

There are no data available concerning the safety of 
Astragalus in breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
Controlled clinical studies suggest a low incidence of signifi-
cant side effects.

Overdosage
No incidents found in published literature.

Safety in children
Limited information available, but adverse effects are not 
expected.
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Bearberry

(Arctostaphylos uva ursi (L.) Spreng.)

Can be used for

Indications supported by clinical 
trials
Cystitis, recurrent cystitis (in conjunction with other herbs).

Traditional therapeutic uses
Urinary infections such as cystitis, urethritis, prostatitis, 
pyelitis, lithuria, diarrhoea and intestinal irritations, and any 
condition requiring an astringent action including chronic 
diarrhoea. The specific indication listed in the British Herbal 
Pharmacopoeia 1983 is acute catarrhal cystitis with dysuria 
and highly acid urine.6

May also be used for

Extrapolations from pharmacological 
studies
Internally and externally as adjuvant treatment of inflam-
matory conditions such as contact dermatitis, inflammatory 
oedema and arthritis.

Other applications
As a whitening agent for the skin and may assist in the control 
of hyperpigmentary disorders.7

Preparations

Dried leaves as a cold infusion or liquid extract for internal 
or external use. Cold water extraction of powdered leaves 
results in better levels of arbutin and lower levels of tannins 
compared to hot water extraction.8

Dosage

l	 3 to 12 g dried leaf per day (the latter equivalent to at least 
700 mg arbutin) prepared as an infusion or cold macerate

l	 4.5 to 8.5 mL of 1:2 liquid extract per day, 11 to 22 mL of 
1:5 tincture per day or the equivalent in tablet or capsule 
form.

Some studies have found that the antimicrobial effect 
of bearberry is optimal when the urine has an alkaline pH. 

Synonyms

Arctostaphylos officinalis Wimm., Arbutus uva ursi L. (botani-
cal synonyms), mountain cranberry, green manzanita, uva ursi 
(Engl), Uvae ursi folium (Lat), Bärentraube (Ger), busserole, 
raisin d’ours (Fr), uva d’orso, uva ursina (Ital), melbær (Dan).

What is it?

The Arctostaphylos genus contains 50 species indigenous to 
western North America; A. uva ursi has circumpolar distri-
bution and is found in central and northern Europe, as well 
as in North America.1,2 Bearberry leaves have been used as 
a urinary antiseptic in the UK since the 13th century.1 It is 
also a traditional herb of the Native Americans, who used the 
leaves for ceremonial smoking. However, their main use was 
in the form of a tea to treat venereal disease and inflamma-
tion of the genitourinary tract.3 The berries of Arctostaphylos 
species have provided food, not only for wildlife such as birds 
and bears but also for humans. Arctostaphylos species suppress 
the growth of neighbouring plants due to the hydroquinone 
formed from the arbutin in their leaves, bark and roots.3

Effects

Antibacterial, astringent and anti-inflammatory effects in the 
genitourinary tract.

Traditional view

Bearberry was traditionally used for its astringent prop-
erty and was considered of great value in diseases of the 
bladder and kidneys, strengthening and imparting tone to 
the urinary passages and alleviating inflammation of the 
urinary tract.4 Uses by the Eclectic physicians included 
chronic irritation of the bladder, enuresis, excessive mucus 
and bloody discharges in the urine, chronic diarrhoea, dys-
entery, menorrhagia, leucorrhoea, diabetes, chronic gonor-
rhoea and strangury.5

Summary actions

Urinary antiseptic, astringent, anti-inflammatory.
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However, the majority of urinary tract infections produce 
acid urine. Alkalinisation of the urine may therefore be ben-
eficial in conjunction with herbal therapy using bearberry 
(although the need for this has been questioned in a recent 
study). This can be achieved, at least in the short term, by 
concurrent administration of bicarbonate or a proprietary 
urinary alkalinising product. An alkaline-forming diet high in 
fruit and vegetables could also be consumed during treatment. 
Consumption of plenty of water during treatment is also 
advised.

Duration of use

Due to its high tannin content, bearberry is not suitable for 
prolonged internal use at higher doses.

Summary assessment of safety

There is a very low risk associated with the short-term admin-
istration of bearberry, but its use should be avoided during 
pregnancy and lactation.

Technical data

Botany
Arctostaphylos uva ursi is a small, evergreen, prostrate, mat-
forming shrub belonging to the Ericaceae (heath) family. The 
leathery leaves are alternate, obovate from a wedge-shaped 
base, 1 to 2 cm long, dark green on the upper surface and pale 
green underneath. The small pink flowers with a bell-shaped 
corolla are arranged in drooping clusters. The fruit is shiny, 
small, round and scarlet-red.4,9

Adulteration
Substitution with other species of Ericaceae is relatively com-
mon in commerce. Vaccinium vitis idaea L., V. uliginosum L., 
V. myrtillus L. (bilberry), Gaultheria procumbens L. (winter-
green), Arctostaphylos alpinus (L.), Buxus sempervirens L. 
(box) have all been detected in batches of ‘bearberry leaves’.10 
According to the German Pharmacopoeia, samples containing 
less than 6% arbutin should be considered as adulterated.

Arctostaphylos uva ursi is protected and/or has restrictions 
for wildcrafting in several areas of Europe.11

Key constituents
l	 Hydroquinone glycosides (normally between 6.3% and 

9.2% – higher in autumn crops)12 including arbutin and 
methylarbutin13

l	 Polyphenols (predominantly gallotannins); phenolic acids, 
flavonoids, triterpenes.13

Interestingly, arbutin is found at high concentrations in some 
plants capable of surviving extreme and sustained dehydration.14

�  
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Pharmacodynamics

Antimicrobial activity
There is some debate as to whether the antimicrobial effect 
of bearberry is due to hydroquinone esters such as arbu-
tin or to free hydroquinone.13 The antimicrobial activities 
of arbutin and an aqueous extract of bearberry were tested 
in vitro against bacterial strains implicated in urinary tract 
infections. The antibacterial activity of arbutin was directly 
correlated with the beta-glucosidase activity of the bacte-
ria. (This enzyme converts arbutin into free hydroquinone.) 
The highest enzyme activity was found in Streptococcus, 
Klebsiella and Enterobacter, the lowest in Escherichia coli.15 
Arbutin (128 μg/L) inhibited three of eight clinical isolates of 
Pseudomonas aeruginosa tested in vitro.16 Arbutin and hydro-
quinone inhibited the growth of Ureaplasma urealyticum and 
Mycoplasma hominis in vitro.17 These bacteria are associated 
with non-gonococcal urethritis.

Piceoside, a glucoside isolated from bearberry, did not 
demonstrate antibacterial activity in vitro, but its aglycone 
p-hydroxyacetophenone showed activity against Proteus vul-
garis, Enterobacter aerogenes and Bacillus subtilis.18 Another 
study found antimicrobial activity for bearberry extracts in 
vitro against E. coli, Proteus vulgaris, Enterobacter aerogenes, 
Streptococcus faecalis, Staphylococcus aureus, Salmonella typhi 
and Candida albicans.19 The summer and autumn leaves 
were more potent than the winter leaves.20

The antibacterial activity of various agents was tested 
in vitro using 74 different strains of bacteria isolated 
from the urinary tract including E. coli, Proteus mirabilis, 
Pseudomonas aeruginosa, Staphylococcus aureus and species 
of Enterobacter, Citrobacter and Klebsiella. Urine was col-
lected from healthy volunteers 3 h after oral administration 
of 0.1 g or 1.0 g of arbutin; several synthetic antibiotics were 
also tested. Of all test substances, only gentamicin, nalidixic 
acid and urine collected after intake of 1.0 g of arbutin and 
adjusted to pH 8 were active against every strain used.21

A hydroethanolic extract of bearberry was amongst the 
most active of 14 traditional Canadian medicinal plants tested 
against a wide variety of strains of Neisseria gonorrhoeae, 
including isolates resistant to antibiotics.22 A minimum 
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inhibiting concentration of 32 μg/mL was demonstrated in 
vitro.

A study of the dry leaf extract of bearberry on the course 
of acute bacterial pyelonephritis (caused by E. coli) in white 
rats showed that bearberry extract (25 mg/kg) had a marked 
antibacterial and nephroprotective effect.23

Samples of both normal urine and urine collected from 
healthy subjects after consuming bearberry tea were com-
pared for resistance to bacterial contamination. Urine from 
the bearberry tea drinkers was more bacteriostatic than nor-
mal urine samples. However, the addition of arbutin to nor-
mal urine did not result in the same bacteriostatic activity. 
A series of solutions were then tested for their inhibition of 
the growth of strains of Staph. aureus and E. coli in vitro. The 
solutions included hydroquinone, methylhydroquinone and 
arbutin, normal urine and urine from bearberry tea drinkers. 
They were tested at normal pH and at pH elevated to 8.0 by 
the addition of potassium hydroxide. Only the hydroquinone 
and methylhydroquinone solutions inhibited bacterial growth 
at normal pH. However, incubation of bacteria with bearberry 
tea drinkers’ urine adjusted to pH 8 also resulted in inhibi-
tion of bacterial growth. This inhibitory effect was also seen 
for urine adjusted to pH 8 from subjects given pure arbutin.24 
The authors suggested that antibacterial activity would only 
occur when the excretion products of arbutin (hydroquinone 
paired with glucuronate and sulphate) appear in sufficiently 
high concentrations in an alkaline urine. It was hypothesised 
that at an alkaline pH these excretion products of arbutin 
released small amounts of free hydroquinone in the presence 
of bacteria, thereby conferring antibacterial activity to the 
urine. The maximum antibacterial effect from the hydroqui-
none glucuronides and sulphates formed from arbutin was 
obtained about 3 to 4 h after taking the herb.25 Free hydro-
quinone is only excreted in trace amounts, which is desirable 
given the toxic potential of this agent.

A recent paper has expressed a contradictory view. In this 
study, urine was collected from four healthy individuals after 
ingestion of 420 mg of arbutin.26 The samples were added to 
an E. coli suspension and it was noted that the concentration 
of hydroquinone in bacteria was 20-fold higher than a control. 
The authors commented that the pH of urine is unlikely to 
be important, as the intracellular pH of E. coli is not affected 
by urine alkalinisation. They concluded that deconjugating 
enzymes such as beta-glucuronidases found in the bacteria 
enrich and deconjugate hydroquinone glucuronides and/or 
sulphates regardless of pH. The pH of the test urine was not 
stated, but in the study design attempts to increase it to more 
than 6.5 via a vegetarian diet were instituted.

Urine produced by a healthy person consuming a meat and 
fish diet is typically in the pH range 4.5 to 6.0; a vegetarian 
diet will make urine more alkaline. A urine of pH >7 during a 
urinary tract infection indicates infection by a micro-organism  
capable of splitting urea, with the release of ammonia.27 Urea-
splitting organisms include Proteus spp., Klebsiella spp., some 
Citrobacter spp., some Haemophilus spp., Bilophila wadswor-
thia, the yeast Cryptococcus neoformans and several other 
bacteria and fungi.28 Infection with these organisms should be 
particularly susceptible to treatment with bearberry if alkaline 
urine does enhance its activity. Alkalinisation of the urine with 

buffering agents (for example containing sodium bicarbonate, 
sodium citrate, citric acid and tartaric acid) in conjunction 
with bearberry intake may prove to be clinically effective for 
the treatment of cystitis caused by non-urea-splitting bacteria, 
but given the conflicting findings noted above, this requires 
further research.

The antibacterial effect of bearberry may also be useful 
in the gastrointestinal tract. An aqueous extract of bearberry 
was found to modulate cell surface hydrophobicity and dem-
onstrated antibacterial effects on ten strains of Helicobacter 
pylori in vitro.29 The research team concluded that the hydro-
lysable tannins were largely responsible, as pure tannic acid 
produced comparable results.

Anti-inflammatory and antiallergic activities
Co-administration of arbutin (50 mg/kg, oral) and indo-
methacin (subcutaneous) showed an inhibitory effect on 
swelling in a delayed-type hypersensitivity model, which 
was stronger than that of indomethacin alone.30 In the same 
model, arbutin (10 and 50 mg/kg, oral) plus prednisolone 
or dexamethasone showed stronger effects than each of the 
anti-inflammatory drugs alone.31 Arbutin may therefore have 
a synergistic anti-inflammatory activity on type IV aller-
gic reaction-induced inflammation. In the same model, oral 
administration of a bearberry methanolic extract (100 mg/
kg) demonstrated an inhibitory effect on swelling. When 
administered simultaneously with subcutaneous predni-
solone, the inhibitory effect was more potent than that of 
prednisolone alone.32

Although ointments containing 1% and 2% aqueous extract 
of bearberry did not inhibit the ear swelling caused by experi-
mentally induced contact dermatitis or carrageenan-induced 
paw oedema in rats and mice, they did increase the anti-
inflammatory effect of a steroid ointment (dexamethasone). 
Co-administration of bearberry did not increase the side 
effects of dexamethasone.33 Topical doses of bearberry might 
also increase the anti-inflammatory effects of other steroid-
like compounds, such as plant-derived saponins.

Effect on melanin synthesis
Arbutin at a concentration of 5×10−5 M decreased melanin 
content to approximately 39% when compared to untreated 
melanoma cells in vitro, without affecting cell growth. 
Tyrosinase activity also dropped significantly in the arbutin-
treated cells. (This enzyme is involved in melanin synthe-
sis.) Arbutin was not hydrolysed to hydroquinone, suggesting 
that the observed inhibitory effect was for arbutin itself, not 
hydroquinone.34 Further studies have revealed that the depig-
menting mechanism of arbutin in humans involves inhibition 
of melanosomal tyrosinase activity, rather than the suppres-
sion of expression and synthesis of tyrosinase.35

A 50% methanolic extract of bearberry inhibited melanin 
synthesis in vitro. Both the bearberry extract and arbutin 
had an inhibitory effect on tyrosinase activity and inhibited 
the production of melanin by both tyrosinase and autoxi-
dation.7 Bearberry extract could have a bleaching effect on 
freckles and may assist in the control of hyperpigmentary 
disorders.
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Other activity
Oral doses of arbutin (50 mg/kg) suppressed experimentally 
induced cough reflex. The effect of arbutin was stronger than 
that of the non-narcotic antitussive dropropizine and compa-
rable to that of codeine.36

Oral administration of a bearberry infusion (3 g/L in drink-
ing water) to healthy rats fed a standard diet containing calcium 
(8 g/kg) and magnesium (2 g/kg) did not induce significant diu-
resis, nor affect calcium or citrate concentration levels.37

Aqueous and methanolic extracts of bearberry have dem-
onstrated in vitro molluscicidal activity against the freshwater 
snail Biomphalaria glabrata (the intermediate host of schisto-
somiasis). The methanol extract was active at a concentration 
of 50 ppm.38

A methanol extract of bearberry showed algicidal activity 
when tested in ponds. It is believed the tannins precipitated 
the algal proteins.39

Pharmacokinetics
Urinary excretion of phenolic metabolites after the oral 
administration of either bearberry leaf tea or arbutin occurs 
within 1 to 2 h and reaches a maximum 4 h after administra-
tion. In healthy subjects given bearberry tea, 70% to 75% of 
the administered dose was excreted within 24 h. Arbutin is 
altered after its passage through the body; it only occurs in 
trace amounts in urine when high doses are given. Free hydro-
quinone is only excreted in trace amounts, if at all.

It has been suggested that there are two possible processes 
for the absorption and metabolism of arbutin.40 The major 
process involves the absorption of intact arbutin by small 
intestinal enterocytes via the sodium-glucose pump. On first-
pass metabolism in the liver, arbutin is deconjugated to hyd-
roquinone and then reconjugated to sulphate and glucuronide 
phase II derivatives, which are then excreted via the urine. 
The minor process involves the conversion to free hydroqui-
none of arbutin in the colon by the action of bacterial beta-
glucosidase. The hydroquinone is then converted by colonic 
enterocytes into sulphate and glucuronide derivatives which 
are absorbed into the bloodstream and passed into the urine.

In a crossover study involving six healthy volunteers, 
enteric-coated bearberry tablets demonstrated the same bio-
availability within a 24-h period as an equivalent bearberry 
extract. The release of arbutin metabolites was retarded by at 
least 3 h with the tablets. In a pilot study conducted prior to 
this main study, no free hydroquinone was found in the urine 
of volunteers, although the above hydroquinone derivatives 
were found.41 This study was designed to compare the bioavail-
ability of enterically coated tablets containing bearberry extract 
with uncoated tablets, but it does also add some support to the 
above metabolic pathways. Additionally, a small, randomised 
crossover trial in sixteen adults evaluated the bioavailability of 
an aqueous solution of bearberry as compared to film-coated 
tablets.42 The maximum mean urinary concentration of hydro-
quinone equivalents was marginally higher and peaked a little 
earlier in the tea group, although this was not statistically signif-
icant. The authors concluded there were no significant differ-
ences between the two groups in terms of metabolites or total 
amounts of hydroquinone equivalents excreted.

Some other studies investigating the elimination of arbutin 
in rats have arrived at different conclusions, which cast doubt 
on their relevance to humans. In these studies, orally admin-
istered arbutin was excreted unchanged in urine43 and oral 
administration of bearberry tea resulted in the excretion of 
six unidentified phenolic compounds, but no hydroquinone. 
No degradation products were observed after the perfusion of 
isolated rat liver with arbutin, thus leading to the conclusion 
that it was hydrolysed in the kidneys.44 As noted above, the 
results of these studies are not supported by the human stud-
ies. Moreover, in the case of the orally administered arbutin, 
the authors may have actually measured arbutin metabolites 
and mistakenly assigned them as arbutin.

Clinical trials

Urinary disorders
In a double blind, placebo-controlled, randomised clini-
cal trial, 57 women who had experienced at least three epi-
sodes of cystitis during the preceding year received either 
herbal medicine or placebo. The herbal medicine consisted 
of bearberry extract (standardised for arbutin and methylar-
butin content) and extract of dandelion root and leaf (dose 
of individual herbs not specified). Treatment for 1 month sig-
nificantly reduced the recurrence of cystitis during the 1-year 
follow-up period, with no incidence of cystitis in the herbal 
group and a 23% occurrence in the placebo group (p<0.05). 
No side effects were reported.45

Toxicology and other safety data

Toxicology
Hydroquinone is a recognised toxic compound. However, 
arbutin and bearberry extracts are considerably less toxic than 
hydroquinone, as somewhat evidenced by the studies cited 
below.

The oral LD50 of hydroquinone as a 2% aqueous solution 
has been reported as between 320 and 550 mg/kg in vari-
ous laboratory animals.46 Hydroquinone is non-mutagenic 
in the Ames test but induces chromosome aberrations and 
karyotypic effects in eukaryotic cells.47 In contrast, arbutin 
did not induce mutations in concentrations up to 10−2 M in a 
gene mutation assay. An increase in mutation frequency was 
observed with concentrations of 10−3 M and higher when arb-
utin was preincubated with beta-glucosidase. Hydroquinone, 
used as a positive control, also exhibited clear effects. In 
vivo, hydroquinone administered by intraperitoneal injection 
induced elevated micronucleus incidences. However, there 
was no induction of micronuclei in bone marrow when arbutin 
was administered orally (0.5 to 2.0 g/kg). This research sug-
gests that arbutin itself is not mutagenic, but any generated 
hydroquinone could exert a mutagenic potential.48

Contraindications
According to the British Herbal Compendium, bearberry is 
contraindicated in kidney disorders13 but there is no evidence 
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to support this, and the contraindication probably arose out of 
a theoretical caution.

According to the Commission E, bearberry is contraindi-
cated in pregnancy and lactation and for children less than  
12 years of age.49

Special warnings and precautions
Bearberry is not suitable for prolonged use. Use cautiously in 
highly inflamed or ulcerated conditions of the gastrointestinal 
tract.50

In principle, the prolonged use of herbs with high levels of 
tannins is inappropriate in constipation, iron deficiency anae-
mia and malnutrition.51

Interactions
Concomitant acidification of the urine (for instance by medi-
cation) may result in a reduction of efficacy,24 although this is 
hypothetical and of uncertain relevance to the urinary antisep-
tic mechanism of bearberry.

Oral or topical use of bearberry or arbutin has been 
observed to augment the anti-inflammatory effects of indo-
methacin,30 prednisolone,31,32 and dexamethasone31,33 in 
experimental models. The clinical relevance of these findings 
is uncertain.

Bearberry extract markedly potentiated the action of beta-
lactam antibiotics against methicillin-resistant Staph. aureus in 
vitro. The constituent corilagin (a polyphenol) was responsi-
ble for the activity.52 However, whether this leads to a clinical 
interaction is uncertain.

The high tannin levels will cause interference with the 
absorption of various nutrients and drugs, especially metal 
ions, thiamine and alkaloids. Bearberry should be consumed at 
least 2 h away from oral thiamine, mineral supplements such 
as iron and alkaloid-containing drugs.51

Use in pregnancy and lactation
Pregnancy category C – has caused or is associated with a sub-
stantial risk of causing harmful effects on the foetus or neo-
nate without causing malformations.10

There is a minor theoretical risk to fetal development due 
to the uterotonic properties of arbutin in vivo.53,54 However, 
arbutin also occurs in food: wheat products (1 to 10 ppm), 
pears (4 to 15 ppm), and coffee and tea (0.1 ppm).55

The transfer of arbutin or hydroquinone to breast milk is 
not advisable, and therefore the herb should be avoided in 
lactation.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
Hydroquinone depigmenting creams may cause exogenous 
ochronosis (hyperpigmentation)56 and/or allergic contact der-
matitis.57 However, these side effects have not been reported 
for cosmetic creams containing bearberry.56

A case of bilateral bull’s-eye maculopathy has been 
reported in a 56-year-old woman after ingestion of bear-
berry tea for 3 years, dose unknown.58 While it is generally 
acknowledged that bearberry inhibits melanin production, 
which is present in ocular tissue, therapeutic doses for short 
periods of time are routinely considered safe.

Due to the high tannin content, internal use of high doses 
of bearberry may cause cramping, nausea, vomiting and 
constipation.

Overdosage
Inflammation of the urinary mucosa and haematuria have 
been claimed as a consequence of high doses,59 and there is a 
stated risk of liver damage.60 Long-term use of high doses is to 
be avoided.

Safety in children
Treatment is not recommended for children under the age of 
6 years.

Regulatory status in selected 
countries

Bearberry is official in the European Pharmacopoeia (2006).
Bearberry is covered by a positive Commission E Monograph 

and has the following application: inflammatory disorders of the 
lower urinary tract.

Bearberry is on the UK General Sale List and in France 
the herb is accepted for the internal treatment of benign 
urinary infections and to promote the renal elimination of 
water.

Bearberry does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (1994 Dietary Supplement Health and Education 
Act). Bearberry has been present in the following over-the-
counter (OTC) drug products: weight control drug products 
and orally administered menstrual drug products. The FDA, 
however, advises: ‘that based on evidence currently available, 
there is inadequate data to establish general recognition of the 
safety and effectiveness of these ingredients for the specified 
uses’.

Bearberry is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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blood purifier and used externally as a mouth and eyewash. 
The Eclectics regarded Berberis primarily as a tonic, but it 
was also used for conditions affecting the liver and gallblad-
der, and for diarrhoea, dysentery and parasitic infestations 
including malaria.5,6

Hydrastis canadensis was specifically indicated for 
catarrhal states of the mucous membranes when unaccompa-
nied by acute inflammation (except in the case of acute puru-
lent otitis media, where it was considered to work better than 
in the chronic condition). Muscular debility was another key 
traditional indication. As a bitter stomachic, it was used to 
sharpen appetite and aid digestion, and was considered valu-
able for disordered states of the digestive apparatus, especially 
when functional in character. Hydrastis was considered a valu-
able local agent in affections of the nose and throat. It was 
also used in cutaneous diseases, especially when dependent 
upon gastric difficulties; concurrent internal and external use 
was said to hasten the cure.7 In addition, Hydrastis was rec-
ommended for submucosal myoma, haemorrhagic endometri-
osis and heavy menstrual bleeding.8

Summary actions

Berberis vulgaris: antimicrobial, cholagogue, choleretic, 
antiemetic, mild laxative, bitter.

Hydrastis canadensis: stomachic, reputed oxytocic, anti-
haemorrhagic, anticatarrhal, trophorestorative for mucous 
membranes, antimicrobial, bitter, anti-inflammatory, depura-
tive, vulnerary, choleretic.

Can be used for

Indications supported by clinical 
trials
From clinical trials on berberine: acute infectious diarrhoea; 
trachoma (as eyedrops); giardiasis; hypertyraminaemia; type 2 
diabetes mellitus; elevated blood lipids; protection from radia-
tion injury; cutaneous leishmaniasis (topically).

Traditional therapeutic uses
Berberis vulgaris: jaundice (when there is no obstruction of 
the bile ducts); biliousness, cholecystitis, gallstones; functional 
derangement of the liver; digestive stimulant, diarrhoea; in 
larger doses for constipation.5,6,9

Hydrastis canadensis: catarrhal states of the mucous mem-
branes when unaccompanied by acute inflammation (except 
in acute purulent otitis media); disordered states of the gas-
trointestinal tract (particularly gastritis, gastric ulcer, diar-
rhoea) including conditions with hepatic symptoms; as a tonic 

Synonyms

Berberis vulgaris: barberry (Engl), Berberidis cortex (Lat), 
Berberitze, Sauerdorn (Ger), epinevinette, vinettier (Fr),  
berberi (Ital), almindelig Berberis (Dan). Hydrastis canaden-
sis: golden seal (Engl), Hydrastidis rhizoma (Lat), Goldsiegel, 
Kanadische Gelbwurzel (Ger), guldsegl (Dan).

What is it?

There are more than 500 species of the Berberis genus. 
Berberis vulgaris, the common or European barberry, is indig-
enous to Europe and naturalised in Britain. Many parts of the 
plant have been utilised: the fine wood for turning, the root 
and stems providing dyestuff for fabrics, leather and wood 
(also formerly a hair dye) and the fruit for jams.1 The root 
and stem bark are used medicinally.

Hydrastis canadensis was known to the Cherokee nation 
long before the settlement of America by Europeans. They 
employed its underground portion for dyeing and as an inter-
nal remedy, and acquainted the early settlers with most of its 
properties.2 Hydrastis became a very prominent herb in the 
Eclectic tradition. The plant is indigenous to central and east-
ern North America, but its population is now much reduced 
through overexploitation.3,4 Hence, it is preferable to use cul-
tivated sources of Hydrastis because of its endangered status. 
The high price commanded by the root and rhizome means 
that Hydrastis is susceptible to adulteration.

The activities of Berberis and Hydrastis are thought to be 
mainly due to their isoquinoline alkaloids, in particular berber-
ine and hydrastine (the latter occurs only in Hydrastis). Other 
plants also contain berberine, but will generally not be examined 
in this monograph unless they provide some relevant insights 
regarding this phytochemical. However, most of the research 
cited here for berberine will be relevant to its other herbal 
sources such as Coptis chinensis and Phellodendron amurense.

Effects

Berberis vulgaris: controls gastrointestinal infections; improves 
the flow of bile.

Hydrastis canadensis: in addition to the above, restores the 
integrity of mucous membranes of the respiratory and diges-
tive tract, and promotes gastric digestive processes.

Traditional view

Berberis vulgaris has had a long history of use in Western 
herbalism. A decoction was taken in the spring months as a 

Berberis bark and Hydrastis root

(Berberis vulgaris L., Hydrastis canadensis L.)
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during convalescence; haemorrhagic conditions of the uterus 
and pelvis (but it was considered too slow for active postpar-
tum haemorrhage); internally and externally for skin disorders 
including eczema and acne, especially with gastrointestinal 
involvement; discharges from the genitourinary tract (e.g. 
leucorrhoea, gonorrhoea); disorders of the ear, nose, mouth, 
throat; externally for superficial disorders of the eye (but has 
no suggested value in intraocular infection).7

May also be used for

Extrapolations from pharmacological 
studies
Berberine-containing herbs may also be used for bacterial and 
fungal infections, protozoal infections (cutaneous and visceral 
leishmaniasis, amoebic dysentery, malaria, giardiasis, tricho-
moniasis), tapeworm infestation; possibly as an adjunct in 
treatment of congestive heart failure, arrhythmia; possibly in 
prevention of cancer; thrombocytopenia.

Hydrastis: the above indications plus anorexia and condi-
tions requiring increased flow of gastric juices; conditions of 
visceral and/or smooth muscle spasm.

Other applications
Hydrastis was used as a component of eyewashes, and 
both Hydrastis and Berberis are used in bitter tonic prepara-
tions. Berberine salts are used in ophthalmic products, usu-
ally in eyedrops and eyewashes.10 Despite the traditional 
contraindication for Hydrastis in acute respiratory infections 
such as the common cold, it is often used in this way, particu-
larly in modern practice in the USA. Notwithstanding some 
popular use, Hydrastis has no value in masking drug-screening 
tests.

Preparations

Dried or fresh stem bark or root bark (Berberis) or rhizome 
and rootlets (Hydrastis) for decoction, liquid extract, tinc-
ture, tablets and capsules for internal or external use.

Dosage

l	 Berberis vulgaris: 1.5 to 3 g/day of the dried root or stem 
bark or 3 to 6 mL/day of the 1:2 liquid extract; 7 to 14 mL/
day of the 1:5 tincture

l	 Hydrastis canadensis: 0.7 to 2 g/day of the dried rhizome/
root or 2 to 5 mL/day of the 1:3 tincture; 3.5 to 8.0 mL/
day of the 1:5 tincture.

Equivalent herb doses can also be taken in tablet or capsule 
form.

Higher doses of both herbs are necessary in acute condi-
tions and to achieve the clinical effects for berberine noted in 
most of the clinical trials.

Duration of use

Both herbs may be taken long term within the recommended 
dosage.

Summary assessment of safety

No adverse effects from ingestion of either Berberis or 
Hydrastis are expected when used within the recommended 
dosage. Berberine-containing plants are not recommended for 
use during pregnancy, although there is a view that this concern 
is overstated. High doses of berberine increase the bioavailability 
of cyclosporin.

Technical data

Botany
Berberis vulgaris, a member of the Berberidaceae family, is a 
deciduous shrub 0.75 to 1.75 m tall with thick, creeping roots 
and a much-branched, greyish stem. The leaves are arranged in 
clusters on short axillary shoots, obovate to oblong-obovate, up to 
4 cm long with spiny-toothed margins and short petioles. Its yel-
low flowers are six-sepalled and six-petalled, falling in loose clus-
ters. The edible berries are red, oblong and about 1 cm in size.11,12

Hydrastis canadensis, a member of the Ranunculaceae 
(buttercup) family, is a small perennial. The stems are pur-
plish and hairy above ground, but below the soil the root hairs 
and rhizome are yellow. The yellow rhizome is characteristi-
cally marked with depressions caused by the falling away of 
the annual stems (hence golden seal, as in the impression in 
wax once used to seal letters). The rhizome is about 5 cm 
in length, producing a profusion of yellow roots at its sides, 
30 cm or more in length. The stems bear two or three large, 
slightly hairy five part leaves. The small solitary, greenish 
white or rose-coloured flower develops into a berry-like fruit-
ing head, bright red in colour when fully ripe, resembling a 
raspberry and containing 10 to 30 black seeds.13

The Ranunculaceae and Berberidaceae are part of the same 
order (Ranunculales).

Adulteration
Due to the price of genuine Hydrastis, commercial prod-
ucts have been found not to contain the authentic plant 
material.14,15 Hydrastis was listed on Appendix II of the 
Convention on International Trade in Endangered Species 
(CITES) as of 18 September 199716 and is currently listed. It 
is preferable to use cultivated sources (rather than wildcrafted 
sources) of Hydrastis because of its endangered status.

A 1933 source indicated that Berberis aristata was often 
confused with other Berberis spp. (such as B. lycium, and B. 
vulgaris) in India.17 Commercially available barberry root bark 
may contain branch and stem bark. Berberis vulgaris is a pro-
tected species in one or more regions of France.18
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Key constituents
Berberis vulgaris (root bark):
l	 Alkaloids (up to 13%), including those of the isoquinoline 

group: protoberberines (berberine (up to 6%), jatrorrhizine, 
palmatine) and bisbenzylisoquinolines (total <5%, including 
oxyacanthine).19 Levels are much lower in the stem bark.

Hydrastis canadensis:
l	 Alkaloids (2.5% to 6%), including those of the isoquinoline 

group, the protoberberines: berberine (2% to 4.5%), 
canadine (0.5% to 1%), hydrastine (2.2% to 4%).14,20
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Pharmacodynamics of key 
constituents
The activities of Berberis and Hydrastis are thought to be 
largely due to the presence of their isoquinoline alkaloids. An 
earlier pharmacological review indicated that berberine has 
the following activities:21

l	 Antimicrobial, antifungal, antiparasitic
l	 Antidiarrhoeal, intestinal antisecretory, inhibits 

enterotoxins, cholera toxin antagonist
l	 Antiarrhythmic, positive inotropic (cardiotonic)
l	 Cytotoxic, antimitotic, antitumoral, increases the action of 

antitumoral agents, inhibits the action of carcinogens
l	 Cholagogue, choleretic, increases bilirubin excretion
l	 Mydriatic (dilates the pupil), increases lacrimal secretion

l	 Anticariogenic
l	 Inhibits acetylcholinesterase
l	 Hypoglycaemic.

More recently discovered properties (see below) include 
hypolipidaemic, antidepressant and anticonvulsant activities.

Hydrastine has the following activities:22

l	 Choleretic
l	 Sedative
l	 Antibacterial
l	 Vasoconstrictive.

Antimicrobial and antiparasitic activity
Berberine possesses extensive antimicrobial activity and does 
appear, in general, to be more active against Gram-positive 
bacteria (see Table 1). However, most of the research has 
been published before 2000, with relatively few studies con-
ducted since.

Berberine sulphate blocked the adhesion of a uropatho-
genic strain of E. scherichia coli, in vitro. The reduction in 
adherence is related to the loss of the synthesis and expres-
sion of fimbriae (hairlike appendages) on the surface of the 
berberine-treated bacteria. Inhibition of microbial adher-
ence results in termination of infection and may explain the 
anti-infectious activity of berberine in E. coli urinary tract 
infections, since the direct antimicrobial activity of berber-
ine against E. coli is relatively low (see Table 1).23 Berberine 
reduces FtsZ (a protein involved in bacterial cell division) in 
E. coli, thereby inhibiting the replication of this organism.24

Berberine has also demonstrated antibacterial activity 
against methicillin-resistant Staphylococcus aureus (MRSA) in 
vitro.25 It was effective against all strains of MRSA, with 90% 
growth inhibition obtained at concentrations of 64 μg/mL or 
less. Berberine also restored the efficacy of antibiotics com-
monly used for MRSA. It was found to have an additive effect 
when combined with ampicillin, and a synergistic activity 
with oxacillin. Another study found that berberine chloride 
exhibited antimicrobial activity against all 43 tested strains 
of Staph. aureus.26 Biofilm formed by Staphylococcus epider-
midis is a common cause of infection in orthopaedic joint 
prostheses. Berberine was found to inhibit Staph. epidermidis 
adhesion to titanium alloy at a concentration of 45 μg/mL and 
prevented biofilm formation.27,28

Berberine sulphate has demonstrated antimycotic activ-
ity against several fungal species (see Table 1). Relatively high 
concentrations of 10 to 25 mg/mL inhibited the growth of 
Alternaria, Aspergillus flavus, Asp. fumigatus, Candida albi-
cans, Curvularia, Drechslera, Fusarium, Mucor, Penicillium, 
Rhizopus oryzae and Scopulariopsis. The growth of 
Syncephalastrum was inhibited by a concentration of 50 mg/
mL.29 The minimum inhibitory concentration (MIC) of the 
antifungal drug fluconazole against Candida albicans was 
1.9 μg/mL. However, this decreased to 0.48 μg/mL in the 
presence of just 1.9 μg/mL berberine.30

Berberine and protoberberine derivatives exhibited 
a potency comparable to that of quinine in vitro against 
two clones of human malaria: Plasmodium berghei and  
P. falciparum. None of the compounds, however, were active 
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Table 1  In vitro sensitivity of micro-organisms to berberine33,44–46

Test organism Causative agent for the following conditions in humans Inhibitory 
concentration (μg/mL)*

Bacteria

Bacillus cereus Food poisoning 25.0

B. pumilus As for B. subtilis 25.0

B. subtilis Food poisoning and various infections including septicaemia 25.0

Clostridium tetani Tetanus 50

Corynebacterium diphtheriae Diphtheria 6.2

Enterobacter aerogenes Opportunistic infections 2500

Escherichia coli Toxic strains can cause enteritis, peritonitis, infections of the urinary tract 600

Klebsiella spp. Infections of the respiratory tract >100.0

K. pneumoniae Responsible for severe pneumonitis 25.0

Proteus spp. Infant diarrhoea, urinary tract infection, suppurative lesions >100.0

Pseudomonas pyocyanea Various suppurative (pus-forming) infections >100.0

Salmonella paratyphi Enteric fever >100.0

S. schottmuelleri Enteric fever >100.0

S. typhimurium Gastroenteritis, food poisoning in Western countries >100.0

S. typhi Typhoid fever >100.0

Shigella boydii Bacillary dysentery 12.5

Staphylococcus aureus Abscesses, endocarditis, pneumonia, osteomyelitis, septicaemia 6.2–50.0

S. albus Occasionally endocarditis and infection of central nervous system 50.0

Streptococcus pyogenes Variety of suppurative diseases including acute pharyngitis, impetigo and non-suppurative 
diseases including rheumatic fever

12.5

Vibrio cholerae Cholera 25–50.0

Fungi

Candida albicans Thrush and candidiasis, and infection involving various parts of the body 12.5

C. utilis As for C. albicans 12.5

C. tropicalis As for C. albicans 3.1

Cryptococcus neoformans Cryptococcosis (an infection involving lungs, bones or skin but often the CNS (meningitis)) 150**

Microsporum gypseum Tinea 50**

Saccharomyces cerevisiae Associated with endocarditis and occasionally pulmonary infection 100**

Sporothrix schenkli Sporotrichosis (a granulomatous disease of the skin, occasionally of internal organs and bones) 6.2

Trichophyton mentagrophytes Attacks skin, hair and nails including dermatophytosis (a skin eruption) 100**



403

Berberis bark and Hydrastis root

in P. berghei-parasitised mice.31 Berberine sulphate inhibited 
the growth of Entamoeba histolytica, Giardia lamblia and 
Trichomonas vaginalis in vitro and induced morphological 
changes in the parasites.32 Berberine chloride (1 μg/mL) sig-
nificantly inhibited the growth of Leishmania donovani pro-
mastigotes by approximately 50%, in vitro. A concentration of 
5 μg/mL resulted in complete inhibition of growth. L. dono-
vani causes visceral leishmaniasis.33 A recent study confirmed 
a half maximal inhibitory concentration (IC50) for berberine 
chloride of 2.6 μg/mL against L. donovani promastigotes.34 
The mechanism involved was apoptosis following enhanced 
oxidative damage.

In vivo berberine demonstrated significant activity (greater 
than 50% suppression of lesion size) against Leishmania  
braziliensis panamensis in golden hamsters.35 In both the 
8-day and long-term models of L. donovani infection in ham-
sters, berberine markedly diminished the parasitic load, rap-
idly improved the haematological picture and was less toxic 
than pentamidine. Berberine sulphate administered into 
the lesion (1% four times per week) was found to be highly 
effective against cutaneous leishmaniasis in dogs. Cutaneous 
leishmaniasis (oriental sore) is caused by the protozoan 
Leishmania tropica.36

Berberine hydrochloride demonstrated a high degree of 
activity against E. histolytica in vitro with a minimum amoe-
bicidal concentration of 10 μg/mL. Oral administration of 
berberine (100 mg/kg) to rats with experimental amoebiasis 
(protozoal infection) reduced the infection by 83%. Berberine 
also reduced the level of infection to 20% in infected 
hamsters.37

Studies have shown that certain antimicrobial agents can 
block the adherence of micro-organisms to host cells at doses 
much lower than those needed to kill cells or inhibit cell 
growth. At concentrations below the MIC, berberine caused 
an increase in release of lipoteichoic acid (LTA) from strepto-
cocci. LTA is the major ligand responsible for the adherence 

of the bacteria to host cells, including host cell receptors 
(fibronectin). Release of LTA from the streptococcal cells 
means a reduction in the capacity of the bacteria to adhere 
to the host. Berberine also interfered with bacterial adherence 
by directly preventing the complexing of LTA with fibronectin 
or by dissolving the complexes once they were formed.38 (See 
also the berberine research above regarding biofilms.)

Antimicrobial research on hydrastine is more limited. It 
exhibited relatively weaker killing activity than berberine 
against Staph. aureus and Streptococcus sanguis.39 An MIC50 
of 100 μg/mL was demonstrated against Helicobacter pylori 
(see also later under Pharmacodynamics of the herbs).40 The 
effect of hydrastine on the protoscolices (larvae) of the tape-
worm Echinococcus granulosus was measured in vitro and in 
vivo. Hydrastine at 0.3% concentration produced 70% mortal-
ity of the larvae in both experiments.41

Berberine demonstrated in vitro antiviral activity against 
herpes simplex virus types 1 and 2 with an IC50 of 82 and 
90 μg/mL, respectively.42 The in vitro antiviral activity (IC50) 
of berberine chloride against human cytomegalovirus using the 
plaque assay was 0.68 μM (0.25 μg/mL), which was similar to 
the drug ganciclovir.43

Antidiarrhoeal activity
Oral doses of berberine (>25 mg/kg) and Geranium extract (a 
source of tannins) showed significant inhibition of diarrhoea 
in mice, and both substances inhibited spontaneous peristal-
sis in rat intestine. Comparison with atropine and papaverine 
indicated that the antidiarrhoeal activity of berberine differs 
from that of Geranium extract.47 Intragastric administration 
of berberine sulphate reduced the purging effect of castor oil 
or Cassia angustifolia (senna) leaf in mice. It did not affect 
the gastrointestinal transport of Chinese ink in normal mice.48

A goal of therapy for diarrhoeal diseases is to decrease stool 
water. This can be done in two ways: by increasing the absorp-
tion of water and electrolytes or decreasing the stimulated 

Table 1  In vitro sensitivity of micro-organisms to berberine33,44–46

Test organism Causative agent for the following conditions in humans Inhibitory 
concentration (μg/mL)*

Other

Entamoeba histolytica Protozoa responsible for amoebiasis 200

Erwinia carotovora A plant pathogen 100

Leishmania donovani Visceral leishmaniasis 5.0

Mycobacterium tuberculosis Tuberculosis 200**

Xanthomonas citri A plant pathogen 3.1

*Minimum concentration that totally inhibits growth in a liquid medium at pH 8.0. Maximum concentration tested was 100 μg/mL, unless otherwise noted.
**Tested in a solid medium, which typically required 4 to 10 times greater concentration for the same level of inhibition.
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secretion of fluid. Berberine probably does the latter.49 It 
did not significantly alter normal ileal water and electrolyte 
transport as measured in vivo50 and in vitro.51 However, it 
inhibited secretion caused by Vibrio. cholerae and E. coli heat-
labile enterotoxins, even when administered after the entero-
toxin had bound to intestinal mucosa. The antisecretory effect 
was therefore not dependent on the type of enterotoxin.52 In 
contrast, while simultaneous oral administration of berberine 
(0.1 mg/rat) and E. coli enterotoxin resulted in a significant 
reduction in fluid accumulation (p<0.01), treatment with ber-
berine prior to or after the enterotoxin was ineffective.53 Two 
studies are contradictory as to whether berberine alters chol-
era toxin-induced stimulation of the adenylate cyclase–cAMP 
system.44,54 Hence, the exact mechanism of action of berber-
ine is not certain, but its site of action appears to be distal to 
second messenger production and may be at a level common 
to all stimuli of colonic chloride secretion.55

A more recent investigation of the antidiarrhoeal activity of 
berberine used a model of thyroid hormone-induced diarrhoea 
in rats and measured gastrointestinal peptides.56 While both 
plasma motilin and gastrin were elevated by thyroxine, they 
were normalised by the berberine (60 mg/kg/day for 7 days, 
oral). As a result, berberine also normalised increases in the 
number and volume of intestinal goblet cells.

Cardiovascular activity
A review concluded that berberine possesses a range of car-
diovascular properties, including positive inotropic, negative 
chronotropic, antiarrhythmic and vasodilatory activities.57 
An in vitro study indicated that berberine inhibits voltage-
dependent and ATP-sensitive potassium channels, hence the 
hypoglycaemic and antiarrhythmic activity of berberine might 
be due to its potassium channel-blocking effect.58 Intravenous 
administration of berberine (1 mg/kg) decreased the ampli-
tude of delayed after-depolarisations and blocked arrhythmias 
in rabbit ventricular muscles. The mechanism of antiarrhyth-
mic activity of berberine might therefore instead be due 
to suppression of delayed after-depolarisations caused by a 
decrease in sodium influx.59

Berberine prevented the development of pressure-over-
load-induced left ventricular hypertrophy in vivo after aortic 
banding.60 Oral administration of 10 mg/kg decreased left 
ventricular and diastolic pressures, and whole heart and left 
ventricular weights were lower after 8 weeks of treatment. A 
follow-up study was conducted to investigate the effects of 
berberine on catecholamine levels in a similar experimental 
model.61 Plasma and left ventricular levels of adrenaline and 
noradrenaline were decreased after treatment with berberine. 
Berberine (5 to 10 mg/kg) improved cardiac contractility and 
inhibited left ventricular remodelling (especially myocardial 
fibrosis) in a rat model of hypertension.62 Such effects might 
be partially associated with increased nitric oxide (NO) and 
cAMP in left ventricular tissue.

Administration of berberine sulphate increased the num-
ber of thrombocytes, decreased the activity of factor XIII and 
promoted blood coagulation in intact and gamma-irradiated 
rats and mice.63 Berberine inhibited platelet aggregation and 
platelet adhesiveness in rats with reversible middle cerebral 

artery occlusion. Thromboxane B2 levels after treatment with 
berberine were lower than levels in untreated ischaemic con-
trols. The decline of platelet aggregation and decrease of 
thromboxane B2 may be one of the important factors behind 
the anti-ischaemic activity of berberine.64 Berberine also 
markedly inhibited clot retraction in vitro, which may be due 
to direct inhibition of calcium ion influx.65

Recent research has also focused on the cholesterol-low-
ering activity of berberine and its mechanism of action. The 
compound upregulates hepatic LDL (low density lipoprotein) 
receptor expression in vitro via post-transcriptional mRNA 
stabilisation.66 This appears to be mediated by the extracellu-
lar signal-regulated kinase signalling pathway. Canadine, along 
with two other constituents of Hydrastis, have also demon-
strated the same ability.67 While berberine and the whole root 
preparation of Hydrastis both upregulated the expression of 
LDL receptors in a human liver cell line (HepG2 cells), the 
latter preparation was more effective (see also later in this 
monograph). Berberine was also found to inhibit cholesterol 
and triglyceride synthesis in HepG2 cells by increasing AMP-
activated protein kinase (AMPK).68

Oral administration of berberine (50 and 100 mg/kg/day) to 
hyperlipidaemic hamsters for 10 days resulted in 26% and 42% 
decreases in total cholesterol and LDL-cholesterol, respec-
tively. A 3.5-fold increase in hepatic LDL receptor mRNA 
and a 2.6-fold increase in LDL protein was seen in hamsters 
taking the higher dose.69 LDL receptors in the liver increase 
the uptake and clearance of cholesterol from the bloodstream. 
The same researchers found that a combination of berber-
ine (90 mg/kg/day, oral) and simvastatin (6 mg/kg/day, oral) 
in food-induced hyperlipidaemic rats was more effective 
than either agent alone at reducing serum LDL-cholesterol 
(p<0.01). A more effective reduction of serum triglyceride 
levels was also demonstrated.70 The combination also upregu-
lated LDL receptor mRNA in the rat livers to a level 1.6 times 
higher than either monotherapy, with a corresponding reduc-
tion of liver fat storage and improvement in hepatic histology.

A different research group investigated the effect of ber-
berine and plant stanols (inhibitors of cholesterol absorption 
from the diet) on plasma cholesterol levels in rats with diet-
induced hyperlipidaemia. Berberine (100 mg/kg/day, oral) 
slightly, but not significantly, lowered plasma total choles-
terol, while the plant stanols (1% in diet) showed a border-
line significant reduction (18%, p=0.067).71 However, the 
combination markedly and significantly lowered plasma total 
cholesterol (41%, p=0.0002). Follow-up research by the same 
investigators sought to understand the mechanisms involved. 
Diet-induced hyperlipidaemic hamsters were chosen as the 
experimental model, since these animals are regarded as a 
good correlate for human cholesterol metabolism.72 Using 
the same doses as above, it was again demonstrated that total 
plasma cholesterol was most reduced by the combination 
(43%, p=0.0001).73 Neither berberine nor the plant stanols 
affected plasma triglyceride levels, whereas their combina-
tion resulted in a significant 37% reduction (p<0.001). As to 
the possible sites of action of berberine, a series of tests sug-
gested that it interfered with intestinal cholesterol absorption 
in a different manner to the stanols, possibly by interfering 
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with micelle formation. In addition bile acid synthesis was 
increased, which can increase cholesterol clearance via the 
digestive tract. In contrast, cholesterol synthesis by the liver 
was also increased (this is a known property of other choles-
terol absorption inhibitors), but not by enough to counter the 
cholesterol-lowering mechanisms. Contrary to research cited 
above, the authors found that berberine did not affect hepatic 
LDL receptor mRNA expression.

Tissue factor (TF) plays an essential role in coagulation by 
binding factor VII, which activates factor X. TF is expressed 
in cells within the atherosclerotic vessel wall, is induced by 
inflammatory mediators and enhances plaque thrombogenic-
ity. Human aortic endothelial cells treated with berberine 
(1 to 30 μM) exhibited enhanced TF expression following 
inflammatory stimulants.74 This was via stabilisation of TF 
mRNA. Also berberine countered the inhibitory effects of 
statins on endothelial TF in vitro. Berberine also enhanced 
TF and inhibited TFPI (tissue factor pathway inhibitor), a TF 
antagonist, in ApoE−/− mice after oral doses of 100 mg/kg/
day. The authors suggested that this prothrombotic effect of 
berberine indicates it should be considered with caution as a 
cholesterol-lowering agent and that large-scale clinical trials 
are needed to prove its safety in this regard. In addition, ber-
berine might promote atherosclerosis and foam cell formation 
by inducing scavenger receptor-A expression in macrophages 
(which mediates LDL uptake), as determined by in vitro and 
in vivo (mice, 5 mg/kg/day, ip) experiments.75

On the other hand, berberine might reduce the incidence 
or pathogenesis of arterial disease by other mechanisms: in 
vitro berberine inhibited lysophosphatidylcholine-induced 
vascular smooth muscle cell (VSMC) proliferation and migra-
tion via inhibition of intracellular reactive oxygen species, 
suggesting potential in the prevention of atherosclerosis.76 
Berberine also inhibited the in vitro growth and migration 
of VSMC induced by platelet-derived growth factor.77 LDL 
oxidation and LDL-induced cytotoxic effects on human 
endothelial cells were also reduced by berberine in vitro.78 
Atherosclerotic plaque rupture is usually the initiating event 
in a heart attack. Overproduction of MMPs (matrix metallo
proteinases) by macrophages can lead to plaque rupture by 
degrading the extracellular matrix. Berberine reduced MMP-9 
expression in activated macrophages in vitro.79

Berberine might benefit vascular endothelial cell integ-
rity and function by improving protective mechanisms, such 
as increasing the production of NO and enhancing resist-
ance to hyperglycaemic-induced injury. This was observed in 
blood vessels and vascular endothelial cells taken from mice 
and rats.80 In human studies, 1.2 g/day (oral) of berberine 
for 30 days mobilised circulating endothelial progenitor cells 
(improving small artery elasticity),81 augmented their func-
tion (a result of enhanced plasma NO levels)82 and reduced 
circulating endothelial microparticles in parallel with improved 
flow-mediated vasodilation.83 This suggests berberine has ben-
eficial effects on human vascular endothelial health.

Anticancer activity
There have been numerous investigations into the antican-
cer properties of berberine, mainly via in vitro studies using 

human and animal cancer cell lines. A 2009 systematic review 
cited more than 100 studies, with most published since the 
year 2000.84 Antiproliferative activity at concentrations typi-
cally up to 100 μM (about 34 μg/mL) has been demonstrated 
in vitro for a range of tumour cell lines including liver, lung, 
breast, uterus, melanoma, prostate and leukaemia. According 
to the review, the antiproliferative effect of berberine is rel-
atively slow and gentle, requiring exposure times of at least 
24 h for significant effects. Various mechanisms underlying 
this antiproliferative/cytotoxic activity of berberine have been 
proposed, but the most widely investigated mechanism is its 
role in cell cycle arrest (with sometimes conflicting results). 
Induction of apoptosis is another possible key mechanism, 
via regulation of reactive oxygen species production, mito-
chondrial transmembrane potential and NF-kappaB activa-
tion. Other possible anticancer mechanisms according to the 
review include transcriptional regulation of some oncogene 
and carcinogenesis-related gene expression, interaction with 
DNA and RNA, and inhibition of key enzymes such as DNA 
topoisomerase.

The review also notes studies, relatively few in number, 
where berberine has inhibited metastasis, invasion and angio-
genesis in vitro, especially via MMP inhibition. Despite earlier 
studies suggesting that berberine might be relatively inactive 
against cancer in vivo, later studies have demonstrated signifi-
cant effects. The review cites studies for Dalton’s lymphoma 
ascites tumour cells in mice (ip treatment was more effective 
than oral) and human tongue squamous carcinoma, also in 
mice (berberine 10 mg/kg, ip). Berberine has also prevented 
cancer development in models of chemical carcinogenesis.

Another 2009 review of the antineoplastic activity of ber-
berine noted many of the same studies and came to similar 
conclusions regarding mechanisms of action.85 The review 
also included additional positive in vivo studies for berberine 
including inhibition of leukaemia cells and lung tumours inoc-
ulated into mice (berberine dose 100 mg/kg, oral). Berberine 
also strongly suppressed the growth of human prostate can-
cer xenografts in mice. This review did caution that antago-
nistic activity of berberine on chemotherapeutic drugs has 
been observed in vitro, due to the upregulation of multidrug 
resistance pumps in cancer cells. Hence there is a risk that 
co-administered berberine might compromise cancer chemo-
therapy. However, in vivo research is needed to clarify this 
issue.

Anti-inflammatory activity
Berberine was shown to inhibit COX-2 transcription in human 
colon cancer cells (at >0.3 μM)86 and reduce COX-2 protein 
(but not enzyme activity) in an oral cancer cell line in vitro 
(1, 10 and 100 μM).87 Activator protein 1 (AP-1) activity was 
also decreased in human hepatoma cells88 and oral cancer cells 
treated with berberine.87 AP-1 is a pro-inflammatory tran-
scription factor also involved in carcinogenesis.

Berberine inhibited cellular proliferation of human periph-
eral lymphocytes in vitro. Some effects of berberine, espe-
cially its anti-inflammatory activity, may arise in part from the 
inhibition of DNA synthesis in activated lymphocytes.89 The 
phytochemical also suppressed pro-inflammatory responses 
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via AMPK activation in macrophages in vitro.90 Berberine sup-
pressed the induction of the interleukin IL-1beta and tumour 
necrosis factor (TNF)-alpha by inflammatory agents in human 
lung cells in vitro.91

The alkaloid berbamine demonstrated suppressive effects 
via ip administration on delayed hypersensitivity and mixed 
lymphocyte reactions and significantly prolonged allograft 
survival, compared with untreated transplanted mice.92 In 
an early study berberine significantly inhibited the prolifera-
tive response of spleen cells to mitogens in vitro and reduced 
the amount of haemolytic plaque-forming cells. The ratio of 
CD4+ to CD8+ cells was decreased, which may be one of 
the mechanisms of action.93

An ethanol extract of Berberis, three alkaloidal fractions 
and isolated alkaloids (berberine and oxyacanthine) were 
applied by the ip route in acute inflammation models. The 
ethanol extract demonstrated the highest anti-inflammatory 
activity. It also demonstrated activity in chronic inflamma-
tion (adjuvant arthritis). The two fractions containing only 
protoberberines and berberine suppressed the delayed-type 
hypersensitivity reaction. The other fraction (containing pro-
toberberines and bisbenzylisoquinoline alkaloids) and berber-
ine reduced the antibody response against sheep red blood 
cells in vivo.94

Researchers assessed the effect of berberine in a colitis 
model in rats.95 Oral berberine (15 mg/kg/day for 7 days) 
reduced histological lesions, tissue damage and myeloperoxi-
dase activity. IL-8 was also reduced in vitro when berberine 
was added to inflamed rectal mucosa tissue.95

The isoquinoline alkaloids berberine, berbamine, pal-
matine, oxyacanthine, magnoflorine and columbamine were 
isolated from the root bark of a Turkish Berberis plant (B. 
crataegina) and investigated for their anti-inflammatory and 
antinociceptive effects in various in vivo models.96 Berberine, 
berbamine and palmatine were found to be effective in a 
dose-dependent manner in mice at oral doses of 100 and/or 
200 mg/kg. The antipyretic activity of the three alkaloids in 
mice was particularly marked, with doses of 25 to 50 mg/kg 
proving active.

Berberine pretreatment (5 and 10 mg/kg, ip) inhibited  
the production of exudate and the prostaglandin PGE2 in 
carrageenan-induced inflammation in rats.90 The acute inflam-
matory response induced by lipopolysaccharide (LPS) in 
broiler chickens was largely mitigated by berberine (15 mg/
kg, oral).97 Berberine also attenuated LPS-induced acute lung 
injury by inhibiting TNF-alpha production and expression and 
activation of phospholipase A2 in mice (50 mg/kg, oral).98

Neurological activity
A recent review examined the neurological potential of ber-
berine.99 The authors noted that, like many alkaloids, it 
readily crosses the blood-brain barrier and has exhibited neu-
roprotective, antidepressant and anxiolytic activities in various 
test models. The alkaloid is reported to modulate neuro-
transmitters and their receptor systems in the brain in vitro 
and in vivo, exhibiting D2 dopamine antagonist activity and 
noradrenaline, serotonin and dopamine transporter inhibition. 
In one study berberine (50 mg/kg, oral) significantly reversed 

amyloid-beta memory damage in rats100 and in another it 
exhibited antidepressant activity in mice (5 to 20 mg/kg, 
ip).101 Oral doses of berberine (mice, 20 mg/kg) potentiated 
the effect of antidepressant drugs in a depression model and 
increased noradrenaline and serotonin levels in the hippocam-
pus and frontal cortex.102 Berberine (100 and 500 mg/kg, 
oral) displayed anxiolytic activity in mice, with effects compa-
rable to diazepam (1 mg/kg) and buspirone (2 mg/kg).103

Anticonvulsant activity has also been demonstrated in vari-
ous models in mice (10 and 20 mg/kg, ip).104 This was attrib-
uted to a modulation of neurotransmitter systems. Berberine 
also significantly improved scopolamine-induced amnesia in 
rats. This anti-amnesic effect of berberine may be related to 
an increase in activity in the peripheral and central cholinergic 
neuronal systems.105

Antidiabetic activity
Much recent research has focused on the antidiabetic prop-
erties of berberine. One in vitro mechanistic study compared 
the glucose-lowering effects of berberine with metformin and 
troglitazone.106 Similar to metformin, berberine reduced the 
uptake of glucose by hepatocytes in an insulin-independent 
manner. Another in vitro study found that it increased glu-
cose uptake by adipocytes via an insulin-independent mecha-
nism that may involve AMPK.107 Further to this berberine 
and dihydroberberine were found to inhibit mitochondrial 
respiratory complex I in vitro, thereby activating AMPK and 
improving insulin action.108 Results from another in vitro 
study suggested that inhibition of DPP IV (human dipeptidyl 
peptidase IV) is another possible hypoglycaemic mechanism 
of berberine.109

In vitro models of insulin resistance have provided further 
information. Berberine reversed free-fatty-acid (FFA) induced 
insulin resistance in adipocytes.110 It also reduced insulin 
resistance through protein kinase C-dependent upregulation 
of the insulin receptor in cultured human liver cells111 and 
improved FFA-induced insulin resistance in muscle cells by 
inhibiting fatty acid uptake.112 Berberine also modulated insu-
lin signalling transduction in insulin-resistant muscle cells.113

In cultured rat glomerular mesangial cells exposed to high 
glucose, incubation with berberine significantly decreased cell 
proliferation and aldose reductase activity.114 Aldose reduc-
tase facilitates the conversion of excess cellular glucose into 
toxic metabolites, which probably facilitates the development 
of diabetic nephropathy. In the same model, berberine also 
inhibited fibronectin and collagen accumulation, suggesting a 
renoprotective effect.115

The hypoglycaemic activity of berberine has been dem-
onstrated in a number of in vivo studies. One in vivo study 
investigated the activity of berberine in streptozotocin-
induced diabetic rats and found that oral doses (187.5 and 
562.5 mg/kg) significantly reduced fasting blood glucose, tri-
glycerides, total cholesterol, FFAs and apolipoprotein B, and 
increased HDL-cholesterol and apolipoprotein AI in a dose-
dependent manner.116 A follow-up in vivo experiment in nor-
mal mice found that berberine increased serum insulin and 
decreased blood glucose after oral doses of 93.75, 187.5 and 
562.5 mg/kg.116
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One study examined the metabolic effects of berberine in 
models of diabetes and insulin resistance in vivo, and in insulin-
responsive cell lines in vitro.117 In a diabetic mouse model, ber-
berine (5 mg/kg/day, ip) reduced body weight and significantly 
improved glucose tolerance. Similarly, berberine (380 mg/kg/
day, oral) reduced body weight and plasma triglycerides and 
improved the activity of insulin in Wistar rats fed a high fat 
diet. Berberine also reduced lipogenesis by downregulating the 
genes involved, and was found to upregulate those involved 
in energy expenditure in both muscle and adipose tissue. The 
in vitro arm of the study showed once again that berberine 
increased AMPK activity. It also increased GLUT4 (glucose 
transporter type 4) translocation and reduced lipid accumu-
lation in adipocytes. Another study explored the impact of 
berberine on diabetes induced by alloxan and a high fat and 
cholesterol diet in rats.118 Oral administration of berberine 
(100 and 200 mg/kg) significantly decreased fasting blood 
glucose levels, total cholesterol, LDL-cholesterol and triglyc-
erides, whilst increasing HDL-cholesterol, NO, superoxide dis-
mutase and glutathione peroxidase. Histopathological results 
demonstrated that berberine was able to restore damaged 
pancreatic tissue,118 which was also found in another study.119 
Similar favourable effects on lowering insulin and plasma glu-
cose and on metabolism (including lipid levels) have been 
demonstrated in other in vivo studies.111,119,120–123

As touched on above, berberine has also demonstrated 
favourable effects in animal models of insulin resistance, sug-
gesting a possible role in the management of metabolic syn-
drome. In dietary obese rats, berberine (250 mg/kg/day, oral for 
5 weeks) markedly increased insulin sensitivity.124 Associated in 
vitro experiments suggested that it stimulates glycolysis, and the 
observed increase in AMPK activation is a consequence of the 
associated mitochondrial inhibition.124 In high-fat-diet rats, ber-
berine (150 mg/kg/day, oral for 6 weeks) significantly decreased 
plasma glucose and insulin levels, along with a reduction in body 
weight and improvement of blood lipid profiles.125 In rats with 
fructose-induced insulin resistance, berberine (187.5 mg/kg/day, 
oral for 4 weeks) reduced plasma insulin, insulin resistance and 
triglyceride levels, but did not change plasma glucose.126

One possible antidiabetic mechanism of berberine could 
be via the inhibition of intestinal disaccharidases, thereby 
retarding postprandial sugar absorption. Berberine (100 mg/
kg/day, oral) attenuated intestinal disaccharidase activities in 
streptozotocin-induced diabetic rats,127 a finding that was also 
observed in vitro.128 These results were supported in another 
investigation that found berberine significantly lowered post-
prandial blood glucose (PBG) following sucrose or maltose 
loading in normal rats.129

Berberine also inhibits aldose reductase activity in vivo. It 
ameliorated renal injury in streptozotocin-induced diabetic 
rats at 200 mg/kg/day (oral) by suppressing both oxidative 
stress and aldose reductase activity, as well as lowering blood 
glucose.114,130 The alkaloid also demonstrated some protective 
activity against retinal pathology in a diabetic rat model.131

Other activity
Berberine reduced the tonic contraction induced by car-
bachol in isolated longitudinal muscle of gastric fundus. It 

mainly acted by inhibiting extracellular calcium entry induced 
by both carbachol and potassium chloride.132 Comparative 
examinations were made of the relative activity of various 
isoquinoline alkaloids on isolated mouse intestine and uterus. 
Berberine, palmatine, jatrorrhizine, dihydroberberine and 
dihydropalmatine caused marked contraction of uterus. Only 
tetrahydroberberine, tetrahydropalmatine and tetrahydroja-
trorrhizine showed strong papaverine-like spasmolytic activity 
on intestine.133 Berberine was also found to inhibit the influx 
of extracellular calcium and calcium-release from intracellular 
stores in smooth muscle cells of guinea pig colon in a dose-
dependent manner.134

Acute doses of berberine (2.5 mg/rat, oral) significantly 
increased the secretion of bilirubin in experimental hyper-
bilirubinaemia (p<0.05), without affecting the functional 
capacity of the liver. Chronic administration of 5 mg/day for 8 
days abolished the effect, resulting in normal biliary bilirubin 
excretion.135

An in vitro study conducted on the sebaceous glands of the 
hamster ear found that lipogenesis was suppressed 63% by 
100 μM berberine (p<0.01). Lipogenesis was also suppressed 
by wogonin, a flavonoid in Scutellaria baicalensis. Herbal 
medicines containing berberine and/or wogonin may therefore 
be useful in the treatment of acne vulgaris, especially topi-
cally. It is likely that berberine inhibits lipogenesis at the level 
of synthesis of triglyceride from FFA.136

Intragastric administration of berberine sulphate signifi-
cantly inhibited the increased vascular permeability induced 
by intraperitoneal acetic acid in mice. Subcutaneous adminis-
tration markedly inhibited the increased vascular permeability 
in rats and inhibited mouse ear swelling.37

Berberine inhibited osteoclast formation and survival in 
vitro137 and promoted osteoblast differentiation.138 In another 
in vitro study it inhibited osteoclast formation, differentiation 
and bone resorption.139

Berberine (3 mg/kg/day, ip for 36 days) reduced weight 
gain and food intake, inhibited adipogenesis and lowered 
serum glucose, triglycerides and total cholesterol in high-fat-
diet-induced obese mice.140 It improved lipid dysregulation 
in obese mice at 5 mg/kg/day ip by controlling central and 
peripheral AMPK activity.141

Berberine has an antiurolithic effect that is mediated 
through multiple pathways. In Wistar rats, berberine (5 
to 20 mg/kg, ip) increased urine output accompanied by 
increased pH and sodium and potassium excretion and 
decreased calcium excretion, similar to the diuretic drug 
hydrochlorothiazide.142 At 10 mg/kg (ip) it also prevented and 
eliminated chemically induced calcium oxalate crystal depo-
sition in renal tubules and protected against the deleterious 
effects of lithogenic treatment, including weight loss and oxi-
dative stress.

Pharmacodynamics of the herbs

Antimicrobial activity
A more efficient inhibition of growth was observed for a 1:4 
tincture of Berberis compared with 0.2% berberine chloride 
solution against a variety of microorganisms in vitro. This 
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effect of the Berberis tincture was the result of a higher con-
centration of berberine (0.31%) and the presence of other 
active components, including alkaloids.143

A 70% alcohol–water extract of Hydrastis and the major 
isolated alkaloids berberine, hydrastine, canadine and cana-
daline all demonstrated antibacterial activity against Staph. 
aureus, E. coli, Streptococcus sanguis and Pseudomonas aerugi-
nosa in vitro.39 The whole extract was as active or more than 
pure berberine in terms of MIC values, despite the lower 
content of alkaloids. However, its killing activity was weaker 
than berberine. The crude methanolic extract of Hydrastis 
was found to inhibit Helicobacter pylori in vitro, with an 
MIC50 of 12.5 μg/mL.40 Berberine and beta-hydrastine were 
considered to be the most active constituents with MIC50 
values of 12.5 and 100 μg/mL, respectively.

Hydrastis was among the most potent of 21 herbal extracts 
screened for in vitro activity against Helicobacter pylori, but 
sage (Salvia officinalis) was more active.144 The Hydrastis 
extract exhibited only relatively modest activity against 
Campylobacter jejuni.

Effect on smooth muscle
Berberine caused a slow diminution of tone, amplitude, 
rate and response to acetylcholine in rat uterus. Hydrastine 
increased the rate of uterine contraction, with slowly decreas-
ing tone and amplitude. Berberine and hydrastine together 
produced a rapid decrease in tone and amplitude, similar 
to that produced by Hydrastis extract.145 The author com-
mented that, although commonly regarded as a uterine stimu-
lant, Hydrastis was in fact a uterine sedative in this model. 
Hydrastis extract and the total crude alkaloids of Hydrastis 
demonstrated spasmolytic activity on isolated mouse intestine 
and uterus.146

In contrast, an alcohol extract of Hydrastis exerted a vaso-
constrictive activity in rabbit aorta. It also inhibited the con-
traction of rabbit aorta induced by adrenaline, serotonin and 
histamine in vitro. However, berberine and hydrastine did not 
show this vasoconstrictive effect. Berberine demonstrated some 
inhibitory activity on aortic contraction induced by adrenaline, 
but hydrastine was inactive.147 The observed vasoconstrictive 
activity of Hydrastis extract may be due to the presence of 
hydrastinine, a decomposition product of hydrastine.

The four major alkaloids of Hydrastis (berberine, hydras-
tine, canadine and canadaline) were tested on rabbit aorta 
strips for adrenolytic activity (inhibition of adrenaline-induced 
contraction). The total extract had a lower adrenolytic 
potency than the alkaloid mixture. The authors suggested that 
berberine, canadine and canadaline acted synergistically and 
the presence of other compounds (in particular hydrastine) 
probably counteracted their activity.148

Another study by the same research group found that the 
major alkaloids of Hydrastis evoked contractile activity in iso-
lated guinea pig ileum through an indirect cholinergic mech-
anism, acting on acetylcholine release from nerve endings. 
They demonstrated differing contractile potencies for the 
alkaloids, depending on chemical structure.149

In confirmation of earlier research, an ethanolic extract 
of Hydrastis exhibited reversible relaxant activity on 

spontaneous contractions in non-pregnant rat uterus and also 
on contractions induced by serotonin, oxytocin and acetyl-
choline.150 The extract also relaxed carbachol precontracted 
guinea pig trachea. An ethanolic extract of Hydrastis induced 
strong relaxation in rabbit bladder detrusor muscle, but the 
four major individual alkaloids were inactive.151

Other activity
Berberis tincture increased contractions in isolated rabbit 
intestine and demonstrated cholagogue activity in guinea pigs 
and cholekinetic activity in rats.152

An extract of Berberis aristata root inhibited the PAF-
induced aggregation of rabbit platelets in a dose-dependent 
manner in vitro. It also inhibited the binding of radiolabelled 
PAF to rabbit platelets in a competitive manner.153

Conflicting results have been recorded for Berberis in 
pyresis. An early study demonstrated an antipyretic effect 
for Berberis decoction in rabbits with fever.154 However, in a 
later study water, chloroform and hexane extracts showed no 
activity.155

A study of the action of bitters was conducted in 1956 
on the stomach of a man named Tom, who had an occluded 
oesophagus and a gastric fistula.2 Bitters were administered by 
mouth and swallowed into the blind oesophagus; the result-
ing salivary volume and gastric secretion were compared with 
direct administration into the stomach. In the 96 experiments 
conducted it was found that there was considerable variation 
in effects of the bitters. Hydrastis was the most active herb 
and gentian was virtually inactive at the levels tested (see also 
Chapter 2).156

Hydrastis tincture (0.06 mL/mouse) showed some anti-
carcinogenic and hepatoprotective activity in p-dimethylami-
noazobenzene-induced hepatocarcinogenesis in mice.157

Hypercholesterolaemic hamsters received either berberine 
(15 mg/kg/day, ip) or Hydrastis extract (containing berber-
ine 7.5 mg/kg/day, ip).67 The Hydrastis significantly lowered 
plasma total cholesterol, LDL-cholesterol, triglycerides and 
FFAs, and to the same extent as the berberine. It also sig-
nificantly reduced liver fat storage, and hepatic LDL recep-
tor mRNA was increased. The observation that berberine 
from Hydrastis has a longer intracellular retention time in 
hepatocytes than berberine alone suggests the existence of an 
unknown multidrug resistance pump inhibitor in the herb.67

The innate effects of Hydrastis and Astragalus on pro-
inflammatory cytokines produced by cultured macrophages 
were examined using two different commercial prepara-
tions.158 Both Hydrastis and Astragalus were found to exhibit 
little to no direct effect on stimulation of mouse mac-
rophages, with only Astragalus able to affect production of 
TNF-alpha when used in high concentrations. However, both 
herbs were able to modify responses from LPS-stimulated 
macrophages, reducing production of TNF-alpha, IL-6, IL-10 
and IL-12 in a dose-dependent manner.

The antigen-specific immunomodulatory potential of 
Hydrastis (6.6 g/L of drinking water) was assessed in rats 
over 6 weeks.159 The rats were periodically injected with an 
antigen (keyhole limpet haemocyanin) over this time period. 
Hydrastis caused an increase in the primary IgM response 
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in the first 2 weeks only, but had no major impact on IgG 
production.

Berberis vulgaris is widely used in Pakistan for the treat-
ment of kidney stones. To evaluate its antiurolithic poten-
tial, the aqueous-methanol extract of Berberis root bark 
was tested in an animal model of urolithiasis in male Wistar 
rats.160 The extract (50 mg/kg/day, ip) inhibited calcium crys-
tal deposition in renal tubules and protected against associated 
changes including polyuria, weight loss, impaired renal func-
tion and the development of oxidative stress in the kidneys 
(see also a study by the same group in the berberine section of 
this monograph).

Pharmacokinetics
An early study found that oral administration of 500 mg/kg of 
berberine to rabbits resulted in a maximum level in the blood 
after 8 h. Berberine was still found in the blood after 72 h. 
Levels were highest in the heart, pancreas and liver and it was 
excreted through the stools and urine.161 Another early study 
investigated the concentration of berberine in rat plasma 
after oral administration of aqueous extracts of Coptis spp. 
Co-administration with aqueous extract of Glycyrrhiza did 
not influence the bioavailability of berberine from the Coptis 
extract.162

Human studies have established that the oral bioavailabil-
ity of berberine is relatively low, but the phytochemical has a 
long residence time in the body.163,164 One study found that 
the average half-life of a single oral 400 mg dose of berberine 
in 20 healthy volunteers was 28.6±9.5 h.163 The same study 
recorded a Cmax of 0.44±0.42 ng/mL with a corresponding 
Tmax of 9.8±6.6 h.

The metabolism of berberine has also been studied. An 
investigation in rats found that intravenously administered 
berberine mainly underwent hepatobiliary excretion after 
metabolism in the liver with phase I demethylation and phase 
II glucuronidation.165 A study in conventional and germ-free 
rats (treated with antibiotics) found that orally administered 
berberine was converted into four main metabolites that were 
present in the free state or as glucuronide conjugates.166 These 
were the products of phase I demethylation (berberrubine 
and thalifendine) or ring cleavage (demethyleneberberine and 
jatrorrhizine). These metabolites achieved significantly higher 
concentrations than berberine and were more persistent in 
plasma (as a result of enterohepatic circulation), suggest-
ing that they might be more important than berberine itself 
for any systemic pharmacological activity. Interestingly, the 
four metabolites and their conjugates were much lower in the 
germ-free rats, which the authors suggested indicated a signifi-
cant role of intestinal flora in their enterohepatic circulation.

Despite the fact that berberine and its metabolites are 
largely excreted via the bile, some studies have determined 
the main urinary metabolites of the alkaloid. An earlier study 
found sulphates of jatrorrhizine, demethyleneberberine and 
thalifendine in the urine of healthy volunteers following the 
administration of 900 mg/day berberine chloride for 3 days.167 
This was confirmed in humans and rats in a later study, which 
additionally found free thalifendine and other metabolites 
(including glucuronides).168

One reason for the low bioavailability of berberine could 
be due to P-glycoprotein (P-gp) in the intestinal wall, which 
might pump absorbed berberine back into the lumen. This 
was supported by an in vitro study which found that P-gp 
inhibitors improved the intestinal uptake of berberine by a 
factor of 6.169

Clinical trials (mainly using berberine)

Diarrhoea and cholera
As noted previously, berberine possesses broad antimicro-
bial activity in vitro. Of interest to intestinal health, Chinese 
researchers found that berberine may have a selective antimi-
crobial effect. Using the more comprehensive microcalorimet-
ric method (which measures the energy changes of bacterial 
growth), they measured IC50 values of berberine towards 
Bacillus shigae (a harmful bacterium), Bifidobacterium ado-
lescentis (a commensal or probiotic) and E. coli (a bacte-
rium of the intermediate flora). IC50 values were 75 μg/mL 
for Bacillus shigae, 101 μg/mL for E. coli and 806 μg/mL for 
Bifidobacterium adolescentis. This suggests that, at an intesti-
nal concentration sufficient to inhibit the growth of harmful 
and intermediate flora, berberine would have little effect on 
probiotic flora.170 Due to the low oral bioavailability of ber-
berine, the intestine is exposed to most of the dose and hence 
relevant enteric antimicrobial concentrations could well be 
achieved.

Results from an early uncontrolled clinical study suggested 
that berberine hydrochloride therapy (50 mg orally every 8 h 
for the first 2 days, and then tapering off) might be useful 
for cholera and severe diarrhoea.171 Data collected for 620 
patients suggested berberine was superior to chloramphenicol 
in some respects. A parallel, open clinical trial comparing ber-
berine and a variety of antidiarrhoeal drug combinations was 
conducted in 100 children suffering from gastroenteritis of 
less than 5 days’ duration. Fifty children up to 6 months old 
received 25 mg of berberine four times a day; older children 
received 50 mg initially and 25 mg every 6 h; another 50 chil-
dren received one of several antidiarrhoeal drugs. The state of 
hydration and number of stools passed were used to assess the 
treatment. Berberine demonstrated effective antidiarrhoeal 
action and compared well with the standard antidiarrhoeal 
drugs. Patients on berberine improved faster, although the 
lack of a placebo group weakens the value of this finding.172

In a randomised, placebo-controlled, double blind clinical 
trial, the effects of berberine, tetracycline and tetracycline 
plus berberine were studied in 400 patients presenting with 
acute watery diarrhoea. Of this number, 185 patients had 
cholera and 215 non-cholera diarrhoea. At the dosage used 
(100 mg four times daily) berberine did not show significant 
anti-secretory activity in either group. A reduction in stool 
volume and cAMP concentrations in stools was observed, 
although not significant.173 In a later trial, a larger dose of ber-
berine of 200 mg four times daily plus tetracycline (2 g/day) 
was compared with tetracycline alone using a randomised, 
double blind clinical design involving 74 patients infected 
with V. cholerae. No statistically significant differences were 
observed between the two groups.174
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One hundred and sixty-five adult men with diarrhoea 
caused by enterotoxigenic E. coli or Vibrio cholerae were 
treated in a randomised, controlled clinical trial. In patients 
with E. coli diarrhoea, mean stool volume decreased signifi-
cantly (p<0.05) in the first 8 h after treatment with 400 mg 
berberine sulphate, compared with controls. Over the first 
24 h period significantly more patients taking berberine 
stopped having diarrhoea compared with controls (42% versus 
20%, p<0.05). Only limited effects against diarrhoea caused 
by V. cholerae were observed, with no significant difference 
found between patients treated with 1200 mg berberine sul-
phate plus tetracycline and those treated with tetracycline 
alone.175

The conclusion to draw from these clinical studies is that 
berberine is probably valuable for some forms of acute infec-
tious diarrhoea, particularly E. coli infection, but has no value 
in the treatment of V. cholerae infection (cholera).

Other gastrointestinal effects
Small intestinal transit time in 20 healthy human volunteers 
was significantly delayed after oral administration of 1.2 g of 
berberine (p<0.01). Hence the antidiarrhoeal property of ber-
berine might be further mediated by its ability to delay small 
intestinal transit.176

A clinical trial compared the effects of the antiulcer drug 
ranitidine and four antibacterial drugs, one of which was ber-
berine (300 mg twice daily), in patients with H. pylori-associ-
ated duodenal ulcer disease. Although the antibacterial drugs 
were more effective at H. pylori clearance and improving gas-
tritis, ranitidine was more effective for ulcer healing.177

Trachoma
Fifty-one patients with clinically active trachoma lesions 
(stages I and II) were treated for 8 weeks with eyedrops 
containing either 0.2% berberine chloride or 20% of the 
antitrachoma drug sulfacetamide in an open label trial. 
Sulfacetamide eyedrops gave the better clinical results, but 
the infective agent (Chlamydia trachomatis) remained pre-
sent in the conjunctiva and relapses of symptoms occurred. 
Berberine-treated patients showed only very mild ocular 
symptoms after treatment and were negative for the infective 
agent. No relapses occurred among these patients.178

A single blind, placebo-controlled clinical trial was con-
ducted in 96 children with trachoma stage IIa or IIb over a 
period of 3 months. Berberine eyedrops (0.2%) were com-
pared with berberine plus neomycin ointment, sulfacetamide 
or a placebo. In patients treated with berberine alone, 83% 
were clinically cured (p<0.001), but only 50% were micro-
biologically cured. The response rate was higher in those 
treated with berberine plus neomycin (88%) and lower in the 
sulfacetamide (73%) and placebo (0%) groups (no p values 
provided). The berberine treatment was better tolerated than 
sulfacetamide.179

Giardiasis
After berberine was administered at a dose of 5 mg/kg/day for 
6 days to 25 giardiasis patients between the ages of 1 and 10 
years, 68% became negative for the presence of Giardia cysts. 

In a similar group receiving placebo, only 25% experienced a 
parasitological cure. Metronidazole at a dose of 10 mg/kg/day 
for 6 days was 100% effective in another nine patients.180

A clinical trial involving children (ages from 5 months to 14 
years) with giardiasis compared the effect of berberine with 
established antigiardial drugs. Of the group of 42 patients 
who received 10 mg/kg/day of berberine orally for 10 days, 
90% had negative stool specimens upon completion of treat-
ment, although a small number of cases relapsed 1 month 
later. This result compared favourably with the three other 
antigiardial drugs investigated, including metronidazole.181

Liver cirrhosis
Patients with cirrhosis of the liver have high plasma concen-
trations of tyramine, resulting in cardiovascular and neurologic 
complications. An uncontrolled clinical trial investigated the 
effect of oral berberine on hypertyraminaemia in cirrhotic 
patients over several months. Oral administration of berber-
ine (600 to 800 mg/day) corrected hypertyraminaemia and 
prevented the elevation of plasma tyramine levels following 
chemical tyramine stimulation. This effect was probably due 
to inhibition by berberine of bacterial tyrosine decarboxylase 
in the intestine.182

Diabetes mellitus
In an early uncontrolled clinical trial, the effect of berberine 
was investigated in 60 patients with varying levels of type 2 
diabetes mellitus. Oral doses (300 to 500 mg three times 
a day) were prescribed for 1 to 3 months, together with a 
therapeutic diet for 1 month. Major symptoms of diabetes 
disappeared, strength improved, blood pressure normalised 
and blood lipids decreased. Fasting glycaemic levels in 60% of 
patients were better controlled.183

More recent trials have delivered impressive results, 
although they did involve the use of relatively high doses of 
berberine. In a randomised, double blind, placebo-controlled 
trial in 116 type 2 diabetes patients with dyslipidaemia, ber-
berine (1000 mg/day) for 3 months significantly improved a 
range of metabolic parameters.184 Relative to placebo, berber-
ine significantly lowered body weight, systolic blood pressure, 
fasting blood glucose (FBG), postload blood glucose, HbA1c, 
triglycerides, total and LDL-cholesterol, liver transaminases 
and IL-6 (p<0.0001 to p=0.038). Compared with baseline, 
berberine lowered fasting plasma glucose by 20%, HbA1c by 
12%, triglycerides by 36% and LDL-cholesterol by 21%. No 
serious adverse events occurred, but five patients in the ber-
berine group complained of constipation, compared to just 
one in the placebo group (p=0.207 for frequency of constipa-
tion between the two groups).

Two different trials were described in the one publica-
tion.185 In the first controlled (and presumably open label) 
trial, 36 adults with newly diagnosed type 2 diabetes were 
randomly assigned to berberine or metformin (1500 mg/
day of each) over 3 months, with 31 patients completing 
the study. Berberine demonstrated similar activity to met-
formin in terms of reductions in HbA1c, FBG and PBG and 
had reduced these significantly by the end of the trial, com-
pared with baseline (p<0.01). In the second open label trial, 
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48 adults with poorly controlled type 2 diabetes received ber-
berine (1500 mg/day) in addition to their current treatments 
for 3 months. If gastrointestinal side effects occurred, the 
dose of berberine was reduced to 900 mg/day. Compared with 
baseline, by the end of the trial there were significant reduc-
tions (p<0.01 to p<0.001) in HbA1c (10%), FBG (21%), 
PBG (34%), fasting insulin (28%), HOMA-IR (a measure of 
insulin resistance, 45%) and LDL-cholesterol (14%). The inci-
dence of functional gastrointestinal adverse events in both 
trials for berberine was 34.5% (mainly in the first 4 weeks), 
with flatulence the most common complaint (19%). Berberine 
was decreased in 14 (24%) patients in the second trial as a 
consequence of gastrointestinal side effects, with a successful 
resolution.

In a randomised, double blind, three-arm controlled 
trial involving 97 patients with type 2 diabetes, berberine 
treatment (1000 mg/day) was compared with metformin 
(1500 mg/day) and rosiglitazone (4 mg/day) over a 2-month 
period.186 All three treatments significantly lowered FBG 
and HbA1c by a similar amount, but only berberine signifi-
cantly lowered plasma triglycerides compared with baseline. 
Following berberine therapy, liver transaminases were signifi-
cantly lowered (p<0.01), serum insulin had declined by 28.2% 
(p<0.01) and insulin receptor expression on peripheral blood 
lymphocytes was significantly elevated by 3.6-fold (p<0.01). 
A second trial in patients with liver disease was also included 
in this publication, motivated by the observation that current 
drugs for type 2 diabetes can cause adverse hepatic effects. 
This open label trial included 35 patients with either type 2 
diabetes or insulin resistance (impaired fasting glucose) in 
conjunction with chronic hepatitis B or C. They were admin-
istered berberine (1000 mg/day) for 2 months. Berberine sig-
nificantly lowered FBG, triglycerides and transaminases in all 
patient subgroups (p<0.01 or p 0.001).

A comprehensive metabonomic analysis was performed to 
understand the potential mechanisms of action of berberine 
in patients with both type 2 diabetes and dyslipidaemia.187 
Sixty patients were randomly selected for analysis from the 
trial described above.184 Compared with placebo, patients 
before and after berberine treatment could be separated into 
distinct clusters in terms of changes in global serum metabo-
lites. There was a highly significant decrease in the serum con-
centration of 13 FFAs following berberine, 10 of these also 
differed statistically from placebo. These results suggest that 
berberine downregulates the high level of FFAs seen in type 2 
diabetes.

Cardiovascular disease
Twelve patients with refractory congestive heart failure 
(CHF) were studied before and during berberine intravenous 
infusion (at rates of 0.02 and 0.2 mg/kg/min for 30 min) in 
an acute single-dose study. The lower infusion dose produced 
no significant circulatory changes, apart from a reduction 
in heart rate. The higher dose produced marked and signifi-
cant changes indicative of cardiotonic activity.188 Some time 
later, a randomised, placebo-controlled clinical trial was insti-
gated to evaluate the safety and efficacy of oral berberine in 
congestive heart failure.189 One hundred and 56 patients 

were randomised into two groups and all received appropri-
ate conventional medications such as ACE (angiotensin- 
converting enzyme) inhibitors, diuretics, digoxin and nitrates. 
The active group was also given 1.2 to 2.0 g/day of berberine. 
After 8 weeks, the berberine group displayed a significant 
improvement in left ventricular ejection fraction and exercise 
capacity, less dyspnoea and a decrease in the frequency and 
complexity of ventricular premature complexes (a marker of 
CHF). Additionally, the mortality rate of patients in the ber-
berine group was almost half that of the control group dur-
ing the 24-month follow-up period. A prior 2-week study in 
56 patients with CHF found more significant decreases in 
the frequency and complexity of ventricular premature com-
plexes and increases in left ventricular ejection fraction when 
plasma concentrations of berberine reached levels higher than 
0.11 μg/mL (after oral doses of berberine of 1200 mg/day).190

Berberine also lowers elevated blood lipids, including those 
in patients with type 2 diabetes (see above). A single blind 
clinical trial compared the effects of daily oral administra-
tion of berberine (500 mg/day) with a combination including 
berberine, policosanol, red yeast extract, folic acid and astax-
anthin for 4 weeks in 40 patients with moderate hypercholes-
terolaemia. Compared with baseline readings, the berberine 
and the berberine combination significantly reduced total cho-
lesterol (16% and 20%), LDL-cholesterol (20% and 25%), 
apolipoprotein B (15% and 29%) and triglycerides (22% and 
26%). Both treatments also increased HDL-cholesterol (by 
6.6% and 5.1%, respectively, p<0.05 for both).191

Even more striking results were obtained in an earlier ran-
domised, placebo-controlled trial that investigated the effects 
of oral berberine (1000 mg/day) in 43 hypercholesterolaemic 
patients. After 3 months of treatment, berberine reduced 
total cholesterol by 29%, LDL-cholesterol by 25% and triglyc-
erides by 35% (p<0.0001 compared with baseline).69

One clinical trial assessed the value of combining berber-
ine with simvastatin. In this randomised, controlled (presum-
ably open) three-arm trial, 63 patients with hyperlipidaemia 
received either berberine (1000 mg/day), simvastatin (20 mg/
day) or their combination for 2 months.70 All patient groups 
exhibited significant reductions in total cholesterol, LDL-
cholesterol and triglycerides compared with baseline read-
ings (p<0.05 to p<0.001). The effect of the combination 
on these parameters was significantly better than either ber-
berine (p<0.05) or simvastatin (p<0.01) alone. In terms of 
LDL-cholesterol, the reductions after berberine, simvasta-
tin and their combination were 23.8%, 14.3% and 31.8%, 
respectively.

In an open label comparative trial, 86 hyperlipidaemic 
patients also suffering from chronic hepatitis B (n=51), 
chronic hepatitis C (n=18) or alcoholic liver cirrhosis (n=17) 
were given either berberine (1000 mg/day, n=70) or silyma-
rin (210 mg/day, n=16 and only in hepatitis B patients) for 3 
months.192 Compared with baseline, berberine significantly 
reduced total cholesterol, LDL-cholesterol and triglycerides 
in all patient groups (p<0.001 or p<0.0001), whereas sily-
marin in the hepatitis B patients only lowered triglycerides 
(p<0.05). Both silymarin and berberine significantly lowered 
hepatic transaminases (p<0.001 or p<0.0001). The authors 
concluded that, unlike some current conventional treatments, 
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berberine appeared well-suited as a treatment for lipid dys-
function in liver patients. It should be noted that the dose of 
silymarin used in the trial was relatively low.

The lipid-lowering effects of berberine (500 mg/day) and 
ezetimibe (10 mg/day) were compared in 195 patients with 
hypercholesterolaemia in a 3-month (presumably open label) 
clinical trial.193 Berberine was more effective than ezetimibe 
in terms of lowering total cholesterol (24.1% versus 21.7%, 
p=0.002) and LDL-cholesterol (31.7% versus 29.3%, p=0.03) 
from baseline. Both treatments lowered triglycerides by about 
17%. Only two patients reported gastrointestinal intoler-
ance to berberine. No significant adverse effects, including 
AST, ALT and CPK levels, were observed during the two 
treatments.

Radioprotective activity
Given the traditional role of berberine-containing herbs in 
China for the treatment of diarrhoea, the impact of berberine 
on radiation-induced acute intestinal syndrome (RIAIS) was 
explored.194 RIAIS includes side effects such as nausea, vom-
iting, abdominal pain, loss of appetite, diarrhoea, colitis and 
proctitis. Thirty-six patients with seminoma (a type of testic-
ular cancer) or lymphoma, and another 42 with cervical can-
cer, were randomly administered either berberine (900 mg/
day) or a placebo for 4 and 5 weeks, respectively. The ber-
berine was given just prior to and during abdominal or pelvic 
radiotherapy. Berberine had significantly improved the inci-
dence and severity of RIAIS in both patient groups by the end 
of the trial (p<0.05). Berberine (900 mg/day) also reduced 
existing RIAIS in a separate group of eight patients. The treat-
ment was well tolerated.

In a prior randomised, double blind, placebo-controlled 
study, the effect of 6 weeks of berberine (20 mg/kg/day) 
on radiation-induced lung injury (RILI) was assessed in 90 
patients undergoing treatment for non-small cell lung can-
cer.195 The incidence of RILI was significantly lower in the 
berberine group compared with the placebo group at 6 weeks 
and at a 6-month follow-up (45.2% versus 72.1% and 35.7% 
versus 65.1%, respectively, both p<0.05). Two measures of 
radiation-induced lung tissue damage (soluble intercellular 
adhesion molecule-1 and transforming growth factor beta 1) 
were also significantly reduced at 6 weeks compared with the 
placebo (p<0.01 for both), and two measures of lung function 
were significantly improved at 6 months.

Other effects
Ten patients with cutaneous leishmaniasis received a 1% ber-
berine salt solution intralesionally at weekly intervals for 
a period of 2 months. A blood sample was taken from the 
patients before and after treatment. The lesions showed evi-
dence of healing after the second injection. Two patients 
dropped out of this uncontrolled trial, and of the remaining 
eight, healing was complete by 4 to 8 weeks.196

Berberine sulphate, given on its own and in a combined 
treatment at a dose of 15 mg/day for 15 days, increased 
platelet count in patients with primary and secondary 
thrombocytopenia.197

Two hundred and fifteen patients with chloroquine-resist-
ant malaria were randomised into three groups: 82 patients 
received pyrimethamine and berberine chloride (1500 mg/
day), 64 patients received pyrimethamine and tetracycline, 
and 69 patients received pyrimethamine and co-trimoxazole,  
all for 3 days. The clearance rate of asexual parasitaemia 
after treatment was 74% in the berberine group, 67% in the 
tetracycline group and 48% in the co-trimoxazole group. 
Berberine was more effective in clearing the parasite than 
the other antimicrobial agents when used in conjunction with 
pyrimethamine.198

Toxicology and other safety data

Toxicology
Early acute toxicological studies have established the following 
LD50 values: berberine 329 mg/kg (oral, mice) and 18 mg/kg (sc, 
mice),146 berberine 23 mg/kg (ip, mice),199 hydrastine 104 mg/kg 
(ip, rats)200 and Hydrastis extract 1.62 g/kg (oral, mice).146

A recent study in mice suggests that berberine has 
extremely low oral toxicity as a result of its relatively low 
gastrointestinal absorption. LD50 values for berberine chlo-
ride after iv and ip injection were 9.0 and 57.6 mg/kg, respec-
tively, but no LD50 could be determined for intragastric (oral) 
administration.201 A 30% mortality rate was found among 
mice in the two highest oral dose groups (41.6 and 83.2 g/kg), 
which was related to the level achieved in their blood (with 
around 0.43 μg/mL being a potentially toxic concentration). 
An oral dose of 20.8 g/kg of berberine exhibited no acute 
toxic effects in mice, which corresponds to about 3 g/kg for 
a human. This is more than 100 times above the typical doses 
used in published clinical trials (up to around 30 mg/kg). A 
much earlier study found an oral LD50 for berberine sulphate 
in rats of >1 g/kg, confirming its low toxicity by this route.202 
A single oral dose of berberine given to mice (4 mg/kg) 1 h 
prior to the administration of a sub-lethal dose of strychnine 
enhanced the effect of strychnine, causing 100% mortal-
ity. The authors suggest that the berberine had an inhibitory 
effect upon cytochrome P450 enzymes.203

Berberine has been found to partially insert into DNA in 
vitro.204 Berberine hydrochloride was weakly mutagenic in 
Salmonella typhimurium strain TA98 in the absence of S9 
mix, but was inactive towards strain TA100 under these con-
ditions. In the presence of S9 mix (metabolic activation) it 
was non-mutagenic towards both strains.205 Berberine did not 
show genotoxic activity with or without metabolic activation 
in the SOS chromotest. It was inactive in treatments per-
formed under non-growth conditions, but showed mild muta-
genic activity in dividing cells.206

An in vitro study demonstrated that berberine exhibits 
phosphorescence in ethanol. UVA irradiation of keratinocytes 
in the presence of berberine resulted in a decrease in cell via-
bility and an increase in DNA damage.207 The effect of the 
topical application of berberine or berberine-containing prepa-
rations and subsequent skin exposure to UVA irradiation or to 
natural light has not been studied.
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In vitro berberine has caused mitochondrial depolarisation 
and fragmentation, with a simultaneous increase on oxidative 
stress.208 This has relevance to its antitumour activity as well 
as any potential toxicity.

Human lens epithelial cells were damaged when incubated 
with berberine and exposed to UVA. Under the same condi-
tions palmatine was less phototoxic and hydrastine, canadine 
and hydrastinine were inactive.209 At much higher concentra-
tions berberine also damaged human retinal pigment epithelial 
cells following irradiation with visible light. The authors sug-
gested that eyewashes and lotions derived from Hydrastis or 
containing berberine should be used with caution when the 
eyes are exposed to bright sunlight, but oral preparations are 
unlikely to cause ocular phototoxicity.

The US National Institute of Environmental Health 
Services (NIEHS) has published the results of its short- 
and long-term genetic toxicology and carcinogenesis stud-
ies of Hydrastis.210 A significant incidence of liver tumours 
was observed in rats and male mice at doses of 50 000 and 
25 000 ppm of diet, respectively, corresponding to doses at 
least 10 times higher than normal human doses over the 
lifespan of the animals. Moreover, the vast majority of the 
tumours were benign, and it is debated if such tumours do 
actually demonstrate carcinogenic potential. In support of 
this, the same study also found that Hydrastis lacked muta-
genic and genotoxic activities using standard in vitro and in 
vivo tests. Nonetheless, the National Toxicology Program con-
cluded that there was ‘clear evidence’ of liver carcinogenicity 
in the rats and ‘some evidence’ for the male mice. The short-
term toxicity studies found evidence of Hydrastis induc-
ing hepatocellular hypertrophy in rats and mice, but without 
apparent adverse health effects.

Contraindications
Use of berberine-containing plants is best avoided during 
pregnancy211,212 or for jaundiced neonates.211 The British 
Herbal Pharmacopoeia 1983 advises that Hydrastis is con-
traindicated in pregnancy and hypertensive conditions.6 
The contraindication for hypertension may be based on 
the cardiovascular activity of berberine. The British Herbal 
Compendium 1992 does not list hypertension as a contraindi-
cation.22 An Eclectic text notes that ‘the whole drug … arte-
rial tension is augmented, and blood pressure in the capillaries 
increased, rendering it valuable, like belladonna and ergot, in 
overcoming blood stasis’.7 This contraindication of Hydrastis 
in hypertension is unjustified on current information.

Although berberine-containing plants have been used in 
traditional Chinese medicine for the treatment of jaundiced 
neonates, berberine is thought to cause severe acute haemoly-
sis and neonatal jaundice in babies with glucose-6-phosphate 
dehydrogenase (G6PD) deficiency.213 However, a review pub-
lished in 2001 questioned the causal relationship between the 
berberine-containing herb Coptis chinensis and haemolysis in 
G6PD-deficient infants (see also the Pregnancy and lactation 
section below).214

The British Herbal Pharmacopoeia 1983 also advises that 
Berberis is contraindicated in diarrhoea and early pregnancy.6 

The contraindication for diarrhoea is probably not valid. 
Berberis bark was used by Eclectic practitioners for the treat-
ment of chronic diarrhoea and dysentery,5 and berberine has 
been administered in clinical trials for the treatment of diar-
rhoea (see previously).

Special warnings and precautions
None required.

Interactions
A Chinese study investigating the effect of berberine on the 
protein binding of bilirubin in vitro found that berberine 
exerted a 10-fold effect compared with phenylbutazone, a 
potent displacer of bilirubin. Chronic ip administration of 
berberine (10 to 20 mg/kg/day for 7 days) to rats resulted in 
a significant decrease in mean bilirubin serum protein bind-
ing.211 Hence, berberine may reinforce the effects of other 
drugs that displace the protein binding of bilirubin. This might 
also explain the contraindication for pregnancy, rather than 
any reputed uterine-contracting effects (see also the discus-
sion under Pregnancy and lactation).

Berberine appears to interact with cyclosporin. A ran-
domised, placebo-controlled clinical trial investigated the 
effect of berberine (600 mg/day) in 52 renal transplant 
patients and found that levels of cyclosporin A were increased 
by 29.3% in the berberine group.215 In a separate pharmacoki-
netic study, co-administration of berberine with cyclosporin 
(6 mg/kg/day) in six patients for 12 days resulted in a 34.5% 
increase in plasma cyclosporin.215 Berberine (600 mg/day for 
10 days) did not increase blood levels of cyclosporin A (6 mg/
kg/day) in six healthy male volunteers, but in another six vol-
unteers 300 mg/day berberine increased the bioavailability of 
3 mg/kg/day of cyclosporin A.216 Combined use of cyclosporin 
A and berberine increased the blood concentration of cyclo-
sporin A in heart transplant recipients and reduced the dosage 
required of the drug.217

The notion that ingestion of Hydrastis could mask illicit 
drugs in urinalysis has appeared in the popular literature since 
the late 1970s. A number of scientific studies have verified 
that this is a fallacy.218,219 For example, the performance of a 
particular assay (CEDIA) for screening amphetamines, barbi-
turates, benzodiazepines, cocaine, opiates, phencyclidine and 
tetrahydrocannabinol in urine was evaluated. Only minimal 
or selective interferences were observed with the presence of 
adulterants, which were added to urine to potentially invali-
date the screening results. These included Hydrastis tea, lemon 
juice, Visine and low concentrations of bleach and Drano.220 
This notion is likely to have come from a novel written in 
1900 by the well-known American herbalist John Uri Lloyd.219 
It has been suggested that the copious water consumed with 
Hydrastis tea might in fact lead to false negative drug tests.221

Chronic use of Hydrastis is said to decrease absorption of 
vitamin B.222 There is no further information available to sup-
port this claim.

In vitro, Hydrastis decreased the activity of several 
cytochrome P450 enzymes, including CYP2C8, CYP2C9, 



414

Materia MedicaP A R T  T H R E E

CYP2D6, CYP2E1 and CYP3A4.223–227 When individual 
alkaloids were tested, hydrastine was substantially more 
potent than berberine, but both were active.

These findings have led to in vivo and human studies. 
Berberine (30 and 100 mg/kg/day, oral for 14 days) did not 
influence the pharmacokinetics of oral carbamazepine or iv-
administered digoxin in rats.228 However, berberine did sub-
stantially increase the bioavailabilities of oral digoxin and 
cyclosporin A, probably by inhibition of intestinal P-gp. No 
significant changes in CYP3A activity were observed.

In 12 healthy volunteers given Hydrastis (2700 mg/day of 
dried extract) for 28 days, probe drug cocktails determined 
that CYP2D6 and CYP3A4/5 were moderately but signifi-
cantly inhibited.229 Similarly, Hydrastis extract (3969 mg/
day containing 132 mg hydrastine and 77 mg berberine) for 
14 days moderately inhibited CYP3A4 in 16 healthy volun-
teers.230 The extract (3210 mg/day, similar alkaloid doses) 
for 14 days also significantly inhibited CYP2D6 in 18 healthy 
volunteers.231 However, Hydrastis root (2280 mg/day) for 14 
days had no influence on the pharmacokinetics of indinavir.232 
Based on this finding the authors suggested that the interac-
tion of Hydrastis with other drugs metabolised by CYP3A4 
is unlikely. The apparent discrepancy between this and the 
above three studies can be explained by dose (use of extract, 
which is more concentrated than the root by at least a fac-
tor of 3, versus use of the root). Furthermore, the above posi-
tive studies (in terms of CYP inhibition) employed doses of 
Hydrastis much higher than those recommenced in this mon-
ograph, notwithstanding the authors’ adherence to label rec-
ommendations for dosage.

In 20 healthy volunteers given Hydrastis extract (3210 mg/
day) for 14 days, no impact on the pharmacokinetics of 
0.5 mg digoxin was observed, other than a 14% increase in 
Cmax.233 Based on these findings the authors suggested that 
Hydrastis is not a potent modulator of P-gp in humans at the 
dosage tested.

Use in pregnancy and lactation
Category C – Berberine-containing plants have caused or are 
associated with a substantial risk of causing harmful effects on 
the fetus or neonate without causing malformations (on the 
basis of the presence of berberine and related alkaloids).

On this basis, Hydrastis is best avoided during pregnancy 
except for short-term use to assist labour (see above and 
below). Hydrastine (500 mg) induced labour when taken 
orally by pregnant women.234

At the high oral dosage of 1.86 g/kg (65 times normal 
human dose) administered from days 1 to 15 of gestation, 
Hydrastis did not have any adverse effect on reproduc-
tive outcome in rats. Fetal weights were slightly increased 
when the herb was administered from days 1 to 8 and days 
8 to 15 of gestation.235,236 There was no difference in pla-
cental weight, the number of resorptions or litter size and 
there were no externally visible malformations. The herb was 
administered as an ethanol extract and the dose administered 
was the highest possible at which the ethanol remained below 
the teratogenic threshold.237 Hydrastis did induce toxicity 
when embryos were cultured for 26 h in rat serum to which 

the extract was added.236 Poor oral absorption of the alkaloids 
probably explains this discrepancy.

A reduction in average fetal body weight per litter was 
observed in the offspring of mated mice fed Hydrastis root 
powder (7.7 g/kg/day) from days 6 to 17. No significant 
developmental toxicity was observed below this dosage. 
Maternal liver weights were increased at greater than 2 g/kg/
day, but histopathological lesions were absent.238

Berberine has caused uterine contraction in both non-
pregnant and pregnant experimental models.212 In another 
study that investigated 10 berberine-containing plant extracts, 
stimulation or relaxation of isolated uterus occurred depend-
ing upon the extract tested. Results did not correlate with 
berberine content. This suggests that a berberine-containing 
herb will not necessarily produce uterine contractions merely 
because of the presence of berberine.146 An alcohol extract of 
the bark of branches and stem of Berberis enhanced the con-
tractility of isolated uterus.239 Also see p. 414.

The maternal LOAEL (lowest observed adverse effect 
level) for mated rats fed berberine chloride dihydrate from 
gestational day 6 to day 20 was measured at 531 mg/kg/day. 
Maternal NOAEL (no observed adverse effect level) was 
282 mg/kg/day. The developmental LOAEL was 1313 mg/kg/
day and the NOAEL was 531 mg/kg/day.240 A follow-up study 
using the same protocol (except for administration by gavage) 
found similar results, but there was an absence of a significant 
effect for berberine on developmental toxicity. It was sug-
gested the developmental toxicity NOAEL could be raised in 
rats to approximately 1100 mg/kg/day berberine.241,242 This 
indicates that doses less than 1 g/kg of berberine chloride dihy-
drate had no observable effect on offspring in the model used.

In mice fed berberine chloride dihydrate (BCD) by gav-
age on gestation days 6 to 17, a maternal toxicity LOAEL of 
841 mg/kg/day was determined, with a developmental toxic-
ity LOAEL of 1000 mg/kg/day. Corresponding NOAEL values 
were 569 and 841 mg/kg/day, respectively.242 Levels for ber-
berine chloride would be about 20% lower (accounting for the 
waters of hydration in BCD).

The incidence of kernicterus in premature Chinese infants 
with neonatal jaundice has been reported to be associated 
in some cases with exposure to Coptis chinensis, either by 
direct administration, transplacental absorption or via breast 
milk.211 (Coptis contains 7% to 9% berberine.) This suggests 
that berberine-containing plants are best avoided during preg-
nancy and lactation. However, this association with neonatal 
jaundice has been challenged by two Chinese authors, who 
provided data from their experiments in newly born rats and 
mice indicating that Coptis did not increase serum biliru-
bin.243 More research is needed on this topic.

Effects on ability to drive and use 
machines
No negative influence is expected for either herb.

Side effects
No adverse reactions have been documented for Berberis. In 
popular literature Hydrastis is often described as toxic in large 
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doses and/or that it should be restricted to short-term use. It 
is possible that this information comes from a misinterpreta-
tion of the writings of the homeopath Dr Edwin Hale, who 
noted side effects (such as exhaustion of the mucous mem-
branes) after many homeopathic provings in the mid-nine-
teenth century.218 The results of homeopathic provings do not 
necessarily translate to herbal practice.

Native Americans and Eclectic physicians have used golden 
seal topically, particularly for ophthalmias (eye inflamma-
tion). One objection to this use was its ability to stain the 
conjunctiva.7

A case has been reported of the hospitalisation of an 
11-year-old girl with diabetic ketoacidosis and severe hyper-
natraemia in conjunction with newly diagnosed type 1 diabe-
tes.244 Despite the fact that diabetic ketoacidosis is commonly 
associated with hypernatraemia, its severe nature led the 
authors to link it to the concurrent use of Hydrastis (1000 
to 1500 mg/day for at least 2 weeks prior to admission). The 
Hydrastis was used to treat her polyuria, which the fam-
ily attributed to a bladder infection. The authors incorrectly 
attributed aquaretic properties to Hydrastis and also failed to 
confirm the identity of the herb being taken.

The use of berberine for diarrhoea in children has resulted 
in cases of poor tolerance due to emesis. However, the ber-
berine was often given in combination with other compounds 
that might have contributed to this adverse reaction.212

At doses higher than 500 mg, berberine may cause dizziness, 
nose bleeds, dyspnoea, skin and eye irritation, gastrointestinal 
irritation, nausea, diarrhoea, nephritis and urinary tract disor-
ders.245 However, apart from moderate gastrointestinal side 
effects, it was generally well tolerated in clinical trials.

Overdosage
Hydrastis has been said to cause irritation of the mouth, 
throat and stomach as well as convulsions when taken in toxic 
(undefined) doses.222

The Commission E notes that no reports of poisoning with 
Berberis are known, but that death from berberine poisoning 
has (possibly) occurred.245

Safety in children
Berberine has been used to treat diarrhoea and giardiasis in 
children, which suggests that berberine-containing plants, 

such as Hydrastis and Berberis, may also be used in this way. 
Treatment of neonates and very young children should be 
avoided until further information becomes available.

Regulatory status in selected 
countries

Berberis bark is covered by a negative Commission E mono-
graph. In the opinion of the Commission E there is no 
evidence for the efficacy of the herb and there are risks asso-
ciated with plant parts containing berberine. Side effects are 
possible if more than 500 mg of berberine is ingested.

Berberis is on the UK General Sale List.
Berberis does not have GRAS status. However, it is freely 

available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (1994 Dietary Supplement Health and Education 
Act).

Berberis is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.

Hydrastis canadensis is official in the United States 
Pharmacopea – National Formulary USP31 NF26 2008.

Hydrastis is not covered by a Commission E monograph 
but it is on the UK General Sale List.

Hydrastis does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act). Hydrastis has been present in the follow-
ing over-the-counter (OTC) drug products: digestive aid 
products, weight control products, orally administered 
menstrual products, antiseptic products and counterirritant 
products. Hydrastis has also been present as an ingredient in 
products offered OTC for use as an aphrodisiac. However, 
the FDA advises: ‘that based on evidence currently availa-
ble, there is inadequate data to establish general recognition 
of the safety and effectiveness of these ingredients for the 
specified uses’.

Hydrastis is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.

References

	 1.	 Mabberley DJ. The Plant Book, 2nd ed. 
Cambridge: Cambridge University Press; 
1997. p. 84.

	 2.	 Osol A, Farrar GE, et al. The Dispensatory 
of the United States of America, 24th ed. 
Philadelphia: JB Lippincott; 1947.  
pp. 543–545.

	 3.	 Mabberley DJ. The Plant Book, 2nd ed. 
Cambridge: Cambridge University Press; 
1997. p. 352.

	 4.	 Concannon JA, DeMeo TE. Endangered 
Species Bull. 1997;22(6):10–12.

	 5.	 Felter HW, Lloyd JU. King’s American 
Dispensatory. 18th ed., rev 3, vol. 1, 1905. 
Portland, reprinted by Eclectic Medical 
Publications; 1983. pp. 345–346.

	 6.	 British Herbal Medicine Association’s 
Scientific Committee.  British Herbal 
Pharmacopoeia. West York: BHMA; 1983. 
pp. 39–40.

	 7.	 Felter HW, Lloyd JU. King’s American 
Dispensatory, 18th ed., vol. 2, Portland; 
Eclectic Medical Publications; 1983.  
pp. 1020–1030.

	 8.	 Spaich W. Moderne Phytotherapie. 
Heidelberg: Karl F. Haug Verlag; 1977.  
pp. 232–234.

	 9.	 Grieve M. A Modern Herbal, vol. 1. New 
York: Dover Publications; 1971.  
pp. 82–84.



416

Materia MedicaP A R T  T H R E E

	 10.	 Leung AY, Forster S. Encyclopedia of 
Common Natural Ingredients Used in 
Food, Drugs and Cosmetics, 2nd ed. New 
York: John Wiley; 1996. pp. 67, 282.

	 11.	 Chiej R. The Macdonald Encyclopaedia 
of Medicinal Plants. London: Macdonald; 
1984. Entry no. 54.

	 12.	 Launert EL. The Hamlyn Guide to Edible 
and Medicinal Plants of Britain and 
Northern Europe. London: Hamlyn; 1981. 
p. 24.

	 13.	 Veringa L, Zaricor BR. Goldenseal/etc. A 
Pharmacognosy of Wild Herbs. Santa Cruz: 
Ruka Publications; 1978. pp. 20–22.

	 14.	 Govindan M, Govindan G. Fitoterapia. 
2000;71(3):232–235.

	 15.	 Weber HA, Zart MK, Hodges AE, et al.  
J Agric Food Chem. 2003;51(25): 
7352–7358.

	 16.	 Bannerman J. HerbalGram. 1997;41: 
51–52.

	 17.	 Chopra RN, Chopra IC, Handa KL, et al. 
Chopra’s Indigenous Drugs of India, 2nd 
ed. Calcutta; 1958. Reprinted Academic 
Publishers; 1982. p. 289.

	 18.	 Lange D. Europe’s Medicinal and Aromatic 
Plants: Their Use, Trade and Conservation.  
TRAFFIC International; 1998. p. IV.

	 19.	 Wagner H, Bladt S. Plant Drug Analysis: A 
Thin Layer Chromatography Atlas, 2nd ed. 
Berlin: Springer-Verlag; 1996. p. 10.

	 20.	 Brown PN, Roman MC. J AOAC Int. 
2008;91(4):694–701.

	 21.	 Simeon S, Rios JL, Villar A. Plantes Méd 
Phytothér. 1989;23(3):202–250.

	 22.	 British Herbal Medicine Association.  
British Herbal Compendium, vol. 1. 
Bournemouth: BHMA; 1992. pp. 119–120.

	 23.	 Sun D, Abraham SN, Beachey EH. 
Antimicrob Agents Chemother. 
1988;32(8):1274–1277.

	 24.	 Domadia PN, Bhunia A, Sivaraman J, et al. 
Biochemistry. 47(10):3225–3234.

	 25.	 Yu HH, Kim KJ, Cha JD, et al. J Med 
Food. 2005;8(4):454–461.

	 26.	 Wang D, Yu L, Xiang H, et al. FEMS 
Microbiol Lett. 2008;279(2):217–225.

	 27.	 Wang X, Qiu S, Yao X, et al. J Orthop Res. 
2009;27(11):1487–1492.

	 28.	 Wang X, Yao X, Zhu Z, et al. Int J 
Antimicrob Agents. 2009;34(1):60–66.

	 29.	 Mahajan VM, Sharma A, Rattan A. 
Sabouraudia. 1982;20(1):79–81.

	 30.	 Iwazaki RS, Endo EH, Ueda-Nakamura 
T, et al. Antonie Van Leeuwenhoek. 
2010;97(2):201–205.

	 31.	 Vennerstrom JL, Klayman DL. J Med 
Chem. 1988;31(6):1084–1087.

	 32.	 Kaneda Y, Torii M, Tanaka T, et al. Ann 
Trop Med Parasitol. 1991;85(4):417–425.

	 33.	 Ghosh AK, Rakshit MM, Ghosh DK. 
Indian J Med Res. 1983;78:407–416.

	 34.	 Saha P, Sen R, Hariharan C, et al. Free 
Radic Res. 2010;43(11):1101–1110.

	 35.	 Vennerstrom JL, Lovelace JK, Waits 
VB, et al. Antimicrob Agents Chemother. 
1990;34(5):918–921.

	 36.	 Ahuja A, Purohit SK, Yadav JS, et al.  
Indian J Public Health. 1993;37(1):29–31.

	 37.	 Dutta NK, Iyer SN. J Indian Med Assoc. 
1968;50(8):349–352.

	 38.	 Sun D, Courtney HS, Beachey 
EH. Antimicrob Agents Chemother. 
1988;32(9):1370–1374.

	 39.	 Scazzocchio F, Cometa MF, Tomassini L, 
et al. Planta Med. 2001;67(6):561–564.

	 40.	 Mahady GB, Pendland SL, Stoia A, et al. 
Phytother Res. 2003;17(3):217–221.

	 41.	 Chen QM, Ye YC, Chai FL, et al. Chung 
Kuo Chi Sheng Chung Hsueh Yu Chi Sheng 
Chung Ping Tsa Chih. 1991;9(2):137–139.

	 42.	 Chin LW, Cheng YW, Lin SS, et al. Arch 
Virol. 2010 [Epub ahead of print].

	 43.	 Hayashi K, Minoda K, Nagaoka Y, et al. 
Bioorg Med Chem Lett. 2007;17(6): 
1562–1564.

	 44.	 Amin AH, Subbaiah TV, Abbasi KM. Can J 
Microbiol. 1969;15:1067–1076.

	 45.	 Palasuntheram C, Sangara Iyer K, 
De Silva LB, et al. Indian J Med Res. 
1982;76(suppl):71–76.

	 46.	 Pizzorno JE, Murray MT. A Textbook of 
Natural Medicine, vol. 1. Seattle: John 
Bastyr College Publications; 1987. p. V. 
Hydras-2.

	 47.	 Takase H, Yamamoto K, Ito K, 
et al. Nippon Yakurigaku Zasshi. 
1993;102(2):101–112.

	 48.	 Zhang MF, Shen YQ. Chung Kuo Yao Li 
Hsueh Pao. 1989;10(2):174–176.

	 49.	 Donowitz M, Wicks J, Sharp GW. Rev 
Infect Dis. 1986;8(suppl 2):S188–S201.

	 50.	 Swabb EA, Tai YH, Jordan L. Am J Physiol. 
1981;241(3):G248–G252.

	 51.	 Tai YH, Feser JF, Marnane WG, et al. Am J 
Physiol. 1981;241(3):G253–G258.

	 52.	 Sack RB, Froehlich JL. Infect Immun. 
1982;35(2):471–475.

	 53.	 Khin-Maung U, Nwe-Nwe-Wai J. 
Diarrhoeal Dis Res. 1992;10(4):201–204.

	 54.	 Palasuntheram C, Sangara IK, De 
Silva LB, et al. Indian J Med Res. 
1982;76(suppl):71–76.

	 55.	 Taylor CT, Baird AW. Br J Pharmacol. 
1995;116(6):2667–2672.

	 56.	 Cheng ZF, Zhang YQ, Liu FC. Regul Pept. 
2009;155(1–3):145–149.

	 57.	 Lau CW, Yao XQ, Chen ZY, et al. 
Cardiovasc Drug Rev. 2001;19(3): 
234–244.

	 58.	 Hua Z, Wang XL. Yao Hsueh Hsueh Pao. 
1994;29(8):576–580.

	 59.	 Wang YX, Yao XJ, Tan YH. J Cardiovasc 
Pharmacol. 1994;23(5):716–722.

	 60.	 Hong Y, Hui SC, Chan TY, et al. Am J 
Chin Med. 2002;30(4):589–599.

	 61.	 Hong Y, Hui SC, Chan TY, et al. Life Sci. 
2003;72(22):2499–2507.

	 62.	 Zhao HP, Hong Y, Xie JD, et al. Yao Xue 
Xue Bao. 2007;42(3):336–341.

	 63.	 Ziablitskii VM, Romanovskaia VN, 
Umurzakova RZ, et al. Eksp Klin 
Farmakol. 1996;59(1):37–39.

	 64.	 Wu JF, Liu TP. Yao Hsueh Hsueh Pao. 
1995;30(2):98–102.

	 65.	 Chu ZL, Huang CG, Lai FS. Chin 
Pharmacol Bull. 1994;10(2):114–116.

	 66.	 Abidi P, Zhou Y, Jiang JD, et al. 
Arterioscler Thromb Vasc Biol. 
2005;25(10):2170–2176.

	 67.	 Abidi P, Chen W, Kraemer FB, et al. J 
Lipid Res. 2006;47(10):2134–2147.

	 68.	 Brusq JM, Ancellin N, Grondin P, et al.  
J Lipid Res. 2006;47(6):1281–2188.

	 69.	 Kong W, Wei J, Abidi P, et al. Nat Med. 
2004;10(12):1344–1351.

	 70.	 Kong WJ, Wei J, Zuo ZY, et al. 
Metabolism. 2008;57(8):1029–1037.

	 71.	 Jia X, Chen Y, Zidichouski J, et al. 
Atherosclerosis. 2008;201(1):101–107.

	 72.	 Suckling KE, Jackson B. Prog Lipid Res. 
1993;32(1):1–24.

	 73.	 Wang Y, Jia X, Ghanam K, et al. 
Atherosclerosis. 2010;209(1):111–117.

	 74.	 Holy EW, Akhemdov A, Luscher TF, et al. 
J Mol Cell Cardiol. 2009;46(2):234–240.

	 75.	 Li K, Yao W, Zheng X, et al. Cell Res. 
2009;19(8):1006–1017.

	 76.	 Cho BJ, Im EK, Kwon JH, et al. Mol Cells. 
2005;20(3):429–434.

	 77.	 Liang KW, Yin SC, Ting CT, et al. Eur J 
Pharmacol. 2008;590(1–3):343–354.

	 78.	 Hsieh YS, Kuo WH, Lin TW, et al. J Agric 
Food Chem. 2007;55(25):10437–10445.

	 79.	 Huang Z, Wang L, Meng S, et al. Int J 
Cardiol. 2009 [Epub ahead of print].

	 80.	 Wang Y, Huang Y, Lam KS, et al. 
Cardiovasc Res. 2009;82(3):484–492.

	 81.	 Xu MG, Wang JM, Chen L, et al. J Hum 
Hypertens. 2008;22(6):389–393.

	 82.	 Xu MG, Wang JM, Chen L, et al. 
Cardiology. 2009;112(4):279–286.

	 83.	 Wang JM, Yang Z, Xu MG, et al. Eur J 
Pharmacol. 2009;614(1–3):77–83.

	 84.	 Sun Y, Xun K, Wang Y, et al. Anticancer 
Drugs. 2009;20(9):757–769.

	 85.	 Tang J, Feng Y, Tsao S, et al. J 
Ethnopharmacol. 2009;126(1):5–17.

	 86.	 Fukuda K, Hibiya Y, Mutoh M, et al. J 
Ethnopharmacol. 1999;66(2):227–233.

	 87.	 Kuo CL, Chi CW, Liu TY. Cancer Lett. 
2004;203(2):127–137.

	 88.	 Fukuda K, Hibiya Y, Mutoh M, et al. 
Planta Med. 1999;65(4):381–383.

	 89.	 Ckless K, Schlottfeldt JL, Pasqual M, et al. 
J Pharm Pharmacol. 1995;47(12A): 
1029–1031.

	 90.	 Jeong HW, Hsu KC, Lee JW, et al. 
Am J Physiol Endocrinol Metab. 
2009;296(4):E955–E964.

	 91.	 Lee CH, Chen JC, Hsiang CY, et al. 
Pharmacol Res. 2007;56(3):193–201.

	 92.	 Luo CN, Lin X, Li WK, et al. J 
Ethnopharmacol. 1998;59(3):211–215.

	 93.	 Luo CN, Lin X, Li WK, et al. Phytother 
Res. 1997;11(8):585–587.

	 94.	 Ivanovska N, Philipov S. Int J 
Immunopharmacol. 1996;18(10): 
553–561.



417

Berberis bark and Hydrastis root

	 95.	 Zhou H, Mineshita S. J Pharmacol Exp 
Ther. 2000;294(3):822–829.

	 96.	 Kupeli E, Kosar M, Yesilada E, et al. Life 
Sci. 2002;72(6):645–657.

	 97.	 Shen YB, Piao XS, Kim SW, et al. Poult 
Sci. 2010;89(1):13–19.

	 98.	 Zhang HQ, Wang HD, Lu DX, et al. 
Shock. 29(5):617–622.

	 99.	 Kulkarni SK, Dhir A. Phytother Res. 
2010;24(3):317–324.

	100.	 Zhu F, Qian C. BMC Neurosci. 2006;7:78.
	101.	 Kulkarni SK, Dhir A. Eur J Pharmacol. 

2008;589(1–3):163–172.
	102.	 Peng WH, Lo KL, Lee YH, et al. Life Sci. 

2007;81(11):933–938.
	103.	 Peng WH, Wu CR, Chen CS, et al. Life 

Sci. 2004;75(20):2451–2462.
	104.	 Bhutada P, Mundhada Y, Bansod K, et al. 

Epilepsy Behav. 2010;18(3):207–210.
	105.	 Peng WH, Hsieh MT, Wu CR. Jpn J 

Pharmacol. 1997;74(3):261–266.
	106.	 Yin J, Hu R, Chen M, et al. Metabolism. 

2002;51(11):1439–1443.
	107.	 Zhou L, Yang Y, Wang X, et al. 

Metabolism. 2007;56(3):405–412.
	108.	 Turner N, Li JY, Gosby A, et al. Diabetes. 

2008;57(5):1414–1418.
	109.	 Al-Masri IM, Mohammad MK, Tahaa 

MO. J Enzyme Inhib Med Chem. 
2009;24(5):1061–1066.

	110.	 Yi P, Lu FE, Xu LJ, et al. World J 
Gastroenterol. 2008;14(6):876–883.

	111.	 Kong WJ, Zhang H, Song DQ, et al. 
Metabolism. 2009;58(1):109–119.

	112.	 Chen Y, Li Y, Wang Y, et al. Metabolism. 
2009;58(12):1694–1702.

	113.	 Liu LZ, Cheung SC, Lan LL, et al. Mol 
Cell Endocrinol. 2010;317(1–2):148–153.

	114.	 Liu W, Liu P, Tao S, et al. Arch Biochem 
Biophys. 2008;475(2):128–134.

	115.	 Liu W, Tang F, Deng Y, et al. Mol Cell 
Biochem. 2009;325(1–2):99–105.

	116.	 Leng SH, Lu FE, Xu LJ. Acta Pharmacol 
Sin. 2004;25(4):496–502.

	117.	 Lee YS, Kim WS, Kim KH, et al. Diabetes. 
2006;55(8):2256–2264.

	118.	 Tang LQ, Wei W, Chen LM, et al. J 
Ethnopharmacol. 2006;108(1):109–115.

	119.	 Zhou J, Zhou S, Tang J, et al. Eur J 
Pharmacol. 2009;606(1–3):262–268.

	120.	 Zhou JY, Zhou SW, Zhang KB, et al. Biol 
Pharm Bull. 2008;31(6):1169–1176.

	121.	 Zhang W, Xu YC, Guo FJ, et al. Chin Med 
J (Engl). 2008;121(21):2124–2128.

	122.	 Zhang M, Lv XY, Li J, et al. Exp Diabetes 
Res. 2008; 2008: 704045.

	123.	 Wang Y, Campbell T, Perry B, et al. 
Metabolism. 2010 [Epub ahead of print].

	124.	 Yin J, Gao Z, Liu D, et al. Am J Physiol 
Endocrinol Metab. 2008;294(1): 
E148–156.

	125.	 Zhou L, Wang X, Shao L, et al. 
Endocrinology. 2008;149(9):4510–4518.

	126.	 Gao Z, Leng S, Lu F, et al. J 
Huazhong Univ Sci Technolog Med Sci. 
2008;28(3):261–265.

	127.	 Liu L, Deng Y, Yu S, et al. Pharmazie. 
2008;63(5):384–388.

	128.	 Pan GY, Wang GJ, Sun JG, et al. Yao Xue 
Xue Bao. 2003;38(12):911–914.

	129.	 Liu L, Yu YL, Yang JS, et al. Naunyn 
Schmiedebergs Arch Pharmacol. 
2010;381(4):371–381.

	130.	 Liu WH, Hei ZQ, Nie H, et al. Chin Med 
J (Engl). 2008;121(8):706–712.

	131.	 Zhou JY, Zhou SW. Yao Xue Xue Bao. 
2007;42(12):1243–1249.

	132.	 Lin WC, Change HL. Res Commun Mol 
Pathol Pharmacol. 1995;90(3):333–346.

	133.	 Imaseki I, Kitabatake Y, Taguchi H. 
Yakugaku Zasshi. 1961;81:1281–1284.

	134.	 Cao JW, Luo HS, Yu BP, et al. Digestion. 
2001;64(3):179–183.

	135.	 Chan MY. Comp Med East West. 
1977;5(2):161–168.

	136.	 Seki T, Morohashi M. Skin Pharmacol. 
1993;6(1):56–60.

	137.	 Hu JP, Nishishita K, Sakai E, et al. Eur J 
Pharmacol. 2008;580(1–2):70–79.

	138.	 Lee HW, Suh JH, Kim HN, et al. J Bone 
Miner Res. 2008;23(8):1227–1237.

	139.	 Wei P, Jiao L, Qin LP, et al. Zhong Xi Yi Jie 
He Xue Bao. 2009;7(4):342–348.

	140.	 Hu Y, Davies GE. Fitoterapia. 
2010;81(5):358–366.

	141.	 Kim WS, Lee YS, Cha SH, et al. 
Am J Physiol Endocrinol Metab. 
2009;296(4):E812–E819.

	142.	 Bashir S, Gilani AH. Eur J Pharmacol. 
2011;651(1–3):168–175.

	143.	 Pepeljnjak S, Petricic J. Pharmazie. 
1992;47(4):307–308.

	144.	 Cwikla C, Schmidt K, Matthias A, et al. 
Phytother Res. 2010;24(5):649–656.

	145.	 Gibbs OS. Fed Proc. 1947;6:322.
	146.	 Haginiwa J, Harada M. Yakugaku Zasshi. 

1962;82:726–731.
	147.	 Palmery M, Leone MG, Pimpinella G, 

et al. Pharmacol Res. 1993;27(suppl 
1):73–74.

	148.	 Palmery M, Cometa MF, Leone MG. 
Phytother Res. 1996;10(suppl 1): 
S47–S49.

	149.	 Cometa MF, Galeffi C, Palmery M. 
Phytother Res. 1996;10(suppl 1):S56–S58.

	150.	 Cometa MF, Abdel-Haq H, Palmery M. 
Phytother Res. 1998;12(suppl 1):S83–S85.

	151.	 Bolle P, Cometa MF, Palmery M, et al. 
Phytother Res. 1998;12(suppl 1):S86–S88.

	152.	 Rentz E. Arch Exp Pathol Pharmakol. 
1948;205:332–338.

	153.	 Tripathi YB, Shukla SD. Phytother Res. 
1996;10(7):628–630.

	154.	 Nikoronow M. Acta Polon Pharm. 
1939;3:23–56.

	155.	 Khattak SG, Gilani SN, Ikram M. J 
Ethnopharmacol. 1985;14(1):45–51.

	156.	 Wolf S, Mack M. Drug Stand. 
1956;24(3):98–101.

	157.	 Karmakar SR, Biswas SJ, Khuda-
Bukhsh AR. Asian Pac J Cancer Prev. 
2010;11(2):545–551.

	158.	 Clement-Kruzel S, Hwang SA, Kruzel MC, 
et al. J Med Food. 2008;11(3): 
493–498.

	159.	 Rehman J, Dillow JM, Carter SM. 
Immunol Lett. 1999;68(2–3):391–395.

	160.	 Bashir S, Gilani AH, Siddiqui AA, et al. 
Phytother Res. 2010;24(8):1250–1255.

	161.	 Bhide MB, Chavan SR, Dutta NK. Indian  
J Med Res. 1969;57(11):2128–2131.

	162.	 Ozaki Y, Suzuki H, Satake M. Yakugaku 
Zasshi. 1993;113(1):63–69.

	163.	 Hua W, Ding L, Chen Y, et al. J Pharm 
Biomed Anal. 2007;44(4):931–937.

	164.	 Yu C, Zhang H, Ren JY, et al. Chinese 
J Clin Pharm. <http://en.cnki.com.cn/
Article_en/CJFDTotal–GLYZ200001010.
htm>. Accessed 5.11.10.

	165.	 Tsai PL, Tsai TH. Drug Metab Dispos. 
2004;32(4):405–412.

	166.	 Zuo F, Nakamura N, Akao T, et al. Drug 
Metab Dispos. 2006;34(12):2064–2072.

	167.	 Pan JF, Yu C, Zhu DY, et al. Acta 
Pharmacol Sin. 2002;23(1):77–82.

	168.	 Qiu F, Zhu Z, Kang N, et al. Drug Metab 
Dispos. 2008;36(11):2159–2165.

	169.	 Pan GY, Wang GJ, Liu XD, et al. 
Pharmacol Toxicol. 2002;91(4):193–197.

	170.	 Yan D, Wei L, Xiao XH, et al. Chin Sci 
Bull. 2009;54(3):369–373.

	171.	 Lahiri SC, Dutta NK. J Indian Med Assoc. 
1967;48(1):1–11.

	172.	 Sharda DC. J Indian Med Assoc. 1970;54: 
22–24.

	173.	 Khin-Maung U, Myo-Khin Nyunt-Nyunt-
Wai, et al.  Br Med J (Clin Res Ed). 
1985;291(6509):1601–1605.

	174.	 Khin-Maung-U Myo-Khin Nyunt-Nyunt-
Wai.  J Diarrhoeal Dis Res. 1987;5(3): 
184–187.

	175.	 Rabbani GH, Butler T, Knight J, et al.  
J Infect Dis. 1987;155(5):979–984.

	176.	 Yuan J, Shen XZ, Zhu XS. Chung 
Kuo Chung Hsi I Chieh Ho Tsa Chih. 
1994;14(12):718–720.

	177.	 Hu FL. Chung Hua I Hsueh Tsa Chih. 
1993;73(4):217–219, 253.

	178.	 Babbar OP, Chhatwal VK, Ray IB, et al. 
Indian J Med Res. 1982;76(suppl):83–88.

	179.	 Mohan M, Pant CR, Angra SK, et al.  
Indian J Ophthalmol. 1982;30(2):69–75.

	180.	 Choudhry VP, Sabir M, Bhide VN. Indian 
Pediatr. 1972;9(3):143–146.

	181.	 Gupte S. Am J Dis Child. 
1975;129(7):866.

	182.	 Watanabe A, Obata T, Nagashima H. Acta 
Med Okayama. 1982;36(4):277–281.

	183.	 Ni YX, Liu AQ, Gao YF, et al. Chin J 
Integr Med. 1988;8(12):71–713.

	184.	 Zhang Y, Li X, Zou D, et al. J Clin 
Endocrinol Metab. 2008;93(7):2559–2565.

	185.	 Yin J, Xing H, Ye J. Metabolism. 
2008;57(5):712–717.

	186.	 Zhang H, Wei J, Xue R, et al. Metabolism. 
2010;59(2):285–292.

	187.	 Gu Y, Zhang Y, Shi X, et al. Talanta. 
2010;81(3):766–772.

http://en.cnki.com.cn/Article_en
http://en.cnki.com.cn/Article_en
http://en.cnki.com.cn/Article_en


418

Materia MedicaP A R T  T H R E E

	188.	 Marin-Neto JA, Maciel BC, Secches AL, 
et al. Clin Cardiol. 1988;11(4):253–260.

	189.	 Zeng XH, Zeng XJ, Li YY. Am J Cardiol. 
2003;92(2):173–176.

	190.	 Zeng X, Zeng X. Biomed Chromatogr. 
1999;13(7):442–444.

	191.	 Cicero AF, Rovati LC, Setnikar I. 
Arzneimittelforschung. 2007;57(1):26–30.

	192.	 Zhao W, Xue R, Zhou ZX, et al. Biomed 
Pharmacother. 2008;62(10):730–731.

	193.	 Pisciotta L, Ivaldi C, Borrini C, et al. Nutr 
Metab Cardiovasc Dis. 2009;19(suppl 1):S22.

	194.	 Li GH, Wang DL, Hu YD, et al. Med 
Oncol. 2010;27(3):919–925.

	195.	 Liu Y, Yu H, Zhang C, et al. Eur J Cancer. 
2008;44(16):2425–2432.

	196.	 Purohit SK, Kochar DK, Lal BB, et al. 
Indian J Public Health. 1982;26(1):34–37.

	197.	 Chekalina SI, Umurzakova RZ, Saliev KK, 
et al. Gematol Transfuziol. 1994;39(5): 
33–35.

	198.	 Sheng WD, Jiddawi MS, Hong XQ, et al. 
East Afr Med J. 1997;74(5):283–284.

	199.	 Schmeller T, Latz-Bruning B, Wink M. 
Phytochemistry. 1997;44(2):257–266.

	200.	 Poe CF, Johnson CC. Acta Pharmacol 
Toxicol. 1954;10:338–346.

	201.	 Kheir MM, Wang Y, Hua L, et al. Food 
Chem Toxicol. 2010;48(4):1105–1110.

	202.	 Kowalewski Z, Mrozikiewicz A, 
Bobkiewicz T, et al. Acta Pol Pharm. 
1975;32(1):113–120.

	203.	 Janbaz KH, Gilani AH. Fitoterapia. 
2000;71(1):25–33.

	204.	 Saran A, Srivastava S, Coutinho E, et al. 
Indian J Biochem Biophys. 1995;32(2): 
74–77.

	205.	 Nozaka T, Watanabe F, Tadaki S, et al. 
Mutat Res. 1990;240(4):267–279.

	206.	 Pasqual MS, Lauer CP, Moyna P, et al. 
Mutat Res. 1993;286(2):243–252.

	207.	 Inbaraj JJ, Kukielczak BM, Bilski P, et al. 
Chem Res Toxicol. 2001;14(11):1529–
1534.

	208.	 Pereira CV, Machado NG, Oliveira PJ. 
Toxicol Sci. 2008;105(2):408–417.

	209.	 Chignell CF, Sik RH, Watson MA, et al. 
Photochem Photobiol. 2007;83(4):938–943.

	210.	 National Toxicology Program  Natl. Toxicol 
Program Tech Rep Ser. 2010;562:1–188.

	211.	 Chan E. Biol Neonate. 1993;63(4): 
201–208.

	212.	 De Smet P.A.G.M.Keller K, Hansel R, 
editors. Adverse Effects of Herbal Drugs, 
vol. 1. Berlin: Springer-Verlag; 1992.  
pp. 97–104.

	213.	 Ho NK. Singapore Med J. 1996;37(6): 
645–651.

	214.	 Fok TF. J Perinatol. 2001;21(suppl 1): 
S98–S100.

	215.	 Wu X, Li Q, Xin H, et al. Eur J Clin 
Pharmacol. 2005;61(8):567–572.

	216.	 Xin HW, Wu XC, Li Q, et al. Methods  
Find Exp Clin Pharmacol. 2006;28(1): 
25–29.

	217.	 Huang XS, Yang GF, Pan YC. 
Zhongguo Zhong Xi Yi Jie He Za Zhi. 
2008;28(8):702–704.

	218.	 Bergner P. Med Herbalism.  
1996–1997;8(4):1, 4–6. Available via 
<www.mediherb.com.au>.

	219.	 Foster S. HerbalGram. 1989;21:735.
	220.	 Wu AHB, Forte E, Casella G, et al. J 

Forensic Sci. 1995;40(4):614–618.
	221.	 Cone EJ, Lange R, Darwin WD. J Anal 

Toxicol. 1998;22(6):460–473.
	222.	 Hamon NW. Can Pharm J. 

1990;123(11):508–510.
	223.	 Budzinski JW, Foster BC, Vandenhoek S, 

et al. Phytomedicine. 2000;7(4):273–282.
	224.	 Budzinski JW, Trudeau VL, Drouin 

CE, et al. Can J Physiol Pharmacol. 
2007;85(9):966–978.

	225.	 Raner GM, Cornelious S, Moulick K, et al. 
Food Chem Toxicol. 2007;45(12): 
2359–2365.

	226.	 Etheridge AS, Black SR, Patel PR, et al. 
Planta Med. 2007;73(8):731–741.

	227.	 Chatterjee P, Franklin MR. Drug Metab 
Dispos. 2003;31(11):1391–1397.

	228.	 Qiu W, Jiang XH, Liu CX, et al. Phytother 
Res. 2009;23(11):1553–1558.

	229.	 Gurley BJ, Gardner SF, Hubbard 
MA, et al. Clin Pharmacol Ther. 
2005;77(5):415–426.

	230.	 Gurley BJ, Swain A, Hubbard MA, et al. 
Clin Pharmacol Ther. 2008;83(1):61–69.

	231.	 Gurley BJ, Swain A, Hubbard MA, et al. 
Mol Nutr Food Res. 2008;52(7): 
755–763.

	232.	 Sandhu RS, Prescilla RP, Simonelli 
TM, et al. J Clin Pharmacol. 
2003;43(11):1283–1288.

	233.	 Gurley BJ, Swain A, Barone GW, et al. 
Drug Metab Dispos. 2007;35(2):240–245.

	234.	 Grismondi GL, Scivoli L, Cetera C. Min 
Ginecol. 1979;31(1/2):19–32.

	235.	 Ernst E, Schmidt K. BMC Cancer. 
2005;5:69.

	236.	 Yao M, Ritchie HE, Brown-Woodman PD. 
Birth Defects Res B Dev Reprod Toxicol. 
2005;74(5):399–404.

	237.	 Yao M, Brown-Woodman PDC, Ritchie H. 
Teratology. 2001;64(6):323–324.

	238.	 NTP Study TER99004. Final Study Report: 
Developmental Toxicity Evaluation for 
Goldenseal (Hydrastis canadensis) Root 
Powder Administered in the Feed to Swiss 
(CD1®) Mice on Gestational Days 6–17. 
Available from the National Toxicology 
Program website: <http://ntp-server.niehs.
nih.gov>. Accessed November, 2010.

	239.	 Aliev RK, Yuzbashinskaya NA. Doklady 
Akad Nauk Azerbaidzhan SSR. 
1953;9(4):231–237.

	240.	 Price CJ, George JD, Marr MC, et al. 
Teratology. 2001;63(6):279.

	241.	 NTP Study TER20102. Final Study 
Report: Developmental Toxicity Evaluation 
for Berberine Chloride Dihydrate (Cas 
No. 5956–60–5) Administered by Gavage 
to Sprague-Dawley (CD®) Rats on 
Gestational Days 6 through 19. Available 
from the National Toxicology Program 
website: <http://ntp-server.niehs.nih.
gov>. Accessed November, 2010.

	242.	 Jahnke GD, Price CJ, Marr MC, et al. 
Birth Defects Res B Dev Reprod Toxicol. 
2006;77(3):195–206.

	243.	 Yang S, Wang X. J Tradit Chin Med. 
2008;28(3):235–240.

	244.	 Bhowmick SK, Hundley OT, Rettig KR. 
Clin Pediatr (Phila). 2007;46(9):831–834.

	245.	 Blumenthal M, ed. The Complete German 
Commission E Monographs: Therapeutic 
Guide to Herbal Medicines. Austin: 
American Botanical Council; 1998.  
pp. 309–310.

http://www.mediherb.com.au
http://ntp-server.niehs.nih.gov
http://ntp-server.niehs.nih.gov
http://ntp-server.niehs.nih.gov
http://ntp-server.niehs.nih.gov


419

haemorrhoids; symptoms caused by decreased capillary resist-
ance; conditions involving increased capillary fragility, such 
as nosebleed; diabetic and hypertensive retinopathies; post-
operative complications of minor surgery (such as ear, nose, 
throat); vision disorders due to impaired photosensitivity or 
altered microcirculation of the retina, including myopia, reti-
nitis, hemeralopia and simple glaucoma. Many of the studies 
supporting these uses are open label trials.

Traditional therapeutic uses
Digestive disorders (diarrhoea, dyspepsia, dysentery, gastroin-
testinal infections and inflammations), haemorrhoids.

May also be used for

Extrapolations from pharmacological 
studies
For capillary repair and to protect damaged capillaries; to 
treat and protect against ischaemic injury; antioxidant includ-
ing inhibition of lipid peroxidation; wound healing (internal 
and topical); stabilisation of connective tissue; gastric disor-
ders requiring repair of gastric mucosal barrier (ulceration, 
gastritis, oesophagitis).

Other applications
Topical treatment for inflammation of the mucous membranes 
of the mouth and throat;2 inclusion in cosmetics (toners and 
skin products).3

Preparations

Dried or fresh fruit as a decoction, fluid extract and tablets or 
capsules for internal use. Decoction or extract for topical use. 
Available as a concentrated extract standardised for anthocy-
anin content and prepared from the fresh fruit. Due to the 
instability of the anthocyanins on drying, preparations made 
from the fresh fruit are preferable.

Testing of solid and liquid forms of purified bilberry extract 
under drastic conditions (such as mild and strong acidic solu-
tions at elevated temperatures) did not produce important 
changes in the relative anthocyanin composition. Mild condi-
tions did not result in significant degradation of the anthocya-
nins.4 However, a more recent study found heating at 100°C 
or more rapidly degraded bilberry anthocyanins.5 One in vitro 
study found that exposure of bilberry anthocyanins to physio-
logical conditions that mimic those in the body may stimulate 
the conversion of monomeric anthocyanins to their polymeric 
forms.6

Synonyms

Whortleberry (Engl), Myrtilli fructus (Lat), Heidelbeeren, 
Blaubeeren (Ger), Petit myrte, Baies de myrtille (Fr), Baceri 
mirtillo (Ital), Blåbær (Dan).

What is it?

The Vaccinium genus contains hundreds of species, many with 
edible berry-like fruits (including the American cranberry,  
V. macrocarpon). Bilberry fruit is well known as a food, and in 
particular as a jam. The name is derived from a Danish word 
meaning dark berry, possibly because, unlike the blueberry, 
its pulp as well as skin is dark blue. Bilberry has been used in 
Europe to colour wine and to dye wool. During World War II, 
bilberry jam or wine was consumed by RAF pilots to improve 
their night vision. Both the leaves and the ripe blue-black 
fruits are used medicinally, but this monograph only covers 
the use of the fruit. It is available as fresh or dried fruit, fluid 
extract or in solid dose form as a tablet or capsule.

Effects

Assists vision, decreases vascular permeability, supports the 
microcirculation, protects against oxidative stress; astringent 
and anti-inflammatory to mucosa of the gastrointestinal tract.

Traditional view

Bilberry fruit was used to treat diarrhoea, dysentery, gastro-
intestinal inflammation, haemorrhoids and vaginal discharges 
and to ‘dry up’ breast milk. It has also been used to treat 
scurvy and for urinary complaints.1

Summary of actions

Vasoprotective, anti-oedema, antioxidant, anti-inflammatory, 
astringent.

Can be used for

Indications supported by clinical 
trials
Peripheral vascular disorders of various origin, including 
Raynaud’s syndrome; venous insufficiency, especially of the 
lower limbs; venous disorders during pregnancy, including 

Bilberry fruit

(Vaccinium myrtillus L.)
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Dosage

l 	 3 to 6 mL of 1:1 fluid extract per day.
Tablets or capsules containing dried extracts of the fresh 

berries delivering 60 to 160 mg or more of anthocyanins per 
day (equivalent to about 20 to 50 g of fresh fruit).

Duration of use

May be taken long term for most applications.

Summary assessment of safety

No significant adverse effects from ingestion of bilberry are 
expected, although ingestion of the whole fresh fruit (as 
opposed to extracts) may irritate the intestinal lining in sensitive 
individuals. High doses may have clinical antiplatelet activity.

Technical data

Botany
Vaccinium myrtillus, a member of the Ericaceae (heath) fam-
ily, is a small shrub approximately 30 to 40 cm high with 
erect, branched flowering stems. The alternate, light green 
leaves are flat, oval and pointed with a toothed margin; flow-
ers contain four to five white or pink petals. The fruit is a 
deep violet, fleshy berry enclosing crescent-shaped seeds.7

Adulteration
High-performance liquid chromatography (HPLC) mass spec-
troscopy and nuclear magnetic resonance have been used to 
detect adulteration of bilberry extracts with a synthetic dye 
amaranth. This adulteration is not detected by simple analyti-
cal techniques.8

Vaccinium uliginosum and V. vitis-idaea have been noted as 
adulterant species.

Key constituents
l	 Anthocyanins (0.5%), also known as anthocyanosides, 

including C-3 glucosides of the anthocyanidins delphinidin, 
malvidin, pelargonidin, cyanidin and petunidin;9 some of 
these are blue pigments responsible for the colour of the 
ripe fruits.

l	 Catechin, epicatechin, condensed tannins,10 oligomeric 
procyanidins (procyanidin B1–B4).11

l	 Resveratrol12 (moderate levels in uncooked products).13

l	 Flavonoids,14 phenolic acids, pectins.10,11

Analysis of bilberry fruits collected in different locations 
from cultivated and wild plants in Sweden revealed a signifi-
cant variation in anthocyanin content.15 Higher values were 
observed for fruit from northern latitudes or from a more 
northerly origin of parent plants.

�  

HO O+

OH

OH

O-glyc

R1

R2

R1 R2

Delphinidin 3-O-glycoside 
Cyanidin 3-O-glycoside 
Petunidin 3-O-glycoside 

OH OH
OH H
OH OCH3

Peonidin 3-O-glycoside OCH3 H
Malvidin 3-O-glycoside OCH3 OCH3

glyc = arabinoside, glucoside or galactoside

Anthocyanins
 

Pharmacodynamics

Vascular protective and anti-oedema activity
Anthocyanins improved functional disturbances of the fine 
blood vessels, especially capillaries,16 were more effective in 
protecting damaged capillaries than flavonoids17 and stimu-
lated capillary repair.18 Anthocyanin-rich bilberry extracts 
demonstrated endothelium-dependent relaxation in coronary 
arteries in vitro. Extract concentrations too low to directly 
alter coronary vascular tone still protected the arteries from 
reactive oxygen species.19

Oral administration of bilberry extract in vivo reduced 
microvascular impairments due to ischaemia-reperfusion 
injury, resulting in preservation of endothelium, attenuation of 
leucocyte adhesion and improvement of capillary perfusion.20 
A separate study indicated that increased arteriolar vasomo-
tion might also contribute to these effects.21

Oral administration to rats of bilberry extract (equivalent 
to 180 mg/kg anthocyanins per day) for 12 days maintained 
normal permeability of the blood-brain barrier and limited 
the increase in vascular permeability in the skin and aorta wall 
after induced hypertension. Interaction with collagen within 
blood vessel walls is believed to be partly responsible for this 
vasoprotective activity.22

Oral administration of bilberry extract (equivalent to 72 to 
144 mg/kg anthocyanins) demonstrated significant vasoprotec-
tive and anti-oedema effects in vivo. Activity was stronger and 
longer lasting than that of rutin, and was not due to a specific 
antagonism of inflammatory mediators such as histamine or 
bradykinin. The anti-oedema activity was also observed after 
topical application (but resulted in persistent colouration due 
to the anthocyanins).23
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Effects on vision
Anthocyanins have demonstrated an affinity for the pig-
mented epithelium of the retina in vitro.24 Bilberry hastened 
the regeneration of rhodopsin (visual purple) in vitro and in 
vivo after injection.25

Senescence-accelerated OXYS rats were given either con-
trol diets or those supplemented with 25% bilberry extract 
(equivalent to 20 mg/kg body weight). After 3 months, more 
than 70% of control rats had cataract and macular degenera-
tion, while the bilberry completely prevented such damage in 
the lens and retina.26

Bilberry extract improved the viability of cultured human 
corneal epithelial cells.27 Neuroprotective activity against reti-
nal neuronal damage was demonstrated in vitro and in mice 
for bilberry and its main anthocyanin constituents. The bil-
berry extract was administered to the mice by intravitreous 
injection (10 or 100 μg per eye).

Antioxidant activity
Anthocyanins have demonstrated in vitro antioxidant activ-
ity in a number of models, including scavenging of superoxide 
anions, inhibition of lipid peroxidation,28 and upregulation of 
haeme-oxygenase and glutathione-S-transferase-pi.29 Fifteen 
bilberry anthocyanins, particularly as aglycones,30 and bil-
berry catechins and procyanidins31 have all shown appreciable 
activity.

Bilberry extract also demonstrated antioxidant activ-
ity in vitro by inhibiting the potassium ion loss induced by 
free radicals in human erythrocytes, and by inhibiting cel-
lular reactions induced by oxidant compounds.32,33 A con-
centration-dependent inhibition of oxysterol formation 
(cholesterol oxides) was observed in vitro for bilberry extract 
after photo-induced oxidation of human low-density lipopro-
teins (LDL).34 Aqueous extract of bilberry also demonstrated 
potent protective activity on human LDL particles during in 
vitro copper-mediated oxidation.35 Dietary bilberry powder 
supplementation (1.6 g/mouse) protected against intestinal 
oxidative damage following ischaemia-reperfusion injury.36

A US team investigating the effects of antioxidant foods on 
mental ageing found that, while some fruits such as strawberries 
gave promising results, blueberry supplementation was par
ticularly effective at reversing the negative effects of ageing on 
balance and coordination.37 The team found that anthocyanins 
in blueberries showed the most activity in penetrating cells 
and providing antioxidant protection,38 and were even present 
in the brains of elderly rats after they were fed blueberries for 
8 weeks. The more anthocyanins found in the brains of the 
rats, the better they were at negotiating a complex maze.39 In 
fact, blueberries in the diet appeared to exert a rejuvenating 
effect on the brain cells of elderly rats, making them behave 
more like young rats.40 Such effects are also likely for the 
anthocyanins in bilberry.

Wound healing activity
Anthocyanins have demonstrated collagen-stabilising activ-
ity in vitro.41 Two anthocyanins from bilberry protected col-
lagen against non-enzymatic proteolytic activity in vitro and 
therefore may protect collagen from degradation during 

inflammatory processes.42 Anthocyanins stimulated muco-
polysaccharide biosynthesis in experimentally induced granu-
loma in vivo.43 Bilberry extract induced active phagocytosis 
and intense cell regeneration from human umbilical cord and 
demonstrated growth-promoting activity for fibroblasts and 
smooth muscle cells in vitro.44,45

Bilberry extract was reported to accelerate the process of 
spontaneous healing of experimental wounds after topical 
application.46 Topical bilberry extract significantly improved 
the healing of experimental skin wounds after it had been 
delayed by a steroidal anti-inflammatory agent. The wound 
healing activity was more potent than that of the selected tri
terpenoids of Centella asiatica (gotu kola).47

Cardiovascular activity
Bilberry extract exhibited a significant, dose-dependent inhi-
bition of angiotensin-converting enzyme in cultured endothe-
lial cells from human umbilical veins.48 The anthocyanin 
myrtillin chloride was also active, but not anthocyanin agly-
cones (anthocyanidins).

Addition of either bilberries or yeast-fermented bilberries 
at 0.02% to the diet of apoE-deficient mice led to a significant 
inhibition of atherosclerotic plaque development, whereas 
no effect on oxidative stress or lipid profiles was observed.49 
Later work by the same group using just a fermented bilberry 
extract at 0.02% of diet demonstrated a reduction in serum 
cholesterol together with altered expression of aortic genes 
related to atherosclerosis development.50

Bilberry anthocyanins (0.01 to 1.0 mg/L) significantly atten-
uated ischaemia-reperfusion injury in isolated rat hearts.51

Bilberry extract demonstrated strong antiplatelet activity 
in vitro and, at dosages equivalent to up to 144 mg/kg antho-
cyanins, prolonged bleeding time without affecting blood 
coagulation in vivo.52 Inhibition of platelet aggregation was 
demonstrated from the blood of healthy volunteers after oral 
administration of an extract equivalent to 173 mg anthocy-
anins/day for 30 to 60 days. The mechanism of action may 
depend on an increase in the concentration of cAMP and/or a 
decrease in the concentration of platelet thromboxane.53

Gastrointestinal effects
Several biomarkers of colon cancer including colonic cell pro-
liferation were reduced in Fischer 344 male rats by a diet 
supplemented with a bilberry extract.54 These findings were 
supported by another study in mice that supplemented bil-
berry at the high level of 10% of diet. Similarly, dietary bil-
berry extract reduced colon tumour number in a mouse 
model, an effect that was not related to ellagic acid.55

Cyanidin chloride (an anthocyanin from bilberry) dem-
onstrated promising antiulcer activity in vivo. Gastric mucus 
production was increased without affecting gastric secre-
tion.56,57 Bilberry extract (equivalent to 9 to 72 mg/kg 
anthocyanins) demonstrated significant dose-dependent anti-
ulcer activity, in some cases exhibiting stronger activity than 
carbenoxolone or cimetidine.47 More recently, oral adminis-
tration of bilberry anthocyanins (30 and 100 mg/kg) signifi-
cantly protected against ethanol-induced gastric ulceration  
in mice.
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Bilberry extract (1, 5 and 10 mg/kg, ip) helped to induce 
the resolution of liver fibrosis in mice with chemical liver 
injury, partially by downregulating fibrogenic cytokines.58 
The extract (50 to 200 mg/kg, oral) also reduced restraint-
induced liver injury in mice.59 Attenuation of mitochondrial 
dysfunction was identified as a key mechanism. In addition, 
the bilberry extract increased glutathione and ascorbate levels 
and decreased oxidative parameters in the same model at the 
same doses.60

Other activity
Phenolic compounds present in bilberries and other berries 
(cranberry, cloudberry, raspberry and strawberry) selectively 
inhibit the growth of human gastrointestinal pathogens such 
as salmonella and staphylococcus.61 An effect in reducing bac-
terial adherence to gut epithelium may be a factor.

Oral administration of 500 mg/kg bilberry extract for 10 
days to mice treated with doxorubicin (10 mg/kg) partially 
restored the toxicity-induced changes by increasing red blood 
cell and bone marrow counts. Dietary supplementation with 
the extract at 1% also significantly suppressed doxorubicin-
induced myocardial damage.62

Five-day oral administration of bilberry extract (50 to 
200 mg/kg) attenuated potassium bromate-induced kidney 
damage in mice.63 Oxidative parameters were also improved, 
indicating reduced oxidative stress. Bilberry extract (2.7% of 
diet) reduced blood glucose and enhanced insulin sensitivity 
in type 2 diabetic mice via activation of AMP-activated pro-
tein kinase.64

Pharmacokinetics
Animal pharmacokinetic studies following oral administra-
tion of bilberry extract suggest that, although the anthocya-
nins have low bioavailability, plasma peak levels are within 
the therapeutic range.65,66 Absorption from the gastrointes-
tinal tract was about 5% and there was no hepatic first-pass 
effect. Plasma concentrations of anthocyanins reached peak 
levels after 15 minutes and then rapidly declined within 2 h. 
Elimination occurred mainly through the bile.67

A more recent study in mice found that, after oral admin-
istration of bilberry extract (100 mg/kg) both unmodified and 
methylated anthocyanins appeared in plasma.68 The concen-
tration of total anthocyanins reached a maximum of 1.18 μM 
after 15 minutes and then sharply decreased. About 1.9% of 
the total dose of bilberry anthocyanins was excreted in the 
urine, all within 24 h. Malvidin-3-glucoside and malvidin-
3-galactoside were the main anthocyanins observed. With 
prolonged dosing, anthocyanins were detected in body tissues, 
but only in the liver, kidney, testes and lung.

General human studies on anthocyanin bioavailability (not 
specifically related to bilberry) have shown that only a small 
percentage (<1%) is found in plasma or in urine, typically as 
phase II conjugates via glucuronidation or methylation path-
ways.69,70 More recently, a bilberry-lingonberry puree was 
given to six healthy volunteers in order to investigate the 
absorption of phenolic acids resulting from the bowel flora 
fragmentation of anthocyanins.71 Methylated phenolic acids 

such as vanillic and homovanillic acids were the most abun-
dant metabolites in urine, although other expected fragments 
were not found, suggesting a significant part of anthocyanin 
metabolism remains unknown.

In a later pilot study, anthocyanins and their metabolites 
were analysed in the urine of two patients with colorectal 
liver metastases, each given a single dose of 1.88 g of bilberry 
extract.72 The dose was administered via either nasogastric  
or nasojejeunal tube intraoperatively during liver resection. 
More anthocyanins and metabolites were observed in the 
urine of the patient who received the extract via the stom-
ach (greater than 20 times), suggesting that the stomach is a 
primary site of absorption (consistent with rodent studies). 
Intact glycosides were identified in urine, suggesting that a 
percentage of each anthocyanin is absorbed and excreted 
unchanged. Absorption efficiency was influenced by the 
nature of the aglycone and the sugar moiety. In addition, the 
bilberry anthocyanins underwent metabolic conjugation via 
glucuronidation or methylation pathways (consistent with the 
above).

Clinical trials

Peripheral vascular disorders and venous 
disorders
In open trials, bilberry extract (equivalent to 86 to 173 mg 
anthocyanins per day) improved oedema and subjective symp-
toms of lower limb varicose syndrome,73 reduced protein exu-
date of varicose ulcers43 and decreased the total drainage time 
after reactive hyperaemia in chronic venous insufficiency.74 
Bilberry extract (57 to 115 mg anthocyanins per day for 2 to 3 
months) provided relief for venous disorders including haem-
orrhoids during pregnancy.75,76 A review of open trials from  
1979 to 1985 involving a total of 568 patients with venous 
insufficiency of the lower limbs concluded that bilberry 
extract caused rapid disappearance of symptoms and 
improvements in venous microcirculation and lymph drain-
age.77 Mobilisation of finger joints was improved in patients 
with Raynaud’s syndrome.78

Bilberry extract (equivalent to 173 mg anthocyanins per 
day) or placebo was administered for 30 days in a single blind, 
placebo-controlled clinical trial in 60 patients with venous 
insufficiency. Significant reduction in the severity of symp-
toms (oedema, sensation of pain, paraesthesia, cramping pain) 
was observed for the treated group after 4 weeks’ treatment 
(p<0.01).79

In a double blind, placebo-controlled trial, 47 patients with 
peripheral vascular disorders of various origins were treated 
with bilberry extract (equivalent to 173 mg anthocyanins per 
day) or placebo for 30 days. The treated group experienced a 
reduction in subjective symptoms including paraesthesia, pain, 
heaviness and oedema.78

Microcirculation disorders including retinopathy
In open trials, bilberry extract (equivalent to 57 to 288 mg 
anthocyanins per day) improved symptoms caused by 
decreased capillary resistance (petechiae, bruising and 
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faecal occult blood),44 reduced the microcirculatory changes 
induced by cortisone therapy in patients with asthma and 
chronic bronchitis,80 and improved diabetic retinopathy with 
a marked reduction or even disappearance of retinic haem-
orrhages.81 Post-operative complications from surgery of the 
nose were reduced in patients who received bilberry extract 
(equivalent to 115 mg anthocyanins per day) administered for 
7 days before and 10 days after surgery.82

In a placebo-controlled trial, bilberry extract (equivalent to 
115 mg anthocyanins per day for 12 months) improved early 
phase diabetic retinopathy, as indicated by a reduction of hard 
exudate at the posterior pole.83

In a double blind, placebo-controlled clinical trial, 14 
patients with diabetic and/or hypertensive retinopathy 
received bilberry extract (equivalent to 115 mg anthocyanins 
per day) or placebo for 1 month. Significant improvements in 
the ophthalmoscopic and angiographic patterns were observed 
in 77% to 90% of treated patients.84

Visual disorders
In open trials conducted as early as 1964, bilberry extract 
(including isolated anthocyanins), alone or in combina-
tion with beta-carotene and retinol, improved vision in 
healthy subjects and in patients with visual disorders such 
as myopia.85,86 Enlargement of visual range was observed for 
patients with pigmentary retinitis87 and retinal sensitivity was 
improved in patients with hemeralopia (defective vision in 
bright light).88

Visual perception improved in 76% of myopic patients 
receiving 150 mg/day bilberry extract and retinol for 15 
days.89 Similar results were obtained for patients with simple 
glaucoma.90

Three placebo-controlled trials91–93 and two open stud-
ies85,94 have demonstrated improvement in night vision in a 
number of settings. However more recent research95 and a 
systematic review96 have cast doubt on the validity of such 
findings.

Other conditions
In open trials, bilberry extract was administered post-oper-
atively in conjunction with anti-inflammatory and analgesic 
drugs to patients who had undergone haemorrhoidectomy. 
Bilberry reduced post-operative symptoms (itching and 
oedema).97,98

In a placebo-controlled trial, bilberry extract (equivalent to 
115 mg anthocyanins per day for 180 days) was effective in 
reducing nosebleed caused by abnormal capillary fragility of 
the mucous membranes.99

In a double blind, placebo-controlled trial, 30 women with 
chronic primary dysmenorrhoea were treated with bilberry 
extract (equivalent to 115 mg anthocyanins per day) for 3 
days before and during menstruation. Bilberry significantly 
reduced symptoms of dysmenorrhoea such as pelvic and lum-
bosacral pain, mammary tension, headache, nausea and heavi-
ness of lower limbs (p<0.01).100

In a controlled trial, 62 volunteers at increased risk of 
cardiovascular disease were randomised to receive either 
330 mL/day of bilberry juice or water for 4 weeks.101 

Supplementation with bilberry juice resulted in significant 
decreases in plasma levels of several inflammatory factors or 
measures regulated by NF-kappaB. Unexpectedly, an increase 
of TNF-alpha was observed. Plasma quercetin and p-coumaric 
acid increased in the bilberry group.

Naturally occurring anthocyanins possess colorectal can-
cer chemopreventive properties in rodent models. Hence, a 
human investigation was undertaken to determine if an antho-
cyanin-rich standardised bilberry extract caused pharmacody-
namic changes consistent with chemopreventive efficacy, and 
generated measurable levels of anthocyanins in blood, urine 
and target tissue.102 Twenty-five colorectal cancer patients 
scheduled to undergo resection of the primary tumour or 
liver metastases received extract containing 0.5 to 2.0 g 
anthocyanins daily for 7 days before surgery. Anthocyanins 
and their methyl and glucuronide metabolites were identi-
fied in plasma, colorectal tissue and urine, but not in liver. 
Anthocyanin concentrations in plasma and urine were roughly 
dose-dependent, reaching approximately 179 ng/g in tumour 
tissue at the highest dose. Proliferation in tumour tissue was 
decreased by an average of 7% for all patients on bilberry 
compared with pre-intervention values. The authors con-
cluded that repeated administration of bilberry anthocyanins 
exerts pharmacodynamics effects and generates concentrations 
of anthocyanins in humans resembling those active in a murine 
adenoma model sensitive to the chemopreventive properties 
of anthocyanins. Studies of doses containing less than 0.5 g bil-
berry anthocyanins are necessary to determine if they may be 
appropriate as colorectal cancer chemopreventive agents.

Toxicology and other safety data

Toxicology
LD50 data recorded in rats and mice for bilberry extract and 
its anthocyanins indicate very low oral acute toxicity.103 Oral 
administration of a single dose of bilberry extract (equivalent 
to 1.08 g/kg anthocyanins) to dogs did not result in adverse 
effects, apart from darkening of the urine and faeces which 
was attributed to absorption of the extract.104 No toxic 
effects were observed in chronic oral toxicity studies where 
anthocyanins (600 mg/day) were administered to rats for 
90 days and to guinea pigs for 15 days,105 or where bilberry 
extract was administered to rats and dogs for 6 months at 
doses equivalent to 45 to 180 mg/kg/day and 29 to 115 mg/
kg/day anthocyanins, respectively.104

Weak activity was observed for bilberry extract in the 
Ames mutagenicity test, probably due to the presence of 
quercetin.106 However, bilberry extract (standardised to 36% 
anthocyanins) failed to demonstrate mutagenic activity in 
other in vitro studies with or without metabolic action, or in 
vivo after oral administration of up to 5 g/kg to rats.104,107

Contraindications
None known.
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Special warnings and precautions
High doses (>100 mg/day anthocyanins) should be used cau-
tiously in patients with haemorrhagic disorders and in those 
taking warfarin or antiplatelet drugs, because of the observed 
human antiplatelet activity.

Interactions
Possible interaction with warfarin and antiplatelet drugs, but 
only for high doses. (See Special warnings and precautions.)

Use in pregnancy and lactation
Category A – no proven increase in the frequency of malforma-
tion or other harmful effects on the fetus despite consumption 
by a large number of women.

A number of uncontrolled studies involving over 200 preg-
nant women have reported that bilberry extract is a safe and 
effective treatment for venous disorders, including haemor-
rhoids, with no adverse effects observed in mothers or infants. 
Doses of extract equivalent to 57 to 173 mg/day of anthocya-
nins were administered for 60 to 102 days.75,76,108,109

Bilberry extract (standardised to 36% anthocyanins) 
did not demonstrate teratogenic activity or adversely influ-
ence fertility in rats.104 Oral administration of anthocyanins 
(360 mg/kg) failed to demonstrate teratogenic activity in 
three successive generations of rats and rabbits.105

Bilberry is listed in one traditional Western herbal as an 
anti-galactogogue.1 This is not otherwise supported and it is 
considered compatible with breastfeeding.110

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
A post-marketing surveillance study was conducted on 2295 
patients with venous disorders and retinal microcirculation 

disorders who consumed bilberry extract (standardised to 
36% anthocyanins). Dosages ranged from the equivalent of 29 
to 288 mg/day of anthocyanins for 14 to 60 days, with most 
patients (69.5%) consuming 115 mg/day of anthocyanins for 
30 to 60 days. Ninety-four patients (4.1%) reported mild 
side effects affecting the gastrointestinal system (gastric pain, 
pyrosis and nausea in 3.3% of cases), skin (0.2%) or nervous 
system (0.2%).111

Ingestion of the whole fruit (as opposed to extracts) may 
irritate the intestinal lining of sensitive individuals due to the 
presence of fruit fibre and acids.

Overdosage
No incidents found in published literature.

Safety in children
Concentrated bilberry powder in a study of infants with acute 
dyspepsia was well tolerated.

Regulatory status in selected 
countries

Bilberry is official in the European Pharmacopoeia (2006).
Bilberry fruit is covered by a positive Commission E mono-

graph and has the following applications:
l	 Non-specific, acute diarrhoea
l	 Topical treatment of mild inflammation of the mucous 

membranes of the mouth and throat.

Bilberry does not have GRAS status. However, it is  
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Bilberry is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Black cohosh

(Actaea racemosa var. racemosa L.)

Synonyms

Cimicifuga racemosa (L.) Nutt. (botanical synonym),  
bugbane, black snakeroot (Engl), Cimicifugae rhizoma (Lat), 
schwarzes Wanzenkraut, Cimicifugawurzelstock (Ger),  
cimicaire, actée à grappes (Fr), sølvlys (Dan).

What is it?

Black cohosh is still widely referred to by its former botani-
cal name, Cimicifuga racemosa. However, a taxonomic revi-
sion published in 1998 reclassified the genus Actaea to include 
Cimicifuga.1 The common names of black snakeroot and rattle 
snakeroot refer to its former use in North America, where it 
is native, to treat snakebite including that of rattlesnake. The 
old generic name Cimicifuga comes from the Latin ‘to chase 
insects away’ and reflects on a reputed use of the European spe-
cies. Black cohosh rhizome is a popular treatment for menopau-
sal symptoms, and proprietary medicines based on black cohosh 
are registered in Germany. The part used therapeutically con-
sists of the fresh or dried rhizome with attached roots.2,3

Effects

Suppresses luteinising hormone (LH), allays inflammation, 
promotes fertility, improves bone density.

Traditional view

Black cohosh, a favourite of the Eclectic physicians, was used for 
myalgia, neuralgia (not of spinal origin), chorea, female reproduc-
tive tract disorders (amenorrhoea, dysmenorrhoea, ovarian pain 
and menorrhagia) and rheumatic conditions (arthralgia, muscular 
rheumatism). Other conditions treated included whooping cough, 
tinnitus and mastitis.4,5 Black cohosh is also used to treat premen-
strual syndrome and secondary amenorrhoea in Germany.3,6

Summary actions

Hormone modulating, antirheumatic, spasmolytic.

Can be used for

Indications supported by clinical 
trials
Treatment of menopausal symptoms; to promote fertility.

Traditional therapeutic uses
Used particularly for arthritis and rheumatism, neuralgia, 
sciatica, menstruation disorders (amenorrhoea, dysmenor-
rhoea, menorrhagia, ovarian pain), respiratory tract disorders, 
(whooping cough, asthma), tinnitus.

May also be used for

Extrapolations from pharmacological 
studies
Adjunct in the treatment of conditions requiring reduction in 
LH levels (e.g. infertility, miscarriage, cyst formation, ovarian 
tumorigenesis and polycystic ovary syndrome). Potentially as 
an aid in the treatment of osteoporosis.

Preparations

Dried or fresh rhizome for decoction, liquid extract or solid 
dose forms for internal use.

Dosage

Typical adult dosage ranges used by Western herbalists are:
l	 0.9 to 6 g/day of dried root and rhizome or by decoction
l	 0.9 to 6 mL/day of a 1:1 liquid extract
l	 1.5 to 3 mL/day of a 1:2 liquid extract, 3.0 to 7.5 mL/

day of the 1:5 tincture, or equivalent doses in tablet or 
capsule form.

However, herbalists typically now recommend doses at the 
lower end of these ranges. In addition doses at the higher end 
have been linked to adverse reactions such as headaches (see 
Overdosage section).

Typical adult dosage ranges used in most clinical trials of 
German products:2

l	 Standardised extract equivalent to 40 to 140 mg/day of 
dried root and rhizome and containing approximately 3% 
triterpene glycosides.

Duration of use

May be taken long term within the recommended dosage, 
although the Commission E recommends not for more than 
6 months.
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Summary assessment of safety

Generally no adverse effects are expected from ingestion 
of black cohosh when used at the lower end of the recom-
mended dosage. Dosage at the higher end may cause head-
aches. Black cohosh has been associated with rare cases of 
liver damage, although this link is disputed. It is not recom-
mended during pregnancy except for assisting childbirth, 
although there is no strong indication of harm.

Technical data

Botany
Black cohosh is a member of the Ranunculaceae (buttercup) 
family and grows to an average height of 150 cm.7 It produces 
white blossoms in slender, feathery drooping racemes and a 
dry fruit containing numerous seeds. The leaves have three-
pointed, trilobate leaflets. The fleshy, dark brown/black rhi-
zome is a creeping underground stem, from which follow dark 
brown roots.2,8

Adulteration
Other Actaea/Cimicifuga species, particularly C. amer-
icana, have been unintentionally mixed with black 
cohosh due to the similarity in aboveground appear-
ance. Occasionally black cohosh is adulterated with the 
underground portions of baneberry (Actaea pachypoda 
and A. rubra).2 In August 1998, Australian manufac-
turers were alerted to the possibility of substitution of 
black cohosh by other Cimicifuga spp. In May 2001 the 
Therapeutic Goods Administration Laboratories advised 
that 35% of the Australian products they tested indicated 
the presence of species other than Cimicifuga racemosa. 
Manufacturers were advised to verify their raw materi-
als to ensure the correct Cimicifuga species is used. Other 
medicinal Cimicifuga species were implicated such as  
C. foetida, C. dahurica, C. heracleifolia and C. simplex.9 
See also the findings of Health Canada regarding adultera-
tion (cited under Side effects in the safety section later in 
this monograph).

Key constituents
Constituents of black cohosh include at least 20 triter-
pene glycosides (saponins) of the cycloartane type, includ-
ing actein, 23-epi-26-deoxyactein, cimiracemoside A and 
cimicifugoside.

Other constituents include aromatic acids (including fer-
ulic, isoferulic and acyl caffeic acids), resins (cimicifugin), 
tannins and fatty acids.10,11 Despite earlier reports, the herb 
does not contain significant quantities of isoflavones (see 
below).
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Pharmacodynamics
The pharmacology of black cohosh is poorly understood. 
The question of whether the herb has oestrogenic activity 
in particular remains unresolved and conflicting results from 
many studies on this topic are available. While the majority 
of more recent studies indicate that black cohosh extracts 
do not contain compounds that are potent agonists at either 
of the two known oestrogen receptors, black cohosh appears 
to possess several pharmacological effects that are consist-
ent with oestrogen-like activity, including lowering of LH 
levels (by injection) and protection against menopausal bone 
loss. Meanwhile, other potential mechanisms of action have 
emerged such as serotonergic, dopaminergic and opioid 
receptor activity, all of which could potentially play a part 
in the ameliorating effects of black cohosh on menopausal 
symptoms. In addition, anti-inflammatory activity has been 
demonstrated in vitro, supporting some traditional uses of the 
herb. Any oestrogenic effects from the herb are likely to be 
complex and mild.

Hormonal activity
In early research, prolonged injections of black cohosh 
extract in rats and mice increased the weight of the uterus 
and established menstrual cycles in juvenile and climacteric 
animals.12 Black cohosh extract demonstrated a selective 
reduction of serum LH in ovariectomised rats. FSH (follicle-
stimulating hormone) and prolactin levels were unchanged. 
Intraperitoneal administration of black cohosh extract (24 mg 
dried extract per day) resulted in significant inhibition of LH 
secretion after the third day. Fractionated extraction of black 
cohosh and subsequent testing with three fractions indicated 
that the LH-suppressive substances resided in the dichlo-
romethane extract. The intact glycosidal components of this 
extract were more active with regard to LH suppression than 
the aglycone form. Oral administration of the non-hydrolysed 
extract demonstrated a significant inhibition of LH, although 
much lower than that achieved by injection.13 (This does not 
necessarily mean the aglycone is inactive, as the glycoside may 
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provide enhanced bioavailability with cleavage of the sugars 
yielding an active aglycone.)14

A subsequent study by the same group found serum levels 
of LH in ovariectomised rats were reduced after intraperito-
neal administration of a trichloromethane fraction of a black 
cohosh methanolic extract, whereas the ethanolic fraction of 
the extract did not affect LH levels. The trichloromethane 
fraction also demonstrated an ability to bind to oestrogen 
receptors in vitro. This fraction was further separated into 
three subfractions, two of which suppressed LH secretion in 
vivo and displaced oestrogen in vitro. This indicates that at 
least two groups of compounds may be responsible for the 
endocrine activity of black cohosh.15 One active compound 
identified was the isoflavone formononetin. However, five 
more recent studies have failed to detect formononetin in 
black cohosh,2 a fact that casts some doubt on the extract 
used in the study.

In other early research, water and chloroform fractions pre-
pared from a black cohosh methanol extract were tested in 
ovariectomised rats by intraperitoneal injection over several 
days (chronic administration). The chloroform fraction demon-
strated a strong LH-suppressing effect after 3 days; the water 
fraction was inactive. Further fractionation of the chloroform 
extract led to the conclusion that the LH-suppressive effect of 
black cohosh extract was caused by at least three different syn-
ergistically acting compounds.16

Another later study in ovariectomised rats showed that a 
dichloromethane (lipophilic) extract (60 mg subcutaneously for 
7 days) produced effects similar to those of oestradiol on LH 
levels and other biomarkers influenced by oestrogen receptors.17

Two commercial black cohosh extracts were tested for their 
ability to compete with oestradiol for antigen binding sites 
on an antibody (IgG) directed against oestradiol (radioim-
munoassay). Both extracts ran parallel with the displacement 
curve obtained with oestradiol, which supports the presence 
of oestrogenic compounds in black cohosh.18 However, no oes-
trogenic activity was found after oral or subcutaneous adminis-
tration of black cohosh extract (6, 60, 600 mg/kg) to groups of 
immature mice and ovariectomised rats respectively.19

A 50% aqueous ethanolic extract of black cohosh did not 
bind to oestrogen or progesterone receptors of human breast 
cancer cell lines (MCF7 and T47D) in vitro (100 μg/mL) 
and did not affect cell proliferation.20 Similarly, a methanolic 
extract (200 μg/mL) did not bind to human recombinant alpha 
and beta oestrogen receptors in vitro.21 Gene expression stud-
ies in MCF7 cells found that a lipophilic black cohosh extract 
had no oestrogenic activity, but instead exerted anti-prolifer-
ative and pro-apoptotic effects at the transcriptional level.22 
(See also below under Effects on human breast cancer cells.)

Only the lipophilic subfraction of a dry, hydroethanolic 
extract of black cohosh was able to activate the human alpha 
oestrogen receptor, but neither the total extract nor the lipo-
philic sub-fraction showed any in vivo uterotrophic effects in 
21-day-old rats.23

One hundred and ten women experiencing menopau-
sal symptoms, who had received no hormone replacement 
therapy (HRT) for at least 6 months, received either a stand-
ardised black cohosh extract or placebo. After 8 weeks of 

treatment, LH levels were significantly reduced (p<0.05) in 
the black cohosh group, but FSH was unchanged.16

Effects on menopausal bone loss
Several studies have indicated that black cohosh might protect 
against menopausal bone loss (see also under Clinical trials).

An in vitro study investigated the effects of an ethanolic 
black cohosh extract on bone nodule formation in mouse 
pre-osteoblast cells.24 The extract did not stimulate osteo-
blast proliferation, but significantly increased bone nodule 
formation (500 ng/mL), an effect that was shown to result 
from enhanced gene expression of osteocalcin and Runx2 (a 
transcription factor involved in osteoblast differentiation). 
Interestingly, co-treatment with a selective oestrogen receptor 
antagonist abolished the effects on gene expression, demon-
strating the involvement of an oestrogen receptor-dependent 
mechanism.

An experimental model was designed to understand the 
mechanism of action of black cohosh on bone tissue and to 
compare its effects with oestrogen and testosterone.25 RANK 
(receptor activator of nuclear factor-kappaB, NF-kappaB) 
and its ligand RANKL largely regulate osteoclast activity and 
hence bone breakdown. Crosslaps (or Ratlaps in rats), spe-
cifically the metabolic products of bone-specific collagen-1 
alpha1, are markers of such bone degradation. When black 
cohosh, oestradiol and testosterone were given to castrated 
rats of both sexes, oestradiol and black cohosh reduced levels 
of RANKL and Ratlaps, the latter parameter only in female 
rats. The authors suggested that the bone sparing effect of 
black cohosh is therefore partly mediated by inhibition of 
RANKL. However, the receptors involved in mediating this 
effect are not thought to be oestrogen receptors.

In a 35-day study of metaphyseal fracture healing in ova-
riectomised rats with early stage osteoporosis, the effects of 
a black cohosh supplemented diet (dried aqueous ethanolic 
extract, average 24.9 mg/day) was compared with oestrogen 
treatment (average 0.03 mg/kg/day).26 A high rate of meta-
physeal callus formation was observed in the animals receiving 
black cohosh, but oestrogen improved fracture healing more, 
with the authors commenting that the 5-week treatment 
period was possibly too short for black cohosh to demonstrate 
its full potential.

The triterpenoid glycoside 25-acetylcimigenol xylopyra-
noside isolated from black cohosh was shown in vitro to 
potently block osteoclastogenesis induced by tumour necrosis 
factor-alpha (TNF-alpha) and a related cytokine. The com-
pound was also found to reduce bone loss induced by TNF-
alpha in vivo.27

Effects on human breast cancer cells
Because of the potential oestrogen-like action of black cohosh, 
the issue of its safety in oestrogen-dependent tumours is of 
significant clinical interest, and a number of studies have been 
undertaken in an attempt to clarify this issue.

Unlike oestradiol, black cohosh extract did not stimulate 
growth of mammary tumour cells in vitro. In fact, a dosage 
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of 2.5 mg/mL led to a strong inhibition of proliferation.28 The 
simultaneous incubation of tumour cells with tamoxifen (anti-
carcinogenic agent, oestrogen antagonist) and black cohosh 
displayed a much stronger inhibition of growth than for either 
substance alone.29 (Oestrogen is contraindicated in patients 
with oestrogen receptor-positive breast carcinoma, since it 
promotes the growth of the tumour cells.)

Several other studies have demonstrated that black cohosh 
does not promote the growth of human breast cancer cells in 
vitro. A 50% aqueous ethanolic extract (100 μg/mL) did not 
promote cell proliferation of T47D cells.20 In another study, 
a methanol-water extract was fractionated. A fraction rich in 
triterpenoid glycosides inhibited the growth of two human 
breast cancer cell lines (IC50 values of 10 to 20 μg/mL).30 The 
same fraction also caused cell cycle arrest at G1 (30 μg/m 
and G2 (60 μg/mL), suggesting that different compounds are 
involved in causing cell cycle arrest. The triterpene glycosides 
actein, 23-epi-26-deoxyactein and cimiracemoside A were 
shown to be involved in these effects.

In a subsequent gene expression study conducted by the 
same group, actein was shown to activate transcription factors 
that enhance apoptosis.31 It also repressed cell cycle genes and 
acted synergistically with two chemotherapy agents, doxoru-
bicin and 5-fluorouracil, in causing growth inhibition of the 
breast cancer cell line MDA-mB 453.32 The same study also 
showed that actein enhanced the induction of apoptosis by 
paclitaxel, 5-fluorouracil and doxorubicin.

A review of the safety and efficacy of black cohosh for can-
cer patients assessed data from clinical (n=5) and pre-clinical 
(n=21) studies as well as case reports.33 The five clinical stud-
ies all involved women with breast cancer or a history of the 
disease. None of the adverse effects reported from these trials 
(including one case of breast cancer recurrence) was linked to 
the black cohosh treatment. The authors of the review con-
cluded that black cohosh does not have phyto-oestrogenic 
activity, appears to be safe for breast cancer patients and may 
potentially be protective against breast cancer, as it appears 
to inhibit the growth of tumour cells in vitro (See also under 
Clinical trials and Toxicology.)

Effects on prostate cancer cells
In vitro studies have demonstrated that black cohosh can 
inhibit proliferation of prostate cancer cells. In one study, 
the cell growth inhibitory effects of an isopropanolic extract 
of black cohosh on androgen-sensitive LNCaP and andro-
gen-insensitive PC-3 and DU 145 prostate cancer cells were 
investigated. Results showed the extract caused a signifi-
cant dose- and time-dependent downregulation of all pros-
tate cancer cell lines after 72 h (IC50 values between 37.1 
and 62.7 μg/mL). Further, the study demonstrated that the 
extract killed prostate cancer cells by induction of apoptosis 
and activation of caspases, regardless of the hormone respon-
sive status of the cells.34

A phenolic compound isolated from black cohosh, peta-
siphenone, was studied in vitro with regard to its effects on 
the proliferation of LNCaP cells (incubated with 10 nM 
oestradiol, 1 nM dihydrotestosterone, or without either) 
and their secretion of prostate-specific antigen (PSA). A 

dose-dependent inhibition of the LNCaP cells was observed 
regardless of hormone treatment, while PSA release was not 
altered.35

In an in vivo study, a black cohosh extract was tested 
in immunodeficient mice inoculated sc with LNCaP cells. 
Inoculation with the prostate cancer cells resulted in for-
mation of solid tumours in 12 of 18 control animals, com-
pared with only five of 18 animals treated with dietary black 
cohosh extract (2 to 2.8 mg extract/ day). After 10 weeks, the 
amount of tumour tissue in the black cohosh-treated animals 
was significantly less than in controls. Serum testosterone lev-
els were not significantly affected by the treatment.36

Other activity possibly contributing  
to menopausal effects
While the nature and degree of any oestrogenic activity of black 
cohosh remains unresolved, other potential mechanisms of action 
have emerged. That several mechanisms might be at play in a 
chemically complex herbal medicine is of course unsurprising.

A commercial black cohosh extract demonstrated in vitro 
dopaminergic activity in the dopamine receptor D2 assay,37 
and there are suggestions that serotonergic effects might play 
a role in the therapeutic effects of black cohosh. Researchers 
at the University of Illinois at Chicago working on black 
cohosh extract did not find evidence of oestrogen receptor 
binding or oestrogenic effects in animals, but did observe 
strong binding to several serotonin receptor subtypes in vitro, 
with partial agonist activity at the 5-HT7 receptor.38 The 
same group has also shown that black cohosh acts as a mixed 
competitive ligand and partial agonist at the human mu opi-
oid receptor.39

Central opioid activity has also been shown in a mechanis-
tic study involving 11 postmenopausal women.40 The study 
employed two methods to examine the effects on central opi-
oid function: naloxone challenge (n=6) and positron emission 
tomography with a selective micro-opioid receptor radioligand 
(n=5), before and after 12 weeks of standard treatment with 
a black cohosh isopropanolic extract (40 mg/day). Treatment 
did not affect oestrogen levels or spontaneous LH pulsatil-
ity, but administration of naloxone (a competitive mu opi-
oid receptor antagonist) caused suppression of mean LH 
pulse frequency. This was most marked during sleep, when 
the mean interpulse interval was prolonged by 90 minutes. 
Positron emission tomography showed significant increases 
in mu opioid receptor binding potential in parts of the brain 
involved with emotional and cognitive function.

Because of the close relationship between the central nerv-
ous and hormone systems, it is plausible that mechanisms 
involving serotonergic, dopaminergic and opioid receptors are 
at least partly responsible for the effects of black cohosh on 
menopausal symptoms.

Anti-inflammatory and antioxidant activities
Several recent in vitro studies have lent some support to 
the traditional use of black cohosh in the treatment of 
inflammatory conditions. An aqueous extract (up to 6 mg/
mL) was found to inhibit the generation of nitric oxide in 
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lipopolysaccharide (LPS)-stimulated macrophages in a con-
centration-dependent manner. The mechanism for this was 
shown to be the reduced expression of inducible nitric oxide 
synthase (iNOS) rather than inhibition of iNOS activity. The 
triterpenoid glycoside 23-epi-26-deoxyactein was identified as 
the active compound.41

Another black cohosh compound, cimiracemate A (140 µM), 
has been shown to suppress the in vitro production of the inflam-
matory cytokine TNF-alpha induced by LPS in macrophages.42

Aqueous black cohosh extracts (3 and 6 mg/mL) have 
also been shown to reduce the release of TNF-alpha and the 
interleukin IL-6 (another inflammatory cytokine) and almost 
completely block the release of interferon-gamma in LPS-
stimulated whole human blood. In contrast, IL-8 (also an 
inflammatory chemokine) was stimulated. Among five preva-
lent compounds isolated from the extract, isoferulic acid was 
found to be responsible for the inhibition of TNF-alpha and 
IL-6, but not for the stimulation of IL-8.43

Black cohosh showed potent antioxidant activity in the 
oxygen radical absorption capacity (ORAC) assay in a study 
that applied a sequential three solvent (ethyl acetate, metha-
nol and 50% aqueous methanol) extraction process and com-
bined the antioxidant activity of the three extracts. Black 
cohosh was the second most potent of 53 medicinal plants 
tested, being second only to olive leaf.44

Another in vitro study found black cohosh to be an effec-
tive scavenger of 1,1-diphenyl-2-picrylhydrazyl free radicals. 
Nine compounds with activity in this assay were isolated 
and six of these (methyl caffeate>caffeic acid>ferulic 
acid>cimiracemate A>cimiracemate B>fukinolic acid) were 
found to also reduce menadione-induced DNA damage in cul-
tured S30 breast cancer cells.45

Other activity
Pretreatment with cimicifugoside inhibited blastogenesis in 
mouse splenic lymphocytes and brought about a decrease in the 
number of plaque-forming colonies using sheep erythrocytes 
(SRBC). The anti-SRBC response in the plaque-forming assay 
was suppressed in mice after pretreatment by intraperitoneal 
administration, and delayed hypersensitivity was suppressed 
after intravenous administration. The immunosuppressive activ-
ity of cimicifugoside is directed toward B-cell function, with 
larger doses being required for suppression of T-cell function.46

Black cohosh extract, and several fractions obtained from 
it, demonstrated hypotensive activity after intravenous 
administration at 1 mg/kg to rabbits. The hypotensive activ-
ity was observed in particular with the resinous part and may 
be due to actein. A hypotensive effect was not observed in 
human volunteers (by intravenous administration), although 
a peripheral vasodilatory effect was evident, even in subjects 
with peripheral arterial disease.47 Oral administration of 
black cohosh extract (2 g/kg) inhibited 5-hydroxytryptophan-
induced diarrhoea in mice.48

Pharmacokinetics
The triterpene glycoside actein has been shown to be bioavail-
able in rats when administered by gastric intubation (37.5 mg/

kg). Serum levels of actein peaked after 6 h at 2.4 μg/mL, 
dropping to 0.1 μg/mL 24 h post administration. The urine 
level of actein at 24 h was 0.8 μg/mL.49

The pharmacokinetics of one of the most abundant triter-
penoid glycosides in black cohosh, 23-epi-26-deoxyactein, was 
studied in 15 healthy, postmenopausal women. They received 
single oral doses of a 75% ethanolic extract containing 1.4, 
2.8 or 5.6 mg of 23-epi-26-deoxyactein. Serial blood and 24 h 
urine samples were collected and analysed. Peak plasma lev-
els (2.2 to 12.4 ng/mL) and area under the time-concentration 
curve (a measure of bioavailability) of 23-epi-26-deoxyactein 
increased proportionally with dosage, and the half-life was 
2 to 3 h. Less than 0.01% of the compound was recovered in 
the urine 24 h after administration, but metabolites were not 
detected.50

Clinical trials

Menopause
In phytotherapy, black cohosh is predominantly used in 
the treatment and management of menopausal symptoms. 
Menopause is the permanent cessation of menstruation and 
fertility defined as the absence of ovarian follicular activity for 
at least 12 months. The symptom picture associated with the 
transition from peri- to postmenopause can range from mild 
to debilitating, and the duration of symptoms can range from 
a few months up to 10 years.

Experts on menopause refer to a wide variety of physical 
symptoms including hot flushes, cardiac complaints, fatigue, 
vertigo, sweating, muscle pain, muscle spasm, joint pain, uri-
nary incontinence, vaginal dryness and vaginal epithelium 
atrophy, and psychological symptoms: depression, anxiety, 
nervousness, irritability, forgetfulness, sleep disturbances and 
decreased libido. Vasomotor symptoms of hot flashes and 
night sweats are the most common physical manifestation, 
occurring in up to 80% of menopausal women.51 Women who 
experience vasomotor symptoms are also more likely to suffer 
sleep disturbances and depressive symptoms and experience a 
negative impact on their quality of life.

A broad array of treatments including hormone therapy, 
antidepressant medications, herbal and nutritional therapies, 
and diet and lifestyle modifications are utilised by women to 
ameliorate unwanted menopausal symptoms.

Black cohosh is the herbal medicine most commonly rec-
ommended for managing psychological and physical symp-
toms of menopause. Standardised black cohosh extract was 
used with success in the 1950s and 1960s for the treatment 
of menopausal symptoms, menstrual disturbances in young 
women (secondary but not primary amenorrhoea) and symp-
toms arising from ovarian dysfunction or insufficiency.

Research interest in black cohosh has gained momentum 
since the publication of the Women’s Health Initiative study 
in 2002. This study found an association between the long-
term use of HRT and increased breast cancer and cardio-
vascular risk.52 As a result of these findings, prescribers and 
users of HRT began to explore non-hormonal alternatives, the 
most common being black cohosh. Black cohosh is prescribed 
alone in a number of proprietary formulas, but is also used in 
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combination with other herbs and nutrients in formulations 
for menopausal symptoms.

Black cohosh for menopausal symptoms has been investi-
gated extensively in clinical trials, but not all trials have been 
convincing. This may in part be due to poor trial design, 
including small sample size and variability in the dose used. 
Many trials (including several with positive outcomes) have 
used an extract dose equivalent to 40 mg/day of dried herb, 
a dose which is low in comparison to the more traditional 
one recommended in the British Herbal Pharmacopoeia 1983  
(0.9 to 6 g/day dried root and rhizome).4

A number of recent comprehensive monographs,53 sys-
tematic reviews54,55 and a meta-analysis56 have examined the 
efficacy and safety of black cohosh for menopausal symptoms; 
this body of literature represents the most rigorous and global 
assessment of black cohosh currently available.

A systematic review published in 2008 included six dou-
ble blind, randomised, controlled trials (n=1112) of black 
cohosh for the relief of menopausal symptoms.55 Trials that 
included women suffering medically induced menopause 
were excluded. Each of the included trials focused on men-
opausal symptoms, and used a placebo or a standard drug 
treatment as control. Three of the six trials used an isopro-
panolic extract in a daily dose equivalent to 40 mg herb, 
one trial used 160 mg of a 70% ethanolic extract (equiva-
lent to 5 mg of triterpene glycosides), another used a 58% 
ethanolic extract equivalent to 40 mg of herb, and the sixth 
used 6.5 mg of a 60% ethanolic extract. Despite the authors’ 
conclusion that the evidence for the efficacy of black cohosh 
was still inconclusive, five of the six trials produced some 
positive outcomes. Details of these six studies are provided 
below.

In an early trial, Stoll used a randomised, double blind 
design in 75 women with symptoms of menopause. The 
3-month study compared treatment with black cohosh 
with conjugated oestrogens and placebo. The Kupperman 
Menopausal Index (KMI), Hamilton anxiety scale, and prolif-
eration status of vaginal epithelium were the outcome meas-
ures, and results demonstrated that black cohosh improved all 
parameters compared with placebo.57

Another 3-month randomised, double blind, multicentre 
trial involving 62 postmenopausal women also compared black 
cohosh (equivalent to 40 mg/day), conjugated oestrogens and 
placebo. Outcome measures included the Menopause Rating 
Scale (MRS), markers of bone formation and degradation, 
and endometrial thickness. Results of this trial showed that 
both active treatments were effective in reducing menopausal 
symptoms and both had beneficial effects on bone metabo-
lism. Unlike treatment with conjugated oestrogens, black 
cohosh did not affect endometrial thickness.58

Osmers and co-workers conducted a 12-week randomised, 
double blind, placebo-controlled multicentre trial involv-
ing 304 women with menopausal symptoms. Women in the 
black cohosh group received extract equivalent to 40 mg/
day, and the MRS was again the primary outcome measure. 
The women receiving black cohosh experienced significantly 
greater improvement in menopausal symptoms, especially 
hot flushes, compared with the placebo group. Women in 
early menopause benefited the most.59

A multicentre, randomised, placebo-controlled, double 
blind study was conducted by Frei-Kleiner and co-workers  
in 122 menopausal women experiencing at least three 
hot flushes daily. They were treated over 12 weeks with a 
black cohosh extract (equivalent to 42 mg herb) or placebo. 
Outcome measures were a weekly score for hot flushes, the 
Kupperman Index and the MRS. Overall the results showed 
no significant difference between the two groups. However, 
significant benefits of black cohosh were evident in women 
with more severe symptoms (Kupperman Index score of 
at least 20), and the effects of black cohosh over placebo 
almost reached significance (p=0.052) for the subgroup 
comprising perimenopausal women.60

In the HALT study, a 12-month randomised, double 
blind, trial was undertaken with 351 peri or postmenopausal 
women. They received either black cohosh (160 mg of a 70% 
ethanolic extract equivalent to 5 mg triterpene glycosides 
daily), a multi-botanical preparation (alfalfa, chaste tree, 
dong quai, false unicorn, licorice, oats, pomegranate, Siberian 
ginseng, boron; 200 mg daily), the multi-botanical plus tel-
ephone counselling to increase dietary soy intake, conjugated 
oestrogens with or without medroxyprogesterone acetate, or 
placebo. The main outcome measures were frequency and 
intensity of vasomotor symptoms. The study found no dif-
ference between the herbal interventions and placebo at 3, 
6 or 12 months, whereas the HRT resulted in a significant 
decrease in vasomotor symptoms compared with placebo 
(p<0.001).61

Bai and colleagues conducted a 3-month double blind, 
multicentre, non-inferiority trial in China in 244 women 
with menopausal symptoms. They were randomised to 
receive either black cohosh extract (equivalent to 40 mg/
day) or the synthetic steroid drug tibolone (2.5 mg/day), 
which has been shown in numerous placebo-controlled trials 
to be effective in the treatment of menopausal symptoms. 
The main outcome measures were the KI and the frequency 
of adverse events. The effects of the two treatments were 
similar and clinically relevant: in the black cohosh group 
mean KI decreased from 24.7 at baseline to 11.2 and 7.7 
after 4 and 12 weeks, respectively, while the correspond-
ing scores for the tibolone group were 11.2 and 7.5. These 
results demonstrated that the black cohosh treatment was 
as effective as tibolone treatment (non-inferiority was sta-
tistically significant, p=0.002), with the benefit-risk bal-
ance for black cohosh being significantly superior to tibolone 
(p=0.01).62

A 2010 meta-analysis by researchers at McGill University 
in Montreal included nine randomised, placebo-controlled 
trials of black cohosh-containing preparations for menopau-
sal symptoms. Four of the included trials have been reviewed 
above; the additional five trials used black cohosh in combi-
nation with other active ingredients such as St John’s wort, 
isoflavones, lignans or other herbs. Overall, the authors of this 
meta-analysis found that six of the nine studies demonstrated 
a significant effect for the black cohosh-containing interven-
tion over placebo. Combining the data from seven trials, they 
calculated an estimated improvement in menopausal vasomo-
tor symptoms of 26% (95% CI 11–40%) with black cohosh 
treatment.56 However, the value of comparing different 
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treatments in a meta-analysis is questionable. The five trials of 
black cohosh in combination with other active ingredients are 
reviewed below.

The efficacy of black cohosh in combination with St John’s 
wort was assessed in 89 symptomatic peri- and postmenopau-
sal women in a 12-week double blind, randomised, placebo-
controlled, multicentre study. The main outcome measure 
was the Kupperman Index (KI); biochemical parameters  
(hormone levels and lipid profiles) and pathology (vaginal 
atrophy) were also measured. The active treatment consisted 
of a 264 mg tablet containing 0.0364 mL of extract from black 
cohosh rhizome (equivalent to 1 mg terpene glycosides) and 
84 mg of dried extract from Hypericum perforatum, equiva-
lent to 0.25 mg hypericin. Treatment with the herbal prepa-
ration resulted in significantly greater reduction in KI scores 
after 4 (p=0.002) and 12 (p<0.001) weeks, compared with 
placebo. There were no other clinically significant differences 
between the two groups (although HDL levels decreased mar-
ginally in the placebo group). The results demonstrated this 
combination of black cohosh and St John’s wort to be effec-
tive in alleviating menopausal symptoms.63

A second study also examined the efficacy of the fixed 
combination of black cohosh and St John’s wort in women 
with menopausal symptoms. The double blind, randomised, 
placebo-controlled study included 301 women experienc-
ing menopausal symptoms with a pronounced psychologi-
cal component. They were treated with ethanolic St John’s 
wort extract and isopropanolic black cohosh extract or pla-
cebo for 16 weeks. The MRS and the Hamilton Depression 
Rating Scale were used to measure outcomes. The mean MRS 
score decreased 50% (0.46 to 0.23) in the treatment group 
and 19.6% (0.46 to 0.37) in the placebo group, whereas the 
Hamilton Depression Rating Scale total score decreased 
41.8% (18.9 to 11.0) in the treatment group compared with 
12.7% (18.9 to 16.5) in the placebo group. The herbal treat-
ment was significantly (p<0.001) better than placebo for both 
measures.64

Another randomised, double blind, placebo-controlled trial 
in 50 healthy peri- and postmenopausal women assessed a for-
mula containing standardised extracts of black cohosh, dong 
quai, milk thistle, red clover, American ginseng and chaste 
tree berry for 3 months. Frequency and intensity of meno-
pausal symptoms were monitored by way of a structured 
questionnaire, administered weekly. Biochemical tests, breast 
checks and transvaginal ultrasonography were also performed. 
Women receiving the herbal formula reported a significant 
and progressive reduction in menopausal symptoms over the 
placebo group. After 3 months there was a 73% decrease 
in hot flushes and a 69% reduction of night sweats, with a 
decrease in symptom intensity and improved sleep quality 
in the herbal group. Complete cessation of hot flushes was 
reported by 47% of women in the herbal group compared 
with 19% in the placebo group. Vaginal ultrasonography, hor-
mone levels (oestradiol, FSH), liver enzymes or thyroid-stim-
ulating hormone showed no change in either group.65

A study by an Italian group evaluated the short-term 
effects of a combination of black cohosh with isoflavones 
and lignans on acute menopause-related symptoms in post-
menopausal women using a double blind, randomised, 

placebo-controlled design. Eighty healthy, postmenopausal 
women were randomly assigned to receive either the com-
bination formula or a placebo (calcium supplement). The 
groups were similar at baseline, but after 3 months of treat-
ment the KI was significantly lower (p<0.05) in the black 
cohosh-phyto-oestrogen group compared with the placebo  
group.66

A supplement containing black cohosh and soy isoflavones 
was studied in a randomised, placebo-controlled, double blind 
multicentre 12-week trial involving 124 women who expe-
rienced at least five vasomotor symptoms every 24 h. They 
were randomised to receive daily either the black cohosh-
isoflavone supplement or placebo. The modified KI and the 
Greene Climacteric Scale were used to measure outcomes. 
After 6 and 12 weeks of treatment, all scores had improved 
in both groups compared with baseline, and there was no sta-
tistically significant difference between the supplement and 
placebo groups.67

A large scale, observational study comparing the effect of 
black cohosh alone and black cohosh in combination with St 
John’s wort also deserves mention. The study was conducted 
in Germany between March 2002 and March 2004, and 
included 6141 women with any menopausal symptoms and 
who had not taken HRT in the 4 weeks preceding the study. 
The participants had mostly mild to moderate symptoms and 
were treated with recommended doses of black cohosh mono-
therapy (isopropanolic extract equivalent to 20 mg herb per 
tablet) or combination therapy (isopropanolic extract of black 
cohosh equivalent to 30 mg herb plus St John’s wort extract 
equivalent to 245 to 350 mg herb per tablet). The treat-
ing physician determined the choice and dose of treatment. 
Patients were evaluated at baseline, 3 and 6 months, with 
some patients electing to continue for a further 6 months. 
The primary outcome measures were the MRS and the 
PSYCHE sub-score of the MRS. In women receiving black 
cohosh monotherapy, total MRS scores declined from baseline 
by 0.10 and 0.14 after 3 and 6 months, respectively, whereas 
the corresponding decreases were 0.12 and 0.18 for the com-
bination therapy, suggesting that the addition of St John’s 
wort provided an additional effect. Similarly, the changes on 
the PSYCHE sub-score were significantly greater with the 
combination therapy than with black cohosh alone (p<0.001). 
However, the data are potentially confounded by the fact that 
baseline scores for the two groups were not equal and doses 
were not fixed. Improvements were sustained by both treat-
ments at 6 and 12 months.68

In a small double blind, placebo-controlled trial, black 
cohosh had no significant anxiolytic activity in women with 
anxiety disorder due to menopause.69

Breast cancer patients with menopausal 
symptoms
Black cohosh used in the management of hot flushes in 
patients with breast cancer has also been studied in clini-
cal trials. Two such studies, with conflicting results, are 
summarised below. In an open label randomised trial, 136 
breast cancer survivors (35 to 52 years) were treated over 12 
months with a black cohosh extract for hot flushes caused 
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by tamoxifen therapy. The patients had all been treated with 
segmental or total mastectomy, chemotherapy and radiation 
therapy and were receiving tamoxifen 20 mg/day (n=46) or 
tamoxifen 20 mg/day plus black cohosh (equivalent to 20 mg 
herb per day) (n=90). Results revealed those in the inter-
vention (black cohosh) group had fewer and less severe hot 
flushes compared with controls. After 12 months’ treatment 
nearly half of those receiving black cohosh were completely 
free of hot flushes, while 24.4% of the black cohosh group 
versus 73.9% of the tamoxifen group were still reporting 
severe hot flushes (p<0.01).70

An earlier randomised, placebo-controlled trial involving 
85 breast cancer survivors stratified for tamoxifen use (59 on 
tamoxifen and 26 not on tamoxifen) did not find any effect 
of black cohosh over placebo in terms of number and sever-
ity of hot flushes. The dose of black cohosh used in this trial 
was not provided in the report. Subjects completed a 4-day 
hot flush diary at baseline and at 30 and 60 days, as well as 
a menopause symptom questionnaire at baseline and at the 
final visit. FSH and LH levels were measured in a subset of 
patients at the first and final visits, but no significant differ-
ences were detected between the two groups.71

Bone loss prevention
Bone mineral loss (osteoporosis) is a major consideration for 
postmenopausal women, as it is a major age-related source 
of morbidity and mortality. A 12-week double blind study in 
62 postmenopausal women compared the effects of a black 
cohosh preparation (equivalent to 40 mg herb per day), con-
jugated oestrogens or placebo on bone metabolism and other 
parameters. Black cohosh and conjugated oestrogens were 
found to have beneficial effects of similar magnitude on bone 
metabolism. Black cohosh treatment significantly increased 
serum levels of bone-specific alkaline phosphatase, indica-
tive of increased osteoblast activity. Treatment with con-
jugated oestrogens, however, did not produce this effect, 
but appeared to decrease the activity of osteoclasts. Hence, 
while the net effects on bone of the two treatments were 
comparable, it appeared that the mechanism of action 
differed.58

This effect of black cohosh on bone density parameters 
appears to be mild and, on current evidence, it could not be 
credibly proposed as a treatment for osteoporosis. However, 
it probably should play a role as part of an appropriate diet, 
supplementation and lifestyle regime for the prevention of 
osteoporosis in both men and women, especially those with 
borderline osteopenia.

A study in 128 women found that, while an exercise pro-
gramme favourably affected bone health, adjuvant supple-
mentation with black cohosh (40 mg/day) did not enhance 
this effect.72 Perhaps a higher dose might have been necessary 
for this experimental design.

Arthritis
In a randomised, double blind, placebo-controlled trial, 82 
male and female patients with osteoarthritis and rheuma-
toid arthritis received a licensed over-the-counter (OTC) 
herbal medicine (two tablets/day) or placebo for a period of 

2 months. The formula contained black cohosh, willow bark, 
guaiacum resin, sarsaparilla and poplar bark. Although there 
was no significant difference between the two groups for 
most symptoms, a significant decrease (p<0.05) in pain scores 
occurred for those taking the herbal formula. Many patients 
reported a decline in health related to the cold, damp, windy 
weather experienced near the end of the trial, which may 
have altered the findings. A relative improvement in mood 
scores was also noted for those taking the herbal tablets.73 The 
authors of this study advised that the results may not be rel-
evant to the activity of black cohosh, as the formulation pre-
dominantly comprised herbs containing salicylate derivatives.

Infertility
Unexplained infertility is typically defined as the failure to con-
ceive over 1 year for couples exhibiting no apparent abnormali-
ties. It is believed to occur in 15% to 30% of couples trying to 
conceive. Medically it is often treated with the fertility drug 
clomiphene citrate, which can be used in conjunction with gon-
adotropins to help trigger ovulation. In a controlled clinical trial, 
patients with unexplained infertility who had not responded 
to clomiphene therapy alone were randomly divided into two 
groups. The first group was given black cohosh dry extract at 
120 mg/day (500 mg of dried root) from days 1 to 12 of the 
cycle. Both groups received clomiphene from days 3 to 7 and 
human chorionic gonadotropin (HCG) injection close to ovula-
tion. All were recommended to have timed intercourse every 
day for the corresponding week. Endometrial thickness was 
measured on the day of the HCG injection and was found to 
be significantly thicker for the group receiving black cohosh 
(8.9±1.4 mm versus 7.5±1.3 mm, p<0.001). Serum proges-
terone concentrations measured in the luteal phase (days 
21 to 23) were significantly higher in the black cohosh group 
(13.3±3.1 ng/mL versus 9.3±2.0 ng/mL, p<0.01). The preg-
nancy rate was also significantly higher for the group given black 
cohosh (36.7% versus 13.6%, p<0.01), even after one treat-
ment cycle. These results suggest a benefit to including black 
cohosh in the medical management of infertility.74

A follow-up trial by the same group using a similar design 
found that follicular-phase black cohosh exerted a better 
activity than ethinyloestradiol in terms of improving cycle 
characteristics in 134 infertile women treated with clomi-
phene citrate. No significant difference was found regarding 
clinical pregnancy rates.75

Toxicology and other safety data

Toxicology
No toxic effects were observed from oral administration of 
standardised black cohosh extract (up to 5 g/kg/day) for 26 
weeks in rats.76 A constituent isolated from the chloroform 
fraction of black cohosh extract, likely to be actein, did not 
provoke acute toxicity when administered by intragastric 
and hypodermic routes to rabbits. The minimum lethal dose 
of this constituent was greater than 500 mg/kg (ip) in mice, 
1000 mg/kg (oral) in rats and 70 mg/kg (iv) in rabbits. In 
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subchronic toxicity studies over 30 days, the minimum lethal 
dose was greater than 10 mg/kg (ip) in mice and 6 mg/kg 
(oral) in rabbits.77

Standardised black cohosh extract did not show muta-
genic activity in the Ames test.78 Scientists from Duquesne 
University observed that the incidence of metastasis 
increased in sexually mature female transgenic (MMTV-
neu, genetically engineered) mice fed black cohosh (at 
amounts said to reflect the normal human dose, about 
0.3 mg/mouse) for 12 months. The incidence of mammary 
tumours was not increased.79 This experimental model, 
in which female mice spontaneously develop mammary 
tumours through the activation of an oncogene common in 
human breast cancer, is still highly controversial in terms of 
providing reproducible and relevant results. The experimen-
tal conditions were highly artificial (for example, feeding 
black cohosh to mice for 12 months is the equivalent of a 
woman taking it continuously for at least 30 years).

The relevance of using a mouse model to assess the safety 
of a treatment that is already widely used in the community 
can be queried; it could be that this in vivo study is nothing 
more than a scientific curiosity. The best way to assess any 
risks associated with black cohosh consumption is to study the 
health of women already taking it.

Such studies have now been published. The association 
between a range of ‘hormone-related supplements’ (includ-
ing black cohosh) containing ‘phyto-oestrogens’ and breast 
cancer incidence was reassessed in a retrospective case-
control epidemiological study.80 The US study examined 
949 cases of women with breast cancer and 1524 controls 
and specifically targeted use of black cohosh, American gin-
seng (Panax quinquefolius), red clover (Trifolium pratense), 
dong quai (Angelica sinensis) and yam products (Dioscorea 
species). After adjusting for variables such as age, educa-
tion, age at full-term pregnancy, menopause status, family 
history of breast cancer and use of HRT, intake of the above 
herbal products (as a group) was associated with a reduced 
incidence of breast cancer (adjusted odds ratio (OR) 0.65, 
95% confidence interval (CI): 0.49 to 0.87). However, it 
was only black cohosh that demonstrated a highly significant 
breast cancer protective effect (adjusted OR 0.39, 95% CI: 
0.22 to 0.70). The authors concluded that additional con-
firmatory studies are required to determine whether black 
cohosh could be used as a treatment to prevent breast 
cancer.

Within a German case-control study, associations between 
patterns of herbal product use and incidence of breast cancer 
were investigated in 10 121 postmenopausal women.81 Use of 
herbal products was inversely associated with invasive breast 
cancer (OR 0.74) in a dose-dependent manner. The two black 
cohosh subgroups (isopropanolic and other types of extracts) 
demonstrated moderate protection, but it was most marked 
for chaste tree (Vitex agnus-castus, OR 0.4). As part of the 
VITAL epidemiological study, 35 016 postmenopausal women 
were queried on their use of dietary supplements and fol-
lowed for up to 7 years.82 Black cohosh use was not found to 
be associated with an increased risk of invasive breast cancer.

However, questions remain as to whether black cohosh can 
be safely used by women with diagnosed breast cancer. While 

more information is required, findings from one clinical study 
strongly imply that black cohosh lacks any oestrogenic activity 
in breast or endometrial tissue. This was a prospective, open, 
uncontrolled safety study in which baseline status was com-
pared by blinded observers with status after 6 months of treat-
ment.83 A total of 74 women were treated with black cohosh 
extract daily (40 mg/day), and 65 women completed the study. 
Mammograms were performed and breast cells were collected 
by percutaneous fine needle aspiration biopsies at baseline and 
after 6 months. Breast cell proliferation was assessed using 
the Ki-67/MIB-1 monoclonal antibody (cells positive for this 
marker are in a state of active proliferation). Safety was moni-
tored by adverse event reporting, laboratory assessments and 
measurement of the endometrium by vaginal ultrasound.

None of the women showed any increase in mammo-
graphic breast density. Furthermore, there was no increase in 
breast cell proliferation. The mean change in the proportion 
of Ki-67-positive cells was 0.5%±2.4% for paired samples. 
The mean change in endometrial thickness was 0.0±0.9 mm. 
A modest number of adverse events were possibly related to 
treatment, but none of these was serious. Laboratory find-
ings and vital signs were normal. The findings suggest that the 
isopropanolic extract of black cohosh tested did not cause 
adverse effects on breast tissue. Furthermore, the data did not 
indicate any endometrial or general safety concerns during 6 
months of treatment.

This finding was supported by another study published at 
around the same time that found 12 weeks of black cohosh 
given to postmenopausal women had no impact on oestrogen 
markers in serum and no effect on pS2 (a potential marker of 
breast cancer activity) or cellular morphology in nipple aspi-
rate fluid.84

An observational retrospective cohort study investigated 
breast cancer patients treated at German institutions.85 Of 
18 861 patients, a total of 1102 had received therapy with 
an isopropanolic extract of black cohosh. The mean overall 
observation time was 3.6 years. Black cohosh was not linked 
with an increased risk of recurrence, but instead was associ-
ated with prolonged disease-free survival (hazard ratio 0.83).

Contraindications
A traditional contraindication is pregnancy and lactation (see 
below), except to assist with childbirth.

A systematic review of the safety and efficacy of black 
cohosh in patients with cancer concluded that black cohosh 
appears to be safe in breast cancer patients without risk for 
liver disease, although further research is needed.33

Black cohosh is contraindicated in patients with pre-existing 
liver disease.

Special warnings and precautions
As noted above, caution should be exercised in patients with 
oestrogen-sensitive malignant tumours, especially when using 
doses at the higher end of the range.

Patients on long-term black cohosh therapy should be mon-
itored for signs and symptoms of liver damage.
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Interactions
The antiproliferative effect of black cohosh extract in com-
bination with tamoxifen was assessed in vitro on 17-beta-
oestradiol-stimulated MCF-7 human breast cancer cells.86 
Dilutions of black cohosh extract in the range 10–3 to 10–5 
augmented the antiproliferative action of 10–5 tamoxifen. 
Whether this interaction also applies in vivo has not been 
established.

Although a black cohosh extract and six triterpenoid gly-
cosides isolated from it were shown to inhibit the key drug 
metabolising cytochrome P450 enzyme CYP3A4 in vitro,87 
two human drug interaction studies have indicated this does 
not occur in people. One study found that a black cohosh 
extract (40 mg twice daily, standardised to 2.5% triterpene 
glycosides) did not affect CYP3A, which is involved in the 
metabolism of about half of all pharmaceutical drugs.88 
The other study screened a black cohosh extract (1090 mg 
twice daily, each capsule standardised to 0.2% triterpene 
glycosides) for effects on the drug metabolising enzymes 
CYP3A4/5, CYP1A2, CYP2E1 and CYP2D6 in 12 healthy 
volunteers who took the extract for 28 days. There was a 
statistically significant inhibition of only CYP2D6, but the 
magnitude of the effect was small (around 7%) and deemed 
unlikely to be of clinical relevance.89 A subsequent study 
conducted by the same group, in which 18 healthy vol-
unteers took a standardised black cohosh extract for 14 
days, found no evidence for an effect on CYP2D6.90 A 
separate drug interaction study (using digoxin as a probe 
drug) found no evidence for effects on the drug trans-
porter P-glycoprotein in 16 healthy volunteers who took a 
black cohosh extract (equivalent to 40 mg herb per day) for  
2 weeks.91

The potential for black cohosh to alter the response 
to radiation therapy and four common anticancer drugs 
(docetaxel, doxorubicin, cisplatin and 4-hydroperoxycyclo-
phosphamide – 4-HC, an analogue of cyclophosphamide that 
is active in cell culture) was studied in vitro in a mouse breast 
cancer cell line. Black cohosh extract increased the cytotoxic-
ity of docetaxel and doxorubicin, decreased the cytotoxicity 
of cisplatin and did not alter the effects of 4-HC or radia-
tion.92 The relevance of these findings to the human use of 
black cohosh is uncertain.

Use in pregnancy and lactation
Category B2 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are lacking.

The traditional position is generally that black cohosh should 
not be taken during pregnancy except to assist with birth. 
According to the British Herbal Compendium black cohosh is 
contraindicated in pregnancy;93 however, this restriction is not 
listed in the Commission E.94 Black cohosh was widely used by 
the Eclectics in traditional Western herbal medicine as a partus 
preparator, if taken in the last weeks of pregnancy.5

In a 1999 survey of certified nurse-midwives in the US, 
black cohosh was used by 45% of the 90 respondents who 
used herbal medicine to stimulate labour. Adverse effects 

attributed to use of blue cohosh and black cohosh were not 
separately assigned and included nausea, increased meconium-
stained fluid and transient fetal tachycardia.95

After a normal labour, a female infant was not able to breathe 
spontaneously and sustained CNS hypoxic-ischaemic damage. A 
midwife had attempted induction of labour using a combination 
of blue cohosh and black cohosh given orally (dosage undefined) 
at around 42 weeks’ gestation.96 It was not possible to identify 
the herbal preparation as the causative agent; however, this reac-
tion may have been due to the blue cohosh (Caulophyllum thal-
ictroides) rather than to the black cohosh (see Chapter 5).

A prospective, epidemiological study investigated the 
influence of first trimester use of medications and vaccines 
in the 1950s on the occurrence of congenital malformations 
and fetal survival in approximately 3200 pregnancies. Black 
cohosh was used in 1 of 266 pregnancies where a malforma-
tion occurred and in 2 of 532 pregnancies from the compari-
son groups. The dose and duration of use of black cohosh and 
the nature of the malformation were not specified.97 Black 
cohosh could not be identified as a causative agent.

Black cohosh use should be strongly discouraged dur-
ing breastfeeding. This consideration is based on a pos-
sible oestrogenic effect. The British Herbal Compendium 
contraindicates black cohosh during lactation.93 However, the 
Commission E does not list this restriction.94

Effects on ability to drive  
or operate machinery
No adverse effects expected.

Side effects

General side effects
High doses of black cohosh can cause a frontal headache, 
with a dull, full or bursting feeling. This headache is the most 
characteristic effect observed when giving even therapeutic 
doses.98 A review published in 2000 found that mild gastro-
intestinal upset was the most frequent minor adverse event 
reported in clinical studies (average of 5.6% of patients across 
five studies). Other minor adverse events reported in clini-
cal studies included headache, vertigo, weight gain, mastalgia, 
heavy feeling in the legs and a stimulant effect. Vaginal bleed-
ing has also been reported.2

Two reviews published in 2003 confirm that adverse events 
with black cohosh are rare, mild and reversible. Gastrointestinal 
upsets and rashes are the most common adverse events. There 
is record of a few serious adverse events, including hepatic 
and circulatory conditions, but causality could not be deter-
mined.99,100 Details of some of the case reports follow.

A case was reported in 2001 of a woman diagnosed with 
grade 1 endometrioid adenocarcinoma of the endometrium 
‘whose history was notable for extensive use of supplemental 
phytoestrogens’. Herbs included chaste tree, dong quai, black 
cohosh and licorice.101 No causality was demonstrated.

A 45-year-old woman who had been taking separate bot-
tled products of black cohosh, Vitex agnus-castus and evening 
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primrose oil for 4 months had three nocturnal seizures within 
a 3-month period. The patient had also consumed one to two 
beers 24 to 48 h prior to each incident.102 It was not estab-
lished whether the herbal preparations caused the seizures.

A 26-year-old woman presented at a hospital with chest 
pain. Her heart rate and blood pressure dropped temporar-
ily during the course of monitoring. Her urine digoxin level 
was ‘elevated’ at 0.9 ng/mL (but within the normal therapeu-
tic range – 0.5 to 2.0 ng/mL). However, she was not taking 
digoxin. In addition to the contraceptive pill, she was tak-
ing a herbal preparation containing black cohosh, skullcap 
(Scutellaria lateriflora), lousewort (Pedicularis canadensis), 
hops (Humulus lupulus), valerian (Valeriana officinalis) and 
cayenne pepper (Capsicum annuum). The product was not 
available for analysis. The chest pain had started during her 
shift as a topless dancer, during which she had consumed 
four alcoholic drinks, but no illicit drugs.103 This study inap-
propriately speculated on ‘digoxin-like factors’ with cardio
tonic activity claimed to be ‘commonly’ found in herbal teas. 
The source of the patient’s symptoms remains a mystery, but  
factors that interfere with digoxin assays, yet are without car-
diotonic activity, have been reported in some herbs. (Refer to 
the Ginseng (Eleutherococcus senticosus) monograph by way 
of example.)

A case report exists of a 54-year-old woman who devel-
oped severe asthenia and high blood levels of creatine phos-
phokinase (230 to 237 U/L), lactate dehydrogenase (504 to 
548 U/L) and total cholesterol, while taking a supplement 
derived from black cohosh for the management of vasomo-
tor symptoms related to menopause. Notably the woman had 
previously taken the product for 12 months with no altera-
tion in biochemistry and had restarted the product after a 
3-month break. The black cohosh tablets contained 20 mg of 
dried rhizome and root extract. No other cause could be iden-
tified for her symptoms and she was advised to discontinue 
the product, after which a progressive normalisation of bio-
chemical parameters and improvement in clinical symptoms 
occurred.104

A case report described a 56-year-old woman diagnosed 
with cutaneous pseudolymphoma after taking a black cohosh 
product for 12 months. The localised erythematous plaques 
on her arms and legs appeared after 6 months and completely 
disappeared with withdrawal of the product for 3 months.105

Other adverse reactions attributed to black cohosh use 
include cutaneous vasculitis106 and coagulation activation 
with fluid retention (secondary to a transient autoimmune 
hepatitis).107

Liver injury
On the 9 February 2006, the Australian TGA announced the 
following:

The Therapeutic Goods Administration (TGA) reviewed the safety 
of Black cohosh (Cimicifuga racemosa) following reports of possible 
liver problems internationally and in Australia. At the time of the 
review, there were 47 cases of liver reactions worldwide, including  
9 Australian cases. In Australia, 4 patients were hospitalised, 
including two who required liver transplantation. Although some 
reports are confounded by multiple ingredients, by more than 

one medication or by other medical conditions, there is sufficient 
evidence of a causal association between Black cohosh and serious 
hepatitis. However, considering the widespread use of Black cohosh, 
the incidence of liver reaction appears to be very low. Following 
the safety review, the TGA has decided that medicines containing 
Black cohosh should include the following label statement: ‘Warning: 
Black cohosh may harm the liver in some individuals. Use under the 
supervision of a healthcare professional’.

On July 18, 2006, the Medicines and Healthcare Products 
Regulatory Agency (MHRA) in the UK issued a press release 
stating that all black cohosh products sold there should carry 
the following label warning: ‘Black cohosh may rarely cause 
liver problems. If you become unwell (yellowing eyes/skin, 
nausea, vomiting, dark urine, abdominal pain, unusual tired-
ness) stop taking immediately and seek medical advice. Not 
suitable for patients with a previous history of liver disease.’

Notwithstanding the Australian TGA’s claim at the time 
concerning the number of cases of liver damage linked to 
black cohosh (which include the adverse reaction reports 
filed with the UK MHRA and other health authorities) 
only five papers or letters had been published purporting 
to demonstrate a link between black cohosh (Actaea race-
mosa) ingestion and subsequent liver injury. It is important 
to closely examine these published reports since, because 
of the process of peer review, these represent the best-doc-
umented evidence of any association with liver injury. The 
first publication, from doctors at the Princess Alexandra 
Hospital in Brisbane, Australia, described six patients with 
evidence of severe hepatitis that was linked to taking a 
range of herbal products.108 Two of these patients were tak-
ing black cohosh, although one was also taking other herbs 
including skullcap, a herb which can be substituted by 
Teucrium species, a known hepatotoxic genus.109

The one case attributed to black cohosh alone (Case 1) 
was truly dramatic. Of the cases reported, the most serious 
illness occurred in this 47-year-old woman who was taking 
black cohosh for menopausal symptoms. She required liver 
transplantation even though, according to the publication, 
the patient had been taking the black cohosh for just 1 week. 
Histological examination of her liver confirmed severe hepati-
tis and early fibrosis. The patient did not exhibit eosinophilia 
and had no signs of any systemic disturbance. Serology for 
hepatitis A, B and C was negative, but rechallenge with the 
herb was not performed ‘for ethical reasons’. The dose of 
black cohosh taken was not specified, neither was the product.

The second publication, also from Australia, describes 
a 52-year-old woman with acute liver failure (Case 2).110 
She had been taking an herbal formula containing 1:1 liquid 
extracts prescribed by a pharmacist. Black cohosh 1:1 was 
10% of the mixture and the daily dose of the combination was 
7.5 mL twice a day. The patient underwent successful liver 
transplantation. Although the authors stated that: ‘Extensive 
investigation excluded other recognised causes of liver failure’, 
they provided no details of what these investigations were. 
Analysis by the TGA was said to confirm the presence of 
golden seal, black cohosh and Ginkgo in the herbal mixture. 
Other stated ingredients were ground ivy and oats seed.

The phenomenon of idiosyncratic hepatic reactions to drugs 
is well documented. It also appears that this reaction does 
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occur to certain herbs, for example chaparral (Larrea triden-
tata) and germander (Teucrium species). By definition, such 
reactions are rare and unpredictable and are not dose related. 
There are two types of idiosyncratic hepatic injury: hypersen-
sitivity and aberrant metabolism. The former develops 1 to 
5 weeks after exposure to the drug and, since it is immune-
mediated and acute, also involves a systemic reaction including 
rash, fever and eosinophilia. The latter takes weeks to months 
to develop and symptoms are confined to the liver. Diagnosis 
of drug-induced idiosyncratic liver injury (DILI) is very diffi-
cult and relies largely on circumstantial evidence. Factors taken 
into account include a temporal association, exclusion of other 
possible causes, a consistent latency period to those described 
above, presence or absence of hypersensitivity (systemic) fea-
tures, positive response to drug removal (dechallenge), positive 
response to rechallenge and a positive lymphocyte stimulation 
test (this last factor is quite controversial). Complicating this 
is the fact that DILI can mimic every known human liver dis-
ease.111 There are many confounding factors that could lead to 
incorrect associations between ingested medications or herbs 
and idiosyncratic liver injury. Many viruses that cause liver dis-
ease are still to be identified112 and there are no tests for them. 
Even known viruses are not always tested for. For example, a 
Dutch study published this year found that hepatitis E virus 
was a significant cause of unexplained hepatitis.113 Occult coe-
liac disease has been suggested as a cause of unexplained raised 
ALT and AST.114 Rare liver diseases may not be excluded.115,116 
Other environmental factors could be implicated.

The experience of a liver transplant unit highlights some 
key issues behind the history and incidence of severe acute 
hepatitis (fulminant hepatic failure, FHF). All adult cases 
of FHF presenting to the Victorian Liver Transplant Unit 
(Australia) from 1988 to 2002 were analysed. Eighty patients 
(mostly female) were referred, at a rate of approximately one 
case per million population per year. Mean age was about 38 
years. Most cases were due to paracetamol poisoning (36%) or 
idiopathic hepatitis (34%).110 Only five of the 80 cases were 
classified as drug induced, making this causality a rare factor. 
Other main causes included hepatitis A (three cases), hepatitis 
B (eight cases) and Wilson’s disease (six cases). The 27 cases 
(34%) of hepatitis due to unknown causes (idiopathic) is a 
surprising rate. These cases are also described as non-A non-B 
hepatitis, since patients are not positive for hepatitis A or B. 
In the USA one study found that the most common cause of 
FHF was non-A non-B (idiopathic) hepatitis.117 (Note that 
this US study was published in 1995, well before the dramatic 
rise in herbal use in that country.) Presumably unidentified 
infectious or environmental factors could cause these cases of 
idiopathic hepatitis. However, the authors of the Australian 
study state: ‘The strong female predominance of cases argues 
against a viral cause and raises the possibility that hormonal 
factors are involved, or that the condition is linked to autoim-
mune liver diseases. There is clearly a need for large, detailed, 
multicentre epidemiological studies, to provide further clues 
to a possible aetiology/ies of this syndrome.’

The demographics of idiopathic hepatitis (female, late 30s 
to early 50s) and black cohosh use strongly overlap. Hence, 
there is a distinct possibility that some patients who develop 
idiopathic hepatitis might also be coincidentally taking black 

cohosh. The herb could then be mistakenly attributed as the 
cause.

Since these initial series of cases attributing idiosyncratic 
hepatotoxicity to black cohosh, more cases have been reported. 
There have also been several publications analysing these and the 
earlier case reports, especially from the team headed by Teschke.

In 2009 the group rigorously analysed all 69 reported cases 
(at the time) and found no likelihood of causality in 68.118 Most 
cases were marred by confounding variables, misreported data 
and a lack of critical information.119 In particular, there was a 
lack of identification of the herb involved in the initial cases.120

Of high relevance here are the findings of Health Canada. 
From January 2005 to March 2009, Health Canada received 
six domestic reports of liver adverse reactions suspected of 
being associated with black cohosh. Analysis of three products 
associated with these reports revealed that they did not con-
tain authentic black cohosh. Their phytochemical profiles were 
consistent with the presence of other related herbal species. A 
review of the authenticity of all licensed products containing 
black cohosh resulted in the voluntary withdrawal of several 
products not containing authentic black cohosh, including the 
products reported in four of the adverse reaction cases.121

Studies in black cohosh users have also sought to under-
stand its impact on the liver. A prospective, longitudinal 
study recruited 100 healthy postmenopausal women from a 
hospital in Egypt. The women received black cohosh extract 
(40 mg/day) for relief of menopausal symptoms and were fol-
lowed up for 12 months. Eighty-seven women completed the 
study, which included evaluation of total hepatic blood flow 
and liver function. The study sought to investigate potential 
mechanisms of hepatotoxicity: compromise of blood flow to 
the liver or a direct toxic effect on liver cells. The following 
results were obtained after 12 months of treatment:

l	 No significant changes in hepatic artery blood flow, portal 
vein blood flow or total hepatic blood flow

l	 No significant changes in any liver function tests
l	 A significant reduction in the prevalence, daily frequency 

and severity of hot flushes, compared with baseline.122

A meta-analysis of five trials involving 1117 women found 
no evidence that the isopropanolic extract of black cohosh has 
an adverse effect on liver function.123

Overdosage
According to early data, ingestion of 5 g of the herb or 12 g 
of the fluid extract can cause nausea, vomiting, violent head-
ache, vertigo, joint pain, red eyes and weak pulse. Visual and 
nervous disturbances have also been noted.8,124,125 Some of 
these effects may have been due to the past adulteration of 
black cohosh with the poisonous plants red baneberry (Actaea  
spicata) and white cohosh or white baneberry (A. panchypoda 
(A. alba)).126 However, in the absence of any further infor-
mation such doses of black cohosh are not recommended.

Safety in children
No information available, although the Eclectics did describe 
use in children for fever.5
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Boswellia

(Boswellia serrata Roxb. ex Colebr.)

Synonyms

Boswellia glabra Roxb. (botanical synonym), Boswellia, Indian 
frankincense, Indian olibanum (Engl), Salaibaum (Ger), 
Baswellie-dentelee (Fr), (Dan) Sallaki (Sanskrit) Salai guggal 
(Hindi).

What is it?

The Boswellia shrubs and small trees belong to the same 
family (Burseraceae) as the trees that produce myrrh and 
are native to the dry tropics of Africa (especially the north-
east) and Asia. The fragrant resins exuded from many spe-
cies of Boswellia are known as frankincense or oleo-gum 
olibanum and have been used since antiquity for incense 
and embalming liquids. (Boswellia serrata resin is closely 
related to the Biblical frankincense (B. carterii).) As well as 
a long tradition of therapeutic use, particularly in Ayurveda, 
Boswellia serrata has recently been tested in clinical studies 
for a wide range of inflammatory conditions. Research has 
centred on the triterpenoids, especially the boswellic acids, 
which are considered to be responsible for the observed 
anti-inflammatory and antiarthritic activities of the resin. 
Studies on B. carterii have generally not been included in 
this review.

Effects

Reduces inflammation in a variety of body tissues; possibly 
disease modifying in osteoarthritis.

Traditional view

In Ayurveda, Boswellia resin, known as Salai guggal, is mainly 
used as an astringent and anti-inflammatory agent (when 
applied topically) and as a stimulant and expectorant (internal 
use).1 Therapeutic applications include pulmonary diseases, 
especially if chronic, rheumatic disorders, diarrhoea, dysentery, 
piles, dysmenorrhoea, gonorrhoea, syphilis and liver disorders. 
It is also used for general weakness and to improve appetite.2,3

Summary actions

Anti-inflammatory, antiarthritic.

Can be used for

Indications supported by clinical 
trials
As an anti-inflammatory agent in asthma, inflammatory bowel 
disease (Crohn’s and ulcerative colitis), rheumatoid arthritis 
(mixed results) and osteoarthritis. There is some clinical evi-
dence to suggest Boswellia may reduce oedema in patients 
with certain malignant brain tumours.

May also be used for

Extrapolation from pharmacological 
studies
Other conditions where leukotrienes and cytokines play an 
important role as inflammatory mediators. Disorders char-
acterised by elevated levels of leukotrienes include cystic 
fibrosis, psoriasis, allergic rhinitis, lupus, gout, urticaria, 
liver cirrhosis, multiple sclerosis and chronic smoking. The 
value of Boswellia for these conditions has not been estab-
lished and recently the clinical relevance of the in vitro 
inhibition of 5-lipoxygenase by boswellic acids has been 
questioned. Boswellia may have clinically significant anti-
tumour activity.

Other applications
Its anti-inflammatory properties and ability to cross the blood-
brain barrier (especially for beta-boswellic acid) suggest a 
possible role for Boswellia in the prevention of Alzheimer’s 
disease.

Preparations

The dried oleo-gum resin or a dry extract standardised for 
boswellic acids in tablet or capsule form. Boswellia resin 
requires a high content of alcohol for extraction (usually 90%) 
similar to myrrh and ginger. For this reason, Boswellia is more 
conveniently dispensed as a tablet or capsule rather than as a 
tincture, given the relatively high doses required.

Dosage

The dosage for Boswellia is 200 to 400 mg of extract three times 
a day, taken with meals. This extract is typically standardised to 
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Pharmacodynamics
The relevant pharmacodynamics of Boswellia (including B. 
carterii) and the boswellic acids have been the subject of two 
comprehensive reviews.10,11

Anti-inflammatory and related activity
Laboratory studies on Boswellia extract and boswellic acids 
have demonstrated their ability to both prevent and relieve 
inflammation. Anti-inflammatory and antiarthritic activity was 
demonstrated in several models:12 carrageenan-, histamine- 
and dextran-induced oedema, carrageenan-induced pleurisy,13 
adjuvant arthritis, formaldehyde- and bovine serum albumin 
(BSA)-induced arthritis14 and sodium urate gouty arthritis. Oral 
doses of Boswellia extract from 25 to 200 mg/kg were typi-
cally tested. The anti-inflammatory effect was not affected by 
removal of the adrenal glands, indicating the pituitary-adrenal 
axis was not involved. No significant activity occurred in cotton 
pellet-induced granuloma, which is more sensitive to steroidal 
than non-steroidal anti-inflammatory agents. In the develop-
ing adjuvant polyarthritis model, boswellic acids significantly 
reduced the development of secondary lesions. The reversal of 
syndromes of established arthritis indicated that it could control 
damage arising from immunological mechanisms.12

In adjuvant arthritis, administration of Boswellia extract or 
boswellic acids decreased the urinary excretion of connective 
tissue metabolites15 and had a beneficial effect on glycohydro-
lases and lysosomal stability.16,17 Treatment also reduced the 
degradation of glycosaminoglycans. From these results it is likely 
that Boswellia has beneficial effects in inflammatory conditions 
by suppressing proliferating tissue and preventing the degrada-
tion of connective tissue.18 Anti-inflammatory activity was also 
observed for B. carterii extract (450 to 900 mg/kg/day for 7 
days, oral) in inflammation induced by complete Freund’s adju-
vant.19 Topical application of a boswellic acid ointment dem-
onstrated a dose-dependent anti-inflammatory effect in both 
acute and chronic experimental models, including croton-oil- 
induced mouse ear oedema and adjuvant arthritis in rats.20

Oral administration of boswellic acids reduced the develop-
ment of 24 h delayed-type hypersensitivity reaction and comple-
ment fixing antibody in mice.21 Oral administration of boswellic 
acids, particularly AKBA, before treatment with galactosamine/ 

have a boswellic acid content of 60% to 70% and the dose cor-
responds to an equivalent resin intake of 2.4 to 4.8 g.

Duration of use

There are no known problems with long-term consumption. 
However, wherever possible the cause of the inflammation 
should be addressed, rather than relying only on palliation 
with Boswellia.

Summary assessment of safety

No major problems have been associated with the ingestion of 
normal doses and there are no documented interactions with 
conventional drugs. Typical adverse reactions occur with a low 
frequency and include diarrhoea and allergy.

Technical data

Botany
The Burseraceae family, to which both the Boswellia and 
Commiphora genera belong, contains trees or shrubs with 
prominent resin ducts in the bark. When the bark is cut, the 
secretion exudes and solidifies to a gum-like consistency after 
exposure to the air. Boswellia serrata is a deciduous, medium-
sized tree native to the dry hills of India. The leaves are oppo-
site, sessile and have serrated edges. Flowers occur in auxiliary 
racemes, shorter than the leaves, and are small, aromatic and 
white. The fruit is three-angled, splits into three valves and 
contains a single compressed seed.1–4

Adulteration
There are no documented adulterants, but presumably other 
species of Boswellia are possible candidates. The assessment 
of boswellic acid levels in standardised extracts is some-
times determined by simple acid-base titration. This leads 
to the possibility that a common food acid such as citric acid 
could be added as an adulterant to falsely elevate the level of 
boswellic acids measured by this means.

Key constituents
The oleo-gum-resin of Boswellia serrata contains pentacy-
clic triterpene acids (mainly beta-boswellic acid and the 
acetyl-boswellic acids: acetyl-beta-boswellic acid, acetyl-11-
keto-beta-boswellic acid (AKBA) and 11-keto-beta-boswellic 
acid),5 and tetracyclic triterpene acids.6

Other constituents include an essential oil, terpenols, mon-
osaccharides, uronic acids, sterols and phlobaphenes.7 The oils 
from Boswellia species consist of monoterpenes and sesqui-
terpenes: alpha-thujene can be a major component of the oil 
obtained from Boswellia serrata.8 The tetracyclic triterpenoid 
3-oxo-tirucallic acid (unrelated to the boswellic acids) has also 
been identified as a component of Boswellia.9
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endotoxin significantly reduced serum enzyme activity and 
potential liver damage in mice.22 (This is a model of increased 
leukotriene synthesis.) A pain-relieving activity was reported for 
Boswellia extract,23,24 but this finding was not confirmed in later 
studies.12 Weak antipyretic activity was, however, observed.12 
AKBA (50 to 200 mg/kg, oral doses) produced a dose-dependent 
and significant analgesic effect in several different experimental 
models of nociception and potentiated the analgesic effect of 
selective cyclo-oxygenase inhibitors such as nimesulide.25

Conflicting results were observed in experimental mod-
els of gastrointestinal inflammation. One study found that 
Boswellia extract did not ameliorate symptoms of colitis in 
mice,26 whereas in another AKBA and high-dose Boswellia 
extract significantly reduced tissue injury in rats with experi-
mental ileitis.27 AKBA was also found to confer protection 
in experimental murine colitis induced by dextran sodium 
sulphate, possibly by interfering with P-selectin-mediated 
recruitment of inflammatory cells.28

Boswellic acids were described as belonging to the group of 
slow-acting antiarthritic medications and inhibited latex-induced 
rat paw inflammation at oral doses of 50 to 100 mg/kg.29 Unlike 
conventional non-steroidal anti-inflammatory drugs (NSAIDs), 
ulcerogenic effects were not detected for Boswellia extract 
in animal models, and the extract even exhibited a protective 
effect on experimentally induced ulcers in rats.30 Other side 
effects of NSAIDs, such as prolonged gestation and parturition 
and diarrhoea, were not observed for the boswellic acids.12

Mechanism of action
The clinically relevant anti-inflammatory mechanisms for 
Boswellia are not fully understood. It appears to possess activ-
ity across a wide range of inflammatory diseases. While earlier 
studies have suggested the basis for anti-inflammatory activity 
is 5-lipoxygenase inhibition, this understanding has been chal-
lenged in recent times.

In early research, boswellic acids significantly inhibited the 
stimulated release of leukotrienes from intact human neutro-
phils, with AKBA being the most potent.31 Boswellia extract 
also reduced the formation of leukotrienes by inhibiting the 
enzyme 5-lipoxygenase in vitro.32

Boswellic acids appeared to exert a specific in vitro inhibi-
tory activity on 5-lipoxygenase, with little effect on cyclo-oxy-
genase (which produces prostaglandins) or 12-lipoxygenase, 
although some inhibitory activity on both these enzymes has 
been recently found in human platelets.33 The mechanism of 
action is therefore quite distinct from conventional NSAIDs, 
which inhibit prostaglandin production. Compounds that 
inhibit 5-lipoxygenase usually do so because they are antioxi-
dants. However, the action of the boswellic acids does not rely 
on antioxidant properties and for these reasons it is described as 
novel and specific.34,35 It was concluded that Boswellia could be 
a useful treatment in leukotriene-mediated inflammation and 
hypersensitivity-based disorders. Some degradation products of 
boswellic acids are also potent inhibitors of 5-lipoxygenase.36

There is a suggestion from in vitro research that the action 
of Boswellia on 5-lipoxygenase is biphasic.37 Concentrations 
greater than 10 to 15 µg/mL inhibited the enzyme in stimu-
lated neutrophils, as noted previously. In contrast, lower 

concentrations of extracts (1 to 10 µg/mL) potentiated 
5-lipoxygenase product formation. It was proposed in one 
study that this stimulatory effect on 5-lipoxygenase activ-
ity may be due (at least in part) to 3-oxo-tirucallic acid and 
related compounds, rather than the boswellic acids.38,39

A 2009 study found that while the 11-keto-boswellic acids 
efficiently suppressed 5-lipoxygenase activity in isolated neutro-
phils, this effect was absent in whole human blood.40 A single 
dose (800 mg) of Boswellia extract to 12 healthy male volunteers 
failed to suppress leukotriene B4 (a product of 5-lipoxygenase) 
in plasma. The authors suggested that, since leukotrienes do not 
play a major role in osteoarthritis and inflammatory bowel dis-
ease, a lack of clinical activity on 5-lipoxygenase is actually con-
sistent with the observed value of Boswellia for these disorders. 
Their findings certainly question the relevance of 5-lipoxygenase 
inhibition to the pharmacological activity of Boswellia. However, 
unpublished results quoted in a recent review claimed inhibi-
tion of cysteine-leukotriene formation in stimulated granulocytes 
ex vivo from healthy humans given 1200 mg of a commercial 
Boswellia extract.11 The inhibitory effect was more than 90% 
with a maximum 6 h after intake, which corresponds with the 
known pharmacokinetics of boswellic acids.

That the anti-inflammatory mechanism of Boswellia is 
not confined to the inhibition of leukotriene formation was 
highlighted in a 2006 review.41 There is suggestion from in 
vitro studies that Boswellia can alter the production of pro-
inflammatory cytokines. AKBA and acetyl-alpha-boswellic 
acid downregulated tumour necrosis factor alpha (TNF-alpha) 
in stimulated peripheral monocytes by inhibiting NF-kappaB 
signalling.42 A related species (Boswellia carterii) inhibited 
Th1 cytokines and promoted Th2 cytokines in vitro.43 One 
mechanism by which TNF-alpha causes inflammation is by 
potently inducing the expression of adhesion molecules such 
as VCAM-1 (vascular cell adhesion molecule 1). This was 
completely prevented by Boswellia extract in vitro for isolated 
human microvascular endothelial cells.44

Boswellic acids were also found to inhibit another pro-inflam-
matory enzyme in vitro: human leukocyte elastase (HLE). The 
dual inhibition of both 5-lipoxygenase and HLE is apparently 
unique to these compounds.45 They also possess anticomple-
mentary activity in the classical and alternative complement 
pathways. A key enzyme of the classical complement pathway 
(C3-convertase) was inhibited.46,47 (Complement is a blood-
based enzymatic cascade that serves to amplify, or complement, 
other inflammatory processes in the body. It is particularly impli-
cated in the inflammation that occurs in rheumatoid arthritis.)

Like HLE, cathepsin G (catG) is another serine protease 
found in neutrophil granules that may participate in the 
breakdown of ingested pathogens and other inflammatory 
responses. CatG inhibitors have potential in the treatment of 
inflammatory conditions such as asthma, emphysema, psoria-
sis and rheumatoid arthritis.10 Boswellic acids exhibited a high 
and specific binding affinity for catG in vitro and potently 
suppressed the proteolytic activity of catG in a competitive 
and reversible manner.48 Related serine proteases were signifi-
cantly less sensitive in vitro, including HLE, or not affected 
at all. Boswellic acids inhibited chemoinvasion but not chemo-
taxis of challenged neutrophils in vitro and suppressed catG 
induced calcium mobilisation in human platelets in vitro. Oral 
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administration of a defined Boswellia extract to 12 healthy 
volunteers (800 mg single dose) and to five patients with 
Crohn’s disease (2400 mg/day) significantly lowered the catG 
activity of various blood samples.11 This research represents 
an intriguing development in the understanding of the anti-
inflammatory activity of Boswellia.

Anti-allergic activity
An extract of Boswellia containing 60% AKBA was evaluated 
for anti-allergic and mast cell stabilising activity using passive 
rat paw anaphylaxis and induced degranulation of mast cells as 
the experimental in vivo models.49 The extract inhibited the 
anaphylaxis reaction in a dose-dependent manner at oral doses 
of 20, 40 and 80 mg/kg, but was not as strong as dexametha-
sone (0.27 mg/kg). Similarly, a dose-dependent inhibition of 
mast cell degranulation was observed at the above doses.

Anticancer activity
Boswellia extract and boswellic acids have shown anticancer 
activities in cell cultures, including inhibition of cell growth and 
DNA synthesis.50,51 The induction of differentiation and apop-
tosis (possibly due to topoisomerase I inhibition) suggests that 
boswellic acids may be useful in the treatment of leukaemia.52–54

The ability of boswellic acids (such as boswellic acid ace-
tate and AKBA) to induce in vitro apoptosis has been demon-
strated in the following tumour cell lines: myeloid leukaemia 
cells,55 metastatic melanoma and fibrosarcoma cells,56 various 
leukaemia, haematological and brain tumour cell lines,57 colon 
cancer cells,58 liver cancer Hep G2 cells59 and malignant gli-
oma.60 In addition AKBA was found to be cytotoxic towards 
meningioma cells in vitro.61,62 A useful and extensive review 
of the anticancer activity of the boswellic acids is available,63 
as is a discussion of their molecular targets in this context.64

Topical application of Boswellia extract with the tumour 
promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) inhib-
ited the expected formation of skin tumours in mice.65,66 
Boswellic acids have also been shown to inhibit tumour growth 
in vivo using a rat brain tumour model (glioma), albeit at quite 
high doses (720 mg/kg boswellic acids).67 The effect was dose 
dependent. In mice carrying prostate cancer cell tumours, sys-
temic doses of AKBA inhibited tumour growth and triggered 
apoptosis in the absence of systemic toxicity.68

Other activity
Boswellia resin demonstrated lipid lowering activity in 
vivo.69–71 It is interesting that another Ayurvedic remedy, the 
resin from a plant in the same family, Commiphora mukul, has 
demonstrated hypocholesterolaemic activity both in vivo and 
in clinical trials, although a recent trial has cast doubt on its 
clinical efficacy.72

Oral doses of AKBA (100 mg/kg) and nimesulide (2.42 mg/kg) 
for 15 days significantly reversed the age-induced deterioration of 
memory, cognitive performance and meta-function in mice.73

The 11-methylene analogue of 11-keto-boswellic acid (KBA), 
namely beta-boswellic acid, potently induced calcium mobilisa-
tion in platelets in vitro.74 Pivotal protein kinases were activated, 
resulting in functional platelet responses such as thrombin genera-
tion, liberation of arachidonic acid and aggregation.

Pharmacokinetics
Boswellic acids have also been shown to cross the blood-brain 
barrier in rats.75 Permeation studies of Boswellia extract in 
the in vitro Caco-2 model of intestinal absorption found poor 
permeability for AKBA and moderate absorption of KBA.76 
Most of these compounds were retained in the Caco-2 mon-
olayer. In rat liver microsomes and hepatocytes, as well as 
in human liver microsomes, KBA but not AKBA, underwent 
extensive phase I metabolism.77 This was verified in vivo, 
where it was found that KBA undergoes extensive first-pass 
metabolism, whereas AKBA does not. Hence, metabolism 
(e.g. deacetylation) is not mainly responsible for the relatively 
low bioavailability of AKBA.

The human bioavailability of boswellic acids has been 
established in several pharmacokinetic studies. These indicate 
that beta-boswellic acid exhibits relatively better bioavail-
ability than KBA and AKBA. Twelve healthy adult men were 
given capsules containing 333 mg of Boswellia extract after a 
7-day washout period.78 Venous blood samples, drawn at vari-
ous times after administration of the herb, were analysed for 
KBA. A mean peak plasma level of 2.72±0.18 µM was reached 
at 4.50±0.55 h, with an elimination half-life of 5.97±0.95 h. 
These results suggested that Boswellia is best taken orally 
every 6 h and that this should achieve steady-state plasma lev-
els after approximately 30 h.

In a randomised, open, single-dose, two-way cross
over study, 12 healthy male volunteers received 786 mg of 
Boswellia extract either with or without a standard high-fat 
meal.79 Plasma concentrations of boswellic acids were meas-
ured up to 60 h after oral dosing. Administration in conjunc-
tion with a high-fat meal led to a substantial improvement 
in the bioavailability of the boswellic acids. For example, the 
maximum concentration for AKBA and KBA respectively 
was 6.0 and 83.8 ng/mL for the fasted conditions versus 28.8 
and 227 ng/mL with food. However, as might be expected, 
the time at which this and other maxima were reached was 
delayed by the meal. In contrast, a pilot study involving six 
healthy volunteers found an average concentration of KBA of 
43 ng/mL 2 h after the administration of 500 mg of a Boswellia 
extract.80 No relationship to meals was specified.

Steady-state concentrations of boswellic acids in the 
plasma of Crohn’s disease patients receiving 2400 mg/day of 
a Boswellia extract were 6.35±1.0 µM for beta-boswellic acid, 
0.33±0.1 µM for KBA and 0.04±0.01 µM for AKBA.11

As part of a method validation process, 10 different 
boswellic acids were found in the plasma of a brain tumour 
patient (glioblastoma multiforme) who took 3144 mg/day of 
Boswellia extract for 10 days.81 The highest concentration 
was found for beta-boswellic acid at 10.1 µM.

Clinical trials

Arthritis
A significant improvement in symptoms was observed for 60 
rheumatoid arthritis (RA) patients after receiving 6 to 8 weeks 
of treatment with boswellic acids in an open label study.82 After 
reviewing the successful results of preclinical toxicology and 
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efficacy studies, an uncontrolled clinical trial was undertaken at 
the orthopaedic department of Government Medical College, 
Jammu, India.83,84 Results for 175 RA patients were ‘excellent’ for 
14% and ‘good’ for 44%. Most patients taking Boswellia had some 
improvement in symptoms such as pain, stiffness and poor grip 
strength. Improvement occurred after 2 to 4 weeks of treatment.

In another uncontrolled study, Boswellia extract was given to 
30 patients with RA.85 The percentage of patients with detect-
able C-reactive protein was 63% initially, but this decreased to 
47% after 6 months of treatment, a significant finding. This sug-
gests that Boswellia may have a disease-modifying effect in RA.

The clinical efficacy of a herbomineral formulation con-
taining Withania somnifera, Boswellia serrata, Curcuma 
longa (turmeric) and a zinc complex was evaluated in a ran-
domised, double blind, placebo-controlled, crossover study in 
42 patients with osteoarthritis.86 The treatment period was 
3 months, with a 15-day washout period before crossover  
and then another 3 months of treatment. Clinical efficacy 
was evaluated every fortnight on the basis of such findings as 
severity of pain, morning stiffness, joint score, disability score 
and grip strength. Treatment with the herbomineral formula-
tion produced a significant drop in pain (p<0.001) and dis-
ability (p<0.05). However, X-ray assessment of joints did not 
show any significant changes.

The above herbomineral formulation was also evaluated 
in a randomised, double blind, placebo-controlled, cross-over 
trial of 20 RA patients for a period of 3 months. Significantly 
greater relief of pain, decreased morning stiffness, Ritchie 
Articular Index, joint score and erythrocyte sedimentation 
rate (ESR) were observed for those treated with the product. 
Seroconversion occurred for most of the treated patients, but 
radiological assessment did not show significant changes in 
either group.87

Etzel in 1996 reviewed 12 controlled clinical trials con-
ducted in Germany or India (including those cited above) that 
assessed the effects of Boswellia in the treatment of RA.88 Of 
these studies, only two were double blind, placebo-controlled 
trials, so results were difficult to interpret overall. However, 
summarising the results of different studies, Etzel suggested 
the following:
l	 There was a benefit from Boswellia treatment over placebo 

in patients suffering from RA for several years and in 
patients who responded poorly to conventional treatment.

l	 Boswellia was apparently as effective as gold therapy for RA.
l	 Some children suffering from chronic juvenile arthritis 

particularly benefited from Boswellia treatment.
l	 Tolerance was good and side effects were mild, such as 

diarrhoea and urticaria.

These positive outcomes contrast with a subsequent German 
study that found, under double blind, placebo-controlled con-
ditions, that Boswellia was not more effective than placebo in 
patients with chronic polyarthritis (presumably mainly RA).89 
The authors of this study reserved their judgement, suggesting 
that a larger trial than the one they conducted was necessary to 
confirm or reject the use of Boswellia in RA sufferers, especially 
since the dropout rate in their trial was quite high.

An extract of Boswellia standardised to 40% boswellic 
acids by HPLC (high-performance liquid chromatography) 

yielded good results in the treatment of osteoarthritis.90 A ran-
domised, double blind, placebo-controlled, crossover study was 
conducted to assess the efficacy, safety and tolerability of the 
Boswellia extract (1000 mg/day) in 30 patients with osteoarthri-
tis of the knee, 15 each receiving active treatment or placebo 
for 8 weeks. After the first intervention, washout was given 
and then the groups were crossed over to receive the opposite 
intervention for 8 weeks. All patients receiving herbal treatment 
reported a significant decrease in knee pain, increased knee 
flexion and increased walking distance. The frequency of swell-
ing in the knee joint was substantially decreased, but radiologi-
cally there was no change. Boswellia was well tolerated by the 
patients, except for minor gastrointestinal adverse reactions.

Since the boswellic acids were considered to be specific, 
non-redox inhibitors of 5-lipoxygenase and hence leukotriene 
biosynthesis, research attention as noted above had previously 
focused on the effects of Boswellia in inflammatory joint dis-
eases such as RA. Despite this research focus on RA, herbal 
clinicians also favoured the use of Boswellia in osteoarthri-
tis. The results of the above trial provided the first good evi-
dence to support this application. What was striking about the 
trial was the substantial clinical benefit observed. Results were 
highly statistically significant (p<0.001) and changes in treat-
ment parameters were quite large. For example, in the first 
8-week treatment period before crossover, the pain index in 
the Boswellia group fell from 2.7±0.45 to 0.26±0.45, the loss 
of movement index was reduced from 2.8±0.41 to 0.30±0.48 
and the swelling index went from 1.1±0.91 to zero. The group 
receiving the placebo treatment after crossover showed sub-
stantial deterioration over the ensuing 8 weeks, suggesting that 
the 21-day washout period before crossover was insufficient. 
Although this is a flaw in the experimental design, it suggests a 
substantial residual therapeutic benefit after stopping Boswellia.

A prospective, randomised study conducted in India 
assessed the efficacy and tolerability of Boswellia extract 
in comparison to valdecoxib, a selective COX-2 inhibitor.91 
Sixty-six patients aged between 40 and 70 years with primary 
osteoarthritis of the knee, diagnosed according to the criteria 
of the American College of Rheumatology, were recruited. 
X-rays confirmed the diagnosis. Patients were assessed by 
the WOMAC scale at baseline and at monthly intervals 
until 1 month after discontinuation of 6 months’ therapy. 
The WOMAC (Western Ontario and McMaster Universities 
Osteoarthritis Index) scale consists of questions based on the 
three symptoms (pain, stiffness and difficulty in perform-
ing daily activities), to which the patient assigns a number 
between 0 and 100. Patients received either 1000 mg stand-
ardised Boswellia extract (containing 40% boswellic acids, 
which corresponded to a dose of 400 mg/day of boswellic 
acids) or valdecoxib 10 mg/day. There were 33 patients in 
each treatment group. During the trial patients were permit-
ted to continue receiving physiotherapy and take a rescue 
medication (ibuprofen).

Results indicated that Boswellia extract was as effective 
as valdecoxib for knee osteoarthritis. In comparison with 
valdecoxib, Boswellia had a slower onset of action but the 
effect persisted after the discontinuation of therapy (unlike 
valdecoxib). The implications of this trial are that Boswellia 
is effective for knee osteoarthritis but needs to be taken 
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for at least 2 months to establish the full clinical effect. 
Furthermore, the slow onset and slow washout of benefit sug-
gests it could be disease modifying.

In a trial published in 2008, 75 patients with knee osteo-
arthritis received either Boswellia extract (containing 100 or 
250 mg/day of an AKBA-enriched selective boswellic acid 
extract) or placebo for 90 days. Boswellia conferred a clini-
cally and statistically significant dose-response improvement 
in pain and physical function scores. Symptom alleviation was 
faster in the higher dose Boswellia group (as early as 7 days) 
and a significant reduction in synovial fluid levels of matrix 
metalloproteinase-3 (a cartilage-degrading enzyme) was also 
observed for the Boswellia groups.92

A later study evaluated the activity of this AKBA-enriched 
selective boswellic acid extract at 100 mg/day against a simi-
lar extract with enhanced bioavailability (also at 100 mg/day) 
and a placebo in 60 patients with knee osteoarthritis.93 A dou-
ble blind, randomised, placebo-controlled design was used, 
with a trial period of 90 days. At the end of the study, both 
Boswellia extracts conferred clinically and statistically signifi-
cant improvements in pain and physical function scores ver-
sus placebo (various p values). Significant improvements were 
recorded as early as 7 days for the enhanced bioavailability 
extract, which demonstrated better activity than the other 
extract. By 90 days, some clinical changes for the enhanced 
bioavailability extract were particularly marked. For exam-
ple, the WOMAC pain subscale fell by 69% (p<0.0001 ver-
sus placebo) and the WOMAC stiffness subscale by 70.1% 
(p<0.0001 versus placebo) from baseline.

A formulation containing Withania, Boswellia, turmeric and 
ginger was shown to be effective in osteoarthritis in a dou-
ble blind, randomised, placebo-controlled trial involving 99 
patients.94 Concurrent NSAIDs or analgesics were not permit-
ted. Significant improvements were noted for pain (visual ana-
logue scale) (p<0.05) and a modified WOMAC score (p<0.01) 
by the end of trial (32 weeks). There was no significant differ-
ence in type and number of adverse effects between active and 
placebo, although 28 patients did not complete the trial.

Ulcerative colitis
A group of Indian and German scientists conducted an 
open, non-randomised pilot study to test the hypothesis that 
Boswellia might be beneficial for the treatment of ulcerative 
colitis. For the study, 34 patients (18 with grade II and 16 with 
grade III colitis) were given 350 mg of Boswellia resin three 
times a day, and eight patients (five with grade II and three 
with grade III colitis) were given the drug sulfasalazine, 1 g 
three times a day. The authors commented that the cost of the 
drug was responsible for the small control group. Symptoms 
such as abdominal pain, loose stool, mucus and blood improved 
in both groups, with results for the control sulfasalazine group 
slightly better than the Boswellia group. Sigmoidoscopic exam-
ination for the grading of the disease and rectal biopsies both 
showed substantial improvements in the two treatment groups, 
and there was no statistically significant difference between 
them. About 80% of the patients receiving Boswellia went into 
remission. The authors concluded that, although they could 
not statistically confirm the superiority of Boswellia over sul-
fasalazine, the data suggest that it is at least not inferior.95

Twenty patients with chronic colitis received Boswellia 
gum resin (900 mg/day for 6 weeks) and another 10 patients 
were given sulfasalazine (3 g/day for 6 weeks) in an open label 
trial.96 Out of 20 patients treated with Boswellia, 18 went 
into remission (90% compared with 60% for sulfasalazine).

Asthma
In a double blind, placebo-controlled clinical study, 80 
patients with chronic asthma were treated with 900 mg/
day of Boswellia, gum resin or placebo for 6 weeks.97 Only 
27% of patients in the control group showed improvement, 
whereas 70% of patients taking Boswellia improved. After tak-
ing Boswellia, positive changes were observed for shortness of 
breath, number of attacks and respiratory capacity as well as 
indicators of inflammation. Comparing the Boswellia group 
with the placebo group, there was a significant improvement in 
forced expiratory volume (in 1 second), a measure of bronchial 
obstruction (p=0.0001). Peak expiratory flow rate, a measure 
of lung capacity, was also significantly increased (p=0.0001). 
The number of asthma attacks was lower in the Boswellia 
group (p=0.0001). Additionally, Boswellia treatment showed 
substantial improvements (compared with placebo) in second-
ary outcome parameters such as rhonchi, eosinophil count, 
ESR and respiratory rate (p<0.05). Two patients who received 
Boswellia complained of epigastric pain and nausea.

It should not be assumed that inhibition of leukotrienes is 
the only mechanism by which Boswellia might provide benefi-
cial effects for asthma, especially given the antiallergic activity 
from experimental models.

Crohn’s disease
The safety and efficacy of a Boswellia extract was compared 
against mesalazine for the treatment of 102 patients with 
active Crohn’s disease in an 8-week randomised, double blind 
European study.98 The primary clinical outcome measured 
was the change in Crohn’s Disease Activity Index (CDAI). 
After therapy with Boswellia extract (3.6 g/day) the average 
CDAI was reduced by 90, compared with a reduction of 53 
for the mesalazine group (4.5 g/day). The authors concluded 
that the Boswellia extract was as effective as mesalazine, 
which is the current anti-inflammatory treatment for this  
disorder. Considering the observed fewer side effects and  
better safety profile of Boswellia, they suggested that this 
novel herbal treatment appears to be superior to mesalazine in 
terms of a risk-benefit evaluation.

In contrast, a 52-week double blind, placebo-controlled 
randomised trial in 108 patients with Crohn’s disease found 
2400 mg/day of a Boswellia extract was not superior to pla-
cebo in terms of maintaining remission.99 However, only 66 
patients completed the trial due to early termination and the 
extract did not seem to deliver high plasma levels of boswellic 
acids relative to other studies (see under Pharmacokinetics).11 
Boswellia treatment was well tolerated.

Brain tumours
Malignant brain tumours produce highly active forms of 
leukotrienes and this causes localised fluid build-up in the 
brain around the tumour, which damages healthy nerve 
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cells. Twelve patients with malignant glioma, a type of brain 
tumour, were given 3600 mg/day of Boswellia extract (stand-
ardised to 60% boswellic acids) for 7 days prior to surgery.100 
Ten patients showed a decrease in fluid around the tumour, 
with an average reduction of 30% in eight of the 12 patients. 
Signs of brain damage decreased during the treatment; one 
patient became worse. Vomiting as a side effect was observed 
in one patient. This resulted in the European Commission 
declaring Boswellia as an orphan drug (a drug with no spon-
sors to fund the registration process) for the treatment of 
oedema resulting from brain tumours.75

Nineteen children and adolescents with intracranial tumours 
received palliative therapy with Boswellia extract at a maximum 
dose of 126 mg/kg/day for up to 26 months.101 All patients 
were previously treated with conventional therapy. An anti-
oedematous effect was demonstrated by MRI in one patient. 
Five of the 19 children reported an improvement of general 
health (perhaps a placebo effect). Some objective improve-
ment, sometimes transient, was observed in seven patients.

Twelve patients with brain tumours and progressive 
oedema caused by either the tumour or treatment were given 
3600 mg/day Boswellia extract for 4 weeks.102 Oedema was 
reduced in five patients. Of five patients with treatment-
related leukoencephalopathy, the clinical improvement fol-
lowing Boswellia was sustained for several months.

Forty-four patients with primary or secondary malignant 
cerebral tumours were randomly assigned to radiotherapy plus 
either 4200 mg/day Boswellia extract or placebo in a double 
blind trial.103 Compared with baseline and measured immedi-
ately after the end of radiotherapy, a greater than 75% reduc-
tion in cerebral oedema was observed in 60% of the patients 
receiving Boswellia versus 26% receiving placebo (p=0.023). 
The dexamethasone dose during radiotherapy did not sig-
nificantly differ between groups. The tumour/oedema vol-
ume ratio decreased only in the Boswellia group, suggesting 
an antitumour effect in addition to the anti-oedema activity. 
However, progression-free survival did not differ between the 
groups. Nonetheless, the better tumour response to radio-
therapy was an unexpected finding. Common adverse events 
associated with radiotherapy were similar in both groups, 
although gastrointestinal discomfort was probably higher in 
the Boswellia group. While boswellic acids could be detected 
in patients’ serum, the level of AKBA was quite low and could 
not be detected. Compliance with the high dose of extract 
used was an issue.

Other conditions
Collagenous colitis is a form of microscopic colitis of unknown 
aetiology and pathogenesis. The main symptom is chronic 
watery diarrhoea with few or no endoscopic abnormalities. 
Patients (n=31) with proven collagenous colitis were ran-
domised to receive either 400 mg of Boswellia extract three 
times daily or placebo for 6 weeks in a double blind, ran-
domised placebo-controlled trial.104 Clinical remission at the 
end of the trial was higher in the Boswellia group (64% versus 
26% for protocol, p=0.04; 44% versus 27% intention-to-treat, 
p=0.25). The authors concluded that results were promis-
ing and larger trials are necessary to confirm any benefit from 
Boswellia for this disorder.

A multicentre veterinary clinical trial was conducted by 
10 practising veterinarians in Switzerland involving 29 dogs 
with degenerative chronic joint and spinal osteoarthritis.105 
An extract of Boswellia was administered in food at a dose 
of 400 mg/10 kg/day over 6 weeks. A statistically significant 
reduction in signs such as intermittent lameness and stiff gait 
were reported after 6 weeks. In five dogs reversible brief epi-
sodes of diarrhoea and flatulence occurred, but only in one 
case was a relationship to the Boswellia treatment suspected.

Toxicology and other safety data

Toxicology
Toxicity studies have generally shown that boswellic acids pos-
sess very low acute toxicity and cause no adverse effects after 
chronic administration. The oral and intraperitoneal LD50 was 
greater than 2 g/kg in mice and rats. No significant changes 
were observed in general behaviour, or in clinical, haemato-
logical, biochemical and pathological data after chronic oral 
administration.106 A Boswellia extract enriched with 30% 
AKBA exhibited an oral LD50 >5 g/kg in rats and was classi-
fied as non-irritant to the skin.107 A subacute toxicity study of 
the same extract over 90 days at up to 2.5% of feed indicated 
no adverse effects. However, one study involving experimen-
tally induced colitis in mice found hepatotoxic effects for a 
methanolic extract at 1% of feed for 21 days, which was also 
supported by in vitro data.26

Contraindications
None known.

Special warnings and precautions
Caution in patients with a known allergic tendency. This 
is based on the fact that other resinous herbs such as myrrh 
are known to cause various allergic reactions and that allergic 
reactions have been reported for Boswellia (see below).

Interactions
No interactions have been reported in the literature.

Extracts of the oleo-gum, resin of Boswellia carterii, 
Boswellia frereana, Boswellia sacra and Boswellia ser-
rata, were identified as equally potent, non-selective 
inhibitors of the major drug-metabolising CYP enzymes 
1A2/2C8/2C9/2C19/2D6 and 3A4 in vitro.108 Although 
the boswellic acids could be identified as moderate to potent 
inhibitors of the applied CYP enzymes, they were not the 
major CYP inhibitory principles. The clinical significance of 
these in vitro findings is uncertain.

Use in pregnancy and lactation
Category B1 – no increase in frequency of malformation or 
other harmful effects on the fetus from limited use in women. 
No evidence of increased fetal damage in animal studies.

Treatment of pregnant rats with a boswellic acid fraction 
(250 to 1000 mg/kg, oral route) revealed no significant effects 
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on gestation period, litter size and weight of offspring at 
birth. No gross morphological or skeletal abnormalities were 
recorded. This generation of offspring in turn produced a nor-
mal number of normal offspring.106

Boswellia is likely to be compatible with breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects are expected.

Side effects
Contact dermatitis has been caused by Boswellia spp.109 
Boswellia was well tolerated in clinical trials for the treatment 
of RA and Crohn’s disease. Very mild side effects such as diar-
rhoea and urticaria were reported.88

Overdosage
No incidents found in the published literature.

Safety in children
No information available but adverse effects are not 
expected.

Regulatory status in selected 
countries

In the UK Boswellia is not included on the General Sale List 
and it was not included in the Commission E assessment in 
Germany.

Boswellia does not have GRAS status in the USA. 
However, it is freely available as a ‘dietary supplement’ in the 
USA under DSHEA legislation (Dietary Supplement Health 
and Education Act of 1994).

In Australia Boswellia is not included in Part 4 of Schedule 
4 of the Therapeutic Goods Regulations and is freely available 
for sale.
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Buchu

(Agathosma betulina (Bergius) Pill.)

Synonyms

Barosma betulina (Bergius) Bartl. et Wendl. (botanical syno-
nym), bucco (Engl), Barosmae folium (Lat), Bukkostrauch, 
Buccoblätter (Ger), buchu (Fr), diosma (Ital), bukko (Dan).

What is it?

Buchu is a South African herb extensively employed as a uri-
nary antiseptic and may also be used in laxative and carmina-
tive formulas. The Hottentots use buchu leaves to perfume 
their bodies. (The Agathosma genus is native to South Africa, 
especially the southwest Cape region.) The essential oil is a 
component of artificial fruit flavours, especially blackcurrant, 
and it may be found in trace amounts in a wide variety of food 
products and beverages.

The leaves are the part most commonly used for therapeu-
tic purposes and should be harvested whilst the plant is flow-
ering and fruiting. They possess a strongly aromatic taste and 
a curious blackcurrant-peppermint-like odour.

Effects

Disinfects the urinary tract and acts as a mild diuretic.

Traditional view

Buchu was used to treat gravel, inflammation and catarrh 
of the bladder.1 According to the Eclectics, buchu is an aro-
matic stimulant and tonic that promotes the appetite, relieves 
nausea and flatulence, and acts as a diuretic and diaphoretic.  
Its principal use was in the treatment of chronic diseases of 
the genitourinary tract including chronic inflammation of the 
mucous membranes of the bladder, irritable conditions of  
the urethra, for urinary discharges (particularly mucopurulent 
discharges), abnormally acidic urine with a constant desire to 
urinate and little relief from micturition, and incontinence 
associated with a diseased prostate.2

Summary actions

Urinary antiseptic, mild diuretic.

Can be used for

Traditional therapeutic uses
Urinary tract infection, dysuria, cystitis, urethritis and prostatitis.

May also be used for

Other applications
Buchu may be included as an aroma or taste enhancer in 
herbal tea mixtures.3

Preparations

Dried leaf as a decoction, liquid extract, tincture, tablets or 
capsules for internal use. As with all essential oil-containing 
herbs, use of the fresh plant or carefully dried herb is advised. 
Keep covered if infusing the herb to retain the essential oil.

Dosage

l	 3 to 6 g/day of the dried leaf or as an infusion
l	 2 to 4 mL/day of 1:2 liquid extract, 5 to 10 mL/day of 1:5 

tincture.

Duration of use

May be taken long term for most applications.

Summary assessment of safety

May occasionally cause gastrointestinal irritation if taken on 
an empty stomach. Other species of Agathosma contain high 
levels of pulegone and are contraindicated in pregnancy.

Technical data

Botany
Agathosma betulina, a member of the Rutaceae (citrus) family, 
is a low shrub that can grow to a height of 2 m. The leaves are 
rhomboid-obovate in shape, 12 to 20 mm long and 4 to 25 mm 
broad, with a blunt and recurved apex. Numerous small oil 
glands are scattered throughout the lamina and large oil glands 
are situated at the base of each marginal indentation and at 
the apex. The flowers have five whitish petals and the brown 
fruits contain five carpels.4 The leaves become brittle and 
coriaceous when dried and when moistened become mucilagi-
nous.4 They have a spicy odour and a pungent and spicy taste.5

Adulteration
The Khoi-San (a native South African tribe) name ‘buchu’ is 
applied to any aromatic herb or shrub that they find suitable for 
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Pharmacodynamics

Antimicrobial activity
An early in vitro study demonstrated some activity for the 
alcoholic extract of buchu against microflora typical of urinary 
tract infections.15 However, only the essential oil showed con-
siderable activity against all the test organisms.

More recently poor or absent antimicrobial activity 
was observed for buchu essential oil against five different 
microorganisms using the zone of inhibition technique.16 
This finding was somewhat supported by a later study that 
found only moderate activity, with minimum inhibitory con-
centrations (MIC) for the oil varying from 4 to 32 mg/mL  
(depending on the microorganism tested for Bacillus cereus, 
Staphylococcus aureus, Klebsiella pneumoniae and Candida 
albicans), as determined by a microtitre plate dilution 
method.17 In fact, the methanol:dichloromethane (1:1) 
extract of buchu leaf was more active than its hydrodistilled 
essential oil in this test model (MIC range against the same 
organisms 2 to 4 mg/mL).18

In an attempt to better reflect in vivo activity, extracts of 
buchu were treated with simulated gastric and intestinal flu-
ids. The water extract showed a doubling of antimicrobial 
activity after it was subjected to simulated intestinal condi-
tions. Intestinal transport simulation using the Caco-2 cell 
monolayer revealed good bioavailability for the compounds 
present in this extract.19,20

Other activity
At a high concentration buchu essential oil had an initial 
spasmogenic action on isolated guinea pig ileum, followed 
by spasmolysis. Cyclic AMP generation and the blocking of 
calcium channels were suggested as possible mechanisms for 
the spasmolytic activity, based on the experimental probes 
used.16

A relatively strong inhibition of 5-lipoxygenase was 
observed in vitro for the essential oil (IC50=50.4 μg/mL), but 
not the methanol:dichloromethane (1:1) extract.17,20

Pharmacokinetics
No human or animal data available. See above under 
Antimicrobial activity for limited in vitro information.

use as a dusting powder. Hence many species, including those 
not in the Agathosma genus, are recorded as buchu. The genus 
Diosma is often referred to as wild buchu, but was only used in 
cases where true buchu (Agathosma) was unprocurable.6

Adulterants include: Agathosma crenulata, A. serratifolia, 
A. ericifolia, Adenandra fragrans,7 Empleurum serrulatum, 
Psoralea olbiqua and Myrtus communis.8 Other species also 
traded as medicinal buchu have included Diosma oppositifolia 
(Diosma succulentum), Agathosma pulchella, Empleurum uni-
capsulare (Empleurum ensatum) and the so-called anise buchu 
(possibly A. variabilis).9

Although A. crenulata has been used traditionally as true 
buchu, it is not suitable for therapeutic use due to the lower 
diosphenol and higher pulegone and isopulegone contents of 
the essential oil.10,11

The preferred medicinal buchu (Agathosma betulina) may 
be distinguished from A. crenulata and A. serratifolia by the 
ratio of leaf length to leaf width.7 This distinction does not 
hold for buchu hybrids (considerable hybridisation has taken 
place between A. betulina and A. crenulata), where chemical 
analysis of the essential oil is required.12 Use of buchu hybrids 
is not generally acceptable, since the level of pulegone in the 
essential oil varies enormously.13

From chemotaxonomic studies, two chemotypes of A. bet-
ulina have been identified11:
l	 Diosphenol chemotype: high concentration of diosphenol 

(total diosphenol isomers ≥22%), low isomenthone content 
(<29%)

l	 Isomenthone chemotype: high concentration of 
isomenthone (>31%), low diosphenol content (total 
diosphenol isomers ≤0.3 %).

No chemotypes of A. crenulata have been found. The dios-
phenol chemotype is probably preferable for therapeutic use.

Key constituents
l	 Essential oil (2%), consisting mainly of the monoterpene 

diosphenol. Other components include: limonene, 
(−)-isomenthone, (+)-menthone, (−)-pulegone, terpinen-
4-ol and the sulphur-containing p-menthan-3-on-8-thiol, 
which is responsible for the blackcurrant flavour5

l	 Flavonoids, especially diosmin and rutin.14

As noted under Adulteration, other species such as Agathosma 
crenulata are not suitable for medicinal use due to the lower dio-
sphenol and higher pulegone contents in their essential oils.10
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Clinical trials
No clinical studies on the urinary antiseptic and diuretic 
effects traditionally attributed to buchu are available.

Unpublished results from a double blind, placebo-con-
trolled clinical trial involving 30 healthy male volunteers 
found that a buchu oil gel applied three times daily reduced 
swelling following exercise-induced muscle damage.20

Toxicology and other safety data

Toxicology
There are no reports of cases of poisoning and only in vitro toxi-
cology data are available. Here the toxicities of buchu essential 
oil and extract were evaluated using the MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) cellular viabil-
ity assay in Graham cells (transformed human kidney epithelial 
cells).17,18,20 While the extract demonstrated no toxicity at the 
concentrations tested (IC50>100 μg/mL), the oil was highly 
active in disrupting the viability of test cells.

Contraindications
None required on current evidence.

Special warnings and precautions
Best not used during lactation without professional advice.

Interactions
No precautions required on current evidence.

Use in pregnancy and lactation
Category B2 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are lacking.

The British Herbal Compendium 1992 suggests that buchu 
is contraindicated in pregnancy.14 However, this would only 
be the case for buchu substitutions (such as A. crenulata) that 

contain much higher levels of pulegone in their essential oil 
(see above).

Buchu is compatible with breastfeeding but caution should 
be exercised as it contains an essential oil that may pass into 
breast milk. As the therapeutic effects provided by buchu are 
rarely required in infants, its effects in this patient group are 
unknown, but probably benign.

Effects on ability to drive and use 
machines
None known.

Side effects
Occasional gastrointestinal intolerance and irritation if taken 
on an empty stomach.14

Overdosage
No reports of poisoning occur in published literature.9

Safety in children
No information available, but adverse effects are not expected.

Regulatory status in selected 
countries

Buchu is covered by a null Commission E monograph. It is on 
the UK General Sale List.

Buchu does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (1994 Dietary Supplement Health and Education 
Act). Buchu has been present as an ingredient in OTC weight 
control drug products and orally administered menstrual drug 
products. The FDA, however, advises that: ‘based on evidence 
currently available, there is inadequate data to establish gen-
eral recognition of the safety and effectiveness of these ingre-
dients for the specified uses’.

Buchu is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Bugleweed and European bugleweed

(Lycopus virginicus L., Lycopus europaeus L.)

Synonyms

Lycopus europaeus: gipsywort, bitter bugle, gypsy herb, marsh 
horehound. Lycopus virginicus: Virginia bugleweed, sweet 
bugleweed, Virginia horehound.

What is it?

Two main species of Lycopus are used therapeutically. 
Bugleweed (L. virginicus) is a native of the eastern United 
States and European bugleweed (L. europaeus) is one of 
the two European species.1 The traditional uses of hyper-
thyroidism and heart palpitations were given some scien-
tific support by experiments in the 1940s and 1950s that 
found influences on dampening thyroid function. Since 
then there have been several studies investigating the mode 
of action and active constituents. While these investiga-
tions have been informative, the relevance of their findings 
is hampered by the dominance of in vitro studies and ani-
mal models where the herb was administered by injection. 
Also lacking at present are properly designed and conducted 
clinical trials. Hence, despite the scientific interest and the-
oretically plausible mechanisms, the rationale for the use of 
this herb still largely rests on traditional treatises, both from 
the United States and Europe, with a positive Commission 
E monograph.

Effects

May interfere with the effects of thyroid stimulating hormone 
(TSH) leading to reduced thyroxine production by the thy-
roid; alleviates palpitations and tachycardia caused by an over-
active thyroid; possible inhibition of female fertility.

Traditional view

Traditional uses, especially for L. virginicus, included nervous 
tachycardia, Graves’ disease with cardiac involvement, thyro-
toxicosis with difficult breathing, tachycardia and tremor2 and 
exophthalmic goitre.3 It was also recommended for organic 
and functional cardiac disease, abnormally active circulation 
and rapid pulse with high temperature.3 Other clinical uses 
included chronic cough, irritating and wet cough, pneumonia, 
bronchitis,2,3 restlessness, insomnia and anxiety.3

Bugleweed, particularly L. europaeus, is considered in 
European herbal medicine to have antithyroid activity.4 Being 
less powerful than conventional drugs, it is recommended for 
mild thyroid hyperfunction and can be used as a long-term 
treatment.5

Summary actions

TSH antagonist, antithyroid, mild sedative, possible antigo
nadotropic agent.

Can be used for

Indications supported  
by clinical trials
Hyperthyroidism, especially Graves’ disease and associated 
symptoms such as tachycardia and rapid pulse (open label 
trials, weak evidence). ‘Vegetative dystonia’ which is essen-
tially anxiety characterised by cardiac and digestive symptoms 
(open label trials, weak evidence).

Traditional therapeutic uses
Hyperthyroidism as above, but especially with cardiac 
involvement; also for restlessness, insomnia and anxiety.

Preparations

Dried herb for an infusion, tincture or liquid extract for inter-
nal use.

Dosage

l	 3 to 9 g/day of dried aerial parts or by infusion
l	 2 to 6 mL/day of a 1:2 liquid extract or equivalent in tablet 

or capsule form
l	 6 to 18 mL/day of a 1:5 tincture.

Duration of use

May be taken long-term, but only if appropriate.

Summary assessment of safety

Contraindicated in pregnancy and lactation and in patients 
with an underactive thyroid. Do not administer with thyroid 
hormone preparations or during the application of thyroid 
diagnostic procedures using radioactive isotopes.
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weights) after administration by injection to guinea pigs and 
rats.13,14 However, a preparation of L. europaeus had no 
influence on thyroid metabolism in rats after oral doses, as 
assessed using radioactive iodine.15

A paper published in 1970 claimed, on the basis of in vivo 
experiments using doses administered by injection, that an 
oxidised form of lithospermic acid was the antigonadotropic 
principle in L. virginicus.16 However, it was the work of the 
late Dr Hilke Winterhoff and team that found a different 
basis for this and the antithyroid activity in a series of stud-
ies published from 1976 to recently. Lithospermic acid was 
shown to have little antihormonal activity compared to the 
freeze-dried extract of Lycopus.17,18 This freeze-dried aque-
ous extract of Lycopus (species not specified) given alone by 
injection or with TSH to infant female rats led to a marked 
fall in circulating thyroid hormones.19 When TRH and L. vir-
ginicus extract were co-administered (at different sites) by 
injection to rats, TSH levels were significantly lower after 10 
minutes when compared to the TRH and saline controls.20 
As a result, thyroid hormone levels were suppressed and 
significantly lower 3 h later. Pretreatment of rats with dried 
extract for 4 days resulted in a drop in peripheral thyroid 
hormone levels.20

In the euthyroid rat, injections (50 mg/kg) of freeze-
dried extracts of both L. europaeus and L. virginicus greatly 
reduced serum and pituitary TSH levels.21 Effects were less 
clear in hypothyroid rats. Serum prolactin was also reduced 
by L. virginicus injection, but only at 400 mg/kg. L. europaeus 
injection (50 mg/kg) did significantly lower pituitary (but not 
serum) prolactin levels.

The active components suggested by Winterhoff and team 
as responsible for these effects were the oxidation products 
of phenolic compounds such as rosmarinic acid, which are 
abundant in Lycopus species.22 These showed marked antigo
nadotropic activity in a rat model after injection. This line of 
research was further progressed by this group in collaboration 
with others, including several in vitro investigations conducted 
in the 1980s. The antigonadotropic activity of ether-extracted 
fractions of L. virginicus aqueous extracts was tested in a suit-
able model (details not specified).23 Within the ether extracts, 
significant activity was only found after the addition of an 
oxidising agent (up to a 10-fold increase). This oxidised and 
active form was identified to contain oxidation products of 
rosmarinic acid. Freeze-dried aqueous extracts of L. virgin-
icus and L. europaeus inhibited the binding of bovine TSH to 
human thyroid plasma membranes and inhibited the stimu-
lation of adenylate cyclase.24 Auto-oxidation products of the 
3,4-dihydroxycinnamic acid derivatives (such as caffeic, ros-
marinic, chlorogenic and ellagic acids) were also active in the 
same model.25 It was suggested that these compounds form 
adducts with TSH, resulting in a greatly reduced or absent 
ability to bind to the TSH receptor.26 In later research, ros-
marinic acid and a freeze-dried aqueous extract of L. virgin-
icus also inhibited forskolin-induced activation of adenylate 
cyclase in cultured rat thyroid cells.27

The impact of Lycopus on the peripheral conversion of T4 
to T3 was investigated in vitro using iodothyronine deiodinases 
from rat liver microsomes.28 Preparations of L. virginicus, 
especially the ether fraction of hot aqueous extracts, markedly 

Technical data

Botany
L. europaeus is a perennial herb spreading by branching sto-
lons. The quadrangular, pubescent stems are erect, simple or 
branched, 30 to 100 cm tall. Leaves are opposite, short-pet-
ioled and ovate-lanceolate to elliptic, up to 12 cm long; the 
lower leaves are pinnate, the upper leaves crenate. Flowers 
are about 4 mm long, white with purple dots and grow in 
dense whorls at the base of the uppermost leaves.1,6

L. virginicus is a perennial, 15 to 60 cm tall. Stems are 
quadrangular, erect and pubescent, producing stolons at the 
base. The leaves are opposite, ovate or oblong-lanceolate, 
coarsely serrate but entire near the base, 2 to 5 cm long. 
Flowers are small, purplish, growing in axillary whorls, with a 
mint-like odour.

Adulteration
Leonurus marrubiastrum L. may be mistaken for L. euro-
paeus, especially when wildcrafted.7

Key constituents
L. virginicus and L. europaeus aerial parts contain flavonoids 
and phenolic acids, such as derivatives of cinnamic acid 
(including caffeic acid), although the pattern varies in each 
plant.8–10

Pharmacodynamics

Antithyroid and antigonadotropic activities
It is probably most useful to review the pharmacologi-
cal research into the antihormonal activity of Lycopus in an 
approximate chronological order, as there is certainly an 
aspect of unfolding discovery to the story.

Madaus, Cook and Albus in 1941 were able to show in 
experimental investigations that the effects of L. europaeus 
and L. virginicus L. were similar.11 Lycopus countered the 
typical weight decrease and tachycardia from thyroxine in 
the rabbit in an acute model. Results from another model also 
suggested a direct thyroxine antagonism: thyroxine antago-
nises the temperature fall induced by novocaine injection 
in the guinea pig and this effect was cancelled by Lycopus 
administration. Thyroxine causes an increased oxygen require-
ment as a result of increased metabolism and Lycopus coun-
tered this effect in rats. Next to this direct antithyroxine 
effect, the authors also showed effects on TSH activity. After 
repeated injection of TSH, oxygen consumption in the guinea 
pig increased by around 25%. Simultaneous administration of 
Lycopus extract reduced this to about 10%, but only at the 
highest dosage.12

Pharmacodynamic research on Lycopus began in ear-
nest in the early 1960s when Kemper and co-workers found 
that an aqueous extract of L. virginicus inhibited the actions 
of gonadotropic hormones and TSH in vivo (based on organ 
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inhibited the enzyme in a dose-dependent manner. Subsequent 
investigation found that the active principles exhibited chemi-
cal characteristics of phenolcarboxylic acids (e.g. rosmarinic 
acid). Curiously, oxidation of extracts with potassium perman-
ganate decreased this activity.29

In all samples of Graves’ immunoglobulin G (IgG) tested, 
incubation with L. virginicus or L. europaeus or their auto-
oxidised constituents decreased the TSH-binding inhibitor 
activity in vitro. This was in a dose-dependent manner and 
with some degree of specificity.30 The plant extracts and 
their auto-oxidised constituents also inhibited the biological 
responses to Graves’ IgG in vitro.

The efficacy of injections of L. virginicus extracts for up to 
3 days at inhibiting thyroid hormone levels and thyroid weight 
varied with the method of preparation.31 Extraction with 
boiling water or ethanol yielded inactive extracts, whereas 
oxidation with potassium permanganate re-established activ-
ity. The reduction in prolactin levels observed in an earlier 
study was also confirmed (as assessed by assay 6 h after a sin-
gle intravenous injection). It was shown in a subsequent study 
that several phenolic plant ingredients mentioned already, 
but additionally luteolin-7-beta-glucuronide,32 confer anti-
gonadotropic activity. However, their oxidation products are 
likely to be more active.33 The suggestion that L. europaeus 
contains lithospermic acid was also refuted. Oligomeric (short 
polymers) oxidation products of caffeic acid (cyclolignan 
derivatives) with antigonadotropic activity were subsequently 
identified as likely active components.34,35

As well as the previously noted antagonism of TSH, results 
from a series of experiments suggested that injections of  
L. europaeus are capable of suppressing thyroid hormone 
secretion by a direct intrathyroidal attack.36 Additional phe-
nolic acids (including isoferulic acid and ferulic acid) as well 
as caffeic acid were active in this TSH-antagonism model.

One reservation that can be expressed about the above 
research is that most of the results have been generated using 
in vitro models or in vivo models following injection of the 
herbal extracts or relevant compounds. This was addressed by 
Winterhoff ’s team in a 1994 publication where a 70% etha-
nolic extract L. europaeus was administered by oral means to 
rats, albeit at quite high doses of 200 and/or 1000 mg/kg.37 
Diverse endocrine parameters were measured between 3 and 
24 h after oral doses and compared with intraperitoneal doses 
(of L. virginicus). Oral application of the extract caused a 
long-lasting decrease in T3 levels, presumably due to reduced 
peripheral T4 deiodination. A pronounced reduction of T4 
and TSH was observed, as well as LH (luteinising hormone), 
indicating a central action for the extract.

The impact of oral L. europaeus (2×5 mg or 2×200 mg/kg  
per day for up to 8 weeks of a dried aqueous-ethanolic 
extract) on cardiac symptoms in hyperthyroid rats was com-
pared with the beta-blocking drug atenolol.38 Even the lower 
dose of the herb countered the raised body temperature, 
whereas the reduced body weight and increased food intake 
was not influenced by any treatment. No significant changes 
in thyroid hormone levels or TSH were observed. Lycopus (in 
general both doses) and atenolol reduced the increased heart 
rate, blood pressure and heart size, but the drug was consid-
erably more active with respect to heart rate. Interestingly, 

Lycopus given to normal rats at 2×200 mg/kg per day had no 
impact on any of the above parameters. Collectively the above 
findings suggest that the herb only antagonises the effects of 
increased thyroid hormone levels, and does this without alter-
ing depressed TSH and elevated thyroxine levels, at least in 
the model used.

This work was subsequently extended in two publica-
tions using three rat models of differing severity of hyper-
thyroidism induced by differing applications of T4. Findings 
were similar to the above study in both publications, with 
Lycopus extract, extract fractions and powdered herb having 
almost the same potency as beta-blockers (atenolol and pro-
pranolol) in reducing body temperature.39,40 The effects on 
beta-adrenoreceptor density, blood pressure and heart rate 
were less distinct, but still significant. In the later publication 
there was some suggestion that Lycopus powder had inhib-
ited T4 to T3 conversion.40 (Note that this result may have 
been more determined by the model used than the form of 
Lycopus, since the powder was only tested in one model of 
hyperthyroidism.)

Summarising the research to date, results from in vitro 
experiments or in vivo models with dosage by injection sug-
gest that Lycopus extracts or its components at relatively high 
doses antagonised or reduced pituitary hormones (TSH, gon-
adotropins, prolactin), reduced thyroxine production, reduced 
peripheral conversion of T4 to T3 and antagonised the binding 
and effects of Graves’ IgG. In terms of phytochemical com-
ponents responsible for these effects, oligomeric oxidation 
products of phenolic acids such as caffeic acid were found to 
be most active. As a consequence, freshly prepared aqueous-
ethanolic extracts were not found to be active, as they are 
devoid of such products. However, some of the above results 
(TSH, T4 and T3 reductions) were confirmed in an oral-dose 
model using high doses of a commercial aqueous-ethanolic 
extract. Perhaps this extract was active because phenolic acid 
oxidation products had formed in the time since its manufac-
ture. More recently, animal models using realistic oral doses 
of a commercial aqueous-ethanolic extract have provided 
quite a different perspective. Here it was found that Lycopus 
could antagonise the cardiac effects of induced hyperthyroid-
ism without any corresponding change in thyroid hormones or 
TSH. Lycopus given orally to normal rats at such doses had no 
impact on thyroid function. The phytochemical components 
responsible for the activities observed in these later experi-
ments have not been explored to date.

Other activity
A methanolic extract of L. europaeus was one of the three 
most active of 122 traditional Chinese herbs screened for 
in vitro activity against xanthine oxidase (the enzyme that 
catalyses purine metabolites to uric acid) with an IC50 of  
26 μg/mL.41 Two new isopimarane diterpenes were isolated 
from L. europaeus that were capable of potentiating the in 
vitro activities of tetracycline and erythromycin against resist-
ant strains of Staphylococcus aureus possessing multidrug 
efflux mechanisms.42 Aqueous and methanolic extracts of  
L. europaeus showed high radical scavenger capacity com-
pared to 17 other medicinal Labiatae species tested.43
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Pharmacokinetics
No relevant data found.

Clinical trials
Early clinical studies were largely observational in nature and, 
while they could be construed to provide weak evidence by 
modern standards, some interesting and sometimes striking 
results were documented. The following brief review is not 
comprehensive, as many such studies were published in the 
1950s and early 1960s. Throughout these and the later trials, 
the doses of Lycopus administered were quite low.

Mattausch reported in 1943 on the treatment of about 
200 patients with mild hyperthyroidism. A decline in pulse 
frequency was observed and, following a longer treatment 
duration, also a normalisation of other symptoms.44 A group 
of 50 patients with symptoms of hyperthyroidism, or ‘veg-
etative dystonia’ that with more exacting clinical investiga-
tion turned out to be latent hyperthyroidism, were treated 
with Lycopus.45 The thyroid uptake of radioactive iodine was 
evaluated in 32 of these patients. This demonstrated an objec-
tive improvement in thyroid function in 15 cases; eight of the 
other 17 exhibited symptom improvement with no corre-
sponding objective change. Overall for the 50 cases, pulse rates 
were normalised and insomnia was alleviated. Another study 
found reduced symptoms and pulse rate, and increased body 
weight in 53 hyperthyroid patients treated with Lycopus.46

One hundred patients with severe hyperthyroidism were 
treated with Lycopus prior to surgery, rather than with 
Lugol’s solution.47 The appearance of the gland in the opera-
tion field showed relatively less vascularisation, and postoper-
ative reactions were notably mild.

As alluded to above, Lycopus has been used to treat ‘veg-
etative dystonia’, a disturbance of autonomic nervous sys-
tem function. In a series of 123 cases this disturbance was 
attributed to elevated thyroid function.48 Patients were 
treated with a commercial Lycopus tincture (12 drops twice 
a day). After 14 days, the pulse rate had dropped by an aver-
age of 11%. Based on subjective symptoms there was a clear 
improvement in 83 patients after 14 days, which by 28 days 
had increased to 102 patients. Symptoms such as dermogra-
phism, tremor, hair loss and sweating were improved. A sig-
nificant weight gain was also observed.

In a more recent observational study of 43 patients (21 
with latent hyperthyroidism and 22 with ‘vegetative dysto-
nia’), Lycopus dried extract (10 mg/day equivalent to 40 mg 
of herb) was given for 21 days.49 Of the 34 patients with 
cardiac symptoms, 27 reported improvement in palpitations  
and/or benign arrhythmias. However, thyroid parameters 
were unchanged, including in another 20 healthy volunteers 
who received the herbal treatment.

A controlled, open study examined the effect of 40 mg/day  
L. europaeus extract on thyroid function and associated 
symptoms in 62 patients with hyperthyroidism of unspeci-
fied causes.50 The study population consisted of patients with 
a TSH <1.0 mU/L and hyperthyroidism-associated symp-
toms. The main clinical outcome measured was 24-h urinary 
T3 and T4 excretion after around 12 days of therapy. The 

study found that T4 excretion was significantly increased 
by Lycopus (p=0.032). There was also a trend to increased 
T3 excretion that did not achieve clinical significance. This 
occurred in conjunction with a reduction of some symptoms, 
specifically increased heart rate in the morning. However, 
TSH and serum T3 and T4 levels were not changed. The 
authors proposed that a renal mechanism was responsible for 
the increased T4 clearance. Apart from the lack of a placebo 
group, a key weakness of this study was the entry point of 
TSH <1.0 mU/L, which meant that patients with both clini-
cal and sub-clinical hyperthyroidism were included. Also the 
causes of hyperthyroidism were not differentiated.

Toxicology and other safety data

Toxicology
Pressed juice of L. europaeus was lethal to male mice 
(0.75 mL corresponding to 7.5 g fresh plant, route unknown 
but probably injection). Intravenous injection of 1 mL of 
L. virginicus pressed juice was lethal, but 3 mL given orally 
caused no toxic symptoms.51

Caffeic acid has been listed as a possible carcinogen on the 
basis of in vivo studies in mice and rats using two oral dos-
age regimes: 2.1 g/kg (males), 3.1 g/kg (females) for 96 weeks; 
0.7 g/kg and 0.8 g/kg over 104 weeks.52 Given the small 
amount present in the herb, this research is unlikely to be rel-
evant to the therapeutic application of bugleweed.7 Moreover, 
caffeic acid is a common constituent of many plant foods, 
including fruit, vegetables and coffee, principally in conju-
gated forms such as chlorogenic acid.

Contraindications
Thyroid hypofunction, enlargement of the thyroid without 
functional disorder,53 pregnancy and lactation.51

Special warnings and precautions
Caution is advised in women wishing to conceive.

Interactions
Interference with uptake of radioactive isotopes has been 
observed in humans.51 Bugleweed should not be administered 
concurrently with preparations containing thyroid hormone 
and iodine supplements, although those concerns are largely 
theoretical and, given the therapeutic uses of Lycopus, their 
co-administration is clinically unlikely.53

Use in pregnancy and lactation
Category C – has caused or is associated with a substantial 
risk of causing harmful effects on the fetus or neonate with-
out causing malformations.

Reduction in serum thyroid hormones in vivo suggests that 
Lycopus should not be taken during pregnancy. Treatment 
with Lycopus in mice and rats has reduced the number of 
offspring.51
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Lycopus is contraindicated in breastfeeding. Decreased 
milk supply has been observed after administration of  
L. virginicus in suckling rats.51 Although the human relevance 
of the effects of Lycopus on serum prolactin in experimen-
tal models is not clear, these herbs should not be taken while 
breastfeeding due to the possibility of both prolactin reduc-
tion in the mother and antithyroid constituents passing into 
breast milk.

Effects on ability to drive  
and use machines
No negative influence is expected.

Side effects
In rare cases, extended therapy and high (undefined) dos-
ages of bugleweed preparations have resulted in an enlarge-
ment of the thyroid. Sudden discontinuation of bugleweed 
preparations can cause increased symptoms of the disease 
(hyperthyroid function).53 The following side effects have 
been reported in the literature between 1941 to 1968 from 
clinical usage of bugleweed alone or combined with mother
wort (Leonurus cardiaca): headache, increase in size of 

thyroid, and occasionally an increase in hyperthyroid symp-
toms including nervousness, tachycardia and loss of weight. 
Increase in thyroid size was observed in patients with goitre 
not due to thyroid malfunction. The incidence of headache 
could probably be avoided by reducing the dosage.51 Not all 
trials resulted in such side effects.

Overdosage
No incidents found in published literature.

Regulatory status in selected 
countries

In the UK bugleweed is included on the General Sale List and 
is covered by a positive Commission E Monograph.

In the USA bugleweed does not have GRAS status. 
However, it is freely available as a ‘dietary supplement’ 
under DSHEA legislation (Dietary Supplement Health and 
Education Act of 1994).

Bugleweed is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Regulations in Australia and is freely avail-
able for sale.
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Bupleurum

(Bupleurum falcatum L.)

Synonyms

Hare’s ear root (Engl), Bupleuri radix (Lat), chai hu (Chin), 
saiko (Jap), siho (Kor), segl-hareøre (Dan).

What is it?

Several species of Bupleurum have been officially used in tradi-
tional Chinese medicine (TCM), mainly B. falcatum L., B. chin-
ense DC and B. scorzonerifolium Willd. Although other species 
may be used, the toxic plant B. longiradiatum should not be 
used medicinally. Pharmacological research on Bupleurum root 
highlights an anti-inflammatory activity that appears to be medi-
ated through the enhanced release and potentiation of hormones 
from the adrenal cortex. There are still many gaps in the research 
evidence, but it is possible that Bupleurum acts to mobilise the 
body’s own equivalent of steroidal anti-inflammatory mechanisms.

Effects

Supports the body’s anti-inflammatory responses; modulates 
immune function; protects the liver, stomach and kidneys 
from toxic damage.

Traditional view

In TCM Bupleurum is classified as a herb that resolves Lesser 
Yang Heat patterns, relaxes constrained Liver Qi, disharmony 
between the Liver and the Spleen and raises the Yang Qi in 
Spleen or Stomach Deficiency. Hence Bupleurum is used to 
treat alternating chills and fever, liver enlargement, prolapse of 
the uterus and rectum and irregular menstruation.1 Traditional 
texts list its properties as bitter and cool and it acts as a dia-
phoretic (in fever management) and to regulate and restore 
gastrointestinal and liver function.

Summary actions

Anti-inflammatory, hepatoprotective, antitussive, diaphoretic.

Can be used for

Indications supported by clinical 
trials
Influenza, common cold, feverish conditions (uncontrolled 
studies).

Traditional therapeutic uses
Alternating chills and fever; liver enlargement; prolapse of the 
uterus and rectum; epigastric pain, nausea, indigestion; irregu-
lar menstruation. Often combined with Astragalus for debility 
and prolapse.

May also be used for

Extrapolations from pharmacological 
studies
Chronic inflammatory disorders, especially autoimmune dis-
ease involving the liver or kidneys; acute or chronic liver dis-
eases, chemical liver damage, poor liver function.

Preparations

Dried root for decoction, liquid extract, tablets and capsules; 
powdered root.

Dosage

l	 3 to 12 g/day of the dried root by decoction
l	 4 to 8 mL/day of the 1:2 liquid extract or its equivalent.

Duration of use

May be used in the long term if taken within the recom-
mended dosage.

Summary assessment of safety

Minor side effects may occur in sensitive individuals.

Technical data

Botany
The Bupleurum genus is a member of the Umbelliferae 
(Apiaceae, carrot) family and consists of shrubs and herbs 
with entire leaves, often parallel veined, hence the name 
hare’s ear.2 Bupleurum chinensis grows 45 to 85 cm high and 
may or may not be branched. Leaves are alternate, broad-lin-
ear to broad-lanceolate (3 to 9 cm long, 0.6 to 1.3 cm wide) 
with a marginal vein. Umbels are compound, axillary and ter-
minal and contain yellow flowers. Fruit is ovoid, the brown 
root is conical, 6 to 15 cm long and 0.3 to 0.8 cm in diameter.3
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Key constituents
Bupleurum falcatum:
l	 Triterpenoid saponins (saikosaponins a, b1, b2, b3, b4, c, d, 

e and f) and their sapogenins4

l	 Phytosterols,4 pectin-like polysaccharides (bupleurans).5

Since the highest levels of saikosaponins are found in 
Bupleurum falcatum (2.8%) and B. chinensis (1.7%), these 
species are preferred.6,7 Saikosaponins a and d are considered 
to be the most biologically active.

Adulteration
Although other species of Bupleurum may be used, the toxic 
plant B. longiradiatum should not be used medicinally.6,8

in serum corticosterone in rats when administered orally.9 
Combined oral administration of Bupleurum extract and cor-
ticosterone acetate increased anti-inflammatory activity com-
pared with corticosterone alone, as indicated by the increase 
in activity of liver tyrosine aminotransferase (LTA).4 This 
effect was also demonstrated clinically4 and confirmed in a 
later study on rats that found individual injection of saikosapo-
nins a, d or f (ssa, ssd, ssf) or cortisone acetate did not induce 
LTA activity in adrenalectomised rats.12 However, co-admin-
istration of the same dose of cortisone acetate with either ssa, 
ssd or ssf significantly induced LTA activity, suggesting that 
these saikosaponins potentiate the action of cortisone.11

Saikosaponins a, b1, b2, b3, b4, d and saikogenins F and G 
were all found to increase plasma corticosterone levels in rats 
30 minutes after ip injection.9 Ssa and ssd had the strong-
est effect and the activity of the saikosaponins was consider-
ably greater than the saikogenins. Saikosaponin c (ssc) was 
inactive.9

Injection of ssa and ssd, but not ssc, raised plasma cortico
sterone and ACTH levels in rats pretreated with dexametha-
sone.13 Dexamethasone is a potent and long-lasting inhibitor 
of ACTH secretion via negative feedback to the hypothala-
mus and pituitary. This suggests that the site of action of sai-
kosaponins is the hypothalamic-pituitary system. The use of 
an antihistamine showed that the saponin-induced cortico
sterone secretion was not due to histamine release.12 Another 
study found that injection of saikogenin A (sgA) increased 
plasma ACTH levels, possibly through its effect of increas-
ing cyclic AMP levels in the pituitary, but not the hypothala-
mus.14 Injections of ssd significantly increased adrenal weight 
and decreased thymus weight in both dexamethasone-treated 
and normal rats.15 However, this effect was abolished in rats 
with no pituitary, suggesting a mechanism of action involving 
the pituitary or hypothalamus.14 The authors suggested that 
saikosaponins may be used to reduce the dose of glucocor-
ticoid drugs and to prevent glucocorticoid-induced adrenal 
suppression.

The anti-inflammatory action of oral saikosaponins has 
been demonstrated in several experimental models. Oral 
doses of a mixture of saikosaponins were shown to have sig-
nificant anti-inflammatory activity using the granuloma 
pouch,4,16 dextran-induced oedema15 and cotton pellet meth-
ods.8 (In one study plasma corticosteroid levels decreased 
and adrenal weight remained unchanged, contrary to previous 
findings.)8 However, some negative in vivo results have also 
been recorded for oral doses of saikosaponins in tests for anti-
inflammatory activity.4

In contrast, saikosaponins administered by injection dem-
onstrated potent anti-inflammatory activities in several mod-
els.6,8 Saikosaponins a and d antagonised the inflammatory 
effects of implanted cotton pellets and were as active as pred-
nisolone.6 Combined injection of doses of ssd and dexametha-
sone produced an anti-inflammatory effect on cotton-induced 
granuloma in rats.17 However, individual administration of 
the same doses of ssd and dexamethasone were inactive.16 An 
in vitro study found that some saikosaponins inhibit the pro-
duction of prostaglandins18,19 while another found that they 
increased prostaglandin E2 (PGE2).20 Saikogenin D inhibited 
PGE2 production in vitro.21

 R
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Pharmacodynamics
Many pharmacological studies have been conducted on the iso-
lated saikosaponins. Although these studies have relevance to 
the medicinal use of Bupleurum, some important qualifications 
should be considered. In much of the research, saikosapo-
nins were tested in vitro or administered by injection. Since a 
major active form of saikosaponins in the bloodstream is prob-
ably the sapogenins (i.e. saponin aglycones), the relevance of 
the in vitro research to the oral use of Bupleurum is uncertain. 
Similarly, the relevance of injected saikosaponins to the oral 
use of Bupleurum is not entirely clear, although it appears that 
oral doses do have some similar but milder activity.9–11

Anti-inflammatory activity
The anti-inflammatory activity of the saikosaponins appears 
to be related, at least in part, to their ability to both induce 
secretion of endogenous corticosterone and potentiate its anti-
inflammatory activity. Saikosaponins and some of their gastric 
and intestinal metabolites have demonstrated this activity fol-
lowing oral doses in mice.10 Saikosaponin d caused an increase 
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The ability of saikosaponins to raise blood glucose levels 
was demonstrated in several pharmacological studies follow-
ing both oral and injected doses.6,9,12 This is probably a direct 
consequence of their ability to increase levels of endogenous 
glucocorticoids. Since saikosaponins also increase liver glyco-
gen stores,6 Bupleurum might prove to be useful in the treat-
ment of reactive hypoglycaemia (dysglycaemia).

Immune-modulating activity
Saikosaponins and saikogenins given by injection in vivo stim-
ulate immune function. However, some in vitro studies on sai-
kosaponins suggest immune suppression.

Injections of ssa, ssd and saikogenin D caused a marked 
increase in the number and activation of macrophages in the 
peritoneum of mice.22 Since saikogenin D is a metabolite of 
ssd, it is probable that ssd also possesses oral activity in this 
regard. The same compounds were found to enhance the 
non-specific resistance of mice infected with Pseudomonas 
aeruginosa, but not Listeria monocytogenes.23 Peritoneal 
macrophages from mice treated with ssd showed intense 
spreading and significantly increased phagocytic activity.24 
In contrast ssd suppressed murine T cell activation in vitro 
via multiple mechanisms.25,26 Also ssa inhibited the pro-
liferation and activation of stimulated T cells in vitro and 
induced apoptosis of activated T cells, suggesting immuno-
suppressive activity.27

Pretreatment of mice with ssd injections increased the 
antibody response after immunisation with sheep red blood 
cells (SRBC).28 Ssd also enhanced spleen cell proliferative 
responses to Tcell mitogens both before and after immu-
nisation with SRBC, but decreased the response to B-cell 
mitogens.21 Macrophages from ssd-treated mice showed 
increased spreading activity and lysosomal enzyme activity. 
Interleukin-1 production was also increased in a dose-depend-
ent manner.21 Similar results were also found in another study 
by the same research group, who also observed increased 
intracellular killing of yeasts by macrophages obtained from 
ssd-treated mice.29

Hot water extracts of Bupleurum demonstrated mito-
genic activity on lymphocytes in vitro. The mitogenic sub-
stances were likely to be large molecular weight polyphenolic 
compounds and polysaccharides.30 Further testing deter-
mined that the mitogenic substance was indeed a polyphe-
nolic compound and the structure had been modified by the 
extraction to increase the stable free radical components.31 
Bupleurum polysaccharides (bupleurans) have also demon-
strated T cell-independent B cell mitogenic activity and anti-
body stimulation in vitro.32,33 Bupleuran 2IIc appears to be 
most active.34,35 In contrast crude Bupleurum polysaccharides 
(15 or 30 mg/kg/day for 35 days, oral) prevented glomerular 
injury and lowered serum autoantibodies in a murine model of 
autoimmune disease.36

Hepatoprotective activity
Although Bupleurum is traditionally used as a liver treatment, 
the hepatoprotective activity of saikosaponins after oral doses 
has only been recently demonstrated.4 Oral administration of 
ssa (at 0.004% of diet) improved hepatic antioxidant capac-
ity and protected against carbon tetrachloride-induced liver 

injury in rats.37 A similar model and dose found that ssa sig-
nificantly reduced hepatic collagen and inhibited NF-kappaB 
expression. Hepatic pro-inflammatory cytokines were 
also inhibited.38 Injected doses of ssa and ssd have demon-
strated marked hepatoprotective activity in several animal 
models.39–42 Decoctions of Bupleurum administered subcu-
taneously were also hepatoprotective.43 Saponins isolated 
from B. scorzonerifolium demonstrated hepatoprotective 
activity on D-galactosamine-induced cytotoxicity in cultured 
rat hepatocytes.44 Saikosaponin d attenuated liver fibrosis in 
vitro45 and in vivo following subcutaneous injection at 1 to 
2 mg/kg.46

The hepatoprotective mechanism of the saikosaponins 
is not known. However, they have been shown to increase 
hepatic protein synthesis in vivo and in vitro.47,48 Increased 
protein synthesis may enhance the ability of the hepatocyte 
to withstand a toxic insult. The anti-inflammatory and antioxi-
dant effects noted above may also play a role.

Nephroprotective activity
Injection of ssd significantly decreased urinary protein excre-
tion in rats with chemically induced proteinuria (and symp-
toms similar to nephrotic syndrome).49 Urinary protein was 
reduced by up to 48% after ssd treatment and the degree of 
abnormality in glomerular epithelial cells was lowered. It was 
suggested that ssd protects the basement membrane of the 
glomerulus.32

Injection of various saikosaponins demonstrated antine-
phritic activity following administration of an antiglo-
merular basement membrane serum to rats.50 In the same 
model (but using oral doses) ssd at 10 mg/kg/day sup-
pressed the increased urinary protein excretion and histo-
pathological changes in adrenalectomised rats, possibly by 
an agonistic action on the glucocorticoid receptor.51 Other 
experimentation suggested that the antinephritic mechanisms 
of saikosaponins were partly due to antiplatelet and cortico
sterone-releasing activities and an inhibition of the decrease 
in free radical scavengers such as glutathione peroxidase.33 
Ssd (1.8 mg/kg/day, ip) inhibited the progression of experi-
mental mesangioproliferative glomerulonephritis in rats via a 
reduction in both transforming growth factor beta-1 and the 
infiltration of macrophages and CD8+ T lymphocytes.52

Ssd has also demonstrated antiproliferative activity on rat 
glomerular mesangial cells and inhibited synthesis of extra-
cellular matrix proteins in vitro.53,54 Bupleurum inhibited 
cytokine production in human mesangial cells in vitro, but 
there was no additional effect from concurrent angiotensin II 
receptor blockade.55

Antineoplastic activity
Research into the antineoplastic activity of Bupleurum 
components is at an early stage and largely based on in vitro 
models. Ssa and ssd induced differentiation of rat C6 glioma 
cells in vitro.56 In vitro ssd upregulated the expression of the 
glucocorticoid receptor, inhibited cell growth and induced 
apoptosis in HL-60 cells.57 The potent cytotoxicity of ssd 
against HepG2 human hepatocellular carcinoma cells was due 
to induction of apoptosis.58,59 Similar activity was observed 
for ssa on human breast cancer cell lines.60 Ssd inhibited the 
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proliferation of human non-small cell lung cancer A549 cells 
in vitro by inducing apoptosis and blocking cell cycle pro-
gression in the G1 phase.61 Bupleurum extract increased the 
cytotoxicity of 5-fluorouracil in HepG2 cells in vitro, but 
protected normal blood lymphocytes against this agent.62 
Ssb2 induced differentiation without growth inhibition in 
cultured B16 melanoma cells.63 However, in an earlier study 
ssb2 inhibited the proliferation of B16 melanoma cells in vitro. 
Apoptosis induced by this compound may be due to down-
regulation of protein kinase C activity.64,65

Ssc lacks growth-inhibiting activity in vitro and promoted 
angiogenesis in human umbilical vein endothelial cells.66 
In contrast, ssd inhibited angiogenesis in chicken embryos 
in vitro.67 Bupleurum was among the six most active of 
232 Chinese herbs tested for inhibition of adhesion of solid 
tumour cell lines in vitro.68 Ssa, ssd and sse also exhibited 
potent anti-cell adhesive activity and a strong haemolytic 
action in this study.

The formulation Sho-saiko-to contains Bupleurum and 
has shown cancer preventative properties in vivo, but did not 
reduce the risk of spontaneous hepatocarcinogenesis in rats 
after oral dosing via the diet.69

Other activity
Both bupleurans and saikosaponins exhibit decreased 
gastric ulcer development in a number of models.5,6,70 The 
saikosaponins may act by inhibiting gastric secretion.71 
Saikosaponins have also been found to decrease the corrosive 
and protein-denaturing effects of tannic acid and to improve 
the integrity of the gastric mucosa of rats.72 However, as 
might be expected of saponins, high doses of saikosapo-
nins cause gastric irritation.6 The antiulcer polysaccharide  
BR-2 from Bupleurum healed chronic ulcers in rats (50 to 
200 mg/kg, oral).73

Many saponins are known to lower cholesterol and this 
activity has also been demonstrated for the saikosaponins.6,30 
It has been suggested that saikosaponins and saikogenins lower 
cholesterol by increasing cholesterol excretion in bile.6

Oral administration of Bupleurum decoction and saiko-
saponins demonstrated antipyretic activity.6 Injection of saiko-
saponins demonstrated a potent antitussive effect on guinea 
pigs.74 Intranasal administration of a Bupleurum essential oil 
gel decreased body temperature in rabbits, suggesting possible 
antipyretic activity.75

Ssd inactivated enveloped viruses such as measles and 
herpes viruses but had no effect on a naked virus (polio).76 
Despite this, a toxic effect on host cells was noted, leading 
to the conclusion that ssd is not a useful antiviral agent.38 In 
contrast ssc was effective against hepatitis B virus (HBV) in 
vitro58 and ssb2 exhibited potent anticoronaviral activity by 
possibly interfering with the early stage of viral replication.77 
The crude saponin fraction of Bupleurum also inhibited HBV 
replication in vitro.78

Oral doses of saikosaponins from Bupleurum inhibited 
slow kindling and seizures (an epilepsy model) induced in 
rats by pentetrazole.79 Proposed mechanisms included cor-
rection of neurotransmitter anomalies80 and inhibition of glial 
fibrillary acidic protein overexpression.81 Bupleurum (150 to  

600 mg/kg, oral) countered the stress-induced impairment 
of spatial working memory in rats and demonstrated anxio-
lytic activity.82 After oral administration a Bupleurum extract 
(150 and 300 mg/kg) exhibited antidepressant activity in a rat 
model via a mechanism that possibly involves the serotonergic 
and noradrenergic systems.83

Ssa at doses more than 1 mg/kg (iv) significantly inhibited 
passive cutaneous anaphylaxis in rats in a dose-dependent 
manner.84 At 3 and 10 mg/kg it also suppressed asthmatic 
bronchoconstriction in sensitised guinea pigs. Ssa adminis-
tered during the induction phase inhibited contact sensitivity 
in a murine model.85

Ssd has a similar structure to oestradiol and stimulated 
the proliferation of MCF-7 cells in vitro by acting as a weak 
phyto-oestrogen, possibly mainly via oestrogen receptor 
alpha.86 Ssd also demonstrated weak oestrogenic activity in 
ovariectomised mice (5 and 50 mg/kg, ip).87

Pharmacokinetics
The pharmacokinetics of oral doses of saponins are complex 
and not completely understood. While low levels of tri
terpenoid saponins may be absorbed into the bloodstream 
unchanged, it is also likely on current evidence that significant 
quantities of triterpenoid saponin metabolites are absorbed 
in most cases. These metabolites are usually formed by the 
action of gastric and intestinal secretions and/or bowel flora. 
The pharmacological implications of these observations are 
not fully understood.

Oral administration of saikosaponins at a dosage which 
was 10 times that of intramuscular injection demonstrated 
a similar anti-inflammatory activity in the granuloma pouch 
method.8 This indicates that the saponins and/or their metab-
olites probably exhibit poor absorption profiles (about 10% 
absorption). Ssa, ssc and ssd are transformed into 27 metab-
olites in the gastrointestinal tract of mice.10,88 Therefore 30 
compounds are potentially available for absorption into the 
bloodstream. However, only ssa and its monoglycoside (prosa-
ikogenin F) and aglycone (saikogenin F) were detected in the 
plasma of rats when ssa was administered orally.31 The plasma 
concentration of ssa peaked after 30 minutes at 74 μg/L and 
ssa was undetectable after 1.5 h.31 In contrast, the ssa metabo-
lites were both found to peak after 8 h at about 2 μg/L and 
were undetectable after 12 h.31 This implies that after oral 
doses of ssa there is a short but intense plasma concentra-
tion (and therefore activity) of ssa itself, followed by more 
prolonged and less intense activities of its metabolites. These 
findings need to be confirmed in human studies. Total faecal 
excretion of injected doses of saikosaponins after 2 and 7 days 
accounted for about 50% and 85% respectively of the admin-
istered dose.6 This suggests that saikosaponin metabolites 
undergo enterohepatic recycling.

An in vitro study found that ssc is transformed into 
four saikogenins by human intestinal bacteria.89 Bacterial 
enzymes responsible for saikosaponin metabolism could 
include a beta-D-glucosidase and a beta-D-fucosidase iso-
lated from Eubacterium spp.90 Supporting this concept, the 
oral administration of ssb1 to germ-free and Eubacterium 
spp. A-44-infected rats was investigated.91 After a dose of 
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50 mg/kg, no metabolite was detected in the plasma, caecal 
contents or faeces of the germ-free rats. In contrast, consid-
erable quantities of the metabolites prosaikogenin A and sai-
kogenin A were found in the plasma of the rats containing the 
Eucobacterium spp.

Clinical trials
Despite the considerable number of pharmacological stud-
ies on the saikosaponins, controlled clinical studies on both 
Bupleurum and saikosaponins are lacking. However, formu-
lations containing Bupleurum have been tested in controlled 
clinical trials such as the prevention of hepatocellular carci-
noma in hepatitis C patients.92,93

In an uncontrolled clinical study of 143 patients treated 
with B. chinensis, fever subsided within 24 h in 98.1% of influ-
enza cases and 87.9% of common cold cases. In another study 
of 40 patients with pathological fever, Bupleurum produced an 
antipyretic effect in 97.5% and achieved a reduction of 1 to 
2°C in body temperature in 77.5%.6 Intravenous injection of 
B. chinensis (10 to 20 mL, one to two times a day for adults, 
5 to 10 mL per day for children) was found to give satisfactory 
therapeutic effects in 100 cases of infectious hepatitis in an 
uncontrolled study.6 In chronic hepatitis with hepatomegaly, 
an injection of Bupleurum and Salvia miltiorrhiza was used, 
with vitamins B and C taken orally. Each course lasted 10 days, 
with a 4- to 5-day interval between courses. After treatment, 
patients usually showed marked improvement in mental state, 
appetite and subjective symptoms. Amelioration or disappear-
ance of pain over the liver area was achieved in 4 to 5 days in 
most patients.6

Toxicology and other safety data

Toxicology
Like most saponins, crude saikosaponins show moderate 
toxicity after ip administration (LD50 112 mg/kg in mice, 
58.3 mg/kg in guinea pigs) but low toxicity by the oral route 
(LD50 4.7 g/kg in mice).16,72 Aqueous extract of Bupleurum 
root did not show any toxic effect in rats and mice at oral 
doses of 6 g/kg.65 Repeated oral administration at 1.5 and 
3.0 g/kg/day over 21 days caused slight decreases in red blood 
cell count and liver weight.94

Bupleurum methanolic extract did not demonstrate muta-
genic activity in vitro in the Ames test.95 Bupleurum extract 
decreased the mutagenicity of the mutagens benzo(a)-
pyrene and aflatoxin B in the Ames test in one study,65 
but hot water extracts enhanced the mutagenic activity of 
benzo(a)pyrene in other studies.96,97 Hot water extracts 
of Bupleurum also demonstrated antimutagenic activity in 
vivo.98

Chronic oral administration of Sho-saiko-to (2 g/kg/day) 
containing Bupleurum to male and female rats did not affect 
their general condition, body weight, food consumption, 
reproductive ability or gross anatomy. Neither did it cause any 
abnormalities in the F1 generation or F2 fetuses.99

Contraindications
Bupleurum is contraindicated in Deficient Yin cough (i.e. 
cough in debility) or Liver Fire ascending to the head (i.e. 
some cases of headache and hypertension). Bupleurum can 
occasionally cause nausea or vomiting; if this happens, use the 
smallest dose possible.1

Special warnings and precautions
Saponin-containing herbs are best kept to a minimum in 
patients with pre-existing cholestasis. Bupleurum has a seda-
tive effect in some patients and is used in a popular insomnia 
formulation in Taiwan.100

Interactions
None known.

Use in pregnancy and lactation
Category B1 – no increase in frequency of malformation or 
other harmful effects on the fetus from limited use in women. 
No evidence of increased fetal damage in animal studies.

Subcutaneous administration of Bupleurum aqueous 
extract (0.1 to 0.4 mL/day) for 5 days did not affect fertility 
or exhibit teratogenic effects in mice.101 Oral administration 
to female rats, from 2 weeks before mating until day 21 after 
delivery, of a TCM herbal formula (2 g/kg/day) containing 
Bupleurum did not exert teratogenic effects in the F1 genera-
tion or F2 fetuses.99 This formula, also known as Sho-saiko-to, 
contains Bupleurum as the main ingredient (26 to 29% by 
weight) as well as six other herbs. Another Japanese herbal 
formula containing Bupleurum abolished the teratogenicity of 
sodium valproate in rats. Oral administration of this formula 
(up to 3 g/kg/day) to rat fetuses during organogenesis also 
resulted in no abnormalities.102

Bupleurum is compatible with breastfeeding. Oral admin-
istration of Sho-saiko-to to female rats from 2 weeks prior to 
mating until day 21 after delivery (which includes the lacta-
tion period) did not result in any abnormalities in growth, 
development, behaviour or reproductive ability in the F1 gen-
eration or F2 fetuses.99

Effects on ability to drive and use 
machines
Bupleurum has a sedative effect in some patients, especially in 
larger doses,6 therefore sensitive patients should exhibit cau-
tion when driving or operating machinery.

Side effects
Large doses of Bupleurum may have a sedative effect, increase 
bowel movements and flatulence or decrease appetite in some 
patients.6 As with all herbs rich in saponins, oral use may 
cause irritation of the gastric mucous membranes and reflux.

Three cases of allergic reaction have been reported in 
patients given intramuscular injections of Bupleurum.6
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The formula Sho-saiko-to has been associated with eosino-
philic pneumonia,103 pulmonary oedema,104 liver damage105 
and multiple cases of pneumonitis.106–108 In Japan, Sho-
saiko-to is mainly used to treat liver disease and is the most 
frequently used herbal remedy for this condition, which may 
explain the high number of reported reactions. Pneumonitis 
induced by herbs is suspected to be caused by an allergic 
mechanism rather than a toxic mechanism.106 A review of the 
literature found that, in addition to reports of hepatotoxic-
ity, Sho-saiko-to is hepatoprotective in humans and animals 
and has beneficial effects on the liver.109 Cases of liver tox-
icity110 and adult respiratory distress syndrome111 have also 
been reported after the use of other TCM herbal prepara-
tions containing Bupleurum. However, Sho-saiko-to and these 
preparations contain seven or more different herbs, and the 
particular herb or herbs responsible for these adverse reac-
tions are currently unknown. A provocation test with Baical 
skullcap (Scutellaria baicalensis) suggested that this herb 
was responsible for a case of drug-induced pneumonitis 
caused by a TCM formula that also contained Bupleurum.112 
Baical skullcap is also present in Sho-saiko-to. A case was 
reported of a man who developed acute hepatitis with jaun-
dice after he was given a Japanese herbal medicine, Sairei-to 
(Bupleurum and Hoelen combination).113 Unusually, the 
component thought to be responsible for the observed drug-
induced liver injury was able to be identified. Lymphocyte 
migration inhibition testing indicated that Pinellia ternata was 
the causative agent.

A study was undertaken to determine the association 
between the use of TCM formulas containing Bupleurum 
and the risk of hospitalisation related to liver injury among 
HBV-infected patients in Taiwan.114 From data for a total 
of 639 779 patients between 1997 and 2004, case-control 
and case-crossover designs were used to assess the risk of 

hospitalisation. Cumulative doses of TCM formulas and 
Bupleurum were assessed for any dose-response relation-
ship. An odds ratio of 1.9 was found, indicating an increased 
risk of liver damage from TCM Bupleurum formulas. The 
risk from prescribing Sho-saiko-to was significantly high and 
a dose-response relationship was observed.

Overdosage
No incidents found in the published literature.

Safety in children
No adverse effects anticipated, although specific information 
is lacking.

Regulatory status in selected 
countries

Bupleurum is official in the Pharmacopoeia of the People’s 
Republic of China (English edition, 2000) and the Japanese 
Pharmacopoeia (English 14th edition, 2001).

Bupleurum is not covered by a Commission E Monograph 
and is not on the UK General Sale List.

Bupleurum does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Bupleurum is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Butcher’s broom

(Ruscus aculeatus L.)

Synonyms

Knee holly, box holly, pettigree, R. ponticus Woron., R. hyr-
canus Stankov & Taliev, Mäusedorn (Ger), petit houx (Fr).

What is it?

The butcher’s broom (Ruscus aculeatus) is a small ever-
green shrub native to western Europe.1,2 The tough leaf-
like branches (known as phylloclades) have been used to 
assemble makeshift brooms, hence the common name. 
However, the part used therapeutically is the rootstock and 
rhizome.

In recent times, butcher’s broom has been the subject 
of several scientific investigations, including clinical trials. 
The research has focused on its anti-oedema and venotonic 
properties, which make it an effective therapy for symp-
toms associated with varicose veins and haemorrhoids 
(similar to the horsechestnut with which it combines 
well). In Europe, proprietary preparations of butcher’s 
broom are commonly used for varicose veins and haemor-
rhoids. The extract is often combined with other ingredi-
ents, especially hesperidin methylchalcone and ascorbic 
acid. (Hesperidin is a flavonoid that has beneficial activity 
on capillaries.)

Effects

Improves venous tone, decreases oedema associated with 
venous stagnation and inflammation.

Traditional view

Butcher’s broom root was traditionally regarded in Western 
herbal medicine as a diuretic, diaphoretic, laxative and expec-
torant, and was used to treat dropsy, urinary obstruction or 
gravel, dysuria, oedema, ascites, jaundice, difficult breathing 
and for the removal of phlegm. For the treatment of haem-
orrhoids it was used both orally and locally.3,4 The oedema-
reducing effect of this plant is clearly highlighted in the 
traditional literature, with reference to butcher’s broom as 
‘much recommended by Dioscorides and other ancient physi-
cians as an aperient and diuretic’.3

Summary actions

Venotonic, antio-edematous, anti-inflammatory.

Can be used for

Indications supported  
by clinical trials
Chronic venous insufficiency, varicose veins, varicose ulcers, 
lymphoedema, haemorrhoids, congestive symptoms of pre-
menstrual syndrome (most of these trials in combination with 
other agents). Possibly useful in cases of retinopathy.

Traditional therapeutic uses
Oedema and haemorrhoids.

May also be used for

Extrapolation from pharmacological 
studies
May be useful in orthostatic hypotension.

Preparations

Decoction of the dried root, liquid extract and tablets or cap-
sules for internal use. Extracts of the herb can also be applied 
topically as a cream, ointment or gel.

Dosage

l	 1.5 to 3 g/day of dried root
l	 Butcher’s broom tablets or capsules (200 mg of a 4:1 

concentrate standardised to contain 20 mg of saponins 
expressed as ruscogenin), two to three per day

l	 3 to 6 mL/day of 1:2 liquid extract; 7.5 to 15 mL/day of 
1:5 tincture

In most of the clinical trials, butcher’s broom extract was 
used in combination. The typical daily doses of the compo-
nents used in many trials were 300 mg of butcher’s broom 
extract, 300 mg of hesperidin methylchalcone and 200 mg 
of ascorbic acid (corresponding usually to two capsules  
per day).

Duration of use

There is no suggestion that the long-term use of butcher’s 
broom should be limited.
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Summary assessment of safety

In rare cases the herb has been implicated in the develop-
ment of lymphocytic colitis after long-term use. However, 
these cases were all recorded for the combination product and 
the identification of butcher’s broom root and rhizome as the 
causative agent has not been confirmed.

Technical data

Botany
A sub-shrub which, in some instances, may grow to 1 m. It has 
a fibrous, oblique, whitish rhizome from which emerge green, 
striate stems. The branches take on a leaf-like form and are 
known as cladodes or phylloclades; they are green, leathery 
and ovate-lanceolate with a spine at the top. The true leaves 
are represented by scales. The greenish-white, six-petalled 
flowers are borne on a lanceolate bract on the first half of the 
cladode. The fruit is an almost spherical, red berry with one 
to two seeds and a viscous pulp. This unusual type of shrub 
can often be seen wild throughout Britain and Europe on the 
outskirts of woods and in moist, uncultivated ground. It is col-
lected in September, but as it is a protected plant special per-
mission is needed.2

Adulteration
No adulterants known.

Key constituents
The rhizome contains steroidal compounds (0.5% to 1.5%) 
comprising the aglycones ruscogenin and neoruscogenin and 
their glycosides (which are of the spirostanol and furostanol 
saponin types).5 One study has also identified the presence of 
triterpene and sterol compounds.6

Pharmacodynamics
A preparation containing butcher’s broom extract, hesperi-
din methylchalcone and ascorbic acid has been extensively 
studied in recent decades. Throughout this monograph this 
formulation will be referred to as ‘butcher’s broom extract 
combination’.

A 1994 review of published pharmacological studies indi-
cated that butcher’s broom extract exerted activity on the 
three circulatory compartments involved in chronic venous 
insufficiency. The venoconstrictor effect is explained by its 
peripheral post-synaptic alpha-noradrenergic action. This 
action also possibly explains the lymphatic activity observed 
in experimental models assessing lymphatic flow. A microcir-
culatory activity is also involved: this combines an inhibitory 
effect on capillary permeability, a protective action on the 
endothelium against hypoxia via stimulation of mitochondrial 
enzymes, and an inhibition of the endothelial leukocyte adhe-
sion observed in models of ischaemia/reperfusion. The other 

components in the proprietary butcher’s broom extract com-
bination, namely hesperidin methylchalcone and ascorbic acid, 
exert their effects mainly by reducing capillary permeability 
and increasing capillary resistance.7

Anti-inflammatory activity
In research conducted in the 1950s and 1960s, butcher’s 
broom extract demonstrated activity against experimental 
paw inflammation and peritonitis in vivo.8

Saponin constituents isolated from butcher’s broom dis-
played anti-inflammatory activity on rat paw oedema, but did 
not influence capillary fragility. A strong vasoconstrictor activ-
ity was observed on isolated blood vessels and the ruscogen-
ins also decreased capillary permeability in a rabbit model.9 
However, the ruscogenins failed to inhibit hyaluronidase 
activity in vitro, but did exhibit a remarkable anti-elastase 
activity.10 An in vivo study in mice found that ruscogenin sig-
nificantly suppressed zymosin A-evoked leukocyte migration, 
possibly through an anti-adhesive activity via inhibition of the 
NF-kappaB pathway.11

Venotonic activity
In an experimental microcirculation model, butcher’s broom 
extract caused constriction in venules, but not arterioles, 
after intravenous administration.12 The inhibitory effect of 
butcher’s broom extract on histamine-induced microvascular 
permeability was attributed to the blocking of calcium and a 
selective activation of alpha1-adrenoceptors (and to a lesser 
extent alpha2-receptors).12–14 Butcher’s broom extract poten-
tiated the activity of norepinephrine (noradrenaline) released 
at nerve endings.15 The vasoconstriction is independent of 
the endothelium and, as indicated above, is mediated by the 
activation of smooth muscle adrenergic receptors, but not by 
endothelin receptors.16 This adrenergic action of butcher’s 
broom extract enhances venous return.17

The venoconstriction induced by butcher’s broom in iso-
lated vessels was increased by heat.12,18 This effect of tem-
perature on the response to butcher’s broom resembled that 
noted during partial alpha1-adrenergic activation.19 A veno-
tonic effect was also observed in diabetic animals, and treat-
ment with butcher’s broom extract combination reversed an 
experimentally impaired venoarteriolar reflex (which is a hall-
mark of diabetic microangiopathy).20

Studies utilising isolated human veins indicated that butch-
er’s broom extract caused dose-dependent contractions in leg 
veins from patients with primary varicosity. Varicose tributar-
ies were more sensitive to the contractile effects of butch-
er’s broom extract than segments of the greater saphenous 
vein removed from the same patient. Contractions following 
butcher’s broom exposure were independent of the endothe-
lium and mediated by the activation of adrenergic receptors 
on the smooth muscle, but not endothelin-A.21

Butcher’s broom extract increased the cyclic AMP con-
centration in isolated human varicose veins, but did not 
affect cyclic GMP levels. In the presence of the extract, 
the ratios of 6-ketoprostaglandin-F1a to thromboxane B2 in 
varicose veins were rendered identical to normal vein tissue. 
(Segments of vein were obtained from patients who had 
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undergone surgery.)22 Contractions initiated by butcher’s 
broom extract were enhanced following chronic exposure 
to progesterone, an effect that could be reversed by oestro-
gen. These contractions were mediated by an adrenergic and 
a non-adrenergic component. The adrenergic component was 
enhanced by progesterone and decreased by oestrogen.23

A venoconstrictive activity of a butcher’s broom cream 
under orthostatic conditions was demonstrated by ultra-
sonography in a randomised, double blind study involving 
18 healthy volunteers. Within 2.5 h of applying a quantity of 
butcher’s broom cream containing 64 to 96 mg of extract, 
the diameter of the femoral vein decreased by an average of 
1.25 mm, compared with a diameter increase of 0.5 mm for 
the placebo cream (p<0.05).24

As noted earlier, the mechanism of action of the combina-
tion of butcher’s broom extract and hesperidin methylchal-
cone in the treatment of venous diseases is thought to involve 
an increase in venous tone (by butcher’s broom extract) and 
protection of capillary integrity (by hesperidin methylchal-
cone). In a double blind study involving 20 healthy volunteers, 
the efficacy of the individual agents, their combination and 
a placebo were assessed. Butcher’s broom decreased venous 
capacity (p<0.01), reduced the blood pool in the lower leg 
under orthostatic conditions and decreased tissue volume in 
the foot and ankle (p<0.01). Hesperidin methylchalcone 
lowered the capillary filtration rate (p<0.01) and increased 
the blood pool (due to dehydration of the lower leg tissue). 
Blood volume after use of the combination was between the 
values for butcher’s broom and hesperidin methylchalcone 
alone, and effects on other parameters corresponded to those 
obtained for the individual substances.25 Some of the 20 vol-
unteers administered the butcher’s broom extract combina-
tion showed a significantly reduced venous capacity, whereas 
others developed an increase in venous storage ability.

Haemorheological and haemostasis parameters
The influence of combined treatment with butcher’s broom 
extract (450 mg/day containing 11.16 mg ruscogenin) and 
hesperidin methylchalcone (450 mg/day) on fibrinolytic activ-
ity of the vein wall was investigated ex vivo in patients with 
venous insufficiency.26 Patients received treatment for 14 days 
in a double blind, placebo-controlled design: 10 were given 
active treatment and 10 were given placebo. The fibrinolytic 
activity of the intima of the greater saphenous vein was sig-
nificantly increased in the active group (p<0.01). Activity in 
the adventitia layer also showed a significant increase after an 
incubation time of 60 minutes (p<0.05). These results sug-
gest that the combination might reduce the risk of venous 
thrombosis in patients with varicose veins.

The effect of an extract of butcher’s broom on haemorheo-
logical parameters was also investigated under double blind, 
placebo-controlled conditions.27 Forty-five participants took 
part in the clinical trial. There were 20 volunteers who acted 
as a normal, untreated control group, 13 patients with venous 
insufficiency who received oral doses of butcher’s broom 
extract (amount not specified) and another 12 patients who 
were given a placebo. Venous blood samples were collected 
before and after 30 days of treatment, each time before and 
after 10 minutes of venous stasis induced by a hyperpressure 

of 10 mmHg. Results demonstrated that butcher’s broom 
treatment was accompanied by a significant improvement 
in several rheological parameters under these conditions 
of venous stasis, including a decrease in plasma viscosity 
(p<0.01), a reduction in red cell deformability (p<0.001), a 
reduction in red cell aggregation (p<0.01), an increase in red 
cell aggregation time (p<0.01) and a reduction in the red cell 
disaggregation shear rate (p<0.05).

Anti-oedema activity
Oral administration of the butcher’s broom extract combina-
tion inhibited histamine-induced plasma exudation in ham-
sters with mild diabetes, without affecting blood glucose.28 In 
addition to reducing experimentally induced capillary perme-
ability, a combination of butcher’s broom extract, hesperidin 
methylchalcone, methylesculetin and ascorbic acid decreased 
experimentally induced hyperaemia, UV erythema and dex-
tran or carrageenin local oedemas after either oral dosing or 
intraperitoneal injection.29

The anti-oedematous effect of a combination contain-
ing butcher’s broom extract and hesperidin methylchal-
cone was tested in a randomised, double blind study using 
water plethysmography.30 Forty patients with permanent 
oedema caused by chronic venous insufficiency were treated 
for 15 days orally with 450 mg butcher’s broom extract 
and 450 mg hesperidin methylchalcone (n=20) or placebo  
(n=20). After placebo, the oedema volume caused by orthos-
tatic stress increased slightly (16.3 mL). However, in patients 
receiving active treatment the extent of the provoked venous 
oedema was significantly reduced (53.4 mL, p<0.01).

Other activity
Butcher’s broom extract inhibited the activation of endothe-
lial cells induced by hypoxia (which mimics venous blood 
stasis), as evidenced by its effect on several parameters. 
Hesperidin methylchalcone was also able to inhibit the 
hypoxia-induced decrease in ATP content.31 Butcher’s 
broom extract combination and each of its components dem-
onstrated a dose-dependent protection against hypoxia in 
endothelial cells in vitro. A synergistic effect between the 
components was observed.32

Pharmacokinetics
The oral bioavailability of butcher’s broom extract was 
found to be ‘good’ after administration of a radiolabelled 
extract in an experimental model. The sapogenins were 
excreted mainly in the urine.33 The relative bioavailability 
of butcher’s broom extract following oral, intravenous or 
topical administration was assessed in rats. Absorption was 
estimated at 65% by the oral route and 25% after topical 
application. Biliary excretion was also observed, with entero-
hepatic cycling.34,35

The major spirostanol glycosides of butcher’s broom 
(degluconeoruscin and deglucoruscin) were detected in 
human plasma after oral administration of 1 g of butcher’s 
broom extract. Three healthy volunteers took part in the 
study.36



470

Materia MedicaP A R T  T H R E E

Clinical trials

Chronic venous insufficiency/varicose veins
More than 30 clinical trials over the past 30 years have dem-
onstrated the benefit of the butcher’s broom extract com-
bination in the management of chronic venous insufficiency. 
A recent meta-analysis included 20 placebo-controlled, 
randomised, double blind studies, five studies randomised 
against a comparison treatment and six single-arm surveil-
lance studies.37 (Several of the individual studies included 
in this meta-analysis are also reviewed below.) In total there 
was information from 10 246 patients. On a 4-point symp-
tom severity scale, the butcher’s broom extract combina-
tion significantly reduced pain severity (0.44 ± 0.12), cramps 
(0.26 ± 0.08), heaviness (0.53 ± 0.11) and paraesthesia 
(0.29 ± 0.10) compared with placebo. There was also a signifi-
cant reduction in venous capacity of 0.7 ± 0.19 mL/100 mL. 
Reductions in the severity of oedema and decreases in calf 
and ankle circumference did not achieve statistical signifi-
cance. The authors concluded that their analysis was a strong 
and objective demonstration of the clinical efficacy of the 
butcher’s broom extract combination in chronic venous 
insufficiency.

A study published after this meta-analysis examined the 
activity of butcher’s broom extract alone. In a well-designed 
multicentre, double blind, randomised, placebo-controlled 
trial, 166 women suffering from chronic venous insufficiency 
received either butcher’s broom extract (72 to 75 mg/day of 
a 15 to 20:1 extract) or a placebo for 12 weeks.38 Analysis of 
the 148 women who completed the trial revealed the herbal 
treatment significantly reduced leg volume, ankle and leg cir-
cumferences (all p<0.001) and subjective symptoms such as 
heavy tired legs (p=0.0022). Tolerability of both treatments 
was assessed as good to very good. The authors concluded 
that butcher’s broom was a safe and effective treatment for 
patients suffering chronic venous insufficiency.

Significant decreases in the venous diameter of deep veins 
(for example p=0.02 for the common femoral vein), a signifi-
cant increase in flow parameters in these veins (p=0.05) and 
a non-significant decrease in the flow parameters in super-
ficial veins was observed when 12 patients with primary 
varicose vein disease were treated with butcher’s broom 
extract combination and assessed in the standing position.39 
Measurements were taken using ultrasonography at base-
line, 2 h after the intake of the combination on the first day 
of the study and at the end of the 7-day study period. (Most 
of the above venotonic outcomes occurred at the 2-h meas-
urement.) In terms of the primary endpoint (venous diame-
ter of the greater saphenous vein in the supine position after  
7 treatment days), the study failed to demonstrate a signifi-
cant effect. (Two hours was assumed to be the time of the 
peak concentration of the herbal treatment.)

During a 2-month treatment with butcher’s broom extract 
combination, a significant decrease or regression of clini-
cal symptoms and a reduction in ankle circumference was 
observed.40 This randomised, double blind, placebo-con-
trolled trial involved 60 patients with uncomplicated chronic 
venous insufficiency. Clinical symptoms that were significantly 

reduced included heavy legs (p<0.01 at 30 and 60 days), tired 
legs (p<0.01 at 30 and 60 days), sensation of evening oedema 
(p<0.01 at 30 and 60 days, p<0.05 at 15 days), pain (p<0.01 
at 30 and 60 days), pruritus (p<0.01 at 60 days) and cramp 
(p<0.05 at 30 and 60 days). The reduction in average ankle 
circumference for the treatment group compared with pla-
cebo was significant at the end of the trial (p<0.05). Global 
assessment of efficacy in the 30 patients in the butcher’s 
broom group showed an excellent result in 15 patients, good 
in 13 and satisfactory in two. Of the 30 patients receiving 
placebo, results were rated as excellent in four, good in 17, 
satisfactory in eight and insufficient in one. The tolerability of 
butcher’s broom extract combination was found to be similar 
to the placebo.

In a double blind, placebo-controlled, crossover trial, 40 
patients with chronic venous disorders of the lower limbs 
evaluated butcher’s broom extract combination.41 The trial 
involved two treatment periods of 2 months, with an interim 
washout phase of 15 days. During active treatment, patients 
received capsules each day containing butcher’s broom extract 
(99 mg), hesperidin (450 mg) and ascorbic acid (300 mg). An 
overall tendency for improvement occurred that was more 
distinct during active treatment than during placebo treat-
ment. Pruritus and plethysmographic parameters changed sig-
nificantly with active treatment compared to placebo (p<0.01 
or p<0.05, depending on the parameter). Tolerability was 
deemed to be excellent.

A significant improvement in venous tone (p<0.05) was 
measured after 2 weeks in a randomised, double blind, pla-
cebo-controlled trial involving 50 patients with varicose 
veins.42 Active treatment consisted of the butcher’s broom 
extract combination. To assess venous function, venous capac-
ity, venous distensibility and expelled blood volume were 
measured by plethysmography. The authors suggested that, 
despite the improvements observed, the treatment period was 
probably too short to obtain a full therapeutic effect since not 
all parameters achieved statistical significance.

In patients with post-thrombotic syndrome, the median 
blood velocity in the femoral vein increased by 24% on the 
diseased side 2 h after the oral administration of butcher’s 
broom extract combination.43 The ratio of the middle arte-
rial inflow to venous outflow velocities showed a favourable 
decrease of 40% after medication (p<0.05). Measurements 
were conducted using ultrasound and the study was an open 
design, with results compared against baseline.

In a double blind, placebo-controlled trial involving 100 
patients, butcher’s broom extract combination for a period of 
1 to 3 months improved the following symptoms: heavy and 
painful legs, nocturnal cramps, oedema of the lower limbs.44 
The overall improvement was significant, as measured by 
global assessment (p<0.05).

A clinical trial comparing the therapeutic efficacy of butch-
er’s broom extract combination with micronised diosmin 
found the two treatments produced similar effects by the 
conclusion of the trial (2 months).45 The onset of action for 
the butcher’s broom extract combination appeared to be ear-
lier, since benefits were observed at 15 days.

In a randomised, multicentre study, butcher’s broom 
extract combination was more effective than hydroxyethyl 
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rutoside after 90 days of treatment for chronic venous insuf-
ficiency.46,47 More rapid and complete regression of symptoms 
occurred for the butcher’s broom group (p<0.01). A signifi-
cant reduction in the affected limb size was observed in both 
groups, but only persisted for 90 days with the butcher’s 
broom extract combination (p<0.01).

Several other double blind, placebo-controlled or compara-
tive trials published in the 1980s or early 1990s demonstrated 
significant clinical benefit for the butcher’s broom extract 
combination in the management of chronic venous insuffi-
ciency.48–51 Similarly, a group of more recent open label trials 
from Mexico and South America have shown positive clinical 
outcomes in patients with chronic venous disorders.52–55

The safety and efficacy of the butcher’s broom extract 
combination was evaluated in a multicentre surveillance study 
involving 886 cases.56 After 30 and 60 days of treatment, the 
number of patients reporting mild and absent symptoms (pain, 
cramping, paraesthesia, heaviness) was substantially increased. 
Tolerance was rated as excellent for 85.4% of patients and side 
effects were reported in 5.6%. These were essentially minor 
digestive troubles or transient problems that did not necessi-
tate the cessation of treatment except in three cases.

Topical and oral use during pregnancy
A significant reduction in the dilatation of the femoral vein 
(p<0.05) in pregnancy was observed in an uncontrolled study 
in 18 women that assessed the use of a butcher’s broom 
cream.57 Similar beneficial results were also observed in an 
earlier study.58

A therapeutic trial involving 20 pregnant women (21 to 
24 weeks) found that the oral use of butcher’s broom extract 
combination improved symptoms of venous insufficiency and 
was innocuous to the fetus, as assessed by the usual clini-
cal and ultrasonographic criteria of pregnancy surveillance, 
including umbilical artery flow and the state of the infant and 
placenta following birth.59 In a much larger earlier study, the 
efficacy and tolerability of the butcher’s broom extract com-
bination were assessed in an uncontrolled multicentre clinical 
trial.60 The product was administered for 2 months to 214 
women who presented with chronic venous insufficiency as a 
result of their pregnancy. Symptoms (including pain, cramps 
and paraesthesia) and signs (such as varices and oedema) were 
significantly improved compared to baseline at 30 and 60 days 
of treatment (no p values were provided). Tolerability was 
rated as excellent, with only nine patients reporting mild gas-
trointestinal or skin reactions. No information regarding preg-
nancy outcomes was provided.

Varicose ulcers
In a randomised, double blind trial, 23 patients with venous 
leg ulcers were treated over a period of 6 weeks with six 
capsules daily of the butcher’s broom extract combination  
(n=12) or a placebo (n=11).61 The treatment was in addi-
tion to basic ulcer therapy. In the placebo group five patients 
did not show any improvement or healing of the ulcer during 
the observation period, whereas in 11 of 12 patients treated 
with the active combination the ulcer area was markedly 
reduced (p<0.001). Parallel to the change in the ulcer size, 

venous haemodynamics were improved and venous drain-
age increased significantly (p<0.05). The results showed that 
this additional therapy favourably affects the healing rate of 
venous ulcers.

Lymphoedema
Fifty-seven patients with secondary lymphoedema of the 
upper limb after previous treatment for breast cancer partici-
pated in a double blind, placebo-controlled trial of butcher’s 
broom extract combination for a period of 3 months. All 
patients also underwent manual lymphatic drainage twice a 
week for at least 1 month. A significant reduction in the vol-
ume of arm oedema (12.9%, p<0.01) was observed in the 
treatment group compared with placebo. Decreased oedema 
was more marked in the forearm compared to the upper arm, 
where there was increased fat deposition.62

Haemorrhoids
The efficacy of butcher’s broom extract combination for the 
treatment of acute attacks of haemorrhoids was investigated in 
an open label multicentre study.63 One hundred and twenty-
four patients were treated for 1 week. The treatment pro-
tocol was six capsules of the combination daily for the first 3 
days, then four capsules daily. Each capsule contained 150 mg 
of butcher’s broom extract, 150 mg of hesperidin methylchal-
cone and 100 mg of ascorbic acid. Parameters studied were 
painful symptoms (discomfort, sensation of heaviness, burning, 
pruritus, tenesmus), accompanying symptoms (rectal bleeding, 
altered intestinal motility, abdominal pains), local signs (pro-
lapse, congestive state, inflammation), overall severity score of 
symptoms and clinical efficacy and safety. Analysis of results 
demonstrated a statistically significant decrease in all scores 
between day 0 and day 7. The main results were: an average  
decrease of 4.9 points in painful symptoms (p=0.0001 
compared against baseline), a decrease of 1.3 points in the assess
ment of accompanying symptoms (p=0.0001), a decrease of 3.6 
points in local signs (p=0.0001) and a decrease of 9.8 points in 
the overall severity score of the symptoms (p=0.0001). Sixty-
nine per cent of the patients rated the efficacy of the treatment 
as good or excellent (>75% for the physicians’ rating).

Premenstrual syndrome
In a randomised, double blind trial, 40 women suffering pre-
menstrual syndrome received either butcher’s broom extract 
combination (n=20) or an identical placebo (n=20) for 90 
days.64 Mastalgia (p<0.02), menstrual pain (p<0.05) and 
mood (p<0.05) were significantly improved in the treatment 
group compared with placebo.

Orthostatic hypotension
It has been postulated that butcher’s broom may counter the 
blood pooling in the lower limbs associated with orthostatic 
hypotension by virtue of its vasoconstrictive and venotonic 
properties.65

Diabetic retinopathy
The effects of a combination of buckwheat leaf (1.5 g/day) and 
troxerutin (90 mg/day) or butcher’s broom extract (75 mg/day)  
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K deficiency, and some upper digestive irritations. Saponin-
containing herbs are best kept to a minimum in patients with 
pre-existing cholestasis.

Interactions
None identified in the literature.

Use in pregnancy and lactation
Category B1 – no increase in frequency of malforma-
tion or other harmful effects on the fetus from limited use 
in women. No evidence of increased fetal damage in animal 
studies.

Animal studies have not produced any evidence of embryo-
toxic activity for butcher’s broom extract. Butcher’s broom 
combined with sweet clover (Melilotus officinalis) or hes-
peridin methylchalcone has been used topically to treat 
varicose veins in pregnant women.57,67 An uncontrolled trial 
(noted earlier) observed that oral administration of butcher’s 
broom combined with hesperidin methylchalcone and ascor-
bic acid to pregnant women (21 to 24 weeks’ gestation) had 
no adverse effect on their infants. The 20 women involved in 
the study received the herbal treatment for at least 6 weeks 
and not more than 13 weeks. Postprandial digestive heaviness 
was noted by eight patients and was ascribed to the herbal 
treatment.59

The herb is rated as compatible with breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
As with all herbs rich in saponins, oral use may cause irritation 
of the gastric mucous membranes and reflux. The use of an 
enteric-coated preparation is preferred in sensitive patients.

Contact allergy to ruscogenins occurs rarely, but may be 
underestimated. In the 10 years to 1998 eight cases were 
reported to the French medical authorities.69 Contact allergy 
to butcher’s broom extract has also been reported.70,71 In one 
of these cases the cream contained butcher’s broom extract 
and the excipient thimerosal, and positive patch test results 
were obtained for both ingredients.70

Adverse reactions associated with the oral intake of butch-
er’s broom extract combined with hesperidin methylchalcone 
and ascorbic acid have been reported. In particular, lympho-
cytic colitis (one case associated with ileal villous atrophy and 
most with chronic diarrhoea) were observed, many after long-
term use of the product.72–75 Faecal fluid measurements were 
not consistent with an osmotic mechanism.75 Other cases of 
chronic diarrhoea76–79 including diarrhoea without mucus or 
blood,80 and watery diarrhoea mimicking coeliac disease, have 
been reported.81 These earlier reports are probably also cases 
of lymphocytic colitis that were recorded before this associa-
tion was more widely recognised. The lymphocytic colitis may 
be secondary to a chronic activation of the mucosal immune 

on ophthalmological and biochemical parameters in patients 
with non-proliferative diabetic retinopathy were compared with 
that of the synthetic rutin derivative troxerutin (1 g/day).66 
During the study period of 3 months, 60 diabetic patients 
were divided into three equal groups: group I received troxeru-
tin, group II received butcher’s broom and group III received 
buckwheat plus troxerutin. The amplitude of oscillating poten-
tials decreased in patients receiving only the troxerutin, and 
increased in group II and III patients. Regression of changes in 
the fundus of the eye was demonstrated in 23.1% to 27.8% of 
all treated patients; however, deterioration in 5.6% of patients 
in group I, 3.3% of those in group III and none in group II was 
also observed. Troxerutin seemed to be less effective than the 
herbs, especially when oscillating potentials were considered.

Toxicology and other safety data

Toxicology
The following LD50 data have been recorded for butcher’s 
broom extract and its constituents:

Substance Route, model LD50 Reference

Butcher’s broom rhizome, 
fluid extract

Oral, mice 4.6 g/kg* 67

Butcher’s broom rhizome, 
fluid extract

Oral, rat >4.6 g/kg* 67

Ruscogenins (ruscogenin, 
neoruscogenin)

Oral, mice >3.0 g/kg 9

Ruscogenins (ruscogenin, 
neoruscogenin)

Oral, rats >3.0 g/kg 9

*Value expressed as dried herb equivalent.

Intravenous administration of dried butcher’s broom 
extract to dogs resulted in a slowing of the heart rate, a 
marked drop in arterial pressure, and at high doses increased 
respiration and blood glucose levels. Intraperitoneal doses of 
1.5 to 2.0 g/kg of dried ethanolic extract of butcher’s broom 
were lethal in guinea pigs. The authors estimated that the 
upper level of a safe dose for a human would be about 10 g of 
extract by injection.68

Prolonged oral administration of high doses (300 mg/kg) 
of saponosides, prosapogenins and ruscogenins isolated from 
butcher’s broom were well tolerated by rats.9

Contraindications
Because of the irritant effect of the saponins, butcher’s broom 
should not be applied to broken or ulcerated skin.

Special warnings and precautions
The use of herbs rich in saponins is possibly inappropriate in 
coeliac disease, fat malabsorption and vitamin A, D, E and 
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system by one or several components of the combination.82 
It has not been determined if the butcher’s broom extract is 
implicated in this adverse reaction.

A case of cytolytic hepatitis associated with the ingestion 
of a preparation containing ruscogenins, hesperidin, ascorbic 
acid and aesculetol has been reported.83

All the clinical trials noted previously indicate that the risk 
of side effects for butcher’s broom is relatively low and that 
such side effects are likely to be minor.

Overdosage
No incidents found in the literature.

Safety in children
No information available.

Regulatory status in selected 
countries

In the UK butcher’s broom is not included on the General 
Sale List. In Germany it is covered by a positive Commission 
E Monograph. Butcher’s broom is official in the European 
Pharmacopoeia 2006.

In the USA butcher’s broom does not have GRAS status. 
However, it is freely available as a ‘dietary supplement’ in the 
USA under DSHEA legislation (Dietary Supplement Health 
and Education Act of 1994).

In Australia butcher’s broom is not included in Part 4 of 
Schedule 4 of the Therapeutic Goods Regulations and is 
freely available for sale.
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Chamomile, German

(Matricaria recutita (L.) Rauschert)

was considered a very gentle and safe herb.2,3 Eclectic physicians 
also prescribed chamomile for therapeutic use during pregnancy.1

Summary of actions

Anti-inflammatory, spasmolytic, mild sedative, antiulcer,  
carminative, vulnerary, diaphoretic.

Can be used for

Indications supported by clinical trials
l	 Topical application: eczema, including neurodermatitis; 

wound healing.
l	 Internal use: anxiety, non-specific gastrointestinal 

complaints; in combination with pectin for the treatment 
of acute, non-complicated diarrhoea; in combination with 
dong quai for treatment of menopause; in combination 
with other herbs for the treatment of infantile colic.

Traditional therapeutic uses
Flatulent and nervous dyspepsia, travel sickness, nervous diar-
rhoea; nasal catarrh; dysmenorrhoea, amenorrhoea; restless-
ness and anxiety; during dentition.

May also be used for

Extrapolations from pharmacological 
studies
Spasm or ulceration of the gastrointestinal tract; restlessness, 
anxiety, mild sleep disorders.

Other applications
Cosmetics (for sensitive skin, anti-inflammatory and anti-acne 
products), bath preparations and hair care products.4

Preparations

Infusion of dried herb or liquid extract for internal use; infu-
sion of dried herb, liquid extract or essential oil for external 
use or as an ingredient in ointments, creams, bath additives, 
mouthwashes and sprays. As with all essential oil-containing 
herbs, use of the fresh plant or carefully dried herb is advised. 
Keep covered when infusing the herb to retain the essential oil.

Topical use studies have generally used chamomile extracts 
from high-bisabolol chemotypes. Given the pharmacological 

Synonyms

Matricaria chamomilla L., Chamomilla recutita (L.) Rauschert 
(botanical synonyms), German chamomile, wild chamomile, 
matricaria (Engl), Matricariae flos (Lat), Kamillenblüten, 
Feldkamille (Ger), fleur de camomile, matricaire (Fr), camo-
milla (Ital), kamille (Dan).

What is it?

A number of plants have ‘chamomile’ as part of their com-
mon name, such as the corn chamomile (Anthemis arvensis). 
Although sweet or Roman chamomile (Chamaemelum nobile = 
Anthemis nobilis) is also used medicinally, the German chamo-
mile (Matricaria recutita) is the medicinal chamomile covered 
by this monograph. German chamomile has been known and uti-
lised since ancient times: the flower heads were widely included 
in pharmaceutical and medicinal preparations, beverages and cos-
metics, and the essential oil in perfumery. In the Mediterranean 
it is common to order chamomile tea in restaurants or bars, even 
in a concentrated ‘espresso’ form. The Eclectic physicians pre-
ferred the use of German over Roman chamomile; the latter is 
also known to cause allergic reactions such as contact dermati-
tis and anaphylaxis. The use of German chamomile chemotypes 
rich in bisabolol (levomenol) is preferred, as this will confer max-
imum anti-inflammatory and spasmolytic activities.

Effects

Anti-inflammatory; inhibits spasm in the digestive tract; inhib-
its the occurrence of ulceration; promotes wound healing; 
stimulates skin metabolism.

Traditional view

Chamomile was considered to have two specific fields of action: 
the nervous system (as a calming treatment) and the gastrointes-
tinal tract (decreasing irritation and as a carminative and spasmo-
lytic). It is believed to affect both sensory and motor nerves and 
was used to treat nervous manifestations of dentition, and condi-
tions with a morbid susceptibility to pain. Other important appli-
cations were amenorrhoea and nervous conditions involving the 
gastrointestinal tract. Large doses of chamomile infusion produce 
free diaphoresis, which was even said to relieve dysmenorrhoea 
and prevent clotting.1 Chamomile was also considered to be anti-
catarrhal and used to treat catarrhal conditions of the ears, nose 
and eyes.1,2 It was commonly employed in external applications 
for haemorrhoids, mastitis, mammary abscess, leucorrhoea and 
leg ulcers. The traditional use in children indicates chamomile 
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properties of (–)-alpha-bisabolol and matricine (chamazulene), it 
is important to prefer these varieties.

Dosage

l	 2 to 4 g three times per day of dried flower heads or in an 
infusion

l	 3 to 6 mL/day of 1:2 liquid extract, 7 to 14 mL/day of 1:5 
tincture; 50% ethanol is the preferred extraction solvent

l	 Infusions or semisolid preparations containing 3% to 10% 
(w/w) of the flowers or equivalent for external use as a 
compress, wash or gargle.

Duration of use

No restriction on long-term use.

Summary assessment of safety

Except in extremely rare cases of allergy and contact dermati-
tis in susceptible patients, chamomile is a safe herb.

Technical data

Botany
Matricaria recutita, a member of the Compositae 
(Asteraceae, daisy) family, is an annual that can grow as tall 
as 1 m in the right soil (usually up to 60 cm). The alternate 
leaves are bipinnatisect, delicately lobed and thread-like, end-
ing in a point. The flower consists of 12 to 16 white ligules 
(ray florets, 10 to 15 mm long) surrounding the central mound 
of tiny yellow flowers (disc florets, five-lobed), which are 
embedded in a hollow, conical receptacle. The flower head is 
1.2 to 2.4 cm in diameter. The light-coloured fruits are very 
small achenes, without outside oil glands.5,6

Adulteration
There has been much contention over the appropriate botani-
cal classification of chamomile. There are various genotypes 
and it is also easily confused with related species of similar 
appearance or odour, especially from the genera Anthemis, 
Matricaria, Chamomilla, Chrysanthemum and Tanacetum. 
One authoritative review of the literature suggested that most 
cases of allergic contact dermatitis involving chamomile may 
actually be from related species, particularly Anthemis cotula 
(stinking dog fennel), which contains much higher levels of a 
particularly potent potential allergen, anthecotulide.7,8

Key constituents
l	 Essential oil (0.5% to 1.5%), containing (–)-alpha-bisabolol 

(also known as levomenol), chamazulene, bisabolol oxides 
A, B, C and cis- and trans-en-yn-dicycloethers.9 The 

intensely blue phytochemical chamazulene is an artefact 
formed from matricine during steam distillation10

l	 Flavonoids (0.5% to 3%), particularly apigenin-7-
glucoside, flavonoid aglycones,9 coumarins (herniarin and 
umbelliferone), phenolic acids, mucilage,11 GABA (gamma-
aminobutyric acid).12

The content of these constituents varies considerably 
between different chemical races or varieties of chamomile.13 
Weather and where the plant is grown also affect the con-
tent and composition of the essential oil.14,15 The British 
Pharmacopoeia recommends that chamomile contain not less 
than 4 mL/kg of blue essential oil.16
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Pharmacodynamics

Anti-inflammatory activity
Chamazulene inhibited the formation of leukotriene B4 in 
intact neutrophils in a dose-dependent manner and blocked 
the chemical peroxidation of arachidonic acid. Matricine 
did not show these effects, even at higher concentrations. 
Matricine had no effect on cyclo-oxygenase (COX) and 
12-lipoxygenase activities in human platelets.17 However, 
other in vitro studies have determined that at least part of 
the anti-inflammatory activity of chamomile extracts is due to 
constituents that inhibit the formation of 5-lipoxygenase and 
COX, and have antioxidant activity. Bisabolol and apigenin 
appear to be responsible for this.18

An aqueous chamomile extract inhibited the release of prosta-
glandin E2 from lipopolysaccharide (LPS)-activated macrophages 
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in vitro. The activity was due to a dose-dependent inhibition of 
COX-2 activity. Chamomile reduced COX-2  mRNA and protein 
expression, without affecting COX-1 expression or activity. The 
species was not defined, but is likely to be Matricaria recutita.19 
Apigenin also inhibited COX-2 and nitric oxide synthase (NOS) 
activity in LPS-activated macrophages.20

In terms of a possible influence on cytokine activity, api-
genin inhibited LPS-induced interleukin-6 production in 
macrophages. Oral pretreatment (50 mg/kg) inhibited LPS-
induced interleukin-6 and tumour necrosis factor-alpha pro-
duction in mice.21

Oral intake of matricine demonstrated anti-inflammatory 
activity in the carrageenan test on rat paw.22 Matricine was 
nearly as effective as (–)-alpha-bisabolol up to 3 h after oral 
administration. Chamazulene was significantly less active 
than both these compounds.23 Matricine, together with most 
of the components in chamomile oil but especially bisabolol, 
demonstrated anti-inflammatory activity when tested topically  
on skin.24

(–)-alpha-Bisabolol demonstrated anti-inflammatory activ-
ity in a number of experimental inflammatory models: rat paw 
oedema, adjuvant arthritis of the rat, ultraviolet erythema of 
the guinea pig and yeast fever in rats.25 cis-En-yn-dicycloether 
inhibited the development of dextran-induced oedema in 
rats.26 Several polysaccharides in chamomile have demon-
strated anti-inflammatory activity when applied topically.27

The anti-inflammatory activity of an aqueous-alcoholic 
extract of fresh chamomile, an aqueous-alcoholic extract of 
dried chamomile, the essential oil and isolated components 
of the essential oil were investigated by topical administra-
tion using croton oil-induced dermatitis in mouse ear. The 
extract prepared from dried flowers showed a mild but signifi-
cant anti-inflammatory activity (24%), but the extract based 
on fresh chamomile was more active (32%) and equalled the 
activity of the reference drug, benzydamine. The essential oil 
solution did not show any significant inhibition of oedema. 
The anti-inflammatory activity of apigenin was 10 times 
higher than matricine, which was 10 times higher than chama-
zulene. The differences in anti-inflammatory activity of the 
various preparations might be attributable to the varying con-
centrations of matricine.28

An aqueous-alcoholic extract of dried chamomile demon-
strated a significant reduction of oedema (23.4%) compared 
with controls after topical administration to mice in the croton 
oil ear test. The non-steroidal anti-inflammatory agent benzy-
damine produced a similar reduction at a dose corresponding 
to twice its usual clinical dose. Hydrocortisone was the most 
active agent (56.4%).29 Anti-inflammatory effects were dem-
onstrated for topical administration of standardised chamomile 
extract, the flavone fraction and isolated flavones (apigenin, 
luteolin and quercetin) in the same model. The lipophilic fla-
vone fraction demonstrated stronger activity than the total 
chamomile extract, and the action of apigenin was superior to 
the reference drugs indomethacin and phenylbutazone.30

The anti-inflammatory efficacies of topical compounds were 
measured directly and objectively on the skin of healthy vol-
unteers using the Tesafilm stripping technique. Three pharma-
ceutical formulations were investigated: a chamomile cream, 
its cream base and a hydrocortisone ointment. Chamomile 

cream exhibited 70% of the activity of the hydrocortisone 
ointment.31 Experimentally induced toxic contact dermatitis 
was topically treated with a chamomile ointment and com-
pared with ointment base and 1% hydrocortisone acetate. The 
chamomile ointment demonstrated a superior soothing effect 
in comparison to the cortisone cream on human skin.32

Spasmolytic activity
Chamomile extract and some of its constituents demonstrated 
a dose-dependent spasmolytic effect on isolated guinea pig 
ileum. (–)-alpha-Bisabolol, bisabolol oxides A and B and cham-
omile oil showed a papaverine-like antispasmodic activity, with 
the essential oil showing the lowest effect. The cis-en-yn-dicy-
cloether component also showed activity, although it was not 
dose dependent. The flavones apigenin, luteolin, patuletin and 
quercetin demonstrated marked antispasmodic effects, with 
apigenin significantly more potent than the other flavones, but 
less active than papaverine. The coumarins only demonstrated 
a weak effect.33 Freeze-dried, ethanol-free extract of chamo-
mile completely blocked slow wave activity in isolated mouse 
small intestine.34 Inhibition of cAMP phosphodiesterase was a 
likely mechanism for the spasmolytic activity.35

Spasmolytic activity has also been observed following oral 
administration of apigenin.36 cis-En-yn-dicycloether demon-
strated a more pronounced antispasmodic effect than papaver-
ine on isolated guinea pig and rabbit intestine.26 Chamomile 
extract (25 mL/L)37 and chamomile oil (0.2 mL diluted in 
400 mL methanol)38 inhibited acetylcholine- and histamine-
induced contractions in guinea pig ileum in vitro.

Chamomile extract showed moderate inhibitory activity in 
experimentally induced hyperperistalsis. The inhibition (56%) 
was greater than that of the control drug loperamide (34% at 
doses of 10 mg/kg). Rats were treated orally with the methanol 
extract of the aerial parts (5:1, 300 mg/kg).39

Sedative and CNS activity
Several fractions from the aqueous extract of chamomile, 
including apigenin, have demonstrated significant affinity for 
the central benzodiazepine receptor in vitro. Apigenin also 
demonstrated clear antianxiety activity (10 mg/kg) and slight 
sedative activity without muscle relaxant effects after intra-
peritoneal administration in mice.40 However, a later study 
in rats found that apigenin (doses from 0.5 to 10 mg/kg, ip) 
did not demonstrate antianxiety activity. In vitro investiga-
tions suggest that any sedative effect demonstrated in vivo 
for apigenin (by injection), is not mediated by benzodiazepine 
receptors.41 Fractions isolated from the methanol extract of 
chamomile were able to selectively bind to both central and 
peripheral benzodiazepine receptors in vitro. The displacing 
activity on radiolabelled muscimol binding observed for sev-
eral of the fractions was found to be due to the presence of 
GABA in micromolar concentrations. The identity of other 
active compounds was not established. However, some of the 
fractions not containing GABA produced a statistically sig-
nificant reduction of locomotor activity in rats after intracer-
ebroventricular injection.12 Chamomile extract significantly 
inhibited GAD (glutamic acid decarboxylase) activity in vitro 
(brain homogenate). GAD is a rate-limiting enzyme that 
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determines GABA levels in normal nervous tissues, such as 
the brain.42

Oral administration of chamomile extract (300 mg/kg) caused 
a significant shortening in sleep latency in rats. Flumazenil  
(a benzodiazepine receptor antagonist) at a dose that caused no 
obvious effect when used alone showed a significant antagonistic 
effect on the shortening of sleep latency induced by the chamo-
mile extract.43

A dried preparation of a chamomile infusion demonstrated a 
depressive effect on the CNS after intraperitoneal administration 
in mice. A dose-dependent decrease of basal locomotor activity 
was observed (90 to 360 mg/kg) without involving motor coordi-
nation and muscle relaxation. A significant sleeping-time poten-
tiating effect was only observed at the two highest doses (160 
and 320 mg/kg).44 Inhalation of chamomile oil vapour decreased 
stress-induced increases in plasma ACTH (adrenocorticotropic 
hormone) in ovariectomised rats, compared with placebo. The 
plasma ACTH level decreased further when diazepam was 
administered with chamomile oil vapour, and the decrease was 
blocked by flumazenil. This suggests that chamomile oil may 
have an effect on GABA ergic systems in rat brain and perhaps 
an activity similar to benzodiazepine agonists.45

A series of clinical tests in Japan found that an increase in 
mental activity was observed just after eating warmed cham-
omile jelly. There was also a decrease in heart rate and an 
increase in ‘pleasantness’ and good mood. Compared with con-
trol nights, eating the warmed jelly improved aspects of sleep 
in men and women. Skin temperature increased more when 
drinking chamomile tea than when drinking hot water.46–48 No 
exact details of dosage were provided in these studies.

The effect of olfactory stimulation on fluency, vividness of 
imagery and associated mood was studied with 22 volunteers 
after exposure to either chamomile oil or placebo. Participants 
were asked to visualise positive and negative images after 
exposure to one oil then the other. Chamomile oil did not 
affect the vividness of imagery ratings, but significantly pro-
longed the time taken for participants to visualise both 
positive and negative phrases, suggesting a sedative effect. 
Negative mood ratings following negative phrase presentation 
were less extreme after chamomile (p=0.042). Overall mood 
rating was significantly higher (mean=+1) after chamomile 
compared with placebo (mean=0) (p=0.001).49

Co-administration of extract of Matricaria chamomilla 
(25 mg/kg) with morphine (both by ip injection) greatly 
reduced the development of morphine dependence in rats. 
Administration of chamomile extract before induction of 
withdrawal syndrome by naloxone injection inhibited the 
expression of abstinence syndrome in morphine-dependent 
animals.50 Pretreatment with an aqueous-methanolic extract 
of chamomile (200 mg/kg, ip) increased the latency of seizure 
onset in experimentally induced seizure in mice.51

Antiulcer activity
Chamomile extract demonstrated antipeptic activity in vitro.52 
(–)-alpha-Bisabolol inhibited the occurrence of ulceration induced 
by indomethacin, stress or ethanol in rats. A decrease in heal-
ing time of ulcers was also observed. A standardised chamo-
mile extract also demonstrated ulcer-protective activity.53 Oral 

administration of (–)-alpha-bisabolol demonstrated a significant 
protective effect (p<0.05) against gastric toxicity produced by 
acetylsalicylic acid in rats.54 Several more recent studies have con-
firmed that an aqueous-ethanolic extract of chamomile and alpha-
bisabolol can reduce experimentally induced gastric lesions.55–57 
The mechanism of gastroprotection may involve a reduction in 
oxidation (chamomile extract, alpha-bisabolol),55,57 and activation 
of ATP-sensitive potassium channels (alpha-bisabolol).56

In an interesting series of experiments, the antiulcerogenic 
activity of chamomile in rats was compared with a number of 
other herbs.58 A liquid aqueous-ethanolic extract of chamo-
mile demonstrated a dose-dependent protection (2.5, 5 and 
10 mL/kg, oral) against indomethacin-induced ulcers, but was 
not as active as many of the other herbs, including licorice and 
caraway. However, chamomile extract (10 mL/kg, oral) was 
the most potent herb at decreasing gastric acidity and acid 
output. It also significantly increased gastric mucin content, 
activity shared with licorice, St Mary’s thistle and caraway.

Antimicrobial activity
Antimicrobial activity has been demonstrated for (–)-alpha-
bisabolol in vitro59 and chamomile oil (<0.05%, v/v) against 
Staphylococcus aureus, Bacillus subtilis and Candida 
albicans60 and for herniarin in the presence of near UV 
light. Chamomile extracts demonstrated similar activ-
ity against Escherichia.61 The growth of Staphylococcus 
aureus, Streptococcus mutans, group B Streptococcus and 
Streptococcus salivarius was completely inhibited by chamo-
mile extract at 10 mg/mL. The extract showed strong anti-
bacterial activity against Bacillus megatherium and Leptospira 
icterohaemorrhagiae. The effective concentration of each 
component (alpha-bisabolol, bisabolol oxides, dicycloethers 
and chamazulene) was much lower when the component was 
in combination with the others, as in the natural extract, indi-
cating a possible synergistic effect.62

The antibacterial activity of chamomile against Helicobacter 
pylori was tested in vitro. Activity ranged from no activity 
(infusion,63 aqueous-ethanolic extract standardised for alpha-
bisabolol,64 methanol extract65) to some activity (olive oil 
extract,66 essential oil,67 concentrated aqueous-methanolic 
extract68). Test methods varied, making comparison difficult. 
The methanol extract was described as having no activity (MIC 
greater than 100 μg/mL). In comparison, the MIC of amoxicil-
lin was 0.002 to 0.06 μg/mL.65 The MIC90 of chamomile olive 
oil extract (1:10) was 125 mg/mL (no standard comparison),66 
while the MIC for the essential oil was 36 to 70 μg/mL (in 
comparison, the MIC of amoxicillin was 0.02 μg/mL).67 (The 
minimum inhibitory concentration (MIC) is the lowest con-
centration at which there is no visible bacterial growth. MIC90 
is the minimum concentration at which 90% of the bacterial 
growth is inhibited.)

An aqueous-ethanolic extract of chamomile, standardised 
for alpha-bisabolol, inhibited the growth of Campylobacter 
jejuni by approximately 100% at both 1:25 and 1:100 dilu-
tions. The IC50 (for dry weight of herb) against the bacte-
ria was 2 mg/mL. In comparison, the IC50 for gentamicin was 
0.08 μg/mL. (IC50 is the concentration of a compound needed 
to reduce the growth of an organism by 50%.64)
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Quorum sensing is a process of intercellular communication 
among bacterial cells, which occurs with the use of signalling 
molecules. Inhibition of quorum sensing may reduce infec-
tions. Chamomile essential oil was ineffective in inhibiting 
quorum sensing of two sensor strains in vitro.69

Chamomile essential oil demonstrated significant virucidal 
activity towards herpes simplex virus type 2 (HSV-2) in vitro 
with an IC50 of 1.5 μg/mL.70 The oil was also active against an 
acyclovir-sensitive HSV-1 strain and against acyclovir-resistant 
clinical HSV-1 isolates.71 Chamomile essential oil affected the 
viruses by interrupting the adsorption of virus onto the host 
cell.70,71

Bisabolol (500 and 1000 μg/mL) achieved 100% inhibition 
of Leishmania infantum promastigote in vitro.72

Wound healing, itching
Aqueous extract of chamomile (120 mg/kg/day) in the drink-
ing water of rats resulted in an increased rate of wound 
contraction, increased wound-breaking strength and hydroxy-
proline content, and improved histology of experimentally 
induced wounds.73 Topical application of chamomile extract 
accelerated the healing of burns and incisions in rats.74,75  
A chamomile ointment was effective in the treatment of oral 
mucositis in a hamster model. The ointment contained a fluid 
extract of chamomile (10%) and tincture of myrrh.76 The 
same preparation promoted faster wound healing of tongue 
lesions compared with topical corticosteroids in rats.77

The wound-healing activity of chamomile is closely linked 
to its anti-inflammatory activity. (–)-alpha-Bisabolol promotes 
granulation and tissue regeneration.59 Application of chamo-
mile extract altered the metabolism of guinea pig skin cells, 
indicating possible stimulation of cellular regeneration and 
inhibition of inflammation.78 Extracts of chamomile showed 
moderate activity in stimulating proliferation and migration of 
fibroblasts in vitro.79

The impact of oral administration of chamomile in reduc-
ing experimentally induced itch was investigated in mice. A 
diet containing 30% (w/w) of dried, powdered chamomile 
for 11 days reduced itch by about 30%, which was not sig-
nificant. Of the other extracts tested, significant inhibition of 
itch occurred for an ethyl acetate extract (dosage adjusted to 
30% (w/w) of dried chamomile). Removal of water-soluble 
substances from the ethanol extract appeared to significantly 
enhance its antipruritic activity.80 In the same model, oral 
administration of ethyl acetate extract of chamomile extract 
(25:1, 300 mg/kg) combined with antihistamines was more 
effective for the suppression of scratching behaviour in mice 
than administration of antihistamines alone. At least part of 
the antipruritic activity was due to the essential oil, present 
at approximately 30% in the extract.81 Topical application of 
chamomile essential oil (3% oil, 70 μL, daily for six times per 
week) alleviated some altered immune parameters in mice 
with experimentally induced atopic dermatitis. The eleva-
tion in serum immunoglobulin E (IgE), IgG1 and histamine 
were significantly reduced compared with control groups. 
Scratching frequency was significantly lower than in either 
control group (saline, jojoba oil).82

Other activity
Chamazulene and (–)-alpha-bisabolol, within the concentra-
tion range 10−9 to 10−5 M, demonstrated very little influence 
on histamine release in isolated rat mast cells. At concentra-
tions higher than 10−5 M they stimulated histamine release. 
En-yn-dicycloether exhibited a moderate stimulating effect 
at concentrations lower than 10−4 M and a strong inhibiting 
effect on histamine release at higher concentrations.83

Extracts and infusion (species undefined) of chamomile 
have shown antioxidant activity in vitro. The activity was 
moderate compared with other herbs.84,85 Chamazulene 
inhibited membrane lipid peroxidation in vitro in a concen-
tration- and time-dependent manner. It also demonstrated 
hydroxyl radical scavenging activity.86 Chamomile may pro-
tect against global cerebral ischaemia/reperfusion-induced 
brain injury in rats. Oral administration of methanol extract 
decreased lipid peroxidation and increased superoxide dis-
mutase, catalase, glutathione and total thiol levels compared 
with the untreated group. Cerebral infarction area was also 
significantly reduced in chamomile-treated groups. The activ-
ity was dose-dependent (100 to 300 mg/kg body weight, 9.3:1 
extract).87

Chamomile extract strongly stimulated the prolifera-
tion of lymphocytes, as determined by the mixed lympho-
cyte reaction, an in vitro stimulatory system involving T cell 
activation.88

Diets containing chamomile flower (1.5% and 7%), several 
chamomile oils (0.2% to 0.35%) or guaiazulene (0.2%) stimu-
lated liver regeneration in rats.89 Intragastric administration of 
a mixture of flavonoids of chamomile normalised sphingolipid 
metabolism in the liver of old rats. (An increase in sphingolipid 
turnover in the liver is associated with elevation of free radi-
cal production and state of chronic inflammation in old age.) 
Animals were fed 160 mg/kg of a mixture consisting of api-
genin, luteolin, apigenin-7-glucoside, luteolin-7-glucoside, 
isorhamnetin and quercetin.90 The same mixture and dosage 
normalised the elevated ceramide content in carbon tetrachlo-
ride-damaged livers of rats via neutral sphingomyelinase inhi-
bition and ceramidase activation. Alterations in sphingolipid 
turnover induced by administration of the flavonoids coincided 
with the stabilisation of the damaged hepatocyte membranes.91 
This mixture (40 to 80 mg/kg) induced a dose-dependent 
increase in bile flow and bile acid secretion in adult and old 
rats. Cholesterol bile secretion was increased and hepatic lipid 
content reduced in old rats, but not in adult rats.92

In a long-term feeding test, the hot water extract of cham-
omile (500 mg/kg/day) significantly suppressed blood glucose 
levels in streptozotocin-induced diabetic rats. The hypogly-
caemic effect of chamomile was independent of the inhibition 
of intestinal alpha-glycosidases, but depended on the inhibi-
tion of hepatic glycogen phosphorylase. Chamomile extract 
also showed strong inhibition against aldose reductase in 
vitro.93 In the same model, oral administration of an aqueous-
ethanolic extract of the aerial parts of chamomile reduced 
hyperglycaemia and oxidative stress in a dose-dependent man-
ner. Significant results were obtained for daily dosages of 280 
and 560 mg/kg (dried herb equivalent). Histological investiga-
tion indicated that treatment with chamomile protected the 
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majority of the pancreatic islet cells, in comparison with the 
control group.94

An ethanol extract of chamomile showed weak activity 
against a cancer cell line in vitro.95 In another test, a signifi-
cant decrease in cell viability was observed in several can-
cer cell lines for chamomile extracts. Chamomile exposure 
resulted in differential apoptosis in cancer cells.96 Bisabolol 
oxide A at a concentration of 10 μM inhibited the growth 
of leukaemia cells in vitro. Combination with 5-fluorouracil 
further inhibited the growth of leukaemia.97 Bisabolol oxide 
A at 5 to 10 μM did not exert a cytotoxic action on normal 
non-proliferative cells (rat thymocytes) in a previous study.98 
Luteolin (5 mg/kg, ip) suppressed prostate tumour growth 
in mice by inhibiting insulin-like growth factor 1 recep-
tor signalling.99 Luteolin inhibited platelet-derived growth 
factor (PDGF)-induced proliferation by inhibiting PDGF 
receptor phosphorylation in vascular smooth muscle cells.100 
Bisabolol efficiently and selectively induced apoptosis in 
malignant tumour cells in vitro by targeting lipid rafts on cell 
membranes.101

Chamomile extract stimulated osteoblastic cell differ-
entiation and exhibited an anti-oestrogenic effect on breast 
cancer cells in vitro, without proliferative effects on cervical 
adenocarcinoma cells.102 Using an in vitro tissue culture indi-
cator system, chamomile (species undefined) was found to 
have weak oestrogen agonist activity and weak progestogenic 
activity.103

An aqueous-ethanolic extract of chamomile was superior 
to 2.5% sodium hypochlorite solution as a cleaning agent to 
remove the smear layer of teeth. A smear layer is produced by 
cutting the enamel or dentin in cavity preparation. Extracted, 
single-rooted teeth were used for this in vitro investigation. 
Chamomile extract was not better than sodium hypochlorite 
solution combined with EDTA (ethylenediaminetetraacetic 
acid), but was more effective than tea tree oil.104

Pharmacokinetics
Chamazulene is formed from matricine in the gut of rats by 
the action of gastric acid following oral administration.23 
When volunteers were given matricine orally (500 mg, in sus-
pension), peak plasma levels of chamazulene carboxylic acid 
were determined at 0.9 to 2.2 μg/mL.105

Topical application of radioisotope-labelled (–)-alpha-bisabolol 
to the skin of nude mice resulted in half the radioactivity being 
found on the skin, with the remainder present in tissue and 
organs. Of the level measured in the tissues and organs, 90% was 
intact (–)-alpha-bisabolol. Further measurements indicated that 
(–)-alpha-bisabolol penetrated quickly into the skin. Five hours 
after the topical application, it was displaced from outermost to 
innermost areas. Hence a fast cutaneous absorption and a long 
therapeutic effect might be expected from (–)-alpha-bisabo-
lol.106 In contrast, a similar earlier study found that most of the 
bisabolol had been metabolised to a polar metabolite. Bisabolol 
was mainly excreted in the urine in the form of polar metabo-
lites and to a slight extent as carbon dioxide in exhaled air.107

Skin penetration studies of the chamomile flavones api-
genin, luteolin and apigenin 7-O-beta-glucoside were carried 

out with nine healthy female volunteers. Apigenin showed the 
greatest flux (the greatest amount of flavonoid per time and 
area), followed by luteolin. Penetration of apigenin 7-O-beta-
glucoside was negligible. A steady state was attained after 3 h, 
indicating that the flavonoids penetrated through further skin 
layers. It was concluded that these flavonoids are not only 
adsorbed at the skin surface, but penetrate into deeper skin 
layers.108,109

Clinical trials

Eczema, dermatitis and ulceration
Topical application of chamomile preparations helped relieve 
eczema110 and varicose eczema.111 In a survey conducted in 
the early 1980s, 95% of 2477 general practitioners described 
good tolerance and therapeutic efficacy for a chamomile 
cream (containing 2% standardised chamomile extract) in 
the treatment of eczema.110 The herbal treatment decreased 
inflammation111 and facilitated a reduction in the level of top-
ical corticosteroids used.110

Chamomile cream was compared to steroidal and non-
steroidal dermal preparations in the maintenance therapy of 
hand, forearm and lower leg eczema in an open bilateral com-
parative trial involving 161 patients. During maintenance ther-
apy over 3 to 4 weeks, the chamomile cream showed similar 
efficacy to 0.25% hydrocortisone and superior activity to the 
non-steroidal anti-inflammatory agent (5% bufexamac) and a 
glucocorticoid preparation (0.75% fluocortin butyl ester).112 
After 2 weeks of treatment, a standardised chamomile cream 
showed mild superiority over 0.5% hydrocortisone cream and 
marginal improvement compared with placebo in medium-
degree atopic eczema. This was a partially blinded, randomised 
trial carried out as a half-side comparison (one side of the 
body compared with the other).113 Eight patients with neuro-
dermatitis in the stage of subacute eczema were treated with 
ointments containing 1% of a carbon dioxide extract of cham-
omile or 1% hydrocortisone, in a randomised, double blind 
trial. Global clinical impression was used to assess the results. 
Hydrocortisone was significantly more effective than chamo-
mile (p<0.001). Nearly all the patients had been pretreated 
topically with steroids. In cases of pretreatment with weak or 
moderately potent steroids, hydrocortisone was much more 
effective than chamomile, but not in patients pretreated with 
potent or very potent steroids. The carbon dioxide extract 
contained constituents similar to the essential oil, with the 
exception of chamazulene, which was absent.114

In an open, uncontrolled clinical trial, patients with vari-
cose ulcers were treated with a chamomile ointment alone 
or the ointment and a chamomile wash. The therapeutic 
response was good at 83% and 78%, respectively.115

Wound healing
Standardised chamomile ointment had similar efficacy to 
5% dexpanthenol cream in healing episiotomy wounds in an 
open, controlled, randomised trial.116 An open, randomised 
trial compared several procedures for second degree haemor-
rhoid treatment and found best results in the group receiving 
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application of a standardised chamomile ointment in conjunc-
tion with surgical procedures (ligature and anal dilation).117

Chamomile extract demonstrated a statistically significant 
improvement in wound healing in a double blind, placebo-
controlled clinical trial involving 14 patients. The significant 
decrease in weeping of the wound area and the drying ten-
dency after dermabrasion of tattoos (p<0.05) indicated the 
therapeutic efficacy of chamomile.118 In a randomised, sin-
gle blind, controlled trial involving 48 women, chamomile 
cream was not statistically more effective than almond cream 
at reducing erythema and moist desquamation acquired after 
receiving radiotherapy for breast cancer. However, there was 
a trend to fewer and later appearances of grade 2 reactions for 
the chamomile treatment.119

A physiotherapist and a medical doctor carried out a 
small study involving five patients with chronic wounds. 
The patients were treated with a mixture of chamomile and 
Lavandula angustifolia essential oils in a grape seed oil carrier 
base and compared with three controls. One of the controls, 
who had wounds on his left and right legs, started the study 
as both a control and a member of the experimental group. 
Fifty-six days into treatment he discontinued conventional 
treatment and used essential oils only. The recipients of the 
essential oils did better than those who only received conven-
tional treatments.120

Colostomy patients seeking treatment for a peristomal 
skin lesions were assigned to one of two treatments: hydro-
cortisone (1%) ointment applied once a day or chamomile 
compress in an open label trial involving 72 patients.121  
A chamomile solution was prepared by infusing dried and 
powdered flowers (6 g) in 150 mL of boiling water for  
10 minutes in a closed glass container. The filtered solu-
tion was applied to gauze and the compress placed on the 
wound for 1 hour twice a day. The lesions were evaluated 
every 3 days for a maximum of 28 days. Lesions healed sig-
nificantly faster in the chamomile than in the hydrocortisone 
group (mean time to healing: 8.9 and 14.5 days respectively; 
p=0.001). Complete healing was achieved in 100% of the 
chamomile group by day 15, while 76% of the hydrocortisone 
group achieved complete healing by day 21. Pain intensity and 
itching were lower in the chamomile group.

Oral inflammation
In an uncontrolled trial involving 36 patients, a chamomile 
mouthwash provided a cooling and astringent effect in the 
treatment of chronic oral inflammation, except in the case of 
glossodynia.122 A chamomile preparation was used therapeu-
tically and prophylactically as an oral rinse in the treatment 
of oral mucositis caused by head and neck irradiation and 
systemic chemotherapy in an uncontrolled trial. Resolution 
of mucositis was accelerated by the chamomile rinse and pro-
phylactic use was also favourable.123

In a double blind, placebo-controlled clinical trial involving 164 
patients, a chamomile mouthwash did not decrease the incidence 
of stomatitis resulting from 5-fluoruracil-based chemotherapy. The 
mouthwash was administered three times per day for 2 weeks.124 
This may have been too short a period to detect improvement.125 
A later, randomised trial conducted in Iran found that allopurinol 

and chamomile mouthwashes were superior to placebo (saline) 
for the treatment of chemotherapy-induced stomatitis. Both 
active mouthwashes were equally effective. The chamomile 
mouthwash was prepared from an infusion (8 g powdered flower 
per 50 mL water) and filtered.126 A case of methotrexate-induced 
oral mucositis in a patient with rheumatoid arthritis was success-
fully treated with a chamomile mouthwash. The patient refused 
standard mouthwash treatment and was instead administered an 
infusion of Matricaria recutita (8 g dried flower in 1 litre of boil-
ing water). The suggested dosage was 20 mL kept in the mouth or 
gargled for 1 to 2 minutes and repeated four times daily. By the 
13th day the oral mucositis had reduced from grade 3 (oral ulcers, 
liquid diet only) to grade 2 (oral erythema, ulcers, able to eat sol-
ids) and was completely healed within 4 weeks.127

Fluid extract of chamomile provided an analgesic effect 
in patients with aphthous stomatitis and other painful ulcers 
of the mouth in an open label trial. The analgesic effect was 
considered excellent by 82% and good by 18% of patients. 
The efficacy of chamomile was considered excellent in 67% 
of patients and good in 33%. Pain was assessed using a visual 
analogue scale and 34 patients were evaluated.128

Anxiety
Fifty-seven outpatients with mild to moderate generalised 
anxiety disorder were randomised via a double blind design to 
receive chamomile (Matricaria recutita) extract or placebo for 
8 weeks. Treatment was initiated at one capsule per day for 
the first week and increased to two per day during the second 
week. Patients with a 50% reduction or less in total Hamilton 
Anxiety Rating (HAM-A) score (compared with baseline) 
were increased to three capsules per day during week 3, and 
then to four per day during week 4. Patients who continued 
to only have a 50% reduction or less in baseline HAM-A score 
were increased to five capsules/day during weeks 5 to 8. The 
chamomile extract (220 mg/capsule, undefined strength) was 
standardised to contain 1.2% apigenin. There was a signifi-
cantly greater reduction over time in the mean total HAM-A 
score for chamomile versus placebo (p=0.047). Secondary 
outcomes included changes in the Beck Anxiety Inventory, 
Psychological Well Being and Clinical Global Impression 
Severity scores and the proportion of patients with 50% 
reduction or more in baseline HAM-A score. There were 
no statistically significant differences observed between the 
groups for any secondary outcome measure. One patient in 
each treatment group discontinued therapy because of adverse 
events. The proportion of patients experiencing adverse events 
was not significantly different between groups (p=0.417).129

Gastrointestinal conditions
In an uncontrolled study, 104 patients with non-specific gas-
trointestinal complaints (probably functional dyspepsia) were 
treated with an aqueous-ethanolic preparation of chamomile 
(standardised for alpha-bisabolol and apigenin-7-glucoside) at 
25 drops four times a day (in a cup of hot water) for a period 
of 6 weeks. The following symptoms were assessed: stomach 
and abdominal pain, burping, fullness, heartburn, loss of appe-
tite, nausea and vomiting. Symptoms completely disappeared 
in 44.2% of patients. The success rate for single symptoms 
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ranged from 61% for loss of appetite to 84.5% for stomach 
and abdominal pain and 88.7% for nausea.130

In a prospective, double blind, randomised, multicentre, 
parallel group study, 79 children with acute, non-complicated 
diarrhoea received either a preparation containing apple pectin 
and chamomile extract or placebo for 3 days in addition to the 
usual rehydration and realimentation diet. At the end of treat-
ment, the diarrhoea had stopped significantly more frequently 
(p<0.05) in the pectin/chamomile group (85%) compared 
with the placebo group (58%). The pectin/chamomile combi-
nation also significantly reduced the duration of diarrhoea by 
at least 5.2 h (p<0.05). In contrast to placebo, a trend of con-
tinuous improvement was observed by parents for the pectin/
chamomile group. The parents expressed their satisfaction 
more frequently (82%) with pectin/chamomile than with pla-
cebo (60%).131 A follow-up trial (also of double blind design) 
with a larger number of patients found that the combination 
significantly reduced stool frequency compared with placebo. 
This multicentre, randomised trial enrolled 255 children aged 
between 6 months and 6 years with acute diarrhoea. Two hun-
dred and forty-one children were available for final analysis: 121 
received the active medication and 120 received placebo. Stool 
frequency on the third day was significantly lower in the treat-
ment group compared with placebo (decreases of 49% and 36%, 
respectively; p=0.0012). Each child also received a glucose-elec-
trolyte solution on the first day of treatment.132

The effect of a herbal instant tea preparation containing 
chamomile, vervain, licorice, fennel and lemon balm on infan-
tile colic was assessed in a prospective, double blind study 
on babies about 3 weeks old. Tea or placebo up to 150 mL 
per dose was given to each infant with every episode of colic, 
but not more than three times a day. After the 7 days of the 
trial, the colic improvement scores were significantly better 
in the herbal tea group: 1.7 versus 0.7 for the placebo group 
(p<0.05). In addition, more babies in the treatment group 
had their colic eliminated: 57% compared with 26% for pla-
cebo (p<0.01).133 A randomised, double blind, placebo-con-
trolled trial showed that colic in infants improved within 1 
week of treatment with a combination of chamomile, fennel 
(Foeniculum vulgare) and lemon balm (Melissa officinalis). 
The preparation also contained vitamin B1, calcium pantoth-
enate and vitamin B6.134 An experimental study found that 
the activity of the combination in reducing upper gastrointes-
tinal motility was due to the chamomile and lemon balm.135

Other activity
Oral administration of chamomile tea during cardiac cath-
eterisation induced a deep sleep in 10 of 12 patients tested, 
despite the pain and anxiety experienced from the procedure. 
The chamomile tea had essentially no cardiac effects.136

Fifty-five postmenopausal women were randomly assigned 
to receive tablets containing Matricaria recutita (150 mg/day 
of an undefined extract) and dong quai (Angelica sinensis, 
375 mg/day of an undefined extract) or placebo for a period 
of 12 weeks. There were significant and dramatic differences 
observed between the study and control groups in terms of 
the number and intensity of hot flushes (both p<0.001). 
In the herbal treatment group, a response was already in 

evidence by the first month (68% reduction of hot flushes 
during the day and 74% during the night). There was also a 
marked alleviation of sleep disturbance and fatigue.137

Mean scores improved for Conners’ hyperactivity, inat-
tention and immaturity factors in three young men (14 to  
16 years old) diagnosed with attention-deficit hyperactivity 
disorder who received treatment with chamomile. Two partici-
pants received chamomile for 4 weeks and then placebo for 4 
weeks; the others received placebo first followed by chamo-
mile. The observed improvement was lower than reported in 
stimulant trials, but was similar to that found in non-stimulant 
trials, such as for desipramine.138 Treatment with chamomile 
also led to a slight improvement in irritability and stereotypic 
behaviour in three male patients with autism. The standardised 
extract used provided 200 mg/day of alpha-bisabolol.139

A randomised, double blind trial found no significant impact 
on post-operative sore throat and hoarseness for a herbal spray 
containing standardised chamomile extract administered 
before intubation, compared with a normal saline spray (pla-
cebo). One hundred and sixty-one elective surgery patients 
were recruited for this study.140

Sixty outpatients with uncomplicated common cold were 
randomly assigned to test whether a chamomile inhalation 
would provide symptomatic relief in an open label, controlled 
trial. The control group used a solution containing 35% alco-
hol, while three different treatment groups used increas-
ing doses of an alcoholic extract of chamomile. The steam 
inhalation was prepared with boiled water cooled to 50°C, 
with the chamomile extract then added. Patients inhaled 
slowly and deeply, breathing through the nose and mouth for  
10 minutes, with their heads above the container and below 
a towel. Chamomile reduced symptoms of the common cold 
in a dose-dependent manner, especially those of the upper 
and middle respiratory tract. Onset of action was within  
15 minutes, the maximum effect was reached between 20 to 
30 minutes. The benefit then declined over 2 to 3 h.141

A preliminary study found that use of chamomile baths 
and a chamomile bladder wash as an adjunct to antibiotic 
treatment provided a faster alleviation of the symptoms of 
haemorrhagic cystitis than use of antibiotics alone.142

A study in the UK investigated the use of aromatherapy 
within a healthcare setting for 8058 women in childbirth. A 
total of 10 essential oils were used, plus carrier oil, and were 
administered via skin absorption and inhalation. Two essential 
oils, namely chamomile and clary sage, were effective in alle-
viating pain.143 It is not clear whether the oils were admin-
istered individually or in combination. They were described 
only by common name.

A metabonomic strategy was applied to the study of 
human biological responses to chamomile tea ingestion. 
Daily urine samples were collected from 14 volunteers dur-
ing a 6-week period incorporating a 2-week baseline period,  
2 weeks of daily chamomile tea ingestion, and a 2-week 
post-treatment phase. Although strong intersubject variation 
in metabolite profiles was observed, a clear differentiation 
between the samples obtained before and after chamomile 
ingestion was achieved.144 It was found that depletion of 
creatinine and elevation of hippurate, glycine and other mol-
ecules in urine were strongly associated with chamomile 
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intake. In addition, the metabolic consequences of chamomile 
ingestion were prolonged in the 2-week post-dosing period, 
implying a persistent change of resident gut microflora activi-
ties. The clinical significance of these findings is not known.

Twenty-five cancer patients with phlebitis from intrave-
nous infusion of antineoplastic chemotherapy were divided 
into five treatment groups using an open label design.145  
The patients received compresses of chamomile infusion 
(1.25%, 2.5%, 5.0% or 10.0%) or water (control group) three 
times a day for 20 minutes each time. Phlebitis (erythema) 
regression times were significantly shorter for the 1.25%, 2.5% 
and 5% concentration groups compared with the control group 
(p<0.001). The average regression time for the 2.5% concen-
tration group was 29.2 h versus 110.4 h for the control group.

Toxicology and other safety data

Toxicology
No toxic effects were observed in mice administered up to 
1440 mg/kg of a dried preparation of chamomile infusion by 
intraperitoneal injection. (Reversible depressive effects on the 
CNS occurred after long-term use at doses beyond 90 mg/kg.)  
There were no gastrointestinal effects observed in rats 
for doses up to 5 g/kg.44 See Table 1 below for LD50 values 
recorded for chamomile essential oil and alpha-bisabolol.

Long-term oral administration of chamomile extract pro-
duced no observable toxicity and no teratogenicity in rats. 
Daily cutaneous application of chamomile to rabbits, or 
inhalation of chamomile extract by guinea pigs, produced no 
observable toxicity over 3 weeks.111

Chamomile infusion did not show significant genotoxicity in 
the Somatic Mutation and Recombination Test in Drosophila 
melanogaster, and may have exerted an antimutagenic action 
against hydrogen peroxide (used as the oxidative genotoxicant 
in the test).146 Daunorubicin and methyl methane sulpho-
nate may potentially cause genotoxic damage. Oral admin-
istration of chamomile essential oil (5, 50 and 500 mg/kg)  
to mice demonstrated a dose-dependent inhibitory effect on 
sister chromatid exchanges produced by daunorubicin and 
methyl methane sulphonate in bone marrow cells.147 The 
methodology of this experiment has been questioned.148

The mutagenicity and antimutagenicity of alpha-bisabolol 
were evaluated in the Salmonella/microsome assay. The phy-
tochemical was not found to be mutagenic and inhibited the 
effects of aflatoxin B1 and some indirect-acting mutagens. The 

antimutagenic effect demonstrated by alpha-bisabolol might be 
explained, at least in part, by inhibition of the activity of some 
cytochrome P450 enzymes (CYP1A and CYP2B subfamilies) 
involved in the metabolic activation of promutagens.149

Chamomile essential oil did not cause irritation when 
applied undiluted to the highly sensitive hen’s egg chorioallan-
toic membrane.71

Contraindications
Despite reports of skin reactions and dermatitis from topical 
use of chamomile, the likelihood of chamomile preparations 
causing contact allergy is low. However, persons with known 
sensitivity to other members of the Compositae family (such 
as ragweed, daisies and chrysanthemums) should avoid topical 
application of chamomile or chamomile products.

Since ingestion of chamomile has been linked to anaphylaxis, 
its intake should clearly be avoided in cases of known allergy.

Special warnings and precautions
Best avoided in patients with known hypersensitivity to plants 
in the Compositae family.

Interactions
The activity of CYP1A2 in the liver microsomes of rats receiv-
ing chamomile tea (2%, w/v) was significantly decreased by 
39%. No alterations were observed in the activities of CYP2D 
and CYP3A.153 The effect of chamomile essential oil and its 
major constituents on cytochrome P450 enzymes was inves-
tigated using microsomes (in vitro). The essential oil inhib-
ited each of the enzymes, with CYP1A2 being more sensitive 
than the other isoforms. Three constituents of the oil, namely 
chamazulene, cis-spiroether and trans-spiroether, strongly 
inhibited CYP1A2, and were active towards CYP3A4. 
CYP2C9 and CYP2D6 were less affected and only chama-
zulene and alpha-bisabolol significantly inhibited the latter.154 
The clinical relevance of such in vitro findings is uncertain.

Three cases of an interaction between herbal teas and cyclo-
sporin in renal transplant patients have been reported. The 
dosages were 2 L/day of herbal tea (containing peppermint 
(Mentha piperita), rose hip (Rubus fruticosus), chamomile 
(Matricaria recutita), lemon balm (Melissa officinalis), cori-
ander (Coriandrum sativum), sandalwood (Santalum album), 
orange peel (Citrus aurantium), ratanhia root (Krameria tri-
andra) and anise (Pimpinella anisum)); 1 to 1.5 L/day of 
chamomile tea (species undefined), and ‘large quantities’ of 
fruit tea containing hibiscus (2%) and rose hip extract (0.1%), 
and another drink containing black tea extract (1.3%)). The 
interaction was confirmed by rechallenge in one case, but 
there were no signs of rejection.155

Speculative interactions with NSAIDs and analgesics,156 
antiepileptics157 and warfarin158 are based on a misunder-
standing of the implications of the coumarin content of the 
herb. Hence, the following case report needs to be viewed 
with caution. A patient on warfarin was admitted to hospital 
with internal haemorrhage. She had been using chamomile tea 
(five cups/day; one teaspoon dried chamomile leaves) and a 

Table 1  LD50 data recorded for chamomile essential oil and 
alpha-bisabolol

Substance Route, model LD50 Reference

Chamomile essential oil Oral, rats >5 g/kg 150

Chamomile essential oil Dermal, rabbits >5 g/kg 150

alpha-Bisabolol Oral, mice 15.1 mL/kg 151

alpha-Bisabolol Oral, rats >5 g/kg 152
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chamomile-based body lotion. The patient was taking several 
drug medications, which were ruled out as the cause of the 
adverse event by the authors.159

A clinical study indicated a potential interaction between 
Matricaria recutita ingestion and reduced iron absorption. 
An infusion of chamomile reduced the absorption of iron by 
47% from a bread meal (compared to a water control) in adult 
volunteers. The inhibition was dose dependent and related to 
polyphenol content (phenolic acids, monomeric flavonoids, 
polymerised polyphenols). Inhibition by black tea was 79% 
to 94%.160 A randomised clinical trial conducted in Latin 
America measured the iron bioavailability of meals based on 
wheat flour and fortified with ferrous sulphate in 13 women of 
child-bearing age. In contrast to the above trial, iron absorption 
from bread given alone or with chamomile infusion was not 
significantly different. The infusion was sweetened with pan-
ela, a traditional unrefined whole sugar cane preparation, and 
the authors noted that it cannot be discounted that panela may 
have a promoting effect on iron absorption that could have 
counteracted any inhibitory effect from the chamomile.161

Until further information becomes available, chamomile 
should not be taken simultaneously with meals or iron sup-
plements in anaemia and cases where iron supplementation is 
required.

Use in pregnancy and lactation
Category A – no credible proven increase in the frequency of 
malformation or other harmful effects on the fetus despite 
consumption by a large number of women.

Chamomile is widely consumed as a tea in many coun-
tries and adverse effects on pregnancy have not been cred-
ibly documented. Three hundred and 92 Italian women from 
the maternity wards of two hospitals were interviewed dur-
ing January to October 2009. One hundred and nine women 
(27.8%) reported taking one or more herbal products during 
pregnancy. The most frequently used herbs were chamomile 
(oral and topical), licorice, fennel, aloe (oral and topical), 
valerian, Echinacea, almond oil (topical), propolis (oral and 
inhalatory) and cranberry. Forty women were defined as ‘reg-
ular users’, as they consumed herbs (chamomile, licorice, 
fennel) every day throughout their pregnancies. A statisti-
cally significant difference in morbidities was found between 
users of herbs and nonusers (52.3% versus 37.8%, p=0.013). 
Neonates of users were more frequently small for their ges-
tational age (11.9% versus 5.3%, p=0.039). By examining 
separate herb usage, a higher frequency of threatening mis-
carriages (21.6%) and preterm labours (21.6%) was observed 
among the 37 regular users of chamomile.162 The statistical 
significance of this finding in such a small group was not pro-
vided, and the species of the herbs involved were not verified.

In contrast, after adjusting for potential confounders no 
association was found in another study between chamomile 
use in the last two trimesters of pregnancy and prematurity. 
This was a more rigorous case-control study conducted in 
Canada involving 3191 women.163 The species of the herbs 
were also not verified.

Two cases of premature constriction of the fetal ductus 
arteriosus have been incorrectly reported as associated with 

maternal consumption of ‘camomile tea’. However, the tea 
was apparently made from the leaves of Camellia sinensis, 
which is green tea.164 The authors further confused the issue 
by discussing the properties of green tea root extract.

Long-term oral administration of chamomile extracts to 
rats produced no teratogenicity or signs of changes in prenatal 
development.165 A herbal formula containing chamomile, sage 
and yeast plasmolysate did not produce teratogenic effects 
in rats. The administered dose of chamomile extract was 
0.4 mL/day.166,167

Prenatal development was not affected in rats and rab-
bits orally administered up to 1 mL/kg of alpha-bisabolol. 
Teratogenic effects were also not observed at this dosage. A 
dose of 3 mL/kg did increase the number of resorptions.151 
alpha-Bisabolol administered orally (250 to 500 mg/kg) to 
pregnant rats had no effect on the fetus.

There is a reference to chamomile infusion having a stimu-
lating effect on the uterus,168 but the relevance of this to nor-
mal human use is uncertain.

Chamomile use is compatible with breastfeeding.

Effects on ability to drive and  
use machines
No negative influence is expected.

Side effects
An observational study recruited German physicians to evalu-
ate prescribing patterns and adverse reactions (ARs) for rem-
edies containing plants from the Asteraceae (Compositae, 
daisy) family.169 From September 2004 to September 2006 
all prescriptions and suspected ARs for both conventional 
and complementary therapies were documented. Thirty-eight 
physicians participated by reporting any suspected serious 
ARs, and a subgroup of seven reported minor and serious ARs. 
Overall assessment of the results concluded that treatment 
with Compositae-containing remedies is not associated with a 
high risk of ARs, including allergic reactions. A total of 50 115 
patients were evaluated and 344 ARs for conventional and 
complementary remedies were reported. Altogether, 18 830 
patients (58.0% female, 60.3% children) received 42 378 
Compositae-containing remedies. The most frequently pre-
scribed were German chamomile (Matricaria recutita, 23%), 
followed by Calendula officinalis (20%) and Arnica mon-
tana (20%, homeopathic). No serious ARs for Compositae-
containing remedies were reported and the few minor ARs 
were not indicative of any increased risk.

Contact allergy and hypersensitivity reactions
Hypersensitivity reactions have been confirmed as the basis 
for contact dermatitis to chamomile,170,171 but are relatively 
rare. Chamomile tea allergy,172 and contact dermatitis,173–176 
as well as urticaria,177 including from cosmetics, have been 
reported.178 Occasional hypersensitivity reactions, including 
asthma, to chamomile dust have been reported among tea 
packers.179,180 A 20-year-old woman with a proven allergy 
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to chamomile suffered from short-lasting rhinitis when using 
a chamomile-scented toilet paper. The plant species was not 
disclosed.181 Contact dermatitis with asthma and rhinitis was 
reported in a beautician using chamomile in face masks.182 
Recurrent facial dermatitis from drinking German chamomile 
tea has been reported.183

Chamomile was described as a trigger for eczema as early 
as 1921. However, varying reports of chamomile causing iatro-
genic contact dermatitis have been published since. In a 1936 
study on 539 patients, 3.1% displayed sensitivity to chamo-
mile on epidermal testing. No occurrences were reported in 
260 patients over a period from 1957 to 1963. From 1964 to 
1967, 1.3% of 237 patients demonstrated an adverse reaction 
to external applications containing chamomile. Other authors 
concluded that chamomile was not a causative factor in their 
studies of 265 and 240 cases of iatrogenic contact dermatitis. 
However, a 1967 report indicated that 7.1% of 338 patients 
demonstrated contact dermatitis from chamomile prepara-
tions. It is unknown whether the chamomile preparation was 
the single identifiable harmful substance.184

Later studies suggest that genuine contact dermatitis from 
chamomile has a lower incidence. One clinical investigation 
was undertaken to clarify possible adverse reactions to chamo-
mile preparations. Among 200 patients, 21 (10.5%) reacted 
positively on epicutaneous tests to chamomile preparations, 
though only three patients reacted to chamomile extract. 
Only one patient had exhibited a clinical contact reaction 
to a chamomile ointment used previously. Of the other 18 
patients, 13 had a provable hypersensitivity to the preserva-
tives and five patients probably to ointment bases and/or other 
constituents of the preparations. The authors felt that genuine 
chamomile allergy was not as prevalent as first thought.185

This conclusion was also supported in a study of 830 patients 
with contact dermatitis. Only one patient with very high expo-
sure to chamomile tested positive when patch tested with 
chamomile extract. One hundred and fifty-two patients were 
tested with chamomile cream and chamomile ointment. Results 
were negative, even in one patient with oral allergy syndrome 
and immediate hypersensitivity to many plants, including 
chamomile.186

A high (–)-alpha-bisabolol-containing chamomile extract 
demonstrated negative results in a contact allergy study in 
540 patients with eczema. These results suggest that the 
extract does not contain allergenic components, such as might 
be found in other chamomile products.185 However, aller-
gic contact dermatitis to bisabolol has been reported twice in 
European adults (1995 and 2008). Bisabolol was also regarded 
as the likely allergen in three children who presented with 
recalcitrant atopic dermatitis.187 The coumarin herniarin, 
which is present in German chamomile, may also be a sensi-
tiser. Among 36 patients with known or suspected Compositae 
contact allergy who were patch tested, there was one positive 
and three doubtful positive reactions to herniarin.188

To investigate Compositae dermatitis, sesquiterpene lac-
tones and ether extracts of five European Compositae plants 
(Arnica, feverfew, German chamomile, yarrow and tansy) 
were added to routine patch testing of patients over 1 year; 
4.5% of the 686 patients demonstrated Compositae sensitiv-
ity. Testing with the individual ingredients of the extract in 

these 31 Compositae-allergic patients resulted in 75% posi-
tive reaction to chamomile.189 In a later study, patch testing in 
190 Danish Compositae-allergic patients found that feverfew 
caused positive reactions most frequently (81%), followed by 
tansy (77%), German chamomile (64%), yarrow (41%) and 
Arnica (23%). A large proportion of the positive reactions to 
feverfew, tansy and chamomile are likely to be due to chry-
santhemum (Dendranthema cultivar) sensitivity, that is they 
are cross-reactions.190

Chamomile allergies are also likely to follow previous sen-
sitisation to mugwort (Artemisia vulgaris). Cross-reactivity 
with mugwort has been confirmed by skin patch tests using 
chamomile in 21 out of 24 affected individuals. Positive inha-
lation reactions to chamomile pollen occurred in 16 of these 
individuals, and positive reactions to oral consumption of 
chamomile in 13 out of the 24.191

A study of 30 patients with atopic dermatitis found that 
nine were positive in patch tests to a mix of Compositae 
or Compositae mix and sesquiterpene lactone mix. Five 
were positive to chamomile. Among Compositae-sensitive 
patients, 78.8% had other contact allergies, most often to 
nickel.192 When chamomile-sensitive patients were patch 
tested with a range of preparations, although positive reac-
tions occurred most frequently to the plant, fragrances, 
emulsifiers and preservatives also tested positive. Avocado oil 
and witch hazel tincture were unexpectedly detected as sen-
sitisers as well.193

Allergic conjunctivitis was observed in seven hay fever suf-
ferers who had used chamomile tea as an eyewash; all cases 
had positive skin tests to chamomile, but there were no reac-
tions after oral consumption. The pollens were judged to be 
the sensitising components.194

The above data suggest that the likelihood of chamomile 
preparations causing a contact allergy is low, but persons with 
known sensitivity to other members of the Compositae family 
should generally avoid contact with chamomile or chamomile 
products. However, it may be that chamomile is in part a vic-
tim of misidentification, as suggested in the Adulteration sec-
tion above.

Anaphylactic reaction
Severe anaphylaxis occurred in a man 1 h after consuming 
chamomile tea. Laboratory examination demonstrated a total 
serum IgE of 123 kU/L, with specific IgE against chamomile 
(4.94 kU/L, class 3). Skin prick test and labial provocation test 
with chamomile both showed a strong positive reaction.195

Two cases of anaphylactic shock associated with the use of 
chamomile as an enema have been reported (1998 and 2001). 
The enemas were prepared using an oily extract of chamomile 
(Matricaria recutita) and tea (species unknown).196,197 One 
case of severe anaphylactic reaction was observed in an atopic 
child after taking chamomile tea for the first time. Mugwort 
was identified as one of the predisposing allergens.198

Over a 2-year period, 14 patients with sensitivity to chamo-
mile (as proven by RAST (radioallergoabsorbent test) and/or 
the skin prick test) were identified in an allergy unit serving 
approximately 4000 patients/year. Ten of these patients had a 
positive history of anaphylaxis to chamomile. The most severe 
symptoms were observed in two women who had received 
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chamomile-containing enemas, in one case an oily extract of 
chamomile (case mentioned above). Eleven of the 14 patients 
exhibited positive RAST and skin prick test reactions to mug-
wort; six patients had a history of a mugwort-celery-spice 
syndrome and eight were sensitised to birch pollen. Bet v 1 
(homologue of birch pollen allergen) and non-carbohydrate 
high molecular weight proteins were found to be allergens and 
responsible for cross-reactivity with other foods and pollen.199

Given the widespread consumption of chamomile tea and 
the few reported cases of anaphylaxis, this type of reaction is 
quite rare. Moreover, the use of ethanolic extracts denatures the 
proteins in chamomile and renders this type of reaction unlikely.

Other reactions
One thousand, four hundred and twenty people completed 
questionnaires regarding their use of herbal medicines from 
pharmacies in a north-eastern town in Italy. Two consum-
ers noted an adverse reaction (hypotension, tachycardia) to 
a product containing chamomile, valerian and Melissa.200  
The species of the herbs were not verified.

Overdosage
No incidents found in published literature.

Safety in children
Chamomile is judged as generally benign when taken by chil-
dren.201 As discussed above, a chamomile and pectin com-
bination was beneficial for the treatment of diarrhoea in 
children aged between 6 months and 5.5 years in a placebo-
controlled clinical trial.131

Regulatory status in selected 
countries

Chamomile is official in the European Pharmacopoeia 
7.0 (2011). Chamomile is also listed in the United States 
Pharmacopeia-National Formulary (USP31–NF26, 2008).

Chamomile is covered by a positive Commission E  
Monograph and has the following applications:
l	 Externally: inflammation of the skin and mucous 

membranes and bacterial skin conditions, including those 
of the mouth and gums

l	 Inhalations: inflammation and irritation of the respiratory 
tract

l	 Baths and washes: complaints in the anal and genital 
regions

l	 Internally: gastrointestinal spasms and inflammatory 
conditions of the gastrointestinal tract.

Chamomile is on the UK General Sale List.
Chamomile and chamomile oil have GRAS status. Chamomile 

is also freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act). Chamomile has been present in over-the-counter 
(OTC) digestive aid drug products. The FDA, however, advises: 
‘based on evidence currently available, there is inadequate data 
to establish general recognition of the safety and effectiveness of 
these ingredients for the specified uses’.

Chamomile is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.

References

	 1.	 Felter HW, Lloyd JU. King’s American 
Dispensatory, ed 18, rev 3, vol 2, 1905. 
Portland, Reprinted by Eclectic Medical 
Publications; 1983: pp. 1246–1247.

	 2.	 British Herbal Medicine Association’s 
Scientific Committee. British Herbal 
Pharmacopoeia. West York: BHMA; 1983. 
pp. 139–140.

	 3.	 Grieve M. A Modern Herbal, Vol 1. New 
York: Dover Publications; 1971. pp. 187–188.

	 4.	 Smeh NJ. Creating Your Own Cosmetics –  
Naturally. Garrisonville: Alliance 
Publishing; 1995. pp. 81, 82, 137.

	 5.	 Chiej R. The Macdonald Encyclopedia of 
Medicinal Plants. London: Macdonald; 
1984. Entry no. 191.

	 6.	 Launert EL. The Hamlyn Guide to Edible 
and Medicinal Plants of Britain and 
Northern Europe. London: Hamlyn; 1981. 
pp. 192–194.

	 7.	 De Smet PAGM, Keller K, Hansel R, eds. 
Adverse Effects of Herbal Drugs, Vol 1. 
Berlin: Springer-Verlag; 1993.  
pp. 243–248.

	 8.	 Hausen BM, Busker E, Carle R. Planta 
Med. 1984;50:229–234.

	 9.	 Wagner H, Bladt S. Plant Drug Analysis: A 
Thin Layer Chromatography Atlas, 2nd ed. 
Berlin: Springer-Verlag; 1996. pp. 159, 199.

	 10.	 Schmidt PC, Weibler K, Soyke B. Dtsch 
Apoth Ztg. 1991;131:175–181.

	 11.	 British Herbal Medicine Association. 
British Herbal Compendium, Vol 1. 
BHMA, Bournemouth; 1992. pp. 154–157.

	 12.	 Avallone R, Zanoli P, Corsi L, et al. Phytother 
Res. 1996;10(suppl 1):S177–S179.

	 13.	 Carle R, Isaac O. Dtsch Apoth Ztg. 
1985;125(43 suppl 1):2–8.

	 14.	 Gosztola B, Sárosi S, Németh E. Nat Prod 
Commun. 2010;5(3):465–470.

	 15.	 Orav A, Raal A, Arak E. Nat Prod Res. 
2010;24(1):48–55.

	 16.	 British Pharmacopoeia vol IV Herbal 
Drugs, Herbal Drug Preparations and 
Herbal Medicinal Products – Matricaria 
Flowers, 2011 [online].

	 17.	 Safayhi H, Sabieraj J, Sailer E–R, et al. 
Planta Med. 1994;60(5):410–413.

	 18.	 Ammon HPT, Sabieraj J, Kaul R. Dtsch 
Apoth Ztg. 1996;136(22):17–30.

	 19.	 Srivastava JK, Pandey M, Gupta S. Life 
Sci. 2009;85(19–20):663–669.

	 20.	 Liang YC, Huang YT, Tsai SH, et al. 
Carcinogenesis. 1999;20(10):1945–1952.

	 21.	 Smolinski AT, Pestka JJ. Food Chem 
Toxicol. 2003;41(10):1381–1390.

	 22.	 Shipochliev T, Dimitrov A, Aleksandrova 
E. Vet Med Nauki. 1981;18:87–94.

	 23.	 Jakovlev V, Isaac O, Flaskamp E. Planta 
Med. 1983;49(10):67–73.

	 24.	 Della Loggia R. 24th International 
Symposium on Essential Oils. Berlin. July 
1993.

	 25.	 Jakovlev V, Isaac K, Thiemer K, et al. 
Planta Med. 1979;35(2):125–140.

	 26.	 Breinlich J, Scharnagel K. 
Arzneimittelforschung. 1968;18:429–431.

	 27.	 Fuller E, Sosa S, Tubaro A, et al. Planta 
Med. 1993;59(suppl 1):A666–A667.

	 28.	 Della Loggia R, Carle R, Sosa S, et al. 
Planta Med. 1990;56(6):657–658.

	 29.	 Tubaro A, Zilli C, Redaelli C, et al. Planta 
Med. 1984;50(4):359.

	 30.	 Della Loggia R. Dtsch Apoth Ztg. 
1985;125(suppl 1):9–11.

	 31.	 Albring M, Albrecht H, Alcorn G, 
et al. Meth Find Exp Clin Pharmacol. 
1983;5(8):575–577.



487

Chamomile, German

	 32.	 Nissen HP, Biltz H, Kreysel HW. Z Hautkr. 
1988;63(3):184–190.

	 33.	 Achterrath-Tuckermann U, Kunde 
R, Flaskamp E, et al. Planta Med. 
1980;39(1):38–50.

	 34.	 Sibaev A, Yuece B, Kelber O, et al. 
Phytomedicine. 2006;13(suppl 5):80–89.

	 35.	 Maschi O, Cero ED, Galli GV, et al.  
J Agric Food Chem. 2008;56(13): 
5015–5020.

	 36.	 Redaelli C. Formentini L., Santaniello E. 
Cited in Carle R, Isaac O. Z Phytother 
1987;8:67–77.

	 37.	 Forster HB, Niklas H, Lutz S. Planta Med. 
1980;40(4):309–319.

	 38.	 Lis-Balchin M, Hart S, Deans SG, et al.  
J Herbs Spices Med Plants. 1996;4(2): 
69–86.

	 39.	 Calzada F, Arista R, Pérez H. J 
Ethnopharmacol. 2010;128(1):49–51.

	 40.	 Viola H, Wasowski C, Levi de Stein M, 
et al. Planta Med. 1995;61:213–215.

	 41.	 Avallone R, Zanoli P, Puia G, et al. Biochem 
Pharmacol. 2000;59(11):1387–1394.

	 42.	 Awad R, Levac D, Cybulska P, et al. Can  
J Physiol Pharmacol. 2007;85(9): 
933–942.

	 43.	 Shinomiya K, Inoue T, Utsu Y, et al. Biol 
Pharm Bull. 2005;28(5):808–810.

	 44.	 Della Loggia R, Traversa U, Scarcia V, et al. 
Pharmacol Res Commun. 1982;14(2): 
153–162.

	 45.	 Yamada K, Miura T, Mimaki Y, et al. Biol 
Pharm Bull. 1996;19(9):1244–1246.

	 46.	 Kakuta H, Yano E, Maeda T, et al. Aroma 
Res. 2002;3(2):131–136.

	 47.	 Yano E, Hashimoto K, Haeno H, et al. 
J Physiol Anthropol Appl Human Sci. 
2004;23(5):183–184.

	 48.	 Nakamura H, Moriya K, Oda S, et al. 
Aroma Res. 2002;3(3):251–255.

	 49.	 Roberts A, Williams JM. Br J Med Psychol. 
1992;65(2):197–199.

	 50.	 Gomaa A, Hashem T, Mohamed M, et al.  
J Pharmacol Sci. 2003;92(1):50–55.

	 51.	 Heidari MR, Dadollahi Z, Mehrabani M, 
et al. Ann N Y Acad Sci. 2009;1171: 
300–304.

	 52.	 Thiemer K, Stadler R, Isaac O. 
Arzneimittelforschung. 1972;22(6): 
1086–1087.

	 53.	 Szelenyi I, Isaac O, Thiemer K. Planta 
Med. 1979;35(3):218–227.

	 54.	 Torrado S, Torrado S, Agis A, et al. 
Pharmazie. 1995;50(2):141–143.

	 55.	 Cemek M, Yilmaz E, Büyükokurolu ME. 
Pharm Biol. 2010;48(7):757–763.

	 56.	 Bezerra SB, Leal LK, Nogueira NA, et al.  
J Med Food. 2009;12(6):1403–1406.

	 57.	 Moura Rocha NF, Venâncio ET, Moura 
BA, et al. Fundam Clin Pharmacol. 
2010;24(1):63–71.

	 58.	 Khayyal MT, el-Ghazaly MA, Kenawy SA. 
Arzneimittelforschung. 2001;51(7): 
545–553.

	 59.	 Carle R, Isaac O. Z Phytother. 1987;8: 
67–77.

	 60.	 Aggag ME, Yousef RT. Planta Med. 
1972;22:140–144.

	 61.	 Ceska O, Chaudhary SK, Warrington PJ, 
et al. Fitoterapia. 1992;58(5):387–394.

	 62.	 Cinco M, Banfi E, Tubaro A, et al. Int J 
Crude Drug Res. 1983;21(4):145–151.

	 63.	 Annuk H, Hirmo S, Türi E, et al. FEMS 
Microbiol Lett. 1999;172(1):41–45.

	 64.	 Cwikla C, Schmidt K, Matthias A, et al. 
Phytother Res. 2010;24(5):649–656.

	 65.	 Mahady GB, Pendland SL, Stoia A, et al. 
Phytother Res. 2005;19(11):988–991.

	 66.	 Shikov AN, Pozharitskaya ON, Makarov 
VG, et al. Phytother Res. 2008;22(2): 
252–253.

	 67.	 Weseler A, Geiss HK, Saller R, et al. 
Pharmazie. 2005;60(7):498–502.

	 68.	 Stamatis G, Kyriazopoulos P, Golegou S, 
et al. J Ethnopharmacol. 2003;88 
(2–3):175–179.

	 69.	 Szabó MA, Varga GZ, Hohmann J, et al. 
Phytother Res. 2010;24(5):782–786.

	 70.	 Koch C, Reichling J, Schneele J, et al. 
Phytomedicine. 2008;15(1–2):71–78.

	 71.	 Koch C, Reichling J, Kehm R, et al.  
J Pharm Pharmacol. 2008;60(11): 
1545–1550.

	 72.	 Morales-Yuste M, Morillas-Márquez F, 
Martín-Sánchez J, et al. Phytomedicine. 
2010;17(3–4):279–281.

	 73.	 Nayak BS, Raju SS, Rao AV. J Wound Care. 
2007;16(7):298–302.

	 74.	 Jarrahi M. Nat Prod Res. 2008;22(5): 
422–427.

	 75.	 Jarrahi M. Nat Prod Res. 2010;24(8): 
697–702.

	 76.	 Pavesi VC, Lopez TC, Martins MA, et al. 
Support Care Cancer. 2011;19(5): 
639–646.

	 77.	 Martins MD, Marques MM, Bussadori SK, 
et al. Phytother Res. 2009;23(2):274–278.

	 78.	 Thiemer K, Stadler R, Isaac O. 
Arzneimittelforschung. 1973;23(6):756–759.

	 79.	 Fronza M, Heinzmann B, Hamburger M, 
et al. J Ethnopharmacol. 2009;126(3): 
463–467.

	 80.	 Kobayashi Y, Nakano Y, Inayama K, et al. 
Phytomedicine. 2003;10(8):657–664.

	 81.	 Kobayashi Y, Takahashi R, Ogino F.  
J Ethnopharmacol. 2005;101(1–3): 
308–312.

	 82.	 Lee SH, Heo Y, Kim YC. J Vet Sci. 
2010;11(1):35–41.

	 83.	 Miller T, Wittstock U, Lindequist U, et al. 
Planta Med. 1996;62(1):60–61.

	 84.	 Pereira RP, Fachinetto R, de Souza Prestes 
A, et al. Neurochem Res. 2009;34(5): 
973–983.

	 85.	 Campanella L, Bonanni A, Tomassetti M.  
J Pharm Biomed Anal. 2003;32(4–5): 
725–736.

	 86.	 Rekka EA, Kouroundakis AP, Kourounakis 
PN. Res Commun Mol Pathol Pharmacol. 
1996;92(3):361–364.

	 87.	 Chandrashekhar VM, Ranpariya VL, 
Ganapaty S, et al. J Ethnopharmacol. 
2010;127(3):645–651.

	 88.	 Amirghofran Z, Azadbakht M, Karimi MH. 
J Ethnopharmacol. 2000;72(1–2):167–172.

	 89.	 Gershbein LL. Food Cosmet Toxicol. 
1977;15:173–181.

	 90.	 Babenko NA, Shakhova EG. Exp Gerontol. 
2006;41(1):32–39.

	 91.	 Babenko NA, Shakhova EG. Lipids Health 
Dis. 2008;28(7):1.

	 92.	 Babenko NO, Shakhova OH. Fiziol Zh. 
2005;51(4):65–69.

	 93.	 Kato A, Minoshima Y, Yamamoto J, et al.  
J Agric Food Chem. 2008;56(17): 
8206–8211.

	 94.	 Cemek M, Kağa S, Simşek N, et al. J Nat 
Med. 2008;62(3):284–293.

	 95.	 Mazzio EA, Soliman KF. Phytother Res. 
2009;23(3):385–398.

	 96.	 Srivastava JK, Gupta S. J Agric Food 
Chem. 2007;55(23):9470–9478.

	 97.	 Ogata–Ikeda I, Seo H, Kawanai T, et al. 
Phytomedicine. 2010 [Epub ahead of print].

	 98.	 Ogata I, Kawanai T, Hashimoto E, et al. 
Arch Toxicol. 2010;84(1):45–52.

	 99.	 Fang J, Zhou Q, Shi XL, et al. 
Carcinogenesis. 2007;28(3):713–723.

	100.	 Kim JH, Jin YR, Park BS, et al. Biochem 
Pharmacol. 2005;69(12):1715–1721.

	101.	 Darra E, Abdel-Azeim S, Manara A, et al. 
Arch Biochem Biophys. 2008;476(2): 
113–123.

	102.	 Kassi E, Papoutsi Z, Fokialakis N, et al.  
J Agric Food Chem. 2004;52(23): 
6956–6961.

	103.	 Rosenberg Zand RS, Jenkins DJ, 
Diamandis EP. Clin Chim Acta. 
2001;312(1–2):213–219.

	104.	 Sadr Lahijani MS, Raoof Kateb HR, Heady 
R, et al. Int Endod J. 2006;39(3):190–195.

	105.	 Ramadan M, Goeters S, Watzer B, et al.  
J Nat Prod. 2006;69(7):1041–1045.

	106.	 Hahn B, Hölzl J. Arzneimittelforschung. 
1987;37(6):716–720.

	107.	 Hölzl J, Hahn B. Dtsch Apoth Ztg. 
1985;125(suppl 1):32–38.

	108.	 Merfort I, Heilmann J, Hagedorn-Leweke 
U, et al. Pharmazie. 1994;49(7): 
509–511.

	109.	 Heilmann J, Merfort I, Hagedorn U, et al. 
Planta Med. 1993;59(suppl 1):A638.

	110.	 Patzelt-Wenczler R. Dtsch Apoth Ztg. 
1985;125(suppl 1):12–13.

	111.	 Homberg Pharma Germany, Division 
of Degussa: Kamillosan Scientific 
Information, Frankfurt, Main.

	112.	 Aertgeerts P, Albring M, Klaschka F, et al. 
Z Hautkr. 1985;60(3):270–277.

	113.	 Patzelt-Wenczler R, Ponce-Poschl E. Eur  
J Med Res. 2000;5(4):171–175.

	114.	 Hempel B. Acta Hort. 1999;503:15–17.
	115.	 Aertgeerts J. Arztl Kosmetol. 

1984;14(6):502–504.
	116.	 Kaltenbach FJ.. In: Nasemann Th, Patzelt-

Wenczler R, eds. Kamillosan im Spiegel der 
Literatur. Frankfurt: Pmi Verlag; 1991.

	117.	 Forster CF, Sussmann HE, Patzelt-
Wenczler R. Schweiz Rundsch Med Prax. 
1996;85(46):1476–1481.



488

Materia MedicaP A R T  T H R E E

	118.	 Glowania HJ, Raulin Chr, Swoboda M. Z 
Hautkr. 1987;62(17):1262–1271.

	119.	 Maiche AG, Grohn P, Maki-Hokkonen H. 
Acta Oncol. 1991;30:395–396.

	120.	 Hartman D, Coetzee JC. J Wound Care. 
2002;11(8):317–320.

	121.	 Charousaei F, Dabirian A, Mojab F. 
Ostomy Wound Manage. 2011;57(5): 
28–36.

	122.	 Nasemann T. Z Allgemeinmed. 
1975;51(25):1105–1106.

	123.	 Carl W, Emrich LS. J Prosthet Dent. 
1991;66:361–369.

	124.	 Fidler P, Loprinzi CL, O’Fallon JR, et al. 
Cancer. 1996;77(3):522–525.

	125.	 O’Hara M, Kiefer D, Farrell K, et al. Arch 
Fam Med. 1998;7(6):523–536.

	126.	 Shabanloei R, Ahmadi F, Vaez J, et al.  
J Clin Diagn Res. 2009;3(3):1537–1542.

	127.	 Mazokopakis EE, Vrentzos GE, Papadakis 
JA, et al. Phytomedicine. 2005;12(1–2): 
25–27.

	128.	 Ramos-e-Silva M, Ferreira AF, Bibas R, 
et al. J Drugs Dermatol. 2006;5(7): 
612–617.

	129.	 Amsterdam JD, Li Y, Soeller I, et al. J Clin 
Psychopharmacol. 2009;29(4):378–382.

	130.	 Stiegelmeier H. Kassenarzt. 
1978;18:3605–3606.

	131.	 De La Motte S, Bose-O’Reilly S, 
Heinisch M, et al. Arzneimittelforschung. 
1997;47(11):1247–1249.

	132.	 Becker B, Kuhn U, Hardewig–Budny B. 
Arzneimittelforschung. 2006;56(6): 
387–393.

	133.	 Weizman Z, Alkrinawi S, Goldfarb D, 
et al. J Pediatr. 1993;122(4):650–652.

	134.	 Savino F, Cresi F, Castagno E, et al. 
Phytother Res. 2005;19(4):335–340.

	135.	 Capasso R, Savino F, Capasso F. Phytother 
Res. 2007;21(10):999–1101.

	136.	 Gould L, Reddy RCV, Gomprecht RF.  
J Clin Pharmacol. 1973;13:475–479.

	137.	 Kupfersztain C, Rotem C, Fagot R, et al. 
Clin Exp Obstet Gynecol. 2003;30(4): 
203–206.

	138.	 Niederhofer H. Phytomedicine. 
2009;16(4):284–286.

	139.	 Niederhofer H. Z Phytother. 
2008;29(6):275–276.

	140.	 Kyokong O, Charuluxananan S, 
Muangmingsuk V, et al. J Med Assoc Thai. 
2002;85(suppl 1):S180–S185.

	141.	 Saller R, Beschorner M, Hellenbrecht D, 
et al. Eur J Pharmacol. 1990;183(3): 
728–729.

	142.	 Barsom VS, Moosmayr A, Sakka M. 
Erfahungsheilkunde. 1993;3:159–164.

	143.	 Burns E, Blamey C, Ersser SJ, et al. 
Complement Ther Nurs Midwifery. 
2000;6(1):33–34.

	144.	 Wang Y, Tang H, Nicholson JK, et al.  
J Agric Food Chem. 2005;53(2): 
191–196.

	145.	 Reis PE, Carvalho EC, Bueno PC, et al. 
Rev Lat Am Enfermagem. 2011;19(1): 
3–10.

	146.	 Romero-Jiménez M, Campos-Sánchez J, 
Analla M, et al. Mutat Res. 2005; 
585(1–2):147–155.

	147.	 Hernandez-Ceruelos A, Madrigal-Bujaidar 
E, de la Cruz C. Toxicol Lett. 2002; 
135(1–2):103–110.

	148.	 Nersesyan AK. Toxicol Lett. 
2004;150(2):229–230.

	149.	 Gomes-Carneiro MR, Dias DM, 
De-Oliveira AC, et al. Mutat Res. 
2005;585(1–2):105–112.

	150.	 Opdyke DLJ. Food Cosmet Toxicol. 
1974;12:851–852.

	151.	 Habersang S, Leuschner F, Isaac C, et al. 
Planta Med. 1979;37(10):115–123.

	152.	 Bhatia SP, McGinty D, Letizia CS, 
et al. Food Chem Toxicol. 2008;46(suppl 
11):S72–S76.

	153.	 Maliakal PP, Wanwimolruk S. J Pharm 
Pharmacol. 2001;53(10):1323–1329.

	154.	 Ganzera M, Schneider P, Stuppner H. Life 
Sci. 2006;78(8):856–861.

	155.	 Nowack R, Nowak B. Nephrol Dial 
Transplant. 2005;20(11):2554–2556.

	156.	 Abebe W. J Clin Pharm Ther. 
2002;27:391–401.

	157.	 Spinella M. Epilepsy Behav. 2001;2: 
524–532.

	158.	 Heck AM, DeWitt BA, Lukes AL. Am J 
Health Syst Pharm. 2000;57:1221–1227.

	159.	 Segal R, Pilote L. CMAJ. 
2006;174(9):1281–1282.

	160.	 Hurrell RF, Reddy M, Cook JD. Br J Nutr. 
1999;81:289–295.

	161.	 Olivares M, Pizarro F, Hertrampf E, et al. 
Nutrition. 2007;23(4):296–300.

	162.	 Cuzzolin L, Francini-Pesenti F, Verlato G, 
et al. Pharmacoepidemiol Drug Saf. 2010 
[Epub ahead of print].

	163.	 Moussally K, Bérard A. Eur J Obstet 
Gynecol Reprod Biol. 2010;150(1): 
107–108.

	164.	 Sridharan S, Archer N, Manning 
N. Ultrasound Obstet Gynecol. 
2009;34(3):358–359.

	165.	 Mann C, Staba EJ. The Chemistry, 
Pharmacology, and Commercial 
Formulations of Chamomile Herbs, Spices, 
and Medicinal Plants, Vol 1. Phoenix: 
Oryx Press; 1986.p. 265.

	166.	 Leslie GB, Salmon G. Swiss Med. 
1979;1:43–45.

	167.	 Bio-Strath AG. Personal communication; 
September 2003.

	168.	 Shipochliev T. Vet Med Nauki. 
1981;18:94–98.

	169.	 Jeschke E, Ostermann T, Luke C, et al. 
Drug Saf. 2009;32(8):691–706.

	170.	 Anliker MD, Borelli S, Wuthrich B. 
Contact Dermatitis. 2002;46(2): 
72–74.

	171.	 Bossuyt L, Dooms-Goossens A. Contact 
Dermatitis. 1994;31(2):131–132.

	172.	 Casterline CL. JAMA. 1980;244:330–331.
	173.	 Giordano-Labadie F, Schwarze HP, Bazex 

J. Contact Dermatitis. 2000;42(4):247.
	174.	 Pereira F, Santos R, Pereira A. Contact 

Dermatitis. 1997;36(6):307.
	175.	 Rodriguez-Serna M, Sanchez-Motilla 

JM, Ramon R, et al. Contact Dermatitis. 
1998;39(4):192–193.

	176.	 Rudzki E, Rebandel P. Contact Dermatitis. 
1998;38(3):164–184.

	177.	 Foti C, Nettis E, Cassano N, et al. Contact 
Dermatitis. 2000;42(6):360–361.

	178.	 Schempp CM, Schopf E, Simon JC. 
Hautarzt. 2002;53:93–97.

	179.	 Abramson MJ, Sim MR, Fritschi L, et al. 
Occup Med (Lond). 2001;51:259–265.

	180.	 Vandenplas O, Pirson F, D’Alpaos V, et al. 
Allergy. 2008;63(8):1090–1092.

	181.	 Scala G. Int Arch Allergy Immunol. 
2006;139(4):330–331.

	182.	 Rudzki E, Rapiejko P, Rebandel P. Contact 
Dermatitis. 2003;49(3):162.

	183.	 Rycroft RJ. Contact Dermatitis. 
2003;48(4):229.

	184.	 Von Beetz D, Cramer H, Melhorn HC. 
Derm Mschr. 1971;157:505–510.

	185.	 Jablonska S, Rudzki E. Z Hautkr. 
1996;71(7):542–546.

	186.	 Rudzki E, Jablonska S. J Dermatol Treat. 
2000;11(3):161–163.

	187.	 Jacob SE, Hsu JW. Pediatr Dermatol. 
2010;27(1):103–104.

	188.	 Paulsen E, Otkjaer A, Andersen KE. 
Contact Dermatitis. 2010;62(6):338–342.

	189.	 Paulsen E, Andersen KE, Hausen BM. 
Contact Dermatitis. 1993;29(1):6–10.

	190.	 Paulsen E, Andersen KE, Hausen BM. 
Contact Dermatitis. 2001;45(4):197–204.

	191.	 de la Torre Morin F, Sanchez Machin I, 
Garcia Robaina JC, et al. J Investig Allergol 
Clin Immunol. 2001;11:118–122.

	192.	 Jovanović M, Poljacki M, Duran V, et al. 
Med Pregl. 2004;57(5–6):209–218.

	193.	 Paulsen E, Chistensen LP, Andersen KE. 
Contact Dermatitis. 2008;58(1):15–23.

	194.	 Subiza J, Subiza JL, Alonso M, et al. Ann 
Allergy. 1990;65:127–132.

	195.	 Andres C, Chen WC, Ollert M, et al. 
Allergol Int. 2009;58(1):135–136.

	196.	 Jensen-Jarolim E, Reider N, Fritsch 
R, et al. J Allergy Clin Immunol. 
1998;102:1041–1042.

	197.	 Thien FC. Med J Aust. 2001;175:54.
	198.	 Subiza J, Subiza JL, Hinojosa M, et al.  

J Allergy Clin Immunol. 1989;84:353–358.
	199.	 Reider N, Sepp N, Fritsch P, et al. Clin 

Exp Allergy. 2000;30(10):1436–1443.
	200.	 Cuzzolin L, Benoni G. Phytother Res. 

2009;23(7):1018–1023.
	201.	 Fugh-Berman A. Nutr Today. 

2002;37:122–124.



489

Chaste tree

(Vitex agnus-castus L.)

In addition to dysmenorrhoea, chaste tree is used tradition-
ally in France to relieve minor sleep disorders in adults and 
children.5 In Jordan and Israel, it is used for headaches, stom-
ach-ache and joint pains.6,7

A survey of current practice among 155 herbalists con-
ducted in the UK and Ireland and published in 1997 found 
the following therapeutic uses (in order of decreasing preva-
lence): premenstrual syndrome (PMS), perimenopausal 
complaints, female acne, uterine fibroids, breast cysts, fibro-
cystic breast disease, female infertility, menstrual irregulari-
ties, endometriosis, male acne and PCOS (polycystic ovary 
syndrome).8 Interestingly, only around 3% of those who 
responded to the survey noted milk flow disturbance as a 
potential use. The average dose used was 2.2 mL/day of a 1:5 
tincture, which corresponds to 440 mg of the dried berry.

Summary actions

Prolactin inhibitor, dopamine agonist, indirectly progestero-
genic, possible galactagogue.

Can be used for

Indications supported by  
clinical trials
Menstruation disorders including secondary amenorrhoea, 
metrorrhagia (from functional causes), oligomenorrhoea 
(lengthened cycle), polymenorrhoea (shortened cycle), espe-
cially when marked by progesterone deficiency (cystic hyper-
plasia of the endometrium) and latent hyperprolactinaemia; 
PMS (except perhaps type C, which is characterised by symp-
toms such as headache, craving for sweets, palpitations and 
dizziness), especially premenstrual mastalgia and fluid reten-
tion; other premenstrual aggravations (such as mouth ulcers, 
orofacial herpes, epilepsy); insufficient lactation (very low 
doses only, certainly less than 150 mg/day); infertility due to 
decreased progesterone levels or hyperprolactinaemia; acne 
(in both sexes); perimenopausal PMS-like syndromes; poor 
sleep maintenance, insomnia (indirect evidence via melatonin 
stimulation); restless legs syndrome.

Most of these indications come from low-level, uncon-
trolled trials, with the most robust data being for PMS.

Traditional therapeutic uses

Promotion of lactation; menstrual irregularities; to decrease 
male libido; perimenopausal symptoms; to enhance female 
fertility.

Synonyms

Monk’s pepper (Engl), Agni casti fructus (Lat), 
Keuschlammfrüchte (Ger), agneau chaste, gatillier (Fr), 
kyskhedstræ (Dan).

What is it?

The ripe berries of chaste tree have long been regarded as a 
symbol of chastity, and were used in the Middle Ages and 
earlier to suppress sexual excitability. The name ‘agnus’ 
derives from the Greek ‘agnes’ meaning pure or chaste.1 The 
dried fruits have a peppery taste and were apparently used 
in monasteries instead of pepper, supposedly to suppress 
libido. Hence the common name ‘monk’s pepper’. Another 
account suggests that monks carried the seeds with them.1 
Hippocrates, Theophrastus and Dioscorides all mentioned 
the plant.1 As a remedy it was considered primarily a herb for 
women’s complaints, especially from the mid-1900s through-
out Europe. Modern scientific interest developed in Germany 
in the 1930s.

Effects

Enhances corpus luteal development (thereby correcting a 
relative progesterone deficiency) via a dopaminergic activity 
on the anterior pituitary (which inhibits prolactin); normalises 
the menstrual cycle, encourages ovulation. Indicated for any 
kind of premenstrual aggravation. The inhibition of prolactin 
contrasts with the traditional use to promote breast milk.

Traditional view

A tincture of the fresh berries was traditionally used by the 
Eclectics as a galactagogue and emmenagogue and was also 
said to ‘repress the sexual passions’. Other suggested uses 
from the Eclectics included impotence (paradoxical, but there 
are indirect references to such properties in ancient Spartan 
culture1 and chaste tree could indeed be relevant here if 
hyperprolactinaemia is the cause), sexual melancholia, sexual 
irritability with nervousness, melancholia or mild dementia.2 
The main traditional use of chaste tree occurred in Europe, 
where it was widely used by women for a variety of gynae-
cological problems. Details of such use by women are scant 
(as is often the case with such remedies). However, the herb 
appears to have enjoyed a wide variety of applications and was 
an archetypal ‘women’s herb’ in some Mediterranean tradi-
tions. Ironically, the most persistent traditional indication is 
insufficient lactation.3,4
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May also be used for

Extrapolations from pharmacological 
studies
Possible roles in relative progesterone deficiency or conditions 
where unopposed oestrogen plays a role: uterine fibroids, 
endometriosis, follicular ovarian cysts; additional conditions 
caused by hyperprolactinaemia (such as some cases of erectile 
dysfunction or infertility in men, hypogonadism, galactorrhoea 
or irregular menstruation) and conditions in which raised pro-
lactin secretion is implicated: breast cysts, fibrocystic breast 
disease, benign prostatic hyperplasia. Any activity for chaste 
tree in Parkinson’s disease could depend on whether its dopa-
minergic compounds cross the blood-brain barrier in sufficient 
quantity.

Several autoimmune diseases have been linked to higher 
levels of prolactin in the blood, including systemic lupus ery-
thematosus (SLE),9 rheumatoid arthritis (RA),10 Sjögren’s 
syndrome11 and juvenile arthritis.12 For SLE, serum prolactin 
concentrations have been correlated with both clinical activ-
ity and remission.9,13 Studies on dopaminergic drugs such as 
bromocriptine suggest that lowering elevated prolactin levels 
of pituitary origin can lead to clinical improvement in SLE,14 
RA,15,16 psoriatic arthritis and Reiter’s syndrome.16 (Prolactin 
is also produced peripherally in inflammatory diseases.) One 
study involving 79 patients with SLE, 23 with RA and 28 
healthy controls, found significant elevations in around 40% of 
patients in a pattern resembling latent hyperprolactinaemia.17 
In other words, the stress of taking the first blood sample 

significantly raised prolactin, which was lower in subsequent 
samples. This pattern was not observed in healthy controls. 
Hence chaste tree at lower doses (see below) may be of value 
for the above autoimmune diseases.

Preparations

Dried or fresh ripe berries for decoction, or tinctures, tablets 
or capsules for internal use.

Dosage

Low doses are typically used in Germany, equivalent to 30 to 
40 mg/day of herb as an aqueous-ethanolic extract. However, 
clinicians in English-speaking countries tend to use the fol-
lowing doses: daily dose of 1 to 5 mL of a 1:5 tincture or 1 
to 4 mL of a 1:2 extract, or equivalent doses in tablet or cap-
sule form. In severe cases or certain disorders, higher doses 
may be used in the short term. Prolonged use of high doses 
can also be appropriate for some health problems (see below). 
Table 1 lists suggested dosages for a number of different 
conditions.

In Table 1 the term ‘clinical observation’ refers to tradi-
tional use, the experience of the authors and their colleagues 
and surveys of usage in the UK8 and Australia.18 The authors 
do not recommend and have no clinical experience of the low 
doses used in some clinical trials and referred to above and 
below.

Table 1  Recommended doses of chaste tree for various health conditions

Condition Dosage (dry herb equivalent) Rationale

Mastalgia, premenstrual symptoms, menstrual 
cycle irregularities and perimenopausal complaints

200 to 500 mg/day Based on clinical trials and clinical observation

Corpus luteal insufficiency 200 to 500 mg/day Based on clinical trials and clinical observation

Latent hyperprolactinaemia (LHP) and infertility 
associated with LHP or other issues

200 to 500 mg/day Based on clinical trials and clinical observation

Uterine fibroids, endometriosis, acne, excessive 
male sex drive

Up to 2500 mg/day in divided doses given two to 
three times per day

This higher dosage may be required to exert a 
significant oestrogen/testosterone antagonist 
effect. Based on clinical observation

Hyperprolactinaemia, breast cysts Up to 2500 mg/day in divided doses given two to 
three times per day (the dosage will be influenced 
by the prolactin level)

To exert a significant dopaminergic effect, thereby 
reducing prolactin secretion. Based on clinical 
observation

Polycystic ovary syndrome 200 to 1000 mg/day In cases of moderate prolactin/androgen excess, 
from clinical observation

1000 to 2500 mg/day in divided doses given two to 
three times per day

In cases of higher prolactin or androgen levels. 
Based on clinical observation

Sleep disorders including poor sleep maintenance 
and problems associated with shift work and jet lag

1000 to 2400 mg/day in divided doses given two to 
three times per day

Based on a clinical trial assessing melatonin 
secretion
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It is common practice, and also recommended by some 
German manufacturers, that chaste tree is taken as a single 
dose each morning before breakfast throughout the cycle. It is 
considered that hormonal regulation via the pituitary is more 
receptive to this regime, although there is no pharmacological 
or clinical evidence to support this proposition.

Duration of use

May be used long term if prescribed within the recommended 
therapeutic range. Chaste tree should be discontinued or the 
dose reduced if the length of the menstrual cycle is exces-
sively changed.

Summary assessment of safety

Only mild adverse effects from ingestion of chaste tree  
are expected when taken within the recommended dosage 
range.

Technical data

Botany
Vitex agnus-castus, a member of the Verbenaceae (verbena) 
family, was indigenous to southern Europe but is now widely 
cultivated.19 The shrub grows to 3 to 5 m and produces large 
dark green leaves radiating from a long, hairy stalk. The shoots 
terminate in a slender spike and are composed of whorls of 
violet flowers. The black spherical berries are about 5 mm in 
size and contain four seeds.20

Adulteration
Common adulterants of V. agnus-castus are V. negundo,  
V. rotundifolia and V. trifolia, which are Asiatic species used in 
Chinese or Ayurvedic medicine.21

Key constituents
l	 Essential oil, about 0.7%, containing monoterpenes 

and sesquiterpenes such as sabinene, cineole, beta-
caryophyllene and trans-beta-farnesene22,23

l	 Flavonoids including methoxylated flavones such as 
casticin, eupatorin and penduletin; together with other 
flavonoids including vitexin and orientin24

l	 Iridoid glycosides, including aucubin (0.3%) and agnuside 
(0.6%).25

l	 Diterpenes of the labdane and halimane types  
including rotundifuran (0.04% to 0.3%), vitexilactone  
(0.016% to 0.167%),26 vitetrifolin B and C24 and  
viteagnusins A to I27-29

l	 Other constituents include vitexlactam A, triterpenic acids, 
phenolic acids29 and cleroda-7,14-dien-13-ol.30

Casticin

OH

OH

O

OH3CO

H3CO OCH3

CH3

Pharmacodynamics

Hormonal activity
From the 1960s up to the 1990s the conventional wisdom 
was that chaste tree corrected a clinical situation of oestro-
gen excess or relative progesterone deficiency by acting on the 
pituitary to increase luteinising hormone (LH) and decrease 
follicle-stimulating hormone (FSH). This was promoted in 
the literature and in the product information from German 
suppliers of chaste tree products. The apparent basis for this 
thinking was some early pharmacological research.31 The 
study in question found that low doses of chaste tree tincture 
(0.75 and 1.5 drops/kg, oral) given to female guinea pigs for 
90 days decreased oestrogenic and promoted progesterogenic 
effects. Corpus luteal development and glandular proliferation 
in breast tissue were enhanced and follicular development and 
uterine weight were slightly decreased. These findings were 
interpreted by the authors to be the result of increased LH 
and decreased FSH, but these pituitary hormones were never 
measured. The same publication also examined the effect of 
10 to 20 times the above doses (15 drops/kg, oral) and found 
results that were interpreted as an inhibition of all gonado-
trophic hormones and growth hormone. In other words, ante-
rior pituitary function was suppressed by the high dose, with 
decreases in pituitary, adrenal and uterine weights and signs 
of atrophy in breast tissue. One small, uncontrolled trial pub-
lished many years later in 1990 did observe an increase in LH 
and an inconsistent decrease in FSH in 15 patients with sec-
ondary amenorrhoea, with subsequent onset of menstruation 
after 6 months of chaste tree.32

Later research has challenged this perspective. It is now 
known that chaste tree has dopaminergic activity. This can 
also explain its activity in treating gynaecological conditions 
(including PMS) because many of these can be related to 
high prolactin levels. Dopamine inhibits prolactin secretion 
from the anterior pituitary. Increased prolactin levels inhibit 
corpus luteal development, thereby indirectly reducing the 
secretion of progesterone in the luteal phase of the menstrual 
cycle. Therefore, chaste tree may increase progesterone by 
reducing prolactin secretion, rather than by increasing LH. 
Increased prolactin levels are associated with premenstrual 
mastalgia, corpus luteal insufficiency, benign breast tumours 
and infertility. In many cases the hyperprolactinaemia may 
not be constant and is referred to latent hyperprolactinae-
mia. Here prolactin is typically elevated by stress and/or 
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premenstrually. The active dopaminergic compounds in chaste 
tree appear to be mainly diterpenes. Although there are other 
factors involved in PMS and other menstrual disturbances 
(and, indeed, the hormonal action of chaste tree is probably 
more than just dopaminergic), this finding provides a coherent 
rationale for the role of this herb in a range of female hormo-
nal problems.

Prolactin secretion from the anterior pituitary is under 
the dual control of a hypothalamic factor (thyroxin-releasing 
hormone, TRH) which stimulates prolactin release, and the 
catecholamine dopamine, which acts as a prolactin inhibiting 
factor. Several intrinsic (such as sleep) and extrinsic (such as 
stress) stimuli enhance prolactin release. The prolactin-pro-
ducing cells of the pituitary, the lactotropes, express the D2 
subtype of the dopamine receptor, which is coupled to ade-
nylate cyclase. Activation of the D2 receptor by either dopa-
mine, or compounds with aspects of their molecular structure 
similar to dopamine, reduces the synthesis of cAMP resulting 
in an inhibition of prolactin secretion.

In some of the earliest research on this topic, chaste tree 
extract and a synthetic dopamine agonist (lisuride) were found 
to significantly inhibit basal and TRH-stimulated prolactin 
secretion in isolated rat pituitary cells. This inhibition could 
be blocked by the addition of a dopamine receptor blocker, 
confirming the dopaminergic effect of the herb.33 In addition, 
a dopamine agonist (haloperidol) was able to counteract the  
prolactin-lowering effect of chaste tree, providing further proof 
a dopaminergic mode of action.34 Using the corpus striatum 
membrane dopamine receptor binding assay, it was determined 
that chaste tree extract contained several active principles that 
bind to the dopamine D2 receptor. The action of chaste tree 
on pituitary hormone secretion in vitro was selective, since 
both basal and LH releasing hormone (LHRH)-stimulated gon-
adotropin (FSH, LH) release remained unaffected.35

A chaste tree extract (containing 3.3 mg/mL water-soluble 
substances) markedly reduced stress-induced prolactin release 
in rats after intravenous injection.36 Other early research 
found that administration of chaste tree extract (0.3 to 2.3 g/
kg, sc) to suckling rats resulted in a clear increase in offspring 
without milk. This effect was comparable to rats given bro-
mocriptine, a drug that suppresses prolactin secretion. The 
authors believed the reduction in prolactin levels by chaste 
tree led to a significant reduction in milk production. There 
were no indications of toxicity, including no change in the 
body weight of the adults.37

An aqueous-ethanolic extract of chaste tree displaced 
sulpiride (a dopamine receptor antagonist) from dopamine D2 
receptors. Only the hexane subfraction (containing diterpenes 
and fatty acids) demonstrated dopamine D2 receptor affin-
ity. Further investigation indicated that the diterpenes rotun-
difuran and 6-beta,7-beta-diacetoxy-13-hydroxy-labda-8, 
14-diene, and the unsaturated fatty acid linoleic acid were 
active. Agnuside, aucubin and casticin and other flavonoids 
did not show any effect.38

Another research group published a series of papers con-
cerning the identity of dopaminergic compounds in chaste 
tree.39–41 Bio-guided fractionation of an ethanolic chaste 
tree extract resulted in the isolation of a mixture of bicyclic  
diterpenes of the clerodane type. Based on their dopaminergic 

potency and concentration in the chaste tree extract, these 
appeared to be the most significant compounds, although 
other labdane dopaminergic diterpenes such as rotundifuran 
also contributed to the overall in vitro activity. Both dopamine 
and the clerodane diterpenes reduced cAMP formation in, 
and prolactin secretion from, lactotropic cells.41 The in vitro 
dopaminergic activity of commercial chaste tree preparations 
showed considerable variation.41

Injection of either a hydroethanolic chaste tree extract  
(65 to 465 mg/kg) or dopamine decreased LH and testosterone 
in male mice.42 This suggests that dopamine regulates the gon-
adotroph-Leydig cell axis and provides an interesting rationale 
for the traditional use of chaste tree to decrease male libido. 
Relatively high doses of a dried 70% ethanol extract of chaste 
tree (0.6 and 1.2 g/kg, oral) reduced plasma prolactin levels in 
ovariectomised rats, but had no such effect in normal female 
rats.43

Other compounds in chaste tree might also influence pro-
lactin levels. The flavone-enriched fraction of Vitex rotundi-
folia (which was high in casticin) decreased prolactin levels 
in mice with induced hyperprolactinaemia at oral doses of 
25 and 50 mg/kg.44 Casticin was also active at the same 
doses, as were other fractions of the herbal extract. A sub-
sequent publication from the same group found that casticin  
(10 to 40 mg/kg, ip) also inhibited prolactin release in rats 
with induced hyperprolactinaemia, and countered the in vitro 
prolactin release from pituitary cells stimulated with oestra-
diol.45 However, casticin had no effect on prolactin release 
from unstimulated primary pituitary cells in vitro, consistent 
with the findings quoted above.38

Human data also support effects on prolactin levels. In a 
placebo-controlled trial, 20 male volunteers received a spe-
cial extract of chaste tree (120, 240 or 480 mg/day) or pla-
cebo for 14 days. Men were chosen because they do not have 
a fluctuating hormonal cycle. There was a significant increase 
in a 24 h prolactin secretion at the lowest dosage, in contrast 
to the higher dosages, which caused a small drop. On the 
last day of the trial, prolactin release over a 1 h period after 
TRH stimulation was measured compared with placebo. A 
significant increase of prolactin at the lowest dosage and a  
significant drop at the highest dosage were recorded. This sug-
gests the activity of chaste tree is dependent on dose and the 
initial level of the prolactin concentration. Chaste tree did 
not alter the serum concentrations of the gonadotropins (LH, 
FSH) or testosterone.46,47

A case was described of a prolactinoma (a benign pituitary 
tumour that secretes prolactin) in an 18-year-old girl who had 
a history of oligomenorrhoea and galactorrhoea.48 On review 
by an endocrinologist 6 months later, the patient reported a 
regular 28-day menstrual cycle and was negative for galac-
torrhoea, with a concurrent decrease in her serum prolactin 
(although it was still elevated). She had been taking 15 drops 
each morning of a chaste tree tincture for 3 months. The 
concern was expressed that chaste tree could mask a prolac-
tinoma.48 However, another group suggested that the herb 
might instead prove to be a useful treatment for this condi-
tion.49 They described another case of prolactinoma treated 
with a chaste tree tincture (20 drops twice a day) by a 
31-year-old woman. While this time the chaste tree did not 
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alter the typical symptoms noted above, it did reduce prolac-
tin levels.

In terms of other hormonal activity, early research found 
pretreatment before mating with powdered chaste tree (1 to 
2 g/kg) had no antifertility effect (as measured by a reduction 
in the number of fetuses) in male and female rats and guinea 
pigs.50 The flavonoid-rich fraction from the seeds of Vitex 
negundo, which mainly contain methoxylated flavones similar 
to Vitex agnus-castus, showed antiandrogenic effects in vivo 
by the intraperitoneal route.51 This effect may be related to 
the casticin research cited above.

Chaste tree and its phytochemical components could 
also possibly modulate oestrogen effects, although some 
experimental findings need to be interpreted with caution. 
For example, one study using in vitro techniques identified  
linoleic acid as an oestrogenic compound from chaste tree.52 
While this is a perfectly valid finding, it adds little to our 
understanding of the hormonal activity of chaste tree, since 
the linoleic acid is only present at low levels in the herb and is 
far more abundant in other plants. A similar argument can be 
applied to the in vitro finding that apigenin is the most active 
component in chaste tree in terms of binding to oestrogen 
receptor-beta.41,53 Apigenin is a widely distributed flavonoid. 
Perhaps of more relevance were the concurrent findings that 
chaste tree extract did not bind to oestrogen receptor-alpha, 
and that other flavonoids such as vitexin and pendulitin exhib-
ited an affinity for the beta receptor. However, even for these 
results there is the confounding issue that flavonoids typically 
exhibit poor intact bioavailability.

Relatively high doses of a dried 70% ethanolic extract of 
chaste tree (0.6 and 1.2 g/kg, oral) substantially increased 
uterine weight and vaginal cornification in ovariectomised 
rats, but had no effect on uterine and ovarian weights in nor-
mal rats.43 Chaste tree extract also increased plasma oestro-
gen and progesterone in both normal and ovariectomised 
rats, while FSH and LH levels were unchanged (except LH 
decreased slightly in the ovariectomised animals).

A dried 70% ethanol extract of chaste tree (133.3 mg/kg, 
oral) demonstrated an osteoprotective effect in castrated male 
rats.54 The effects on bone matrix were similar to the oes-
trogen control group and superior to the testosterone control 
group, with both cortical and trabecular bone preserved. Earlier 
research found that oral chaste tree extract had a minor non-
significant positive effect on osteoporosis and decreased serum 
leptin after 3 months in ovariectomised rats.40

Interestingly, wild female baboons that consume the 
African black plum (Vitex doniana) exhibit substantially 
higher faecal progesterone excretion.55 The plant appears to 
act on cycling females as both a physiological contraceptive 
(like the oral contraceptive pill) and a social contraceptive 
(preventing sexual swelling, thus reducing association with 
males). Similarly, hyperprogesteronaemia was observed in 
female wild chimpanzees in association with consumption of 
Vitex fischeri.56 Female oestrogen levels were not significantly 
impacted, nor were male testosterone levels.

Seasonally elevated faecal progesterone excretion was 
found in wild female Phayre’s leaf monkeys, with higher 
levels when Vitex species leaves and fruits were abundant.57 
Females had longer cycle lengths and follicular phases, while 

receptive periods did not change. They were more likely to 
conceive at these times, but that also correlated with improv-
ing physical condition due to seasonal factors. The authors 
suggested that the active constituents in Vitex might not be 
phytosteroids at all, but rather phytochemicals that influence 
steroid levels downstream.

Antimicrobial activity
Ethanolic and etheric extracts of chaste tree demonstrated 
weak in vitro antimicrobial activity against the following species 
using the dilution method: Staphylococcus aureus, Streptococcus 
faecalis (6.5% to 20% extracts), Salmonella spp., Escherichia 
coli (10% to 20%), Candida albicans, C. tropicalis, C. pseudo-
tropicalis and C. krusei (10% to 40%). High toxicity against the 
mycelial growth of Trichophyton mentagrophytes, Epidermophyton 
floccosum, Microsporum canis, M. gypseum (1.5% to 12%) and 
Penicillium virdicatum (9% to 23%) was also found.58 Essential 
oil from chaste tree ripe fruit showed greater antimicrobial 
activity against E. coli and Candida albicans than against Staph. 
aureus or Bacillus anthracoides.59 Chaste tree essential oil has 
also exhibited antifungal activity against dermatophyte strains, 
although the leaf essential oil had the highest activity.60

Antitumour activity
Chaste tree extracts or some isolated components have dem-
onstrated antitumour activity against a range of cancer cells in 
vitro. For the extract, cytotoxicity and induction of apoptosis 
has been observed for ovarian, cervical, breast, gastric, colon, 
small cell lung and prostate cancer cell lines.61–63 However, 
the antitumour activity of the herb compared with other 
plants such as Dioscorea villosa and Sanguinaria canaden-
sis was relatively low.64 Rotundifuran induced apoptosis in 
human myeloid leukaemia cells,65 and flavonoids found in the 
herb, including luteolin, have demonstrated in vitro activity 
against cell lines such as human colon cancer and mouse lym-
phocytic leukaemia.66

Other activity
Chaste tree extract exhibited pronounced binding to mu- 
and kappa-opioid receptor subtypes in vitro, especially the 
lipophilic fractions of the extract.38 The aqueous extract 
was more active at binding to delta receptors. A later inves-
tigation established that this activity was not just due to the 
free fatty acids in chaste tree extract, and determined that 
the extract was in fact agonistic at the mu-opiate receptor, 
which is a primary target of beta-endorphin.67 Follow-up 
research found that a methanolic extract of chaste tree bound 
and activated mu- and delta-, but not kappa-opioid recep-
tor subtypes in vitro.68 Biological evaluation identified four  
flavonoids, including apigenin and casticin, as weak ligands of 
mu- and delta-opioid receptors, exhibiting dose-dependent 
receptor binding.29,68 Only casticin acted as a delta-opioid 
receptor agonist. Since beta-endorphin assists in regulating the 
menstrual cycle, this might provide an additional mechanism 
behind the clinical effects of chaste tree. However, it is dif-
ficult to see how such mild in vitro activities of compounds 
with relatively low oral bioavailability could translate into sig-
nificant clinical effects.
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Chaste tree extract (60 to 180 mg/kg, ip) exhibited dose-
dependent antiepileptic activity on amygdala-kindled seizures 
in male rats.69

Pharmacokinetics
No data available.

Clinical trials
Hyperprolactinaemia is one of the most frequent causes for 
cyclical disorders, from corpus luteal insufficiency (shortened 
luteal phase, extended PMS and/or reduced progesterone 
secretion) to secondary amenorrhoea and premenstrual mas-
talgia. While latent hyperprolactinaemia (LHP) can be pre-
sent throughout the cycle, the removal of the inhibitory effect 
of progesterone at the end of the luteal phase can result in 
the release of high quantities of prolactin under minor stress 
conditions, as well as during deep sleep phases at night. 
Hyperprolactinaemia and corpus luteum insufficiency may 
both be implicated in PMS, but there is insufficient evidence 
to link them invariably with the condition.

Menstruation disorders
Early uncontrolled clinical studies on chaste tree date back 
to 1954. Improvement was noted in patients suffering from a 
variety of menstruation disorders, including secondary amen-
orrhoea. Results were particularly marked for patients suffer-
ing from cystic hyperplasia of the endometrium (a disorder 
due to a relative progesterone deficiency) over treatment peri-
ods of 5 to 24 months after a dose of 45 drops of tincture 
per day. Ovulatory cycles were re-established in a number of 
these patients. Chaste tree was considered to be particularly 
indicated for patients with deficient corpus luteum func-
tion.70 This work was supported by another uncontrolled 
study that demonstrated improvement in 63% of patients.71 
Beneficial effects were also observed in 66% patients with 
heavy or frequent bleeding.72 For 33 cases of polymenorrhoea 
(shortened cycle), treatment with chaste tree (45 drops/
day of tincture) lengthened the average cycle from 20 to 26 
days. For 35 cases of oligomenorrhoea (infrequent menstrua-
tion) the average cycle was shortened from 39 to 31 days, and 
for 58 cases of menorrhagia the average duration of bleeding 
decreased from 8 to 5 days. Treatment with chaste tree was 
over at least 2 to 3 months.73 Such results were confirmed 
in a later uncontrolled, 6-month trial involving 120 women 
with irregular cycles. Chaste tree (20 mg extract/day) nor-
malised the cycle of 63% of women in one trial, and 29% fell 
pregnant.74

In a large, uncontrolled trial, 1592 women with various 
conditions collectively defined as corpus luteum insufficiency 
were treated with chaste tree. After an average treatment 
period of 6 months of chaste tree tincture (45 drops/day), 
33% were observed to be free of complaints and 51% were 
in satisfactory condition, according to the physician’s assess-
ment. In the patient’s assessment, 61% rated the treatment 
as good and 29% as satisfactory. Of 145 patients attempting 
to conceive, 56 became pregnant.75 Thirteen patients with 
hyperprolactinaemia and cyclic disorders were treated for 

3 months with a chaste tree tincture (60 drops/day). The 
menstrual cycle returned to normal in all patients and prol-
actin levels were significantly reduced or normalised.76 Of 20 
patients with secondary amenorrhoea, treatment with chaste 
tree (40 drops/day of tincture, equivalent to around 33 mg/
dried herb) restored menstruation in 10 after 6 months.77

Observation of 551 patients by 153 gynaecologists over 
several menstrual cycles found the efficacy of chaste tree 
treatment (40 drops/day of tincture, equivalent to around 
33 mg dried herb) to be good in 68.8% of cases. Three hun-
dred and sixty-nine patients had symptoms of corpus luteal 
insufficiency or cyclic disorders; 210 had PMS. A majority of 
patients (81.1%) were relieved of their complaints or stated 
that their condition had improved.78

Thirty-seven women (from an original 52) with luteal 
phase defects due to LHP completed a 3-month double blind, 
placebo-controlled trial testing the efficacy of a chaste tree 
preparation (20 mg/day dried herb equivalent). With this 
disorder, basal blood levels of prolactin may only be slightly 
raised, but there is an excessive prolactin response following 
iv injection of TRH. The menstrual cycle is also abnormal: the 
luteal phase is much shorter, although the total length of the 
cycle can be normal. Blood for hormonal analysis was taken 
at days 5 to 8 and day 20 of the menstrual cycle, before and 
after 3 months of therapy. Following the chaste tree treat-
ment, prolactin release following TRH was significantly 
reduced compared with placebo (p<0.001). Shortened luteal 
phases were normalised (p<0.005 compared with placebo) 
and luteal phase progesterone deficiencies were only cor-
rected in the chaste tree group. There were no changes in any 
other hormones except that luteal phase 17-beta-oestradiol 
levels were higher in the chaste tree group (p<0.05 compared 
with placebo). Two women receiving chaste tree became preg-
nant and PMS symptoms were also significantly reduced in 
the chaste tree group (p<0.05).79 In another study, frequent 
blood samples were drawn from patients with premenstrual 
mastalgia.40 As a result of the stress of blood withdrawal, pro-
lactin levels in the pathological range were observed, indica-
tive of LHP. There were also pathological surges of prolactin 
associated with LH pulses. These responses were no longer 
evident after 3 months of a chaste tree formulation.

Premenstrual syndrome
The pharmacological and clinical studies cited above suggest 
that chaste tree can correct a relative progesterone deficiency 
created by LHP. Many patients with premenstrual symptoms 
demonstrate LHP in conjunction with corpus luteum insuffi-
ciency and this might be the only aetiological factor in PMS 
that responds to chaste tree treatment. Therefore the repu-
tation of chaste tree in the treatment of PMS may be based 
solely on its dopaminergic activity. This could explain the 
negative finding in one PMS clinical trial cited below (due to 
the selected patient cohort possibly having a low prevalence 
of LHP), but the high placebo effect in PMS makes such trials 
difficult to design and conduct in any case.

Uncontrolled trials in PMS provide only weak evidence 
of efficacy due to the high placebo effect in this condition. 
However, such trials in the early 1960s at least tended to 
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indicate that chaste tree exerts a favourable effect on a vari-
ety of unusual premenstrual aggravations, including post-
traumatic epilepsy,80 mouth ulcers81 and orofacial herpes 
simplex.82 Since then, there have been several other uncon-
trolled, observational studies, some involving large numbers 
of patients. Because of their weak evidentiary nature, only 
a brief review of these trials follows. In a study involving 
36 women with PMS, 40 drops/day of chaste tree tincture 
relieved physical and psychological symptoms and normal-
ised the luteal phase from an average of 5.4 to 11.4 days.83 
Another study using the same preparation and similar dosage 
(corresponding to 33 mg of dried herb) found improvement 
in 80% of 1542 women after an average treatment period of 
166 days.84 A similar trial (design, preparation and dosage) in 
1571 patients yielded similar results.85 Striking results were 
found in a study involving 1634 women with PMS where 
chaste tree (20 mg dried herb equivalent per day) improved 
symptoms in 93% over three menstrual cycles.86 In a study 
involving 132 women, of whom about half were taking the 
contraceptive pill, chaste tree extract (20 mg/day, equivalent 
to around 180 mg dried herb) for 3 months improved symp-
toms in more than half, with no real difference between those 
taking the pill or not.87 The same preparation, dose and design 
saw 38 of 43 patients judge the treatment of their PMS as 
moderate to excellent.88 Swiss physicians judged the same 
preparation at an average dose of 40 mg/day of extract to be 
successful, or partially successful, over a 3-month period in 
86% of 428 women with PMS.89 PMS symptoms significantly 
improved in 409 patients after receiving chaste tree extract 
(20 mg/day, equivalent to around 180 mg herb) for three 
cycles.90 A different chaste tree extract (4 mg/day, equivalent 
to 40 mg dried herb) induced a positive response by the third 
treatment cycle in 68% of 118 women with PMS.91 Finally, 
a chaste tree extract (40 mg/day) approximately halved the 
incidence of headaches in 36 women suffering from migraines 
in conjunction with PMS.92

In a pilot controlled clinical trial, significant benefit was 
observed for all types of PMS, except type PMS-C (charac-
terised by symptoms such as headache, craving for sweets, 
palpitations and dizziness).93 This pilot was followed up by 
a double blind, placebo-controlled trial, where 217 patients 
with PMS received chaste tree (1.8 g/day) or a soya-based pla-
cebo for 3 months. There was little difference found between 
chaste tree and placebo for the majority of symptoms associ-
ated with PMS. However, there was a tendency to improve-
ment in the fluid retention group of symptoms, especially for 
mastalgia, although it did not quite reach statistical signifi-
cance (p=0.09).94 The soya-based placebo may have exerted 
significant pharmacological activity and the trial exhibited a 
high dropout rate (600 women began the study). See also the 
comments above regarding LHP in PMS.

In a multicentre, randomised, double blind, compara-
tive trial, 127 women with PMS received either chaste tree 
or vitamin B6 (pyridoxine) over three menstrual cycles. 
Patients either received a chaste tree extract capsule (4 mg/
day, equivalent to around 40 mg dried herb) and a placebo 
capsule throughout the cycle, or one capsule of placebo twice 
daily on days 1 to 15 followed by one capsule of pyridoxine 
(100 mg) twice daily on days 16 to 35 of the menstrual cycle. 

Some patients did not complete the trial or were excluded 
from analysis. Premenstrual Tension Scale (PMTS) scores 
decreased for both treatments, but chaste tree was superior 
to pyridoxine overall. Characteristic symptoms (breast ten-
derness, oedema, abdominal tension, headache, constipation, 
depressed mood) were more significantly reduced by chaste 
tree than by pyridoxine. The efficacy of treatment was rated 
as excellent by about 25% of physicians for chaste tree, but 
only by 12% for pyridoxine. Thirty-six per cent of women 
treated with chaste tree felt they were free of complaints, 
compared with 21% of the pyridoxine-treated patients. Nine 
patients recorded adverse events, four from the pyridoxine 
group and five receiving chaste tree. Of these adverse events, 
gastrointestinal disturbances were approximately equally 
distributed between the two study groups. Two chaste tree-
treated patients experienced skin reactions and one reported 
transient headache.95 The significance of this study is difficult 
to assess because a placebo control group was not included, 
and pyridoxine is not widely regarded as an effective treat-
ment for PMS.

The best designed and conducted trial of chaste tree in 
PMS was the prospective, randomised, double blind, placebo-
controlled study published in the BMJ in 2001.96 In all, 178 
women (of whom 170 were evaluated) with PMS according 
to the DSM-IIIR received either chaste tree extract (20 mg/
day, equivalent to around 180 mg dried herb) or placebo for 
three menstrual cycles. Self-assessment of typical PMS symp-
toms using a visual analogue scale resulted in a significantly 
lower average score for the chaste tree group by the end of 
the trial (p<0.001 versus placebo). Attending physicians also 
rated the chaste tree as superior (p<0.001). Responder rates 
(at least a 50% reduction in symptoms) were 52% for chaste 
tree compared with 24% for placebo. Mild adverse events 
were noted for seven women, four in the chaste tree group.

Premenstrual dysphoric disorder (PMDD) as defined by 
the DSM-IV is characterised by markedly depressed mood, 
marked anxiety, affective lability and decreased interest in 
daily activities during the last week of luteal phase in most 
menstrual cycles during the past year.97 (PMDD is hence a 
severe form of PMS.) At the completion of an 8-week, ran-
domised, single-blind trial (n=41) a similar percentage of 
PMDD patients (around 60%) responded to chaste tree 
(20 to 40 mg/day, undefined extract) as did to fluoxetine 
(serotonin reuptake inhibitor, 20 to 40 mg/day). However, 
there were differences in the specific treatment outcomes. 
Fluoxetine was more effective for the psychological symp-
toms, and chaste tree better reduced the physical symptoms 
of PMDD. Both treatments were well tolerated, although 
two patients experienced sexual dysfunction in the fluoxetine 
group, whereas no patients receiving chaste tree experienced 
any sexual side effect.

A clinical trial conducted in China assessed the value of 
chaste tree extract (4 mg/day, equivalent to 40 mg dried herb) 
in women suffering from moderate to severe PMS.98 A pro-
spective, double blind, placebo-controlled, parallel-group, 
clinical trial design was employed. After a screening and 
preparation phase lasting three cycles, 217 eligible patients 
were randomly assigned to receive the herb or placebo for 
up to three menstrual cycles. Efficacy was assessed using 
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the Chinese version PMSdiary (PMSD) and the PMTS. The 
difference in the mean PMSD score from baseline to the 
third cycle in the treatment group (22.71±10.33) was sig-
nificantly higher than the difference in the placebo group  
(15.50±12.94, p<0.0001). Results for PMTS were similar, 
with the total scores for PMTS being significantly different 
between the two groups (p<0.01). A placebo effect of 50% 
was found in the study, consistent with other studies. No seri-
ous adverse event occurred in either group.

A second study conducted in China utilised the same 
product, dosage and basic design to assess the value of chaste 
tree in 67 women with moderate to severe PMS.99,100 Based 
on a Chinese version of a 17-item diarised symptom score 
(PMSD) and also the PMTS sum score, chaste tree treatment 
was significantly superior to placebo by the third treatment 
cycle (p=0.015 and p=0.040, respectively). A significant dif-
ference was also evident for the PMSD score by the second 
cycle (p=0.030). The efficacy rate was 84.9% in the treat-
ment group versus 55.9% in the placebo group (p=0.010). 
Most individual symptoms showed a significantly greater 
improvement with chaste tree than placebo (p<0.05). There 
was no significant change in basal serum prolactin after treat-
ment. However, the presence of LHP was not assessed. No 
information concerning side effects was provided.

A systematic review of herbal treatments for PMS found 
that chaste tree was the most investigated treatment and, 
after excluding trials because of poor quality or unsuitable 
diagnostic criteria, identified four eligible trials involving 500 
women.101 (These trials are reviewed above.96–99) The review 
concluded that chaste tree seemed useful for PMS, but more 
trials are required in order to fully account for the heteroge-
neity of the condition.

Menopausal conditions
A review of chaste tree in the treatment of menopause-
related complaints concluded that such use is relatively 
recent.102 Several studies were described where chaste tree 
was included in complex herbal formulations, with vary-
ing outcomes. One of these was the HALT trial, which is 
reviewed in this book in the dong quai and black cohosh 
monographs. The trial failed to find any difference between 
various herbal interventions and placebo. The review authors 
suggested that chaste tree might have a role in alleviating the 
PMS-like symptoms associated with perimenopause.

A randomised, double blind trial conducted in Australia 
included 100 late-perimenopausal or postmenopausal women 
experiencing hot flushes and other menopausal symptoms.103 
Ninety-three women completed the study. They received 
chaste tree (1 g/day) and St John’s wort (Hypericum perfora-
tum) or placebo for 16 weeks. The St John’s wort tablets con-
tained 900 mg/day of extract corresponding to 5.4 g of dried 
herb flowering top (containing 2.97 mg of hypericins, 27 mg 
of hyperforin and 54 mg of flavonoid glycosides). The trial 
measured hot flushes (number and severity of hot flushes and 
sweating episodes experienced each day and night), menopau-
sal symptoms (using the Greene Climacteric Scale), depres-
sion (using the Hamilton Depression Inventory) and quality 
of life (using the Utian Quality of Life Scale). There was no 

difference observed between the herbal intervention and pla-
cebo for any of these measures.

Data on premenstrual syndrome-like symptoms were col-
lected from a small subgroup (14) of late-perimenopausal 
women who took part in the above clinical trial.104 Participants 
recorded the severity of their PMS-like symptoms at entry 
by recall and during the premenstrual phase whenever the 
impending onset of menstruation was evident throughout the 
16 weeks of treatment. Eight women received herbal treatment 
and six were in the placebo group. At the end of treatment, 
the herbal combination was found to be superior to placebo for 
total PMS-like scores (p=0.02).

Chaste tree essential oil demonstrated some efficacy in two 
observational trials for the alleviation of menopausal symp-
toms.105,106 However, the lack of a placebo group, the variable 
use of oils (from leaf and fruit) and the different routes of 
administration (at least in the first study) render these find-
ings of uncertain relevance to the oral use of chaste tree fruit.

Female infertility
Some uncontrolled trials already included above under 
Menstruation disorders also observed improved fertility in 
some patients. The influence of chaste tree on corpus luteal 
function was investigated in two early uncontrolled tri-
als. When the data from these two trials are combined, the 
effect of chaste tree was studied on 45 infertile women aged 
between 23 and 39. These women were considered to be 
capable of reproduction and had normal basal prolactinaemia 
(less than 20 ng/mL), but showed pathologically low serum 
progesterone levels of between 7.0 and 12.0 ng/mL at day 
20 of the menstrual cycle. After 3 months, chaste tree treat-
ment (equivalent to about 33 mg/day dried herb) was consid-
ered to be successful in 39 of 45 cases. Seven women became 
pregnant, 25 women exhibited normal serum progesterone 
levels at day 20 and another seven tended towards normal 
levels. These results generally coincided with a lengthening of 
the luteal (hyperthermic) phase and a positive change in the 
LHRH test dynamic.107,108 The findings indicate an enhance-
ment of corpus luteal function, which may have been inhib-
ited as part of LHP.

The effect of a homeopathic formula containing chaste tree 
mother tincture (60 drops/day) was investigated in 96 women 
with fertility disorders in a 3-month randomised, placebo-
controlled, double blind study.109 A positive outcome (preg-
nancy, improved concentrations of luteal phase hormones or 
spontaneous menstruation if amenorrhoea was present) was 
achieved in 58% of treated women versus 36% in the control 
group (p=0.069). In women with amenorrhoea or luteal insuf-
ficiency, pregnancy occurred more than twice as often in the 
treated group. Only minor side effects occurred.

A complex dietary supplement containing chaste tree 
resulted in a significantly higher conception rate than placebo 
(p=0.01) in a 3-month randomised, double blind trial involv-
ing 93 women with fertility problems.110

Mastalgia
Mastalgia or mastodynia can be a typical symptom of PMS, 
especially if it is cyclical. However, a number of chaste tree 
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studies have examined this condition alone. In the period 
1968 to 1976, 1480 women with mastodynia were treated 
with a homeopathic formula containing chaste tree mother 
tincture (hereafter referred to as HCTMT) for 3 to 6 months. 
An analysis of 444 women found 58% achieved a symptom-
free state and 25% experienced a clear improvement.111 
In another early uncontrolled trial, 52 patients with mastal-
gia received chaste tree extract (60 drops/day, equivalent to 
33.4 mg of herb) over a period of at least three menstrual 
cycles. No pain was experienced by 46% of patients, and in 
29% the pain was decreased to a minimum.112 These results 
from such uncontrolled trials should be interpreted with cau-
tion, because a high placebo effect is likely.

In a double blind clinical trial, 160 patients with cyclic 
mastalgia received HCTMT (60 drops/day), gestagen 
therapy (lynestrenol) or placebo. Significant differences 
were observed between the groups, with the phytotherapy  
conferring good relief of symptoms in 74.5% of patients, 
compared with 82.1% for lynestrenol and 36.8% for placebo. 
Treatment with HCTMT was considered superior because of 
the lower incidence of side effects.113 In an earlier trial with 
20 patients using the same design but including crossover, a 
statistically significant reduction of symptoms was observed 
with HCTMT treatment. Short-lived nausea was also 
reported.114

The effect of two preparations of HCTMT (a tablet and 
a liquid) over three menstrual cycles was compared against 
a placebo in a randomised, double blind trial involving 104 
patients with cyclical mastalgia.115 Both treatment arms 
contained equivalent doses (equal to around 32 mg/day of 
chaste tree dried herb) and significantly reduced breast pain 
compared with placebo (p<0.01). Relative to the placebo 
group, basal prolactin levels fell significantly by an average 
of 4.35 ng/mL for the liquid and 3.70 ng/mL for the tablet  
(p=0.05).

In a placebo-controlled, randomised, double blind study, 
HCTMT (60 drops/day, containing around 32 mg of dried 
chaste tree) for one and two menstrual cycles significantly 
reduced pain intensity compared with a placebo in 97 
women with cyclic mastalgia (p=0.018 and p=0.006, respec-
tively).116,117 After three cycles the difference against placebo 
was of borderline significance (p=0.064). The frequency of 
adverse events was the same in both groups.

In what was essentially two small 3-month, open label  
trials, chaste tree (40 mg/day) was compared with the dopa-
minergic drug bromocriptine (5 mg/day) in 40 patients with 
mild hyperprolactinaemia (Group 2) and 40 with mastal-
gia (Group 1).118 For Group 1, both treatments significantly 
reduced mastalgia from baseline (p<0.0001), with no dif-
ference between them. Similarly, prolactin levels for Group 
2 dropped significantly after both treatments (p<0.0001). 
There were no side effects with chaste tree, but 12.5% of the 
patients given bromocriptine suffered nausea and vomiting.

It should also be noted that mastalgia was also among the 
clinical endpoints in many of the PMS trials involving chaste 
tree. This point was noted in a 2007 review that concluded, 
based on five clinical trials (all reviewed above under PMS 
(mainly) or mastalgia), chaste tree is an efficient agent in the 
management of mastalgia.119

Other conditions
In a 2-year, controlled, open label trial involving 161 patients 
(both male and female) with various forms of acne, a mini-
mum of 3 months’ treatment with chaste tree (40 drops/
day tincture for 4 to 6 weeks followed by 30 drops/day) in 
conjunction with a mild topical disinfectant resulted in an 
improvement for 70% of patients, a result which was signifi-
cantly better than standard therapy.120 The mechanism for the 
beneficial effect of chaste tree on acne is not known, but may 
be due to a mild antiandrogenic effect.

A favourable effect was observed on milk production 
in 80% of 125 nursing women treated with chaste tree in a 
case observation study.121 In an open, controlled trial involv-
ing 817 postnatal patients, a significant effect was observed 
from chaste tree treatment (45 drops/day of tincture, equiv-
alent to around 38 mg dried herb), with average milk pro-
duction about three times that of controls after 20 days of 
treatment.122 These early trials involved the use of quite low 
doses of chaste tree and higher doses might in all probabil-
ity be counterproductive, given the potential dopaminergic 
activity.

The role of melatonin in human health and disease is being 
extensively investigated. In particular, melatonin functions 
in the regulation of circadian rhythms, mood and tumour 
growth.123 Since the effects of melatonin can be biphasic, 
for example some concentrations can inhibit tumour growth 
while other concentrations have a stimulating effect, it makes 
sense to investigate natural means of manipulating the mel-
atonin output by the pineal gland. The circadian rhythm of 
melatonin secretion was measured in 20 healthy males aged 
20 to 32 years after the intake of placebo or various doses 
of an extract of chaste tree for 14 days. In an open, placebo-
controlled study, the doses investigated were 120 to 480 mg/
day of this extract (corresponding to at least 0.6 to 2.4 g of 
dried herb).123 The concentration of melatonin in serum 
showed the typical nocturnal increase, beginning approxi-
mately 1 h after the light was turned off. Administration 
of chaste tree caused a dose-dependent increase of mela-
tonin secretion, especially during the night (compared with  
placebo treatment). Total melatonin output was approxi-
mately 60% higher in the group receiving chaste tree. The 
authors observed that the feeling of fatigue or the promotion 
of sleepiness observed by some patients taking chaste tree 
during the trial might be a result of the stimulation of endog-
enous melatonin secretion and speculated that chaste tree 
may have value in the treatment of sleep-maintenance insom-
nia and jet lag.

Given the above, and the fact that dopaminergic drugs 
are used in the management of restless legs syndrome, the 
effect of chaste tree extract (40 mg/day, equivalent to 
360 mg dried herb) in this disorder was investigated in an 
uncontrolled, practitioner-based pilot study involving 12 
patients.124 Of seven patients receiving chaste tree alone, 
five responded positively. Another five with more severe 
symptoms received chaste tree with conventional dopamin-
ergic agents, with four responding favourably by being able 
to reduce their dosage of the drugs. One patient was able to 
cease pramipexol altogether. No side effects were observed 
from the chaste tree.
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Toxicology and other safety data

Toxicology
The oral and intraperitoneal LD50 of chaste tree extract 
exceeded 2 g/kg in rats and mice, indicating low toxicity. No 
animals died at this dose. The no-observed-effect level of 
chaste tree extract was 50 mg/kg in a subacute oral toxicity 
study lasting 28 days, and 40 mg/kg in a chronic oral toxicity 
study lasting 26 weeks.21

Genotoxic-mutagenic activity was not observed for a home-
opathic mother tincture preparation of chaste tree in the Ames 
test in vitro or in the micronucleus test in vivo after oral admin-
istration of a dose corresponding to 370 mg/kg chaste tree.125

Contraindications
None known.

Special warnings and precautions
In general, chaste tree is best not taken in conjunction with 
progesterone drugs and hormone replacement therapy. The 
herb is quite safe in low doses in conjunction with the con-
traceptive pill and several of the PMS trials included patients 
on this treatment without apparent harm. Chaste tree may 
aggravate pure spasmodic dysmenorrhoea not associated with 
PMS (clinical observation of the authors). This may be due to 
the priming effect of progesterone on endometrial prostaglan-
din release during the initial stages of menstruation. However 
chaste tree is usually beneficial for spasmodic dysmenorrhoea 
associated with PMS and also for congestive dysmenorrhoea.

Interactions
Chaste tree may interact antagonistically with dopamine 
receptor antagonists.126 However, this has not been observed 
clinically.

A survey of UK herbalists found that 93.8% of 145 respond-
ents reported that they had not found any conventional medi-
cations to interact with chaste tree, whilst 70.5% of 149 
respondents answered that they did not prescribe chaste tree in 
conjunction with conventional oestrogenic/progesterogenic med-
ications.8 Chaste tree did not demonstrate any interactions with 
the low-dose contraceptive pill in clinical trials, as noted above.

Use in pregnancy and lactation
Category B1 – no increase in frequency of malforma-
tion or other harmful effects on the fetus from limited use 
in women. No evidence of increased fetal damage in animal 
studies. Use cautiously in pregnancy and only in the early 
stages for insufficient corpus luteal function.

There were no significant differences in maternal toxic-
ity, reproductive outcome or fetal developmental parameters 
compared with placebo in rats and rabbits orally administered 
a homeopathic preparation containing chaste tree tincture 
during the organogenesis period of gestation. The dosages 
administered corresponded to 6.3 to 51.1 mg/kg of chaste 

tree in rats and 3.7 to 37 mg/kg in rabbits. A non-significant 
increase in fetal body weight, placental weight and number of 
resorptions was observed in the high dose group for rabbits. 
For rabbits, three external deformities occurred in the low 
dose group and one skull deformity (hydrocephalus) in each 
of the medium dose and high dose groups. It was not deter-
mined whether these results were due to chaste tree, the 
homeopathic preparation, the alcohol content or spontaneous 
occurrences.125

Oral administration of the same preparation to female rats 
from 2 weeks before mating until up to 28 days postpartum 
at doses corresponding to 4 to 40 mg/kg of chaste tree had 
no effects on body weight or development, mating behaviour, 
fertility, reproductive outcome or lactation. No teratogenic 
effects were observed in F1 or F2 fetuses and F1 and F2 off-
spring did not differ from controls.125 Oral administration 
of chaste tree seeds (1 or 2 g/kg/day) to pregnant rats from 
day 1 to day 10 of pregnancy did not reduce the number of 
fetuses compared with controls.50 Chaste tree (part unspeci-
fied) tested negative for antizygotic, anti-implantation and 
early abortifacient activity.127 One review expressed concerns 
over the lack of conclusive data for the safety of chaste tree in 
pregnancy and advised caution.128

Although the dopaminergic activity of chaste tree might 
suggest that it is best avoided during lactation,33,34 clinical 
trials have demonstrated its positive activity on milk produc-
tion, albeit at low doses of the berry and in poorly designed 
trials.121,129 Hence, higher doses (greater than 250 mg/day) 
should certainly be avoided during lactation.

As described above, a homeopathic preparation contain-
ing chaste tree tincture orally administered to female rats  
(4 to 40 mg/kg chaste tree) during their lactation period did 
not exert toxic adverse effects on either the dams or their F1 
and F2 offspring.125 However, injection of chaste tree in suck-
ling rats did deprive offspring of milk.37

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
A 2001 review of the literature found that chaste tree was well 
tolerated in the majority of clinical studies. Side effects were 
reported in only 1% to 2% of participants in most studies and 
severe side effects were only rarely reported. Gastrointestinal 
disturbances (particularly nausea) and skin conditions (acne, 
pruritus and rashes) were the most common adverse effects 
reported. Side effects occasionally reported included headache, 
fatigue and hormone-related symptoms, such as menstrual 
cycle changes, mastalgia and weight gain.21 Chaste tree extract 
(120 to 480 mg/day) was administered to healthy males for 
14 days in a placebo-controlled trial. There were no undesired 
effects on blood pressure, heart rate, blood count, clinical labo-
ratory parameters or testosterone, FSH and LH values.46

A 2005 systematic review of adverse events from the pub-
lished literature, herbal manufacturers and drug authority data-
bases found that adverse reactions from chaste tree are mild and 
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reversible.130 The most frequent side effects include nausea, 
headache, gastrointestinal disturbances, menstrual disorders, 
acne, pruritus and rash. No drug interactions were reported.

A 32-year-old woman with tubal infertility undergoing 
unstimulated IVF treatment had signs and symptoms sugges-
tive of a mild ovarian hyperstimulation syndrome after com-
mencing a herbal preparation containing chaste tree, Mitchella 
repens and Viburnum opulus for 13 days (dose not specified). 
The preparation was discontinued and her next two menstrual 
cycles were endocrinologically normal. The authors stated 
that there was no conclusive evidence that the patient’s unu-
sual response was due to the herbal preparation.131,132

A 45-year-old woman who had been taking separate bottled 
products of chaste tree, black cohosh and evening primrose oil 
for 4 months had three nocturnal seizures within a 3-month 
period. The patient had also consumed one to two beers 24 to 
48 h prior to each incident.133 It was not established if any of 
the herbal preparations contributed to the seizures.

A case was reported in 2001 of a woman diagnosed with grade 
1 endometrioid adenocarcinoma of the endometrium ‘whose 
history was notable for extensive use of supplemental phytoes-
trogens’. Herbs consumed included chaste tree, dong quai, black 
cohosh and licorice.134 No causality was demonstrated.

As noted previously in this monograph, concerns have been 
expressed that chaste tree use might mask a prolactinoma.48

Overdosage
No incidents found in the published literature.

Safety in children
No information available.

Regulatory status in selected 
countries

Chaste tree is covered by a positive Commission E 
Monograph and can be used for the treatment of menstrual 
problems, premenstrual syndrome and mastodynia.

Chaste tree is now on the UK General Sale List. Chaste 
tree products have achieved Traditional Herbal Registration in 
the UK with the traditional indication of relief of symptoms 
associated with premenstrual syndrome.

Chaste tree does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA leg-
islation (1994 Dietary Supplement Health and Education Act).

Chaste tree is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Chelidonium

(Chelidonium majus L.)

Can be used for

Indications supported by clinical trials
Disorders of the liver and gallbladder; cramp-like pain of the 
gastrointestinal tract and gall ducts, including irritable bowel 
syndrome; as an enema for colonic polyposis; as a topical 
application for warts (mostly uncontrolled studies); functional 
dyspepsia (alone and in combination).

Traditional therapeutic uses
Gallbladder disease, gallstones; liver disease, jaundice; to aid 
detoxification via the liver and bowel; hepatic and splenic 
congestion; migraine, bilious headaches and supraorbital neu-
ralgia; skin conditions including warts, fungal growths and 
ringworm (especially the fresh juice).1

In China Chelidonium is also used for gastritis, gastric 
ulcer, enteritis, jaundice and abdominal pain as well as bron-
chitis and whooping cough.3,4

May also be used for

Extrapolations from pharmacological 
studies
Inhibition of keratinocyte proliferation in psoriasis (topical use).

Preparations

Dried herb as a decoction, liquid extract and tablets or cap-
sules for internal use. Decoction, extract or fresh juice for 
external use.

Dosage

1 to 2 mL/day of 1:2 liquid extract, 2 to 4 mL/day of 1:5 tinc-
ture. Short-term use of higher doses up to the equivalent of 3 
to 4 g per day may be necessary (as per the Berlin clinical trial).

The dose used in China is 3 to 9 g per day or even higher. 
However, these doses are generally administered by decoction 
and this method may not extract the Chelidonium alkaloids as 
efficiently as alcohol and water.

Duration of use

High doses should be restricted to short-term use; long-term 
use of normal doses is not recommended.

Synonyms

Greater celandine (Engl), Chelidonii herba (Lat), Schöllkraut, 
Goldwurz (Ger), chélidoine (Fr), cinerognolle (Ital), svaleurt 
(Dan), baiqucai (Chin).

What is it?

Chelidonium has a long history of use as a therapeutic plant. 
It was mentioned by Pliny, to whom we owe the tradition of 
calling the plant Chelidonium, derived from the Greek che-
lidon (a swallow). This is apparently because it comes into 
flower when the swallows arrive and fades when the swallows 
depart. Pliny reported that its acrid juice was used to remove 
films from the cornea of the eye and alchemists believed  
it was beneficial for jaundice because of its intense yellow  
colour. Although the root also contains the characteristic  
alkaloids and is utilised to a limited extent medicinally, the 
aerial parts are more widely used and are the main focus of 
this monograph.

Effects

Assists liver and gallbladder function, protects against hepatic 
injury; spasmolytic to the gastrointestinal tract; stimulates 
bile flow; active topically against fungal infections and warts; 
decreases benign and malignant tumours (topically and 
internally).

Traditional view

Chelidonium was employed to treat conditions of the liver 
such as jaundice, hepatic congestion and biliary dyspepsia. 
It was also used for bilious and migraine headaches and 
haemorrhoids.1 The herb was often used in the form of a 
poultice or ointment for the treatment of cutaneous prob-
lems and traumatic inflammation,1 and the fresh milky juice 
was used topically in the treatment of warts, ringworm and 
corns.1,2

Summary actions

Choleretic, cholagogue, spasmolytic, mild laxative, anti-
inflammatory, antineoplastic, antiviral and vulnerary 
(topically).
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Summary assessment of safety

No significant adverse effects have been noted for short-term 
use, but excessive intake of the decoction may cause nausea 
and other gastrointestinal symptoms. Long-term use is associ-
ated with a low risk of a moderate idiosyncratic hepatotoxic 
reaction. The herb should not be given to patients with pre-
existing liver damage.

Technical data

Botany
Chelidonium majus is a member of the Papaveraceae (poppy) 
family and is a perennial herb approximately 50 to 90 cm in 
height with a branched woody taproot. The fragile stems are 
branched, with scattered hairs and contain an orange latex. 
The leaves are pinnatisect, with up to seven oblong or ovate 
leaflets with a bluish green underside. The flowers contain 
four bright yellow petals and are grouped in small clusters. 
The fruit capsule is one-celled, up to 5 cm long and contains 
black seeds with a white appendage.5

Adulteration
No adulterants known.

Key constituents
l	 Isoquinoline alkaloids (0.35 to 1.3%),6 including the 

major alkaloids chelidonine (>0.07%), chelerythrine, 
sanguinarine, berberine, coptisine and dl-stylopine

l	 Other alkaloids: sparteine (which is usually found in the 
Leguminosae (pea) family)6,7

l	 Flavonoids, phenolic acids.7

The isoquinoline group of alkaloids contains many struc-
tural types including the benzophenanthridines (chelidonine, 
chelerythrine, sanguinarine) and protoberberines (berberine, 
coptisine). An analysis of 20 Chelidonium samples from differ-
ent parts of China found the total alkaloids varied from 0.89% 
to 1.70%, with coptisine the highest alkaloid present (average 
content of 0.5%) and berberine the lowest at 0.013%.8

The milky orange sap of Chelidonium contains defensive 
proteins, including an extracellular peroxidase with nuclease 
activity.9,10

Pharmacodynamics

Hepatoprotective and choleretic activity
Oral administration of an alcohol extract of dried Chelidonium 
reduced carbon tetrachloride-induced liver injury in rats.11 
Significant reductions in elevated plasma levels of liver 
enzymes and bilirubin occurred in the treated group. A 
follow-up study was undertaken to clarify the underlying 
aspects of tissue recovery. There was an absence of fibrotic 
changes in the Chelidonium-treated rats (125 mg/kg/day  
for 3 weeks, oral), which was thought to be related to a 
reduced degree of cellular necrosis and a reduction in fibro-
blast-stimulating factors.12

Extracts of dried Chelidonium were tested for choleretic 
activity using the isolated perfused rat liver. The 70% ethanolic 
extract of the herb significantly induced choleresis (bile flow). 
However, it did this without increasing the total output of 
bile acids (that is, there was an increased flow of more dilute 
bile). In contrast, the phenolic and alkaloidal fractions of the 
total extract, tested individually and in combination, did not 
significantly increase bile flow, although small increases were 
observed. The authors concluded that the increased bile flow 
is due to an additive effect from all compounds in the total 
extract of Chelidonium, not one or two specific active constit-
uents or fractions.13

Antimicrobial activity
Isolated chelerythrine and an alkaloid fraction from the dried 
roots of Chelidonium containing chelerythrine and sanguinarine 
were found to be ineffective against Gram-negative bacteria in 
vitro. However, a significant antimicrobial effect was observed Chelidonine
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against Gram-positive bacteria such as Staphylococcus aureus 
and two strains of Streptococcus, and also against the fungus 
Candida albicans.14 Chelerythrine inhibited the adherence of 
Streptococcus mutans and was thereby considered to possess sig-
nificant anticariogenic activity.15 This alkaloid also inhibited the 
growth of this organism in vitro with an MIC (minimum inhibi-
tory concentration) of 0.78 mg/mL, but chelidonine was inac-
tive.16 Sanguinarine is also well described as an alkaloid with 
activity against dental plaque.17–19

In an in vitro screening of the ethanolic extracts from 12 
Siberian herbs for antimicrobial activity against five common 
pathogenic organisms, the extract of Chelidonium aerial parts 
was not active. In contrast, the root extract demonstrated 
marked activity against Bacillus cereus, Candida albicans and 
Salmonella enteritidis.20

Extracts of Chelidonium were found to exert antiviral effects 
in vitro against adenovirus types 12 and 5 and herpes simplex 
virus type 1 (HSV-1). The most promising antiviral alkaloid was 
found in greater concentrations in the fresh and aerial plant sam-
ples. This alkaloid, which belonged to the benzophenanthridine 
group, was not identified.21 A crude extract of Chelidonium 
was found to inhibit HIV-1 from infecting cells in vitro.22 A low 
sulphated polyglycosaminoglycan appeared to be responsible 
for this action and protected mice from the negative effects of 
murine retrovirus infection after iv administration. Such a large 
molecule is unlikely to have oral activity.

Alkaloids from Chelidonium and sanguinarine inhibited the 
growth of Trichomonas vaginalis in vitro. Sanguinarine also 
caused the protozoa to undergo deformation followed by dis-
integration within 2 h.23

An in vitro study demonstrated that the alkaloids extracted 
from Chelidonium, chelerythrine, and a mixture of cheleryth-
rine and sanguinarine, exerted an antifungal effect on some 
Trichophyton strains, Microsporum canis, Epidermophyton 
floccosum and Aspergillus fumigatus.24 Another in vitro study 
investigated the effect of Chelidonium extracts on several 
Candida species and other dermatophytes. Liquid extracts 
of Chelidonium prepared from dried plant material collected 
in late July and early September (Europe) were compared. 
Both extracts showed greater than average antifungal activ-
ity against some organisms involved in skin infections. The 
July extract was active against Candida albicans, but the 
September extract showed no activity.25

When six species of clinically resistant yeast fungi were 
exposed to isolated Chelidonium alkaloids, 8-hydroxydihy-
drosanguinarine and 8-hydroxydihydrochelerythrine dem-
onstrated potent activity, with MIC ranges of 2 to 80 and  
4 to100  μg/mL, respectively.26 Other alkaloids also had some 
degree of antifungal activity. The two above compounds were 
also quite active against methicillin-resistant Staph. aureus.27

Fusarium species have the capacity to cause opportunistic 
human infections. Extracts of Chelidonium showed some activity 
against certain strains of this organism in vitro, with Chelidonium 
root extracts being more active than shoot extracts.28

Antitumour activity
An ethanolic extract of rhizomes and roots of Chelidonium 
exhibited cytotoxicity against a carcinoma of the nasopharynx 
in vitro. One of the cytotoxic principles was found to be the 

alkaloid coptisine.29 Chelidonium exerted an antimutagenic 
effect in vitro against several mutagens in the Ames test.30 
The extract caused changes in the mitotic index of trans-
planted ascitic cells, showing marked antimitotic activity.3

Chelidonine and sanguinarine induce apoptosis in leu-
kaemia cells in vitro, but only the former induced cell cycle 
arrest.31 Sanguinarine and chelerythrine induce DNA dam-
age and cytotoxic effects in normal and cancer cells, whereas 
chelidonine does not.32 Chelidonine may inhibit tumour 
cell growth by reducing telomerase activity.33 A methanolic 
extract of Chelidonium also induced apoptosis in two leukae-
mia cell lines.34

The milky sap from fresh Chelidonium contains two 
nuclease enzymes with apoptotic activity against the HeLa 
tumour cell line, but not CHO cells.35 A lectin isolated from 
Chelidonium inhibited growth of two tumour cell lines, but 
not normal mouse fibroblasts.36

The activities of aqueous and alcoholic extracts of 
Chelidonium, the partially purified methanol extract and 
chelidonine and protopine were screened using transplanted 
tumours in mice. The water-soluble, purified methanol extract 
of dried Chelidonium demonstrated high tumour inhibition 
with relatively mild cytotoxic side effects. Intraperitoneal 
administration of 700 mg/kg for 7 days resulted in 55% inhi-
bition of sarcoma 180 and Ehrlich carcinoma. The aqueous 
extract showed insignificant activity, and chelidonine and  
protopine (both of which are insoluble in water) showed  
negligible tumour inhibition and were associated with cyto-
toxic side effects. The crude methanol extract also showed 
more pronounced toxic side effects.37

The numbers of stomach tumours in rats treated with oral 
doses of a Chelidonium extract after initial exposure to a  
carcinogen were significantly lower, compared with untreated 
but exposed animals.38 An ethanolic whole plant extract 
of Chelidonium (0.1 mL/mouse of a 1:20 diluted extract) 
reduced the incidence of chemically induced liver cancer in 
mice after 60 and 120 days.39

Ukrain is described as a semi-synthetic eastern European 
anticancer drug derived from Chelidonium. It purportedly 
contains one molecule of thiophosphoric acid conjugated 
(bonded) to three molecules of chelidonine and is adminis-
tered by intravenous injection.40 However, chemical analysis 
revealed that some commercial samples of Ukrain were just a 
mixture of Chelidonium alkaloids, with no trimeric structure 
evident.41 This was also the case 6 years later in 2006, when 
another research team found that the Ukrain sample they 
tested lacked the purported trimeric ‘Ukrain molecule’ and 
instead resembled an alkaloidal extract of Chelidonium, with 
chelidonine, sanguinarine and chelerythrine present as major 
components.42 Their in vitro studies suggested chelidonine 
was a particularly active inducer of tumour cell apoptosis.

A 2005 review of the anticancer research on Ukrain iden-
tified 36 in vitro studies and 46 in vivo experiments. These 
publications suggest that it has the capacity to exert selective 
cytotoxic and cytostatic effects on tumour cells, while favoura-
bly modifying the immune response.43 Specifically, diminished 
DNA, RNA and protein synthesis, inhibition of cellular oxy-
gen consumption, inhibition of tubulin polymerisation44 and 
induction of apoptosis have all been described.45 Ukrain also 
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modifies the host immune response via an increase in T cells 
and normalisation of the T-helper/T-suppressor lymphocyte 
ratio. Tumour mass reductions have also been demonstrated 
in vivo.45 More recent examples of in vivo studies include 
growth inhibitory effects against B16 melanoma cells46 and 
Ehrlich’s carcinoma,47 both in mice. It is uncertain how much, 
if any, of this research would have relevance to the oral use of 
Chelidonium extracts.

Anti-inflammatory activity
The alkaloids sanguinarine and chelerythrine are potent in 
vitro inhibitors of 5-lipoxygenase in polymorphonuclear leu-
cocytes and 12-lipoxygenase in mouse epidermis. An extract 
of Chelidonium also inhibited 5-lipoxygenase. The inhibitory 
effects against lipoxygenase enzymes appear to be due to a 
specific enzyme interaction, rather than a non-specific redox 
mechanism.48

The Chelidonium alkaloids chelerythrine and sanguinarine  
(5 and 10 mg/kg, oral and sc) demonstrated anti-inflammatory  
activity in the carrageenan rat paw oedema test.14 A 
Chelidonium extract (40 and 400 mg/kg/day for 28 days, 
oral) suppressed the progression of collagen-induced arthritis 
in mice. Decreased levels of cytokines and activated immune 
cells were observed, together with increased numbers of regu-
latory T cells.49

Other effects
Chelidonium extract and isolated components (coptisine 
and caffeoylmalic acid) weakly antagonised experimentally 
induced contraction of isolated rat ileal smooth muscle.50 Two 
ethanolic dry extracts of Chelidonium and their three main 
alkaloids were studied in different antispasmodic test models 
on isolated guinea-pig ileum.51 Both extracts induced relaxa-
tion in barium chloride, carbachol and electric field stimulated 
ileum, as did the alkaloids.

Radioreceptor assays suggest that the alkaloids sanguinar-
ine, chelerythrine, stylopine, allcryptopine and particularly 
protopine interact with the chloride channel of the GABA-A 
receptor.52 Chelidonium extract inhibited GABA-activated 
current via G proteins in vitro, suggesting an analgesic mecha-
nism (see below).53 Studies in mice found that allocrypto-
pine and protopine increased the brain concentration of the  
neurotransmitter GABA and the activity of its synthesising 
enzyme GAD.54

Chelidonium alkaloids acted as irreversible inhibitors of 
liver mitochondrial monoamine oxidase in vitro. Chelidonine 
was the strongest inhibitor.55 The same alkaloids also revers-
ibly inhibited acetylcholinesterase in vitro, with sanguinarine 
and berberine exhibiting the strongest activity.56 Of the minor 
alkaloids, 8-hydroxydihydrochelerythrine and 8-hydroxy
dihydrosanguinarine had potent acetylcholinesterase inhibi-
tory activity.57

Chelerythrine chloride exerted an in vitro antiplatelet 
effect that was believed to be due to inhibition of thrombox-
ane formation and phosphoinositide breakdown.58

An extract of Chelidonium inhibited human keratinocyte 
proliferation, with sanguinarine being the most potent con-
stituent. The mechanism of action appears to be inhibition of 

the inflammatory mediators leukotriene B4 and 12(S)-HETE, 
both of which have a known role in stimulating epider-
mal keratinocyte proliferation. Although the alkaloids have  
demonstrated cytotoxic activity in low concentrations,  
sanguinarine and chelerythrine did not cause more damage 
to cell membranes than the antipsoriatic drug anthralin, as 
observed by the release of lactate dehydrogenase activity (an 
indicator of plasma membrane damage).59

The antinociceptive action of aminophenazone in mice was 
potentiated by the Chelidonium alkaloids allocryptopine, che-
lidonine and sanguinarine.60 Chelidonium extract suppressed 
glycine-induced responses and elevated those induced by 
glutamate in isolated rat periaqueductal grey neurons.61 This 
might activate the descending pain control system leading to 
an analgesic effect.

A liquid extract of Chelidonium (2.5, 5 and 10 mL/kg, oral) 
dose-dependently protected against indomethacin-induced 
gastric ulceration in rats.62 However, it was not as active as 
other digestive herbs such as licorice and peppermint.

High doses of Ukrain caused slight osteopenic effects 
in rats, possibly due to inhibition of locomotor activity.63 
However, it was anabolic on bone in ovariectomised female 
rats (doses 7, 14 and 28 mg/kg, ip).

Pharmacokinetics
No data available.

Clinical trials

Spasmolytic and cholagogue effects
In an early uncontrolled trial, a Chelidonium extract exerted 
good to very good results in two-thirds of patients treated for 
cholangitis, cholelithiasis and cholecystitis without stones. 
Forty patients received 3 mL/day (for 43 to 50 days) of a 
fresh plant tincture standardised to 20 mg alkaloids/100 mL.64 
An early clinical trial investigated the effect of a suspension 
of Silybum marianum, Chelidonium and Curcuma on 28 
patients. Compared to a control liquid, the herbal mixture 
demonstrated a greater increase in bile flow and pancreatic 
secretion.65

In 60 Berlin practices, 608 patients were treated in an 
uncontrolled study over a 3-month period with a stand-
ardised preparation of dried Chelidonium, which acted as 
a plant-based spasmolytic. The main presenting symptoms 
were cramp-like pains in the gastrointestinal tract (43%) or 
gall ducts (48.2%), but also included dyspeptic symptoms. 
Each Chelidonium tablet contained 125 mg of a 5:1 to 7:1 
hydroethanolic extract with 2.85 mg of total alkaloids, includ-
ing 0.79 mg of chelidonine. The dose was initially 5 tablets/
day and this was reduced to 3 tablets/day in patients who 
responded to treatment. The average duration of treatment 
was 22 days and the longest treatment time was 2.5 months. 
A good or very good therapeutic effect on symptoms with a 
quick response was observed in 87.4% of cases. In most cases 
symptom relief occurred within 30 minutes of taking the 
herbal medication (62.3%). In 46.1% of patients, the average  
duration of efficacy of each tablet dose was more than 3 h. 
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This study suggests value for Chelidonium in the treatment 
of cramp-like abdominal pains associated with irritable bowel 
syndrome and other causes.66

In a retrospective, open label study conducted over a 
6-month period, 206 patients with epigastric complaints 
related to gallstones or gallbladder removal were evaluated.67 
Patients received either a Chelidonium capsule (125 mg/day  
of a hydromethanolic extract containing 0.68 mg of  
chelidonine) or a liquid (three times 20 drops daily contain-
ing 0.15 mg chelidonine). There was a noted improvement 
in symptoms such as flatulence, diarrhoea, constipation and 
upper abdominal pain. Pain-free intervals were increased and 
inflammatory markers decreased.

The efficacy and tolerability of a standardised Chelidonium 
extract was investigated in a randomised, placebo-controlled, 
double blind trial involving 60 patients with functional epigas-
tric symptoms.68 These included cramp-like pains, sensation 
of pressure or fullness, flatulence and nausea. Patients receiv-
ing active treatment took 6 tablets/day, each containing 66 to 
167 mg of a Chelidonium dry extract (5.3:1 to 7.5:1) deliver-
ing 4 mg of total alkaloids calculated as chelidonine. Following 
6 weeks of treatment, there was a clear difference in physi-
cian-rated response rates: 60% in the Chelidonium group ver-
sus 27% in placebo (p=0.0038). The treatment was without 
significant side effects compared with the placebo.

A double blind, placebo-controlled trial investigated the 
impact of a Chelidonium and turmeric root combination in 76 
patients with upper abdominal pain attributed to functional 
disorders of the biliary system.69 Patients received either  
3 capsules/day (each containing Chelidonium (104 to 131 mg 
of a 5:1 to 10:1 extract containing 4 mg of alkaloids calcu-
lated as chelidonine) and turmeric (45 mg of a 12.5:1 to 
25:1 extract)) or a matching placebo for 3 weeks. In the first 
week there was a significant reduction in pain for the patients 
receiving the herbal treatment, compared with placebo. No 
other symptoms changed significantly relative to placebo.

A proprietary formula known as STW 5 contains liquid 
extracts of Chelidonium, Matricaria recutita (chamomile) 
flower, Iberis amarus (bitter candywort) herb, Carum carvi 
(caraway) fruit, Angelica archangelica (garden angelica) 
root, Glycyrrhiza glabra (licorice) root, Silybum marianum 
(milk thistle) fruit, Melissa officinalis (lemon balm) leaf and 
Mentha × piperita (peppermint) leaf and has been extensively 
researched for indigestion and functional dyspepsia. Two 
meta-analyses of the clinical studies on this formula have been 
published.70,71 They found that STW 5, at a dose of 1 mL  
3 times per day, significantly reduced symptoms compared 
with placebo. It also demonstrated similar efficacy to cisap-
ride and metoclopramide.

Warts, polyps
In a small, uncontrolled trial, an infusion of dried Chelidonium 
was administered as an enema for colonic polyposis. 
Administration of 10 or more enemas resulted in the complete 
disappearance of colonic polyps in several cases.72 In a later 
study, the fresh plant was made into a paste and administered 
2 or 3 h after an evacuant enema. In most cases, two or three 
courses (consisting of 10 to 20 enemas each) were deemed to 
be necessary. This regime was ineffective for treating malignant 

regenerated or degenerated polyps. Over a 2-year period treat-
ing 149 patients with various forms of polyposis, 59% showed 
improvement with 27% making a complete recovery.73

An ethanolic extract of Chelidonium was used as a topi-
cal application to treat nursing mothers for warts, papillomas, 
condylomas and nodules in an uncontrolled trial. The extract 
was applied to the affected area approximately 200 times 
per day for 2 to 3 weeks or until improvement was observed. 
Complete resolution of the warts occurred after 15 to 20 days 
in 135 women.74

Respiratory conditions
Chelidonium was given as a syrup or extract (equivalent to 
15 g of herb per day) to patients with chronic bronchitis in an 
uncontrolled study. The effective response rate was around 
80%. It was more effective in the simple type than the asth-
matic type.3 Chelidonium syrup or a decoction of the fresh 
herb was used to treat whooping cough in an uncontrolled 
study. Dosages were: infants under 6 months, 5 to 8 mL; 6 
to 12 months, 8 to 10 mL; 1 to 3 years, 10 to 15 mL; 3 to 6 
years, 5 to 20 mL; and above 6 years, 20 to 30 mL. Treatment 
was for a course of 8 to 10 days. Of 500 cases so treated, 355 
were ‘cured’ and 116 improved.3

Chelidonium tincture improved tonsillar function and 
immunity and reduced recurrence of infection in an open com-
parative study in children with tonsillitis (article in Russian).75

Anticancer activity
Chelidonium was one of three herbs used to examine the 
efficacy of traditional Chinese herbs on squamous cell car-
cinoma of the oesophagus. A 30 mL dose of a decoction of 
Chelidonium (equivalent to 30 g of crude herb) was given 
orally to 30 patients twice daily for 2 weeks prior to surgery. 
Histological examination of the excised tissue demonstrated a 
greater degree of stromal lymphoid cell infiltration and cancer 
tissue degeneration in the patients given Chelidonium than 
in those given the herb plus endoxan or in the control group. 
The antitumour action of Chelidonium was thought to be due 
to the activation of an immunological rejection mechanism.76

A systematic review of seven clinical trials on Ukrain 
given intravenously to patients with colorectal, pancreatic, 
bladder and breast cancer found benefit in improving sur-
vival compared with various control groups.40 Trials were  
generally of low quality and clear interpretation of results was 
difficult due to various methodological and reporting flaws. As 
noted previously, the relevance of Ukrain to the clinical use of 
Chelidonium is uncertain.

HIV infection
An uncontrolled trial reported on the efficacy of a combina-
tion of freeze-dried Chelidonium, Ulmus rubra (slippery elm) 
bark and Sanguinaria canadensis (bloodroot) in 13 HIV posi-
tive patients.77 Each capsule contained 175 mg Chelidonium, 
20 mg slippery elm and 5 mg bloodroot. The dose used was  
9 capsules per day. The most dramatic response was a general 
improvement in lymphadenopathy in the patients affected by 
this. Minor improvements in CD4+ T cell counts and energy 
levels were also noted.
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Toxicology and other safety data

Toxicology
No harmful or toxic effects from therapeutic doses have been 
established. The LD50 of the decoction in mice by intraperi-
toneal injection is 9.5 g/kg3 and the LD50 of the alkaloids in 
mice is 300 mg/kg (subcutaneous).4

In an antitumour experiment, intraperitoneal administra-
tion of a methanol extract of Chelidonium (350 mg/kg/day  
for 7 days) to mice resulted in a 20% mortality rate.37 After 
4 weeks of feeding Chelidonium (1.5 and 3 g/kg/day) to 
rats, no toxic or hepatotoxic effects were observed.78 This 
suggests the herb is not inherently hepatotoxic and that the 
observed adverse hepatic reactions are rare, idiosyncratic 
responses.

Contraindications
Pre-existing serious liver disease or damage.

Special warnings and precautions
Given the nature of the alkaloid content of this herb and 
the rare hepatotoxic reactions, long-term use (except topi-
cal) is not preferred. Caution should be observed during 
pregnancy and lactation and in patients with gallstones. Use 
of Chelidonium should not be combined with heavy alcohol 
consumption.

Interactions
None documented.

Use in pregnancy and lactation
Category C-has caused or is associated with a substantial risk 
of causing harmful effects on the fetus or neonate without 
causing malformations.

Intramuscular injection of Ukrain on days 6 to 11 of ges-
tation to hamsters and on days 6 to 15 of gestation to rats 
(0.1 to 28 mg/kg/day) did not produce teratogenic effects in 
either species compared with controls. Slight embryotoxic 
effects (increased post-implantation losses), and in conse-
quence decreased number of average litter size, were noted in 
hamsters exposed to Ukrain at doses that were otherwise not 
embryotoxic to rats.79

Chelidonium use is strongly discouraged during breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
The potential association of Chelidonium with idiosyncratic 
hepatotoxicity was first reported in 1996. A 69-year-old 
woman developed symptoms of acute hepatitis after taking 

tablets containing several herbs including Chelidonium over 
a period of 6 weeks. Symptoms returned with rechallenge.80 
Three additional cases were then reported (1997, 1998).81–83  
In one series of observations over 2 years (1997–1999) in 
an area of approximately 1 million inhabitants in Germany, 
preparations of Chelidonium apparently induced 10 cases of 
acute hepatitis. Investigations and tests excluded viral causes,  
alcohol intake and hereditary causes. Although immunologi-
cal factors could not be safely excluded, the evidence, includ-
ing liver biopsy, suggested a treatment-related pathology. 
Cholestasis was observed in half the cases, but there were 
no cases of liver failure and the condition improved quickly 
in all cases when the Chelidonium was stopped. In one case 
a rechallenge led to a second attack of hepatitis.84 Three 
cases of acute hepatitis associated with Chelidonium were 
then reported in the literature in 2002 and May 2003,85,86 
and another in 2006.87 Again, patients returned to normal 
when the herbal treatment was ceased. Another case report 
of cholestatic hepatitis (with complete recovery) includ-
ing a review of 16 cases documented in the literature, was 
published in 2009.88 Assessment of causality for this case 
suggested a probable relationship with Chelidonium con-
sumption. Generally these hepatotoxic reactions have been 
observed after using higher-dose German products.

A case of contact dermatitis has been linked to exposure to 
the plant.89

A case of haemolytic anaemia was reported after the oral 
ingestion of Chelidonium extract. The patient was treated 
with corticosteroids, blood transfusions and haemodialysis and 
recovered after about 12 days.90

When Chelidonium was used in traditional Chinese medi-
cine studies, various degrees of dry mouth, dizziness, gastric 
discomfort, diarrhoea, abdominal distension, nausea and mild 
leucopenia were reported in a minority of patients. Symptoms 
generally disappeared within 3 to 5 days without the discon-
tinuation of treatment.3

Overdosage
Critical consideration of the often-cited fatal case of poison-
ing in a 4-year-old boy recorded in 1936 suggests that it is by 
no means certain that Chelidonium was involved. More than 
500 g of Chelidonium is said to be required to cause toxic 
effects in horses and cattle.91

Safety in children
No information available, but prolonged use is probably 
unsuitable in children, although it has been used to treat 
chronic tonsillitis.

Regulatory status in selected 
countries

Chelidonium is covered by a positive Commission E 
Monograph and can be used for cramp-like disorders of the 
biliary and gastrointestinal tracts.
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Chelidonium is not on the UK General Sale List. Under 
the terms of the British Medicines Act 1968 and the 
Statutory Instrument SI 2130 (Retail Sale or Supply of 
Herbal Remedies) Order 1977 (Schedule Part III), the sale 
of Chelidonium is restricted to herbal practitioners. It may be 
prescribed at a maximum dosage of 2 g three times per day.

Chelidonium does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 

DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Chelidonium is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale. However, Chelidonium-containing products 
must contain the following warning: ‘Greater Celandine may 
harm the liver in some people. Use only under the supervision 
of a healthcare practitioner.’
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Devil’s claw

(Harpagophytum procumbens DC ex Meissner)

Can be used for

Indications supported by clinical 
trials
Rheumatic and arthritic conditions, including muscle pain. 
Possible value for pain in endometriosis.

Traditional therapeutic uses
Digestive disturbances, febrile illnesses, allergic reactions and 
to relieve pain. Externally for wounds, ulcers, boils and the 
relief of pain.

May also be used for

Extrapolations from pharmacological 
studies
Cardiac arrhythmias.

Preparations

Decoction of dried root, tablets, capsules or liquid extract for 
internal use; dried root or liquid extract for external use as an 
ingredient in ointments and creams.

Dosage

In tablet form, devil’s claw has been used in doses up to 6 g/
day without side effects.3 In view of this and other recent clin-
ical trials, the doses given in the British Herbal Pharmacopoeia 
1983 are inadequate for antirheumatic and analgesic activity.4  
For these applications the equivalent of 3 to 6 g/day of the 
dried herb should be prescribed.5,6 This corresponds to 6 to 
12 mL/day of a 1:2 extract or 15 to 30 mL/day of 1:5 tincture.  
Even higher doses have been used in some clinical trials. 
Tablets containing a 3:1 powdered extract should be taken at 
the rate of 1000 to 2000 mg/day of extract. For gastrointesti-
nal complaints, much lower doses can be used.

Some studies have indicated that the analgesic and anti-
inflammatory effects of devil’s claw are decreased by the acid-
ity of the stomach. While these findings do not necessarily 
discount the use of galenical preparations (such as teas and 
liquid extracts), they do suggest that enteric-coated extracts 
of devil’s claw may be more beneficial clinically. At the 
very least, devil’s claw preparations should be administered 
between meals when gastric activity is at its lowest.

Synonyms

Grapple plant (Engl), Harpagophyti radix (Lat), Teufelskralle, 
Trampelklette, Sudafrikanische (Ger), tubercule de griffe du 
diable (Fr), venustorn (Dan), duiwelsklou (Afrik).

What is it?

Harpagophytum procumbens, a native to the savannah of the 
Kalahari of South Africa, Namibia and Botswana, has been 
wildcrafted and imported into Europe and subsequently else-
where since 1953. The fruit is a capsule protected by numer-
ous curved spines which, after the splitting of the fruit, take 
on a claw-like appearance. The names Harpagophytum (from 
the Greek harpagos, a grappling hook) and devil’s claw are 
derived from this. However, the secondary root tuber is the 
part used medicinally. Devil’s claw is also known as wood spi-
der, grapple plant, burdock and Windhoeks’ root. Recognition 
of the medicinal value of the plant by Europeans is apparently 
traced to German soldiers, and later to GA Menhert during 
the Hottentot rebellion in 1904. Menhert observed the recov-
ery of a Hottentot (who had been given up as lost by doc-
tors) when treated by a local witch doctor. He then followed 
the witch doctor and discovered what plant was used, subse-
quently promoting the use of the root under the name ‘harpa-
gophytum tea’.

Effects

Reduces inflammation and pain; acts as a bitter tonic.

Traditional view

Not much is known about the use of the herb in early tradi-
tional African medicine. Devil’s claw has been used in recent 
times in South Africa by Europeans, Euro-Africans, Bushmen, 
Hottentots and the Bantu for its purgative action, as a bitter 
tonic for digestive disturbances, and for febrile illnesses, aller-
gic reactions and migraine. Externally it has been used in the 
form of an ointment for ulcers, wounds, cutaneous lesions and 
boils. Amongst the Bushmen, Hottentots and Bantu, women 
ingest the pulverised root and apply an ointment to the abdo-
men during labour to alleviate pain.1,2

Summary actions

Anti-inflammatory, analgesic, antirheumatic, bitter.



510

Materia MedicaP A R T  T H R E E

Duration of use

No restriction on long-term use.

Summary assessment of safety

No adverse effects are expected if used as recommended, but, 
given its bitter properties, devil’s claw should be prescribed 
with caution in patients with peptic ulcers.

Technical data

Botany
Harpagophytum procumbens, a member of the Pedaliaceae 
family, is a weedy, perennial plant with creeping stems 
spreading from a tuberous rootstock. The greyish-green 
leaves are placed either alternately or directly opposite each 
other. Red-violet, yellow-violet or violet flowers are found at 
the juncture between leaf and stem. The characteristic fruits 
have long branching arms with anchor-like hooks (which 
assist their dissemination by animals). The primary root 
descends up to 2 m with secondary roots spreading out for 
up to 1.5 m on all sides, which allows it to conserve water.2,7 
Two subspecies are defined: Harpagophytum procumbens 
subsp. procumbens and Harpagophytum procumbens subsp. 
transvaalensis.8

Adulteration
Occasionally the harpagoside-poor primary roots of devil’s claw 
are found as an adulterant, as are the roots of other intensely 
bitter tasting African plants, such as Elephantorrhiza spp. and 
Acanthosicyos naudinianus and Harpagophytum zeyheri.9 Even 
though Harpagophytum procumbens and H. zeyheri can eas-
ily be distinguished in the field, it is impossible to tell them 
apart visually when in the form of dried and sliced tubers. Both 
species are harvested and traded as devil’s claw in Namibia. 
Between 1985 and 1986 it was estimated that about 50% of 
the harvested wild material was mixed H. procumbens and H. 
zeyheri.10 Devil’s claw was proposed for inclusion in Appendix 
II of the Convention on International Trade in Endangered 
Species (CITES) in April 2000, but the proposal was not 
accepted,11 and it remains off the list as of August 2011.

Key constituents
l	 Iridoid glycosides (0.5% to 3.0%), primarily harpagoside 

(which has a bitter taste), isoharpagoside, harpagide (which 
has a slightly sweet taste), procumbide12

l	 Sugars (over 50%), triterpenes, phytosterols, phenolic 
acids and glycosides, flavonoids.6,13,14 The sugars lead to an 
unusually high water-soluble fraction of 50% to 70%.6,14

The European Pharmacopoeia recommends that devil’s 
claw contain not less than 1.2% harpagoside, calculated with 
reference to the dried herb.15 H. zeyheri is physically similar 
to H. procumbens and is considered an inferior substitution 
species. Chemical testing indicates that harpagoside can be 
completely absent from H. zeyheri8 and the ratio of harpago-
side to 8-p-coumaroylharpagide can be used to readily distin-
guish between H. procumbens and H. zeyheri.16

Pharmacodynamics

Anti-inflammatory and antirheumatic activity
Many of the studies undertaken to examine the anti-inflam-
matory effects of devil’s claw have demonstrated limited 
activity in standard inflammatory models. The anti-inflamma-
tory effect varies with the route of administration and nature 
of the condition (acute or subacute).

Most non-steroidal anti-inflammatory drugs (NSAIDs) 
act by inhibiting prostaglandin biosynthesis by cyclo-oxyge-
nase (COX). Despite earlier studies suggesting no activity in 
such models,17 more recent in vitro assays indicate that har-
pagoside and/or devil’s claw extracts inhibit the expression 
of COX-2 and inducible nitric oxide,18–22 the production of 
inflammatory cytokines (for example, interleukin-1beta, 
interleukin-6, tumour necrosis factor-alpha),23,24 and leu-
kotriene,25 the activity of COX-1,21,22 and the production of 
matrix metalloproteinases (cartilage-degrading enzymes)26 
and elastase.27 However, a study that examined the effect of 
devil’s claw (2 g/day of powder for 21 days) on prostaglandin 
production during blood clotting in healthy humans found 
no significant differences in prostaglandin levels between the 
before and after measurements.28 Three known triterpenoids 
from devil’s claw root showed significant inhibitory activ-
ity against experimentally stimulated neutrophil respiratory 
burst.29 Several iridoids from devil’s claw also showed inhibi-
tory activity against macrophage respiratory burst in vitro.30

Anti-inflammatory effects have been more convincingly 
demonstrated in subacute animal models rather than acute, but 
overall results have been mixed.5 In subacute animal models uti-
lising formaldehyde-, Freund’s adjuvant- and granuloma-induced 
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experimental arthritis, aqueous and methanolic extracts of 
devil’s claw appear to be efficient in reducing inflammation. In 
one study using the croton oil-induced granuloma pouch test in 
rats, the reduction in inflammation produced by the 12-day oral 
administration of aqueous and methanolic extracts of devil’s claw 
(200 mg/kg/day) was similar to phenylbutazone.31 In the formal-
dehyde-induced arthritis test, an effect comparable to 40 mg/kg/
day of phenylbutazone was demonstrated for an aqueous extract 
of devil’s claw (20 mg/kg/day for 10 days, ip).32 Another study 
using different but similar models found that oral administration 
of devil’s claw did not produce significant effects on primary or 
secondary inflammatory reactions in rats.33 More recently, devil’s 
claw extract reduced the acute inflammation of fresh egg albu-
min-induced paw oedema (50 to 800 mg/kg, ip),34 and reduced 
oedema in Freund’s adjuvant-induced arthritis (assessing acute 
and chronic inflammation; extract administered orally).35

Devil’s claw extract administered by intraperitoneal injec-
tion reduced the intensity of carrageenan-induced inflamma-
tory response in hindpaws of normal and adrenalectomised 
rats. The extract was ineffective when administered orally. 
Two and four hours after ip injection of the extract there was 
a significant reduction in the number of circulating leukocytes 
in normal rats, indicative of a hyperactive response by the 
adrenal cortex. No change was observed after oral administra-
tion. Overall, these results suggest that the anti-inflammatory 
response observed for devil’s claw after injection does not 
depend on the release of adrenal corticosteroids. For both 
routes the devil’s claw extract was administered at doses of 
100 to 800 mg/kg (extract strength undefined).36

Oral administration of standardised devil’s claw extract 
exerted a potential chondroprotective effect in an experi-
mental model (joint destabilisation). There was a trend 
toward chondroid regeneration and increased elastic and col-
lagen fibres in the hip cartilage of the surgically altered limb 
of devil’s claw treated rabbits. Investigation of RNA activity 
suggests the effect may be due to the inhibition of matrix 
metalloproteinase-2.37

Little or no activity of oral doses of aqueous extracts of 
devil’s claw or harpagoside was demonstrated in studies using 
acute models, such as carrageenan-induced oedema.5,17,31,32 
However, intraperitoneal pretreatment with an aqueous 
extract of devil’s claw produced significant, dose-dependent 
anti-inflammatory effects in this model.38 The highest dose 
tested (equivalent to 400 mg/kg of root) was more effec-
tive than pretreatment with 10 mg/kg of indomethacin.38 
Harpagoside does not appear to be involved in this anti-
inflammatory effect, since it did not protect against carra-
geenan inflammatory effects at levels corresponding to 400 mg 
of dried root. When devil’s claw root was treated with acid 
at similar levels to the stomach, it lost all activity via intra-
peritoneal injection.38 A later study confirmed the loss of 
anti-inflammatory activity following passage through the 
stomach.39

Topical anti-inflammatory activity has been demonstrated 
using an ex vivo porcine skin model. An ethanolic extract of 
devil’s claw and some constituents (including harpagoside) 
decreased COX-2 expression. Another constituent, har-
pagide, caused an increase in the levels of COX-2 expression 

after 6 hours. The overall anti-inflammatory activity of a topi-
cally applied extract may depend upon the ratio of these com-
pounds.40–42 Topical application of methanol extract of devil’s 
claw inhibited 12-O-tetradecanoylphorbol-13-acetate-induced 
COX-2 expression in mouse skin. (12-O-Tetradecanoylphorbol-
13-acetate has tumour-promoting activity.)43

Analgesic activity
Injection of devil’s claw extract and harpagoside exhibited 
dose-dependent peripheral analgesic effects comparable to 
aspirin.38 This activity was abolished by acid pretreatment 
of the herbal extract. In earlier work, intraperitoneal admin-
istration of harpagoside (20 mg/kg) produced an analgesic 
effect comparable to phenylbutazone (50 mg/kg).32 However, 
harpagoside hydrolysed by emulsion (which would produce 
harpagogenin) was inactive.32 No consistent analgesic effects 
were found in mice after oral doses of devil’s claw extracts.31 
In a later study, oral pretreatment with devil’s claw extract 
(30 to 300 mg/kg, standardised to contain 1.9% harpagoside) 
did produce significant analgesic effects in the formalin test 
of mice. Naloxone (5 mg/kg, sc) significantly attenuated the 
analgesic effect of devil’s claw, suggesting that the opioider-
gic system may be involved.44 Devil’s claw extract has also 
demonstrated analgesic activity against heat- and chemi-
cal-induced pain in mice (50 to 800 mg/kg, 64:1 extract, ip 
injection)34 and against heat-induced pain in rats (extract 
administered orally).35

Cardiovascular activity
In conscious normotensive rats, the dried methanolic extract 
of devil’s claw caused a significant dose-dependent reduc-
tion of arterial blood pressure, and a concomitant decrease of 
heart rate. The reduction of blood pressure was only signifi-
cant at the higher oral dosage of 400 mg/kg. Under the same 
experimental conditions, an equivalent quantity of harpago-
side was not as effective as the full plant extract. The metha-
nolic extract of devil’s claw caused a mild decrease in heart 
rate with a concomitant mild positive inotropic effect at lower 
concentrations in vitro, and marked negative inotropic effect 
at higher concentrations.45 Devil’s claw extract also demon-
strated a dose-dependent protective effect against arrhyth-
mias induced by aconitine and particularly those provoked 
by calcium and epinephrine-chloroform, both in vivo (100 to 
400 mg/kg, oral) and in vitro.45

In another study on isolated rat hearts, methanolic extracts 
of devil’s claw showed a significant, dose-dependent protec-
tion against hyperkinetic ventricular arrhythmias induced by 
reperfusion following ischaemia. Additionally, it was dem-
onstrated that both the methanolic extract and harpagoside 
inhibited hyperkinetic arrhythmias triggered by digitoxin. The 
mechanism of action of devil’s claw was thought to be analo-
gous to that of verapamil. Thus devil’s claw may modify the 
cellular metabolism that causes transmembrane ionic fluxes, 
thereby producing a calcium antagonistic effect.46

Another in vivo study demonstrated that the iridoids, tri
terpenes and the flavonoids (luteolin and kaempferol) were 
all responsible for the electrophysiological and haemodynamic 
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effects of devil’s claw. The oral doses used in this study were 
20 and 40 mg/kg of a methanolic extract.47

Other activity
Devil’s claw extract and tincture inhibited free radical gen-
eration in vitro.48 Water-soluble constituents of devil’s claw 
extract were antioxidant, but harpagoside did not contribute 
significantly to the antioxidant activity.49

The effect of an aqueous extract of devil’s claw root on 
longitudinal, tubular uterine horn muscle strips taken from 
both non-pregnant and pregnant young adult, female rats 
was investigated. Devil’s claw extract (10 to 800 μg/mL, 28:1 
extract) increased the tone and induced contraction of oes-
trogen-dominated rat longitudinal uterine horn muscle strips 
taken from stilboestrol-pretreated, non-pregnant female rats. 
The same effect was observed for longitudinal, tubular uterine 
horn muscle strips taken from female rats in the early, middle 
and late stages of pregnancy. Moderate to high concentrations 
(200 to 1000 μg/mL, 28:1 extract) provoked powerful con-
tractions of isolated longitudinal, tubular uterine horn muscle 
preparations of both non-pregnant and pregnant rats.50

The potential anticonvulsant activity of a devil’s claw aque-
ous extract (28:1) administered by intraperitoneal injection 
was investigated against pentylenetetrazole-, picrotoxin- and 
bicuculline-induced seizures in mice. At the dosage of 100 
to 800 mg/kg, the average onset of convulsions was delayed 
and the average duration of convulsions reduced. The activity 
was greater in the pentylenetetrazole and picrotoxin models. 
Two reference drugs were also tested. By comparison, animals 
were 90% protected after administration of the reference 
drug diazepam (0.5 mg/kg, ip) against convulsions caused by 
picrotoxin, while the highest dose of devil’s claw (800 mg/kg) 
resulted in 70% protection.51

Intraperitoneal injection of devil’s claw aqueous extract 
(50 to 800 mg/kg, 64:1 extract) produced dose-dependent, 
significant reductions in blood glucose concentrations of both 
fasted normal and fasted diabetic rats.34

The antimicrobial activity of plant extracts against 29 spe-
cies of aerobic and anaerobic bacteria and yeasts was tested 
in vitro. An aqueous standardised extract of devil’s claw was 
effective against all microbes tested, but generally only at 
higher concentrations (100 μg/mL of a stock solution compris-
ing 200 mg/mL of the 1.5:1 to 2.5:1 extract). Harpagoside 
was not active.52

Pharmacokinetics
There has been controversy over the effects of stomach and 
acid hydrolysis on devil’s claw extract and its active ingre-
dients, as suggested by some of the above studies. Some 
authors have proposed that the compounds obtained after 
acid hydrolysis, especially harpagogenin, are the true active 
compounds producing the anti-inflammatory and antiarthritic 
properties. In contrast, other studies suggest that the extract, 
and harpagoside in particular, may be partially inactivated by 
the acid milieu of the stomach.7,39 In other words, the basic 
issue is whether harpagoside and other iridoid glycosides (and 
perhaps other compounds in the root) are more active after 

oral doses than their respective hydrolysis products, such as 
harpagogenin.38,39

An in vitro experiment investigating the simulated gastric 
disintegration of devil’s claw extract tablets was published in 
2000. The tablets (which were not enterically coated) dis-
integrated after around 18 minutes in artificial gastric fluid. 
The harpagoside content was decreased by about 10% in this 
medium after periods of 1 and 3 h. Harpagoside remained sta-
ble in artificial intestinal fluid for a period of 6 h.53

Another consideration complicates this picture. The main 
iridoids of devil’s claw, namely harpagide, harpagoside and 
8-O-p-coumaroylharpagide, were transformed into the pyri-
dine monoterpene alkaloid aucubinine B by human faecal 
flora and by specific bacterial species isolated from the flora. 
Aucubinine B was also generated from harpagide, harpagoside 
and 8-O-p-coumaroylharpagide by beta-glucosidase in the 
presence of the ammonium ion.54 Hence this alkaloid could 
be an active agent after oral doses of devil’s claw.

The hepatobiliary excretion of harpagoside was investi-
gated in rats. The bile-to-blood distribution ratio (AUCbile/
AUCblood) was 986 for an intravenous dose of 3 mg/kg. The 
ratio dropped significantly to 6.41 or 221.2 after co-adminis-
tration of cyclosporin A (10 mg/kg) or verapamil (1.2 mg/kg), 
respectively. In other words, both drugs increased the concen-
tration of harpagoside in the blood. Elimination of harpagoside 
via the bile is probably regulated by P-glycoprotein (P-gp), 
since cyclosporin A and verapamil are P-gp inhibitors.55

The pharmacokinetics of devil’s claw was investigated in 
three pilot, single-dose studies with small numbers of healthy 
volunteers. Three different standardised extracts were orally 
administered at varying doses. Maximum concentrations 
of harpagoside in plasma (Cmax) were reached after 1.3 to 
2.5 h and ranged from around 8 to 50 ng/mL. The half-life was 
short, ranging between 3.7 and 6.4 h, and clearance was about 
15 L/min. A linear relationship between the dose of harpago-
side and the first Cmax and area under the concentration 
(AUC) curve was observed.25

Clinical trials

Antirheumatic activity
There are several reports of uncontrolled and controlled trials 
in the late 1970s to 1990 investigating the oral administration 
of devil’s claw for the treatment of rheumatic conditions.7 
Examples of two early uncontrolled trials follow. In one large, 
open study involving 630 patients with various rheumatic 
illnesses, 42% to 85% of the patients showed a significant 
improvement after 6 months of devil’s claw (3 to 9 g/day). 
Efficacy varied with the site of the arthritis; 80% of patients 
with arthritis in the large joints or spinal column experienced 
a significant improvement in symptoms, whilst the remaining 
20% experienced no therapeutic effect even at maximum dos-
age.56 However, one small open study involving 13 patients 
with rheumatoid arthritis and psoriatic arthropathy found no 
benefit from devil’s claw treatment.57

Several reviews have assessed the quality of the clinical 
trial data. The most comprehensive systematic review was 
published in 2003 and examined 20 trials of devil’s claw in 
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the treatment of chronic musculoskeletal pain, including low 
back pain and arthritis.58 Of the 20 trials included in the 
review, eight were uncontrolled or observational studies, two 
were open comparisons with conventional treatments (phe-
nylbutazone or various conventional treatments) and 10 were 
randomised, double-blinded comparisons: eight against pla-
cebo and two against non-steroidal anti-inflammatory drugs 
(NSAIDs: diacerhein and rofecoxib).

In the opinion of the reviewers, the uncontrolled studies 
provided mainly preliminary information. The two open label 
trials were subject to performance, detection and/or selec-
tion bias. Of the eight randomised, double blind comparisons 
against placebo, six were affected by lack of transparency; one 
trial3 could not provide definitive evidence in terms of its pre-
selected principal outcome measure (consumption of the res-
cue analgesic drug tramadol), and the remaining trial59 provided 
good-quality evidence of a dose-dependent superiority over pla-
cebo. One of the randomised controlled comparison trials (dev-
il’s claw versus rofecoxib) was intended only as a pilot study.60 
The other comparative trial61 provided evidence that devil’s 
claw powder is as effective as the weak NSAID diacerhein.58

More details are provided below for the latter four trials:
l	 For the secondary outcome measure – the number 

of patients with low back pain who were pain free – 
treatment with devil’s claw extract (containing 60 mg/day 
of harpagoside for 4 weeks) was significantly better than 
placebo (p=0.008) in a randomised trial involving 118 
patients.3

l	 More patients with an exacerbation of chronic low back 
pain receiving devil’s claw extract (equivalent to 4.5 g/day 
or 9 g/day of root and containing 50 mg/day or 100 mg/day 
of harpagoside, respectively) for 4 weeks were pain-free 
compared with placebo. Treatment with extract containing 
100 mg/day of harpagoside was more effective than 50 mg/
day in terms of the number of pain-free patients, but not in 
terms of improvement in the pain component of the Arhus 
low back pain index. This was a randomised, double blind 
study involving 197 patients.59

l	 Devil’s claw extract (containing 60 mg/day of harpagoside) 
over a 6-week period reduced pain in patients with low 
back pain to about the same extent as rofecoxib (12.5 mg/
day).60 This was a randomised, double-dummy, double 
blind trial involving 88 patients.

l	 Devil’s claw powder (2.6 g/day, containing 57 mg/day of 
harpagoside) taken over a period of 4 months significantly 
reduced both spontaneous pain and functional disability, 
and exhibited similar efficacy to diacerhein (100 mg/day) 
in a trial involving 122 patients with osteoarthritis of the 
knee or hip. The number of patients using other NSAIDs 
and analgesic drugs (diclofenac or paracetamol-caffeine) at 
the completion of the study was significantly lower in the 
devil’s claw group.61

A 2006 Cochrane review of herbal medicine for low back 
pain62 included three of these devil’s claw trials,3,59,60 consid-
ering them to be of high quality.

Three postmarketing surveillance studies63–65 and a retro-
spective analysis of existing trial data66 have been undertaken 
subsequent to the 2003 systematic review. Some of these 

studies were a continuation of prior work, or involved sub-
groups of patients from previous surveillance studies. Patients 
had low back pain or osteoarthritis of the knee or hip. Results 
were obtained in some cases for up to 54 weeks of treatment. 
In general, treatment with devil’s claw extract (50 to 60 mg/
day harpagoside) was clinically beneficial. For example, in one 
trial maximum pain relief occurred after 3 to 4 months66 and 
in another trial 34% of patients had responded to treatment 
by month 1, with 51% responding by month 2.64

An uncontrolled trial involving 259 patients was conducted 
in the UK, with results published in 2007. Patients with mild 
to moderate rheumatic disorders were treated for 8 weeks with 
devil’s claw extract (about 2.2 g/day dried herb equivalent). 
There were statistically significant (p<0.0001) improvements in 
patients’ assessment of global pain, stiffness and function, with 
significant reductions in mean pain scores for the hand, wrist, 
elbow, shoulder, hip, knee and back.67

In one interesting study, patients with slight to moderate 
muscular tension or pain in the back, shoulder and neck were 
enrolled in a randomised, double blind, placebo-controlled 
trial: 63 patients received either a placebo or devil’s claw 
(960 mg/day of a 5:1 60% ethanolic extract) for 4 weeks.68 By 
the end of the trial, devil’s claw treatment was significantly 
better than placebo in terms of muscle pain (visual analogue 
scale), muscle tenderness (pressure algometer test) and mus-
cle stiffness (all p<0.001).

Other activity
A preliminary observational study found that devil’s claw 
extract (400 mg capsules, four per day for 12 weeks) was 
beneficial in 12 patients with histologically proven endome-
triosis. A reduction of symptoms such as dysmenorrhoea and 
dyspareunia was observed after 4 weeks of treatment in six 
patients. All patients reported improvement in symptoms 
after 8 weeks and quality of life was also enhanced.69 A pat-
ent lodged for this application70 indicates the capsule con-
tained a 30% aqueous ethanolic concentrate (2.6:1 to 3.1:1), 
suggesting a daily dose of about 4.5 g dried herb equivalent.

Regression of follicular lymphoma occurred in two patients 
who self-treated with devil’s claw (dosage undefined). One 
patient was also taking the herbal formulation known as 
Essiac. CT scan images at baseline and follow-up (10 and 11 
months later) provided objective evidence of regression of the 
tumours. Spontaneous regression of low-grade lymphoma has 
been previously reported in seven of 44 patients taking neither 
herbal medicines nor COX-2 inhibitors. However, the timing 
of the response in these two patients suggests a possible thera-
peutic effect. The chance of observing spontaneous regression 
in two consecutive lymphoma patients is approximately 2%.71

Devil’s claw has also generated interest for its veterinary 
applications. The effect of devil’s claw on degeneration of 
the proximal intertarsal, distal interdistal and tarsometatar-
sal joints and of muscular disorders was investigated in ten 
race horses by comparison with a control group of ten horses 
treated with phenylbutazone.72 The horses were given 0.5 mg/
kg of an approximately 3:1 extract of devil’s claw for 60 
days. Six horses receiving the devil’s claw showed a marked 
improvement of symptoms, even compared with the control 
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group receiving the drug. The dose used in this study appears 
to be relatively low.

Toxicology and other safety data

Toxicology
Devil’s claw demonstrated low toxicity in acute and subacute 
toxicity studies.17,31 No significant haematological or gross 
pathological findings were evident in rats after oral admin-
istration of 7.5 g/kg of devil’s claw for 21 days. Hepatotoxic 
effects could not be demonstrated in terms of liver weight, 
levels of microsomal protein and liver enzymes after 7 days 
of oral treatment with 2 g/kg.31 Table 1 lists the LD50 data 
recorded for devil’s claw extract and its constituents.

Contraindications
None advised, but see below.

Special warnings and precautions
The Commission E advises that the use of devil’s claw is con-
traindicated in patients with gastric or duodenal ulcers and 
should only be used with professional supervision in patients 
with gallstones.74 However, any health risks are theoretical 
in nature and are projected from the bitter tonic activity of 
the herb. Bitters should be used with caution in oesophageal 
reflux and in states of hyperacidity.

Interactions
The in vitro inhibitory activity of a devil’s claw extract (unde-
fined) towards the cytochrome P450 enzymes 1A2 and 2D6 
was relatively low (IC50>900 μg/mL). CYP 2C8, CYP 2C9, 
CYP 2C19 and CYP 3A4 were moderately inhibited, with 
IC50 values in the range of 100 to 350 μg/mL. (IC50 is the 
concentration that is required to produce 50% inhibition.)75 
Three standardised extracts of devil’s claw inhibited P-gp 
activity in vitro (using two tests: calcein-AM and esterase). 
Harpagoside was almost inactive. Expression of P-gp was also 
tested. In cells cultured for 3 days in the presence of devil’s 
claw extracts or pure harpagoside, a dose-dependent increase 
in P-gp expression was observed.76

Devil’s claw may potentiate the effect of warfarin. A case 
of purpura was reported in a patient taking warfarin and dev-
il’s claw.77 The patient’s medical condition, other medications, 
and the doses and duration of the warfarin and devil’s claw 
ingestion were not reported.

Devil’s claw has demonstrated a protective effect against 
arrhythmia in vitro and in vivo45,46 and it has been proposed 
that it may interact with antiarrhythmic drugs.5 However, this 
is a theoretical concern of unknown clinical relevance.

Use in pregnancy and lactation
Category B2 – no increase in frequency of malformation 
or other harmful effects on the foetus from limited use in 
women. Animal studies are lacking.

In South African traditional medicine, low doses of the 
dried tuber (such as 0.25 g three times daily) are adminis-
tered to pregnant women to relieve pain, and this is continued 
postpartum at a reduced dose. The fresh tuber is also made 
into an ointment and applied to the abdomen of women who 
anticipate a difficult birth.78 While devil’s claw has increased 
the contraction of isolated uterine strips,50 the clinical rele-
vance of this is uncertain.

Devil’s claw is probably compatible with breastfeeding, 
since it has been used in low doses in the postpartum period 
in traditional South African medicine.78

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
A systematic review published in 2008 investigated the safety 
of devil’s claw preparations. Twenty-eight clinical studies 
(uncontrolled, observational and controlled) were identified 
from 1985 up to early 2007 involving a total of 6892 patients. 
Twenty-one of the studies were of short duration (up to 8 
weeks) and two postmarketing surveillance studies were carried 
out over 54 weeks. Double blind trials assessed 615 patients, 
uncontrolled and observational studies included 6277 patients. 
For the double blind trials, the incidence of adverse events 
during treatment with devil’s claw was not higher than during 
placebo treatment. Minor adverse events were described in 20 
studies (n=4274) in a total of 138 patients, which corresponds 
to an overall adverse event rate of around 3%. Some of the 
adverse events, such as gastrointestinal complaints and allergies, 
were probably related to intake of devil’s claw.79

One case of conjunctivitis, rhinitis and asthma has been 
reported after occupational exposure to devil’s claw. Allergy 
was confirmed by a provocation test.80

Overdosage
No incidents found in published literature.

Safety in children
No information available, but adverse effects are not expected.

Table 1  LD50 data recorded for devil’s claw extract and its 
constituents

Substance Route, model LD50  
(g/kg)

Reference

Devil’s claw oral, mice >13.5 17

Devil’s claw purified 
extract (85% 
harpagoside)

iv, mice 0.511 31

Harpagoside ip, mice 1.0 73
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Devil’s claw is covered by a positive Commission E 
Monograph and has the following applications:
l	 Lack of appetite, dyspeptic complaints
l	 In supportive therapy for degenerative disorders of the 

musculoskeletal system.

Devil’s claw is on the UK General Sale List. Products have 
achieved Traditional Herbal Registration in the UK with the 
traditional indication of relief of symptoms (aches and pains) 
associated with the muscles and joints.

Devil’s claw does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Devil’s claw is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Dong quai

(Angelica sinensis (Oliv.) Diels)

Can be used for

Indications supported by clinical 
trials
To relieve dysmenorrhoea and treat infertility (uncontrolled tri-
als); chronic hepatitis and cirrhosis (uncontrolled trial), chronic 
obstructive pulmonary disease and cor pulmonale (uncontrolled 
trials). No benefits were found in the treatment of menopausal 
symptoms with the use of dong quai alone; trials where it was 
used in combination have yielded mixed results.

Traditional therapeutic uses
Irregular menstruation, amenorrhoea, dysmenorrhoea; consti-
pation; congealed blood (abdominal pain, traumatic injuries, 
swellings, contusions, bruising); blood deficiency (tinnitus, 
blurred vision, palpitations); as a tonic, especially for women.

May also be used for

Extrapolations from pharmacological 
studies
For the prevention of atherosclerosis; as an antiplatelet agent.

Preparations

Dried root as a decoction; liquid extract, tablets or capsules 
for internal use.

Dosage

l	 3 to 15 g/day of the dried root by decoction
l	 4 to 8 mL/day of a 1:2 liquid extract; 10 to 20 mL/day of 

1:5 tincture; or equivalent doses as tablets or capsules.

Duration of use

May be taken long term.

Summary assessment of safety

No adverse effects from ingestion of dong quai are expected, 
providing the suggested contraindications are observed.

Synonyms

Angelica polymorpha var. sinensis (botanical synonym), dong 
quai (Engl), Radix Angelica sinensis (Lat), dang gui (Chin), 
toki (Jap), tanggwi (Kor), kinesisk kvan (Dan).

What is it?

The root of dong quai is an extremely popular herb that has 
been used by the Chinese for thousands of years as a tonic 
and a spice. Its reputation in the West as a Chinese herb is 
second only to ginseng. Women have especially used dong 
quai to maintain their health and it is sometimes regarded as 
a ‘women’s ginseng’. Angelica acutiloba, which is indigenous 
to Japan, became a substitute in that country for genuine 
dong quai, but probably has some different phytochemis-
try (see Adulteration below). The popular use of dong quai 
in the West as a herb to treat menopausal symptoms such as 
hot flushes appears to be ill advised (although there are some 
positive trials for its use in combination). Nonetheless, it may 
have value in menopause as a tonic.

Effects

Regulates menstruation, alleviates dysmenorrhoea; treats 
blood deficiency; relieves constipation by lubricating the 
bowel; treats and prevents cardiovascular disorders; protects 
the liver; has blood-building and tonic effects (in combination 
with Astragalus).

Traditional view

Dong quai is sweet, acrid, bitter and warm. It strengthens 
the heart, lung and liver meridians and lubricates the bowel. 
Dong quai tonifies the Blood, regulates menstruation, invigor-
ates and harmonises the Blood and is used to treat congealed 
blood conditions, blood deficiency and Deficient Blood pat-
terns. It is an important herb in the treatment of gynaecologi-
cal problems.1

Summary actions

Antianaemic, antiplatelet, female tonic, mild laxative, antiar-
rhythmic, anti-inflammatory.
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Technical data

Botany
Dong quai, a member of the Umbelliferae (Apiaceae, carrot) 
family, is a fragrant, perennial herb native to China, Korea and 
Japan that grows to a height of 0.5 to 1 m. The inferior leaves 
are tripinnate, superior leaves are pinnate, on long, sheathed 
petioles. The umbels number 10 to 14, with irregular rays, 
each umbel containing 12 to 36 white flowers. The root’s 
exterior is grey-dark brown in colour and its surface is cov-
ered in wrinkles. The root consists of a head, body and tail.2 
Different properties are ascribed to these parts: the head is 
most tonic and the tail moves the blood most strongly. Such 
preparations are very expensive and the entire root is usually 
prescribed.

Adulteration
Ligusticum glaucescens and Levisticum officinale are regarded 
as substitutes of lower quality for dong quai.2 Angelica acuti-
loba is a therapeutically interchangeable species for A. sinen-
sis in Japan (but in China would be regarded as a substitute 
of lower quality).2,3 A. dahurica, A. pubescens and Ligusticum 
chuanxiong are also used in traditional Chinese medicine, 
Ligusticum porteri is traditionally used in Mexico and is sold 
in the USA. These plants are morphologically similar to 
Angelica sinensis and may occur as substitutes.3

A. acutiloba contains phthalides as main constituents and 
can be difficult to distinguish from A. sinensis by thin layer 
chromatography,4 although ferulic acid was detected in A.  
sinensis and not in A. acutiloba.5 Senkyunolide A, analysed 
using a high performance liquid chromatography method, is a 
useful standard compound for quality evaluation and chemical 
differentiation between Ligusticum chuanxiong rhizome and 
Angelica sinensis root.6

Key constituents
l	 Essential oil (0.4% to 0.7%), mainly consisting of 

the phthalides ligustilide and n-butylidenephthalide2 
(n-butylidenephthalide has a penetrating characteristic 
fragrance,7 like all plant phthalides)

l	 Phytosterols, ferulic acid, coumarins (angelol, angelicone).2

Pharmacodynamics

Effects on sexual function
The essential oil relaxed the isolated uterus, but other com-
ponents increased uterine contraction.8 Butylidenephthalide 
demonstrated spasmolytic activity by inhibiting rat uterine 
contractions. Its effect was non-specific, similar to papaverine, 
but with a different mechanism of action.9 In vitro tests with 
isolated rat uterus suggest that ligustilide has a non-specific 
antispasmodic activity.10 Some experiments on the whole root 
of dong quai have shown a stimulant activity in vivo, while 
others have shown that it can relax or coordinate (make more 
rhythmic) uterine contractions, depending on uterine tone. 
Different parts of the root exhibited a similar spasmolytic 
action on isolated rabbit uterus.11

A review suggested that the in vitro experiments provide 
conflicting evidence concerning the oestrogenicity of dong 
quai.11 In contrast, oral administration of a standardised 
ethanolic dong quai extract at ‘doses based on typical clini-
cal human doses’ produced oestrogenic activity in ovariec-
tomised rats. The uterine cellular structure was stimulated, 
vaginal cornification provoked and serum luteinising hormone 
decreased.12 However, dong quai had no effect on uter-
ine weight when administered orally to mice for a period of  
4 days.13

One study showed increased sexual activity in female ani-
mals and a reduction in signs of vitamin E deficiency in male 
mice.2 Intraperitoneal injection of dong quai protected mice 
ovaries from the damaging effects of gamma radiation.14

An aqueous extract of dong quai stimulated the growth of 
breast cancer cells in vitro.15 In an earlier study this activity 
was also demonstrated for the ethanolic extract.13 Clinical 
implications (such as adverse effects from the use of dong 
quai during breast cancer) cannot yet be drawn from this 
research.

Cardiovascular activity
Dong quai has a quinidine-like action on the isolated heart. 
It can prolong the refractory period and correct experimen-
tal atrial fibrillation induced by atropine, pituitrin, strophan-
thin, acetylcholine or electrical stimulation.8 Extracts of dong 
quai relaxed isolated aorta16 and promoted the growth of 
vascular endothelial cells in vitro and in vivo.17,18 Dong quai 
increased the production of vascular endothelial growth fac-
tor (VEGF) in a rat model of myocardial infarction.19 It had Ligustilide

O
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O

O
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an antioxidant activity in vitro and reversed the morphological 
changes induced in vascular endothelial cells by hyperlipidae-
mic serum.20,21 Ferulic acid and ligustilide exhibit antiplatelet 
activity in vitro or in vivo, as does the aqueous extract.8 Both 
the aqueous extract of dong quai and ferulic acid inhibited 
platelet aggregation and serotonin release.22

Dong quai lowered blood pressure, dilated coronary ves-
sels, increased coronary flow, reduced serum cholesterol and 
reduced respiratory rate. Mixed in feed at 5%, it reduced ath-
erosclerosis formation in animals.23 The herb exerted a stimu-
lating action on haematopoiesis in vitro in bone marrow,23 and 
a recent in vitro and in vivo (oral doses) publication observed 
that polysaccharide components might be responsible for this 
effect.24 A decoction of dong quai (15 g/kg orally to mice) for 
4 weeks reduced the mortality rate and cardiotoxicity follow-
ing subsequent administration of the chemotherapeutic drug 
doxorubicin.25

Renal effects
Danggui Buxue Tang (DBT) is a combination of dong  
quai and Astragalus in the ratio of 1:5, usually prepared by 
decoction. This decoction given orally alleviated hyperlipi-
daemia in nephrotic rats. The combination also retarded the 
progression of renal fibrosis and deterioration of renal func-
tion.26,27 Renoprotective effects were demonstrated in both 
an in vitro28 and an in vivo model,29 including positive micro-
vasculature changes with an increase of VEGF production 
in vivo.30 DBT is a traditional antifibrotic agent in China. 
Combined treatment with the ACE (angiotensin-converting 
enzyme) inhibitor enalapril was significantly more effective 
than the drug alone in decreasing tubulointerstitial fibrosis in 
a rat model of obstructive uropathy.31 The antifibrotic activ-
ity might be associated with the enhanced production of nitric 
oxide that was observed in a similar model following oral 
doses of DBT (14 g/kg/day).32

DBT induced the mRNA expression of erythropoietin 
(EPO) in vitro (albeit in cultured human hepatocellular car-
cinoma cells rather than renal cells) in a dose-dependent man-
ner.33 Use of a myelosuppression mouse model found that 
DBT (10 mg/kg/day) significantly increased the recovery of 
megakaryocytes.34 DBT also enhanced EPO gene expression 
in cyclophosphamide-induced anaemia in rats and somewhat 
countered the reduced levels of red and white blood cells, 
platelets and vitamin B12.35

Cytotoxic effects
An antitumour action for n-butylidenephthalide was dem-
onstrated in vitro and in vivo for the brain tumour cell glio-
blastoma multiforme. The survival rate of inoculated rats 
was significantly prolonged.36 Dong quai extracts (20 or 
60 mg/kg of different extracts, ip) also showed activity in 
vivo against the same cancer.37 Phthalides from dong quai 
exhibited in vitro cytotoxic activity against human colon 
cancer HT-29 cells, but their effect was greater when com-
bined with other ingredients in the herb extract.38 Cytotoxic 
bioassay-guided fractionation of a methanolic extract of dong 
quai demonstrated that the phthalides in particular, and also 

two polyacetylenes, possessed significant in vitro activity.39 A 
recent study found only weak in vitro activity for an aqueous 
extract of dong quai against a range of tumour cell lines, per-
haps as might be expected from the above focus on relatively 
non-polar components of the herb.40

An in vitro and in vivo study found that dong quai reduced 
the metastasis of BL16-BL6 mouse melanoma cells, possibly 
by inhibiting their adherence and migration characteristics.41 
In contrast, dong quai promoted proliferation of normal mel-
anocytes, melanin synthesis and tryosinase activity in vitro.42

Immune function
Some studies have shown a pronounced inhibition of antibody 
production, while others have shown a sometimes weak stim-
ulation of phagocytosis and lymphocyte proliferation.8 Dong 
quai can somewhat counter the immunosuppressive effects of 
hydrocortisone in vivo, but is not as effective as Astragalus.43 
Combined with Astragalus as DBT, it improved thrombocyto-
penic purpura in rabbits43 and markedly induced cell prolifera-
tion, secretion of interleukin-2 and macrophage phagocytosis in 
vitro.44 The immunomodulating impact of DBT was revealed to 
be strongest at the traditionally used 1:5 ratio.44

Other activity
Ligustilide demonstrated an antiproliferative effect on smooth 
muscle cells in vitro45 and a muscle relaxing activity in rats, 
which was believed to be of central origin.46 The compound 
given to guinea pigs (0.14 mL/kg, ip) inhibited the asthmatic 
reaction induced by acetylcholine and histamine.47

Feeding rats 5% dong quai for 4 weeks increased metabo-
lism and oxygen utilisation in the liver. Glutamic acid and 
cysteine oxidation were also enhanced.8

Sodium ferulate pretreatment (via intragastric adminis-
tration) demonstrated hepatoprotective activity in mice.48 A 
water extraction of dong quai protected the liver from carbon 
tetrachloride toxic hepatitis and prevented loss of liver gly-
cogen.2 Dong quai protected against experimentally induced 
injury in rat lungs by decreasing alveolitis and the release of 
inflammatory factors.49

Injection of dong quai extract inhibited the progress of 
radiation-induced pulmonary fibrosis in mice, possibly by 
downregulating the expression of the pro-inflammatory 
cytokine transforming growth factor beta-1.50,51

Aqueous extract of dong quai stimulated the proliferation, 
alkaline phosphatase activity, protein secretion and type I col-
lagen synthesis of bone cells in vitro.52 An unidentified mul-
ticomponent factor from an aqueous extract of dong quai 
enhanced the deposition of hyaluronic acid and proliferation 
of osteoblasts in vitro, as well as bone regeneration in the rat 
calvarial defect model.53 Together these results suggest a ben-
eficial effect in periodontal regeneration.

Dong quai essential oil (30 mg/kg, oral) had a modest anxi-
olytic activity in mice.54 Butylidenephthalide (100 mg/kg by 
injection) reduced the impairment of inhibitory avoidance 
performance induced by drugs in rats. This finding reflected 
on activation of the central cholinergic neuronal system via 
muscarinic and nicotinic receptors.55 Phthalide dimers from 
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the herb were found to be active in an in vitro GABA-A 
receptor-binding assay.56 Ligustilide (5 and 20 mg/kg by injec-
tion) protected against neuronal damage induced by transient 
cerebral ischaemia in mice.57 An ethanolic extract of dong 
quai also protected against beta-amyloid peptide-induced neu-
rotoxicity in vitro.58

Pharmacokinetics
When an ethanol extract of dong quai was orally adminis-
tered to a rabbit, 32 compounds (including ligustilide and 
butylidenephthalide) present in the extract were also found 
in the blood. At least 10 other components not in the origi-
nal extract were found in plasma, indicating that these com-
pounds were metabolites.59 The bioavailability of ferulic acid 
from dong quai in mice was substantially increased by combi-
nation with cinnamon bark.60

Clinical trials

Female reproductive tract conditions
Ligustilide at 450 mg/day was used to treat 112 cases of 
dysmenorrhoea in an uncontrolled trial. The effective rate 
was 77% compared to 38% for aqueous extract of dong 
quai.61 In combination with Corydalis, Paeonia lactiflora and 
Ligusticum, dong quai showed a 93% improvement rate for 
the treatment of dysmenorrhoea in an uncontrolled trial. The 
decoction was given daily, starting 5 days before and until 
cessation of menstruation. (After treatment for about four 
cycles, 72% were ‘cured’.62)

Infertility due to tubal occlusion was treated for up to 9 
months with uterine irrigation of dong quai extract in an 
uncontrolled trial; 79% of patients regained tubal patency and 
53% became pregnant.63

In November 2007 a case of a woman with atypical poly-
poid adenomyoma (APA) and infertility was reported. Oral 
use of dong quai (dose not specified) for 4 months corrected 
her endometrium to that of a normal secretory endometrium. 
(APA is an unusual form of precancerous endometrial prolif-
eration.) Pregnancy soon followed. Her doctors suggested that 
dong quai may have acted as an ovulation inducer.64

In a randomised, double blind, placebo-controlled clinical 
trial, 71 postmenopausal women (FSH levels of >30 mIU/mL 
with hot flushes) received either dong quai (4.5 g dried root 
per day) or placebo for 24 weeks. Dong quai did not produce 
oestrogen-like responses in endometrial thickness or in vagi-
nal maturation. The incidence of symptoms dropped in both 
groups but there was no significant difference between dong 
quai and placebo.65

In a controlled clinical trial, 55 postmenopausal women 
were randomly assigned to receive either a herbal tablet  
containing dong quai and chamomile (Matricaria recutita) 
or a placebo over 12 weeks. The average number per week 
of daytime and night hot flushes declined significantly in the 
herbal group compared with the placebo patients (p<0.001). 
There was also a significant decline in the intensity of hot 
flushes for the herbal group versus placebo (p<0.001), and 
they were almost completely eliminated by the third month 

of the herbal treatment. There were no differences in serum 
levels of oestrogen, FSH or LH recorded, nor was there any 
morphological change noted on vaginal ultrasound scans. The 
authors concluded that the herbal combination appeared  
to be an effective and safe treatment for the vasomotor symp-
toms of menopause.66 The details provided on the dong quai 
and chamomile product used in this successful trial are vague. 
Daily doses were 375 mg for dong quai and 150 mg for cham-
omile in tablet form, but it is not clear if these were doses of 
dried extract or dried herb. If it is the latter then the doses 
used in the trial were quite low.

Treatment with a preparation containing extracts of dong 
quai, soy and black cohosh reduced the frequency and sever-
ity of menstrual migraine in a randomised, double blind trial. 
The average number of migraines (weeks 9 to 24) compared 
to baseline for the treatment group was 4.7%, and for the pla-
cebo group was 10.3%. The difference in the results between 
the two groups was significant (p<0.01). The differences in 
the results (favouring herbal treatment) were also significant 
for headache severity score and doses of triptan and analgesics 
(weeks 20 to 24). Although the extract strengths were not 
defined, the daily dose of actives corresponded to 1 mg ligus-
tilide (dong quai), 60 mg soy isoflavones and 4 mg triterpenes 
(black cohosh).67

A complex formulation containing extracts of black 
cohosh, dong quai, milk (St Mary’s) thistle, red clover, 
American ginseng and chaste tree was tested in a randomised, 
placebo-controlled, double blind pilot study in 50 healthy 
but symptomatic peri- and postmenopausal women.68 There 
was a high dropout rate and only 35 women completed the 
3-month study. Statistical analysis (not using intention-to-
treat) revealed a significant 73% reduction in hot flushes for 
the herbal group versus 38% for placebo (p=0.026), with sim-
ilar results for night sweats. There were no changes in vaginal 
ultrasonography, or levels of oestradiol and FSH.

In contrast, DBT failed to demonstrate any superiority over 
placebo in a 6-month randomised, double blind study involv-
ing 103 women suffering hot flushes.69 However, the formula-
tion was statistically superior to placebo in the treatment of 
mild flushes.

The HALT study (Herbal Alternatives for Menopause Trial)  
used a 1-year randomised, double blind, placebo-controlled 
design to assess the impact of various herbal treatments in 
351 peri- and postmenopausal women.70,71 The trial con-
sisted of five treatment arms: black cohosh 160 mg/day, 
a complex herbal formulation that included black cohosh 
(200 mg/day) and dong quai (400 mg/day), the formula-
tion plus dietary soya intake, conjugated equine oestrogen 
(with or without medroxyprogesterone acetate) and placebo. 
At 3, 6 and 12 months patients receiving the herbal inter-
ventions had the same change in vasomotor symptoms (hot 
flushes, night sweats) as those receiving placebo (except for 
more severe symptoms in the soya plus herbal formulation 
group). In contrast oestrogen substantially decreased vasomo-
tor symptoms.71 None of the herbal treatments exhibited any 
effects on vaginal epithelium, endometrium or reproductive 
hormones.72

A randomised, double blind, placebo-controlled trial was 
conducted in 22 men receiving luteinising hormone-releasing 
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hormone agonist therapy for prostate cancer and experiencing 
hot flushes.73 After 3 months there was no significant influ-
ence on the severity, frequency or duration of hot flushes 
from dong quai treatment compared with placebo.

Other conditions
Dong quai has been successfully used to treat Buerger’s dis-
ease and constrictive aortitis8 and is often combined with dan 
shen in the treatment of angina, peripheral vascular disorders 
and stroke. This information is based on case studies and 
uncontrolled trials.

Dong quai improved abnormal protein metabolism, 
improved abnormal thymol turbidity test and increased 
plasma protein level in 60% of patients with chronic hepati-
tis or hepatic cirrhosis after 1 to 3 weeks of treatment in an 
uncontrolled trial.74

Dong quai extract, given orally to patients with chronic 
obstructive pulmonary disease for 50 to 60 days in an uncon-
trolled trial, significantly increased the forced expiratory vol-
ume. In cases of chronic cor pulmonale (pulmonary heart 
disease) dong quai lowered the mortality rate, improved blood 
gas measurements and improved ECG (electrocardiogram).75

A case report described a 56-year-old man with end-stage 
renal disease and chronic anaemia due to resistance to EPO.76 
He experienced marked improvement in his anaemia and 
well-being after self-initiating once-weekly consumption of a 
herbal decoction prepared from about 12 g dong quai and 52 g 
Paeonia lactiflora root.

Toxicology and other safety data

Toxicology
The following LD50 data have been recorded for dong quai 
and its constituents:

Substance Route, model LD50 Reference

Concentrated dong 
quai extract*

Oral, rats 100 g/kg 4

3-n-Butylidene-
phthalide

Oral, rats 2.45 g/kg 77

*According to information supplied by the author, this concentrated extract was 8:1 
to 16:1.4

The minimum lethal dose of dong quai root was 30 to 90 g/
kg in mice (route unknown). Respiration was inhibited and 
blood pressure fell in anaesthetised rabbits, cats and dogs 
intravenously administered the essential oil (1 mg/kg).8

Ferulic acid, which also occurs naturally in many fruits and 
vegetables, demonstrated chromosome-damaging activity in vitro 
at a concentration of 25 mg/mL.78,79 However, it has also dem-
onstrated antigenotoxic and anticarcinogenic activity in vivo after 
oral and intraperitoneal administration and topical application.79 
In any case, it occurs at quite low levels in dong quai.

Safrole, a carcinogenic compound, has been detected in 
dong quai root,2 although not confirmed. If present it is likely 
to occur at very low levels.

Subcutaneous administration of dong quai aqueous extract 
(0.1 to 0.4 mL/day) for 5 days did not affect fertility or 
exhibit teratogenic effects in mice.80

At concentrations higher than 2500 µg/mL, aqueous 
extracts of dong quai root exerted a general cytotoxicity 
to melanocytes in culture. Prior treatment of the dong quai 
extract to reduce its coumarin content resulted in reduced 
cytotoxicity.81

Contraindications
Contraindications according to traditional Chinese medicine 
are as follows: diarrhoea caused by weak digestion, haemor-
rhagic disease, bleeding tendency or very heavy periods, first 
trimester of pregnancy, tendency to spontaneous abortion 
and acute viral infections such as colds and influenza.2 At the 
doses used in the West, the main concern would be in the first 
trimester of pregnancy.

Special warnings and precautions
Caution is advised for patients receiving chronic treatment 
with warfarin.

Interactions
The effects of dong quai on the pharmacodynamics and phar-
macokinetics of warfarin were studied in rabbits. Single sub-
cutaneous doses of warfarin (2 mg/kg) were administered 
with or without 3 days’ treatment with oral dong quai extract 
(2 g dried herb/kg, twice daily). The dong quai treatment did 
not affect prothrombin time on its own, but significantly low-
ered the value 3 days after co-administration with warfarin. 
No significant variation in the pharmacokinetic parameters 
of warfarin was observed after dong quai treatment for both 
single-dose administration or steady-state concentrations of 
warfarin.82 Caution is therefore advised for patients receiving 
chronic treatment with warfarin.

One female patient stabilised on warfarin presented with 
widespread bruising and an increased international normalised 
ratio (INR),83 and another developed an increased INR and 
prothrombin time after taking dong quai concurrently for 4 
weeks.84

A survey completed by 28 professional members of the 
American Herbalists Guild in 2004 found that of the 25 who 
regularly used dong quai, only one respondent reported hav-
ing seen potentiation of an anticoagulant drug when combined 
with the herb. Nineteen reported no evidence of potentiation 
and five had not combined the two agents.85

Use in pregnancy and lactation
Category C – has caused or is associated with a substan-
tial risk of causing harmful effects on the fetus or neonate 
without causing malformations. (Apparently, based on tradi-
tional considerations, dong quai is contraindicated in the first 
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trimester of pregnancy and in women with a tendency to 
spontaneous abortion.2)

The essential oil relaxed the isolated uterus, but other 
components of dong quai increased uterine contraction. Some 
experiments on the whole root have shown a stimulant action 
in vivo, while others have shown that it can relax or coordi-
nate uterine contractions, depending on uterine tone.8,75 
Subcutaneous administration of dong quai aqueous extract 
(0.1 to 0.4 mL/day) for 5 days did not affect fertility or 
exhibit teratogenic effects in mice.80

Dong quai is considered compatible with breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
A 35-year-old man developed gynaecomastia (mammary 
glandular hyperplasia) after ingestion of dong quai capsules 
for 1 month. The label indicated ‘100% dong quai (Angelica 
sinensis) root powder. No fillers or additives’. The patient 
discontinued the pills and the gynaecomastia had regressed 
completely when he was reviewed 3 months later.86

‘Angelica-Paeonia Powder’ has been reported to cause mild 
lassitude, drowsiness and urticaria after oral administration.8 
The species of Angelica and the formula was not defined.

A case of liver toxicity in a female patient was reported 
after the ingestion of a Chinese herbal preparation for  
6 months. Dong quai was one of nine herbs in the formula. 
The patient’s liver function normalised within several months 
of ceasing the herbal mixture.87 It is not known if the dong 
quai was implicated.

A case was reported in 2001 of a woman diagnosed with 
grade 1 endometrioid adenocarcinoma of the endometrium 
‘whose history was notable for extensive use of supplemental 

phytoestrogens’. Herbs used included chaste tree, dong quai, 
black cohosh and licorice.88 No causality was demonstrated.

A survey completed by 28 professional members of the 
American Herbalists Guild in 2004 found that of the 25 who 
regularly used dong quai, 11 respondents reported observing 
side effects with the use of dong quai. The most notable side 
effects included bleeding gums, increased menstrual flow, head-
aches, digestive disturbance and increased hot flushes rash.85

Overdosage
No effects known.

Safety in children
No information available, but adverse effects are not expected.

Regulatory status in selected 
countries

Dong quai is official in the Pharmacopoeia of the People’s 
Republic of China (English edition, 1997). It is not covered 
by a Commission E Monograph and is not on the UK General 
Sale List.

Dong quai does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act). Dong quai has been used as an ingredient in 
products offered over the counter for use as an aphrodisiac. 
The FDA, however, advises that: ‘based on evidence currently 
available, any OTC drug product containing ingredients for 
use as an aphrodisiac cannot be generally recognised as safe 
and effective’.

Dong quai is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Echinacea root

(Echinacea angustifolia (DC.) Hell. and/or purpurea (L.) Moench)

polysaccharides, whereas a lipophilic product will be much 
higher in alkylamides (especially if prepared from the root).

As a counter to this poor academic rigour in the discussion 
of Echinacea, the decision has been made to limit this mono-
graph to the roots of E. angustifolia and E. purpurea. These 
are, after all, the species and plant part still preferred by 
herbal clinicians in the English-speaking world. Accordingly, 
scientific investigations of other plant parts or other Echinacea 
species have not been included, except by way of contrast. 
Furthermore, studies where the plant part used is not clear 
from the publication (as can sometimes be the case) and stud-
ies where mixed plant parts were used (for example root 
combined with aerial parts) have also been omitted from 
review (in most cases).

Effects

Immune enhancing, mainly acting on innate immunity, hence 
may modulate immune function in allergy and autoimmun-
ity; enhances resistance to infections, particularly of the upper 
respiratory tract; assists in recovery from chemotherapy; anti-
inflammatory, particularly after topical application.

Traditional view

As noted above, information about the use of Echinacea 
root first came from Native American tribes. Their use was 
adopted by the Eclectics, a group of practitioners who were 
prominent around the late 19th and early 20th centuries in 
the USA. By 1921 Echinacea (specifically the root of E. 
angustifolia) was by far the most popular treatment pre-
scribed by Eclectic physicians. The Eclectics used Echinacea 
root for about 50 years. Given that their use was based on 
tribal knowledge and that they accumulated extensive clinical 
experience, their traditional use data is of a high quality. The 
best sources of these data are King’s American Dispensatory1 
and Ellingwood.2 The extensive range of conditions in these 
texts for which Echinacea root was prescribed included snake-
bite, syphilis, typhus, septic wounds, diphtheria, scarlet fever, 
dysentery and even cancer. It is clear from these writers that 
the limitations on Echinacea use suggested by some mod-
ern authors are not supported. The conditions treated were 
mainly infections and envenomations of various kinds, which 
probably attest to Echinacea’s influence on the immune sys-
tem. However, the inclusion of tuberculosis and disorders 
related to autoimmunity such as diabetes, exophthalmic goi-
tre, psoriasis and renal haemorrhage contrasts with contraindi-
cations proposed by some modern writers.

The Eclectics were also not averse to using Echinacea root 
long term. For example, according to Ellingwood, it was rec-
ommended for the following chronic conditions: cancer, 
chronic mastitis, chronic ulceration, tubercular abscesses, 

Synonyms

Echinacea radix (Lat), Sonnenhut, Igelkopf (Ger), racine 
d’échinaeace (Fr), Echinacea (Ital), solhat (Dan).

What is it?

Three main species of Echinacea, commonly known as pur-
ple coneflower, are used medicinally: Echinacea angustifolia 
(narrow-leaved purple coneflower), E. purpurea (common or 
broad-leaved purple coneflower) and E. pallida (Nutt.) Nutt. 
(pale purple coneflower). E. purpurea has become the most 
cultivated and widely used of the various species because the 
whole plant (root, leaf, flower, seed) can be used and also 
because it is more easily cultivated. The root and rhizome 
of E. angustifolia and E. pallida are typically used medici-
nally, although E. pallida is sometimes considered to be less 
active, because it is low in alkylamides. In the past E. pallida 
preparations have been incorrectly labelled as E. angustifolia, 
particularly in Europe. Parthenium integrifolium, the Missouri 
snakeroot, is a documented adulterant of commercial Echinacea.

Echinacea has been the subject of a considerable amount of 
misinformation and misunderstanding concerning its active prin-
ciples, mode of action, clinical efficacy and cautions and con-
traindications. One important reason behind such confusion is 
the many types of Echinacea products on the market. This has an 
historical background. The Native Americans, and the Eclectics 
physicians who adopted their use of Echinacea, preferred the 
root (see below). In fact, the Eclectics only used an aqueous-
ethanolic (lipophilic) extract of dried E. angustifolia root high 
in alkylamides. After oral intake, these phytochemicals impart a 
persistent tingling sensation in the mouth and stimulate the flow 
of saliva, a sign of good quality according to King’s American 
Dispensatory.1 In Europe during the 1930s, the German herbal-
ist Madaus promoted E. purpurea as it was easier to grow. Being 
somewhat influenced by the homeopathic approach of using 
fresh plant tinctures, his firm eventually developed a hydro-
philic product prepared from the stabilised juice of fresh E. pur-
purea tops (aerial parts). This is still the most popular form of 
Echinacea in Germany. Another popular European product is a 
fresh plant tincture of the whole plant of E. purpurea.

As might be expected, these different products exhibit 
substantial variations in their phytochemical content (and 
hence by definition their pharmacological and clinical prop-
erties). Yet they are typically discussed in the literature 
under the generic term ‘Echinacea’ as if they shared iden-
tical properties. Hence a rudimentary concept of phyto-
therapy, the overriding importance of the part of the plant 
being used, appears to have been overlooked or ignored. The 
mode of preparation also creates phytochemical differences. 
Specifically the hydrophilic type of product will be low in 
alkylamides and higher in water-soluble compounds such as 
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chronic glandular indurations and syphilis. With regard to 
syphilis, Ellingwood wrote: ‘The longest time of all cases yet 
reported, needed to perfect the cure, was nine months.’ He 
cites a dramatic case history of a vaccination reaction where 
Echinacea root was taken every 2 h for up to 6 weeks.

Summary actions

Immunomodulatory, anti-inflammatory, vulnerary, lymphatic 
adaptogenic. Any significant clinical antibacterial and antiviral 
activity probably follows indirectly from immune enhancement.

Can be used for

Indications supported by clinical 
trials
Treatment of upper respiratory tract infections (clinical evi-
dence is controversial); beneficial for the prophylaxis of upper 
respiratory tract infections and infections in general; to pro-
mote immune function.

Traditional therapeutic uses
Bacterial, viral and protozoal infections, including infections 
of the digestive, respiratory and urinary tracts; mild septicae-
mia; states of weakened, suppressed or imbalanced immunity, 
including allergies and autoimmune disease; inflammatory and 
purulent conditions, including acne, abscess, furunculosis; 
envenomation. Topically for poorly healing wounds, inflamed 
skin conditions and bacterial infections.

May also be used for

Extrapolations from pharmacological
To increase phagocytosis; antiviral activity, probably indirect; 
for benign prostatic hyperplasia; to control anxiety. Topically: 
to improve wound healing, increase resistance to infection and 
to increase connective tissue regeneration.

Preparations

Echinacea purpurea or E. angustifolia root preparations 
include liquid extracts of fresh or dried root and rhizome and 
tablets and capsules based on these.

Dosage

Preventative doses or doses for chronic conditions are recom-
mended as follows:
l	 1 to 3 g/day of E. angustifolia dried root
l	 1.5 to 4.5 g/day of E. purpurea dried root

l	 2 to 6 mL/day of 1:2 liquid extract of E. angustifolia root
l	 3 to 9 mL/day of 1:2 liquid extract of E. purpurea dried 

root
l	 5 to 15 mL/day of 1:5 tincture of E. angustifolia root
l	 7.5 to 22.5 mL/day of 1:5 tincture of E. purpurea dried 

root.

Equivalent doses to these can also be used in tablet or cap-
sule form as long as these have been carefully dried to pre-
serve the alkylamide content.

These dosages may be substantially increased in the short 
term for acute conditions; for example, E. angustifolia root 
can be taken up to 10 to 15 g/day (or its equivalent in a liquid, 
capsule or tablet preparation).

Duration of use

Despite suggestions to the contrary, there is no evidence 
to suggest that long-term usage of Echinacea root will have 
an adverse effect on immune function. Echinacea root is 
most likely a benign agent acting mainly on innate immunity 
(although there is still much to be understood about its mode 
of action).

Summary assessment of safety

Echinacea root preparations may be safely prescribed for oral 
and topical use if the recommended dosage is not exceeded. 
Despite many reputed contraindications in the literature, 
the herb is unlikely to cause adverse effects in a wide range 
of applications including asthma, allergies and autoimmun-
ity. However, care should be exercised when prescribing any 
preparation of Echinacea (including the root) to patients with 
known allergy to members of the Compositae (Asteraceae, 
daisy) family.

Technical data

Botany
Echinacea is a member of the Compositae (Asteraceae, daisy) 
family and grows to a maximum height of 50 to 180 cm, 
depending on the species. The distinctive flower head con-
sists of white, rose or purple drooping ray florets and a coni-
cal disc made up of numerous tubular florets. E. angustifolia 
is most easily identified by its low habit and the coarse hair 
and relatively straight ray florets; E. purpurea by the large, 
egg-shaped, serrated leaves and the bright purple ray florets; 
E. pallida by the white pollen and the longer length of the 
paler ray florets.3,4

In 1968 the botanist McGregor reported on a 15-year 
journey studying wild Echinacea plants from populations 
throughout its entire geographical range in North America.5 
As a result of this work McGregor recognised nine species 
and four varieties of the genus Echinacea and the classification 
and names suggested are still currently used by both herbal 
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clinicians and regulatory authorities (e.g. E. angustifolia, E. 
purpurea, E. pallida and so on).

In 2001 and 2002, a group of US botanists undertook an 
extensive review of the Echinacea genus using morphomet-
ric analysis and the taxonomic results have recently been 
republished.5 Their analysis found that the genus contained 
two subgenera, namely Echinacea subgenus Echinacea (con-
taining a single species E. purpurea) and Echinacea subgenus 
Pallida (containing three species: E. pallida, E. atrorubens and  
E. laevigata). The botanists’ classification also agreed with the 
earlier work of Cronquist.5 Perhaps the most important out-
come of this work from a herbal perspective is that under the 
new classification E. angustifolia does not exist as a separate 
species, but becomes a subspecies of E. pallida, namely E. 
pallida var. angustifolia.5 However, there is still controversy 
over this attribution.

Adulteration
Echinacea has been readily adulterated, particularly in the 
USA, by species of Parthenium such as P. integrifolium.6 The 
roots of E. angustifolia and E. pallida are very similar both 
macroscopically and microscopically7 and are often confused. 
They can, however, be chemically differentiated.8

In the USA native species of Echinacea are dwindling in 
the wild due to loss of habitat and over-harvesting. E. purpu-
rea is not as threatened as E. angustifolia, since the former 
is the most widely used species for cultivation.9 Hence the 
use of E. purpurea root should be encouraged, either alone or 
preferably in combination with E. angustifolia root.

Key constituents

Roots
l	 Alkylamides (alkamides), mostly isobutylamides (which 

cause the characteristic tingling in the mouth).10–13 Largely 
absent from E. pallida11

l	 Caffeic acid esters: echinacoside (not present in  
E. purpurea), chicoric acid (significant quantities in  
E. purpurea only),14 cynarin (in E. angustifolia only)15

l	 Essential oil;16 polyacetylenes (including a distinctive 
series in E. pallida);10,17 polysaccharides,18 non-toxic 
pyrrolizidine alkaloids.19

Aerial parts
l	 Alkylamides as above20

l	 Caffeic acid esters: including echinacoside (not present 
in E. purpurea), chicoric acid (abundant in E. purpurea), 
verbascoside (E. angustifolia, E. pallida), caftaric acid  
(E. purpurea, E. pallida), chlorogenic and isochlorogenic 
acids (E. angustifolia, E. pallida)20

l	 Flavonoids,20 essential oil;16 polysaccharides (notably in  
E. purpurea).21

The phytochemistry of Echinacea has been extensively 
reviewed, demonstrating considerable variation between spe-
cies and plant part (as noted above).22 One key difference is 
for the alkylamides, which are highest in E. angustifolia and 

absent from E. pallida. The roots of E. angustifolia and E. 
purpurea contain a much higher concentration of alkylamides 
than their respective aerial parts.23 Cynarin is found mainly 
in E. angustifolia roots.23 Qualitative differences also exist 
for the alkylamides; those in E. angustifolia mainly exhibit 
2-monoene and dodecatetraene structures, whereas the 2,4-
diene and dodecatetraene types predominate in E. purpurea.24

Studies have shown considerable phytochemical varia-
tion in Echinacea commercial products, with the concentra-
tions of alkylamides especially exhibiting a particularly wide 
range.25 One study found that alkylamides levels in stored 
E. purpurea roots dropped significantly over 64 weeks.26 
However, another found the major alkylamide in E. purpurea 
root hydro-alcoholic extract was quite stable, whereas the 
alkylamide content reduced over time in the dried powdered 
root.27 Degradation of the major alkylamides in E. purpu-
rea extracts was monitored under different conditions.28 
Alkylamides degraded faster in dry films than in solution and 
the Echinacea phenolic compounds acted as protective anti-
oxidants. Predicted half-lives for alkylamides in extracts sug-
gested very good stability.

Polysaccharides in Echinacea spp. have received consider-
able research attention as possible immunologically active 
components. However, much of the research has been con-
ducted on polysaccharides isolated from cell cultures rather 
than from the naturally growing plant. The term ‘polysaccha-
ride’ is generic in nature, and encompasses starches and other 
potentially inert plant compounds. Indeed, some of the non-
specific techniques used to analyse the polysaccharide con-
tent of plants also detect simple sugars. Hence, commercial 
Echinacea products claiming quantified levels of immunologi-
cally active polysaccharides should be viewed with caution, 
depending on the quantification methodology used.

While the polysaccharide research is more relevant to the 
aerial parts of Echinacea, the roots also contain these com-
pounds. One study isolated arabinogalactan-proteins from the 
high-molecular-weight fraction of an aqueous extract of the 
root of E. purpurea.29

However, the true polysaccharides (as opposed to starches 
and sugars misidentified as polysaccharides) appear to be 
difficult to extract from Echinacea plant parts. An exten-
sive research project isolated two polysaccharides (respec-
tively named I and II) from E. purpurea aerial parts that 
were structurally characterised as a heteroxylan (molecular 
weight 35 000 ) and an acidic arabinorhamnogalactan (molec-
ular weight 450 000 . Polysaccharide (PS) I resembled other 
xylans found in plants and contained arabinose, xylose and 
4-O-methylglucuronic acid in a molar ratio of 1:4.9:0.9. PS 
II was composed of arabinose, galactose, glucuronic acid and 
galacturonic acid in a molar ratio of 0.8:0.6:1:0.6.30 These 
polysaccharides were determined at around 15 mg/g in both 
the root and leaf of the freshly harvested senescent plant, 
with less than half this level in root and leaf from the freshly 
harvested mature plant. However, storage for just a few days 
resulted in substantial losses of PS II. Any solvent mixture 
containing more than 40% of ethanol was unable to extract 
the polysaccharides, while less than 4% of PS I and 17% of 
PS II was extracted by water at pH 5.5 from any dried plant 
part. Water extraction of the fresh plant was substantially 



527

Echinacea root

more efficient for PS II, but PS I was absent from fresh plant 
root preparations. These results imply that polysaccharides 
are probably not present in sufficient quantities to influ-
ence the pharmacology of aqueous (hydrophilic) extracts of 
Echinacea dried root (even if the polysaccharides were bio-
available). They will certainly be absent from aqueous-etha-
nolic (lipophilic) extracts of Echinacea root prepared using 
more than 40% ethanol, unlike the alkylamides.

�  

Dodeca-2,4,8,10-tetraenoic acid
isobutylamides (mixture)

O
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Pharmacodynamics

Immunomodulating activity
There is still much to understand about the way Echinacea 
root impacts the human immune system. Each in vitro study 
by its nature can provide just a narrow insight into a few spe-
cific aspects of immune function, with any clinical relevance 
potentially confounded by bioavailability, dosage issues and 
local tissue factors. The in vitro studies probably of most rele-
vance are the ones investigating alkylamides, since these com-
pounds have proven bioavailability (see later).

Indeed, one discussion paper has challenged the relevance 
of in vitro studies to the study of plant immunostimulants, 
suggesting that the whole concept may be a myth originating 
from such studies.31 (This is of course notwithstanding the 
traditional uses of Echinacea, which certainly seem to point 
to enhanced immune function, as noted earlier.) The authors 
state: ‘From a historical prospective, these first reports on 
plant immunostimulants may have “seduced” a whole genera-
tion of researchers to adopt uncritically the view that certain 
plants strengthen the immune system by activating it’.31

As this discussion paper points out, several in vitro stud-
ies of herbs on immune function (and possibly in vivo studies 
if the extract was administered by injection) have been con-
founded by endotoxin contamination from bacteria.31 This is 
certainly the case for Echinacea, especially if aqueous extracts 
are used.32 Based on their findings, one research group 
asserted that the majority of in vitro macrophage activation 
exhibited by extracts of some immune-enhancing plants is 
due to bacterial lipoproteins and lipopolysaccharides.33 The 
majority of such activities for a range of samples of E. angus-
tifolia root and aerial parts were abolished by treatment with 
agents that break down endotoxins.34

With these limitations in mind, the in vitro and in vivo data 
for Echinacea are reviewed below.

In early research, ethanolic extracts of the roots of all 
three main Echinacea species demonstrated an increase in 
phagocytic activity in vitro and after oral administration in 
vivo using the carbon clearance test. Of the three tested 
extracts, E. purpurea was the most active, both in vitro 
and in vivo.35,36 Lipophilic (fat-soluble) and hydrophilic 

(water-soluble) fractions of these ethanol extracts also 
demonstrated activity, although this was weaker than the 
complete ethanolic extracts. The lipophilic fractions from 
E. angustifolia and E. pallida were considerably more active 
than their hydrophilic fractions, both in vitro and in vivo. In 
contrast, the hydrophilic fraction of the ethanol extract of 
E. purpurea significantly stimulated phagocytosis in vitro and 
showed activity in vivo after oral doses, although not as great 
as the whole extract. Components of the lipophilic frac-
tion included polyacetylenes, essential oil and alkylamides; 
the hydrophilic fraction contained caffeic acid derivatives. 
Polysaccharides were not present.37 Immunostimulatory 
principles of Echinacea were therefore said to be present in 
both the lipophilic and the hydrophilic fractions of a pure 
ethanolic extract.

Some in vitro studies have compared lipophilic and hydro-
philic extracts of Echinacea root. One study used a highly 
complex experimental design to conclude, on the basis of 
immunological responses in human whole blood samples, 
that the main immunostimulating activity of Echinacea plant 
parts (including root) resided in the water-soluble materials.38 
The authors assumed these water-soluble extracts contained 
polysaccharides, but did not confirm their presence. Also, no 
assessment was made of the confounding impact of bacte-
rial endotoxins on their results. Ironically, the authors of this 
study suggest that their findings are consistent with the tradi-
tional use of Echinacea, but have at the same time completely 
discounted such traditional use by declaring the inactivity of 
the traditionally preferred lipophilic extracts.

Cytokine antibody arrays were used to investigate changes 
in pro-inflammatory cytokines released from human bron-
chial epithelial cells exposed to a rhinovirus.39 Virus infec-
tion stimulated the release of at least 31 cytokine-related 
molecules and most of these were reversed by simultaneous 
exposure to the Echinacea extracts. The lipophilic extract of 
E. purpurea root was less active than the expressed juice of 
the aerial parts in this regard. However, in uninfected cells 
these cytokines were stimulated by Echinacea, with the lipo-
philic extract being more active. A follow-up study by the 
same investigators using gene array analysis suggested that 
production of various transcription factors involved in pro-
liferative and differentiation signalling pathways were stimu-
lated by the Echinacea extracts.40

A comparison of five Echinacea species using various in 
vitro models of immunological activity, such as monocyte 
cytokine secretion and mononuclear cell proliferation, sug-
gested that the 50% ethanolic tincture of E. angustifolia was 
most active.32 In another study, the alkylamide-rich Echinacea 
species were more active at stimulating cytokine production 
by peripheral blood mononuclear cells (PBMCs) taken from 
older volunteers 6 months after influenza vaccination.41 This 
was confirmed in a second study for blood samples from 
unvaccinated volunteers.42 However, cytokines from stimu-
lated PBMCs taken from recently vaccinated individuals 
were not impacted by E. purpurea and E. angustifolia root 
extracts.42

Dendritic cells (DCs) are antigen-presenting cells that play 
a key role in mediating activities of various immune responses. 
Lipophilic extracts of the alkylamide rich plant parts of  
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E. purpurea (root or flower) upregulated expression of CD83 
on DCs in vitro, whereas the leaf extract had the oppo-
site effect.43 CD83 is a key marker for DC maturation. 
Downregulation of mRNA expression of specific chemokines 
and their receptors was observed in the leaf-treated DCs, 
whereas other chemokines and regulatory molecules involved 
in the c-Jun pathway were upregulated in root-treated DCs.

Several in vitro studies have investigated the effects of 
alkylamide fractions or isolated alkylamides in immune mod-
els. Alkylamides inhibited lipopolysaccharide (LPS)-mediated 
activation of a murine macrophage line (anti-inflammatory 
activity).44–46 They also countered the decrease in NF-kappaB 
production by LPS-stimulated T cells in vitro, as did chicoric 
acid,47 and reduced interlevkin (IL-2) production in stimu-
lated T cells.48 Liver enzyme-mediated oxidation of E. purpu-
rea alkylamides produced metabolites that were less active in 
terms of suppressing IL-2 secretion by stimulated T cells.49

Cynarin binds to CD28 in vitro, a receptor on T cells, and 
downregulated CD-28 IL-2 expression in a T cell culture 
line.50 Cynarin also effectively blocked the binding between 
CD80 on B cells and CD28 on T cells, thereby potentially 
exerting an immunomodulatory effect.51

In early in vivo research, chicoric acid or an enriched 
alkylamide fraction from E. angustifolia and E. purpurea 
roots increased phagocytic activity after oral doses. Extracts 
of the aerial parts of the three species demonstrated lower 
activity than that of the roots.36 In contrast, echinacoside 
from E. angustifolia and E. pallida roots (which is often used 
as a quality marker for these species) did not demonstrate 
immune-enhancing activity.35

A significant proportion of the in vivo investigations of 
Echinacea root (specifically E. purpurea) have been con-
ducted by the research team of Sandra Miller in Canada. In 
an unusually entitled paper, ‘Echinacea: a miracle herb against 
aging and cancer’, Dr Miller reviewed her team’s research on 
Echinacea, specifically E. purpurea root.52 Their interest in 
Echinacea was triggered by research on the drug indometha-
cin, which is a cyclo-oxygenase inhibitor that reduces the 
endogenous suppressors of natural killer (NK) cells, namely 
the prostaglandins.53,54 The drug resulted in statistically signif-
icant increases in NK cell numbers and function in leukaemic 
mice. This led to the search for a safe agent without danger-
ous side effects that might function in the same way.

The observation that alkylamides in Echinacea can inhibit 
prostaglandin production in vitro, and the general reputation 
of Echinacea as an immune herb, led to the investigation of the 
potential of Echinacea in NK cell enhancement using in vivo 
laboratory models. In healthy young adult mice, oral doses of E. 
purpurea root (0.45 mg/ 25 g body weight, similar to human dose 
rates) stimulated NK cell production by bone marrow in the first 
7 days, which resulted in significantly higher levels (around 25% 
more) of NK cells in the spleen by 2 weeks.55 In addition, the 
accessory cells for NK cells, the monocytes, were also about 25% 
more numerous in both the bone marrow and spleen of mice 
consuming Echinacea. The Echinacea treatment influenced no 
other white blood cell counts. Polysaccharides, even by injection, 
were not found to be responsible for this effect.56

NK cells decline in number and function with age and this 
is thought to be one factor behind the increase of various 

cancers with age. Experiments conducted in healthy, elderly 
mice found that 2 weeks of oral doses of Echinacea root 
returned NK cell numbers in bone marrow and spleen to the 
levels of young adults and also resurrected their functional 
capacity (target cell binding, lysis).57 On this result Dr Miller 
writes:

These observations appear to apply uniquely to this herb since we 
could never rejuvenate the NK cell-mediated component of the 
immune system in elderly mice by any of the other typical NK cell 
enhancers ...

One of the persistent controversies about Echinacea is 
whether it is safe to be taken consistently for long periods of 
time. The answer, at least in mice, appears to be in the affirm-
ative. Mice were fed E. purpurea root from 7 weeks of age to 
13 months at the dose previously described.58 Long-term use of 
Echinacea was in fact beneficial. By 13 months of age 46% of the 
control mice fed the standard chow were still alive, compared 
with 74% of those consuming Echinacea. As in previous experi-
ments, the NK cell levels in the Echinacea-fed mice were con-
siderably elevated compared with controls. On this Miller writes:

Given that the key immune cells acting as the first line of defence 
against developing neoplasms in mice and humans are NK cells, 
it is not difficult to conclude that sustained enhancement of NK 
cells alone, throughout life, could readily account for the reduced 
frequency in deaths with advancing age. Spontaneous neoplasms, 
clinically undetectable, are well known to increase with advancing 
age in humans and mice. Thus, the logical corollary from this study 
indicates that chronic daily intake of Echinacea, is clearly not 
detrimental to the immune system, but rather prophylactic.

Finally, the team investigated the question of whether 
Echinacea is effective once a cancer is in progress. Leukaemias 
and lymphomas are well known as targets for NK cell attack, 
and these cells are established as the first line of defence 
against these types of malignancies. Leukaemia-induced mice 
typically died after 3.5 weeks, whereas one-third of mice 
additionally fed Echinacea survived until 3 months after leu-
kaemia onset and went on to live a normal lifespan.59

While these findings need to be regarded as work in pro-
gress, the implications are intriguing. In addition to helping 
to dispel some of the common myths about what is active in 
Echinacea and how it is best used (including the contraindi-
cation in leukaemia from the German Commission E), the 
research provides a possible insight into perhaps one of the 
key aspects of Echinacea’s mode of action on the immune sys-
tem. This is the boost in NK and monocyte number and func-
tion. NK cells and monocytes represent the innate immunity. 
Any agent acting largely on innate immunity will be beneficial 
in a range of areas including infection prevention and therapy, 
cancer prevention and therapy and even autoimmune disease 
(if stealth pathogens are involved as triggers via processes such 
as molecular mimicry). Above all, the consistent use of an 
agent that promotes innate immunity could well extend life
span, since immunosenescence is a key aspect of poor health 
with ageing.

The NK cell connection for Echinacea root needs to be 
confirmed in humans.

The impact of E. purpurea root extract (2 mg/mouse/day) 
consumption was investigated in non-obese diabetic (NOD) 
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mice, which are a model of human type 1 diabetes. NKT 
(natural killer T) cells are believed to be implicated in type 
1 diabetes and their functional and/or numerical deficiency 
is thought to be largely responsible for the development 
of this disease in NOD mice.60 When NOD mice were fed 
Echinacea for varying times, there was a substantial and signif-
icant increase in NK cell numbers. This was the only type of 
immune cell influenced by the Echinacea in these mice. The 
authors concluded:

The observations of the present study have, at least in the animal 
model of human type 1 diabetes, led to 2 conclusions. First, daily 
consumption of Echinacea by animals afflicted with this particular 
autoimmune disease, leads to no negative repercussions, and indeed, 
may provide all the advantages, in vivo, that consuming this herb 
does for normal, unafflicted mice (humans). Second, the study may 
provide evidence for a possible new approach to the treatment of 
type 1 diabetes. That is, immuno-stimulation only of those cells 
(NK/NKT) involved in modulating the disease. Echinacea is one such 
uniquely tailored, immunostimulant, whose effect is on NK cells.

Other in vivo studies support the activity of Echinacea root 
on the macrophage/monocyte system. E. purpurea demon-
strated a dose-dependent increase in the phagocytic activity 
of alveolar macrophages after oral administration to rats.61 
Alkylamides (12 μg/kg/day, oral) significantly increased 
phagocytic activity and the phagocytic index of alveolar mac-
rophages in rats.62 These alveolar macrophages also produced 
significantly more tumour necrosis factor (TNF)-alpha and 
nitric oxide (NO) after LPS stimulation in vitro. Chicoric acid 
and polysaccharides (oral doses) were not as active.

Rats given E. angustifolia root extract (equivalent to 
3.3 g/L root in drinking water) for 6 weeks demonstrated a 
significantly higher primary and secondary IgG response to a 
novel antigen.63 In contrast, 6 weeks of various Echinacea root 
extracts (tinctures and in glycerol) showed no activity in male 
rats in terms of NK cell activity, T cell-mediated delayed-type 
hypersensitivity, or specific antibody formation.64 E. purpurea 
root at 2% and 4% of diet did not exhibit antiviral effects or 
show any evidence of immune-enhancing properties in respir-
atory syndrome virus infected nursery pigs.65

Alcohol extracts from roots of the three widely used 
Echinacea species, E. angustifolia, E. pallida, and E. purpurea, 
were investigated for immunomodulating properties.66 
Mice were gavaged once a day (for 7 days) with one of the 
Echinacea extracts (130 mg/kg) or vehicle and immunised 
with sheep red blood cells (SRBC) 4 days prior to collec-
tion of immune cells for multiple immunological assays. The 
three herb extracts induced similar, but different, changes in 
the percentage of immune cell populations and their biologi-
cal functions, including increased percentage of CD49+ and 
CD19+ lymphocytes in spleen and NK cell cytotoxicity. The 
antibody response to SRBC was significantly increased equally 
by extracts of all three Echinacea species. Concanavalin 
A-stimulated splenocytes from E. angustifolia- and E. pallida- 
treated mice demonstrated significantly higher T cell 
proliferation. In addition, the Echinacea treatment sig-
nificantly altered the cytokine production by mito-
gen-stimulated splenic cells. The three herbal extracts 
significantly increased interferon-gamma production, but 
inhibited the release of TNF-alpha and interleukin (IL)-1beta. 

Only E. angustifolia- and E. pallida-treated mice demon-
strated significantly higher production of IL-4 and increased 
IL-10 production. The authors suggested Echinacea is a 
wide-spectrum immunomodulatory agent that modulates 
both innate and adaptive immune responses. In particular,  
E. angustifolia or E. pallida may have more anti-inflammatory 
potential.

Following the observation that E. angustifolia and  
E. purpurea root extracts reduced cytokine production and 
intracellular killing activity by macrophages in vitro (although 
E. angustifolia enhanced bacterial phagocytosis), these effects 
were investigated in mice.67 The Echinacea root extracts 
(130 mg/kg/day for 7 days, oral) did not substantially influ-
ence NO production and phagocytosis by LPS-stimulated 
peritoneal exudate cells (PECs) extracted from the mice. In 
addition, the antibacterial function of PECs was not affected, 
although NO production was somewhat decreased.

Twenty-four healthy men received 4.5 mL/day of stand-
ardised alcoholic extract of E. purpurea root (equivalent to 
1 mg each of chicoric acid and alkylamides per day) or pla-
cebo for 5 days. A maximum stimulation of granulocyte 
phagocytosis was observed on the fifth day at 120% of the 
starting value. The rate of immune stimulation was much 
higher than that observed for administration by intramuscu-
lar injection.68

This study has been widely misinterpreted as demonstrat-
ing that Echinacea causes immune system tachyphylaxis if 
taken for more than a few days. A cursory examination of the 
figures published in this paper might lead to the conclusion 
that the use of Echinacea for more than a few days depletes 
the phagocytic response. However, this would be a misin-
terpretation of the results. The arrows at the bottom of the 
figures indicated the application of the test dose, which was 
administered for only the first 5 days. While the Echinacea 
was given, phagocytic activity remained high. Only when the 
Echinacea was stopped did the phagocytic activity decline to 
normal levels, a typical washout effect.

So the study in fact demonstrated the following:
l	 Phagocytic activity remained higher than normal while 

Echinacea was given.
l	 Oral doses of Echinacea stimulated phagocytic activity 

more than injected doses.
l	 When Echinacea was stopped, phagocytic activity remained 

well above normal for a few days, indicating that, far from 
causing depletion, there was a residual stimulating effect 
when Echinacea was stopped.

l	 Phagocytic activity only returned to normal, that is there 
was no depleting effect, when activity dropped to less than 
normal.

In terms of other probable misconceptions from the 
Echinacea research, immune-enhancing activity has been 
demonstrated for Echinacea polysaccharides in vitro.69–72 
However, these results may not be translatable to effects 
in a living organism after oral administration because of the 
gastrointestinal breakdown, poor absorption and poor tissue 
mobility of the large polysaccharides. As noted previously, 
polysaccharides are probably not present in pharmacologi-
cally significant quantities in Echinacea preparations and are 
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not absorbed in levels sufficient to achieve the concentrations 
used for in vitro studies.

In the only clinical trial to date on Echinacea polysaccha-
rides, they were administered by injection because of the 
uncertainties over their oral bioavailability. If the trial scien-
tists had believed that the polysaccharides were orally active, 
then they would certainly have administered them by this 
simpler way. In this open, prospective study with matched 
historical controls, a polysaccharide fraction isolated from 
E. purpurea cell cultures was tested to see if it could counter 
the undesired side effects of cancer chemotherapy.73 Fifteen 
patients with advanced gastric cancer undergoing palliative 
chemotherapy with a range of cytotoxic drugs also received 
daily intravenous injections of 2 mg of a polysaccharide frac-
tion from Echinacea. While the polysaccharide treatment did 
appear to increase white cell counts, there were no clinically 
relevant effects on phagocytic activity or lymphocyte subpop-
ulations. The authors suggested that this form of treatment 
should be investigated in further studies.

Interestingly, there is a new voice in the Echinacea poly-
saccharide debate. An LPS-free preparation of a commercial 
aqueous extract of E. angustifolia has demonstrated immune 
activity in vitro and in vivo.74–76 For example, it reduced 
Candida albicans-induced mortality in both normal and in 
cyclosporine-A-treated mice.76 This polysaccharide-targeted 
extract is being marketed as having superior immune activity 
to the traditional lipophilic extracts of E. angustifolia because 
it contains only low levels of alkylamides, which are being rep-
resented as inhibiting T cell function. Such assertions would 
be best supported by human data.

Excessive extrapolations of the early pharmacological 
research, especially the in vitro studies on Echinacea poly-
saccharides, have led to unsupported statements concern-
ing the immunological activity of Echinacea. These include 
that Echinacea is mitogenic to T lymphocytes, that ethanolic 
extracts of Echinacea are ineffective, that Echinacea will 
accelerate pathology in HIV/AIDS and that Echinacea will 
aggravate asthma.77

Cannabinoid receptor activity
A significant discovery, first presented at the International 
Congress on Natural Products 2004, was the observation 
by two separate research teams that the immune effects of 
Echinacea may be mediated by the interaction of Echinacea 
alkylamides with cannabinoid receptors. Two papers were 
presented on this topic. A Swiss research team found that an 
in vitro immunomodulating effect of a lipophilic E. purpu-
rea extract (and individual alkylamides) on monocytes/mac-
rophages could be neutralised by the presence of agents that 
block CB2 cannabinoid receptors.78 Bauer, in collaboration 
with US scientists, found that alkylamides from E. angustifo-
lia bound to both CB1 and CB2 cannabinoid receptors.79 In 
particular, certain alkylamides exhibited selectivity for CB2 
receptors. The most potent binding to CB2 receptors (bind-
ing as strongly as THC from Cannabis) was exhibited by a 
monoene alkylamide found only in E. angustifolia (tetradeca-
2E-ene-10,12-diynoic acid isobutylamide).80

CB1 receptors are highly localised in the central nervous sys-
tem (CNS) and are believed to primarily modulate behaviour, 

while CB2 receptors predominate in immune tissues outside 
the CNS, especially in the spleen, and are believed to modu-
late immune function.81 Cannabinoid receptors are remarkably 
preserved across the animal kingdom, which suggests they play 
an important developmental and physiological role.82,83 Much 
of the immune activity of the cannabinoid system appears to 
be mediated by the cytokine network. Cytokines include the 
interleukins (IL-3, IL-6, etc.), TNF-alpha and the interferons. 
Both receptors mediate analgesic effects and CB2 effects can 
be mainly classed as anti-inflammatory.

The Swiss team mentioned above followed on from 
this ground-breaking research and confirmed that certain 
Echinacea alkylamides bind strongly to CB2 receptors.84 In 
addition they have found that alkylamides exert additional 
effects on immune cells that are independent of CB2.84 Their 
research has been particularly insightful into one aspect of 
the mode of action of Echinacea alkylamides.85 A lipophilic 
extract of E. purpurea strongly stimulated TNF-alpha mRNA 
synthesis in peripheral monocytes, but not TNF-alpha protein 
production. In other words, the Echinacea-induced new TNF-
alpha transcripts (mRNA) were not translated into TNF-alpha 
itself. When monocytes were treated with LPS (lipopolysac-
charide or endotoxin, a powerful stimulator of the immune 
system), TNF-alpha protein production was substantially 
increased. However, co-incubation of monocytes with LPS 
and Echinacea extract resulted in a strong inhibition of this 
effect of LPS. Investigation over a longer time-span revealed 
that the lipophilic Echinacea extract, via interaction with CB2 
receptors, modulated and prolonged TNF-alpha production 
following immune stimulation. The results of this study sug-
gest that Echinacea acted more as a modulator or facilitator of 
the immune response than as an immune stimulant. In resting 
monocytes it prepared them for a quicker immune response 
by inducing TNF-alpha mRNA. However, in overstimulated 
monocytes (as in the case of LPS) it first reduced and then 
extended their response in terms of TNF-alpha production. In 
particular, these key findings challenge the concept that tradi-
tional Echinacea extracts will ‘overstimulate and wear out’ the 
immune system if taken continuously.

One point worth emphasising is that the strong binding 
(and partial agonist effects) of certain Echinacea alkylamides 
at CB2 receptors is not shared by alkylamides from other 
plant species. As well as the monoene mentioned above, the 
tetraene alkylamides from both E. purpurea and E. angusti-
folia, especially the ZZ isomer, also bind strongly to the CB2 
receptor.86 The binding of both synthetic and natural alkyla-
mides to type 1 and 2 CB receptors was investigated in vitro.87 
Naturally occurring alkylamides from herbs such as maca 
(Lepidium meyenii) and Spilanthes spp. showed a poor affin-
ity for both CB1 and CB2 receptors. In contrast, the above 
alkylamides from E. angustifolia and E. purpurea bound more 
strongly to CB2 receptors than the endogenous cannabinoid 
anandamide.84 Anandamide binds strongly to CB1 (as strongly 
as THC from Cannabis), whereas the Echinacea alkylamides 
only have a weak affinity for CB1 receptors (but perhaps suf-
ficient to promote the sense of well-being that many patients 
report after taking Echinacea consistently).

An ethanolic root and herb extract of E. purpurea pro-
duced synergistic pharmacological effects at the CB2 
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receptor.88 In particular, superadditive effects of alkylamide 
combinations were seen at the level of intracellular calcium 
release as a consequence of CB2 receptor activation.

A review of fatty acid amides and the human endocan-
nabinoid system noted that alkylamides also partially inhibit 
the action of fatty acid amide hydrolase (FAAH), which con-
trols the breakdown of endocannabinoids.89 Hence they could 
exert also indirect agonistic effects at CB2 receptors. The 
CB2 receptor binding of alkylamides and their FAAH inhibi-
tion do not correlate.

An alkylamide from E. angustifolia that lacked affinity for 
the CB2 receptor inhibited IL-2 secretion in T cells through 
activation of PPARgamma, suggesting that cytokine modula-
tion by alkylamides is not due just to CB2 effects.90

Antiviral activity
Given the immune system attacks viruses, there is a degree of 
overlap between the antiviral and immune system activities of 
Echinacea root. In fact, it is most likely that any direct effects 
of Echinacea root on disabling viruses are relatively modest.

In early research, chicoric acid demonstrated antiviral 
activity against vesicular stomatitis viruses in vitro.91 Later 
chicoric acid was found to inhibit HIV-1 integration into a 
host chromosome and was a non-competitive, but reversible, 
inhibitor of HIV-1 integrase in vitro.92 Purified root extracts 
from the three Echinacea species demonstrated antiviral 
activity towards herpes simplex virus (HSV) and influenza 
virus in vitro. An indirect antiviral effect was also observed via 
stimulation of alpha- and beta-interferon production.93

Extracts of eight species of Echinacea were found to have 
antiviral activity against HSV-1 in vitro when exposed to vis-
ible and UV light.94 n-Hexane extracts of roots containing 
alkylamides and alkenes were more active than ethyl acetate 
extracts containing caffeic acids. Potent inhibitors included 
chicoric acid (MIC 45 μg/mL) and E. purpurea root n-hexane 
extract (MIC 120 μg/mL).

Interferons are cytokines that limit viral replication. The 
influence of Echinacea root extracts on virus-induced cell 
death and interferon secretion was investigated using HSV 
infection in murine macrophages.95 Cells incubated with 
extracts prior to infection showed very modest enhance-
ment of viability, and no increase in the secretion of interfer-
ons alpha or beta compared with control cells. Virus-infected 
macrophages treated with extracts from E. purpurea showed 
a small (<2-fold) induction of guanylate binding protein pro-
duction, but no effect of extracts from other species was 
observed. In virus-infected cells, all the extracts increased 
the amount of inducible nitric oxide synthase (iNOS) pro-
tein, and this effect varied by type of extraction preparation. 
Together, these results suggested that any potential antiviral 
activities of Echinacea root extracts are likely not mediated 
through large inductions of interferon, but may involve iNOS.

Anti-inflammatory and wound-healing activity
In early research an anti-inflammatory effect was observed 
after the topical application of a crude polysaccharide frac-
tion from E. angustifolia roots in the croton oil mouse ear 
test.96 Topical application of an extract of E. angustifolia root 

inhibited oedema in the croton oil mouse ear test both at the 
maximum (6 h) and in the decreasing phase (18 h). Echinacea 
was more potent than the topical NSAID benzydamine.97 
Alkylamides from Echinacea demonstrated inhibitory activity 
against cyclo-oxygenase (COX) and 5-lipoxygenase (LOX) in 
vitro. The structure of the alkylamide determined the degree 
of activity, and most alkylamides were more active on COX-1 
than COX-2.98,99

Alkylamides isolated from E. angustifolia root also inhib-
ited COX-2-dependent prostaglandin E2 (PGE2) formation in 
vitro in human neuroglioma cells, but did not inhibit COX-2 
expression at the transcriptional or translational level.100 
Extracts of the roots from four of six Echinacea species at 
15 μg/mL inhibited PGE2 production by macrophages.101 
Synergy between alkylamides was suggested to be largely 
responsible. Ketones from Echinacea were also found to con-
tribute to this activity.102

See also under Immunomodulating activity above for addi-
tional studies demonstrating anti-inflammatory effects for 
Echinacea root and its components.

Antimicrobial activity
In early research echinacoside demonstrated weak anti
microbial activity against Staphylococcus aureus in vitro.103 
Polyacetylenes from E. angustifolia and E. purpurea root also 
demonstrated bacteriostatic and fungistatic activity against 
Escherichia coli and Pseudomonas aeruginosa.17 E. angusti-
folia extract showed weak inhibitory activity in vitro against 
Trichomonas vaginalis104 and E. purpurea extract inhibited the 
growth of Epidermophyton interdigitale in vitro.105

Results from an in vitro study suggest that any antifungal 
activity of E. purpurea root extract could be the result of dis-
ruption of the fungal cell wall.106 Both lipophilic and hydro-
philic extracts of Echinacea (including a lipophilic extract of 
E. angustifolia root) exhibited dose-dependent antileishma-
nial and trypanocidal activities in vitro.107 Differences in anti-
adhesion activity against Campylobacter jejuni in vitro were 
found for the two main Echinacea species, with E. purpurea 
root displaying higher activity than E. angustifolia root.108

Other effects
Caffeic acid esters obtained from E. angustifolia root dem-
onstrated antihyaluronidase activity in vitro.109 The possible 
antihyaluronidase activity may help increase the resistance 
of tissue to the spread of certain infections and, in conjunc-
tion with the increased presence of fibroblasts, facilitate con-
nective tissue regeneration. This effect would most likely be 
observed for topical application of Echinacea preparations.

Caffeic acid esters protected collagen from free radi-
cal damage in vitro. The protection occurred via a scaveng-
ing effect on reactive oxygen species. The authors concluded 
that topical Echinacea preparations may be useful in the 
prevention or treatment of photodamage of the skin by UV 
radiation.110

A synergistic antioxidant effect on human low-density lipo-
protein was demonstrated in vitro for alkylamides, caffeic 
acid derivatives and polysaccharide fractions from E. purpurea 
root.111
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Young rats were fed E. purpurea root extract (50 mg/kg) 
for 30 and 60 days.112 Assessment of prostate glands indicated 
a decrease in prostate weight and an increase in tissue lym-
phocytes. Results were more marked after 60 days of treat-
ment. The same research group followed up these findings 
using an experiment rat model of benign prostatic hyperplasia 
(BPH).113 Using the same dose and treatment times as above, 
E. purpurea root extract progressively reduced prostate size 
and degenerative changes.

The anxiolytic activities of five different Echinacea prepa-
rations were investigated in mice.114 Most consistently effec-
tive was a lipophilic extract of E. purpurea root, active at oral 
doses of 4 mg/kg. The authors described its anxiolytic poten-
tial as ‘considerable’.

Splenic lymphocytes from mice treated with E. purpurea 
root extract and Hypericum perforatum herb extract (both at 
30 and 100 mg/kg/day for 14 days, oral) were shown to be 
significantly more resistant to apoptosis.115

Hexane extracts of Echinacea root demonstrated cyto-
toxic activity against human pancreatic and colon cancer cells  
in vitro.116 E. pallida was the most active, with the polyacety-
lenes exhibiting a significant portion of such activity.117

Pharmacokinetics
Using the Caco-2 monolayer as an in vitro model of intesti-
nal permeability, the tetraene alkylamides demonstrated rapid 
passive diffusion across this artificial membrane.118 A later 
study using the Caco-2 monolayer confirmed the ready per-
meability of both diene and monoene Echinacea alkylamides 
and also found that caffeic acid derivatives (caffeoylquin-
ics) such as chicoric acid and echinacoside exhibited poor 
permeability.119

Alkylamides have also exhibited significant bioavailabil-
ity in vivo. The tetraene alkylamides exhibited rapid absorp-
tion after a single oral dose in rats (2.5 mg/kg) and appeared 
in the brain within 8 minutes.120 The Cmax in plasma was 
26.4 ng/mL, while the Cmax in different brain regions varied 
between 33.8 and 46.0 ng/mL. This provides clear evidence 
that Echinacea alkylamides cross the blood-brain barrier. 
A study in rats found that the absolute bioavailability of a 
tetraene alkylamide was 29.2%, which was increased to 47.1% 
by administration as part of a 60% ethanol E. purpurea root 
extract.121 However, the administration of the Echinacea 
extract had no impact on the Cmax of the alkylamide, instead 
increasing blood exposure by prolonging half-life.

The majority of the pharmacokinetic studies on Echinacea, 
however, have been human trials. The first trial dates from 
Germany in 2001, where a tetraene alkylamide was detected 
in the blood of a single healthy volunteer after a 65 mL dose 
of a concentrated E. purpurea mother tincture.122 Two more 
comprehensive studies were published close together in 2005. 
The first, a follow-up from the German study, used a single 
2.5 mL dose of a 60% ethanol E. angustifolia root extract 
in 11 healthy volunteers.123 The maximum concentration 
reached by the tetraene alkylamides was 10.9 ng/mL and 
occurred after 30 minutes. The second study was Australian 
and examined the pharmacokinetics in nine healthy vol-
unteers of a single dose of a tablet preparation containing 

lipophilic extracts of E. purpurea and E. angustifolia.124 
Caffeic acid conjugates could not be identified in any plasma 
sample at any time after tablet ingestion. Alkylamides were 
rapidly absorbed and remained detectable for up to 12 h. 
Tmax occurred at 2 to 3 h and Cmax was 336 ng/mL for the 
sum of alkylamides. There was no difference observed in 
alkylamide absorption between fasted volunteers and those 
who consumed a high fat breakfast prior to intake. Another 
study by the German team using a different preparation 
administered as a single dose to eight healthy volunteers 
found considerably lower Cmax values for alkylamides, prob-
ably as a reflection of the lower doses given.125

Another pharmacokinetic study from the Australian team 
compared the relative bioavailabilities of single doses of a 
tablet and a liquid preparation of E. purpurea and E. angus-
tifolia extracts delivering the same dose of alkylamides.126 
Alkylamides were rapidly absorbed from both preparations, 
with no quantitative difference between the two. Tmax 
increased from 20 minutes for the liquid to 30 minutes for 
the tablet. The same team also investigated pharmacokinetic 
parameters following repeated doses of the Echinacea tab-
lets (two tablets twice a day for 14 days) in six healthy vol-
unteers.127 There was no evidence for either the induction or 
inhibition of alkylamide metabolism, as evidenced by a con-
sistent elimination half-life of around 1.5 h and similar Cmax 
values (of around 100 ng/mL) at the beginning and the end of 
the trial.

The relative bioavailability of the major alkylamides, the 
dodeca-2E,4E,8Z,10E/Z-tetraenoic acid isobutylamides, 
from E. purpurea root lozenges at three different dosage lev-
els (0.07, 0.21 and 0.9 mg) was evaluated in a human phar-
macokinetic study.128 Alkylamides were found to be rapidly 
absorbed and measurable in plasma 10 minutes after admin-
istration of 0.21 and 0.9 mg via the lozenges and remained 
detectable for more than 3 h for the latter. Results of phar-
macokinetic analysis revealed that a Cmax of 8.88 ng/mL was 
reached at 19 minutes with the 0.9 mg lozenges. Other results 
suggested that a fraction of the alkylamides was directly 
absorbed through the oral mucosa.

Following their initial pharmacokinetic study indicat-
ing a substantial first-pass metabolism of alkylamides, the 
Australian group investigated the in vitro hepatic metabolism 
of these compounds using human liver microsomes.129 No 
significant degradation of alkylamides was evident in cyto-
solic fractions. Time- and NADPH-dependent degradation of 
alkylamides was observed in microsomal fractions, suggesting 
they are metabolised by cytochrome P450 enzymes in human 
liver. There was a difference in the susceptibility of monoene 
and diene pure synthetic alkylamides to microsomal degra-
dation, with (2E)-N-isobutylundeca-2-ene-8,10-diynamide 
(compound 1, a monoene) metabolised to only one-tenth 
the extent of the diene (2E,4E,8Z,10Z)-N-isobutyldodeca-
2,4,8,10-tetraenamide (compound 2) under identical incuba-
tion conditions. Markedly less degradation of the diene was 
evident in the mixture of alkylamides present in an ethanolic 
Echinacea extract, suggesting that metabolism by liver P450s 
was dependent both on their chemistry and the combina-
tion present in the incubation. Co-incubation of compound 
1 with 2 at equimolar concentrations resulted in a significant 
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decrease in the metabolism of compound 2 by liver micro-
somes. This inhibition of metabolism by the monoene, which 
has a terminal alkyne moiety, was found to be time- and con-
centration-dependent, and due to a mechanism-based inacti-
vation of the P450s involved. Alkylamide metabolites were 
detected and found to be the predicted epoxidation, hydroxy-
lation and dealkylation products. The monoene alkylamides 
are predominant in E. angustifolia root.

Hence, put in simple language, the bioavailability of alky
lamides in E. angustifolia root can be expected to be better 
than for E. purpurea root because of reduced first-pass hepatic 
metabolism. Moreover, a combination of E. angustifolia with 
E. purpurea could be expected to improve the bioavailability 
of the E. purpurea alkylamides.

Further metabolic studies evaluated the human cytochrome 
P450 enzymes involved in the metabolism of an alkylamide 
mixture using recombinant P450s, human liver microsomes 
and a pure synthetic compound.130 Epoxidation, N-dealkylation 
and hydroxylation products were detected, with different rela-
tive amounts produced by recombinant P450s and microsomes. 
The major isoforms showing activity toward the metabolism of 
N-isobutyldodeca-2E,4E,8Z,10Z-tetraenamide were CYP1A1, 
CYP1A2 (both producing the same epoxide and N-dealkylation 
product), CYP2A13 (producing two epoxides) and CYP2D6 
(producing two epoxides and a hydroxylated metabolite). 
Several other forms showed less activity. In incubations with 
human liver microsomes and selective inhibitors, CYP2E1 was 
found to be principally responsible for producing the dominant, 
hydroxylation product, whereas CYP2C9 was the principal 
source of the epoxides and CYP1A2 was responsible for the 
dealkylation product.

Clinical trials

Treatment of upper respiratory tract infections
There are relatively few clinical trials of Echinacea root in the 
treatment of acute respiratory infections and the results of 
such trials are mixed. Acute viral respiratory infections were 
certainly not the mainstay of the traditional use of Echinacea 
root by the Eclectic physicians. This common conception (or 
perhaps misconception) of the role of Echinacea has developed 
in modern times, probably as an extrapolation of its immune 
system reputation and driven by companies wishing to exploit 
a ready over-the-counter sale. Such a popular use of Echinacea 
also fitted in well with the ill-advised notion that the herb 
could only be taken for a few days at a time. In fact, the clinical 
trial evidence is considerably more supportive of the value of 
Andrographis in the treatment of colds and mild influenza (see 
the Andrographis monograph).

However, it should be noted that several trials (both posi-
tive and negative) have been excluded from this monograph 
because they used the aerial parts, sometimes in combina-
tion with the root. One exception is a Canadian product from  
E. purpurea that may include aerial parts (see below). This 
was included because its phytochemical profile resembles one 
that could be achieved from the root alone.

The issue of the use of differing plant parts, with their sub-
stantially different phytochemical profiles, calls into question 

the value of most published systematic reviews and meta-
analyses of Echinacea trials for the treatment of respiratory 
infections, including the Cochrane review.131 In other words, 
the heterogeneity of the different treatments works against 
any meaningful analysis.

In an early randomised, double blind, placebo-controlled 
trial, 180 patients with upper respiratory tract infections 
received the equivalent of 1800 mg/day or 900 mg/day of 
E. purpurea root as a tincture, or a placebo. Patients receiv-
ing the high dose experienced significant relief of symptoms. 
Patients receiving the lower dose were not significantly dif-
ferent from the control.132 (Based on this trial result, the 
therapeutic dose for a 1:5 tincture of E. purpurea root would 
therefore begin at 9 mL/day during an infection.)

The Canadian product mentioned above has been assessed 
in two clinical trials. This is a liquid formulation prepared 
from ‘various parts’ of freshly harvested E. purpurea and con-
tains 0.25, 2.5 and 25 mg/mL respectively of alkylamides, 
chicoric acid and polysaccharides. (No information was pro-
vided on how the ‘polysaccharides’ were measured. However, 
since the liquid was formulated in 40% ethanol the presence 
of true polysaccharides is questionable.) In the first trial, 282 
people were randomly assigned to Echinacea or placebo using 
a double blind design.133 At the onset of the first symptom 
related to a cold they took 10 doses on the first day (4 mL 
each) and four doses per day thereafter for 6 days. A total of 
128 participants contracted a common cold (59 Echinacea, 
69 placebo) and the total daily symptom scores were 23.1% 
lower in the Echinacea group (p<0.01). However, Echinacea 
did not impact the duration of symptoms. The herbal treat-
ment was well tolerated.

In the second double blind, placebo-controlled trial, 150 
volunteers were recruited and randomised. Of these, 62 
participants (26 Echinacea, 36 placebo) contracted a com-
mon cold and completed the study.134 The timing and doses 
were similar to above, with eight doses on the first day (5 mL 
each) and three doses per day thereafter for 6 days. A mod-
est decrease in daily symptoms was more evident in the 
Echinacea group (p<0.05) and Echinacea use was associated 
with a significant and sustained increase in circulating white 
blood cells, monocytes, neutrophils and NK cells.

In a well-designed trial involving 719 patients, a combi-
nation of E. purpurea and E. angustifolia roots standardised 
to 4.2 mg alkylamides per tablet did not substantially alter 
the course of the common cold.135 Patients were assigned 
to one of four parallel groups: no tablets, placebo tablets 
(blinded), Echinacea tablets (blinded), or Echinacea tab-
lets (unblinded, open label). Echinacea groups received the 
equivalent of 10.2 g of dried Echinacea root during the first 
24 hours and 5.1 g during each of the next 4 days. The pri-
mary outcome was the area under the curve for global sever-
ity, with severity assessed twice daily by self-report using the 
Wisconsin Upper Respiratory Symptom Survey (WURSS), 
short version. Secondary outcomes included IL-8 levels and 
neutrophil counts from nasal wash, assessed at intake and  
2 days later.

Of the 719 patients enrolled, 713 completed the protocol. 
Mean global severity was 236 and 258 for the blinded and 
unblinded Echinacea groups, respectively; 264 for the blinded 
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placebo group; and 286 for the no-pill group. A comparison of 
the two blinded groups showed a 28-point trend (95% CI, –69 
to 13 points) toward benefit for Echinacea (p=0.089). Mean 
illness duration in the blinded and unblinded Echinacea groups 
was 6.34 and 6.76 days, respectively, compared with 6.87 
days in the blinded placebo group and 7.03 days in the no-pill 
group. A comparison of the blinded groups showed a nonsignif-
icant 0.53-day (C1, –1.25 to 0.19 days) benefit for the herbal 
treatment (p=0.075). Median change in IL-8 levels and neu-
trophil counts were also not statistically significant.

In a randomised, double blind, controlled trial, a total of 
154 patients (133 analysed in the per protocol collective) 
with acute sore throat present for not more than 72 hours 
were included in the study. They used either an Echinacea/
sage spray or a chlorhexidine/lidocaine spray with two puffs 
every 2 hours, in a double-dummy blinded manner, up to 10 
times daily until they were symptom-free, for a maximum of 
5 days. The main outcome measure was the comparison of 
response rates during the first 3 days. A response was defined 
as a decrease of at least 50% of the total symptoms compared 
to baseline. The Echinacea/sage treatment exhibited similar 
efficacy to the chlorhexidine/lidocaine treatment in reducing 
sore throat symptoms during the first 3 days. Response rates 
after 3 days were 63.8% in the Echinacea/sage group and 
57.8% in the chlorhexidine/lidocaine group. For all secondary 
parameters, such as time to becoming symptom free, throat 
pain, and global assessments of efficacy by the physician and 
patient, no difference between the two treatments was seen. 
They were both very well tolerated.136

Infection prevention
Given the difficulties involved in undertaking infection pre-
vention studies, the data on Echinacea root in this regard are 
reasonably good (especially if the experimental rhinovirus 
study is excluded). This is certainly consistent with the clin-
ical experience of the authors (see also Chapter 8). In fact, 
the main value of Echinacea root probably lies in its capacity 
to prevent acute infections and resolve subacute or chronic 
infections, rather than to alter the course of short acute infec-
tions such as the common cold (where the immune system is 
probably functioning at its maximum anyway).

The safety and efficacy of two root extracts of Echinacea  
(E. purpurea or E. angustifolia) for preventing upper respiratory 
tract infections were assessed in a three-armed, randomised, 
double blind, placebo-controlled trial involving 302 healthy vol-
unteers over 12 weeks.137 Although there was a numerical ten-
dency towards a lower infection rate in both Echinacea groups, 
statistical significance was not achieved. Participants in the treat-
ment groups believed they had more benefit from Echinacea 
than those in the placebo group (p=0.04). Adverse effects 
reports were 18 for E. angustifolia, 10 for E. purpurea and 11 
for placebo. One problem with this trial was the relatively low 
doses of Echinacea used (about 200 mg of dried root per day).

Three preparations with distinct phytochemical pro-
files were produced by extraction of E. angustifolia roots 
with supercritical carbon dioxide, 60% ethanol or 20% etha-
nol.138 A total of 437 volunteers were randomly assigned to 
receive either prophylaxis (beginning 7 days before the virus 

challenge) or treatment (beginning at the time of the chal-
lenge) either with one of these preparations or with placebo. 
The results for 399 volunteers who were challenged with rhi-
novirus type 39 and observed in a sequestered setting for 5 
days were included in the data analysis.

There were no statistically significant effects of any of 
the three Echinacea extracts on rates of infection or sever-
ity of symptoms. Similarly, there were no significant effects 
of treatment on the volume of nasal secretions, on poly-
morphonuclear leukocyte or IL-8 concentrations in nasal-
lavage specimens or on quantitative virus titre. The dose of  
E. angustifolia root used was 900 mg/day and the dose was 
not adjusted for the acute infection phase of the study. This is 
a relatively low dose for either prevention or treatment.

In an unpublished study presented by the late Dr 
Anna Macintosh at the 1999 Convention of the American 
Association of Naturopathic Physicians, an Echinacea root 
formulation was compared against a herbal adaptogenic for-
mulation and a placebo in the prevention of winter colds over 
a 90-day period.139 The trial recruited 260 medical students 
who were under stress from their studies. The placebo group 
averaged an infection rate of 10%, whereas this dropped to as 
low as 2% by day 70 (p=0.013) in the Echinacea group. The 
daily dose of Echinacea root was 1.7 or 3.5 g (two doses were 
consecutively trialled in the study).

A randomised, double blind placebo-controlled clinical trial 
was undertaken with 175 participants travelling return from 
Australia to America, Europe or Africa for a period of 1 to 5 
weeks on commercial flights via economy class.140 Participants 
were administered E. purpurea and E. angustifolia extract tab-
lets (containing the equivalent of 1.275 g of root and stand-
ardised to 4.4 mg/tablet alkylamides) or placebo tablets, and 
trial dosing consisted of three protocols (priming, travel and 
sick), depending on the phase of travel of the participants 
and their health status. The priming dose was two tablets/
day, travel dose four tablets/day and the dose when ill was six 
tablets/day.

Outcomes were assessed using questions about upper 
respiratory symptoms related to quality of life (based on 
WURSS-44). Each participant completed the survey before 
travel (baseline), less than 1 week after travel (return) and 
at 4 weeks after return from travel (follow-up). Compared 
with baseline, the average WURSS-44 scores for both groups 
increased immediately after travel (return) (p<0.0005). 
However, the placebo group had a significantly higher aver-
age WURSS-44 score (around double) compared with the 
Echinacea group (p=0.05). WURSS-44 scores tended to 
return to baseline levels for both groups at the 4-week follow-
up. Hence, supplementation with Echinacea, if taken before 
and during travel, appears to have a protective effect against 
the development of respiratory symptoms during travel peri-
ods associated with long haul flights.

Other immunological effects
Two open label pilot studies using four healthy volunteers 
found that E. purpurea root (0.93 g/day for 7 days) signifi-
cantly increased CD25 and CD69 expression on T cells.141,142 
These results suggest a possible activation and regulation of T 
cell function.
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In an open label pilot trial, 11 healthy volunteers were eval-
uated at baseline (day 1) and on day 15 after consuming two 
Echinacea root tablets per day (containing 1.275 g of  E. pur-
purea and E. angustifolia root, standardised to 4.4 mg alkyla-
mides per tablet) for 14 days.143 Echinacea root enhanced 
the increase in leucocyte heat shock protein (hsp70) expres-
sion after mild heat shock (p=0.029). White cell counts 
were mildly increased (p=0.043) and there was a preventa-
tive effect against free radical induced erythrocyte haemolysis 
(p=0.006), indicative of a clinical antioxidant effect.

A follow-up open label trial in 24 healthy volunteers con-
ducted by the same research team used the same design, 
except the Echinacea root dose was twice the above.144 While 
Echinacea did not significantly change basal hsp70 expression 
in lymphocytes, it increased CD4, CD8 and NK cell stress-
induced hsp70 expression. The effect was most marked in 
NK cells (p<0.05). The authors suggested, since the dif-
ferences were most evident when cells were exposed to a 
stressor (mild heat shock), that this implies that Echinacea 
root may play a role in activating the immune system when 
the body encounters a challenge such as a virus.

Idiopathic autoimmune uveitis is usually treated by oral 
corticosteroids. It is an inflammation of part or all of the 
uvea, the middle (vascular) tunic of the eye, although it also 
commonly involves the sclera, cornea and the retina. On the 
basis of the known interaction of Echinacea alkylamides with 
cannabinoid CB2 receptors, which implies immunomodulat-
ing and anti-inflammatory activities, a group of Italian cli-
nicians investigated the safety and efficacy of E. purpurea 
(plant part not specified) in this autoimmune disease.145 
Fifty-one patients with low-grade autoimmune uveitis were 
treated with conventional therapy, including oral prednisone. 
In addition, 32 of these patients were given Echinacea 
as an add-on therapy. At the last follow-up, which was 9 
months later, 87.5% of patients receiving Echinacea were 
in clinical remission compared with 82.3% of the control 
group. However, steroid-off time was significantly higher 
in the Echinacea group (indicating that patients receiv-
ing Echinacea needed less prednisone to induce remission). 
The authors concluded that the oral intake of Echinacea 
appeared safe and effective in the control of low-grade 
autoimmune uveitis. No patient showed any side effects or 
aggravation from the use of Echinacea for their autoimmune 
disease.

In the study of Echinacea lozenges in six healthy volunteers 
cited in the Pharmacokinetics section, inflammatory cytokine 
levels in collected plasma samples were downregulated 24 h 
after lozenge administration.128

Toxicology and other safety data

Toxicology
The acute toxicity of an E. purpurea root extract has been 
determined at a level of more than 3000 mg/kg in mice.146 
Male rats given E. purpurea root extract (50 mg/kg) for 4 or 
8 weeks exhibited a reduction in testicular mass after 8 weeks 
as well as changes in histological structure.147

Contraindications
Long-term use of Echinacea root is contraindicated in patients 
taking immunosuppressant medication (for example trans-
plant patients). Short-term therapy only is suggested in this 
instance.

The German Commission E Monograph states that, in 
principle Echinacea should not be used in ‘progressive condi-
tions’ such as tuberculosis, leukaemia, collagen disorders, mul-
tiple sclerosis, AIDS, HIV infection and other autoimmune 
disease.148 However, the key words here are ‘in principle’. 
There are no clinical studies or case reports that credibly doc-
ument any adverse effect resulting from Echinacea use in any 
of these conditions. Other authoritative sources do not sup-
port these restrictions.149,150 In fact, their suggestion of use of 
Echinacea in infection prophylaxis implies long-term use.

A 1999 publication suggested that Echinacea is not ben-
eficial for the immune systems of people living with HIV.151 
The basis for this recommendation appears to be extrapo-
lated from the results of an in vitro study in which incuba-
tion with fresh expressed juice of E. purpurea stimulated 
the production of cytokines from human peripheral blood 
macrophages.152 Seven other in vitro and two in vivo stud-
ies also reported stimulation of cytokines after application 
of Echinacea. However, six of the seven in vitro studies used 
either purified polysaccharides or extracts containing gly-
coproteins and polysaccharides; these same extracts were 
administered by intravenous injection to mice in the in vivo 
studies.152–154 How the results of such studies relate to oral 
use of Echinacea is not known, particularly since the poly-
saccharides and glycoproteins may not be bioavailable. 
Echinacea root and alkylamides tend to reduce cytokine 
production in stimulated immune cells in vitro (see under 
Pharmacodynamics).

The above in vitro research may have triggered the con-
cern expressed in a 1997 article published in the Australian 
Medical Observer which cautioned that Echinacea is a danger 
to asthmatic patients.155 There is currently no sound evidence 
to suggest that Echinacea root cannot be used for the treat-
ment of HIV, or that it should be used with caution in asthma.

The suggestion that Echinacea root is contraindicated in 
autoimmune disease assumes that any enhancement of any 
aspect of immune function is detrimental for these dis-
orders. There is growing evidence that an inappropriate 
response to infectious microorganisms, through phenomena 
such as molecular mimicry, may be a factor in the patho-
genesis of autoimmune disorders. If so, Echinacea root may 
be beneficial in these disorders because it may decrease the 
chronic presence of microorganisms. There are many herbal 
clinicians who routinely prescribe Echinacea root in auto-
immune disease without apparent adverse effects in their 
patients.

Special warnings and precautions
Allergic reactions, mainly contact dermatitis, may occur rarely 
in susceptible patients sensitised to Echinacea aerial parts 
and to plants from the Compositae family. The likelihood of 
Echinacea root preparations causing allergy is low.
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There is no sound evidence that it is detrimental to use 
Echinacea root for long periods. Indications listed in tradi-
tional sources (such as prophylaxis and treatment of chronic 
infections) suggest long-term usage is warranted.149,150 A ran-
domised, double blind, placebo-controlled trial investigating the 
efficacy of two herbal formulas in preventing the common cold 
in highly stressed medical students over a period of 15 weeks 
also found E. angustifolia root and E. purpurea root blend to be 
effective and well-tolerated (see under Clinical trials).

There is no evidence to suggest that Echinacea causes 
immune system tachyphylaxis. In a clinical study the oral 
administration of E. purpurea root tincture over a 5-day 
period increased phagocytic activity compared with con-
trols.156 Only when the Echinacea was stopped did phagocytic 
activity decline to normal (pre-test) values, demonstrating a 
typical washout effect (see above).

Interactions
Echinacea should not be prescribed long term with immuno-
suppressant medication as it may decrease the effectiveness of 
the drug. This is a theoretical concern based on the immune-
enhancing activity of Echinacea. No case reports of this inter-
action have been published.

A 2008 review located eight papers containing primary 
data relating to potential drug interactions for Echinacea 
(mainly E. purpurea).157 Four of these papers included stud-
ies on Echinacea root. The authors of the review suggested 
that herbal products made from E. purpurea appear to have a 
low potential to generate cytochrome P450 (CYP 450)-medi-
ated herb-drug interactions, including effects on CYP1A2 
and CYP3A4. Studies published subsequent to this review 
noted no significant effects in human volunteers of an E. 
purpurea product high in alkylamides on CYP2D6158 and 
P-glycoprotein.159

A 2009 in vitro study confirmed that Echinacea and selected 
alkylamides did not induce CPY3A4 mRNA expression in 
vitro.160 However, an earlier study suggested that alkylamides 
can exert inhibitory effects on CYP3A4, 2D6 and 2C19 in 
vitro,161 although the human studies cited above157,158 suggest 
that these effects do not have clinical relevance.

Other human studies have found no impact of Echinacea 
root on warfarin pharmacodynamics162 (although it did reduce 
plasma concentrations of S-warfarin) and the overall pharma-
codynamics of the anti-HIV drugs darunavir and ritonavir in 
combination.163

Use in pregnancy and lactation
Category A – no proven increase in the frequency of mal-
formation or other harmful effects on the fetus despite con-
sumption by a large number of women.

Echinacea is commonly consumed by pregnant women, as 
has been demonstrated in several surveys.164,165

Pregnant mice were fed daily E. purpurea (0.45 mg/mouse, 
plant part not specified, probably root) from pregnancy onset 
until gestational days 10, 11, 12, 13 and 14.166 The preg-
nancy-induced elevations in splenic lymphocytes and nucle-
ated erythroid cells were all but eliminated by Echinacea and 

the number of viable fetuses was reduced. The authors sug-
gested caution with Echinacea during the early/mid stages of 
pregnancy.

However, a prospective, controlled study published in 
2000 concluded that gestational use of Echinacea (typically 
for 5 to 7 days) during organogenesis was not associated with 
an increased risk of major malformations. There were no sig-
nificant differences in pregnancy outcomes between the study 
group consisting of 206 women who had used Echinacea dur-
ing pregnancy (112 during the first trimester, 17 for all three 
trimesters) and their matched controls (206).167 It should be 
noted that no differentiation between Echinacea plant parts 
was undertaken in this study.

On available information Echinacea is compatible with 
breastfeeding. In contrast, a 2006 review recommended cau-
tion with Echinacea during breastfeeding.168 However, a study 
in a breastfeeding woman found that only small quantities 
of alkylamides (about 0.5% of the maternal dose) are passed 
to the infant during feeding169 and these may in fact confer 
health benefits.

Effects on ability to drive and use 
machines
No adverse effects anticipated.

Side effects
In many published case reports the plant part(s) of the 
Echinacea product involved was not specified. Hence they 
need to be viewed in the context of this limitation.

Side effects are generally not expected for oral or topi-
cal administration of Echinacea root. As indicated below, 
contact dermatitis may occur rarely in susceptible patients. 
Unsubstantiated reports of three deaths attributed to 
Echinacea products over a 6-year period occurred in the 
German media in 1996. However, no action was taken by the 
authorities as no causal link between the deaths and the tak-
ing of Echinacea could be established.170

A total of 1032 patients randomly chosen from six patch 
test clinics were patch tested with a series of five ointments 
and the components of the ointment bases. Two patients 
demonstrated a positive reaction to Echinacea. However, 
it is not certain that the reaction was to the plant material 
itself.171 Anaphylaxis was attributed by an Australian immu-
nologist to a woman with allergy after taking, among other 
dietary supplements, a commercial extract of E. purpurea and 
E. angustifolia.172 However, it was suggested that the pharyn-
geal irritation experienced by the patient may have been due 
to the alkylamide content of the preparation (the patient took 
twice the recommended amount).173

A subsequent 2002 publication by the Australian immunol-
ogist evaluated five cases of adverse reactions to Echinacea.174 
Two patients experienced anaphylaxis, another two aggrava-
tion of asthma, and the fifth developed a rash. Three of the 
patients had a positive skin prick test (SPT) to Echinacea. 
Twenty per cent of 100 atopic subjects who had never taken 
Echinacea also exhibited a positive SPT to this herb when 
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tested. However, it is unclear if any of the products involved 
contained Echinacea root. Allergic reaction is far more likely 
to the aerial parts of Echinacea because of the likely presence 
of pollen proteins. Moreover, such a high risk of allergy has 
not been borne out by subsequent case reports.

Other published case reports attributed to Echinacea (spe-
cies and plant part usually not specified) include erythema 
nodosum,175 leukopenia,176 aggravation of autoimmun-
ity,177,178 acute hepatitis179 and hypereosinophilia.180

Misinformation exists that Echinacea is potentially hepa-
totoxic due to the presence of pyrrolizidine alkaloids (PAs). 
However, the PAs found in Echinacea do not contain the 
1,2-unsaturated necrine ring system which is essential for 
such reactions.

Overdosage
No incidents found in the published literature.

Safety in children
No specific information is available for Echinacea root, but 
adverse effects are not expected.

Regulatory status in selected 
countries

Monographs of E. angustifolia and E. purpurea roots appear in 
the United States Pharmacopeia-National Formulary USP31 
NF26 2008 and the British Pharmacopoeia  2012 edition.

Echinacea angustifolia/pallida herb, E. angustifolia 
root and E. purpurea root are covered by null and negative 
Commission E monographs. E. pallida root and E. purpurea 
herb are covered by positive monographs. These herbs are 
listed with the following uses:
l	 To support the immune system with infections of the 

respiratory and lower urinary systems (E. purpurea herb)
l	 In supportive treatment of influenza-like infections  

(E. pallida root)
l	 Externally for poorly healing wounds and chronic 

ulcerations (E. purpurea herb).

E. purpurea root is listed in the unapproved component 
characteristics section. The negative status of Echinacea 
angustifolia/pallida herb, E. angustifolia root and E. purpurea 
root is due to poor benefit-risk ratio and concerns about the 
risk from parenteral application (injection). The null status is 
due to a lack of substantiation of its activity for the listed con-
ditions, leading to its therapeutic use not being recommended.

Echinacea is on the UK General Sale List. Echinacea root 
products have achieved Traditional Herbal Registration in the 
UK with the traditional indication of relief of symptoms of 
the common cold and influenza.

Echinacea does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (1994 Dietary Supplement Health and Education 
Act).

Echinacea root is not included in Part 4 of Schedule 4 of 
the Therapeutic Goods Act Regulations of Australia and is 
freely available for sale.
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(Oenothera biennis L.)

arthritis, schizophrenia, Raynaud’s phenomenon and ulcera-
tive colitis, although the overall results of clinical trials are 
inconsistent. Single clinical trials support the use of EPO for 
dry eye in contact lens wearers, alcohol withdrawal (some 
benefits), cardiovascular risk reduction and some instances of 
cancer palliation.

Indications suggested by trials using evening primrose oil 
with fish oil include hypertension, dyslexia, postviral fatigue 
syndrome and osteoporosis, although more studies are neces-
sary to fully confirm efficacy.

May also be used for

Extrapolations from pharmacological 
studies
Impaired omega-6 essential fatty acid (EFA) metabolism 
(especially in diabetes); inflammatory disorders (including 
rheumatoid arthritis, ulcerative colitis, systemic lupus erythe-
matosus); alcoholism.

Other applications
Use in cosmetic products such as hand lotions, soaps and 
shampoos.4 Veterinary applications include skin disorders 
such as papulocrustous dermatitis, crusting dermatoses and 
non-seasonal atopic dermatitis.

Preparations

Oils such as EPO (containing the polyunsaturated cis fatty 
acid, GLA) are difficult to preserve, as they can easily be oxi-
dised and become rancid. Hence, EPO is best administered 
with a preservative such as vitamin E and protected from oxy-
gen in soft gelatin capsules.

Dosage

Low to medium dosage should be used for conditions such as 
atopic dermatitis and mastalgia: 250 to 500 mg GLA per day 
(approximately 2.6 to 5.2 g/day of EPO).

Medium to high doses should be used for conditions such 
as diabetes, alcoholism, inflammatory disorders (including 
arthritis, ulcerative colitis) or cardiovascular disorders (hyper-
lipidaemia, hypertension): 0.4 to 2 g GLA per day (approxi-
mately 4.2 to 21 g/day of EPO). A suitable dose to begin 
treatment for rheumatoid arthritis is 500 to 600 mg GLA per 
day (approximately 5.2 to 6.3 /day of EPO).

Synonyms

Echte Nachtkerze (Ger), herbe aux ânes, onagre bisannuelle 
(Fr), stella di sera (Ital), kaempe natlys (Dan).

What is it?

Evening primrose oil (EPO) is the fixed (fatty) oil obtained 
from the seed of the common evening primrose, Oenothera 
biennis. Flowers of this genus often open and release their 
scent in the evenings and are pollinated by moths.1 The 
seeds were recommended as a coffee substitute in wartime 
and have an aromatic flavour reminiscent of poppy seed oil.2 
Other parts of the plant have been used medicinally: the 
leaves for dyspepsia, liver and female complaints; the root can 
be eaten as a vegetable.3 Evening primrose oil was developed 
as a source of gamma-linolenic acid (GLA) in response to an 
increased understanding of the role of eicosanoids in human 
disease processes.

Effects

Anti-inflammatory; corrects omega-6 EFA deficiency; improves 
vasodilator eicosanoid synthesis; helps to correct nerve blood 
flow and conduction velocity deficits in diabetes.

Traditional view

Evening primrose oil was not used traditionally.

Summary actions

Anti-inflammatory, antiallergic, corrects omega-6 EFA defi-
ciency, hypotensive.

Can be used for

Indications supported by clinical 
trials
Indications supported by trials using evening primrose oil: dia-
betic neuropathy; atopic dermatitis. However, both these uses 
of EPO are controversial. EPO may also be beneficial in the 
treatment of premenstrual syndrome, mastalgia, rheumatoid 
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Duration of use

Evening primrose oil should be used cautiously in the long 
term for patients with rheumatoid arthritis. Otherwise long-
term use appears to be safe.

Summary assessment of safety

Evening primrose oil is well tolerated, with very few side 
effects reported in clinical trials when administered at thera-
peutic doses over the short and medium term. Long-term use 
may potentiate the risk of arachidonate build-up in the treat-
ment of rheumatoid arthritis. There is concern expressed in 
some quarters regarding the administration of EPO where there 
is a history of epilepsy, but this is not well supported by fact.

Technical data

Botany
Evening primrose is a member of the Onagraceae (willow 
herb) family, which grows to a height of about 1 m. It is an 
annual or biennial plant with lanceolate leaves and large, 
showy yellow flowers arranged in a terminal leafy spike. The 
flowers consist of four petals; the fruit is cylindrical and opens 
lengthwise by four valves.5,6

Adulteration
No adulteration known.

Key constituents
l	 Fixed oil (15% to 20%), containing EFAs: linoleic acid 

(65%), GLA (8% to 10%)7,8

l	 Triacylglycerols in the oil, mainly comprising trilinolein 
(linoleic acid in all three esterified positions on the glycerol 
molecule) and dilinoleoyl-mono-gamma-linolenin (two 
linoleic acids, one GLA). The latter triglyceride, known as 
DLMG, accounts for over half the total amount of GLA.9

�  

gamma-Linolenic acid

CH3

COOH

Pharmacodynamics
Essential fatty acids (EFAs) are nutrients that play a role in 
the structure of cell membranes, helping to ensure their fluid-
ity and flexibility, and consequently modulate the behaviour 
of membrane-bound proteins. They are also precursors of the 
eicosanoids (prostaglandins, leukotrienes and thromboxanes) 

that function in regulating platelet aggregation and inflamma-
tory processes. Since they contain two or more double bonds, 
EFAs are classified as polyunsaturated fatty acids (PUFAs). 
There are two types of EFA: the omega-6 series derived from 
linoleic acid and the omega-3 series derived from alpha-lino-
lenic acid (ALA). These are so named for the position of the 
double bond nearest to the methyl (CH3) group at the end of 
the molecule. Omega-3 fatty acids are found in fish oils and 
certain seeds (e.g. linseed).

Within the body, linoleic and ALA are metabolised by a series 
of alternating desaturations and elongations, as shown below.

omega-6 series omega-3 series

linoleic acid alpha-linolenic acid (ALA )

↓ ↓

gamma-linolenic acid (GLA )

↓ ↓

dihomogamma-linolenic acid (DGLA )

↓ ↓

arachidonic acid (AA ) eicosapentaenoic acid (EPA )

↓ ↓

↓ ↓

↓ docosahexaenoic acid (DHA )

AA forms prostaglandin products of the 2-series (e.g. 
PGE2) and leukotrienes with subscript 4 (LTB4). DGLA and 
EPA can be converted to metabolites closely related to these 
eicosanoids: DGLA producing prostaglandins of the 1-series 
and leukotrienes of the 3-series, EPA producing prostaglan-
dins of the 3-series and leukotrienes of the 5-series. The 
presence of these EFAs can result in decreased production 
of some arachidonate metabolites and increased levels of the 
other less inflammatory eicosanoids.

Although GLA has been found in higher concentrations 
from other sources, including borage oil, blackcurrant oil and 
fungal lipids, there is less clinical evidence to support their 
efficacy compared to EPO.

Diabetes
Reduced nerve perfusion, indicated by a nerve conduction 
velocity deficit and reduced nerve blood flow, is an impor-
tant factor in the aetiology of diabetic neuropathy, a com-
mon complication of diabetes. Metabolic changes include a 
high polyol pathway flux (mediated by aldose reductase), 
increased advanced glycation endproducts, elevated oxidative 
stress and impaired omega-6 EFA metabolism. GLA improves 
vasodilator eicosanoid synthesis, correcting nerve blood flow 
and nerve conduction velocity deficits. Combined treatment 
of EPO with aldose reductase inhibitors or antioxidants (such 
as ascorbate) markedly enhanced neuroactivity.10 Depletion of 
PUFAs derived from the omega-6 pathway may also lead to 
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abnormalities of myelin turnover and membrane-bound pro-
teins (e.g. enzymes, receptors) and other axonal structural 
abnormalities.11

Treatment with EPO can prevent or reverse motor nerve 
conduction velocity deficit (an indicator of peripheral neuro
pathy) in diabetic animals. This was achieved without chang-
ing the sorbitol, fructose or myoinositol levels in peripheral 
nerves and without having any effect on the control of blood 
sugar.12,13 Evening primrose oil outperformed blackcurrant 
oil, borage oil and fungal oils in ameliorating nerve conduc-
tion velocity deficits in diabetic rats.14 Treatment with EPO 
improved nerve blood flow measurements in rats with experi-
mentally induced diabetes. Reduced production of nitric 
oxide may be responsible for the development of endoneurial 
ischaemia in diabetes, and EPO may correct this deficiency in 
vivo.15 Aspirin enhanced the neuroactivity of EPO in experi-
mental diabetes, indicating that prostanoids are unlikely to 
mediate this effect.16 Daily treatment with EPO caused oscil-
lation of nerve conduction velocity in diabetic rats needing 10 
days to stabilise. The latency suggests that neuroactivity of 
EPO may be mediated by its metabolic products synthesised 
in the body and not by ready-made constituents of the oil.17

The positive effect of EPO on nerve conduction veloc-
ity was further demonstrated in a 2001 study in rats with 
streptozotocin-induced diabetes. The study, which assessed 
2 weeks’ treatment, also demonstrated that EPO improved 
endoneurial blood flow.18 A 2004 study examined the effect 
of a combined alpha-lipoic acid (LA)/EPO treatment on 
diabetic-induced changes in the enteric nerves of rats with 
streptozotocin-induced diabetes. Nerves supplying the ileum 
containing vasoactive intestinal polypeptide (VIP), calcitonin 
gene-related peptide (CGRP) and noradrenaline (norepi-
nephrine) (NA) were examined. Diabetes caused a significant 
increase in VIP-containing cell bodies, a decrease in NA con-
tent and loss of CGRp immunoreactivity. LA/EPO treatment 
totally prevented diabetes-induced changes in VIP and CGRP, 
and partially reversed these changes after they had been 
allowed to develop. In contrast, NA-containing nerves did not 
respond to treatment. This study demonstrated that LA/EPO 
treatment was only effective for treating diabetes-induced 
changes in some enteric nerves.19

Short-term biochemical changes have been noted from 
GLA treatment in type 2 diabetic patients. At the 2 g/day 
dosage of GLA over 6 weeks, a decrease in serum triglyc-
erides, cholesterol and plasma beta-thromboglobulin was 
observed. No changes were observed on platelet aggregation 
or thromboxane B2 and PGE1 released from platelets.20

Anti-inflammatory activity
GLA and DGLA inhibited inflammation and excessive 
immune reactivity in a variety of models: adjuvant arthritis, 
experimental allergic encephalomyelitis, autoimmune disease 
(systemic lupus erythematosus), salmonella-associated arthri-
tis and subacute, acute and chronic inflammation induced by 
Freund’s adjuvant or urate crystal.21–23 The GLA-enriched 
diet significantly suppressed the cellular phase of inflamma-
tion, but had little effect on the fluid phase.22 EPO raised 
gastric mucosal prostaglandin synthesis in humans but not in 

rats.24,25 EPO, however, protected rats but not humans against 
aspirin-induced damage.24,26 Four different doses of GLA, in 
the form of either borage oil or EPO, were fed to rats over 
6 weeks and compared with corn oil. DGLA and GLA levels 
were dose-dependently increased in liver, red blood cell and 
aorta phospholipids. The AA:DGLA ratio in tissues decreased 
with increasing intake of GLA. There was no significant dif-
ference in GLA or DGLA levels within groups given borage 
oil or EPO. The dose of GLA did not influence PGE2 produc-
tion in stimulated aortic rings or thromboxane levels in serum, 
although an increase in PGE1 occurred in the stimulated 
aorta.27 In rats supplemented with EPO, fish oil or virgin olive 
oil, all three oils resulted in significantly reduced production 
of PGE2 by neutrophils ex vivo.28

Bone metabolism
GLA and EPA were administered orally to different groups 
of rats in several ratios. Intestinal calcium absorption, cal-
cium balance and bone calcium all increased significantly in 
the 3:1 (GLA:EPA) ratio group, compared with controls.29 
Several different ratios of GLA and EPA were administered 
to young rats, as a mixture of EPO and fish oil. Bone calcium 
content increased significantly in the group receiving the high 
GLA:EPA diet compared with controls receiving LA and 
ALA.30

Reproductive function
In a placebo-controlled trial during the reproductive period, 
male and female blue foxes were fed either a standard diet or 
one supplemented with EPO, zinc sulphate and vitamin E. A 
tendency for an increased litter size in the treatment group 
was found, mainly as an effect of male treatment.31 Control 
male minks were mated with control and test female minks 
and test males were mated with control and test females. For 
those males supplemented with EPO, there was a tendency 
for a reduced rate of stillborns and loss of life during the first 
21 days of life. EPO did not affect reproductive performance 
in females, but there was a tendency for lower weight losses 
during lactation.32

Cytotoxic effects
The cytotoxicity of GLA and other fatty acids containing 
two, four, five and six double bonds was examined on human 
breast cancer cells in vitro. GLA and arachidonate, with three 
and four double bonds respectively, were the most cytotoxic 
fatty acids, compared to acids with six double bonds, which 
were the least effective. The efficacy of a given fatty acid in 
killing cancer cells correlated with the extent of lipid peroxi-
dation of the added fatty acid in the cells.33 GLA, AA and 
EPA were highly effective in killing human breast, lung and 
prostate tumour cells in vitro, while leaving normal cells via-
ble.34 GLA, AA and EPA enhanced free radical generation in 
tumour cells, but not in normal cells in vitro.35

The growth of human breast carcinoma xenografts was 
studied in mice treated with dietary supplements of EPO and 
fish oil and compared with controls. Animals in the treatment 
group developed tumours that were significantly smaller than 
controls.36
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Hypotensive effects
Vegetable oils including sunflower oil, linseed oil and EPO 
enhanced the hypotensive effect of antihypertensive drugs 
(dihydralazine, clonidine and captopril) in rats under experi-
mental conditions.37 Hypertension induced in rats was 
reversed by the addition of DGLA (5.0%) to the diet.38 LA 
bioconversion to AA was decreased in the liver microsomes 
of spontaneously hypertensive rats compared with controls, 
due to a decrease in the desaturase enzymes.39 The effect of 
salt loading on blood pressure development and its modifica-
tion by dietary omega-3 and omega-6 fatty acids was studied 
in the borderline hypertensive rat. EPO abolished the pres-
sor response, reducing blood pressure below control levels.40 
GLA supplementation reduced cardiovascular responses 
to chronic stress in normal and borderline hypertensive 
rats.41,42

Other effects
Early stage cyclosporine A (CsA)-induced nephrotoxicity was 
prevented by EPO (9% GLA) or fish oil (5.6% EPA) supple-
mentation of the diet of rats. The animals were fed a diet of 
standard chow consisting of either 1% EPO or 10% fish oil for 
70 days prior to the administration of CsA.43 CsA is widely 
used as an immunosuppressant to prevent allograft rejection 
in transplant patients and in the treatment of some autoim-
mune diseases. It provokes intense vasoconstriction in the 
kidneys by enhancing the production of many vasoconstrictor 
substances including thromboxane A2. In addition CsA also 
reduces the synthesis of the vasodilator prostaglandins PGE2 
and PGI2. Supplementation with EPO resulted in an increase 
of PGE1 and redirected PGH2 conversion to PGE2 and PGI2 
metabolites, instead of thromboxane A2.44

EPO given to mice as 10% of their diet reduced the devel-
opment of diet-induced atherosclerosis in an experimental 
model. Aortic vessel wall medial layer thickness was signifi-
cantly reduced and there was suppression of the number of 
proliferating aortic smooth muscle cells.45

In comparison to a corn oil placebo, EPO produced signifi-
cant inhibition of gastric mucosal damage induced by pylorus 
ligation, NSAIDs or hypothermic restraint and had a marked 
cytoprotective effect against all necrotising agents used.46

Treatment of pregnant rats with ethanol and EPO led to a sig-
nificant reduction in the embryopathic activity of ethanol.47 EPO 
slowed the progression of renal failure in rats48 and reduced the 
severity of experimental autoimmune glomerulonephritis.49

Pharmacokinetics and metabolism
EFAs are hydrolysed by lipases in the gastric and intestinal 
lumen. Long-chain PUFAs are taken up by tissues less rap-
idly than short-chain PUFAs. The liver is one of the most 
active organs in producing long-chain PUFAs (by a series 
of desaturation and elongation reactions). In this way less 
active organs such as the brain are provided with long-chain 
PUFAs secreted in very low density lipoprotein. Insulin and 
thyroxine are necessary for the desaturation process, but 
glucagon, adrenaline (epinephrine), ACTH (adrenocortico-
tropin) and glucocorticoids inhibit desaturation.50

The pharmacokinetics of GLA in six healthy volunteers 
after the administration of EPO was recorded. EPO capsules 
were administered to each subject in the morning and the 
evening over several days. The values for accumulated con-
centration (24 h) and Cmax (maximum concentration) for 
GLA were significantly increased over baseline values. Other 
fatty acids such as DGLA and AA did not show a significant 
increase in their concentration. After the evening adminis-
tration, Tmax (time to reach maximum concentration) was 
shorter than after the morning dose. An influence of the 
administration of GLA on serum concentrations of DGLA 
and AA (and hence on the biosynthesis of prostaglandin PGE1 
and PGE2) could not be clearly established in these healthy 
volunteers.51

Analysis of the fatty acid composition of the plasma of 
children with atopic bronchial asthma showed significantly 
higher levels of LA and lower levels of AA in comparison to 
healthy controls. No differences were observed for GLA and 
DGLA. It was suggested that there is therefore no justifica-
tion for GLA supplementation on the basis of a 6-desatura-
tion step defect (and subsequently low levels of eicosanoid 
precursors from DGLA).52 However, other clinical studies 
have shown DGLA increases (see below and the Clinical trials 
section). The concept of a defect in 6-desaturation is widely 
proposed as a key rationale for EPO therapy.

In a study investigating the metabolism of GLA, 29 vol-
unteers either adhered to a fat-controlled diet and received 
GLA supplementation, or maintained a typical Western 
diet. Supplementation with GLA at 3 to 6 g/day resulted in 
increased GLA and DGLA in serum lipids. AA increased in 
all subjects. Neutrophil phospholipids were higher in DGLA 
but not GLA or AA. Neutrophils obtained from those sup-
plemented with GLA synthesized less LTB4 and platelet acti-
vating factor. The increase in DGLA relative to AA within 
inflammatory cells such as neutrophils may decrease the pro-
duction of inflammatory AA metabolites and thereby explain 
how GLA exerts its anti-inflammatory activity.53

Veterinary studies
Eleven cats with papulocrustous dermatitis randomly received 
either EPO or sunflower oil for 12 weeks. Cats in both groups 
improved during the treatment period and the concentration 
of LA in erythrocyte phospholipid increased in the cats fed 
EPO. Six weeks after the treatment was withdrawn, the cats 
fed EPO had deteriorated less than those fed sunflower oil.54 
Fourteen cats with crusting dermatoses were treated with var-
ious combinations of EPO and fish oil. The cutaneous symp-
toms improved in those treated with either EPO alone or the 
combination. The subsequent administration of the two oils 
resulted in a resolution of the dermatosis.55

A significant effect was observed on erythema in dogs with 
non-seasonal atopic dermatitis. They were treated with EPO 
in a double blind, placebo-controlled crossover study. Plasma 
LA and AA levels were significantly higher for the EPO group, 
both in the first and second phases of the study. There was 
also a significant treatment effect for EPO given in the second 
phase.56
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Clinical trials
Clinical trials have shown benefits in diabetic neuropathy, 
hypertension, PMS (premenstrual syndrome), osteoporosis 
and dementia. Mixed results have been obtained in trials for 
mastalgia, atopic eczema and dermatitis, rheumatoid arthritis, 
ulcerative colitis, diabetic lipid metabolism and alcoholism. 
The benefits of EPO therapy are disputed in schizophrenia 
and cancer. No benefit was observed in the treatment of men-
opausal hot flushes.

Atopic dermatitis and related skin disorders
Preliminary results from uncontrolled or open label trials were 
promising. For example, in an open label trial, 20 patients 
with dry skin and an atopic disposition (but not actual atopic 
dermatitis) received a 12.5% EPO cream applied to their 
lower right leg for 3 weeks. The other leg served as a control. 
The treated leg showed a significant increase in sebum con-
tent (p<0.01) and no change in transepidermal water loss. 
Transepidermal water loss was significant on the untreated 
side (p<0.05). Improvement in skin smoothness was observed 
on the treated side.57 In an uncontrolled trial, infants with 
atopic dermatitis were treated with GLA (3 g/day) for 28 
days. A gradual improvement in erythema, excoriations and 
lichenification was observed. Significant differences from 
baseline were shown for itching (p<0.01) and for the reduced 
use of antihistamines (p<0.01). A significant rise in the per-
centage of circulating CD8 cells was found.58 In other studies 
GLA reduced the requirement for topical steroids (by about 
70%) and other medications such as oral steroids, antihista-
mines and antibiotics.59,60 Two independent studies using dif-
ferent methodologies demonstrated that skin roughness was 
also significantly reduced.61,62

More significantly, a number of controlled clinical tri-
als have been conducted for EPO in the treatment of atopic 
dermatitis. Proof of efficacy is controversial. These trials are 
listed below, grouped according to the positive or negative 
results obtained, and with the most recent work listed first.

A highly significant difference was observed for EPO (doses 
varying from 500 mg to 6 g/day, depending on the age of the 
child) versus a corn oil placebo in 50 patients with atopic der-
matitis treated for 5 months in a randomised trial.63 Using 
a scoring system based on extent, intensity, itch and dry-
ness of the rash, improvement was noted in 96% of patients 
in the EPO group compared with 32% of control patients 
(p<0.0001). No significant adverse effects were reported.

A 2002 clinical trial involving 14 atopic dermatitis patients 
concluded that EPO (160 mg/day of GLA) could be effec-
tive in the treatment of a non-inflammatory type of atopic 
dermatitis. EPO treatment resulted in an increase in serum 
interferon (IFN)-gamma levels and a reduction of serum 
IgE levels. The authors suggested that the restoration of 
IFN-gamma levels indicated that EPO might exert its effect 
through a modulation of the immunological mechanism 
involving this cytokine.64

A double blind, placebo-controlled study conducted in 
children with atopic dermatitis found a significant improve-
ment in the overall severity of the condition after GLA treat-
ment, independent of the occurrence of IgE-mediated allergy. 

GLA increased the amount of omega-6 fatty acids in red 
blood cell membranes, particularly in those treated with the 
highest dose. A significant increase in DGLA occurred in the 
high-dose group.65 In a double blind, placebo-controlled trial, 
52 adults with atopic eczema completed 4 months’ treat-
ment with EPO. Patients were divided into three groups: 
women with premenstrual exacerbation of their eczema, 
women without the exacerbation and men. Results for the 
three groups combined indicated a significant effect of EPO 
on erythema and surface damage compared with placebo. No 
significant effect was observed for lichenification. Women 
with premenstrual flare of their eczema showed the greatest 
improvement with EPO treatment compared with placebo.66

Four weeks’ treatment with EPO in children with atopic 
eczema resulted in significant improvement compared with 
those treated with an olive oil placebo. There were significant 
changes in plasma fatty acid composition before and after 
treatment and also between the placebo and EPO-treated 
groups.67 Patients receiving EPO showed a greater reduction 
in inflammation than those receiving placebo in a double blind 
trial conducted over 12 weeks, although patients in the pla-
cebo group also showed a significant reduction. A statistically 
significant improvement was observed in the overall severity, 
grade of inflammation, dryness and itch and in the percentage 
of the body surface with eczema.60

A meta-analysis published in 1989 investigated nine pla-
cebo-controlled trials for the efficacy of a specific proprietary 
EPO product in the treatment of atopic eczema. Four of the 
trials were parallel and five were crossover design. Clinicians 
and patients assessed the severity of eczema by scoring meas-
ures of inflammation, dryness, scaliness, pruritus and overall 
skin involvement. Individual symptom scores were combined 
to give a single global score at each assessment point. In the 
parallel studies, both patient and clinician scores showed a 
highly significant improvement over baseline for EPO, which 
was also significantly better than placebo. Similar results were 
obtained in the crossover trials, except that the clinicians’ 
global score, although favouring EPO, did not reach signifi-
cance. The effect on itch was striking, with a highly signifi-
cant response to EPO occurring (p<0.0001), and no placebo 
response. A positive correlation between an improvement 
in clinical score and a rise in the plasma fatty acid level was 
observed.68 The validity of this meta-analysis has been subse-
quently questioned.69

A review of clinical trials for the treatment of atopic 
eczema with EPO published in 1992 noted that placebo-con-
trolled trials of parallel design demonstrated marked improve-
ment for EPO. Patients treated with EPO demonstrated less 
inflammation, dryness, scaling and overall severity compared 
with controls. Although these findings were supported by 
meta-analysis (see above), there was still conflicting evidence 
in trials based on a crossover design alone.70 Since the publi-
cation of both the meta-analysis and the review, a number of 
trials yielding negative results have been conducted. Several of 
these are reviewed below.

In a double blind, placebo-controlled trial, 60 children 
with atopic dermatitis received either EPO or placebo for 16 
weeks. Improvement was observed in the eczema symptoms, 
although no significant difference was found between the 
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two groups. No therapeutic effect was observed on asthma 
symptoms in the 22 patients who also had asthma.71 In a 
double blind, placebo-controlled, crossover trial, 24 children 
with atopic dermatitis received GLA (360 mg/day). After 10 
to 14 weeks of treatment there was no improvement in the 
treatment compared with placebo (corn oil). Both groups 
improved while taking placebo.72

A double blind, placebo-controlled trial for the treatment 
of chronic hand dermatitis in 39 patients over 24 weeks found 
that EPO (600 mg/day GLA equivalent) was not superior to 
placebo (sunflower oil 500 mg/day).73 The choice of placebo 
may have masked the results, due to the linoleic acid content 
of the sunflower oil. In a double blind, placebo-controlled, 
parallel trial, patients with atopic dermatitis were randomised 
to receive EPO, EPO plus fish oil or placebo for 16 weeks. 
One hundred and two patients completed the trial and no 
improvement was demonstrated by either EFA treatment.74

These negative outcome trials and apparent flaws in the 
1989 meta-analysis69 have led to some authors express-
ing doubts about the efficacy of EPO in atopic eczema, as 
assessed by systematic review.75 In contrast, a 2006 update 
of the 1989 meta-analysis reaffirmed the efficacy of a pro-
prietary EPO product.76 In an analysis of 26 clinical studies 
including 1207 patients, it was suggested that EPO has a ben-
eficial effect on pruritus, crusting, oedema and erythema that 
becomes apparent between 4 and 8 weeks after treatment is 
initiated. However, the magnitude of this effect was reduced 
with increasing frequency of potent steroid use, which might 
have been a confounding factor in some of the studies that did 
not show any benefit for EPO.

Psoriasis
A double blind, parallel trial of a combination of EPO and fish 
oil in the treatment of 37 patients with chronic stable plaque 
psoriasis was undertaken. There was no significant improve-
ment in the clinical severity of psoriasis or change in transepi-
dermal water loss.77

Female reproductive system disorders
Clinical trials conducted in the 1980s suggested that EPO 
demonstrated better activity than placebo in the treatment 
of premenstrual syndrome (PMS). Physical and psychologi-
cal symptoms of PMS were significantly improved with EPO 
treatment, albeit only slightly compared with placebo.78 More 
information on several of these trials is outlined below.79,80 
However, a review of seven placebo-controlled trials of EPO 
in the treatment of PMS published in 1996 found inconsist-
ent scoring and response criteria, making a rigorous meta-
analysis inappropriate. The two best controlled trials failed 
to show any beneficial effects for EPO. These two trials were 
relatively small, however, and the authors noted that modest 
effects could not be ruled out.81

EPO treatment alleviated premenstrual symptoms and 
depression better than placebo in 30 women with severe 
PMS. The capacity of platelets to release thromboxane B2 
during spontaneous clotting was also decreased in patients 
receiving EPO compared with those receiving placebo.79 
Results from three double blind, placebo-controlled studies, 

one large uncontrolled study on women who had failed other 
therapies for PMS, and one large uncontrolled study on new 
patients, all suggested EPO was an effective treatment for 
depression, breast pain and tenderness and fluid retention 
associated with PMS.80

Over 17 years up to 1992 at the Cardiff Mastalgia Clinic, 
324 patients with cyclical and 90 with non-cyclical mas-
talgia received a variety of drug treatments in clinical trials. 
In patients who responded to therapy, danazol was found to 
be the most effective drug (approximately 70%), with bro-
mocriptine and EPO having equivalent efficacy (approxi-
mately 45%). Patients taking EPO reported fewer adverse 
events.82,83

Two reviews published in 2002 and 2003 suggested that 
EPO provides modest benefit in women with moderate 
symptoms of breast tenderness84 and benign cyclical breast 
pain.85 However, a 2006 review of mastalgia treatments con-
ducted by the Breast Disease Committee and approved by 
the Executive and Council of the Society of Obstetricians 
and Gynaecologists of Canada found there is presently insuf-
ficient evidence to recommend the use of oral EPO for the 
treatment of mastalgia. Of the five trials reviewed, serious 
methodological flaws were found in two randomised con-
trolled trials, with neither having been published in a peer 
review journal. Three randomised, double blind, placebo-
controlled trials failed to demonstrate efficacy. This review 
did not include the findings from the Cardiff Mastalgia Clinic 
(see previous paragraph) and the latest publication date of 
the papers reviewed was only 1993.86 Further to this, a ran-
domised, double blind clinical trial (2002) found that EPO 
at a dose of 3 g/day (9.6% GLA) had no effect on mastalgia 
compared with a placebo (corn oil).87

A 2005 open, non-randomised, comparative study of a 
topical non-steroidal anti-inflammatory (NSAI) gel verses 
oral dosing of EPO (500 mg twice daily) demonstrated some 
benefit for EPO.88 Fifty female patients between the ages of 
15 and 50 years with a history of moderate to severe breast 
pain took part in the trial. Treatment with EPO resulted in a 
clinically significant improvement in 64% of patients after 3 
months’ use. There was a 92% improvement rate in the group 
using the NSAI gel. Results of this trial are difficult to inter-
pret because of the lack of a placebo group.

In a complex randomised, double blind, placebo-controlled 
clinical trial also published in 2005, 426 women were assigned 
to one of four groups and received either EPO plus a multivi-
tamin and mineral antioxidant supplement, EPO plus a pla-
cebo supplement, a placebo fatty acid (hydrogenated coconut 
oil) plus antioxidant supplement or a placebo fatty acid plus 
placebo supplement. The blinded phase of the trial lasted for 
four menstrual cycles and was followed by an open phase over 
eight menstrual cycles. Each EPO capsule contained 500 mg 
EPO (40 mg GLA) and they were given at a dosage of four 
capsules twice daily. Patients in all four groups experienced a 
statistically significant improvement compared against base-
line for breast pain, overall mastalgia symptoms, sleep dis-
turbance, restriction of daily activities, effect on physical 
relationships and overall response. However, there was no sta-
tistically significant difference between the four groups. The 
authors, surprised at the high placebo response, suggested that 
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the hydrogenated coconut oil used as the placebo may have 
exhibited some beneficial effects.89

A randomised, double blind, placebo-controlled study 
investigated the efficacy of GLA in the treatment of meno-
pausal hot flushes and sweating. Thirty-five women suffering 
hot flushes at least three times a day received either four cap-
sules of 500 mg EPO plus 10 mg vitamin E or a placebo twice 
a day for 6 months. The only significant improvement for the 
women taking GLA was a reduction in the maximum number 
of night-time flushes (p<0.05). Overall there was no benefit 
over placebo in treating menopausal flushing.90

Diabetes
In a randomised, double blind, placebo-controlled, parallel trial 
conducted over seven centres in the UK and Finland, 111 
patients with mild diabetic neuropathy received GLA (480 mg/
day) or placebo over 1 year and were assessed by standard tests. 
A significant favourable change was noted in the treatment group 
for 13 of the 16 parameters investigated, demonstrating a clear 
beneficial effect on the course of mild diabetic neuropathy. 
Sex, age, diabetes type, age of onset or duration of diabetes did 
not significantly affect the result. The treatment was, however, 
more effective in relatively well-controlled diabetic patients.91 
Patients could continue in the trial for a further 12 months and 
all those who participated in this received GLA (unknowingly). 
Improvement continued over this period.92

Twenty-two patients with distal diabetic polyneuropathy 
who participated in a double blind, placebo-controlled study 
received either 360 mg GLA per day or placebo capsules for 
6 months. Patients in the treatment group showed significant 
improvement in symptoms of distal diabetic polyneuropathy.93 
However, in a randomised, double blind, placebo-controlled 
study, 51 patients with type 1 or 2 diabetes and autonomic 
peripheral neuropathy were given EPO containing 480 mg/day 
of GLA or placebo for 1 year. At the end of the study patients 
receiving EPO showed no improvements in vibratory percep-
tion threshold compared with the placebo group.94

Inflammatory arthritis
A review of the clinical trials marked with asterisks (**) 
below has noted a limited applicability for their results in 
rheumatoid arthritis. Overall, these studies were not well con-
trolled (olive oil may itself produce beneficial results and may 
not be the best choice of placebo; the effect of vitamin E has 
not been completely ascertained). The trials did not run for 
long enough (at least 6 months is required to assess sympto-
matic improvement, longer than 1 year for disease-modify-
ing potential). The concomitant use of medications was not 
standardised (some of the drugs may have influenced the 
patients’ subjective assessment) and abrupt discontinuation 
of NSAIDs may have aggravated patients’ symptoms early 
on, thus masking the effect of GLA. The most appropriate 
statistical tests were not conducted and drop-out rates were 
high.95 In contrast, a meta-analysis that included seven studies 
with seed oils from blackcurrant, borage and evening primrose 
at GLA doses greater than or equal to 1400 mg/day showed 
symptomatic benefit, whereas lower doses (about 500 mg/
day) were ineffective.96

In a randomised, double blind, placebo-controlled 24-week 
trial, 37 patients with rheumatoid arthritis and active synovitis 
received 1400 mg/day GLA or placebo. Treatment with GLA 
resulted in significant reduction in the signs and symptoms of 
disease activity (p<0.05) compared with the placebo group, 
which showed no change or worsened.97

**In a placebo-controlled clinical trial, 18 patients with 
rheumatoid arthritis received 20 mL/day of EPO (1500 mg 
GLA perday) or olive oil for 12 weeks. Plasma levels of PGE2 
decreased and thromboxane B2 increased in both treatment 
groups, but no significant improvement in laboratory find-
ings or clinical signs occurred in either group.98 **In a double 
blind, placebo-controlled clinical trial, 49 rheumatoid arthritis 
patients were treated with EPO (540 mg GLA perday), EPO 
plus fish oil (240 mg GLA plus 450 mg EPA perday) or pla-
cebo, over a period of 12 months. Significant improvement 
was demonstrated in subjective symptoms. There was a signifi-
cant reduction in NSAID therapy for those receiving EPO and 
EPO plus fish oil, compared with placebo. After this treatment 
period, placebo was given to all patients for 3 months. After 
3 months of placebo, the condition of those originally receiv-
ing the EPO/fish oil treatment had relapsed. Despite changes 
in the subjective assessment of symptoms and NSAID use 
throughout the treatment, EPO did not alter any of the bio-
chemical indicators of the disease.99 **Forty patients with 
rheumatoid arthritis and upper gastrointestinal lesions caused 
by NSAIDs took part in a double blind, placebo-controlled 
study over a 6-month period. Patients received either 6 g/day 
EPO or 6 g/day of olive oil. Three patients in each group also 
reduced their dose of NSAIDs. A significant reduction in morn-
ing stiffness occurred in the EPO group at 3 months. A sig-
nificant reduction in pain and the articular index occurred at 6 
months for those taking olive oil.100

In a double blind, placebo-controlled clinical trial, 56 patients 
with active rheumatoid arthritis received either GLA (2.8 g/day) 
or placebo (sunflower oil) over a period of 6 months. Following 
this, all patients received GLA for 6 months in single blind fash-
ion. Treatment with GLA resulted in significant reductions in the 
signs and symptoms of disease activity. At least 25% improve-
ment in four measured parameters occurred for more patients in 
the treatment group (14 of 22) than in the placebo group (4 of 
19). During the second 6-month period, both groups exhibited 
improvement in disease activity.101 In a double blind, placebo-
controlled trial, 38 patients with psoriatic arthritis received a 
combination of EPO and fish oil daily for 9 months. All patients 
then received placebo capsules for a further 3 months. At 
the third month of the study, patients reduced their intake of 
NSAIDs and maintained the decrease, symptoms permitting. 
All measures of skin and joint symptoms were unchanged by 
the treatment. The requirement for NSAIDs was unchanged for 
both the treatment and placebo groups.102

Schizophrenia
Studies in groups of schizophrenics from England, Ireland, 
Scotland, Japan and the USA have indicated an association 
with lower levels of linoleic acid in patients’ plasma phospho-
lipids, with a variable pattern for the other EFAs.103–105 In one 
study, omega-6 EFA levels were significantly reduced, whereas 
omega-3 EFA levels were elevated compared with controls.103
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In a randomised, single blind, placebo-controlled trial, 21 
inpatients with a schizophrenic illness resistant to neurolep-
tic drug treatments received either neuroleptic medication 
and DGLA, placebo and DGLA, or two placebo medications. 
No marked treatment effects were noticed on ratings of the 
patients’ behaviour or symptomatology, although some posi-
tive clinical effects were noted in dyskinetic patients.106

In a double blind, placebo-controlled, crossover trial, 37 
psychiatric patients, predominantly schizophrenics with tar-
dive dyskinesia (abnormal involuntary movements), received 
capsules containing EPO over 16 weeks. A further 37 people 
in two groups, a psychiatric control group and a normal con-
trol group, were given a placebo. Although EFA supplemen-
tation did not produce improvement in abnormal movement 
measurements, there was significant improvement in men-
tal state, schizophrenic symptoms and memory. In the open 
phase at the end of the trial, addition of co-factors (zinc, nia-
cin and vitamins C and B6) to EPO treatment produced an 
increase in omega-3 and omega-6 EFA incorporation into red 
cell membranes. During this phase, marked and significant 
clinical improvements in memory, schizophrenic symptoms 
and abnormal movement were observed in comparison to pla-
cebo or EPO-only treatment.107–109

Despite this benefit, the overall data are not strong. A 
systematic review published by the Cochrane Collaboration 
found there was no clear benefit for the use of GLA in the 
treatment of schizophrenia and, while there is currently no 
reason for clinicians to either encourage or discourage the use 
of PUFAs, the review goes on to state: ‘If a person with schiz-
ophrenia wishes to use one (PUFA) then, perhaps, an omega-3 
preparation should be the preferred option’.110

Cardiovascular effects
In an open pilot study of 3 months’ duration, a dose of 
4000 mg/day of EPO (320 mg/day GLA) was given to 10 
elderly subjects with an age range of 69 to 90 years (mean 
age 83 years). All participants were without specific meta-
bolic or degenerative diseases and were in a satisfactory 
mental state. Supplementation with EPO was associated 
with a beneficial reduction of cardiovascular risk factors 
including a moderate decrease in arterial blood pressure and 
total cholesterol, and an increase in HDL-cholesterol and 
apolipoprotein A-I. However, these changes were not statis-
tically significant, possibly due to the low patient number. 
There was also an increased biosynthesis of PGE2, which has 
a vasodilatory action in the kidneys. This might contribute 
to a decrease in arterial blood pressure and maintenance of 
renal function.111

Another pilot open study assessed the effects of combined 
aspirin and dietary fatty acids on platelet angiotensin II (AII) 
binding. In pregnancy-induced hypertension and pre-eclamp-
sia there is an imbalance in arachidonic metabolites resulting 
in increased AII binding. Sixty non-pregnant women were 
given one of the following treatments: aspirin 75 mg/day, 
EPO 4 g/day (7% to 11% GLA), fish oil 4 g/day (18% EPA, 
12.8% DHA), aspirin plus EPO, aspirin plus fish oil. The con-
trol group received no treatment. After 1 month there was no 
change in platelet AII binding in the control group or in those 

taking EPO or fish oil alone. Aspirin with or without EPO 
caused a non-significant increase in AII binding. In the fish oil 
plus aspirin group there was a statistically significant decrease 
in AII binding.112

In a partially double-blinded, three-arm, placebo-controlled 
clinical trial, a combination of EPO and fish oil, magnesium 
oxide or a placebo was administered to pregnant women for 
6 months; 21% of the women had personal or family histories 
of hypertension. Those taking the EPO and fish oil exhibited 
a significantly lower incidence of oedema (13%) compared 
with the control group (29%) (p=0.004). Significantly fewer 
women developed hypertension in the group receiving magne-
sium oxide. Three cases of eclampsia occurred, all in the con-
trol group.113

In an uncontrolled clinical trial, 12 hyperlipidaemic 
patients received 3 g/day GLA for 4 months. After treatment, 
plasma triglyceride levels were decreased by 48% (p<0.001), 
HDL-cholesterol levels increased by 22% (p<0.01) and total 
cholesterol and LDL-cholesterol levels were significantly 
decreased. Experimentally induced platelet aggregation and 
serum thromboxane B2 levels decreased, with a significant 
increase in bleeding time.114 These results were similar to 
those found in an earlier placebo-controlled, crossover clini-
cal trial. Supplementation with EPO at a dose of 3.6 g/day 
resulted in an increase of DGLA in plasma lipids and red 
blood cells, and a significant decrease in LDL-cholesterol by 
9.3% (p<0.01).115

In a double blind, placebo-controlled crossover study, 25 
non-obese patients with uncomplicated essential hypertension 
received placebo for 4 weeks followed by EPO plus fish oil or 
sunflower seed and linseed oil for 12 weeks. The mean sys-
tolic blood pressure of patients receiving EPO plus fish oil was 
significantly lower after 8 and 12 weeks, while those receiv-
ing sunflower/linseed oil exhibited no significant reduction in 
blood pressure.116

In a double blind, placebo-controlled study, 21 patients 
with Raynaud’s phenomenon received a 2-week course of 
placebo, after which 11 received EPO for 8 weeks and 10 
received placebo. Patients receiving EPO experienced a signif-
icant improvement in symptoms, but there was no change in 
blood flow, despite changes in platelet behaviour and throm-
boxane B2 levels.117

Cancer therapy
In a case-control study, 96 patients with advanced cancer of 
the gastrointestinal tract (oesophageal, gastric, hepatocellu-
lar, pancreas, colorectal, etc.) were given either EPO (up to 
3000 mg/day GLA) or placebo in conjunction with palliative 
radiotherapy or chemotherapy. There was an obvious benefit 
for the EPO group, with a highly statistically significant sur-
vival difference between the two groups (p=0.0009).118

In an uncontrolled clinical trial, GLA was administered by 
intracerebral injection (1 mg/day for 10 days) to 15 patients 
with malignant gliomas. The cerebral gliomas regressed, as 
evidenced by computed tomography, and patients’ survival 
was increased by 1.5 to 2 years.119

In a double blind, placebo-controlled trial, 62 patients with 
very advanced primary liver cancer were given either EPO 



548

Materia MedicaP A R T  T H R E E

capsules (supplying 1440 mg/day GLA) or olive oil capsules 
as a placebo. There was no statistically significant difference 
between the two groups for liver size or survival time, which 
was an average of 42 days in both groups. However, in the 
EPO group there was a significant decrease in serum gamma-
glutamyltransferase which, according to the authors, can be 
interpreted as showing an effect on the tumour. The authors 
also comment that the large tumour size (up to 3 kg in some 
patients) may account for the lack of significant effect on sur-
vival time.120

EPO and vitamin C given to six patients with primary liver 
cell cancer demonstrated some clinical improvement and 
reduction in tumour size (three patients). One patient dem-
onstrated a marked reduction of liver and tumour size and 
liver damage.121

Bone metabolism
In a clinical trial conducted in care homes for the aged, 40 
women with confirmed osteoporosis were divided into four 
groups and received either fish oil, EPO, fish oil plus EPO, 
or olive oil (control) over 16 weeks. Serum alkaline phos-
phatase levels dropped in both the fish oil and the combined 
oil groups, indicating a favourable effect on bone metabo-
lism. Osteocalcin levels, an indicator of bone growth, rose 
in the fish oil group and more significantly in the combined 
oil group. Although the EPO had no effect on its own, it 
appeared to increase the effect of the fish oil on these bone 
formation markers, possibly due to a more balanced plasma 
fatty acid profile.122

Similar beneficial effects were demonstrated in a 1998 
controlled study. Sixty-five women (mean age 79.5 years), 
were given capsules containing either a combination of 
GLA + EPA or coconut oil (placebo). The active treatment 
was 6 g/day of a mixture of EPO and fish oil (8% GLA, 4% 
EPA, 3% DHA). All the women had confirmed osteopo-
rosis or osteopenia. During the trial they were also supple-
mented with 600 mg/day of calcium carbonate. After 18 
months there was an increase of 1.3% in femoral bone den-
sity in the treatment group, while in the placebo group there 
was a decrease of 2.1%. Lumbar spine density remained the 
same in the treatment group, but decreased by 3.2% in the 
placebo group. Twenty-one participants continued for a fur-
ther 18 months, during which time all took the active treat-
ment. At the end of this period lumbar spine density had 
increased by a further 3.1% in the patients who remained on 
the active treatment and by 2.3% in the group who switched 
from placebo to active treatment. Deoxypyridinoline levels 
fell significantly in both groups, indicating decreased bone 
degradation.123

However, such findings were not observed in a 12-month 
double blind, placebo-controlled trial published in 2000. In 
this trial, 43 premenopausal women (aged 25 to 40 years) 
and 42 postmenopausal women (aged 50 to 65 years) were 
given an active treatment consisting of 4000 mg EPO, 440 mg 
fish oil and 1000 mg calcium or a ‘placebo’ of 1000 mg/
day calcium. There were no significant differences in total 
body bone mineral density between the active and pla-
cebo groups.124 Perhaps the ratio of EPO to fish oil was not 
optimal.

Other effects
In a randomised, double blind, placebo-controlled trial lasting 
6 months, patients with Sjögren’s syndrome were given either 
800 or 1600 mg/day of GLA as the free fatty acid or a pla-
cebo (corn oil with no GLA). There was no statistically sig-
nificant change in fatigue (the primary outcome parameter) at 
evaluation after 3 or 6 months. There were also no statistically 
significant changes in other symptoms such as eye and mouth 
dryness or depression and no change in analgesic use.125

In a randomised, placebo-controlled study, 43 patients with 
stable ulcerative colitis received either EPO, fish oil or olive 
oil (placebo) for 6 months in addition to their usual medica-
tion. Alteration of cell membrane fatty acids was observed 
in those taking EPO and fish oil compared with the control 
group. Although there was no difference in stool frequency, 
rectal bleeding, disease relapse, sigmoidoscopic appearance 
or rectal histology in the three groups, EPO significantly 
improved stool consistency compared with fish oil and pla-
cebo at 6 months, and this difference was maintained 3 
months after treatment was discontinued (p<0.05).126

In a double blind, placebo-controlled study, 63 patients with 
postviral fatigue syndrome received a preparation containing 
EPO (80%) and fish oil (20%) or placebo (8×500 mg capsules 
per day) over a 3-month period. At the end of the trial, 85% 
of patients in the treatment group compared to 17% in the 
control group assessed themselves as improved (p<0.0001). A 
normalisation of EFA levels in red blood cell membranes was 
observed in the treatment group.127

In a double blind, placebo-controlled clinical trial, the 
effect of giving EPO to alcoholics was investigated. In the 
early weeks of withdrawal from alcohol, EPO significantly 
reduced the severity of withdrawal syndrome and improved 
liver function. Relapse rates over 6 and 12 months did not 
improve. However, in those who did not relapse, several 
parameters of cerebral function (such as memory and visual 
motor coordination) improved significantly with EPO treat-
ment.78 A review of the role of EFAs in alcohol dependence 
notes that if alcohol-induced tissue damage is associated with 
impaired fatty acid and phospholipid metabolism, EFAs may 
be beneficial in the treatment of alcoholics.128

In a double blind, placebo-controlled study, 89 renal trans-
plantation patients received either EPO or placebo, together 
with standard immunosuppressive medication. Graft survival 
was significantly better in the EPO group compared with con-
trols during the first 3 to 4 months post-transplant, but not 
significantly different at 6 months.129

In the treatment of attention deficit hyperactivity disorder, 
EPO was of benefit in patients with borderline zinc levels in a 
small double blind, placebo-controlled, crossover trial.130 An 
open pilot study investigated the effects of a high DHA fish 
oil plus EPO (providing 480 mg DHA, 108 mg EPA and 96 mg 
GLA per day) in 20 dyslexic children aged between 9 and 17 
years.131 Subjective parent and child assessments demonstrated 
increasing numbers of positive responders over the 5 months 
of the trial, in terms of reading speed, general schoolwork and 
overall benefit. Average reading speed increased by 60% from 
baseline (p<0.01), 13 of 17 children had a significant improve-
ment on the word-chain test (p<0.04) and letter decoding 
(motoric-perceptual speed) was up by 23% (p<0.05).
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Using a randomised, double blind, placebo-controlled 
design, 76 women wearing soft contact lenses suffering from 
dry eye symptoms were treated for 6 months with either 
EPO (containing 300 mg GLA perday) or a placebo (olive 
oil).132 Compared with placebo treatment the EPO group 
showed a significant improvement in dryness at 3 and 6 
months (p<0.01) and a slight but significant gain in overall 
lens comfort at 6 months (p<0.01). Tear meniscus height was 
increased in the EPO group at 6 months relative to baseline. 
Only 52 women completed the trial (p<0.01) and this rela-
tively high dropout rate was attributed to non-compliance.

Toxicology and other safety data

Toxicology
Being an intermediate of normal human metabolism, GLA is 
unlikely to be harmful or toxic if it is consumed in quantities 
comparable to those formed within the human body; 20 mg/
kg/day of GLA is likely to be formed from linolenic acid in a 
normal adult woman and 23 to 65 mg/kg/day of GLA may be 
consumed by a breastfed baby.12

In two sets of toxicity studies, effects of oral administra-
tion of EPO (containing 8.5 to 9% GLA, and 70% to 73% LA) 
were compared with corn oil (60% LA) and controls receiving 
no oil.133,134 In rats (fed up to 2.5 mL/kg/day over 53 weeks) 
and dogs (fed up to 5 mL/kg/day over 52 weeks) there were 
no significant differences between tested groups in terms of 
clinical signs, food consumption or body weight changes. No 
consistent differences were seen in haematology or urinalysis 
results for rats or dogs, or in clinical chemistry for male rats. 
Serum potassium was marginally increased in female rats on 
the highest EPO dose. Male EPO-treated rats showed mod-
estly reduced liver weights and a greater proportion showed 
testicular shrinkage or softening than in the control group. 
The authors concluded that no important adverse effects 
were produced by EPO administration and it is as safe as 
corn oil as a nutritional supplement.1 No significant effect on 
tumour incidence was observed in the rats fed EPO compared 
with the other groups.2

Contraindications
None required.

Special warnings and precautions
EPO may have potential to instigate undiagnosed temporal 
lobe epilepsy, especially in those patients receiving pheno-
thiazines.135 This is unlikely on current evidence, but caution 
should apply (see Side effects).

Interactions
There is insufficient evidence to suggest avoiding concomitant 
use of EPO with phenothiazines (see Side effects).

There are no reports of an interaction between EPO and 
anticoagulants or antiplatelet drugs.

Use in pregnancy and lactation
Category B1 – no increase in frequency of malforma-
tion or other harmful effects on the fetus from limited use 
in women. No evidence of increased fetal damage in animal 
studies.

A retrospective study involving 108 nulliparous women 
found that oral administration of EPO from the 37th gesta-
tional week until birth did not shorten gestation or decrease the 
overall length of labour. There was a trend for the EPO group 
to have a more protracted active phase, prolonged rupture of 
membranes, oxytocin augmentation and arrest of descent. The 
prescribed dosage of EPO was 1500 mg/day for the first week, 
then 500 mg/day until labour began. The babies were slightly 
larger in the EPO group, but this is unlikely to account for the 
differences observed.136 EPO has been trialled in pre-eclampsia 
with mixed results.137,138 Diastolic pressor response to A II was 
significantly reduced in mid-trimester pregnant women who 
received EPO (320 mg/day of GLA) and vitamins compared to 
controls.139

In a 1999 survey of certified nurse-midwives in the US, 
EPO was reported to be used by 60% of the 90 respondents 
who used herbal medicine to stimulate labour. It was often 
applied topically for this purpose. There were no reported 
complications from the use of EPO.140

The diet of male and female blue foxes was supplemented 
with EPO (4.5 g/day), zinc sulphate (2.5 mg/day) and vitamin 
E (90 mg/day) to observe effects on reproduction. Compared 
with the control group, there was an increased rate of abor-
tion in the EPO group, but simultaneously a non-significant 
decrease in the frequency of barren females. A tendency for 
increased litter size in the EPO group was found mainly as an 
effect of male treatment (suggesting an effect on semen qual-
ity).141 EPO supplementation had a beneficial effect in preg-
nant zinc-deficient rats and subsequently in their newborn 
pups.142 EPO had no effect on parturition or postnatal growth 
when fed to rats prior to mating.143

EPO is compatible with breastfeeding and GLA and LA 
are normally found in human milk.144–146 A comparative study 
noted that the breast milk of allergic mothers contained less 
GLA than that of healthy mothers. The serum lipid fatty acid 
levels in atopic infants did not correlate with those in mater-
nal breast milk.147

A placebo-controlled trial observed that maternal supple-
mentation with EPO during breastfeeding raised the EFA and 
total fat content of breast milk.148

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects

General
The most common adverse effects reported in trials using 
GLA for the treatment of various conditions are headache, 
mild nausea and abdominal discomfort.95
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Arachidonate build-up
The potential risk of arachidonate build-up associated with 
long-term use of GLA in the treatment of rheumatoid arthritis 
has been raised. Several tests have shown GLA administration 
increased arachidonate levels: 2 g/day of GLA given to previ-
ously obese women increased the arachidonate content of their 
serum phospholipids. With prolonged administration of GLA 
over more than a year, arachidonate could accumulate in tissue, 
thus possibly counteracting early therapeutic effects of GLA. 
Tissue build-up of arachidonate might promote subsequent 
inflammation, thrombosis and immunosuppression. Symptoms 
may rebound in patients after discontinuation of GLA.149

Epilepsy
Often repeated in the literature are concerns about the use of 
EPO in patients with a history of epilepsy. Originally this arose 
from three case reports and a trial in patients with schizophre-
nia who were being treated concomitantly with antischizo-
phrenic drugs (phenothiazines and related compounds). Episodes 
of epilepsy were reported, but no definite link to EPO treat-
ment was established. Rather, the nature of the illness and side 
effects of the conventional medication were the more likely 
cause. Similar events have been reported in patients not taking 
EPO.78,150 Moreover, it can be extremely difficult to distinguish 
between schizophrenia and temporal lobe epilepsy. Three hospi-
talised schizophrenics who failed to respond to conventional drug 
therapy became substantially worse when treated with EPO. 
A later diagnosis of temporal lobe epilepsy resulted in success-
ful treatment (with conventional drugs).151 In two clinical trials 
conducted since this time, psychiatric patients (predominantly 
schizophrenics) who received EPO (540 to 600 mg/day GLA) 
did not experience such adverse effects.152,153

Perhaps in response to the trials in patients with schizo-
phrenia, the British Epilepsy Association warned those with 
epilepsy to avoid EPO because of a possible lowering of the 
threshold for seizures.135,154–156 This position is probably 
excessively cautious.

A 45-year-old woman who had been taking herbal prepa-
rations containing black cohosh, chaste tree and EPO for 4 
months had three seizures within a 3-month period. The 
herbal preparations were stopped and the patient was treated 
with anticonvulsants.157 No causal link between the seizures 
and the herbal treatment was established, much less the EPO.

Antiplatelet effect
Blood tests of patients with Raynaud’s phenomenon who 
received EPO (6 g/day EPO, containing 8% GLA) indicated 

an antiplatelet effect. This was significant during the first 2 to 
6 weeks of treatment, and there was a ‘fall off ’ in effect by 
week 8.158 In multiple sclerosis patients treated with EPO for 
6 weeks (20 g/day EPO, containing 8% GLA), only platelet 
aggregation to thrombin was significantly reduced compared 
with controls. Overall, EPO did not show a significant effect 
on platelets of multiple sclerosis patients.159 In hypertriglycer-
idaemic patients, GLA supplementation did not affect plate-
let function.160

Safety in children
Adverse effects are not expected. EPO and GLA have been 
administered to children in clinical trials.

Of the randomised clinical trials for the treatment of 
atopic eczema examined to the year 2000, seven trials 
involved children, with ages ranging from 0.8 to 16 years and 
treatment from 4 to 16 weeks. In most cases 0.5 to 4 g/day of 
EPO was administered. In one of these trials, 48 atopic chil-
dren aged 2.2 to 8.5 years received placebo, low dose EPO 
or high dose EPO for 8 weeks. The high dose amounted to 
500 mg/kg/day of EPO. No adverse effects were observed.161

In other early trials EPO was administered to children 
with atopic eczema,162 hyperactivity,163–166 type 1 diabe-
tes (90 mg/day GLA for 4 months increasing to 180 mg/day 
for 4 months)167 and cystic fibrosis (20 g/day EPO for 12 
months).168

Overdosage
No incidents found in published literature. It is known that an 
excess of omega-6 EFAs can reduce the metabolism of ALA, 
possibly leading to a deficit of eicosapentaenoic acid and other 
metabolites.169

Regulatory status in selected 
countries

Evening primrose oil is not covered by a Commission 
E Monograph and is not on the UK General Sale List.

Evening primrose oil does not have GRAS status. However, 
it is freely available as a ‘dietary supplement’ in the USA 
under DSHEA legislation (1994 Dietary Supplement Health 
and Education Act).

Evening primrose oil is not included in Part 4 of Schedule 4 
of the Therapeutic Goods Act Regulations of Australia and is 
freely available for sale.
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Eyebright

(Euphrasia officinalis L.)

Traditional therapeutic uses
Eye conditions such as irritation and redness, infection, inflam-
mation, particularly conjunctivitis and blepharitis;2 nasal catarrh, 
particularly where there is profuse watery flow;2 sinusitis, 
chronic sneezing, hayfever and middle ear problems; sore throat; 
the catarrhal phase that occurs during and after measles.3

May also be used for

Extrapolations from pharmacological 
studies
Because of its aucubin content, eyebright may be useful in the 
treatment of bacterial infections and liver toxicity. It may also 
possess antiviral and nerve-regenerating activity for the same 
reason.

Preparations

Dried or fresh herb as an infusion, poultice or liquid extract 
for topical use. Infusion, extract, capsules or tablets for inter-
nal use. For use in eyebaths, decoctions of greater than 10 
minutes at boiling point, with transfer to a sterile container, 
are recommended.

Dosage

l	 6 to 12 g/day or as an infusion
l	 3 to 6 mL/day of 1:2 liquid extract; 7.5 to 15 mL/day of 

1:5 tincture or equivalent doses in tablets or capsules.

For topical use a solution of approximately five to six 
drops of a 1:2 extract can be added to an eyebath contain-
ing recently boiled water or saline. The mixture should be 
allowed to cool before applying to the eye as a 30 to 60 sec-
ond bath. (Allowing much of the alcohol to evaporate before 
applying to the eye is important).

Duration of use

May be taken long term.

Summary assessment of safety

No significant adverse effects from topical use or ingestion of 
eyebright are expected; however, the requirement for sterility 
of topical preparations for the eye should be observed.

Synonyms

Euphrasia rostkoviana Hayne (botanical synonym), Euphrasiae 
herba (Lat), Augentrostkraut (Ger), herbe d’euphraise offici-
nale, casse-lunettes (Fr), eufrasia (Ital), lægeøjentrøst (Dan).

What is it?

The name Euphrasia is derived from the Greek word 
euphrosyne, meaning gladness, due to its use in folk medicine 
for the treatment of eye complaints. It is this use that also 
gave rise to the vernacular name eyebright. The aerial parts of 
eyebright can be used topically as a poultice or eyewash for 
external eye problems and as a nasal douche for inflamed or 
catarrhal mucous membranes. It can also be taken orally for 
these conditions.

Effects

Relieves conjunctivitis, itchy, irritated eyes; reduces excessive 
upper respiratory secretions and catarrh.

Traditional view

Eyebright was used in the 14th century as an eye medicine 
and was said to ‘cure all evils of the eye’.1 It was considered 
slightly tonic and astringent and was employed for all mucous 
diseases attended with increased discharges, specifically for 
the nasal membranes and lacrimal apparatus (acute catarrhal 
diseases of the eyes, nose and ears). Catarrhal diseases of the 
digestive tract were also treated with eyebright.2

Summary of actions

Astringent, anticatarrhal, anti-inflammatory.

Can be used for

Indications supported by clinical 
trials
Indication supported by a trial using a topical homeopathic 
form of eyebright (D2, a 1:10 dilution of mother tincture) 
and rose oil: conjunctivitis.
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Technical data

Botany
Euphrasia officinalis, in the narrow sense equivalent to  
E. rostkoviana,4 is a small plant that grows to approximately 
15 cm in height and is a member of the Orobanchaceae 
(broomrape) family. The leaves are opposite, ovate or cordate, 
downy, strongly ribbed and furrowed. The inodorous flowers 
are axillary, solitary and very abundant. They are most com-
monly white, with deep purple streaks and a yellowish palate. 
The oblong, flattened seed pods contain numerous seeds that 
are oblong and grooved lengthwise.2

Adulteration
The nomenclature for this species is under debate. Medicinal 
eyebright includes various Euphrasia species, but especially 
the taxa grouped around E. rostkoviana Hayne (including E. 
officinalis L. – an ambiguous name) and E. stricta D. Wolff 
ex J.F. Lehm, as well as their hybrids. The classification of 
the genus Euphrasia differs greatly in the literature.5 The 
US Department of Agriculture lists E. rostkoviana Hayne 
as preferred to the previous E. officinalis L., nom. ambig.6 
The Flora Europaea continues to list Euphrasia officinalis L.,  
nom. ambig., albeit with a provisional name status.

A nomenclature study published in 1991 suggested Euphrasia 
officinalis L. may be divided into several subspecies includ-
ing E. officinalis spp. rostkoviana (Hayne) Townsend (synonym 
Euphrasia rostkoviana Hayne).7 In addition to the species listed 
here, many other species of Euphrasia are regarded as medici-
nal. Due to the different systematic organisations of the genus 
Euphrasia and/or the ambiguity of some species or varieties 
within the species, adulteration is probable. The significance of 
substitution with other Euphrasia species is not known.8

Key constituents
l	 Iridoid glycosides, including aucubin, catalpol, euphroside 

and ixoroside9

l	 Flavonoids, including quercetin and apigenin glycosides; 
lignans.9

�  

Aucubin Euphroside

O

glucose
O

OH
H

HHOCH2

O

glucose
O

CHO
OH

H
HO CH3

Pharmacodynamics
Most of the published pharmacodynamic studies have exam-
ined the constituent aucubin or its aglycone. Aucubin is 

common to many other plants, including Plantago lanceo-
lata. The fact that plants containing aucubin have been used 
in many different traditions for the treatment of respiratory 
catarrh suggests that aucubin may possess clinically relevant 
antimicrobial and anticatarrhal activities.

Antimicrobial activity
Aucubigenin, the aglycone of aucubin, was shown to be anti-
bacterial against organisms such as Micrococcus aureus, 
Escherichia coli, Bacillus subtilis and Mycobacterium phlei, 
and to a lesser extent showed modest antifungal activity 
against a small number of fungi, with Penicillium italicum 
being the most sensitive.10 Petroleum ether, ethanolic and 
aqueous extracts of eyebright had no activity against strains of 
Candida albicans in vitro.11

Aucubin alone had no antiviral activity in vitro. However, 
when aucubin (100 to 1000 µM/mL) was mixed with beta-
glucosidase (an enzyme that releases the aglycone from 
the glycoside), it had significant antiviral activity against  
hepatitis B.12

Hepatoprotective activity
In vivo studies demonstrated that aucubin exerted hepatopro-
tective activity against such liver toxins as carbon tetrachlo-
ride,13 alpha-amanitin14 and an aqueous extract of amanita 
mushroom. Even post-administration of aucubin after amanita 
mushroom ingestion led to complete survival.15

An in vitro study demonstrated that aucubigenin inhib-
ited cytochrome P450 in isolated rat hepatocytes. Aucubin 
had no effect. The authors commented that the reported 
hepatoprotection of aucubin against carbon tetrachloride 
would appear to be due to inactivation of P450 by the agly-
cone aucubigenin, which is probably formed in vivo through 
hydrolysis in the gut.16

Antitumour activity
When administered intraperitoneally at a dose of 100 mg/kg, 
the aglycone of aucubin was found to have antitumour activ-
ity in mice bearing the experimental tumour leukaemia P388. 
Aucubin, also administered intraperitoneally (100 mg/kg), 
showed no antitumour activity. It therefore appears that the 
hemiacetal aglycone structure is important for the antitumour 
activity.17

Spasmolytic activity
Peracetylated aucubin in vitro exerted a non-specific spasmo-
lytic effect on contractions of rat uterus induced by acetyl-
choline and calcium chloride. In vitro spasmolytic activity was 
also found for rat vas deferens depolarised by potassium. The 
degree of activity was similar to papaverine.18

Anti-inflammatory activity
The aglycone of aucubin, but not aucubin itself, suppressed 
tumour necrosis factor-alpha (TNF-alpha) production in 
vitro.19 This contrasts with an earlier study that found aucu-
bin did inhibit TNF-alpha,20 but such a finding is unlikely as 
the intact glycoside (aucubin) does not readily penetrate cell 
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membranes.19 Aucubin (100 μM) inhibited leukotriene C4 
release from stimulated mouse peritoneal macrophages and 
inhibited thromboxane B2 release from stimulated platelets, 
but had no effect on prostaglandin E2 release.21 Aucubin, 
administered orally at a dose of 100 mg/kg, had an anti-
inflammatory effect in carrageenan-induced mouse paw 
oedema.22 An anti-inflammatory effect was also shown on 
TPA-induced mouse ear oedema with topical application of 
1 mg/ear of aucubin.22

Other activity
The most important feature in neuronal cell differentiation is 
outgrowth of neurites. Regulation of this outgrowth is consid-
ered to be one of the most basic mechanisms in the develop-
ment and regeneration of nerve tissue. Discovery of agents that 
increase the outgrowth of neurites could lead to the develop-
ment of antidementia drugs, since dementia is characterised 
by progressive neuronal degeneration.23 The aglycone of aucu-
bin (at a dose of 1 and 10 μg/mL), but not aucubin itself, was 
effective in inducing a cultured cell line of paraneuron PC12h 
to differentiate, causing a morphological change characterised 
by extended neurites and promotion of neurite outgrowth.23,24

Pharmacokinetics
Anaerobic incubation of aucubin with defined strains of 
human intestinal bacteria and with human faeces resulted in 
its transformation into aucubigenin and the pyridine monoter-
pene alkaloids aucubinine A and aucubinine B. Among the 25 
species isolated from human faeces that were examined, 21 
species produced aucubinine A and a trace of aucubinine B. 
Aucubin may be initially hydrolysed to aucubigenin and glu-
cose by bacterial beta-glucosidase, followed by a series of reac-
tions, the first involving ammonia, to yield the aucubinines. 
The nitrogen atom could originate from the ammonia pro-
duced by bacteria (some species such as Klebsiella pneumoniae 
contain high levels of intracellular ammonia).25 This finding 
suggests that, in order to convert aucubin into the active agly-
cone aucubigenin, there must be high levels of favourable gut 
bacteria. There is also the distinct possibility that other bac-
terial metabolites of aucubin, such as the aucubinines, might 
contribute to its oral activity.

In another pharmacokinetic study, aucubin was given intra-
venously, orally, intraperitoneally and hepatoportally to rats. 
The bioavailability of aucubin after administration at a dose 
of 100 mg/kg through hepatoportal, intraperitoneal and oral 
routes was 83.5%, 76.8% and 19.3% respectively. The moder-
ate oral bioavailability of aucubin is probably due to its metab-
olism by gut flora as outlined above.26

Clinical trials
A prospective, open label multicentre trial conducted in 
Germany and Switzerland evaluated the efficacy of eyebright 
eyedrops in patients with inflammatory or catarrhal conjuncti-
vitis. One drop was prescribed one to five times per day. Of the 
65 patients that completed the study, 53 patients had a com-
plete recovery, and 11 patients experienced a clear improve-
ment. Efficacy parameters were redness, swelling, secretion, 

burning of the conjunctiva, foreign body sensation and veiled 
vision. The degree of severity was assessed relative to baseline 
after approximately 7 and 14 days. Efficacy and tolerability 
were evaluated by patients and clinicians as good to very good 
in more than 85%. The eye drops contained a homeopathic 
form of eyebright (D2, a 1:10 dilution of mother tincture) and 
rose oil.27 However, this dilution is still likely to be pharmaco-
logically active after direct topical application.

Toxicology and other safety data

Toxicology
No symptoms indicative of toxicity were observed over a 
72-hour period in rats orally administered an aqueous extract 
of E. officinalis leaf (0.1 to 6 g/kg).28 Respiratory depression 
and hypothermia were observed after the intraperitoneal 
administration of aucubin (100 mg/kg) to rats.29

Eyebright tincture demonstrated in vitro mutagenic activity 
in the Ames test.30

Contraindications
None known.

Special warnings and precautions
Topical eye preparations need to be sterile. Normal herbal 
tinctures or extracts should never be applied directly to the 
eyes because of their ethanol content.

Interactions
No adverse interactions known.

Use in pregnancy and lactation
Category B – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are lacking.

Eyebright is compatible with breastfeeding on available 
information.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
None known.

Overdosage
No effects known.

Safety in children
No information available, but adverse effects are not expected.
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Regulatory status in selected 
countries

Eyebright is covered by a null Commission E Monograph. The 
Commission E recommends that, as the efficacy has not been 
documented, the topical application of eyebright cannot be 
recommended because of hygienic reasons.

Eyebright is on the UK General Sale List.
Eyebright does not have GRAS status. However, it is 

freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Eyebright is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Fennel fruit

(Foeniculum vulgare Mill.)

fasting days.5 It has also been used for the treatment of amen-
orrhoea and to increase milk production in nursing mothers.7 
A gargle is used to treat mouth and throat inflammation.6 
Paradoxically, fennel has been used in both anorexia4,6 and 
obesity.5,8

In traditional Chinese medicine, fennel is used to treat 
Cold hernia-like disorders and any kind of lower abdominal 
pain from Cold and Cold Stomach patterns with symptoms 
such as abdominal pain, indigestion, decreased appetite and 
vomiting.9

Summary actions

Carminative, spasmolytic, galactagogue, oestrogenic, antimi-
crobial, expectorant.

Can be used for

Indications supported by clinical 
trials
Fennel fruit: irritable bowel syndrome (weak data) and topi-
cally to inhibit facial hair growth and hair size in women with 
idiopathic hirsutism. Fennel fruit essential oil: dysmenor-
rhoea, infantile colic. Fennel fruit in combination with other 
herbs: dyspeptic conditions of the upper gastrointestinal tract, 
including pain, nausea, belching and heartburn; chronic non-
specific colitis with diarrhoea or constipation; infantile colic; 
chronic constipation; cough.

Traditional therapeutic uses
Digestive disorders (windy colic in infants, flatulent colic, 
griping pain, irritable bowel); suppressed lactation; obesity; 
topically for conjunctivitis, pharyngitis. Internal use and as 
an eyebath to strengthen eyesight and for inflammatory con-
ditions of the external eye (such as conjunctivitis). Fennel 
has been added to herbal powders to allay their tendency to 
gripe10 and is a constituent of ‘Gripe Water’,5 a popular pro-
prietary liquid for infants.

May also be used for

Extrapolations from pharmacological 
studies
To reduce vaginal fragility and other symptoms in postmeno-
pausal women.

Synonyms

Foeniculum officinale Mill. (botanical synonym), Foeniculi 
fructus (Lat), Fenchel, Bitterfenchel (Ger), aneth fenouil, 
fenouil (Fr), finocchio (Ital), fennikel frø (Dan), xian hui 
xiang (Chin).

What is it?

Fennel is a well-known culinary herb and vegetable. It was 
cultivated by the ancient Romans for its aromatic fruit and 
succulent edible shoots and was frequently listed in Anglo-
Saxon cookery and medical recipes prior to the Norman 
Conquest. Fennel shoots, fennel seed and fennel water were 
all mentioned in ancient Spanish agricultural records. In medi-
eval times fennel, in conjunction with St John’s wort and 
other herbs, was hung over doors on Midsummer’s Eve to 
ward off evil spirits. Similarly, it was used as a condiment for 
the salt fish consumed during Lent. Fennel seeds were discov-
ered amongst the personal chattels salvaged from the tombs 
of Egyptian pharaohs.

The fruit (often called the seed) and root are the parts 
most commonly used for medical purposes (although the root 
is no longer used as it is considered inferior to the fruit). The 
exact species definition varies between different authorities, 
but it is agreed that Foeniculum vulgare Miller is represented 
by two varieties in cultivation (with common names desig-
nated as bitter fennel and sweet fennel).1,2 These different 
varieties of fennel are difficult to separate, mainly due to their 
tendency to hybridise.3

Effects

Relaxes sphincters and decreases spasm of the gastrointestinal 
tract; acts as an expectorant in the respiratory tract, increases 
the mucociliary activity of the ciliary epithelium; exerts oes-
trogenic activity, increases milk flow.

Traditional view

Fennel was used as a carminative to treat flatulent colic, 
windy colic in infants, irritable bowel syndrome and to 
increase appetite.4 It had an ancient reputation for strength-
ening eyesight and was used topically to treat conjunctivitis 
and blepharitis.5,6 The fruits are said to benefit nausea, hic-
cups, shortness of breath and wheezing. Syrup made from 
the fresh juice was used for chronic coughs. The leaves were 
once used by poor people to satisfy the cravings of hunger on 
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Other applications
Fennel is also used as a flavouring agent in tea mixtures,11 
alcoholic and non-alcoholic beverages and food products.12 
Fennel oil can be used as an antiseptic ingredient in tooth-
pastes and mouthwashes, an ingredient in antiwrinkle and 
antiageing skin products and cellulite products,13 and in soaps, 
detergents, creams, lotions and perfumes.12

Preparations

Fruit as a decoction, syrup (including honey), liquid 
extract, essential oil and tablets or capsules for internal use. 
Decoction, extract or essential oil for topical use.

As with all essential oil-containing herbs, use of the fresh 
plant or carefully dried herb is advised. Keep covered if infus-
ing the herb to retain the essential oil.

Dosage

l	 900 to 1800 mg/day of the dried fruit or as an infusion
l	 3 to 6 mL/day of 1:2 liquid extract, 7 to14 mL/day of 1:5 

tincture or equivalent in tablet or capsule form
l	 5 to 20 drops/day of the essential oil.

Duration of use

The Commission E advised that fennel preparations should 
not be taken for more than several weeks without medical 
advice.14 Despite this unexplained caution, fennel is safe for 
use in the long term, although prolonged intake should be 
avoided in children due to potential oestrogenic side effects.

Summary assessment of safety

Except in rare cases of contact allergy in susceptible patients, 
fennel is an extremely safe herb.

Technical data

Botany
Foeniculum vulgare, a member of the Umbelliferae (Apiaceae, 
carrot) family, is a bluish green biennial or perennial herb that 
can grow to a height of 2 m. The leaves have a thick, fleshy 
edible sheath at the base, are three to four times pinnate, tri-
angular and consist of threadlike segments up to 5 cm long. 
The flowers are 1 to 2 mm in diameter, have five yellow petals 
and are grouped in small umbels, which in turn are grouped 
into larger umbels. The fruit consists of two prominently 
ribbed ovoid achenes 4 to 6 mm long.15,16

Adulteration
Adulteration with other plant species has not been documented.

Key constituents
The chemical composition differs between the two varieties 
and different authors report varying levels. The European 
Pharmacopoeia limits are defined below:
l	 Foeniculum vulgare subsp. vulgare var. vulgare (bitter 

fennel): essential oil (>4%), containing >60% trans-
anethole, >15% fenchone, <5% estragole.17

l	 Foeniculum vulgare subsp. vulgare var. dulce (sweet 
fennel): essential oil (>2%), containing >80% trans-
anethole, <7.5% fenchone, <10% estragole.17

Additional constituents found in fennel include a fixed oil, 
flavonoids, organic acids,1 stilbene trimers18 and plant ster-
ols, including beta-sitosterol.19 There are only low levels of 
furanocoumarins such as 5-methoxypsoralen in fennel fruit.20

The sweetness of fennel is due to the presence of trans-
anethole and estragole, either alone or in combination. Sweet 
varieties of fennel taste sweeter than bitter varieties because 
they contain more trans-anethole and less fenchone.21

The chemical profile of dosage forms varies according to the 
method of preparation. Fennel tea prepared by 2-minute decoc-
tion in a covered cup containing water and heated in a microwave 
contained a higher content of p-anisaldehyde than the tea prepared 
by infusion. This may be due to the different extraction condi-
tions, and/or to degradation of trans-anethole to p-anisaldehyde.22

�  

OCH3
trans-Anethole Fenchone

O

Pharmacodynamics
Anethole bears a certain chemical resemblance to the catecho-
lamines adrenaline (epinephrine), noradrenaline (norepineph-
rine) and dopamine. This structural similarity appears to be 
responsible for the various sympathomimetic effects exerted by 
fennel and anise. Like adrenaline, fennel and anise have exhib-
ited bronchodilating properties and, like amphetamine, fennel 
is said to facilitate weight loss, although these effects have not 
been clinically tested. Psychoactive and psychedelic effects of 
fennel, anise and anethole have been noted in the past.8

Effects on smooth muscle
Fennel oil and alcoholic extracts of fennel demonstrated signifi-
cant spasmolytic activity in several in vitro models using isolated 
smooth muscle, such as the histamine and carbachol-induced  



559

Fennel fruit

contractility of isolated guinea pig ileum.23–27 This action 
appears to be due to an effect on calcium metabolism in the 
smooth muscle cells24 and was confirmed in an in vivo model 
by injection.23 One in vitro study found that fennel oil and anet-
hole increased smooth muscle tone under certain conditions.25 
Fennel oil reduced the intensity of oxytocin- and prostaglandin 
E2-induced contractions in isolated rat uterus.28

Oral administration of a combined stomachic formula-
tion (containing many ingredients including herbs and antac-
ids) reduced the inhibition of stomach movement caused by 
sodium pentobarbitone in rabbits. The effective (stimulating) 
ingredients were found to be fennel (active at 24 mg/kg, oral 
doses), gentian and l-menthol. The stimulating effect of the 
combined stomachic was abolished by atropine sulphate or 
hexamethonium bromide, suggesting that the action is due 
to an increase in the cholinergic nerve activity, not the direct 
stimulation of the smooth muscle itself.29 Hence, it appears 
that fennel relaxes smooth muscle by direct local activity, but 
also stimulates such activity via the sympathetic nervous sys-
tem. (See also the section on Respiratory activity below.)

Antimicrobial activity
Fennel oil demonstrated bacteriostatic activity against the 
following bacteria using the agar diffusion and serial dilution 
methods: Aerobacter aerogenes, Bacillus subtilis, Escherichia 
coli, Proteus vulgaris, Pseudomonas aeruginosa, Staphylococcus 
albus and Staph. aureus.30 Fennel oil (0.02 mL/7 mm filter) 
also demonstrated antibacterial activity in vitro against the 
following organisms isolated from patients with urinary tract 
infections: E. coli, Streptococcus pyogenes, Staph. aureus. The 
antibacterial activity of fennel oil was equal to or greater than 
the standard antibiotics tested (streptopenicillin, penicillin 
and tetracycline).31 Since these early studies, antibacterial 
activity has continued to be demonstrated in vitro for fennel 
oil, with varying results32,33 perhaps due to the test method 
or specific essential oil tested. Rising fennel oil steam exerted 
antibacterial activity in vitro against Mycobacterium avium.34 
Fennel oil (0.1%) inhibited mould growth in agar for 6 days. 
Anethole was also effective at 0.1%.35 The growth of Staph. 
aureus and Bacillus subtilis was prevented by 1 mg/mL of the 
ethanol extract of fennel, but other tested organisms were 
not affected at any of the concentrations used.36 However, 
the chloroform extract exhibited antibacterial activity against 
Bacillus subtilis and Proteus vulgaris, with other bacteria 
unaffected.37 Strong inhibition of fungal growth in vitro was 
demonstrated for fennel oil (against Aspergillus spp.), with 
only mild inhibition found for fennel seed aqueous extract 
(Candida albicans, Saccharomyces cerevisiae).38,39

Plant extracts were tested in vitro for antibacterial activ-
ity against fifteen Helicobacter pylori strains. Methanol extract 
of fennel seed demonstrated a minimum inhibitory concentra-
tion (MIC) of 50 μg/mL, which was better than the MIC of the 
antibiotic metronidazole.40 Fennel extract was one of the most 
active of 21 herbs tested in vitro against Campylobacter jejuni.41

Oestrogenic and related activity
Fennel oil demonstrated a favourable influence on the fat con-
tent and total quantity of milk in goats.42 Lactating mice fed 

fennel produced pups that consumed a significantly higher 
quantity of fennel-containing food than controls (mothers not 
fed fennel during lactation).43 This indicates that the flavour 
(and hence at least some chemical constituents) of fennel are 
passed in breast milk.

The structural resemblance of anethole to catecholamines 
may have a bearing on the galactagogue activity of fennel. 
Anethole may influence milk secretion by competing with 
dopamine at appropriate receptor sites, thereby reducing the 
inhibition of prolactin secretion by dopamine. Dianethole and 
photoanethole (polymers of anethole), which resemble the 
oestrogenic compounds stilbene and diethylstilbestrol, have 
also demonstrated oestrogenic activity.8

Injection of fennel oil triggered a mating response in sexu-
ally immature female rats and in ovariectomised mice.44 
Extracts of fennel can induce oestrus, cause growth of mam-
mary glands and oviducts in adult ovariectomised rats and 
exert an antiandrogenic effect in adult male rats.45 Fennel 
extract increased the organ weight of the cervix and vagina 
of ovariectomised rats, as well as increasing RNA, DNA and 
protein concentrations. Fennel caused the growth of the cer-
vix and vagina by inducing both hyperplasia and hypertrophy. 
The most potent dose was 250 μg/100 g bodyweight, which 
produced changes similar to oestrus-intact females.45 Moderate 
oral doses of an acetone extract of fennel (0.5 mg/kg) increased 
the weight of mammary glands, whilst higher doses (2.5 mg/
kg) increased the weight of the oviduct, endometrium, myo-
metrium, cervix and vagina.46 A follow-up study demonstrated 
that the acetone extract induced cellular growth and prolif-
eration in the endometrium and stimulated metabolism in the 
myometrium in rats. Changes induced by fennel provided a 
more favourable environment for the survival of spermatocytes 
and the implantation of the zygote in the uterus.47

Oral administration of the acetone extract of fennel fruit 
to male rats for 15 days produced a significant reduction in 
the total protein concentration of testes and vas deferens and 
an increase in the seminal vesicles and prostate gland.46

Intragastric administration of aqueous extract of fennel 
seed (50 mg/day or about 2 g/kg for 25 days) significantly 
reduced female fertility in mice compared with controls 
(p<0.025). No effect was observed on male mice fertility.48 
(See also the Safety section of this monograph.)

Respiratory activity
Fennel oil administered by inhalation exerted a mild anti-
tussive or cough suppressant effect on cough generated by 
mechanical stimulation in guinea pigs.49 In an earlier study, 
the volume and thickness of expelled respiratory tract fluid 
(RTF) was measured after administration of anethole and fen-
chone in various doses to rabbits. A dose-dependent increase 
in RTF volume was observed for fenchone, with the maxi-
mum response at 9 mg/kg. The increase in volume for anet-
hole was not dose-dependent, and the maximum response 
occurred at 3 mg/kg. A comparison of seasonal results indi-
cated a strong increase in RTF volume in autumn. Thickness 
of RTF was reduced in a dose-dependent manner, with min-
ima occurring at 9 to 27 mg/kg.50 Application of bitter fen-
nel tea (equivalent to 9.1 mg of fruit) increased mucociliary 
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transport velocity by 12% in isolated oesophageal mucosal 
membranes from frogs. The reference drug bromhexine 
(20 mg) produced an increase of 34%.51 Fennel ethanolic 
extract and essential oil showed a relatively potent bronchodi-
latory effect on isolated tracheal chains of the guinea pig.52,53

Effects on digestion
An aqueous extract of fennel increased gastric acid secre-
tion in rats.54 A single oral dose of fennel seed (250 mg/
kg) enhanced the activity of amylase in pancreatic tissue 
and lipase in the small intestine. Dietary intake (0.5% for 8 
weeks) resulted in an increase in pancreatic trypsin and intes-
tinal amylase.55

Fennel fruit extract caused a significant increase (33%) of 
collected bile after oral administration (500 mg/kg) to rats. 
The bilirubin content of the bile was similar in both treated 
and control groups.36

Fennel at 0.5% of diet over 6 weeks shortened food transit 
time in rats by 12%.56 Pretreatment with aqueous extract of 
fennel (75 to 300 mg/kg by oral gavage) significantly reduced 
ethanol-induced gastric damage in rats.57

Other effects
Administration of a methanol extract of fennel fruit (200 mg/
kg of 5:1 extract) reduced the amnesic effect of scopolamine 
and age-induced memory deficit in mice.58

Fennel oil (0.4 mL/kg) by oral administration demonstrated 
hepatoprotective activity in the carbon tetrachloride-induced 
liver injury model in rats.59 The subcutaneous injection of fen-
nel oil (100 mg/day or approximately 300 mg/kg) to partially 
hepatectomised rats for 7 days produced a significant increase 
(p<0.05) in the regeneration of liver tissue, as expressed by an 
increase in wet and dry liver weights in relation to total body 
weight.60 Fennel reduced the toxicity of strychnine in mice, 
indicating that it might increase the activity of liver microsomal 
drug metabolising enzymes.61 In contrast, a methanol extract 
of fennel fruit inhibited cytochrome P450 3A4 in human liver 
microsomes62 and 5-methoxypsoralen was later identified as 
a key active constituent.63 It is not known whether this will 
cause any clinically relevant herb-drug interaction.

Fennel extracts exhibited antioxidant activity in vitro.64,65 
Fennel oil demonstrated antioxidant activity in soybean oil,66 
and in sunflower oil the effect was stronger than vitamin E.67 
Fennel inhibited lipid peroxidation (rancidity) in slated cooked 
ground fish. Dried fennel was a more effective antioxidant 
than fresh fennel in this context.68

The acetone extract of fennel exhibited strong in vitro 
cytotoxic activity against murine leukaemia cells and human 
colon cancer cells.69 Water extract of fennel inhibited the 
growth of mouse leukaemia cells in vitro. The ethanol extract 
was inactive.48

Oral doses of an aqueous extract of fennel fruit lowered 
systolic blood pressure in spontaneously hypertensive rats. 
Fennel also increased water, sodium and potassium excre-
tion (i.e. had a diuretic effect), which was the probable basis 
of its hypotensive action.70 The ethanol extract of fennel 
fruit (500 mg/kg) demonstrated significant diuretic activity 
5 and 24 h after oral administration to rats (when compared 

with controls). The diuresis in this case was not associ-
ated with changes in sodium and/or potassium excretion.36 
Hydroalcoholic extracts of fennel root demonstrated diuretic 
activity in rats, producing an increase in urinary flow and uri-
nary sodium excretion.71

In previous screening, fennel oil was identified as having 
significant antiplatelet activity among 24 essential oils tested. 
Anethole was subsequently shown to be as potent as fennel 
oil in vitro.72 It also prevented thrombin-induced clot retrac-
tion at concentrations similar to fennel oil. Both fennel oil and 
anethole (30 mg/kg/day orally for 5 days) showed significant 
antithrombotic activity in mice without haemorrhagic side 
effects, unlike the reference drug aspirin.72

The ethanol extract of fennel fruit demonstrated significant 
but moderate analgesic activity 90 and 150 minutes after oral 
administration (500 mg/kg) to mice. Antipyretic activity was 
also evident at 30 and 90 minutes, but not at 150 minutes.36 
A methanol extract of fennel fruit by oral administration 
(200 mg/kg of 15:1 extract) demonstrated anti-inflammatory 
activity in acute and subacute inflammation and type IV aller-
gic reactions in mice and rats.73 Previously, 100 mg/kg (oral) 
of an 80% ethanolic extract inhibited carrageenan-induced 
paw oedema in rats.74

Feeding rats 1 g/day of dry fennel leaf inhibited bone 
resorption, but this may not be relevant to the use of the 
fruit.75

Pharmacokinetics
Anethole was absorbed very slowly in mice after oral adminis-
tration (200 mg/kg). After 30 and 120 minutes, 60% and 23% 
of the administered dose, respectively, were still present in 
the stomach.76 After 72 h, 2% of an orally administered dose 
was found in the faeces of rats.77

The metabolic fate of 1 mg of trans-anethole has been 
investigated in human volunteers using the radioactively 
labelled compound.78 The main routes of elimination were 
the urine and expired air. The major urinary metabolite 
was 4-methoxyhippuric acid (56% of dose). Another study 
found that doses up to 250 mg had no systematic effect on 
the rate and route of excretion and on the pattern of urinary 
metabolites.79

Clinical trials

Effects on the gastrointestinal tract
Five patients with irritable bowel syndrome (IBS) defined as 
meeting the Rome criteria, who were also poor responders 
to available therapies, were selected for treatment with fen-
nel fruit in a small, open label pilot trial. Patients were given 
four sugar coated fennel fruits to chew and swallow after 
meals for 1 week. The dose was increased gradually to 8 to 12 
fruits three times a day. After 2 weeks of therapy there were 
marked clinical improvements, with fewer abdominal cramps, 
less dependence on medication (laxative, antidiarrhoeal drug, 
analgesics) and fewer visits to physicians.80

A liquid herbal formula (25 drops three times daily) con-
taining, in increasing proportions, wormwood, caraway, 
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fennel and peppermint was found to be superior to the spas-
molytic drug metoclopramide (p=0.02) in terms of relief of 
symptoms such as pain, nausea, belching and heartburn in a 
randomised, double blind clinical trial of the treatment of 
dyspepsia. Sixty patients took part in the trial, which con-
sisted of 2 weeks’ treatment.81 In another placebo-controlled, 
randomised, double blind clinical trial, 70 patients with 
strongly marked chronic digestive problems such as flatulence 
or bloating were treated with either a herbal formula contain-
ing caraway, fennel, peppermint and gentian in tablet form or 
a placebo over a 14-day period. Analysis of the trial results 
established a significant improvement in gastrointestinal com-
plaint scores in the group receiving the herbal tablets, com-
pared with the placebo group (p<0.05). Ultrasound results 
evaluating the amount of gas present also demonstrated a sig-
nificant benefit from the herbal formula (p<0.05).82

In two randomised, double blind trials, a tablet contain-
ing 100 mg each of fennel fruit, peppermint and caraway 
and 30 mg gentian was evaluated against placebo in patients 
with idiopathic dyspepsia. In the acute trial involving 12 
patients, a single dose of three tablets relieved acute symp-
toms (p=0.014, compared with placebo). The longer-term 
trial involved 70 patients over 2 weeks at six tablets per day. 
There was a statistically significant reduction in symptoms for 
the herbal combination compared with placebo (p value not 
stated).83

Twenty-four patients with chronic non-specific colitis were 
treated with a herb combination containing Taraxacum offici-
nale, Hypericum perforatum, Melissa officinalis, Calendula 
officinalis and fennel in an open label trial. By the 15th day 
of treatment, spontaneous and palpable pains along the large 
intestine had disappeared in 96% of the patients. Defaecation 
was normalised in patients with diarrhoea syndrome.84

The effect of a herbal instant tea preparation containing 
chamomile, vervain, licorice, fennel and lemon balm on infan-
tile colic was assessed in a prospective double blind study on 
babies about 3 weeks old. Tea or placebo up to 150 mL per 
dose was given to each infant with every episode of colic, 
but not more than three times a day. After the 7 days of the 
trial, the colic improvement scores were significantly better 
in the herbal tea group: 1.7 versus 0.7 for the placebo group 
(p<0.05). In addition, more babies in the treatment group 
had their colic eliminated: 57% compared with 26% for pla-
cebo (p<0.01).85 A herbal preparation containing dry extracts 
of fennel, chamomile and lemon balm, together with small 
quantities of vitamins B1 and B6 and calcium pantothenate, 
was administered twice a day to breastfed colicky infants. 
This randomised, double blind, placebo-controlled trial found 
that crying time reduced from 201.2 minutes to 76.9 min-
utes in the active group, compared to a fall from 198.7 min-
utes to just 169.9 minutes in the placebo group (p<0.005). A 
higher incidence of vomiting was reported for the herb group 
compared with placebo, which might be expected, given that 
these herbs are also carminatives.86

Emulsion of fennel essential oil was superior to placebo in 
decreasing the intensity of infantile colic. In this placebo-con-
trolled, randomised trial, parents were instructed to adminis-
ter a minimum of 5 mL and a maximum of 20 mL of either a 
water emulsion of 0.1% fennel fruit essential oil or placebo up 

to four times a day. Colic according to the Wessel criteria was 
eliminated in 65% of those in the treatment group, compared 
with 23.7% in the placebo group (p<0.01).87

A proprietary herbal tea (containing fennel, licorice, sweet 
orange peel, cinnamon, coriander fruit, ginger and sweet 
orange oil dried on acacia gum) was tested in nursing home 
residents with chronic constipation using a double blind, pla-
cebo-controlled design.88 Residents were randomly assigned 
to receive the herbal tea (n=42) or placebo (n=44) once daily 
for 28 days in addition to standard constipation treatment. In 
the intention to treat analysis there was a statistically signifi-
cant increase in bowel movements in the herbal group (about 
one extra per week, p=0.017) compared with placebo.

Dysmenorrhoea
Thirty women (15 to 24 years old) with moderate to severe 
dysmenorrhoea participated in an open clinical study in Iran. 
They were evaluated for three menstrual cycles: no medica-
tion in the first (which served as a control), mefenamic acid (a 
non-steroidal anti-inflammatory drug, 250 mg every 6 h) in the 
second cycle and fennel essential oil (25 drops every 4 h) in 
the third. Both treatments effectively relieved menstrual pain 
compared with the control cycle. The mean duration of initia-
tion of action (time period between ingestion and pain relief) 
was 67.5 minutes for mefenamic acid and 75 minutes for fen-
nel oil. Mefenamic acid was more potent than fennel oil on 
the second and third menstrual days, with the difference on 
the other days not being significant. (See also the Side effects 
section below.89)

In another open trial also conducted in Iran, adolescent 
girls were randomised to receive either fennel oil (30 drops) 
or mefenamic acid (250 mg) for 2 months. Each treatment 
was taken at the onset of menses and then continuously every 
6 h for the first 3 days. Both the treatments were equally 
effective in reducing pain intensity, limitation in activity and 
the need for rest.90

Other conditions
One case has been reported where chewing fennel fruit 
relieved the cough induced by the angiotensin-convert-
ing enzyme inhibitor enalapril. The severe irritating cough 
stopped within 2 to 3 days following an accidental chewing of 
fennel fruit (1 to 1.5 g). The fennel was retained between the 
teeth and cheek for half an hour. This regime was continued 
three times daily for 3 days. After improvement of the cough, 
fennel fruit was used twice daily for a week and then once a 
day. The patient remained free of cough despite regular use of 
20 mg/day enalapril.91

Significant improvements for sleep discomfort, cough fre-
quency and cough intensity were observed in allergic asthma 
patients who used a herbal tea. One cup of tea (200 mL) was 
taken twice daily. The tea was prepared as a decoction from 
2.5 g each of powdered fennel, anise, cardamom and caraway 
fruits, 7.5 g chamomile flowers, 0.3 g saffron and licorice root 
and 1.3 g black seeds (Nigella sativa). The ratio of FEV1/FVC 
(a measure of lung function) was also increased in the treat-
ment group compared with placebo (p=0.022).92 (FEV1 is 
forced expiratory volume in 1 second and FVC is forced vital  
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capacity.) The ‘placebo’ tea used was Camellia sinensis  
(normal tea) and the study was not blinded.

In a randomised, double blind clinical study, 38 patients 
with mild to moderate facial idiopathic hirsutism were 
treated with creams containing 1% or 2% of fennel extract 
(12.5:1) or placebo. The cream was prepared from fennel 
fruit extracted with ethanol and reduced in solvent. None of 
the patients had polycystic ovaries and all had normal serum 
androgen levels. The duration of treatment was 12 weeks and 
the cream was applied twice a day. Throughout the course of 
the treatment, density and hair growth were noted and hair 
diameter was measured. Reduction in hair diameter was great-
est for the 2% cream (18.3%) compared against the 1% cream 
(7.8%) and placebo (−0.5%, a slight increase). These results 
demonstrated statistically significant differences (p<0.001) 
between each group. The rate of hair growth was also reduced 
in patients using the fennel cream, but not in the placebo 
group. No adverse effects were observed.93

Toxicology and other safety data

Toxicology
The oral LD50 of fennel oil in rats varied from 1.33 g/kg to 
4.5 mL/kg.3,94 Acute or chronic poisoning with fennel oil has 
not been reported in humans.3 The acute oral LD50 of anet-
hole in rats was found to be 2.09 g/kg.8 No phototoxic effects 
were reported for the application of undiluted bitter fennel 
oil on hairless mice and pigs. Bitter fennel oil (4% in petrola-
tum) produced no irritation in a 48 h closed-patch test and no 
sensitisation reactions on human subjects.95

It is desirable to have low estragole-containing fennel. 
High-dosage estragole studies in rats indicate potential hepa-
tocarcinogenicity. However, since estragole is metabolised 
differently in humans and has only limited absorption,96,97 
any posited carcinogenic risk in humans was suggested to be 
tenuous.

However, later data imply that humans do produce poten-
tially carcinogenic metabolites from estragole, albeit in quite 
low amounts. The proximate carcinogenic metabolite of 
estragole is 1ʹ-hydroxyestragole. There is considerable vari-
ation in the production of this metabolite by humans.98 The 
sulphate conjugate of this metabolite is hepatotoxic and is the 
ultimate carcinogen.99 The metabolism of estragole was inves-
tigated in humans after consumption of fennel tea.100 Less 
than 0.41% of the administered dose was briefly converted to 
1ʹ-hydroxyestragole and the presence of the sulphate conju-
gate could not be confirmed. As noted above, fennel can con-
tain varying amounts of estragole, and this was also reflected 
in a study on fennel tea that found a range of between 9 and 
2058 μg/L for teas prepared in different ways.101 Based on 
these findings, a maximum exposure to estragole for adults 
drinking fennel teas was estimated at just 10 μg/kg/day. In 
contrast, the very high doses of estragole used in carcino-
genic studies in rodents may favour the production of carci-
nogenic metabolites by overloading the protective metabolic 
pathways.102

No toxic effects were observed in mice administered sin-
gle oral doses of 0.5, 1 and 3 g/kg of fennel ethanolic extract 
(equivalent to 5, 10 and 30 g of fennel seed respectively). In a 
chronic toxicity study, 100 mg/kg/day of fennel extract orally 
administered over 90 days caused no significant differences 
in mortality, external morphology, haematology or spermato-
genesis compared with controls. After 40 days, alopecia in the 
snout area developed in some male animals. The average body 
weight of the male animals increased, while that of the female 
mice decreased or remained the same.103 In another study 
using the same dosages, only the 3 g/kg dose group showed 
signs of reduced locomotor activity and piloerection in mice. 
All other parameters were negative.36

Methanolic and water extracts of bitter and sweet fen-
nel were not mutagenic in the Ames test and had no DNA-
damaging activity in the Bacillus subtilis rec-assay.103 In 
contrast fennel fruit extract prepared by percolation with 95% 
ethanol and concentrated by vacuum demonstrated interme-
diate mutagenic results in the Ames test and significant toxic 
activity in the brine shrimp bioassay.104

The mutagenic potential of fennel oil is not conclusive, as 
indicated by conflicting results obtained from in vitro tests. 
Fennel oil, sweet fennel oil and estragole were negative, but 
anethole was positive in Ames tests.105,106 In another study, 
fennel oil and anethole showed weakly positive results.107 
Sweet fennel oil and anethole were negative in the E. coli 
reversion test. Sweet fennel oil but not anethole demon-
strated DNA-damaging activity in the Bacillus subtilis rec-
assay; however, the authors indicate problems with this test 
with respect to the testing of oils.106 Fennel oil demonstrated 
negative results in the chromosomal aberration test on ham-
ster fibroblasts.105 The available mutagenicity and genotoxic-
ity data indicate that trans-anethole is not genotoxic108 and is 
even antigenotoxic in vivo.109

Contraindications
Fennel has been categorised as a spice allergen, with some 
publications reporting a cross-reaction with fennel in the so-
called ‘celery-carrot-mugwort-spice’ syndrome. It is therefore 
contraindicated in these patients. However, even in this con-
text allergic reactions to fennel are rare and seem to be lim-
ited to occupational exposure.3

Special warnings and precautions
Very high doses of fennel essential oil should be avoided in 
hepatic disorders.

Interactions
Concomitant oral dosing of the aqueous fennel extract (2 g 
dried herb per kg) reduced the bioavailability of the antibiotic 
ciprofloxacin in rats. None of the phytochemical components 
of fennel seemed to cause this interaction, which may have 
been due to the presence of relatively large amounts of metal 
cations in the extract.110 As noted earlier, fennel contains 
5-methoxypsoralen, a furanocoumarin that can inhibit CYP 
450 drug metabolising enzymes.
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The bioavailability of paeoniflorin (present in Paeonia 
root) was enhanced by oral administration of fennel fruit to 
mice.111

Interaction between fennel essential oil and other drugs in 
humans is not expected.3 Dermal application of the infusion 
of fennel in humans results in an aggravation of the inflamma-
tion caused by mustard oil, UV irradiation and the subcutane-
ous injection of tuberculin.3

Use in pregnancy and lactation
Category B3 – no increase in frequency of malformation or 
other harmful effects on the fetus from limited use in women. 
Evidence of negative effects in animal studies exists, although 
the relevance to humans is unknown.

Intragastric administration of water extract of fen-
nel (0.05 g/day of dried herb) reduced the fertility of 
female mice. Of the six treated females only three became 
pregnant.48 Anethole given orally to female rats at 50, 
70 and 80 mg/kg in early pregnancy reduced successful 
implantation.112

Fennel essential oil reduced limb bud differentiation in 
vitro. (The limb bud micromass culture system used in this 
study provided the opportunity to evaluate chondrocyte dif-
ferentiation, because changes in extracellular matrix compo-
sition parallel those seen in the intact limb.) There was no 
evidence of teratogenicity.113

Fennel is compatible with breastfeeding and traditionally 
used to enhance lactation.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
Cross-sensitivity to fennel and other members of the 
Umbelliferae (Apiaceae) has been found in a high proportion 
of patients with positive skin tests to birch, mugwort and cel-
ery.114 (The ‘celery-carrot-mugwort-spice’ syndrome is well 
known in Europe. People sensitised to carrot, for example, 
may also have allergic reactions to other vegetables or spices of 
the Umbelliferae family.115,116) A 2002 analysis of 589 cases 
of food allergies found frequent sensitisation to Umbelliferae 
spices. In those who were tested, a positive prick test towards 
fennel seed was found in 9.9% of children and 7.4% of adults. 
Only adults were allergic to spices and allergy to spices 
accounted for 6.4% of food allergies. Investigation of case 
reports suggests that the reaction to fennel seed is greater 
than for fennel leaf, due to the higher protein content of the 
former.117 In one study, fennel sensitivity was found in just 
one case among 202 food challenges performed in 142 chil-
dren with food allergies.118 However, some diagnosed ‘spice 
allergies’ to Umbelliferae such as fennel, anise, coriander and 
cumin may not have an immunological component and may be 
best characterised as food intolerances.119

Immediate hypersensitivity reactions to the ingestion of 
fresh fennel have been reported. Skin prick tests indicated 

the patient typically had strong reactivity to several pollens 
as well as to most vegetable foods tested (cucumber, tomato, 
potato, orange, pea, beans, celery, carrot, onion, garlic).120 
Skin prick tests also showed a positive immediate response 
to a range of other spices in one subject allergic to aniseed. 
These comprised asparagus, caraway, coriander, cumin, 
dill and fennel extracts.121 A positive skin test to fresh fen-
nel seed was found in one case of occupational asthma,122 
and in one case of childhood atopic dermatitis (as a partial 
allergen).123

No substantial adverse effects were reported in one cohort 
study of 30 young women with primary dysmenorrhoea 
treated with fennel essential oil. Five patients (16.6%) with-
drew due to the odour; one patient (3.1%) reported a mild 
increase in the amount of menstrual flow.89

Premature thelarche is defined as isolated breast devel-
opment with no other clinical signs of sexual maturation in 
girls before the age of 8 years. The mechanism is unknown, 
although increased oestrogen levels can be detected in the 
serum. A Turkish study describes four cases of premature 
thelarche apparently linked to the long-term consumption of 
fennel tea.124 The four cases were observed between January 
2001 and December 2007 in a paediatric department in 
Ankara. The first case was a 5-month-old infant girl exhibit-
ing premature thelarche and elevated oestradiol. Around the 
same time a 65-year-old postmenopausal woman was under 
investigation because her menstrual cycle had recommenced. 
Her history revealed the long-term consumption of fennel 
tea. This prompted the authors to search for a link between 
fennel and the thelarche case and also in three other subse-
quent cases (aged 3 to 5 years). All four girls had been given 
fennel tea two to three times a day for several months to 
eliminate colic. Physical and genital examination of the girls 
was unremarkable. However, serum oestradiol levels were 
15 to 20 times higher than normal for their ages. After the 
fennel tea was stopped the premature thelarche resolved 
within 3 to 6 months and oestradiol levels returned to nor-
mal. Prolonged intake of fennel should be avoided by boys and 
girls. Clinicians should also be watchful for potential oestro-
genic side effects from the use of this herb in either sex.

Overdosage
No effects known.

Safety in children
Apart from the rare case of allergic reaction, no adverse 
effects are expected in children from short-term use of fen-
nel.125 However, as noted above, prolonged intake should be 
avoided in children due to potential oestrogenic effects.

Regulatory status in selected 
countries

Bitter and sweet fennel are official in the European 
Pharmacopoeia (2006) and the British Pharmacopoeia (2007). 
Fennel is also official in the Pharmacopoeia of the People’s 
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Republic of China (English edition, 2000) and fennel and its 
oil are official in the Japanese Pharmacopoeia (English edi-
tion, 2001). Fennel and fennel oil were official in the second 
edition of the Indian Pharmacopoeia (1966), but were not 
included in the third edition (1985).

Fennel and fennel oil are covered by positive Commission 
E monographs and both have the following applications:
l	 dyspeptic complaints, such as mild cramp-like 

gastrointestinal disorders, a feeling of distension, flatulence
l	 catarrh of the upper respiratory tract
l	 fennel syrup and fennel honey for catarrh of the upper 

respiratory tract in children.

Fennel is on the UK General Sale List.
Fennel and fennel oil have GRAS status. They are also freely 

available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (1994 Dietary Supplement Health and Education 
Act). Fennel has been present as an ingredient in products 
offered over the counter (OTC) for use as an aphrodisiac. The 
FDA, however, advises that: ‘based on evidence currently avail-
able, any OTC drug product containing ingredients for use as an 
aphrodisiac cannot be generally recognised as safe and effective’.

Fennel is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Feverfew

(Tanacetum parthenium (L.) Schulz-Bip.)

Can be used for

Indications supported by clinical 
trials
Prophylaxis and treatment of migraine, tension headache and 
associated symptoms.

Traditional therapeutic uses
Coughs, colds; febrile diseases; atonic dyspepsia; nervous 
debility.

May also be used for

Extrapolations from pharmacological 
studies
Conditions requiring antiallergic or anti-inflammatory activity; 
inflammatory arthritis.5

Other applications

Anecdotal evidence suggests feverfew is beneficial for 
psoriasis.6

Preparations

Fresh or dried plant tincture; tablets or capsules from the 
dried leaf or leaf extracts.

Although one clinical trial was conducted using freeze-dried 
feverfew leaf and many users take the fresh leaves, some pro-
moters of feverfew are of the opinion that the air-dried herb is 
less likely to cause side effects.7 The results of one clinical trial 
clearly demonstrated efficacy for conventionally dried feverfew 
leaves grown in Israel and given as a capsule.8

Dosage

l	 0.7 to 2 mL of 1:1 fresh plant tincture per day (but see 
below)

l	 1 to 2 mL of 1:5 dried plant tincture per day (but see 
below)

l	 One tablet (say 150 mg dried herb, standardised to contain 
at least 0.6 mg parthenolide), one to two times per day 
(but see below).

The adequate dose varies with the quality of the herb 
and the severity and frequency of migraines. In addition, 

Synonyms

Chrysanthemum parthenium (L.) Bernh., (botanical syno-
nym), Tanaceti parthenii herba/folium (Lat), Mutterkraut 
(Ger), camomille grande (Fr), matrem (Dan).

What is it?

Feverfew, a herb with long traditional use, received much 
attention in the UK during the 1980s when it became popular 
as a migraine remedy. It has been given many botanical names 
including Chrysanthemum parthenium, Pyrethrum parthenium 
and Matricaria pyrethrum. The plant looks somewhat similar 
to chamomile at first glance and has a strong smell particularly 
disliked by bees. The common name is believed to be derived 
from the Latin febris (a fever) and fugure (to drive away), as it 
was used to cure fevers in the past. The part used medicinally 
is the leaf, with or without stem, collected when or after the 
plant flowered.

Effects

Antisecretory (inhibition of platelet aggregation, granule 
secretion from polymorphonuclear leucocytes); anti-inflam-
matory (inhibits NF-kappaB activation and prostaglandin 
biosynthesis).

Traditional view

Warm infusions were traditionally prescribed to purge choler, 
to treat colds and febrile diseases, to cleanse the kidneys and 
to bring on menstruation and expel worms.1 The decoction, 
sweetened with honey or sugar, was given for coughs, wheez-
ing and difficult breathing.2 Cold infusions were considered an 
excellent tonic, including for ‘those who have taken Opium 
too liberally’.1 This preparation was also used to relieve facial 
and ear pain in dyspeptic or rheumatic patients.2 The leaves 
were applied as a poultice to ease pain and swelling of the 
bowel and for wind or colic.1 Eclectic physicians regarded 
feverfew as a tonic that influenced the entire intestinal tract, 
increased appetite, improved digestion, promoted secretion 
and acted upon the renal and cutaneous functions.3 Although 
not widespread, there is reference to the traditional use of 
feverfew for headache in Welsh herbal literature.4

Summary actions

Anti-inflammatory, bitter, emmenagogue (only in high doses), 
anthelmintic.
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it is more likely that a higher starting dose establishes the 
prophylactic effect more rapidly. Probably because of the 
initial use and promotion of a low dose of the fresh leaves, 
there is a tendency to recommend quite low doses of fever-
few for migraine prophylaxis. However, the use of such doses 
often means that it can take 6 to 9 months before any effec-
tive prophylaxis occurs. With this length of time, the patient 
might give up treatment before any benefit is established. 
Hence, the early use of higher doses of feverfew in migraine 
prevention is recommended for a faster clinical effect. Also, 
it can be combined with other relevant herbs to maximise 
the magnitude and speed of the onset of such prophylaxis. 
Typically, doses of at least 3 to 5 mL per day of the 1:5 tinc-
ture in 60% ethanol (to extract the lactones) or its equal in 
tablets or capsules (600 to 1000 mg/day of dried herb equiva-
lent) are recommended initially. Once sufficient prophylaxis 
takes place the dose can be reduced to a suitable level (see 
above) to maintain the clinical effect.

Duration of use

There is no restriction on long-term use. Information from 
clinical surveys suggests treatment in excess of 4 to 6 months 
may be required to assess any beneficial effect.

Summary assessment of safety

Except in cases of allergy in susceptible patients, feverfew is 
a safe herb. Some uncomfortable side effects, such as mouth 
ulcers, may occur in a percentage of patients, especially those 
who chew the fresh leaves.

Technical data

Botany
Feverfew is a perennial plant that may grow up to 70 cm. Its 
light green leaves (2 to 9 cm long) are ovate in outline, pin-
nate with pinnatifid lobed or toothed leaflets. The flower 
heads (1 to 2.4 cm in diameter) consist of ray florets of white, 
short ligules and inner, yellow disc florets. The fruit is a 
ribbed achene approximately 1.5 mm long.9,10 (Tanacetum and 
Chrysanthemum are two separate genera of the Anthemideae 
tribe of the Compositae (daisy) family,11 so Chrysanthemum 
parthenium is not technically a synonym of Tanacetum parthe-
nium but rather a former name.)

Adulteration
No adulterants known. However, parthenolide levels in fever-
few can vary considerably. A US study found that none of 
four feverfew products tested contained the level of parthe-
nolide claimed on the label.12 Parthenolide instability might 
have contributed to this finding.13

Key constituents
l	 Sesquiterpene lactones containing an alpha-methylene-

gamma-lactone group: in particular those of the 
germacranolide type,14 including parthenolide (0.06% to 
0.6%)15 and 3-beta-hydroxyparthenolide; the guaianolide 
type14 and others containing chlorine16

l	 Sesquiterpenes, monoterpenes, polyacetylene 
compounds,17 essential oil,18 flavonoids,19–21 
dicaffeoylquinic acids22

l	 Melatonin has also been detected in trace amounts (1.37 
to 2.45 μg/g) in feverfew leaf samples and in a commercial 
preparation.23

As noted above, the parthenolide content of feverfew 
can vary considerably.24,25 Tests conducted on Mexican- and 
Yugoslavian-grown plants yielded no parthenolide,26 although 
a later study did find parthenolide in Mexican samples.27 The 
post-flowering leaves can contain up to four times the levels 
of pre-flowering leaves.26 Harvesting during the afternoon and 
subjecting plants to a single water stress event can increase 
parthenolide levels.28 Varieties with light green/yellow leaf 
colour yield higher levels of this compound.29

�  

Parthenolide
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Pharmacodynamics
Most of the pharmacological research has been conducted on 
parthenolide. The alpha-methylene-gamma-lactone (MGL) 
group probably provides much of the biological activity of this 
compound. Since the nucleophile in biological systems is very 
often a thiol (sulphydryl) group, this MGL group can act as 
an alkylating agent of such thiol residues,30 thereby disrupt-
ing cell function. (Thiol groups, such as cysteine residues in 
proteins or enzymes, are important constituents of the plasma 
membrane and cytoskeleton.31 The assembly of microtubules 
in the cytoskeleton is known to be involved in phagocytosis 
and the degranulation of neutrophils.32)

The pathophysiology of migraine is not fully understood; 
hence feverfew’s mechanism of action in migraine prophylaxis 
remains to be adequately defined. It had been proposed that a 
significant increase in serotonin release from platelets triggers 
the complex chain of events leading to a migraine attack,33 
and that migraine is caused by abnormal platelet activity 
and serotonin metabolism.34 However, this theory no longer 
holds widespread currency. In accordance with this earlier 
theory, the observation that feverfew interacts with the pro-
tein kinase C pathway causing an inhibition of granule secre-
tion from platelets was suggested as an antimigraine effect 
(with inhibition of degranulation from polymorphs as an 
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antiarthritic effect).35 Another theory is that feverfew exerts 
an anti-inflammatory activity in migraines, due in part to its 
parthenolide content. Parthenolide certainly has a unique anti-
inflammatory profile that is now known to be largely medi-
ated by inhibition of NF-kappaB activation. The mechanism 
involved is so specific that parthenolide is currently used as a 
pharmacological probe for in vitro experiments exploring the 
role of NF-kappaB in a variety of biochemical pathways. (The 
numerous studies where parthenolide has been employed in 
this way have not been included in this monograph.)

Antisecretory activity
Chloroform/methanol and aqueous extracts of feverfew 
inhibited the secretory activity of blood platelets and poly-
morphonuclear leucocytes in vitro. Release of serotonin from 
platelets induced by aggregating agents was inhibited. The 
pattern of effects of feverfew on platelets is different to that 
obtained with other inhibitors of platelet aggregation and the 
impact on polymorphs is more pronounced than that observed 
for very high concentrations of NSAIDs.35 Aqueous extract of 
feverfew inhibited platelet aggregation induced by ADP, col-
lagen and thrombin, but aggregation induced by arachidonic 
acid was not affected. Synthesis of thromboxane B2 from 
platelets incubated with arachidonic acid was also not inhib-
ited. However, feverfew extract did inhibit platelet phos-
pholipase A2, suggesting its antiplatelet activities are due to 
a phospholipase inhibitor that prevents the release of arachi-
donic acid.36

Eleven fractions obtained from a chloroform extract of 
feverfew demonstrated antisecretory activity in vitro; two 
fractions were devoid of activity. All the active fractions 
contained compounds with an MGL group. Five such com-
pounds were isolated.14 Feverfew and parthenolide dramati-
cally reduced the number of acid-soluble sulphydryl groups 
in platelets at concentrations similar to those that inhibited 
platelet secretory activity. Feverfew itself did not induce the 
formation of disulphide-linked protein polymers in platelets, 
but polymer formation occurred when aggregating agents 
were added to feverfew-treated platelets.37 In vitro stud-
ies also show that there are marked similarities between the 
inhibitory effects of feverfew extract and parthenolide on 
both serotonin secretion and platelet aggregation induced by 
several activating agents in human platelets. Results suggest 
an interaction with the protein kinase C pathway.38 However, 
parthenolide neither activated nor inhibited protein kinase C 
type 1 from a bovine brain preparation in concentrations up 
to 200 μg/mL in vitro, nor did it affect the activity of mem-
brane-associated protein kinase C in isolated lymphoma cell 
membranes.39

Several feverfew extracts were tested for antisecre-
tory activity in a bioassay of platelets and compared with 
parthenolide. There was a close correlation between the 
parthenolide content of the extracts and their antisecre-
tory activity.40 Other sesquiterpene lactones from feverfew 
were also active. The content of parthenolide and bioactiv-
ity of feverfew plants varied enormously when grown under 
identical conditions using seeds from 10 different regions of 
Europe.41 A selection of feverfew commercial preparations 

(leaves, tablets, drops) in the UK inhibited secretory activity 
in platelets, albeit at lower levels than expected (compared to 
freshly prepared feverfew).42 Feverfew extracts modified the 
interaction of platelets with collagen substrates and inhibited 
both platelet spreading and formation of thrombus-like plate-
let aggregates on the collagen surface.43 A chloroform extract 
of feverfew was a powerful inhibitor of platelet-collagen inter-
action in an in vitro model used for testing antithrombotic 
drugs. Feverfew also prevented the endothelial cell monolayer 
of perfused rabbit aorta from spontaneous injury.44 While the 
platelets of patients taking feverfew aggregated normally to 
ADP and thrombin, aggregation in response to serotonin was 
greatly reduced.45

Feverfew extract inhibited the activity of polymorphonu-
clear leucocytes (PMNL) in vitro, probably via blockade of 
cellular sulphydryl groups (since cell lysis was ruled out).46 
Whole and fractionated acetone extracts of feverfew (and 
other Tanacetum spp) demonstrated inhibitory effects in vitro 
using a human PMNL-based bioassay. Although parthenolide 
was clearly an important determinant of activity, it was found 
not to be the sole factor.47,48 Feverfew extracts markedly 
inhibited phagocytosis of Candida guilliermondii in vitro, but 
intracellular killing was not affected.49 The fact that fever-
few can inhibit phagocytosis as well as degranulation gives it 
increased potential as an anti-inflammatory agent.

A chloroform extract of feverfew dose-dependently inhib-
ited histamine release induced by stimulating rat peritoneal 
mast cells via an IgE-anti-IgE reaction. The data suggest that 
this effect of feverfew is different to the inhibitory action on 
mast cells of both cromoglycate and quercetin. In addition, 
feverfew extract did not inhibit histamine release by interfer-
ing with oxidative phosphorylation.50 Parthenolide inhibited 
IgE-mediated mast cell degranulation in vitro and inhib-
ited passive cutaneous anaphylaxis in mice (10 mg/kg, ip).51 
Inhibition of microtubule formation was suggested as the 
mechanism,51 although prevention of the increase in intracel-
lular calcium levels has also been observed.52

Anti-inflammatory activity
Earlier research found parthenolide inhibited cyclo-oxygenase 
(COX, which converts arachidonic acid to prostaglandins) in 
vitro.53 Parthenolide also inhibited the expression of induc-
ible cyclo-oxygenase (COX-2) and proinflammatory cytokines 
in lipopolysaccharide (LPS)-stimulated macrophages in vitro, 
which correlated with the inhibition of mitogen-activated 
protein kinases. The MGL group was suggested to be behind 
the inhibitory activity.54 However, aqueous extracts of whole 
plant and leaf inhibited prostaglandin biosynthesis, but not 
COX.55 Parthenolide also did not inhibit COX activity in 
vitro using enzyme derived from sheep seminal vesicles.39 
Other evidence suggested that sesquiterpene lactones, includ-
ing parthenolide, inhibited the release of arachidonic acid 
from membrane phospholipid stores rather than its conversion 
into thromboxane B2 via the COX pathway.39

A chloroform extract of feverfew evoked changes in the 
metabolism of arachidonic acid similar to those observed in 
glutathione-depleted platelets.37 It also inhibited the uptake 
and liberation of arachidonic acid from platelet membrane 
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phospholipids,56 which may be the result of an altered 
cytoskeletal-membrane interaction.32 SH groups (sulphy-
dryls) are essential for phospholipase A2 activity (and the lib-
eration of arachidonic acid),57 and may have been influenced 
by feverfew in this context.56 Chloroform extracts of fever-
few produced dose-dependent inhibition of the generation of 
thromboxane B2 and leukotriene B4 by stimulated leucocytes. 
The activity was due to other lactones as well as sesquiter-
pene lactones.58

However, the most significant finding for feverfew in 
the context of inflammation is the specific inhibition of 
NF-kappaB activation by parthenolide. NF-kappaB is an 
inducible transcription factor that is an important mediator 
of immune and inflammatory responses. Its activation can 
lead to induction of COX-2 and production of proinflam-
matory prostaglandins. This pronounced in vitro activity of 
parthenolide was first discovered in the context of screen-
ing Mexican Indian traditional plants.59 Isohelenin, which 
like feverfew is a sesquiterpene lactone (STL) with an MGL 
group, also inhibited NF-kappaB activation. Other STLs with-
out this specific chemical group were not active.60 Prevention 
of the degradation of the inhibitory proteins IkappaB-alpha 
and -beta was suggested as the possible underlying mecha-
nism.60 Shortly afterwards, it was also discovered that parthe-
nolide inhibits NF-kappaB activation by targeting the IkappaB 
kinase (IKK) complex.61 Parthenolide in fact binds directly to 
and inhibits IKK in vitro.62

This property of parthenolide might be relevant to the 
antimigraine activity of feverfew, since targeting NF-kappaB 
as a therapy for migraine has been suggested as a possible 
strategy (in the context of discussing parthenolide).63 Nitric 
oxide (NO) generated from inducible NO synthase (iNOS) 
might be a relevant inflammatory mediator in this context. 
The NO donor glyceryl trinitrate (GTN) produces delayed 
migraine attacks in migraine sufferers. Expression of iNOS 
is preceded by significant NF-kappaB activity, as reflected 
by a reduction in the inhibitory protein IkappaB-alpha. 
Parthenolide (3 mg/kg, ip, to rats) inhibited IkappaB-alpha 
degradation, NF-kappaB activation and iNOS expression after 
GTN infusion.63

Further to this line of argument, a feverfew extract with 
26% parthenolide (100 mg/kg/day for 6 days, ip) and parthe-
nolide (15 mg/kg/day for 6 days, ip) reduced GTN-induced 
c-Fos activation in the brains of rats.64 A parthenolide-
depleted feverfew extract (0.8%) was inactive. Expression of 
c-Fos is an indirect measure of neuronal activity. The activity 
occurred in a key area of the brain involved in migraine patho-
genesis, the nucleus trigeminalis caudalis. Purified parthe-
nolide was better tolerated than the enriched herbal extract.

Parthenolide has demonstrated anti-inflammatory activity 
via inhibition of NF-kappaB activation in many in vitro and in 
vivo models. For example, it inhibited LPS-stimulated inflam-
matory responses via inhibition of NF-kappaB in vitro65–67 and 
was especially effective in this regard compared with other 
natural products.66 However, parthenolide also inhibited 
LPS-induced maturation of human dendritic cells indepen-
dently of NF-kappaB.68 Activity of iNOS was also inhibited 
in vitro,69 as was IL-4 gene expression in stimulated human 
peripheral blood T cells (a mechanism involved in allergies).70 

Parthenolide inhibited NF-kappaB activation and inflamma-
tory responses in cystic fibrosis cells71 and inhibited Nod2 sig-
nalling and target gene expression in human colonic epithelial 
cells, leading to reduced NF-kappaB activation (with possi-
ble implications for Crohn’s disease).72 NF-kappaB inhibitors 
such as parthenolide also have potential in the treatment of 
atherosclerotic plaque instability and rupture.73

Cyclophosphamide is associated with inducing haemor-
rhagic cystitis and voiding symptoms, probably mediated by 
NF-kappaB activation. Pretreatment with parthenolide (4 mg/
kg/day for 3 days, sc) inhibited bladder inflammation and 
overactivity in rats given cyclophosphamide.74 Parthenolide 
also dose-dependently suppressed tumour necrosis fac-
tor (TNF)-alpha induced COX-2 expression and prevented 
NF-kappaB phosphorylation and nuclear translocation, and 
IkappaB-alpha phosphorylation/degradation.74 Protective 
effects were also observed in rats after myocardial reperfu-
sion injury (0.25 or 0.5 mg/kg, ip, 10 minutes before reperfu-
sion).75 In a mouse model of cystic fibrosis, parthenolide (3 
μcg/g, ip) inhibited lung NF-kappaB activation and resultant 
inflammatory responses following LPS challenge.71 In (apoE) 
apolipoprotein E mice prone to arterial disease, long-term 
treatment with parthenolide (2, 4 and 10 mg/kg every second 
day for 10 to 20 weeks depending on dose, ip) reduced the 
size of the aortic lesion and plaque inflammatory responses.76

Parthenolide pretreatment exerted protective effects dur-
ing endotoxic shock in rats (0.25, 0.5 and 1.0 mg/kg, ip) 
and mice (0.25 and 0.5 mg/kg, ip) through inhibition of 
NF-kappaB.77 Such work led to an interest in NF-kappaB 
inhibition, and specifically the use of parthenolide, for limit-
ing the inflammatory injury during sepsis. However, studies 
examining survival in LPS-challenged mice using such a strat-
egy have exhibited only modest benefits, according to a recent 
review.78

Oral administration of a feverfew extract led to significant 
antinociceptive and anti-inflammatory effects against acetic 
acid-induced writhing in mice and carrageenan-induced paw 
oedema in rats, respectively.79 These responses were dose-
dependent (10, 20, 40 mg/kg). Parthenolide (1 and 2 mg/
kg, ip) also produced antinociceptive and anti-inflammatory 
effects. Naloxone (1 mg/kg, ip), an opiate antagonist, failed 
to reverse feverfew- and parthenolide-induced antinocicep-
tion. Feverfew extract in higher doses (40 and 60 mg/kg, oral) 
neither altered locomotor activity nor potentiated pentobar-
bitone-induced sleep time in mice. It also did not change the 
rectal temperature in rats. The authors concluded that fever-
few extract exerted antinociceptive and anti-inflammatory 
effects without altering normal behaviour.

Topical application of a 1% solution of a parthenolide-
depleted (PD) feverfew extract reduced UV-induced epider-
mal hyperplasia, DNA damage and apoptosis in hairless mice 
and pigs.80 This extract was developed to eliminate the risk 
of skin sensitisation, a well-known property of sesquiterpene 
lactones. PD-feverfew directly inhibited activity of the pro-
inflammatory enzymes 5-lipoxygenase, phosphodiesterase-3 
and phosphodiesterase-4.81 PD-feverfew also inhibited the 
release of the pro-inflammatory mediators nitric oxide, PGE2 
and TNF-alpha from macrophages, and TNF-alpha, IL-2, IFN-
gamma and IL-4 from human peripheral blood mononuclear 
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cells (PBMC). Additionally, PD-feverfew inhibited TPA-
induced release of PGE2 from human skin equivalents. In 
mice, topical application at 0.1 and 1.0% of PD-feverfew 
inhibited oxazolone-induced dermatitis, and was more potent 
than whole feverfew in reducing (TPA-induced dermatitis.81 
TPA is phorbol myristate acetate, a skin irritant.)

Interaction with contractile agonists
Parthenolide exhibited little activity at serotonin recep-
tors.82,83 However, it inhibited the contractile (serotonin 
release-mediated) responses of rat stomach fundus to two 
indirect-acting serotonin agonists, but not to serotonin itself.84

Extracts of fresh feverfew caused a dose- and time-dependent 
inhibition of the contractile responses of isolated smooth tissue 
to receptor-acting agonists such as serotonin and phenylephrine. 
Chloroform extracts of dried feverfew (which in this case did 
not contain parthenolide or other MGLs) were not inhibitory, 
but instead elicited contraction.85 Chloroform extracts of fever-
few and parthenolide inhibited smooth muscle contractility in 
isolated tissue in a time-dependent, non-specific and irrevers-
ible manner. The inhibition required the presence of the MGL 
group.86,87 The inhibitory effects are non-specific and may result 
from interference with postreceptor contractile mechanisms. 
The irreversible nature of the inhibition implies a long-lasting 
toxic effect on the tissue.88

Isometric responses to serotonin and the indirect seroton-
ergic agent d-fenfluramine were obtained on rat fundus and 
ileum. Parthenolide antagonised the effects of fenfluramine, 
but exhibited only slow activity on serotonin receptors in 
these tissues, whereas feverfew extract exerted potent activ-
ity.89 Thermal degradation of the extract saw a loss of activ-
ity. Similar results were observed in rats fed orally with 
undegraded and degraded feverfew power (20 mg/kg/day for 
30 days, equivalent to a human dose of 500 μg/day of parthe-
nolide for the undegraded powder) and injected ip with par-
thenolide (23.4 μg/rat/day for 7 days). Feverfew powder was 
a more effective antiserotonergic agent than either its extracts 
or pure parthenolide. All these results suggest the presence of 
other compounds acting on serotonin receptors.

Anticancer activity
A 2010 review noted that sesquiterpene lactones such as par-
thenolide have been investigated as anticancer agents since 
the 1960s.90 Numerous studies have demonstrated the activ-
ity of parthenolide against a range of tumour cell lines. Again, 
inhibition of NF-kappaB activity (via either interaction with 
IKK or more directly with its p65 subunit), which is constitu-
tive in many types of cancers, is considered one of the main 
mechanisms of action.91 In addition, inhibition of STAT (sig-
nal transducer and activator of transcription) and MAP (mito-
gen-activated protein) kinase activities, and the induction of 
sustained JNK (c-Jun N-terminal kinase) activity, can lead to 
increased susceptibility of cancer cells to chemotherapy and 
radiotherapy after treatment with feverfew.91

At the epigenetic level, parthenolide reduces HDAC1 (his-
tone deacetylase 1) levels and, by inhibiting DNMT2 activity 
(a DNA methyltransferase), induces global hypomethylation 
of DNA, thereby restoring the expression of some suppressor 

genes.91 In addition, parthenolide reduces the cellular level of 
glutathione in cancer cells, followed by accumulation of reac-
tive oxygen species and apoptosis. A unique property is its 
ability to selectively induce cell death in cancer cells, sparing 
healthy cells. It also seems to have the potential to target cer-
tain cancer stem cells, such as breast and prostate.91

Examples of more recent in vitro studies of parthenolide 
include activity against liver cancer cells,92 cholangiocarci-
noma cells,93 leukaemia stem cells,94 melanoma cells95 and 
gastric cancer cells.96 Feverfew extracts have also shown anti-
cancer activity in vitro. Activity was demonstrated against two 
human breast cancer cell lines and one human cervical cancer 
cell line.97 Flavonoids in the herb might exhibit a weak syner-
gistic activity with parthenolide.

A 2008 review of the molecular basis of parthenolide-
dependent pro-apoptotic activity in cancer cells suggested 
several likely mechanisms.98 Parthenolide inhibits NF-kappaB 
and STAT-mediated anti-apoptotic gene transcription. The 
pro-apoptotic activity includes intrinsic and extrinsic mecha-
nisms. Stimulation of the intrinsic pro-apoptotic pathway 
involves higher levels of reactive oxygen species and modifica-
tion of Bcl-2 family proteins. Parthenolide also amplifies the 
apoptotic signal through the sensitisation of cancer cells to 
extrinsic apoptosis induced by TNF-alpha. These effects are 
specific to tumour cells.

The in vivo anticancer activity of parthenolide has also 
been investigated, although there have been fewer studies. 
Most of the in vivo outcomes have been linked to parthe-
nolide’s role in inhibiting NF-kappaB activation. Parthenolide 
(40 mg/kg/day, oral) in combination with docetaxol reduced 
metastasis and improved survival in a murine xenograft model 
of breast cancer99 and at the same dose restored chemother-
apy and hormone therapy sensitivity in a murine xenograft 
model of hormone-refractory prostate cancer.100 Inhibition of 
lung colonisation by murine osteosarcoma cells was inhibited 
by concurrent administration of parthenolide (mice, 0.01 μg 
to 1 mg/kg, ip), but it had no effect when given after the 
inoculation of tumour cells.101 Tumour growth in a xenograft 
model of renal cell carcinoma was inhibited by parthenolide 
(mice, 3 μg/mouse, sc).102 Renal damage induced by the anti-
cancer drug cisplatin was also reduced by parthenolide (rats, 
3 mg/kg/day, ip).103 Treatment with parthenolide (20 mg/kg/
day, ip) increased the efficacy of taxol in a murine xenograft 
model of non-small cell lung cancer.104 Parthenolide (1 mg/kg/
day, ip) reduced osteolytic metastatic bone lesions following 
the injection of W256 tumour cells in rats.105

Chemopreventative activity was observed for parthenolide 
(1 mg/mouse/day) in a model of UVB-induced skin cancer.106

Antimicrobial activity
Eudesmanolides (10 mg/mL) isolated from feverfew dem-
onstrated antibacterial activity towards Staph. aureus, E. coli 
and Salmonella spp.107 Parthenolide inhibited the growth of 
Gram-positive bacteria, yeasts and filamentous fungi in vitro. 
Species of Bacillus without endospores were particularly 
sensitive.108

The essential oil obtained from feverfew flowers showed 
bactericidal and fungicidal activity against most of the 
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27 microorganisms tested using the agar diffusion and 
broth dilution methods.109 Two extracts of feverfew were 
tested in a similar way using many of the same test spe-
cies, including Staph. aureus, Strep. haemolyticus, Sarcina 
flava and E. coli. Gram-negative species were much 
less sensitive than the Gram-positive species, fungi and 
dermatophytes.110

Parthenolide showed significant in vitro activity against 
the promastigote form of Leishmania amazonensis, with 
50% inhibition at 0.37 μg/mL.111 For the intracellular 
amastigote form, parthenolide at 0.81 μg/mL reduced the 
survival index of the parasite in macrophages by 50%. A 
guaianolide from feverfew was also active against this para-
site species in vitro.112

In vitro activity against the epimastigote form of 
Trypanosoma cruzi was observed for crude extracts of fever-
few and parthenolide (IC50 0.5 μg/mL).113 Parthenolide also 
exhibited synergistic activity with benznidazole against this 
parasite in vitro.114

Other activity
Addition of feverfew extract protected the endothelial cell 
monolayer from perfusion-induced injury and led to a reversi-
ble increase in the cyclic AMP content of aorta segments. This 
indicates that feverfew may exert a vasoprotective effect.43 
Parthenolide given ip reduced ischaemia-reperfusion injury in 
rat hearts, an effect thought to be mediated by inhibition of 
NF-kappaB activation.115

Feverfew extract inhibited mitogen-induced human PBMC 
proliferation and cytokine-mediated responses in vitro. Both 
the extract and parthenolide proved cytotoxic to mitogen-
induced PBMC (after incubation for 48 to 72 h). If feverfew 
is cytotoxic in vivo to lymphocytes or macrophages that are 
overactive, this could possibly explain a beneficial effect in 
rheumatoid arthritis sufferers.116

Intraperitoneal administration of feverfew extract inhib-
ited collagen-induced bronchoconstriction in guinea pigs. The 
authors concluded that this was a consequence of phospho-
lipase A2 inhibition.117 Parthenolide protected against experi-
mentally induced nephrocalcinosis in rats.118

Parthenolide injection (0.5 and 1 mg/kg) blocked LPS-
induced osteolysis in the mouse calvarium model through sup-
pression of NF-kappaB activity.119 This suggests a possible role 
in bacteria-induced bone destruction, a theme expanded in a 
review that suggested NF-kappaB inhibitors might also be val-
uable in periprosthetic osteolysis, arthritis, Paget’s disease and 
periodontitis.120

NF-kappaB inhibitors might improve healing and exert 
anti-ageing effects. Parthenolide (0.5 mg/kg, oral) improved 
the healing and mechanical stability of colonic anastomoses 
in rats during the early postoperative period121 and inhibited 
UVB-mediated skin photoageing in vitro,122 probably via inhi-
bition of NF-kappaB.123

The antiserotonergic effects of parthenolide in platelets 
prompted an investigation into its role in depression. In mice, 
parthenolide (0.5 to 2.0 mg/kg, ip) exhibited dose-dependent 
depressant-like effects, possibly mediated by platelet/neu-
ronal hyposerotonergic effects.124

Pharmacokinetics
It has been postulated that the actively alkylating MGL group 
(such as in parthenolide) would be rapidly inactivated via 
glutathione upon entering the bloodstream, perhaps raising 
doubts over the in vivo relevance of the in vitro studies using 
parthenolide. However, it has been observed that sequential 
treatment of old samples of dried powdered feverfew leaf 
(which contained no ‘free’ parthenolide) with an oxidant and 
a weak base caused the regeneration of substantial amounts 
of parthenolide. This process may also occur in vivo with 
cytochrome P450 enzymes as oxidants, with conversion back 
into ‘free’ parthenolide at the cellular level.30 In vivo activity 
has certainly been demonstrated for parthenolide, even after 
oral doses.

Investigations using the Caco-2 in vitro model of the 
human intestinal wall found that parthenolide is effectively 
absorbed via a passive diffusion mechanism.125 In vitro experi-
ments found that parthenolide binds strongly to proteins in 
human plasma.126

A phase I dose escalation trial of feverfew containing 
standardised doses of parthenolide in 12 cancer patients 
also included an assessment of plasma pharmacokinetics.127 
Parthenolide could not be detected in plasma after a feverfew 
dose containing 4 mg/day of this compound. The feverfew 
was well tolerated. Preliminary murine metabolism stud-
ies found plasma concentrations of parthenolide of 28 ng/mL 
and 42 ng/mL 1 hour after oral doses of 4 mg/kg and 40 mg/
kg, respectively. The 0.4 mg/kg dose in mice did not provide 
any detectable plasma parthenolide (and approximately corre-
sponds to a 4 mg human dose).127

Clinical trials

Migraine
In 1973, at the suggestion of a friend and apparently based 
on the advice of a traditional Welsh healer, a Welsh woman 
Mrs Anne Jenkins tried taking three fresh leaves of feverfew 
each day in an attempt to rid herself of severe and recurrent 
migraines. After 10 months Mrs Jenkins’ headaches had van-
ished and did not return as long as she kept taking feverfew. 
Her enthusiasm rapidly led to the widespread use of feverfew 
in the UK. Dr Stewart Johnson a London migraine specialist 
became interested and initiated a survey that was followed 
up by a clinical trial. The survey revealed some interesting 
findings:128

l	 About 72% of those surveyed (253 suffering from 
true migraine) found that feverfew was helpful for the 
prevention of their headaches; 78% of the 23 people 
suffering from tension headaches also found that feverfew 
reduced headache frequency and severity. Of 242 patients 
who recorded the frequency, 33% no longer had attacks 
and 76% had fewer migraines each month, compared with 
before taking feverfew.

l	 Associated nausea and vomiting decreased or disappeared. 
A proportion of patients experienced the migraine aura 
without the attack.
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l	 When attacks did occur, they responded better to 
conventional painkillers (e.g. aspirin). Feverfew users 
experienced no adverse interactions with their orthodox 
medication.

l	 Many patients also suffering from arthritis found their 
symptoms somewhat relieved by feverfew.

l	 The onset of the effect was slow and gradual, often taking 
several months, and the average dose used was very low – 
about two and a half fresh leaves (4 cm long by 3 cm wide) 
per day. The average duration of treatment was 2.3 and 2.6 
years for men and women respectively. When respondents 
stopped taking feverfew their migraines tended to return 
soon after.

l	 The survey also revealed some side effects in a small 
percentage of users. Adverse effects included mouth 
ulcers or inflammation. In contrast, a percentage of users 
experienced improved digestion, a sense of well-being and 
improved sleep.

This work was followed up by a double blind, placebo-con-
trolled pilot clinical trial involving 17 patients who had been 
self-medicating with raw feverfew every day for 3 months. 
Eight of these patients received two capsules per day contain-
ing freeze-dried feverfew leaf powder (25 mg each) and nine 
received placebo for 24 weeks. Prior to the trial, the reduc-
tion in the frequency and migraines during self-treatment 
with feverfew was significant for both groups. Compared 
with the migraine frequency while self-medicating, there was 
no change in the frequency or severity of symptoms in the 
feverfew group during the trial. The placebo group, however, 
experienced a significant increase (p<0.05) in the frequency 
and severity of headaches when the results of the previous 3 
months were considered. The placebo group also experienced 
a higher incidence and severity of nausea and vomiting than 
the feverfew group (p<0.05). The authors claimed a pro-
phylactic benefit for feverfew in preventing migraine attacks. 
Curiously, fewer adverse events were reported by those tak-
ing feverfew (four patients reported none) compared with 
placebo (all patients taking reported at least one event).129,130 
Apparently, the trial had this unusual design because of ethi-
cal reasons (feverfew was considered to have unknown safety 
by the scientists). The patients were already using feverfew, 
so the trial therefore observed the results of patients unknow-
ingly stopping their herbal treatment. As noted above, such 
an abrupt discontinuance led to the recurrence of severe 
migraines in some patients. Perhaps more importantly, the 
study showed that long-term feverfew users were normal in 
terms of a large number of biochemical and haematological 
parameters.

A few years later, 59 patients with classical or common 
migraine completed a randomised, double blind, placebo-
controlled, crossover study. Only 17 of these patients had pre-
viously tried feverfew. After a 1-month single blind placebo 
run-in, patients were randomly allocated to receive either one 
capsule of freeze-dried powdered feverfew (averaging 82 mg 
and containing 2.2 mmol parthenolide, approximately two 
medium-sized leaves) or placebo for 4 months, then crossed 
over to the other treatment for a further 4 months. Feverfew 
was associated with a 24% reduction in the mean number of 

attacks and a significant reduction in the degree of vomiting 
(p<0.02) for each 2-month assessment period. There was also 
a trend towards a reduction in severity of attacks, although 
the duration of individual attacks was unaltered. Significant 
improvement in the feverfew group was also observed for 
visual analogue scores (p<0.0001). Treatment with feverfew 
did not produce any adverse effects. Although there was no 
washout period between feverfew and placebo treatments, 
patients receiving placebo after feverfew did not experience 
a decreased deterioration compared with the placebo levels 
from the first phase of the trial.131 No ex vivo reduction in 
serotonin secretion from platelets after ingestion of feverfew 
for 4 months could be demonstrated.132

A team of Dutch scientists active in the field of feverfew 
research tested the efficacy of a standardised extract for the 
prevention of migraine headaches. In a randomised, placebo-
controlled, double blind, crossover design, 50 patients who 
had never taken feverfew before and who experienced at least 
one migraine attack per month were followed for 4 months of 
active treatment and 4 months of placebo. Active treatment 
consisted of 143 mg/day of a granulated ethanolic extract of 
feverfew containing 0.5 mg of parthenolide, corresponding to 
about 170 mg of original dried herb. The feverfew preparation 
used in this study did not exert any significant preventative 
effect on the frequency of migraine attacks, although patients 
appeared to have a tendency to use fewer analgesic drugs 
while they were using feverfew.133

The authors suggested the negative finding might be 
because previous studies were conducted in patients who had 
already found feverfew to be beneficial (which is not actu-
ally the case – see above). Other reasons speculated by the 
authors were the dried plant preparation used, or the fact 
that an extract was prescribed, rather than the crude leaf. 
(The original popularity of feverfew was based on consump-
tion of the fresh leaves, although the two earlier clinical trials 
used freeze-dried leaves.) Initial users of raw feverfew found 
that it took 6 months use or longer to establish a reduction in 
migraine frequency, so perhaps the duration of the trial was 
insufficient. It is also possible that only a subset of migraine 
sufferers are feverfew responders and a benefit in this subset 
might be missed in a randomised clinical trial.

In a subsequent double blind, placebo-controlled trial, 
57 chronic migraine sufferers (43% suffered more than 10 
attacks per month) were selected at random and divided 
into two groups. Both groups received powdered fever-
few capsules (total of 100 mg/day of dried leaves containing 
0.2 mg parthenolide) in the preliminary phase, which lasted 2 
months. In the second and third phases, which continued for 
an additional 2 months, a double blind, placebo-controlled, 
crossover study was conducted. The difference in pain inten-
sity of migraines before and after treatment with feverfew 
(measured in phase I) was highly significant (p<0.001). In 
phase II, patients receiving feverfew continued to experi-
ence a decrease in pain intensity, while it increased in those 
on placebo. The difference between the two groups was 
significant (p<0.01). Moreover, a profound reduction was 
observed in typical migraine symptoms such as vomiting, nau-
sea and sensitivity to noise and light (p<0.001). Transferring 
the feverfew-treated group to placebo in phase III resulted 
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in an increase in pain intensity and other symptoms. In con-
trast, shifting the placebo group to feverfew therapy resulted 
in an improvement in pain and other symptoms. However, no 
information was provided about the frequency of migraine 
attacks.8 In this trial, rather than acting to reduce the fre-
quency of migraines, it appeared that feverfew reduced their 
severity. A longer treatment time or higher doses may have 
also seen an impact on migraine frequency.

A German research team next studied the efficacy of a 
supercritical CO2 extract of feverfew in two randomised, dou-
ble blind, placebo-controlled trials. In the first trial, the efficacy 
and tolerability of three different doses per day of the extract 
(6.24 mg, 18.75 mg and 56.25 mg corresponding to 0.5 mg, 
1.5 mg and 4.5 mg of parthenolide) were compared with a pla-
cebo.134 The patients (n=147) suffered from migraine with 
and without aura according to International Headache Society 
(IHS) criteria and were treated with one of the study medica-
tions for 12 weeks after a 4-week baseline period. The primary 
efficacy parameter was the number of migraine attacks during 
each 28 days of treatment, compared with the baseline period. 
Secondary endpoints were the total and average duration and 
intensity of migraine attacks, mean duration of a single attack, 
number of days with accompanying migraine symptoms, num-
ber of days with inability to work due to migraine, as well as 
type and amount of additional medication for the treatment 
of migraine attacks. With respect to the primary and second-
ary efficacy parameters, a statistically significant difference was 
not found. The frequency of migraine attacks for a predefined 
confirmatory subgroup of patients (n=49) with at least four 
migraine attacks during the baseline period decreased in a dose-
dependent manner (p=0.001). The highest absolute change of 
migraine attacks was observed for treatment with 18.75 mg/day  
(−1.8±1.5 per 28 days) compared with placebo (−0.3±1.9;  
p=0.02). Overall, 52 of 147 (35%) patients reported at least 
one adverse event. The incidence of these in the active treat-
ment groups was similar to that in the placebo group, and no 
dose-related effect was observed for any safety parameter.

This study was followed up by the second trial that 
assessed the efficacy of only the 18.75 mg/day dose against 
placebo.135 Patients (n=170) suffering from migraine accord-
ing to the IHS criteria were treated for 16 weeks after a 
4-week baseline period. The primary endpoint was the aver-
age number of migraine attacks per 28 days during treatment 
months 2 and 3 compared with baseline. Safety parameters 
included adverse events, laboratory parameters, vital signs and 
physical examination. Migraine frequency decreased by 1.9 
attacks per month in the feverfew group and by 1.3 attacks 
in the placebo group (p=0.0456). Logistic regression of 
responder rates showed an odds ratio of 3.4 in favour of fever-
few (p=0.0049). Adverse events possibly related to study 
medication were 9/107 (8.4%) with feverfew versus 11/108 
(10.2%) with placebo (p=0.654). The authors concluded that 
the feverfew extract was effective and shows a favourable 
risk-benefit ratio.

The authors claimed that 6.25 mg of extract containing 
0.5 mg parthenolide corresponded to 1.05 g of feverfew leaf 
(presumably dried),134 so doses used in both the above studies 
appear to be high. However, since feverfew can contain up to 
1.6% lactones as parthenolide, the dried herb equivalence of 

the CO2 extract doses might be somewhat overstated in rela-
tion to good quality leaf.136

Findings of a later study have suggested that a higher dose 
of feverfew (600 mg/day) than those used in the earliest stud-
ies, together with a relatively small dose of willow bark (Salix 
alba, 600 mg/day) might bring on a quicker result in migraine 
prophylaxis. The herbal combination was standardised for 
parthenolide (0.2%) and salicin (1.5%).137 A prospective, 
open label study was undertaken over 12 weeks in 12 patients 
diagnosed with migraine without aura. Two patients were 
excluded for reasons unrelated to treatment. With the herbal 
treatment, attack frequency was reduced by 57.2% at 6 weeks 
(p<0.029) and by 61.7% at 12 weeks (p<0.025) in nine out 
of 10 patients, with 70% having a reduction of at least 50%. 
Attack intensity was reduced by 38.7% at 6 weeks (p<0.005) 
and by 62.6% at 12 weeks (p<0.004) in all of the 10 patients, 
with 70% of patients having a reduction of at least 50%. 
Attack duration decreased by 67.2% at 6 weeks (p<0.001) 
and by 76.2% at 12 weeks (p<0.001) in all of 10 patients. 
Self-assessed general health, physical performance, memory 
and anxiety also improved by the end of the study. The herbal 
treatment was well tolerated and no adverse events occurred.

Although this was an open label trial and hence lacking a 
placebo group, results are quite striking. They suggest that 
combining feverfew in higher doses with willow bark might 
result in significant clinical improvement in migraine fre-
quency within 6 weeks. The obvious next step is to conduct a 
placebo-controlled trial for this combination.

Feverfew (100 mg/day containing 0.7 mg parthenolide) 
in combination with 300 mg/day magnesium (as the citrate 
and oxide) and 400 mg/day riboflavin was compared against 
a ‘placebo’ containing 25 mg of riboflavin in a 30-month ran-
domised, double blind, placebo-controlled trial involving 49 
patients with migraine.138 The placebo contained riboflavin 
because of the yellow colour it gives to urine, which might 
have alerted patients that they were receiving active treat-
ment. Both interventions showed comparable clinical effects 
in reducing migraine frequency. Since the placebo response 
exceeded that reported for other migraine prophylaxis stud-
ies, the authors suggested that 25 mg riboflavin may have been 
an active comparator. Nonetheless, there seemed to be little 
additional benefit from the feverfew.

The reported clinical trials for a proprietary sublingual 
combination of feverfew and ginger139,140 have not been 
reviewed in this monograph as this is a homeopathic prepara-
tion containing feverfew 3X and ginger 2X.

A 2004 Cochrane review141 of feverfew in the pre-
vention of migraine included five studies published up to 
20028,129,131,133,134 involving a total of 343 patients. It con-
cluded that results up to that time point were mixed and 
did not convincingly establish that feverfew was effective in 
migraine prevention. Dosage variation may have been a reason 
for the mixed results. Positive studies have been published 
after this review was conducted (see above).

Other activity
In a randomised, double blind, placebo-controlled trial, 40 
patients with symptomatic rheumatoid arthritis received 
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either dried, chopped feverfew (70 to 86 mg/day) or pla-
cebo capsules for 6 weeks. Patients continued with their 
NSAID and analgesic drug treatment throughout the trial. No 
important differences between clinical or laboratory variables  
were observed for the two groups during the treatment 
period.142

In a placebo-controlled, randomised, double blind study 
involving 12 volunteers, a parthenolide-depleted 1% fever-
few emulsion significantly reduced UVB-induced erythema 
(p<0.05).80 Methyl nicotinate induces a rapid vasodilatory 
response when applied topically. A randomised, controlled 
trial in eight volunteers found that prior application of a 
parthenolide-depleted feverfew emulsion (0.5% to 1.0% 
strength) dose-dependently reduced the erythema induced by 
application of methyl nicotinate to the forearm.81

Toxicology and other safety data

Toxicology
No toxic effects were observed in rats and guinea pigs fed 100 
to 150 times the human daily dose of feverfew each day for 
5 to 7 weeks.143 The highest non-toxic oral dose of feverfew 
in rats was 0.86 g/kg/day as an alcohol extract in a subacute 
study.144

Detailed haematological analysis found no significant dif-
ferences between 60 migraine patients who were feverfew 
users, non-user migraine patients and non-user healthy volun-
teers. Some feverfew users had taken feverfew daily for more 
than 1 year.143

No significant differences in the frequency of chromosomal 
aberrations or sister chromatid exchanges were found in the 
circulating peripheral lymphocytes of chronic feverfew users 
(over 11 consecutive months) and non-user migraine patients. 
The mutagenicity of urine from feverfew users was not dif-
ferent to urine from non-users.145,146 Parthenolide at concen-
trations up to 800 μM was found to be non-mutagenic in a 
forward mutation assay using Salmonella typhimurium.39

Contraindications
Patients with a known hypersensitivity to either feverfew, par-
thenolide or other members of the Compositae family, should 
not take feverfew internally.147

Special warnings and precautions
Doses during pregnancy should be kept to a minimum, espe-
cially in the first trimester.

Interactions
None known.

Use in pregnancy and lactation
Category B3 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Evidence of increased fetal damage in animal studies 

exists (at very high doses), but the relevance to humans is 
unknown.

Doses during pregnancy should be kept to a minimum (no 
more than 500 mg/day or equivalent). A decoction of the 
flowers in wine was combined with nutmeg or mace in tradi-
tional Western herbal medicine to bring on menstruation and 
to expel the afterbirth and stillborn children.148

High oral doses of feverfew (0.839 g/kg/day) reduced fetal 
weights when administered to rats from days 8 to 15 of gesta-
tion and caused enlarged placentas when administered from 
days 1 to 8 or days 8 to 15 of gestation. The percentages of 
implantation loss and litter size were not significantly differ-
ent from controls and major malformations were relatively 
rare. The herb was administered as an ethanol extract and the 
dose administered was the highest possible for which the eth-
anol remained below the teratogenic threshold.149,150

According to one source, feverfew is reputed to cause 
abortion in grazing cows (presumably after intake of large 
amounts), but no specific information was provided.151

There are no data available concerning the suitability of 
feverfew during lactation.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
A review in 2000 of six randomised, double blind, placebo-
controlled trials found that feverfew use was associated with 
only mild and transient adverse effects.152 Adverse reactions 
were reported in four of the trials and included mild gastro-
intestinal symptoms, mouth ulceration, heavier periods, pal-
pitations, dizziness, weight gain and skin rash. Feverfew was 
administered in capsule form or as an extract in these tri-
als.129,131,133,134 Reactions were reported more frequently in 
the placebo group than in the feverfew group in two of the 
trials,129,131 including the incidence of mouth ulceration.131

A survey conducted in the early 1980s of 270 migraine 
patients who had eaten fresh feverfew leaves every day for 
prolonged periods found that side effects occurred in 17.9%. 
They included mouth ulcers/sore tongue (6.4%), abdomi-
nal pain/indigestion (3.9%), unpleasant taste (3.0%), tingling 
sensation (0.9%), urinary problems (0.9%), headache (0.9%), 
swollen lips/mouth (0.4%) and diarrhoea (0.4%). Symptoms 
were reported in the first week of treatment in some users, 
whereas in others they appeared gradually over the first  
2 months. Of an additional 164 users who had stopped  
taking fresh feverfew, 21% did so because of side effects, 
which mainly involved the gastrointestinal tract.143,153

Migraine patients who had used feverfew long-term to 
control their symptoms found that the frequency and sever-
ity of headache, nausea and vomiting increased when they 
ceased using feverfew. Other symptoms reported by these 
patients after ceasing feverfew included increased nervous-
ness, tension headache, insomnia/disturbed sleep and joint 
stiffness. These symptoms have been described as ‘post
feverfew syndrome’.129
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A 27-year-old woman who had been taking feverfew for 6 
months had an abnormally high prothrombin time reading and 
was refused surgery.154

Cases of allergic contact dermatitis from feverfew, par-
ticularly with occupational exposure and creams, have been 
reported.155 The sesquiterpene lactones are responsible. 
Cross-reactivity with other members of the Compositae 
family is very common.156–159 Clinical tolerance testing of 
formulations containing PD feverfew in over 1200 people 
demonstrated that they did not elicit allergic responses.160 
However, another study did find that such creams could elicit 
positive patch test reactions in feverfew-sensitive patients.161 
The reactivity was lost over time, probably because of the 
degradation of the small amount of parthenolide left in these 
PD products. Some feverfew-allergic patients are sensitive to 
airborne particles released from the plant, with parthenolide 
most likely the responsible allergen.162

Safety in children
No information available.

Overdosage
No incidents found in the published literature.

Regulatory status in selected 
countries

Feverfew is listed in the United States Pharmacopeia-National 
Formulary (USP31–NF26, 2008). Feverfew is not covered 
by a Commission E monograph. It is on the UK General Sale 
List. Feverfew products have achieved Traditional Herbal 
Registration in the UK with the traditional indication of pre-
vention of migraine.

Feverfew does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Feverfew is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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(Zingiber officinale Roscoe)

the therapeutic activity of other remedies. This diffusive prop-
erty was associated with a reputation for opening up circulation 
to the peripheral tissues and a diaphoretic activity.

In traditional Chinese medicine, ginger is divided into 
three preparation types: sheng jiang, fresh raw rhizome; gan 
jiang, dried raw rhizome; and pao jiang, dried, quick-fried 
rhizome. All three are considered warming remedies with par-
ticular affinity for the bowel and lungs. The fresh rhizome is 
considered the most ‘dispersing’ of the three, meaning it has a 
broad spectrum of influence, but short-lived effects. It is used 
to disperse Exterior Cold brought on by ‘external’ agents, for 
vomiting, cough, debilitating sweating and to reduce the poi-
sonous effect of other herbs.7 Other applications include the 
common cold due to pathogenic Wind Cold, characterised 
by severe intolerance to cold, slight fever, headache, general 
ache, nasal congestion and a runny nose.8 In comparison, the 
dried rhizome is more hot and with longer lasting benefits, 
used for cold conditions characterised by pallor, poor appetite 
and digestion, cold limbs, vomiting, diarrhoea, pale tongue, or 
thin, watery or white sputum. It is better matched with pat-
terns of atony (lack of muscle tone), congestion or debility, 
which might manifest as cold limbs, pale complexion or diar-
rhoea and undigested food in the stool. The fried rhizome is 
employed in much the same way, although it is considered a 
stronger remedy and is also applied locally to stop bleeding.

In India, ginger is referred to as vishwabhesaj, ‘the univer-
sal medicine’. As in Chinese medicine, Ayurvedic tradition 
also utilises the rhizome in a variety of forms (fresh, dried, 
peeled and unpeeled). Again, it is consistently used for diges-
tive complaints, including nausea, diarrhoea, flatulence, dys-
pepsia and gastrointestinal spasm. It is also valued for chronic 
rheumatic complaints, venomous bites, for colds and influenza 
and applied topically for headache, toothache and to improve 
circulation to the limbs.9,10

In Thai traditional texts the main uses described for ginger 
rhizome include sweetening the voice, enhancing the appetite 
and for dyspepsia, flatulence, fever, mouth ulcers and intesti-
nal infections.11

Summary actions

Carminative, antiemetic, peripheral circulatory stimulant, 
spasmolytic, anti-inflammatory, antiplatelet, diaphoretic, 
digestive stimulant.

Can be used for

Indications supported by clinical trials
Treatment and prophylaxis of nausea and emesis in cases of 
motion sickness, nausea of pregnancy and postoperative and 

Synonyms

Zingiberis rhizoma (Lat), Ingwer (Ger), Gingembre (Fr), 
Zerzero (Ital), Ingefær (Dan), Ardhrakam (Sanskrit). Dried 
ginger: Gan jiang (Chin), Kankyo (Jap). Fresh ginger: Sheng 
jiang (Chin), Shokyo (Jap).

What is it?

Ginger root (actually the rhizome) is a familiar pungent and 
aromatic kitchen spice widely available either as the dried root 
or powder or as the whole fresh root (‘green ginger’). Ginger 
has been valued as a spice and medicine for thousands of years. 
Its use is recorded in early Sanskrit and Chinese texts and is 
documented in ancient Greek, Roman and Arabic medical lit-
erature. Ginger was actually exploited to extinction in the wild 
in ancient times, and is probably among the first vegetatively 
cultivated plants.1 The plant is currently grown commercially in 
India, China, Southeast Asia, West Indies, Mexico, Africa, Fiji 
and Australia. The biomedical research on ginger is unique in 
that the volume of human studies almost exceeds the volume 
of pharmacological research (for at least the research on the 
whole herb, as opposed to its constituents).

Effects

Reduces nausea and vomiting; stimulates circulatory activity; 
inhibits arachidonic acid metabolism, reduces platelet aggrega-
tion, reduces arthritic pain and has other inflammatory effects.

Traditional view

In traditional medicine around the world, ginger has been one of 
the most valued of remedies, primarily for its heating properties 
and as an antidote to diseases associated with cold, such as chest 
congestion, cough, dropsy and diarrhoea.2 In Western traditions 
it has been utilised particularly for congestive chest problems, 
dyspepsia, flatulent colic, gastritis and diarrhoea associated with 
depletion. As a circulatory stimulant, a hot infusion of ginger was 
considered beneficial for amenorrhoea due to cold. It was also 
applied topically as a rubefacient.3,4 The Eclectics used ginger 
particularly as a stimulating tonic, stomachic, carminative and 
antispasmodic. It was employed to treat nausea, gastrointestinal 
cramping, loss of appetite and cold extremities. The hot infusion 
was said to ‘break up’ colds and relieve painful menstruation.5

As alluded to above, in Eclectic and other 19th century 
North American traditions, ginger was described as a diffusive 
stimulant.6 Here the term ‘stimulant’ refers to metabolic (heat-
ing) and circulatory enhancing properties that can also reinforce 
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drug-induced nausea (good evidence, but not entirely consist-
ent); osteoarthritis; dysmenorrhoea; gastroparesis.

Traditional therapeutic uses
To enhance digestion, expectoration and diaphoresis; diges-
tive problems, especially colic, flatulent dyspepsia, cramping, 
peptic ulcer, loss of appetite, gastrointestinal infections; fever, 
colds (especially the fresh rhizome); menstrual problems such 
as amenorrhoea and dysmenorrhoea.

May be used for

Extrapolations from pharmacological 
studies
Treatment of peptic ulceration; inflammatory conditions; 
thrombocytosis; migraine headaches; to enhance the bioavail-
ability of other treatments; as an antiplatelet agent.

Preparations

Fresh or dried rhizome as an infusion, decoction, fluid extract, 
oleoresin or tablets and capsules for internal use. As with all 
essential oil-containing herbs, use of the fresh or carefully 
dried rhizome is advised.

Dosage

Fresh rhizome 500 to 1000 mg three times a day; dried rhi-
zome 500 mg two to four times a day.

From 0.7 to 3 mL/day of a 1:2 liquid extract or 1.7 to 7.5 mL/
day of a 1:5 tincture, or the equivalent in tablet or capsule form.

Higher doses than these may be needed for some clinical 
applications (see the Clinical trials section).

Duration of use

There are no known problems with long-term consumption 
and ginger is widely consumed around the world as a spice. 
However, for many of its therapeutic purposes only short-
term use is needed.

Summary assessment of safety

No problems known from ingestion in moderate doses. 
Ginger may enhance the bioavailability of other medications 
and high doses may cause heartburn and have a blood-thinning 
effect.

Technical data

Botany
Ginger, a member of the Zingiberaceae family, is thought 
to be a cultigen of Indian origin.12 It grows with erect leafy 

stems 0.6 to 1.2 m high. The leaves are narrow, linear-lan-
ceolate (2 to 3 cm long, 1 to 2 cm wide). The inflorescence 
is a terminal spike with irregular flowers, coloured yellow-
ish-green and streaked with purple. The fruit is a capsule. It 
has a stout, tuberous rhizome which is branched and later-
ally compressed. The surface of the rhizome is greyish-white 
with light-brownish rings.13 It is commonly, but erroneously, 
referred to as ginger root (instead of rhizome).

Adulteration
There is a history of adulteration in the commercial spice 
trade, with substitutions such as turmeric and cayenne to 
bolster flavour and ferric oxide to add colour. There is also a 
tradition of washing with lime. Hence, sourcing whole roots 
is advisable. Substitution by other species of Zingiber and 
Alpinia is occasionally reported.

‘Jamaican ginger paralysis’ has entered the literature as an 
apparent toxic event associated with ginger. However, it has 
little to do with the spice. In 1930, thousands were poisoned 
by an illicit extract of Jamaica ginger (‘jake’ used to circum-
vent the Prohibition laws in America. A neurotoxic organo-
phosphate compound, triorthocresyl phosphate, had been 
used as an adulterant.14

Key constituents
l	 Essential oil (1% to 3%), including zingiberene, 

sesquiphellandrene and beta-bisabolene.15

l	 Pungent (hot) principles: 1% to 2.5% gingerols and 
shogaols, the most abundant of which is 6-gingerol.16

The components beta-sesquiphellandrene and (−)-zingi
berene are highest in fresh ginger, and decompose on drying 
and storage. This understanding may provide a basis for the 
preference in traditional Chinese medicine for the fresh rhi-
zome in the treatment of the common cold. The gingerols 
gradually decompose into the shogaols on storage. The oleo-
resin of ginger contains mainly the essential oil and pungent 
principles.
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Variations of up to 140% were found in the levels of 6-gin-
gerol, 6-shogaol, 8-gingerol and 10-gingerol in nine different 
ginger products.16 In another study, 10 different ginger dietary 
supplements were purchased randomly at local pharmacies 
and health food stores in the USA. The 6-gingerol concentra-
tions ranged from 0.0 to 9.43 mg/g, 6-shogaol from 0.16 to 
2.18 mg/g, 8-gingerol from 0.00 to 1.1 mg/g and 10-gingerol 
from 0.00 to 1.40 mg/g. Suggested ginger dosages varied from 
250 mg to 4.77 g/day.17

Pharmacodynamics

Antiemetic and antinausea activity
Conventional antiemetics have potential teratogenic effects 
during the critical embryogenic period of pregnancy, so there 
has been considerable interest in the potential of a remedy 
that is also widely consumed as a food.

Acetone and ethanol extracts of ginger exhibited signifi-
cant protection against cisplatin-induced emesis in dogs at 
oral doses of 25 to 200 mg/kg, but an aqueous extract at these 
doses was ineffective.18 Presumably, the aqueous extract was 
not active because it contained only low levels of the pungent 
principles. In vitro and in vivo studies do suggest that the pun-
gent principles are in fact responsible for the antinausea activ-
ity of ginger, including via weak 5-HT3 and cholinergic M3 
receptor inhibition.19–23 In contrast, Chinese pharmacological 
investigations have concluded that gingerols or ginger produce 
an antiemetic action via central and peripheral anticholinergic 
and antihistaminic effects and the inhibition of the expression 
of substance P and NK1.24 (Substance P–neurokinin-1 (NK1) 
receptor pathways have been implicated in the pathophysiol-
ogy of emesis and depression.)

From studies on radiation-induced conditioned taste aver-
sion in Sprague-Dawley rats, researchers concluded that gin-
ger extract (200 mg/kg, ip) was effective and had potential 
for clinical application in the mitigation of radiation-induced 
emesis in humans.25

This is one area fortunately where pharmacodynamic stud-
ies on human volunteers have been widespread, although 
with mixed conclusions. Mowrey and Clayson compared the 
effects of 1.88 g of dried powdered ginger, 100 mg dimenhy-
drinate and placebo on the symptoms of motion sickness in 
36 healthy volunteers who reported a very high susceptibil-
ity to motion sickness. Motion sickness was induced by plac-
ing the blindfolded person in a tilted rotating chair. Ginger 
was found to be superior to dimenhydrinate and placebo in 
preventing the gastrointestinal symptoms of motion sickness 
and the authors postulated a local effect in the gastrointes-
tinal tract for ginger. This was particularly likely since it was 
given as a powder only 25 minutes before the test.26 The gin-
gerols and shogaols were subsequently identified as the main 
antiemetic compounds.27

Several subsequent clinical studies investigated the mecha-
nism of action. In a double blind, randomised, placebo-con-
trolled, crossover study involving 13 healthy volunteers with a 
history of motion sickness, pretreatment with 1 and 2 g pow-
dered ginger root reduced the increased nausea, tachygastria 
and plasma vasopressin caused by circular vection. Ginger also 

prolonged the latency before nausea onset and shortened the 
recovery time.28

Earlier, a double blind, crossover, placebo trial on healthy 
volunteers by Grøntved and Hentzer found that ginger signifi-
cantly reduced vertigo induced by heat stimulation of the ves-
tibular system (that is, the irrigation of the left ear with water 
at 44°C). It had no effect on the duration or maximum slow 
phase velocity of nystagmus (involuntary, rhythmic movement 
of the eyeball). In three out of 24 tests, nausea was present 
after placebo, but it did not occur after ginger at all. At that 
time, two classes of drugs were used to treat motion sick-
ness: antihistamines reduced nystagmus, but the second class 
comprising parasympatholytics and sympathomimetics (which 
basically reinforce the activity of the sympathetic nervous 
system) did not. Grøntved and Hentzer concluded that gin-
ger root, like sympathomimetics and parasympatholytics, also 
dampens the induced vestibular impulses to the autonomic 
centres of the central nervous system (CNS).29

Although a second research group verified the finding that 
ginger had no effect on nystagmus, they disputed the inter-
pretation of Grøntved and Hentzer and concluded that a 
CNS mechanism can be excluded for ginger.30 A more accu-
rate interpretation of their findings would be that ginger lacks 
central anticholinergic effects. It was suggested any reduction 
of motion sickness was derived from the influence of ginger 
on the digestive tract.

There have also been disputes about any effect on motion 
sickness at all. In one study, 28 human volunteers were placed 
in a rotating chair until they reached an endpoint of motion 
sickness short of vomiting (malaise III or M-III). Each person 
was tested with either ginger or scopolamine and a placebo. 
A substance was judged to possess antimotion sickness activ-
ity if it allowed a greater number of rotations compared to 
placebo control. Gastric electrical activity was monitored by 
cutaneous electrodes positioned over the abdominal area. The 
authors concluded that powdered ginger (whole root, 500 
or 1000 mg) and fresh ginger root (1000 mg) did not possess 
antimotion sickness activity, nor did they significantly alter 
gastric function during motion sickness.31

The effect of dried ginger on the gastric emptying rate 
was discounted in a study using the oral paracetamol absorp-
tion model. In a randomised, double blind, crossover trial, 16 
healthy volunteers received 1 g of ginger or placebo. It was 
concluded that any antiemetic effect of ginger in healthy peo-
ple was not associated with increased gastric emptying (but 
also see below).32

Effects on digestive function
The traditional uses of ginger as a digestive remedy was sup-
ported in early Chinese and Japanese animal research, which 
inter alia found oral and intragastric application of fresh gin-
ger decoction produced a stimulant action on gastric secretion, 
including free acid and lipase activity while, however, the activ-
ity of pepsin was decreased.8 Fresh ginger was also found to 
contain a proteolytic enzyme.33 Subsequent investigations have 
shown that dietary ginger (50 mg/100 g food) enhanced intesti-
nal lipase activity and the disaccharidases sucrase and maltase in 
rats.34 Intraduodenal doses of ginger extract also increased bile 
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secretion in rats. Total secretion of bile solids was also increased, 
but not to the same extent as bile flow; 6-gingerol and 10-gin-
gerol were identified as the active components.35 German scien-
tists found that chewing 9 g of crystallised ginger had a profound 
effect on saliva production in healthy volunteers.36 Amylase 
activity was also increased and the saliva was not more watery, 
although it contained slightly less mucoprotein.

Ginger also appears to influence gastrointestinal motility, 
with positive results from both animal and human investiga-
tions. Oral doses of 6-shogaol (35 mg/kg) accelerated intes-
tinal transit, and both 6-shogaol and 6-gingerol suppressed 
gastric contraction in rats.37 An extract of ginger, and isolated 
6-shogaol and gingerols, enhanced gastrointestinal motility in 
mice after oral doses. The effects of the ginger components 
were comparable to the antinausea drugs metoclopramide 
and domperidone.38 Acetone and ethanol extracts of ginger 
(oral doses: 100, 200, 500 mg/kg) and ginger juice (2, 4 mL/
kg) significantly reversed the delay in gastric emptying in rats 
induced by the emetic drug cisplatin. Ginger juice and ace-
tone extract were more effective than the ethanol extract, 
and both were similar or superior to the reversal caused by 
the 5HT3 receptor antagonist ondansetron.39

Ginger rhizome extract (200 mg) increased both digestive 
and fasting gastroduodenal motility in 12 healthy volunteers.40 
Acute hyperglycaemia evokes gastric slow wave dysrhythmias 
via endogenous prostaglandin generation. In 22 healthy peo-
ple it was shown that that this effect was prevented by 1 g of 
ginger root. Conversely, ginger had no effect on dysrhythmias 
elicited by the prostaglandin E1 analogue misoprostol, indicat-
ing that ginger may reduce the production of prostaglandins in 
hyperglycaemia, rather than inhibit their action.41

Twenty-four healthy volunteers were studied on two after-
noons, separated by at least 7 days, in a randomised, double 
blind design.42 Following a fast of 8 h the volunteers took 
capsules containing a total of 1.2 g of ginger root powder or 
placebo. One hour later, they consumed 500 mL of chicken 
and corn soup. Ultrasonographic scanning performed prior to 
commencement of the study provided fasting motility pat-
terns. Antral area (bottom of stomach, near the duodenum), 
fundus area (top, near the oesophagus) and diameter, and the 
frequency of antral contractions were then measured at inter-
vals over 90 minutes. The gastric half-emptying time was cal-
culated from the change in antral area. Gastric half-emptying 
time was less after ginger than placebo (13.1 minutes versus 
26.7 minutes), and the frequency of antral contractions was 
greater. This accelerated gastric emptying could reduce gas-
troparesis and the risk of gastro-oesophageal reflux. (See also 
under Clinical trials.)

The carminative activity of ginger is supported by a human 
study. In a randomised, open label, controlled trial, 14 healthy 
male volunteers consumed either 1 g of ginger suspended in 
100 mL of water or just the 100 mL water.43 After ginger, the 
lower oesophageal resting pressures were unchanged, but the 
degree of relaxation at swallowing was significantly increased. 
The amplitude and duration of oesophageal contractions were 
not changed, but the velocity of contraction waves decreased. 
The authors suggested that these effects favoured the expul-
sion of gastric gas (without any increased risk of gastro-
oesophageal reflux).

In contrast to enhanced gastric emptying, anticathartic 
activity is also known to be one of the effects of ginger. In a 
Japanese study, an acetone ginger extract (75 mg/kg, oral) sig-
nificantly inhibited serotonin-induced diarrhoea in mice.44 The 
pungent principles were found to be the active components.

Research suggests that ginger is one of a number of hot 
spices that in combination can increase the bioavailability of 
other drugs, either by enhancing their absorption from the 
gastrointestinal tract or by protecting the drug from being 
metabolised/oxidised in its first passage through the liver after 
being absorbed.45 However, piperine from long or black pep-
per is probably the most active component in this regard.

Antiulcer activity
Ginger and 6-gingerol inhibited experimental gastric ulcers 
in rats.46,47 From in vivo studies, several antiulcer compounds 
have been isolated from ginger including 6-gingesulfonic 
acid,48 6-shogaol and ar-curcumene.49 Most notable is 6-gin-
gesulfonic acid, which showed weaker pungency and more 
potent antiulcer activity than 6-gingerol and 6-shogaol.50 Oral 
administration of spray-dried ginger extract (500 mg/kg), 
licorice extract (500 mg/kg) or the combination of the 
two extracts (Rikkunshi-to, 1000 mg/kg) significantly pre-
vented gastric mucosal damage induced by ethanol in rats. 
Pretreatment with ginger extract or Rikkunshi-to inhibited 
the reduction in the deep corpus mucin content caused by the 
ethanol.51

However, high doses of ginger probably act as a gastric irri-
tant. Fresh ginger in quantities of 6 g or more caused a signifi-
cant increase in exfoliation of gastric surface epithelial cells in 
human volunteers.52

Anti-inflammatory activity
Ginger and its pungent components are dual inhibitors of ara-
chidonic acid metabolism in vitro. That is, they inhibit both 
cyclo-oxygenase (COX) and lipoxygenase (LOX) enzymes of 
the prostaglandin and leukotriene biosynthetic pathways.53–58 
Dual inhibitors of COX and 5-LOX may have a better thera-
peutic profile and fewer side effects than non-steroidal anti-
inflammatory drugs. Gingerols are more potent inhibitors of 
prostaglandin biosynthesis in vitro than indomethacin,55 and 
are also potent inhibitors of 5-LOX.56 However, one compo-
nent of ginger actually promotes prostaglandin production. 
Zingerone was found to share a prostaglandin synthetase pro-
moting activity with a number of other emetic, purgative and 
irritant drugs in the digestive system.59 In later work, a gin-
ger extract (in combination with Alpinia galanga) was shown 
to inhibit the induction of several genes encoding cytokines, 
chemokines and COX-2.60

Reviewers of the relevant literature have also concluded 
that ginger constituents interact with the vanilloid nocicep-
tor.61 A 2008 review also noted in vitro inhibition of stimu-
lated macrophages and specifically iNOS (inducible nitric 
oxide synthase) for ginger components.62 In contrast to fever-
few (Tanacetum parthenium), ginger did not inhibit serotonin 
release from bovine platelets.63

A hydroalcoholic extract of ginger at the dose of 200 mg/
kg/day (ip) was superior to indomethacin (2 mg/kg/day) at 
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reducing inflammation in rat collagen-induced arthritis, for 
most of the measured parameters.64 Ginger extract (50 and 
100 mg/kg, oral) inhibited carrageenan-induced paw swell-
ing and was as active as aspirin. However, ginger was devoid 
of analgesic activity at the doses used.53 Essential oil of gin-
ger (33 mg/kg, oral) inhibited chronic adjuvant arthritis in 
rats.65,66 Oral administration of the essential oil of ginger at 
doses of 0.125, 0.25 and 0.5 g/kg dose-dependently weakened 
the delayed type hypersensitivity response to 2,4-dinitro-
1-fluorobenzene in sensitised mice (p<0.05).67 Other in vivo 
models have also demonstrated anti-inflammatory activity for 
ginger and its components.61

Antiplatelet and cardiovascular activity
Srivastava and co-workers found that aqueous extract of gin-
ger inhibited platelet aggregation induced by ADP, adrenaline 
(epinephrine), collagen and arachidonic acid in vitro; it also 
inhibited prostacyclin synthesis in rat aorta68 and thrombox-
ane synthesis.69,70 The in vitro antiplatelet action of 6-gingerol 
was found to be mainly due to the inhibition of thromboxane 
formation.71

Srivastava followed up this laboratory work with a clinical 
trial in healthy volunteers.72 Danish women consumed either 
70 g fresh onion or 5 g fresh ginger daily for a period of 7 days. 
Thromboxane was determined in serum obtained after blood 
clotting. Onion intake slightly increased production of throm-
boxane, whereas ginger caused a 37% inhibition. However, 
with only seven participants, this finding did not achieve sta-
tistical significance (p<0.1).

Dietary supplementation with 100 g/day of butter for 7 
days in 20 healthy males was found to enhance platelet aggre-
gation. Addition of 5 g of dried ginger in two divided doses 
to the fatty meal significantly inhibited platelet aggregation 
(p<0.001) compared to placebo.73 In another similar study, 
supplementation of 5 g of ginger powder significantly reversed 
the decrease in fibrinolytic activity induced by 50 g of fat in 
30 healthy adult volunteers (p<0.001).74

However, in a randomised double blind study involving 
eight healthy male volunteers, bleeding time, platelet count 
and platelet aggregation were found to be unaffected by a 
single dose of 2 g of dried ginger.75 Another study published 
in 1996 also questioned the clinical antiplatelet activity of 
ginger. Eighteen patients consumed either 15 g of raw gin-
ger root, 40 g of cooked stem ginger or placebo for 2 weeks 
in a randomised, crossover design.76 Ginger consumption did 
not decrease thromboxane production by platelets ex vivo. 
Unfortunately, the study was a crossover design, with each 
participant consuming the test substances and placebo in a 
random order over three consecutive 2-week periods, but 
without a washout period. An effect of ginger might be suffi-
ciently sustained to carry over into a following placebo phase. 
There was also little attempt at blinding subjects to the tastes. 
Another consideration was that the doses used in these two 
negative studies were relatively lower than for the positive 
studies. (Also, see the Clinical trials section.)

One conclusion might also be that the impact of ginger 
on platelet aggregation is most apparent when accompany-
ing fatty foods. There are other potential benefits in such cir-
cumstances. Ginger decreased serum and hepatic cholesterol 

in cholesterol-fed rats,77 and stimulated the conversion of 
cholesterol to bile acids.78 However, ginger at ‘5 times nor-
mal human intake’ had no effect on serum and liver choles-
terol levels in one study in hypercholesterolaemic rats.79 Oral 
administration of ginger extract reduced total cholesterol and 
serum LDL-cholesterol in hyperlipidaemic rabbits. Tissue 
lipid profiles of liver, heart and aorta showed similar changes. 
Ginger feeding increased the faecal excretion of cholesterol, 
which suggests a modulation of absorption.80

A 2009 review noted that ginger significantly lowered 
blood lipids, reduced atherosclerotic lesions and associ-
ated foam cell formation, and raised HDL-cholesterol as 
effectively as conventional drugs.81 Models used included 
animals that were diabetic, deficient in the apolipoprotein 
E gene or fed a high lipid diet. Possible mechanisms included 
reduced hepatic cholesterol biosynthesis and increased faecal 
excretion.

Ginger exerted a powerful positive inotropic effect on iso-
lated guinea pig left atria: gingerols were identified as the active 
components,82,83 and later 6- and 8-shogaol were found to 
show a positive inotropic activity of about the same potency as 
8-gingerol.84 8-Gingerol stimulated the Ca2+-pumping ATPase 
in skeletal and cardiac sarcoplasmic reticulum in vitro.85 
Further investigation indicated that this activity was increased 
in a concentration-dependent manner by 6-gingerol, 8-gingerol 
and 10-gingerol.86 Zingeronolol, a substance derived from zin-
gerone, demonstrated beta-adrenergic blocking activity in rats 
(0.1 to 1.0 mg/kg, iv).87 This contradicts the cardiotonic effect 
demonstrated by the whole extract in vitro.

The average systolic and diastolic blood pressures of nor-
mal volunteers given 1.0 g of fresh ginger to chew without 
swallowing were increased by 11.2 and 14 mmHg, respec-
tively.88 This pressor effect may be a short-term reflex 
response to the pungent effect of ginger. The component 
6-shogaol also demonstrated a pressor response in pharma-
cological studies after intravenous administration to rats 
(0.5 mg/kg).89 However, a 2005 study found that ginger 
extract (0.3 to 3.0 mg/kg, iv) induced a dose-dependent fall 
in the arterial blood pressure of rats via blockage of voltage-
dependent calcium channels.90

Thermogenic activity
In traditional herbal therapy ginger is regarded as a warming 
and stimulating medicine. This also provides the probable 
basis for its diaphoretic activity in febrile states. Several stud-
ies have sought to understand a potential thermogenic role for 
ginger. European studies proposed that the pungent principles 
of ginger act to stimulate thermoregulatory receptors.35,91 In 
addition ginger and its pungent components were thermo-
genic in the perfused rat hindlimb.92

Zingerone (like capsaicin from chillies and piperine from 
pepper, but unlike sulphur-containing pungent principles 
from garlic and mustard) increased the secretion of catecho-
lamines, especially adrenaline, from the adrenal medulla after 
intravenous injection in rats, this possibly accounting in part 
for the warming effect.93 These effects may be mediated by 
an interaction of the pungent principles in ginger with vanil-
loid receptors.62 However, more sustained effects may arise 
from different mechanisms. Ginger extract stimulated 
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cytokine secretion by human peripheral blood mononuclear 
cells.94 A pyrogenic effect from these cytokines might play a 
role in any thermogenic effect of ginger. Ginger and its pun-
gent principles also significantly inhibited serotonin-induced 
hypothermia.44

Not all experimental evidence is clear on the stimulant 
effect. In one study, in contrast to earlier studies on chilli and 
mustard sauce, a ginger sauce (prepared from fresh ginger) 
did not increase metabolic rate in human participants.95

Antimicrobial and antiparasitic activity
Some of the minor pungent components of ginger have been 
shown to have antifungal activity in vitro,96 as have the gin-
gerols.62 Ginger extract demonstrated mild growth inhibi-
tion of Gram-positive and Gram-negative bacteria in vitro,53 
including Escherichia coli, Proteus vulgaris, Salmonella typh-
imurium, Staphylococcus aureus and Streptococcus viridans.97 
In vitro studies demonstrate that combinations of ginger 
extract and clarithromycin synergistically augmented inhibi-
tion of Helicobacter pylori cultures.98

Sesquiterpenes in ginger essential oil were found to have 
significant antirhinoviral activity in vitro.99 The most active 
components were beta-sesquiphellandrene and zingiberene, 
and since these are highest in fresh ginger this might provide 
a basis for the preference in traditional Chinese medicine 
for the fresh rhizome in the treatment of the common cold. 
Acyclovir-resistant clinical isolates of herpes simplex virus 
type 1 (HSV-1) were analysed in vitro for their susceptibili-
ties to the essential oils of ginger, thyme, hyssop and sandal-
wood. All essential oils exhibited high levels of virucidal 
activity against the acyclovir-sensitive strain KOS and acyclo-
vir-resistant HSV-1 clinical isolates and significantly reduced 
plaque formation.100

There are also observations of a direct antiparasitic activ-
ity.101 Gingerol completely abolished the infectivity of the par-
asite Schistosoma mansoni in snails and mice.102 Further work 
with mice demonstrated antischistosomal activity for a crude 
aqueous extract of ginger. As well as reduced worm burden and 
egg density in liver and faeces of mice treated with an aque-
ous extract of ginger (500 mg/kg, oral), histopathological data 
indicated a reduction in the number and size of granulomatous 
inflammatory infiltrations in the liver and intestine.103 A mod-
erate anthelmintic activity in sheep was demonstrated for gin-
ger powder and aqueous extract (1 to 3 g/kg, oral).104

An extract from ginger effectively destroyed lavae of the 
fish parasite Anisakis in vitro. The most active antinematodal 
constituent was 6-gingerol, although a synergistic action with 
6-shogaol (also a potent constituent) was observed.105

Antitumour activity
Ginger extract and its components have demonstrated antitu-
mour activity in a limited number of studies, as noted in two 
reviews on this topic.106,107 Given that it is commonly con-
sumed as a food, the observation that ginger might prevent 
cancer probably has more practical relevance. A 2007 review 
noted that topical application of ginger extract, 6-gingerol and 
6-paradol suppressed initiation and promotion of mouse skin 
carcinogenesis in several models.107 One study noted in the 

review found that gingerol (0.02% in diet) significantly reduced 
the multiplicity of azoxymethane-induced intestinal carcinogen-
esis. In other studies, spontaneous mammary tumorigenesis was 
also significantly inhibited in mice (0.125% ginger in drinking 
water), as was 1,2-dimethylhydrazine-induced colon carcino-
genesis in rats (various doses). Antimetastatic activity has also 
been observed in mice for 6-gingerol.107

Other activity
Both 6-gingerol and 8-gingerol potentiated the contraction 
induced by prostaglandins (except PGD2) and inhibited that 
produced by PGD2, thromboxane A2 and leukotrienes in 
vitro.108 There is a structural requirement for this activity, as 
other gingerol-related derivatives do not necessarily produce 
the same effect.109

Antihepatotoxic activities for the gingerols and shogaols 
were observed in vitro for carbon tetrachloride- and galac-
tosamine-induced cytotoxicity in cultured rat hepatocytes.110 
6-Shogaol, 8-shogaol and 8-gingerol showed dose-dependent 
inhibitory activities on experimentally induced histamine 
release from rat peritoneal mast cells. Other tested compounds 
from fresh ginger showed no inhibitory activity. In addition, 
6-shogaol and 6-gingerol exhibited antiallergic activity in vivo.84

Ginger, ginger extract and pungent principles (gingerol and 
zingerone) have demonstrated significant antioxidant activity 
in vitro.111–116 Such antioxidant activity might be expected, 
since many inhibitors of lipoxygenase are also strong 
antioxidants.

The radioprotective activity of ginger extract has been 
demonstrated in vivo in several studies.62 However, it was 
administered by intraperitoneal injection.

Pharmacokinetics
After intravenous injection in rats, 90% of 6-gingerol was 
bound to serum protein and eliminated mainly via the bile.117 
Oral administration of 6-gingerol to rats confirmed that biliary 
excretion of the glucuronide was the major metabolic path-
way.118 Oral or intraperitoneal dosage of zingerone resulted 
in the urinary excretion of metabolites within 24 h, mainly as 
glucuronide and/or sulphate conjugates. Appreciable biliary 
excretion (40% in 12 h) also occurred.119 Evidence from a rat 
study also suggests that 6-shogaol is mostly metabolised and 
excreted via the bile as metabolites.120

Human volunteers were given ginger as a single oral dose 
ranging from 100 mg to 2.0 g and blood samples were obtained 
to 72 h. No participant had detectable free 6-gingerol, 8-gin-
gerol, 10-gingerol or 6-shogaol in plasma, but their glucuro-
nides were detected. The 6-gingerol sulphate conjugate was 
also detected, but only above the 1.0 g dose.121 Cmax values 
for the 2.0 g dose were 0.85, 0.23, 0.53 and 0.15 μg/mL for 
6-gingerol, 8-gingerol, 10-gingerol and 6-shogaol, respectively.

Clinical trials

Nausea and emesis
The antiemetic and antinausea effects of ginger have been 
assessed in many clinical trials. These are summarised in Table 1. 
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Table 1 

First author and 
year

Total  
participants

Preparation and  
daily dose

Study design Study duration Symptom/condition Tolerability/safety Efficacy versus control

Grontved 1988177 80 1 g powdered ginger Double blind, randomised, 
placebo-controlled trial

Single dose study Sea sickness Ginger significantly reduced the 
tendency to vomiting and cold 
sweating versus placebo (p<0.05)

Fischer-Rasmussen 
1990178

30 250 mg capsules ginger 
powder four times daily

Double blind, randomised, 
crossover trial

Four days Hyperemesis 
gravidarum

One subsequent 
spontaneous 
abortion not 
considered to be 
linked

A significantly greater relief of 
symptoms such as nausea and 
vomiting was found after ginger 
treatment (p = 0.035)

Bone 1990179 60 1 g powdered ginger Double blind, randomised 
study against 
metoclopramide and 
placebo

Postoperative Postoperative nausea 
and vomiting (after 
gynaecological 
surgery)

There were statistically significantly 
fewer incidences of nausea in 
the ginger group compared with 
placebo (p<0.05). The incidences 
of nausea in the ginger and 
metoclopramide groups were 
similar. The need for an antiemetic 
after surgery was significantly 
greater in the placebo group 
compared with the other two 
groups (p<0.05)

Phillips 1993180 120 1 g powdered ginger Prospective double blind, 
randomised study against 
10 mg metoclopramide 
and placebo

Postoperative day 
basis

Postoperative nausea 
and vomiting (after 
gynaecological 
laparoscopy)

There was no 
difference in 
the incidence 
of possible side 
effects such as 
sedation, abnormal 
movement, itch and 
visual disturbance 
between the three 
groups

The incidences of nausea in the 
ginger and metoclopramide groups 
were similar (27% and 21%) and 
less than for placebo (41%). The 
requirement for postoperative 
antiemetics was lower in the 
patients receiving ginger.

Schmid 1994181 1489 250 mg of ginger Randomised, double blind 
study of seven treatments

One dose 2 h prior 
to departure

Travel sickness 80% of subjects receiving ginger 
reported no seasickness. Ginger 
was found to be as effective as the 
antiemetic drugs tested

Arfeen 1995182 108 0.5 and 1 g ginger Double blind, randomised, 
controlled trial against 
placebo (all with oral 
diazepam premedication)

One hour pre-
operatively; 
assessment at 3 h 
postoperatively

Postoperative nausea 
and vomiting (after 
gynaecological 
laparoscopy)

Ginger in doses of 0.5 or 1.0 g 
was not effective in reducing the 
incidence of postoperative nausea 
and vomiting. (However there 
was only one reading at 3 h after 
intervention)
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First author and 
year

Total  
participants

Preparation and  
daily dose

Study design Study duration Symptom/condition Tolerability/safety Efficacy versus control

Meyer 1995183 11 1590 mg ginger powder 
30 minutes prior to drug 
ingestion

Open label with patients 
acting as their own 
controls

Single dose study Nausea following 
8-methoxypsoralen

The average nausea score (out of 4) 
was 2.05 without ginger and 0.73 
with ginger

Careddu 1996184 24 1.25 g powdered ginger Double blind trial against 
metoclopramide

Acute dose study, 
500 mg every 4 h

Children with 
hyperketonaemia

Ginger was significantly more 
effective in the opinion of the 
physicians (p<0.0005) and 
significantly better at preventing 
vomiting (p<0.05)

Visalyaputra 
1998185

120 2 g of ginger Randomised, controlled 
trial comparing ginger, 
placebo, droperidol and 
ginger plus droperidol

Single dose study Postoperative nausea 
and vomiting (after 
gynaecological 
laparoscopy)

There were no significant 
differences in the incidences of 
postoperative nausea or vomiting 
across the four groups

Vutyavanich 
2001186

70 1 g ginger Double blind, randomised, 
placebo-controlled

Four days plus 
follow-up at day 7

Nausea and vomiting 
in pregnancy

No adverse effects Visual analogue symptom scale 
of nausea decreased significantly 
in the ginger group (2.1±1.9) 
compared with placebo (0.9±2.2, 
p = 0.014)

Keating 2002187 26 Ginger syrup (or 
placebo), 1 tablespoon 
in 4 to 8 ounces of hot 
or cold water four times 
daily (equivalent to 1 g/
day ginger)

Double blind, placebo-
controlled, randomised 
clinical trial

Two weeks Nausea and vomiting 
in first trimester of 
pregnancy

77% patients receiving ginger (20% 
placebo) had at least a 4-point 
improvement on a 10-point nausea 
scale; 67% of ginger takers stopped 
vomiting (20% placebo)

Eberhart 2003188 180 0.3 to 0.6 g ginger root 
extract (10 to 20:1) 
extracted using acetone

Randomised, double blind, 
placebo-controlled trial

100 or 200 mg 
preoperatively as 
well as 3 and 6 h 
postoperatively

Postoperative nausea 
and vomiting (after 
gynaecological 
laparoscopy)

No effect from the ginger extract

Pongrojpaw 2003189 80 1.0 g ginger powder 1 h 
before procedure

Double blind, randomised, 
placebo-controlled trial

Single dose study Postoperative nausea 
and vomiting (after 
gynaecological 
laparoscopy)

There was a significant difference 
in visual analogue nausea scores 
and vomiting times between groups 
taking ginger and placebo at 2 
and 4 h after surgery (p<0.05). 
No difference at 24 h was found. 
Incidence and frequency of vomiting 
were similar in both groups

Sripramote 2003190 128 1500 mg of ginger 
compared with 30 mg of 
vitamin B6

Double blind, randomised, 
controlled trial against 
vitamin B6

Three days Nausea and vomiting 
in first 16 weeks of 
pregnancy

Minor side effects 
in both groups such 
as sedation and 
heartburn

No significant difference in reduced 
nausea scores and vomiting incidents 
between the two treatments. Both 
treatments reduced nausea score 
from baseline (p<0.001) and 
vomiting episodes (p<0.01)
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First author and 
year

Total  
participants

Preparation and  
daily dose

Study design Study duration Symptom/condition Tolerability/safety Efficacy versus control

Willetts 2003191 120 125 mg ginger extract 
(equivalent to 1.5 g of 
dried ginger) or placebo 
given four times per day

Double blind, randomised, 
placebo-controlled trial

Four days Nausea and vomiting 
in first 20 weeks of 
pregnancy, in patients 
who had experienced 
morning sickness 
daily for at least a 
week and had no relief 
of symptoms through 
dietary changes

Follow-up of 
the pregnancies 
revealed normal 
ranges of birth 
weight, gestational 
age, Apgar scores 
and frequencies 
of congenital 
abnormalities in 
treatment group

Nausea as measured by the Rhodes 
Index of Nausea, Vomiting and 
Retching was significantly less for 
ginger (p>0.05) on each treatment 
day; there was less effect on 
retching and none on vomiting

Sontakke 2003192 50 1 g powdered ginger Double blind, randomised, 
crossover trial against 
metoclopramide or 
ondansetron

One dose prior to 
chemotherapy and 
a second dose 6 h 
after

Nausea and 
vomiting in cancer 
patients receiving 
chemotherapy with 
cyclophosphamide in 
conjunction with other 
agents

No adverse effects 
attributable to 
ginger were 
recorded

Complete control of nausea was 
achieved in 62% of patients on 
ginger, 58% with metoclopramide 
and 86% with ondansetron. Similar 
results for control of vomiting

Manusirivithaya 
2004193

48 1 g of ginger powder Randomised, double 
blinded, crossover study 
against placebo and oral 
metoclopramide

Five days Emesis in 
gynaecological cancer 
patients receiving 
cisplatin-based 
chemotherapy

Restlessness 
occurred more often 
in metoclopramide 
arm compared to 
ginger (p = 0.109)

Addition of the ginger to a 
standard antiemetic regimen had 
no advantage in reducing nausea 
or vomiting in the acute phase 
of cisplatin-induced emesis; in 
the delayed phase, ginger and 
metoclopramide had comparable 
efficacy

Smith 2004194 291 1.05 g of ginger daily A randomised, controlled 
equivalence trial against 
75 mg of vitamin B6

Three weeks Nausea and vomiting 
in first 16 weeks of 
pregnancy

Ginger was equivalent to vitamin 
B6 in reducing nausea, retching 
and vomiting across the duration 
of the trial

Nanthakomon 
2006195

120 1 g ginger powder 1 h 
before the procedure

Double blind, randomised, 
placebo controlled

Single dose study Nausea and 
vomiting after major 
gynaecological 
surgery

Side effects not 
observed

A visual analogue nausea score and 
frequency of vomiting at 0, 2, 6, 12 
and 24 h after surgery showed a 
statistically significant improvement 
for the ginger group, especially at 
2 and 6 h

Tavlan 2006196 120 500 mg of ginger 1 h 
prior to surgery

Randomised, double 
blind, placebo-controlled 
comparing dexamethasone 
plus ginger with 
dexamethasone alone

Single dose study Postoperative nausea 
and vomiting (after 
thyroidectomy)

There was no additional 
advantage from adding ginger to 
dexamethasone treatment. The 
dose used was lower than many 
other trials

(Continued)
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participants
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daily dose

Study design Study duration Symptom/condition Tolerability/safety Efficacy versus control

Apariman 2006197 60 1500 mg of ginger 
powder 1 h prior to 
surgery

Randomised, double blind, 
placebo-controlled

Single dose study Postoperative 
nausea vomiting 
(after gynaecological 
laparoscopy)

Visual analogue symptom scale of 
nausea was significantly lower at 
6 h postoperatively for ginger versus 
placebo (p = 0.015). Reduction in 
vomiting incidence was borderline 
significant for ginger versus placebo 
at 6 h (p = 0.058)

Chittumma 2007198 126 1950 mg ginger Double blind, randomised, 
controlled trial against 
vitamin B6 (75 mg/day)

Four days Nausea and vomiting 
in the first 16 weeks 
of pregnancy

There were minor 
side effects, with no 
difference between 
the two groups. 
These included 
sedation, heartburn 
and arrhythmia

Ginger was superior to vitamin 
B6 for nausea and vomiting as 
assessed by the Rhodes Index 
(p<0.05) and both treatments 
effected significant improvements 
from baseline (p<0.05)

Pongrojpaw 2007199 170 1 g of ginger powder Randomised, 
controlled trial against 
dimenhydrinate (100 mg/
day)

Seven days Nausea and vomiting 
in pregnancy

Drowsiness was 
significantly higher 
for dimenhydrinate 
(p<0.01)

There was no significant difference 
in the visual analogue nausea 
scores and vomiting episodes 
between the two treatment groups

Levine 2008200 28 Protein supplemented 
meals (high or normal) 
with added ginger 1 g

Controlled clinical trial 
against normal diet

Three days 
immediately after 
chemotherapy

Delayed nausea after 
chemotherapy

Diary reports of nausea and 
recourse to antiemetic medication 
were significantly less common for 
higher doses of protein with ginger 
than for lower doses and the control 
group

Zick 2009201 162 1 or 2 g ginger daily Randomised, double 
blind, placebo-controlled 
trial of two doses of 
ginger given with 5-HT3 
receptor antagonists and/
or aprepitant

Three days Chemotherapy-
induced nausea and 
vomiting

Well tolerated, with 
no difference in all 
adverse events and 
significantly less 
fatigue in the ginger 
group

Blinding failed and there were no 
differences between groups in the 
prevalence and severity of acute or 
delayed nausea or vomiting

Ensiyeh 2009202 70 1 g of ginger Double blind, randomised, 
controlled trial against 
vitamin B6 (40 mg/day)

Four days Nausea and vomiting 
in pregnancy

The decrease in the visual analogue 
score of nausea in the ginger 
group was significantly greater 
than for the B6 group (p = 0.024). 
The number of vomiting episodes 
decreased for both groups, but with 
no difference between them



5
8

8

M
ateria M

ed
ica

P
A

R
T

 T
H

R
E

ETable 1 

First author and 
year

Total  
participants

Preparation and  
daily dose

Study design Study duration Symptom/condition Tolerability/safety Efficacy versus control

Ozgoli 2009203 67 1 g of ginger powder Double blind, randomised, 
placebo-controlled

Four days Nausea and vomiting 
in pregnancy

The decrease in vomiting 
episodes among ginger users 
was significantly greater than 
for placebo (p<0.05) and 
ginger effected a higher rate of 
improvement versus placebo 
(p<0.01)

Pillai 2011204 60 Ginger root powder (1 
or 2 g depending on the 
weight of the child)

Double blind, randomised, 
placebo-controlled trial, 
comparing ginger as an 
additional antiemetic 
to ondansetron and 
dexamethasone

Days 1 to 3 of 
chemotherapy 
cycle

Chemotherapy-
induced nausea and 
vomiting in children 
with bone sarcoma

Ginger was superior to placebo for 
all key measures. Acute moderate 
to severe nausea was observed 
in 93.3% of treatment cycles in 
the control group as compared to 
55.6% cycles in the ginger group 
(p = 0.003). The respective rates 
for acute moderate to severe 
vomiting were 76.7% versus 33.3% 
(p = 0.002), for delayed moderate 
to severe nausea 73.3% versus 
25.9% (p<0.001), and for delayed 
moderate to severe vomiting 
46.67% versus 14.81% (p = 0.022)

Ryan 2011205 744 0.5, 1.0 or 1.5 g 
powdered ginger

Double blind, randomised, 
four-arm, placebo-
controlled trial

Six days, starting 
three days before 
chemotherapy

Nausea in cancer 
patients receiving 
chemotherapy

A total of 576 patients were 
included in the final analysis. 
All doses of ginger significantly 
reduced nausea compared to 
placebo on day 1 of chemotherapy 
(p = 0.003). The largest reduction 
in nausea occurred with 0.5 and 
1.0 g of ginger

(Continued)
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This table of 29 clinical studies represents an impressive body of 
evidence.

Two recent meta-analyses of this clinical research have 
come to different verdicts. In one conducted in Thailand, 
five randomised trials including 363 patients were pooled for 
analysis. A benefit in preventing postoperative nausea and 
vomiting was demonstrated. Only one side effect, abdomi-
nal discomfort, was reported.122 This positive conclusion fol-
lowed the elimination of studies that used low doses of ginger 
or short-term observations, and this may have accounted for 
the difference between the findings of an earlier (2005) sys-
tematic review and meta-analysis from Germany, which was 
more reluctant to confirm the efficacy of ginger.123 Published 
systematic reviews have tended to favour a benefit of ginger 
over placebo in pregnancy-related nausea,124,125 with some 
caution as to the extent that the approach can be universally 
recommended. Of course, more positive trials have been pub-
lished since all of the above reviews.125

In order to assess the efficacy and safety of treatments for 
nausea, vomiting and retching in early pregnancy (up to 20 
weeks’ gestation), a Cochrane review team (updating their ear-
lier report of 2003) reviewed relevant published randomised, 
controlled trials. Trials of interventions for hyperemesis 
gravidarum were excluded, as were quasi-randomised trials and 
trials using a crossover design. Twenty-seven trials involving 4041 
women met their inclusion criteria. These trials covered several 
interventions, including acupressure, acustimulation, acupunc-
ture, ginger, vitamin B6 and several antiemetic drugs. In all, 
nine studies on ginger were included, and none were excluded. 
Evidence for the efficacy of ginger was considered limited and 
not consistent.126 However, no meta-analysis was conducted.

One key omission from the published clinical research 
might be contributing to the above controversy. Only occa-
sionally in published papers is the provenance and analysis of 
the ginger treatment provided. Given the noted variability in 
constituent levels in ginger (see Key constituents above), it 
is incumbent on future researchers to appropriately quantify 
their treatments so that sound assessments of benefit can be 
made.

Digestive conditions
Ginger accelerated gastric emptying and stimulated antral con-
tractions in patients with functional dyspepsia in a preliminary 
investigation. Nine patients with functional dyspepsia were 
studied on two separate days in a randomised, double blind 
design.127 Following a fast of 8 h the patients took capsules 
containing a total of 1.2 g of ginger root powder or placebo. 
One hour later they consumed 500 mL of a low-nutrient soup. 
Antral area (bottom of stomach, near the duodenum), fundus 
area (top, near the oesophagus) and diameter, and the fre-
quency of antral contractions were then measured using ultra-
sound at intervals over 90 minutes. Gastric half-emptying time 
was significantly less after ginger than placebo (11.9 minutes 
versus 21.1 minutes), and the frequency of antral contractions 
was significantly greater. Antral area decreased more rapidly 
with ginger. However, there was no difference observed in fun-
dus dimensions, serum peptides or gastrointestinal symptoms.

An extension of this study that included data for 11 
patients yielded similar results.128 Gastric emptying was more 

rapid after ginger than placebo (12.3 minutes versus 16.1 
minutes, p<0.05), but fundus dimensions, serum peptides 
and gastrointestinal symptoms did not differ.

Respiratory conditions
Delayed gastric emptying is a major problem in intensive care 
unit patients receiving enteral nutrition. It can lead to aspi-
ration and subsequent development of ventilator associated 
pneumonia (VAP). A group of Iranian scientists investigated 
the impact of ginger on nosocomial (hospital-associated) 
pneumonia in 32 patients with adult respiratory distress syn-
drome who were dependent on mechanical ventilation and 
fed via a nasogastric tube.129 Patients were randomised into 
two groups: the control group received 1 g/day of coconut oil 
as a placebo and the study group received 120 mg/day of a 
ginger extract (undefined). The supplements were added dur-
ing tube feeding three times a day. The nurse was unblinded 
to treatment assignment, whereas the patients and investi-
gators remained blinded to the randomisation. Treatment 
was continued for 21 days unless death or discharge from 
the intensive care unit (ICU) occurred. The diagnosis of 
VAP was made based on the International Sepsis Consensus 
Conference 2005.

While the small patient numbers limited the statistical 
power of the trial, some significant results were still observed. 
The average number of ICU-free days was significantly lower 
in the ginger group (7.0  ±  0.8 versus 4.4  ±  0.8, p = 0.02), 
as was the average number of ventilator-free days (11.3 ± 1.1 
versus 7.1 ± 1.1, p = 0.04). The incidence of VAP saw a dis-
tinct trend in favour of ginger that just failed to reach statis-
tical significance (6.3% versus 31.3%, p = 0.07). There was 
also a significant improvement in the ginger group compared 
with the control group in terms of the amount of feeding 
tolerated at the first 48 h (p<0.005). The authors discussed 
current drug treatments such as metoclopramide and erythro-
mycin for prevention of VAP in ICU patients and concluded 
that the evidence for their efficacy was scant. Given the posi-
tive impact of ginger, they suggested that a larger study was 
warranted.

A reduction in delayed gastric emptying was suggested by 
the authors as the mechanism of action of ginger. If the con-
tents of nasogastric feeding spend less time in the stomach, 
there would be less risk of regurgitation and aspiration. There 
certainly is additional clinical evidence to support this hypoth-
esis (see elsewhere in this monograph). Ginger should be 
considered for any patient experiencing symptoms associated 
with delayed gastric emptying (gastroparesis).

A randomised, placebo-controlled clinical trial conducted 
in Iran investigated the use of ginger for the treatment of 
asthma.130 In all, 92 patients received either ginger (tinc-
ture containing 150 mg of rhizome every 8 h) or placebo for 
2 months. The results indicated that ginger was effective in 
reducing asthmatic symptoms, but had no effect on the sever-
ity of the disease, as assessed by spirometry. Those receiving 
ginger had fewer nocturnal coughing attacks, fewer dysp-
noeic attacks and reduced usage of inhaled medication. These 
reductions were significantly different from that experienced 
in the placebo group (p<0.05 for each parameter). The 
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authors noted that the prescribed dosage (about 0.5 g/day) 
was below the standard therapeutic dose of 1 to 4 g/day. 
Blinding was probably an issue, given that a liquid dose of gin-
ger was used.

Inflammatory conditions
Ginger has long been used as a popular treatment for arthritic 
and other inflammatory pains. Modern evidence of such pros-
pects has been relatively recent and, although still mixed, is 
promising.

In a controlled, double blind, crossover study, 3 weeks 
of a combination of ginger and Alpinia galanga extracts 
(510 mg/day) was compared to placebo and ibuprofen in a 
randomised sequence in patients with osteoarthritis of the hip 
or knee. A statistically significant effect of the herbal combi-
nation over placebo could only be demonstrated in the first 
period of treatment before crossover, and a significant differ-
ence was not observed in the study as a whole.131

Two hundred and forty-seven patients with osteoarthritis of 
the knee and moderate-to-severe pain received a highly purified 
and standardised combination of ginger and Alpinia galanga 
extracts (510 mg/day) or placebo twice daily for 6 weeks in a 
randomised, double blind, placebo-controlled trial. The primary 
efficacy variable was the proportion of responders experiencing 
a reduction in ‘knee pain on standing’, using an intent-to-treat 
analysis. In all, 63% of those taking the ginger combination 
experienced a clinically significant reduction on a visual ana-
logue scale for knee pain on standing, compared with 50% in 
the control group (p = 0.048). Analysis of the secondary effi-
cacy variables revealed a consistently greater response in the 
herbal group compared with the control group. Patients receiv-
ing the herbal extract combination experienced more gastro-
intestinal adverse events than the placebo group (59 versus 21 
patients), although these adverse events were mostly mild.132

Twenty-nine patients (6 men and 23 women) with sympto-
matic gonarthritis were randomised into a double blind, placebo-
controlled, crossover study over 24 weeks. The treatment group 
was given a ginger extract (1000 mg/day).There were no signifi-
cant differences in visual analogue scales for handicap and pain 
on movement at crossover at 12 weeks, but by the end of 24 
weeks there was a statistically significant difference in favour of 
the ginger group (p<0.001).133 The study was limited by the lack 
of a washout (no treatment) period before crossover.

Cardiovascular activity
In an open study involving both normal human volunteers and 
hypertensive patients, ginger (1 g/day for 7 days) demonstrated a 
synergistic effect with nifedipine (10 mg/day) in terms of reduc-
ing platelet aggregation (using collagen, ADP and adrenaline (epi-
nephrine) as agonists) in hypertensive patients, and potentiated 
the antiplatelet effect of nifedipine in normal volunteers.134 (See 
also the Interactions section in this monograph).

Powdered ginger given at a dose of 4 g/day to 30 patients 
with coronary artery disease (CAD) did not affect plate-
let aggregation measured after 1.5 and 3 months of admin-
istration. In addition, no changes in fibrinolytic activity and 
fibrinogen were observed. No information was provided for 
controls. However, a single dose of 10 g of ginger given to 

each of 10 CAD patients produced a significant reduction 
in platelet aggregation after 4 h (p<0.05). There was a small 
non-significant rise in platelet aggregation for the placebo 
group. Ginger did not affect blood lipids and blood sugar 
when administered at 4 g/day for 3 months. The doses used 
in these studies were relatively high and lower doses are prob-
ably unlikely to offer any significant risk protection. In this 
context, it is interesting to note that 4 g of dried ginger pow-
der (of unspecified quality) did not have a significant effect 
on platelet aggregation, even after regular intake for 3 months, 
but a dose of 10 g significantly reduced platelet aggregation.135

In a 45-day double blind, placebo-controlled clinical trial, 
85 patients with hyperlipidaemia and without other compli-
cations were randomised to receive ginger (3 g/day in three 
divided doses) or placebo. There was a significantly higher 
reduction in triglyceride and total cholesterol levels dem-
onstrated for the ginger group versus placebo (p<0.05).136 
However, overall reductions from baseline with ginger treat-
ment were modest, in the order of 10%.

Analgesic activity
Inhibition of thromboxane and prostaglandin activity pro-
vides a plausible mechanism for traditional reputation of gin-
ger in pain relief, particularly in the case of migraine137 and 
dysmenorrhoea.138

In a double blind, comparative trial conducted in Iran, 150 
female students (mean age of about 21 years) with primary 
dysmenorrhoea were assigned to one of three groups: ginger, 
mefenamic acid or ibuprofen.139 Students in the ginger group 
took 250 mg capsules of ginger rhizome powder four times a day 
for 3 days from the start of their menstrual period. The other 
groups received 250 mg mefenamic acid or 400 mg ibuprofen cap-
sules under the same protocol. Severity of dysmenorrhoea was 
assessed before and after treatment by a scoring system (0 to 3).

At the end of treatment (one menstrual period), severity of 
dysmenorrhoea decreased in all groups; for example, the inci-
dence of severe dysmenorrhoea decreased from 28% to 8% 
in the ginger group, 32% to 6% in the mefenamic acid group 
and 38% to 18% in the ibuprofen group. No significant differ-
ences were found between the groups in terms of the severity 
of dysmenorrhoea. The change in pain severity was similar in 
all three groups; for example, 36% were considerably relieved 
in the ginger group, with 30% and 36% considerably relieved 
in the mefenamic acid and ibuprofen groups, respectively. No 
severe side effects occurred. In this trial of short duration, 
ginger was as effective as mefenamic acid and ibuprofen in 
relieving pain in women with primary dysmenorrhoea.

A single dose of ginger (2 g of fresh ginger 30 minutes prior 
to exercise) had no effect on quadriceps muscle pain, rating of 
perceived exertion, work rate, heart rate and oxygen uptake 
(VO2) during and after 30 min of cycling at 60% of VO2 peak 
exercise in 25 college-age participants. This was a placebo-
controlled, double blind, crossover study.140

Twenty-seven participants performed 24 eccentric actions 
of the non-dominant elbow flexors. Then, in a double blind, 
crossover design, participants ingested a 2 g dose of fresh gin-
ger or placebo 24 h and 48 h after this exercise.141 Overall, 
ginger consumption demonstrated no effect on muscle pain, 
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dysfunction or metabolic rate compared with placebo. In 
the sub-set of participants who consumed ginger 24 h after 
exercise, arm pain was reduced the following day, 48 h after 
exercise. Participants who ingested placebo 24 h post-exercise 
exhibited no change in pain the following day. The authors 
concluded that a single 2 g dose of ginger does not attenuate 
eccentric exercise-induced muscle pain, inflammation or dys-
function 45 min after its ingestion, but ginger may attenuate 
the day-to-day progression of muscle pain.

The same research group examined the effect of 11 days of 
2 g/day fresh (study 1) or 2 g/day heat-treated (study 2) gin-
ger on muscle pain.142 Studies 1 and 2 were identical double 
blind, placebo-controlled, randomised experiments with 34 
and 40 volunteers, respectively. On day 8, participants per-
formed 18 eccentric actions of the elbow flexors to induce 
pain and inflammation. Pain intensity, perceived effort, plasma 
prostaglandin E2, arm volume, range-of-motion and isomet-
ric strength were assessed prior to and for 3 days after exer-
cise. Fresh and heat-treated ginger resulted in similar pain 
reductions 24 h after eccentric exercise compared to placebo 
(25%, p = 0.041 and 23%, p = 0.049, respectively). Smaller 
effects were noted between both types of ginger and placebo 
on other measures. In conclusion, daily supplementation with 
ginger reduced muscle pain caused by eccentric exercise, and 
this effect was not changed by heat-treating the ginger.

Toxicology and other safety data

Toxicology
The acute oral LD50 for ginger oil in rats and the acute dermal 
LD50 in rabbits both exceeded 5 g/kg.143

Ginger extract caused no mortality at doses of up to 
2.5 g/kg in mice (equivalent to about 75 g/kg of fresh rhi-
zome).19 This low acute toxicity was confirmed in a separate 
study that also found ginger extract caused no signs of chronic 
toxicity at 100 mg/kg per day for 3 months.144

Components in ginger have both mutagenic145 and anti-
mutagenic activity.146–149 Depending on the test model, ginger 
extract has also shown mutagenic150 and antimutagenic151 and 
anticarcinogenic effects.152,153

Contraindications
According to the Commission E, use of ginger is contraindi-
cated in patients with gallstones, except under close super-
vision and should not be administered for morning sickness 
during pregnancy.154

However, the dictate from traditional Chinese medicine 
that dried ginger preparations can be used cautiously during 
pregnancy is probably a more rational approach.7 A daily dose 
of 2 g of dried ginger should not be exceeded in pregnancy 
(see below and the Clinical trials section).

Special warnings and precautions
Daily doses of ginger in excess of 4 g should be prescribed 
with caution in patients who are already taking blood-thinning 

drugs such as warfarin or aspirin or who have an increased risk 
of haemorrhage (see the Interactions section below).135

Proceed with caution in cases of peptic ulceration or other 
gastric diseases. However, any exacerbation in such cases 
should be immediately apparent and transient. It is best not 
to proceed if symptoms such as heartburn occur.

Interactions
There is a suggestion that ginger is one of a number of hot 
spices that increase bioavailability of other drugs, either 
by increasing their absorption rate from the gastrointesti-
nal tract or by protecting the drug from being metabolised/
oxidised in its first passage through the liver after being 
absorbed.45 This means that concurrent administration of 
ginger, and other hot spices, might increase the activity of 
other medication.

There is a theoretical possibility that ginger may increase 
the chance of bleeding especially when combined with antico-
agulants.155–158 In one report a 76-year-old European woman 
on long-term phenprocoumon therapy with an international 
normalised ratio of prothrombin time (INR) within the thera-
peutic range began using ginger products. Several weeks later 
she developed an elevated INR (up to 10) and epistaxis. Her 
INR returned to normal after ginger was stopped and vitamin 
K1 was given. An objective assessment revealed that causal-
ity due to an interaction of phenprocoumon and ginger was 
‘probable’.159

However, powdered ginger given at 4 g daily to 30 patients 
with CAD did not affect platelet aggregation, fibrino-
lytic activity and fibrinogen level after 1.5 and 3 months of 
administration.135 In another study, ginger had no effect on 
S-warfarin concentration and response (prothrombin complex 
activity) in healthy volunteers who were given a single warfa-
rin dose (25 mg).160

In a related open label, three-way crossover randomised 
study, 12 healthy male volunteers received a single 25 mg dose 
of warfarin alone, or after 7 days of pretreatment with rec-
ommended doses of Ginkgo or ginger (from reliable sources). 
Dosing with Ginkgo or ginger was continued for 7 days after 
the administration of the warfarin dose. There was no signifi-
cant effect of either herb on observed platelet aggregation, 
INR, warfarin enantiomer protein binding, warfarin enanti-
omer concentration in plasma and S-7-hydroxywarfarin con-
centration in urine.161

On the other hand, there is always the possibility of inter-
actions occurring less frequently (as perhaps is relevant to the 
case report above). In a prospective, longitudinal Canadian 
study, 171 adults prescribed warfarin anticoagulation therapy 
for at least 4 months completed a 16-week diary, recording 
bleeding events and exposure to factors known to increase the 
risk of bleeding or a supratherapeutic INR. In all, 87 (51%) 
reported at least one bleeding event and 36 (21%) had a 
supratherapeutic INR. Ginger was one of two natural reme-
dies (with coenzyme Q10) independently associated with an 
increased risk of self-reported bleeding.162

There is one case report of a reduction in platelet count 
from 1.8 million to 240 000 in a patient with Kawasaki dis-
ease the day after consuming a ginger beverage (comprising a 
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half-teaspoon of ground ginger plus sugar steeped in boiling 
water, which had soda water added to it after cooling). The 
effect was believed to be due to ginger and carbon dioxide, 
both regarded as thromboxane synthetase inhibitors.163

The best practice is to keep ginger levels relatively low 
when there is a risk of increased bleeding, probably below 
2 g/day (certainly no greater than 4 g/day). In the case of anti-
coagulant medication, there should be close monitoring for 
danger signs and changes in coagulation parameters.

Use in pregnancy and lactation
Category A – no proven increase in the frequency of mal-
formation or other harmful effects on the fetus despite con-
sumption by a large number of women.

Ginger is in fact one of the most popular remedies for self-
medication among pregnant women.164–166

After a systematic search of the literature for the use of 
ginger as an antiemetic, 15 studies were considered eligible 
for a review of potential side effects. These included data for 
777 patients, and of these a total of 136 patients were treated 
with ginger within the first trimester of pregnancy. Ginger 
was not associated with complications, with the exception 
of an abortion that occurred in the 12th week of gestation, 
but was not considered to be linked.167 Pregnant women who 
called the Canadian Motherisk Program and were taking gin-
ger during the first trimester of their pregnancy were enrolled 
in a safety study.168 From 187 pregnancies, there were 181 
live births with three major malformations, two stillbirths, 
three spontaneous abortions and one therapeutic abortion. 
There were no statistical differences in pregnancy outcomes 
between this ginger group and a comparison group, with the 
exception of more infants weighing less than 2.5 kg in the 
comparison group (12 versus 3, p<0.001).

However, expert views on the safety of ginger in pregnancy 
are not consistent; in accordance with good practice, the herb 
should not be used during pregnancy and lactation without 
expert advice, particularly at doses above 2 g/day.

Ginger included in the drinking water of pregnant rats (at 
levels of 20  and 50 g/L) led to increased embryo loss com-
pared with controls, but increased the weight and develop-
ment of fetuses, with no other adverse effects observed on 
developed fetuses or mothers.169 However, a study of a gin-
ger-Alpinia standardised extract showed no effect on organo-
genesis or any other adverse effects on pregnancy in rats.170

Ginger is considered compatible with breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
In the review of the antiemetic literature cited above, 3.3% of 
the 777 total patients suffered from slight side effects, mainly 
mild gastrointestinal symptoms and sleepiness, neither requir-
ing specific treatments.167

At higher doses a blood-thinning effect and an increase in 
gastric secretory activity leading to heartburn is possible.

Occupational allergic contact dermatitis from spices 
is relatively rare, but needs to be taken into considera-
tion in patients who have hand dermatitis and work with 
spices and foods. Acute spice reactions may also be linked 
to respiratory symptoms (although the possibility is that 
these are due to direct irritation of the lungs).171 Ginger 
is known to be a significant contributor to such aller-
gies.172,173 Patients at risk of spice allergy are young adults 
sensitised to mugwort and birch allergens, sharing cross-
sensitisation with various food plant allergens: this group 
makes up 6.4% of all food allergies in adults.174 There are, 
however, doubts about the consistency of a link with cel-
ery-birch allergy patterns.175

Overdosage
No incidents found in the published literature.

Safety in children
Ginger is generally considered a safe remedy for children.176

Regulatory status in selected 
countries

Ginger is official in the European Pharmacopoeia (2001), 
the British Pharmacopoeia (2011), the United States 
Pharmacopeia – National Formulary (USP 34–NF 29, 
2011), the Chinese Pharmacopoeia (English edition, 1997) 
and the Japanese Pharmacopoeia 15th edition (English edi-
tion, 2006). It was official in the second edition of the Indian 
Pharmacopoeia (1966), but was not included in the third edi-
tion (1985).

Ginger is covered by a positive Commission E Monograph 
and can be used for dyspepsia and the prevention of motion 
sickness.

Ginger is on the UK General Sale List.
Ginger and ginger oil have GRAS status. Ginger is also 

freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act). It has been present in the following over-the-
counter (OTC) drug products: digestive aid drug products 
and as an ingredient in products offered for use as a smoking 
deterrent. The FDA however advises that ‘based on evidence 
currently available, there is inadequate data to establish gen-
eral recognition of the safety and effectiveness of these ingre-
dients for the specified uses’.

Ginger is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and hence is 
freely available for sale. However, products containing ginger 
with an equivalent dry weight per dosage unit of 2 g and above 
are required to carry warnings regarding concomitant use with 
anticoagulants and advising that those with bleeding problems 
seek medical advice.
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Ginkgo

(Ginkgo biloba L.)

Synonyms

Maidenhair tree (Engl), Ginkgoblätter (Ger), arbre aux quar-
ante écus (forty coin tree) (Fr), Ginkgo (Ital), tempeltrae 
(Dan).

What is it?

Ginkgo biloba is a deciduous tree that has survived unchanged 
for about 150 million years from when dinosaurs walked 
the earth. Described by Charles Darwin as a living fossil, it 
may have been saved from extinction by the Chinese who 
revered the tree and planted it around their temples. While 
Ginkgo nuts are used in traditional Chinese medicine (TCM, 
see below), the modern use of the green leaf (not the yel-
low autumn leaf) is entirely due to scientific discovery. In the 
1960s a group of German scientists were investigating the 
effects of exotic herbs on circulation in vivo and found that 
the leaves of Ginkgo were particularly active. A special, highly 
concentrated extract standardised for flavonoid content was 
developed and patented soon after. In the years that followed, 
standardised extracts of Ginkgo leaf became widely used in 
Europe and elsewhere.

When the standardised extract of Ginkgo leaf was first 
developed by German scientists, the original therapeu-
tic focus was improving peripheral circulation to the legs 
and brain. Later the neuroprotective effects were recog-
nised and Ginkgo became an important herbal treatment 
for Alzheimer’s disease. In addition, a wide variety of other 
clinical effects have been discovered, making Ginkgo one 
of the most clinically versatile plants in the modern herbal 
materia medica, with all such uses underpinned by human 
evidence.

Effects

Increases blood flow, tissue oxygenation and tissue nutrition; 
platelet-activating factor (PAF) antagonism; prevention of cel-
lular damage caused by free radicals; protects mitochondrial 
function during cellular stress; enhances memory and cogni-
tive function, especially in the elderly; protects nervous tissue 
against damage; helps adaptation to stressors; modulates car-
diovascular risk; allays anxiety.

Traditional view

Only Ginkgo nuts were widely used in TCM as an antiasth-
matic and against polyuria.1 The main information on the 

therapeutic use of Ginkgo leaf comes from clinical trials on 
the standardised extract conducted over the past 5 decades, 
backed up by data from experimental models. However, the 
Chinese have now incorporated the use of Ginkgo leaf into 
their materia medica.

Summary actions

Anti-PAF activity, antioxidant, tissue perfusion enhancer,  
circulatory stimulant, nootropic, neuroprotective, anxiolytic, 
adaptogen.

Can be used for

Indications supported  
by clinical trials
Disorders and symptoms due to restricted cerebral blood 
flow (memory and/or cognitive impairment, dizziness, tinni-
tus, headaches, anxiety/depression, fatigue, stroke); vertigo, 
acute cochlear deafness, tinnitus of vascular origin (mixed 
results); peripheral arterial disease (particularly intermittent 
claudication, mixed results); favourable modification of car-
diovascular risk; early stages of primary degenerative demen-
tia (Alzheimer-type); multi-infarct dementia; disorders 
due to reduced retinal blood flow and normal tension glau-
coma, age-related macular degeneration (preliminary data); 
congestive dysmenorrhoea and premenstrual syndrome; 
effects of high altitude or hypoxia; anxiety, adjunct ther-
apy in chronic schizophrenia; to improve cognitive function 
(mixed results); diabetic retinopathy and neuropathy; symp-
toms associated with multiple sclerosis; allergic conjuncti-
vitis (topically), asthma; protection from radiation damage; 
idiopathic oedema; vitiligo; improving adaptation to stress.

Traditional therapeutic uses
Ginkgo leaf does not have well-documented traditional 
use.

May also be used for

Extrapolations from  
pharmacological studies
Disorders due to restricted peripheral blood flow (including 
diabetic vascular disease, atherosclerosis); anti-PAF activity 
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(useful in the treatment of asthma, allergic reactions, immu-
nological reactions, shock, ischaemia, thrombosis); antioxidant 
activity, protection against ischaemia and reperfusion injury. 
New uses may follow from the anti-PAF activity, such as pre-
vention of migraine headaches.

Preparations

Standardised extract for internal and topical application.

Dosage

The dose of liquid extracts is uncertain if they have not 
been standardised for major active constituents. Because of 
potential adverse reaction to the ginkgolic acids, the use of 
normal galenical extracts (tinctures or fluid extracts) is not 
recommended.

The daily dose is typically 120 to 240 mg of a 50:1 Ginkgo 
standardised extract (containing 24% ginkgo flavone gly-
cosides and about 6% terpenoids). This corresponds to 
4 to 16 g of leaf, depending on the quality of original leaf. 
Ginkgolic acids are usually specified to be less than 5 parts 
per million. The extract can be incorporated into liquids or 
tablets, usually at 40 mg/mL or 40 to 60 mg/tablet, making 
the daily dose 3 to 6 mL or two to six tablets, depending on 
their strength.

Duration of use

There is no restriction on the long-term use of Ginkgo. 
Moreover, for most applications it should be given to 
patients for at least 6 weeks before any clinical benefit is 
assessed.

Summary assessment of safety

There is very low risk associated with the administration of 
Ginkgo. The risk of a bleeding event or interaction with blood 
thinning drugs is overstated in most articles and texts and not 
supported by controlled clinical trials.

Technical data

Botany
Ginkgo biloba is a member of the Ginkgoaceae family, a 
gymnosperm that has survived unchanged from the Triassic 

period. It can grow to a height of over 100 m, living for 1000 
years. Ginkgo is dioecious (possessing male and female flow-
ers on separate trees) and its leaves have open dichotomous 
venation and a characteristic fan-like appearance with two 
lobes (hence the species name, biloba). The leaf shape has 
been likened to the cerebral hemispheres The naked seed 
(or nut) is oily and edible, but the seed coat and embryo are 
bitter.2,3

Adulteration
Considerable variability has been found in total terpene 
content and in individual terpene levels in commercial 
Ginkgo leaf extracts.4 A 2002 study by the Hong Kong 
Consumer Council found that 13 of 14 commercial prod-
ucts contained levels of ginkgolic acids exceeding WHO 
(World Health Organization) recommendations by 16 to 
733 times.5 (Ginkgolic acid is potentially allergenic.) See 
also under Key constituents below.

Key constituents
l	 0.5% to 1% mono-, di- and triglycosides of the  

flavonols quercetin, kaempferol and isorhamnetin, 
quercetin-3-beta-D-glucoside, quercitrin and  
rutin,6,7 including coumaric acid esters of these 
flavonoids

l	 Terpene lactones (terpenoids), including bilobalide and 
ginkgolides A, B, C and J.8

l	 Biflavonoids, ginkgolic acids, sterols, procyanidins, 
polysaccharides.7,9

The majority of the pharmacological studies and clini-
cal trials have been conducted using a chemically com-
plex, concentrated extract containing at least 26 identified 
components and standardised to 24% flavonol glycosides 
(ginkgo flavone glycosides) and 6% terpenoids (ginkgolides 
and bilobalide). The standardised extract allows the con-
centration of potentially active constituents and the elimi-
nation of undesirable substances. For this reason, many of 
the known constituents of Ginkgo leaves are present only 
in minute amounts or absent from these extracts, including 
the ginkgolic acids, biflavonoids and sterols. The German 
Commission E and WHO stipulate that extracts should con-
tain less than 5 ppm ginkgolic acids.10,11

The standardised extract also contains approximately 
7% proanthocyanidins, 13% carboxylic acids, 2% cate-
chins, 20% non-flavonol glycosides and 4% high molecular 
weight compounds.12 Around 5% of its content is inorganic 
in nature and about 13% contains other phytochemical 
constituents.
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products had an unexpectedly high proportion of rutin pre-
sent, indicating that adulteration with this flavonoid had likely 
occurred.

Following this knowledge of the potential adulteration of 
Ginkgo extracts with rutin (and possibly other flavonoids), 
a test method was developed for its reliable detection. The 
application of this method in the quality control of stand-
ardised Ginkgo extracts is now a requirement of the United 
States Pharmacopoeia–National Formulary (USP32-NF27) 
and for product registration (listing) with the Australian 
Therapeutic Goods Administration.

A 2003 quality control assessment of commercial stand-
ardised Ginkgo extracts using analysis of intact flavonol gly-
cosides found one product had been adulterated with rutin in 
order to elevate the total flavonol levels.13

A total of 16 Ginkgo products were assessed in a 2005 
Belgian study, including four that were registered medicines, 
the others being food supplements.14 All the examined medi-
cines complied with the pharmacopoeial standards and eight 
of the 12 food supplements contained the claimed level of 
flavonoids. The remaining four did not, and two of these con-
tained unexpectedly low amounts. Seven food supplement 
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Pharmacodynamics
The considerable number of pharmacological studies on 
Ginkgo biloba extract have not been comprehensively 
reviewed in this monograph. Rather, the results from impor-
tant, unique or representative studies and reviews have been 
included.

PAF antagonism
Platelet-activating factor (PAF) is an ether-linked phospho-
lipid formed by platelets, basophils, neutrophils, monocytes 
and macrophages. It is a potent platelet-aggregating agent 
(more so in animals than humans), inflammatory factor and 
inducer of systemic anaphylactic symptoms. The ginkgolides 
(particularly ginkgolide B) are potent and specific PAF recep-
tor antagonists.15,16 Their effects are long-lived and are rap-
idly established after oral doses.17 No side effects have been 
recorded, even when given in high doses (120 mg of a gink-
golide mixture) to healthy human volunteers.15

High doses of ginkgolides control mast cell degranula-
tion,18 and have been used to treat systemic mastocytosis 
(high blood levels of mast cells).19 Ginkgolides partially coun-
tered PAF-induced and antigen-induced bronchoconstric-
tion20,21 and inhibited the induction of airway hyperreactivity 
by PAF in vivo.22 Ginkgolides inhibit the response of eosin-
ophils to PAF23 and decrease the IgE-mediated cytotoxicity 
of eosinophils.16 Ginkgolides and the standardised extract 
of Ginkgo have demonstrated a potent thrombolytic effect 
on the PAF-induced thrombus.24,25 Standardised Ginkgo 
extract has improved peak flow rates in asthmatic children 
and caused significant clinical improvement in adults.25 More 
recent research has focused on analogues (chemical deriva-
tives) of the ginkgolides as potential new drugs with PAF-
inhibiting activity.26

Effects on ischaemia and blood flow
Ginkgolides prevent the metabolic damage caused by experi-
mental cerebral ischaemia and have a normalising effect 
when given 1 h after the event. They can reduce the infarct 
size in experimental myocardial occlusion. Arrhythmias 
induced by experimental myocardial ischaemia are signifi-
cantly countered by the prior administration of ginkgolides.27 
Bilobalide has demonstrated a potent neuroprotective effect 
against ischaemic damage, which was stronger than gink-
golide B.28

There is experimental evidence to support the view that 
Ginkgo extracts have neuroprotective properties under 
conditions such as hypoxia/ischaemia, seizure activity and 
peripheral nerve damage (see also below).29 Standardised 
Ginkgo extract, as well as its non-flavonol fraction (probably 
the ginkgolides), but not the flavonol glycosides, conferred 
protection in mice against brain damage caused by hypoxia 
and retarded the breakdown of brain energy metabolism.30 
Oral administration of Ginkgo extract produced slight to 
moderate changes in glucose utilisation in the brain struc-
tures of rats. Glucose utilisation was significantly decreased 
in the frontoparietal somatosensory cortex, nucleus accum-
bens, cerebellar cortex and pons when a 50 mg/kg dose of 

extract was administered. This may help explain the clinical 
efficacy of Ginkgo extract in treating problems associated 
with deficient somatosensory processing (such as impairment 
of vigilance) and vestibular mechanisms (such as vertiginous 
syndromes).31 One study investigated the effect of Ginkgo 
extract (up to 15 mg/kg) on the dynamic equilibrium of 
free radicals and amino acids in rats with cerebral ischemia/ 
reperfusion injury. Ginkgo reduced levels of gamma-amin-
obutyric acid (GABA), glycine, glutamine, aspartate and 
malondialdehyde (a measure of oxidation) and increased 
antioxidant enzymes. These results indicate that Ginkgo can 
protect damaged neurons via balancing inhibitory/excitatory 
amino acids and enhancing the removal of free radicals.32

Ginkgo has favourably influenced a number of the meta-
bolic events that accompany cerebral ischaemia, including a 
preventative effect on ischaemic damage by inhibiting vaso
spasm and thrombus formation and improving cerebral blood 
flow to underperfused areas without robbing adjacent areas. 
It has increased cerebral perfusion after oral administration33 
and improved hypoxia tolerance34 in humans. Also, Ginkgo 
has inhibited thrombus formation,35 promoted prostacyclin 
synthesis,36 reduced cerebral oedema,37–39 normalised brain 
ATP and glucose following ischaemia,38,40 improved neuronal 
function following infarction37 and inhibited arteriolar spasm41 
in animals. A recent review concluded that the main mecha-
nisms behind the protective effects of Ginkgo extract in brain 
ischaemia/reperfusion injury were antioxidation, enhanced free 
radical clearance, inhibition of excitatory amino acids, reduced 
inflammation and inhibition of neuronal apoptosis.42

However, a recent study suggests that heme oxygenase 1 
(HO-1) could represent a key aspect of the neuroprotective 
role of Ginkgo in transient ischaemia/reperfusion. HO-1 is 
an inducible enzyme (by the Nrf2/ARE pathway) that plays 
a vital role in cellular homeostasis in response to oxidative 
stress. Mice pretreated with Gingko extract (25 to 100 mg/
kg, oral) had 50.9% less neurological dysfunction and 48.2% 
smaller infarct volumes, but this benefit was abolished in 
HO-1 knockout mice (lacking the enzyme).43 Acute post-
treatment with Ginkgo also reduced infarct size. The same 
group had previously shown that Ginkgo extract induced 
HO-1 levels in neuronal cell cultures.44

Standardised Ginkgo extract and bilobalide inhibited 
the hypoxia-induced decrease in ATP content in endothelial 
cells in vitro. After oral administration in an in vivo model 
of hypoxia, both compounds increased the respiratory con-
trol ratio of mitochondria isolated from rat hepatocytes. The 
authors concluded that these agents helped to retain the abil-
ity to form ATP, thereby reducing the cell’s need to induce 
glycolysis, probably via preserving ATP regeneration by mito-
chondria as long as oxygen was available.45 A protective effect 
of standardised Ginkgo extract on the hypoxic myocardium 
was demonstrated by the changes in enzyme activities in rat 
myocardium after pretreatment with Ginkgo for 3 months.46

In a comparative study on stroke victims, intravenous 
standardised Ginkgo extract was more active at improving 
cerebral blood flow compared with 28 conventional drugs (see 
also under Clinical trials).47

Gingko biloba extract (240 mg/day) was evaluated in a 
3-week randomised, double blind, placebo-controlled study of 
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skin blood flow in 27 healthy middle-aged volunteers.48 Skin 
blood flow was measured on the forefoot using laser Doppler 
flowmetry. Ginkgo exerted a modulating effect on haemody-
namics, enhancing the skin blood flow of participants with 
impaired circulation, normalising excess skin blood flow in 
cases of hypercirculation, while not affecting normal flow. A 
randomised controlled study on the effect of Ginkgo extract 
on forearm haemodynamics in 16 healthy volunteers was con-
ducted over 6 weeks.49 Forearm blood flow and venous capac-
ity were measured by strain-gauge plethysmography. Forearm 
blood flow was significantly higher during active treatment 
after 3 and 6 weeks, as compared with placebo treatment 
(p<0.05), while mean arterial blood pressure was unchanged. 
In an earlier randomised placebo-controlled crossover study 
in 10 healthy volunteers, Ginkgo markedly decreased eryth-
rocyte aggregation and increased blood flow in nail-fold 
capillaries.50

Other neuroprotective effects
A 2007 review noted that ginkgolide B has demonstrated 
neuroprotective activity in several in vitro models including 
nitric-oxide-induced neurotoxicity and against beta-amyloid.51 
An earlier review observed that bilobalide in vivo can reduce 
cerebral oedema produced by triethyltin and decrease cortical 
infarct volume in stroke models.52 Possible protective mecha-
nisms included preservation of mitochondrial function, inhibi-
tion of apoptotic damage and suppression of hypoxia-induced 
cell membrane deterioration in the brain. Neurochemical 
modulation may also be responsible for neuroprotection, 
with an ex vivo study demonstrating that bilobalide antago-
nised the GABA-A receptor binding of TBPS (t-butylbicy-
clophosphorothionate), a molecule with a high affinity for 
GABA-A, to rat cortical membranes. TBPS binding was com-
petitively inhibited by bilobalide in the low micromolar range  
(IC50 3.7 μM).53

Research in one laboratory has focused on understand-
ing the mechanism of action of Ginkgo in protecting against 
Alzheimer’s disease (AD) and this was reviewed in 2006.54 
Ginkgo extract protects against beta-amyloid aggregation 
in vitro, attenuates beta-amyloid-induced reactive oxygen 
species in the roundworm and reduces its neuronal toxic-
ity. Several other in vitro studies have observed that Ginkgo 
extract protects against beta-amyloid neurotoxicity.55–57

Ginkgo has also demonstrated protective activity in murine 
models of AD.58,59 One study used a transgenic mouse model 
and found that Ginkgo extract (300 mg/kg diet) given for 16 
months significantly lowered amyloid precursor protein levels 
in the cerebral cortex.58

Ginkgo biloba may possess a preventative role in Parkinson’s 
disease. A standardised extract of Ginkgo was tested on 
a Parkinson’s disease animal model (6-hydroxydopamine 
(6-OHDA)-induced neurotoxicity in the nigrostriatal dopa-
minergic system of the rat brain). At 8 weeks after the 
induced lesion, the number of contralateral forepaw adjusting 
steps was significantly higher in rats treated with the high dose 
of Ginkgo (100 mg/kg/day, ip) than in those treated with a low 
dose (50 mg/kg, ip) or with the control, denoting a neuropro-
tective and anti-Parkinson effect.60

Antioxidant activity
As noted above, much of the neuroprotective activity of 
Ginkgo extract is probably predicated on its antioxidant 
activity. Flavonoids from Ginkgo extract scavenged free 
radicals and antagonised lipid peroxidation and cell necrosis 
of rat hepatocytes more potently than the terpene lactones 
(ginkgolides, bilobalide) in vitro.61 Ginkgo extract scavenged 
various reactive oxygen species, such as hydroxyl and super-
oxide radicals, and also peroxyl radicals, which are involved 
in the propagation step of lipid peroxidation.62 Standardised 
Ginkgo extract inhibited or reduced functional and mor-
phological retinal impairments observed after lipoperoxide 
release.63 The extract has demonstrated powerful antioxidant 
effects on copper-mediated human low-density lipoprotein 
oxidation in vitro.64

Such passive in vitro antioxidant effects probably do not 
underlie the in vivo antioxidant activity of Ginkgo, which is 
more likely based on its activation of specific protector path-
ways, such as Nrf2/ARE. For example, an increase in catalase 
and superoxide dismutase (SOD) activities in the hippocam-
pus, striatum and substantia nigra and a decrease of lipid per-
oxidation in the hippocampus was displayed in rats treated 
with Ginkgo.65 Ginkgo extract (100 mg/kg, oral) prevented 
mobile phone-induced oxidative stress in the brains of rats 
exposed to 900 MHz radiation for 7 days (1 h/day).66 Cellular 
brain injury was also reduced.

Volunteers given standardised Ginkgo extract (200 mg/
day) for 1 week also exhibited red blood cells that were 
more resistant to oxidative damage.67 Ginkgo extract 
decreased the clastogenic activity (a marker of oxidative 
stress) of blood taken from salvage personnel working on the 
Chernobyl reactor accident.68 In a further study, 30 recov-
ery workers were treated with standardised Ginkgo extract 
(120 mg/day) for 2 months. The clastogenic activity of their 
plasma was reduced to control levels at the end of the treat-
ment period and persisted for at least 7 months thereafter.69 
This study also implies a radioprotective activity (see also 
under Clinical trials).

Mitochondrial effects
It has been suggested that effects on mitochondria exerted by 
Ginkgo extract could underpin several of its observed phar-
macological activities, including AD prevention, neuroprotec-
tion, cardioprotection, attenuation of ischaemia/reperfusion 
injury and antioxidant activity.70,71

Cardioprotective activity observed in vitro using cardio-
myocytes and isolated heat have been attributed to favourable 
effects on mitochondrial function.72–75 This cardioprotective 
aspect of Ginkgo extract has also been confirmed in vivo for 
the hearts of older rats.76

Treatment of two different age groups of mice with 
Ginkgo extract (100 mg/kg/day for 14 days, oral) showed 
beneficial effects on complexes I, IV and V of the mito-
chondrial respiratory chain in brain cells against nitric oxide 
stress.77 Interestingly, these effects were only observed in 
the aged mice. In another study, favourable effects on mito-
chondrial dysfunction in the hippocampi of a senescence-
accelerated strain of mice were observed after Ginkgo extract 
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(100 mg/kg, oral), but again only in old mice.78 The authors 
attributed this enhanced effect to an age-associated increase 
in the permeability of the blood-brain barrier.

Neurotransmitter and other CNS effects
A review of the chemistry and biology of the terpene trilac-
tones from Ginkgo observed that ginkgolide B is a potent and 
selective antagonist of the glycine receptor chloride channel 
in vitro.26 Glycine receptors are found primarily in the spi-
nal cord and brain stem, but also in higher brain regions such 
as the hippocampus. The implications of this novel finding 
for ginkgolide B are not clear. Other ginkgolides also possess 
this activity, as well as being antagonists of the ion channels 
for GABA.79 Studies have also shown that the ginkgolides and 
bilobalide particularly modulate the peripheral benzodiaz-
epine receptor (now called translocator protein).26 This may 
increase the risk of seizures. Several in vitro studies indicate 
that bilobalide also affects the major neurotransmitters in the 
brain, namely glutamate and GABA.26

Another review noted that Ginkgo extract has exhibited 
mixed results on noradrenaline (norepinephrine) levels and 
receptor density in rats, inhibited the degeneration of dopa-
minergic neurons in the striatum of mice (an antiparkinsonism 
effect) and ameliorated the natural decline in acetylcholine 
receptors with age in rats.80 Favourable activity on serotonergic 
mechanisms in the brains of rats was also observed, especially 
with respect to 5-HT1A receptor density and function.80

A single oral dose of Ginkgo extract (100 mg/kg) had no 
effect on monoamine levels in the prefrontal cortex and stria-
tum of conscious rats.81 However, following chronic treat-
ment for 14 days, the same daily dose significantly increased 
extracellular dopamine and noradrenaline (norepinephrine) 
levels, while serotonin levels were unaffected. Chronic treat-
ment with Ginkgo showed dose-dependent increases in 
frontocortical dopamine levels and, to a lesser extent, in the 
striatum. Treatment with the main constituents of the herb 
revealed that the increase in dopamine levels was mostly 
caused by the flavonol glycosides and ginkgolide fractions, 
whereas bilobalide treatment was without effect. These 
observations may have implications for the effect of Ginkgo 
on cognitive function.

Ginkgo has demonstrated anxiolytic activity in several 
animal models, especially under conditions of stress (see 
also Antistress activity below). In an early study, intragas-
tric administration of a preparation containing standardised 
extracts of Ginkgo and ginger demonstrated anxiolytic effects 
comparable to diazepam (by injection) in vivo. However, the 
herbal preparation demonstrated an anxiety-promoting effect 
at a higher dosage (100 mg/kg).82 A similar effect to diazepam 
was observed in a social interaction model in mildly stressed 
rats for Ginkgo extract (48 or 96 mg/kg/day for 8 days, oral) 
and there was an additive effect from its combination with 
the drug.83

The anxiolytic-like effects of Ginkgo extract and its four 
key terpenoid components were assessed using the elevated 
plus-maze test in mice.84 Administration of Ginkgo extract as 
an acute oral dose (0.5 or 1 g/kg) caused a state of suppressed 
motor activity and shortened the time spent in the open-sided 

arms. However, when Ginkgo extract (0.063 to 1 g/kg, oral) 
was administered daily for 7 days and the plus-maze test 
carried out, the time spent in the open-sided arms was pro-
longed, with the peak anxiolytic-like effect at the 0.125 g/
kg dose. A combination of 7-day administration of Ginkgo 
extract (0.125 g/kg) and a single dose of diazepam (1 mg/
kg, oral, 10 min before testing) enhanced the anxiolytic-like 
effect. Flumazenil blocked the effect of diazepam, but not 
of Ginkgo. Daily administration of ginkgolide A (1 or 2 mg/
kg, oral) resulted in an anxiolytic-like effect, but neither gink-
golide B, C, nor bilobalide produced any such activity. These 
results suggest that Ginkgo produces a significant anxiolytic-
like effect following repeated administration, and that gink-
golide A is most likely responsible for this effect. Ginkgo 
exerts a sedative effect at comparatively higher doses.

There is also a suggestion from animal models that Ginkgo 
might possess antidepressant activity. This does not appear to 
be due to monoamine oxidase inhibition, despite some in vitro 
activity in that regard.85,86 Ginkgo demonstrated clear antide-
pressant effects in two behavioural models in rats at oral doses 
ranging between 10 and 100 mg/kg.87

Antistress effects
Several animal studies have observed an antistress activity for 
Ginkgo extract. In fact, one group of researchers suggested 
that the improved cognitive functioning following sustained 
treatment with Ginkgo extract (see below) may be secondary 
to neuroprotective properties that buffer the animal from the 
harmful effects of stress.88

A review of the research up to 2000 indicated that Ginkgo 
possesses an antistress action that differs from conventional 
drugs (antidepressants, anxiolytics).89 This action of Ginkgo 
appears to be linked to a modulation of adrenal activity, as 
it reduced circulating concentrations of adrenaline (epineph-
rine), noradrenaline (norepinephrine) and corticosterone in 
stressed old and young rats after chronic administration at oral 
extract doses ranging from 50 to 100 mg/kg/day. Such effects 
were demonstrated in various experimental models of stress, 
including studies that observed a suppression of the down-
regulation of hippocampal glucocorticoid receptors induced 
by prednisolone or amphetamine, with a normalisation of 
learning and behavioural parameters. These studies demon-
strate that Ginkgo in fact meets the definition of an adapto-
gen. These effects were due in part to the ginkgolides, and it 
appears that peripheral glucocorticoid biosynthesis serves as 
their molecular target.89

Studies published since 2000 have confirmed these find-
ings and added new insights. For example, catecholamines 
(norepinephrine, dopamine), serotonin and plasma corticos-
terone levels were studied in rat brains following 1, 2 and 4 h 
restraint stress.90 Ginkgo extract (14 mg/kg, oral) restored the 
restraint stress-induced elevations of catecholamines, sero-
tonin and plasma corticosterone to near normal levels in the 
brain.

Like most adaptogens, Ginkgo has demonstrated effects 
on the immune response. Stress-induced suppression of the 
cellular immune response in rats was countered by Ginkgo 
extract (100 mg/kg/day for 7 days, oral).91 Another similar 
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study using the same dose confirmed this result and also 
found that Ginkgo improved innate immune responses in 
stressed rats.92

A comparison of Ginkgo (30 mg/kg, oral) and Panax  
ginseng (100 mg/kg, oral) extracts in stressed rats found 
that Ginkgo was more effective in reversing the biochemical 
changes induced by acute stress, whereas ginseng was superior 
in chronic stress.93

Exposure to chronic stress in humans alters cognitive func-
tion, possibly as a result of elevated glucocorticoids. One 
group has found that Ginkgo extract (100 mg/kg, oral) nor-
malised stress- and corticosterone-induced impairment of 
recall and spatial memory in rats.94–96

The adaptogenic activity of Ginkgo has been demonstrated 
in healthy volunteers. One study evaluated the effects of 
Ginkgo on salivary cortisol and blood pressure responses dur-
ing stress in 70 healthy young volunteers in a double blind, 
placebo-controlled design.97 A stress model involving a com-
bination of static exercise (handgrip) and mental stimuli was 
used. Single treatment with Ginkgo extract (120 mg) reduced 
the stress-induced rise in blood pressure without affecting 
heart rate. Salivary cortisol responses showed differences with 
respect to gender and time of day of the stress exposure, with 
the activation only in men in the afternoon. This activation 
was absent if they were first treated with Ginkgo.

Ginkgo extract at 120 mg/day for 3 months significantly 
dropped plasma cortisol levels during the stress caused by the 
glucose tolerance test in healthy volunteers.98 According to 
the scientists involved in the trial, Ginkgo might also reduce 
blood levels of cortisol in other types of stress.

Effect on memory and/or learning
Many in vivo models have demonstrated a positive effect of 
Ginkgo on cognitive function. In a controlled animal study, 
Ginkgo treatment (100 mg/kg/day, for 4 to 8 weeks prior to 
training and 10 weeks prior to testing, oral) enhanced per-
formance on the tested task, indicating improved retrieval 
of the learned response.99 However, it did not affect perfor-
mance in a passive avoidance test.100 Oral administration of 
Ginkgo extract to young and old rats facilitated behavioural 
adaptation, despite adverse environmental influences. Stress-
induced detrimental changes in both discrimination learning 
and plasma hormones became significant after the third day 
of learning. Ginkgo was more effective in decreasing the num-
ber of inefficient lever presses and reaction times in the older 
animals.101

A review of other studies up to 2000 indicated that Ginkgo 
had been found to enhance cognitive performance and learned 
responses in an eight-arm radial maze, to improve short-term 
memory in a passive avoidance paradigm and increase brain 
neuronal membrane fluidity.89 Results were most marked 
with chronic administration and in older animals, as noted in a 
slightly later review.102

In later studies Ginkgo (50 to 200 mg/kg, oral) acutely 
reversed yohimbine-induced spatial working memory deficit 
in rats103 and with chronic administration (60 mg/kg/day for 
30 days, oral) enhanced spatial learning and memory and hip-
pocampal synaptic plasticity in aged rats.104 The countering 

effect on yohimbine was attributed to the action of Ginkgo on 
alpha-2-adrenoceptors.

A 2003 review provided an overview of much of this 
research and its relationship to key aspects of the other 
pharmacological research above. It observed that, while indi-
vidual effects of cognition and behavioural assessment in all 
areas have been reported for adult animals and acute dosing, 
more pronounced effects are usually seen in aged animals 
and after subchronic treatment.105 Specifically for the cog-
nition improving properties, pronounced beneficial effects 
are mainly present in those situations where cognition was 
impaired by ageing or other noxious stimuli. Since all these 
conditions are associated with mitochondrial dysfunction, the 
stabilising or even protective effect of Ginkgo on mitochon-
drial function seems to be a major mechanism associated with 
many of its behavioural effects. Bilobalide is most important 
in this respect. Moreover, bilobalide and the ginkgolides have 
been shown to affect chloride conductance by interfering with 
the function of membrane proteins related to receptor-gated 
chloride channels. These mechanisms are probably associ-
ated with behavioural effects requiring acute changes of neu-
ronal activity, but might indirectly also improve mitochondrial 
function.

Most of the recent investigations on the cognitive activ-
ity of Ginkgo extract have been human studies. These are 
reviewed in the Clinical trials section under the relevant 
heading.

Other activity
The inflammatory response induced by intracolonic adminis-
tration of acetic acid in rats was inhibited by 2 days of oral 
pretreatment with Ginkgo (30, 60, 120 mg/kg), significantly 
decreasing colonic myeloperoxidase activity, tumour necro-
sis factor (TNF)-alpha and interleukin (IL)-1beta levels and 
increasing the glutathione concentration. Ginkgo treatment 
also attenuated macroscopic colonic damage, as assessed by 
histopathological examination. An antioxidant action was 
regarded as being responsible for this antiulcerogenic activ-
ity.106 Another study involving an ethanol-induced gastric 
lesion rat model demonstrated that intravenous Ginkgo 
extract (8.75, 17.5 and 26.25 mg/kg) inhibited gastric ulcer 
formation.107

The effects of various fractions of Ginkgo extract on 
human (obtained from impotent men) and rabbit penis corpus 
cavernosal tissue were investigated in vitro.108 One fraction 
was particularly active at relaxing corpus cavernosal tissues, 
suggesting a possible benefit in erectile dysfunction.

Oral administration of Ginkgo extract (10 mg/kg/day, for 
12 weeks) in conjunction with a high-fat diet reduced distur-
bances of lipid metabolism and the severity of plaque forma-
tion in rabbits. In addition to hypolipidaemic and antioxidant 
(antiatherosclerotic) activities, Ginkgo also affected meta-
bolic processes in the liver and may modify lipid deposition in 
major arteries.109

Ginkgo extract showed a promoting effect on hair 
regrowth after cutaneous administration to shaved mice in a 
1993 study.110 There appear to be no further studies on this 
theme. Ginkgo extract demonstrated an anti-inflammatory 
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activity with potency comparable to that of indomethacin 
after topical application in the croton oil test in mice.111

Unilateral vestibular deafferentation (UVD) causes ocular 
motor and postural disorders, some of which disappear over 
time in a process of behavioural recovery known as vestibu-
lar compensation. Vestibular compensation may be enhanced 
either by reducing the initial symptoms of UVD or by accel-
erating the compensation process. The positive impact of 
injected Ginkgo extract in UVD in vivo was suggested to be 
due to acceleration of compensation.112

Pharmacokinetics
The first attempt to understand the pharmacokinetics of 
Ginkgo was undertaken using a radioactively labelled extract 
(with the carbon-14 isotope).113 After oral administration to 
rats, absorption of at least 60% was determined. The half-life 
of the radioactivity was about 4.5 h and after 72 h 22% was 
found in urine and 29% in faeces. Glandular and neuronal tis-
sues and the eyes demonstrated a high affinity for the labelled 
substances (possibly ginkgolides and bilobalide). A site of 
absorption in the upper gastrointestinal tract was suspected, 
since specific activity in blood peaked after 1.5 h.

However, no flavonoid glycosides or aglycones were 
detected in urine, faeces or blood within 24 h of intragas-
tric administration of Ginkgo extract to rats in another early 
study. Seven metabolites of flavonoid degradation were 
found.114 These were phenylalkyl acids formed by C-ring fis-
sion of the flavonoids by gut microorganisms (see Chapter 2).

Consistent with the above, Ginkgo flavonoids have 
exhibited a low bioavailability in mice. Oral adminis-
tration of Ginkgo extract (about 36 mg/kg via the diet) 
resulted in plasma concentrations of quercitin, kaempferol 
and isorhamnetin (after hydrolysis with glucuronidase/
sulphatase) of 12, 7 and 50 ng/mL, respectively, compared 
with levels of 5, 3 and 0 ng/mL in control mice.115 This 
low bioavailability of the intact flavonoids was confirmed 
in a later study in a beagle dog, after plasma concentrations 
following injection were compared against concentrations 
resulting from an oral dose.116,117

A recent German study investigated the ability of Ginkgo 
flavonoid constituents to cross the blood-brain barrier in rats, 
after single (600 mg/kg) or repeated (8 days, 100 or 600 mg/
kg) oral administration of Ginkgo extract.118 A highly sensi-
tive method for the determination of the Ginkgo flavonoid 
metabolites (quercetin, kaempferol and isorhamnetin deriva-
tives) in the brain and plasma was developed. The single 
dose of 600 mg/kg resulted in maximum plasma concentra-
tions of 176, 341, and 183 ng/mL for quercetin, kaempferol, 
and isorhamnetin/tamarixetin, respectively, and in maximum 
brain concentrations of 291 ng/g protein for kaempferol and 
161 ng/g protein for isorhamnetin/tamarixetin. In comparison, 
the repeated administration of the same dose for 8 days led 
to an approximate 4.5-fold increase in the plasma concentra-
tion of quercetin, an 11.5-fold increase for kaempferol and a 
10-fold increase for isorhamnetin/tamarixetin. In the brain, an 
approximate 2-fold increase was observed for kaempferol and 
isorhamnetin/tamarixetin. About 90% of the determined fla-
vonoids were distributed in the hippocampus, frontal cortex, 

striatum and cerebellum, which together represent only 38% 
of the whole brain.

The bioavailabilities of ginkgolides A and B and bilobalide 
were determined in rats after a single oral administration 
of 30, 55 and 100 mg/kg of Ginkgo extract.119 Their phar-
macokinetics were found to be dose-linear, with maximum 
plasma concentrations for the lowest dose of 68, 40 and 
159 ng/mL and half-lives of 1.7, 2.0 and 2.2 h, respectively. 
A study in rats found that ginkgolide B was metabolised to 
its hydroxyl metabolite, mainly via CYP2D6.120 Another rat 
study observed that ginkgolide B can pass through the blood-
brain barrier, especially after ischaemia-reperfusion injury.121

Results from human studies of the pharmacokinetics of 
Ginkgo extract tend to reflect the animal findings. After 
Ginkgo extract (4 g) was given to healthy volunteers observ-
ing a flavonoid-free diet, urine samples were collected for 3 
days, and blood samples were withdrawn every 30 min for 
5 h.122 Only urine samples contained detectable amounts of 
substituted benzoic acids, including a 4-hydroxybenzoic acid 
conjugate, 4-hydroxyhippuric acid, 3-methoxy-4-hydroxyhip-
puric acid, 3,4-dihydroxybenzoic acid, 4-hydroxybenzoic acid, 
hippuric acid and 3-methoxy-4-hydroxybenzoic acid (vanillic 
acid). In contrast to rats, no phenylacetic acid or phenylpropi-
onic acid derivatives were found in urine, thus indicating that 
a more extensive metabolism takes place in humans. As for 
rats, the metabolites found in human urine accounted for less 
than 30% of the flavonoids given. When the same test proce-
dure was applied to blood samples, no metabolites could be 
detected. A review of early pharmacokinetic studies of the 
Ginkgo flavonoids described evidence that intact flavonols 
could in fact be identified in human urine following oral 
doses of Ginkgo extract, apparently as glucuronide metabo-
lites.123 A later study did confirm the presence of quercetin 
and kaempferol, mainly as glucuronides, in human urine after 
a single dose of Ginkgo.124

The pharmacokinetic properties of the terpenoids in 
humans have been more extensively studied than the flavo-
noids, probably because they exhibit better bioavailability and 
possibly also because they are more likely to explain much 
of the pharmacological activity of Ginkgo. Data obtained 
from an early human investigation suggested that ginkgolides 
A and B and bilobalide are excreted unchanged in the urine 
(70%, 40% and 30%, respectively of the administered dose) 
and exhibited relatively high bioavailability after oral ingestion 
(>80%, >80% and 70%, respectively).125 Ginkgolide C was 
not bioavailable.

This high bioavailability was also observed after the oral 
administration of 120 mg of Ginkgo extract to 12 healthy 
human volunteers. Elimination half-lives (after oral dosing 
while fasting) of 4.5, 10.6 and 3.2 h were measured for the 
three compounds, respectively.126 There was no relevant 
influence of food on the pharmacokinetics of the terpe-
noids. A 2003 review paper also included data from unpub-
lished work.123 A study in 12 healthy male volunteers found 
that maximum plasma concentrations were reached within 
1 h following a single dose of 80, 120 or 240 mg of Ginkgo 
extract. These concentrations were 15.2, 25.3 and 42.9 ng/
mL, respectively, for ginkgolide A, 6.5, 9.1 and 18.1 ng/mL 
for ginkgolide B and 30.2, 35.2 and 58.6 ng/mL for bilobalide, 
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indicating an approximately dose-linear response. Another 
unpublished study included in the review investigated phar-
macokinetics in 12 elderly volunteers after single (60 mg) 
and multiple (60 mg twice a day for 8 days) Ginkgo extract 
administration.123 There was no change in pharmacokinetics 
(for example, no accumulation) after multiple-dose adminis-
tration. The steady-state concentrations of ginkgolide A and B 
and bilobalide were 9.4, 6.2 and 8.7 ng/mL, respectively, and 
clearance rates in the elderly were lower than young volun-
teers, as might be expected.

A 2002 pharmacokinetic study of two different doses of 
Ginkgo extract involving 12 healthy volunteers discovered 
that twice daily administration of 40 mg of the extract pro-
duced a higher serum half-life (t½) and mean residence time 
of bilobalide B than a single 80 mg daily dose. A higher con-
centration peak (Cmax) was reached however with the 80 mg 
dosage, while both dosages yielded a maximum concentration 
2.3 h (Tmax) after administration.127

Several studies have shown that the bioavailability of 
Ginkgo extracts (both in terms of flavonoids and terpe-
noids) can vary according to the pharmaceutical preparation. 
Complexing with soy phospholipids appears to enhance bioa-
vailability based on animal128,129 and human130 studies. Higher 
dissolution rates of Ginkgo solid dose products also improved 
bioavailability in humans.131

Clinical trials

Cerebral insufficiency and stroke
Cerebral (not cerebrovascular) insufficiency is not strictly a 
medical condition and it is not accepted as being associated 
with any pathological change. Rather, it is a collection of 
symptoms associated with mental deterioration from ageing, 
and affects many elderly people who do not necessarily have 
dementia or a history of strokes. Typical symptoms of cerebral 
insufficiency include difficulties in concentration and mem-
ory, absentmindedness, confusion, lack of energy, tiredness, 
decreased physical performance, depressive mood, anxiety, 
dizziness, tinnitus and headaches. These symptoms can also 
be associated with the early stages of dementia, of either the 
Alzheimer (degenerative) or multi-infarct (circulatory) types.

The focus of the early Ginkgo clinical trials on cerebral 
insufficiency was a barrier to its wider acceptance as a treat-
ment for the elderly. Subsequent trials have demonstrated the 
benefit of Ginkgo in dementia (see later); hence the review 
immediately below should be viewed in its historical context. 
One development in the field of pathology that could be rel-
evant to the concept of cerebral insufficiency is the concept 
of ‘white matter ischaemia’. After computed tomography was 
introduced in clinical practice, it was realised that rarefac-
tion or low attenuation of the white matter of the brain (the 
axons) was more common than previously thought. Although 
this can occur for several reasons (for example after head 
injury), age and ischaemia to the white matter are regarded as 
the commonest causes.132

The vulnerability of the white matter to ischaemia is due 
to the fact that it is supplied by long penetrating end arteri-
oles from the surface and base of the brain that travel for a 

long distance with very few interconnections. Computed 
tomography of the brain shows that 30% of people aged 
85 years have evidence of low attenuation of white mat-
ter. Magnetic resonance imaging (MRI) shows an incidence 
approaching 100% at age 85. Studies demonstrate that nor-
mal people with white matter ischaemia could have subtle 
neuropsychological deficits, such as a slower rate of mental 
processing and impaired attention and concentration. Hence 
a tentative link between white matter ischaemia and cer-
ebral insufficiency has been established. Since Ginkgo has 
anti-ischaemic activity, it may prevent or ameliorate symp-
toms associated with white matter ischaemia. White matter 
ischaemia is also closely associated with vascular or so-called 
multi-infarct dementia. The key difference is that a patient 
need not show a history of strokes to have a cognitive impair-
ment brought about by such ischaemia. A recent review has 
concluded that abnormalities in the small vessels caused by 
ageing and hypertension, together with systemic circula-
tory disturbances such as heart disease or abrupt variations in 
blood pressure, may lead to selective white matter injury. The 
damage is structurally characterised by incomplete infarction 
or selective cellular injury.133

A critical review of 40 clinical trials conducted from 1975 
to 1991 on Ginkgo and cerebral insufficiency and other con-
ditions found eight to be well conducted.134 Trials under this 
general heading also included the following conditions: pri-
mary degenerative dementia, dizziness associated with laby-
rinth and/or vestibular disorders, acute cochlear deafness, 
senile cognitive decline, vertigo, hearing loss and tinnitus.

The trials included Ginkgo versus placebo or registered 
drugs, mostly by oral route, and in one case combined with 
physical training. Shortcomings of the 40 trials included 
limited numbers of patients and incomplete description of 
randomisation procedures, patient characteristics, effect 
measurement and data presentation. All except one of the 40 
trials showed positive results, 26 trials demonstrated signifi-
cant results. The inconclusive result was obtained for a trial 
on senile dementia of vascular origin.135 In most trials the 
dosage was 120 to 160 mg/day of Ginkgo extract, given for 
at least 4 to 6 weeks. No serious side effects were reported 
in any trial, and those that were reported were not signifi-
cantly different from side effects observed in placebo-treated 
patients.

Eleven double blind, placebo-controlled trials using, in 
most cases, 150 mg/day of standardised Ginkgo extract over 
12 weeks for cerebral insufficiency were evaluated by meta-
analysis. Global efficacy was confirmed in five studies, com-
pared to one study that was inconclusive.135 Three studies 
were excluded on the basis of methodological or objective 
reasons and two were excluded because assessment by phy-
sician or patients was missing. Analysis of the total score of 
clinical symptoms from eight of the 11 studies indicated simi-
lar results (seven studies demonstrated Ginkgo was signifi-
cantly better than placebo, one study was inconclusive).133 It 
was concluded that treatment with Ginkgo extract provided a 
better therapeutic effect compared with placebo in the treat-
ment of cerebral insufficiency.136

In other early trials (uncontrolled, double blind, placebo 
and comparative), standardised Ginkgo extract was found 
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to be of benefit in the treatment of recent stroke victims. 
Improvement was observed in cerebral blood flow, motor 
recovery, intellectual performance, memory, mood and 
behaviour.137–140

A 2005 Cochrane review was conducted primarily to 
determine whether Ginkgo improved cognitive deficit and the 
functional outcome of patients with acute ischaemic stroke 
without causing deleterious side effects. The secondary out-
come of effects on neurological impairment and quality of life 
in stroke sufferers was also reviewed. Ten trials involving a 
total of 792 patients met methodological standards and were 
included in the review (nine were conducted in China, where 
Ginkgo is used as a treatment for stroke). Analysing the trials 
together, Ginkgo was observed to significantly improve func-
tional outcome in acute ischaemic stroke (OR 2.66; 95% CI 
−8.9 to 10.52). The authors concluded that, although Ginkgo 
shows promise in improving the functional outcome of stroke 
victims, most of the studies had some methodological fail-
ings, such as inadequate blinding and/or randomisation and 
an insufficient follow-up time (14 to 35 days).141 It should 
be noted that Ginkgo was administered by injection in four 
of the 10 trials and for several trials treatment was instituted 
within 48 h.

In an early double blind, placebo-controlled trial not con-
sidered in the meta-analysis, 47 patients with acute ischae-
mic stroke received either Ginkgo extract (40 mg) or placebo 
at 6-hourly intervals along with routine management over 4 
weeks. Both groups showed significant improvement, with 
negligible difference in degree of change in either group. 
The study group did, however, consist of patients who were 
treated more than 48 h after stroke and the treatment time 
was relatively short (4 weeks).142

The prevention of deleterious change in cerebral architec-
ture and cognitive deficit in ageing humans was examined in 
a double blinded, controlled study involving 48 men (aged 60 
to 70 years). Single photon emission computed tomography 
(SPECT) and measurement of blood viscosity were employed 
after 8 months of Ginkgo extract (80 mg/day). After the 
8-month treatment period, the Ginkgo group showed a reduc-
tion in blood viscosity, improved cerebral perfusion in specific 
areas and improved global cognitive functioning. In contrast, 
the control group demonstrated the opposite (higher blood 
viscosity, a reduction in cerebral perfusion in specific areas 
and cognitive deterioration in different functions).143 A fol-
low-up study compared a macerated garlic oil against Ginkgo 
extract (80 mg/day) and placebo over 180 days in men and 
women and found Ginkgo was more effective in reducing 
blood viscosity from baseline.

Nine healthy men, of mean age 61±10 years, underwent 
a series of MRI scans at baseline and again after 4 weeks of 
treatment with Ginkgo extract (120 mg/day).144 Cerebral 
blood flow was analysed at three different levels of spatial 
resolution in 10 brain regions. A small but statistically sig-
nificant increase in cerebral blood flow was found in the left 
parietal-occipital white matter after Ginkgo administration 
(p≤0.001). The left parietal-occipital region has been impli-
cated in visual memory and cognition. In other regions there 
was a (non-significant) trend of higher blood flow. There 
was also a small and statistically significant increase in global 

cerebral blood flow (all regions combined): 15% in white mat-
ter and 13% in grey matter (p≤0.0001).

Alzheimer’s disease and vascular dementia

Treatment
Ginkgo has been used successfully in the treatment of senile 
dementia of both the Alzheimer and vascular types. As a vast 
amount of literature exists regarding Ginkgo and demen-
tia, only clinical trials and reviews of note are subsequently 
discussed.

A review published in 2008 assessed the efficacy of 
standardised Ginkgo extract in the treatment of demen-
tia of vascular origin (VaD) and Alzheimer’s disease (AD) 
by considering the external validity (such as everyday life 
activities, patient evaluation, quality of life of patients and 
carers) in addition to the usual criteria of randomisation and 
trial blinding. The authors assessed 34 placebo-controlled 
clinical trials to 2002. Despite some methodological limita-
tions, there was sufficient evidence indicating the efficacy 
of Ginkgo for these conditions. The most frequent dosage 
was 120 mg/day, up to a maximum of 240 mg/day.145 Three 
randomised, placebo-controlled trials published since this 
review have reported mixed results,146–148 although sub-
group analysis of one trial,147 and the results of a trial with 
rigorous patient selection,146 indicate standardised Ginkgo 
extract may be most beneficial to patients with neuropsy-
chiatric symptoms. (The most frequent neuropsychiatric 
symptoms in dementia (Alzheimer and vascular) are apathy, 
depression and agitation/aggression. Up to 80% of patients 
with dementia, irrespective of cause, exhibit such symp-
toms.) A further subgroup analysis of this trial found that 
Ginkgo was equally effective for VaD and AD.149

In late 2008, the German Institute for Quality and 
Efficiency in Health Care (IQWiG) assessed trials for meta-
analysis and noted there is evidence of a benefit for high-dose 
standardised Ginkgo extract (240 mg/day, for at least 16 
weeks) in patients with AD, particularly for the goal of cop-
ing with daily activities. The results of the high-dose trials 
are of greater relevance as they are more homogeneous (not 
much deviation in results).150 Four trials were included in the 
IQWiG meta-analysis of Ginkgo versus placebo.151

An alternative interpretation of the published data is pro-
vided by the Cochrane Collaboration (2009). A meta-analysis 
of randomised, placebo-controlled trials concluded the evi-
dence for Ginkgo having a predictable and clinically significant 
benefit for people with dementia or cognitive impairment was 
inconsistent and unreliable.152 The analysis incorporated trials 
mentioned above, including those covered in the 2008 review 
and the IQWiG meta-analysis. Criticism of some aspects of 
the methodology and conclusions of this Cochrane meta-anal-
ysis has been noted below and in the feedback section of the 
review article.

In terms of specific results, 36 trials were included, but 
most were small and of less than 3 months’ duration. Results 
of the more recent trials showed inconsistent results. Of the 
four most recent trials, three found no difference between 
Ginkgo and placebo and one reported very large treatment 
effects in favour of Ginkgo. A subgroup analysis of only AD 
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patients (925 from nine trials) also showed no consistent pat-
tern of benefit.

Unlike the Cochrane meta-analysis, a meta-analysis pub-
lished in 2010 only included trials evaluating specifically 
defined dementia and AD; trials of just cognitive impair-
ment were excluded. Results indicated Ginkgo extract to be 
more effective than placebo in improving cognition in these 
patients. The trials were at least 12 weeks in duration and 
nine trials were included (2372 patients).153 Effect sizes 
were moderate. Another 2010 meta-analysis that considered 
the influence of baseline risk on the treatment effect found 
Ginkgo extract for 6 months was effective in dementia. As 
mentioned, this meta-analysis took into account the varia-
tion of changes in the placebo groups across the included 
trials.154 (Baseline risk is the risk of the event (in this case, 
cognitive decline) occurring without the active treatment 
(i.e. in the placebo group).) Six trials were included in the 
analysis.

A retrospective analysis of one of the trials included in 
these 2010 meta-analyses investigated whether the effect 
of treatment correlated with the extent of neuropsychiatric 
symptoms at baseline. Standardised Ginkgo extract (240 mg/
day) was found to be effective in the treatment of dementia 
irrespective of the severity of neuropsychiatric symptoms. 
However, due to a faster decline in the placebo group, the net 
effect of Ginkgo was larger in patients with more pronounced 
neuropsychiatric symptoms, similar to observations noted 
above.155

A 2009 review identified 10 randomised, controlled, dou-
ble blind clinical trials of Ginkgo in the treatment of AD and 
VaD.156 In three of the four large trials, conducted in accord-
ance with recent guidelines, Ginkgo extract was significantly 
superior to placebo with respect to cognitive performance and 
one or more further (global, functional or behavioural) out-
comes. Only one trial was inconclusive, but was deemed to 
be of questionable external validity due to excessively rigorous 
patient selection.

Some of the key clinical trials included in the above 
reviews are discussed below.

The efficacy and safety of Ginkgo extract in the treat-
ment of patients with mild-to-severe AD or VaD were 
assessed in a 52-week, randomised, double blind, placebo-
controlled clinical trial.157 Patients received either 120 mg/
day of the extract or placebo. Primary outcome measures 
were the Alzheimer’s Disease Assessment Scale (ADAS), 
Geriatric Evaluation by Relative’s Rating Instrument 
(GERRI) and Clinical Global Impression of Change 
(CGIC). Of the 309 patients who began the trial, 202 pro-
vided useful data for the endpoint analysis, with 27% of 
patients treated with Ginkgo achieving at least a 4-point 
improvement on the ADAS compared with 14% taking pla-
cebo (p=0.005). On the GERRI, 37% of patients were con-
sidered improved with Ginkgo, compared with 23% taking 
placebo (p=0.003). No difference was seen in the CGIC 
and no significant difference compared with placebo was 
observed in the number of patients reporting adverse events 
or in the incidence and severity of these events. The authors 
concluded that Ginkgo extract was safe and appears capable 
of stabilising and, in a substantial number of cases, improving 

the cognitive performance and social function of patients 
with dementia.

A later retrospective statistical analysis of this study used 
intent-to-treat (ITT) evaluation of all 309 patients that 
began the trial. It concluded that the placebo group showed 
a statistically significant worsening in all domains of assess-
ment, while the group receiving Ginkgo was considered to 
be slightly improved on cognitive assessment, daily living 
and social behaviour. Mean treatment differences favoured 
Ginkgo, with 1.3 and 0.12 points, respectively, on the ADAS-
Cog (p=0.04) and the GERRI (p=0.007). In the group receiv-
ing Ginkgo, 26% of the patients achieved at least a 4-point 
improvement on the ADAS-Cog, compared to 17% with 
placebo (p=0.04). On the GERRI, 30% of the Ginkgo group 
improved and 17% worsened, while the placebo group dis-
played an opposite trend with 37% of patients worsening and 
25% improved (p=0.006).158

A later stratification of the ITT data set collected during 
this 52-week trial (using cut-off points of 23 and 14 for the 
Mini-Mental State Examination (MMSE) score) yielded inter-
esting results.159 In the severity stratum 1 (MMSE >23), the 
placebo group did not demonstrate significant changes, while 
the Ginkgo group improved significantly by 1.7 points on the 
ADAS-Cog and by 0.09 points on the GERRI. In the sever-
ity stratum 2 (MMSE <24), the placebo group worsened by 
4.1 points on the ADAS-Cog and 0.18 points on the GERRI, 
whereas the Ginkgo group showed 60% less decline on the 
ADAS-Cog (a treatment difference of 2.5 points) and no 
change on the GERRI (a treatment difference of 0.25 points). 
The most severely impaired subgroup (MMSE <15) displayed 
a slightly more pronounced worsening in both treatment 
groups. However, compared with placebo, Ginkgo induced 
virtually the same magnitude of effect as was observed in the 
entire stratum 2.

The results of this retrospective analysis further indi-
cated that a treatment effect favourable to Ginkgo could be 
observed with respect to cognitive performance (p=0.02) 
and social functioning (p=0.001) regardless of the stage of 
dementia, whether mild or moderately severe. The authors 
believed their results reflected that Ginkgo ameliorated cog-
nitive decline in cases of mild impairment, while in more 
severe cases it exerted a stabilisation or slowing-down of 
degeneration.

A 24-week randomised, controlled trial compared the effi-
cacy of a standardised Ginkgo extract (160 mg/day) against a 
positive control group (donepezil, a cholinesterase inhibitor, 
5 mg/day) and placebo in patients aged 50 to 80 years with 
mild to moderate dementia.160 Results demonstrated a com-
parable efficacy between donepezil and Ginkgo in attenuat-
ing the progression of dementia, as assessed by the Syndrom 
Kurztest (SKT), the MMSE and CGI score.

In a prospective, randomised, double blind, placebo-con-
trolled multicentre study, 216 outpatients with presenile and 
senile dementia of Alzheimer type and VaD received either 
Ginkgo extract (240 mg/day) or placebo for 24 weeks. The 
data from the 156 patients who completed psychopathologi-
cal, attention, memory and behavioural assessment indicated 
that the groups differed significantly in favour of Ginkgo.161 
A later retrospective analysis of the ITT data estimated 
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ADAS-Cog and CGI-2 scores based on measured SKT 
scores.162 After 24 weeks of treatment, the ITT analysis of 
the SKT and estimated ADAS-Cog scores revealed a mean 
decrease in the total score by −2.1 (95% CI −2.7 to −1.5) 
points and −2.7 (95% CI −3.5 to −1.9) points, respectively, 
for the Ginkgo group, indicating an improvement in cognitive 
function. In contrast, the placebo group exhibited only a mini-
mal change of −1.0 (95% CI −1.6 to −0.3) and −1.3 (95% 
CI −2.0 to −0.4) points, respectively. The changes from base-
line differed significantly between treatment groups by 1.1 
(SKT) and 1.4 (estimated ADAS-Cog) points, respectively  
(p=0.01). The CGI-2 score favoured the Ginkgo group com-
pared with placebo, with a mean difference of 0.4 points  
(p=0.007). The results of this ITT analysis reflected the 
results of the 1996 trial, although such results should be inter-
preted cautiously, as the estimated ADAS-Cog and CGI-2 
scores were reached via a subjective ITT analysis.161

In contrast to the majority of trials displaying efficacy for 
Ginkgo in attenuating the progression of cognitive decline, 
a 24-week, randomised, double blind, placebo-controlled, 
parallel-group, trial involving 214 elderly participants with 
dementia (AD or VaD) or age-associated memory impair-
ment, demonstrated equivocal results.163 Patients were ran-
domly allocated Ginkgo (either 240 mg/day or 160 mg/day) 
or placebo after a 3-week placebo run-in. After 12 weeks, 
the patients in the two Ginkgo groups were randomised 
to continue Ginkgo treatment or placebo. No statistically 
significant differences in mean change of scores between 
Ginkgo and placebo were observed, as assessed via the pri-
mary outcomes measures involving the SKT, CGI-2 and the 
Nuremberg Gerontopsychological Rating Scale for Activities 
of Daily Living. Although the authors noted there was a posi-
tive difference in favour of Ginkgo treatment, neither the 
dementia subgroup (n=36), nor the age-associated memory 
impairment subgroup (n=87), achieved a significant effect 
from Ginkgo treatment. The lack of a positive finding for the 
results of this methodologically rigorous study could be due 
to an ‘outlier by chance’, the fact that the study did not use 
the ADAS-Cog subtest (commonly used in dementia trials), 
or that this particular sub-population were non-responders to 
Ginkgo (as detailed in a neurological profile study of Ginkgo 
by Le Bars in 2003).164

One interesting trial (not included in any of the reviews) 
examined the impact of a combination of Ginkgo and 
donepezil. A randomised, double blind, exploratory clinical 
trial was undertaken to compare Ginkgo against donepezil 
in patients with confirmed AD also exhibiting neuropsychi-
atric symptoms.165 Patients received either Ginkgo extract 
(240 mg/day for 22 weeks, n=31), donepezil (5 mg/day for 
4 weeks and then 10 mg/day for 18 weeks, n=33) or both 
treatments (n=32). The presence of neuropsychiatric symp-
toms was required, as indicated by a minimum score of 3 in 
at least one item (other than delusions or hallucinations) of 
the Neuropsychiatric Inventory (NPI) and a total composite 
score of at least 5. To exclude patients with severe depres-
sion, the total score of the 17-item Hamilton Rating Scale for 
Depression (HAM-D) had to be below 20.

Seven patients dropped out from the trial before week 
12 and one after, but only one of these was from the Ginkgo 

group. At the end of the trial patients were assessed according 
to the HAM-D, NPI and a battery of cognitive tests assessing 
memory, attention/concentration, visuospatial abilities, execu-
tive functioning and verbal fluency. Activities of daily living 
and severity of tinnitus and dizziness were also evaluated.

During the 22 weeks of double blind treatment, patients 
in all three treatment groups showed, on average, improve-
ments over baseline values in all tests and rating scales. 
No statistically significant or clinically relevant differences 
could be detected between treatments. However, on the 
short cognitive performance test (SKT) there was a trend 
(p=0.08) to greater improvement for the combined herbal 
and drug treatments. During the trial, 26 adverse events 
(AEs) were documented for 10 patients (32%) treated with 
Ginkgo, 51 AEs for 24 patients (73%) taking donepezil and 
29 AEs for 18 patients (56%) receiving combined treat-
ment. For three AEs in three patients in the Ginkgo group 
and 38 AEs in 21 patients in the donepezil group, a causal 
relationship to the treatment could not be ruled out. Of 
the AEs reported for the combined treatment group, four 
events in four patients were considered as possibly related 
to Ginkgo and 21 events in 14 patients as possibly related 
to donepezil. For treatment with Ginkgo alone significantly 
fewer patients suffered from adverse events potentially 
related to the study medication than under the other treat-
ments (p<0.01). No serious treatment-related AEs were 
recorded.

The authors concluded that their exploratory findings 
have helped to develop three hypotheses that will need to 
be tested in further studies: (1) there is no significant differ-
ence in efficacy between Ginkgo and donepezil, (2) a com-
bination therapy will be superior in efficacy to therapy with 
either one of both substances and (3) there will be fewer 
side effects for a combination therapy than under therapy 
with donepezil alone.

The authors noted in their discussion:

Relying on the proven efficacy of donepezil we did not include a 
placebo group. Estimating the natural deterioration of each patient 
of our sample using the relationship between deterioration and 
baseline severity as reported by Stern and co-workers a mean 
deterioration by 3.61 SKT points would result. The equation found 
by Stern and colleagues may tend to overestimate the natural 
progression of disease, but it highlights the fact that the real effect 
of drug treatment is not just the improvement over baseline, but 
improvement versus natural deterioration.

In other words, the observed average improvements in SKT 
scores of 1.8 points for the Ginkgo group and 3.5 points for 
the Ginkgo plus donepezil group must be added to a natural 
deterioration of up to 3.6 points over the treatment period. 
(SKT scores range between 0 and 27, with 27 being the weak-
est score).

Prevention
Despite its promising pharmacological properties, trials inves-
tigating the preventative role of Ginkgo in dementia and 
cognitive decline have yielded mixed results. A 2005 review 
concluded that standardised Ginkgo extract is likely to be 
of similar efficacy to cholinesterase inhibitors in delaying 



608

Materia MedicaP A R T  T H R E E

progression of cognitive impairment in AD. The review com-
pared a trial of standardised Ginkgo extract with eight tri-
als evaluating drugs (rivastigmine, donepezil, galantamine) 
published to 2000.166 A 2006 trial tended to confirm this 
conclusion.160

Two trials have investigated standardised Ginkgo extract 
(240 mg/day) for prevention of dementia in elderly indi-
viduals with normal cognition and those with mild cognitive 
impairment. Ginkgo was not effective, although in one trial a 
protective effect was found when medication compliance was 
taken into account (see below).167,168

An earlier nested prospective case-controlled trial in the 
EPIDOS (EPIDemiology of OSteoporosis) study involv-
ing 1462 community-dwelling elderly women aged over 75 
years was conducted to determine Ginkgo extract’s efficacy 
in attenuating cognitive decline over a 7-year period.169 
Pfeiffer’s test was conducted at the start of the study 
to determine cognitive function, with volunteers being 
included with a reading of ≥8 (indicating normal cognitive 
function). A cohort of 714 women with assessed cognitive 
function was analysed after follow-up. Multivariate analysis 
including potential confounding factors showed that fewer 
women developed Alzheimer’s dementia if they had been 
prescribed pharmacological dementia treatment, including 
Ginkgo, for at least 2 years (OR 0.31, 95% CI 0.12 to 0.82, 
p=0.018).

Results for the longest and largest European study for pre-
vention of AD ever conducted are emerging (the GuidAge 
study). Treatment with standardised Ginkgo extract (240 mg/
day) did not significantly delay conversion to clinical dis-
ease in the randomised, double blind trial. However, in this 
ITT analysis, all patients, including those who did not com-
plete the trial, were considered. A further analysis consider-
ing patients treated for at least 4 years found a clinically and 
statistically significant difference for treatment with Ginkgo 
(1.6% developed AD versus 3.0% in the placebo group).170 
Interestingly the protective effect in this subset was most 
marked in men: AD incidence was 2.9% for the Ginkgo group 
versus 7.0% for placebo (p=0.007). The compliance rate for 
those who continued in the study was 93%.

However, the preventative study that received the 
most media attention was the GEM (Ginkgo Evaluation of 
Memory) trial. This study was designed as a dementia preven-
tion trial and the final results were published in the Journal 
of the American Medical Association (JAMA) in 2008.167 The 
study failed to find any preventative effect for Ginkgo, but 
has been criticised because of the advanced age of participants 
(72 to 96 years), the relatively short treatment time (about 
6 years) and the poor patient compliance with the treatment 
(only about 60%), which was 240 mg/day of Ginkgo extract.

In late 2009 a secondary analysis of the original GEM data 
was again published in JAMA.171 In this analysis, the impact 
of Ginkgo on cognitive decline among the participants in the 
GEM study was assessed. No benefit was found for Ginkgo.

A considered examination of the study design and results 
readily shows that they were not suitable to support any con-
clusions about the impact of regular Ginkgo intake on cogni-
tive decline. There were five major weaknesses in the second 
published study:172,173

l	 It was not originally designed to assess cognitive decline, 
hence for about the first 4 of the 6 years of treatment most 
participants were only assessed by very basic dementia 
scales, such as the MMSE, which are neither sensitive nor 
accurate measures of cognitive function.

l	 There was a very high dropout rate over the course of 
the study (approximately one-third) and yet the ITT 
analysis used would have included these dropouts as 
non-responders.

l	 There was poor compliance with the Ginkgo (as noted 
earlier), with only about 60% of participants actually taking 
the tablets regularly.

l	 The participants were of an advanced age (average 79 years 
at the beginning of the trial) and hence might not represent 
the effects of Ginkgo on cognition in younger people.

l	 Despite their high age, trial participants showed only a 
very low rate of cognitive decline in both the Ginkgo and 
placebo groups: the rate was in fact seven times slower 
than the reference rate used by the authors to plan their 
study. It would be very difficult for any active treatment 
to realistically impact a rate of cognitive decline that was 
already seven times lower than the typical norm for that 
age group.

A prospective, cohort study conducted in Vienna from 
2000 to 2002 examined 526 individuals without dementia 
aged 75 years to investigate the influence of medication on 
plasma levels of amyloid beta protein 42 (Abeta42). Plasma 
Abeta42 levels are elevated in both late onset AD patients 
and their cognitively normal first-degree relatives. Users 
of Ginkgo for at least 2 years had significantly decreased 
Abeta42 plasma levels compared with non-users. This reduc-
tion was also independent of medial temporal lobe (brain) 
atrophy, as assessed by MRI scanning.174 At follow-up 2.5 
years later, longer use of Ginkgo seemed to decrease plasma 
Abeta42 levels to a greater extent than shorter use. There was 
a weak association of Ginkgo use with the ability to remain 
cognitively healthy for the observation period.175

Peripheral arterial disease
A 2004 systematic review of randomised, double blind, pla-
cebo-controlled clinical trials in patients with peripheral arte-
rial occlusive disease (intermittent claudication) in stage II 
(according to Fontaine) treated with Ginkgo extract suggested 
positive benefit.176 Nine studies were found to be eligible 
for review. Although the methodological quality and design 
of the trials were heterogeneous, the majority of the studies 
reflected an advantage of Ginkgo in the increase of pain-free 
walking distance compared with placebo. For seven studies, 
the advantage was found to be statistically significant.

An earlier 2000 meta-analysis of eight randomised, pla-
cebo-controlled, double blind trials observed a statistically 
significant difference in the increase in pain-free walking dis-
tance in favour of Ginkgo extract compared with placebo 
(weighted mean difference 34 m, 95% CI 26 to 43 m).177 In 
studies with similar methodological features (ergometer speed 
3 km/h, inclination 12%) this difference was 33 m in favour 
of Ginkgo (95% CI 22 to 43 m). Although the effect size 
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was considered by the authors as modest, the results of the 
meta-analysis supported the use of Ginkgo in the treatment 
of intermittent claudication.

In placebo-controlled trials published since the 2004 
review, standardised Ginkgo extract:
l	 produced a modest, but not statistically significant, increase 

in maximal walking time (300 mg/day)178

l	 did not provide additional benefit when combined with 
supervised exercise training (240 mg/day).179

A 2009 meta-analysis of randomised trials (those men-
tioned above, including from the 2004 review) conducted 
by the Cochrane Collaboration concluded that there was no 
evidence that Ginkgo has a clinically significant benefit for 
patients with peripheral arterial disease. People using stand-
ardised Ginkgo extract could walk 64.5 m further, which was 
not considered to be significant in comparison with the pla-
cebo group.180

A standardised Ginkgo extract (360 mg/day) was assessed 
in the treatment of Raynaud’s disease. In a 2-week assessment 
period, 22 patients recorded the frequency, severity and dura-
tion of attacks in diaries. Patients were then randomised to 
active or placebo treatments for 10 weeks, during which time 
ischaemic attacks were recorded in their diaries. The number 
of ischaemic attacks per day was significantly reduced after 
Ginkgo treatment versus placebo (56% versus 27%, respec-
tively, p<0.00001). The mean duration of attacks reduced 
from 28 min pre-treatment to 17 min in the placebo interven-
tion and to 10.3 min after Ginkgo administration.181

Many doctors in South Korea prescribe Ginkgo extract 
for primary Raynaud’s disease. A clinical trial found patients 
treated for 8 weeks with slow release nifedipine showed a 
50% improvement in the rate of attacks, and those treated 
with Ginkgo extract (120 to 240 mg/day), showed a 30% 
improvement.182 Hence the drug was more effective.

Addition of Ginkgo extract to existing and/or local treat-
ment healed an ischaemic ulcer in a man with peripheral 
arterial disease (120 mg/day, case report),183 and significantly 
decreased the ulcer area in patients with chronic leg ulcers 
(160 mg/day, randomised controlled trial).184

Other vascular disorders
When the standardised extract of Ginkgo was developed by 
German scientists in the 1960s, the original therapeutic focus 
was on improving peripheral circulation to the legs and the 
brain. Later the neuroprotective effects of Ginkgo were rec-
ognised and it became an important herbal treatment to boost 
brain function and provide a benefit in AD. Always miss-
ing from the scenario was any potential impact of Ginkgo on 
heart function, especially in the prevention of heart disease. 
Given its known circulatory effects and its capacity to help 
body tissues survive a poor oxygen environment, it is likely 
that Ginkgo would exert some benefit here. Now some pre-
liminary studies are suggesting that such a benefit might be 
unexpectedly profound.

A German and Swedish research team conducted an open 
label pilot trial in eight patients who had undergone coro-
nary bypass surgery.185 They examined the impact of Ginkgo 
extract (240 mg/day) for 2 months on the capacity of blood 

samples to form nanoplaques. Nanoplaques are considered to 
be the very first stage of degeneration of the arterial wall that 
leads to atherosclerosis and eventually heart disease. In the 
case of bypass patients, the tendency to nanoplaque formation 
can determine how quickly the replacement blood vessels will 
become diseased.

The reduction in nanoplaque formation from the Ginkgo 
amounted to 11.9±2.5% (p<0.008) and nanoplaque size was 
reduced by 24.4±8.1% (p<0.023). Given these marked find-
ings, the authors suggested that Ginkgo could be regularly 
consumed by heart patients as a complement to statin drugs 
to help prevent the redevelopment of atherosclerotic plaque 
following bypass surgery. They stressed that its mechanism of 
action and effects were unlike statin drugs.

But perhaps a more significant finding was the Ginkgo 
treatment lowered lipoprotein(a) by 23.4±7.9% (p<0.023). 
In a subsequent letter to the editor, another research group 
highlighted that this might represent a clinically remark-
able outcome. This is because no conventional therapeutic 
approach has been identified so far capable of efficiently and 
safely lowering the plasma concentration of this intriguing 
lipoprotein.186

Lipoprotein(a) is considered to be a significant independ-
ent cardiovascular risk factor.187,188 Despite this, it has not 
received much research attention until recently, presumably 
because there are no available drugs that can influence its lev-
els. Attention has been on LDL-cholesterol (low-density lipo-
protein cholesterol) and the statin drugs that lower this.

In the pilot study the Ginkgo treatment also upregu-
lated superoxide dismutase (SOD) activity by 15.7±7.0% 
(p<0.039) and lowered the percentage of oxidised LDL by 
17.0±5.5% (p<0.023). The authors concluded that the ath-
erosclerosis-inhibiting effect of Ginkgo is possibly due to an 
upregulation of the body’s own radical scavenging enzymes 
(perhaps via the Nrf2/ARE pathway) and a reduction in the 
risk factors of oxidised LDL and lipoprotein(a).

A letter to the editor on the study mentioned above sug-
gested that the reduction in lipoprotein(a) might represent an 
anti-inflammatory effect, especially a reduction in IL-6 (inter-
leukin-6).186 In response, the authors agreed with this possi-
bility, but also stressed that a reduction in levels of reactive 
oxygen species might also play a role.189

Continuing with the theme of Ginkgo coming into 
prominence as a herb for the heart, Chinese research is 
moving in this direction. In a clinical study in patients with 
coronary artery disease, Ginkgo extract (via injection) sig-
nificantly improved distal left anterior descending (LAD) 
coronary blood flow.190 A similar trial in healthy elderly 
adults also observed an improvement in LAD blood flow.191 
In both cases the increased response was proposed to result 
from an improved endothelium-dependent vasodilatory 
capacity, which is regulated by the enhanced release of 
nitric oxide.

The beneficial effects of Ginkgo on nanoplaque formation 
were investigated in a second observational trial involving 11 
patients with metabolic syndrome.192 After 2 months of treat-
ment with Ginkgo extract (240 mg/day), nanoplaque forma-
tion and nanoplaque size were reduced by 14.7% and 21.5% 
respectively. These results were highly statistically significant. 
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Ginkgo lowered the percentage of oxidised LDL (by 21.0%), 
lowered lipoprotein(a) concentration (by 26.3%) and upregu-
lated the activities of SOD and glutathione peroxidase (19.6% 
and 11.6%, respectively).

An extensive range of other biomarkers were measured, 
which led the authors to conclude that the atherosclerosis-
inhibiting effect of Ginkgo can be attributed to:
l	 a stimulation of radical scavenging enzymes in the body
l	 a restriction of certain risk factors (lipoprotein(a), 

percentage of oxidised LDL)
l	 an increase in nitric oxide/cyclic GMP release (having a 

vasodilatory effect).

Interestingly, treatment with Ginkgo resulted in a signifi-
cant increase in both mean corpuscular haemoglobin levels 
and concentration. In conjunction with the observed vasodila-
tion, this will result in improved oxygen supply and enhanced 
organ perfusion.

In an earlier double blind, placebo-controlled trial, 15 
patients undergoing aortic valve replacement (in cardiopulmo-
nary bypass) received either Ginkgo extract (320 mg/day) or 
placebo for 5 days before surgical intervention. Plasma sam-
ples taken at crucial stages of the operation indicated that 
Ginkgo limited free radical-induced oxidative stress generated 
throughout the surgery. Recovery of the Ginkgo patients was 
improved (but not significantly) compared with placebo, and 
Ginkgo was considered useful in limiting oxidative stress. The 
protective activity was attributed to a membrane-protective 
mechanism rather than a direct scavenging effect.193 (Earlier 
in vitro and in vivo studies suggest the cardioprotective effects 
of the Ginkgo terpenoids involve an inhibition of free radical 
formation rather than direct free radical scavenging.)194

In an early uncontrolled trial, 20 outpatients with a long 
history of elevated plasma viscosity and fibrinogen levels and 
a variety of underlying diseases received 240 mg/day Ginkgo 
extract for 12 weeks. Steady and significant reductions in 
fibrinogen levels and blood viscosity were observed over the 
treatment period.195

A short-term 7-day, crossover, placebo-controlled, double 
blind study found that Ginkgo extract (240 mg/day) had no 
impact on blood pressure, heart rate or electrocardiographic 
variables in young, healthy volunteers.196

Ear, nose, throat problems
Ginkgo extract is the most clinically tested herbal therapy for 
disorders involving the ear. However, results from clinical tri-
als have not always been consistent.

Hearing loss
Deafness of sudden onset (acute cochlear deafness) is 
often due to ischaemia of the cochlea and the metabolic 
derangement that accompanies this. The first study on the 
use of Ginkgo in acute cochlear deafness was published 
in 1986.197 The author suggested that prognosis in acute 
cochlear deafness is entirely dependent on the rapid ini-
tiation of an effective treatment. Hence a relatively high 
dose of Ginkgo extract of 320 mg/day was employed 
in the study. The efficacy of Ginkgo was compared to 

nicergoline, an alpha-adrenoreceptor blocker, and the 
study involved 18 patients in a double blind design over 
30 days. Audiometric analyses and labyrinth tests dem-
onstrated that all of the patients in the Ginkgo group had 
normal values at the end of the trial, whereas one-third of 
the patients in the nicergoline group still had inconclusive 
tests. The significance of this trial was hampered by the 
small patient numbers.

In another trial, Ginkgo extract (intravenous 200 mg/day 
for 9 days, followed by oral 160 mg/day for 6 weeks) was 
found to be superior to the drug piracetam for the treatment 
of sudden deafness (one-sided hearing loss).198 Median values 
for hearing thresholds in the range 250 to 3000 Hz were sig-
nificantly lower with Ginkgo treatment.

In a randomised comparative study, 80 patients with idio
pathic sudden hearing loss of no longer than 10 days were 
treated with either Ginkgo extract or naftidrofuryl (a vasodila-
tor). After 1 week, 40% of patients in each group experienced 
a complete remission. After 3 weeks there was a significant 
borderline benefit for Ginkgo over naftidrofuryl. Ginkgo treat-
ment was preferred due to a lack of side effects, unlike the 
naftidrofuryl.199

A study conducted in India examined the value of Ginkgo 
extract against a combined drug treatment for acquired sen-
sorineural hearing loss in 52 patients.200 Probable aetiologies 
included presbycusis (36.5%), followed by unknown causes 
(28.8%). Outcomes for Ginkgo were better than the conven-
tional treatment in responding patients. Response rates were 
similar between the two treatments.

In a relatively large trial involving 106 patients, the effi-
cacies of two different dosages of Ginkgo for unilateral 
idiopathic sudden hearing loss were compared in a ran-
domised, double blind design.201 The higher dose of Ginkgo 
(240 mg/day) appeared to accelerate and secure the recov-
ery of patients, with a good chance for complete recovery 
(p=0.006). Positive results were observed after 1 week of 
treatment.

In a randomised, prospective, double blind study involv-
ing 72 patients, the therapeutic efficacy of Ginkgo extract 
(n=37) was compared with pentoxifylline (n=35) for the 
treatment of sudden deafness.202 The dose of Ginkgo extract 
was 200 mg/day via intravenous infusion. The two treatments 
were equally well tolerated and showed a statistically signifi-
cant equivalence in terms of either improvement or a return 
to normal of the auditory thresholds. Subjective assessment 
of the treatment (with regard to improvement in hearing and 
reduction in tinnitus) suggested that Ginkgo extract was more 
beneficial than pentoxifylline.

Vestibular disorders
Most of the trials assessing the value of Ginkgo in vertigo date 
to the 1980s, although there is one trial of more recent ori-
gin. In one early trial, which had an open phase with Ginkgo 
extract followed by a double blind, placebo-controlled phase, 
results were compiled for 50 patients complaining of dizzi-
ness. These results showed a clear benefit for Ginkgo in the 
open phase as well as over the placebo, except for patients 
with Ménière’s disease.203
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A randomised, placebo-controlled, double blind trial in 35 
patients assessed the value of Ginkgo extract at 160 mg/day 
for vestibular vertigo.204 The primary outcome measured was 
performance using posturography (assessment of body sway 
with eyes open or closed) and there was a statistically signifi-
cant benefit from baseline observed for therapy with Ginkgo, 
which was also superior to placebo.

A study conducted in three centres included 70 patients 
with vertigo of recent and idiopathic onset in a double blind, 
placebo-controlled trial.205 The efficacy of Ginkgo extract 
(160 mg/day) on both the frequency and duration of vertigo 
achieved statistical significance, with 47% of patients in the 
Ginkgo group free of symptoms at the end of the trial com-
pared with 18% for the placebo group (p<0.05).

A trial conducted in Poland compared Ginkgo extract plus 
physical therapy against physical therapy alone for the treat-
ment of vestibular organ peripheral lesion syndrome in an 
open label design.206 Patients in both groups improved, but 
improvement was more marked and faster, as assessed by 
dynamic posturography, for the group receiving Ginkgo.

A 2007 systematic review of randomised, double blind 
clinical trials identified five studies (including those reviewed 
above) and concluded that Ginkgo extract (120 to 240 mg/
day) was a beneficial treatment for vestibular and non-vestib-
ular vertigo (see also below).207

Tinnitus or combined syndromes
After vertigo, nausea and hearing loss, tinnitus is one of the 
most important symptoms in the field of disorders of the 
ear. In most cases the origin of the tinnitus is not identifia-
ble, although it is recognised that it can arise in any part of 
the hearing pathway. It is frequently associated with vertigo, 
nausea and hearing loss. An age predominance exists and iden-
tifiable causes include presbycusis, atherosclerosis, chronic 
otitis media, otosclerosis, acoustic trauma, Ménière’s disease 
and ototoxicity. Given such a wide range of causes, known 
and unknown, it is likely that clinical trials in this field will be 
fraught with difficulties and prone to conflicting results. This 
is certainly the case for trials involving Ginkgo treatment.

Since the pathophysiology and treatment of tinnitus is 
still under debate and is relatively obscure, it is likely that 
Ginkgo may assist in the treatment of specific sub-populations 
of tinnitus sufferers. The difficulty is determining potential 
responders to Ginkgo treatment.

An early trial conducted in 1979 included 60 patients with 
hearing loss and/or vertigo and tinnitus.208 Ginkgo extract 
(120 mg/day) was compared with nicergoline and found to 
be superior. Another early open design trial found good effi-
cacy for Ginkgo extract in patients with hearing impair-
ment and tinnitus due to a variety of causes, mainly involving 
ischaemia.209

In 1986 Meyer conducted a defining study on 103 patients 
that clearly established a reputation for Ginkgo in the treat-
ment of tinnitus (deserved or otherwise).210 A randomised, 
double blind, placebo-controlled trial with Ginkgo extract 
included only patients with tinnitus of recent onset (less than 
one year). Improvement or cure was observed after an aver-
age of 70 days in patients treated with Ginkgo compared with 

119 days in patients receiving placebo. Tinnitus of recent 
onset, unilateral and intermittent seemed to be particularly 
responsive to Ginkgo.

Soft laser therapy in combination with Ginkgo for the 
treatment of tinnitus was found to be effective in one open 
trial211 and ineffective in another.212 In a double blind, pla-
cebo-controlled trial involving 100 elderly patients (with at 
least four symptoms out of poor memory, anxiety, vertigo, tin-
nitus and headaches), therapy with Ginkgo extract (112 mg/
day) or placebo was assessed after 12 weeks.213 Improvement 
in tinnitus from baseline was 37% for the Ginkgo group versus 
12% for the placebo group.

The 20 patients reporting a positive effect on persistent 
severe tinnitus in an open study involving 80 patients were 
included in a double blind placebo-controlled crossover 
study.214 They received either Ginkgo extract (29.2 mg/
day, 2 weeks) or placebo. The success of the treatment was 
based on patient preference (as there is no objective measure-
ment) and on this basis Ginkgo did not demonstrate a signif-
icant effect. However, the dose of Ginkgo extract used was 
subtherapeutic.

A study published in the BMJ found no advantage for 
Ginkgo extract (150 mg/day) in treating tinnitus in a dou-
ble blind, placebo-controlled trial using postal question-
naires in 1121 healthy people with a comparatively stable 
condition.215

In contrast, a trial involving 60 patients with chronic tin-
nitus observed a positive result for Ginkgo extract (200 mg/
day by intravenous infusion for 10 days followed by oral ther-
apy of 160 mg/day) compared with placebo after 12 weeks of 
therapy.216 While results achieved statistical significance, the 
absolute difference between the two treatment groups was 
only moderate.

A systematic search of the literature identified 19 clinical 
trials (many early) investigating the effect of Ginkgo extract 
on tinnitus.217 The results of eight controlled studies were 
found for the most part to show a statistically significant supe-
riority of Ginkgo extract over placebo or reference drugs. 
Tinnitus of recent onset had a better prognosis.

A 12-week randomised, double blind trial of Ginkgo 
extract (120 mg/day, slow release tablet) involving 66 
patients with tinnitus was conducted with Tinnitus Handicap 
Inventory (THI), Glasgow Health Status Inventory (GHSI) 
and average of hearing threshold at 0.5, 1, 2, 4 kHz being used 
as the outcome measures.218 Results showed that the mean 
differences in changes of the THI, GHSI and hearing between 
Ginkgo (n=31) and placebo (n=29) were 2.51 (CI −10.1 
to 5.1, p=0.51), 0.58 (CI −4.8 to 3.6, p=0.38) and 0.68 db  
(CI −4.13 to 2.8, p=0.69), respectively, indicating no statisti-
cal difference between Ginkgo and placebo. The researchers 
conducted and published a meta-analysis in the same paper 
of five previously conducted studies. Meta-analysis revealed 
21.6% of Ginkgo-treated patients (107 of 552) gained benefit 
versus 18.4% (87 of 504) of placebo-treated patients with an 
odds ratio of 1.24 (CI 0.89 to 1.71) indicating only a small 
benefit.218

A 2004 Cochrane systematic review of Ginkgo in the 
treatment of tinnitus was conducted to determine evidence 
of efficacy.219 Although 12 trials were initially located, 10 
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were excluded from the review on methodological grounds. 
The interventions assessed were Ginkgo versus placebo, with 
no ‘gold standard’ treatment available for an active control. 
Most studies involved a dosage of 120 to 200 mg/day of 
standardised Ginkgo extract, using outcome measures such as 
changes in loudness of tinnitus, severity and impact on qual-
ity of life. The exclusion of 10 of the studies was due to a 
variety of methodological failings, including a high drop-out 
rate, cohort number reporting and concealment, and unsatis-
factory rating scales. After a later update, another acceptable 
study was located and three randomised placebo-controlled 
studies were included. One was a 12-week trial involving 99 
patients given 120 mg/day Ginkgo extract that demonstrated 
improvement in the sound volume (5 to 10 dB) of the ear 
with the worst tinnitus in the Ginkgo group, while the pla-
cebo group remained unchanged.220 The other two studies 
have been reviewed above. The Cochrane review concluded 
that limited evidence does not demonstrate Ginkgo was 
effective for tinnitus.

Part of a double blind, placebo-controlled trial of Ginkgo 
extract in dementia investigated effects on dizziness and tin-
nitus. The trial involved outpatients aged 50 years or older 
with mild-to-moderate dementia with neuropsychiatric symp-
toms.221 After receiving Ginkgo extract (240 mg/day) for 22 
weeks, the mean severity score for dizziness improved from 
4.35 to 2.09 and the severity score for tinnitus decreased 
from 4.02 to 1.91. There were only slight improvements 
in the placebo group, from 4.22 to 3.88 for dizziness and 
from 3.90 to 3.75 for tinnitus. Dizziness was improved in 
86% of Ginkgo recipients and in 28% of the placebo group. 
Improvement rates for tinnitus were 84% of the Ginkgo-
treated patients versus 20% of the placebo group. The dif-
ferences were significant between Ginkgo and placebo on all 
measures (p<0.001).

Since hypercholesterolaemia might promote the devel-
opment of tinnitus, a retrospective study was performed 
to assess whether simvastatin might impact this disorder. 
Remission rates in 58 patients were investigated after 4 
months of simvastatin (40 mg/day) and compared to results 
for Ginkgo (120 mg/day) in 36 patients as a control group.222 
Only small reductions in tinnitus scores were observed 
in both groups, casting doubt on the efficacy of either 
treatment.

In an address to Australian clinicians in September 2007, 
a spokesperson of the European Federation of Tinnitus 
Associations advised that European doctors had a high 
degree of success treating tinnitus with standardised Ginkgo 
extract. It is most successful if administered within the 
first 3 months of onset,223 and a dose of 240 mg/day was 
recommended.224

Olfactory disorders
Seventy-one patients who were diagnosed with postviral 
olfactory loss participated in a randomised trial conducted 
in South Korea.225 Patients did not have sinus inflammation, 
nasal discharge, allergic rhinitis or chronic rhinosinusitis. They 
were treated with oral prednisolone (2 weeks) or oral predni-
solone (2 weeks) plus Ginkgo extract (240 mg/day, 4 weeks). 

All patients could take two puffs of mometasone furoate (a 
corticosteroid) nasal spray per nostril twice daily for 4 weeks. 
Olfactory function tests, including the butanol threshold test 
(tests odour threshold) and the cross-cultural smell identifica-
tion test (CCSIT, tests odour identification) were performed 
at baseline and after treatment.

Although not statistically different between the two groups, 
the addition of Ginkgo showed a tendency toward greater 
efficacy (for example, for CCSIT response rate p=0.08).  
The results of CCSIT are considered more relevant, as odour 
identification is a more complex and higher-level olfactory 
function than odour threshold.

Eye disorders
As Ginkgo exerts vascular protective, antioxidant and circula-
tory enhancing activity, it is posited that it can have a thera-
peutic role in treating age-related macular degeneration. A 
2000 Cochrane review was conducted evaluating its efficacy 
in treating macular degeneration.226 Two studies were identi-
fied by the review. A trial involving 20 people found that vis-
ual acuity improved in Ginkgo treated patients more than the 
control over a 6-month period.227 The other study reviewed 
tested the visual acuity of 99 participants with macular degen-
eration, finding no statistical difference between the low-dose 
(60 mg/day) and high-dose (240 mg/day) Ginkgo groups.228 
Further work is needed in this area, given that these trials did 
indicate some benefits.

A US research team evaluated a possible therapeutic effect 
of Ginkgo extract that might benefit glaucoma patients through 
improvement in ocular blood flow.229 A phase I crossover trial 
of Ginkgo with placebo control in 11 healthy volunteers was 
performed. Patients were treated with either Ginkgo extract 
(120 mg/day) or placebo for 2 days. Colour Doppler imaging 
was used to measure ocular blood flow before and after treat-
ment. There was a 2-week washout period between Ginkgo 
and placebo treatments. Ginkgo extract significantly increased 
end diastolic velocity in the ophthalmic artery (baseline ver-
sus Ginkgo treatment; 6.5±0.5 versus 7.7±0.5 cm/sec, 23% 
change, p=0.023), with no change seen in placebo (baseline 
versus placebo; 7.2±0.6 versus 7.1±0.5 cm/sec, 3% change, 
p=0.892). No side effects related to Ginkgo were found. 
Ginkgo extract did not alter arterial blood pressure, heart rate 
or intraocular pressure. The authors concluded that the extract 
deserves further investigation for possible application in the 
treatment of optic neuropathy linked to glaucoma as well as 
other ischaemic ocular diseases.

Significant improvements in visual field indices, but not 
intraocular, pressures were recorded in a randomised, double 
blind, placebo-controlled trial involving patients with normal 
tension glaucoma (a form of primary open-angle glaucoma). 
Patients received standardised Ginkgo extract (120 mg/day) 
for 4 weeks.230 Beneficial results with Ginkgo were demon-
strated in another controlled trial of the same disorder, with 
tests conducted over a period of at least 4 years.231

Ginkgo extract (80 mg/day) for at least 6 months did not 
improve visual field indices in patients with primary open-
angle glaucoma. In this trial, treated patients were retrospec-
tively matched with control patients.232
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In earlier research in 24 patients suffering from blockage 
of veins in the retina, Ginkgo extract produced improvements 
in blood vessels, visual acuity and field of vision in a double 
blind, placebo-controlled trial. Where the blood supply to 
the retina was deficient, Ginkgo improved many aspects of 
vision such as near and far vision, colour recognition and field 
of vision.233 In an uncontrolled trial, 35 patients with poor 
blood supply to the retina, or to those parts of the brain that 
interpret the signals from the eyes, were treated with Ginkgo 
extract (120 mg/day) over a 3-month period; 86% of patients 
with reduced vision improved markedly.234

Two open label studies demonstrated that standardised 
extract of Ginkgo (120 to 240 mg/day for 3 months) reduced 
the abnormal blood parameters seen in diabetic retinopathy 
including a decrease in lipid peroxidation,235,236 a decrease in 
clotting factors and red blood cell deformity, and improved 
blood viscosity and elasticity, resulting in improved retinal 
capillary blood flow rate.236

A total of 60 patients with symptomatic allergic conjunc-
tivitis were enrolled and randomly assigned to 15 days of 
treatment with Ginkgo and hyaluronic acid (GB-HA) eye 
drops or hyaluronic acid ophthalmic solution (HA) alone for 
1 month.237 Clinical symptoms such as conjunctival hyperae-
mia (redness), conjunctival discharge and chemosis (swelling 
or oedema of the conjunctiva), and subjective signs as itching, 
photophobia, stinging and lacrimation were evaluated before 
and after the treatment. Patients treated with GB-HA, com-
pared with patients treated with HA alone, showed a signifi-
cant decrease in the appearance of conjunctival hyperaemia, 
conjunctival discharge and chemosis. Hyperaemia was particu-
larly responsive to the GB-HA eye drops, dropping by 85%. 
In addition, all patients treated with GB-HA showed a signifi-
cant improvement in subjective symptoms. Itching was sub-
stantially reduced.

Psychiatric and learning disorders
Although Ginkgo is commonly used to treat dementia, cog-
nitive decline, peripheral arterial disease and tinnitus, studies 
have noted that mood modulation can also occur in cogni-
tively impaired patients. A 2006 randomised, double blind 
trial (n=107) was conducted using Ginkgo extract (480 mg 
or 240 mg/day) or placebo for 4 weeks in adults with general 
anxiety disorder or adjustment disorder with anxious mood 
as assessed via DSM-III-R.238 ITT analyses were performed 
on the primary outcome measure the Hamilton anxiety scale 
(HAMA-A), and the secondary outcome measures, the CGI, 
the Erlangen anxiety tension and aggression scale and the 
patient’s global rating of change. The patients’ HAM-A total 
scores decreased by −14.3 (±−8.1), −12.1 (±−9.0) and −7.8 
(±−9.2) in the 480 mg/day Ginkgo group, the 240 mg/day 
Ginkgo group and the placebo group, respectively. Results 
indicated dose-dependent anxiolysis compared with placebo 
(p=0.0003 in the higher-dose group, p=0.01 in the lower-
dose group).

A methodologically rigorous 10-week pilot study involv-
ing 27 adults assessed whether a Ginkgo extract may prevent 
the symptoms of winter depression in patients with seasonal 
affective disorder.239 Results demonstrated that Ginkgo did 

not prevent the seasonally provoked depressive symptoms 
as assessed via an extended Montgomery-Asberg Depression 
Rating Scale and various self-assessed key symptoms on a vis-
ual analogue scale.

A systematic review and meta-analysis of the role of 
Ginkgo as an adjunct therapy in chronic schizophrenia found 
six clinical trials published between 1996 and 2008 compris-
ing a total of 828 patients.240 Five of the trials were placebo-
controlled and the dose of Ginkgo extract ranged from 120 
to 360 mg/day. The trials lasted from 8 to 16 weeks, with 
four being conducted in East Asia and the remainder in 
Eastern Europe. Ginkgo treatment was combined with the 
following drugs: chlorpromazine, haloperidol, olanzapine and 
clozapine.

All trials used the Scale for the Assessment of Negative 
Symptoms to measure negative symptoms, and the Scale for 
the Assessment of Positive Symptoms or the Brief Psychiatric 
Rating Scale to measure total symptoms. The difference 
between Ginkgo and control groups from their pre- and post-
trial scores and the pooled standard deviation were used to 
compute the standardised mean difference (SMD). Ginkgo 
as an add-on therapy to antipsychotic medication produced a 
statistically significant moderate improvement (SMD=−0.50) 
in total and negative symptoms associated with chronic schiz-
ophrenia. The authors concluded that Ginkgo has a statisti-
cally significant moderate therapeutic benefit with acceptable 
safety limits as an add-on therapy for chronic schizophrenia, 
but that more research is needed, especially in terms of its 
potential interactions with psychotropic drugs.

Ginkgo extract improved word recognition and read-
ing in children with dyslexia (80 mg/day, pilot trial),241 and 
improved cognitive function and social behaviour in chil-
dren with Down syndrome (80 to 120 mg/day, two cases).242 
Ginkgo extract (200 mg/day) improved behaviour, hyper-
activity, inattention and immaturity in six young adults with 
attention deficit hyperactivity disorder (ADHD).243 In an 
open trial, 56% of ADHD children improved with Ginkgo 
treatment.244 However, Ginkgo was not as effective as meth-
ylphenidate in a randomised, double blind trial conducted in 
Iran.245

Asthma and PAF-related disorders
Platelet activating factor (PAF) is a phospholipid formed by 
platelets, basophils, neutrophils, monocytes and macrophages. 
Anti-PAF activity is regarded as useful in the treatment of 
asthma, allergic reactions, immunological reactions, shock, 
ischaemia and thrombosis.

Ginkgo extract protected asthmatic patients exposed to 
challenge with an inhaled allergen (600 mg single dose pre-
treatment; uncontrolled trial).25 It also improved asthma in 
adults, some of whom were able to stop corticosteroid therapy, 
and normalised pulmonary function in children with atopic 
asthma, which was correlated with a significant improvement 
in flow parameters (uncontrolled trial).34 Compared with 
those treated only with inhaled corticosteroid, addition of 
Ginkgo extract (oral, 240 mg/day) for 4 weeks decreased air-
way inflammation in asthmatic patients in a trial conducted 
in China.246 In a placebo-controlled trial, also from China, 
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concentrated Ginkgo leaf liquor reduced airway hyper-reac-
tivity, improved clinical symptoms and pulmonary function in 
asthmatic patients.247,248

Treatment with Ginkgo leaf tablets for 3 months signifi-
cantly lowered elevated serum PAF levels in chronic hepati-
tis B patients. Indices of liver fibrosis were also significantly 
lowered. The daily dose of Ginkgo provided 86.4 mg/day of 
ginkgo flavonol glycosides and 21.6 mg/day of ginkgolides. A 
control group received a tablet containing mostly silybin, at 
a daily dose of 315 mg/day. Gingko treatment was deemed 
superior to the control.249

Acute mountain sickness
Two randomised, double blind, placebo-controlled clinical tri-
als were undertaken to assess the efficacy of 240 mg/day of 
two different Ginkgo standardised extracts in reducing the 
incidence and severity of acute mountain sickness (AMS) fol-
lowing rapid ascent to a high altitude.250 The trial was con-
ducted at Pike’s Peak in Colorado, which has over 300 000 
visitors a year who rapidly ascend from 2000 to 4300 m in 2 h 
via train or car. As might be expected, many of these visitors 
experience AMS, which includes symptoms such as extreme 
shortness of breath (due to pulmonary oedema) and confusion 
(due to cerebral oedema) in its more severe manifestations. 
Symptoms associated with mild-to-moderate AMS include 
difficulty sleeping, dizziness, fatigue, headache, loss of appe-
tite, nausea, rapid pulse and shortness of breath with exertion. 
The cause is unknown, although theories implicating oxida-
tive stress have been suggested.251 The drug acetazolamide is 
used as a preventative treatment, but is not tolerated by some 
people and is associated with side effects such as nausea and 
paraesthesia.

An oral dose of 120 mg of Ginkgo or placebo was self-
administered by participants twice per day, morning and even-
ing, for 4 days (study 1) or 3 days (study 2) prior to ascent 
and during 24 h at altitude, for a total treatment time of  
5 days in study 1 and 4 days in study 2. Results were conflict-
ing: Ginkgo significantly reduced the incidence and severity of 
AMS in study 1 but not in study 2 (p=0.027 versus p=0.247 
for incidence, p=0.029 versus p=0.272 for severity, respec-
tively). The authors suggested that despite the weaknesses  
in their study design, which included low patient numbers  
(40 in study 1 and 37 in study 2), differing pretreatment 
times (4 versus 3 days) and a greater placebo effect in study 
2, the main reason for the observed difference between the 
two studies was the source of Ginkgo. The extract used in 
study 1 contained a much higher level of ginkgolides A, B 
and C than the one used in study 2, even though the total  
level of terpene lactones was similar at around 6.5%. They 
concluded that the source and composition of the Ginkgo 
extract may determine the efficacy of Ginkgo for the preven-
tion of AMS.250

This study adds to the controversy around using Ginkgo for 
the prevention of AMS, a controversy that was highlighted by 
the same authors when they published a review of all the other 
Ginkgo trials in this context.251 From this review it was con-
cluded that, given the mixed results, more studies are required 
in AMS, especially focusing on what is active in Ginkgo extracts.

Cognitive function
A review published in 2009 sought to find differential effects 
for the cognition-enhancing activity of standardised Ginkgo 
extract.252 Included in the analysis were 29 randomised, dou-
ble blind, placebo-controlled studies of chronic (greater than 
4 weeks) administration providing data on function-specific 
cognitive tests in healthy and cognitively impaired volunteers 
of any age. (Some of the trials in this review are also covered 
individually or by review below.) Objective psychometric test 
results were examined for four cognitive domains (memory, 
attention, executive functions, intelligence) comprising 14 
subfunctions (for example, for the domain of memory, the 
subfunctions were short- and long-term, visual and verbal 
memory). There was consistent evidence found from stud-
ies investigating mild cognitive impairment, depression, mul-
tiple sclerosis and healthy young and elderly volunteers that 
Ginkgo improves selective attention, some executive pro-
cesses (working memory, cognitive flexibility) and long-term 
memory for verbal and non-verbal (visual) material. Little 
specific information could be obtained from trials for treat-
ment of dementia. Except for one trial, standardised extract 
providing 24% to 25% ginkgo flavone glycosides and 6% ter-
penoids was administered. Daily doses ranged from 80 to 
240 mg/day, with 120 mg/day the most common dosage (14 
trials). The reviewers suggested that future trials should be 
more comprehensive and use psychometric standards to 
evaluate cognitive function. A lack of investigation of some 
functions (such as divided attention, an early feature of AD) 
tends to penalise Ginkgo and make it difficult to identify its 
strengths and weakness in terms of functions sensitive to its 
influence.

However, a systematic review that assessed clinical 
research to January 2007 concluded that standardised Ginkgo 
extract did not have a beneficial effect on cognitive func-
tion in healthy people under the age of 60 years. The review 
assessed randomised clinical trials in which Ginkgo was 
ingested as a single dose (seven trials) or over longer periods 
of time (eight trials, ranging from 2 days to 12 weeks).253

One placebo-controlled trial not included in this review 
measured the effect of Ginkgo (240 mg/day for 4 weeks) on 
vision-related neural function using electroencephalography in 
healthy adults aged from 41 to 83 years. No effect was found 
on the lower level physiological function of the visual system, 
but significant improvement was found when assessing higher 
order neural changes. The higher order visual system relies 
on additional cognitive processing, and may include cognitive 
aspects such as attention, recognition and memory.254 Other 
key trials are reviewed below.

To elucidate the mechanism of clinical benefit of Ginkgo 
in the treatment of symptoms of impaired brain function in 
advanced age, its effect on cognitive information processing was 
investigated by means of long-latency auditory event-related 
potentials (P300). In a double blind, placebo-controlled study, 
48 elderly patients with age-associated memory impairment 
received 120 mg/day of Ginkgo extract or placebo for 57 days. 
P300 latency was shortened in the Ginkgo group and this may 
reflect shorter stimulus-evaluation times.255

A 12-week, double blind, placebo-controlled study assessed 
the effects of Ginkgo extract (120 mg/day) on a wide range of 
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cognitive abilities, executive function, attention and mood in 93 
healthy older adults (55 to 79 years) and in 104 young adults 
(18 to 43 years). An enhancement of long-term memory in 
older adults (p=0.04) was demonstrated, while no other changes 
occurred in other cognitive measures.256 A placebo-controlled, 
double blind trial involving 52 healthy students was conducted 
to assess the impact of Ginkgo on attention, memory and 
executive function.257 Participants were randomly allocated to 
receive a single 120 mg dose of Ginkgo extract (n=26) or pla-
cebo (n=26), and were tested 4 h later during the acute phase 
of the trial. Results demonstrated that an acute dose of Ginkgo 
significantly improved performance on the sustained-attention 
task and pattern-recognition memory task; however, there 
were no effects on working memory, planning, mental flex-
ibility or mood. In the second part of the study, 40 of the stu-
dents were randomly allocated to receive Ginkgo (120 mg/day;  
n=20) or placebo (n=20) for a 6-week period. After 6 weeks of 
treatment, there were no significant effects of Ginkgo on mood 
or any of the cognitive tests, with the authors commenting that 
tolerance may develop in young healthy people with normal cog-
nition. A 4-week, randomised, double blind, placebo-controlled, 
parallel-group, monocentric study involving 66 healthy volun-
teers (aged 50 to 65 years) testing Ginkgo extract (240 mg/day) 
revealed that self-estimated quality of life significantly favoured 
Ginkgo treatment.258

A 6-week randomised, double blind, placebo-controlled, 
parallel-group trial was conducted involving 98 men and 132 
women (>60 years of age) in general good health with MMSE 
scores greater than 26.259 Participants were randomly assigned 
to receive a standardised Ginkgo extract (120 mg/day, n=115), 
or matching placebo (n=115) and were evaluated by a variety of 
cognitive outcome measures. Analysis of the modified ITT popu-
lation of 219 participants indicated that there were no significant 
differences between treatment groups on any cognitive outcome 
measures as assessed via standard neuropsychological tests of 
learning, memory, attention, concentration and verbal fluency. A 
double blind, placebo-controlled study testing the acute effects 
of Ginkgo extract (120 mg) on the memory function in healthy 
older volunteers using the cognitive drug research battery of 
memory tests and the Rey auditory verbal learning task, dis-
covered no acute effects of Ginkgo in any of the memory tests 
conducted.260

A short-term double blind, placebo-controlled design involv-
ing 60 healthy male volunteers was conducted to determine the 
nootropic effect of Ginkgo extract (120 mg/day for 5 days).261 
On the fifth day, after a 2 h waiting period, all volunteers were 
given the Sternberg Memory Scanning Test, a reaction time 
control test, the vocabulary and digit span subtests of the 
WAIS-R and a prose recall test. No significant changes occurred 
with Ginkgo intervention on all the tests except the Sternberg 
Memory Scanning Test. A 30-day randomised, double blind, 
placebo-controlled clinical trial involving 61 participants was 
conducted using Ginkgo extract to assess nootropic activity.262 
Volunteers were administered a battery of validated neuropsy-
chological tests before and after treatment, with results indicat-
ing significant improvements in speed of information processing 
working memory and executive processing.

A placebo-controlled, multi-dose, double blind, crossover 
study using 20 participants receiving Ginkgo extract (120 mg, 

240 mg and 360 mg) or a matching placebo was conducted to 
assess cognitive performance via the Cognitive Drug Research 
computerised test battery immediately prior to dosing, and 
at 1, 2.5, 4 and 6 h after.263 Compared with the placebo, 
the acute administration of Ginkgo produced a number of 
significant changes in performance measures, most notice-
ably in speed of attention which was evident at 2.5 h and was 
still present at 6 h. Another study investigated the effects of 
acute doses of Ginkgo extract on memory and psychomo-
tor performance in a randomised, double blind and placebo- 
controlled five-way crossover design.264 Thirty-one volunteers 
with normal cognition (aged 30 to 59 years) received vary-
ing dosages of Ginkgo extract (120, 150, 240 or 300 mg/day) 
for 2 days. Psychometric tests concluded a more pronounced 
effect occurred on memory (particularly working memory) in 
the Ginkgo group compared with placebo. The study noted 
that the cognitive-enhancing effects of Ginkgo were more 
apparent in the 50 to 59 year-old sub-population.

Although the overall evidence of Ginkgo’s nootropic effect 
on healthy volunteers is equivocal, it is likely that acute or 
short-term Ginkgo administration (which was assessed in 
the majority of studies) may not be long enough to influence 
cognitive enhancement in people with pre-existing optimum 
cognition. Ginkgo also appears to demonstrate the most pro-
found enhancement in cases of cognitive deficit, which pre-
sents more commonly in older patients.

A number of clinical trials have found a beneficial effect on 
cognitive function for a combination of Ginkgo and ginseng 
(Panax ginseng). (These studies are reviewed in the ginseng 
monograph.)

Diabetes
Ginkgo extract improved peripheral nerve function and blood 
supply in patients with diabetic neuropathy (120 mg/day; con-
trolled trial)265 and enhanced nerve conduction and thermal 
perception in patients with diabetic neuropathy (dosage unde-
fined; controlled trial).266 It also improved colour vision in 
children and adolescents with type 1 diabetes not yet exhibit-
ing retinopathy (120 mg/day; uncontrolled trial).267

Ginkgo extract (120 mg/day, taken for 12 weeks) improved 
motor nerve conduction velocities in diabetic patients with 
peripheral neuropathy in a small, placebo-controlled trial con-
ducted in Korea.268

In a randomised, controlled trial from China, Ginkgo 
extract taken for 3 months had a protective effect on early 
diabetic nephropathy.269 In a later trial, also from China, 
treatment with standardised Ginkgo extract (providing 
57.6 mg/day of Ginkgo flavone glycosides and 14.4 mg/day of 
terpenoids) for 8 weeks improved vascular endothelial func-
tion in 64 patients with early stage diabetic nephropathy.270

Multiple sclerosis
After limited success in an open trial using intravenous gink-
golide B with multiple sclerosis (MS) patients in acute relapse, 
a double blind, placebo-controlled study was undertaken with 
104 patients. There was no significant difference between pla-
cebo and the low or high-dose ginkgolide B groups.271,272
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A blinded, controlled pilot trial using a Ginkgo extract 
(240 mg/day) in ameliorating the presentation of MS was 
conducted with 22 patients diagnosed via Poser criteria.273 
Results demonstrated that the Ginkgo group contained sig-
nificantly more improved patients compared with placebo, 
as assessed via the outcome measures of fatigue (p>0.024), 
symptom severity (p>0.06) and functionality. Although the 
results should be interpreted with caution due to the small 
sample size, they indicate a therapeutic role of Ginkgo in 
treating MS. Another small trial (n=38) found that Ginkgo 
(240 mg/day for 12 weeks) significantly improved cognitive 
function in the Stroop test compared with placebo (p=0.008) 
in MS patients.274

Cancer
Regular use of Ginkgo extract was associated with a reduced 
risk of ovarian cancer, especially of the non-mucinous type, 
in an epidemiological study.275 Ginkgo improved cognitive 
function, mood and quality of life in long-term survivors (6 
months or more) of brain tumour who had received radia-
tion therapy and were radiographically stable. The beneficial 
effect on mood was mostly due to reductions in fatigue and 
confusion (120 mg/day; uncontrolled trial).276,277 Ginkgo also 
neutralised genotoxic damage (induced by radioiodine treat-
ment) in Graves’ disease patients (120 mg/day; randomised 
controlled trial)278 and in Chernobyl accident recovery work-
ers (120 mg/day; uncontrolled trial).69

The former trial assessed the effect of standardised 
Ginkgo extract on the appearance of micronuclei (MN) in 
lymphocytes from patients with Graves’ disease after radio-
active iodine therapy.278 Twenty-five patients were randomly 
assigned to receive Ginkgo extract (120 mg/day) or placebo 
from 3 days before and up to 30 days after iodine therapy. 
During this time period all patients took the same dose of 
methimazole (an antithyroid drug).

The peak increase of MN and the mean increase of MN 
were significantly higher in the placebo group than in Ginkgo-
treated patients. An early and sustained MN increase was 
observed in the placebo group, but in the Ginkgo-treated 
patients the increase never reached statistical significance. The 
protective effect of Ginkgo extract was still present after cor-
recting the data for age, gender, thyroid hormone profile and 
bone marrow dose. Administration of Ginkgo did not have any 
adverse effect on the efficacy of the radiotherapy.

The summary results of a phase II, uncontrolled trial inves-
tigating Ginkgo in irradiated brain tumour survivors were pub-
lished in 2010. Ginkgo extract (120 mg/day) was prescribed 
to 34 patients for 24 weeks. There was a high drop-out rate 
(56% completed the trial) due to perceived lack of efficacy 
and development of either intercurrent medical illness or 
brain tumour progression. Of the 19 remaining patients, there 
were significant improvements in some measures of cognitive 
function and quality of life.279

Premenstrual syndrome
In a controlled, multicentre, double blind study involving 
165 women with congestive symptoms of premenstrual syn-
drome (PMS), patients received either 160 mg/day of Ginkgo 

extract or placebo. The medication was taken from day 16 of 
the menstrual cycle to day 5 of the following cycle. Ginkgo 
significantly improved breast tenderness. There were marked 
improvements in other symptoms for the Ginkgo group 
including oedema, anxiety, depression and headaches.280

The efficacy of 120 mg/day of Ginkgo standardised extract 
for the amelioration of the symptoms of PMS was also 
assessed in a later randomised, single blind, placebo-controlled 
clinical trial.281 Trial participants were 90 students (average 
age around 22 years) with PMS living in dormitories of a med-
ical university (Tehran). Participants took the Ginkgo or pla-
cebo from the day 16 of the menstrual cycle to the fifth day 
of the next cycle for two consecutive cycles.

Eighty-five (94.4%) participants completed the study. The 
two groups were similar in terms of demographic character-
istics and overall severity of symptoms at baseline. After the 
intervention, there was a significant decrease in the overall 
severity of symptoms and physical and psychological symp-
toms in both the Ginkgo (23.68%) and placebo (8.74%) 
groups (p<0.001). However, the mean decrease in the sever-
ity of symptoms was significantly more in the Ginkgo group 
compared with the placebo group (p<0.001). The authors 
concluded that Ginkgo can reduce the severity of PMS 
symptoms.

Antidepressant-induced sexual dysfunction
A triple blind (investigator, patient, statistician), randomised, 
placebo-controlled, trial of Ginkgo extract (240 mg/day) 
was conducted in 24 patients (male and female) with sexual 
impairment due to antidepressant drugs.282 A validated, sex 
(gender)-orientated questionnaire was recorded throughout 
the 12-week trial. The researchers commented that, although 
spectacular individual responses occurred in both groups, 
no statistically significant differences between Ginkgo and 
placebo were apparent. Another 8-week controlled study 
involving 37 men examined Ginkgo in the treatment of SSRI-
evoked sexual dysfunction. (SSRI is selective serotonin re-
uptake inhibitor.) It revealed a high response in both placebo 
and Ginkgo groups, with no difference between the two.283 
In an uncontrolled trial, Ginkgo extract (average dose 207 mg/
day) was found to be 84% effective in alleviating sexual dys-
function secondary to antidepressant drug use in 33 female 
and 30 male patients.284 No adverse effects were reported. 
The inconsistency of results involving sexual dysfunction is 
conceivably due to small sample sizes, differing classes of anti-
depressants, the psychological component of the condition 
yielding a high placebo effect and individual psycho-physio-
logical sexual responses. Essentially, the promising results of 
an earlier uncontrolled trial have not been supported by con-
trolled studies.

Other conditions
An epidemiological study conducted in France assessed 3534 
elderly people from 1988 to 2001. Participants aged 65 years 
or over and without dementia were included in the study. 
Those who took Ginkgo had a significantly lower risk of mor-
tality in the long term, compared with non-users, even after 
adjustment for confounding factors.285
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Ginkgo extract had a beneficial effect on sleep patterns in 
patients with major depression being treated with trimipra-
mine (240 mg/day, pilot trial).286

In two separate trials, Ginkgo extract decreased capillary 
hyperpermeability in women with idiopathic oedema (160 
to 240 mg/day, uncontrolled study)287,288 and helped prevent 
retinal oedema following cataract surgery (160 mg/day, uncon-
trolled study).289

In a double blind, placebo-controlled trial involving 52 
patients with vitiligo (with 47 evaluated), Ginkgo extract 
(120 mg/day) for 6 months induced a significant cessa-
tion of active progression and depigmentation (p=0.006).290 
Repigmentation was observed in 10 patients in the Ginkgo 
group versus two patients receiving placebo. The extract was 
well tolerated.

Toxicology and other safety data

Toxicology
The following LD50 data have been recorded for Ginkgo 
extract and its constituents:

Substance Route, model LD50 Reference

Standardised Ginkgo 
extract

Oral, mice 7.7 g/kg 291,292

Standardised Ginkgo 
extract

ip mice 1.9 g/kg 292

Standardised Ginkgo 
extract

iv mice 1.1 g/kg 292

Standardised Ginkgo 
extract

ip rats 2.1 g/kg 292

Standardised Ginkgo 
extract

iv rats 1.1 g/kg 292

Ginkgo leaf extract fraction 
(ginkgolic acids 16%; 
biflavones 6.7%)

Injection, 
hen’s eggs

1.8 mg/egg 
(33 ppm)

293

Ginkgo leaf extract fraction 
(ginkgolic acids 58%; 
biflavones 0.02%)

Injection, 
hen’s eggs

3.5 mg/egg 
(64 ppm)

293

Ginkgo leaf extract fraction 
(ginkgolic acids 1%; 
biflavones 16%)

Injection, 
hen’s eggs

250 mg/egg 
(4540 ppm)

293

The toxicity data indicate standardised Ginkgo extract has 
very low toxicity. No deaths occurred in rats orally admin-
istered up to 10 g/kg of standardised extract. Chronic oral 
toxicity studies indicated no evidence of biochemical, hae-
matological or histological damage or impairment of hepatic 
or renal function in rats and dogs orally administered stand-
ardised Ginkgo extract for 6 months. Doses began at 20 and 

100 mg/kg/day and gradually increased to 500 mg/kg/day in 
rats and 400 mg/kg/day in dogs. Light and transient vasodila-
tory effects were observed in dogs at the 100 mg/kg dose and 
became more pronounced with increasing dose.291,292,294

No carcinogenic effects were observed in rats orally admin-
istered standardised leaf extract for 104 weeks at doses of 4, 
20 and 100 mg/kg,292 or in rats fed Ginkgo seed for almost a 
year.295 Standardised leaf extract did not demonstrate muta-
genic activity using in vitro tests with and without metabolic 
activation, or in vivo tests in mice after oral administration of 
doses up to 20 g/kg.291,292

No adverse effects were observed in human volunteers 
administered pure ginkgolides at doses of 720 mg (acute) or 
360 mg/day for 1 week.296

Fractions of Ginkgo leaf extract containing high concen-
trations of ginkgolic acids have been shown to be cytotoxic 
against human and animal cell lines in vitro297 and immuno-
toxic in vivo after subplantar injection.298,299 They were also 
embryotoxic in the hen’s egg test (see left). The authors of 
the last study did not exclude the possibility that other con-
stituents such as the biflavones may amplify the adverse 
effects of ginkgolic acids.292 Ginkgolic acids demonstrated 
neurotoxic,300 genotoxic and tumour promoting301 activities 
in vitro.

Contraindications
Ginkgo preparations are contraindicated in those with a 
known sensitivity.

Special warnings and precautions
Caution should be observed when prescribing Ginkgo to 
patients with coagulation disorders or concomitantly with 
anticoagulant or antiplatelet medication. (See Side effects and 
Interactions.) This is based on poorly described case reports 
and adverse effects are not typically expected.

Patients about to undergo surgery are advised to stop tak-
ing Ginkgo 5 to 7 days beforehand due to possible (but very 
minor) risk of increased bleeding tendency.302,303

Ginkgo preparations that contain appreciable quantities of 
ginkgolic acids may pose a risk of allergic reaction.

Interactions
See Appendix C for the data and recommendations regarding 
potential herb-drug interactions for Ginkgo that are deemed 
to be clinically relevant.

A 2002 publication listed 185 reports of adverse effects 
in connection with Ginkgo, with 20 reports related to bleed-
ing disorders. It was concluded that patients using Ginkgo 
extracts are at risk of suffering complications during surgery 
or spontaneous bleeding, and there is an increased danger of 
bleeding with concomitant use of anticoagulant or antiplate-
let agents.304 However, there is still no strong evidence for 
this. Treatment with standardised Ginkgo extract (100 mg/
day) for 4 weeks in patients who were stabilised on long-term 
warfarin had no significant influence on their response to 
warfarin in a randomised, double blind, placebo-controlled, 
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crossover trial (average age of patients was 64.5 years). The 
stability of international normalised ratio (INR) values was 
confirmed and major bleedings or thromboembolic events 
were not observed.305

Another clinical study investigated the effect of Ginkgo 
on the pharmacokinetics and pharmacodynamics of warfa-
rin and clotting status.306 The open label, three-way cross
over, randomised study involved 12 healthy male volunteers 
who received a single 25 mg dose of warfarin alone or after 
7 days of pretreatment with Ginkgo. The trial determined 
that INR values and platelet aggregation were not affected by 
administration of Ginkgo. The mean ratio of apparent clear-
ance for S-warfarin was 1.05 and for R-warfarin was 1.00 
when co-administered with Ginkgo. Other pharmacokinetic 
parameters for warfarin were not affected by Ginkgo. These 
results were replicated later in a similar trial by the same 
research team, demonstrating that the S-warfarin concentra-
tion and response (prothrombin complex activity) data from 
24 healthy volunteers who received a single warfarin dose 
(25 mg) were not altered by Ginkgo administration.307

A randomised, controlled study involving 24 outpatients on 
stable, long-term warfarin treatment was undertaken, assess-
ing the impact of Ginkgo extract (100 mg/day) on INR over 
a 4-week period. Results indicated that INR was stable during 
all treatment periods, with no bleeding episodes occurring.308

A substudy within the National Institutes of Health-
funded Dementia Prevention (GEM) Study investigated 
whether Ginkgo standardised extract would affect platelet 
function. Fifty-one patients had platelet function analysis  
performed at baseline and at 6-month follow-up. Patients 
were randomised to receive Ginkgo (240 mg/day) or pla-
cebo. There was no significant difference between the placebo 
and Ginkgo groups. Fifteen patients were taking aspirin but 
there was no difference in closure time at either time point, 
and aspirin did not show any interaction with Ginkgo.309 A 
double blind, double-dummy procedure involving 50 healthy 
male volunteers (20 to 44 years) using 120 or 240 mg/day 
of Ginkgo extract in combination with acetylsalicylic acid 
(aspirin) demonstrated no additional effect on bleeding time, 
coagulation parameters or platelet activity in response to vari-
ous anticoagulant-provoking agonists.310 Aspirin given alone 
clearly prolonged bleeding time, whereas the combination of 
aspirin and Ginkgo exerted similar effects to aspirin alone on 
all coagulation parameters measured, including bleeding time 
(aspirin alone: 4.1 min before therapy, 6.2 min after therapy; 
aspirin plus Ginkgo: 4.2 min before therapy, 6.3 min after 
therapy; ratio of means: 1.01, 90% CI 0.86 to 1.19) and ago-
nist-induced platelet aggregation (collagen-induced platelet 
aggregation: 84.5% before therapy, 81.0% after aspirin ther-
apy; aspirin plus Ginkgo: 86.6% before therapy, 81.0% after 
therapy; ratio of means: 1.00, 90% CI 0.95 to 1.05; adenosine 
diphosphate-induced platelet aggregation with aspirin: 72.6% 
before therapy, 47.2% after therapy; with aspirin plus Ginkgo: 
71.7% before therapy, 44.8% after therapy; ratio of means: 
0.95, 90% CI 0.85 to 1.06).

A study in Taiwan in 2002 found no clinically significant 
change in coagulation parameters (including INR, bleeding 
time and clotting time) in healthy volunteers taking standard-
ised Ginkgo extract (120 mg/day) and warfarin. In 21 clinical 

cases, no significant change in INR was found after adding 
Ginkgo to existing warfarin therapy.311

A 2008 review of studies published up to March 2007 
found four trials (included above) and seven case reports per-
taining to the potential interaction of drugs that can elevate 
the risk of bleeding with Ginkgo.312 As noted above, the tri-
als did not provide any evidence for an interaction of aspi-
rin or warfarin with Ginkgo. Establishing causality from the 
case reports was difficult due to the generally low quality of 
the reports and the presence of confounding factors, with 
scant evidence to suggest any adverse interaction. An excerpt 
from the Mediplus database in Germany failed to show any 
increased bleeding risk from the combination of Ginkgo with 
antiplatelet or anticoagulant drugs.

Studies published since the March 2007 cut-off date of 
this review are consistent with its overall conclusions. For 
example, it was confirmed that standardised Ginkgo extract 
(300 mg/day) combined with aspirin did not have an impact 
on bleeding parameters among older adults at risk of cardio-
vascular disease.313

An interaction was observed in one clinical study for a sin-
gle dose of Ginkgo extract (120 mg) combined with the anti-
platelet drug cilostazol. The bleeding time prolongation of 
cilostazol was extended by Ginkgo. There was no change in 
platelet aggregation ex vivo or clotting time. Also there was 
no significant correlation between prolongation of bleeding 
time and inhibition of platelet aggregation. No interaction 
was found between Ginkgo and the antiplatelet drug clopi-
dogrel.314 Dosing of Ginkgo (extract undefined, 160 mg/day) 
to healthy volunteers over 7 days found no effect on the phar-
macokinetics of cilostazol or on platelet aggregation or bleed-
ing time.315

In Korea, Ginkgo extract is administered with ticlopidine 
(an antiplatelet drug, chemically similar to clopidogrel) for 
the prevention of ischaemic stroke and acute coronary syn-
drome.316 In a single-dose study, standardised Ginkgo extract 
(80 mg) combined with ticlopidine exerted no significant 
additional effect on bleeding time or platelet aggregation.317 
No effect on the pharmacokinetics of the drug was found 
when Ginkgo extract (120 mg/day) was taken for 3 days.318 
Both trials involved healthy volunteers.

Concerns have also been expressed about the potential 
interaction of Ginkgo with antiepileptic drugs. In an innocu-
ously entitled paper, ‘Ginkgo biloba and Ginkgotoxin’, two 
German scientists drew the rather radical conclusion that the 
low levels of ginkgotoxin found in products containing Ginkgo 
leaf extracts ‘… can have a detrimental effect on a person’s 
health condition’. Ginkgotoxin should not be confused with 
the ginkgolic acids. The latter are irritant and allergenic com-
pounds controlled to quite low levels in appropriately made 
standardised extracts of Ginkgo leaves (as noted previously). 
Ginkgotoxin is 4′-O-methylpyridoxine, a vitamin B6 antago-
nist. It occurs in relatively high levels in Ginkgo nuts and is 
believed to be responsible for the poisoning that occurs after 
the ingestion of unprocessed nuts. It is also found at much 
lower levels in Ginkgo leaves.

On the basis of their in vitro research, the authors pro-
posed that ginkgotoxin primarily acts as a toxicant by inhib-
iting vitamin B6 phosphorylation.319 This could deplete the 
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brain of phosphorylated B6 vitamers, resulting in a reduction 
of glutamate metabolism which in turn would increase neu-
ronal excitability due to lower levels of GABA. Poisoning with 
Ginkgo nuts certainly causes epileptiform seizures, uncon-
sciousness and leg paralysis.319 Children are especially vulner-
able to the toxin and vitamin B6 administration typically leads 
to full recovery with no serious complications.

The major thesis of the authors was that even the very low 
levels of ginkgotoxin found in typical daily doses of stand-
ardised Ginkgo leaf extract, estimated by them to be 11.4 
to 58.6 μg, might increase the risk of seizures in epileptic 
patients. In support of this, they cited adverse event reports 
linking Ginkgo leaf to seizures. In the closing paragraphs, 
a rather tangential argument was proposed that Ginkgo leaf 
might also present a risk to epileptic patients by interacting 
with their medications.

One commentary expressed doubts over the relevance of 
conclusions from test tube research involving high doses of 
ginkgotoxin, when a pharmacokinetic study found that the 
compound was below detection limits (1 nM/mL) in human 
plasma after normal oral doses of Ginkgo extract. Supporting 
this contention, documentation from extensive clinical trial 
experience and records for 150 million daily doses per year 
for more than two decades have not recorded one case of epi-
leptic seizure attributed to Ginkgo extract.320

Reports of seizures linked to Ginkgo essentially come 
from three sources: the US FDA Nutritionals database, 
which has been shut down due to its poor accuracy and reli-
ability, and the articles by Granger in 2001321 and Kupiec 
and Raj in 2005.322 However, the latter two publications 
could be describing a herb-drug interaction. Kupiec and Raj 
certainly provide some evidence that Ginkgo might reduce 
the levels of some anticonvulsant drugs via increased hepatic 
metabolism.322 Ginkgo has been found in a clinical trial 
to induce CYP2C19 activity, an enzyme involved in the 
metabolism of some anticonvulsants.323 For this reason the 
herb should be used with caution in epileptic patients con-
trolled by medication, despite the relatively low number of 
reported cases.

A brief review of the potential interaction of Ginkgo with 
other drugs follows. An elderly patient with AD developed a 
coma a few days after starting the SSRI antidepressant trazo-
done (40 mg/day), which has hypnotic and sedative effects, 
in conjunction with Ginkgo extract (160 mg/day). Previously 
she had been taking bromazepam (3.5 mg/day), donepezil 
(5 mg/day) and vitamin E (1200 mg/day). It was postulated 
that sedation was caused by increased GABAergic activ-
ity via ginkgo flavonols acting directly at the benzodiazepine 
receptor and indirectly by inducing CYP34A to increase the 
metabolism of trazodone to an active compound that also 
has GABAergic activity.324 However, this case certainly does 
not provide conclusive evidence of a drug interaction with 
Ginkgo.

An elderly patient started treatment with a thiazide diu-
retic for elevated blood pressure. She then started taking 
Ginkgo and after a week her blood pressure was found to 
have increased further. Her blood pressure decreased gradu-
ally when both medications were ceased.325 It was unclear 
how soon the Ginkgo was started after the thiazide diuretic 

and the interpretation of this case as a herb-drug interaction 
is highly questionable, although it has been widely recorded 
as such.

Concerns have been raised that Ginkgo extract may 
increase the hepatic metabolic clearance rate of insulin and 
hypoglycaemic agents in type 2 diabetes mellitus patients, 
resulting in reduced insulin-mediated glucose metabolism and 
elevated blood glucose.326 However, no adverse effects of any 
significance have been reported for blood glucose levels and 
for laboratory results of glucose control in 10 trials conducted 
from 1980 to 1998 where Ginkgo extract was administered 
to diabetic and non-diabetic patients.4,327

There are many published in vitro, in vivo and human stud-
ies investigating the potential impact of Ginkgo extract on the 
metabolism of drugs (some are mentioned above and several 
are included in Appendix C). A 2010 review concluded that 
the findings in humans (which must be given priority) were 
conflicting and further studies are needed to elucidate the 
role of Ginkgo in altered drug absorption due to cytochrome 
P450 (CYP) and P-glycoprotein (P-gp) inhibition.328 Three 
clinical studies excluded any effect of Ginkgo on CYP3A4, 
but two other studies with the probe drugs alprazolam and 
midazolam suggest an inhibition of this enzyme. Ginkgo did 
not interact with drug substrates of CYP1A2, CYP2E1 or 
CYP2D6 (as reported in three studies). One study found that 
Ginkgo altered the metabolism of the CYP2C19 substrate 
omeprazole in a genotype-dependent manner, but a different 
study did not find this for a different CYP2C19 probe drug 
(voriconazole).

The review did note that drugs that are P-gp substrates 
should be monitored in conjunction with Ginkgo. Some stud-
ies have reported a high between-subject variability of the 
bioavailability of digoxin (a P-gp substrate) and the pharma-
cokinetics of talinol (another P-gp substrate) was modified by 
long-term intake of Ginkgo in two different studies by the 
same research group.328

Use in pregnancy and lactation
Category B1 – no increase in frequency of malforma-
tion or other harmful effects on the fetus from limited use 
in women. No evidence of increased fetal damage in animal 
studies.

One review hypothesised that Ginkgo may be a risk fac-
tor for excessive blood loss during delivery, but there are no 
reports of this in the literature.4

Oral administration of standardised Ginkgo extract to 
rats (up to 1600 mg/kg/day) and rabbits (up to 900 mg/
kg/day) did not cause teratogenicity or embryotoxicity or 
affect reproduction.291,292 In contrast, a study from Pakistan 
attributed malformations in the offspring of mice to Ginkgo 
extract at 100 mg/kg/day, but found no teratogenic effects at 
78 mg/kg/day.329

A commercial Ginkgo extract and fractions of Ginkgo 
extract containing high concentrations of ginkgolic acids 
demonstrated embryotoxic effects in the hen’s egg test 
when injected into freshly fertilised chick eggs (see 
Toxicology).293,330 The dose of the commercial Ginkgo extract 
was not specified.330
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A study claimed to have identified the highly toxic alkaloid 
colchicine in a commercial Ginkgo preparation and linked this 
to their discovery of the presence of colchicine in the placen-
tal blood of women who had used herbal supplements. The 
herbal supplements taken by the women were not identified 
and it was not clear whether Ginkgo was one of them.331 
Colchicine has never been detected in Ginkgo previously and 
studies conducted since the findings were released have failed 
to detect colchicine in commercial preparations.332–334 The 
validity of the colchicine findings and the conclusions drawn 
from them have been vigorously criticised.332,335 (See Chapter 
5 for a further discussion of this issue.)

Pretreatment of hamster oocytes in vitro with Ginkgo 
(1 mg/mL) significantly reduced penetration by human sperm 
compared to a control. However, significant reduction of 
sperm penetration was not observed at a concentration of 
0.1 mg/mL, which represents typical human exposure for in 
vitro research.336 (See Chapter 5 for further discussion of 
this issue.)

No data are available regarding the use of Ginkgo in breast-
feeding mothers. However, only small amounts of flavonol 
glycosides and terpene lactones accumulate in the serum and 
the serum half-life of terpene lactones is relatively short. This 
would reduce the amount available to enter the breast milk 
and the possibility of accumulation in the infant.4

A 2006 systematic review examined the literature for evi-
dence on the use, safety and pharmacology of Ginkgo in the 
context of pregnancy and lactation.337 The review found some 
weak scientific evidence that Ginkgo has antiplatelet activity 
that might be of concern during labour because of prolonged 
bleeding times. It concluded that the safety of Ginkgo in lac-
tation is unknown and recommended that it be avoided dur-
ing breastfeeding until more safety information is generated.

Effects on ability to drive or operate 
machinery
Possible improvement of these functions, especially in older 
subjects.

Side effects
Reviews and meta-analyses of clinical trials have shown 
that standardised Ginkgo extract has a remarkably low 
incidence of side effects177,291,338,339 and there were no 
differences between Ginkgo and placebo in adverse event pro-
files.291,340,341 Two adverse events were reported in 314 000 
patient years of use in 1988. Only 0.5% of 9772 patients 
reported adverse events over 44 clinical trials. Adverse events 
reported have included mild gastrointestinal complaints, 
headache, dizziness, allergic skin reactions and palpitations.291 
Palpitations and ventricular arrhythmia have been associated 
with Ginkgo use in a case report.342

More than 5 million units of Ginkgo preparations were sold 
in Germany in 1998 alone.343 German authorities recorded 
117 reports of adverse effects in connection with preparations 
containing Ginkgo from 1990 to 2000, including non-stand-
ardised extracts, homeopathics and multi-ingredient prepa-
rations. Ginkgo was indicated as the only medication in 65 

cases.344 By 2002 the number of adverse reactions was 185. 
In fact, given the widespread use of Ginkgo, the number of 
published adverse reactions is remarkably low.

The primary concern of an adverse reaction occurring with 
Ginkgo commonly expressed in the literature is an increase 
of bleeding or an initiation of spontaneous bleeding, as doc-
umented in several case studies (discussed below). A 2005 
review of spontaneous bleeding associated with Ginkgo use 
reported 15 published cases of purported Ginkgo-induced 
bleeding events, including one new case report described in 
the publication. The review, however, commented there was 
very limited evidence to support Ginkgo being a risk factor 
for bleeding due the documented cases involving concomi-
tant drug use, inadequate reporting or a lack of re-challenge 
to establish causation.345 The review did document a new 
case, where re-challenge with Ginkgo evoked spontane-
ous bleeding in a 73-year-old Caucasian male who reported 
haemorrhoidal bleeding and increased bleeding from minor 
skin trauma. He was taking a standardised Ginkgo prepara-
tion (75 mg/day). After stopping Ginkgo (6-week washout 
period) his bleeding time was assessed via a ‘blinded’ labo-
ratory test at 5.5 min (normal range 2.5 to 9.5 min). When 
Ginkgo use was reinitiated, his bleeding time increased to 
>15 min and he started noticing occasional ecchymoses, 
although coagulation studies were still normal. After discon-
tinuing Ginkgo, the patient experienced no further haema-
tological abnormalities (although over the next few years he 
developed Alzheimer’s dementia).

Other cases of spontaneous cerebral or extracerebral bleed-
ing346–351 attributed to the intake of Ginkgo preparations have 
also been reported. It was not possible to establish Ginkgo 
as the cause in any of these cases. Prolonged bleeding times 
were noted in two of the bleeding cases,346,348 although the 
bleeding time quoted in one is widely considered to be within 
the normal range.348 In another case involving spontaneous 
hyphema, the authors state that, after extensive ophthalmo-
logical and haematological investigations, no putative causes 
were recorded other than Ginkgo intake.352 Use of Ginkgo 
has also been attributed to one case of postoperative bleed-
ing following laparoscopic cholecystectomy.303 Other isolated 
cases of spontaneous bleeding have been attributed to drug 
interactions with Ginkgo (see Interactions above).

Contrary to these isolated case histories, a 7-day haema-
tological study involving 40 elderly subjects (65 to 79 years 
of age) who were administered a Ginkgo extract (240 mg/
day) demonstrated no change on primary haemostasis.353 The 
complete set of PFA-100 in vitro bleeding time and coagula-
tion parameters including prothrombin time, activated partial 
thromboplastin time and INR confirmed no statistically signif-
icant prolongation in bleeding time or coagulation parameters 
in patients. A prospective, double blind, randomised, placebo-
controlled trial tested a Ginkgo extract (120, 240 or 480 mg 
over 14 days) in 32 healthy men to evaluate any haematologi-
cal changes.354 Results revealed no alterations of platelet func-
tion or coagulation and no adverse bleeding events.

Another 2005 systematic review of case reports con-
cluded that the causality between Ginkgo intake and bleed-
ing is unlikely.355 A systematic review of eight randomised 
controlled trials, also published in 2005, concluded that the 
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available evidence does not demonstrate that Ginkgo extract 
causes significant changes in blood coagulation parameters.356

The 2008 review cited under Interactions also sought to 
understand the evidence for the impact of Ginkgo on hae-
mostasis and the case reports of increased bleeding.312 None 
of the trials reviewed (including some summarised above) 
demonstrated any convincing evidence for the impact of 
Ginkgo on haemostasis. The 21 case reports identified were 
of low quality. Not only was there variability in Ginkgo 
products, but also the documentation of key factors such as 
product name, standardisation and other potentially active 
ingredients were generally absent. The low quality of these 
case reports casts doubts on causality. The large Mediplus 
database study found the frequency of reported bleeding 
events in patients taking Ginkgo was the same as in patients 
not taking Ginkgo. The review concluded that, similar to 
most medicinal herbs, the possibility of a rare idiosyncratic 
bleeding event due to Ginkgo use is very unlikely, but cannot 
be excluded.312

From 2000 to 2008 the GEM study assessed 3069 healthy 
volunteers treated with standardised Ginkgo extract (240 mg/
day) or placebo for incident dementia. There were no statisti-
cally significant differences in the rate of major bleeding, and 
no difference between the groups for the incidence of bleed-
ing in the patients taking aspirin. However, compliance during 
the trial was low.167

To date, the balance of the evidence indicates that Ginkgo 
has an extremely low chance of provoking spontaneous bleed-
ing, if at all. Rare cases of idiosyncratic increases in bleeding 
may occur in certain individuals, hence monitoring is advised 
in cases of known haematological abnormalities, close to sur-
gery or in high-dosage with concomitant use of anticoagulants 
and antiplatelet drugs.

A substantial part of the misunderstanding that Ginkgo 
alters haemostasis probably arises from knowledge of its 
capacity to enhance tissue perfusion and inhibit PAF. But 
these are both quite separate phenomena.

PAF is a weak activator of platelets not of primary impor-
tance to the process of haemostasis, and its inhibition is 
unlikely to cause haemorrhage.312 PAF-mediated aggrega-
tion of human platelets in vitro was half-maximally inhibited 
by ginkgolide B at a concentration of 2.5 μg/mL. (Ginkgolide 
B is present at about 0.5% in standardised Ginkgo extract.) 
Higher concentrations were required for the other gink-
golides. These concentrations are more than 100 times higher 
than peak plasma levels measured after oral intake of Ginkgo 
extract at doses of 120 to 240 mg.

Some clinical studies show that standardised Ginkgo 
extract increases blood flow to and within an organ, and to tis-
sues, or it may have a regulatory effect (dilating or constrict-
ing blood vessels depending upon the condition). Increases in 
blood flow mean Ginkgo improves oxygen and nutrient supply 
to the organs and tissues, but this does not mean it increases 
the risk of haemorrhage.

Ginkgo has also decreased blood viscosity in healthy vol-
unteers143,357 and patients (often with initially elevated lev-
els),195,267,358,359 but blood viscosity is related to friction 
among red blood cells and is a measure of blood flow and tis-
sue perfusion. In a trial involving healthy elderly volunteers, 

in addition to reducing blood viscosity, Ginkgo improved cer-
ebral perfusion and cognitive function.360

Ginkgo has been shown to modify circulating platelet 
aggregates in pathological conditions. In a small, randomised, 
placebo-controlled trial, Ginkgo extract (120 mg/day) over a 
period of 12 weeks reduced the elevated platelet reactivity 
index (a measure of platelet aggregates) in elderly patients 
with cerebral insufficiency and ‘cerebral vascular risk’ (risk 
of stroke).360 Ginkgo appears to have shifted elevated plate-
let aggregates towards normal. Note that the test system used 
did not assess the capacity of platelets to aggregate under nor-
mal physiological conditions.

Cases of Stevens-Johnson syndrome associated with 
the use of preparations containing Ginkgo have been 
reported.344,361 Stevens-Johnson syndrome is an acute inflam-
matory skin disease that affects the skin and mucous mem-
branes of the face and mouth.

Severe circulatory disturbances, local phlebitis, allergic skin 
reactions and anaphylactic shock may occur with parenteral 
use of standardised Ginkgo extracts.338 Injectable prepara-
tions have been disallowed in some European countries.362

Hypersensitivity reactions to standardised extracts of 
Ginkgo leaf are extremely rare, indicating that it has a very 
low potential for sensitisation.291,363 However, cases of aller-
gic contact dermatitis to Ginkgo fruit pulp have been repeat-
edly reported.364 Gastrointestinal disturbances (tenesmus, 
stomatitis and proctitis) have also been reported after con-
sumption of the fruit.338,365 Provocation tests in patients and 
animal experiments have identified alkylphenols such as gink-
golic acids as the causative constituents.298 Tests in guinea 
pigs have shown that, although sensitisation developed with 
purified ginkgolic acids, it failed to occur to leaf extract con-
taining approximately 1000 ppm ginkgolic acids,364 which 
is 200 times higher than the level deemed acceptable for 
standardised extracts. Nonetheless, consumption of Ginkgo 
extracts containing ginkgolic acids above acceptable lev-
els may constitute a risk to those who are allergic to plants 
from the Anacardiaceae family, such as poison ivy and cashew, 
because of cross-reactivity between the alkylphenols of the 
two families.299

A diffuse morbilliform eruption occurred in a 66-year-old 
woman about 1 week after the ingestion of a Ginkgo prepa-
ration that was suspected to be due to alkylphenols.366 The 
alkylphenol level of the preparation was not measured.

Manic psychosis has been questionably associated with the 
use of Ginkgo in two sisters who had been consuming the 
herb for approximately 2 years at a dosage twice that recom-
mended. A few months before onset of symptoms the dose 
had been further increased. Family psychiatric history was sig-
nificant for paranoid schizophrenia on the paternal side. They 
were stabilised on medication and 6 months later were free 
of all medications and were not manifesting psychiatric symp-
toms. Almost 1 year after the first episode one sister had a 
relapse while not taking Ginkgo.367 One case of hypomania 
has been reported; however, the patient (with a history of 
mild traumatic brain injury) combined an unknown Ginkgo 
preparation with St John’s wort, fluoxetine and buspirone. 
Hence the exact cause of the adverse reaction cannot be 
determined.294



622

Materia MedicaP A R T  T H R E E

Overdosage
Intoxication generally occurs after ingestion of large numbers 
of Ginkgo seeds and young children are more vulnerable to 
poisoning. Those under the age of 6 comprise about 74% of 
cases.368 Symptoms include vomiting, diarrhoea, irritabil-
ity, seizure and in some cases death.369–372 The number of 
seeds consumed in reported fatalities ranged from 15 to 574 
pieces.369 The neurotoxin 4′-O-methylpyroxidine, which can 
cause vitamin B6 deficiency symptoms as noted previously, 
is thought to be responsible.371,372 Intravenous vitamin B6 
(2 mg/kg) has been used to treat Ginkgo seed poisoning.369

As mentioned previously, the stems and leaves of Ginkgo 
also contain 4′-O-methylpyroxidine (ginkgotoxin).373,374 This 
toxin has been measured at levels of 42 μg/g fresh weight of 
stem209 and up to 80 μg/g in raw seed.208 The highest con-
centration of 4′-O-methylpyroxidine in medicinal prepara-
tions tested conferred a daily dose of 60 μg.374 In contrast, 
the acute oral toxic dose was measured at 11 mg/kg in guinea-
pigs.371,372 The ingestion of normal quantities of Ginkgo 
extracts and of boiled Ginkgo seeds (eaten in Japan) is not 
expected to cause detrimental effects,373,374 although inges-
tion of seeds should be limited, particularly in children. In 
extreme cases of overdosage of Ginkgo extract the phyto-
chemicals noted above may cause toxic effects, but even this 
is unlikely given the low toxicity observed for the extract.

Safety in children
No side effects were observed in infants (2 to 7 months old) 
with hypoxic-ischaemic encephalopathy treated with stand-
ardised Ginkgo extract (0.5 mL/day, oral) for 2 months.375 

Standardised Ginkgo extract has also been used to treat 
asthma in children (see previous).

Cases of poisoning have been reported in young children 
after ingestion of a large number of Ginkgo seeds, 50 or more 
in some cases (see Overdosage).369–372 Japanese authori-
ties advise that children should not eat more than five seeds 
(nuts) per day and that they should not eat seeds every day.368 
However, the risk of toxic or adverse effects in children for 
Ginkgo leaf extract is very low.

Regulatory status in selected 
countries

Ginkgo is included on the General Sale List in the UK.
Standardised Ginkgo leaf extract is covered by a positive 

German Commission E monograph, but Ginkgo leaf is cov-
ered by a negative Commission E monograph.

Ginkgo is official in the British Pharmacopoeia 2012 and 
the European Pharmacopoeia 2012.

In the USA Ginkgo is official in the United States 
Pharmacopeia-National Formulary (USP 34-NF 29, 2011).

Ginkgo does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (Dietary Supplement Health and Education Act of 
1994).

Ginkgo is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.

References

	 1.	 Bensky D, Gamble A. Chinese Herbal 
Medicine Materia Medica. Seattle: 
Eastland Press; 1986. pp. 560–561.

	 2.	 Allaby M, ed. The Concise Oxford 
Dictionary of Botany. Oxford: Oxford 
University Press; 1992. p. 177.

	 3.	 Willard T. The Wild Rose Scientific Herbal. 
Calgary: Wild Rose College Natural 
Healing; 1991. p. 142.

	 4.	 McKenna DJ, Jones K, Hughes K, et al. 
Botanical Medicines: The Desk Reference 
for Major Herbal Supplements, 2nd ed. 
New York: The Haworth Herbal Press; 
2002. pp. 480–448.

	 5.	 Hong Kong Consumer Council. Test Casts 
Doubt on Clinical Benefits of Ginkgo Leaf 
Products with Non-Standardized Extract. 
Choice No. 289, 15 November 2002.

	 6.	 Ding S, Dudley E, Plummer S, et al. 
Rapid Commun Mass Spectrom. 
2006;20(18):2753–2760.

	 7.	 Wagner H, Bladt S. Plant Drug Analysis: A 
Thin Layer Chromatography Atlas, 2nd ed. 
Berlin: Springer-Verlag; 1996. p. 237.

	 8.	 DeFeudis FV. Ginkgo Biloba Extract 
(Egb 761): Pharmacological Activities 

and Clinical Applications. Amsterdam: 
Elsevier; 1991. pp. 10–13.

	 9.	 Singh B, Kaur P, Gopichand Fitoterapia. 
2008;79(6):401–418.

	 10.	 Blumenthal M, ed. The Complete German 
Commission E Monographs: Therapeutic 
Guide to Herbal Medicines. Austin: 
American Botanical Council; 1998.  
p. 137.

	 11.	 World Health Organization. WHO 
Monographs on Selected Medicinal Plants, 
vol. 1. Geneva: WHO; 1999. p. 158.

	 12.	 van Beek TA, Montoro P. J Chromatogr A. 
2009;1216(11):2002–2032.

	 13.	 Duff Sloley B, Tawfik SR, Scherban 
KA, Tam YK. J Food Drug Anal. 
2003;11(2):102–107.

	 14.	 Saevels J, Corthout J. J Pharm Belg. 
2005;60(4):129–134.

	 15.	 Chung KF, Dent G, McCusker M, et al. 
Lancet. 1987;1(8527):248–251.

	 16.	 Braquet P, Touqui L, Shen TY, et al. 
Pharmacol Rev. 1987;39:97–145.

	 17.	 Lane HC, Fauci AS. Ann Intern Med. 
1985;103(5):714–718.

	 18.	 Stanworth DR, Griffiths HR, Braquet P. New 
Trends Lipid Mediat Res. 1988;2:18–25.

	 19.	 Guinot P, Summerhayes C, Berdah L, et al. 
Lancet. 1988;2(8602):114.

	 20.	 Roberts NM, McCusker M, Chung KF, 
et al. Br J Clin Pharmacol. 1988;26:65–72.

	 21.	 Braquet P, Etienne A, Touvay C, et al. 
Lancet. 1985;1:1501.

	 22.	 Vilain B, Lagente V, Touvay C, 
et al. Pharmacol Res Commun. 
1986;18(suppl):119–126.

	 23.	 Barnes PJ, Chung KF, Page CP. Pharmacol 
Rev. 1988;40(1):49–84.

	 24.	 Bourgain RH, Maes L, Andries R, et al. 
Prostaglandins. 1986;32(1):142–144.

	 25.	 Braquet P. Adv Prostagland Thromboxane 
Leukot Res. 1986;16:179–198.

	 26.	 Strømgaard K, Nakanishi K. Angew Chem 
Int Ed Engl. 2004;43(13):1640–1658.

	 27.	 Braquet P, Paubert-Braquet M, Koltai 
M, et al. Trends Pharmacol Sci. 
1989;10(1):23–30.

	 28.	 Krieglstein J, Ausmeier F. International 
Congress on Phytotherapy, Munich, 
September 10–13, 1992.



623

Ginkgo

	 29.	 Smith PF, Maclennan K, Darlington CL.  
J Ethnopharmacol. 1996;50:131–139.

	 30.	 Oberpichler H, Beck T, Abdel-Rahman 
MM, et al. Pharmacol Res Commun. 
1988;20(5):349–368.

	 31.	 Duverger D, DeFeudis FV, Drieu K. Gen 
Pharmacol. 1995;26(6):1375–1383.

	 32.	 Hu B, Sun SG, Mei YW. Zhongguo Zhong 
Xi Yi Jie He Za Zhi. 2003;23(6):436–440.

	 33.	 Safi N, Galley P. Bordeaux Med. 
1977;10:171–176.

	 34.	 Schaffler K, Reeh PW. Arzneimittelforschung. 
1985;35:1283–1286.

	 35.	 Borzeix MG, Labos M, Hartl C, et al. Sem 
Hop (Paris). 1980;56:393–398.

	 36.	 Hansel R, Haas H. Therapie Mit 
Phytopharmaka. Berlin: Springer-Verlag; 
1984. p. 76.

	 37.	 Spinnewyn B, Blavet N, Clostre F. Presse 
Med. 1986;15:1511–1515.

	 38.	 Le Poncin-Laffitte M, Rapin J, Rapin JR. 
Arch Int Pharmacodyn. 1980;243: 
236–244.

	 39.	 Gabard B, Chatterjee SS. Naunyn 
Schmiedebergs Arch Pharmacol. 1980;311 
(suppl):R68, Abstract 271.

	 40.	 Hansel R, Haas H. Therapie Mit 
Phytopharmaka. Berlin: Springer-Verlag; 
1984. pp. 68–69.

	 41.	 Reuse-Blom S, Drieu K. Presse Med. 
1986;15:1520–1523.

	 42.	 Zhou QP, Lu JF, Wang HP, Xia Q. 
Zhejiang Da Xue Xue Bao Yi Xue Ban. 
2010;39(4):442–447.

	 43.	 Saleem S, Zhuang H, Biswal S, et al. 
Stroke. 2008;39(12):3389–3396.

	 44.	 Zhuang H, Pin S, Christen Y, Doré 
S. Cell Mol Biol (Noisy-le-grand). 
2002;48(6):647–653.

	 45.	 Janssens D, Michiels C, Delaive E, et al. 
Biochem Pharmacol. 1995;50(7):991–999.

	 46.	 Punkt K, Welt K, Schaffranietz L. Acta 
Histochem. 1995;97(1):67–79.

	 47.	 Heiss WD, Zeiler K. Pharmakother. 
1978;1:137–144.

	 48.	 Boelsma E, Lamers RJ, Hendriks HF, et al. 
Planta Med. 2004;70(11):1052–1057.

	 49.	 Mehlsen J, Drabaek H, Wiinberg N, 
Winther K. Clin Physiol Funct Imaging. 
2002;22(6):375–378.

	 50.	 Jung F, Mrowietz C, Kiesewetter H, et al. 
Arzneimittelforschung. 1990;40(5):589–
598.

	 51.	 Xia SH, Fang DC. Chin Med J (Engl). 
2007;120(10):922–928.

	 52.	 Defeudis FV. Pharmacol Res. 
2002;46(6):565–568.

	 53.	 Kiewert C, Kumar V, Hildmann O, et al. 
Brain Res. 2007;1128(1):70–78.

	 54.	 Luo Y. Life Sci. 2006;78(18):2066–2072.
	 55.	 Bastianetto S, Ramassamy C, Doré S, et al. 

Eur J Neurosci. 2000;12(6):1882–1890.
	 56.	 Rhein V, Giese M, Baysang G, et al. PLoS 

One. 2010;5(8) e12359.
	 57.	 Longpré F, Garneau P, Christen Y, 

Ramassamy C. Free Radic Biol Med. 
2006;41(12):1781–1794.

	 58.	 Augustin S, Rimbach G, Augustin K, et al. 
Arch Biochem Biophys. 2009;481(2): 
177–182.

	 59.	 Tchantchou F, Xu Y, Wu Y, et al. FASEB J. 
2007;21(10):2400–2408.

	 60.	 Kim MS, Lee JI, Lee WY, Kim SE. 
Phytother Res. 2004;18(8):663–666.

	 61.	 Joyeux M, Lobstein A, Anton R, et al. 
Planta Med. 1995;61(2):126–129.

	 62.	 Maitra I, Marcocci L, Droy-Lefaix 
MT, et al. Biochem Pharmacol. 
1995;49(11):1649–1655.

	 63.	 Hasenohrl RU, Nichau CH, Frisch 
CH, et al. Pharmacol Biochem Behav. 
1996;53(2):271–275.

	 64.	 Yan LJ, Droy-Lefaix MT, Packer 
L. Biochem Biophys Res Commun. 
1995;212(2):360–366.

	 65.	 Bridi R, Crossetti FP, Steffen VM, 
Henriques AT. Phytother Res. 
2001;15(5):449–451.

	 66.	 Ilhan A, Gurel A, Armutcu F, et al. Clin 
Chim Acta. 2004;340(1–2):153–162.

	 67.	 Artmann GM, Schikarski C. Clin Haem. 
1993;13(4):529–539.

	 68.	 Emerit I, Arutyunyan R, Oganesian 
N, et al. Free Radic Biol Med. 
1995;18(6):985–991.

	 69.	 Emerit I, Oganesian N, Sarkisian T, et al. 
Radiat Res. 1995;144(2):198–205.

	 70.	 Eckert A, Keil U, Kressmann S, et al. 
Pharmacopsychiatry. 2003;36(suppl 
1):S15–S23.

	 71.	 Leuner K, Hauptmann S, Abdel-
Kader R, et al. Antioxid Redox Signal. 
2007;9(10):1659–1675.

	 72.	 Shen J, Lee W, Gu Y, et al. Chin Med. 
2011;6:8.

	 73.	 Bernatoniene J, Majiene D, Peciura R, 
et al. Phytother Res. 2011 [Epub ahead of 
print].

	 74.	 Liu TJ, Yeh YC, Ting CT, et al. Cardiovasc 
Res. 2008;80(2):227–235.

	 75.	 Baliutyte G, Baniene R, Trumbeckaite 
S, et al. J Bioenerg Biomembr. 
2010;42(2):165–172.

	 76.	 Mozet C, Martin R, Welt K, Fitzl G. Aging 
Clin Exp Res. 2009;21(1):14–21.

	 77.	 Abdel-Kader R, Hauptmann S, Keil U, 
et al. Pharmacol Res. 2007;56(6):493–502.

	 78.	 Shi C, Xiao S, Liu J, et al. Platelets. 
2010;21(5):373–379.

	 79.	 Jensen AA, Begum N, Vogensen SB, et al.  
J Med Chem. 2007;50(7):1610–1617.

	 80.	 Ahlemeyer B, Krieglstein J. Cell Mol Life 
Sci. 2003;60(9):1779–1792.

	 81.	 Yoshitake T, Yoshitake S, Kehr J. Br J 
Pharmacol. 2010;159(3):659–668.

	 82.	 Droy-Lefaix MT, Cluzel J, Menerath JM, 
et al. Int J Tissue React. 1995;17(3): 
93–100.

	 83.	 Chermat R, Brochet D, DeFeudis FV, 
Drieu K. Pharmacol Biochem Behav. 
1997;56(2):333–339.

	 84.	 Kuribara H, Weintraub ST, Yoshihama 
T, Maruyama Y. J Nat Prod. 
2003;66(10):1333–1337.

	 85.	 Porsolt RD, Roux S, Drieu K. 
Arzneimittelforschung. 2000;50(3): 
232–235.

	 86.	 Fowler JS, Wang GJ, Volkow ND, et al. 
Life Sci. 2000;66(9):PL141–PL146.

	 87.	 Sakakibara H, Ishida K, Grundmann O, 
et al. Biol Pharm Bull. 2006;29(8): 
1767–1770.

	 88.	 Ward CP, Redd K, Williams BM, 
et al. Pharmacol Biochem Behav. 
2002;72(4):913–922.

	 89.	 DeFeudis FV, Drieu K. Curr Drug Targets. 
2000;1(1):25–58.

	 90.	 Shah ZA, Sharma P, Vohora SB. Eur 
Neuropsychopharmacol. 2003;13(5): 
321–325.

	 91.	 Puebla-Pérez AM, Lozoya X, Villaseñor-
García MM. Int Immunopharmacol. 
2003;3(1):75–80.

	 92.	 Villaseñor-García MM, Lozoya X, Osuna-
Torres L, et al. Int Immunopharmacol. 
2004;4(9):1217–1222.

	 93.	 Rai D, Bhatia G, Sen T, Palit G. J 
Pharmacol Sci. 2003;93(4):458–464.

	 94.	 Walesiuk A, Trofimiuk E, Braszko JJ. 
Pharmacol Res. 2006;53(2):123–128.

	 95.	 Walesiuk A, Braszko JJ. Phytomedicine. 
2009;16(1):40–46.

	 96.	 Walesiuk A, Braszko JJ. Fitoterapia. 
2010;81(1):25–29.

	 97.	 Jezova D, Duncko R, Lassanova M, et al.  
J Physiol Pharmacol. 2002;53(3):337–348.

	 98.	 Kudolo GB. Clin Chem. 2007;53 
(6 suppl S):A186.

	 99.	 Winter E. Pharmacol Biochem Behav. 
1991;38(1):109–114.

	100.	 Porsolt RD, Martin P, Lenegre A, 
et al. Pharmacol Biochem Behav. 
1990;36(4):963–971.

	101.	 Rapin JR, Lamproglou I, Drieu K, et al. 
Gen Pharmacol. 1994;25(5):1009–1016.

	102.	 Maclennan KM, Darlington CL, Smith PF. 
Prog Neurobiol. 2002;67(3):235–257.

	103.	 Zhang M, Cai J. Behav Pharmacol. 
2005;16(8):651–656.

	104.	 Wang Y, Wang L, Wu J, Cai J. Br J 
Pharmacol. 2006;148(2):147–153.

	105.	 Müller WE, Chatterjee SS. 
Pharmacopsychiatry. 2003;36 
(suppl 1):S24–S31.

	106.	 Mustafa A, El-Medany A, Hagar 
HH, El-Medany G. Pharmacol Res. 
2006;53(4):324–330.

	107.	 Chen SH, Liang YC, Chao JC, et al. World 
J Gastroenterol. 2005;11(24):3746–3750.

	108.	 JaeSeung P, JinHaeng L. J Urol. 
1996;156(5):1876–1880.

	109.	 Wojcicki J, Samochowiec L, Juzwiak S, 
et al. Phytomedicine. 1994;1:33–38.

	110.	 Kobayashi N, Suzuki R, Koide C, et al. 
Yakugaku Zasshi. 1993;113(10): 
718–724.

	111.	 Della Loggia R, Sosa S, Tubaro A, et al. 
Fitoterapia. 1996;67(3):257–264.

	112.	 Smith PF, Darlington CL. J Vestib Res. 
1994;4(3):169–179.



624

Materia MedicaP A R T  T H R E E

	113.	 Moreau JP, Eck CR, McCabe J, Skinner 
S. Presse Med. 1986;15(31):1458–1461. 
[Article in French].

	114.	 Pietta PG, Gardana C, Mauri PL, 
et al. J Chromatogr B Biomed Appl. 
1995;673(1):75–80.

	115.	 Watanabe CM, Wolffram S, Ader 
P, et al. Proc Natl Acad Sci USA. 
2001;98(12):6577–6580.

	116.	 Zhao Y, Sun Y, Li C. J Am Soc Mass 
Spectrom. 2008;19(3):445–449.

	117.	 Zhao Y, Wang L, Bao Y, Li C. Rapid 
Commun Mass Spectrom. 2007;21(6): 
971–981.

	118.	 Rangel-Ordóñez L, Nöldner M, Schubert-
Zsilavecz M, Wurglics M. Planta Med. 
2010;76(15):1683–1690.

	119.	 Biber A, Koch E. Planta Med. 
1999;65(2):192–193.

	120.	 Wang DL, Liang Y, Chen WD, et al. Acta 
Pharmacol Sin. 2008;29(3):376–384.

	121.	 Fang W, Deng Y, Li Y, et al. Eur J Pharm 
Sci. 2010;39(1–3):8–14.

	122.	 Pietta PG, Gardana C, Mauri PL. 
J Chromatogr B Biomed Sci Appl. 
1997;693(1):249–255.

	123.	 Biber A. Pharmacopsychiatry. 
2003;36(suppl 1):S32–S37.

	124.	 Wang FM, Yao TW, Zeng S. J Pharm 
Biomed Anal. 2003;33(2):317–321.

	125.	 Kleijnen J, Knipschild P. Lancet. 
1992;340(8828):1136–1139.

	126.	 Fourtillan JB, Brisson AM, Girault J, et al. 
Therapie. 1995;50(2):137–144.

	127.	 Drago F, Floriddia ML, Cro M, 
Giuffrida S. J Ocul Pharmacol Ther. 
2002;18(2):197–202.

	128.	 Mauri P, Minoggio M, Iemoli L, et al.  
J Pharm Biomed Anal. 2003;32(4–5): 
633–639.

	129.	 Mauri P, De Palma A, Pozzi F, et al.  
J Pharm Biomed Anal. 2006;40(3):763–768.

	130.	 Mauri P, Simonetti P, Gardana C, 
et al. Rapid Commun Mass Spectrom. 
2001;15(12):929–934.

	131.	 Kressmann S, Biber A, Wonnemann 
M, et al. J Pharm Pharmacol. 
2002;54(11):1507–1514.

	132.	 Amar K, Wilcock G. Br Med J. 
1996;312(7025):227–231.

	133.	 Pantoni L, Garcia JH. Ann NY Acad Sci. 
1997;826:92–102.

	134.	 Kleijnen J, Knipschild P. Br J Clin 
Pharmacol. 1992;34(4):352–358.

	135.	 Hartmann A, Frick M. MMW. 
1991;133(suppl):S23–S25.

	136.	 Hopfenmuller W. Arzneim-Forsch. 
1994;44(9):1005–1013.

	137.	 Eckmann F, Schlag H. Fortschr Med. 
1982;100(31–32):1474–1478.

	138.	 Leroy H, Salaun P, Chovelon R, et al. Vie 
Medicale. 1978;28:2513–2519.

	139.	 Boudouresques C, Vigouroux 
R, Boudouresques J. Med Pract. 
1975;598:75–78.

	140.	 Tea S, Celsis P, Clanet M, et al. Gaz Med 
Fr. 1979;86(35):4149–4152.

	141.	 Zeng X, Liu M, Yang Y, et al. Cochrane 
Database Syst Rev. 2005;4:CD003691 
[republished 2009].

	142.	 Garg RK, Nag D, Agrawal A. J Assoc 
Physicians India. 1995;43(11):760–763.

	143.	 Santos RF, Galduróz JC, Barbieri A, et al. 
Pharmacopsychiatry. 2003;36(4):127–133.

	144.	 Mashayekh A, Pham DL, Yousem DM, 
et al. Neuroradiology. 2011;53(3): 
185–191.

	145.	 Bornhöft G, Maxion-Bergemann S, 
Matthiessen PF. Z Gerontol Geriatr. 
2008;41(4):298–312. [Article in German].

	146.	 Napryeyenko O, Borzenko I. GINDEM-
NP Study Group. Arzneimittelforschung. 
2007;57(1):4–11.

	147.	 Schneider LS, DeKosky ST, Farlow MR, 
et al. Curr Alzheimer Res. 2005;2(5): 
541–551.

	148.	 McCarney R, Fisher P, Iliffe S, et al. Int J 
Geriatr Psychiatry. 2008;23(12): 
1222–1230.

	149.	 Napryeyenko O, Sonnik G, Tartakovsky I. 
J Neurol Sci. 2009;283(1–2):224–229.

	150.	 Institut für Qualität und Wirtschaftlichkeit 
im Gesundheitswesen (IQWiG). IQWiG 
Reports – Commission No. A05–19B, 
Executive Summary, version 1.0, 
September 2008. <http://www.iqwig.de/
download/A05–19B_Executive_Summary_
Ginkgo_in_Alzheimers_disease.pdf>. 
Accessed 29.09.11.

	151.	 Winckler T. Pharm Unserer Zeit. 
2009;38(5):454–461. [Article in German].

	152.	 Birks J, Grimley Evans J. Cochrane 
Database Syst Rev. 2009;1:CD003120.

	153.	 Weinmann S, Roll S, Schwarzbach C, et al. 
BMC Geriatr. 2010;10:14.

	154.	 Wang BS, Wang H, Song YY, et al. 
Pharmacopsychiatry. 2010;43(3):86–91.

	155.	 Ihl R, Tribanek M, Bachinskaya N. J Neurol 
Sci. 2010;299(1–2):184–187.

	156.	 Kasper S, Schubert H. Fortschr Neurol 
Psychiatr. 2009;77(9):494–506. [Article in 
German].

	157.	 Le Bars PL, Katz MM, Berman N, et al. 
JAMA. 1997;278(16):1327–1332.

	158.	 Le Bars PL, Kieser M, Itil KZ. Dement 
Geriatr Cogn Disord. 2000;11(4): 
230–237.

	159.	 Le Bars PL, Velasco FM, Ferguson JM, 
et al. Neuropsychobiology. 2002;45(1): 
19–26.

	160.	 Mazza M, Capuano A, Bria P, Mazza S. Eur 
J Neurol. 2006;13(9):981–985.

	161.	 Kanowski S, Herrmann WM, Stephan K, 
et al. Pharmacopsychiatry. 1996;29(2): 
47–56.

	162.	 Kanowski S, Hoerr R. Pharmacopsychiatry. 
2003;36(6):297–303.

	163.	 van Dongen M, van Rossum E, Kessels A, 
et al. J Clin Epidemiol. 2003;56(4): 
367–376.

	164.	 Le Bars PL. Pharmacopsychiatry. 
2003;36(suppl 1):S50–S55.

	165.	 Yancheva S, Ihl R, Nikolova G, et al. Aging 
Ment Health. 2009;13(2):183–190.

	166.	 Hoerr R. Phytomedicine. 2005;12(8): 
598–600.

	167.	 DeKosky ST, Williamson JD, Fitzpatrick 
AL, et al. JAMA. 2008;300(19):2253–
2262.

	168.	 Dodge HH, Zitzelberger T, Oken BS, et al. 
Neurology. 2008;70(19 Pt 2):1809–1817.

	169.	 Andrieu S, Gillette S, Amouyal K, 
et al. J Gerontol A Biol Sci Med Sci. 
2003;58(4):372–377.

	170.	 Ipsen. Encouraging results of GuidAge®, 
large scale European trial conducted in 
the prevention of Alzheimer’s Dementia. 
Available online: <http://www.ipsen.
com/sites/default/files/communiques-
presse/PR%20GuidAge%20Results%20
FINAL%20EN.pdf>. Accessed 30.09.11.

	171.	 Snitz BE, O’Meara ES, Carlson MC, et al. 
JAMA. 2009;302(24):2663–2670.

	172.	 American Botanical Council, News 
Release December 29, 2009. <http://abc.
herbalgram.org/site/MessageViewer?em_
id=9801.0>. Accessed 11.02.10.

	173.	 Yahoo! Finance, Schwabe Statement 
on Article by Snitz et al, JAMA 2009. 
<http://finance.yahoo.com/news/
Schwabe-Statement-on-Article-
bw-793688901.html?x=0&.v=1>. 
Accessed 11.02.10.

	174.	 Blasko I, Kemmler G, Krampla W, et al. 
Neurobiol Aging. 2005;26(8):1135–1143.

	175.	 Blasko I, Jungwirth S, Jellinger K, et al.  
J Psychiatr Res. 2008;42(11):946–955.

	176.	 Horsch S, Walther C. Int J Clin Pharmacol 
Ther. 2004;42(2):63–72.

	177.	 Pittler MH, Ernst E. Am J Med. 
2000;108(4):276–281.

	178.	 Gardner CD, Taylor-Piliae RE, Kiazand 
A, et al. J Cardiopulm Rehabil Prev. 
2008;28(4):258–265.

	179.	 Wang J, Zhou S, Bronks R, et al. Clin 
Rehabil. 2007;21(7):579–586.

	180.	 Nicolai SP, Kruidenier LM, Bendermacher 
BL, et al. Cochrane Database Syst Rev. 
2009;2:CD006888.

	181.	 Muir AH, Robb R, McLaren M, et al. Vasc 
Med. 2002;7(4):265–267.

	182.	 Choi WS, Choi CJ, Kim KS, et al. Clin 
Rheumatol. 2009;28(5):553–559.

	183.	 Steins A, Zuder D, Hahn M, et al. Eur J 
Dermatol. 1997;7(2):109–111.

	184.	 Maillet P, Bazex J, d’Arbingy P, et al. 
In: Clostre F, DeFeudis FV, eds. 
Cardiovascular Effects of Ginkgo Biloba 
Extract (EGb 761) (Advances in Ginkgo 
Biloba Extract Research 3). Paris: Elsevier; 
1994. pp. 151–160.

	185.	 Rodríguez M, Ringstad L, Schäfer P, et al. 
Atherosclerosis. 2007;192:438–444.

	186.	 Lippi G, Targher G, Guidi GC. 
Atherosclerosis. 2007;195:417–418.

	187.	 Pati U, Pati N. Mol Genet Metab. 
2000;71(1–2):87–92.

	188.	 Boffa MB, Marcovina SM, Koschinsky ML. 
Clin Biochem. 2004;37(5):333–343.

	189.	 Schäfer P, Rodríguez M, Siegel G. 
Atherosclerosis. 2007;195:419–422.

http://www.iqwig.de/download/
http://www.iqwig.de/download/
http://www.iqwig.de/download/
http://www.ipsen.com/sites/default/files/
http://www.ipsen.com/sites/default/files/
http://www.ipsen.com/sites/default/files/
http://www.ipsen.com/sites/default/files/
http://abc.herbalgram.org/site/MessageViewer?em_id &equals; 9801.0
http://abc.herbalgram.org/site/MessageViewer?em_id &equals; 9801.0
http://abc.herbalgram.org/site/MessageViewer?em_id &equals; 9801.0
http://finance.yahoo.com/news
http://finance.yahoo.com/news
http://finance.yahoo.com/news


625

Ginkgo

	190.	 Wu Y, Li S, Cui W, et al. Planta Med. 
2007;73:624–628.

	191.	 Wu Y, Li S, Cui W, et al. Phytomedicine. 
2008;15:164–169.

	192.	 Siegel G, Schafer P, Sauer F, et al. Z 
Phytother. 2008;29(S1):S16.

	193.	 Pietri S, Seguin JR, D’Arbigny P, et al. 
Cardiovasc Drugs Ther. 1997;11(2): 
121–131.

	194.	 Israel L, Della’ Accio E, Martin G, et al. 
Psychol Med. 1987;19:1431–1439.

	195.	 Witte S, Anadere I, Walitza E. Fortschr 
Med. 1992;110(13):247–250.

	196.	 Kalus JS, Piotrowski AA, Fortier CR, et al. 
Ann Pharmacother. 2003;37(3):345–349.

	197.	 Dubreuil C. Presse Med. 
1986;15(31):1559–1561.

	198.	 Baschek V, Steinert W. In: Claussen CF, 
Kirtane MV, Schlitter K, eds. Vertigo, 
Nausea, Tinnitus and Hypoacusia, in 
Metabolic Disorders. Amsterdam: Elsevier; 
1988. pp. 575–582.

	199.	 Hoffmann F, Beck C, Schutz A, et al. 
Laryngorhinootologie. 1994;73(3): 
149–152.

	200.	 Kumar A, Raizada RM, Chaturvedi VN. 
Indian J Otolaryngol Head Neck Surg. 
2000;52(3):212–219.

	201.	 Burschka MA, Hassan HA, Reineke 
T, et al. Eur Arch Otorhinolaryngol. 
2001;258(5):213–219.

	202.	 Reisser CH, Weidauer H. Acta 
Otolaryngol. 2001;121(5):579–584.

	203.	 Schwerdtfeger F. 
Elektronystagmographisch und klinisch 
dokumentierte Therapie-erfahrungen 
mit rokan bei Schwindelsymptomatick. 
Therapiewoche. 1981;31:8658–8667. In: 
DeFeudis FV. Ginkgo Biloba Extract  
(EGb 761): Pharmacological Activities  
and Clinical Applications. Paris: Elsevier; 
1991.

	204.	 Hamann KF. Physikalische Therapie des 
vestibularen Schwindels in Verbindung mit 
GBE. Therapiewoche. 1985;35:4586–4590. 
In: DeFeudis FV. Ginkgo Biloba Extract 
(EGb 761): Pharmacological Activities and 
Clinical Applications. Paris: Elsevier; 1991.

	205.	 Haguenauer JP, Cantenot F, Koskas H, 
et al. Presse Med. 1986;15(31): 
1569–1572.

	206.	 Orendorz-Fraczkowska K, Pospiech 
L, Gawron W. Otolaryngol Pol. 
2002;56(1):83–88.

	207.	 Hamann KF. HNO. 2007;55(4):258–263. 
[Article in German].

	208.	 Chesseboeuf L, Herard J, Trevin J. Etude 
comparative de deux vasoregulaterus 
dans les hypoacousies et les syndromes 
vertigineux. Med Nord Est. 1979;3: 
534–539. In: DeFeudis FV. Ginkgo Biloba 
Extract (EGb 761): Pharmacological 
Activities and Clinical Applications. Paris: 
Elsevier; 1991.

	209.	 Artieres J. Effets therapeutiques du 
Tanakan sur les hypoacousies et les 
acouphenes. Lyon Mediterr Med. 
1978;14:2503–2515. In: DeFeudis FV. 

Ginkgo Biloba Extract (EGb 761): 
Pharmacological Activities and Clinical 
Applications. Paris: Elsevier; 1991.

	210.	 Meyer B. Presse Med. 1986;15(31): 
1562–1564.

	211.	 Plath P, Olivier J. Adv Otorhinolaryngol. 
1995;49:101–104.

	212.	 Partheniadis-Stumpf M, Maurer J, Mann 
W. Laryngorhinootologie. 1993;72(1): 
28–31.

	213.	 Vorberg G, Schenk N, Schmidt U. Herz 
Gefasse. 1989;9:936–941.

	214.	 Holgers KM, Azelsson A, Pringle I. 
Audiology. 1994;33(2):85–92.

	215.	 Drew S, Davies E. BMJ. 
2001;322(7278):73.

	216.	 Morgenstern C, Biermann E. Int J Clin 
Pharmacol Ther. 2002;40(5):188–197.

	217.	 Holstein N. Fortschr Med Orig. 
2001;118(4):157–164.

	218.	 Rejali D, Sivakumar A, Balaji N. Clin 
Otolaryngol Allied Sci. 2004;29(3): 
226–231.

	219.	 Hilton M, Stuart E. Cochrane Database 
Syst Rev. 2004;2:CD003852.

	220.	 Morgenstern C, Biermann E. Fortschr Med. 
1997;115(29):57–58.

	221.	 Hoerr R, Napryeyenko O, Borzenko 
I. Focus Altern Complement Ther. 
2007;12:26–27.

	222.	 Canis M, Olzowy B, Welz C, et al. Am J 
Otolaryngol. 2011;32(1):19–23.

	223.	 Schapowal S, Spokesperson of the 
European Federation of Tinnitus 
Associations. National Health News, 
Australian Healthcare & Hospitals 
Association, September 4, 2007. Available 
online: <http://www.aushealthcare.com.
au/news/news_details.asp?nid=9688>. 
Accessed 22.07.09.

	224.	 [No authors listed]. Forsch 
Komplementarmed. 2008;15(2):115–117.

	225.	 Seo BS, Lee HJ, Mo JH, et al. 
Arch Otolaryngol Head Neck Surg. 
2009;135(10):1000–1004.

	226.	 Evans JR. Cochrane Database Syst Rev. 
2000;2:CD001775.

	227.	 Lebuisson DA, Leroy L, Rigal G. Presse 
Med. 1986;15(31):1556–1558.

	228.	 Fies P, Dienel A. Wien Med Wochenschr. 
2002;152(15–16):423–426.

	229.	 Chung HS, Harris A, Kristinsson JK, et al. 
J Ocul Pharmacol Ther. 1999;15(3): 
233–240.

	230.	 Quaranta L, Bettelli S, Uva MG, et al. 
Ophthalmology. 2003;110(2):359–362.

	231.	 Ha SJ, Rho SH. J Korean Ophthalmol Soc. 
2003;44(9):2047–2057.

	232.	 Vessaini RM, Medeiros F, Susanna 
FL, et al. 3rd International Glaucoma 
Symposium. Prague, Czech Republic: 
March 21–25, 2001.

	233.	 DeFeudis FV. Ginkgo Biloba Extract 
(EGb 761): Pharmacological Activities 
and Clinical Applications. Amsterdam: 
Elsevier; 1991. pp. 133–134.

	234.	 Lagatz WH, Fies AM, Bartsch G. Z Allg 
Med. 1990;66:573–578.

	235.	 Kudolo GB, Delaney D, Blodgett J. 
Diabetes Res Clin Pract. 2005;68(1): 
29–38.

	236.	 Huang SY, Jeng C, Kao SC, et al. Clin 
Nutr. 2004;23(4):615–621.

	237.	 Russo V, Stella A, Appezzati L, et al. Eur J 
Ophthalmol. 2009;19(3):331–336.

	238.	 Woelk H, Arnoldt KH, Kieser M, Hoerr R. 
J Psychiatr Res. 2007;41(6):472–480.

	239.	 Lingaerde O, Føreland AR, Magnusson A. 
Acta Psychiatr Scand. 1999;100(1):62–66.

	240.	 Singh V, Singh SP, Chan K. Int J 
Neuropsychopharmacol. 2010;13(2): 
257–271.

	241.	 Donfrancesco R, Ferrante L. 
Phytomedicine. 2007;14(6):367–370.

	242.	 Donfrancesco R, Dell’umomo A. 
Phytomedicine. 2004;11(6):469.

	243.	 Niederhofer H. Phytother Res. 
2010;24(1):26–27.

	244.	 Frei H. Schweiz Z Ganzheitsmed. 
2002;14(1):10–13.

	245.	 Salehi B, Imani R, Mohammadi MR, 
et al. Prog Neuropsychopharmacol Biol 
Psychiatry. 2010;34(1):76–80.

	246.	 Tang Y, Xu Y, Xiong S, et al. J 
Huazhong Univ Sci Technolog Med Sci. 
2007;27(4):375–380.

	247.	 Li MH, Zhang HL, Yang BY. 
Zhongguo Zhong Xi Yi Jie He Za Zhi. 
1997;17(4):216–218.

	248.	 Huntley A, Ernst E. Thorax. 
2000;55(11):925–929.

	249.	 He Y, Yuan FY, Wang JB, et al. Chin J 
Integr Med. 2002;8(2):90–94.

	250.	 Leadbetter G, Keyes LE, Maakestad 
KM, et al. Wilderness Environ Med. 
2009;20(1):66–71.

	251.	 Tissot van Patot MC, Keyes LE, 
Leadbetter G, et al. High Alt Med Biol. 
2009;10(1):33–43.

	252.	 Kaschel R. Hum Psychopharmacol. 
2009;24(5):345–370.

	253.	 Canter PH, Ernst E. Hum 
Psychopharmacol. 2007;22(5):265–278.

	254.	 Page JW, Findley J, Crognale MA. 
J Gerontol A Biol Sci Med Sci. 
2005;60(10):1246–1251.

	255.	 Semlitsch HV, Anderer P, Saletu B, et al. 
Pharmacopsychiatry. 1995;28(4):134–142.

	256.	 Burns NR, Bryan J, Nettelbeck T. Hum 
Psychopharmacol. 2006;21(1):27–37.

	257.	 Elsabagh S, Hartley DE, Ali O, 
et al. Psychopharmacology (Berl). 
2005;179(2):437–446.

	258.	 Cieza A, Maier P, Pöppel E. Arch Med Res. 
2003;34(5):373–381.

	259.	 Solomon PR, Adams F, Silver A, et al. 
JAMA. 2002;288(7):835–840.

	260.	 Nathan PJ, Ricketts E, Wesnes K, et al. 
Hum Psychopharmacol. 2002;17(1):45–49.

	261.	 Moulton PL, Boyko LN, Fitzpatrick JL, 
Petros TV. Physiol Behav. 2001;73(4): 
659–665.

http://www.aushealthcare.com.au/news/news_details.asp?nid &equals; 9688
http://www.aushealthcare.com.au/news/news_details.asp?nid &equals; 9688


626

Materia MedicaP A R T  T H R E E

	262.	 Stough C, Clarke J, Lloyd J, Nathan PJ. 
Int J Neuropsychopharmacol. 2001;4(2): 
131–134.

	263.	 Kennedy DO, Scholey AB, Wesnes 
KA. Psychopharmacology (Berl). 
2000;151(4):416–423.

	264.	 Rigney U, Kimber S, Hindmarch I. 
Phytotherapy Res. 1999;13(5):408–415.

	265.	 Smirnova V, Strokov I, Ivanova L, Ichunina 
A. Diabetologia. 1999;42(suppl 1):A293. 
Abstract No. 1109

	266.	 Thajeb P, Lin MS, Chen PH. Neurol. 
1996;46(2, suppl):A132. Abstract No. 
PO1 060.

	267.	 Bernardczyk-Meller J, Siwiec-Prościńska 
J, Stankiewicz W, et al. Klin Oczna. 
2004;106(4–5):569–571.

	268.	 Choi KM, Kim DR, Kim NH, et al.  
J Korean Diabetes Assoc. 2000;24(3): 
375–384.

	269.	 Zhu HW, Shi ZF, Chen YY. 
Zhongguo Zhong Xi Yi Jie He Za Zhi. 
2005;25(10):889–891.

	270.	 Li XS, Zheng WY, Lou SX, et al. Chin J 
Integr Med. 2009;15(1):26–29.

	271.	 Brochet B, Orgogozo JM, Guinot P, et al. 
Rev Neurol (Paris). 1992;148(4):299–301.

	272.	 Brochet B, Guinot P, Orgogozo JM, 
et al. J Neurol Neurosurg Psychiatry. 
1995;58(3):360–362.

	273.	 Johnson SK, Diamond BJ, Rausch S, et al. 
Explore (NY). 2006;2(1):19–24.

	274.	 Lovera J, Bagert B, Smoot K, et al. Mult 
Scler. 2007;13(3):376–385.

	275.	 Ye B, Aponte M, Dai Y, et al. Cancer Lett. 
2007;251(1):43–52.

	276.	 Gehring K, Sitskoorn MM, Aaronson 
NK, Taphoorn MJ. Lancet Neurol. 
2008;7(6):548–560.

	277.	 Shaw EG. A Phase II Study of Ginkgo 
Biloba in Irradiated Brain Tumor Patients: 
Effects on Quality of Life and Cognitive 
Function. Soc Integrative Oncology 2nd 
Intl. Conference, California, November, 
2005. Abstract #61. Available online: 
<http://www.integrativeonc.org/index.
php/final-program>. Accessed 05.10.11.

	278.	 Dardano A, Ballardin M, Ferdeghini 
M, et al. J Clin Endocrinol Metab. 
2007;92(11):4286–4289.

	279.	 Attia A, Case LD, D’Agostino R, et al.  
J Clin Oncol. 2010;28(suppl):e12523.

	280.	 Tamborini A, Taurelle R. Rev Fr Gynecol 
Obstet. 1993;88(7–9):447–457.

	281.	 Ozgoli G, Selselei EA, Mojab F, et al. J Alt 
Comp Med. 2009;15(8):845–851.

	282.	 Wheatley D. Hum Psychopharmacol. 
2004;19(8):545–548.

	283.	 Kang BJ, Lee SJ, Kim MD, Cho MJ. Hum 
Psychopharmacol. 2002;17(6):279–284.

	284.	 Cohen AJ, Bartlik B. J Sex Marital 
Therapy. 1998;24:139–145.

	285.	 Dartigues JF, Carcaillon L, Helmer C, 
et al. J Am Geriatr Soc. 2007;55(3): 
395–399.

	286.	 Hemmeter U, Annen B, Bischof R, et al. 
Pharmacopsychiatry. 2001;34(2):50–59.

	287.	 DeFeudis FV. Ginkgo Biloba Extract 
(EGb 761): Pharmacological Activities 
and Clinical Applications. Amsterdam: 
Elsevier; 1991.

	288.	 American Herbal Pharmacopoeia Ginkgo 
Leaf, Ginkgo Leaf Dry Extract – Ginkgo 
biloba L.: Standards of Analysis, Quality 
Control, and Therapeutics. Santa Cruz: 
American Herbal Pharmacopoeia; 2003.

	289.	 Keita CT. Med Afr Noire. 1997;44(suppl 
8–9):490–494. [Article in French].

	290.	 Parsad D, Pandhi R, Juneja A. Clin Exp 
Dermatol. 2003;28(3):285–287.

	291.	 DeFeudis FV. Ginkgo Biloba Extract 
(EGb 761): Pharmacological Activities 
and Clinical Applications. Amsterdam: 
Elsevier; 1991. pp. 143–146.

	292.	 Blaschek W, Ebel S, Hackenthal E, et al. 
HagerROM 2002: Hagers Handbuch 
der Drogen und Arzneistoffe. Heidelberg: 
Springer; 2002.

	293.	 Baron-Ruppert G, Luepke NP. 
Phytomedicine. 2001;8(2):133–138.

	294.	 Spinella M, Eaton LA. Brain Inj. 
2002;16(4):359–367.

	295.	 Hirono I, Shibuya C, Shinizu M, et al. 
Gann. 1972;63(3):383–386.

	296.	 Bonvoison B, Guinot P. In: Braquet P, 
ed. Ginkgolides – Chemistry, Biology, 
Pharmacology and Clinical Perspectives, vol. 
2. Barcelona, JR: Prous Science Publishers; 
1989. pp. 845–854.

	297.	 Siegers CP. Phytomedicine. 1999;6(4): 
281–283.

	298.	 Koch E, Jaggy H, Chatterjee SS. Int J 
Immunopharmacol. 2000;22(3):229–236.

	299.	 Jaggy H, Koch E. Pharmazie. 
1997;52(10):735–738.

	300.	 Ahlemeyer B, Selke D, Schaper C, et al. 
Eur J Pharmacol. 2001;430(1):1–7.

	301.	 Westendorf J, Regan J. Phytomedicine. 
2000;7(suppl 2):104.

	302.	 Ang-Lee MK, Moss J, Yuan CS. JAMA. 
2001;286(2):208–216.

	303.	 Fessenden JM, Wittenborn W, Clarke L. 
Am Surg. 2001;67(1):33–35.

	304.	 Arzneimittelkommission der 
deutschen Ärzteschaft. Dtsch Ärztebl. 
2002;99(33):A2214.

	305.	 Engelsen J, Nielsen JD, Winther K. 
Thromb Haemost. 2002;87(6): 
1075–1076.

	306.	 Jiang X, Williams KM, Liauw WS, et al. Br 
J Clin Pharmacol. 2005;59(4):425–432.

	307.	 Jiang X, Blair EY, McLachlan AJ. J Clin 
Pharmacol. 2006;46(11):1370–1378.

	308.	 Engelsen J, Nielsen JD, Hansen KF. Ugeskr 
Laeger. 2003;165(18):1868–1871.

	309.	 DeLoughery TG, Kaye JA, Morris CD, 
et al. Blood. 2002;11 Abstract 3809.

	310.	 Wolf HR. Drugs R D. 2006;7(3): 
163–172.

	311.	 Lai CF, Chang CC, Fu CH, et al. 
Pharmacotherapy. 2002;22(10):1326. 
Abstract No. 12.

	312.	 Bone KM. Mol Nutr Food Res. 
2008;52(7):764–771.

	313.	 Gardner CD, Zehnder JL, Rigby 
AJ, et al. Blood Coagul Fibrinolysis. 
2007;18(8):787–793.

	314.	 Aruna D, Naidu MU. Br J Clin Pharmacol. 
2007;63(3):333–338.

	315.	 Yeo C, Cho H, Park S, et al. Clin Pharm 
Ther. 2010;87:S43.

	316.	 Kim TE, Kim BH, Kim J, et al. Clin Ther. 
2009;31(10):2249–2257.

	317.	 Kim BH, Kim KP, Lim KS, et al. Clin Ther. 
2010;32(2):380–390.

	318.	 Lu WJ, Huang JD, Lai ML. J Clin 
Pharmacol. 2006;46(6):628–634.

	319.	 Leistner E, Drewke C. J Nat Prod. 
2010;73(1):86–92.

	320.	 Kuenick C. Dtsch Apoth Ztg. 
2010;150(5):60–61.

	321.	 Granger AS. Age Ageing. 2001;30(6): 
523–525.

	322.	 Kupiec T, Raj V. J Anal Toxicol. 
2005;29(7):755–758.

	323.	 Yin OQ, Tomlinson B, Waye MM, et al. 
Pharmacogenetics. 2004;14(12):841–850.

	324.	 Galluzzi S, Zanetti O, Binetti G, 
et al. J Neurol Neurosurg Psychiatry. 
2000;68(5):679–680.

	325.	 Shaw D, Leon C, Kolev S, et al. Drug Saf. 
1997;17(5):342–356.

	326.	 Kudolo GB. J Clin Pharmacol. 
2001;41(6):600–611.

	327.	 Appleton G. Health Notes Rev 
Complement Integr Med. 2000;7:298–300.

	328.	 Colalto C. Pharmacol Res. 
2010;62(3):207–227.

	329.	 Zehra U, Tahir M, Lone KP. J Coll 
Physicians Surg Pak. 2010;20(2):117–121.

	330.	 Flossiac M, Chopin S. FASEB J. 
1999;13(5):A1031.

	331.	 Petty HR, Fernando M, Kindzelskii AL, 
et al. Chem Res Toxicol. 2001;14(9): 
1254–1258.

	332.	 American Botanical Council. Herbal 
science group debunks research suggesting 
presence of toxin colchicine in Ginkgo. 
News release to national media, August 30, 
2001.

	333.	 Li W, Fitzloff JF, Farnsworth NR, et al. 
Phytomedicine. 2002;9(5):442–446.

	334.	 Li W, Sun Y, Fitzloff JF, et al. Chem Res 
Toxicol. 2002;15(9):1174–1178.

	335.	 Bone K. Townsend Letter for Doctors & 
Patients. 2002;225:143–144.

	336.	 Ondriek RR, Chan PJ, Patton WC, et al. 
Fertil Steril. 1999;71(3):517–522.

	337.	 Dugoua JJ, Mills E, Perri D, Koren G. Can 
J Clin Pharmacol. 2006;13(3):e277–e284.

	338.	 Woerdenbag HJ, Van Beek TA. In: De 
Smet PAGM, Keller K, Hansel R et al, eds. 
Adverse Effects of Herbal Drugs, vol. 3. 
Berlin: Springer-Verlag; 1997. pp. 57–60.

	339.	 Ernst E, Pittler MH. Clin Drug Invest. 
1999;4:301–308.

	340.	 Le Bars PL, Kastelan J. Public Health 
Nutr. 2000;3(4A):495–499.

	341.	 Birks J, Grimley EV, Van Dongen 
M. Cochrane Database Syst Rev. 
2002;4:CD003120.

http://www.integrativeonc.org/index.php/final-program
http://www.integrativeonc.org/index.php/final-program


627

Ginkgo

	342.	 Cianfrocca C, Pelliccia F, Auriti A, et al. 
Ital Heart J. 2002;3(11):689–691.

	343.	 Schwabe U, Paffrath D. 
Arzneiverordnungs-Report 1999. Berlin: 
Springer Verlag; 2000.

	344.	 Arzneimittelkommission der 
deutschen Ärzteschaft Dtsch Ärztebl. 
2000;97(8):A474.

	345.	 Bent S, Goldberg H, Padula A, Avins AL.  
J Gen Intern Med. 2005;20(7):657–661.

	346.	 Rowin J, Lewis SL. Neurology. 
1996;46:1775–1776.

	347.	 Gilbert GJ. Neurology. 1997;48(4):1137.
	348.	 Vale S. Lancet. 1998;352(9121):36.
	349.	 Benjamin J, Muir T, Briggs K, et al. 

Postgrad Med J. 2001;77(904):112–113.
	350.	 Purroy Garcia F, Molina C, Alvarez Sabin 

J. Med Clin (Barc). 2002;119(15): 
596–597.

	351.	 Miller LG, Freeman B. J Herbal 
Pharmacother. 2002;2(2):57–63.

	352.	 Schneider C, Bord C, Misse P, et al. J Fr 
Ophtalmol. 2002;25(7):731–732.

	353.	 Halil M, Cankurtaran M, Yavuz BB, 
et al. Blood Coagul Fibrinolysis. 
2005;16(5):349–353.

	354.	 Bal Dit Sollier C, Caplain H, Drouet L. 
Clin Lab Haematol. 2003;25(4):251–253.

	355.	 Ernst E, Canter PH, Coon JT. Perfusion. 
2005;18(2):52–56.

	356.	 Savovic J, Wider B, Ernst E. Evid Based 
Integrative Med. 2005;2(3):167–176.

	357.	 Galduroz JC, Antunes HK, Santos RF. 
Phytomedicine. 2007;14(7–8):447–451.

	358.	 Guo KF, Guo S, Yan KL. Chin J Clin 
Rehab. 2006;10(2):43–45.

	359.	 Witte S. Clin Hemorheol. 1989;9:323–326.
	360.	 Hofferberth B. In: Christen Y.Courtois Y, 

Droy-Lefaix MT, eds. Advances in Ginkgo 
Biloba Research, vol. 4. Paris: Elsevier; 
1995. pp. 141–148.

	361.	 Davydov L, Stirling AL. J Herbal 
Pharmacother. 2001;1(3):65–69.

	362.	 Sticher O, Hasler A, Meier B. Dtsch Apoth 
Ztg. 1991;131:1827–1835.

	363.	 Mossabeb R, Kraft D, Valenta R. Wien Klin 
Wochenschr. 2001;113(15–16):580–587.

	364.	 Hausen BM. Am J Contact Dermat. 
1998;9(3):146–148.

	365.	 Becker LE, Skipworth GB. JAMA. 
1975;231(11):1162–1163.

	366.	 Chiu AE, Lane AT, Kimball AB. J Am Acad 
Dermatol. 2002;46(1):145–146.

	367.	 La Monaca G, Klesmer J, Kata JL. Prim 
Psychiat. 2001;8(6):63–64.

	368.	 Wada K.. In: van Beek TA, ed. Ginkgo 
Biloba. Amsterdam: Harwood Academic; 
2000. pp. 453–465.

	369.	 Kajiyama Y, Fujii K, Takeuchi H, et al. 
Pediatrics. 2002;109(2):325–327.

	370.	 Yagi M, Wada K, Sakata M, et al. Yakugaku 
Zasshi. 1993;113(8):596–599.

	371.	 Wada K, Ishigaki S, Ueda K, et al. Chem 
Pharm Bull (Tokyo). 1985;33(8): 
3555–3557.

	372.	 Wada K, Ishiaki S, Ueda K, et al. Chem 
Pharm Bull. 1988;36(5):1779–1782.

	373.	 Arenz A, Klein M, Fiehe K, et al. Planta 
Med. 1996;62:548–551.

	374.	 Leistner E, Arenz A. Z Phytother. 
1997;18:230–231.

	375.	 Shprakh VV, Saiutina SB, Revezova 
TV, et al. Zh Nevrol Psikhiatr Im S S 
Korsakova. 2000;100(3):33–35.



628

Ginseng

(Panax ginseng C. Meyer)

Synonyms

Korean ginseng, Panax, Man root (Engl), Ginseng radix 
(Lat), Ginsengwurzel, Kraftwurzel (Ger), Racine de ginseng 
(Fr), Ginseng (Dan), Ren shen (Chin), Ninjin (Jap), Insam 
(Kor).

What is it?

Ginseng (Panax ginseng), also commonly known as Korean 
or Asian ginseng, is one of the most valued (and expensive) 
medicinal plants. Originally part of traditional Chinese 
medicine, the root is now widely consumed in the West. 
The name Panax is apparently derived from the Greek 
word for panacea or cure-all. According to the Chinese 
sages, ginseng replenished the vital energy, increased the 
production of body fluids and promoted health and lon-
gevity. Since the 1960s, ginseng has been the subject of 
numerous scientific investigations. The great diversity of 
pharmacological properties now attributed to ginseng sug-
gests that it might act in a unique and fundamental way on 
the body. In fact, sometimes its activity appears to be based 
on whole body effects, rather than particular organs or sys-
tems. This is notwithstanding the fact that ginseng can also 
profoundly influence the metabolism of the individual cell. 
These outcomes lend weight to the traditional view that 
ginseng is above all a tonic herb which can revitalise the 
functioning of the organism as a whole. There is no equiva-
lent concept or treatment in contemporary conventional 
medicine.

Medicinal ginseng consists of the main and lateral roots. 
The smaller root hairs, which are used in the West, should 
be regarded as an inferior substitution. Most of the available 
root is from cultivated sources; roots sourced from the wild 
are superior in quality and attract a premium price. Two forms 
of the root are available in commerce: red ginseng, where the 
root is steamed before drying, and white ginseng, which is 
dried by normal processes.

Effects

Increases vitality and the ability to withstand stress by acting 
on the hypothalamus-pituitary-adrenal cortex axis; restores 
and strengthens the body’s immune response; promotes lon-
gevity, metabolism and growth of normal cells; enhances insu-
lin sensitivity; prevents cancer in regular users.

Traditional view

In traditional Chinese medicine ginseng is classified as a herb 
that tonifies the Qi (energy) and is used for severe collapsed 
Qi conditions marked by shallow respiration and shortness 
of breath. It benefits Yin and generates Fluids (used in high 
fevers, profuse sweating in very depleted individuals), tonifies 
the Lungs, the Stomach and strengthens the Spleen (used for 
laboured breathing, lethargy, chest and abdominal distension 
and prolapse). Ginseng also benefits and calms the Spirit (a 
manifestation of heart Qi-used for palpitations with anxiety, 
insomnia and restlessness). Traditionally ginseng would be 
taken as the powdered, dried root or as a decoction.1,2

Western herbalists have used ginseng traditionally as a 
mild stomachic, tonic and stimulant for anorexia and diges-
tive complaints arising from mental and nervous exhaustion.3 
The British Herbal Pharmacopoeia 1983 recommends its use 
in the treatment of neurasthenia, neuralgia and for depressive 
states associated with sexual inadequacy.4 In addition to the 
above conditions, the Eclectics used ginseng for cerebral anae-
mia, asthma, convulsions, paralysis and urinary gravel.5

Summary actions

Adaptogenic, tonic, immunomodulator, cardiotonic, cancer 
preventative, adjunct in the management of type 2 diabetes.

Can be used for

Indications supported  
by clinical trials
As a tonic for the elderly, to improve performance and well-
being; to improve general performance under stress, improves 
cerebrovascular deficit and cognitive performance; conges-
tive heart failure, elevates HDL-cholesterol; selected extracts 
decrease the risk of developing certain types of cancer when con-
sumed for extended periods; protective effect on depressed bone 
marrow in cervical cancer patients undergoing radiation therapy; 
erectile dysfunction, male fertility problems; type 2 diabetes.

Traditional therapeutic uses
Prostration, heart failure, dyspnoea, asthma, organ prolapse, 
spontaneous sweating, cold limbs, digestive complaints, pal-
pitations, neuralgia, convulsions, neurosis, anxiety, long-term 
debility, sexual inadequacy.
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May also be used for

Extrapolations from pharmacological 
studies
Improves resistance to a wide variety of stressors; counters 
some effects of ageing; improves learning and memory and 
intellectual capacity; radioprotective;6 improves ethanol clear-
ance which may be beneficial in alcoholism; may be useful in 
drug-dependent states.

Preparations

Dried root for decoction, fluid extract, tablets and capsules; 
powdered root.

Dosage

The traditional dried dosage is 1 to 10 g/day of the dried root 
by decoction. Larger doses up to 30 g have been used in cases 
of haemorrhagic shock.2

The adult dose used in the West is from 0.5 to 3 g/day of the 
dried main or lateral roots (depending on the quality of the root 
and the application) or 1 to 6 mL/day of the 1:2 fluid extract or 
its equivalent in other dosage forms. Preparations from the root 
hairs are therapeutically inferior and should be avoided. Many 
clinical trials have been conducted using a daily dose of 200 mg 
of a 5:1 standardised extract in tablet or capsule form.

Duration of use

Generally up to 3 months, with a repeated course.7 
Continuous use in the unwell and elderly is appropriate.

Summary assessment of safety

No adverse effects are expected if used as recommended. 
Overstimulation may occur in susceptible individuals, espe-
cially at higher doses.

Technical data

Botany
Panax ginseng, a member of the Araliaceae (ginseng) fam-
ily, is a perennial slow-growing herb native to the mountain-
ous regions of China, Japan, Korea and the Soviet Union. The 
stem is erect, simple not branching, the leaves are verticillate 
and compound with five leaflets, the three terminal leaflets 
are larger than the lateral ones. The inflorescence is a small 
terminal, hemispherical umbel consisting of pink, polygamous 
flowers containing five petals. The fruit is a small berry which 

is red in colour when ripe. The root produces a branch root 
from its middle.8

Adulteration
The main and lateral roots of ginseng can be adulterated with 
the inferior root hairs and aerial parts (see below). Despite 
the rarity of wild ginseng, only the population of Panax gin-
seng from the Russian Federation is listed on Appendix II of 
the Convention on International Trade in Endangered Species 
(CITES) as of October 2011.

Key constituents
The main and lateral roots of ginseng contain:
l	 a complex mixture of triterpene dammarane and 

oleanane saponins (2 to 3%), called ginsenosides.9,10 
The ginsenosides can be divided into three classes-the 
predominant protopanaxatriol (PPT) class consisting 
mainly of Rg1, Rg2, Rf and Re, the protopanaxadiol (PPD) 
class consisting mainly of Rc, Rd, Rb1 and Rb2

11 and the 
minor ocotillol class.10 Malonyl derivates of Rb1, Rb2, Rc 
and Rd are also found and are termed acidic ginsenosides10

l	 polysaccharides and essential oil12

l	 diacetylenes, peptides, trilinolein and other lipids,13,14 
arginine.15

The vast phytochemistry of ginseng has been extensively 
studied, with more than 200 ginsenosides and non-saponin 
constituents isolated and identified.16 As can be seen from 
Table 1, the total level of ginsenosides cannot be the sole deter-
minant of quality; otherwise the leaves and root hairs would be 
preferred. These ginsenoside profiles in root and leaf have been 
confirmed in later studies.17 Clearly, the activity of ginseng 
must be attributable to the particular combination of ginseno-
sides found in the main and lateral roots. In particular, the ratio 
of Rg1 to Rb1 being greater than 0.5 is a marker of main and 
lateral root quality. However, it is also likely that other com-
ponents found in the main root contribute significantly to the 
therapeutic activity of ginseng. On the other hand, there is sig-
nificant product variability in the marketplace and it is likely 
that some samples of ginseng will have disappointing effects.18

Red ginseng is made by steaming and drying the fresh roots 
and contains some distinctive constituents, such as ginseno-
sides Rg3, Rg5, Rh1, Rh2 and Rk1.10,19 The malonyl group is 
released and there is a loss of the sugar at C20 to yield, for 
example, Rh1, Rh2 and Rg3.10 Some of the arginine in ginseng 
root is converted to Amadori products such as arginylfructose 
during the steaming process.15

The preference for wild ginseng is at least partly explained by 
the observed accumulation of ginsenosides as the plant matures 
(wild ginseng plants are usually harvested at a greater age than 
cultivated plants). The total content of ginsenosides in ginseng 
root increases significantly with age, with 4-year-old plants con-
taining about three times the level of 1-year-old plants.20 In con-
trast, total ginsenosides in the leaf decrease with age, although 
levels remain higher at any age than corresponding root samples 
(albeit Rg1 and Rb1 are significantly higher (four to five times) in 
the root of a mature plant compared with the leaf).
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OH

OR1

R2O

20

HO

HO

Protopanaxatriol class

glc = β-D-glucose
rha = α-L-rhamnose
ara = α-L-arabinose
p = pyranose
f = furanose 

Protopanaxadiol class

R1 R2

20(S)-Protopanaxatriol H H
Ginsenoside Re glc(2–1)rha glc
Ginsenoside Rf glc(2–1)glc H
Ginsenoside Rg1 glc glc
Ginsenoside Rg2 glc(2–1)rha H

R1 R2

20(S)-Protopanaxadiol H H
Ginsenoside Rb1 glc(2–1)glc glc(6–1)glc
Ginsenoside Rb2 glc(2–1)glc glc(6–1)ara p
Ginsenoside Rc glc(2–1)glc glc(6–1)ara f
Ginsenoside Rd glc(2–1)glc glc

OH

RO1

R2O

20HO

Table 1  Distribution of ginsenosides in Panax ginseng plant parts21

% Content

Rg1 Re Rf Rg2 Rb1 Rc Rb2 Rd Total

Leaves 1.078 1.524 – – 0.184 0.736 0.553 1.113 5.188

Leaf stalks 0.327 0.141 – – – 0.190 – 0.107 0.765

Stem 0.292 0.070 – – – – 0.397 – 0.759

Main root 0.379 0.153 0.092 0.023 0.342 0.190 0.131 0.038 1.348

Lateral roots 0.406 0.668 0.203 0.090 0.850 0.738 0.434 0.143 3.532

Root hairs 0.376 1.512 0.150 0.249 1.351 1.349 0.780 0.381 6.148

Pharmacodynamics
Hundreds of studies have been published on the pharmaco-
logical activity of ginseng. The following information provides 
a broad review of the literature, with an emphasis on review 
papers and the more interesting studies.

One interpretative caution that should be observed for in 
vivo pharmacological studies is that in many cases the gin-
seng or ginsenosides were administered by injection. Since 
the original ginsenosides in the plant are most likely not the 
active forms reaching the bloodstream after oral doses of gin-
seng (see Pharmacokinetics), more weight should be given 
to the oral pharmacological studies, especially as it has been 
suggested that certain ginsenosides exert some biological 

activities only after being deglycosylated by intestinal bacte-
ria.22 The same caution also applies to the interpretation of 
the numerous in vitro investigations.

Adaptogenic and related activities
In many animal experiments, ginseng has increased resistance 
to a wide variety of physical, chemical and biological stress-
ors.23 Some of these studies are reviewed below:
l	 Oral administration of ginseng root saponins or ginsenoside 

Rb1 antagonised the immunosuppression induced by cold 
water swim stress in mice and rats. Conflicting results were 
obtained for serum corticosterone levels. The increase in 
serum corticosterone was inhibited in stressed rats, but 
accentuated in stressed mice.24,25
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l	 Ginseng or its components countered stress-induced 
changes from heat stress26,27 and forced exercise,28 
sometimes posited as animal models of depression.29

l	 Other models where ginseng or its components 
demonstrated improved adaptation to stress included food 
deprivation,30 and the cold-hypoxia-restraint model.31

l	 The effects of ginseng extract administered by injection 
prior to exercise in rats suggested that it could exert an 
antifatigue effect by increasing the biochemical capability 
of working skeletal muscle to better utilise free fatty 
acids, thus sparing body carbohydrate stores.32 Oral 
administration to rats at 100 mg/kg reduced oxidative 
stress damage in muscles after acute exercise.33

l	 Ginseng extract (oral doses, 33 mg/kg) produced an 
increase in adrenal zona fasciculata cell size compared 
to controls. In mice treated with ginsenoside Rb1 or Rg1 
(oral doses), the mean cell areas were unchanged, but the 
distribution of cell sizes differed from controls.34

Ginseng administration has also countered some effects of 
ageing in animal models. For example, ginseng extract at an oral 
dose of 600 mg/kg significantly stimulated granuloma collagen 
synthesis in an aged rat model and restored this parameter to 
near levels seen in young rats.35 Repeated intraperitoneal injec-
tions of ginsenoside Rg1 improved the performance of aged rats 
in the radial-arm maze, possibly through an increase of choline 
acetyltransferase activity in the brain.36 Daily oral administra-
tion of ginseng extract (8 g/kg/day for 12 to 33 days) amelio-
rated the impaired learning performance of aged rats in a radial 
maze.37 Oral intake of a water extract of ginseng for 4 weeks 
produced an increase in spontaneous motor activity during the 
dark period in old rats, while it caused a decrease in the activity 
of young rats (rats are nocturnal animals).38

Digestive metabolites of ginseng saponins have been 
shown to reduce acetylcholine receptor-induced production 
of catecholamines.39 There is further evidence, albeit from 
intraperitoneal injections, of a complex effect on corticos-
teroid responses in stress.40 IL-6, a marker of stress, was also 
reduced. Ginseng also raised plasma ACTH (adrenocortico-
tropic hormone) and cortisone in the relaxed (non-stressed) 
state when given by injection (thereby possibly generat-
ing a sense of alertness and well-being).41 Ginseng saponins 
(100 mg/kg, oral) and ginsenosides Rg3 and Rb1 (10 mg/kg, 
oral) reduced the brain levels of the polyamine putrescine 
during immobilisation stress in mice. Polyamines are acknowl-
edged as stress stimuli markers.42

This modern evidence supports an earlier hypothesis that 
ginseng acts on the hypothalamus, mediated through the ante-
rior pituitary and ACTH release so as to improve the response 
of the adrenal cortex to stress. Based on human experience 
of ginseng, it was proposed that glucocorticoid production 
responses were sharper in acute stress and spared in chronic 
stress conditions.43

Memory, learning, neuroprotection and other 
neurological effects
The total effect of the root is stimulatory, but the diols such 
as Rb1 are sedative and the triols such as Rg1 are stimulatory.44 

Evidence suggests that different doses have different effects 
on performance: standardised ginseng extract was adminis-
tered orally at doses of 3 to 300 mg/kg for 10 days to 10 rats 
each dose. With the ‘shuttle-box’ method for active avoid-
ance, the most pronounced effect on learning and memory 
was obtained by the dose of 10 mg/kg. With the ‘step-down’ 
method for passive avoidance, the 30 mg/kg dose significantly 
improved retention. In the staircase maze training with posi-
tive (alimentary) reinforcement, only the dose of 10 mg/kg  
significantly improved learning and memory. The dose of 
100 mg/kg greatly increased the locomotor activity of mice.45 
Oral doses of ginsenosides Rb1 and Rg1 (each at about  
50 mg/kg) accelerated brain and body development in young 
mice and facilitated memory acquisition in two models.46 
Oral administration of a ginseng ethanol extract 90 minutes 
before testing dose-dependently improved the maze perfor-
mance of rats after disruption by scopolamine.47

The effects of oral doses of standardised extracts of gin-
seng (17, 50 and 150 mg/kg), Ginkgo and their combination 
were investigated on young and old rats in a series of behav-
ioural tests. As before, effects varied with the dose and the 
test used, but both ginseng and Ginkgo extracts demonstrated 
properties similar to nootropic drugs (drugs that affect neu-
rons favourably). The two extracts and their combination 
improved the retention of learned behaviour.48

The non-saponin fraction of red ginseng (50 mg/kg/day, 
oral) was investigated on learning deficits in aged rats.49 It sig-
nificantly ameliorated deficits in place-navigation learning in 
the aged rats, an effect partly attributed to an augmentation 
of long-term potentiation in the hippocampal CA3 subfield of 
the brain.

A 2009 review noted the in vitro evidence for a neuro-
protective role of ginsenosides. They increased survival of 
cultured neuronal cells, enhanced neurite outgrowth and 
regenerated neuronal networks. Furthermore, it has been 
shown that Rb1 and Rg1 protect neurons from exitotoxic-
ity induced by, for example, glutamate and from oxidative 
stress.10 Another review discussed the in vitro evidence for 
ginsenoside Rg3 protecting hippocampal neurons from NMDA 
(N-methyl-D-aspartate) and homocysteine neurotoxicity.50

The same review noted neuroprotective effects in vivo 
for ginseng and ginsenosides, both after oral doses and via 
injection.50 These included protection against insults such 
as ischaemia, hyperbaric oxygen, kainic acid, homocysteine, 
3-nitropropionic acid and rotenone.

Another review included the studies investigating the 
impact of ginseng or ginsenosides in Parkinson’s disease mod-
els.51 In vivo protection after oral administration of a ginseng 
extract was demonstrated against the neurotoxic effects of 
MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) or its 
active metabolite. MPTP is a known inducer of parkinsonism in 
humans. The review also noted several relevant in vitro studies. 
It has been suggested that the lower incidence of Parkinson’s 
disease in China might be a related observation.

The relatively recent discovery of the in vitro effects of 
ginsenosides on neuronal membrane proteins, such as voltage-
dependent ion channels, has been reviewed.50 Ginsenosides 
inhibit voltage-dependent Ca2+, K+ and Na+ channel activities 
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in a stereospecific manner. Certain ginsenosides (Rb1 and Rg3 
in particular) also inhibit ligand-gated ion channels such as 
NMDA, some subtypes of nicotinic acetylcholine and seroto-
nin type 3 receptors.50

Immune system effects
Immune system effects attributed to ginseng have been 
reviewed.10,52 However, the majority of the included studies 
and subsequent investigations have employed in vitro tests, or 
in vivo models where ginseng or ginsenosides were given by 
injection.

Emphasising studies involving the oral administration of 
ginseng extract it was found to:

l	 enhance B and T lymphocyte and natural killer (NK) cell 
activities in mice and increase production of interferon 
following an interferon-inducer (the dose was  
10 mg/mouse/day of ginseng for 4 consecutive days)53

l	 increase NK cell activity and dose-dependently enhance 
antibody formation in mice (in vitro it inhibited 
lymphocyte proliferation)54

l	 protect one particular mouse strain against Candida 
albicans infection55

l	 inhibit Helicobacter pylori adhesion to host cells.56

One early study observed a particular immunosuppres-
sive effect. Saponins from ginseng, when injected into mice 
at approximately 10 mg/kg, had no significant effect on lym-
phocyte responses to a subsequent influenza virus infection. 
However, the saponins selectively suppressed delayed-type 
hypersensitivity to the virus when administered before, but 
not after, virus sensitisation. The authors suggested that this 
effect may be related to the steroid-like structure of the sapo-
nins (ginsenosides).57

A 2009 publication reviewed the in vitro immunomodu-
latory effects of the ginsenosides.10 Depending on the gin-
senoside and the model used, both immunostimulatory and 
immunosuppressive effects were observed. For example, gin-
senosides Rb1 and Re significantly enhanced mitogen-induced 
lymphocyte proliferation, Rg1 had no effect and Rb2 strongly 
blocked proliferation. In contrast, ginsenosides Rb1 and Rb2 
did not suppress the proliferation of IL-2-stimulated T cells, 
whereas Re and Rg1 were strongly suppressant. Perhaps more 
credibly, maturation of dendritic cells is promoted by intesti-
nal metabolites of ginsenosides, such as compound K.

Ginseng may help to prevent cancer through effects on 
the immune system. The effects of long-term oral adminis-
tration of ginseng extract (30 and 150 mg/kg/day) on levels 
of immunoglobulin types were studied in mice. Serum lev-
els of gamma-globulin fell dose-dependently (p<0.05) after 
ginseng. Among the immunoglobulin isotypes, only serum 
IgG1 was decreased (p<0.05). The authors suggested that 
since IgG1 is rarely involved in killing cancer cells, and 
can act as a blocking antibody, this effect of ginseng may 
be beneficial for the prevention and inhibition of cancer.58 
Experiments have also shown that the anticarcinogenic 
activity of ginseng may be related to the augmentation of 
NK cell activity.59

Effects on cellular function
The effects of ginseng and its components on cultures of nor-
mal cells have been the subject of several studies, although 
more recent attention has focused on ginseng’s influence on 
abnormal cells. The positive effects of ginseng in promoting 
the longevity, metabolism and growth of normal cells are seen 
by many investigating scientists as confirmation of its tonic 
activity. As early as 1969, aqueous extract of ginseng was 
found to delay degeneration of human amnion cells in vitro, 
an activity also exhibited by hydrocortisone and some of its 
analogues.60 Fulder confirmed this observation using cell cul-
tures of human fibroblasts. Ginseng promoted growth and 
delayed cellular necrosis, as did hydrocortisone.61

Subsequent in vitro studies have demonstrated the effects 
of ginseng or its components on the metabolism of a variety of 
cell types. These included the stimulation of DNA and pro-
tein synthesis in testes,62 an increase in lactate levels63 and a 
decrease in intracellular protein degradation in human fibro-
blasts.64 Ginseng total saponins stimulated haematopoietic 
progenitor cell growth of cells taken from normal subjects and 
from 14 of 29 patients with aplastic anaemia.65 Ginsenoside 
Rg1 stimulated activity of tyrosine aminotransferase in 
hepatocytes.66

A tetrapeptide isolated from ginseng root stimulated the 
growth of several cell lines.67 Based on immunoreactivity, a 
basic fibroblast growth factor-like molecule was identified in 
ginseng root.68

Ginseng or its components administered orally or by 
injection have also been found to stimulate cellular metabo-
lism. Of a number of herbs tested, only injection of ginseng 
stimulated nuclear RNA synthesis in the liver cells of rats.69 
Injection of various components of ginseng root stimulated 
activities of nuclear RNA polymerase70 and cytoplasmic RNA 
in rat liver cells,71 increased RNA, protein and lipid synthesis 
in rat bone marrow cells,72 and stimulated rat renal nuclear 
RNA synthesis.73

Oral doses of various ginseng components substantially 
increased rough endoplasmic reticulum and RNA synthesis 
in rat hepatocytes,74 stimulated DNA, protein and lipid syn-
thesis in rat bone marrow cells75 and increased hepatic lactate 
dehydrogenase activity in mice.76 This last finding, according 
to the authors of the study, could provide one explanation for 
the putative antifatigue properties of ginseng.76

A 2007 review emphasised the steroid-like effects of ginse-
nosides at a cellular level.77

Anticancer activity
Considerable interest has been shown among researchers in 
the ways that ginseng might prevent or assist in the treatment 
of cancer. It has been implied that the tonic, adaptogenic and 
immune-enhancing effects of ginseng could lead to improved 
natural resistance against malignant tumours.78 However, the 
research summarised below suggests that more specific mech-
anisms could also apply.

In early research ginseng extract, ginsenosides and other 
components in the root, such as the diacetylenic alcohols, 
have inhibited the growth of various tumour cell lines in 
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several test tube experiments.79–82 Moreover, diol-type 
prosapogenins and sapogenins (which are likely to be among 
the active forms of ginsenosides after oral ingestion) were also 
active against several cancer cell lines.83,84

Since then, the cytotoxic and antiproliferative effects of 
ginsenosides towards human and animal cancer cell lines 
have been demonstrated in numerous investigations.10 The 
potential ginsenoside metabolites (aglycones) 20(S)-PPD 
and 25(R)-25-OH-PPD demonstrated most marked activ-
ity in one series of experiments, via both increased apopto-
sis and cell-cycle arrest. Ginsenosides with fewer or no sugars 
seem to be more active than those with more, suggesting that 
greater lipid solubility enhances their activity.10

Ginsenosides of the 20(S)-PPD family are the best stud-
ied group, with a focus on Rh2. The compound has been 
shown to suppress proliferation in vitro for a range of human 
cancer cell lines including breast, colorectal, prostate, 
hepatic, intestinal and melanoma. Again induction of apopto-
sis and arrest of cell cycle progression appear to be the opera-
tive mechanisms.10 Compound K, the potential metabolite 
of some of the major PPD ginsenosides such as Rb1, Rb2, Rc 
and Rd, was cytotoxic and antiproliferative in a number of in 
vitro models.10

Much less is known regarding the antiproliferative and 
cytotoxic effects of members of the 20(S)-PPT family of gin-
senosides, although it appears they are active as well (at least 
as their aglycone form).10

One interesting property of the ginsenosides is their 
ability to induce differentiation in cancer cell cultures. 
(Differentiation means that a tumour cell divides into daugh-
ter cells that show normal behaviour.) For example, this has 
been demonstrated for cultures of mouse melanoma cells85 
and teratocarcinoma cells: the activity may involve interaction 
of the ginsenoside with a glucocorticoid receptor in the cell.86

Ginseng extract87 and ginsenosides Rb1
88 and Rh2

89 have 
exhibited antimutagenic activity against genotoxic agents in 
various in vitro models. In the first two cases the mechanism 
of action could involve enhanced DNA repair.

Early animal investigations of the antitumour activity of 
ginseng yielded mainly inconclusive or negative results.90 
Subsequently, one group of scientists focused on the activ-
ity of ginsenoside Rh2, finding that oral doses prolonged sur-
vival of mice bearing human ovarian cancer cells91 and acted 
synergistically with the anticancer drug cisplatin.92 Another 
component of ginseng root, panaxytriol (a polyacetylenic alco-
hol), produced significant tumour growth delays (p<0.01) at 
an injected dose of 40 mg/kg in mice transplanted with B16 
melanoma cells.93 Oral administration of ginseng extract, 
radiation treatment and the combination of both increased 
the survival of intrahepatic sarcoma-180 tumour-bearing mice 
to 20.4%, 16.9% and 82.1% respectively. Radiation treatment 
destroyed both cancer and liver cells, but the ginseng extract 
seemed to help recovery of healthy liver cells from radiation 
treatment and inhibited the infiltration of cancer cells.94

Using athymic mice transplanted with ovarian cancer cells, 
ip injection of Rg3 at 3 mg/kg/day for 10 days improved sur-
vival and decreased tumour weights and angiogenesis. It also 
added to the antitumour activity of cyclophosphamide.95 

Oral doses of a lipid-soluble extract of red ginseng (0.1, 0.3 
and 1.0 g/kg/day) dose-dependently inhibited the growth of 
human lung tumour xenografts in mice.96

Positive results have been demonstrated in cancer preven-
tion experiments where ginseng was co-administered with a 
known cancer-causing agent. For example prolonged admin-
istration of red ginseng extract (1 mg/mL in drinking water) 
to mice significantly inhibited the incidence and proliferation 
of tumours produced by benzo-alpha-pyrene, 9,10-dimethyl-
1,2-benz-alpha-anthracene, urethane and aflatoxin B1, but not 
N-2-fluorenylacetamide and tobacco smoke condensate. The 
same authors found that red ginseng had more activity than 
white ginseng (although both exhibited good cancer-prevent-
ing activity) and that activity increased with the age of the 
root.97 Ginseng may exert its protective effect on benzo(a)
pyrene by altering its metabolism.98

Rats fed ginseng powder (0.5 g or 2 g/kg) for 5 weeks were 
exposed to azoxymethane (an inducer of colon cancer) dur-
ing weeks 2 to 3.99 There were fewer progressed aberrant 
crypt foci at week 8 in the animals given ginseng, compared 
with the control group, indicating a cytostatic effect. Ginseng 
extract (10 mg/kg, oral) resulted in a significant reduction of 
lung tumours induced in mice by benzo(a)pyrene.100 A 2000 
review identified several additional studies demonstrating the 
chemopreventative action of ginseng extract (mainly) or gin-
senosides. These included models of induction of lung, liver, 
stomach, ovarian, breast, renal, cervical and skin cancers in 
rodents.101

Some ginsenosides appear to inhibit metastasis. Injection 
of ginsenoside Rg3 in rats significantly decreased the incidence 
of cancer metastases induced by the chemicals azoxymethane 
and bombesin,102 and in other in vivo models. Ginsenoside 
Rg3 was also found to be a potent inhibitor of invasion by vari-
ous tumour cell lines when tested using an in vitro cell mon-
olayer invasion model. However, other ginsenosides were 
inactive in this model.103 Ginsenoside Rb2 inhibited tumour 
angiogenesis and metastasis produced by melanoma cells in 
mice. Intravenous administration of ginsenoside Rb2 after 
tumour inoculation achieved a remarkable reduction in the 
number of blood vessels oriented towards the tumour mass, 
but did not cause a significant inhibition of tumour growth. In 
contrast, intra tumoral or oral administration caused an inhibi-
tion of both neovascularisation and tumour growth.104

Subsequently, various ginsenosides including Rg3 and com-
pound K have demonstrated anti-angiogenic activity in differ-
ent tumour models.77 Rg3 is the most extensively investigated 
compound, exerting activity in several in vivo models (xeno-
grafts of breast, ovarian and colon and melanoma cells) when 
administered alone or in combination with conventional agents. 
A significant reduction of intra tumoural microvessel density 
and (VEGF) vascular endothelial growth factor expression was 
observed. Similar results were also demonstrated when Rg3 
was combined with a low dose of cyclophosphamide in mice 
bearing Lewis lung carcinoma, all indicative of the key role of 
suppression of tumour-induced angiogenesis in the anti-meta-
static activity of ginsenosides. Another key mechanism is inhi-
bition of the basement membrane degrading enzymes MMP-2 
and MMP-9.77
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As alluded to above, ginseng extract or its components can 
potentiate the activity of cytotoxic drugs. This has addition-
ally been demonstrated for the drug mitomycin C in both in 
vitro105 and in vivo experiments.106 The in vivo results sug-
gest that this effect happens without an increase in toxicity 
to the host.107

In an acute myelogenous leukaemia in vitro model, PPT 
ginsenosides were found to exert a chemosensitising effect on 
P-glycoprotein-mediated multi-drug resistant cells by increas-
ing intracellular accumulation of daunorubicin and doxoru-
bicin.77 Similar results have been observed for 20(S)-PPT, 
Rh2, Rc, Rd and compound K. Ginsenosides (Rh2, PPD and 
PPT) interacted directly with breast cancer resistance protein 
in MCF-7 cells, increasing the cytotoxicity of mitoxantrone.77

One review, noting that chronic inflammation is associated 
with a high cancer risk, linked the putative chemopreventa-
tive action of ginseng with its anti-inflammatory activities.108 
Mechanisms discussed included inhibition of cyclo-oxyge-
nase (COX-2) and NF-kappaB induction, stimulation of 
(iNOS) inducible nitric oxide synthase and antioxidant 
effects.

Cardiovascular activity
According to a recent review, a major effect of ginsenosides on 
the cardiovascular system is a reduction of sympathetic nerve 
activity, leading to vascular relaxation and lowered blood pres-
sure.10 This is partially mediated by the release of endothe-
lial nitric oxide (NO). Vasorelaxation may also involve Ca2+ 
activated K+ channels in vascular smooth muscle cells.10,109 
Researchers have reported that the chronic feeding of ginse-
nosides to rabbits may have enhanced vasodilatation by pre-
venting NO degradation.110

Ginsenosides enhanced cerebral blood flow in rats and 
reduced cholesterol levels and atheroma formation in rab-
bits fed a high cholesterol diet.10 HDL was increased and 
lipid peroxidation reduced in the hyperlipidaemic rat.109 Oral 
ginseng given to rats with surgically reduced livers reduced 
the resultant atherosclerosis by decreasing platelet adhesive-
ness. An antiatherosclerotic impact in rabbits fed ginseng was 
attributed to increased prostacyclin in the carotid artery and 
decreased thromboxane A2 in platelets.109 Ginsenosides are 
also relatively potent PAF antagonists in vitro.10

Blood sugar regulation
There is considerable research interest in the antidiabetic 
activity of ginseng, and potential hypoglycaemic constituents 
identified in ginseng have been reviewed.111 These compo-
nents include glycans, which are called panaxans (more have 
subsequently been identified112), adenosine and unidentified 
large molecules with insulin-like activity. However, hypo-
glycaemic activity has only been established after injection, 
and it is unlikely that any of these compounds would confer 
significant hypoglycaemic activity to oral doses of ginseng. 
These reservations would also apply to a polypeptide isolated 
from ginseng root and found to have hypoglycaemic activ-
ity.113 Perhaps of greater interest are results for injection of 
ginsenoside Rb2, which countered some of the unfavourable 

metabolic changes observed in diabetic rats. In particular it 
boosted intracellular ATP and decreased cyclic AMP,114 and 
improved protein biosynthesis115 and nitrogen balance.116 
Body weight was improved and diabetic symptoms such as 
polyuria were decreased.117

Recent research has indeed focused on the ginsenosides, 
with several in vivo studies demonstrating hypoglycaemic 
activity.10 However, antidiabetic effects have only been gen-
erated for a few specific ginsenosides, including Rb1, Re, Rh2 
and the aglycone 20(S)-PPT. For example, antidiabetic activ-
ity was demonstrated for ginsenoside Re in ob/ob diabetic 
mice and ginsenoside Rh2 increased insulin secretion in rats. 
In vitro mechanistic studies suggest the antidiabetic activity 
of ginsenoside Rb1 is probably related to activation of per-
oxisome PPAR-gamma. This transcription factor is involved 
in lipid and glucose metabolism and fat cell differentiation. 
Certain modern antidiabetic drugs are PPAR-gamma activa-
tors.10 Some investigators suggest that the hypoglycaemic 
activity of ginseng depends not just on the total ginsenoside 
content, but also on the profile.10

Other activity
Ginseng extract or total saponins administered by injection 
countered the deleterious effects of repeated administration 
of narcotic drugs such as morphine,118 cocaine,119 metham-
phetamine and apomorphine120 in animal models. Ginseng 
total saponins may inhibit the dopaminergic activation induced 
by morphine121 and ginseng extract inhibited the development 
of tolerance to the analgesic and hyperthermic effects of mor-
phine, depending on the administered doses of ginseng and 
morphine.122 It is encouraging that oral doses of ginseng extract 
(ranging from 50 to 400 mg/kg) also significantly inhibited 
the development of morphine-induced tolerance and physical 
dependence, as well as inhibiting the decrease in hepatic glu-
tathione induced by morphine multiple injections.123

A number of studies have been reviewed that suggest the 
antioxidant and organ-protective actions of ginseng are linked 
to enhanced NO synthesis in the endothelium of the lung, 
heart and kidney and in the corpus cavernosum.124 It was 
suggested that enhanced NO synthesis could contribute to 
ginseng-associated vasodilation and perhaps also to an aph-
rodisiac action. However, these findings are largely based on 
in vitro tests. One in vivo study observed that feeding of red 
ginseng (50 mg/kg) to rabbits and rats for 3 months induced 
significant effects in corpus cavernosal muscle strips. Ginseng 
has also increased testosterone and decreased prolactin in 
rodents.110

A single oral dose of 200 mg/kg red ginseng increased eth-
anol clearance in rats,125 a finding that might be relevant to 
humans. Fourteen healthy male volunteers were studied to 
assess the effects of ginseng on blood alcohol clearance, using 
each person as his own control. Participants received 72 g of 
25% ethanol, and at another time 3 g of ginseng extract (about 
6 g of root) with the ethanol, all doses per 65 kg of body 
weight. At 40 minutes after the last drink, the average blood 
alcohol level after ginseng and ethanol consumption was 35% 
lower than after ethanol alone.126
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Pharmacokinetics
Pharmacokinetics of ginsenosides Rg1, Rb1 and Rb2 in rats 
were reviewed in an early publication. Rg1 was easily decom-
posed to its prosapogenin in both rat stomach and dilute 
hydrochloric acid, whereas Rb1 and Rb2 were little decom-
posed in rat stomach, but were easily converted to their 
prosapogenins by dilute hydrochloric acid. The ginsenosides 
were also metabolised to several prosapogenins by gut bac-
teria and enteric enzymes. The amount of Rg1, Rb1 and Rb2 
absorbed from the gastrointestinal tract of the rat was 1.9%, 
0.1% and 3.7% respectively of the administered dose. Rb1 
and Rb2 were mainly excreted in the urine, whereas Rg1 was 
excreted in the urine and bile in a 2:5 ratio. Unabsorbed sapo-
nins were metabolised by gut flora.127

Early studies on humans tended to support the above pic-
ture that the ginsenosides have low bioavailability as such, but 
their decomposition products after the action of digestion and 
bowel flora are absorbed and may be the true active forms of 
the ginsenosides. Analysis of urine samples from 60 Swedish 
athletes who had consumed various ginseng preparations 
within 10 days before urine collection revealed that sam-
ples contained significant quantities of the sapogenin 20(S)-
PPT.128 The results after intake of single oral doses of ginseng 
preparations demonstrated a linear relationship between the 
amounts of ginsenosides consumed and the 20(S)-PPT glyco-
sides excreted in the urine. Only about 1.2% of the dose was 
recovered in the glycosidic (ginsenoside) form over 5 days.129 
The main metabolites of ginsenosides after incubation with 
human faecal flora were identified as prosapogenins and sapo-
genins and these were also detected in the blood and urine 
of humans after oral administration of high doses of ginseng 
extract.130 One organism implicated in hydrolysing ginseno-
sides was Prevotella oris.131

The metabolism and absorption of ginsenosides have been 
intensively studied in recent years, although relatively few 
investigations have been in humans.10,132 A study in rats found 
that after oral administration of ginseng powder the absorp-
tion of ginsenosides was fast, but maximum concentrations of 
individual key ginsenosides were relatively low, ranging from 
1.5 to 6.4 µg/mL.132 Only 3.29% of Rg1 and 0.64% of Rb1 
were detected in rat serum after oral administration of gin-
senosides.133 However, such findings seem to vary; for exam-
ple another study found much higher numbers, although the 
higher bioavailability of Rg1 (by a factor greater than 4) was 
confirmed.134 In vitro investigations suggest that sodium-
dependent glucose co-transporter 1 is involved in the intesti-
nal transport of Rg1.135

From the various in vitro and in vivo studies, a reason-
ably clear picture of the metabolism of ginsenosides has 
emerged.10 Ginsenosides of the PPT type, such as Rg1 and 
Re, are metabolised to ginsenosides Rh1 and F1, and then 
finally to 20(S)-PPT. For ginsenosides of the PPD type, such 
as Rb1, Rb2 and Re, the process is similar. The main metabo-
lites are compound K (20-O-beta-glucopyranosyl-20(S)-PPD, 
sometimes named M1 or 1H-901) and then finally 20(S)-
PPD. The production of compound K requires the presence 
of bacterial beta-glucosidase enzymes, such as provided by 
Eubacterium spp., Prevotella oris and Bifidobacterium spp. 

Studies suggest that the production of compound K is likely 
to vary considerably between people, depending on their resi-
dent intestinal flora.10

It is a noteworthy observation that the concentrations 
of these deglycosylated ginsenosides in plasma after oral 
administration of ginseng are in a range where a signifi-
cant physiological effect might be expected. Compound 
K is mostly excreted in the bile and is esterified with 
fatty acids in the liver, leading possibly to more active 
metabolites.10

In a small pilot study, two healthy volunteers received 
700 mg of an extract standardised to 4% ginsenosides.136 
Ginsenosides Rh1 and F1 and compound K were the main 
compounds detected in plasma, confirming the above discus-
sion. Ginsenoside Rb1 was also clearly detected in one volun-
teer. Compound K was also detected in urine. A more recent 
study in 32 healthy men showed a strong effect of bowel 
flora on the metabolism of ginsenoside Rb1 (via compound K) 
but not on its absorption after an oral dose of 12 g of ginseng 
powder.137

(See Chapter 2 for a further discussion of the pharmacoki-
netics of saponins in general and ginseng in particular.)

Clinical trials
Several clinical studies on ginseng have involved two prepara-
tions. The first is a 5:1 extract (G115) standardised for gin-
senoside levels, so that 200 mg of extract (the typical dose 
used) corresponds to about 1 g of root. The second prepara-
tion involves the combination of this standardised extract 
with vitamins and minerals. While most of the clinical studies 
on ginseng have been included in this review, because of the 
potentially confounding effect of adding vitamins and miner-
als to ginseng only some of the studies on this second product 
have been reviewed.

Physical performance
If ginseng has tonic and adaptogenic properties, it might be 
expected to improve human performance and well-being 
in a variety of circumstances. Some clinical studies have 
supported this hypothesis. One German team has been 
prominent in these reports. For example, in a double blind, 
placebo-controlled trial, 30 elite male athletes (19 to 31 years 
of age) were subjected to a graded ergometric test. Ten ath-
letes in each of three groups received either 200 mg of gin-
seng extract, 200 mg ginseng extract and 400 mg vitamin E, 
or placebo for 9 weeks. While there was no statistically sig-
nificant difference between the groups receiving ginseng 
or ginseng plus vitamin E, there was a clear benefit of these 
two treatments over placebo for heart rate (p<0.001), blood 
lactate (p<0.01) and maximal oxygen uptake (p<0.01).138 
Ginseng in conjunction with vitamins and minerals improved 
parameters such as total workload, maximal oxygen uptake, 
heart rate and blood lactate levels in a randomised, double 
blind, placebo-controlled trial involving 50 male sports teach-
ers. The authors suggested that their results indicate the 
ginseng preparation increased work capacity by improving 
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muscular oxygen utilisation.139 In a double blind, placebo-
controlled crossover trial, 43 male triathletes received either 
200 mg of ginseng extract (approx 1 g of root) or placebo for 
two consecutive training periods of 10 weeks. Although there 
were no significant changes in physical fitness during the first 
period, ginseng retarded the loss of fitness during the second 
10-week period.140

A more recent study was also positive. Seven healthy male 
volunteers performed two exhaustive incremental exercises 
on the treadmill before and after 8 weeks of 6 g daily of gin-
seng extract. The extract increased time until exhaustion by 
1.5 min (p<0.05). Malondialdehyde rises were attenuated 
after ginseng administration, and catalase and superoxide 
dismutase activities following exercise were significantly ele-
vated, suggesting an effect to facilitate recovery from exhaust-
ing exercise.141

One study was undertaken to determine whether admin-
istration of a standardised ginseng extract (standardisa-
tion not defined) at 300 mg/day for 8 weeks could enhance 
maximum aerobic and anaerobic exercise capabilities and 
whether any changes in such effects occurred when exercise 
training was added.142 Forty-one male university students 
were randomly divided into four groups as ginseng-untrained  
(GU, n=10), ginseng-trained (GT, n=10), placebo-untrained 
(PU, n=10), and placebo-trained (PT, n=11). The trained 
groups underwent 8 weeks of aerobic exercise. Initially, all 
groups did not differ in average maximum oxygen consump-
tion. After 8 weeks, this parameter increased significantly 
from the initial level by 12.6% in group GU, 14.5% in group 
PT and 24.5% in group GT, which was significantly higher 
than group GU but not group PT. Changes in all measured 
parameters related to maximum oxygen consumption were 
similar among the groups, except group PU. Leg strength was 
also significantly enhanced over group PU in groups PT, GU 
and GT. As a result of these findings it was concluded that, 
under the conditions of the study, ginseng administration at 
the prescribed dose exhibited training-like effects on maxi-
mum oxygen consumption as well as anaerobic power and 
leg muscle strength. However, no clear synergistic action on 
these physical fitness variables occurred when both ginseng 
administration and exercise training were combined. Body fat 
was significantly decreased in both ginseng groups compared 
with baseline (p<0.05).

However, the weight of more recent reviews on the 
effect of ginseng on physical performance have cast doubt 
on these properties, citing methodological flaws in ear-
lier research.143–145 New original research is also negative. 
In one study 20 young men and eight young women were 
randomly assigned to either a ginseng or placebo group for 
a period of 3 weeks in a double blind design. Prior to and 
following treatment, the participants performed a symptom-
limited graded exercise test. No significant treatment effect 
was observed.146 Sixty men from the Royal Thai Navy were 
randomised into either 3 g ginseng or placebo for 8 weeks. 
There were no differences in lactic acid levels, heart rate, fat 
and carbohydrate oxidation rates detected after cycle ergom-
etry.147 A study on 36 healthy men given 200 to 400 mg/
day of ginseng extract or placebo over 8 weeks failed to 

show any favourable influence of ginseng intake on the same 
parameters during graded maximal aerobic exercise.148 The 
same team randomly assigned 24 healthy, active women to 
a 400 mg/day G115 ginseng or placebo for 8 weeks. Before 
and after the trial period, each woman performed an all-
out-effort, 30-second leg cycle ergometry test followed by 
a controlled recovery under constant laboratory conditions. 
No significant difference was found between the ginseng and 
placebo study groups for the following variables measured: 
peak anaerobic power output, mean anaerobic power output, 
rate of fatigue and immediate post-exercise recovery heart 
rates (p>0.05).149 Some of the negative studies, however, 
are handicapped by the small numbers of volunteers or short 
duration of the treatments.150,151

In an acute high-dose study, eight male college students 
were randomly given water or 20 g of ginseng root extract 
immediately after acute resistance exercise.152 Responses 
of plasma hormones such as growth hormone, testosterone 
and cortisol were not influenced by the ginseng, compared 
with controls. Perhaps dosing of ginseng prior to exercise 
might have yielded a different result. The effects of a ginseng 
extract (equivalent to 2 g/day) or a placebo for 6 weeks were 
assessed in endurance athletes.153 No impact on immune 
parameters, plasma testosterone and plasma cortisol was 
observed.

All the above studies were conducted on normal individ-
uals, some of them very fit or undergoing intensive training. 
An interesting placebo-controlled study enlisting 92 patients 
found that standardised ginseng (G115, 300 mg/day  
for 3 months) significantly improved pulmonary functions 
and exercise capacity in patients with moderately severe 
chronic obstructive pulmonary disease.154 The degree of 
the improvements was quite striking. For example, maxi-
mum oxygen consumption increased by 37.5% compared to 
the placebo group. This study implies that the benefits of 
ginseng on physical performance might be more marked in 
unwell or unfit people.

Psychomotor performance and cognitive function
A few studies have examined the influence of ginseng on psy-
chomotor performance, and overall results to date indicate 
ginseng appears to be of limited value. The effect of ginseng 
(200 mg/day, approx 1 g of root) or placebo on reaction time 
to auditory and visual stimuli was investigated in a double 
blind study. Significant decreases in reaction times (p<0.01) 
were seen only in older participants (40 to 60 years). In addi-
tion, significant improvements in subjective feelings related 
to well-being (p<0.01) were observed in both older males 
and all females.155 Various tests of psychomotor performance 
were carried out in a group of 16 healthy male volunteers 
given a ginseng extract (200 mg/day, approx. 1 g of root) for  
12 weeks and in a similar group given an identical placebo 
under double blind conditions. Ginseng was only statistically 
superior to placebo in for the mental arithmetic test and did 
not enhance pure motor function, recognition and visual reac-
tion time. No adverse effects were reported.156

Fifteen young soccer players were randomised to receive 
either 350 mg/day ginseng extract or a placebo for 8 weeks 
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in a double blinded trial.157 Before and after the treatment 
they performed an incremental bicycle ergometer test until 
exhaustion. The ginseng significantly improved psychomotor 
performance, as assessed by reaction time at rest and during 
exercise, but did not impact exercise capacity.

Several trials have examined the impact of ginseng on cog-
nitive function. The effect of a ginseng extract (400 mg/day,  
approx. 2 g of root) on a variety of cognitive functions was 
compared with a placebo in a double blind, randomised, test-
retest design. Trial participants (112) were healthy volunteers 
older than 40 years of age and the treatment duration was 8 
to 9 weeks. The ginseng group showed a tendency to faster 
simple reaction times (not significant) and significantly bet-
ter abstract thinking than controls (p=0.02, Wisconsin Card 
Sorting Test). However, baseline values were not established 
for this test, and it is conceivable that the significant dif-
ference was inherent between the two groups, rather than 
resulting from the ginseng treatment. There was no signifi-
cant difference between ginseng and placebo for concentra-
tion or memory.158

A 2010 Cochrane review searched for blinded, ran-
domised, placebo-controlled trials assessing the effects of gin-
seng on cognitive function.159 Compound formulations were 
also evaluated if ginseng was the major component. Nine trials 
were identified and, of these, five were included in the anal-
ysis, as they provided extractable information. Two of these 
included trials are reviewed above.156,158 One of the included 
trials was on a multi-herb formulation and all five involved 
healthy volunteers. Pooling of the data was not possible 
because of heterogeneity in outcome measures, trial duration 
and ginseng dose. Analysis suggested that some aspects of cog-
nitive function, behaviour and quality of life were improved 
by ginseng, without serious adverse events. However, the 
authors considered that convincing evidence was lacking and 
more rigorously designed trials were needed.

An earlier 2003 review of the evidence for an effect of 
ginseng on cognitive performance concluded that single 
doses of ginseng most notably engender cognitive benefits in 
terms of improved memory, but can also be associated with 
‘costs’ in terms of attention task deficits following less mne-
monically beneficial doses.160 As noted by the review, most of 
the studies of ginseng on cognition and mood have been sin-
gle dose acute studies. Hence a study was designed to assess 
the impact of subacute dosing (over 8 days).161 A three-arm 
placebo-controlled, double blind, crossover design was used 
in a trial involving 30 healthy young volunteers (200 mg and 
400 mg ginseng extract and placebo). Results confirmed previ-
ous findings that an acute dose of ginseng can modulate cogni-
tive function (and mood), but there was no additional effect 
conferred by the next 7 days of dosing. Both doses of ginseng 
significantly slowed the deterioration in subjective ratings of 
calmness in the last two testing sessions on day 1 (p<0.05). 
While the acute 400 mg dose significantly improved key 
aspects of working memory (as assessed by a mental arithme-
tic task), the 200 mg dose led to a significant slowing of per-
formance. Again there was no additional cumulative effect 
from repeated dosing.

However, there appears to be a significant benefit on cog-
nitive function by combining Ginkgo biloba with ginseng.  

A placebo-controlled, double blind, crossover trial exam-
ined the acute effects of ginseng and Ginkgo on mental 
performance in 20 healthy volunteers.162 College students 
were tested four times between 1 and 6 h after taking the 
herbs. Those receiving Ginkgo only demonstrated signifi-
cantly improved concentration within 2.5 h. The highest dose 
tested (360 mg of 50:1 standardised extract) was the most 
effective. A dose of 400 mg of 5:1 ginseng extract (equiva-
lent to 2 g of root) sharpened memory after just 1 h, with 
improvements in ability to store, hold and retrieve infor-
mation. When both the Ginkgo extract (360 mg, equivalent 
to 18 g of leaf) and the ginseng extract (600 mg, equivalent 
to 3 g of root) were combined as a single treatment, results 
were striking. Not only was the effect on cognitive func-
tion more pronounced than treatment with either herb on 
its own, it was immediately evident when the volunteers 
were first tested. The lead researcher, Dr Andrew Scholey 
was quoted as saying: ‘The results were incredible in terms 
of improvements in speed and accuracy-usually there is a 
trade-off and you improve one at the expense of the other’. 
Follow-up publications have elaborated on these experimen-
tal findings.163,164

Long-term dosing of these two herbs was also found to be 
beneficial in terms of cognitive function. A 14-week, double 
blind, placebo-controlled, randomised trial studied the cog-
nitive effects of two different doses of the combination in 
256 healthy volunteers between the ages of 38 and 66 years 
(60 mg/day of Ginkgo extract and 100 mg/day of ginseng 
extract, or double this dose).165 Trial participants performed a 
battery of tests using the Computerised Cognitive Assessment 
system. Volunteers receiving the ginseng and Ginkgo combi-
nation demonstrated statistically significant improvements 
in memory compared with the placebo group, even after 
a 2-week washout. However, no beneficial effects from this 
combination on cognitive measures were seen in a 12-week 
double blind, placebo-controlled trial involving 57 postmeno-
pausal women.166

Some preliminary investigations have explored the poten-
tial role of ginseng in Alzheimer’s disease (AD). In an open 
label trial, 61 patients diagnosed with probable AD were 
randomised to one of three groups for a period of 12 weeks: 
low-dose red ginseng (4.5 g/day), high-dose red ginseng  
(9 g/day), or control.167 Antidementia drugs (donepezil, gal-
antamine, memantine or rivastigmine) that had been taken 
for at least 6 months prior to randomisation were continued 
during the 12-week trial. At the end of treatment, patients 
in the high-dose ginseng group showed significant improve-
ment on the cognitive subscale of ADAS (Alzheimer’s Disease 
Assessment Scale) and CDR (Clinical Dementia Rating) when 
compared with those in the control group (p=0.032 and 
0.006, respectively). The same research group also published 
results of a larger 12-week open label trial in AD involving 97 
patients and using a red ginseng dose of 4.5 g/day.168 A sig-
nificant outcome was observed for the cognitive subscale of 
ADAS (p=0.029 versus baseline). Scores declined to the lev-
els of the control group after discontinuing ginseng.

A 2009 systematic review of ginseng in AD identified 
only these two studies.169 The review concluded that both of 
these trials were burdened with methodological limitations. 
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However, given the stated preliminary nature of the above 
open label trials in AD, a systematic review is probably pre-
mature at this stage of the research.

Stress, well-being and quality of life
Ginseng has shown some benefit in a variety of trials assess-
ing quality of life (QoL) or general performance under 
stress. In a randomised, double blind trial, 501 participants 
received either ginseng extract with vitamins and minerals or 
a preparation containing only the vitamins and minerals. After  
4 months, the group receiving ginseng showed highly signifi-
cant improvements (p<0.0001) in all of the 11 QoL question-
naire items, whereas the group receiving only vitamins and 
minerals showed no significant improvement in any of these 
items. Adverse effects were minimal in both groups.170 The 
effect on QoL of ginseng extract in conjunction with vitamins 
and minerals was compared with placebo in a randomised, 
12-week double blind study. Healthy employed volunteers  
(n=390) older than 25 years were included. Significant 
improvements above placebo were noted for alertness 
(p<0.05), relaxation (p=0.02), appetite (p=0.04) and overall 
score on 18 QoL factors (p=0.03). Among the subgroup with 
the 20% lowest score at baseline, the active treatment improved 
both vitality (p=0.03) and depressed mood (p=0.05).171

A 2003 review of all published studies of ginseng and QoL 
identified nine clinical trials, including the two above.172 
Doses evaluated were 80 to 400 mg/day extract over 2 to 9 
months. The review found that eight studies demonstrated 
some degree of QoL improvement, but mainly on subscores. 
Improvement in overall composite scores of QoL was rarely 
seen, indicating the need for additional research to clarify 
this issue.

In a randomised, double blind trial on the treatment of 
fatigue, 232 patients between the ages of 25 and 60 years 
received either ginseng extract (80 mg/day, approximately 
0.4 g of root) with vitamins and minerals or placebo over a 
period of 6 weeks. Patients were allowed to choose the five 
items that best described their condition from a pre-estab-
lished list of 20 items. Analysis of these scores of fatigue 
levels at the end of the study indicated a statistically greater 
improvement for the active treatment. Side effects were 
minimal with only two patients withdrawing from active 
treatment.173

In a randomised, double blind study in 83 participants (aver-
age age 38 years) the effect of ginseng extract (200 mg/day,  
approximately 1 g of root) or placebo on several parameters 
related to well-being were assessed. After 4 months of treat-
ment the following significant changes were observed for 
the ginseng group when compared to the placebo group: fall 
in systolic blood pressure (p<0.01), improvements in colds 
(p<0.005) and bronchitis (p<0.05) (whether this was fre-
quency, severity or both was not specified), improvement in 
appetite (p<0.01) and improvements in sleep (p<0.025), well-
being (p<0.005) and performance (p<0.005).174

The effects of ginseng (1.2 g/day) on 12 fatigued night 
nurses was assessed by self-rating scales in a double blind, pla-
cebo-controlled, crossover design. Shifts consisted of 3 or 4 
consecutive nights followed by 3 days of rest, and participants 

received treatment for the first 3 consecutive nights of work. 
According to the crossover design, each nurse was tested after 
ginseng, placebo or a good night’s sleep. Although ginseng 
improved 11 of the 16 mood variables and eight of the 14 
somatic symptoms compared with placebo, none of the differ-
ences were statistically significant. This may reflect on the short 
duration of ginseng use or low patient numbers. Participants 
slept less and rated sleep quality as worse during ginseng use.175

Ginseng is particularly valued as a tonic for the elderly in 
China, and a number of studies have examined the benefits of 
ginseng use in elderly people. Ginseng extract with vitamins 
and minerals (dose not specified) caused a significant increase 
(p<0.05) in REM sleep compared with placebo in a 10-week 
double blind trial in 20 elderly subjects. Other treatment 
effects were noted which suggest a positive effect on sleep 
quality.176 In a double blind, crossover trial to test whether 
ginseng improved depression and impaired performance asso-
ciated with old age, 49 participants were given 1500 mg red 
ginseng root or an identical placebo each for 10 days, with 
a washout period between dosages. The major result was a 
highly significant improvement in reaction time and decision 
making, as assessed by the tapping test and the reaction timer. 
Participants felt slightly more alert and energetic when tak-
ing ginseng, but were also less happy. No major side effects 
were recorded and the treatment did not influence blood 
pressure.177 Another study produced neutral results. Ginseng 
extract (80 mg/day, about 0.4 g of root) with vitamin and min-
erals for 8 weeks did not improve rehabilitation of geriatric 
patients in a randomised placebo-controlled, double blind 
design involving 49 patients.178

Infection and immunity
Korean scientists have examined the effects of red ginseng in 
patients with HIV infection in a series of open trials. These 
trials suffer from poor experimental design, but they do 
suggest that the value of ginseng in this disorder should be 
examined further. In one trial the influence of 5.4 g/day of 
red ginseng powder on prognostic markers was assessed in 
23 patients after 3 and 6 months. The following significant 
changes were noted at 6 months: decreased lymphocyte per-
centage (p<0.05), mean CD4 T cell percentage increased 
from 16.3±5.2% at baseline to 20.1±9.0% (p<0.05), CD8 
T cell percentage increased (p<0.01), and two patients with 
measurable serum p24 antigen levels seemed to have these 
suppressed during treatment.179 These beneficial results were 
reflected in a second trial where ginseng therapy was com-
pared with zidovudine180 and in a third that conducted long-
term follow-up over several years.181

Further to these findings, the researchers investigated 
whether 5.4 g/day of Korean ginseng root powder taken long 
term had any impact on the development of resistant HIV-1 
strains in patients treated with the drug zidovudine.182 Nine 
patients were treated with both ginseng and the drug; another 
nine acted as controls and received only the drug. In sam-
ples after 24 months of therapy, the incidence of six resist-
ance mutations to zidovudine was 21.7% for the ginseng 
group, versus 56.3% for the controls (p<0.01). The authors 
concluded that the observed maintenance of CD4 T cell 
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counts by the zidovudine and ginseng combination might be 
indirectly due to the delayed development of resistance to 
zidovudine.

Clinical parameters in 68 HIV-1 infected patients who 
lived for more than 5 years without antiretroviral therapy 
were analysed to assess any confounding effect of their HLA 
class on disease progression.183 The average Korean red gin-
seng intake over 112 months was 4.1 g. Ginseng intake was 
shown to significantly slow the decrease in CD4 T cells even 
when the influence of HLA class I was statistically eliminated 
(p<0.05). There was also a significant correlation between 
ginseng intake and a decrease in serum-soluble CD8 antigen 
levels (p<0.001).

The effects of ginseng on cell-mediated immune function 
were studied in 60 healthy volunteers. Three groups received 
either placebo, 200 mg/day standardised ginseng extract 
(about 1 g of root) or 200 mg/day of ginseng aqueous extract. 
Significant improvements after 8 weeks were noted in both 
ginseng groups for chemotaxis, phagocytic activity and intra-
cellular killing, whereas only the last parameter increased in 
the placebo group. Results tended to be better for the stand-
ardised ginseng extract.184

The same research team examined the effect of ginseng 
extract (200 mg/day, about 1 g of root) on the function of 
alveolar macrophages in 40 patients with chronic bronchi-
tis in a placebo-controlled, single blind trial. The ginseng 
extract was able to improve the immune response of alveo-
lar macrophages collected by bronchoalveolar lavage.185 In 
a subsequent randomised, double blind study, 227 volun-
teers (average age 48 years) received either ginseng extract 
(200 mg/day, about 1 g of root) or placebo for a period of 12 
weeks during which they also received an anti-influenza poly-
valent vaccination at week 4. As a result, while the incidence 
of influenza or common cold between weeks 4 and 12 was 42 
cases in the placebo group, it was only 15 cases in the gin-
seng group (p<0.0001). Also antibody titres (p<0.0001) and 
natural killer cell activity (p<0.0001) were significantly higher 
in the ginseng group. There were nine adverse events: two 
cases of nausea, one of epigastralgia, one of anxiety and four 
of insomnia in the ginseng group, compared to one case of 
insomnia in the placebo group.186

However, 300 mg/day of ginseng extract for 2 months 
failed to influence total and differential white blood cell count 
and lymphocyte subpopulations in a double blind, placebo-
controlled trial involving 20 healthy men.187 Likewise, sali-
vary secretory IgA was not changed by 400 mg/day of ginseng 
extract for 8 weeks in another trial.188

Cardiovascular effects
Forty-five patients with advanced congestive heart failure 
were divided into three groups and received either digoxin, 
red ginseng or both treatments in an open label design. The 
group receiving ginseng and digoxin showed the best results 
in terms of biochemical and haemodynamic parameters, fol-
lowed by the group receiving ginseng. There were no adverse 
effects.189

Shengmai is a traditional Chinese formula for congestive 
heart failure containing ginseng, Ophiopogon japonicus and 

Schisandra chinensis. It is mainly administered as an injection 
or as an oral infusion. A 2011 Cochrane review identified six 
eligible trials, five where it was administered by injection and 
one as an oral liquid.190 Compared to conventional treatment 
alone, Shengmai plus conventional treatment resulted in an 
improvement in the New York Heart Association assessment 
of severity. The quality of trials was low, hence any evidence 
of benefit was deemed to be weak.

A randomised, double blind, placebo-controlled study of 
30 healthy university students found that 200 mg/day of gin-
seng extract for 28 days had no clinically significant impact on 
electrocardiographic and haemodynamic parameters.191 There 
was a small decrease in diastolic blood pressure and increase 
in the QTc interval following the very first dose.

An open study in 15 postmenopausal women found that 
500 mg/day of ginseng root for 12 weeks had no impact on 
serum lipid profiles.192 Given the positive effect on HDL 
levels with higher doses in a study in men with erectile dys-
function (see Reproductive function below), there may be a 
dose-related effect. A small, high-dose open label trial (n=8) 
did find that ginseng extract (6 g/day) for 8 weeks significantly 
lowered total cholesterol, triglycerides and LDL-cholesterol 
and raised HDL-cholesterol (all p<0.05).193 HDL-cholesterol 
was increased by around 40%. The study also found that 
malondialdehyde (a measure of oxidation) was lowered and 
erythrocyte superoxide dismutase and catalase levels were sig-
nificantly increased (all p<0.01).

A 2005 systematic review of the effects of ginseng on car-
diovascular risk factors identified around 30 studies yielding 
results for blood pressure, lipids and/or blood glucose.194 Nine 
studies evaluated cholesterol outcomes over periods rang-
ing from 7 days to 3 months, with ginseng alone trialed in 
six. Overall results were inconsistent, but five of nine studies 
demonstrated improvements in one or more lipid parameters 
that were statistically significant. Since the quality of several 
of these trials was poor, or they were just simply preliminary 
studies, the authors suggested that while ginseng may improve 
lipid profiles, better designed trials were needed.

One of the concerns about using ginseng is that many 
patients who would benefit from its use often have high blood 
pressure. The oft-quoted thinking is that ginseng is contrain-
dicated in hypertension. However, clinical studies do not sup-
port such a broad contraindication for this valuable herb.

One Korean study evaluated changes in blood pressure 
after 8 weeks of treatment with red ginseng root (4.5 g/day) 
using 24 h blood pressure monitoring.195 Placebo was admin-
istered for 4 weeks followed by red ginseng, which implies 
that the study was unblinded from the perspective of the 
clinician (in other words it was a single blind study). In 26 
patients with essential hypertension, average systolic blood 
pressure was significantly decreased (p=0.03), while dias-
tolic pressure only showed a tendency to decline (p=0.17). 
In eight patients with ‘white coat’ hypertension, no signifi-
cant blood pressure change was observed, which might be 
expected given the low number of patients. The authors 
suggested that red ginseng might be considered a relatively 
safe treatment in conjunction with antihypertensive drugs. 
Side effects from ginseng were considered to be trivial and 
temporary.
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In contrast to the poorly documented case reports (in 
terms of doses and products taken), the above clinical trial 
does not support the contraindication of ginseng in hyperten-
sion. This implies that any hypertensive response to ginseng is 
probably idiosyncratic and the risk needs to be assessed on a 
case by case basis. This was well illustrated by an earlier clini-
cal trial in which red ginseng intake (3 to 6 g/day) for an aver-
age of 10 months gave the following results:
l	 In hypertensive patients, 51% showed lowered blood 

pressure, 43% remained unchanged and 5% showed 
elevation.

l	 In normotensive patients, 95% were unchanged, 2% 
showed a decrease in blood pressure and 3% an increase.

l	 In hypotensive patients 63% were unchanged, 31% showed 
an increase in blood pressure and in 6% blood pressure fell 
further.196

Hence, while there is a strong tendency for red ginseng to 
either not influence or normalise blood pressure, it can appar-
ently exert a contrary effect in only a very small percentage of 
patients.

The 2005 systematic review mentioned above identified 11 
ginseng trials that included blood pressure outcomes, with five 
assessing ginseng as a monopreparation.194 The authors con-
cluded that, while there is no consistent evidence that ginseng 
lowers blood pressure, there is little evidence to suggest it ele-
vates this parameter.

The effect of ginseng extract (200 mg/day) on mainly 
moderate cerebrovascular deficit in 45 patients (average age 
58 years) was compared with the drug hydergine (3 mg/day) 
or placebo under double blind conditions over 3 months. 
Significantly improved cerebrovascular circulation was noted 
in both active treatment groups.197 A combined Ginkgo and 
ginseng formula improved circulation and lowered blood pres-
sure in a controlled single dose study involving 10 healthy 
young volunteers.198

A study assessed a formulation containing Panax gin-
seng and Panax notoginseng in patients with mild or moder-
ate vascular dementia (due to a number of small strokes).199 
Twenty-five patients took the ginseng combination, while 
another 15 took a drug for dementia containing almitrine 
plus raubasine, which is thought to improve oxygen delivery 
to the brain. The scientists based at the University of Beijing 
conducted a battery of tests that measured patients’ ability 
at recall and verbal and visual recognition. Patients taking 
the ginseng compound showed more improvement in overall 
memory than those taking the drug combination. However, 
such results are preliminary and placebo-controlled studies 
are needed.

In an acute randomised, controlled, double blind, crosso-
ver trial, 17 healthy fasted individuals received on separate 
occasions four treatments consisting of: 3 g of placebo, gin-
seng root, bioequivalent dose of ginsenosides (105 mg) or 
the equivalent polysaccharide fraction (172 mg). Blood pres-
sure and the augmentation index (AI-an emerging method 
for measuring arterial elasticity to assess cardiovascular risk 
beyond conventional blood pressure measurements) were 
recorded with applanation tonometry at baseline and 1, 2 
and 3 h post-treatment. Compared with placebo, ginseng 

significantly lowered radial AI by 4.6% (p=0.045), and 
the ginsenoside fraction comparably decreased AI by 4.8% 
(p=0.057). However, no effect was observed with the poly-
saccharides and there was no overall effect on blood pres-
sure.200 In contrast, a Korean double blind, placebo-controlled 
trial involving 80 medicated patients with hypertension 
found that Korean red ginseng (3 g/day) for 3 months did not 
improve arterial stiffness.201 There was no additional impact 
of ginseng on blood pressure.

Cancer prevention and therapy
South Korea is in a unique position for epidemiological 
studies involving ginseng use. As the socioeconomic status 
of Korea began to improve in about the second half of the 
20th century, and Koreans began to prefer their traditional 
herbal teas, many started to drink ginseng tea. Nowadays in 
Korea, ginseng tea is served as often as coffee and the use 
of other forms of this herb are equally widespread. A group 
of Korean clinicians and epidemiologists have taken advan-
tage of this opportunity. In their first study, they found an 
inverse association between ginseng intake and cancer inci-
dence.202 The scientists extended this initial study to a case-
control investigation involving 1987 pairs.203 The cancer 
sites studied were all primary tumours classified according 
to WHO guidelines. Corrections for confounding factors 
such as age, sex, education, marital status, smoking and 
alcohol consumption were performed during the statistical 
analysis of results.

Overall, the relative risk of cancer for ginseng users was 
50% lower than for ginseng non-users. Concerning the type 
of ginseng, the relative risk of cancer was 37% for fresh gin-
seng extract users, 57% for white ginseng extract users, 30% 
for white ginseng powder users and a remarkable 20% for red 
ginseng users. However, users of fresh ginseng slice, fresh 
ginseng juice and white ginseng tea showed no reduction in 
cancer risk.

There was also a decrease in risk with rising frequency and 
duration of ginseng intake, showing a clear dose–response 
relationship. Not all cancers were affected by ginseng. For 
cancers of the female breast, cervix, bladder and thyroid gland 
there was no association (positive or negative) with ginseng 
intake. Apparently smokers particularly benefited from gin-
seng intake, with incidences of cancers of the lung, lip, oral 
cavity and pharynx substantially lower in smokers who were 
ginseng users compared with smokers who were not. There 
was no significant difference in cancer risk between those 
who began to use ginseng between the ages of 30 to 39 and 
after age 60. In both groups, the preventative effect appeared 
1 year after the first ginseng intake and increased with dura-
tion of consumption. The authors conceded that the greatest 
weakness of their study was the inability to adjust for diet 
for cancers of the digestive organs, and sexual behaviour for 
reproductive cancers.

The same authors conducted a cohort study in a ginseng-
growing area of Korea on 4634 adults over 40 years of age.204 
There were 79 deaths from cancer over 5 years. Ginseng users 
had only a 48% chance of contracting cancer when compared 
with non-users.
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A similar opportunity to observe the potential protec-
tive effects of ginseng has been taken in China. A cohort of 
1455 breast cancer patients recruited to the Shanghai Breast 
Cancer Study between August 1996 and March 1998 were 
followed through until the end of 2002 by a US research 
team. Information on ginseng use before cancer diagnosis was 
collected at baseline recruitment. Survivors’ ginseng use after 
cancer diagnosis was obtained at the follow-up survey and 
was correlated to QoL at the same time. The Kaplan-Meier 
method and Cox regression models were applied to evaluate 
the association of ginseng use with overall and disease-free 
survival. The relation between ginseng use and QoL was eval-
uated using multiple linear regression models. Approximately 
27% of study participants were regular ginseng users before 
cancer diagnosis. Compared with patients who never used gin-
seng, regular users had a significantly reduced risk of death. 
Ginseng use after cancer diagnosis, particularly current use, 
was positively associated with QoL scores, with the strong-
est effect in the psychological and social well-being domains. 
Additionally, QoL improved as cumulative ginseng use 
increased.205

In the Kangwha Cohort Study, researchers in South Korea 
followed 6282 volunteers who were 55 years of age or older 
in March 1985 until December 31, 2003 to evaluate the 
effects of ginseng intake on mortality.206 Intake of ginseng 
was found to significantly decrease all-cause mortality in older 
males. After adjusting for age, education, occupation, alco-
hol intake, smoking, chronic disease, body mass index and 
elevated blood pressure, men who used ginseng had a 10% 
reduction in risk of death from all causes, compared with 
nonusers. The risk decreased significantly with increasing fre-
quency of ginseng intake. The association was not shown in 
women. However, intake of ginseng lowered the risk of mor-
tality from cancer in women, with the relationship between 
greater ginseng intake and lower risk approaching statistical 
significance. Mortality caused by cardiovascular disease was 
not related to ginseng intake in men or women. Ginseng users 
were grouped into frequent users (taking ginseng often or very 
often), infrequent users (occasionally) and non-users (never). 
The dosage of ginseng as well as the exact frequency and 
duration of intake was not collected. The study also did not 
collect information on species and types, although it is highly 
likely that Korean ginseng was mainly consumed.

A randomised, double blind, placebo-controlled trial was 
conducted in China over 11 years to assess the impact of a 
period of regular Korean red ginseng intake on the develop-
ment of primary cancers.207 The trial was a collaboration 
between several research centres in Korea and China. In all, 
643 patients with chronic atrophic gastritis were enrolled in 
the trial, because this condition is associated with an elevated 
risk of stomach cancer. About 60% of the participants were 
men, more than half were smokers and their average age at 
the beginning of the trial was around 47 years. The dose of 
Korean ginseng extract was 1 g/week (taken as four discrete 
doses containing ginsenosides at 38 mg/week) and its ginse-
noside profile suggests that this would correspond to around 
5 g of root. This dose, or the matching placebo, was con-
sumed for 3 years and the trial participants were followed-up 
8 years later.

During the 11 years of the study, 16 cancer cases con-
firmed by pathological examination occurred in the placebo 
group versus eight in the ginseng group. The relative risk 
(RR) for development of cancer in the ginseng group was 
0.54, but this failed to reach statistical significance (p=0.13), 
presumably because of the relatively low numbers in the 
trial. Of the 24 cancer patients, 21 were male and the RR 
for all cancers in men was found to be statistically significant 
(p=0.03) at 0.35. There were no differences in side effects 
between the two groups and the incidence of increasing 
blood pressure was actually higher in the placebo group. The 
authors concluded that Korean red ginseng exerted a non-
organ-specific cancer preventative effect, consistent with pre-
vious epidemiological studies.

It should not be concluded from this study that Korean 
ginseng benefits only men in terms of cancer prevention. The 
likely reasons for the statistically significant protective effect 
in the men are their higher number in the trial and the greater 
incidence of cancers.

The effect of ginseng (5 g/day) was assessed in 50 cervi-
cal cancer patients undergoing radiation therapy in a double 
blind, placebo-controlled study. After 5 weeks, a number of 
haematological parameters were tested. Results suggested 
that ginseng had a protective effect on depressed bone mar-
row only in terms of platelet count, which was significantly 
elevated in the ginseng group (p<0.05). A longer and more 
detailed study was recommended by the authors.208

In a long-term Korean study, the impact of red ginseng 
therapy on postoperative immunity and survival was investi-
gated in patients with gastric cancer.209 Forty-nine patients 
who had undergone gastric resection with lymph node 
removal by the same surgeon for histologically proven AJCC 
(American Joint Committee on Cancer) stage III gastric 
adenocarcinoma were enrolled in the trial. After the applica-
tion of predefined exclusion criteria, 22 patients were given 
ginseng (4.5 g/day) for the first 6 months after surgery and 
another 20 acted as placebo controls. All patients were also 
treated with chemotherapy each month for 6 months after 
surgery. Flow cytometry for peripheral T lymphocyte sub-
sets showed that the ginseng powder restored CD4 T cell 
levels to the initial preoperative values during chemotherapy. 
Depression of CD3 lymphocytes was also inhibited. The 
study demonstrated 5-year disease-free survival and overall 
survival rates that were significantly higher in patients taking 
ginseng compared with controls (68.2% versus 33.3%; 76.4% 
versus 38.5%, respectively, p<0.05). In other words, the gin-
seng treatment significantly prolonged survival and reduced 
the incidence of metastases.

A form of ginseng known as sun ginseng was found to be 
beneficial at 3 g/day on some aspects of mental and physi-
cal functioning after 12 weeks of therapy in a randomised, 
double blind, placebo-controlled trial involving 53 cancer 
patients.175

Reproductive function
Several clinical trials have reinforced traditional views that 
ginseng has particular relevance for sexual and fertility prob-
lems in men. Ginseng extract was assessed in an open study 
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involving 66 male patients, of whom 20 were controls, 30 had 
an idiopathic low sperm count and 16 had a low sperm count 
associated with varicocele.210 All received 4 g/day of ginseng 
extract for 3 months. Sperm count, total testosterone, sperm 
motility, free testosterone and dihydrotestosterone rose in 
all groups after 3 months of ginseng treatment. The normal 
control participants only showed small increases, whereas 
increases in the low sperm count groups were substantial for 
these parameters (although only in the case of free testoster-
one did levels approach those of the control group). In con-
trast, prolactin levels, which were elevated in the low sperm 
count groups, fell in all treated groups. Gonadotrophins 
showed a progressive increase in the low sperm count groups, 
but in the control group a moderate decrease was observed, 
probably due to the corresponding increase in androgens. It 
was suggested that the ginseng, and specifically ginsenosides, 
may have an effect at different levels of hypothalamus-pitui-
tary-testes axis to improve male fertility.

In a second clinical trial conducted in Korea, the effect of 
red ginseng on erectile dysfunction (ED) was compared with 
placebo and the drug trazodone.211 A total of 90 patients 
were closely followed, with 30 patients in each group. The 
overall therapeutic efficacy on ED as evaluated by the patient 
was 60 % for the ginseng group and 30% for the placebo- and 
trazodone-treated groups (p<0.05). In particular, ginseng sig-
nificantly improved libido. The ginseng dose used was 1.8 g/
day of extract.

There were design faults in both the above studies. In 
particular, there was no placebo control group in the first 
study and neither study was conducted under double blind 
conditions. In a more robust study, however, prospects for 
benefits in the management of male sexual disorders are 
reinforced. In a controlled study involving 35 elderly men 
with psychogenic impotence, 2.7 or 1.8 g of ginseng root 
or placebo was given for 2 months. The overall therapeutic 
effect on erectile function was 67% for ginseng versus 28% 
for placebo (p<0.05) and results tended to be better in the 
higher dose ginseng group. HDL-cholesterol was significantly 
elevated by ginseng (p<0.05), but there was no other effect 
on serum lipids.212

In a study published in 2002, a total of 45 patients with 
clinically diagnosed ED were enrolled in a double blind, 
placebo-controlled, crossover trial (8 weeks on treatment,  
2 weeks of washout and 8 weeks on treatment). The effects 
of Korean red ginseng root (2.7 g/day) and a placebo were 
compared. The five-item version of the International Index of 
Erectile Function (IIEF-5) was used to assess patients at the 
beginning and end of the trial. Mean IIEF scores were signif-
icantly higher for patients taking red ginseng than for those 
who received the placebo (p<0.01). Scores on questions 3 
(penetration) and 4 (maintenance) were also significantly 
higher in the ginseng group (p<0.01). In response to the over-
all efficacy question, 60% of the patients answered that red 
ginseng improved erection (p<0.01). Among other variables, 
penile tip rigidity using the RigiScan device showed significant 
improvement for ginseng against placebo.213 No changes in 
serum testosterone were observed.

In a more recent study, a total of 60 patients with 
mild to moderate ED were recruited for a double blind, 

randomised, placebo-controlled trial conducted in Brazil.214 
Patients received either 3 g/day of Korean red ginseng root 
or a matched placebo for 12 weeks. Other health problems 
included hypertension in nine patients (30.0%) in the gin-
seng group and 13 patients (43.3%) in the placebo group, 
and diabetes in four patients (13.3%) in the ginseng group 
and six patients (20%) receiving placebo. By the end of the 
trial the IIEF-5 was significantly higher in the group receiving 
the herbal treatment compared with baseline (p<0.0001). 
In contrast there was no change for placebo. In addition, 20 
patients (67%) receiving Korean ginseng reported improved 
erection compared with none in the placebo group. Levels of 
serum testosterone, prolactin and cholesterol were not sig-
nificantly altered by the herbal treatment.

A systematic review and meta-analysis identified seven 
randomised, controlled trials of red ginseng in the treat-
ment of ED.215 Some of the included trials are reviewed 
above.212–214 Six of the trials compared the effect of ginseng 
against placebo, enabling a meta-analysis. This demonstrated 
a highly significant and clinically relevant effect of ginseng on 
ED (p<0.00001). The authors cautioned that the low meth-
odological quality and small sample size precluded definitive 
conclusions.

In spite of its possibly erroneous reputation as a male only 
remedy, ginseng consumption during pregnancy is popular in 
Hong Kong. Eighty-eight patients taking ginseng during their 
pregnancy were matched with control patients with simi-
lar characteristics who delivered within the same period, but 
were not taking ginseng. Eight patients in the control group 
developed pre-eclampsia, but only one patient in the ginseng 
group suffered this condition (p<0.02). The control group 
also had higher mean blood pressures in the second and third 
trimesters, but the differences were not statistically signifi-
cant. The authors suggested that further studies are necessary 
to clarify this possible benefit of ginseng during pregnancy.216

The effect of a Korean ginseng aqueous extract (3 g/day, 
about 15 g of root) on sexual arousal in menopausal women 
was evaluated in a clinical trial in Korea.217 The randomised, 
double blind, crossover trial lasted 20 weeks: 2 weeks for 
collecting baseline data, two 8-week treatment periods (pla-
cebo, ginseng) with a 2-week washout period between the 
treatment periods. Thirty-two women were recruited, and 
four dropped out during the study due to a lack of subjective 
improvement.

The main outcome measures were the Female Sexual 
Function Index (FSFI) and Global Assessment Questionnaire 
(GAQ). The FSFI consisted of six domains (desire, arousal, 
lubrication, orgasm, global satisfaction, pain) assigned with 
19 items. GAQ consisted of a single question, asking whether 
sexual function had improved at the end of each treatment. 
Ginseng improved scores on the FSFI in the sexual arousal 
domain from 3.1 to 3.5 (p=0.006). Significant improvements 
were shown for each of the three individual items of this 
domain: frequency, level and satisfaction of arousal. Korean 
ginseng did not have a significant effect on the other five 
domains. Also ginseng produced a significantly better effect 
than placebo for GAQ results (p=0.046). There were no 
severe adverse events in the ginseng group, although two cases 
of vaginal bleeding occurred during ginseng treatment (which 
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was described as normal menstrual bleeding). It should be 
noted that the clinical effect appears to be small.

Earlier trials in menopausal women had undertaken to 
assess the effect of ginseng on psychological parameters 
and QoL. A small open label, placebo-controlled trial in 49 
women found that 3 months of ginseng extract (200 mg/
day) improved symptoms such as headache, depression and 
sleep disturbances.218 There were no side effects and no 
changes in vaginal and cervical cytology. A small, open label 
trial conducted in Japan observed that 6 g/day of Korean red 
ginseng for 30 days improved fatigue, insomnia, depression 
and psychological tests in 12 postmenopausal women.219 The 
cortisol/DHEA-S ratio decreased significantly.

In a large randomised, multicentre, double blind, placebo-
controlled trial involving 384 symptomatic postmenopau-
sal women, the impact of a ginseng extract (200 mg/day) for 
16 weeks on the Psychological General Well-Being (PGWB) 
index, Women’s Health questionnaire (WHQ) and Visual 
Analogue (VA) scale were assessed.220 There was only a ten-
dency for a slightly better overall symptomatic relief from 
ginseng (p<0.1). However, analysis of PGWB subsets dem-
onstrated significant outcomes for depression, well-being and 
health (p<0.05). No impact was observed on the WHQ and 
VA scales, hormone levels, endometrial thickness and hot 
flushes.

Diabetes
Several studies, mostly involving a single acute dose, have 
investigated the impact of ginseng on blood glucose param-
eters under different experimental conditions in healthy 
volunteers. Results are inconsistent, which might reflect in 
part the different ginsenoside profiles of the various forms of 
ginseng tested. These are briefly summarised below. Pooled 
effects from a variety of single doses of ginseng (1 to 9 g) 
on blood glucose following the oral glucose tolerance test 
(OGTT) in 11 healthy volunteers found a significant increase 
in values at 2 h (p=0.05).221 A trial of similar design in 12 
healthy volunteers also found that 3 g of ginseng increased 
blood glucose during the OGTT, but red ginseng had no 
effect.222 In contrast, single doses of 200 and 400 mg of a 5:1 
ginseng extract lowered blood glucose in a study involving 
30 healthy young adults.223 This was confirmed in another 
study by the same group for a 200 mg extract dose.224 Yet 
another similar study by the same research group confirmed 
this finding, but in this case co-administration of ginseng with 
25 g glucose resulted in a blood sugar increase above glucose 
alone.225 In contrast, these researchers found no impact of 
the same ginseng extract on blood glucose levels in healthy 
volunteers for both an acute and a longer team study.226 An 
investigation in seven healthy volunteers found that 2 to 
6 g of ginseng rootlets decreased blood glucose during the 
OGTT, but an aqueous extract and the main root were inac-
tive.227 Stepwise multiple regression models identified Rg1 as 
the sole predictor of activity.

Results for long-term studies in diabetic patients are more 
consistent, although the main therapeutic impact appears to 
be on plasma insulin. In a double blind, placebo-controlled 
study, 30 patients with type 2 diabetes were treated for  

8 weeks with ginseng extract (100 or 200 mg/day) or placebo. 
Ginseng improved patients’ mood, vigour, well-being and psy-
chomotor performance. Results were more significant for the 
higher dose. Both doses of ginseng caused a small but signifi-
cant fall in fasting blood glucose (p<0.05).228

In another long-term study, 12 weeks’ supplementation 
with Korean red ginseng (2 g before each meal) maintained 
glycaemic control and substantially improved fasting plasma 
insulin levels (p=0.046) in a randomised, double blind, pla-
cebo-controlled, crossover study involving 19 participants 
with well-controlled type 2 diabetes (average HbA1c 6.5%).229 
The OGTT results reflected a similar pattern. There was 
a trend to lower plasma glucose levels of borderline statisti-
cal significance (p=0.052), but the reduction in plasma insu-
lin was much more striking. Compared with baseline, mean 
plasma insulin fell by 31% in the ginseng group (p=0.012 
compared with placebo) and peak plasma insulin fell by 32% 
(p=0.011). Insulin sensitivity index values (which are the 
inverse of insulin resistance) rose by 36% in the treated group 
(p=0.025). In other words, although the effects of ginseng 
on the plasma glucose parameters failed to reach significance, 
there was a significant and substantial reduction in insulin 
resistance. Treatment with ginseng had no impact on hepatic 
and renal function, haemostasis parameters and systolic and 
diastolic blood pressures.

A randomised, placebo-controlled, double blind, cross
over study in 20 type 2 diabetic patients assessed the impact 
of 1.1 g/day of ginseng for 4 weeks.230 By the end of the 
trial there was a significant decrease in insulin resistance 
(HOMA-IR) (p<0.05) and fasting plasma glucose (p<0.05) 
for the ginseng group compared with placebo.

Other conditions
A case history was described where a patient with severe 
postpartum hypopituitarism (Sheehan’s syndrome) was suc-
cessfully treated with high doses of ginseng and licorice over 
50 days.231

A causal link has been suggested with Helicobacter pylori 
infection and halitosis. In an open label trial, 88 functional 
dyspepsia patients with subjective or objective (halimeter) 
halitosis received Korean red ginseng (2.7 g/day) for 10 weeks 
or acted as controls.232 Thirty-eight of 68 H. pylori-positive 
patients became free of halitosis, accompanied with halimeter 
confirmation. Among the remaining 30 patients, 15 receiving 
triple therapy plus red ginseng responded better than the 15 
receiving triple therapy alone. Of the 20 H. pylori-negative 
patients, 13 became free of halitosis with red ginseng. Red 
ginseng was also active against volatile sulphur compound gen-
eration by H. pylori in vitro.

Toxicology and other safety data

Toxicology
The toxicity of ginseng root is very low. A 5:1 extract was 
found to be safe up to 6 g/kg in mice when administered 
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intraperitoneally and up to 30 g/kg given by the oral route as 
a single dose.233 Subacute toxicity studies at 1.5 to 15 mg/
kg/day for 90 days of the same extract revealed no treat-
ment-related effects on body weight, food consumption, 
haematology, biochemical parameters and histopathological 
findings.234

A 5:1 extract of ginseng root administered to male rabbits 
and rats as part of their feed at 100 mg/kg/day for 30 to 60 
days caused a reduction in testicular germ cell counts, size 
and number of Leydig cells and other features of reduced 
fertility.235

Contraindications
Ginseng is traditionally contraindicated in acute asthma, signs 
of heat, excessive menstruation or nose bleeds.

Special warnings and precautions
Concurrent use with stimulants such as caffeine and ampheta-
mines is best avoided, as is use during acute infections.

Interactions
Two independent reports of a possible interaction of the 
monoamine oxidase inhibitor phenelzine with ginseng have 
been reported.236,237 However, the identity of ginseng was not 
confirmed.

A case of a possible interaction between warfarin and 
ginseng has been described. Ginseng intake appeared to 
reduce the anticoagulant activity of the warfarin, but the 
mode of action was unclear and the patient was taking other 
medications.238 However, no interaction with warfarin 
was observed for ginseng in two clinical trials, even at high 
doses.239,240

Interactions with sildenafil, hypoglycaemic drugs and CNS 
stimulants are also theoretically possible, but no cases have 
been reported.

Inhibition of one or more cytochrome P450 enzymes 
may lead to a drug interaction.241 A cocktail of specific 
cytochrome P450 probes was administered to investigate 
potential interactions with ginseng and Ginkgo biloba. The 
probe drugs administered were specific for the follow-
ing enzymes: CYP1A2, CYP2CP, CYP2D6, CYP3A4 and 
also for the cellular drug pump P-glycoprotein. Seventy-
two healthy volunteers were randomised to the following 
groups: ginseng, Ginkgo, both herbs or placebo. There were 
no significant differences found between the treatment 
groups for any of the measured probe drug parameters. 
These results suggest that daily use of ginseng or Ginkgo, 
or the combination of both herbs, will not alter the pharma-
cokinetics of the majority of prescription or over-the-coun-
ter drugs. A similar study in 20 healthy, elderly volunteers 
confirmed no effect of ginseng on CYP1A2, CYP2D6, 
CYP2E1 and CYP3A4.242

(See also the recommendations regarding potential herb–
drug interactions for ‘Korean ginseng’ in Appendix C.)

Use in pregnancy and lactation
Category A-no proven increase in the frequency of malforma-
tion or other harmful effects on the fetus despite consump-
tion by a large number of women.

Ginseng has been given to pregnant women without appar-
ent harm in clinical trials in Asia. A 2008 review of the litera-
ture concluded that, based on strong evidence from a cohort 
study, ginseng was not associated with adverse effects during 
pregnancy.243

The effect of a 5:1 extract of ginseng root on reproductive 
performance was studied in male and female rats at oral doses 
of 1.5, 5 and 15 mg/kg/day. No adverse effects were seen in 
two generations of offspring.244

The isolated ginsenoside Rb1 caused significant morphologi-
cal changes in vitro using a whole rat embryo culture model 
at a concentration of 30 µg/mL.245 Despite the considerable 
publicity given to this finding at the time of its release, this 
study has little relevance to the oral use of normal doses of 
ginseng. It stands in stark contrast to the human and in vivo 
studies that have shown no adverse effects on pregnancy. This 
is because of the high levels of exposure and the uncertain 
bioavailability of the ginsenosides as such.

Ginseng is compatible with breastfeeding and has been tra-
ditionally prescribed as a tonic to lactating mothers.

Effects on ability to drive and use 
machines
No negative influence is expected.

Side effects
Results from controlled clinical trials using a daily dose of 
1 g indicate that ginseng is generally safe and well-tolerated. 
However, higher doses may cause side effects, and ginseng 
abuse syndrome (GAS) has been described in the early lit-
erature.231 GAS was defined as hypertension, together with 
nervousness, euphoria, insomnia, skin eruptions and morn-
ing diarrhoea, and was postulated to be related to ginseng’s 
interaction with glucocorticoid production in the body. 
However, since this particular study did not differentiate 
the species of ginseng used, its reliability must be ques-
tioned. Moreover, a follow-up study found that many peo-
ple with reported GAS were actually taking Eleutherococcus 
senticosus (Siberian ginseng).246 Symptoms of GAS were 
reported in independent studies in the wake of this publi-
cation,247,248 and there has been an unexplained report of a 
64-year-old patient experiencing a hypertensive crisis lead-
ing to a transient ischaemic attack linked to ingestion of 
ginseng root for 2 weeks.249 In the absence of more recent 
reports of GAS, and the clinical trials demonstrating no 
adverse impact of ginseng on blood pressure, its importance 
has diminished.

Ginseng may cause side effects related to an oestrogen-like 
activity in women.250 Cases of mastalgia251 and vaginal bleed-
ing in a 72-year-old woman252 have been reported. A case of 
postmenopausal bleeding attributed to the use of a ginseng 



645

Ginseng

face cream has also been published.253 The potential adul-
teration of these products with hormonal agents needs to be 
considered.

Ginseng is widely used and several other severe adverse 
reactions have been reported that are at best possibly related 
to ginseng, or may otherwise reflect on contamination, adul-
teration or coincidence. These include Stevens-Johnson 
syndrome,254,255 diuretic resistance, cerebral arteritis,256 
mania,257,258 mydriasis259 and bradyarrhythmia.260

A systematic review of adverse effects involving ginseng 
observed that the most commonly experienced events were 
mild and similar to those for placebo.261

Overdosage
Two women who had consumed around 25 g of ginseng root 
both apparently developed transient cerebral arteritis with 
severe headaches, nausea and vomiting.262

Safety in children
No information available but adverse effects are not 
expected

Regulatory status in selected 
countries

Ginseng is official in the Chinese Pharmacopoeia (2005) 
and the Japanese Pharmacopoeia (English edition, 2006), 
the European Pharmacopoeia 7.2 2011, the United States 
Pharmacopeia-National Formulary (USP 34-NF 29, 2011), 
and the British Pharmacopoeia 2012.

Ginseng is covered by a positive Commission E monograph 
and can be used as a tonic to combat feelings of lassitude and 
debility, lack of energy and ability to concentrate and during 
convalescence. It is on the UK General Sale list.

Ginseng does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA leg-
islation (1994 Dietary Supplement Health and Education Act). 
Korean ginseng has been present as an ingredient in products 
offered over-the-counter (OTC) for use as an aphrodisiac. The 
FDA however advises that ‘based on evidence currently available, 
any OTC drug product containing ingredients for use as an aphro-
disiac cannot be generally recognised as safe and effective’.

Ginseng is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Globe artichoke

(Cynara cardunculus var. scolymus L.)

laxative and diuretic activities. It has been used to clear the 
complexion, stimulate appetite, alleviate the symptoms of 
arthritis and for uraemia and hypercholesterolaemia. According 
to Leclerc, the activity of Cynara depends on tonifying the 
liver, in particular the ‘wringing out of the hepatic sponge’,3 
thereby suggesting an antitoxic (hepatoprotective) action. 
Cynara was also traditionally used to treat nephrosclerosis, uri-
nary stones and oliguria of toxic or infectious origin, hepatic 
insufficiency and as a depurative for simple itch in children. 
Taken internally it was said to produce a deodorant activity.4

Summary actions

Hepatoprotective, hepatic trophorestorative, choleretic, 
cholagogue, bitter, hypocholesterolaemic, anticholestatic, 
antiemetic, diuretic; the combination of choleretic and diu-
retic activities makes it an ideal depurative.

Can be used for

Indications supported by clinical 
trials
Hyperlipidaemia; non-ulcer dyspepsia and irritable bowel 
syndrome; conditions requiring an increase in choleresis and 
antiemetic activity (functional bowel disorders, constipation, 
dyspepsia, functional gallbladder conditions, nausea, vomiting, 
flatulence).

Traditional therapeutic uses
Rheumatism, arthritis, gout, uraemia, jaundice, oedema, 
nephrosclerosis, urinary stones, gallstones, oliguria, hepatic 
insufficiency and conditions requiring a depurative action 
(such as skin itch).

May also be used for

Extrapolations from pharmacological 
studies
Prevention and treatment of toxic conditions, particularly those 
involving the liver; long-term prevention and treatment of car-
diovascular disease; to improve and regenerate hepatic function.

Preparations

Dried herb, tincture, liquid extract, pressed juice, tablets or 
capsules for internal use.

Synonyms

Cynara scolymus L., French artichoke, Cynara (Engl), 
Cynarae folium (Lat), Artischocke (Ger), artichaut (Fr), arti-
chiocco, carciofo (Ital), artiskok (Dan).

What is it?

The use of the immature flower of the globe artichoke as a 
vegetable is widely appreciated. (It should not, however, be 
confused with another edible plant: the tuber of Jerusalem 
artichoke, Helianthus tuberosus, a species of sunflower.) In 
contrast, herbalists value other parts of the plant for their 
medicinal properties. In particular, the leaves of Cynara 
have a well-established reputation for stimulating bile and 
urine flow, restoring the liver and lowering cholesterol. Much 
attention has been centred on the active component cynarin 
found mainly in the leaves. However, it is likely that many 
other compounds, some related to cynarin, contribute to the 
observed therapeutic effects. In recent studies, clinical atten-
tion has centred on the globe artichoke extract and its value in 
non-ulcer dyspepsia. It has been suggested that the combina-
tion of antioxidant and unique cholesterol-lowering properties 
also make this herb a prime candidate for the natural preven-
tion of atherosclerosis.1

The medicinal properties of Cynara have been known since 
antiquity. It was particularly prized in the 16th to 19th cen-
turies, but was out of favour between 1870 to about 1925. 
Cynara is actually a variety of thistle and some writers believe 
that it was never found in the wild state, being a product of 
cultivation and selection from Cynara cardunculus L. (wild 
thistle, cardoon). The flower of C. cardunculus is used in 
South America to curdle milk; Cynara has also been used for 
this purpose.

Effects

Stimulates hepatorenal function; stimulates bile flow from the 
liver; reduces blood lipids, inhibits cholesterol biosynthesis; 
protects liver cells against toxins via antioxidant processes, pro-
motes regeneration of liver cells; prevents cholestasis; reduces 
nausea of various origins.

Traditional view

The leaves of Cynara were traditionally used by the Eclectic 
physicians as a diuretic and depurative for the treatment of 
rheumatism, gout, jaundice and especially for dropsies.2 In 
Europe, Cynara is considered to have choleretic, cholagogue, 
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Dosage

3 to 8 mL/day of 1:2 liquid extract or its equivalent in other 
dosage forms.

Clinical studies indicate that doses need to be relatively 
high, especially to achieve a clinically relevant reduction in  
cholesterol levels (in the range of the equivalent of 4 to 9 g/day  
of dried leaves). However, doses for the other therapeutic 
applications can be about 1.5 to 4 g/day. It is unlikely that drop 
doses of tinctures will achieve the effects described below.

Duration of use

No restriction on long-term use.

Summary assessment of safety
No adverse effects from ingestion of Cynara are expected on 
current evidence.

Technical data

Botany
Cynara is a member of the Compositae (daisy, Asteraceae) fam-
ily and in the same tribe as Silybum marianum. It is a cultigen, 
probably a form of Cynara cardunculus L. and this is recognised 
in its new botanical name5 (although the older C. scolymus is still 
retained in the European Pharmacopoeia and other official texts). 
Cynara is a herbaceous plant that produces stems of 1 m or more 
in length. The basal, lobate-bipinnatisect leaves are very large; 
the stem leaves may be pinnatisect or entire. (These leaves are 
eaten as a vegetable.) The inflorescence is formed of purplish-
blue flowers grouped in heads which have an involucre of several 
long bracts which may be spiny. The fruit is an oval achene with a 
plumed pappus (tuft of bristles).6

Adulteration
Occasionally Cynara is confused with Jerusalem artichoke 
(Helianthus tuberosus).2

Key constituents
l	 Sesquiterpene lactones (0.5% to 6%), including 

cynaropicrin (40% to 80% of the total),7 and sesquiterpene 
glycosides cynarascolosides A, B and C8

l	 Caffeic acid derivatives (polyphenols): chlorogenic acid 
(3-caffeoylquinic acid), cynarin (1,3-dicaffeoylquinic 
acid),7 and many other dicaffeoylquinic acid derivatives9,10

l	 Flavonoids (mainly glycosides of luteolin).10

Phenolic acids (such as the caffeic acid derivatives) are 
potentially unstable, but careful drying of the leaves ensures 
that losses are minimal.11,12

Pharmacodynamics
The most important active components in Cynara appear to 
be the dicaffeoylquinic acid derivatives including cynarin, 
with a 2003 study of four commercial Cynara extracts dem-
onstrating that the extract with the highest content exhibited 
the greatest in vivo choleretic and hepatoprotective activity.13

In the 1930s to 1950s several scientific investigations were 
conducted by French and Italian scientists.4 Although there 
was much debate about active components, these studies con-
firmed the choleretic (increased bile flow from the liver) and 
diuretic activity of Cynara leaves. Clinical and pharmacologi-
cal research in the 1930s confirmed that Cynara was choler-
etic, lowered cholesterol and caused diuresis in conjunction 
with an increase in urea and other nitrogen-containing sub-
stances in the urine.14 This last activity is of particular novel 
interest and was confirmed by other researchers.4 Cynara also 
stimulated the antitoxic (hepatoprotective) activity of the 
liver in chronic arsenic poisoning and eliminated the signs of 
arsenobenzol poisoning in patients treated for syphilis.4
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Choleretic activity
Experiments in the 1950s found that cynarin given by intraperi-
toneal injection produced a marked choleretic activity of longer 
duration than sodium dehydrocholate (a bile salt), with an 
increase in the excretion of cholesterol and solids in the bile.15 
In contrast to other conventional choleretics such as bile salts, 
cynarin administered by intravenous injection to rats stimulated 
bile production without later impairing the excretory function 
of the liver.16 Cynara extract increased the secretion of bile in 
liver cell cultures and from isolated perfused rat liver,17 and 
re-established biliary secretion when this was inhibited by the 
addition of taurolithocholate to cultured rat hepatocytes.18

Cynarin caused an increase of faecal bile acid excretion in 
seven healthy individuals and four patients with fatty liver.19 
Total extract of Cynara (containing 19% caffeoylquinic acids; 
25 mg/kg) and purified extract (containing 46% caffeoylquinic 
acids; 200 mg/kg) demonstrated marked choleretic effects 
in rats when administered by intraperitoneal injection. The 
choleretic activity mostly influenced bile salt secretion.20 In 
an early study on 24 healthy subjects, Cynara extract caused 
stimulation of choleresis (see also under Clinical trials).21

A 2004 study in rats using Cynara leaf extract at oral doses 
up to 400 mg/kg demonstrated a marked dose-dependent 
increase in bile flow and total bile acid concentration compa-
rable to the reference compound dehydrocholic acid, although 
no significant changes in cholesterol and phospholipid con-
tents were found.22

Hepatoprotective and hepatorestorative activity
Several studies have investigated the protective effect of 
cynarin against damage to isolated liver cells in vitro. One 
study found that cynarin afforded significant protection 
against the toxin galactosamine and was more active than  
silybin from Silybum marianum.23 However, it was less active 
than silybin against carbon tetrachloride (CCl4) damage.24 
Caffeic acid was found to be much less active than cynarin 
against CCl4 toxicity in vitro,25 but cynarin and caffeic acid 
both showed significant hepatoprotective activity against CCl4 
in vivo.26 This protective activity has also been demonstrated 
for Cynara extract and is apparently related to its antioxidant 
properties.27

Water-soluble extracts of Cynara demonstrated marked 
antioxidant and protective activities against hydroperox-
ide-induced oxidative stress in cultured rat hepatocytes. 
Chlorogenic acid and cynarin accounted for only part of the 
antioxidant effect of the extracts, which was resistant to tryp-
tic digestion, boiling, acidification and other treatments, but 
was slightly sensitive to alkalinisation.28 In an earlier study 
using the same model, standardised Cynara extract offered 
similar protective activity and strong antioxidant activity.29

Oral doses of an aqueous extract of Cynara leaves stimu-
lated liver repair and regeneration in rats.30 This was con-
firmed in a follow-up study that found that Cynara leaves 
were more active than roots.31

Hypolipidaemic activity
Cynarin (400 mg/kg, ip) was found to inhibit the hepatic 
synthesis of cholesterol and was of low toxicity.15 Injection 

of cynarin in rats prevented the ethanol-induced increase 
in total esterified fatty acids (p<0.001). Administration of 
cynarin was followed by levels that were approximately 28% 
lower than those observed in the control group; total serum 
lipids were also lower.32 Oral cynarin (6 g/kg/day for 3 days) 
administered simultaneously with ethanol produced a distinct 
reduction in serum and hepatic cholesterol levels.33 In rats 
receiving ethanol and cynarin simultaneously, a marked reduc-
tion of serum and hepatic triglyceride levels occurred.34

Injection of Cynara extracts reduced plasma cholesterol in 
hyperlipidaemic rats. Oral administration of a purified extract 
of Cynara (containing 46% caffeoylquinic acids; 100 mg/
kg) decreased plasma cholesterol levels in ethanol-fed rats.19 
Cynara extract inhibited the increase in serum lipids and the 
manifestation of atherosclerotic plaques induced by an athero-
genic diet in rats.35,36

In an experimental study using a methanolic extract, 
Cynara was found to suppress serum triglyceride elevation in 
olive oil-loaded mice.8 The inhibition of gastric emptying was 
posited as being partly involved in the antihyperlipidaemic 
activity, with no effect on pancreatic lipase observed.

Results of in vitro tests suggest that standardised Cynara 
extract produces its antiatherosclerotic activity via a dual 
mechanism: inhibiting cholesterol synthesis and acting as a 
free radical scavenger, inhibiting LDL oxidation.1,37 However, 
in vitro mechanisms must be viewed with caution due to the 
uncertain bioavailability of many of the phytochemicals found 
in the herb.

Standardised Cynara extract significantly inhibited cho-
lesterol biosynthesis in primary cultures of rat hepatocytes 
(p<0.001). This inhibition of the de novo synthesis was not due 
to cytotoxic effects.38 The flavonoid luteolin has been identi-
fied as a possible key component in this process.17 Globe arti-
choke contains glycosidic derivatives of luteolin, which are 
probably converted to free luteolin by the action of bowel flora. 
However, whether clinically significant quantities of luteolin 
are absorbed is unlikely (see under Pharmacokinetics). Cynara 
extract inhibited cholesterol synthesis in vitro at several lev-
els in the biosynthetic sequence and therefore, unlike modern 
cholesterol drugs (the HMG-CoA reductase inhibitors), might 
not result in the accumulation of potentially undesirable inter-
mediate metabolites.17 A modulation of HMG-CoA reductase 
activity was later observed in a study using high-dose aqueous 
Cynara extract in primary cultured rat hepatocytes. The results 
indicated no direct inhibition of HMG-CoA enzymatic steps, 
instead an indirect modulation of HMG-CoA reductase activity 
was suggested as the most likely mechanism.39

Other activity
Two dicaffeoylquinic acid derivatives (3,5-dicaffeoylquinic 
acid, 4,5-dicaffeoylquinic acid) demonstrated anti-inflam-
matory activity in vitro.40 Dicaffeoylquinic acids also exhib-
ited activity against human immunodeficiency virus (HIV) 
integrase in vitro and prevented HIV replication in tissue 
culture.41

An ethanolic extract of Cynara displayed antifungal activity 
against a variety of organisms, as determined via an agar-well 
diffusion assay technique.42 Another in vitro antimicrobial 
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disk assay also confirmed activity against seven bacteria spe-
cies, four yeasts and four moulds, with the phenolic com-
pounds expressing the greatest activity.43 However, the in vivo 
relevance of such studies conducted using high concentrations 
of test material is uncertain.

Antioxidant activity of Cynara extract was confirmed via 
DPPH scavenging, ferric-reducing antioxidant power (FRAP) 
and copper-catalysed in vitro human low-lipoprotein oxida-
tion.44 One gram of Cynara displayed DPPH and FRAP anti-
oxidant activity equivalent to 29.2 mg and 62.9 mg of vitamin 
C and 77.9 mg and 159 mg of vitamin E, respectively.

Cynarin (50 to 125 mg/kg, ip) stimulated spontaneous  
diuresis and enhanced the excretion of a water or saline load. 
It antagonised the antidiuretic action of posterior pituitary 
extract (which contains antidiuretic hormone).15

An in vitro study showed that while Cynara caused only 
modest inhibition of xanthine oxidase, luteolin exhibited good 
activity that was somewhat attenuated in its derivates (such 
as luteolin 7-O-glucuronide). However, oral administration of 
Cynara, luteolin or its glycoside did not produce any observ-
able lowering of uric acid in a rat model.45

No stimulatory effect on acid secretion was exerted by 
Cynara extract in cultured cells from rat gastric mucosa.46 
Aqueous extract of Cynara (35.7 and 150 mg/kg) adminis-
tered to sexually mature male rats five times per week for 75 
days did not lead to any significant change in the structure of 
semen.47

Oral administration of the total extract of Cynara (con-
taining 19% caffeoylquinic acids; 400 mg/kg) or purified 
extract (containing 46% caffeoylquinic acids; 200 mg/kg) 
increased the small intestinal transit of rats by 11% and 14% 
respectively.20

Pharmacokinetics
A 2005 crossover study (n=14) administering two quantita-
tively different Cynara extracts discovered no free target com-
pounds in the participants’ urine and plasma (dicaffeoylquinic 
acids, luteolin, caffeic acid or other phenolics) as determined 
by HPLC analysis.48 However, caffeic acid, ferulic acid, luteo-
lin, isoferulic acid, dihydrocaffeic acid and dihydroferulic acid 
were detected in urine and plasma as post-hepatic phase II con-
jugates, mainly as sulphates or glucuronides. Peak plasma con-
jugate concentrations of caffeic acid, ferulic acid and isoferulic 
acid were reached within 1 h and declined over 24 h, showing 
almost biphasic profiles. In contrast, maximum conjugate con-
centrations for total dihydrocaffeic and dihydroferulic acids 
were observed only after 6 to 7 h, indicating two different met-
abolic pathways for the caffeoylquinic acids. Around 2% of the 
luteolin glycosides were absorbed and excreted as luteolin con-
jugates via the urine.

These findings suggest that while the caffeoylquinic acids 
and luteolin glycosides are appropriate marker compounds 
for the evaluation of the quality of Cynara raw materials, 
the extrapolation of in vitro pharmacological data for these 
components to efficacy in vivo needs to be questioned. In 
vitro studies should not focus on the non-absorbed parent 
compounds, but should instead investigate the bioavailable 

metabolites of these compounds at the concentrations found 
after normal human doses.

Clinical trials

Hypolipidaemic activity
Many early clinical studies investigated cynarin, rather than 
extracts of Cynara. However, it is worth reviewing these 
briefly, since they probably also reflect the activity of the leaf 
extract. Uncontrolled studies found that cynarin at oral doses 
of 750 mg to 1500 mg/day substantially reduced levels of 
total serum cholesterol.49,50 A significant decrease (15%) was 
observed in 17 patients who received cynarin at the dose of 
1000 mg/day over 4 weeks (p<0.005).51

Double blind, placebo-controlled clinical trials also dem-
onstrated significant reductions in serum cholesterol.52–54 For 
example, 60 patients with elevated serum lipids were treated 
for 50 days with cynarin (500 mg) or placebo. Total choles-
terol was significantly lowered by about 20% (p<0.001). 
Surprisingly, there was also a significant reduction in average 
body weight of about 5 kg in the treated group.54 The reason 
for the weight loss is unknown, but may be related to the 
influence of Cynara on liver metabolism.

In a double blind, placebo-controlled study, cynarin at 
500 mg/day also significantly lowered triglyceride levels in 
elderly patients with hypertriglyceridaemia.55 Not all clinical 
studies on cynarin have been positive. An uncontrolled study 
involving 17 patients with type II familial hyperlipoproteinae-
mia found that cynarin had no effect over 3 to 6 months.56

Clinical studies of Cynara in the 1930s established its prom-
ise in lowering serum levels of cholesterol, urea and other nitro-
gen metabolites.4 Cynara extract brought about a decrease of 
serum cholesterol and of triglycerides in an uncontrolled trial 
in 132 patients. The decreases were 59% and 82%, respectively, 
for 25 of these patients with type II hyperlipoproteinaemia.57 
A review of the clinical data from 1936 to 1994 indicated that 
Cynara extract lowered lipid levels (cholesterol and/or triglyc-
eride) from between just below 5% to approximately 45%. 
However, this does not take into consideration the differences 
in experimental conditions between the various studies.17 
Several of these trials are outlined below.

A decrease in serum cholesterol of 12% to 25% followed 
administration of Cynara extract (900 mg/day, about 5 g of 
leaf) for 6 weeks.58,59 A reduction of about 15% was observed 
in a large group of hyperlipidaemic patients from general 
practice treated with a herbal formula containing Cynara and 
rhubarb root.60 A decrease in serum lipid levels in 84 patients 
with secondary hyperlipidaemia was observed in three con-
nected uncontrolled clinical trials. Patients were treated for 6 
to 12 weeks with the pressed juice of fresh leaves and flower 
buds (10 mL, three times a day). Reductions in triglycerides 
of 4.7%, 12.9% and 4.4% were observed in the three trials 
and a reduction of 15.5% in LDL-cholesterol was found in the 
second trial.61

In a randomised, controlled clinical trial, 640 mg Cynara leaf 
extract or placebo was administered three times a day to 44 
healthy volunteers over 12 weeks. Total cholesterol when high 
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was significantly decreased. When only moderate or normal, 
there were no changes, although in these cases triglyceride levels 
were reduced. There were no significant differences between the 
two treatment groups with respect to side effects.62

A randomised, double blind, placebo-controlled trial 
evaluated a Cynara dry extract (equivalent to 45 to 63 g/
day of fresh leaf for 6 weeks) in 143 hypercholesterolaemic 
patients.63 Total cholesterol and LDL-cholesterol decreased 
from baseline by 18.5% and 22.9%, respectively. In com-
parison to the decrease demonstrated by the placebo group 
(8.6% and 6.3% respectively), treatment with Cynara was 
significantly different (p=0.0001). A 2002 systematic review 
by the Cochrane Collaboration found only two randomised  
trials met all inclusion criteria.62,63 It was concluded that, 
while beneficial effects are recorded, there were few data 
from rigorous clinical trials assessing Cynara for hypercholes-
terolaemia and more studies were needed.64 Additional stud-
ies have indeed been published since this review.

An antiatherosclerotic action was demonstrated in a study 
of 18 moderately hyperlipidaemic patients given 20 mL/day of 
frozen artichoke leaf juice for 6 weeks.65 Endothelial dysfunc-
tion was evaluated by ultrasound measurement of brachial 
flow-mediated vasodilation (FMV) and by the determina-
tion of several humoral markers such as vascular cell adhe-
sion molecule-1 (VCAM-1), intercellular adhesion molecule-1 
(ICAM-1) and E-selectin. After Cynara treatment there 
was an increase in triglycerides versus baseline (p<0.05), a 
reduction in total cholesterol (p<0.05) and LDL–cholesterol 
(p<0.05), and decreases in VCAM-1(1633±1293 versus 
1139±883 ng/mL, p<0.05) and ICAM-1(477±123 versus 
397±102 ng/mL, p<0.05). Brachial FMV increased (3.3±2.7 
versus 4.5±2.4%, p<0.01), while controls did not exhibit sig-
nificant changes in any of the above parameters. It was con-
cluded that Cynara positively modulated endothelial function 
in hypercholesterolaemia.

Adults with mild-to-moderate hypercholesterolaemia ran-
domly received Cynara extract (equivalent to about 6.4 g/day of 
dried leaf, containing 32 mg/day of caffeoylquinic acids including 
cynarin and chlorogenic acid) or placebo for 12 weeks.66 Only 
those patients with plasma total cholesterol of 6 to 8 mmol/L 
were included. The mean body mass index for both groups was 
above the ideal range of 20 to 25 kg/m2 and the majority par-
ticipated in light or moderate exercise and had a moderately 
stressful lifestyle. Treatment with Cynara resulted in a modest 
but significant decrease in plasma total cholesterol (4.2%, from 
7.16 mmol/L at baseline to 6.86 mmol/L), compared with an 
increase observed in the placebo group (6.90 mmol/L at baseline 
to 7.03 mmol/L). The difference between the groups was also 
statistically significant (p=0.025). No effect was observed for 
other lipid levels. There were no significant differences between 
the groups in terms of diet, with both groups averaging approxi-
mately four servings of fruit and vegetables per day. General 
well-being improved in both groups.

Choleretic activity
In an early, open clinical study involving 198 patients with 
biliary fistula, Cynara extract demonstrated choleretic and 
cholagogue effects and clinical improvement.67 The increase 

in choleresis after intraduodenal administration of standard-
ised Cynara extract was investigated in a randomised, pla-
cebo-controlled, double blind pilot study using a crossover 
design. Twenty healthy male volunteers were given a single 
dose of six capsules, each of which contained 320 mg of 4.5:1  
to 5:1 Cynara extract (equivalent to 1.5 g of leaf and pro-
viding 0.2 mg of cynarin). The amount of bile released into 
the duodenum was defined as the primary variable. A maxi-
mum effect from the Cynara extract was achieved after 1 h 
(p<0.01). Significant and clinically relevant differences were 
still apparent 3 h after the Cynara was administered (p<0.05), 
whereas secretion fell after 3 h in the placebo group. The 
effective period of approximately 120 to 150 minutes was 
regarded as satisfactory to favourably influence enzymatic 
digestion and intestinal motor function when Cynara was 
given postprandially. No side effects were observed.68

In another randomised, placebo-controlled, double blind 
study, 60 patients with non-ulcer dyspepsia were treated 
with placebo or a herbal formula containing Cynara extract. 
Bile secretion measured with a duodenal probe increased 
significantly and there was also a significant improvement in 
symptoms such as bloating, nausea and heartburn. The herbal 
formula contained extracts of Cynara (50%), Peumus boldus 
(30%) and Chelidonium majus (20%).69

Dyspepsia
The above studies support a commonly held opinion in 
Europe that the choleretic and possibly antiemetic proper-
ties of Cynara mean that it is a valuable treatment for a range 
of functional digestive disorders. The 2009 ESCOP Cynara 
monograph cites several open studies demonstrating effects 
in reducing functional dyspeptic complaints.70 These are 
supported by two postmarketing surveillance studies as fol-
lows. In a multicentre trial, patients with symptoms such as 
nausea, constipation, dyspepsia and functional gallbladder 
conditions were treated with a Cynara extract (standardised 
for caffeoylquinic acids). The average dose corresponded to 
about 7 g/day of leaf. After 6 weeks of treatment, results for 
170 patients were analysed. Improvements in symptoms were 
most marked for nausea and vomiting (improvement in 95% 
of cases), nausea (85%), abdominal pain (75%) and cramping 
right-sided pain (25%). In addition, symptoms such as flatu-
lence and fat intolerance were favourably influenced. There 
was also a significant reduction in mean total cholesterol from 
267 mg/dL to 228 mg/dL (6.9 to 5.9 mmol/L). Patient assess-
ment of the treatment differed only slightly from that of the 
physicians (22% excellent, 67% good) and mild side effects 
were noted in only 1.2% of cases.1

An open study on 553 dyspeptic patients (related to the 
above study) also found that symptoms improved in a clini-
cally relevant and statistically significant (p<0.001) manner 
after 6 weeks of treatment with an average dose of about 
7 g/day of leaf. The therapeutic efficacy of the standardised 
Cynara extract was rated by physicians as excellent or good 
in 87% of patients. Substantial improvement was recorded 
for the following symptoms: vomiting, nausea, abdominal 
pain, constipation, flatulence, belching and fat intolerance. 
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Mean cholesterol values were lowered from 264 to 215 mg/dL  
(p<0.001; 6.83 to 5.56 mmol/L) and triglycerides fell 
from 234 to 188 mg/dL (p<0.001; 2.64 to 2.12 mmol/L). 
Tolerability of the Cynara extract was good, with only 1.3% of 
patients experiencing mild adverse reactions including flatu-
lence, feeling of weakness and hunger.71,72

Treatment with a standardised Cynara extract (equivalent 
to 8.6 g/day dried leaf) reduced the severity of symptoms of 
patients with irritable bowel syndrome (IBS) in a postmar-
keting surveillance study. The overall effectiveness of Cynara 
rated favourably with both physicians and patients. Ninety-six 
percent of patients rated the herb as better than or at least 
equal to previous therapies.73

Healthy patients with self-reported dyspepsia (n=516), as 
assessed via the Nepean Dyspepsia Index and the State-Trait 
Anxiety Inventory, were randomly allocated 320 or 640 mg/day  
of Cynara extract for months in an open study.74 In both dosage 
groups there was a significant reduction of all dyspeptic symp-
toms, with an average reduction of 40% in the Global Dyspepsia 
Score as compared with baseline values. Health-related quality 
of life was also significantly enhanced in both groups compared 
with baseline. A follow-up post hoc analysis of the data was later 
conducted to assess the subset of patients with IBS symptoms, 
namely alternating constipation and diarrhoea and mucus in 
stools.75 Two hundred and eight adults were identified as meet-
ing the criteria for IBS. Analysis revealed that there was a signifi-
cant fall in IBS incidence of 26.4% (p<0.001) after treatment, 
with a significant shift away from alternating constipation and 
diarrhoea (p<0.001).

A 6-week double blind, placebo-controlled, randomised 
trial involving 247 adults with functional dyspepsia was con-
ducted to assess the efficacy of Cynara (extract equivalent 
to 7.3 to 10.6 g dried leaf per day) in ameliorating dyspep-
tic symptoms.76 The primary outcome measure used was 
the sum score of the patient’s weekly rating of the overall 
change in dyspeptic symptoms and quality of life as assessed 
by the Nepean Dyspepsia Index. Results demonstrated a sig-
nificantly greater amelioration of dyspepsia with Cynara than 
with placebo (8.3±4.6 versus 6.7±4.8, p<0.01) and a sig-
nificantly greater improvement in the global quality-of-life 
scores (-41.1±47.6 versus -24.8±35.6, p<0.01). The main 
improvements observed were for alleviation of the sensation 
of fullness, early satiety and flatulence. No statistical change 
occurred for nausea, vomiting and epigastric pain. Patients 
with predominant IBS symptoms were not eligible for the 
trial. However, subgroup analysis of the overall change in 
symptoms found that patients without additional IBS symp-
toms gained much more benefit from Cynara treatment than 
the patients with some IBS.

Other conditions
A novel randomised, controlled trial (n=15) conducted 
to determine whether Cynara was effective in preventing 
hangovers concluded equivocal results, with no difference 
observed against placebo in hangover outcomes.77

In an early trial, clinical application of Cynara extract in 
patients with ascites caused by portal stasis resulted in stimu-
lation of diuresis.78

Sixty-two workers chronically exposed to carbon disul-
phide experienced a favourable outcome from prophylactic 
treatment with a Cynara preparation over 2 years. The treat-
ment significantly reduced their platelet aggregation.79 (One 
of the many symptoms of exposure to carbon disulphide is 
increased platelet adhesiveness, possibly resulting from lipid 
metabolism disturbances.)

A double blind, placebo-controlled trial in 22 members of 
the Polish rowing team found that 1200 mg/day of Cynara 
extract (about 6 g/day of leaf) for 5 weeks provided antioxi-
dant effects after heavy exercise.80 While plasma total anti-
oxidant capacity was significantly increased compared with 
placebo (p<0.05), this did not limit oxidative damage to 
erythrocytes. At the end of the trial, serum total cholesterol 
was significantly lower in the Cynara group versus placebo 
(p<0.05), although this observation was mainly due to an 
increase for the placebo group.

An extract of Cynara flowering buds (as opposed to the 
leaves) improved glycaemic control and insulin resistance in 
overweight participants in a clinical trial.81 A similar extract in 
conjunction with Phaseolus vulgaris extract reduced appetite 
and improved insulin resistance and glycaemic control, also in 
overweight patients.82

Toxicology and other safety data

Toxicology
The following LD50 data have been recorded for Cynara 
extract:

Substance Route, model LD50 Reference

Purified Cynara 
extract

Oral, rats >2 g/kg 20

Purified 
Cynara extract 
(containing 46% 
caffeoylquinic 
acids)

ip, rats 265 mg/kg 20

Total extract 
of Cynara 
(containing 19% 
caffeoylquinic 
acids)

ip, rats 1 g/kg 20

Cynara also has low chronic toxicity. No toxic effects were 
observed in rats after oral administration of Cynara extract (10 
to 200 mg/kg) for 4 months83 or dermal application (1 g/kg and 
3 g/kg) for 21 days.84 The dermal LD0 was 6 g/kg in rats. (LD0 
is the highest dose at which none of the test organisms die.) 
Cynara extract did not demonstrate skin-irritant or eye-irritant 
activity in rabbits nor skin-sensitising potential in guinea pigs.84

Aqueous extract of Cynara (35.7 and 150 mg/kg) adminis-
tered to sexually mature male rats five times a week for 75 
days did not lead to any significant change in the structure of 
the semen.48
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Cynara leaf extract was cytotoxic to rat hepatocytes in  
culture at concentrations greater than 1 mg/mL.28

Contraindications
Use only with professional supervision in cholelithiasis (gall-
stones) or closure of the gallbladder.85

Special warnings and precautions
The Commission E advises caution for patients with known 
allergy to Cynara and to other plants of the Compositae  
family.86 The likelihood of Cynara preparations causing an 
allergic reaction is very low.

Interactions
None known.

Use in pregnancy and lactation
Category B2-no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are lacking.

Cynara is compatible with breastfeeding.

Effect on ability to drive or operate 
machinery
No adverse effects expected.

Side effects
The safety and tolerability of Cynara recorded in clinical stud-
ies are good to very good. A 1997 review stated that Cynara 
leaf extract had good tolerability with a very low rate of side 
effects.76 Mild side effects such as flatulence and a feeling 
of weakness and hunger have been reported in 1.3% of 553 
dyspeptic patients in post-marketing surveillance studies.71,72 
However, as with other members of the Compositae family, 
contact with the fresh plant can cause contact dermatitis.87,88 
This is presumably due to the content of potentially allergenic 
sesquiterpene lactones.89 One case of urticaria-angioedema 

from ingestion of both raw and boiled Cynara has been 
described. Allergy was confirmed by skin prick testing.90 Case 
studies have also documented rhinitis and bronchial asthma 
occurring in warehouse workers exposed to artichokes, with 
an IgE-based allergy confirmed via skin prick test.91

A case of hepatitis attributed to Cynara intake was pub-
lished in 2007.92 A 24-year-old French woman was hospitalised 
in late 2005 with weakness and urticaria. She had been taking 
a daily dose of two ampoules of a liquid preparation of Cynara 
(20 mL/day, herb dosage not defined). Her serum hepatic 
enzymes were highly elevated, but bilirubin was normal. Tests 
for a variety of viruses were normal. The patient improved 
markedly with cessation of the Cynara and made a full recov-
ery. Her hepatic enzyme levels returned to normal in 2 to 3 
weeks.

Overdosage
Not known.

Safety in children
No information available but adverse effects are not expected.

Regulatory status in selected 
countries

In the UK artichoke is included on the General Sale List. 
Globe artichoke products have achieved Traditional Herbal 
Registration in the UK with the indication of the relief of 
digestive complaints such as indigestion, upset stomach, nau-
sea, feelings of fullness and flatulence (wind). Globe artichoke 
is covered by a positive German Commission E monograph.

Globe artichoke does not have GRAS status. However, 
it is freely available as a ‘dietary supplement’ in the USA 
under DSHEA legislation (Dietary Supplement Health and 
Education Act of 1994).

Globe artichoke is not included in Part 4 of Schedule 4 of 
the Therapeutic Goods Regulations in Australia and is freely 
available for sale.
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Gotu kola

(Centella asiatica (L.) Urban)

Synonyms

Gotu kola, marsh pennywort (Engl), Herba centellae (Lat), 
Asiatischer Wassernabel (Ger), centelle asiatique, hydrocotyle 
(Fr), erba delle tigri, idrocotile (Ital), ji xue cao (Chin), bemg-
sag, brahmi (Hindi), tsubo kusa (Jap), gotu kola (Rus), brahmi 
(Bengali), brahmi (Sanskrit), Hydrocotyle asiatica L.

What is it?

This plant, most likely native to southern Asia, is now wide-
spread throughout the tropics. Gotu kola has been valued 
in Ayurvedic medicine since time immemorial and has been 
adopted by Western herbal medicine. Researchers in Europe and 
elsewhere have investigated traditional uses and been able to 
document a scientific foundation for many of these, especially 
for wound healing (administered both topically and internally) 
and enhancing cognitive function. The aerial parts are typically 
used, but the entire plant (including the below ground parts) 
can also be employed as a medicine. Gotu kola is from the 
Singhalese language of Sri Lanka and means ‘cup-shaped leaf ’.

Gotu kola is an important herb in the modern materia med-
ica that appears to possess a unique activity, namely oral doses 
(as well as topical doses) are able to promote tissue healing, 
especially via epithelial connective tissue regeneration. This 
stimulatory action of gotu kola on connective tissue elements 
might also extend to deeper tissues, suggesting potential value 
in conditions such as osteopenia and osteoarthritis (both cur-
rently unexplored except for preliminary chondroprotective 
activity). There is also evidence from pharmacological and 
clinical studies that the herb has a regenerative effect on the 
vein wall and benefits the microcirculation. Some pharmaco-
logical studies appear to support neuroprotective and neurore-
generative activities which, if verified clinically, could open up 
a new chapter in the unfolding story of this humble weed.

Effects

Assists cognitive function; supports venous and microcircu-
latory function; modulates inflammation; moderates stress 
responses; calms the nervous system; regulates connective tis-
sue function and promotes healing.

Traditional view

Gotu kola is one of the esteemed rasayana herbs in 
Ayurvedic medicine, meaning a tonic believed to rejuvenate 
and restore the mind, body and spirit.1 Its Sanskrit name 
means ‘from Brahma’, a central diety in the Hindu pantheon. 
Gotu kola is widely used in the traditional medicine systems 

of South Asia, particularly for a variety of chronic skin con-
ditions and infections2 and is often included in antiageing 
formulas.3 Generally viewed as a cooling, drying herb, it was 
seen to drive out heat or inflammation.

In China, gotu kola is used to clear Damp Heat, cool Blood, 
stop bleeding, clear the Liver and brighten the eyes. This means 
it is considered useful for enteritis and dysentery (especially 
with vomiting), uterine bleeding, conjunctivitis, glaucoma 
and cataract.4 In the Western herbal tradition, gotu kola has 
been used primarily as a nervine, depurative, connective tissue 
promoter and healing agent. Traditional Western herbal uses 
include skin and rheumatic conditions, such as chronic eczema, 
chronic rheumatism, leprosy, ulcers5,6 and topically for poor 
healing wounds, leprous ulcers and scar formation after surgery.5

Gotu kola has been used traditionally in many other 
countries. In Thailand the whole plant is used as a depura-
tive, particularly to treat skin diseases and as a diuretic and 
antidiarrhoeal remedy.7 In Indonesia it has been utilised for 
mouth ulcers and oral thrush.8 In Fijian traditional medicine, 
gotu kola was employed as a tonic for wasting diseases such 
as tuberculosis, stomach problems and rheumatic swelling and 
pain. It was used both internally and topically to relieve pain.9 
In South Africa gotu kola has been employed to treat wounds, 
cancer, leprosy, fever and syphilis.10 In Australia the fresh 
leaves of gotu kola (and closely related species) are consumed 
as a folk medicine for arthritis.

Summary actions

Vulnerary; anti-inflammatory; antifibrotic; nervine tonic; adap-
togenic; venotonic; depurative.

Can be used for

Indications supported  
by clinical trials
Chronic venous insufficiency (CVI), diabetic microangiopa-
thy; keloids and hypertrophic scars (oral and topical), to pro-
mote healing (oral and topical); to enhance cognitive function; 
for liver fibrosis, atherosclerotic plaque stabilisation, sclero-
derma (oral and topical), leg ulcers, leprosy (oral and topical), 
haemorrhoids, anxiety, psoriasis (topical) and periodontal dis-
ease (topical in combination). The quality of trials varies (see 
the Clinical trials section for more information).

Traditional therapeutic uses
Internal use as a general tonic and for leg ulcers, leprosy, 
chronic skin and rheumatic conditions and for improving cog-
nition. Topical use for psorasis, ulcers, wounds and eczema.
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May also be used for

Extrapolations from pharmacological 
studies
May possess neuroprotective and neuroregenerative proper-
ties; could be of value in osteoarthritis and peptic ulceration.

Other applications
Gotu kola is a common ingredient in skin rejuvenating cos-
metics and topical treatments for cellulite.

Preparations

Fresh or dried herb as infusion, liquid extract, standardised 
extract and tablets or capsules for internal use. Decoction, 
extract and fresh juice for external use; these can be incorpo-
rated into creams and ointments.

Dosage

l	 3 to 30 g dried or fresh herb per day, as infusion or powder
l	 3 to 9 mL/day of a 1:1 liquid extract, preferably containing 

at least 15 mg/mL total triterpenes.
l	 Gotu kola extract tablets or capsules delivering 60 to 

180 mg/day total triterpenes.

Various but similar extracted isolates of gotu kola have 
been used in clinical trials. Being isolates they are not recom-
mended in the context of phytotherapy. However, their use in 
positive trials does give guidance for the doses of triterpenes 
that will be clinically effective in the matrix of the whole herb 
(galenical) extract (see the doses recommended above for the 
1:1 liquid extract and tablets or capsules).

The total triterpenic fraction (TTF), with 40% asiaticoside, 
30% asiatic acid and 30% madecassic acid was dosed at 60 to 
180 mg/day. The basically identical titrated extract of Centella 
asiatica (TECA), with 40% asiaticoside, 30% asiatic acid, 30% 
madecassic acid, and around 1% madasiatic acid was given up 
to 90 mg/day. The extract of triterpenoids of Centella asiatica 
(ETCA) referred to sometimes in the literature is the same 
as TECA. Earlier clinical trials often used ‘asiaticoside’ or 
‘Madecassol’, which is most likely TECA.

Duration of use

No restriction on long term use.

Summary assessment of safety

Gotu kola is a safe herb. Other than infrequent gastrointesti-
nal upset or contact dermatitis, almost no adverse effects are 
seen with this herb.

Technical data

Botany
Centella asiatica, a member of the Apiaceae (Umbelliferae, cel-
ery) family, is a tropical, evergreen, perennial creeping herb with 
reddish stems. The 2 to 3 cm long and 3 to 4 cm wide fleshy 
leaves are reniform with crenated margins and long, thin peti-
oles with sheating bases. Leaves cluster at each stem node. The 
plant produces tiny pale pink flowers in small white umbels from 
June to September (northern hemisphere). Its non-branching 
rhizomes have many root hairs. Gotu kola produces an intricate 
network of stolons. Fruit is a disk-shaped, reticulate, diachene. 
The whole plant is aromatic and tastes spicy and sweet.11

Adulteration
There is no common adulterant, although theoretically 
Hydrocotyle spp. adulteration could occur. Usually these plants 
have single leaves at nodes and separate stipules, not sheathing 
leaf bases. Unintentional adulteration may occur due to confu-
sion over the identity of ‘brahmi’, a common name used for both 
gotu kola and Bacopa monnieri in India. Trade samples of gotu 
kola herb often contain unacceptably low levels of triterpenes.

Key constituents
l	 Triterpene saponins (centellosides), mainly madecassoside 

and asiaticoside, together with their respective aglycones 
madecassic and asiatic acids12

l	 Monoterpenoids and sesquiterpenoids, including myrcene, 
farnesene, germacrene, caryophyllene and pinene;12 a range 
of polyacetylenes12

l	 Flavonoids, including quercetin and kaempferol 
glucosides.12
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Most work has focused on the three major triterpenoids in 
gotu kola, which comprise 1% to 8% of the plant.13 One study 
found that leaves had the highest concentration of triterpe-
noids compared to roots and petioles.14

Pharmacodynamics

Wound-healing activity
Several in vitro studies have examined the impact of gotu 
kola or its components on cells involved in wound healing. 
Early research found that ‘asiaticoside’ (probably TECA) 
activated the dermal layer and stimulated keratinisation in 
the epidermis of cultured pig skin.15 Fifty-four genes with 
known functions for cell proliferation and synthesis of extra-
cellular matrix (ECM) were significantly upregulated when 
skin fibroblasts were exposed to pure asiaticoside in much 
later work.16,17 Exposure of human foreskin fibroblasts to 
TECA and human skin fibroblasts to TTF led to increased 
collagen synthesis in both cases.18,19 Both type I and type III 
collagen production was stimulated in human skin fibroblasts 
by gotu kola saponins.20 The aglycones were also able to stimu-
late type I collagen synthesis in vitro.21 Ageing of the skin is 
primarily related to reductions in the level of type I collagen.22 
Asiaticoside was found to induce human type I collagen syn-
thesis via activation of the transforming growth factor beta 
(TGF-beta) receptor I kinase-independent Smad pathway. 
The Smad signalling cascade is known to perform an important 
function in human collagen production and this might explain 
how asiaticoside inhibits hypertrophic scar formation.23

Systemic doses of gotu kola extract or its phytochemi-
cal constituents have been shown to improve healing or 
strengthen connective tissue in various animal models. In an 
early study TECA (100 mg/kg, oral) shortened the healing 
time of iterative wounds in rats.24 A crude ethanol extract of 
gotu kola (1 mL/day) was applied topically or given orally to 
rats for 24 days after wounding.25 Increased cellular prolifera-
tion and collagen synthesis at the wound site was observed, as 
evidenced by increases in the DNA, protein and collagen con-
tent of granulation tissue. Quicker and better maturation and 
cross-linking of collagen were found and the wounds healed 
faster. Compared with topical application, the oral use of gotu 
kola was generally more active for the above parameters.

Topical and oral asiaticoside were significantly more effec-
tive at promoting wound healing in guinea pigs than vehi-
cle controls.26 Applications of 0.2% asiaticoside solution 
increased the proline and collagen content of the healing tis-
sue, increased its tensile strength and enhanced epithelialisa-
tion. Diabetic animals also showed improved wound healing 
after the application of a 0.4% asiaticoside solution. In the 
chick chorioallantoic membrane assay, 40 μg/disk of asiatico-
side increased angiogenesis.

Gotu kola extract (800 mg/kg/day, oral) significantly 
improved wound strength, connective tissue content and heal-
ing rates in rats.27 It also overcame the suppressive action of 
dexamethasone on wound healing, something that was not 
observed for asiaticoside alone at oral doses of 2 mg/kg.28 
However, oral doses of asiaticoside alone did dose-dependently 
increase the tensile strength of wounds after 4 and 6 days.28

Osteoarthritis is a degenerative joint disease in which focal 
cartilage destruction is a primary feature. A triterpene isolate 
of gotu kola containing 42% asiaticoside and 55% aglycones 
(0.3 mg/mouse/day, oral for 11 days) inhibited zymosan-
induced cartilage degeneration without affecting inflammatory 
cell filtration and joint swelling.29 This suggests a chondropro-
tective activity, which was supported by additional in vitro 
experiments on bovine cartilage explants and chondrocytes.

The impact of oral asiaticoside (10 to 20 mg/day for 10 
to 15 days) on parameters of dermal wound healing was 
studied in 15 patients in an early human pharmacologi-
cal study.30 The higher dose for longer periods tended to 
increase leucine aminopeptidase activity and decrease thiol 
groups in the skin, which were considered to be favourable 
for accelerated healing.

As already touched on above, gotu kola or its components 
have also enhanced wound healing when applied topically. 
Three formulations (ointment, cream and gel) of an aque-
ous extract of gotu kola increased wound cellular prolifera-
tion, collagen synthesis and rates of healing in rats.31 The gel 
formulation appeared to confer greatest activity. Local appli-
cation of TECA improved rates of connective tissue regen-
eration and remodelling in a rat model.32 Glycosaminoglycan 
synthesis was also increased. Asiaticoside exerted a prefer-
ential stimulation of collagen synthesis and was active at low 
doses only.32 A study in rats found that asiaticoside applica-
tion (0.2%, topical) twice daily for 7 days led to increased 
enzymatic (such as catalase and superoxide dismutase) and 
non-enzymatic (ascorbic acid and vitamin E) antioxidants in 
the wounds of rats.33 However, these differences were not 
apparent after 14 days of continuous application, leading the 
authors to suggest that enhancement of antioxidant levels by 
asiaticoside early in healing may be an important factor in its 
wound-healing ability.

Topical application of asiaticoside at 0.5 or 1.0% three 
times daily for 1 to 3 months remarkably alleviated scar for-
mation in the rabbit ear model.34 TGF-beta1 expression was 
decreased and inhibitory Smad7 expression was remarkably 
enhanced (see earlier).

One early study of burns failed to find any benefit of intra-
peritoneal injection of TECA on wound healing or mortality 
in mice compared with the control group.35 However, the 
topical application of a 70% ethanolic extract of gotu kola 
or isolated asiaticoside (at quite low concentrations) signifi-
cantly accelerated burn wound repair in mice, possibly via 
enhanced angiogenesis.36 Oral doses of madecassoside (6, 
12 and 24 mg/kg) facilitated burn wound closure in a dose-
dependent manner in mice.37 Investigations suggested that 
several mechanisms may be involved, including antioxidant 
activity, regulation of collagen synthesis and promotion of 
angiogenesis.

Oral doses of gotu kola may also improve healing of gas-
tric ulcers. An aqueous extract of gotu kola (0.1 to 0.25 g/kg, 
oral) and asiaticoside (5 to 10 mg/kg, oral) accelerated heal-
ing in rats with acetic-acid-induced gastric ulcers.38 This was 
associated with increased expression of basic fibroblast growth 
factor, faster epithelialisation and increased angiogenesis 
in the healing ulcer crater. The same research group found 
that the same doses of gotu kola given to rats before ethanol 
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administration significantly inhibited gastric lesion formation 
and decreased mucosal myeloperoxidase activity (an indicator 
of neutrophil infiltration).39 These results suggested that the 
herb strengthened the gastric mucosal barrier and indirectly 
reduced free radical damage. Later in vivo research by this 
group suggested that an anti-inflammatory activity might also 
be involved.27 Increased mucosal defence was supported by 
another study that used fresh gotu kola juice.40

Antifibrotic effects
Interestingly, given the data cited above clearly showing that 
gotu kola and its constituents can increase collagen synthesis 
in wounds, other research suggests it can decrease collagen 
in situations of fibrosis. Using an in vitro model of overactive 
hepatic stellate cells, asiatic acid and asiaticoside both inhib-
ited excessive collagen formation.41 Antifibrotic effects were 
also seen after applying gotu kola extract in vitro to mamma-
lian renal cells.42 One in vitro study found that gotu kola and 
its saponins inhibited the growth of keratinocytes, suggest-
ing antipsoriatic activity.43 There is also the suggestion from 
one model that asiaticoside might decrease post-burn hyper-
trophic scars.44 Rats given TTF by gastric lavage also exhib-
ited significantly less liver fibrosis following administration 
of dimethylnitrosamine.45 Given these amphoteric effects, 
gotu kola could perhaps act as a collagen modulator (see also 
the Clinical trials section regarding scleroderma and keloid 
formation).

Anti-inflammatory and analgesic activities
Asiatic acid has been shown in vitro to moderately inhibit 
multiple inflammatory pathways, including inhibiting 
NF-kappaB and the expressions of cyclo-oxygenase-2 and 
inducible nitric oxide synthase, and by blocking production 
of pro-inflammatory cytokines in stimulated macrophages.46 
Asiaticoside was less active than asiatic acid in this test sys-
tem. Madecassic acid exerted similar activity in vitro using 
stimulated macrophages.47

Centellosides given orally (50 to 200 mg/kg) or subcuta-
neously (50 to 100 mg/kg) to rats after implantation of glass 
rods dose-dependently reduced granuloma after 3 weeks.48 
All four individual compounds tested in this model were more 
or less equally effective.

Aqueous extract of gotu kola (4 and 10 mg/kg, ip) was 
effective at inhibiting PGE2-induced inflammation in rats 
(including more effectively than mefenamic acid in the case 
of the higher dose).49 Pain was inhibited in mice by an aque-
ous extract of gotu kola (assessed by the acetic acid and hot 
plate tests) in this same study.

Madecassoside (3, 10 and 30 mg/kg/day, oral from days 
21 to 42) attenuated the inflammatory response in collagen-
induced arthritis in mice.50 A similar study by a different 
research group confirmed this finding.51 The latter authors 
suggested that gotu kola might have clinical value in rheuma-
toid arthritis.

Asiatic acid blocks the binding of angiotensin II to its 
receptor in vitro.52 This may also have implications in terms 
of gotu kola reducing or preventing hypertension.

Central and peripheral nervous system activity
Various extracts of gotu kola and pure asiaticoside have dem-
onstrated anxiolytic activity in rats and mice.53,54 In mice, 
asiaticoside 10 mg/kg (oral) was as effective as diazepam 
0.3 mg/kg.54 Anxiolytic activity was not linked to sedation 
in rats.53 Anxiolytic effects were seen in two older stud-
ies in rodents, as well as anticonvulsant activity (in one case 
as potent as that of diazepam).55,56 In both of these studies, 
gotu kola extracts also potentiated the sedative effects of 
barbiturates. Mice given 10 to 20 mg/kg asiaticoside (oral) 
exhibited similar antidepressant effects to clomipramine at 
50 mg/kg.57 Some of these results suggested gotu kola acts as 
a GABAergic agent, although in other research aqueous gotu 
kola extracts appeared to acts by decreasing the turnover of 
catecholamines.58

In vitro, an aqueous extract of gotu kola increased phos-
phorylation of cAMP-response element binding protein 
(CREB) in neuroblastoma cells expressing beta-amyloid.59 
CREB is a crucial regulator of genes involved in memory for-
mation. Various synthetic derivates of asiaticoside directly 
protected neurons against the toxic effects of beta-amyloid 
in vitro.60 This potential activity in Alzheimer-type demen-
tia has been further explored in animal models. An aqueous 
extract of gotu kola (100, 200 and 300 mg/kg/day, oral for 21 
days) prevented streptozotocin-induced cognitive deficit and 
oxidative stress in rats.61 In mice spontaneously expressing 
beta-amyloid plaque formation, an undefined extract of gotu 
kola (2.5 and 5.0 g/kg, oral) decreased beta-amyloid formation 
after 8 months, partially by modulating oxidative stress and 
protecting against DNA damage.62

The potential neuroprotective activity of gotu kola has 
also been explored in experimental models. Asiatic acid 
exerted a significant neuroprotective effect in cultured corti-
cal cells challenged with glutamate-induced exitotoxicity.63 In 
vivo, a chloroform-methanolic extract of gotu kola (100 and  
200 mg/kg, oral) protected against the free radical generation 
and excitotoxicity induced by feeding monosodium glutamate 
to rats.64 Asiatic acid (37, 75 and 165 mg/kg, oral) demon-
strated neuroprotective activity in a mouse model of cerebral 
ischaemia65 and a 50% ethanolic gotu kola extract (300 mg/kg, 
oral) protected against MPTP-induced neurotoxicity in aged 
rats (a model of parkinsonism).66

As alluded to above, much of the neuroprotective activity 
of gotu kola might result from its ability to enhance endoge-
nous antioxidant protective mechanisms. This hypothesis was 
further examined in several experimental models. An aqueous 
extract of gotu kola (200 mg and 300 mg/kg, oral) increased 
brain levels of glutathione and catalase and decreased measures 
of oxidative damage in rats.67 This was coupled with improved 
cognition in a series of tests, which the authors suggested was 
linked to the observed antioxidant effects. Age-related decline 
in cerebral antioxidant defences and commensurable increases 
in measures of brain oxidation were considerably countered 
in aged rats by a gotu kola extract (300 mg/kg/day, oral for 
60 days).68 Similar antioxidant findings were observed in the 
brains of young mice fed a gotu kola extract (0.5% and 1.0% 
of diet) for 4 weeks.69 Short-term oral intake of an aque-
ous extract of gotu kola (5 mg/kg/day for 10 days) conferred 
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marked resistance against 3-nitropropionic acid-induced oxi-
dative stress and mitochondrial dysfunction in the brains of 
young mice.70,71

There is even a suggestion from experimental models 
that gotu kola might possess neuroregenerative and neurode-
velopmental activities. A gotu kola ethanolic extract (300 
to 330 mg/kg/day, oral for 18 days) accelerated peripheral 
nerve regeneration following damage in rats.72 More rapid 
functional recovery and increased axonal regeneration (larger 
calibre axons and greater numbers of myelinated axons) were 
observed compared with controls, indicating that axons grew 
at a faster rate. The same investigation found that an ethanolic 
extract and asiatic acid increased neurite outgrowth in vitro, 
but an aqueous extract was inactive.

Fresh leaf extract of gotu kola (4 and 6 mL/kg/day) fed 
to rat pups for 4 to 6 weeks increased dendritic length and 
branching in hippocampal neurons, a region of the brain 
involved in learning and memory.73,74 Similar findings were 
also observed by the same research group in adult rats.75 This 
might explain observations of enhanced learning and memory 
in young rodents fed gotu kola juice or aqueous extract76,77 
and suggests neuroplastic effects from the herb.

Anticonvulsant activity for gotu kola has also been observed 
in a few studies. An aqueous extract of gotu kola (300 mg/kg, 
oral) decreased pentylenetetrazole-induced seizures in rats 
and showed improvement in the associated learning deficit.78 
A different research group found this activity was associated 
with a recovery of brain levels of acetylcholine and acetylcho-
linesterase. A study in mice found the ethyl acetate extract of 
gotu kola exerted an anticonvulsant effect that was additive to 
some antiepileptic drugs.79

Circulatory activity
A review of pharmacological investigations, including human 
pharmacological studies, discussed the desirable properties 
of gotu kola (specifically TTF) in the context of the manage-
ment of CVI, a more severe clinical manifestation of vari-
cose veins.80 These included an action on fibroblasts in the 
vein wall (improving collagen synthesis and remodelling), 
enhanced microcirculation with decreased oedema, improved 
lymphatic drainage, and a possible decrease in endothelial cell 
damage.

More details of some of these studies in human volun-
teers follow. An early open study found that 60 mg/day of an 
unspecified gotu kola extract (probably an isolate) for 30 days 
increased venous return in patients with CVI.81 In 20 patients 
with varicose veins, TTF (60 mg/day for 90 days) significantly 
lowered the elevated serum levels of uronic acids and lysoso-
mal enzymes.82 These results were interpreted as an indirect 
confirmation of improved connective tissue metabolism in the 
vein wall.

The vacuum suction chamber produces a wheal on the skin, 
with the disappearance time (DT) determined by capillary fil-
tration and permeability. After 2 weeks of 180 mg/day of TTF 
there was a significant decrease in DT in the limbs of patients 
with either superficial (n=22) or deep (n=12) venous incom-
petence. This was confirmed by laser Doppler flowmetry and 
clinical signs and symptoms.83 TTF (90 mg/day for 3 weeks) 

also reduced the number of circulating endothelial cells in the 
veins of 15 patients with a history of deep vein thrombosis in 
an open, controlled study.84 This finding was interpreted as 
indicating a reduction of endothelial cell injury and an improve-
ment in vascular integrity in these patients with diseased veins.

Some cardioprotective activity has been observed for gotu 
kola and madecassoside. Pretreatment with a hydroethanolic 
extract of gotu kola whole plant (100, 500 and 1000 mg/kg/day,  
oral for 7 days) dose-dependently reduced left ventricular 
necrosis and measures of oxidative stress in a rat model of myo-
cardial ischaemia-reperfusion injury.85 Madecassoside demon-
strated similar protective activity in analogous models in rats86 
and rabbits.87 Pretreatment with an aqueous extract of gotu kola 
(200 mg/kg, oral) protected against the cardiotoxicity of doxoru-
bicin in rats by improving mitochondrial function88 and improv-
ing antioxidant responses.89

Antimicrobial and antiparasitic activities
Aqueous but not ethanolic extracts (and pure asiaticoside) of 
gotu kola were active against herpes simplex virus I and II in 
vitro.90,91 Two in vitro studies failed to find any activity for 
gotu kola extracts against Mycobacterium leprae or M. tuber-
culosis.92,93 One study found that liposomal asiaticoside was 
significantly more active against M. leprae in vitro.94 A tinc-
ture of gotu kola administered orally to dogs (30 mg/kg/
day) dramatically reduced blood levels of infection with the 
microfilarial parasite Dirofilaria immitis without causing any 
adverse effects.95

Antitumour activity
Gotu kola extracts and triterpenoids have demonstrated activ-
ity against a range of cancer cells in vitro, including mela-
noma, uterine cancer and gastric cancer.96,97 Asiaticoside in 
vitro induced apoptosis in a human colon cancer cell line.98 
A methanolic extract of gotu kola exerted the same effect 
on MCF-7 human breast cancer cells.99 Asiaticoside has also 
been shown to enhance the lethality of vincristine against 
a range of multidrug resistant cancer cell lines.100 Life-
span was increased in mice with solid and ascites tumours 
when they were fed gotu kola crude (1 g/kg) and purified  
(40 mg/kg) extracts.101 Only simultaneous or prophylactic 
dosing was protective. Aqueous gotu kola extract (10 and 
100 mg/kg, oral) decreased the incidence of colon cancers 
formed in rats exposed to the carcinogen azoxymethane.102

Other activity
The aqueous extract103 (10, 100 and 300 mg/kg/day, orally 
for 7 days in mice) or suspension (100 mg/kg/day, orally for 
7 days in rats)104 of gotu kola enhanced both cellular and 
humoral immune responses. In mice, injections of a metha-
nolic extract of gotu kola enhanced phagocytic activity with-
out affecting B lymphocytes or antibody responses.105

Traditionally, gotu kola has been regarded as some-
what of an adaptogen and there is experimental support 
for this. Cold and restraint stress effects were countered in 
rats106 and an ethanolic extract (100 mg/kg, oral) exhibited 
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significant antistress activity in rats in a range of experimental 
models.107,108

Gotu kola may exert antitoxic activity against arsenic. 
Its aqueous extract (100, 200 or 300 mg/kg, oral) protected 
against arsenic toxicity in rats, especially in terms of measures 
of oxidative stress.109 Arsenic concentrations in tissues were 
not changed.110

Protection against radiation-induced taste aversion was 
noted in a study in rats (100 mg/kg gotu kola extract, ip).111 
Gotu kola extract (100 mg/kg, oral) improved survival against 
radiation in mice112 and protected against radiation-induced 
liver damage.113

Pretreatment with asiaticoside (5 to 20 mg/kg/day, oral for 
3 days) demonstrated ‘remarkable’ hepatoprotective activity 
following lipopolysaccharide and galactosamine administration 
to mice, possibly related to inhibition of TNF (tumour necro-
sis factor)-alpha and cell kinases.114

Pharmacokinetics
An early study in rats using radioactively labelled compounds 
found that asiatic and madecassic acids were well absorbed, 
up to 50% of a single oral dose.115 Once absorbed, the acids 
were subject to phase II conjugation to form glucuronides and 
sulphates and largely excreted via the bile. Oral asiaticoside is 
first converted to asiatic acid by the bowel microflora, lead-
ing to the slow and prolonged appearance of asiatic acid in rat 
plasma.

Oral administration of a gotu kola extract to beagles (con-
taining 540 mg saponins of which asiaticoside was about 72%) 
revealed the following pharmacokinetic parameters for asiatic 
acid: half-life 4.29 h, Tmax 2.7 h and Cmax 0.74 µg/mL.116

In a double blind, randomised, crossover, multiple-dose 
study, six healthy male and six healthy female volunteers 
each received asiatic acid (6 mg) or asiaticoside (12 mg) 
twice daily for 9 days, with a single dose on the tenth day.117 
Pharmacokinetic parameters (for asiatic acid in plasma) were 
assessed only after the single dose on the tenth day and were 
as follows: Cmax 0.98 μg/mL and 0.65 mg/mL, Tmax 4.0 and 
5.4 h and pre-dose level 0.39 and 0.50 μg/mL for adminis-
tration of asiatic acid and asiaticoside, respectively. Despite 
these differences, the steady state area-under-the-curve val-
ues (reflecting total absorption) were similar for the two 
compounds. (Note that although the mg doses of the two 
compounds differed, their molar quantities were similar, 
owing to the higher molecular weight of asiaticoside com-
pared to its aglycone asiatic acid.)

After oral administration of TTF at 30 or 60 mg twice 
daily for 7 days to 12 healthy men, the time to maximum 
plasma concentrations of asiatic acid was stable at just over 
4 h, while the half-life and area-under-the-curve increased 
significantly from baseline to the end of study, reaching 
6.3 or 10.3 h and 10.5 or 20.8 μg/mL/h for the 30 or 60 mg 
doses, respectively.118 There were significant intra-indi-
vidual differences in all parameters studied. Steady state 
Cmax values for asiatic acid were 1.03 and 1.69 μg/mL, 
respectively. Asiaticoside was determined to be converted 
to asiatic acid.

Clinical trials

Vascular diseases
In more than any other patient group, gotu kola has demon-
strated a clinical ability to help people with chronic prob-
lems with varicose veins in the lower limbs accompanied by 
oedema, itch, skin atrophy and ulceration, and discomfort 
or pain (known as chronic venous insufficiency or CVI). 
The larger clinical trials have been summarised in Table 1. 
Unfortunately, all key studies to date have been conducted by 
the same research group and have not been well designed. As 
noted in the table, apparently one of those studies has been 
published twice and another essentially three times, with con-
siderable time having elapsed between the first and last pub-
lications. Several less rigorous trials have also been reported 
using TTF for CVI patients, but only those including 40 or 
more patients were included in this review and Table 1.

The reasonably methodologically sound randomised clinical 
trials compared TTF to placebo in 99 and 40 patients (both 
used 60 mg twice per day, and one study also included a group 
receiving only 60 mg/day).119,120 However, both were only 
single blind trials. A more rigorous double blind, randomised 
trial assessed TECA, 60 or 120 mg/day against placebo.121 
This trial found a modest benefit for both doses of the extract 
over placebo at improving symptomatology. However, this 
benefit was not as clinically significant as reported in the less 
rigorous trials.

It is useful to reflect here on why a herb with a well-estab-
lished reputation for promoting healing has developed into a 
treatment for CVI. Varicose veins and CVI have long been 
regarded as disorders of valvular incompetence. However, 
recent evidence suggests that changes in the vein wall could 
well precede such incompetence. For example, varicosities 
are often observed below competent valves and often can 
occur before valvular incompetence.128 Defects in ECM and 
collagen composition in the vein wall are thought to be part 
of this process.129 Endothelial damage from abnormally sus-
tained venous pressure could contribute as well. Given the 
above, the noted pharmacological properties of gotu kola in 
terms of effects on fibroblasts, collagen and ECM in the vein 
wall, together with its potential for reducing endothelial dam-
age and improving microcirculation, would suggest that it is 
indeed a plausible (and perhaps disease-modifying) treatment 
for CVI.

Two controlled trials have investigated the activity of oral 
TTF in patients with microvascular damage due to diabetes. 
The largest trial involved 100 patients with or without neu-
ropathy and compared TTF (120 mg/day) with placebo over 
12 months and also in 40 healthy controls.130 TTF was signifi-
cantly more effective at improving microcirculatory param-
eters and oedema (p<0.05). A smaller trial with 50 patients 
compared 60 mg TTF twice daily with placebo or no treat-
ment for 6 months.131 TTF resulted in significant improve-
ment in parameters linked to microscopic vascular damage, 
including capillary permeability (p<0.01 to p<0.05).

In a randomised trial, the impact of TTF (180 mg/day) for 
2 days before, the day of, and 1 day after, a long airline flight 
(up to 14 h) against no treatment was compared in patients 
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with mild-to-moderate chronic venous insufficiency.132 Ankle 
oedema was significantly less in the TTF group (p<0.05), as 
were microcirculatory parameters such as rate of ankle swell-
ing and venoarteriolar reflex (p<0.05). All parameters dete-
riorated with the length of flight, a phenomenon that was only 
partially compensated by the herbal treatment.

An open trial of TTF (60 mg/day) combined with bulk-
forming laxatives (as appropriate) was rated as effective in 
relieving symptoms in over 90% of 210 patients with first or 
second degree haemorrhoids.133

Two interesting trials suggest that gotu kola may be able 
to stabilise vulnerable arterial plaque, indicating a possible 
role for the herb in modifying cardiovascular outcomes. Most 
atherosclerotic plaques do not trigger life-threatening events. 
A vulnerable plaque is one that is at high short-term risk of 
rupture. Plaque rupture is by far the most frequent cause  
of arterial thrombosis. It is deemed responsible for about 75% 
of coronary thrombi leading to heart attacks or death and 
about 90% of thrombosed carotid plaques causing ischaemic 
stroke. Only plaque with very thin fibrous caps is at risk of 
rupture and even just a small lesion is life-threatening. These 
plaques are essentially unstable because of a deficiency of con-
nective tissue in their matrix. Even in the presence of wide-
spread arterial disease, rarely more than a few plaques appear 
to be at risk of rupture at any given moment.134 One group 

of researchers observed: ‘It is not clear why some plaques 
lead to clinical manifestations, whereas many others remain 
asymptomatic and heal with subsequent fibrosis…’.135 In one 
sense arterial plaque is a type of wound on the blood vessel 
wall and vulnerable plaque can be viewed as a wound that is 
either not healing appropriately or in the early stages of heal-
ing (fibrosis).

In two placebo-controlled clinical trials, TTF stabilised low-
density carotid136 and femoral artery plaques.137 The dose used 
in both trials was 180 mg/day for 12 months. These clinical 
outcomes were assessed by significant and marked increases in 
the ultrasound echogenicity of plaques compared with placebo 
(p<0.05). For the patients with carotid lesions, symptomatic 
cerebral events were observed in 6.5% of patients taking TTF 
compared with 11% of controls (p<0.05) and positive mag-
netic resonance images (indicating cerebral ischaemic lesions) 
were 7% in the herbal group, versus 17% for the control group 
(p<0.05). Arterial plaque which is echolucent (low echogenic-
ity by ultrasound) has a limited connective tissue component 
and the plaque is weaker and prone to ulceration, rupture and 
embolisation. This is not quite the same as vulnerable coronary 
artery plaque, but shares many similarities.

On the basis of these findings it would be interesting to 
examine the impact of the long-term intake of gotu kola on 
health outcomes in patients with coronary artery disease.

Table 1  Summary of trials of gotu kola extracts in patients with chronic venous insufficiency

Trial design and 
reference

Number of 
patients

Preparation and 
daily dose (mg)

Control Study duration 
(days)

Efficacy versus control

SBRCT119,122,123 99 TTF 60 or 120 Placebo 60 A dose-response effect was observed for most parameters. 
Substantial reduction in subjective symptom score (p<0.05), 
improvements in limb perfusion parameters (p<0.05)

DBRCT121 94 TECA 60 or 120 Placebo 60 Reductions in limb heaviness (p=0.033), oedema (p=0.026). 
Improvement in patient-rated overall efficacy (p=0.032, 
high dose only significant). Trend to improvement in venous 
distensibility (p=0.055 to 0.08)

SBRCT124,125 62 TTF 90 or 180 Placebo 28 A dose-response effect was observed. Reductions in subjective 
symptom score (p<0.05) and lower limb capillary filtration rate 
(p<0.05)

SBRCT120 40 TTF 120 Placebo 42 Significant improvements in limb perfusion parameters versus 
placebo (p<0.05), significant reduction in leg volume (p<0.05)

DBRCT126 40 ETCA (TECA) 60 HER 
1000 mg/day

30 Similar efficacy to the reference treatment for most objective 
parameters, except ETCA superior for reduction in calf 
circumference (p<0.01) and improvements in venous 
distensibility (p<0.05) and flow (p<0.05). Apparent superiority 
over reference treatment for subjective symptoms (no p values 
provided)

SBRCT127 40 TTF 120 Placebo 56 Improvement in microcirculatory parameters in patients with 
venous hypertensive microangiopathy: resting flux (p<0.05), 
rate of ankle swelling (p<0.05)

DB = double blind; HER = hydroxyethylrutosides; RCT = randomised controlled trial; SB = single blind.
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Wounds, ulcers, and other skin and epithelial 
disorders
Early publications comprise around 30 mostly small, uncon-
trolled, open label clinical trials or case observation studies, 
dating from the late 1950s. These papers variously refer to 
the use of ‘asiaticoside’ or a proprietary triterpenoid isolate 
product, which were probably identical and represent an early 
version of TECA. The TECA was typically administered by 
intramuscular (and sometimes intralesional) injection and was 
often applied topically as well. Although injection was used, 
the good oral bioavailability of the gotu kola triterpenoids, 
and the fact that typical oral doses tend to be much higher 
than the injected doses used, suggest that these early data still 
have clinical relevance to the oral use of the herb. Conditions 
with favourable outcomes included bladder ulcers,138 corneal 
lesions,139 episiotomies140 and other postsurgical lesions,141 
leg ulcers,142 skin grafts,143 skin ulcers144 and traumatic 
injury.145 Not all studies yielded positive outcomes.146,147 A 
few of the larger, less dated and/or interesting studies are fea-
tured below.

Following a positive series of published case reports148 and 
their experience with a burn patient who demonstrated a sub-
stantial reduction in hypertrophic scars, a group of Canadian 
clinicians conducted a clinical investigation of TECA as an 
antikeloid agent.149 Their first clinical evaluations involved 
the injectable form, but later they were able to report on 
227 patients with keloids or hypertrophic scars who were 
treated with the oral form of TECA (60 to 90 mg/day, but up 
to 150 mg/day in stubborn cases). In an open label trial, 116 
of 139 patients were found to respond after 2 to 18 months, 
either by relief of symptoms or by a gradual disappearance of 
inflammation. These positive results remained after the ces-
sation of therapy. In most cases the treatment was started 
on well-established, non-responsive lesions, some of many 
years’ duration. A small, concurrent double blind study dem-
onstrated a significant benefit over placebo (p<0.05). The 
authors also studied the preventative action of TECA in 88 
patients undergoing surgical scar revision, with treatment 
started a few weeks prior to surgery and maintained for 3 
months after. Improvement was noted in 79% of patients, but 
there was no comparative control group to account for the 
benefit of surgery alone.

In a recent clinical trial conducted in Thailand, 200 
patients with diabetic foot ulcer were randomised to receive 
gotu kola extract or placebo.150 General symptoms, wound 
characteristics, wound size and wound depths were exam-
ined at days 7, 14 and 21. Wound contraction was determined 
by the decrease in the volume of the wound. Twenty cases 
dropped out from the study and 10 cases were terminated 
before the end of treatment because termination criteria were 
met. (Termination criteria included patient refusal, wound 
infection, delayed primary sutured wound and secondary 
healing wound.) Results for the 170 patients who completed 
the trial were analysed.

By the end of each week, wound contraction was signifi-
cantly better in the group treated with gotu kola compared 
with those treated with placebo (p≤0.001). The trend to 

good wound contraction occurred earlier for the herb group 
than in the placebo group: for example, by day 7, 28.5% of 
patients receiving gotu kola had good wound contraction, 
compared with 12.8% in the placebo group; by day 14, the 
results for good contraction were 38.1% and 18.6% for herbal 
and placebo treatment, respectively. More granulation tissue 
formed in the placebo group than the herb group, and the dif-
ference between the groups was significant at days 7, 14, and 
21 (p<0.001). There were no systemic side effects reported 
and there was no significant difference in wound infection 
between the two groups. The dose used was unclear, with the 
capsules variously described as containing ‘50 mg of extracted 
asiaticoside’ and ‘50 mg freeze dry lyophilized extract’. The 
trial author disclosed the dose in a personal communication 
(March 2011) as 300 mg/day of extract, corresponding to 
11.2 g of fresh leaf.

There is some suggestion from case reports in the 1970s 
that gotu kola might assist liver pathologies. In one study, 30 
patients with clinical hepatic cirrhosis (mainly due to bilhar-
zia) and previous splenectomy were given TECA (20 mg/day, 
im) for 55 days.151 The nodularity and firm consistency of the 
liver decreased markedly in all the cases and biopsy revealed 
a substantial reduction in collagen fibres in both the fine and 
medium portal tracts. Serum alkaline phosphatase and gly-
coproteins were also reduced. In a second study, ongoing 
administration of TECA (90 to 150 mg/day, presumably oral) 
resulted in improvement in 5 of 12 patients with recently 
diagnosed alcoholic cirrhosis or chronic liver disease.152 
Benefits were mainly observed in the patients with alcoholic 
cirrhosis, where biopsy revealed reduced sclerosis or steatosis.

Gotu kola might have value in obstetrics according to stud-
ies from the 1960s. Results for 131 cases of episiotomies 
treated with TECA (25 mg/day, im on the second, fourth 
and sixth days after surgery) from an open label trial demon-
strated improved healing and reduced symptoms in 106 cases 
compared with other (unspecified) cases treated by differ-
ent means.153 Clinical observation of 114 patients with per-
ineal lesions (especially following episiotomy) found injected 
TECA (with concurrent topical use in some cases) accelerated 
healing, resulting in reduced hospital stays.140 Accelerated 
healing of perineal tears was found in another study.154

Some novel uses of gotu kola preparations have also been 
investigated. Open trials have demonstrated the benefit of 
topical madecassoside and either intramuscular madecassoside 
or asiaticoside in patients with previously non-healing wounds 
or skin ulcers.155,156 In a prospective, open clinical trial, 30 
patients with active leprosy were given 500 mg powdered 
gotu kola (for 12 months), 60 mg asiaticoside (for 6 months) 
or dapsone three times per day.157 Improvement in leprosy 
ulcers was similar in all groups. Intramuscular (20 mg/day)  
and/or topical application of TECA in 90 patients with per-
forating leg ulcers due to leprosy were compared against 
placebo, and both treatments were found to be significantly 
superior at healing the ulcers (p<0.01).158 A combination of 
dapsone, hydnocarpic acid (from Hydnocarpus wightiana) 
and isolated asiaticoside (50 mg/day) for 6 to 11 months in  
10 patients with active leprosy was just as effective, but less 
toxic, than standard multidrug treatments.159
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The value of gotu kola compounds in the connective tis-
sue disorder scleroderma has been assessed. An open trial 
involving 13 women with scleroderma and using either 20 or 
60 mg/day TECA (im) observed improvement of symptoms  
in 11.160 TECA 30 mg/day (oral), sometimes with topical 
TECA ointment, improved local and systemic scleroderma 
in the majority of 54 patients investigated in another open 
trial.161 Benefits were also seen in another seven patients with 
scleroderma (TECA, 30 to 60 mg/day, oral),162 but a review 
of 15 cases in children found little benefit from current treat-
ments, including asiaticoside (probably TECA).163

Some of the early studies on skin disorders also focused on 
topical application. Topical application of a cream of gotu kola 
cleared psoriasis lesions in five and improved the remaining 
two of seven patients in one case series.164 A cream contain-
ing 1% of an extract of gotu kola completely healed previ-
ously non-healing, chronic, infected skin ulcers in 17 out of 
22 patients after 3 weeks in an open trial.165 One double blind 
trial in 18 patients failed to find that a 2% TECA powder 
had any better effect than placebo on healing after skin graft 
removal.143

In recently published studies there has been a further 
focus on the topical use of gotu kola compounds, probably 
thereby underestimating the unique value of the internal 
use of the herb. In a preliminary open trial, 12 healthy vol-
unteers had a small wound induced on their forearms and 
then 0.3% madecassoside combined with copper, zinc and 
manganese was applied daily for 22 days.166 The research-
ers concluded that inflammation was resolved more quickly, 
epidermal regrowth was more rapid, and there was less 
scarring, apparently compared with no treatment. An oint-
ment containing extracts of gotu kola, Viola tricolor and 
Mahonia aquifolium was not superior to a base cream in 
a randomised double blind, vehicle-controlled, half-side 
comparison in 88 patients with mild-to-moderate atopic 
dermatitis.167

Some of the topical trials are more cosmetic in nature. One 
early double blind trial involving 80 pregnant women inves-
tigated the effects of a topical cream containing gotu kola,  
vitamin E and collagen-elastin hydrolysate compared with pla-
cebo at preventing striae gravidarum (stretch marks).168 The 
cream was applied once per day. After 12 weeks, the group 
applying the active cream developed significantly fewer striae 
than the placebo group.

In a double blind, randomised clinical trial, a gel contain-
ing gotu kola extract, Rosmarinus officinalis extract, tetrahy-
drocurcumin, and dimethylaminoethanol was compared with 
placebo in 28 women.169 Each woman treated half their face 
with the gel or placebo for 4 weeks. At the end of this time, 
skin was significantly softer on the gel-treated skin compared 
with placebo, as rated both objectively and subjectively. Three 
women left the trial due to mild skin irritation. A cream with 
0.1% asiaticoside applied around the eyes of 27 women for  
12 weeks in an open trial was associated with improvement or 
elimination of wrinkles in 18.170

A 6-month randomised, double blind study was conducted 
on photo-aged (sun-damaged) skin in 20 female volunteers 
to assess the impact of a topical treatment containing 5% 

vitamin C and 0.1% madecassoside.171 There was a signifi-
cant improvement in the clinical score for deep and superficial 
wrinkles, suppleness, firmness, roughness and skin hydration. 
These results were corroborated by objective tests. The reap-
pearance of a normally structured, ‘young’ elastic fibre net-
work was observed.

Nervous system and adaptogenic effects
A single dose of 12 g of crude gotu kola was more effective 
than placebo at reducing the acoustic startle response in 40 
healthy adults in one double blind, placebo-controlled, ran-
domised trial.172 An uncontrolled trial observed that a 70% 
ethanolic extract of gotu kola (500 mg/day corresponding 
to about 4.5 g of starting herb) over 2 months significantly 
improved measures of stress, anxiety, adjustment, depres-
sion and attention (all p<0.01 compared with baseline).173 
Results after 2 months were substantially better than after 
1 month.

An uncontrolled trial used gotu kola to treat 33 volunteers 
with generalised anxiety disorder.173 They received gotu kola 
extract (about 9 g/day dried herb equivalent) for 60 days. 
Participants were initially assessed for mental status using the 
Brief Psychiatric Rating Scale. Results using self-assessment 
questionnaires revealed significant improvements (p<0.01) 
from baseline in anxiety, stress, depression, adjustment and 
attention at day 30 and day 60.

Early studies focusing on cognitive function yielded con-
flicting results. A daily 500 mg tablet of gotu kola herb for 
12 weeks significantly improved mental function and behav-
iour in 30 intellectually impaired children in a placebo-con-
trolled trial.174 However, a double blind, placebo-controlled 
trial using the same tablet daily for 1 year observed no 
effect on the mental ability of children with normal baseline 
intelligence.175

A later trial was more positive. Twenty-eight healthy volun-
teers with a mean age of 65 years were randomly divided into 
four groups.176 One group received a placebo and the others 
were given respectively 250, 500 and 750 mg/day of a gotu 
kola extract for 2 months. The gotu kola extract was stand-
ardised for total phenolic content and also contained around 
5% asiaticoside and asiatic acid. Assessment using a battery of 
cognitive performance tests was undertaken 1 h after the first 
dose (for acute effects) and after 1 and 2 months (for chronic 
effects).

For the acute effect (single dose) assessment, only the 
highest dose of gotu kola demonstrated a significant effect 
above placebo for just two of the nine tests used. These 
were the reaction time of spatial memory and the percent-
age accuracy of numeric working memory. Based on what is 
known about these tests, the authors suggested that these 
acute effects of gotu kola might partly occur via the modula-
tion of dopamine and norepinephrine in the prefrontal cortex, 
together with the modulation of acetylcholine and serotonin 
in the hippocampus.

The repeated administration of gotu kola for a further 2 
months also showed the same significant increases in spatial 
memory reaction time and percentage accuracy of numeric 
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working memory. In addition, significant improvements were 
seen above placebo for choice reaction time, numeric work-
ing memory reaction time, accuracy of word recognition and 
accuracy of picture recognition. These effects were most con-
sistently demonstrated at the highest dose of gotu kola. There 
was no significant effect on simple reaction time, the digit 
vigilance test, the accuracy of spatial memory, word recogni-
tion reaction time and picture recognition reaction time. The 
above effects were interpreted by the authors as gotu kola 
enhancing working memory. The extract not only improved 
cognitive performance, but also anxiety: the highest dose 
increased calmness and alertness after both 1 and 2 months of 
treatment.

When gotu kola powder (dosage not specified) was admin-
istered to 43 healthy but impoverished East Indian adults 
for 6 months, it elevated erythrocytes and haemoglobin 
and decreased blood urea nitrogen in a low-quality placebo-
controlled trial.177,178 Gotu kola extract at 250, 500 and 
750 mg/day significantly improved physical strength and 
fitness measured by the 30-second chair stand test in 80 
healthy older volunteers (average age around 65 years). The 
two higher doses also improved the physical subscale of a 
quality of life scale (SF-36). This was a placebo-controlled, 
randomised, double blind trial and implies an adaptogenic 
activity for the herb.179

Other conditions
An uncontrolled study examined the effect of 60 mg/
day oral TECA and 20 mg three times per week (im) in 
64 patients with gastric and duodenal ulcers.180 After 10 
weeks, all but two patients had healed completely (and 
the majority had healed after 6 weeks). In an open ran-
domised trial, patients who had extracts of gotu kola and 
Punica granatum (pomegranate) applied to periodontal 
pockets experienced significantly better healing than those 
who received only standard medical care.181 This confirmed 
the preliminary results of an earlier study using the same 
extracts.182

Toxicology and other safety data

Toxicology
Gotu kola has been consumed as a leafy vegetable, particularly 
in Bangladesh, Thailand, Indonesia (West Java), Sri Lanka and 
South Africa,183–185 and appears to have no harmful effect 
when used as a food.186 The leaf and stolon are eaten raw and 
cooked.187

Acute toxicity testing indicated a low toxicity following 
oral administration to rats (LD50 >675 mg/kg of gotu kola 
extract, equivalent to >4 g/kg dried leaf). Chronic administra-
tion of 150 mg/kg/day of extract (equivalent to 0.9 g/kg dried 
leaf) for a period of 30 days did not produce any adverse 
effects.188 Mice receiving up to 1 g/kg of gotu kola extract 
(2.5 g/kg dried plant) by mouth did not exhibit adverse 
effects.55 Aqueous ethanol extract of gotu kola entire plant 

demonstrated a maximum tolerated dose value of 250 mg/kg 
after ip injection in mice.189 Subcutaneous injection of 40 to 
50 mg/kg of asiaticoside was toxic to mice and rabbits, while 
20 to 250 mg/kg resulted in increased bleeding time. An oral 
dose of 1 g/kg was well tolerated.190

The local toxicity of asiaticoside was investigated by the 
measurement of skin respiration and histological analysis. (The 
death of a cell is accompanied by loss of respiratory activity.) 
Compared with other therapeutic agents, the toxicity of asiatico-
side was not excessive and was comparable to that of many com-
mon antibiotics. Histological effects on guinea-pig skin indicated 
that moderate concentrations of asiaticoside produced swol-
len, abnormally staining cells. Higher concentrations resulted in 
necrotic cultures, showing signs of ‘thickening’ of the epidermis, 
even though the cells had mostly disintegrated. This may have 
been due to the cells becoming rapidly keratinised. Although 
fairly high concentrations of asiaticoside were required to pro-
duce this effect, it occurred in vivo (5 mg, sc) as well as in vitro.35

An ethanol extract of gotu kola exhibited mutagenic activ-
ity to strain TA98 (Salmonella/microsome test) only in the 
presence of S9 mix.191 A water extract of gotu kola was not 
toxic towards TA98 and TA100 with or without addition of 
S9 mix at the tested concentration (5 mg/plate). Gotu kola 
weakly inhibited the mutagenicity of the indirect mutagen 
IQ (2-amino-3-methylimidazo[4,5-f]quinoline).192 In another 
experiment, gotu kola water extract (1 mL of a 1:5 decoction) 
showed mutagenic activity in strain TA 98 with metabolic 
activation only.193 Gotu kola methanol extract induced abnor-
mal metaphases and increased chromosome aberrations in the 
Vicia faba root meristem assay.194

Asiaticoside was found to be a weak tumour promoter in 
the hairless mouse epidermis model and was very weakly car-
cinogenic to the dermis after topical application.195

Contraindications
Gotu kola is contraindicated in cases of known allergy.

Special warnings and precautions
None suggested.

Interactions
No clinically relevant interactions have been found. In an in 
vivo study investigating wound healing with drugs, the anti-
inflammatory drugs dexamethasone and phenylbutazone indi-
vidually combined with asiaticoside caused a reduction in the 
tensile strength (and hence therapeutic effect) produced by 
asiaticoside alone.28 In this study the test substances were 
administered by intramuscular injection (asiaticoside is a 
saponin and has surfactant activity), so it is not known if the 
observed results extrapolate to the topical use of asiaticoside 
or oral use of gotu kola in humans.

In open trials, asiaticoside has been used topically in com-
bination with an antibiotic and corticosteroid196 and was well 
tolerated.197
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Use in pregnancy and lactation
Category B1 – no increase in frequency of malforma-
tion or other harmful effects on the fetus from limited use 
in women. No evidence of increased fetal damage in animal 
studies.

Gotu kola has been traditionally used in Bengal as a 
contraceptive agent. A reduction in conception rate was 
observed in female mice fed gotu kola (juice of whole plant, 
equivalent to 20 to 80 g fresh whole plant per kg) by gav-
age. Two sets of animals received the herb for 14 days (7 
days before and 7 days during cohabitation) and 21 days (7 
days before and 14 days during cohabitation). In the first set, 
sterile mating occurred for 50% to 60% of animals versus 
15% in the controls, and for the second set 50% to 55% ver-
sus 20%. An isolated triterpenoid glycoside (40 to 120 mg/
kg) and a compound derived from it also demonstrated 
antifertility activity. In all treatment groups there was no sig-
nificant decrease in the number of young per litter and birth 
weight of the young were normal. The authors noted that 
the isolated glycoside and the compound derived from it 
caused a consistent reduction of fertility.198 These were very 
high doses, well above those normally used in clinical prac-
tice. Moreover, an antifertility effect does not imply harm 
during pregnancy.

Antifertility activity was also demonstrated in vivo in 
an early study for gotu kola (part undefined). Teratological 
effects have been studied in the rabbit and found to be nega-
tive for that animal.149

Gotu kola is compatible with breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
As with all herbs rich in saponins, oral use may cause irritation 
of the gastric mucous membranes and reflux.

Cases of allergic contact dermatitis have been reported 
from the use of gotu kola, TTF and asiaticoside, but they 
are considered to be low-risk treatments.199–206 Both the 
extract and the triterpene constituents are weak sensitis-
ers,149 although asiaticoside has been classified as a contact 
allergen.207 Patch tests in many cases confirmed that gotu kola 
or its constituents were responsible,199,200,203,204 although in 
some cases other constituents in the preparations were also 
responsible (such as propylene glycol,202 geraniol, lavender 
essence and neomycin201).

Traditional sources indicate that gotu kola may produce 
photosensitisation when used in tropical areas, although 
whether from use by oral or topical application is not indi-
cated.5,208 Occasional gastrointestinal intolerance has been 
observed.149 A review of the use of TTF for the treatment 
of chronic venous insufficiency indicated that it was safe and 
well tolerated. Most trials used dosage of TTF in the range of 
60 to 120 mg/day.80

Three cases of idiosyncratic hepatotoxicity have been 
reported from Argentina in association with extracts of gotu 
kola, including at least one that was clearly triggered by 
rechallenge.209 However, no other such cases are on record 
and the identity of the herb was not confirmed in these cases. 
One case of night-eating syndrome was attributed to use of 
a 70% ethanolic tincture of gotu kola, possibly with other 
herbs.210

Overdosage
There are no reliable reports of overdose with gotu kola.

An early case (prior to 1896) is recorded concerning a 
‘Dr Boiteau who, in treating himself, progressively increased 
the dose and found that after two months the drug had 
produced all the effects of a violent, cumulative poison. … 
the plant, properly prepared and administered, is a power-
ful stimulant of the circulatory system, its action chiefly 
affecting the vessels of the skin and mucous membrane’.211 
Traditional sources writing in the early to mid-20th century 
indicate that the plant can be a stupefying narcotic in large 
doses and in some cases produces headache or vertigo with a 
tendency to coma.207

Safety in children
Adverse effects are generally not expected. Gotu kola dried 
herb has been assessed in a clinical trial in India as a mental 
tonic for mentally disabled children.173 Gotu kola is used in 
leaf concentrate meals, which are prepared as porridge for 
preschool children in Sri Lanka to combat nutritional deficien-
cies.212 (Although the leaf composition varies with location, 
fresh gotu kola leaves typically contain 2% protein, 7 mg/100 g 
of vitamin C, 0.09 mg/100 g of vitamin B1 and 5.6 mg/100 g of 
iron.)213

However, one case of gotu kola-induced hepatotoxicity in a 
child has been recently reported.214

Regulatory status in selected 
countries

Gotu kola is official in the Pharmacopoeia of the People’s 
Republic of China 1997. The usual adult dosage, typically 
administered in the form of a decoction, is listed as 15 to 30 g, 
or 30 to 60 g of the fresh herb.

Gotu kola for external use is included on the General Sale 
List in the UK. It was not included in the Commission E 
assessment. Gotu kola is official in the British Pharmacopoeia 
2011 and the European Pharmacopoeia 2011.

Gotu kola does not have GRAS status in the USA. 
However, it is freely available as a ‘dietary supplement’ in the 
USA under DSHEA legislation (Dietary Supplement Health 
and Education Act of 1994).

Gotu kola is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Regulations and is freely available for sale 
in Australia.
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Hawthorn

(Crataegus spp.)

Synonyms

Crataegi (Lat), Weiβdorn (Ger), aubépine (Fr), biancospino 
(Ital), alm. hvidtjørn (Dan).

What is it?

The leaf, flower and berry of several species of haw-
thorn are used medicinally, most often: Crataegus laevi-
gata (Poiret) DC (synonyms: C. oxyacantha auct. non L, 
C. oxyacanthoides Thuill.) and C. monogyna Jacq. The 
Greek meaning of Crataegus oxyacantha refers to hard 
(wood) and sharp thorns. References to hawthorn are 
extensive throughout history and the shrub has been uti-
lised in many ways including for wood, cultivation as a 
hedge and for flavouring of liquor by the berries. Although 
the berries were traditionally used as medicine, modern 
research has tended to focus on preparations from the 
leaves or leaves and flowers.

The first use of hawthorn in cardiac therapy is attributed 
to Dr Green, an Irish doctor who used a tincture of the 
fresh berries. With the increasing incidence of heart disease 
in the Western world at the time, its use rapidly spread to 
other countries, notably France, the United States, England 
and Germany. In Western herbal medicine hawthorn is now 
considered to be the most significant herb for ischaemic and 
congestive heart disease and there is considerable objective 
evidence to support its status.

Effects

Increases force of myocardial contraction, increases coronary 
blood flow, reduces myocardial oxygen demand, protects 
against myocardial damage, hypotensive, improves heart rate 
variability, antiarrhythmic.

Traditional view

Hawthorn berries have been traditionally used to treat car-
diovascular problems (including hypertension with myocar-
dial weakness, angina pectoris and tachycardia) and other 
circulatory disorders (atherosclerosis, Buerger’s disease). The 
flowers and berries were also used as an astringent for sore 
throats and as a diuretic for kidney problems and dropsy.1,2 
The fruit and bark were used by the Eclectics as a heart 

remedy for indications such as pain, praecordial oppression, 
dyspnoea, cardiac hypertrophy, valvular insufficiency and 
anaemia.3 The fruit of other Crataegus species (C. pinnati-
fida, C. cuneata) have been used in traditional Chinese med-
icine to improve digestion, stimulate circulation and remove 
blood stasis.4

Summary of actions

Cardiotonic (mild), cardioprotective, antioxidant, collagen sta-
bilising, mild astringent, hypotensive (mild), antiarrhythmic.

Can be used for

Indications established  
by clinical trials
Congestive heart disease due to ischaemia, hypertension or 
other causes (particularly corresponding to NYHA stages I 
and II, good evidence), mild hypertension (moderate evidence 
for a mild effect); topically for acne (uncontrolled trial); anxi-
ety (in combination).

Traditional therapeutic uses
As a treatment for mild heart conditions (angina pectoris, cor-
onary artery disease, cardiac arrhythmias, myocardial weak-
ness) and to assist prevention of arterial degeneration caused 
by atherosclerosis.

May also be used for

Extrapolations from  
pharmacological studies
Antioxidant activity; co-factor for vitamin C intake; stabilisa-
tion of connective tissue tone; for hyperlipidaemia (especially 
the berries).

Other applications
Cosmetic and hair care products for antiseborrhoeic and anti-
inflammatory activities and to increase hydration and elastic-
ity of the skin.5
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Preparations

Dried or fresh leaf, flower or fruit for infusion or decoc-
tion, liquid extract and tablets or capsules for internal use. 
Decoction or extract for topical use.

Dosage

l	 1.5 to 3.5 g/day of dried flower, leaf or berry, as infusion or 
decoction

l	 Hawthorn tablets or capsules (for example containing 1 g 
leaves and flowers, standardised to 15 to 20 mg oligomeric 
procyanidins and 6 to 7 mg flavonoids) three to four per 
day or more

l	 3 to 6 mL/day of 1:2 liquid extract of hawthorn leaf ,  
3 to 7 mL/day of 1:2 liquid extract of hawthorn berry,  
7.5 to 15 mL/day of 1:5 tincture of hawthorn leaf , 7.5 to  
17.5 mL/day of 1:5 tincture of hawthorn berry. Higher 
doses than these may be necessary for hypertension

l	 Concentrated extracts (3:1 or 5:1), typically from the 
leaves and flowers and standardised to various levels of 
flavonoid and/or oligomeric procyanidin (OPC) content are 
also available in solid dosage form. These have been used in 
clinical trials, with doses (of extract) ranging from 160 to 
1800 mg/day (see Table 1).

Duration of use

There is no restriction on the long-term use of hawthorn and 
it should be prescribed over a period of at least 2 months if 
used to treat heart conditions.

Summary assessment of safety

No adverse effects from ingestion of hawthorn are expected. 
Hawthorn may act in synergy with digitalis glycosides and 
beta-blockers. However, no specific interactions with the 
pharmacokinetics of digoxin were identified in human sub-
jects and adverse effects are not generally anticipated. 
Modification of drug dosage may be required, but is unlikely.

Technical data

Botany
Hawthorn, a member of the Rosaceae (rose) family, is a 
deciduous, thorny shrub or small tree up to 10 m tall. The 
leaves are broader than long and have three to five lobes. The 
white flowers, with their red anthers, are arranged in groups 
of five to ten at the apex of small branches. The dark red, 

false fruits are oval and contain a small kernel which is the 
true fruit.6,7

Note: There has been confusion and debate over the 
nomenclature of Crataegus. species It was suggested in 1975 
that the name C. oxyacantha L. should be rejected since it is 
a source of confusion8 and C. laevigata used in preference.9 
In addition, extensive hybridisation has occurred between C. 
monogyna and C. laevigata.10–12 Where a research publication 
refers to the use of ‘C. oxyacantha’, this has generally been 
described in this monograph as pertaining to C. laevigata.

Adulteration
No adulterants known.

Key constituents
l	 Oligomeric procyanidins (OPCs), mainly procyanidin 

B-2.13 The monomers epicatechin and catechin are also 
present and are generally included in chemical tests for 
OPC levels.

l	 Flavonoids, including quercetin glycosides (hyperoside, 
rutin) and particularly flavone C-glycosides (vitexin  
and related compounds).13 The minor flavonoids in  
C. laevigata and C. monogyna show differences that 
enable their differentiation.14

l	 Amines, catechols, carboxylic and triterpene acids 
(crataegus acids, especially in the berries).15

The flowers contain the highest levels of flavonoids and the 
leaves contain the highest levels of OPCs. The key constitu-
ents of Crataegus monogyna, with variations with plant part 
and time of harvest, are outlined below.16

OPC % Major flavonoids %

Leaves with flowers (average of 
seven samples)

2.50 0.92

Flowers (average of four samples) 2.67 1.31

Leaves (spring, flowers open) 3.02 0.53

Leaves (summer, berries green) 2.71 0.74

Leaves (autumn, berries ripe) 2.06 0.76

Berries (summer, green) 3.18 0.15

Berries (autumn, ripe) 1.74 0.13

The relative astringency of an OPC increases with its 
degree of polymerisation. OPCs from Crataegus oxyacantha 
(laevigata) berries, with an average number of monomers 
of four, have an astringency relative to tannic acid of 0.73.17 
While the stability of flavonoids in C. oxyacantha (laevigata) 
tinctures was good, OPCs demonstrated relatively poor stabil-
ity in this dosage form.18
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Pharmacodynamics
The therapeutic value of hawthorn may extend beyond 
its cardiovascular applications, largely due to the signifi-
cant OPC content. Although most of the research is not 
specifically on the OPCs found in hawthorn, it is likely 
that the hawthorn OPCs will share many of the described 
pharmacological properties for this class of compounds. 
In 1966 the French scientist Masquelier and his co-work-
ers analysed the bark of several conifers from Quebec. 
Some species, especially Tsuga canadensis (previously 
known as Pinus canadensis), were rich in OPCs. However, 
Masquelier’s interest in this tree was based on the 
accounts of the French explorer Jacques Cartier.19 During 
the winter of 1534 Cartier’s group in Canada was afflicted 
by scurvy, which was cured on the advice of a native who 
directed that the sailors use a decoction of the bark and 
leaves of the ‘Anneda’ tree. The liquid was consumed 
and the solid residue applied as a poultice to the swollen 
joints. On the basis of Cartier’s description, Masquelier 
postulated that ‘Anneda’ was Tsuga canadensis. He further 
speculated that the leaves provided a source of ascorbic 
acid and the bark, by providing OPCs, acted as a vitamin 
C synergist (perhaps in a similar manner to the chemically 
related flavonoids).

Masquelier’s original interest in OPCs was for their ‘vitamin 
P-like’ activity.20 He later postulated that they may be impor-
tant in the prevention of atheroma.21 Since then, pharmacolog-
ical and clinical studies of OPCs, as either pine bark (especially 
Pinus pinaster) or grape seed (Vitis vinifera) extracts, have 
revealed an impressive variety of therapeutic properties.

Effect on the cardiovascular system

Effect on cardiac contractility and frequency and 
coronary blood flow
In early research the crataegus acids increased coronary 
blood flow in vitro and decreased blood pressure in vivo.22–24 
Crataegolic and ursolic acids increased coronary flow in vitro 
and crataegolic acid was also positively inotropic.25

Hawthorn extract exhibited a positive inotropic effect 
(increasing the contraction amplitude) of cardiac myocytes in 
vitro, with a relatively small increase in their energy require-
ments.26 Hawthorn also prolonged the apparent refractory 
period in the presence and absence of isoprenaline (a beta-
adrenergic agonist), indicating an antiarrhythmic potential.27 
A standardised leaf and flower extract exerted a positive 
inotropic effect on isolated left ventricular muscle strips 
from explants from patients with congestive heart failure.28 
Hawthorn reinforced the positive inotropic action of car-
diac glycosides without an increase in glycoside toxicity and 
increased coronary blood flow, even after experimental dam-
age, in vitro.29

Two flavonoid fractions of hawthorn were positively ino-
tropic in isolated heart. One fraction had an effect on fre-
quency, being negatively chronotropic (decreasing the heart 
rate). In isolated hearts, vitexin-2″-O-rhamnoside was posi-
tively inotropic and negatively chronotropic at higher doses, 
while the flavonoid aglycones were inactive.25

The main flavonoids of hawthorn (O-glycosides: luteolin-
7-glucoside, hyperoside, rutin; and C-glycosides: vitexin, 
vitexin-2″-O-rhamnoside and monoacetyl vitexin-2″-O-
rhamnoside) increased coronary flow, demonstrated slight 
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positive inotropic effects and raised heart rate in isolated 
hearts. An inhibition of cAMP phosphodiesterase was also 
observed.30

OPC subfractions were more positively inotropic in iso-
lated heart than flavonoid fractions, but had no effect on 
frequency.31 In another study, hawthorn OPCs had a mild 
negative chronotropic effect in isolated heart, but caused a 
marked increase in contraction and blood flow. Procyanidin 
dimers were more active than oligomers with 3 to 4 units, 
and the OPC fraction from hawthorn leaves was more active 
than that from the berries. In general, the effects of the 
OPCs are similar to those of flavonoids, but are elicited at 
lower doses.25

Crataegus OPCs increased coronary blood flow in dogs 
after oral administration.32 Vitexin-2″-O-rhamnoside increased 
coronary blood flow by up to 64% after intracoronary admin-
istration.33 Intravenous or intracoronary administration of 
hawthorn flavonoids increased coronary blood flow, decreased 
blood pressure and increased heart contractility. No change 
was observed in heart rate.34–36

Hawthorn (C. laevigata) has also been studied in a model 
of congestive heart failure. A standardised hawthorn leaf and 
flower extract had no significant effect on the characteristic 
immunomodulatory response induced by 6 months of pres-
sure overload in a rat model of heart failure.37 However, 
the same research group found that the extract at the same 
doses (1.3, 13 and 130 mg/kg, oral) modified left ventricular 
remodelling and counteracted myocardial dysfunction in early 
(4 weeks) pressure overload-induced cardiac hypertrophy in 
rats,38 but only exhibited a modest beneficial effect in the 
long-term (5 months) model.39

Cardioprotective activity and effects  
under hypoxic conditions
The cardioprotective effect of several fractions of standard-
ised hawthorn leaf and flower extract (containing 18.75% 
OPCs) was investigated in vitro and in vivo. The lipophilic 
fraction containing flavonoids was as active as the whole 
extract in inhibiting human neutrophil elastase, but only half 
as active as a radical scavenger. The water-soluble fraction 
was weak in both in vitro systems. In contrast, the inhibiting 
potencies of the OPC-rich (and flavonoid-free) fraction were 
significantly higher than the extract. Oral administration of 
the OPC-rich fraction (20 mg/kg/day) to rats afforded similar 
protection against ischaemia-reperfusion-induced pathologies 
to treatment with a higher dose of the standardised extract 
(100 mg/kg/day).40

Oral pretreatment with hawthorn extract (2% of diet) to 
rats for 3 months resulted in myocardial protection, as evi-
denced by attenuation of levels of lactase dehydrogenase 
(LDH) release after induced ischaemia and reperfusion in 
the isolated hearts. This attenuation of LDH by hawthorn 
pretreatment suggests a preservation of the cell membrane 
and a protection from myocardial damage.41 Pretreatment 
with hawthorn or garlic extract, but particularly the combi-
nation of both, resulted in protective effects against isopren-
aline-induced heart, liver and pancreas damage in rats.42 Oral 

administration of hawthorn reduced the deleterious metabolic 
influence of hypoxia on ventricular muscle fibres in rabbits. 
Hawthorn may protect the sodium pump against anoxia.43 
In early research, administration of hawthorn to volunteers 
improved the anoxic symptoms produced by inhalation of an 
8% oxygen gas mixture44 and decreased the signs of ischaemia 
as assessed by an exercise ECG test in patients with ischaemic 
heart disease.45

Administration of the purified flavonoids from hawthorn 
leaves to rats with myocardial infarction resulted in a smaller 
necrotic focus and improved revascularisation of finer vessels 
when compared to controls.46 Pretreatment with hawthorn 
(C. laevigata) fresh berry tincture (5 mL/kg/day for 30 days, 
oral) prevented the increase in lipid peroxidation and the 
decrease in antioxidant enzymes, increased the rate of ADP-
stimulated oxygen intake and protected against pathological 
changes induced by isoproterenol in the hearts of rats admin-
istered this agent.47 The beneficial effects of hawthorn were 
observed to extend to cardiac mitochondria in a second simi-
lar study (maintenance of mitochondrial antioxidant status, 
prevention of mitochondrial lipid peroxidation and increased 
Krebs cycle enzymes).48

In one earlier study the water-soluble fraction of haw-
thorn extract demonstrated a cardioprotective effect on the 
ischaemic-reperfused heart in vitro (which mimics myocardial 
infarction). The cardioprotective effect was not accompanied 
by an increase in coronary flow.49 In contrast, no cardioprotec-
tive effects were seen during ischaemia and reperfusion, and 
there was even aggravation of arrhythmias, after oral pretreat-
ment of Wistar rats with C. oxyacantha (laevigata) extract 
(0.5 g/kg/day for 8 weeks, standardised to 2.2% flavonoids).50 
However, pretreatment with a different leaf and flower 
extract (10 or 100 mg/kg/day, oral for 7 days) improved car-
diac function and reduced infarct size in a similar rat model of 
prolonged ischaemia and reperfusion.51

In vitro and in vivo (rats, 100 mg/kg, oral) studies sug-
gested that hawthorn extract protected against ischaemia- 
reperfusion injury by inhibiting apoptotic pathways, pos-
sibly by regulating Akt (an anti-apoptotic kinase) and HIF-1 
(hypoxia-inducible factor 1) signalling pathways.52,53

Microcirculatory and vasorelaxant activity
Compared with a digoxin preparation, hawthorn extract 
increased the erythrocyte flow rate in all the vascular net-
works examined and reduced both leucocyte endothelial 
adhesion and diapedesis in the venular network in rat mes-
enteric vessels.54 Even after removal of tannins, extracts of 
Crataegus monogyna still potently inhibited ADP-induced 
human platelet serotonin release and platelet aggregation  
in vitro.55 Hawthorn flower extract inhibited thromboxane  
A2 biosynthesis in vitro.56

In early research intravenous administration of a haw-
thorn extract decreased blood pressure and increased 
peripheral blood flow to skeletal muscle in vivo.57,58 In a placebo- 
controlled, crossover study, the effect of a single dose of 
900 mg of a hawthorn leaf and flower extract (3:1, standard-
ised to 2.2% flavonoids) on the cutaneous microcirculation 
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was compared to 0.3 mg medigoxin. Six hours after taking 
hawthorn, the haematocrit had dropped by a mean of 3.2%, 
whereas erythrocyte aggregation increased significantly by 
19% 3 h after taking the digoxin. No significant changes were 
recorded for the other measured parameters (plasma viscosity, 
flow rate in nail bed capillaries, heart rate, blood pressure).59

OPCs in hawthorn extract may be responsible for the 
observed endothelium-dependent nitric oxide-mediated relax-
ation in isolated rat aorta, possibly via activation of tetraethyl
ammonium-sensitive K+ channels.60 A standardised leaf and 
flower extract induced a concentration-dependent vasodila-
tion of rat aorta and human mammarian artery in vitro, with 
activity again residing in the OPC fraction.61 The mecha-
nism involved appeared to be an endothelium-dependent, 
NO-mediated vasorelaxation, a finding supported yet again by 
another in vitro study from a different laboratory.62 Flavonoids 
and OPCs from hawthorn demonstrated inhibitory activity on 
angiotensin converting enzyme (ACE) in vitro.63

Mechanistic studies
Hawthorn may exert its activity in vitro in a similar way to 
phosphodiesterase inhibitors, raising cAMP levels in cardiac 
muscle cells. The total flavonoids from hawthorn were shown 
to inhibit phosphodiesterase activity in vitro.26 However, an 
in vitro study of hawthorn leaf and flower extract suggested it 
exerted direct positive inotropic effects, implying a pharma-
cologic mechanism similar to the cAMP-independent positive 
inotropic action of cardiac glycosides.28 Hawthorn extract pro-
longed the effective refractory period in isolated heart com-
pared to four other inotropic drugs (including adrenaline and 
digoxin), which all shortened it. Thus, hawthorn has a relatively 
lower risk of causing arrhythmias and may in fact have antiar-
rhythmic activity.64 Multi-electrode techniques have demon-
strated that hawthorn extract prolonged the action potential 
duration and delayed recovery of the maximum upstroke veloc-
ity of guinea pig papillary muscle.65 A hawthorn extract dem-
onstrated negative chronotropic effects in a cultured murine 
cardiomyocyte assay, independent of beta-adrenergic receptor 
blockade, possibly involving muscarinic receptor activation.66

An interesting in vitro study compared the effects of a 
hawthorn flower, leaf and berry extract against a berry extract 
(species not specified) using rat cardiomyocytes.67 Markedly 
different effects were observed; for example, the former 
extract resulted in the initiation of robust calcium transits 
with eventual calcium overload, whereas the latter initi-
ated calcium transits but with no calcium overload. In other 
words the flower, leaf and berry extract was more potent. 
Mechanistic explorations suggested that cardiac activity is 
exerted via the sodium-potassium pump (Na+/K+-ATPase). 
Another in vitro study in cultured cardiomyocytes comparing 
a berry and a leaf extract of C. laevigata found similar nega-
tive chronotropic effects, unrelated to beta-adrenergic recep-
tor blockade.68

A hawthorn leaf and flower extract inhibited induced inti-
mal hyperplasia in vitro and in vivo (rats, oral doses), prob-
ably by directly inhibiting platelet-derived growth factor-beta.69 
This might have clinical implications in angioplasty-related 

restenosis. Reduced endothelium-dependent vasodilator 
responses with increased synthesis of endothelin-1 (ET-1) are 
characteristics of endothelial dysfunction in heart failure and are 
predictive of mortality. Hawthorn and grape seed OPCs equi-
potently inhibited ET-1 synthesis in cultured endothelial cells.70

Hypocholesterolaemic activity
Hawthorn berry tincture administered simultaneously to rats 
fed an atherogenic diet significantly increased the in vitro 
binding of LDL (low density lipoprotein) to liver plasma 
membranes, increased bile acid excretion and depressed 
hepatic cholesterol synthesis.71 The results of adding haw-
thorn (2% of diet) to a rabbit diet high in cholesterol sug-
gested that the mechanism by which Chinese hawthorn berry 
(Crataegus pinnatifida) decreases serum cholesterol involves, 
at least in part, the inhibition of cholesterol absorption via 
downregulation of intestinal acyl-CoA-cholesterol acyltrans-
ferase (ACAT) activity.72 Chinese hawthorn berry also inhib-
ited ACAT in Caco-2 (intestinal) cells, largely due to the 
activity of the triterpenic acids (oleanolic and ursolic acid).73 
Further to this, a berry dichloromethane extract (0.37% of 
diet) demonstrated a synergistic effect with plant sterols in 
lowering plasma cholesterol in hamsters fed a high choles-
terol diet.73 The triterpene acids were also quite active in this 
model at 0.01% of diet.

In contrast, three flavonoids (quercetin, hyperoside and 
rutin) and chlorogenic acid from Chinese hawthorn berry 
weakly inhibited HMG-CoA reductase activity in vitro and 
demonstrated synergy in combination, thereby perhaps sug-
gesting mild statin-like activity.74 A synergistic activity on low-
ering cholesterol and triglycerides was also demonstrated in a 
mouse model after oral doses of 2.85 mg/kg/day of each com-
pound or the combination (see also Chapter 2).

Antioxidant activity
Hawthorn extracts obtained using acetone, methanol and water 
demonstrated antioxidant activity on hepatic microsomal prep-
arations in vitro. A correlation was demonstrated between the 
total phenolic content (mainly flavonoids and OPCs) and anti-
oxidant activity for leaf, flower and berry at all stages of herb 
growth. The most active individual components were (−)-epi-
catechin and procyanidin B-2.75 One recent study found that 
the ethanolic extract of C. monogyna berries possesses more 
antioxidant activity than the aqueous extract (with catechin and 
epicatechin mainly responsible for activity),76 while another on 
the berry tincture of the same species attributed the greatest 
antioxidant contribution to epicatechin and hyperoside.77

Most of the polyphenolic compounds in hawthorn dem-
onstrated a dose-dependent protection of human LDL from 
copper-mediated oxidation, and prevented the peroxyl free 
radical-induced oxidation of alpha-tocopherol. In addition, 
supplementation of a hawthorn fruit powder (C. pinnatifida) 
at 2% of diet significantly elevated serum alpha-tocopherol by 
18% to 20% in rats fed a 30% polyunsaturated canola oil diet, 
as compared to the control.78 In another study, the in vitro 
inhibition of LDL oxidation was also linked to hawthorn’s 
polyphenols, in particular the dimeric procyanidin B2 and the 
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flavonol glycoside hyperoside. OPCs were more active than 
the majority of the flavonoids tested.79

Chinese research found that the Chinese hawthorn berry 
(C. pinnatifida) was a potent inducer of superoxide dismutase 
(SOD) activity in mice.80 Oral doses of aqueous extracts 
were used and the SOD activity was measured in red blood 
cells. (SOD is the enzyme which combats the harmful effects 
of the superoxide radical.) Further to this, a combination of 
tinctures of mango bark (Mangifera indica) and C. laevigata 
berries (5 mg/kg of each, oral) in rats fed a high cholesterol 
diet not only significantly lowered LDL-cholesterol and raised 
HDL-cholesterol, but also restored the observed reductions 
in SOD, catalase, glutathione peroxidase and glutathione 
induced by the diet.81

Other activity
Oral administration of hawthorn tincture to rats for 30 days 
afforded good protection against abnormal changes in liver 
function tests after myocardial infarction (alanine ami-
notransferase, aspartate aminotransferase, LDH and alkaline 
phosphatase) and in protein-bound carbohydrate alterations 
(hexose, hexosamine, fucose and sialic acid). These hepato-
protective effects included a reversal of histological changes in 
the liver.82

Induction of epidermal ornithine decarboxylase (ODC) activ-
ity, stimulation of hydroperoxide production and increased DNA 
synthesis are three biochemical effects linked to skin tumour 
promotion by the tumour promoter 12-O-tetradecanoylphorbol 
13-acetate (TPA). Topical application of OPCs to mouse epi-
dermis prior to administration of TPA resulted in inhibition of 
ODC activity. The inhibition of ODC activity increased with the 
degree of polymerisation of the OPCs: trimer (procyanidin C-1) 
> dimer (procyanidin B-2) > monomer (epicatechin).83 Further 
to this, an extract of C. pinnatifida berries inhibited skin tumour 
promotion and demonstrated topical anti-inflammatory activity 
in various models.84

An extract from a mixture of C. monogyna and C. laevigata 
berries demonstrated moderate activity against Gram-positive 
bacteria in vitro, with no effect on Candida albicans,85 and fla-
vonoids and OPCs from C. sinaica were inhibitory against her-
pes simplex virus type 1 in vitro.86

High doses (100 to 1000 mg/kg, ip) of an extract of C. 
monogyna fruit pulp exhibited CNS depressant and analgesic 
activities in mice.87 Pretreatment with hawthorn (C. laevigata) 
extract (100 mg/kg/day for 15 days, oral in rats) reduced brain 
damage and improved neurological score by reducing oxidative 
stress in a model of cerebral ischaemia-reperfusion injury.88

Flavonoids in a hawthorn leaf extract inhibited alpha-
glucosidase in vitro.89 An aqueous extract of hawthorn leaf 
(C. laevigata) demonstrated a significant dose-dependent 
decrease of blood glucose levels in streptozotocin-induced dia-
betic rats (doses were 150 or 300 mg/kg/day, oral for either  
1 or 9 days), but had no such effect in normal rats.90

A leaf and flower extract of C. laevigata demonstrated a 
range of effects on isolated human neutrophil function that 
could be interpreted as reflecting anti-inflammatory activity.91 
These included inhibition of release of chemoattractants and 
cytokines and inhibition of neutrophil oxidative burst. The 

mixed species berry combination mentioned above at 50, 100 
and 200 mg/kg/day (oral) produced a dose-dependent anti-
inflammatory effect in the rat paw oedema model.85 At simi-
lar doses it also exhibited a dose-dependent gastroprotective 
action in a gastric ulcer model in rats.

Hawthorn fruit (as extract equivalent to 0.5, 1.0 and  
2.0 g/kg/day of berries, oral) dose-dependently exerted a pro-
tective activity in two experimental models of murine coli-
tis.92 Anti-inflammatory effects were demonstrated in the 
colon and the authors reflected on the potential value of this 
herb in patients with inflammatory bowel disease (the equiv-
alent human dose for 2.0 g/day in a mouse is approximately 
12 g/day of berries, which is achievable).

An isolate of hawthorn leaf flavonoids (4, 8 and 16 mg/kg/
day, oral for 8 days) significantly increased the activity of mus-
cle lipoprotein lipase (LPL) in mice, with a commensurate 
decrease of activity in adipose tissue.93 This indicates that haw-
thorn flavonoids may reduce lipid accumulation in adipose tis-
sue by regulating LPL expression.

A C. monogyna fruit extract significantly protected human 
lymphocytes against gamma irradiation damage in vitro.94 
Radioprotective activity was also demonstrated in vivo for an 
extract of an Iranian hawthorn species (C. microphylla fruit) 
given to mice (25, 50, 100 and 200 mg/kg, single dose, ip),  
as assessed by genotoxic changes in bone marrow cells.95 
Following on from this research, the same investigative 
group gave a single oral dose of 500 mg of this extract to five 
human volunteers and then subjected their blood samples to 
a defined level of gamma irradiation.96 For samples collected 
1 h after the hawthorn dose there was a 44% decrease in geno-
toxic damage in lymphocytes, compared to samples collected 
beforehand.

Pharmacokinetics
To date there have been no human pharmacokinetic studies of 
hawthorn. The pharmacokinetics of oral doses of OPCs given 
to mice have been studied in early research using an isotopic 
labelling technique.97 OPCs showed rapid absorption and 
preferential localisation in tissues rich in glycosaminoglycans. 
The plasma half-life was about 5 h, indicating a prolonged 
presence in the bloodstream. In contrast, the flavonoid glyco-
side rutin showed poor absorption, the bulk of the radioactiv-
ity residing with the contents of the digestive tract. This work 
and that of others reviewed by Middleton98 suggests that 
OPCs, or OPC fragments resulting from bacterial activity in 
the gut, are more bioavailable than some flavonoids.

More recent research, all from China, has mainly focused 
on the pharmacokinetics of the typical hawthorn flavonoids 
using a variety of models. Oral administration of a hawthorn 
fruit extract (C. pinnatifida) to rats revealed only significant 
bioavailability for catechin.99 Chlorogenic acid, hyperoside 
and isoquercitrin present in the extract could not be detected 
in the rat plasma. The same research group found that epi-
catechin, isoquercitrin and hyperoside exhibited limited per-
meability using in vitro models of intestinal absorption and 
confirmed that only epicatechin was detectable as the parent 
compound after oral administration to rats.100
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The oral bioavailability of vitexin-2″-O-rhamnoside (VOR) 
was determined to be only 3.57% in rats.101 In vitro modelling 
of intestinal absorption suggested that this molecule exhibits 
high permeability via passive diffusion, but its absorption is 
limited by P-glycoprotein acting as an efflux pump.102

The pharmacokinetics of VOR and vitexin-4″-O-glucoside 
(VOG) after a single oral dose of a hawthorn leaf flavonoid 
isolate (from C. pinnatifida) was determined in rats.103 
After a dose of extract containing 83.3 mg/kg of VOG and  
342 mg/kg of VOR, the same Tmax of 0.75 h was observed, 
with Cmax recorded at 4.1 μg/mL and 16.5 μg/mL, respec-
tively. The mean elimination half-lives of VOG and VOR 
were 2.53 h and 2.32 h, respectively. High levels of tissue dis-
tribution of VOG and VOR were observed in liver and kidney, 
but none was detected in brain tissue. There was no long-
term accumulation of VOG and VOR in the rat tissues exam-
ined. The total recovery of the dose in 24 hours was 64.91% 
(0.70% in urine, 64.21% in faeces) for VOG and 89.01% 
(0.72% in urine, 88.29% in faeces) for VOR. The cumula-
tive VOG and VOR excreted in bile represented 0.58% and 
13.38% of the doses, respectively. The authors concluded that 
VOG and VOR were not efficiently absorbed. (For further 
details of the pharmacokinetics of flavonoids and OPCs see 
Chapter 2.)

Clinical trials

Heart disease
The New York Heart Association (NYHA) classifies loss 
of cardiac output and heart failure: for stage I the patient is 
symptom-free when at rest and on treatment; stage II patients 
have loss of capacity with medium effort; for stage III even 
minor effort results in dyspnoea, with no symptoms at rest; in 
stage IV symptoms are present when at rest. There have been 
a number of clinical studies of the effect of hawthorn on heart 
failure which are summarised in Table 1. Many of these have 
been subjected to systematic review and meta-analysis, as dis-
cussed below.

A 2008 Cochrane review evaluated the information 
reported in good quality double blind clinical trials com-
paring hawthorn leaf and flower extract against placebo in 
patients with chronic heart failure (NYHA Classes I to III).126 
Fourteen clinical trials were found to be of sufficiently high 
quality to be included in the evidence review.126 In most of 
these studies the hawthorn extract was used in conjunc-
tion with conventional treatments, including cardiac drugs. 
Pooling of the results of 10 trials using meta-analysis found 
that the average maximum cardiac work capacity was signifi-
cantly higher in the patients receiving hawthorn compared 
to placebo (p<0.02). The review also found that a measure 
of cardiac oxygen need (systolic blood pressure × heart rate) 
was significantly lower. These findings suggest that hawthorn 
treatment helped the heart muscle tissue to work more effi-
ciently. The capacity of patients to tolerate exercise was 
increased and symptoms such as shortness of breath and 
fatigue were significantly improved. Reported side effects 
were mild and infrequent and there was no suggestion of 
any adverse interaction with conventional drugs. The authors 

concluded that there is significant benefit in both symptom 
control and physiological outcomes from hawthorn extract as 
an adjunctive treatment for chronic heart failure.

The 13 published trials included in the 2008 Cochrane 
review are summarised in date order as the first 13 entries 
in Table 1. Following these, the table includes another eight 
published clinical studies of hawthorn in chronic heart fail-
ure, also in date order. These trials were not included in the 
Cochrane review because they did not meet the selection cri-
teria. Also it should be noted that the Cochrane review used 
an earlier interim conference report of the trial by Zick and 
co-workers. The version of this study included in Table 1 is 
the final published analysis from 2009.

Other clinical trials in heart failure patients are as fol-
lows. The large SPICE (Survival and Prognosis Investigation 
of Crataegus Extract) study was a randomised, double blind, 
placebo-controlled study conducted at 156 centres in 13 
European countries.127 In the 2-year clinical trial, 2681 
patients with NYHA Class II or III chronic heart failure 
were given either hawthorn (900 mg/day of a 5:1 leaf and 
flower extract containing 18.75% OPCs) or a placebo. All 
of their conventional medications were continued. The trial 
was designed to assess whether the regular use of hawthorn 
by cardiac patients could delay or reduce their likelihood of 
a ‘cardiac event’, defined in the study as cardiac death (due 
either to sudden cardiac arrest, death from progressive heart 
failure or a fatal heart attack), a non-fatal heart attack or hos-
pitalisation due to progressive heart failure.

While the study did show some minor positive findings, 
it was probably not large enough or long enough to demon-
strate any definitive benefit from hawthorn. The rate of heart 
attacks (fatal and non-fatal) was about the same in the two 
groups (hawthorn or placebo). There was a difference in sud-
den cardiac deaths (20 fewer in the hawthorn group) that 
failed to reach statistical significance, except in the subgroup 
of patients with milder heart failure (p=0.025), suggesting a 
reduced risk of dangerous arrhythmias.

One strong conclusion from the SPICE trial is the excel-
lent safety and low side-effect profile of the hawthorn 
extract. This was despite the fact that the patients were also 
taking a wide variety of cardiac drugs including beta-blockers, 
ACE inhibitors, diuretics and digoxin.

In a retrospective analysis of their data (see the entry 
in Table 1), Zick and co-workers examined the clinical pro-
gression of the chronic heart failure patients participating in 
their placebo-controlled trial.128 Progression of heart failure 
occurred in 46.6% of the hawthorn group and 43.3% of the 
placebo group. However, hawthorn did appear to increase the 
risk of progression earlier in the trial, and overall for the more 
severe patients. By their own admission the authors conceded 
that their study was limited due to the small sample size 
and the fact that it was a secondary data analysis from a trial 
designed to measure different outcomes. Such a negative find-
ing was not supported by the larger and longer SPICE study 
(see above), which in contrast was designed to assess clinical 
progression as a primary outcome.

The sinus activity of the heart undergoes a natural fluc-
tuation. Short-term fluctuations occur with inhalation and 
exhalation (sinus arrhythmia) but there are also second-grade 
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Table 1  Clinical trials of hawthorn in congestive heart failure

First author 
Year

Total 
patients

Preparation 
Daily dose

Study design Study 
duration

Congestive heart 
failure level

Tolerability/safety Efficacy versus control

Iwamoto M104 
1981

80 5:1 extract of hawthorn 
leaves and berries 180 to 
270 mg

Double blind, 
controlled against 
placebo

6 weeks NYHA II and III Overall improvement (p<0.001)
Subjective symptoms (p<0.001)
Heart function (p<0.01)
Dyspnoea (p<0.01)
Palpitations (p<0.01)
Cardiac oedema (p<0.05)
Pulmonary congestion (p<0.05)

Hanack T105 
1983

60 5:1 extract of hawthorn 
leaves and berries 180 mg

Double blind, 
randomised, controlled 
against placebo

3 weeks NYHA I and II ECG changes under exertion

O’Connolly M106 
1986

36 5:1 extract of hawthorn 
leaves and flowers 180 mg

Double blind, 
randomised, controlled 
against placebo

6 weeks NYHA I and II No significant adverse 
effects

Heart rate x systolic BP (blood pressure)
Quality of life
Anxiety (p<0.0001

O’Connolly M107 
1987

36 5:1 extract of hawthorn 
leaves and flowers 180 mg

Double blind, 
randomised, controlled 
against placebo

6 weeks NYHA I and II No significant adverse 
effects, 3 patients on 
hawthorn reported 
dizziness

Heart rate x systolic BP (at rest and after 
exercise) (p<0.001)
Heart rate (p<0.001)
Systolic BP (p<0.001)
Diastolic BP (p<0.001)
Psychological symptoms

Leuchtgens 
H108 1993

30 5:1 extract of hawthorn 
leaves and flowers 160 mg 
(containing 30 mg OPCs)

Double blind, 
randomised, controlled 
against placebo

8 weeks NYHA II No significant adverse 
effects

Heart rate x systolic BP after exercise (p<0.05)
Heart rate after exercise

Bodigheimer 
K109 1994

85 3:1 extract of hawthorn 
leaves and flowers 300 mg 
(containing 2.2% flavonoids)

Double blind, 
randomised, controlled 
against placebo

4 weeks NYHA II Well tolerated with 
only minor side effects 
observed

not Heart rate x systolic BP
not Exercise tolerance
not Subjective symptoms

Forster A110 
1994

72 3:1 extract of hawthorn 
leaves and flowers 900 mg 
(containing 2.2% flavonoids)

Double blind, 
randomised, controlled 
against placebo

8 weeks NYHA II No relevant side effects 
observed

Exercise tolerance (p<0.05)
Subjective symptoms (p<0.01)

Schmidt U111 
1994

78 3:1 extract of hawthorn 
leaves and flowers 600 mg 
(containing 2.2% flavonoids)

Double blind, 
randomised, controlled 
against placebo

8 weeks NYHA II No significant adverse 
effects

Exercise tolerance during bicycle exercise 
(p<0.001)
Heart rate (p<0.01)
Systolic BP (p<0.05)
Clinical symptoms
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Table 1  Clinical trials of hawthorn in congestive heart failure

First author 
Year

Total 
patients

Preparation 
Daily dose

Study design Study 
duration

Congestive heart 
failure level

Tolerability/safety Efficacy versus control

Weikl A112 1996 136 5:1 extract of hawthorn 
leaves and flowers 160 mg 
(containing 30 mg OPCs)

Double blind, 
randomised, controlled 
against placebo

8 weeks NYHA II Very good tolerability Heart rate x systolic BP after exercise  
(p=0.018)
Subjective symptoms (quality of life) (p=0.05)

Eichstadt H113 
2001

40 5:1 extract of hawthorn 
leaves and flowers 480 mg 
(containing 90 mg OPCs)

Double blind, 
randomised, controlled 
against placebo

4 weeks NYHA II Very good tolerability Left ventricular ejection fraction (LVEF) at rest  
(p=0.0001) and after exercise (p=0.0002)

Zapfe G114 
2001

40 5:1 extract of hawthorn 
leaves and flowers 240 mg 
(containing 45 mg OPCs)

Double blind, 
controlled against 
placebo

12 weeks NYHA II Safe and well tolerated 
on the basis of 
biochemical and adverse 
event data

Exercise tolerance (p=0.06) 
Heart rate x systolic BP

Tauchert M115 
2002

209 5:1 extract of hawthorn 
leaves and flowers 1800 mg 
and 900 mg (containing 
18.75 mg OPCs)

Double blind, 
randomised, 2 doses 
controlled against 
placebo

16 weeks NYHA III Incidence of adverse 
effects lowest in the 
1800 mg dose group

Maximum workload during bicycle exercise 
(1800 mg dose only, p=0.013)
Subjective symptoms (1800 mg best on all 
counts, p=0.004)

Zick SM116 
2009

120 5:1 extract of hawthorn 
leaves and flowers 900 mg 
(containing 18.75% OPCs)

Double blind, 
randomised, controlled 
against placebo

6 months NYHA II and III Significantly more 
adverse events in  
the hawthorn group  
(p=0.02), although most 
were non-cardiac

not Walking distance
not Quality of life
Modest improvement in LVEF (p=0.04)

Eichstadt H117 
1989

20 5:1 extract of hawthorn 
leaves and flowers 480 mg 
(containing 90 mg OPCs)

Open label, 
uncontrolled trial

1 month NYHA II Exercise tolerance during bicycle exercise 
(p<0.05)
Subjective symptoms

Weikl A118 1992 7 5:1 extract of hawthorn 
leaves and flowers 240 mg 
(containing 45 mg OPCs)

Open label, pilot, 
uncontrolled trial

1 month NYHA II and III Good tolerance LVEF at rest 
Complaints List score

Tauchert M119 
1994

132 3:1 extract of hawthorn 
leaves and flowers 900 mg 
(containing 2.2% flavonoids)

Double blind, 
controlled against 
37.5 mg captopril

8 weeks NYHA II One captopril patient 
had to discontinue due 
to adverse effects; 
no hawthorn patients 
withdrew

No significant difference between two 
treatments on:
l	 heart rate x systolic BP
l	 exercise tolerance
Both groups improved relative to baseline 
(p<0.001)

Schmidt U120 
1998 (also 
reported as 
Loew D121)

1476 for 
efficacy, 
3664 for 
safety

3:1 extract of hawthorn 
leaves and flowers 900 mg 
(containing 2.2% flavonoids)

Postmarketing 
surveillance

8 weeks NYHA I and II 1.3% of 3664 patients 
reported adverse 
reactions: causal 
relationship confirmed 
in 0.7%. Included: 
gastrointestinal, 
palpitations, headache, 
dizziness

Heart rate x systolic BP
Diastolic BP
Incidence of arrhythmias
NYHA I patients largely symptom-free

(Continued))
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Table 1  Clinical trials of hawthorn in congestive heart failure

First author 
Year

Total 
patients

Preparation 
Daily dose

Study design Study 
duration

Congestive heart 
failure level

Tolerability/safety Efficacy versus control

Tauchert M122 
1999

1011 5:1 extract of hawthorn 
leaves and flowers 900 mg 
(containing 18.75% OPCs)

Observational 24 weeks NYHA II Only 14 adverse 
reactions were noted. In 
two cases (abdominal 
discomfort, facial pain 
with tachycardia) a 
possible connection 
to hawthorn was 
postulated

Exercise tolerance
Heart rate x systolic BP
Fatigue and palpitations
LVEF
Ankle oedema
Nocturia

Rietbrook N123 
2001

88 Standardised extract of fresh 
hawthorn berries 75 drops

Double blind, 
controlled against 
placebo

3 months NYHA II Well tolerated Exercise tolerance
QoL (Minnesota score)
Dyspnoea-Fatigue Index

Degenring F124 
2003

143 Extract of fresh hawthorn 
berries 90 drops (2.25 mL) 
(containing at least 6.4 mg 
OPCs)

Double blind, 
controlled against 
placebo; intention-to-
treat analysis

2 months NYHA II The active treatment 
well tolerated with a 
high level of patient 
acceptability

Exercise tolerance (p=0.045)
not Heart rate x systolic BP
not Overall assessment
not Subjective cardiac symptoms

Habs M125 2004 952 5:1 extract of hawthorn 
leaves and flowers at least 
450 mg (containing 18.75% 
OPCs)

Cohort study as 
add-on to normal 
treatment (n=588) 
compared with normal 
treatment alone 
(n=364); matched-
pairs analysis on 130 
patient pairs

2 years NYHA II Reduction in other prescriptions for  
hawthorn group:
l	 ACEs inhibitors (p=0.004)
l	 cardiac glycosides (p=0.001)
l	 diuretics (p=0.061)
l	 beta-blockers (p=0.052)
Both groups improved equally clinically, but less 
marked for hawthorn were:
l	 fatigue (p=0.036)
l	 stress dyspnoea (p=0.02)
l	 palpitations (p=0.048)

Table 1  (Continued)
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variations associated with blood pressure rhythm. With age, 
diabetes and damage to the heart, this variability of heart 
rate decreases. Low heart rate variability (HRV) is a risk fac-
tor in coronary heart disease and there is a positive correla-
tion between HRV and life-expectancy.129 The effect of an 
extract of hawthorn leaves, flowers and berries (containing 
45 mg/day flavonoids) was studied in 20 geriatric patients over 
6 weeks in a randomised, double blind, placebo-controlled 
trial.130 Patients with a coefficient of variation (CV) in heart 
rate of less than 5% were chosen for the study. Those with 
frequent ectopic beats and diabetes were excluded and the 
average age of patients was about 80 years. A small but sta-
tistically significant positive effect was seen for the hawthorn 
group (p<0.01): the CV of heart rate rose steadily over the 
6-week treatment period from 1.9% to 2.5% while there was 
no change in the placebo group. The authors postulated that 
this effect might become more marked over longer treatment 
periods. The improvement in HRV was dramatic in some 
patients given hawthorn.

The same extract was given at the same dose to nine 
healthy volunteers for 4 weeks in a placebo-controlled trial.131 
At the end of the trial, the heart rate × systolic blood pressure 
products were significantly lower in the hawthorn group after 
exercise (p=0.04). Responsiveness to exogenous catechola-
mines was not altered.

A case study was described of a 64-year-old male patient 
scheduled for internal defibrillator placement.132 After the 
patient was prescribed a combination of oral coenzyme Q10 
(100 mg/day), hawthorn extract (450 mg/day) and chelated 
magnesium (350 mg/day) his symptoms and ventricular func-
tion improved and 11 months later he was not yet needing the 
surgical procedure.

Hawthorn was also beneficial in combination with pas-
sionflower. In a randomised, double blind, placebo-controlled 
study, 40 patients with dyspnoea commensurate with NYHA 
stage II received either a hawthorn and passionflower extract 
combination or placebo over 6 weeks. Exercise capacity, meas-
ured in terms of a walking test, increased significantly in those 
patients receiving the herbal preparation (p<0.05). A slight 
but significant decrease in heart rate at rest and mean dias-
tolic blood pressure during exercise, and a decrease in total 
plasma cholesterol, were observed in the group receiving the 
extract.21 The two groups did not differ significantly in the 
other tests: maximum exercise capacity measured during a 
bicycle ergometer test, subjective assessment of breathless-
ness or blood lactate levels, although the trend favoured the 
herbal group.

In early studies, patients previously unsuccessfully treated 
with digoxin alone were compensated for rest and slight  
stress with relatively low oral doses of the glycoside in combi-
nation with hawthorn.133,134

Blood pressure
In an early uncontrolled trial, mean systolic pressure fell from 
205 mmHg to 148 mmHg and mean diastolic pressure fell 
from 112 mmHg to 83 mmHg in hypertensive patients receiv-
ing hawthorn berry tincture. When treatment was stopped, 
blood pressures returned to their initial values over a 2-week 

period. There was only a slight effect on subjects with normal 
blood pressure.135 Other clinical studies (see Table 1) some-
times demonstrate that hawthorn extract resulted in a slight 
reduction in blood pressure in patients with chronic heart 
failure.

A pilot study investigated the hypotensive potential of haw-
thorn extract (500 mg/day of a 3:1 extract of leaves and flow-
ers containing 1.8% flavonoids) and magnesium (600 mg/day), 
individually and in combination, compared to a placebo in a 
randomised, double blind trial.136 In all, 36 mildly hyperten-
sive patients completed the 10-week study. Due to the small 
patient numbers in each group, only the hawthorn group dem-
onstrated any clinical effects, with trends to lowered diastolic 
blood pressure (p=0.081) and reduced anxiety (p=0.094).

A follow-up randomised, controlled trial was undertaken 
among outpatients in general practices to investigate the 
effect of hawthorn on hypertension in patients with type 2 
diabetes taking prescribed drugs. Patients (n=79) were ran-
domised 1200 mg/day of the same hawthorn extract as above 
(n=39) or placebo (n=40) for 16 weeks. Hypotensive drugs 
were already being used by 71% of the study population, 
with a mean intake of 4.4 hypoglycaemic and/or hypoten-
sive drugs per patient. After 16 weeks, the hawthorn group 
showed greater reductions in diastolic blood pressure (base-
line: 85.6 mmHg, 95% CI 83.3 to 87.8; outcome: 83.0 mmHg, 
95% CI 80.5 to 85.7) than the placebo group (baseline: 
84.5 mmHg, 95% CI 82 to 87; outcome: 85.0 mmHg, 95% 
CI 82.2 to 87.8) (p=0.035). There was no group difference 
in systolic blood pressure reduction from baseline. No herb-
drug interactions were found and minor health complaints 
were reduced from baseline in both groups.137

In a double blind, placebo-controlled clinical trial involv-
ing 92 men and women with primary mild hypertension, a 
hydroalcoholic extract of the leaves and flowers of Crataegus 
curvisepala showed a significant decrease in both systolic and 
diastolic blood pressures after 3 months (p<0.05).138

Interestingly a combination of hawthorn berry extract 
and camphor has successfully treated orthostatic and chronic 
hypotension in a number of clinical trials.139–141 The typical 
daily doses from the combination are 25 mg of camphor and 
around 1000 mg of fresh hawthorn berry extract. The same 
combination also improved low blood pressure and cognitive 
function in the elderly in a randomised, placebo-controlled, 
double blind trial.142

Other conditions
In an uncontrolled, multicentre trial, 50 patients with and 
without acne in various stages of development uniformly 
applied one to two ampoules of liposome-containing haw-
thorn extract to the most affected areas of the skin each day 
for at least 30 days. The hawthorn extract demonstrated a 
general capillary-protective activity which resulted in the 
reduction or disappearance of capillary congestion. A mild 
anti-inflammatory activity was demonstrated by a signifi-
cant reduction in acne and erythema. (The improvement in 
stratum corneum hydration and roughness of skin and the 
antiseborrhoeic effect were attributed to the phosphatidyl-
choline liposomes.)5
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A combination of hawthorn leaves and flowers extract 
(300 mg/day), Californian poppy (Eschscholtzia califor-
nica) extract (80 mg/day) and magnesium (300 mg/day) was 
assessed against placebo in a 3-month randomised, double 
blind clinical trial involving 264 patients with mild-to-mod-
erate generalised anxiety (DSM-III-R).143 Total and somatic 
Hamilton anxiety scale scores and subjective patient-rated 
anxiety fell during treatment and were significantly different 
to placebo (p=0.005, p=0.054 and p=0.005, respectively). 
Adverse reactions were similar in the treatment and placebo 
groups.

Toxicology and other safety data

Toxicology
Studies involving excessive dosing of hawthorn flower extract 
(600 mg/kg/day, undefined extract strength, 4.4% flavonoids) 
over 30 days in rats showed unremarkable adverse effects.144

The acute oral toxicity in undefined animals of hawthorn 
was 6 g/kg. No target organ toxicity was defined at 100 times 
the human dose (2.7 mg/kg) of concentrated hawthorn 
extract. Standard mutagenic and clastogenic tests were also 
negative.145 A study in mice demonstrated a high LD50 of 
13.5 g/kg for an aqueous extract of C. laevigata.90

Schimmer and co-workers found that an ethanolic extract 
of Crataegus was weakly mutagenic in the Salmonella test, 
a finding which they attributed to the quercetin content of 
the extract.146 Popp and co-workers found a DNA-damaging 
potency of commercial Crataegus preparations in human lym-
phocyte cultures.147 The active principles were not identi-
fied but were probably flavonoids. Several procyanidins with 
different degrees of polymerisation (dimers, a trimer and a 
polymer) were found to be non-mutagenic in the Salmonella 
mutagenesis assay system.148

Contraindications
None known.

Special warnings and precautions
Not to be used concomitantly with heart and blood pressure 
medication unless supervised by a suitably qualified herbal 
practitioner or physician.

Interactions
Speculation on a harmful interaction with digoxin has not 
been borne out in any study.149 A large number of patients, 
previously unsuccessfully treated with digoxin alone, were 
compensated for rest and slight stress with relatively low oral 
doses of the glycoside in combination with hawthorn and 
without evidence of adverse effects.133,134 A randomised, 
crossover trial published in 2003 involving eight healthy vol-
unteers confirmed that standardised hawthorn extract (leaf 
and flower extract, 900 mg/day) and digoxin may be safely 
co-administered.150

Hawthorn may act in synergy with digitalis, glycosides, 
beta-blockers and other hypotensive drugs. Modification 
of drug dosage may be required. There is also a suggestion 
from one in vitro study that hawthorn may interfere with 
one specific method of serum digoxin assay (the Digoxin III 
immunoassay).151

Use in pregnancy and lactation
Category B1 – no increase in frequency of malforma-
tion or other harmful effects on the fetus from limited use 
in women. No evidence of increased fetal damage in animal 
studies.

At a high oral dose of 2.8 g/kg administered from days 1 to 
15 of gestation, hawthorn (part undefined) did not have an 
adverse effect on reproductive outcome in rats. Fetal weights 
were slightly increased when the herb was administered from 
days 8 to 15 of gestation. There were no differences in placental 
weight, the number of resorptions and litter size and no exter-
nally visible malformations. The herb was administered as an 
ethanol extract and the dose administered was the highest pos-
sible for which ethanol remained below the teratogenic thresh-
old.152 Pregnant rats given 56 times the human dose of hawthorn 
orally did not exhibit any adverse effects.153 Hawthorn also did 
not influence embryonic development in vitro.

Hawthorn is compatible with breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
An assessment has been made of the safety data from all available 
human studies on hawthorn products, including library and on-
line searches, and data from the WHO Centre for International 
Drug Monitoring (18 case reports) and manufacturers. A total 
of 7311 patients had been enrolled in 24 clinical trials, and data 
from 5577 patients were available for analysis. Overall, 166 
adverse events were identified. Most of these adverse events 
were mild to moderate. The most frequent adverse events were 
dizziness/vertigo (n=15), gastrointestinal complaints (n=24), 
headache (n=9), migraine (n=8) and palpitation (n=11). More 
severe reactions were falls (n=2), gastrointestinal haemorrhage 
(n=2), circulation failure (n=2) and erythematous rash (n=2). 
There were no reports of drug interactions.154 (See also Table 1 
and the discussion of the SPICE study for further information 
regarding side effects during clinical trials.)

One case of a type I hypersensitivity reaction to hawthorn 
has been reported.155

Overdosage
Not known.

Safety in children
No information available but adverse effects are not expected.
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Regulatory status in selected 
countries

Hawthorn berries, leaf and flower are official in the British 
Pharmacopoeia 2011 and the European Pharmacopoeia 2011.

Hawthorn leaf with flower is official in the United States 
Pharmacopeia–National Formulary USP31 NF26 2008.

Hawthorn berry, hawthorn leaf and hawthorn flower are 
covered by null Commission E monographs. The Commission 
E suggests that, as the efficacy of hawthorn berry, leaf or 
flower has not been documented, no therapeutic application 

can be recommended. In contrast, hawthorn leaf with flower 
is covered by a positive Commission E monograph and can be 
used to treat decreased cardiac output as described in func-
tional stage II of NYHA.

Hawthorn is now on the UK General Sale List.
Hawthorn does not have GRAS status. However, it is 

freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Hawthorn is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations which lists herbal sub-
stances restricted from free sale within Australia.

References

	 1.	 Grieve M. A Modern Herbal, vol. 1. New 
York: Dover Publications; 1971. p. 385.

	 2.	 British Herbal Medicine Association 
Scientific Committee. British Herbal 
Pharmacopoeia. Cowling: BHMA; 1983. 
pp. 74–75.

	 3.	 Felter HW, Lloyd JU. King’s American 
Dispensatory. ed 18, rev 3, vol 2, 1905. 
Portland: Reprinted by Eclectic Medical 
Publications; 1983. p. 1613.

	 4.	 Chang HM, But PP. Pharmacology and 
Applications of Chinese Materia Medica, 
vol. 1. Singapore: World Scientific; 1987. 
pp. 100–107.

	 5.	 Longhi MG, Rocchi P, Gezzi A, et al. 
Fitoterapia. 1984;55(2):87–99.

	 6.	 Launert EL. The Hamlyn Guide to Edible 
and Medicinal Plants of Britain and 
Northern Europe. London: Hamlyn; 1981. 
p. 76.

	 7.	 Chiej R. The Macdonald Encyclopedia of 
Medicinal Plants. London: Macdonald; 
1984. Entry no. 99.

	 8.	 Byatt JI. Bot J Linn Soc. 1974;69:15–21.
	 9.	 Mabberley DJ. The Plant Book, 2nd ed. 

Cambridge: Cambridge University Press; 
1997. p. 190.

	 10.	 Byatt JI. Watsonia. 1975;10:253–264.
	 11.	 Bevan J. Watsonia. 1980;13(2):119–121.
	 12.	 Christensen KI. Acta Univ Upsaliensis 

Symb Bot Ups. 1996;31(3):211–220.
	 13.	 Wagner H, Bladt S. Plant Drug Analysis: A 

Thin Layer Chromatography Atlas, 2nd ed. 
Berlin: Springer-Verlag; 1996. p. 198.

	 14.	 Prinz S, Ringl A, Heufner A, et al. Chem 
Biodivers. 2007;4(12):2920–2931.

	 15.	 Bisset NG, ed. Herbal Drugs and 
Phytopharmaceuticals. Stuttgart: Medpharm 
Scientific Publishers; 1994.p. 162.

	 16.	 Kartnig T, Hiermann A, Azzam S. Sci 
Pharm. 1987;55(2):95–100.

	 17.	 Porter LJ, Woodruffe J. Phytochemistry. 
1984;23(6):1255–1256.

	 18.	 Bilia AR, Eterno F, Bergonzi MC, et al. J 
Pharm Biomed Anal. 2007;44(1):70–78.

	 19.	 Masquellier J. In: Beal JL, Reinhard E, eds. 
Natural Products as Medicinal Agents. 
Stuttgart: Hippokrates-Verlag; 1981. pp. 
243–256.

	 20.	 Michaud J, Masquellier J. Prod Probl 
Pharm. 1973;28(7):499–520.

	 21.	 Von Eiff M, Brunner H, Haegeli A, et al. 
Acta Therapeut. 1994;20(1–2):47–66.

	 22.	 Ammon HPT, Handel M. Planta Med. 
1981;43(2):105–120.

	 23.	 Ammon HPT, Handel M. Planta Med. 
1981;43(3):209–239.

	 24.	 Ammon HPT, Handel M. Planta Med. 
1981;43(4):313–322.

	 25.	 Occhiuto F, Circosta C, Costa R, et al. 
Plantes Med Phytother. 1986;20(1):52–63.

	 26.	 Petkov E, Nikdov N, Uzunov P. Planta 
Med. 1981;43(2):183–186.

	 27.	 Popping S, Rose H, Ionescu I, et al. 
Arzneimittelforschung. 1995;45(11): 
1157–1161.

	 28.	 Schwinger RH, Pietsch M, Frank K, et al. 
 J Cardiovasc Pharmacol. 2000;35(5): 
700–707.

	 29.	 Trunzler G, Schuler E. 
Arzneimittelforschung. 1962;12:198–202.

	 30.	 Schussler M, Holzl J, Fricke U. 
Arzneimittelforschung. 1995;5(8):842–845.

	 31.	 Leukel A, Fricke U, Holzl J. Planta Med. 
1986;52:545–546.

	 32.	 Roddewig C, Hensel H. 
Arzneimittelforschung. 1977;27(7):1407–
1410.

	 33.	 Manalov P, Daleva L. Farmatsiya (Sofia). 
1969;19(3):38–44.

	 34.	 Manalov P. Suvrem Med. 1971;22:20–23.
	 35.	 Petrov L, Gagov S, Popova A. Acta Physiol 

Pharmacol Bulg. 1974;2:82–89.
	 36.	 Liévre M, Andrieu JL, Baconin A. Ann 

Pharm Franc. 1985;43(5):471–477.
	 37.	 Bleske BE, Zineh I, Hwang HS, et al. Med 

Sci Monit. 2007;13(12):BR255–BR258.
	 38.	 Hwang HS, Bleske BE, Ghannam 

MM, et al. Cardiovasc Drugs Ther. 
2008;22(1):19–28.

	 39.	 Hwang HS, Boluyt MO, Converso K, et al. 
Pharmacotherapy. 2009;29(6):639–648.

	 40.	 Chatterjee SS, Koch E, Jaggy H, et al. 
Arzneimittelforschung. 1997;47(7):821–
825.

	 41.	 Al Makdessi S, Sweidan H, Mullner 
S, et al. Arzneimittelforschung. 
1996;46(1):25–27.

	 42.	 Ciplea AG, Richter KD. 
Arzneimittelforschung. 1988;38(11): 
1583–1592.

	 43.	 Kanno T, Toshihiro S, Yamamoto M. Jpn 
Heart J. 1976;17:512–520.

	 44.	 Frank E, Heymanns E. Arztl Forsch. 
1956;10:248–254.

	 45.	 Kandziora J. MMW. 1969;111:295–298.
	 46.	 Guendjev Z. Arzneimittelforschung. 

1977;27(8):1576–1579.
	 47.	 Jayalakshmi R, Niranjali Devaraj S. J 

Pharm Pharmacol. 2004;56(7):921–926.
	 48.	 Jayalakshmi R, Thirupurasundari 

CJ, Devaraj SN. Mol Cell Biochem. 
2006;292(1–2):59–67.

	 49.	 Nasa Y, Hashizume H, Hoque AN, et al. 
Arzneimittelforschung. 1993;43(9):945–
949.

	 50.	 Rothfuss MA, Pascht U, Kissling G. 
Arzneimittelforschung. 2001;51(1): 
24–28.

	 51.	 Veveris M, Koch E, Chatterjee SS. Life Sci. 
2004;74(15):1945–1955.

	 52.	 Swaminathan JK, Khan M, Mohan IK, et al. 
Phytomedicine. 2010;17(10):744–752.

	 53.	 Jayachandran KS, Khan M, Selvendiran 
K, et al. J Cardiovasc Pharmacol. 
2010;56(5):526–531.

	 54.	 Ernst F-D, Reuther G, Walper A. Munch 
Med Wochenschr. 1994;136(suppl 1): 
S57–S59.

	 55.	 Rogers KL, Grice ID, Griffiths LR. Eur J 
Pharm Sci. 2000;9(4):355–363.

	 56.	 Vibes J, Lasserre B, Gleye J, et al. 
Prostagland Leukot Essent Fatty Acids. 
1994;50(4):173–175.

	 57.	 Stepka W, Winters AD. Lloydia. 
1973;36:436.

	 58.	 Braasch W, Bienroth W. 
Arzneimittelforschung. 1960;10: 
127–129.

	 59.	 Fischer K, Jung F, Koscielny J, et al. Munch 
Med Wochenschr. 1994;136(suppl 1): 
S35–S38.

	 60.	 Kim SH, Kang KW, Kim KW, Kim ND. Life 
Sci. 2000;67(2):121–131.

	 61.	 Brixius K, Willms S, Napp A, et al. 
Cardiovasc Drugs Ther. 2006;20(3): 
177–184.



684

Materia MedicaP A R T  T H R E E

	 62.	 Anselm E, Socorro VF, Dal-Ros S, et al. J 
Cardiovasc Pharmacol. 2009;53(3):253–
260.

	 63.	 Lacaille-Dubois MA, Franck U, Wagner H. 
Phytomedicine. 2001;8(1):47–52.

	 64.	 Joseph G, Zhao Y, Klaus W. 
Arzneimittelforschung. 1995;45(12):1261–
1265.

	 65.	 Muller A, Linke W, Zhao Y, et al. 
Phytomedicine. 1996;3(3):257–261.

	 66.	 Salehi S, Long SR, Proteau PJ, et al. Nat 
Med (Tokyo). 2009;63(1):1–8.

	 67.	 Rodriguez ME, Poindexter BJ, Bick RJ, 
et al. J Med Food. 2008;11(4):680–686.

	 68.	 Long SR, Carey RA, Crofoot KM, et al. 
Phytomedicine. 2006;13(9–10):643–650.

	 69.	 Furst R, Zirrgiebel U, Totzke F, et al. 
Atherosclerosis. 2010;211(2):409–417.

	 70.	 Corder R, Warburton RC, Khan NQ, et al. 
Clin Sci (Lond). 2004;107(5):513–517.

	 71.	 Rajendran S, Deepalakshmi PD, 
Parasakthy K, et al. Atherosclerosis. 
1996;123(1–2):235–241.

	 72.	 Zhang Z, Ho WK, Huang Y, et al. J Nutr. 
2002;132(1):5–10.

	 73.	 Lin Y, Vermeer MA, Trautwein EA. Evid 
Based Complement Altern Med. 2009. 
[Published online 19 February 2009].

	 74.	 Ye XL, Huang WW, Chen Z, et al. J Agric 
Food Chem. 2010;58(5):3132–3138.

	 75.	 Bahorun T, Trotin F, Pommery J, et al. 
Planta Med. 1994;60(4):323–328.

	 76.	 Bernatoniene J, Masteikova R, 
Majiene D, et al. Medicina (Kaunas). 
2008;44(9):706–712.

	 77.	 Masteikova R, Muselik J, Bernatoniene J, 
et al. Ceska Slov Farm. 2008;57(1):35–38.

	 78.	 Zhang Z, Chang Q, Zhu M, et al. J Nutr 
Biochem. 2001;12(3):144–152.

	 79.	 Quettier–Deleu C, Voiselle G, Fruchart 
JC, et al. Pharmazie. 2003;58(8):577–581.

	 80.	 Dai Y, Gao CM, Tian QL, et al. Planta 
Med. 1987;53(3):309–310.

	 81.	 Akila M, Devaraj H. Vascul Pharmacol. 
2008;49(4–6):173–177.

	 82.	 Thirupurasundari CJ, Jayalakshmi R, 
Niranjali  J Med Food. 2005;8(3):400–404.

	 83.	 Gali HU, Perchellet EM, Gao XM, et al. 
Planta Med. 1994;60(3):235–239.

	 84.	 Kao ES, Wang CJ, Lin WL, et al. Food 
Chem Toxicol. 2007;45(10):1795–1804.

	 85.	 Tadic VM, Dobric S, Markovic GM, et al. 
J Agric Food Chem. 2008;56(17):7700–
7709.

	 86.	 Shahat AA, Cos P, De Bruyne T, et al. 
Planta Med. 2002;68(6):539–541.

	 87.	 Can OD, Ozkay UD, Ozturk N, et al. 
Pharm Biol. 2010;48(8):924–931.

	 88.	 Elango C, Jayachandaran KS, Devaraj NS. 
Int J Dev Neurosci. 2009;27(8):799–803.

	 89.	 Li H, Song F, Xing J, et al. J Am Soc Mass 
Spectrom. 2009;20(8):1496–1503.

	 90.	 Jouad H, Lemhadri A, Maghrani M, et al. J 
Herb Pharmacother. 2003;3(2):19–29.

	 91.	 Dalli E, Milara J, Cortijo J, et al. 
Pharmacol Res. 2008;57(6):445–450.

	 92.	 Fujisawa M, Oguchi K, Yamaura T, et al. 
Am J Chin Med. 2005;33(2):167–180.

	 93.	 Fan C, Yan J, Qian Y, et al. J Pharmacol 
Sci. 2006;100(1):51–58.

	 94.	 Leskovac A, Joksic G, Jankovic T, et al. 
Planta Med. 2007;73(11):1169–1175.

	 95.	 Hosseinimehr SJ, Azadbakht M, 
Mousavi SM, et al. J Radiat Res (Tokyo). 
2007;48(1):63–68.

	 96.	 Hosseinimehr SJ, Mahmoudzadeh A, 
Azadbakht M, et al. Radiat Environ 
Biophys. 2009;48(1):95–98.

	 97.	 Laparra J, Michaud J, Masquelier J. Plantes 
Med Phytother. 1977;11:133.

	 98.	 Middleton Jr. E. Trends Pharmacol Sci. 
1984;5(8):335–338.

	 99.	 Chang Q, Zuo Z, Ho WK, et al. J Clin 
Pharmacol. 2005;45(1):106–112.

	100.	 Zuo Z, Zhang L, Zhou L, et al. Life Sci. 
2006;79(26):2455–2462.

	101.	 Liang M, Xu W, Zhang W, et al. Biomed 
Chromatogr. 2007;21(4):422–429.

	102.	 Xu YA, Fan G, Gao S, et al. Drug Dev Ind 
Pharm. 2008;34(2):164–170.

	103.	 Ma LY, Liu RH, Xu XD, et al. 
Phytomedicine. 2010;17(8–9):640–645.

	104.	 Iwamoto M, Ishizaki T, Sato T. Planta 
Med. 1981;42(1):1–16.

	105.	 Hanack T, Bruckel MH. Therapiewoche. 
1983;33:4331–4333.

	106.	 O’Connolly M, Jansen W, Bernhoft G, et al. 
Fortschr Med. 1986;104(42):805–808.

	107.	 O’Connolly M, Bernhoft G, Bartsch G. 
Therapiewoche. 1987;37(38):3587–3600.

	108.	 Leuchtgens H. Fortschr Med. 
1993;111(20–21):36–38.

	109.	 Bodigheimer K, Chase D. Munch Med 
Wochenschr. 1994;136(suppl 1):S7–S11.

	110.	 Forster A, Forster K, Buhring M, et al. 
Munch Med Wochenschr. 1994;136 
(suppl 1):S21–S26.

	111.	 Schmidt U, Kuhn M, Ploch M, et al. 
Phytomedicine. 1994;1:17–24.

	112.	 Weikl A, Assmus KD, Neukum-Schmidt 
A, et al. Fortschr Med. 1996;114(24): 
291–296.

	113.	 Eichstadt H, Stork T, Mockel M, et al. 
Perfusion. 2001;14(6):212–217.

	114.	 Zapfe G. Phytomedicine. 2001;8:262–266.
	115.	 Tauchert M. Am Heart J. 

2002;143(5):910–915.
	116.	 Zick SM, Vautaw BM, Gillespie B, et al. 

Eur J Heart Fail. 2009;11(10):990–999.
	117.	 Eichstadt H, Bader M, Danne O, et al. 

Therapiewoche. 1989;39:3288–3296.
	118.	 Weikl A, Noh H. Herz Gefasse. 

1992;12:516–524.
	119.	 Tauchert M, Ploch M, Hubner WD, et al. 

Munch Med Wochenschr. 1994;136(suppl 
1):S27–S33.

	120.	 Schmidt U, Albrecht M, Podzuweit H, 
et al. Z Phytother. 1998;19:22–30.

	121.	 Loew D, Albrecht M, Podzuweit  
Phytomedicine. 1996;3(suppl 1):92. 
Abstract SL–70.

	122.	 Tauchert M, Gildor A, Lipinski J. Herz. 
1999;24:465–474.

	123.	 Rietbrock N, Hamel M, Hempel B, et al. 
Arzneimittelforschung. 2001;51(10):793–
798.

	124.	 Degenring FH, Suter A, Weber M, et al. 
Phytomedicine. 2003;10(5):363–369.

	125.	 Habs M. Forsch Komplementarmed Klass 
Naturheilkd. 2004:36–39.

	126.	 Pittler MH, Guo R, Ernst E. Cochrane 
Database Syst Rev. 2008;1:CD005312.

	127.	 Holubarsch CJ, Colucci WS, Meinertz T, 
et al. Eur J Heart Fail. 2008;10(12): 
1255–1263.

	128.	 Zick SM, Gillespie B, Aaronson KD. Eur J 
Heart Fail. 2008;10(6):587–593.

	129.	 Kleiger RE, Miller JP, Bigger Jr JT, et al. 
Am J Cardiol. 1987;59(4):256–262.

	130.	 Rudolph HT, Erben C, Buhring M. 
International Congress on Phytotherapy. 
Munich, Sept 10–13, 1992.

	131.	 Hellenbrecht D, Saller R, Ruckbeil C, et al. 
Eur J Pharmacol. 1990;183(2):525–526.

	132.	 Islam J, Uretsky BF, Sierpina VS. Explore 
(NY). 2006;2(4):339–341.

	133.	 Wolkerstorfer H. MMW. 1966;108:438–
441.

	134.	 Jaursch U, Landers E, Schmidt R, et al. 
Med Welt. 1969;27:1547–1552.

	135.	 Graham JDP. Br Med J. 
1939;2(4114):951–953.

	136.	 Walker AF, Marakis G, Morris AP, et al. 
Phytother Res. 2002;16(1):48–54.

	137.	 Walker AF, Marakis G, Simpson E, et al. 
Br J Gen Pract. 2006;56(527):437–443.

	138.	 Asgary S, Naderi GH, Sadeghi M, et al. 
Drugs Exp Clin Res. 2004;30(38843): 
221–225.

	139.	 Kroll M, Ring C, Gaus W, et al. 
Phytomedicine. 2005;12(6–7):395–402.

	140.	 Belz GG, Butzer R, Gaus W, et al. 
Phytomedicine. 2002;9(7):581–588.

	141.	 Schandry R, Duschek S. Phytomedicine. 
2008;15(11):914–922.

	142.	 Werner NS, Duschek S, Schandry R. 
Phytomedicine. 2009;16(12):1077–1082.

	143.	 Hanus M, Lafon J, Mathieu M. Curr Med 
Res Opin. 2004;20(1):63–71.

	144.	 Fehri B, Aiache JM, Boukef K, et al. J 
Pharm Belg. 1991;46(3):165–176.

	145.	 Schlegelmilch R, Heywood R. J Am Coll 
Toxicol. 1994;13(2):103–111.

	146.	 Schimmer O, Hafele F, Kruger A. Mutat 
Res. 1988;206(2):201–208.

	147.	 Popp R, Paulini H, Volkl S, et al. Planta 
Med. 1989;55(7):644–645.

	148.	 Yu CL, Swaminathan B. Food Chem 
Toxicol. 1987;25(2):135–140.

	149.	 Miller LG. Arch Intern Med. 
1998;158(20):2200–2211.

	150.	 Tankanow R, Tamer HR, Streetman DS, 
et al. J Clin Pharmacol. 2003;43(6):637–642.

	151.	 Dasgupta A, Kidd L, Poindexter BJ, et al. 
Arch Pathol Lab Med. 2010;134(8): 
1188–1192.

	152.	 Yao M, Brown-Woodman PDC, Ritchie H. 
Teratology. 2001;64:320–325.

	153.	 Yao M, Ritchie HE, Brown-Woodman PD. 
J Ethnopharmacol. 2008;118(1):127–132.

	154.	 Daniele C, Mazzanti G, Pittler MH, Ernst 
E. Drug Saf. 2006;29(6):523–535.

	155.	 Steinman HK, Lovell CR, Cronin E. 
Contact Dermatitis. 1984;11(5):321.



685

Can be used for

Indications supported by  
clinical trials
Chronic venous insufficiency (high level evidence), varicose 
veins, varicose ulcer, oedema of the lower limbs. Prophylactic 
use to decrease the incidence of deep venous thrombosis fol-
lowing surgery (low level evidence). Topically for haematoma, 
contusions, non-penetrating wounds and sports injuries involv-
ing oedema (typically in combination).

Traditional therapeutic uses
Venous problems (especially varicose veins, haemorrhoids); 
rheumatism; neuralgia; rectal complaints; disease states associ-
ated with inflammatory congestion.

May also be used for

Extrapolations from pharmacological 
studies
To improve circulation by improving venous tone (peripheral 
vascular disorders, slow-healing leg ulcers); disorders where 
local tissue oedema may be involved (such as carpal tunnel 
syndrome, Bell’s palsy, congestive dysmenorrhoea, trigeminal 
neuralgia, intervertebral disc lesions, compression neuropathies); 
conditions requiring treatment in the early phase of inflamma-
tion, such as soft tissue injuries, swelling, minor surgery.

Other applications
Skin care products: for normal skin, baby skin, sensitive skin; 
to tone the skin; as an anti-inflammatory; to treat fragile cap-
illaries, pimples, sunburn or cellulite.3 Topically for antiageing 
effects on skin.

Preparations

Decoction of dried or fresh seeds, tincture, liquid extract, 
capsules and tablets for internal use. Decoction, extract, 
cream, gel or ointment for topical use.

Dosage

l	 1 to 2 g/day of dried seed
l	 Horsechestnut tablets or capsules (200 mg of 5:1 

concentrated extract, standardised to contain 40 to 50 mg 
beta-escin): two to three tablets/day

Synonyms

Hippocastani semen (Lat), Robkastaniensamen (Ger), graine 
de marronier d’Inde, aescule (Fr), eschilo (Ital), hestekastanje 
(Dan).

What is it?

The horsechestnut tree (Aesculus hippocastanum L.) is mainly 
grown as an ornamental in parks and gardens in Europe, 
although it is in fact a native of Asia Minor. Horsechestnut 
seeds and bark have been extensively used in European 
herbal medicine since the 16th century and a wine based 
on the flowers was imbibed for neuralgia and arthritis. The 
flowers and flower buds are now used to make two of the 
Bach Flower Remedies. However, this monograph will 
only describe the herbal use of the seed, principally for the 
improvement of vein health. Unlike true chestnuts, the seeds 
of the horsechestnut are not edible, although a specially pre-
pared seed meal has been used as fodder. While it is some-
times regarded as a toxic herb, there is no suggestion from 
published trials that the normal use of the seed causes toxic 
effects.

Effects

Increases venous tone, improves capillary resistance, decreases 
capillary permeability, improves circulation by toning veins; 
decreases oedema resulting from lymphatic congestion or 
inflammation.

Traditional view

Horsechestnut seed (hereafter referred to as horsechestnut) 
was traditionally used in the treatment of rheumatism and 
neuralgia and conditions of venous congestion, particularly 
with dull, aching pain and fullness. Other major uses include 
rectal complaints (particularly haemorrhoids, rectal neural-
gia and proctitis) and reflex conditions attributed to rectal 
involvement (including headache, spasmodic asthma, dizziness 
and disturbed digestion). It was regarded as a remedy for con-
gestion and engorgement. Uneasy and throbbing sensations, 
with dull aching pain in any part of the body, but especially in 
the hepatic region, was one specific indication.1,2

Summary actions

Venotonic, anti-oedematous, anti-inflammatory.

Horsechestnut seed

(Aesculus hippocastanum L.)



686

Materia MedicaP A R T  T H R E E

l	 2 to 6 mL/day of 1:2 liquid extract, 5 to 15 mL/day of 1:5 
tincture

l	 Preparations containing at least 100 mg/day of beta-escin.

Duration of use

There is no suggestion that the long-term use of horsechest-
nut should be restricted.

Summary assessment of safety

Despite its inclusion in texts on poisonous plants, there is a 
very low risk associated with the oral or topical administration 
of horsechestnut seed.4

Technical data

Botany
The horsechestnut, a member of the Hippocastanaceae (buckeye 
family), is a deciduous tree with grey bark that grows to 25 m.  
The leaves are opposite and palmate with five to seven strongly 
ribbed leaflets. The flowers are white with yellow to pink spots, 
contain five petals and are arranged in noticeable panicles up to 
30 cm long. The fruit has a leathery, prickly capsule (the conker) 
and contains one to two brown seeds with large whitish scar.5,6

Adulteration
No known adulterants.

Key constituents
l	 Saponins (3% to 6%), referred to as escin (which  

is a complex mixture of over 30 individual  
pentacyclic triterpene diester glycosides).7 Beta-escin 
is a subfraction of escin containing only 22-O-acetyl 
compounds

l	 Flavonoids, lipids, sterols.8,9

Although from a phytochemical perspective escin and beta-
escin are not equivalent, in most products and studies the 
‘escin’ being referred to is actually beta-escin.

Pharmacodynamics
Escin (also spelt ‘aescin’) was a registered drug in Germany and 
is the active ingredient in a number of preparations used either 
topically or orally for the treatment of peripheral vascular dis-
ease, in particular that related to altered capillary permeabil-
ity and resistance. (For conditions associated with oedema it is 
mainly administered by injection see under Clinical trials.)

Venotonic, vascular protective  
and anti-oedema activity
Most of the pharmacological research on horsechestnut and 
escin was conducted prior to 2000; hence a 2001 review still 
has relevance. This review noted research supporting three 
key pharmacological actions, namely anti-oedematous, anti-
inflammatory and venotonic.10 The review suggested that all 
of these appear to be due to a basic molecular mechanism: 
selective vascular permeabilisation, allowing a higher sensi-
tivity of calcium channels (for example) to molecular ions, 
resulting in increased venous and arterial tone. In a sense the 

Escin (aescin)

R1= OH (aglycone: barringtogenol C)
R1= H (aglycone: protoaescigenin) 
R2= tigloyl, angelicoyl, 2-methylbutyryl, or isobutyryl 

Beta-aescin: major glycosides consist of aglycones protoaescigenin
or barringtogenol C esterified with tiglic acid, angelic acid,
2-methylbutyric acid or isobutyric acid 

O

O
O

OH

H

H

OCOCH3

COOH

CH2R1

CH2OH

OR2

glucose

Oglucose



687

Horsechestnut seed

anti-oedematous effect is a key feature of the anti-inflamma-
tory activity of horsechestnut and underlies much of its value 
in conditions linked to local inflammation, with associated 
swelling and pressure on other structures.

The review goes on to state that these sensitising effects to 
ions and other molecules such as serotonin probably result in 
enhanced venous contractile activity, leading to the venotonic 
effect.10 In fact, escin can be used as a pharmacological tool to 
assess the sensitivity of vascular tissues to different agonists.

Escin reduced the localised oedema associated with inflam-
mation11 probably by reducing capillary permeability to water, 
thereby decreasing exudation into intercellular spaces.12 It 
induced contraction of isolated portal vein and stimulated 
the generation and release of prostaglandin F2-alpha in vitro. 
Hence this antiexudative activity of escin may be mediated 
by prostaglandin F2-alpha.13 Escin administered by injec-
tion inhibited oedema induced by several agents in rat paw, 
but was not effective in models representing the late repara-
tive (proliferative) phase of inflammation.14,15 This suggests 
it acts more specifically on the initial stages of inflammation. 
In contrast, a study using carrageenan-induced paw oedema 
and induced capillary permeability in mice found that escin  
(2 mg/kg, by injection) was a potent and long-lasting anti-
inflammatory agent without immunosuppressive activity.16 
Parenteral administration of escin to rats indicated the antiex-
udative activity resulted from an influence on the small pores 
of the capillary wall (through which fluid is exchanged).17 
Tests conducted on adrenalectomised and hypophysectomised 
animals indicated the normal production of corticosteroids is 
necessary for the anti-oedema activity. Escin thus mimics and 
relies upon the activity of corticosteroids18–20 and it exerts a 
synergistic anti-inflammatory effect with low doses of gluco-
corticoids in vivo and in vitro.21 Oral administration of escin 
demonstrated antiexudative and anti-inflammatory activity in 
another in vivo study. The activity occurred in both prophy-
laxis and treatment and was due to a beneficial effect on 
permeability and diuresis.22 Topical application of escin also 
significantly inhibited exudation in vivo.23

Additional studies have examined the endothelial cell 
protective activity of escin. Human vascular endothelial 
cells were exposed to cobalt chloride to mimic hypoxia and 
to Escherichia coli lipopolysaccharide to mimic inflamma-
tion.24 Pretreatment with escin prevented both the induced 
hypoxia and inflammation, as measured by factors such as 
the expression of vascular cell adhesion molecule 1 and the 
reduction of platelet endothelial cell adhesion molecule 1. 
Escin enhanced endothelium-dependent relaxation in rat aor-
tic rings induced by acetylcholine when such relaxation had 
been reduced by pyrogallol, a generator of the superoxide 
radical.25

The whole extract of the horsechestnut also shares these 
properties of escin. In fact, some writers suggest that the 
combination of escin with flavonoids, as found in the natu-
ral plant extract, is a superior treatment to escin alone. 
Horsechestnut extract demonstrated venotonic activity in 
vitro by inducing the contraction of isolated vein preparations. 
Perfusion with horsechestnut extract increased the venous 
pressure of normal veins and, with prior administration, path-
ological veins.26 During perfusion in the opposite direction 

to blood flow, a clear contractile effect on the valves was 
obtained. Horsechestnut extract (2.5, 5.0 mg/kg, iv) increased 
femoral venous pressure and flow, as well as thoracic lym-
phatic flow, with no change in arterial parameters. A more 
recent in vitro study found that horsechestnut extract dose-
dependently contracted both veins and arteries, with veins 
being the most sensitive.27 ADP-induced platelet aggregation 
was also significantly reduced. Escin (as the sodium salt) in 
vitro also contracts blood vessels at lower concentrations (rat 
aorta).28

Oral administration of a horsechestnut standardised extract 
(HCSE, 50 to 400 mg/kg, containing 70% escin) reduced 
cutaneous capillary hyperpermeability in rodents.26 It also 
increased skin capillary resistance in guinea pigs fed a vita-
min C-deficient diet, as measured by the petechiae method. 
The extract (200 to 400 mg/kg) decreased the formation of 
oedema of lymphatic or inflammatory origin induced in rat 
hind paw, suppressed plasmatic extravasation and leucocyte 
migration into the pleural cavity in experimental pleurisy (200 
to 400 mg/kg, oral, and 1 to 10 mg/kg, iv), and decreased con-
nective tissue formation in subchronic inflammatory granu-
loma (400 mg/kg, oral, and 5 to 10 mg/kg, sc).26

In a randomised, double blind, placebo-controlled crossover 
study, the influence of oral doses of horsechestnut on capillary 
resistance was tested in 12 healthy volunteers. After 7 days of 
treatment with a high dose of a HSCE (1500 mg/day, corre-
sponding to 300 mg/day escin), capillary resistance was signifi-
cantly improved (as measured by the petechiae test). There 
was no effect from the placebo.29

Pharmacological and clinical studies indicate that oral 
administration of horsechestnut extract can improve con-
nective tissue and circulation by toning the veins. In a dou-
ble blind, placebo-controlled study, a decrease in the vascular 
capacity (as measured by increased flow) and filtration coef-
ficients was observed in volunteers with healthy circula-
tion treated with HCSE (600 mg/day, containing 100 mg 
escin).30,31 The anti-oedematous activity demonstrated by 
HCSE in chronic venous insufficiency was mainly dependent 
on the inhibition of proteoglycan degradation and lysosomal 
enzyme activity, as determined in a human study after admin-
istration of 900 mg/day HCSE for 12 days.32

The effect of oral HCSE (360 mg/day, containing 90 mg 
escin) in 14 healthy volunteers on the venous tone of a seg-
ment of the lower leg was compared with placebo controls. 
Horsechestnut resulted in significant reduction of the pres-
sure-dependent vein capacity (p<0.02), which is an indication 
of reduced deformation of the veins and an increase in venous 
tone. An intravenous infusion of escin did not result in a 
noticeable change, suggesting other components of the extract 
had this activity.33 However, in a double blind, placebo-con-
trolled trial involving 20 healthy volunteers, 100 mg of HCSE 
(containing 16% or 70% escin) demonstrated similar veno-
tonic activity on peripheral venous pressure–volume curves to 
the placebo.34 This lack of a positive effect may reflect inad-
equate dosage.

In an uncontrolled trial, the velocity of blood in varicose 
veins was assessed after patients received HCSE for 12 days. 
Blood viscosity was significantly lowered and correlated to 
subjective improvement in 73% of cases.35 A single dose of 
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HCSE (600 mg, containing 100 mg escin) prevented or sig-
nificantly reduced the increase in ankle and foot oedema 
(p<0.05) in healthy humans during a 15 h air flight. The study 
was of randomised, double blind design and the oedema was 
compared with preflight levels.36

Gastrointestinal activity
The inhibitory effects of oral doses of the saponin fraction of 
horsechestnut extract and its principal constituents escins Ia, 
Ib, IIa and IIb on gastric emptying were investigated in mice. 
Gastric emptying of a 1.5% carboxymethyl cellulose sodium 
salt meal was inhibited by 11.1% to 54.2%. Escins Ia to IIb 
(50 mg/kg) also inhibited gastric emptying of a 40% glucose 
meal by 21.1% to 23.5% (except for escin Ia), a milk meal 
by 18.4% to 33.1%, and a 30% ethanol meal by 13.5% to 
15.9%.37 Further studies were conducted to assess the likely 
mechanism involved. Results suggested a possible involvement 
of capsaicin-sensitive sensory nerves (CPSN) stimulating the 
synthesis and/or release of dopamine to release prostaglandins 
(PGs) via central dopamine-2 receptors.38,39 Escins Ib and IIb 
also demonstrated enhanced absorption of magnesium at 12.5 
and 25 mg/kg orally in mice, respectively. The mechanism was 
suggested to involve constitutive nitric oxide synthase (NOS), 
but not endogenous PGs or the sympathetic nervous system 
(SNS).40,41

Further to these investigations, the effect of oral pretreat-
ment with escins Ia, IIa and IIb on ethanol-induced gastric 
mucosal lesions, and the roles of CPSN, endogenous NO, 
sulphydryls, PGs, gastric secretion and the SNS, were stud-
ied in rats.42 Escins Ia to IIb (10 to 50 mg/kg) potently inhib-
ited ethanol-induced gastric mucosal lesions, whereas their 
hydrolysed products desacylescins I and II showed no effect. 
Endogenous PGs, NO, capsaicin-sensitive afferent neurons 
and the SNS all participated in this activity.

Postoperative adhesions form after trauma through com-
plex processes involving injured tissues and the peritoneum. 
Escin (0.45 to 3.6 mg/kg, iv, as the sodium salt) was admin-
istered in different rodent models to investigate its effect on 
inflammation, gastrointestinal transit and postoperative adhe-
sion formation.43 It was shown that escin could inhibit acute 
inflammation and granuloma formation, accelerate gastroin-
testinal transit, help recover intestinal mobility and attenuate 
the formation of postoperative adhesions. The authors suggest 
that escin attenuated adhesion formation by inhibiting inflam-
mation and promoting gastrointestinal transit. However, an 
invited commentary noted that the design of the study, for 
example the different animal species used, made the results 
difficult to interpret.44 Gastrointestinal transit acceleration 
from escin was postulated to involve constitutive NOS and 
the SNS.33,45

Antitumour activity
A few studies have examined the antitumour activity of escin, 
mainly in vitro. For example, beta-escin inhibited prolifera-
tion and induced apoptosis in human hepatocellular carcinoma 
cells by inhibiting STAT-3 (signal transducer and activator of 
transcription 3).46 At 1.4 and 2.8 mg/day, for 7 days, ip admin-
istration of escin inhibited hepatocellular carcinoma growth in 

mice.47 Escin was observed to chemosensitise human cancer 
cells in vitro through inhibition of NF-kappaB48 and beta-escin 
acted synergistically with 5-fluorouracil in human hepatocellu-
lar carcinoma cells.49

However, some retractions of published work in this 
area,50–52 and the fact that escin does not appear to be as 
active as other similar saponins,53 together with its limited 
oral bioavailability as such, all suggest that more attractive 
antitumour prospects exist elsewhere.

Oral doses of beta-escin do appear to have chemopreventa-
tive activity. The chemopreventative activity of dietary beta-
escin on azoxymethane-induced colonic aberrant crypt foci 
(ACF) was evaluated in vivo.54 Rats were fed diets containing 
0%, 0.025% or 0.05% beta-escin for 1 week. Treatment was 
then continued for 8 weeks after the addition of azoxymeth-
ane (15 mg/kg once weekly for 2 weeks). Both the 0.025% 
and 0.05% diets significantly suppressed total colonic ACF 
formation, up to around 40% (p<0.001) and 50% (p<0.0001), 
respectively, compared with the saline control. The same 
researchers observed that beta-escin induced cancer growth 
arrest in HT-29 human colon cancer cells at the G1-S phase, 
which was associated with induction of the cyclin-dependent 
kinase inhibitor p21.54

Dermatological activity
Contraction forces generated by non-muscle cells such as 
fibroblasts play important roles in determining cell morphol-
ogy, vasoconstriction and/or wound healing. They can influ-
ence the morphology and mechanical properties of the skin, 
but few agents are known that can help generate such con-
traction forces. A screen of around 100 plant extracts found 
that horsechestnut extract induced the strongest contraction 
force in cultured human fibroblasts.55,56 A postulated mecha-
nism was the formation of stress fibres accompanied by actin 
polymerisation.

Further to this, the effect of horsechestnut extract on 
various kinases involved in contraction force generation 
in fibroblasts was examined in vitro.57 Contraction forces 
induced in fibroblasts by stimuli such as lysophosphatidic 
acid and thrombin are accompanied by stress fibre forma-
tion, regulated by myosin light chain kinase and Rho kinase. 
Results suggested that horsechestnut extract produced force 
generation in fibroblasts via direct activation of Rho kinase 
through Rho protein, preceded by the formation of stress 
fibres.

Other activity
Horsechestnut extract demonstrated strong active oxygen-
scavenging activity and protective activity in vitro against cell 
damage induced by active oxygen.58 HCSE (containing 70% 
escin) inhibited enzymatic and non-enzymatic lipid peroxida-
tion in vitro and counteracted the deleterious effects of free 
radical oxidative stress in mice and rats (200 to 400 mg/kg, 
oral, and 25 mg/kg, iv, respectively).26

The inhibitory action of plant constituents on the activity 
of the connective tissue enzymes elastase and hyaluronidase 
were investigated in vitro. Saponin constituents from hor-
sechestnut showed inhibitory effects on hyaluronidase. The 
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activity was mainly linked to escin and, to a lesser extent, its 
genin (aglycone).59

Triterpene saponins from horsechestnut (escin Ia, Ib, IIa 
and IIb) exhibited an inhibitory effect on ethanol absorption 
and a hypoglycaemic activity in the oral glucose tolerance test 
in rats.60 Saponins can inhibit absorption of small molecules 
that rely on transporter systems (see Chapter 2).

Beta-escin (15, 30 and 60 mg/kg/day for 7 days, oral) was 
given to rats before induced ischaemia/reperfusion.61 Higher 
doses significantly decreased neurological deficit (p<0.05). 
Beta-escin potently inhibited caspase-3 activation and the 
release of cytochrome c, increasing the expression of Bcl-2 
after cerebral ischaemia/reperfusion, supporting an inhibitory 
effect on apoptosis. Additional research by the same Chinese 
research group using a similar model of cerebral ischaemia-
reperfusion injury identified that beta-escin (sodium salt) 
downregulated expression of adhesion molecules and sub-
sequent migration of neutrophils62 and boosted antioxidant 
activity, while reducing infarct size and neurological deficit.63 
Some years later, different Chinese investigators observed that 
escin (0.45, 0.9 and 1.8 mg/kg/day for 3 days, iv) given post-
ischaemia to mice improved learning and memory responses 
and reduced hippocampal injury relative to controls.64

Beta-escin (1.0 to 6.0 mg/kg/day, ip) exhibited potent 
anti-allergic activity and reduced airway inflammation in two 
mouse models.65 Its activity was comparable or superior to 
dexamethasone, a standard reference compound.

An isolate from horsechestnut seeds rich in escin  
(100 mg/kg/day for 5 weeks, oral) decreased leptin by 31.6% 
(p<0.05) in mice fed a high fat diet.66

Pharmacokinetics
High concentrations of escin were measured in skin and mus-
cle tissue underlying the site of topical application of radio-
labelled sodium escinate, but low values were measured in 
internal organs, blood, urine, skin and musculature from other 
parts of the body. Between 0.5% and 1% of the applied dose 
was excreted in urine within 24 h of administration. Total elimi-
nation (bile and urine) was calculated at 1% to 2.5% of the 
administered dose. Less than one half of this was excreted as 
escin, the remainder as metabolites.67 However, the true avail-
ability of escin to skin and muscle tissue may not be as high as 
reported in this study, since the radioactivity detected may have 
been carried by metabolites of escin, as well as by escin itself.

Studies indicate that escin is eliminated quickly following 
intravenous injection, with two-thirds excreted via the bile and 
one-third by renal elimination.68 Two studies of the bioavailabil-
ity of beta-escin following oral doses of various horsechestnut 
preparations were conducted using healthy volunteers. Validated 
radioimmunosorbent assay (RIA) was used to determine levels 
of beta-escin in plasma. One study on two solid-dose prepara-
tions in 18 volunteers found a large variation in absorption 
parameters for beta-escin. Cmax after a dose containing 50 mg 
escin varied from 0.19 to 45.1 ng/mL, Tmax varied from 0.73 to 
8.5 h and the area under the curve (AUC, an assessment of con-
centration over time) varied from 24.6 to 389 ng/h/mL.69 The 
second study, also of two solid-dose preparations (one sustained-
release) and using 24 volunteers found more consistent results. 

This may have been because a horsechestnut extract containing 
a defined dose of escin was used, rather than just escin alone. 
Parameters for the sustained-release tablet were superior. 
For example, after a dose containing 50 mg escin, Cmax for 
the sustained-release tablet was 9.81 ± 8.9 ng/mL, Tmax was 
2.23 ± 0.9 h and AUC averaged 187.1 ng/h/mL.70 The half-life 
for both preparations was about 20 h.

In a steady-state crossover study over 7 days in 18 healthy 
volunteers, the relative bioavailability of 100 mg beta-escin 
after oral administration of an immediate release, enteric-
coated test formulation of HCSE was evaluated against a 
sustained-release product.71 RIA was used for analysis. The 
two tested products were bioequivalent with Cmax around 16 
to 18 ng/mL for the first dose of the day (containing 50 mg 
beta-escin) and 10 to 11 ng/mL for the second, the difference 
apparently being due to food intake.

A review of the pharmacokinetic data published for HCSE 
up to 2000 identified five single- and four multiple-dose 
bioequivalence studies, including those reviewed above.72 
Considerable variation was observed for the key pharmacoki-
netic parameters, leading the authors to suggest that these 
differences might be due to variations in the relative saponin 
concentrations from batch to batch (since escin is a complex 
mixture of many individual saponins). Hence the need was 
expressed for either specific validation of the RIA technique, 
or the use of an alternative analytical technology, to better 
understand the pharmacokinetics of this herb.

Since the review, the comparative bioavailability of beta-
escin (from HCSE) was evaluated for two test products in 
two randomised, open label crossover trials using a multiple-
dose treatment schedule in 18 healthy volunteers each.73  
A normal and a sustained-release product were compared and 
shown to have similar bioavailability, as assessed using RIA. 
Peak serum concentrations were reached approximately 2 to 
4 h (Tmax) after dosing of 100 mg of beta-escin and concen-
tration/time profiles and steady-state concentrations were 
similar for the two formulations in both trials. Average Cmax 
concentrations ranged from 12 to 18 ng/mL.

Saponins are large molecules containing highly polar groups 
and their intact bioavailability can be expected to be low after 
oral doses. This has been confirmed in all the above studies, 
since the pharmacokinetic parameters indicate absorptions 
of less than 1% of the administered oral dose of beta-escin. 
However, saponins can be hydrolysed by intestinal flora, leav-
ing the less polar aglycone or sapogenin available for absorp-
tion. These sapogenins, or their hepatic metabolites, may in 
fact be the main active form of escin following oral doses. 
More studies are needed to clarify this issue.

Pursuing this line of reasoning, the effect of human intes-
tinal bacterial enzymes on the biotransformation of escin Ia 
was examined, and structures of biotransformation products 
were determined in vitro. Escin Ia was incubated with crude 
enzymes or Lactobacillus brevis. Biotransformation products 
were isolated and structures determined by spectroscopic 
techniques. Results suggested that escin Ia is indeed a prod-
rug and was converted by both the enzymes and Lactobacillus. 
Biotransformation products included isoescin Ia, desacylescin I, 
21beta-O-tigloylprotoaescigenin and protoaescigenin. Of these, 
desacylescin I showed inhibitory action on mouse sarcoma-180 
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tumour cell growth, hepatic carcinoma H(22) and lung carci-
noma in vivo, thereby indicating biological activity.74

Clinical trials with escin
There are several early clinical studies where escin was mainly 
given by injection, for example to treat road accident victims 
with severe head injury. Here it reduced the dangerous rise 
in intracranial pressure, leading to a more favourable prog-
nosis at iv doses of 10 to 20 mg/day.75 Escin has also been 
effective in the treatment of cerebral oedema following cra-
nial fracture and cranial trauma (with or without retrograde 
amnesia), cerebral tumours, intracranial aneurysms, cerebral 
sclerosis, subdural haematoma, encephalitis, meningitis and 
cerebral abscess.76 Depending on the severity of the condi-
tion, disappearance of cephalgia, vertigo and general discom-
fort were observed within 3 to 16 days. Cerebral oedema due 
to acute vasomotor insufficiency was resolved quickly, while in 
chronic disease remission occurred slowly over a long period 
of administration.76 Other trials examined the value of intra-
venous escin during routine surgery. For example, in a placebo-
controlled trial in patients undergoing surgery of the hand, iv 
administration of escin (20 mg/day) produced a fast reduction 
in postoperative inflammation and oedema.77 Oral escin was 
also used in some trials. For example a dose of 120 mg/day for 
up to 2 months markedly and significantly (p<0.01) improved 
symptoms, bleeding and swelling in an early, double blind, pla-
cebo-controlled trial involving 80 patients suffering from acute 
haemorrhoids.78

Recent studies on the clinical use of escin are as follows. 
The impact of escin was examined in patients experiencing 
cutaneous pruritus to test the traditional Chinese medicine 
theory that ‘wind should be treated by regulating blood dis-
order, and wind disappears after activating blood’.79 A total 
of 51 patients were randomly divided into either an escin-
treated group (n=30) or a loratadine-treated group (n=21) in 
an open label trial. The dose of escin was 300 mg twice daily 
for 4 weeks and that of loratadine 10 mg four times daily, 
both higher than average doses. After 4 weeks the effective 
treatment rate for escin and loratadine were 86.7% and 80%, 
respectively. No statistically significant difference was noted 
in total symptom scores, or specific scores of pruritus and 
lesion shape between the two groups (p>0.05). However, the 
score for lesion range was lower for the escin group compared 
with the loratadine group (p<0.05). The conclusion was that 
escin has a satisfactory effect in treating pruritus caused by 
‘blood stasis and wind-dryness’. Note that, while this study 
refers to ‘escin’ as the treatment, the active agent might well 
have been HCSE (based on the incorrect attribution in other 
clinical studies from China of ‘escin’).

Following on from positive pharmacological studies (see ear-
lier), an open label, controlled pilot trial was conducted in 64 
abdominal surgery patients to assess the impact of escin (0.3 mg/
kg, iv, immediately after surgery) on intestinal ileus.43 Times to 
first bowel sounds, passage of gas and defecation were all signif-
icantly less in the escin group, compared with a saline control 
treatment (p<0.01). Another pilot trial (of similar design, but 
undertaken by a different research team) in 72 postoperative 
colorectal cancer patients demonstrated a dose-response effect 

for escin (5, 15 and 25 mg, iv) on the above parameters, with 
the higher doses achieving statistical significance.80

A combination of oral escin (1250 mg/day) and the flavo-
noid derivative troxerutin (2250 mg/day) was assessed against 
the drug pentoxyphylline (600 mg/day) in 68 patients with 
inner ear perfusion disturbances.81 This 6-week, open label, 
controlled trial found that 23 of the 34 patients receiving the 
escin-troxerutin combination demonstrated a hearing increase 
of at least 10 dB, compared with only six of 34 in the drug 
control group (p<0.05).

The pathological mechanism involved in Bell’s palsy, the most 
common acute facial paralysis, is believed to involve inflamma-
tory oedema and entrapment neuropathy. It has been postulated 
that the impact of beta-escin on local oedema and effusion sug-
gests it could be a valuable treatment for Bell’s palsy.82

Topical use
Topical preparations containing escin have been successfully 
used for a variety of applications: treatment of oedema and 
haematoma in surgical practice,83 the prevention and treat-
ment of sports injuries, including acute injuries, blunt inju-
ries (non-penetrating wounds) and oedema.84–89 It has been 
used alone, or more typically in combination with heparin, 
buphenin, diethylamine salicylate (DEAS) or polyunsatu-
rated phosphatidylcholine in venous disorders (inflammation 
of veins, venous insufficiency, varicose veins);90–93 in combina-
tion with l-thyroxine for the treatment of hypertrophic scars, 
keloid scars, stretch marks and lymphoedema after mastec-
tomy,94–96 and in combination with heparin and phospholipids 
for the treatment of joint and venous diseases,97,98 anorectal 
varicose pathologies (particularly in gynaecology and obstet-
rics),99–101 postoperative treatment of episiotomies102 and 
during oral and periodontal surgery.103 Details of some more 
recent, larger and interesting studies follow.

In a randomised, double blind trial, 81 patients with con-
tused traumas following limb injuries received treatment with 
a 2% escin and 5% salicylate gel or placebo gel for 9 days. 
Compared with placebo, the mobility of the injured extrem-
ity increased significantly in comparison to the uninjured 
extremity in those treated with the active gel (p<0.02). The 
circumferences of the lower extremities returned to almost 
normal (compared with the uninjured leg) in the treatment 
group, but remained unchanged in the placebo group. The 
active gel was also superior for reduction in lower leg swelling, 
subjective complaints and remission frequencies (p<0.05).104

A topically applied 2% escin gel was compared with a pla-
cebo in experimentally induced haematoma in a randomised, 
double blind trial. Efficacy was measured over 9 h after a 
single application of gel. The escin gel significantly reduced 
tenderness to pressure within 1 h and then at all other time 
points during the trial.105

The effect of topical escin on pain from blunt injuries 
caused by sports and leisure activities was examined in a 
double blind, placebo-controlled clinical trial.106 In all, 126 
patients were randomly assigned to one of four groups: three 
active preparations (containing various amounts of escin, 
DEAS and sulphated escin) or a placebo. The gel was applied 
topically at 0, 4 and 8 h after injury and the variable measured 
was the pressure required at the centre of the lesion to elicit 
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a pain reaction at different time points up to 24 h after the 
injury. There was a significant difference observed for tender-
ness at 6 h (p=0.0001) for all treatment groups compared 
with placebo, with similar findings after 24 h.

In a similar trial, the clinical efficacy and safety of an escin-
containing gel was investigated on blunt impact injuries.107 
Participants in various sports competitions were enrolled 
within 2 h of sustaining a strain, sprain or contusion and ran-
domised to one of either two active treatment groups or a 
placebo group. Topical treatment occurred three times within 
a period of 8 h. The gels contained either 1% or 2% escin, 
together with 5% DEAS and heparin. A total of 156 patients 
were evaluated and results demonstrated that the active gels 
were significantly more effective than placebo at reducing ten-
derness (p=0.0001 and p=0.0002, respectively). Both active 
gel preparations produced more rapid pain relief than the pla-
cebo, as well as showing good safety and tolerability.

A proprietary escin-containing gel with 1% escin, 1% essen-
tial phospholipids and 10 000 IU sodium heparin has been 
developed for local treatment of venous and microcirculatory 
problems, sports injuries and varices in pregnancy. A review 
suggested that the gel is effective and safe, without contrain-
dications or side effects.108 A series of small, placebo-con-
trolled and somewhat repetitive clinical trials, all from the 
same research group, have observed benefits on microcircula-
tion and other related parameters and symptoms in patients 
with venous hypertensive microangiopathy (with ulcers), dia-
betic microangiopathy and superficial vein thrombosis.109–115 
Patient numbers ranged from 10 to 35 and treatment times 
varied from a single application to up to 8 weeks.

A few years later the same research team evaluated a simi-
lar topical escin plus phospholipids product, but without the 
heparin, in a series of four open label clinical trials involving 
patients with chronic venous insufficiency (hypertension). A 
2-week trial in 15 patients compared with 15 normal con-
trols found that the gel significantly increased transcutane-
ous oxygen levels (PO2) compared with baseline (p<0.05).116 
The three other 2-week trials tested the gel in similar patient 
numbers. Significant changes (p<0.05) observed relative to 
baseline included improvements in skin flux (as measured 
by laser-Doppler flowmetry),117 plasma free radicals118 and 
transcutaneous carbon dioxide (pCO2).119

Clinical trials with horsechestnut
Chronic venous insufficiency
Chronic venous insufficiency (CVI) is an imprecise term 
frequently referred to and not easily defined. It describes 
the impairment of venous return, usually from the legs, 
often with oedema and sometimes with stasis ulcers at the 
ankle. Other terms used are chronic deep vein incompe-
tence, peripheral venous incompetence and chronic venous 
hypertension. According to more recent clinical, aetiological, 
anatomical and pathological elements, chronic venous dis-
ease has been classified into seven clinical classes, designated 
C0–6.120 These are defined as follows: C0: no visible sign of 
venous disease; C1: telangiectasia or reticular veins; C2: vari-
cose veins; C3: oedema; C4a: pigmentation or eczema; C4b: 

lipodermatosclerosis; C5: healed ulcer; C6: active ulcer. 
Classes C4 to C6 have been designated as CVI. There have 
been a substantial number of clinical trials using various ver-
sions of HCSE in the management of CVI published over 
a time span of around 40 years. Most of these are reviewed 
below.

A meta-analysis of 16 trials was published in 2002.121 In 
all, 13 randomised, controlled trials (1051 patients) and 
three observational studies (10 725 patients) were identified 
as meeting the inclusion criteria (out of 75 studies located). 
Inclusion criteria included treatment of CVI with HCSE ver-
sus control (placebo or other therapies), duration of at least 
20 days, and trials that permitted adequate data extraction. 
Examined objective outcomes were leg volume, ankle and 
calf circumference and oedema. Subjective outcomes were 
pain, sensation of tension, swelling, leg fatigue/heaviness, calf 
cramp and itching. Random and fixed effect models were 
used to pool outcomes and adverse events. Such models were 
applied separately for the randomised trials and the observa-
tional studies. Overall, results from the randomised trials indi-
cated that HCSE improved signs and symptoms in patients 
with CVI. Leg volume was reduced by 46.4 mL compared 
with placebo (95% confidence interval (CI) 11.3 to 81.4) and 
likelihood of an improvement in leg pain was increased 4.1-
fold (95% CI 0.98 to 16.8). Similarly, improvement probabili-
ties were increased 1.5-fold (95% CI 1.2 to 1.9) for oedema 
and 1.7-fold (95% CI 0.01 to 3.0) for itching. Subjective 
improvement scores were transformed into a standardised 
scale before quantifying pooled effects (such as leg heaviness/
fatigue and calf cramps). Treatment effects of HCSE were 
not as evident for these as the objective outcomes. Based on 
these results, the authors concluded that there is substantial 
evidence to support the efficacy, routine effectiveness and 
safety of HCSE in the treatment of CVI.

Subsequent to this analysis came the review from the 
Cochrane collaboration. This 2006 review was updated in 
2010 with no changes to conclusions.122 Randomised, con-
trolled clinical trials were included if they compared oral 
HCSE mono-preparations with placebo or a reference therapy 
in CVI. In all, 31 trials assessing HCSE in CVI were identi-
fied, including two unpublished trials, of which 17 met the 
inclusion criteria. Fourteen trials were excluded: two used 
topical application, eight assessed HCSE in combination with 
other active components, and four did not have appropriate 
clinical endpoints or were in healthy volunteers. Of the 17 
trials included in the systematic review, 10 were placebo-
controlled, two compared horsechestnut against treatment 
with compression stockings and placebo, four were con-
trolled against a flavonoid derivative (beta-O-hydroxyethyl-
rutoside) and one was controlled against pine bark extract. 
In all of the trials the extract was standardised to a defined 
level of escin and all the included trials bar one used a dou-
ble blind design. Trials were scored for concealment of treat-
ment allocation, where A=clearly concealed, B=unclear if 
concealed and C=clearly not concealed. Three trials scored  
A and the remaining 14 trials scored B. Methodological qual-
ity was evaluated using the scoring system developed by Jadad 
that measures the likelihood of bias inherent in a trial.123 The 
scale is from 1 to 5, where 5 denotes high quality with a low 
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risk of bias. Nine of the 17 trials scored 4 or 5 and the aver-
age Jadad score for all the trials was 3.4. The majority of the 
included studies assessed clinical outcomes in terms of leg 
pain, oedema and pruritus. Other endpoints assessed included 
leg volume and circumference. For example, leg pain was 
assessed in seven placebo-controlled trials and six of these 
(543 patients) reported a statistically significant reduction 
(p<0.05) of leg pain using various measurement scales. Three 
other comparative studies reported no significant difference 
for horsechestnut extract relative to the reference treat-
ments in terms of leg pain. Leg volume was assessed in seven 
placebo-controlled trials. Meta-analysis of six of these (502 
patients) suggested a significant reduction in leg volume from 
HCSE versus placebo. One trial indicated that HCSE may be 
as effective as treatment with compression stockings. Adverse 
events were mild and infrequent. The evidence presented sug-
gested that HCSE is an efficacious and safe short-term treat-
ment for CVI. However, the authors noted that more and 
larger long-term trials are needed.

A brief summary follows of most of the clinical trials 
included in the above two studies.

In a double blind, placebo-controlled trial, 40 patients 
with leg oedema caused by chronic deep venous incompe-
tence received either HCSE (738 to 824 mg/day, containing 
150 mg escin) or placebo over 7 weeks. A significant reduc-
tion in average leg volume was observed for the treated group 
compared with placebo, both before and after an oedema 
provocation test (p<0.01). Leg pressure at rest was decreased 
(indicating better venous tone) and a pronounced alleviation 
of symptoms occurred in the treated group.124

A randomised, double blind, placebo-controlled trial 
assessed treatment with HCSE (600 mg/day, containing 
100 mg escin) in 20 patients over a 4-week period. There was 
a significant improvement in volume changes of the foot and 
ankle (p<0.001) compared with the 20 patients treated with 
placebo. Symptoms such as oedema, pain, fatigue, feeling of 
tension and itching were also significantly improved (p<0.05). 
There were, however, no changes in venous capacity or calf 
muscle spasm.125

Seventy-four patients with CVI and lower leg oedema par-
ticipated in a randomised, double blind, placebo-controlled 
trial. An anti-oedema effect was observed for those treated 
with HCSE (600 mg/day, containing 100 mg escin) over 8 
weeks. Leg volume was reduced, while in the placebo group it 
increased. The progression of oedema was slowed in the treat-
ment group, as were subjective symptoms.126 In a randomised, 
double blind, placebo-controlled, crossover trial involving 20 
women with pregnancy-induced varicose veins or CVI, treat-
ment with HCSE (containing 100 mg/day escin) for 4 weeks 
resulted in significant reduction in leg volume (p<0.01).127 
The influence of HCSE (approximately 600 mg/day, containing 
100 mg escin) for 4 weeks was tested in a randomised, placebo-
controlled trial involving 30 patients with peripheral venous 
incompetence (CVI). Horsechestnut effected a reduction in leg 
circumference and improvement in subjective symptoms.128 In 
a double blind trial using the same dosage over 20 days involv-
ing 30 outpatients suffering from CVI, a significant reduction 
of leg circumference was demonstrated (p<0.05).129

One hundred and eighteen patients with varicose veins or 
CVI were treated for 40 days with 60 mg/day of HCSE (con-
taining 70% escin) or placebo in a double blind trial. Significant 
improvements in symptoms (oedema, cramps, pain, fatigue, 
sensation of heaviness) were observed in the treated group 
(p<0.05).130 The dosage quoted for this trial is a low dose in 
comparison to the majority of trials conducted. Similar results 
were observed in a double blind, placebo-controlled, cross
over trial (n=233) for patients treated with horsechestnut. 
Improvements were observed for oedema and pain (p<0.01), 
itchiness, fatigue and sensation of heaviness (p<0.05). Calf 
cramping, however, was not significantly improved.131

Treatment with HCSE (600 mg/day, containing 100 mg 
escin) for 2 weeks was superior to placebo in a trial in 20 
pregnant women with oedema due to CVI. Significant reduc-
tions in oedema (p=0.009) and symptoms such as pain, 
fatigue and itching (p<0.05) were observed in the treatment 
group, and these patients also showed a greater resistance to 
oedema provocation. The trial was double blinded and cross
over in design.132

In a randomised, partially blinded, placebo-controlled, 
parallel study published in The Lancet, 240 patients with 
CVI participated in a comparison of the efficacy of compres-
sion stockings class II with HCSE (600 mg/day, containing 
100 mg escin) over 12 weeks. Lower leg volume decreased 
by a similar amount (43 to 47 mL) for both horsechestnut 
and compression therapy compared with placebo. A signifi-
cant reduction in oedema was observed for horsechestnut  
(p=0.005) and compression (p=0.002) compared with pla-
cebo, and the two therapies were shown to be equivalent. 
Compression achieved high oedema reductions at the begin-
ning of the study, while horsechestnut gradually decreased 
oedema volume, reaching a maximum by the end of the trial. 
(Patients allocated to compression treatment received a diu-
retic once daily during the first week of the trial to ensure the 
best possible stocking fit. Class II stockings provide a defined 
pressure.) Compliance was better for the herbal therapy.133

HCSE (720 to 824 mg/day, containing 150 mg escin) and 
beta-hydroxyethylrutosides (2000 mg/day) both demonstrated 
an oedema-protective effect in a randomised, double blind 
trial involving 40 patients with CVI and peripheral venous 
oedema.134 In a multicentre, randomised, double blind trial, the 
comparative efficacy of oxerutins (beta-hydroxyethylrutosides) 
and HCSE was investigated in 137 postmenopausal patients 
with grade II CVI. Patients received 600 mg/day of HCSE (con-
taining 100 mg escin), 1000 mg/day of oxerutins for 12 weeks or 
1000 mg/day of oxerutins for 4 weeks followed by 500 mg/day 
(of oxerutins) for 8 weeks. All treatments achieved a mean leg 
volume reduction of about 100 mL after 12 weeks of treatment, 
comparable to that achieved by compression therapy. A 6-week 
follow-up period without treatment indicated that both treat-
ments also exhibited a substantial carry-over effect.135

HCSE (600 mg/day, containing 100 mg escin) was compared 
with a proprietary French maritime pine bark extract (360 mg/
day) in an open, controlled, comparative study in 40 patients 
over 4 weeks. Outcomes assessed were the circumference of 
lower legs and the subjective symptoms of pain, cramps, night-
time swelling, feeling of heaviness and reddening of the skin. 
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HCSE moderately (but not statistically significantly) reduced 
the circumference of the lower limbs and marginally impacted 
subjective symptoms compared to baseline, but was inferior to 
pine bark. Both treatments were well tolerated.136

A previously unpublished study by Diehm and Schmidt 
from 2000 was reported by other authors in 2001.137 This was 
a 16-week, three-arm, randomised, double blind trial where 
HCSE (containing 100 mg/day escin) was compared with pla-
cebo or compression stockings in 355 patients with CVI. The 
drop-out rate was high at 69 patients. From intention-to-treat 
analysis, compression was significantly superior to placebo 
(p<0.001), whereas HCSE was not (p=0.115). Only in the 
per-protocol population (286 patients) did HCSE also dem-
onstrate significance against placebo (p=0.018) for this param-
eter. Subjective symptoms favoured HCSE over compression, 
but the difference between the two treatments did not reach 
statistical significance.

Other published studies of interest that were not covered 
by, or were specifically excluded from, the Cochrane system-
atic review are discussed below.

HCSE (600 mg/day, containing 100 mg escin, for 3 weeks) 
significantly reduced subjective symptoms of patients with 
varicose veins (p<0.001) in a double blind, placebo-controlled 
trial.138 The impact of a single dose of HCSE was investigated 
in a randomised, double blind, placebo-controlled trial involv
uing 22 patients with proven CVI. Three hours after taking 
600 mg of horsechestnut extract (containing 100 mg escin), a 
significant decrease in the capillary filtration coefficient (22%) 
was observed in the treated group.139

In a case observation study involving more than 800 German 
general practitioners, more than 5000 patients with CVI were 
treated with HCSE and followed up at regular intervals. All 
the symptoms investigated (pain, tiredness, tension, swelling 
in the leg, itching and tendency towards oedema) improved 
markedly or completely disappeared. Horsechestnut extract 
was considered an economical, practice-relevant therapeutic 
tool which, in comparison with compression therapy, had the 
additional advantage of better compliance.140 In a postmar-
keting surveillance study, 1183 patients with CVI received 
the recommended dosage of HCSE over a 5-month period. A 
clear reduction in the objective and subjective symptoms was 
demonstrated.141

A proprietary fresh plant extract of horsechestnut seed, 
available as an oral tincture, tablets and a topical gel was 
reviewed for its efficacy in CVI and varicose veins.142 Five clini-
cal trials were reviewed, of which only one was randomised and 
placebo-controlled. The trial details were as follows. A daily 
dose of fresh plant tincture containing 39 mg escin was given to 
40 patients with CVI in a prospective, uncontrolled, multicen-
tre trial over 4 weeks. In all, 77% of patients demonstrated a 
clinically relevant therapeutic result in terms of global efficacy, 
and more than 60% of patients rated the treatment as ‘good’ 
to ‘very good’ for subjective symptoms such as leg swelling 
and pruritus. Tablets delivering 120 mg/day escin were exam-
ined in 60 patients with CVI in a randomised, placebo-con-
trolled, multicentre, double blind trial. The primary outcome 
was changes in the circumference of the leg measured just 
above the ankle, and the treatment group achieved a clinically 

relevant, statistically significant reduction compared with pla-
cebo (p<0.05). A tablet dose containing 100 mg/day escin was 
assessed in 87 patients with CVI in an open trial design. The 
primary assessment variable was safety. Fifty-seven of the 87 
patients reported 91 adverse events; all were non-serious and 
only four were judged to be actually from the trial medication. 
A gel containing 2% escin was evaluated in 71 CVI patients 
in an open, uncontrolled, multicentre trial over 6 weeks. The 
primary trial outcome of ankle circumference decreased sig-
nificantly (p<0.001). The fifth trial assessed tablets (60 mg/day 
escin) and the gel in 39 patients with varicose veins in an open, 
uncontrolled trial over 8 weeks. Trial outcomes were both 
subjective (by a visual analogue scale) and objective (reduc-
tion in ankle oedema). A significant improvement in heavi-
ness and pain in the legs and blue discoloration was observed 
(p<0.0003) and a moderate rating was given by both therapists 
and patients for efficacy/satisfaction and tolerability.

Chronic venous ulceration
Fifty-four patients with venous leg ulcers were randomly 
assigned to treatment with HCSE tablets (containing 150 mg/
day escin) or placebo in a parallel, triple blind, multicentre trial 
over 12 weeks.143 Assessment of ulceration was performed at 
0, 4, 8 and 12 weeks using a wound assessment tool and the 
Alfred/Medseed Wound Imaging System. Primary outcomes 
measured were the number of healed leg ulcers, the change in 
wound surface area, depth, volume, pain and exudate. These 
variables were found not to be statistically significant between 
the treatment group and placebo. However, HCSE did have a 
significant effect on the percentage of wound slough over time 
(p=0.045) and the number of dressing changes at week 12  
(p=0.009). Any assessable impact on the primary trial out-
comes was limited by the small size of the trial.

The authors also conducted a 12-week cost–benefit analy-
sis using the data from the above trial.144 The cost of HCSE, 
dressing materials, travel, staff salaries and infrastructure for 
each patient was taken into account. HCSE therapy com-
bined with conventional therapy was found to be more cost-
effective than conventional therapy alone, with an average 
saving of AUD 95 in organisational costs and AUD 10 in 
dressing materials per patient.

Deep vein thrombosis
A controlled trial involving 4 176 patients with thrombosis, 
pulmonary infarction or pulmonary embolism investigated 
horsechestnut as a prophylactic treatment for thrombosis and 
embolism arising from surgery over a 3-year period. Patients 
received an intravenous injection of horsechestnut extract 
(10 mL/day), strophanthin or digitalis, vitamin B complex 
and vitamin C or a similar injection without the horsechest-
nut extract for 4 days prior to surgery and continuing for up 
to 7 days after the operation. Horsechestnut significantly 
reduced the incidence of deep venous thrombosis following 
surgery compared with the control group (pulmonary embo-
lism patients: p<0.01; other patients: p<0.001).145 It would 
be valuable to conduct a randomised, controlled trial of oral 
HCSE to assess its impact on this problem.
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Topical use
A gel containing horsechestnut extract and heparin was found 
to be effective in the treatment of acute and chronic trau-
mas and venopathies in an uncontrolled study. In particular, 
the gel quickly broke down haematomas.146 The tolerabil-
ity and efficacy of a topical horsechestnut preparation were 
assessed in 15 patients with first- and second-degree CVI. 
The horsechestnut preparation contained 1.4% triterpene gly-
cosides calculated as escin and was compared with a prepara-
tion containing heparin. Efficacy was assessed by the change 
in circumference of the lower, middle and upper leg and by 
changes in symptoms. Both treatments were well tolerated 
and the horsechestnut preparation showed a greater tendency 
to improvement than heparin.147

The effect of topical horsechestnut was investigated for 
its impact on skin ageing, based on pharmacodynamic studies 
suggesting the herb increased contraction forces in fibroblasts 
(see earlier).55 Clinical testing was carried out in 40 healthy 
women using a double blind, placebo-controlled design. The 
gel (containing 3% horsechestnut extract) was applied twice 
daily to the periphery of the eye for a total of 9 weeks. 
Outcomes were evaluated by visual scoring by a special-
ist, based on photo scales. The active gel showed significant 
wrinkle-smoothing efficacy at the corner of the eye and the 
lower eyelid compared with placebo (p<0.05 and p<0.001, 
depending on the site). Six weeks of treatment was deemed 
sufficient to have a significant wrinkle-smoothing effect.

Other uses
The impact of HCSE (containing 60 mg/day escin) on sperm 
quality was assessed against surgery or a control treatment 
(20 mg of vitamin E, together with 400 mg pentoxyphylline 
and 50 mg clomiphene) in an open label trial involving 219 
patients with varicocele-associated infertility.148 Both surgery 
and HCSE were equally effective, and significantly superior 
to the control treatment, in terms of sperm density (p<0.05). 
However, only surgery was significantly better than the con-
trol treatment in terms of sperm motility (p<0.05). Patients 
with mild or moderate disease appeared to respond bet-
ter to the HCSE treatment. Adverse effects were mild and 
infrequent.

The addition of HCSE to HIV treatment with indinavir 
was examined for its effect on delaying indinavir precipita-
tion in urine, thereby preventing indinavir-associated nephro-
lithiasis. This pilot clinical trial was multicentre, randomised 
open label and controlled, with four crossover periods each 
of 4 weeks. One group of patients (n=22) received HCSE 
during the second and third treatment periods, the second  
(n=25) received HCSE during the first and fourth treatment 
periods. The dose used was 50 mg escin every 12 h (from 
300 mg of HCSE) in combination with highly active antiretro-
viral activity (HAART). Thirty patients out of the 47 enrolled 
completed the study. Urine samples were collected at the 
end of each 4-week period and tested for indinavir crystallisa-
tion. The mean time to crystallisation averaged 14.7 min with 
HCSE and 9.9 min without (p=0.008). Urine and plasma 
concentrations of indinavir were unaffected by HCSE and no 
adverse effects were experienced.149

Toxicology and other safety data

Toxicology
The following LD50 data have been recorded for horsechest-
nut extract and its constituents:

Substance Route, model LD50 Reference

Horsechestnut seed 
extract

Oral, mice 990 mg/kg 4

Horsechestnut seed 
extract

Ooral, rats 2.15 g/kg 4

Horsechestnut seed 
extract

Oral, guinea 
pigs

1.12 g/kg 4

Horsechestnut seed 
extract

Oral, rabbits 1.53 g/kg 4

Horsechestnut seed 
extract (water-soluble 
portion)

Oral, chicks 10.6 g/kg 150

Horsechestnut seed 
extract (water-soluble 
portion)

Oral, hamsters 10.7 g/kg 150

Horsechestnut dried 
seed

Oral, chicks 6.5 g/kg 150

Horsechestnut seed 
extract

ip, mice 342 mg/kg 4

Horsechestnut seed 
extract

iv, mice 138 mg/kg 4

Horsechestnut seed 
extract

iv, rats 165 mg/kg 4

Horsechestnut seed 
extract

iv, guinea pigs 465 mg/kg 4

Horsechestnut seed 
extract

iv, rabbits 18 mg/kg 4

Escin iv, mice 9.3 mg/kg 151

Escin iv, rats 16.8 mg/kg 151

Escin iv, guinea pigs 9.1 mg/kg 151

Escin iv, rabbits 5 mg/kg 151

Escin iv, dogs Approx.  
3 mg/kg

151

Escin iv, pigs Approx.  
4 mg/kg

151

These data demonstrate that horsechestnut seed extract 
has low oral toxicity. The substantially higher toxicity after 
ip or iv administration is probably a reflection of the low oral 
bioavailability of escin as such and its haemolytic activity.
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No toxic effects were observed on the behaviour, growth, 
food consumption, haematological and biochemical tests 
or organ histology of rats fed horsechestnut seed extract at 
doses of 100 to 400 mg/kg/day for 34 weeks. The only toxic 
effect observed in dogs orally administered the extract (20 
to 80 mg/kg/day, 5 days per week) for the same time period 
was vomiting in the highest dosage group at 8 weeks. This 
was eliminated by the use of enteric-coated tablets. No toxic 
effects were observed in rats after daily intravenous injec-
tion of 9 mg/kg of extract for 8 weeks. Lesions were primarily 
observed in the kidneys after administration of acutely toxic 
oral and intravenous doses.4

Oral administration of the sodium salt of escin (10 mg/kg, 
70 mg/kg) to rats did not induce fatty degeneration of the 
liver.152 Intraperitoneal administration of escin (10 mg/kg) to 
juvenile male rats did not affect fertility or cause renal toxic-
ity.153 Toxic effects in rodents following intravenous injection 
of high doses of escin were due to massive haemolysis. In con-
trast, continuous administration of escin (1.1 mg/kg/day) for 
1 month was associated with minimal haemolysis in rabbits, 
only detectable by increased erythropoiesis.10,154 The route of 
administration was not clearly specified. However, as the dose 
was one-fifth of the LD50 of escin, it was probably adminis-
tered by injection.

Horsechestnut seed extract demonstrated weak mutagenic 
activity in the Ames test in vitro. It was suggested that this 
effect might be due to the flavonoid quercetin.155 The poten-
tial genotoxicity of quercetin has been extensively studied 
and the results have been interpreted as being not relevant to 
human intake (see also Chapter 2).156

Contraindications
Because of the irritant effect of the saponins, horsechestnut 
should not be applied to broken or ulcerated skin. Do not use 
during pregnancy or lactation without professional advice.

Special warnings and precautions
Saponin-containing herbs are best kept to a minimum in 
patients with pre-existing cholestasis.

Interactions
A case of acute renal insufficiency after therapy with escin 
and the antibiotic gentamicin has been reported.157 (It is 
likely that the escin was administered by injection.) High 
doses of intravenous escin have been implicated in acute renal 
failure.158 (See the Overdosage section below.) Escin is a sap-
onin that can cause haemolysis after injection. The liberated 
haemoglobin can deposit in the kidneys and cause renal fail-
ure. The risk of haemolysis after oral intake of horsechestnut 
is minimal because of the low absorption of saponins.

In vitro testing found that horsechestnut is quite a weak 
inhibitor of CYP3A4, which is unlikely to have clinical sig-
nificance.159 It was also moderately active at inhibiting 
P-glycoprotein activity in vitro, a finding of uncertain clinical 
relevance.

Use in pregnancy and lactation
Category B3 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Evidence of increased fetal damage in animal studies 
exists, although the relevance to humans is unknown.

Standardised horsechestnut seed extracts have been suc-
cessfully used in clinical studies127,132,138,160 to treat venous 
conditions in pregnant women at dosages of 600 mg/day (con-
taining 100 mg escin) for 2 to 4 weeks. Some of these studies 
excluded women in the third trimester of pregnancy.127,132

Intravenous administration of standardised horsechestnut 
seed extract (9 and 30 mg/kg/day) to rats (days 6 to 15 ges-
tation) and rabbits (days 6 to 18 gestation) did not result 
in teratogenicity or embryotoxicity. The same results were 
demonstrated in rats (100 and 300 mg/kg/day) and rabbits 
(100 mg/kg/day) after oral administration. Although no 
teratogenic effects were observed in rabbits orally admin-
istered very high doses of extract (300 mg/kg/day), fetal 
body weights were significantly reduced compared to 
controls.4

Horsechestnut is compatible with breastfeeding but cau-
tion should be exercised.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
A 2002 meta-analysis of adverse reactions found no signifi-
cant difference between horsechestnut seed extract and pla-
cebo.121 Meta-analysis of three post-marketing surveillance 
studies, which included 10 725 patients, found an average of 
1.51% of patients treated with horsechestnut seed extract 
reported mild adverse reactions.121 From 1968 until 1989 
nearly 900 million individual doses of one brand of stand-
ardised horsechestnut seed extract were prescribed. In that 
time, only 15 patients reported significant side effects.161 
Fourteen studies in the Cochrane review provided informa-
tion on adverse events, which were usually mild and frequent. 
Gastrointestinal symptoms, dizziness, nausea, headache and 
pruritus were reported as adverse events in six studies. Four 
studies reported no adverse events and another four studies 
reported a good tolerability for the herbal treatment. The 
reviewers concluded that HCSE is a safe and effective treat-
ment option for CVI and, according to available data, the 
risk/benefit ratio for treatment of CVI is positive.122

A case has been reported in Japan where pruritus, jaun-
dice, elevated liver enzymes, liver cholestasis, centrilobular 
necrosis and mild eosinophilia developed 60 days after intra-
muscular injection of a product for pathological bone frac-
ture containing horsechestnut extract. Drug-induced hepatic 
injury was suspected.162 The product has been in use in Japan 
since 1967 and only mild side effects such as nausea, vom-
iting, urticaria and, rarely, spasm and shock have otherwise 
been reported.162,163
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A case of occupational asthma was reported where a 
57-year-old man employed in the pharmaceutical industry 
developed bronchial asthma while working with products, 
including escin. Various tests were performed and other 
products eliminated, confirming escin as the causative factor. 
Characteristics of the asthma were suggestive of a non-IgE 
immunological mechanism, although an irritative mechanism 
secondary to long-term, low-level exposure could not be 
ruled out.164

Cases of pseudo-lupus (an autoimmune syndrome) after 
use of a product containing phenopyrazone, horsechestnut 
extract and cardiac glycosides have been reported.165 The 
ingredient or ingredients responsible for this reaction were not 
established. Urticaria and dyspnoea have been reported after 
the topical application of escin.10,166

As with all saponin-containing herbs, oral use may cause 
irritation of the gastric mucous membranes and reflux. 
However, the gastric irritation and reflux can be avoided by 
the use of enteric-coated preparations. Because of the irritant 
effect of the saponins, horsechestnut should not be applied 
to broken or ulcerated skin. Saponins and sapogenins in the 
bloodstream cause haemolysis but this effect is negligible at 
the oral doses used.

Overdosage
Very high doses will result in gastrointestinal irritation. If suf-
ficient quantities of escin are absorbed through damaged or 
irritated gastrointestinal mucous membranes, haemolysis with 
associated kidney damage could possibly result.

Cases of acute renal failure have been reported which were 
suspected to have been caused by escin (510 to 540 μg/kg) 
administered intravenously for postoperative oedema.153,158 
However, in trials designed to assess the effects of intravenous 
escin on renal function, no signs of impaired renal function 
developed in patients with normal renal function, and renal 
function did not worsen in patients with pre-existing renal 
impairment. Adults received intravenous escin (10 to 25 mg/
day) for 3 to 10 days and two children with normal renal 
function were prescribed 0.2 mg/day for 6 days.10,153–155

In the USA, an analysis of 3099 cases of human exposure 
to plant parts from eight different Aesculus spp. from 1985 to 

1994 found that no effect or a non-toxic effect was recorded 
in 76.6% of cases. Most exposures (49.2%) occurred in chil-
dren aged 0 to 5 years. Analysis of the 1993 to 1994 sub-
set (571 cases) found that no cases of serious toxicity were 
reported and gastrointestinal symptoms occurred in only 5% 
of cases.167

Safety in children
Poisonings in children due to the ingestion of horsechest-
nut seeds or infusions made from the leaves and twigs have 
been reported, including fatalities.168 However, in an analysis 
of human exposures to Aesculus spp. which included 1527 
children aged 0 to 5 years, serious toxicity was not reported 
and no effect or a non-toxic effect occurred in the majority 
of cases.167 Cases of toxicity in children attributed to hor-
sechestnut seed might have actually resulted from ingestion of 
the seed capsule (pericarp).

Regulatory status in selected 
countries

A draft monograph of horsechestnut is being prepared for the 
European Pharmacopoeia.169,170

Horsechestnut seed is covered by a positive Commission 
E monograph and can be used to treat symptoms of venous 
disorders and chronic venous insufficiency, such as pain and 
a feeling of heaviness in the legs, night cramps, itching and 
swelling.

Horsechestnut is included in the UK General Sale List. 
Horsechestnut products have achieved Traditional Herbal 
Registration in the UK with the traditional indication of relief 
of symptoms associated with CVI and varicose veins such as 
tired heavy legs, pain, cramps and swelling.

Horsechestnut does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Horsechestnut is not included in Part 4 of Schedule 4 of 
the Therapeutic Goods Act Regulations of Australia and is 
freely available for sale.
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Kava

(Piper methysticum Forst. f.)

Synonyms

Kava, kava kava, intoxicating pepper (Engl), Piperis methy­
stici rhizoma (Lat), Kawa Pfeffer, Rauschpfeffer (Ger), kawa 
(Fr), pepe kava (Ital), kavarod (Dan), kava, kawa, kava kava 
(Polynesian), yaqona (Fiji).

What is it?

Captain James Cook, in the account of his voyage to the South 
Seas in 1768, first described for the Western world the cer­
emonial use of an intoxicating drink prepared from the root 
of Piper methysticum, better known as kava. The kava bever­
age first causes a numbing and astringent effect in the mouth. 
This is followed by a relaxed, sociable state where fatigue and 
anxiety are lessened. Eventually a deep restful sleep ensues, 
from which the user awakens the next morning refreshed and 
without a hangover. Excessive consumption can lead to dizzi­
ness and stupefaction and a syndrome of kava abuse has been 
described. For this reason, some practitioners were reluctant 
to use kava therapeutically. However, clinical studies demon­
strated the important value of kava as a non-addictive anxio­
lytic with an efficacy comparable to benzodiazepines.

In November 2001, the German Health Authority (BfArM) 
announced that it was intending to ban the use of kava because 
of reported cases linking kava consumption with hepatotoxicity. 
Despite submissions from manufacturers, therapeutic use of kava 
was banned in Germany in 2002 and several other countries such 
as Japan, France, Switzerland; the UK and Canada followed suit. 
The therapeutic use of kava is still permitted in Australia, pro­
vided aqueous extracts or the powdered root are used.

Kava is found and used in nearly all the Pacific islands 
except New Zealand, New Caledonia and most of the 
Solomon Islands. Use in Hawaii was once common, but has 
now practically disappeared.1 Potent kava beverages are pre­
pared by first chewing or grinding the fresh root to produce a 
cloudy, milky mash. Saliva breaks down the starch and facili­
tates the suspension of the resin. Its cultural role in Pacific 
societies is compared with the role of wine in southern Europe.

Effects

Decreases anxiety and relaxes the body without loss of men­
tal acuity; a mild analgesic with a local anaesthetic effect on 
mucous membranes; improves sleep and possibly mood.

Traditional view

Apart from its ceremonial use, kava is also regarded as a 
medicinal herb in the Pacific region. In Fiji, it is used as a 

diuretic to treat kidney and bladder troubles, for filariasis and 
as a panacea for a variety of common complaints including 
coughs, colds and sore throat. A decoction of the pounded 
roots is reputedly used as a contraceptive by women who 
have recently given birth.2,3 In Samoa the root is used to treat 
gonorrhoea.2 At one time, kava was used in Hawaii to treat 
skin disorders,4 to soothe nerves, induce relaxation and sleep, 
and to treat general debility, colds and chills.5 Topical applica­
tion in Polynesian medicine included skin diseases, leprosy, to 
prevent suppuration and for vaginal prolapse.3 In traditional 
Western herbal medicine, kava was recommended for acute 
and chronic gonorrhoea, vaginitis (topically), leucorrhoea 
(topically), nocturnal incontinence (particularly when due to 
muscular weakness) and other ailments of the genitourinary 
tract.6 In addition to these applications, the Eclectics rec­
ommended kava for the treatment of neuralgia, toothache, 
earache, ocular pain, dizziness, despondency, anorexia, dys­
pepsia, intestinal catarrh, haemorrhoids and renal colic.7

Summary actions

Anxiolytic, hypnotic, mild sedative, skeletal muscle relaxant, 
local anaesthetic, mild analgesic.

Can be used for

Indications supported by clinical 
trials
Anxiety, nervous tension, restlessness or mild depression of 
non-psychotic origin; menopausal symptoms; insomnia.

Traditional therapeutic uses
For inflammation and infection of the genitourinary tract in 
both men and women; pain of muscular and nervous origin; 
insomnia. Topically for toothache and vaginitis.

May also be used for

Extrapolations from pharmacological 
studies
Improvement of cognitive performance; relaxation of skeletal 
muscle suggests benefit in treating conditions associated with 
skeletal muscle spasm and tension, such as headaches due to 
neck tension; improvement of baroreflex control of the heart 
rate in generalised anxiety disorder; to assist in withdrawal 
from benzodiazepine drugs; pain relief as an analgesic and/or 
local anaesthetic.
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Preparations

Decoction of dried root, aqueous extract or powdered root in 
tablets for internal use; liquid extract for external use or as an 
ingredient in ointments and creams.

Dosage

For anxiolytic activity, the following doses are recommended:
l	 1.5 to 3 g/day of dried root or in decoction
l	 Standardised preparations containing 100 to 200 mg/day of 

kava lactones prepared from the aqueous extract.

The daily dose should be divided throughout the day. 
Clinical trials on standardised extracts employed doses at the 
higher end of this range. For hypnotic activity, the same daily 
quantity can be taken as a single dose 1 h before bed. For the 
other effects of kava, similar or higher doses may be required.

Where tinctures and fluid extracts are legal to use, equiv­
alent doses to the above can be used, but caution regarding 
potential liver reactions should be exercised.

Duration of use

Kava has been used for 6 months in a clinical trial at a dose 
equivalent to 210 mg lactones per day without adverse effects. 
Long-term ingestion of doses equivalent to 400 mg or more of 
kava lactones per day is linked to the development of a scaly 
skin rash in some users.

Summary assessment of safety

Adverse effects from ingestion of kava are not generally 
expected when the recommended dosage is observed. Skin 
reactions and dopamine antagonism have, however, been 
reported. Kava has also been implicated in several idiosyn­
cratic, rare cases of liver damage in humans. Aqueous extracts 
of kava root are likely to be safer in this context.

Technical data

Botany
Piper methysticum is a cultigen derived from P. wichmannii. 
It is indigenous from New Guinea to Vanuatu and is a mem­
ber of the Piperaceae (pepper) family. Kava is a dioecious 
shrub growing up to 3 m in height and is particularly cul­
tivated in Fiji and the western Pacific.8,9 The plant has pale 
green to yellowish leaf blades up to 28 cm long, with up to 
13 veins spreading from the base. The flower spikes are up to 
9 cm long and are borne in the leaf axils.2 The rootstock (also 

referred to as stump) has been erroneously called a rhizome 
by botanists. Kava has no rhizome. From the pithy rootstock 
extends a fringe of lateral roots up to 3 m long. Rootstock 
colour varies from white to dark yellow, depending upon the 
amount of flavokavains present in a lemon-yellow resin. The 
first inflorescence appears at 2 to 3 years of age.10

Adulteration
Instead of a rhizome with the periderm and roots removed, 
kava may be presented for commerce as an unpeeled rhizome 
covered with the cork, or with the roots attached.11 Peelings 
from the root and stump are also used in commerce but 
should be regarded as inappropriate.12

Key constituents
l	 Resin containing 6-styryl-4-methoxy-alpha-pyrone 

derivatives, known as kava pyrones or kava lactones 
(5% to 9%, depending on geographical location),13 
including kavain (or kawain), dihydrokavain (DHK), 
methysticin, dihydromethysticin (DHM), yangonin and 
desmethoxyyangonin11,14

l	 Flavonoids (flavokavains).15

Methysticin

O
O O

O
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Dihydrokavain
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Pharmacodynamics

Sedative and hypnotic activity
In an early study, kava resin and kava lactones did not inter­
act with GABA (gamma-aminobutyric acid) or benzodiaze­
pine-binding sites in the brain.16 Later studies, however, did 
suggest that the kava lactones do have an effect on GABAA 
receptor binding.17 In particular, modulation of brainstem 
GABAergic mechanisms by a kava lactone mixture and DHK 
were observed in vitro18 and several kava lactones enhanced 
the binding of radiolabelled bicuculline to the GABAA recep­
tor in vitro, an effect not based upon an interaction with 
the benzodiazepine receptor.19 Kava extract was found to 
be a reversible inhibitor of monoamine oxidase (MAO)-B in 
intact human platelets, with kavain being the least potent.20 
An investigation of the acute effects of kava extract (250 and 
500 mg/kg, oral) in the mouse found that the lower dose did 
not affect brain neurotransmitter levels, whereas the higher 
dose significantly reduced dopamine.21 These results were in 
agreement with earlier reports.

Kava extracts or purified lactones demonstrated sedative 
effects and induced sleep in a variety of in vivo experimental 
models.22,23 In one study, the total extract of the rootstock 
was more active than any of the isolated kava lactones.24 DHK 
and DHM produced sedation and hypothermia in mice25 and 
kava lactones given to rabbits produced EEG (electroencepha­
logram) changes similar to sedative drugs.26 Kava resin inhib­
ited experimentally induced hypermotility and conditioned 
avoidance responses in mice, but the effect was mild compared 
to antipsychotic drugs. Higher doses of kava caused marked 
sedation.27

Testing of a lactone-free (aqueous) kava extract and kava 
resin by injection in mice indicated that the major pharma­
cological effects of reduced motor control and sleep induc­
tion are due to components in the resin (the kava lactones).28 
Sedative effects were also observed from the injection of the 
aqueous extract of kava.29

Modifications of EEG patterns observed in an experimen­
tal model suggest that kava and kavain induce sleep by act­
ing on the limbic system, in particular the amygdala complex. 
Hence, sleep may be promoted by a modulation of emotional 
processes, leading to an effect on the brain that is different to 
benzodiazepines or tricyclic antidepressants.30 Investigations 
in rats using intraperitoneal injection of lactones suggested 
that changes in the activity of serotonergic neurons could 
explain the sleep-inducing action.31

Kava extract (100 mg/kg providing 50 mg/kg lactones, 
oral) and Passiflora extract (250 mg/kg, oral) were tested 
individually and in combination in a controlled pharmaco­
logical study on hypermotility and sleeping time in mice. 
Both of the herbal extracts exerted statistically significant 
but different sedative effects. Kava reduced the induced 
hypermotility to a greater extent than Passiflora, while 
both herbs prolonged barbiturate sleeping time to a similar 
extent. Pronounced synergism between the two extracts was 
observed when they were administered simultaneously.32,33 
In an experimental model, high doses of ethanol (1.5 to 
3.0 g/kg) potentiated the sedative and hypnotic activity 

of kava resin (350, 450 and 600 mg/kg, oral) and markedly 
increased the toxicity.34

Kava extract was examined for its effect on the sleep-wake 
cycle in sleep-disturbed rats. A significant shortening of sleep 
latency was observed for an oral dose of 300 mg/kg, but with 
no effect on total waking and non-REM sleep time. Kava did 
show a significant increase in delta activity during non-REM 
sleep. The effect of the kava was not antagonised by flumaze­
nil (a benzodiazepine receptor antagonist).35

Anxiolytic activity
Studies using isolated hippocampal tissue of guinea pigs sug­
gest that kavain and DHM may have additive actions and 
could enhance the effects of the anxiolytic serotonin-1A 
agonist ipsapirone. The activation of NMDA receptors and/
or voltage-dependent calcium channels may be involved in 
the elementary mechanism of action.36,37 (NMDA receptors 
are a class of glutamate receptors characterised by affinity for 
N-methyl-D-aspartate.)

A review examined the effect of kava lactones (mainly 
kavain) on neurotransmission and voltage-gated ion channels. 
The findings suggest that kava lactones have a weak sodium 
antagonistic effect that may contribute to their anti-epilep­
tic properties. They have pronounced L-type calcium chan­
nel antagonistic properties and act as positive modulators of 
the early potassium outward current (possibly important 
for mood stabilisation). Furthermore, they exhibit additive 
effects with the serotonin-1A agonist ipsapirone and show a 
distinct pattern of action on glutamatergic and GABAergic 
transmission, without affecting long-term potentiation. The 
authors concluded that the profile of cellular actions exhibited 
by kava overlap with several synthetic mood stabilisers, par­
ticularly lamotrigine.38

Kava extract administered intraperitoneally to mice 
induced behavioural changes in the mirrored chamber avoid­
ance assay and elevated plus-maze assay, consistent with anxi­
olytic activity. The effective doses to achieve a result in 50% 
of mice (ED50) for each model were 125 mg/kg and 88 mg/
kg, respectively. Kava extract also caused a profound decrease 
in locomotor activity (ED50 172 mg/kg). Flumazenil, a ben­
zodiazepine receptor antagonist, did not block any effect of 
kava (as it did with diazepam). The authors suggested that the 
anxiolytic-like behavioural changes and sedation observed for 
kava are not mediated through the benzodiazepine-binding 
site on the GABAA receptor complex.39 However, despite this 
finding, anxiolytic-like behavioural changes for kava extract 
(120 and 240 mg/kg, oral) were similar to diazepam in the 
elevated plus maze test in mice.40

DHK was found to be the lactone most likely responsi­
ble for the anxiolytic activity observed in the Chick Social 
Separation Stress procedure. Intraperitoneal doses of kava 
extract attenuated distress vocalisations in a dose-dependent 
manner. The kava fraction containing the highest concentration 
of DHK was most active and attenuated distress vocalisations 
with a potency equivalent to chlordiazepoxide (CDP).41,42 
Kava extract (up to 560 mg/kg, oral) partially substituted for 
the anxiolytic effects of CDP in rats in a dose-dependent man­
ner, but was less potent than the drug.43
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In a single-blind study against placebo involving six healthy 
volunteers, a standardised extract of kava (300 or 600 mg, 
containing 70% kava lactones) improved cognitive perfor­
mance and stabilised emotional disposition without causing 
sedation. EEG measurements indicate that an anxiolytic activ­
ity was produced without sedative or hypnotic effects.44

Fifty-four healthy volunteers underwent a standardised 
mental stress task and were then randomised to treatment 
for 7 days with either kava (120 mg/day) or valerian extracts 
(600 mg/day), or to a non-placebo control group. After this 
period they repeated the task. The kava and valerian groups 
reported feeling under less pressure and their systolic blood 
pressures were significantly lower, compared to a week ear­
lier (p<0.001 for both groups). Heart rate was reduced in 
the valerian group but not the kava group, and diastolic blood 
pressure did not change in either group. There were no sig­
nificant differences in blood pressure, heart rate or subjective 
reports of pressure in the control group.45

Preliminary findings suggest a beneficial effect of kava on 
the baroreflex control of heart rate (BRC). Significantly more 
patients with generalised anxiety disorder exhibited improved 
BRC following treatment with kava compared to a placebo 
(p<0.05). There was no effect on respiratory sinus arrhyth­
mia, a measure of the heart rate changes occurring with res­
piration. Patients in the study were a subgroup of a larger 
randomised, double blind trial and received kava extract 
(280 mg/day, standardised to 30% kava lactones) or placebo 
for 4 weeks.46

Anticonvulsant, muscle relaxant and  
spasmolytic activities
The potential anticonvulsant activity of kavain was investi­
gated in vitro on stimulated synaptosomes and sodium chan­
nel receptor sites. Results suggested an interaction of kavain 
with voltage-dependent sodium and calcium channels, thereby 
suppressing an induced increase in cytosolic concentrations 
of sodium and calcium and the release of endogenous gluta­
mate.47 Further in vitro tests with kavain and its optical iso­
mer indicated that kavain inhibits veratridine-activated sodium 
channels non-stereospecifically.48 Kavain potently inhibited the 
uptake of labelled noradrenaline (norepinephrine) from synap­
tosomes. This non-selective inhibition may be responsible for 
or contribute to the psychotropic properties of kava lactones.49

Kava lactones have demonstrated anticonvulsant activity 
in several in vivo experimental models.50,51 They were up to 
10 times more effective than mephenesin against the convul­
sant effect of strychnine.44 A mixture of the lactones (similar 
to that found in the root) demonstrated a synergistic effect 
against strychnine-induced convulsions. The potency of the 
mixture was comparable to the most potent lactone (DHM), 
which was present at only 5%.22 When injected intravenously, 
the differences in the anticonvulsant activity of the lactones 
were only small.52 The synergistic effect was more marked for 
oral administration, due to enhanced absorption of the lactone 
mixture. (Despite these in vivo results, kava has not proven 
suitable for the treatment of epilepsy in clinical trials.)

Kava extract and lactones have produced relaxation of skel­
etal muscle in vitro and in vivo.53,54 Investigations in rats using 

intraperitoneal injections of lactones suggested that the skele­
tal muscle relaxant and slightly euphoric actions may be caused 
by activation of the mesolimbic dopaminergic neurons.31

Kava lactones demonstrated a spasmolytic effect in vitro on 
smooth muscle similar to papaverine.1 Studies using isolated 
guinea pig ileum suggest that kavain may exhibit a general 
inhibitory effect on contractile activity, exerting a non-specific 
musculotropic effect on the lipid bilayer of the membrane.55 
Kavain also relaxed aortic rings precontracted with phenyl­
ephrine in a dose-dependent manner in vitro. In addition, 
kavain pretreatment attenuated vascular smooth muscle con­
traction evoked by phenylephrine. Based on additional experi­
mentation, the authors postulated that the effect of kavain on 
impairing vascular smooth muscle contraction is likely via cal­
cium channel inhibition.56 Murine airway smooth muscle con­
traction was inhibited by kavain in vitro using a tracheal ring 
preparation.57

Local anaesthetic and analgesic activities
The kava lactones have potencies similar to cocaine and pro­
caine as local anaesthetics58 and have demonstrated analgesic 
activity in several experimental models.26,59,60 As an anal­
gesic, DHK was superior to aspirin, but considerably less 
potent than morphine. Combined administration of DHK 
with aspirin indicated an additive synergism between the two 
compounds. Caffeine diminished the duration, but not the 
intensity, of the analgesic effects of DHK and DHM.47 Kava 
resin, kava lactones and a lactone-free (aqueous) extract of 
kava all demonstrated analgesic properties in experimental 
models when given by injection. The analgesia produced by 
kava occurs via non-opiate pathways.48 This was confirmed 
using an unspecified kava extract (125 mg/kg, ip) in rats, 
where kava also demonstrated similar activity to morphine 
(10 mg/kg, ip).61

Effects on performance and vision
Ingestion of 500 mL of traditionally prepared kava beverage 
by one person caused changes in visual function. A reduced 
near-point of accommodation and convergence, an increase 
in pupil diameter and disturbance of the ocular muscle bal­
ance were noted. Maximum changes occurred 30 to 40 min 
after taking the kava drink.62 A controlled study found that 
acute administration of a single dose of kava (500 mL of a 1:5 
decoction) did not significantly affect cognition compared to 
placebo, although there was a trend to poorer performance. 
Those receiving kava reported subjective feelings of intoxi­
cation (apparent from increased body sway), which peaked 
approximately 1 h after ingestion, but there was a high degree 
of individual variation. Three of the twelve volunteers who 
received kava reported feeling nauseous.63

However, another similar study involving 18 people found 
no effect on reaction time or errors with typical and excessive 
doses of a traditional cold macerate of root powder.64 Also, in 
a double blind study, 40 healthy subjects received standard­
ised kava extract (300 mg, containing 210 mg kava lactones) to 
assess the effect on performance capability relevant to operat­
ing machines and driving. No significant changes were found.65 
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Hence, any adverse effects are likely dose related. In a small 
acute randomised study, neither a single dose of 30 g of kava 
powder nor 1 g/kg produced any significant changes on cognitive 
function, compared with a control group of non-kava users.64

In a double blind, crossover study to study the effect 
on event-related potentials in a word recognition task, 12 
healthy volunteers received the benzodiazepine drug oxaz­
epam (3 days of placebo, 15 mg on the day before test­
ing, 75 mg on the morning of testing) or standardised kava 
extract (600 mg/day for 5 days, containing 420 mg/day kava 
lactones). While there was a significant decrease in the 
quality and speed of responses with oxazepam in several 
psychometric tests, no changes were observed with kava 
treatment. In a memory test using word recognition, there 
was a tendency for kava to improve reaction times and cor­
rect answers that was not statistically significant, whereas 
oxazepam significantly slowed reaction times and reduced 
the number of correct answers. The changes in event-related 
potentials induced by kava during the word recognition 
task were quite different to those caused by oxazepam.66 
In another trial using a similar design, 12 healthy men were 
tested in a visual search paradigm assessed by event-related 
potentials. Results indicated kava had a positive effect on the 
allocation of attention and processing capacity, while these 
were reduced by oxazepam.67

In a placebo-controlled, double blind study involving 40 
healthy volunteers, the effect of a standardised kava extract 
(300 mg/day for 8 days, containing 210 mg/day kava lactones) 
combined with ethanol (0.05% blood alcohol concentra­
tion) on safety-related performance parameters was investi­
gated. No negative effects were caused by the kava. In fact, 
it tended to counter the adverse effect of alcohol on mental 
concentration.68

In another randomised, placebo-controlled trial, acute 
administration of a very high dose of kava (1 g/kg) combined 
with alcohol (0.75 g/kg) potentiated both the perceived and 
measured impairment of motor and cognitive function pro­
duced by alcohol alone.69 Since this study used excessive 
doses of kava, its relevance to normal clinical use must be 
questioned.

In a randomised, double blind, crossover clinical study, 
12 healthy volunteers received single doses of the following: 
standardised kava extract (containing 120 mg kava lactones), 
diazepam (10 mg) or placebo. Neurophysiological and psycho­
physiological tests were conducted immediately before and 
2 and 6 h after administration of the preparations in order to 
compare mental alertness. Results for both test groups (kava, 
diazepam) differed significantly from the placebo group. 
Differences were also apparent between diazepam and kava. 
The increase in beta-activity, specific to benzodiazepines, did 
not occur with kava. In addition, the action of kava was undi­
minished 6 h after its application. In one of the psychophysi­
ological tests, performance of complex challenges by kava 
recipients was better than for placebo or diazepam, despite 
the relaxing properties of kava. An apparently contradictory 
combination of properties (increased relaxation and increased 
performance) was thereby confirmed for kava.70

The objective of the another study was to evaluate whether 
simultaneous administration of bromazepam (4.5 mg twice 

daily) and kava extract (containing 120 mg of kava lactones, 
twice daily) would produce an effect on safety-related per­
formance over and above those anticipated by either single 
treatment.71 A double blind, randomised, three-way crossover 
design was used with 18 healthy volunteers. Performance was 
measured at 0, 1, 2 and 14 days after each treatment, with a 
7-day washout between treatment periods. Seven computer-
assisted mental performance tests were used to assess cogni­
tive performance: visual orientation, extended concentration, 
acoustic reaction time, discriminative reaction time, stress 
tolerance, vigilance and motor coordination. Vigilance, stress 
tolerance and motor coordination worsened with bromazepam 
and the combination, but remained unchanged with kava. 
Overall, bromazepam and the combination produced the most 
pronounced impairment of well-being (mainly fatigue). The 
authors concluded that kava extract plus a benzodiazepine is 
unlikely to produce greater effects on general well-being and 
the mental performance aspects required for safety than the 
benzodiazepine alone. Moreover, patients do not appear to be 
exposed to additional side effects or risks while taking both 
treatments at the same time. (See also the Interactions sec­
tion below.)

Anticancer activity
Kava extract (standardised to 70% kava lactones), isolated 
kava lactones and isolated flavokavains (A, B and C) were 
assessed for their effect in vitro on human bladder cancer 
cells. Both the kava extract and flavokavains exhibited strong 
antiproliferative and apoptotic effects. Kavain was inactive. 
Flavokavain A (50 mg/kg/day for 25 days, oral) was further 
tested in vivo on mice injected with bladder tumour cells and 
was found to attenuate tumour growth by 57%.72 (An aque­
ous extract of kava will be low in flavokavains.) Follow-up 
research showed that flavokavain A induced cell-cycle arrest 
in wild-type P53 and mutant P53 bladder cancer cells in 
vitro.73 The same research group also found that flavokavain 
B induced apoptosis in androgen receptor negative, hormone 
refractory prostate cancer cell lines. Treatment of mice bear­
ing xenograft tumours with flavokavain B (50 mg/kg/day, oral) 
resulted in tumour growth inhibition.74

The correlation between age-standardised cancer inci­
dences and kava consumption in the South Pacific (traditional 
places of kava consumption) was investigated in an epide­
miological study. The cancer incidences in countries such as 
Vanuatu and Fiji, despite high tobacco consumption, were 
found to be low.75 Furthermore, later work demonstrated that 
cancer incidences in those populations were especially lower 
in men (the main users of kava), despite much higher smok­
ing rates.76 Data collected found a close inverse relationship 
between cancer incidence and kava consumption.75

Kava has certainly demonstrated chemopreventative 
activity in mice. At a dose of 10 mg/g diet, 30-week kava 
treatment reduced lung tumour multiplicity by 56% after 
repeated exposure to carcinogens.77 Mechanistically, kava 
inhibited proliferation and enhanced apoptosis in the lung 
tumours. A study in six healthy New Caledonian kava users 
found an association with CYP1A2 inhibition. While this 
lends to the possibility of drug interactions (see later), the 
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authors also pointed out that CYP1A2 is also responsible for 
the metabolic activation of potent carcinogens such as afla­
toxins.78 Hence, regular kava users may be protected from 
the carcinogenic effects of certain environmental toxins (see 
also below).

Other activity
Kava has been traditionally used as an antibacterial agent, 
especially for urinary tract infections, but in vitro studies have 
failed to establish any significant antibacterial activity.79,80 
Some kava lactones exhibited potent fungistatic activity 
against a wide variety of pathogenic fungi, excluding species 
of Candida.59 It is possible that the reputed effectiveness of 
kava in bacterial urinary tract infections is for different rea­
sons. The lactones can undergo chemical changes before being 
excreted in the urine, which might enhance antimicrobial 
activity.81,82

Kava extract, methysticin and DHK protected brain tissue 
against ischaemic damage in experimental models. The results 
were similar to those produced by the anticonvulsant com­
pound memantine.83 Kava extract (100 and 200 mg/kg, oral) 
inhibited haloperidol-induced catalepsy in rats.84 DHK was 
also active at 100 mg/kg. Hence, kava is unlikely to be respon­
sible for central dopaminergic antagonism. Kava resin did not 
produce physiological tolerance or learned tolerance in mice 
when administered at a minimally effective daily dose for 7 
weeks or 3 weeks respectively. A considerably higher dose 
caused partial physiological tolerance.85

Antithrombotic activity observed for kavain in vitro is 
likely to be due to inhibition of cyclo-oxygenase (COX), 
which suppresses the generation of thromboxane A2.86 
COX-1 and COX-2 inhibition was later reported in vitro 
for an ethylacetate kava extract and isolated kava lactones. 
DHK and yangonin showed the strongest inhibitory effect 
at 100 µg/mL against both enzymes, activity comparable 
to the anti-inflammatory drugs ibuprofen, naproxen and 
aspirin.87

Five isolated kava lactones from a methanolic extract 
of kava (desmethoxyyangonin, yangonin, kavain, DHK and 
methysticin) were tested in TNF-alpha (tumour necrosis fac­
tor-alpha) release assays. Results showed significant inhibition 
of TNF-alpha release by desmethoxyyangonin and yangonin 
in vitro, with IC50 values of 17 µM and 40 µM, respectively. 
Each isolated kava lactone or kava root powder was given to 
diabetic mice via ip injection at 10 mg/kg. TNF-alpha pro­
duction was then stimulated by lipopolysaccharide (LPS). 
Both the kava powder and individual lactones significantly 
suppressed TNF-alpha release. DHK showed the strongest 
inhibitory activity in vivo, but was weakest in vitro.88 More 
recently, kavain was found to counter the LPS-stimulated 
release of TNF-alpha in vitro and in mice (at a dose of 40 mg/
kg, ip).89

Flavokavains A and B, as well as kavain and DHK, were 
shown to inhibit NF-kappaB driven reporter gene expression 
and TNF-alpha-induced binding of NF-kappaB to a consensus 
response element in vitro. In addition, kavain and flavokavains 
A and B countered IkappaB (inhibitor of kappa-B) degrada­
tion.90 Using an in vitro luciferase-based assay with a human 
lung adenocarcinoma cell line, methysticin was identified as 

a potent NF-kappaB inhibitor with minimal toxicity.91 Other 
kava constituents demonstrated minimal activity. The authors 
suggested that methysticin might be responsible for kava’s 
chemopreventative efficacy.

Pharmacokinetics
The bioavailability of kava lactones has been investi­
gated using in vitro models. In one model employing filter- 
immobilised artificial membranes, assembled from phosphati­
dylcholine in dodecane, the kava lactones were found to be 
highly mobile.92 Of the five lactones tested, kavain had inter­
mediate permeability. Kava lactones readily crossed a Caco-2 
monolayer in vitro. The apparent permeability of kavain from 
ethanol extracts was higher than from water extracts or for 
the isolated compound.93 Based on an assessment of molec­
ular characteristics and the available in vitro data, kavain 
was suggested as the best marker of bioavailability for kava 
extracts.94

After oral doses of kava lactones in rats, approximately half 
the dose of DHK was found in the urine within 48 h, of which 
around two-thirds was hydroxylated metabolites. Lower 
amounts of urinary metabolites were recorded for the other 
major lactones.82 Kava lactones are more rapidly absorbed 
when given orally as an extract of the root than when given 
as single compounds. The bioavailability of lactones is up to 
three to five times higher for the extract than when given as 
single substances.95

Kava lactones showed a range of uptake rates into brain tis­
sue when administered as single compounds by intraperito­
neal injection to mice. However, when crude kava resin was 
administered the same way, the brain concentrations of two 
lactones were markedly increased (two to 20 times), while 
the others remained at the level established for their individ­
ual injection.96

Kavain (100 mg/kg) was administered orally to rats with 
and without co-administration of kava extract (256 mg/kg)  
and effects on drug disposition were monitored. Kavain 
was rapidly absorbed into the systemic circulation. Greater 
than 90% of the dose was eliminated within 72 h, chiefly in 
urine, and no tissue accumulation was observed. Mean bio­
availability of kavain following a single oral dose was 50±7%. 
Co-administration of kava extract caused a tripling of the 
kavain area-under-the-curve (AUC) (0–8 h) and a doubling 
of Cmax, showing an increase in oral bioavailability (the kava 
extract only delivered an extra 22 mg/kg of kavain). However, 
a 7-day pre-treatment with the kava extract did not affect 
the pharmacokinetics on kavain taken alone on day 8. The 
increased bioavailability of kavain was suggested to be due 
to an inhibition of the cytochrome P450 system rather than 
P-glycoprotein.97

Several of the above findings suggest that kava lactones are 
more bioactive and bioavailable when administered as the root 
extract rather than as isolated compounds.

There have also been some limited pharmacokinetic 
studies in humans. In an early study, urine was collected 
from five healthy volunteers after an oral dose of 200 mg 
of kavain.98 The main metabolites of kavain in urine were 
hydroxylation products of the aromatic ring. In addition, 
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opening of the lactone ring, hydroxylation of the lactone 
ring and subsequent dehydration and reduction of the 
7,8-double bond were observed, with further degradation 
also occurring from these steps. The bulk of the kavain 
dose was excreted as phase II conjugates. However, differ­
ent metabolites were observed for an aqueous kava extract 
given to healthy male volunteers.81 All the main lactones 
were detected in urine, and the observed metabolic findings 
included reduction of the 3,4-double bond and/or demeth­
ylation. Neither dihydroxylated metabolites nor products 
from ring opening were found.

A single oral dose of 800 mg of kavain was administered 
as a self-medication study.99 Within 1 and 4 h after uptake, 
the serum concentrations ranged between 40 and 10 ng/
mL for kavain, 300 and 125 ng/mL for p-hydroxykavain, 90 
and 40 ng/mL for o-desmethyl-hydroxy-5,6-dehydrokavain, 
and 50 and 30 ng/mL for 5,6-dehydrokavain. The metabo­
lite p-hydroxy-7,8-dihydrokavain was found in urine only. 
The compound 6-phenyl-3-hexen-2-one was identified as a 
metabolite of DHK and kavain (as the mercapturic adduct) 
in the urine of two people given kava extract.100 Other novel 
metabolites (as glucuronate and sulphate conjugates) have 
also been found in urine after ingestion of a kava extract by a 
human male volunteer.101

Clinical trials

Anxiety
Some earlier trials on anxiety used purified kavain, typically 
at a dose of 400 mg/day. For example, in a placebo-controlled, 
double blind study of 84 patients with anxiety symptoms, 
kavain improved vigilance, memory and reaction time.102 
Kavain demonstrated equivalent activity to an antianxiety 
drug (oxazepam) in a placebo-controlled, double blind trial 
involving 38 patients with anxiety associated with neurotic 
disturbances.103 The treatments proved to be equivalent in 
the nature and the potency of their anxiolytic action. Both 
caused progressive improvement in two different anxiety 
scores over a 4-week period.

Some case reports and open label trials reporting anxio­
lytic activity for kava have been published. For example, in 
an open, observational, multicentre study involving 52 out­
patients suffering from anxiety of nonpsychotic origin, 81% 
of patients rated kava treatment as ‘very good’ or ‘good’ 
on a global improvement scale. Symptoms of anxiety, rest­
lessness and tension also showed a pronounced decrease 
from baseline on a physician-rated scale. Patients received 
between 200 and 600 mg/day of standardised kava extract 
(corresponding to 100 to 300 mg/day of kava lactones) for 
a mean treatment duration of 51 days. Adverse events were 
rare and mild.104

A 37-year-old female outpatient with generalised anxi­
ety disorder, a simple phobia and a specific social phobia was 
treated with kava extract at 150 mg three times a day (total 
daily dose was equivalent to 135 mg kava lactones). After 4 
weeks, the patient reported her symptoms were improved by 
75%, and clinical tests also reflected this improvement. After 
6 months, all clinical and self-rated outcome measures were 

close to normal. No adverse events were encountered by the 
patient.105

In apparently the first published randomised, double 
blind, placebo-controlled trial assessing kava, a proprietary 
extract was evaluated as an acute preoperative medication 
for anxiety in 60 patients undergoing surgery.106 Following 
the kava extract (60 mg), anxiety levels were lower com­
pared to the placebo group, with lower requirement for 
anxiolytic drugs.

In a randomised, placebo-controlled, double blind study 
involving patients with anxiety not due to psychotic disorders, 
a standardised kava extract significantly improved measures 
of anxiety and depression.107,108 Patients received a stand­
ardised kava extract (300 mg/day, containing 210 mg kava 
lactones) or placebo over a 4-week period. For patients given 
the kava extract, there was a significant reduction of anxiety 
as measured using the Hamilton Anxiety Scale (HAMA, for 
total score, p<0.02). The difference in anxiety between kava 
and placebo began in the first week and increased during the 
course of treatment. There were no adverse effects reported 
for the kava extract.

A standardised extract of kava was compared to the ben­
zodiazepine drugs bromazepam and oxazepam in a ran­
domised, controlled, double blind study. One hundred and 
seventy-six outpatients were divided into three approximately 
equal groups. One group received kava extract equivalent 
to 210 mg/day of kava lactones, the second group received 
15 mg of oxazepam per day and the third group received 9 mg 
of bromazepam. The total HAMA Score was reduced from 
27.3 to 15.6 after 6 weeks of kava treatment, compared to 
27.3 down to 13.4 for bromazepam and 27.7 down to 16.6 
for oxazepam. Statistical analysis showed that kava treatment 
was equivalent in efficacy to the benzodiazepine drugs. Side 
effects were higher in the conventional drug groups.109 These 
findings were confirmed in a later three-arm study of simi­
lar design involving 145 patients. This study also included a 
14-week, open, long-term treatment phase immediately after 
the 6-week double blind study. Anxiety symptoms continued 
to decline in this open phase with all the treatments, includ­
ing kava.110

Although there were positive outcomes for the use of 
kava demonstrated in the above controlled trials, none of 
the trials lasted for more than 6 weeks, the inclusion crite­
ria were insufficiently defined and patient numbers were 
relatively small. These issues were addressed in a study pub­
lished in 1997. In a randomised, placebo-controlled, double 
blind, multicentre study, 100 patients presenting with nerv­
ous anxiety, tension and restlessness of non-psychotic ori­
gin (DSM-III-R) were followed over a period of 6 months. 
Patients were randomised to receive either 300 mg/day of a 
kava extract containing 210 mg of kava lactones (equivalent 
to about 4 g of dried root) or placebo. Assessment was based 
on changes in the cumulative HAMA Score in addition to 
other assessments. Comparison of the pre- and post-therapy 
HAMA scores revealed a significant (p=0.0015) superior­
ity of the kava treatment against placebo. The difference 
between the two treatment groups was apparent after 8 
weeks (p=0.055). Kava treatment led to a marked reduc­
tion in the symptoms of anxiety, together with its physical 
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and psychic manifestations. In addition, the accompanying 
depressive component was positively influenced by kava. 
During the study, six adverse events in five patients were 
reported in the kava group. Four of these were rated by the 
investigator as not being related to the treatment, two (in 
both cases stomach upset) were rated as ‘possibly related’. 
Fifteen adverse events from nine patients were reported in 
the placebo group. Seven patients dropped out under pla­
cebo and three under kava (two of these three were due 
to improvement of symptoms). There was no significant 
change in biochemical parameters during the study period 
and the overall tolerability of kava was rated as excellent. 
The authors concluded that their results support kava as a 
treatment alternative to tricyclic antidepressants and ben­
zodiazepines in anxiety, with proven long-term efficacy and 
apparently none of the tolerance problems associated with 
these drugs.111,112

Sixty patients experiencing daily stress and anxiety of a 
non-clinical nature were enrolled in a randomised, double 
blind, placebo-controlled trial.113 After 4 weeks of 400 mg/
day of a proprietary kava extract there were significant differ­
ences observed for daily stress and anxiety compared to pla­
cebo (p<0.001). No side effects were reported.

A number of large postmarketing surveillance studies 
were also reported in the 1990s. Treatment of 3029 patients 
with standardised kava extract (800 mg/day, containing 
240 mg kava lactones) over a minimum of 4 weeks resulted 
in improvement of primary symptoms such as nervousness, 
restlessness and anger. Other indications including sleep 
disturbances, menopausal complaints, muscle tension and 
sexual disturbances were also improved. Sixty-nine patients 
recorded undesirable side effects, including allergic reaction, 
gastrointestinal complaints, headache or dizziness.114 At the 
end of almost 5 weeks of treatment with standardised kava 
extract, symptoms of nervousness, restlessness and fear were 
reduced in 1673 patients. Mild adverse effects were experi­
enced in 1.7% of patients.115 Similar improvement in symp­
toms and a similar percentage of mild adverse reactions were 
observed in 4049 patients treated with standardised kava 
extract (150 mg/day, containing 105 mg kava lactones) for 7 
weeks.116

Kava has also been shown to exert a therapeutic benefit in 
situational anxiety. In a randomised, double blind, placebo-
controlled trial (n=20), standardised kava extract taken for 
1 week significantly reduced anxiety in patients awaiting the 
results of medical diagnostic tests for suspected breast carci­
noma (p<0.05). Fatigue, introverted behaviour, excitability 
and depression trended lower compared to placebo (p=0.09, 
p=0.06, p=0.07 and p=0.08, respectively) and alertness was 
significantly increased (p=0.05) in patients receiving kava 
extract. The daily dose of kava contained 150 mg of kava 
lactones and corresponded to approximately 2.5 g of original 
dried root.117

Results from one study suggest a role for kava in facilitat­
ing benzodiazepine withdrawal. A standardised kava extract 
was significantly superior to placebo in the treatment of anxi­
ety disorders of non-psychotic origin in a randomised, double 
blind trial lasting 5 weeks and involving 40 patients who had 

previously been treated with benzodiazepines. During the 
first treatment week, the dosage of kava extract was increased 
from 50 to 300 mg/day in the test group and pretreatment 
with benzodiazepines was tapered off over 2 weeks. These 
dosage adjustments were then followed by 3 weeks of treat­
ment with kava extract (300 mg/day) or placebo. Outcomes 
were measured by HAMA scores and a subjective well-being 
scale (Bf-S). Kava extract was superior to placebo in both 
scales (p=0.01 and p=0.002, respectively, and was well 
tolerated.118

Kava extract (400 mg/day, containing 120 mg kava lac­
tones) was compared to buspirone (10 mg/day) and opipra­
mol (100 mg/day) for the treatment of generalised anxiety 
disorder in a three-arm randomised, double blind multicen­
tre clinical trial. The treatment duration was 8 weeks and 
the trial involved 129 outpatients. Results demonstrated 
no difference between the safety and efficacy of the three 
treatments, with the authors concluding that kava was well 
tolerated and as effective as buspirone and opipramol.119

The efficacy and tolerability of 150 mg/day of kava 
extract (containing 105 mg kava lactones) were investi­
gated in a 4-week, randomised, placebo-controlled, double 
blind study in 141 patients suffering from neurotic anxi­
ety (according to the DSM-III-R).120 While the impact of 
kava on the Anxiety Status Inventory Clinical Global 
Impressions Scale (CGI) was greater than placebo, these 
differences did not achieve statistical significance. As noted 
by the authors, this lack of a significant finding might be 
due to the lower dose of kava used compared with other 
published trials. The kava extract was well tolerated, with 
no influence on liver function tests and only one minor side 
effect (tiredness).

A later study did show a positive effect from this dose of 
kava lactones. Fifty patients were treated with a daily dose 
of 150 mg of kava extract (containing 105 mg kava lactones) 
during a 4-week treatment period, followed by a 2-week 
safety observation phase in a double blind, placebo-controlled 
clinical trial.121 In the active treatment group, the total 
HAMA score showed a therapeutically relevant reduction 
in anxiety versus placebo (more than four points). This was 
not significant for intention-to-treat analysis, but did reach 
significant for per-protocol analysis (p=0.03). In the second­
ary variables studied, the HAMA ‘somatic and psychic anxi­
ety’ subscales, the Erlangen Anxiety, Tension and Aggression 
Scale, the brief personality structure scale (KEPS), the adjec­
tive checklist (EWL 60-S) and CGI, a trend in favour of kava 
was detectable. Kava was well tolerated and showed a good 
safety profile with no adverse events or post-study with­
drawal symptoms.

A systematic review of clinical trials involving kava for 
the treatment of non-psychotic anxiety was undertaken 
in 2002 on behalf of the Cochrane Collaboration, pub­
lished in 2003, and updated in 2005. Twelve out of 22 
randomised, double blind, placebo-controlled trials involv­
ing a total of 700 participants met the inclusion criteria. 
A meta-analysis of seven trials using the total HAMA 
score as a common outcome measure suggested a sig­
nificant reduction in anxiety for patients receiving kava 
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extract compared to those receiving placebo (all seven tri­
als are reviewed in detail in this monograph). The dosage 
of standardised kava extract prescribed varied from the 
equivalent of 105 to 210 mg/day of kava lactones and the 
duration of treatment ranged from 4 to 24 weeks.122 A sys­
tematic review of herbal remedies for anxiety (that essen­
tially reflected the Cochrane analysis for kava) concluded 
that only kava has been shown beyond reasonable doubt to 
have anxiolytic effects in humans.123

A meta-analysis was performed on six randomised con­
trolled trials that used only the kava acetone-water extract 
(containing 70% kava lactones) to avoid heterogeneity.124 This 
was undertaken as a supplement to the Cochrane meta-analy­
sis. The one trial that used a female-only cohort was excluded 
to reduce the heterogeneity further.125 As a result, the effect 
of kava on anxiety was reduced slightly, but remained signifi­
cant (p=0.0738 for a continuous outcome, p<0.0001 for a 
binary outcome). Sub-group analyses were also performed for 
age and gender. Improvement of symptoms was noted to be 
better in younger people (95% CI −0.37 to 17.7, p=0.054) 
and women (95% CI −1.20 to 15.2, p=0.079). The authors 
concluded that this specific kava extract was effective in 
patients with non-psychotic anxiety disorders and also sug­
gested, based on their analysis, that higher doses give results 
that are more positive.124

Another ‘meta-analysis’ of kava in generalised anxiety dis­
order, according to the DSM-IV) pooled the results of just 
three placebo-controlled trials, only one of which had been 
published.126 The initial dose contained 140 mg/day kava lac­
tones for 1 week, increasing to 280 mg/day for all three trials. 
Results of the published trial (duration of 4 weeks) showed 
no significant difference between kava and placebo for 37 
patients in terms of a reduction in the HAMA score.127 Kava 
showed improvement in low anxiety groups for the Hospital 
and Anxiety Depression Scale, an effect deemed non-signif­
icant with respect to placebo. Improvement was significant 
(p<0.01) for the Self Assessment of Resilience and Anxiety 
scale in low anxiety only. Kava treatment was well tolerated. 
Results for 58 patients were pooled in the meta-analysis 
according to HAMA scores. Overall, the authors concluded 
that kava extract was safe yet ineffective for the treatment 
of generalised anxiety disorder, due to the lack of any sta­
tistical significance of the extract over placebo.126 The two 
unpublished trials had been discontinued prematurely due to 
hepatotoxicity concerns; hence, this meta-analysis has severe 
limitations, especially the low total patient number and the 
lack of completion of two of the three trials. As such, its rele­
vance to the overall assessment of the clinical efficacy of kava 
for anxiety is quite minor.

A randomised, double blind, placebo-controlled trial 
used a novel Internet-based design to determine if: kava was 
effective for reducing anxiety and valerian was effective for 
improving sleep quality.128 After an initial survey, 391 eligi­
ble participants were mailed 4 weeks’ supply of either kava 
(delivering 300 mg/day kava lactones) with valerian placebo 
(n=121), valerian with kava placebo (n=135) or double pla­
cebo. Neither study treatment was statistically superior to 
placebo, as assessed by questionnaires completed by the trial 

participants. The kava was well tolerated. Since the authors 
did not independently verify the quality of the US products 
they used in the trial, results should be interpreted with 
caution.

A water-soluble extract of kava was found to be effec­
tive in treating anxiety and improving mood in people with 
chronic anxiety. This short-term placebo-controlled, double 
blind, crossover trial is the first for evaluating the water-
soluble extract.129,130 After 1 week of placebo (pretreat­
ment phase), 41 adults with 1 month or more of elevated 
generalised anxiety received aqueous kava extract providing 
250 mg/day of kava lactones or placebo tablets for 1 week 
(phase I). Participants then swapped treatments for an addi­
tional week (phase II). HAMA scores were found to be 
reduced by an average of 9.9 points when kava was received 
during phase I, compared to a reduction of 0.8 for placebo. 
They reduced by an average of 10.3 points when kava was 
received during phase II, compared to an increase of 3.3 for 
placebo. Considering both phases of the trial, the effect of 
kava in reducing anxiety was highly significant compared 
to placebo (p<0.0001). The reduction of 11.4 points over 
placebo on HAMA compared favourably to benzodiaz­
epine efficacy. Significant relative reductions in depres­
sion (Montgomery-Asberg Depression Rating Scale) were 
also evident (p=0.003). No serious adverse effects were 
observed.

In the first randomised, double blind, placebo-controlled 
trial using a combination of St John’s wort (900 mg/day 
standardised to 0.3% total hypericins) and kava (aqueous 
extract delivering 150 mg/day kava lactones) for the treat­
ment of major depressive disorder with co-morbid anxi­
ety, 28 patients were followed over 4 weeks.131 The trial 
employed a crossover design. On both intention-to-treat 
(p=0.047) and completer analyses (p=0.003), the combina­
tion effected a significantly greater reduction in self-reported 
depression on the Beck Depression Inventory over placebo in 
the first controlled phase. However, in the crossover phase 
a replication of these effects did not occur. There was no 
significant impact on anxiety (Beck Anxiety Index) in either 
phase of the trial.

Insomnia
The efficacy of standardised kava extract was investigated in 
a placebo-controlled trial with 12 healthy volunteers over 4 
days. Placebo was taken for 3 days and followed the next day 
by three divided doses totalling either 150 mg kava extract 
(containing 105 mg kava lactones) or 300 mg extract (con­
taining 210 mg kava lactones). With kava administration the 
time to fall asleep and the light sleep phase were shortened, 
the deep sleep phase was lengthened, the duration of REM 
sleep was not influenced and the duration of wakeful phases 
in sleep EEG recordings was decreased. These effects were 
viewed as being favourable, especially compared with con­
ventional sedatives such as benzodiazepines and barbiturates, 
which depress both REM and deep sleep. Kava administration 
also increased the density of sleep spindles, an effect which 
was comparable to sedative drugs.132
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In a pilot, open label study, patients suffering from stress-
induced insomnia were treated in each phase of 6 weeks 
with a daily dose of 120 mg of a kava extract standard­
ised to 30% kava lactones (n=24), then valerian extract at 
600 mg (n=19), then the combination of kava and valerian  
(n=19), with 2-week washout periods between each treat­
ment phase.133,134 Total stress severity was significantly 
relieved by the kava and valerian single treatments (p<0.01) 
as measured in three areas: social, personal and life events. 
Insomnia was significantly relieved by the combination of 
kava and valerian (p<0.05)133 and the individual treatments 
(p<0.01).134 On direct questioning, 16 patients (67%) 
reported no side effects while on kava, versus 10 (53%) 
for valerian and 10 (53%) for the combination. The ‘com­
monest’ such effects were vivid dreams with kava plus vale­
rian (four cases, 21%) and with valerian alone (three cases, 
16%), followed by gastric discomfort and dizziness with 
kava (three cases each, 3%).133 The dose of kava lactones 
used in the trial was relatively low and the results are lim­
ited by the lack of a placebo group.

A randomised, placebo-controlled, double blind, multi­
centre clinical trial assessed a kava extract in sleep distur­
bances associated with anxiety disorders in 61 patients. 
The dose of kava extract used was 200 mg/day (containing 
140 mg kava lactones) over a period of 4 weeks. Statistically 
significant group differences were demonstrated in favour 
of the kava group as measured by the sleep questionnaire 
SF-B sub-scores ‘Quality of sleep’ and ‘Recuperative effect 
after sleep’ (p=0.007 and p=0.018, respectively). Superior 
therapeutic efficacy was also demonstrated for kava extract 
over placebo by way of the Bf-S self-rating scale of well-
being, the CGI and the HAMA psychic anxiety sub-score 
(p=0.002).135

A 2005 review of medicinal plants for insomnia suggested 
that kava ‘… is a well-established hypnotic drug, with a rapid 
onset of effect, adequate duration of action and minimal 
morning after-effects.’136 However, concerns were expressed 
over hepatotoxicity.

Other conditions
Past and recent clinical trials indicate kava extract and kava 
lactones (especially DHM) are not suitable for the treat­
ment of epilepsy. Although efficacy was observed in grand 
mal seizures, the trials were abandoned due to incidence 
of side effects (mainly skin problems) when used long-
term and in high doses. No efficacy was observed with petit 
mal.137,138

A randomised, double blind, placebo-controlled clini­
cal trial was undertaken using a single dose of 300 mg kava 
extract (containing 90 mg kava lactones) to assess its impact 
on emotional reactivity and cognitive performance in 25 
kava-naive healthy volunteers.139 The primary measure used 
was the state-trait-cheerfulness inventory (measuring three 
concepts of cheerfulness, seriousness and bad mood as both 
traits and states). The Sperling partial report was used to 
examine cognitive performance and the Sternberg item 
recognition task assessed visual attention and short-term 

memory processing. These tests were commenced 60 min 
after kava or placebo intake. Significant differences were 
found for kava in the Sperling partial report results, with 
an increase in correct responses (p=0.006) and a decrease 
in incorrect responses (p=0.009). The Stenberg task also 
reflected a benefit for kava, with a decreased average reaction 
time (p<0.001) and an increase in the percentage of correct 
responses to probed stimulus (p=0.006), indicating superior 
recognition. Overall, kava was found to improve performance 
on a visual search paradigm, facilitate word recognition and 
enhance the speed of access of information from long-term 
memory. Kava also increased positive affectivity related 
to exhilaration (p=0.0001), hence the authors postulated 
that the improved cognition may be secondary to its mood-
enhancing properties.139

In a randomised, placebo-controlled, double blind trial of 
40 patients with neurovegetative symptoms associated with 
menopause, a standardised kava extract (containing 210 mg 
kava lactones per day for 8 weeks) produced a significant 
reduction in anxiety, depression, severity of symptoms and 
menopausal symptoms (p<0.01). The subjective well-being 
of patients improved with kava and the herbal treatment was 
well tolerated.125

The effect of kava extract on menopausal anxiety in com­
bination with hormone replacement therapy was assessed in 
a 6-month, randomised controlled trial.140,141 A total of 40 
women were assigned to four groups. The first two groups 
comprised women with physiological menopause, and treat­
ment was 50 µg/day of topical oestradiol plus 50 mg/day oral 
progestogen for 15 days every 3 months, plus either kava 
extract (100 mg/day, containing 55% kavain) or placebo. The 
second two groups comprised women with surgically induced 
menopause and used the same treatment model as above, 
but without the progestogen. A significant reduction in the 
HAMA score was observed across all groups; however, the 
decrease was more significant in the kava groups than in the 
hormone-only groups (p<0.05).

In a 3-month, open label, controlled study, 68 perimeno­
pausal women were randomly assigned to receive calcium sup­
plementation (n=34, control), calcium plus kava extract at 
100 mg/day (n=15) or calcium plus 200 mg/day kava extract 
(n=19).142 The kava extract contained 55% kavain. In the 
control group during the 3 months, anxiety, depression and 
climacteric symptoms tended to decline, but not significantly. 
During kava therapy (pooled results for both doses), all of 
the clinical measures declined significantly from baseline, but 
only for anxiety was the decline significantly different to the 
control group (p<0.009). Side effects of nausea and gastric 
pain were observed in one patient in the control group and six 
receiving kava.

In an observational, open label trial involving 42 patients 
with different psychiatric diagnoses receiving neuroleptic 
drugs, kava extract (100 to 300 mg/day, containing 70% kava 
lactones) significantly reduced extrapyramidal signs and symp­
toms (parkinsonism, dystonia and dyskinesia, p<0.001).143 
The concomitant intake of kava extract was well tolerated by 
the patients.
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Toxicology and other safety data

Toxicology
The following LD50 data have been recorded for kava extracts 
and constituents and indicate low acute toxicity:

Substance Route, model LD50 Reference

Standardised kava extract 
(containing 70% kava 
lactones)

Oral, mice 1.8 g/kg 144

Standardised kava extract 
(containing 70% kava 
lactones)

Oral, rats 16 g/kg 144

Standardised kava extract 
(containing 70% kava 
lactones)

ip mice 380 mg/kg 144

Standardised kava extract 
(containing 70% kava 
lactones)

ip rats 370 mg/kg 144

Kava extract (undefined) ip rats 250 mg/kg 145

Kava resin Oral, mice 700 mg/kg 60

Dihydrokavain Oral, mice 980 mg/kg 144

Dihydromethysticin Oral, mice 1050 mg/kg 144

Kavain Oral, mice 1130 mg/kg 144

Methysticin Oral, mice > 800 mg/kg 144

Yangonin Oral, mice > 1.5 mg/kg 144

In vitro testing on kavain found neurotoxic effects only 
at high concentrations, but it may adversely affect neuronal 
recovery.146 An ethanolic extract of kava and three isolated 
lactones did not display metabolic toxicity (activation to toxic 
metabolites) in vitro using human lymphoblastoid cells.147

Chronic administration of DHK (50 mg/kg/day, ip) three 
times a week for 3 months to rats produced no evidence of 
chronic toxicity. Six single doses to cats also did not produce 
chronic toxicity in terms of the haematological parameters 
measured, although a reversible dermopathy occurred.144

Wistar rats of both sexes were fed 7.3 or 73 mg/kg of a 
dried ethanolic kava extract for 3 and 6 months. When the 
animals were examined for histological changes and changes in 
body weight, haematological and liver parameters, no signs of 
toxicity could be found.148

An ether extract of kava administered by stomach tube did 
not affect the fertility of male rats. The dosage was equivalent 
to 8 g of dry rhizome twice a week for 2.5 months.149

A toxicological review concluded that there was insuf­
ficient information to support the safety of kava lactones as 
cosmetic ingredients.150

Testing of kava phytochemicals for in vitro mutagenic activ­
ity found that, while the lactones were inactive, two flavo­
noids from the leaf were mutagenic.151

Hepatotoxicity
Because of the serious nature of the hepatotoxic events linked 
to kava usage, attempts have been made to understand the 
issues and mechanisms involved. However, the relevance of 
such in vitro or high-dose in vivo studies to what is more than 
likely to be a rare idiosyncratic immune-mediated attack on 
the liver is probably questionable. Nonetheless, a review and 
discussion along these lines is below.

Kava extracts (methanol and acetone root extracts and a 
methanol leaf extract) demonstrated toxic effects on isolated 
HepG2 cells and isolated rat liver mitochondria.152 The authors 
suggested that the mitochondrial toxicity of kava may explain 
the adverse hepatic reactions in predisposed patients. Various 
explanations have been proposed in the literature as to why the 
traditionally used aqueous preparations might be safer than the 
European-style solvent-extracted products. In Europe, kava was 
often manufactured from the root peelings or kava stumps (and 
even the aerial peelings), which represented a cheap source 
of kava lactones. A new piperidine alkaloid (3α,4α-epoxy-5β-
pipermethystine) was isolated from the stem peelings of one 
cultivar originating from Papua New Guinea (called Isa, and 
known in Hawaii as PNG). This constituent was present at a 
concentration of 0.93%, and was absent from the 10 other 
cultivars tested. Traditionally Isa has been used only occasion­
ally for drinking purposes, since it causes prolonged nausea. In 
vitro testing has shown that pipermethystine is far more toxic 
to liver cells than the kava lactones.153 However, it failed to 
produce hepatotoxicity in vivo154 and was absent from German 
products previously on the market.155

Another problem with the above observation as a mecha­
nism behind any hepatotoxic reaction to kava is that it does 
not explain why the aqueous extract might differ in safety 
from solvent-based extracts. One research team has sug­
gested that the answer to this may be glutathione, a protec­
tive molecule that is only present in water-based extracts of 
kava.156

However, a more plausible explanation has emerged. In 
order to investigate the key compounds in kava that might 
be responsible for any liver toxicity, various kava plant parts 
(root, leaf and stem peelings) were extracted with a range of 
solvents (hexane, ethyl acetate, n-butanol and water).157 The 
cytotoxicity of these different extracts was tested on a human 
liver cell line (HepG2) using three different tests for toxicity. 
In general, the assessment of relative toxicity was consistent 
across the three tests. In terms of plant parts, the root and 
stem peelings showed comparable toxic effects on the HepG2 
cells, which was considerably greater than the toxicity of 
the leaf. The organic solvent extracts displayed a far greater 
cytotoxicity than the water extracts for all the parts of kava 
tested. In fact, the water extracts of all kava plant parts tested 
exhibited no toxic effects at all. The hexane extract exhibited 
the strongest toxic effects (hexane was the least polar of the 
solvents selected).
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The implication from these initial tests was that kava con­
tains non-polar constituents that are responsible for cytotoxic 
effects on HepG2 cells. Such components would be most 
soluble in hexane and least soluble in water. The researchers 
then used bioassay-guided fractionation to identify that the 
main compound responsible for the cytotoxicity was flavo­
kavain B. Flavokavain B is yellow in colour and is a member 
of the phytochemical class known as chalcones. Flavokavain B 
was confirmed in a later study as a potent hepatocellular toxin 
in vitro, as assessed again on HepG2 cells.158 Replenishment 
with exogenous glutathione did neutralise its toxic effect.

Four kava lactones failed to inhibit alcohol dehydrogenase in 
vitro.159 Hence, hepatotoxic effects from kava are unlikely to be 
due to this type of interaction with alcohol. However, a review 
of this topic suggested that other mechanisms could be involved, 
specifically the influence of alcohol consumption on various CYP 
enzymes, with resultant changes in kava metabolism.160

One review suggested it was possible that the mechanism 
of hepatotoxicity from kava was due to the metabolism of 
the kava lactones to electrophilic quinones, which can sub­
sequently react with glutathione and/or modify proteins.161 
Such a theory could be consistent with a rare idiosyncratic 
reaction, depending on which proteins were modified (see 
also below).

However, these speculations are all based on in vitro stud­
ies. As might be expected, given the widespread human use 
of kava, in vivo studies show only mild hepatotoxic effects 
even at very high doses. Feeding kava to rats (31.25, 62.5 and 
133 mg/kg diet for 3 months) did not cause liver injury or 
enhance galactosamine-induced hepatitis.162 Treatment of rats 
with an acetone-water kava root extract (100 mg/kg/day for 
3 weeks, oral) failed to elicit any significant changes in liver 
function tests and produced no signs of hepatotoxicity.154 A 
traditional aqueous infusion of kava (equivalent to 200 and 
500 mg/kg/day of lactones for 2 and 4 weeks) did not exhibit 
hepatotoxic activity in rats.163

In contrast to the above, higher doses of kava extracts have 
produced some mild hepatotoxic effects in laboratory models. 
A high oral dose (equivalent to about 380 mg/kg/day of kava lac­
tones, 100 times the normal human dose) of two different kava 
extracts for 8 days significantly increased liver weights in rats.164 
CYP1A1 mRNA expression was markedly increased, which 
could possibly lead to metabolic activation of exogenous toxins, 
thereby representing an hepatotoxic risk. Doses of 0.5 to 2.0 g/
kg of a different dried kava extract produced signs of mild liver 
toxicity.165 The no observed adverse effect level was 0.25 g/kg.

The kavain metabolite 6-phenyl-3-hexen-2-one was iden­
tified as its mercapturic acid adduct in two people who 
ingested kava.100 This is a highly reactive intermediate that 
could possibly account for idiosyncratic hepatotoxicity via 
binding to proteins or DNA.

(Some of these issues are discussed further in the Side 
effects section.)

Contraindications
Kava is best not used during lactation without professional 
advice and is contraindicated in pre-existing liver damage or 
diseases.

The Commission E listed the following contraindications: 
pregnancy, nursing and endogenous depression. However, 
these ensued from a lack of data, rather than from any direct 
concerns.

Special warnings and precautions
In August 2002, the Australian Therapeutic Goods Act (TGA) 
advised that kava-containing medicines should carry a label 
warning that kava has been implicated in serious liver damage 
and should be taken only under the supervision of a healthcare 
practitioner for short periods, not exceeding 6 weeks. In August 
2003, an expert committee of the TGA determined that only 
certain forms of kava were suitable for use. Permitted prod­
ucts must be made from a water extract/dispersion or from the 
whole rhizome and the daily dosage of kava lactones must be 
limited to 250 mg. Patients prescribed kava should be closely 
monitored for signs and symptoms of liver damage.

Due to possible dopamine antagonism, kava should be 
used cautiously in elderly patients, especially those with 
Parkinson’s disease. (See the Side effects section for more 
information.)

Consideration of pharmacokinetic data and the possibility 
of a potentiation of the sedative effects of anaesthetics have 
led to the recommendation that patients taking kava should 
discontinue use at least 24 h prior to surgery.166

Interactions
According to the Commission E, a synergistic effect is possi­
ble for substances acting on the central nervous system, such 
as alcohol, barbiturates and psychopharmacological agents.167 
However, notwithstanding some single case reports, normal 
therapeutic doses of kava do not appear to dampen alertness, 
interact with mild alcohol consumption, cause physiological 
tolerance or interact with benzodiazepines. (See Effects on 
performance and vision.)

Kava may interact with central dopamine agonists or 
antagonists and should not be administered to patients tak­
ing L-dopa and other medications for Parkinson’s disease (see 
Side effects).

A case of a possible interaction between kava and a ben­
zodiazepine drug (alprazolam) has been reported. The 
54-year-old man was hospitalised in a lethargic and disori­
ented state. His medications included alprazolam, cime­
tidine and terazosin. He had not consumed alcohol or any 
of the medications in excess.168 Another case was reported 
in 2001 of a potential interaction with the benzodiazepine 
drug flunitrazepam.168 In 2006 a case was described as a 
potential adverse interaction between kava and valerian with 
paroxetine.169 Fever, headaches and confusion were the pre­
senting symptoms.

While in vitro findings show some inhibition of cytochrome 
P450 enzymes by kava and hence a potential for pharma­
cokinetic interaction with drugs highly metabolised by CYP 
enzymes, this remains unsubstantiated in humans.170

In fact, the information to date on this topic is inconsist­
ent. Two reviews included studies investigating the impact of 
kava and kava lactones on hepatic cytochrome P450 (CYP) 
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enzymes.171,172 As noted above, these reviews highlight the 
conflicting and confusing nature of the data, especially for in 
vitro investigations. In such circumstances, emphasis should 
be given to human studies (as it always should). Even the 
human data are somewhat inconsistent, which may reflect on 
the ethnic groups and kava preparations tested.

A study in six healthy volunteers (including one woman) 
from New Caledonia who were regular consumers of tradi­
tional aqueous kava extract for more than 6 years used probe 
drugs to investigate changes in the activities of different CYP 
isozymes after 30-day abstinence.78 Results suggested that 
traditional kava drinking inhibits CYP1A2 (p<0.02), but had 
no significant impact on CYP2C19, CYP2D6 and CYP3A4. 
There was a trend towards inhibition of CYP2E1 that failed 
to reach significance (p=0.16).

Twelve healthy volunteers (including six women) received 
a commercial kava extract (2000 mg/day, no standardisation 
claim) for 28 days.173 The use of probe drug cocktails indi­
cated a significant reduction in CYP2E1 (p=0.009), with 
no impact on CYP3A4, CYP1A2 and CYP2D6. The same 
research group confirmed the lack of activity on CYP2D6 
using a different kava extract and dose (409 mg/day, contain­
ing 225 mg kava lactones).174 Similarly, no impact on CYP3A4 
was confirmed in another study using a kava extract that also 
delivered 225 mg/day of kava lactones.175

Kava extract for 14 days (1227 mg/day, containing 225 mg 
kava lactones) in 20 healthy volunteers (10 women) had no 
impact on digoxin pharmacokinetics.176 This indicates that 
kava is unlikely to influence the activity of the transporter 
P-glycoprotein under normal clinical use.

Use in pregnancy and lactation
Category B1-no increase in frequency of malformation or other 
harmful effects on the fetus from limited use in women. No 
evidence of increased fetal damage in animal studies.

The Australian Therapeutic Goods Administration (TGA) 
recommends that kava-containing medicines should not be 
taken by pregnant women.

In traditional societies in the Pacific Islands, women have 
less access to and use of kava than men. Hence the interpre­
tation of information from the traditional literature regarding 
use in pregnancy needs to take into account this lower usage. 
In addition, these societies held a number of cultural myths 
relating to kava that affected women.177,178

Kava has been used as an abortifacient on Pohnpei (although 
this has been said to be denied by another source),179 and in 
southeast coastal Irian Jaya, although combined with other 
herbs such as various ‘pepper-roots’, chillies and Citrus spp.180 
In Hawaii, women avoided any kava use immediately upon 
becoming pregnant.181 There are several references to kava leaf 
used topically to induce miscarriage (Hawaii and Polynesia).182 
Both the rhizome and leaf are used orally as a contracep­
tive.2,183 Folk theory suggests that kava use renders women 
infertile.182,184 Yet therapeutic use during pregnancy is also 
noted: to induce an easy labour and to correct displacement of 
the womb.5,185

Synthetic kavain orally administered on days 6 to 17 
of gestation (100 and 500 mg/kg, rats; 20 and 200 mg/kg, 

rabbits) did not produce teratogenic effects in terms of the 
fetal parameters measured. No teratogenic effects were seen 
in the F1 and F2 generations of rats given DHM (50 mg/kg, 
ip) three times weekly over a period of 3 months.144

Kava use is probably compatible with breastfeeding but 
caution should be used (on the basis of the presence of kava 
lactones). Women in some areas of New Guinea traditionally 
drank kava beverage (prepared by grating and maceration) 
during their pregnancy to promote the flow of milk.185 The 
Australian TGA recommends that kava-containing medicines 
should not be taken by nursing women.

Effects on ability to drive and use 
machines
No negative influence is expected at normal therapeutic 
doses. In a randomised, double blind study, 40 healthy volun­
teers received either 300 mg standardised kava extract (con­
taining 210 mg/day kava lactones) or placebo for 15 days. 
Kava did not significantly affect performance capability rel­
evant to operating machines and driving.65 Administration 
of kava extract (equivalent to 240 mg/day of kava lactones) 
to volunteers did not affect performance parameters (stress 
tolerance, vigilance and motor coordination) compared to 
baseline values.71 (For further information, see Effects on per­
formance and vision.)

Side effects

Skin reactions
A dry, scaly, pigmented skin condition known as kava der­
mopathy is a well-known side effect of excessive and chronic 
use of kava.186 The cutaneous effects were first reported by 
members of Captain James Cook’s Pacific expeditions. The 
cause may be related to interference with cholesterol metabo­
lism187 and is unlikely to occur after normal therapeutic use. 
It has also been suggested that this rash may be due to a defi­
ciency of one of the B vitamins, but a clinical trial of 100 mg 
of nicotinamide per day failed to have a significant effect.188 
The rash quickly regresses if kava intake is ceased. A clinical 
pharmacological evaluation of DHM found that doses of 300 
to 800 mg/day produced a scaly skin rash in a high percentage 
of subjects.36

Adverse effects from heavy kava usage in an Australian 
aboriginal community have been reported.189 Kava users 
were more likely to have adverse biochemical and haemato­
logical changes and the typical scaly rash. However, the kava 
consumption was extremely high, more than 310 g per week 
for 35 of the 39 kava users. Also, it has been questioned 
whether all the adverse effects reported were only due to 
kava consumption,190 since ethanol in large doses can possibly 
potentiate the toxicity of kava.66 (A favourable difference in 
exhibited behaviour between kava and alcohol intoxication has 
also been noted: stupor or sleep after kava, aggression or fight­
ing after alcohol.191)

A case of systemic contact-type dermatitis occurred 
after oral administration of a kava extract.192 Two cases of a 
drug-type eruption in sebaceous gland-rich areas induced 
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by 3 weeks of systemic kava administration have also been 
reported. No other cause for the reaction, including ingestion 
of conventional medications, could be found. In one of the 
cases, a diagnostic allergy test revealed significant proliferation 
of peripheral blood lymphocytes in response to kava extract 
and the second patient had a strongly positive patch test to 
kava extract after 24 h. The authors suggest the skin reactions 
observed from kava ingestion may relate to interference with 
cholesterol metabolism.193

A case of urticaria was documented in a young male from 
the Solomon Islands who had ingested kava for the first time 
one evening. He awoke the following morning with an itchy, 
urticarial rash that disappeared in 24 h. The following week 
the man consumed kava again, with the same presentation 
of marked urticaria the following morning. This time reso­
lution took 2 to 3 days. Another case of urticaria was docu­
mented in a Vanuatu man who worked at a kava bar. His skin 
was itchy, flushed and oedematous with some wheals on his 
arms. He stated that this reaction always developed after he 
consumed kava. Further discussion with local members who 
are regular kava drinkers identified this as a well-recognised 
problem among selected people.194 A case was described of 
a 36-year-old woman who developed a generalised rash (diag­
nosed as delayed-type hypersensitivity) after 3 weeks of tak­
ing a kava extract (containing 120 mg/day kava lactones).195 
Dermatomyositis was linked to kava intake for 2 weeks in a 
47-year-old woman.196

Patients sometimes comment that the condition of their 
hair is poorer while taking kava (observation of the authors).

Hepatotoxicity reactions and related issues
Perhaps unsurprisingly, the decision by the German health 
authority BfArM in 2002 to ban kava has been reviewed 
critically by the German industry and trade associations, 
as well as European herbal associations. The conclusion 
is that the existing data on the benefit/risk assessment of 
kava- and kavain-containing products did not justify their 
withdrawal.197–199 The hepatotoxicity cases that were defini­
tively attributable to kava were most likely immunologically 
mediated idiosyncratic drug reactions (IDRs), rather than a 
direct toxic effect. Several theories have been postulated, 
including the type of kava cultivar used in Europe and kava 
plant part.200 It is known that 5% to 10% of Caucasians 
have a CYP2D6 deficiency, unlike Polynesians.157 This defi­
ciency may contribute to the kava IDR observed in Western 
countries. Melanesians have a high incidence of CYP2C19 
mutations; again, this might play a role in protection from a 
reaction to kava.201

The traditional kava used is prepared from water. 
Commercial manufacturers have typically used ethanol, 
acetone and other organic solvents to extract kava. The 
use of such solvents may alter the safety profile of kava. 
For example, there has been postulation that glutathione 
found in aqueous kava extracts may confer hepatoprotec­
tion.202,203 (See also the discussion in the Toxicology section 
of this monograph, especially concerning flavokavain B and 
pipermethystine.)

Given the warm humid climates where kava is grown, afla­
toxins have also been discussed as a possible cause of hepa­
totoxicity.204 However, there is no information on aflatoxin 
levels in commercial kava products and such speculation does 
not sit well with the fact that these apparent hepatotoxic 
reactions are idiosyncratic.

Several reviews have undertaken to examine critically the 
reports of hepatotoxicity attributed to kava intake. A detailed 
assessment of individual cases published up to early 2003 
concluded:

On the basis of the current information it cannot be confirmed that 
all preparations of kava involving all types of raw materials will cause 
this hepatotoxic reaction. Probable cases, based on our assessment, 
have only been confirmed for the acetone extracts commonly used 
in Germany and Switzerland, with the exception of one case report 
from the intake of an ethanol-based extract, a case where the patient 
was shown to have an unusual metabolic enzyme pattern and at 
the same time developed an immunological reaction to kava intake 
(allergy). The absence of reported cases of hepatotoxicity in the 
Pacific Islands adds weight to this assertion.

However, since then a few cases have been published 
linking idiosyncratic hepatotoxicity to the use of traditional 
aqueous extracts of kava, and a 2008 review concluded that 
cultivar and/or plant part could be the more important con­
sideration for safety.205 Nonetheless, the use of organic sol­
vents could further increase the hepatotoxic reaction risk.206 
In 2003, a paper was published that described two cases 
of liver injury in New Caledonia linked to traditional use 
of kava.207 One case may have been due to an interaction 
between kava and phenobarbital, which is known to cause 
liver damage. In neither case was the patient rechallenged 
with kava to confirm that it was responsible. A German tour­
ist apparently developed a serious toxic liver reaction after 
consumption of kava in traditional Samoan ceremonies while 
there on a 20-day honeymoon.208

A cross-sectional study in Fiji involving 101 partici­
pants investigated the potential adverse effects of tradition­
ally prepared (water-extracted) kava. Kava consumers had 
been using kava for more than 3 months; non-kava consum­
ers had either never consumed kava, discontinued use for 1 
year, or had consumed it less than once in 3 months. Venous 
blood was collected and the results of liver function tests 
were compared between the two groups. Significantly high 
serum GGT (gamma-glutamyltransferase) and ALP (alkaline 
phosphatase) levels were observed in kava consumers. These 
enzymes showed a strong association with kava consumption 
and total lifetime consumption. However, there was no asso­
ciation between kava and clinically significant adverse health 
effects.209 The liver enzyme elevations probably represent an 
induction of these enzymes in response to kava, rather than 
liver damage.207 This is supported by the results of a health 
status review of kava users in 1988: plasma levels of GGT 
were greatly increased in kava users, but no cases of acute 
liver injury were identified.

A study in a predominantly Tongan population in Hawaii 
yielded similar findings.210 GGT was significantly elevated in 
healthy adult drinkers compared to non-drinkers (65% of the 
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31 tested versus 26% of 31 controls, p=0.005), as was ALP 
(23% versus 3%, p=0.053).

However, it does appear that kava-related liver damage is 
rare in traditional communities. A survey conducted in Samoa 
in 2002 failed to find one case, even in heavy kava drinkers.211 
A survey from one Arnhem Land community showed only 
some mild and reversible changes in liver enzymes (probably 
due to enzyme induction rather than liver damage), with no 
evidence of reversible liver damage.212 According to Singh 
and Singh, in the South Pacific, mainly men drink kava, often 
habitually and in much larger amounts than used in the West, 
yet their incidence of liver toxicity is low and similar to that 
of island women who do not take kava.213

An Australian GP recalls that he spent 2 years living in 
Vanuatu, observing the regular and occasionally heavy kava 
consumption. Clinical evaluation revealed occasional cases of 
kava-related dermopathy and presumptive kava-related cere­
bral damage. At no time during his 2-year stay did he encoun­
ter any case of unexplained hepatitis, despite his vigilance, 
since 20% of the population were hepatitis B carriers.214 A 
GP working in Auckland with the Pacific Island community 
reported a similar lack of hepatotoxicity in frequent tradi­
tional kava users.215

A small survey of 150 staff and patients at a Vanuatu hos­
pital found that a high frequency of men and women drank 
kava on a regular basis without any adverse effects.216 The 
above all explains why Pacific islanders are perplexed over the 
European ban on kava. To them it would be the equivalent of 
banning tea in Vanuatu (Camellia sinensis (green tea) intake 
has been linked to idiosyncratic hepatotoxic reactions). At the 
time of writing (2012), there have been no reported cases of 
hepatotoxicity linked to kava in Australia since the 2003 TGA 
decision to allow only the aqueous extract.

A clinical survey and critical analysis by German authors of 
26 suspected cases of kava hepatotoxicity excluded causality 
in 18 cases.217 Only one out of the remaining eight patients 
adhered to the conditions recommended by European regu­
latory authorities (no more than 120 mg/day of kava lactones 
and 3 months of continuous therapy). The authors concluded 
that kava taken as recommended is associated only rarely with 
hepatotoxicity, whereas excessive doses, prolonged treatment 
and co-medication with drugs may carry an increased risk.

The validity of the causality evaluation methods applied 
in kava hepatotoxicity cases has also been questioned. Scales 
of causality such as the WHO and Naranjo scales, as used 
by the BfArM, were suggested as inappropriate due to their 
lack of liver specificity.218 When the liver-specific Council for 
International Organisations of Medical Sciences (CIOMS) 
scale is applied to reported cases for kava, a greatly reduced 
likelihood of causality is determined, compared with the 
above scales.218,219 When two structured quantitative meth­
ods of causality were compared, namely the Maria and 
Victorino and the CIOMS scales, the latter was deemed to be 
the preferable tool in assessing kava hepatotoxicity.220 Grades 
of causality on these scales were much lower than for the reg­
ulatory ad hoc judgements.

A strategy has been proposed for the re-introduction of 
kava into Europe in a way that should minimise the risk of 

hepatotoxicity. This is principally by generating additional 
clinical data for an aqueous extract prepared from a noble 
kava cultivar.221 A noble cultivar is one that has been con­
sumed traditionally for centuries in the South Pacific and 
has undergone a continuous process of selection and breed­
ing. This strategy has been elaborated into a six-point plan 
in a later publication from the same collaboration.222 The six 
points are: (1) use of a noble kava cultivar at least 5 years old 
at the time of harvest; (2) use of only peeled and dried rhi­
zomes and roots; (3) aqueous extraction; (4) dosage limita­
tion of no more than 250 mg/day kava lactones; (5) systematic 
rigorous future research; and (6) a pan-Pacific quality control 
system regulating growers and raw material suppliers.

Other reactions
The systematic review and meta-analysis conducted for the 
Cochrane collaboration noted that adverse events reported in 
clinical trials were mild, transient and infrequent.78

A group of German neurologists described four cases of 
patients who developed clinical signs suggestive of dopamine 
antagonism after taking kava. A 28-year-old man who had a 
history of acute dystonic reactions after taking anxiolytic 
drugs also developed involuntary neck extension with force­
ful upward deviation of his eyes 90 min after taking kava for 
the first time. A 22-year-old woman experienced involun­
tary oral and lingual dyskinesia, tonic rotation of the head 
and painful twisting movements of the trunk 4 h after her 
first dose of kava. A similar reaction was experienced by a 
63-year-old woman after taking kava for 4 days and aggrava­
tion of Parkinson’s disease occurred in a 76-year-old woman. 
The authors concluded that the sedative effects of kava 
might result from dopamine antagonistic properties, which is 
supported by reports of beneficial effects of kava on schizo­
phrenic symptoms.223

A case of severe and persistent parkinsonism was reported 
in a 45-year-old woman with a family history of essential 
tremor who took a complex product containing kava extract 
(65 mg/day for 10 days).224 The patient was also taking man­
ganese (implicated in parkinsonism), but only apparently for 
4 days. However, this case and the ones above are difficult to 
reconcile with the pharmacological study that found kava is 
unlikely to be responsible for central dopaminergic antago­
nism84 and the clinical study that found kava reduced parkin­
sonism induced by neuroleptic drugs (see above).143

Recent research on abuse in Australian aboriginal commu­
nities has revealed links between chronic excessive kava use 
and increased susceptibility to serious infectious disease and 
the development of neurological abnormalities; pulmonary 
hypotension; haematuria (suggesting effects on the kidneys); 
ischaemic heart disease and sudden cardiac death. In addi­
tion to the effect on skin, there have been reports of throm­
botic effects, liver damage, lowered body mass index, raised 
total cholesterol (both LDL and HDL elevated) and adverse 
effects on the eyes and vision.225 However, many of these 
effects might also be due to associated heavy alcohol con­
sumption. A case of an acute neurological syndrome linked 
to heavy kava consumption was reported. The 27-year-old 
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Australian Aboriginal man presented three times with gener­
alised choreoathetosis secondary to kava bingeing. During the 
episodes, he had severe choreoathetosis involving his limbs, 
trunk, neck and facial musculature, with marked athetosis of 
the tongue. Other possible medical causes were excluded.226 
(See also the Overdosage and abuse section for a fuller discus­
sion of these issues.)

Kava was falsely implicated in health complications in a 
group of people believed to have consumed a product contain­
ing kava at a ‘rave’ party in Los Angeles on New Year’s Eve, 
1996. The label of the product included kava as well as two 
other herbs. Samples tested initially by the Los Angeles Police 
Department and subsequently by the American Botanical 
Council showed no kava lactones present. The product was 
found to contain caffeine and 1,4-butanediol (an industrial 
solvent which is metabolised to gamma-hydroxybutyrate) 
which were not listed on the label.227 (Analysis conducted 
on behalf of the FDA confirmed the presence of the indus­
trial solvent.) A Californian chiropractor was sentenced 
in February 1998 after pleading guilty to misbranding the 
product. The industrial solvent was deliberately substituted 
because he could not obtain the kava/kavain in time.228

A 61-year-old Tongan male presented to emergency with 
acute urinary retention. He was distressed and complained 
of pain in the suprapubic region. On questioning it was 
found that he had come from a kava drinking session (and 
had consumed 1 L). Full blood counts and other relevant 
tests were performed, as well as a thorough history taken, 
and all other possible causes were excluded. The patient 
recovered after 6 h of catheter insertion. He was discharged 
after no further difficulties in voiding. The patient recalled 
that he had experienced similar less severe problems follow­
ing previous meetings coinciding with large amounts of kava 
consumption.229

Three cases of meningismus after kava ingestion, two of 
them with local neurological manifestations, were reported 
in France.230 The exact amount of kava consumed was not 
well described and these cases may have reflected over­
dosage. Symptoms were transient. All three patients were 
related; hence the kava they used may have been adulterated 
in some way.

Overdosage and abuse
Excessive kava drinking may cause pupil dilation, reduced 
light reflexes, photophobia, bloodshot eyes and poor atten­
tion to diet.231 A 37-year-old-man was transported to emer­
gency after the sudden onset of vertigo. He also presented 
with vomiting and ataxia. All possible causes were excluded. 
The man admitted to drinking kava tea immediately before 
the onset of symptoms. Resolution of symptoms occurred 
between 4 and 6 h. There was no analysis conducted of the 
tea for the presence of kava or kava lactones.232

Kava was introduced from Fiji in late 1981178 to Aboriginal 
communities of Northern Australia and rapidly became a sub­
stance of abuse, probably because of a lack of ceremonial or 
traditional restraints controlling its use. Estimates for individ­
ual consumption have been as high as 100 times the amount 
of kava habitually consumed in the Pacific Islands.233 A survey 

of three Aboriginal communities in the mid-1980s found the 
average consumption per drinker was 14 to 53 g/day of kava 
powder, although a review in the early 1990s suggested con­
sumption may have been as high as 88.3 g/day.225

Subsequently, a large amount of information regarding 
the adverse effects observed from excessive intake of kava in 
Australian Aboriginal189,225,232,234 and Fijian communities235 
was documented. Intake most commonly ranged from 100 
to 500 g/week,189,235 but could be as high as 900 g/week.189 
Common adverse reactions included scaly skin, weight loss, 
watery eyes, headache, decreased blood lymphocytes and 
an increase in liver enzymes (not due to alcohol consump­
tion).189,225,232,234–236 Ischaemic cardiac events (includ­
ing sudden death), chest pain and pulmonary hypertension 
were noted.189,225,232,235 There was no impairment in cogni­
tive function and some improvement in psychotic individu­
als.232,234 There is also record of three cases of sudden cardiac 
death in young Aboriginals who drank kava on the evening 
before an Australian rules football game.237 However, there is 
no electrocardiographic or epidemiological evidence to show 
that sudden deaths are more frequent in kava-using commu­
nities than in other Aboriginal communities.189 A small (and 
underpowered) case-control study failed to demonstrate an 
association between kava consumption in an Aboriginal com­
munity and ischaemic heart disease.238

Some of the findings of a pilot survey189 and the anec­
dotal reports from healthcare workers225 have been ques­
tioned.239–242 The effect of kava abuse on liver enzymes is 
not conclusive,239,242 and the involvement of factors other 
than kava ingestion in the occurrence of the reported adverse 
events cannot be ruled out.240–242

In addition, three case reports arising from abuse of tra­
ditionally prepared kava have been documented.62,226,243 
Adverse reactions included visual disturbance,62 acute neu­
rological syndrome,225 scaly skin, confusion, hypotonic limbs 
and elevated GGT (in a non-alcohol drinker).243 This last 
finding may have been due to enzyme induction by kava, 
rather than hepatotoxicity. Liver function changes were 
measured in users of moderate amounts of aqueous extracts 
of kava after cessation of kava use. They were found to be 
reversible and began to return to baseline after 1 to 2 weeks 
of kava abstinence.212

The performance of individuals within an Australian indi­
genous community intoxicated from kava drinking was com­
pared with a control group. Tests were performed to measure 
saccade and cognitive impairment after intoxication. The aver­
age amount of kava consumed was 205 g per person (approxi­
mately 100 times a clinical dose) within a time frame of 
14.4 h (8 h before testing). Intoxicated kava drinkers showed 
ataxia, tremors, sedation, blepharospasm and elevated liver 
enzymes (GGT and ALP) as well as saccadic dysmetria (an 
impaired ability to control fast voluntary eye movement from 
different fixation points), saccadic slowing (a slowing of this 
voluntary eye movement) and therefore reduced accuracy 
performing a visual task that only became evident as the task 
complexity increased. Complex cognitive functions were 
performed normally. The authors suggested that the saccade 
abnormalities imply disruption of cerebellar and GABAergic 
functions.244
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A case-control study of the association between kava 
use and pneumonia in northern Aboriginal communities in 
Australia found no association.245 Associations between pneu­
monia and cannabis and alcohol use were significant, suggest­
ing the study was sufficiently powered.

An interview of 12 Tongan-born men living in New Zealand 
noted some adverse effects associated with chronic kava use, 
even within a strong cultural context.246 These were mainly 
low energy and lack of libido.

Safety in children
The Australian TGA recommends that kava-containing medi­
cines should not be taken by children under 12 years of age.

In Polynesia, kava has been traditionally used in children 
for general debility, stomach disorders and for fretting.5

Regulatory status in selected 
countries

The regulatory status of kava has changed in many countries 
due to concerns over hepatotoxicity.

In Australia, kava is subject to control under the Customs 
Import/Export Legislation. Those intending to import kava 
must have the appropriate licence and permit(s) to import. In 
July 1988, the Western Australia government restricted the 
sale and supply of kava under the Poisons Act 1964 to cultural 
uses and medical/scientific research. However, the sale of kava 
as a therapeutic good was not restricted in the other states of 
Australia. In May 1998, the Northern Territory government 
restricted the use and sale of kava in order to control the use 
of kava as a beverage in Australian Aboriginal communities. 
This did not affect the use of kava as a therapeutic good. In 
July 2002, the Therapeutic Goods Administration (TGA) ini­
tiated a voluntary withdrawal of all over-the-counter comple­
mentary medicines containing kava. The listable (automatic 

registration) status of kava was reviewed in 2003, with the 
result that kava is now included in Part 4 of Schedule 4 of 
the Therapeutic Goods Regulations of Australia. Preparations 
allowed for oral (non-homeopathic) use must be either an 
aqueous dispersion or an aqueous extract of whole or peeled 
rhizome or dried whole or peeled rhizome. The following con­
ditions must be adhered to:
l	 The preparation does not contain, for its recommended 

daily dose, more than 250 mg of kava lactones
l	 If the preparation is in the form of a tablet or capsule, the 

amount of kava lactones does not exceed 125 mg for each 
tablet or capsule; and if the preparation is in the form of a 
tea bag, the amount of dried whole or peeled rhizome does 
not exceed 3 g for each tea bag.

l	 If the preparation contains more than 25 mg of kava 
lactones per dose, the label on the goods includes the 
following warnings (or words to the same effect): not 
for prolonged use. If symptoms persist, seek advice from 
a healthcare practitioner. Not recommended for use by 
pregnant or lactating women. May harm the liver.

In the UK kava was included on the General Sale List, 
with a maximum single dose of 625 mg. In December 2002 
legislation was enacted to prohibit the sale of food consisting 
of, or containing, kava (Statutory Instrument No. 3169 The 
Kava-kava in Food (England) Regulations 2002), and to pro­
hibit the sale of any medicinal product which consists of or 
contains kava (Statutory Instrument No. 3170 The Medicines 
for Human Use (Kava-kava) (Prohibition) Order 2002).

Kava is covered by a positive Commission E monograph. 
However, in June 2002 the German Health Authority 
(BfArM) banned the therapeutic use of kava. This ban was 
apparently repealed in May 2005, but no kava products have 
received new licences since then.247

In the USA kava does not have GRAS status. However, 
it is freely available as a ‘dietary supplement’ under DSHEA 
legislation (Dietary Supplement Health and Education Act of 
1994).
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Licorice

(Glycyrrhiza glabra L.)

Synonyms

Liquiritia officinalis (botanical synonym), liquorice, sweet 
root (Engl), Liquiritiae radix, Radix glycyrrhizae (Lat), 
Subholzwurzel, Lakritzenwurzel (Ger), réglisse, bois doux 
(Fr), liquirizia (Ital), Lakrids (Dan), yashimadhu (Sanskrit), 
gancao (Chin), kanzo (Jap), kamcho (Kor).

What is it?

Licorice is one of the herbs widely used by Western herbal cli-
nicians and is also a major herb of the Chinese, Kampo and 
Ayurvedic traditions. It has a long history, being used by the 
ancient Chinese, Egyptians and Greeks. The generic name 
Glycyrrhiza is derived from the Greek meaning ‘sweet root’ 
and it is the dried root and stolons that are the parts used 
medicinally. The sweet taste of licorice root is due to the 
presence of glycyrrhizin, an intensely sweet saponin. Licorice 
is also used extensively in food (especially confectionery) and 
tobacco products. Monographs in the British Pharmacopoeia 
(BP)1 and the Pharmacopoeia of the People’s Republic of 
China2 allow for the use of any of three closely related spe-
cies: Glycyrrhiza glabra, G. uralensis or G. inflata. Although 
they are regarded as being medicinally interchangeable, minor 
constituents such as the phenolics differ between these 
species.

Since the 1950s, scientific investigation into the phar-
macological properties of licorice and glycyrrhizin has 
revealed a wide variety of activities that have resulted in 
the development of a major anti-ulcer drug in the 1980s 
and, more recently, an antiviral treatment for chronic hepa-
titis. Research on licorice and a number of its phytochemi-
cal constituents continues in a wide variety of fields. Licorice 
use also has well-documented side effects, and, while the 
informed use of licorice is a powerful aspect of phytother-
apy, a full understanding of these is necessary for its safe and 
effective use.

Effects

Eases inflammation and tissue damage in the upper digestive 
tract; potentiates the anti-inflammatory effect of glucocor-
ticoids; supports the adrenal cortex; mimics aldosterone (by 
potentiation of cortisol); facilitates movement of mucus from 
the respiratory tract and soothes cough; protects the liver; may 
assist with weight loss; affects levels of some sex hormones. 
Several of these effects are mediated by the interaction of 
glycyrrhizin metabolites with the cortisol regulatory enzyme 
11-beta-hydroxysteroid dehydrogenase (11-beta-HSD).

Traditional view

Licorice has been utilised extensively for the treatment of 
cough, consumption, chest complaints (especially bronchi-
tis) and as a soothing ingredient in cough medicines.3 The 
Eclectics used it to reduce irritation of the mucous surfaces 
of the urinary, respiratory and digestive tracts.4 Licorice was 
also highly regarded for chronic gastritis, peptic ulcer and 
adrenocortical insufficiency (specifically Addison’s disease).5 
In traditional Chinese medicine, licorice tonifies the Spleen, 
benefits the Qi, moistens the Lungs and stops coughing, 
clears Heat and detoxifies Fire Poison (boils, sore throat) and 
soothes spasms. It moderates and harmonises the character-
istics of other herbs and is also employed as an antidote for 
a variety of toxic substances.6 In Ayurvedic medicine, licorice 
is used as a tonic and to treat eye diseases, throat infections, 
peptic ulcer, catarrh of the genitourinary tract, constipation 
and arthritis.7,8

Summary actions

Anti-inflammatory, mucoprotective, adrenal tonic, expecto-
rant, demulcent, mild laxative, anticariogenic, antiviral, anti-
tussive, hepatoprotective, spasmolytic.

Can be used for

Indications supported by clinical 
trials
Indications supported by trials using glycyrrhizin, carbenox-
olone or deglycyrrhizinised (deglycyrrhizinated, deglycyr-
rhinised, deglycyrrhized) licorice: gastric and duodenal 
ulceration, functional dyspepsia, insulin resistance, topical use 
for recurrent mouth ulcers (generally uncontrolled trials lack-
ing modern rigour).

Indications supported by trials using intravenous glycyrrhi-
zin: viral hepatitis, oral lichen planus.

Indications supported by trials using licorice: gastric and 
duodenal ulceration, polycystic ovary syndrome and hyper-
prolactinaemia (uncontrolled trials in combination), recurrent 
mouth ulcers (topically), menopausal symptoms, post-operative 
sore throat (as a gargle), weight loss, possible value in patients 
with HIV/AIDS (preliminary data).

Traditional therapeutic uses
Bronchitis, cough; peptic ulcer, gastritis; adrenal insufficiency, 
Addison’s disease; urinary tract inflammation.
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for longer than 6 to 8 weeks without professional supervi-
sion.11 (This relatively short time restriction is probably 
related to the high dose of licorice recommended by the 
Commission E: 5 to 15 g of root, equivalent to 200 to 600 mg 
of glycyrrhizin. For dosages at the lower end of the range rec-
ommended above, licorice can be administered for a longer 
time period without risk of side effects.)

Safety assessment of safety

Since higher doses can cause an aldosterone-like side effect, 
licorice must be taken within the recommended therapeutic 
range. Careful assessment of the patient’s blood pressure and 
other medications is required before prescribing licorice. A 
high potassium and low sodium intake will minimise the risk 
of this adverse reaction. Use of high doses of licorice should 
not be recommended in conjunction with digoxin and potas-
sium-losing drugs such as laxatives and thiazide diuretics.

Technical data

Botany
Glycyrrhiza glabra is a member of the Fabaceae (Leguminosae 
or pea) family, the Faboideae subfamily and the tribe Galegeae 
(as is the genus Astragalus).12 It is a perennial herb, up to 
150 cm tall, with a thick rhizome of dark, reddish-brown colour 
outside and yellowish inside, from which its stolons and roots 
arise. Leaves are compound, imparipinnate, 5 to 14 cm long 
with 11 to 17 leaflets that are ovate, oblong-lanceolate or ellipti-
cal in shape. Flowers are zygomorphic, of pea flower structure, 
in densely flowered racemes: petals purple, calyx glandular and 
five-toothed. Fruit is a flat legume (pod), up to 35 mm long.13

Adulteration
Supplies of licorice from the Far East are likely to contain 
quantities of Glycyrrhiza uralensis, the favoured licorice in 
Chinese medicine. However, this species is at least compara-
ble in effect and the two species are regarded as medicinally 
interchangeable.

Taverniera cuneifolia is a wild relative of G. glabra. Both 
species contain the triterpenoid saponin glycyrrhizin and dis-
play other phytochemical similarities, making T. cuneifolia a 
potential licorice substitute.14

Key constituents
l	 Triterpenoid saponins: primarily the sweet tasting 

glycyrrhizin (GL),15 which is a mixture of the potassium 
and calcium salts of glycyrrhizic acid (glycyrrhizinic acid);16 
other saponins are also present.17 The concentration of 
glycyrrhizin in the root depends on the source and the 
method of assay18 and is typically 2% to 6%.19,20

l	 Glycyrrhetic acid (glycyrrhetinic acid, 18-beta-
glycyrrhetinic acid, GA), the aglycone of glycyrrhizic acid 

May also be used for

Extrapolations from pharmacological 
studies
Treatment of corticosteroid dependency (to aid the with-
drawal of corticosteroid drugs) and to extend the pharmaco-
logical effects of steroid drugs; hyperkalaemia (resulting from 
low aldosterone) associated with type 2 diabetes; inflam-
matory conditions, such as rheumatoid arthritis and allergic 
states; as an antitussive; to protect against ulcer-forming medi-
cations; for liver damage and as a hepatoprotective agent; to 
reduce the complications of long-standing diabetes mellitus 
by inhibiting aldose reductase; as a neuroprotective agent; 
for depression; prevention of carcinogenesis; respiratory viral 
infections and Epstein–Barr viral infection; to prevent bacterial 
adherence in bladder infections; topical use as an antiviral and 
anti-inflammatory agent; effects from 11-beta-HSD1 inhibi-
tion including osteopenia, glaucoma and metabolic syndrome.

Other applications
As a flavouring agent to disguise the taste of nauseating medi-
cines and senna extract; as a component of cough lozenges; as 
an absorbent excipient in pill manufacture;9 as a solubilising 
agent for aqueous extracts of herb mixtures; glycyrrhizin is 
used in drug manufacture to enhance drug absorption.10

Preparations
Dried root as a decoction, liquid extract, tablet or capsule for 
internal use. Decoction or liquid extract for external use or 
as an ingredient in a mouthwash, gargle, cream or ointment. 
Glycyrrhizin for intravenous use is used in some countries.

Dosage

Typical adult dosage ranges are:
l	 3 to 12 g/day of dried root and stolon or by decoction or 

infusion
l	 2 to 6 mL/day of a 1:1 liquid extract
l	 1.5 to 4.5 mL/day of a 1:1 high glycyrrhizin liquid extract 

or its equivalent in tablet or capsule form
l	 1.2 to 4.8 mL/day of deglycyrrhizinised licorice extract BP 

or its equivalent as a dry extract.

The Commission E indicates that, when licorice is used as 
a flavouring component, a maximum daily dosage of less than 
100 mg glycyrrhizin is acceptable.11

Duration of use

Higher doses of licorice should not be consumed long term. 
The Commission E advises that licorice should not be taken 
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(and hence of glycyrrhizin) is also present in the root  
(0.5% to 0.9%).21

l	 A wide range of flavonoids (1% to 1.5%) that impart 
a yellow colour to the root: flavanones (including 
various liquiritigenin glycosides such as liquiritin and 
rhamnoliquiritin),15,22 chalcones (including isoliquiritin) 
and isoflavonoids (including glabridin, glabrone and 
formononetin).22,23

l	 Other compounds include sterols, coumarins, fatty acids 
(C2 to C16), phenolics and arabinogalactans.17,22

The British Pharmacopoeia requires licorice to contain no 
less than 4% glycyrrhizic acid.

Much of the literature uses the terms glycyrrhizin and gly-
cyrrhizic acid synonymously.

Pharmacodynamics
The immunostimulating, antiviral, antitumour, anti-inflamma-
tory, hepatoprotective and choleretic activity of licorice could 
possibly be interpreted as correlated to the induction of the 
glutathione-dependent adenosylmethionine transferase and 
resultant methylation processes, such as those of viral and 
human DNA and RNA.24 However, given the chemical com-
plexity of the herb, other underlying mechanisms probably 
also apply for these specific actions.

Anti-ulcer activity
In the late 1940s a Dutch doctor named Revers noticed that 
patients with gastric ulcers were being cured by high doses of 
a licorice extract dispensed by a local pharmacist. Revers con-
ducted a clinical trial on licorice and found it to be effective, 
but he also observed a significant incidence of side effects, 
mainly fluid retention and hypertension.25 Revers’ study led 

to the investigation of glycyrrhizin (GL) and glycyrrhetinic 
acid (GA) as the constituents responsible for ulcer healing and 
it was found that these compounds, especially GA, also exhib-
ited significant local anti-inflammatory activity. However, the 
relatively poor water solubility of GA prohibited the use of 
high doses in pharmacological experiments, so English scien-
tists developed a semisynthetic derivative and named it car-
benoxolone. Although carbenoxolone was developed with a 
view to its anti-inflammatory properties, it was soon discov-
ered that it was very effective at healing gastric ulcers and it 
became the major anti-ulcer drug of the 1960s. It was also 
shown to heal duodenal ulcers, although this application was 
more controversial. Unfortunately, carbenoxolone also caused 
the same side effects as licorice and GL, and its use rapidly 
diminished when cimetidine, the first of the acid inhibitors, 
became available.

Some investigators were not satisfied that the anti-ulcer 
activity of licorice was entirely due to GL. Moreover, GL 
was responsible for the undesired side effects. This led to the 
investigation of deglycyrrhinised licorice (DGL), which ironi-
cally was a by-product of the manufacture of carbenoxolone. 
DGL has been shown to be an effective treatment for both 
gastric and duodenal ulcers, although its use has always been 
controversial in medical circles. If GL and carbenoxolone 
increase gastric mucosal resistance, what are the factors in 
DGL that also confer ulcer-healing properties? Is DGL effec-
tive? These questions were the subject of much debate in the 
1970s. In fact, DGL is not completely free of GL: it is typi-
cally a concentrated extract of licorice (a soft extract) with a 
GL content not exceeding 3%.26 It also contains a high level 
of flavonoids.

Carbenoxolone is chemically and pharmacologically simi-
lar to GL and most of the effects attributed to carbenoxolone 
also apply to GL. It was the first successful modern drug for 
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the treatment of gastric ulcers and acts by restoring gastric 
physiology to normal.27 It improves the protective qualities of 
the gastric mucosal barrier27 and research suggests that these 
effects may involve the mediation of prostaglandins,28 specifi-
cally the inhibition of 15-hydroxyprostaglandin dehydrogenase 
and delta-13-prostaglandin reductase. Thus, licorice-derived 
compounds have the effect of raising the local concentration 
of those prostaglandins that promote mucus secretion and cell 
proliferation in the stomach, leading to healing of ulcers.29 
Carbenoxolone was also effective for the treatment of duodenal 
ulcers,27 but there was debate as to whether this was a local or a 
systemic effect.

The use of carbenoxolone was largely supplanted by modern 
acid-inhibiting drugs initially, and more recently by antibiotics 
combined with proton pump inhibitor therapy. However, given 
its properties, licorice might still have a role in the healing of 
peptic ulcers.

In early animal studies DGL prevented ulcer develop-
ment,30 inhibited gastric acid secretion31 and protected 
the gastric mucosa against damage from aspirin and bile.32 
Licorice and licorice derivatives protected against gastric ulcer 
induced by aspirin33 or ibuprofen34 in rats. DGL and GA also 
reduced the number and size of ulcers.34 Licorice (500 mg/kg) 
was effective in preventing gastric mucosal damage by etha-
nol in rats. It affected surface mucin production, which was 
increased to 146% of the control value with pretreatment.35

Japanese workers have demonstrated a number of effects 
for Fm100, a semi-purified methanolic extract of licorice that 
contains about 19% GL and 13% flavonoids.36 As might be 
expected, Fm100 has marked anti-ulcer activity.37–39 More 
surprisingly, both Fm100 and an aqueous extract of licorice 
were found to directly stimulate exocrine secretion from the 
pancreas, but this effect was not due to GL or flavonoids.32 
However, total enzyme release from the pancreas was not 
increased. The authors found a correlation between the gas-
tric antisecretory activity and the pancreatic stimulation, 
which implies that an unidentified constituent may be respon-
sible for both effects.36 A study in healthy volunteers showed 
that Fm100 increased both plasma secretin concentration and 
pancreatic bicarbonate output.40 Fm100 also increased the 
content of endogenous prostaglandins in the gastric mucosa. 
The ability to release endogenous secretin in humans as well 
as animals may contribute to the anti-ulcer effect.41

The bacterium Helicobacter pylori was first isolated in 
1982 by the Australian researchers, Marshall and Warren, and 
was found to be a cause of acute and chronic gastritis, pep-
tic ulcer disease and gastric adenocarcinoma. The therapeu-
tic management of peptic ulcer disease has fundamentally 
changed since this discovery, from the use of acid inhibiting 
drugs to a triple therapy regime consisting of a proton-pump 
inhibitor drug and two antibiotics for 7 to 14 days.42 Since 
2000, a non-invasive rapid urease breath test has been avail-
able to detect (with 80% to 90% sensitivity) the presence of 
H. pylori, now believed to be the cause of more than 90% of 
duodenal ulcers and up to 80% of gastric ulcers. A positive 
test for the bacterium allows for the quick instigation of treat-
ment to prevent gastric ulcer formation.43

The discovery of H. pylori offers an alternative/additional 
explanation for the role of licorice in peptic ulcers. In vitro 

studies of GL, GA and flavonoids from Glycyrrhiza spp. show 
potent inhibition of growth of 29 strains of H. pylori.44–48  
G. glabra extract and polysaccharides have also been found to 
significantly inhibit the adhesion of H. pylori to human stom-
ach tissue in vitro.49,50 Antibiotic drug resistance is emerging 
as a major factor affecting treatment outcome in H. pylori 
infections, and researchers are now looking at plant sub-
stances, including licorice, to use in combination with drugs to 
treat gastrointestinal infections.51–54

In more recent research, the anti-ulcer activity of licorice 
has been reaffirmed. Licorice-derived compounds promoted 
mucus secretion by increasing prostaglandin concentrations 
in the gastrointestinal tract, prolonging the lifespan of surface 
cells of the stomach. They also exerted an antipepsin effect.35

A study of indomethacin-induced ulceration in the rat 
stomach found that famotidine (a proton pump inhibitor) in 
combination with an aqueous licorice extract exhibited higher 
anti-ulcer activity than either agent alone.55Another study 
compared the activity of G. glabra with omeprazole and mis-
oprostol for the treatment of aspirin-induced gastric ulcers in 
rats and found no significant difference between treatments.56 
A standardised deglycyrrhizinised extract of G. glabra (12.5, 
25 and 50 mg/kg, oral) demonstrated anti-ulcerogenic and 
antioxidant properties in indomethacin-induced gastric 
mucosal injury in rats.57

Preparations containing multiple herbal extracts have been 
researched in the context of gastrointestinal ulcers. STW 5 (a 
commercial herbal preparation containing licorice) was anti-
ulcerogenic in vivo and inhibited secondary hyperacidity more 
efficiently than did commercial antacid preparations in mild, 
indomethacin-induced hyperacidity in rats.58

Anti-inflammatory activity
In the 1950s, GA and GL were investigated as anti-inflam-
matory agents because of their ulcer-healing properties. 
Anti-inflammatory effects were demonstrated in a number 
of animal models.59–61 The mechanism is not fully under-
stood and GA and GL have no intrinsic glucocorticoid action, 
although they do potentiate the action of cortisol and hydro-
cortisone, at least in part by inhibiting their metabolism as 
detailed below. Also, oral doses of GL were anti-inflammatory 
in adrenalectomised rats, implying an intrinsic anti-inflam-
matory activity.62 GA was found to have anti-inflammatory 
activity similar to hydrocortisone in experimental arthritis in 
normal rats.61 These studies led to the use in France of GA 
and licorice for the treatment of rheumatoid arthritis.63 The 
fact that GA uncouples oxidative phosphorylation aroused 
speculation that this was responsible for its anti-inflammatory 
activity,64,65 but this particular mechanism is no longer current 
in the understanding of anti-inflammatory effects.66

More recently, several possible mechanisms behind the 
anti-inflammatory activity have been proposed. GL has been 
shown to inhibit thrombin67 and the generation of reactive 
oxygen species by neutrophils.68 An animal study demon-
strated moderate anti-inflammatory activity for oral doses 
of GA but, unlike many other anti-inflammatory agents, GA 
did not inhibit prostaglandin synthesis.69 It was proposed 
that GA may inhibit the migration of white cells into sites of 
inflammation.69 While in vitro studies have shown that GL 
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inhibits prostaglandin production and phospholipase A2,70 the 
human significance of these findings can be questioned since 
GL is converted to GA in vivo after oral doses.71 Subsequent 
research has identified the flavonoids as possible inhibitors of 
prostaglandin production (see below), although bioavailability 
factors are also an issue here in terms of human significance.

Reactive oxygen species, known to be potent mediators of 
tissue inflammation, have been shown to be inhibited by GL 
and glabridin in vitro.72,73 Another in vitro study was used to 
examine the effects of licorice root and its constituents, GL, 
glabridin and isoliquiritigenin on the proinflammatory path-
ways controlled by cyclo-oxygenase (COX) and 5-lipoxy-
genase (5-LOX). Licorice root and glabridin were found to 
inhibit the production of proinflammatory mediators arising 
from both the COX pathway (PGE2, thromboxane B2) and 
the 5-LOX pathway (leukotriene B4). Isoliquiritigenin inhib-
ited only the COX pathway, while GL failed to inhibit the 
formation of products of either pathway in this study (in con-
trast to earlier studies above).74

The chemokine eotaxin-1 is involved in the recruitment of 
eosinophils to antigen-induced inflammation in asthmatic air-
ways. Five flavonoids (including liquiritin, liquiritigenin and 
isoliquiritigenin) isolated from G. uralensis were shown to 
inhibit eotaxin-1 secretion in cultured lung fibroblasts.75

A study found both aqueous licorice extract and GA via 
intramuscular injection produced an anti-inflammatory action 
similar to diclofenac sodium (10 mg/kg) using the carra-
geenan-induced paw oedema rat model.76 GL (10 mg/kg, ip)  
attenuated the development of carrageenan-induced lung 
injury in mice.77 Inhibition of NF-kappaB and STAT-3 activa-
tion were possible mechanisms involved.

Topical anti-inflammatory activity
In early studies GA caused considerable interest as a topical 
treatment for inflammatory skin disorders.78 However, there 
were a number of negative findings, possibly due to inactive 
isomers of GA being produced by incorrect extraction pro-
cedures.79 Anti-inflammatory activity was demonstrated on 
guinea pig skin for a licorice extract liniment, which had simi-
lar activity to a 0.5% prednisolone preparation.80 In the skin 
vasoconstrictor assay, GA potentiated the action of hydro-
cortisone on human skin.81 GA is only present in low levels 
in licorice; it is mainly formed from GL after oral ingestion, 
therefore this particular research may be not be relevant to 
the topical use of licorice.

Using the conjunctival inflammation method for the quan-
titative evaluation of topically applied anti-inflammatory 
agents, a 5% solution of GL demonstrated comparable anti-
inflammatory activity to a 1% solution of the steroidal anti-
inflammatory drug dexamethasone.82 Topical application of 
licochalcone A demonstrated anti-inflammatory activity in 
experimentally induced mouse ear oedema.83

Influence on steroid metabolism
There is no doubt that GL and GA exert a powerful influence 
on human steroid hormone function. However, their intrinsic 
glucocorticoid, mineralocorticoid and oestrogenic activities 
are low.64–66,69,78–80,84–87 There is instead strong evidence to 

suggest that GA and GL act by altering the way that certain 
steroid hormones are metabolised.

In an early clinical study it was found that GL inhibited 
the metabolism of corticosteroids and thereby potentiated 
the effect of cortisone and ACTH (adrenocorticotropic hor-
mone).88 In vitro studies on rat liver preparations have shown 
that both GA and GL inhibit 5-beta-reductase, thereby prob-
ably inhibiting the breakdown of corticosteroids by the liver.89 
While GL has been shown to increase the anti-inflammatory 
action of cortisol,90 it also antagonised some of its less desir-
able effects such as its antigranulomatous action91 and its 
suppressive effect on ACTH synthesis and secretion and on 
adrenal weight.92

In a follow-up clinical study, oral administration of GL 
(150 to 300 mg/day) blocked the effect of the glucocorticoid 
dexamethasone in lowering the amount of urinary metabo-
lites of cortisol resulting from pituitary (ACTH) inhibition.92 
These findings have important clinical significance for the use 
of licorice to aid the withdrawal of steroidal anti-inflamma-
tory drugs and as an adrenal restorative herb.

GA also antagonises some of the effects of exogenously 
administered oestrogen, but has no action on the effects of 
natural levels of oestrogen.93

The aldosterone-like activity of licorice and carbenoxolone 
are well documented and these effects can also be produced 
by both GA and GL.94 Research has shown that the site of 
action is in the kidney and this curious effect of licorice has 
proven to be a valuable tool in increasing understanding of 
kidney physiology. Briefly put, GA inhibits the enzyme (see 
below) that inactivates cortisol (to cortisone), leading to a 
higher level than normal of cortisol in the kidney. This in turn 
activates type 1 mineralocorticoid receptors to cause potas-
sium loss and sodium retention.95,96 The fact that licorice or 
GA potentiates the effect of cortisol, and not aldosterone, to 
cause sodium and fluid retention would explain why cortisone 
and licorice can control sodium balance in Addison’s disease 
without the need for a mineralocorticoid.97

The enzyme type 2 11-beta-hydroxysteroid dehydroge-
nase (11-beta-HSD2) converts cortisol, the active form, into 
its inactive metabolites. Oral doses of GL to rats, and GA in 
vitro, inhibited 11-beta-HSD2 activity and decreased its pro-
duction. This led to significantly increased levels of cortisol 
and thereby greater stimulation of the glucocorticoid recep-
tor as well as a mineralocorticoid effect in the kidney. As fur-
ther confirmation of this mechanism, pure GA (500 mg/day) 
administered orally to 10 healthy, normotensive young volun-
teers resulted in an elevated urinary excretion of free cortisol 
and unchanged plasma cortisol levels in the presence of mark-
edly decreased levels of both plasma cortisone and urinary 
free cortisone.98

Licorice metabolites can also inhibit the type 1 isoform of 
11-beta-HSD. Specifically, 18-alpha-GA selectively inhibited 
11-beta-HSD1, but not 11-beta-HSD2 in transfected cells.99 
In contrast, 18-beta-GA preferentially inhibited 11-beta-
HSD2. Both metabolites of GA have been detected in human 
plasma after GL intake (as the ammonium salt).100

Licorice in vitro inhibits corticoid, progesterone and pros-
taglandin dehydrogenases. The mechanism for conferring cel-
lular specificity on mineralocorticoid action thus appears to 
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share a common ancestor with a mechanism for regulating 
prostaglandin action.101 Licorice also inhibits 3-alpha, 20-beta-
hydroxysteroid dehydrogenase, an enzyme derived from 
a certain species of bacteria which is homologous to both 
11-beta-HSD and 15-hydroxyprostaglandin dehydrogenase. 
(These enzymes diverged at least 2 billion years ago from a 
common ancestor. It is therefore likely that other oxidoreduc-
tases will be inhibited by licorice-derived compounds.)29

No difference in blood levels of GA was observed between 
patients with and without licorice-induced pseudoaldo-
steronism. Further testing suggested that licorice-induced 
pseudoaldosteronism is due to an increased concentration of 
3-beta-D-(monoglucuronyl)-18-beta-GA (another metabo-
lite of GL), but not GA itself.102 This liver metabolite of GA 
is probably the active form of GL in the bloodstream with 
aldosterone-like activity. The mechanism behind the miner-
alocorticoid activity of licorice in humans was further evalu-
ated in six male volunteers who received 7 g/day of a licorice 
preparation (containing 500 mg/day of GL) for 7 days. 
Pseudoaldosteronism was evident during the treatment as 
expressed by increased body weight, suppression of plasma 
renin activity and plasma aldosterone and reduced serum 
potassium. The study concluded that pseudoaldosteronism is 
initially related to decreased activity of 11-beta-HSD2, but 
afterwards also to a direct effect of licorice derivatives on 
mineralocorticoid receptors in some cases. In other cases, the 
effect on the enzyme is prevailing, probably as a result of indi-
vidual factors.103

A study examined the effect of confectionery licorice 
100 g/day (150 mg GA) for 4 weeks on serum dehydro
epiandrostenedione sulphate (DHEAS) in 15 women and 
21 men (healthy or suffering from essential hypertension). 
Researchers observed a moderate but significant decrease 
in serum DHEAS in men (p=0.002) and a non-significant 
increase in women following ingestion of these doses of 
licorice over a 4-week period. The serum concentrations of 
DHEAS differed between the genders (p=0.03). Serum tes-
tosterone levels and urinary androgen excretion showed no 
significant change. It was concluded that licorice primarily 
affects cortisol metabolism, whereas androgens are only mar-
ginally affected. Gender may influence the action of licorice, 
but pre-existing hypertension did not appear to have an influ-
ence.104 (See also under Side effects for a further review of 
the impact of licorice on serum testosterone.)

Immunomodulatory activity
Beta-GA demonstrated potent inhibition of the classic com-
plement pathway in vitro, but exerted no activity towards 
the alternative pathway. This anticomplementary activity was 
dependent on conformation, since the alpha-form of the com-
pound was not active. GA acted at the level of the comple-
ment component C2.105

The daily consecutive oral administration of G. uralensis  
decoction at dose of 2 g/kg/day to mice countered the car-
rageenan-induced decrease in immune complex clearance. 
However, oral administration to normal mice did not reduce 
immune complex clearance. This effect of licorice decoc-
tion could not be explained by the action of GL.106 Licorice 

(50 mg/kg/day, oral) and GA (5 mg/kg/day, ip) helped the 
recovery of total leucocyte count, lymphocyte count and cel-
lular immunity in irradiated mice.107

An in vivo study investigated the immunomodulatory activ-
ity of the licorice flavonoid liquiritigenin and its glycoside 
liquiritin against disseminated candidiasis. Mice treated intra-
peritoneally with liquiritigenin before intravenous challenge 
with live Candida albicans cells had a longer mean survival 
time than untreated mice (p<0.05), whereas mice treated 
with the glycoside liquiritin did not (illustrating the common 
requirement for glycosides to be activated through intestinal 
hydrolysis). Treatment with liquiritigenin favoured the pro-
duction of interferon-gamma and interleukin (IL)-2 over IL-4 
and IL-10, and results suggested that liquiritigenin protected 
mice against disseminated candidiasis by activating CD4 and 
Th1 immune responses.108

Chemopreventative and antitumour activities
Tumour promotion is considered to be an important factor 
in the chemical induction of cancers. GA but not GL exhib-
its a significant and specific antitumour-promoting activ-
ity109,110 by inhibiting the binding of tumour promoters to 
test cells.111 The mechanism may involve inhibition of pro-
tein kinase C.112

GA inhibited the growth of cultured mouse melanoma 
cells but was cytostatic and not cytotoxic.113 It also induced 
phenotypic reversion: that is, the cancer cell becomes more 
like a normal cell.113 GA inhibited ear oedema and ornithine 
decarboxylase activity induced by croton oil in mice. It also 
protected rapid DNA damage and decreased the experimen-
tally induced, unscheduled DNA synthesis, which demon-
strates a potential chemopreventive activity. (Although not 
stated, it is likely that GA was administered by injection.)114 
Oral administration of 1% aqueous extract of licorice to 
mice protected against lung and forestomach tumorigenesis 
induced by chemical carcinogens.115 Chronic oral feeding of 
GL to mice also resulted in substantial protection against skin 
tumorigenesis.116 Topical application of GA decreased skin 
tumour-initiating and promoting activities in mice.117

Licorice extract showed antimutagenic activity against 
ethylmethanesulphonate and ribose-lysine in the Salmonella/
microsome reversion assay.118 It also decreased the muta-
tion frequencies induced by a series of well-known mutagens 
and carcinogens in vitro over a range of concentrations well 
below the toxic level.119 GA inhibited mutagenicity in the 
Salmonella assay.

In vitro studies suggest that licorice may exert chemopre-
ventative and antitumour activities via a range of mechanisms, 
including protecting against carcinogen-induced DNA dam-
age. GA is an inhibitor of COX, LOX and protein kinase C 
and downregulates the epidermal growth factor receptor, 
while licorice polyphenols can induce apoptosis in tumour 
cells.72 Isoliquiritigenin has shown both oestrogenic and anti-
proliferative activities in hormone sensitive MCF7 breast 
cancer cells in vitro.120 These seemingly paradoxical in vitro 
findings are difficult to translate to a clinical setting, and 
both level and duration of exposure may determine any in 
vivo effects. Licochalcone A has been shown to potentiate 
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chemotherapeutic agents such as paclitaxel and vinblastine.121 
Isoliquiritigenin inhibited cell proliferation and induced cell 
arrest in prostate cancer cells in vitro.122 A novel polyphe-
nol isolated from licorice induced apoptosis, cell arrest and 
the phosphorylation of the anti-apoptotic protein Bcl-2 in 
breast and prostate tumour cells in a manner similar to pacli-
taxel.123 Isoliquiritigenin (300 mg/kg) reduced the incidence 
of induced colon and lung tumours in mice.124 The same com-
pound suppressed growth and induced apotosis in human and 
mouse colon cells in vitro and inhibited the induction of pre-
neoplastic lesions in the rat colon in vivo.125

Human LNCaP prostate cancer cells exposed to licorice or 
the constituent licochalcone A demonstrated induced caspase-
dependant and autophagy-related cell death in vitro.126 A G. 
glabra root 50% ethanolic extract inhibited angiogenic and 
proliferative effects mediated by vascular endothelial growth 
factor both in vitro and in vivo (using the chorioallantoic 
membrane assay).127 Licochalcone A was cytotoxic against 
gastric cancer cells; the mechanism of action involved cell 
cycle arrest and apoptosis.128

Colorectal cancer remains a leading cause of death. One 
promising chemopreventative strategy is to target cyclo- 
oxygenase 2 (COX-2) which promotes disease progression 
via PGE2. COX-2 inhibition can be achieved with NSAIDs or 
selective COX-2 inhibitors, but these have potentially serious 
adverse side effects. It has been demonstrated that the expres-
sion of 11-beta-HSD2 correlates with COX-2 expression 
and activity, and increased human colonic and mouse intesti-
nal adenomas. In addition, the same study found that, when 
11-beta-HSD was inhibited with GA (or the gene silenced), 
COX-2 mediated PGE2 production in tumours was reduced 
and adenoma formation, tumour growth and metastasis were 
prevented in mice.129 Doses used were 1 to 30 mg/kg/day of 
GA by intraperitoneal injection.

Hepatoprotective activity
In early research it was proposed that GL was only active by 
injection as a protective agent for the liver.130 However, in 
vitro studies on hepatocytes have shown that both GL and 
GA, the oral metabolite of GL, are equally hepatoprotec-
tive.131,132 The clinical significance of oral doses of GL or 
licorice in liver disease remains to be established. (See Clinical 
trials section for studies on injected GL.)

Oral administration of licorice root (1 g/kg) or GL  
(23 mg/kg) activated glucuronidation in a study investigating 
the metabolism of paracetamol (acetaminophen). This result 
suggests that licorice may influence the detoxification of drugs 
in rat liver.133 Very high oral doses of licorice or GL induced 
cytochrome P450-dependent enzyme (CYP) activities in 
mice.134

In an experimental hepatotoxicity model, oral administra-
tion of GA reduced the increase in serum transaminase activi-
ties, whereas GL did not. In vitro studies suggest that the 
potency of the hepatoprotective compounds parallels their 
absorption by hepatocytes.135

GA has been shown to protect a human hepatoma cell line 
(HepG2) against aflatoxin B1-induced cytotoxicity in vitro. 
Pretreatment with GA increased the activity of detoxifying 

enzymes glutathione-S-transferase and CYP1A1 (but not 
CYP1A2), suggesting that GA may inhibit the metabolic acti-
vation of aflatoxin B1, a critical aspect of the carcinogenicity 
of this substance.136

Carbon tetrachloride (CCl4) is a potent hepatotoxin that 
causes peroxidative damage. A study in CCl4-treated rats 
demonstrated that co-administration of G. glabra almost nor-
malised the decreased activity of antioxidant defences includ-
ing superoxide dismutase, catalase, glutathione peroxidase 
and glutathione, thereby attenuating the hepatotoxic effect 
of CCl4.137 Another study evaluated the effect of GL (intra-
peritoneally) in a mouse model of CCl4-induced liver injury. 
Results showed that GL protected against injury, likely as a 
result of the induction of haem-oxygenase-1 and downregu-
lation of proinflammatory mediators including COX-2 and 
nitric oxide.138 These results suggest a possible activation of 
the Nrf2/ARE cellular protective pathway.

Non-alcoholic fatty liver disease (NAFLD) is a common 
liver pathology that appears to be increasing in prevalence. It 
is believed free fatty acid-induced lipotoxicity plays a crucial 
role in the pathogenesis of NAFLD. GL’s well-documented 
pharmacological properties such as anti-inflammatory, anti-
oxidant and immune modulating may be relevant to NAFLD. 
In an in vitro model of NAFLD (using the human hepatocyte 
cell line HepG2) GA prevented free fatty acid-induced lipid 
accumulation and cell apoptosis.139

Antiviral activity
A 2008 review noted that randomised controlled trials have 
clearly demonstrated that intravenous treatment with GL can 
reduce hepatocellular damage from chronic hepatitis B and 
C. Animal studies have demonstrated antiviral activity against 
herpes simplex, encephalitis and influenza A virus and in vitro 
studies have demonstrated antiviral activity against human 
immunodefi ciency virus (HIV), SARS, arboviruses and vac-
cinia virus.140 Several antiviral mechanisms have been docu-
mented, including induction of interferon-gamma by T cells, 
inhibition of viral uptake and reduced viral latency.

Early research observed that GL but not GA inhibited 
virus growth and in some instances inactivated virus parti-
cles. GL was particularly active against herpes simplex virus 
(HSV),141,142 varicella-zoster virus,143 human herpesvirus144,145 
and HIV.146,147 GL also induced interferon production in vivo 
and in vitro, but GA was found to have only weak activity.148 
Indigenous GL (isolated from licorice) was a more potent anti-
viral agent than licorice and synthetic GL (ammonium salt of 
GA) for Japanese encephalitis virus in vitro.149 Intraperitoneal 
administration of GL reduced morbidity and mortality of mice 
infected with lethal doses of influenza virus.150

In vitro studies have indicated that the antiviral agent 
idoxuridine penetrates skin more effectively when incorpo-
rated in a GL gel than a commercial idoxuridine ointment.151 
Isoliquiritigenin and glycycoumarin from G. glabra have 
been shown in vitro to specifically inhibit hepatitis C virus 
replication.152

In contrast with early research suggesting that GA lacked 
significant antiviral activity, researchers in Taiwan and 
Russia have demonstrated that not only is GA active against 
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Epstein–Barr virus (EBV) in vitro by interfering with an early 
step of the EBV replication cycle, it is 7.5 times more active 
than GL at inhibiting viral growth in infected cells.153 Since 
the target of most conventional antiviral drugs is the virus-
encoded enzyme DNA polymerase, involved in producing 
viral copies, GL and GA represent a new class of anti-EBV 
agents with a different mode of action.154

GL has also been found to protect human lung cells from 
influenza A virus in vitro. The antiviral activity appeared to 
be mediated by an interaction with the cell membrane, which 
reduced virus uptake.155 GL demonstrated inhibition of HIV 
replication in cultures of peripheral blood mononuclear cells 
from HIV-infected patients by inducing the production of 
beta chemokines in the non-syncytium inducing variant of the 
virus.156 Other authors have reported an inhibitory effect of 
GL on the neutrophil-dependent increase of HIV replication 
in macrophages.157,158 GL is also reported to lower mem-
brane fluidity, which suppresses HIV infection, as cell entry of 
enveloped viruses requires a wide fusion pore mechanism.159 
GL also inhibited replication of the SARS-associated corona-
virus in vitro.160

Antimicrobial activity
The following isoflavonoids and related substances iso-
lated from licorice have demonstrated significant antimi-
crobial activity in vitro in early research: hispaglabridin A, 
hispaglabridin B, 4'-O-methylglabridin, glabridin, glabrol, 
3-hydroxyglabrol.161 Licochalcone A inhibited the growth 
of both chloroquine-susceptible and chloroquine-resistant 
Plasmodium falciparum strains in vitro and protected mice 
from P. yoelii infection when administered either orally or 
intraperitoneally for 3 to 6 days.162 Licochalcone A also inhib-
ited the growth of Leishmania major and L. donovani promas-
tigotes and amastigotes at concentrations that are non-toxic to 
host cells.163

Neither licorice nor GL promoted growth of Streptococcus 
mutans or induced plaque formation (measured by adher-
ence of S. mutans to the surface) in vitro. In the presence of 
sucrose, GL did not affect bacterial growth, but plaque for-
mation was markedly inhibited. GL at 0.5% to 1% caused 
almost complete inhibition.164

An extract from G. uralensis eliminated Streptococcus 
mutans and other common bacteria responsible for dental cav-
ity forming acids. The licorice extract did not kill bacteria nec-
essary for good oral hygiene. The extract is apparently being 
developed into a confectionery to prevent susceptible patients 
from forming dental cavities, with promising results.165,166

GA (30 mg/kg) administered subcutaneously to interleu-
kin-deficient mice infected with Porphyromonas gingivalis 
resulted in a dramatic reduction of infection-induced bone 
loss, both when administered prophylactically and therapeuti-
cally. These findings suggest that GA might inhibit periodonti-
tis in a glucocorticoid-independent manner, via inactivation of 
NF-kappaB.167

The phenolic licorice constituents glicophenone and gli-
coisoflavone, licochalcone A and isoflavones have been shown 
be antibacterial against methicillin-resistant Staphylococcus 
aureus (MRSA) in vitro.168

(See also the studies on H. pylori under Anti-ulcer activity.)

Cognitive function and neuroprotection
Licorice aqueous extract (150 mg/kg/day for 7 days, oral) 
has been shown to enhance memory and learning in mice. 
Researchers suggested both the anti-inflammatory and anti-
oxidant properties of licorice may be contributing to the 
effect, as the dose reversed the amnesic effect induced by 
diazepam and scopolamine.169 Cognitive function and cho-
linesterase activity were investigated in a study of glabridin 
(1, 2 and 4 mg/kg, ip) in mice for 3 days. Brain cholinesterase 
activity was reduced, suggesting glabridin might be a useful 
therapy for memory improvement.170 Enhancement of spatial 
memory retention in rats orally treated with licorice extract  
(5 mg/mL of GL in daily water intake) occurred up to  
4 weeks after treatment.171

The antioxidant activity of licorice components has been 
the subject of a number of in vitro and in vivo studies aim-
ing to investigate their neuroprotective effect. GA and 
18-beta-GA were neuroprotective in PC12 cells subjected to 
glucose deprivation and 6-hydroxydopamine-induced cyto-
toxicity in vitro.172 Inhibition of NF-kappaB was associated 
with neuroprotective effects of GA in vitro on glutamate-
induced excitotoxicity in primary neurons.173 GL (16.8 mg/
kg, ip) has also demonstrated neuroprotective effects in the 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine mouse model 
of Parkinson’s disease.174 Glabridin (25 mg/kg, ip), a licorice 
flavonoid, exerted a neuroprotective effect via modulation of 
multiple pathways associated with apoptosis in cerebral injury 
induced by middle artery occlusion in rats.175 Isoliquiritigenin, 
another licorice flavonoid, has exhibited a neuroprotective role 
in cocaine-induced neuronal toxicity in rats.176,177 Treatment 
with GL (10 mg/kg, ip) has also been shown in animal studies 
to reduce the development of inflammation and tissue injury 
associated with spinal cord trauma.178

The role of the complement system in neurodegenera-
tive disorders such as Alzheimer’s disease, multiple sclerosis, 
myasthenia gravis, Parkinson’s disease, traumatic brain injury 
and spinal cord injury are well documented. GA and GL from 
G. glabra were found to have complement inhibitory poten-
tial in vitro, as both induced conformational changes in C3 
(see also under Immunomodulatory activity).179

Antidepressant activity
The flavonoid liquiritin (10 to 40 mg/kg, oral) has been stud-
ied in a rat model for its effect in chronic, variable stress-
induced depression. An antidepressant-like effect was found, 
which may be related to the observed prevention of oxida-
tive stress, as demonstrated by an increase in SOD (super-
oxide dismutase) activity, inhibition of lipid peroxidation 
and reduced production of MDA, whereas fluoxetine did 
not exert these effects.180 In another study, an extract of  
G. glabra (75, 150 or 300 mg/kg, oral) was administered for 
7 days to two groups of Swiss male albino mice to investigate 
the antidepressant effects using the forced swim and tail sus-
pension tests. At the 150 mg/kg dose there appeared to be a 
significant antidepressant-like effect comparable with imipra-
mine (15 mg/kg, ip) and fluoxetine (20 mg/kg, ip). The effect 
appeared to be mediated by brain noradrenaline (norepineph-
rine) and dopamine increases, but not by serotonin, leading 
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the investigators to conclude that licorice extract may have a 
monoamine oxidase inhibiting effect.181

Dyslipidaemia and insulin resistance
In early research, six constituents isolated from licorice dem-
onstrated potent antioxidant activity toward LDL-cholesterol 
in vitro. The constituents were four isoflavans (including 
glabridin, which was the most abundant and most potent anti-
oxidant) and two chalcones. The isoflavone formononetin was 
inactive.182

Both licorice extract and glabridin protected LDL-
cholesterol against peroxidation in vitro and ex vivo in humans 
and in atherosclerotic apolipoprotein E-deficient mice. In the 
ex vivo study, LDL-cholesterol isolated from the plasma of 10 
normolipidaemic subjects orally supplemented for 2 weeks 
with 100 mg/day of licorice (presumably as an extract dose) 
was more resistant to oxidation than LDL-cholesterol isolated 
before licorice administration.183

Several animal studies support the use of licorice as a lipid-
lowering agent, potentially reducing the risk of cardiovascular 
disease. The antidyslipidaemic activity of an ethanolic extract 
of G. glabra root was investigated in the high fructose diet 
dyslipidaemic hamster model. Compared with controls, 
animals administered 100 mg/kg (oral) of a 95% ethanolic 
licorice extract for 30 days showed significant reductions 
in total cholesterol, triglycerides and LDL- and VLDL-
cholesterol.184 A later study by the same group using the 
same model suggested downregulation of hepatic HMG-CoA 
reductase was one possible mechanism.185

G. glabra root (5 and 10 g% in diet) had previously been 
investigated for its hypocholesterolaemic and antioxidant 
effects in hypercholesterolaemic albino rats. Four weeks 
administration of licorice resulted in a significant reduction 
in hepatic total lipids, total cholesterol, triglycerides, LDL- 
and VLDL-cholesterol. There was also an increase in HDL-
cholesterol, accelerated faecal cholesterol, neutral sterol and 
bile acid excretion, and increased hepatic HMG-CoA reduc-
tase activity (in contrast to the above study) and bile acid pro-
duction, along with reduced hepatic lipid peroxidation and 
increased SOD and catalase activities.186

Another in vivo investigation found oral administration 
of GA (100 mg/kg) to high-fat diet-induced obese rats for 
28 days resulted in a significant reduction in blood glucose, 
an improvement in insulin resistance (p<0.05), decreased 
triglycerides and increased HDL-cholesterol (p<0.05), 
together with reduced free fatty acids, total cholesterol, LDL-
cholesterol and tissue lipid deposition (p<0.01).187 Previous 
studies indicated that GA could act as a peroxisome prolif-
erator-activated receptor agonist and thus restore lipoprotein 
lipase (LPL) expression in the insulin resistant state. GA may 
therefore exert its dyslipidaemic action by selectively induc-
ing LPL expression in non-hepatic tissues, and may also be 
associated with a decrease in tissue lipid deposition.188,189

The effect of licorice flavonoid oil (LFO) was studied in 
five groups of obese, diabetic mice fed a high-fat diet con-
taining 0 (control), 0.5%, 1% or 2% LFO or 0.5% conjugated 
linoleic acid for 4 weeks. Body weight gain and abdominal adi-
pose tissue weight were suppressed (p<0.05) in animals fed 
the 2% LFO diet. Blood glucose was also reduced (p<0.05) 

by all diets containing LFO. These results indicate that LFO 
can reduce abdominal fat accumulation and has hypoglycae-
mic effects.190 Another study found that LFO at similar doses 
could reduce abdominal fat accumulation and body weight 
gain in high-fat diet-induced obese mice.191 (See also in the 
Clinical trials section for a discussion of effects on 11-beta-
HSD1 and body fat loss.)

Anti-allergic activity
In early research, GA demonstrated a strong, dose-dependent 
inhibitory effect on histamine synthesis and release in cul-
tured mast cells. It also inhibited the transdifferentiation of 
the cells.192

Licorice has been traditionally used to treat inflammatory 
and allergic conditions. Isolated constituents have been evalu-
ated in vitro and in vivo for their inhibition of IgE production 
and in assays of anti-scratching behaviour. Liquiritigenin and 
18-beta-GA potently inhibited IgE-induced degranulation in 
a mast cell model and also inhibited the passive cutaneous 
anaphylactic reaction as well as the scratch behaviour in mice 
(at oral doses of 10 and 50 mg/kg). These results suggest that 
licorice may be useful in the treatment of allergic asthma and 
dermatitis.193

GL was also evaluated in a mouse model of asthma, 
administered orally in doses of 2.5 to 20 mg/kg to sensitised 
mice challenged with ovalbumin. It significantly inhibited 
ovalbumin-induced airway constriction, lung inflammation and 
eosinophil infiltration. GL also reduced IgE ovalbumin specific 
levels (p<0.01) and prevented the reduction of total IgG2a 
(p<0.01) in the serum, with no effect on serum cortisol.194

Antitussive activity
Early research found that oral doses of GA exerted an anti-
tussive effect similar to codeine.195 The antitussive effects 
of licorice and its components have been demonstrated 
in several animal studies. For example, liquiritin apioside 
and liquiritigenin at oral doses of 30 mg/kg in guinea pigs 
caused a significant reduction in capsaicin-induced cough 1 h 
post-administration, while liquiritin apioside, liquiritin and 
liquiritigenin reduced cough by more than 40% 4 h post-admin-
istration.196 Tracheal relaxation was shown in guinea pig models 
to be induced by the licorice flavonoid isoliquiritigenin.197

Other activity
Carbenoxolone enhanced the defence mechanism of the 
bladder198 and inhibited bacterial adherence to the injured 
urothelium.199

In Chinese medicine, licorice is considered to have an anti-
toxic activity and a protective effect of GL against saponin 
toxicity has been demonstrated.200

Liquiritin, the glycoside mainly present in licorice root, was 
inactive as a spasmolytic.201 However, on hydrolysis, which 
occurs with the application of heat, it is converted to isoli-
quiritigenin which exerted strong spasmolytic activity.201

Isoliquiritigenin inhibited platelet aggregation in vitro, with 
activity comparable to that of aspirin. It also showed anti-
platelet activity in vivo. Isoliquiritigenin appears to be the 
only aldose reductase inhibitor with a significant antiplatelet 
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activity, which may be of benefit in prophylaxis of diabetic 
complications.202 Oral administration of licorice extract 
(7.5 mg/kg/day for 7 days) dramatically reduced sorbitol lev-
els in red blood cells of diabetic rats without affecting blood 
glucose levels significantly. Licorice therefore inhibits aldose 
reductase after oral doses.203,204 Later in vitro research using 
rat lens aldose reductase identified semilicoisoflavone as 
the most potent phytochemical inhibitor of this enzyme in 
licorice.205 Oral administration of licorice reduced hyper-
phagia and polydipsia in diabetic mice compared with con-
trols. There was no effect observed on hyperglycaemia or 
hypoinsulinaemia.206

Licorice extract, administered by mouth or intravenous 
injection, exerted choleretic activity in rats.207

The GL metabolites 18-alpha-GA and 18-beta-GA are cel-
lular gap junction inhibitors in vitro.208,209 Gap junctions play 
an important role in intercellular communication and regula-
tion. However, the pharmacological and safety implications of 
this property are not well understood.

Proposed treatment strategies for acute respiratory distress 
syndrome include suppressing platelet responses thought to 
be responsible for the onset of rapid shock caused by severe 
sepsis. GL injection (200mg/kg) in a mouse model suppressed 
platelet responses and delayed death caused by sepsis.210

GL has been shown to enhance the percutaneous absorp-
tion of diclofenac sodium in sodium carboxymethylcellulose 
gel on abdominal rat skin.211

A licorice beverage extract was shown to mildly increase 
intestinal iron absorption in an animal model, and the inves-
tigators suggested that it might be recommended as a pre-
ventive agent for iron deficiency anaemia or to increase the 
absorption of supplemental iron.212

Pharmacokinetics
From early studies in rats, it was found that the intestinal 
absorption of GA was greater than that of GL. Furthermore, 
the absorption of GA was higher in the small intestine than in 
the large intestine. Although GL was poorly absorbable, both 
GL and GA were detected in rat plasma after oral adminis-
tration of GL, suggesting that GL might be absorbed in both 
parent and metabolite forms, although their bioavailabilities 
were low.213

In vitro studies using rat liver homogenate indicate GL is 
first hydrolysed to 18-beta-GA mono-beta-D-glucuronide. 
The latter is then successively slowly hydrolysed to GA.214 
This suggests that even if GL is absorbed after oral ingestion it 
is still broken down by the liver.

Recent studies have contributed to the growing under-
standing of the pharmacokinetics of GL and GA in humans. 
These are summarised below. For a comprehensive review, the 
reader is referred to Ploeger and colleagues.215

Overall, results suggest that in humans GL in licorice is 
almost entirely hydrolysed by bacterial enzymes in the intes-
tine to the aglycone GA, which is readily absorbed. In plasma, 
GA is extensively bound to albumin. Hepatic metabolism pro-
duces conjugates of GA, which are secreted into the bile and 
released back into the intestine, where they can be hydrolysed 
to again release GA. These GA conjugates resemble GL and 

may have been misinterpreted as the latter in early studies. 
GA thus undergoes enterohepatic cycling with slow plasma 
clearance as a result. Urinary excretion is negligible.

In the intestine, GL is hydrolysed to GA by beta- 
glucuronidases produced by commensal bacteria. It appears 
that only certain bacteria (including certain Eubacterium, 
Ruminococcus, Clostridium and Streptococcus strains) produce 
the right type of enzyme required for this hydrolysis, while 
more common beta-glucuronidases (such as those produced 
by Escherichia coli) are not active.71,216–218

Hence, GL has poor oral bioavailability as such due to its 
being extensively hydrolysed in the intestine. In healthy vol-
unteers given oral doses of 100 to 800 mg, no unchanged com-
pound was detected in plasma; GA was instead found.219–221

In contrast, orally administered GA appears to be almost 
completely absorbed in both humans and rats at doses up to 
at least 20 to 25 mg/kg, indicating that at such levels GA lib-
erated in the intestine has high bioavailability.222,223 However, 
the bioavailability of GA was reduced to 14% in rats given a 
high oral dose (200 mg/kg) of GL, suggesting a limited capac-
ity of either intestinal hydrolysis of GL or the absorption of 
the newly formed GA (or a combination or both).224

There is evidence that licorice extracts provide for lower 
bioavailability of GA compared with pure GL, presumably 
due to the impact of other constituents present in the extract. 
This may explain the more frequent side effects that appear 
to result from chronic GL administration compared with 
aqueous licorice extracts.224,225

Once absorbed, GA binds extensively to plasma albumin 
in both humans and rats; this binding can become saturated 
with high plasma concentrations.226,227 Time to peak plasma 
level (Tmax) for GA following oral intake of GL is 8 to 12 h 
in humans, consistent with the delay resulting from intestinal 
hydrolysis.225,228 An oral dose of 130 mg/day GA for 5 days 
resulted in peak plasma concentrations ranging from 1.1 to 
1.8 mg/L.229 The half-life of GA has been measured at 23.6 h, 
with the metabolite still detectable in plasma 219 hours after 
the last dose.230

In support of the research cited above, intravenously 
administered GL is metabolised in the liver to GA-3-mono-
glucuronide, which was found to be excreted with bile into 
the intestine where it was further metabolised by bacterial 
enzymes to GA, which can then be reabsorbed.231 In the rat, 
other hepatic conjugates of GA have been identified (glucuro-
nides and a sulphate).232

Enterohepatic cycling of GA metabolites has been demon-
strated in the rat and is assumed to also occur in humans.215 In a 
human pharmacokinetic model developed for GL, and a related 
pharmacokinetic study in 16 volunteers, a second plasma con-
centration peak for GA was attributed to enterohepatic cycling. 
It is assumed that GA metabolites are secreted into bile and 
stored in the gallbladder until release occurs. Once in the intes-
tine, bacterial beta-glucuronidases can again release GA, lead-
ing to the second peak in plasma concentration (about 20 h post 
dosage).233 The degree to which enterohepatic cycling occurs 
is likely to be variable and dependent on gastrointestinal transit 
time.215

Plasma clearance of intravenous GL was significantly 
decreased in patients with chronic hepatitis C and liver 
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cirrhosis,234 and a similar effect on the clearance of GA fol-
lowing oral administration of licorice is to be expected. 
Urinary excretion of GA is very low (2% or less).222,235

Results from earlier studies in volunteers given oral GL 
suggest that after multiple doses of 1.5 g/day GL, 11-beta-
HSD might be constantly inhibited, whereas at doses of 
500 mg/day or less such an inhibition might occur only tran-
siently.236 Maximum levels of GA of 6.3 mg/L were reached 
2 to 4 h after ingestion of 500 mg GA in 10 healthy young 
volunteers. Twenty-four hours after ingestion GA levels could 
still be detected in seven people.237

Clinical trials
Gastric and duodenal ulcer and functional 
dyspepsia
Clinical trials investigating licorice and licorice derivatives 
for ulcer disease fall into four categories in terms of the sub-
stances tested: licorice extract, deglycyrrhizinised licorice 
(DGL), DGL combined with other agents, and analogues of 
GL (such as carbenoxolone and enoxolone). Many of these 
trials were conducted more than 30 years ago and several have 
been criticised for poor design or small numbers, yet practi-
tioners of herbal medicine report reduction of symptoms in 
patients with ulcer disease using licorice products.238,239

Despite showing early promise, there were several tri-
als on DGL that gave negative findings,240–242 although some 
of these may have been due to poor product formulation.243 
Subsequently, in well-controlled clinical trials DGL was 
shown to be as effective in healing gastric and duodenal ulcers 
as carbenoxolone, cimetidine and ranitidine.244–246 DGL was 
widely used in the UK, in combination with conventional ant-
acids, which may have also contributed to the observed clini-
cal effects.243

More recently, a proprietary DGL product at 150 mg/day  
was tested in patients with functional dyspepsia in a 30-day, 
randomised, double blind, placebo-controlled trial.247 
Compared with placebo, the DGL group demonstrated a sig-
nificant decrease (p≤0.05) in various symptom scores on days 
15 and 30.

Revers successfully treated patients with peptic ulcer using 
about 7 g/day of licorice juice, but he also found that about 
70% of his patients developed oedema.248–250 The curative 
effects of licorice extract on peptic ulcer and the unfortunate 
side effects were confirmed by many other workers, some 
using up to 40 g/day of licorice extract.251–253 Side effects 
could be countered by a low sodium diet,254,255 but daily 
doses of 40 g still caused side effects even with restricted 
sodium intake.256 Unfortunately, the quantities of GL corre-
sponding to these doses of licorice were not assayed and vari-
ations in GL content could explain discrepancies as to what 
was a safe dose of extract.

Dyslipidaemia
A 9-month, random-order, double blind, placebo-controlled 
trial was conducted in 19 healthy volunteers (30 to 70 years) 
to investigate the effect of an isoflavone antioxidant, glabri-
din (60 mg/day) from licorice root, on LDL oxidation. Results 

indicated that glabridin had a protective effect on LDL oxida-
tion and reduced oxidative stress levels by 20% (p<0.05), and 
thus may attenuate atherosclerosis.257

An ethanolic extract of licorice root rich in flavonoids and 
GL-free at 100 mg/day for 1 month moderately reduced 
hypercholesterolaemic patients’ plasma LDL-cholesterol by 
9%, triglycerides by 14% and improved the resistance of LDL 
to three major atherogenic modifications (including oxidation, 
by 55%).258 The trial was a small crossover design against pla-
cebo in 12 patients.

Insulin resistance
One trial suggested that licorice might have the potential to 
improve insulin sensitivity based on its 11-beta-HSD inhibi-
tory activity. Lowering intracellular cortisol enhances insulin 
sensitivity in type 2 diabetes, obesity and hyperlipidaemia. 
The study in question investigated the effects of carbenox-
olone (a non-selective 11-beta-HSD inhibitor and synthetic 
derivative of GA) on insulin sensitivity in healthy men and 
lean male patients with type 2 diabetes. Carbenoxolone 
(100 mg every 8 h, orally for 7 days) significantly reduced 
the rate of glucose production during hyperglucagonaemia 
in diabetic patients as a result of reduced glycogenolysis. As 
expected, it also caused an increase in blood pressure and a 
lowering of serum potassium. Total cholesterol decreased in 
the healthy volunteers (p<0.01), but there was no effect on 
serum lipids or cholesterol in diabetic patients.259

Other consequences of 11-beta-HSD1 inhibition
As noted in the Pharmacology section, GL metabolites inhibit 
11-beta-HSD. This enzyme is involved in peripheral cortisol 
metabolism; 11-beta-HSD1 mainly converts inactive corti-
sone into active cortisol, whereas 11-beta-HSD2 only inac-
tivates cortisol into cortisone. Inhibition of 11-beta-HSD1 is 
now understood to offer significant therapeutic opportunities 
and agents that inhibit this enzyme are being investigated as 
treatments for metabolic syndrome, type 2 diabetes, glau-
coma and osteoporosis.260

Recent studies have revealed an association of elevated 
11-beta-HSD1-dependent glucocorticoid activation with 
insulin and leptin resistance, visceral obesity (see also under 
Weight loss in this section), dyslipidaemia, type 2 diabetes 
and cardiovascular complications. Based on animal models, 
abnormal hepatic 11-beta-HSD1 activity seems to play an 
important role in insulin resistance.99,261 Activity of 11-beta-
HSD1 is upregulated in the subcutaneous fat and livers of 
postmenopausal women and may cause a shift in adipose dis-
tribution from glutofemoral to abdominal deposits.262

Clinical trials on the GL analogue carbenoxolone suggest 
that 11-beta-HSD1 inhibition by licorice could have fur-
ther novel clinical consequences. Ingestion of carbenoxolone 
(300 mg/day) by eight normal volunteers for 7 days resulted 
in a significant decrease in markers of bone resorption, with 
no overall change in bone formation markers.263 Oral doses of 
carbenoxolone (300 mg/day) have also resulted in significant 
reductions in intraocular pressure in both healthy volunteers 
and patients with glaucoma.264 These studies suggest poten-
tial clinical applications for licorice in both osteopenia and 
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glaucoma that require further investigation. For the latter con-
dition, licorice might even be clinically relevant after topical 
application to the eye (of a sterile, alcohol-free preparation).

Addison’s disease
A craving for licorice sweets was found in 25% of patients 
with Addison’s disease, a phenomenon known as ‘glycyrrhizo-
philia’.265 Dutch workers in the early 1950s found that licorice 
extract alone had a dramatic effect in maintaining electrolyte 
equilibrium in patients with Addison’s disease. If adrenal cor-
tex function was severely impaired, licorice alone was not a 
suitable treatment. However, a synergistic action was demon-
strated for licorice and cortisone prescribed together.266

Topical application
In a pilot trial, 40 volunteers brushed their teeth twice daily 
with toothpaste containing 0.05% and 0.25% GL or a control 
toothpaste for 6 weeks. The GL toothpastes did not induce 
significant changes in plaque, gingival or bleeding parameters 
compared with controls. The authors noted that the lack of 
efficacy may have been due to an insufficient GL concentra-
tion or chemical incompatibility with the toothpaste itself.267 
An open, controlled clinical trial was conducted in 21 den-
tal students, using a split-mouth technique for GL applica-
tion. After 3 days, a reduction in plaque was detected in the 
experimental sides relative to the control sides of students’ 
mouths.268 However, a licorice starch gel (6 g, containing 
2.5% licorice extract three times per day for 2 weeks) had no 
impact on oral plaque in a randomised, crossover trial in 16 
healthy volunteers.269

A carbenoxolone mouthwash was used in a double blind, 
crossover trial for the treatment of recurrent aphthous ulcers. 
The mouthwash significantly reduced the average number 
of ulcers per day, the formation of new ulcers and the dis-
comfort associated with the lesions.270 Twenty patients with 
mouth (aphthous) ulcers were treated with DGL for 2 weeks 
in an uncontrolled trial. Fifteen of the patients experienced 
improvement within 1 day, followed by complete healing of 
the ulcers by the third day.271

A randomised, double blind clinical trial of an intraoral 
adhesive patch medicated with licorice extract (used during 
waking, 16 h/day) or placebo was conducted in two groups  
(n=23) of patients with recurrent aphthous ulcers. Ulcer size 
in the active group was significantly smaller (p<0.05) on the 
eighth day and pre-stimulus pain was reported as zero by 81% 
of the treatment group (p<0.01).272,273 An open label trial in 
15 patients with recurrent aphthous stomatitis/ulcer observed 
a reduction in pain and inflammation after use of a licorice 
bioadhesive oral hydrogel patch for 5 consecutive days.274

An ointment containing crude licorice powder gave good 
results for the treatment of chronic eczema.275 Appreciable 
activity without side effects was demonstrated for topi-
cal application of licorice extract in patients with melasma 
(increased melanin pigmentation).276 A 2% licorice topical gel 
was more effective than a 1% gel in a double blind, clinical 
trial in 60 patients with atopic dermatitis.277 After 2 weeks, 
scores for erythema, oedema and itching were significantly 
reduced (p<0.05).

The efficacy of a formulation incorporating the antiviral 
drug idoxuridine (0.2%) in a GL gel was tested on patients 
suffering from herpes of the lips and nose. The preparation 
was significantly more effective than a 0.5% idoxuridine 
ointment in reducing the healing time and providing almost 
instantaneous pain relief. The higher efficacy of the prepara-
tion is believed to be due to the anti-inflammatory and antivi-
ral activities of GL, combined with enhanced skin penetration 
of the idoxuridine.278 Carbenoxolone cream showed some 
beneficial effect (although not significant) compared with pla-
cebo in the treatment of initial and recurrent herpes genitalis 
under double blind conditions.279

Some patients experience a sore throat after orotracheal 
intubation as part of general anaesthesia. The efficacy of a 
licorice gargle for the prevention of post-operative sore throat 
was evaluated in a randomised, single blind study. Patients 
gargled with a 1:60 decoction of G. glabra root powder or 
water (control) for 30 seconds, 5 minutes before the induc-
tion of anaesthesia. Those using the licorice experienced less 
post-extubation cough and a reduction in the incidence of 
post-operative sore throat at rest and on swallowing at all time 
points (0, 2, 4, 24 h post-operatively). Severity of post-opera-
tive sore throat was also reduced at rest and on swallowing for 
all time points with licorice use, except for at rest at 24 h.280

Polycystic ovary syndrome
Eight infertile, hyperandrogenic and oligomenorrhoeic women 
were investigated for the lowering of serum testosterone 
levels and the induction of regular ovulation by a formula-
tion comprising Paeonia lactiflora and licorice (G. uralensis) 
in an uncontrolled trial.281 The combination was prescribed 
for 2 to 8 weeks at doses of 5 to 10 g/day. After the treat-
ment period, serum testosterone levels had normalised in 
seven patients and six patients were ovulating regularly. Two 
of these six patients subsequently became pregnant. A later 
pharmacological study found that paeoniflorin (from Paeonia) 
and GA significantly decreased testosterone production from 
ovaries.282

A subsequent study specifically examined the effect of 
this Paeonia-licorice combination in polycystic ovary syn-
drome (PCOS). Thirty-four Japanese women with PCOS 
were treated daily with 7.5 g of the combination for 24 weeks 
in an uncontrolled trial.283 Serum testosterone and free tes-
tosterone levels were significantly decreased after 4 weeks. 
However, after 12 weeks testosterone was only lower in the 
patients who became pregnant. After 24 weeks the LH to 
FSH ratio was significantly lower.

A later clinical study investigated the effect of licorice 
combined with spironolactone (an aldosterone and andro-
gen receptor antagonist often used in the management of 
PCOS) or spironolactone alone in 32 hirsute women (21 to 
28 years) with PCOS. One group received spironolactone 
100 mg plus 3.5 g of licorice (265 mg/day GA), the other 
group received only spironolactone 100 mg. Results showed 
systolic blood pressure decreased significantly at days 30 and 
60 in women taking spironolactone, but not in the group tak-
ing spironolactone plus licorice. Diastolic blood pressure did 
not change in either group. In the spironolactone only group, 
20% of patients reported fatigue, orthostatic symptoms and 
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polyuria, while women taking licorice plus spironolactone 
did not describe these symptoms. Plasma renin activity and 
aldosterone were increased in the spironolactone only group, 
but there were no changes in SHBG (sex hormone binding 
globulin) in either group. Plasma cortisol increased in both 
groups after 30 and 60 days. Metrorrhagia was noted to be 
significantly lower in the licorice plus spironolactone patients. 
This particular beneficial response is not clearly understood, 
but it is postulated that glabridin and glabrene in licorice have 
oestrogen-modulating activity. The researchers concluded the 
addition of licorice to spironolactone has therapeutic value 
in women with androgen excess, as the two agents appear to 
have opposing effects on mineralocorticoid mechanisms and a 
synergistic effect on androgen excess.284

Hyperprolactinaemia
Some herbal medicines have been used traditionally for 
hyperprolactinaemia.285 Risperidone is an antipsychotic drug 
used in the management of schizophrenia and bipolar dis-
order. A side effect of risperidone and other dopamine D2 
receptor antagonists is an increase in prolactin levels, which 
often results in the discontinuation of the drug. Elevated prol-
actin levels can cause disruption to the menstrual cycle, galac-
torrhoea and sexual impairment. The dopamine-agonist drug 
bromocriptine may be prescribed to relieve these side effects, 
but often aggravates the psychosis and may cause abnormal 
involuntary movements (tardive dyskinesia).

A crossover study compared the above Paeonia-licorice 
combination with bromocriptine in women (n=20) with 
schizophrenia on risperidone treatment who had hyperpro-
lactinaemia (>50 μg/L) and were experiencing oligomenor-
rhoea or amenorrhoea. Patients were randomised to additional 
treatment with either Paeonia-licorice (45 g/day, equivalent 
to 15 g licorice and 30 g/day Paeonia) followed by bromocrip-
tine (5 mg/day) or bromocriptine followed by the herbal com-
bination at the same dose for 4 weeks each, with a 4-week 
washout period between the two treatment phases. The 
Paeonia-licorice treatment produced a significant decrease in 
serum prolactin, similar to that resulting from bromocriptine, 
without exacerbating psychosis or altering other hormones. 
Patients on the herbal treatment showed reduced adverse 
effects associated with hyperprolactinaemia compared with 
the drug treatment group (56% versus 17%, p=0.037).286

Hyperkalaemia
Patients with endstage renal disease often have severe hyper-
kalaemia (serum potassium >6 mmol/L). Because GA inhibits 
11-beta-HSD2 it can increase cortisol availability at the min-
eralocorticoid receptor and thus has the potential to lower 
serum potassium. In a 6-month prospective, placebo-con-
trolled crossover study, 10 haemodialysis patients were ran-
domly assigned to receive oral GA (500 mg/day) or placebo. 
Treatment with GA significantly lowered serum potassium 
concentrations (p<0.01).287

In an earlier study involving eight patients, GL  
(150 mg/day) was observed to be a safe treatment for hyper-
kalaemia due to selective hypoaldosteronism in diabetes mel-
litus. The mean serum potassium concentration decreased 

significantly after the addition of GL to therapy.288 The dose 
of GL used in this study correlates to about 3 to 4 g/day of 
licorice. This study also demonstrates the potential danger of 
even normal doses of licorice to cause hypokalaemia where 
potassium intake is compromised, since elevated potassium 
levels were reduced.

HIV/AIDS
One hundred and twelve HIV patients (72 of whom had 
AIDS) received oral doses of 120 mg of Glyke for 3 to 6 
months in an uncontrolled study. (Glyke is a patent prepa-
ration made from G. uralensis by the Chinese Academy of 
Traditional Medicine.) The total effective rate was 46.4%; 
30% of patients improved immunologically (as measured by 
the T4:T8 ratio and T4 counts). Three patients showed seron-
egative conversion after treatment, but tests confirmed the 
virus was still present.289

A group of 16 asymptomatic HIV-positive haemophili-
acs were treated with daily oral doses of GL ranging from 
150 to 225 mg for 3 to 7 years in an open study.290 There 
was no change in the treated group, whereas untreated con-
trols showed decreases in T lymphocyte counts. A follow-up 
study revealed similar results.291 Results of a clinical trial in 
which GL was administered intravenously to haemophiliacs 
with AIDS suggests that GL might inhibit HIV-1 replication 
in vivo.292

Viral hepatitis
Intravenous administration of GL has been beneficial in the 
treatment of chronic viral hepatitis.293 In Japan, a preparation 
of GL, cysteine and glycine known as SNMC is administered 
by injection for the treatment of acute hepatitis, chronic hep-
atitis (including hepatitis C) and subacute hepatic failure due 
to viral hepatitis.294–298

Chronic hepatitis C (HCV) is a progressive liver disease 
that often evolves to cirrhosis, liver failure or hepatocellular 
carcinoma. Alpha-interferon is used as a treatment to clear 
the viral load and has a success rate of 20% to 40% in patients 
without cirrhosis, and less than 20% in those with cirrhosis. 
As noted above, in Japan GL has been used intravenously for 
the treatment of chronic hepatitis for over 30 years. In clinical 
trials, improvements in serum aminotransferases and liver his-
tology have been clearly demonstrated. Retrospective studies 
are now showing the long-term use of GL prevents hepatocel-
lular carcinoma in patients with chronic hepatitis C.299

For example, in a double blind, randomised, placebo-con-
trolled trial, 57 HCV patients (non-responders or unlikely to 
respond to interferon therapy) were randomised to receive 80 
to 240 mg/kg intravenous GL or placebo three times weekly 
for 4 weeks, with a 4-week follow-up period. Within 2 days, 
GL treatment (any dose) caused a 15% drop in serum ALT 
(p<0.02) and after 4 weeks the mean decrease in ALT levels 
was 26% across the three GL groups, compared with a 6% 
reduction in the placebo group. ALT levels were normalised in 
10% of patients and a clear dose–response effect was evident. 
The effect on ALT ceased after treatment was stopped and a 
change in viral clearance was not demonstrated. No major side 
effects were reported and the treatment was well tolerated.300 
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A further study demonstrated that patients treated six times/
week rather than three times/week experienced more 
benefit.301

Combined ursodeoxycholic acid and GL therapy has been 
shown in a randomised, controlled trial in 170 patients to be 
safe and effective in improving liver-specific enzyme levels, 
and an alternative to interferon in chronic HCV, especially in 
patients who are interferon resistant.302

Stronger neo-minophagen C (SNMC) was trialled in China 
in 194 patients with chronic hepatitis B (ALT >80 IU/L) who 
received the intravenous therapy (40 mL or 100 mL/day) for 
4 weeks followed by oral GL for another 4 weeks. The pri-
mary outcome, a reduction of ALT to 60 IU/L or less, was 
achieved in 74% to 79% of both groups, and normalisation 
of ALT levels (<40 IU/L) was seen in 57% and 58%, respec-
tively. Hence no dose response was observed.303 In one dou-
ble blind, multicentre study, SNMC (40 mL/day for 4 weeks) 
caused ALT levels to decrease at a greater rate compared 
with placebo (p<0.001), while another study found SNMC 
(100 mL/day for 8 weeks) improved liver histology as well as 
serum ALT values.

Intravenous GL has also been clinically trialled in patients 
with acute sporadic hepatitis E and found to be well-tolerated 
and beneficial for reducing AST and ALT levels by 94% and 
97%, respectively.304

A small clinical trial compared the efficacy of GL supposi-
tories with intravenous GL in patients with chronic hepatitis 
C. Suppositories containing 300 mg GL ammonium salt and 
60 mg sodium capric acid were administered rectally for 12 
weeks. The two routes of administration were equally effec-
tive in reducing serum ALT levels and no serious adverse reac-
tions were seen.305

Lichen planus is an inflammatory disease characterised by 
lymphocytic hyperkeratosis of the mucous membranes com-
monly in the mouth. Chronic hepatitis C (HCV) patients are 
often affected by this intractable and painful condition. An 
intravenous dose of 40 mL (0.2% solution) of GL was given 
daily for 4 weeks to 17 HCV patients with oral lichen planus, 
routine dental care was used as the control. Six of the nine 
patients given GL improved clinically (reduced redness, fewer 
white papules and less erosion to the mucous membrane), while 
only one of four controls improved with dental care alone.306

Hepatocellular carcinoma (HCC) is a common malignancy 
and, despite early detection, the mortality rate remains high. 
Secondary prevention of HCC by actively treating chronic 
liver disease can reduce mortality, and intravenous GL is one 
of several therapies available.307

The mechanism by which HCV infection causes hepatocel-
lular cancer is not fully understood, but necro-inflammatory 
changes in HCV appear to accelerate the development of liver 
cirrhosis and, ultimately, HCC in some cases. Clinical data 
suggest that long-term treatment with SNMC can prevent the 
development of HCC in patients with chronic hepatitis.

Patients receiving long-term SNMC treatment had a lower 
risk of developing liver cirrhosis after 13 years compared with 
controls (28% risk versus 40% risk, p<0.002), and the risk of 
developing HCC was also reduced in 84 patients on long-term 
treatment compared with controls (13% risk versus 25% risk 
after 15 years, p<0.002).308 A meta-analysis of individual data 

from 1 093 Japanese patients with chronic hepatitis C (non-
responders to interferon therapy) found that treatment with 
SNMC reduced the risk of developing HCC (relative risk 
0.52, p=0.10).309

Another retrospective study found that intravenous GL 
treatment significantly decreased the incidence of HCC in 
1 249 patients with chronic active interferon-resistant HCV 
infection. In patients with high ALT values (twice or more the 
upper limit of normal), treatment with GL decreased the rate 
of hepatocarcinogenesis (hazard ratio 0.49, 95% CI 0.27 to 
0.86, p=0.014).310

Weight loss
A commercial licorice preparation was studied in terms 
of its effects on body fat mass (BFM) in healthy volun-
teers (seven men, 22 to 26 years, and eight women, 21 to  
26 years). Participants consumed 3.5 g/day of the preparation 
for 2 months. Results showed that aldosterone and plasma 
renin activity were suppressed, body mass index (BMI) did 
not alter, extracellular water increased while BFM was signifi-
cantly reduced (p<0.02 for both sexes). These findings sug-
gest that licorice can reduce fat by inhibiting 11-beta-HSD1 
in fat cells.311

Another study evaluated the activity of topical application 
of 2.5% GA or placebo on the dominant thigh of 18 healthy 
women with a normal BMI, aged 20 to 33 years. Thigh cir-
cumference and thickness were measured by ultrasound, 
at baseline and after 1 month. The treatment group (n=9) 
showed a significant reduction in circumference and thickness 
of superficial fat layers of the treated thigh compared with 
the untreated thigh and the placebo group (n=9). Blood pres-
sure, plasma renin activity, aldosterone and cortisol remained 
unchanged during treatment.312

Licorice flavonoid oil (LFO) contains hydrophobic licorice 
flavonoids in medium-chain triglycerides (see also below). In a 
placebo-controlled, double blind, 12-week study in 103 over-
weight participants (BMI 24 to 30), LFO (300 mg/day) was 
shown to prevent weight gain. While body weight increased 
in the placebo group over the course of the study, it was main-
tained in the treatment group, resulting in significant differ-
ences between the two groups (p<0.05). Measurements 
indicated that the difference in body weight between the 
groups was due to differences in body fat. No clinically sig-
nificant adverse events occurred during the trial period. The 
safety of the preparation was further demonstrated in a 
4-week safety study in which 1800 mg/day did not produce 
clinically significant adverse event in 40 people.313

Less striking results were produced in another randomised, 
double blind, placebo-controlled study of LFO carried out by 
the same Japanese researchers. This study assessed effects on 
total body fat, visceral fat, body weight and BMI in 84 over-
weight men and women (40 to 60 years, BMI 24 to 30). The 
LFO consisted of 30% licorice root ethanolic extract mixed 
with 70% medium-chain triglycerides and contained 1% 
glabridin, but only 0.005% GL. Participants were assigned to 
one of four groups, receiving 300 mg/day (n=20), 600 mg/
day (n=21), 900 mg/day (n=21) of LFO or placebo (n=19). 
Only the high dose resulted in modest but significant changes 
in body weight and BMI (p<0.05). Body weight was reduced 
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by less than 1 kg and BMI by less than 1 after 4 and 8 weeks 
in the high-dose group only.314 The authors did not provide 
a statistical comparison of the different groups, giving rise 
to the assumption that no statistically significant differences 
were observed between groups.

Other conditions
The successful treatment of chronic fatigue syndrome (CFS) 
by licorice has been reported in a case study. Although the 
pathogenesis of CFS is unknown, symptoms (such as hypo-
cortisolism) may reflect a mild glucocorticoid insufficiency in 
patients who fail to show the symptoms of classic Addison’s 
disease and hence may respond to treatment with licorice.315

Ingestion of a commercial licorice preparation, calculated 
at 3 g/day of GL, ameliorated postural hypotension caused by 
diabetic autonomic neuropathy in a 63-year-old patient with 
type 2 diabetes.316

A controlled clinical trial was performed in menopausal 
women (last menstrual period between 1 and 5 years ago) 
who were seeking treatment for hot flushes. The women were 
randomly allocated to treatment with licorice taken three 
times daily or hormone treatment (0.312 mg conjugated oes-
trogen and 2.5 mg medroxyprogesterone daily). Hot flushes 
were assessed using the Kupperman index. Results showed 
no significant differences between the two groups (p>0.05), 
leading the researchers to suggest that licorice has equivalent 
effect to the hormones in reducing hot flushes and could be 
used as an alternative.317 However, placebo-controlled trials 
are necessary to support this assertion.

Results of a study suggest that licorice can increase serum 
levels of parathyroid hormone (PTH) and calcium and may 
have an effect on calcium metabolism. Nine healthy women 
(22 to 26 years) in the luteal phase of their menstrual cycle 
were given 3.5 g of licorice (7.6% w/w GL) for 2 months. 
PTH, vitamin D and urinary calcium increased significantly 
after 8 weeks of treatment; blood pressure and cortisol were 
unchanged. All values returned to pre-treatment levels within 
4 weeks of discontinuing licorice.318

A randomised, double blind, placebo-controlled trial exam-
ined the clinical effects of intravenous GL (200 mg/day) in 
patients (n=67) who had undergone hepatobiliary surgery. 
Results showed that liver function was significantly better 
in the treated group compared with the untreated group of  
32 patients (p<0.05).319

Toxicology and other safety data

Toxicology
A review of the safety of GL derivatives noted that the acute 
intraperitoneal LD50 for GA in mice was 308 mg/kg and the 
oral LD50 was greater than 610 mg/kg.320 Little short-term, 
subchronic or chronic toxicity was seen in rats given salts 
of GL. Genotoxic and carcinogenic effects have not been 
observed for GL derivatives.320

Oral doses of 100, 250 and 500 mg/kg licorice extract in 
rats showed a strong dose-dependent suppression of the 

adrenal-pituitary axis, with significant decreases in the con-
centration of cortisol, ACTH, aldosterone and potassium, as 
well as stimulation of renin production with an increase in 
sodium.321

Long-term administration of GL to mice did not induce 
tumours.322 Oral consumption of GA by rats (0.1 to 1.0 mg/
mL) caused an increase in right atrial pressure and thick-
ening of the pulmonary vessels, suggesting pulmonary 
hypertension.323

At doses of 100 to 1000 mg/kg/day (intragastric route, for 
a 1-year period) no significant changes were observed in rats. 
Dogs given the highest dose displayed decreased body weight 
gain and increased transaminase levels. The maximum toler-
ated dose is 300 mg/kg/day for dogs.324

As noted in the Pharmacokinetics section, after their 
metabolism GA conjugates are excreted in the bile and 
undergo enterohepatic recycling. The transit rate of gastro-
intestinal contents through the small and large intestines 
predominantly determines to what extent these GA conju-
gates will be reabsorbed. This parameter, which can be esti-
mated non-invasively, may serve as a useful risk estimator for 
GL-induced adverse effects, because, in individuals with pro-
longed gastrointestinal transit times, GA might accumulate 
after repeated intake.325

In pharmacokinetic studies, significantly lower GL and GA 
plasma levels were found in rats and humans treated with 
aqueous licorice root extract compared with levels obtained 
for the equivalent amount of pure GL. This was attributed 
to the interaction during intestinal absorption between GL 
and the several components in the whole root extract.225 
Furthermore, the whole root extract demonstrates a signifi-
cant choleretic effect. As bile is involved in GA excretion, this 
effect might be expected to further lower GA plasma levels 
after administration of the whole root.326 Hence, toxicology 
differences can be expected between pure GL and the equiv-
alent dose of GL administered as a licorice extract.

Licorice flavonoid oil (LFO) is used as a functional food 
ingredient in Japan. A genotoxicity study conducted in rats 
receiving up to 5000 mg/kg/day concluded that LFO consump-
tion is unlikely to be a genotoxic hazard in humans.327 Another 
study, designed to assess the safety of LFO in healthy humans 
in a placebo-controlled, single blind trial, found that LFO was 
safe when administered once daily up to 1200 mg/day.328

Contraindications
Contraindications for licorice listed by the Commission E 
include cholestatic liver disorders, liver cirrhosis, hyperten-
sion, hypokalaemia, severe kidney insufficiency and preg-
nancy.329 Licorice is also contraindicated if there is oedema 
or congestive heart failure. Licorice is contraindicated in con-
junction with potassium-depleting diuretic drugs and high 
doses should not be prescribed in conjunction with digoxin 
and laxatives that deplete potassium.

The hypokalaemic effects may be particularly serious for 
patients with anorexia nervosa who exhibit additional causes 
of lowered potassium levels, and permanent renal damage has 
been reported in one such case where high levels of licorice 
were consumed.330
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Because of the potential irritant effect of the saponins, 
licorice should not be applied to broken or ulcerated skin.

Special warnings and precautions
Patients who are prescribed licorice preparations high in GL 
for prolonged periods should be placed on a high potassium 
and low sodium diet. They should be closely monitored for 
blood pressure increases and weight gain. Hypokalaemia is 
the earliest clinical indication and can occur at relatively low 
doses, as noted previously.

Special precautions should be taken with elderly patients 
and patients with hypertension or cardiac, renal or hepatic 
disease. They should not receive licorice preparations high in 
GL for prolonged periods and should be closely monitored if 
prescribed licorice preparations containing GL.

The Commission E advises that (at the high doses of 5 to 
15 g used in Germany) licorice should not be taken for longer 
than 6 to 8 weeks without professional supervision.

Avoid high and prolonged doses in pregnancy and lactation.

Interactions
Diuretics and laxatives are among a range of important drugs 
that deplete the body of potassium. Licorice should there-
fore not be taken together with these drugs if they are being 
used long term. There is one case report of hypokalaemic cri-
sis with neuromuscular paralysis in a woman taking excessive 
doses of the diuretic furosemide along with high licorice con-
sumption.331 Since the toxicity of digoxin and other cardiac 
glycosides is enhanced by low serum potassium levels, licorice 
should be prescribed cautiously in conjunction with this 
drug.332 A case of aggravated congestive heart failure caused 
by digoxin toxicity has been reported in an elderly man 
who also took a Chinese herbal laxative containing licorice 
(400 mg) and rhubarb (1600 mg), three times a day for 7 days. 
The patient, who had mitral regurgitation with atrial fibrilla-
tion, was being treated with furosemide (80 mg) and digoxin 
(25 mg). Blood tests indicated elevated digoxin and lowered 
potassium levels.333

A randomised, open, crossover trial in 10 healthy vol-
unteers investigated the combination of a licorice confec-
tionery (32 g/day containing 42 mg GL) with 25 mg/day 
hydrochlorothiazide.334 During the licorice phase there were 
no significant changes in any parameters. However, during 
the licorice-diuretic phase, plasma potassium decreased by 
0.32 mmol/L (p=0.0015), plasma renin activity increased by 1.6 μg/L/h  
(p=0.0064) and body weight decreased by 0.9 kg (p=0.0065). 
Two participants became hypokalaemic during the combined 
phase within the first week.

There is a small theoretical risk that licorice may counter-
act the contraceptive pill and long-term use of high doses of 
licorice is best avoided in this circumstance. The intake of 
licorice may also exaggerate the effects of a high salt diet.

The pharmacokinetics of prednisolone with or without 
pretreatment with oral GL (four doses of 50 mg) was investi-
gated in six healthy men. Results suggest that oral administra-
tion of GL increases plasma prednisolone concentrations and 
influences its pharmacokinetics by inhibiting its metabolism, 

but not by affecting its distribution. Licorice can thereby 
influence the pharmacological effects of prednisolone,335,336 
but also might be an aid to patients needing to reduce or 
withdraw their prednisolone treatment, mainly because of its 
potential to support the adrenal glands.

The pharmacokinetics of methotrexate (an immunosup-
pressant drug with a narrow therapeutic window) has been 
found to be significantly affected by GL and licorice in vivo. 
Rats receiving an oral dose of methotrexate with GL or 
licorice decoction in different oral dose regimens exhibited 
significant increases in the bioavailability (measured as the area 
under the time-concentration curve) and mean residence time 
of methotrexate. Although it is unclear how these findings 
translate to humans, the authors suggested that methotrexate 
and licorice should be co-administered with caution.337

Other in vivo experiments found possible interactions of 
licorice with verapamil in rabbits (decreased drug activity),338 
with lidocaine in rats (decreased drug activity)339 and with 
warfarin in rats (decreased drug activity).340

An in vitro study found that glabridin inactivated the drug 
metabolising cytochrome P450 (CYP) enzymes 3A4, 2B6 and 
2C9 in a time- and concentration-dependent manner, whereas 
CYP2D6 and 2E1 were virtually unaffected.341 These find-
ings suggest that licorice might interact with drugs that are 
metabolised by certain CYP enzymes, but in vitro data of this 
nature are not clinically meaningful without supporting in vivo 
evidence.

(See also Appendix C for a summary of potential herb–
drug interactions with licorice and clinically relevant 
recommendations.)

Use in pregnancy and lactation
Category C-has caused, or may be suspected of causing, 
harmful effects on the fetus or neonate without causing mal-
formations. Studies indicate that heavy licorice consumption 
(as a confectionery) was associated with an increased inci-
dence of preterm delivery and other adverse outcomes.

An epidemiological study involving 1 049 Finnish women 
and their healthy babies published in 1998 observed that 
heavy GL exposure (500 mg/week or greater) during preg-
nancy did not significantly affect birth weight or maternal 
blood pressure, but was significantly associated with lower 
gestational age. Consumption of this level of GL shortened 
the mean duration of gestation by 2.5 days.342 A follow-up 
study in 2000 to 2001 with 95 Finnish women who delivered 
preterm babies noted that heavy GL consumption was associ-
ated with a more than 2-fold increased risk of preterm (<37 
weeks) delivery. The association was stronger when only the 
40 births classified as early preterm delivery (<34 weeks) 
were included. The authors suggest that heavy GL exposure 
may be a novel marker for preterm delivery.343

A study was undertaken to determine whether prenatal 
exposure to GL in licorice exerted detrimental effects on cog-
nitive performance in 321 healthy Finnish children aged on 
average 8.1 years and born in 1998 at 35 to 42 weeks’ gesta-
tion. The comparison group had a GL maternal exposure of 
none to 249 mg/week, whereas the high exposure group was 
≥500 mg/week. The findings appeared to be dose related; the 
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high exposure group demonstrated deficiencies in verbal and 
visuospacial abilities, narrative memory, increases in external-
ising symptoms and for attention, rule breaking and aggressive 
behaviour. The authors concluded the data are comparable 
with fetal programming by overexposure to glucocorticoids and 
warned against a high intake of licorice during pregnancy.344

A further follow-up study by the same group in the same 
children found higher salivary cortisol levels in those exposed 
to higher levels of licorice in utero.345 These findings lend sup-
port to a prenatal programming of the hypothalamic-pituitary-
adrenal axis by overexposure to glucocorticoids as a result of 
inhibition of placental 11-beta-HSD2 by licorice metabolites.

European authorities advise that licorice generally is con-
traindicated in pregnancy, and the above highlights concerns 
about its link between prematurity and the health of the new-
born. However, doses up to 3g/day of root are likely to be 
safe for short periods.

For other reasons that are referred to in this monograph 
women with, or prone to, hypertension in pregnancy (pre-
eclampsia) should avoid licorice. Specifically, 11-beta-HSD 
activity was significantly lower in the placentas of pre-eclamp-
tic patients and cortisol levels in umbilical cord blood were 
higher.346 This was accompanied by a decrease in fetal weight.

An ethanolic extract of licorice root (250 mg/kg) did not 
demonstrate any significant anti-implantation activity when 
administered orally to female rats.347 A review noted no 
adverse effects during pregnancy for salts of GL given to a 
variety of animals, except for a dose-dependent increase in 
sternebral variants in rats.320

Licorice is compatible with breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
Chronic use of licorice can lead to an ‘apparent mineralocor-
ticoid excess’ syndrome with sodium and water retention, 
potassium loss and suppression of the renin-angiotensin-
aldosterone system. As noted earlier, this is thought to fol-
low inactivation of 11-beta-HSD2 and the binding of cortisol 
to mineralocorticoid receptors in the kidneys. In addition to 
clinical consequences, such as raised blood pressure and 
oedema,348 there are reversible effects on angiotensin I and 
the renin-aldosterone axis from chronic use.349 There are early 
reports of severe hypertension, heart enlargement and conges-
tive heart failure in individuals consuming licorice confection-
ery (up to 100 g/day) for extended periods of time. Symptoms 
disappeared after cessation of licorice ingestion.350–352

Long-term high consumption of licorice with consequent 
hypokalaemia has also been associated with embolism.353 
Licorice-induced pseudoaldosteronism has also been linked 
to a hypokalaemic myopathy and ECG findings suggesting 
dilated cardiomyopathy.354 Pseudoaldosteronism induced by 
GL was reported in five women (mean age 77.8 years) admit-
ted to hospital suffering hypertension, severe hypokalae-
mia (mean potassium 1.66 mEq/L), low plasma aldosterone 

levels, suppressed plasma renin activity and progressive mus-
cle weakness with elevated creatine phosphokinase. One 
patient developed cardiac dysfunction. Three of the patients 
had been receiving Chinese medicines containing licorice, 
one was taking GL and one had received both. After ceasing 
these medications and being treated with oral and intravenous 
potassium, clinical symptoms resolved and serum potassium 
normalised in 12 days.355

Another case report of pseudoaldosteronism described a 
79-year-old patient taking Shakuyaku-kanzo-to (a Japanese 
herbal formulation used to treat cramps derived from Paeonia 
lactiflora and G. uralensis). The patient presented with 
fatigue, numbness of the hands, weakness of lower limbs, 
hypokalaemia (1.7 mEq/L), ECG abnormalities, rhabdomy-
olysis, myopathy, metabolic acidosis with respiratory compen-
sation, hypertension, hyperglycaemia, suppressed plasma renal 
activity, decreased aldosterone levels and increased urinary 
cortisol. She responded to treatment with spironolactone and 
potassium and discontinuation of the herbal preparation.356

There is an argument that the effect of licorice can be 
selective on sodium retention with no impact on blood pres-
sure itself. For example, a case is reported of generalised 
oedema without any increase in blood pressure, with bio-
chemical and hormonal features of apparent mineralocorticoid 
excess, in a young woman who had been ingesting substantial 
amounts of licorice for several years.357

However, one clinical study observed that licorice sig-
nificantly raised the blood pressure of volunteers, even with 
amounts as low as 50 g of licorice confectionery (75 mg GA) 
consumed daily for 2 weeks. A linear dose–response rela-
tionship was observed and the degree of individual response 
to licorice consumption followed the normal distribution 
curve.358 However, it should be noted that the mean rise in 
systolic blood pressure after 4 weeks of 75 mg/day GA was 
quite small, being 1.9 mmHg.

A literature review published in 1993 indicated there was 
indeed individual variation in susceptibility to GL. Regular 
daily intake of 100 mg GL produced adverse effects, but 
there were no adverse effects documented for consumption 
below this value. Most individuals who consumed 400 mg/day 
GL experienced adverse effects. The authors considered that 
a regular intake of 100 mg/day of GL is the lowest observed 
adverse effect level and, using a safety factor of 10, a daily 
intake of 10 mg GL would represent a safe dose for most 
healthy adults.359 This is a very conservative estimate, and it is 
clear that many people regularly consume GL at much higher 
levels without experiencing adverse effects. This finding is 
supported by a later study in 39 women that suggested a no-
effect level of 2 mg/kg for GL.360

Graded daily doses of dried, aqueous extract of licorice 
root (containing 108, 217, 380 and 814 mg of GL) were 
administered to four groups (with group 1 receiving the low-
est dose and group 4 the highest) of six healthy volunteers of 
both sexes for 4 weeks in an early study. No significant effects 
occurred in groups 1 and 2. After 2 weeks, side effects lead-
ing to withdrawal from the protocol occurred in one woman 
in group 3 (headache), a man with a family history of hyper-
tension in group 4 (arterial hypertension) and a woman 
also taking an oral contraceptive in group 4 (hypertension, 
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hypokalaemia and peripheral oedema). In group 4, a transient 
reduction in serum potassium and an increase in body weight 
were found after 1 and 2 weeks, respectively. A depression of 
plasma renin activity occurred only in groups 3 and 4. Hence, 
in healthy volunteers only the highest doses of licorice led to 
side effects. These were favoured by subclinical disease or the 
oral contraceptive and were less common and pronounced 
than previously reported after the intake of GL, either taken 
as such or as a flavouring agent in confectionery products.361

A clinical trial published in 2003 concluded that patients 
with essential hypertension are more sensitive to the inhibition 
of 11-beta-HSD by licorice than normotensive patients, and 
that this inhibition caused more clinical symptoms in women 
than in men. Participants consumed 100 g/day of licorice for 4 
weeks, corresponding to a daily intake of 150 mg GL.362

Further to this, however, patients with essential hyperten-
sion (eight men and three women, mean age 40.7 years) and 
a healthy control group (13 men and 12 women, mean age  
31.2 years) consumed 100 g of confectionery licorice 
(150 mg/day GA) for 4 weeks. Results demonstrated that 
licorice-induced inhibition of aldosterone differed between 
the sexes (<0.02) with men being more reactive than women, 
but not between patients with essential hypertension and 
healthy patients.363 A lack of difference in sensitivity to GA 
between normotensive and hypertensive individuals was also 
confirmed in another study.364

A study in 20 healthy volunteers found that potential 
sensitivity to the side effects of GA (as assessed by cor-
tisol metabolites) was more marked in salt-sensitive indi-
viduals.365 This implies that sodium restriction will help 
mitigate the side effects of licorice. However, results of 
another study in 30 people with previously documented 
licorice-induced hypertension suggest defects in the 11-beta-
HSD2 gene are unlikely to cause an increased sensitivity to 
this phenomenon.366

Inhibition of 11-beta-HSD in susceptible individuals has 
been associated with the rare cases of hypertensive encepha-
lopathy following regular daily intake of doses of licorice as a 
confectionery equating to around 100 mg/day of GL.367 There 
are also case reports of rhabdomyolysis, resulting in acute 
renal failure and deposition of calcium into damaged skeletal 
and cardiac muscles associated with licorice ingestion.368,369

A study in the New England Journal of Medicine (NEJM) 
published in October 1999 reported that serum testosterone 
was reduced by 35% after 4 days of licorice consumption in 
seven men. The administered dose was 7 g/day of a licorice 
preparation containing 500 mg of GL (since good-quality 
licorice contains about 4% GL, this high dose corresponds to 
around 12.5 g/day of licorice root).370 During the period of 
licorice administration there was a substantial and significant 
drop in the men’s serum testosterone and a (smaller) signifi-
cant increase in 17-hydroxyprogesterone (p<0.001). Serum 
androstenedione was also raised, but the difference did not 
achieve statistical significance, probably because of the small 
size of the experimental group.

The authors concluded that these results demonstrate 
that licorice metabolites inhibit both 17-beta-hydroxysteroid 
dehydrogenase and 17,20-lyase. They suggested that men 
with decreased libido or other sexual dysfunction, as well as 

those with hypertension, should be questioned about their 
intake of licorice sweet.

Two unsuccessful attempts at replicating these results were 
made by another research team using the same dose of GL. 
A non-significant decrease in testosterone concentration was 
observed in both studies. These authors disagreed with the 
recommendation from the NEJM study that men with low 
libido should avoid licorice consumption.371

Later a team from Iran investigated the effect of licorice 
root extract in 20 healthy male volunteers. The men took 
1.3 g of dried extract (containing around 400 to 500 mg GL) 
daily for 10 days. Blood samples were collected before the 
study and then for 20 days to measure testosterone levels.372 
A significant (p<0.05) decrease in serum testosterone levels 
of again around 35% after 10 days of licorice consumption 
was observed. The effect on testosterone was believed to 
relate to interference of GL metabolites with 17-beta-hydrox-
ysteroid dehydrogenase, the enzyme that catalyses conversion 
of androstenedione to testosterone. However, the doses used 
were again high.

A case was reported in 2001 of a woman diagnosed with 
adenocarcinoma of the endometrium ‘whose history was nota-
ble for extensive use of supplemental phytoestrogens’. Herbs 
included chaste tree, dong quai, black cohosh and licorice.373 
No causality was demonstrated.

Five case reports have linked high-dose licorice ingestion 
to transient loss of vision; this was assumed to be a result of  
vasospasm, possibly secondary to 11-beta-HSD inhibition.374,375

Overdosage
Six male volunteers took daily 7 g of a commercial preparation 
of licorice for 7 days, corresponding to an intake of 500 mg/
day of GL. Pseudoaldosteronism was evident during the treat-
ment, with an increase of body weight, suppression of plasma 
renin activity and plasma aldosterone and reduction of serum 
potassium.370

Excessive consumption of licorice confectionery has been 
shown to lead to transient visual loss. It is believed that 
licorice derivatives can cause retinal or occipital vasospasm, 
giving rise to transient monocular or binocular visual loss/
aberrations.375

Consumption of 300 to 400 g/day of licorice confection-
ery induced reversible growth retardation in a child with 
Addison’s disease.376

Safety in children
As children often like licorice confectionery, care should be 
taken not to expose them to high levels. The use of licorice as a 
flavouring in herbal tinctures and extracts should be moderate.

Regulatory status in selected 
countries

Licorice is official in the Pharmacopoeia of the People’s 
Republic of China 2010. The typical adult dosage, usually 
administered in the form of a decoction, is listed as 1.5 to 9 g.
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Licorice is included on the General Sale List. It is covered 
by a positive German Commission E monograph with the 
average daily dosage prescribed as 5 to 15 g of root, equiva-
lent to 200 to 600 mg of glycyrrhizin or equivalent prepara-
tions. Licorice is official in the European Pharmacopoeia 7.2.

Licorice does have GRAS status. It is also freely available as 
a ‘dietary supplement’ in the USA under DSHEA  legislation 

(Dietary Supplement Health and Education Act of 1994). 
Licorice is official in the United States Pharmacopeia-National 
Formulary (USP 34–NF 29, 2011).

Licorice is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Regulations in Australia and is freely avail-
able for sale.
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Meadowsweet

(Filipendula ulmaria L.)

Synonyms

Spiraea ulmaria L. (botanical synonym), Filipendula, queen 
of the meadow (Engl), Spiraeae flos, flores Ulmariae (Lat), 
Mädesüssblüten, Spierblumen (Ger), fleur d’ulmaire, reine des 
prés, ulmaire (Fr), ulmaria (Ital), almindelig mjødurt (Dan).

What is it?

Meadowsweet was one of three herbs held most sacred by the 
Druids. It was one of 50 ingredients in a drink called ‘Save’, 
mentioned by Chaucer in his Knight’s Tale in the 14th cen-
tury. It was then known as medwort or meadwort, the mead 
or honey-wine herb, and the flowers were often ingredients of 
wine or beers.

Meadowsweet played an important role in the development 
of the drug aspirin. In 1839 salicylic acid was first isolated 
from the flowerbuds. It was later synthesised and became an 
important drug in the 19th century. Unfortunately, unlike 
the herb, salicylic acid caused so much gastric discomfort and 
nausea in users that the pain was preferable to the cure. In an 
effort to overcome this problem, the drug acetylsalicylic acid 
was developed and named aspirin, from the combination of ‘a’ 
for ‘acetyl’ and ‘spirin’ from ‘Spirae’, the generic name of the 
plant at that time. (See also the willow bark monograph.)

Effects

Reduces excess stomach acidity; protects and heals the 
mucosa of the upper gastrointestinal tract; reduces fever; anti-
inflammatory for joint and rheumatic pain; thins the blood; 
protects the cells of the cervix and vagina.

Traditional view

Meadowsweet is used to treat conditions of the upper gas-
trointestinal tract associated with flatulence and hyperacidity, 
including indigestion, gastric reflux, gastric ulceration and foul 
breath.1 Its astringent property is valuable for the treatment of 
diarrhoea,2 and it is almost a specific for children’s diarrhoea.3 
It has also been used in the treatment of arthritis and rheuma-
tism, oedema, cellulitis, liver disorders, kidney disorders, cysti-
tis, urinary stones and red sandy deposits in the urine with an 
oily film on the surface.1 King reported it effective in passive 
haemorrhage, menorrhagia and leucorrhoea, and as a tonic in 
cases of debility and convalescence from diarrhoea.2

The leaves were also traditionally used to ease cramps and 
to promote sweating and as a diuretic. Wizenman considered 

it good for fevers and Künzle recommended it for puerperal 
fever.4

Summary actions

Anti-ulcerogenic, antacid, anti-inflammatory, possibly diuretic, 
mild urinary antiseptic, astringent.

Can be used for

Indications supported by clinical 
trials
Cervical dysplasia, acne (topical application, uncontrolled trials).

Traditional therapeutic uses
Disorders of the upper digestive tract associated with flatu-
lence and hyperactivity (indigestion, gastric reflux, gastric 
ulcers), diarrhoea (particularly in children), urinary disorders 
(cystitis, kidney stones), gout and rheumatic disease, fevers.

May also be used for

Extrapolations from pharmacological 
studies
Gastric disorders requiring repair or protection of the gastric 
mucosa (ulceration, gastritis); as an antithrombotic agent; as 
a topical antibacterial agent to aid wound healing; topically to 
protect and repair the mucosa of the vagina and cervix.

Other applications
Included as a food additive in many herb beers and wines.3

Preparations

Dried flowers and herb as a powder, decoction, tincture and fluid 
extract for internal use. Decoction or extract for topical use.

Dosage

Typical adult dosage ranges are:
l	 12 to 18 g/day of dried aerial parts or by infusion
l	 4.5 to 18 mL/day of a 1:1 liquid extract



743

Meadowsweet

Adulteration
Confusion with Filipendula hexapetala and Sambucus nigra 
(elderflower) has occurred.9,10

Pharmacodynamics

Anti-ulcerogenic activity
Orally administered decoctions (1:10, 1:20) of the flow-
ers of meadowsweet (at doses of 5.0 or 25 mL/kg, respec-
tively) reduced the ulcerogenic effect of procedures (such as  
ligation of the pylorus in rats) and decreased the forma-
tion of experimental lesions of the glandular part of the  
stomach after reserpine injections in rats and mice and phe-
nylbutazone injections in rats. The decoctions were also 
effective in preventing acetylsalicylic acid-induced lesions 
of the stomach in rats and promoted healing of the stom-
ach lesions induced by ethanol in rats.11 However, the 
decoction did not protect rats from the ulcerogenic action 
of cinchophen and increased the bronchospastic and ulcero-
genic properties of histamine in guinea pigs.11 (Cinchophen 
increases gastric secretion and reduces gastric mucosal 
microcirculation.)12

Alcohol extracts and water decoctions of the flowers 
decreased the development of experimental erosion and 
ulcers in vivo when administered in high doses by injection or 
orally.13

Immunomodulatory activity
An in vitro study demonstrated that the ethyl acetate extract 
of the flowers strongly inhibited the classical pathway of com-
plement activation. The observed inhibitory action could not 
be attributed to the presence of salicylates, flavonoids or tan-
nins.14 In the same model, strong inhibitory activity was also 
observed using methanol extracts of herb and flower. Further 
testing indicated that only the ethyl acetate extract of the 
flowers retained this activity, indicating that complement 
inhibitory activity could be attributed to compounds other 
than tannins.

Except for the light-petroleum extract, all fractions (ethyl 
acetate, diethyl ether, methanol and freeze-dried aqueous 
extracts of flowers and of herb) inhibited the production of 
reactive oxygen species by human polymorphonuclear leu-
cocytes in vitro. The inhibitory activity and the total flavo-
noid content of fractions did not correlate, suggesting that 
other constituents may be involved in the immunomodu-
latory activity. The authors suggested that this activity may 
explain the use of meadowsweet preparations in inflamma-
tory diseases.15

Meadowsweet extract administered intragastrically in 
doses from 10 to 500 mg/kg stimulated both inductive and 
productive phases of humoral immunity in mice. The extract 
also exhibited a pronounced anti-inflammatory effect, which 
was manifested by a decrease in the synthesis of interleukin-2 
by splenocytes and suppression of proinflammatory cytokines 
in a delayed-type hypersensitivity model.16

l	 3 to 6 mL/day of a 1:2 liquid extract or equivalent in tablet 
or capsule form

l	 6 to 12 mL/day of a 1:5 tincture.

Duration of use

May be taken long term for most applications.

Summary assessment of safety

No significant adverse effects from the ingestion of meadow-
sweet are expected; however, caution should be observed in 
cases of salicylate sensitivity and in patients taking warfarin.

Technical data

Botany
Filipendula ulmaria, a member of the Rosaceae (rose) family, 
is a perennial herb up to 120 cm tall, with long petioled leaves 
up to 65 cm long and composed of two to five pairs of 8 cm-
long ovate leaflets with double-toothed margins and a tomen-
tose underside. The small creamy white flowers are arranged 
in dense, many flowered, cymose panicles with many protru
ding stamens.5

Key constituents
l	 Flavonoids (3% to 5%) consisting primarily of rutin and 

other glycosides of quercetin; kaempferol glycosides6,7

l	 Hydrolysable tannins (10% to 15%), the major one being 
rugosin-D6,8

l	 Phenolic glycosides, including spiraein (salicylaldehyde 
primeveroside) in the flowers, monotropitin 
(methylsalicylate primeveroside) in the flowers and leaves, 
and isosalicin, a glucoside of salicyl alcohol6

l	 Essential oil (0.2% from the flowers) containing 
salicylaldehyde (75%), phenylethyl alcohol (3%), benzyl 
alcohol (2%), methylsalicylate (1.3%) and others.6

Salicylaldehyde

O primeverosyl OH

CHOR

R

Spiraein  CHO
Monotropitin COOCH3
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Antimicrobial activity
In vitro studies have demonstrated weak antimicrobial activ-
ity for extracts from the rhizomes, leaves, flowers and 
upper stems against Staphylococcus aureus haemolyticus, 
Streptococcus pyogenes haemolyticus, Escherichia coli, Shigella 
flexneri, Klebsiella pneumoniae and Bacillus subtilis when 
tested at 5% concentration in the culture medium.17 Another 
study suggested that water extracts of various parts of mead-
owsweet showed antibacterial activity in vitro and can pos-
sibly be used on wounds.18 The test concentrations used in 
both studies were relatively high, which casts doubt on their 
clinical significance.

The essential oil of meadowsweet showed a marked 
growth-inhibitory activity against a range of bacteria and 
fungi. There appeared to be a pronounced synergy between 
key components.19 However, given the low quantity of essen-
tial oil in meadowsweet, this finding is likely to be of little 
clinical relevance to the herbal extract.

Other activity
Both in vivo (oral doses) and in vitro studies have demon-
strated that extracts of the flowers and seeds show fibrinolytic 
and anticoagulant activity.20 This action was thought to be due 
to a heparin-like anticoagulant found in the flowers.21 These 
findings need to be confirmed in current models.

In an investigation of 42 Rosaceae species, only species 
from the Rosoideae sub-family including meadowsweet exhib-
ited high tannin content and elastase-inhibiting activity.22

Local administration of a decoction of the flowers resulted 
in a 39% drop in the frequency of squamous cell carcinoma of 
the cervix and vagina induced in mice by carcinogen admin-
istration.23 A 40% ethanolic extract of meadowsweet flowers 
showed marked cytotoxic activity in vitro against human lymph-
oblastoid Raji cells at concentrations of 10 and 50 μg/mL.24 Oral 
administration of a flower decoction demonstrated anticancer 
activity in various cancer models in mice and rats, but was only 
chemopreventative for cervical and vaginal carcinogenesis after 
local application in mice.25

A study of neurotropic properties demonstrated a mod-
erate inhibitory effect on CNS activity.26 Ethanol extracts 
and water decoctions of the flowers depressed the CNS in 
vivo, as exhibited by decreased motor activity and rectal 
temperature, induced myorelaxation and increased effects 
of narcotic toxins. Preparations also decreased vascular 
permeability.14

Meadowsweet extracted with 70% ethanol (100 mg/g 
orally for 5 days) exhibited hepatoprotective activity during 
CCL4-induced toxic hepatitis in rats.27,28 The ethyl acetate 
fraction was most active.27

A dried aqueous extract of meadowsweet leaf demonstrated 
a very modest inhibition of cyclo-oxygenase in vitro, but was 
rather better at inhibiting platelet activating factor-induced 
exocytosis in neutrophils at 0.25 mg/mL concentration.29

Pharmacokinetics
No data available.

Clinical trials

Cervical dysplasia
In 48 cases of cervical dysplasia treated with an ointment  
containing meadowsweet, a positive result was recorded in  
32 patients and complete remission in 25 cases. No recur-
rence was observed in 10 patients within 12 months of the 
complete cure.23

An extract described as purified from meadowsweet and 
rich in phenolic acids reduced skin lipid production in 71% of 
healthy volunteers after 28 days of twice-daily topical appli-
cation at 4% concentration in an open label pilot study. The 
number of acne blemishes and inflammatory lesions were each 
reduced by 10%.30

Toxicology and other safety data

Toxicology
Animal studies on the flowers and the alcoholic and aqueous 
extracts have suggested that meadowsweet is without toxic 
hepatic effects.31 LD50 values for an ethanolic extract or 
decoction ranged from 535 to 1770 mg/kg when administered 
intraperitoneally to male or female mice.13

Contraindications
Meadowsweet should not be used during pregnancy or lacta-
tion without professional advice.

Special warnings and precautions
The use of tannins can be inappropriate in constipation, iron 
deficiency anaemia and malnutrition. Because of the tannin 
content of this herb, long-term use of high doses should be 
avoided. Use cautiously in highly inflamed or ulcerated condi-
tions of the gastrointestinal tract.

Meadowsweet contains salicylates and should be avoided 
or used with caution in patients with salicylate sensitivity or 
glucose-6-phosphate dehydrogenase deficiency (in this condi-
tion salicylic acid can cause haemolytic anaemia).

Meadowsweet should be used with caution in patients with 
bleeding disorders, as anticoagulant activity for extracts of the 
flowers and seeds have been demonstrated in vitro and in vivo 
after oral administration.20

Interactions
None known. Given the experimental anticoagulant effect for 
the flowers, the flowering herb should be used with caution 
if patients are taking anticoagulant drugs, although no adverse 
effects are expected.

Tannins can bind metal ions, thiamine and alkaloids and 
reduce their absorption. Meadowsweet should be consumed 
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at least 2 h away from oral thiamine, mineral supplements, 
such as iron and alkaloid-containing drugs.

Use in pregnancy and lactation
Category B3-no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Evidence of increased fetal damage in animal studies 
exists, although the relevance to humans is unknown.

An aqueous infusion (1:20) of meadowsweet flowers increased 
the tone and force of contraction of smooth muscle from sections 
of the uterine horns of rats, guinea pigs and cats in vitro.26

Fetal toxicity, measured as the number of resorptions, 
deaths and malformations, was 46.1% in pregnant rats subcuta-
neously administered salicylaldehyde (400 mg/kg) on day 11 of 
gestation compared with 2.7% in the control group.27 This dose 
of salicylaldehyde is considerably higher than the amount con-
tained in a therapeutic dose of meadowsweet and the study is 
unlikely to be relevant to the therapeutic use of meadowsweet.

Meadowsweet is compatible with breastfeeding but caution 
should be exercised. Salicylates excreted in breast milk have 
been reported to cause macular rashes in breast-fed babies.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
None known.

Overdosage
No effects known.

Safety in children
Clinicians should be aware of the possibility of Reye’s syn-
drome, an acute sepsis-like illness encountered exclusively in 
children below 15 years of age. The cause is unknown, although 
viral agents and drugs, especially salicylate derivatives, have 
been implicated.28 However, it is unknown if the salicylates in 
meadowsweet are capable of causing this reaction.

Regulatory status in selected 
countries

Meadowsweet is covered by a positive Commission E mono-
graph and has the following application:
l	 Supportive treatment for chills, colds, etc.
l	 Externally: rheumatic conditions affecting muscles and 

joints, blunt traumas such as contusions, strains, sprains, 
bruises, haematomas, etc.

Meadowsweet is on the UK General Sale list.
Meadowsweet does not have GRAS status. However, it is 

freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Meadowsweet is not included in Part 4 of Schedule 4 of 
the Therapeutic Goods Act Regulations of Australia and is 
freely available for sale.
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Melilotus

(Melilotus officinalis L.)

Synonyms

Sweet clover, melilot (Engl), Meliloti herba (Lat), Gelber 
Steinklee, Honigklee (Ger), couronne royale (Fr), meliloto 
(Ital), mark-stenkløver (Dan).

What is it?

When in flower Melilotus officinalis has a characteristic fra-
grant odour (similar to newly mown hay) that intensifies upon 
drying. This is due to the formation of coumarin (benzo(a)
pyrone). As a consequence the flowers have been used to per-
fume snuff and pipe tobacco and to give an aromatic quality 
to tisanes and herbal medicines.

In Europe, Melilotus is regarded as an important and safe 
herb for the circulatory system, particularly the venous and 
lymphatic circulation. Over the past 50 years coumarin, its 
major constituent, has been responsible for some important 
pharmacological advances. Most notably, the discovery of 
dicoumarol (a bacterial metabolite of coumarin) in spoiled 
Melilotus hay resulted in the development of modern antico-
agulant drugs such as warfarin.

Effects

Reduces inflammatory and congestive oedema by break-
ing down accumulated protein; increases venous return and 
improves lymph flow.

Traditional view

Melilotus was much esteemed in medicine as an emollient 
and digestive1 and the Eclectics favoured its use in neuralgic 
conditions.2 It was recommended for many external applica-
tions including the juice or infusion as an eyewash and plas-
ters and ointments for abdominal and rheumatic pains and for 
application to veins and ulcers.1

Summary actions

Antio-edematous, anti-inflammatory, possibly antitumour, 
possibly immune enhancing.

Can be used for

Indications supported by clinical trials
Clinical indications supported by Melilotus trials: postsurgical 
bruising.

Clinical indications supported by Melilotus/coumarin with 
rutin trials: lymphoedema; venous insufficiency, haemorrhoids, 
varicose veins; episiotomy, post-traumatic inflammation.

Clinical indications supported by coumarin trials: filarial 
lymphoedema and elephantiasis; cancer (malignant mela-
noma, renal cell carcinoma, prostatic carcinoma), particularly 
to prevent recurrence or metastases.

Traditional therapeutic uses
Internally to relieve flatulence, colic and diarrhoea. For neu-
ralgia affecting many areas (headaches, ovarian, stomach) and 
particularly for conditions marked by pain with cold, sore-
ness or tenderness; externally for ulcers, veins, abdominal and 
rheumatic pains.1,2

May also be used for

Extrapolations from pharmacological 
studies
High-protein oedemas including burns; thrombophlebitis; to 
reduce vascular damage such as endothelaemia, for the pre-
vention of ischaemic heart disease; for conditions requiring 
enhanced peripheral blood mononuclear cell activity.

Other possible applications
Coumarin has also been used to treat brucellosis in humans 
and other chronic infections including mononucleosis, myco-
plasmosis, toxoplasmosis, Q fever and psittacosis.3 This may 
reflect on immune-enhancing activity.

The dried plant has been used to scent linen and protect 
it from moths and used to scent snuff and smoking tobacco.1 
Melilotus has been included in oral preparations to reduce  
cellulite but its efficacy is unproven.

Preparations

Dried or fresh aerial parts for infusion, liquid extract or tinc-
ture for internal or external use.

Dosage

The therapeutic dose of coumarin has been established at 
around 1 mg/kg per day,4 although higher doses have been 
recommended.5 This probably corresponds to about 10 mL/
day of a Melilotus 1:2 extract or 25 mL/day of a 1:5 tincture, 
which for best results can be divided into several doses taken 
at regular intervals throughout the day. However, lower doses 
than these have been used in clinical trials.
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anticoagulant. However, its anticoagulant action was slow in 
onset and difficult to terminate and this led to the develop-
ment of synthetic analogues, the most widely used of which 
is warfarin. Properly dried Melilotus does not contain dicou-
marol and has no anticoagulant activity under normal cir-
cumstances. Coumarin has an anticoagulant activity that is 
1000 times less than dicoumarol because it lacks a 4-hydroxy 
group.11 However, one case of excessive bleeding due to a 
large consumption of coumarin-containing herbs has been 
recorded,12 but the possibility exists that the herbs were not 
properly dried and contained some dicoumarol. Other factors 
also contributed to the anticoagulant effect.12

In the 1960s research conducted in Germany dem-
onstrated the beneficial effects of a Melilotus extract on 
circulatory problems. This led to the development of a 
synthetic drug consisting of coumarin and a rutin deriva-
tive (troxerutin). Several other research groups followed 
up this work, including workers at Flinders University in 
Adelaide. The Australian scientists discovered the potential 
value of coumarin for the treatment of lymphoedema and 
elephantiasis, disorders that affect more than 140 million 
people. Large-scale clinical trials were conducted in China  
and India.

Most of the research was conducted on isolated coumarin 
or a mixture of coumarin and troxerutin (a flavone glycoside). 
Since Melilotus contains coumarin and flavone glycosides, this 
research can probably be extrapolated to the use of the herb. 
The other coumarin-related compounds in Melilotus also 
appear to have an activity similar to coumarin.13

Pharmacodynamics of coumarin

Anti-oedema and anti-inflammatory  
activities
Coumarin possesses unique anti-oedema and anti-inflam-
matory activities5 that make it particularly effective for the 
treatment of high-protein oedemas, such as burn injury and 
lymphoedema.14,15 It enhances the breakdown by mac-
rophages of protein accumulated in the extracellular spaces.5 
Coumarin also has other important actions on the vascular 
system. It causes constriction of the precapillary sphincters 
and dilation of arteriovenous junctions,16 which can result in 
an improved blood flow to injured tissue. Thoracic duct and 
lymph flow are increased by coumarin,17 hence it aids lym-
phatic drainage.

Intraperitoneal injection of 1 mL/100 g of a hydroethanolic 
extract of Melilotus in rabbits just before intramuscular injec-
tion of turpentine, which normally induces systemic inflamma-
tion, led to a significant inhibition of this process. The effect 
was similar to that seen with hydrocortisone (125 mg/kg)  
or pure coumarin (25 mg/kg) injections.18 Specifically, 
Melilotus and the control substances inhibited excessive 
phagocytosis and decreased nitric oxide production and exces-
sive leucocyte counts.

Coumarin improves the course of experimental thrombo-
phlebitis,19 reduces postoperative oedema20 and improves 

Melilotus is best used in combination with herbs hav-
ing a vitamin P-like activity such as horsechestnut, haw-
thorn flower, lime flowers and other herbs containing flavone 
glycosides.

Duration of use

May be used in the long term if prescribed within the recom-
mended therapeutic range.

Summary assessment of safety

No adverse effects from ingestion of Melilotus are expected 
when consumed within the recommended dosage. Coumarin 
use has been associated with idiosyncratic hepatotoxicity.

Technical data

Botany
Melilotus officinalis is a member of the Leguminosae 
(Fabaceae, pea) family and of the subfamily Papilionoideae.6 
It is a trailing to erect branched herb reaching up to 120 cm 
tall. The leaves consist of three oblong-elliptic leaflets, 1.5 to 
3 cm long with finely toothed margins. The flowers are borne 
in slender racemes, are yellow and up to 6 mm long. The fruit 
is a pod containing greenish seeds.7,8

Key constituents
l	 Coumarin (0.2% to 0.45%) and its precursor melilotoside 

and the substituted coumarins umbelliferone and 
scopoletin9

l	 Flavonoids, caffeic acid and derivatives.9

Coumarin Melilotoside

glucose

COOH

OO O

Pharmacodynamics

Historical background
‘Sweet clover disease’ was a bleeding disorder first noted 
in cattle fed spoiled Melilotus. Although it was originally 
described in the 1920s, it was not until 1941 that the caus-
ative factor was identified as dicoumarol.10 Dicoumarol 
is formed from coumarin by bacterial action in dam-
aged hay and was subsequently developed as the first oral 
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venous return.21 Coumarin slows the onset of blood coagula-
tion, but this is not an anticoagulant effect since bleeding and 
prothrombin times are not changed.22

Coumarin and 7-hydroxycoumarin successfully corrected 
lymphoedema in an experimental model (p<0.01). These 
compounds may activate the production of proteinases by 
mononuclear phagocytes.23 (7-Hydroxycoumarin, also known 
as umbelliferone, the major human metabolite of coumarin, 
may be the active form of the drug.)24

The administration of coumarin in lymphoedema stimu-
lates macrophage activity and numbers. The reasons for stim-
ulation are uncertain but alterations in the fine structure of 
the proteins and complement that renders these more attrac-
tive for phagocytosis seem the most likely. The end result is 
a rapid, enhanced break-up of excess interstitial protein and 
the removal of the osmotically attracted fluid, together with a 
more gradual removal of the deposits of fibrotic tissue by the 
non-stimulated macrophage. Clinically, this manifests itself 
as a softening of the tissues, a reduction in circumference of 
the lymphoedematous extremity, a return to normal tissue 
remodelling processes and a range of subjective improvements 
for the patient.25

Cardiovascular activity
Endothelaemia, the presence of vascular endothelial cells in 
the blood, is an indicator of vascular damage.26 Low doses of 
coumarin reduce the endothelaemia caused by various chemi-
cals, as does aspirin.26 This effect may be partly responsible 
for the beneficial effect of low-dose aspirin on the course 
of ischaemic heart disease. Given that coumarin also inhib-
its prostaglandin formation in a similar manner to aspirin,27 
and has a favourable effect on myocardial ischaemia,13 it 
may also prove useful in the management of ischaemic heart  
disease.

Immunomodulatory and anticancer activity
Both HLA-DR and HLA-DQ antigen expression by peripheral 
blood mononuclear cells were enhanced in vitro over controls 
after 48 h of exposure to coumarin. Enhanced expression is 
consistent with an activated state. This supports the hypoth-
esis that coumarin acts, at least in part, through immune 
augmentation. Coumarin therapy resulted in augmented 
HLA-DR antigen expression by peripheral blood monocytes 
in cancer patients.28

The action of coumarin is dose dependent and a doubling 
of the dose can produce inhibition instead of activation of cel-
lular immunity. As well as acting in low doses through the cel-
lular immune system and the macrophages, coumarin appears 
to act by inhibiting oncogene activity, while high doses have a 
direct action on the tumour.29

Coumarin has exhibited anticancer properties in vitro 
against multiple cancer cell lines.30 Several in vitro studies 
assessed the effect of coumarin and its natural and synthetic 
metabolites against malignant melanoma cells. Coumarin 
exhibited similar or slightly lower activity than synthetic vari-
ants in these studies.31,32

Coumarin inhibited the hepatic carcinogenicity of  
aflatoxin B1 in rats by inducing various enzymes that break 
down the toxin.33

Pharmacokinetics
The pharmacokinetics of coumarin are well studied. Human 
metabolism of coumarin is unique34 and results in quick 
conversion of coumarin to umbelliferone.35 Umbelliferone 
(7-hydroxycoumarin) does not possess all the activities of 
coumarin,36 implying that best results from coumarin therapy 
are obtained with frequent dosing or slow-release prepara-
tions, especially for acute treatment. In a crossover study 
with a healthy volunteer, grapefruit juice given at the high 
dose of 1 L with coumarin (10 mg) retarded the appearance of 
umbelliferone.37

Clinical trials with coumarin
Most clinical trials were conducted using oral doses of a com-
bination of coumarin and troxerutin. These trials have shown 
beneficial effects in haemorrhoids,38 acute pancreatitis39 
and the complications of varicose veins, particularly varicose 
ulcers, oedema and subjective symptoms.16 A beneficial effect 
from oral doses in the postoperative treatment of episiotomy 
was demonstrated in a double blind trial.4 This study would 
also indicate the value of coumarin and troxerutin for the 
general treatment of post-traumatic inflammation. A similar 
preparation was effective in the treatment of long-standing 
lymphoedema. After more than 24 months all patients experi-
enced subjective improvement and 53% also showed objective 
improvement.40

Lymphoedema
Benzopyrones, including coumarin and oxerutins, have been 
used in high doses in many clinical trials investigating a vari-
ety of high-protein oedemas. The results of four such trials 
(lymphoedema from many causes in Australia and filaritic 
lymphoedema and elephantiasis in India and China) are sum-
marised here, although a recent meta-analysis concluded 
that not enough data were available from these and other tri-
als to draw any conclusion about the efficacy of coumarin, 
alone or combined with flavonoids, for treating patients with 
lymphoedema.41

Coumarin (400 mg/day) was administered over 6 months to 
patients in the Australian trial and for 1 to 2 years in India. In 
China, oxerutin (3 g/day) was administered for 6 months. The 
drugs reduced these conditions much more slowly than ade-
quate physical therapy, but did reduce them. About half the 
excess volume was removed over 6 months in the Australian 
trials. In India and China similar rates were achieved with 
lymphoedema, but elephantiasis reduced at a slower rate. 
The benzopyrones convert a slowly worsening condition into 
a slowly improving one. In these trials, compression gar-
ments were not necessary. The agents considerably reduce the 
number of attacks of secondary acute infection, reduce the 
deformities of elephantiasis and improve patients’ comfort and 
mobility. Taken orally or topically, they have very low toxicities 
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and only few, minor side effects. They act by increasing the 
numbers of macrophages and their normal proteolysis.42

In addition to the trials described above, a randomised, 
double blind, placebo-controlled trial investigated the use of 
coumarin (400 mg/day) and diethylcarbamazine (6 mg/kg/day)  
on patients with filaritic lymphoedema and elephantiasis over 
2 years. In 169 patients there were significant reductions 
(p<0.01) in the amount of oedema for the patients taking 
coumarin. The excess limb volumes were reduced from 40% 
to 25%. A similar but less significant improvement (p<0.05) 
was found for circumference measurements. The rate of 
reduction was increased when the initial amount of oedema 
was greater. There were no significant reductions from the use 
of diethylcarbamazine.43

Cancer
Activity of coumarin in cancer is believed to be due to 
enhanced cellular immunity.3 Coumarin (50 mg/day) was 
evaluated in a multicentre, prospectively randomised, double 
blind, placebo-controlled trial to prevent early recurrence of 
malignant melanoma TNM stage IB and stage II. Intake began 
in 1984 and was stopped prematurely in 1987. There were 
two recurrences in 13 treated patients and 10 in 14 controls, 
which was significant (p=0.01). The sites of the metastases 
differed in each group, being local and in bone in the treated 
group and in lymph nodes, skin and lung in the control group. 
No toxic effects were observed with coumarin treatment.44 
On subsequent publication in 1994, there were four recur-
rences in the coumarin-treated group and 10 recurrences in 
the placebo group.29

Twenty-two patients with advanced melanoma received 
coumarin (100 mg/day) for 14 days; on day 15 cimetidine 
(1200 mg/day) was added. Both treatments were contin-
ued until progression of disease. No response was observed 
in 19 patients, two patients with a low tumour burden 
achieved a partial response and a third of patients showed a 
minor response. No toxicity was observed.45 Earlier it was 
observed that the combination of coumarin and cimetidine 
yielded objective tumour regression in patients with meta-
static renal cell carcinoma and malignant melanoma. Coumarin 
appears to have direct effects on tumour cells as well as 
immunomodulatory activity, while cimetidine appears to be 
immunomodulatory.12

Patients with advanced malignancies received coumarin 
(100 mg/day) for 14 days; on day 15 cimetidine (1200 mg/day)  
was added. The following laboratory tests were performed at 
pretreatment and at 2, 4 and 8 weeks on therapy: monoclo-
nal antibody labelling techniques to monitor peripheral blood 
lymphocytes and natural killer (NK) cell and monocyte phe-
notypes. There were no alterations in T cells, helper/inducer T 
cells, cytotoxic/suppressor T cells, B cells, Ia+ lymphocytes or 
NK cells. An increase was, however, noted after 2 weeks in the 
percentage of monocytes and the percentage of DR+ mono-
cytes and this occurred in the presence of coumarin alone, 
before the addition of cimetidine.46 The same design was 
used in an earlier pilot study involving 45 patients with meta-
static renal cell carcinoma. Objective responses (greater than 
or equal to 50% reduction in measurable disease) occurred in 

14 of 42 evaluable patients, with three complete responses and 
11 partial responses. There was no toxicity observed amongst 
these patients.47

The same design was used in a phase I trial of 54 patients 
with advanced malignancies, 37 having renal cell carcinoma. 
The dose of coumarin was escalated (400 to 7000 mg/day) 
while the cimetidine dose was held constant. Responses 
occurred over a wide range of doses (600 to 5000 mg/day), 
giving no hint of a dose–response relationship. Objective 
tumour regressions were observed in six patients.48 
Preliminary results of multicentre clinical trials of metastatic 
prostatic carcinoma patients treated with coumarin (1 g/
day) suggest that patients with normal performance status 
and small tumour volumes are the most likely to respond.49  
A preliminary trial of 3 g/day in patients with advanced pros-
tate cancer showed minimal benefit, except in one patient.50

Clinical trials with Melilotus
An extract of Melilotus standardised to 1% coumarin at a 
dose of 300 mg/day for 7 days after cosmetic surgery was as 
effective as oral dexamethasone at controlling eyelid and para-
nasal oedema.51 The study was randomised and double blind. 
Melilotus extract was superior to dexamethasone at relieving 
postsurgical bruising and was significantly superior to placebo 
for improving both bruising and oedema after surgery.

In an uncontrolled trial, 76 patients with lymphoedema 
of the lower limbs at the IId stage of surgical classifica-
tion received the following preparation at the indicated oral 
dosage for 6 to 8 months: Melilotus extract (40 mg/day), 
Ginkgo extract (40 mg/day) and coumarin (60 mg/day). The 
preparation induced a very significant improvement in lym-
phoedema (centimetre aspect) both in functional symp-
toms (pain and heaviness in affected limbs) and physical 
signs (oedema, episodes of infection). Tolerance was good 
and improvement was observed from the third month of  
treatment.52

Many trials have been conducted using a proprietary prepa-
ration containing Melilotus and rutin. In an uncontrolled trial 
on 385 patients with venous insufficiency, oral administra-
tion of the preparation (600 mg/day Melilotus extract) over 
45 days resulted in 90% improvement. Marked reduction of 
oedema in both legs was also noted. (In some acute cases, 
intramuscular injections were also given for approximately  
1 week.)53 Twenty-five pregnant women received a Melilotus/
rutin preparation containing 400 mg of Melilotus extract and 
150 mg of rutin per day for at least 20 days in an uncontrolled 
trial. Symptoms such as heavy legs disappeared completely in 
68% of cases.54

Toxicology and other safety data

Toxicology
Coumarin (0.8 and 1.71 mmol/kg) produced dose-related 
acute hepatic necrosis in rats.55 In contrast, none of the cou-
marin derivatives examined produced either hepatic necrosis 



751

Melilotus

or elevated plasma transaminase activities. A no-effect dose 
of 8 mg/kg coumarin was established.56 The rat is particularly 
sensitive to hepatotoxic effects from coumarin.57

Although some early chronic toxicology research with high 
doses implicated coumarin as a carcinogen,58 subsequent work 
has demonstrated a low toxicity and absence of carcinogenic-
ity,59 absence of teratogenicity60 and even an anticarcinogenic 
effect.61 Tumour formation in the rat appears due to chronic 
hepatotoxicity with sustained regenerative hyperplasia.57 An 
oral dose of 200 mg/kg of coumarin increased the incidence 
of alveolar/bronchiolar adenomas and carcinomas in mice in a 
chronic bioassay.62 Acute administration caused selective lung 
cell injury in mice.

Rodents produce toxic metabolites of coumarin that are 
not found in humans, thus such studies are of highly dubious 
relevance to human safety. Induction or high genetic activity 
of CYP2E1 in the liver and deficiency of glutathione, impor-
tant to excretion of coumarin, could increase the toxicity of 
coumarin. Coumarin does not appear to be genotoxic or carci-
nogenic in humans.63

Contraindications
Avoid Melilotus in patients with impaired liver function or 
elevated liver enzymes.

Special warnings and precautions
Watch for hepatotoxicity.

Contrary to popular writings, properly dried Melilotus 
does not have anticoagulant activity. One case report linked a 
haemorrhagic diathesis to a herbal tea intake, which included 
coumarin-containing herbs such as Melilotus.12 However, 
there were many confounding factors in this case. In con-
trast, a double blind, comparative study in 41 patients suf-
fering from chronic venous insufficiency found that an oral 
coumarin/troxerutin preparation over 6 weeks did not cause 
anticoagulant effects.64 There were no significant changes 
in coagulation, clotting factors or fibrinolysis over the  
treatment period.

Interactions
Caution is advised when prescribing Melilotus with warfarin 
and aspirin.65

Use in pregnancy and lactation
Category B2-no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are largely lacking.

No adverse effects are expected with lactation.

Effects on ability to drive and use 
machines
No adverse effects are expected.

Side effects
There are no data available for Melilotus.

The European Food Safety Authority has set a maximum tol-
erated daily intake (TDI) for coumarin of 0.1 mg/kg/day.66 The 
main concern is that long-term use of high-coumarin supplements 
or foods could lead to liver problems. Use of Cinnamomum cas-
sia (cassia) to treat diabetes was the main provocation of this pol-
icy and not Melilotus or other coumarin-based products.

Treatment of 2173 patients with cancer or chronic infec-
tions with coumarin (25 to 2000 mg/day, mostly exceeding 
the European TDI) in a clinical trial resulted in the incidence 
of hepatotoxicity in eight patients.67 The authors suggested 
that this hepatitis was probably a form of idiosyncratic hepa-
totoxicity and may have been immune in origin. An overview 
of trials of coumarin for lymphoedema patients found a 0.3% 
incidence of elevated serum liver enzymes.68

In the phase I trial outlined above, in which the dose of 
coumarin was escalated (400 to 7000 mg/day) in combination 
with cimetidine, renal cell carcinoma patients experienced a 
few, mild symptomatic side effects (insomnia, nausea, vomit-
ing, diarrhoea, dizziness). Of the 44 patients, two withdrew 
because of these side effects. In most patients, side effects 
abated spontaneously with continuation of therapy. No sig-
nificant haematological or renal toxicity occurred. Mild hepa-
totoxicity occurred in only one patient and was manifested as 
asymptomatic abnormal elevations of serum hepatic transam-
inases, which were reversible upon interruption of therapy.48

Overdosage
No acute toxic effects in humans have reported for Melilotus.

Regulatory status in selected 
countries

Melilotus is covered by a positive Commission E monograph 
with the following internal applications:
l	 Disorders arising from chronic venous insufficiency, such 

as pains and heaviness in the legs, night cramps in the legs, 
itching and swellings

l	 In supportive treatment of thrombophlebitis, post-thrombotic 
syndrome, haemorrhoids and lymphatic congestion.

I can be used for the following external applications:
l	 Contusions, sprains and superficial effusion of blood.

Melilotus is not on the UK General Sale List.
Melilotus does not have GRAS status. However, it is freely 

available as a ‘dietary supplement’ in the USA under DSHEA leg-
islation (1994 Dietary Supplement Health and Education Act).

Melilotus is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia. Coumarin is 
listed in the SUSDP (Standard for the Uniform Scheduling of 
Drugs and Poisons) with a Schedule 4 rating. Such substances are 
available from a pharmacist on presentation of a prescription by a 
medical practitioner (doctor, dentist or veterinarian). This restric-
tion also now applies to Melilotus because of its coumarin content.
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Myrrh

(Commiphora molmol Engl.)

Synonyms

Balsamodendron myrrha (Nees) Engl., C. myrrha (Nees) 
Engl. var. molmol Eng., vola or samudraguggul (Indian), Mo 
Yao (Chin).

What is it?

The name ‘myrrh’ is probably derived from the Arabic or 
Hebrew word ‘mur’, which means bitter. Myrrh (Arabian or 
Somali myrrh) is an oleo-gum resin, obtained from the stem 
of various species of Commiphora (Burseraceae) growing in 
north-east Africa and Arabia. Texts have traditionally given 
the principal source as C. molmol but the chief source today is 
probably C. myrrha (Nees) Engl. (C. myrrha Holmes).1

Almost all members of the Burseraceae possess oleoresin 
canals in the phloem and resin exudes spontaneously when 
cracks and fissures form in the bark. This yellowish-white vis-
cous fluid soon hardens in the ambient heat to reddish-brown 
crystalline masses. In some cases incisions are made in the 
bark to encourage resin production.1

Myrrh has been used as a medicinal herb for thousands of 
years. It is mentioned several times in the Bible in writings as 
old as Psalms and the Song of Solomon and of course it is well 
known as one of the three gifts that the Magi brought to Jesus 
Christ.2 Despite this ancient record of use, clinical trials on 
myrrh were lacking until recently when a group of Egyptian 
scientists examined its value in the treatment of fascioliasis 
(liver fluke).3,4 Since then a number of other clinical studies 
have been published suggesting that the clinical use of myrrh 
represents a significant advance in the herbal treatment of 
parasites. What is particularly interesting is myrrh seems to be 
active against parasites that infest deeper into the body than 
the gut, such as in the liver and bladder (the latter in the case 
of schistosomiasis).

Effects

Controls infections and promotes healing and local immunity 
when applied topically. Internally has antiparasitic activity, 
possibly by stimulating the immune response against parasites.

Traditional view

Myrrh has been used in all the great traditions of herbal 
medicine.

In the lands of its origin, in East Africa and the Middle 
East, it has long been used for respiratory infections, as a 

digestive aid, as a wound healing remedy and as an anthelmin-
tic.5 Galen also mentioned myrrh as a treatment for intestinal 
helminths.6

Traditional Western herbal uses include:

l	 mouth ulcers, pharyngitis, gingivitis, laryngitis, respiratory 
catarrh, the common cold, chronic catarrh, bronchitis, 
excessive mucus secretion and boils7,8

l	 chronic gastritis, atonic dyspepsia; amenorrhoea and female 
reproductive tract disorders accompanied by a dragging 
sensation and leucorrhoea8

l	 topically for damaged gums, wounds, abrasions, poorly 
healing skin ulcers and sinusitis.7–9

Uses and properties from traditional Chinese medicine 
(TCM) include:

l	 invigoration of the blood, dispersing congealed blood, 
reducing swelling and alleviating pain, thus used to treat 
trauma, sores, boils, swelling, abdominal masses or pain, 
chest pain and amenorrhoea10

l	 topically for chronic, poorly healing sores.10

Traditional Ayurvedic uses include:
l	 dyspepsia, chlorosis (hypochromic anaemia), amenorrhoea, 

uterine disorders, menstrual disorders in young girls, 
chronic bronchitis and tuberculosis11

l	 as a mouthwash for mouth ulcers and sore throat.11

In modern Western herbal use, myrrh (as noted above) 
has been largely relegated to a topical agent, especially for 
the mouth, gums and throat. Hence the rediscovery of the 
antiparasitic properties of myrrh places this herb into a com-
pletely new perspective. Rediscovery is the appropriate term, 
since apart from its traditional use in the Middle East, the 
US Eclectic text King’s Dispensatory12 mentions its use as 
a vermifuge and Maude Grieve also makes mention of the 
same use.13

Summary actions

Astringent, antimicrobial, antiparasitic, anti-inflammatory, 
vulnerary.

Can be used for

Indications supported by  
clinical trials
For parasitic infestations, especially fascioliasis and schistoso-
miasis, when conventional treatments are ineffective or inap-
propriate (open label trials, mixed results).
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Traditional therapeutic uses
Chronic bronchitis, the common cold, chronic catarrh; inflam-
mation of the mouth and throat; gastritis, dyspepsia and topi-
cal treatment for inflammations of the mouth and throat, skin 
inflammation, wounds and abrasions.

In Germany the use of myrrh topically to treat mild 
inflammation of the oral and pharyngeal mucosa was sup-
ported by the Commission E.14 ESCOP recommends myrrh 
for the topical treatment of gingivitis, stomatitis (mouth 
ulcers), minor skin inflammation, minor wounds and abra-
sions and as a supportive treatment for pharyngitis and 
tonsillitis.15

May also be used for

Extrapolation from  
pharmacological studies
Myrrh may have value as an anti-inflammatory agent. 
However, long-term internal use increases the risk of an aller-
gic reaction.

Other applications
The molluscicidal activity may be relevant for the control of 
snails as vectors for Schistosoma species and other parasites.

Preparations

Myrrh is typically used as a 1:5 tincture in 90% alcohol. 
This is diluted with water for topical application or as a gar-
gle. However, the clinical trials of antiparasitic activity typi-
cally used a concentrated soft extract (closely resembling the 
oleoresin) in capsule form that allowed the convenient use of 
higher doses.

Dosage

The typical adult dose is 1.5 to 4.5 mL/day of the 90% etha-
nol 1:5 tincture for most of the clinical indications described 
above.

However, higher doses for short periods (3 to 6 days) are 
required for antiparasitic effects. For example, the 600 mg 
dose of the myrrh extract typically used in the trials probably 
corresponds to about 2 to 3 g of crude resin or 10 to 15 mL of 
1:5 tincture.

Duration of use

Myrrh should not be ingested for prolonged periods (more 
than a few weeks at a time) because of its potential to cause 
allergic contact dermatitis and other allergic reactions.

Summary assessment of safety

Except in cases of allergy in susceptible patients, myrrh is a 
safe herb.

Technical data

Botany
The myrrh-producing Commiphora species are shrubs or small 
trees with large, sharply pointed thorns on the stem. The 
unequal ternate leaves are alternate and the small flowers are 
arranged in terminal panicles. When damaged, the schizoge-
nous resin ducts yield the product known as myrrh.16

Adulteration
Authorative texts and pharmacopoeias define medicinal 
myrrh as Commiphora molmol and/or other Commiphora spe-
cies.9,15,17–19 The German Commission E regarded these other 
species as those with comparable chemical composition to C. 
molmol.14 Other species of Commiphora may be used if their 
chemical composition compares favourably with that specified 
in the German Pharmacopoeia (DAB 10).20 Such other possi-
ble acceptable species in addition to C. myrrha could include 
C. abyssinica (Berg) Engl. (C. madagascariensis Jacq.) and C. 
schimperi (Berg) Engl.9,20

In terms of adulteration, small stones may be present and 
gum arabic has been found as an adulterant. Products from many 
other species of Commiphora are probably occasionally passed 
off as myrrh. Adulterants of plant origin include C. mukul Hook. 
(Engl.), C. erythraea (Ehrenb.) Engl., C. agallocha (Roxb.) Engl., 
C. ugogensis Engl.,16,18 C. sphaerocarpa Chiov., C. holtziana 
Engl. and C. kataf (Forssk.) Engl.21

Key constituents
Myrrh contains an essential oil (2% to 10%), which largely 
comprises sesquiterpenes; an alcohol-soluble resin (25% to 
40%) containing commiphoric acids; and a water-soluble gum 
(30% to 60%).22,23

Pharmacodynamics

Antiparasitic activity
Studies on mice demonstrated that a myrrh extract at 
an oral dose of 500 mg/kg for 5 days,24 or at a dose of  
600 mg/kg for 3 days,25 had a schistosomicidal effect against 
the different maturation stages of Schistosoma mansoni. This 
organism causes bilharzia. In addition, the livers of mice 
treated with myrrh extract (500 mg/kg, oral) for 8 weeks 
after infection with schistosoma showed a marked reduction 
in degenerative changes.26 Myrrh has also demonstrated activ-
ity against S. mansoni worms in vitro.27 A study in mice found 
that myrrh extract (500 mg/kg/day for 5 days, oral) exerted a 
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valuable schistosomicidal effect against different stages of the 
parasite.28

Not all studies have been positive. There is one reported 
study where myrrh failed to exhibit any significant antipara-
sitic activity in mice and hamsters infected with S. man-
soni,29 and another negative study in hamsters for the same 
parasite.30

An oral dose of myrrh extract (20 mg/day for six consecu-
tive days) induced eradication of Fasciola gigantica worms in 
experimentally infected rabbits, with an associated increase in 
IgG production.31 In contrast, myrrh extract (10 mg/kg/day 
for 6 days, oral) exerted only a modest effect against fasciolia-
sis in sheep.32

Myrrh extract (10 mg/bird, oral) significantly reduced 
experimental coccidiosis (due to Eimeria species) in 
chickens33 and in domestic rabbits (dose 500 mg/kg, 
oral).34 Treatment of rats infected with Giardia lamblia 
indicated that myrrh extract was capable of completely 
reducing parasite loads in intestinal and faecal samples.35 
It appeared to exert a direct toxic effect on the giardia 
trophozoite.

Molluscicidal activity
Snails act as vectors for S. mansoni, hence molluscicidal  
activity can play a role in the prevention of bilharzia (schis-
tosomiasis). The molluscicidal properties of the oil extract 
of myrrh were tested against the Egyptian snail species 
Biomphalaria alexandrina, Bulinus truncatus and Limnaea 
cailliaudi.36 The impact of the extract on the egg clutches 
of B. alexandrina and L. cailliaudi was also evaluated. Snails 
and their eggs were exposed for 24 and 48 h at 22 to 26°C to 
various concentrations of the extract. Results showed differ-
ent susceptibilities. B. alexandrina exhibited higher LD50 and 
LD90 concentrations (155 and 195 ppm, respectively) than  
B. truncatus (50, 95 ppm) and L. cailliaudi (50, 85 ppm) after 
24 h exposure. Myrrh also inhibited the spreading of S. man-
soni eggs from infected snails at a concentration of one part 
per million (ppm).37

The effect of exposing B. alexandrina to a sub-lethal 
dose (LD10 and LD20) of myrrh on its susceptibility to infec-
tion with S. mansoni has also been determined.38 Starting  
3 weeks post exposure, cercarial shedding was monitored.  
No shedding of cercariae was observed from snails treated 
with the LD20 dose. The study revealed that sub-lethal expo-
sure to myrrh decreased the compatibility of B. alexandrina 
to S. mansoni infection, thus playing an important role in the 
control of schistosomiasis.

Insecticidal activity
Myrrh has been shown in vitro to be toxic to the fowl tick 
Argas persicus39 and was larvicidal against the Culex pipiens 
and Aedes caspius mosquitoes.40,41

Anti-inflammatory and analgesic activity
A petroleum ether extract of myrrh (500 mg/kg, oral) pro-
duced significant anti-inflammatory activity in carrageenan-
induced inflammation and cotton pellet granuloma models. 

Antipyretic activity was also observed in vivo.42 Myrrh dem-
onstrated significant anti-inflammatory activity in the fol-
lowing experimental models: xylene-induced ear oedema 
(400 mg/kg, pretreatment by injection) and cotton pellet 
granuloma (400 mg/kg, oral).43

An analgesic activity was demonstrated after oral adminis-
tration of myrrh in vivo. The active analgesic compounds were 
identified as two sesquiterpenes, particularly furanoeudesma-
1,3-diene. This compound was shown to bind to opioid 
receptors in isolated brain membrane. Naloxone, an opioid 
antagonist, completely inhibited the analgesic effect of this 
compound by injection. Furanoeudesma-1,3-diene exhibited 
structural similarities with two opioid agonists (morphiceptin 
and DPDPE).44,45

Using the model of formalin-induced paw oedema in mice, 
an 85% ethanolic extract of myrrh (100 mg/kg, oral) exerted 
significant anti-inflammatory activity.46 The extract also 
exhibited significant analgesic activity at the same dose in one 
model, but not in another. The petroleum ether fraction of 
the extract possessed the highest activity.

Other activity
A sesquiterpene fraction from myrrh (a mixture of furan-
odiene-6-one and methoxyfuranoguaia-9-ene-8-one) dem-
onstrated local anaesthetic activity in vivo and showed 
antibacterial and antifungal activity in vitro against stand-
ard pathogenic strains of Escherichia coli, Staphylococcus 
aureus, Pseudomonas aeruginosa and Candida albicans, 
with minimum inhibitory concentrations ranging from 0.18 
to 2.8 μg/mL.47

Myrrh increased glucose tolerance in rats under both nor-
mal and diabetic conditions.48 Two furanosesquiterpenes 
isolated from myrrh exhibited hypoglycaemic activity in an 
experimental model of diabetes.49

Oral pretreatment with an aqueous suspension of myrrh 
(250 to 1000 mg/kg) protected against the ulcerogenic 
effects of several necrotising agents in rats, including etha-
nol and indomethacin. The protective effect of myrrh was 
attributed to its effect on mucus production and an increase 
in nucleic acid and non-protein sulphydryl concentra-
tions, which appeared to be mediated through free radical- 
scavenging, thyroid-stimulating and prostaglandin-inducing 
properties.50

Treatment with a myrrh extract (250 and 500 mg/kg/day) 
was found to have an anticarcinogenic effect in mice for solid 
tumours induced by Ehrlich carcinoma cells. The activity was 
comparable to the standard cytotoxic drug cyclophospha-
mide and was more pronounced after 25 days compared with 
50 days of treatment.51,52 Another study in mice found that 
pretreatment with myrrh did not alter the biochemical and 
cytological effects of cyclophosphamide and did not show any 
additive effect.53

Both an extract and a fraction of myrrh stimulated phago-
cytosis in vivo after intraperitoneal injection.54 Myrrh 
(500 mg/kg/day, oral) enhanced white blood cell counts in rats 
both before and after gastric or skin damage.55

Myrrh exhibited significant antiplatelet activity in mice at 
an oral dose of 100 mg/kg.56
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Pharmacokinetics
No data available.

Veterinary studies
Myrrh has been tested in uncontrolled field trials for the 
treatment of various parasitic infestations in sheep. In sheep 
naturally infected with fascioliasis, doses of 300 to 600 mg 
of extract were administered for 1 to 3 days.57 A total dose 
of 900 to 1200 mg of extract gave a complete cure rate as 
assessed by stool or physical examination.

Fifteen sheep naturally infected with Dicrocoelium dendrit-
icum (as proven parasitologically) were successfully and safely 
treated with myrrh extract (600 mg/day on an empty stomach 
an hour before eating for 4 successive days).58 Cure (100%) 
was achieved as determined by stool analysis for 7 days and 
macroscopically by lack of detection of any adult worms.

In sheep infected naturally with Moniezia expansa, a total 
dose of 3600 mg of myrrh extract (as 900 mg/day for 4 days) 
or 4800 mg (as 600 mg/day of extract for 8 days) gave 100% 
cure rates.59 Response rates were assessed by microscopic and 
macroscopic stool examination.

Clinical studies
All the studies cited below are open label studies. However, 
it can be reasonably inferred that a marked placebo effect in 
parasitic infestation is unlikely and that a true therapeutic 
effect was observed for myrrh in the positive trials. On the 
other hand, the use of a treated infested control group would 
have been preferable to validate the clinical assessment meth-
ods used in the trials. The mode of action of myrrh has not 
been established. Rather than exerting a direct antiparasitic 
effect, it could act by stimulating the patient’s natural immu-
nity against parasites. All of the clinical studies, and indeed 
most of the experimental and veterinary studies of antipara-
sitic activity, have tested a commercial oleoresin extract 
derived from myrrh.

Fascioliasis
An open label pilot study examined the action of myrrh in 
seven patients with fascioliasis (infection with Fasciola hepat-
ica).3 The treatment (a formulation consisting of eight parts 
of resin and 3.5 parts of volatile oil, all extracted from myrrh) 
was given at a dose of 12 mg/kg/day for 7 consecutive days 
in the morning on an empty stomach. Patients were followed 
for 3 months. The therapy proved to be effective, with pro-
nounced improvement of the general condition of patients 
and amelioration of all symptoms and signs. A dramatic drop 
in egg count was detected at the end of treatment. High 
eosinophilic counts, elevated liver enzymes and fasciola anti-
body titres returned to nearly normal. No signs of toxicity or 
adverse effects were observed and the authors concluded that 
the formulation of myrrh was safe, well tolerated and effec-
tive for treating fascioliasis.

In an open label, controlled study, 68 patients were 
included: 30 with fasciola infection, 20 infected with other 
parasites, but not fasciola (infected control group), and 18 

individuals who were parasite-free (normal control group).60 
Stool samples were evaluated for egg counts. Circulating fas-
ciola antigens (CFAgs) and the anti-fasciola IgG4 isotype 
were also evaluated. Complete blood count, liver function 
tests and abdominal ultrasonography were performed for all 
fasciola-infected patients. Patients with fascioliasis received 
myrrh extract at a dose of 10 mg/kg, 1 hour before break-
fast for 6 consecutive days. The level of CFAgs correlated 
positively with signs of cure-parasitologically, clinically or 
ultrasonographically. Myrrh extract was found to have a high 
therapeutic efficacy (100% cure rate) on fascioliasis without 
remarkable side effects.

To determine their role in the immunopathogenesis of fas-
cioliasis in the context of treatment with myrrh, a study was 
designed to evaluate total IgE and the in vitro production of 
IL-1beta and IL-4 by peripheral blood mononuclear cells.61 A 
total of 35 patients with chronic fascioliasis with an age range 
from 9 to 45 years were included in the trial. In addition, 
10 healthy people with matched age and sex served as con-
trols. Serum IgE and in vitro IL-1 and IL-4 were estimated 
by enzyme immunoassay (ELISA) before and 3 months after 
therapy. Compared with controls, results revealed significant 
elevation of IL-1beta in patients before treatment (p<0.001), 
but this decreased significantly after therapy (p<0.001) to 
reach the control level (p=0.16). In contrast, IL-4 was sig-
nificantly lower than controls before therapy (p=0.04) and 
increased significantly after treatment (p<0.001) to reach 
control levels (p=0.59). Total IgE was significantly elevated 
in patients before treatment (p<0.001) and it decreased sig-
nificantly with treatment (p<0.001), although it remained 
significantly higher than the control level. The authors con-
cluded that myrrh is an effective fasciolicidal treatment. 
IL-1 may be involved in disease immunopathogenesis and 
depressed IL-4 may be a phenomenon of parasite immune 
suppression.

A field trial was conducted in Egypt to assess the efficacy 
and safety of a myrrh extract (1200 mg/day for 6 consecutive 
days) for the treatment of human fascioliasis.62 Evaluation of 
1019 individuals revealed the presence of fascioliasis in 17. 
Cure rates in these patients were 88.2% and 94.1%, respec-
tively, at 2 and 3 months following treatment.

A total of 21 children with fascioliasis (eight boys and 
13 girls) with a mean age of 10.4 years and eight children 
infected with Schistosoma mansoni (six boys and two girls) 
with a mean age of 11.4 years were treated with a myrrh 
extract in an open label trial.63 Also, 10 healthy matched chil-
dren acted as controls. Diagnosis was based on the detection 
of Fasciola hepatica or Schistosoma mansoni eggs in stool sam-
ples. Myrrh extract was given as 10 mg/kg/day 1 hour before 
breakfast for 3 consecutive days in schistosomiasis and for 
6 days in fascioliasis. The cure rate was 90.9% in fasciolia-
sis and 100% in schistosomiasis at 4 weeks’ post-treatment. 
After a second course of treatment, those fasciola patients 
who remained positive were cured. Total IgE was significantly 
higher in fasciola and schistosoma patients before treatment 
compared with controls (p<0.001 and 0.005, respectively) 
and decreased significantly with therapy (p=0.001 and 
0.036). There were also favourable and significant shifts in 
IL-1beta, IL-5 and IL-4.
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A total of 60 patients with fascioliasis (n=15), schistoso-
miasis (n=40) and heterophyiasis (n=5) were treated with 
myrrh extract at 10 mg/kg/day for 6 consecutive days an hour 
before breakfast in an open label study.64 Results showed 
a significant improvement in symptoms with minimal side 
effects and cure rates for each parasite in excess of 90% after 
3 months.

Schistosomiasis
As well as the trials described above, other studies conducted 
in Egypt have investigated the activity of myrrh extract in 
schistosomiasis. An open label trial was conducted in 204 
patients suffering from this infestation.65 Myrrh extract was 
given at a dose of 10 mg/kg for 3 days and found to effect a 
cure rate of 91.7%. Retreatment of the non-responsive cases 
with the same dose for 6 days increased the overall cure rate 
to 98%. Myrrh was observed to be well tolerated and side 
effects were mild and transient. Twenty people provided 
biopsy specimens 6 months later and none of them showed 
living ova.

Among 1019 individuals parasitologically examined in an 
open label field trial, the prevalence of S. haematobium and 
S. mansoni were 4.2% and 2.4% respectively.66 Most of the 
patients with haematobiasis and mansoniasis were <15 years 
(56.4% and 53.8%) and male (56.4% and 53.8%). All cases 
were treated with myrrh extract as two capsules (600 mg) on 
an empty stomach an hour before breakfast for 6 consecu-
tive days and were followed up clinically and parasitologically 
by urine and stool analysis. Parasitological cure rates after 3 
months were 97.4% and 96.2% for the S. haematobium and 
S. mansoni cases, respectively, without any major side effects. 
Patients not completely responding to a single course of 
treatment showed a marked reduction of egg levels. A simi-
lar dosage protocol proved to be safe and effective for the 
eradication of S. haematobium in patients recruited from an 
Egyptian village.67

A more recent trial was again an open label design, but 
with the important inclusion of randomisation and an active 
control group. The results for myrrh were less impressive than 
the above, but the trial dosage used was either lower or for 
less time than in previous clinical evaluations (being 600 mg/
day for 3 consecutive days). One hundred and four indi-
viduals infected with Schistosoma mansoni were randomised 
in two groups, one for myrrh and the second for praziquan-
tel.68 Treatment, whether myrrh or praziquantel, was given 
twice, with a 3-week interval in between. The cure rate with 
myrrh was very low, 15.6% after the first treatment, and 8.9% 
after the second treatment. Egg reduction amongst uncured 
patients was also very low, being 17.2% after the first treat-
ment and 28% after the second treatment. The praziquantel 
cure rates were 73.7% and 76.3% and individuals still passing 
S. mansoni ova after praziquantel treatment showed a sub-
stantial reduction in geometric mean egg counts (84% and 
88.2% after the first and second treatments, respectively). 
Similarly, another trial comparing myrrh with praziquantel 
found low cure rates for myrrh (around 9%), but again a lower 
dose than that used in previous trials was employed (300 mg/
day of extract for only 3 days).69

However, a myrrh extract at the recommended dose of 
600 mg for 6 consecutive days exerted a modest cure rate in 
27 patients with schistosomiasis and a zero cure rate in 16 
patients with fascioliasis in an open label trial.70

Other parasitic infestations
Dicrocoelium dendriticum is a problem animal and human 
parasite in the Middle East. Myrrh extract (600 mg/day 
before breakfast for 6 successive days) effectively treated 
infestation with this parasite in 18 patients in an open label 
trial.58

Another parasite commonly found in Egypt is Heterophyes 
heterophyes. In addition to the trial mentioned above, myrrh 
extract (600 mg/day before breakfast for 9 consecutive days) 
eradicated the parasite in 47 of 50 patients with clinically and 
parasitologically proven infestation in an open label trial.71 
Another course was given to the three patients who were still 
positive, but only two of them responded.

Myrrh has also been investigated in the treatment of 
human hymenolepiosis. In 51 cases of infestation with 
Hymenolepis nana and two cases of H. diminuta the extract 
was given at a dose of 10 mg/kg/day for 9 consecutive days 
1 hour before breakfast.72 High cure rates based on parasite 
testing (>90%) were confirmed in this open label trial for the 
patients who completed the course of treatment.

Oral use of myrrh extract (600 mg/day for 6 to 8 days) 
was evaluated in 13 women with metronidazole-resistant 
trichomoniasis (Trichomonas vaginalis) in an open label trial.73 
Successful treatment occurred in 11 patients.

Sixty cryptosporidiosis patients (aged from a few months 
to 10 years) were divided into three groups and received 
either myrrh extract (10 mg/kg for 2 weeks), the drug paro-
momycin (500 mg four times a day for 2 weeks) or a com-
bination of the two treatments.74 All treatment groups 
demonstrated reduced oocyst counts and symptomatic 
improvement over 4 weeks, but the combination was the 
most effective at improving symptoms.

Toxicology and other safety data

Toxicology
The LD50 for oil of myrrh was determined as 1.65 g/kg in 
rats.75 Doses of an ethanolic extract administered by mouth 
at 1.0 g/kg to male Wistar rats for 2 weeks led to depres-
sion, jaundice, ruffled hair, hepatonephropathy, haemorrhagic 
myositis and death, accompanied by increases in serum ALP 
and ALT activities, bilirubin, cholesterol and creatinine con-
centrations, decreases in total protein and albumin levels, 
and macrocytic anaemia and leucopenia.76 In acute toxicity 
testing, myrrh oleo-gum resin exhibited no visible signs of 
toxicity, and no mortality was observed at doses up to 3 g/
kg in mice. A decrease in locomotor activity was however 
noticed at this dose. In chronic oral testing (100 mg/kg/day,  
90 days) there was no significant difference in mortality com-
pared with controls. Assessment at the end of treatment 
revealed a significant increase in the weights of testes, caudae 
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epididymides and seminal vesicles and in red blood count and 
haemoglobin levels.77

Death occurred after consumption of between 5 g and 
16 g crude resin/kg/day in goats. Enterohepatonephrotoxicity 
was accompanied by anaemia, leucopenia, increases in serum 
ALP activity and concentrations of bilirubin, cholesterol, tri-
glycerides and creatinine, and decreases in total protein and 
albumin. An oral dose of 0.25 g crude resin/kg/day was not 
toxic.78

Adult male albino rats received either a weekly oral dose of 
the antiparasitic agent praziquantel (1500 mg/kg) for 6 weeks 
or a daily dose of myrrh extract (500 mg/kg) for the same 
period.79 Praziquantel induced significant increases in hepatic 
enzymes (AST and ALT), bilirubin, hepatic necrosis and chro-
mosomal aberrations. In contrast, the myrrh extract induced a 
non-significant increase in AST, ALT and bilirubin without sig-
nificantly damaging hepatic tissue or chromosomes compared 
with controls.

Contraindications
Known allergy. According to traditional Chinese medicine 
myrrh is contraindicated in pregnancy and in cases of exces-
sive uterine bleeding.10

Special warnings and precautions
Depending on the level of dilution of the tincture, a transient 
burning sensation on the skin or mucous membranes may be 
experienced from the topical application of myrrh. Myrrh 
should not be ingested for prolonged periods (more than a 
few weeks at a time) because of the potential for allergic con-
tact dermatitis and other allergic reactions.

Interactions
One case has been reported from Saudi Arabia of an antago-
nism of the anticoagulant effect of warfarin.80

Use in pregnancy and lactation
Category B1-no evidence of an increase in frequency of mal-
formation or other harmful effects on the fetus from limited 
use in women. No evidence of increased fetal damage in ani-
mal studies.

Administration of a combination of resin and essential 
oil extracted from myrrh to pregnant rats (50 to 200 mg/
kg from days 6 to 15) caused no abnormalities in the fetal 
skeleton.81

As noted above, according to traditional Chinese medicine 
myrrh is contraindicated in pregnancy and in cases of exces-
sive uterine bleeding.10

Myrrh is compatible with breastfeeding, but caution should 
be observed due to the potential for allergy.

Effects on ability to drive and use 
machines
No adverse effects are expected.

Side effects
Contact allergy has been reported for the use of myrrh by 
topical application.82–85 Continued topical use of essential 
oils, including those of myrrh, was associated with a deteriora-
tion of symptoms in a study on children with atopic eczema, 
suggesting a possible build-up of contact sensitivity.86

Two cases of allergy due to oral administration of myrrh 
have been reported in the accessed traditional Chinese medi-
cine literature. In both cases, the patients received a formula-
tion containing myrrh, which was subsequently identified as 
the allergen.87

Overdosage
No incidents found in the published literature.

Safety in children
Clinical trials of myrrh have been conducted in children with-
out marked adverse events.

Regulatory status in selected 
countries

In the UK myrrh is included on the General Sale List. It is 
covered by a positive German Commission E monograph and 
in Europe by an ESCOP monograph.

In the USA myrrh does not have GRAS status. However, 
it is freely available as a ‘dietary supplement’ in the USA 
under DSHEA legislation (Dietary Supplement Health and 
Education Act of 1994).

Myrrh is official in the United States Pharmacopeia–
National Formulary (USP 31-NF 26, 2007).

In Australia myrrh is not included in Part 4 of Schedule 4 
of the Therapeutic Goods Regulations and is freely available  
for sale.
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Nettle

(Urtica dioica L., Urtica urens L.)

Synonyms

Nettles, stinging nettle (Engl), Urtica herba, Urtica radix 
(Lat), Brennesselkraut, Haarnesselkraut, Brennesselwurzel, 
Haarnesselwurzel (Ger), herbe d’ortie, racine d’ortie (Fr), 
ortica (Ital), brændenælde (Dan).

Urtica dioica: stinging nettle, common nettle (Engl), 
Grosse Brennessel (Ger), grande ortie (Fr).

Urtica urens: small nettle (Engl), Kleine Brennessel (Ger), 
ortie bûrlante, petite ortie (Fr).

What is it?

Nettle is generally regarded as a weed. It grows throughout the 
temperate regions of the world, particularly on nitrate-rich soil 
in waste places. The plant has been used extensively through-
out history for a variety of applications and possesses very 
fine, sharp stinging hairs. It provided a source of fibre before 
the general introduction of flax and has an old reputation as 
a spring vegetable, the young shoots being cooked and eaten 
like spinach (and as a remedy for scurvy). The leaf was used as 
livestock fodder and the oil from nettle seed was employed as 
burning oil in Egypt. Nettle is currently a commercial source 
of chlorophyll. The leaf, root and seeds are all used medici-
nally. The British Herbal Compendium recommends nettle leaf 
should comprise the dried leaf or aerial parts, collected during 
the flowering period.1 Nettle root includes the root and rhi-
zome and is mainly indicated for benign prostatic hyperplasia.

Effects

l	 Nettle leaf: decreases inflammation; assists eliminative 
function

l	 Nettle root: inhibits cellular proliferation in benign 
prostatic hyperplastic tissue; inhibits binding activity of sex 
hormone-binding globulin.

Traditional view

Nettle leaf was traditionally regarded as a blood purifier, 
a styptic (stops bleeding) and a stimulating tonic and diu-
retic. It was used to treat diarrhoea, dysentery, discharges, 
chronic diseases of the colon and chronic skin eruptions. (The 
Eclectics used both leaf and root for these applications.)2,3  
A syrup made from the juice of root or leaves was said to 
relieve bronchial and asthmatic troubles. Nettle infusion 
or fresh plant tincture has been applied topically for nose-
bleed, as a lotion for burns, as an astringent gargle and as a 
hair lotion. The beating of nettle leaves on afflicted joints 

was considered a remedy for arthritis, chronic rheumatism 
and loss of muscular power and is based on the principle of 
counter-irritation.2 A poultice was also used to relieve gout, 
sciatica or joint pain.4 The seeds were utilised in cases of con-
sumption and goitre and combined with flowers for ague.2,3 
U. urens was considered very efficient in uterine haemorrhage 
and reputedly eased urethral and bladder irritation and had 
galactagogue activity.3 Oral intake of nettle leaf was used to 
treat eczema, nettle rash and other skin conditions.5

Summary actions

l	 Nettle leaf: antirheumatic, antiallergic, depurative, styptic 
(haemostatic), counter-irritant (topically, fresh leaves)

l	 Nettle root: antiprostatic.

Can be used for

Indications supported by clinical 
trials
l	 Nettle leaf: allergic rhinitis, oral and topical use for relief of 

osteoarthritis
l	 Nettle root: improvement of urological symptoms in 

benign prostatic hyperplasia (BPH).

Traditional therapeutic uses
l	 Nettle leaf or root: diarrhoea, dysentery, internal bleeding, 

chronic diseases of the colon, chronic skin eruptions, 
bladder irritations, bronchial or asthmatic conditions

l	 Nettle leaf: topically for burns, wounds, nosebleeds, 
inflammation of the mouth or throat, joint pain (via the 
stinging of the skin around the joint); orally for skin rashes.

May also be used for

Extrapolations from pharmacological 
studies
l	 Nettle leaf: as an anti-inflammatory with broad activity 

including inhibition of cytokines.

Other applications
Nettle leaf can be applied topically for treatment of insect 
bites in combination with other herbs. It may also provide 
a source of absorbable silica. The silicon in nettle is more 



761

Nettle

Key constituents

Nettle leaf
l	 Flavonol glycosides (especially rutin), sterols, scopoletin 

(isolated from the flowers),12 chlorophyll, carotenoids, 
vitamins (including C, B group, K1), minerals, plant 
phenolic acids (especially chlorogenic and 2-O-caffeoylmalic 
acids).13 The stinging hairs contain amines, including 
histamine, serotonin14 and acetylcholine.15 The vitamin K 
content may be responsible for the styptic action associated 
with nettle leaf16

l	 Nettle leaf is also a rich source of silicon. Much of this 
silicon occurs in the stinging hairs, which are effectively 
fine silica glass needles.6 The leaf also contains low levels of 
nitrate, which vary according to its habitat.17

Nettle root
l	 Sterols and steryl glycosides (including sitosterol),18 lignans 

(including (–)-secoisolariciresinol),19 a small, single-chain 
lectin (UDA, Urtica dioica agglutinin)20

l	 Phenylpropanes, polyphenols, polysaccharides21

l	 The coumarin scopoletin.22

Pharmacodynamics

Nettle root and benign prostatic hyperplasia
There have been several studies attempting to understand the 
potential mechanism of action of nettle root in BPH. The pic-
ture is still unclear and there have been relatively few studies 
published on this topic since 1999.

Several lignans from nettle root including secoisolaricires-
inol reduced the binding activity of human sex hormone-bind-
ing globulin (SHBG) in vitro.23 Additionally the lignans from 
nettle root (except (–)-pinoresinol) demonstrated a direct 
binding affinity for SHBG in vitro. The affinity of (–)-3,4- 
divanillyltetrahydrofuran was particularly high. Metabolites 
of secoisolariciresinol (enterodiol, enterolactone) also dis-
played binding affinities for SHBG and a relatively higher 
binding affinity was observed for the metabolite of (–)-3,4- 
divanillyltetrahydrofuran (enterofuran).19 Results from assays 
using a number of lignans, including those found in nettle root, 
suggest they may also competitively inhibit the interaction 
between SHBG and 5-alpha-dihydrotestosterone (DHA).24 
An aqueous extract of nettle root demonstrated dose-depend-
ent (0.6 to 10 mg/mL) inhibition of SHBG binding with 
its receptor on human prostatic membranes. The alcoholic 
extract (70% ethanol), Urtica dioica agglutinin (UDA) and 
stigmasta-4-en-3-one were all inactive.25 Other studies indi-
cated that nettle root extract (20% methanol) inhibited the 
binding capacity of SHBG after preincubation with human 
serum.26

Morphological studies of BPH cells were performed in 31 
patients treated orally with nettle root extract (1200 mg/day 
of 5:1 extract) for 20 weeks. Relevant changes were observed 
in the nucleus and cytoplasm of prostate cells harvested at the 
end of treatment, which may be due to an inhibition of the 

rapidly extracted than from horsetail (Equisetum arvense).  
A 1:100 decoction of the dried leaves simmered for  
30 minutes yielded about 5 mg of soluble amount of silicon for 
every 1 g of nettle used. This is about half the amount of silicon 
obtained from the same quantity of horsetail decocted for 3 h.6

Preparations
Liquid and solid dosage forms as normal.

Dosage
l	 8 to 12 g/day of dried herb; 4 to 6 g/day of dried root
l	 Nettle herb: 3 to 6 mL/day of 1:2 liquid extract, 7 to 

14 mL/day of 1:5 tincture
l	 Nettle root: 4 to 9 mL/day of 1:2 liquid extract.

Doses mainly used in clinical trials are as follows:
l	 Nettle root and BPH: 600 to 1200 mg/day of a 5:1 extract 

(3 to 6 g/day)
l	 Nettle leaf and arthritis: extract equivalent to about 9 g/day.

Duration of use

No restriction on long-term use.

Summary assessment of safety

Except in rare cases of contact allergy following topical use of 
the leaf in susceptible patients, nettle is a safe herb.

Technical data

Botany
Nettle is a member of the Urticaceae family. Urtica dioica 
is a perennial herb, 25 to 150 cm in height and covered all 
over with brittle stinging hairs. The leaves are opposite, 3.5 
to 8.5 cm long, ovate from a usually heart-shaped base with 
toothed margins. The small flowers are green, unisexual and 
arranged in axillary inflorescences up to 10 cm long. The fruit 
is an achene (1 to 1.25 mm long), enclosed by large perianth 
segments. Urtica urens can be distinguished by its annual 
habit, smaller size, smaller leaves7 and is monoecious (con-
taining male and female flowers in separate clusters).8 The 
root and rhizome are long, creeping and yellowish in colour.9

Adulteration
A woman showing the symptoms of atropine poisoning after 
drinking nettle leaf tea was found to have consumed a tea 
mixture containing belladonna (Atropa belladonna) among 
other contaminants.10 However, this type of adulteration 
is likely to be rare. Lamium album (the white deadnettle) is 
noted as a potential adulterant.11
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binding capacity of SHBG.27 (See also under Clinical trials for 
studies examining the clinical impact of nettle root on SHBG 
binding activity.)

Five subfractions of an aqueous methanol extract of net-
tle root inhibited cellular proliferation of BPH tissue in con-
centrations ranging from 10 to 1500 μg/mL.28 A reduction in 
cellular proliferation of BPH tissue was observed ex vivo after 
treatment of patients with an aqueous-methanolic nettle root 
extract.29 Five differently prepared nettle root extracts were 
tested in experimentally induced BPH in mice. The metha-
nolic extract was the most effective and demonstrated sig-
nificant inhibition of prostate growth compared with controls 
(51%, p<0.003). The aqueous extract also inhibited growth, 
although not significantly. There was no correlation between 
the amounts of sitosterol and scopoletin and the growth-
inhibiting effect.30 After 100 days of oral treatment with 
90 mg/kg nettle root extract (5:1), an average decrease of 30% 
in prostatic volume and a slight lowering of plasma testoster-
one was observed in animals suffering from BPH.31

The 20% methanolic extract of nettle root (160 mg/kg/
day for 28 days, oral) inhibited prostate growth by 57% in 
a mouse model of BPH.32 The active fraction was found to 
contain proteins and polysaccharides (as assessed using oral 
doses). UDA and secoisolariciresinol were inactive and even 
stimulated prostate growth.

Nettle root (either as the petroleum ether or ethanolic 
extract, 10 to 50 mg/kg, oral) ameliorated the effect of tes-
tosterone on inducing prostatic hyperplasia in rats.33 The 
extracts also demonstrated weak 5-alpha-reductase inhibitory 
activity in vitro. The authors suggested that the beta-sitosterol 
and scopoletin present in the extracts can be considered clini-
cally relevant biomolecules in the context of treating BPH.

A decrease in biological activity was observed for prostate 
cells removed from 33 BPH patients given 1200 mg of 5:1 
nettle root extract for 20 weeks. The morphological changes 
were associated with a decrease in secretory granules.34 
Ultrastructural changes in smooth muscle cells of BPH tissue 
were also observed before and after therapy with nettle root 
extract.35

Organic solvent extracts of nettle root (0.1 mg/mL) 
caused an inhibition (27% to 82%) of Na+,K+-ATPase from 
BPH tissue. Hydrophobic constituents of the root, especially 
stigmasta-4-en-3-one, also inhibited this enzyme,36 which is 
believed to be responsible for androgen control (as an andro-
gen receptor).37

Pygeum extract (0.1 mg/mL) was shown to be a mild inhib-
itor of 5-alpha-reductase (which converts testosterone into 
DHT in vitro), but nettle root (>12 mg/mL) was only a very 
weak inhibitor. The combined Pygeum/nettle root extract 
had an activity similar to the nettle root. Both extracts also 
inhibited aromatase, which converts testosterone into oestra-
diol.38 Another in vitro study found that inhibitory effects 
on aromatase were only detected after the separation of a 
methanolic extract of nettle root into its constituents. Weak-
to-moderate activity was observed for some of the isolated 
compounds including secoisolariciresinol, oleanolic acid, 
ursolic acid and 13-hydroxy-9,11-octadecadienoic acid.39 
In contrast, an aqueous-ethanolic nettle root extract did 
inhibit aromatase in vitro in another study. Suggested active 

constituents included fatty acids and 9-hydroxy-10,12-octa-
decadienoic acid. Although nettle extracts are weak inhibitors 
of aromatase compared with synthetic preparations, a pharma-
cological effect might be achievable through the lipophilic net-
tle compounds concentrating in fatty tissues, where androgens 
are aromatised.40,41 Evaluation of the combined activity of 
nettle root and saw palmetto extracts indicated that they each 
inhibited aromatase by a different mechanism.42,43

In support of a finding noted above, nettle root extract at con-
centrations up to 0.5 mg/mL did not inhibit 5-alpha-reductase in 
vitro or the binding of dihydrotestosterone to the rat prostatic 
androgen receptor. It also did not inhibit testosterone- or dihy-
drotestosterone-stimulated prostate growth in castrated rats.44  
A mild inhibition of DHT binding to cytosolic androgen recep-
tors in the prostate has been observed in vitro.26

Nettle root extract demonstrated a specific and dose-
dependent inhibition of human leucocyte elastase (HLE) 
in vitro.45 (The presence of the proteolytic enzyme HLE in 
seminal plasma is an important marker in clinically silent geni-
tourinary tract infection/inflammation.46) The root extract 
inhibited the alternative and the classic complement path-
ways in vitro with a half maximum inhibition concentration of 
<50 μg/mL.47

Fluorescence measurements indicated that a specific reac-
tion occurred in BPH tissue after administration of nettle 
root extract both in vitro and in vivo.48 This phenomenon 
may have been due to the presence of the fluorescent com-
pound scopoletin and is of uncertain relevance, but does indi-
cate that phytochemicals in nettle root are bioavailable to the 
prostate.22

Nettle root (20% methanolic extract), and the polysac-
charide fraction from this extract, have also demonstrated 
anti-proliferative activity on human prostatic epithelial and 
stromal cancer cells in vitro.49,50

Anti-inflammatory activity (nettle leaf)
In order to understand the anti-inflammatory potential of net-
tle leaf, a group of German scientists carried out a series of in 
vitro tests. In the first study, the effect of a nettle leaf extract 
on biosynthesis of arachidonic acid metabolites was evaluated 
in vitro. The nettle leaf extract and caffeoyl malic acid (the 
major phenolic component of the extract) showed partial, con-
centration-dependent inhibition of both cyclo-oxygenase - and 
5-lipoxygenase-derived reactions.51

In the second published series of experiments, the effects 
of a nettle leaf extract and possible active components on the 
in vitro release of pro-inflammatory cytokines were examined 
after lipopolysaccharide (LPS) stimulation of whole blood 
samples taken from healthy human volunteers. In this assay 
system, LPS stimulation causes an increase of tumour necro-
sis factor-alpha (TNF-alpha) and interleukin-1beta (IL-1beta) 
secretion. Nettle leaf extract significantly reduced this release 
of cytokines in a concentration-dependent manner and also 
independently stimulated the secretion of interleukin-6  
(IL-6). Since IL-6 acts antagonistically to IL-1beta in decreas-
ing prostaglandin E2 synthesis and also induces inhibitors of 
proteinases, this finding might also reflect an anti-inflamma-
tory result. Phenolic acid derivatives and flavonoids showed 
no activity in this assay.52
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Conflicting results have been reported using the carra-
geenan rat paw oedema model of inflammation. No activity 
was detected using an ethanolic extract of nettle.53 Prolonged 
activity for 22 h (with similar efficacy to indomethacin) began 
5 h after the oral administration of the crude polysaccharide 
fraction of nettle. Some polysaccharides isolated from nettle 
stimulated T-lymphocytes in vitro, others influenced the com-
plement system or triggered the release of TNF-alpha.54

Twenty healthy volunteers ingested 1.34 g/day of a net-
tle leaf extract for 21 days in an open label study. This dose 
was probably equivalent to about 10 g/day of dried nettle 
leaf. Although the nettle leaf had no effect on basal levels of 
cytokines, it did significantly decrease the release of TNF-
alpha and IL-1beta after LPS stimulation ex vivo. However, 
an increase in IL-6 was not observed after oral ingestion, 
confirming that in vitro results are not necessarily translat-
able into clinical findings. This is probably because some 
compounds in the plant exhibit poor bioavailability after oral 
doses.55 The inhibition of these cytokines offers a possible 
approach for inhibiting joint and bone destruction, thereby 
slowing the progression of the disease.

Other related anti-inflammatory mechanisms have been sub-
sequently investigated. A 95% propanolic nettle leaf extract 
and the constituent 13-hydroxyoctadecatrienic acid were both 
shown to decrease matrix metalloproteinase (MMP) expression 
in vitro.56 MMP is primarily mediated by IL-1beta and TNF-
alpha and is responsible for the extracellular matrix degrada-
tion in inflammatory disorders such as rheumatoid arthritis and 
osteoarthritis. Both the nettle and 13-hydroxyoctadecatrienic 
acid significantly inhibited IL-1beta-induced MMP in human 
chondrocytes. A 50% ethanolic extract of nettle leaf has also 
been shown to inhibit NF-kappaB in vitro.57

The 95% propanolic extract suppressed the maturation 
of human myeloid dendritic cells in vitro.58 Dendritic cells 
are antigen presenting and therefore suppression of these 
cells could lead to a reduced induction of the primary T cell 
responses that mediate inflammation in rheumatoid arthritis. 
A marked reduction of TNF-alpha release was also noted.

The long-term use of the propanolic extract reduced the 
induction of colitis in vivo.59 Mice were given dextran sodium 
sulphate to induce colitis and either nettle extract (5 mg/mL in 
drinking water) or water. Treated animals consistently showed 
significant clinical and histological improvements, with lower 
faecal IL-1beta and mucosal TNF-alpha concentrations.

An ethanolic extract of Urtica urens (300 mg/kg, ip) dem-
onstrated anti-inflammatory activity in rats (carrageenan-
induced oedema) and significant antinociceptive activity in 
mice in some models.60 Chlorogenic acid was a major compo-
nent of the extract (67%).

Nettle leaf urticaria
A study involving six people up to 12 h after nettle con-
tact suggested that part of the immediate reaction to nettle 
stings is due to histamine introduced by the nettle. However, 
the persistence of the stinging sensation might be due to 
the presence of substances in nettle fluid directly toxic to 
nerves or capable of secondary release of other mediators.61 
Acetylcholine is present in the hairs and contributes to the 
stinging reaction. The sting produced by the hairs can be 

imitated by the intradermal injection of a mixture of acetyl-
choline and histamine, but not by either agent given sepa-
rately. The high concentration of acetylcholine in nettle hairs 
may be comparable to that in stores of cholinergic nerve end-
ings in animals. Extracts of acetone-dried nettle leaf powder 
catalysed the synthesis of acetylcholine in vitro, indicating the 
presence of choline acetyltransferase. Synthesis of acetylcho-
line is not restricted to the younger leaves and continues in 
older plants.15

In another study, nettle hairs and whole plant extract were 
found to contain high levels of leukotrienes (LTB4, LTC4) 
as well as histamine. Nettle hairs therefore could resemble 
insect venoms and cutaneous mast cells with regard to their 
spectrum of mediators.62 In addition, a phospholipid isolated 
from nettle leaf that induced rabbit platelet aggregation was 
identified as platelet-activating factor (PAF). Hence the urti-
cation caused by nettle could be partly due to the presence of 
PAF.63

An in vitro study using mouse skin samples concluded that 
the mechanism of action in nettle leaf urticaria is mechanical 
as well as biochemical.64 Impalement of silica glass spicules 
into the skin likely accounts for the mechanical irritation.

Glycaemic control (nettle leaf)
Pharmacological research has demonstrated conflicting results 
for nettle leaf in terms of glycaemic control and its activ-
ity remains uncertain. Most of the positive studies relied on 
administration by injection.

An infusion of nettle leaf administered via the diet to 
experimentally induced diabetic mice aggravated the diabetic 
condition, as measured by parameters of glucose homeosta-
sis. It did not affect these parameters in normal mice.65 An 
aqueous decoction of nettle leaf or aqueous ethanol extract 
of nettle leaf orally administered 2 h prior to glucose load 
showed a hyperglycaemic activity in normal mice. The dose 
was equivalent to 25 g/kg herb.66 In another in vivo study, the 
effect of nettle leaf on induced hyperglycaemia (oral glucose 
tolerance test) and alloxan-induced diabetic rats was investi-
gated.67 An aqueous extract (250 mg/kg, oral) administered to 
normal rats 30 minutes before glucose loading resulted in an 
average glycaemic reduction of 33% compared with controls. 
Intestinal glucose absorption in situ in a perfused rat jejunum 
segment showed a significant reduction (11.11 ± 0.75 mg ver-
sus 8.05 ± 0.68 mg) over 2 h. However, oral administration of 
the nettle extract (500 mg/kg) failed to modify blood glucose 
levels in alloxan-induced diabetic rats.

An active fraction (F1) from an aqueous extract of net-
tle leaf caused a marked increase in insulin secretion from 
Langerhans’ islets in vitro.68 The fraction was also found 
to increase blood insulin levels and decrease blood glucose 
in normal and streptozotocin-induced diabetic rats after 
ip administration. Another fraction of the aqueous extract  
(UD-1) did not stimulate insulin release in vitro, but signifi-
cantly enhanced glucose uptake by myoblasts.69 The possible 
active agent was an insulin mimetic cyclic peptide.

Several subsequent in vivo studies have demonstrated a 
positive activity for hydroalcoholic nettle extracts in rat dia-
betic models after ip injection, including beta cell preser-
vation,70 neuroprotective effects71,72 and hepatoprotective 
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activity.73 However, no protective effect on the kidneys was 
demonstrated.74

Of four medicinal plants from Morocco tested for hypo-
glycaemic activity in streptozotocin-induced diabetic rats at 
400 mg/L of aqueous extract in drinking water, nettle leaf 
showed the lowest activity.75 In contrast nettle extract was 
the most active after ip injection.

Antioxidant and hepatic activities (nettle leaf)
An in vitro study demonstrated antioxidant activity for an 
aqueous extract of nettle leaf.76 Amounts of 50, 100 and 
250 μg demonstrated 39%, 66% and 98% inhibition of lin-
oleic acid emulsion peroxidation, respectively. This was com-
pared with alpha-tocopherol (100 μg), which produced only 
30% inhibition. At the same amounts, nettle also exhibited  
effective reducing power, superoxide anion radical and 
hydrogen peroxide scavenging activity and metal chelating 
ability.

In a forced swimming test, both nettle (1% w/w dried leaf 
in food) and exercise were found to reduce free radical con-
centrations in the rat brain.77 It was suggested that nettle was 
an effective antioxidant capable of prolonging cerebral cell 
survival. Another in vivo experiment suggested a potential 
activity of oral doses of nettle for the prevention of oxidative 
stress in muscle tissue, as assessed in rats.78

An 80% ethanolic extract of nettle (50 and 100 mg/kg/day  
for 14 days, oral) was investigated for its effects on various 
liver parameters including phase I and phase II enzymes, 
antioxidant enzymes, lactate dehydrogenase, lipid peroxi-
dation and sulphydryl groups in mice.79 The extract sig-
nificantly lowered the activity of cytochrome P450, lactate 
dehydrogenase, NADPH-cytochrome P450 reductase, total 
sulphydryl groups, non-protein sulphydryl groups and protein- 
bound sulphydryl groups. It also considerably increased  
cytochrome b5, NADH-cytochrome b5 reductase, glutathione 
S-transferase, DT-diaphorase, glutathione peroxidase, glu-
tathione reductase, superoxide dismutase (SOD) and cata-
lase in the liver. The extract was also effective in inducing 
glutathione S-transferase, DT-diaphorase, SOD and catalase 
activity in the forestomach, and SOD and catalase activity 
in the lung at both doses. Hence the extract induced both 
phase II and antioxidant enzymes. Follow-up research using 
the same doses and model found that activity of the phase I 
enzyme aniline 4-hydroxylase was increased in the livers of 
mice.80

Cardiovascular activity
Nettle is a popular antihypertensive treatment in Morocco 
and several in vitro and in vivo studies have sought to 
understand the potential mechanisms behind this use.81–83 
In one in vitro study, a nettle root extract fraction demon-
strated vasorelaxant properties in rat aorta (via the release 
of endothelial nitric oxide and the opening of potassium 
channels) and exerted a negative inotropic action in guinea 
pig atria.81 The same fraction also demonstrated a transient 
hypotensive activity in rats after iv injection. An in vivo 
study in rats compared the effects of continuous intrave-
nous perfusion (1.25 h) of an aqueous extract of aerial parts 

(4 mg/kg/h or 24 mg/kg/h) with furosemide (2 mg/kg/h).82 
Dose-dependent hypotensive and diuretic effects were dem-
onstrated. However, the higher dose of nettle appeared to 
produce a toxic effect, as blood pressure did not normalise 
during the recovery period.

Nettle leaf has been shown to inhibit platelet aggrega-
tion in vitro.84–86 In one study, flavonoids isolated from the 
plant produced a significant effect on thrombin-, ADP-, col-
lagen- and adrenaline (epinephrine)- induced platelet aggre-
gation.86 Aqueous nettle leaf extract (150 mg/kg/day for  
30 days, oral) also demonstrated hypocholesterolaemic 
activity in rats fed a high fat diet, decreasing total and LDL-
cholesterol and thereby improving the LDL/HDL-cholesterol 
ratio and plasma total apoB.87 These findings were confirmed 
in hypercholesterolaemic rats for a nettle leaf extract at oral 
doses of 100 and 300 mg/kg.88 In another study the 90% 
ethanolic extract of nettle leaf (100 mg/kg, oral) decreased 
LDL-cholesterol, whereas the aqueous extract (100 mg/kg, 
oral) increased HDL-cholesterol in mice fed a cholesterol-
rich diet.89

Other activity
UDA, a lectin isolated from nettle root, demonstrated 
potent inhibition of chitin-containing fungal growth in vitro 
(Trichoderma hamatum, Phycomyces blakesleeanus, Botrytis 
cinerea) and exhibited binding specificity toward chitin. The 
antifungal activity of UDA differs from the action of chi-
tinases and it acts synergistically with these in inhibiting 
fungal growth.90,91 This activity of UDA may be applicable 
to topical application. UDA has also demonstrated antivi-
ral,92,93 cytotoxic,94 immunomodulatory and mitogenic95,96 
and anticancer activities,97,98 mainly in vitro. However, such 
activities are uncertain for normal oral doses of nettle root 
preparations due to the poor bioavailability of UDA (see the 
Pharmacokinetics section).

An aqueous alkaline extract of nettle leaf demonstrated 
antibacterial activity in vitro. It depressed the growth of staph-
ylococci (500 μg/mL), Sporozoa (62.5 μg/mL)99 and inhib-
ited the protease activity of botulinum neurotoxin type A.100 
In another in vitro study, the aqueous extract of nettle leaves 
(250 μg/disc) demonstrated activity against Pseudomonas aer-
uginosa, Escherichia coli, Proteus mirabilis, Citrobacter koseri, 
Staphylococcus aureus, Streptococcus pneumoniae, Enterobacter 
aerogenes, Micrococcus luteus, Staphylococcus epidermidis and 
Candida albicans.76

Three flavonoid glycosides isolated from nettle leaf, namely 
quercetin-3-O-rutinoside, kaempherol-3-O-rutinoside and isor-
hamnetin-3-O-glucoside, showed immunostimulatory activity 
on neutrophils in vitro.101

No significant diuretic effect was observed in rats after 
oral treatment with nettle leaf extract (1 g/kg) during a 2 h 
observation period, but urinary (and potassium ion) excre-
tion increased after intraperitoneal injection (500 mg/kg).53 
However, 45 mL/day of nettle leaf juice did exert an apparent 
diuretic activity in an early open label clinical trial.102

An aqueous-ethanolic extract of nettle leaf demonstrated 
in vitro inhibition of several key inflammatory events related 
to seasonal allergies, including activity against the histamine-1 
receptor and inhibition of mast cell tryptase.103
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Pharmacokinetics
Oral administration of radiolabelled UDA indicated excretion 
occurred via the gut and kidneys.104 Following oral administra-
tion of 20 mg UDA to volunteers and patients, it was excreted 
with the faeces (30% to 50%) and via urine (<1%).105 This indi-
cates that the bioavailability of UDA is low, with a significant 
proportion excreted unchanged from the digestive tract.

Clinical trials

Benign prostatic hyperplasia
In a number of uncontrolled clinical trials conducted from 1979 
to 2004, nettle root extract demonstrated improvement of 
urological symptomatology in BPH patients. Since these have 
been comprehensively reviewed elsewhere,106,107 only some 
key studies are discussed below. The dosage ranged from 600 
to 1200 mg/day of nettle root extract (5:1) over 3 weeks to  
20 months.108–117 In a large multicentre observational trial con-
ducted in 4051 patients with BPH at various stages, a reduc-
tion in nocturia (by 50%) was observed after 8 to 9 weeks.111 
In another similar multicentre trial, results for 4396 patients 
indicated improvement in 78% of patients after 3 months and 
in 91% of patients after 6 months. Urinary frequency and mean 
urinary flow were significantly improved. Patients received 
1200 mg of nettle root extract (5:1) daily for 3 months and 
500 mg/day for the remaining period.112

In an uncontrolled study involving 253 patients who 
received nettle root extract (1200 mg/day (5:1) for 12 weeks), 
significant decreases (p<0.05) in SHBG, oestradiol and oes-
trone, as well as decreases in prostate volume and residual 
urine, were observed.116 Long-term treatment over 8 to 10 
years of 226 BPH patients found that therapy with nettle root 
extract could maintain more than 50% of patients without the 
need for surgery. Using this long-term treatment, the typical 
enlargement of the prostate was not evident.118

Zinc, calcium and sodium levels in prostatic secretions from 
patients with BPH were investigated in a randomised, con-
trolled, open trial. The treated group comprised 20 patients 
who received 1800 mg of nettle root extract (5:1) daily for 
7 days. Both treated and control patients had samples taken 
on the first day (prior to treatment) and the seventh day. 
The 7-day specimens from treated patients revealed a sig-
nificant drop in the zinc level, and a correlation was found to 
exist between the zinc and calcium levels. No difference was 
observed between the first-day and seventh-day samples in the 
control group. The authors concluded that nettle root extract 
may alter the zinc-testosterone metabolism and lower zinc 
secretion in adenomatous tissue.119

Liquid preparations of nettle root have also been success-
fully assessed in uncontrolled trials.120,121 Sixty-seven patients 
experienced a reduction of nocturnal micturition frequency 
after 6 months of treatment with nettle root tincture (5 mL of 
1:5 per day). In those with a mild condition, symptoms could 
be relieved within about 3 weeks.121

Given that there is a significant placebo effect in BPH, 
more relevant are the controlled trials using a placebo or 
active treatment. These are reviewed below.

Nettle root extract (1200 mg (5:1) per day) demonstrated 
a significant decrease in urinary frequency (p<0.05) and serum 
levels of SHBG in a double blind, placebo-controlled trial with 
40 BPH patients.122 In a placebo-controlled clinical trial involv-
ing 79 BPH patients, nettle root extract (600 mg/day (5:1) for 
6 to 8 weeks) was superior to placebo in all parameters meas-
ured (urinary flow, urinary volume, residual urine).123 In a 
similar trial design, 50 patients (BPH stages I and II) treated 
with nettle root extract (600 mg/day (5:1) for 9 weeks) dem-
onstrated a significant decrease in SHBG (p<0.0005) and sig-
nificant improvements in micturition volume and maximum 
urinary flow. There was also an improvement in average flow 
for the herbal group.124

A randomised, double blind, placebo-controlled, partial 
crossover comparative trial of nettle root for the treatment of 
lower urinary symptoms (LUTS) secondary to BPH was com-
pleted in 558 men.125 At the end of the 6-month trial, 81% of 
patients in the active treatment group reported improvements 
in LUTS compared with 16% in the placebo group (p<0.001). 
The International Prostate Symptom Score (IPSS) dropped 
from 19.8 to 11.8 in the nettle group and from 19.2 to 17.7 
for the placebo group (p=0.002). Peak flow rate improved 
by 8.2 mL/s for treated patients and 3.4 mL/s for the placebo 
recipients (p<0.05). Post-void residual urine volume (PVR) 
decreased from 73 to 36 mL in the nettle group (versus no 
appreciable change in the placebo group, p<0.001), while 
prostaespecific antigen and testosterone remained the same 
in both groups. There was a small non-significant decrease 
in prostate size for the herbal group only. The dose used was 
360 mg/day of an unspecified nettle extract.

In a randomised, 12-month double blind, placebo-con-
trolled, multicentre trial involving 246 patients with BPH, 
nettle root (459 mg/day extract, about 5 g of root) was shown 
to be a safe and effective treatment.126 The nettle group 
reported a significant decrease in IPSS compared with pla-
cebo (p<0.02), although the difference in the reduction 
between the two groups was small. There was less irritation 
and infection and fewer side effects than placebo; however, 
peak flow and PVR were not statistically altered relative to 
the placebo treatment.

Combination therapy for BPH
In an uncontrolled, prospective, multicentre observational 
study, the efficacy and tolerability of combined nettle root 
and saw palmetto extract in 2080 patients with BPH stage 
I–II were rated as ‘very good’ or ‘good’ by physicians. An 
improvement in pathological findings and in obstructive and 
irritative symptoms was observed: for example, urinary flow 
rate and voided volume increased by 30% and nocturia was 
halved. Fifteen patients (0.7%) were suspected of developing 
mild side effects.127 Other uncontrolled studies of combina-
tions with nettle root have been reviewed elsewhere.107

In a placebo-controlled clinical trial, 40 patients with BPH 
were treated with a nettle and saw palmetto extract combina-
tion (240 mg/day of 10:1 extract of nettle root, 320 mg/day  
liposterolic extract of saw palmetto) or placebo over  
24 weeks. Significant improvement was observed in the herbal 
treatment group, with peak flow up by 23% compared to 4% 
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in placebo (p<0.05) and IPSS down by 40% compared to 7% 
(p<0.05). PVR was also better compared to placebo (−33% 
versus −13%). A curious aspect of this study was the marked 
placebo effect that developed in a 24-week unblinded phase 
following the placebo phase. Nonetheless, active treatment 
remained significantly better than placebo.128

In a randomised, double blind, multicentre clinical trial, 
the efficacy of the above combined nettle and saw palmetto 
extracts was compared with the drug finasteride in the treat-
ment of BPH stages I–II. Five hundred and sixteen patients 
completed a 48-week treatment with the herbal combination 
or finasteride (5 mg/day).129,130 Both treatments significantly 
improved urinary flow and IPSS and there was no signifi-
cant difference between them. Fewer adverse events were 
reported for the herbal combination, especially in terms of 
diminished ejaculation volume, erectile dysfunction and head-
ache. Economic evaluation revealed that the herbal treatment 
was also more cost-effective.129

The efficacy and tolerability of the same combination of 
saw palmetto and nettle root was investigated in elderly, male 
patients suffering from LUTS caused by BPH in a prospec-
tive multicentre trial.131 A total of 257 patients (129 and 
128, respectively) were randomised to treatment with the 
herbal combination or placebo (127 and 126 were evaluable 
for efficacy). Following a single-blind placebo run-in phase of 
2 weeks, the patients received the study medication under 
double blind conditions over a period of 24 weeks. The dou-
ble blind treatment was followed by an open label period of 
24 weeks during which all patients were administered the 
active treatment. Patients treated with the saw palmetto/
nettle root combination exhibited a higher reduction in IPSS 
after the 24 weeks of double blind treatment than patients in 
the placebo group (6 points versus 4 points; p=0.003). This 
applied to obstructive as well as irritative symptoms, and in 
patients with moderate or severe symptoms at baseline. The 
patients originally randomised to placebo showed a marked 
improvement in LUTS (as measured by the IPSS) after being 
switched to the herbal combination during the open period  
(p=0.01). The tolerability of the herbal combination was 
comparable with the placebo.

In a long-term, open label follow-up of the patients 
involved in this trial, 219 patients received the herbal com-
bination for another 48 weeks, resulting in a total observa-
tion period of 96 weeks.132 Between baseline and week 96, 
IPSS was reduced by 53%, peak and average urinary flow both 
increased by 19% and residual volume decreased by 44%. 
During the follow-up 61 adverse events were reported, cor-
responding to one event in each 1181 days of treatment.

The same combination of saw palmetto and nettle root 
reduced the subjective symptoms of BPH to an extent com-
parable to the well-researched alpha1-adrenoceptor antagonist 
drug tamsulosin.133 The two treatments were administered in 
a prospective, randomised, double blind, double-dummy, mul-
ticentre trial to patients suffering from BPH and not requiring 
surgery. Tamsulosin was administered at the full therapeutic 
dose of 0.4 mg/day. After a single blind, placebo run-in phase 
of 2 weeks, patients who were still eligible were randomised 
to double blind treatment lasting 60 weeks. By week 60 the 
change from baseline in IPSS was similar for both treatments. 

Although treatment with tamsulosin led to larger improve-
ments in maximum and average urinary flow than the herbal 
combination, both treatments produced clinically relevant, 
beneficial effects for many of the urodynamic parameters 
assessed. A reduction in prostatic volume was not observed 
for either treatment. Fewer adverse events were reported for 
the herbal combination (one adverse event in 1514 treatment 
days) than for tamsulosin (one adverse event in 1164 treat-
ment days).

In a randomised, double blind clinical trial, 134 patients 
received either two capsules of a nettle/Pygeum preparation 
(each capsule containing 300 mg of nettle root extract (5:1) 
and 25 mg of Pygeum bark extract (200:1)) or two capsules 
containing half this dosage, twice daily for 8 weeks. The lower 
dosage was found to be effective, since urinary flow, nocturia 
and residual volume improved equally with both. However, 
the lack of a placebo control makes this conclusion tenuous. 
Five patients reported adverse effects.134 In a randomised, 
double blind clinical trial involving 63 patients, a nettle/
Pygeum combination (one capsule: 300 mg of nettle root 
extract (5:1) and 25 mg of Pygeum bark extract (200:1)) was 
therapeutically superior to Pygeum extract alone, particularly 
in reducing urine flow and residual urine volume. The two 
preparations were equally effective in the control of nocturia. 
Both treatments were equally well tolerated.135 However, a 
small double blind, randomised, placebo-controlled clinical 
trial of the same preparation in 49 men failed to show sta-
tistically significant results after 6 months of treatment.136 
Changes in IPSS (21.6% reduction in the herbal group as 
compared to 19.7% for placebo), quality of life index (9.26% 
versus 5.98%), rectal examination and maximum urinary flow 
rate (17.2% versus 13.3%) were similar in both groups.

In a prospective, randomised, open trial, 143 patients 
with bacterial prostatitis received either a 14-day course of 
600 mg/day prulifloxacin combined with a natural combina-
tion, or the antibiotic alone.137 The natural combination con-
tained saw palmetto (160 mg/day extract, 30% fatty acids 
and sterols), nettle root (120 mg/day extract, 0.4% beta-
sitosterol), quercitin (100 mg/day) and turmeric (200 mg/day 
extract, 95% curcumin). Compared with prulifloxacin alone, 
combined therapy resulted in significantly better symptom 
relief at both the 1-month and 6-month visits (p<0.001), as 
assessed by IPSS and the Chronic Prostatitis Symptom Index. 
However, it has been pointed out that prulifloxacin is still an 
investigational treatment for this condition.138

Arthritis
A case was reported of a man with osteoarthritis and joint 
narrowing in the left hip who self-prescribed the application 
of nettle to the region after NSAID therapy did not ease the 
pain. Counter-irritation with fresh nettle leaves over several 
weeks produced a remarkable improvement and reduction of 
pain, to the extent he was able to decrease the application of 
nettle to once every few days.139

Following a positive case series in 18 people self-treating 
with nettle sting,140 a randomised, controlled, double blind, 
crossover study in 27 patients with osteoarthritic pain at the 
base of the thumb or index finger was undertaken.141 Patients 
applied fresh stinging nettle leaf daily for 1 week to the 
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painful area. The effect of this treatment was compared with 
that of a placebo (white deadnettle leaf, Lamium album). 
Treatment was for 1 week with a 5-week washout period 
before the second treatment phase of 1 week. Reductions 
on both a visual analogue scale (pain) and health assessment 
questionnaire (disability) were significantly greater for net-
tle than placebo (p=0.026 and p=0.0027, respectively). 
The localised rash or slight itching from the nettle sting was 
acceptable to 23 of the 27 patients.

In a pilot, single blind, placebo-controlled study, 42 patients 
with chronic knee pain and a presumptive diagnosis of osteo-
arthritis received either topical treatment (nettle sting) with 
Urtica dioica leaf or a placebo leaf (Urtica galeopsifolia) for 
1 week.142 Nettle leaf was not superior to the placebo in 
terms of the WOMAC symptom score. However, the placebo  
treatment was probably active, as a stinging effect was noted 
from it.

The effect of a cream containing 13.3% of an extract of 
stinging nettle leaf was evaluated in 23 patients with osteoar-
thritis in an open label trial.143 There was a mean reduction of 
4.2 in the WOMAC score from a baseline of 17.2. Mild side 
effects were seen in two patients and many trial participants 
requested a continuance of the treatment at the completion 
of the study. However, the lack of a placebo control limits the 
conclusions that can be made from this study.

All trials of the oral use of nettle leaf extracts in arthri-
tis have not used a blinded placebo control, hence results 
must be regarded as preliminary. In an open, multicen-
tre, comparative trial with NSAID therapy, oral doses of 
1340 mg/day of nettle leaf extract (about 10 g of leaf) 
exhibited comparable efficacy in terms of a reduction in 
pain and improvement of motility, with a very good tol-
erability. The trial was conducted over 3 weeks in 219 
patients with rheumatic articular complaints.144 Thirty-
seven patients with acute arthritis completed an open, ran-
domised trial comparing the effects of a combination of 
nettle leaf (50 g/day stewed fresh young leaf) with 50 mg/day  
diclofenac against 200 mg/day diclofenac over 2 weeks. 
C-reactive protein and total joint scores improved significantly 
in both groups, with a median score change of about 70% rela-
tive to the initial value. The authors concluded that stewed 
nettle leaf may enhance the antirheumatic effectiveness of 
NSAIDs. (A 50 mg daily dose of diclofenac is below a thera-
peutic level.)145

In an open pilot study, patients suffering from pain-
ful osteoarthritis and arthritis of the knee achieved a reduc-
tion in NSAID use of 50% by consuming a proprietary nettle 
leaf preparation (1.34 g per day of an 8 to 10:1 extract).146 
A multicentre, uncontrolled, postmarketing surveillance study 
was undertaken over a 3-week period to research the safety 
and efficacy of a nettle leaf preparation in 8,955 patients 
with arthritis (7,935 had osteoarthritis, the remainder suf-
fered from rheumatoid arthritis).147 Results from a 12-point 
self-rating scale indicated that 82% of patients felt that the 
treatment had relieved their symptoms. In addition, 38% 
could have their NSAID therapy reduced and 26% no longer 
required NSAID therapy. Only 1.2% of patients showed 
minor side effects, such as unspecified gastrointestinal prob-
lems. A 12-month post-marketing surveillance study involving 

819 patients with osteoarthritis of the knee observed only 
minor adverse events in 3% and a reduction in clinical symp-
toms by 61% after 1.34 g/day of an 8:1 to 10:1 nettle leaf 
extract.148

In an open label study, 20 patients with acute exacerbation 
of osteoarthritis of the knee or hip received 290 to 435 mg/day 
of a 95% propanolic extract of nettle leaf (19:1 to 33:1) for 12 
weeks.149 In all, 17 patients completed the study and reported 
considerable symptom improvements. Release of some inflam-
matory cytokines was reduced compared with baseline. A sec-
ond open study in 763 osteoarthritis patients, using the same 
extract and dosage range over 6 months, observed significant 
reductions in symptoms and NSAID use.150

Other conditions
In a randomised, double blind, placebo-controlled clinical 
trial, the efficacy of a homeopathic combination gel (homeo-
pathic mother tinctures of nettle, Echinacea, Ledum palus-
tre and witchhazel extract) was compared with placebo in 
the treatment of insect bites. Although the homeopathic gel 
reduced erythema development (p=0.098), there was no dif-
ference for itch relief, even though a reduction in erythema 
may reduce itching.151

Sixty-nine volunteers completed a randomised, dou-
ble blind, placebo-controlled study investigating the effect 
of a freeze-dried preparation of nettle leaf on allergic rhini-
tis. Volunteers were advised to take two capsules of net-
tle (300 mg/capsule) or placebo at the onset of symptoms. 
Assessment was based on daily symptom diaries and global 
response recorded after 1 week of therapy. In the global 
assessment, participants were asked to compare the medicines 
with previous medications and whether they would buy the 
medicine for future use. Nettle was rated higher than placebo 
in the global assessments, but was only slightly higher in the 
diary data.152

A German study found that intake of nettle and dande-
lion juices improved skin parameters in healthy women.153 
Both active and control groups used a moisturising cream, 
but only the active group took the herbal juices. Skin hydra-
tion improved significantly after 6 weeks in the experimen-
tal group (p<0.05). Elasticity was also significantly improved 
compared with the control group. After 6 weeks of treatment, 
volunteers in the active group rated their skin condition as sig-
nificantly improved, whereas there was little change for the 
control group.

In an open label study, an expressed juice of nettle leaf (10 
to 20 mL/day) was administered for 12 weeks to 114 patients 
(81 women, 33 men, median age 55 years) for the European 
indications (see under Regulatory status) of irrigation of the 
urinary tract (and thereby prevention of kidney gravel) and as 
a supportive therapy for rheumatic complaints.154 Physician-
rated symptoms were significantly improved for both indica-
tions at 6 weeks (30% and 55%, respectively) and at 12 weeks 
(65% and 50%, respectively), and patients’ ratings reflected 
similar improvements. A strong increase in urinary flow was 
noted by the patients, as were marked decreases in urinary 
pain and burning, dysuria, and joint stiffness and pain. The 
treatment was well tolerated, but the lack of a placebo group 
limits the usefulness of these findings.
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Toxicology and other safety data

Toxicology
The LD50 values for nettle leaf infusion and nettle leaf decoc-
tion administered intravenously to mice were 1.92 g/kg and 
1.72 g/kg, respectively. The LD50 in chronic experiments with 
rats given nettle leaf infusion by gavage was 1.31 g/kg.155 An 
aqueous extract of nettle leaf had an LD50 of 3.5 g/kg after ip 
administration to mice.67

Nettle leaf did not demonstrate any antifertility activity 
when administered orally to rats.156 Nettle leaf tea demon-
strated weak genotoxic activity in a somatic assay. Quercetin 
and rutin also exhibited weak activity.157

Contraindications
Patients who are allergic to nettle stings should not apply the 
fresh or unprocessed dried leaves topically.

Special warnings and precautions
The use of nettle root for benign prostatic hyperplasia should 
occur under professional supervision and include monitoring 
of the state of the prostate.158

Interactions
None known.

Use in pregnancy and lactation
Category B2-no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are lacking.

The lignans in nettle root, as well as their intestinal trans-
formation products (enterodiol and enterolactone), are known 
to bind to SHBG in vitro.159 The affinity of (−)-3,4-divanil-
lyltetrahydrofuran was notably high.19 This may provide a 
mechanism for the claimed benefit of nettle root in BPH, but 
is not thought to pose a risk in pregnancy. An ethanol extract 
of nettle aerial parts (250 mg/kg) did not demonstrate any sig-
nificant anti-implantation activity when administered orally to 
female rats.160

Both nettle leaf and root are compatible with breastfeeding.

Effects on ability to drive and use 
machines
No negative influence is expected.

Side effects
Nettle stings are largely due to the histamine and seroto-
nin introduced by the nettle hair (each contains 6.1 ng and 
33.25 pg, respectively). However, the persistence of the 
stinging sensation suggests the presence of substances in net-
tle fluid directly toxic to nerves or capable of inducing the 

secondary release of other mediators (see the earlier discus-
sion of such factors).161 The result is an urticaria that gen-
erally, but not always, passes quickly. No such reaction is 
expected from ingesting the extracted leaf.

Both an immediate and delayed hypersensitivity reaction 
was exhibited in a child after falling into a nettle patch.162 
A man who had developed a contact dermatitis after treat-
ing his eczema with a poultice of herbs including chamomile 
also manifested a diffuse oedematous gingivostomatitis. He 
regularly drank nettle tea. This reaction was believed to be 
an allergic contact reaction to the chamomile and also the 
nettle (and not an irritant reaction).163 Generalised urticaria 
has been noted in a neonate after the breastfeeding mother 
applied a nettle leaf decoction onto her nipples.164 However, 
nettle leaf has been noted to have relatively low allergenic 
potential.165

In one multicentre trial of the effect of nettle root in 
4051 BPH patients, mild side effects affecting the gastroin-
testinal tract were experienced in 0.7% of cases.166 (See also 
the Clinical trials section for further information on adverse 
reactions.)

A case of hypoglycaemia was noted in a 78-year-old dia-
betic man taking a complex herbal formulation for BPH that 
included nettle leaf and root.167 Gynaecomastia in a man and 
hyperoestrogenism in a woman were associated with the regu-
lar consumption of nettle tea (presumably leaf, although the 
authors discuss the properties of nettle root in their implica-
tion of causality).168

Overdosage
No incidents found in the published literature.

Safety in children
No information available, but adverse effects are not expected.

Regulatory status in selected 
countries

Nettle is listed in the United States Pharmacopeia–National 
Formulary (USP34–NF 29, 2011).

Nettle leaf is covered by a positive Commission E mono-
graph and has the following applications:
l	 Internally and externally: only as supportive treatment for 

rheumatic complaints
l	 Internally: for irrigation in inflammation of the urinary 

tract and in the prevention and treatment of kidney gravel. 
The following warning is advised: in irrigation therapy, care 
must be taken to ensure an abundant fluid intake.

Nettle root may be used for difficulties in urination asso-
ciated with stages I and II prostate adenoma. The following 
warning is advised: this remedy only improves the problems 
associated with an enlarged prostate without reducing the 
actual enlargement itself. A doctor should be consulted at reg-
ular intervals.

Nettle is on the UK General Sale List.
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Nettle does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (1994 Dietary Supplement Health and Education 
Act). Nettle has been present in over-the-counter digestive 
aid drug products. The FDA, however, advises that: ‘based 
on evidence currently available, there is inadequate data to 

establish general recognition of the safety and effectiveness of 
these ingredients for the specified uses’.

Nettle is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Pau d’Arco

(Tabebuia spp. Gomes ex DC.)

Synonyms

Lapacho (Engl, Span), ipe roxo, peuva, taheebo, lapacho (Sth 
Amer), Handroanthus spp.

What is it?

Pau d’arco has been utilised as a medicine for at least 1000 
years by the Brazilian Indians, from where its use gradually 
spread to other parts of South America. These large tim-
ber trees with spectacular tubular flowers originate mostly 
in Brazil and Argentina, although they are widely planted 
throughout the South American tropics. They are renowned 
for their durable timber and resistance to insect and fungal 
attack. The most widely used species in Western countries are 
Tabebuia impetiginosa (T. avellanedae, Handroanthus impetig-
inosus) and T. ipe. Other species used include Tabebuia rosea 
(T. pentaphylla), T. chrysantha (H. chrysanthus), T. cassinoides 
and T. serratifolia.

Pau d’arco was first used in Western medicine in Sao 
Paulo, Brazil, in 1960 where physicians prescribed decoctions 
of the inner bark for terminal cancer patients at the Santo 
Andre hospital. According to reports, most patients showed 
no symptoms after 30 days of commencing treatment. 
Subsequently, the hospital also used the unapproved medicine 
for viral-linked diseases, including leukaemia. One of the doc-
tors, Professor Accorsi, stated that pau d’arco eliminated the 
pain (of cancer) and increased the amount of red blood cells. 
Knowledge of the herb became more widespread following 
a number of ‘miraculous’ cancer cures, including three suc-
cessful leukaemia treatments by Dr Ruiz at the Concepcion 
hospital.

Dr Theodore Meyer, a leading South American botanist 
born in Argentina, was the first scientist on record to analyse 
pau d’arco’s chemical composition, discovering xyloidone, an 
antimicrobial and virucidal agent. Meyer supplied medicinal 
plants, including pau d’arco, to pharmaceutical companies 
but is also credited with beginning the effort to save the tree 
from decline. At one time pau d’arco attained almost fad sta-
tus in the West, particularly as an antifungal agent in chronic 
candidiasis. While its use has faded as other treatments have 
become available, it is still valued for several applications, 
including fungal infections and weakened immunity. Few 
side effects have been recorded despite its widespread usage 
(often self-administered) and the potential toxicity of its 
active components.

The inner bark is the main part of the tree used in medi-
cine, but the wood contains the same constituents, to a lesser 
or greater degree, depending on the species of tree.

Effects

Cytotoxic (via induction of cellular and immune factors); 
active against certain species of parasites, antimicrobial; 
immune enhancing.

Traditional view

The Incas used pau d’arco to cure many diseases, including 
even degenerative disorders. The Brazilian Indians utilised the 
bark as a poultice or decoction for treating skin diseases such 
as eczema, psoriasis, fungal infections and skin cancers. A tea 
from the bark is used as a blood purifier, while the inner bark 
has been favoured for dysentery, fever, sore throat, wounds, 
snakebites and carcinomas.1

Inhabitants of the Rio Vaupés believe the decoction of 
the bark of T. insignis var. monophylla to be an excellent 
treatment for stomach ulcers. The Tikunas use T. neochry-
santha to treat malaria, chronic anaemia and ulcers. The 
bark of T. obscura is used as an antirheumatic by the Boras 
of Peru.2

Summary actions

Immune enhancing, antitumour, antimicrobial, antiparasitic, 
depurative.

Can be used for

Indications supported by clinical 
trials
Clinical trials using lapachol: carcinoma and leukaemia, used 
as an adjuvant complementary therapy in cancer (all studies 
uncontrolled and weak evidence).

Traditional therapeutic uses
Internally for dysentery, fever, malaria, sore throat, wounds, 
carcinomas, stomach ulcers, anaemia, degenerative disorders 
and as a depurative and antirheumatic. Topically for skin dis-
eases, fungal infections, skin cancers.
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May also be used for

Extrapolations from pharmacological 
studies
As an adjunctive treatment for bacterial, fungal and protozoal 
infections; to enhance immune function. Topical application 
for fungal infections, scabies, ulcers and wounds.

Preparations

Decoction of dried inner bark or liquid extract, tincture, tab-
lets or capsules for internal use; decoction of dried inner bark 
or liquid extract for external use.

Dosage

1.5 to 3.5 g/day or 3 to 7 mL/day of a 1:2 extract in 45% etha-
nol or equivalent doses in tincture, tablet or capsule form.

In adjuvant therapy for cancer, pau d’arco is often admin-
istered in higher doses both as an ethanolic extract and as a 
decoction. Alcohol is a better solvent than water for the naph-
thoquinones. For a decoction, simmer 10 g of bark in 600 mL 
of water for 15 minutes. Strain and drink throughout the day.

Duration of use

May be used long term if prescribed within the recommended 
therapeutic range.

Summary assessment of safety

No adverse effects from ingestion of pau d’arco are expected 
when consumed within the recommended dosage. It is con-
traindicated in pregnancy.

Technical data

Botany
Pau d’arco refers to several trees in the Bignoniaceae (jacaranda) 
family which are indigenous to South America. They belong to 
the genera Tabebuia (100 species) and Tecoma (13 species). Pau 
d’arco is a tropical tree growing up to 38 m high, with opposite, 
long-petiolate leaves with entire or toothed leaflets. The flower 
is large in terminal cymes or panicles, with tubular or campan-
ulate calyx, four stamens, corolla tube ampiate. The capsule is 
slender-cylindrical and the seeds are broadly winged.2–4

Species identification is determined by leaf configuration 
and flower colour; the red, violet and pink flowering species 
are preferred as medicines while the yellow flower species are 
considered inferior (but see below under Adulteration).5

The large Tabebuia genus was subdivided into several gen-
era in 2007, including Handroanthus.
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Adulteration
As noted above, ‘pau d’arco’ is a common name in South 
America referring to trees of the Tabebuia (Handroanthus) 
and Tecoma genera. Throughout the Amazon a number of spe-
cies of Tabebuia are used medicinally. The Western preference 
for Tabebuia avellanedae originates from the Brazilian clinical 
investigations in the late 1960s from which the ‘purple’ species 
were suggested to be superior to the yellow-flowered pau d’arco. 
However there is evidence to suggest that the yellow-flowered 
T. serratifolia (H. serratifolius) is used for similar therapeutic 
purposes by natives in other parts of South America.6

Traditional Brazilian sources indicate that side effects may 
occur from ingestion of the bark of the following yellow-flow-
ered pau d’arco plants: T. umbellata (such as swelling, burn-
ing, vomiting) and T. pedicellata.7

Exploitation of Tabebuia impetiginosa has been to such 
an extent (for timber) that a 1994 article noted significant 
population declines in Brazil and at a local level in Argentina.8 
In the 1997 review of the application of the 1994 CITES 
(Convention on International Trade in Endangered Species of 
Wild Fauna and Flora) listing criteria to timber species, there 
was insufficient information available on Tabebuia impetigi-
nosa to recommend its inclusion.

In recent times the outer bark of pau d’arco has become a 
very common substitute for the inner bark. It generally lacks 
significant levels of key naphthoquinones.
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Key constituents

Tabebuia impetiginosa
l	 Naphthoquinones of the 1,4 type (including lapachol, beta-

lapachone, xyloidone, deoxylapachol, alpha-lapachone and 
dehydro-alpha-lapachone);1,9 several of these, as well as 
other compounds in the herb, can be further classified as 
naphthofurandiones (or furonaphthoquinones), which are 
naphthoquinones with a furan ring attached to the carbons 
at the 2 and 3 positions10–13

l	 Anthraquinones (which rarely occur in other plants 
containing naphthoquinones)1,9

l	 Benzoic acid derivatives, benzaldehyde derivatives, iridoids, 
coumarins, flavonoids and carnosol.

A 1994 review of pau d’arco products on the Canadian 
market found no or low levels of lapachol in all of the prod-
ucts. In contrast, two Brazilian products contained relatively 
high amounts of lapachol.14 While poor quality of products 
is probably one reason for this finding, levels of lapachol 
also depend on whether the inner bark or the wood is used. 
Typical levels of total naphthoquinones expressed as ‘lapachol’ 
are 1 to 2% for the inner bark, but lapachol itself is likely to 
be only a minor constituent of this plant part.

Pharmacodynamics
Lapachol was originally identified as the ‘signature’ com-
pound in pau d’arco and much of the earlier pharmacological 
research was focused on it.15 More recently, its significance 
has been questioned. In particular, beta-lapachone possesses 
marked antimicrobial and antitumour activities and has been 
the main focus of current research.

Quinones form an important component of the electron-
transport system in plants and mammals. Ubiquinol, the 
reduced form of co-enzyme Q10, and menaquinone (a vitamin 
K) have significant antioxidant properties and play a major 
role in protecting cells from free radical damage. Redox reac-
tions are inherent features of quinones and are recognised as 
‘the basis for their functional roles and cytotoxic and chemo-
therapeutic actions’.16

Antitumour and immune-enhancing activity

Lapachol and pau d’arco extracts
Following the clinical use of pau d’arco for cancer in Brazilian 
hospitals, studies in 1968 first identified lapachol as an anti-
tumour agent. In vivo tests showed lapachol to have signifi-
cant activity against Walker 256 carcinosarcoma, particularly 
following twice daily oral administration.17 This result was 
confirmed in studies by De Santana and co-workers, who 
found lapachol inhibited Yoshida’s sarcoma (82%) and 
Walker 256 carcinosarcoma (50%) at a dose of 100 mg/kg. 
Beta-lapachone also inhibited Yoshida’s sarcoma (16%) and 
Walker 256 carcinosarcoma (33.5%) at a dose of 7 mg/kg. 
However, alpha-lapachone and xyloidone showed no inhibi-
tion of Walker 256 carcinosarcoma at a dose of 200 mg/kg.18  
Lapachol was compared with lawsone, another 1,4 

naphthoquinone, and found to have stronger growth inhibi-
tory effects than the latter compound, especially against 
Yoshida’s sarcoma.19 Aqueous extracts of pau d’arco also 
inhibited Walker carcinoma (44%) when administered by 
injection to rats.

Lapachol was also shown to be active against Murphy-
Sturm lymphosarcoma, but was inactive in the mice neo-
plasias sarcoma 180, adenocarcinoma 775, Lewis lung 
carcinoma, lymphocytic leukaemia P-388 and leukaemia 
L1210. However, in confirmation of previous results, it 
was found to be active against Walker 256 with a therapeu-
tic index of 6.20 Under different experimental conditions, 
twelve 1,4 naphthoquinones prolonged the life of mice bear-
ing ascitic sarcoma 180 tumours. Statistical analysis revealed 
a link between the redox potentials of various compounds 
and their antitumour activity.21 Later studies evaluated in 
vitro inhibitory effects of 1,4 naphthoquinones on beef heart 
mitochondrial succinoxidase and NADH-oxidase enzyme sys-
tems and found a strong relationship between succinoxidase 
inhibition, redox potential and antitumour activity. However, 
NADH-oxidase inhibition per se did not appear to influence 
the incidence of tumours.22

Lapachol has demonstrated additional antitumour activ-
ity in vitro as well as in vivo.23 Lapachol and other naphtho-
quinones showed growth inhibitory activity on KB cells.24 It 
demonstrated significant dose-dependent inhibition of four 
human melanoma cell lines and a human renal cell carcinoma 
line, though only after continual exposure.25

In the 1960s lapachol was positively identified as an uncou-
pling agent of mitochondrial respiration that mimics the 
behaviour of the classic uncoupling agent 2,4-dinitrophenol. 
This phenomenon occurs because of the structural similar-
ity between lapachol and the endogenous hydroxyquinone, 
with which it competes for a position in the respiratory chain. 
According to this hypothesis, lapachol exposes a mitochon-
drial thiol group occupying a pivotal position between the res-
piration cycles.26 This mechanism might explain its cytotoxic 
activity.

However, other mechanisms may apply. Studies with qui-
none anticancer agents, including lapachol, used microsomal 
systems in normal and malignant tissues and found that qui-
nones are converted intracellularly to site-specific free radi-
cal intermediaries producing cytotoxic activity. These bind 
to DNA or RNA, resulting in chromosomal damage, and 
also have potential to generate superoxide or hydroxyl radi-
cals.27 Lapachol also inhibits de novo pyrimidine synthesis by 
inhibiting dihydro-orotate, resulting in depletion of nucleo-
tide pools. Depletion of uridine triphosphate and cytidine 
triphosphate in hepatoma cells leads to their death. Hence 
lapachol might be combined with other antipyrimidines in 
tumour chemotherapy.28 Vitamin K3 and other quinones, 
including lapachol, were also found to alter the affinity 
of receptors for epidermal growth factor, a potent mito-
gen capable of stimulating growth of human fibroblasts and  
other cells.29

Another potential mechanism behind lapachol’s cyto-
toxicity may be inhibition of glyoxalase I, which may lead 
to a lethal build-up of alpha-ketoaldehydes. In vitro studies 
showed lapachol to be a linear competitive inhibitor of yeast 
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glyoxalase I.30,31 Later studies examined glyoxalase inhibition 
in terms of tumour cell selectivity. However, it was found 
that lapachol was far less inhibitory of tumour than normal 
cells.32 Lapachol was also found to be an inhibitor of ribonu-
cleotide reductase, an enzyme involved in DNA replication 
that occurs at much higher levels in malignant cells than in 
non-proliferating cells.33

The effect of lapachol on metastasis was tested in vitro 
using HeLa cells.34 At 400 μg/mL lapachol was found to 
induce alterations in the protein profile and inhibit the inva-
siveness of HeLa cells in the chick chorioallantoic membrane 
model. The authors concluded that lapachol has potential in 
fighting metastasis.

Pau d’arco extracts and other components have also dem-
onstrated antitumour effects in vivo (see above and below).  
A methanolic extract of the inner bark of T. avellanedae 
reduced the number of papillomas in mice with induced 
skin carcinogenesis.23 An alcoholic extract of stem bark from 
Tabebuia cassinoides showed slight, reproducible activity 
against leukaemia P-388 in vivo. Further investigations iden-
tified the active constituents as three previously unknown 
furonaphthoquinones.35 In a separate study, two furonaphtho-
quinones from T. impetiginosa cell cultures showed significant 
dose-dependent antitumour activity.36

The antiproliferative activity of an aqueous extract of  
T. avellanedae extract (1.5 mg/mL) against oestrogen receptor 
positive MCF-7 human breast cancer cells was investigated in 
vitro.37 The observed inhibition of cell growth correlated with 
downregulated cell cycle regulatory and oestrogen-responsive 
genes and upregulated apoptosis-specific genes.

Treatment with T. avellanedae extract (30 to 500 mg/kg) 
and beta-lapachone (1 to 5 mg/kg) reversed the myelosup-
pression observed in Ehrlich ascites tumour-bearing mice 
and prolonged their lifespan.38 However, beta-lapachone was 
absent from the herbal extract tested.

Beta-lapachone
Following the somewhat disappointing (in terms of side 
effects) initial human trials using lapachol in cancer patients 
(see later), research interest switched to beta-lapachone. As 
for lapachol, most investigations have focused on determining 
its mechanisms of action via in vitro studies.

Studies conducted at Harvard Medical School showed that 
beta-lapachone can sensitise X-ray-resistant human melanoma 
cell lines when administered following X-radiation. The mech-
anism was thought to involve the inactivation of eukaryotic 
topoisomerase I, which is involved in DNA repair mechanisms 
following X-ray damage. Lapachol and other related com-
pounds were inactive in this model.39

Beta-lapachone at a concentration of 5 μM was found 
to induce apoptosis in the hepatoma HG2 cell line through 
induction of Bax and activation of caspase.40 This was evi-
denced by the formation of apoptotic bodies and DNA frag-
mentation. Induced apoptosis was associated with proteolytic 
activation of caspase-3 and -9 and degradation of poly (ADP-
ribose) polymerase (PARP), a main regulator of the DNA 
damage response pathway. Over 48 h beta-lapachone caused 
an 82% inhibition of cell growth compared with the control. 

Apoptosis also resulted from micromolar concentrations of 
beta-lapachone in the human bladder carcinoma cell line T24 
in vitro. As well as causing downregulation of Bcl-2 expres-
sion, treatment of T24 cells with beta-lapachone resulted in 
upregulation of Bax expression. Apoptosis was again associ-
ated with activation of caspase-3 and -9 and degradation of 
PARP.41 These apoptosis events were replicated in vitro for 
beta-lapachone for models of prostate,42–44 breast45,46 and 
colon cancer.47 Bcl-2 are apoptosis regulator proteins of which 
Bax is a key member.

Additional suggested apoptosis mechanisms from other 
in vitro studies include inactivation of nuclear factor kappa-
B (NF-kappaB),47 p53 phosphorylation induction44 and 
downregulation of retinoblastoma protein (pRB) phos-
phorylation, as well as enhanced binding of pRB and tran-
scription factor E2F-1.43 One trigger factor for apoptosis 
was reported to be DNA damage, resulting in induction of 
cyclin-dependent kinase inhibitors and subsequent stimula-
tion of caspase activation.48 Telomerase inhibition was also 
noted.42,49

Cell death induced by beta-lapachone is further suggested 
to be a combination of both necrotic cell death50,51 and 
apoptosis.51,52 The main mechanism involved is postulated 
to be via the enzyme NADPH:quinone oxidoreductase-1 
(NQO1) and resultant changes in intracellular calcium lev-
els.51,53 A review of the in vitro laboratory data proposed 
that NQO1 ‘bioactivates’ beta-lapachone, creating a futile 
cycling between the parent quinone and hydroquinone forms 
that generates reactive oxygen species (ROS). These ROS 
contribute towards toxicity to cancer cells (many tumour 
cells are found to over-express NQO1),51,54,55 and also result 
in DNA damage and release of intracellular calcium. As the 
cell focuses to repair DNA, PARP-1 is activated and even-
tually hyperactivated. This in turn creates a depletion of 
the cellular nucleotides NAD+ and ATP (which inactivate 
energy-dependent DNA repair processes) and progresses 
to mu-calpain56 and endonuclease activation, leading to cell 
death. Calpain is a calcium-dependent protease46 and its 
activation is reported to cause cell death independent of 
caspase.57

The anti-angiogenic effect of beta-lapachone on endothe-
lial cells was investigated in vitro.58 Exogenous NO (nitric 
oxide) protected against cell death from beta-lapachone but 
not against its anti-angiogenic affect, leading the authors to 
suggest a potential role for beta-lapachone as an anti-angio-
genic agent. Beta-lapachone dose-dependently reduced cell 
viability and migration of two human hepatocarcinoma cell 
lines, thereby potentially inhibiting their progression and 
metastasis.59

Although many proposed anticancer agents (includ-
ing beta-lapachone) induce apoptosis, such pathways are 
often deficient in cancer cells. One way to bypass defec-
tive apoptotic pathways is to induce necrotic cell death. 
As mentioned above, it was demonstrated in vitro that 
beta-lapachone can induce selective necrotic cell death in 
cancer cells.60 Furthermore, after treatment of human xeno-
graft tumours with beta-lapachone in mice (60 mg/kg, ip), 
PARP-1 activation occurred as a necessary step in the induc-
tion of necrosis.
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In addition to the earlier work on X-ray sensitisation, beta-
lapachone was shown to act synergistically with ionising radia-
tion to kill cancer cells.61–63 This was confirmed in DU-145 
human prostate cancer cell lines.61 Results indicated that two 
distinct mechanisms were involved: radiation sensitises cells 
to beta-lapachone by upregulating NQO1 and beta-lapachone 
sensitises cells to radiation by inhibiting sublethal radiation 
damage repair. Beta-lapachone was only effective when it was 
given after irradiation.61,63

The addition of heat was found to upregulate NQO1 
in the human lung cancer cell line A549 in vitro. This  
heat-induced upregulation enhanced the anticancer activ-
ity of beta-lapachone. In vivo testing in mice also found  
heat increased the anticancer action of beta-lapachone 
(40 mg/kg, ip). The mouse tumour was heated to 42˚C 
for 1 h every other day for four times after beta-lapachone 
injection.64

The in vitro combination of beta-lapachone and taxol was 
shown to synergistically induce death of cultured breast, 
prostate, melanoma, lung, colon and pancreatic cancer cells. 
Taxol must be added either simultaneously or after the 
beta-lapachone. This was also verified in vivo for xenograft 
models of human ovarian and prostate cancers in mice. The 
authors hypothesised that the agents act at different cycle 
cell checkpoints.65 Drug-resistant (dexamethasone, melpha-
lan, doxorubicin and mitoxandrone) multiple myeloma cell 
lines were tested in vitro for any activity of beta-lapachone 
at concentrations of 4 to 8 µM. Beta-lapachone showed sig-
nificant toxicity and induced typical apoptosis events such as 
caspase-3 activation and PARP cleavage.66,67 A combination 
of genistein and beta-lapachone in vitro exhibited improved 
rates of cell death in the human prostate cancer cell lines 
PC3 and LNCaP compared with either treatment alone. 
Beta-lapachone was reported to act at G1 and S phase check-
points, while genistein induced cell cycle arrest at the G2-M 
stage.68 Paclitaxel and beta-lapachone synergistically induced 
apoptosis in human retinoblastoma Y79 cells by downregulat-
ing levels of the protein kinase phospho-Akt69 and cisplatin 
enhanced the anticancer effect of beta-lapachone by upregu-
lating NQO1.70

Antiparasitic activity
Pau d’arco and some of its constituents, including lapachol, 
are active against various tropical parasites. Wendel carried 
out original work on naphthoquinones and malarial parasites 
in ducks, concluding the compounds inhibit oxygen uptake 
of parasitised cells at more than 100 times the concentration 
required to inhibit respiration in normal cells.71 Further stud-
ies confirmed these results and proposed that lapachol and 
other naphthoquinones act like cyanide in inhibiting the main 
respiration pathway, but leaving certain secondary and minor 
respiratory processes untouched. The authors concluded 
that naphthoquinones act below cytochrome c and above 
cytochrome b in the main chain of respiratory enzymes.72 
Willard suggests respiratory inhibition may apply to the 
more general antimicrobial actions of lapachol and its chemi-
cal relatives.9 Naphthoquinones tested against drug-resist-
ant strains of Plasmodium falciparum were superior to the 

controls chloroquine and quinine. Eight compounds related to 
lapachol, all isolated from plants in the Bignoniaceae family, 
showed this activity. However, despite its reputed antimalarial 
action, lapachol showed borderline activity only.73

Lapachol has been used as a chemoprophylactic against 
Schistosoma mansoni (a tropical fluke) cercarial penetra-
tion and infection. Studies by Austin showed that 0.9% 
lapachol in the diet of mice reduced infections by 97% 
after 3 days’ feeding. The study further demonstrated that 
lapachol is secreted onto the skin where it forms a bar-
rier to penetration.74 Lapachol and other naphthoquinones 
derived from lapachol were also shown to work as topi-
cal applications.75 Strong molluscicidal activity was shown 
by lapachol against the adult snail Biomphalaria glabrata, 
which is a vector for the parasite, as well as significant tox-
icity against snail egg masses.76 In a later study, potassium 
salts of lapachol and isolapachol both showed significant 
molluscicidal activity as well as activity against Schistosoma 
mansoni cercariae.77

Lapachol, and lapachol analogues isolapachol and dihy-
drolapachol, showed significant activity against Leishmaniasis 
amazonensis and L. braziliensis in vitro. Isolapachol acetate 
was the most active and also displayed activity in vivo when 
assayed.78 Leishmanicidal activity was also demonstrated in 
vitro against the intracellular amistigote L. (Vianna) brazil-
iensis (LVb) by lapachol (0.0125 to 4.0 mg/mL). However, 
lapachol treatment at an oral dose of 300 mg/kg/day for  
42 days did not prevent the development of LVb-induced 
lesions in hamsters.79

Trypanosoma cruzi is a parasite responsible for American 
trypanosomiasis or Chagas’ disease, which is particularly 
common in Brazil.80 Lapachol and several of its derivatives 
are toxic to T. cruzi in vitro but the toxic effect is nullified 
in the presence of blood. Hence, in vivo tests do not confirm 
the in vitro studies. However, a synthetic beta-lapachone 
derivative, allyl-beta-lapachone, is not inactivated by blood 
and retains potent suppressive activity on trypomastigote 
infectivity.81,82

Antibacterial and antifungal activity
De Lima and co-workers in the 1950s first demonstrated 
antibacterial activity for lapachol, alpha and beta-lapachone 
and xyloidone, as well as antifungal activity for alpha- and 
beta-lapachone and xyloidone. Naphthoquinones from pau 
d’arco, especially xyloidone, were effective against Candida 
albicans and Trichophyton, the fungus responsible for ring-
worm.19 Pau d’arco tea is used as a topical application (via 
tampon) for vaginal candidiasis and taken internally for sys-
temic infections.1 The wide range of organisms that are sus-
ceptible to compounds from pau d’arco are summarised 
by Willard.9 These include pathogenic species of Brucella, 
Staphylococcus and Candida.

In more recent studies, aqueous extracts of T. heptaphylla 
and T. impetiginosa showed no antibacterial activity against 
Pseudomonas aeruginosa for in vitro studies.83 In a separate 
study, T. impetiginosa extract inhibited a penicillin-resist-
ant strain of Staphylococcus aureus but was inactive against 
Escherichia coli and Aspergillus niger.84
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Activity of T. avellanedae extract was examined against 
methicillin resistant Staph. aureus (MRSA). The hexane and 
chloroform fractions of the inner bark of the plant demon-
strated antibacterial activity against all the S. aureus strains 
tested in vitro. The two main naphthoquinones that demon-
strated this inhibitory effect were alpha-lapachone and alpha-
xyloidone II, contained in the hexane fraction (minimum 
inhibitory concentration (MIC) 125 mg/L). The ethanolic 
extract (MIC 125 to 250 mg/L) was more active than the 
hexane and chloroform extracts (≥250 mg/L), which may be 
a result of synergy between compounds within the ethanolic 
extract.85

Beta-lapachone, 3-hydroxy-beta-N-lapachone and alpha-
lapachone from T. avellanedae were tested in vitro and for 
activity against MRSA. In vivo testing was performed to 
assess for dermal irritation in rabbits. Results demonstrated 
that all compounds had antibacterial activity, but were not 
bactericidal (that is there was inhibition of growth, but no 
killing of bacteria). MIC concentrations were 8, 4 to 8 and 
64 to 128 μg/mL respectively for the test compounds. No 
dermal irritation was observed and the authors suggested 
the possible use of these compounds as topical antibacterial 
agents.86

T. impetiginosa inner bark extract was examined for its 
activity against Helicobacter pylori in vitro. The activities of 
the isolated compounds 2-(hydroxymethyl) anthraquinone, 
anthraquinone-2-carboxylic acid and lapachol from the extract 
were compared with amoxicillin, metronidazole and tetracy-
cline antibiotics (current pharmaceutical treatments against 
H. pylori). Results were measured by the paper disc diffusion 
method and MIC. Lapachol and anthraquinone-2-carboxylic 
acid showed moderate inhibitory activity at 0.1 mg/disc, equiv-
alent to metronidazole. At the dose 0.005 mg/disc, 2-(hydrox-
ymethyl) anthraquinone showed moderate activity while 
amoxicillin and tetracycline were still potent. In the MIC bio-
assay, all isolated compounds were more active than metroni-
dazole, but less active than the other two antibiotics.87

In another study anthraquinone-2-carboxylic acid and 
lapachol were tested on 10 human intestinal bacteria in vitro 
using the same methods as above. The former compound 
showed strong activity against Clostridium paraputrificum, 
greater than lapachol (1 μg/disk compared with 100 μg/
disk). However, both compounds showed only weak activity 
(100 μg/disk) against Clostridium perfringens and Escherichia 
coli. None of the other bacteria tested was inhibited.88

Campos-Takaki and co-workers studied the influence of 
culture medium composition on the antifungal activity of 
lapachol and beta-lapachone from T. avellanedae and four 
synthetic hydroxy-naphthoquinones. Lapachol demon-
strated some activity against Candida and Cryptococcus 
fungi, contradicting previous results obtained by De 
Lima.19 Of the six compounds tested, beta-lapachone and 
two synthetic naphthoquinones showed the best overall 
activity.89 French workers also found beta-lapachone was 
more efficient than lapachol at inhibiting both bacteria and 
fungi. The antibacterial action showed a narrow spectrum, 
consisting mainly of Gram-positive strains and the Gram-
negative Brucella. Beta-lapachone was more effective as an 
antifungal agent than ketoconazole, the standard used. The 

mechanism behind the antimicrobial action may involve 
uncoupling of oxidative phosphorylation or electron trans-
fer inhibition.90

Following this work, the antifungal activity of T. avellanedae 
bark extract was tested in vitro against 11 different fungal 
strains.91 The powdered air-dried plant material was extracted  
with water, dichloromethane and methanol. The dichlo-
romethane extract, both 5 and 10 mg/disk, showed the high-
est activity, inhibiting growth from 10 out of 11 fungal 
species including Aspergillus fumigatus, Cryptococcus neo-
formans, Microsporum gypseum, Penicillium purpurogenum, 
Saccharomyces cerevisiae, Trichophyton mentagrophytes and 
Candida albicans. Both the water and methanol extracts 
(again at 5 and 10 mg/disk) inhibited the fungal growth of 
four strains: Cryptococcus neoformans, Microsporum gypseum, 
Penicillium purpurogenum and Trichophyton mentagrophytes.

Antiviral activity
Studies in 1975 by Linhares and De Santa showed that 
lapachol inhibited a number of viral strains in vitro includ-
ing human herpes virus types I and II.9 In separate studies,  
beta-lapachone was shown to be a potent inhibitor of 
reverse transcriptase from the retroviruses avian myelo-
blastosis virus and Rauscher murine leukaemia virus.  
It also inhibited eukaryotic DNA-dependent DNA polymer-
ase. It is possible other retroviruses such as HIV are also 
susceptible.92

In 1983, Lagrota and co-workers tested lapachol for activ-
ity against a range of viruses in vitro. Lapachol demonstrated 
significant inhibition of poliovirus and vesicular stomatitis 
virus. It also significantly inhibited haemagglutinating titres 
of influenza viral strains.93 Three years later, the same team 
found several 1,4-naphthoquinone derivatives to be inactive 
against various viral cell cultures, while 1,2-naphthoquinone 
derivatives inhibited echovirus.94 Only one of these, beta-
norlapachone, was a natural compound. However, the antivi-
ral action could only be shown in vitro and no virucidal action 
against viral particles was observed. The authors suggest this 
antiviral action occurs through either interferon production or 
enzyme inhibition.95,96

Extracts of the inner bark of T. avellanedae were found to 
inhibit induction of Epstein-Barr virus (EBV)-associated early 
antigen in EBV genome-carrying human lymphoblastic cell 
lines. The aqueous extract was found to be less active than 
the methanolic extract, while lapachol caused viral inhibition 
at the lowest concentration.23

Anticoagulant and antiplatelet activity
Lapachol and related naphthoquinones are known to be anti-
coagulants in rats and humans. Using animal models, Pruesch 
and Suttie found the anticoagulant activity occurred as a 
result of potent inhibition of vitamin K quinone and epox-
ide reductases. This action of lapachol appears similar to that 
of 4-hydroxy-coumarin anticoagulants: they bind to the oxi-
dised form of the vitamin K reductases.97 Further studies by 
Preusch on rat liver microsomes showed that lapachol inhibits 
another enzyme linked to blood coagulation.98 Some writers 
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link this anticoagulant activity to the anticancer applications 
of pau d’arco.

A more recent study examined the in vitro effects of 
various extract fractions of T. impetiginosa inner bark on 
platelet aggregation and vascular smooth muscle cell prolif-
eration. Washed rabbit platelets and cultured rat aortic vas-
cular smooth muscle cells were used. All fractions showed 
marked and selective dose-dependent inhibition of plate-
let aggregation induced by arachidonic acid (AA) and col-
lagen. They significantly suppressed AA liberation induced 
by collagen in platelets and potently inhibited cell prolifera-
tion and DNA synthesis induced by platelet-derived growth 
factor.99

Other activity
An ethanolic extract of T. avellanedae exhibited antidepres-
sant activity in two experimental models in mice (active 
oral doses 100 mg/kg or 10 to 300 mg/kg depending on the 
model).100 The extract was additive with drugs such as fluox-
etine and bupropion, suggesting that its mechanism of action 
involves the monoaminergic system.

Lapachol has been found to have anti-ulcerogenic activity in 
experimental models.101 Such activity was also demonstrated 
for T. avellanedae extract.102 Lapachol has demonstrated anti-
inflammatory effects, producing significant inhibition of carra-
geenan-induced paw oedema comparable to phenylbutazone 
in vivo.103 T. avellanedae extract reduced AA-induced mouse 
ear oedema (100 mg/kg, oral).104

An ethanolic extract of Tabebuia chrysotricha, and lapachol 
isolated from this species, showed significant analgesic activ-
ity in vivo.105 Topical application of a lapachol gel reduced the 
increase in hind-paw volume induced by carrageenan injection 
in rats and demonstrated analgesic activity in mice.106

Lapachol has been found to possess both oestrogenic and 
anti-oestrogenic activity in mice. Lapachol from Tectona gran-
dis demonstrated significant uterotrophic effects following 
intramuscular injection, although its oestrogenic activity was 
weak. Administration postcoitum resulted in inhibition of 
pregnancy and embryo resorption.107

T. impetiginosa compounds, as well as some synthetic 
analogues, were tested in vitro for their antipsoriatic activ-
ity. They were evaluated against the growth of the human 
keratinocyte cell line HaCaT. Beta-lapachone was shown to 
have comparable activity to the antipsoriatic drug anthra-
lin, with an IC50 value of 0.7 µM. Plasma membrane damage 
was evidenced by lactate dehydrogenase leakage into the cell 
medium.108 Beta-lapachone demonstrated in vitro prolifera-
tion of cells involved in healing such as fibroblasts and acceler-
ated wound healing after topical application in vivo.109

Wagner and co-workers proposed that lapachol and other 
naphthoquinones such as furonaphthoquinones exert cyto-
toxic or immunosuppressive effects, while in low concen-
trations they have immunostimulating properties.110 They 
concluded the cytotoxic effect of the extracts may arise by 
induction of cellular and immune factors. Later in vitro inves-
tigations of compounds isolated from T. impetiginosa con-
firmed dose-dependent immune-modulating effects on human 
granulocytes and lymphocytes.111

The effects of beta-lapachone on lipopolysaccharide- 
(LPS)-induced responses in rat alveolar macrophages and 
its resultant anti-inflammatory effect were examined.112 
Beta-lapachone inhibited the nitrite production increase and 
nitric oxide synthase expression elicited in LPS-treated mac-
rophages in vitro. It also inhibited production of tumour 
necrosis factor-alpha and NF-kappaB induced by LPS. Beta-
lapachone was found to protect lung tissue against oedema in 
vivo and overall reduce mortality.

Pharmacokinetics
No pharmacokinetic data are available for pau d’arco. 
Studies with lapachol in humans indicated that intestinal 
absorption was considerably less than that determined for 
the rat.113

Bioavailability was reported to be low for isolated beta-
lapachone. Complexation with beta-cyclodextrin was found to 
greatly improve its solubility and bioavailability.114 However, 
beta-lapachone may be more bioavailable in the natural plant 
matrix than in its isolated form.

Clinical trials
Although pau d’arco contains potentially toxic active com-
ponents that can generate free radicals and interfere with 
mitochondrial respiration and blood coagulation, there is no 
evidence that the long-term use of the inner bark is unsafe, 
provided certain precautions are observed (the dosage should 
not be too high).

However, it also follows that the therapeutic effects of the 
inner bark are likely to be mild, and the herb should not be 
relied upon as a sole treatment for cancer or infections. One 
qualification of this is the immune-enhancing potential of pau 
d’arco, which could eventually lead to a re-evaluation of its 
therapeutic potential. This property requires more investiga-
tion in well-designed clinical studies.

Cancer
A phase I clinical trial of lapachol was initiated in 1967 at 
the Baltimore Cancer Research Center. The trial involved 
21 leukaemia patients, each of whom was initially given cap-
sules containing 0.25 or 0.5 g lapachol and later switched 
to a syrup formulation. The trial was stopped prematurely 
because prolonged prothrombin times (that is, potential 
anticoagulation effects) were observed at the high oral doses 
required to test for antitumour activity. The high oral doses 
also resulted in nausea and vomiting, while measurements of 
plasma lapachol showed intestinal absorption of lapachol to 
be considerably less than previously determined for rats.113 
However, lapachol may be much better absorbed from its 
natural plant matrix.

In a later study, prescription of lapachol (daily dose 20 
to 30 mg/kg) caused shrinkage of tumours and reduction 
in pain for nine cancer patients partaking in a small clini-
cal trial. Three patients ceased the treatment due to expe-
riences of nausea and vomiting, the other patients had 
no significant side effects. Three patients had complete 
remissions.115
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Toxicology and other safety data

Toxicology
Despite the widespread use of pau d’arco preparations, often 
for lengthy periods, there is no apparent evidence of toxicity 
in humans. Some toxicity studies have been carried out on 
isolated constituents. De Santana and co-workers reported 
intraperitoneal LD50 values in white mice at 1600 mg/kg  
for lapachol, 600 mg/kg for xyloidone and 80 mg/kg for beta-
lapachone.15 Lapachol had a relatively high therapeutic index 
of nearly 20. In 1970 the toxic effects of lapachol were stud-
ied in rodents and other animals. The LD50 for mice was 
621 mg/kg and for albino rats >2.4 g/kg. The following signs of 
toxicity were recorded: moderate-to-severe anaemia, reticulo-
cytosis, normoblastosis, transient thrombocytosis and leuco-
cytosis and elevated serum alkaline phosphatase activity and 
prothrombin times.116

The LD50 data for pau d’arco constituents are summarised 
below and include the above studies.

Substance Route, model LD50 Reference

Lapachol Oral, mice 621 mg/kg 116

Lapachol Oral, male mice 487 mg/kg 116

Lapachol Oral, female mice 792 mg/kg 116

Lapachol Oral, rats >2.4 g/kg 116

Lapachol ip, mice 400 mg/kg 117

Lapachol ip, mice 1.6 g/kg 118

Xyloidone ip, mice 600 mg/kg 118

Beta-lapachone ip, mice 80 mg/kg 118

No lethal effect was observed in dogs given daily oral doses 
of 0.25 to 2 g/kg of lapachol, 6 days per week for 4 weeks. 
Monkeys were treated on the same schedule (at doses of  
0.625 to 1 g/kg) and death occurred after six doses of 0.5 g/kg  
and after five doses of 1 g/kg. Severe anaemia, elevated 
alkaline phosphatase activity and other blood changes also 
occurred in dogs and monkeys. Haemorrhage was not 
observed and clotting times in dogs remained normal even 
though prothrombin times were elevated.116

Information provided to the Brazilian Ministry of Health 
in 1967 indicated that purple pau d’arco had ‘no toxicity’.119 
Studies conducted 2 years later confirmed a low toxicity for 
T. avellanedae extracts in rats.120 It was not possible to meas-
ure the LD50 due to the lack of mice deaths, even at the high 
concentration of inner bark aqueous extract administered  
(1 to 5 g/kg, oral).121 No toxic effect was observed from an 
ethanol extract of the inner bark of T. serratifolia (1 g/kg, oral, 
or 100 mg/kg, iv).7

A study investigating the mutagenicity of naphthoqui-
nones using the Ames test found lapachol was not mutagenic 

towards any of the tested strains.122 However, when male 
Wistar rats were given single oral doses of lapachol (122, 
244 and 365 mg/kg), the highest dose produced a significant 
increase in the frequency of micronucleated polychromatic 
erythrocytes and chromosomal aberrations in bone marrow 
cells, indicating potential clastogenic effects.123

Adult male Wistar rats were treated orally with 100 mg/
kg lapachol for 5 days.124 Analysis 3 or 14 days later found 
that lapachol at 3 days post-treatment significantly reduced 
seminal vesicle weight. No other significant changes were 
observed. Male and female Wistar rats were given beta- 
lapachone (40, 80 and 160 mg/kg, ip) for 21 days.125 All 
doses promoted significant increases in white cell count, liver 
enzymes, bilirubin and alkaline phosphatase. The highest 
dose resulted in abnormal spleen histology, but there were no 
changes in liver structure.

Contraindications
Pau d’arco is contraindicated in pregnancy.

Special warnings and precautions
Patients on anticoagulant therapy should be prescribed pau 
d’arco with caution due to the warfarin-like action of naph-
thoquinones at high doses.

Although pau d’arco contains constituents that can gener-
ate free radicals and interfere with mitochondrial respira-
tion and blood coagulation, there is no evidence that the pau 
d’arco will cause adverse effects if taken within the recom-
mended dosage and guidelines. The therapeutic effects of pau 
d’arco are likely to be mild and it should not be relied upon as 
a sole treatment for cancer or infections.

Caution is advised for women wishing to conceive. Do 
not use pau d’arco during lactation except under professional 
advice.

Interactions
Although there is no evidence that pau d’arco (as opposed to 
lapachol) has any effect on blood coagulation, it should only 
be cautiously combined with anticoagulant drugs and under 
professional supervision. High doses of lapachol have caused 
prolonged prothrombin time in patients (see under Side 
effects).

Use in pregnancy and lactation
Category D – has caused or is associated with a substantial 
risk of causing fetal malformation or irreversible damage.

Decoction of Tabebuia heptaphylla (in formulations) 
is recommended for inducing abortion in Argentinean folk 
medicine, although it is possible that other plants in the 
formula are the abortifacients.119 Yellow-flowered Tabebuia 
argentea (T. aurea) is part of a formula used by indigenous 
people of Paraguay to induce abortion. Other plants in the 
formula include rue (Ruta graveolens) and caroa (Jacaranda 
mimosifolia). The part of the Tabebuia used was not 
defined.7,126
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The results of animal studies investigating the effect of 
lapachol on reproduction are summarised below. As can be 
seen, results are conflicting.

Lapachol 
administration, 
route and 
pregnancy model

Day 
administered

Results Ref.

10 mg (approx. 
56 mg/kg), oral, rats

Day 8 to 12 99.2% fetal mortality 
rate

127

20 mg (approx. 
112 mg/kg), oral, rats

Day 8 to 12 100% fetal mortality 
rate

128

100 mg/kg, oral, rats Day 17 to 20 No effect on implantation 
or resorption  
Fetal growth retardation 
occurred

129

100 mg/kg, oral, rats Day 1 to 5 100% fetal resorption 130

100 mg/kg, oral, rats Day 7 to 12 78.7% fetal resorption 
Fetal malformation 
observed at day 21 
(5.8% exophthalmia, 
11.6% leporine lip)

130

100 mg/kg, oral, rats Day 14 to 19 No fetal resorption 130

20 mg/kg, im, mice Day 1 to 7 100% inhibition of 
pregnancy

131

20 mg/kg, im, mice Day 1 to 3 71.2% inhibition of 
pregnancy

131

20 mg/kg, im, mice Day 4 to 6 84.5% inhibition of 
pregnancy

129

100 to 200 mg/kg, 
oral, rats

Day 3 to 5 No effect on 
implantation or 
resorption

132,133

100 mg/kg, oral, rats Day 1 to 5 No effect on 
embryonic 
development

133,134

Beta-lapachone (40, 80 and 160 mg/kg, ip) was adminis-
tered to pregnant female Wistar rats on days 7 to 12 of gesta-
tion.125 Significant fetal toxicity and resorption was observed 
at all doses, together with a range of malformations.

Pau d’arco is compatible with breastfeeding but best used 
with caution.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
A case was reported of hepatic failure in a man who was self-
treating mild multiple sclerosis with zinc, skullcap tablets and 
pau d’arco tablets. The authors postulated that the skullcap 
tablets were adulterated, possibly with Teucrium species.135

Adverse effects were recorded in patients taking high 
doses of lapachol during an uncontrolled clinical trial. No 
toxicity was observed at oral doses below 1.5 g. Above this 
dosage, nausea and vomiting were usual, although the unpal-
atable nature of the formulation may have contributed. Liver 
function tests were normal. At doses above 2 g/day pro-
thrombin time was often markedly prolonged and required 
correction with parenteral vitamin K. The results of other 
tests for clotting were normal.113 This is a high dose of lapa-
chol and there is no evidence to suggest that pau d’arco 
would cause similar effects at its recommended dosage.

Allergic contact dermatitis caused by exposure to lapachol 
and other naphthoquinones has been reported in woodwork-
ers.136,137 Occupational exposure to Tabebuia spp. dust was 
reported to cause asthma in a worker in Brazil. After removal 
from exposure to the herb, serial lung function measurements 
showed sustained improvement. Skin prick tests were posi-
tive and specific bronchial challenge showed a late asthmatic 
reaction.138

Overdosage
No incidents found in published literature. Information pro-
vided to the Brazilian Ministry of Health in 1967 indicated 
that patients taking an extract of purple pau d’arco in a high 
dose ‘will feel a slight irritation, a sort of itchiness, although it 
is of no consequence … A person can take 5 g/kg (of extract) 
daily with no damage’.119 (Although not defined, it is possible 
that these were aqueous extracts.)

Safety in children
Information provided to the Brazilian Ministry of Health in 
1967 indicated that purple pau d’arco was suitable to admin-
ister to children.119

Regulatory status in selected 
countries

Pau d’arco is not covered by a Commission E monograph and 
it is not on the UK General Sale List.

Pau d’arco does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Pau d’arco is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Peppermint

(Mentha x piperita L.)

Synonyms

Pfefferminze, Katzenkraut (Ger), menthe anglaise, menthe 
poivrée, feuilles de menthe (Fr), menta prima (Ital), peber-
mynte (Dan).

What is it?

The mints, including peppermint, are amongst the oldest 
European herbs used for both culinary and medicinal pur-
poses. The Greeks and Romans crowned themselves with 
peppermint at their feasts and adorned their tables with its 
sprays. Their cooks flavoured both their sauces and their 
wines with its essence. Peppermint was cultivated by the 
Egyptians and is mentioned in the Icelandic pharmacopoe-
ias of the 13th century, but only came into general use in 
the medicine of western Europe in the 18th century. Mints 
are used in both home remedies and pharmaceutical prepara-
tions to relieve the stomach of intestinal gas associated with 
the consumption of certain foods; hence the many different 
varieties of after-dinner mints. Menthol, a major compound in 
peppermint, has been used as an inhalant for upper respira-
tory ailments and as an ingredient in many liniments and rubs 
for sore muscles. Recently, peppermint oil has been estab-
lished as an evidence-based treatment for irritable bowel syn-
drome (IBS) symptoms.

Effects

Gastrointestinal spasmolytic; carminative; increases bile pro-
duction; reduces cough frequency; local anaesthetic; antimi-
crobial; activates the TRPM8 ion channel in cold-sensitive 
sensory neurons; regulates body temperature during fever.

Traditional view

Peppermint was used to treat flatulent colic, digestive pain, 
cramps and spasms of the stomach, dyspepsia, nausea and 
vomiting, morning sickness and dysmenorrhoea. As an inhal-
ant it was used to relieve the cough of bronchitis and pneu-
monia and to induce perspiration in the early phase of a cold. 
The bruised fresh herb was applied over the bowel to allay a 
sick stomach and the same kind of application was also used 
to relieve headaches.1,2 An infusion of peppermint in combi-
nation with wood betony and caraway was used in the treat-
ment of nervous disorders and hysteria and in combination 
with elder flowers, yarrow or boneset for the treatment of 
colds and mild cases of influenza.3

Summary actions

Spasmolytic, carminative, cholagogue, antiemetic, antitus-
sive, antimicrobial, diaphoretic. Locally: antiseptic, analgesic, 
antipruritic.

Can be used for

Indications supported by clinical 
trials
Indications supported by trials using menthol: to reduce air-
way hyper-responsiveness in asthma (by inhalation).

Indications supported by trials using peppermint oil: symp-
toms of IBS (good evidence); postoperative nausea; bacterial 
lung infection (by inhalation); topically as an analgesic for 
headaches and postherpetic neuralgia.

Indications supported by trials using a combination of pep-
permint oil and caraway oil: non-ulcer dyspepsia.

Indications supported by trials using peppermint leaf 
in combination with other herbs: for the treatment of 
dyspepsia.

Traditional therapeutic uses
Digestive disorders (dyspepsia, flatulence, colic, cramps, vom-
iting, nausea); inhalation and oral doses for respiratory disor-
ders (bronchitis, cough, colds, influenza); headaches (topically) 
and nervous disorders.

May also be used for

Extrapolations from pharmacological 
studies
Reduction in pain sensitivity by activating the endog-
enous opiate system and TRPM8 ion channels; counter-
ing increased bronchial secretion and inhibition of cough; 
reduction of dental plaque by topical application; antiviral 
effects by topical application; acceleration of gastric empty-
ing time.

Other applications
Peppermint leaf and oil are widely used as flavourings in 
medicinal teas, cough preparations, food products and bever-
ages.4 Peppermint leaf has also been used as a carminative in 
antacid products.5
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Preparations

As with all essential oil-containing herbs, use of the fresh 
plant or carefully dried herb is advised. Keep covered if infus-
ing the herb to retain the essential oil.

Dried leaf as an infusion, liquid extract, tincture or essen-
tial oil for internal use. The essential oil dissolved in alcohol 
works well for topical use.

Dosage

l	 6 to 9 g/day of the dried leaf or as infusion
l	 1.5 to 4 mL/day of 1:2 liquid extract, 3.5 to 11 mL/day of 

1:5 tincture, or equivalent doses in other dosage forms
l	 0.6 to 1.8 mL/day of the essential oil.

Duration of use

May be taken long term for most applications.

Summary assessment of safety

No significant adverse effects from the ingestion of pep-
permint leaf are expected, but higher doses of the essential 
oil can produce a variety of adverse reactions including skin 
rashes, headaches, bradycardia, muscle tremor, heartburn and 
ataxia. The oil and herb can rarely cause contact dermatitis 
and large quantities of the oil in the stomach will predispose 
to gastric reflux and heartburn (as might be expected from its 
carminative properties).

Technical data

Botany
Mentha × piperita, a member of the Labiatae (Lamiaceae, 
mint) family, is a perennial plant approximately 50 cm in 
height with quadrangular stems terminated with a flower 
spike consisting of numerous congested whorls. The leaves 
have very short petioles, are opposed, ovate-lanceolate from 
a wedge shape to an almost heart-shaped base. They have a 
venation that gives them a rough-textured appearance, are 
dark green on the upper surface and slightly paler on the 
lower. The pinkish mauve flowers are tubular with four lobes, 
one of which is normally larger than the others, contained 
within a calyx with five pointed lobes. The fruits are dark, 
four-sectioned, glossy ovoid cremocarps. The plant is always 
sterile and has a pungent peppermint scent.6,7 Peppermint is a 
hybrid species from two parents: Mentha spicata (spearmint) 
and Mentha aquatica (water mint).8

Adulteration
Although many Mentha species are also used, notably Mentha 
arvensis and M. spicata, the cultivation of most peppermint 
makes confusion rare. Peppermint oil is liable to augmentation 
with extra menthol, synthetic or natural menthofuran and 
menthyl acetate.

Adulteration with Mentha pulegium (pennyroyal) may 
occur from wildcrafting.9

Key constituents
l	 Essential oil (0.5% to 4%), consisting predominantly of 

menthol (35% to 45%) and (−)-menthone (10% to 30%)10

l	 Flavonoids, tannins (6% to 12%), triterpenes and bitter 
substances.11

(–)-Menthol (–)-Menthone Menthofuran

O OOH

The European Pharmacopoeia recommends that whole 
peppermint leaf contain not less than 12 mL/kg and the cut 
leaf not less than 9 mL/kg of essential oil.12 Peppermint oil is 
obtained by steam distillation from the fresh aerial parts of 
flowering Mentha × piperita.13

Pharmacodynamics

Gastrointestinal effects
The in vitro effects of peppermint oil on the gastrointestinal 
smooth muscle of guinea pigs and rabbits resemble those of 
calcium antagonist drugs. Peppermint oil markedly attenu-
ated contractile responses in guinea pig taenia coli to acetyl-
choline, histamine, serotonin and substance P. It also reduced 
contractions evoked by potassium depolarisation and inhib-
ited potential-dependent calcium currents in rabbit jeju-
num smooth muscle cells in a dose-dependent manner.14 
Intravenous administration of an aqueous solution of pepper-
mint oil reduced morphine-induced spasm in Oddi’s sphincter 
in guinea pigs.15

Peppermint leaf extract demonstrated spasmolytic activity 
on acetylcholine-, carbachol- and histamine-induced contrac-
tions in isolated guinea pig ileum.16,17 An aqueous solution of 
flavonoids isolated from peppermint inhibited barium chlo-
ride-induced contractions in a similar model.18

The intraluminal (topical) administration of peppermint 
oil to the sigmoid colon of five normal people produced 
increased intraluminal pressure, abdominal cramps and the 
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urge to defecate and micturate, which suggested a wide-
spread stimulation of smooth muscle.19 This might reflect a 
local irritant effect of the peppermint oil, since in other stud-
ies examining the impact of peppermint oil on colonic spasm 
during colonoscopy the opposite effect was observed. For 
example, peppermint oil injected along the biopsy channel of 
the colonoscope in 20 patients relieved colonic spasm within 
30 s, allowing easier passage of the instrument or assisting 
in polypectomy. Due to the potential irritant action of pep-
permint oil, a diluted suspension is often used with equally 
good effects.20 The direct administration of 15 drops of pep-
permint oil in 30 mL of water into the stomachs of 27 vol-
unteers caused relaxation of the lower oesophageal sphincter 
and equalisation of intragastric and intra-oesophageal pres-
sures (carminative activity). Reflux occurred in 25 out of  
27 patients within 1 to 7 min of administration. The sphincter 
relaxation lasted approximately 30 s and was terminated by an 
oesophageal peristaltic wave.21

Since the above research, several clinical trials have dem-
onstrated that intraluminal administration of peppermint oil 
reduces gastric and colonic spasm, and is safe and useful for 
upper gastrointestinal endoscopy, colonoscopy and double 
contrast barium enema examination (DCBE). A prospective, 
case-controlled study evaluated the efficacy of orally admin-
istered peppermint oil (10 mL of a 1.6% emulsified solution) 
as an antispasmodic for DCBE. Oral peppermint oil emulsifi-
cation reduced spasm of the oesophagus, lower stomach and 
duodenal bulb and improved the diagnostic quality of the 
procedure, without requiring injection of an antispasmodic 
drug.22 The efficacy of topical peppermint oil in producing 
duodenal relaxation has also been demonstrated in endoscopic 
retrograde cholangiopancreatography.23 Clinical studies indi-
cate that the duration of the spasmolytic action of pepper-
mint oil is limited to approximately 20 min.24

The above effects were confirmed in a large study where 
409 patients received about 200 mL of an oil-in-water emul-
sion containing 8 mL/L of peppermint oil and 0.2 mL/L of 
Tween 80 via a colonoscope using a hand pump.25 A spas-
molytic action was seen in 88.5% of treated patients versus 
33.3% of 36 controls (p<0.0001). Onset was in seconds and 
the spasmolytic effect lasted for at least 20 min, although the 
efficacy was significantly lower in patients with IBS.

Results from a randomised, double blind, controlled trial 
in 100 patients found that intraluminal administration of a 
peppermint oil solution had superior efficacy and fewer side 
effects than injection of hyoscine-N-butylbromide during 
upper endoscopy, in terms of reducing hyperperistalsis in the 
stomach.26 A pilot study in 10 healthy men found that pep-
permint oil (0.64 mL) combined with a test meal accelerated 
only the early stages of gastric emptying.27 An earlier study 
found peppermint oil accelerated gastric emptying rate in 
both dyspeptic patients and controls. The gastric empty-
ing rate of dyspeptic patients became comparable with age-
matched controls after administration of 0.2 mL peppermint 
oil in 25 mL of water (p<0.001).28

Development of symptoms in functional gastrointesti-
nal disorders is frequently preceded by acute gastrointestinal 
infections and linked to visceral hyperalgesia. Administration 
of a peppermint and caraway oil preparation reduced 

experimentally induced visceral hyperalgesia in rats.29 The 
effects of enteric-coated and non-enteric-coated preparations 
each containing 90 mg peppermint oil and 50 mg caraway oil 
were studied on gastroduodenal motility in six healthy vol-
unteers.30 Both preparations caused smooth muscle relaxa-
tion, with the effect of the enteric-coated preparation being 
relatively delayed. Each oil, tested separately by intraduode-
nal application to healthy volunteers, was found to contribute 
to this activity.31 Further testing in healthy volunteers (90 mg 
peppermint oil, 50 mg caraway oil) found that both oils 
relaxed the gallbladder, but only peppermint oil slowed oro-
caecal transit time.32 Neither oil in these quantities influenced 
gastric emptying time.

Peppermint aqueous extract (infusion) and isolated flavo-
noids given to rats by injection increased bile acid produc-
tion.18 A single oral dose of peppermint oil (0.83 mL/kg) to 
rats resulted in a 70% increase in bile flow.33

Peppermint oil in the intestinal lumen at concentrations 
varying from 1 to 5 mg/mL inhibited enterocyte glucose 
uptake via a direct action at the brush border membrane in 
vitro. This was thought to be due to changes in the charge on 
tight junctions between cells and to an inhibition of sodium-
linked active transport. The standard bolus dose of pepper-
mint oil for humans is about 400 mg and this could achieve 
a local concentration within the tested range in the intestinal 
lumen during the fasting state.34 An ethanolic extract of pep-
permint leaf demonstrated antiulcerogenic activity after oral 
doses when given to rats pre-treated with indomethacin.35

Antimicrobial and antiparasitic activity
Peppermint oil has shown significant antibacterial and anti-
fungal effects in several studies.36–38 Samples of 18 differ-
ent commercial peppermint oils were tested for antibacterial 
activity against 25 different species of bacteria and 20 dif-
ferent strains of Listeria monocytogenes isolated from dif-
ferent food sources. Antifungal activity was also assessed 
against Aspergillus niger, Aspergillus ochraceus and Fusarium 
culmorum. The chemical composition of the oils varied, with 
menthone ranging from 16.7% to 31.4%, menthol 32.1% to 
49% and menthofuran 5.1% to 12%. Growth of most of the 
species of bacteria tested, with the exception of Acaligenes 
faecalis, Flavobacterium suaveolens, Leuconostoc cremo-
ris, Pseudomonas aeruginosa and Streptococcus faecalis, was 
inhibited by some of the peppermint oils, with nine species 
being inhibited by all the oils. All strains of Listeria monocy-
togenes were inhibited by some peppermint oils, nine strains 
by all of the oils and one strain by only three of the oils. The 
three filamentous fungi were inhibited by all peppermint oils, 
but three oils showed a low activity against Fusarium culmo-
rum. The oils showing the most potent antibacterial activ-
ity were amongst the most ineffectual oils against one of the 
fungal species, and there appeared to be an inverse relation-
ship between antibacterial and antifungal activity.36 Another 
study found that peppermint oil (0.1%) was more inhibitory 
towards Gram-negative than Gram-positive bacteria.39

Peppermint oil has demonstrated moderate antimicrobial 
activity towards Candida albicans in vitro. Moderate activ-
ity was defined as a MIC (minimum inhibitory concentration) 
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value of between 0.6 and 1.5 mg/mL. (MIC is the lowest 
concentration of substance needed to prevent the growth of 
a bacterial or fungal suspension.) The MIC of essential oil of 
peppermint distilled from fresh leaf in Brazil was measured at 
0.6 mg/mL. The ethanol extract was inactive (defined as hav-
ing a MIC higher than 2 mg/mL). By comparison, the antibi-
otic drug nystatin had value of 0.05 mg/mL.40 In Yugoslavia, 
similar results were obtained (MIC 0.8 mg/mL), which was 
stronger than the antifungal drug bifonazole (2 mg/mL). 
Peppermint oil was also active against other pathogenic fungi, 
especially Trichophyton tonsurans (0.4 mg/mL).41

In Turkey, a research team tested four peppermint oils (one 
from Turkey, two from the USA, one from India) for in vitro 
antimicrobial activity against pathogenic bacteria. Variation in 
activity was observed between the oils. The best activity was 
against Listeria monocytogenes with MIC values for three of 
the oils ranging from 0.16 to 0.6 mg/mL. Staphylococcus aureus 
was inhibited by two oils (MIC 0.6 mg/mL). The activity 
towards Candida albicans was similar to that reported above 
(MIC 0.3 to 0.6 mg/mL for the four oils), and was weaker than 
the antifungal drug ketoconazole (MIC 0.1 mg/mL). In terms 
of components, menthol demonstrated stronger antimicrobial 
activity than menthone.42 Of several Mexican traditional herbs 
tested, an aqueous extract of peppermint effected relatively 
good inhibition of the growth of Helicobacter pylori.43

Peppermint oil inhibited the replication of a plasmid of 
Escherichia coli by 37.5% in vitro. (Plasmids are DNA mole-
cules that are self-replicating and transferable from one organ-
ism to another.) Menthol also had antiplasmid activity, with 
a concentration of 0.325 mg/mL approximating 100% plasmid  
elimination. An additive antibacterial activity against the  
E. coli strain was observed from the combination of either 
peppermint oil or menthol with oxytetracycline.44

Peppermint essential oil showed better activity than chlor
hexidine against the cariogenic organisms Streptococcus mutans 
and S. pyogenes in vitro using antibacterial and biofilm mod-
els.45 A peppermint essential oil toothpaste was more effective 
than chlorhexidine in controlling supragingival dental plaque.

Of a range of extracts and fractions of peppermint, the 
dichloromethane fraction showed the best in vitro inhibition 
of Giardia lamblia.46 However, peppermint essential oil was 
less active in vitro against Giardia than several other oils con-
taining phenolic compounds.47

Peppermint oil demonstrated a virucidal activity on herpes 
simplex virus type 1 (HSV-1) and type 2 (HSV-2) in vitro. 
The effect was similar to that previously documented for tea 
tree oil. The oil affected the virus before its adsorption onto 
the cell, but not after penetration, indicating that it had a 
direct virucidal action. It was also active against an acyclovir-
resistant strain of HSV-1.48 Aqueous extracts from pepper-
mint, sage and lemon balm displayed strong anti-HIV activity 
in vitro and ex vivo, acting directly on the virion before entry 
into the cell.49 These observed antiviral activities would be 
most relevant to topical use.

Respiratory effects
Volatile aromatics such as menthol exhibit a surfactant-like 
effect in vitro. In vivo, menthol decreased the surface ten-
sion between water and air and therefore improved lung 

compliance values.50 Oral administration of a fraction 
obtained from an aqueous ethanolic extract of peppermint 
inhibited nasal symptoms, sneezing and nasal rubbing induced 
by antigen challenge in sensitised rats in an experimental 
model of allergic rhinitis.51 Menthol inhalation produced a sig-
nificant reduction in cough frequency and an increase in cough 
latency in guinea pigs challenged with aerosolised citric acid 
for 2 min, demonstrating the efficacy of menthol as an antitus-
sive in chemically induced cough.52

In studies on healthy volunteers (inhalation of menthol 
vapour)53,54 and those with nasal congestion associated with 
common cold infection (oral administration of a menthol 
lozenge),55 menthol brought about a change in the nasal sen-
sation of airflow, with a subjective sensation of nasal decon-
gestion. However, it had no effect on the nasal resistance to 
airflow. This finding is due to a significant pharmacological 
action on nasal sensory nerve endings and is unrelated to the 
peppermint smell.56 These findings were confirmed in a study 
involving 18 healthy volunteers who inhaled menthol vapour 
and rated their subjective impression of nasal potency.57 
Objective measurements included the septal mucosal temper-
ature within the nasal valve area and nasal airflow. While 16 of 
the 18 volunteers reported a subjective improvement of nasal 
breathing after menthol inhalation, there were no significant 
changes in measured nasal airflow and mucosal temperature. 
These results support the hypothesis that menthol leads to a 
direct stimulation of mucosal cold receptors creating a subjec-
tive feeling of clear and wide nasal passages, but without any 
objective change in nasal airflow.

The transient receptor potential (TRP) channel melasta-
tin 8 (TRPM8) is a non-selective cation channel on primary 
afferent nerve fibres activated by noxious and innocuous cool 
temperatures.58 TRPM8 is the predominant thermoceptor for 
cellular and behavioural responses to cold temperatures. It is 
now recognised that TRPM8 is also activated by compounds 
evoking cooling sensations such as menthol. The above effects 
on nasal sensations are probably mediated by TRPM8 stimula-
tion by menthol. See also below.

The spasmolytic and secretolytic effects of an ointment 
containing menthol, camphor and essential oils were tested 
in animals. Acetylcholine-induced bronchospasm was reduced 
by 50% when the ointment was insufflated through the res-
piratory tract, whereas the epicutaneous application of the 
ointment produced only a slight reduction. Significant secre-
tolytic effects were demonstrated after insufflation and topi-
cal administration.59 Using magnetic resonance imaging, the 
secretory response to essential oil inhalation was assessed in 
vivo in rats.60 Scotch pine and rosemary oils increased tra-
cheal respiratory secretions, but peppermint oil had no effect. 
Peppermint oil (100 and 300 µg/mL) exhibited spasmolytic 
activity on rat trachea in vitro via mechanisms involving pros-
taglandins and nitric oxide synthase.61

Analgesic effects
An ethanolic extract of peppermint produced dose-dependent 
central and peripheral analgesic effects in vivo when admin-
istered orally or via injection at relatively high doses (200 to 
400 mg/kg) to mice.62
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Topical application of menthol (1% to 30% concentra-
tion in ethanol) showed a major antinociceptive activity in 
the early phase of the pain response using the formalin test 
in mice. Menthol-induced analgesia was blocked by naloxone 
and potentiated by bestatin. Menthol also produced antino-
ciceptive effects in the hot plate test of mice and hind paw 
pressure test in rats, but did not inhibit carrageenan-induced 
paw oedema in rats and synthesis of prostaglandin E2 in vitro. 
These results suggest that menthol produces antinociceptive 
effects by activation of the endogenous opioid system and/or 
partially by local anaesthetic actions, but without anti-inflam-
matory effects.63 (However, an anti-inflammatory effect was 
seen in one study; see below.)

The long-lasting cooling effect produced by the topical 
application of peppermint oil is caused by a steric alteration of 
the calcium channels of cold receptors.64,65 In a double blind, 
crossover study in 15 healthy volunteers, the analgesic activ-
ity of peppermint oil was differentiated from the physical 
effect resulting from heat of evaporation and appeared to be 
based on central inhibitory effects mediated by cold-sensitive 
A delta nerve fibres.66 Further experimental studies indicate 
that this central analgesic activity of menthol could occur via 
activation of the kappa opioid system.67

A role for TRPM8 in nocioceptive pathways has been 
described. This led a team of researchers to investigate the 
role of this ion channel in colonic sensory pathways as a pos-
sible explanation for the value of peppermint oil in IBS.68 
TRPM8 was present on a select population of colonic high 
threshold sensory neurons, which may also co-express pain-
sensing (TRPV1) and mechanosensory (TRPA1) receptors. 
TRPM8 activation couples to these to inhibit their down-
stream actions, thereby potentially relieving sensations of pain 
and fullness in IBS patients.

Radioprotective activity
Aqueous extract of peppermint leaf (1 g/kg) given orally to 
mice prior to exposure to gamma radiation provided a pro-
tective effect. In comparison with control animals, admin-
istration of peppermint increased spleen weight, improved 
haematological parameters, protected intestinal mucosa, pro-
vided antioxidant activity and protected against chromosomal 
damage in bone marrow.69–71 Enhanced survival and improved 
haematological parameters were also observed in separate 
experiments after oral administration of peppermint essen-
tial oil (0.04 mL per animal).72 Peppermint leaf extract (1 g/
kg/day for 3 days, oral) before radiation exposure protected 
against testicular damage in mice.73 These and other stud-
ies were the subject of a 2010 review of the radioprotective 
properties of peppermint.74

Other effects
Peppermint oil induced a significant increase in the skin blood 
flow of capillaries of the forehead in healthy subjects and 
migraine patients after local application, as measured by laser 
Doppler flowmetry.75

A methanolic extract of peppermint exhibited neuropro-
tective and MAO-A (monoamine oxidase A) inhibiting activi-
ties in vitro.76

A dried aqueous extract of peppermint containing approxi-
mately 3.3% flavonoids, 18.4% tannins and 1.2% essential 
oil produced an initial excitatory effect followed by a mild 
sedative action on mice at a dose of 1000 mg/kg. The initial 
excitation was thought to be due to a stimulation of the sen-
sorial system. The same extract also showed a mild diuretic 
activity.77

An ethanolic extract of peppermint demonstrated anti-
inflammatory activity in rodent models of acute and chronic 
inflammation. The extract was administered by injection in 
the former model and by oral route in the latter at doses of 
200 to 400 mg/kg.62

Daily consumption of peppermint tea (20 g/L) instead of 
drinking water decreased total testosterone levels and sper-
matogenesis in male rats, compared with a control group. 
Follicle stimulating hormone and luteinising hormone levels 
were increased.78

Antitumour and antigenotoxic activity was demonstrated 
for oral administration of peppermint (water extract, 1 g/kg) 
given subsequent to an initiating dose of benzo(a)pyrene in 
newborn mice. Antioxidant effects may have contributed to 
this demonstrated activity.79 Dietary additions of menthol and 
limonene resulted in a significant inhibition of DMBA-initiated 
rat mammary tumours.80

The action of peppermint tea (2%, w/v) as drinking water 
for 4 weeks on hepatic drug metabolising enzymes was inves-
tigated in rats. The activities of cytochrome P450 1A2 and 
2E were significantly decreased.81 Single oral doses of men-
thol (468 mg/kg) or cineole (262 mg/kg) inhibited HMG-CoA 
reductase activity in rats by up to 70%. The effect was spe-
cific and not due to generalised hepatotoxicity.82,83

The addition of dried peppermint leaf at 5% to feed did 
not significantly affect dry matter intake, nutrient digestibil-
ity, ruminal fermentation or milk production in early lactat-
ing dairy cows. Compared with cows on a control feed, there 
was no difference in milk composition, except for the milk fat 
content. There was a tendency for the milk fat content to be 
lower in the cows receiving peppermint.84 Peppermint inges-
tion by late lactating cows led to decreased nutrient digest-
ibility, which may have been due to a difference in the passage 
rate of the feed. (The passage rate of feed in early lactating 
cows is higher than that in late lactating cows.)84,85

Pharmacokinetics
Peppermint oil was relatively rapidly absorbed after oral 
administration to rats and eliminated mainly via the bile. The 
major biliary metabolite is menthol glucuronide, which under-
goes enterohepatic circulation. Urinary metabolites included 
a series of mono- and dihydroxymenthols and carboxylic 
acids, some of which were excreted in part as glucuronic acid 
conjugates.86 Pharmacokinetic studies in healthy volunteers 
demonstrate that peppermint oil in normal capsules gives 
higher peak excretion levels of menthol (as glucuronide) than 
enteric-coated capsules. Peppermint oil is mainly absorbed in 
the upper gastrointestinal tract unless enterically coated, and 
hence should be taken in this form for effects in the lower 
gastrointestinal tract.24,87



788

Materia MedicaP A R T  T H R E E

Clinical trials

Gallstones
In a controlled, double blind trial, the addition of men-
thol to ursodeoxycholic acid significantly reduced the size 
of gallstones by assisting in their dissolution, and low-
ered the incidence of stone calcification.88 A proprietary 
choleretic product containing menthol 32%, pinene 17%, 
menthone 6%, borneol 5%, camphene 5% and cineole 2% 
dissolved in olive oil (hence with a similar profile to pep-
permint oil) significantly lowered the cholesterol saturation 
index of human bile. Twenty-four patients with radiolu-
cent gallstones were given two capsules three times daily 
for periods in excess of 6 months in an uncontrolled study. 
At 6 months the gallstones had disappeared in two patients 
and were significantly fewer or smaller in a further three 
patients. The stones in the remaining 19 patients were 
unchanged, but one of these showed evidence of a reduc-
tion in size after 1 year.89

Irritable bowel syndrome
There is high level clinical evidence that enteric-coated pep-
permint oil can alleviate symptoms of IBS. A review pub-
lished in 2005 found 16 clinical trials dating from 1979 
to 1997.90 All but two were randomised and double blind 
in design (the others were open label studies). Of the ran-
domised, double blind trials, nine were also crossover. 
Twelve trials were placebo-controlled, and three utilised 
anticholinergic drugs for comparison. One trial investigated 
recurrent abdominal pain in children, and was included in 
the review due to the spasmodic nature of this condition. In 
total, 651 patients were enrolled. Eight of the 12 placebo-
controlled trials showed statistically significant effects for 
administration of peppermint oil. Overall, the results indi-
cate that peppermint oil administered orally in an enteric-
coated form is a safe and efficacious symptomatic short-term 
treatment. Peppermint oil reduced global symptoms and 
pain. In 11 of the 16 studies the efficacy was assessed by a 
daily patient rating of a set of or selected symptoms (e.g. 
abdominal pain, distension, flatulence, stool frequency, stool 
quality, urgency, bloating, frequency of attacks and sever-
ity of attacks). To allow for comparison of results, ‘overall 
success’ (overall benefit, global improvement, overall assess-
ment) was calculated where possible in the review process. 
Such average response rates were 58% for peppermint oil 
and 29% for placebo. No differences were observed in the 
three comparative trials against smooth muscle relaxant 
drugs, suggesting a similar efficacy between peppermint oil 
and the anticholinergics. Thirteen of the 16 trials used a 
defined peppermint oil preparation with enteric coating. 
(Peppermint oil capsules are usually enteric coated to pre-
vent the side effect of gastric reflux and to deliver the dose 
further down the gastrointestinal tract.) Dosage was one to 
two capsules, three times a day, with each capsule containing 
between 182 and 200 mg of peppermint oil. Treatment dura-
tion was usually 2 to 4 weeks. Mild and transient adverse 
effects were observed: heartburn, anal burning or discom-
fort for peppermint oil, dry mouth and blurred vision for the 

anticholinergics.90 An earlier meta-analysis that assessed five 
of these trials (1979 to 1991) found a significant (p<0.001) 
global improvement of IBS symptoms in patients treated 
with peppermint oil compared with placebo, but did note 
methodological flaws.91

Trials of peppermint oil in IBS published since 1997 add 
further weight to the positive findings of the 2005 review. In 
a randomised, double blind trial, 42 children with IBS (aged 8 
to 17 years) received enteric-coated peppermint oil capsules 
(270 to 540 mg/day) or placebo.92 After 2 weeks, 75% of the 
children in the peppermint oil group experienced reduced 
pain severity compared with 43% for placebo. An Italian study 
assessed the impact of enteric-coated peppermint oil (1590 mg/
day) or placebo for 3 months in 178 patients with IBS.93 Using 
a double blind, placebo-controlled design there was a significant 
advantage observed for peppermint oil over placebo in terms of 
overall symptoms, with 80% improved versus 36%, respectively 
(p<0.02). Another Italian study over 4 weeks used a similar 
design in a trial involving 57 patients with IBS.94 Symptoms 
evaluated included abdominal bloating, abdominal pain, diar-
rhoea, constipation and passage of gas or mucus. By the end 
of the trial, 75% of patients taking peppermint oil achieved a 
>50% reduction in symptom score, compared with 39% in 
the placebo group (p<0.009). Only the herbal group exhib-
ited a significant overall reduction in symptom score compared 
with baseline (p<0.01). A randomised, double blind Iranian 
trial over 8 weeks assessed 540 mg/day of enteric-coated pep-
permint oil or placebo in 90 patients with IBS.95 There was a 
significant difference favouring peppermint oil in terms of the 
number of pain-free patients (p<0.001) by the end of the trial.

A systematic review and meta-analysis identified and com-
bined four high-quality trials of peppermint oil (average Jadad 
score 4.25) and found that it was more effective than fibre 
or conventional antispasmodic drugs in relieving symptoms 
of IBS.96 Compared with placebo, the relative risk of persis-
tent symptoms after peppermint oil use was 0.43 (confidence 
interval 0.32 to 0.59). This meta-analysis included the two 
Italian trials93,94 discussed above and two earlier trials.

Treatment with enteric-coated peppermint oil (540 mg/day 
for 20 days) is said to have reduced small-intestinal over-
growth in one patient with IBS and improved symptoms,97 
although the method used to assess efficacy (breath hydrogen 
excretion) has been questioned.98

The spasmolytic activity of peppermint oil on the gastroin-
testinal tract has been demonstrated in a number of studies in 
patients undergoing diagnostic procedures (see Gastrointestinal 
effects under Pharmacodynamics for more details).

Other gastrointestinal disorders
Fifty-four patients with non-ulcer dyspepsia were given one 
enteric-coated capsule containing 90 mg of peppermint oil and 
50 mg of caraway oil three times a day in a double blind, pla-
cebo-controlled, multicentre trial. After 4 weeks of treatment 
the intensity of pain (p=0.015) and global clinical impression 
score (p=0.008) were significantly improved for the active 
group compared with the placebo group. Before treatment 
commenced, all active patients reported moderate to severe 
pain, but by the end of the study 63.2% were pain free and 
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26.3% reported a reduction of their pain.99 The same prepara-
tion at the same dose was found to have comparable efficacy 
to the drug cisapride in a randomised, double blind trial con-
ducted over 4 weeks in 118 patients with functional dyspep-
sia.100 Another trial in 223 patients with non-ulcer dyspepsia 
established the superiority of the enteric-coated capsule deliv-
ery over a normal acid-soluble capsule in terms of reduced side 
effects, although both preparations exhibited somewhat com-
parable efficacy when the differing dosage used is taken into 
account.101 The enteric-coated peppermint and caraway oil 
combination was tested against placebo at two capsules per 
day for 28 days in 96 patients with functional dyspepsia in a 
randomised, double blind trial.102 There were significant reduc-
tions in a variety of typical symptoms for the active group com-
pared with placebo. The herbal treatment was well tolerated.

In two randomised, double blind trials, a tablet containing 
fennel fruit, peppermint, caraway and gentian was evaluated 
in patients with idiopathic dyspepsia. The tablets reduced 
both acute and chronic symptoms.103 A liquid herbal formula 
(25 drops three times daily) containing, in increasing propor-
tions, wormwood, caraway, fennel and peppermint was found 
to be superior to the spasmolytic drug metoclopramide in 
terms of relief of symptoms such as pain, nausea, belching 
and heartburn in a randomised, double blind clinical trial of 
the treatment of dyspepsia (p=0.02).104 In another placebo-
controlled, randomised, double blind clinical trial, 70 patients 
with marked chronic digestive problems such as flatulence or 
bloating were treated with either a herbal formula containing 
caraway, fennel, peppermint and gentian in tablet form or a 
placebo over a 14-day period. Analysis of the trial results estab-
lished a significant improvement in the gastrointestinal com-
plaint scores of the group receiving herbal tablets compared 
with the placebo group (p<0.05). Ultrasound results evaluating 
the amount of gas present in the bowel also demonstrated a 
significant benefit from the herbal formula (p<0.05).105

A proprietary formulation containing Iberis amara, cham-
omile, peppermint, caraway, licorice and other herbs was 
assessed in the treatment of functional dyspepsia using a ran-
domised, double blind, placebo-controlled design involving 
120 patients.106 After 8 weeks 43.3% of patients on the herbal 
treatment versus 3.3% on placebo reported complete relief of 
symptoms (p<0.001). There have been other positive trials in 
functional dyspepsia for this and a similar formulation.107,108

Diffuse oesophageal spasm (DOS) is a rare condition that 
results in simultaneous oesophageal contractions, leading to 
symptoms of chest pain and dysphagia. Diagnosis can be con-
troversial. In an open label pilot study in eight patients with 
DOS, five drops of peppermint oil in 10 mL of water com-
pletely eliminated simultaneous oesophageal contractions in 
all patients (p<0.01).109 The number of multiphasic, sponta-
neous and missed contractions also improved. Two of the eight 
patients had chest pain that resolved after the peppermint oil.

Headache
The topical application of peppermint oil in an ethanol solution 
has proven to be a well-tolerated and cost-effective treatment 
for tension headache. In a randomised, placebo-controlled, 
double blind, crossover study, 10% of peppermint oil (in 90% 

ethanol solution) was compared with paracetamol (1 g) and 
placebo in the treatment of 164 chronic tension headaches in 
41 patients of both sexes. Headache episodes were treated 
with the following: placebo capsule and peppermint oil, par-
acetamol (acetaminophen) and placebo solution, paracetamol 
and peppermint oil, or placebo capsule and placebo solution. 
Peppermint oil solution was spread across the forehead and 
temples and the application was repeated after 15 and 30 min. 
The oil solution significantly reduced headache intensity after 
15 min compared with placebo (p<0.01). Paracetamol was 
effective relative to placebo (p<0.01), but did not differ signif-
icantly from treatment with peppermint oil. The simultaneous 
administration of the peppermint oil solution with paracetamol 
produced an additive effect (p<0.001). The authors concluded 
that peppermint oil was an acceptable and cost-effective alter-
native to oral analgesics in the treatment of tension head-
ache.110 This peppermint oil preparation was also evaluated 
against 1 g of aspirin (acetylsalicylic acid). Forty-four patients 
with episodic tension-type headache treated four headache 
attacks each in a randomised, double blind study with a dou-
ble-dummy design: peppermint oil + placebo, peppermint 
oil + aspirin, placebo oil + aspirin or placebo oil + placebo. 
Application of peppermint oil resulted in a highly significant 
reduction in pain intensity compared with placebo and with 
similar efficacy to aspirin. The combination of peppermint oil 
and aspirin was significantly superior to either single prepara-
tion and a significant reduction in headache-induced general 
incapacity was observed only for the combination.111

In a randomised, double blind, placebo-controlled cross
over study, the effects of topical application of peppermint 
and/or eucalyptus oil preparations on headache parameters 
were investigated in 32 healthy men. The combination of 
peppermint oil, eucalyptus oil and ethanol increased cogni-
tive performance while exerting muscle-relaxing and mentally 
relaxing effects, but had no significant influence on pain sen-
sitivity. In contrast, the peppermint oil and ethanol prepara-
tion produced a significant analgesic effect, with reduction in 
sensitivity to headache (p<0.01 for experimental ischaemia, 
p<0.001 for experimental heat stimuli). These pharmacologi-
cal and clinical results indicate that peppermint oil has both 
central and peripheral activity.112,113

The topical application of a 10% menthol solution in eth-
anol as an abortive treatment of migraine headache without 
aura was studied in a randomised, double blind, placebo-con-
trolled, crossover study.114 The intention-to-treat population 
consisted of 35 patients (28 women, seven men) with 118 
migraine attacks. Menthol solution applied to the forehead 
and temples was statistically superior to the placebo on 2-h 
pain free (p=0.001), 2-h pain relief (p<0.001) and sustained 
pain free and pain relief endpoints (p=0.008). It was also 
superior in terms of relief of nausea and/or vomiting and pho-
nophobia and/or photophobia (p=0.02). No significant differ-
ence was seen between adverse effects in the treatment and 
placebo groups (p=0.13).

Respiratory conditions
Peppermint oil in the form of an inhalation (20-minute heat 
evaporation into the patient’s room daily for a period of 2 
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months) was used to supplement multidrug therapy for pul-
monary tuberculosis in Russia. Positive results were observed: 
reductions of bacterial infection by 26.8% and 58.5% 
occurred with doses of 0.01 mL/m3 and 0.005 mL/m3, respec-
tively. This was followed by earlier onset of positive X-ray 
changes in the lung.115

The impact of inhaled menthol on asthma was studied in 
a placebo-controlled trial involving 23 patients. The men-
thol vapour did not produce acute bronchodilatory effects, 
but long-term inhalation over 4 weeks produced an improve-
ment of airway hyper-responsiveness without altering the 
magnitude of airflow limitation. There was decreased diurnal 
variation in peak expiratory flow rate (p<0.05), a parameter 
that reflects airway hyper-responsiveness, but no significant 
effects on the forced expiratory volume in 1 sec. The number 
of metered dose inhalations of bronchodilator drugs were also 
significantly reduced in the menthol group (p<0.01).116

Other conditions
Topical application of peppermint oil (containing 10% men-
thol) provided an analgesic effect in a woman with posther-
petic neuralgia whose pain had been resistant to standard 
therapies.117

The incidence of postoperative nausea in gynaecological 
patients was significantly reduced (p=0.02) in the group that 
inhaled peppermint oil in a placebo-controlled trial involving 
18 patients.118 However, a comparison between inhalation of 
peppermint oil, isopropyl alcohol and a saline placebo in 33 
patients with postoperative nausea found good and equal effi-
cacy for all three interventions.119

A study in 196 mothers was conducted to assess the effi-
cacy of peppermint water in the prevention of nipple cracks 
during breastfeeding compared with the application of 
expressed breast milk.120 The peppermint water was signifi-
cantly more effective at preventing nipple pain and damage 
(p<0.01). A follow-up study compared a peppermint gel, 
lanolin ointment and a placebo gel in a 14-day randomised, 
double blind trial involving 216 primiparous, breastfeeding 
mothers.121 The peppermint gel was superior to both the lan-
olin and placebo in terms of preventing nipple crack.

Inhalation of peppermint during acute exercise had no sig-
nificant influence on pulmonary function and physical perfor-
mance in a randomised, controlled clinical trial involving 36 
women soccer players.122 However, when 144 volunteers were 
randomly assigned to inhalation of peppermint, ylang-ylang 
or no aroma, peppermint was found to enhance memory and 
alertness, whereas ylang-ylang decreased these parameters.123 
Other clinical studies have also shown that inhalation of pep-
permint aroma can improve cognitive function and alertness.124

Toxicology and other safety data

Toxicology
Oral administration of a 4.2:1 peppermint concentrate (4 g/
kg) did not result in any macroscopic signs of toxicity or death 
in mice over a 7-day period.77 Peppermint infusion (20 g/L) 

provided as drinking water for 30 days did not produce 
nephrotoxicity in rats. Only minimal hepatic degeneration was 
observed.125,126

Chronic oral administration of peppermint oil (83 µL/kg/day 
for 28 days) to rats resulted in a 45% increase in alkaline 
phosphatase. No other change in liver enzyme activity was 
found.33 The oral LD50 of peppermint oil has been measured 
at 2.4 g/kg in mice and 4.4 g/kg in rats.127 Histopathological 
changes, consisting of cyst-like spaces scattered in the white 
matter of the cerebellum and nephropathy were seen in male 
rats given a daily oral dose of 100 mg/kg of peppermint oil 
for 90 days. No other signs of encephalopathy were observed. 
Nephropathy was also seen in the male rats in the highest 
dose group. No adverse effects were seen at doses below 
40 mg/kg.128 Peppermint oil containing 1% to 2% pulegone 
was administered to rats (20 to 500 mg/kg/day) for 5 weeks. 
The rats exhibited no adverse effects on general health, 
behaviour nor body weight, and haematological and urinary 
parameters were normal. Histological examination revealed 
no specific pathological lesions.129 Repeated intradermal dos-
ing with peppermint oil produced moderate and severe reac-
tions in rabbits, although peppermint oil did not appear to be 
phototoxic.127

The acute oral LD50 of menthol was reported to be 3.3 g/kg  
in the rat and 0.8 to 1 g/kg in the cat.127,130 The estimated 
lethal dose for menthol in humans may be as low as 2 g  
but there are reports of individuals surviving doses as high  
as 9 g.131

Menthone at dose levels in rats of 200, 400 and 800 mg/
kg/day for 28 days led to a dose-dependent decrease in cre-
atinine and increases in alkaline phosphatase and bilirubin. 
The no-effect level for menthone in this study was lower than 
200 mg/kg/day.132

Peppermint infusion did not show significant genotoxicity 
in the somatic mutation and recombination test in Drosophila 
melanogaster.133 However, peppermint oil induced mutations 
in a dose-independent manner in this test.134

Contraindications
Patients with oesophageal reflux symptoms should eliminate 
high doses of agents that decrease lower oesophageal sphinc-
ter pressure, including peppermint.135

The Commission E suggests that peppermint oil is con-
traindicated for internal use in occlusion of the gallbladder 
passages, cholecystitis and severe liver disease.

Peppermint oil should not be applied to the facial areas and 
chest of babies and small children, and especially not around 
the nose.136

Special warnings and precautions
Use with care in patients with salicylate sensitivity and aspi-
rin-induced asthma. Care should be taken in patients with 
gallstones.11 Oral intake of peppermint oil should be used 
with caution in patients with pre-existing heartburn. Enteric-
coated capsules may produce anal burning in patients with 
diarrhoea, due to excreted peppermint oil.130
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Interactions
Peppermint tea reduced the absorption of iron by 84% from 
a bread meal (compared with a water control) in adult vol-
unteers. The inhibition was dose-dependent and related 
to its tannin content. Inhibition by black tea was 79% to 
94%.137 This indicates a potential interaction for concomitant 
administration of peppermint during iron intake. In anaemia 
and cases where iron supplementation is required, pepper-
mint should not be taken simultaneously with meals or iron 
supplements.

There is evidence that topical use of menthol could 
enhance penetration of other agents. This could affect the 
use of other topical ingredients that have a safety assessment 
based on their relative lack of absorption.127 Peppermint oil 
also slows intestinal transit in healthy volunteers;32,138 this 
may slow the absorption rate or increase the total absorption 
of other drugs.

Peppermint oil (600 mg) increased the oral bioavailability 
of the calcium channel blocking drug felodipine and simvas-
tatin in healthy volunteers. However, the increase was not as 
great as that produced by administration of grapefruit juice.139 
A case of suspected interaction between the high intake of 
menthol cough drops and warfarin (reduced activity) has been 
described.140

Use in pregnancy and lactation
Category B2 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are largely lacking.

A tea consisting of peppermint, Urtica dioica, Glycyrrhiza 
glabra, Helichrysum arenarium and a species of Rosa did not 
affect postnatal development or demonstrate embryotoxicity 
or teratogenicity when administered to rats.141

Teratogenic effects were not observed in mice, rats, ham-
sters and rabbits for menthol tested at maximum oral doses of 
190, 220, 400 and 430 mg/kg/day, respectively.142

Peppermint is compatible with breastfeeding but cau-
tion should be used. While the leaf probably is compat-
ible with breastfeeding, use of the oil should be discouraged. 
Caution should be exercised because there is the view that 
use of peppermint may dry up milk secretions. However, this 
was not observed in lactating dairy cows (see earlier in this 
monograph).

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
Allergic reactions to peppermint leaf appear to be rare or of a 
relatively minor nature. In fact, most adverse reactions relate 
to the use of the oil or pure menthol. Reports of gastrointes-
tinal irritation or aggravation of gastrointestinal complaints 
including stomatitis, severe oesophagitis, gastritis, unex-
plained diarrhoea and pancreatitis have been associated with 

the use of peppermint preparations, including confection-
ery.131 It has been reported from hospitals in a particular area 
of Turkey that daily consumption of four cups of tea made 
from peppermint or Mentha spicata has resulted in reduced 
libido in men.78

Peppermint oil use has been associated with mucosal 
ulcerations.143,144 These are consistent with the develop-
ment of a buccal contact sensitivity reaction to peppermint or 
menthol.145,146 Three constituents of peppermint oil, alpha-
pinene, limonene and phellandrene, also found in turpentine 
oil, are thought to be the primary sensitising agents.147 Cases 
of allergic contact sensitivity have been reported for pepper-
mint oil and the tea.148,149

Skin rashes, headache, bradycardia, muscle tremor, 
heartburn and ataxia are rarely reported side effects associ-
ated with enteric-coated capsules of peppermint oil.131,150 
The use of non-enteric-coated oil preparations occasionally 
causes heartburn, especially in persons suffering from reflux 
oesophagitis.87,150 Enteric-coated capsules may produce anal 
burning in patients with diarrhoea due to excreted pepper-
mint oil.

Mild dermatological reactions on the skin and mucous 
membranes have been described, and neat peppermint oil can 
produce chemical burns.131

Menthol can cause jaundice in newborn babies. This has 
been linked to glucose-6-phosphate dehydrogenase deficiency 
in some cases.151 A case of exacerbation of urticaria and 
asthma after ingestion of menthol-containing lozenges has been 
reported.152

Menthol inhalations can also cause breathlessness and 
laryngeal spasm in susceptible individuals.153 Nasal prepara-
tions containing menthol may cause spasm of the glottis in 
young children. Bradycardia has been reported in a patient 
addicted to menthol cigarettes, and fibrillation has been asso-
ciated with the excessive consumption of peppermint-fla-
voured confectionery.131

High doses of tannins can lead to excessive astringency on 
mucous membranes, which has an irritating effect.

Overdosage
Bradycardia has been reported in a patient addicted to men-
thol cigarettes154 and fibrillation has been associated with the 
excessive consumption of peppermint-flavoured confectionery 
(up to 225 g/day).155

Excessive inhalation of mentholated products has caused 
reversible, undesirable effects, such as nausea, anorexia, car-
diac problems, ataxia and other CNS problems, probably due 
to the presence of volatile menthol.

No cases of overdosage are documented for peppermint 
leaf.

Safety in children
Direct application of peppermint oil preparations to the nasal 
area or chest of babies and small children must be avoided 
because of the risk of laryngeal and bronchial spasms. No 
adverse effects are expected from use of peppermint leaf.
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Regulatory status in selected 
countries

Both peppermint leaf and peppermint oil are official in the 
European Pharmacopoeia (2011), the British Pharmacopoeia 
(2011) and the United States Pharmacopeia-National 
Formulary (USP 34-NF 29 2011).

Peppermint leaf and peppermint oil are covered by positive 
Commission E monographs and can be used for the following 
applications.

Peppermint leaf:
l	 Cramp-like complaints in the gastrointestinal tract and the 

gallbladder and biliary tract.
Peppermint oil:

l	 Internal: spastic discomfort of the upper gastrointestinal 
tract and bile ducts, irritable colon, catarrh of the 
respiratory tract, inflammation of the oral mucosa

l	 External: myalgia and neuralgia.

Peppermint is on the UK General Sale List. A pepper-
mint oil product in aqueous solution has achieved Traditional 
Herbal Registration in the UK with the traditional indication 
of symptomatic relief of minor digestive complaints such as 
dyspepsia, flatulence and stomach cramps.

Peppermint, peppermint oil and menthol have GRAS sta-
tus. Peppermint is also freely available as a ‘dietary supple-
ment’ in the USA under DSHEA legislation (1994 Dietary 
Supplement Health and Education Act). Peppermint has 
been present in OTC (over-the-counter) digestive aid drug 
products. Peppermint oil has been present in OTC nasal 
decongestant drug products (mouthwash), expectorant drug 
products, digestive aid drug products, insect bite and sting 
drug products and astringent drug products. The FDA, how-
ever, advises that: ‘based on evidence currently available, there 
is inadequate data to establish general recognition of the safety 
and effectiveness of these ingredients for the specified uses’.

Peppermint and peppermint oil are not included in Part 4 
of Schedule 4 of the Therapeutic Goods Act Regulations of 
Australia and are freely available for sale.
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Poke root

(Phytolacca decandra L.)

Synonyms

Phytolacca americana L. (botanical synonym), poke weed 
(Engl), Phytolaccae radix (Lat), Kermesbeere (Ger), herbe de 
la laque (Fr), fitolacca (Ital), kermesbær (Dan).

What is it?

Phytolacca decandra is a striking plant with large leaves, clus-
ters of purple berries often on the same branch with green 
unripe fruit and flowers still in bloom. It is indigenous to the 
United States of America with the following common names: 
poke root, poke weed. The common name derives from the 
indigenous word pocon meaning a plant with red or yellow dye 
(referring to the juice of the ripe berries). The genus name 
Phytolacca is from the Greek phuton meaning plant and from 
the Latin lacca meaning milky lac. Many parts have been used 
medicinally, including the berries, leaves and roots. This mon-
ograph focuses on the therapeutic use of the dried root, which 
is toxic in overdose.

The term ‘poke weed’ occurs extensively in medical literature 
due to the use of poke weed mitogens (PWM) to investigate 
cellular immune responses and a poke weed antiviral protein 
that inhibits viral protein synthesis. These entities are unlikely to 
be significantly absorbed into the bloodstream after oral doses, 
except when the gastrointestinal tract is damaged.

Effects

An anti-inflammatory remedy with action on the lymphatic 
and respiratory systems. Potentially immune stimulating, but 
caution is required with dosage.

Traditional view

Poke root has been used traditionally for the treatment of 
inflammatory conditions of the upper respiratory tract (such as 
laryngitis, tonsillitis), lymphadenitis, mumps and chronic rheu-
matism. Topically it has been used for the treatment of skin 
and glandular disorders, such as scabies, tinea, acne, mastitis 
and mammary abscess.1 The Eclectic physicians favoured poke 
root to act upon the skin and the glandular structures, par-
ticularly of the mouth, throat or reproductive tract (tonsillitis, 
ulceration, ovaritis, glandular swellings) and to act markedly 
on the mammary glands. It was used as an emetic and depura-
tive.2 Traditional texts record its application in breast cancer 
(oral use) and topically for uterine cancer.3

Radix Phytolaccae, or shang lu in traditional Chinese medi-
cine, refers to Phytolacca acinosa or P. americana, which has 

been used to treat oedema, oliguria and ascites and externally 
for trauma, haemorrhage and pyogenic infections of the skin.4

Summary actions

Anti-inflammatory, lymphatic, depurative, immunostimulant, 
expectorant.

Can be used for

Indications supported by clinical 
trials
No clinical trials have been conducted using poke root.

Traditional therapeutic uses
As a depurative for skin conditions acting primarily via the 
lymphatic system; for treatment of inflammatory conditions or 
infections, especially of the respiratory tract and reproductive 
systems. Topically for treatment of skin irritation/infection/
infestation and female reproductive system disorders (mastitis, 
mammary abscess, possibly uterine cancer). This is a valuable 
herb which must be treated with respect.

Preparations

Only the dried root should be used for making decoctions 
(the fresh root should not be used). Tincture can also be used 
for internal or external use.

Dosage

l	 Up to 0.2 g of dried root per day for adults
l	 0.15 to 0.7 mL/day of 1:5 tincture for adults.

Avoid the use of stronger liquid extracts and fresh plant 
tinctures because of potential toxic effects.

Duration of use

In light of the potential risks, medium-term use of poke root 
up to 6 months is advised.

Summary assessment of safety

Poke root tinctures may be safely prescribed if the recom-
mended dosage is not exceeded and the contraindications 
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B-cell differentiation into IgM-secreting cells.12 Extracts of 
P. americana ripe and unripe berries, seeds, pulp, stem, leaf 
and root demonstrated mitogenic effects in human peripheral 
blood cells in vitro. While some of the extracts showed mito-
genic activity up to dilution of 1:15 000, the most potent root 
extract was mitogenic at a dilution of 1:1 000 000.13

Poke root antiviral protein (PAP, isolated from the leaves and 
seeds) is a ribosome-inactivating protein that acts on eukaryotic 
and prokaryotic ribosomes.14 PAP has potent antiviral activity 
against many plant and animal viruses in vitro, including HIV,15 
and has demonstrated immunological activity in vivo by injec-
tion.16 Due to its potent antiviral activity and lack of spermicidal 
effects, PAP is under consideration as a topical anti-HIV agent. 
Topical administration of a gel containing 0.01% to 1% PAP 
resulted in moderate-to-marked vaginal irritation in one-third of 
animals treated.17 However, it should be noted that poke root 
probably does not contain significant quantities of PAP.

Anti-inflammatory activity
Crude saponins isolated from poke root exhibited potent 
inhibitory activity on acute oedema in rats and mice when 
given by intraperitoneal injection. A 50% inhibition of carra-
geenan-induced paw oedema in rats was demonstrated at 15 
to 30 mg/kg.18,19

Pharmacokinetics
No data available.

Clinical trials
No clinical trials have been conducted using poke root.

Toxicology and other safety data

Toxicology
Saline suspensions of poke root extract produced high intra-
peritoneal lethality in mice, rats and guinea pigs. Large oral 
doses of liquid extracts markedly impaired liver function, but 
not kidney function, in rabbits.20

An acidic steroidal saponin obtained from poke root had 
an LD50 of 0.065 mg/kg by the intraperitoneal route in mice, 
indicative of a high toxicity by this route.21 The following LD50 
values of a saponin extract of P. americana root have been 
recorded: 181 mg/kg (ip, mice) and 208 mg/kg (ip, rats).18

A number of sources state that the root is considered the 
most toxic part of the plant, although all parts are noted as 
toxic. Toxicity is said to increase as the plant matures, with 
the only exception being that the green berries are more 
toxic than the mature berries. Primary references are not 
provided.22–24 However, early animal studies with the berry 
extract reported that it had milder toxic effects than the 
root. Poisonings after consumption of the leaves, berries or 
root have been reported in livestock.25 Two sheep receiv-
ing 20 and 25 g/kg of fresh green leaves of P. decandra died 
6 h after feeding. The remaining nine became mildly sick but 
recovered.26

below are observed. Liquid extracts and fresh plant tinctures 
have the potential to cause poisoning because they are more 
active and may contain higher levels of PWM.

Technical data

Botany
Poke root, a member of the Phytolaccaceae family, is a herba-
ceous perennial that grows up to 3 m. The stem divides into two, 
with the alternate leaves borne on a very short petiole. The flow-
ers, carried on short pedicles, have a bract and no petals but five 
greenish-white tepals (combined calyx and corolla). The fruit 
consists of dark, fleshy berries with raised ribs on the surface.5 
The large root is tuberous, with an outer colouring of yellow-
ish-, reddish- or greyish-brown.6 The plant is striking as its large 
leaves and beautiful clusters of purple berries often mingle upon 
the same branch with the green unripe fruit and flowers.7

Adulteration
No adulterants known.

Key constituents
l	 Triterpenoid saponins (phytolac(c)osides, esculentosides 

and phytolaccasponins) with the main aglycone being 
phytolaccagenin.8,9 The nomenclature is inconsistent, with 
some saponins having two or more names, eg phytolac(c)-
oside E = esculentoside A = phytolaccasaponin E

l	 Sterols; mitogens and antiviral proteins as noted above.8

Pharmacodynamics
The immunological activity of poke root is probably due 
to the presence of traces of lectins such as PWM which, 
although too large to be substantially absorbed through the 
gut wall, may interact with gut-associated lymphoid tissue 
and might even be absorbed in small quantities. In situations 
of overdosage the saponins may facilitate the bioavailability 
of the lectins via their detergent activity and their irritating 
effect on the gastrointestinal mucosa.

Immunological activity
Poke weed mitogen (PWM) is a lectin possessing three distinct 
biological activities: haemagglutination, leucagglutination and 
mitogenicity (stimulation of the replication of lymphocytes 
in vitro).10 The studies on or using the mitogenic activity of 
PWM are extensive. Peripheral blood plasmacytosis (increased 
plasma cells) occurred in children after systemic exposure 
to PWM from P. decandra berries. Such exposure occurred 
through oral ingestion of large amounts of berries or by contact 
of fresh cuts and abrasions with the berry juice.11

Lymphocyte-stimulating factors (LSFs) were isolated 
from cultures of murine spleen or thymus cells to which 
PWM was added. LSFs induced cultured lymphocytes to 
differentiate into IgM-secreting cells and to proliferate with-
out the addition of mitogen. LSF also stimulated polyclonal 
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Parts of the plant are commonly assumed to be safe to eat 
when they are prepared properly: that is, when the berries have 
been cooked or when the young green shoots or leaves have been 
boiled using two changes of water.22–24 However, poisonings have 
still occurred when these precautions have been taken.22,27,28

From the literature, it is apparent that there is considerable 
variability in the toxicity of various Phytolacca preparations. 
The main toxic components are the saponins, which act as 
gastrointestinal irritants and probably account for the severe 
nausea, vomiting and diarrhoea that accompany an over-
dose.21,29 The immunological changes that usually accompany 
poisoning are probably due to the lectins.21,22 The saponins 
are not considered to be cardiotoxic.22 Cardiac effects may be 
secondary to the increased vagal tone seen with severe gastro-
intestinal irritation.30 To date, there have been no studies that 
correlate toxic effects with levels of particular saponins.

Contraindications
Pregnancy, lactation, lymphocytic leukaemia and gastrointesti-
nal irritation. Poke root should not be used in children.

Special warnings and precautions
The recommended dosage of poke root has been exceeded in 
some cases (see section on Side effects) due to variation in the 
potency of the root. Fresh plant tinctures are potentially more 
unsafe and should not be used. Accurate measurement of a 
tincture dose is vital to ensure the safe dosage is not exceeded.

Interactions
None known.

Use in pregnancy and lactation
Category D – has caused or is associated with a substantial 
risk of causing fetal malformation or irreversible damage.

Poke root is contraindicated in pregnancy due to its potential 
toxicity. Mid-term abortifacient activity has been reported for 
the seeds (10 mg/kg), roots (20 mg/kg) and leaves (40 mg/kg) of 
P. acinosa (a species used in traditional Chinese medicine) after 
intraperitoneal administration to pregnant mice.31 Abortion in 
cows has been described as a result of toxicity from the berries.23 
Use of the root as an abortifacient has been reported.25

Poke root is used topically in traditional Western medicine 
to treat mastitis.1 Breastfeeding infants should not be exposed 
to poke root applied topically to the breasts, so application 
to the nipple should be avoided. Otherwise poke root is con-
traindicated during breastfeeding.

Effects on ability to drive  
and use machines
None known.

Side effects
As with all herbs rich in saponins, oral use may cause irrita-
tion of the gastric mucous membranes and reflux. Individual 

responses to the ingestion of poke root plant parts appear to 
vary greatly and can be independent of the quantity of the 
plant part consumed.27 More severe adverse reactions (possibly 
from mild overdose) include nausea, abdominal pain, haema-
temesis, diarrhoea, hypotension and tachycardia. A number of 
adverse events related to the use of poke root have occurred in 
Australia. These have all been caused by excessive intake.

Topical application of preparations derived from the green 
plant and root have produced inflammation of the skin.32 
Reddening and irritation of the conjunctivae occurred after 
instillation of saline suspension of poke root extract into rabbit 
eyes.20 Topical application of poke root should be restricted to 
tinctures and contact with the eyes should be avoided.

Overdosage
Toxic effects will typically result from overdose with 
poke root. Medical advice should be sought immediately. 
Intoxication with poke root usually involves an initial burn-
ing sensation in the mouth and throat followed a few hours 
later by nausea, repeated vomiting, salivation, profuse sweat-
ing, severe abdominal cramps and watery or bloody diarrhoea. 
Other symptoms include generalised weakness, headaches, 
dizziness, hypotension and tachycardia. Urinary incontinence, 
confusion, unconsciousness and tremors may also occur. The 
cardiac effects of poke root may be secondary to the increased 
vagal tone that accompanies the usually severe gastrointesti-
nal colic. The onset of symptoms usually occurs 2 to 4 h after 
ingestion. Non-fatal cases usually recover within 24 to 48 h 
with medical treatment.22–24,33

Poisonings were widespread in North America during the 
19th century, due to overdose of tincture or ingestion of ber-
ries or roots mistaken for other vegetables. Fatalities were 
reported.25,34 Poisonings have continued into the 20th and 21st 
centuries from ingestion of the root (sometimes mistakenly) 
or leaves (fresh and/or cooked) and from drinking tea pre-
pared from the leaf and stem. In one case of poisoning caused 
by chewing the fresh root, the patient’s lymphocyte count 
increased nearly 4-fold within 1 week of intoxication. A 43-year-
old woman experienced overdosage symptoms after she drank 
one cup of powdered poke root tea, which was prepared as per 
the label directions (about 1 g/cup of boiling water).22,30,32,35–38

As noted earlier, peripheral blood plasmacytosis occurred in 
children exposed through the oral ingestion of large amounts 
of berries or by the exposure of fresh cuts and abrasions to 
berry juice.11 Large immature basophilic lymphocytes appeared 
in the peripheral blood of two adults shortly after acciden-
tal exposure to a root extract (one through the conjunctiva 
and the other through a subcutaneous puncture wound).39 
Although described as a ‘root extract’ in the research paper39 
the latter effect was likely to have been due to exposure to 
concentrated ‘root-derived poke weed mitogen’.40

Safety in children
There are no reports of harm in children from consuming 
poke root as a remedy. However, given the variation in prod-
uct quality and the risk of overdosage, poke root should not 
be used in children.
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Preschool children are more likely to be poisoned by inges-
tion of the berries rather than by leaf or root.24 Up to 10 
raw berries can be considered harmless for adults and older 
children, but may lead to serious poisoning in infants.41 A few 
fatal cases of poisoning in children from eating the fruit have 
been recorded, but it is not clear whether death was caused by 
the seed or the pulp.25 Another source suggests that reports of 
poisoning of children by the berries are not conclusive.42

Regulatory status in selected 
countries

Poke root (P. acinosa) is official in the Pharmacopoeia of the 
People’s Republic of China (English edition, 2000). It is not 

covered by a Commission E monograph but it is on the UK 
General Sale List.

Poke root does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (1994 Dietary Supplement Health and Education 
Act).

Poke root is included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia. This means 
that OTC (over-the-counter) products containing poke root 
need to undergo a full evaluation by a committee for quality, 
safety and efficacy. This restriction regulates the activity of 
suppliers of OTC products, but does not directly affect prac-
titioners of herbal medicine, who use the tincture as a starting 
material for individual prescriptions.
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Synonyms

Glutinous Rehmannia, Chinese foxglove (Engl), Rehmanniae 
radix (Lat), di huang (Chin), shojio (Jap), saengjihwang (Kor).

What is it?

The roots of Rehmannia glutinosa (Gaertn.) Libosch., R. glutinosa  
var. hueichingensis (Chao et Schih) Hsiae., R. glutinosa var.  
purpurea Makino or R. glutinosa var. lutea Makino have been used 
extensively in traditional Chinese medicine (TCM). Rehmannia 
can be used fresh, dried or after processing (curing), and has 
various Chinese names depending on its form: shen di huang 
(uncured), shu di hung (cured).

Effects

Anti-inflammatory in autoimmune disease and allergies and 
supports the adrenal cortex; may protect against the suppres-
sive effects of corticosteroid therapy and chemotherapy.

Traditional view

Uncured Rehmannia is described as sweet, slightly bitter and 
cold; cured Rehmannia is sweet and slightly warm. The for-
mer clears Heat and cools the Blood (used in Warm-febrile 
diseases causing high fever, thirst and a scarlet tongue, haem-
orrhage due to Heat entering the Blood level), nourishes Yin 
and Blood and generates Fluids (used in some cases of dry 
mouth, low-grade fever, constipation), cools the upward blaz-
ing of Heart Fire (mouth sores, insomnia, low-grade fevers, 
constipation) and is used for Wasting and Thirsting syndrome 
(that probably included diabetes).1

Summary actions (uncured 
Rehmannia)

Antipyretic, adrenal trophorestorative, antihaemorrhagic, anti-
inflammatory, mild laxative.

Can be used for

Indications supported by clinical trials
Although thorough clinical trial data on Rehmannia are lack-
ing, the following conditions have been successfully treated in 
Chinese studies: rheumatoid arthritis, asthma, urticaria and 
chronic nephritis.

Traditional therapeutic use
l	 Uncured Rehmannia: antipyretic, haemostatic and removes 

latent heat from the blood; used for skin rashes, diabetes, 
low-grade fevers and bleeding.

l	 Cured Rehmannia: regulates menstruation and promotes 
blood production; used for anaemia, dizziness, weakness, 
tinnitus; amenorrhoea and metrorrhagia.

May also be used for

Extrapolations from pharmacological 
studies
To prevent the suppressive effects of corticosteroid drugs on 
endogenous levels of corticosteroids. Rehmannia gives support to 
adrenal function but, unlike licorice, is not hypertensive. A useful 
review paper of the pharmacological research has been published.2

Preparations

Dried or fresh root, decoction and liquid extract, tincture, 
tablet or capsule for internal use.

To prepare cured Rehmannia, fresh roots are washed in 
millet wine, steamed and dried with resteaming and redrying 
several times.

Dosage

l	 10 to 30 g/day of the dried (uncured) root in decoction
l	 4 to 12 mL/day of the 1:2 liquid extract or equivalent doses 

as tincture, tablet or capsule.

Duration of use

May be used long term.

Summary assessment of safety

No adverse effects are expected.

Technical data

Botany
Rehmannia glutinosa was classified as a member of the 
Scrophulariaceae (foxglove) family but is now provisionally 

Rehmannia

(Rehmannia glutinosa (Gaertn.) Libosch.)
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exogenous adrenocortical hormones resulted in cortisol levels 
remaining close to normal. The authors believed the mecha-
nism to be a competitive effect at the hepatocellular receptor 
that affected the uptake of corticosteroid hormone, thereby 
slowing the catabolism of cortisol.7

In a model designed for assessing effects in adrenal deple-
tion, oral administration of uncured Rehmannia (3 g/kg) for  
2 weeks to rabbits chronically treated with the glucocorticoid 
dexamethasone significantly raised serum corticosterone lev-
els (p<0.001). Continuation of treatment resulted in further 
increases. Rehmannia treatment also prevented or reversed 
morphological changes in the pituitary and adrenal cortex, 
appearing to antagonise the suppressive effect of glucocor-
ticoids on the hypothalamic-pituitary-adrenal (HPA) axis.8 
Such inhibition of the negative feedback of glucocorticoids on 
the HPA axis by Rehmannia could explain a trophic effect on 
the adrenal cortex.9

Oral administration of Rehmannia enhanced experimen-
tally induced alkaline phosphatase activity of splenocytes 
in thyroxine-treated mice. Juice of fresh Rehmannia was 
stronger than that of decoction of dried Rehmannia. This 
preparation also enhanced experimentally induced splenocyte 
mitogenesis.10

assigned to the Orobanchaceae family. It is a hairy perennial 
herb growing to 40 cm. The plant bears light reddish-purple 
tubular flowers and has a thick orange tuberous root approxi-
mately 3 to 6 cm in diameter.3

Adulteration
No information available.

Key constituents
l	 Iridoid glycosides, including aucubin, catalpol (0.3% to 

0.5%), ajugol, rehmanniosides A to D,4 jioglutosides and 
rehmaglutins A to D5

l	 Other glycosides, including the phenethyl alcohol 
glycosides (jionosides).6

Pharmacodynamics

Immune and adrenal cortex function
Uncured Rehmannia inhibited the metabolism of corti-
sol by hepatocytes in vitro. Simultaneous administration of 

Jioglutoside A
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Oral administration (10 to 500 mg/kg) of several fractions 
from the ethanol extract of Rehmannia suppressed the induction 
of haemolytic plaque-forming cells in mice. Further fractionation 
yielded the following immunosuppressive phenolic glycosides: 
jionoside A1, jionoside B1, acetoside, isoacetoside, purpureaside 
C, cistanoside A and cistanoside F.6

Oral administration of cured Rehmannia to mice abolished 
the suppressive effects of cyclophosphamide and dexametha-
sone on immunity. Parameters measured included spleen and 
thymus indices, serum haemolysin, lymphocyte transforma-
tion rate, phagocytic activity of peritoneal macrophages and 
numbers of peritoneal T lymphocytes.11

Oral administration of a herbal preparation containing 
Rehmannia demonstrated protective effects on haematopoie-
sis, immunity, heart, liver and kidney functions during chemo-
therapy in tumour-bearing mice.12

Pretreatment with injection of a water extract of 
Rehmannia glutinosa var. purpurea inhibited fatal shock 
caused by an experimentally induced systemic allergic reac-
tion. In this test model Rehmannia inhibited plasma hista-
mine levels. By the same route, Rehmannia also inhibited an 
IgE-dependent skin (allergic) reaction, suggesting antiallergic 
activity.13

Neuroprotective activity
Among four herbs used in TCM for dementia, Rehmannia was 
found to induce the gene expression of glial cell line-derived 
neurotrophic factor (GDNF) in vitro.14 GDNF is a growth 
factor that promotes survival of various CNS neurons. Most 
of the interest in neuroprotective activity has focused on 
catalpol, isolated from the herb. Catalpol has demonstrated 
neuroprotective activity across a range of in vitro models 
including oxidative stress,15 ischaemia,16 various neurotox-
ins17–19 and even beta-amyloid.20 The neuroprotective activ-
ity of catalpol has also been reflected in vivo, albeit following 
injection of the iridoid glycoside.19,21

Antidiabetic activity
Uncured Rehmannia by oral route reduced the pathology of 
diabetic nephropathy in an animal model. Treatment with 
Rehmannia resulted in a decrease in the accumulation of 
advanced glycation endproducts, possibly due to a reduction 
in oxidative stress.22 A high dose of aqueous-ethanol extract 
of Rehmannia (by intragastric route) improved experimentally 
induced diabetic complications, including retinopathy23 and 
diabetic foot ulcers24 in rats.

The effect of Rehmannia individually and in combination 
with metformin was investigated in streptozotocin-induced 
diabetic rats.25 Rehmannia at 200 mg/kg (oral doses) did not 
reduce blood sugar, but plasma C-reactive protein was signifi-
cantly lowered compared with diabetic controls (p<0.05) and 
the metformin-treated group (p<0.05), suggesting an anti-
inflammatory activity for the herb in this context.

Other activity
Steamed Rehmannia was found in a dose dependent man-
ner to reduce symptoms of unpredictable mild stress in 

mice, including aggravated gastric ulceration and altered liver 
enzymes and metabolites.26

An in vitro study has found that three compounds of 
Rehmannia (acetylacteoside, jionoside C and jionoside D) dem-
onstrated aldose reductase inhibitory activity.27

Orally administered cured Rehmannia demonstrated 
improvement in haemorrheology in arthritic and thrombotic 
rats.28

Ethanol extract of cured Rehmannia increased erythrocyte 
deformability and erythrocyte ATP contents, reduced eryth-
rocyte aggregation and promoted activity of the fibrinolytic 
system in vivo. Extracts of uncured Rehmannia had weak or 
no activity.29 Oral administration of Rehmannia inhibited aspi-
rin-induced blood clotting in mice. The action of the juice of 
fresh Rehmannia was stronger than that of decoction of dried 
Rehmannia.10

In an animal model, cured Rehmannia (by oral route) 
prevented osteoporotic bone loss induced by ovariectomy. 
Rehmannia alleviated the decrease in the trabecular bone min-
eral density and increased cortical bone thickness and trabec-
ulation of the bone marrow spaces.30

Oral administration of a water extract of cured Rehmannia 
reduced renal defects in rats with ischaemia-reperfusion 
induced acute renal failure.31 Reduced expression of angio-
tensin II and AT(1) receptor and regulation of tumour growth 
factor (TGF)-beta1 and type IV collagen expression has been 
suggested after similar studies.32

Uncured Rehmannia had a protective effect on experimen-
tally induced cytotoxicity in cardiac muscle cells in vitro.33

Intraperitoneal administration of a polysaccharide iso-
lated from Rehmannia to mice bearing sarcoma improved 
production of the suppressor T-lymphocyte subset.34 Two 
acidic polysaccharides isolated from raw Rehmannia showed 
remarkable reticuloendothelial system-potentiating activ-
ity in a carbon clearance test.35 A hot water extract of 
Rehmannia containing polysaccharides inhibited the prolif-
eration of hepatocellular carcinoma cells in vitro. Rehmannia 
also stimulated apoptosis.36 Although polysaccharides may 
show considerable immune-enhancing activity in vitro or by 
injection, this activity may not be relevant to the oral use of 
Rehmannia.

Pharmacokinetics
No data available.

Clinical trials
Uncured Rehmannia has produced therapeutic effects in 
uncontrolled trials involving patients with rheumatoid arthri-
tis, asthma and urticaria.37

Oral administration of a herbal preparation including 
Rehmannia and Astragalus demonstrated therapeutic effects 
on chronic nephritis. Significant improvement was observed in 
91% of patients in the treatment group, compared with 67% 
in the control group (p<0.001). The preparation also demon-
strated antiallergic effects and promotion and modulation of 
immunity.38 The design of this clinical research was not rigor-
ous and results should be interpreted with caution.
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Toxicology and other safety data

Toxicology
The mutagenic potential of Rehmannia was tested with the 
Ames test and in vivo. Uncured Rehmannia showed no muta-
genic activity, whereas cured Rehmannia was mutagenic in the 
in vivo mammalian (mice) assay when given by intraperitoneal 
injection (2 to 4 g/kg).39

Oral administration of Rehmannia tended to increase the 
levels of urea nitrogen, creatinine, methylguanidine and guani-
dinosuccinic acid in rats with renal failure.40

Intragastric administration of either Rehmannia decoction 
or an alcohol extract at a dose of 60 g/kg/day for 3 days did 
not cause adverse reactions in mice observed for 1 week. Rats 
were administered the same preparations by the same route 
at a dose of 18 g/kg and observed for 1.5 months. There were 
no significant changes in behaviour, body weight, serum non-
protein nitrogen or hepatic or renal tissues.41

A Chinese herbal formula (Man-Shen-Ling) containing 
Rehmannia did not exhibit toxic, mutagenic, teratogenic or 
carcinogenic effects in acute and chronic toxicity tests in ani-
mal models.38

Contraindications
None known.

Special warnings and precautions
Cured Rehmannia may be unsuitable for gluten intolerant 
patients due to its treatment with millet wine.

Interactions
None known.

Use in pregnancy and lactation
Category B3 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Evidence of increased fetal damage in animal studies 
exists, although the relevance to humans is unknown.

Subcutaneous administration of Rehmannia aqueous 
extract (0.1 to 0.4 mL/day) for 5 days decreased litter num-
bers in mice. This antifertility effect was not associated with 
systemic toxicity or interruption of the oestrus cycle.

In TCM, uncured Rehmannia is contraindicated in preg-
nant women with deficient blood, deficient spleen or deficient 
stomach.42

Rehmannia is compatible with breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects anticipated.

Side effects
In a small open trial involving patients with rheumatoid arthri-
tis, intermittent treatment with Rehmannia decoction elicited 
mild oedema in a minority of patients.35

Based on clinical trials in China, a minority of patients may 
develop diarrhoea, abdominal pain, dizziness, fatigue and pal-
pitations that disappear spontaneously within a few days.37 
Excessive doses can cause diarrhoea.

Two cases of liver toxicity43,44 (one fatal) and two cases of 
elevated serum levels of a liver enzyme45 were reported after 
the ingestion of preparations containing Rehmannia used for 
the treatment of skin conditions. However, these formulations 
contained eight or more different Chinese herbs and the herb 
or herbs responsible have not been identified. The adverse 
reactions were not conclusively ascribed to the treatment with 
Chinese herbs in all cases.46

Overdosage
No incidents found in published literature.

Safety in children
No adverse effects expected at usual doses.

Regulatory status in selected 
countries

Rehmannia was official in the Pharmacopoeia of the People’s 
Republic of China (English edition, 1997).

Rehmannia is not covered by a Commission E monograph 
and is not on the UK General Sale List.

Rehmannia does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA leg-
islation (1994 Dietary Supplement Health and Education Act).

Rehmannia is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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(Serenoa repens (Bartram) Small)

Summary actions

Anti-inflammatory, endocrine agent, spasmolytic, antiandrogenic.

Can be used for

Indications supported by clinical 
trials
Mild-to-moderate BPH (mixed evidence); including in com-
bination productions (more consistent evidence); assisting 
recovery from surgery for BPH; male pattern baldness.

Traditional therapeutic uses
Inflammation of the respiratory tract; inflammation of the 
genitourinary tract, especially cystitis, prostatic hyperplasia; 
atrophy of sexual tissues; as an aphrodisiac.

May also be used for

Extrapolations from pharmacological 
studies
Non-infectious prostatitis; reduction of prostatic inflamma-
tion and oedema.

Other applications

As a topical application for male pattern baldness and scalp 
problems.

Preparations

Decoction of dried berries, tablets, capsules or liquid extract 
for internal use.

The liposterolic extract is mentioned often in this mono-
graph. According to the German Commission E, this can be 
prepared by extraction of dried saw palmetto berries with 
either hexane or 90% ethanol. Extracts prepared using super-
critical carbon dioxide are also suitable. The hexane extract 
has probably been the subject of more clinical trials than the 
other preparations.

The liposterolic extract contains 85% to 95% fatty acids 
(including a relatively high percentage of free fatty acids, 
FFAs) and 0.2% to 0.4% total sterols (with 0.1% to 0.3% 
beta-sitosterol). Flavonoids are unlikely to be present, except 
in the extract prepared using 90% ethanol.

Synonyms

Serenoa serrulata (Michaux) Nutall ex Schultes, Sabal ser-
rulata R. et Sch. (botanical synonyms), sabal (Engl), Sabal 
fructus (Lat), Zwegpalme, Sabalfrüchte (Ger), palmier de 
l’Amérique du Nord (Fr), savpalme (Dan).

What is it?

Saw palmetto has traditionally been associated with therapy 
for the prostate gland. Earlier last century, entries could be 
found in many pharmacopoeias testifying to its use for benign 
prostatic hyperplasia (BPH). The petiole has a sharp spiny 
edge that can cut the clothing or legs of those unfortunate 
enough to come in contact with it, hence the common name 
of saw palmetto (literally a small saw-like palm). The fruit, a 
one-seeded dark brown to black drupe (known as the berry), 
is the part used in medicine. In recent times a more sophisti-
cated pharmaceutical form of saw palmetto has been devel-
oped, known as the liposterolic extract (containing lipids and 
sterols). This liposterolic extract (LESP) has been the subject 
of many clinical trials. Although these trials have resulted in 
increased use of the liposterolic extract, especially in Europe 
where it is widely prescribed by medical practitioners for 
BPH, the strong traditional use information suggests that the 
use of galenical forms of saw palmetto, such as extracts and 
tinctures, should not be discounted.

Effects

Reduces inflammation and oedema; reduces smooth muscle 
spasm; decreases androgen activity.

Traditional view

The dried berries, liquid extract or pressed oil of saw pal-
metto were used for respiratory complaints, particularly those 
accompanied by chronic catarrh, and conditions of the geni-
tourinary tract, especially to reduce irritation (for all forms 
of cystitis) and for prostatic hyperplasia. It was considered to 
build tissues.1,2

The Eclectics used saw palmetto for upper and lower res-
piratory problems, atrophy of the breast, ovaries and tes-
tes and for BPH. It was described as the ‘old man’s friend’ 
and, with amazing accuracy, as ‘a remedy for prostatic irrita-
tion and relaxation of tissue (rather) than for a hypertrophied 
prostate’. It was also used for inflamed gonads in the male or 
female and as an aphrodisiac. One interesting application was 
uterine hypertrophy.3
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Dosage

The typically accepted dose is 160 mg twice a day or 320 mg 
once a day of the liposterolic extract. This extract is about an 
8:1 to 10:1 concentrate compared to the original dried berries. 
Hence this dose corresponds to about 1.5 to 3 g of dried ber-
ries per day. Otherwise, around 2 to 5 mL/day of a 1:2 extract 
prepared using 45% to 90% ethanol can be used, or the equiv-
alent in other dosage forms (for example, 5 to 12.5 mg/day 
of a 1:5 tincture). The higher ethanol percentages will better 
extract the liposterolic components. Saw palmetto combines 
well with pumpkin seed oil or extract, and with extract of 
nettle root (see the nettle monograph).

Duration of use

No restriction on long-term use in fact prolonged usage (months 
or years) is generally necessary for best clinical results.

Summary assessment of safety

No adverse effects are expected if used as recommended.

Technical data

Botany
Serenoa repens, a member of the Palmae (palm) family, is a 
small shrub native to the south-eastern region of North 
America.4,5 The leaves are palmate, without continuing 
rib, divided into lance-shaped linear-lanceolate leaflets, the 
petioles armed with spiny teeth. The inflorescence is many-
branched, less than 1 m, with white flowers. The fruit is a 
prominent olive-like mesocarp, 16 to 25 mm long, with a sin-
gle large oblong seed.5

Adulteration
No adulterants known for the dried herb. The liposterolic 
extract is susceptible to adulteration from other plant-derived 
fatty oils, for example palm or olive oil. Apparently such adul-
teration has occurred (see below under Key constituents).

Key constituents
l	 Lipid content: free fatty acids (including lauric, myristic, 

palmitic and oleic acids) together with triglycerides, 
diglycerides and monoglycerides, phytosterols (mainly 
beta-sitosterol) and fatty alcohols6

l	 A particularly active lipase which splits the triglycerides 
into free fatty acids during ripening and drying6

l	 Flavonoids and polysaccharides.6

The action of the lipase gives the fruit its characteristic ran-
cid odour and taste due to the formation of free fatty acids. 
This ‘rancidity’ can cause digestive upsets in some people. 

Methyl and ethyl esters of fatty acids also form in the fruit 
and contribute to the characteristic aroma.6

A 2002 survey of six saw palmetto products on the 
Canadian market found that, based on expected fatty acid 
content, ‘actual’ dosages were within a range of −97% to 
140% of stated dosages, with three products containing less 
than 20% of the stated dosages.7 However, these three ‘low’ 
products might have contained just the dried herb, as the 
authors based the ‘actual’ dose on the expected fatty acid 
content of the liposterolic extract, not the dried herb. This 
study highlights the often-encountered confusion over herbal 
dosage, where,for example, the statement ‘320 mg of saw 
palmetto’ on a label could mean 320 mg of the dried herb, 
320 mg of the liposterolic extract, or even 320 mg of an unde-
fined extract.

In a better-designed subsequent study, the chemical vari-
ation of various liposterolic extract of saw palmetto (LESP) 
brands was investigated using liquid and gas chromatography.8 
Considerable differences in the free fatty acid (FFA) and glyc-
eride contents were found. The FFA content varied from 81% 
to 41% and the glyceride content ranged from 7% to 52%. In 
general, there was an inverse relationship between the two, 
implying that the low FFA products might have been adulter-
ated with other vegetable oils. The authors noted that such a 
wide variation in chemical content could impact significantly 
on clinical outcomes. However, this study analysed products, 
and in some cases the vegetable oil could have been intention-
ally added as a carrier during the soft gel capsule manufactur-
ing process.

Pharmacodynamics
BPH is a slow, progressive enlargement of the fibromuscular 
and epithelial structures (due to the proliferation of stromal 
and epithelial cells) within the periurethral area of the pros-
tate gland. This can eventually narrow the urethra, imped-
ing the flow of urine. However, there is no direct correlation 
between histological and macroscopic BPH and lower urinary 
tract symptoms (LUTS). Histological evidence of BPH is 
found in more than 50% of men aged 60, and this increases to 
90% at age 85. Yet of men with histological changes, only 50% 
will have clinical enlargement of the prostate or macroscopic 
changes, and of these individuals only 50% will develop LUTS. 
Symptoms can be due to obstruction or irritation or both. 
The clinical course of BPH is variable. Not every man with 
symptomatic BPH worsens clinically with time and symptom 
severity does not correlate well with prostate size or urinary 
outlet obstruction.9,10 Although BPH is a common problem, 
the pathogenesis of the disease is poorly understood. Many fac-
tors are thought to be involved including sex hormones, stem 
cells, growth factors, insulin and prolactin. Irritation and associ-
ated spasm of smooth muscle tissue, inflammation and oedema 
may also contribute to the development of symptoms.

The recent understanding of BPH downplays androgens, 
both testosterone and dihydrotestosterone, as aetiologi-
cal agents.11 Their role is said to be permissive. However, a 
higher oestrogen/testosterone ratio could be a causative 
hormonal factor: increased peripheral conversion of testos-
terone to oestradiol by aromatase could be at play. Chronic 
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inflammation is also a common finding. In fact, one theory has 
proposed that BPH is an immune-mediated inflammatory dis-
ease caused either by infection or autoimmunity (more likely 
the latter).12 There is a strong link between chronic prostatitis 
and BPH.13

Another theory proposes that higher circulating insu-
lin stimulates prostate growth.10,14 Multiple experimen-
tal, clinical and epidemiological studies have demonstrated 
the link between either hyperinsulinaemia, elevated fasting 
blood glucose or type 2 diabetes and prostate enlargement 
and LUTS.14,15 An association with obesity has also been 
observed.16 The sympathetic overactivity linked to obesity, 
metabolic syndrome and hypertension may increase the risk 
of LUTS.17

In the context of these developments, attempts have been 
made to understand the pharmacological influence of saw 
palmetto extracts on some of the various pathogenic factors 
implicated in BPH.

Inhibition of 5-alpha-reductase
Testosterone is the major circulating androgen in humans. 
Most of the testosterone circulating in the bloodstream is 
bound to sex hormone-binding globulin (SHBG). The remain-
ing unbound or free testosterone exerts the biological effects. 
Synthesis of SHBG is controlled by the ratio of oestradiol to 
testosterone. In many androgen target tissues, including the 
prostate, testosterone is converted by the enzyme 5-alpha-
reductase into 5-alpha-dihydrotestosterone (DHT), which 
is about five times more potent than testosterone. There are 
two isoforms of 5-alpha-reductase (5-AR): type I and type II. 
Studies suggest that type 2 is mainly found in the prostate 
gland.

Inhibitors of 5-AR, such as the drug finasteride, block the 
conversion of testosterone to DHT and have been found 
to reduce the size of the prostate, leading to an increase in 
peak urinary flow rate and a reduction in LUTS.18 In various 
reviews, much is often made of the observation that saw pal-
metto extracts also appear to inhibit 5-AR. This, together with 
inhibition of androgen binding, is often given as an explanation 
for the pharmacological activity of saw palmetto in BPH.

In 1984 it was shown that LESP (see above in the 
Preparations section) inhibited the 5-AR-mediated intra-
cellular conversion of testosterone to DHT in vitro using 
human foreskin fibroblasts.19 Inhibition of 5-AR was also 
demonstrated in vitro using genital fibroblasts for an alco-
holic extract.20 Furthermore, in vitro studies using a eukary-
otic (baculovirus-directed insect cell) expression system 
found that LESP inhibited the activity of both isoenzymes 
of 5-AR, whereas finasteride selectively inhibited type 2.21,22 
Finasteride is a competitive inhibitor, whereas LESP dis-
played non-competitive inhibition of the type I isoenzyme and 
uncompetitive inhibition of the type  II isoenzyme.23 These 
observations suggest that the lipid components of LESP might 
be responsible for the inhibitory effect by modulating the 
membrane environment of 5-AR. Subsequent in vitro studies 
using epithelial and stromal cells from human BPH confirmed 
that the inhibitory activity was mainly due to the FFAs found 
in LESP.24,25

However, in one study the relative in vitro inhibitory 
effects of various saw palmetto extracts on 5-AR activity 
were measured to be 5600 to 40 000 times weaker than fin-
asteride.26 Since, LESP is usually administered at about 100 
times the dose of finasteride, this suggests its clinical potency 
is about 60 times weaker in terms of 5-AR inhibition.

LESP at 10 μg/mL was incubated with cell cultures of 
fibroblast and epithelial cells from the prostate, epididymis 
testes, kidney, skin and breast.27 There were changes in the 
morphology of the prostate cells, including accumulation of 
lipid in the cytoplasm and damage to the nuclear mitochon-
drial membranes. No similar changes were observed in the 
other cells. LESP inhibited 5-AR types I and II in prostate 
cells, but the other cells exhibited no such inhibition of 5-AR. 
These results indicate a selectivity of LESP for prostate cells.

Several studies have further investigated the in vitro activi-
ties of fatty acids found in LESP on 5-AR. Using the eukar-
yotic (baculovirus-directed insect cell) expression system, 
IC50 values were determined at 4 μg/mL for myristic acid and 
19 μg/mL for lauric acid on the type II isozymes of 5-AR.28 
Long unsaturated fatty acids (oleic and linolenic) were much 
less active. In contrast, IC50 values for 5-AR inhibition in rat 
liver microsomes were 54 and 66 μg/mL for oleic and lauric 
acids, respectively.29 Using the same model, the IC50 ranged 
from 42 to 68 μg/mL for linoleic, oleic, myristic and lauric 
acids, and was 101 μg/mL for LESP.30

In a reflection of earlier work that compared different 
extracts, the testing of a range of commercial LESPs (includ-
ing different batches of the same extract) found a wide 
variation in the inhibition of 5-AR activity using prostatic co-
cultured epithelial and fibroblast cells.31 While extracts tested 
were able to inhibit both isoforms of 5-AR, the relative poten-
cies varied by a factor of 24 for type I and 237 for type II 
inhibition. The lowest observed IC50 for type II inhibition was 
around 4 μg/mL of extract. The authors suggested this vari-
ability indicates the potential for a wide diversity of clinical 
activity for these different extracts of saw palmetto.

A novel LESP (extraction methodology not defined) dem-
onstrated relatively good inhibition of 5-AR type II in trans-
fected human embryonic kidney cells (IC50 2.9 μg/mL).32 
However, while the authors state that this bioactivity ‘corre-
sponds favourably … to the established prescription drug … 
finasteride’, in fact the IC50 in the same model for finasteride 
was found to be 3.2 nM (or about 0.0012 μg/mL), around 
2000 times lower on a weight for weight basis. While this dif-
ference is not as high as the 5600 to 40 000 ratios observed in 
an earlier comparative study,26 it still indicates that saw pal-
metto is a relatively weak 5-AR inhibitor.

LESP at 10 μg/mL (the apparent calculated plasma con-
centration in a patient receiving the recommended therapeu-
tic dosage; see later under Pharmacokinetics) inhibited both 
isozymes of 5-AR in vitro using the co-culture model of BPH, 
without influencing the secretion of prostate-specific antigen 
(PSA) by epithelial cells (even after stimulation with testos-
terone).33 This outcome was also demonstrated in a culture 
of human prostate cancer cells.34 The molecular mechanisms 
behind this novel finding were also elucidated.34 The authors 
of both studies noted that, unlike finasteride, LESP can 
inhibit 5-AR in vitro without inhibiting PSA secretion. The 
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clinical extrapolation from this finding is that LESP does not 
lower PSA and hence interfere with its value as a cancer bio-
marker. However, while it has been observed that finasteride 
lowers PSA clinically and LESP does not (see later under 
Clinical trials), this observation could equally be explained by 
the lower clinical potency of LESP as a 5-AR inhibitor (since 
it does not reduce prostate size like finasteride).

In castrated rats stimulated with testosterone or DHT, 
finasteride but not LESP inhibited testosterone-stimulated 
prostate growth, while neither inhibited DHT-stimulated 
growth.26 LESP (300 mg/kg/day for 12 or 24 weeks, oral) 
reduced the concentration of DHT in the prostate in trans-
genic mice with prostate cancer.35 There was a significant 
increase in apoptosis and a decrease in tumour grade and inci-
dence. A lower dose (50 mg/kg) was ineffective.

In one 7-day human trial, only finasteride (5 mg/day) and 
not LESP (320 mg/day) nor placebo decreased serum DHT 
in men.26 This finding was confirmed in a larger double 
blind, randomised study in 32 healthy male volunteers; nor-
mal doses of LESP (320 mg/day) had no effect above placebo 
on serum DHT levels.36 But there could be an effect within 
prostate tissue. A German group studied 18 patients in a ran-
domised, placebo-controlled, double blind trial. Patients with 
BPH received six times the normal dose of LESP (eight cases) 
or placebo (10 cases) daily for 3 months. Following prosta-
tectomy, prostatic epithelia and stroma were examined for 
enzyme activities. While these high doses of LESP caused 
some moderate biochemical changes, including a small reduc-
tion in 5-AR activity in prostatic epithelium, the authors vol-
unteered that the significance of their results in understanding 
the effects of LESP in BPH were uncertain.37

In a 3-month open label, controlled trial, 25 symptomatic 
BPH patients were randomised to 320 mg/day LESP or no 
treatment.38 Following suprapubic prostatectomy, statistically 
significant reductions were observed for DHT (down 68%, 
p<0.001) and epidermal growth factor (down 67%, p<0.01) in 
the prostatic tissue from the LESP-treated men, mainly in the 
periurethral region. Testosterone was correspondingly increased 
(up 66%, p<0.001), but prostate size was largely unaffected.

Another trial used biopsy cores for in situ quantification of 
prostatic androgens and compared LESP with finasteride.39 
Prostate levels of testosterone and DHT were measured in 5 
to 10 mg biopsy specimens (18-gauge needle cores) in three 
groups of men with symptomatic BPH: 15 men receiving 
chronic finasteride therapy versus seven untreated controls; 
four men undergoing prostate adenomectomy to determine 
sampling variability (10 specimens each); and 40 men partici-
pating in a 6-month randomised trial of LESP (320 mg/day) 
versus placebo, before and after treatment. Prostatic tissue 
DHT levels were found to be several times higher than the 
levels of testosterone (5 versus 1.5 ng/g), that ratio becoming 
reversed (1.05 versus 3.63 ng/g) with chronic finasteride ther-
apy. The finasteride effect was statistically significant for both 
androgens (p<0.01), and little overlap of individual values 
between finasteride-treated and control patients was seen. In 
the randomised trial, tissue DHT levels were reduced by 32% 
from 6.49 to 4.40 ng/g in the LESP group (p<0.005), with no 
significant change in the placebo group. Prostatic testosterone 
levels exhibited no significant change after LESP treatment.

Based on all the above findings, it can be concluded that 
while LESP is probably a significant inhibitor of the 5-AR type 
II isozymes in men with BPH, its clinical activity is relatively 
modest compared with finasteride, even in the best-case sce-
nario for the most active forms of this extract. Hence, inhibi-
tion of 5-AR is likely to be only one factor behind the clinical 
effect of LESP in patients with BPH/LUTS, and certainly 
does not fully explain its therapeutic activity in this condition.

Spasmolytic activity
Antiadrenergic agents are used in BPH to decrease dynami-
cally caused obstruction associated with increased smooth 
muscle tone in the bladder trigone and membranous urethra 
of the prostate. In particular, the selective alpha1-blockers are 
clinically preferred and include terazosin, doxazosin, tamsu-
losin and alfuzosin. Prazosin is also used. This has stimulated 
an interest among researchers as to whether saw palmetto 
extracts might act in a similar way.

An ethanolic LESP and a saponifiable extract produced a 
spasmolytic effect on isolated rat uterus, bladder and aorta 
in vitro.40 This effect appeared to be related to an inhibi-
tion of calcium influx and intracellular effects. Follow-up 
research suggested that cyclic AMP may be a possible media-
tor, together with the involvement of protein synthesis.41 
Additional in vitro research on the above LESP found spasmo-
lytic effects that were attributed to alpha-adrenoceptor and 
calcium channel blocking activities.42

Preparations of beta-sitosterol and extracts of nettle root, 
medicinal pumpkin seed and saw palmetto were tested for 
their in vitro ability to inhibit tamsulosin binding to human 
prostatic alpha1-adrenoceptors (A1A receptors) and prazosin 
binding to cloned human A1A and alpha1B-adrenoceptors.43 
Only saw palmetto (several extracts) potently and non-com-
petitively inhibited A1A in vitro. The in vitro binding affinities 
for A1A, muscarinic and purinergic receptors in the rat pros-
tate and bladder were measured by radioligand binding assays 
for saw palmetto.44 LESP inhibited specific binding of prazo-
sin and N-methylscopolamine (NMS) in the rat prostate and 
bladder. The binding activity of LESP for muscarinic recep-
tors was four times greater than that for A1A receptors. This 
in vitro activity (including also binding to calcium channel 
antagonist receptors) was subsequently identified by the same 
research centre as due to the FFAs, specifically oleic, lauric, 
myristic and linoleic acids.29,30

In contrast, a different research group found that saw pal-
metto ethanolic extracts (45% and 70% ethanol) caused 
contraction of the rat prostate gland consistent with sympa-
thomimetic activity and identified tyramine as the responsible 
agent.45 However, tyramine is likely to be inactivated by the 
gastrointestinal tract on oral ingestion, especially at the low 
doses involved (one saw palmetto 1:2 extract tested had a rec-
ommended dose of 2 to 4 mL/day and contained about 4 mg/
mL tyramine.) Nonetheless, it does imply the theoretical pos-
sibility of an interaction of saw palmetto with monoamine oxi-
dase inhibitor drugs, as noted by the authors.

LESP (12, 20 and 60 mg/day, intraduodenal) alleviated uro-
dynamic symptoms in a model of hyperactive bladder in spon-
taneous hypertensive rats by increasing bladder capacity and 
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subsequently prolonging the micturition interval.46 A repeated 
oral dose of 6 mg/kg in the same rat breed decreased void-
ing frequency under normal conditions. Rats given LESP (6 
and 60 mg/kg/day, orally for 4 weeks) exhibited a significant 
increase in prostate binding sites for prazosin and a significant 
decrease in bladder binding sites for NMS.44 The exact mean-
ing of these findings is not clear.

In a placebo-controlled, double blind, four-way, crossover 
study, 12 healthy young men received three different LESPs 
(320 mg/day) or placebo for 8 days each.47 Although the saw 
palmetto extracts caused minor reductions in supine blood 
pressure, they did not affect blood pressure during orthostatic 
stress testing nor influence plasma catecholamines. Plasma 
samples taken from the men did not demonstrate an influence 
on A1A receptors using radioligand binding assays. (This assay 
methodology does exhibit sensitivity to the drugs tamsulosin 
and terazosin.) The authors proposed the clinical effects of 
LESP are unlikely to result from A1A receptor antagonism. 
However, while this conclusion may be valid, animal experi-
ments do suggest that LESP can influence bladder function in 
a way that would be beneficial in LUTS.

Inhibition of androgen binding 
and antiandrogenic activity
Androgens exert their effects by binding to an intracellular 
cytoplasmic receptor, forming a hormone-receptor complex 
that is transferred to the cell nucleus, binds to DNA and can 
activate and modulate protein transcription. Androgen potency 
is determined by their binding affinity to the receptor. Hence, 
another important component of the mechanism of LESP 
might be an inhibitory effect on the binding of DHT to andro-
gen receptors in the cytosolic component of prostate cells.

This inhibitory effect was demonstrated for LESP prepared 
using n-hexane in two in vitro models,9,48 but not for an etha-
nolic LESP.10 Subsequent in vitro research found that LESP 
inhibited testosterone and DHT binding in several tissue spec-
imens, including vaginal skin and prepuce.49 However, a later 
study found that LESP did not inhibit the binding of DHT to 
the rat prostatic androgen receptor at LESP concentrations up 
to 100 μg/mL.16

The effects of LESP on two prostatic cancer cell lines differing 
in androgen responsiveness were investigated.50 LESP had a pro-
liferative effect on androgen-responsive cells at lower concentra-
tions (≤10 μg/mL) and a cytotoxic effect at higher concentrations 
(≥25 μg/mL). At 25 μg/mL, LESP antagonised androgen-stimu-
lated cell growth. In cells unresponsive to androgen stimulation, 
LESP had a concentration-dependent antiproliferative action. 
When these cells were co-transfected with wild-type androgen 
receptors, LESP inhibited androgen-induced effects. The authors 
concluded that their findings support an antiandrogenic action 
of LESP. This antiandrogenic activity was supported for LESP in 
several animal models.51,52 For example, a hypercritical carbon 
dioxide extract (300 mg/rat, oral) antagonised the effect of tes-
tosterone on prostate size in castrated rats.52

Other hormonal activity
Prolactin may stimulate prostate growth, although its role in 
BPH is controversial.53 Addition of LESP at concentrations 

ranging from 1 to 10 μg/mL to Chinese hamster ovary cells 
completely inhibited prolactin signal transduction pathways, 
implying that the extract may inhibit prolactin-induced pros-
tate growth.54 The authors suggested that LESP might also be 
useful for other diseases implicating prolactin. (See also under 
‘Activity in BPH or its experimental models’.)

Early in vivo experiments indicated that saw palmetto had 
oestrogenic activity.55 However, subsequent evidence implies 
that LESP in fact has anti-oestrogenic activity in patients 
with BPH.56 In a double blind, placebo-controlled study, 35 
patients received either LESP at 320 mg/day (18 cases) or pla-
cebo (17 cases) for 3 months. Following prostatectomy, steroid 
receptors were evaluated in the nuclear and cytosolic fractions 
of prostate cells. Oestrogen receptors in the nuclear fraction 
were significantly lower in the group receiving LESP, as deter-
mined by three different tests. Single-point assay found that 
androgen receptors in the nuclear fraction were also reduced 
by treatment with LESP. These results indicate that LESP 
exerted an anti-oestrogenic effect, possibly by competitively 
blocking translocation of cytosolic oestrogen receptors to the 
nucleus. It may even be that the inactivation of androgen 
receptors is secondary to oestrogen blockade and this anti-
oestrogenic effect may potentiate other actions of LESP.

Twenty men with BPH were treated with 320 mg/day of 
LESP for 30 days.57 No changes in plasma levels of testoster-
one, follicle-stimulating hormone and luteinizing hormone 
occurred as a result of treatment. A combination of LESP and 
astaxanthin demonstrated a significant dose-dependent reduc-
tion in serum oestrogen levels in an uncontrolled study in 
42 healthy men.58

Basic fibroblast growth factor (bFGF) and epidermal 
growth factor (EGF) are two other mediators possibly 
involved in the pathogenesis of BPH. LESP did not affect 
basal prostate cell proliferation, with the exception of two 
prostate specimens, for which a significant inhibition of basal 
proliferation was observed with the highest concentration 
(30 μg/mL).59 In contrast, LESP inhibited bFGF-induced pro-
liferation of human prostate cell cultures; this effect was sig-
nificant at 30 μg/mL. Unsaturated FFAs from LESP markedly 
inhibited the bFGF-induced cell proliferation down to the 
basal value. Lupenone, hexacosanol and the unsaponified frac-
tion of LESP also inhibited bFGF-induced cell proliferation, 
whereas a minimal effect on basal cell proliferation was noted. 
A less pronounced inhibition of EGF-induced proliferation 
was also observed for LESP. A clinical study cited previously 
found that LESP (320 mg/day) inhibited EGF in the prostate 
tissue of men with BPH.38

Anti-inflammatory activity
As a result of secretory stagnation, BPH is associated with 
congestion and non-infectious prostatitis, as evidenced by 
white cell infiltration of the prostate. For this reason, agents 
with anti-inflammatory and oedema-protective activities may 
improve the clinical picture of BPH.

French scientists have reported on the anti-oedematous 
activity of LESP.25,60 Various experimental models were used 
to test the influence of LESP on cutaneous permeability. 
Interestingly, an antagonistic effect of the extract was observed 
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whenever histamine was involved, either directly through 
injection or indirectly via mast cell degranulation. An oral dose 
of 5 to 10 mL/kg produced a significant effect. However, this 
is a very high dose. LESP showed no action on serotonin- or 
bradykinin-induced weals in rats. Since the anti-oedematous 
effect was also demonstrable in adrenalectomised rats, the par-
ticipation of glucocorticoids is definitely excluded. Adult male 
rats received either tocopherol (the LESP vehicle) or LESP 
(50 and 100 mg/kg orally every second day for 90 days).61 
A  dose-dependent, significant decrease in mast cell accumu-
lation and a provocation of epithelial atrophy was observed 
within the central area of the rat ventral prostate. The authors 
noted that since prostatic mast cell degranulation can induce 
smooth muscle contraction in that gland, these findings could 
have implications for the activity of LESP in BPH.

A pronounced anti-oedematous effect was observed for oral 
doses of an alcoholic extract of saw palmetto in carrageenan-
induced oedema of rat paw.62 A water-based preparation had 
no effect, and polysaccharides, beta-sitosterol derivatives and 
flavonoids were not responsible for the anti-inflammatory out-
come. Another group of scientists reported on the isolation of 
an acidic polysaccharide with anti-inflammatory activity (after 
intravenous injection) from a water-based extract of saw pal-
metto.63,64 Since this polysaccharide could be expected to have 
poor oral bioavailability and would not occur in LESP, the clini-
cal significance of this finding is doubtful.

The most important proinflammatory metabolites of arachi-
donic acid are prostaglandins and leukotrienes and their produc-
tion is respectively mediated by the enzymes cyclo-oxygenase 
(COX) and 5-lipoxygenase (5-LOX). LESP prepared by super-
critical liquid extraction with carbon dioxide was found in vitro 
to be a dual inhibitor of COX (IC50 28.1 μg/mL) and 5-LOX 
(IC50 18 μg/mL).65 Activity was found to reside in the acidic 
lipophilic fraction; fatty alcohols and sterols were inactive. It 
is possible that this inhibition of the arachidonic acid cascade 
causes the observed anti-oedematous effect of LESP. The 
potent in vitro inhibition of the production of 5-LOX metabo-
lites (especially leukotriene B4) by LESP has been confirmed in 
another study using human neutrophils.66

After stimulation of peritoneal rat macrophages with 
lipopolysaccharide, an undefined saw palmetto extract inhib-
ited the expression of the inflammatory enzymes COX, 
5-LOX and inducible nitric oxide synthase.67 At an oral dose 
of 28.5 mg/kg it also inhibited prostate inflammation induced 
in rats by partial bladder outlet obstruction.

In an open clinical trial of 29 men with BPH, 12 took LESP 
(320 mg/day) for 3 months, while 17 controls received no 
treatment prior to surgical treatment for their condition.68 
Assessment of surgically obtained samples revealed signifi-
cantly lower levels of IL-1 and TNF-alpha in the prostate 
tissue of the men who took LESP compared with controls 
(p<0.006). This trial strongly supports a real-world reduction 
in inflammatory cytokines associated with the pathogenesis of 
BPH by the use of saw palmetto.

Activity in BPH or its experimental models
High oral doses of LESP (300 mg/day for 12 days) inhibited 
prostatic growth in castrated mice given testosterone, and 

200 mg/day for 6 days achieved a similar outcome in a rat 
model.51 The increase of prostate weight induced by oestra-
diol/testosterone treatment in castrated rats was countered 
by oral administration of LESP at 50 mg/kg/day.69 This is a 
model that exhibits both prostatic inflammation and hyper-
plasia. In contrast, high oral doses of LESP (180 mg/day and 
1800 mg/day) did not influence prostatic growth induced by 
testosterone and DHT in castrated rats in another study.26

One model of BPH uses transplants of human prostate tis-
sue into hairless mice. Growth of this tissue is then stimu-
lated by the administration of DHT and oestradiol. Using this 
model, high oral doses of LESP (6 mL/kg) were observed to 
reverse the hormonal stimulation of prostate growth.70

Using an in vivo model of rat prostate hyperplasia induced 
by hyperprolactinaemia, LESP (320 mg/kg, oral) but not fin-
asteride (5 mg/kg, oral) countered the hyperplastic effect of 
prolactin in the lateral prostate in castrated rats treated with 
DHT.71

The rate of apoptosis and cell proliferation was compared 
in normal human prostate tissue (from organ donors) and tis-
sue samples from patients with BPH either treated with LESP 
(320 mg/day) or not.72 There were 10 tissue samples in each 
group. No difference was observed between the mean prolif-
erative index and the mean apoptotic index in the epithelium 
or stroma of the normal prostate samples. In contrast, prolif-
eration exceeded apoptosis in the untreated BPH tissue sam-
ples, and the proliferative index was significantly higher than in 
the normal prostate. BPH tissue samples from the men treated 
with LESP reversed this apoptosis/proliferation ratio. In fact, 
a significantly higher apoptotic index and a significantly lower 
proliferative index were measured. The differences in these 
indexes resulting from LESP treatment were quite marked. 
The authors concluded that LESP induces apoptosis and inhib-
its cell proliferation at normal clinical doses in the prostates of 
men with BPH, and that these observations could explain its 
clinical benefit for this disorder. An increase in the apoptotic 
index in prostate tissue is also supported by in vitro work cited 
previously.27

In an open label pilot study, patients with BPH preced-
ing  surgery were randomised to be followed without any 
treatment for 3 weeks (control group) or received LESP 
(320 mg/day) for a 3-month period.73 Surgery was ultimately 
performed in 17 controls and 12 patients by using transure-
thral prostate resection or retropubic adenomectomy. The 
Bax/Bcl-2 ratio, which is an apoptotic index, was significantly 
increased in the prostatic tissue of treated patients, as was evi-
dence of increased caspase 3 activity in the prostate.

Antitumour activity
Several studies have investigated the effect of saw pal-
metto extracts on various prostate cancer cell lines in vitro. 
Generally, increased apoptosis and growth inhibition have 
been observed, either for LESP74–78 or aqueous-ethanolic 
extracts.79–81 The ethanolic extract has also demonstrated 
STAT3 (signal transducer and activator of transcription 3) sig-
nalling inactivation,80 including in human multiple myeloma 
cell cultures.82 However, the 70% ethanolic extract was rela-
tively weak at inhibiting the growth of three prostate cancer 
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cell lines compared with other herbs,83 and one study found 
that LESP was not able to induce apoptosis or cell cycle arrest 
in two prostate cancer cell lines, although it did inhibit cell 
growth.84

Some in vivo studies have also been undertaken using 
either tumour xenograft or transgenic models. Saw palmetto 
70% ethanolic extract (10 mg/kg, oral) inhibited the growth 
of xenografts in immunodeficient mice injected with prostate 
cancer cells.80 Serum levels of PSA were reduced by approxi-
mately 66%. As cited previously, LESP increased apoptosis 
and decreased tumour grade and incidence in transgenic mice 
with prostate cancer.35

Studies are ongoing and the clinical significance of the 
above work is not known. However, it does appear on current 
information that saw palmetto use will not prevent prostate 
cancer. To evaluate whether saw palmetto intake was associ-
ated with a reduced risk of prostate cancer, a prospective 
cohort study of 35 171 men aged 50 to 76 years in western 
Washington State, USA, was undertaken.85 Participants com-
pleted questionnaires between 2000 and 2002 on frequency 
of use of saw palmetto or saw palmetto-containing com-
bination products over the previous 10 years, in addition to 
other information on supplement intake, medical history and 
demographics. Men were followed through to December 
2003 (mean of 2.3 years of follow-up), during which time 
580 developed prostate cancers. Ten per cent of the cohort 
used saw palmetto at least once per week for a year in the 
10 years before baseline. No association was found between 
this level of use of saw palmetto and risk of prostate cancer 
development (hazard ratio 0.95; 95% CI 0.74 to 1.23) or with 
increasing frequency or duration of use. Certainly, the use of 
saw palmetto did not apparently increase the risk of prostate 
cancer. Whether LESP, which is probably more active than 
many of the products also included in the survey, will affect 
prostate cancer risk remains to be studied.

Other activity
A form of LESP stimulated macrophage phagocytosis in vitro, 
as well as human natural killer (NK) cell synthesis of inter-
feron-gamma.86 However, relatively high concentrations were 
used (up to 1.28 mg/mL).

Saw palmetto (dosage and extract not defined) had no 
influence on platelet function after administration to 10 healthy 
volunteers for 2 weeks.87

Pharmacokinetics
A study carried out on rats given oral doses of LESP supple-
mented with 14C-labelled oleic or lauric acids or beta-sito
sterol demonstrated that radioactivity uptake in prostatic tissue 
was highest after administration of LESP supplemented with 
14C-labelled oleic acid.88 This uptake was clearly demonstrated 
in a rat with experimentally induced BPH. Interestingly, uptake 
of radioactivity in the prostate was greater than for other 
organs.

Human pharmacokinetic data on LESP can be gleaned 
from a bioequivalence study on two different dosage forms.89 
Twelve healthy men each received a single oral dose of 320 mg 

of LESP. Since LESP is a complex mixture of several compo-
nents, one component was chosen for the study. This com-
ponent was not identified, but was defined by a validated 
HPLC method and referred to as ‘Serenoa repens second com-
ponent’. Based on analysis of this component, a mean peak 
plasma concentration of 2.6 μg/mL was reached after 1.5 h. 
The mean elimination half-life was 1.9 h. Given this half-life, 
administration of LESP twice daily is probably preferable, 
although at least two clinical trials have found that 320 mg 
once daily appears to be as effective as 160 mg twice daily for 
BPH symptoms.90,91

Clinical trials
Saw palmetto has been used for the treatment of BPH for at 
least 100 years. The modern clinical evidence supporting the 
efficacy of its liposterolic extract for this disorder is reason-
ably good, especially in combination, despite the finding of a 
2009 systematic review. While the evidence is controversial, 
it is considered sufficient to justify the use of this plant for 
the treatment of mild-to-moderate BPH in circumstances 
where conventional therapy is either not wanted or inadvis-
able. In particular, LESP appears to work well in combination 
with nettle root. The safety profile of this herbal preparation 
is very good.

Benign prostatic hyperplasia
The Fifth International Consultation on BPH in 2000 set the 
basic criteria for assessing the pharmacological treatment of 
BPH.92 All clinical trials were expected to be randomised, 
placebo-controlled and double blind and to include a follow-
up period of at least 1 year. All trials should assess several 
independent parameters for treatment outcome and should 
include an analysis of the tolerability of the treatment. Several 
clinical trials of LESP in BPH have completely satisfied these 
criteria.

A 2009 systematic review and meta-analysis of clinical tri-
als involving saw palmetto (and particularly various forms of 
LESP) in the treatment of BPH was published on behalf of 
the Cochrane Collaboration.93 Trials were eligible if they ran-
domised men with symptomatic BPH to receive saw palmetto 
(alone or in combination) for at least 4 weeks in comparison 
with placebo or other interventions. Overall, 5222 patients 
from 30 randomised trials lasting from 4 to 60 weeks were 
assessed. Meta-analysis of nine trials for nocturia found saw 
palmetto (as the sole treatment) was significantly better 
than placebo, with an improvement of 0.78 fewer nocturnal 
visits (p<0.05). However, when the five larger trials (740 
patients) were included in a meta-analysis a smaller improve-
ment in nocturia was calculated that did not achieve signifi-
cance. Using the subjective 8-question International Prostate 
Symptom Score (IPSS) as the outcome, meta-analysis of just 
two trials found saw palmetto was no better than placebo. 
Saw palmetto (as the sole treatment) was also not superior 
to placebo in terms of peak urine flow (meta-analysis of 10 
trials) or reducing prostate size (results from three trials). 
However, it was superior to placebo on patient self-rating 
(meta-analysis of five trials, p=0.01) and clinician assessment 
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(meta-analysis of three trials, p=0.015). Despite some of 
these positive outcomes, and the fact that the authors’ analy-
sis of trial data concluded that saw palmetto as a sole treat-
ment was equivalent to the standard BPH drugs finasteride 
(one trial) and tamsulosin (two trials), they concluded that 
saw palmetto was not more effective than placebo for the 
treatment of urinary symptoms consistent with BPH.

A large influence of this outcome was the US-government-
funded trial of Bent and colleagues published in 2006 in the 
New England Journal of Medicine (NEJM).94 This was a 
well-designed and conducted double blind, randomised, pla-
cebo-controlled trial in 225 men with BPH that found LESP 
(160 mg twice a day) for 1 year was not superior to placebo 
in terms of changes in a US version of the IPSS, maximal uri-
nary flow rate, prostate size, residual volume after voiding or 
PSA levels.

As noted in the accompanying editorial,95 a limitation of 
this study is that Bent and colleagues tested a specific prepara-
tion of saw palmetto, leaving open the possibility that a dif-
ferent preparation might have been effective. Specifically, 
they tested a US LESP product, whereas most of the posi-
tive earlier trials were on European products, especially a 
hexane extracted LESP. While they went to great lengths to 
authenticate the LESP used, this validation was based largely 
on the determination of total fatty acids. As noted above, the 
more active versions of LESP have higher levels FFAs, which 
will also reflect on their being free of adulteration with other 
plant-derived fatty oils.8 A lower level of FFAs in LESP will 
also reflect on less pharmacological activity, such as inhibition 
of 5-AR in vitro.31 It is clear from the information provided 
that FFAs were not determined in the LESP product used in 
the NEJM study.

A reviewer’s feedback commentary on the Cochrane analy-
sis noted the same issue: that variability in the quality of the 
saw palmetto products used in clinical trials might have con-
cealed a true benefit in BPH and undermined the authors’ 
conclusions.93

Earlier systematic reviews have drawn more positive conclu-
sions regarding the efficacy of LESP in BPH. They have essen-
tially drawn on the same data as the Cochrane review, apart 
from the NEJM trial. In 2004, an updated meta-analysis of 14 
randomised clinical trials and three open label trials involving 
4280 patients found a significant improvement in peak flow 
rate and a reduction in nocturia above placebo, together with 
a five-point reduction in the IPSS.96 Four of the randomised 
trials compared LESP with other drugs including finasteride 
and tamsulosin. The mean placebo effect on peak urinary flow 
rate was an increase of 1.20 mL/sec. The estimated effect 
of LESP was a further increase above placebo of 1.02 mL/
sec (p=0.042), which means that the herbal treatment was 
associated with an overall increase in peak urinary flow of 
2.22 mL/sec. This represents a clinically significant 15% to 
20% increase. Effects on nocturia were less striking, due to the 
influence of one large study involving 396 patients that showed 
no difference to placebo treatment. Placebo was associated 
with a reduction in the mean number of nocturnal voids of 
0.63 and there was a further reduction attributable to LESP 
of 0.38 (p<0.001). Hence the use of saw palmetto was associ-
ated with an average reduction from baseline of one event per 

night in terms of nocturnal voiding, which is clinically signifi-
cant. Results were not significantly altered if the three open 
trials considered in this analysis were excluded. The authors 
included data from at least four unpublished trials to remove 
concerns about publication bias. It was concluded that LESP 
is extremely safe, with a very low rate of any adverse effects. 
To address concerns over product variability, this meta-analysis 
and the 2000 publication that it updated97 included only LESP 
from just one supplier (a hexane extract).

Apart from the NEJM study, the better conducted more 
recent trials on LESP have compared its efficacy in BPH with 
standard drug treatments, rather than placebo. These, together 
with some key earlier trials, are summarised in Table 1.

Although results from these trials were covered in the 
Cochrane review, their significance was not emphasised, as 
noted in the feedback reviewer’s comments.93 As shown in 
the table, results from these trials demonstrate that LESP is 
generally just as efficacious as standard drug treatments, and 
perhaps superior in some circumstances.

A significant comparative trial is the large-scale comparison 
with finasteride.98 Patients were recruited from a number of 
urology centres in nine European countries and the study was 
the largest international comparative trial for the treatment 
of BPH. The trial data clearly support the therapeutic value of 
LESP in BPH. However, this study did have some problems 
with its design. Most notable of these were the absence of a pla-
cebo group or placebo run-in period (which would have afforded 
a three-way comparison) and the insufficient duration of the trial 
(minimum 1 year). This latter point is particularly relevant to 
comparisons using finasteride, since this agent can show increas-
ing efficacy up to 1 year after initiation of therapy.103

One important outcome of the study was the observation 
that LESP does not significantly influence prostate volume or 
serum PSA, whereas finasteride does. This is clear and sig-
nificant clinical evidence that LESP does not act as a strong 
5-AR inhibitor (although other evidence discussed above sup-
ports LESP as moderately active against type II intraprostatic 
5-AR). Since PSA is used as a screening test for prostate can-
cer and 5-AR inhibitors can decrease PSA, there is a concern 
that these agents could mask the detection of prostate cancer. 
On the basis of the data provided by this large trial, it can be 
confidently concluded that this concern would not apply to 
LESP. This is particularly reassuring, since LESP is often self-
prescribed and an investigating urologist may be unaware of its 
use by a particular patient.

The large comparison with tamsulosin was a French study 
known as the PERMAL study, published in 2002.90 Over 1 year 
in 704 patients the two treatments were found to be equivalent 
for BPH. A subset analysis published in 2004 examined results 
for patients with severe LUTS of BPH.102 Severe LUTS was 
defined as an IPSS greater than 19. Analysis was performed on 
124 patients with severe LUTS (59 receiving LESP (320 mg/
day) and 65 receiving tamsulosin). After 12 months, IPSS had 
decreased by 7.8 with saw palmetto and 5.8 with tamsulosin 
(p=0.051). The irritative symptoms subscore improved signifi-
cantly more (p=0.049) with saw palmetto (−2.9 versus −1.9 
with tamsulosin). The superiority of LESP in reducing irrita-
tive symptoms appeared at month 3 and was maintained up to 
month 12 (p=0.03).



812

Materia MedicaP A R T  T H R E E

Table 1  Key comparative clinical trials of LESP

Reference Year Daily 
dose of 
LESP

Trial design Comparative 
treatment and 
daily dose

Relative results LESP Drug Relative tolerability

Carraro  
et al98

1996 320 mg Double blind, 
over 26 weeks on 
1098 patients with 
moderate BPH

Finasteride 
5 mg (5-alpha-
reductase 
inhibitor)

IPSS −37% −39% LESP showed a 
small advantage over 
finasteride in a sexual 
function score** and 
gave rise to fewer 
complaints of decreased 
libido and impotence

Quality of life 
(improvement)

+38% +41%

Peak flow rate +25% +30%*

Prostate volume −6% −18%**

PSA No change −41%**

Grasso  
et al99

1995 320 mg Double blind over 
3 weeks on 63 
patients

Alfuzosin 7.5 mg 
(alpha1-blocker)

Boyarsky score −26.9% −38.8%* Both treatments were 
well tolerated

Obstructive score −23.1% −37.8%*

Peak flow 
responders

48.4% 71.8%

No significant difference between mean PVR, 
peak urinary flow and between the two groups

Adriazola 
Semino  
et al100

1992 320 mg Double blind over 
12 weeks on 41 
patients

Prazosin 4 mg 
(alpha1-blocker)

Improvements in urinary frequency, mean 
urinary flow rate and PVR slightly favoured 
prazosin. No statistical analysis was conducted

NA

Hizli and 
Uygur101

2007 320 mg Open, over 6 
months on 60 men 
with moderate BPH

Tamsulosin 
0.4 mg (alpha1-
blocker) or LESP 
+ tamsulosin

IPSS −28% −34% Combination therapy 
no better than either 
agent alone. No adverse 
effects in LESP alone 
group, 11 in tamsulosin 
group had problems.

Qmax +34% +35%

PVR −42% −36%

Pr vol −2% −3%

Debruyne, 
et al.90

2002 320 mg Double blind, over 
1 year, on 704 men 
with moderate BPH

Tamsulosin 
0.4 mg (alpha1-
blocker)

IPSS −29% −29% No difference in erectile 
function between 
groups. Much more 
ejaculatory dysfunction 
with tamsulosin. Other 
adverse effects no 
different and minor

Qmax +17% +16%

Pr vol +2% −1%

Debruyne, 
et al.102

2004 320 mg Double blind, over 
1 year, on 124 men 
with severe BPH

Tamsulosin 
0.4 mg (alpha1-
blocker)

IPSS −35% −25% Both agents were 
similarly well tolerated

Qmax +11% +17%

PVR = postvoid residual; NA = not assessed; IPSS = International Prostate Symptom Score; PSA = prostate-specific antigen.
*p<0.05.
**p<0.001.



813

Saw palmetto

One interesting study cited earlier compared two dosage 
forms of LESP in 132 patients with BPH over 1 year.91 The 
interest comes from the observation that both dosage forms 
strikingly and progressively reduced average IPSS from around 
17 at the start of the trial to around 7 after 1 year. This would 
be a very unusual placebo effect if it was still actively reducing 
symptoms even after 9 months of use. Similar sustained and 
progressive IPSS improvement over 2 years was observed for 
a later uncontrolled study in 120 men with mild or moderate 
LUTS due to BPH taking LESP (320 mg/day).104

The TRIUMPH study recorded the treatment and out-
comes of 2351 newly presenting LUTS/BPH patients in six 
European countries over a 1-year follow-up period.105 At each 
visit the clinician recorded the treatment, co-morbidities, com-
plications and drugs prescribed, and the patient completed an 
IPSS questionnaire. The results were analysed using change in 
IPSS as the primary outcome measure. Over the study period 
74.9% of patients were prescribed medication, the major-
ity (83% of those medicated) were prescribed only a single 
treatment. Significant improvements were seen in 43% of 
patients on phytotherapy with saw palmetto or Pygeum afri-
canum, compared with 57% of those on finasteride and 68% 
on alpha-blockers. All treatments showed some improvement 
over watchful waiting for most patients over the study period: 
the alpha-blockers were found to be the most effective. The 
average IPSS reductions were 1.4 points for watchful waiting, 
around three points for each herbal treatment and around six 
points for the alpha-blockers.

LESP may have a preventative role in BPH. A prospec-
tive, multicentre study was designed to determine the effect 
of treatment with LESP on the progression of mild symp-
toms of bladder outlet obstruction (defined as an IPSS of less 
than 8) secondary to BPH, compared with watchful wait-
ing.106 Treatment with LESP reduced the incidence of clini-
cal disease progression, and the effect was noticed as early as 
6 months. At the end of 24 months, the rate of progression 
was 16% in the LESP group, compared to 24% in the watch-
ful waiting group. This difference was significant (p<0.05). 
LESP also improved urinary symptoms, quality of life scores 
and urinary flow rates. It was administered for 2 years at a 
dose of 320 mg/day. The relevance of this study would have 
been improved by the inclusion of a treated or placebo control 
group, with appropriate randomisation.

Saw palmetto has demonstrated good clinical results in tri-
als when used in combination with other agents. In particu-
lar, trials of LESP in conjunction with nettle root extract have 
been consistently positive. (These trials are reviewed in the 
nettle monograph).

Chronic prostatitis
Given the co-morbidity between BPH and chronic prostati-
tis (CP), it is not surprising that LESP has been investigated 
clinically for the latter. A study was undertaken to assess the 
efficacy of saw palmetto or finasteride in men with category 
III chronic prostatitis/chronic pelvic pain syndrome (CP/
CPPS).107 This category denotes non-bacterial prostatitis. 
Patients (n=64) were randomised to finasteride (5 mg/day) or 
LESP (320 mg/day) for 1 year using an open label study design. 

There were 61, 57 and 56 patients available for evaluation at 3, 
6 and 12 months, respectively. At 1 year the mean total NIH 
Chronic Prostatitis Symptom Index (CPSI) score decreased 
from 23.9 to 18.1 in the finasteride group (p<0.003) and from 
only 24.7 to 24.6 in the saw palmetto group (p=0.41). The 
authors concluded that the patients treated with saw palmetto 
had no appreciable long-term improvement.

Other uncontrolled trials have demonstrated some clinical 
benefit for LESP in both bacterial and non-bacterial prostati-
tis, although the lack of a placebo group impairs the clinical 
relevance of such data.108,109 Saw palmetto as LESP has also 
been used as a part of a complex regime for bacterial and non-
bacterial prostatitis including antibiotics and alpha-blockers, 
with positive results.110,111 However, it is difficult to ascertain 
what role the herbal extract played in patients’ recoveries.

In an interesting trial, 102 men with category IIIa CP/
CPPS were randomised to receive LESP (320 mg/day) or 
LESP plus lycopene and selenium for 8 weeks.112 The mean 
CPSI score decreased significantly (p<0.001) in both groups, 
but was greater for the combination.

Prostate surgery
One intriguing application from clinical trials is the potential 
role of LESP in reducing complications following transure-
thral resection of the prostate (TURP).113 In an open label, 
controlled Italian study, patients were randomly assigned to 
receive either 320 mg/day of LESP or no additional treatment 
for at least 8 weeks before the TURP procedure. Out of 108 
enrolled patients, 88 were evaluated at the end of the trial. 
In the treated group, perioperative bleeding was significantly 
lower than controls (124 mL versus 287 mL) and the need 
for transfusion was substantially reduced. In addition, for 
the saw palmetto group the duration of postoperative cath-
eterisation was considerably lower (3 days versus 5 days for 
controls) and haematological findings (red cell count, haemo-
globin and haematocrit) were more favourable. The authors 
concluded that pretreatment with saw palmetto before TURP 
improves the efficacy of the procedure and reduces the risk of 
complications.

A later Italian study of similar design included 144 patients 
who were candidates for either TURP or open prostatec-
tomy.114 In the group receiving 320 mg/day of LESP, the 
duration of surgery was shorter than for the control group 
(59.8 min versus 77.6 min, p<0.001), no intraoperative com-
plications were observed (0% versus 15%, p=0.001) and 
transfusion needs were remarkably lower (0% versus 38.3%, 
p<0.001). The postoperative course was more favourable 
after LESP pretreatment, with a shorter duration of catheteri-
sation (65 h versus 92 h, p<0.001) and length of hospitalisa-
tion (5.9 days versus 7.9 days, p<0.001).

Another study compared the effects of the 5-AR inhibitor 
dutasteride (5 mg/day) with LESP (160 mg/day) in men about 
to undergo TURP.115 The treatments were given for 5 weeks 
and compared with an untreated control group. Neither treat-
ment influenced blood loss during or after surgery. However, 
this was a Turkish study that used a local LESP product, so 
product quality might have been an issue, as per the discus-
sions elsewhere in this monograph.
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Androgenic alopecia and scalp problems
Given the influence of LESP on 5-AR activity, it follows that 
it might have value in the treatment of male pattern bald-
ness (MPB). A group of scientists decided to test the effect 
of oral intake of LESP on MPB in a pilot study involving 19 
men between the ages of 23 and 64 under double blind con-
ditions.116 The product tested also contained beta-sitosterol 
(110 mg/day) and nutrients; the dose of LESP used was 
400 mg/day. The blinded investigative staff rated 60% of the 
volunteers receiving active treatment as improved, compared 
to only 11% for the placebo group. Self-assessment by volun-
teers showed a similar but less striking trend.

Two studies involving topical use have only been pub-
lished as conference proceedings and were summarised in a 
brief review.117 In a study involving 34 men and 28 women, 
saw palmetto applied topically for 3 months in a lotion and 
shampoo base led to a 35% increase in hair density and a 67% 
sebum reduction, as assessed using standard objective tech-
niques. Addition of 0.5% saw palmetto (possibly LESP) and 
taurine to a 0.5% ketoconazole shampoo gave better results 
than ketoconazole alone (at 1.0%) in patients with dandruff 
and seborrhoeic dermatitis.

Toxicology and other safety data

Toxicology
Published toxicological data on saw palmetto and LESP is lim-
ited. Brine shrimp lethality directed fractionation of an etha-
nolic LESP led to the isolation of two monoacylglycerides.118 
These compounds showed moderate biological activities in 
the brine shrimp lethality test and against renal and pancre-
atic human tumour cells in vitro; borderline cytotoxicity was 
exhibited against human prostatic cells.

The company Madaus has released toxicological data on its 
ethanolic LESP.119 The LD50 in the rat, mouse and guinea pig 
is greater than 10 g/kg. High doses given to rats over 6 weeks 
(360 times the human therapeutic dose of about 5 mg/kg) did 
not cause adverse haematological, histological or biochemical 
changes. A long-term study over 6 months in rats at 80 times 
the human dose again found no negative influences. The same 
dose administered to rats had no influence on fertility.

LESP as the hexane extract did not produce any indica-
tions of liver toxicity when given to rats for up to 4 weeks at 
oral doses of 9.14 or 22.86 mg/kg/day.120

A poorly characterised liposterolic extract fed to mice for 6 
weeks failed to show any genotoxic effects.121

Contraindications
None known.

Special warnings and precautions
Prostate cancer should be excluded before patients receive 
saw palmetto treatment as the herb treatment may mask the 
symptoms of this disease (but will not alter PSA readings). 
Exercise caution for concurrent use with warfarin.

Interactions
LESP at relatively high concentrations inhibited CYP3A4, 2D6 
and 2C9 in vitro.122 However, using alprazolam, midazolam, 
caffeine, chlorzoxazone, desbrisoquine and dextromorphan as 
probe drugs, two clinical studies found that LESP (320 mg/day) 
for 14 or 28 days exerted no significant influence on CYP3A4, 
CYP1A2, CYP2D6 and CYP2E1 in healthy volunteers.123,124

A 61-year-old man had long been treated with warfarin and 
simvastatin. His INR values had been stable at around 2.4. 
Due to micturition difficulties he started to take a saw pal-
metto, pumpkin seed and vitamin E preparation, five tablets 
daily. After 6 days’ treatment his INR increased to 3.4. The 
herbal product was discontinued and 1 week later the INR 
returned to its previous level.125

Use in pregnancy and lactation
Category B2 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are lacking. However, saw palmetto 
treatment is unlikely to be indicated for a pregnant women.

Saw palmetto is probably compatible with breastfeeding.
Addition of liposterolic extract at concentrations ranging 

from 1 to 10  μg/mL to Chinese hamster ovary cells completely 
inhibited the effects of prolactin, suggesting that saw palmetto 
may inhibit prolactin-induced hormonal effects.54 However, the 
relevance of this research to normal human use is unclear.

Effects on ability to drive and use 
machines
No adverse effects are expected.

Side effects
Saw palmetto is well tolerated by most patients and causes 
relatively few side effects. Most side effects are minor gastro-
intestinal problems such as nausea, which are usually resolved 
when the herb is taken with meals.

The large comparative study of Carraro and co-workers98 
found that gastrointestinal complaints were the most fre-
quently reported adverse events with both therapies and 
tended to occur more frequently with finasteride. As might be 
expected, decreased libido and impotence were also more com-
mon with finasteride treatment. Two deaths occurred during 
the trial (one in each group) and three serious adverse events 
occurred (two with saw palmetto, one with finasteride). None 
of these was deemed to be related to treatment. PSA was not 
changed by saw palmetto treatment, indicating that the herb is 
unlikely to interfere with the diagnostic value of this test.

The German Commission E lists stomach upsets as the 
only side effect from treatment with saw palmetto lipo
sterolic extract.126

A 2009 systematic review assessed all available human 
safety data for saw palmetto monopreparations up to early 
2008.127 Systematic literature searches were conducted in 
five electronic databases, reference lists and departmental files 
were checked for further relevant publications. Information 
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was requested from spontaneous reporting schemes of the 
WHO and national safety bodies. Twenty-four manufactur-
ers/distributors of saw palmetto products and four herbalist 
organisations were contacted for additional information. Forty 
articles (26 randomised controlled trials, four non-randomised 
controlled trials, six uncontrolled trials and four case reports/
series) were included. They suggest that adverse events asso-
ciated with the use of saw palmetto are mild and similar to 
those with placebo. The most frequently reported adverse 
events were abdominal pain, diarrhoea, nausea, fatigue, head-
ache, decreased libido and rhinitis. More serious adverse 
events, such as death and cerebral haemorrhage, are reported 
in isolated case reports and data from spontaneous reporting 
schemes, but causality was questionable.

A review of the data from three large clinical trials of the 
hexane extract of LESP that included 2511 patients found it 
had no negative impact on male sexual function.128

Intraoperative floppy-iris syndrome (IFIS) has been associated 
with many A1A receptor antagonist drugs including tamsulo-
sin.129 Their probable mode of action in causing IFIS is a direct 
inhibition of the A1 receptors in the smooth muscle of the iris, 
which leads to a loss of iris tone. This can result in poor iris dila-
tion and complications during cataract surgery (IFIS).

Two surgeons have reported IFIS in two patients taking saw 
palmetto for BPH who were undergoing cataract surgery.129 
The first patient had used saw palmetto for 2 years and the 
other for 5 years, and neither patient reported taking conven-
tional drugs for their BPH. Both patients experienced good 
outcomes following their surgery. No information regarding 
the saw palmetto dose and preparation was provided.

Analysis of 899 eyes of 660 patients undergoing routine 
cataract surgery found a strong association of IFIS with tam-
sulosin use (p<0.001).130 Saw palmetto showed a slight, non-
significant trend, indicating that current or past use may be 
associated with IFIS.

As a precaution, patients taking saw palmetto should be 
advised to temporarily stop their herbal treatment 10 days 
before cataract surgery in order to minimise the potential for 
the mild complications described above.

One case of haemorrhage during surgery, which was 
associated with intake of saw palmetto extract, has been 
reported.131 A case has also been described of haematuria and 
coagulopathy (INR of 4.0) in a patient using saw palmetto.132 
The 79-year-old man had been taking 320 mg/day LESP for 
4 years, but had recently increased the dose to 1000 mg/day. 
He was also taking aspirin and clopidogrel. However, these 
reports contrast with clinical trials demonstrating reduced 
blood loss in BPH patients undergoing surgery (see above).

A case of protracted cholestatic hepatitis after the use of a 
herbal and nutritional preparation has been reported. The herbal 
preparation contained saw palmetto, hydrangea, Pygeum africa-
num, Panax ginseng, zinc picolinate, pyridoxine, alanine, glutamic 
acid, bee pollen and silica.133 The ingredient causing the adverse 
reaction was not identified. Use of saw palmetto (900 mg/day of 
a dried extract that was not LESP, together with 660 mg of berry 
powder) for a few days was associated with acute liver dam-
age.134 The product was discontinued and all symptoms disap-
peared without residual harm to the patient. A causal association 
is unlikely, given the brief exposure to the product.

Two cases of acute pancreatitis associated with intake of 
LESP have been reported.135,136 One report suggested rechal-
lenge with saw palmetto caused a recurrence of symptoms.136 
The fatty nature of LESP could be a possible cause of this 
reaction, although the exact nature of the products involved 
was not provided.

A case of contact sensitivity following the topical use 
of saw palmetto was reported in a 24-year-old woman with 
androgenic alopecia.137

Exposure of human sperm samples to a relatively high 
concentration of LESP (900 μg/mL) in vitro had no impact 
on kinematic parameters.138 However, motility was impaired 
after 48 h of exposure to 9 mg/mL LESP. Even assuming a high 
bioavailability for LESP and efficient transport to the testes, 
this still represents an exposure of around 1000 times the 
normal human dose. Zona-free hamster oocytes incubated 
with LESP in vitro at the same high concentrations exhib-
ited no change in their viability.139 Such studies are unlikely 
to have any clinical relevance (see also the discussion of this 
issue in Chapter 5).

Overdosage
No incidents found in the published literature.

Safety in children
No information available, but adverse effects are not 
anticipated.

Regulatory status in selected 
countries

Saw palmetto is official in the United States Pharmacopeia-
National Formulary (USP34–NF 29 2011).

Saw palmetto is covered by a positive Commission E mon-
ograph and has the following application: urination problems 
in benign prostatic hyperplasia stages I and II.

Saw palmetto is on the UK General Sale List. Saw palmetto 
products have achieved Traditional Herbal Registration in the 
UK with the traditional indication of relief of symptoms of 
urinary discomfort in men who have BPH. Prior to treatment, 
other serious conditions should have been ruled out by a doctor.

Saw palmetto does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act). Saw palmetto has been present in OTC (over-
the-counter) drug products to relieve the symptoms of BPH. 
The FDA, however, advises that: ‘based on evidence currently 
available, there is inadequate data to establish general recogni-
tion of the safety and effectiveness of these ingredients for the 
specified uses, and … there is no definitive evidence that any 
drug product offered for the relief of the symptoms of benign 
prostatic hypertrophy would alter the obstructive or inflamma-
tory signs and symptoms of this condition’.

Saw palmetto is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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(Eleutherococcus senticosus (Rupr. & Maxim.) Maxim.)

and, in combination with other herbs, to assist muscular 
development in children.4 It has Spleen invigorative, Kidney 
tonifying and tranquillising actions, and is also used for back 
pain, insomnia and anorexia.5

Summary actions

Adaptogen, mild stimulant, immunomodulator, tonic.

Can be used for

Indications supported 
by clinical trials
To improve mental and physical performance or minimise the 
effects of stress in people subject to chronic illness or to envi-
ronmental or occupational stress (generally open label trials); 
to enhance immune function, especially natural killer cells and 
T-helper cells; adjuvant treatment in dysentery; cancer (espe-
cially to improve immune function and decrease side effects 
from conventional therapy); and convalescence after antibiotic 
therapy.

Eleutherococcus can be taken on a long-term basis to mini-
mise the incidence of acute infections and to improve well-
being, (low quality trials).

Traditional therapeutic uses
Oedema, joint pain, muscular spasm, difficult urination. Used 
as a tonic, particularly in the elderly,6 and to treat fatigue, 
stress and lowered immunity.

May also be used for

Extrapolations from pharmacological 
studies
To treat the effects of prolonged stress or overwork such as 
exhaustion, chronic fatigue syndrome, irritability, insom-
nia and mild depression; to assist recovery from acute 
or chronic diseases, trauma, surgery and other stressful  
episodes.

Preparations

Dried root for decoction; fluid extract, tablets, capsules or 
powdered root for internal use.

Synonyms

Acanthopanax senticosus (botanical synonym), Eleutherococcus 
(Engl), Eleutherococci radix (Lat), Taigawurzel (Ger), 
Éleuthérocoque (Fr), Wu Jia Pi, Cu Wu Jia (Chin), Gokahi 
(Jap), Ogap’I (Kor), Russisk rod (Dan), Eleuterokokka (Russ).

What is it?

For reasons more related to marketing than botany, the root 
of Eleutherococcus senticosus is often known in the West as 
Siberian ginseng. Although the use of Eleutherococcus is 
important to traditional Chinese medicine (where it is known 
by its synonym Acanthopanax senticosus), its potential as an 
adaptogen was demonstrated more recently.

The work of Russian scientists from the 1950s onwards 
lead to the inclusion of Eleutherococcus in the Soviet 
Pharmacopoeia, and by 1976 it was estimated that more than 
3 million people were using the extract regularly. It was used 
by Russian athletes to prepare for the Olympics games in the 
late 1970s and early 1980s, and was included in the Russian 
space programme for cosmonauts in 1977. It was, however, 
not known in Russian folk medicine.

A survey conducted in the early 1980s of products sold 
as ‘Siberian ginseng’ in the USA revealed that many prod-
ucts were not authentic, being derived from related species 
or adulterants.1 The problem may have originated from com-
panies importing ‘Jia pi’ and not distinguishing between the 
various forms, which include species of Eleutherococcus and 
species of Periploca.2

Effects

Helps restore mental and physical capacity, especially in 
exhaustion and when convalescing from fatigue;3 assists 
the body to counteract and adapt to stress of many origins; 
restores and strengthens the body’s immune response.

Traditional view

In Chinese Medicine the root barks of several species of 
Eleutherococcus (including E. senticosus, E. gracilistylus and  
E. sessiliflorus) are used to expel Wind Dampness, to 
strengthen the sinews and bones, transform Dampness and 
reduce swelling. It is especially useful when the smooth flow 
of Qi and Blood is obstructed, and is particularly used for 
treating the elderly. These properties mean that it is used to 
treat oedema, joint pain, muscular spasm, difficult urination 
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Dosage

Adult doses used in most studies were in the range of 1 to 
4 g/day, which corresponds to 2 to 8 mL/day of a 1:2 extract 
or Eleutherococcus tablets (for example 1.25 g, standardised 
to contain 0.7 mg eleutheroside E), one to three times per day.

Maintenance doses for healthy individuals can be toward 
the lower end of the dosage range, but higher doses should 
be used for the treatment of illnesses and for high stress situ-
ations. Single applications of the highest doses may be appro-
priate where a rapid response to tension or stress is required.7

Duration of use

The recommended regime in healthy people or the elderly 
or long-term infirm6 is for a course of 6 weeks followed by 
a 2-week break. This regime can be repeated for as long as 
is necessary. For the treatment of specific illnesses, continu-
ous use is preferable. Because of their favourable effect in 
conserving energy during stress, adaptogens in fact work best 
with long-term use.

However, the Commission E and British Herbal Compendium 
take a more cautious stance, recommending the following:
l	 Generally no longer than 3 months. Use again at a later time8

l	 Eleutherococcus should not be taken continuously for long 
periods. Occasional use or courses of 1 month followed by 
a 2-month interval are preferable.9

However, there appears to be little reason or evidence to 
support this dosage approach, which may in fact be contrary 
to achieving optimum benefit from this adaptogenic herb, as 
supported by some of the Russian research.

Summary assessment of safety

No adverse effects are expected if used as recommended. It is 
advisable to discontinue use of high doses during acute infec-
tions, unless used in conjunction with powerful antimicrobial 
therapy or in a formulation with proven efficacy.

Technical data

Botany
Eleutherococcus senticosus, a member of the Araliaceae (gin-
seng, ivy) family, is a hardy, wild shrub that grows abundantly 
in parts of the Soviet Far East, Korea, China and Japan, north 
of latitude 38. It usually grows to about 2 m, with grey-brown 
coloured branches covered with thin, downward-pointing 
spikes. The bright green leaves (12 to 15 cm long) are divided 
into three to five leaflets. It produces three types of flow-
ers (male, female, bisexual) which are branched together in 
umbrella-shaped clusters. The flowers vary in colour, depend-
ing on type: light violet or yellow. The fruits are oval and 
berry-like. The rhizome lies shallow in the ground and is 1.5 cm 
in diameter. The roots are long, woody and pliable, spreading 
beneath the surface in massive webs and thickets.10

Key constituents
l	 Lignans and phenylpropanoids known as eleutherosides 

(0.1%),11 notably eleutherosides E (syringaresinol diglucoside) 
and B (syringin); also B4 (sesamin), D (an optical isomer of E), 
and several others

l	 Triterpenoid saponins (glycosides of protoprimulagenin A)12

l	 Glycans (eleutherans A, B, C, D, E, F and G).13

The source of Eleutherococcus is likely to be important to 
its activity: a chromatographic study of Eleutherococcus roots14 
indicated that Russian and Korean Eleutherococcus samples 
are chemically different to Chinese Eleutherococcus and con-
tain higher levels of eleutheroside E. The eleutherosides are not 
unique to Eleutherococcus, although eleutherosides D and E 
are not common and are probably pharmacologically important. 
The eleutherosides are quite different from the triterpenoid 
saponins found in Panax (the ginsenosides).

Eleutheroside B

Eleutheroside D

O

O

O

O

O

HH

OCH3
OCH3

OCH3

OCH3

H3CO

H3CO

CH2OH

glucosyl

glucosyl
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Pharmacodynamics
In the 1950s, Russian scientists became interested in 
agents that could improve general health and performance 
under stress. In their systematic search for a cheaper and 
more abundant alternative to Panax ginseng they found 
Eleutherococcus an almost ideal herbal ‘adaptogen’. This 
term was first coined by Lazarev and was elaborated by 
Brekhman15 who defined an adaptogen as a substance that 
can effect a non-specific increase in the resistance of an 
organism to noxious influences. In principle an adaptogen 
has the following properties:
l	 It is non-toxic and relatively free from side effects
l	 It is non-specific, i.e. it can increase resistance to a wide 

range of physical, chemical and biological stressors
l	 It may have a normalising action irrespective of whether the 

stress-driven pathological state is hypo- or hyperfunctional.
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Modern developments of the adaptogenic concept focus 
on the role of these remedies on the hypothalamic-pituitary-
adrenal axis in the stress response; short-term stimulation of 
the adreno sympathetic system has also been identified for 
this group of remedies, including Eleutherocccus.6

Since much of the original research on Eleutherococcus is 
from the early Russian work, this monograph has drawn from 
several English language reviews. The rigour of this work is 
sometimes uncertain, and it has been important to check its 
inferences with new research. This has sometimes cast doubt 
on the original findings.

The observed activity of Eleutherococcus may be due to 
the combined effect of all its constituents, discovered or oth-
erwise.16 In contrast to isolated eleutherosides B and E and 
the re-mixed eleutherosides B and E, in one study only the 
whole ethanolic fluid extract of Eleutherococcus senticosus 
was able to induce and enhance interleukin-1 and interleu-
kin-6, but not interleukin-2, production in vitro.17 In contrast, 
another study concluded that eleutheroside E was particularly 
responsible for increasing resistance to stress and fatigue.18

Several polysaccharides found in the root when admin-
istered by injection, such as the glycans mentioned above, 
have demonstrated immunostimulant19 and hypoglycaemic13 
effects. However the importance of these types of com-
pounds to the oral activity of Eleutherococcus is questionable, 
and the exact mechanism of action of Eleutherococcus and 
the significance of each of its various constituents is not yet 
fully understood.

Adaptation to stress
Published animal studies, mostly conducted in the Far East 
and Eastern Europe, consistently demonstrate the adaptogenic 
effect of Eleutherococcus under a wide variety of stressful 
conditions. In his original work with mice, Brekhman found 
that Eleutherococcus increased stamina by up to 70%.20 
Severely stressed rats show enlarged adrenal glands, reduced 
thymus and spleen size and damage to the gastric mucosa.21 
Eleutherococcus significantly reduced this adrenal hypertro-
phy and adrenal ascorbic acid depletion.15 These and other 
effects suggested that Eleutherococcus modified the physio-
logical response to stressors (general adaptation syndrome) to 
help the organism better to withstand prolonged stress.

Additional research found that Eleutherococcus could 
increase the resistance of animals to stressors such as heat, 
cold, immobilisation, trauma, surgery, blood loss, increased 
or decreased barometric pressure, narcotics, toxins and bac-
teria.22,23 Eleutherococcus also appears to exert an immune-
enhancing action in immune-compromised mice.24

Oral administration of water extract of Eleutherococcus 
and its components, eleutheroside B and eleutheroside E 
demonstrated protective effects on behavioural, functional 
and biochemical changes in mice subjected to acute or chronic 
stress (exhaustion).25 Oral administration of this extract 
(500 mg/kg per day) for 7 weeks led to improvements in 
learning and memory in the active avoidance rat model.26

Addition of an aqueous extract of Eleutherococcus 
(0.1 mg/mL) caused significant liberation of adrenocortico-
tropic hormone (ACTH) and luteinising hormone from iso-
lated rat pituitary glands in vitro. In vivo experiments indicate 

that a single intraperitoneal dose of standardised aqueous 
extract (3 mg/mL) enhanced the liberation of corticosterone, 
while subchronic administration (3 mg/mL, ip, or 500 mg/kg, 
oral) did not alter ACTH or corticosterone levels, body or 
organ weight after 7 weeks. However, elevations of corticos-
terone serum levels induced by mild stress were significantly 
suppressed in animals treated either subchronically by oral 
administration or by intraperitoneal injection of standardised 
Eleutherococcus extract.27

Some studies have shown stimulant rather than adapto-
genic effects. An American investigation of the adaptogenic 
effects of Eleutherococcus in stressed mice did not con-
firm improved stamina, and instead demonstrated aggressive 
behaviour for mice given unlimited quantities of the root.28 
Rats given Eleutherococcus show increased brain levels of 
noradrenaline (norepinephrine) and serotonin and adrenal 
levels of adrenaline (epinephrine), which may explain the 
increased aggressive behaviour observed above.29

Eleutherococcus may exert some of its effects by induc-
ing enzyme activity. It inhibited metabolism of the sedative 
hexobarbitol in mice to produce a longer sleep period.30 In 
one study, the stress of swimming for 15 minutes inhibited  
RNA polymerase in the liver and skeletal muscle of rats; prior 
injection of eleutherosides delayed the RNA polymerase inhi-
bition and accelerated its restoration during rest.31 Another 
study suggested that the effects of swimming stress in inhib-
iting NK activity and corticosterone could be countered by 
eleutheroside E.32

Experiments conducted in stressed BALB/c mice using 
oral doses (30, 90 and 180 mg/kg) of a proprietary combina-
tion of extracts from Eleutherococcus senticosus, Schisandra 
chinensis and Rhodiola rosea found increased endurance.33 In 
addition, repeated administration of the adaptogen formula-
tion dose-dependently increased basal serum levels of the heat 
shock protein Hsp72, which was even stronger than the effect 
of stress on this measure. Based on their findings, the authors 
suggested that the increased tolerance to stress induced by 
adaptogens is associated with stimulation of Hsp72 produc-
tion and release into the systemic circulation. Hsp72 is a 
known mediator of the stress response involved in protein 
maintenance and repair. This finding implies that adaptogens 
could be acting as hormetic agents.

Resistance to radiation and chemical 
carcinogens
The independent application of Eleutherococcus extract 
(given orally and prophylactically, 5 g/kg) and a chemical radi-
oprotector (adeturone) demonstrated a favourable effect on 
rats subjected to radiation injury. This favourable effect was 
only demonstrated on the course of the recovery processes. 
The two agents mutually potentiated each other and provided 
a high degree of protection.34

Eleutherococcus given to mice by injection prior to radiation  
treatment improved self-repair rather than exerting a direct 
protective effect. This further supports the concept of its non-
specific activity.34 Up to 80% of mice given Eleutherococcus 
beforehand survived a lethal dose of radiation. When 
Eleutherococcus was administered as late as 12 hours after 
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irradiation the survival rate was 30%.35 The stimulation of 
red blood cell production by the spleen was considered to 
be responsible for this sustained effect.32 An in vitro study 
using isolated mammalian cells exposed to gamma radiation 
found that Panax ginseng increased their resistance to irra-
diation whereas Eleutherococcus did not.36 The above stud-
ies suggest that Panax confers a direct resistance to cells by 
altering cell physiology, whereas the improved survival from 
Eleutherococcus is via an indirect action on the whole organism.

In their early seminal review of Eleutherococcus, Brekhman 
and Dardymov found that it inhibited both spontaneous malig-
nant tumours and those induced by a number of carcino-
gens. Evidence was obtained of a decreased transplantability 
of tumours in mice and an inhibition of metastases occurred 
in some cases.15 An earlier study indicated a decreased inci-
dence of lung cancer in mice when Eleutherococcus was given 
for several weeks with or after the administration of a carci-
nogenic agent.37 Further in vitro research found that compo-
nents of Eleutherococcus exerted an antiproliferative action 
upon murine cancer cells; the effect of some cytotoxic drugs 
was also potentiated by Eleutherococcus, thereby reducing the 
amount of drug needed.38 Eleutherococcus lowered the occur-
rence of chromosomal mutations and increased the survival 
rate of plants exposed to mutagens.39

Immune effects
Resistance to bacterial infection is increased in mice and 
rabbits by prior dosing with Eleutherococcus. However, 
simultaneous administration with the infecting organism 
increased the severity of the disease.40 This work and clini-
cal experience in Russia have led to the notion that use of 
Eleutherococcus should be discontinued during acute infec-
tions, although it has been used in combination for such 
conditions.41 Antiviral immunity is also stimulated in vivo 
and in vitro by prior administration of Eleutherococcus.42 
Preparations of Eleutherococcus were analysed and found in 
vitro to selectively inhibit COX-2 enzymes and lipid peroxida-
tion which are elevated in inflamed or cancerous conditions.43

Normalising actions
Brekhman and Dardymov demonstrated that Eleutherococcus 
impeded both hypertrophy and atrophy of the adrenal and 
thyroid glands, reduced blood sugar level in hyperglycaemia 
and increased it in hypoglycaemia. A normalising action was 
also observed in both leucopenia and leucocytosis.15

Cardiovascular effects
Eleutherococcus countered the effects of cerebral ischaemia 
in rats,44 and in other studies increased their resistance to 
coagulant drugs.45 Rats recovering from heart damage demon-
strated increased repair of heart muscle: Eleutherococcus was 
found to increase the number of mitochondria in the cardiac 
muscle, resulting in better oxygen metabolism and increased 
conversion of fat into glycogen for energy.46

Other activity
Eleutherococcus displayed a marked benefit in diabetic rats by 
increasing insulin and lowering glucagon.47 The eleutherosides 

had an insulin-like activity in diabetic rats48 and the eleuther-
ans are hypoglycaemic.13 There is some evidence of hypogly-
caemic effects in healthy adults,49 but no such benefits have 
been observed in diabetes patients.50

Eleutherococcus has demonstrated anabolic effects, with 
improved egg weight and yield in hens, increased reproduc-
tive capacity in bulls, and weight gain in growing rabbits51 and 
in rats.52 It is claimed to have a gonadotropic effect in young 
male mice, with 1 g of root (by intraperitoneal injection) being 
equivalent to 6 mg of testosterone (by intramuscular injec-
tion).53 However, components of an Eleutherococcus extract 
only demonstrated a modest affinity for steroid receptor sites 
in an in vitro study.54

An antitoxic effect has been demonstrated in vivo for 
the simultaneous administration of drugs and toxins with 
Eleutherococcus.55

Pharmacokinetics
Early studies with intraperitoneal injections of eleutheroside 
B in rats suggested a short half-life in the blood, with some 
accumulation in the adrenal glands and elimination mostly 
through the urine.3

Clinical trials

Effect on healthy or stressed individuals
Studies (mostly from Russia) of Eleutherococcus in individu-
als without pathology have indicated an increased capacity 
to adapt to changed environmental and working conditions. 
In healthy humans, Eleutherococcus improved short-term 
memory and light and colour perception.56,57 The herb has 
been reported as improving the performance and stamina of 
explorers, sailors, deep sea divers, mine and mountain rescue 
workers, truck drivers, pilots, factory workers and even cos-
monauts in open label trials and case observations.58 Improved 
mental and physical output is noted, for example proof-
readers were quicker and made fewer errors, cognitive per-
formance increased in the elderly,59 and labourers improved 
work capacity.60

In a double blind study of 1000 workers in a Siberian fac-
tory who received Eleutherococcus daily for 30 days, a 40% 
reduction in lost work days and a 50% reduction in general 
illness over a 1-year period was reported.61 A Japanese sin-
gle blind crossover study with six adolescent male athletes 
demonstrated that Eleutherococcus improved maximal work 
capacity by 23.3% in male athletes compared with a 7.5% 
increase in the placebo group.62 In another study on athletes, 
Eleutherococcus also improved the strength of larger muscles, 
but its effect was weaker than Panax.63

The results of a study comparing Eleutherococcus (4 g/day),  
Panax (2 g/day) and placebo on endurance athletes showed 
that over 6 weeks there was no effect on immune cell  
markers, but in the Eleutherococcus group (not Panax) the 
testosterone/cortisol ratio decreased by almost 30% (mostly 
due to increased cortisol). The authors suggest this is con-
sistent with animal research suggesting a threshold of stress  
below which Eleutherococcus increases the stress response and 
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above which it decreases the stress response.64 They went on to 
propose that Eleutherococcus may competitively engage stress 
hormone receptors that function to mobilise energy reserves in 
activity.65 This again implies hormetic activity for the herb.

In healthy people exposed to heat stress, Eleutherococcus 
caused faster activation and greater intensity of perspiration.66 
In a study on 225 volunteers to assess microvascular reactions 
in the skin from UV light and after application of low pres-
sure cupping, Eleutherococcus taken over 30 days showed sig-
nificant benefits over placebo.67

Due to such reports and its local reputation, Eleutherococcus 
was widely used in Russia by track and field athletes, gym-
nasts and weight lifters.68,69 There is, however, some modern 
contention about the reliability of some of the earlier studies 
and the effects of Eleutherococcus on athletes are not judged 
strong enough for it to be a banned drug. A review of the avail-
able evidence found serious methodological flaws in the earlier 
papers and a trend in more rigorous studies to find no effect 
on endurance.70 For example, in a rigorous randomised, dou-
ble blind crossover study of endurance cyclists, supplementa-
tion with 1.2 g Eleutherococcus extract for 7 days did not alter 
cycling performance.71 Twenty highly trained distance runners 
randomly assigned in matched pairs participated in an 8-week 
double blind study during which they completed five trials of a 
10-minute treadmill run at their 10 km race pace and a maximal 
treadmill test. Following a baseline trial, participants consumed 
Eleutherococcus extract or placebo daily for 6 weeks. Data 
from the measured parameters (including heart rate, respiratory 
parameters and serum lactate) did not support an ergogenic 
effect of Eleutherococcus supplementation for submaximal and 
maximal aerobic exercise tasks.72

There is some support for a role for Eleutherococcus 
in supporting immune function, elaborated further in the 
next section. A placebo-controlled study of the effect of an 
Eleutherococcus senticosus extract on quantitative flow cyto-
metric measures of cellular immune status in 36 healthy vol-
unteers showed that over 6 months there was a significant 
increase in the activity and number of immunocompetent cells, 
notably helper T lymphocytes and natural killer (NK) cells.73 
In another study 50 healthy volunteers were given either 
Echinacea fresh plant tincture or a liquid preparation contain-
ing Eleutherococcus (about 2 to 3 g/day of root) for 30 days. 
Changes in the Eleutherococcus group were observed for cel-
lular defence and physical fitness, together with significantly 
decreased total cholesterol (14%), LDL-cholesterol (23%), tri-
glycerides (23%) and glucose levels (11%) (p<0.001).74

Nine recreationally trained college male students partici-
pated in a small randomised, double blind, crossover trial con-
ducted in Taiwan. Eleutherococcus root and rhizome extract 
(equivalent to 3.2 g/day) or placebo was taken for 8 weeks, 
with a washout period of 4 weeks. Participants cycled on a 
cycle ergometer at 75% of peak oxygen uptake (VO2 peak) 
until exhaustion (endurance time). Eleutherococcus increased 
VO2 peak by 12% and endurance time by 23% from base-
line. This response was statistically significant compared with 
placebo (VO2 peak and endurance time increased by 3% and 
6% from baseline, respectively). Taking Eleutherococcus for 
8 weeks allowed participants to tolerate a greater cardiac 
work load. Plasma free fatty acids were increased and glucose 

was decreased. These alterations, combined with the signifi-
cant decrease in respiratory exchange ratio, suggest a shift in 
metabolism from carbohydrate to fat (thus sparing muscle 
glycogen).75

Effect on unwell individuals
Administration of Eleutherococcus has shown beneficial 
effects in a wide range of functional and pathological dis-
orders in open label trials and case observation studies. 
It has been used in both China and Russia to treat diseases 
of the heart, kidneys and nervous system. It is likely that 
Eleutherococcus exerts its beneficial effects by improving the 
overall health of the patient, rather than by any direct effect 
on the pathological process.

The results of a postmarketing surveillance study of 160 
patients using an Eleutherococcus preparation demonstrated 
a beneficial effect on antibiotic-induced diarrhoea in conva-
lescence, leading to its recommendation as an adjuvant treat-
ment in convalescence after antibiotic therapy to prevent or 
to clear gastrointestinal complications.76

Several studies have looked at the effect of Eleutherococcus 
on immunological activity. In a double blind, placebo-controlled 
study involving 93 patients, 75% taking Eleutherococcus 
dry extract for 6 months (equivalent to 2 g/day) reported an 
improvement in the duration, severity and frequency of recur-
rent herpes simplex type II infections, compared with 34% 
in the placebo group.77 Studies with cancer patients given 
Eleutherococcus while undergoing antitumour treatment dem-
onstrated enhanced innate immunity,78 and it also minimised 
the side effects from radiation, chemotherapy and surgery, 
and improved healing, well-being and survival time.79 Twenty 
eight patients with stage III-IV epithelial ovarian cancer were 
given 270 mg/day of a proprietary combination of dried etha-
nol/water extracts of Leuzea carthamoides, Rhodiola rosea, 
Eleutherococcus senticosus and Schisandra chinensis for 4 weeks 
following chemotherapy. Results suggested that the combina-
tion may boost suppressed immunity.80

Reviews of earlier clinical studies have suggested improved 
general well-being in a wide range of patients with both mild 
health disturbances and more serious illness; there was added 
improvements reported in cardiovascular functions in ath-
erosclerotic patients and those with rheumatic heart lesions, 
in lung capacity in patients with chronic bronchitis, pneu-
moconiosis and pneumonia, and in blood pressure in both 
hypertensive and hypotensive patients.81 Hypotensive chil-
dren demonstrated a significant rise of blood pressure and 
peripheral resistance when given Eleutherococcus.82 Children 
with dysentery responded faster to medical treatment when 
Eleutherococcus was added.83

A randomised placebo-controlled trial in patients with 
substantial fatigue for at least 6 months with no identifi-
able cause was conducted in Iowa. After 2 months there 
were no significant differences in fatigue relief between pla-
cebo or Eleutherococcus (extract corresponding to 2 to 4 g/
day of root) among the 76 patients who completed the study. 
However, in a subset of 45 patients with less severe fatigue 
there was a significant difference in favour of the herb, sug-
gesting that it may be more efficacious for mild-to-moderate 
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fatigue.84 A double blind, placebo-controlled, parallel-group 
clinical study on Kan Jang (a combination of Andrographis 
paniculata and Eleutherococcus senticosus) showed positive 
effects in the treatment of acute upper respiratory tract infec-
tions, including sinusitis85 and a randomised trial of the same 
preparation in children with acute respiratory viral infections 
was well tolerated and effective.86 (See the Andrographis 
monograph for more details of these trials.)

Toxicology and other safety data

Toxicology
The acute oral toxicity of Eleutherococcus is very low. The 
LD50 of the root in mice was 31 g/kg.87 The LD50 of the fluid 
extract in rats was found to be 10 mL/kg.53 No toxic mani-
festations or deaths were found when Eleutherococcus was 
fed to rats over their whole lifetime at many times the nor-
mal human dose.87 Rats receiving 10 mg/kg of eleuthero-
sides each day for 2 months showed no evidence of toxic 
effects.88 Eleutherococcus did not cause spontaneous muta-
tions in the fruit fly, and reduced the mutagenic effect of 
N-nitrosomorpholine.89

Contraindications
The evidence for contraindications is somewhat contradictory. 
Although Eleutherococcus has been applied in respiratory and 
bowel infections,85,86 there is a tradition in Russia not to use 
it in the acute phase of infections. Again reports of efficacy 
in hypertension81 contradict regulatory and research cau-
tion regarding its safety for this condition (at least for read-
ings in excess of 180/90 mmHg).7,90 In the absence of better 
information it may be prudent to limit the use of the remedy 
(especially in higher doses) in acute infections and hyperten-
sion, other than in formulations with proven safety and effi-
cacy, such as Kan Jang.

Special warnings and precautions
The use of high doses of Eleutherococcus may account for the 
occasional reports of insomnia, palpitations, tachycardia and 
hypertension. Hence caution should be exercised with high 
doses.

Interactions
Eleutherococcus has been found in different reports both to 
decrease91 and to increase serum plasma digoxin concentra-
tion.92 A 74-year-old man was found to have elevated serum 
digoxin, which remained high after digoxin therapy was dis-
continued. The patient was taking a ‘Siberian ginseng’ prod-
uct. Testing of serum digoxin levels was undertaken with and 
without consumption of the product and indicated it was 
responsible for the apparent elevation. The capsules were ana-
lysed and did not contain any digoxin or digitoxin.93 These 
findings were unable to confirm whether Eleutherococcus 
caused a real increase in serum digoxin levels, as opposed to 

an interference with the test method used. Whatever interac-
tive effects are found for Eleutherococcus, it seems unlikely 
that these will involve perturbation of the CYP540 enzyme 
system as the plant’s constituents appear not to affect stand-
ard measures of this activity.94,95

The concomitant application in rats of a standard-
ised fixed combination of extracts from Andrographis and 
Eleutherococcus with warfarin did not produce significant 
effects on the pharmacokinetics of warfarin, and practically 
no effect on its pharmacodynamics.96

Use in pregnancy and lactation
Category B1 – no documented increase in frequency of mal-
formation or other harmful effects on the fetus from limited 
use in women. No evidence of increased fetal damage in ani-
mal studies. Feeding experiments with several animal species 
have found no evidence of teratogenicity or other adverse 
effects in pregnancy.97

Eleutherococcus is likely to be compatible with breastfeeding.
A report of an association between Eleutherococcus (‘pure 

Siberian ginseng’) and neonatal androgenisation98 has been 
dismissed when the suspected product was instead found to 
contain Periploca sepium.99,100 A pharmacological study of 
Eleutherococcus in rats observed no androgenicity.101

Effects on ability to drive 
and use machines
No negative influence is expected.

Side effects
‘Ginseng Abuse Syndrome’ has been described in the USA, 
but this study had many flaws.102 Most notably it did not dif-
ferentiate between Panax and Eleutherococcus. It is likely 
that the side effects described, such as insomnia, diarrhoea 
and hypertension, were due to very high doses of Panax (see 
also the ginseng monograph).

Russian studies on Eleutherococcus have noted a general 
absence of side effects. However. care should be exercised in 
patients with cardiovascular disorders since insomnia, palpi-
tations, tachycardia and hypertension have been reported in 
a few cases. Side effects are more likely if normal doses are 
exceeded.103

Overdosage
Not known (see above).

Regulatory status in selected 
countries

Eleutherococcus is official in the Chinese Pharmacopoeia 
(English edition, 1992), the British Pharmacopoeia (2012), 
the European Pharmacopoeia (2012) and the United States 
Pharmacopeia–National Formulary (USP34–NF29, 2011).
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Eleutherococcus is covered by a positive Commission E 
monograph and can be used as a tonic to counter exhaustion, 
to increase stamina, to enhance performance and concentra-
tion and to assist convalescence.

Eleutherococcus is not on the UK General Sale list 
(although ‘ginseng’ is listed, which probably refers to Panax 
ginseng (Korean ginseng)).

Eleutherococcus does not have GRAS status. However, it 
is freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act). Ginseng* has been present as an ingredient in 

products offered over-the-counter (OTC) for use as an aph-
rodisiac. The FDA however advises that ‘based on evidence 
currently available, any OTC drug product containing ingre-
dients for use as an aphrodisiac cannot be generally recognised 
as safe and effective’.

Eleutherococcus is not included in Part 4 of Schedule 4 
of the Therapeutic Goods Act Regulations of Australia and is 
freely available for sale.
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St John’s wort

(Hypericum perforatum L.)

Summary actions

Nervine, antidepressant, vulnerary, antiseptic, antiviral.

Can be used for

Indications supported by clinical 
trials
Treatment of mild-to-moderate depression (high level evi-
dence), particularly when side effects from standard antide-
pressant drugs become intolerable to the patient; adjunct to 
standard drug treatment in severe depression (this extrapola-
tion from trial data is now controversial because of claimed 
interactions); treatment of anxiety; adjunct to light therapy 
for seasonal affective disorder; orofacial and genital herpes; 
premature ejaculation; psychological symptoms of meno-
pause; premenstrual syndrome; obsessive-compulsive disor-
der; social phobia; psychological symptoms associated with 
irritable bowel syndrome; aerobic endurance in athletes; topi-
cally for wound healing and reducing scar formation; topical 
treatment of subacute mild-to-moderate atopic dermatitis.

Traditional therapeutic uses

Physiological afflictions of the nervous system: spinal injuries, 
neuralgia, sciatica; muscular rheumatism; mild psychological 
disorders: excitability, menopausal anxiety and nervousness. 
Hypericum ointment and infused oil for the treatment of der-
matitis, wounds, bruises and shingles.

May also be used for

Extrapolations from pharmacological 
studies
Treatment and prevention of acute and chronic infections 
caused by enveloped viruses (e.g. cold sores, genital herpes, 
chicken pox, shingles, glandular fever, cytomegalovirus infec-
tion and viral hepatitis); wound healing; conditions requiring 
increased nocturnal melatonin plasma levels (e.g. circadian 
rhythm-associated sleep disorders); alcoholism; may also have 
potential as an anticancer treatment and as a photosensitis-
ing agent in photodynamic therapy; improving resistance to 
stress; as a neuroprotective agent in cognitive and learning dis-
orders; and as a potential adjunct for treatment of metabolic 
syndrome.

Synonyms

Hypericum, hardhay (Engl), Hyperici herba (Lat), Johanniskraut, 
Sonnenwendkraut, Hartheu (Ger), herb de millepertuis (Fr), 
iperico (Ital), prikbladet perikon (Dan).

What is it?

The dried aerial parts of Hypericum perforatum, gath-
ered during the flowering period or shortly before, are used 
medicinally. The generic name of the herb derives from the 
Greek meaning to ‘overcome an apparition’ and in earlier 
times homes would have a plant hanging over the door to 
ward off evil spirits. This species of Hypericum (H. perfo-
ratum) is referred to as perforate St John’s wort due to the 
perforated appearance of the leaves when they are held up 
to the light (these are in fact oil glands). H. perforatum is not 
a weed in its native Europe, Asia and North Africa, but has 
become a weed in most temperate regions of the world. H. 
perforatum and other species of the genus have been used 
as a remedy since ancient times, particularly to treat ulcers, 
burns, wounds, abdominal pains and bacterial diseases. 
Recently it has received considerable attention in clinical tri-
als for the treatment of depression. Shortly after came the 
finding that certain extracts of the herb have the capacity 
to reduce the bioavailability of a wide range of conventional 
medical drugs.

Effects

Moderate antidepressant activity; useful for wound heal-
ing; antiviral activity with potential applicability to disorders 
caused by enveloped viruses.

Traditional view

Hypericum was considered primarily for the nervous system, 
particularly for nervous afflictions (excitability, menopausal 
neurosis and hysteria) and disorders of the spine, spinal inju-
ries, neuralgia, sciatica and muscular rheumatism. It was also 
used for its supposed diuretic and astringent properties, to 
treat urinary problems, diarrhoea, dysentery, parasitic infesta-
tions, jaundice, haemorrhages, menorrhagia and bed wetting. 
Hypericum ointment and infused oil were used on a wide 
range of wounds including ulcers, swellings, bruises and even 
on tumours.1,2 In Greece the herb was used externally for the 
treatment of shingles.3



827

St John’s wort

Other applications

Inclusion in skin care products, particularly for sensitive skin.4

Preparations

Dried or fresh herb for infusion, liquid extract, capsule and 
tablets for internal use.

Infused oil of Hypericum is made by mixing the flowers 
with a good-quality fixed oil (such as olive oil) in a well-sealed 
vessel in the presence of sunlight over several weeks. The 
action of the sunlight produces red oil containing hypericin 
derivatives, hyperforin, xanthones, flavonoids and the break-
down products of hyperforin.

Dosage

l	 2 to 5 g/day of dried herb or the equivalent of 1.0 to 
2.7 mg/day of total hypericin (TH)

l	 Hypericum tablets or capsules (for example 1.5 g, 
standardised to contain 0.9 mg TH): 3 to 4 per day

l	 The volume of liquid extract prescribed depends upon the 
level of TH in the extract; typical doses are 3 to 6 mL per 
day of 1:2 liquid extract; 7.5 to 15 mL/day of 1:5 tincture.

Doses at the higher end of this range have been utilised in 
the treatment of depression, HIV infection and other chronic 
viral infections. For the short-term treatment of acute viral 
infections, even higher doses may be necessary.

Duration of use

No restriction, but at least 4 weeks of treatment is required 
to assess the antidepressant effect. (See the Special warnings 
section.)

Summary assessment of safety

Adverse effects are rare from the use of Hypericum at nor-
mal dosages. Avoidance of excessive exposure to sunlight or 
artificial UVA light is advisable in patients taking high doses. 
Hypericum should be used cautiously in patients with known 
photosensitivity. Clinicians should avoid dispensing the sedi-
ment from Hypericum extracts. (Refer to the Side effects 
section.) Hypericum has the potential to reduce the effects 
of a range of drugs. (See under Interactions and Appendix C.)

Technical data

Botany
Hypericum is a member of the Clusiaceae (alternative name 
Guttiferae) family5,6 and grows to approximately 1 m with 

opposite and paired branches. The leaves are opposite, sessile, 
up to 2 cm long, oblong and contain numerous translucent 
glandular dots that are visible against the light. The yellow 
flowers contain five petals with many stamens protruding. The 
fruit is a capsule.7,8

Key constituents
l	 Naphthodianthrones (0.05% to 0.6%), including 

hypericin and pseudohypericin.9 The upper level of 
naphthodianthrones is usually much lower than this quoted 
value, approximately 0.2%

l	 Flavonoids (such as biapigenin,10 quercetrin11 and rutin12) 
and xanthones;10 phenolics (phloroglucinol derivatives) 
including hyperforin and adhyperforin;11 procyanidins;13 
essential oil.14

Collectively the naphthodianthrones, hypericin and 
pseudohypericin are called ‘total hypericin’ (TH) and are 
responsible for the red colour of Hypericum extracts. The 
naphthodianthrones show a restricted solubility in almost all 
solvents, but more than 40% of the amount present is extract-
able from the crude herb when preparing a tea with water at 
60 to 80°C.15 This increased solubility suggests the presence 
of factors in the herb that modify the solubility of the naph-
thodianthrones. Accordingly, potassium salts of hypericin and 
pseudohypericin have been identified as ‘soluble’ pigments in 
Hypericum species.16 Due to their varying solubility in differ-
ent solvents, most preparations are standardised for TH con-
tent (usually 0.3% hypericin), although there was a move by 
some manufacturers to standardise for hyperforin (usually 
2% to 5%), as attention turned to this compound in terms of 
antidepressant activity.17–22 However, hyperforin is typically 
unstable in extracts of St John’s wort, especially in solution 
(and even in the dry extracts found in tablets and capsules) 
and rapidly decomposes at an acidic pH.23 Tinctures and fluid 
extracts (galenicals) of Hypericum that are older than a few 
months contain no hyperforin at all.24

Pharmacodynamics

Antiviral and antiretroviral activity
Hypericin, and to a lesser extent pseudohypericin, have been 
the subject of intense research for their antiviral properties. A 
review article by Kubin and colleagues25 has been published on 
this topic. Hypericin and pseudohypericin have demonstrated 
activity against several enveloped viruses in vitro, including 
vesicular stomatitis virus, herpes simplex virus types 1 and 2, 
parainfluenza virus, vaccinia virus,26 murine cytomegalovirus,27 
duck hepatitis B virus,28 bovine viral diarrhoea virus, influenza 
virus type A, parainfluenza virus type 3, radiation leukaemia 
virus, Moloney murine leukaemia virus, Friend leukaemia 
virus, vesicular stomatitis virus, Sendai virus, Sindbis virus, 
equine infectious anaemia virus, bovine immunodeficiency 
virus and human cytomegalovirus.25 These compounds were 
inactive against non-enveloped (naked) viruses such as human 
rhinovirus, adenovirus and poliovirus.26,29

This suggests that the mechanism of viral inactivation 
is dependent upon the presence of a viral lipid envelope.29 
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The antiviral activity was enhanced by exposure to light27 
and is directed at both the virions and virus-infected cells.30 
Hypericin and pseudohypericin appear to inactivate the viral 
fusion function via the generation of singlet oxygen upon 
illumination,31 which could also occur in vivo in the absence 
of light if driven by chemically generated excited states.32 
Hypericin and pseudohypericin also interfere with more than 
one stage in the virus replication cycle (see also below).33

Both hypericin and pseudohypericin demonstrated potent 
activity, in vitro and in vivo (by oral administration or injec-
tion),34,35 against several retroviruses, including HIV.36 The 
antiretroviral activity was enhanced by exposure to light.30,33 
The ring structure, the quinone and phenolic groups were 
deemed necessary for the antiretroviral activity.36

The antiretroviral effect was postulated to be achieved in a 
number of ways:
l	 By causing photochemical alterations of the capsid, which 

inhibits the release of reverse transcriptase and prevents 
reverse transcription of the genome within the target cell32

l	 By inhibiting intracellular transmission of the HIV-induced 
cytopathic signal37,38

l	 By interfering with processing of gag-encoded precursor 
polyproteins needed for core maturation34

l	 By impairing the assembly or processing of intact virions34

l	 By inhibiting the signalling pathway that has an 
immunosuppressive effect on the host immune system.39

The antiretroviral activity is probably due to a combination 
of the photodynamic and lipophilic properties of these com-
pounds: hypericin binds cell membranes and crosslinks virus 
capsid proteins resulting in a loss of infectivity and an inability 
to retrieve the reverse transcriptase activity from the virion.40

Light-independent inhibition of HIV-1 was demon-
strated for highly purified fractions of chloroform extracts 
of Hypericum.41 Through bioassay-guided fractionation, 
3-hydroxylauric acid found in field-grown H. perforatum was 
identified as inhibiting HIV-1 activity, with little to no cyto-
toxicity. Similarly, light-independent anti-HIV-1 activity was 

also observed for Hypericum that lacked detectable levels of 
naphthodianthrones.

A recent review noted in vitro studies where hypericin 
inhibited human cytomegalovirus, inhibited the adsorp-
tive ability of foot-and-mouth virus to host cells in a model 
of BHK-21 cells, with maximal inhibitory rate of 59.7%, and 
exerted a dose-dependent activity against porcine reproduc-
tive and respiratory syndrome virus in a model of Marc-145 
cells.42 No information was provided about light conditions.

Despite promising results from in vitro studies, the review 
by Kubin and colleagues suggested tests in mice indicate that 
the efficacy of hypericin on enveloped viruses requires light 
illumination for effective in vivo virucidal activity.25 They 
noted that this was a controversial area, with some results 
showing positive in vivo antiviral activity in the absence of 
light. It is possible that marked antiviral activity from the use 
of Hypericum is only achieved for parts of the body that have 
access to light, such as the skin. (See the trial in patients with 
herpes simplex later in this monograph.)

A phase I dose escalation study of patients with chronic 
hepatitis C virus failed to show any significant antiviral activity. 
Hypericin was given orally in liquid doses of 0.05 or 0.10 mg/kg 
for 8 weeks. Seven of 12 patients treated with the 0.05 mg/kg 
dosage, and all seven treated with the 0.1 mg/kg dosage. expe-
rienced photosensitivity reactions judged to be probably related 
to hypericin, including paraesthesia, dermatitis, darkened col-
our of exposed skin and pruritic nodules.43

Similarly, a phase I dose escalation study of hypericin as a 
potential antiretroviral drug against HIV was unable to con-
firm its value in this context. In fact, phototoxic reactions 
severe enough to cause participants to discontinue treat-
ment were observed. Thirty HIV-infected patients with CD4 
counts less than 350 cells/mm3 were treated with intrave-
nous hypericin (0.25 or 0.5 mg/kg twice weekly or 0.25 mg/
kg three times weekly) or oral hypericin (0.5 mg/kg/day). Of 
the 30 patients who were enrolled, 16 discontinued treat-
ment early because of toxic effects. Severe cutaneous photo-
toxicity was observed in 11 of 23 evaluable patients, and dose 
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escalation could not be completed. Virological markers and 
CD4 cell count did not significantly change.44

Antidepressant activity
The exact mechanisms of action and key constituents of 
Hypericum that play a role in its antidepressant activity have 
yet to be fully elucidated. Hypericin was previously thought 
to be the only active constituent in depression,45–48 but more 
recent interest has focused on other constituents including 
hyperforin, an unstable compound shown in in vitro and in 
vivo studies to have antidepressant activity.17–22 The flavonoids 
have also received attention in this context.49,50 However, the 
total extract appears to be more effective than isolated con-
stituents51 in terms of the antidepressant effect of Hypericum, 
and most of the data to date suggest that multiple mecha-
nisms exhibited by several groups of active compounds may be 
involved in the antidepressant action of Hypericum.52,53

Support for hyperforin as a key antidepressant com-
ponent is derived from several sources. In vitro research 
found that the potency of Hypericum products at inhibiting 
uptake of serotonin depended on their hyperforin content.54 
Furthermore, the effects of two different Hypericum extracts 
in behavioural despair and learned helplessness in a rodent 
model closely correlated with their hyperforin content.18  
A randomised, controlled trial comparing the clinical effi-
cacy and safety of 900 mg/day of two different extracts of 
Hypericum found the low-hyperforin extract (0.5%) was inef-
fective over placebo compared with the high-hyperforin extract 
(5%) over a 42-day period.20 However, there is still consider-
able debate concerning the relevance of hyperforin to the anti-
depressant effects. One review of the evidence for different 
compounds in depression cited six studies using hyperforin-free 
Hypericum extracts that were able to demonstrate clinical effi-
cacy.11 Specifically, clinical studies have clearly demonstrated 
low-hyperforin extracts (1.5% to 3%) to be superior to placebo 
or equivalent to fluoxetine in the treatment of mild-to-mod-
erate depression.55 In addition, many positive findings were 
reported from clinical trials on Hypericum for the treatment of 
depression prior to 1998, when the extraction process used to 
make the most clinically tested extract was modified to target 
higher levels of hyperforin.11

Evidence for the relevance of other constituents to the antide-
pressant activity has been demonstrated using the tail suspension 
test in mice, where step by step removal of either hyperforin or 
hypericin did not result in a loss of pharmacological activity.56 
An extract fraction containing a high amount of flavonoids sig-
nificantly reduced immobility time in the forced swimming test. 
The effect was comparable to that of imipramine.49

The pathophysiological mechanisms underlying the complex 
disorder of depression are still not well understood. As well as 
neurotransmitter deficiency, an inflammatory response (elevated 
pro-inflammatory cytokines), and activation of the hypothalamic-
pituitary-adrenal (HPA) axis (elevated levels of corticotropin-
releasing hormone, ACTH (adrenocorticotropic hormone) 
and cortisol) have also been observed in depressed patients. 
Hence, the following mechanisms that have been observed for 
Hypericum extracts and/or its constituents are of some rele-
vance, albeit keeping in mind the limitations of in vitro models.

In vitro and ex vivo studies
An extract of Hypericum inhibited synaptic uptake of noradren-
aline, serotonin and dopamine, and GABA (gamma-aminobu-
tyric acid) reuptake.57–59 It is unusual to find this action on all 
three uptake systems.

It also exhibited a dose-dependent beta-adrenoceptor 
downregulation equal to that induced by desipramine.60

Hypericum extract and hypericin have also demonstrated 
the following properties using in vitro models:

l	 Significant receptor affinity for adenosine (non-specific), 
GABA-A, GABAB, benzodiazepine, inositol triphosphate61

l	 Reduced expression of serotonin receptors62

l	 Inhibition of catechol-O-methyltransferase63

l	 Inhibition of monoamine oxidase (MAO)-A and MAO-B 
activity although this inhibition was found to be weak58

l	 A suppression of interleukin-6 release for a Hypericum 
extract in a whole blood culture system.64

In terms of the individual constituents of Hypericum, the 
following has been observed:
l	 Hypericum extract and hypericin inhibited dopamine-

beta-hydroxylase in vitro.65 Hypericin showed high affinity 
for the D3 dopamine receptor.48 It demonstrated potent 
binding inhibition to the human corticotropin-releasing 
factor1 (CRF1) receptor,66 but it was subsequently 
observed that of hypericin, pseudohypericin and 
hyperforin, only pseudohypericin selectively antagonised 
CRF in recombinant Chinese hamster ovary cells.67 
Hypericin also potentiated neurotransmitter binding at the 
GABA-A, benzodiazepine and serotonin receptors68 and 
showed an affinity for NMDA (N-methyl-D-aspartate) 
receptors61 and sigma receptors.69

l	 Hyperforin is a potent uptake inhibitor of serotonin 
(5-HT), dopamine, noradrenaline, GABA and 
L-glutamate,70–74 possibly by causing an elevation of the 
intracellular sodium concentration, which is probably in 
turn due to activation of sodium conductive pathways.17

l	 In isolated hippocampal neurons in the rat, hyperforin 
modulated voltage- and ligand-gated ion channels known 
to be involved in neurotransmitter release.75 At nanomolar 
concentrations, hyperforin induced significant inhibition of 
various ion channels. In the case of P-type Ca2+ channels, 
it was established that hyperforin acted via interaction 
with calmodulin or through calmodulin-activated pathways 
involving at least one second messenger.52

l	 Hyperforin has been shown to activate non-selective 
cation channels, suggesting that it may represent a new 
mechanism for preclinical antidepressant activity.76

l	 Hyperforin modified specific membrane structures in 
different ways, decreasing the flexibility of fatty acids 
in the membrane hydrocarbon core, but fluidising the 
hydrophilic region of membrane phospholipids.77

l	 The non-hypericin fraction of Hypericum inhibited 
MAO-A in vitro, unlike hypericin and the flavonols.78,79 
The xanthones, flavones and flavonols were found to be 
potent and selective MAO-A inhibitors and the coumarins 
affected MAO-B in vitro. Amentoflavone demonstrated 
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binding activity at the benzodiazepine receptor in vitro 
and significantly inhibited binding at serotonin receptors 
5-HT1D and 5-HT2C, and dopamine D3 receptors.80

An extract of Hypericum exhibited suppression of inter-
leukin-6 in blood samples ex vivo.81,82 This suppression may 
assist in deactivating the HPA axis, leading to inhibition of 
elevated corticotrophin-releasing factor and other adrenal reg-
ulatory hormones. These changes could be linked to antide-
pressant activity.83

In vivo studies
Hypericum extract has shown the following in various animal 
models:
l	 Downregulation of beta-adrenoceptor density in the 

frontal cortex after subchronic administration in 
various rodent models.58,71,81,83,84 (Note that the down-
regulation of these receptors in vivo is expected on 
subchronic administration of antidepressants, and is not in 
contradiction to the inhibition of uptake observed in vitro.) 
Subchronic treatment of rats with Hypericum extract 
led to a significant downregulation of beta-receptors.58 
A hyperforin-enriched (38%) CO2 extract also led to a 
significant beta-receptor downregulation after subchronic 
treatment.71 Downregulation of central beta-adrenergic 
receptors was shown in rat frontal cortex after 2 weeks’ 
administration of Hypericum lipophilic CO2 extract 
(containing about 26.2% hyperforin and 3% adhyperforin) 
and also a methanolic extract. Treatment with hypericin led 
to a significant downregulation (13%) of beta adrenergic 
receptors in the frontal cortex after 8 weeks only, while 
hyperforin and hyperoside were ineffective.84

l	 Upregulation of central serotonergic receptors from 
cerebral tissue, which is consistent with effects caused by 
synthetic antidepressants.83,85 Subchronic treatment of rats 
with Hypericum extract (240 mg/kg orally for 14 days) 
led to a significant upregulation of 5-HT2 receptors in the 
frontal cortex, with the effect on serotonergic receptors 
varying according to the type of extract: a methanolic 
extract (LI 160) led to a significant increase in receptor 
density compared with a (non-significant) decrease 
in receptor density found with a hyperforin-enriched 
CO2 extract.60 In rats treated daily for 26 weeks with a 
Hypericum extract (2700 mg/kg, LI 160), the number 
of both 5-HT1A and 5-HT2A receptors were significantly 
increased by 50% compared with controls.85

l	 An effect on opioid systems in mesolimbic regions in 
the CNS in the rat brain, either by a direct or indirect 
mechanism.86

l	 Inhibition of synaptic reuptake of neurotransmitters: 
treatment with the LI 160 extract (3 g/kg orally via diet) 
reduced corticosterone and prolactin responses to the 
5-HT2A receptor agonist, 2,5-dimethoxy-4-iodophenyl-
2-aminopropane, suggesting that LI 160 may modify 
brain 5-HT function in the rat, possibly by reducing the 
sensitivity of central 5-HT2A receptors.87 Acute treatment 
of rats with LI 160, hyperforin and hypericin all caused 
significant increases in plasma corticosterone, associated 

with significant increases in brain cortical tissue 5-HT 
content, suggesting that the corticosterone responses 
may be mediated via a 5-HT2 mechanism. When sub-
chronic and acute treatment using two different doses of 
LI 160 were compared, plasma corticosterone levels were 
significantly decreased, suggesting a downregulation or 
desensitisation of post-synaptic 5-HT2 receptors. LI 160 
and hyperforin treatments decreased plasma prolactin 
responses to the dopamine antagonist, haloperidol, 
suggesting that this may be associated with a dopamine-
mediated mechanism of action.88

l	 Improved resistance to stress and prevention of exhaustion 
of the HPA system in rats. In rats exposed to stress, 
Hypericum extract (3 mg or 6 mg/day, oral for 30 days) 
reduced adrenal weight and ACTH concentration.89

l	 Modulation of HPA axis function in the rat. Imipramine 
(15 mg/kg), hypericin (0.2 mg/kg), hyperoside (0.6 mg/kg), 
isoquercitrin (0.6 mg/kg) and miquelianin (0.6 mg/kg)  
administered orally to male rats daily (for 2 weeks) 
significantly downregulated circulating plasma levels of 
ACTH and corticosterone by 40% to 70 %, but not after 
chronic treatment (8 weeks).50 Sub-chronic treatment with 
an extract of Hypericum (LI 160, 75 mg/day) in the rat 
resulted in significantly reduced corticosterone and cortisol 
in brain frontal cortex tissue, although the changes were 
not reflected in serum.90

l	 A photosensitising effect for hypericin, since Hypericum 
treatment has lowered the amount of light necessary to 
obtain a clinical antidepressant effect.91

l	 The antidepressant-like effect of Hypericum extract may 
be mediated by interaction with sigma receptors, and to 
some extent by increased serotonergic neurotransmission.92 
Intraperitoneal pretreatment of rats with 20 mg/kg of the 
sigma receptor antagonist rimcazole completely suppressed 
the anti-immobility effect of a Hypericum extract 
(250 mg/kg, oral). Intracerebroventricular pretreatment 
with 5,7-dihydroxytryptamine, which produced a marked 
depletion of brain serotonin, also reduced the anti-
immobility effect.92

In summary, while the exact role of neurochemical mecha-
nisms underlying the in vivo actions of Hypericum and its 
constituents are not well defined, current evidence suggests 
that they are unlikely to exert their central antidepressant 
effects via the same neurochemical mechanisms as conven-
tional, pharmacologically related drugs. Current data suggest 
that hyperforin, quercetin, the biflavones amentoflavone and 
biapigenin and the naphthodianthrones hypericin and pseu-
dohypericin pass the blood-brain barrier poorly in animals, 
rendering the value of in vitro studies uncertain. Moreover, a 
review of the data related to entry and diffusion within the 
CNS of the main Hypericum compounds concluded that 
pharmacologically effective doses result in brain concen-
trations of the main compounds too low to be effective on 
neurotransmitter receptors, the very mechanisms by which 
central effects are elicited with antidepressant drugs.93 Some 
components of Hypericum might interact with some central 
targets not yet evaluated in vitro, or even act peripherally, 
influencing central transmission. Despite the uncertainties 
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over mechanisms and active agents in the CNS, pharmacologi-
cal studies in humans have certainly demonstrated effects in 
the brain. Subsequent effects on centrally determined hor-
mone levels have also been observed in some of these studies 
(see below).

In a double blind, crossover, placebo-controlled study over 
4 weeks in 12 older healthy volunteers, Hypericum extract 
(2.7 mg/day TH equivalent) induced an increase in deep sleep 
during the total sleeping period, as evidenced by EEG and vis-
ual analysis. The interference with REM sleep phases, which 
is typical for tricyclic antidepressants and MAO inhibitors, did 
not occur for Hypericum. Continuity of sleep, onset of sleep, 
intermittent wake-up phases and total sleep duration were 
not improved by Hypericum, which implies it does not exert 
a sedative activity.94

A shielding effect on the CNS was suggested for 
Hypericum extracts with a high hyperforin content in a ran-
domised, double blind, placebo-controlled parallel-group trial 
(phase I). The study evaluated the central pharmacodynamic 
effects of two Hypericum extracts (900 mg/day for 8 consecu-
tive days) with different contents of hyperforin (0.5% and 
5.0%), but an identical hypericin content. The 5% hyperforin 
extract showed a marked tendency to produce higher increases 
at the delta, theta, and alpha1 frequency values and signifi-
cantly outperformed placebo in quantitative EEG (qEEG) 
power performance in the delta and beta-1 frequency values.22

A single blind study compared the CNS effects of two 
commercially available extracts of Hypericum (including LI 
160, 0.9 mg hypericin) with those of placebo in a group of 
healthy young volunteers (n=35) using quantitative EEG. 
Alpha2 increases of up to 32% were observed, which may 
indicate an interaction with serotonergic uptake, and later 
increases in beta-2, which may be correlated with GABA 
binding and NMDA agonism. Both preparations tended to 
decrease the latency of the cognitive potential P300, indicat-
ing an improvement in mental performance.95

In a double blind, randomised, placebo-controlled, cross
over study, 16 healthy volunteers (11 men and 5 women; 
mean age, 31±5 years) were administered escalating doses of 
a high-hyperforin Hypericum extract or placebo for 7 days. No 
effect was observed on plasma concentrations of noradrenaline 
(norepinephrine) and its main metabolite, dihydroxyphenylg-
lycol, whereas plasma dihydroxyphenylacetic acid (the main 
metabolite of dopamine) increased in every person (p=0.04). 
These findings may suggest a novel mode of action, or an inhib-
itory effect on dopamine beta-hydroxylase.96

Several human trials have investigated the effects of 
Hypericum extracts on cortisol, prolactin and/or growth 
hormone concentrations. One Hypericum extract high in 
hyperforin (600 mg/day) was suggested to influence central 
neurotransmitters, thereby causing cortisol stimulation in a 
dose-dependent manner in 12 healthy volunteers. Clear corti-
sol stimulation was observed from 30 up to 90 minutes after 
the herbal extract application, which was greater than placebo.  
A small but statistically significant elevation in growth hor-
mone values occurred after a 300 mg dose. No prolactin stimu-
lation was observed.97

Similarly, a single-blind study of acute oral administra-
tion of several doses (600, 900 and 1200 mg) of a similar 

Hypericum extract in 12 healthy male volunteers observed 
a significant stimulatory effect on serum ACTH secretion at 
the time of administration, and during 5 h thereafter, whereas 
cortisol and prolactin secretions were not significantly 
influenced.98

A single dose of a methanolic extract of Hypericum (LI 
160) was investigated in a double blind, crossover trial, again 
in 12 healthy male volunteers. A significant increase in plasma 
growth hormone and a significant decrease in plasma prolactin 
were observed relative to placebo, while plasma cortisol levels 
were unchanged, suggesting that this dose of Hypericum may 
increase some aspects of brain dopamine function in humans.99

The effect of two doses of Hypericum extract (LI 160) 
was measured on evening salivary cortisol and noradrenaline 
(norepinephrine)-mediated melatonin in 20 healthy male vol-
unteers who were randomly given a lower (600 mg/day) or 
higher dose (1800 mg/day) for 7 days. Treatment significantly 
increased salivary cortisol throughout the whole collection 
period in the lower dose group, but had no discernible effect 
in the higher dose group. Salivary melatonin was not increased 
in either group following treatment. It was suggested that 
Hypericum may enhance salivary cortisol via a U-shaped 
dose-response relationship and that this may be mediated 
through a 5-HT2 mechanism.100

A pilot study (unblinded) of acute treatment of six healthy 
male volunteers with 2700 mg Hypericum extract (LI 160, 
equivalent to 8.1 mg hypericin) for 1 day found mean sali-
vary cortisol to be significantly increased compared with the 
control group. In the subsequent main study (a double blind, 
balanced order, crossover design, at the same dosage), growth 
hormone increased significantly compared with placebo 
(p<0.01) and plasma prolactin was significantly lowered rela-
tive to placebo (p<0.01). Plasma hormone levels were associ-
ated with a rise in plasma hyperforin, but not with hypericin, 
although no significant correlation was found. It was suggested 
that the extract may effect plasma hormonal changes via both 
5-HT- and dopamine-mediated mechanisms, but does not 
involve noradrenaline (norepinephrine). The data also suggest 
that hyperforin may be more important than hypericin for 
effecting these changes following acute treatment.88

Anxiolytic activity
In vitro studies suggest that Hypericum components can inter-
act with receptors that mediate anxiolytic effects. For exam-
ple, hypericin reduced GABA-activated chloride currents in 
vitro, while pseudohypericin had the opposite effect.101 Both 
hypericin and pseudohypericin inhibited the activation of 
NMDA receptors.101

In vivo studies reporting on the anxiolytic effects of whole 
extracts of Hypericum have revealed mechanisms that may 
be of relevance. Further details of these studies are provided 
here as follows:
l	 Benzodiazepine receptor activation101 and alteration of 

stress-induced augmented 5-HT levels by decreasing 
precursor availability to the brain, suggesting that the 
serotonergic system is involved102

l	 Production of an increase in both thymus and spleen 
indices, suggesting adaptogenic effects mediated by the 
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interrelationship between the immune, oxidative defence 
and neuroendocrine systems103

l	 Inhibition of intraneuronal 5-HT metabolism under adverse 
conditions104

l	 Prevention of the corticosterone-induced decrease in 
hippocampal cell proliferation (see below).105

Anxiolytic activity was exhibited for a Hypericum extract 
(0.54% TH) administered orally to rats at the dose of 10 mL/kg,  
but not by protohypericin or a fraction containing hypericin and 
pseudohypericin. The activity was blocked by pretreatment 
with the benzodiazepine antagonist flumazenil, suggesting ben-
zodiazepine receptor activation may be involved.101

Anxious/depressive-like behaviour, induced in a mouse 
model by 7 weeks of corticosterone administration, was 
reversed by exogenous administration of a methanolic extract 
of Hypericum (0.34% hypericin, 4.1% hyperforin, 5% flavo-
noids) at a dose of 30 mg/kg ip for 3 weeks. Treatment with 
Hypericum also prevented the corticosterone-induced decrease 
in hippocampal cell proliferation and ameliorated the asso-
ciated reduced spine density, suggesting that morphological 
adaptations occurring in mature hippocampal neurons might 
underlie resilient responses to chronic stress and contribute to 
the therapeutic effects of Hypericum.105

The above mechanistic studies are supported by a number 
of models consistently demonstrating anxiolytic activity for 
Hypericum extracts.

A 50% ethanolic extract of Hypericum (100 and 200 mg/kg,  
oral) administered to rats for 3 consecutive days showed con-
sistent and significant anxiolytic activity for all the experimen-
tal paradigms used, and resulted in a significant increase in 
social interaction.106

An infused Hypericum lyophilised aqueous extract devoid 
of hyperforin showed a clear sedative effect at doses ranging 
from 10 to 100 mg/kg administered intraperitoneally to mice, 
and at 5 mg/kg produced an anxiolytic effect.107 Hypericum 
(100 and 200 mg/kg, oral) showed significant antistress activ-
ity, qualitatively comparable to Panax ginseng (100 mg/kg, 
oral), against a variety of behavioural and physiological per-
turbations induced by chronic stress over 14 days in albino 
rats. Adrenal gland and spleen weights were attenuated dose-
dependently by Hypericum and Panax.108

Oral administration of Hypericum (LI 160 at 62.5 to 
500 mg/kg) exerted anxiolytic-like effects in rats for a specific 
subset of defensive behaviours, particularly those related to 
generalised anxiety. Acute treatment (125 mg/kg) impaired 
elevated T-maze inhibitory avoidance, indicating an anxio-
lytic effect. Neither acute nor chronic treatment (250 mg/kg) 
impaired escape performance.109

Putative anxiolytic effects of Hypericum extract were dem-
onstrated in induced hyperthermia in mice, where oral admin-
istration of doses of 250 and 500 mg/kg significantly reduced 
body temperature (deltaT) while higher (750 and 1000 mg/kg) 
and lower doses (125 mg/kg) had no effect. Among the individ-
ual constituents, hypericin (0.1 mg/kg, oral) administered 60 min 
prior to testing significantly decreased deltaT (p<0.05).110

Anxiolytic activity of Hypericum was suggested by find-
ings from acute, subchronic (7 days), and chronic (21 days) 
administration of LI 160 (150 and 300 mg/kg) to mice 

submitted to the mouse defence test battery. The dose of 
300 mg/kg for 21 days reduced flight reaction to the pres-
ence of a predator, suggesting a possible anti-panic effect. 
However, perceived risk assessment (the main index of anxi-
ety) was not affected, suggesting that both effects were only 
mild.111

Hypericum extract (LI 160) administered orally to rats 
(150 to 500 mg/kg) 24, 18 and 1 h before the forced swim 
test demonstrated anxiolytic and anti-panic effects, with no 
impact on locomotor activity. Subacute treatment (300 mg/
kg) exerted a partial anxiolytic-like effect, while administra-
tion of 300 mg/kg for 7 days induced anxiolytic (decreased 
inhibitory avoidance) and anti-panic effects (increased one-
way escape).112

Neuroprotective and cognition-enhancing 
activities
In vitro and in vivo studies suggest that Hypericum extracts and 
hyperforin have cognition-enhancing and memory-facilitating 
properties, as well as neuroprotective effects.113 Mechanisms 
of potential relevance to the neuroprotective activity of 
Hypericum and its components are summarised here as follows:
l	 Antioxidant and anti-inflammatory effects: inhibition by 

hyperforin of cyclo-oxygenase (COX)-1 and 5-lipoxygenase 
(5-LOX) in vitro114 and inhibition of 5-LOX in vivo;115 
cytoprotective effects in glutamate-induced cell death;116 
decreased intracellular reactive oxygen species ( ROS) and 
ROS generation in vitro;117 decreased reactive astrocyte 
proliferation in vivo;118 decreased protein tyrosine nitration 
in vivo;119 reduced lipid peroxidation in vitro (free 
radical scavenging activity);120 superoxide inhibition in 
vitro;121 alteration of brain oxidative parameters including 
glutathione in vivo122

l	 Release of hippocampal acetylcholine by an indirect, 
calcium-dependent mechanism in vivo123

l	 N-methyl-D-aspartic acid (NMDA) receptor antagonism  
in vitro124

l	 Activation of transient receptor protein (TRP)C6 channels 
in vitro125 with an induction of neuronal axonal sprouting 
in a TRPC6-dependent manner in vitro125

l	 Alteration of amyloid precursor protein (APP) processing: 
increased neuroprotective soluble APP-alpha fragment 
production in vitro,113 disassemblage of amyloid-beta fibrils 
in a concentration-dependent manner in vitro113 and in 
vivo;119 improved microglial viability in vitro, and thereby 
possible attenuation of amyloid-beta-mediated toxicity 
in Alzheimer’s disease;126 reduced formation of amyloid-
induced reactive oxygen species in microglia in vitro.126

The implication of these findings for Alzheimer’s disease 
have been expanded in a comprehensive review by Griffith 
and colleagues, published in 2010, of the neurobiological 
effects of hyperforin.113

Results from further in vivo studies of Hypericum or its 
components demonstrate improvements in learning, memory 
retention and spatial memory, protective effects against mem-
ory impairment generated by amyloid-beta and prevention of 
the deleterious effects of stress on memory and learning.



833

St John’s wort

Oral administration of Hypericum extract (50 mg/kg/
day) and hyperforin sodium salt (1.25 mg/kg/day) to rats 
considerably improved learning ability in conditioned avoid-
ance response models, and memory retention of the acquired 
responses. A single oral dose (1.25 mg/kg) of hyperforin, 
but not the total Hypericum extract (25 mg/kg), improved 
memory acquisition and consolidation and almost completely 
reversed scopolamine-induced amnesia in mice.127 It was 
suggested by the authors that Hypericum extract could be a 
novel type of antidepressant with memory enhancing proper-
ties, while pure hyperforin may be a more potent anti-demen-
tia agent than antidepressant.

Similarly, Hypericum was proposed as a possible treat-
ment for the depression commonly associated with demen-
tia. This was based on findings that acute administration of a 
Hypericum extract (1% TH, 3% hyperforin) to mice at doses 
of 4 to 25 mg/kg ip enhanced retrieval memory, but failed to 
reverse scopolamine-induced amnesia. Pretreatment of the 
animals with a range of neurotransmitter receptor antago-
nists revealed the involvement of adrenergic and serotoner-
gic 5-HT1A receptors in the facilitatory effect of Hypericum 
extract on retrieval memory.128

Pretreatment of Wistar rats with a 12:1 Hypericum extract 
(1% TH, 3% hyperforin) at doses of 4 to 12 mg/kg, ip, sub-
sequent to the administration of 1.4 mg/kg of scopolamine 
to impair retrieval memory, resulted in an antioxidant effect 
through altering brain malondialdehyde, glutathione peroxi-
dase and/or glutathione level/activity.122 The authors suggested 
that, since oxidative stress is implicated in the pathophysiology 
of dementia, low doses of Hypericum extract may be of value 
for patients exhibiting elevated brain oxidative status.

Other studies in rats have suggested that Hypericum has 
the potential to prevent the deleterious effects of stress on 
learning and memory disorders. Administration of an extract 
(350 mg/kg/day, oral for 21 days) standardised to 0.3% TH 
content prevented non-spatial and/or spatial memory impair-
ments due to chronic restraint stress and exogenous corti-
costerone at 5 mg/kg/day for 21 days. It also significantly 
improved recognition memory (p<0.01) compared with con-
trols.129 These results were subsequently confirmed under the 
same conditions in male Wistar rats with another Hypericum 
extract, standardised to 0.2 mg TH, at the same dose. The 
extract significantly improved hippocampus dependent spatial 
working memory (p<0.01) and alleviated some other negative 
effects of stress on cognitive function.130 In a follow-up study, 
Hypericum was found to significantly (p<0.05) increase lev-
els of the synaptic plasticity proteins neuromodulin (GAP-43) 
and synaptophysin in the hippocampus and prefrontal cortex, 
which may account for its effect of alleviating stress- and cor-
ticosterone-related memory impairments.131

Acute administration of a standardised 50% ethanolic 
extract of Hypericum (100 and 200 mg/kg/day, oral for 3 
days) to rats demonstrated a possible nootropic action com-
parable with that induced by piracetam (500 mg/kg).132,133 
Memory retention was facilitated, but a minimal effect was 
observed on learning acquisition in various learning and mem-
ory paradigms.

The effects of acute (500 mg/kg) and chronic (200 mg/kg/
day for 3 days) oral administration of Hypericum extract (80% 

ethanol extract, 1% TH, 3% hyperforin, >20% flavonoids) 
and hyperforin were tested on prepulse inhibition (PPI) of 
an acoustic startle response in rats, a paradigm for sensorimo-
tor gating processes. Disruption of PPI resulted with both the 
chronic dose of the extract and hyperforin, suggesting potential 
for a possible limitation of cognitive disturbance in psychotic 
and Huntington’s disease patients manifesting PPI deficit.134

In an early randomised, double blind trial, the effect of 
Hypericum extract (2.7 mg/day TH equivalent) was compared 
with maprotiline on resting EEG and evoked potentials in 24 
healthy volunteers. Results indicative of cognitive function were 
observed, particularly for the Hypericum treatment.135

Anticancer activity
The constituents of Hypericum receiving the most research 
attention for potential anticancer activity are hypericin and, 
more recently, hyperforin. The results of in vitro, in vivo and 
clinical studies are outlined separately below. Much of the 
recent interest in hypericin in the context of cancer has focused 
on its role as a photosensitiser in photodynamic therapy (PDT), 
an increasingly accepted and promising therapeutic modality 
for the treatment of many types of tumours. Studies on PDT 
are included separately and only briefly, because of their lesser 
relevance to the potential herbal use of Hypericum.

Hypericin has demonstrated potent antitumour activity 
in vitro against several tumour cell lines. Early mechanistic 
experiments demonstrated that H directly inhibits epidermal 
growth factor receptor and protein tyrosine kinase activity.136 
(Epidermal growth factor is a cellular plasma membrane recep-
tor possibly involved in the loss of inhibitory constraint on cell 
growth, a factor in tumour formation.) Phosphorylation of pro-
teins on tyrosine residues is a key biochemical reaction mediat-
ing a large variety of cellular signals, including control of the 
cell cycle and cell differentiation. Enhanced protein tyrosine 
kinase activity is also involved in the transformation of normal 
cells into tumour cells.

In a study on bovine vascular endothelial cells, non-photo-
activated hypericin inhibited several key steps of the angio-
genic process, including bovine endothelial cell proliferation, 
formation of tubular-like structures, migration and invasion, as 
well as extracellular matrix degrading urokinase.137

Other in vitro research has found that the hypericins in the 
lipophilic extract of Hypericum induced apoptosis in cultured 
T24 and NBT-II bladder cancer cell lines, suggesting that pure 
hyperforin does not seem to contribute significantly to the 
cytotoxicity activity.138

In vivo studies have supported antimetastatic activity for 
hypericin in the absence of light. Intraperitoneal injection of 
10 mg/kg hypericin significantly reduced the growth rate of 
metastases in two murine models: breast adenocarcinoma (DA3) 
and squamous cell carcinoma (SQ2). Long-term animal survival 
in DA3 tumour-excised groups increased from 15.6% in controls 
to 34.5% following supplementary treatment with hypericin. In 
mice bearing SQ2 tumour metastases, therapy with hypericin 
increased animal survival from 17.7% in controls to 46.1%.139

Significant reduction in the growth of a human pros-
tatic carcinoma cell line and the number of metastases was 
observed with a Hypericum methanolic extract (containing 
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0.3% TH and 3.8% hyperforin) in orthotopically implanted 
nude mice.140 Treatment administered intraperitoneally at 
a dose of 15 mg/kg for 25 days inhibited tumour growth by 
70%. Regional lymph node metastasis was observed in 100% 
of controls compared with 30% of the mice treated with 
Hypericum (p<0.01), with no side effects observed in any of 
the treated mice.

Photodynamic therapy
Hypericin is probably the most powerful photosensitiser 
found in nature,141 and as such has shown promise in PDT, 
which involves administration of a non-toxic photosensitis-
ing drug that accumulates in the tumour. In the presence of 
oxygen and on illumination with visible light, the photo-
sensitiser generates ROS toxic to the tumour cells, causing 
tumour cell death by apoptosis and/or necrosis and tissue 
destruction.42,142 Other possibly interrelated mechanisms 
for tumour shrinkage include damage of the tumour-associ-
ated vasculature, with resulting tumour infarction, and/or  
activation of immune responses against tumour cells.42

Hypericin (10 nM to 1 μM) showed strong phototoxic 
effects and induced apoptosis in a dose-dependent fashion in 
both primary cell cultures and cell lines of human oesopha-
geal cancer. Its phototoxicity was comparable to that of delta- 
aminolevulinic acid, which is already being used for the pho-
todynamic therapy of gastrointestinal cancer.143 A number 
of other studies have demonstrated that hypericin possesses 
a powerful in vitro photocytotoxic activity. These have been 
extensively reviewed in several recent articles.25,42,142

Positive cytotoxic results have been reported from in vitro 
studies with hypericin-PDT for cell lines including human 
bladder cancer cells,144 human epidermoid carcinoma cells 
(A431),145 human umbilical endothelial cells and human gli-
oma cancer cells U-87 MG and U-373 MG, hepatic hepato
blastoma cells, paediatric hepatocellular carcinoma HepG2 
cells, human lung SpcA1 cancer cells, human lung cancer 
cells A549, MDA231 human mammary carcinoma cells, 
human renal carcinoma cells and rhabdomyosarcoma cells.42 
Hypericin-PDT was shown to induce apoptosis or necrosis in 
rat bladder transitional cell carcinoma cells, depending on the 
concentration of hypericin.146 Light activation was mandatory 
for the expression of good cytotoxic activity of hypericin.42

Hypericin-PDT has been proposed as a potential adjuvant 
therapy for melanoma.147 In vitro assays have shown that an 
exposure to 1 μM UVA-activated hypericin does not bring 
about cell death, whereas 3 μM of UVA (400 to 315 nm)-
activated hypericin induced a necrotic mode of cell death in 
pigmented human melanoma cells and melanocytes, and an 
apoptotic mode of cell death in non-pigmented melanoma 
cells and keratinocytes.148

In vivo investigations have shown that PDT with hypericin 
successfully inhibits growth of transplanted tumour cells of 
different histological origin in various mouse tumour mod-
els,142,149–152 and results obtained with hypericin in the RIF 
tumour mouse model are among the best achieved, compared 
with other photosensitisers.142

Topical treatment with hypericin by intralesional injection 
was investigated in eight patients with squamous cell carcinoma 

(SCC) and 11 patients with basal cell carcinoma (BCC). 
Patients with SCC were given 40 to 100 μg hypericin intrale-
sionally three to five times per week for 2 to 4 weeks; patients 
with BCC were treated with 40 to 200 μg hypericin three to 
five times per week for 2 to 6 weeks. Following administration, 
the hypericin was irradiated with visible light. There was selec-
tive tumour targeting: penetration in the surrounding tissues 
did not induce necrosis or cell loss, and the generation of a new 
epithelium at the surface of the malignancy was noticed.153

The potential of hypericin-PDT treatment was confirmed 
in a patient with recurrent mesothelioma. Local hypericin 
was applied 8 weeks after the systemic administration of 
haematoporphyrin derivatives (HDP). Subsequent light illu-
mination had no efficacy in the HDP-photosensitised area, 
but there was tumour destruction for both administered 
photosensitisers.154

Hyperforin
Hyperforin has also exhibited antitumour, antiangiogenic and 
pro-apoptotic activity against various cancer cell lines in both 
in vitro and in vivo research. Although the mechanisms remain 
to be fully elucidated, in vitro studies have revealed that sev-
eral pathways are involved, including promotion of pro-apop-
totic effects,155–158 inhibition of P-gp (P-glycoprotein),159 
inhibition of invasion and metastasis.158,160–162

Hyperforin inhibited the growth of leukaemia K562 and 
U937 cells, brain glioblastoma cells LN229 and normal human 
astrocytes in vitro. Cytocidal effects of hypericin and its 
cooperation with hyperforin on leukaemic (K562, U937) cell 
growth inhibition indicated a synergistic interaction.155

Hyperforin was found to stimulate apoptosis in B cell 
chronic lymphocytic leukaemia cells (CLL) ex vivo and dis-
played anti-angiogenic properties.157 Ex vivo treatment of 
CLL cells with hyperforin markedly impaired the activity of 
P-gp.159 The activity of breast cancer resistance protein was 
inhibited by hyperforin, which also exhibited the potential to 
revert multi-drug resistance in addition to its pro-apoptotic 
properties.159

Hyperforin inhibited angiogenesis in vitro in bovine aortic 
endothelial cells and in vivo in the chorioallantoic membrane 
assay. The phytochemical inhibited the growth of endothelial 
cells in culture and their invasive capabilities, and produced a 
complete inhibition of urokinase and a remarkable inhibition 
of matrix metalloproteinase 2.163

With hyperforin treatment in vivo, the growth of Kaposi’s 
sarcoma – a highly angiogenic tumour – was strongly inhibited 
in mice, with the resultant tumours reduced in size and in 
vascularisation.161 Injected hyperforin significantly inhibited 
MT-450 mammary carcinoma cell tumour growth in Wistar 
rats, induced apoptosis of tumour cells and reduced tumour 
vascularisation.164

Hyperforin inhibited the growth of autologous MT-450 
breast carcinoma in immunocompetent Wistar rats to a simi-
lar extent to the cytotoxic drug paclitaxel, without any signs 
of acute toxicity.158 Treatment with equimolar concentrations 
of hyperforin or paclitaxel was initiated 15 days after tumour 
injection, with daily subcutaneous injections over a period of 
2 weeks.
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Antibacterial activity
Hyperforin is considered to be the main antibacterial con-
stituent of Hypericum,165,166 although evidence exists that 
hypericin, but not the flavonoids, can significantly inhibit 
the growth of selected micro-organisms.167 Extracts of other 
Hypericum species with a low level of hypericin and hyperforin 
were also found to possess some antimicrobial activity,168 sug-
gesting that, while these are the main antimicrobial components, 
they are probably not the only ones responsible for such activ-
ity. Hyperforin is the main ingredient of a complex preparation 
of polyphenolic components, mostly from dianthrone and flavo-
noid groups, isolated by water-alkali extraction of Hypericum. 
This preparation has shown antimicrobial properties and has 
been proposed to be more stable than hyperforin itself.169

A variety of preparations of Hypericum have demonstrated 
antibacterial activity in vitro against more than 40 micro-
organisms including Staphylococcus Oxford, Staphylococcus 
aureus, Streptococcus mutans, Streptococcus sanguis, Escherichia 
coli, Proteus vulgaris, Bacillus cereus, Bacillus subtilis and 
Nocardia gardene.169,170 Extracts of the aerial parts have 
shown activity against Helicobacter pylori (MIC 1.95 to 250 μg/
mL).166 A comprehensive review of the antibacterial activ-
ity of Hypericum published in 2010 reported that methanolic/ 
ethanolic extracts have been found to possess more pronounced 
activity than aqueous extracts.170 The highest inhibitory prop-
erties against Enterococcus faecium, Bifidobacterium animalis, 
Lactobacillus plantarum and E. coli isolated from the human 
large intestine were obtained with a 30% ethanol solution, 
compared with 10% ethanol and pure water extracts.170 The 
essential oil has also demonstrated potent antibacterial activity 
in vitro against a variety of bacterial strains, although it occurs 
at quite low levels in the herb.170,171–173 Water-soluble formula-
tions of hypericin have also shown promise as sensitisers in anti-
bacterial photodynamic therapy for inactivating Staphylococcus 
aureus infections in wounds.174

The infused oil of Hypericum has antibacterial activity. 
Three lipophilic ointments containing this oil (30%, 40% and 
50%) demonstrated inhibition of bacterial growth against 
Streptococcus pyogenes, Streptococcus viridans, Micrococcus 
luteus ATCC 9341 and Moraxella catarrhalis, but not 
Lactobacillus acidophilus, with the antibacterial effect corre-
lated with the quantity of oil.175

The antibacterial activity of Hypericum against methicil-
lin-resistant Staphylococcus aureus (MRSA) has been dem-
onstrated by several research groups.165,166,176 Hyperforin 
at concentrations of 0·1 to 100 mg/mL showed antibacterial 
activity against resistant Staphylococcus aureus.165 Aqueous 
solutions of Hypericum teas were also found to be effective 
against MRSA (MIC 1.3 to 2.5 mg herb per mL).166 However, 
subsequent research supported the superiority of the ethanolic 
extract against eight clinical and one standard strain of MRSA, 
with the most pronounced effect observed for 0.5 mg/mL  
of extract.177 The extracts were more effective against MRSA 
than methicillin-sensitive S. aureus.

Some of the literature indicates that Hypericum extracts 
and its components have a higher antibacterial activity against 
Gram-positive (MIC 0.1 to 1.0 μg/mL) than Gram-negative 
bacteria.166,170,178 However, other research groups have found 
activity against both Gram-positive and Gram-negative bacteria. 

Methanol-acetone extracts from the aerial parts of two sub-
species of Hypericum (H. perforatum L. subsp. perforatum,  
H. perforatum L. subsp. veronense (Schrank) Ces.) were found 
to be active against two Gram-positive bacteria (Staphylococcus 
aureus and Enterococcus faecalis) and two Gram-negative bac-
teria (E. coli and Pseudomonas aeruginosa).168

Aqueous extracts were also effective against both Gram-
positive (S. aureus ATCC 12600) and Gram-negative bacteria 
(E. coli ATCC 8677 and P. aeroginosa ATCC 9721). Seasonal 
variation in antimicrobial activity was noted, with samples col-
lected later in the summer (August) conferring good antimi-
crobial activity, while those collected in July were inactive.179 
Nikolic and Zlatkovic observed that the antimicrobial activity 
reached two maximum values during the harvesting season, 
the first during the budding period, and the second during the 
period of mass flowering when hyperforin is accumulated in 
the flowers.169

Antifungal activity
Several in vitro studies have investigated the antifungal activ-
ity of the flavonoids, essential oil and/or ethanolic extracts 
of H. perforatum. An investigation of the six known flavo-
noids in the herb showed 6″-O-acetyl quercetin 3-O-beta-
D-alloside, quercitrin and quercetin were inhibitory towards 
the growth of the phytopathogenic fungus Helminthosporium 
sativum, with MIC values of 25, 50 and 100 μg/mL, respec-
tively, while, 6″-O-acetyl quercetin, 3-O-beta-D-alloside and 
quercitrin also inhibited the growth of Fusarium graminearum 
Schw. (MIC 100 μg/mL).170

Ethanolic extracts of Hypericum have shown fungistatic 
activity against the fungi Fusarium oxysporum and Penicillium 
canescens, with the concentration high of 45 mg/mL ethanolic 
extract showing the highest fungistatic activity using a spore 
counting method.180 Activity was also demonstrated against 
Penicillium canescens, Fusarium oxysporum, Alternaria alter-
nata, Aspergillus glaucus and Phialophora fastigiata using the 
disk diffusion method, at amounts of 20 to 25 mg/disk.181 The 
essential oil and water-soluble fraction of an alcohol extract of 
Hypericum both exhibited in vitro antifungal activity against 
Microsporum gypseum, Trichophyton rubrum, Aspergillus flavus, 
Curvularia lunata and Fusarium vasinfectum.182

Wound healing/anti-inflammatory activities
The wound healing effect of Hypericum may be attributable to 
its antibacterial and/or anti-inflammatory activities. When pure 
constituents were tested in vitro for anti-inflammatory activ-
ity in RAW264.7 macrophage cells, flavonoids, amentoflavone, 
hyperforin and light-activated pseudohypericin all displayed 
activity, but the anti-inflammatory activity observed for whole 
plant extracts was light-independent.183

Hyperforin has been found to act as a dual inhibitor of 
5-lipoxygenase (5-LOX) and cyclo-oxygenase (COX)-1 in 
intact cells.114 Extracts of Hypericum have shown inhibi-
tory effects on COX-2 expression in vitro.184 In two dif-
ferent human epithelial cell lines, alveolar A549/8 and 
colon DLD-1 cells, H. perforatum extract concentration-
dependently inhibited human inducible nitric oxide synthase 
(iNOS) expression, which resulted from transcriptional 
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inhibition.185 Hyperforin inhibited the generation of ROS 
as well as the release of leucocyte elastase (degranula-
tion) in human isolated polymorphonuclear leucocytes 
challenged by the G protein-coupled receptor ligand 
N-formyl-methionyl-leucyl-phenylalanine.117

In embryonic fibroblasts from fertilised chicken eggs, 
Hypericum extract was shown to increase the stimulation of 
fibroblast collagen production and the activation of fibroblast 
cells that play a role in wound repair by closing the damaged 
area.186

In vivo research using pleural exudate formation in carra-
geenan-treated rats showed that hyperforin significantly sup-
pressed leukotriene B4 formation, suggesting it may act as 
a novel type of 5-LOX inhibitor.115 Hyperforin (4 mg/kg) 
was administered ip 30 minutes before carrageenan. Topical 
Hypericum extracts provoked a dose-dependent reduc-
tion of croton-oil-induced ear oedema in mice (lipophilic 
extract > ethyl acetate fraction > hydroalcoholic extract). The 
pure compounds amentoflavone, hypericin, hyperforin dicy-
clohexylammonium (DHCA) salt and adhyperforin exhibited 
anti-inflammatory activity that was more potent than or com-
parable to indomethacin, whereas isoquercitrin and hyperoside 
were less active.187 The lipophilic extract contained no hypero-
side, hypericin or pseudohypericin, but contained 27% hyper-
forin and 5.2% adhyperforin.

In early research, oral administration of Hypericum tinc-
ture (0.1 mL of 1:10 tincture) demonstrated improved wound 
healing in rats. This activity was believed to be due to the 
facilitation of the collagen maturation phase of wound healing, 
enhanced new skin growth and an influence on epithelial cell 
proliferation and migration.188

A standardised 50% aqueous ethanolic extract of the 
Indian variety of H. perforatum showed significant anti-
inflammatory and analgesic activity in animal models at oral 
doses of 100 and 200 mg/kg.189 Additionally, the Hypericum 
extract potentiated the anti-inflammatory activity of indo-
methacin (20 mg/kg, ip) and analgesic activities of pentazo-
cine (10 mg/kg, ip) and aspirin (25 mg/kg, ip).

Topical application of Hypericum ointment and its metab-
olite hyperforin inhibited the allostimulatory capacity of 
epidermal cells in vivo and the proliferative effect of T lym-
phocytes on epidermal cells isolated from treated skin, as well 
as the proliferation of peripheral blood mononuclear cells  
in vitro, in a dose-dependent manner. This may provide a 
rationale for the traditional treatment of inflammatory skin 
disorders with Hypericum extracts.190

Hypericum extract (containing 0.27% TH and 2.5% of 
hyperforin) administered orally to mice at 200 mg/kg sig-
nificantly inhibited the formation of carrageenan-induced 
paw oedema (p<0.05). The extract inhibited both iNOS and 
COX-2 expression, suggesting that the anti-inflammatory effect 
could be in part related to modulation of COX-2 expression.184

In order to determine the active wound healing ingredi-
ents, the aerial parts of Hypericum were extracted with etha-
nol. The ethanolic extract was then submitted to successive 
solvent extractions with n-hexane, chloroform and ethyl ace-
tate. The ethyl acetate sub-extract was found to be the most 
active, inhibiting wounds by between 17.9% and 100% in an 
excision model and between 9.4% and 100% in an incision 

model. Based on this, the flavonoids and hypericins were sug-
gested as the active components.191

Hypericum extract (50 to 300 mg/kg/day, ip) was found 
to have a protective effect on inflammatory bowel disease 
induced in rats by 2,4,6-trinitrobenzene sulphonic acid, which 
the authors postulated was probably due to anti-inflammatory 
and antioxidant mechanisms.192 Blood glutathione levels sig-
nificantly increased for all doses of Hypericum (p<0.001).

Spasmolytic activity
A strong association has been suggested between depression 
and urinary incontinence. In vitro research found Hypericum 
extract, hyperforin and, to a lesser extent, the flavonoid 
kaempferol inhibited excitatory transmission of the rat uri-
nary bladder and also directly inhibited smooth muscle con-
tractility. This could involve opioid receptors, at least in part, 
as the effect was significantly reduced by the opioid receptor 
antagonist naloxone.193

Spasmolytic activity was also demonstrated in mice for 
Hypericum crude ethanol extract, ethyl acetate extract, aque-
ous extract/infusion (50 g dried powdered herb in 500 mL hot 
water for 15 minutes) administered as a 1% aqueous solution 
ip (10 mL/kg body weight) for each extract. All extracts sig-
nificantly reduced intestinal motility.194 A crude extract of 
Hypericum at a dose of 500 mg/kg caused a 20% protection 
against castor oil-induced diarrhoea in mice and a 60% protec-
tion at 1000 mg/kg (p<0.05 versus saline).195

Sexual function
Findings from in vitro research on Hypericum extract (1 to 
300 μM) showed a dose-dependent inhibition of contractions 
in both the rat and human vas deferens for the whole extract, 
and for hyperforin but not hypericin or the flavonoids. It was 
suggested that these results could explain the delayed ejacu-
lation sometimes described in patients receiving Hypericum 
treatment.196

Later in vivo research on the expulsion phase of ejacula-
tion in anesthetised rats suggested that a hyperforin-enriched 
extract of Hypericum may be a potential treatment for pre-
mature ejaculation (see also under Clinical trials).197

A study conducted in healthy volunteers (6 men and  
6 women) found that 14-day administration of Hypericum 
extract (LI 160) at 900 mg/day did not significantly alter 
the concentrations of most circulating androgens (testoster-
one, dihydrotestosterone, dehydroepiandrosterone sulphate, 
sex hormone-binding globulin and the combined concentra-
tions of androsterone sulphate and epiandrosterone sulphate) 
(p>0.05) in men or women.198 However, the combined con-
centrations of the 5-alpha-reduced steroids, androsterone 
sulphate and epiandrosterone sulphate, significantly declined 
following treatment in all participants (p=0.02) and in the 
men (p=0.04).

Eye diseases
Intravitreal injection of hypericin demonstrated antitumour 
activity against proliferative vitreoretinopathy (PVR) in pig-
mented rabbits.199 Hypericin in doses of 1 μM, 10 μM and 
100 μM significantly inhibited PVR after day 5 (p<0.05). 
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Histological examination of the hypericin-treated control eyes 
disclosed no morphological change, and electroretinogram 
analysis revealed no significant functional change.

The antiangiogenic effects of Hypericum or hypericin were 
investigated for their potential application in ocular neovascu-
larisation, a leading cause of blindness in ischaemic retinopa-
thies.200 In a mouse model of oxygen-induced retinopathy, 
oral administration of Hypericum (15 mg/kg/day) or hypericin 
(15, 45 or 135 μg/kg/day) for 5 days from post-natal day 12 to 
day 17 significantly inhibited the degree of retinal neovascular-
isation, but did not affect the area of retinal vaso-obliteration.

Hypericin was shown to be a highly potent inhibitor of 
angiogenesis in several ocular models examined in rat eyes.201 
Extensive angiogenesis induced in the cornea and iris by 
intraocular administration of the fibroblast growth factor 
(FGF)-2 was effectively inhibited by a minimum of four dose 
regimens of hypericin (2 mg/kg) administered via the intra-
peritoneal route at 48 h intervals. Maximal inhibition was 
achieved when treatment with hypericin was initiated 48 h 
prior to inoculation of FGF-2.201

Sedative and hypnotic effects
An aqueous ethanolic extract of Hypericum (26.5 mg/kg, 
oral) induced marked sedation in vivo similar to diazepam 
controls. None of the isolated fractions from this extract 
exhibited the same sedative activity as the whole extract.202

The effects of Hypericum ethanol extract (A), ethyl acetate 
extract (B) and aqueous extract/infusion (50 g dried powdered 
herb in 500 mL hot water for 15 minutes) (C) on pentobarbi-
tal-induced sleep time, intestinal motility and analgesic activity 
were investigated in mice, who received a 1% aqueous solution 
(10 mL/kg body weight, ip) of each extract. Extracts A and B 
exhibited significant stimulatory and antidepressant effects on 
the CNS and prolonged pentobarbital-induced sleep, increas-
ing the time up to more than 25 min. Extract B exhibited 
strong analgesic activity. All extracts exhibited spasmolytic 
activity, significantly reducing intestine motility.194

The effect of a single dose of Hypericum was examined at 
two dosages (0.9 mg TH and 1.8 mg TH equivalent) on the 
sleep polysomnogram of healthy volunteers using a placebo-
controlled, crossover design.203 At both doses, Hypericum 
significantly increased the latency to REM sleep (placebo 69 
and 64 min versus 84 min (p=0.030) and 104 min (p=0.031) 
for the low and high doses, respectively), without produc-
ing any other effect on sleep architecture. The mean increase 
in REM latency over placebo was not statistically greater in 
the participants who received the higher dose of Hypericum 
(p=0.15).

In an uncontrolled trial with 13 healthy volunteers, a sig-
nificant increase in nocturnal melatonin plasma concentration 
was observed after 3 weeks of administration of Hypericum 
extract (0.5 mg/day TH equivalent).204

Models of alcoholism and drug-dependency
In a 2008 review of Hypericum for substance depend-
ence, it was proposed that the inhibitory effects on ethanol 
withdrawal syndrome may be explained by serotonergic 
mechanisms or a central inhibition of nitric oxide synthase 

(NOS).205 Hypericum extracts (6 to 24 mg/kg) blocked both 
nicotine (1 mg/kg) and caffeine (16 mg/kg) induced locomo-
tor hyperactivity in mice. These effective doses of Hypericum 
did not have any significant impact on locomotor activ-
ity when administered alone, suggesting that the effect was 
not related to a non-specific effect such as sedation or mus-
cle relaxation. Additionally, in a second study, pretreatment 
with L-arginine (1 g/kg) a NO precursor reversed the inhibi-
tory effect of Hypericum (6 mg/kg) on caffeine (16 mg/kg) 
induced locomotor activity in mice, without producing any 
significant effect on locomotor activity when administered 
alone. This implies that the effect may indeed be related to 
NOS inhibition.

A 2005 review of potential natural treatments for alcohol-
ism reported several preclinical studies indicated Hypericum 
extracts might reduce the voluntary intake of alcohol in sev-
eral strains of alcohol-preferring rats. Hyperforin has been 
suggested to be a compound of relevance in reducing alcohol 
intake. The ability of extracts of Hypericum to affect sero-
tonergic, dopaminergic and opioidergic systems in mesolim-
bic regions in the CNS, directly or indirectly, might help to 
explain this activity.206

Oral administration of Hypericum extracts dose-depend-
ently and significantly reduced alcohol intake in two genetic 
animal models of human alcoholism. Similar results were 
seen after the rats were deprived of alcohol for 20 h and the 
extract was administered 30 minutes prior to the return 
of alcohol. Compared with the control group, Hypericum 
extract (0.6 mg/kg) significantly prevented the alcohol depri-
vation-induced rebound in alcohol intake.207

Doses of a Hypericum CO2 extract high in hyperforin 
reduced ethanol intake at 31 or 125 mg/kg, but not at 7 mg/
kg. When the opiate receptor antagonist naloxone at 1 mg/kg 
was combined with the three doses of Hypericum extract, the 
attenuation of ethanol intake was more pronounced than for the 
extract alone.208 Chronic (once a day for 12 days) oral admin-
istration to rats of the same Hypericum extract, given alone or 
combined with naltrexone, markedly reduced ethanol intake 
(offered 2 h/day) at the dose of 125 mg/kg, but not at 7 mg/
kg. The effect of 125 mg/kg was observed from the first day of 
treatment and remained constant across the 12 days.209 At oral 
doses of 31 or 125 mg/kg, but not 7 mg/kg, the same Hypericum 
extract significantly reduced ethanol self-administration in rats.210

A randomised, double blind, placebo-controlled, crossover 
study investigated the interaction of Hypericum extract with 
alcohol. Thirty-two volunteers received either Hypericum 
extract (2.7 mg/day TH equivalent) for 7 days or placebo. At 
the end of the treatment period they underwent several tests 
following consumption of alcohol. No interaction between 
Hypericum and alcohol with respect to cognitive capabilities 
was observed.211

A study investigating the effects of Hypericum extract and 
clonidine on morphine withdrawal syndrome in morphine-
dependent rats showed that clonidine was more effective than 
the lower dose of Hypericum extract (fed to rats orally by a 
nasogastric tube at 0.4 mL/200 g). However, there was no sig-
nificant statistical difference between the mean frequency 
of withdrawal signs for Hypericum extract at the dose of 
0.8 mL/200 g compared with clonidine (0.2 mg/kg, ip), and at 
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1.2 mL/200 g the Hypericum was significantly stronger than 
clonidine in attenuating the morphine withdrawal syndrome.212

Oral administration of an extract of Hypericum was shown 
to attenuate nicotine withdrawal signs in mice.213 Hypericum 
extract at doses of 125 to 500 mg/kg administered in com-
bination with, or immediately after, nicotine administra-
tion (2 mg/kg, four injections daily) abolished the locomotor 
activity reduction induced by nicotine withdrawal, and also 
significantly and dose-dependently reduced the total nicotine 
abstinence score when injected after nicotine withdrawal.

Other activity
In animal models of metabolic syndrome, Hypericum extract 
was found to significantly lower total cholesterol and low- 
density lipoprotein cholesterol in normal rats and inhibit 
weight gain in high-fat- and fructose-fed rats. It also nor-
malised dyslipidaemia and improved insulin sensitivity.214 
Hypericum extract (3% hyperforin and 0.3% TH) was orally 
administered at the doses of 100 and 200 mg/kg/day for 15 
consecutive days. The same extract and doses over 14 days 
were investigated for antidiabetic activity in alloxan-induced 
diabetic rats.215 Treatment with Hypericum led to signifi-
cant falls (p<0.01) in elevated blood glucose levels and also 
reversed the weight loss associated with alloxan treatment.

Evidence of persistent thermal and chemical antinoci-
ceptive activity of Hypericum mainly mediated by PKC-
inhibiting mechanisms was obtained from research in which a 
dried extract of Hypericum induced an effect that persisted 
for 120 minutes after oral administration to mice.216 The 
presence of hypericin was fundamental to both thermal and 
chemical antinociception, through inhibition of PKC activ-
ity, whereas hyperforin selectively produced a thermal opioid 
antinociception.

In research by the same group, Hypericum extract 
(hypericin 0.06 mg/kg, hyperforin 0.978 mg/kg, querce-
tin 0.249 mg/kg, hyperoside 1.905 mg/kg and amentofla-
vone 0.016 mg/kg per 30 mg/kg dose of Hypericum) acutely 
administered at low doses (30 to 60 mg/kg, oral) relieved 
neuropathic pain and reversed mechanical hyperalgesia in rat 
models, being effective up to 180 min after injection of oxipl-
atin.217 Hyperforin and hypericin were responsible for this 
action, whereas flavonoids were ineffective.

Auditory evoked potentials (AEP) provide a correlate of 
cognitive dysfunction in schizophrenia. In a double blind, ran-
domised, crossover design, treatment with either 1500 mg/day  
LI 160 or placebo for 1 week in 16 healthy volunteers reversed 
changes in AEP induced by infusion with ketamine. The influ-
ence of ketamine and the effect of Hypericum on the oculo-
dynamic test showed similar (non-significant) trends. Provided 
that ketamine mimics cognitive deficits in schizophrenia, it was 
suggested that Hypericum might be effective to treat these 
symptoms.218

Pharmacokinetics
Results for several pharmacokinetic studies of hyperforin 
in humans were discussed in a 2006 review.219 It has been 
shown that the hyperforin plasma concentrations in humans at 

normal doses of Hypericum extract show inter-individual vari-
ability, and may also vary considerably between preparations, 
mainly due to differences in hyperforin content.93 For exam-
ple, after single oral doses of 300, 600, 900 and 1200 mg of 
WS 5572 (an alcohol/water Hypericum extract containing 5% 
hyperforin) in healthy volunteers, mean Cmax ranged from 
153 to 437 μg/L (0.28 to 0.81 μM). However, the 900 mg dose 
of the extract yielded a mean Cmax of 246±22 μg/L, much 
higher than for 900 mg of a different extract (87.1±36.5 μg/L) 
in healthy volunteers, but lower than 900 mg of LI 160 
(1500±200 μg/L) in depressed patients. The results of this 
study by Biber and colleagues demonstrated that the absorp-
tion of hyperforin takes place after a lag time of approximately 
1 h, with maximum plasma levels attained within 3 to 3.5 h.220 
No significant difference was found in the mean clearance 
between the 300 and 600 mg doses, although there was a sta-
tistically significant difference between the 300 and 1200 mg 
doses. Elimination half-lives (9.46, 8.52 and 9.65 h, respec-
tively) were similar for the doses, as was Tmax (3.58, 3.5 and 
2.83 h, respectively for the 300, 600 and 1200 mg doses).

In a repeated dose study by the same researchers com-
paring the same daily dose (900 mg/day) of two Hypericum 
extracts with different hyperforin contents (WS 5572, 4.5 mg 
hyperforin and WS 5573, 42.84 mg hyperforin) over a period 
of 8 days, Tmax values were comparable, but Cmax was 
20.7 and 246 ng/mL for the low and high hyperforin tablets, 
respectively. The area under the concentration-time curve 
(AUC) values were 254 and 2336 ng×min/mL respectively.220 
The authors speculated that the lower Cmax and AUC values 
in comparison with the three-dose study outlined above may 
be due to loss of bioavailability related to the high lipophilic-
ity of hyperforin or its interaction with some extract and/or 
gastrointestinal tract contents.220

A 300 mg dose of Hypericum extract (not defined) was 
administered in hard and soft capsules and pharmacokinet-
ics were compared.221 Results for the soft-gel capsules were 
in good agreement with the findings of Biber and colleagues 
above.220 However, with the hard gel capsules, the Cmax of 
hyperforin was only half the value (84.25 ng/mL, compared 
with 168.35 ng/mL for the soft-gel formulation).221 Results of 
further pharmacokinetic studies are generally in good agree-
ment with earlier findings.219,222,223

Two open phase I clinical trials were conducted to obtain 
pharmacokinetic data for hypericin, pseudohypericin, hyper-
forin, the flavonoid aglycone quercetin and its methylated 
form, isorhamnetin, from a Hypericum extract. In each trial, 
18 healthy men received 900 mg dry extract of St John’s wort 
(STW 3-VI, Laif 900), either as a single oral dose or as a mul-
tiple once daily dose over a period of 14 days. After single dose 
intake, the key pharmacokinetic parameters were as follows: 
hypericin AUC 78.33 h×ng/mL, Cmax 3.8 ng/mL, time to 
reach Cmax (Tmax) 7.9 h, and t1/2 18.71 h; pseudohypericin 
AUC 97.28 h×ng/mL, Cmax 10.2 ng/mL, Tmax 2.7 h and t1/2 
17.19 h; hyperforin AUC 1550.4 h×ng/mL, Cmax 122.0 ng/
mL, Tmax 4.5 h and t1/2 17.47 h. Quercetin and isorhamne-
tin showed two maxima separated by about 3 to 3.5 h. Their 
parameters were as follows: quercetin AUC 417.38 h×ng/mL, 
Cmax (1) 89.5 ng/mL, Tmax (1) 1.0 h, Cmax (2) 79.1 ng/mL, 
Tmax (2) 4.4 h and t1/2 2.6 h; isorhamnetin AUC (0-infinity) 
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155.72 h×ng/mL, Cmax (1) 12.5 ng/mL, Tmax (1) 1.4 h, Cmax 
(2) 14.6 ng/mL, Tmax (2) 4.5 h and t1/2 5.61 h. Under steady-
state conditions reached during multiple dose administration, 
similar results were obtained.223

Under the same conditions but with a lower dose of 
612 mg Hypericum extract (STW-3, Laif 600), hypericin 
reached a Cmax of 3.14 ng/mL, with a Tmax of 8.1 h, and a 
t1/2 of 23.76 h; for pseudohypericin Cmax was 8.50 ng/mL, 
Tmax 3.0 h, t1/2 25.39 h; for hyperforin AUC (0-max) was 
1009.0 h x ng/mL, Cmax 83.5 ng/mL, Tmax 4.4 h and t1/2 
19.64 h. Similar to the above study, quercetin and isorham-
netin showed two peaks of maximum plasma concentration 
separated by about 4 h.222

Notwithstanding the above, human pharmacokinetic  
studies of hypericin have predominantly been carried out using 
the extract LI 160 at doses ranging from 300 to 1800 mg/
day.99,219,224–226 Plasma concentrations of the hypericins were 
generally found to be lower than hyperforin,219 with Cmax 
ranging from 1.3 ng/mL to 91 ng/mL. Hypericin levels peaked 
at an average of 5.87 h, while the mean Tmax of pseudohy-
pericin was at 3.1 h.219

In a phase I trial using synthetic hypericin, oral bioavailabil-
ity of hypericin after a single dose was measured at 14.6% to 
30%.227

Current evidence suggests that the acylphloroglucinol hyper-
forin, the flavonol quercetin and its glycosylated forms and 
their metabolites, the biflavone amentoflavone and its ana-
logue biapigenin and the naphthodianthrones hypericin and 
pseudohypericin pass the blood-brain barrier poorly in ani-
mals. A recent review by Caccia and colleagues detailed in 
vitro and in vivo studies of uptake by the brain of the compo-
nents of Hypericum extracts.93 Hyperforin was the only com-
ponent that could be determined in the brain of rodents after 
oral administration of alcoholic extracts,219 although even here 
animal models have revealed its very poor passage across the 
blood-brain barrier, with a brain-to-plasma ratio <2% to 4%.93 
Findings from these in vivo studies indicate that, after pharma-
cologically effective doses of Hypericum extracts, brain concen-
trations of hyperforin are in the low nanomolar range.

Similarly, the penetration of hypericin across the blood-
brain barrier seems to be very limited. Pharmacokinetic data 
on hypericin derived from animal studies using single doses 
of the pure compound indicate that brain concentrations are 
well below 50 nM.228 There was no detectable hypericin in 
the CSF of non-human primates 48 h after an intravenous 
dose of 2 to 5 mg/kg. It was estimated that less than 1% of 
the observed plasma concentration of hypericin (10 μM for up 
to 12 h) entered the CSF.93

There is no information on the concentrations of conjugated 
and methylated quercetin derivatives reached in the human brain 
after administration of Hypericum extracts.93 Amentoflavone 
protected against hypoxic-ischaemic injury in a rat model, sug-
gesting that it may enter the brain, although after oral treatment 
of mice with 1000 mg/kg of a Hypericum hydroalcoholic extract 
and 1 mg/kg authentic amentoflavone, brain concentrations of 
unchanged compound were below the detection limit. Biapigenin 
is also suggested to achieve poor blood-brain barrier penetration 
in rodents, as brain concentrations were less than 2% of the cor-
responding systemic exposure in mice (0.01 to 0.03 nmol/g).93

Clinical trials

Antiretroviral and antiviral activities
In the first reported case studies of HIV-positive patients who 
had been taking Hypericum preparations (0.35 to 1.2 mg/day 
TH), nine (of 11) patients demonstrated successful treat-
ment, as evidenced by symptomatic relief of fatigue, nausea, 
mild peripheral neuropathies and abatement of swollen lymph 
glands. Changes in CD4 cell counts and p24 antigen levels 
were slower to occur. One patient became asymptomatic.229

In 1990, an uncontrolled study was carried out investigat-
ing 26 HIV-positive patients self-administering an over-the-
counter Hypericum extract (1 mg/day TH equivalent). At the 
end of 4 months, p24 antigenaemia disappeared in two of six 
initially positive patients, both of whom were also using the 
antiretroviral drug AZT. In 10 patients who had never taken 
AZT, the mean CD4 cell count increased 13% after 1 month 
and maintained this increase for 4 months. In those using 
AZT and Hypericum, CD4 cell counts fell significantly after 
an initial mild rise. Liver enzyme elevations occurred in five 
patients, which returned to baseline after 1 month without 
Hypericum.230

In another early uncontrolled trial, 16 HIV patients at vari-
ous stages of the disease process were treated by intravenous 
injection and oral doses of Hypericum.231 Over 40 months of 
observation, patients showed stable or increasing CD4 cell 
counts and only two patients encountered an opportunistic 
infection. None of the known viral complications due to cyto-
megalovirus, herpes or Epstein-Barr virus were encountered. 
There were no cases of toxoplasmosis, neurological symptoms 
or photosensitivity.

A substantial decline in viral load was observed in most 
of 18 AIDS patients undergoing a similar treatment regime 
(intravenous injection and oral Hypericum) for 4 to 6 years. In 
those patients who experienced an increase in viral load, there 
was no effect on the clinical outcome of viral cytomegalovi-
rus, herpes or Epstein-Barr viral complications.232 Twenty-four 
HIV-infected patients in Thailand participated in a study to 
determine the maximum tolerated effective oral dose (MTD) 
of hypericin that demonstrated antiviral activity with mini-
mal phototoxic effects. The MTD was found to be 0.05 mg/
kg.233 In a toxicological study involving 10 HIV-positive homo-
sexual men, daily dosages of 0.5, 2.0, 4.0 and 8.0 mg hypericin 
were each administered for 12 weeks. No early, marked anti-
HIV activity was found.234 There have also been two phase 
I/II studies of synthetic hypericin in HIV-infected subjects, 
investigating phototoxicity, pharmacokinetics and antiviral 
activity by oral or intravenous administration.232,235 A consist-
ent change in antiviral endpoints was not seen with intermit-
tent intravenous dosing. Pharmacokinetic data indicated that 
chronic oral dosing would achieve sustained blood levels within 
an antiretroviral range.232

In patients with hepatitis C virus (HCV), puri-
fied hypericin had no impact on levels of HCV or liver 
enzymes.236 Twelve patients received low-dose hypericin 
(0.05 mg/kg/day) for 2 months, while the remaining seven 
received high-dose hypericin (0.1 mg/kg/day) for 2 months. 
Seven of 12 patients receiving low-dose hypericin and all 
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seven who received the high-dose hypericin developed side 
effects, predominantly photosensitivity reactions.

A tablet of Hypericum dry extract was compared with 
placebo in patients suffering from recurrent orofacial herpes 
(trial 1; 94 patients) or genital herpes (trial 2; 110 patients) 
in two separate double blind, randomised clinical trials.237,238 
For both trials, the total observation time was 90 days and 
patients received 3 tablets per day in symptom-free periods 
and 6 tablets a day during skin outbreaks. Each tablet con-
tained 300 mg of dried extract standardised to contain 0.3% 
TH. The main measure of efficacy was a symptom score, cal-
culated as a total of the severity ratings of major symptoms 
(such as presence and number of blisters, intensity of com-
plaints, size of affected area) during the skin outbreak. The 
total symptom score was significantly lower in the Hypericum 
group compared with placebo in both trials. Average scores 
were 20.3 for the herb versus 32.1 for placebo for trial 1 and 
15.6 versus 29.4 for trial 2. The herb also led to a superior 
reduction of the number of patients with herpetic episodes 
(skin sores) in both trials. Individual symptoms were also 
noticeably improved by the herbal treatment.

Antidepressant activity
Most studies on Hypericum in the context of depression 
have been conducted on major depressive disorder (MDD). 
According to the Diagnostic and Statistical Manual of Mental 
Disorders IV (DSM-IV),239 major depression is characterised 
by at least five of the following symptoms occurring nearly 
every day over a 2-week period, including either depressed 
mood or loss of interest or pleasure: depressed mood, mark-
edly diminished interest in most activities, significant weight 
loss or weight gain, insomnia or hypersomnia, psychomotor 
agitation or retardation, fatigue or loss of energy, feelings of 
worthlessness or excessive or inappropriate guilt, diminished 
ability to think or concentrate or indecisiveness and recurrent 
thoughts of death or suicide.

The antidepressant activity of many Hypericum extracts 
in MDD has been established in mild and moderate cases in 
observational studies, placebo-controlled trials and compara-
tor studies with standard antidepressant medications. Even 
relatively early meta-analyses of randomised placebo-con-
trolled clinical trials of Hypericum between 1996 and 2000, 
including up to a total of 2291 patients, reported that extracts 
of the herb were superior to placebo for the treatment of 
mild or moderately severe depressive disorders.240,241,242 In 
later meta-analyses of placebo-controlled and comparator tri-
als, superiority over placebo and equivalence to conventional 
antidepressants was also reported (see below).240,243–246 In a 
2000 systematic review of eight randomised controlled tri-
als, Gaster and Holyroyd reported the absolute increase in 
response rate with Hypericum ranged from 23% to 55% 
higher than with placebo, but 6% to 18% lower than tricy-
clic antidepressants.247 Other systematic reviews reported 
similar findings to the ones mentioned above.248–250 Large-
scale observational studies of patients with mild-to-moderate 
depression, including MDD, reported response rates between 
65% and 100%.251

A Cochrane review published in 2008 of studies com-
paring Hypericum extracts with placebo or conventional 

pharmaceutical antidepressant drugs supported its use in 
MDD.243 A total of 29 trials (5489 patients) were included, 
with 18 of these being placebo-controlled20,252–268 and 17 
active-controlled trials.256,261–266,269–278 The standard anti-
depressant drugs were the older tricyclics (maprotiline (one 
trial), imipramine (three trials) and amitriptyline (one trial)), 
and selective serotonin reuptake inhibitors (SSRIs, fluoxetine 
(six trials), sertraline (four trials), paroxetine (one trial) and 
citalopram (one trial)). The severity of MDD was identi-
fied as mild-to-moderate in 19 trials and moderate-to-severe 
in nine trials. Dosages ranged from 240 to 1800 mg/day  
Hypericum extract, but were mostly between 500 and 
1200 mg/day.

The Hypericum preparations studied in the trials included LI 
160 (Jarsin, Lichtwer Pharma, Berlin, Germany), HYP611 (Felis 
650, Biocur Arzneimittel GmbH, Holzkirchern, Germany), 
STW3-1 (Stegerwald Arzneimittelwerk, Darmstadt, Germany), 
STW3-IV (Stegerwald), STW3-VI (Stegerwald), LoHyp-57 (Dr 
Werner Loges and Co., GmbH, Winsen, Germany), WS5572 
(Schabe Pharmaceuticals, Karlsruhe, Germany), WS5573 
(Schwabe), WS5570 (Schwabe), Iperisan (Labaratorio Marjan, 
Sao Paulo, Brazil), STEI 300 (Steiner Arzneimittel, Berlin, 
Germany), Ze117 (Max Zeller Sohn, Romanshorn, Switzerland) 
and Psychotonin Forte (Steigerwald).

The majority of trials were of high quality. Meta-analysis 
found that for the placebo controlled trials examined, 
patients receiving Hypericum extracts were significantly 
more likely to be responders (RR 1.48; 95% CI 1.23 to 1.77), 
although study results were highly heterogeneous (I2 75%). 
For the comparator trials, there were no differences between 
the groups based on the Hamilton Depression Scale (HAM-
D) pooled responder rate (RR) ratio 1.01 (95% CI 0.93 to 
1.09; I2 17% based on an intention-to-treat approach) and on 
the clinical global impressions (CGI), RR 1.01 (95% CI 0.94 
to 1.09). Patients allocated to Hypericum were less likely to 
drop out of studies due to adverse events than patients allo-
cated to either the older standard antidepressants or SSRIs. 
Side effects of Hypericum extracts were usually minor and 
uncommon.

Further details of some of the comparator studies reviewed 
in mild-to-moderate depression are included here. Hypericum 
extract LI 160 900 mg/day (2.7 mg/day TH equivalent) had 
comparable efficacy to amitriptyline 75 mg/day on HAM-D 
and CGI scores in 149 patients with mild-to-moderate MDD 
over a 6-week period.273 In a 6-week comparator trial on 
mild-to-moderate major depression in 324 outpatients from 
psychiatric and general medical practices, ZE 117 500 mg/
day (equivalent to 1 mg/day hypericin) was therapeutically 
equivalent to imipramine 150 mg/day, but better tolerated.274 
Similarly, an 8-week trial in 263 patients with moder-
ate MDD found Hypericum extract STEI 300 at a dose of 
1050 mg/day (0.2% to 0.3% TH and 2% to 3% hyperforin) to 
be more effective than placebo and at least as effective as imi-
pramine 100 mg/day in 263 patients.266 Hypericum extract 
LoHyp57 at a dose of 800 mg/day was shown to be equivalent 
to fluoxetine 20 mg/day in mild-to-moderate depression in 
149 elderly patients aged 60 to 80 years. Hypericum reduced 
HAM-D scores from 16.6 to 7.91, while fluoxetine resulted 
in a reduction from 17.18 to 8.11.276 In 251 outpatients with 
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moderate-to-severe MDD, Hypericum WS 5572 (hydro- 
alcoholic extract 3:1 to 7:1 extract ratio; 1 mg to 2.5 mg/day 
TH) at an initial dose of 900 mg/day, increased to 1800 mg/
day after 6 weeks in non-responders, was at least as effec-
tive as paroxetine and better tolerated. Hypericum resulted 
in a 57% reduction in HAM-D scores compared with a 45% 
reduction for the SSRI.277

Placebo-controlled studies covered by the Cochrane review 
include the following. A 6-week randomised, controlled trial 
with Hypericum extract WS 5572 at two doses, (600 mg/day 
and 1200 mg/day, 0.3% TH) in 332 patients with mild-to-
moderate major depression found Hypericum to be superior 
to placebo (p<0.001) at both doses.254 Hypericum extract 
STW 3-VI at 900 mg/day for 8 weeks was superior to placebo 
(p<0.001) in mild-to-moderate depression in 140 outpa-
tients.258 In a randomised, double blind trial, 102 outpatients 
with mild-to-moderate depression received either Hypericum 
extract LI 160 (2.7 mg/day TH equivalent) or placebo. The 
total Hamilton score in the Hypericum treatment group fell 
significantly (p<0.001) further after 4 weeks than in the pla-
cebo group.252 The placebo group also responded favourably 
when switched to active treatment for 2 weeks.

In a study not included in the 2008 Cochrane review, 
Hypericum extract was found to be superior to placebo in 
patients with MDD with reversed vegetative signs (RVS) in 
an exploratory subgroup analysis of a 3-arm study.279 A total 
of 135 patients were randomised to 12 weeks’ treatment with 
Hypericum LI 160 (900 mg/day), fluoxetine (20 mg/day) or pla-
cebo. Patients with RVS were defined in two steps, according to 
the DSM-IV. First, patients with melancholy-related vegetative 
signs were excluded. Secondly, patients had to have at least one 
score of 2 for items 22 to 26 of the HAMD-28 scale, which are 
related to hypersomnia and hyperphagia. Twenty-seven patients 
remained in the group. Post-hoc analysis showed a trend to 
superiority of Hypericum compared with placebo and fluox-
etine. Fluoxetine was not different from placebo.

Severe depression
Whilst most of the research has focused on mild-to-moderate 
depression, Hypericum extract has also been compared with 
imipramine for treatment of recurrent MDD in the absence 
of psychotic symptoms or delusions.280 At the higher dose of 
1800 mg (6:1 extraction ratio 10800 mg/day of herb), the 
extract LI 160 was found to be as effective as imipramine in 
improving symptoms of severe depression, and was better tol-
erated. More recently, Szegedi and colleagues277 found WS 
5572 extract at an initial dose of 900 mg, increased to 1800 mg/
day in non-responders, to be at least as effective as parox-
etine for moderate-to-severe major depression (HAM-D 17 
entry score 22+ and 2+ on the depressive mood item; p=0.08 
between groups) and to be better tolerated. The study used a 
hydro-alcoholic extract containing 3% to 6% hyperforin, equiv-
alent to 2.7 to 5.4 mg, and having a 3:1 to 7:1 extract ratio.

Mild depression
A re-analysis of the original data from two double blind, ran-
domised, placebo-controlled clinical trials and the acute phase 

of a long-term study found the Hypericum extract WS 5570 
to be of benefit during the acute treatment of patients suffer-
ing from mild depression (according to DSM criteria), leading 
to a substantial increase in the probability of remission.281 The 
re-analysis included 217 patients who had a pretreatment total 
score at most 20 points on the 17-item HAM-D. In patients 
treated with WS 5570, the HAM-D total score decreased by 
averages of 10.8 (600 mg/day), 9.6 (900 mg/day) and 10.7 
(1200 mg/day) points, respectively, between the pretreatment 
baseline value and the end of acute treatment, compared with 
6.8 points for the placebo group (p<0.01 for all pairwise com-
parisons against placebo). This corresponded to average relative 
decreases of 49% to 57% for WS 5570 and 36% for placebo. 
At the end of acute treatment 57% of the patients treated 
with 600 mg/day, 33% in the 900 mg/day group and 62% in the 
1200 mg/day group, as well as 25% in the placebo group were 
in remission (HAM-D total score no more than 7 points).

Dysthymia versus non-dysthymic patients
A randomised controlled trial compared Hypericum extract 
PM235 with placebo in patients with minor depressive symp-
toms or dysthymia. Results suggested a greater sensitivity to 
Hypericum among non-dysthymic patients.282 One hundred 
and fifty patients, aged 25 to 70 years, meeting the (ICD)-10 
criteria for mild or moderately severe depressed episodes or 
with dysthymia, and having a 17-item HAM-D total score 
between 7 and 17, were randomly assigned to the extract or 
identical placebo. The active treatment was administered at 
270 mg/day in a lower (0.12% hypericin) or a higher (0.18% 
hypericin) formulation. For the HAM-D, there was a non-
significant trend towards a more frequent improvement in the 
non-dysthymic patients treated with Hypericum (p=0.057). 
The Beck Depression Inventory (BDI) criteria showed signifi-
cance (p=0.045) for both doses of Hypericum compared with 
placebo. Pooling the high- and low-dose groups together, signifi-
cant reductions for HAM-D and BDI criteria were found among 
non-dysthymic patients (p=0.03). Significant improvement in 
response to Hypericum was found in symptoms reflected by 
a visual analogue scale, again only in non-dysthymic patients 
(p=0.041). In a secondary analysis, pooling both treated groups 
concluded that Hypericum had a clinically significant effect in 
minor depressed patients with HAM-D up to 17. This finding 
was significant only in non-dysthymic patients.

Relapse prevention
A multicentre, randomised, double blind study showed that 
Hypericum extract WS 5570 and paroxetine, a potent SSRI, 
were similarly effective in preventing relapse in a continuation 
of treatment after recovery from an episode of moderate-to-
severe depression, and pointed therefore to an important alter-
native treatment option for long-term relapse prevention.283 
Patients with a HAM-D (17-item) total score decrease of ≥50% 
during the 6 weeks of acute treatment were asked to continue 
the treatment for another 4 months. One hundred and thirty-
three adult outpatients who received maintenance doses of 900 
(n=33) or 1800 mg/day (n=38) of WS 5570, or 20 (n=28) 
or 40 mg/day (n=34) of paroxetine were included. Between 
baseline for the acute phase and the end of continuation 
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treatment, the HAM-D total score decreased similarly in both 
groups. During maintenance treatment alone (day 154 versus 
day 42), 61.6% of the patients randomised to Hypericum and 
54.6% treated with paroxetine showed an additional reduction 
(p=0.59) with respect to the HAM-D total score. Remission 
(HAM-D endpoint total score below 8) occurred in 81.6% (31) 
of the patients receiving the herbal extract and in 71.4% (30) 
for paroxetine (p=0.29). In the continuation phase there were 
0.006 adverse events per day of exposure for Hypericum and 
0.007 events per day for paroxetine.

Hypericum extract STW 3-VI was found to be more effi-
cient at lowering the relapse and recurrence rates of respond-
ers when compared with citalopram and placebo.284 In 
addition, the duration of response was increased in the group 
treated with Hypericum. A re-analysis was conducted using 
data obtained from 154 patients who responded in a ran-
domised, multicentre, double blind, placebo-controlled study 
to 6 weeks of treatment for an episode of moderate depres-
sion with either 20 mg citalopram or 900 mg Hypericum 
extract.284 In total, 30 (19.5%) of the 154 responders were 
diagnosed with a relapse. The number of patients who 
relapsed was highest in the citalopram group (14 of 54), while 
patients treated with the Hypericum extract showed the low-
est relapse rate (8 of 54). Patients from the placebo group 
showed a relapse rate of 8 of 46. No difference in the severity 
of relapse was observed. The duration of response was long-
est for the Hypericum group (1817 days), intermediate for 
the citalopram group (1755 days) and shortest for the placebo 
group (802 days).

Depression with atypical features
A beneficial effect was found for the Hypericum extract LI 
160 (600 mg/day) in depression with atypical features in a ran-
domised, double blind, placebo-controlled, multicentre, parallel-
group trial involving 200 patients.285 Patients were recruited if 
they met the ICD-10 criteria for mild or moderate depression 
and had been diagnosed with atypical depression (DSM-IV 
includes the presence of mood reactivity, atypical vegetative 
features, hypersomnia and hyperphagia, leaden paralysis of the 
limbs and rejection sensitivity). Using the criterion of an abso-
lute reduction in the HAMD-17, significance was achieved 
for Hypericum extract (p<0.05). No significant benefit was 
observed for the sum score of the atypical vegetative items of 
the HAMD-28. However, the sum score of the hypersom-
nia items (items 22 to 24) showed a significant superiority for 
Hypericum. Among moderately depressed patients, there was 
a highly significant benefit for the primary outcome variable. 
(A medium effect size of MW 0.64 (0.55, 0.72), p<0.01, was 
observed in moderately depressed patients compared with a 
small effect size of Mann-Whitney U test (MW) 0.55 (0.46, 
0.65), p=0.25 in only mildly depressed participants.)

Observational studies
A systematic review of 16 large-scale observational studies 
involving a total of 34 804 patients (minimum of 100 parti
cipants per trial, range 101 to 11 296) found response rates 
(according to physician assessment) to vary between 65% and 

100% for Hypericum extracts in the treatment of depres-
sive disorders.251 The majority of studies focused on mild-
to-moderate depression, including MDD, but a limited 
number of severely depressed patients were included. The 
total number of different products tested was 12, and the 
daily extract dose ranged from 360 to 1200 mg. Observation 
periods ranged from 4 to 6 weeks, with the exception of two 
studies of 52 weeks. In these two studies, which investigated 
long-term effects (52 weeks), response rates were 60% and 
69%, respectively, and the proportions of patients dropping 
out due to side effects were 3.4% and 5.7%. The tolerability 
and acceptability of tested extracts was reported to be very 
good, with no serious side effects or interactions reported in 
any study. The proportion of patients dropping out due to side 
effects varied between zero and 2.8%.

A long-term, open, multicentre study on the Hypericum 
extract Ze117 concluded it to be safe and effective for the 
treatment of mild-to-moderate depression over long periods 
of time, and potentially suitable for relapse prevention.286 
A total of 440 outpatients suffering from mild-to-moderate 
depression according to ICD-10 were treated for up to 1 year 
with 500 mg/day. Mean HAM-D scores decreased steadily 
from 20.58 at baseline to 12.07 at week 26 and to 11.18 at 
week 52. Mean CGI scores decreased from 3.99 to 2.20 at 
week 26 and 2.19 at week 52. Thirty of the reported adverse 
events (6%) were possibly or probably related to the treat-
ment, most notably gastrointestinal and skin complaints. 
Long-term intake of up to 1 year of the study medication did 
not result in any changes in clinical chemistry and electrocar-
diogram recordings.

Juvenile depression
Three open label studies of Hypericum extracts for depressive 
disorders in children and adolescents have been conducted. 
One hundred and one children under 12 years with mild-to-
moderate depressive symptoms were treated for a minimum of 
4 weeks, with an extension to 6 weeks, with parental consent 
and medical practitioner recommendation.287 The dosage of 
Hypericum extract LI 160 ranged from 300 to 1800 mg/day. 
The number of physicians rating efficacy as ‘good’ or ‘excel-
lent’ was 72% after 2 weeks, 97% after 4 weeks and 100% 
after 6 weeks. (However, the final evaluation included only 
76% of the initial sample.) Parental ratings concurred with 
physician ratings. Tolerability was good and no adverse events 
were reported.

An 8-week, prospective, open label pilot study examined 
Hypericum as a treatment for children diagnosed with MDD 
of at least moderate severity.288 Of 33 enrolled children 
(mean age of 10.5±2.9 years) 25 met the response criteria of 
≤28 on the Children’s Depression Rating Scale-Revised and a 
CGI severity score ≤2 after 8 weeks of treatment. Patients 
were initially prescribed 450 mg/day; this dose was increased 
to 900 mg/day after 4 weeks in 22 children.

Similar findings were reported from an 8-week, open 
label study evaluating the potential efficacy and safety of 
Hypericum (900 mg/day, minimum 0.3% hypericin and 
3% hyperforin) in adolescents with mild MDD.289 Of the 
11 patients who completed the study, nine (82%) showed 
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significant clinical improvement based on CGI score changes 
(a treatment response was indicated by a clinical improve-
ment rating of either very much improved or much improved 
at the final visit). Of the eight non-compliant patients 
who discontinued the study, four patients (50%) were 
much improved at week 8, and one patient was very much 
improved, based on the CGI score change.

Negative trials
Results of clinical trials on Hypericum for depression have 
not been unanimously favourable. In contrast to the positive 
results of many placebo-controlled trials,252–255 Shelton and 
co-workers257 found Hypericum (LI 160) to be ineffective 
for MDD when administered to 200 participants at a dose of 
900 mg/day for 4 weeks, increasing to 1200 mg/day for the 
subsequent 4 weeks. A drug comparison study undertaken 
by the Hypericum Depression Trial Study Group262 with 
an additional placebo arm did not support the superiority 
of the LI 160 extract of Hypericum over placebo for MDD. 
However, it is noteworthy that the comparative SSRI was also 
not superior to placebo in this patient cohort.

Several reasons have been proposed for the discrepancy in 
the findings between such studies. In their meta-analysis of 
studies on MDD, Linde and co-workers observed that trials 
from German-speaking countries reported more favourable 
findings than trials from other countries, more precise studies 
showed smaller effects, and higher baseline values were sig-
nificantly associated with smaller effects sizes.243

Other suggested factors for the different findings include 
a lack of equivalence between preparations trialled.243 Among 
the 16 large-scale observational studies in the previously cited 
review, Linde and Knuppel251 found the total number of dif-
ferent products was 12, and the daily extract dose ranged 
from 360 to 1200 mg. However, a meta-analysis of 37 dou-
ble blind, placebo-controlled trials on Hypericum found little 
evidence of an association between response and daily dosage 
and type of extract.290

Comparison of different extracts is confounded by sev-
eral factors. Quantities of key marker constituents such as 
hypericin, hyperforin and the flavonoids can vary enormously 
between products. One study of Hypericum products on the 
German market showed that a number contain only minor 
amounts of bioactive constituents.291 Most studies have tested 
Hypericum products standardised for TH content, as this 
was previously thought to confer the antidepressant activ-
ity. Relatively few specify the hyperforin content, variation in 
which could potentially account for different findings. An addi-
tional limitation is that hyperforin is most unstable in solution 
and rapidly decomposes at an acidic pH. Galenicals (liquid 
preparations) of Hypericum that are older than a few months 
contain no hyperforin at all.292 Nonetheless, despite these vari-
ations, a 2010 review and meta-analysis of Hypericum extracts 
concluded that LI 160, WS 5572, WS 5570 and Ze 117 have 
all been shown to be significantly more effective than placebo 
and have similar efficacy to conventional antidepressants, with 
LI 160 having been most frequently studied.293

Several prognostic factors identified in different studies251 
may also impact on the variability of findings. Although not 

uniformly observed, these include severity of depression, with 
those with higher baseline HAM-D scores being less respon-
sive,290 age (older patients have shown slower improvement in 
some studies), co-existence of organic disease and concurrent 
psychotropic co-medication.294

On balance, evidence from clinical trials performed on 
Hypericum extracts support its use as a well-tolerated and 
effective alternative to standard antidepressants in the treat-
ment of mild-to-moderate MDD, particularly when side 
effects with the drugs become intolerable to the patient. 
Patients should be treated long enough and with a sufficiently 
high daily dose of Hypericum extract, as defined by the vari-
ous positive studies.

Anxiolytic activity
Anxiolytic clinical activity of Hypericum extracts has been 
reported in several published case studies as well as in clini-
cal trials investigating a range of conditions, including MDD 
with co-morbid anxiety, somatoform complaints, obsessive-
compulsive disorder, social phobia, irritable bowel syndrome, 
seasonal affective disorder, sleep disorders, premenstrual syn-
drome and menopause. (Refer to the relevant sections for fur-
ther details of these studies.)

In 2001, Davidson and colleagues described three case 
reports of benefits of Hypericum extract (standardised to 
0.3% TH) in generalised anxiety disorder (GAD) diagnosed 
by DSM-IV criteria.295 Two of the patients had moderate anx-
iety and one marked anxiety. Not only did core GAD symp-
toms improve, but there was an improved ability to cope with 
daily stress and potential conflicts with others.

In a further three positive case reports by Kobak and col-
leagues in 2003, all patients were treatment naïve, and 
responded to initial treatment with Hypericum extracts.296 In 
one case, the patient discontinued treatment due to adverse 
events and subsequently relapsed. In case 1, optimal treat-
ment efficacy (e.g. much improved on both CGI and Patient 
Global Impressions of Improvement Scale, PGI) was obtained 
at 1350 mg/day and in cases 2 and 3 at 900 mg/day.

In a multicentre, placebo-controlled double blind trial, the 
effect of a highly concentrated Hypericum preparation was 
investigated on 97 depressed outpatients at doses of 200 to 
240 mg/day. The preparation showed an anxiolytic effect on 
the State-Trait Anxiety Inventory of 38% (STAI X1) and 39% 
(STAI X2), compared with the placebo, which reduced anxi-
ety by only 19% (STAI X1) and 20% (STAI X2).260

Superiority was shown for LI 160 on anxiety measured 
on the Hamilton Anxiety Scale (HAM-A) in an 8-week, 
randomised, double blind, placebo-controlled, multicentre  
parallel-group trial evaluating the efficacy of Hypericum 
extract LI 160 (600 mg/day) in 200 patients who met the 
ICD-10 criteria for mild or moderate depression and had 
been diagnosed with atypical depression (p=0.01).285 LI 
160 was also superior to placebo on the Patient Health 
Questionnaire (PHQ)-9 (p<0.01) and Clinical Global 
Impressions-Improvement (CGI-I) scale (p=0.01).

A combination of Hypericum and Piper methysticum (kava) 
failed to outperform placebo in a randomised, controlled 
crossover trial in patients with MDD and co-morbid anxiety. 
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Standardised Hypericum tablets (3/day, each containing 1.8 g 
dried herb equivalent containing 990 μg TH, 9 mg hyperforin 
and 15 mg flavonoid glycosides), and kava (2.66 g three times 
daily standardised to 50 mg kava lactones) or placebo were 
administered to 28 participants in a crossover design, with 
two controlled 4-week phases.297

The Hypericum extract LI 160 was found to be superior 
to placebo in somatisation disorder, independent of depres-
sive symptomatology. In a 6-week multicentre, randomised, 
controlled trial with 151 patients suffering from somatisa-
tion disorder (ICD-10: F45.0), undifferentiated somatoform 
disorder (F45.1) or somatoform autonomic dysfunctions 
(F45.3), Hypericum was superior to placebo on the Hamilton 
Anxiety Scale, sub-factor Somatic Anxiety (HAMA-SOM) 
(p=0.001).298

These findings were subsequently confirmed in a prospec-
tive, randomised, placebo-controlled, double blind, parallel 
group study involving 184 outpatients with somatisation dis-
order (ICD-10: F45.0), undifferentiated somatoform disor-
der (F45.1) and somatoform autonomic dysfunction (F45.3), 
but not major depression.299 Patients received either 600 mg/
day Hypericum extract LI 160 or placebo for 6 weeks. In the 
intention-to-treat population (n=173) for each of six primary 
efficacy measures, superiority of Hypericum over placebo was 
demonstrated (p<0.0001).

In a randomised, controlled trial in patients with social 
phobia, no significant difference was found between 
Hypericum and placebo on the Liebowitz Social Anxiety 
Scale (p=0.27). Forty patients with generalised social anxiety 
disorder without co-morbid depression were randomised to 
12 weeks of treatment with a flexible dose (600 to 1800 mg/
day) of Hypericum extract LI 160 (n=20) or placebo 
(n=20).300

Obsessive-compulsive disorder
In an open label exploratory study, 12 patients with a primary 
DSM-IV diagnosis of obsessive-compulsive disorder (OCD) 
of at least 12 months’ duration were administered a fixed 
dose of 900 mg/day LI 160 (extended-release formulation) for 
12 weeks. A significant change from baseline to week 12 on 
the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) was 
observed, with a mean change of 7.4 points (p=0.001). Five 
(42%) of 12 were rated ‘much’ or ‘very much’ improved on 
the clinician-rated CGI-I scale, six (50%) were ‘minimally’ 
improved and one (8%) had ‘no change’.301

However, such findings were not replicated in a subsequent 
12-week randomised controlled trial in 60 patients with OCD 
using a standardised Hypericum extract (LI 160) at a flexible 
dose of 600 to 1800 mg/day.302 There was no significant dif-
ference between the mean change on the total Y-BOCS with 
Hypericum treatment (3.43) and placebo (3.60) (p=0.899), 
or on any of the subscales.

Seasonal affective disorder
In a postal open label survey of mild-to-moderate seasonal 
affective disorder (SAD), Hypericum extract LI 160 (900 mg/
day) for 8 weeks was compared with the same formula-
tion in addition to light therapy. Significant improvements 

were observed in anxiety, loss of libido and insomnia in 
both groups. No significant between-group differences were 
observed on any measure except for sleep, which improved 
more in the Hypericum plus light group (p<0.01). On an 
11-item rating scale, the mean score in the 168 patients using 
Hypericum alone fell from 21.3 at baseline to 13 at end-
point (p<0.001), while the corresponding figures for the 133 
patients using Hypericum plus light therapy were 20.6 and 
11.8, respectively (p<0.001), suggesting Hypericum may be 
an effective treatment for SAD.303

In an earlier preliminary, single blind trial, 20 patients 
with SAD were randomised to receive Hypericum extract  
(2.7 mg/day TH equivalent) combined with either bright 
or dim light therapy for 4 weeks. A significant reduction of 
HAM-D scores was observed in both light groups, but with 
no significant difference between them. The favourable 
response in the dim light group suggested Hypericum may 
be an efficient therapy in patients with SAD, as well as in 
combination with light therapy.304 In another similar sin-
gle blind trial, 4 weeks’ treatment with Hypericum extract 
(2.7 mg/day TH equivalent) was associated with a significant 
reduction in the total Hamilton score. There was no sig-
nificant additional advantage for bright light treatment over 
Hypericum.305

Menopause-related symptoms
A 12-week monitoring study on a Hypericum liquid (60 
drops/day) in 40 patients compared its efficacy to diaz-
epam (6 mg/day) in 20 patients with climacteric anxiety and 
depression.306 On the HAM-A, scores reduced by 72% with 
Hypericum compared with 37% for diazepam. On the Self-
rating Depression Scale, scores reduced by 46% and 31% 
respectively, suggesting a beneficial effect on both anxiety and 
depression associated with menopause.

In an open, observational study of 111 ‘pre-’ (presumably 
peri-) and postmenopausal women aged between 43 and 65 
years, Hypericum LI 160 was found to significantly improve 
the psychological (irritability, depressive moods, inner ten-
sion, anxiety, sleep and concentration disorders) and somatic 
symptoms of menopause (hot flushes, sweating, palpita-
tions, dizziness, headaches).307 The total daily dose was 405 
to 675 mg extract, standardised to 0.9 mg hypericin, for 12 
weeks. On the self-designed sexuality assessment scale, sig-
nificant improvements were found in the feeling of attractive-
ness (p<.0.001) and participants’ rating of the importance of 
sexuality (p<0.001).

A pilot double blind, randomised, controlled trial investi-
gated an ethanolic Hypericum extract (2700 mg/day) against 
placebo in 47 perimenopausal breast cancer survivors aged 
40 to 65 years, experiencing three or more hot flushes per 
day.308 After 12 weeks, a non-significant difference favour-
ing the Hypericum group was observed in the daily hot 
flush frequency (p=0.10). Women on the active treatment 
reported significantly better menopause-specific quality of life 
(p=0.01) and significantly fewer sleep problems (p=0.05) 
compared with the placebo group.

A trial involving 100 women investigated a liquid extract 
of Hypericum for its impact on hot flushes.309 The drops, 
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administered three times daily at an unspecified dose, con-
tained hypericin at 0.2 mg/mL. After 8 weeks, the frequency 
of hot flushes decreased by 54% with Hypericum compared 
with 32% for placebo (p<0.001), duration decreased 51% and 
23%, respectively (p<0.001) and severity decreased 60% and 
26%, respectively (p<0.001).

A combination of Hypericum and Vitex agnus-castus was 
studied in a 16-week randomised, controlled trial involv-
ing 100 late-perimenopausal and postmenopausal women.310 
No significant effect was found for the herbal combination 
over placebo on vasomotor symptoms (p=0.42), Greene 
Climacteric scores (p=0.13) or depressed mood (p<0.42). 
However, both arms showed significant improvements from 
baseline on all outcome measures of vasomotor symptoms 
(p<0.001 and p<0.01 for placebo and study groups, respec-
tively), depressed mood and overall menopausal symptoms 
measured on the Greene Climacteric Scale, (p<0.001 for 
both groups). Based on current evidence for their pharma-
cology, a negative interaction between the two herbs seems 
unlikely.

Several studies support the benefit of Hypericum in com-
bination with Actaea racemosa (black cohosh) for menopausal 
complaints.311–315 In a double blind, placebo-controlled trial 
of 301 women experiencing menopausal complaints with a 
pronounced psychological component, the combination was 
significantly superior to placebo (p<0.001).311 The dosage 
regime was two tablets twice daily for 8 weeks, reducing to 
one tablet twice daily for the following 8 weeks. Each tablet 
contained Hypericum extract equivalent 245 to 350 mg herb, 
standardised to 0.25 mg TH and Actaea extract equivalent 
22.5 to 41.25 mg rootstock, standardised to 1 mg triterpene 
glycosides. The mean decrease in scores on the Menopause 
Rating Scale from baseline to week 16 was 50% in the treat-
ment group, compared with 19.6% in the placebo group 
(p<0.001). The HAM-D score decreased by 41.8% in the 
treatment group and 12.7% in the placebo group (p<0.001).

A 6-week double blind, randomised controlled trial of the 
same combination in 179 women found significant improve-
ment of ‘psychovegetative’ menopausal symptoms such as 
anxiety, impaired drive, depressive mood, nervousness and 
irritability, as well as good tolerability and compliance.312 
Symptoms rated on the Kupperman Index (KI) fell from 
31.4 to 18.7 (40% reduction) in the treatment group, com-
pared with 30.3 to 22.3 (26% reduction) in the placebo group 
(p<0.001).

A large-scale prospective, controlled, open label obser-
vational study of 6141 women in Germany investigated the 
effectiveness and safety of Actaea alone for neurovegetative 
symptoms, and in fixed combination with Hypericum for 
more pronounced mood complaints.314 The effectiveness 
and tolerability profiles of both therapies were supported. 
For the alleviation of mood symptoms, the fixed combina-
tion of Actaea with Hypericum was superior to Actaea alone 
(p<0.001). The Psych and Hot Flushes subscales showed the 
greatest improvements for both therapies. Improvement was 
maintained at 6 and 12 months for both treatments.

A multicentre trial involving 89 symptomatic peri- or post-
menopausal women investigated the effect of a combination 
of Hypericum and Actaea extracts (a 264 mg tablet containing 

0.0364 mL extract of Actaea rhizome, equivalent to 1 mg 
triterpene glycosides, and 84 mg dried extract of Hypericum 
equivalent to 0.25 mg TH) over 12 weeks.315 The herbal com-
bination was shown to be superior to placebo for hot flushes 
(p=0.021) and overall menopausal symptoms rated on the KI 
(p<0.001).

Premenstrual syndrome
A pilot study involving 19 women suffering at least 6 con-
secutive months of premenstrual syndrome (PMS) found that 
Hypericum significantly reduced the severity of symptoms.316 
This open, observational study of Hypericum extract (LI 160) 
found significant reductions in all outcome measures after 
treatment for two cycles with Hypericum tablets standard-
ised to 900 μg TH per day. The Mood subscale (as opposed 
to Pain, Physical and Behaviour), however, showed the most 
improvement. Hypericum was found to be effective and well-
tolerated in alleviating symptoms of moderate-to-severe PMS 
of 6 months or more duration in 170 women in a randomised, 
double blind, placebo-controlled study.317 Hypericum tab-
lets (2.68 mg/day TH, extract not specified) or placebo were 
administered for 8 weeks (two menstrual cycles). Anxiety 
(mood swings, anxiety or nervous tension/irritability), hydra-
tion (breast tenderness, swelling of extremities or weight 
gain), depression (depression, crying, forgetfulness or insom-
nia) and craving (increased appetite, headache or fatigue) 
were evaluated daily on scale of 1 (not at all) to 6 (extreme). 
Treatment with Hypericum resulted in significantly lower 
PMS scores compared with baseline (p<0.001) and compared 
to placebo (p<0.001). The greatest improvements occurred 
for symptoms of crying (71%) and depression (52%).

Hypericum (LI 160, 900 mg/day) was found to be superior 
to placebo for some symptoms of mild PMS in a randomised, 
double blind, placebo-controlled, crossover study with 36 
regularly cycling women aged 18 to 45 years.318 Hypericum 
was statistically superior to placebo in improving physical 
and behavioural symptoms (p<0.05), but not mood- or pain-
related symptoms. There was no difference between groups in 
terms of plasma hormone (FSH, LH, oestradiol, progesterone, 
prolactin and testosterone) or cytokine (IL-1beta, IL-6, IL-8, 
interferon-gamma and TNF-alpha) levels, nor weekly reports 
of anxiety, depression, aggression and impulsivity measured 
on the State Anxiety Inventory, Beck Depression Inventory, 
Aggression Questionnaire and Barratt Impulsiveness Scale.

A double blind, placebo-controlled, randomised trial was 
conducted with 70 university students with premenstrual syn-
drome.319 Hypericum (extract not specified) (60 drops for 
7 days prior to onset of menstruation) was administered for 
two complete menstrual cycles. Active treatment resulted in a 
mean reduction in daily symptom ratings of 46.45% compared 
with 18.1% for placebo. There were significant reductions in 
all symptoms between the two groups.

However, superiority over placebo was not found for 
Hypericum in a placebo-controlled trial conducted in 125 
normally menstruating women who experienced recurrent 
PMS.320 The primary endpoint was anxiety-related symptoms 
recorded in a menstrual diary based on Abraham’s classification. 
Although both groups improved significantly in all symptom 
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subgroups (p<0.007 for both groups), there was no difference 
between treatments (p≥0.57 for all symptom subgroups).

A small study of PMS-like symptoms in late-perimeno-
pausal women investigated the combination of Hypericum 
(extract equivalent to 5400 mg/day dried herb standardised 
to contain 2.97 mg TH, 27 mg hyperforin and 54 mg flavo-
noid glycosides) with Vitex (extract equivalent to dried fruit 
1000 mg/day).321 At the end of the 16-week treatment phase, 
the herbal combination was significantly superior to placebo 
on Abraham’s Menstrual Symptoms Questionnaire total PMS 
scores (p=0.02), PMS-D (p=0.006) and PMS-C clusters 
(p=0.027). The active treatment group also showed signifi-
cant reductions from baseline in the anxiety (p=0.003) and 
hydration (p=0.002) clusters.

A case report of premenstrual dysphoric disorder treated 
with Hypericum extract (900 mg/day) indicated much 
improvement in symptoms at the 5-month follow-up.322

Cognitive activity
In a randomised, double blind trial, the effect of Hypericum 
extract (2.7 mg/day TH equivalent) was compared with mapro-
tiline on resting EEG and evoked potentials in 24 healthy 
volunteers. Improved cognitive functions were observed, par-
ticularly for Hypericum treatment.135

However, no effect on cognitive function was observed 
in a randomised, double blind, crossover study in 12 healthy 
male volunteers, administered oral doses of 255 to 285 mg 
Hypericum extract (900 μg TH content) three times daily for 
a period of 14 days. No increase was observed in theta power 
density on qEEG, and Hypericum did not affect heart rate 
variability.323

Hypericum (900 mg or 1800 mg) had no effect on cognitive 
and psychomotor performance 1, 2 and 4 hours after admin-
istration in 13 healthy volunteers in a double blind, placebo-
controlled trial in which it was compared with amitriptyline 
25 mg. Amitriptyline impaired performance in a battery of 
psychological tests, while a dose-related impairment was 
only observed on the digit symbol substitution test with 
Hypericum.324

In a double blind, crossover, repeated-measures design, 
acute administration of standardised Hypericum extract 
(900 mg and 1800 mg) to 12 healthy young volunteers showed 
no nootropic effects. At the higher dose, there was even some 
evidence it caused impairment of numeric working memory 
and picture recognition.325

Irritable bowel syndrome
Hypericum extract (900 mg/day) was administered to 30 
women with irritable bowel syndrome (IBS) and 20 healthy 
women. After 8 weeks of treatment, HAM-A and HAM-D 
scores had significantly reduced in the IBS group compared 
with pretreatment (p<0.05). Low frequency band/high fre-
quency band ratio (a measure of sympathovagal balance) also 
showed a significant decrease (p<0.05), and gastrointestinal 
symptoms of pain and bloating were also significantly relieved 
(p<0.05). These open label results suggested that Hypericum 
treatment may be of value in the psychological and autonomic 
reactivity to stress in patients with IBS.326

However, these findings were not replicated in a ran-
domised, placebo-controlled trial of Hypericum extract at a 
dose of 450 mg/day for 12 weeks in 70 participants with an 
established diagnosis of IBS according to the Rome Criteria 
II. Both groups reported decreases in overall bowel symptom 
scores from baseline, with the placebo arm having significantly 
lower scores at 12 weeks (p=0.03) than Hypericum.327

Sexual function
A double blind, randomised, placebo-controlled study of 
Hypericum extract 160 mg tablets in 50 married men (aged 
18 to 50 years) with premature ejaculation found the herb to 
be statistically superior to placebo in intravaginal ejaculatory 
latency time (IELT) (p<0.001) after 4 weeks.328 There was a 
significant increase in intercourse satisfaction and overall satis-
faction in the Hypericum group (p<0.001).

A pilot study found that a hyperforin-containing extract of 
Hypericum increased the duration of sexual intercourse and 
improved sexual satisfaction in 16 men (average age 35.0±4.6 
years) with and without complaints of premature ejacula-
tion.329 A rapidly dissolving oral tablet formulated with a 
20 mg dose of hyperforin was administered at least 15 to 30 
minutes before intercourse over a 4-week period. There was 
a significant increase in mean IELT time from 246±29 to 
331±34 seconds (p<0.002) in participants taking the extract. 
Fourteen of 16 men (87.5%) reported an improvement in 
IELT, which was seen in men both with and without prema-
ture ejaculation. There was also a significant increase in the 
average male satisfaction score from 3.8±0.27 to 4.25±0.21 
(p<0.03). The female satisfaction score also showed a signifi-
cant increase from 4.9±0.27 to 5.2±0.23 (p<0.04). No sys-
temic or adverse effects on erectile function or orgasm were 
reported.

Mean time to ejaculation increased with the administra-
tion of hyperforin-containing extract to men with premature 
ejaculation. Ten male volunteers took the above rapid release 
formulation for 8 weeks.330 In five men with mean ejaculatory 
duration at baseline of less than 90 seconds, four reported a 
benefit (mean time to ejaculation before and after treatment, 
58±12 seconds and 131±23 seconds, respectively). In men 
with ejaculation times greater than 3 minutes at baseline, the 
mean sexual intercourse duration increased from 266±30 
to 391±34 seconds (p=0.02). No adverse effects on sexual 
function and systemic side effects were reported. Seven of 10 
couples reported subjective global sexual satisfaction improve-
ment for both partners after the herbal extract. Five couples 
reported more frequent female orgasm.

Attention-deficit hyperactivity disorder
In a small, open trial, Hypericum was investigated for atten-
tion-deficit hyperactivity disorder (ADHD) in three 14- to 
16-year-old male psychiatric outpatients. Hypericum extract 
30 mg/day (extract not specified) was administered for  
4 weeks, and a placebo for a further 4 weeks.331 Patients’ 
mean scores improved on the Conner Scale for hyperactivity 
(which decreased from 13 to 7), inattention (from 14 to 9) 
and immaturity factors, and the total score (from 27 to 16). 
Placebo scores were similar to those at baseline. However, 
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Hypericum was not associated with an improvement on the 
Continuous Performance Test. This study is limited by the 
sample size, but suggests that Hypericum warrants further 
investigation for the treatment for ADHD.

In an earlier trial, administration of Hypericum for the 
treatment of ADHD over the course of 8 weeks did not 
improve symptoms in a randomised, double blind, placebo-
controlled trial involving 54 children aged 6 to 17 years who 
met the DSM-IV criteria for ADHD.332 Participants were ran-
domised to receive 300 mg/day of Hypericum extract (stand-
ardised to 0.3% TH) or placebo. No significant differences 
were observed in the change of ADHD Rating Scale-IV score, 
hyperactivity or the CGI. However, it was reported that post-
trial testing of the product used found it contained only 0.13% 
hypericin and 0.14% hyperforin, raising the question of appro-
priate quality of manufacture as well as adequate dosing.333

Wound healing and skin disorders (topical 
application)
A randomised, controlled trial with 144 women following cae-
sarean section found that topical application of Hypericum 
cream (20% oily extract in 80% petroleum jelly, oily extract 
prepared from one part powder of flowering tops in three 
parts grape seed oil) facilitated wound healing and mini-
mised scar formation, pain and pruritus.334 Application of the 
Hypericum cream was commenced 24 h post-surgery and con-
tinued for 16 days, three times daily. Significant differences 
in wound healing on the 10th day, and scar formation on the 
40th day postpartum, were demonstrated for the treatment 
group compared with placebo (p<0.002) and natural his-
tory control groups (p<0.008) using the REEDA scale (red-
ness, oedema, ecchymosis, discharge and approximation), the 
Vancouver Scar Scale (pigmentation, height, pliability and vas-
cularity) and a visual analogue scale. There was no significant 
difference between placebo and the natural history control 
groups (p=0.93).

Oily extracts of Hypericum and Calendula officinalis were 
evaluated for their tissue regenerating effect on surgical wounds 
in 24 women who had undergone caesarean section during 
childbirth.335 The extracts were made from plants collected 
during the months of May to July in rural areas in the coun-
tryside of Cagliari (Sardinia) by crushing and maceration in 
wheat germ oil in the proportion of 320:1000 (flowering tops/
oil, g/g). Topical application of a mixture of 70% oily extract of 
Hypericum and 30% oily extract of Calendula reduced the sur-
face perimeter area of the surgical wound by 37.6±9.9% com-
pared with a reduction of 15.83±4.64% in the control group 
after twice daily administration for 16 consecutive days.

In a randomised, placebo-controlled, double blind, half-
side comparison trial in 21 patients, a cream containing 5% of 
a lipophilic Hypericum extract (standardised to 1.5% hyper-
forin) showed a significant superiority over placebo (p<0.05) 
for the topical treatment of subacute mild-to-moderate atopic 
dermatitis (mean score on the Score of Atopic Dermatitis 
Index 44.5).336 Skin colonisation with Staphylococcus aureus 
was reduced by both verum and placebo, showing a trend 
to better antibacterial activity for the Hypericum cream 
(p=0.064).

A phase II, placebo-controlled clinical study found topical 
hypericin with visible light photodynamic therapy to be an 
effective and well-tolerated alternative to standard psoralen 
plus UVA treatment of patch/plaque phase mycosis fungoides 
and plaque-type psoriasis vulgaris.337 After 6 weeks of twice-
weekly topical applications followed 24 hours later by expo-
sure to visible light at 8 to 20 J/cm2, several concentrations 
of hypericin resulted in a significant improvement of treated 
skin lesions amongst the majority of patients with cutaneous 
T cell lymphoma and psoriasis, whereas the placebo vehicle 
was ineffective.

A prospective study investigated the efficacy of PDT after 
topical application of an extract of Hypericum in actinic 
keratosis, basal cell carcinoma (BCC) and morbus Bowen 
(carcinoma in situ) in 34 patients. Eight patients had actinic 
keratoses (AKs), 21 had BCC and five had Bowen’s dis-
ease.338 For an average of 6 weeks, the extract of Hypericum 
(0.07% TH) was applied on the skin lesions and 10 mm sur-
rounding the lesion in a 1 mm thick layer under an occlusive 
dressing for 2 hours, followed by irradiation with 75 J/cm−2 
of red light. Complete clinical response was observed in 50% 
of patients with the AKs, 28% with superficial BCC and 40% 
with Bowen’s disease. There was only a partial remission seen 
in patients with nodular BCCs. A complete disappearance of 
tumour cells was found in the histological preparations of 11% 
of patients with superficial BCCs and 80% with Bowen’s dis-
ease. All patients complained of burning and pain sensations 
during irradiation.

Pain relief
A double blind, randomised, placebo-controlled, single-centre 
study evaluated the effect of systemic Hypericum extract, 
900 mg/day (containing 0.31% TH and 3.0% hyperforin) for 
12 weeks in 39 patients with burning mouth syndrome.339 
No significant improvement was noted in pain using a visual 
analogue scale for either group. However, after 4 weeks of 
therapy, patients taking the Hypericum extracts reported the 
burning sensation at significantly fewer oral sites compared 
with patients on placebo (p=0.036).

A randomised, double blind, placebo-controlled, crossover 
trial involving 54 patients over 5 weeks reported no signifi-
cant effect on pain in polyneuropathy, but there was a trend 
towards a lower total pain score with Hypericum extract 
(total daily dose of 2.7 mg TH) (p=0.05) compared with 
placebo. Complete, good or moderate pain relief was experi-
enced by nine patients with Hypericum and two with placebo 
(p=0.07).340

Sleep disorders
The British Herbal Pharmacopoeia (1983) lists Hypericum 
perforatum as a herbal sedative.1

Sleep disorders, as well as anxiety and depressive agitation, 
were reduced by Hypericum (Ze 117 extract, 500 mg/day) 
in patients suffering from mild-to-moderate depression with 
anxiety symptoms in a multicentre prospective, randomised, 
double blind trial (n=240) conducted over 6 weeks.341 There 
was a marked decrease of depressive agitation (pre/post com-
parison: 46%), anxiety symptoms (44%) and sleep disorders 
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(43%) during the therapy with Hypericum, suggesting it is 
particularly effective in depressive patients suffering from 
anxiety symptoms.

The effects of treatment with Hypericum extract LI 160 
at higher doses (900 mg/day, 2.7 mg/day TH equivalent) on 
sleep quality and well-being were investigated in a randomised, 
controlled, crossover trial over a 4-week period with 12 older 
(59.8±4.8 years), healthy volunteers. Analysis of slow-wave 
EEG activities showed the herb induced an increase of deep 
sleep during the total sleeping period, although no benefit was 
found for onset of sleep, sleep duration or intermittent awak-
enings, which implies it did not exert sedative activity.342 The 
interference with REM sleep phases typical for tricyclic antide-
pressants and MAO inhibitors did not occur with Hypericum.94

As noted earlier, some evidence of an improvement in 
sleep was observed in an open, observational study of patients 
with menopausal symptoms involving 111 women aged 
between 43 and 65 years.307

Drug-dependency syndromes
One open label clinical trial suggested a benefit for a 
Hypericum herbal infusion used in combination with rational 
psychotherapy of depressive manifestations in 57 outpatients 
with alcoholism and concomitant digestive problems.343 After 
one glass four to five times daily over a period of 2 months, it 
was concluded that the combination was effective for alcohol-
ism in patients with peptic ulcer disease and chronic gastritis.

Results of a one-arm, phase II feasibility study suggested 
a role for Hypericum in maintaining smoking cessation. The 
12-week quit rate was 37.5% (9/24) in 24 evaluable partici-
pants with administration of standardised Hypericum extract, 
(80% methanol extract standardised to 0.3% TH and a mini-
mum of 4% hyperforin) at an oral dose of 900 mg/day in con-
junction with cessation counselling messages.344

The effect of Hypericum extract Ze117 (500 mg/day) was 
compared to a transdermal nicotine patch in an open clini-
cal trial on smoking cessation.345 Participants in both groups 
decreased the number of cigarettes smoked per day over the 
study treatment period, and four (of 17) in the herbal group, 
compared with six (of 14) on the nicotine patches, succeeded 
in quitting.

Hypericum extract was investigated for its impact on nico-
tine withdrawal in a clinical study in which 45 adult smok-
ers were randomised to receive an oral spray containing either 
Hypericum extract or placebo in addition to nicotine replace-
ment therapy.346 After 1 month the abstinence rate was iden-
tical in both groups. Craving scores, anxiety, restlessness and 
sleeplessness were lower in the Hypericum treated group.

However, other more rigorous studies have failed to sup-
port the benefits of Hypericum extracts in smoking ces-
sation or withdrawal symptoms. In a factorial design, the 
effects of Hypericum extract (900 mg/day, LI 160) and chro-
mium, alone or in combination, were compared with placebo 
for smoking cessation over 14 weeks. No significant effect 
was observed on absolute quit rates or tobacco withdrawal 
symptoms.347

Similarly, a three-arm, dose-ranging randomised, controlled 
trial found no significant differences in abstinence rates at 12 

and 24 weeks between verum and placebo, or attenuation of 
withdrawal symptoms among abstinent participants. A total 
of 118 previous smokers were randomly allocated to receive 
300 or 600 mg of a Hypericum extract (standardised to 0.3% 
hypericin) or a matching placebo tablet three times a day, 
combined with a behavioural intervention for 12 weeks.348

In an open, uncontrolled, pilot study, Hypericum extract 
LI 160 (300 or 600 mg/day for 1 week before and 3 months 
after a target quit date) plus individual motivational/behav-
ioural support failed to show benefit as an aid to smoking ces-
sation in 28 smokers of 10 or more cigarettes per day.349 At 3 
months, the point prevalence and continuous abstinence rates 
were both 18%, and at 12 months they were zero.

Other conditions
In a preliminary open trial, low dose Hypericum extract was 
modestly effective in the short-term treatment of irritabil-
ity in some patients with autistic disorder.350 Three male 
patients with autistic disorder, diagnosed by ICD-10 crite-
ria, were administered Hypericum (extract not specified)  
20 mg/day for 4 weeks. Participants were included in the 
study if their eye contact and expressive language were inad-
equate for their developmental level, and if they had not 
tolerated or responded to other psychopharmacological treat-
ments (methylphenidate, clonidine or desipramine). Parent 
and mentor ratings on the Aberrant Behaviour Checklist, irri-
tability, stereotypy and inappropriate speech factors improved 
slightly during treatment with Hypericum. Clinician ratings 
(Psychiatric Rating Scale Autism, Anger and Speech Deviance 
factors; Global Assessment Scale; Clinical Global Impressions 
efficacy) did not improve significantly. Limitations of this 
study included the small sample size, the low dose of 
Hypericum used and the short trial duration.

One hundred and sixty patients suffering from depression 
completed a randomised, double blind, multicentre study 
investigating the electrocardiographic (ECG) effects of high-
dose Hypericum treatment (1800 mg extract, 5.4 mg TH) 
compared with imipramine. Analysis of conduction intervals 
and pathological findings indicated that, for the treatment of 
patients with a pre-existing conductive dysfunction or elderly 
patients, high-dose Hypericum extract was safer with regard 
to cardiac function than tricyclic antidepressants.351

Toxicology and other safety data

Toxicology
Hypericum has very low toxicity. Animals given 2 g/kg per day 
of dried Hypericum for up to 1 year showed no signs of any 
toxic changes.352,353

Hypericism is a state of sensitivity to sunlight caused by 
the ingestion of certain Hypericum species rich in hypericin-
type pigments that are transferred by the bloodstream to the 
skin. As a disease of livestock, it affects unpigmented por-
tions of the skin of sheep, cattle, horses, goats and swine, 
depressing the CNS and rendering them hypersensitive 
to temperature change and handling. Goats are the most 
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resistant.5,354 Hypericum perforatum is more phototoxic to 
grazing animals if ingested at flowering than when young or 
dry. The minimum phototoxic dose of foliage for cattle and 
sheep is approximately 1% and 4% of live weight respec-
tively (about 10 and 40 g/kg). There was a variation observed 
in susceptibility within a herd.354 Intragastric doses of 3 g/kg  
or more of dried Hypericum perforatum aerial parts produced 
photosensitisation in 4- to 6-month-old calves. The first symp-
toms appeared 3 to 4 h after exposure to the sun. Two calves 
that had been given the same dose, but not exposed to sun-
light, passed soft faeces but showed no other clinical signs.  
A single dose of 1 g/kg produced no detectable effect when 
the calves were exposed to sunlight.355

There have been no reliable reported cases of hypericism 
in humans taking oral doses of Hypericum. The usual thera-
peutic doses of Hypericum extract are about 30 to 50 times 
below that needed to induce phototoxicity in calves.356

Genotoxicity tests showed no mutagenic effects following 
Hypericum administration.357,358

Contraindications
Hypericum is a safe and effective alternative to conventional 
antidepressants in the treatment of mild-to-moderate depres-
sion. However, it is not suited for the treatment of serious 
depression with psychotic symptoms, suicidal risk or signs 
and symptoms that are so severe that they do not allow the 
patient’s family or work involvements to continue. However, 
in these cases, Hypericum may be a valuable adjunct to other 
therapy such as drug therapy and psychotherapy, despite some 
concerns expressed regarding its potential negative interac-
tions with antidepressant drugs.

Hypericum should be avoided in patients with known sen-
sitivity to St John’s wort or any of its constituents.

(See the Interactions section below and Appendix C for 
a discussion and list of drugs that are contraindicated with 
Hypericum, and vice versa.)

Special warnings and precautions
Hypericum is not advisable in cases of known photosensitiv-
ity, or in patients taking photosensitising agents. (Refer to the 
Side effects section below.) It is recommended that patients 
on higher doses of Hypericum (2.7 mg/day or more of TH 
equivalent) do not spend excessive amounts of time in the full 
sun, especially in tropical or subtropical climates, and avoid 
artificial UVA irradiation. However, total avoidance of sun-
light is not advisable, because some activities of Hypericum 
may be associated with its photosensitising activity.

Avoidance of foods that interact with MAO-inhibiting 
drugs, such as tyramine-containing foods (cheeses, beer and 
wine) and drugs such as L-dopa is not necessary. If a signifi-
cant response in depressive disorders is not apparent after 4 
to 6 weeks, the treatment should be discontinued and other 
forms of treatment implemented.

Clinicians should avoid dispensing the sediment from 
Hypericum liquid extracts, as it may be linked to adverse 
events.

Use cautiously in patients with a history of mania or 
hypomania (as in bipolar disorder) due to the possibility of 
Hypericum-induced manic episodes.278,359–366

Hypericum supplements should be discontinued at least 
1 week prior to surgery requiring anaesthetic due to the 
risk of delayed anaesthesia,367 or delayed emergence from 
anaesthesia.368

Interactions
See Appendix C for an extensive list of potential herb-drug 
interactions for Hypericum that are deemed clinically rel-
evant, together with appropriate recommendations. What fol-
lows here is a discussion of the likely mechanisms and issues 
involved in these interactions.

The drug interactions described or speculated in the lit-
erature for Hypericum broadly fall into two main categories. 
The first category is the well-described metabolic or phar-
macokinetic interactions, where Hypericum decreases the 
plasma levels (and hence efficacy) of a variety of drugs. The 
second category is the pharmacodynamic interactions, where 
Hypericum is thought to augment or destabilise the effects of 
prescribed antidepressant drugs, especially the SSRIs (selec-
tive serotonin reuptake inhibitors).

Metabolic drug interactions
The metabolic interaction of the herb Hypericum with a range 
of pharmaceutical drugs is both widely known and well docu-
mented. The list of interacting drugs is now quite extensive 
and includes the anticancer drug irinotecan, the antidepressant 
amitriptyline, the anticoagulants phenprocoumon and warfa-
rin, the antihistamine fexofenadine, the sedatives alprazolam 
and midazolam, protease inhibitors, cyclosporin, digoxin, sta-
tin drugs, methadone and several oral contraceptives (see 
also Appendix C).369 These clinically documented metabolic 
or pharmacokinetic interactions appear to rely on the capac-
ity of Hypericum to induce faster metabolism of the drug, 
resulting in lower blood concentrations and compromised 
drug efficacy.369 Mechanistic studies suggest that Hypericum 
is a potent inducer of the cytochrome P450 (CYP) enzyme 
CYP3A4 (and perhaps other CYPs) and the drug transporter 
P-glycoprotein (P-gp). This results in increased breakdown 
and/or reduced intestinal uptake of the drug in question.369

It was not long after the first documented cases of the 
metabolic drug interactions for Hypericum that the evi-
dence emerged that one phytochemical constituent could be 
largely responsible for this effect. This constituent is hyper-
forin, a notoriously unstable compound that is only found in 
some Hypericum subspecies, such as Hypericum perforatum 
subsp.perforatum.370 For example, in 2001 a letter by Kroll 
and co-workers to the journal Alternative Therapies already 
highlighted the importance of hyperforin in causing the drug 
interactions.371

The most compelling case for the culpability of hyper-
forin came from receptor studies, where it was shown that 
hyperforin is a potent activator of the pregnane or steroid 
X receptor. This significant discovery was made in 2000 by 
two independent research teams.372,373 The human steroid 
X receptor (SXR) is activated by a wide range of endogenous 
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and synthetic steroids, and its counterpart in mice is the preg-
nane X receptor (PXR).373 However, it is now recognised that 
the SXR is also activated by other drugs and results in potent 
induction of CYP3A enzymes, including CYP3A4.373 In fact 
PXR and SXR function to protect the body against foreign 
chemicals or xenobiotics. In an article in the prestigious jour-
nal Science, the CYP3A system was described as the ‘garbage 
disposal’ system of the liver and small intestine.374 This is 
cutting edge research and hyperforin has actually helped sci-
entists further understand this newly discovered mechanism. 
Unlike other nuclear receptors, which are characterised by 
their high degree of specificity, PXR has apparently evolved to 
be a broad-specificity xenobiotic sensor.375

Hypericum, and specifically hyperforin, also stimulate a 
second ‘garbage disposal’ mechanism, namely P-gp, prob-
ably again by activating PXR and SXR. P-gp is one of several 
multidrug resistance (MDR) pumps that are found in many 
living organisms and act to pump out chemicals from cells. 
For example, MDRs are one mechanism that bacteria use to 
become resistant to antibiotics. In fact, another name for P-gp 
is MDR1. P-gp is said to be ‘promiscuous’ in that it can recog-
nise and export a diverse range of structurally unrelated com-
pounds from cells. Since the activation of PXR is also known 
to increase the transcription of the gene MDR1 that encodes 
P-gp, it is likely that hyperforin is also the key constituent in 
Hypericum that induces P-gp.376 Experimentally, it has been 
verified that it is indeed hyperforin, and not hypericin, that 
increases the expression of P-gp in vitro.376

The natural conclusion to draw from these findings is 
that the metabolic drug interactions can be avoided by 
using a Hypericum preparation that is devoid of hyperforin. 
However, the prudent clinician would also require verification 
from clinical studies that this is indeed the case. Fortunately 
such studies are available.

A clinical study was designed to evaluate the effect on 
CYP3A function of Hypericum preparations with hyper-
forin contents ranging from very low to high.377 The test 
probe drug midazolam was used to indirectly assess induc-
tion of these phase I enzymes after all the herbal products 
were first administered for 14 days. All Hypericum extracts 
tested decreased the bioavailability of midazolam. The prod-
uct containing the highest dose of hyperforin (41 mg/day) did 
this by 79%, whereas that with the lowest dose (0.13 mg/day)  
reduced bioavailability by only 21%, which is probably not 
clinically significant. Overall, a dose-response effect for hyper-
forin was clearly demonstrated.

Perhaps more significantly, several clinical trials have dem-
onstrated that low-hyperforin Hypericum extracts do not 
interact with key drugs such as cyclosporin, digoxin and the 
oral contraceptive pill. In the case of cyclosporin, the effect 
of two Hypericum preparations on the pharmacokinetics of 
cyclosporin was investigated in 10 renal transplant patients 
using a crossover design.378 The decrease in cyclosporin bio-
availability was 52% for the high-hyperforin preparation, but 
was only a clinically insignificant 7% for the low-hyperforin 
product. For each preparation, the doses of Hypericum herb 
were identical, only the hyperforin contents differed.

The pharmacokinetic interactions between a low 
hyperforin Hypericum extract and alprazolam, caffeine, 

tolbutamide and digoxin were evaluated in two randomised, 
placebo-controlled studies with 28 healthy volunteers. The 
participants received Hypericum extract (240 mg/day con-
taining 3.5 mg hyperforin) or placebo on days 2 to 11. The 
test drugs were administered on days 1 and 11. No significant 
differences in bioavailability were found for all the test drugs 
between the placebo group and the Hypericum group at the 
end of the study.379

In an unpublished study, the effect of a hyperforin-free 
extract of Hypericum was investigated in 16 women aged 
between 18 and 43 years taking a low dose oral contracep-
tive pill.380 No significant effect on the serum levels of the pill 
components, namely ethinyloestradiol and 3-keto-desogestrel 
(the active metabolite of desogestrel) were observed. In addi-
tion, intracyclic bleedings were not reported.

If avoiding the use of Hypericum preparations high in hyper-
forin will alleviate the pharmacokinetic drug interactions, a key 
question is whether this will compromise the antidepressant 
activity. An important issue in this regard was highlighted in a 
review of hyperforin in Hypericum–drug interactions.55 The 
issue raised was that the extraction process used to make the 
most clinically tested extract of Hypericum, namely LI 160, 
was modified in 1998 to target better levels of hyperforin. This 
was instituted when research became available suggesting that 
hyperforin was important for the herb’s antidepressant activity. 
As the review points out, there were no reports of drug interac-
tions with Hypericum prior to 1998, but there were many posi-
tive clinical trials for the treatment of depression.55

There is still considerable debate concerning the relevance 
of hyperforin to the antidepressant effects. There are clini-
cal studies that show that low-hyperforin extracts are supe-
rior to placebo or equivalent to fluoxetine in the treatment of 
mild-to-moderate depression. Equally there are clinical stud-
ies that demonstrate a low-hyperforin extract was ineffec-
tive, compared to a high-hyperforin extract (see earlier). Is it 
an excess of modern technology, and hence not natural, to be 
targeting hyperforin during the extraction process? Probably 
not, since the dry powdered Hypericum herb and the tea, 
which are both traditional preparations, can deliver clinically 
significant doses of this phytochemical.377 (The tea must of 
course be freshly brewed as hyperforin is quite unstable in 
solution.)

As just mentioned, hyperforin is unstable in extracts of 
Hypericum, even in the dry extracts found in tablets and cap-
sules. It is most unstable in solution and rapidly decomposes 
at an acidic pH.23 Tinctures and fluid extracts (galenicals) of 
Hypericum older than a few months contain no hyperforin at 
all.381 The most sure and obvious way to avoid the metabolic 
drug interactions with Hypericum is to use the traditional liq-
uid dosage forms.

As well as the hyperforin content, the actual dose of 
Hypericum also comes into consideration. A randomised, 
placebo-controlled, parallel-group study investigated the 
pharmacokinetic interaction of various Hypericum formu-
lations and doses with digoxin in 96 healthy volunteers.382 
Like the other studies already quoted, this study also found 
that the interaction with digoxin varied with the hyperforin 
content in the administered dose. But what the study also 
highlighted was that the hyperforin dose is a function of two 
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variables, namely the hyperforin percentage in the prepa-
ration and the action actual dose of that preparation. When 
using the same preparation (powdered dried herb in cap-
sules) a clear dose-response relationship was demonstrated 
for the drug interaction. No effect on digoxin bioavailability 
compared with placebo was observed for herb doses of 0.5 
and 1 g/day, containing daily doses of hyperforin of 2.6 and 
5.3 mg, respectively. Significant effects were seen at doses of  
2 and 4 g/day of herb (containing 10.6 and 21.1 mg/day 
hyperforin, respectively), although the authors noted that the 
effect from 2 g/day was borderline and potentially not clini-
cally relevant.

Pharmacodynamic drug in teractions
The published works on this topic are fewer than the phar-
macokinetic interactions. Hence it is rather extraordinary that 
many writers regard the potential for Hypericum to interact 
with antidepressant drugs as an accepted truth. The very fact 
that antidepressant drugs as a broad class are often referred 
to, rather than the individual classes of drugs, implies that a 
less than rigorous perspective has been taken.

Monoamine oxidase (MAO) is involved in the metabolism 
and inactivation of synaptically released neurotransmitters. It 
inactivates neurotransmitters inside the neuron that have either 
been synthesised or have resulted from reuptake and it exists 
in two isoforms, A and B: MAO-A preferentially breaks down 
adrenaline (epinephrine), noradrenaline (norepinephrine) and 
serotonin; MAO-B prefers phenylethylamine and benzylamine 
as substrates. Dopamine, tyramine and tryptamine are metab-
olised equally well by both forms. Most MAO inhibitors (e.g. 
phenelzine) inhibit both forms, but some newer drugs, such as 
moclobemide, inhibit only MAO-A and are considered safer. 
They cause increased intraneuronal levels of neurotransmitters, 
which does not necessarily lead to increased levels at receptors. 
Non-selective MAO inhibitors are not as popular now because 
of their side effects and well-known interaction with tyramine 
in foods (e.g. cheeses, red wine, etc).383 Like tricyclics, the 
clinical effects of SSRIs in depression probably result more 
from the delayed postsynaptic adaptive responses than from 
the acute inhibition of the reuptake of serotonin. These drugs 
include fluoxetine and sertraline.

Serotonin syndrome is defined as an adverse drug inter-
action characterised by altered mental status, autonomic 
dysfunction and neuromuscular abnormalities. It is most 
frequently caused by the use of SSRIs and MAO inhibitors, 
leading to excess serotonin availability in the CNS at the sero-
tonin 1A receptor. At least one of these drug classes is always 
involved. It can also occur with single drug therapy and over-
dose. Elderly patients are more vulnerable and it is often seen 
now with SSRI over-medication. The clinical picture is non-
specific and there is no confirmatory test. It can be mistaken 
for viral illness, anxiety or a neurological disorder.384

Is there an inherent issue in prescribing Hypericum with 
antidepressants? Antidepressant drugs of different classes are 
often combined, especially by psychiatrists, in patients who 
are resistant to treatment. This is sometimes called ‘augmen-
tation therapy’. The risk of serotonin syndrome from doing 
this with drugs is infrequent, and so is likely to be even lower 
(if at all) when Hypericum is combined with antidepressants 

(given that the mode of action of Hypericum is unlike conven-
tional drugs; see elsewhere in this monograph and below).

Animal or human studies are most relevant for understand-
ing the mode of action of Hypericum. One study in rats has 
suggested that the mode of action of Hypericum is more like 
that of tricyclics than SSRIs.73 But a human study has shown 
that amitriptyline (a tricyclic) is quite different in its pharma-
cological effects compared to Hypericum.385 Another human 
study found that effects of Hypericum were quite different 
to imipramine (another tricyclic). The authors of this study 
concluded that its effects could be quite novel and possibly 
linked to dopamine metabolism.96

One article in a prestigious pharmaceutical journal 
described Hypericum as ‘nature’s Prozac’.386 However, this 
was countered by other scientists in a subsequent letter, who 
stated that there is a paucity of in vivo evidence supporting 
the proposition that Hypericum impairs any form of mono-
amine reuptake.387 In their response the original authors 
agreed and stated that:388

St John’s wort and fluoxetine (Prozac) differ not only in their mode 
of action … but also in their toxicology ….

An experimental in vivo model found that two different 
Hypericum extracts (with different hyperforin levels) had 
no effect on the neuronal activity of the dorsal raphe nucleus 
of the brain.389 This contrasted sharply with fluoxetine and 
sertraline (SSRIs), which markedly depressed such neuronal 
activity by increasing the synaptic availability of serotonin.

There is currently a paucity of evidence from either in 
vivo models or from controlled clinical trials that Hypericum 
interacts pharmacodynamically with any class of antidepres-
sant drugs. However, there are a number of case reports in the 
literature. These are reviewed below for the major classes of 
antidepressant drugs.

There are no published adverse reports of pharmacodynamic 
interactions for Hypericum and tricyclics: neither case reports 
nor trials. There is a credible clinical study for amitriptyline that 
showed reduced plasma levels (and hence a pharmacokinetic 
interaction).390 Since nortriptyline is basically a metabolite of 
amitriptyline, this would probably apply for this drug as well. 
However, all the issues governing the pharmacokinetic interac-
tions with Hypericum will apply (as discussed previously).

The first case report of an alleged interaction between a 
Hypericum product (unspecified) and an SSRI (paroxetine) 
was published in 1998.391 The patient exhibited symptoms 
of grogginess, incoherence and slow movements, which could 
hardly be described as serotonin syndrome. The authors 
incorrectly described Hypericum as a MAO inhibitor. Four 
case reports of serotonin syndrome in elderly people were 
described in one published report, as due to an alleged inter-
action between Hypericum and sertraline.392 An alleged 
interaction between Hypericum and paroxetine resembling 
serotonin syndrome was published in 2000.393 A manic epi-
sode (possibly serotonin syndrome) attributed to an interac-
tion between Hypericum and sertraline was also published in 
2000.394 The quality of all such reports is low.

There are a few case reports in the published litera-
ture of adverse pharmacodynamic interactions between 
Hypericum and novel antidepressant drugs. For example, 
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reports exist of serotonin syndrome attributed to the interac-
tion of Hypericum and the modified cyclics trazodone395 and 
nefazodone respectively.392 An adverse reaction between the 
selective noradrenaline reuptake inhibitor venlafaxine and 
Hypericum has also been published.396 Again the quality of 
these reports is low.

In conclusion, the research has shown that pharmacoki-
netic drug interactions should not be an issue for doses of 
Hypericum less than 2 g/day herb (or its equivalent) or any 
doses of a Hypericum preparation low in hyperforin (such 
as a tincture or fluid extract). These preparation and dosage 
guidelines should be followed whenever there is a require-
ment to recommend Hypericum to patients taking any of the 
drug medications known to interact with this herb. In particu-
lar, the guidelines should be strictly observed in all patients 
taking any form of the oral contraceptive pill. However, for 
depressed patients not taking any of the problem drugs it is 
best to recommend preparations that deliver a reasonable 
dose of hyperforin (in the range 15 to 30 mg/day). These will, 
by necessity, be tablets or capsules containing a dried extract.

In terms of potential pharmacodynamic interactions, the 
exact mode of action of Hypericum on monoamine neuro-
transmitters is not fully understood. Results from comparative 
in vivo studies suggest that its pharmacological profile is quite 
different to SSRIs and tricyclics. There is currently little con-
vincing evidence from either in vivo studies or controlled clin-
ical trials to support the contention that Hypericum interacts 
with any class of antidepressant drugs.

On current evidence, the risk of an adverse pharmacody-
namic interaction between Hypericum and conventional anti-
depressant drugs must be rated as quite low. Suggestions of 
a strong likelihood of such interactions in the literature are 
tainted by medical politics, since antidepressant drugs are 
often combined in modern therapy, yet the risk of serotonin 
syndrome from such practice is regarded as low. If clinically 
appropriate, it is suggested that Hypericum can be combined 
with antidepressant drugs under professional supervision.  
A low dose should be recommended at first both as a caution 
and to reassure the patient. Due to media attention, and in 
some cases warnings on labels, many patients are concerned 
about the drug interaction issues with Hypericum. Sometimes 
they have also received advice from their medical doctor or 
psychiatrist on this matter. Hence, all the above recommenda-
tions need to take into consideration the fully informed con-
sent of the patient.

Use in pregnancy and lactation
Category B1 – no increase in frequency of malforma-
tion or other harmful effects on the fetus from limited use 
in women. No evidence of increased fetal damage in animal 
studies (other than minor adverse effects observed at high 
doses in one study in mice; the relevance of this study to 
humans is unknown).

A group of 54 pregnant women taking Hypericum extracts 
was compared with 108 pregnant women either taking other 
drug therapy for depression or not exposed to any known ter-
atogens. The rates of major malformations were no different 
from the 3% to 5% risk expected in the general population 

and were similar across the three groups, with incidences of 
5%, 4% and 0% in the Hypericum, disease comparator and 
healthy groups, respectively. The live birth and prematurity 
rates were also not different among the three groups. This 
study provides some evidence of fetal safety with Hypericum 
in human pregnancy, but is limited by the small numbers.397

At 24 weeks of her pregnancy, a woman commenced 
Hypericum (900 mg/day of a concentrated (6:1) extract) 
for treatment of depression and took the preparation until  
24 hours prior to delivery. She gave birth to a healthy baby, 
whose physical examination and laboratory results were 
normal. The woman discontinued taking St John’s wort 
postpartum and initiated breastfeeding. The neonate devel-
oped jaundice on day 5. On day 20 the mother resumed 
Hypericum (300 mg/day of the concentrated extract) and 
continued breastfeeding. Behavioural assessment of the baby 
at 4 and 33 days was normal.398

Dried herb orally administered to rats (1 g/kg/day) and rab-
bits (1.5 g/kg/day) did not adversely affect the health of the 
fetus or of the mother. The fertility of adult animals was not 
affected.399 Maternal administration of Hypericum (180 mg/
kg/day) for 2 weeks before conception and throughout gesta-
tion did not affect the long-term growth and physical matu-
ration of exposed mouse offspring.400 A significant reduction 
in litter size and smaller offspring were observed in mice fed 
Hypericum (136 mg/kg/day) prior to mating and throughout 
gestation.401 Prenatal exposure to Hypericum (180 mg/kg/day)  
in mice reduced male birth weight but did not affect long-
term growth and physical development of exposed off-
spring.402 Fertility, development of the embryo, prenatal and 
postnatal development were not influenced by oral admin-
istration of a standardised, aqueous methanol extract of 
Hypericum (4:1 to 7:1) in rats and dogs (0.9 and 2.7 g/kg, for 
26 weeks in both species).403 A lack of toxicity was observed 
in mothers and offspring in a study in which rats were orally 
exposed to Hypericum (up to 4.5 g/kg) from gestational day 3 
until offspring weaning.404

Hypericum is compatible with breastfeeding but caution 
should be exercised.

Findings of clinical studies support the relative safety of 
administration of Hypericum extracts during breastfeeding. 
The constituents of the herb appear to penetrate the breast 
milk compartment poorly, if at all. A case study confirmed 
that only hyperforin was excreted into breast milk at a low 
level, while in the infant’s plasma hyperforin and hypericin 
were below the lower limit of quantification (hypericin 
0.20 ng/mL, hyperforin 0.50 ng/mL).405 Four breast-milk 
samples from a mother with post-natal depression taking a 
Hypericum preparation three times a day (LI 160) were ana-
lysed over an 18-hour period. No side effects were seen in 
the mother or infant.405 However, another study found that 
infant exposure to hyperforin through milk following maternal 
administration of 900 mg/day of Hypericum (LI 160) to five 
mothers was comparable to levels reported in most studies 
assessing antidepressant or neuroleptic effects.406 Hyperforin 
was at the lower limit of quantification in plasma samples 
analysed from two infants (0.1 ng/mL). Milk/plasma ratios 
ranged from 0.04 to 0.13. The relative infant doses were 0.9% 
to 2.5%. No side effects were seen in the mothers or infants.
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One clinical study investigating Hypericum intake dur-
ing lactation found a statistically significant higher frequency 
of infant side effects (16.6%: colic, drowsiness, lethargy) for 
the mothers taking Hypericum, compared to the frequency 
in those not exposed to the herb (two control groups, 0% 
and 3.3% colic).407 However, the study was not placebo-
controlled. No significant difference was observed in the 
frequency of maternal reports of decreased milk production 
among the groups, nor was a difference found in infant weight 
over the first year of life. It is unclear whether these adverse 
events were actually attributable to Hypericum due to the 
small sample size and possible bias resulting from the nature 
of the (self-selection) reporting method.

The Scientific Committee of ESCOP (European Scientific 
Cooperative on Phytotherapy) suggests that, in accordance 
with general medical practice, Hypericum should not be used 
during pregnancy and lactation without professional advice.357

Effects on ability to drive and use 
machines
No negative influence is expected.

Several reviews408–410 and clinical trials411–413 have 
reported the lack of adverse effects on the ability to drive 
or operate machinery. In a review of three clinical trials of 
Hypericum extracts for depression, it was reported that 
Hypericum was devoid of sedative or anticholinergic effects, 
and that the ability to drive a car was not affected.410 This 
was tested by means of the established psychometric proce-
dure used to assess medical fitness to drive. Hubner investi-
gated the effects of LI 160 at 900 mg/day for 4 weeks in 39 
depressed patients and reported no impairment of vigilance 
or the ability to drive.411 Similarly, Schmidt and Sommer 
reported that in a trial with mild-to-moderately depressed 
patients, the same extract preserved attention and reaction 
ability and did not interfere with the ability to drive.412

A randomised, double blind, placebo-controlled, crossover 
study investigated the interaction of Hypericum extract with 
alcohol. Thirty-two volunteers received either Hypericum 
extract (2.7 mg/day TH equivalent) for 7 days or placebo. At 
the end of the treatment period they underwent several tests 
following consumption of alcohol. No interaction between 
Hypericum and alcohol with respect to cognitive capabilities 
was observed.211

Side effects

General
Adverse events associated with Hypericum tend to be mild 
and occur rarely. In clinical trials, side effects are often 
reported no more frequently with Hypericum extracts than 
in the placebo arm. Data from a meta-analysis of 35 double 
blind randomised trials showed that dropout and adverse 
effects rates in patients receiving Hypericum extracts were 
similar to placebo, lower than for older antidepressants, and 
slightly lower than for selective serotonin reuptake inhibi-
tors.414 No serious adverse effects were reported in any 
study. Hypericum extracts appear to be free of the cardiac 

or anticholinergic side effects normally associated with anti-
depressant medications.257 In a review of large-scale obser-
vational studies with at least 100 patients suffering from 
depressive disorders, comprising a total of 34 804 patients, 
the percentage of patients reporting side effects ranged 
between 0% and 5.9%.251 Hypericum extracts were associ-
ated with only mild side effects, the most frequent being 
gastrointestinal symptoms, followed by increased photo-
sensitivity and skin symptoms. Headaches, palpitations,266 
fatigue and restlessness247 have also been reported. Anxiety 
was reported by a small number of participants in trials  
(5 patients of 2404 patients294 and 8 of 3250 patients415). 
One clinical trial reported the side effects of muscle and 
joint stiffness, tremor, sweating, muscle spasms and pain.278 
Frequent urination was reported in 27% of participants tak-
ing 900 to 1500 mg Hypericum extract daily for 8 weeks, 
compared with 11% placebo participants.262 The most com-
mon adverse event (one per 300 000 treated cases) among the 
spontaneous reports in the official German register to year 
2000 relate to reactions of the skin exposed to light.416

Adverse events from individual case reports often involve 
concomitant medication or other pathologies, making it diffi-
cult to establish a causal connection with the administration 
of Hypericum extracts. Cases where the link is considered 
possible are included below.

Photosensitivity
Pharmacokinetic studies suggest that the phototoxic thresh-
old level of hypericin is not reached with the normal doses 
of Hypericum used for the oral treatment of depression.414 
However, cases of reversible photosensitivity to Hypericum 
have been reported, including one case of a burning, erythe-
matous eruption that occurred after 4 days of treatment with 
33 mg Hypericum extract.417 Photosensitivity developed in 
a 61-year-old woman after taking a Hypericum extract for  
3 years, which resulted in elevated, itching red lesions in 
light-exposed areas.418 The reaction was reversible and con-
firmed by provocation test. A patient consuming Hypericum 
at the time of laser treatment developed a severe phototoxic 
reaction to laser light.419 In a clinical study, volunteers con-
suming a threshold dose of Hypericum extract containing 
5 to 10 mg hypericin experienced a mild increase in pho-
tosensitisation.416 Mild-to-moderate, reversible photosen-
sitivity developed in participants in two clinical studies of 
HIV and hepatitis C with oral hypericin in doses from 0.05 
to 0.5 mg/kg/day.43,44,233,236 For example, one of these was 
a phase I study of intravenous and oral hypericin in HIV-
infected adults, in which five of 12 participants receiving the 
0.05 mg/kg/day dosing schedule and six of seven receiving 
the 0.10 mg/kg/day dosing schedule developed phototoxic 
reactions.43 However, intravenous hypericin, 0.25 or 0.5 mg/
kg twice weekly or 0.25 mg/kg three times weekly, or oral 
hypericin 0.5 mg/kg daily, caused severe cutaneous phototox-
icity in 11 of 23 evaluable HIV-infected patients with CD4 
counts less than 350 cells/mm3.44

In contrast to these findings, no evidence was found for 
a phototoxic potential of the Hypericum extract LI 160 in 
humans when it was administered orally at typical clinical doses 
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up to 1800 mg daily.420 A prospective randomised study in  
72 volunteers of skin types II and III investigated the effect of 
the Hypericum extract LI 160 on skin sensitivity to ultraviolet 
B (UVB), ultraviolet A (UVA), visible light and solar-simulated 
radiation. No significant influence on the erythema index or 
melanin index was detected in the single-dose (5.4 or 10.8 mg 
hypericin) or the steady-state studies (5.4 mg hypericin, and 
subsequently 2.7 mg hypericin, per day for 7 days), with the 
exception of a marginal influence on UVB-induced pigmenta-
tion (p=0.0471) in the single-dose study. These findings were 
in accordance with previous pharmacokinetic studies that 
found hypericin serum and skin levels after oral ingestion of 
Hypericum extract were always lower than the assumed photo-
toxic hypericin threshold level of 1000 ng/mL.420

Other studies supporting this finding found no significant 
changes of erythema threshold levels following exposure to 
UV radiation, visible light and solar-simulated radiation with 
oral LI 160;421 and no significant change in UVB photosensi-
tivity and a UV light sensitivity that was not, or only margin-
ally increased, with oral intake of Hypericum extract (4.5 to 
5.4 mg/day TH equivalent for 7 to 15 days).422 There was an 
increased UVA photosensitivity in the subgroup of light sensi-
tive skin types.

Three cases of topical use of Hypericum creams or oil with 
or without oral administration (dosage unspecified) resulted 
in phototoxic reaction upon exposure to sunlight or, in one 
case, after phototherapy commenced.423 These include ery-
thematobullous dermatosis and facial bullae related to sun 
exposure, UVB phototherapy-related follicular erythema 
and urticarial oedema. However, one patient had lupus and 
another had psoriasis.

In cell cultures, it was found that phototoxic effects with 
Hypericum extracts in conjunction with visible light and UVA 
only occurred at high concentrations.424 Peak hypericin levels 
in skin blister fluid following administration of an oral dose 
of 1800 mg or steady-state administration (900 mg daily for  
7 days) was at least 20 times below the estimated phototoxic 
concentration of 100 μg/mL.165 It has been suggested that 
the risk of significant photogenotoxic damage incurred by the 
combination of Hypericum extracts and UVA phototherapy 
may be low in the majority of individuals.425

Other reactions
Four cases of sensory nerve hypersensitivity reactions, with 
increased sensitivity to heat and cold, and pain in the hands 
and/or feet were reported.426 These resolved within 1 to 2 
weeks of ceasing the herb. It was suggested that the prepa-
rations involved were from the late-harvested herb that con-
tained high levels of resinous constituents that would not 
normally be ingested.

A possibly related case of subacute toxic neuropathy (nerve 
damage) was reported. The woman began to experience 
sharp pains in areas exposed to the sun (face and hands) after  
4 weeks’ treatment with an over-the-counter preparation of 
Hypericum (500 mg, concentration undefined). Painful sen-
sitivity on her arms and legs occurred after sunbathing. Her 
symptoms began to improve and eventually disappeared after 
she stopped using the product.427 One case of hyperaesthesia 

has been reported following use of Hypericum extract at an 
unspecified dose.428

Delayed emergence from anaesthesia occurred in one 
patient possibly related to 3 months’ ingestion of up to 3 g/
day Hypericum. At the time of her procedure she was self-
administering Hypericum in tablet form, 1000 mg three times 
daily.368

Elevated thyroid-stimulating hormone was observed in 
a retrospective case-control study (4 of 37 patients had 
taken Hypericum).429 Although there is a probable associa-
tion with Hypericum intake, further investigation is required. 
Furthermore, this study has been criticised for design limitations, 
not adding meaningful scientific information to assess a potential 
association, and that no association was demonstrated.430

As can be expected from such a widely used herb, some 
unlikely adverse events have been attributed to Hypericum. 
Multiple side effects in a 47-year-old woman were reported to 
the Adverse Drug Reaction Advisory Committee in Australia, 
allegedly related to Hypericum. These included dyspnoea, 
hyperventilation, palpitations, tremor, flushing, mydriasis and 
rhinitis, suggestive of an allergic reaction.428

Once case of hypertension431 and another of hyperten-
sion with delirium have been reported after ingestion of 
Hypericum extract (dosage unspecified) for 1 week. In the 
latter case, the patient had consumed aged cheeses and red 
wine prior to reaction.432 However, this erroneously implies 
that Hypericum is a MAO inhibitor, which suggests a precon-
ceived bias.

Cardiovascular collapse during anaesthesia in one patient 
was possibly associated with 6 months’ administration of 
Hypericum (dosage unspecified).433

A suspected case of withdrawal syndrome occurred in one 
woman upon cessation of Hypericum tablets (5.4 g/day of 
herb, corresponding to extract containing 0.3% TH) for 32 
days.434 On discontinuing the Hypericum product she expe-
rienced nausea, anorexia, dry retching, dizziness, dry mouth, 
thirst, cold chills and fatigue within 24 hours. Her symp-
toms peaked on day 3 and she gradually recovered by day 8. 
However, this clinical picture is suggestive of a coincidental 
viral or bacterial infection.

As mentioned above, mania has been reported in 14 cases 
in patients with and without a history of psychiatric illness, 
including previous mania. Hypericum products were taken 
in unspecified, normal and high doses,360,363–365 in two cases 
with other products (Ginkgo, valerian, melatonin),359 and 
in four cases with or just after pharmaceutical drugs.361,366 
One incidence of psychosis was reported in a patient with 
Alzheimer’s disease and in another two patients with schizo-
phrenia.435,436 A first episode of psychosis was reported in one 
patient after taking an extract of Hypericum.437

In 26 HIV-positive patients receiving oral Hypericum 
extracts containing the equivalent of 1 mg/day hypericin 
for 4 months, mild reversible liver enzyme elevations were 
observed that returned to baseline levels after 1 month 
without Hypericum.230 However, in another clinical study 
hypericin had no effect on liver enzymes.43,236 One case 
report described a patient who experienced hepatotoxicity 
following ingestion of a Hypericum extract.438 However, as 
the authors acknowledge, it is difficult to attribute a causal 
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association between the two events, although the elevation of 
the liver enzymes were temporally associated with the inges-
tion of the herb (extract and dose not provided.)

A case of a dynamic ileus associated with the use of 
Hypericum in a 67-year-old woman has been reported. Her 
symptoms started 2 weeks after taking the extract, with no 
other identifiable cause, and resolved gradually and com-
pletely after its discontinuation.358

One case of sexual dysfunction was reported in a 49-year-
old man taking Hypericum tablets (4×0.9 mg/day TH for  
1 week).439 His sexual dysfunction appeared to be drug-
induced by both sertraline and Hypericum, as he had 
previously reported experiencing orgasmic delay, erectile dys-
function and inhibited sexual desire on sertraline. Diminution 
of libido was reported with Hypericum taken for 9 months in 
a 42-year-old man with a history of anxiety, depression and 
OCD.440 However, his anxiety, depression and tics abated 
considerably while on the Hypericum extract.

Suicidal and homicidal thoughts in a 51-year-old woman 
were linked to vitamin C and a Hypericum extract. Within  
3 weeks of discontinuing the supplements, the suicidal and 
homicidal thoughts disappeared. The woman recalled hav-
ing had similar experience with the same combination 
previously.441

Overdosage
Phototoxicity might be expected to occur with overdose. 
Typical phototoxic symptoms include rash, pruritus and ery-
thema 24 h after exposure to ultraviolet light.

Convulsions were associated with an overdose of a 
Hypericum product in a 16-year-old girl who had taken up 
to 15 tablets/day (300 mg each) in the 2 weeks leading up 
to admission and an additional 50 tablets just before pres-
entation, for a recent ‘depressive episode’.442 Results of a 
computed tomography brain scan and cerebrospinal fluid 
examination were unremarkable, but an EEG confirmed dif-
fuse spike wave activity consistent with generalised epileptic 
activity. High-performance liquid chromatography was not 
performed to quantify hypericin in her serum and urine, as 

these tests were not available in the hospital. A repeat EEG 
at discharge on day 6 was normal and there were no further 
seizures in the following 6 months.

Regulatory status in selected 
countries

Hypericum is official in the United States Pharmacopeia–
National Formulary (USP34-NF29, 2011).

It does not have GRAS status, but is freely available as a 
‘dietary supplement’ in the USA under DSHEA legislation 
(Dietary Supplement Health and Education Act of 1994). 
Hypericum has been present in OTC digestive aid drug prod-
ucts. The FDA, however, advises that: ‘based on evidence cur-
rently available, there is inadequate data to establish general 
recognition of the safety and effectiveness of these ingredi-
ents for the specified uses’. Hypericum is also being combined 
with other constituents such as ma huang (Ephedra) and pro-
moted for weight loss. The FDA has issued a warning that this 
treatment is not safe and/or effective.

Hypericum is covered by a positive Commission E mono-
graph and can be used for psychogenic disturbances, depres-
sive states and excitability. Infused oil of Hypericum can be 
used internally for dyspeptic complaints and externally for the 
treatment of wounds, bruises, myalgia and first-degree burns.

In the UK, Hypericum is included on the General Sale 
List. Hypericum is official in the British Pharmacopoeia 2011 
and the European Pharmacopoeia 2011. Hypericum products 
have achieved Traditional Herbal Registration in the UK with 
the traditional indication of relief of symptoms of slightly low 
mood and mild anxiety.

Hypericum is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Regulations in Australia and is freely avail-
able for sale. The requirement for listing (automatic registra-
tion) is that, if the preparation is not a homeopathic product 
and the proposed route of administration is oral, the label must 
include the following warning: St John’s Wort affects the way 
some prescription medicines work. Consult your doctor.
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St Mary’s thistle

(Silybum marianum (L.) Gaertn.)

Summary actions

Hepatoprotective, hepatic trophorestorative, antioxidant, 
choleretic, galactagogue.

Can be used for

Indications supported by clinical 
trials
Clinical indications supported by trials using standardised 
St Mary’s thistle extract (70% to 80% silymarin by colorimet-
ric analysis, 50% to 60% by HPLC), otherwise described in 
this monograph as the silymarin complex or just ‘silymarin’: 
non–alcoholic and alcoholic liver damage/disease, including 
abnormal liver function, alcoholic and Child-Pugh grade A 
cirrhosis; diabetes secondary to cirrhosis, and other complica-
tions of cirrhosis such as bleeding oesophageal varices; fatty 
liver; exposure to chemical pollutants or xenobiotics (drugs, 
halogenated hydrocarbons, solvents, paints, glues, anaesthesia); 
treatment of death cap mushroom poisoning.

The evidence for some of the above applications is con-
troversial. Mixed results have been obtained for treatment of 
hepatitis, where it should mainly be prescribed for its hepato-
protective properties.

Some support has been obtained for the role of silymarin 
in improving glycaemic profile and insulin resistance in type 
2 diabetes, as an iron chelator in haemochromatosis and beta–
thalassemia/thalassemia major, and in promoting lactation in 
nursing mothers. It has also shown promise as a hepatopro-
tective agent during chemotherapy, based on results of one 
clinical trial.

Traditional therapeutic uses
Liver and gallbladder problems.

Despite the common name, milk thistle (which relates to 
the milky venations on the leaf), only the leaf was attributed 
with galactagogue properties in some traditional sources.2

May also be used for

Extrapolations from pharmacological 
studies
As a prophylactic for conditions caused by oxidative stress; 
for complications of hepatitis C; liver problems associated 
with pregnancy, oral contraceptive use or environmental pol-
lution; for a fetoprotective effect against ethanol ingestion; 
to prevent gallstone formation; inhibition of cholesterol 

Synonyms

Carduus marianus L. (botanical synonym), milk thistle 
(Engl), Silybi mariae fructus, Cardui mariae fructus (Lat), 
Mariendistelfrüchte, Mariendistel, Marienkörner (Ger), char-
don-Marie (Fr), carduo mariano (Ital), marietidsel (Dan).

What is it?

St Mary’s thistle (milk thistle) is indigenous to the 
Mediterranean region but has been introduced to most 
areas of Europe, North and South America and is consid-
ered a noxious weed in Australia. The stalk and young 
leaves have been eaten as a salad vegetable (Culpeper rec-
ommended the boiled leaf as a blood cleanser). Although 
historical references indicate extensive use of St Mary’s 
thistle, even going back 2000 years, its use was revitalised 
in Germany in the mid-19th century and again in modern 
practice in the 1930s. Its main active fraction, a flavono-
lignan complex known as silymarin, has been extensively 
investigated, particularly as a hepatoprotective agent. 
Several other novel uses for the silymarin complex have 
also been identified in recent clinical trials. The leaf of 
St  Mary’s thistle is also used medicinally, but this mono-
graph discusses the fruit (seed).

Effects

Scavenges free radicals, increases intracellular concentration 
of glutathione; stabilises hepatocyte membrane against injury 
and regulates its permeability, assists in cellular regeneration, 
increases the proliferation of Kupffer cells.

Traditional view

The seeds of St Mary’s thistle were used in Germany for 
curing jaundice, hepatic and biliary derangements, hepa-
titis and haemorrhoids, and as a demulcent in catarrh and 
pleurisy.1,2 External application of the decoction was rec-
ommended for some types of cancer. Dioscorides proposed 
the seeds as a remedy for snakebite. Culpeper suggested 
infusion of the fresh root and seeds for breaking and expel-
ling gallstones and to treat dropsy (taken internally and 
applied externally to the liver).2 The seeds, or more often 
the silymarin complex, have recently been adopted in clini-
cal practice for hepatoprotection during chemotherapy, as an 
adjunct to cancer treatment, and to ameliorate the long–term 
side effects of cancer treatment.3
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absorption; may exert a cytoprotective effect on pancreatic 
tissue, assist in cholestasis and have a role in preventing the 
complications of diabetes (such as diabetic neuropathy); may 
be beneficial as an antiallergic and anti–inflammatory agent; 
may have a chemopreventative activity for some cancers; pre-
venting or reducing hepatotoxicity associated with chemo– or 
radiotherapy, and as an adjunctive treatment for potentiating 
chemotherapy and radiation therapy; reducing the side effects 
of conventional treatment for Alzheimer’s disease and hepa-
totoxicity associated with antituberculosis drugs; possible 
anti-osteoporotic and selective oestrogen receptor modulator 
activity. Topically, silymarin may be protective against chemi-
cal carcinogen– and UVB radiation–induced skin tumours.

Preparations

Dried seed as a decoction, liquid extract, tablet or capsule for 
internal use.

Dosage

l	 4 to 9 g/day of seed
l	 4 to 9 mL/day of 1:1 liquid extract
l	 Three to four tablets per day containing 200 mg of extract 

(standardised to at least 140 mg silymarin by colorimetric 
assay or 100 mg by HPLC).

Higher doses, especially of the tablets, can be used in more 
severe cases of liver damage. The absorption of silymarin is 
enhanced by lecithin, and simultaneous dosing with a leci-
thin supplement is recommended. Extracts with enhanced 
bioavailability are also available.

Duration of use

There is no restriction on long–term use.

Summary assessment of safety

St Mary’s thistle is an extremely safe herb.

Technical data

Botany
Silybum marianum is a member of the Compositae (Asteraceae, 
daisy) family and in the same tribe as globe artichoke.4 It is an 
annual to biennial herb with a 35 to 125 cm stem. The leaves are 
dark green, oblong, pinnatifid with spiny margins. White veins 
give the leaves a diffusely mottled appearance. The slightly fra-
grant, hermaphrodite flower heads are also spiny, deep violet in 
colour, 1 to 2.5 cm in diameter and sit above an involucre con-
taining rows of spiny bracts. The fruit is an achene, 6 to 7 mm 
in length and transversely wrinkled, dark in colour, grey–flecked 

with a yellow ring near the apex. Attached to the achene is a 
long white pappus.5,6

Key constituents
l	 Flavonolignans (1.5% to 3%): silybin A and B, isosilybin A 

and B, silychristin, silydianin and 2,3–dehydro derivatives. 
These flavonolignans are collectively known as silymarin7

l	 Fixed oil (20% to 30%), flavonoids, taxifolin, sterols.8

Silybin (silibin) is also called silibinin (particularly in 
European literature). The flavonolignans are often incorrectly 
classified as flavonoids. Based on their structures they would 
be more correctly named ‘flavanolignans’.

The fixed oil can give liquid extracts a milky colour or may 
sometimes separate in such preparations.

Pharmacodynamics

Antioxidant activity
In vitro research has demonstrated free radical scavenging activ-
ity and antioxidant properties exerted by silymarin in a concen-
tration–dependent manner.9 One possible mechanism for such 
activity is the in vitro increase by silymarin of activities of the 
key antioxidant enzymes superoxide dismutase (SOD), catalase, 
glutathione peroxidase, glutathione reductase, glutathione–S–
transferase (GST) and glutathione peroxidase. As a consequence, 
malondialdehyde (MDA), a marker for lipid peroxidation, was 
reduced in erythrocytes exposed to exogenous hydrogen per-
oxide.10 These findings suggest a role of silymarin in activating 
the molecular switch for the cell’s endogenous protection against 
oxidative damage, namely the Nrf2/ARE pathway. Some early 
findings are suggestive of this activity.11 Silybin also demon-
strated free radical scavenger and antioxidant activities in vitro 
when complexed with molecules that increase its solubility.12

Both silybin and silydianin exerted an inhibitory effect on 
superoxide radical production, peak chemiluminescence and 
hydrogen peroxide production in stimulated human polymor-
phonuclear neutrophils in vitro.13 Oxidative stress induced by 
a high glucose concentration in human mesangial cell cultures 
was counteracted by silybin.14 Silybin (in addition to the find-
ing for silymarin mentioned above) increased the activity of 
both SOD and glutathione peroxidase in human erythrocytes 
in vitro. As previously noted, this may explain the protective 
effect against free radicals and the stabilising effect on the 
red blood cell membrane, as demonstrated by an increase in 
the time to full haemolysis.15 Silybin dihemisuccinate sodium 
salt demonstrated an inhibitory effect in vitro on radia-
tion–induced deactivation of enzymes and peroxidation of 
membrane lipids in rat liver microsomes.16 Silybin inhibited 
linoleate peroxidation in vitro.17

In contrast to other findings, silybin was a potent inhibitor 
of GST isoenzymes in one in vitro model and displayed a high 
degree of isoenzyme selectivity.18

Intraperitoneal administration of silymarin to rats increased 
the redox state and total glutathione content of the liver, intes-
tine and stomach, without affecting levels in the kidney, lung 
and spleen.19 Although a noticeable effect is observed, the 
effect of silymarin on lipid peroxidation processes was less 
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marked in patients with chronic diffuse liver diseases than for 
in vitro experiments.20

In vitro research on cultured neural cells demonstrated that 
a St Mary’s thistle extract could promote neuronal differenti-
ation and survival, suggesting potential benefits on the nervous 
system. The extract also protected cultured rat hippocampal 
neurons against oxidative stress–induced cell death.21

Silymarin and two derivatives, silybin–beta–cyclodextrin 
and silybin, showed a clear ability to reduce lipid peroxida-
tion in vitro and after oral administration to rats with extrahe-
patic biliary obstruction.22 These agents were all administered 
at doses of 10 to 100 mg/kg/day for 15 days. All three agents 
inhibited the in vitro and in vivo production of TBARS (thio-
barbituric acid reactive substances). Silymarin increased 
glutathione peroxidase and GST activities in both models.

Silymarin administered in conjunction with praziquantel 
(PZQ) to mice infected with the larval stage of Mesocestoides 
vogae (Cestoda) showed a strong antioxidant capacity and stim-
ulated the larvicidal effect of PZQ, probably due to the down–
regulation of fibrogenesis.23 Silymarin (30 mg/kg, oral) and 
PZQ were administered once a day from day 15 post infection 
for 10 consecutive days. Treatment with silymarin in combi-
nation with PZQ downregulated the generation of superoxide 
anions, prevented lipid peroxidation and stimulated glutathione 
synthesis and proliferation of hepatocytes in infected livers.

Effects on detoxification mechanisms
St Mary’s thistle extracts and components appear to reduce 
the activity of cytochrome P450 (CYP) enzymes in vitro. 

Some evidence for metabolic interactions between silybin 
and xenobiotics metabolised by CYP3A4 or CYP2C9 was 
obtained from in vitro studies in human liver microsomes.24 
In human hepatocyte cultures, treatment with silymarin 
(0.1 and 0.25 mM) significantly reduced the activity of the 
CYP3A4 isoenzyme (by 50% and 100%, respectively).25

In one study, oral administration of silymarin (100 mg/kg/
day) to rats resulted in a significant increase of the activity of 
the mixed function oxidation system (CYP, aminopyrine dem-
ethylation and p–nitroanisole demethylation). However, an 
experimentally induced reduction in the activity of the mixed 
function oxidation system and glucose–6–phosphatase could 
not be prevented by pretreatment with silymarin. Also in 
human volunteers, treatment with silymarin (210 mg/day for 
28 days) had no influence on the metabolism of aminopyrine 
and phenylbutazone.26

The protein transporter P–glycoprotein (P–gp) is involved 
in the clearance of toxic metabolites and xenobiotics from 
cells into urine, bile and the intestinal lumen. This is in addi-
tion to its role as a drug efflux pump at epithelial cells. The 
influence of silymarin on P–gp has been extensively reviewed 
in the section on Interactions (see later), and only a sum-
mary of findings is included here. In 16 healthy volunteers, 
silymarin (900 mg/day for 14 days) did not appear to affect 
digoxin pharmacokinetics, suggesting that it is not a potent 
modulator of P–gp in vivo.27 However, while one human 
study found reduced drug (metronidazole) levels follow-
ing silymarin, suggesting it may cause an induction of intes-
tinal and perhaps hepatic expression of P–gp and CYP3A4,28 
most findings from in vitro, in vivo and human research point 
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to an inhibition of P–gp by silymarin and its constituents.29–36 
A major implication of silymarin’s ability to inhibit P–gp is its 
potential role in negating multi–drug resistance, which is dis-
cussed in the section on cancer below.

Silymarin may prevent the absorption of toxins into 
hepatocytes, both by occupying binding sites and inhibit-
ing transport proteins at the cell membrane. It has exhibited 
a regulatory action on cellular and mitochondrial membrane 
permeability in association with increased membrane stabil-
ity against xenobiotic injury (see also under Hepatoprotective 
activity below). The phalloidin–transporting system, which 
belongs to the organic anion uptake transporters OATP2, is 
inhibited in a competitive way by silymarin, with no influ-
ence on membrane fluidity. OATP2 may represent part of the 
hepatic equipment that clears the portal blood of bile acids, 
lipophilic hormones and xenobiotics.37

Hence, although it is popularly regarded as a herb that can 
increase the hepatic clearance of xenobiotics, the balance of 
evidence suggests that this is not the case for St Mary’s this-
tle. Its role is more to protect the liver from any potential 
damage that xenobiotic clearance might entail (see also the 
Interactions section later in this monograph).

Hepatoprotective activity
The pharmacological literature on the hepatoprotective activity 
of silymarin and silybin is extensive. The following is a selec-
tion from publications on this topic. The mechanisms behind 
the hepatoprotective action of silymarin possibly involve the 
following:38

l	 Antioxidant activity by scavenging free radicals (reducing 
reactive oxygen species, ROS), and by increasing the 
intracellular concentration of glutathione; reduced lipid 
peroxidation and increased catalase activity.39

l	 Activity at the nuclear level: enhancing the synthesis of 
ribosomal RNA and proteins and thereby cellular regeneration; 
a possible steroid–like behaviour on the control of DNA 
expression.40 (This is thought to be an important mechanism.)

l	 Antifibrotic activity by inhibiting NF–kappaB and retarding 
hepatic stellate cell activation; inducing hepatic stellate cell 
apoptosis and inhibiting protein kinases and other kinases 
involved in signal transduction, and possibly interacting 
with intracellular signalling pathways, or inducing 
degradation of collagen deposits.38

l	 Toxin blockade via a regulatory action on cellular and 
mitochondrial membrane permeability in association with 
an increase in membrane stability against xenobiotic injury, 
preventing the absorption of toxins into the hepatocytes by 
occupying binding sites as well as inhibiting many transport 
proteins at the membrane.38,41

l	 Anti–inflammatory and immune–modulating activity, via 
decreased expression of hepatic tumour necrosis factor 
(TNF)–alpha;42 inhibition of nitric oxide (NO) production and 
inducible nitric oxide synthase (iNOS) gene expression;43,44 
inhibition of the 5–lipoxygenase pathway in cytoplasm;45 and 
possible inhibition of adhesion molecules such as E–selectin.46

l	 Competitive inhibition of the phalloidin–transporting 
system, belonging to the hepatocyte–specific OATP2.38,47

l	 Improvement of glucose and lipid metabolism, particularly 
in liver steatosis.38

l	 Reduced tumour promoter activity.

Although relatively high concentrations of silybin are nec-
essary to diminish free radical formation by activated Kupffer 
cells, significant inhibition of the 5–lipoxygenase pathway 
occurs at silybin concentrations that can be achieved in vivo. 
Selective inhibition of leukotriene formation by Kupffer cells 
could at least partly account for the hepatoprotective proper-
ties of silybin.45

Some recent in vitro data for the hepatoprotective activ-
ity of St Mary’s thistle components includes the following. 
Silybin inhibited interleukin (IL)–1beta–induced production 
of pro–inflammatory mediators in canine hepatocyte cultures, 
reinforcing the notion of its hepatoprotective effect.48 Silybin 
prevented cholestasis–associated retrieval of the bile salt 
export pump Bsep in isolated rat hepatocyte couplets by a 
mechanism probably involving cAMP–induced cytosolic cal-
cium elevations.49

The in vivo data demonstrating the hepatoprotective activity 
of St Mary’s thistle and its components is extensive. In earlier 
research, prior intraperitoneal administration of silymarin pro-
tected against the effects of carbon tetrachloride in mice, by 
decreasing its metabolic activation and acting as an antioxi-
dant.50 Silymarin and isolated silybin protected against acute 
administration of liver toxins such as carbon tetrachloride,51 
galactosamine,52 ethanol,53 paracetamol,54 lanthanides and FV3 
virus in animal models.55 Similar protective activity was dem-
onstrated in early research against chronic administration of 
carbon tetrachloride,56,57 heavy metals,58 thioacetamide59 and 
several drugs.60

One of the key issues with chronic liver damage is the dis-
ruption of liver architecture induced by the generation of 
excessive fibrous tissue. High dose silymarin (200 mg/kg, oral) 
resolved carbon tetrachloride–induced hepatic fibrosis in rats.56 
In addition, silymarin significantly decreased the elevation of 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT) and alkaline phosphatase in serum, and also reversed the 
altered expression of alpha–smooth muscle actin in liver tissue. 
One antifibrotic mechanism for oral silymarin at 50 mg/kg/day 
was demonstrated in 30 female rats with bile duct occlusion.61 
After 6 weeks, silymarin suppressed expression of profibrogenic 
procollagen alpha1(I) and TIMP–1, most likely via downregula-
tion of TGF-beta1 mRNA. The lowered hepatic profibrogenic 
transcript levels correlated with decreased serum levels of the 
aminoterminal propeptide of procollagen type III. Silymarin 
treatment reduced granuloma and hepatic fibrosis in the acute 
phase of experimental schistosomiasis in mice treated intraperi-
toneally with 10, 20 or 25 doses of silymarin at 10 mg/kg.62

Post–treatment of rats with silymarin (25 mg/kg) and 
Terminalia chebula (125 mg/kg) following oral administration 
of paracetamol (acetaminophen) 500 mg/kg for 1 to 3 days 
ameliorated the significant elevation of serum triglycerides, 
total cholesterol, blood urea nitrogen, serum creatinine and 
AST activity, suggesting that silymarin exhibited good hepato 
and nephro–protection against paracetamol toxicity.63 Reduced 
mortality was demonstrated in mice administered silymarin at 
doses of 100 or 200 mg/kg for 2 to 4 days following a lethal dose 



865

St Mary’s thistle

of paracetamol (550 mg/kg, ip), supporting its suggested use as 
an antidote for paracetamol-induced acute hepatic injury.64

Silymarin has shown both prophylactic and curative activi-
ties against the toxin of the death cap mushroom (Amanita 
phalloides).65 It interrupts the enterohepatic recirculation of 
amanitins, inhibits the binding of alpha–amanitin to hepato-
cyte membranes, competes with amatoxin for transmembrane 
transport and inhibits the penetration of amanitin into liver 
cells.66,67 Intravenous pretreatment with silybin in animal 
experiments abolished the morphological changes induced 
by the toxin and decreased the activities of serum enzymes.68 
(See also under Clinical trials.)

Oral administration of silybin (100 mg/kg) protected against 
iron–induced hepatic toxicity in rats via an antioxidant mecha-
nism.69 In addition, silymarin (200 mg/kg, oral) over 2 weeks 
had a protective effect similar to desferrioxamine on iron 
overload–induced hepatotoxicity in rats, as manifested by the 
decreased number of necrotic hepatocytes.70

A silybin–phospholipid complex prevented severe oxidative 
stress and preserved hepatic mitochondrial bioenergetics in a 
rodent model of nonalcoholic steatohepatitis.71 Treatment for 7 
to 14 weeks with silybin complexed with phospholipids (0.4 g/
kg diet) limited glutathione depletion and mitochondrial hydro-
gen peroxide production, preserved mitochondrial bioenergetics 
and prevented mitochondrial proton leak and ATP reduction.

Silybin treatment stabilised mitochondrial membrane, 
inhibited oxidative stress and improved insulin resistance in 
nonalcoholic fatty liver disease in rats.72 Intragastric silybin 
at a dose of 26.25 mg/kg/day significantly protected against 
high–fat–induced fatty liver in male Sprague–Dawley rats, 
by stabilising mitochondrial membrane fluidity, reducing the 
serum content of AST, decreasing hepatic MDA and increas-
ing SOD and glutathione levels.

In a 57–year–old man, silybin therapy by daily intravenous 
infusion at a dose of 1400 mg for 14 days commenced 8 h after 
orthotopic liver transplantation (OLT) successfully prevented 
hepatitis C virus (HCV) liver graft reinfection.73 At the time of 
OLT, the patient exhibited a model for end–stage liver disease 
(MELD) score of 23, Child–Pugh stage C liver cirrhosis and 
a 25 mm hepatocellular carcinoma in the left lobe. The HCV 
RNA level measured 182 IU/mL, and it dropped to 127 IU/mL 
after 48 h. By day 3 onwards, HCV RNA levels were <15 IU/
mL and became undetectable by day 9. After 6  months of 
follow–up, RNA for HCV was still undetectable, and liver his-
tology did not show any cellular inflammation.

A similar result using intravenous silybin therapy was 
obtained in terms of preventing graft infection in a patient 
with cirrhosis and end-stage liver failure (Child–Pugh stage 
C, MELD 20) due to chronic HCV.74 The 46–year–old male 
patient with beta–thalassemia was diagnosed with HCV 
with mixed genotype 1a/4. He was pretreated with silybin 
(20 mg/kg/day) for 15 days, with an interruption of 2 days 
in the postoperative period. Baseline viral load was low and 
decreased to 43 IU/mL on the day of OLT. HCV RNA levels 
decreased after resuming infusions to 30 IU/mL on day 6 and 
became unquantifiable (<15 IU/mL) on day 10, and unde-
tectable on day 22 after OLT. Silybin was stopped 25 days 
after OLT. During 5 months of follow–up, HCV RNA levels 
remained undetectable.

In early research, silymarin protected against histological 
changes in the livers of pregnant women and those taking oral 
contraceptives.75

Other anti–toxic effects
Several in vivo studies have found that silymarin ameliorates 
some of the negative consequences of in utero exposure to 
ethanol.76–78 An orally administered complex (one part silybin 
to two parts phosphatidylcholine) at a dietary dose of 400 mg/
kg for 21 days protected the rat fetus from the toxic effects 
of maternally ingested ethanol.76 Maternal and fetal gamma- 
[= fixed hyphen gamma-glutamyl...] glutamyltranspeptidase 
(GGT) activity was not elevated in the silybin–treated group, 
whereas in the ethanol–treated rats it was significantly higher 
than controls. Fetal mortality was also significantly higher in 
the ethanol group. Co–administration of a silymarin/phos-
pholipid compound containing 29.8% silybin to the ethanol 
liquid diet of pregnant Fisher/344 rats at a dose of 400 mg/
kg throughout the gestational period protected against the 
incomplete development of corpus callosum (splenium) in 
offspring.77 Silymarin appeared to ameliorate the ethanol–
induced learning deficits in pregnant Fischer/344 rats treated 
with a silymarin/phospholipid compound (containing 29.8% 
silybin, co–administered at a dose of 400 mg/kg with a liquid 
diet containing 35% ethanol–derived calories) during days 15 
to 21 of the gestational period.78

Other gastrointestinal activity
Compared with controls, silybin increased the proliferative 
activity of Kupffer cells in rats subjected to partial hepatectomy. 
Phagocytic and bactericidal activities were not modified.79 
Silybin demonstrated anticholestatic activity against paracet-
amol– and ethinyl oestradiol–induced cholestasis by countering 
the reduction in bile salt output and bile flow (see also below).80

Oral silymarin demonstrated an anticholesterolaemic effect 
in rats fed a high–cholesterol diet. The effect was similar to 
the hypocholesterolaemic drug probucol. In addition, silymarin 
caused an increase in LDL–cholesterol, a decrease in liver cho-
lesterol content and partially prevented the decrease in liver of 
reduced glutathione. Silybin was not as effective as silymarin.81

Silymarin and a polyphenolic fraction (PF) of silymarin 
administered via the diet (1.0% w/w) for 18 days to male rats 
fed a high cholesterol diet resulted in an inhibition of cholesterol 
absorption.82 This PF of silymarin was obtained by dissolution in 
acetone followed by precipitation with hexane. Both silymarin 
and PF significantly reduced cholesterol absorption and caused 
significant decreases in plasma and VLDL–cholesterol, as well as 
the content of cholesterol and triacylglycerols in the liver. The 
level of HDL–cholesterol was significantly increased by silyma-
rin, but not by PF.

Subsequent research by the same group found that poly-
merised polyphenolics (PP) and silymarin administered via 
the diet (0.1% to 1.0%) for 3 weeks to female rats fed either 
a high–cholesterol (1%) or a high–fat (10%) diet caused a 
dose–dependent decrease in liver cholesterol and VLDL–
cholesterol, and an increase in the HDL–cholesterol/VLDL–
cholesterol ratio.83 However, neither silymarin nor PP had 
any effect on plasma cholesterol content or LDL–cholesterol 
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levels. Only negligible increases of HDL–cholesterol were 
observed. Both treatments caused moderate dose–dependent 
increases in blood but not liver glutathione (GSH) content.

Silymarin (50 to 150 mg/kg, ip) prevented 17alpha–ethinyl 
oestradiol (EO)–induced cholestasis in rats, decreasing both 
bile–salt–independent and the bile–salt–dependent fractions 
of the bile flow, and the associated reduction in the bile salt 
pool size.84 The extract also counteracted the inhibitory effect 
of EO on bicarbonate but not GSH output, two major deter-
minants of the bile–salt–independent bile flow.

Silymarin (25 to 150 mg/kg/day for 5 days, ip) induced a 
dose–dependent increase in bile flow and bile salt secretion.85 
These findings suggest that silymarin increases biliary excre-
tion and the endogenous pool of bile salts by stimulating the 
synthesis, among others, of hepatoprotective bile salts such as 
beta–muricholate and ursodeoxycholate.

Silybin (100 mg/kg/day for 7 days, ip, to rats) significantly 
reduced biliary cholesterol and phospholipid concentrations 
compared with controls. Bile flow, biliary total bile salt con-
centration and total liver cholesterol content were unchanged. 
In gallstone patients and in cholecystectomised patients, oral 
administration of silymarin (420 mg/day for 30 days) reduced 
the biliary cholesterol concentration and bile saturation index 
compared with placebo treatment.86

Pre-treatment with silymarin prevented post–ischaemic 
gastric mucosal injury in rats. The inhibitory activity of sily-
marin on neutrophil function may contribute significantly to 
its gastroprotective action.87

Cancer overview
Carcinogenesis is a multistep process activated by altered 
expression of transcription factors and proteins involved in 
proliferation, cell cycle regulation, differentiation, apoptosis, 
angiogenesis, invasion and metastasis.88 The cancer chemopre-
ventative role of silymarin has been established in both in vivo 
and in vitro cancer models, including skin, breast, lung, colon, 
bladder, kidney, prostate, ovarian, cervical and hepatocel-
lular carcinomas. This is likely to result from several distinct 
mechanisms (discussed below under Cancer prevention and 
Antitumour activity).

A 2010 review stated that most studies performed to date 
have found beneficial effects of using silymarin and its main 
active constituent, silybin, as potential cancer therapeutic 
agents. These effects appear to result from the phytochemi-
cal’s ability to inhibit cell proliferation, increase apoptosis, 
decrease angiogenesis, block cell cycle regulators, enhance the 
expression of cell cycle inhibitors and inhibit transcriptional 
factors.89 A limitation of in vitro research in this context is 
the poor tissue availability of silymarin and its constituents 
demonstrated in some studies, making extrapolation of these 
studies to effects in humans of uncertain relevance. Another 
limitation pointed out by the authors of the 2010 review is 
that almost all of these studies were performed on cancer 
cell lines derived from the specific cancer types, rather than 
primary cell cultures derived from patients’ samples.89

Some major protein targets of silybin include the anti–
apoptotic molecule survivin (a member of the inhibitor of apop-
tosis family); apoptotic proteins such as caspases; mediators of 

cell proliferation such as STAT, MAPK, NF–kappaB, ERK and 
Akt; cell cycle regulators such as Cip1/p21, Kip1/p27 and 
cyclin D1; the tumour suppressor p53; the oxygen–sensing 
transcription factor hypoxia inducible factor alpha1; cell death 
receptors; growth factor and receptors and receptor kinases (for 
example the epidermal growth factor receptors/receptor pro-
tein kinases and vascular endothelial growth factor).89 In vitro 
and in vivo studies supporting these propositions have been 
comprehensively detailed in several recent reviews.47,88,89,90

Cancer prevention
In vitro findings show that silybin presents anti–genotoxic 
activity in human hepatoma cells (HepG2), which suggests 
potential use as a chemopreventative agent.91 At a concentra-
tion of 200 µM, silybin induced DNA migration, generated 
oxidised DNA bases, reduced cell viability, decreased the 
replicative index of the cells and induced oxidative stress. 
It was able to reduce the genotoxic effect of three different 
mutagens, bleomycin, benzo(a)pyrene and aflatoxin B1 for 
both pretreatment and simultaneous treatments, but had no 
significant effect on DNA damage induction post–treatment.

Silymarin and silybin have demonstrated chemopreventa-
tive effects against skin cancer.88,90 The effects of silymarin 
against skin carcinogenesis have been attributed to its strong 
antioxidant and anti–inflammatory action, as well as its inhibi-
tory effect on mitogenic signalling. Silymarin affords strong 
protection against UV–induced damage in epidermis by 
decreasing thymine dimer positive cells and upregulating p53 
(a key molecule in regulating the DNA repair machinery along 
with cell cycle regulation and apoptosis).47 For example, topical 
application of silymarin prior to carcinogen application resulted 
in protection against tumour formation in mouse skin.

Topical application or dietary feeding of silybin before or 
immediately after UVB exposure resulted in a strong protection 
against photocarcinogenesis in hairless mice, in terms of tumour 
multiplicity, tumour volume per mouse and size of tumours.92,93 
Silybin also moderately inhibited tumour incidence (5% to 
15%) and prolonged the tumour latency period for up to 4 
weeks. These effects were attributable to inhibition of DNA 
synthesis, cell proliferation, cell cycle progression and induction 
of apoptosis. Silymarin inhibited the carcinogen–caused induc-
tion of TNF–alpha mRNA expression.94,95 A sunscreen contain-
ing silymarin applied to the skin of mice prior to UVB exposure 
prevented the formation of pyrimidine dimers.96 In another 
study, in which the free radical–generating tumour promoter 
benzoyl peroxide was used on DMBA–initiated mouse skin, 
silymarin showed strong antitumour–promoting effects.90

Topical treatment with silymarin (1 mg/cm2 skin area) in 
mice exposed to UVB (90 mJ/cm2) was reported to cause an 
inhibition of several cellular inflammatory processes.47 Other 
relevant anti–inflammatory activity impacting on carcinogen-
esis includes a possible COX–2 (cyclo-oxygenase-2) selective 
inhibitory activity. Topical application of silymarin before UVB 
irradiation resulted in a highly significant inhibition of UVB–
caused induction of epidermal COX activity.90 The silymarin 
treatment significantly inhibited the expression of iNOS as 
well as production of NO in UV–treated skin, suggesting its 
main activity might be inhibition of NF–kappaB.
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The antioxidant activity of silymarin has been proposed as 
one of the mechanisms in preventing a wide range of carcinogen 
and tumour promoter–induced skin cancers in mice. Silymarin 
strongly reverses the TPA–caused depletion of epidermal 
enzyme activities of SOD, catalase and glutathione peroxidase.90

Silymarin may have a role in colon cancer prevention. It 
inhibited microsomal beta–glucuronidase activity in vitro, and 
both silymarin and silybin inhibited beta–glucuronidase of 
intestinal bacteria and faeces of healthy humans and patients 
with colon cancer. Oral administration of silymarin and silybin 
protected against the increase in beta–glucuronidase activity 
in rats treated with carbon tetrachloride.97

Silymarin significantly decreased the number of aberrant 
crypt foci (ACF) in an azoxymethane (AOM) induced rat colon 
cancer model.98 Dietary administration of silymarin (100, 500 
and 1000 ppm in diet), either during or after carcinogen expo-
sure (AOM) for 4 weeks, caused a significant reduction in 
the frequency of colonic ACF in a dose–dependent manner.99 
In a long–term experiment, dietary feeding of silymarin (100 
and 500 ppm) during the initiation or post–initiation phase of 
AOM–induced colon carcinogenesis reduced the incidence and 
multiplicity of colonic adenocarcinoma.88

Silybin was suggested as a potential human colorectal 
cancer chemopreventative agent following research dem-
onstrating it achieved high levels in the human colorectal 
mucosa after administration of doses of 360, 720 or 1440 mg/
day for 7 days in colorectal cancer patients.100 (Refer to the 
Pharmacokinetics section for further details.)

Effects in preventing other tumours have been observed. 
Intravesical silybin effectively inhibited the carcinogenesis and 
progression of bladder cancer in rats initiated by the chemical 
N–nitroso–N–methylurea NMU by reducing the incidence of 
superficial and invasive bladder lesions. This effect was with-
out any side effects.101 Tongue tumorigenesis induced in male 
rats with the mutagen 4–nitroquinoline 1–oxide was inhibited 
by silybin, and dietary feeding with 500 ppm silymarin inhib-
ited the incidence of prostatic 3,2'–dimethyl–4–aminobiphenyl 
(DMAB)–induced adenocarcinoma.47

Silymarin and silybin downregulated epidermal growth factor 
receptor (EGFR) signalling in prostate cancer via inhibition of the 
expression and secretion of growth factors, inhibition of growth 
factor binding to and activating of EGFR, and the subsequent 
impairment of downstream mitogenic events. This resulted in 
an anticancer efficacy against prostate cancer cells.90 Dietary 
administration of silymarin (100 or 500 ppm silymarin for 40 
weeks) significantly decreased the incidence of DMAB–induced 
prostatic adenocarcinoma in male rats, indicating chemopre-
ventative ability possibly through apoptosis induction and modi-
fication of cell proliferation.102

Other properties of silymarin pertinent to its chemopre-
ventative activity, namely apoptosis induction and inhibition 
of cell cycle progression, angiogenesis, metastasis and invasion 
are reviewed in the section on antitumour activity below.

Antitumour activity
The antitumour properties of silybin and its known mechanisms 
of action have been comprehensively reviewed elsewhere, and 
are summarised above in the overview.47,88–90 Only some main 
findings are highlighted here.

In vivo models of skin cancer have shown that silymarin 
significantly inhibited tumour growth and caused regression 
of established tumours.103 In mice with skin papillomas it 
resulted in significant reduction of tumour growth and cell 
proliferation index and enhanced the apoptotic index.104

Mechanistic in vitro studies in skin cancer cells have dem-
onstrated that silybin promotes the arrest of the G2–M phase 
of the cell cycle, inhibits proliferation and growth arrest in the 
G0–G1 and G2–M phases of the cell cycle, dose–dependently 
inhibits DNA synthesis and cell growth, inhibits ligand–induced 
activation of EGFR and inhibits EGFR intrinsic kinase activ-
ity.89 Inhibition of proliferation and promotion of apoptosis 
by silybin was mediated by a reduction of ERK1/2 activation 
and an increased activation of JNK1/2 and p38.104 Other sily-
bin–related anti–skin cancer properties include activation of 
the  apoptotic markers caspases–9, –3 and –7, suppression 
of the induction of transcriptional factor UVB–induced activa-
tor protein 1 (AP1),105 induction or suppression of NF–kappaB 
and upregulation of p53.89

Further in vitro research using human prostate cancer PC3 
cells found that high concentrations (24 to 48 µM) of sily-
marin and silybin modulated G1 phase cyclins, CDKs and 
CDKIs for G1 arrest, and the Chk2–Cdc25C–Cdc2/cyclin B1 
pathway for G2–M arrest, together with an altered subcellu-
lar localisation of critical cell cycle regulators.106 In prostate 
cancer cells, silymarin treatment also downregulated andro-
gen receptor–EGFR and NF–kappaB–mediated signalling and 
induced cell cycle arrest.90 In vitro studies have further dem-
onstrated that silybin downregulates prostate–specific antigen 
(PSA) mRNA expression and reduces PSA secretion as well as 
inhibiting the telomerase activity that mediates cell immortal-
ity and carcinogenesis.107,108 It has also been shown to upregu-
late insulin–like growth factor–binding protein 3 (IGFBP-3) 
expression and inhibit proliferation of androgen–independent 
prostate cancer cells.109

Silymarin inhibited androgen receptor mediated signalling 
and induced differentiation in androgen–dependent LNCaP 
cells. It also caused growth inhibition in human prostate 
cancer LNCaP, PC3 and DU145 cells, associated with an 
induction of G1 arrest and/or G2–M arrest. Silybin inhibited 
NF–kappaB transcriptional activity in human prostate cancer 
DU145 cells, and increased their sensitivity for TNF–alpha–
induced apoptosis.90 In vitro, isosilybin A and isosilybin B 
were reported to be the most effective suppressors of PSA 
secretion by androgen–dependent LNCaP cells (a cell line 
established from a metastatic lesion of human prostatic adeno-
carcinoma),110 while other researchers found isosilybin B was 
the most consistent and potent suppressor of human pros-
tate carcinoma cell line growth, compared with other isolated 
constituents or silymarin extracts.110

Dietary feeding of silybin at 0.05% and 0.1% for 60 days 
strongly inhibited the growth of advanced human prostate 
tumour xenografts in athymic nude mice, without any appar-
ent signs of toxicity. Silybin exhibited antiproliferative, pro–
apoptotic and antiangiogenic efficacy against the prostate 
tumours.111,112 In both studies, animals showed no weight 
loss or reduced food consumption. Administration of silybin 
to mice engrafted with another androgen–independent cell 
line (PC3 cells) resulted in similar findings of reduced tumour 



868

Materia MedicaP A R T  T H R E E

weight and volume, and associated anti–cancer effects with 
an increase in plasma IGFBP-3.113 Dietary silybin inhibited 
prostate tumour growth and progression in transgenic adeno-
carcinoma of the mouse prostate (TRAMP) by modulating the 
expression of CDKs, CDKIs and insulin–like growth factor 1 
(IGF)–1 and IGFBP–3.114

A possible mechanism for the antiangiogenic efficacy of 
silymarin in prostate cancer was suggested by the finding from 
in vivo research that silybin inhibited microvessel density and 
vascular endothelial growth factor (VEGF) secretion in pros-
tate tumours.90 Also, in terms of antiangiogenesis, silymarin 
treatment inhibited the growth and survival of human umbili-
cal vein endothelial cells in vitro.90

In vitro research demonstrated that silymarin elicited 
partial oestrogen receptor activation in rat hepatoma cells, 
with silybin B most likely being responsible for the majority of 
this action (see also below for MCF-7 cells).115

In bladder cancers, in vitro research findings indicate 
silybin may be effective in decreasing protein and mRNA 
levels of survivin,116 and promoting cell cycle arrest and 
apoptosis.117 Activation of p53 and caspase–2, leading to 
mitochondrial permeabilisation, cytochrome c release and 
cleavage of the cyclin–dependent kinase inhibitor Cip1/p21 
are other possible mechanisms.89,118 These findings have been 
supported by findings from in vivo studies. Administration of 
silybin significantly inhibited N-butyl–N–(4–hydroxybutyl) 
nitrosamine induced urinary bladder carcinogenesis in male 
mice by causing cell cycle arrest and induction of apopto-
sis.119 It also inhibited the growth of a human bladder tumour 
xenograft in athymic nude mice by downregulating sur-
vivin and increasing p53 expression, together with enhanced 
apoptosis.120

In an orthotopic xenograft model, silybin treatment of 
immunodeficient mice (0.1% to 4% for 39 days in food pel-
lets) resulted in reduced tumour weight, decreased tumour 
volume and an overall improvement of the gross anatomy of 
tumour–implanted kidneys compared with vehicle–treated 
controls.121

High concentrations of silymarin (≥80 µmol/L) induced 
cervical cancer HeLa cell death in vitro through both apop-
totic and necrotic pathways.122 Silybin inhibited the growth of 
human ovarian and breast cancer cell lines and DNA synthesis 
in vitro.123 It decreased the percentage of cells in the S and 
G2–M phases of the cell cycle with a concomitant increase in 
cells in the G0–G1 phases.

One in vivo study demonstrated that silybin strongly inhibited 
development of mammary tumours as well as lung metastasis in 
HER–2/neu transgenic mice.124 However, in another study no 
effect was found on tumour development in a transgenic adeno-
carcinoma mouse model.125 A silybin–phosphatidylcholine com-
plex administered at a dose of 450 mg/kg/day by oral gavage to 
nude mice bearing a tumour xenograft of the human ovarian can-
cer cell line A2780 produced a significant tumour weight inhibi-
tion of 78%.126 It was suggested that downregulation of VEGF 
receptor 3 and upregulation of angiopoietin 2 were the possible 
mechanisms for the observed antiangiogenic activity. However, 
dietary supplementation with low–dose silymarin (0.03% to 1%) 
was observed to enhance mammary carcinogenesis and stimulate 
the growth of MCF–7 breast cancer cells in female rats.127

In both small cell lung carcinoma cells and non–small cell 
lung carcinoma cells, silybin dose– and time–dependently inhib-
ited tumour cell growth and stimulated apoptotic cell death.89 
In a mouse model of urethane–induced lung tumour, adminis-
tration of silybin inhibited tumour progression by reducing the 
cell proliferation, modulating cyclin expression and suppressing 
expression of angiogenic growth factors (VEGF) and tumour 
promoting enzymes (such as iNOS and COX–2).89

In vitro research on colon cancer cells, ranging from well–
differentiated to highly aggressive, has pointed to a number 
of mechanisms for silybin as an anti–tumour agent, including 
upregulation of cyclin–dependent kinase inhibitors, promotion 
of cell cycle arrest and apoptosis, inhibition of cyclin–Cdk pro-
moter activity and antiangiogenic activity.128 These antineoplastic 
effects were partially mediated by paracrine cytokine interactions 
between different cell types, involving VEGF.89

Coadministration of silymarin extracts has been shown to 
reduce the toxic effects of cytostatic treatments. For example, 
the effect of cisplatin (5 mg/kg) on glomerular and proximal 
tubular function as well as proximal tubular morphology was 
largely ameliorated by silybin (200 mg/kg, iv).129 Pretreatment 
of male rats with silymarin (50 mg/kg) or Silybum seed 
(0.6 g/kg) before a single intraperitoneal injection of 3 mg/kg 
cisplatin prevented tubular damage, suggesting they may pro-
tect against cisplatin–induced renal toxicity.129,130 In the same 
model, silybin given alone had no effect on renal function. 
Treated rats had blood urea nitrogen and serum creatinine 
levels significantly lower than those receiving cisplatin alone, 
although a mild–to–moderate necrosis was observed.

A high concentration of silymarin or its constituents 
(100 µmol/L), as well as the flavonol quercetin, were reported 
to protect cardiomyocytes against doxorubicin–induced oxi-
dative stress.131 In oral doses of 70 mg/kg or higher, silymarin 
was reported to reduce radiation–induced liver damage and 
consequent increases in serum enzyme activities.132 These 
effects were attributed to its antioxidant and free radical scav-
enging properties.47 A silybin–phosphatidylcholine complex 
potentiated the cytotoxicity of the anticancer drug cisplatin 
in vitro.133 In vivo, coadministration of the complex at a dose 
1350 mg/kg resulted in a potentiation of the antitumour activ-
ity of cisplatin against A2780 cells in mice. Mice receiving the 
combination recovered earlier in terms of body weight loss, as 
compared with the cisplatin–treated mice. An antiangiogenic 
effect of was also demonstrated. Silybin has also demonstrated 
synergistic antitumour activity with cisplatin and doxorubicin 
against both oestrogen–dependent MCF–7 and oestrogen–
independent MDF–MB468 breast cancer cells (see also under 
Interactions).134–136

Anti–inflammatory activity and immune–
modulating effects
Silybin inhibited arachidonic acid metabolites and arachi-
donic acid–induced chemiluminescence of human platelets in 
vitro.137 Silybin, silydianin and silychristin inhibited the forma-
tion of prostaglandins in vitro and non–competitively inhibited 
lipoxygenase from soybeans in vitro.138

More significantly, studies have demonstrated that silyma-
rin is a potent inhibitor of NF–kappaB activation in response to 
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TNF–alpha.90 Silymarin blocked TNF–alpha–induced activation 
of NF–kappaB in vitro in a dose– and time–dependent 
manner.139 It inhibited activation of NF–kappaB and the TNF–
alpha–induced activation of reactive oxygen intermediates and 
lipid peroxidation, mitogen–activated protein kinase and c–Jun 
N–terminal kinase, and abrogated TNF–alpha–induced cytotox-
icity and caspase activation.

Silymarin inhibited in vitro T cell proliferation and cytokine 
production in hepatitis C virus infection.140 At concentra-
tions between 5 and 40 µg/mL, silymarin dose-dependently 
inhibited the proliferation and secretion of TNF–alpha, 
interferon (IFN)–gamma and IL–2 by peripheral blood 
mononuclear cells stimulated with anti–CD3.

Silymarin demonstrated a neuroprotective effect against 
lipopolysaccharide (LPS)–induced neurotoxicity in mesenceph-
alic mixed neuron–glia cultures in vitro by inhibiting microglia 
activation.141 Silymarin also significantly inhibited the produc-
tion of inflammatory mediators, such as TNF–alpha and NO, 
and reduced the damage to dopaminergic neurons. It effectively 
reduced LPS–induced superoxide generation and NF–kappaB 
activation, suggesting that the inhibitory effect of silymarin on 
microglia activation is mediated through an inhibition of NF–
kappaB activation.

In early research, oral administration of silymarin resulted 
in anti–inflammatory activity in carrageenan–induced rat paw 
oedema. Topical application of silymarin was more effective 
than intraperitoneal injection in mouse ear inflammation. 
Silymarin produced a dose–dependent inhibition of leuco-
cyte accumulation in inflammatory exudates after carrageenan 
injection and reduced the number of neutrophils. However, it 
was unable to inhibit phospholipase A2 in vitro.142

Parenteral exposure of mice to silymarin resulted in 
suppression of T lymphocyte function at low doses and stimu-
lation of inflammatory processes at higher doses.143 Silymarin 
administration to male BABL/c mice (10 to 250 mg/kg, ip) 
resulted in significant reductions in the number of CD3+ 
T lymphocytes at low doses (10 mg/kg) with concomitant 
decreases in CD4+ cells and expression of IL–2 and IL–4. 
Expressions of TNF–alpha, iNOS, IL–1beta and IL–6 mRNA 
were increased dose–dependently.

In vivo exposure to silymarin influenced phenotypic selec-
tion processes in the thymus.144 Using the same model and 
doses as above, silymarin resulted in an increase in absolute 
numbers of CD4+ and CD8+ T lymphocytes and increased 
c–myc expression (an important proto–oncogene in the con-
trol of differentiation and function of thymocytes in the thy-
mus), but decreased expressions of IL–2 and IL–4.

Diabetes
The anti–hyperglycaemic properties of silybin suggest a poten-
tial role in the treatment of type 2 diabetes. Silybin and its 
derivative dehydrosilybin were demonstrated to inhibit cellular 
glucose uptake by directly interacting with glucose transport-
ers (GLUT) in several model systems.145 Both flavonolignans 
dose–dependently reduced basal and insulin–dependent glucose 
uptake by 3T3–L1 adipocytes, with dehydrosilybin showing 
significantly stronger inhibition. In rat liver microsomes, silybin 
dose–dependently inhibited glucagon–induced stimulation of 

gluconeogenesis and glycogenolysis, an effect associated with a 
reduction of glucose–6–phosphate hydrolysis.146

A direct cytoprotective effect of silymarin in pancreatic 
beta cells was shown in vitro, suggesting that silymarin may 
be therapeutically beneficial for type 1 diabetes.147 Silymarin 
dose–dependently inhibited both cytokine–induced NO pro-
duction and IL–1beta– and/or IFN–gamma–induced cell 
death and prevented beta–cell dysfunction in human islets.

Silybin was shown to lower mitochondrial ROS production 
in perfused rat hepatocytes, suggesting a potential role in dia-
betic damage.148 It dose–dependently reduced glycolysis from 
carbohydrates via an inhibitory effect targeted on pyruvate 
kinase activity, and demonstrated a dramatic effect upon oxi-
dative phosphorylation, fully mitigating the rise in metabolic 
flow–driven ROS formation.

Silymarin (70 mg/kg, oral) reduced blood glucose and cho-
lesterol, corrected hypoproteinaemia, inhibited lipoxygenase 
products in liver tissue, and corrected oxidative phosphorylation 
disturbances in liver mitochondria in streptozotocin–induced 
diabetes mellitus in rats.149

Silymarin showed a protective effect against pancreatic 
damage in rats with alloxan–induced diabetes mellitus.150 
It prevented the decrease in the pancreatic activities of anti-
oxidant enzymes (SOD, glutathione peroxidase and catalase) 
caused by alloxan (150 mg/kg, sc) when both compounds were 
administered simultaneously (eight oral doses of silymarin, 
200 mg/kg each over 48 h). Treatment also restored these enzy-
matic activities when a single oral daily dose of 200 mg/kg was 
administered for 9 weeks, 20 days after alloxan intoxication. 
The same preparation and dosage administered simultaneously 
or subsequent to alloxan administration resulted in recovery 
of pancreatic function following alloxan–induced pancreatic 
damage in rats.151 Longer–term administration of silymarin 
protected against the alloxan–induced increase in serum 
glucose, the decrease in serum insulin and morphological 
abnormalities in pancreatic tissue (such as islet shrinkage, 
necrotic areas, loss of cell organisation and so on). The 
pancreatic tissue, insulin and serum glucose levels of silymarin–
treated rats were similar to those of control animals.

A potential role of silymarin has been demonstrated in vivo 
for the prevention and treatment of diabetic nephropathy. 
In a rat model, silymarin demonstrated a recuperative effect 
on renal tissue damage, with results suggesting its effects 
on oxidative stress may afford protection in this context.152 
Administration of silymarin (200 mg/kg/day for 9 weeks, 
oral) 20 days after alloxan prevented renal tissue damage and 
restored the activity and gene expression of the three antioxi-
dant enzymes: SOD, glutathione peroxidase and catalase.

In early research, treatment of diabetic rats with silybin 
did not affect hyperglycaemia, but prevented the inhibition of 
protein mono–ADP–ribosylation. Silybin treatment was associ-
ated with the prevention of substance P–like immunoreactivity 
loss in the sciatic nerve, which is typical of diabetic neuropa-
thy. Silybin also prevented the increase in ADP–ribosylation 
of proteins in sciatic nerve Schwann cells. This latter effect 
is likely to be indirect and secondary to the improvement of 
diabetic neuropathy.153–155

Findings from in vitro and in vivo studies suggested that 
silymarin may reduce the burden of advanced glycation 
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end-product (AGE) formation in diabetes and may prevent 
any resulting complications.156 In vitro glycation assays dem-
onstrated that silymarin exerted marked inhibition during the 
late stages of glycation and subsequent crosslinking. Silymarin 
(50 or 150 mg/kg/day for 12 weeks, oral) in streptozotocin–
induced diabetic rats reduced tissue AGE accumulation, tail 
collagen crosslinking and concentrations of plasma glycated 
albumin. Levels of oxidative and inflammatory biomarkers 
were also significantly decreased in silymarin–treated groups, 
compared with the untreated diabetic group.

Hepatotoxicity caused by antitubercular drugs (ATDs) 
is more severe in diabetic patients. Coadministration of 
silymarin (100 mg/kg/day, oral) for 45 days with isoniazid, 
rifampicin and pyrazinamide was shown to protect against 
ATD hepatotoxicity in rats with or without streptozotocin–
induced diabetes, irrespective of insulin treatment. The 
silymarin–induced hepatoprotection against ATD–induced 
liver injury was characterised by near normal levels of 
marker enzymes, an increase in total proteins and normal 
hepatic structure.157

Other activity
Silymarin demonstrated potent inhibition of cAMP phospho-
diesterase in vitro.158

The effect of silymarin on corticosteroid secretion was 
investigated in isolated adrenal cells from an aldosterone–pro-
ducing adenoma, atrophied adrenal tissue surrounding the 
adenoma and hyperplastic adrenal tissue from Cushing syn-
drome patients. The observed dose–dependent effect of sily-
bin on increasing corticosteroid secretion may be attributed 
to corresponding changes in the activities of cytochrome P450 
enzymes and the stimulation of ACTH–induced corticosteroid 
production, which could result from the antioxidant activity 
of silybin.159

Silybin enhanced the motility of neutrophils inactivated by 
formyl tripeptide, calcium ionophore, lymphokine or human 
serum and was effective in enhancing spontaneous motil-
ity of leucocytes obtained from healthy volunteers 2 h after 
administration.160

Silybin dose–dependently inhibited f–met peptide and 
anti–IgE–induced histamine release from human basophils. 
Further in vitro results suggest a possible antiallergic activity 
of silybin may be ascribed to a membrane–stabilising effect, 
possibly related to an interference with calcium influx.161

Silybin inhibited RNA and protein synthesis of Gram–
positive bacteria in vitro, suggesting a modest antibacterial 
activity.162

In bovine and murine mammary cells, silymarin enhanced 
cell proliferation and differentiation and was able to increase 
beta–casein gene expression alone or in association with 
prolactin, suggesting it may support lactation.163 (See also the 
Clinical trials section.)

Evidence exists for an anti-osteoporotic and selective 
oestrogen receptor modulator activity of silymarin in ovariec-
tomised rats. Administration of silymarin by oral gavage at a 
dose of 50 mg/kg/day for 12 weeks significantly prevented 
bone loss in rats induced by ovariectomy, with mild prolifera-
tive effects observed in the uterus.164

Silymarin attenuated the amyloid-beta plaque burden and 
improved behavioural abnormalities in an Alzheimer’s disease 
mouse model.165 Marked suppression of amyloid–beta protein 
(Abeta) fibril formation and neurotoxicity in PC12 cells was 
observed after silymarin treatment in vitro. In vivo studies 
indicated a significant reduction in brain Abeta oligomer depo-
sition and a reduction in anxiety in amyloid precursor protein 
(APP) transgenic mice that had been prophylactically treated 
with a diet containing 0.1% silymarin for 6 months.

Silymarin protected spinal cord and cortical cells against 
oxidative stress and LPS stimulation, suggesting a potential 
CNS neuroprotective role against toxin– or injury–induced 
damage.166 In vitro, silymarin or silybin effectively attenuated 
peroxide–induced ROS formation, with silymarin being more 
effective than silybin in mixed neuronal/glial cell cultures 
from cerebral cortex or spinal cord. In vivo, intrathecal injec-
tion of silymarin at 120 µg/rat immediately after spinal cord 
injury effectively improved hind limb locomotor behaviour.

Silymarin exacerbated renal impairment and p53–mediated 
tubular apoptosis, but had no effect on tubular necrosis or renal 
leucocyte infiltration, in glycerol–induced acute kidney injury 
in rats.167 Silymarin was injected intraperitoneally (100 mg/kg) 
concomitant with glycerol injection and 3 h after. Oxidative 
stress, inflammatory reaction, tubular necrosis as well as 
p53–mediated tubular apoptosis were all prolonged or exacer-
bated by treatment with silymarin.

Pharmacokinetics
Most pharmacokinetic studies have shown relatively low bio-
availability as such for the flavonolignans. This has led to the 
development of proprietary products to improve their overall 
bioavailability.

Phase I crossover studies using three silymarin products 
indicated that silybin bioavailability varied with product prepa-
ration;168,169 bioavailability seems to depend on several factors 
including the content of accompanying substances, the dissolu-
tion time and the concentration of the preparation itself.37,170 
Approximately 20% to 50% of silymarin is absorbed after oral 
administration, with about 80% excreted via the bile,171 while 
around 10% enters enterohepatic circulation.37

The pharmacokinetics of silybin shows fast absorption 
and elimination. After oral administration of standardised 
St Mary’s thistle extracts, the silymarin flavonolignans are rap-
idly metabolised and measurable in plasma, mainly in the form 
of glucuronides.172 Extensive first–pass phase II metabolism 
presumably accounts for the low systemic exposures that have 
been observed with customary doses of silymarin.173 Silymarin 
phytochemicals undergo phase I and phase II metabolism, 
especially multiple phase II conjugation reactions, and are pri-
marily excreted into bile and urine.174

The flavonolignans preferentially accumulate in the liver and 
bile. Six volunteers given 560 mg silymarin (240 mg silybin) 
registered low maximum serum concentrations (0.2 to 0.6 µg/
mL) and low renal excretion (1% to 2% of the silybin dose 
over 24 h). However, bile collected from cholecystectomised 
patients given 140 mg silymarin (60 mg silybin) was found 
to contain 11 to 47 µg/mL, a value approximately 100  times 
higher than in the serum, despite the lower administered 
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dose,175 with peak concentrations reached within 2 to 9 h. 
Another study of similar patients showed that, after repeated 
intake of silymarin, a steady state of silybin elimination was 
reached by the second day at the latest.176 Area under the 
plasma concentration–time curves (AUCs) for total flavonolig-
nans (which reflects parent plus conjugated flavonolignans) have 
been reported to be 3– to 4–fold and 12– to 36–fold higher for 
silybin A and silybin B, respectively, compared with AUCs for 
the parent flavonolignans only, following oral administration of a 
single oral dose of 600 mg of a standardised extract.172

A study conducted in 14 cholecystectomised patients 
indicated that, in general, there was no relationship between 
silymarin elimination and bile output, except in two patients: 
one with pancreatitis and one with liver metastasis, where 
reduced silybin elimination was linked to a decrease in bile out-
put.177 However, it has been shown that the pharmacokinetics 
of silymarin is altered in patients with liver disease (hepatitis 
C virus (HCV) and non–alcoholic fatty liver disease). This is 
based on findings from a study in which 20 healthy volunteers 
and three patient cohorts were administered a single 480 mg 
oral dose of silymarin, with 14 blood samples obtained over 
24 h.173 The AUC values for the sum of total silymarin flavonol-
ignans were 2.4–, 3.3– and 4.7–fold higher for HCV, non–alco-
holic fatty liver disease (p≤0.03) and HCV cirrhosis cohorts 
(p≤0.03), respectively, compared with healthy volunteers.

In a rat model, intravenous silybin was shown to exhibit 
dose–related pharmacokinetics in the dose range of 10 to 
50 mg/kg.178 All of the unconjugated or total (unconju-
gated plus conjugated) silybin concentrations in bile were 
significantly higher than those in plasma, suggesting active 
hepatobiliary excretion. Co–administration with cyclosporin 
significantly decreased the AUC in bile, suggesting that active 
silybin efflux might be partially mediated by P–gp.

Earlier oral pharmacokinetic studies in rats using silymarin 
and a silybin–phosphatidylcholine complex indicated lower 
plasma silybin levels and lower biliary excretion for silymarin 
alone. The relative bioavailability of the complex was 10 times 
higher than for silymarin.179 This trend in bioavailability was 
also observed in healthy human volunteers.180

The elimination half–life is generally less than 4 h with sily-
marin and silybin. In four cohorts of eight non-cirrhotic HCV 
patients, silybin A and silybin B showed low bioavailability at 
oral doses of 140, 280, 560 or 700 mg silymarin 8 hourly for 
7 days.181 However, with the 5–fold increase in dose, steady–
state exposures for silybin A and silybin B increased 11–fold 
and 38–fold respectively, suggesting the poor bioavailability 
may be overcome with doses above 700 mg.

In earlier research, the plasma concentrations of unconju-
gated and conjugated silybin after intake of a single oral dose 
of a silybin–phosphatidylcholine complex were evaluated in 
12 healthy volunteers. It was concluded that silybin under-
goes extensive conversion to conjugated derivatives that are 
retained in the circulation at relatively high concentrations.182 
A contemporary study using the same complex in 14 patients 
indicated that extrahepatic biliary obstruction is associated 
with a reduced clearance of conjugated silybin, probably due 
to impaired excretion of the conjugate in bile.183 These ear-
lier findings are consistent with the more recent research on 
straight silymarin quoted above.

Following the administration of single oral doses of a 
silybin–phosphatidylcholine complex (equivalent to 280 mg 
silybin) to 20 human volunteers, silybin was absorbed rapidly, 
with the time to reach peak plasma concentration (Tmax) 
ranging from 0.67 to 2.67 h (mean 1.4 h). Other pharmacoki-
netic parameters included a Cmax of 4.2 µg/mL.184

A lack of prostate tissue penetration for silybin was found 
following oral administration of high–dose (13 g in three 
divided doses) silybin–phytosome complex.185 High blood 
concentrations were achieved transiently in patients with 
localised prostate cancer, but low levels of silybin were found 
in prostate tissue. Blood levels 1 h after the first silybin–
phytosome dose reached a mean value of 19.7 µM, whereas 
the highest silybin level observed in the harvested prostate 
tissue was just 496.6 pmol/g. These findings suggest that 
St Mary’s thistle is highly unlikely to exert significant anti–
tumour activity in patients with prostate cancer.

High silybin levels were achieved in human colorectal 
mucosa following repeated administration of a silybin–
phosphatidylcholine extract to patients with confirmed 
colorectal adenocarcinoma.100 Doses of 360, 720 or 1440 mg 
silybin daily for 7 days were determined to be safe and 
achieved levels of silybin of 20 to 141 nmol/g tissue in colo-
rectal tissue, 0.3 to 4 µM in the plasma, and 0.3 to 2.5 nmol/g 
tissue in the liver. Silybin metabolites were also identified in 
the plasma.

Clinical trials
The outcomes of many trials have not been consistent, espe-
cially those concerned with cirrhosis, hepatitis and alcoholic 
liver disease (which may have been exacerbated by contin-
ued consumption of alcohol). Conflicting findings could also 
be due to: the range of preparations used, including St Mary’s 
thistle extract, silymarin, silybin, silybin–phosphatidylcholine 
complex with or without vitamin E; the range of doses (from 
240 to 800 mg/day) and the treatment periods, which ranged 
from 7 days to 6 years.38

Several systematic reviews and meta–analyses have been 
conducted on the potential benefits of silymarin in liver dis-
ease. A 2008 systematic review concluded that it is reasonable 
to employ silymarin as a supportive strategy in the therapy of 
Amanita phalloides poisoning and (alcoholic and Child–Pugh 
grade A) liver cirrhosis.186 From an analysis of 19 ‘double’ 
or ‘single blind’ trials, the authors reported that, in alcoholic 
liver disease, aspartate aminotransferase (AST) was signifi-
cantly reduced in the silymarin–treated groups compared 
with placebo (p=0.01), and in liver cirrhosis, total mortality 
was significantly lower with silymarin (p=0.01). A Cochrane 
meta–analysis of 18 randomised clinical trials assessing sily-
marin extract in 1088 patients with alcoholic and/or hepatitis 
B or C virus liver diseases found that silymarin (milk thistle) 
versus placebo or no intervention had no significant effect on 
overall mortality (RR 0.78; 95% CI 0.53 to 1.15), complica-
tions of liver disease (RR 0.95; 95% CI 0.83 to 1.09) or liver 
histology.187 However, liver–related mortality was significantly 
reduced by milk thistle in all trials (RR 0.50; 95% CI 0.29 to 
0.88), but not in high–quality trials (RR 0.57, 95% CI 0.28 to 
1.19). Similar results were obtained in the earlier Cochrane 
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meta–analysis that included 13 randomised clinical trials with 
a total of 915 patients with alcoholic hepatitis and hepatitis 
B or C.188 An earlier systematic review of 14 trials found the 
only statistically significant difference compared with placebo 
was a greater reduction in ALT levels among patients with 
chronic liver disease assigned to silymarin extract (–9 IU/L, 
95% CI –18 to –1 IU/L; p=0.05).189

(See also the Interactions section for a discussion of the 
possible beneficial effects of St Mary’s thistle extracts in 
combination with pharmaceutical drugs, including relevant 
clinical trials.)

Non–alcoholic liver damage
In a quite early, uncontrolled study involving 2000 patients suf-
fering from toxic liver damage of differing aetiologies, serum 
levels of hepatic enzymes were considerably reduced.190 
Symptoms such as nausea, discomfort and skin itching were 
also improved in 83% of patients. Sixty–seven outpatients with 
toxic–metabolic liver damage, chronic persistent hepatitis and 
cholangitis with pericholangitis who were treated with silyma-
rin experienced significant reductions in serum transaminases 
and bromthalein retention in another early study. On the basis 
of liver biopsies, patients with chronic persistent hepatitis were 
deemed to be ‘cured’ after 3 months of treatment.191

Thirty of 49 workers with abnormal liver function and/
or haematological values as a result of long–term exposure to 
organic solvent vapours (toluene and/or xylene) were treated 
orally with silymarin in an uncontrolled study. Liver function 
tests and platelet counts significantly improved, with leucocy-
tosis and relative lymphocytosis showing a tendency toward 
improvement.192

In a randomised, double blind, placebo–controlled clinical 
study, the efficacy of oral silymarin (800 mg/day) in prevent-
ing psychotropic drug–induced hepatic damage was evaluated 
in 90 patients over a 90–day treatment period. Results indi-
cated that silymarin reduced the lipoperoxidative hepatic 
damage that occurs during treatment with butyrophenones or 
phenothiazines.193

Alcoholic liver disease and cirrhosis
Trials specifically investigating alcohol–related cirrhosis 
are included in the section below. Results of randomised 
controlled trials of silymarin in chronic alcoholic liver disease 
are conflicting and, as noted above, may be confounded by 
heterogeneity of the degree of disease severity and alcohol 
intake/abstinence.37

In an early, double blind, placebo–controlled clinical trial, 
silymarin (420 mg/day) improved the biochemical, functional 
and morphological alterations of the liver in 47 patients with 
slight acute and subacute liver disease, mostly induced by 
alcohol abuse, who were treated over 4 weeks.194 Statistically 
significant decreases in serum ALT and AST occurred in the 
treated group (n=47) compared with controls (n=50).

Seventy–two patients with alcoholic liver disease (cirrhosis 
and hepatitis) began participation in a randomised, double blind, 
placebo–controlled trial and received silymarin (280 mg/day) or 
placebo tablets. Twelve patients subsequently dropped out 
of the trial and 10 patients died during the follow–up period 

(15 months). In those who survived, laboratory values and their 
changes did not differ between silymarin and placebo treatment. 
However, 22 patients were positive for alcohol ingestion during 
follow–up. Those who abstained from alcohol exhibited a signifi-
cant fall in GGT, but without a significant difference between 
the two groups.195

In a double blind, placebo–controlled clinical trial, patients 
with chronic alcoholic liver disease received 6 months’ treat-
ment with silymarin (420 mg/day) or placebo. The measured 
antioxidant and lipid peroxidation parameters were markedly 
improved in the silymarin group compared with placebo.196 
One hundred and sixteen patients with histologically proven 
alcoholic hepatitis (58 with cirrhosis) received either sily-
marin (420 mg/day) or placebo for 3 months. For those who 
remained in treatment, significant improvement was observed 
in both groups, and silymarin was not clinically superior to 
placebo. The rate of abstinence from alcohol was about 50% 
in both groups.197

In a surveillance study, a St Mary’s thistle extract (200 
to 400 mg/day corresponding to 80 to 160 mg of silymarin) 
was administered to 108 patients with alcohol hepatic dam-
age over a 5–week period. Eighty–five per cent of patients 
responded to treatment with reductions in transaminases 
and procollagen–III peptide (a fibrosis activity marker).198 
Significant antioxidant activity was verified in a double 
blind clinical trial involving 36 patients with alcoholic liver 
disease.199

The results of several randomised controlled trials evalu-
ating the effects of Silybum or silymarin on alcoholic and 
non–alcoholic cirrhosis suggest it may lower transaminases 
and improve survival benefits, particularly in alcoholic and 
Child–Pugh grade A liver cirrhosis.186,200 In non–alcoholic 
liver cirrhosis, beneficial effects were seen on the frequency 
of complications,201 and also in decreased rates of bleeding 
oesophageal varices.200 (See also later.) A randomised, double 
blind clinical trial carried out over 4 years showed a signifi-
cantly higher survival rate from alcoholic cirrhosis for patients 
treated with silymarin (420 mg/day, p<0.05). Treatment of 
non–alcoholic cirrhosis was not as successful.202 In another 
double blind, placebo–controlled study, patients with cirrho-
sis were treated with 420 mg/day of silymarin for 6 months. 
Serum levels of hepatic enzymes and bilirubin were signifi-
cantly reduced compared with placebo. These improvements 
were accompanied by positive histological changes in the liv-
ers of patients receiving silymarin.203

In a 4–year, double blind, randomised study involving 170 
patients with cirrhosis of different aetiologies, it was demon-
strated that long–term treatment up to 2 years with 420 mg/
day silymarin significantly reduced mortality (p=0.036).200 
This effect was more pronounced in patients with alcoholic 
cirrhosis. In a prospective crossover study, the cytoprotective 
effects of either UDCA (ursodeoxycholic acid, 600 mg/day) 
or silymarin (420 mg/day) were investigated in 27 patients 
with active cirrhosis. This was followed by an open trial inves-
tigating the effects of a combination therapy (UDCA plus 
silymarin) versus no therapy or UDCA alone. The entire 
treatment period spanned 25 months, including a 1–month 
washout period between single treatments. Both UDCA and 
silymarin decreased serum transaminase levels, whereas only 
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UDCA significantly diminished serum GGT. Neither agent 
influenced the functional liver mass when given alone or in 
combination. Combination therapy did not appear to be more 
effective than either substance given alone.204

In an open, uncontrolled trial, 30 patients affected by 
chronic ethanol–induced hepatic damage were treated with 
450 mg/day of UDCA. After 6 months, a significant decrease 
of serum hepatic enzymes was noted. The addition of silyma-
rin (400 mg/daily) to UDCA in another 30 patients induced a 
further improvement in hepatic function.205

In an open, controlled study, 60 type 1 diabetic patients 
with alcoholic cirrhosis received silymarin (600 mg/day) plus 
standard therapy or standard therapy alone over a 12–month 
period. In comparison with baseline values, treatment with 
silymarin reduced lipoperoxidation of cell membranes and 
insulin resistance and significantly decreased insulin overpro-
duction and the need for exogenous insulin administration. 
This response was not observed for the untreated group.206

Treatment with both silymarin and amino–imidazole–
carboxamide phosphate in 60 patients with compensated 
alcoholic cirrhosis of the liver in a 1 month, double blind, 
placebo–controlled clinical trial demonstrated hepatoprotec-
tive activity, which was accompanied by favourable changes in 
the parameters of cellular immunoreactivity.207

A post–marketing surveillance study documented the 
effects of treatment with 280 to 420 mg/day silymarin over 
12 weeks in 998 patients with chronic liver diseases (fatty 
infiltration of the liver, hepatitis and cirrhosis of different 
aetiologies). In addition to clinically relevant decreases in sub-
jective symptoms during treatment (lack of appetite, nausea, 
upper abdominal pressure), there was a marked decrease of 
the serum amino-terminal propeptide of procollagen III (a 
marker of fibrogenesis) values in patient subgroups who had 
initially elevated levels. This parameter dropped to the nor-
mal range in 19% of patients.208

Silymarin had no effect on survival or disease progres-
sion in alcoholic patients with liver cirrhosis in a randomised, 
double blind trial comparing 450 mg/day of silymarin with 
placebo over a 2–year period.201 However, the frequency of 
complications was lower in the patients treated with silyma-
rin, p=0.06. A total of 125 patients completed the trial (57 
receiving silymarin and 68 receiving placebo). Twenty–nine 
patients (15 receiving silymarin and 14 receiving placebo) 
died during the trial. No relevant side effects were observed 
in any group.

A silymarin preparation at 450 mg/day was evaluated in 
a randomised, controlled trial in 60 patients with alcoholic 
liver cirrhosis.209 After 6 months, the silymarin group showed 
a small but significant increase in red blood cell glutathione 
compared with placebo (p<0.001). There were also decreases 
in lipid peroxidation in peripheral blood cells in the silymarin 
group (MDA decreased by 33%, p<0.015), and platelet and 
serum amino–terminal propeptide of procollagen type III val-
ues were reduced (p<0.033), but not in the placebo group. 
There were no significant changes in transaminase levels.

Bleeding oesophageal varices constitute one of the most seri-
ous complications of cirrhosis. The total incidence of upper 
gastrointestinal bleedings reported in two trials showed differ-
ences in favour of silymarin (p=0.042): 4.6% versus 9.6% for 

silymarin and placebo, respectively, and 6.3% versus 13.5%, 
respectively.37,200 It was suggested that the decreased rate may 
reflect an overall improvement in the patients, also evidence 
by the lower liver–related mortality rate, rather than being a 
direct effect of silymarin.37

Hepatitis
In an early uncontrolled trial, 29 patients with acute progres-
sive hepatitis, active chronic hepatitis or cirrhosis without liver 
failure were treated with 210 mg/day of silymarin for a period 
of 3 months. All patients showed an improvement in their 
general health, and laboratory tests exhibited a trend towards 
normal values. Serum bilirubin returned to normal in jaun-
diced patients.210 Seventy–two patients with similar conditions 
including fatty liver demonstrated improvement in enzyme 
levels after silymarin treatment. Treatment duration varied 
from 6 months for fatty liver and hepatitis (420 mg/day) to up 
to 4 years for cirrhosis (630 mg/day). Clear–cut results in liver 
enzyme levels were not achieved for the cirrhosis patients, but 
the progress of the disease was slowed.211

In two small double blind, placebo–controlled clinical trials 
incorporating 12 and 24 patients with chronic hepatitis treated 
for 3 months to 1 year, laboratory findings did not reveal any 
significant differences between silymarin (420 mg/day) and 
placebo. However, histological changes were improved in some 
patients treated with silymarin, including a significant improve-
ment in the mesenchymal intralobular reaction (p<0.05). The 
authors postulated that silymarin may hinder the development 
of immunological reactions by occupying receptors on the 
liver cell membrane.212 In a further randomised, double blind 
clinical trial, silymarin demonstrated favourable results in the 
treatment of 180 patients with chronic persistent hepatitis, 
chronic active hepatitis and hepatic cirrhosis. The trial lasted 
for 40 days and no side effects were observed.213

In a double blind, placebo–controlled clinical trial conducted 
at two medical centres, 57 patients with acute viral hepatitis 
received either silymarin (210 mg/day) or placebo for 3 weeks. 
Significant differences between bilirubin and AST values in the 
placebo and silymarin groups were observed (higher regression 
after silymarin treatment). A definite trend in the regression of 
ALT values in favour of silymarin was also observed. However, 
the development of immunity was not influenced by silyma-
rin.214 Similar but significant (p<0.05) results for ALT were 
observed in a double blind, placebo–controlled trial compris-
ing 77 acute viral hepatitis patients.215 In a prospective, open, 
controlled study of 151 acute viral hepatitis patients, silymarin 
treatment did not demonstrate efficacy (as determined by lab-
oratory findings) compared with no treatment.216

In a double blind trial in patients with chronic persistent 
hepatitis, silybin treatment (silybin complexed with phos-
phatidylcholine) for 3 months decreased liver enzymes.217 The 
same complex reduced parameters related to hepatocellular 
necrosis in a short–term, double blind study in chronic active 
hepatitis.218

In a randomised, controlled trial that included 105 par-
ticipants with acute clinical hepatitis regardless of aetiology, 
silymarin administration resulted in earlier improvement in 
subjective and clinical markers of biliary excretion.219 The 
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intervention consisted of 420 mg/day of silymarin or a vita-
min placebo for 4 weeks. No adverse events were noted and 
both silymarin and placebo were well tolerated. Patients ran-
domised to the silymarin group had a quicker resolution of 
symptoms related to biliary retention: dark urine (p=0.013), 
jaundice (p=0.02) and scleral icterus (p=0.043). There was 
a reduction in indirect bilirubin among those assigned to 
silymarin (p=0.012), but other variables including direct 
bilirubin, ALT and AST were not significantly reduced.

Hepatitis C
Positive findings have been reported in some, but not all, 
studies of silymarin on viral load and ALT levels in chronic 
hepatitis C virus (HCV) infected patients. Other inconsist-
ent benefits in this context include reduced progression from 
fibrosis to cirrhosis, improved oxidative stress, earlier disap-
pearance of clinical manifestations with a silybin–phosphati-
dylcholine complex in conjunction with antiviral therapy, and 
improved symptoms and general well–being. Serum ferritin 
has also been significantly reduced, and hyperinsulinaemia was 
significantly reduced by silybin conjugated with vitamin E and 
phospholipids.

Silymarin supplemental to antiviral therapy improved 
oxidative stress, but was unable to favourably affect ALT or 
the sustained virological response in chronic HCV genotype 
1 positive patients.220 Sixteen patients were treated with 
pegylated interferon (pegIFN) plus ribavirin (RBV) for 6 to 12 
months plus placebo for the first 3 months, while the other 
16 were treated with the antiviral combination plus silymarin 
(332 mg/day) for 3  months. In the silymarin group, a more 
rapid decrease in the MDA level, as well as a marked decrease 
in SOD and an increase in myeloperoxidase activity after 
month 12  were found. Randomisation bias was suggested as 
an explanation for these contradictory findings, as patients in 
the silymarin group were older with higher fibrosis scores and 
more severe pre–treatment baseline oxidative stress.

Clinical manifestations of HCV disappeared 7 to 10 days 
earlier with antiviral therapy in conjunction with a silybin–
phosphatidylcholine complex than with pegIFN- alpha–2b and 
RBV alone.221 The formulation, containing 40 mg silybin and 
80 mg phosphatidylcholine per tablet, was administered at a 
dose of two capsules twice daily to 20 patients for 3 months in 
conjunction with the combined antiviral therapy. Cytolytic syn-
drome resolved in the herbal group and the positive virological 
response rate was 20% higher, with study withdrawal due to 
the severe side effects of IFN therapy 10% lower.

Silymarin administration for 1 year improved symptoms 
and general well–being, but had no effect on HCV viraemia, 
serum ALT or serum and ultrasound markers for hepatic 
fibrosis.222 One hundred and seventy–seven participants with 
HCV were randomly assigned to receive either silymarin at 
an average dose of 124.5 mg three times daily, or a low–dose 
multivitamin and mineral supplement. After 12 months, 
serum hepatic fibrosis markers, hyaluronic acid, the inflamma-
tory marker YKL–40 and abdominal ultrasound results were 
similar in both groups and may even have progressed from 
baseline. After 24 months, both the silymarin and vitamin 
placebo groups had fewer symptoms and reported they felt 

better than prior to participating in the study. They also had 
no detectable progression of their liver disease over the 24–
month period and none developed clinical complications of 
chronic HCV infection. However, silymarin was not superior 
to the vitamin supplements in clearing HCV RNA.223

Intravenous silybin was found to be a well–tolerated and 
potent antiviral synergist in patients with HCV, not respond-
ing to standard antiviral combination therapy.224 Sixteen 
non–responders to full–dose pegIFN/RBV were studied. 
Intravenous dosing over 4 h of 10 mg/kg/day silybin for 7 
days was followed by oral 420 mg/day silymarin in combina-
tion with 180 µg/week pegIFN-alpha–2a and 1 to 1.2 g/day 
RBV. A dose–dependent decrease in viral load was observed: 
HCV RNA declined on intravenous silybin by 1.32±0.55 
log (p<0.001), but increased again in spite of the pegIFN/
RBV. ALT also decreased from 162±133 to 118±107 U/L. 
In a subsequent dose–finding study over 14 days, viral load 
declined continuously. After the first 7  days the 5 mg/kg 
dose was marginally effective, whereas the 10 mg/kg, 15 mg/
kg and 20 mg/kg daily doses resulted in highly significant 
decreases in viral load (p<0.001). After a week of combined 
silybin and pegIFN/RBV therapy, viral load decreased further 
(p<0.001).224

However, 480 mg/day silymarin had no apparent effect on 
viral load when administered to patients with chronic HCV 
for 4 weeks in a randomised controlled trial (n=34).225 There 
was a statistically significant difference for percentage changes 
in ALT (p=0.014) and AST (p=0.002) compared with pla-
cebo, but not for viral load (p=0.326). No side effects were 
reported using the herb extract.

Similarly, no clinically meaningful reductions from base-
line serum transaminases or HCV RNA titre were observed in 
patients with well–compensated, chronic non-cirrhotic HCV 
who had failed IFN–based therapy. They were randomised to 
receive oral doses of 140, 280, 560 or 700 mg silymarin every 
8 h for 7 days. Silymarin up to 2.1 g/day was safe and well tol-
erated and no drug–related adverse events were reported.181

No virological response was observed following admin-
istration of silymarin 450 mg/day for 24 weeks, although 
normalisation of ALT was achieved in 15.3% of HCV patients 
assigned to silymarin.226 Patients were randomly assigned 
to receive a daily combination of ribavirin (600 to 800 mg) 
plus amantadine (200 mg) and UDCA (500 mg) (n=87) or 
silymarin 450 mg/day (n=83) for 24 weeks. Normalisation 
of ALT at the end of treatment was achieved in 58.5% and 
15.3% of patients (p<0.001), respectively, and an end of 
treatment virological response was achieved in 2.4% and 0%, 
respectively.

The Hepatitis C Antiviral Long–Term Treatment against 
Cirrhosis (HALT–C) trial investigated the association 
between silymarin use and subsequent liver disease progres-
sion in 1049 non–responders to prior antiviral therapy who 
had advanced fibrosis or cirrhosis.227 Silymarin use among 
patients with advanced hepatitis C–related liver disease was 
found to be associated with reduced progression from fibrosis 
to cirrhosis, but had no impact on clinical outcomes. Patients 
were followed up for liver disease progression. At baseline, 
34% of patients had used silymarin, half of whom were cur-
rent users. Baseline users had less hepatic collagen content 
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on study biopsies at year 1.5 and year 3.5, and had less histo-
logical progression over 8.65 years (HR 0.57 95% CI: 0.33 to 
1.00; p–trend for longer duration of use was 0.026).

Further, baseline data for the 1145 study participants in 
HALT–C trial revealed silymarin users had significantly fewer 
liver–related symptoms (such as fatigue, nausea, liver pain, 
anorexia, muscle and joint pain) and better general health and 
quality–of–life parameters than non-users.228 No difference 
was observed between users and non-users in terms of ALT or 
HCV RNA levels.

Treatment with a highly bioavailable silybin product (a 
standardised silybin and soy phosphatidylcholine complex) 
was associated with a significant reduction in serum ferritin in 
patients with chronic hepatitis C, especially among patients 
with advanced fibrosis.229 Thirty–seven participants were ran-
domised to one of three doses of the complex for 12 weeks. 
There was a significant decrease in serum ferritin from 
baseline to the end of treatment (p=0.0005), but no signifi-
cant change in serum iron or transferrin–iron saturation. The 
authors concluded that the formulation could act as a mild 
iron chelator, addressing the pathogenic aspects of hepatic 
iron overload in patients with liver disease.

In a study investigating the antioxidant and antifibrotic 
activity of a silybin–vitamin-E–phospholipid complex to 
improve insulin resistance and liver damage, 85 outpatients 
with non–alcoholic fatty liver disease (NAFLD) with or with-
out chronic HCV (all genotype 1b and all non–responders to 
previous antiviral therapy) were treated for 6 months, fol-
lowed by another 6 months of follow-up. In all, 53 patients 
(39 NAFLD and 14 HCV) received active treatment, while 
the other 32 (20 NAFLD and 12 HCV) served as a control 
group (no treatment).230 Each tablet contained 94 mg sily-
bin, 194 mg phosphatidylcholine and 90 mg vitamin E (dose 
4 tablets per day). Results showed an improvement of liver 
enzyme levels in the active treatment groups after 6 months, 
but this persisted for the NAFLD patients only. All indices of 
liver fibrosis were significantly reduced in both treated groups, 
with a persistent effect only in the chronic HCV group asso-
ciated with NAFLD. Hyperinsulinaemia, present in both 
groups, was significantly reduced only in the treated patients. 
Only in the HCV treated patients at 6 and 12 months did the 
percentage of overweight patients decrease significantly (44%; 
p<0.01 versus baseline and other group data).231 Liver stea-
tosis was significantly improved in the NAFLD treated group 
(p<0.01). The authors concluded that silybin conjugated with 
vitamin E and phospholipids could be used as a complemen-
tary approach to the treatment of patients with chronic liver 
damage.

Poisoning
An early review of 205 cases of clinical poisoning with the 
death cap mushroom (Amanita phalloides) from the period 
1971 to 1980 found the combination of penicillin with sily-
bin to be associated with increased survival.232 There are many 
reports of successful treatment of mushroom poisoning.233–236 
Treatment usually involved intravenous administration of 
silybin, alone or in combination with penicillin and/or other 
drugs. There are no side effects from parenteral silybin admin-
istration, where as parenteral penicillin can have significant 

adverse effects. The clinical picture appears to be markedly 
mitigated by the early initiation of silybin therapy. A review 
of 18 cases (1980 to 1981) found a close relationship between 
the severity of the intoxication and the time elapsed before 
commencement of silybin therapy.237 In a review of 87 patients 
with signs of poisoning with mushrooms and a long period of 
incubation, a significant reduction of serum transaminases and 
prothrombin time was found in those on competitive inhibi-
tion with silybin or penicillin, as compared with patients only 
on plasmapheresis.238 Intravenous infusion of silybin, in combi-
nation with normal management techniques, induced a marked 
reduction in mortality in a multicentre study of 252 cases of 
intoxication by Amanita phalloides.239

Silymarin administered during the pre– and postopera-
tive period prevented the increase of serum hepatic enzymes 
induced by the toxic effect of general anaesthesia.190 
Silymarin also improved liver function in patients who had 
been exposed for many years to halogenated hydrocarbons.59 
Treatment with silymarin (420 mg/day) in patients with occu-
pational toxic hepatic damage caused by various toxic sub-
stances (mostly solvents, paints and glues) resulted in slight 
variations in some parameters compared with those treated 
with placebo. The therapeutic effect of silymarin was more 
evident when the exposure period to toxins was shorter.240 
Improvement in biochemical parameters was observed in 19 
patients on psychotropic drugs after 6 months of silymarin 
treatment.241

Type 2 diabetes
Treatment with silybin (231 mg/day for 4 weeks) in 14 type 
2  diabetic patients resulted in significant reduction of red 
blood cell sorbitol compared with baseline levels. However, 
silybin treatment had no effect on fasting blood glucose. This 
suggests that silybin may be an aldose reductase inhibitor and 
could be valuable in the prophylaxis and treatment of diabetic 
complications by downregulating the polyol pathway.242

Silymarin treatment in type 2 diabetic patients for 
4 months had a beneficial effect on improving the glycaemic 
profile.243 In a 4–month randomised, double blind clinical trial, 
51 type 2 diabetic patients were randomised to receive sily-
marin (600 mg/day) plus conventional therapy, or placebo plus 
conventional therapy. A significant decrease in glycosylated 
haemoglobin (HbA1c), fasting blood glucose, total choles-
terol, LDL–cholesterol, triglyceride, AST and ALT levels were 
observed in silymarin–treated patients compared with placebo 
and with baseline values in each group.

A randomised, controlled trial evaluated the adjuvant 
effect of silymarin in improving long–term and postpran-
dial glycaemia and weight control in type 2 diabetic patients 
treated with glibenclamide.244 A total of 59 patients, pre-
viously maintained on 10 mg/day glibenclamide and diet 
but with poor glycaemic control, were randomised into 
three groups. The first two groups were treated with either 
200 mg/day silymarin or placebo as adjuncts to glibencla-
mide, and the third group was maintained on glibenclamide 
alone for 120  days. Adjunct use of silymarin with glibencla-
mide was found to improve glycaemic control, both fasting 
and postprandially. Compared with placebo, silymarin treat-
ment significantly reduced both fasting and postprandial 
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plasma glucose excursions, in addition to significantly reducing 
HbA1c levels and BMI after 120 days. No significantly differ-
ences were observed for the placebo and glibenclamide alone 
groups.

A randomised controlled trial investigated the effects of 
silybin–beta–cyclodextrin (135 mg/day silybin) in 42 outpa-
tients with chronic alcoholic liver disease and concomitant 
type 2 diabetes.245 Fasting blood glucose levels decreased 
significantly (p=0.03) in the active treatment group, while 
they were virtually unchanged in the placebo group. Plasma 
triglycerides also dropped significantly in the silybin–beta–
cyclodextrin group compared with the placebo group 
(p<0.01). There was also a trend towards lower mean daily 
blood glucose levels, HbA1c levels and insulin resistance 
(HOMA–IR) in the silybin group, although the differences 
were not significant. MDA decreased significantly only in the 
patients receiving the active treatment. No clinically relevant 
side effects were observed in either group.

A randomised controlled trial in 60 patients with diabe-
tes caused by alcoholic liver cirrhosis found that silymarin 
600 mg/day significantly reduced mean levels of fasting blood 
glucose, daily blood glucose, daily glycosuria, HbA1c, daily 
insulin need, fasting insulinaemia, blood MDA, and basal and 
glucagon–stimulated C peptide over 6 months, compared 
with untreated patients and their own baseline values.246 
Results indicated that silymarin can reduce lipoperoxidation 
of liver cell membranes in cirrhotic diabetic patients, decrease 
endogenous production of insulin (probably by reducing insu-
lin resistance) and the need for exogenous insulin.

Iron–related disorders
Silybin was investigated for its capacity to reduce iron 
absorption as a potential adjunct in the treatment of haemo-
chromatosis.247 In a crossover study, on three separate 
occasions 10  patients who were homozygous for the C282Y 
mutation in the HFE gene (and fully treated) consumed 
a vegetarian meal containing 13.9 mg iron with 200 mL 
water, 200 mL water and 140 mg silybin or 200 mL tea. 
Consumption of silybin with a meal resulted in a reduction in 
the postprandial increase in serum iron (AUC) compared with 
water and tea, suggesting a beneficial role as an iron chelator.

Silymarin was found to be safe and effective in the 
treatment of iron–loaded patients with beta–thalassaemia 
when administered in combination with desferrioxamine 
in a 3–month randomised, double blind, clinical trial.248 
A total of 59 patients were randomised to receive conven-
tional desferrioxamine therapy in addition to placebo or a 
silymarin tablet (420 mg/day). The combined therapy was 
well tolerated and more effective than desferrioxamine 
alone in reducing serum ferritin levels. Significant improve-
ments in liver alkaline phosphatase and glutathione levels 
of red blood cells were also observed in the silymarin–
treated beta–thalassaemia patients.

Osteoarthritis
The anti–inflammatory effect of silymarin was compared with 
piroxicam and meloxicam in patients with osteoarthritis of 

the knee in an 8–week, double blind clinical trial.249 A total 
of 220 patients were randomised into five groups, treated 
with either silymarin (300 mg/day), piroxicam (20 mg/day), 
meloxicam (15 mg/day) or a combination of silymarin with 
piroxicam or meloxicam. Silymarin, as well as adjunct use of 
silymarin with piroxicam, significantly reduced serum levels 
of IL–alpha1, IL–8, and the complement proteins C3 and 
C4 after 8 weeks compared with the pretreatment levels. 
Piroxicam significantly reduced IL–8 compared with pretreat-
ment, while no reductions were seen with meloxicam or for 
its adjunct use with silymarin.

Hyperlipidaemia
In an open trial, 14 outpatients with type II hyperlipidae-
mia were treated with silymarin (420 mg/day) for 3 months, 
followed by a 2–month placebo period and then silymarin 
treatment for another month. Total cholesterol and HDL–
cholesterol levels were slightly decreased, and apolipoprotein 
levels were somewhat decreased, compared with baseline 
values. A relative increase in the proportion of cholesterol in 
the HDL fraction was suggested by the significant decrease of 
apolipoprotein A–I and A–II values.250

Haemodialysis
Oral supplementation with silymarin and vitamin E resulted 
in a reduction in MDA, an increase in red blood cell glu-
tathione peroxidase and an increase in haemoglobin levels 
in patients with endstage renal disease on haemodialysis.251 
Eighty patients on haemodialysis were randomised into 
four groups and received either silymarin 420 mg/day, vita-
min E 400 IU/day or both treatments; the fourth group 
acted as a control. There was a significant increase in glu-
tathione peroxidase levels in all treatment groups compared 
with controls after 3 weeks, as well as a significant increase 
in the mean haemoglobin. The combination of silymarin 
and vitamin E  led to a significant reduction in MDA levels 
(p=0.008).

A study investigating the effects of silymarin administra-
tion on TNF–alpha production and haemoglobin concen-
tration in 15 peritoneal dialysis patients found that serum 
concentrations of TNF–alpha were not significantly reduced 
(p=0.352) following 2 months of treatment with 210 mg/
day silymarin (as three divided doses, extract not speci-
fied).252 However, 40% of patients presented a significant 
response, and among these responders haemoglobin concen-
trations were increased significantly after silymarin adminis-
tration (p=0.048).

In vitro fertilisation
Administration of silymarin to in vitro fertilisation (IVF) 
patients concomitantly with gonadotropin resulted in reduc-
tion of granolusa cell apoptosis, but did not have any effect on 
the promotion of follicular development, oocyte retrieval or 
endometrial thickness.253 In a randomised, controlled trial, 40 
healthy women undergoing IVF due to male factor infertility 
underwent ovulation induction and were assigned to receive 
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silymarin (210 mg/day) or placebo from the beginning of the 
induction cycle. There was no significant difference between 
the groups for mean number of follicles (p=0.131), mean 
number of oocytes retrieved (p=0.209) or endometrial thick-
ness (p=0.673). However, the proportion of total apoptosis 
in the study group was significantly lower than in the placebo 
group (p=0.032).

Liver and prostate cancer
A case of spontaneous regression of hepatocellular carcinoma 
was reported in 1995. In June 1991, 11 months after being 
diagnosed with inoperable carcinoma of both lobes, the man 
presented to the hospital. All laboratory parameters were 
normal except for one liver enzyme, and the liver was clear 
of the earlier signs of carcinoma. The man claimed to have 
stopped alcohol and smoking and had been taking silymarin 
(450 mg/day) for 10 months and glibenclamide (a hypogly-
caemic drug).254

The traditional Chinese herbal combination, Bushen 
Jianpi Recipe (BSJPR), was compared with a combina-
tion of silymarin and vitamin C on cellular immunity in 
117 primary liver cancer patients in a randomised con-
trolled trial over 12  weeks.255 The clinical benefit rate 
in the silymarin/vitamin C group (92.7%, 51/55 cases) 
was higher than that in the BSJPR–treated group (78.0%, 
46/59 cases, p=0. 035), although the half–year survival 
rate was higher in the BSJPR group compared with the 
silymarin/vitamin C group.

In a 6-month, placebo–controlled, double blind clini-
cal trial in 37 men after radical prostatectomy, a combination 
of silymarin and selenomethionine at daily doses of 570 mg 
of silymarin and 240 µg of selenium was shown to signifi-
cantly reduce two markers of lipid metabolism known to be 
associated with prostate cancer progression.256 Blood levels of 
LDL-cholesterol and total cholesterol decreased, the quality of 
life score improved, and serum selenium levels increased. The 
combination had no effect on blood antioxidant status or tes-
tosterone levels.

Other conditions
A topical treatment based on a combination of silyma-
rin and methylsulfonylmethane was trialled for 1 month 
in 46  patients affected by stage I to III erythematous–
telangiectactic rosacea. A statistically significant improvement 
of skin redness, papules, itching, hydration and skin colour 
occurred (p<0.001), especially in the subtype 1 erythemato 
us-telangiectatic phase.257

Silymarin alleviated pruritus associated with intrahe-
patic cholestasis of pregnancy. However, it did not assist 
with the biochemical alterations associated with this 
condition.258,259

Silymarin at a dose of 420 mg/day administered to 
50 healthy lactating women for 63 days showed a clear galac-
tagogue action, increasing daily milk production by 85.9% 
compared with 32.1% in the placebo group.260 No unwanted 
side effects were reported in either group.

Toxicology and other safety data

Toxicology
The acute toxicology of silymarin is very low. A 2010 review 
of clinical studies of the various St Mary’s thistle extracts in 
liver diseases reported them to be non–toxic in humans.37 
Hyperbilirubinaemia occurred in prostate cancer patients receiv-
ing 91 courses each of a silybin–phytosome complex (daily dose 
of 2.5 to 20 g) with grade 1 to 2 bilirubin elevations in nine of 
the 13 patients.261 The only grade 3 toxicity observed was an 
elevation of ALT in one patient; no grade 4 toxicity was noted.

Oral doses of 20 g/kg in mice and 1 g/kg in dogs resulted 
in no mortality or any signs of adverse effects.262 Long–term 
studies (100 mg/kg/day for 16 to 22 weeks) also failed to 
demonstrate toxicity or teratogenic effects.

In 2–year feed studies, exposure of Silybum extract (pre-
sumably silymarin) to rats and mice at 0, 12 500, 25 000 or 
50 000 ppm (equivalent to average daily doses of approxi-
mately 570, 1180 or 2520 mg/kg to males and 630, 1300 or 
2750 mg/kg to females) showed no evidence of carcinogenic 
activity and had no effect on survival. Exposure to Silybum 
extract resulted in increased incidences of clear cell and 
mixed cell foci in the liver of female rats and decreases in 
body weights of exposed groups of male and female mice. 
Decreased incidences of mammary gland neoplasms occurred 
in female rats and decreased incidences of hepatocellular neo-
plasms occurred in the male mice.263

Silymarin is capable of inducing DNA damage (measured 
as strand breaks) and inhibiting human cell growth in vitro. 
Toxicity was only seen at high micromolar concentrations 
(levels that are unlikely to be achieved in humans). Neither 
cytotoxicity nor genotoxicity was associated with the antioxi-
dant enzyme capacity of the test cells.264

Contraindications
Known allergy to St Mary’s thistle or any of its constituents.

Special warnings and precautions
Caution in patients with known hypersensitivity to plants in 
the Asteraceae/Compositae family.

It is possible that silymarin and its constituents may reduce 
or enhance (studies are conflicting) the oral bioavailability 
of drugs subject to the P–glycoprotein (P–gp) efflux pump. 
Patients coadministered pharmaceutical drugs with silymarin 
should be monitored for potential signs of altered drug levels, 
although the risks are probably quite low. St Mary’s thistle 
and silymarin also have the potential to reduce iron absorp-
tion, especially if taken with iron supplements. (See also 
Appendix C and the Interactions section below.)

Interactions
(See also Appendix C for a summary of recommendations 
regarding the potential herb–drug interactions for St Mary’s 
thistle that are deemed to be clinically relevant.)
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Several clinical studies published in the last decade have 
investigated potential interaction of Silybum extracts with 
prescribed drugs. The majority of human clinical herb–drug 
interaction studies indicate that St Mary’s thistle and sily-
marin are unlikely to interfere with drug metabolism. If 
they do interact at all, this typically results in increased, not 
reduced, drug levels. A 2009 review of the herb–drug inter-
actions with silymarin concluded that it has limited effect 
on the pharmacokinetics of several drugs in vivo, despite 
decreasing the activity of cytochrome P450 (CYP) enzymes, 
UDP–glucuronosyltransferase (UGT) and reducing P–gp 
transport.174 It should also be noted that the occasional 
effects observed on P–gp induction are not likely to impact 
on levels of intravenously administered drugs.

In conjunction with chemotherapy agents, St Mary’s this-
tle or the silymarin complex may in fact favourably impact 
on treatment outcomes. Early indications from in vitro, 
in vivo and human studies are encouraging. These are also 
reviewed below.

Cytochrome P450 enzymes
Some in vitro studies in human hepatocyte cultures have 
suggested metabolic interactions between silymarin or 
silybin and xenobiotics metabolised by CYP3A4 and/or 
CYP2C9.24,25,265,266 Treatment with silymarin (0.1 and 
0.25 mM) significantly reduced the activity of CYP3A4 (by 
50% and 100%, respectively) in one study,25 while in another 
in vitro model CYP3A4 showed a strong dose–dependent 
modulation (downregulation) by silybin.265 However, other 
in vitro research has found that silymarin did not modify 
reporter gene activity mediated by CYP3A4 promoters and 
the pregnane X receptor.267 A further in vitro study investi-
gating a standardised dry extract from Silybum marianum on 
the enzyme kinetics of cytochrome P450 isoenzymes (CYP) 
with primary human hepatocytes and human liver micro-
somes concluded that herb–drug interactions are possible, 
but not likely, for CYPs 2C8 and 2C9, and are remote for 
CYPs 2C19, 2D6 and 3A4.266 Similarly, using human hepato-
cytes, silybin and its beta–glycosides did not affect inducible 
expression of CYP1A2 and CYP3A4 by dioxin and rifampicin, 
respectively, suggesting they do not interfere with the expres-
sion of CYP1A2 and CYP3A4.268

As noted earlier, while oral administration of silymarin 
(100 mg/kg/day) to rats resulted in a significant increase of 
the activity of the mixed function oxidation system (CYP; 
aminopyrine demethylation, p–nitroanisole demethylation), in 
human volunteers treatment with silymarin (210 mg/day for 
28 days) had no influence on the metabolism of aminopyrine 
and phenylbutazone.26

A clinical study evaluating the impact of Silybum on 
human CYP activity using various probe drug cocktails found 
that Silybum extract (350 mg/day standardised to 80% sily-
marin) for 28 days had no impact on CYP1A2, CYP2D6, 
CYP2E1 and CYP3A4.269 A meta–analysis of three trials 
involving concurrent use of silymarin (340 to 420 mg/day 
12 to 28 days) and the anti–HIV drug indinavir found no 
impact on drug levels.270 Silymarin (480 mg/day for 4 or 12 
days) had no impact on the metabolism of the anticancer drug 

irinotecan in six cancer patients.271 The authors noted that 
irinotecan is highly susceptible to CYP3A4 inhibition (which 
silymarin demonstrates in vitro), and concluded that silybin 
concentrations after intake of St Mary’s thistle are too low to 
significantly affect the function of CYP3A4 and UGT1A1 in 
vivo, indicating that the herb is unlikely to alter the disposi-
tion of anticancer drugs metabolised by these enzymes.

A similar conclusion (that St Mary’s thistle is not a potent 
CYP3A4 inducer) was reached after a short–term study of 
the impact of the herbal extract (280 mg administered 10 h 
and 1.5 h prior to the administration of nifedipine) on the cal-
cium channel blocking drug nifedipine (10 mg) as a CYP3A4 
test drug in 16 healthy male volunteers.272 No significant 
inhibition of CYP2D6 activity was found with silymarin sup-
plementation in 16 healthy volunteers for 14 days, using the 
CYP2D6 substrate, debrisoquine (5 mg) as a test drug before 
and at the end of supplementation. This suggests no interac-
tion with drugs that are CYP2D6 substrates.273 An earlier 
in vitro study concluded that, although four flavonolignans 
(silybin, dehydrosilybin, silydianin and silychristin) displayed 
dose–dependent inhibition of three specific CYP activities 
involving CYP2D6, CYP2E1 and CYP3A4, the inhibition was 
not clinically relevant because of the low concentrations of 
the individual flavonolignans recorded in human bioavailability 
studies.274

P–glycoprotein
Interference with transporter proteins such as P–gp is another 
means by which significant herb–drug interactions can 
occur. P–gp is a molecule that acts as a drug efflux pump at  
epithelial cells, especially the intestinal wall. Induction of  
P–gp results in less absorption of any drug that is subject to 
its effects. In this context, it was found that 900 mg/day of 
silymarin for 14 days had a small but non–significant impact  
on reducing digoxin levels in 16 healthy volunteers.275 An 
Indian study found that levels of the antibiotic drug metro-
nidazole were significantly reduced by just 140 mg/day of 
silymarin for 9 days, due to suspected induction of intesti-
nal and perhaps hepatic expression of P–gp and CYP3A4.29  
This is the only human herb–drug interaction study for St 
Mary’s thistle that has found reduced drug levels. (See also 
Appendix C.)

In contrast, increased drug levels have been demonstrated 
in some studies. The isoflavone biochanin A and silymarin 
were found to inhibit P–gp–mediated efflux in human Caco–2 
cells, suggesting they could potentially increase the intestinal 
absorption/bioavailability of co–administered drugs that are 
P–gp substrates.35 Silybum extract (80% silymarin) at a dose 
of 420 mg/day for 14 days increased levels of the beta–blocker 
talinolol by around 36%.276 Inhibition of P–gp was suggested 
as a possible mechanism. The same authors also found that 
silymarin at the same dose appeared to inhibit the metabo-
lism of the hypotensive drug losartan in individuals with a 
particular CYP2C9 genotype.30 This finding is consistent with 
an animal study that reported silybin (0.3, 1.5 and 6 mg/kg) 
significantly enhanced the oral bioavailability of loratadine in 
rats.33 (The relative bioavailability of loratadine was 1.50– to 
1.77–fold greater than that in the control group.)
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Drug–induced hepatotoxicity
Preliminary evidence for the involvement of silymarin in 
attenuation of drug–induced hepatotoxicity was provided in a 
study in which male Swiss albino mice were treated with 
silymarin (40 mg/kg, ip) 2 h prior to intraperitoneal adminis-
tration of rifampicin (20 mg/kg) and/or pyrogallol (40 mg/kg) 
for 1, 2, 3 and 4 weeks.277 Silymarin restored the rifampicin 
and/or pyrogallol–induced alterations in the expression and 
activities of CYP1A2 and CYP2E1, glutathione, glutathione 
reductase and glutathione peroxidase, and the degree of lipid 
peroxidation.

Adjunct to chemotherapy
St Mary’s thistle has potential application in oncology set-
tings in preventing or reducing hepatotoxicity associated 
with chemotherapy or radiotherapy, and possibly potenti-
ating chemotherapy and radiation therapy as an adjunctive 
treatment.

Drug resistance is one of the main causes of treatment fail-
ure and mortality in cancer patients. In vitro research on P–
gp function in human breast cancer cell lines suggested that 
some phytochemicals such as biochanin A and silymarin may 
reverse multidrug resistance by inhibiting the P–gp func-
tion.29 This was confirmed in subsequent studies in sensitive 
and multidrug resistant human breast cancer cell lines for sily-
marin on daunomycin accumulation and doxorubicin cytotox-
icity. Silymarin inhibited P–gp–mediated cellular efflux and 
the mechanism of the interaction involved, at least in part, a 
direct interaction.36

Silybin has shown promise in vitro as a potent sensitiser for 
apoptosis induced by anticancer drugs. The invasive potential 
of A2780 and A2780/taxol cells was reduced dramatically 
by silybin treatment, which also enhanced the sensitivity 
of A2780/taxol cells to paclitaxel and increased paclitaxel–
induced apoptosis and G2/M arrest. This suggests that silybin 
in combination with paclitaxel may be a beneficial chemother-
apeutic strategy, especially in patients with tumours refractory 
to paclitaxel alone.278 Other in vitro research findings support 
the synergistic effects of silymarin on the anti–proliferative 
activities of two chemotherapy agents, doxorubicin and pacli-
taxel, in both sensitive and, at higher concentrations, multid-
rug-resistant colon cancer cells. The authors concluded that 
silymarin extract alone or in combined chemotherapy may 
offer a valuable option for treatment of colon tumours, includ-
ing chemoresistant ones.279

In vivo, silymarin reduced, delayed onset or prevented 
toxic effects of doxorubicin, modulating doxorubicin–
induced oxidative stress and p53 expression, while preventing 
apoptotic and necrotic cell death in the liver.280 Silymarin was 
orally administered to mice at 16 mg/kg/day for 14 days, with 
an approximate LD50 dose of doxorubicin (60 mg/kg) admin-
istered intraperitoneally on day 12.

In a case study of a 34–year–old female patient with 
acute promyelocytic leukaemia, treatment with silymarin 
countered the hepatotoxic effects of chemotherapy.281 The 
patient’s maintenance methotrexate and 6–mercaptopurine 
chemotherapy had been intermittent due to her elevated 
liver enzymes. During 4 months of treatment with silymarin 

extract (800 mg/day) administered in combination with main-
tenance chemotherapy, liver enzymes were maintained at nor-
mal levels for the first time.

The results of a randomised controlled trial of 50 children 
(aged 1 to 21 years) with acute lymphoblastic leukaemia (ALL) 
provide support for the role of silymarin in the prevention or 
treatment of chemotherapy–associated hepatotoxicity.282 
The children were randomly assigned to herbal treatment or 
placebo for 28 days during maintenance chemotherapy. The 
extract contained only two compounds from the flavonolignan 
complex, namely silybin A and B (target dose for trial partici-
pants 5.1 mg/kg/day), together with soy phosphatidylcholine 
for improved bioavailability. The intravenous chemotherapy 
drugs administered to the children included vincristine, pred-
nisone, methotrexate and 6–mercaptopurine. No significant 
differences in frequency of side effects, incidence and severity 
of toxic reactions, infections or liver parameters were observed 
at the end of the trial (day 28). However, by day 56 the herbal 
group had a significantly lower AST (p=0.05) and a trend 
toward a significantly lower ALT (p=0.07), compared with 
baseline. AST in the treatment arm was also significantly dif-
ferent to placebo at day 56 (p=0.04). Although not significant, 
chemotherapy doses had to be reduced in 61% of the herbal 
group, compared with 72% for placebo. The concurrent use 
of St Mary’s thistle extract did not antagonise the effects of 
chemotherapy agents used for the treatment of ALL.

Other
In 12 healthy male volunteers, pretreatment with silymarin 
for 7 days (420 mg/day) had no influence on the pharmacoki-
netics of 150 mg ranitidine.283

Silymarin has been effectively used to reduce the side 
effects of conventional treatment for Alzheimer’s disease. 
In a 12–week trial, co–administration of silymarin (420 mg/
day, extract not specified) to 217 patients reduced the rate 
of gastrointestinal and cholinergic side effects induced by the 
anticholinesterase drug tacrine, formerly used for Alzheimer’s 
disease (now withdrawn), without any impact on cognitive 
status, although it did not prevent tacrine–induced alanine 
transaminase elevation.284

Silybin has demonstrated iron–chelating activity in vitro285 
and in vivo (see previous). As a mild iron chelator, silybin may 
potentially address the pathogenic effect of hepatic iron over-
load in patients with liver disease. However, it also has the 
potential to reduce iron absorption, especially if taken with 
iron supplements.

Use in pregnancy and lactation
Category B1 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. No evidence of increased fetal damage in animal 
studies.

Oral administration of silymarin extract (100 mg/kg/day 
from days 8 to 17 in rabbits, 1 g/kg/day from days 8 to 12 
in rats) failed to demonstrate teratogenic effects compared 
with controls.263 As noted earlier, a silymarin–phospholipid 
compound demonstrated a foetoprotective effect against eth-
anol–induced behavioural deficits in rats.76
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A pregnant woman in her 28th week of gestation was 
treated with penicillin and silybin for accidental poisoning 
with an Amanita mushroom. After 5 days at the intensive care 
unit, mother and unborn child were discharged in a normal 
physical condition.286

Administration of silymarin (300 mg/day) from 13 
gestational weeks in conjunction with lamivudine in a woman 
with an aggravation of her chronic hepatitis B during pregnancy 
had no adverse effect on the subsequent spontaneous delivery 
her male baby.287

No adverse effects were observed on blood or milk 
parameters of cows or their offspring following administra-
tion of 10 g/day silymarin by an oral drench from 10 days 
before expected calving to 15 days after calving.288

St Mary’s thistle is compatible with breastfeeding and has 
been shown to improve milk production in a clinical trial.

Effects on ability to drive and use 
machines
No negative influence is expected.

Side effects
Silymarin is reported to have a very good safety profile. 
Drug monitoring studies evaluating more than 3500 patients 
using silymarin up to 1995 indicate that adverse effects 
were seen in 1% of patients and consisted mainly of mild 
gastrointestinal complaints.289,290 Similarly, gastrointestinal 
symptoms were the most common adverse effect reported 
in a systematic review that included seven randomised clini-
cal trials, six cohort studies and five case reports, involving 
more than 7000 participants up to 1999. Overall their fre-
quency was low, ranging from 2% to 10% in controlled trials, 
which was similar to that of placebo. Other adverse effects 
included dermatological symptoms and headaches, which 
were also similar in frequency between placebo and treatment 
groups.291

A 2010 review of clinical studies of St Mary’s this-
tle extracts (mainly as silymarin) in liver diseases reported 
them to be generally non–toxic and without side effects 
when administered to adults in the oral dose range of 240 to 
900 mg/day as two or three divided doses.37 At higher doses 
of more than 1500 mg/day, silymarin may produce a laxative 
effect with an increased bile flow and secretion. A systematic 
review of clinical studies conducted between 2003 and 2008 
reported, no serious side effects attributed to the therapy, and 
even a slightly lower incidence in the silymarin than in the 
placebo–treated population.186 The incidence of side effects 
in general, and interruption of treatment due to these, was 
also very low and similar to placebo values. In comparative 
studies, side effects with an incidence of ≥1% were head-
aches (silymarin 1.01%; placebo 1.35%) and pruritus (silyma-
rin 1.35%; placebo 3.70%). The side effects reported in open 
silymarin trials showed a predominance of digestive symp-
toms (diarrhoea 0.20%, irregular stools 0.10%, nausea 0.13% 
and dyspepsia 0.08%).

Three adverse event reports exist in the literature to date. 
Gastroenteritis (intermittent episodes of sweating, nausea, col-
icky pain, diarrhoea, vomiting and weakness) associated with 
‘collapse’ was reported for a combination product containing 
St Mary’s thistle, with recurrent symptoms after rechallenge.292 
Later reports suggested that the capsules may have been 
contaminated. Anaphylactic reactions have also been reported 
(cases after ingestion of tea or standardised extract, respec-
tively).293,294 One of these was described in a patient with 
immediate–type allergy to kiwi fruit. St Mary’s thistle tea 
caused facial oedema, swelling of the oral mucosa, marked res-
piratory distress, bronchospasm and decreased blood pressure 
in a 54–year–old man. He exhibited a pronounced immediate–
type reaction to an extract of St Mary’s thistle seed using the 
skin prick test.

Overdosage
As noted above under Toxicology, for prostate cancer patients 
who received a total of 91 courses of oral high–dose silybin–
phytosome (2.5 to 20 g daily), the most prominent adverse 
event was hyperbilirubinaemia, with grade 1 to 2 bilirubin 
elevations in 9 of the 13 patients.261

Safety in children
Adverse effects are not expected. Children administered sily-
marin (200 mg/day for 30 days) showed no adverse clinical or 
biochemical effects.295

Regulatory status in selected 
countries

Silybum marianum is official in the United States 
Pharmacopeia–National Formulary (USP34-NF29, 2011). It 
does not have Generally Recognised as Safe (GRAS) status. 
However, it is freely available as a ‘dietary supplement’ in the 
USA under DSHEA legislation (1994 Dietary Supplement 
Health and Education Act).

Silybum is now on the General Sale List in the UK. 
St Mary’s thistle (milk thistle) products have achieved 
Traditional Herbal Registration in the UK with the traditional 
indication of relief of symptoms associated with occasional 
over indulgence of food and drink, such as indigestion and 
upset stomach.

St Mary’s thistle is covered by a positive Commission E 
monograph and has the following applications:

l	 Crude drug: dyspeptic disorders
l	 Preparations: for toxic liver damage; as supportive 

treatment in chronic inflammatory liver conditions and 
liver cirrhosis.

St Mary’s thistle is not included in Part 4 of Schedule 4 
of the Therapeutic Goods Act Regulations of Australia, and is 
freely available for sale.
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Thyme

(Thymus vulgaris L.)

Synonyms

Common or garden thyme (Engl), Thymi herba, Folia thymi 
(Lat), Gartenthymian, Thymianblätter (Ger), thym (Fr), timo 
(Ital), almindelig timian (Dan).

What is it?

The leaf and flowers of thyme have been used extensively 
in cooking, particularly in meat dishes and as a flavour-
ing ingredient in teas and liqueurs. The dried flowers have 
been employed in the same way as lavender, to preserve 
linen from insects. Thyme oil is used in perfumery, cos-
metics, aromatherapy and, more recently, in pest control as 
a preservative for agricultural commodities such as grains. 
Thyme extract in combination with other herbs is available 
in a number of commercial products to treat cough and/or 
acute bronchitis. Thymol, one of the major constituents of 
thyme, is commonly used in commercial antiseptic mouth 
washes.

The thyme monographs in the British Pharmacopoeia and 
the European Pharmacopoeia allow the use of whole leaf and 
flowers of Thymus zygis (Spanish thyme) as well as Thymus 
vulgaris.1

Effects

Spasmolytic, antiseptic and expectorant for respiratory condi-
tions; antimicrobial and antiviral in topical application for con-
ditions of the skin and mucous membranes.

Traditional view

Traditionally thyme has been considered a major antispas-
modic cough remedy, particularly when administered as a 
cough syrup. Infusion of thyme, sweetened with honey or 
sugar, would be prescribed for whooping cough, sore throats 
and catarrh. Thyme tea was used as a carminative for colic, 
to treat dyspepsia and to control fever in common colds. 
Thyme oil was used as a rubefacient and counter-irritant in 
rheumatism and neuralgic pain.2,3 Eclectic physicians also 
considered thyme to be an emmenagogue and tonic, and 
prescribed the tea for hysteria, dysmenorrhoea and con-
valescence after exhausting illness.3 Thyme was also used 
for diarrhoea and enuresis in children and as a gargle for 
tonsillitis.4

Summary actions

Expectorant, spasmolytic, antibacterial, antifungal, antioxi-
dant, anti-inflammatory; rubefacient, antimicrobial, antiviral 
and antiparasitic in external preparations.

Can be used for

Indications supported by  
clinical trials
Indications supported by trials using thyme: productive 
cough, and in combination for acute bronchitis (better evi-
dence for combinations).

Traditional therapeutic uses
Bronchitis, whooping cough, asthma and catarrh or inflamma-
tion of the upper respiratory tract; gastrointestinal disorders 
including dyspepsia, colic, flatulence and diarrhoea, especially 
in children; as an adjunct in convalescence; topically for ton-
sillitis and inflammation of the mouth.

May also be used for

Extrapolations from  
pharmacological studies
Spasmodic conditions of the gastrointestinal tract; adjunct in 
the treatment of peptic ulcer; topically for fungal and bacte-
rial skin disorders and as a mouthwash to reduce oral bacteria. 
Thyme may also be useful in the topical treatment of herpes 
simplex virus type 2.5

Other applications

As a flavouring in teas and cough preparations, especially for 
children;6,7 steeped in boiling water for inhalation.8 Thyme oil 
can be used in toothpastes, soaps, detergents, creams, lotions 
and perfumes6 and as an antiseptic agent in lotions, oint-
ments, mouthwashes and ear drops.9 It can also be used as a 
component in chest rubs8 and for healing preparations for oily 
or damaged skin; for hair and scalp treatments including for 
preventative hair loss; in bath preparations9 and in massage 
oils to ease muscle pain and arthritis.10,11 The essential oil was 
effective against head lice in clinical trials.12 Thyme is one of 
five plant extracts in a proprietary haemostatic and antibacte-
rial formula.13
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Preparations

As with all essential oil-containing herbs, use of the fresh 
plant or carefully dried herb is advised. Keep covered if infus-
ing the herb to retain the essential oil.

Liquid extract, tincture or essential oil for internal use. 
Infusion, essential oil or extract for topical use.

Typical dosage forms and dosage
Typical adult dosage ranges are:
l	 3 to12 g/day of dried aerial parts or by infusion
l	 2 to 6 mL/day of a 1:2 liquid extract or equivalent in tablet 

or capsule form
l	 6 to 18 mL/day of a 1:5 tincture.

Topical use: 5% infusion as a gargle or mouthwash.

Duration of use

No problems known with long-term use.

Summary assessment of safety

Allergic reactions are possible, especially from topical use. No 
major adverse effects are expected from ingestion of thyme.

Technical data

Botany
Thymus vulgaris is a member of the Lamiaceae (Labiatae or 
mint) family, native to the western Mediterranean and south-
ern Italy, but widely cultivated.14 It is an evergreen sub-shrub 
growing up to 25 cm, with a branched stem. The sessile leaves 
vary from elliptic to linear or diamond-shaped. The small pink 
to lilac flowers appear in whorls in the upper leaf axils and have 
a tube-like calyx and tubular corolla with a three lobed lower 
lip. The fruit consists of a smooth, dark-coloured nutlet and the 
roots are robust. The whole plant has an aromatic fragrance.15

Key constituents
l	 Essential oil (1% to 2.5%) containing antimicrobial and 

antioxidant16,17 phenols, predominantly thymol and/or 
carvacrol18 (up to 51% and 4%, respectively, of the essential 
oil,19 but varying considerably with the many chemotypes 
of thyme), and their corresponding monoterpene 
hydrocarbon precursors (p-cymene and gamma-terpinene), 
together with thymol methyl ether (1.5% to 2.5%)

l	 Strongly antioxidant carnosol, rosmanols, galdosol and 
carnosic acid20

l	 Flavonoids; acetophenone glycosides;21 salicylates;22 and a 
polysaccharide23 with anti-complementary properties.24

Spanish thyme has similar essential oil content and compo-
sition to common thyme but contains a higher amount of car-
vacrol and less thymol methyl ether (0.3%).25

Thymol Carvacrol

OH

OH

Adulteration
Adulteration occurs rarely with Moroccan thyme such as 
Thymus satureioides and wild thyme (T. serpyllium).26,27 
There are several chemotypes of T. vulgaris which do not have 
high levels of phenols and should be regarded as inferior sub-
stitutes. The thyme monograph in the British and European 
pharmacopoeias requires the essential oil to contain at least 
40% thymol and carvacrol combined.1

There is innate protection in the herb against aflatoxin con-
tamination,28 and potentially preservative properties against 
other fungi29 and some bacterial strains,30 especially anaerobes 
such as Escherichia coli,31 Campylobacter jejuni, Salmonella 
enteritidis, Staphylococcus aureus and Listeria.32

Pharmacodynamics

Spasmolytic activity
Extracts of dried thyme inhibited agents that stimulate 
smooth muscle and also demonstrated a spasmolytic effect on 
various isolated smooth muscle tissues. The relaxing effect of 
bradykinin was also potentiated.33 The phenol (thymol and 
carvacrol) concentration of these and other thyme extracts 
used in such studies was found to be very low and could not 
have been responsible for the observed spasmolytic activity. 
However, thymol and carvacrol in sufficient doses have dem-
onstrated tracheal relaxant activity.34 Essential oil of thyme 
also relaxed tracheal smooth muscle and inhibited the phasic 
contractions of ileal longitudinal muscle in vitro. The relaxant 
effect was higher on tracheal muscle than on ileal.35

Thyme extracts and its flavonoids demonstrated spasmo-
lytic activity on smooth muscle from ileum, trachea and vas 
deferens in vitro. Spasm caused by specific receptor agonists 
(acetylcholine, histamine, L-noradrenaline) as well as by non-
specific agents was inhibited. The spasmolytic activity may be 
due to the inhibition of calcium ion flux by the flavonoids.36 
In a slightly earlier study, the spasmolytic activity of thymol 
and carvacrol on isolated ileum and trachea was found to be 
significantly less potent than the thyme flavonoids.37 More 
recently, an in vitro study found that thyme extract, but not 
thymol, inhibited endothelin-induced contractions of isolated 
rat trachea.38
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The antispasmodic activity of thyme extract was further 
investigated in vitro in isolated (organ bath) rat trachea and 
ileum using acetylcholine, barium chloride, potassium chlo-
ride and endothelin as triggers of muscle spasm. A comparison 
of the effect of a thyme extract with normal thymol content 
(>0.038%) with that of a thyme extract with a low content 
(<0.005%) revealed that it was not important for the over-
all antispasmodic effect. In confirmation of the above findings, 
thymol alone had no effect on endothelin-induced tracheal 
spasm, whereas thyme extract did.39

Other observations from in vitro experiments revealed 
that unidentified compounds in thyme slightly interact with 
beta-2 receptors in rat lung, trachea and uterus, but this 
mechanism cannot fully explain the spasmolytic activity of 
the extract.40

Expectorant activity
In an early in vitro study, thyme leaf tea exerted an inhibitory 
effect on the normal transport velocity of isolated ciliated 
oesophageal epithelium.41 This suggested a decrease in expec-
torant activity, which contrasted with very early in vivo work 
by Gordonoff using thymol and thyme.42 This in vitro study 
only assessed one mechanism of expectoration, and an aque-
ous extract (tea) was used rather than a liquid extract.43

Recent in vivo studies do support an expectorant activity 
for thyme. One such study demonstrated an improvement in 
expectoration and mucociliary clearance in the mouse trachea, 
although the mechanism of action was unclear.40

Another study examined mucociliary transport in mice, by 
comparing high-thymol and low-thymol thyme extracts or a 
saline control administered intragastrically. While both thyme 
extracts improved mucociliary transport compared with the 
control, only the extract with high thymol content produced 
an effect that was statistically significant. This suggests that 
thymol makes an important contribution to the mucociliary 
transport enhancing activity of thyme.39

Antibacterial activity
The  in vitro antibacterial and antifungal activity of thymol is 
well recognised and no attempt has been made to review this 
subject comprehensively. Brief exposure to a low concentra-
tion of thymol rapidly killed cariogenic and periodontopatho-
genic bacteria.44 Thymol has also demonstrated antibacterial 
activity against other oral bacteria (Porphyromonas gingivalis, 
Selenomonas artemidis, Streptococcus sobrinus). The principal 
mode of action appears to be membrane perforation, resulting 
in rapid efflux of intracellular constituents.45 Thymol, carva
crol, cinnamaldehyde and eugenol showed inhibitory activity 
on seven oral bacteria. A synergistic effect was observed with 
certain combinations (such as eugenol and thymol, eugenol 
and carvacrol, and thymol and carvacrol).46 As noted ear-
lier, thymol and carvacrol are found together in oil of thyme. 
Components of thyme oil were effective against seven stand-
ard strains of Gram-positive and Gram-negative bacteria.47 
A broad spectrum of activity was observed for thymol and 
carvacrol against bacteria involved in upper respiratory tract 
infections. A synergistic effect for the combination of thymol 
and carvacrol was also observed.48

Essential oil of thyme has demonstrated antibacterial 
activity in vitro,49 including against Clostridium botulinum, 
Escherichia coli, Haemophilus influenzae, Klebsiella pneumo-
niae, Salmonella typhi, Sarcina spp. and Staphylococcus aureus 
et spp.50,51 Thyme oil and thymol decreased the growth of 
Salmonella typhimurium, especially under anaerobic condi-
tions. The authors suggested that the phenolic compounds of 
thyme exert their antibacterial activity by complexing with 
the bacterial membrane proteins (leading possibly to mem-
brane perforation).52 Thyme essential oil (1%) in an alcohol-
free pharmaceutical mouth-wash formulation was shown to 
be effective against Streptococcus mutans, which is implicated 
in plaque development.53

Aqueous and ethanolic extracts of thyme demonstrated 
significant inhibition of Helicobacter pylori in vitro.54 One 
study reported that an extract of thyme substantially reduced 
the minimum inhibitory concentration (MIC) of tetracycline 
against methicillin-resistant Staphylococcus aureus (MRSA).55 
The investigators reported that the compound in the thyme 
extract with this activity was the flavonoid baicalein. This 
appears to be the only report of baicalein in thyme, and it does 
raise questions about the botanical identity of the extract.

Further to the above comments on the antibacterial mode 
of action of essential oil components, two studies from one 
research group demonstrated that thymol and carvacrol 
decreased unsaturated fatty acids in bacterial membranes 
during co-culture and caused structural alterations in the cell 
envelope.56,57 A later study observed that thymol and carva
crol exerted an antimicrobial activity on Escherichia coli via 
their ability to permeabilise and depolarise the cytoplasmic 
membrane.58

Fungicidal activity
Thymol and carvacrol have demonstrated fungitoxic activity 
towards Cryptococcus neoformans in vitro.59 They also exhib-
ited strong antifungal activity towards fungal strains known to 
contaminate food, including Penicillium spp. From the range 
of substances tested, a free hydroxyl group in connection 
with an alkyl substituent (as in thymol) appeared to render 
the antifungal activity.60

Thyme oil (200 ppm) was a highly effective inhibitory 
agent against eight different species of dermatophytic fungi in 
vitro61 and stopped mycelial growth of Aspergillus parasiticus 
at a concentration of 0.1%. Aflatoxin synthesis was also inhib-
ited.62 Thymol (250 ppm) was highly effective at inhibiting 
Aspergillus flavus growth and aflatoxin production in vitro.63

One study observed that thyme oil inhibited the growth 
of several pathogenic fungi, including Rhizoctonia solani, 
Pythium ultimum var. ultimum, Fusarium solani and 
Colletotrichum lindemuthianum. The fungicidal activity was 
attributable to thymol and might be due to degeneration of 
the fungal hyphae.64 Thyme oil was fungitoxic to the spores of 
Aspergillus flavus, A. niger and A. ochraceus in stored grain.65 
Thyme completely inhibited aflatoxin production on lentil 
seeds during 8 weeks of incubation.66

The essential oils of three species of thyme (Thymus vul-
garis, T. zygis subsp. zygis and T. mastichina subsp. mas-
tichina) were evaluated for their antifungal activity.67 The 
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effect of the essential oils upon germ (filamentation) tube 
formation, an important virulence factor, was also studied. 
The mechanism of action was investigated by flow cytometry, 
after staining with propidium iodide. The essential oils of T. 
vulgaris and T. zygis showed similar antifungal activity, which 
was greater than T. mastichina. At the MIC concentrations 
of the essential oils, propidium iodide rapidly penetrated the 
majority of the yeast cells, indicating that the fungicidal effect 
resulted primarily from extensive lesions in the cell mem-
brane. Concentrations below the MIC values significantly 
inhibited germ tube formation.

The envelope (plasma membrane plus certain cell wall 
components) of Candida albicans is critical to the virulence 
of the species in terms of adhesiveness and transition to the 
hyphal form. Thymol altered the morphogenesis of the enve-
lope in vitro and thereby demonstrated an ability to inhibit 
C. albicans from colonisation and infectivity.68 Thymol also 
interfered with the initial phases of C. albicans biofilm for-
mation as well as inhibiting mature biofilms, both of which 
are important mechanisms of antifungal activity.69 Treatment 
of the yeast Saccharomyces cerevisiae with thymol led to cell 
lysis as a result of the alteration of both the cell membrane 
and cell wall.70

Antiviral activity
An aqueous extract of thyme demonstrated in vitro inhibi-
tory activity against herpes simplex virus (HSV) type 1, HSV 
type 2 and an acyclovir-resistant strain of the virus, but had no 
effect on intracellular virus replication.71 These findings sug-
gest that topical application of thyme extract might have a 
therapeutic effect on herpes infections. Thyme essential oil also 
demonstrated high level in vitro virucidal activity against acy-
clovir-resistant clinical isolates of HSV type 1.72 This activity 
was confirmed in a later study for both thyme oil and thymol.73

Antioxidant activity
Rosmarinic acid has demonstrated antioxidant activity in 
vitro, including inhibition of lipid peroxidation, decreased 
production of the superoxide anion radical74 and inhibition of 
the external oxidative effects of polymorphonuclear granulo-
cytes.75 A biphenyl compound and a flavonoid (eriodictyol) 
isolated from thyme demonstrated antioxidant activity in 
vitro by inhibiting superoxide anion production and lipid per-
oxidation. The biphenyl compound was extremely potent and 
also protected red blood cells against oxidative haemolysis.76

Thymol produced a dose-dependent inhibition of 
endothelial cell-mediated oxidation of low-density lipopro-
tein.77 Thymol, carvacrol and p-cymene-2,3-diol isolated 
from thyme oil demonstrated antioxidant activity in vitro. 
p-Cymene-2,3-diol exhibited the strongest activity which 
was greater than alpha-tocopherol.78 Another study found 
thymol and carvacrol exerted the following antioxidant 
effects in vitro: decreased peroxidation of phospholipid 
liposomes and scavenging of peroxyl radicals.79 A metha-
nol extract of thyme demonstrated strong hydroxyl radical-
scavenging activity in vitro.80

The antioxidant effects of thymol were investigated in a 
chemiluminescence assay. Thymol was found to interfere with 

the production of reactive oxygen species, nitric oxide and 
nitric oxide-derived peroxynitrite released from human neu-
trophils after activation, suggesting that it is both a possible 
antioxidant and an anti-inflammatory agent.81

Thyme oil possesses an anti-radical activity that is greater 
than thymol or carvacrol in the 2,2-diphenyl-l-picrylhydrazyl 
assay. The oil also scavenged hydroxyl and superoxide radi-
cals at low concentrations. Thyme essential oil (0.05%) also 
exerted antioxidant effects in a linoleic acid emulsion, where 
it caused a 59.5% inhibition of conjugated diene formation 
and 72.4% inhibition of the generation of secondary oxidised 
products from the linoleic acid.82

Antimutagenic activity
Luteolin, a flavonoid isolated from thyme, demonstrated 
antimutagenic activity in vitro against a dietary carcinogen 
formed during cooking.83 An extract of thyme demonstrated 
antimutagenesis with modulating effects on DNA repair in 
Escherichia coli. The antimutagenic activity was a conse-
quence of the stimulation of error-free repair (and not due to 
the suppression of error-prone repair).84

Antiallergic and anti-inflammatory activity
Rosmarinic acid inhibited immunohaemolysis of erythrocytes 
in vitro, which was due to inhibition of the classic comple-
ment pathway (C3-convertase). Oral administration of ros-
marinic acid (1 to 100 mg/kg) inhibited passive cutaneous 
anaphylaxis in the rat.85 In a study of phenolic compounds, 
thymol inhibited neutrophil chemotaxis in vitro. A positive 
correlation was observed between superoxide anion genera-
tion in neutrophils and inhibition of neutrophil chemotaxis 
by phenolic compounds. A free phenolic group is essential 
for both these anti-inflammatory activities.86 Thyme oil also 
inhibited prostaglandin biosynthesis in vitro.87

Thyme inhibited an immediate allergic reaction via the 
inhibition of beta-hexosaminidase release from rat basophilic 
leukaemia cells in vitro.88

Elastase is a serine proteinase released by activated human 
neutrophils and is considered a marker of inflammatory dis-
ease. Thymol was found to inhibit elastase release from stimu-
lated human neutrophils in vitro in a concentration-dependent 
manner.89

Neurological activity
After thymol, carvacrol is the major phenolic constituent of 
the essential oil of thyme. Carvacrol was screened for phar-
macological effects on the central nervous system and found 
to have anxiolytic activity when administered orally to mice.90 
This study lead researchers to further investigate a possible 
antidepressant effect for carvacrol in mice. Antidepressant 
effects were observed in mice after carvacrol administration 
(12.5 to 50 mg/kg, oral), most likely due to an increase in 
dopamine levels.91

Thymol has an in vitro agonistic influence on the α-1, α-2 
and beta-adrenergic receptors of smooth muscle strips from 
guinea pig stomach and portal vein and displayed spasmolytic 
activity at concentrations greater than 10−6 molar. It was 
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assumed to be capable of an analgesic effect as a result of its 
activity on α-2 adrenergic receptors in nerve cells.92

The antinociceptive activity of an 80% methanolic extract 
(100 to 1000 mg/kg, ip) of thyme was studied in mice, for 
both acute pain in the hot plate and tail flick tests and chronic 
pain in the formalin test. Results showed that both thyme 
extract and the reference drug dexamethasone exerted anal-
gesic activity at all tested concentrations in all three tests, 
compared with the control group (p<0.01). Further experi-
ments, in which animals were pre-treated with the opioid 
antagonist naloxone, suggested that the antinociceptive effect 
of the thyme partially involved the opioid system.93

Other activity
Screening herbs for antithrombotic activity revealed thyme 
exerted an inhibitory effect on platelets both in vitro and in 
vivo.94 A follow-up in vivo study has demonstrated thyme 
included at 5% in a high fat diet fed to mice for 12 weeks 
had a significant antithrombotic effect, most likely due to the 
inhibition of platelets and stimulation of endothelial cells. 
However, this was not accompanied by a prolongation of 
bleeding time.95

Dietary administration (720 mg, every second day) of 
essential oils (thyme, clove, nutmeg or pepper) to ageing 
mice had a marked effect on fatty acid distribution. The pro-
portions of polyunsaturated fatty acids within phospholipids 
were almost restored to the levels observed in young mice. 
The saturated fatty acid to polyunsaturated fatty acid (PUFA) 
ratio decreased from 2.28 to 1.20 for the animals treated with 
thyme oil. Although antioxidant activity was demonstrated 
in vitro by the oils, it was not considered responsible for the 
favourable effect on the PUFA content of tissue.96

Thyme essential oil and its constituents carvacrol and 
thymol displayed inhibitory activity on acetylcholinesterase 
activity in vitro, with carvacrol being 10-fold more potent 
than thymol, but two orders of magnitude less potent than 
the plant alkaloid galantamine used in the treatment of 
Alzheimer’s disease.97

The hepatoprotective activity of thymol was investigated 
against paracetamol- and carbon tetrachloride-induced hepatic 
damage in mice. Pre-treatment with oral thymol (150 mg/kg) 
reduced the mortality rate from 100% to 30% in mice receiv-
ing oral paracetamol at a dose of 1 g/kg. Thymol also pro-
tected against the rise in hepatic enzymes indicative of liver 
damage (alkaline phosphatase and transaminases) induced by 
a lower paracetamol dose (640 mg/kg) and oral carbon tetra-
chloride (1.5 mL/kg).98

Thyme oil (diluted 1:1 with olive oil) applied topically 
appeared to increase the formation of new tissue when stud-
ied in rats with burn wounds.99

Five monoterpenes from thyme oil (carvacrol, p-cymene, 
linalool, alpha-terpinene and thymol) used topically at con-
centrations of 0.05% were shown to have mosquito repellent 
properties in a human forearm bioassay, with alpha-terpinene 
and carvacrol being the most potent.100

The effects of thyme, and its phenolic compounds thy-
mol and carvacrol, on the activities of xenobiotic-metabo-
lising enzymes (phase I enzymes such as 7-ethoxycoumarin 

O-deethylase (ECOD) and phase II enzymes such as glu-
tathione S-transferase (GST) and quinone reductase (QR)) 
were investigated.101 Mice were fed a diet containing thyme 
(0.5% or 2%) or treated orally with thymol (50 to 200 mg/
kg) or carvacrol (50 to 200 mg/kg) once a day for 7 succes-
sive days. Dietary administration of 2% thyme caused slightly 
but significantly higher ECOD, GST and QR activities by 
1.1- to 1.4-fold. Thymol (200 mg/kg) resulted in significantly 
higher ECOD, GST and QR activities by 1.3- to 1.9-fold, 
and carvacrol (200 mg/kg) treatment caused significantly 
higher ECOD, GST and QR activities by 1.3- to 1.7-fold. 
These results imply that thyme contains bifunctional induc-
ers (substances capable of inducing both phase I and phase II 
enzymes) and that thymol and carvacrol may account for such 
effects of thyme. However, the doses used were relatively 
high and this study might not therefore be clinically relevant.

Pharmacokinetics
A study of the metabolism of thymol and carvacrol in rats 
indicated that the urinary excretion of metabolites was rapid, 
with only small amounts excreted beyond 24 h. Although 
large amounts of both compounds were excreted unchanged 
(or as conjugates of glucuronide and sulphate), extensive oxi-
dation of the methyl and isopropyl groups also occurred.102 
A study designed to assess the systemic availability and phar-
macokinetics of thymol after oral administration was con-
ducted in 12 healthy volunteers. Each person received a single 
tablet containing 1.08 mg thymol. Thymol was not detected 
in plasma or urine, but two metabolites were thymol sul-
phate in both plasma and urine and thymol glucuronide only 
in urine. The peak plasma concentration of thymol sulphate 
was 93.1±24.5 ng/mL and was reached after 2.0±0.8 h, 
with an elimination half-life of 10.2 h. Thymol sulphate was 
detected up to 41 h after administration. The amounts of thy-
mol sulphate and thymol glucuronide excreted over 24 h cor-
responded to 16.2±4.5% of the initial dose of thymol.103

Clinical trials

Respiratory conditions
In a double blind, randomised study, 60 patients with acute 
respiratory infection and productive cough received either 
syrup of thyme or bromhexine for a period of 5 days. There 
was no significant difference between the two groups based 
on self-reported symptom relief and both groups made simi-
lar gains. A non-statistically significant improvement was 
observed in the recovery rate of non-smokers compared to 
smokers in both groups.104 This study would have benefited 
from the inclusion of a placebo group.

An open trial investigated the efficacy and safety of a 
herbal cough syrup combining ivy leaf extract (main ingre-
dient) with a decoction of thyme and aniseed and muci-
lage from marshmallow root. General practitioners in 
Switzerland recruited 62 patients between 16 and 89 years 
of age (mean 50 years) with an irritating cough caused by 
the common cold (n=29), bronchitis (n= 20) or respiratory 
tract disease with mucus production (n=15). The treatment 
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was taken for an average of 12 days and the mean daily dose 
was 10 mL. Outcome measures were changes in symptom 
scores for both cough and expectoration of mucus, assessed 
by both the participants and their doctors. All patient scores 
showed an improvement compared with baseline. Both 
patients and doctors rated efficacy as good or very good in 
close to 90% of cases. Only one adverse event was reported, 
but this was not considered likely to have been caused by 
the herbal syrup.105

Thyme appears in combination with other herbs in several 
commercial preparations for the treatment of bronchitis. Two 
commercial combinations that have been clinically studied are 
discussed below.

One is a syrup containing fluid extracts of thyme (15% of a 
1:2 to 2:5 extract) and ivy leaves (1.5% of a 1:1 extract). This 
preparation was studied in a double blind, placebo-controlled, 
multicentre trial involving patients suffering from acute bron-
chitis with a productive cough, at least 10 coughing fits per 
day and a Bronchitis Severity Score (BSS) of at least 5. Three 
hundred and sixty-one outpatients were randomly assigned to 
an 11-day treatment with either the thyme–ivy combination 
syrup (5.4 mL, three times daily) or a placebo syrup. Results 
demonstrated a mean reduction of coughing fits on days 7 to 
9 relative to baseline of 68.7% for the thyme–ivy combina-
tion, compared with 47.6% for placebo (p<0.0001). A 50% 
reduction in coughing fits was achieved 2 days earlier in the 
thyme–ivy group than the placebo group. Symptoms of acute 
bronchitis (BSS) improved rapidly in both groups, but they 
declined more rapidly in the herbal group. Responder rates 
for the thyme–ivy group were higher than for placebo at day 
4 and at the end of treatment (p<0.0001). The herbal treat-
ment was well tolerated and no serious adverse events were 
reported.106

This formulation was also studied in 1234 children and 
adolescents in a post-marketing surveillance study. The prep-
aration demonstrated good efficacy and tolerability in this 
uncontrolled design, with the average BSS value decreasing 
from 8.8 points to 4.8 after 4 days, and to 1.3 points after 10 
days of treatment. 107

A fixed combination of dry extracts of thyme and cowslip 
(Primula veris) root in tablet form (200 mg thyme extract 
and 60 mg cowslip extract per tablet) was evaluated in a pla-
cebo-controlled study involving 361 outpatients with acute 
bronchitis and productive cough. The BSS and frequency of 
coughing fits were used to assess efficacy. This preparation 
was also found to be beneficial and well-tolerated against pla-
cebo over an 11-day treatment period.108

Another commercial preparation that has been clini-
cally evaluated is a combination of a fluid extract of thyme 
and a cowslip root tincture. The clinical efficacy and toler-
ability of this preparation was investigated in a double blind, 
randomised, placebo-controlled, multicentre study. One 
hundred and fifty patients (97 women and 53 men) diag-
nosed with untreated bronchitis for less than 48 h were ran-
domised and treated with either the combination (5 mL/
day) or placebo over 7 to 9 days. In the treatment group the 
BSS decreased from 12.0±4.4 points at baseline to 1.0±2.1 
at study end compared with 11.7±4.3 points at baseline to 

6.5±4.8 at study end in the placebo group. Significantly more 
patients were symptom-free at the end of the study in the 
treatment group (58.7%) compared with the placebo group 
(5.3%). Results also demonstrated the therapeutic effect was 
more significant in the patients with a higher BSS at baseline. 
Tolerability was rated as good or very good by more than 90% 
of participants in both groups and no serious adverse events 
were observed.109

Alopecia areata
Thyme essential oil in combination with rosemary, cedar 
wood and lavender essential oils was studied in a ran-
domised, double blind trial involving 86 patients with alo-
pecia areata. After 7 months of massaging the essential oil 
blend or placebo into their scalp, 44% of the treatment 
group reported new hair growth compared with 15% of the 
control group.110 This study was poorly designed and results 
may have been affected by the lack of follow-up of drop-
outs in the control group.

Case reports
Oral treatment with thymol, in daily doses of 1 to 4 g in two 
cycles of 64 and 169 days with a 35-day interval, resolved 
Kaposi’s sarcoma in a 20-year-old woman. Heartburn was 
observed as a side effect.111 Oral administration of thymol 
resolved a case of dermatomyositis112 and a case of progres-
sive scleroderma.113 Note: Large doses of thymol were used 
in these case studies and these results could not be expected 
from normal usage of thyme.

In conjunction with maintaining a continuous state of dry-
ness, thymol was successfully used in the treatment of par-
onychia and onycholysis.114 (See also the section on Side 
effects.)

Vulval lichen sclerosis in two sisters was successfully 
treated with a cream containing thyme extract. There were no 
side effects.115

A mixture of five herbs (Ankaferd Blood Stopper) with 
a long tradition of use in Anatolia, Turkey, to topically stop 
bleeding is undergoing extensive investigation. The formu-
lation comprises Thymus vulgaris, Glycyrrhiza glabra leaf, 
Vitis vinifera, Alpinia officinarum and Urtica diocia root.116 
It is currently being used successfully as a haemostatic agent 
for intractable bleeding not responsive to conventional 
treatments. There are preliminary clinical trials, several 
case reports, in vitro and in vivo studies supporting its use. 
Other possible benefits include antimicrobial, antineoplastic 
and wound healing activities in certain diseases. The exact 
mechanism of action remains unknown, but in vitro stud-
ies have demonstrated its activity on endothelium, blood 
cells, angiogenesis, cellular proliferation, vascular dynamics 
and cell mediators. There are case reports of its success-
ful use as a haemostatic agent in cases of severe gastroin-
testinal bleeding, after major heart, lung kidney and liver 
surgery, for postoperative dental bleeding and periodontal 
surgery, tonsillectomy and in trauma patients with haemo-
philia A, von Willebrand disease, thrombocytopenia and 
thrombasthenia.116



891

Thyme

Toxicology and other safety data

Toxicology
The LD50 of thyme essential oil by oral route in rats was 
reported variously as 2.84 g/kg and 4.7 g/kg.117,118

Oral doses (0.5 to 3.0 g/kg) of concentrated thyme extract 
(equivalent to 4.3 to 26.0 g/kg of thyme) decreased locomotor 
activity and caused a slight slowing of respiration in mice. An 
increase in liver and testes weight was observed after chronic 
administration for 3 months (100 mg/kg equivalent to 0.9 g/
kg dried plant per day). Spermatotoxic activity was not dem-
onstrated.119 Thyme oil had no mutagenic or DNA-damaging 
activity in the Ames or Bacillus subtilis rec-assay.120 Thymol 
was not mutagenic in the Ames assay.121

Contraindications
None known.

Special warnings and precautions
None required.

Interactions
None known.

In mice fed thyme leaves (0.5% or 2% of diet) or treated 
with thymol or carvacrol (50 to 200 mg/kg), certain hepatic 
phase I and phase II detoxification enzymes were moder-
ately induced.101 The relevance or significance of this finding 
to human use is uncertain. The minimum inhibitory concen-
tration (MIC) of the antifungal drug amphotericin B against 
Candida albicans in vitro was reduced by 80% when com-
bined with 0.2 μL/mL thyme oil, suggesting a potential advan-
tageous interaction.122

Use in pregnancy and lactation
Category B2 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are largely lacking.

A study in mice receiving 0.25% thyme essential oil in 
their feed over 2 weeks and during 4 days of pregnancy 
observed no influence on the growth and development of 126 
embryos.123

A 1913 German reference indicated that thyme leaf had 
been used as an abortifacient.124 A paste consisting of soap, 
potassium iodide, thymol and astringents was used topi-
cally by doctors into the 1970s to procure abortion via an 
irritant action. However, it was regarded as carrying a high 
risk, with a number of maternal deaths attributed to its 

use.125 Ingestion of large doses of thymol (>1 g) may produce 
abortion.126

Thyme is considered to be compatible with breastfeeding.

Effects on ability to drive or operate 
machinery
No adverse effects expected.

Side effects
Occasional cases of airborne contact dermatitis have been 
reported in farmers and other workers exposed to thyme 
dust.127,128,129 One case of systemic allergy to thyme and 
other Labiates has been reported.130 Five per cent of patients 
with crural ulceration were found to be positive on patch 
testing to thyme oil, perhaps present in dressings and topical 
treatments.131 Case reports exist of acute contact dermatitis 
occurring following the application of a poultice containing a 
mix of herbs including thyme.132

Overdosage
No incidents found in published literature.

Safety in children
Thyme oil should not be applied near the mouth and nose 
of infants and young children as it can provoke a dangerous 
reflex breathing spasm.133 Otherwise no adverse effects from 
thyme are expected.

Regulatory status in selected 
countries

Thyme is official in the British Pharmacopoeia 2012 and the 
European Pharmacopoeia 2012.

Thyme is included on the UK General Sale List.
It is covered by a positive Commission E monograph and 

has the following applications:
l	 Symptoms of bronchitis and whooping cough
l	 Catarrh of the upper respiratory tract.

Thyme and thyme oil have GRAS status. It is also freely 
available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (Dietary Supplement Health and Education Act of 
1994).

Thyme is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Regulations of Australia and is freely avail-
able for sale.
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(Tribulus terrestris L.)

Synonyms

Caltrops, Puncture vine (Engl), Fructus Tribuli (Lat), (Dan), 
Gokshura (Sanskrit), Bai ji li (Chin).

What is it?

Tribulus is a prostrate, spreading herb with a fruit bearing 
sharp, rigid spines – and for this reason is also known as ‘punc-
ture vine’. It is regarded as a weed and hepatotoxic to rumi-
nant livestock in many parts of the world, including Australia.

The entire plant, but particularly the fruit, is used in tradi-
tional medicine. In recent years, Tribulus leaf or herb (aerial 
parts) has gained a reputation amongst bodybuilders and ath-
letes as an alternative to anabolic steroids. Attention has also 
focused on the Bulgarian research using a standardised Tribulus 
leaf product for the treatment of male and female infertility 
and for menopausal symptoms and low male libido. The infor-
mation in this monograph is mainly centred on this research.

Effects

Enhancing effect on male sexual function; improves produc-
tion and motility of spermatozoa; increases sex hormone 
production in both men and women; alleviates menopausal 
symptoms; improves fertility in women.

Traditional view

There is no well-documented information on the traditional use 
of Tribulus leaf. In Ayurveda, Tribulus fruit is used mainly for 
diseases of the urinary system (cystitis, painful urination, kid-
ney stones and oedema) and of the reproductive system (sper-
matorrhoea, gonorrhoea, impotence and uterine disorders after 
parturition). It is also used to treat gout, cough and heart dis-
ease. Tribulus fruit is regarded as a diuretic, with antiseptic and 
soothing activities on the mucous membranes of the urinary 
tract, but also as an adaptogen, nervine tonic, aphrodisiac and 
a rejuvenative tonic for the kidneys, being often combined with 
Withania. The entire plant, including the root, is also used.1–3

In traditional Chinese medicine the fruit is used for skin 
lesions with itching, for pain and distension in the chest, 
insufficient lactation due to constrained liver Qi and for swol-
len, painful eyes.4

Summary actions

Tonic, male aphrodisiac, oestrogenic in females (indirectly), 
androgenic in males (indirectly), fertility agent.

Can be used for

Indications supported by  
clinical trials
Male infertility, impotence and decreased libido; female infer-
tility, menopausal symptoms (generally low-level evidence 
from uncontrolled trials).

May also be used for

Extrapolations from  
pharmacological studies
To restore and build vitality (especially during convalescence 
or after surgery), assist in responding to stress and improve 
physical performance.

Preparations

Dried aerial parts for decoction, fluid extract and tablets or 
capsules.

Dosage

The recommended adult dosage for the hormonal effects 
is one tablet (containing a standardised concentrate equiva-
lent to 3 to 10 g of dried leaf or aerial parts, providing 100 to 
112.5 mg of furostanol saponins (calculated as protodioscin)) 
three times per day.

There are many products with inferior potency in the mar-
ketplace and the researched effects of Tribulus leaf cannot 
be attributed to these products because of their poor level of 
active components (see below). Equivalent doses of a fluid 
extract can also be employed, for example 10 mL/day of a 
2:1 extract containing 30 mg/mL of furostanol saponins as 
protodioscin.
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Duration of use

No restriction on long-term use if taken within the recom-
mended dosage.

Summary assessment of safety

No adverse effects are expected.

Technical data

Botany
Tribulus terrestris, a member of the Zygophyllaceae family, is 
a prostrate, spreading herb. The leaves are opposite, 5 to 8 cm 
long, containing four to seven pairs of leaflets. The flowers are 
pale yellow, 1 to 1.5 cm in diameter. The fruit is distinctive: 
usually hairy and consisting of five cocci (mericarps), each 
with two long and two short, very sharp, spines.1,3

Adulteration
The root or fruit are often substituted for the leaf in mod-
ern products, but are unlikely to have the same therapeutic 
profile. A Tribulus leaf product designated for performance 
enhancement was found to contain anabolic steroids.5

Key constituents
The active components of Tribulus leaf are steroidal saponins, 
mainly furostanol glycosides (including protodioscin and pro-
totribestin) and small quantities of spirostanol glycosides.6–8 
Several novel furostanol glycosides have recently been isolated 
from the aerial parts.9,10 Other constituents include phyto
sterols, such as, beta-sitosterol.11 While very small quantities 
of harmala alkaloids (tryptophan-derived beta-carbolines) are 
said to occur in some varieties,12 this is unlikely, and such 
findings have not been confirmed by recent studies.

The furostanol glycosides are a subdivision of steroidal sap-
onins. They have a sugar group at the carbon-3 (C-3) position 
and a second sugar group at position C-26. Furostanol glyco-
sides readily convert into spirostanol saponins (with one sugar 
group at C-3) in the presence of plant enzymes.13 Such deg-
radation resulting in loss of sugars may occur postharvest, in 
manufacturing or during experimental analysis. Tribulus leaf 
contains a higher concentration of steroidal saponins than the 
fruit, and there is a substantially higher protodioscin content 
in the leaf of eastern European origin than in the leaf from 
other geographical locations. (See Analytical studies below.)

Analytical studies
An analytical investigation in 1998 of 20 Tribulus prepara-
tions, most available for sale in the USA, found insufficient lev-
els of furostanol saponins in the majority of products except a 

Bulgarian Tribulus leaf product.14 Many Tribulus products on 
the market are quite different in phytochemical profile from the 
Bulgarian extract. A study conducted in the USA in late 2001 
found that the level of protodioscin varied substantially with 
the plant part (leaf, stem or fruit) and the origin of the Tribulus 
(Bulgaria, India or China). Only leaf from Bulgaria was high in 
protodioscin. An analysis of three products selected from the 
US market found substantial levels of protodioscin only in the 
product manufactured in Bulgaria. The other two samples (one 
of which contained Tribulus fruit) were deficient in protodi-
oscin.15 An eastern European variety of Tribulus (from Slovakia) 
was found to contain high levels of protodioscin in the leaf but 
none in the fruit. Leaf samples from Australia and India did 
not contain protodioscin.16 Bulgarian research has confirmed 
that the chemotype occurring in south-eastern Europe and 
west Asia is rich in protodioscin, unlike samples from India and 
Vietnam.17 Prototribestin was also a main saponin component in 
samples from the former group of countries.

If a Tribulus product is made from the root or fruit of the 
plant, or is sourced from anywhere else other than eastern 
Europe, it will probably contain low levels of protodioscin and 
prototribestin, and will therefore be quite different clinically 
to the Bulgarian standardised extract. This is despite what 
might be claimed on the label of such products, because often 
inferior or inappropriate methods of analysis have been used 
to measure the furostanol saponins, such as gravimetric or col-
orimetric techniques. The quality of Tribulus products is best 
assessed by high performance liquid chromatography, as used 
in the studies cited above.

Pharmacodynamics
Tribulus leaf standardised extract (TLSE) is a product obtained 
from the aerial parts of eastern European Tribulus terrestris 
that contains mainly saponins of the furostanol type (not less 
than 45%, calculated as protodioscin). Hence a typical dose of 
750 mg/day contains around 300 mg of protodioscin and pro-
totribestin. Another trade preparation, VT, has also been studied 
and contains TLSE, vitamins, folic acid and potassium orotate.

Hormonal and sexual activity
Oral doses of TLSE have demonstrated the following effects 
in vivo:
l	 Improved libido, weight gain, sexual activity and 

intracavernous pressure in male rats (2.5 to 10 mg/kg/
day),18 and a pro-erectile effect on the corpus cavernosum 
smooth muscle of rabbits (tissue isolated after treatment, 
2.5 to 10 mg/kg/day)19

l	 Aphrodisiac activity in castrated male rats (5 mg/kg/day) 
that may be due to androgenic activity.20 The results of an 
in vivo study investigating the effect of TLSE on the brain 
tissue of normal male rats (5 mg/kg/day) added further 
evidence for this, suggesting that TLSE may have a central 
effect. The authors proposed that any aphrodisiac activity 
of TLSE might be mediated by increases in both androgen 
receptor and nitric oxide synthase (NOS)-containing 
neurons. (NOS is present in regions of the brain that 
regulate sexual functions)21
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l	 Marked stimulation of spermatogenesis, increased 
density of Sertoli cells, increased tenacity and viability 
of spermatozoa and accelerated and emphasised sexual 
activity in male rats (70 mg/kg/day).22 Female rats treated 
with the saponin fraction produced more offspring23

l	 Increased plasma testosterone concentrations compared 
with controls in male lambs and rams (250 mg/day); 
acceleration of sexual development, activation of 
spermatogenesis and stimulation of seminiferous tubule 
growth in immature male sheep24

l	 Increased testosterone levels, improved semen production 
and normalised sexual activity in rams with sexual 
impotence; no morphologic changes in the structure of 
either testes or epididymides were observed during the 
treatment period25

l	 Restored libido and sexual reflexes in 71% of male boars 
displaying absence of libido. Five animals with prolonged 
poor libido also improved (70 mg/kg/day).26

In terms of human pharmacodynamic studies, TLSE (750 mg/
day for 5 days) increased serum follicle-stimulating hormone 
(FSH) and oestradiol compared with baseline values in human 
female volunteers and increased the level of luteinising hormone 
(LH) and testosterone in male volunteers,27 thereby demonstrat-
ing increased sex hormone production in both men and women. 
In contrast, another study found no significant difference in 
serum testosterone, androstenedione or LH in healthy men 
(20 to 36 years) administered TLSE, compared with controls. 
Volunteers were randomly assigned to receive one of two doses of 
Tribulus extract of Bulgarian origin (corresponding to 6 mg/kg/day 
or 12 mg/kg/day of saponins) or placebo.28 This Bulgarian extract 
was different to the one used in the previous positive studies.

Mechanism of action
It can be hypothesised that saponins from Tribulus appear to 
increase FSH in menstruating women, which in turn increases 
levels of oestradiol. They may do this by binding with, but 
only weakly stimulating, hypothalamic oestrogen beta-recep-
tors, which are part of the negative feedback mechanism of 
oestrogen control. The weak stimulus (compared with oes-
trogen) leads the body to interpret that oestrogen levels are 
lower than they really are, thereby provoking increased pro-
duction via the normal feedback loop. In the postmenopausal 
woman, Tribulus might alleviate the symptoms of oestrogen 
withdrawal via the binding of its steroids to vacant receptors 
in the hypothalamus (in this low oestrogen situation). This 
interaction could be sufficient to convince the body that more 
oestrogen is present in the bloodstream than actually is, calm-
ing the hypothalamic response. A similar mechanism via the 
hypothalamus could apply for men.

The suggestion by Adimoelja29 that TLSE acts via the in 
vivo conversion of protodioscin to DHEA (dehydroepiandro
sterone) has no basis in fact and should not confuse the dis-
cussion regarding the mode of action of this herb.

Tonic activity
TLSE increased non-specific resistance in mice with experi-
mental lung infection, possibly due to the activation of 

alveolar macrophages.30 TLSE has been shown to intensify 
protein synthesis and enhance the activity of some enzymes 
connected with energy metabolism. VT increased the absorp-
tion of iron from the small intestine and inhibited lipid per-
oxidation during stress.31

TLSE (oral, 100 mg/kg/day for 5 days) increased static phys-
ical endurance in rats. Treatment with VT (oral, 300 mg/kg/day 
for 1 month) markedly increased endurance. VT (by injection) 
accelerated the restoration process after heavy exercise, had a 
slight protective action on capillary and peritoneal lesions and 
decreased capillary permeability.32 The mechanism behind 
improved endurance was probably not directly connected with 
the adrenergic system and VT does not stimulate the CNS, 
with a mode of action different from that of psychostimu-
lants.30,32 VT improved resistance to stress and endurance in 
vivo compared with controls. It increased the concentration of 
dopamine and serotonin metabolites and the levels of noradren-
aline (norepinephrine) in the hypothalamus.33

VT given for 5 days (equivalent to 270 mg/day TLSE) 
increased serum concentrations of growth hormone, insulin 
and aldosterone in human volunteers, without exceeding nor-
mal values and with no clinical suggestion of hyperfunction of 
the respective endocrine glands. Greater increases were seen 
in the group actively engaged in sports, compared with the 
untrained group. There were no effects on cortisol, testoster-
one and prolactin levels.34

Pharmacokinetics
Pharmacokinetic studies of TLSE in rats indicated that 12% 
to 14% of protodioscin is excreted in bile and 6% to 7% in 
urine (at 24 h) when administered intravenously (50 and 
200 mg/kg). After oral administration of the same individual 
doses, 2% to 4% of protodioscin was excreted in the bile, but 
protodioscin was not detected in urine.35

Clinical trials

Male infertility and impotence
The results of open clinical trials conducted by four Bulgarian 
research teams, including a total of 363 men, indicated that 
TLSE had a stimulating effect on sexual function:36–40

l	 Treatment with 750 mg/day for 60 days significantly 
increased motility and rate of movement of spermatozoa 
from 38 men with idiopathic oligospermia. In some cases, 
after repeated treatment at a dose of 1500 mg/day,  
a normalisation of the sperm profile was observed, 
accompanied by increased LH and testosterone and 
decreased oestradiol.

l	 Two groups of men with oligospermia after varicocele 
operations were treated with either 750 mg/day for 60 
days or 1500 mg/day for 90 days. Significant improvement 
in sperm motility was observed in both groups. Treatment 
with 1500 mg also resulted in an increase in ejaculate 
quantity in all patients.

l	 Patients with unilateral or bilateral hypotrophy of the 
testes and oligospermia demonstrated improvements in 
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ejaculate volume, sperm concentration and motility after 
treatment (1500 mg/day, 60 days). Testosterone levels 
were also increased. A light palpable pain in the testicular 
region with slight oedema was reported by patients during 
the treatment, which abated 2 to 3 months later.

l	 Treatment of 51 infertile men with 750 mg/day TLSE 
for 3 months significantly increased ejaculate volume, 
sperm concentration, motility and velocity. Spermatozoa 
morphology normalised and ejaculate liquefaction 
time decreased. Semen immune parameters decreased 
leucocyte counts, alpha-amylase values (an enzyme 
involved in ejaculate liquefaction) and secretion of 
local immunoglobulins. Cholesterol, LDL-cholesterol, 
triglycerides and VLDL-cholesterol all decreased, and 
HDL-cholesterol increased. Libido was normalised or 
enhanced in those reporting poor libido.

l	 Thirty-one pregnancies were recorded for 100 couples 
with infertility involving an immunological cause within 
12 months of initiating TLSE treatment. The average time 
taken to conceive was 5.2 months. Prior to treatment 
sperm number and quality varied, but all men and 74% 
of women had abnormal results for sperm-agglutinating 
antibody tests. The dosage used was 750 mg/day for men 
and 750 mg/day from days 21 to 27 of the menstrual cycle 
for women until conception occurred.

l	 Improvement in sperm profile was not observed in patients 
with chronic prostatitis (750 to 1500 mg/day).

l	 Of 14 patients suffering reduced libido, 12 showed 
considerable improvement after 30 days (1500 mg/day) 
and one patient was slightly improved after 60 days. Libido 
was improved in 27 of 36 patients with chronic prostatitis. 
The other nine patients, who all had chronic prostatitis for 
over 5 years, demonstrated no improvement. Libido was 
incidentally improved in patients with hypotrophy of the 
testes and idiopathic oligospermia.

l	 Libido and sexual activity were improved in some patients 
with Klinefelter’s syndrome (genetic hypogonadism), 
Noonan syndrome (a multifaceted disorder that includes 
cryptorchidism) and simple cryptorchidism.

l	 TLSE was well tolerated in all of the above studies.

Tribulus has been part of a number of herbal formula-
tions successfully used in uncontrolled clinical trials in India 
and Russia to treat sexual dysfunction or sexual inadequacy 
in men. The main formulations contained 7% to 12.5% of 
Tribulus by weight. Improvement in sexual function was 
observed in convalescing postmyocardial infarction male 
patients,41 and in leprosy patients experiencing testicular and 
epididymal changes. Patients with oligospermia showed objec-
tive improvement.42 Impotence and loss of libido improved 
in male diabetics.43 Improvement was also observed in men 
with impotence.44,45 Sperm count and motility increased in 
approximately 60% to 70% of subfertile and oligospermic 
men.46,47

Female infertility
In an open study involving infertile women, TLSE (750 
to 1500 mg) was administered every day for 2 to 3 months 

(Group 1), only on days 5 to 14 of the menstrual cycle for 
2 to 3 months (Group 2), or used in the preovulatory phase 
in combination with a conventional ovulation stimulant 
for 3 months (Group 3).26 Group 1 did not show improve-
ment in the ovulation parameters measured and side effects 
were observed, especially when the treatment was abruptly 
terminated. Of the 36 women in Group 2, 6% experienced 
normalised ovulation with resultant pregnancy, 61% dem-
onstrated normalised ovulation without pregnancy and 33% 
demonstrated no effect from the treatment. Parallel control 
studies on a comparable cohort were carried out utilising 
three ovulation stimulants. The best results were obtained 
with 62 women treated using epimestrol: 39% had normal-
ised ovulation with pregnancy, 35% had normalised ovula-
tion without pregnancy and 26% demonstrated no effect 
from treatment. No side effects were recorded for the TLSE 
group, compared with incident rates of 6.5%, 10.6% and 38% 
in women treated with various ovulation stimulants. For the  
20 women treated with TLSE and an ovulation stimulant 
(Group 3), the effect from their combined use was better 
than treatment with either agent alone.

Menopause
In an open label study, 98% of 50 menopausal women expe-
rienced symptom improvement after TLSE treatment, but 
not after placebo. Fifty-two per cent of patients were expe-
riencing natural menopause and 48% had postoperative symp-
toms after removal of their ovaries. Predominant symptoms 
included hot flushes, sweating, insomnia and depression. The 
dosage prescribed varied, but generally a maintenance dose of 
500 to 750 mg/day of TLSE was reached after higher initial 
doses. Treatment did not result in significant changes in FSH, 
LH, prolactin, oestradiol, progesterone and testosterone, 
although FSH tended to be lower.26

Body composition and exercise performance
A purported standardised extract of Tribulus leaf given for 8 
weeks at a daily dose of 3.2 mg/kg did not enhance body com-
position or exercise performance in eight resistance-trained 
men when coupled with a resistance-training programme 
in a randomised, double blind, placebo-controlled trial. The 
authors conceded that the lack of improvement in body com-
position in both groups may be attributed to the fact that 
these men were already lean and may not have consumed 
enough protein or calories to gain lean body mass. In addition, 
the method chosen to assess exercise performance was not 
the most objective measure available.48 The dose of extract 
used was low (240 to 260 mg/day) compared with previous 
studies and the origin and quality of the extract is uncertain.

A randomised, placebo-controlled clinical trial involv-
ing 22 elite Australian rugby league players found that an 
undefined Tribulus extract (450 mg/day for 5 weeks) had no 
significant impact on muscular strength, body composition 
and the testosterone/epitestosterone ratio (used in perfor-
mance-enhancing drug tests).49 Again the dose used was rel-
atively low and the protodioscin content of the extract was 
uncertain.
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Toxicology and other safety data

Toxicology
LD50 values for oral administration of Tribulus leaf extract 
in both mice and rats were greater than 10 g/kg, indicat-
ing very low toxicity. No lethality, change in behaviour or 
changes in biochemical indices were observed in rats given 
oral doses ranging from 75 to 300 mg/kg for 30 and 90 days 
or in dogs receiving 75 mg/kg for 180 days.50 There was no 
evidence of induced carcinogenicity after oral administra-
tion of Tribulus leaf extract at 50 or 150 mg/kg/day for 93 
weeks in rats.51

‘Tribulus staggers’ is a unique neuromuscular disorder in 
sheep. Although its cause was suggested to be due to the accu-
mulation of harmala alkaloids over a period of time, their pres-
ence in the plant was not confirmed using more sophisticated 
analytical techniques.12,52 A photosensitisation reaction known 
as ‘geeldikkop’ has been reported in livestock after consump-
tion of Tribulus.53–55 Cholestasis is believed to play a role in the 
development of this disorder, probably due to a novel pathway 
of steroidal saponin metabolism specific to ruminants. These 
reactions have not been observed in humans and are further-
more highly unlikely at the recommended therapeutic dosage.

Contraindications
None required on current evidence. Tribulus should not 
be used during pregnancy or lactation without professional 
advice.

Special warnings and precautions
While it is unlikely that normal doses of Tribulus in humans 
would cause the cholestasis observed in ruminants after graz-
ing on this plant, saponin-containing herbs such as Tribulus 
are best kept to a minimum in patients with pre-existing 
cholestasis.

Use of Tribulus leaf is unlikely to impact tests for perfor-
mance-enhancing drugs, although the intake of supplements 
containing this herb has been used as a defence in doping 
cases. To test this hypothesis, two female volunteers ingested 
1500 mg/day TLSE for 2 consecutive days.56 None of the tested 
steroid hormone parameters revealed a significant variation or 
exceeded the World Anti-Doping Agency limits. However, test-
ing in both men and women over a longer period of time, say up 
to several months, would provide more certainty on this issue.

Interactions
None known.

Use in pregnancy and lactation
Category B3 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Evidence of increased fetal damage in animal studies 
exists, although the relevance to humans is unknown.

According to traditional Chinese medicine Tribulus fruit 
should be used with caution in pregnancy.4

Preliminary experiments with penned ewes fed Tribulus 
terrestris leaf from days 85 to 130 of gestation indicated 
that lamb survival was decreased. Intravenous infusion of 
the ewe with an ethanolic extract of Tribulus was noted to 
sometimes cause a decrease of fetal heart rate. In another 
experiment, five ewes began consuming 300 to 400 g of 
dried powdered Tribulus terrestris leaf (which was equiva-
lent to at least 900 to 1200 g of the fresh plant) at days 103 
to 112 of gestation and were then exposed to it for the next 
18 to 44 days. No consistent change in fetal blood pres-
sure or heart rate was observed following the ingestion of 
Tribulus. The incidence of fetal breathing movements was 
significantly lower compared with the lucerne-fed group. 
This may indicate there was an effect on the functional 
maturation of some pathways in the central nervous system. 
Despite this, fetal growth and postnatal survival were not 
impaired.57

Tribulus is compatible with breastfeeding but caution 
should be observed.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
As with all herbs rich in saponins, oral use may cause irritation 
of the gastric mucous membranes and reflux. A case of gynae-
comastia in a 21-year-old male attributed to Tribulus terrestris 
(product unspecified) has been described.58 Given the possi-
bility that such a product could have been adulterated with 
hormones or other agents, the connection with Tribulus must 
be regarded as tenuous.

Overdosage
A case has been reported of purported hepatotoxicity, nephro-
toxicity and neurotoxicity in an Iranian man who consumed 
an unspecified large amount of a Tribulus product (‘Tribulus 
water’) over a period of 2 days.59 In their justification of 
attributing the patient’s condition to Tribulus consumption, 
the authors inappropriately quoted the published effects 
of Tribulus on ruminant livestock (geeldikkop and Tribulus 
staggers; see under Toxicology). However, these conditions 
are unique to ruminants and develop over a much longer 
period of time, as was pointed out in a subsequent letter 
to the editor.60 There is also conjecture that Tribulus stag-
gers is due to fungal contamination of the plant. More plau-
sible explanations for the patient’s condition can be ascribed 
to either microbial contamination of the ‘Tribulus water’ or 
the patient’s past history of kidney stones (the reason why 
he began taking the Tribulus). Moreover, there was no infor-
mation provided in the case report regarding the plant part, 
quality and composition (and even identity) of the Tribulus 
product involved.60
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Safety in children
No information available.

Regulatory status in selected 
countries

Tribulus leaf is not on the UK General Sale List.

Tribulus leaf does not have GRAS status. However, it is 
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act).

Tribulus leaf is not included in Part 4 of Schedule 4 of  
the Therapeutic Goods Act of Australia and is freely available 
for sale.
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Turmeric

(Curcuma longa L.)

In traditional Chinese medicine (TCM) different appli-
cations are attributed to the ‘rhizome’ and ‘tuber’. Turmeric 
‘rhizome’ is said to be a Blood and Qi (vital energy) stimulant 
with analgesic properties. It is used to treat chest and abdomi-
nal pain and distension, jaundice, frozen shoulder, amenor-
rhoea due to blood stasis and postpartum abdominal pain due 
to stasis. It is also applied to wounds and injuries.4 The ‘tuber’ 
has similar properties, but is used in hot conditions, as it is 
considered to be more cooling. One particular application is 
viral hepatitis.5

Traditional Thai medicinal uses include gastrointestinal 
ulcer, anal haemorrhage, vaginal haemorrhage, skin disease, 
ringworm, insect bites and to prevent gonorrhoea and the 
common cold.6

In earlier Western herbal medicine, turmeric was 
regarded as an aromatic digestive stimulant and as a cure for 
jaundice.7

Summary actions

Anti-inflammatory, antioxidant, hypolipidaemic, choleretic, 
cholagogue, antimicrobial, carminative, depurative, anticarci-
nogenic, antitumour, radioprotective, neuroprotective, hepato-
protective, nephroprotective, cardioprotective, vasoprotective.

Can be used for

Indications supported by  
clinical trials
From clinical trials on curcumin: rheumatoid arthritis (small, 
uncontrolled), postoperative inflammation, osteoarthritis, 
precancerous conditions (internal use, uncontrolled), tropi-
cal pancreatitis (with piperine), induction of gallbladder 
contraction, stabilisation of inflammatory bowel disease, 
HIV-associated chronic diarrhoea (uncontrolled), idiopathic 
orbital inflammatory syndrome (uncontrolled), chronic ante-
rior uveitis (uncontrolled), psoriasis (topical, uncontrolled), 
monoclonal gammopathy.

From clinical trials on turmeric: osteoarthritis (and in com-
bination), elevated blood lipids (uncontrolled), precancerous 
lesions (topical or internal, uncontrolled), irritable bowel syn-
drome (uncontrolled).

Traditional therapeutic uses
Topically for skin disorders and to promote healing; internal 
use for poor digestion and liver function.

Synonyms

Curcuma domestica Val. (botanical synonym), Indian saffron 
(Engl), Kurkumawurzelstock, Gelbwurzel (Ger), rhizome de 
curcuma, safran des Indes (Fr), gurkemeje (Dan), jianghuang 
(Chin), shati (Sanskrit).

What is it?

The rhizome of Curcuma longa L. (turmeric) has been used as 
a medicine, spice and colouring agent for thousands of years. 
A native of India and South-East Asia, it is now cultivated in 
many countries, but India still accounts for a large percent-
age of current world production. Turmeric was listed in an 
Assyrian herbal dating from about 600 BC and was also men-
tioned by Dioscorides.

The yellow pigment curcumin is a key active component in 
turmeric. It has been extensively investigated and possesses 
a promiscuous pharmacology, demonstrating interaction with 
a wide range of biochemical pathways. Curcumin has been 
shown to influence a variety of molecular targets, including 
transcription factors, cytokines, growth factors, kinases and 
other enzymes. It has also demonstrated a considerable rep-
ertoire of anticancer and chemopreventative effects, although 
the former are mainly in vitro.

Effects

Anti-inflammatory (curcumin is a dual inhibitor of arachi-
donic acid metabolism, among other such effects); anti-
oxidant (particularly by reducing lipid peroxidation and 
priming Nrf2/ARE); favourably influences cardiovascular 
function; antimicrobial (particularly by topical application); 
inhibits carcinogenesis and tumour promotion; exerts an 
array of tissue protective effects, including neuroprotective 
and hepatoprotective activity.

Traditional view

Turmeric has a long list of traditional health uses across many 
cultures. In India, it is regarded as a stomachic, tonic and 
blood purifier1 and used for poor digestion, fevers, skin con-
ditions, vomiting in pregnancy and liver disorders. Externally, 
it is applied for conjunctivitis, skin infections, cancer, sprains, 
arthritis, haemorrhoids and eczema.1,2 Indian women also 
apply it to their skin to reduce hair growth.3 Another com-
mon use is to promote wound healing.
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May also be used for

Extrapolations from pharmacological 
studies
Inflammatory conditions such as asthma, infection, eczema, 
psoriasis; long-term prevention and treatment of cardiovascular 
disease, adjunct in the treatment of hyperlipidaemia; preven-
tion of cancer and as an adjunct to cancer treatment; to improve 
gastric and hepatic function; as a clinically targeted antioxidant. 
Topically for inflammation, skin diseases and skin infections.

Preparations

Dried root as a decoction; liquid extract, tablets, capsules, 
oleoresin or essential oil for internal or external use. The pow-
dered root is also used externally.

There are many phytopharmaceutical preparations available 
containing either pure curcumin or, more typically, a mixture 
of the three key curcuminoids extracted and isolated from 
turmeric. Some of these preparations claim enhanced bio-
availability for curcuminoids.

Dosage

Turmeric can be taken as the powdered rhizome or the 1:1 liq-
uid extract prepared using 45% ethanol or higher. The dose for 
the liquid extract is 5 to 14 mL/day, best taken in four to five 
equal doses throughout the day. A heaped teaspoon of pow-
dered turmeric (about 4 g) can be mixed with water or milk 
to form a slurry and consumed one to two times daily. A tea-
spoon of lecithin can be added to improve absorption. Taking 
turmeric as a powder may be more desirable for anti-inflam-
matory effects, since aqueous extracts devoid of essential oil 
or curcumin also have shown some activity. Turmeric extracts 
should be stored in dark glass away from direct sunlight due to 
the decomposition of curcumin on exposure to light.

Duration of use

May be taken in the long term within the recommended dosage.

Summary assessment of safety

No adverse effects from ingestion of turmeric are expected 
when consumed within the recommended dosage.

Technical data

Botany
Turmeric, a member of the Zingiberaceae (ginger) family, 
is a perennial herb growing up to 1 m high with large tufted 

leaves. The leaf blade is long and tapers to the base. Pale yel-
low flowers containing three petals appear close to ground 
level. The rhizome is oblong or cylindrical and often short-
branched. Its external colour is brown and internally ranges 
from yellow to yellow-orange.8,9 The rhizome consists of two 
parts: an egg-shaped primary rhizome and several cylindrical 
and branched secondary rhizomes growing from the primary 
rhizome. These two parts were once differentiated in the 
Western trade as C. rotunda and C. longa.10 In TCM this dif-
ferentiation is retained, the primary rhizome being called the 
‘tuber’ and the secondary rhizome the ‘rhizome’.5

Adulteration
Confusion with Curcuma xanthorrhiza (Javanese turmeric) or 
C. zedoaria (zedoary) occurs rarely.9,11 C. aromatica is often 
used as a medicinally interchangeable species in TCM.4,12

Powdered turmeric is sometimes adulterated with syn-
thetic dyes.13

Key constituents
l	 Essential oil (0.3% to 5%), containing sesquiterpene 

ketones (65% including ar-turmerone), zingiberene (25%), 
phellandrene, sabinene, cineole, borneol14

l	 Yellow pigments (3% to 6%) known as diarylheptanoids or 
curcuminoids, including curcumin (diferuloylmethane) and 
demethoxylated curcumins.14,15

ar -Turmerone

O

O O

OHHO

H

R1 R2

R1 R2

Curcumin OCH3 OCH3

Desmethoxycurcumin OCH3 H
Bisdesmethoxycurcumin H H

Diarylheptanoids

Pharmacodynamics
The clinical relevance of the numerous in vitro pharmacologi-
cal studies on curcumin (or its intravenous use) is uncertain, 
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especially in the context of oral (but not topical) use of tur-
meric. This is because curcumin appears to undergo rapid bio-
transformation during and after gastrointestinal absorption. 
(See also the Pharmacokinetics section.) The biotransforma-
tion products of curcumin need to be further studied, since 
oral doses of curcumin have exerted significant activity in sev-
eral experimental models and clinical trials.

Owing to the extensive pharmacological work on cur-
cumin, this monograph has drawn substantially from pub-
lished reviews. It is likely that in many cases what is referred 
to as ‘curcumin’ in a published work is in fact the natural mix-
ture of curcuminoids extracted from turmeric. Sometimes 
this is explicitly stated, and if so it has been noted in this 
monograph.

Anti-inflammatory activity of curcumin
The anti-inflammatory activity of curcumin was first reported 
in 1971.16 In an extension of this work,17 it was reported that 
oral doses of curcumin possess significant anti-inflammatory 
action in both acute and chronic animal models. Curcumin 
was as potent as phenylbutazone and almost as potent as cor-
tisone in the acute test (carrageenan oedema), but only about 
half as potent as phenylbutazone in chronic tests.17

NF-kappaB is one of the key transcription factors respon-
sive to curcumin. It suppresses NF-kappaB activation by a 
variety of factors in vitro, including (TNF)-alpha and phor-
bol esters. A range of cells have been used in these studies, 
including mouse macrophages, embryonic kidney cells and 
tumour cell lines. The mechanism appears to be via reduced 
IkappaB-alpha phosphorylation and degradation, suggesting 
that curcumin acts a step above IkappaB kinase (IKK) in the 
NF-kappaB activation pathway. In fact many of the observed 
pharmacological influences of curcumin are NF-kappaB-
dependent, not just the anti-inflammatory effects. Curcumin 
also suppresses activation of the serine/threonine protein 
kinase Akt and its association with IKK, suggesting its effects 
on NF-kappaB may be a downstream consequence of influ-
ence on upstream targets.18

Curcumin modulates the inflammatory response in vitro 
by downregulating the impact of cyclo-oxygenase-2 (COX-
2), lipoxygenase (LOX) and inducible nitric oxide synthase 
(iNOS). The inhibition of COX-2 and iNOS expression is 
likely accomplished by curcumin’s suppression of NF-kappaB 
activation.19 In other words, curcumin probably inhibits the 
transcription of these proteins, rather than their enzymatic 
activities. Curcumin also inhibited inflammation and arachi-
donic acid (AA) metabolism in vivo in mouse skin epidermis 
via downregulation of COX and LOX.20

However, curcumin has been also shown to directly influ-
ence the activity of LOX in vitro, thereby inhibiting inflam-
matory leukotriene formation. Such activity has been 
demonstrated in vivo in skin after topical application to 
mouse epidermis and in the rat colonic mucosa after ingestion 
of 0.2% dietary curcumin. Curcumin may also regulate LOX 
through the inhibition of transforming growth factor (TGF)-
alpha signalling.21

Several studies have demonstrated the in vitro suppres-
sion of cytokine production by curcumin, including interleu-
kin (IL)-6 and IL-8. These observations may be secondary to 

the suppression of intermediary signalling pathways such as 
NF-kappaB by curcumin.18 Downregulation of protein kinase 
C may be another mechanism.19

Peroxisome proliferator-activated receptor (PPAR)-gamma 
is a nuclear receptor and transcription factor involved in cell 
cycle control, proliferation and differentiation, exerting anti-
inflammatory, anticancer and insulin-sensitising actions. It is 
highly expressed in adipose tissue and colonic mucosa, where 
tight control of proliferation, differentiation and apoptosis 
is vital for homeostasis and prevention of oncogenesis; here 
PPAR-gamma may have a tumour suppressor function. It is 
activated by prostaglandins and possibly by dietary compo-
nents such as linolenic and linoleic acids. Curcumin induces 
and activates PPAR-gamma in rat hepatic stellate cells, a liver 
cell type responsible for fibrosis in liver injury that contributes 
to chronic liver damage and cirrhosis. PPAR-gamma activity is 
also enhanced in other cell lines by curcumin.18

In health, fibroblasts produce low levels of matrix metal-
loproteinases (MMPs) that remain largely in latent form 
and mediate physiological extracellular matrix turnover. In 
inflammatory disease, MMPs are overexpressed and become 
activated, causing unchecked tissue destruction, fibrosis and 
further increases in immune cell activation. MMPs also play 
a key role in tumour progression. Curcumin downregulates 
MMP production in various cell types in vitro. For example, 
in human fibrosarcoma cells, it decreases invasion, migration 
and production of MMP-2 and MMP-9, and in human and 
rabbit peripheral blood mononuclear cells it reduces MMP-9. 
Recently, it has been shown to reduce MMP-9 in human intes-
tinal epithelial cells.18

Slaked lime is traditionally mixed with powdered tur-
meric for topical application as an anti-inflammatory agent.22 
This process probably increases the water solubility of cur-
cumin through salt formation. The anti-inflammatory action 
of sodium curcuminate (0.1 to 0.5 mg/kg, ip) was investigated 
in rats in early research as an experimental model of this tra-
ditional use.23 Sodium curcuminate exhibited considerably 
higher anti-inflammatory activity than either curcumin (1 to 
10 mg/kg, ip) or hydrocortisone (10 mg/kg, ip) in acute and 
chronic tests. This was confirmed in a later study, which also 
found that curcumin and sodium curcuminate were more 
potent than phenylbutazone in acute and chronic models.24 
However, curcumin was only one-tenth as active as ibuprofen 
at reducing subacute inflammation.25

NSAIDs (non-steroidal anti-inflammatory drugs) such 
as phenylbutazone can cause gastric ulceration. In earlier 
research curcumin was found to have a lower ulcerogenic 
index (0.60) than a nearly equivalent active dose of phenylb-
utazone (1.70).17 However, curcumin given orally for 6 con-
secutive days to rats caused gastric ulceration at a dose of 
100 mg/kg, but not at 50 mg/kg.26 In contrast, lower doses 
of curcumin in guinea pigs protected against gastric ulcera-
tion from phenylbutazone27 but not histamine.28 Ulceration 
caused by high doses of curcumin is associated with a marked 
reduction in mucin secretion.26

Several recent studies in various rodent disease models 
provide strong preclinical evidence for the anti-inflammatory 
activity of curcumin. For example, in multidrug-resistant 
gene-deficient (MDR) mice, which spontaneously develop 
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colitis, addition of curcumin to their diet significantly reduced 
intestinal inflammation. Other investigators used 2,4-dinitro-
chlorobenzene-induced colitis in rats to show a dose-depend-
ent improvement in disease activity parameters following 
dietary curcumin that was of equal potency to sulfasalazine 
treatment. Curcumin was associated with a reduction in 
colonic NF-kappaB, iNOS and various measures of oxidative 
stress, for example myeloperoxidase and lipid peroxidation.18 
In two rat models of experimentally induced pancreatitis, cur-
cumin (200 mg/kg, as a single iv dose) decreased inflammation 
by markedly decreasing activation of NF-kappaB, iNOS and 
other inflammatory factors.29

Curcumin may also possess an indirect anti-inflammatory 
activity via the adrenal cortex, although results are conflict-
ing. Curcumin was less effective in adrenalectomised rats,17 
whereas sodium curcuminate maintained its activity.24 A sin-
gle dose of sodium curcuminate did not alter plasma cortisol 
levels,16 but prolonged doses of curcumin doubled plasma cor-
tisol.25 It is possible that curcumin and sodium curcuminate 
may be acting via different mechanisms.

Anti-inflammatory activity of turmeric extracts 
and essential oil
Injected doses of the petroleum ether extract of turmeric, 
and two fractions isolated from it, demonstrated significant 
anti-inflammatory activity when compared against hydro-
cortisone and phenylbutazone in acute and chronic tests.30 
Successive extraction of turmeric with petroleum ether fol-
lowed by 50% alcohol and then water gave yields of 2%, 9% 
and 10% respectively.31 These fractions, representing 21% by 
weight of the components of turmeric, were then compared 
for anti-inflammatory activity. In both acute and chronic tests, 
the aqueous extract was significantly more active and was 
often more active than reference drugs such as hydrocortisone 
and oxyphenbutazone. Unfortunately no fraction was chemi-
cally characterised and the doses were administered by intra-
peritoneal injection, both factors which make the relevance of 
these findings to the action of oral doses of turmeric difficult 
to interpret.

Topical application of aqueous extract of turmeric delayed 
corneal wound healing in rabbits indicative of ‘cortisone-like’ 
anti-inflammatory activity.32 An aqueous-alcoholic extract was 
inactive, but this also corresponded to a much lower dose of 
turmeric. Since curcumin is relatively insoluble in water this 
local ‘cortisone-like’ effect must be due to other components 
of turmeric.

A diethyl ether extract of turmeric inhibited platelet aggre-
gation and altered eicosanoid biosynthesis in human platelets 
(see below).33 This research suggests that turmeric may have 
anti-inflammatory activity partly due to its inhibition of AA 
uptake and release from membrane phospholipids.

Oral doses of the essential oil of turmeric were studied in 
adjuvant arthritis in rats.34 Significant anti-inflammatory activ-
ity was found in this long-term test at a dose of 0.1 mL/kg. 
The essential oil also has antihistaminic properties,35 which 
may explain the anti-inflammatory effect observed in a 
short-term test.34 An oil-depleted extract of turmeric dem-
onstrated anti-inflammatory properties in a well-validated 

rat model of rheumatoid arthritis.36 The extract contained 
40.6% total curcuminoids. It was effective when given 4 days 
prior to arthritis induction (4 mg/kg/day curcuminoids, ip), 
but not if administered after. An extract containing 93.6% 
total curcuminoids was more effective. Joint inflammation 
was reduced by 48% on day 3 and by 45% on day 23 when 
oral doses were administered 4 days prior (120 mg/kg/day 
curcuminoids).

Antiplatelet activity
Agents that cause a relative inhibition of platelet aggregation 
may be useful in the prevention and treatment of cardiovas-
cular degeneration. In early research, sodium curcuminate 
had no effect on in vitro platelet aggregation stimulated by 
ADP, adrenaline (epinephrine) or collagen.24 However, cur-
cumin inhibited ADP-, collagen- and adrenaline- (epineph-
rine-) induced platelet aggregation in vitro and ex vivo with 
about the same activity as aspirin.37 Unlike aspirin, curcumin 
did not decrease prostacyclin synthesis in rat thoracic aorta 
in vitro. The suggestion that curcumin selectively inhibits 
thromboxane production was supported by a contemporary 
publication.38 In this study, curcumin was found to inhibit 
thromboxane production from platelets in vitro and ex vivo. 
Also, it was found that increasing doses of curcumin (25 to 
200 mg/kg, ip) progressively protected against collagen- or 
adrenaline- (epinephrine-) induced thrombosis in mice, 
whereas increasing doses of aspirin beyond a certain level 
(15 mg/kg, ip) afforded decreased protection. This again sug-
gests a thromboxane-inhibiting, but prostacyclin-sparing, 
activity for curcumin.

In further work, curcumin inhibited platelet aggregation 
induced by arachidonate, adrenaline (epinephrine) and col-
lagen in vitro. It inhibited thromboxane B2 production from 
exogenous radiolabelled arachidonate in washed platelets 
(with a concomitant increase in the formation of 12-LOX 
products), reduced the incorporation of arachidonate into 
platelet phospholipids, and inhibited the liberation of free 
arachidonic acid.39 A similar in vitro study found that cur-
cumin suppressed platelet aggregation induced by adrenaline 
(epinephrine), platelet activating factor, collagen and arachi-
donic acid.40 In this study, curcumin inhibited thromboxane 
A2 and intracellular calcium influx, but had no effect on pro-
tein kinase C. The sesquiterpene ketone ar-turmerone has also 
demonstrated an ability to inhibit platelet aggregation induced 
by collagen and AA in vitro.41 The compound had no effect 
on thrombin-induced platelet aggregation or platelet activat-
ing factor, but was significantly more effective than aspirin in 
inhibiting collagen-induced platelet aggregation.

A diethyl ether extract of turmeric inhibited AA- but not 
ADP- and collagen-induced platelet aggregation in vitro and 
also inhibited thromboxane production from exogenous AA 
in washed platelets.33 The turmeric extract also reduced 
the incorporation of AA into platelet phospholipids and AA 
release under appropriate stimulation. The chemical con-
tent of the diethyl ether extract was not investigated. The 
author noted that a low incidence of cardiovascular disease 
is observed in the regions where spices such as turmeric are 
regularly consumed. Chinese research found that turmeric 
extract and curcumin enhanced fibrinolytic activity and 
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inhibited platelet aggregation, but the essential oil was devoid 
of these activities.4

Most of these investigations were in vitro, and it remains to 
be established if either curcumin or turmeric possesses signifi-
cant clinical antiplatelet activity.

Antioxidant activity
The antioxidant activity of curcumin has been extensively 
studied over more than 30 years. Earlier research focused on 
its direct antioxidant activity in vitro. Curcumin inhibited 
in vitro lipid peroxide formation in liver homogenates from 
oedemic mice16 and was also an inhibitor of lipid peroxidation 
in brain tissue.42 Lipid peroxidation induced by air on linoleic 
acid was inhibited by curcumin and related diarylheptanoids 
extracted from turmeric.43 These natural curcuminoids also 
inhibited haemolysis and lipid peroxidation of mouse erythro-
cytes induced by hydrogen peroxide, but were not as active 
as vitamin E.44 Curcumin had a weaker scavenging effect 
than vitamin C on active oxygen radicals generated by poly-
morphonuclear leucocytes, but was stronger than vitamin E.45 
However, curcumin had the strongest scavenging effect on 
hydroxyl radicals.

Curcumin was as effective as the antioxidant BHA in 
inhibiting lipid peroxidation.46 Curcumin protected DNA 
against single-strand breaks induced by singlet oxygen. The 
observed antioxidant activity was both time- and dose-
dependent. The protective ability of curcumin was higher 
than that of lipoate, alpha-tocopherol and beta-carotene.47 
Curcumin reduced experimentally generated nitrite in vitro. 
This NO-scavenging activity was also exhibited by other 
curcuminoids.48

More significantly, curcumin also appears to activate 
other cellular antioxidants such as heme oxygenase-1, 
NADPHquinone oxidoreductase-1 and glutathione by stimu-
lating PKC activation of the antioxidant response element 
(ARE)-Nrf2 signalling pathway.49 Nuclear factor-erythroid-
2-related factor (Nrf2) plays a crucial role in the coordinated 
induction of those genes encoding many stress-responsive and 
cytoprotective enzymes (including the antioxidant enzymes 
mentioned above), and related proteins. The simplistic view 
of antioxidants as mere chemical reactants with free radicals 
has been challenged by the discovery of Nrf2, which instead 
delineates critical gene regulatory roles for important ‘antioxi-
dant’ phytochemicals.

A 2008 review noted that curcumin in vitro upregulated 
Nrf2-ARE-regulated pathways in a variety of cell lines.50 At 
0.05% in the diet it increased expression, nuclear transloca-
tion and ARE binding of Nrf2 in the liver and lungs of mice, 
and increased hepatic phase II detoxification pathways. In rats 
curcumin (200 mg/kg, oral) increased the DNA binding of the 
Nrf2-ARE complex in the liver and reduced dimethylnitrosa-
mine-induced hepatotoxicity.50

Capsaicin and curcumin were fed to rats on a diet con-
taining 8% by weight of coconut oil, olive oil, peanut oil or 
cod liver oil for 8 weeks. Macrophages isolated from treated 
animals produced lower levels of reactive oxygen spe-
cies (ROS) compared with macrophages from the control 
groups fed the oil alone. A hydroalcoholic extract of tur-
meric administered orally to mice (4 mg/kg/day, delivering 

0.4 mg/kg/day curcumin) for 4 weeks resulted in a decrease 
in both plasma and liver lipid peroxide levels, compared 
to controls.51 Turmeric extract (equivalent to 20 mg/day 
curcumin, oral) for 45 days dramatically decreased blood 
lipid peroxide levels in an uncontrolled study involving 18 
healthy men.52

The efficacy of curcumin in preventing cataract formation 
was tested ex vivo in a rat model. Lenses from curcumin-
treated rats were much more resistant to oxidant-induced 
opacification than were lenses from control animals.53 In 
another study, one group of rats treated with naphthalene, 
a known opacification agent, were also supplemented with 
0.005% of dietary curcumin.54 Curcumin produced sig-
nificantly less opacity of the lens compared to the rats given 
only naphthalene. In a more recent study, rats treated with 
curcumin (75 mg/kg, oral) and then administered selenium 
showed no lens opacities and exhibited significantly less oxi-
dative damage than control animals.55

An aqueous extract of turmeric was also found to be an 
effective inhibitor of oxidation in vitro. An unidentified water-
soluble antioxidant from turmeric extended 80% protec-
tion to DNA against oxidative injury and had potential as an 
antipromoter. The active component may have been an anti-
oxidant protein, which has recently been isolated.56 However, 
this constituent probably does not account for the in vivo 
antioxidant activity of turmeric, since it would not be present 
in ethanolic extracts and is probably not absorbed after oral 
doses.

Hepatoprotective and nephroprotective activities
Curcumin has demonstrated hepatoprotective effects, 
which appear to be linked to antioxidant activity. Curcumin 
inhibited the formation of ROS and apoptosis in human 
hepatocytes treated with methylglyoxal and induced 
heme oxygenase-1 in vitro.57 Curcumin inhibited colla-
gen synthesis and hepatic stellate cell activation in vitro 
and in vivo, and may therefore help prevent hepatic fibro-
sis.58,59 The hepatoprotective activity of curcumin has been 
demonstrated in vivo using various hepatotoxic agents, 
including carbon tetrachloride,60 alcohol,61 cadmium,62 
N-nitrosodiethylamine63 and chloroquine.64 Curcumin nor-
malised hepatic glutathione,65 glutathione-S-transferase 
and gamma-glutamyltransferase in response to damage in 
rats.66 Additionally, it appears to block the endotoxin-medi-
ated activation of NF-kappaB and suppress the expression 
of cytokines, chemokines, COX-2 and iNOS in Kupffer 
cells ex vivo.67 A recent study concluded that curcumin 
improved survival and minimised oxidative stress, cellular 
injury and inflammation in induced hepatic failure in rats 
due to reduced NF-kappaB binding and iNOS expression.68 
Intraperitoneal doses of 200 or 400 mg/kg/day were given 
48 h prior to the first of two doses of thioacetamide. Survival 
was much better in the curcumin treated animals, as com-
pared with controls. However the higher dose of curcumin 
produced more significant results.

Oral administration of curcumin (30 mg/kg, oral) reduced 
iron-induced hepatic damage in rats by lowering lipid per-
oxidation.69 Dietary turmeric (1%) lowered lipid peroxida-
tion in normal rats (compared with controls) by enhancing 
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the activities of antioxidant enzymes (superoxide dismutase 
(SOD), catalase, glutathione peroxidase).70 A similar study 
demonstrated that dietary turmeric reduced iron-induced 
lipid peroxidation and triacylglycerol deposition in the liver 
ex vivo.71 After finding a protective effect for turmeric 
extract against carbon tetrachloride-induced hepatotoxicity 
in mice, the various constituents of turmeric were exam-
ined for in vitro hepatoprotective activity.72 Curcumin and 
related diarylheptanoids (curcuminoids) exhibited consid-
erable intrinsic activity; that is, activity that was not due to 
their metabolites.

Curcumin may also have nephroprotective properties 
due to its antioxidant and anti-inflammatory activities. 
Curcumin reduced nephrotoxicity in gentamicin-treated 
rats.73 Animals treated with gentamicin only exhibited sig-
nificantly higher levels of the drug (39%) in renal cortex, 
31% less glutathione and a 27% reduction in the activity of 
SOD. Curcumin at a dose of 200 mg/kg/ day for 10 days 
significantly curtailed these effects. Another study pub-
lished in the same year investigated the effects of curcumin 
on cyclosporine-induced nephrotoxicity in vivo.74 Curcumin 
(15 mg/kg/day, oral, administered concurrently) signifi-
cantly attenuated renal dysfunction and reduced oxidative 
stress by restoring glutathione, SOD and catalase levels to 
normal. Curcumin and its metabolite tetrahydrocurcumin 
have also demonstrated nephroprotective active in addi-
tional in vivo models.75

Neuroprotective activity
Curcumin (200 to 300 mg/kg, ip) demonstrated neuropro-
tective potential in cerebral ischaemia reperfusion injury in 
rats, an effect thought to be largely mediated by antioxidant 
mechanisms.76,77 Additionally, an in vivo study evaluated the 
neuroprotective effects of curcumin (200 mg/kg/day, ip) on 
neural death in the hippocampus following transient fore-
brain ischaemia in rats.78 Immediate treatment, treatment 
after 3 h and treatment after 24 h all significantly reduced 
neural damage, as assessed 7 days after injury. Treatment 
with curcumin increased glutathione, SOD and catalase 
activities. Rats pretreated with curcumin were protected 
against cerebral oedema caused by infection.79 The authors 
theorised that the effects may be associated with antioxidant 
activity together with an inhibition of cytokine production. 
Intraperitoneal curcumin (30 mg/kg) demonstrated the pos-
sible ability to chelate lead (lead acetate 20 mg/kg) in vivo, 
as evidenced by its reduction of the neurotoxic activity of 
this metal in rats.80

The possible preventative role of curcumin in 
Alzheimer’s disease (AD) is receiving considerable research 
attention. A review found that curcumin was able to tar-
get at least eight anti-amyloid toxicity mechanisms in vitro. 
Findings from experiments using animal models suggest 
that curcumin suppressed beta-amyloid plaque accumula-
tion.81 For example, dietary curcumin lowered oxidative 
brain damage and plaque build-up in two models of AD.  
A report using direct multiphoton microscopy to observe 
amyloid plaque in an AD mouse model showed the abil-
ity of curcumin to enter the brain, bind plaque and reduce 
plaque size by 30%.81

Cardioprotective and vasoprotective activities
The effects of both turmeric and curcumin have been evalu-
ated on myocardial ischaemia reperfusion injury in vivo. The 
cardioprotective effects of turmeric were evaluated using 
the whole extract (100 mg/kg, oral) in rats with ischaemia-
induced myocardial infarction.82 Turmeric reduced oxidative 
stress by restoring antioxidant status and improved ventricu-
lar function. In another study, curcumin was found to reduce 
myocardial infarct size, serum creatine phosphokinase and 
lactate dehydrogenase activity.83 Additionally, glutathione per-
oxidase and SOD activity were significantly increased. Hence 
curcumin appeared to exert protective effects on myocardial 
ischaemic injury due to its exogenous and endogenous anti-
oxidant capabilities. A single oral dose (15 mg/kg) of cur-
cumin pre- and post-ischaemic injury led to decreased levels 
of xanthine oxidase, superoxide anion, lipid peroxides and 
myeloperoxidase, and increased SOD, catalase, glutathione 
peroxidase and glutathione-S-transferase.84

Two recent reviews have focused on the cardioprotec-
tive role of curcumin.85,86 Curcumin reduced doxorubicin-
induced cardiotoxicity in rats and exerted protective activity 
in two different in vivo models of congestive heart failure.85 
A favourable modulating effect in cardiac remodelling follow-
ing pressure overload or myocardial ischaemia was noted from 
other studies.86

Hypolipidaemic activity
Curcumin upregulated low-density lipoprotein (LDL) recep-
tors in vitro in murine macrophages.87 Two-thirds of LDL 
clearance is mediated through these receptors, and in many 
cases high LDL-cholesterol is a result of either their mutation 
(familial hypercholesterolaemia) or suppression. Curcumin 
increased LDL uptake by up to 13 times more than con-
trols.87 A subsequent study using the human hepatoma cell 
line HepG2 found that curcumin effected a 7-fold increase in 
LDL receptor mRNA and regulated gene expression control-
ling lipid/cholesterol homeostasis.88

Early toxicity studies on rats to establish the safety of tur-
meric extracts as a colouring agent also found that liver lev-
els of total cholesterol were somewhat lower than normal.89 
A subsequent study revealed that turmeric extract and cur-
cumin counteracted the increase in liver cholesterol in rats 
induced by cholesterol feeding.90 Dietary levels of curcumin 
as low as 0.1% significantly reduced the rises in serum and 
liver cholesterol in rats fed cholesterol, but did not lower 
serum cholesterol in rats fed a normal diet.91 It was also 
observed that curcumin increased the faecal excretion of 
bile acids and cholesterol in both the normal and hypercho-
lesterolaemic rats and counteracted the rise in body and liver 
weights caused by cholesterol intake. These findings would 
suggest that turmeric might raise the ratio of HDL-cholesterol 
to total cholesterol, and this was verified in a subsequent 
study on hyperlipidaemic rats.92 Triglyceride levels were also 
significantly lower with turmeric treatment. Turmeric and 
curcumin had no effect on cholesterol levels of plasma, liver 
and egg yolk in hens fed a diet containing cholesterol.93

Oral administration of the ethanolic extract of turmeric 
(1.66 mg/kg) significantly reduced oxidation in erythrocyte 
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and liver microsome membranes in rabbits fed a high fat 
diet.94 These particular cell membranes are commonly 
affected in the atherosclerotic process, and a reduction in 
oxidative stress might help protect against some of the con-
sequences of atherosclerotic changes. In another study, die-
tary curcumin (0.2%) produced a 10% to 14% decrease in 
the cholesterol content of erythrocyte membranes.95 This 
study observed an increased osmotic fragility of erythrocytes 
in hypercholesterolaemic rats, which curcumin appeared 
to reduce by improving the lipid profile. A whole extract of 
turmeric (1.66 mg/kg containing 10% curcuminoids, oral) sig-
nificantly reduced both oxidative stress and the formation of 
fatty streaks in rabbits fed a high cholesterol diet.96

Dietary curcumin (0.5%) decreased serum total cholesterol 
by 21% and LDL-cholesterol by 42.5% in rats fed a high cho-
lesterol diet.97 Additionally, HDL-cholesterol was increased 
by 50% and the activities of aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) were significantly reduced 
compared to control animals. The effects of a combination of 
dietary curcuminoids (curcumin 73.4%) were investigated on 
lipid metabolism in rats.98 Concentrations of hepatic choles-
terol and plasma VLDL were significantly lower in the group 
fed 1% curcuminoids, and hepatic acyl-CoA oxidase activity 
was significantly higher.

The activity of hepatic cholesterol 7-alpha-hydroxylase 
(the rate-limiting enzyme of bile acid biosynthesis) was sig-
nificantly elevated in rats fed curcumin. Serum and liver 
microsomal cholesterol contents were also significantly higher. 
However, the simultaneous stimulation of cholesterol syn-
thesis by curcumin suggests that this may not be the key 
mechanism behind its hypocholesterolaemic action, which 
may be largely due to interference with exogenous cholesterol 
absorption.99

In experimentally induced diabetic rats maintained on a 
0.5% curcumin-containing diet for 8 weeks, blood choles-
terol was lowered significantly, exclusively as the LDL-VLDL 
fraction. Significant decreases in blood triglyceride and phos-
pholipids were also observed. Hepatic cholesterol 7-alpha-
hydroxylase activity was markedly higher, suggesting a higher 
rate of cholesterol catabolism.100

Effects on the digestive tract
Early in vivo research demonstrated that the essential oil of 
turmeric101 and curcumin102 increased bile secretion, but the 
aqueous extract of turmeric was inactive. Curcumin and the 
essential oil were each about half as active as sodium deoxy-
cholate administered the same way.103 Sodium curcuminate 
induced a stimulation of bile flow, although the concentration 
of solids in the bile was somewhat decreased.104 At higher 
doses, total excretion of bile salts, bilirubin and cholesterol 
were enhanced. Such a finding is consistent with animal feed-
ing experiments with curcumin, which also found increased 
bile acid and cholesterol excretion.91

Mice with pre-established cholesterol gallstones were fed a 
diet containing curcumin (0.5%) for 5 or 10 weeks. A regression 
of gallstones occurred in 45% after 5 weeks and in 80% after 
10 weeks, compared to controls. Biliary cholesterol decreased 
and phospholipids and bile acids increased over the duration of 

feeding.56 Feeding a lithogenic diet supplemented with 0.5% 
curcumin for 10 weeks reduced the incidence of gallstone for-
mation by 74% compared to mice fed the lithogenic diet alone. 
Biliary cholesterol concentration, lithogenic index and the cho-
lesterol/phospholipid ratio of bile were also reduced.105

A test meal of 0.5 g/kg of turmeric in rabbits did not 
show any change in the volume, acid or pepsin content of 
gastric secretions, but the mucin content was considerably 
increased.106 This contrasts with studies using high doses of 
curcumin that found ulceration in association with a marked 
decrease in mucin secretion.26 Oral doses of 0.5 g/kg of an 
ethanolic extract of turmeric produced significant protec-
tion against ulceration caused by stress, pyloric ligation, indo-
methacin and reserpine in rats.107 Turmeric extract increased 
gastric wall mucus production and also enhanced its cytopro-
tective quality. More recent studies have attempted to shed 
further light on how curcumin protects and heals the gastric 
mucosa. Curcumin prevented glutathione depletion, lipid 
peroxidation and protein oxidation in indomethacin-induced 
acute gastric ulceration in rats.108 Interestingly, both oral and 
intraperitoneal administration of curcumin prevented gas-
tric ulceration. The authors propose that this may involve 
the action of curcumin on MMP-2 and -9, which are involved 
in normal tissue remodelling and wound healing. In another 
study, curcumin was found to offer 82% protection against 
the development of indomethacin-induced gastric ulcers at 
an ip dose of 25 mg/kg.109 Turmeric may also protect against 
gastric ulceration by blocking the H2 histamine receptor.110 
However, this study was conducted in vitro. Curcumin has 
also been shown to inhibit the induction of pro-inflammatory 
cytokines induced by Helicobacter pylori in vitro.111

Curcumin is a chelator of hepatic iron in vivo. In a recent 
study, mice fed dietary curcumin exhibited a reduction in fer-
ritin protein in the liver.112

Curcuminoids may also display spasmolytic activity. 
Studies on the smooth muscle of isolated guinea-pig ileum 
and rat uterus demonstrated that the force of contraction was 
significantly reduced.113

Antimicrobial activity
An alcoholic extract of turmeric, its essential oil and curcumin 
inhibited the growth of Gram-positive bacteria in vitro.114 
However, the antibacterial activity of turmeric is much 
weaker than conventional antibiotics.115 The essential oil of 
turmeric has significant antifungal activity at dilutions of 1 in 
500.116

An interesting discovery is that low concentrations of cur-
cumin are highly toxic to Salmonella in the presence of vis-
ible light.117 This phototoxic effect was thought to be due to 
unstable intermediates, probably free radicals formed during 
irradiation. Since an Escherichia coli strain with DNA repair 
capacity was largely resistant to curcumin phototoxicity, this 
implies that light in combination with curcumin is geno-
toxic and may be mutagenic. The authors concluded that the 
observed phototoxicity makes curcumin a potential photosen-
sitising drug that may be useful in the phototherapy of pso-
riasis, cancer and bacterial and viral infections. This finding 
was confirmed by other workers who observed that curcumin 
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is more phototoxic to Gram-positive bacteria than to Gram-
negative bacteria.118 Oxygen is required for the phototoxic 
effect and results suggested that hydrogen peroxide might be 
the toxic intermediate.

An extract of turmeric rhizome has demonstrated anti-
microbial activity against strains of methicillin-resistant 
Staphylococcus aureus (MRSA) in vitro.119 Turmeric also sig-
nificantly decreased the minimum inhibitory concentrations 
(MICs) of ampicillin and oxacillin, thereby restoring their 
activity against MRSA. The ethyl acetate extract (MIC 1 to 
4 mg/mL) demonstrated the most potent antibacterial activ-
ity, compared with the methanol and water extracts. Turmeric 
oil (the hexane extract of the rhizome) at in vitro dilutions 
of 1:40 to 1:320 inhibited 15 isolates of dermatophytes. At 
dilutions of 1:40 to 1:80 it also inhibited four isolates of path-
ogenic fungi (curcumin was inactive). Six isolates of yeasts 
were insensitive to turmeric oil and curcumin. Turmeric oil 
(diluted to 1:80) applied topically on the 7th day follow-
ing dermatophytosis induction using Trichophyton rubrum in 
guinea pigs resulted in an improvement within 2 to 5 days 
after application. The lesion disappeared at days 6 to 7.120 
Curcumin inhibited human immunodeficiency virus (HIV) 
type-1 integrase in vitro121 and is a modest inhibitor of the 
HIV-1 and HIV-2 proteases.122

In vitro and in vivo tests have demonstrated an antiviral 
activity for curcumin against herpes simplex virus (HSV) type 
2.123 In the in vivo component of this test, 15 μL of curcumin 
(100 mg/mL) was instilled vaginally in anaesthetised rats, fol-
lowed by inoculation with the virus. Of the animals treated 
with curcumin only 33.3% developed the infection compared 
to 75% of control animals.

Antiparasitic activity
A 2010 review summarised the published research on 
Curcuma species as parasiticidal agents.124 Much of this 
research has been conducted using turmeric or its curcumi-
noids. Curcuminoids were active against Plasmodium fal-
ciparum (the malaria parasite) in vitro at 3 to 4.2 μg/mL, 
concentrations almost 300 times higher than the control 
drug chloroquine. However, curcumin administered orally 
at 100 mg/kg/day for 5 days decreased parasitaemia of  
P. berghei-infected mice by 80% to 90%. Synergistic in vivo 
studies of curcumin with artemisinin have yielded mixed 
results. Moderate activities against leishmania and schis-
tosoma parasites have also been demonstrated in vitro and 
in vivo for curcumin. Research is continuing for a variety of 
other parasites.

Cancer prevention
Chemoprevention is the use of non-toxic agents to intervene 
in the multistage process of carcinogenesis. There is a sub-
stantial body of research demonstrating the chemopreventa-
tive properties of curcumin and curcuminoids. This is likely to 
result from several distinct mechanisms, as was summarised in 
a comprehensive review125:

Curcumin inhibits tumour initiation by blocking the metabolic 
activation of carcinogens or by stimulating their detoxification. 
It also exerts antitumour-promoting effects by suppressing 

inflammatory signalling mainly mediated by COX-2 and iNOS that 
are under the control of NF-kappaB and other transcription factors. 
Curcumin also acts in the progression stage of carcinogenesis by 
inhibiting metastasis and angiogenesis, which are crucial for the 
survival and spread of tumour cells. Furthermore, curcumin has 
antiproliferative effects that are attributed to its capability to induce 
apoptosis of precancerous and malignant cells or inhibit the cell 
cycle progression.

The same review summarised the in vitro and in vivo data 
supporting these propositions.125 Inhibition of carcinogen 
activation by downregulation of cytochrome P450 activity or 
expression by curcumin has been demonstrated in liver cell 
lines and in rats and mice. Stimulation of carcinogen detoxi-
fication by induction or upregulation of phase II enzymes 
has also been observed, especially in vivo (rats and mice). 
Relevant anti-inflammatory activity impacting on carcinogen-
esis includes suppression of COX-2 and iNOS expression or 
activity in a variety of cell lines, including macrophages and 
human epithelial cells. Oncogene expression or activation has 
been inhibited, mainly in mouse skin cells, and potentiation 
of tumour suppressor function via increased p53 accumulation 
or phosphorylation has also been observed in vitro for a range 
of cell lines.125 Another review noted that these activities of 
curcumin have also been demonstrated in several in vivo mod-
els, together with additional relevant mechanisms, including 
inhibition of NF-kappaB and MAPK (mitogen-activated pro-
tein kinase).126

(Other activities of curcumin relevant to its chemopre-
ventative activity, namely apoptosis induction and inhibition 
of cell cycle progression, angiogenesis, metastasis and invasion, 
are reviewed in the section on Antitumour activity.)

A 2008 review noted that curcumin activates Nrf2 
(nuclear-factor-erythroid-2-related factor 2) which plays 
a crucial role in the coordinated induction of those genes 
encoding many stress-responsive and cytoprotective enzymes 
and related proteins.50 These include phase II detoxification 
enzymes and antioxidant enzymes such as SOD. Nrf2 has 
been shown to be an important modulator of tumour suscep-
tibility in animal models of carcinogenesis.127

The review noted above also summarised the anticarci-
nogenic effects of curcumin demonstrated in animal stud-
ies.125 The mouse skin carcinogenesis model allows study of 
molecular alterations associated with the multistep process of 
malignant transformation (namely initiation, promotion and 
progression). Topical application of curcumin has exhibited 
antipromotion activity against 12-O-tetradecanylphorbol-13-
acetate-induced tumour promotion in such models. Curcumin 
also prevented the development of carcinogen-induced liver, 
colorectal, oral, oesophageal, gastric, duodenal, lung, mam-
mary and immune cell tumours. Curcumin doses were typi-
cally administered via the diet at 0.2% to 2%.125 A 2008 
review additionally noted chemopreventative activity for cur-
cumin in chemically induced prostate and oral cancer.128

Cancer preventative activity has also been shown for tur-
meric in various experimental models. Both curcumin and 
aqueous extract of turmeric protected against DNA dam-
age induced by fuel smoke condensate in human lympho-
cytes.129 Turmeric at 1% in the diet of mice reduced benzo(a)
pyrene (BAP)-induced stomach tumours and also reduced 
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the incidence of spontaneous mammary tumours.130 A dose-
dependent decrease in binding of BAP metabolites to calf 
thymus DNA was observed in the presence of turmeric, cur-
cumin and aqueous turmeric extract, but not in the presence 
of curcumin-free aqueous turmeric extract. Further stud-
ies using mouse liver microsomes indicate that curcuminoids 
inhibit BAP-DNA adduct formation.131

It has been demonstrated that turmeric, like curcumin, 
increases the activity of the phase II carcinogen-detoxifying 
enzyme glutathione-S-transferase in the stomach, liver and 
oesophagus of mice.132 Glutathione levels were also signifi-
cantly elevated and the in vivo mutagenic effect of BAP in 
mouse bone marrow cells was suppressed. Curcuminoids are 
probably responsible for this activity.133

Curcuminoids and turmeric caused dose-dependent inhibi-
tion of nitrosomethylurea formation in vitro.134 Nitrosamines 
are formed in cured meats via the reaction of secondary 
amines with nitrites added during manufacturing and are 
potent carcinogens.

Oral administration of turmeric to mice from 2 months 
of age caused a suppression of both mammary tumour virus-
related reverse transcriptase activity and preneoplastic 
changes in mammary glands. Feeding turmeric from 6 months 
of age resulted in a 100% inhibition of mammary tumours.135 
In another study, turmeric (0.15%) was added to the diet 
of mice with a mutation of the APC gene.136 Mice with this 
gene defect usually develop numerous intestinal adenomas by  
15 weeks of age. However, tumour formation in the treat-
ment group was reduced by approximately 63%.

Catechin in drinking water and dietary turmeric signifi-
cantly inhibited the tumour burden and tumour incidence 
in two tumour models: experimentally induced forestomach 
tumour in mice and oral mucosal tumour in golden hamsters. 
Chemoprevention with both catechin and turmeric inhibited 
the gross tumour yield and burden more effectively in the two 
tumour models than either treatment alone.137 Turmeric (2% 
or 5%) in the diet again significantly inhibited BAP-induced 
forestomach tumours in mice, and this was dose- and time-
dependent. The 2% diet also significantly suppressed skin 
tumours in mice. The 5% turmeric diet for 7 consecutive 
days resulted in a 38% decrease in hepatic cytochrome b5 and 
cytochrome P450 levels. Glutathione content was increased 
by 12% and glutathione-S-transferase activity was enhanced 
by 32% in the liver.138

Antitumour activity
Curcumin is a potent cytotoxic agent in vitro against a wide 
variety of tumour cell lines of different tissue origin. Its 
activity is dependent on the cell type, the concentration 
of curcumin (IC50 range of 2 to 40 μg/mL) and the time of 
exposure.139 Studies in colon adenocarcinoma cell lines dem-
onstrated that curcumin inhibited cell proliferation, causing 
cell cycle arrest, and induced apoptosis. Similar effects have 
been observed in breast, kidney, lung, pancreatic, gastric, ovar-
ian, cervical, hepatocellular, lymphoid, myeloid, melanoma, 
oral epithelial and prostate cell lines derived from a variety 
of malignant tumours.140 Curcumin has also shown growth 
inhibitory effects in vitro in human prostate, leukaemia, 
breast, large intestine, bone and bladder cancer cell lines. In 

this diverse range of studies, curcumin has been observed to 
exert variable effects on the cell cycle, probably dependent 
on the cell origin and tissue type.140 A 2009 reviewed noted 
more than 100 in vitro studies where curcumin has demon-
strated antiproliferative effects against cancer cell lines.141

Further mechanistic studies of curcumin have revealed 
a range of in vitro cytotoxic effects on cancer cell lines. The 
2009 review mentioned above summarised the current 
knowledge.141 Curcumin modulates the growth of tumour 
cells through regulation of multiple cell signalling pathways 
including aspects of the cell proliferation pathway (cyclin 
D1, c-myc), cell survival pathway (Bcl-2, Bcl-xL, cFLIP), 
caspase activation pathway (caspase-8, -3, -9), tumour sup-
pressor pathway (p53, p21), death receptor pathway (DR4, 
DR5), mitochondrial pathways and the protein kinase path-
way (JNK, Akt, AMPK). Several other pathways where cur-
cumin is also active are reviewed. The authors noted that the 
reason why curcumin kills tumour cells and is generally not 
toxic to normal cells is not fully understood. Several reasons 
have been suggested, including enhanced curcumin uptake 
by tumour cells, the low glutathione in tumour cells (mak-
ing them more sensitive to curcumin’s effects) and the fact 
most tumour cells express constitutively active NF-kappaB 
that is important for their survival, whereas normal cells 
do not. Concerning the last point, curcumin can therefore 
inhibit tumour cell biochemistry by suppressing NF-kappaB-
regulated gene products.141

The in vivo antitumour activity of curcumin has been inves-
tigated using tumour cells transplanted into normal animals 
(the xenograft model). Reduced tumour incidence or size and 
enhanced survival have been shown in several studies, generally 
for curcumin administered via injection or orally. Examples of 
models include Dalton’s lymphoma cells in mice (50 mg/kg, ip) 
HL60 leukaemia and SGC7901 lymphoma in nude mice (50 
to 200 mg/kg, oral), glioblastoma in mice (100 mg/kg, intratu-
moral), human breast cancer cells in nude mice (2%, dietary), 
colorectal cancer cells in mice (40 mg/kg, iv), squamous cell 
carcinoma cell lines in mice (topical application), pancreatic 
cells in nude mice (40 mg/kg, iv), LNCaP prostate cancer cells 
in mice (2%, dietary) and ovarian cancer cells in athymic mice 
(500 mg/kg, oral).128 Another review also noted activity in xen-
ograft models of hepatic and pulmonary cancers.142

Some antitumour activity has also been demonstrated 
for turmeric. A turmeric extract prepared with 50% ethanol 
inhibited the cell growth of normal mammalian cells and was 
cytotoxic to lymphoma cells at a concentration of 0.4 mg/
mL.143 The active constituent was proposed as curcumin, 
which was cytotoxic to the lymphoma cells at a concentra-
tion of 4 μg/mL. Injections of both turmeric extract and cur-
cumin reduced the development of tumours and enhanced 
survival in mice injected with lymphoma cells.143 Earlier 
work reported that a turmeric extract exhibited cytotoxicity 
to mammalian cells in vitro by arresting mitosis and altering 
chromosome morphology.144

Several studies have examined the antimetastatic poten-
tial of curcumin. One review suggested that curcumin pos-
sesses pronounced activity.139 In one model it was found to 
inhibit pulmonary metastasis of melanoma cells in mice, with 
inhibition of MMPs. Curcumin was also highly antimetastatic 
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against prostate cells in vitro and in vivo. In a human breast 
cancer xenograft model, the administration of curcumin 
markedly decreased metastasis to the lung and suppressed 
the expression of a number of factors including NF-kappaB, 
MMP-9 and COX-2. Curcumin also reduced the metasta-
sis of tumours in LEC rats, which develop tumours of the 
kidney and liver due to aberrant copper metabolism.139 
Antimetastatic properties have also been demonstrated for 
curcumin in vitro.125

Angiogenesis, the formation of new blood vessels from the 
host vasculature, is critical for tumour growth and metas-
tasis. A review noted that in vitro experiments have shown 
curcumin to be a direct inhibitor of angiogenesis. It also 
down-regulates various proangiogenic proteins such as vas-
cular endothelial growth factor and basic fibroblast growth 
factor.145 Curcumin’s in vitro antiangiogenic effect is also in 
part due to its inhibitory effect on signal transduction path-
ways (including those involving protein kinase C and the tran-
scription factors NF-kappaB and AP-1) and on two groups of 
proteinases involved in angiogenesis (MMPs and the uroki-
nase plasminogen activator family). Curcumin also blocks 
cell adhesion molecules in vitro.145 However, all these effects 
need to be established in vivo.

A review observed that curcumin is a potentially signifi-
cant chemosensitiser in cancer chemotherapy.146 Relevant 
key properties include reversal of MDR and blocking of 
NF-kappaB. Sensitisation of a variety of chemoresistant cell 
lines after treatment with curcumin has been demonstrated. 
Tetrahydrocurcumin, a major metabolite of curcuminoids in 
humans, is also active as an MDR inhibitor.146 These findings 
need to be replicated in vivo.

Curcumin inhibits P-glycoprotein (P-gp) in vitro.147 P-gp 
is an ATP-dependent drug efflux pump that is linked to the 
development of MDR in cancer cells. The inhibition of P-gp 
by curcumin may provide a novel approach for reversing mul-
tidrug resistance in tumour cells,148 as MDR is a major cause 
of chemotherapy failure in cancer patients. Curcumin has 
been shown to reverse the MDR in many cancer cell lines, 
including gastric and cervical in vitro.149–152

Activity in cystic fibrosis models
Cystic fibrosis (CF) is caused by mutations in the cystic 
fibrosis transmembrane conductance regulator (CFTR) gene. 
Therefore compounds that can improve the function of the 
CFTR chloride channel may be of value in the treatment of 
this disorder. Deletion of phenylalanine 508 (deltaF508) 
accounts for nearly 70% of all mutations, and is responsible 
for the misfolding and retention of the CFTR protein in the 
endoplasmic reticulum.153 A promising report demonstrated 
that curcumin corrected the defects in deltaF508 CF mice 
and was able to rectify the characteristic nasal potential dif-
ference defect and improve survival.154 A subsequent inves-
tigation attempted to reproduce and extend this preclinical 
data.155 Various curcumin preparations and treatment regi-
mens were used, including that used above.154 However, these 
different researchers failed to reproduce the initial results.  
A more recent study also found that curcumin failed to 
induce the maturation of deltaF508 CFTR, or induce chloride 
secretion in vitro and in vivo.156 However, other subsequent 

studies have been positive,157–160 although more research is 
needed to understand if this intriguing effect of curcumin has 
clinical relevance.

Antidepressant activity
Turmeric is a major ingredient in Xiaoyao-san, a traditional 
Chinese medicinal formula used for the treatment of depres-
sion and related illness. Consequently recent investiga-
tions have attempted to validate the antidepressant effects 
of turmeric and curcumin in vivo. Oral administration of an 
aqueous extract of turmeric (140 to 560 mg/kg) for 14 days 
demonstrated dose-dependent improvements in tail suspen-
sion and swimming tests in mice.161 Additionally, the 560 mg/
kg dose was found to be more effective than the reference 
antidepressant fluoxetine. Doses of 140 mg/kg or above sig-
nificantly inhibited monoamine oxidase MAO-A activity in a 
dose-dependent manner, and 560 mg/kg produced an observ-
able MAO-B inhibitory activity.

Curcumin at oral doses of 5 and 10 mg/kg for 14 days also 
reduced the duration of immobility in both the tail suspension 
and swimming tests.162 At doses of 10 mg/kg it was also able to 
produce a marked increase of serotonin and noradrenaline lev-
els in both the frontal cortex and the hippocampus. Dopamine 
levels were also increased in the frontal cortex and the stria-
tum. Like turmeric, curcumin was found to inhibit MAO activ-
ity. A subsequent study investigated the effects of curcumin 
at oral doses of 1.25 to 10 mg/kg for 14 days and found that 
it significantly reduced immobility time in the swim test and 
reversed behavioural abnormalities associated with the bilat-
eral olfactory bulbectomy model.163 This model induces low 
levels of serotonin and noradrenaline (norepinephrine) in the 
hippocampus, which were completely reversed by curcumin 
administration. The potential of curcumin as an antidepressant 
was the subject of a 2009 review.164

Skeletal muscle activity
Sepsis, injury and cancer can result in muscle wasting, mainly 
due to proteolysis. This phenomenon is partially regulated by 
the activation of NF-kappaB. A 2009 review examined in vivo 
evidence suggesting that curcumin may prevent loss of muscle 
mass during sepsis and endotoxaemia and may stimulate mus-
cle regeneration after traumatic injury.165 There are only a few 
studies. The most recent found that treatment of rats with 
curcumin (600 mg/kg, ip) blocked the sepsis-induced increase 
in muscle protein breakdown associated with NF-kappaB 
activation.166 Another study in rats found that curcumin (10 
to 60 μg/kg, ip) dose-dependently inhibited lipopolysaccha-
ride-induced loss of muscle wasting and protein in mice.167  
A much earlier study observed that curcumin (10 to 40 μg/kg, 
ip) stimulated muscle regeneration after traumatic injury in 
mice.168 The review did note that in other publications cur-
cumin failed to prevent muscle atrophy caused by unloading, 
experimental cancer and muscular dystrophy.165

Pulmonary activity
Several studies have investigated the impact of curcumin on 
lung injury and fibrosis and these were the subject of a recent 
review.169 Oral treatment with curcumin demonstrated 
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beneficial activity in radiation, paraquat-, cyclophosphamide-, 
bleomycin- and amioderone-induced lung fibrosis in rats. 
Negative effects of nicotine-induced (rats) and endotoxic 
(mice) lung injury were also partially countered by oral cur-
cumin. Doses were typically 200 to 300 mg/kg.169

Radioprotective activity
A review noted that oral pre- or post-treatment of mice with 
5 to 20 mg/kg curcumin reduced the frequency of micro-
nucleated polychromatic erythrocytes following exposure 
to gamma irradiation. In another study, oral administration 
of 400 μmol to mice reduced radiation-induced chromo-
somal damage. Feeding of 1% curcumin in the diet protected 
against radiation-induced mammary tumours in rats, and a 
dose of 200 mg/kg ameliorated radiation-induced mucosi-
tis. Radiation-induced delayed wound healing was reduced 
by curcumin (100 mg/kg, oral in mice) in several studies, 
together with enhanced overall survival.170

Curcumin has also demonstrated radiosensitising activity in 
vitro against various cancer cell lines.170

Antiallergic activity
A 2008 review explored the role of curcumin in the treat-
ment of allergies. While it was claimed that curcumin has 
antiallergic activity in hypersensitivity reactions types I to IV 
in animal models, relatively few studies were reviewed.171 
Antiasthmatic activity was demonstrated in ovalbumin-
induced airway hypersensitivity in guinea pigs and in a murine 
model of latex allergy. Curcumin was also active in a murine 
model of allergic aspergillosis.

Other activity
Turmeric (4 g/kg) and curcumin (0.4 g/kg) induced significant 
increases in hepatic levels of glutathione-S-transferase and 
acid-soluble sulphydryl after 14 or 21 days in lactating mice 
and translactationally exposed mouse pups. Cytochrome b5 
and cytochrome P450 levels were also significantly elevated in 
the mice and their pups.172 (See also the Cancer prevention 
section for an additional discussion of the effect of curcumin 
on phase II detoxifying enzymes.)

Curcumin can influence various cytochrome P450 (CYP) 
enzyme activities in vivo after toxic insult. In one study, rats 
were fed a curcumin rich diet (0.05, 0.5 and 5 g/kg diet) with 
or without the injection of carbon tetrachloride (CCl(4)).173 
With curcumin only, all CYP enzymes remained unchanged, 
other than in the group fed 5 g/kg. Injection of CCl(4) dras-
tically decreased CYP activity, but treatment with curcumin 
ameliorated this effect for all the CYP enzymes tested (1A, 
2B, 2C and 3A ), except CYP2E1. In a similar study, CYP 
enzymes were experimentally suppressed with a bacterial 
endotoxin.174 Injection of curcumin significantly blocked the 
suppression of CYP3A2 and, in contrast to the study above, 
also inhibited the suppression of CYP2E1.

Turmeric has been utilised as a wound-healing agent since 
antiquity. Recent in vivo studies demonstrated that pretreat-
ment with curcumin significantly enhanced wound con-
traction, decreased healing time, increased the synthesis of 
collagen, hexosamine, DNA and NO and improved fibroblast 

and vascular densities in irradiated full excise wounds in 
mice.175–177 A study investigating the healing potential of a 
paste containing fresh turmeric demonstrated that it was as 
effective as honey for the healing of full thickness wounds in 
rabbits.178 Both treatment groups were significantly superior 
to the control group. (See also the Clinical trials section on 
this topic.)

Curcumin extended the lifespan of two different strains of 
fruit fly (Drosophila melanogaster), an effect that was accom-
panied by protection against oxidative stress, improvement in 
locomotion and chemopreventative activity.179

In human peripheral blood mononuclear cells, curcumin 
dose-dependently inhibited the responses to phytohaemag-
glutinin and mixed lymphocyte reaction. It dose-dependently 
inhibited the proliferation of rabbit vascular smooth muscle 
cells stimulated by fetal calf serum. Curcumin had a greater 
inhibitory effect on platelet-derived growth factor-stimulated 
proliferation than on serum-stimulated proliferation. It may 
therefore be beneficial in the prevention of the pathological 
changes associated with atherosclerosis and re-stenosis.180

Pharmacokinetics
Most investigations have examined the pharmacokinetics of 
curcumin or curcuminoids, rather than turmeric. There have 
been several reviews of this topic.181–183 One such review con-
cluded that the bioavailability of curcumin is poor due to low 
absorption, rapid metabolism (including reduction and conju-
gation immediately upon absorption by enterocytes) and rapid 
systemic elimination.181

The pharmacokinetic properties of curcumin have in fact 
been investigated since the 1970s. In the first ever published 
study, the uptake, distribution and excretion of curcumin was 
studied in rats.184 When administered orally as a single dose 
of 1 g/kg, 65% to 85% of curcumin passed through the gastro-
intestinal tract unchanged and was found in the faeces. Only 
traces appeared in the urine and a small amount of curcumin 
was found in the bile, liver, kidneys and body fat. After intra-
venous injection, curcumin was actively transported into bile, 
but the majority was rapidly metabolised by the liver.

This poor bioavailability of curcumin was confirmed in 
a subsequent study on rats, which found that 38% of the 
administered 400 mg dose remained unchanged in the diges-
tive tract.185 Only traces were found in body tissues and 
no curcumin was detected in urine. A subsequent in vitro 
study suggested that curcumin undergoes transformation 
to a less polar, colourless compound(s) during absorption 
from the intestine,186 a finding confirmed using radiolabelled 
curcumin.187 While significant levels of radioactivity were 
absorbed, only traces of curcumin could be measured in body 
tissues. Subsequently, curcumin glucuronide, dihydrocur-
cumin glucuronide, tetrahydrocurcumin glucuronide and tet-
rahydrocurcumin were confirmed as the major metabolites of 
curcumin in mice, as noted in a 2000 review.188

Several subsequent rodent studies have yielded similar 
findings.180,182 A relatively recent study in rats quantified the 
oral bioavailability of curcumin at 1%.189 After oral admin-
istration of curcumin (500 mg/kg), Cmax was measured at 
0.06 μg/mL, with a Tmax of 41.7 min.
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A dose-escalation pilot study was designed to evaluate 
the pharmacokinetic properties of turmeric in humans.190 
Fifteen patients with advanced, treatment-resistant colorec-
tal cancer received turmeric extract (440 to 2200 mg/day, 
containing 36 to 180 mg of curcumin) for up to 4 months. 
Curcumin demonstrated low bioavailability. Neither cur-
cumin nor its metabolites were detected in blood or urine. In 
a phase I clinical trial, high dose curcumin (3.6 g/day for up to  
4 months) produced low concentrations of detectable metab-
olites in blood and urine. However, it engendered 62% and 
57% decreases in inducible PGE2 production in blood samples 
taken on days 1 and 29 of treatment, respectively (compared 
with levels observed pre-dose, p<0.05).191

Another trial investigating the pharmacological effects of 
curcumin in women with colorectal cancer concluded that a 
daily dose of 3.6 g curcumin for 7 days achieved pharmacologi-
cally effective levels in the colon and rectum, but with negli-
gible systemic distribution.192 Twelve patients with hepatic 
metastases from colorectal cancer received 450 to 3600 mg of 
curcumin daily for 1 week prior to surgery. Levels of curcumin 
and its metabolites were measured in portal and peripheral 
blood, bile and liver tissue. Curcumin was poorly available, with 
very low levels of both the parent compound and its metabo-
lites detected in serum.193 In a dose escalation study, 24 volun-
teers received 500 to 8000 mg of curcumin, with no detectable 
levels found in blood. However, low levels of curcumin were 
detected in two participants who had been administered doses 
of 10 or 12 g.194 The authors suggested that curcumin may be 
effective for the chemoprevention of colorectal cancer, given 
that systemic bioavailability is not essential for this, and a sub-
stantial amount of curcumin reaches the colon.

In an investigation in 12 healthy volunteers given 10 or 12 g 
of curcumin, only one person had detectable free curcumin at 
any of the 14 time points tested over 72 h.195 However, cur-
cumin glucuronides and sulphates were detected in all par-
ticipants. The average Cmax value for these derivatives was 
2.3 μg/mL for the 10 g dose and Tmax was 3.29 h.

Given the low concentrations of curcumin and its metabo-
lites observed after oral doses, investigations have been initiated 
to improve its bioavailability. When curcumin was given alone 
at a dose of 2 g/kg to rats, only moderate serum concentrations 
were achieved over a 4 h period.196 Concomitant administration 
of piperine at 20 mg/kg increased the bioavailability by 154%. 
Administration of 20 mg of piperine to 10 healthy volunteers 
increased the relative bioavailability of curcumin by 20 times. 
However, the absolute bioavailability of curcumin under these 
conditions was still less than 10% and the elimination half-life 
was still relatively rapid at 0.41±0.17 h.

Ways to enhance bioavailability were also included in one 
pharmacokinetic review.181 Three key strategies are possible: 
adjuvants (such as piperine), nanoparticles and enhanced lipid 
solubility (liposomes, micelles and phospholipid complexes).

In another study on piperine included in the review, six 
healthy male volunteers took 2 g of curcumin with or with-
out 5 mg of piperine. In this study, piperine only doubled the 
absorption of curcumin but it did improve its brain uptake by 
48%. It appeared to act mainly by inhibiting glucuronidation. 
Studies on curcumin, nanoparticles are relatively few and this 
area is still in its infancy.

In terms of enhanced lipid solubility, a proprietary for-
mulation of curcumin combined with a fraction of tur-
meric essential oil (probably as a micellar emulsification) 
demonstrated enhanced bioavailability in a human trial.197 
Results indicated that the relative bioavailability of this for-
mulation was 6.93-fold compared to normal curcumin and 
about 6.3-fold compared with a curcumin-lecithin-piperine 
formulation.

Curcumin as a proprietary phospholipid complex (chemi-
cally bound to phosphatidylcholine (lecithin)) exhibited 
enhanced bioavailability (5-fold) compared to normal cur-
cumin in rats.198 The same formulation yielded a total cur-
cuminoid absorption that was 29 times higher than normal 
curcumin in a randomised, double blind, crossover human 
study.199 However, only phase II metabolites could be 
detected in plasma. The major plasma curcuminoid after 
administration of the phospholipid complex was demethoxy-
curcumin, which is more potent than curcumin in some in 
vitro anti-inflammatory assays.

While the phase II metabolites of curcumin are likely to 
have less activity than curcumin, it is conceivable that they 
could release curcumin at tissue sites. Moreover, one review 
also noted that tetrahydrocurcumin, a major metabolite of 
curcumin (in this case the reduced form) detected in the rat 
studies, also possesses significant chemopreventative activ-
ity.75 Its serum concentration was 20 times that of curcumin 
following the administration of curcumin. It is also worth 
noting that, despite its poor bioavailability, curcumin has still 
demonstrated significant pharmacological activity in experi-
mental models after oral dosing. However, attempts to use 
natural means to enhance the bioavailability of curcumin are 
still a positive development. Missing from the experimental 
work to date is any understanding of the bioavailability of cur-
cumin from different turmeric extracts. Thus far, only the iso-
lated curcuminoid fraction of turmeric has been extensively 
studied, as outlined above.

Clinical trials

Anti-inflammatory activity
In a 2-week, double blind trial involving 18 rheumatoid arthri-
tis patients, curcumin (1200 mg/day) was compared with 
300 mg/day phenylbutazone. A significant symptom improve-
ment occurred with the curcumin, but phenylbutazone gave 
greater improvement, possibly because it also has analgesic 
activity.200 When postoperative inflammation was used as a 
model for evaluating anti-inflammatory activity, curcumin 
(1200 mg/day for 5 days) was found to have similar activity 
to 300 mg/day phenylbutazone (in terms of improvement of 
typical postoperative symptoms) and greater activity than a 
placebo in a double blind clinical trial involving 45 patients.201 
In both trials above, use of curcumin was devoid of significant 
side effects.

In a double blind, placebo-controlled, crossover trial,  
42 osteoarthritis (OA) patients received either a herb/mineral 
preparation or placebo for 3 months. After a 15-day wash-out 
period the patients were transferred to the other treatment 
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for a further 3-month period. The preparation consisted of 
turmeric, Withania somnifera, Boswellia serrata and a zinc 
complex. Treatment with the herb/mineral preparation pro-
duced a significant drop in pain severity (p<0.001) and dis-
ability score (p<0.05). Radiological assessment did not show 
any significant changes in either group. The treatment was 
well tolerated.202

In a single blind, controlled clinical trial, 107 patients with 
knee OA were randomised to receive ibuprofen 800 mg/day 
or turmeric extract 2 g/day (containing 1 g of curcuminoids) 
for 6 weeks.203 The primary clinical outcomes were pain on 
level walking and on climbing stairs, as assessed by a numerical 
rating scale, and the time taken to walk 100 m and go up and 
down a flight of stairs. Both turmeric and the drug resulted in 
significant improvements from baseline for all of these meas-
ures, with no significant difference between treatment effects 
in the two groups. However, the number of patients was inad-
equate to establish the equivalence of the treatments.

The activity of a proprietary curcumin phospholipid com-
plex (delivering 200 mg/day curcumin) was assessed in a con-
trolled trial involving 50 patients with knee OA.204 Results 
demonstrated a significant decrease in the mean WOMAC 
scores (assessing pain, stiffness and physical function) in the 
group receiving the curcumin preparation. In addition, walking 
ability was also significantly increased and oedema significantly 
reduced compared to the untreated control group (p<0.05). 
Assessment of those patients with elevated C-reactive protein 
(CRP) found this parameter was also significantly reduced by 
the curcumin complex. This trial was hampered by the lack of 
a placebo control group, although the change observed in the 
objective CRP measurement is encouraging.

The same proprietary phospholipid complex (deliver-
ing 200 mg/day curcumin) was further evaluated in an open 
label clinical trial involving 100 patients with radiologically 
confirmed knee OA over 8 months (in what appears to be a 
continuation of the above trial with additional patient recruit-
ment).205 As the authors noted, the study represents the most 
extensive (to date) clinical evaluation of curcumin as an anti-
inflammatory agent. Unfortunately, a full clinical interpreta-
tion of their striking findings is again hampered by the lack of 
a placebo control group (50 patients acted as untreated con-
trols and 50 received the curcumin preparation). However, 
in the context of this trial, the ‘untreated’ group received the 
best available conventional treatment, including physiotherapy 
and conventional drugs. Another drawback of the trial design 
was statistical significance was assessed against baseline values, 
rather than as a difference from the control group. Significant 
decreases (p<0.05) from baseline after 8 months of treatment 
with the curcumin phospholipid complex were noted for the 
WOMAC score (and all its subscores), inflammatory markers 
(interleukins (IL)-1beta and IL-6, erythrocyte sedimentation 
rate, soluble CD40 ligand and soluble vascular cell adhesion 
molecule (sVCAM)-1)), use of NSAIDs, painkillers, gastroin-
testinal complications (probably because of the reduced use 
of NSAIDs), use of other drugs, use of non-drug treatments, 
distal oedema, hospital admissions, consultations and tests, 
and management costs. Significant increases (p<0.05) were 
observed for treadmill walking distance and the Karnofsky 
Performance Scale Index. The only significant improvement 

in the control group was for treadmill walking distance 
(p<0.05). The changes in objective inflammatory parameters 
known to be significant in OA, particularly IL-1beta, IL-6 and 
sVCAM-1, represent a promising outcome.

Hypolipidaemic activity
An early uncontrolled clinical trial involving 16 patients in 
China found that 12 weeks of turmeric extract (equivalent to 
about 50 g/day of turmeric) lowered plasma cholesterol levels 
by 49 mg/dL (1.3 mmol/L) and triglycerides by 62 mg/dL.4 
The therapeutic effect was at least equal to clofibrate. Another 
early, uncontrolled study with 90 patients found cholesterol 
and triglyceride levels were reduced by turmeric in almost all 
cases.4 It was observed in both studies that use of turmeric 
also partially ameliorated symptoms of angina pectoris.

In a series of case studies, 200 mg of turmeric extract 
(containing 20 mg curcumin) was given to healthy men aged 
between 27 and 67 years for 45 days.52 A significant decrease 
of up to 60% in serum lipid peroxides was noted. A follow-
up study, using the same dose and study design for 60 days in 
30 healthy volunteers, demonstrated a 25% to 50% decrease 
in HDL and LDL peroxides, again with no side effects.206 
Results were significantly better in patients exhibiting higher 
peroxide levels at baseline.

Apolipoprotein A (apo A) appears to play a protective role 
in the pathogenesis of atherosclerosis, whereas high levels of 
apolipoprotein B (apo B) are generally considered to be asso-
ciated with increased uptake of cholesterol-laden LDL par-
ticles. An uncontrolled study by the same research group 
above investigated the effect of turmeric on apo A and apo 
B levels in 30 healthy men and women aged between 24 and 
70 years.207 Participants received a hydro-alcoholic extract of 
turmeric containing 20 mg of curcumin for 30 days. Results 
demonstrated that turmeric significantly reduced apo B from 
an average 109.25 mg/dL to 90.75 mg/dL (p<0.05) and LDL-
cholesterol by 38.4% (p<0.01). It increased apo A by 24% 
(p<0.01) and HDL-cholesterol by 72% (p<0.01). In addition 
there was also a marked decrease in the apo B/apo A ratio after 
30 days (p< 0.01). This research team also reported on fibrin-
ogen levels both before and after 15 days of treatment with 
the same extract and dosage in eight patients with abnormally 
high levels. Plasma fibrinogen fell significantly from an aver-
age 535.6 mg/dL to 271.1 mg/dL (p<0.05).208 These studies 
suggest that turmeric may potentially decrease the risk of car-
diovascular disease. However, the designs of these studies have 
several flaws, most notably the lack of a placebo control group. 
An early proof of principle study in 10 healthy volunteers found 
that curcumin (500 mg/day) for 7 days significantly lowered 
serum lipid peroxides and total cholesterol from baseline.209 
HDL-cholesterol was increased by 29%. Interestingly, two later 
placebo-controlled trials found no impact of curcumin on serum 
lipids for either quite high (4 g/day) or low (45 to 180 mg/day) 
doses.210,211 Whether the turmeric extract used above is more 
active than isolated curcumin remains to be tested.

Anticancer or preventative activity
In an open study, 58 patients with submucous fibrosis  
(a condition linked to oral cancer and associated with betel 
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nut chewing) received one of the following treatments each 
day for 3 months: turmeric essential oil (600 mg) mixed with 
turmeric extract (3 g), turmeric oleoresin (600 mg) mixed 
with turmeric extract (3 g) or turmeric extract (3 g). Thirty-
nine patients completed the treatment and results were 
compared with those for 32 healthy volunteers. All three 
treatments normalised the number of micronucleated cells in 
both exfoliated oral mucosal cells and in circulating lympho-
cytes. Turmeric oleoresin was more effective at reducing the 
number of micronuclei in oral mucosal cells (p<0.001) than 
the other two treatments. The decrease in micronuclei in cir-
culating lymphocytes was comparable in all three treatment 
groups.212

A phase I study evaluated the cancer preventative effect of 
high doses of curcumin in five high-risk precancerous condi-
tions.213 Biopsies were performed at the very beginning and 
conclusion of the study. The curcumin dose was started at 
500 mg/day and gradually increased to a maximum dose of 
12 g/day over a 3-month period if no toxicity was evident. 
Histological improvement of precancerous lesions was seen in 
one of two patients with bladder cancer, two of six patients 
with Bowen’s disease of the skin, one of four patients with 
cervical intraepithelial neoplasia (CIN), two of seven patients 
with oral leukoplakia and one of six patients with gastric 
epithelial metaplasia. However, one patient with CIN and 
another with oral leukoplakia progressed to malignancies. Oral 
doses of curcumin were shown to be safe and non-toxic up to 
8 g/day for 3 months.

Japanese men (n=85) with elevated prostate-specific anti-
gen (PSA) who were found to not have prostate cancer and 
prostatic intraepithelial neoplasia on systematic biopsy were 
randomised to receive either a placebo or a combination 
of isoflavones (40 mg/day) and curcumin (100 mg/day) for  
6 months in a double blind trial.214 In the subgroup of 
patients with PSA >10 ng/mL, the phytochemical treatment 
resulted in a significant reduction in PSA (p=0.02) compared 
with the placebo treatment. This finding probably reflects an 
anti-inflammatory activity that might ultimately reduce the 
risk of subsequent development of prostate cancer.

Turmeric given at a dose of 1.5 g/day for 30 days to 16 
chronic smokers significantly reduced the urinary excretion 
of mutagens in an uncontrolled trial. There was no change 
in the urinary mutagen excretion after 30 days in six non-
smokers who served as controls. Turmeric exerted no signifi-
cant adverse effect on serum aspartate aminotransferase and 
alanine aminotransferase, blood glucose, creatinine and lipid 
profile.215 An uncontrolled study involving people at high risk 
of palatal cancer due to reverse smoking demonstrated that 
turmeric (1 g/day) for 9 months had a significant impact on 
the regression of precancerous lesions. The treatment also 
decreased micronuclei and DNA adducts in oral epithelial 
cells.216 (Reverse smoking is a practice where the burning end 
of the cigarette is kept in the mouth and causes a high inci-
dence of oropharyngeal carcinoma.)

In an uncontrolled trial, a 50% ethanolic extract of tur-
meric and an ointment containing curcumin produced 
symptomatic relief in 62 patients with oral cancer and leu-
koplakia who had failed to respond to conventional treat-
ments.217 There was a reduction in the odour of the lesions 

in 90% of cases and also reduction in itching and exudation. 
Pain intensity and the thickness of the lesion were reduced in 
a small number of patients (10%).

Two trials in colorectal cancer patients reviewed in the 
Pharmacokinetics section also included some preliminary 
clinical outcomes. In the trial in 15 patients given turmeric 
extract, stable disease was observed in five, with a substantial 
reduction in carcinoembryonic antigen levels in one.189 In the 
second trial where curcumin was given at up to 3.6 g/day, two 
of 15 patients exhibited stable disease.190

Twenty-five patients with advanced pancreatic can-
cer received 8 g/day curcumin until disease progression, 
with restaging assessed every 2 months.218 Evaluation of 21 
patients revealed that curcumin was detectable in plasma as 
glucuronide and sulphate conjugates, albeit at low steady-
state levels. Significant clinical activity was observed in two 
patients: one experienced ongoing stable disease for >18 
months and another had a brief but marked tumour regression 
(73%) accompanied by significant increases in serum cytokine 
levels. Curcumin downregulated expression of NF-kappaB, 
COX-2 and phosphorylated STAT3 (signal transducer and 
activator of transcription 3) in peripheral blood mononu-
clear cells from the patients (most of whom exhibited base-
line levels considerably higher than those found in healthy 
volunteers).

Fourteen patients with advanced and metastatic breast 
cancer participated in an open label phase I trial of docetaxel 
combined with curcumin.219 A standard intravenous dose 
of docetaxel was administered (100 mg/m2) every 3 weeks 
for six cycles. Curcumin was given orally in escalating doses 
from 500 mg/day for 7 days around each docetaxel infusion. 
The maximum tolerated dose of curcumin under these condi-
tions was 8 g/day, with 6 g/day recommended for future phase 
II studies. No progressive disease was observed in the 14 
patients, and nine were evaluable for tumour response. One 
patient had only evaluable bone lesions that were stable, and 
according to the RECIST criteria, another five patients had a 
partial response. The other three exhibited stable disease for 
at least 6 weeks after the last cycle of treatment. The authors 
concluded that their study demonstrated the feasibility, safety 
and tolerability of the combination.

Digestive tract
The safety and efficacy of turmeric for the treatment of dys-
pepsia (abdominal pain, epigastric discomfort, flatulence or 
belching) were tested in a three-way, randomised, double blind, 
placebo-controlled trial over 7 days.220 Forty-one patients were 
in the placebo group, 36 received a herbal formula for flatu-
lence and 39 received 2 g/day of turmeric powder. An 87% 
favourable outcome was recorded for the turmeric group, 
which was significantly different to the 53% improvement for 
the placebo group (p=0.003). Mild side effects were observed 
with similar frequencies in all three groups.

A partially blinded, randomised, pilot study was initiated 
to investigate the efficacy of a standardised extract of tur-
meric (method of standardisation not specified) in 207 vol-
unteers with self-reported irritable bowel syndrome (IBS).221 
Patients were divided into two groups and received either 
one or two tablets a day containing 72 mg of turmeric extract 



914

Materia MedicaP A R T  T H R E E

(corresponding to about 1.8 g of turmeric root) for 8 weeks. 
IBS prevalence decreased by 53% and 60% in the lower and 
higher dose groups, respectively, compared with baseline. 
Post-study analysis also revealed that abdominal discomfort 
was reduced by 22% and 25%, respectively. This trial was 
hampered by the lack of a placebo group, as a substantial pla-
cebo effect can be expected in IBS.

Twenty patients with tropical pancreatitis (a form of 
chronic pancreatitis) were randomised to receive either oral 
curcumin (1500 mg/day) and piperine (15 mg/day) or placebo 
for 6 weeks in a pilot trial, with 15 returning for evaluation. 
The curcumin preparation significantly reduced lipid peroxi-
dation from baseline levels (p<0.01). However, no effect on 
pain was noted.222

Curcumin appears to induce gallbladder contraction.  
A double blind, randomised, crossover trial was undertaken 
in 12 healthy volunteers to compare the effects of curcumin 
(20 mg) and placebo on gallbladder volume.223 An ultrasound 
was performed periodically for up to 2 h after ingestion of 
the curcumin or placebo. The peak reduction in gallbladder 
volume by curcumin in the 2 h observation period was 29%, 
statistically significant compared with placebo. A follow-up 
randomised, single blind, 3-phase, crossover trial was con-
ducted with 12 healthy volunteers to determine the dose 
needed to increase gallbladder contraction by 50%.224 It was 
concluded that 40 mg of curcumin can increase contraction by 
50% in 2 h. The study failed to show a linear dose-response 
effect, although the effect on gallbladder contraction did 
increase with increasing doses.

An open label pilot study produced preliminary data 
to suggest that curcumin might be effective in inflamma-
tory bowel disease.225 Five patients with ulcerative procti-
tis received curcumin at 1100 mg/day for 1 month, then at 
1650 mg/day for another month. Stool quality was greatly 
improved and frequency was significantly reduced. Two 
patients were able to eliminate their concomitant medica-
tions altogether, while another two patients were able to 
reduce them (including one patient who was able to elimi-
nate prednisone). CRP and ESR were normalised by the 
completion of the study. Five patients with Crohn’s disease 
were also included in the trial. They received 1080 mg/
day of curcumin for 1 month, followed by 1440 mg/day 
for another 2 months. The Crohn’s disease activity index, 
CRP and ESR fell significantly in four patients. Following 
these trials, a Japanese double blind, placebo-controlled trial 
involving 89 patients investigated the efficacy of curcumin 
for maintaining remission in ulcerative colitis.226 Patients 
were randomised to receive 2 g/day curcumin, together with 
sulfasalazine or mesalazine, or placebo plus the sulfasala-
zine or mesalazine. At the end of the 6-month study period, 
4.65% of patients in the curcumin group had relapsed dur-
ing treatment compared with 20.51% in the placebo group 
(p=0.040). There was also a significant difference in recur-
rence rates based on intention-to-treat analysis (p=0.049). 
Curcumin significantly improved the clinical activity index 
(p=0.038) and endoscopic index (p=0.0001) compared to 
baseline, suggesting that the treatment influenced disease 
pathology. Only mild side effects such as nausea and bloating 
were observed in some patients.

The effect of turmeric (1000 mg/day) was compared 
with that of an antacid formulation in 50 patients over  
6 weeks in an open label study of the treatment of gastric 
ulcer.227 The liquid antacid formula was significantly supe-
rior to turmeric at inducing ulcer healing (p<0.05). In a joint 
Vietnam-Sweden prospective, double blind, two-centre study, 
turmeric at a dose of 6 g/day (as suggested in the Vietnamese 
Pharmacopoeia) was compared with placebo in 118 patients 
suffering from duodenal ulcer.228 Follow-up endoscopy and/
or radiography were performed after 28±4 days and 56±4 
days. Turmeric was not superior to placebo in healing duo-
denal ulcer after either 4 or 8 weeks of treatment. After 8 
weeks, the ulcer-healing rate of turmeric was 27% compared 
to 29% for placebo. Both treatments were well tolerated.  
A later open label study examined the efficacy of turmeric 
in 25 patients with peptic ulcer disease diagnosed via endos-
copy.229 Oral doses of turmeric powder (600 mg, 5 times a 
day) cleared ulcers in 48% of patients after 4 weeks, 72% of 
patients after 8 weeks, and 76% of patients after 12 weeks of 
treatment. No significant changes were noted in liver or kid-
ney function.

An open label crossover study investigated whether tur-
meric added to the diet has beneficial effects on intestinal 
motility and colonic fermentation, as assessed by breath 
hydrogen.230 Eight healthy subjects fasted for 12 h and 
ingested curry and rice with or without turmeric. The test 
meal provided 500 mg of turmeric, containing 8.25 mg of 
curcuminoids. Curry with turmeric significantly increased 
the area under the curve of breath hydrogen and short-
ened small-bowel transit time, compared with curry 
not containing turmeric. This suggests that dietary tur-
meric increases bowel motility and colonic carbohydrate 
fermentation.

HIV/AIDS
Following pharmacological research that suggested cur-
cumin might weakly inhibit the LTR (long terminal repeat) 
of HIV-1, a clinical study was undertaken. Eighteen HIV-
positive patients took an average of 2 g/day curcumin for an 
average of 127 days.231 There was a significant increase in 
CD4 (p=0.029) and CD8 (p=0.009) lymphocyte counts. 
However, a follow-up phase I/II open study in HIV-positive 
patients using doses of 2.7 g and 4.8 g/day of curcumin failed 
to show any benefit on viral loads or CD4 count.232 It was 
suggested that the poor bioavailability of curcumin may have 
been a factor behind this negative result.233

Eight patients with HIV-associated chronic diarrhoea with 
no identifiable pathogenic cause received an average dose of 
1862 mg/day of curcumin and were followed for a mean of 
41 weeks in an uncontrolled pilot study.234 All patients exhib-
ited resolution of their diarrhoea and normalisation of stool 
quality in 13±9.3 days. At the end of the follow-up period, 
the mean number of bowel movements per day had dropped 
from 7.0±3.6 to 1.7±0.5 (p=0.006). Seven of eight patients 
exhibited considerable weight gain while on curcumin and 
five of six experienced resolution of bloating and abdominal 
pain. Mean symptom severity fell from 7.8±1.6 to 1.6±0.5 
(p=0.0001). There was no interference observed with 
antiretroviral therapy.
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Eye disorders
Eight patients suffering from idiopathic inflammatory orbital 
pseudo-tumours were treated with oral curcumin (1125 mg/
day) for 6 to 22 months in an uncontrolled study.235 
Idiopathic orbital inflammatory syndrome is a rare eye con-
dition characterised by swelling of ocular tissue and is often 
associated with pain, restricted movement, vision distur-
bances, nausea, vomiting and headaches. Of the five patients 
who completed the study, four achieved a complete recovery. 
The other patient exhibited a complete regression of swelling, 
but some restriction of movement remained.

An open label clinical trial was conducted in India to 
investigate the efficacy of curcumin in chronic anterior uvei-
tis.236 The 32 patients who completed the study (of 53 ini-
tially enrolled) had been divided into two groups: group 
A (18 patients) received curcumin alone (1125 mg/day), 
while group B (14 patients) received curcumin (1125 mg/
day) together with antitubercular treatment due to their 
strong positive PPD (purified protein derivative) reaction. 
Both groups used topical mydriatics (atropine/cyclopento-
late 1%) as needed. Curcumin treatment was continued for 
12 weeks, but the antitubercular treatment was sustained for 
1 year. Improvements in both groups were noted after just 
2 weeks of treatment, with a 100% response rate in group 
A at 12 weeks. Group B patients had a lower (but still high) 
response rate of 86%. Follow-up of all patients over the next 3 
years indicated a recurrence rate of 55% in group A and 36% 
in group B. These results were comparable to corticosteroid 
treatment, but with significantly fewer side effects.

A later uncontrolled trial examined the efficacy of oral 
doses of a curcumin-phospholipid complex (delivering 
240 mg/day curcumin) as an adjunctive treatment over 12 
months in 106 patients (from 122 enrolled) with chronic 
anterior uveitis.237 Compared with before curcumin, the 
number of relapses was substantially fewer (p<0.001). The 
patients with autoimmune anterior uveitis seemed to be the 
most responsive. Overall the treatment was well tolerated and 
reduced eye discomfort after just a few weeks in more than 
80% of the trial participants. Only one patient could not tol-
erate the treatment due to gastrointestinal side effects.

Genetic diseases
Familial adenomatous polyposis (FAP) is an autosomal-dom-
inant disorder characterised by the development of numer-
ous colorectal adenomas and eventually colorectal cancer. 
NSAIDs and COX-2 inhibitors can regress the adenomas. Five 
patients with FAP who had undergone prior colectomy (four 
with retained rectum and one with an ileoanal pouch) were 
given 1440 mg/day curcumin and 60 mg/day quercetin orally 
in an uncontrolled pilot study.238 After a mean of 6 months of 
treatment, all five patients exhibited a decrease in the num-
ber (by 60.4%) and size (by 50.9%) of rectal polyps compared 
with baseline (p<0.05). Minimal adverse side effects and no 
laboratory abnormalities were noted.

Déjérine-Sottas disease (hereditary motor and sensory pol-
yneuropathy type III) is an autosomal-dominant or -recessive 
disease of the peripheral nervous system caused by myelin 
sheath defects. A dose-escalation safety trial of oral curcumin 

in a 15-year-old girl with Déjérine-Sottas disease (point muta-
tion Ser72Leu) complicated by severe weakness, scoliosis 
and respiratory impairment was undertaken.239 The patient 
received 50 mg/kg/day oral curcumin for the first 4 months 
and 75 mg/kg/day thereafter, to complete a 12-month trial. 
Outcome measures included muscle strength, pulmonary 
function, upper/lower extremity disability, neurophysiologi-
cal studies and health-related quality of life. After 12 months, 
the patient experienced no adverse events and reported good 
compliance. There was little improvement in objective out-
come measures. Knee flexion and foot strength increased 
slightly, but hand and elbow strength decreased. Pulmonary 
function, hand function and measures of upper/lower extrem-
ity disability were stable or reduced. Her neurophysiologi-
cal findings were unchanged. Parent-reported quality of life 
improved for most domains, especially self-esteem, during 
the 12 months of treatment. Patient-reported quality of life, 
assessed at the final visit, mirrored these results, with overall 
feelings of happiness and contentment.

A Thai study investigated the impact of curcuminoids 
(500 mg/day) in 21 patients with beta-thalassaemia/HbE in an 
uncontrolled trial.240 At baseline, levels of malonyldialdehyde 
(MDA), SOD and glutathione peroxidase in red blood cells 
and non-transferrin bound iron in serum were all elevated 
compared with normal values, indicative of increased oxida-
tive stress. The level of reduced glutathione in red blood cells 
was lower than normal. All of these parameters were signif-
icantly improved (various p values) after 12 months of cur-
cuminoid treatment and retreated towards baseline levels 3 
months after treatment withdrawal. However, curcuminoids 
did not impact the lower Hb levels and red blood cell counts 
in this patient cohort.

The promising results for curcumin in cystic fibrosis mod-
els await verification in controlled clinical trials.

Clinical antioxidant activity
Additional studies have demonstrated clinical antioxidant activ-
ity. Hyperglycaemia leads to increased oxidative stress that can 
result in vascular endothelial dysfunction. In a partially blinded, 
placebo-controlled, three-arm clinical trial, 72 type 2 diabetic 
patients with endothelial dysfunction were randomised to 
receive a proprietary curcuminoid extract (delivering 300 mg/
day curcumin), atorvastatin (10 mg/day) or placebo for 8 
weeks.241 Sixty-seven patients completed the trial. Compared 
with baseline, there was a significant improvement in endothe-
lial function (as assessed by a measure of arterial vascular tone) 
and reductions in MDA, endothelin-1, IL-6 and TNF-alpha for 
both the curcumin and atorvastatin groups, with no change for 
placebo.

Groundwater arsenic (As) contamination is a health haz-
ard in some areas of the world. A survey of 286 people from 
five villages in West Bengal, India found high blood levels of 
As and extensive DNA damage (as a result of As-induced 
oxidative stress).242 These villagers were randomly selected 
to take curcumin with piperine (952 mg/day and 48 mg/
day, respectively) or a placebo for 3 months. After 3 months 
there was a significant reduction in DNA damage for the vil-
lagers taking the curcumin formulation, as compared with 
placebo (p<0.001). There were also significant reductions in 
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lymphocyte intracellular reactive oxygen species production 
and lipid peroxidation (MDA), together with increases in cata-
lase, SOD, glutathione, glutathione-S-transferase, glutathione 
peroxidase and glutathione reductase, with respect to placebo 
(all p<0.001).

Alzheimer’s disease
A review of the potential of curcumin in AD noted that epi-
demiological studies in India, where turmeric consumption is 
widespread, suggest it has one of the lowest prevalence rates 
of AD in the world.243 In addition, an epidemiological study 
in Singapore found an association between curry consumption 
and preserved cognitive function. The association was assessed 
in a population-based cohort involving 1010 Singapore citizens 
aged 60 to 93 years in 2003.244 Those who consumed curry 
occasionally and often/very often had significantly better 
Mini-Mental State Examination scores than people who never 
or rarely consumed curry. The most common curry dish in 
Singapore is the yellow curry rich in turmeric, with green and 
red curries seldom consumed.

In a three-arm, double blind, placebo-controlled, trial, 34 
patients with AD were randomly assigned to receive cur-
cumin (1 or 4 g/day) or placebo for 6 months.245 Results for 
27 patients were analysed and indicated that there was no 
difference between the groups, although the lack of cognitive 
decline in the placebo group may have precluded any ability 
to detect the activity of curcumin. Also, the trial was under-
powered. Moreover, the true value of curcumin/turmeric in 
AD might be as a preventative (see the Pharmacodynamics 
section).

Skin conditions
A randomised, placebo-controlled, double blind clinical trial 
involving 33 patients with oral lichen planus found that cur-
cuminoids at 2000 mg/day for 7 weeks had no observable 
effect above the placebo treatment.246 However, all patients 
also received 60 mg/day prednisone for the first week, which 
may have masked any impact of curcumin.

Phosphorylase kinase (PhK) integrates signalling pathways 
involved in cell migration and proliferation. An open label 
study found that PhK was highly elevated in 10 untreated 
psoriasis patients and was substantially and significantly 
reduced to near normal in 10 patients using a topical cur-
cumin (as a 1% gel preparation).247 A small uncontrolled trial 
in 12 patients with psoriasis given oral curcuminoids (4.5 g/
day) for 12 weeks found that two of the eight patients who 
completed the trial had responded to treatment.248 A larger 
placebo-controlled trial is necessary, as suggested by the 
authors.

A US dermatologist described the outcomes of a number 
of cases treated with topical curcumin as the same gel prep-
aration referred to above.249 A resolution rate of 70% was 
observed in 647 consecutive psoriasis patients treated with 
topical curcumin, in a protocol that also included topical ster-
oids, avoidance of precipitating factors (not specified) and 
treatment of infections. A higher concentration of curcumin 
used as the sole therapeutic agent prevented or decreased scar 
tissue formation following surgery in another 220 patients. 

Other case observations with the curcumin gel included 
reduced inflammation and scarring from burns and scalds, 
together with accelerated healing and an improvement in the 
texture of photodamaged skin (after a minimum of 3 to 6 
months of application). Topical curcumin was also observed to 
be clinically effective in decreasing solar-induced erythema in 
photosensitivity and rosacea, and in improving solar-induced 
telangiectasia. In photodamaged skin with actinic keratoses 
and solar lentigenes, curcumin gel was observed to induce 
repair of these lesions.

A paste consisting of turmeric and neem (Azadirachta 
indica) was used for the treatment of scabies in 814 patients. 
It resulted in cure in 97% within 3 to 15 days of treatment. 
No toxic or adverse reactions were observed.250

Other conditions
The efficacy of a product containing 480 mg curcumin and 
20 mg quercetin per capsule was investigated in 43 dialysis-
dependent kidney transplant recipients.251 Patients were 
randomised into three groups: low dose (one capsule/day), 
high dose (two capsules/day) and placebo, and treated for 
1 month immediately after transplant surgery. Early graft 
function appeared to be higher in the high dose group (as 
evidenced by lower serum creatinine levels). Acute rejec-
tion after 6 months was zero in the high dose group, com-
pared with 14.3% in both the low dose and placebo groups. 
Neurotoxicity (as assessed by tremor) was also lowest in the 
high-dose group.

Ingestion of 6 g of turmeric powder had no significant 
impact on glucose levels during a standard 75 g oral glucose 
tolerance test, as assessed in 14 healthy volunteers in a pla-
cebo-controlled, crossover trial.252 However, insulin levels 
were significantly higher (p<0.02 at 120 min).

A combination of turmeric and Tinospora cordifolia (each 
at a dose equivalent to 6 g/day from a combination of pow-
der and extract) for 6 months significantly reduced hepa-
totoxicity (p<0.0001) in an open label, controlled study of 
508 patients receiving extended anti-tubercular drug cocktail 
medication.253

Twenty-six men and women (average age of 68 years) 
with monoclonal gammopathy of undefined significance 
(MGUS) received curcuminoids (4 g/day) for 6 months in 
a single blind, placebo-controlled, crossover clinical trial.254 
Patients with a baseline serum paraprotein level of <20 g/L 
did not show a response to curcumin. Before crossover, five of  
10 patients with serum paraprotein >20 g/L experienced 
a 12% to 30% decrease in response to curcuminoids. This 
decrease remained stable in most patients until they were 
crossed over to placebo, of which point two showed a 
rebound. There also may have been a decrease in bone resorp-
tion in some participants receiving curcuminoids (MGUS is 
associated with increased risk of fracture). The authors sug-
gested that, due to the risk of MGUS progressing to multiple 
myeloma, these promising results warrant further investiga-
tion. However, a subsequent letter suggested that immu-
nosuppression is a risk factor for MGUS progression; hence 
caution should be exercised with the use of turmeric or cur-
cumin in this condition.255
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Toxicology and other safety data

Toxicology
The following LD50 data have been recorded for various frac-
tions of turmeric, indicating low toxicity:

Substance Route, model LD50 Reference

Turmeric petroleum 
ether extract

Oral, rats 12.2 g/kg 30

Turmeric oleoresin Oral, mice and rats >10 g/kg 256

Turmeric oil Oral, rats >5 g/kg 257

Turmeric essential oil Dermal, rabbits >5 g/kg 257

In acute toxicity studies, no toxic effects were observed 
when either turmeric powder (2.5 g/kg and 30% of diet), 
an ethanol extract (0.3 to 3 g/kg) or curcumin (1 to 5 g/
kg) was orally administered to mice, rats, guinea pigs and 
monkeys.10,17,184,258,259

No toxic effects were observed in chronic oral toxic-
ity studies of turmeric powder (0.1 to 10% of diet and 
500 mg/kg/day) for up to 52 weeks; a hydroalcoholic extract 
(4 mg/kg/day) for 4 weeks; a petroleum ether extract (1 
and 2 g/kg) for 4 weeks; and curcumin (0.1 to 2% of diet; 
400 to 800 mg/kg) for 8 to 13 weeks, in mice, rats and 
monkeys.10,30,51,256,260,261

Reduced weight gain due to decreased food intake was 
observed in rats fed turmeric powder (10% of diet) for  
8 weeks. This effect was not found in the groups fed lower 
concentrations and was attributed to a change in the taste of 
the food.260 However, reduced weight gain without an appar-
ent reduction in food intake, together with hair loss, were 
observed in another study involving rats fed the same dietary 
concentration of turmeric for 4 to 7 weeks.262

Turmeric extract (0.05% to 0.25% of diet) and turmeric 
powder (0.2% to 5% of diet) caused some cases of hepato-
toxicity when fed to mice for 14 days or longer.263,264 The 
mouse is probably a susceptible species for turmeric-induced 
toxicity. Guinea pigs fed turmeric (500 mg/kg/day) or its 
alcohol extract (70 mg/kg/day) for 90 days showed no sig-
nificant changes from controls, apart from reduced liver 
weight.10

Oral administration of a concentrated ethanolic extract 
of turmeric (100 mg/kg/day) for 90 days to mice signifi-
cantly increased sperm motility, heart, lung and caudae 
epidiymis weights, and significantly decreased red and white 
blood cell levels. No spermatotoxic effects were observed.259 
Subcutaneous injection of an alcohol extract (0.1 mL/day) 
to immature male rats for 10 days resulted in a significant 
decrease in testis weight and testosterone concentration.265

Administration of turmeric (4 g/kg) and curcumin (0.4 g/
kg) for 14 to 21 days to lactating mice significantly elevated 
cytochrome b5 and P450 levels in mothers and pups.172

Curcumin increased the formation of stomach ulcers in 
rats at a dose of 100 mg/kg, but not at 50 mg/kg, after oral 
administration for 6 days.26 Lower doses of curcumin and tur-
meric have been shown to protect against ulceration.27,107 The 
ulcerogenic effect was attributed to the reduced mucin secre-
tion that also occurred at the higher dosage.26

Thyroid enlargement, pericholangitis and epithelial changes 
in the kidney and bladder were observed in pigs fed tur-
meric oleoresin (296 and 1551 mg/kg/day) for 102 to 109 
days. Reduced weight gain due to decreased food intake was 
observed only in the higher dose group.266 Turmeric oleoresin 
consists mainly of curcuminoids and essential oil.

Turmeric oil (1.8 and 3 mL/day for 1 and 2 months, respec-
tively) was without toxic effects in nine healthy volunteers, 
apart from one allergic reaction.267 Phase I dose-escalation 
studies of curcuminoids indicated that single high oral doses 
(up to 12 g/day) were well tolerated.213 (See also the Clinical 
trials section for further information on the safety of high oral 
doses of curcuminoids.)

Undiluted turmeric oil was slightly irritating to rabbit skin 
after topical application, but was not irritating or photosen-
sitising in hairless mice. Turmeric essential oil (4% in petro-
leum) was not irritating to the skin or sensitising in human 
volunteers.257

A turmeric ethanolic extract and curcumin demonstrated 
cytotoxic effects after direct contact with mammalian cells in 
vitro, including chromosomal separation and breakage, mitotic 
arrest and growth inhibition.143,144,268,269 A turmeric metha-
nolic extract demonstrated chromosomal damage in vivo in 
mice after intraperitoneal administration at a dose of approxi-
mately 6 g/kg of turmeric.270 However, turmeric powder, the 
ethanolic extract, oleoresin and curcumin were not mutagenic 
in vitro in the Ames test.271,272 Turmeric powder (0.5% of the 
diet and 1.25 to 5 g/kg) and curcumin (0.015% of the diet) 
were not mutagenic in vivo after oral administration.10,260,273 
Absence of mutagenicity in vitro was also reported for a tur-
meric ethanolic extract, following activation with caecal micro-
organisms.274 A turmeric ethanolic extract exhibited mutagenic 
activity in the Ames test in one study,275 but not in another.271

Contraindications
According to the Commission E, turmeric is contraindicated 
in biliary tract obstruction and should be used only after seek-
ing professional advice if gallstones are present.276 Allergic 
reactions are possible, but are considered to be rare.

Special warnings and precautions
High doses greater than 15 g/day should not be prescribed 
long-term or concomitantly with antiplatelet or anticoagulant 
medication.277 Care should be exercised with women wish-
ing to conceive and patients complaining of hair loss. Turmeric 
has traditional use as a topical depilatory3,265 and hair loss has 
been reported in feeding experiments with rats.262 However, 
the relevance of this research to human use is uncertain.

Patients applying topical doses of turmeric or curcumin 
should not be exposed to excessive sunlight, as curcumin has 
demonstrated phototoxic effects in vitro.
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Interactions
High doses (greater than 15 g/day) of turmeric should not be 
prescribed concomitantly with antiplatelet or anticoagulant 
medication. Antiplatelet activity has been demonstrated for 
in vitro and in vivo studies (mainly with curcumin) suggesting 
turmeric may potentiate the effects of these medications.

A 2010 review of potential herb-drug interactions for 
turmeric or curcumin noted that the data were mainly 
from experimental models.278 Using the in vitro Caco-2 
cell model of the intestinal lining in conjunction with probe 
drugs, it has been observed that curcumin can inhibit P-gp 
activity and reduce CYP3A4 activity. Inhibition of P-gp and 
CYP3A4 by curcumin has also been observed in rats, along 
with inhibition of the enterocytic phase II enzyme UDP-
glucuronosyltransferases in mice.

An investigation in rabbits using the quinolone antibi-
otic norfloxacin found that curcumin (60 mg/kg/day, oral for  
3 days) increased the bioavailability of the drug.279

A randomised, open label trial in 12 healthy volunteers 
found that a 6-day treatment with curcumin (300 mg/day) 
significantly reduced the bioavailability of a single 50 mg dose 
of the P-gp substrate talinol.280 The authors suggested that 
other mechanisms might have been at play, since any P-gp 
inhibition by curcumin should have increased the bioavailabil-
ity of talinol.

A randomised, crossover study involving healthy Thai 
women found that cayenne (Capsicum annuum) inhibited 
iron absorption from a rice-based meal containing vegetables 
and iron-fortified fish sauce.281 Despite its higher polyphe-
nol content, addition of turmeric (0.5 g dry powder contain-
ing 50 mg of polyphenols) to the test meal did not inhibit iron 
absorption.

A study using the probe drug caffeine in 16 healthy men 
found that curcumin (1000 mg/day for 14 days) significantly 
reduced CYP1A2 by 28.6% (p<0.0001), while CYP2A6 was 
increased by 48.9% (p<0.0001).282

(See also Appendix C for a summary of recommendations 
regarding the potential herb-drug interactions for turmeric 
that are deemed to be clinically relevant.)

Use in pregnancy and lactation
Category A - no proven increase in the frequency of mal-
formation or other harmful effects on the fetus despite 
consumption by a large number of women as an item of 
diet. Turmeric decoction is traditionally used in Ayurvedic 
medicine to treat vomiting of pregnancy.1 In the traditional 
medicine of Indonesia283 and Fiji,284 turmeric is given at 
parturition.

Oral administration of high doses of turmeric extract 
(100 mg/kg/day and 200 mg/kg/day) did not exhibit signifi-
cant anovulatory activity in rabbits, but oral administration 
of the same doses to mice during the first week of pregnancy 
reduced the number of implantations and number of pups 
delivered at term. No teratogenic effects were observed.285 
However, when turmeric (0.5% of diet) or curcumin (0.015% 
of diet) were fed to mice for 12 weeks, there were no signifi-
cant effects on the pregnancy rate, number of live and dead 

embryos and number of implantations.10,259 Similarly, no 
reproductive toxicity or teratogenic effects were observed in 
rats fed turmeric (50 mg/kg/day) for 52 weeks255 or rats and 
rabbits fed curcumin (600 mg/kg/day and 1600 mg/kg/day) 
from days 6 to 15 post-coitus.10

Oral administration of very high doses (15 g/kg) of Curcuma 
spp. used in TCM (C. aromatica, C. zedoaria or C. wenyujin) 
prevented implantation or led to abortion in mice.286 Similar 
antifertility effects were demonstrated with the essential oil 
administered by intraperitoneal, subcutaneous or intravagi-
nal routes in mice and rabbits.287 It is uncertain whether this 
research has any relevance to women wishing to conceive.

Turmeric rhizome decoction and extract had a stimulant 
effect on isolated uteri of mice and guinea pigs and on uterine 
fistulae of rabbits.288

Turmeric is compatible with breastfeeding, and in Fijian 
traditional medicine turmeric is taken by new mothers to pro-
mote lactation.284

Effects on ability to drive and use 
machines
No adverse effect expected.

Side effects
Turmeric at 10% of diet caused some hair loss in rats and may 
have this effect in humans.261 Two cases of allergic contact 
dermatitis (due to curcumin in one case289 and occupational 
use of turmeric in the other264) have been reported. A 2001 
review of the literature concluded that allergic reactions to 
turmeric are rare.290

Generally turmeric and curcumin have been well toler-
ated in clinical trials after oral and topical administration. One 
incident of localised itchiness was reported in a trial following 
topical application.217 Frequent bowel movements and mild 
gastric discomfort may occur in individual patients,4 espe-
cially at the high curcumin doses used in recent clinical trials. 
Eleven healthy volunteers ingested cinnamon bark followed 
by turmeric rhizome, each for 4 weeks and providing 55 mg/
day oxalate.291 Compared with cinnamon and the control 
group, the consumption of turmeric significantly increased 
urinary oxalate levels and may adversely impact on kidney 
stone risk.

Overdosage
No incidents found in the published literature.

Safety in children
No information available but adverse effects are not expected.

Regulatory status in selected 
countries

Turmeric is official in the Pharmacopoeia of the People’s 
Republic of China (English Edition, 1997). It was official in 
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the second edition of the Indian Pharmacopoeia (1966) but 
was not included in the third edition (1985).

Turmeric is covered by a positive Commission E monograph 
and can be used for the treatment of dyspeptic conditions.

Turmeric is not on the UK General Sale List.
Turmeric and turmeric oleoresin have GRAS status. It 

is also freely available as a ‘dietary supplement’ in the USA 

under DSHEA legislation (1994 Dietary Supplement Health 
and Education Act).

Turmeric is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Valerian

(Valeriana officinalis L.)

oil of valerian was a popular remedy for cholera.1,2 Paradoxical 
characteristics of valerian include its reputation as a stimulant 
and tonic in early European tradition, with use in depression 
and low-grade, unresolved, feverish conditions, and the North 
American Eclectic use as a cerebral stimulant in chorea, hys-
teria (with mental depression, despondency) and low forms 
of fever where a nervous stimulant was required. (The activity 
here was suggested as aiding cerebral circulation.) In contrast, 
it was also employed to relieve irritability, nervous headache 
and pain, and favour rest and sleep.3

Both V. officinalis and V. wallichii have been utilised in 
Ayurvedic traditional medicine for hysteria, neurosis and epi-
lepsy. Indian valerian was also regarded as a carminative and 
spasmolytic.4

Reference has also been made to extensive use of valerian 
to treat shell shock after World War I.

Summary actions

Anxiolytic, mild sedative, hypnotic, spasmolytic.

Can be used for

Indications supported by clinical 
trials
Subjective difficulties with sleep, restlessness, nervous tension; 
may be useful for the treatment of depression or anxiety, espe-
cially in combination with other herbs, in particular Hypericum 
perforatum.

Traditional therapeutic uses
To promote sleep and as an anxiolytic for nervous unrest, 
stress, neuralgia, shell shock; epilepsy; as a tonic remedy in 
convalescing from illness; to relieve digestive and other spasms 
of smooth muscle.

May also be used for

Extrapolations from pharmacological 
studies
Alleviation of the symptoms of benzodiazepine withdrawal.

Preparations

Root/rhizome as a decoction; liquid extract, tincture, capsules 
and tablets for internal use.

Synonyms

European valerian, all heal (Engl), Valerianae radix (Lat), 
Baldrianwurzel, Katzenwurzel, Balderbrackenwurzel (Ger), 
racine de valériane (Fr), valeriana, amantilla (Ital), baldrion 
(Dan).

What is it?

Species of Valeriana have enjoyed a long history of use in 
many herbal traditions as mild sedatives. Scientific studies 
have verified anxiolytic and hypnotic effects, but the exact 
biochemical mechanisms and active components are not 
completely understood. Although the root and rhizome of 
Valeriana officinalis L. is favoured by the European tradition, 
research has demonstrated that other species of Valeriana are 
also active; in particular, Mexican valerian (Valeriana edulis 
Nutt. ex Torr & Gray, or V. mexicana DC) is rich in active 
constituents. Indian valerian (V. wallichii DC or V. jatamansi 
Jones) is also used in herbal medicine. Japanese valerian  
(V. fauriei Briq.) is substantially different from all of these 
species and will not be considered here. Surprisingly, valerian 
and its oil have also been utilised in perfumery (valerian root 
has a strong and characteristic odour).

Effects

Improves subjective sleep quality, lowers periods of wake-
fulness, increases slow-wave sleep (consolidates non-REM 
sleep); reduces anxiety; relaxes smooth muscle.

Traditional view

Valerian has been an important in traditional medicine since 
the time of Dioscorides and Galen, where it was seen to have 
‘warming’ or metabolic stimulating features. Its main applica-
tions in Graeco-Roman times were as a diuretic, carminative, 
menstrual stimulant and expectorant, and it was only briefly 
referred to as having any hypnotic action. It was also applied 
topically for cleansing and healing wounds and infections. After 
this time, valerian was seen as valuable for certain kinds of 
epilepsy with a reputation for an influence on the cerebrospi-
nal system, in particular as a sedative in conditions of nervous 
unrest, stress and neuralgia. It has been employed as a seda-
tive and spasmolytic in Europe since the sixteenth century and 
was officially recognised as such in the nineteenth and early 
twentieth centuries in North America and across much of the 
world. Valerian was used to promote sleep, particularly by the 
civilian population in Britain during World War II. In Europe, 
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Dosage

l	 3 to 9 g/day dried root/rhizome
l	 2 to 6 mL/day of 1:2 liquid extract, 5 to 15 mL/day of  

1:5 tincture or equivalent solid doses.

The Commission E recommends that valerian root can be 
used for external application (for example as a bath additive), 
probably as a sedative and to promote sleep.

Duration of use

May be used long term.

Summary assessment of safety

No adverse effects from ingestion of valerian are expected 
when consumed within the recommended dosage range.

Technical data

Botany
Valeriana officinalis, a member of the Valerianaceae family, 
is a herbaceous plant growing to about 1 m. Valeriana offici-
nalis is a collective term and includes subspecies and varie-
ties. Polypoidy occurs in the species, ranging from diploid to 
octoploid types. The leaves are opposite, pinnate and mostly 
sessile, although the basal ones are petiolate and the leaflets 
are sometimes irregularly toothed. The flowers are hermaph-
rodite, arranged in a terminal cymose inflorescence with a 

many-toothed calyx and a pink, five-lobed corolla. The fruit 
is one-seeded with a leathery persistent calyx. It has a short, 
unbranched rhizome, rarely with stolons and rootlets with 
hollow centres.5–7

Key constituents
The European Pharmacopoeia defines valerian root as from 
Valeriana officinalis (European valerian) and containing not 
less than 5 mL/kg of essential oil.8 The root and rhizome typi-
cally contain:

l	 Iridoids (0.5% to 2%), known as valepotriates (valeriana 
epoxy-triesters) including valtrate, isovaltrate, didrovaltrate 
and acevaltrate9,10

l	 Essential oil (0.35% to 1%), containing monoterpenes 
(mainly borneol, bornyl acetate), sesquiterpenes  
(beta-bisabolene, valerenal (fresh root)) and carboxylic 
compounds (esters of valerianic/isovaleric acid)9

l	 Non-volatile cyclopentane sesquiterpenes known as 
valerenic acid and its derivatives;9 flavonoids, amino 
acids,11 lignans,12 low levels of GABA.13 (See also under 
Sedative and anxiolytic activity.)

Valeriana edulis (Mexican valerian) contains 3% to 8% iri-
doids (and a larger valtrate/isovaltrate content); Valeriana wal-
lichii (Indian valerian) contains 3% to 6% iridoids.9 Valerenic 
acid and acetoxyvalerenic acid are unique to V. officinalis.14 
Studies in The Netherlands indicate there is seasonal variation 
in the content of these compounds in valerian roots.15

Valepotriates are unstable compounds: they are thermola-
bile and decompose rapidly under acid or alkaline conditions 
or in alcoholic solutions to form baldrinals.16 These baldrinals, 
which can also form in dried valerian root or its extracts, can 
further decompose into inactive products. The characteristic 
odour of dried valerian is due to the isovaleric acid released by 
decomposing valepotriates.17
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Pharmacodynamics
Some valepotriates have shown pronounced cytotoxicity in 
vitro18 and this has caused concern in the past over the safety 
of valerian. However, subsequent research has indicated that 
the valepotriates are not cytotoxic when given orally; the 
unstable valepotriates do not survive the acidity of the stom-
ach and form safe decomposition products.19

Sedative and anxiolytic activity
Valeriana officinalis contains several groups of compounds 
that demonstrate sedative activity. While much of the early 
research concentrated on the effects of the essential oil,20,21 
it was later proposed that this makes only a minor contribu-
tion to overall activity.22 In fact, research as early as the 1950s 
demonstrated the essential oil was not primarily responsible 
for valerian’s sedative activity.23 More recently, however, vale-
rian ‘odorant’ was shown to significantly prolong phenobar-
bital-induced sleeping time in rats that could smell (though 
not in anosmic ones). On EEG, significant shortening in sleep 
latency and prolongation of total sleep time were observed 
with valerian inhalation.24 (The potential soporific effects of 
valerian odour increase the problems of double blinding in 
clinical trials, as is noted below. In some recent cases placebo 
capsules have been given a valerian odour to improve blinding: 
the above finding casts doubt on this strategy.)

Initial disappointment with the effects of the essential oil 
led to the search for other compounds, with the valepotri-
ates being discovered about 10 years later.25 Attention next 
focused on these17 and then their decomposition products.26 
Subsequent investigations gave priority to valerenic acid and 
its derivatives as important sedative components that were 
unique to European valerian.14 Being quite water soluble, 
these compounds could explain the activity of the aqueous 
extract of valerian noted in clinical trials.

More recently, several flavonoids that demonstrate CNS 
sedative activity have been identified in V. officinalis and  
V. walichii.27 Specifically, the flavonoids 6-methylapigenin 
(an anxiolytic that binds to benzodiazepine binding sites),28 
hesperidin and linarin (which synergistically have significant 
sedative and sleep-enhancing effects)29 have been isolated 
from V. officinalis.30 However, these pharmacological findings 
were demonstrated in rats and mice after ip injection, cast-
ing some doubt on their relevance to the oral use of valerian, 
since flavonoid glycosides are typically not greatly absorbed as 
such (see Chapter 2). Furthermore, the 6-methylapigenin was 
found only at very low levels in the herb (60 µg/g).

When the valepotriates were compared with chlorproma-
zine (an antipsychotic drug), it was shown that their sedative 
effect was weaker but, unlike chlorpromazine, they actually 
improved coordination: while tests of the valepotriates on 
cats showed no decrease in reactivity, there were decreases in 
anxiety and aggression.31 Diazepam increased the toxicity of 
alcohol, but no such effect occurred with valepotriates.32

Intraperitoneal administration of valerenic acid (50 to 
100 mg/kg) demonstrated non-specific central depressant 
properties in tests conducted on mice and compared with 
diazepam, chlorpromazine and pentobarbital. A decrease in 
motility and prolongation of pentobarbital-induced sleeping 

time were observed. Other isolated sesquiterpenoid com-
pounds such as valerenolic acid and valeranone did not cause 
impairment of performance. The activity resembled central 
nervous depression, rather than muscle relaxation or a neuro-
leptic effect.21

A study found that valepotriates (12 mg/kg, ip) reversed 
the anxiogenic effect of acute diazepam withdrawal in 
dependent rats, whereas 6 mg/kg failed to reverse these symp-
toms.33 Later studies of an aqueous valerian extract revealed 
pronounced sedative effects in mice (10, 20 and 200 mg/kg, 
oral, of a 5:1 to 6:1 extract), as demonstrated by reduced 
motility and increased sleeping time. However, a direct com-
parison with diazepam and chlorpromazine revealed only a 
relatively moderate sedative activity for valerian.34

A study comparing four different valerian extracts in mice 
and rats found that none displayed sedative or myorelaxant 
effects up to oral doses of 1000 mg/kg.35 In contrast, results 
obtained in the elevated plus maze test revealed a pronounced 
anxiolytic effect for the 45% methanolic and 35% ethanolic 
extracts, but not the 70% ethanolic extract (100 to 500 mg/kg 
for all extracts, oral). A refined 35% ethanolic extract also 
demonstrated antidepressant activity.

Valerian (as a 50% ethanolic extract equivalent to 100 mg/kg  
herb, ip) and valerenic acid (3 mg/kg, ip) demonstrated potent 
anxiolytic activity in rats in the elevated plus maze test.13 
The activity was comparable to diazepam (1 mg/kg, ip). The 
authors suggested that valerenic acid was the primary anxio-
lytic component in valerian.

The sedative effects of the valepotriates in humans were 
demonstrated in German clinical research conducted in the 
late 1960s.36,37 A more recent example follows.

A randomised, double blind, placebo-controlled study exam-
ined the effects of valepotriates (300 mg/day; 80% didroval-
trate, 15% valtrate, 5% acevaltrate) or placebo on poor sleepers 
with a benzodiazepine dependency. Compared with normal 
sleepers and those taking placebo, participants in the vale-
rian group showed significantly higher sleep latency (p<0.05). 
However, valerian users were also found to have improved 
slow-wave sleep and deep sleep, and decreased stage 2 non-
REM sleep. Stages 3 and 4 non-REM sleep were similar in all 
groups. During the second week of the trial, sleep was rated 
better by those taking valerian than by those taking placebo.38

Interaction with neurological receptors
Research on agents with sedative or anxiolytic activity often 
explores potential interactions with receptors that can medi-
ate such effects. Much of this information regarding valerian 
or its components is presented below. Conflicting results 
are apparent and any interpretation or extrapolation of this 
largely in vitro work needs to be conducted with caution 
because of the many uncertainties involved.

Both valerian and valerenic acid bind to GABA-A recep-
tors in vitro,39 specifically the beta-3 GABA-A receptor.40 
Valerenic acid is an allosteric modulator of this receptor,41 
potentiating the effects of GABA at lower concentrations in 
vitro and inhibiting them at higher concentrations.42 Valerian 
extract also stimulated glutamic acid decarboxylase activity 
in vitro.43 An aqueous extract of valerian induced the release 
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of radiolabelled GABA in rat brain synaptosomes. The release 
was Na+ dependent, Ca2+ independent and sensitive to certain 
transport inhibitors, suggesting reversal of the GABA carrier. 
The increase in GABA release appears to be independent of 
Na+,K+-ATPase activity and membrane potential. Further 
in vitro work showed that the amount of GABA present in 
aqueous extracts of valerian is sufficient to account for this 
release from synaptosomes, since valerian extract increased 
the release of radiolabelled GABA by the same mechanism as 
exogenous GABA.44 A comparison of three different valerian 
extracts on the release of GABA in rat brain synaptosomes 
in vitro found the aqueous and aqueous-alcoholic extracts 
stimulated release, but the pure ethanolic extract did not. 
GABA was absent from the ethanol extract and present in the 
others.45

In an early study, a hydroalcoholic extract of valerian (but 
not the aqueous extract) demonstrated a dose-dependent 
inhibition of binding to adenosine receptors, indicating a seda-
tive effect.46 In a more recent study, polar extracts of valerian 
appear to bind to adenosine A1 receptors, while non-polar 
extracts rich in isovaltrate have been shown to act as antago-
nists or inverse agonists at the same site47 (this might be 
compatible with the preference for water-based extracts in 
traditional use). In vitro studies suggest that activation of A1 
and GABA-A receptors is mediated by different components 
of valerian; the two mechanisms may contribute independently 
to valerian’s sleep-inducing effect.48 A lignan isolated from 
valerian bound the human A1 adenosine receptor in micro-
molar and submicromolar concentrations,49 activity that is 
supported by the finding that a proprietary valerian extract acts 
as an A1 receptor agonist in a concentration-dependent manner 
in vitro,50 and a valerian-hops extract acted as an A1 receptor 
agonist in rats.51 Both valerian and valerenic acid appear to be 
partial agonists of 5-HT5A receptor in vitro.52

Using an in vitro cell culture model of the blood-brain bar-
rier, valerenic acid and its derivatives did not exhibit signifi-
cant transport by passive diffusion, instead probably relying on 
an unknown and relatively slow transport system.53 Hence, as 
noted above, in vitro receptor studies need to be interpreted 
with caution.

Other activity
Valerian extract was found to have neuroprotective activity in 
vitro against the toxicity of amyloid beta peptide; this activ-
ity may be mediated by signalling pathways involving Ca2+.54 
Neuroprotective activity of valerian has also been demon-
strated against common neurotoxic agents in vitro55 and for an 
in vitro model of Parkinson’s disease.56

Orally administered ethanolic and aqueous extracts of 
valerian (50, 100 and 200 mg/kg) to guinea pigs demonstrated 
antihypertensive, coronary spasmolytic and bronchospas-
molytic activities, similar to those exhibited by the calcium-
channel blocker nifedipine.57 Direct spasmolytic activity has 
been demonstrated in vitro on isolated human non-pregnant 
uterine muscle.58

Intraperitoneal administration of valerian root extract or 
valerenic acid demonstrated anticonvulsant activity in mice 
against picrotoxin (but not pentetrazol and harman) with an 

ED50 of between 4.5 and 6 mg/kg.59 The aqueous extract of 
valerian (500 mg/kg, ip) demonstrated anticonvulsant activ-
ity in a rat model of temporal lobe epilepsy.60 This effect was 
thought to be partially mediated through the activation of the 
adenosine system.

Pharmacokinetics
Following incubation of valerian with freshly prepared rat 
hepatocytes, analysis revealed considerable metabolism 
of sesquiterpenes and iridoids through O-deacetylation. 
Acetoxyvalerenic acid decreased 9-fold, while hydroxy-
valerenic acid increased 9-fold. Valerenic acid did not 
appear to change appreciably. The valepotriates didroval-
trate, isovaltrate and valtrate decreased 2-, 18- and 16-fold, 
respectively.61 The main decomposition products of val-
trate and isovaltrate included the metabolites baldrinal and 
homobaldrinal, whereas the decomposition products of 
dihydrovaltrate did not.62 Human digestion has the same 
decomposing effect on these key constituents. This is not an 
inherent problem, since the initial decomposition products of 
valepotriates are active as sedatives.26 Oral, intravenous and 
intraduodenal administration of radiolabelled didrovaltrate in 
mice demonstrated that it is only absorbed in the unchanged 
form to a small extent.63

After administration of valerenic acid to rats, the hepatic 
formation of seven valerenic acid glucuronides was observed, 
which were excreted into bile.64

Six healthy adults (aged 22 to 61 years, five men and one 
woman) received a single 600 mg dose of valerian extract 
(about 2.7 g of dried root) at 8 a.m. Blood samples were col-
lected for 8 h after administration.65 The maximum serum 
concentration (Cmax) of valerenic acid for five of the six 
volunteers occurred after 1 to 2 h and ranged from 0.9 to 
2.3 ng/mL. Valerenic acid serum concentrations were meas-
urable for at least 5 h after the valerian dose. One partici-
pant showed a peak plasma value at 1 h and a second peak 
at 5 h. The elimination half-life for valerenic acid was about 
1.1 h. The area under the concentration time curve (AUC), 
as a measure of valerenic acid exposure, was variable and not 
correlated with age or weight. Assuming that valerenic acid 
serum concentrations correlate with the pharmacological 
activity of valerian, the timing of the valerenic acid peak con-
centration is consistent with the standard recommendation 
to take valerian 30 min to 2 h before bed.

Further work has been published by the same research 
group. The pharmacokinetics of valerenic acid was deter-
mined in a group of 16 elderly women after receiving a single 
nightly valerian dose (300 mg of extract) and after 2 weeks of 
valerian dosing.66 There was not a statistically significant dif-
ference in Cmax, time to maximum concentration (Tmax), 
AUC, elimination half-life (t1/2) and oral clearance after a 
single dose compared with multiple dosing. There was con-
siderable inter- and intra-subject variability in the pharma-
cokinetic parameters. Cmax and AUC decreased and t1/2 
increased with increased body weight. The authors suggested 
that the large variability in the pharmacokinetics of valerenic 
acid may contribute to inconsistencies in the effect of valerian 
as a sleep aid.
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Clinical trials

Sleep quality
The consensus view that valerian is an effective treatment for 
sleep problems has been questioned by recent reviews of the 
clinical trial data. In a 2006 systematic review, the authors 
found 370 articles and listed 16 that met their inclusion  
criteria.67 They concluded that valerian may improve sleep 
quality, but the methodological problems even in the included 
studies limited the ability to draw firm conclusions. In a 2007 
review supported by the US National Institutes of Health 
(selecting 36 studies, including 17 in German) the conclu-
sions were less positive, and the authors found no convinc-
ing evidence of efficacy in sleep. They added concerns about 
the poor quality of published studies, including the failure to 
account for the distinctive aroma of valerian root in design-
ing double blind studies and the use of non-robust outcomes. 
They noted also that none of the most recent studies, which 
were also the most methodologically rigorous, found signifi-
cant effects of valerian on sleep.68

A 2010 systematic review and meta-analysis again found 
methodological shortcomings in some of the 18 included 
studies and concluded that, although studies choosing quali-
tative dichotomic outcomes (for example, was sleep quality 
improved or not?) tended to be positive, suggesting that vale-
rian could be effective for subjective improvement of insom-
nia, its efficacy has not been established by quantitative or 
objective measurements.69 In contrast, the assessment report 
on Valeriana officinalis from the Committee on Herbal 
Medicinal Products (HMPC) of the European Medicines 
Agency concluded that: ‘…the evidence available from lit-
erature and from clinical trials with valerian root extracts in 
adults confirms that aqueous-ethanolic extracts of valerian 
root have a clinical effect in sleep disturbances as assessed 
by subjective ratings as well as by means of validated psycho-
metric scales and EEG recordings… There is quite strong evi-
dence from both clinical experience and sleep EEG studies 
that the treatment effect increases during treatment over sev-
eral weeks’.70

Whilst objective measurements provide valuable informa-
tion, it has been argued that from the user’s point of view 
subjective experience may be a more realistic assessment of 
sleep quality.71 If so, this needs to be more clearly articulated 
in claims for the remedy. The following examples of clini-
cal trials are among the highly rated studies featuring in the 
reviews cited above.

In Leathwood and Chauffard’s classic valerian research 
from Switzerland in the 1980s, 128 volunteers tested three 
sets of tablets over three non-consecutive nights: freeze-
dried aqueous valerian extract (400 mg, approximately 3:1), 
a proprietary preparation containing an equivalent amount 
of valerian extract and a hops extract (200 mg, extract ratio 
unknown), and placebo. The valerian extract did not contain 
valepotriates or essential oil, but presumably contained valepo-
triate decomposition products and valerenic acid derivatives. 
Based on a subjective assessment by patients, the research-
ers found that valerian shortened sleep latency (p<0.05) and 
improved sleep quality, without increasing sleepiness the next 

morning, compared with placebo. Further analysis of results 
indicated that the group of volunteers who rated themselves 
as good sleepers were largely unaffected by valerian, but the 
poor or irregular sleepers reported a significant improvement 
(p<0.05). Interestingly, valerian did not increase the frequency 
of ‘more sleepy than usual (the next morning)’ responses.71–73

Leathwood and Chauffard also conducted a double blind, 
placebo-controlled study on eight poor sleepers, in this case 
combining an objective measurement of sleep latency with 
subjective assessment. Dried aqueous valerian extract cor-
responding to 1.3 g of root taken 1 h before retiring reduced 
sleep latency (as the average time taken to fall asleep) from 
15.8 to 9 min. Participants also reported significant improve-
ments in sleep quality and depth, without increased sleepiness 
the next morning. The authors commented that results for 
valerian compared favourably with those from studies of con-
ventional sleeping agents. Higher doses of valerian 1 h before 
retiring were not as beneficial as the 1.3 g dose.74

In a later trial by other researchers, the efficacy and toler-
ability of a valerian tablet were evaluated against placebo in 
the treatment of insomnia. This randomised, double blind 
study was conducted on 121 patients diagnosed with insomnia 
not due to organic causes. Patients were studied over 4 weeks 
and the daily dosage of aqueous-ethanolic valerian extract was 
600 mg (equivalent to about 2400 mg of dried root and rhi-
zome), taken in the evening. Clinicians rated sleep improve-
ment as higher following valerian therapy than after placebo. 
Patients also preferred valerian, and at the 28-day mark there 
was a significant improvement in the feeling of being rested 
after sleep for valerian treatment. Subjective sleep quality also 
improved significantly in the valerian group. In both the vale-
rian and the placebo groups, the rate of side effects was 3.3% 
and the drop-out rate was also 3.3%.75,76 Note that the dos-
age used was reasonably high and the paradoxical stimulation 
that valerian can induce in some patients was not observed at 
this high dose. Improvements in sleep latency time and sleep 
quality were also observed in 80 elderly patients treated with 
270 mg/day of an aqueous dried valerian extract (5:1 to 6:1) 
for 14 days.77

In a double blind, placebo-controlled, crossover study of 
the effect of V. edulis on children with IQ of less than 70 
and significant sleep problems, valerian (20 mg/kg) was found 
to reduce sleep latency and time spent awake and increase 
total sleep time and sleep quality, compared with baseline. 
No significant changes from baseline occurred with placebo. 
Valerian capsules (500 mg dried, whole, crushed root, con-
taining 5.52 mg valtrate/isovaltrate) or placebo (25 mg whole 
root valerian extract, preparation not specified) capsules were 
administered nightly before bed for 2 weeks. This study was 
small (n=5), short (2 weeks), male-only, involving a hetero-
geneous group of subjects (different disabilities and medica-
tions), and subjectively evaluated by parents.78

Several trials have measured objective parameters (espe-
cially EEG traces) EEG in volunteers or poor sleepers pro-
vided with single doses of valerian, often compared with 
placebo or conventional drugs. One such trial yielding positive 
results is reviewed below.

A small randomised, double blind, placebo-controlled, 
cross-over study was conducted in 16 patients with previously 
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established psychophysiological insomnia (ICSD code 1A1),  
confirmed by polysomnographic recording. A mix of measures 
of sleep quality was used, including regular polysomnographic 
recordings. Subjective parameters such as sleep quality, morn-
ing feeling, daytime performance, perceived duration of sleep 
latency and sleep period time were assessed by means of ques-
tionnaires. After a single dose of valerian, no effects on sleep 
structure and subjective sleep assessment were observed. After 
multiple-dose treatment, sleep efficiency showed a significant 
increase for both placebo and valerian in comparison with base-
line polysomnography. There were, however, significant differ-
ences between valerian and placebo for parameters describing 
slow-wave sleep. In comparison with the placebo, slow-wave 
sleep latency was reduced after administration of valerian 
(21.3 versus 13.5 min, respectively, p<0.05). The reported 
time in bed was increased after long-term valerian treat-
ment, compared with baseline (9.8 versus 8.1%, respectively, 
p<0.05). At the same time point, a tendency for shorter sub-
jective sleep latency, as well as a higher correlation coefficient 
between subjective and objective sleep latencies, was observed 
under valerian treatment.79

Some of the strongest papers with negative outcomes  
identified in the above reviews relate to the use of objective 
measures. Two of these trials are described below.

In a randomised, double blind, placebo-controlled, three-
way crossover study, participants took 300 or 600 mg of a 
valerian dry root extract (3:1 to 6:1, 70% ethanol) or placebo. 
Prior to the study, sleep EEG was recorded during an adap-
tation night. Sixteen sleep-disturbed participants aged 50 to 
64 years slept overnight in a sleep laboratory. EEG sleep was 
recorded for each person throughout the night, and a psycho-
metric evaluation was performed in the morning. Test periods 
were separated by a 6-day washout period. Results showed no 
significant effect between valerian 300 mg, valerian 600 mg or 
placebo on any EEG parameter or psychometric measure.80

The effect of an aqueous valerian extract on sleep quality 
was investigated in two groups of healthy, young volunteers, 
some of whom slept at home (subjective assessment) and 
the others in a sleep laboratory (objective assessment). In the 
home study, both doses of valerian extract (450 mg, 900 mg) 
reduced perceived sleep latency and wake time after sleep 
onset. A dose-dependent effect was suggested by the results. 
In the sleep laboratory where the higher dose was used, no 
significant differences from placebo were obtained. However, 
the direction of the changes corresponded to those observed 
under home conditions.81 It has been suggested that the lack 
of significant changes in the objective sleep parameters may 
have been due to the selection of participants: young people 
with normal sleep quality, rather than those with disturbed 
sleep.82

Other clinical studies have yielded some novel findings. 
A small, pilot trial investigated the effect of treatment with 
valerian on the symptom severity of restless legs syndrome 
(RLS). Over 8 weeks, 37 patients received valerian or pla-
cebo.83 The dried root of valerian (0.8 g/day) was provided 
in capsules, and contained 0.58 mg of total valerenic acids 
per capsule (1.16 mg/day). The single dose of herb or pla-
cebo was taken 60 min before bed. Patients made subjective 
assessments at baseline and at the completion of treatment. 

Patients in both the valerian and placebo groups experienced 
an improvement in sleep quality and RLS severity over the 
duration of the study. Although the valerian group showed 
a greater improvement for the majority of sleep quality and 
RLS scores, there was no statistically significant difference 
between the groups. Further analysis evaluated the efficacy of 
valerian in the subgroup of sleepy versus non-sleepy partici-
pants. ‘Sleepy’ was defined as a score of 10 or greater on the 
Epworth Sleepiness Scale. Significant differences were found 
between sleepy and non-sleepy groups in sleepiness scores 
before and after valerian treatment. A strong positive associa-
tion between changes in sleepiness and RLS symptom sever-
ity was found in the valerian group. These results suggest that 
valerian may be beneficial for people who have severe RLS 
that affects unrecovered sleep and causes excessive sleepiness 
during the day.

Residual sedative effects were examined in a controlled 
study involving 20 healthy volunteers who were assigned to 
four treatment groups and received the following medication 
as a single dose: tablets of valerian and hops, valerian syrup, 
flunitrazepam or placebo. Objectively measurable impairment 
of performance on the morning after medication occurred 
only in the flunitrazepam group. Fifty per cent of volunteers 
in the flunitrazepam group reported mild side effects, com-
pared with 10% from the other groups. Subjective perception 
of sleep quality was improved in all three medication groups 
compared with placebo. A very slight impairment of vigilance 
after taking valerian syrup was statistically significant, as was 
retardation in the processing of complex information for the 
tablets. It was suggested that these herbal treatments offer a 
viable alternative to benzodiazepines with regard to reducing 
any impairment of vigilance on the morning after ingestion.84

Combination products and sleep quality
Valerian has also been combined with other herbal extracts 
including Melissa officinalis (lemon balm), passionflower 
and hops for the treatment of sleep disorders. The combina-
tion of valerian and hops has been studied for more than 30 
years in clinical trials. For example, in an early double blind, 
placebo-controlled study, a combination of valerian extract 
(240 mg/day) and hops extract (400 mg/day) reduced noise-
induced disturbance of sleep stage patterns (slow-wave 
sleep and REM) in sleep-disturbed people, compared with 
baseline values. The authors suggested that the initial treat-
ment of severe insomnia with strong sleeping pills could be 
followed by a period of herbal use before discontinuation of 
therapy.85

A more recent study of good methodological quality 
(although small) compared a combination of valerian and hops 
extracts against the same valerian extract on its own. Using 
a double blind, placebo-controlled design, 30 patients were 
randomised to receive either 500 mg valerian extract (5.3:1, 
45% methanol) and 120 mg hops extract (6.6:1, 45% metha-
nol), 500 mg valerian extract alone or placebo as a single daily 
dose for 4 weeks.86 Only the combination was significantly 
superior to placebo in terms of reducing objectively measured 
sleep latency (the primary trial outcome) from 56.5 min at 
baseline to 12.0 min. (The authors assigned a p value of 0.10 
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or less as significant, taking into account the small number 
of patients and the individual instability of the sleep param-
eters.) Analysis of the secondary outcomes revealed statisti-
cally significant superiority for the combination over placebo 
for percentage of slow-wave sleep (stages 3 and 4) and clinical 
global impression.

A single-dose study of a valerian and hops liquid combi-
nation (fresh plant tinctures) also yielded positive results in 
a recent randomised, double blind, placebo-controlled trial 
using an EEG-derived parameter for sleep quality.87,88

The draft assessment report of the HMPC on valerian and 
hops in combination reviewed six clinical trials and concluded 
that: ‘… preclinical and clinical evidence are sufficient to sup-
port a well-established use of several fixed combinations of 
valerian root dry extract and hops dry extract to treat patients 
suffering from non-organic sleep disorders’.89

The effect of a herbal preparation (dried aqueous-ethanolic 
extracts of valerian (160 mg, no valepotriates detected; 4.5:1) 
and lemon balm (80 mg, 5.5:1)) on objective sleep parameters 
was compared with a sedative drug (triazolam) and placebo 
in 20 volunteers, including both good and poor sleepers. The 
herbal preparation induced a significant increase (p<0.05) in 
sleep efficiency in stages 3 and 4 (slow-wave sleep). It was 
apparent that poor sleepers benefited more from the treat-
ment, as indicated by the significant increase in delta sleep. 
There was no shortening of sleep latency or wake time. 
Rebound effects were not observed for either the herbal  
preparation or triazolam.90

A randomised, double blind, placebo-controlled, multicen-
tre trial investigated the use of the same herbal preparation 
in 68 ambulatory patients with light insomnia. Those in the 
test group received two tablets, each containing dried aque-
ous-ethanol extracts of valerian (160 mg, 4.5:1) and lemon 
balm (80 mg, 5.5:1) twice a day for a period of 3 weeks. In 
the treatment group, improvement in the primary test criteria 
(sleep quality, daily condition, initiative, and change in condi-
tion) occurred after 2 weeks. The valerian and lemon balm 
combination also improved accompanying indicators such as 
time to fall asleep, total duration of sleep, concentration and 
performance ability. There were no hangover, withdrawal or 
rebound phenomena in the treated group.91

The same combination of valerian and lemon balm extracts 
was found to be beneficial in the treatment of restlessness and 
dyssomnia in children less than 12 years old.92 (Dyssomnia 
is a broad category of sleep disorders characterised by either 
insomnia or hypersomnia (excessive sleepiness).) In an 
uncontrolled, multicentre, postmarketing surveillance study, 
patients were treated for at least 4 weeks with a maximum 
daily dose of four tablets. A total of 918 patients were evalu-
ated. Restlessness and dyssomnia were reduced from moder-
ate or severe to either mild or absent in most of the patients. 
The benefit was assessed as very good or good by parents 
(60.5%) and investigators (67.7%). There were no herb-
related adverse effects observed. However, since this trial 
lacked a control group its value is more in demonstrating the 
safety of the combination in children.

Twenty healthy volunteers took two tablets of a herbal com-
bination three times on the day before their sleep was evalu-
ated, or a matching placebo, in a double blind, randomised 

trial.93 The total daily dose of each herbal extract was 360 mg 
St John’s wort (Hypericum perforatum), 168 mg valerian and 
192 mg passionflower, corresponding to around 2 g, 0.9 g and 
1 g of equivalent dried herb, respectively. The herbal formu-
lation significantly improved sleep quality. This was mani-
fested as improved sleep continuity and reductions in sleep 
latency, wakefulness, the period of the first sleep cycle (espe-
cially non-REM sleep) and the REM latency. For example, 
REM latency (the time until REM sleep begins) was reduced 
from 98 to 72 min (p=0.005). These effects were compen-
sated by an increase in non-REM sleep (deep sleep) in the 
second sleep cycle. The following day a positive trend was 
observed in terms of mood and some aspects of anxiety, but 
there was no deterioration (or improvement) of cognitive  
performance from the herbal treatment.

Other conditions
The effect of valerian on activation, performance and mood 
of healthy volunteers under social stress conditions was inves-
tigated in a single-dose, double blind, placebo-controlled 
design. An undefined valerian extract (200 mg) favourably 
influenced subjective feelings of somatic arousal, despite high 
physiological activation during a call-up procedure in which 
participants were asked to solve mental arithmetic problems. 
No sedative effects were demonstrated, which suggested that 
valerian has thymoleptic activity.94

A number of clinical trials have investigated the use of a 
combination of valerian and St John’s wort for the treatment 
of depression or anxiety. Some of these trials are outlined 
below.

The combination was shown to have equivalent benefits 
to the drug amitriptyline in a randomised, controlled, double 
blind study. One hundred and forty-seven outpatients aged 
between 20 and 65 were given a daily dose of 450 to 900 mg 
of valerian and St John’s wort extracts (containing 0.45 to 
0.9 mg total hypericin) or 75 to 150 mg of amitriptyline over  
6 weeks. Benefit was observed in 82% of patients in the 
herbal group compared with 77% in the amitriptyline group. 
The total Hamilton Depression Score was reduced from  
24.2 to 8.4 after 6 weeks with herbal treatment and from 
24.3 to 8.9 after the drug. Statistical analysis showed that 
the herbal treatment was equivalent in benefit to amitrip-
tyline, but without the high frequency of side effects such 
as dry mouth and lethargy.95 In an earlier double blind trial 
involving 93 patients, this herbal combination demonstrated 
significant improvement compared to the antidepressant desip-
ramine, as assessed by physicians after 6 weeks of treatment  
(p=0.0004).96 There was also a significant improvement in 
the Physical Complaint Inventory compared with the drug 
treatment (p=0.0021).

The same combination (at a dose containing 0.3 to  
0.6 mg/day total hypericin) was also shown in another dou-
ble blind study to be significantly more effective than diaz-
epam after 2 weeks of treatment in 100 patients suffering 
from moderate anxiety. Fewer side effects were observed in 
the herbal treatment group (4%), compared with diazepam 
treatment (14%).97 A comparable reduction in symptoms 
of fear and depressive mood was observed for a valerian-St 
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John’s wort combination in comparison to amitriptyline. This 
double blind, multicentre trial treated 162 patients diag-
nosed with fear and depression.98 In a drug monitoring study 
that included 5682 patients, only 1.1% of patients reported  
side effects with the valerian-St John’s wort combination.99

A double blind, placebo-controlled, three-way crossover 
trial investigated a valerian and St John’s wort extract com-
bination and St John’s wort extract alone for their effects on 
safety-related performance in 12 volunteers tested over 10 
days. The two herbal products were shown to be comparable 
to placebo in terms of performance and well-being. The effect 
after simultaneous intake of alcohol was not greater than that 
for alcohol alone.100

Toxicology and other safety data

Toxicology
Valerian extract (extracted with ether and then 90% ethanol 
to produce a 9.5:1 concentrate) exhibited an LD50 of 3.3 g/
kg after ip injection to mice.101 The oral LD50 of the essential 
oil was 15 g/kg in mice.102 Studies involving large doses of vale-
rian extract (600 mg/kg/day; undefined extract strength, 1.5% 
valtrates) over 30 days in rats showed unremarkable adverse 
effects.103 A month of exposure to Valeriana officinalis did not 
produce any oxidative damage to the CNS in a murine model.104

No acute toxicity was found for valtrate, didrovaltrate and 
acevaltrate in mice after oral administration up to 4.6 g/kg.31 
Oral treatment of mice with doses of 500, 1000 and 2000 mg/
kg/day of valerian extract/root combination for 7 days resulted 
in increased aberrations in chromosomes in the testis, induced 
spermatozoa abnormalities and affected erythrocyte ratios 
adversely in the femur (this last finding only at the highest 
dose).105 These findings need to be repeated before any defini-
tive conclusions can be drawn about the impact of valerian on 
male fertility.

Valepotriates developed mutagenic activity only in the 
presence of S9 mix in the Salmonella/microsome test and 
the SOS chromotest. Baldrinal and homobaldrinal showed 
mutagenic effects in both tests with and without metabolic 
activation.62 The cytotoxic potential of valerian constituents 
and valerian tinctures was investigated in two human in vitro 
cancer cell lines. Valepotriates of the diene type (valtrate, 
isovaltrate, acevaltrate) demonstrated the highest toxicity. 
In comparison, valepotriates of the monoene type were 2- to 
3-fold less toxic. The decomposition products baldrinal and 
homobaldrinal were 10 to 30 times less toxic. Valerenic acids 
also showed low toxicity. A clear relationship between vale-
potriate content and in vitro toxicity was established for fresh 
tinctures (V. officinalis, V. edulis subsp. procera, V. wallichii; 
all 1:5). A significant reduction in cytotoxicity was observed 
for the same tinctures stored at room temperature for 2 
months. These stored tinctures had lower concentrations of 
valepotriates, which had decomposed.106

Contraindications
None known.

Special warnings and precautions
None required.

Interactions
Speculative suggestions of interactions have been made in the 
cases of antiepileptic prescriptions,107 anaesthetics108,109 and 
various other sedative drugs.110 However, these are generally 
not well supported by other evidence. A single animal study 
suggests a potential interaction between the antipsychotic 
haloperidol and valerian: a potential marker for oxidative 
stress (hepatic delta-aminolevulinic acid dehydratase activity) 
was inhibited after supplementation with both medications, 
while levels remained unchanged when administered singly.111

In vitro studies found that valerian modulates CYP 
3A4112,113 and other metabolic enzymes.114 However, a 
human study found that 1000 mg of valerian administered 
nightly to healthy adults for 2 weeks did not alter drug 
metabolism via the CYP3A4 or 2D6 pathways.115 A second 
study in 12 healthy human volunteers found that 28 days of 
valerian supplementation had no effect on phenotypic ratios 
for CYP3A4/5, CYP1A2, CYP2E1 or CYP2D6.116

A brief episode of acute delirium occurred in a woman 
taking loperamide (an opioid-based antidiarrhoeal agent), 
St John’s wort and valerian.117 Hand tremor, dizziness and 
muscular fatigue were reported in a 40-year-old male patient 
treated with lorazepam who additionally self-prescribed  
valerian and passionflower.118

Compounding effects on mental symptoms in alcohol abus-
ers have been adduced from a 51-year-old woman consuming 
alcohol (about 0.3 gallon/day of wine for more than 2 years), 
valerian tablets (about 2 to 4 g/day, 2 years) and Ginkgo 
(unknown amount, unknown duration) who presented with 
fainting and psychosis. Alcohol intake was increased prior to 
the incident.119

Use in pregnancy and lactation
Category B1 - no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. No evidence of increased fetal damage in animal 
studies.

No problems were noted in three cases of intentional over-
dose with 2 to 5 g of valerian during weeks 3 to 10 of preg-
nancy.120 Very high oral doses of valerian (2.79 g/kg/day) 
reduced placental weights at days 1 to 8 and days 8 to 15 of 
gestation in rats. Fetal weights showed no significant changes 
compared with controls. Implantation loss and litter size were 
not significantly different from controls and major malfor-
mations were relatively rare. The herb was administered as 
an ethanol extract and the dose administered was the high-
est possible at which ethanol remained below the teratogenic 
threshold.121

There was no alteration in the fertility of female rats  
after oral administration of a mixture of valepotriates (6 to 
24 mg/day, for 30 days). In another study, the valepotriate 
mixture was given from the first to the 19th day of pregnancy 
(6 to 24 mg/day) and did not exert fetotoxicity or affect 
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external formation. However, internal examination revealed 
an increase in the number of retarded ossifications at the 
higher doses (12 and 24 mg/kg).122

In a review of the Swedish Medical Birth Register from 
1995 to 2004, valerian was one of the most commonly 
reported herbs used during pregnancy. An analysis of the data-
base found no evidence of unfavourable outcomes associated 
with valerian use, although the number of exposures was too 
low to detect rare outcomes.123

Valerian is compatible with breastfeeding but caution 
should be observed.

Effects on ability to drive and use 
machines
No adverse effect is expected. Evidence from clinical trials  
indicates that valerian does not cause excessive sedation.  
A randomised, controlled, double blind trial involving 102 
male and female volunteers showed no effect on reaction 
time, alertness and concentration on the morning after intake 
of 600 mg root extract. The primary criterion was median 
reaction time measured with the Vienna Determination 
Test. Secondary criteria were an alertness test, a two-handed  
coordination test, sleep quality and safety. The single admin-
istration of valerian did not impair reaction time, concentra-
tion and coordination. After 14 days of treatment the effect 
of valerian on reaction time was no different from placebo.124

In an Australian study, nine healthy volunteers received 
single doses of valerian root (1000 mg or 500 mg), the drug 
triazolam (0.25 mg) or placebo in a double blind, placebo-
controlled, crossover trial.125 Results confirmed that while 
triazolam had a detrimental effect on cognitive processes, the 
valerian was without effect. Another study compared even 
higher doses of valerian (600, 1200 and 1800 mg of a 5:1 
extract) with 10 mg diazepam and placebo in a clinical trial 
of similar design.126 Again an impairment of performance 
occurred for the benzodiazepine drug, whereas the valerian 
had no impact on any parameters tested. A third study found 
that valerian (400 mg and 800 mg) was not different from pla-
cebo on any measure used of psychomotor performance or 
sedation.127

As noted earlier, residual sedative effects were examined 
in a controlled study involving 20 healthy volunteers assigned 
to receiving either tablets of valerian and hops, valerian syrup, 
flunitrazepam or placebo. Objectively measurable impairment 
of performance on the morning after medication occurred 
only in the flunitrazepam group.84

Side effects
In some individuals, valerian can aggravate a sensation of 
tiredness or drowsiness, particularly in higher doses, but this 
is usually more a case of an increased awareness of the body’s 
needs rather than a negative depressant effect. A few people 
find valerian stimulating and should avoid its use.

There are few confirmed human cases where valerian is 
strongly associated with adverse effects and, given the vari-
ability of some commercial examples, identification of sus-
pect products is rare. A literature search of clinical trial data 

confirmed that there were few adverse effects reported in the 
short term.128 A remarkable finding of one study (that dem-
onstrated efficacy of long-term use of valerian in reducing 
insomnia in a randomised, placebo-controlled, crossover trial) 
was the extremely low number of adverse events during the 
valerian treatment periods, substantially less than placebo.79

Only one minor stomach reaction was observed in ran-
domised, double blind, controlled clinical trial with a valerian-
hop product.129 In another sleep study, 600 mg/day valerian 
extract was at least as efficacious as 10 mg/day oxazepam in a 
double blind, randomised study in 202 subjects. Over 6 weeks 
adverse events occurred in 28.4% of patients receiving vale-
rian extract and 36% of patients under oxazepam, and were 
all rated mild to moderate.130 Three cases of ‘vivid dreams’ 
were the only side effect reported in 19 people observed tak-
ing valerian over 6 weeks in a controlled study.131

One publication contained unusual reports of toxic reac-
tions to valerian root in Israel.132 These included nephrotoxi
city, headaches, chest tightness, mydriasis, abdominal pain and 
tremor. In the absence of additional information, the linking 
of these adverse reactions to valerian intake is highly suspect.

Reports of an association of valerian intake with liver dam-
age in four cases133 were not sustained, but the impression has 
been left in the literature.134 (The products, which included 
other herbs, may have contained germander masquerading as 
skullcap.133) Since then, acute hepatitis was reported in 1999 
in a woman taking homeopathic medications and valerian 
tea. Viral markers were negative and there was no evidence 
of autoimmune liver disease. A link to valerian intake was not 
established.135 In one case report of hepatotoxicity associ-
ated with valerian, a 27-year-old woman reported ingesting a 
600 mg valerian root daily for 3 months. She presented with 
epigastric pain, fatigue and hepatomegaly. Laboratory tests 
revealed elevated liver enzymes and bilirubin with no other 
signs of pathology. She was instructed to stop the valerian, 
whereafter symptoms improved within 3 days. Four weeks 
later liver function tests were within normal range.136 Another 
case of a mild, reversible idiosyncratic hepatotoxic reac-
tion has been attributed to consumption of valerian tea and 
extracts.137

Minor short-term hepatotoxic reactions to valerian have 
also been impugned from observations of reactions to a 
proprietary mixture combining valerian with hyoscine and 
cyproheptadine. However, direct evidence was not found, 
and the other components of the formula make any such 
assessment unsafe.138

A patient taking multiple medications experienced serious 
cardiac complications and delirium following a surgical proce-
dure.139 He had self-medicated for ‘many years’ with valerian 
root extract (0.53 to 2 g per dose, five times daily). However, 
due to his multiple medications, valerian cannot be credibly 
causally linked to his symptoms.

Overdosage
The following effects have been reported when excessive vale-
rian is taken: blurred vision, change in heartbeat, excitability, 
headache, nausea, restlessness, uneasiness.140 Traditional texts 
also refer to large doses causing headache, stupor, mental 



932

Materia MedicaP A R T  T H R E E

excitement, visual illusions, giddiness, restlessness, agitation 
and even spasmodic movements.1,3 However, in the first well-
documented case of valerian overdose, the patient, who had 
consumed 20 times the recommended therapeutic dose, pre-
sented with mild symptoms all of which resolved within 24 h. 
The authors described the overdose as benign.141

In contrast to this, a 1998 letter described 24 patients who 
were treated in a medical unit after taking an overdose of 
over-the-counter ‘valerian products’. The amounts of valerian 
ingested were estimated in 23 patients and ranged from 0.15 
to 4.5 g. Six patients developed vomiting. The clinical prob-
lems were mainly CNS depression and anticholinergic poison-
ing. One patient required ventilatory support and developed 
aspiration pneumonia; in 17 patients liver function tests were 
performed and were all normal. All patients made a complete 
recovery.142 However, a closer reading of the letter shows 
that the culprit was not valerian at all. As well as containing 
valerian, the product also contained the drugs hyoscine hyd-
robromide and cyproheptadine hydrochloride, which readily 
explain the symptoms observed on overdose.

Injection of an alcoholic valerian extract in one case of 
abuse led to transient fevers, pains and stiffness, headache and 
mild liver function abnormalities. These were probably due to 
the presence of endotoxin in the injected material. The per-
son involved recovered over the following 3 days.143

Safety in children
It is recommended that use of valerian is avoided in children 
less than 3 years of age.144 Valerian was safely administered 
(with lemon balm) in a clinical trial involving children less 
than 12 years (average age 8.3 years), with 21.6% younger 
than 6 years.92

The efficacy and tolerability of a valerian extract were also 
investigated in an open, observational study involving children 
aged to 6 to 12 years.145 An average daily dosage of two tab-
lets (range 1 to 4), each containing 300 mg of 5:1 extract, was 
administered to 130 children suffering from nervous sleep 
disturbances and/or nervous tension over a period of 4 weeks. 
Therapeutic efficacy was estimated by parents and clinicians 
as good to very good in 95% of cases. One side effect (tired-
ness in the morning) was reported in only one case, which dis-
appeared after dose adjustment.

Regulatory status in selected 
countries

European valerian is official in the European Pharmacopoeia 
(2011), the British Pharmacopoeia (2011) and the United 
States Pharmacopeia-National Formulary (USP34-NF29, 
2011).

Valerian is covered by a positive Commission E monograph 
and has the following applications: restlessness and sleeping 
disorders based on nervous conditions.

Valerian is on the UK General Sale List. Valerian and vale-
rian combination products have achieved Traditional Herbal 
Registration in the UK with the traditional indication of aiding 
sleep and for the temporary relief of symptoms of mild anxiety.

Valerian does not have GRAS status. However, it is  
freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994) Dietary Supplement Health and 
Education Act).

Valerian is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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(Salix spp. including S. alba L., S. daphnoides Vill.,  
S. purpurea L. and S. fragilis L.)

Synonyms

White willow, European willow.

What is it?

The name willow bark is synonymous with the development 
of one of the most successful and widely used synthetic drugs, 
namely aspirin. The German scientist Felix Hoffman was 
investigating a way to reduce the gastric irritant effects of sali-
cylic acid (originally isolated from willow bark) and produced 
the synthetic derivative acetylsalicylic acid in 1897. This was 
a serendipitous discovery because the key pharmacological 
properties of aspirin are largely mediated by the acetyl group 
he added to make the molecule. Ironically, aspirin was still 
active as a gastric irritant, but by a different mechanism to 
salicylic acid.

The stem barks from many species of willow are used 
medicinally, especially Salix alba, S. daphnoides, S. pur-
purea and S. fragilis. Recent clinical trials indicate that a 
high-potency standardised willow bark extract has analgesic 
activity, but with fewer side effects than standard drug treat-
ments. Pharmacokinetic studies have demonstrated that this 
activity cannot be due to salicin alone and other yet unidenti-
fied constituents and mechanisms also probably contribute to 
the observed clinical effects.

Effects

Exerts analgesic and anti-inflammatory effects by an uncer-
tain mechanism, but unlike aspirin, is not a potent inhibitor 
of platelet aggregation or the enzyme cyclo-oxygenase (COX).

Traditional view

Dioscorides in the first century AD prescribed willow bark 
to patients suffering from rheumatism.1 Willow bark was 
traditionally used for inflammatory disorders such as rheu-
matism, gouty arthritis and ankylosing spondylitis.2 It was 
also considered to be a tonic, astringent bitter and an antipe-
riodic (antimalarial) useful for dyspepsia, chronic mucus dis-
charges, influenza, fevers, convalescence from acute diseases, 
worm infestation, chronic diarrhoea and dysentery, neuralgia, 
mild headache and passive haemorrhages.2,3–5 During the 
18th and 19th centuries in America, willow bark was com-
monly recommended as a febrifuge. Native Americans also 

used willow bark for lumbago and as a poultice for head-
ache.6 It was noted in 1876 that native South Africans had 
long used willow bark for treating rheumatic diseases.7

On 25 April 1763, the Oxfordshire clergyman Reverend 
Edward Stone submitted a comprehensive report to the Royal 
Society in London indicating he had found, by clinical experi-
ence, that the bark of the willow tree was efficacious in the treat-
ment of a variety of fevers. He described 50 cases treated for 
ague (fever) and intermittent disorders and noted that the results 
were uniformly satisfactory. Stone administered 20 to 60 grains 
(1.3 to 3.9 g) of dried, powdered bark every 4 h to the patients.8 
Further medical reports of the antipyretic and analgesic effects 
of willow bark emerged in Europe from 1772 to 1803.7

Summary actions

Anti-inflammatory, analgesic, antirheumatic, antipyretic.

Can be used for

Indications supported by clinical 
trials
Temporary relief of acute or chronic musculoskeletal pain, 
including low back pain and osteoarthritis (good evidence).

Traditional therapeutic uses
As an antipyretic for fever management; as a treatment and 
preventative for headache.

Preparations

Willow bark standardised extract (WBSE) prepared from the 
dried root and typically containing 15% total salicin, in tablet 
or capsule form; dried bark as a decoction or liquid extract for 
internal use.

Dosage
l	 800 to 1600 mg/day of WBSE containing 120 to 240 mg 

of salicin for anti-inflammatory and analgesic uses, as 
supported by clinical trial data

l	 3.5 to 7 mL/day of a 1:2 liquid extract or equivalent 
doses (e.g. 9 to 17.5 mL/day) of a 1:5 tincture for 
traditional uses.
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Duration of use

May be taken long term.

Summary assessment of safety

Few adverse effects from ingestion of willow bark are 
expected, provided the warnings and contraindications are 
observed. Stomach pains, nausea, headache, tiredness and 
allergic reaction are rarely reported as adverse reactions. Any 
potentiation of antiplatelet drugs is likely to be mild.

Technical data

Botany
Willow bark is a member of the Salicaceae family. Salix alba 
is a deciduous tree, up to 26 m tall, with ascending branches 
and a deeply fissured grey bark. The leaves are alternate, 
shortly petiolate, up to 11 cm long, lanceolate from a wedge-
shaped base, with silky whitish appressed hairs on both sides. 
The flowers appear with the leaves, arranged in dense cylin-
drical catkins; the male ones are up to 5 cm long with two sta-
mens, anthers yellow; the female ones are up to 4 cm; 6.5 cm 
in fruit. The fruit is a capsule.9

Adulteration
No adulterants have been documented. Other species of Salix 
low in salicin are possible substitutes.

Key constituents
Willow bark contains salicin and salicin esters (including 
salicortin, 2′-O-acetylsalicortin, fragilin (2′-O-acetylsalicin) 
and tremulacin), other phenolic glucosides, flavonoids, 
polyphenols, oligomeric procyanidins and condensed 
tannins.5,10

The total salicin content (after hydrolysis) varies according 
to the species: S. daphnoides and S. fragilis (2% to 10%), S. 
purpurea (3% to 8.5%) and S. alba (0.5% to 1%).10 Salicin is 
a phenolic glucoside consisting of the aglycone saligenin (also 
known as salicyl alcohol) and glucose.

Pharmacodynamics
The clinical use of willow bark as an antipyretic and analge-
sic was first documented from 1763 to 1803. By the mid-
19th century, active principles were being isolated from this 
herb and others with similar activity: salicin from willow 
bark (1826 to 1829), salicylaldehyde from Spiraea ulmaria 
(meadowsweet, 1831) and methyl salicylate from winter-
green (Gaultheria spp., 1843). Salicylic acid was prepared 
from these isolated constituents (1835 to 1843) and in 1874 
a factory was set up for its large-scale production. The activ-
ity of salicylic acid was confirmed clinically for the treatment 
of rheumatic disorders in 1876. In the same year, successful 
treatment with salicin was described for eight patients with 
acute and subacute rheumatism. Unfortunately salicin was 
largely overlooked and the cheaper salicylic acid remained 
the focus of pharmaceutical attention. As the use of salicylic 
acid and its salts increased, the problem of the severe gastric 
side effects became more evident. The German pharmaceu-
tical company Bayer began looking for a version of salicylic 
acid with a better side effect profile, and between 1893 and 
1897 Felix Hoffman developed an improved way of produc-
ing acetylsalicylic acid. He tested it on his father, whose 
chronic arthritis improved markedly.11 In 1899 acetylsali-
cylic acid was commercially released with the name aspirin, 
apparently from the former botanical name for meadow-
sweet. Despite early reports, adverse reactions to aspirin 
were largely ignored until the 1950s.7 The irony is that sali-
cin, which is inactive until it travels past the stomach, is a 
much gentler substance on the digestive tract than either 
salicylic acid or aspirin.

The differing pharmacologies of the various 
salicylate derivatives and willow bark
Many articles seem to regard willow bark as a kind of herbal 
aspirin. But there are important differences between aspirin 
and the salicylate compounds in willow bark, as can be seen 
from the chemical diagrams below.

In terms of pharmacology, aspirin is regarded as a potent 
inhibitor of COX-1 and COX-2 because it contains an acetyl 
group that causes irreversible acetylation of COX, completely 
inactivating this enzyme system. Aspirin therefore has anal-
gesic and anti-inflammatory activities via this mechanism 
(COX-2 inhibition), but is also noted to cause gastric damage 
and inhibit platelet function (COX-1 inhibition).11,12

Specifically, platelet function is inhibited by reducing the 
production of thromboxane A2 (a prostaglandin) by COX-1. 
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Because aspirin irreversibly inactivates COX by acetylation, 
and because platelets cannot make new proteins such as COX 
(they have no nucleus), the effect of aspirin persists for the 
lifetime of the platelet (7 to 10 days). Even low doses of aspi-
rin can therefore have profound blood-thinning effects.12

Unlike aspirin, salicylic acid has only a weak inhibitory 
effect on isolated COX-1 or COX-213–15 that, despite some 
arguments to the contrary,16 is unlikely to be the mechanism 
behind any clinically significant anti-inflammatory activity. 
This means that salicylic acid or sodium salicylate will have 
little antiplatelet (blood thinning) effects, especially since 
they lack the acetyl group. However, a high dose of sali-
cylic acid can still irritate the stomach, but this is because it 
is a phenol, not because of any significant effects on COX-1 
inhibition.

Salicin, the major salicylate compound in willow bark, 
appears naturally designed to minimise this gastric irritation. 
It effectively delivers salicylic acid into the bloodstream, but 
it does this in a novel way. Salicin is carried unchanged (and 
hence is stomach friendly) to the distal ileum or colon where 
gut flora remove the sugar and convert it into salicyl alcohol. 
The salicyl alcohol is absorbed and oxidised in the blood, tis-
sue and liver to give salicylic acid/salicylate. Salicin provides 
a more sustained release of salicylate than sodium salicylate 
itself.17 (For more details on the pharmacokinetics of salicin, 
see below and Chapter 2.)

COX-1 is constitutively expressed, whereas COX-2 is 
inducible by pro-inflammatory agents such as endotoxin and 
cytokines. Hence, although it has little direct effect on inhib-
iting COX-2 activity once it is formed, salicylic acid could 
exert anti-inflammatory and analgesic activity by inhibit-
ing COX-2 production. It has been reported that aspirin and 
sodium salicylate equipotently suppress COX-2 induction at 
therapeutic concentrations.11

As an elaboration of this possible inhibition of COX-2 
induction, an interesting insight has been added to the aspi-
rin and salicylate discussion by Wu.18 It is proposed that 
aspirin is a less potent inhibitor of COX-2 than COX-1, and 
the theory that aspirin exerts its anti-inflammatory action via 
inhibition of COX-2 is inconsistent with experimental and 
clinical findings. Specifically, aspirin has a relatively short 
half-life in circulating blood (around 20 min) and is rapidly 
deacetylated to yield salicylate. Hence any long-term anti-
inflammatory effect of aspirin must be derived from salicy-
late. Despite its low anti-COX activity, salicylate exerts a 
substantial anti-inflammatory effect and markedly inhibits 
inflammatory prostaglandin biosynthesis in intact cells and 
animals.15 Based on their in vitro experiments, Wu and team 
have proposed that salicylate does indeed act by inhibiting 
the COX-2 production that would normally follow from pro-
inflammatory signals to the cell. The specific mechanism sug-
gested is the inhibition of RSK1/2 (ribosomal S6 kinase 1/2), 
which is a key factor mediating COX-2 transcription.19 Also, 
salicylate appears to have direct analgesic effects in the CNS 
by unknown mechanisms.11

To investigate the differing actions of willow bark and 
aspirin on platelet function, 35 patients were given either 
willow bark extract (WBSE delivering 240 mg/day of sali-
cin) or placebo under double blind conditions. Another 16 

patients were given 100 mg/day of aspirin.20 The maximum 
arachidonic-acid-induced platelet aggregation readings were 
as follows: willow bark 61.0±21.6%, placebo 78.0±15.4% 
and aspirin 12.7±9.1%. Hence, the inhibitory effect of willow 
bark extract on platelet aggregation was far less than aspirin 
and only marginally stronger than placebo (but was still sig-
nificantly different, p=0.04). This confirms that willow bark 
is not a substitute for aspirin for clinically relevant antiplatelet 
activity. However, since the mild effect was statistically sig-
nificant, WBSE should be used cautiously (under supervision) 
with warfarin and antiplatelet drugs.

It is likely that not just the salicylate compounds in WBSE 
contribute to its analgesic activity. A study involving 10 
healthy volunteers found that a single dose of WBSE (pro-
viding 240 mg of salicin) resulted in blood salicylate levels of 
around 1.4 μg/mL. In contrast, blood salicylate levels of 35 to 
50 μg/mL have been reported after taking just 500 mg of aspi-
rin.21 Clearly, the clinically observed analgesic effects from 
willow bark (see later) must come from more than just the 
effects of salicylate.21

Based on research on willow bark and related herbs, it has 
been suggested that lipoxygenase and hyaluronidase inhibition 
and free radical scavenging effects, all from other components 
in willow bark, contribute to its overall anti-inflammatory and 
analgesic effects. (See below for a further discussion on this 
topic.) This implies that many of the side effects, interactions 
and contraindications for aspirin, such as interactions with 
methotrexate, spironolactone and furosemide, are unlikely to 
apply for willow bark.22,23

Anti-inflammatory activity
Salicin, other constituents of willow bark and willow bark 
extract did not inhibit prostaglandin synthesis from sheep 
seminal vesicles in vitro. Salicin and salicortin produced a 
marginal inhibition of lipoxygenase.24 A hexane extract of wil-
low bark inhibited COX-1 and COX-2 by greater than 60% 
in an in vitro assay,25 but the hexane extract of willow bark 
would represent a small fraction of its total content. Indeed, 
clinical studies suggest that willow bark extract does not cause 
the same gastrointestinal side effects as aspirin, and clinically 
relevant inhibition of COX-1 or COX-2 activity is considered 
to be unlikely, as discussed above.26

Tremulacin demonstrated anti-inflammatory activity, inhib-
ited peritoneal leucocyte migration and writhing response 
in several experimental models (via injection), and inhib-
ited leukotriene B4 biosynthesis in vitro.27 Salicin inhibited 
the spasmodic action of prostaglandin F2α on isolated rabbit 
non-pregnant myometrium.28 Tremulacin also inhibited con-
traction of isolated ileum induced by histamine or SRS-A 
(slow-reacting substance of anaphylaxis – now defined as a 
group of leukotrienes) and inhibited the release of these sub-
stances from isolated tissue and cells.29 Metabolites of salicin 
and tremulacin have also demonstrated anti-inflammatory 
activity in vitro.30

The effects of an ethanolic extract of willow bark were 
evaluated in an established in vitro assay test model using 
primary human monocytes.31 IC50 values obtained for 
inhibition of lipopolysaccharide (LPS)-induced release of 
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prostaglandin E2 (PGE2), reflecting COX-2-mediated release, 
were 47 μg/mL and 0.6 μg/mL for the willow bark extract and 
a rofecoxib-like research compound, respectively. However, 
there was no direct inhibitory effect from willow bark on 
COX-1 and COX-2 activity. The willow bark extract also 
inhibited the LPS-induced release of tumour necrosis factor-
alpha, interleukin-1beta and interleukin-6, with IC50 values of 
180, 33 and 86 μg/mL, respectively. Interestingly, both salicin 
and salicylate had no effect on any of the parameters tested.

Recently a standardised willow bark extract was exam-
ined to clarify its possible mechanism of action as an anti-
inflammatory agent.32 Various aspects were investigated in 
two inflammation models: the 6-day air pouch model in rats, 
representing the acute state, and adjuvant-induced arthritis, 
representing the chronic state. Parameters assessed included 
leucocytic infiltration, levels of cytokines and prostaglan-
dins in blood, effects on COX-1 and/or COX-2 enzyme out-
put and effects on free radical production. The extract was 
compared at two dosage levels, together with comparable 
anti-inflammatory doses of aspirin as a non-selective COX 
inhibitor and celecoxib as a selective COX-2 inhibitor. All 
doses were administered orally. On a mg/kg basis, the wil-
low bark extract was at least as effective as aspirin in reduc-
ing inflammatory exudates, inhibiting leucocytic infiltration 
and preventing a rise in cytokines. It was more effective than 
aspirin in suppressing leukotrienes and equally effective in 
suppressing prostaglandins. For COX-2 output (in terms of 
PGE2 production), willow bark was a slightly more effective 
inhibitor than aspirin, but much less than celecoxib. Willow 
bark also significantly raised reduced glutathione levels, an 
effect that would help limit lipid peroxidation. Based on these 
findings, the authors supported previous assertions that other 
constituents of willow bark extract, such as the polyphenols, 
contribute to its anti-inflammatory activity.32

This hypothesis was supported by an investigation of five 
chemical fractions of a willow bark extract using in vitro 
and in vivo models.33 All the studied models pointed to the 
contribution of complex polyphenols and flavonoids to the 
observed anti-inflammatory activity of the whole extract. In 
particular, Fraction E (containing mainly procyanidins) was 
considerably more active than Fraction D (which largely con-
tained salicin) after oral dosing in the carrageenan-induced rat 
paw oedema model.

Other activity
Willow bark extract has demonstrated antioxidant activity in 
several in vitro systems, including the scavenging of free radi-
cals.34,35 Unlike aspirin and sodium salicylate, salicin did not 
suppress lymphocyte transformation in vitro.36

Pharmacokinetics
Salicin derivatives (e.g. salicortin, tremulacin) are first prob-
ably converted into salicin in the stomach or small intestine. 
Salicin is then mainly carried to the distal ileum or colon, 
where gut flora conversion into its aglycone (salicyl alcohol) 
occurs. Salicyl alcohol is absorbed and oxidised in blood, 
tissue and liver to form salicylic acid. Salicylic acid is then 

converted to salicylic acid conjugates or to gentisic acid by 
hepatic transformation for excretion via the urine. From 
the excretion data, it was concluded that 86% of an admin-
istered dose of salicin was absorbed.37,38 A 4 g oral dose of 
salicin was rapidly metabolised, reaching a peak plasma 
level of salicylate in just under 2 h. This peak plasma level 
was maintained for several hours. Comparison of the salicy-
late plasma levels obtained from both sodium salicylate and 
salicin demonstrated that the curve for salicin is slightly 
lower and flatter, indicating a longer half-life for salicin. The 
maximum plasma concentration of free salicylate from 4 g 
of salicin was 100 μg/mL, whereas 2 g of sodium salicylate 
yielded 150 μg/mL.37 (For a more detailed discussion see 
Chapter 2.)

Clinical trials
A combination of feverfew (600 mg/day) and willow bark 
(600 mg/day) reduced the frequency and duration of migraine 
headaches in a prospective, open label clinical trial.39 For 
more details see the feverfew monograph.

The following clinical trials were conducted using a potent 
extract of WBSE. In most cases S. daphnoides and S. purpurea 
were prescribed, although other species of willow can prob-
ably be used, provided the full spectrum of phytochemicals is 
present and sufficient salicin content is provided.

A Cochrane Collaboration systematic review examining 
herbal medicine for low back pain concluded that willow bark 
seemed to reduce pain more than placebo, but the quality of 
clinical trial reporting was poor and additional trials against 
standard treatments are needed.40,41 A systematic review of 
the efficacy of willow bark for musculoskeletal pain found 
that there was moderate evidence to support willow bark in 
low back pain and that further trials were required in arthri-
tis.42 Only minor adverse events were noted for willow bark 
in the review.

Trials included in these reviews are summarised below.
A small, randomised, double blind, pilot study involv-

ing 21 patients indicated a clinically relevant analgesic effect 
from 2160 mg/day of WBSE, containing 240 mg/day of sali-
cin, taken over a 2-week period. The mean reduction in the 
WOMAC pain score was significantly greater in the willow 
bark group compared with placebo (40% versus 18%, respec-
tively).43 The WOMAC (Western Ontario and McMaster 
Universities) Osteoarthritis Index is a test questionnaire that 
assesses symptoms and functional disability in patients with 
knee and hip osteoarthritis.

A trial of double blind, placebo-controlled design involv-
ing 78 patients tested the efficacy of willow bark for osteoar-
thritis of the knee and/or hip joint.21 After a washout period 
of 4 days, patients received 1360 mg/day of WBSE or pla-
cebo for 2 weeks. The active treatment corresponded to an 
intake of 240 mg/day of salicin, the identical-looking placebo 
consisted of cellulose and lactose. An analgesic effect was 
observed by monitoring the change in the WOMAC pain 
score. This was reduced by 14% from baseline values after 
2 weeks’ treatment with willow bark, compared with an 
increase of 2% in the placebo group (p<0.05). Adverse effects 
were reported less frequently in the willow bark group than 
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from those taking placebo. Patient diary VAS (visual analogue 
scales) for pain and physical function confirmed the positive 
result for willow bark extract and the final overall assessments 
(by patients and investigators) demonstrated the superiority 
of willow bark extract over placebo. The analgesic effect of 
willow bark was mild, estimated to be 40% lower than stand-
ard NSAID (non-steroidal anti-inflammatory drug) treat-
ment over the same time period (based on the documented 
WOMAC pain score reduction after diclofenac treatment at 
150 mg/day). However, the analgesic effect of WBSE could 
increase with longer treatment times (see below).

A randomised, double blind, three-group trial compared 
oral treatment with one of two doses of WBSE or placebo 
(lactose) over 4 weeks.44 A total of 191 patients with acute 
exacerbation of chronic low back pain completed the study. 
The primary outcome measure was the proportion of patients 
who were pain-free, without having taken the rescue analge-
sic medication tramadol for at least 5 days during the final 
week of the study. The numbers of pain-free patients in the 
last week of treatment were 39% in the high-dose group 
(1600 mg/day of extract containing 240 mg of salicin), 21% in 
the low-dose group (800 mg/day of extract containing 120 mg 
of salicin) and 6% in the placebo group. In addition, signifi-
cantly more patients in the placebo group required trama-
dol during each week of the study than those taking WBSE 
(p<0.001). A dose-dependent analgesic effect was therefore 
observed for the WBSE, even though patients in the high-
dose group had more severe and prolonged pain at baseline. 
Furthermore, a statistically significant response in the high-
dose group was evident after only 1 week of treatment, and 
the smaller effect seen in the low-dose group was significantly 
different from placebo by the end of the second week. One 
patient in the low-dose group exhibited a severe allergic reac-
tion that was attributed to willow bark extract.

A postmarketing surveillance study confirmed the effi-
cacy of WBSE (containing 240 mg/day of salicin for 4 weeks) 
in the treatment of low back pain. Forty per cent of patients 
were pain-free at the end of the treatment period irrespective 
of whether or not they received additional conventional treat-
ments.45 Another open, randomised, postmarketing study 
compared WBSE with rofecoxib (a selective COX-2 inhibitor) 
in patients with acute exacerbations of low back pain.46 After 
4 weeks’ treatment there was no difference between the two 
products in terms of pain, the need for additional analgesics 
and side effects. Each group consisted of 114 patients who 
received either 1600 mg/day of WBSE containing 240 mg of 
salicin or 12.5 mg/day of rofecoxib.

In a randomised, double blind, parallel group trial, the 
therapeutic efficacy and tolerance of WBSE was compared 
against diclofenac sodium (a conventional NSAID) in patients 
with knee or hip arthritis.47 From the 79 patients enrolled, 59 
completed the study. The patients were randomly allocated to 
one of three groups, receiving either 150 mg/day of diclofenac 
sodium or willow bark extract in two different doses (cor-
responding to 90 or 180 mg/day salicin, respectively). No 
additional analgesic NSAID medication was allowed during 
the study period, lasting over 3 weeks. Outcome measures 
used were evaluation of pain intensity by a VAS, evaluation 
of functional capacity and pain intensity during different 

activities, impairment of daily activity, estimation of whether 
pain was localised or diffuse, amount of oedema and the 
intensity and duration of stiffness of the observed joint. 
Results indicated a good tolerance for the willow bark extract 
and statistically supported its therapeutically relevant analge-
sic activity. In terms of pain intensity, an effect comparable to 
diclofenac sodium was demonstrated.

Specific results for the trial included the following:
l	 Pain intensity (VAS) was reduced by 48% for the NSAID 

and by 39.5% and 31.3% for the two willow bark groups, 
respectively

l	 Functional capacity was significantly (p<0.05) improved in 
all groups (after NSAID treatment 100% of patients were 
grouped in the lowest ratings of 1 or 2 compared with 90% 
for the higher dose of willow bark)

l	 The percentage of symptom-free patients (with various 
daily activities) increased by similar amounts for all groups.

Not all clinical trials on WBSE have been positive. A 
2004 publication contained data for two small randomised, 
placebo-controlled, double blind trials in patients with 
osteoarthritis and rheumatoid arthritis, respectively.48 The 
osteoarthritis study suggested that the willow bark extract 
showed no relevant efficacy above placebo. Similarly, the 
small rheumatoid arthritis trial did not demonstrate a signifi-
cant therapeutic effect above placebo.

Two large-scale observational studies supporting the safety 
and efficacy of WBSE in the management of osteoarthri-
tis and chronic low back pain in a clinical setting were pre-
sented at conferences. The first study, presented at a Berlin 
conference in early 2004, involved 922 physicians and 4731 
patients in Germany.49 Over 6 to 8 weeks, patients with 
arthritis or back pain took various doses of WBSE (an aver-
age of around three tablets/day) and rated their pain inten-
sity from 1 to 10 (with 10 representing pain of the highest 
intensity). Most of the patients had previously been taking 
antirheumatic drugs, but had typically discontinued these 
because of either a lack of efficacy or side effects. During 
the observation period, only 15.5% needed supplementary 
antirheumatic drugs in addition to the willow bark. Average 
pain intensity reduced from 6.4 to 3.7 points in the first 4 
weeks of treatment and fell further to 2.7 after 8 weeks, 
with 97% of patients reporting a reduction in pain and 18% 
reporting no pain at all. Side effects were judged as minor 
and occurred in only 1.3% of patients. These were mainly 
abdominal pain or an allergic skin rash.

The second study was undertaken in Switzerland and 
involved 204 physicians and 807 patients.50 Most patients 
suffered osteoarthritis (44%) or chronic back pain (36%); 
in 69% of patients the problem had existed for more than 6 
months. In 55% of patients the willow bark was prescribed on 
its own, whereas in 39% it was combined with the conven-
tional medications that the patients were already taking. The 
average daily dosage of WBSE was 3.4 tablets at the begin-
ning of the study and 2.8 at the end. Throughout the 6 to 8 
week observation period, mean pain intensity decreased from 
6.4 points to 3.3 and at the final visit 15% of patients were 
pain free. A substantial reduction of physical impairment was 
also observed. Suspected adverse reactions occurred in 4.5% 
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of patients and none of them were rated as serious. More than 
two-thirds of patients rated the tolerability of the willow bark 
extract as better than conventional antirheumatic drugs. The 
WBSE used in these two observational studies was standard-
ised to contain 60 mg of salicin per tablet.

Professor Reinhard Saller, a rheumatologist based in 
Zurich, was interviewed concerning these two studies and his 
clinical perspective on willow bark extract.51 He highlighted 
the high tolerability demonstrated for WBSE in the trials 
and emphasised that the studies provided useful informa-
tion concerning its effective dose in a clinical setting. When 
questioned on the relative value of willow bark extract ver-
sus NSAIDs, he suggested that the herbal product had a large 
advantage because its complex of active principles had an 
overall modulating effect. The mixture of actives neither pro-
voked a complete blockage nor a maximal stimulation of bio-
chemical phenomena. This resulted in a broader spectrum of 
action and a greater tolerability than NSAIDs, which he then 
advised the patients to use on a limited ‘as required’ basis 
once they had started willow bark. Given the current disillu-
sionment with COX-2 inhibitors, Professor Saller stressed the 
advantages of using willow bark extract, which had complex 
and multiple activities.52

Toxicology and other safety data

Toxicology
In acute toxicity studies, the LD50 of a liquid willow bark eth-
anolic extract was 28 mL/kg in mice.53 No toxic effects were 
observed in rats orally administered a combination of willow 
bark and Primula extracts for 13 weeks.54

Contraindications
Willow bark is contraindicated in those with known allergy, 
in sensitivity or hypersensitivity to salicylates, and in glucose-
6-phosphate dehydrogenase (G6PD) deficient patients (in 
this condition salicylic acid causes haemolytic anaemia).

Special warnings and precautions
Use with caution in lactating women and in patients combin-
ing willow bark with anticoagulants or synthetic salicylates. 
Willow bark cannot be substituted for aspirin for the preven-
tion of stroke or myocardial infarction. Clinicians should be 
aware of the unlikely possibility of Reye’s syndrome. (Refer to 
Safety in children section below.)

Because of the tannin content of this herb, use cautiously 
in highly inflamed or ulcerated conditions of the gastroin-
testinal tract. In principle, the use of tannins is inappropri-
ate in extreme constipation, iron deficiency anaemia and 
malnutrition.

The following conditions should be approached with cau-
tion when using herbal analgesics: concurrent prescription of 
powerful analgesics; pain in children; neurological disease; 

depression and psychosis; history of allergic or anaphylactic 
reactions.

Interactions
Willow bark may mildly add to the effects of antiplatelet 
drugs and may interact with anticoagulants, including warfa-
rin. The clinical study previously noted observed very mild, 
but significant, antiplatelet activity in patients after the con-
sumption of willow bark extract (standardised to 240 mg/day 
of salicin) for 4 weeks.20

Use in pregnancy and lactation
Category B1 – no documented increase in frequency of mal-
formation or other harmful effects on the fetus from limited 
use in women. No evidence of increased fetal damage in lim-
ited animal studies.

A combination of willow bark and Primula root extracts 
did not exert teratogenic effects in rabbits and no negative 
effects were observed on reproductive function in female 
rats.54 Salicylates can cross the placenta and acetylsalicylic 
acid (aspirin) has been shown to be teratogenic in animals, 
although there is no conclusive evidence that aspirin causes 
malformations in humans.55 Moreover, the salicylates in wil-
low bark do not have the same pharmacology as aspirin.

Willow bark is not advisable during lactation because salic-
ylates are excreted in the breast milk55 and hypersensitivity 
reactions might occur.

Effects on ability to drive and use 
machines
No adverse effects expected.

Side effects
A 2002 review of clinical trials found that 3.8% to 35.8% 
of 420 patients treated with willow bark extracts (contain-
ing 120 mg/day or 240 mg/day of salicin) reported mild 
adverse events compared to 2.8% to 35.2% of patients who 
received placebo.52 In an earlier review, mild adverse events 
were reported in 3.7% of 733 patients and volunteers treated 
with three different preparations containing willow bark.56 
The adverse events reported included stomach ache, nausea, 
headache, dizziness, tiredness, sweating, skin rash and allergic 
reactions.52,56

High doses of tannins lead to excessive astringency 
on mucous membranes, which has an irritating effect. 
Gastrointestinal side effects due to willow bark have been 
attributed to the high tannin content, rather than the salicy-
late glycosides.57 Oral administration of salicin (1.4 g/kg) to 
rats did not cause gastric injury.58

Acute salicylate poisoning is not expected from the use of 
willow bark, as the salicylate dose administered in the form 
of salicylate glycosides is relatively low. Hypersensitivity 
reactions, which include symptoms such as rhinitis, urticaria, 
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bronchoconstriction, asthma and collapse, can occur from a 
few milligrams of aspirin and therefore are possible from the 
administration of willow bark, but the danger is not classed as 
high.57 One case of anaphylaxis attributed to a dietary sup-
plement containing willow bark and other ingredients has 
been reported59 and another case was noted for WBSE in a 
clinical trial (see above).43

A patient with G6PD deficiency presented with acute 
massive intravascular haemolysis. The patient had been 
taking a diuretic medication and a herbal combination that 
contained Salix caprea. As salicin is metabolised to salicylic 
acid, and salicylic acid is a known inducer of haemolysis in 
G6PD-deficient patients, it was speculated that the herbal 
preparation might be responsible for the reaction. However, 
the herbal preparation was not analysed for its salicin 
content.60

Overdosage
No incidents have been found in the published literature for 
willow bark. Overdose resulting from acute ingestion of aspi-
rin (6.5 to 9.8 g) usually produces a serum salicylate level of 
300 mg/L or greater.61 More than 50 g/day of pure salicin 
would need to be ingested in order to achieve this blood level 
of salicylate.21

Safety in children
Clinicians should be aware of the possibility of Reye’s syn-
drome, an acute sepsis-like illness encountered exclusively 
in children below 15 years of age. The cause is unknown, 
although viral agents and drugs, especially salicylate deriva-
tives, have been implicated.62 However, it is unknown if the 
salicylates in willow bark are capable of causing this reaction 
and no cases have been documented.

Regulatory status in selected 
countries

Willow bark does not have GRAS status in the USA. 
However, it is freely available as a ‘dietary supplement’ in the 
USA under DSHEA legislation (Dietary Supplement Health 
and Education Act of 1994).

In the UK willow bark is included on the General Sale List 
and in Germany is covered by a positive Commission E mono-
graph. Willow bark is official in the European Pharmacopoeia 
(2011) and is the topic of an ESCOP monograph.

In Australia willow bark is not included in Part 4 of 
Schedule 4 of the Therapeutic Goods Regulations and is 
freely available for sale.
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Witchhazel

(Hamamelis virginiana L.)

Traditional therapeutic uses
Haemorrhoids, varicose veins (topical use as well); diarrhoea, 
mucous colitis; topical use for bruises and localised, inflamed 
swellings.

May also be used for

Extrapolations from pharmacological 
studies
The dual inhibition of leukotriene and platelet-activating fac-
tor (PAF) production in vitro suggests potential therapeutic 
benefits in the treatment of disorders such as asthma, ulcera-
tive colitis and Crohn’s disease. However, these findings first 
need to be confirmed in vivo.

Other applications
Use in antiageing or antiwrinkle skin preparations2 and also as 
a skin toner.3

Preparations

Dried bark and leaves as a decoction, liquid extract, tablets, 
capsules and suppositories for internal use. Decoction, extract 
and distilled extract for topical use.

Dosage

l	 2 g of the dried leaf or bark three times per day or as an 
infusion

l	 7 to 14 mL/day of 1:2 liquid extract of leaf or equivalent 
doses in other forms

l	 Hamamelis water BPC for local application, or as a cream 
or ointment

l	 0.1 to 1 g in suppositories applied one to three times daily.

Duration of use

May be taken long term for external applications. Caution 
should be exercised with long term oral intake due to the 
presence of tannins.

Summary assessment of safety

No significant adverse effects from the ingestion of witchhazel 
are expected. It may cause irritation of the stomach in a small 

Synonyms

Hamamelis (Engl), Hamamelidis folium, Hamamelidis cortex 
(Lat), virginische Zaubernub, Hamamelis, Hexenhasel (Ger), 
noisietier de la sorcière, hamamélis (Fr), amamelide (Ital), 
troldnød (Dan).

What is it?

Witchhazel is an American shrub that was used by the Native 
Americans as a poultice for the treatment of painful swellings 
and tumours. Pond’s Extract of Witchhazel was once a very 
popular general household remedy for burns, scalds, insect bites 
and inflammatory conditions of the skin. The name Hamamelis 
was adopted from a Greek word to indicate its resemblance to 
an apple tree. The parts normally used therapeutically are the 
leaves and bark, which have similar properties. The distilled twig 
of witchhazel (hamamelis water) is still a popular topical remedy.

Effects

Improves vascular tone; astringent and anti-inflammatory to 
mucosa; protects against oxidative stress and ultraviolet radia-
tion when used topically; haemostyptic.

Traditional view

Witchhazel was used to treat vascular disorders including haem-
orrhoids, varicose veins, phlebitis, haemorrhages and other con-
ditions associated with poor venous tone or congestion. Other 
uses included reproductive disorders, such as dysmenorrhoea, 
menorrhagia and metrorrhagia; acute and chronic diarrhoea 
in children and adults; renal complaints associated with poor 
venous tone including haematuria; irritation of the bladder; 
muscular soreness; aching and bruised sensation (whether from 
cold, exposure, bruises, strains or physical exertion); and as a 
gargle for chronic pharyngitis and inflammation of the gums.1

Summary actions

Astringent, anti-inflammatory, haemostyptic.

Can be used for

Indications supported by clinical trials
Topical use for haemorrhoids; topical use for mild abrasions 
and skin inflammation. In oral combination with Hydrastis for 
the treatment of varicose veins (short-term open trial).
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number of susceptible individuals and topical application can 
cause contact allergy in rare cases.

Technical data

Botany
Hamamelis virginiana L., a member of the Hamamelidaceae 
family, is a deciduous shrub that grows to approximately 2 m 
in height and is native to North America. The shrub consists 
of several crooked branching trunks 10 to 15 cm in diam-
eter and up to 2 m in height, with a smooth grey bark. The 
alternate, ovoid, glabrous leaves have crenate margins, are 
7 to 12 cm long and about 7 cm in width on short petioles. 
The yellow flowers consist of four sepals, four petals, four 
stamens and two styles and are grouped in two or three axil-
lary glomerules with short peduncles. The fruit is a dehiscent, 
woody, bilocular capsule containing two dark-coloured glossy 
edible seeds that are ejected up to 4 m away when ripe. The 
medicinally useful parts of the plant are gathered in spring.4,5

Adulteration
Adulteration occurs rarely, but occasionally witchhazel leaf and 
bark are substituted with that of the hazel Corylus avellana.6

Key constituents
l	 A mixture of tannins (3% to 10%), including 

hamamelitannin, condensed catechins, gallotannins and 
procyanidins7

l	 Essential oil, flavonoids.7

The bark contains significantly higher levels of phenyl-
propanoids and sesquiterpenoids in the volatile fractions 
compared with the leaves, which contain higher amounts of 
monoterpenoids.8 The bark is richer in hydrolysable tannins 
(mainly hamamelitannin) and the leaves mainly contain con-
densed tannins (procyanidins).

An analysis conducted in 2003 found 4.77% (w/w) of 
hamamelitannin in samples of bark, compared to less than 
0.04% in the leaves.9 The procyanidins (present in the bark 
at about 5%) are composed predominantly of epicatechin and 

epigallocatechin as chain extension units. Terminal chain units 
were catechin and gallocatechin.10

Pharmacodynamics

Anti-inflammatory effects
Hamamelitannin and galloylated proanthocyanidins isolated 
from witchhazel bark were found to be potent inhibitors 
of 5-lipoxygenase in vitro. The procyanidins also inhibited 
lyso-PAF:acetyl-CoA acetyltransferase and thus inhibited the 
production of PAF. These results demonstrate a dual inhibi-
tory activity in vitro against inflammatory mediators by the 
procyanidins present in witchhazel.11

Oral administration of an aqueous ethanolic extract of witch-
hazel leaf (200 mg/kg) significantly inhibited the chronic phase 
of adjuvant arthritis-induced rat paw swelling. It was inactive 
against the acute phase and against carrageenan-induced rat 
paw oedema.12 A witchhazel bark concentrate displayed radical 
scavenging properties, inhibited alpha-glucosidase and human 
leucocyte elastase in vitro and exhibited strong anti-inflamma-
tory effects in the croton oil ear oedema test in the mouse. The 
extract contained mainly oligomeric to polymeric procyanidins.13

The anti-inflammatory effect of an aftersun lotion con-
taining 10% witchhazel distillate, the vehicle, and the prior 
aftersun lotion were tested in 20 healthy volunteers using a 
modified UVB erythema test as a model of inflammation. Test 
areas on the back were treated with the lotions for 48 h follow-
ing irradiation and compared with an untreated, irradiated con-
trol area. Erythema suppression ranged from 20% to 27% at 7 
and 48 h respectively for the witchhazel treated areas. A sup-
pression of 11% to 15% was recorded in the fields treated with 
the vehicle and prior aftersun lotion. Witchhazel led to a highly 
significant reduction in erythema when compared with the 
prior aftersun lotion (p=0.00039), the vehicle (p=0.00001) 
or untreated, irradiated skin (p=0.00001).14 In a later study, 
an anti-inflammatory effect was also demonstrated for several 
aftersun lotions containing 10% witchhazel distillate.15

Anti-irritant activity
Topical application of procyanidins from witchhazel bark 
reduced transepidermal water loss and erythema formation in 
healthy volunteers. In this preliminary evaluation, an irritant 
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contact dermatitis was induced in the volunteers using a 
repeated short-time occlusive irritation test. The experimental 
irritation and the treatment continued over a period of 3 
days. Results also indicated that the procyanidins significantly 
reduced skin inflammation.16

Antioxidant activity
Hamamelitannin demonstrated in vitro antioxidant activity 
and protected murine skin fibroblasts from damage induced 
by UVB irradiation. It protected murine fibroblasts against 
external active oxygen radicals generated by UVB irradiation 
by associating with the cell surface through its sugar moiety.17 
Further tests indicated that hamamelitannin has higher 
protective activity against cell damage induced by superoxide 
anions than gallic acid (its functional moiety).18

In earlier work, hamamelitannin increased the survival rate 
of fibroblasts compared with controls. Hamamelitannin inhib-
ited superoxide anion radicals at a much lower concentration 
than ascorbic acid. Further test results supported the super-
oxide scavenging activity of hamamelitannin.19 Witchhazel 
extract demonstrated strong active oxygen-scavenging activity 
and protected against cell damage induced by active oxygen. 
The authors recommended witchhazel as a potential topical 
antiageing or antiwrinkle material for the skin.2 Witchhazel 
bark extract and hamamelitannin demonstrated a strong abil-
ity to scavenge the peroxynitrite ion in vitro.20

Vasoconstrictive activity
Vasoconstrictive activity has been demonstrated for admin-
istration of witchhazel leaf preparations in isolated rabbit 
arteries.21,22 The activity was not blocked by alpha- or beta-
sympatholytic agents.22 Topical application of a witchhazel 
leaf extract produced a significant reduction in skin temper-
ature in 30 volunteers. The lowered skin temperature was 
interpreted as a vasoconstrictive activity.23

Antimicrobial activity
A witchhazel concentrate exhibited significant antiviral activity 
against herpes simplex virus type 1 in vitro.10 Methanol extract 
of witchhazel leaves demonstrated an inhibitory effect against 
anaerobic and facultative aerobic bacteria associated with peri-
odontitis. As an example, the best activity was demonstrated 
against Eikenella corrodens and two strains of Actinomyces 
odontolyticus, with a minimum inhibitory concentration (MIC) 
of 32 mg/L, which compared well to the drug spiramycin (MIC 
2 mg/L). The methanol extract showed better antibacterial 
activity than the decoction (MIC 128 mg/L) for the above bac-
teria.24 (Note that 1 mg/L is the same as 1 μg/mL.)

Witchhazel distillate (obtained from witchhazel leaf and 
bark by steam distillation, followed by the addition of etha-
nol) exhibited topical antimicrobial activity in healthy vol-
unteers. This was demonstrated by the use of two standard 
tests. Antimicrobial activity against anaerobes was much less 
than that against aerobes. Quantitative comparison with other 
antiseptic agents such as chlorhexidine digluconate 1% and 
fuchsine 0.5% indicated a relatively weak activity for witch-
hazel distillate. The antimicrobial activity could be considered 
an additional benefit to the main effects of relief of inflamma-
tion, barrier-stabilisation and hydration.25

Pharmacokinetics
No data available.

Clinical trials

Haemorrhoids and venous tone
In an uncontrolled study, 50 patients with painful skin lesions 
in the anogenital area were treated with a salve containing 
witchhazel bark distillate (5%), zinc oxide and vitamins A 
and D. After a week the healing process was completed in 40 
patients.27 In an uncontrolled trial on 75  patients with itch-
ing, painful and bleeding haemorrhoids, application of a salve 
containing witchhazel bark resulted in a majority of patients 
becoming free from symptoms after 3 weeks of treatment.28 
A comparison of this witchhazel bark salve with two other 
salves (one containing corticosteroids) was undertaken in a 
double blind trial in 90 patients with grade 1 haemorrhoids. 
Several patients receiving the witchhazel salve had also 
received sclerotherapy. All three preparations demonstrated 
similar efficacy, except that the witchhazel was superior in 
terms of relief of symptoms, with greater reduction in itching 
and soreness and less frequent bleeding.29

In a similar double blind clinical trial, 90 patients with 
first-degree haemorrhoids were treated with witchhazel bark 
ointment and two ointments containing synthetic agents, one 
of which additionally contained a corticosteroid. Treatment 
was of 21 days’ duration, with follow-up examinations on the 
third, 14th and 21st days of treatment. Four typical symp-
toms (pruritus, bleeding, burning sensation and sore sensa-
tion) were evaluated by both physician and patient. All three 
ointments proved highly effective. No major differences were 
found between the three treatment groups, but, in the case 
of some of the test parameters (itch) a positive tendency in 
favour of the witchhazel ointment was observed.30

The therapeutic effect of witchhazel on venous tone was 
studied in patients with varicose veins in an open trial. Four 
groups were each given different medications and studied by 
plethysmography for the next 5 h. In the untreated controls, 
venous tone decreased during rest. A reference drug had no 
effect and the increase in venous tone induced by the ingestion 
of a high dose of a Hamamelis-Hydrastis mixture was equiva-
lent to that induced by 150 mg of oligomeric procyanidins.31

Dermatological conditions
Application of witchhazel leaf cream twice daily for 2 weeks 
in an uncontrolled study resulted in complete healing or con-
siderable improvement in 37 patients with various forms of 
eczema or atopic neurodermatitis.32

Thirty-six patients with endogenous eczema and 80 patients 
with toxic degenerative eczema were treated in a double blind, 
placebo-controlled trial with either witchhazel salve (25% 
water distillate from leaf and twigs) or a control preparation. 
The witchhazel salve was superior to placebo in the treatment 
of atopic dermatitis, but of no benefit in the treatment of pri-
mary irritant contact dermatitis.33 Twenty-two patients with 
atopic dermatitis were treated with a standardised witchhazel 
salve on one arm and a non-steroidal anti-inflammatory cream 
(containing bufexamac) on the other over a 3-week period. 
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Both treatments showed a clear improvement in the symp-
toms investigated: redness, scaling, lichenification, pruritus and 
infiltration. The salve contained 25 g of water distillate (from 
4 g of fresh leaf and twigs) per 100 g of salve, which was also 
standardised for hamamelis ketone (0.75 mg).34

Hamamelis distillate cream (5.35 g Hamamelis distillate con-
taining 0.64 mg ketone/100 g) was compared with 0.5% hydro-
cortisone cream and an unmedicated cream base in a double 
blind, randomised trial in 72 patients with moderately severe 
atopic eczema over a period of 14 days. All treatment regimens 
significantly reduced itching, erythema and scaling after 1 week. 
The hydrocortisone cream proved superior to the hamamelis 
distillate, which was no more effective than the unmedicated 
base.35 In a previous study by the same authors, creams con-
taining various concentrations of Hamamelis distillate (con-
taining 0.64 to 2.56 mg Hamamelis ketone per 100 g) were 
compared with a chamomile cream and a 1% hydrocortisone 
cream on human volunteers who had erythema induced by UV 
irradiation and cellophane tape stripping of the horny layer. A 
mild anti-inflammatory effect was demonstrated for the hama-
melis cream, especially if incorporated into a phospholipid base. 
Although less active than hydrocortisone cream, hamamelis 
cream was superior to the unmedicated cream base.36 The anti-
inflammatory activity described here could, at least in part, be 
due to a vasoconstrictor activity.37

A lotion containing witchhazel distillate and essential oil of 
Melissa officinalis improved itching and redness in patients with 
intertrigo (dermatitis caused by friction on skin surfaces in con-
tact with each other) in an open label trial.38 A case was reported 
where treatment with witchhazel extract healed a sodium 
hypochlorite-induced skin burn. Sodium hypochlorite is used as 
an irrigating solution for endodontic treatment (e.g. during root 
canal preparation), but can cause serious complications after 
inadvertent use (in this case, leakage onto the patient’s chin, 
which went unnoticed underneath the rubber dam). Witchhazel 
extract was applied topically twice a day for 2 weeks. The burn-
ing sensation stopped in 3 days, the scab fell off in 7 days, but 
the tenderness continued for 10 more days. The skin discolora-
tion caused by the burn had disappeared after 3 months.39

A mild anti-inflammatory effect for standardised witchha-
zel salve (25 g distillate from 4 g fresh leaf and twigs, 0.75 mg 
of ketone, all per 100 g), compared with its neutral ointment 
base, was demonstrated by instrumental testing and transcu-
taneous oxygen measurement in 22 healthy people and five 
patients with dermatosis.40

An observational study collected data on the safety, tolerability 
and clinical effects of a witchhazel ointment containing the distil-
late in 309 children up to the age of 11 years with minor skin 
complaints including nappy (diaper) rash. Compared with base-
line there was a significant improvement in signs and symptoms 
after a median treatment period of 8 days. Use of the ointment 
was well tolerated and yielded similar outcomes to topical use of 
dexpanthenol (derived from pantothenic acid, vitamin B5).41

Analgesic activity
A randomised open study in 300 mothers examined the effec-
tiveness of hamamelis water, ice or Epifoam in achieving anal-
gesia for episiotomy associated with forceps delivery. All three 

agents were equally effective at achieving analgesia on the first 
day. Approximately one-third of the mothers derived no ben-
efit from any of the treatments.42

Toxicology and other safety data

Toxicology
A methanol extract and a tincture of witchhazel bark showed 
dose-dependent inhibition of mutagenicity in the Ames assay. 
Tannin-free samples did not display any activity. Fractionation 
yielded two active fractions, both of which contained oligo-
meric procyanidins. The antimutagenic effect increased with 
an increasing degree of polymerisation in the procyanidins.43 
In a study of 18 substances for mutagenic potential in vitro, 
witchhazel was not identified as a mutagen.44

Catechin and a low-molecular weight procyanidin frac-
tion (at concentrations up to 166 μg/mL) caused only slight 
increases of OTM (olive tail moment, an indicator of DNA 
damage) in Hep G2 hepatoma cells. (Hep G2 cells have 
retained the activities of various phase I and phase II enzymes 
and reflect the metabolism of genotoxins better than bacteria 
or metabolic incompetent mammalian cells.) Hamamelitannin 
and the procyanidin fraction with higher molecular weight 
had a much greater increase in this parameter. However, 
treatment of the cells with these compounds (at concentra-
tions up to 166 μg/mL) prior to exposure to the mutagen 
benzo(a)pyrene led to a reduction of induced DNA dam-
age. In investigating this protective activity, it was found that 
detoxification by glutathione-S-transferase was induced by 
catechin and the low-molecular weight procyanidin fraction. 
These compounds may have inactivated the ultimate metabo-
lite of benzo(a)pyrene by the formation of an adduct.45

Contraindications
None known.

Special warnings and precautions
Care should be exercised with long term oral use due to the 
presence of tannins.

Interactions
Tannins can inhibit the absorption of minerals and B vitamins.

Use in pregnancy and lactation
Category B2 – no increase in frequency of malformation 
or other harmful effects on the fetus from limited use in 
women. Animal studies are lacking.

Witchhazel is compatible with breastfeeding.

Effects on ability to drive and use 
machines
No adverse effects expected.
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Side effects
Irritation of the stomach may occur in susceptible patients 
after oral doses.6 Contact dermatitis caused by the topical use 
of witchhazel has been reported in rare cases.46 In a study of 
1032 consecutively tested patients, four were found to react 
to an ointment containing a 25% extract of witchhazel. Two 
of these patients had reacted positively to the wool fat in the 
ointment base.47

Overdosage
No effects known.

Safety in children
No information available for oral use, but adverse effects are 
not expected. The safety of topical application of distilled 
witchhazel was demonstrated in an observational study in 
children (see above).

Regulatory status in selected 
countries

Witchhazel leaf is official in the European Pharmacopoeia 
(2011) and distillate made from witchhazel twig is official 

in the United States Pharmacopeia–National Formulary 
(USP34-NF 29, 2011).

Witchhazel leaf and bark are covered by positive 
Commission E monographs and both have the following 
applications: mild damage to the skin, local inflammation of 
the skin and mucous membranes, haemorrhoids and varicose 
veins.

Witchhazel is not on the UK General Sale List.
Witchhazel does not have GRAS status. However, it is 

freely available as a ‘dietary supplement’ in the USA under 
DSHEA legislation (1994 Dietary Supplement Health and 
Education Act). Witchhazel has been defined as an astringent 
active ingredient in over-the-counter (OTC) skin protect-
ant drug products for relief of minor skin irritations due to 
insect bites, minor cuts and minor scrapes and in OTC ano-
rectal drug products. These OTC products, in a form suitable 
for topical administration, are generally recognised as safe and 
effective if they meet the requirements outlined in the Code 
of Federal Regulations. The FDA, however, advises that ‘based 
on evidence currently available, there is inadequate data to 
establish general recognition of the safety and effectiveness of 
these ingredients for the specified uses’.

Witchhazel is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Withania

(Withania somnifera (L.) Dunal)

Withania root is used as a sedative and hypnotic and is also 
taken for rheumatic pains.4

Summary actions

Tonic, adaptogen, mild sedative, anti-inflammatory, immune 
modulator, anti-anaemic, antitumour (possibly, in high doses).

Can be used for

Indications supported by clinical 
trials
Anxiety; reduction of the negative physiological effects of 
stress; improvement in well-being; growth promotion in chil-
dren and anti-anaemic activity; improvement in conditions 
associated with ageing, including muscle strength and func-
tion; adjunct in type 2 diabetes and for modification of cardio-
vascular risk factors; rheumatoid arthritis (uncontrolled trial); 
improvement of stamina in athletes (uncontrolled trial); low 
testosterone and fertility in men (uncontrolled trials).

Traditional therapeutic uses
Asthma, bronchitis; psoriasis; arthritis, rheumatic pains; 
insomnia; senile debility; promotion of conception.

In India, Withania is given with pungent or heating herbs 
such as ginger and long pepper to increase its tonic effects.

May also be used for

Extrapolations from pharmacological 
studies
Debility and nervous exhaustion, especially due to stress; 
convalescence after acute illness or extreme stress, impo-
tence due to devitalisation; chronic diseases, especially those 
marked by inflammation (e.g. connective tissue diseases); 
as a general tonic for disease prevention; may be useful for 
depressed white blood cell count, especially if caused by cyto-
toxic drugs; possibly as prophylactic against cancer; to assist in 
withdrawal from addictive drugs.

Preparations

Dried root as a decoction, liquid extract, capsules or tablets 
for internal use.

Synonyms

Winter cherry, Indian ginseng (Engl), ashwagandha (Sanskrit), 
blærebæger (Dan).

What is it?

Withania somnifera is an important herb from the Ayurvedic 
medical system used for the treatment of debility, emaciation, 
impotence and premature ageing. Not surprisingly, it has been 
dubbed the ‘Indian ginseng’. Its Indian name, ashwagandha, is 
said to refer to the ‘smell and strength of a horse’ and pos-
sibly alludes to its reputed aphrodisiac properties, although 
it could also relate to the smell of the root. Pharmacological 
research on Withania has stressed its antitumour and adapto-
genic actions, reinforcing its comparison with Panax ginseng. 
However, Withania occupies an important place in the herbal 
materia medica because, while it is not as potent as Panax, it 
lacks the potential stimulating effects of the latter. In fact, 
it has a mild sedative action as indicated by its specific name 
‘somnifera’. It is therefore ideally suited to the treatment of 
overactive but debilitated patients, in whom Panax might 
tend to aggravate the overstimulation. Many parts of the plant 
have been used in traditional medicine, including the leaves, 
bark and root. Except where specified in this monograph, 
‘Withania’ refers to use of the root.

Effects

Adaptogen (helping to conserve adaptation energy as defined 
in Selye’s general adaptation syndrome); tonic (helping to 
boost levels of adaptation energy); modulates the immune 
system; glucocorticoid-like anti-inflammatory and antiprolif-
erative activity; potentially has cytotoxic, cancer chemopre-
ventative and radiosensitising activities.

Traditional view

In Ayurveda, the roots are said to have aphrodisiac, tonic, 
depurative and anthelmintic properties, besides being useful 
in vata and kapha conditions and for inflammation, psoriasis, 
bronchitis, asthma, ulcers, scabies, wasting in children, insom-
nia, senile debility and as a tonic for the elderly.1,2 Withania 
is described as a ‘medharasayan’ or promoter of learning and 
memory retrieval.3 In Unani, the roots are noted to have 
tonic, aphrodisiac and emmenagogue properties and are used 
in asthma, inflammation, leucoderma, bronchitis, lumbago, 
arthritis and to promote conception.1 In the Middle East, 
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Dosage

l	 3 to 8 g/day of dried root by decoction
l	 3 to 8 mL/day of 1:1 liquid extract or equivalent in other 

dosage forms.

Withania combines well with a low dose of Panax ginseng 
and adrenal restorative herbs such as licorice and Rehmannia.

Duration of use

No problems known with long-term use.

Summary assessment of safety

No adverse effects from ingestion of Withania are expected.

Technical data

Botany
Withania somnifera, a member of the Solanaceae (nightshade) 
family, is a small-to-medium perennial shrub that grows  
1 to 1.5 m in height. It has ovate hair-like branches with sim-
ple, alternate leaves, up to 10 cm long. The small, greenish-
yellow flowers (approximately 1 cm) are borne together in 
short axillary clusters. The red fruit (6 mm in diameter) is 
smooth, spherical and enclosed in the inflated and membra-
nous calyx. The root is long and tuberous.5

Adulteration
Withania coagulans has been reported to be both a substitute 
and an adulterant of W. somnifera.6

Key constituents
l	 Steroidal compounds, including lactones (withaferin A, 

sitoindoside IX, X (carbon-27 glycowithanolides)) and 
acylsteryl glucosides (sitoindosides VII, VIII)7

l	 Alkaloids: tropane-type (tropine, pseudotropine), other 
alkaloids (including isopelletierine, anaferine).8

Withania is also said to be rich in iron, but there is no 
recent verification of this.9

Pharmacodynamics

Adaptogenic and tonic activity
Adaptogens increase the ability of the body to cope with 
stress. They therefore help to conserve energy, whereas a tonic 
boosts energy reserves and promotes health in a non-specific 
manner. In experimental models, adaptogenic effects can be 
assessed by subjecting an animal to stress, while tonic effects 
might be assessed by the long-term influence of a substance 
on the development, health and offspring of a test animal. For 
Withania it is possible that significant glucocorticoid-like tonic 
and adaptogenic effects may result from the complex of the 
many steroidal withanolides found in the root. Traditional use 
emphasises the tonic properties of Withania.

Several experiments using in vivo models demonstrated 
that Withania could counter the deleterious effects of chronic 
stress.10–14 Oral pretreatment with Withania (5, 10 and 
20 mg/kg) for 3, 7 and 14 days resulted in protection against 
stress-induced stomach ulcers in rats.15 A methanol extract 
of Withania given orally reduced the ulcer index, volume of 
gastric secretion and acidity in experimentally induced ulcera-
tion. The antiulcer effect of Withania treatment was compara-
ble to ranitidine.16

Several herbs including Withania were evaluated for their 
protective effects against cyclophosphamide neutropenia in 

R

HSitoindoside IX
palmitoylSitoindoside  X

CH3

CH3

CH3

H3C

H3C

H3C

CH3

O

O

O
O

O O

O
O

RO

OH

HO

HO

OH
OH

27

CH3

O O

OH

Withaferin A

Withanolides



951

Withania

mice. The dosage used was 100 mg/kg as a decoction, given 
for 15 days prior to a single dose of cyclophosphamide. 
Results are tabulated below:

Day 0 Day 3

Control Total count 7800 4390

Neutrophils 3960 1440

Withania Total count 11 180 8030

Neutrophils 7020 5060

Withania significantly increased white blood cell and 
neutrophil counts both before and after treatment with 
cyclophosphamide (day 3 after gave the lowest counts). There 
were no deaths in the Withania group compared with 10% 
mortality in other groups.17

The reduction in interferon-gamma and granulocyte mac-
rophage colony stimulating factor induced by treatment with 
cyclophosphamide in mice was reversed by oral treatment 
with Withania extract.18 Administration of bone marrow cells 
from donor mice treated with Withania extract increased 
spleen nodular colonies in irradiated mice, compared with 
those receiving unmedicated bone marrow cells.18 Oral treat-
ment with Withania also reversed the neutropaenia induced 
by paclitaxel in mice.19

Oral administration of an aqueous fraction of Withania 
root reduced the depletion of T cells in chronically stressed 
mice. The expression of Th1 cytokines was also increased by 
Withania.20 Withania aqueous extract (7:1) at a once daily 
oral dose of 100 mg/kg resulted in a significant selective up-
regulation of the Th1 response in mice. There was an increase 
in CD4+ and CD8+ counts compared with controls and 
cyclosporin treatment, with a faster recovery of CD4+ T cells 
in the immune suppressed animals.21

Young rats were fed whole plant of Withania or root of 
Asparagus racemosus at oral doses of 100 mg/kg for 8 months. 
The weight gain for Withania-treated rats was 257%, com-
pared with 195% for Asparagus racemosus and 161% for 
controls. Animals were alert and in good health. While there 
was no difference in number and size of pregnancies, average 
body weight of offspring was 70 g for Withania compared with 
45 g for controls. This study was followed up with a second 
short-term study over 4 weeks at 250 mg/kg in adult rats. No 
weight gain was seen, which indicates that Withania’s anabolic 
effect was only exerted in the growth phase. However, other 
interesting effects in this short-term study were noted. Body 
temperature was reduced by 1.7°C and liver weight increased 
for the Withania group. Plasma cortisol was also significantly 
lower and adrenal weight reduced following Withania treat-
ment.22 This may reflect the ‘steroid-like’ activity of Withania 
constituents. An anabolic effect at oral doses of 100 mg/kg has 
been demonstrated.23

A pharmacological comparison of Withania and Panax gin-
seng demonstrated that Withania had similar potency to Panax 
in terms of adaptogenic, tonic and anabolic effects. Significant 
increases in swimming time were shown by both Withania 
and Panax (100 mg/kg per day, oral administration for 7 days) 

compared with the control group. Following oral administration 
of aqueous suspensions of the powdered herb at 1 g/kg for 
7  days, the increase in body weight seen in the Withania-
treated group was greater than that for animals treated with 
Panax. Gain in wet weight of the levator ani muscle was 
significant for both the Withania (p<0.01) and Panax groups 
(p<0.001), possibly indicating anabolic effects.24

Chronic stress induces hyperglycaemia, glucose intolerance, 
increased plasma corticosterone levels, gastric ulceration, 
sexual dysfunction, cognitive deficit, depression and immune 
suppression in male rats. Pretreatment with Withania reduced 
these changes. A concentrated fraction of Withania root con-
taining 30% sitoindosides VII to IX and withaferin A was 
administered orally.25 In an earlier study using the same 
chronic stress model, pretreatment with glycowithanolides 
(sitoindosides VII to X and withaferin A, 10 to 50 mg/kg, oral 
doses) also had an antistress effect on the frontal cortex and 
striatum. Glycowithanolides tended to normalise the stress-
induced increase in superoxide dismutase activity and lipid 
peroxidation, and enhanced the activities of catalase and glu-
tathione peroxidase, thereby exerting an antioxidant effect.26

A fraction of Withania root devoid of withanolides has 
also demonstrated adaptogenic activity. Pretreatment had a 
positive effect on liver function parameters in rats exposed 
to swimming-induced stress. An oral dose of 25 mg/kg of 
this withanolide-free fraction produced similar results to 
100 mg/kg of a complete extract of Withania root.27 In an ear-
lier study, oral administration of this fraction demonstrated 
adaptogenic activity in a range of tests including swimming 
performance time, swimming-induced gastric ulceration and 
hypothermia, immobilisation-induced gastric ulceration, auto-
analgesia and hypoxia time. Stress-induced hypertrophy of the 
adrenal glands was also reduced by the treatment.28

Sitoindosides protected rats against stress-induced stom-
ach ulcers. Sitoindosides IX and X (50 to 200 mg/kg) by oral 
administration produced significant antistress activity in mice 
and rats and augmented learning acquisition and memory 
retention in both young and old rats.29 An aqueous-methanolic 
extract of Withania and a combination of sitoindosides VII, VIII 
and withaferin A also exhibited significant antistress activity. An 
antidepressant effect was observed after intraperitoneal admin-
istration of sitoindosides VII and VIII to mice subjected to the 
swimming test.30

Withania extract significantly increased the total white 
blood cell count in normal mice and reduced leucopenia 
induced by a sublethal dose of gamma radiation. Treatment 
increased the bone marrow cellularity significantly and nor-
malised the ratio of normochromatic and polychromatic 
erythrocytes in mice after radiation exposure.31

Immune function
Several positive effects of Withania on immune function have 
been observed in various models of chronic stress (see above 
for details). In addition, Withania extract protected mice 
from a lethal dose of Listeria monocytogenes when adminis-
tered prophylactically. Withania also prevented the myelo-
suppression and splenomegaly caused by sublethal infection 
with L.  monocytogenes. This was attributed to increased 
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numbers of granulocyte-macrophage progenitors. It also 
reduced the effect of Listeria infection via enhanced prolif-
eration of lymphocytes, increased interferon-gamma levels 
and higher myeloid progenitors in bone marrow.32 Oral treat-
ment of immunised mice with Withania extract increased 
antibody titres to Bordetella pertussis (the cause of whooping 
cough). Mortality was reduced and overall health improved in 
Withania-treated animals exposed to intracerebral challenge 
with Bordetella pertussis.33 Aqueous extracts of Withania 
root and Withania leaf by oral administration both success-
fully reduced Salmonella infection in mice, as indicated by 
increased survival rates and lower bacterial load in vital organs 
compared with control animals.34

Withania alcoholic extract significantly inhibited the 
experimentally induced suppression of chemotactic activ-
ity and production of interleukin-1 and tumour necrosis 
factor-alpha (TNF-alpha) by macrophages obtained from 
carcinogen-treated mice (p<0.005). Withania extract was 
co-administered (100 mg/kg per day) by oral administration 
with the carcinogen (ochratoxin A) for 17 weeks.35

A significant modulation of immune reactivity after orally 
administered Withania extract was observed in mice with 
myelosuppression induced by three different immunosuppres-
sive drugs (cyclophosphamide, azathioprine and prednisolone). 
In addition, significant increases in haemoglobin concentra-
tion (p<0.01), red blood cell count (p<0.01), white blood 
cell count (p<0.05), platelet count (p<0.01) and body weight 
(p<0.05) were observed in Withania-treated mice compared 
with untreated controls. In a model of immunostimulation, 
treatment with Withania was accompanied by significant 
increases in haemolytic antibody responses.36

Sitoindosides IX and X (100 to 400 mg/mouse) produced 
significant mobilisation and activation of peritoneal mac-
rophages, phagocytosis and increased activity of the lysosomal 
enzymes secreted by activated macrophages. Withaferin A 
demonstrated immunosuppressive effects, in contrast to the 
immunostimulating activity found for Withania extracts.29  
A steroidal withanolide isolated from roots of Withania  
somnifera37 demonstrated immunomodulating activity by 
inhibiting proliferation of murine spleen cells in vitro.38

A standardised extract of Withania (30 mg/kg for 15 days, 
oral) increased Th1-mediated immune responses in mice.39 
The extract also strongly activated macrophage function ex 
vivo and in vitro. Withanolide A, a major constituent of the 
extract, was suggested to be responsible for the Th1 effect, 
based on its activity on mouse splenocyte cultures.

Antitumour activity
In a recent review it was suggested that the antitumour activ-
ity of Withania could possibly result from several mechanisms 
demonstrated in experimental models, including regulation 
of cell cycle proliferation, increased tumour apoptosis, inhi-
bition of angiogenesis, NF-kappaB suppression and enhanced 
immune activity.40

In terms of cytotoxic activity in vitro, much of the research 
focus has been on withaferin A, the most active compound in 
this regard.40,41–44 Apoptosis is a major mechanism behind its 
activity and has been demonstrated on a variety of cell lines. 

The compound has also demonstrated in vivo antitumour 
activity40,45 as well as antigenotoxicity.46

Withaferin A induced a mitotic arrest in the metaphase of 
dividing Ehrlich ascites carcinoma cells.47 It also caused disap-
pearance of Ehrlich ascites tumours in mice, and treated mice 
were resistant to rechallenge with the tumour cells. Such a 
response was explained as both a direct effect of withaferin A 
and an induced immune response.48

A study of the in vitro mode of action of withaferin A and 
withanolide D postulated that the cell death of sarcoma-180 
tumour cultures was due to inhibition of RNA synthesis.49 
(Several chemotypes of Withania exist; withaferin A is the 
major withanolide found in leaves of one chemotype and 
withanolide D is the major one found in another.50)

Withaferin A produced mitotic arrest in the metaphase of 
dividing normal human lymphocytes stimulated by phyto-
haemagglutinin. The membrane system of cells at interphase 
was also damaged.51 However, the mechanism of action of 
the antitumour and radiosensitising properties of withaferin 
A cannot be explained wholly by effects on the cell cycle 
or macromolecular synthesis.52,53 Mouse sarcoma-180 solid 
and ascites tumour cells treated in vitro and in vivo with 
withaferin A were also affected in a similar way to the above 
study.54 Withaferin A has also demonstrated potent inhibi-
tion of angiogenesis in vitro and in vivo.55 The latter was at 
ip doses between 7 and 200 µg/kg/day in mice, represent-
ing a potency around 500-fold higher than its antitumour 
activity.

Both withaferin A and withanolide E exhibited specific 
immunosuppressive effects on human B and T lymphocytes 
in vitro. Intraperitoneal administration of withanolide E was 
also active against several animal tumour systems. Withaferin 
A and withanolide D predominate in the leaves of Withania 
somnifera and it is mainly the leaves of Withania which were 
traditionally used to treat cancerous growths.56 However, the 
root does contain significant quantities of withaferin A.

Withania extracts have also shown antitumour activity 
in vitro and in vivo.57,58 For example, a Withania extract at 
150 mg/kg, ip, inhibited more than 50% of tumour growth 
in various murine models.57 The same extract was also active 
orally at doses of 100 to 400 mg/kg in mice with Ehrlich 
ascites tumours. A study investigating the effects of Withania, 
gamma radiation and hyperthermia on sarcoma in mice found 
that Withania root (500 mg/kg/day for 10 days, ip) produced 
an 18% rate of response. Although radiation and heat treat-
ment had greater individual effects on the tumours, Withania 
increased their impact on tumour regression and growth delay 
when administered concomitantly. The study concluded that 
Withania had a tumour inhibitory effect and acted as a radio-
sensitiser.59 Withania given at 200 mg/kg (whole plant) orally to 
mice significantly decreased mortality from urethane-induced 
lung cancers. It countered the decrease in body weight due to 
the tumours and also decreased their incidence, number and 
size.60 A withanolide sulphoxide was isolated from Withania 
root that had marked activity across a range of cancer cell 
lines.61

Withania extracts and root powder have also demon-
strated chemopreventative activity. Oral administration of 
Withania in combination with paclitaxel stabilised membrane 



953

Withania

bound enzyme (ATPases) profiles, decreased lipid peroxi-
dation and reduced cell proliferation in benzo(a)pyrene-
induced experimental lung cancer in mice. (Alterations of 
these enzyme activities in membrane and tissues is a conse-
quence of tumour formation caused by benzo(a)pyrene.62,63) 
Powdered Withania root (2.5 to 5% w/w of diet) demon-
strated a chemopreventive effect against forestomach and 
skin carcinogenesis in mice. Treatment with Withania inhib-
ited phase I and activated phase II and antioxidant enzymes 
in the liver. Aqueous alcoholic extract of Withania (as a pre-
treatment and continuing treatment) decreased the inci-
dence and number of skin lesions in experimentally induced 
squamous cell carcinoma in mice. The level of antioxidant 
enzymes, such as superoxide dismutase and glutathione-S-
transferase, in the skin lesions was sustained in the Withania-
treated group. An antitumour effect was also demonstrated 
by Withania extract as a pre-treatment and continuing 
treatment in experimentally induced fibrosarcoma in mice. 
Antioxidant enzymes in the liver were supported by Withania 
treatment. This dose of standardised Withania extract pro-
vided approximately 8 mg/kg of total withanolides per day.64

Anti-inflammatory activity
Anti-inflammatory activities have been observed using in 
vitro models. An ethanolic extract of Withania demonstrated 
anti-inflammatory activity, such as suppression of lipopoly-
saccharide-induced cytokine and nitric oxide production in 
peripheral blood mononuclear cells from normal volunteers 
and patients with rheumatoid arthritis.65 Withaferin A inhib-
ited NF-kappaB in cellular models of cystic fibrosis inflamma-
tion.66 Both glucosamine and a Withania extract demonstrated 
variable anti-inflammatory responses in a validated explant 
model of in vitro human cartilage damage.67,68 Explants from 
around 50% of patients tested showed favourable effects, sug-
gesting there is a subset of responders.

Anti-inflammatory activity has also been demonstrated 
in vivo, albeit using rather high doses. The body weight loss 
induced by adjuvant arthritis in rats was corrected by 1 g/kg 
Withania given orally over 15 days. Some of the inflamma-
tion and bony degenerative changes were also decreased.69 
The effect of Withania on experimentally induced granuloma 
in rats was compared with cortisone and phenylbutazone. 
Withania (in relatively high doses) was the most effective 
treatment at decreasing the glycosaminoglycan content of 
the granuloma.70 Withania root powder (1 g/kg, oral) reduced 
adjuvant-induced inflammation in rats. It also attenuated the 
inflammation occurring during a delayed-type hypersensi-
tivity response. No effect on the humoral immune response 
was observed.71 A follow-up study using the same model and 
doses found Withania caused significant reductions in inflam-
mation-induced elevations of lipid peroxides, glycoproteins 
and urinary bone collagen metabolites.72

Withania root powder (500 to 1000 mg/kg, oral doses) 
demonstrated marked prevention of inflammatory responses 
in an experimental rat model of gouty arthritis.73 Analgesic 
and antipyretic activities were also found for these doses in 
vivo, but without the induction of gastric damage (unlike the 
control drug indomethacin).

CNS activity
One interesting property of Withania root is its activity on the 
central nervous system (CNS). Despite the fact that it is a 
tonic herb, it has demonstrated neuroprotective, sedative and 
antiepileptic effects, and is also a cognition enhancer (confirm-
ing traditional use). These effects may be partly modulated by 
the alkaloids (note that these are not to be confused with par-
ticular tropane alkaloids found in stramonium and belladonna, 
which can cause marked side effects). Withania may also have 
some value in addiction, but clinical trials confirming this inter-
esting aspect of its pharmacology are lacking to date.

In high doses, alkaloids from Withania exhibited prolonged 
hypotensive, bradycardic and respiratory stimulant actions 
and had a depressant effect on higher cerebral centres.74 
Sedative effects have also been demonstrated.75 The com-
plex of alkaloids from Withania was only twice as active as 
the total extract from the root,74,76 indicating the presence of 
other components with synergistic or contributive activity.

An in vitro study found a methanolic extract of Withania con-
tains a component that interacts with the GABA-A receptor and 
enhances the binding of flunitrazepam (a benzodiazepine drug) 
to this receptor.77 This indicates a possible sedative activity simi-
lar to that postulated for some steroid hormones and could also 
be related to the antiepileptic activities summarised in Table 1. 
Anxiolytic and antidepressant activity was demonstrated in rats 
after oral administration of glycowithanolides (sitoindosides VII 
to X and withaferin A, 20 to 50 mg/kg).78 Oral doses of Withania 
extract (100 to 500 mg/kg) have also demonstrated anxiolytic 
effects in a rat model.79 At the ineffective dose of 50 mg/kg, 
Withania still potentiated the anxiolytic action of diazepam.

Research on the neuroprotective, antidegenerative, anti
epileptic and antiaddictive activities of Withania is summa-
rised in Table 1.80–98

Cardiovascular activity
Withania root powder (0.75 to 1.5 g/day) added to the diet 
of hypercholesterolaemic rats significantly decreased total 
lipids, total cholesterol and triglycerides. Increases were noted 
for plasma high-density lipoprotein cholesterol levels, HMG-
CoA reductase activity and bile acid content of bile. In these 
animals, administration of Withania resulted in increased bile 
acid, cholesterol and neutral sterol excretion. Lipid peroxida-
tion was also decreased. An increase in HMG-CoA reductase 
activity, along with increased cholesterol elimination, might be 
due to increased hepatic bile acid production. This would lead 
to a decline in body cholesterol levels.99

A cardioprotective effect was demonstrated for various oral 
doses of Withania extract (ranging from 25 to 300 mg/kg) in the 
following rat models: ischaemia-reperfusion injury, isoprenaline-
induced myonecrosis and doxorubicin-induced toxicity.100–102 
Antioxidant effects may have contributed to the activity. 
Cardioprotective effects were also later observed for ischaemia-
reperfusion injury after oral doses (50 mg/kg of extract in rats).103

Other activity
Oral administration of ethanol extract of Withania (65 mg/kg) 
improved bone calcification and strength in calcium-deficient 
ovariectomised rats.104
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Table 1  Key neurological activities of Withania and its components

Neurological 
activity

Model Preparation and dosage (if 
relevant)

Finding Reference

Neuroprotective Focal cerebral ischaemia- 
reperfusion injury in rats

Oral doses of an aqueous 
ethanolic Withania extract 
(1 g/kg) for 15 or 30 days as 
a pretreatment

No effect for 15 days, but a significant 
reduction in the cerebral lesion for 30 days’ 
pretreatment, with reduced oxidative stress 
(malondialdehyde generation)

Chaudhary et al 
(2003)80

Streptozotocin-induced 
diabetes in mice

Oral doses of Withania extract 
(20 mg/kg) for 30 days

Reduced oxidative brain damage and 
corresponding improvements in memory 
impairment, motor dysfunction and blood 
glucose

Parihar et al (2004)81

Huntington’s disease rat 
model (3-nitropropionic 
acid-induced cerebral 
dysfunction)

Oral doses of Withania extract, 
(100 and 200 mg/kg) for 14 days

Significant improvement in behavioural, 
biochemical and enzymatic changes

Kumar et al (2009)82

Antidegenerative/ 
neuroprotective

Rat model of Alzheimer’s 
disease

Oral doses of an aqueous 
Withania extract (20 and  
50 mg/kg) containing equimolar 
amounts of sitoindosides VII-X 
and withaferin A for 14 days

Reversal of cognitive deficit and cholinergic 
markers induced by ibotenic acid

Bhattacharya et al 
(1995)3

Rat model of reserpine-
induced tardive 
dyskinesia

Oral doses of Withania extract at 
50 and 100 mg/kg for 28 days

Progressive reduction in orofacial dyskinesia 
and cognitive dysfunction. Reversal of 
changes in brain superoxide dismutase and 
catalase suggesting an antioxidant effect

Naidu et al (2006)83

Rat model of 6-hydroxy-
dopamine-induced 
Parkinsonism

Oral doses of Withania extract 
(100 to 300 mg/kg)

Dose-dependent reversal of neurological and 
oxidative stress parameters

Ahmad et al (2005)84

Rat model of haloperidol-
induced tardive 
dyskinesia

Oral doses of withanolides 
(100 to 200 mg/kg)

Inhibition of dyskinetic signs and cerebral 
antioxidant effects

Bhattacharya et al 
(2002)85

MPTP-induced 
Parkinsonism in mice

Oral doses of Withania extract 
(100 mg/kg)

Protective action on behavioural and 
antioxidant parameters

Sankar et al (2007)86

Haloperidol-induced 
catalepsy in mice

Oral doses of Withania extract 
(1.7 to 8.5 mg/kg) for 1 and 
7 days

Dose-dependent reduction in cataleptic scores 
in both acute and chronic studies that was 
more effective than scopolamine (1 mg/kg)

Nair et al (2008)87

MPTP-induced 
Parkinsonism in mice

Oral doses of Withania extract 
(100 mg/kg) for 7 or 28 days

Improved motor function and levels of 
dopamine, glutathione and glutathione 
peroxidase

RajaSankar et al 
(2009)88

Beta-amyloid-induced 
memory deficits in mice

Oral doses of withanoside IV 
(10 µmol/kg)

Improvements in memory deficits and 
neuronal loss

Kuboyama et al 
(2006)89

Antiepileptic Pentylenetetrazole (PTZ)-
induced kindling in mice

Oral doses of Withania extract 
(100 mg/kg)

Protection against convulsions, but with less 
potency than diazepam (1 mg/kg, ip)

Kulkarni et al (1996)90

Epilepsy rat model 
(electrical stimulation)

Pretreatment with oral doses of 
Withania extract (100 mg/kg)

Reduction in seizure severity Kulkarni et al (1995)91

PTZ-induced seizure in 
mice

Pretreatment with oral doses 
of Withania extract (30 to 
200 mg/kg) with or without 
pentobarbitone

Withania alone dose-dependently protected 
against convulsions. Withania enhanced 
the protective effect of pentobarbitone 
suggesting it may act at the barbiturate-
modulating centre on the GABA-A receptor

Kulkarni et al (1993)92

(Continued )
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Oral doses of Withania extract enhanced serum T4 (thy-
roxine) levels in female mice,105 and both T3 and T4 in 
male mice (1.4 g/kg of aqueous extract).106 At the same 
dose it also ameliorated metformin-induced hypothyroid-
ism in a mouse model (dexamethasone-induced) of type 2 
diabetes.107 Withania extract (200 and 400 mg/kg, oral) for 
5 weeks improved hyperglycaemic parameters and coun-
tered the rise in insulin resistance in a rat model of diabetes 
(streptozotocin-induced).108

Withania alkaloids are spasmolytic in vitro for intestinal, 
uterine, bronchial and arterial smooth muscle, with a similar 
mode of action to papaverine.75

Intraperitoneal administration of a mixture of sitoindosides 
VII to X and withaferin A at doses of 10 and 20 mg/kg/day for 
3 weeks to rats induced a dose-related increase in superoxide 
dismutase, catalase and glutathione peroxidase activities in the 
frontal cortex and striatum. These effects were generally sig-
nificant on days 14 and 21 and activity were comparable to the 
test antioxidant deprenyl (2 mg/kg/day).109

Oral administration of glycowithanolides (sitoindosides 
VII to X and withaferin A) in graded doses (10 to 50 mg/kg) 

reduced the increase in hepatic lipid peroxidation and liver 
enzymes caused by iron-induced hepatotoxicity in rats.110 
Co-administration of high doses of Withania extract with lead 
acetate decreased the oxidative damage caused by lead in liver 
and kidney of mice.111 Treatment with Withania for 48 days 
healed lesions in the liver and kidney induced by the fungi-
cide carbendazim.112 A withanolide-free fraction of Withania 
protected against carbon-tetrachloride-induced hepatotoxicity 
in rats.27 Withania extract also protected bladder cells from 
cyclophosphamide-induced toxicity in mice.113

Withania is used externally in rural parts of India as an anti-
dote to snakebite. A glycoprotein isolated from Withania root 
inhibited the hyaluronidase activity of cobra and viper venoms in 
vitro.114 While the methanolic and aqueous extracts of Withania 
demonstrated only modest antimalarial activity in vitro,115 oral 
doses of the root at 600 mg/kg significantly inhibited parasitae-
mia in mice inoculated with the rodent malaria parasite.116

Pharmacokinetics
No data available.

Table 1  Key neurological activities of Withania and its components

Neurological 
activity

Model Preparation and dosage (if 
relevant)

Finding Reference

Lithium-pilocarpine-
induced seizure in rats

Pretreatment with oral doses of 
Withania extract (50 to 200 mg/
day) for 7 days

Reduced mortality and additive protective 
effect to benzodiazepine drugs

Kulkarni et al (1998)93

PTZ-induced seizure 
in mice

Oral doses of Withania extract 
(50 to 200 mg/kg) with or without 
diazepam

Withania at 100 or 200 mg/kg increased 
seizure threshold, but not at 50 mg/kg. 
Co-administration of 50 mg/kg Withania 
with a subprotective dose of either GABA 
or diazepam increased seizure threshold, 
suggesting GABA-A receptor modulation

Kulkarni et al (2008)94

Antiaddictive Morphine tolerance and 
dependence in mice

Oral doses of Withania extract 
(100 mg/kg) for 9 days

Chronic treatment with Withania inhibited the 
development of tolerance to the analgesic 
effect of morphine (p<0.01). Withania also 
suppressed signs of naloxone-induced 
withdrawal

Kulkarni et al (1997)95

Morphine tolerance and 
dependence in mice

Pretreatment with sitoindosides 
VII-X and withaferin A (10 to 
150 mg/kg, ip)

Reversal of morphine-induced inhibition of 
gastrointestinal transit time (p<0.05) and 
inhibition of morphine-induced analgesia 
(p<0.05)

Ramarao et al 
(1995)96

Morphine tolerance and 
dependence in rats

Withania extract (50 or 100 mg/
kg, ip) 30 min before each 
morphine dose for 14 days

Withania reduced the severity of withdrawal 
syndrome when given in conjunction with 
morphine, but not when given only during 
withdrawal. Co-treatment also prevented 
the reduction of spine density in the nucleus 
accumbens shell

Kasture et al (2009)97

Ethanol dependence 
in rats

Oral doses of Withania extract 
(200 or 500 mg/kg)

Increased ethanol-induced anxiolysis and 
a marked reduction in ethanol withdrawal 
anxiety

Gupta et al (2008)98

Table 1  (Continued)
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Clinical trials

Tonic activity
A double blind clinical trial compared the effect of milk forti-
fied with Withania against placebo (lactose powder in milk) in 
58 children aged 8 to 12 years. The dose of Withania was 2 g/
day over a period of 60 days. For the Withania-treated chil-
dren there was a significant increase in mean corpuscular hae-
moglobin and serum albumin. Blood haemoglobin, serum iron, 
body weight and strength of hand grip also showed increases 
that were not statistically significant. There were no signifi-
cant changes for any of these parameters in the control group. 
The authors concluded that Withania is a growth promoter 
with anti-anaemic activity in children.9

The effect of Withania on parameters of ageing was stud-
ied in 101 healthy male patients aged 50 to 59 years under 
double blind conditions. The men were given 3 g of Withania 
root or 3 g of starch per day for 1 year. Compared with the 
placebo control group, Withania was responsible for a signifi-
cant increase in haemoglobin (p<0.001) and red blood cell 
count (p<0.02), and also significantly increased seated stat-
ure (p<0.05) and hair melanin content (less greying, p<0.1). 
It countered the decrease in nail calcium (p<0.05) and also 
decreased serum cholesterol (p<0.1) and erythrocyte sedi-
mentation rate (p<0.02). About 71% of the men receiving 
Withania reported an improvement in sexual performance.117

Withania (1 g/day) was administered to trainee moun-
taineers over 29 days in an uncontrolled trial that included 
a 5200 m altitude gain through trekking and 6 days’ training 
at that height, including a climb to 6400 m and subsequent 
descent. Psychological and physiological parameters were 
tested at various altitudes. Withania improved sleep patterns, 
responsiveness, alertness and state of awareness, together 
with physical capabilities.118

Administration of Withania to 28 healthy elderly men and 
women (60 to 75 years of age) modestly improved muscle 
strength and muscle functional performance in an uncontrolled 
trial. The dosage was described as two 500 mg capsules daily 
for 3 months, possibly as the dried root. (Sarcopenia is defined 
as muscle mass more than two standard deviations below the 
sex-specific young-normal mean.) Muscle strength in biceps, 
measured using the MRC scale, increased from 4.5 to 4.7 (sta-
tistical significance not stated). (The MRC scale, developed 
by the Medical Research Council in Britain, runs from 0 (no 
movement) to 5 (normal power).) The results for the Timed 
Up and Go test improved from 13.5 to 11.8 seconds. (This test 
measures the time taken to stand up from a standard armchair, 
complete a walk, turn around and sit down again.)119 Higher 
doses might lead to more marked results in sarcopenia.

Using a double blind, placebo-controlled design, 130 
chronically stressed patients were randomised to receive 
either 125 mg of a proprietary Withania root and leaf extract 
(corresponding to about 1 g of starting material) four times 
daily (n=30), 125 mg twice daily (n=35), 250 mg twice daily 
(n=35) or a placebo (n=30) for 60 days.120 The dried extract 
was specified to contain at least 8% withanolides and up to 
2% withaferin A and possessed a similar profile to root alone. 
A high dropout rate of 32 participants occurred and hence a 

per-protocol analysis was used, rather than intention-to-treat. 
There were significant improvements from baseline for 
well-being in all the Withania-treated groups (p<0.001), as 
assessed by a modified Hamilton Anxiety Scale (mHAM-A). 
By day 60, the reductions in mHAM-A were quite marked, 
of the order of around 70%, and the decrease was greatest in 
the group receiving 250 mg Withania extract twice daily. For 
the various biochemical parameters tested, similar changes 
from baseline were observed for all the Withania-treated 
groups, again with results most marked for those receiving 
250 mg twice daily. For this patient group there was a signifi-
cant reduction in serum cortisol (measured in the morning) 
of 30.5% and an increase in serum dehydroepiandroster-
one sulphate of 32.5%. Significant reductions from baseline 
were also measured for C-reactive protein (35.2%), fasting 
blood glucose (6.1%), total cholesterol (13.1%), triglycer-
ides (11.7%) and LDL-cholesterol (17.4%). HDL-cholesterol 
increased by 17.3% and haemoglobin by 9.1%. (See below 
for another clinical study on cardiovascular risk parameters.) 
There were small but significant reductions in pulse rate and 
blood pressure. Many of these parameters were also signifi-
cantly different to placebo (p<0.05 to p<0.001). There were 
no adverse effects reported.

Male fertility
Results from two uncontrolled clinical trials from the one 
research group in India suggest that Withania might exert ben-
eficial effects in male fertility. However, these results need 
to be confirmed in suitably designed and controlled studies. 
One trial investigated the impact of Withania (5 g/day of root 
powder in milk) for 3 months in 75 infertile men.121 While 
there was a ‘control’ group of 75 normal untreated men, their 
inclusion was to establish normal levels of the various param-
eters tested, rather than act as a control for any treatment 
effect from Withania. The Withania-treated group consisted 
of three subgroups: 25 men with relatively normal semen pro-
file (although much poorer than the control group), 25 with 
low sperm concentration and 25 men with low sperm motil-
ity. The herbal treatment resulted in significant increases from 
baseline for sperm motility and concentration in all three 
subgroups (p<0.01), although values were still substantially 
lower than the normal controls. Compared with the start of 
treatment there was a significant reduction (p<0.01) in semen 
lipid peroxides and protein carbonyl groups for all three sub-
groups and an improvement (p<0.01) in semen antioxidant 
parameters (superoxide dismutase, catalase and glutathione). 
Seminal plasma levels of vitamins A, E and C and of fructose 
were also improved from baseline (p<0.01). Interestingly, 
serum luteinising hormone (LH) and testosterone increased in 
all subgroups (p<0.01), while a fall in follicle-stimulating hor-
mone (FSH) and prolactin (p<0.01) was most marked in the 
subgroup with low sperm count.

In the other trial, 60 apparently infertile men with normal 
sperm parameters received the above dose of Withania for 
3  months.122 The men were again classified into three sub-
groups: 20 heavy smokers, 20 under psychological stress and 20 
with infertility of unknown aetiology. Again the various param-
eters measured were assessed against an untreated healthy 
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control group. Compared with baseline, significant improve-
ments were noted for sperm liquefaction and concentration in 
all three subgroups (p<0.01 to p<0.05). Semen volume was 
not changed in any subgroup and sperm motility improved only 
in the smokers and stressed men. Morning (8 a.m.) and after-
noon (4 p.m.) serum cortisol levels were significantly lower 
in all subgroups following Withania treatment (results were 
quite marked for the afternoon readings, with 36% to 48% 
reductions). Antioxidant parameters in semen were generally 
improved. LH and testosterone were significantly higher in all 
subgroups and FSH and prolactin were lower (except for pro
lactin in the subgroup with unknown aetiology).

Anxiety
In a double blind, placebo-controlled trial, 39 patients diag-
nosed with generalised anxiety disorder according to the 
ICD-10 were randomised to receive either Withania extract 
(1000 mg/day, probably from about 6 to 8 g of root) or pla-
cebo for 6 weeks.123 The first follow-up was at 2 weeks, at 
which time the dose was lowered or increased according to 
the clinical response and adverse effects reported. Subsequent 
dose changes to individual requirements occurred at weekly 
intervals if needed, within the range of 500 to 2500 mg/
day of extract. The average dose by the end of the trial was 
1,250 mg. The primary treatment outcome was change in the 
HAM-A score. Patients were evaluated at week 2 (six drop-
outs) and week 6 (19 dropouts). The mean HAM-A score 
dropped in both groups, but more in the herbal group, which 
trended towards a significant benefit compared with pla-
cebo (at week 2 p=0.098, at week 6 p=0.062) despite the 
low patient numbers. There was no difference in the adverse 
effects reported by both groups, except for perhaps greater 
drowsiness for Withania.

Canada Post employees with moderate or severe anxiety 
of longer than 6 weeks were randomised to receive either 
naturopathic care (n=41) or psychotherapy (n=40) for  
12 weeks.124 Naturopathic care consisted of dietary coun-
selling, relaxation techniques, a standard multivitamin and 
Withania extract (600 mg/day standardised to 1.5% witha-
nolides). The psychotherapy group received psychotherapy, a 
matched relaxation technique and a placebo. Seventy-five par-
ticipants were followed for 8 or more weeks. By the end of 
the trial, final Beck Anxiety Inventory scores had decreased 
by 56.5% in the Withania/naturopathy group, compared with 
30.5% in the placebo/psychotherapy group. This difference 
in treatment effects was significant (p=0.003). Significant 
differences favouring Withania/naturopathy treatment were 
also observed for mental health, concentration, fatigue, social 
functioning and overall quality of life. No serious adverse 
reactions were observed in either group.

Arthritis
Withania (4 to 9 g/day) was beneficial for patients with acute 
rheumatoid arthritis (and some cases of non-articular rheuma-
tism and chronic rheumatoid arthritis with acute exacerbations) 
in an uncontrolled trial conducted in the late 1960s.125

A 32-week randomised, double blind, placebo-controlled 
clinical study in 90 patients found a reduction in pain and 

improvement in WOMAC scores for patients with osteoarthri-
tis of the knee treated with an Ayurvedic formulation. The for-
mulation contained Withania, Boswellia, ginger and turmeric. 
(WOMAC is a measure of osteoarthritis; a reduction in this 
score indicates an analgesic effect.)126

Other activity
Withania (3 g/day for 30 days) decreased blood sugar levels 
from baseline in six patients with type 2 diabetes in an open 
label trial. The hypoglycaemic effect at around 12% reduc-
tion (p<0.01) was similar to that obtained in the control 
group (n=6) treated with glibenclamide. In addition, Withania 
appeared to increase diuresis, as evidenced by decreased 
serum potassium and increased urinary excretion of sodium 
(but not potassium). In another group of six hypercholester-
olaemic patients, Withania significantly decreased (p<0.01) 
serum total cholesterol (by 10%), triglycerides (by 15%) and 
LDL- and VLDL-cholesterol compared with baseline values. 
Lipid profiles remained largely unchanged in the untreated 
control group (n=6). The mean calorie and fat intakes of 
the treatment groups were higher than those of the control 
groups.127

A preparation containing extracts of Withania, Tinospora 
cordifolia, Emblica officinalis and Ocimum sanctum produced 
good symptomatic improvement within 6 months in patients 
with HIV infection in an open trial. Mean viral load decreased 
and there was an increase in mean CD4 cell count. The 
strength of the extracts (and hence the dried herb equivalent) 
was not disclosed.128

In an uncontrolled pilot study, five volunteers took 6 mL of 
an aqueous-ethanolic Withania extract in milk twice daily for 
4 days.129 Compared with baseline, peripheral blood samples 
showed a marked increase in the number and activation of 
CD4 T cells and activity of CD56+ natural killer (NK) cells.

Withania root powder or extract has been used in preliminary 
and uncontrolled settings with cancer patients in India, although 
details are limited. An encouraging response was observed in 
advanced oral carcinoma (Withania extract and radiotherapy): 
tumours disappeared in three patients and the response in 
the other three patients was good. Blood glutathione levels 
decreased.52,130 Treatment with Withania powder improved the 
life status of neuroblastoma patients (after surgery) and some 
laryngeal carcinoma patients (who received radiotherapy). It was 
also beneficial for recovery of neural deficit after encephalitis.131

Toxicology and other safety data

Toxicology
A single intraperitoneal injection of 1100 mg/kg of alcohol 
extract of Withania root in mice did not produce any deaths 
within 24 h, but dosages beyond this level resulted in mortal-
ity (100% mortality with a 1500 mg/kg dose). The acute LD50 
within 24 h was 1260 mg/kg. Subacute toxicity studies with 
repeated intraperitoneal injections of this extract at a dose of 
100 mg/kg for 30 days in rats did not result in any mortality. 
An increase in haemoglobin and a non-significant increase in 
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red blood cell count were observed. Significant reductions in 
the weights of spleen, thymus and adrenals were also observed 
in male rats at the end of the experiment. Levels of DNA, 
RNA, protein and alkaline and acid phosphates within the liver 
were normal, but the acid phosphatase content of peripheral 
blood showed a significant increase from controls.132 An LD50 
of more than 1 g/kg was measured for an aqueous extract of 
Withania root by oral administration in mice and rats.133

No toxic effects were observed in rats and mice orally admin-
istered Withania root aqueous extract (50 to 1000 mg/kg/day) 
for up to 4 weeks133 or in rats orally administered an unde-
fined Withania root extract at 100 mg/kg/day for 180 days.134 
Catecholamine levels increased in cardiac and aortic tissues 
and decreased in the adrenal glands when this extract (100 and 
200 mg/kg/day) was administered orally for 30 days.134

Oral administration of Withania whole plant extract 
(200 mg/kg/day) for 7 months had no significant effect on 
mortality in mice.60 Histopathological lesions were observed 
in the liver, lungs and kidneys of mice fed very high doses of 
Withania whole plant (20% w/w of diet, about 5 g/rat/day) 
for 10 to 14 days.135 However, organ histopathology was 
not observed when rats were orally administered a Withania  
whole plant decoction at 250 mg/kg/day for 4 weeks. Adrenal 
weight decreased and liver and lung weights increased. Also 
no toxic effects were observed when the decoction was orally 
administered at a dose of 100 mg/kg/day for 8 months.22

Male rats orally administered a methanol extract of 
Withania root at dose of 3 g/kg dry extract 33:1 (much greater 
than the human therapeutic dose) for 7 days failed to ejacu-
late during the treatment period and for at least 7 days after 
and demonstrated reduced sexual performance, with sexual 
vigour and behaviour indicative of penile erectile dysfunction 
and reduced libido. There was no significant effect on serum 
liver enzymes, urea nitrogen, seminal fluid pH or the gross 
appearance and weight of the reproductive organs, liver, kid-
neys or adrenal glands. It was concluded that the effects were 
not due to changes in testosterone levels or toxicity.136 In 
contrast, healthy men (aged 50 to 59 years) prescribed thera-
peutic doses of Withania (3 g/day) for 1 year in a randomised, 
double blind, placebo-controlled clinical trial reported an 
increase in their sexual performance.117

Contraindications
None known.

Special warnings and precautions
None required.

Interactions
Withania extract may enhance the effect of benzodiazepines. 
Oral administration of Withania extract (100 mg/kg) to rats 
reduced the effective dose of benzodiazepines, while provid-
ing a protective effect in experimentally induced epilepsy.137 
Withania enhanced the binding of a benzodiazepine to the 
GABA-A receptor in vitro.77 However, this interaction is spec-
ulative and the doses used in the experimental model were 
relatively high.

Use in pregnancy and lactation
Category B1 – no increase in frequency of malformation or 
other harmful effects on the fetus from limited use in women. 
No evidence of increased fetal damage in animal studies.

A review of traditional Ayurvedic literature noted that 
Withania (part and dose undefined) was listed as an abor-
tifacient in three of the five sources checked. However, 
the definition of abortifacient was very broad and included 
emmenagogue, ecbolic (uterine contractor) and ‘anti-
metabolite’.138 A 1952 publication noted that Withania 
root powder was used in Casablanca for abortion.139 In 
West Pakistan, Withania root is used to cause abortion. It 
has also been employed to tone the uterus in women who 
habitually miscarry and to remove retained placenta.140 In 
contrast, another traditional source notes its use as a nutri-
ent and tonic for pregnant women5 and the animal study 
below would suggest that it is safe during pregnancy. The 
confusion over safety in pregnancy from traditional use may 
arise from the use of different plant parts. Withania leaf has 
a very different phytochemical content compared with the 
root.141,142

Rats orally administered Withania whole plant decoction 
(100 mg/kg/day) for 8 months had comparable litter sizes 
and frequency of pregnancy to controls, but produced prog-
eny with higher average body weight (indicating perhaps tonic 
activity).22 Withania root powder (25 mg/day for 10 days) 
administered orally to male and female mice that were later 
paired for mating resulted in decreased litter size and produced 
some infertility.140 (This indicates a potential antifertility effect 
but does not imply harm during pregnancy.)

Withania use is compatible with breastfeeding. Withania 
is used to promote lactation in Ayurvedic medicine and the 
traditional medicine of South-East Asia.5,143 One teaspoon 
(0.5 g) of Withania powder may be given twice daily with milk 
for insufficient lactation.144

Withania improved milk yield and quality in lactating 
cows.145,146 Rats orally administered Withania whole plant 
decoction (100 mg/kg/day) throughout their lactation period 
produced offspring with higher average body weight.22

Effects on ability to drive and use 
machines
No negative influence is expected at the recommended 
dosage.

Side effects
High doses have been reported to cause gastrointestinal upset, 
diarrhoea and vomiting,147 which may be due to the steroidal 
saponin content. Few side effects have been noted in clinical 
trials.

A 32-year-old woman developed symptoms of thyrotoxicosis 
(weight loss, palpitations, confusion) while taking capsules con-
taining Withania for symptoms of chronic fatigue.148 She was 
reportedly not taking any other treatments and her thyroid-
stimulating hormone (TSH) was tested at <0.01 mU/L and 
serum thyroxine at 33.9 pmol/L. All symptoms and abnormal 
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laboratory values resolved spontaneously after discontinuing the 
herb. The reported dose was 500 mg/day of Withania, possibly 
of a dry extract. This case report might testify to the thyroid-
stimulating properties of Withania observed in animal studies.

Overdosage
No incidents found in published literature.

Safety in children
Adverse events were not reported in a randomised, double 
blind, placebo-controlled trial in which healthy children were 
orally administered 2 g/day of Withania for 60 days.9 Withania 
is traditionally used in Ayurvedic medicine to treat failure to 
thrive in children.5

Regulatory status in selected 
countries

Withania was official in the second edition of the Indian 
Pharmacopoeia (1966) but was not included in the third edi-
tion (1985).

Withania is not covered by a Commission E monograph and 
is not on the UK General Sale List.

Withania does not have GRAS status. However, it is freely 
available as a ‘dietary supplement’ in the USA under DSHEA 
legislation (1994 Dietary Supplement Health and Education 
Act).

Withania is not included in Part 4 of Schedule 4 of the 
Therapeutic Goods Act Regulations of Australia and is freely 
available for sale.
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Prefaces

textbook in English) is the clinical focus of its authors (with 
a comprehensive and modern approach included for most dis-
ease states) and their skills in discerning the true value and rel-
evance of the published research in the monographs, especially 
from the standpoint of applying this knowledge in clinical 
practice. Too many texts about herbs and herbal medicine con-
tain misleading information because of excessive extrapolation 
from scientific publications, be they in vitro, animal or clinical 
studies, or because of vague allusions to traditional use. While 
it is appropriate to speculate on new uses for herbs, such 
speculation should be transparent. Hypotheses should not be 
presented as fact and all sources of information, be they tradi-
tional or scientific, should be clearly cited. Anecdotal informa-
tion that has no traditional basis should be heavily discounted.

As noted above, one feature generally lacking from books 
about herbs or herbal medicine is adequate treatment of herbal 
therapeutics. To be fully effective in herbal therapy, it is not 
enough simply to know about the herbs themselves. Information 
must also be sought about how and when to use these herbs in 
response to the various therapeutic challenges. It is the thera-
peutic focus of this text, complete with actual case histories, 
which differentiates it from many other works and genuinely 
defines its audience as the student or professional reader.

The WHO has acknowledged that a form of herbal medicine 
is practised in every culture and in every country of the world, 
be it industrialised or not. Something deep within us recognises 
that there is healing power in the plant kingdom which, after 
all, is the nourishment of all animal life. Herbal medicine is not 
an anachronism practised by ignorant people. It is even more 
imperative to embrace the concept of phytotherapy and further 
develop its art and science for the benefit of all humanity.

Kerry Bone 
Queensland, Australia, 2012

Having just completed the mammoth task of fully revising 
and updating the first edition, it is plainly evident we are wit-
nessing an explosion of new information in the field of phyto-
therapy. By way of illustration, a quick search on the Medline 
database PubMed illustrates the onerous task faced these days 
by any author of herbal monographs. In the case of St John’s 
wort (Hypericum perforatum), around 20% of the available 
research papers on PubMed were published in the past 3 
years. The same applies for other well-researched herbs, such 
as Ginkgo biloba. For key phytochemicals, the situation is 
even more marked. More than 40% of the research papers on 
curcumin were published in the last 3 years and for berber-
ine the amount is 24%. Keeping up with this new information 
is now a daunting challenge, certainly one that is beyond the 
time available to the herbal clinician. Hopefully, this speaks to 
the timeliness and utility of this second edition.

Given this exponential rise in new data, the need to be able 
to critically assess and discriminate the relevance and value of 
scientific information is more important than ever. This will 
definitely benefit patients, but will also help to allay concerns 
in the community in general, particularly with regard to the 
often-misplaced fears regarding herbal safety. However, it is 
equally important to acknowledge that just because a herb has 
been used traditionally for hundreds of years, this does not 
mean there is not a need for research into new applications 
and safety issues, for the latter particularly the phenomenon 
of potential interactions with conventional drugs.

This text, like the original, is divided into three key parts: 
the first defines the underlying principles and knowledge 
base of modern phytotherapy; the second explores the role of 
plants as therapeutic agents in a clinical setting; and the third 
contains the 50 detailed herbal monographs. What differenti-
ates this book from many others (when it was first published it 
was relatively alone as a modern, comprehensive phytotherapy 

In the 12 years since writing for the first edition of Principles 
and Practice in Phytotherapy, there have been many events 
affecting herbal medicine. In the first preface there was an 
opportunity to look back to the pioneering steps in herbal 
medicine, the work of Hein Zeylstra (to whom this book is 
dedicated) and Fred Fletcher Hyde in developing herbal edu-
cation and practice in the UK. Both of these leaders have 
sadly passed away since the first edition. We could also at 
that time reflect on other herbal cultures in Europe, North 
America and Asia and call for a more robust direction for 
phytotherapy based on the best of these legacies. We had 

the wind in our sails and were aspiring to great things for our 
work.

We may still look forward with promise. However there 
have been bumps in the road. There has certainly been much 
more academic study of herbal medicines, and the available 
literature we have had to process seems to be doubled in 
these intervening years! However, the large and more rigorous 
studies that we hoped for have not delivered strong messages 
of efficacy. In many cases it is possible to point to methodo-
logical shortcomings in the studies, particularly in relation to 
subject and treatment selection and outcome measures, but 
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there is also a growing feeling that the more rigorous the study 
the less likely it is to come up with a positive conclusion. We 
have certainly had to trim the recommended uses for some of 
the monographs in this text in the face of these results.

There have also been less than promising developments 
from the UK and Europe to report. Immediately following 
the first edition I took on the role of Special Advisor to the 
House of Lords Science and Technology Committee report on 
Complementary and Alternative Medicine. Its seminal report 
in 2000 set out a substantial programme by which complemen-
tary approaches might become integrated with the wider com-
munity and with conventional health care provision in the UK. 
Surprisingly, the government accepted almost every recommen-
dation. These included calls for better standards in the supply 
of herbal medicines and for the statutory regulation of herbal 
practitioners, both in the interests of public safety. In the for-
mer case the British medicines regulator, the Medicines and 
Healthcare Products Regulatory Agency (MHRA) led the way 
in Europe in framing a new European Directive, The Traditional 
Herbal Medicinal Products Directive. This started taking effect 
in 2004 and was fully implemented in 2011. Under its provi-
sions it was possible to register a herbal product as a medicine 
on the basis of 30 years of traditional use rather than mod-
ern clinical studies to establish efficacy. On the other hand 
from 2011 it has been then illegal to supply a herbal product 
deemed medicinal without such a registration. It has proved 
too costly and difficult to register the vast majority of prod-
ucts that herbal practitioners use. For tinctures, extracts and 
other simple products it has been possible for the practitioner, 
under 1968 Medicines Act exemptions that still apply, to clas-
sify these as ‘starting materials’ in the production of individual 
formulations that are by definition not placed on the market. 
However finished products such as tablets are now considered 
as registrable medicines and these have been effectively with-
drawn from supply to practitioners.

The way forward has been to pursue the statutory regula-
tion of herbal practitioners, another recommendation from 
their Lordships. This would give herbal practitioners from 
many traditions, including China and Ayurveda, ‘authorised 
health professional’ status and the right to commission the 
supply of otherwise registrable medicines for the use of indi-
vidual patients. However this path has been extremely slow 
and frustrating with the British government apparently awed 
by a few powerful voices against the proposal. Although in 
2011 the Secretary of State for Health undertook in public 
statutorily to regulate herbal practice, the bureaucratic grind 
means this could be up to several years away still.

A key point of both regulatory measures is that there is 
no acknowledgement that herbs are effective, only that the 
public needs to be protected from poor quality provision. So 
although there is movement towards a stronger foundation in 
the modern community it is perhaps not for the reason we 
would wish. Our claim that phytotherapy can be recognised 
as an important contribution to health care in the UK is not 
much closer in this last decade.

So perhaps there is a lesson we can be learning here? 
Maybe the strength of what we do can be measured in other 
ways. As Mark Blumenthal points out in his foreword, the 
popular demand for herbal medicines has held up well in the 
USA, and the same is true elsewhere in the world. Other 
evidence points the same way, that when people are left to 
make their own devices they stubbornly reserve the right to 
try herbs in their health care, in spite of much negative media 
coverage. As conventional health care provision inflates itself 
beyond the capacity of public and even private budgets to 
support it, there is increasing interest in deferring the health 
care control to the patient (and even recognising that at that 
point they stop becoming patients).

Also in the last decade I helped set up and was first 
Director of a new Masters Program in Herbal Medicine at the 
Tai Sophia Institute in Maryland, USA. Here there is no State 
License available to practice as a herbalist, you cannot as a 
herbalist ‘diagnose’, ‘prescribe’, or even ‘dispense’ and one has 
‘clients’ rather than ‘patients’. Our graduates are taught to be 
advisors, guides, even coaches, helping their clients make the 
best herb choices for their particular health needs. For legal 
reasons our herbal practitioners become as much facilitators 
for self care as prescribers.

There is a promising pointer for our futures here. Our 
practitioners can be the experts that people turn to when they 
want to try herbs in their own self care. We may thus look for 
different ways to engage with our local communities, offering 
our specialist skills against a background of community-based 
self-care support, whether through local community garden-
ing groups, yoga or relaxation classes, church groups, young 
parents or retired gatherings, or anywhere else where people 
might find herbal guidance helpful, especially if up till then 
they had not thought of that option. Then we may find our-
selves translating the comprehensive information in this new 
book into something that makes sense to our communities.

Simon Y. Mills 
Exeter, UK, 2012
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in the UK. I have also worked with Simon Mills in the con-
sulting room and have found the different herbal approaches 
he brings a very useful complement to mine.

In our new College of Medicine we bring together profession-
als from all areas of health care to work with patients towards a 
new vision of health care, in which all useful approaches may be 
integrated around the patient’s experience. It has been notable 
how quickly herbal medicine has taken off as the area that has 
attracted particular interest in College events.

Prominently displayed above the desk in my consulta-
tion room are the two Mills and Bone classics, Principles 
and Practice of Phytotherapy, and the The Essential Guide to 
Herbal Safety. They have a unique rigour and scope in this 
field, processing thousands of published papers for clinical rel-
evance. They make an ideal resource for someone tackling the 
diversity of conditions presenting to general practice, wanting 
sound evidence-based guidance and help in advising patients 
in their herbal self care. I am not surprised that they are the 
seminal texts around the world in herbal education.

As in all areas of health care, the science has moved enor-
mously in the decade since the first Principles and Practice 
appeared and this new edition is a substantial reworking of the 
original. I very much look forward to having it on the shelf!

Dr Michael Dixon OBE, MA, FRCGP
General Practitioner;

Chairman, College of Medicine, London, UK

Family doctors working in the UK National Health Service 
know very well that their tools are not suitable for all their 
work. So many of their patients present conditions for which 
there are few effective prescription options. Most everyday 
viral infections are left for nature to take its course, with at 
best a little symptom relief; we check persistent headaches 
for pathologies and if absent send patients away to find their 
own analgesics; we are reluctant to prescribe much for chil-
dren or add to the medication list of the elderly. Even where 
chronic long-term conditions are being medically well man-
aged, many still come in with persistent tiredness, low mood, 
stress, distress and sleep problems, disabling joint and mus-
cle pain, or a diversity of digestive problems that we tend to 
lump together as ‘irritable bowel syndrome’. If we add the 
many menstrual and menopausal difficulties that women can 
face, we can quickly account for the bulk of family doctors’ 
case loads and conclude that most of them are not appropri-
ate for prescriptions.

What we can so often wish for is a range of remedies that 
are gently helpful, that will speed recovery without setting up 
new problems down the road, and can help patients feel part 
of their own treatment.

For over 15 years I have become aware that herbal medi-
cines might address some of our daily ‘effectiveness gaps’. 
Although they are not on my prescription pad, I will some-
times suggest that a patient go to the pharmacist for one of 
the reliable registered herbal medicines that we have available 

The use of herbs and herbal medicines has grown worldwide 
in the past several decades, creating an ever-increasing need 
for rational, authoritative, reliable information on the respon-
sible use of these materials – like the information contained 
in this book. Since the publication of the first edition of this 
book in 2000, self-medication with herbs and phytomedi-
cines, as well as the inclusion of herbs and phytomedicinal 
preparations in the clinical practice of herbal medicine (the 
practice frequently referred to as phytotherapy), has contin-
ued to expand and mature.

The growing interest in and demand for herbal medicine 
is a consumer-led phenomenon. In addition, there is also an 
increase in the numbers of clinically trained natural health 
practitioners who routinely employ herbs and phytomedicines 
in their clinical practices. These include naturopathic physi-
cians who graduate from fully accredited 4-year post-gradu-
ate schools, and acupuncturists who have been extensively 

trained in the subtleties of Traditional Chinese Medicine. 
And, there is an increase in the number of conventionally 
trained physicians, nurses, pharmacists and dietitians who are 
more receptive to the idea of including and/or recommend-
ing herbal products in their clinical practices. This matura-
tion of the herbal marketplace is occurring worldwide – in 
North America, Europe, Australia, as well as in Asia, Africa, 
Central and South America – in both developed and develop-
ing nations.

Consumer use of and demand for herbs and herbal medici-
nal products continues what may be inexorable growth. This 
is evident in the market statistics for retail sales of herbal 
dietary supplements (as they are known and regulated in the 
United States) where sales increased by an estimated 4.8% in 
2009 (the first full year of an economic recession) – a signifi-
cant statistic given that the U.S. economy and many places 
around the world were experiencing the largest economic 
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recession in about 70 years1. The rate of growth for herbal 
dietary supplements fell to just 0.2% in all sectors of the mar-
ket in 2010 – still positive growth – according to the annual 
Herb Market Report published by the American Botanical 
Council in its journal HerbalGram.2 The significance of this 
statistic is palpable: even in a down-cycle economy, with 
dwindling economic resources, millions of American consum-
ers have ‘voted for’ the use of herbal products, and what they 
represent, as a form of natural nutrition and natural medicine 
with their even-more-precious funds! These market statistics 
include sales in health and natural food stores, mainstream 
retail stores (including drugstores and grocery stores), as well 
as via mail order, internet sales, sales by health practitioners 
(including naturopaths, chiropractors, herbalists, acupunctur-
ists) and via direct sales and multi-level marketing companies. 
Similar trends are estimated for herb sales in other parts of 
the world.

The global increase in consumer demand for herbal prod-
ucts is also reflected by the growth in the publication of 
pharmacological and clinical research papers. In the 30-year 
period from 1977 to 2007 the number of articles dealing 
with pharmacological and human clinical research on herbs 
and phytomedicines rose from a yearly total of 739 in 1977 
to 6,364 in 2007, with a significant number of these papers 
being review articles and randomized controlled clinical trials. 
And, fortunately, the authors of this book have kept up with 
much of this published research as reflected in the 50 mon-
ographs on leading herbs, citing thousands of articles from 
peer-reviewed scientific and clinical journals.3

So much for the old canard that ‘there’s no scientific 
research on herbal medicines’, as often repeated by numer-
ous critics, who are apparently inadequately familiar with 
the impressive body of herbal research. What’s more, some 
of these same critics, after admitting that there are published 
scientific and clinical data supporting the overall safety and 
benefits of many popular herbs, still dismiss this research as 
having any compelling significance by claiming that the clini-
cal trials are of inadequate design lacking appropriate controls, 
thus being inferior to clinical trials conducted on conventional 
pharmaceutical drugs. But, an independent research group at 
a Swiss university published a report in 2007 that compared 
randomly selected clinical trials on herbs/phytomedicines 
with trials on conventional medications.4 They concluded that 
the controls and trial design in the herbal trials were equal 
to or even better on average than the conventional drug tri-
als! And, to add another log on the fire, a pilot study con-
ducted at Wake Forrest Medical School in the United States 
in 2008 determined, based on a review of advertising in the 
top 11 English-language medical journals that accept ads from 
pharmaceutical drug manufacturers, an inverse correlation 
between the level of coverage and the tone of that coverage 
compared to the number of drug ads in the journal.5 In other 
words, the more ads for pharmaceutical drugs in a respected, 
leading English-language medical journal, the less coverage 
about herbs and other dietary supplements and whatever cov-
erage was published was usually negative in its tone.

The relative safety of properly manufactured and respon-
sibly used herbal medicinal products is well recognized. Data 
from numerous adverse event reporting databases shows a 

relatively low rate of reporting for herbal products, most 
reports being associated with relatively minor adverse effects. 
While it is a common truism that adverse events associated 
with the use of herbal medicinal products is probably under-
reported, the existing data support their overall safety. An 
example is the database at the American Association of Poison 
Control Centers which reveals no deaths associated with 
herbal dietary supplements in the United States in 2007, 
2008 or 2009.6

One of the key areas that differentiate many modern 
clinical herbalists is their willingness to include both the rich 
knowledge base of traditional use and ethnobotany, combined 
with modern scientific, chemical, toxicological, pharmacologi-
cal, and clinical research – a position which some might con-
sider under the term ‘rational phytotherapy’, distinguished 
from some herbal colleagues who, while embracing traditional 
use, frequently eschew modern scientific findings.

Bone and Mills are able to live in both worlds: they respect 
the robust body of traditional use of herbs in systems of tradi-
tional medicine, but they also believe that recommendations 
for use in modern clinical practice require whatever degree of 
scientific and clinical validation currently available from the 
growing body of such literature. These authors are eminently 
qualified to convey this information, and they do so in a lucid, 
non-dogmatic, rational manner.

The first edition of Principles and Practice of Phytotherapy 
(2000) is considered by many knowledgeable herbalists and 
others in the various fields of herbal medicine to be a land-
mark publication and it has achieved a status of a modern 
classic – a must-have volume for any competent phytothera-
pist’s library. It is used as a primary textbook by many herb 
and naturopathic schools in the English-speaking world.

While some of my favourite herb books (and even my own 
previous books) have been primarily materia medica, this book 
combines some of the best elements of both a materia med-
ica and a guide to the basic principles underlying the authors’ 
approach to clinical herbal medicine, or as they call it by its 
more European term, phytotherapy. They provide up-to-date 
information in 50 monographs on popular herbs (there were 
43 in the first edition) – many used globally. New monographs 
in this edition include Boswellia, gotu kola (Centella asiatica), 
myrrh gum (Commiphora molmol), and willow bark (Salix 
spp.), among others. But this is no mere materia medica; the 
authors also present their philosophy of herbal medicine/phy-
totherapy for practitioners. To Bone and Mills, phytotherapy 
is not simply the act of substituting an herbal remedy for a 
conventional pharmaceutical drug – as many so-called CAM 
physicians might tend to do. Phytotherapy transcends the 
standard, conventional mindset employed by most conven-
tionally trained MDs et al. How? Well, perhaps it’s almost 
time for the reader to explore the initial chapters to find out.

A few comments on the monographs in this book. They 
are quite extensive, representing some of the most up-to-date 
(and balanced) reviews of various medicinal herbs currently 
available in the literature. The monographs are obviously ther-
apeutically oriented (as opposed to those which are published 
in pharmacopeias for identity and quality-control purposes), 
although the monographs in this book do mention which 
herbal materials are sometimes used as adulterants of the 
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primary herb – an area of increased importance to the entire 
herb industry, as well as to those practitioners who are incor-
porating herbal products in their clinical practices.

The herb monographs probably contain more informa-
tion than many busy clinicians will have time to read. This is 
understandable. And yet, it is important to provide to health 
practitioners the underlying substrate of the pharmacologi-
cal, toxicological, and clinical literature that tend to support 
and validate the various clinical applications suggested here. 
If anyone ever doubted the growing body of scientific and 
clinical literature advancing the cause of phytotherapy, they 
need look no further than the pages of this remarkably well-
researched tome.

The practice section of the book covers many areas of 
therapeutics, and in some cases may be an eye-opener to con-
ventionally-trained practitioners, and even to some classically 
trained herbalists, regarding what the world of phytotherapy 
might be able to accomplish. As with the previous edition, the 

authors include chapters on the use of phytotherapy in cancer 
treatment, dermatological conditions, debilities, febrile condi-
tions, infectious diseases, inflammatory conditions, and much 
more.

Given the inexorable increase in use in herbal products 
for health purposes and the eventual acceptance of appropri-
ate herbal medicinal products in conventional and integra-
tive medicine, this book and/or future iterations of it will no 
doubt become one of the key textbooks in conventional medi-
cal schools, whenever the time is prioritized for phytotherapy 
in the already-crowded medical education curriculum.

Mark Blumenthal MA
Founder & Executive Director

American Botanical Council;
Editor, HerbalGram,

Austin, Texas, USA
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Herb terminology

starting with a capital letter and the specific name in lower 
case, all in italics, as in Echinacea angustifolia or Taraxacum 
officinale.

The abbreviated pharmaceutical name, the common short-
hand terminology among practitioners and in the pharmaceuti-
cal sector, used especially where the generic name is sufficient 
(either because only one species is generally used or because 
the species used is not critical or one understands it to refer to 
the best species available); in this text the convention is to use 
an initial capital and no italics, as in ‘Echinacea’ or ‘Taraxacum’.

There are three conventions for naming herbal remedies. All 
are used freely in this book to reflect common parlance among 
herbal practitioners. Familiarity with all three will be useful 
for any reader.

The common name (here in English and occasionally pinyin 
Chinese) is the language used with patients and is rendered in 
this text in ordinary lower case as in ‘dandelion’.

The botanical name, the most precise and globally applica-
ble, used to define the plant scientifically and professionally, 
rendered here in the usual convention of the generic name 



Appendix A: Glossary of herbal actions

Adaptogenic A substance that increases the body’s resistance or adaptation to physical, environmental, emotional or biological 
stressors and promotes normal physiological function.

Adrenal tonic or restorative A substance that improves the tone, histology and function of the adrenal glands (especially the cortex).

Alterative See Depurative

Analgesic A substance that relieves pain.

Anaphrodisiac A substance that reduces libido (usually in males).

Anodyne See Analgesic

Antacid A substance that counteracts or neutralises acidity in the gastrointestinal tract.

Anthelmintic A substance that kills or assists in the expulsion of intestinal worms.

Antiallergic A substance that tones down the allergic response, often by stabilising mast cells.

Antiandrogenic A substance that inhibits or modifies the action of androgens (male sex hormones).

Antianaemic A substance that prevents or corrects anaemia (that is a reduction in the number of circulating red blood cells or in the 
quantity of haemoglobin).

Antiarrhythmic A substance that prevents or is effective against arrhythmias (that is any variation from the normal rhythm or rate of 
the heart beat).

Antiasthmatic A substance that prevents or relieves asthma attacks.

Antibacterial A substance that inhibits the growth of bacteria (bacteriostatic) or destroys bacteria (bactericidal).

Anticariogenic A substance that reduces the incidence of dental caries (tooth decay).

Anticatarrhal A substance that reduces the formation of catarrh or phlegm (pathological mucus secretion).

Anticoagulant A substance that reduces the rate of blood coagulation.

Anticonvulsant A substance that tends to prevent or arrest seizures (convulsions).

Antidepressant A substance that alleviates depression.

Antidiabetic (see also Hypoglycaemic) A substance that alleviates diabetes or the effects of diabetes.
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Antidiarrhoeal A substance that alleviates diarrhoea.

Antiecchymotic A substance that prevents or alleviates bruising.

Anti-oedematous A substance that prevents or alleviates oedema (fluid retention).

Antiemetic A substance that reduces nausea and vomiting.

Antifibrotic A substance that reduces the excessive formulation of fibrous connective tissue (e.g. in scleroderma).

Antifungal A substance that inhibits the growth of or destroys fungi.

Antihaemorrhagic A substance that reduces or stops bleeding when taken internally.

Antihyperhidrotic A substance that reduces excessive sweating.

Anti-inflammatory (see also 
Antiallergic, Antirheumatic, Anti-
oedematous, Immune depressant )

A substance that reduces inflammation.

Antilithic A substance that reduces the formation of calculi (stones) in the urinary tract.

Antimicrobial (see also Antibacterial, 
Antifungal, Antiparasitic, Antiviral, 
Antiprotozoal )

A substance that inhibits the growth of or destroys micro-organisms.

Antiobesity A substance that assists in the reduction of body weight.

Antioxidant A substance that protects against oxidation and free radical damage.

Anti-PAF A substance that inhibits the activity of platelet-activating factor (PAF). (PAF is a potent platelet aggregating agent and 
inducer of systemic anaphylactic symptoms.)

Antiparasitic A substance that inhibits the activity of or kills parasites, especially protozoa.

Antiplatelet A substance that reduces platelet aggregation (and hence prolongs bleeding time and may prevent thrombus 
formation).

Antiprostatic A substance that reduces symptoms from the prostate gland.

Antiprotozoal A substance that kills protozoa or inhibits their growth and activity.

Antipruritic A substance that relieves or prevents itching.

Antipsoriatic A substance that tends to relieve the symptoms of psoriasis.

Antipyretic A substance that reduces or prevents fever.

Antirheumatic A substance that prevents or relieves rheumatic symptoms.

Antiseptic See Antimicrobial

Antispasmodic See Spasmolytic

Antithyroid A substance that reduces the activity of the thyroid gland.

Antitumour A substance that has activity against a malignant tumour.

Antitussive A substance that reduces the amount or severity of coughing.

Antiulcer A substance that prevents or relieves ulceration (usually in the gastrointestinal tract).

Antiuraemic A substance that reduces the levels of urea in the blood (especially in kidney failure).

Antiviral A substance that inhibits the growth of or destroys viruses.

Anxiolytic A substance that alleviates anxiety.
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Aperient A mild laxative

Aphrodisiac A substance that stimulates sexual desire or libido.

Aromatic digestive A substance that is generally pleasant tasting and/or smelling that assists digestion. They are warming to the body and 
are also known as warming digestive tonics.

Astringent A substance that causes constriction of mucous membranes and exposed tissues, usually by precipitating proteins. 
This has the effect of producing a barrier on the mucus or exposed surfaces.

Bitter tonic (also known as a Bitter; 
see also Digestive stimulant, Gastric 
stimulant )

A substance that is bitter tasting and stimulates the upper gastrointestinal tract via the bitter-sensitive taste buds of 
the mouth and/or by direct interaction with gastrointestinal tissue. Bitters have a promoting effect on all components 
of upper digestive function, namely the stomach, liver and pancreas. In addition to appetite and digestion they improve 
general health and immune function.

Bladder tonic A substance that improves the tone and function of the bladder and reduces post-void residual urine.

Bronchospasmolytic A substance that reduces spasm in the lower respiratory tract.

Cancer preventative (see also 
Antitumour )

A substance that prevents the incidence of cancer.

Cardioprotective A substance that protects cardiac tissue against hypoxia (oxygen deficiency) and decreases the risk of heart damage.

Cardiotonic A substance that improves the force of contraction of the heart.

Carminative A substance that relieves flatulence and soothes intestinal spasm and pain, usually by relaxing intestinal muscle and 
sphincters. They are also added to herbal formulations to ease the intestinal spasm or pain that may be caused by 
laxative herbs.

Cathartic A substance that assists or induces evacuation of the bowel and has a strong laxative action.

Cholagogue A substance that increases the release of stored bile from the gallbladder.

Choleretic A substance that increases the production of bile by the liver.

Circulatory stimulant A substance that improves blood flow through peripheral body tissues. Circulatory stimulants are warming and they 
support vitality in the body tissues.

CNS stimulant A substance that stimulates the central nervous system, increasing alertness.

Cognition enhancing A substance that facilitates learning, memory or concentration.

Collagen stabilising A substance that stabilises collagen and protects collagen from degradation. Connective tissue tone is thereby 
improved.

Counter-irritant A substance that produces a superficial inflammation of the skin in order to relieve a deeper inflammation (e.g. in 
muscles, joints and ligaments).

Demulcent A substance that has a soothing effect on mucous membranes (e.g. within the respiratory, digestive and urinary tracts).

Depurative A substance that improves detoxification and aids elimination to reduce the accumulation of metabolic waste products 
within the body. They were formerly known as alteratives or blood purifiers and are largely used to treat chronic skin 
and musculoskeletal disorders.

Diaphoretic A substance that controls a fever often by promoting sweating. They are also known as sudorifics.

Diuretic A substance that increases urinary output.

Diuretic depurative A substance that assists detoxification of the body by the kidneys.

Dopaminergic agonist A substance that binds to and activates dopamine receptors.

Emetic A substance that causes vomiting.

Emmenagogue A substance that initiates and promotes the menstrual flow. Several of these herbs are also regarded as abortifacients.
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Emollient A substance used to soothe, soften or protect skin.

Expectorant A substance that improves the clearing of excess mucus from the lungs by either altering the production and viscosity 
of mucus or improving the cough reflex.

Febrifuge See Antipyretic

Female tonic A substance that improves the tone, vigour and function of the female reproductive system.

Galactagogue A substance that increases breast milk production.

Gastric stimulant (see also Bitter tonic 
and Digestive stimulant )

A substance that stimulates the function of the stomach.

General body tonic See Tonic

Haemostatic See Styptic

Healing promoter A substance that promotes the healing of tissue.

Hepatic (Hepatic tonic) A substance that improves the tone, vigour and function of the liver. This term is vague and other more specific terms 
are preferable.

Hepatoprotective A substance that protects the hepatocytes (liver cells) against toxic damage.

Hepatotrophorestorative A substance that restores the integrity of liver tissue.

Hypnotic A substance that induces drowsiness and sleep. They are also known as soporifics.

Hypocholesterolaemic (see also 
Hypolipidaemic)

A substance that reduces the level of cholesterol in the blood.

Hypoglycaemic A substance that reduces the level of glucose in the blood.

Hypolipidaemic A substance that reduces the lipid level (cholesterol and triglycerides) of blood.

Hypotensive (see also Peripheral 
vasodilator )

A substance that reduces blood pressure.

Immune depressant A substance that reduces immune function and is used particularly where part of the immune system is overactive.

Immune enhancing A substance that enhances immune function.

Immune modulating A substance that modulates and balances the activity of the immune system.

Laxative A substance that facilitates evacuation of the bowel.

Local anaesthetic A substance that removes sensation or pain when applied locally.

Lymphatic A substance that assists detoxification by its effect on lymphatic tissue and often also improves immune function. They 
are often used when the lymph glands (nodes) are enlarged or tender.

Male tonic A substance that improves the tone, vigour and function of the male reproductive system.

Metabolic stimulant A substance that boosts basal metabolic rate.

Mucolytic A substance that helps break up and disperse sticky mucus in the respiratory tract.

Mucoprotective A substance that protects the mucous membranes, especially in the context of the gastric lining.

Mucous membrane tonic A substance that improves the tone, vigour and function of the mucous membranes (particularly of the respiratory 
tract).

Mucous membrane trophorestorative A substance that restores the integrity of mucous membranes (e.g. in the respiratory and digestive tracts).

Nervine tonic (Nervine) A substance that improves the tone, vigour and function of the nervous system. Nervine tonics relax and energise the 
nervous system.
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Neuroprotective A substance that helps prevent damage to the brain or spinal cord from ischaemia, stroke, convulsions or trauma.

Nootropic See Cognition enhancing

Nutrient A substance that has a nutritive effect in the body.

Orexigenic A substance that stimulates appetite.

Oestrogen modulating In the context of use of herbs, a substance that acts by subtle, poorly understood mechanisms to promote oestrogen 
production and/or effects in the body. The activity may involve interaction with secondary oestrogen receptors such 
as those in the hypothalamus. They are used to balance hormonal effects, promote fertility and alleviate menopausal 
symptoms.

Ovarian tonic A substance that improves the tone, vigour and function of the ovaries.

Oxytocic A substance that causes contraction of the uterine muscle in association with giving birth.

Parturifacient A substance that induces labour and assists in the efficient delivery of the fetus and placenta.

Partus preparatory A substance taken in preparation for labour and childbirth. Treatment usually begins in the second trimester.

Peripheral vasodilator A substance that dilates or widens the peripheral blood vessels and thereby improves circulation to peripheral tissues 
and may assist in reducing blood pressure.

Progesterogenic A substance that promotes the effect or production of progesterone.

Prolactin inhibitor A substance that inhibits the secretion of prolactin.

Pungent A hot-tasting substance that acts upon a common group of nerve cell receptors having the effect of warming the body 
and improving digestion and circulation.

Refrigerant A substance that has cooling properties, particularly when applied to the skin.

Rubefacient See Counter-irritant. Rubefacients are mild counter-irritants.

Sedative (mild) A substance that reduces activity, particularly in the nervous system, and decreases nervous tension. It may alleviate 
pain, anxiety or spasm and induce sleep.

Sexual tonic A substance that improves the tone, vigour and function of the sexual organs.

Sialagogue A substance that increases the secretion of the salivary glands.

Skeletal muscle relaxant A substance that relaxes skeletal muscle tone.

Spasmolytic A substance that reduces or relieves smooth muscle spasm (involuntary contractions).

Stimulant A substance that heightens the function of an organ or system: for example, a central nervous stimulant increases 
the activity of the central nervous system, particularly behavioural alertness, agitation, or excitation. The term has a 
second, more subtle, meaning derived from the Thomsonian system (an early branch of herbal therapy in the USA): a 
substance capable of increasing the action or energy of the living body.

Styptic A substance that stops bleeding when applied locally.

Thymoleptic (see also Antidepressant ) A substance that elevates mood.

Thyroid stimulant A substance that enhances the activity of the thyroid gland.

Tissue perfusion enhancing A substance that enhances the flow of nutrients into a tissue.

Tonic (also known as General body 
tonic; see also other specific body 
tonics)

A substance that improves the tone, vigour and function of the whole body. Tonics can give a boost in energy.

Trophorestorative A substance that has a healing and restorative action on a specific organ or tissue.

TSH antagonist A substance that blocks the activity of TSH (thyroid-stimulating hormone).
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Urinary antiseptic A substance that inhibits the growth of or destroys micro-organisms within the urinary tract.

Urinary demulcent A substance that has a soothing effect on mucous membranes of the urinary tract.

Uterine antihaemorrhagic A substance that reduces the menstrual flow when taken internally.

Uterine sedative A substance that reduces the activity of the uterine muscle.

Uterine tonic A substance that increases the tone of the uterine muscle.

Vasoconstrictor A substance that constricts or narrows the blood vessels.

Vasodilator A substance that dilates or widens the blood vessels.

Vasoprotective A substance that protects the integrity of the blood vessels, especially the fine and more delicate ones.

Venotonic A substance that improves the tone and function of the veins.

Vermifuge See Anthelmintic

Vulnerary (see also Antiulcer, 
Astringent, Demulcent )

A substance that promotes the healing of wounds when applied locally.



Appendix B: Toxic or potentially  
toxic herbs

These herbs should not be taken during pregnancy and lactation and are generally not recommended for internal use under any 
circumstances, the last point with a few exceptions, specifically Convallaria, Lobelia, boldo, poke root, Rauwolfia and Gelsemium.

Coronilla

Crotalaria (all or any species)

Croton (all or any species) cascarilla, Croton

Cynoglossum officinale hound’s tongue

Daphne mezereum mezereum

Datura jimson weed

Digitalis foxgloves

Dryopteris filix-mas male fern

Duboisia

Echium vulgare viper’s bugloss

Erysimum

Euonymus europaeus European spindle tree

Galanthus snowdrop

Gelsemium

Heliotropium (all or any species) heliotrope

Helleborus (all or any species) hellebore

Hyoscyamus henbane

Lantana camara Lantana

Lathyrus sativus, other than the cooked 
seed

grass pea

Abrus precatorius seed and root jequirity

Aconitum species aconite

Acorus calamus sweet flag

Adonis vernalis

Ammi visnaga

Apocynum

Aristolochia (all or any species) snakeroot, birthwort

Arnica (all or any species), other than 
for external use

Arnica

Arum maculatum cuckoopint, lords and ladies

Belladonna deadly nightshade

Brugmansia

Brunfelsia uniflora manaca, mercury

Calotropis

Catha edulis khat

Chenopodium ambrosioides wormseed oil

Cicuta virosa cowbane

Cinchona quinine bark

Colchicum

Convallaria lily of the valley
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Senecio (all or any species)

Solanum (all or any species) except 
stems of Solanum dulcamara 
(bittersweet) and potatoes

Sophora secundiflora mescal bean

Spigelia marilandica pink root, worm grass

Staphisagria

Strophanthus

Strychnos nux vomica

Strychnos gaulthieriana

Strychnos ignatii (Ignatia amara) Ignatious bean

Symphytum (all or any species) comfrey

Tamus communis fruit and root black bryony

Tanacetum vulgare (except in 
preparations containing 0.8% or less of 
oil of tansy)

tansy

Teucrium (all or any species) germander

Thevetia

Toxicodendron radicans (Rhus 
toxicodendron)

poison ivy

Tussilago farfara coltsfoot

Virola sebifera cuajo negro, camaticaro

Yohimbe (yohimbine)

Lithospermum (all or any species)

Lobelia

Mandragora mandrake

Menispermum canadense yellow parilla

Mentha pulegium pennyroyal

Oleander

Opuntia cylindrica San Pedro cactus

Papaver somniferum opium poppy

Peganum harmala wild rue

Petasites (all or any species) butterbur

Peumus boldus boldo

Phytolacca decandra (P. americana) poke root, pokeweed

Podophyllum resin

Pteridium aquilinum bracken fern

Rauwolfia

Ricinus communis, other than the fixed 
oil of the seed

castor tree

Robinia pseudoacacia, other than the 
leaf and flower

false acacia

Schoenocaulon officinale (Sabadilla 
officinarum, Veratrum officinale)

Sabadilla

Scopolia carniolica

Semecarpus anacardium (Anacardium 
orientale), other than the seed

marking nut tree



Appendix C: Potential herb–drug 
interactions for commonly used herbs 

Herb Drug Potential interaction Basis of concern Recommended action

Baical Skullcap 
Scutellaria  
baicalensis

Losartan May increase drug levels. Clinical trial with healthy volunteers (water-
based extract,A dried herb equivalent: 12 g/
day).1

Monitor (low level of risk 
at typical doses).

Rosuvastatin May decrease drug levels. Clinical study with healthy volunteers using 
150 mg/day of isolated constituent (baicalin).2

Monitor (low level of 
risk).B

Barberry  
Berberis vulgaris

Drugs that displace 
the protein binding 
of bilirubin, e.g. 
phenylbutazone

May potentiate effect of drug 
on displacing bilirubin.

Theoretical concern based on in vitro data  
and in vivo animal study (high dose of 
berberine by injection reduced bilirubin serum 
protein binding).3

Monitor (low level of 
risk).

Bilberry  
Vaccinium myrtillus

Warfarin Potentiation of bleeding. Herb alone  
Antiplatelet activity observed in healthy 
volunteers (173 mg/day of bilberry 
anthocyanins).4 Case report of postoperative 
bleeding (bilberry extract undefined).5 
Herb and drug 
Case report (patient reported to consume 
‘large amounts of bilberry fruits every day  
for five years’).6

Monitor at high 
doses (>100 mg/day 
anthocyanins, low level 
of risk).

Black Cohosh 
Cimicifuga racemosa

Statin drugs, e.g. 
atorvastatin

May potentiate increase in 
liver enzymes, specifically 
ALT.

Case report.7 Also based on a projection  
of the idiosyncratic hepatotoxic potential of 
the herb.

Monitor (low level of 
risk).

Bladderwrack  
Fucus vesiculosus

Hyperthyroid 
medication, e.g. 
carbimazole

May decrease effectiveness 
of drug due to natural iodine 
content.8

Theoretical concern, no cases reported. Contraindicated unless 
under close supervision.

Thyroid  
replacement 
therapies, e.g. 
thyroxine

May add to effect of drug. Theoretical concern linked to a case report 
where ‘kelp’ caused hyperthyroidism in a 
person not taking thyroxine.9

Monitor (low level of 
risk).

Bugleweed  
Lycopus virginicus 
Lycopus europaeus

Radioactive iodine May interfere with 
administration of diagnostic 
procedures using radioactive 
isotopes.10

Case report. Contraindicated.
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Herb Drug Potential interaction Basis of concern Recommended action

Thyroid hormones Should not be administered 
concurrently with 
preparations containing 
thyroid hormone.11

Theoretical concern based on deliberations of 
German Commission E.

Contraindicated.

Cat’s Claw  
Uncaria tomentosa

HIV protease 
inhibitors

May increase drug level. Case report, in a patient with cirrhosis being 
evaluated for a liver transplant.12

Monitor (low level  
of risk).

Cayenne  
(Chilli Pepper)  
Capsicum spp.

ACE inhibitor May cause drug-induced 
cough.

Case report (topical capsaicin). Theoretical 
concern since capsaicin depletes substance 
P.13

Monitor (very low level 
of risk).

(See also  
Polyphenol- 
containing herbs)

Theophylline May increase absorption  
and drug level.

Clinical study (healthy volunteers,  
chilli-spiced meal). Absorption and drug level 
lower than during fasting.14

Monitor (low level  
of risk).

Celery Seed  
Apium graveolens

Thyroxine May reduce serum levels  
of thyroxine.

Case reports.15 Monitor (very low level 
of risk). Take as many 
hours apart as possible.

Coleus  
Coleus forskohlii

Antiplatelet 
medication

May potentiate effects  
of drug.

Theoretical concern based on in vivo animal 
studies of standardised Coleus extract and  
the active constituent forskolin.16

Monitor (low level  
of risk).

Hypotensive 
medication

May potentiate effects  
of drug.

Theoretical concern based on ability of 
high doses of forskolin and standardised 
Coleus extract to lower blood pressure in 
normotensive and hypertensive animals.17,18 
Clinical data from weight management 
trials: no effect on blood pressure in three 
trials, trend toward lower blood pressure 
in one small study.19,20 No experimental or 
clinical studies conducted with hypotensive 
medication.

Monitor (low level  
of risk).

Prescribed 
medication

May potentiate effects  
of drug.

Theoretical concern based on ability of 
forskolin to activate increased intracellular 
cyclic AMP in vitro.21

Monitor (low level  
of risk).

Cranberry  
Vaccinium 
macrocarpon

Midazolam May increase  
drug levels.

Clinical trials with healthy volunteers: effect  
on drug levels conflicting – increased  
(double strength juice,C 240 mL tds; defined  
as a weak interactionD)22 and no effect 
(cranberry juice,E 200 mL tds).23

Monitor (low level  
of risk).

Warfarin May alter INR (most 
frequently increase).

Case reports (where reported the dosage 
was frequently high: up to 2000 mL/day, juice 
strength undefined; 1.5-2 quarts (1420-
1893 mL)/day of cranberry juice cocktail; 
113 g/day, cranberry sauce).24–31 Clinical  
trials: no significant effect found in atrial 
fibrillation patients (250 mL/day cranberry 
juice cocktail),32 in patients on warfarin 
for a variety of indications (8 oz (236 mL)/
day cranberry juice cocktail),33 but increase 
observed in healthy volunteers (juice 
concentrate equivalent to 57 g of dry fruit/
day).34 No alteration of prothrombin time in 
patients on stable warfarin therapy (480 mL/
day cranberry juice)35 or of thromboplastin 
time in healthy volunteers (600 mL/day 
cranberry juiceE).23 See also Footnote C.

Monitor (low level of risk 
at typical doses).
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Herb Drug Potential interaction Basis of concern Recommended action

Dan Shen  
Salvia miltiorrhiza

Midazolam May decrease drug levels. Clinical trial with healthy volunteers.36 Monitor (medium level 
of risk).

Warfarin May potentiate effect of drug. Case reports: increased INR.37–39 Contraindicated.

Devil’s Claw 
Harpagophytum 
procumbens

Warfarin May increase bleeding 
tendency.

Case report (purpura) containing very few 
details.40 Unlikely to occur.

Monitor (very low level 
of risk).

Dong Quai  
Angelica sinensis 
Angelica polymorpha

Warfarin May potentiate effect of drug. Case reports: increased INR and PT;41 
increased INR and widespread bruising.42

Monitor (low level of 
risk).

Echinacea  
Echinacea angustifolia 
Echinacea purpurea

HIV protease 
inhibitors, e.g. 
darunavir

May decrease drug levels. Clinical trial (E. purpurea root; HIV-infected 
patients): no effect overall, but some patients 
showed a decrease by as much as 40%. All 
maintained an undetectable viral load.43

Monitor (low level of 
risk).

Immunosuppressant 
medication

May decrease  
effectiveness of drug.44,45

Theoretical concern based on immune-
enhancing activity of Echinacea. No adverse 
events reported.

Contraindicated.

Midazolam Decreases drug levels 
when drug administered 
intravenously.F

Clinical study (E. purpurea root, 1.6 g/day).46 Monitor (medium 
level of risk) when 
drug administered 
intravenously.

Evening Primrose Oil 
Oenothera biennis

Phenothiazines May decrease  
effectiveness of drug.

Reports of worsening epilepsy in 
schizophrenics. No causal association 
demonstrated and no effect observed in later 
trials.47

Monitor (very low level 
of risk).

Garlic  
Allium sativum  
(See also 
Hypoglycaemic herbs)

Antiplatelet and 
anticoagulant  
drugs, e.g. aspirin, 
warfarin

Aspirin: May increase 
bleeding time.

Concern may be overstated, as antiplatelet 
drugs are often coadministered with  
warfarin.

Monitor at doses 
equivalent to ≥3 g/day 
fresh garlic (low level 
of risk).

Warfarin: May potentiate 
effect of drug. Large doses 
could increase bleeding 
tendency.

Herb alone 
Case reports of increased bleeding tendency 
with high garlic intake. In three of the four 
cases the bleeding occurred after surgery.48–51 
Anecdotal: garlic taken shortly before testing 
interferes with platelet aggregation in control 
subjects.52

Single-dose studies excluded. Clinical 
studies (3 g/day or less of fresh garlic): 
inhibited platelet aggregation in three trials 
(about 2.4-2.7 g/day, patients and healthy 
volunteers),53–55 but no effect on platelet 
aggregation in one trial (about 1.8 g/day, 
patients);56 decreased serum thromboxane  
in one trial (3 g/day, healthy volunteers).57

See Footnote G.

Stop taking at least 1 
week before surgery.

Clinical studies (4.2-5 g/day of fresh garlic, 
patients and healthy volunteers): no effect 
on platelet aggregation, fibrinogen level, 
prothrombin time, whole blood coagulation 
time.58–60

Clinical studies (8-10 g/day of fresh garlic): 
inhibited platelet aggregation and increased 
clotting time (healthy volunteers).61,62
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Herb Drug Potential interaction Basis of concern Recommended action

Herb and drug
Aspirin: No published studies.
Clopidogrel: Garlic tablet (‘odourless’, dose 
undefined) added to improve drug therapy, 
reduced platelet hyperactivity in two 
patients.52

Warfarin: Two cases of increased INR and 
clotting times, very few details (garlic pearls, 
garlic tablets: dosage undefined).63 Clinical 
trial: no effect in healthy volunteers (enteric-
coated tablets equivalent to 4 g/day of fresh 
garlic).34

HIV protease 
inhibitors, e.g. 
saquinavir

Decreases drug level. Two clinical studies (garlic extract, 
standardised for allicin content) with healthy 
volunteers:64,65 large variability (in one study,65 
decrease (15%) was not significant).

Monitor (medium level 
of risk).

Ginger  
Zingiber officinale

Antacids May decrease  
effectiveness of drug.

Theoretical concern since ginger increases 
gastric secretory activity in vivo (animals).44

Monitor (low level of 
risk).

Antiplatelet and 
anticoagulant 
drugs, e.g. 
phenprocoumon, 
warfarin

Phenprocoumon: May 
increase action of drug.

Warfarin: Increased risk of 
spontaneous bleeding.

Case report (dosage undefined):  
increased INR.66

Concern based on antiplatelet  
activity and potential to inhibit  
thromboxane synthetase.

Herb alone 
Clinical studies: inhibition of platelet 
aggregation (5 g, divided single dose, dried 
ginger) in healthy volunteers,67 and coronary 
artery disease patients (10 g, single dose,  
dried ginger),68 but no effect in healthy 
volunteers (2 g, single dose, dried ginger),69  
or coronary artery disease patients (4 g/
day, dried ginger);68 inhibition of platelet 
thromboxane production in healthy volunteers 
(5 g/day, fresh ginger).70

Herb and drug 
Case report: bleeding (ginger dosage 
undefined).71 No pharmacokinetic or 
pharmacodynamic effect demonstrated  
in a clinical trial with healthy volunteers  
(3.6 g/day, dried ginger).72

Monitor at doses 
equivalent to <4 g/day 
dried ginger (low level 
of risk).
Monitor at doses 
equivalent to <4 g/day 
dried ginger (very low 
risk).

Contraindicated unless 
under close supervision 
at doses equivalent to 
>4 g/day dried ginger.

Nifedipine May produce a synergistic 
antiplatelet effect.

Clinical study (1 g/day, dried ginger) in healthy 
volunteers and hypertensive patients.73

Contraindicated.

Ginkgo  
Ginkgo biloba

Anticonvulsant 
medication, e.g. 
carbamazepine, 
sodium valproate

May decrease the 
effectiveness of drug.

Case reports, two with well-controlled 
epilepsy,74 others anecdotal and 
uncertain.75–77

Monitor (medium level 
of risk). Increasing the 
intake of vitamin B6 may 
be advisable for patients 
taking anticonvulsants.H

Antiplatelet and 
anticoagulant 
drugs, e.g. 
aspirin, cilostazol, 
clopidogrel, 
ticlopidine, warfarin

Prolongation of bleeding 
and/or increased bleeding 
tendency.

Concern based on antiplatelet activity.

Herb alone 
Rare case reports of bleeding.78–80 Clinical 
studies: results not indicative of clinically-
relevant antiplatelet or anticoagulant effects 
(see also monograph).81

Monitor (low level of 
risk).
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Herb and drug 
Retrospective population-based study in 
Taiwan: the relative risk of haemorrhage 
associated with the combined use of Ginkgo 
extract with drugs (clopidogrel, cilostazol, 
ticlopidine, warfarin) was not significant.82

Aspirin: Two case reports (bleeding).78 Clinical 
studies: no additional effect on platelet 
function, platelet aggregation or bleeding 
time.83–85

Cilostazol: Clinical studies with healthy 
volunteers (Ginkgo 50:1 extract: single dose 
120 mg, equivalent to 6 g of dried leaf), 
bleeding time prolonged; no change in  
platelet aggregation or clotting time, and no 
significant correlation between prolongation 
of bleeding time and inhibition of platelet 
aggregation;86 no effect on pharmacokinetics, 
platelet aggregation or bleeding time (Ginkgo 
extract (undefined): 160 mg/day).87

Clopidogrel: Clinical study with healthy 
volunteers (Ginkgo 50:1 extract: single dose 
120 mg, equivalent to 6 g of dried leaf), no 
effect on platelet aggregation, bleeding 
times.86

Ticlopidine: Case report.79 Clinical study with 
healthy volunteers (Ginkgo 50:1 extract:  
single dose 80 mg, equivalent to 4 g of dried 
leaf), no significant additional effect on 
bleeding time or platelet aggregation88 and at 
the higher dose (120 mg/day) did not affect 
drug levels.89

Warfarin: Case report (bleeding).78 Clinical 
studies (healthy volunteers and patients): no 
additional effect on INR, platelet aggregation, 
coagulation parameters or plasma drug 
level.72,90,91

See also Footnote J.

Antipsychotic 
medication, 
e.g. haloperidol, 
olanzapine, 
clozapine

May potentiate the efficiency 
of drug in patients with 
schizophrenia.

Randomised, controlled trials (Ginkgo 50:1 
extract: 120-360 mg/day, equivalent to  
6-18 g/day of dried leaf).92–95

Prescribe cautiously. 
Reduce drug if 
necessary in conjunction 
with prescribing 
physician.

Benzodiazepines, 
e.g. diazepam, 
midazolam

May alter drug level. Diazepam: Clinical trial in healthy volunteers 
found no effect (Ginkgo 50:1 extract: 240 mg/
day, equivalent to 12 g/day of dried leaf).96

Monitor (low level of 
risk).

Midazolam: Clinical trials: effect on drug  
levels conflicting – increased (defined as a 
weak interactionD)97 and decreased (most 
rigorous results; Ginkgo 50:1 extract: 240 mg/
day, equivalent to 12 g/day of dried leaf).98
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Herb Drug Potential interaction Basis of concern Recommended action

HIV non-nucleoside 
transcriptase 
inhibitors, e.g. 
efavirenz

May decrease drug levels. Case report.99 Monitor (medium level 
of risk).

Hypoglycaemic 
drugs, e.g. glipizide, 
metformin, 
pioglitazone, 
tolbutamide

Glipizide: May cause 
hypoglycaemia.

Observation from aborted trial: hypoglycaemia 
occurred in volunteers with normal glucose 
tolerance within 60 minutes.100 Ginkgo 50:1 
extract was administered as a single dose of 
120 mg, equivalent to 6 g of dried leaf.101

Monitor (low level of 
risk).

Metformin: May enhance 
action of drug.

Clinical trial: elimination half-life was 
increased at doses of metformin 850 mg,  
three times a day. Effect not significant at 
doses to 500 mg, twice a day. Ginkgo 50:1 
extract was administered as a single dose of 
120 mg, equivalent to 6 g of dried leaf.100

Monitor at doses 
of metformin >1 g/
day (medium level of 
risk). Reduce drug if 
necessary in conjunction 
with prescribing 
physician.

Pioglitazone: May increase 
drug level.

Clinical trial with healthy volunteers  
(Ginkgo 50:1 extract: 120 mg/day, equivalent 
to 6 g/day of dried leaf).102

Monitor (low level of 
risk).

Tolbutamide: May  
decrease effectiveness of 
drug.

Clinical trial with healthy volunteers (high  
dose of Ginkgo 50:1 extract: 360 mg/day, 
equivalent to 18 g/day of dried leaf).97

Monitor (low level of 
risk).

Nifedipine May increase drug levels  
or side effects.

Clinical studies: mixed results found for mean 
plasma drug level – increase (120 mg/day, 
equivalent to 6 g/day of dried leaf)103 and no 
effect (240 mg/day, equivalent to 12 g/day of 
dried leaf).104 However, at the higher dose, 
maximal plasma drug level and heart rate  
was increased with adverse drug reactions  
for participants with highest plasma drug 
levels (headache, dizziness, hot flushes).

Monitor at doses 
<240 mg/day, equivalent 
to <12 g/day of dried 
leaf (medium level of 
risk). Contraindicated for 
higher doses.

Omeprazole May decrease drug levels. Clinical trial with healthy volunteers (Ginkgo 
50:1 extract: 280 mg/day, equivalent to 14 g/
day of dried leaf).105

Monitor (low level of 
risk).

Talinolol May increase drug levels. Clinical trial with healthy volunteers.106 Monitor (low level of 
risk).

Golden Seal  
Hydrastis  
canadensis

Drugs which 
displace the protein 
binding of bilirubin, 
e.g. phenylbutazone

May potentiate effect of  
drug on displacing  
bilirubin.

Theoretical concern based on in vitro data  
and in vivo animal study (high dose of 
berberine by injection reduced bilirubin  
serum protein binding).3

Monitor (low level of 
risk).

Midazolam May increase drug level. Clinical trial (defined as a weak 
interactionD).107

Monitor (low level of 
risk).

Green Tea  
Camellia sinensis 
(See also Polyphenol-
containing herbs and 
Tannin-containing 
herbs)

Boronic acid-based 
protease inhibitors, 
e.g. bortezomib

May decrease efficacy of 
drug.

Theoretical concern based on in vitro data  
and in vivo animal study (green tea 
constituent: EGCG).108

Contraindicated at high 
doses (around 600 mg/
day EGCG or 1 g/day 
green tea catechins).K 
More information 
required for doses below 
this level.
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Folate May decrease absorption. Clinical study with healthy volunteers.109 
Clinical significance unclear, as was a one- 
day study (not ongoing administration), with 
50 mg of green tea catechins administered 
before, during and up to 2 hours after folate 
(for a total of 250 mg of catechins).

If taken simultaneously, 
may need to increase 
dose of folate. The effect 
may be relatively small, 
more information is 
required.

Statin drugs, e.g. 
simvastatin

May increase plasma level 
and side effect of drug.

One case reported of muscle pain (side  
effect). Pharmacokinetic evaluation indicated 
green tea (1 cup) increased the bioavailability 
of simvastatin in this patient.110

Monitor (low level of 
risk).

Warfarin May inhibit effect of drug: 
decreased INR.

Case report (brewed green tea: 0.5-1 gallon/
day).111

Monitor (very low level 
of risk).

Hawthorn  
Crataegus monogyna 
Crataegus laevigata  
(C. oxyacantha) 
(See also Tannin-
containing herbs)

Digoxin May increase effectiveness 
of drug.

Very early clinical studies indicate a 
(beneficial) synergistic effect.112,113 
Pharmacokinetics not affected in a clinical 
study.114

Monitor (low level of 
risk).

Hypotensive drugs 
including beta-
blockers

May increase effectiveness 
of drug.

Three controlled clinical trials: two 
demonstrated hawthorn causes a slight 
reduction in blood pressure in patients with 
heart conditions.115–117

Monitor (low level of 
risk).

Hypoglycaemic 
herbs,e.g. fenugreek 
(Trigonella foenum-
graecum), garlic, 
Gymnema sylvestre, 
goat’s rue (Galega 
officinalis), psyllium 
(Plantago ovata, P. 
psyllium, P. indica) 
(See also Ginkgo, 
Korean ginseng,  
St John’s wort, St 
Mary’s thistle)

Hypoglycaemic 
drugs, including 
insulin

May potentiate 
hypoglycaemic activity of 
drug.

In uncontrolled trials, high dose, long-term 
administration of Gymnema extract  
(equivalent to 10-13 g/day dried leaf) reduced 
insulin and hypoglycaemic drug requirements 
in diabetics.118,119

Hypoglycaemic effects of fenugreek  
(15-100 g/day dried and/or defatted seed) 
observed in type 1 and type 2 diabetics 
including those on therapeutic and 
subtherapeutic doses of hypoglycaemic 
drugs.120–125

Prescribe cautiously 
and monitor blood 
sugar regularly. Warn 
patient about possible 
hypoglycaemic 
effects. Reduce drug if 
necessary in conjunction 
with prescribing 
physician.

Hypoglycaemic effects observed in many 
well-controlled clinical trials for psyllium 
(10.2-15 g/day, more than 6 weeks) in type 
2 diabetics. Drug dosage adjustments were 
not required.126–129 See also footnote L. In 
one small, uncontrolled trial, nearly 70% of 
type 1 diabetics experienced hypoglycaemic 
episodes. Reductions in insulin dosage may 
have been required had the trial been of  
longer duration (10.8 g/day of husk, about 1 
week).130 (There is also clinical evidence  
that high fibre diets (10-60 g/day) worsen 
control of type 2 diabetes in patients who are 
poorly controlled with oral hypoglycaemic 
drugs.131)
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Several trials have found no effect for garlic 
on blood glucose in type 2 diabetes, although 
in a double blind, placebo-controlled trial 
(using enteric-coated tablets), a reduction in 
the dosage of oral hypoglycaemic drugs was 
required (these patients had fasting blood 
glucose above 8.0 mmol/L).132

Kava  
Piper methysticum

CNS depressants, 
e.g. alcohol, 
barbiturates, 
benzodiazepines

Potentiation of drug effects. Theoretical concern based on deliberations 
of German Commission E11 and the anxiolytic 
activity of kava.44 Two apparent case reports 
(kava+benzodiazepines).133,134 Clinical trials 
with healthy volunteers: no additional side 
effects observed for kava (extract containing 
240 mg/day of kava lactones)+benzodiaze
pine,135 and kava (extract containing 210 mg/
day of kava lactones)+alcohol.136

Monitor (low level of 
risk).

L-Dopa and other 
Parkinson’s disease 
treatments

Possible dopamine  
antagonist effects.

Case reports.137 (See also a discussion of this 
issue in the kava monograph.)

Contraindicated unless 
under close supervision.

Korean Ginseng  
Panax ginseng

Antihypertensive 
medications 
including nifedipine

General: May decrease 
effectiveness of drug.

Theoretical concern. Clinical significance 
unclear.44

Assessment of 316 hospital patients found 
ginseng to have a contrary effect only in a  
very small percentage: blood pressure 
increase in 5% of hypertensives; increase in 
3% and decrease in 2% of normotensives; 
decrease in 6% of hypotensives.138 No 
information on concurrent medications.  
(See also discussion in monograph.)

Monitor (very low level 
of risk).

Herb and drug 
Clinical trials: decreased blood pressure 
in essential hypertension,139 and coronary 
artery disease140 but no effect in white coat 
hypertension139 and essential hypertension.141

Nifedipine: May increase  
drug levels.

Clinical trial.103 Monitor (low level of 
risk).

Antiplatelet and 
anticoagulant drugs

General: May potentiate 
effects of drug.

Herb alone 
Two epidemiological studies in Korea: long-
term intake (3-5 years) prolonged plasma 
clotting times (APTT),142,143 and decreased 
platelet aggregation.142 (Dosage in Korea is 
generally high.)

Monitor (low level of 
risk).

Clinical trial (healthy volunteers): inhibited 
platelet aggregation, but no effect on 
coagulation (PT, APTT).144

Warfarin: May decrease 
effectiveness of drug.

Herb and drug 
One case reported (decreased INR)145 but 
clinical significance unclear. No effect 
demonstrated in three clinical trials (healthy 
volunteers and patients) for INR, prothrombin 
time and platelet aggregation.146–148

Monitor (low level of 
risk).
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CNS stimulants May potentiate effects of 
drug.44

Theoretical concern. Clinical significance 
unclear.

Monitor (low level of 
risk).

Hypoglycaemic 
drugs, including 
insulin

May potentiate 
hypoglycaemic activity of 
drug.45

Theoretical concern based on clinically 
observed hypoglycaemic activity of ginseng in 
newly diagnosed type 2 diabetics.149 Clinical 
significance unclear. No effect on insulin 
sensitivity or beta-cell function after very high 
doses in newly diagnosed type 2 diabetics 
or those with impaired glucose tolerance.150 
Korean red ginseng (2.7 g/day) reduced 
the requirement for insulin in about 40% 
of diabetics in a small uncontrolled trial.151 
No adverse effects in three trials of type 2 
diabetics well controlled with diet and/or oral 
hypoglycaemic drugs.152–154

Monitor (low level of 
risk).

MAO inhibitors, e.g. 
phenelzine

Headache and tremor,  
mania.

Case reports.155,156 However, identity of the 
ginseng was not confirmed and is disputed  
by some authors.

Monitor (uncertain level 
of risk)

Sildenafil Potentiation of drug  
possible.

Theoretical concern based on in vitro studies 
which show ginseng increases nitric oxide 
release from corpus cavernosum tissue.157,158

Monitor (very low level 
of risk).

Warfarin – See Antiplatelet and anticoagulant drugs above

Laxative 
(anthraquinone-
containing) herbs 
eg. aloe resin (Aloe 
barbadensis, Aloe 
ferox), senna (Cassia 
spp.), cascara 
(Rhamnus purshiana, 
Rhamnus purshianus), 
yellow dock (Rumex 
crispus)

Antiarrhythmic 
agents

May affect activity if 
potassium deficiency 
resulting from long-term 
laxative abuse is present.

German Commission E and ESCOP 
recommendation.11,159

Avoid excessive doses 
of laxatives. Maintain 
patients on a high 
potassium diet.

Cardiac glycosides May potentiate activity, 
if potassium deficiency 
resulting from long-term 
laxative abuse is present.

German Commission E and ESCOP 
recommendation.11,159

Monitor (low level of risk 
at normal doses).

Potassium depleting 
agents, e.g. 
thiazide diuretics, 
corticosteroids, 
licorice root 
(Glycyrrhiza glabra)

May increase potassium 
depletion.

German Commission E and ESCOP 
recommendation.11,159

Avoid excessive doses 
of laxatives. Maintain 
patients on a high 
potassium diet.

Licorice  
Glycyrrhiza glabra

Antihypertensive 
medications other 
than diuretics

General: May decrease 
effectiveness of drug.

When consumed in high doses, licorice can 
cause pseudoaldosteronism and high blood 
pressure.

Herb alone 
Hypertension demonstrated in case reports, 
usually from long-term intake and/or very 
high dose.160 Clinical studies (up to 200 g/
day of licorice): dose-dependent relationship 
found between licorice and increase in 
blood pressure, more pronounced effect in 
hypertensive patients than in normotensive 
volunteers, adverse effect greater in women, 
and effect shown for dose as low as 50 g/day 
of licorice (75 mg/day of glycyrrhetinic acid 
=130 mg/day of glycyrrhizinM) taken for 2 
weeks.161–163 Other studies show variation of 
effects on blood pressure (see Footnote N) – 
renal function may be a factor.164

Avoid long-term use 
at doses >100 mg/day 
glycyrrhizin unless under 
close supervision.P 
Place patients on a high 
potassium diet.
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Herb and drug 
Case report (high dose of licorice). Patient still 
hypertensive despite treatment with drugs.165

ACE-inhibitor: May mask 
the development of 
pseudoaldosteronism.

Case report (patient consumed licorice (200-
240 mg/day glycyrrhizin)). Drug dosage was 
reduced, leading to pseudoaldosteronism.166 
See Footnote Q.

Avoid long-term use 
at doses >100 mg/day 
glycyrrhizin unless under 
close supervision.P 
Place patients on a high 
potassium diet.

Cilostazol May cause hypokalaemia, 
which can potentiate the 
toxicity of the drug.

Case report (patient taking 150 mg/day of 
glycyrrhizin). Serum potassium levels were 
stable prior to administration of drug.167

Monitor (medium level of 
risk). Place patients on a 
high potassium diet.

Digoxin May cause hypokalaemia, 
which can potentiate the 
toxicity of the drug.

Herb alone 
Hypokalaemia demonstrated in case reports 
and clinical studies, usually from long-term 
intake and/or very high dose, however effect 
has been demonstrated in sensitive  
individuals at low doses (licorice containing 
100 mg/day of glycyrrhizin). Side effects 
would be common at 400 mg/day of 
glycyrrhizin.160,168,169

Avoid long-term use 
at doses >100 mg/day 
glycyrrhizin unless under 
close supervision.P 
Place patients on a high 
potassium diet.

Herb and drug 
Case report (patient taking herbal laxative 
containing licorice (1.2 g/day) and rhubarb 
(Rheum spp., 4.8 g/day)). In addition to  
digoxin, patient was also taking a  
potassium-depleting diuretic.170

Diuretics Spironolactone (potassium-
sparing diuretic): reduced 
side effects of drug.

Clinical study: in women with PCOS addition 
of licorice (containing about 463 mg/day 
glycyrrhizin) reduced side effects related to the 
diuretic activity of drug.171

Monitor (low level of risk 
at normal doses).

Thiazide and loop 
(potassium-depleting) 
diuretics: The combined 
effect of licorice and the  
drug could result in excessive 
potassium loss.11

Herb alone 
Hypokalaemia demonstrated in case reports 
and clinical studies, usually from long-term 
intake and/or very high dose,160,168,169 
however effect has been demonstrated 
in patients for ongoing treatment with 
glycyrrhizin (80-240 mg/day).172

Contraindicated unless 
under close supervision 
at doses >40 mg/day 
glycyrrhizin.

Herb and drug 
Case reports, usually from long-term intake 
and/or very high dose,165,168,173–179 however 
effect has been demonstrated for ongoing 
treatment at glycyrrhizin doses of 80 mg/
day.172 Clinical trial (confectionery containing 
40 mg/day of glycyrrhizin): decreased plasma 
potassium, with 20% of healthy volunteers 
hypokalaemic in the first week.180

Immuno-
suppressives,  
e.g. sirolimus

May decrease drug 
clearance.

Population pharmacokinetic study with 112 
Chinese adult renal transplant recipients: 
clearance of sirolimus decreased in those 
patients with abnormal ALT values who were 
taking glycyrrhizin formulations (route and 
dosage unknown).181

Monitor (medium level 
of risk) in hepatically 
impaired patients.
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Midazolam May decrease drug level. Clinical study with healthy volunteers 
(potassium salt of glycyrrhizin, equivalent to 
287 mg/day of glycyrrhzin).182

Monitor (low level of risk 
at normal doses).

Omeprazole May decrease drug level. Clinical study with healthy volunteers 
(potassium salt of glycyrrhizin, equivalent to 
287 mg/day of glycyrrhzin).183

Monitor (low level of risk 
at normal doses).

Potassium- 
depleting drugs 
other than thiazide 
and loop diuretics, 
e.g. corticosteroids, 
stimulant laxatives

The combined effect of 
licorice and the drug  
could result in excessive 
potassium loss.

Herb alone 
Hypokalaemia demonstrated in case  
reports and clinical studies, usually from 
confectionery intake (high dose), however 
effect has been demonstrated in sensitive 
individuals at low doses (licorice containing 
100 mg/day of glycyrrhizin). Side effects 
would be common at 400 mg/day of 
glycyrrhizin.160,168

Avoid long-term use 
at doses >100 mg/day 
glycyrrhizin unless under 
close supervision.P 
Place patients on a high 
potassium diet.

See also Prednisolone below.

Prednisolone May potentiate the action  
or increase levels of drug.

Two clinical studies (oral administration 
of glycyrrhizin or glycyrrhetinic acid;M 
prednisolone administered intravenously): 
increased drug level184 and increased 
prednisolone/prednisone ratioR in urine and 
plasma.185 Dosage was high: 200 mg/day 
glycyrrhizin,184 and 400 mg/day glycyrrhetinic 
acid (=700 mg/day glycyrrhizin).185

Monitor (low level 
of risk) when drug 
administered 
intravenously.

Marshmallow Root 
Althaea officinalis

Prescribed 
medication

May slow or reduce 
absorption of drugs.

Theoretical concern based on absorbent 
properties of marshmallow root.

Take at least 2 hours 
away from medication.

Meadowsweet 
Filipendula ulmaria 
(See also Tannin-
containing herbs)

Warfarin May potentiate effects of 
drug.

Theoretical concern based on in vivo animal 
study demonstrating anticoagulant activity 
(dosage unavailable).186

Monitor (very low level 
of risk).

Phellodendron 
Phellodendron 
amurense

Drugs that displace 
the protein binding 
of bilirubin, e.g. 
phenylbutazone

May potentiate effect of  
drug on displacing bilirubin.

Theoretical concern based on in vitro data  
and in vivo animal study (high dose of 
berberine by injection reduced bilirubin  
serum protein binding).3

Monitor (low level of 
risk).

Polyphenol-containingS 
or Flavonoid-containing 
herbs especially 
cayenne (Capsicum 
annuum), chamomile 
(Matricaria recutita), 
cocoa, green tea 
(Camellia sinensis), 
lime flowers (Tilia 
cordata), rosemary 
(Rosmarinus officinalis), 
St Mary’s thistle 
(Silybum marianum), 
vervain (Verbena 
officinalis). (See also 
Tannin-containing 
herbs)

Immuno-
suppressives,  
e.g. cyclosporin

Decreases drug levels, due 
to impaired absorption or 
increased metabolism.

Three case reports, in transplant patients  
(2 L/day of herbal tea; 1-1.5 L/day of 
chamomile tea; ‘large quantities’ of fruit 
tea containing hibiscus extract and a 
drink containing black tea). Confirmed by 
rechallenge in one case, but no signs of 
rejection.187

Monitor (medium level of 
risk). Also advisable not 
to take simultaneously.

Iron Inhibition of non-haem ironT 
absorption.

Clinical study (included herb teas (German 
chamomile, vervain, lime flower, peppermint; 
all 3 g/300 mL), beverages (e.g. black 
tea, coffee, cocoa)): effect dependent 
on polyphenol content (per serving: 20-
400 mg).188 See also Footnote U.

In anaemia and where 
iron supplementation 
is required, do not 
take simultaneously 
with meals or iron 
supplements.

Timing of intake may be important. See also 
Footnote V.
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Mixed results in other studies (healthy 
volunteers): rosemary (32.7 mg of 
polyphenols)189 and cayenne (high 
dose: 14.2 g, fresh weight,W containing 
25 mg polyphenols)190 caused inhibition; 
chamomile191 and turmeric (2.8 g, fresh 
weight, containing 50 mg polyphenols)190 did 
not. See also Footnote X.

Results for green tea have been conflicting: 
two studies found no effect (healthy volunteers 
and those with anaemia),192,193 two studies 
(healthy volunteers) found an effect.189,194 
Two epidemiological studies (French and 
Japanese populations) found mixed results 
for serum ferritin and haemoglobin, although 
risk of iron depletion or anaemia was not 
increased.195,196 Clinical study (150-300 mg/
day EGCG): decreased absorption in healthy 
women with low iron stores administered 
together with iron. Results significant only at 
higher dosage.197

Concentrated extract of St Mary’s thistle 
reduced iron absorption in haemochromatosis 
patients.198

Psyllium Carbamazepine Decreases plasma  
drug level.

Clinical study (psyllium husk),199 although no 
adverse effect observed in one case report.200

Take at least 2 hours 
away from medication.Plantago ovata

Plantago psyllium
Plantago indica 
(See also 
Hypoglycaemic herbs)

Digoxin May decrease absorption  
of drug.

Decreased bioavailability found for digoxin 
and ‘crude’ (undefined) dietary fibre,201 but 
no effect was found on digoxin levels in two 
clinical studies (psyllium husk).202,203 Slight 
decrease in absorption (15%) found in healthy 
volunteers when psyllium huskY (15 g) and 
digoxin taken concomitantly but when given 
30 minutes apart the decrease was much 
smaller (3%).204

Take at least 2 hours 
away from medication.

Iron Inhibition of non-haem iron 
absorption.

Iron from test meal 
Clinical studies: absorption decreased by 8% 
(5 g/day for 2 meals, psyllium undefined) in 
healthy volunteers;205 no effect overall in type 
2 diabetics, although significant differences 
among participants (14 g/day, for 6 weeks, 
psyllium undefined).206

In anaemia and where 
iron supplementation 
is required, do not 
take simultaneously 
with meals or iron 
supplements.
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Iron from diet 
Clinical studies: no change in serum iron  
in two trials with patients (6 g/day, for 4-5 
weeks, psyllium undefined;207 maximum 
tolerated dose, generally less than 25 g/day,  
for 4 months, psyllium husk);208 iron 
absorption decreased in non-anaemic 
adolescent girls, but iron balance was  
positive (25 g/day, for 3 weeks, psyllium 
husk);209 slight decrease in plasma iron in 
obese patients without effects on other iron 
parameters during first period of treatment  
(30 days), without further modification on 
long-term treatment of 6 months (6 g/day, 
psyllium undefined).210

Lithium May decrease absorption  
of drug.

Case report (psyllium husk),211 and clinical 
study with healthy volunteers (psyllium 
husk).212 Hydrophilic psyllium may prevent 
lithium from ionising.

Take at least 2 hours 
away from medication.

Prescribed 
medication

May slow or reduce 
absorption of drugs.

Theoretical concern based on absorbent 
properties of psyllium. 
No effect found on absorption or prothrombin 
time in healthy volunteers when psyllium 
husk (14 g) and warfarin were taken 
concomitantly.213 In a crossover trial, psyllium 
husk (6 g) was administered with orlistatZ 
three times a day and found to reduce the 
subsequent side effects. Single dose of 
psyllium (12 g) at bedtime was also effective  
in reducing the side effects.214

Take at least 2 hours 
away from medication,AA 
except for orlistat which 
may be taken at the 
same time.

Thyroxine May decrease efficacy of 
drug.

Clinical study: decreased efficacy found in  
12 hypothyroid patients consuming dietary 
fibre (one patient: whole grain cereal+psyllium 
laxative); some patients stabilised by 
decreasing or removing the fibre from their 
diet.215 Clinical study (healthy volunteers, 
3.4 g/day, for 4 days, psyllium husk): decrease 
in absorption not significant.216

Take as many hours 
apart as possible. May 
require dose reduction 
or cessation of herb.

Schisandra 
Schisandra  
chinensis

Immuno-
suppressives,  
e.g. tacrolimus

May increase drug levels. Observations in some renal and liver 
transplanted recipients. Clinical studies: 
markedly increased drug levels in healthy 
volunteers217 and transplant recipients,218,219 
given S. sphenanthera extract, providing 
67.5 mg/day of deoxyschisandrin.BB

Monitor (low level of risk 
at normal doses).

Midazolam May increase drug levels. Increased drug level (defined as a moderate 
interactionD), increase in sleeping time and 
increase in mild to moderate adverse  
effects found in healthy volunteers, given S. 
chinensis extract, providing 22.5 mg/day  
of deoxyschisandrin.BB,220

Monitor (medium level of 
risk at normal doses).

Prescribed 
medication

May accelerate clearance 
from the body.

Theoretical concern based on in vivo animal 
studies demonstrating enhanced phase I/II 
hepatic metabolism.221,222

Monitor (medium level 
of risk).
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Talinolol May increase drug levels – 
possible effect on inhibiting 
P-gp.

Increased drug level and decreased  
clearance found in healthy volunteers given  
S. chinensis extract, providing 33.75 mg/day  
of deoxyschisandrin.BB,106

Monitor (low level of risk 
at normal doses).

Siberian Ginseng 
Eleutherococcus 
senticosus

Digoxin May increase plasma drug 
levels.

Case report: apparent increase in plasma 
level, but herb probably interfered with 
digoxin assayCC (patient had unchanged ECG 
despite apparent digoxin concentration of 
5.2 nmol/L).223 In a later clinical trial no effect 
observed on plasma concentration.224

Monitor (very low level 
of risk).

Slippery Elm Bark 
Ulmus rubra

Prescribed 
medication

May slow or reduce 
absorption of drugs.

Theoretical concern based on absorbent 
properties of slippery elm.

Take at least 2 hours 
away from medication.

St John’s WortDD 
Hypericum perforatum 
(See also Tannin-
containing herbs)

Amitriptyline Decreases drug levels.225 Clinical study. Monitor (medium level 
of risk).

Anticonvulsants, 
e.g. carbamazepine, 
mephenytoin, 
phenobarbitone, 
phenytoin

May decrease drug levels  
via CYP induction.226–228

Theoretical concern. An open clinical trial 
demonstrated no effect on carbamazepine 
pharmacokinetics in healthy volunteers.229 
Case report: increase in seizures in patient 
taking several antiepileptic drugs, two of  
which are not metabolised by cytochrome 
P450.230 Clinical study (healthy volunteers; 
clinical significance unclear): increased 
excretion of a mephenytoin metabolite in 
extensive metabolisers, but not in poor 
metabolisers.231 See Footnote EE.

Monitor (low level of 
risk).

Antihistamine, e.g. 
fexofenadine

Decreases drug levels. Clinical studies.232,233 Monitor (medium level 
of risk).

Antiplatelet and 
anticoagulant  
drugs, e.g. 
clopidogrel, 
phenprocoumon, 
warfarin

Clopidogrel: May  
potentiate effects of drug.

Clinical study: increased responsiveness 
(decreased platelet aggregation) in 
hyporesponsive volunteers and  
patients,234–236 possibly via the formation of 
the active metabolite (CYP3A4 activity was 
increased) thus providing a beneficial effect 
in these patients. This is a complex situation, 
with the meaning of clopidogrel resistance/
hyporesponsiveness debated.234,237)

In patients with known 
clopidogrel resistance: 
Monitor (medium level 
of risk).
In other patients: 
Monitor (risk is 
unknown).

Phenprocoumon: Decreases 
plasma drug levels.

Clinical study.238 Contraindicated.

Warfarin: Decreases drug 
levels and INR.

Case reports (12: decreased INR (9),  
increased INR (3)).239–241 Clinical study with 
healthy volunteers (decreased drug level and 
INR).146

Contraindicated.

Benzodiazepines, 
e.g. alprazolam, 
midazolam, 
quazepam

Decreases drug levels,  
and is probably dependent 
upon the hyperforin 
content.242

Alprazolam: Mixed results for drug  
levels in two clinical studies (similar  
amounts of hyperforin) – no effect243  
and decrease.244

Monitor (medium level 
of risk).

Midazolam: Four clinical studies, effect not 
regarded as clinically relevant for low  
(< 1 mg/day) hyperforin extracts.233,242,245,246

Hyperforin-rich extracts: 
Monitor (medium level 
of risk).



984

Appendix C: Potential herb–drug interactions for commonly used herbs

Herb Drug Potential interaction Basis of concern Recommended action

Low-hyperforin extracts: 
Monitor (low level of 
risk).

Quazepam: Decreased drug levels, but 
no effect on pharmacodynamic (sedative) 
effects.247

Monitor (low level of 
risk).

Calcium channel 
antagonists, e.g. 
nifedipine, verapamil

Decreases drug levels. Nifedipine: Clinical studies.103,248

Verapamil: Clinical study.249

Contraindicated.

Cancer 
chemotherapeutic 
drugs, e.g. 
irinotecan, imatinib

Decreases drug levels. Clinical studies.250–253 Contraindicated.

Digoxin Decreases drug levels. Clinical studies (several studies showed 
decrease, one study showed no 
effect)243,254–256 but effect is dependent upon 
dose of herb and the hyperforin content.256

Contraindicated at doses 
equivalent to >1 g/day 
dried herb, especially for 
high-hyperforin extracts.

Finasteride May decrease drug levels. Clinical study with healthy volunteers.257 Contraindicated.

HIV non-nucleoside 
transcriptase 
inhibitors, e.g. 
nevirapine

Decreases drug levels. Case report.258 Contraindicated.

HIV protease 
inhibitors, e.g. 
indinavir

Decreases drug levels. Clinical study.259 Contraindicated.

Hypoglycaemic 
drugs, e.g.  
gliclazide, 
tolbutamide

Gliclazide: May reduce 
efficacy of drug by  
increased clearance.

Clinical study with healthy volunteers, but 
glucose and insulin response to glucose 
loading were unchanged.260

Monitor (low level of 
risk).

Tolbutamide: May affect 
blood glucose.

Two clinical studies (healthy volunteers):243,245 
no effect on pharmacokinetics, but there was 
an increased incidence of hypoglycaemia in 
the trial using hyperforin-rich extract.245

Monitor (low level of 
risk).

Immuno-
suppressives, 
e.g. cyclosporin, 
tacrolimus

Decreases drug levels. Cyclosporin: Case reports,261–269 case 
series,270,271 clinical studies.233,272 
Interaction is dependent upon the hyperforin 
content.264,272

Contraindicated 
especially for high-
hyperforin extracts.

Tacrolimus: Case report and clinical 
studies.273–275

Ivabradine May decrease drug levels. Clinical trial with healthy volunteers. No 
pharmacodynamic effect was observed.276

Monitor (medium level 
of risk).

Methadone Decreases drug levels, 
possibly inducing  
withdrawal symptoms.

Case reports.277 Contraindicated.

Methylphenidate May decrease efficacy. Case report,278 but clinical significance 
unclear.

Monitor (low level of 
risk).
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Omeprazole May decrease drug levels. Clinical trial.279 Monitor (low level of 
risk).

Oral contraceptives May increase metabolism 
of drug.

Breakthrough bleeding reported which 
was attributed to increased metabolism of 
drug.239,261 Clinical significance unclear. 
Cases of unwanted pregnancies have been 
reported.280,281 Contradictory results for 
effect on bioavailability, hormone levels and 
ovulation demonstrated in three clinical 
studies, although some breakthrough 
bleeding occurred.282–284 In one clinical trial 
an extract low in hyperforin did not affect 
plasma contraceptive drug levels or cause 
breakthrough bleeding.285 Clinical trial: 
clearance of levonorgestrel at emergency 
contraceptive doses increased (not  
statistically significant).286 Clinical study: 
antiandrogenic effect of contraceptive not 
affected.287

Hyperforin-rich extracts: 
Monitor (medium level 
of risk). 
Low-hyperforin extracts: 
Monitor (very low level 
of risk).

Oxycodone Decreases drug levels. Clinical trial with healthy volunteers.288 Monitor (medium level 
of risk).

SSRIs, e.g. 
paroxetine, 
trazodone, 
sertraline and other 
serotonergic agents, 
e.g. nefazodone, 
venlafaxine

Potentiation effects possible 
with regard to serotonin 
levels.

Case reports: clinical significance 
unclear.289–294

Monitor (very low level 
of risk).

Statin drugs May decrease effect  
and/or drug levels.

Atorvastatin: Clinical study, serum LDL-
cholesterol increased by 0.32 mmol/L which 
corresponds to a decrease in effect of drug  
in patients by about 30%. Serum total 
cholesterol was also increased.295

Monitor blood 
cholesterol regularly 
(medium level of risk).

Pravastatin: Clinical study, no effect on  
plasma level in healthy volunteers.296

Rosuvastatin: Case report.297

Simvastatin: Two clinical studies, decrease in 
drug levels in healthy volunteers,296 and small 
increases in serum total cholesterol and LDL-
cholesterol in patients.298

Talinolol May decrease drug levels. Clinical study with healthy volunteers.299 Monitor (medium level 
of risk).

Theophylline May decrease drug levels. Case report.300 No effect observed in clinical 
study.301

Monitor (low level of 
risk).

Voriconazole Decreases drug levels. Clinical study.302 Monitor (medium level 
of risk).

Zolpidem May decrease drug levels 
(but with wide inter-subject 
variability).FF

Clinical study (healthy volunteers).303 Monitor (low level of 
risk).
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St Mary’s Thistle 
Silybum marianum 
(See also Polyphenol-
containing herbs)

Hypoglycaemic 
drugs, including 
insulin

May improve insulin 
sensitivity.

Controlled trials: improved glycaemic control 
and reduced insulin requirements in patients 
with type 2 diabetes and cirrhosis (silymarin: 
600 mg/day),304 improved glycaemic control 
in diabetics treated with hypoglycaemic drugs 
(silymarin: 200 and 600 mg/day);305,306 but 
no effect on glucose metabolism in NAFLD 
patients including those with insulin resistance 
(silymarin: 280 and 600 mg/day).307,308

Prescribe cautiously 
and monitor blood 
sugar regularly. Warn 
patient about possible 
hypoglycaemic 
effects. Reduce drug if 
necessary in conjunction 
with prescribing 
physician.

Immuno-
suppressives, e.g. 
sirolimus

May decrease drug 
clearance.

Population pharmacokinetic study with 112 
Chinese adult renal transplant recipients: 
clearance of sirolimus decreased in those 
patients with abnormal ALT values who were 
taking silymarin formulations (route and 
dosage unknown).181

Monitor (medium level 
of risk) in hepatically 
impaired patients.

Metronidazole May decrease absorption of 
drug by increasing clearance.

Clinical study with healthy volunteers 
(silymarin: 140 mg/day).309

Monitor (medium level 
of risk).

Nifedipine May delay the absorption 
rate of drug.

Clinical study with healthy volunteers (silymarin: 
280 mg/day), but bioavailability unchanged.310

Monitor (low level of 
risk).

Ornidazole May increase drug levels. Clinical study with healthy volunteers 
(silymarin: 140 mg/day).311

Monitor (medium level 
of risk).

Talinolol May increase drug levels. Clinical study with healthy volunteers 
(silymarin: 420 mg/day).312

Monitor (low level of 
risk).

Tannin-containing or 
OPC-containing herbs 
eg agrimony (Agrimonia 
eupatoria), bearberry 
(Arctostaphylos uva-
ursi), cranesbill root 
(Geranium maculatum), 
grape seed extract 
(Vitis vinifera), green 
tea (Camellia sinensis), 
hawthorn (Crataegus 
spp.), lemon balm 
(Melissa officinalis), 
meadowsweet 
(Filipendula ulmaria), 
peppermint (Mentha x 
piperita), Pelargonium 
(Pelargonium sidoides), 
pine bark (Pinus 
massoniana), raspberry 
leaf (Rubus idaeus), 
sage (Salvia fruticosa), 
St John’s wort 
(Hypericum perforatum), 
willow bark (Salix spp.)

Minerals,  
especially iron

Iron: May reduce  
absorption of non-haem  
ironT from food.
Zinc: May reduce  
absorption from food.
Clinical studies with healthy 
volunteers: results conflicting 
for effect on zinc (undefined 
tea,326 black tea194 
consumed at or immediately 
after food).

Clinical studies in healthy volunteers, 
administration during or immediately  
following the meal 188,313–320 (black tea,  
typical strength: 0.8-3.3 g/100 mL;188,313–

317,319 sorghumGG (0.15% tannins)318), and in 
women with iron deficiency anaemia (IDA)321 
(black tea: 1-2×150 mL of 1:100 infusion 
containing 78 mg of tannins per 150 mL).321 
Iron absorption reduced to a greater extent in 
those with IDA.321 However, the results from 
single test meals may exaggerate the effect of 
iron inhibitors and enhancers.322 Effects were 
not significant in a 14-day study.194 Cases of 
IDA resistant to treatment: heavy black tea 
drinkers (2 cases, 1.5-2 L/day).323,324

Epidemiological studies (12, to 2002) found 
mixed results, but some evidence of an 
association between drinking black tea and 
poor iron status.322

Clinical study in patients with 
haemochromatosis (black tea: 250 mL with 
meal).325

Take at least 2 hours 
away from food or 
medication.
Take at least 2 hours 
away from food or 
medication.

(See also Polyphenol-
containing herbs)

Turmeric (Curcuma 
longa)

Talinolol May decrease drug levels. Clinical study with healthy volunteers  
(300 mg/day of curcumin).327

Monitor at high doses 
(≥300 mg/day curcumin, 
low level of risk).
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Valerians  
Mexican Valerian 
(Valeriana edulis), 
Valerian (Valeriana 
officinalis)

CNS depressants  
or alcohol

May potentiate effects of 
drug.

Theoretical concern expressed by US 
Pharmacopeial Convention.328 However a clinical 
study found no potentiation with alcohol.329 Case 
report of adverse effect with benzodiazepine 
drug330 – herb dosage undefined but likely high 
(tablet contained valerian and passionflower 
(Passiflora incarnata)).

Monitor (very low level 
of risk).

Willow Bark 
Salix alba, Salix 
daphnoides, Salix 
purpurea, Salix fragilis. 
(See also Tannin-
containing herbs)

Warfarin May potentiate effects of 
drug.

Herb alone 
Clinical study observed very mild but 
statistically significant antiplatelet activity 
(extract containing 240 mg/day of salicin).331

Monitor (low level of 
risk).

CODE FOR RECOMMENDED ACTION

Contraindicated: Do not prescribe the indicated herb.

Monitor: Can prescribe the indicated herb but maintain close contact and review the patient’s status on a regular basis. Note that where the risk is assessed as 
medium, self-prescription of the herb in conjunction with the drug is not advisable.

Abbreviations: 
ACE: angiotensin-converting enzyme; ALT: alanine transaminase, also known as glutamic pyruvic transaminase (GPT); AMP: adenosine monophosphate; APTT: activated partial 
thromboplastin time; CNS: central nervous system; CYP: cytochrome P450; ECG: electrocardiogram/graph; EGCG: epigallocatechin gallate; GAS: ginseng abuse syndrome; HIV: 
human immunodeficiency virus; IDA: iron deficiency anaemia; INR: international normalized ratio; NAFLD: nonalcoholic fatty liver disease; OPC: oligomeric procyanidin; PCOS: 
polycystic ovary syndrome; PT: prothrombin time; SSRI: selective serotonin reuptake inhibitor; tds: three times per day; >: greater than; ≥: greater than or equal to; <: less than.

Footnotes: 
*This chart contains information the authors believe to be reliable or that has received considerable attention as posing potential issues. However, speculative and theoretical 
concerns expressed by many other authors have not been included. Due to the focus on safety, positive interactions between herbs and drugs, and the effect of drugs on the 
bioavailability of herbs are generally not included.

A.Research paper describes administration of Scutellaria radix. Trial authors confirm this was root of Baical skullcap (Scutellaria baicalensis).332

B.Analysis of Baical skullcap root samples from Japan found the baicalin content varied from 3.5 to 12%. For a dose of 150 mg/day of baicalin, 1.2-4.3 g/day of dried root would 
be required.333

C.Single-strength (freshly squeezed, 100%) cranberry juice is highly acidic and astringent, making it unpalatable. For this reason, cranberry juice is usually diluted and sweetened 
(often known as cranberry juice drink). Cranberry juice cocktail usually contains 25% cranberry juice, although can be up to 35%. Cranberry juice drinks contain about 10% 
cranberry juice. Cranberry sauce is about half the strength of cranberry juice cocktail, about the same strength as juice drinks. Cranberry juice can be concentrated to a dry 
powder (unsweetened and usually up to 25:1) and used in tablets and capsules. Juices can be prepared by diluting juice concentrates yielding a concentrated juice (e.g. double 
strength juice, at twice the strength of single-strength, squeezed juice). It is likely that unless defined, cranberry juice referred to in case reports and clinical studies is juice drink 
containing around 10% cranberry juice.

D.Refer to Assessment of Risk and Recommended Action above for definition of the extent of this interaction.

E.The cranberry ‘juice’ administered was similar in concentration to a reference cranberry ‘juice’ containing about 25% cranberry juice,334 but with a higher concentration of 
anthocyanins, and lower in catechins and organic acids. See also note C.

F.No effect overall when midazolam was administered orally: oral clearance and area under the drug concentration-time curve were unchanged.

G.These four trials used tablets containing a concentrated, standardised extract. A dosage of 900 mg/day of dry extract was equivalent to about 2.7 g/day of fresh garlic,335 and 
was said to contain 12 mg/day of alliin,53,61 although there is some doubt as to the amount of allicin released from this brand of tablet from around 1995 to 2000.336

H.Ginkgotoxin (4’-O-methylpyridoxine) is present in substantial amounts in Ginkgo seed, and convulsions arising from ingestion of Ginkgo seed have been documented in Japan 
(infants are particularly vulnerable). Ginkgotoxin is known to inhibit vitamin B6 phosphorylation, which may lead to increased neuronal excitability.337 Poisoning by ginkgotoxin can 
be counteracted by vitamin B6,337 in cases of poisoning it is administered by intravenous injection.338,339 Ginkgotoxin is present in very small amounts in standardised Ginkgo 
leaf extracts,340 but is below the detection limits in human plasma after oral doses (240 mg of 50:1 extract, equivalent to 12 g of dried leaf).341 According to the manufacturer, 
despite the extensive use of this special extract (more than 150 million daily doses per year for more than two decades) no cases of epileptic seizure have been attributed to this 
extract.341 (Ginkgo preparations associated with the above case reports were undefined.) Strictly speaking this is a potential adverse effect (rather than a herb–drug interaction) as 
there is no pharmacokinetic data indicating an interaction for coadministration of Ginkgo and anticonvulsants in humans. An interaction is suggested though, because Ginkgo has 
been found to induce CYP2C19 activity (see entry for omeprazole), an enzyme involved in the metabolism of some anticonvulsants.

J.Analysis of over 320 000 patients in a German adverse drug reaction reporting system (1999-2002) found no increase in prevalence of bleeding during Ginkgo intake compared 
to periods without Ginkgo in those taking anticoagulant or antiplatelet medication.342 In a trial involving 3069 healthy volunteers treated for an average of 6.1 years, there were 
no statistically significant differences between placebo and Ginkgo in the rate of major bleeding or the incidence of bleeding in individuals taking aspirin. (Compliance during the 
trial was however low (at the end of the trial, about 60% were taking Ginkgo/placebo).)343 In Korea, Ginkgo extract is administered with ticlopidine for the prevention of ischaemic 
stroke or acute coronary syndrome.344
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K.The in vitro study found a pronounced anticytotoxic effect for a concentration of 2.5-5 µM of EGCG, and when applied as green tea polyphenols a very substantial effect 
occurred at a EGCG concentration of 1 µM (the other polyphenols may contribute to the activity).108 A pharmacokinetic study with healthy volunteers found a EGCG plasma 
concentration of 0.7 µM after a dose of 580 mg of EGCG, and a EGCG plasma concentration of 0.5 µM after a dose of 1 g of green tea polyphenols.345

L.Better gastric tolerance to metformin was noted in the psyllium group of one trial.126

M.Glycyrrhetinic acid is the aglycone of glycyrrhizin. Glycyrrhizin is the glycoside and contains the aglycone (glycyrrhetinic acid) and a sugar unit.

N.No effect on blood pressure in healthy volunteers in two studies (130 mg/day of glycyrrhetinic acid = 227 mg/day of glycyrrhizin, for 14 days;164 licorice (266 mg/day of 
glycyrrhizin) for 56 days);346 including where plasma renin levels were high (3.1 ng/mL/h),346 but in another study, blood pressure increased in healthy volunteers taking 546 mg/
day of glycyrrhizin for 4 weeks, only for those with plasma renin activity greater than 1.5 ng/mL/h.347

P.This is a guide, based on a recommendation from the German Commission E for long-term consumption of licorice as a flavouring. Glycyrrhizin is also known as glycyrrhizinic 
acid and glycyrrhizic acid.

Q.ACE-inhibitors cause mild natriuresis (an increase in sodium excretion in the urine) and occasionally hyperkalaemia. The mechanism of the interaction is not known, although it 
may involve opposing effects on 11beta-hydroxysteroid dehydrogenase type 2 (glycyrrhizin inhibiting, ACE-inhibitor promoting), thus affecting mineralocorticoid receptor activity. 
Reduction of drug dosage revealed the existing hypokalaemia caused by this dosage of glycyrrhizin.

R.A higher prednisolone/prednisone ratio indicates decreased conversion of prednisolone (active) to prednisone (inactive). Glycyrrhetinic acid (GA) is the aglycone of glycyrrhizin 
(GL). GL is the glycoside and contains the aglycone (GA) and a sugar unit.

S.The word tannin has a long established and extensive usage although it is considered in more recent years to lack precision. Polyphenol is the preferred term when 
considering the properties at a molecular level. Plant polyphenols are broadly divisible into proanthocyanidins (condensed tannins) and polymers of esters based on gallic and/
or hexahydroxydiphenic acid and their derivatives (hydrolysable tannins).348 The terms ‘tannin’ and ‘polyphenol’ are sometimes used interchangeably. For example, the results 
of a clinical study are described: ‘polyphenols present in tea and coffee inhibited iron absorption in a dose-dependent manner’. The ‘polyphenol’ content was measured using a 
spectrophotometric method for the determination of ‘tannins and other polyphenolics’.320 Depending on the analytical method used, it is possible that the polyphenol content may 
actually be the content of tannins or tannins + polyphenols.349 It is recommended that both sections of this chart be considered: Polyphenol-containing or Flavonoid-containing 
herbs, and Tannin-containing or OPC-containing herbs.

T.Haem iron is derived from haemoglobin and myoglobin mainly in meat products. Non-haem iron is derived mainly from cereals, vegetables and fruits.

U.At an identical concentration of total polyphenols, black tea was more inhibitory than all the herb teas excluding peppermint: black tea was of equal inhibition to peppermint 
tea.188 The type of polyphenols present, as well as the concentration, may affect iron absorption.

V.Another clinical study also found a dose-dependent effect, and the reduced absorption was most marked when coffee was taken with the meal or 1 hour later. No decrease in 
iron absorption occurred when coffee was consumed 1 hour before the meal.319

W.Administered in freeze-dried form (4.2 g), which would be expected to have a lower inhibitory effect than with the use of fresh chilli, as freeze drying probably decreased the 
ascorbic acid content (ascorbic acid enhances iron absorption).190

X.The different results for cayenne and turmeric under the same experimental conditions, suggest it is not only the quantity of polyphenol present that determines the inhibition, 
but also for example, the structure of the polyphenol (and hence mechanism of iron binding).190

Y.Plant part defined in other publication.350

Z.Orlistat inhibits gastric and pancreatic lipases in the lumen of the stomach and small intestine which leads to decreased absorption of dietary fat, and the subsequent excretion 
of the unabsorbed fats in faeces. No systemic absorption is required to exert its therapeutic effect.

AA.This procedure has been adopted in clinical trials where hypocholesterolaemic drugs (statins) were coadministered.351,352

BB.Fructus Schisandra is defined as the fruit of Schisandra chinensis or Schisandra sphenanthera in traditional Chinese medicine. The major constituents are 
dibenzocyclooctene lignans. Several factors including harvest season, origin of herb and extraction solvent affect the levels of the individual lignans. Aqueous or ethanolic extracts 
of S. chinensis are not likely to contain more than 2.5 mg/g of deoxyschisandrin.353,354 A maximum dose of S. chinensis extract equivalent to 4 g/day, would provide 10 mg/day of 
deoxyschisandrin.

CC.Eleutherosides (from Siberian ginseng) and ginsenosides (from Korean ginseng) have some structural similarity with digoxin. Because of this similarity interference with 
serum digoxin measurements is possible, as confirmed when mice fed these herbs demonstrated digoxin activity in their serum. More specific assays are able to negate the 
interference.355

DD.As noted for several drugs, the hyperforin content of the St John’s wort preparation, as well as the dosage of herb, affects the extent of the interaction. All types of preparations 
can contain hyperforin, including dry extracts used in tablets and capsules. Hyperforin is however, unstable – particularly when in solution.356 Tinctures and liquid extracts made 
using a standard ethanol content (45%) contain negligible amounts of hyperforin. Liquid extracts using a higher ethanol content (such as 60%) will contain a higher initial amount 
of hyperforin than standard liquid extracts. Over time the hyperforin content is substantially reduced and after a few months tinctures and liquid extracts contain no hyperforin.357

EE.Genetic polymorphisms are important in determining differences in the response to drugs, and may influence interactions. There are many genetic variants of the CYP genes, 
including the CYP2C19 gene. Phenotypes of CYP2C19 have been classified functionally as extensive metabolisers and poor metabolisers, the latter having a deficiency of 
CYP2C19 activity.183,358

FF.In 3 of the 14 volunteers a small increase in AUC was observed after administration of St John’s wort.

GG.Sorghum also contains phytate. Both phytate and polyphenol inhibit nutrients such as iron.359,360
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General prescribing guidelines
l	 Exercise great caution when prescribing herbs for patients 

taking drugs with a narrow therapeutic window. These 
drugs may become dangerously toxic or ineffective with 
only relatively small changes in their blood concentrations. 
Examples include digoxin, warfarin, antirejection 
(immunosuppressive) drugs, many anti–HIV drugs, 
theophylline, phenytoin and phenobarbital. These patients 
need to be monitored on a frequent, regular basis.

l	 Exercise great caution when prescribing herbs for patients 
taking drugs:
◯	 if heart, liver, or kidney function is impaired
◯	 in elderly patients
◯	 in pregnant women
◯	 in those who have received an organ transplant
◯	 in those with a genetic disorder that disturbs normal 

biochemical functions.

These patients need to be monitored on a frequent, regular 
basis.
l	 Care should be exercised with patients who exhibit  

long-term use of laxative herbs or potassium-losing 
diuretics.

l	 Critical drugs should be taken at different times of 
the day from herbs (and food) to reduce chemical or 
pharmacokinetic interactions. They should be separated by 
at least 1 h, preferably more.

l	 Stop all herbs approximately 1 week before surgery. St 
Mary’s thistle may help reduce the toxic after-effects of 
anaesthetic drugs, so it can be taken up to the day before, 
and then again after surgery (it will not interact with the 
anaesthesia – see monograph).

l	 Carefully monitor the effects of drugs such as 
antihypertensives and antidiabetic drugs when combining 
with herbal remedies. The herbs may make them more or 
less effective. In the ideal situation the dose of the drug 
could be adjusted.

l	 Interactions may be dose related for the herb and the drug, 
for example, St John’s wort and digoxin (see monograph).

Assessment of risk and 
recommended action
The best information about HDIs comes from case observa-
tions (detailed and validated if possible) and clinical studies. 
Assessment of the risk of an adverse effect from a potential 
herb–drug interaction (as done for the table in this appendix) 
considers several factors:1,2

l	 The quality of the evidence, such as probable causality from 
case reports (probable/possible/unlikely) and confirmation 
and ideally repeated results from clinical studies with 
clinically relevant endpoints.A

◯	 A well-documented case report (especially with a 
positive rechallenge) does not always constitute a lower 
level of evidence than a negative result from a controlled 
trial. This is provided that all other possible causes have 
been considered and adequately dealt with

◯	 The quality of the publication should also be considered 
– a poster from a scientific meeting is regarded as 
a lower level of evidence than well-documented 
case reports and controlled trials (due to lack of 
peer review). Is the pharmacokinetic study placebo-
controlled?B

◯	 Theoretical concerns based on pharmacological activity 
are considered the lowest quality of evidence and are 
often speculative at best.

l	 The incidence of the interaction (what is the chance that 
the interaction occurs? How many well–documented cases 
are reported compared to the extent of use of the herb?)

l	 The seriousness of the potential adverse reaction, for 
example in order of increasing importance:
◯	 An insignificant clinical effect from an increased drug 

level without clinical symptoms or an increase in INR 
(international normalised ratio)C up to 4 in the case of 
warfarin

◯	 Transient inconvenience (<2 days) without residual 
symptoms such as fatigue, nausea

◯	 Failure of therapy for nonserious disease such as 
decreased effects from an antacid drug
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◯	 Prolonged (>7 days) or permanent residual symptoms 
or invalidity such as the toxic effects of digoxin or an 
increase in INR to greater than 6

◯	 Failure of life–saving therapy such as failure of therapy 
with antiretroviral drugs or cyclosporin

◯	 Death or severe side effects
By considering these factors and the totality of evidence, 

the risk of a herb–drug interaction would range from very low 
(such as where evidence is poor or lacking and the effect is 
clinically irrelevant) to contraindicated (such as where the 
evidence consists of controlled, published interaction stud-
ies with a clinically relevant endpoint, the adverse outcome 
is clinically very relevant, including decreasing plasma levels 
of drugs being prescribed for serious conditions). An altered 
plasma drug level in healthy volunteers or even patients with-
out a substantial clinical effect would be considered low or 
medium risk.

Probe drugs
Studies using probe drugs (which assess individual 
cytochrome P450 enzyme activity, and hence potential inter-
actions for drugs that utilise that enzyme) are only included 
in the chart where the drug is currently used clinically. For 
example, midazolam (a benzodiazepine, used clinically as 
a sedative and frequently in anaesthesia) is metabolised by 
CYP3A4 and can be used to assess the interaction of other 
drugs and herbs with this enzyme (e.g. another drug or herb 
may inhibit or induce CYP3A4 resulting in increased or 
decreased plasma drug levels, respectively). A number of 
drugs are used as probes for CYP3A4 activity such as nifedi-
pine and alprazolam. Other examples of probe drugs included 
in the chart due to their therapeutic activity include tolbu-
tamide (for CYP2C9 activity), omeprazole (CYP2C19) and 
talinolol (P-glycoprotein). (P-glycoprotein helps transport 
molecules across biological membranes and hence can affect 
the absorption and elimination of a drug.) Although there are 
a large number of cytochrome P450 enzymes, more than 90% 
of the metabolism of drugs is due to the activity of CYP1A2, 
CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP3A4. For a 
comprehensive review of the effect of herbs on probe drugs 
in clinical trials the reader is referred to the following sys-
tematic review: Kennedy DA, Seely D. Expert Opin Drug Saf 
9(1): 79-124, 2010.

Midazolam is used clinically as a sedative and frequently in 
anaesthesia. Such studies ideally need to have administered 
the herb for at least 7 days and investigated drug clearance 
by using the area under the serum concentration–time curve 
(AUC).

The US Food and Drug Administration has defined the 
clinical significance of an interaction that causes an increased 
plasma level of oral midazolam. The interaction is weak 
(hence low risk) if the increase in the AUC is between 1.25–-
and 2-fold; AUC changes ranging from 2- to 5-fold are mod-
erate (hence medium risk) and greater than a 5-fold increase 
is a strong interaction and may result in contraindication.3 An 
increase below 1.25-fold, in other words an increase in the 
plasma level of midazolam by up to 25%, means no interac-
tion has occurred (i.e. it is clinically insignificant).

HDI chart examples: how the 
recommended action is determined

CONTRAINDICATED

ST JOHN’S WORT AND DIGOXIN
l	 Three clinical studies (two controlled with placebo) found St John’s 

wort extract high in hyperforin sharply decreased drug levels. The 
decrease in drug levels increased with increasing doses of St 
John’s wort.

The evidence is considered to be strong and the adverse 
outcome is potentially serious, in addition to the drug having a 
narrow therapeutic window (small changes in blood levels may 
have considerable pharmacological effect).

DAN SHEN AND WARFARIN
l	 Three case reports of bleeding complications and elevated INR 

values (above 5.5) were observed. INR returned to normal target 
range after cessation of herb. Dan shen was the only substance 
introduced after the INR was initially stabilised.

Reasonably strong case report evidence and adverse effects con-
sidered serious.

BLADDERWRACK AND HYPERTHYROID MEDICATION

BUGLEWEED AND THYROID HORMONES

ECHINACEA AND IMMUNOSUPPRESSANT 
MEDICATION

Although the evidence is based on theoretical concerns only, the 
adverse effect from the potential interaction is considered great 
enough for a suggested contraindication.

MONITOR (MEDIUM LEVEL OF RISK)

ST JOHN’S WORT AND AMITRIPTYLINE
l	 Clinical study (not controlled with placebo) with patients found a 

decrease in drug levels.

Evidence considered moderate, given the wide use of the herb. 
Assigned a medium rather than a low risk due to seriousness of 
potential adverse outcome.

GARLIC AND HIV PROTEASE INHIBITORS
l	 Clinical study (2000; not controlled with placebo) with healthy 

volunteers found an allicin-producing garlic tablet caused 
significant decrease (from baseline) in plasma drug concentration.

l	 A probe drug study (2010) also with healthy volunteers taking an 
allicin-producing garlic tablet, found a non–significant decrease 
overall in AUC (15%) with large variability (AUC increased in several 
volunteers).

Evidence considered moderate, as there is an absence of case 
reports despite the fact that garlic is widely consumed in the diet. 
Assigned medium rather than low risk due to potential adverse outcome.

GINKGO AND HIV NON–NUCLEOSIDE TRANSCRIPTASE 
INHIBITORS
l	 Case report: ingestion of Ginkgo coincided with decreasing drug 

level.
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MONITOR (LOW LEVEL OF RISK)

ST JOHN’S WORT AND OMEPRAZOLE
l	 Clinical study with healthy volunteers found that St John’s wort 

extract caused significant decrease in plasma drug concentration.

Evidence considered preliminary or moderate at best. Assigned 
low due to a lack of seriousness of effects from a potential interaction.

ST JOHN’S WORT AND ANTICONVULSANTS
l	 Theoretical concern raised in 2000 by regulators on the basis 

that St John’s wort may induce cytochrome P450, the pathway 
by which some drugs including anticonvulsants are metabolised, 
thereby potentially increasing their breakdown and reducing their 
blood concentrations.

l	 No effect on carbamazepine pharmacokinetics found in a 2000 
clinical study with healthy volunteers (not controlled with placebo).

l	 One case reported with few details in 2007 in which an increase 
in the frequency and severity of seizures was reported in a patient 
taking several anticonvulsants, two of which are not metabolised 
by cytochrome P450.

l	 A probe drug study (2004) found increased excretion of a 
mephenytoin metabolite in some volunteers – those with a 
CYP2C19 wild-type genotype (extensive metabolisers). In poor 
metabolisers (mutant genotype; having a deficiency of CYP2C19 
activity) there was no significant alteration. (Mephenytoin is almost 
exclusively metabolised by CYP2C19.) The clinical significance 
is unknown, as plasma drug levels of mephenytoin were not 
measured.

Evidence considered low, with a clinical study supporting a lack 
of interaction despite the theoretical concern. Due to the recog-
nised ability of St John’s wort to interact with some drugs metabo-
lised via cytochrome P450 (particularly CYP3A4), and the importance 
of maintaining stable blood levels of anticonvulsants this interaction 

This is the first case reported for this interaction. The decrease in 
drug levels coincided approximately when ‘the patient appeared to 
be using Ginkgo’. The long history of stable drug levels prior to the 
ingestion of Ginkgo, and the patient not taking medications other than 
antiretroviral therapy are suggestive of a causal effect. Patient ‘success-
fully switched to alternative antiretroviral therapy’. Despite the lack of 
strong causality, assigned medium due to potential adverse outcome.

MONITOR (VERY LOW LEVEL OF RISK)

SIBERIAN GINSENG AND DIGOXIN
l	 One case report: possibly increased plasma concentration of drug 

but ECG (electrocardiogram) unchanged. The possibility that the 
herb may have interfered with the digoxin measurement was also 
raised, and later supported.

l	 No effect on plasma concentration of drug in later controlled 
clinical trial.

The case report provides minimal evidence, with a lack of clinical 
relevance (ECG results) and the possibility of testing interference. The 
clinical trial results reduce the strength of evidence.

DEVIL’S CLAW AND WARFARIN
l	 One poorly documented case report.

Minimal evidence with too few details. No other evidence exists to 
suggest this interaction.

was assigned low rather than very low risk. The 2008 case report does 
not support the theoretical concern (different metabolism). Additional 
and well-documented case reports would be required to alter the risk 
assessment.

GINKGO AND TOLBUTAMIDE
l	 Clinical study with healthy volunteers found a high dose of Ginkgo 

(50:1 extract: 360 mg/day, equivalent to 18 g/day of dried leaf) 
decreased the area under concentration versus time curve by 16% 
(statistically significant, but being less than a 20% decrease this is not 
regarded as clinically significant). No statistically significant differences 
found for other pharmacokinetic parameters.

l	 To assess the effect on the pharmacodynamics of tolbutamide, 
volunteers were also given a 75 g oral dose of glucose. When 
combined with Ginkgo the blood glucose lowering effect of 
tolbutamide was less than with tolbutamide alone, but the difference 
was not even statistically significant.

The decrease in exposure to tolbutamide caused by a high dose of 
Ginkgo did not have a significant effect on the ability of tolbutamide to 
lower glucose in healthy volunteers. Assigned low risk until information in 
diabetic patients becomes available.

Notes

A. 	 An example of a clinically relevant endpoint is the increase 
in serum LDL-cholesterol caused by St John’s wort 
in patients taking atorvastatin. In the absence of trials 
using clinical endpoints how then is the risk assessed? 
The pharmacokinetics and/or pharmacodynamics are 
considered, but how much of a pharmacokinetic change 
should be considered clinically relevant? This issue, in the 
context of drug–drug interactions, is currently a topic for 
debate.4 Tests of statistical significance such as the p value 
for parameters such as the peak plasma concentration are 
not necessarily clinically relevant.3,5 
In interaction trials where clinically relevant endpoints have 
not been measured, the Food and Drug Administration 

has provided guidelines to assess the relevance of the 
pharmacokinetic results. A decrease of 20% up to an 
increase of 25% in drug exposure (e.g. peak plasma 
concentration, AUC) does not result in relevant changes 
of drug effect and no clinically significant interaction is 
present. (Technically, the 90% confidence interval for the 
geometric mean ratio of the herb–drug phase to the drug 
phase needs to be within 0.8 to 1.25.3) This limit has been 
considered too conservative, with a recommendation that 
the no-effect limit be expanded to ranging from a decrease 
of 30% up to an increase of 43% in drug exposure (i.e. the 
ratio falls within 0.7 to 1.43).6 The FDA no-effect limit 
does not constitute a hard and fast rule however, as for 
example, the therapeutic index of the drug should still be 
considered.7 Not all clinical studies however provide the 
information to assess the no-effect limit.
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Appendix D: Herbs and children: basic 
dosage rules

to 12. A very useful age-based rule for infants is Fried’s rule, 
which is age in months divided by 150 as the fraction of the 
adult dose. It dictates quite low doses to infants. For example, 
in the case of a neonate up to 1 month, only 1/150th of the 
adult dose is given. Fried’s rule is a conservative dosage rule, 
but it should be considered for children up to about 2 years. 
Where this rule cuts out and another rule cuts in requires 
some discretion, and the discretionary aspects of Fried’s 
rule will be discussed later. Another age-based rule that is 
less useful is Gabius’ rule which is a simple fixed relation-
ship between age and the fraction of the adult dose: 1 year is 
1/12th, 2 years is 1/8th and 3 years 1/6th and so on.

More relevant and useful are the weight-based rules; the 
first such rule was said to have been proposed by Clark in 
the 1930s, less than 100 years ago. Only at that time were 
we becoming sophisticated about understanding dosage rules 
for children, so this is a very recent phenomenon. Clark’s 
rule was developed in the days before metric weights were 
widely used in medicine and so was based on pounds. It is 
weight in pounds divided by 150 as the fraction of the adult 
dose. This rule is not very sophisticated and not that useful. 
A much better rule, that represents a refinement of Clark’s 
rule, was developed by Augsberger in the 1960s. He added a 
factor of 10, in recognition of the faster metabolism of chil-
dren. The rule is one and a half times the weight in kilograms 
plus 10 as the percentage of the adult dose. If a child weighs 
20 kg, the calculation is 1½ times 20, which equals 30, plus 
10, giving 40. Hence, the percentage of the adult dose from 
Augsberger’s rule for this example is 40%. As noted previ-
ously, most experts agree that BSA is the best parameter to 
use in any dosage calculation. Augsberger’s rule has been 
shown to be a good approximation to a body surface area 
curve in children.3

A group of anaesthetists at Salisbury Hospital in the UK 
have come up with a very simple rule that closely approxi-
mates BSA calculations.3 Anaesthetists, of course, have to 
know about giving the right doses to children. The rule is 

Given the difficulties with metabolism of xenobiotics in 
young children, it is acknowledged in conventional medicine 
that dosing in young children is an imprecise affair. The fol-
lowing quotation from Neonatal and Pediatric Pharmacology: 
Therapeutic Principles in Practice, a major textbook in the 
field, is relevant:1

Optimal tailoring of a drug’s (and we can also read herb’s) dose to 
the newborn infant and child is a delicate obligation of the treating 
physician. All suggestions and dosing rules that have been proposed 
reveal the complexity of the problem. No universal dosage rule can 
be recommended.

So with that in mind, and the need to be flexible and to 
use our judgement, the various dosing rules (including briefly 
how they were developed) are discussed below.2

Dosage rules are based on age, weight and, more recently 
(in the last few decades), the sophisticated concept of body 
surface area. Most experts agree that body surface area is 
probably the most valid concept to use in terms of dosage cal-
culations, but the computations can be very complex. There 
are some simple dosage rules that approximate body surface 
area (BSA) and can be used as a good substitute in the clinic 
(see later). The earlier dosage rules used age as the basis for 
calculation, and Dilling’s rule, which is simply the age in years 
divided by 20 as the fraction of the adult dose, is the oldest. 
Dilling’s rule is said to date from the 8th century, so even as 
long ago as this it was recognised that a dosage rule for chil-
dren was needed. This is a very simple rule; in fact, it is overly 
simplistic and not recommended. Note that in the context of 
this and other dosage rules, the ‘adult dose’ is the dose for an 
adult under similar circumstances.

One of the most commonly used age-based rules, which is 
more sophisticated and reasonable to use, is Young’s rule. The 
formula is age in years divided by age plus 12 as the fraction 
of the adult dose. It is debated whether Young’s rule becomes 
valid at the age of 1 or 2, so that is why its applicable range is 
variously given as children aged 1 to 12 years or children age 2 
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weight in kg times 2 as the percentage of the adult dose if 
the weight of the child is less than 30 kg, and weight plus 30 
if the weight is greater than 30 kg. This is called the Salisbury 
rule. So for a 20 kg child the dose is 40% (20 times 2) of the 
adult dose. However, for a 35 kg child the dose is 65% (35 
plus 30) of the adult dose.

Table 1 provides a comparison of the calculations from 
the different dosage rules expressed as a percentage of the 
adult dose. Naturally, the weights of different children vary 
for any given age, so average weights were used for the pur-
pose of comparison. For the Fried, Young and Gabius rules, 
and there is an (a) indicating they are based on age. For the 
Augsberger and Salisbury rules, there is a (w) to indicate they 
are based on weight, although for the Salisbury rule BSA is 
added, because that is actually what it aims to approximate. 
Looking first at the example of a 10-year-old child (average 
weight 32 kg), the table indicates that there is not a large 
variation from the various rules that are applicable. The 
Augsberger and Salisbury rules are in quite good agreement at 
around 60% of the adult dose. Gabius’ and Young’s rule tend 
to be around 40% and probably predict doses that are too low. 
This is where the age-based rules probably break down: for 
an older child they tend to lead to underdosing. Looking now 
at a very young child, say 6 months, there are marked differ-
ences. Young’s and Gabius’ rules do not apply. Fried’s rule 
predicts 4% of the adult dose, Augsberger’s predicts 22% and 
the Salisbury rule indicates 16%. Probably the most accurate 
rule in this context is the 16% from the Salisbury rule, but we 
need to take into account that infants have a very high degree 
of uncertainty because of the factors discussed previously. 

Consequently, Fried’s rule is recommended as the starting 
point for dosage in such young patients. The dose can be sub-
sequently adjusted upwards, depending on the response of the 
patient. But it should be adjusted to no more than that indi-
cated by the Salisbury rule.

The key dosage rules are summarised in Table 2 and the 
summary recommendations are as follows: for children 
aged 2 years or older, Augsberger’s or the Salisbury rule 
can be used. For infants less than 2 years, caution dictates 
that Fried’s rule should be used as the dosage starting point, 
working on the basis of beginning with the minimum effec-
tive dosage. This is especially the case when using alcohol-
based extracts. The dose can then be increased if necessary 
towards that predicted by the Salisbury rule, but applying 
Augsberger’s rule to infants is not recommended because it 
will typically result in overdosing.

While infants do tend to have a reduced capacity to metabo-
lise alcohol, it is usually fully developed by the age of 2 or 3. 
However, alcohol-based extracts can be given to young chil-
dren without any associated problems if the above dosage 
guidelines are observed. As long as these rules are followed, it 
is safe to give an ethanolic extract to children of any age.
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Table 1  Dosage comparisons for the different rules

Child age (weight) Fried (a) Young (a) Gabius (a) Augsberger (w) Salisbury (w/bsa)

6 months (8 kg) 4 NA NA 22 16

1 year (10.5 kg) 8 8 8 26 21

2 years (12.5 kg) NA 14 12 29 25

4 years (16 kg) NA 25 25 34 32

7 years (23 kg) NA 37 33 45 46

10 years (32 kg) NA 45 40 58 64

Values are expressed as p of adult dose. a=age-based calculation, bsa = body surface area, w=weight-based calculation.

Table 2  Summary of key dosage rules

Young’s rule age/(age+12) is the FRACTION of the adult dose where age=age in years

Fried’s rule (age in months/150) is the FRACTION of the adult dose used for infants up to 24 months

Augsberger’s rule ((1.5×weight(kg))+10) is the PERCENTAGE of the adult dose

Salisbury rule weight(kg)×2 (if weight <30 kg) is the PERCENTAGE of the adult dose  
weight(kg)+30 (if weight >30 kg) is the PERCENTAGE of the adult dose
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cases, double blinding cannot be implemented and a single 
blind design may be used.

There are numerous reasons suggested as to why phyto-
therapy should be subjected to the same degree of scientific 
scrutiny as conventional medicine. Such reasons include the 
need to become accepted by governments and conventional 
medicine, to help us determine if the therapy is safe and 
effective and to give patients a reasonable idea of the poten-
tial success rate.1,2,3

This is not to say RCTs are without criticism. There are 
circumstances in which such a trial would be unethical. RCTs 
do not address why a treatment works, how participants are 
experiencing the treatment and/or how they give meaning 
to these experiences. They may not illustrate benefits other 
than the specific effects measured, explain the effects of the 
patient-practitioner relationship or take into consideration 
the patients' beliefs and expectations. Statistically significant 
results may be produced that have no clinical significance or 
importance to patients or their caregivers. Outcome meas-
ures may focus on the physical while ignoring issues related to 
meaning, purpose and spirituality (for example, quality of life 
measures in terminally ill patients). This is also not to say that 
RCTs are the ‘only game in town’. Epidemiological and social 
research methods with appropriate designs also provide valu-
able information.1,2,4–7

Despite its gold standard status, there is also no guarantee 
that a RCT will be well conducted, or will produce meaning-
ful results (see later) and often once published results are 
open to distortion and misinterpretation.8

CAM versus conventional medicine in 
the published literature
Before looking at the structure of clinical trials and how they 
should be read, it is worth examining the published literature 
in perspective: what can be said about the quality of informa-
tion that is published and is there a difference between how 

Clinicians are faced with an ever-increasing amount of read-
ing material as more research that is clinical is published on 
herbal medicine. This appendix is designed to assist in the 
reading of clinical trials and covers the following issues:
l	 What a randomised controlled trial is
l	 Why they are important (but are not without limitations)
l	 A comparison between herbal and conventional medicine 

in published literature
l	 The structure of a clinical trial paper
l	 How to identify a badly written paper
l	 What to look for when you decide to keep reading
l	 How to interpret the trial dosages and their relevance to 

the products you use.

What are randomised controlled 
trials?
In the hierarchy of generating scientific evidence, randomised 
controlled trials (RCTs) are considered the gold standard.1 
A randomised clinical trial involves at least one test treat-
ment (such as a herbal medicine) and one control treatment 
(a placebo or standard treatment, such as a drug). Patients 
are allocated to the treatment groups by a random process 
(use of a random-numbers table) to eliminate selection bias 
and confounding variables. (Note: the toss of a coin, patient 
social security numbers, days of the week and medical record 
numbers are considered unacceptable methods for randomisa-
tion). For randomisation to be successful, the allocation must 
remain concealed. In RCTs, some form of blinding or mask-
ing is also usually applied. Although the definitions vary, a trial 
can be considered double blind when the patient, investiga-
tors and outcome assessors are unaware of a patient's assigned 
treatment throughout the duration of the trial. Blinding helps 
eliminate biases other than selection bias, such as differences 
in the care provided to the two groups, withdrawals from the 
trial and how the outcome is assessed and analysed. In some 
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complementary and alternative medicine (CAM) is handled 
compared with conventional/orthodox/mainstream medicine?

An analysis of 207 randomised trials found that trials 
of complementary therapies often have relevant methodo-
logical weaknesses. Reporting and handling of drop-outs and 
withdrawals was a major problem in all therapies reviewed. 
(The data analysed here was originally collected for previ-
ously published systematic reviews on homeopathy (pub-
lished 1997), herbal medicine (St John’s wort for depression 
(1998), Echinacea for common cold (1999), acupuncture (for 
asthma (1996) and recurrent headaches (1999).) Larger trials 
published more recently in journals listed in Medline and in 
English exhibited better methodological quality, but stringent 
quality restrictions would result in the exclusion of a major-
ity of trials. However, the average methodological quality of 
the complementary medicine trials reviewed was not neces-
sarily worse than trials in conventional medicine.9 (It would 
be interesting to have this analysis repeated using more recent 
systematic reviews containing more rigorous trials of herbal 
medicines such as for Ginkgo and St John’s wort.)

A randomised, controlled, double blind study investigated 
the hypothesis that the process of peer review favours an 
orthodox form of treatment over an unconventional therapy. 
A short report describing a randomised, placebo-controlled 
trial of appetite suppressants (‘orthodox’=hydroxycitrate, 
‘alternative’=homeopathic sulphur) was randomly sent to 398 
reviewers. Reviewers showed a wide range of responses to 
both versions of the paper, with a significant bias in favour of 
the orthodox version. Authors of technically good unconven-
tional papers may therefore be at a disadvantage when subject 
to the peer review process. However, the effect is probably 
too small to preclude publication of their work in peer-
reviewed orthodox journals.10

Publication bias is a recognised phenomenon in main-
stream medicine (MM), so does it exist in complementary 
and alternative medicine (CAM)? An analysis of controlled 
trials of CAM found that more positive outcome trials than 
negative outcome trials are published. (The analysis looked 
at journals aimed specifically at a CAM readership and jour-
nals that specialised primarily in mainstream medical top-
ics.) The only exception to this was in the highest impact 
factor MM-journals (this means that the publication bias in 
favour of a positive outcome for CAM clinical trials did not 
occur in those mainstream medicine journals with the high-
est citation rate). In non-impact factor CAM-journals, posi-
tive studies were of poorer methodological quality than the 
corresponding negative studies. (CAM therapies in this inves-
tigation included herbal medicine, homeopathy, chiropractic, 
osteopathy, spinal manipulation and acupuncture. The analy-
sis used systematic reviews and meta-analyses from 1990 
to October 1997.) Considerable bias may also be caused by 
using Medline as a single source of information, although this 
is not unique to CAM (an investigation of mainstream medi-
cine publications found that European journals may be under-
represented in Medline).11 An investigation of trials published 
in four prominent Medline-indexed CAM journals from 1995 
to 2000 found that the bias towards the publication of a posi-
tive outcome persisted in 2000, although it was less strong 
than in 1995.12

What to look for when reading a 
clinical trial paper
A trial often seeks to question, rather than confirm, its own 
hypothesis. The authors of a study set out to demonstrate a 
difference between the two arms of their study (e.g. a herbal 
medicine compared with placebo, herbal medicine compared 
with a drug or a comparison of two different dosages of herb) 
and do it in the following way ‘Let's assume there's no differ-
ence; now let's try to disprove that theory’.13 This is why the 
results are presented as ‘there was/was not a statistically sig-
nificant difference between [the herb] and placebo’.

The standard (and best) presentation for papers published 
in medical journals includes:14

l	 Introduction (why the authors decided to do this particular 
piece of research)

l	 Methods (how they did it and how they chose to analyse 
their results)

l	 Results (what they found)
l	 Discussion (what they think the results mean).

The design of the methods section is important in estimat-
ing the quality of the trial. Having worked through the meth-
ods section, you should be able to tell yourself:14,15

l	 What sort of study was performed
l	 On how many participants
l	 Where the participants came from
l	 What treatment was offered
l	 How long the follow up period was
l	 What outcome measures were used.

When scanning clinical trials (abstracts and full papers!) it 
is best to start with the conclusion section: was the outcome 
positive or negative? What herb was trialled? Then go to the 
method: what objective parameter was measured? What was 
the form and dosage of the herb? In the methods section 
it really helps when it is spelled out as ‘the aim of this ran-
domised study was to [assess the effectiveness of …], the sec-
ondary objectives were to assess …’.

Some characteristics of poorly conducted/written clinical 
trials:
l	 Abstract/summary not clearly written, conclusion not easy 

to find
l	 Method not clearly outlined
l	 Who received what and when; was there a washout period 

(crossover trials) and when did it occur? Was there a 
follow-up and when did it occur?

l	 Dosage:
◯	 Not clearly outlined; e.g. dried herb equivalent not 

outlined – only the extract or concentrate or active 
constituent dosage given; ‘patients received one capsule 
of the plant extract’

◯	 Placebo not clearly outlined or inappropriate:
n	 misleading information, e.g. ‘ginger extract is a 

preparation (250 mg of Zingiberis Rhizoma per 
capsule)’ when further investigation of the product 
(e.g. via company/product website) indicates ‘capsules 
contain 250 mg of a concentrated pure ginger material’
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◯	 Duration of treatment not specified
n	 Raw data presented but not summarised or the 

numbers do not add up (e.g. numbers conflicting 
between results and discussion/conclusion sections)

l	 Very small number of trial participants
l	 Side effect rate given but not explained (e.g. were 

the side effects mild or serious and were they related 
to the treatment?)

l	 Drop-out numbers not given (and where given, 
explanation for drop-outs not given, i.e. was it related 
to the treatment?)

l	 Abbreviations not explained; information, figures or 
tables missing.

Checklist for reading RCTs
The following points illustrate the type of questions to ask 
from a clinical trial paper. Examples are outlined below.

(a)	 What clinical question did the study address?
l	 Treatment of depression, prevention of atherosclerosis

(b)	� Was the study conducted with patients with pre-existing 
disease or healthy volunteers?
l	 A memory test in elderly patients with age-associated 

memory impairment assessing the efficacy of Ginkgo 
provides different information from that obtained 
from young healthy volunteers

(c)	� Were the participants studied in the trial relevant to your 
practice?
l	 Results involving Inuit (native Canadians) may not be 

relevant to western societies
l	 Results from participants of a social group that  

abstains from alcohol, or women not taking the 
contraceptive pill

l	 An assessment of St John's wort involving 
severely depressed patients (which might be more 
appropriately treated with intensive psychotherapy)

(d)	 What treatment was considered? 
l	 Herbal treatment, diet modification, use of 

compression stockings
(e)	� What parameters were measured and what is the clinical 

relevance?

(The best quality papers outline why that parameter is 
relevant, so you do not have to go searching to under-
stand the connection).

In a clinical trial assessing the efficacy of a standardised 
willow bark extract, the primary outcome measure was 
the pain dimension of the WOMAC Osteoarthritis Index, 
a reduction in this score indicates an analgesic effect. It 
would be useful to compare the reduction observed from 
willow bark (14%) with that obtained from a standard 
drug (diclofenac, 19%).

‘Softer’ outcome measures include patient and physi-
cian assessments, although it is better if this information 
is also objectively evaluated.
l	 In the above willow bark trial, patient and physician 

overall assessments used the visual analogue scale 
(which assesses pain and physical function).

Here are some examples where the measured parameter 
may not be clinically relevant:
l	 Use of inappropriate endpoints (i.e. not a direct 

measure of clinical benefit):
◯	 only measuring serum PSA (prostate-specific 

antigen) in a trial investigating saw palmetto 
liposterolic extract for benign prostatic hyperplasia 
would not be as useful as measuring urinary 
symptoms, pain and quality of life

◯	 in HIV, CD4 count alone has been found not to 
correlate with survival – a combination of several 
markers gives a better indication.16

l	 Trials assessing pharmacological/physiological effects 
may increase the understanding of the mode of action 
of the treatment but may not provide immediately 
useful clinical information:
◯	 measurement of biological markers (TNF alpha and 

IL-1beta) in patients treated with saw palmetto 
liposterolic extract to test the hypothesis that 
infiltrating cells are associated with progression of 
benign prostatic hyperplasia

◯	 after 6 months of saw palmetto treatment a difference 
occurred in nuclear morphometric descriptors, 
suggesting the herbal blend alters the DNA chromatin 
structure and organisation in prostate epithelial 
cells→a possible molecular basis for tissue changes and 
therapeutic effect of the compound is suggested

◯	 serum of women given phyto-oestrogens to ingest 
stimulated prostacyclin release in human endothelial 
cells (ex vivo)→phyto-oestrogens might produce a 
beneficial cardiovascular effect

◯	 in vivo gene expression within peripheral leukocytes 
evaluated in healthy nonsmoking subjects who 
consumed Echinacea→pattern showing an  
anti-inflammatory and antiviral response

◯	 Panax ginseng, at doses of 200 mg of the 
extract daily, increases the QTc interval (an 
electrocardiographic (ECG) parameter, not 
immediately clinically significant) and decreases 
diastolic blood pressure 2 h after ingestion in healthy 
adults on the first day of therapy→increases in ECG 
parameters may have clinical implications as they 
increase the risk of ventricular tachyarrhythmias.

l	 Mechanism of a potential herb-drug interaction:
◯	 high-dose treatment with St John's wort extract 

induced CYP3A activity in healthy volunteers as 
evidenced by increased 6-beta-hydroxycortisol 
excretion. Induction of this enzyme most likely 
contributes to the decreased bioavailability 
observed upon co-administration of various drugs 
with St John's wort extract. The D-glucuronic 
acid pathway appeared unaffected by St John's 
wort. (Note: Although this trial did not tell us 
anything immediately clinically relevant, some 
trials investigating cytochrome P450 enzymes 
are relevant, such as those that demonstrate an 
interaction between St John's wort and specific 
drugs such as omeprazole, irinotecan, verapamil).
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l	 For another purpose such as using a herb as a test agent:
◯	 oral treatment with a Ginkgo biloba extract (Gibidyl 

Forte(R)) dilated forearm blood vessels causing 
increments in regional blood flow without changing 
blood pressure levels in healthy participants→the 
increments in blood flow may be used as a biological 
signal for pharmacokinetic studies.

(f)	 Was the route of administration relevant to herbal practice?
l	 Injection of a polysaccharide is not relevant in terms 

of results or practice, but injection of an active 
constituent might be relevant in terms of results (e.g. 
blood levels of the active may relate back to oral intake 
of a herb, providing the active from the herb gets into 
the bloodstream in that form (and is not altered by 
passage through the liver or gut) although it is not 
relevant to practice (injection of the active is not an 
option for herbal practitioners)).

(g)	 Was the preparation relevant to the products you use?
l	 The levels of active constituent may be too high to 

be achieved by a herbal product – a trial investigating 
soy protein will not be relevant to a soy product 
standardised for isoflavone content, as the protein level 
is likely to be very low in the latter

l	 To use the results of a trial administering triterpene 
fraction of gotu kola it would be necessary to know the 
content of these constituents in the herb/extract

l	 Efficacy of Pygeum africanum in benign prostatic 
hyperplasia is interesting but Pygeum is difficult to 
obtain as it is an endangered species

l	 Freshly expressed juice of Echinacea aerial parts will 
give different results than liquid extracts prepared 
from dried Echinacea root

l	 A supercritical carbon dioxide extract of chamomile 
will have a different phytochemical profile and hence 
pharmacological activity than an aqueous ethanol extract

l	 Products containing red clover isoflavones will not be 
translatable to low ethanolic liquid extracts as these 
constituents are present in low quantities.

(h)	 Was the dosage relevant to herbal practice?
l	 The daily dose of herbs prescribed was well below 

the normal therapeutic limit (hence more like a 
homeopathic protocol)

l	 Exceedingly high dosages require a safety judgment 
on the part of the practitioner, e.g. a 2002 trial of 
hawthorn used 1,800 mg/day of 5:1 dry extract=9 g/
day dried herb (the usual dosage is around 3 to 6 g/day); 
a standardised ginger extract used a dose equivalent to 
40 mg/day of gingerol, a good quality 1:2 liquid extract 
contains approx. 5 mg/mL=8 mL/day which is too high 
to prescribe for safety and compliance reasons!).

Note: A clinical trial does not necessarily determine the 
optimum dose, but provides information that for a given dose 
of a given herbal preparation a certain percentage of patients 
will be likely to respond i.e. [herbal preparation] at xx mg/day 
given for a period of yy weeks improved [the disease/disor-
der] in ZZ% of patients.

(i)	 Was the choice of placebo suitable?

l	 In assessing the effect of phyto-oestrogens, wheat may 
not be an inactive control for comparison with soy grits

l	 Olive oil may not be suitable to compare with evening 
primrose oil for the treatment of rheumatoid arthritis, 
as it too may have benefit.

(j)	 Was the blinding successful?
A well-designed trial will report the methods used to 
produce the double blinding. An analysis of the meth-
odological quality of controlled trials published in 1995 
found that trials for which no double blinding was 
reported produced larger estimates of effects.17 It is not 
enough for the trial to describe itself as double blind, the 
success of the blinding should be evaluated and reported. 
(One way would be to ask the patients and clinicians at 
the end of trial which treatment they thought they had 
received.) Evaluation of blinding is rarely done in trials 
of conventional medicine (a recent analysis found only 
7% for general medicine trials)18 let alone in CAM tri-
als. The evaluation of blinding has also been questioned. 
Trial participants asked to guess their treatment might 
be influenced by outcome (e.g. marked therapeutic or 
adverse effects). Assessments of blinding success would 
be more reliable if carried out before the clinical out-
come has been determined. But in the case of a compara-
tive treatment (no placebo) clinicians’ predictions may be 
a measure of pre-trial hunches and inseparable from the 
blinding effectiveness.19,20

An example of evaluation of blinding in a randomised, 
comparative trial between St John's wort (Hypericum per-
foratum) and sertraline for major depressive disorder is 
outlined below.21

At the end of 8 weeks, the proportion of patients guessing 
their treatment correctly was 55% for sertraline, 29% for 
Hypericum, and 31% for placebo (p=0.02 for differences 
between treatment groups). Correct guesses for clinicians 
totalled 66% for sertraline, 29% for Hypericum, and 36% for 
placebo (p=0.001 for differences between treatment groups). 
The change (mean) in HAM-D total score from baseline to 
week 8 did not differ for patients who were in the sertraline 
group and either had guessed the correct treatment (−11.6; 
95% CI, −13.1 to −10.1) or had not (−11.9; 95% CI, −13.9  
to −9.9).

This assessment was criticised, with the conclu-
sion that the blinding was compromised. Clinicians who 
believed in the strength of sertraline treatment may have 
inadvertently let this bias affect their ratings. HAM-D 
is regarded as a clinician-rated measure (it would have 
been better to measure this against the clinician's guesses 
rather than the patient's guesses) – better yet, assess the 
other score (CGI-I, Clinical Global Impressions) which 
is a better measure of treatment effect).22,23

(k)	 Was the treatment beneficial?
This will be a comparison of the results of the two 
groups, but most well-designed clinical trials now also 
report the difference between the two treatments using 
statistics, which is often expressed with a p value. The 
p value is the probability that any particular outcome 
would have arisen by chance. Standard practice usually 
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regards a p value less than one in twenty (expressed as 
p<0.05) as ‘statistically significant’ and a p value less than 
one in 100 (p<0.01) as ‘statistically highly significant’, 
and p<0.001 more highly significant again. So if you read 
20 clinical papers that reported a significant outcome of 
p<0.05 then it is likely that the outcome for one trial was 
not significant but due to chance:24

l	 Nonstatistical results: ‘complete healing of 
duodenal ulcer occurred in 35% of those receiving 
deglycyrrhizinised licorice compared with 12% of 
those receiving placebo’

l	 Statistical: ‘the occurrence of radiation-induced 
acute dermatitis of grade 2 or higher was significantly 
lower (41% vs 63%; p<0.001) with the use of topical 
Calendula than trolamine’

(A cautionary note about statistics. A recent analysis 
found that statistical errors occurred in two leading sci-
entific and medical journals. In 12% of cases, the signifi-
cance level could have changed by one or more orders of 
magnitude. The conclusion would change from significant 
to nonsignificant in about 4% of the errors.25)

(l)	 What was the side effect rate, side effect severity and 
drop-out rate?
Did it differ between the two groups?
l	 In a trial comparing chaste tree with fluoxetine for 

premenstrual dysphoric disorder, although the number 
of patients experiencing side effects was similar, 
sexual dysfunction was reported by two patients in the 
fluoxetine group while none of the chaste tree group 
experienced this side effect).

More information
The above checklist helps the reader to obtain informa-
tion from the clinical trial paper, but critical appraisal (such 
as assessing the scientific validity and practical relevance) of 
the trial involves a whole lot more and is beyond the scope of 
this discussion. More information on critical appraisal can be 
found from well written books devoted to the topic,26,27 and 
some examples include:
l	 did the study enrol too few patients?
l	 were the trial participants representative of all those  

with the disease or all those for whom the therapy is 
intended?

l	 was the treatment duration too short or the follow up 
period too long?

l	 have confounding variables been eliminated?
l	 did the efficacy result from the treatment or from another 

factor?
l	 was the drop-out rate too high?
l	 what do the statistics really tell you? A p value in the non-

significant range tells you that either there is no difference 
between the groups or there were too few participants to 
demonstrate the difference if it existed.

Published research of other designs have not been discussed 
here (e.g. controlled (nonrandomised) trials, postmarketing sur-
veillance trials, uncontrolled trials, cohort and case-controlled 

trials, surveys, case reports, pharmacokinetic studies and herb-
drug interactions) but many of the same principles apply. A 
higher level of rigour (and regarded as a higher level of evi-
dence) can be found in systematic reviews and meta-analyses. 
(A systematic review summarises the available evidence on a 
specific clinical question with attention to methodological qual-
ity. A meta-analysis is a quantitative systematic review involving 
the application of statistics to the numerical results of sev-
eral trials which all addressed the same question.) Systematic 
reviews and meta-analyses are useful in that they summarise 
the available clinical trial results. Meta-analyses are particularly 
valuable because by pooling the trial results they provide greater 
statistical power to measure a difference between the treatment 
and the control group.28 Narrative (nonsystematic) reviews, as 
employed for the monographs in this book, may provide a useful 
overview of the literature but do not employ the same rigour as 
systematic reviews (they are not standardised or as objective). 
But even these more rigorous studies (systematic reviews and 
meta-analyses) are not beyond criticism and subjectivity.29

Clinical trial papers: how to calculate 
dosage

Extraction or concentration ratio
The strength of a herbal liquid preparation is usually expressed 
as a ratio.

Example:

1:2 means 1 g of dried herb was used to 
produce 2 mL of liqquid extract

For solid dose preparations, the concentration ratio is the 
ratio of the starting herbal raw material to the resultant fin-
ished concentrated extract (also known as a concentrate or 
dry extract or native extract). The finished extract is always 
expressed as 1 and comes second.

Example:

4:1 means 4 g of dried herb was used to 
produce 1 g of conccentrated extract that went 
into a tablet or capsule

1:1 liquid extract 1 g dried herb produced 1 mL of 1:1 liquid extract

1:2 liquid extract 1 g dried herb produced 2 mL of 1:2 liquid extract

1:3 tincture 1 g dried herb produced 3 mL of 1:3 tincture

1:5 tincture 1 g dried herb produced 5 mL of 1:5 tincture

2:1 concentrated 
extract

2 g dried herb produced 1 g of 2:1 concentrated 
extract
also written as:
1 g of 2:1 concentrated extract was produced from 
2 g dried herb

Note: These ratios apply to extracts made from dried herb (not fresh herb).
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Converting back to the dried herb (known as 'dried herb 
equivalent') is a useful way for comparing doses between differ-
ent strengths of herbal liquids or between liquids and tablets.

Note: This conversion is commonly done when reviewing 
clinical papers for example, or comparing herbal products, but 
does not apply to standard texts such as the British Herbal 
Pharmacopoeia (BHP) 1983. The reason for the latter incon-
sistency relates to how the information was gathered (a survey 
of dosage recommendations by those practising at the time, 
and the reproduction of earlier pharmacopoeial information). 
For more information, refer to Chapter 6 or A Clinical Guide 
to Blending Liquid Herbs (pages 20 to 22).30 This discrepancy 
in the BHP, however, does not negate the validity of using the 
dried herb equivalent.

Often there is insufficient information provided to accu-
rately determine the dose of herb evaluated in a trial. Many 
trial authors seem to think that a trade name is sufficient for 
defining a product (despite the fact that unlike drugs, infor-
mation about the content of the herbal products is not always 
readily available). In response to a question, one author said 
he could not define the product (even by name), as he had 
merely requested the herb from the hospital pharmacy.

Worse still, authors may not even indicate that a concen-
trated extract was administered, with readers assuming the 
dosage to be equivalent to dried herb. A clinical trial pub-
lished in JAMA (Journal of the American Medical Association) 
2002 indicated in the abstract that ‘the daily dose of  
H. perforatum could range from 900 to 1500 mg’, imply-
ing a dried herb dosage. The Methods section indicated 
‘Hypericum and matching placebo were provided by Lichtwer 
Pharma (Berlin) … The Lichtwer extract (LI-160) was 
selected … ‘. The extract was standardised to between 0.12% 
and 0.28% hypericin, but unfortunately for readers the con-
centration ratio was not defined. Given it was the Lichtwer 
extract, this is likely to have a concentration ratio of 6:1. So 
the 900 to 1500 mg daily dose range referred to above prob-
ably translates to the equivalent of 5.4 to 9 g of dried herb. 
Products often change over time also, so the concentration 
ratio of a particular product needs to be determined at the 
time it was evaluated.

It is best to assume that clinical trials are evaluating con-
centrated extracts and look for the product definition (most 
often in the Methods section if not in the abstract) before 
considering how to use the information in the clinic.

Rules to consider before calculating dosage
When working out extraction and concentration factors, first 
consider the dosage form (starting with dried herb, liquid 
extract or concentrated extract).

If the amount of concentrated extract is known, first work 
out the dried herb equivalent and then calculate a relevant 
liquid extract or tablet dosage. Multiply the weight of concen-
trate by the first number in the ratio:

weight of 5:1 concentrate 5 dried herb equivalent� =

Once the dried herb equivalent is known this can be con-
verted to a liquid extract by multiplying by the second num-
ber of the ratio:

dried herb equivalent 2 dosage in mL of 1:2 liquid extract� = 

Examples:

Product Extraction/Dilution 
Ratio

Concentration 
Ratio

1:1 liquid extract 1 –

1:2 liquid extract 2 –

1:3 liquid extract 3 –

1:5 liquid extract 5 –

2:1 concentrated extract – 2

4.5:1 concentrated extract – 4.5

5:1 concentrated extract – 5

The table below illustrates how to calculate doses cited 
in clinical trials and convert them to products, such as 
standardised liquid extracts and tablets. The first column 
contains a statement from the methods section of the cited 
clinical trial and the subsequent columns show how to con-
vert the dosage first to the dried herb equivalent (or active 
constituent level) and then to liquid extract or tablet dosages 
where relevant. Notes explaining the calculations are provided 
in italics.

Clinical Trial Details Clinical Trial Dosage Converted to Dried Herb 
Equivalent/Active Constituent Dosage

Equivalent Liquid Extract and/or Tablet 
Dosage

Trial Type: meta-analysis; psyllium for 
hypercholesterolaemia31

weight x no. times per day →
5.1 g of psyllium twice daily
= 10.2 g/day of psyllium

–

Treatment with 5.1 g psyllium twice daily produces 
significant net reductions in serum total and LDL-
cholesterol concentrations.
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Trial Type: postmarketing surveillance study; globe 
artichoke for irritable bowel syndrome32

Patients were treated with Hepar-SL forte, a 
high-dose standardised aqueous-alcohol extract 
of artichoke leaf (Cynara scolymus). One 400 mg 
capsule contained 320 mg ALE (artichoke leaf 
extract). The average ratio of raw material (native 
extract) was 4.5:1. The recommended dosage was 
2 capsules three times daily.

Two capsules three times per day
no. capsules x no. times per day x weight of 
concentrated extract →
= 2 × 3 x 320 mg/day of 4.5:1 extract
= 1,920 mg/day of 4.5:1 extract
weight x concentration factor →
= 1,920 × 4.5 mg/day of dried herb
= 8,640 mg/day of dried herb
= 8.64 g/day of dried herb

8.64 g/day of dried herb
dried herb equivalent x extraction factor →
= 8.64 × 2 mL/day of 1:2 liquid extract
= 17.2 mL/day of 1:2 liquid extract

Trial Type: randomised, double blind, placebo-
controlled; willow bark for osteoarthritis33

Coated tablets containing 340 mg of extract (Salix 
purpurea × daphnoides corresponding to 60 mg 
salicin) were provided. Patients were treated with 
either willow bark extract or placebo (two tablets 
twice daily).

Two tablets twice daily
no. tablets × no. times per day x weight of 
active constituent →
= 2 × 2 × 60 mg/day of salicin
= 240 mg/day of salicin

Prescribe willow bark tablets standardised for 
salicin content to provide 240 mg/day of salicin
= 4 tablets/day of tablets containing 60 mg/tablet 
of salicin (4 × 60=240)

Trial Type: randomised, double blind, placebo-
controlled; hawthorn for congestive heart failure 
NYHA class II34

Patients were treated with either 240 mg/day 
Crataegus extract WS 1442 (80 mg t.i.d.) or 
matching placebo for 12 weeks. One capsule of 
WS 1442 contains 80 mg WS 1442 dry extract 
from hawthorn leaves with flowers (5:1), adjusted 
to 15 mg oligomeric procyanidins (OPCs).

3 × 80 mg/day WS 1442
no. capsules × weight of concentrated extract →
= 240 mg/day of 5:1 dry extract
weight × concentration factor →
= 240 × 5 mg/day of dried herb
= 1200 mg/day of dried herb
= 1.2 g/day of dried herb

Also,
One capsule contained 15 mg OPC
no. capsules × weight of active constituent →
= 3 × 15 mg/day of OPCs
= 45 mg/day of OPCs

1.2 g/day dried herb
dried herb equivalent × extraction factor →
= 1.2 × 2 mL/day of 1:2 leaf liquid extract
= 2.4 mL/day of 1:2 leaf liquid extract

Or,
45 mg/day OPCs
= 4.5 mL/day of leaf liquid extract containing 
10 mg/mL of OPCs (4.5 × 10=45)

Prescribe hawthorn tablets standardised for 
OPC content to provide 45 mg/day of OPC
= 3 tablets/day of tablets containing
15 mg/tablet of OPC (3 × 15=45)

Trial Type: randomised, double blind, placebo-
controlled; fennel cream for idiopathic hirsutism35

The groups were treated with a cream containing 
1% or 2% fennel extract or placebo. The patients 
used the cream twice a day on their face. Crushed 
fennel seeds were extracted with ethanol, the 
solvent was removed under reduced pressure 
yielding 8%.

8% yield → 8 g
concentrate obtained from 100 g dried herb
= 12.5:1 concentrate
concentration factor →
= 12.5 g of dried herb equivalent

1% cream
= 1 g of concentrate in 100 g cream
= 12.5 g of dried herb in 100 g cream

2% cream
= 2 g of concentrate in 100 g cream
= 25 g of dried herb in 100 g cream

1% cream
= 12.5 g dried herb in 100 g cream
dried herb equivalent × extraction factor →
= 12.5 × 2 mL of 1:2 liquid extract in 100 g 
cream
= 25 mL of 1:2 liquid extract* in 100 g
cream

2% cream
= 25 g of dried herb in 100 g cream
dried herb equivalent × extraction factor →
= 50 mL of 1:2 liquid extract* in 100 g
cream

*When making creams, particularly with this volume of extract, it is best to reduce the alcohol content with gentle and slow heat, to preserve the quality of the extract, produce a 
cream of appropriate consistency and reduce the chance of the alcohol stinging the skin. The concentrated extract used in this trial had the alcohol removed by reduced pressure 
which may have also removed the essential oil (although the authors stated that they analysed for anethole content (a major constituent of fennel essential oil) – they did not 
define how much was present). Different results may be obtained using extracts which better preserve the essential oil content.
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Cerebral insufficiency, 604–605
Cerebral ischaemia, 281
Cervical dysplasia, 742, 744
Cervical erosion, 381
Cervical mucous, 294
Chinese herb nephropathy 

(CHN), 101
Cholera, 409–410
Chronic fatigue syndrome (CFS), 

164–168, 169t–170t, 170–
171, 311–312, 733

Chronic obstructive pulmonary 
disease (COPD), 249–250, 
517, 521

Chronic venous disorders, 231–232
Chronic venous insufficiency 

(CVI), 231, 373, 467, 470–
471, 657, 661, 663t, 685, 
691–693

Chronic venous ulceration, 693
Cirrhosis of liver, 218, 410, 441, 

873
Colic, 557, 561
Collagen diseases, 153
Collagenous colitis, 447
Colorectal cancer, 186–187, 421, 

423, 725
Common cold, 142, 245–246, 

360, 367, 381, 383, 460, 482
see also Influenza

Conception problems, 294, 329–
330, 496, 897, 956–957

Congestive heart failure (CHF), 
225, 411, 628, 673, 
678t–680t

Conjunctivitis, 186, 553, 557
Constipation, 178, 189, 199, 211
Constrictive aortitis, 521
Contact dermatitis, 31, 393, 535, 

592
Coronary heart disease (CHD), 

681
Cortical spreading depression 

(CSD), 282
Coughs, 239, 241, 249, 561, 566
Crohn’s disease, 152, 155–156, 

186, 194, 204, 208–209, 
443–444, 446

Cystic fibrosis, 441, 909

Cystitis, 266, 393, 450, 804
Cysts, 262, 289, 299

D
Deep vein thrombosis (DVT), 232, 

685, 693
Deficiency conditions, 4
Dehydration, 253
Depression, 217, 273–274, 278, 

301, 607, 840–843
Dermatitis, 31, 141–142, 152, 

378, 381, 393, 480, 535, 592
Diabetes mellitus, 41, 337–338, 

345–346, 388, 628, 875–876
Diabetic microangiopathy, 657
Diabetic nephropathy, 388
Diabetic neuropathy, 540, 596
Diabetic retinopathy, 471–472, 

596, 613
Diarrhoea, 184, 201, 360, 

409–410
Diffuse oesophageal spasm (DOS), 

789
Dry eye, 549
Duodenal ulcer, 198, 719, 729
Dust mite sensitivity, atopic 

dermatitis, 319
Dysautonomia, 312
Dyslexia, 540
Dyslipidaemia, 727, 729
Dysmenorrhoea (painful 

menstruation), 290, 292–293, 
423, 475, 517, 557, 560–561, 
578–579, 590, 596, 685

Dyspepsia, 195–196, 475, 501, 
557, 579, 649, 653–654, 783, 
788–789

Dysthymia, 278, 841
Dysuria, 262, 450

E
Ear, nose and throat problems, 

610–612
Ear infections, 247–248
Eating disorders, 196, 400

A
Acne, 324–326, 497, 742
Acute mountain sickness (AMS), 

614
Acute otitis media (AOM), 

247–248
Acute respiratory distress 

syndrome (ARDS), 728
ADAM (androgen deficiency of 

ageing men), 329
Addison’s disease, 730
Adenovirus, 245
Adrenal depletion, 169, 330, 343, 

799
Age-related macular degeneration, 

596
Airways hyper-responsiveness 

(AHR), 250–251
Alcoholic liver disease, 872–873
Alcoholism, 540, 548, 837–838
Allergic reactions, 104, 535
Allergic rhinitis, 244–245, 441, 

760, 767
Allergies, 198–199, 242–243, 

321–322, 484–485
Alzheimer’s disease/dementia, 

130, 339, 441, 596, 600,  
605–608, 637–638, 905, 916

Amenorrhoea, 294, 299, 475,  
557

Ankylosing spondylitis, 153, 
155–156

Anorexia, 196, 400
Antidepressant-induced sexual 

dysfunction, 616
Anxiety, 277–278, 481, 613, 

705–707
Arthritis, 152–155
Aspirin-sensitive asthma (ASA), 

251
Asthma, 26, 250–257, 255t, 383, 

441, 446, 561–562, 613–614, 
799

Atherosclerotic cardiovascular 
disease (ACVD), 208

Atonic dyspepsia, 360, 566, 753
Atopic dermatitis, 157, 318–321, 

540, 544–545

Attention-deficit hyperactivity 
disorder (ADHD), 284–285, 
482, 548, 846–847

Atypical polypoid adenomyoma 
(APA), 520

Autism, 848

B
Bedwetting, 267–268, 267b
Behçet’s disease, 194
Bell’s palsy, 685
Benign prostatic hyperplasia 

(BPH), 263–264, 331–332, 
760–768, 804–813

Bladder cancer, 868
Bleeding, abnormal uterine, 293
Blepharitis, 186, 553, 557
Bone loss, menopausal, 429, 434
Brain abnormalities, in CFS, 166
Brain tumours, 441, 446–447, 519
Breast cancer, 157, 175, 430, 432, 

434–435, 724–725
Breast disorders, 298–299
Bronchiectasis, 250
Bronchiolitis, 253
Bronchitis, 248–249, 890
Buerger’s disease, 233–235, 234b, 

521
Burns, 37, 747, 760

C
Cancer, 149, 174–181, 186–187, 

333–335, 388, 421, 430, 434, 
441, 446–447, 503, 519, 548, 
725, 732, 744, 776, 866, 868, 
876–877

Candida albicans, 28, 165, 203, 
320, 394, 451, 478, 503, 
785–786, 888

Carpal tunnel syndrome, 310–311, 
685

Catarrhal conditions, 239, 
245–246

Cerebral atherosclerosis/peripheral 
circulation disorders, 233
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Eczema, 37, 141–142, 157, 480
Endocrine system and disorders 

affecting, 188, 337–348, 
343b, 346b, 348b

Endometrial cancer, 175–176
Endometriosis, 289, 297, 509,  

513
Endothelioma, 749
Enteric infections, 150–151, 360, 

367
Enteritis, 501
Enuresis, nocturnal (bedwetting), 

267–268
Epididymitis, 152
Epilepsy, 43, 104, 550, 708
Epstein-Barr virus, 156, 217, 362, 

720
Erectile dysfunction (ED), 330–

331, 628
Eye disorders, 410, 471–472, 

612–613, 815

F
Familial Mediterranean fever 

(FMF), 360, 367
Fascioliasis, 756–757
Fatigue and debility, 163–164, 

167–170, 540, 548, 733
Female reproductive system and 

conditions affecting, 289–302, 
292b, 296b, 297b, 298b, 
299b, 300b–301b, 301b, 489, 
496–497

Fertility problems, 294, 329–330, 
434, 496, 520, 894, 897, 
956–957

Fibroadenoma, 298–299
Fibroids, 289, 293–296
Fibromyalgia syndrome (PMS), 

311–313
Food intolerance/allergies, 184, 

198–199, 319
Functional cortisol resistance 

(FCR), 338
Functional dyspepsia, 195–196, 

729
Functional gallbladder disorder, 

212
Fungal infections, 150–151, 323–

324, 400

G
Gallstones, 208, 211–212, 399, 

501, 788
Gastric ulcer, 198, 719, 729
Gastritis, 152, 208, 501, 753
Gastroenteritis, 185
Gastrointestinal disorders, 26, 

165–166, 183–184, 186,  
188–205, 199b, 201b, 202b, 
204b, 211, 252–254, 409–
410, 785

Gastro-oesophageal reflux disease 
(GORD), 26, 195–196, 
252–253, 790

Generalised anxiety disorder 
(GAD), 277, 481, 699, 705, 
707, 843

Genetic diseases, 915
Giardiasis, 399, 410
Gout, 208, 309–310

Gynaecological and obstetric 
conditions, phytotherapy in, 
291–302

H
Haemorrhoids (piles), 204–205, 

373, 467, 471, 657, 747, 943, 
945

Heart disease, 388, 404, 671, 
677–681

Helicobacter pylori, 39, 149, 
196–197, 283, 321, 403, 478, 
583, 722, 786

Hepatic fibrosis, 385
Hepatitis, 215–218, 387, 463, 

731–732, 873–875
Hepatobiliary diseases, 208
Hepatocellular carcinoma (HCC), 

732
Herpes simplex, 150–151, 322–

323, 362, 381, 384, 725, 786, 
885, 888

Hirsutism, 557
HIV infection/AIDS, 368, 505, 

535, 638–639, 694, 719, 725, 
731, 914

see also Antiretroviral activity
Human herpesvirus-6 (HHV-6), 

164, 166
Human parvovirus (HPV)-B19, 

164
Hyperglycaemia, 345
Hyperkalaemia, 720, 731
Hyperlipidaemia, 228–230, 649, 

671, 876, 900
Hyperpigmentary disorders, 393
Hyperprolactinaemia, 489, 491–

492, 494, 719, 731
Hypersensitivity reactions, 

484–485
Hypertension, 225–226, 295, 540, 

560
Hyperthyroidism (Grave’s 

disease), 347–348, 454
Hypotension, 233, 381, 467, 471, 

543
Hypothyroidism, 199, 338, 

346–347
Hypoxic conditions, 469, 674

I
Infectious diseases, 148–151, 158, 

201, 253, 265–267, 525, 534, 
638–639, 747

Inflammatory bowel disease (IBD), 
186, 203–204, 208, 368, 441, 
446

Inflammatory disorders, 39, 153, 
154t, 155t, 176, 242–243, 
307, 481, 747

Influenza, 245–246, 362, 460
Insomnia, 278–280, 699, 707–708, 

847–848, 923, 927–929
Insulin resistance, 337–338, 411, 

727, 729
Intestinal dysbiosis, 203
Intraoperative floppy-iris syndrome 

(IFIS), 815
Irritable bowel syndrome (IBS), 

189, 199–202, 501, 557, 560, 
783, 788, 846

Ischaemia, 599–600
Ischaemia-reperfusion injury, 420
Ischaemic heart disease (IHD), 

228

J
Jaundice, 501
Johne’s disease, 155–156
Joints and conditions affecting, 

152, 156, 303–313, 309b, 
310b, 313b

Juvenile arthritis, 490
Juvenile depression, 842–843

K
Kaposi’s sarcoma, 890

L
Leishmaniasis, 399, 403
Leucopoenia, 381
Leukaemia, 363, 560
Lichen sclerosis, 890
Liver and conditions affecting, 

101, 150, 214–219, 218b, 
219b, 292, 410, 872–873, 
876–877

Liver cancer, 548, 876–877
Lower urinary tract symptoms 

(LUTS), 330–331, 334
Lung cancer, 179, 388, 776
Lymphoedema, 467, 471, 747, 

749–750
Lymphoma, 363, 513

M
Major depression/major depressive 

disorder (MDD), 278, 840
Male reproductive system and 

conditions affecting, 328–335, 
330b, 331b, 332b, 332b–333b

Memory impairment, 285
Meningitis, 152
Menopausal symptoms, 299–301, 

429–434, 482, 496, 699, 708, 
719, 844–845, 897

Menorrhagia, 290, 293–294
Menstrual disorders, 290, 475, 

489, 494–496, 517, 557, 
578–579, 596, 685, 753

Mental health conditions, 277–
278, 546–547, 613

Metabolic acidosis, 157
Metabolic syndrome, 337–338, 

344–345, 838
Methicillin-resistant Staphylococcus 

aureus (MRSA), 29, 149, 401, 
726, 777, 835, 887, 907

Microbial contamination, 112–113
Microcirculatory disorders, 422–

423, 468, 674–675
Migraine, 217, 282–284, 501, 

566–568, 571–573, 590
Miscarriage, 301, 377–378
Myocardial occlusion, 

experimental, 599
Myocarditis, viral, 381, 384, 387
Myoclonus, nocturnal, 280

N
Nausea, 179, 196, 301, 578–580, 

584t–588t, 783, 790
Nephrotic syndrome, 388
Nervous system and conditions 

affecting, 184, 270–286, 
277b–278b, 279b, 283b, 
285b, 292, 301, 330, 571–573

Neuralgia, 281–282, 427, 685, 
747, 790

Neurasthenia, 276

O
Obsessive compulsive disorder 

(OCD), 844
Oedema, 221, 262
Oral inflammatory disorders, 481
Orthostatic hypotension, 471
Osteoarthritis (OA), 157, 303, 

306–309, 441, 445, 578–579, 
590, 760, 876

Osteoporosis, 427, 540
Otitis media, 247–248
Ovarian cancer, 175
Ovarian cysts, 289

P
PADAM (partial androgen 

deficiency of ageing men),  
329

Pain, 211–212, 260, 272
Parainfluenza virus, 245
Parkinson’s disease, 199, 600,  

926
Periodontal disease, 155
Peripheral arterial disease, 596, 

608–609
Peripheral vascular disorders, 419, 

422, 521, 685
Photosensitivity reactions, 

853–854
Platelet-activating factor (PAF)-

related disorders, 252, 254, 
596–597, 599, 613–614

Poisoning, 109, 190, 875
Polycystic ovary syndrome 

(PCOS), 297–298, 719, 
730–731

Post-herpetic neuralgia, 322
Postnatal depression, 301
Postphlebitis syndrome, 232–233
Post-thrombotic syndrome, 470
Post-traumatic stress disorder 

(PTSD), 923
Postviral fatigue syndrome, 540, 

548
Preeclampsia, 157
Premenstrual dysphoric disorder 

(PMDD), 495, 846
Premenstrual syndrome, 283, 

291–292, 427, 467, 471,  
489, 494–496, 545, 616, 
845–846

Prostate cancer, 333–335, 430, 
876–877

Prostatic hyperplasia, 804
Prostatitis, 152, 332–333, 450, 

804, 813
Psoriasis, 441, 501, 545, 566,  

657
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R
Repetitive strain injury, 310–311
Reproductive system activity, male, 

329–334, 386, 694
Respiratory system and disorders 

affecting, 153, 238–257, 
245b, 245b–246b, 246b, 
250b, 533–534

Restless legs syndrome (RLS), 
279–280, 497

Retinitis, 423
Retinopathy, 422–423, 467
Rheumatoid arthritis (RA), 153, 

155–156, 367–368, 441, 
444–445, 490, 541, 573–574, 
720, 799

Rhinitis, 244–245
Rhinovirus, 245

S
Septicaemia, 525
Sexually transmitted infections, 

393

Sinusitis, 246–247, 252, 360, 553
Situational anxiety, 706
Skin conditions, 150–151, 315–

327, 321b, 322b, 323b, 326b
Sore throat, 142, 243–244, 247, 

553, 719
Stomach cancer, 149, 503
Stomatitis, chemotherapy-induced, 

481
Stroke, 521, 604–605

T
Tachycardia, 454
Tension-type headache (TTH), 

280–281, 566
Thymus injury, 383
Thyroid disorders, 31, 346–348
Tuberculosis (TB), 238

U
Ulceration, 194–195, 198, 232, 467, 

471, 657, 685, 693, 719, 729

Ulcerative colitis, 152, 156, 194, 
209, 446, 548

Unilateral vestibular 
deafferentation (UVD),  
603

Upper digestive function, poor, 
196

Upper respiratory tract infections, 
525, 533–534

Urinary system and disorders 
affecting, 153, 260–268, 
266b–267b, 267b

Urinary tract infections, 150,  
265–267, 360, 393–394,  
450

Urticaria, 321–322, 441, 799
Uterine myoma (fibroids), 289, 

293–296

V
Vaccinium genus, 419
Vaginitis, 150–151
Varicella-zoster virus, 725
Varicose ulcers, 467, 471, 685

Varicose veins, 301, 373, 467, 
470–471, 685, 747, 943

Vascular dementia, 605–608
Ventilator associated pneumonia 

(VAP), 589
Viral conditions, 37, 136, 142, 

156, 164–165, 217, 245, 253, 
362, 505

Visual disorders, 421–423, 471–
472, 596, 612–613, 702–703, 
836–837, 915

W
Warts, 323, 501, 505
Whooping cough, 248–249
Withdrawal, drug, 699, 706
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folk use and pharmacological activity are indeed closely corre-
lated. More usefully, it will be shown that there are recurring 
themes in indigenous use: persistent therapeutic approaches 
and consistent use of ‘archetypal’ chemical groups within 
plants. These resonances will be identified and will provide 
the backdrop to discussions of modern use.

There is also the clinical experience of modern practitioners 
to consider. This has the advantages of being up to date and 
set in a modern medical context. It still suffers, however, from 
the confounding effect of non-specific effects of treatment: 
in many of the conditions for which modern phytotherapy 
is applied the placebo effect is likely to be high, sometimes 
very high, and without controlling for this effect the inde-
pendent activity of the herbs themselves is hard to isolate. 
Nevertheless, there are ways in which the fog can be cleared 
and practitioners can often obtain quite reliable insights into 
the action of their prescriptions; where these accord more 
widely, they may also add usefully to a growing caseload.

The third data resource is less clinically relevant but is both 
substantial and scientifically sound. The available published lit-
erature on phytochemistry (the chemistry of plants) and pre-
clinical pharmacology of plant extracts grows at an astounding 
pace, as noted earlier. There are several peer-reviewed scien-
tific journals devoted to the subject and there is of course a 
powerful incentive for such work in the pharmaceutical indus-
try’s search for new drugs. Researchers have no doubt that 
nature is still the preeminent synthetic chemist and that in 
plants particularly, there are almost infinite reserves of fasci-
nating chemical constituents with actual and potential effects 
on the human body. As such information accumulates, it is 
sometimes possible to understand better traditional uses of 
plants. Where such associations can be made, they will be pos-
ited in the text as leads for further exploration. They will not 
be used, however, as confirmation of a clinical effect; experi-
ence in practice is that the effect of the whole plant is rarely 
predicted by the effects of its parts. The pharmaceutical 
industry’s own experience is that preclinical activity only occa-
sionally translates into clinically useful benefits.

Finally, there is the evidence that counts most in the court 
of clinical judgement. There are still too few well-conducted, 
placebo-controlled, double blind clinical trials into the effect 
of herbal medicines. These are expensive to conduct and pre-
sent methodological and logistical challenges (especially in 
satisfactorily measuring outcomes in the less pathologically 
defined conditions for which herbs are most often applied). 
Without patent protection, industry is less inclined to invest 
in such studies. However, the evidence is accumulating. A 
number of meta-analyses of clinical trial data have shown 

Herbal medicine is a triumph of popular therapeutic diver-
sity. Plants above all other agents have been used for medi-
cines because they have fitted the immediate personal need: 
they are accessible and inexpensive, they speak to those who 
have used them in their own language and they are not pro-
vided from a remote professional or government apparatus. 
For these and other reasons, the use of plants for medicines 
around the world still vastly exceeds the use of modern syn-
thetic drugs. Such activity is not completely dismissed in sci-
entific society either: plants are increasingly appreciated in 
pharmaceutical research as a major resource for new medi-
cines and an ever-growing body of medical literature supports 
the clinical efficacy of herbal treatments. Even where tradi-
tional use has largely died out in developed countries, there 
is an increasing yearning for a new deal in healthcare in which 
the old remedies feature strongly. To meet this demand, 
there is a growing number of well-educated herbalists and 
phytotherapists.

Most herbal use has been very parochial and empiri-
cal: local reputations have often been disparate; herbal lore 
has rarely travelled well. However, herbs have also provided 
the basis for the great medical systems in human history, of 
Hippocrates and Galen and the great Islamic medical eras, of 
the Ayurveda of the Indian subcontinent, of waves of Chinese 
systematisations over two millennia and the many smaller 
cultural traditions that were often hybrids of the foregoing. 
All these systems were formed in large part by the peculiar 
characteristics of their materia medica; plants have clearly 
demanded and been granted their own therapeutic approach.

The era of grand systems has probably passed but it is time 
to develop a new coherent approach to herb use for a scien-
tific age. Apart from a general view that herbs are safer, there 
has been only a fragmentary rationale for using them as medi-
cines in modern times. Now that there are increasing media 
attacks on herbal safety, mostly alarmist, there is the risk that 
even the perceived safety advantage is being whittled away. 
There is a pressing need to galvanise from the wealth of tradi-
tion, empirical practices and modern research a new positive, 
muscular and consistent pharmacological strategy that can 
meet the valid challenges of medical science, the safety and 
the placebo issues above all.

Four main sources of information were used in preparing 
the following text. Traditional use of herbs is both the larg-
est and most difficult resource. The bewildering variety of 
folk practices around the world, the powerful confound-
ing effect of social context and other non-specific or placebo 
effects make reliable conclusions from any one tradition dif-
ficult. However, evidence will be presented that in general, 
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that for the few individual herbs most studied, the clinical 
evidence is indeed persuasive. In most such cases, the plants 
concerned are pharmacologically unremarkable; their survival 
through the most intense scrutiny reassures that other reme-
dies could do the same. More importantly for this book, there 
are specific lessons that can be applied in judging likely effi-
cacy of a wider range of plants.

No single source above can absolutely confirm that herbs 
are a rational treatment strategy. It is for this reason that 
herbs have sometimes been dismissed as the refuge of the 
romantic and the uncritical. However, when all sources of 
information are integrated something genuinely exciting 
emerges: traditionally based coherent treatment policies for a 
range of conditions are given new relevance in modern prac-
tice and resonate with new pharmacological insights into the 
activity of plant constituents. As most of the strategies devel-
oped are unique to herbal medicine and address clinical prob-
lems that are notoriously difficult to treat in modern times, 
they will repay further investigation.

The different data sources above are elaborated in the 
contents of this book. In Part One, traditional systematic 
approaches to herbal therapeutics from around the world 
are outlined first; this finishes with a brief review of modern 
insights into the behaviour of dynamic systems, which have 
lead to the development of chaos and complexity models and 
which incidentally provide new explanations for healing phe-
nomena. There then follows an introduction to the pharma-
cological principles emerging from current knowledge of the 
activity of plant constituents. Many constituents are classified 
into ‘archetypal’ chemical groups with well-established phar-
macological activities; understanding these activities allows for 
preliminary assessments of a plant’s potential with only mini-
mal information of its taxonomic group and constitution. The 
presence of prominent archetypal groups can often lead to 
fertile cross-referencing with traditional reputations to raise 
fascinating clinical prospects. This section extends to consid-
eration of a radically new explanation for the effects of herbs 
on the body. It will be pointed out that most herbal constitu-
ents start with topical effects (i.e. locally at the site of appli-
cation) and that they are particularly likely to stimulate the 
wide range of functions linked to trigger sites on the lining of 
the digestive tract. Traditional reputations will be linked to 
modern physiological insights to provide promising new strat-
egies for a wide range of diseases.

There follow a number of sections which elaborate the prac-
tical implications of applying herbal remedies compared with 
other treatments. There is a section on the most persistent 
herbal therapeutic principles found in the traditional records, 
updated into modern terminology, and providing a basis for the 
more detailed discussions later. The most appropriate diagnostic 
information required for herbal prescription is discussed next, 
emphasising the importance of assessing functional performance 
in the body as much as morbid states; the ancient techniques of 
pulse and tongue diagnosis used around the world are reviewed 
in this context. Important discussions of the issues of validation 
and safety follow; in both areas herbal medicine is subject to 
challenge but in both reassuring progress is being made.

Part Two looks more closely at the herbal approach to par-
ticular clinical conditions. These are divided into two groups: 

general disease conditions that lead to the most common 
pathological states afflicting humanity and the more particu-
lar functional disturbances of the body’s organ systems to 
which herbal medicine has so often been applied. Functional 
disturbances can have many causes; pathological processes are 
the most serious but probably not the most common. Herbal 
remedies have persistently been viewed as addressing what 
might be called ‘misbehaviours’ of body functions, a term that 
includes the notion of psychosomatic disorders but also all the 
other ways in which the living body finds it difficult to coexist 
smoothly with its environment.

No practical guide to using herbal remedies could be com-
plete without a good review of the dosage issue and indeed 
this opens Part Two. There is much confusion abroad on this 
with widely varying dose regimes being recommended. The 
authors explore the relative cases for each approach, taking 
account of a wide range of sources, and make clear recom-
mendations in all the following sections.

Part Three is devoted to individual remedies. Fifty plants 
most widely used in the Western herbal tradition, but including 
examples from around the world, are reviewed in considerable 
depth. Clinical imperatives still rule and the information most 
important to the practitioner opens each monograph – practi-
cal guides as to when to use and not to use each plant, cautions 
and doubts honestly raised as appropriate. However, there also 
follow comprehensive details of the current scientific informa-
tion on each herb, fully referenced, so that the best available 
technical assessments can be made by each reader.

There are a number of reference guides for easy access. As 
well as a detailed general index, there is an index of symp-
toms and conditions and one for herb activities. All sections of 
the book are comprehensively supported with citations so that 
the reader can pursue further reading in depth.

Any new therapeutic framework needs broad agreement 
from current practitioners. There are now thousands of highly 
educated clinicians in the developed countries, many of them 
physicians, who prescribe herbal medicines regularly in their 
clinical work. Most of these have been bypassed by the vigor-
ous scientific activity currently found at phytomedicine con-
ferences or in the technical literature. They have obviously 
acquired valuable experience but rarely have the tools with 
which to separate the effects of the remedy from other clinical 
phenomena and still lack the institutional support that might 
underpin their aspirations. Nevertheless, they remain a vital 
community. Both authors of this book are experienced herbal 
practitioners and are guided in this work mainly by clinical pri-
orities. They will aim to provide new information for debate 
among their colleagues, possible new rationales for their prac-
tices, even new approaches for difficult clinical problems.

The book should also reassure other healthcare workers, 
for example doctors, pharmacists, osteopaths and chiroprac-
tors, who are tempted to try herbal medicines themselves but 
want a sound basis first. Although many doctors in Europe 
prescribe phytomedicines, this is rare in English-speaking 
countries in which there is more scepticism about using crude 
historical folk remedies as a serious substitute for scientific 
medication. Although there is a growing interest in other 
complementary techniques, herbal medicine has not managed 
to persuade that it has a coherent strategy for treating difficult 
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conditions. That patients increasingly resort to herbs is seen 
as something separate from medicine, unless a safety issue is 
perceived. This text will present a substantial and well-docu-
mented case for herbs as unique strategies in the treatment of 
some of the most intractable problems in modern healthcare.

In many developed countries, natural healthcare alterna-
tives are provided by a range of naturopathic professional 
groups. As well as dietary treatment and various complemen-
tary disciplines, these practitioners frequently use herbal rem-
edies. Sometimes, the herbal component has only a minor and 
adjunctive role in the overall treatment strategy. This text will 
surely persuade that there are many areas where informed 
application of herbs might transform the prospects of difficult 
conditions and that, in particular, dietary measures can be pow-
erfully reinforced or amended by the established modulatory 
effects of herbs on the digestive processes. There is also a trend 
among complementary practitioners to favour herbal remedies 
from China and India, accompanied as these are by their own 
elaborate therapeutic system. This account should allow such 
practitioners better to understand the underlying principles 
and may reinstate indigenous remedies in their materia medica.

In the countries of Asia, Africa and South America, a much 
larger proportion of the population still choose or rely on 
herbal medicines for their day-to-day healthcare. The World 
Health Organisation and other international agencies have 
long recognised that traditional health practitioners and their 

remedies represent a vital resource to be encouraged, to more 
effectively maintain health in remote regions and better to 
maintain plant biodiversity and local communities and indus-
tries. As these practitioners work to develop their therapeutic 
approaches and integrate them better with Western delivery 
systems, they may welcome the insights of those with long 
experience of coexistence with Western medicine. The rem-
edies will be different but the principles are likely to be the 
same.

The patient can also learn from this book. Anyone who 
wishes to be informed about the treatment of their personal 
condition, who wants to take responsibility for their own 
health, who is fascinated that there may be effective remedies 
provided freely in nature and who is able to grasp basic medi-
cal concepts will find this a treasure trove. All such readers 
must be reminded, however, that illness can often be complex 
and sometimes dangerous. They should never proceed far 
without expert advice and never stray from adequate supervi-
sion of any illness.

What follows is a contribution to a debate among those 
interested in herbal medicine. It will lay out as effectively 
as possible a realistic strategy in line with scientific evidence 
but based also on experience in practice and on the legacy of 
much longer traditions. It will inevitably be contentious in 
parts: some cherished beliefs will be challenged, but if this 
stimulates productive debate then nothing should be lost.
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549–550

fennel fruit (Foeniculum 
vulgare), 558, 563

feverfew (Tanacetum 
parthenium), 574–575

garlic (Allium sativum), 104, 
223

German chamomile 
(Maricaria recutita), 
484–486

ginger (Zingiber officinale), 
104, 592

Ginkgo (Ginkgo biloba), 107, 
620–621

ginseng (Panax ginseng), 104, 
644–645

globe artichoke (Cynara 
cardunculus), 655

gotu kola (Centella asiatica), 
667

Gymnema, 104
hawthorn (Crataegus), 682
horsechestnut seed (Aesculus 

hippocastanum), 104, 
695–696

horseradish (Armoracea), 104
Hydrastis root (Hydrastis 

canadensis), 414–415
kava (Piper methysticum), 

104, 711–714
liquorice (Glycyrrhiza 

glabra), 104, 169
lime flowers (Tilia), 104
Melilotus (Melilotus 

officinalis), 751
myrrh (Commiphora molmol), 

104, 758
nettle (Urtica dioica), 768
oak bark (Quercus robur), 104
pau d’arco (Tabebui spp.), 780
peppermint (Mentha x 

piperita), 791
poke root (Phytolacca 

decandra), 797
prickly ash (Zanthoxylum), 104
propolis, 104
Rehmannia (Rehmannia 

glutinosa), 802
saw palmetto (Serenoa 

repens), 814–815
Siberian ginseng 

(Eleutherococcus senticosus), 
823

St John’s wort (Hypericum 
perforatum), 104, 180, 
853–855

St Mary’s thistle (Silybum 
marianum), 880

tansy (Chrysantemum 
vulgare), 104

thujone, 104
thyme (Thymus vulgaris), 891
Tribulus leaf (Tribulus 

terrestris), 898
turmeric (Curcuma longa), 

918
valerian (Valeriana officinalis), 

931
willow bark (Salix spp.), 

940–941

witchhazel (Hamamelis 
virginiana), 947

Withania (Withania 
somnifera), 958–959

wormwood (Artemisia 
absinthium), 104

yarrow (Achillia millefolium), 
104

tannins, 38
see also Contraindications; 

Safety issues; Warnings/
precautions

Aerua lanata, 260–261
Aescin, see Escin, clinical trials
Aesculetin, 51–52
Aesculus hippocastanum, see 

Horsechestnut seed 
(Aesculus hippocastanum)

Agar-agar, 190
Age-related macular degeneration, 

596
Aggrecan, 307
Agnus-castus, see Chaste tree 

(Vitex agnus-castus)
Agrimony (Agrimonia eupatorium), 

38
formulations, 186
gastrointestinal activity, 191
urinary activity, 261

Agropyron repens, see Couch grass 
(Agropyron repens)

Airways hyper-responsiveness 
(AHR), 250–251

Ajoene, 223
AKBA (acytel-11-keto-beta-

boswellic acid), 59, 442–
444, 446–447

Albizia lebbek, 255, 320–321
Alchemilla, see Ladies mantle 

(Alchemilla)
Alcoholic liver disease, 872–873
Alcoholism, 837–838

evening primrose oil (Oenothera 
biennis), 540, 548

Aletris, see Unicorn root (Aletris)
Alfalfa (Medicago sativa), 230
Alkaloids, 56–58

secondary metabolites, role, 
18–19

Alkylamides, 528, 532–533, 535
Allelopathy, 19
Allergens, asthma, 252
Allergic reactions, 104, 535
see also Antiallergic agents
Allergic rhinitis, 244–245

Boswellia (Boswellia serrata), 
441

nettle (Urtica dioica), 760, 767
Allergies

atopic dermatitis, see Atopic 
dermatitis

contact, 484–485
and food intolerance, 198–199
respiratory disorders, 242–243
urticaria, 321–322
see also Allergens, asthma; 

Allergic rhinitis; 
Anaphylactic reactions; 
Antiallergic agents; 
Dermatitis; Eczema; Food 
intolerance/allergies

Allium cepa, see Onion (Allium cepa)
Allium sativum, see Garlic (Allium 

sativum)

Allopregnanolone, 291
Aloe Vera (Aloe barbadensis), 159, 

204
Alopecia, androgenic, 814
Alopecia areata, 890
Alopecia neurotica, 373
Alpha-Bisabolol, 477–478, 483
Alpha-linolenic acid (ALA), 

541–542
Apolipoprotein(a), 229
Althea officinalis, see Marshmallow 

root (Althea officinalis)
Alzheimer’s disease/dementia

Boswellia (Boswellia serrata), 
441

Ginkgo (Ginkgo biloba), 130, 
596, 600, 605–608

ginseng (Panax ginseng), 
637–638

hormone decline, arresting,  
339

turmeric (Curcuma longa), 905, 
916

Ama (toxicity), 9
Amantadine, 367
Amenorrhoea

functional secondary, 294
in menopause, 299
specific herbs

fennel fruit (Foeniculum 
vulgare), 557

German chamomile 
(Maricaria recutita), 475

American Association of Poison 
Control Centres (AAPCC), 
103

American College of 
Rheumatology, 311

American ginseng (Panax 
quinquefolium), 190

breast cancer, 435
American Heart Association 

Prevention Conference, 
228

American Medical Association 
(AMA), 12

American National Cancer 
Institute (NCI), 175

Ames mutagenicity test, 423
Ames salmonella, 357
Ammi visnaga, 52
Ammoniacum (Dorema), 193
AMP-activated protein kinase 

(AMPK), 406–407
Amygdalin, 24–25
Anabolic effects, 821
Analgesics, 271–272, 274

Andrographis (Andrographis 
paniculata), 364

Arnica flowers (Arnica 
montana), 373

bilberry fruit (Vaccinium 
myrtillus), 423

clove bud (Syzygium 
aromaticum), 142, 274

devil’s claw (Harpagophytum 
procumbens), 509, 511

essential oils, 30
fennel fruit (Foeniculum 

vulgare), 560
German chamomile (Maricaria 

recutita), 481
ginger (Zingiber officinale), 

590–591

gotu kola (Centella asiatica), 
660

kava (Piper methysticum), 699, 
702

local, 142
myrrh (Commiphora molmol), 

755
pau d’arco (Tabebui spp.), 772
peppermint (Mentha x piperita), 

783, 786–787
St John’s wort (Hypericum 

perforatum), 847
willow bark (Salix spp.), 

935–936
witchhazel (Hamamelis 

virginiana), 946
Analytical methodology, 131, 895
Anaphylactic reactions, 104

German chamomile (Maricaria 
recutita), 485–486

Androgen binding and 
antiandrogenic activity, 
inhibition, 808

Andrographis (Andrographis 
paniculata), 360

actions/effects, 360
adulteration, 361
analgesic activity, 364
analytical methodology, 131
antiallergic activity, 364
antiinfective and 

immunomodulating activity, 
361–362

anti-inflammatory activity, 364
antioxidant activity, 365
antipyretic activity, 364
background/traditional view, 360
botany, 361
cancer preventive activity, 

362–363
cardioprotective activity, 

363–364
children, safety of use for, 370
choleretic activity, 363
clinical trials, 360, 366–368
as ‘cold’ herb, 360–361
constituents, 361
contraindications, 369
dermatological activity, 322
dosage, 360–361
duration of use, 361
endocrine activity, 343
enteric infections, 360, 367
familial Mediterranean fever 

(FMF), 360, 367
gastrointestinal activity, 201
gynaecological and female 

reproductive system 
activity, 295

hepatoprotective activity, 218, 
363

HIV infection/AIDS, 368
hypoglycaemic activity, 

364–365
immune system, 169
infectious diseases, 150–151
inflammatory disorders, 

367–368
interactions, 369
liver protective activity, 218
overdosage, 370
pharmacodynamics, 361–365
pharmacokinetics, 365–366
pharmacological studies, 360

Adverse reactions/side effects 
(Continued)



1014

General index

pregnancy and lactation, 
369–370

preparations, 360
prescribing, 138
regulatory status, 370
reproductive system activity, 

male, 332
respiratory activity, 360, 

366–367
safety issues, 361
side effects, 370
synonyms, 360
technical data, 361–368
toxicology, 368–369
traditional therapeutic uses, 360
urinary activity, 262, 360, 368
uses, 360
warnings/precautions, 369

Andrographolide, 363–364
Andropause, 328–329
Anethum, see Dill (Anethum)
Angelica (Angelica archangelica)

fevers, 147
gastrointestinal activity, 192, 

195–196
respiratory activity, 240

Angelica sinensis, see Dong quai 
(Angelica sinensis)

Angina, 227–228
dong quai (Angelica sinensis), 

521
Angiogenesis, 909
Anglo-American herbalism, origins, 

12
Aniseed (Pimpinella anisum)

gastrointestinal activity, 192
as inhalant, 143
respiratory activity, 240, 249

Ankylosing spondylitis, 153, 
155–156

Anorexia, 196, 400
Anovulatory cycles, 294
Anthelmintic activity, 29, 566
Anthocyanins, 420–423
Anthraquinone laxatives, 48–49, 

193, 199
contraindications, 50, 193

Anthraquinones
adverse reactions, 49–50
dosage/prescription 

practicalities, 189
pharmacodynamics, 48–49
pharmacokinetics, 60–61
phytochemistry, 48
toxicology, 49–50

Antiallergic agents, 198, 242–243
Andrographis (Andrographis 

paniculata), 364
Baical skullcap (Scutellaria 

Baicalensis), 320
bearberry (Arctostphylos uva 

ursi), 395
Boswellia (Boswellia serrata), 

444
dermatological activity, 321
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 525

eyebright (Euphrasia officinalis), 
553

feverfew (Tanacetum 
parthenium), 566

liquorice (Glycyrrhiza glabra), 
727

nettle (Urtica dioica), 760

thyme (Thymus vulgaris), 888
turmeric (Curcuma longa), 910

Antianaemic activity
dong quai (Angelica sinensis), 

517
Withania (Withania somnifera), 

949
Antiandrogenic activity, saw 

palmetto (Serenoa repens), 
804

Antiarrhythmic activity
devil’s claw (Harpagophytum 

procumbens), 509
dong quai (Angelica sinensis), 

517
hawthorn (Crataegus), 671

Antiarthritic agents
bearberry (Arctostphylos uva 

ursi), 393
black cohosh (Actaea racemosa), 

427, 433–434
Boswellia (Boswellia serrata), 

441, 443–447
devil’s claw (Harpagophytum 

procumbens), 509
evening primrose oil (Oenothera 

biennis), 546
feverfew (Tanacetum 

parthenium), 566
nettle (Urtica dioica), 766–767
Withania (Withania somnifera), 

957
Antiatherogenicity, 222
Antibacterial activity, see 

Antimicrobial agents
Antibiotics, 155

resistance to, 150, 325
Antibodies, 155–156
Anticancer activity, see Cancer 

preventive activity
Anticatarrhals, 242, 245–246, 

248–249, 332
eyebright (Euphrasia officinalis), 

553
German chamomile (Maricaria 

recutita), 475
Hydrastis root (Hydrastis 

canadensis), 399–400
myrrh (Commiphora molmol), 

753
Anticathartic activity, ginger 

(Zingiber officinale), 581
Anticholestatic activity, globe 

artichoke (Cynara 
cardunculus), 649

Anticoagulant activity, pau d’arco 
(Tabebui spp.), 777–778

Anticonvulsants
devil’s claw (Harpagophytum 

procumbens), 512
kava (Piper methysticum), 702

Antidepressant activity, 273–274, 
279

Ginkgo (Ginkgo biloba), 596
liquorice (Glycyrrhiza glabra), 

726–727
Rhodiola (Rhodiola rosea), 

273–274, 338
St John’s wort (Hypericum 

perforatum), 278, 826, 
829–831, 840–843, 848

turmeric (Curcuma longa), 909
valerian (Valeriana officinalis), 

929
see also Depression

Antidepressant-induced sexual 
dysfunction, 616

Antidiabetic activity
Andrographis (Andrographis 

paniculata), 360
Astragalus (Astragalus 

membranaceus), 386, 388
berberine, 406–407
Berberis bark (Berberis 

vulgaris), 399, 406–407, 
410–411

evening primrose oil (Oenothera 
biennis), 540–542, 546

Ginkgo (Ginkgo biloba), 596, 
615

ginseng (Panax ginseng), 628, 643
Hydrastis root (Hydrastis 

canadensis), 406–407
liquorice (Glycyrrhiza glabra), 

720
myrrh (Commiphora molmol), 

755
Rehmannia (Rehmannia 

glutinosa), 801
Siberian ginseng (Eleutherococcus 

senticosus), 821
St Mary’s thistle (Silybum 

marianum), 345, 869–870, 
875–876

see also Diabetes mellitus; 
Insulin resistance

Antidiabetic drugs, 325
Antidiarrhoeal activity

berberine, 399, 403–404
German chamomile (Maricaria 

recutita), 475
Anti-ecchymotic agents, 373
Antiemetics

ginger (Zingiber officinale), 196, 
578–580, 584t–588t

globe artichoke (Cynara 
cardunculus), 649

peppermint (Mentha x piperita), 
783, 790

Antiepilepsirine, 43
Antifibrotic effects, 660
Antifungal activity

Berberis bark (Berberis 
vulgaris), 401

Chelidonium (Chelidonium 
majus), 501

globe artichoke (Cynara 
cardunculus), 651

Hydrastis root (Hydrastis 
canadensis), 401

nettle (Urtica dioica), 764
pau d’arco (Tabebui spp.), 773, 

776–777
peppermint (Mentha x piperita), 

785
St John’s wort (Hypericum 

perforatum), 835
thyme (Thymus vulgaris), 885, 

887–888
Antigonadotropic activity, 455–456
Antihaemorrhagic activity, 799
Antihypertensives, garlic (Allium 

sativum), 222–223
Anti-inflammatories

contraindications, 160, 242
dermatological activity, 320
diarrhoea, 185
digestive activity, 159
German chamomile (Maricaria 

recutita), 475

joint activity, 309
mucilages, 25
nervous system activity, 282
peptic ulcer, 197
reproductive system activity, 

male, 332
respiratory disorders, 242–243
skin conditions, 317
specific herbs

Andrographis (Andrographis 
paniculata), 364

Arnica flowers (Arnica 
montana), 373–375

Astragalus (Astragalus 
membranaceus), 386

bearberry (Arctostphylos uva 
ursi), 393, 395

berberine, 405–406
Berberis bark (Berberis 

vulgaris), 405–406
bilberry fruit (Vaccinium 

myrtillus), 419, 423
black cohosh (Actaea 

racemosa), 431
bogbean (Menanthes 

trifoliata), 160
Boswellia (Boswellia serrata), 

159, 169, 441–444
Bupleurum (Bupleurum 

falcatum), 169
butcher’s broom (Ruscus 

aculeatus), 467–468
Chelidonium (Chelidonium 

majus), 501, 504
comfrey (Symphytum), 141
curcumin, 902–903
devil’s claw (Harpagophytum 

procumbens), 159, 509–511
dong quai (Angelica sinensis), 

517
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 525, 531

evening primrose oil 
(Oenothera biennis), 540, 
542

eyebright (Euphrasia 
officinalis), 553–555

feverfew (Tanacetum 
parthenium), 160, 566, 
568–570

German chamomile 
(Maricaria recutita), 476–
477, 481

ginger (Zingiber officinale), 
160, 578, 581–582, 590

Ginkgo (Ginkgo biloba), 602
globe artichoke (Cynara 

cardunculus), 651
gotu kola (Centella asiatica), 

657, 660
hawthorn (Crataegus), 676
horsechestnut seed (Aesculus 

hippocastanum), 685
Hydrastis root (Hydrastis 

canadensis), 405–406
liquorice (Glycyrrhiza 

glabra), 719–720,  
722–723

marigold (Calendula 
officinalis), 141–142

Melilotus (Melilotus 
officinalis), 747–749

myrrh (Commiphora molmol), 
755
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nettle leaf (Urtica dioica), 
760, 762–763

peppermint (Mentha x 
piperita), 787

poke root (Phytolacca 
decandra), 795

Rehmannia (Rehmannia 
glutinosa), 169, 799

saw palmetto (Serenoa 
repens), 804, 808–809

St John’s wort (Hypericum 
perforatum), 835–836

St Mary’s thistle (Silybum 
marianum), 868–870

thyme (Thymus vulgaris), 
885, 888

turmeric (Curcuma longa), 
159, 900–903, 911–912

willow bark (Salix spp.), 160, 
935, 937–938

witchhazel (Hamamelis 
virginiana), 944

Withania (Withania 
somnifera), 949, 953

topical, 141–142, 317
traditional therapeutic uses, 160

Anti-irritant activity, 944–945
Antilithics, 263
Antimalarial agents, 361–362
Antimicrobial agents

Andrographis (Andrographis 
paniculata), 361–362

Arnica flowers (Arnica 
montana), 373, 375

bearberry (Arctostphylos uva 
ursi), 394–395

berberine, 400–403
Berberis bark (Berberis 

vulgaris), 400–403, 
402t–403t, 407–408

buchu (Agathosma betulina), 
451

chaste tree (Vitex agnus-castus), 
493

Chelidonium (Chelidonium 
majus), 502–503

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 525, 531

essential oils, 28–30
eyebright (Euphrasia officinalis), 

553–554
fennel fruit (Foeniculum 

vulgare), 559
feverfew (Tanacetum 

parthenium), 570–571
German chamomile (Maricaria 

recutita), 478–479
ginger (Zingiber officinale), 583
gotu kola (Centella asiatica), 

661
Hydrastis root (Hydrastis 

canadensis), 401–403, 
402t–403t, 407–408

kava (Piper methysticum), 704
liquorice (Glycyrrhiza glabra), 

726
meadowsweet (Filipendula 

ulmaria), 742, 744
nettle (Urtica dioica), 764
pau d’arco (Tabebui spp.), 772–

773, 776–777
peppermint (Mentha x piperita), 

783, 785–786

St John’s wort (Hypericum 
perforatum), 835

thyme (Thymus vulgaris), 885, 
887

turmeric (Curcuma longa), 900, 
906–907

witchhazel (Hamamelis 
virginiana), 945

see also Infectious diseases
Antimutagenic activity, thyme 

(Thymus vulgaris), 888
Antinuclear antibodies (ANA), 165
Antioedema activity

Arnica flowers (Arnica 
montana), 373

bilberry fruit (Vaccinium 
myrtillus), 419–420

Boswellia (Boswellia serrata), 
441

butcher’s broom (Ruscus 
aculeatus), 467, 469

German chamomile (Maricaria 
recutita), 477

Ginkgo (Ginkgo biloba), 600, 
617

horsechestnut seed (Aesculus 
hippocastanum), 685–688

Melilotus (Melilotus officinalis), 
747–749

Siberian ginseng (Eleutherococcus 
senticosus), 818

Antioxidants
Andrographis (Andrographis 

paniculata), 365
asthma, 254
Astragalus (Astragalus 

membranaceus), 381, 386
astringent activity, 141
bilberry fruit (Vaccinium 

myrtillus), 233, 419, 421
black cohosh (Actaea racemosa), 

431
chemotherapy adjunct, 180
fennel fruit (Foeniculum 

vulgare), 560
flavonoids, 33
German chamomile (Maricaria 

recutita), 479
Ginkgo (Ginkgo biloba), 596, 

600
globe artichoke (Cynara 

cardunculus), 652, 654
grape seed extract (Vitis 

vinifera), 233
green tea (Camellia sinensis), 37
hawthorn (Crataegus), 671, 

675–676
nettle leaf (Urtica dioica), 764
St Mary’s thistle (Silybum 

marianum), 861–863
tannins, 37
thyme (Thymus vulgaris), 885, 

888
turmeric (Curcuma longa), 

900–901, 904, 915–916
witchhazel (Hamamelis 

virginiana), 945
Antiparasitic activity

berberine, 400–403
Berberis bark (Berberis vulgaris), 

401–403, 402t–403t
essential oils, 29
ginger (Zingiber officinale), 583
gotu kola (Centella asiatica), 

661

Hydrastis root (Hydrastis 
canadensis), 401–403, 
402t–403t

myrrh (Commiphora molmol), 
753–755, 757

pau d’arco (Tabebui spp.), 772, 
776

peppermint (Mentha x piperita), 
785–786

thyme (Thymus vulgaris), 885
turmeric (Curcuma longa), 907
see also Parasitic organisms

Antiplatelet agents, 227–228, 231
Arnica flowers (Arnica 

montana), 375
Berberis bark (Berberis 

vulgaris), 408
bilberry fruit (Vaccinium 

myrtillus), 421
Chelidonium (Chelidonium 

majus), 504
dong quai (Angelica sinensis), 

517
evening primrose oil (Oenothera 

biennis), 550
fennel fruit (Foeniculum 

vulgare), 560
ginger (Zingiber officinale), 578, 

582
globe artichoke (Cynara 

cardunculus), 654
myrrh (Commiphora molmol), 

755
pau d’arco (Tabebui spp.), 

777–778
turmeric (Curcuma longa), 900, 

903–904
Antiproliferative activity, 519
Antiprostatic activity, 760
Antipruritic activity, 783
Antipyretics

Andrographis (Andrographis 
paniculata), 364

Rehmannia (Rehmannia 
glutinosa), 799

willow bark (Salix spp.), 
935–936

Antiretroviral activity, 827–829, 
839–840

see also HIV infection/AIDS
Antirheumatic activity

black cohosh (Actaea racemosa), 
427

devil’s claw (Harpagophytum 
procumbens), 509–513

nettle (Urtica dioica), 760
willow bark (Salix spp.), 935

Antiseptic agents, 142
Arnica flowers (Arnica 

montana), 373
dermatological, 317, 320
fennel fruit (Foeniculum 

vulgare), 558
gastrointestinal, 201–202
peppermint (Mentha x piperita), 

783
respiratory, 248–249
urinary, 263

Antispasmodics, see Spasmolytics
Antistress effects

Ginkgo (Ginkgo biloba), 
601–602

ginseng (Panax ginseng), 628, 638
Siberian ginseng (Eleutherococcus 

senticosus), 818, 820–822

Antithrombotic activity
kava (Piper methysticum), 704
meadowsweet (Filipendula 

ulmaria), 742
Antithyroid activity, 454–456
Antitoxic activity, 865
Antitubercular drugs, 870
Antitumour activity, see Cancer 

preventive activity
Antitussives, 243, 248–249

liquorice (Glycyrrhiza glabra), 
719, 727

marshmallow root (Althea 
officinalis), 26

peppermint (Mentha x piperita), 
783

Antiulcer activity
German chamomile (Maricaria 

recutita), 475, 478, 480
ginger (Zingiber officinale), 581
horsechestnut seed (Aesculus 

hippocastanum), 693
liquorice (Glycyrrhiza glabra), 

721–722
meadowsweet (Filipendula 

ulmaria), 743
see also Ulceration

Antiurolithic activity, 407
Antiviral activity, 217

Astragalus (Astragalus 
membranaceus), 381, 384, 
387

Chelidonium (Chelidonium 
majus), 501

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 525, 531

essential oils, 29
eyebright (Euphrasia officinalis), 

553
liquorice (Glycyrrhiza glabra), 

719–720, 725–726
pau d’arco (Tabebui spp.), 777
St John’s wort (Hypericum 

perforatum), 169, 826–829, 
839–840

thuja (Thuja occidentalis), 169
thyme (Thymus vulgaris), 885, 

888
see also Viral conditions

Anxiety, 277–278, 705–707
Hamilton Anxiety Rating 

(HAM-A), 481, 613, 
705–706

Anxiolytics, 272–273, 275–276, 
279, 281, 330

dong quai (Angelica sinensis), 
519–520

German chamomile (Maricaria 
recutita), 475, 481

Ginkgo (Ginkgo biloba), 596
gotu kola (Centella asiatica), 

657, 660
kava (Piper methysticum), 699, 

701–702, 705–707
St John’s wort (Hypericum 

perforatum), 826, 831–832, 
843–844

valerian (Valeriana officinalis), 
923, 925, 929

Withania (Withania somnifera), 
957

Aphanes arvensis, see Parsley piert 
(Aphanes arvensis)

Aphrodisiacs

Anti-inflammatories (Continued)
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saw palmetto (Serenoa repens), 
804

Tribulus leaf (Tribulus terrestris), 
894

Aphthous ulceration, recurrent, 
194–195

Apium graveolens, see Celery 
(Apium graveolens)

Apoptosis (programmed cell 
death), 775

Appetite loss, 360
Aptium petroselinum, see Parsley 

(Petroselinum)
Aquaretics, 261–263
Arachidonate build-up, 550
Arachidonic acid (AA), 307, 541, 

778, 903
Arbor-vitae (Thuja occidentalis), 

291, 296
Arbutin, 394–395, 397
Arctium lappa, see Burdock 

(Arctium lappa)
Arctostphylos uva ursi, see 

Bearberry (Arctostphylos 
uva ursi)

Aristolochia fangchi, 101
Armoracea, see Horseradish 

(Armoracea)
Arnica flowers (Arnica montana)

actions/effects, 373
adulteration, 374
analgesic activity, 373
anti-inflammatory activity, 

374–375
antimicrobial activity, 375
antiplatelet activity, 375
antiseptic activity, 373
background/traditional view, 373
botany, 374
cancer preventive activity, 375
children, safety of use for, 378
clinical trials, 373, 376
constituents, 374
contraindications, 377
dosage, 373–374
duration of use, 374
formulations, 186
helenalin, 375, 377
immune regulatory activity, 

374–375
joint activity, 311, 373
overdosage, 378
pharmacodynamics, 374–376
pharmacokinetics, 376
pharmacological studies, 373
pregnancy and lactation, 377
preparations, 373
regulatory status, 378
safety assessment, 374
side effects, 377–378
synonyms, 373
technical data, 374–376
toxicology, 376–377
traditional therapeutic uses, 373
uses, 373
warnings/precautions, 377

Aromatase, 295
Aromatherapy, 28
Aromatics, gastrointestinal activity, 

192, 196
Artemisia absinthium, see 

Wormwood (Artemisia 
absinthium)

Artemisia spp., 243–244
Arterial plaque, 222

Arthritis, 152–155
see also Antiarthritic agents
Artichoke (Cynara scolymus), 

210, 214
Asafoetida (Ferula), 193
Ascaris lumbricoides, 361
Asclepias tuberose, see Pleurisy 

root (Asclepias tuberosa)
Ash (Fraxinus escelsior), 159
Asiatic acid, 660
Asparagus racemosus, see Shatavari 

(Asparagus racemosus)
Asparagus root (Asparagus 

officinalis), 261
Aspartate aminotransferase (AST), 

906
Aspergillus fumigatus, 320
Aspergillus niger, 785
Aspergillus ochraceus, 785
Aspergillus parasiticus, 887
Aspirin, 60, 936–937
Aspirin-sensitive asthma (ASA), 

251
Asthma, 250–257

air quality, 252
allergens, 252
antioxidant status, 254
associated factors, 252
asymptomatic treatment, 255t
dehydration, 253
diet, 253–254
digestive problems associated 

with, 26, 252–254
hormonal factors, 253
infection, 253
infestation, 253
key herbs, 254–257, 255t
mucous membranes, 254
pathophysiology, 251–252
prescription construction, 257
salt intake, 253
sinusitis, 252
specific herbs

Astragalus (Astragalus 
membranaceus), 383

Boswellia (Boswellia serrata), 
441, 446

fennel fruit (Foeniculum 
vulgare), 561–562

Ginkgo (Ginkgo biloba), 
613–614

Rehmannia (Rehmannia 
glutinosa), 799

stress, 254
treatment, 254

Astragalus (Astragalus 
membranaceus)

actions/effects, 381
adaptogenic and tonic activity, 

180, 381, 384–385
adulteration, 382
antidiabetic activity, 386
anti-inflammatory activity, 386
antioxidant activity, 381, 386
antiviral activity, 381, 384, 387
background/traditional view, 381
botany, 382
cancer preventive activity, 386
cancer treatment, combined 

with, Astragalus (Astragalus 
membranaceus), 388–389

cardioprotective activity, 385, 
387–388

chemotherapy adjunct, 388–389
children, safety of use for, 389

clinical trials, 381, 386–389
constituents, 382
contraindications, 389
dermatological activity, 322
dosage, 381–382
duration of use, 382
endocrine activity, 343
and flavonoids, 34
gynaecological and female 

reproductive system 
activity, 295

haemorheological activity, 385
hepatoprotective activity, 385
immune function, 151, 169, 

381, 383–384, 386–387
injection, 382–383, 387–388
myocarditis, viral, 381, 384, 387
nervous system activity, 168, 

386
overdosage, 389
pharmacodynamics, 382–386
pharmacokinetics, 386
pharmacological studies, 381
pregnancy and lactation, 389
preparations, 381
prescribing, 138
regulatory status, 390
renal activity, 385, 388
reproductive system activity, 

male, 332, 386
respiratory activity, 249
safety issues, 382
side effects, 389
synonyms, 381
technical data, 382–386
tonic activity, 85, 170–171
toxicology, 389
traditional therapeutic uses, 381
uses, 381

Astringents, 141
bearberry (Arctostphylos uva 

ursi), 393
bilberry fruit (Vaccinium 

myrtillus), 419
eyebright (Euphrasia officinalis), 

553
hawthorn (Crataegus), 671
meadowsweet (Filipendula 

ulmaria), 742
skin conditions, 317

Atherosclerotic cardiovascular 
disease (ACVD), 208

Atonic dyspepsia, 360
feverfew (Tanacetum 

parthenium), 566
myrrh (Commiphora molmol), 

753
Atopic dermatitis, 157, 318–321

evening primrose oil (Oenothera 
biennis), 540, 544–545

Atractylodes macrocephela (bai 
zhu), 171

Atrogel, 378
Atropa belladonna, see Deadly 

nightshade (Atropa 
belladonna)

Attention-deficit hyperactivity 
disorder (ADHD), 284–
285, 846–847

evening primrose oil (Oenothera 
biennis), 548

German chamomile (Maricaria 
recutita), 482

Atypical polypoid adenomyoma 
(APA), 520

Auditory evoked potentials 
(AEPs), 838

Auditory Verbal Learning Test 
(AVLT), 284

Australia, regulatory status, 358–359
Autism, 848
Autoantibodies, 165
Autoimmune diseases, see 

Inflammatory disorders
Avens (Geum), 191
Ayurvedic herbal medicine, 9–10

cardioprotective activity, 
226–227

dosage approaches, 122
endocrine disorders, 341
gynaecological and female 

reproductive system 
activity, 291

nervous system activity, 271
specific herbs

Andrographis (Andrographis 
paniculata), 360

Boswellia (Boswellia serrata), 
441, 444

ginger (Zingiber officinale), 
578

gotu kola (Centella asiatica), 
657

valerian (Valeriana officinalis), 
923

urinary activity, 265

B
Bach, Edward/Bach Flower 

remedies, 13
Bacillus cereus, 451, 503
Bacillus megatherium, 478
Bacillus subtilis, 394, 478
Bacopa monniera, 284–285, 312
Bacteroidaceae, 203
Bacteroides, 186
Bacteroides distasonis, 186
Bacteroides fragilis, 187
Baical skullcap (Scutellaria 

Baicalensis)
cancer preventive activity, 333
dermatological activity, 320–

321, 325
gastrointestinal activity, 198, 

200
nervous system activity, 282
reproductive system activity, 

male, 333
respiratory activity, 242, 255

Ballota nigra, see Black horehound 
(Ballota nigra)

Balm of Gilead (Populus 
gileadensis)

respiratory activity, 243
side effects, 104
topical applications, 151

Balmony (Chelone), 210
Baptisia tinctoria, see Wild indigo 

(Baptisia tinctoria)
Barberry, see Berberis bark 

(Berberis vulgaris)
Barbiturates, 274
Baroreflex control of heart rate 

(BRC), 702
Barosima betulina, see Buchu 

(Agathosma betulina)
Basal body temperature (BBT), 

346
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Basal metabolic rate (BMR), 346
Basic fibroblast growth factor 

(bFGF), 808
Basil (Ocimun basilicum), 325
Baths, 143
Bayberry (Myrica cerifera), 11

gastrointestinal activity, 159
as resin, 193

Bean pods (Phaseolus vulgaris), 
urinary activity, 261

Bearberry (Arctostphylos uva ursi), 
393

actions/effects, 393
adulteration, 394
antiallergic activity, 395
anti-inflammatory activity, 393, 

395
antimicrobial activity, 394–395
arbutin, 394–395
background/traditional view, 393
botany, 394
children, safety of use for, 397
clinical trials, 393, 396
constituents, 394
contraindications, 396–397
dosage, 393–394
duration of use, 394
eliminative properties, 159
hydroquinone, 394–397
infectious diseases, 150
interactions, 397
melanin synthesis inhibition, 395
overdosage, 397
pharmacodynamics, 394–396
pharmacokinetics, 396
pharmacological studies, 393
pregnancy and lactation, 397
preparations, 393
regulatory status, 397
renal activity, 396–397
safety issues, 394
side effects, 397
synonyms, 393
technical data, 394–396
toxicology, 396
traditional therapeutic uses, 393
urinary activity, 262–263, 265, 

393, 396
uses, 393
warnings/precautions, 397

Beck Depression Inventory (BDI), 
273–274

Bedwetting, 267–268, 267b
Behçet ‘s disease, 194
Bellis, see Daisy (Bellis)
Bell’s palsy, 685
Benefit–risk ratio, 103
Benign prostatic hyperplasia 

(BPH), 331–332, 805–810
bladder tonics, 263–264
nettle root, 760–768
saw palmetto (Serenoa repens), 

804, 809–813
Benzodiazepine, 274, 477–478, 

958
Benzodiazepine receptors, 271
Benzoflavone, 272–273
Benzopyrones, 749
Benzydamine, 477
Berberine

and alkaloids, 56
antidiabetic activity, 406–407
antidiarrhoeal activity, 395, 

409–410
antifungal activity, 400

anti-inflammatory activity, 
405–406

antimicrobial activity, 400–403
antiparasitic activity, 400–403
biliary activity, 407
cancer preventive activity, 176, 

405
cardioprotective activity, 395
cholera, 409–410
clinical trials, 409–412
diabetes mellitus, 410–411
gastrointestinal activity, 410
giardiasis, 410
interactions, 413–414
liver cirrhosis, 410
MRSA (methicillin-resistant 

Staphylococcus aureus), 397
nervous system activity, 406
pharmacokinetics, 409
pharmacological studies, 400
pregnancy and lactation, 414
radioprotective activity, 412
smooth muscle, effect on, 408
toxicology, 412–413
trachoma, 410
in vitro sensitivity of 

microorganisms to, 
402t–403t

see also Berberis bark (Berberis 
vulgaris); Hydrastis root 
(Hydrastis canadensis)

Berberis aquifolium, see Oregon 
grape (Berberis aquifolium)

Berberis bark (Berberis vulgaris), 
399

actions/effects, 399
adulteration, 400
antidiabetic activity, 406–407
antidiarrhoeal activity, 403–404
antifungal activity, 401
anti-inflammatory activity, 

405–406
antimicrobial activity, 400–403, 

402t–403t, 407–408
antiparasitic activity, 401–403, 

402t–403t
antiplatelet activity, 408
background/traditional view, 399
biliary activity, 210, 399
botany, 400
cancer preventive activity, 401, 

405
cardioprotective activity, 

404–405
children, safety of use for, 415
clinical trials, 399, 409–412
constituents, 401
contraindications, 413
dosage, 400
duration of use, 400
fevers, 147
fungal infections, 400
gastrointestinal activity, 189–

190, 196, 201, 204, 399, 
403–404

hepatoprotective activity, 218–
219, 399

infectious diseases, 150, 158
interactions, 413–414
liver protective activity, 218–219
nervous system activity, 406
overdosage, 415
pharmacodynamics, 401–409
pharmacokinetics, 409
pharmacological studies, 400

potassium channel-blocking 
effect, 404

pregnancy and lactation, 414
preparations, 400
protozoal infections, 400
radioprotective activity, 412
regulatory status, 415
safety issues, 400
side effects, 414–415
smooth muscle, effect on, 408
synonyms, 399
technical data, 400–407
toxicology, 412–413
traditional therapeutic uses, 

399–400
urinary activity, 263
uses, 399–400

Bergapten, 52
Bergius, see Buchu (Agathosma 

betulina)
Beta-endorphin, 493
11-beta-HSD1 inhibition, 

729–730
Beta-lapachone, 775–777
Betula, see Birch (Betula)
Bidens, see Bur-marigold (Bidens)
Bifidobacteria, 156, 165–166, 187, 

203
Bilberry fruit (Vaccinium 

myrtillus), 419
actions/effects, 419
adulteration, 420
analgesic activity, 423
anthocyanins, 420–423
anti-inflammatory activity, 419, 

423
antioedema activity, 419–420
antioxidant activity, 419, 421
antiplatelet activity, 421
background/traditional view, 419
botany, 420
cancer preventive activity, 423
cardioprotective activity, 231, 

233, 421, 423
children, safety of use for, 424
clinical trials, 419, 422–423
constituents, 420
dermatological activity, 326
dosage, 420
duration of use, 420
dysmenorrhoea (painful 

menstruation), 423
eye strain, 281
gastrointestinal activity, 421–422
hepatoprotective activity, 422
interactions, 424
joint activity, 309
liver protective activity, 422
microcirculatory disorders, 

422–423
nervous system activity, 283
peptic ulcer, 197
peripheral vascular disorders, 

422
pharmacodynamics, 420–422
pharmacokinetics, 422
pharmacological studies, 419
pregnancy and lactation, 424
preparations, 419
regulatory status, 424
reproductive system activity, 

male, 329
retinopathy, 422–423
safety issues, 420
side effects, 424

synonyms, 419
technical data, 420–423
toxicology, 423
traditional therapeutic uses, 419
urinary activity, 266
uses, 419
vascular protective activity, 

419–420
venous disorders, 422
visual disorders, 421–423
warnings/precautions, 424
wound healing, 421

Bile, as endolaxative, 209
Bile acids, 207–208

bacterial action on, 209
and biliary flow mechanisms, 

207–208
in diseases, 209
intestinal tract, effects in, 209
primary, secondary and tertiary, 

207–209
toxicity, 208

Bile salts, 207–208
Biliary activity

artichoke (Cynara scolymus), 
210, 214

balmony (Chelone), 210
berberine, 407
Berberis bark (Berberis 

vulgaris), 210, 399
black root (Veronicastrum), 210
boldo (Peumus boldus), 210
Bupleurum (Bupleurum 

falcatum), 214
celandine (Chelidonium majus), 

210
cramp bark (Viberunum opulis), 

212
fringe tree (Chionanthus), 210
gentian (Gentiana lutea), 212
German chamomile (Maricaria 

recutita), 212
globe artichoke (Cynara 

cardunculus), 212, 649
Hydrastis root (Hydrastis 

canadensis), 399
Oregon grape (Berberis 

aquifolium), 210
peppermint (Mentha x piperita), 

212
St Mary’s thistle (Silybum 

marianum), 212, 214
Taraxacum (dandelion root), 212
turmeric (Curcuma longa), 210
wahoo (Euonymus 

atropurpureus), 210
wild yam (Dioscorea), 212
wormwood (Artemisia 

absinthium), 212
Biliary system, 207–212

bile acids, see Bile acids
bile function, 209–210
biliary flow mechanisms, 

207–208
case histories, 212b
choleretics/cholagogues, 

210–212
cholesterol and bile, 208
enterohepatic circulation, 208
gallstones and biliary pain, 

211–212
herbs, specific, see Biliary 

activity
phytotherapeutics, 209–212
scope of treatment, 207
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Bilophila wadsworthia, bearberry 
(Arctostphylos uva ursi), 
395

Bingen, H. von, 3–4
Bioavailability, 58–60, 124–125
Biochemical abnormalities, in CFS, 

167
Biomphalaria glabrata (snail), 396, 

776
Birch (Betula), 159, 261, 264
Bistort (Polygonum bistoria), 38, 

191
Bitter candytuft (Iberis amara), 

195
Bitters, 39–42, 84–85, 184

contraindications, 194
dermatological activity, 320
gallstones and biliary pain, 212
gastrointestinal activity, 193–

194, 196–197, 202
globe artichoke (Cynara 

cardunculus), 649
immune system, 151
infectious diseases, 150–151
side effects, 104

Bittersweet (Solanum dulcamara), 
241, 320

Bitter taste, 7–8
Blackberry leaf (Rubus), 243
‘Black bile,’, 217
Black cohosh (Actaea racemosa), 

427
actions/effects, 427
adulteration, 428
adverse case reports, 102
anti-inflammatory activity, 431
antioxidant activity, 431
antirheumatic activity, 427
arthritis, 433–434
background/traditional view, 427
bone loss, menopausal, 429, 434
botany, 428
breast cancer, 430, 434
cancer preventive activity, 175
children, safety of use for, 438
clinical trials, 427, 431–434
constituents, 428
contraindications, 435
dosage, 427
duration of use, 427
gynaecological and female 

reproductive system 
activity, 291–294, 300, 520

hepatoprotective activity, 
437–438

hormonal activity, 159, 427–
429, 434

infertility, 434
interactions, 436
joint activity, 306
liver protective activity, 437–438
menopause, 429–433
overdosage, 438
pharmacodynamics, 428–431
pharmacokinetics, 430–431
pharmacological studies, 427
pregnancy and lactation, 436
preparations, 427
regulatory status, 439
respiratory activity, 427
safety issues, 110, 428
side effects, 436–438
spasmolytic activity, 427
synonyms, 427
technical data, 428–431

toxicology, 434–435
traditional therapeutic uses, 427
uses, 427
warnings/precautions, 435

Blackcurrent seed oil (Ribes 
nigrum)

dermatological activity, 317
joint activity, 306

Black horehound (Ballota nigra), 
gynaecological and female 
reproductive system 
activity, 301

Black root (Veronicastrum)
biliary activity, 210
bitter activity, 193

Bladder, 263–264, 450
Bladder cancer, 868
Bladderwrack (Fucus vesiculosus), 

25
endocrine activity, 347
gastrointestinal activity, 197
joint activity, 309
side effects, 104

Bland taste, 9
Bleeding, abnormal uterine, 293
Blepharitis, 186, 553, 557
Blessed thistle (Carduus 

benedicta), 191
Blistering, 304
Blood (TCM), 381
Blood flow

garlic (Allium sativum), 223
Ginkgo (Ginkgo biloba), 

599–600
hawthorn (Crataegus), 673–676

Blood pressure, 681
Blood root (Sanguinaria 

canadensis), 104
Blood sugar, 188, 634
Blueberry, see Bilberry fruit 

(Vaccinium myrtillus)
Blue cohesh (Caulophyllum 

thalictroides)
adverse case reports, 102–103
gynaecological and female 

reproductive system 
activity, 291, 294

Blue flag (Iris versicolor), 318
Body composition, Tribulus leaf 

(Tribulus terrestris), 897
Body fat mass (BFM), 732
Body-mind relations, 13–15
Bogbean (Menanthes trifoliata), 

160, 193
Boldo (Peumus boldus), 210
Bone loss, menopausal, 429, 434
Bone marrow lesions (BMLs), 307
Bone metabolism, 542, 548
Boneset (Eupatorium perfoliatum), 

147, 245
Borage (Borago officinalis), 306, 

317
Bordetella pertussis, 248
Borrelia burgdorferi, 165
Bosio, Jacomo (scholarly monk), 

272
Boswellia (Boswellia serrata)

actions/effects, 441
adulteration, 442
analytical methodology, 131
antiallergic activity, 444
anti-inflammatory activity, 159, 

169, 441–444
antioedema activity, 441
arthritis, 444–447

asthma, 446
background/traditional view, 441
botany, 442
brain tumours, 446–447
cancer preventive activity, 444, 

446–447
clinical trials, 441, 444–447
constituents, 442
Crohn’s disease, 443–444, 446
dosage, 441–442
duration of use, 442
gastrointestinal activity, 193, 204
gynaecological and female 

reproductive system 
activity, 297

hepatoprotective activity, 441
interactions, 447
joint activity, 157, 306, 308–

309, 311
mechanism of action, 443–444
nervous system activity, 

282–283
osteoarthritis, 445
pharmacodynamics, 442–444
pharmacokinetics, 59, 444
pharmacological studies, 441
pregnancy and lactation, 

447–448
preparations, 441
regulatory status, 448
reproductive system activity, 

male, 332–333
as resin, 193
respiratory activity, 242
safety issues, 442
side effects, 448
synonyms, 441
technical data, 442–447
toxicology, 447
ulcerative colitis, 446
uses, 441
warnings/precautions, 447

Boswellia serrata, see Frankincense 
(Boswellia serrata)

Botanical names, 353–354
Botanical Safety Handbook, 100
Bowel flora, 186–187
Brain abnormalities, in CFS, 166
Brain tumours

Boswellia (Boswellia serrata), 
441, 446–447

dong quai (Angelica sinensis), 
519

Brassica vegetables, cancer 
preventive activity, 31

Brazilian ginseng (Pfaffia 
paniculata), 159

Breast cancer, 157
American ginseng (Panax 

quinquefolium), 435
black cohosh (Actaea racemosa), 

175, 430, 434–435
chaste tree (Vitex agnus-castus), 

175
dong quai (Angelica sinensis), 

435
ginseng (Panax ginseng), 175
and HRT, 432
liquorice (Glycyrrhiza glabra), 

724–725
pulsatilla, 175
red clover (Trifolium pratense), 

435
rhubarb root (Rheum officinale), 

175

St John’s wort (Hypericum 
perforatum), 175

wild yam (Dioscorea), 435
Breast disorders

benign, 298–299
cancer, see Breast cancer
cysts, 299

Breastfeeding, 301
see also Pregnancy and lactation
British Herbal Compendium

bearberry (Arctostphylos uva 
ursi), 396–397

black cohosh (Actaea racemosa), 
435–436

buchu (Agathosma betulina), 
452

British Herbal Pharmacopoeia, 
122–123, 256

adverse case reports, 101
bearberry (Arctostphylos uva 

ursi), 393
berberine, 413
black cohosh (Actaea racemosa), 

432
German chamomile (Maricaria 

recutita), 476
Good Manufacturing Practice 

(GMP), pharmaceutical, 
112

liquorice (Glycyrrhiza glabra), 
721

St John’s wort (Hypericum 
perforatum), 847

Broccoli sprouts, 31–32
Bromazepam, 703, 705
Bromhexine, 256
Bronchiectasis, 250
Bronchiolitis, 253
Bronchitis, 248–249, 890
Bronchodilating herbs, 249
Broom tops (Cytisus scoparius), 

57–58
Bruising

Arnica flowers (Arnica 
montana), 373

Melilotus (Melilotus officinalis), 
747

witchhazel (Hamamelis 
virginiana), 943

Bryonia alba, see White bryony 
(Bryonia alba)

Buchu (Agathosma betulina)
actions/effects, 450
adulteration, 450–451
antimicrobial activity, 451
background/traditional view, 450
botany, 450
clinical trials, 452
constituents, 451
dosage, 450
duration of use, 450
infectious diseases, 150
minimum inhibitory 

concentrations, 451
pharmacodynamics, 451
pharmacokinetics, 451
pregnancy and lactation, 452
preparations, 450
regulatory status, 452
safety issues, 450
side effects, 452
spasmolytic activity, 451
synonyms, 450
technical data, 450–452
toxicology, 452
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traditional therapeutic uses, 450
urinary activity, 263, 450
uses, 450
warnings/precautions, 452

Buckwheat, 224
Buerger’s disease, 233–235, 234b

dong quai (Angelica sinensis), 
521

Bugleweed/European bugleweed 
(Lycopus virginicus/L. 
eurpaeus)

actions/effects, 454
adulteration, 455
antigonadotropic activities, 

455–456
antithyroid activities, 454–456
background/traditional view, 454
botany, 455
cardioprotective activity, 231, 

454
clinical trials, 454, 457
constituents, 455
contraindications, 457
dosage, 454
duration of use, 454
hyperthyroidism (Grave’s 

disease), 454, 457
interactions, 457
nervous system activity, 454
pharmacodynamics, 455–457
pregnancy and lactation, 

457–458
preparations, 454
regulatory status, 458
respiratory activity, 454
safety issues, 454
side effects, 458
synonyms, 454
technical data, 455–457
toxicology, 457
traditional therapeutic uses, 454
uses, 454
warnings/precautions, 457

Bulk laxatives, 189
mucilages, 25

Bupleurum (Bupleurum falcatum)
actions/effects, 460
adulteration, 461
anti-inflammatory activity, 169
background/traditional view, 460
biliary activity, 214
botany, 460
cancer preventive activity, 

462–463
clinical trials, 460, 464
constituents, 461
contraindications, 464
dosage, 460
driving contraindications, 464
duration of use, 460
endocrine activity, 347
fevers, 460
gynaecological and female 

reproductive system 
activity, 297

hepatoprotective activity, 218, 
462

hormonal activity, 159
immune-modulating activity, 

462
joint activity, 309
liver protective activity, 218, 

462

machinery use, 464
nephroprotective activity, 462
pharmacodynamics, 461–463
pharmacokinetics, 463–464
pharmacological studies, 460
pregnancy and lactation, 464
preparations, 460
regulatory status, 465
reproductive system activity, 

male, 332
respiratory activity, 249, 460
safety issues, 460
saikosaponins in, 461–464
sedative activity, 464
side effects, 464–465
synonyms, 460
technical data, 460–464
toxicology, 464
traditional therapeutic uses, 460
uses, 460
warnings/precautions, 464

Burdock (Arctium lappa)
cancer preventive activity, 178
dermatological activity, 318, 

320, 325
eliminative properties, 159
hepatoprotective activity, 219
liver protective activity, 219
urinary activity, 265

Bur-marigold (Bidens), tannin 
constituents, 191

Burnet (Sanguisorba), tannin 
constituents, 191

Burns, 37, 747, 760
Buspirone, 706
Butcher’s broom (Ruscus 

aculeatus)
actions/effects, 467
anti-inflammatory activity, 

467–468
antioedema activity, 467, 469
background/traditional view, 467
botany, 468
chronic venous insufficiency, 

231, 467, 470–471
clinical trials, 467, 470–472
constituents, 468
contraindications, 472
diabetic retinopathy, 471–472
dosage, 467
duration of use, 467
fatigue and debility, 169
gastrointestinal activity, 471
gynaecological and female 

reproductive system 
activity, 292

haemorheological activity, 469
haemorrhoids (piles), 467
haemostasis, 469
joint activity, 311
lymphoedema, 467, 471
orthostatic hypotension, 471
pharmacodynamics, 468–469
pharmacokinetics, 469
pharmacological studies, 467
pregnancy and lactation, 

471–472
premenstrual syndrome, 467, 

471
preparations, 467
regulatory status, 473
safety issues, 468
side effects, 472–473
synonyms, 467
technical data, 468–472

toxicology, 472
traditional therapeutic uses, 467
uses, 467
varicose veins, 467, 470–471
venotonic activity, 467–469
warnings/precautions, 472

Butterbur leaf (Petasites hybridus)
nervous system activity, 283
respiratory activity, 242

Butternut (Juglans cinera)
constipation, 199
irritable bowel syndrome, 201

C
Caffeic acid, 23–24, 457, 531
Cajuput (Melaleuca niaouli), 

243–244
Calcium channel activity, 270
Calendula officinalis, see Marigold 

(Calendula officinalis)
Californian poppy (Eschscholtzia 

californica)
and alkaloids, 57
analgesic activity, 271, 274, 281
anxiolytic activity, 211
gynaecological and female 

reproductive system 
activity, 293

sedative activity, 279
Camellia sinensis, see Green tea 

(Camellia sinensis)
CAMP-response element binding 

protein (CREB), 660
Campylobacter jejuni, 478, 531, 

886
Cancer

adaptogens in, 179
background, herbal treatment, 

174–175
bladder, 868
brain tumours, 441, 446–447, 

519
breast, 430, 434
case history
colorectal, 186–187, 421, 725
combination with conventional 

treatments, 179–181
complexity of, 174
‘cures,’, 177
endometrial, 175–176
hepatocellular carcinoma, 732
and inflammation, 176
liver, 548, 876–877
lung, 179, 388, 776
nutrition and diet, 175, 178
ovarian, 175
overview, 866
patient expectations, 177
phytotherapeutics, 177–181
plants and cancer prevention, 

175–176
plants and cancer treatment, 

176–177
prostate, 333–335, 430, 

876–877
quality of life, 177
scope of treatment, 174
squamous cell carcinoma, 744
stomach, 149, 503
traditional approach, 177–179

Cancer Council NSW, Australia, 
333–334

Cancer preventive activity

Andrographis (Andrographis 
paniculata), 362–363

Angelica sinensis, 176
Arnica flowers (Arnica 

montana), 375
Astragalus (Astragalus 

membranaceus), 386
Baical skullcap (Scutellaria 

Baicalensis), 333
berberine, 176, 405
Berberis bark (Berberis 

vulgaris), 401, 405
bilberry fruit (Vaccinium 

myrtillus), 423
black cohosh (Actaea racemosa), 

175, 430
Boswellia (Boswellia serrata), 

444
brassica vegetables, 31
Bupleurum (Bupleurum 

falcatum), 462–463
burdock (Arctium lappa), 178
cascara (Rhamnus purshiana), 

176
chaste tree (Vitex agnus-castus), 

175, 493
chelerythrine, 271
Chelidonium (Chelidonium 

majus), 503–505
cleavers (Galium aparine), 178
coumarin, 52
dandelion root (Taraxacum 

officinale), 178
dong quai (Angelica sinensis), 

176, 435, 519
essential oils, 30
evening primrose oil (Oenothera 

biennis), 547–548
eyebright (Euphrasia officinalis), 

554
feverfew (Tanacetum 

parthenium), 570
flavonoids, 34
garlic (Allium sativum), 

176–177
German chamomile (Maricaria 

recutita), 480
ginger (Zingiber officinale), 583, 

616
Ginkgo (Ginkgo biloba), 616
ginseng (Panax ginseng), 175, 

628, 632–634, 640–641
gotu kola (Centella asiatica), 

661
heartsease (Viola tricolor), 178
hepatic induction, 216
horsechestnut seed (Aesculus 

hippocastanum), 688
Hydrastis root (Hydrastis 

canadensis), 176, 401, 405
kava (Piper methysticum), 

703–704
liquorice (Glycyrrhiza glabra), 

719–720, 724–725
marigold (Calendula officinalis), 

178
meadowsweet (Filipendula 

ulmaria), 744
Melilotus (Melilotus officinalis), 

747, 749–750
nettle (Urtica dioica), 178
Oregon grape (Berberis 

aquifolium), 176
pau d’arco (Tabebui spp.), 772, 

774–776, 778

Buchu (Agathosma betulina) 
(Continued)
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peppermint (Mentha x piperita), 
787

poke root (Phytolacca 
decandra), 178

red clover (Trifolium pratense), 
178

rhubarb root (Rheum officinale), 
175

saw palmetto (Serenoa repens), 
809–810

senna (cassia), 176
Siberian ginseng (Eleutherococcus 

senticosus), 820–821
St John’s wort (Hypericum 

perforatum), 175, 833–835
St Mary’s thistle (Silybum 

marianum), 866–868, 877
thuja (Thuja occidentalis), 178
turmeric (Curcuma longa), 900, 

907–909, 912–913
Withania (Withania somnifera), 

176, 949, 952–953
yellow dock (Rumex crispus), 

176, 178
Candida albicans

atopic dermatitis, 320
bearberry (Arctostphylos uva 

ursi), 394
buchu (Agathosma betulina), 451
Chelidonium (Chelidonium 

majus), 503
chronic fatigue syndrome, 165
and essential oils, 28
German chamomile (Maricaria 

recutita), 478
intestinal dysbiosis, 203
peppermint (Mentha x piperita), 

785–786
thyme (Thymus vulgaris), 888

Canker sores, 194
Cannabinoid receptor activity, 

530–531
Capsaicin, 43, 185, 904
Capsella, see Shepherd’s purse 

(Capsella)
Capsicum, see Cayenne 

(Capsicum)
Capsules, 126
Caraway (Carum), 192
Carbenoxolone, 721–722, 727, 730
Carbon monoxide (CO), 223
Cardamom (Cardamomum)

fevers, 148
gastrointestinal activity, 192, 

200, 204
tonic activity, 85

Cardiac function, improved, 385
Cardiac glycosides, 47–48
Cardioprotective activity

alfalfa (Medicago sativa), 230
Andrographis (Andrographis 

paniculata), 188, 363–364
Astragalus (Astragalus 

membranaceus), 385, 
387–388

berberine, 395
Berberis bark (Berberis 

vulgaris), 190, 404–405, 
411–412

bilberry fruit (Vaccinium 
myrtillus), 231, 233, 421, 
423

Bugleweed/European bugleweed 
(Lycopus virginicus/L. 
eurpaeus), 231, 454

cayenne (Capsicum), 228
Coleus forskohlii, 225–228
cramp bark (Viberunum opulis), 

226, 228
dan shen (salvia miltiorrhiza), 

225, 227, 231, 233–234, 
387–388

devil’s claw (Harpagophytum 
procumbens), 509, 511–512

dong quai (Angelica sinensis), 
518–519

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 234

evening primrose oil (Oenothera 
biennis), 547

flavonoids, 34
garlic (Allium sativum), 220, 

226–228, 230, 233–234
ginger (Zingiber officinale), 

227–228, 234, 582, 590
Ginkgo (Ginkgo biloba), 220, 

227, 231, 233–234, 596, 
600–601

ginseng (Panax ginseng), 634, 
639–640

globe artichoke (Cynara 
cardunculus), 230

gotu kola (Centella asiatica), 
229, 231, 234

grape seed extract (Vitis 
vinifera), 231, 233

green tea (Camellia sinensis), 
224–225, 230

hawthorn (Crataegus), 220, 
225–227, 231, 234, 671, 
673–674, 678t–680t

horsechestnut seed (Aesculus 
hippocastanum), 231

Hydrastis root (Hydrastis 
canadensis), 404–405

kava (Piper methysticum), 231
lily of the valley (Convallaria 

majalis), 225
lime flowers (Tilia), 226, 228
Melilotus (Melilotus officinalis), 

747, 749
motherwort (Leonurus 

cardiaca), 231
nettle (Urtica dioica), 764
olive leaves (Olea europaea), 

226
passionflower (Passiflora 

incarnata), 231
sage (Salvia spp.), 233
Siberian ginseng (Eleutherococcus 

senticosus), 821
skullcap (Scutellaria lateriflora), 

231
St John’s wort (Hypericum 

perforatum), 231
sweet clover (Melilotus), 231
Taraxacum (dandelion root), 

226
turmeric (Curcuma longa), 

227–228, 230–231, 900
valerian (Valeriana officinalis), 

226, 231
Withania (Withania somnifera), 

953
yarrow (Achillia millefolium), 

226, 231
Cardiotonic activity

ginseng (Panax ginseng), 628
hawthorn (Crataegus), 671

Cardiovascular system/
cardiovascular disorders, 
220–235

angina, 227–228
Buerger’s disease, 233–235, 

234b
case histories, 227b, 230b, 232b, 

234b
cerebral atherosclerosis/

peripheral circulation 
disorders, 233

chronic venous disorders, 
231–232

deep vein thrombosis, see Deep 
vein thrombosis (DVT)

heart disease, 677–681
herbs, specific, see 

Cardioprotective activity
hyperlipidaemia, 228–230
hypotension, see Hypotension
osteoarthritis linked to, 308
palpitations, 230–231
phytotherapy, 225–235
plant phenolics and vasculature, 

224–225
postphlebitis syndrome, 232–233
Raynaud’s phenomenon, 233b
scope of treatment, 220
stasis dermatitis/ulceration, 232

Carduus benedicta, see Blessed 
thistle (Carduus benedicta)

Carminative herbal remedies
essential oils, 29
gastrointestinal activity, 184, 

195, 197
specific herbs

fennel fruit (Foeniculum 
vulgare), 557

German chamomile 
(Maricaria recutita), 475

ginger (Zingiber officinale), 
578, 581

peppermint (Mentha x 
piperita), 29, 783

turmeric (Curcuma longa), 
900

Carpal tunnel syndrome, 310–311, 
685

Carthamus tinctorius, 291
Cartilage, in osteoarthritis, 308
Carum, see Caraway (Carum)
Cascara (Rhamnus purshiana), 48, 

176, 199
Case studies, 93–94

adverse case reports, 100–103
Case taking, 137
Cassava root (Manihot esculenta), 

25
Cassia, see Senna (cassia)
Castor bean (Ricinus communis), 

dermatological activity, 317
Catarrhal conditions

expectorants for, 239
sinusitis, 246
upper respiratory tract, 245
see also Anticatarrhals

Catechins, pharmacokinetics, 
67–69

Catechu (Acacia catechu), tannin 
constituents, 191

Cathartic remedies, 184–185, 188
Cathepsin G (catG), 443–444
Catmint (Nepeta cataria)

antiviral activity, 245
fevers, 147

spasmolytic activity, 192
Cat’s claw (Uncaria tomentosa), 

157, 311
Caulophyllum thalictroides, see 

Blue cohesh (Caulophyllum 
thalictroides)

Cayenne (Capsicum), 11, 43
cardioprotective activity, 228
fevers, 147
formulations, 186
gastrointestinal activity, 191, 

196, 202
infectious diseases, 150–151
joint activity, 306
respiratory activity, 246–247
side effects, 104

CD4 T cells, 638–639, 641
Cedar (Cedrus atlantica), 317
Cedrus atlantica, see Cedar 

(Cedrus atlantica)
Celandine (Chelidonium majus)

biliary activity, 210
dermatological activity, 323
gastrointestinal activity, 195

Celery (Apium graveolens)
eliminative properties, 159
joint activity, 309, 311
urinary activity, 262, 264

Cellular function, 596, 632
Cellulitis, 152
Celtraria islandica, see Iceland 

moss (Celtraria islandica)
Centalla asiatica (TECA), 658–

659, 664
Centaury (Erythraea), 147, 193
Centella asiatica, see Gotu kola 

(Centella asiatica)
Central nervous system (CNS)

German chamomile (Maricaria 
recutita), 477–478

Ginkgo (Ginkgo biloba), 
603–604

gotu kola (Centella asiatica), 
660–661

Withania (Withania somnifera), 
953, 954t–955t

Central Sensitivity syndrome 
(CSS), 311

Cephaelis ipecacuanha, see 
Ipecacuanha (Cephaelis 
ipecacuanha)

Cerebral atherosclerosis/peripheral 
circulation disorders, 233

Cerebral insufficiency, 604–605
Cerebral ischaemia, 281
Cervical dysplasia, 742, 744
Cervical erosion, 381
Cervical mucous, 294
Ceylon cinnamon, see Cinnamon 

(Cinnamomum)
C-fibres, 43
Chamazulene, 476–477, 479–480
Chamomile (Matricaria), see 

German chamomile 
(Maricaria recutita)

Chaos theory, 15
Chaste tree (Vitex agnus-castus), 

489
actions/effects, 489
adulteration, 491
antimicrobial activity, 493
background/traditional view, 489
botany, 491
cancer preventive activity, 175, 

493
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clinical trials, 489, 494–498
constituents, 491
dermatological activity, 325, 497
dosage, 490–491
duration of use, 491
female infertility, 496
gynaecological and female 

reproductive system 
activity, 291, 293–294, 
296–297, 299–301, 491–
492, 494, 496, 520

hormonal activity, 491–493
hyperprolactinaemia, 489, 

491–492, 494
interactions, 498
irritable bowel syndrome, 201
mastalgia, 496–497
menopause, 496
menstrual disorders, 489, 

494–496
pharmacodynamics, 491–494
pharmacological studies, 490
pregnancy and lactation, 498
premenstrual syndrome, 

494–496
preparations, 490
prolactin, 490–492
regulatory status, 499
restless legs syndrome (RLS), 

497
safety issues, 491
sedative activity, 279
side effects, 498–499
synonyms, 489
technical data, 491–498
tonic activity, 85
toxicology, 498
traditional therapeutic uses, 489
uses, 489–490
warnings/precautions, 498

Chelerythrine, 271, 502–504
Chelidonium (Chelidonium 

majus), 501, 506–507
actions/effects, 501
antifungal activity, 501
anti-inflammatory activity, 501, 

504
antimicrobial activity, 502–503
antiplatelet activity, 504
antiviral activity, 501
background/traditional view, 501
botany, 502
cancer preventive activity, 

503–505
children, safety of use for, 506
cholagogue effects, 504–505
choleretic activity, 502
clinical trials, 501, 504–506
constituents, 502
contraindications, 506
dermatological activity, 501
dosage, 501
duration of use, 501
gynaecological and female 

reproductive system 
activity, 296

hepatoprotective activity, 218–
219, 501–502

HIV, 505
laxative activity, 501
liver protective activity, 218–219
overdosage, 506
pharmacodynamics, 502–504

pharmacological studies, 501
polyps, 505
pregnancy and lactation, 506
preparations, 501
respiratory disorders, 505
safety issues, 502
side effects, 506
spasmolytic effects, 504–505
synonyms, 501
technical data, 502–506
toxicology, 506
traditional therapeutic uses, 501
uses, 501
warts, 501, 505

Chelidonium majus, see Celandine 
(Chelidonium majus)

Chelone, see Balmony (Chelone)
Chemotherapy adjuncts, 179–181

Andrographis (Andrographis 
paniculata), 360

Astragalus (Astragalus 
membranaceus), 388–389

black cohosh (Actaea racemosa), 
430

liquorice (Glycyrrhiza glabra), 
724–725

Rehmannia (Rehmannia 
glutinosa), 799

St Mary’s thistle (Silybum 
marianum), 879

Chenopodium ambrosioides, see 
Wormseed (Chenopodium 
ambrosioides)

Cherry stalk, powdered (Cerasus 
avium), 261

Chickweed (Stellaria), 143, 195, 
197

Chicory root (Chicorium), 147, 
187

Chilblains, 373
Childbirth, preparation for, 290–

291, 301
German chamomile (Maricaria 

recutita), 482
Children, safety of herbal use

Andrographis (Andrographis 
paniculata), 370

Arnica flowers (Arnica 
montana), 378

Astragalus (Astragalus 
membranaceus), 389

bearberry (Arctostphylos uva 
ursi), 397

Berberis bark (Berberis 
vulgaris), 415

bilberry fruit (Vaccinium 
myrtillus), 424

black cohosh (Actaea racemosa), 
438

Chelidonium (Chelidonium 
majus), 506

devil’s claw (Harpagophytum 
procumbens), 514

dosage issues, 997
evening primrose oil (Oenothera 

biennis), 550
fennel fruit (Foeniculum 

vulgare), 563
German chamomile (Maricaria 

recutita), 486
Ginkgo (Ginkgo biloba), 622
gotu kola (Centella asiatica), 667
hawthorn (Crataegus), 682
horsechestnut seed (Aesculus 

hippocastanum), 696

Hydrastis root (Hydrastis 
canadensis), 415

kava (Piper methysticum), 715
liquorice (Glycyrrhiza glabra), 

736
meadowsweet (Filipendula 

ulmaria), 745
myrrh (Commiphora molmol), 

758
pau d’arco (Tabebui spp.), 780
peppermint (Mentha x piperita), 

791
poke root (Phytolacca 

decandra), 797–798
St Mary’s thistle (Silybum 

marianum), 880
thyme (Thymus vulgaris), 891
use of monographs, 358
valerian (Valeriana officinalis), 

932
willow bark (Salix spp.), 941
witchhazel (Hamamelis 

virginiana), 947
Withania (Withania somnifera), 

959
Chimaphila umbellate, see 

Pipsissewa (Chimaphila 
umbellata)

Chinese herbal medicine, see 
Traditional Chinese 
Medicine (TCM)

Chinese herb nephropathy 
(CHN), 101

Chionanthus, see Fringe tree 
(Chionanthus)

Chiretta (Swertia), 193
Chlamydia pneumoniae, 253
Chlamydia trachomatis, 294–295
Cholecystokinin (CCK), 39, 185
Cholera, 409–410
Choleretics/cholagogues, 184

biliary activity, 210–212
gastrointestinal activity, 196, 

199, 204
liver disorders, 218–219
nervous system activity, 283
specific herbs

Andrographis (Andrographis 
paniculata), 363

Chelidonium (Chelidonium 
majus), 501–502, 504–505

globe artichoke (Cynara 
cardunculus), 649, 651, 653

liquorice (Glycyrrhiza 
glabra), 728

peppermint (Mentha x 
piperita), 783

St Mary’s thistle (Silybum 
marianum), 861

turmeric (Curcuma longa), 900
Cholestasis, 208
Cholesterol, 209–210

and bile, 208
gallstones, 208, 211–212
specific herbs

berberine, 404
globe artichoke (Cynara 

cardunculus), 649
turmeric (Curcuma longa), 

905
see also Hypocholesterolaemic 

activity
Chondritis, 152
Chondrus, see Irish moss 

(Chondrus)

Chronic fatigue syndrome (CFS)
biochemical abnormalities, 167
case histories, 169t–170t, 170
circulatory abnormalities, 166
clinical trials, 167
definitions, 164
and fibromyalgia syndrome, 

311–312
gut dysfunction, 165–166
herbal remedies, 168
micro-organisms, 165
pituitary and hypothalamic 

abnormalities, 166–167
possible causes, 164–167
tonics, 170–171, 733
see also Fatigue and debility

Chronic obstructive pulmonary 
disease (COPD), 249–250

dong quai (Angelica sinensis), 
517, 521

Chronic venous disorders, 
231–232

insufficiency, see Chronic venous 
insufficiency (CVI)

ulceration, see Chronic venous 
ulceration

Chronic venous insufficiency 
(CVI), 231

Arnica flowers (Arnica 
montana), 373

butcher’s broom (Ruscus 
aculeatus), 231, 467, 
470–471

gotu kola (Centella asiatica), 
657, 661, 663t

horsechestnut seed (Aesculus 
hippocastanum), 685, 
691–693

Chronic venous ulceration, 693
Chrysantemum vulgare, see Tansy 

(Chrysantemum vulgare)
Chrysarobin, 49
Cimicifuga racemosa, 845
Cimicifugoside, 431
Cinchona, see Quinine bark 

(Cinchona)
Cinnamic aldehyde, 28–29
Cinnamon (Cinnamomum)

endocrine activity, 343
fevers, 147
gastrointestinal activity, 192, 196
gynaecological and female 

reproductive system 
activity, 296

infectious diseases, 150–151
respiratory activity, 240
side effects, 104

Circulation
abnormalities, in CFS, 166
circulatory system, old and new 

perspectives, 220–221
as currents, 221
enterohepatic, 188, 208
Ginkgo (Ginkgo biloba), 596
gotu kola (Centella asiatica), 

661
traditional treatment principles, 

84
Cirrhosis of liver, 218, 410, 441

alcoholic, 873
Cisapride, 788–789
Citrobacter spp., 395
Claviceps purpurea (fungus), 293
Cleansing

primary, 10

Chaste tree (Vitex agnus-castus) 
(Continued)
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skin conditions, 316–317
traditional treatment principles, 

83–84
Cleavers (Galium aparine)

cancer preventive activity, 178
dermatological activity, 318
eliminative properties, 159
respiratory activity, 246, 248

Clinical trials
in chronic fatigue syndrome, 167
conventional, 92–93
dosage, 123
Melilotus (Melilotus officinalis), 

747
reading of papers, 999
specific herbs

Andrographis (Andrographis 
paniculata), 360, 366–368

Arnica flowers (Arnica 
montana), 373, 376

Astragalus (Astragalus 
membranaceus), 381, 
386–389

bearberry (Arctostphylos uva 
ursi), 393, 396

berberine, 409–412
Berberis bark (Berberis 

vulgaris), 399, 409–412
bilberry fruit (Vaccinium 

myrtillus), 419, 422–423
black cohosh (Actaea 

racemosa), 427, 431–434
Boswellia (Boswellia serrata), 

441, 444–447
buchu (Agathosma betulina), 

452
Bugleweed/European 

bugleweed (Lycopus 
virginicus/L. eurpaeus), 
454, 457

Bupleurum (Bupleurum 
falcatum), 460, 464

butcher’s broom (Ruscus 
aculeatus), 467, 470–472

chaste tree (Vitex agnus-
castus), 489, 494–498

Chelidonium (Chelidonium 
majus), 501, 504–506

devil’s claw (Harpagophytum 
procumbens), 509, 512–514

dong quai (Angelica sinensis), 
517, 520–521

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 525, 533–535

evening primrose oil 
(Oenothera biennis), 540, 
544–549

fennel fruit (Foeniculum 
vulgare), 557, 560–562

feverfew (Tanacetum 
parthenium), 571–574

German chamomile 
(Maricaria recutita), 475, 
480–483

ginger (Zingiber officinale), 
578–579, 589–591

Ginkgo (Ginkgo biloba), 596, 
604–617

ginseng (Panax ginseng), 628, 
635–643

globe artichoke (Cynara 
cardunculus), 649, 652–654

gotu kola (Centella asiatica), 
657, 662–666

hawthorn (Crataegus), 671, 
677–682

horsechestnut seed (Aesculus 
hippocastanum), 685, 
690–694

Hydrastis root (Hydrastis 
canadensis), 399

liquorice (Glycyrrhiza 
glabra), 719, 729–733

meadowsweet (Filipendula 
ulmaria), 742, 744

myrrh (Commiphora molmol), 
753, 756–757

nettle (Urtica dioica), 760, 
765–768

pau d’arco (Tabebui spp.), 
772, 778–779

peppermint (Mentha x 
piperita), 783, 788–790

poke root (Phytolacca 
decandra), 795

Rehmannia (Rehmannia 
glutinosa), 801

saw palmetto (Serenoa 
repens), 804, 810–814, 812t

Siberian ginseng 
(Eleutherococcus senticosus), 
818, 821–823

St John’s wort (Hypericum 
perforatum), 826, 839–848

St Mary’s thistle (Silybum 
marianum), 861, 871–877

thyme (Thymus vulgaris), 
885, 889–890

Tribulus leaf (Tribulus 
terrestris), 894, 896–898

turmeric (Curcuma longa), 
900, 911–917

valerian (Valeriana officinalis), 
923

willow bark (Salix spp.), 935, 
938–940

witchhazel (Hamamelis 
virginiana), 943

Withania (Withania 
somnifera), 949, 956–957

use of monographs, 355–356
witchhazel (Hamamelis 

virginiana), 945–946
Clostridium botulinum, 887
Clostridium parputrificum, 777
Clostridium perfringens, 386
Clove bud (Syzygium aromaticum), 

142, 274
Codeine, 26, 113
Codonopsis pilulosa, see Dang shen 

(Codonopsis pilulosa)
Coeliac disease, mouth ulcers 

with, 194
Coenzyme Q10, 591
Cognitive abnormalities, in CFS, 

166
Cognitive function, 284–286

Ginkgo (Ginkgo biloba), 233, 
596, 602, 613–615

ginseng (Panax ginseng), 628, 
631–632, 636–638

gotu kola (Centella asiatica), 
657

kava (Piper methysticum), 699
liquorice (Glycyrrhiza glabra), 

726
St John’s wort (Hypericum 

perforatum), 832–833, 846
Colchicine, 107–108

Coleus forskohlii
cardioprotective activity, 

225–228
endocrine activity, 345, 347
endocrine disorders, 342
gastrointestinal activity, 196, 

202
gynaecological and female 

reproductive system 
activity, 298

respiratory activity, 241–242, 
249

Colic, 557, 561
Collagen diseases, 153
Collagenous colitis, 447
Colorectal cancer, 186–187

bilberry fruit (Vaccinium 
myrtillus), 421, 423

liquorice (Glycyrrhiza glabra), 
725

Colour Doppler imaging, 612
Comfrey (Symphytum)

anti-inflammatory activity, 141
demulcents and healing agents, 

141
dermatological activity, 323
diarrhoea, 185
formulations, 143
gastrointestinal activity, 159, 

186
intestinal permeability, 

disturbed, 186
joint activity, 311
respiratory activity, 240

Commiphora molmol, see Myrrh 
(Commiphora molmol)

Commission E committee, 123
Arnica flowers (Arnica 

montana), 374, 378
bearberry (Arctostphylos uva 

ursi), 397
black cohosh (Actaea racemosa), 

427
buchu (Agathosma betulina), 

452
Chelidonium (Chelidonium 

majus), 506
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 535

fennel fruit (Foeniculum 
vulgare), 558

saw palmetto (Serenoa repens), 
804, 814

valerian (Valeriana officinalis), 
924

Committee on Herbal Medicinal 
Products, European 
Medicines Agency, 927

Common cold, 245–246
Andrographis (Andrographis 

paniculata), 360
antiseptic agents, 142
Astragalus (Astragalus 

membranaceus), 381, 383
Bupleurum (Bupleurum 

falcatum), 460
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 367

German chamomile (Maricaria 
recutita), 482

see also Influenza
Common names, 353–354
Concentrated extracts, 132

Conception problems
female, 294, 496, 897
male, 329–330, 897, 956–957

Condurango (Marsdenia), bitter 
activity, 193

Congestive heart failure (CHF), 
225

Berberis bark (Berberis 
vulgaris), 411

ginseng (Panax ginseng), 628
hawthorn (Crataegus), 673, 

678t–680t
Conjunctivitis, 186, 553, 557
Connective tissue stabilising herbs, 

231
Constipation, 178, 189, 199, 211

laxatives for, see Laxatives
Constrictive aortitis, 521
Contact dermatitis, 31, 393, 535, 

592
Contact time, 125
Contamination, 112–114
Contraceptive pill, 290
Contractile agonists, interaction 

with, 570
Contraindications

analgesic agents, 274
anthraquinone laxatives, 193
antiallergic agents, 242
anticatarrhals, 242
anti-inflammatories, 160, 242
antitussives, 243
aromatics, 192
bitters, 194
bulk laxatives, 189
choleretics/cholagogues, 211
demulcents, 241
depuratives, 318
diuretics, 263
emetics, 189–190
expectorants, 240
Ginkgo (Ginkgo biloba), 617
hepatoprotective agents, 217
herbal sedatives and hynotics, 

275
liquorice (Glycyrrhiza glabra), 

733–734
mucilages, 190
myrrh (Commiphora molmol), 

758
nervine tonics, 276
pungent constituents, 192
relaxants, 275
saponins, 191
Siberian ginseng (Eleutherococcus 

senticosus), 823
spasmolytics, 192, 241, 275
specific herbs

Andrographis (Andrographis 
paniculata), 369

Arnica flowers (Arnica 
montana), 377

Astragalus (Astragalus 
membranaceus), 389

bearberry (Arctostphylos uva 
ursi), 396–397

Berberis bark (Berberis 
vulgaris), 413

black cohosh (Actaea 
racemosa), 435

Bugleweed/European 
bugleweed (Lycopus 
virginicus/L. eurpaeus), 457

Bupleurum (Bupleurum 
falcatum), 464
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butcher’s broom (Ruscus 
aculeatus), 472

Chelidonium (Chelidonium 
majus), 506

dong quai (Angelica sinensis), 
521

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 535

fennel fruit (Foeniculum 
vulgare), 562

feverfew (Tanacetum 
parthenium), 574

German chamomile 
(Maricaria recutita), 483

ginger (Zingiber officinale), 
591

ginseng (Panax ginseng), 644
globe artichoke (Cynara 

cardunculus), 655
gotu kola (Centella asiatica), 

666
horsechestnut seed (Aesculus 

hippocastanum), 695
Hydrastis root (Hydrastis 

canadensis), 413
kava (Piper methysticum), 710
meadowsweet (Filipendula 

ulmaria), 744
Melilotus (Melilotus 

officinalis), 751
nettle (Urtica dioica), 768
pau d’arco (Tabebui spp.), 779
peppermint (Mentha x 

piperita), 790
poke root (Phytolacca 

decandra), 797
St John’s wort (Hypericum 

perforatum), 849
St Mary’s thistle (Silybum 

marianum), 877
Tribulus leaf (Tribulus 

terrestris), 898
turmeric (Curcuma longa), 

917
willow bark (Salix spp.), 940

tannins, 191
urinary antiseptics, 263
use of monographs, 357
warming expectorants, 240
see also Adverse reactions/

side effects; Safety issues; 
Warnings/precautions

Convalescence, 86–87, 168–170
Andrographis (Andrographis 

paniculata), 360
Tribulus leaf (Tribulus terrestris), 

894
Convallaria majalis, see Lily of the 

valley (Convallaria majalis)
Convallatoxin, 48
Cook, WH, 12
Cooling, traditional treatment 

principles, 84–85
Cooling remedies, history, 5
Cordyceps sinensis, 262
Corneal conditions, 186
Corn silk (Zea mays), urinary 

activity, 262, 266
Coronary artery disease (CAD), 

ginger (Zingiber officinale), 
590

Coronary blood flow, hawthorn 
(Crataegus), 673–676

Coronary heart disease (CHD), 
681

Cortical spreading depression 
(CSD), 282

Corticosteroid dependency, 720
Corticotropin releasing hormone 

(CRH), 166, 312
Cortisol receptors, 274
Cortisol resistance, 338
Corydalis cava et spp. (yan hu 

suo)
and alkaloids, 57
analgesic activity, 271–272, 274, 

281–283
anxiolytic activity, 211
gynaecological and female 

reproductive system 
activity, 293, 295, 297

reproductive system activity, 
male, 332

sedative activity, 274
spasmolytic activity, 275

Cosmetic and hair care
Astragalus (Astragalus 

membranaceus), 381
bilberry fruit (Vaccinium 

myrtillus), 419
evening primrose oil (Oenothera 

biennis), 540
German chamomile (Maricaria 

recutita), 475
gotu kola (Centella asiatica), 

658
hawthorn (Crataegus), 671
horsechestnut seed (Aesculus 

hippocastanum), 685
witchhazel (Hamamelis 

virginiana), 943
Cotton root (Gossypium 

herbaceum), 291
Couch grass (Agropyron repens), 

261–262, 266
Coughs, 239, 241, 249

fennel fruit (Foeniculum 
vulgare), 561

feverfew (Tanacetum 
parthenium), 566

Coumarin
clinical trials, 749–750
pharmacodynamics, 51–52, 

748–749
phytochemistry, 50–51
toxicology, 52–53
see also Melilotus (Melilotus 

officinalis)
Council for International 

Organisations of Medical 
Sciences (CIOMS), 102

Counterirritation, 31, 157
and joints, 304
specific herbs, nettle (Urtica 

dioica), 760
Cowslip (Primula veris)

gastrointestinal activity, 190
respiratory activity, 239, 890
saponin effects, 190

Coxsackie B virus, 164
Cramp bark (Viberunum opulis), 11

biliary activity, 212
cardioprotective activity, 226, 228
gastrointestinal activity, 197, 

199, 201–202
gynaecological and female 

reproductive system 
activity, 293, 297

reproductive system activity, 
male, 332

spasmolytic activity, 275
Cranberry (Vaccinium 

macrocarpon)
gastrointestinal activity, 197
urinary activity, 37, 263, 266

Cranesbill (Geranium maculatum)
astringent activity, 141
gastrointestinal activity, 191, 

197, 201
side effects, 104

Crataeva narvala, 263–265, 267, 
332

C-reactive protein, 152, 306–307, 
333

Creams, 143
C-ring fission compounds, 65
Crohn’s disease, 152, 155–156, 

204
and biliary system, 208–209
Boswellia (Boswellia serrata), 

443–444, 446
disturbed intestinal permeability, 

186
mouth ulcers with, 194

Crohn’s Disease Activity Index 
(CDAI), 446

Cryptococcus neoformans
bearberry (Arctostphylos uva 

ursi), 395
thyme (Thymus vulgaris), 887

Cucurbita pepo, see Pumpkin seed 
(Cucurbita pepo)

Culpepper, Nicholas, 127
Curcuma longa, see Turmeric 

(Curcuma longa)
Curcuma spp., 907
Curcumin

antiallergic activity, 910
antidepressant activity, 909
anti-inflammatory activity, 

902–903
antioxidant activity, 904
antiplatelet activity, 903–904
cancer preventive activity, 

907–909
cardioprotective activity, 905
dermatological activity, 317
gastrointestinal activity, 906
hepatoprotective/

hepatorestorative activities, 
904–905

hypolipidaemic activity, 905–906
neuroprotective effects, 905
pulmonary activity, 909–910
radioprotective activity, 910
skeletal muscle activity, 909
urinary activity, 262
vasoprotective activity, 905
see also Turmeric (Curcuma 

longa)
Cyanidin chloride, 421
Cyanogenic glycosides, 

pharmacodynamics, 24–25
Cyclic AMP (adenylate cyclase), 

342, 451
cAMP-response element binding 

protein (CREB), 660
Cyclo-oxygenase (COX), 307, 725

Arnica flowers (Arnica 
montana), 374

berberine, 405
devil’s claw (Harpagophytum 

procumbens), 510

feverfew (Tanacetum 
parthenium), 568

ginger (Zingiber officinale), 581
liquorice (Glycyrrhiza glabra), 

725
turmeric (Curcuma longa), 902
willow bark (Salix spp.), 

935–938
Cyclophosphamide, 569
Cynara scolymus, see Artichoke 

(Cynara scolymus)
Cynarin, 528
CYP1A2, 703–704
CYP3A4, 695
CYP450 enzymes, 296
Cystic fibrosis, 441, 909
Cystic fibrosis transmembrane 

conductance regulator 
protein (CFTR), 37

Cystitis, 266
bearberry (Arctostphylos uva 

ursi), 393
buchu (Agathosma betulina), 

450
saw palmetto (Serenoa repens), 

804
Cysts

breast, 299
kidney, 262
ovarian, 289

Cytochrome P450, 369, 436, 863, 
878, 910

Cytokines, 256–257, 527, 530
Cytomegalovirus (CMV), 156, 217
Cytotoxic effects, 519, 542, 772

D
Daidzein, 66
Daidzin, 66
Daisy (Bellis), 239
Damaging (Five Tastes), 6
Damp, 158
Dandelion root (Taraxacum 

officinale)
biliary activity, 212
bitter activity, 193
bowel flora, 187
cancer preventive activity, 178
cardioprotective activity, 226
constipation, 199
eliminative properties, 159
fevers, 147–148
gastrointestinal activity, 196, 

201, 561
gynaecological and female 

reproductive system 
activity, 292, 301

liver protective activity, 218
tonification, 85
urinary activity, 261–262, 265

Danggui Buxue Tang (DBT), 
519–520

Dang shen (Codonopsis pilulosa), 
171, 180

Dan shen (salvia miltiorrhiza), 
169, 216, 464

cardioprotective activity, 
225, 227, 231, 233–234, 
387–388

combined with Astragalus, 389
gynaecological and female 

reproductive system 
activity, 297

Contraindications (Continued)
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nervous system activity, 271
Darwin, Charles, 596
Daucus carola, see Wild carrot 

(Daucus carola)
Deadly nightshade (Atropa 

belladonna), 241
Decoctions, 126
Deep vein thrombosis (DVT), 232

horsechestnut seed (Aesculus 
hippocastanum), 685, 693

Deficiency conditions, 4
Deglycyrrhinased liquorice (DGL), 

721
Dehydration, 253
Dehydroandrographolide succinic 

acid monoester (DASM), 
362

Dehydroepiandrosterone sulphate 
(DHEAS), 324, 340–341, 
724

Delayed gastric emptying (DGE), 
589

Delayed-time hypersensitivity 
(DTH), 362

Dementia, see Alzheimer’s disease/
dementia

Demulcents, 140–141, 719
liquorice (Glycyrrhiza glabra), 

719
reflex demulcency, 26
respiratory, 240–241
skin conditions, 317
urinary tract, 263

Dendritic cells (DCs), 527–528
Dental applications

German chamomile (Maricaria 
recutita), 480

myrrh (Commiphora molmol), 
753

Depression, 278
atypical features, 842
dysthymia vs non-dysthemic 

patients, 841
Hamilton Rating Scale for 

Depression (HAMD), 
273–274, 607

hepatoprotectives for, 217
juvenile, 842–843
major, 278, 840
mild, 841
mild-to-moderate, 840–841
negative trials, 843
observational studies, 842
postnatal, 301
relapse prevention, 841–842
severe, 841
see also Antidepressant activity

Depuratives
dermatological activity, 318, 

320–321, 325
diuretic, 261–263
food intolerance/allergies, 198
liver disorders, 219
specific herbs

globe artichoke (Cynara 
cardunculus), 649

gotu kola (Centella asiatica), 
657

pau d’arco (Tabebui spp.), 760
poke root (Phytolacca 

decandra), 795
turmeric (Curcuma longa), 

900
Dermatitis, 152

atopic, see Atopic dermatitis

contact, 31, 393, 535, 592
radiation-induced, 141–142
specific herbs

Arnica flowers (Arnica 
montana), 378

bearberry (Arctostphylos uva 
ursi), 381

German chamomile 
(Maricaria recutita), 480

see also Eczema
Dermatological activity

Albizia lebbek, 320–321
Andrographis (Andrographis 

paniculata), 322, 360
Astragalus (Astragalus 

membranaceus), 322, 381
Baical skullcap (Scutellaria 

Baicalensis), 320–321, 325
basil (Ocimun basilicum), 325
bilberry fruit (Vaccinium 

myrtillus), 326
bittersweet (Solanum 

dulcamara), 320
blackcurrent seed oil (Ribes 

nigrum), 317
blue flag (Iris versicolor), 318
borage (Borago officinalis), 317
burdock (Arctium lappa), 318, 

320, 325
castor bean (Ricinus communis), 

317
cedar (Cedrus atlantica), 317
celandine (Chelidonium majus), 

323
chaste tree (Vitex agnus-castus), 

325, 497
Chelidonium (Chelidonium 

majus), 501
cleavers (Galium aparine), 318
comfrey (Symphytum), 323
curcumin, 317
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 320–322, 326, 
525

evening primrose oil (Oenothera 
biennis), 317, 320, 544–545

figwort (Scrophularia), 318, 320
fumitory (Fumaria officinalis), 

318
German chamomile (Maricaria 

recutita), 320, 475
Ginkgo (Ginkgo biloba), 326
gotu kola (Centella asiatica), 

326, 657, 664–665
hawthorn (Crataegus), 681
heartsease (Viola tricolor), 318
hemp (Cannabis sativa), 317
horsechestnut seed (Aesculus 

hippocastanum), 685, 688
Hydrastis root (Hydrastis 

canadensis), 320
lavender (Lavendula officinalis), 

317
lemon balm (Melissa), 322, 946
liquorice (Glycyrrhiza glabra), 

719
(Glycyrrhiza glabra), 320
marigold (Calendula officinalis), 

320, 322–323, 325
meadowsweet (Filipendula 

ulmaria), 742
myrrh (Commiphora molmol), 320
nettle (Urtica dioica), 318, 760, 

767

Oregon grape (Berberis 
aquifolium), 318

pau d’arco (Tabebui spp.), 772
petty spurge (Euphorbia peplus), 

323
poke root (Phytolacca 

decandra), 795
red clover (Trifolium pratense), 

318
Rehmannia (Rehmannia 

glutinosa), 320–321
rosemary (Rosmarinus 

officinales), 317
St John’s wort (Hypericum 

perforatum), 320–322
St Mary’s thistle (Silybum 

marianum), 877
tea tree oil (Melaleuca 

alternifolia), 150–151, 317, 
320, 323–324

thyme (Thymus vulgaris), 317, 
323

turmeric (Curcuma longa), 
900–901, 916

walnut (Juglans niga; Juglas 
regia), 318

witchhazel (Hamamelis 
virginiana), 320, 945–946

yellow dock (Rumex crispus), 
318, 320

see also Cosmetic and hair care; 
Skin conditions

Dermatological conditions, see 
Skin conditions

Detoxification, 83–84, 339, 
863–864

Devil’s claw (Harpagophytum 
procumbens), 62, 509

actions/effects, 509
adulteration, 510
analgesic activity, 509, 511
anticonvulsant activity, 512
anti-inflammatory activity, 159, 

509–511
antirheumatic activity, 509–513
arthritis, 509
background/traditional view, 509
botany, 510
cardioprotective activity, 509, 

511–512
children, safety of use for, 514
clinical trials, 509, 512–514
constituents, 510
dosage, 509
duration of use, 510
endometriosis, 509, 513
free radical inhibition, 512
interactions, 514
joint activity, 157, 306, 311
lymphoma, 513
pharmacodynamics, 510–512
pharmacokinetics, 512
pharmacological studies, 509
pregnancy and lactation, 514
preparations, 509
regulatory status, 515
safety issues, 510
side effects, 514
synonyms, 509
technical data, 510–514
toxicology, 514
traditional therapeutic uses, 509
uses, 509
veterinary applications, 513–514
warnings/precautions, 514

Dexamethasone, 397, 776
Diabetes mellitus

bitters, 41
type 2, 337–338, 345–346, 388, 

628, 875–876
see also Antidiabetic activity; 

Insulin resistance
Diabetic microangiopathy, 657
Diabetic nephropathy, 388
Diabetic neuropathy

evening primrose oil (Oenothera 
biennis), 540

Ginkgo (Ginkgo biloba), 596
Diabetic retinopathy

butcher’s broom (Ruscus 
aculeatus), 471–472

Ginkgo (Ginkgo biloba), 596, 
613

Diagnostic and Statistical Manual 
of Mental Health Disorders, 
Version 4 (DSM-IV), 
277–279

Diaphoretic herbs, 201, 217, 245, 
250

ginger (Zingiber officinale), 
578–579

peppermint (Mentha x piperita), 
783

Diarrhoea, 184, 201
Andrographis (Andrographis 

paniculata), 360
Berberis bark (Berberis 

vulgaris), 409–410
Diasthetic remedies, 4
Dicoumarol, 51
Dictamnus dasycarpus, 270
Diet, see Nutrition and diet
Dietary portfolio, 229–230
Diffuse oesophageal spasm (DOS), 

789
Digestion, stimulating, treatment 

principles, 84–85
Digestive activity, chemical 

mediators, 185–186
Digestive system

chemical mediators of activity, 
185–186

disorders, see Gastrointestinal 
disorders

gastrointestinal tract, see 
Gastrointestinal tract

glycosides, pharmacokinetics, 
61–65

intestinal flora, 186–187
stomach activity, 185

Digestive tract, see 
Gastrointestinal tract

Dihomogamma-linolenic acid 
(DGLA), 541–543

Dihydrokavain (DHK), 701–702, 
704

Dihydromethysticin (DHM), 
701–702

Dihydrotestosterone (DHT), 324, 
331

Dill (Anethum), 192
Dimethylsulphoxide (DMSO), 

376
Dioscorea, see Wild yam 

(Dioscorea)
Dioscorides (the Greek), 4
Diosgenin, 210
Directive on Traditional Herbal 

Medicinal Products (2004), 
92
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Dispersing (Five Tastes), 6
Diterpenes, 27
Diterpenoid 14-deoxy-11, 

12-didehydroandro-
grapholide (DIAP), 
364–365

Diuretics, 29, 260–263, 306
Astragalus (Astragalus 

membranaceus), 381
buchu (Agathosma betulina), 

450
globe artichoke (Cynara 

cardunculus), 649
meadowsweet (Filipendula 

ulmaria), 742
Diverticular disease, 202–203
DNA, 49
Doctrine of Signatures, 341
Dong quai (Angelica sinensis), 517

actions/effects, 517
adulteration, 518
antianaemic activity, 517
antiarrhythmic activity, 517
anti-inflammatory activity, 517
antiplatelet activity, 517
antiproliferative activity, 519
anxiolytic activity, 519–520
background/traditional view, 517
botany, 518
cancer preventive activity, 176, 

435, 519
cardioprotective activity, 

518–519
chronic obstructive pulmonary 

disease (COPD), 517, 521
clinical trials, 517, 520–521
constituents, 518
contraindications, 521
cytotoxic effects, 519
dosage, 517
duration of use, 517
gynaecological and female 

reproductive system 
activity, 291, 293–294, 297, 
520–521

hepatoprotective activity, 517
immune function, 519
interactions, 521
laxative activity, 517
menstrual disorders, 517
nervous system activity, 

270–271
pharmacodynamics, 518–520
pharmacokinetics, 520
pharmacological studies, 517
pregnancy and lactation, 

521–522
preparations, 517
radioprotective activity, 519
regulatory status, 522
renal activity, 519
respiratory activity, 517, 521
safety issues, 517
sexual function, 518
side effects, 522
synonyms, 517
technical data, 518–521
tonic activity, 517
toxicology, 521
traditional therapeutic uses, 517
uses, 517
warnings/precautions, 521

Dopamine, 280, 558
Dopamine agonists, 489
Dopaminergic receptors, 271

Dosage, 121
British Herbal Pharmacopoeia, 

122–123
capsules, 126
in children, 997
clinical trials, 123
Commission E committee, see 

Commission E committee
comparing doses, 133
eclectic medicine, 122
European Scientific Cooperative 

of Phytotherapy 
monographs, 123

gastrointestinal disorders, 
188–189

infusions/decoctions, 126
liquids, see Liquids
low dosage approach, 123–124
powders, 126
quality versus quantity, 129
rational system for modern 

phytotherapy, 124
review of approaches, 121–124
specific herbs

Andrographis (Andrographis 
paniculata), 360–361

Arnica flowers (Arnica 
montana), 373–374

Astragalus (Astragalus 
membranaceus), 381–382

bearberry (Arctostphylos uva 
ursi), 393–394

Berberis bark (Berberis 
vulgaris), 400

bilberry fruit (Vaccinium 
myrtillus), 420

black cohosh (Actaea 
racemosa), 427

Boswellia (Boswellia serrata), 
441–442

buchu (Agathosma betulina), 
450

Bugleweed/European 
bugleweed (Lycopus 
virginicus/L. eurpaeus),  
454

Bupleurum (Bupleurum 
falcatum), 460

butcher’s broom (Ruscus 
aculeatus), 467

chaste tree (Vitex agnus-
castus), 490–491

Chelidonium (Chelidonium 
majus), 501

devil’s claw (Harpagophytum 
procumbens), 509

dong quai (Angelica sinensis), 
517

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 525

evening primrose oil 
(Oenothera biennis), 540

eyebright (Euphrasia 
officinalis), 553

fennel fruit (Foeniculum 
vulgare), 558

feverfew (Tanacetum 
parthenium), 566–567

German chamomile 
(Maricaria recutita), 476

ginger (Zingiber officinale), 
579

Ginkgo (Ginkgo biloba), 597
ginseng (Panax ginseng), 629

globe artichoke (Cynara 
cardunculus), 650

gotu kola (Centella asiatica), 
658

hawthorn (Crataegus), 672
Hydrastis root (Hydrastis 

canadensis), 400
kava (Piper methysticum), 700
liquorice (Glycyrrhiza 

glabra), 720
meadowsweet (Filipendula 

ulmaria), 742–743
nettle (Urtica dioica), 761
pau d’arco (Tabebui spp.), 773
peppermint (Mentha x 

piperita), 784
poke root (Phytolacca 

decandra), 795
Rehmannia (Rehmannia 

glutinosa), 799
saw palmetto (Serenoa 

repens), 805
Siberian ginseng 

(Eleutherococcus senticosus), 
819

St John’s wort (Hypericum 
perforatum), 827

St Mary’s thistle (Silybum 
marianum), 862

thyme (Thymus vulgaris), 886
Tribulus leaf (Tribulus 

terrestris), 894
turmeric (Curcuma longa), 

901
valerian (Valeriana officinalis), 

924
Withania (Withania 

somnifera), 950
standardised extracts, 129–131
tablets, 125–126
Traditional Chinese Medicine, 

121–122
UK, current system, 124
use of monographs, 354–355

Doshas, 9–10
Double contrast barium enema 

examination, 785
Douches, 143
Doxorubicin, 776
Driving contraindications, 277, 

358
Bupleurum (Bupleurum 

falcatum), 464
kava (Piper methysticum), 711
St John’s wort (Hypericum 

perforatum), 853
valerian (Valeriana officinalis), 

931
Drug-induced hepatotoxicity, 879
Drugs

adverse-drug interactions, 106
see also Adverse reactions/side 

effects
conventional, herbs 

distinguished, 19–22
dependence on, 837–838, 848
intelligent mixtures, 22
interactions with herbs, see 

Interactions, herb-drug
polyvalent or multifaceted 

activity, 21–22
resistance to, 776
synergy and addictive effects, 

19–21
terminology, 17

treatment principles, 87
Dry eye, 549
Duodenal ulcer, 198, 719, 729
Duration of use, see under specific 

herbs
Dust mite sensitivity, atopic 

dermatitis, 319
Dysautonomia, 312
Dyslexia, 540
Dyslipidaemia, 727, 729
Dysmenorrhoea (painful 

menstruation), 290, 
292–293

bilberry fruit (Vaccinium 
myrtillus), 423

chaste tree (Vitex agnus-castus), 
475

dong quai (Angelica sinensis), 
517

fennel fruit (Foeniculum 
vulgare), 557, 560–561

German chamomile (Maricaria 
recutita), 475

ginger (Zingiber officinale), 
578–579, 590

Ginkgo (Ginkgo biloba), 596
horsechestnut seed (Aesculus 

hippocastanum), 685
Dyspepsia, 195–196

Chelidonium (Chelidonium 
majus), 501

fennel fruit (Foeniculum 
vulgare), 557

German chamomile (Maricaria 
recutita), 475

ginger (Zingiber officinale), 579
globe artichoke (Cynara 

cardunculus), 649, 653–654
peppermint (Mentha x piperita), 

783, 788–789
see also Atonic dyspepsia

Dysthymia, 278, 841
Dysuria, 262, 450

E
Ear, nose and throat problems, 

610–612
Eardrops, 142–143
Ear infections, 247–248
Eating disorders, 196, 400
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 524

actions/effects, 524–525
adulteration, 526
aerial parts, 526–527
alkylamides, 528, 532–533, 535
antiallergic activity, 525
anti-inflammatory activity, 525, 

531
antimicrobial activity, 525, 531
antiseptic activity, 142
antiviral activity, 525, 531
background/traditional view, 

524–525
botany, 525–526
cannabinoid receptor activity, 

530–531
cardioprotective activity, 234
clinical trials, 525, 533–535
common cold, 367
constituents, 526–527
contraindications, 535
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dermatological activity, 320–
322, 326, 525

dosage, 525
duration of use, 525, 536
endocrine activity, 343, 347
fevers, 148
formulations, 143
gargles with, 143
gastrointestinal activity, 197, 

201, 536
gynaecological and female 

reproductive system 
activity, 295–297

immune-modulating activity, 
151, 169, 525, 527–530

infectious diseases, 150–151, 
158, 534

perceived causes, treating, 136
pharmacodynamics, 527–532
pharmacokinetics, 532–533
pharmacological studies, 525
polysaccharides, 526–527, 530, 

533
pregnancy and lactation, 536
preparations, 525
regulatory status, 537
reproductive system activity, 

106, 332
respiratory activity, 247–249
roots, 526
safety issues, 525
side effects, 104, 107, 536
synonyms, 524
technical data, 525–535
tonic activity, 85
toxicology, 535
traditional therapeutic uses, 525
upper respiratory tract 

infections, 533–534
uses, 525
warnings/precautions, 535–536
wound healing, 525, 531

Echinococcus granulosus, 403
Eclectic medicine, 122, 124
Eczema, 157

German chamomile (Maricaria 
recutita), 480

marigold (Calendula officinalis), 
141–142

tannins, effect on, 37
see also Atopic dermatitis; 

Dermatitis
Efficacy of treatment

optimising, 69–70
validation, 89

Eicosanoids, 307
Elderberry (Sambucus nigra), 

respiratory activity, 242
Elderflower (Sambucus)

fevers, 147
respiratory activity, 245
urinary activity, 261

Elderly patients, headache, 281
Elecampane (Inula helenium)

eliminative properties, 159
fevers, 148
respiratory activity, 248–249
tonification, 85

Elements, four, 4
Elettaria cardamomum, see 

Cardamom (Cardamomum)
Eleutherococcus senticosus, 

see Siberian ginseng 
(Eleutherococcus senticosus)

Elimination, 83–84, 159, 188

Embrocations, 142
Emetics, therapeutic, 25–26, 

188–190
Emmenagogues, 290–291, 489
Emodin, 176
Emphysema, 249
Endocrine activity

Andrographis (Andrographis 
paniculata), 343

Astragalus (Astragalus 
membranaceus), 343

bladderwrack (Fucus 
vesiculosus), 347

Bupleurum (Bupleurum 
falcatum), 347

cinnamon (Cinnamomum), 343
Coleus forskohlii, 342, 345, 347
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 343, 347

fenugreek (Trigonella foenum-
graecum), 343, 345

Ginkgo (Ginkgo biloba), 344
ginseng (Panax ginseng), 

344–345
globe artichoke (Cynara 

cardunculus), 345
goats rue (Galega), 343
grape seed extract (Vitis 

vinifera), 345
green tea (Camellia sinensis), 

345
Gymnema, 341–342, 344–345
hawthorn (Crataegus), 345
kelp (Fucus vesiculosus), 347
liquorice (Glycyrrhiza glabra), 

342–345
Rehmannia (Rehmannia 

glutinosa), 344–345, 347
Rhodiola (Rhodiola rosea), 345
rosemary (Rosmarinus 

officinales), 344–345
Schisandra, 344
skullcap (Scutellaria lateriflora), 

343
St John’s wort (Hypericum 

perforatum), 343
St Mary’s thistle (Silybum 

marianum), 344–345
Withania (Withania somnifera), 

344–345, 347
Endocrine system and disorders 

affecting
adrenal depletion, 343
case histories, 343b, 346b, 348b
gut as endocrine organ, 188
herbs, specific, see Endocrine 

activity
hormone decline, arresting, 

339–341
hormone resistance, 337–339
phytotherapeutics, 341–348
scope of treatment, 337
see also Hormones

Endometrial cancer, 175–176
Endometriosis, 289, 297

devil’s claw (Harpagophytum 
procumbens), 509, 513

Endothelaemia, 749
Entamoeba histolytica, 403
Enteric infections, 150–151

Andrographis (Andrographis 
paniculata), 360, 367

Berberis bark (Berberis 
vulgaris), 150

Hydrastis root (Hydrastis 
canadensis), 150

quinine bark (Cinchona), 150
wormwood (Artemisia 

absinthium), 150
Enteric nervous system/reflexes, 

184, 187–188
Enteritis, 501
Enterobacter aerogenes, 394
Enterobacteriaceae, 203
Enterodiol, 54–55
Enterohepatic circulation, 188, 

208
Enterolactone, 54–55
Enuresis, nocturnal (bedwetting), 

267–268
Epididymitis, 152
Ephedra (Ephedra sinica)

adverse case reports, 102
respiratory activity, 242

Epidermal growth factor receptor 
(EGFR), 867

Epigallocatechin gallate (EGCG), 
334

Epilepsy
evening primrose oil, 550
herb-induced, 104
kava (Piper methysticum), 708
pungent constituents (warming 

effects), 43
Epilobium spp., 37–38
Epstein-Barr virus, 156, 217

Andrographis (Andrographis 
paniculata), 362

liquorice (Glycyrrhiza glabra), 
720

Equisetum, see Horsetail 
(Equisetum)

ERalpha, 53–54
ERbeta, 53–54
Erectile dysfunction (ED), 330–

331, 628
Eryngium maritimum, see 

Sea holly (Eryngium 
maritimum)

Erythraea, see Centaury 
(Erythraea)

Erythropoietin (EPO), 519
Escherichia coli, 149, 157, 186, 

361
adherent-invasive, 156
intestinal wall damage, 156
specific herbs

Andrographis (Andrographis 
paniculata), 361

bearberry (Arctostphylos uva 
ursi), 394–395

Berberis bark (Berberis 
vulgaris), 408

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 531

ginger (Zingiber officinale), 
583

Hydrastis root (Hydrastis 
canadensis), 408

peppermint (Mentha x 
piperita), 786

thyme (Thymus vulgaris), 
886–888

urinary infections, 265–266
Escherichia faecalis, 186
Eschscholtzia California, see 

Californian poppy 
(Eschscholtzia californica)

Escin, clinical trials, 690–691
see also Horsechestnut seed 

(Aesculus hippocastanum)
E-selectin, 152–153
Essential fatty acids (EFAs), 292, 

541
Essential Guide to Herbal Safety, 

The, 100, 105–106, 110
Essential hypertension, 225–226
Essential oils

dermatological activity, 323
expectorants, 240
infectious diseases, 149
pharmacodynamics, 28–31
phytochemistry, 26–28
toxicology, 31
urinary system, 260–261

Ethanol-water, as solvent, 127–129
Eubacteria, 203
Eubacterium spp., 463–464
Eucalyptus, 143, 249
Eucalyptus globulus, 30
Eucommia ulmoides (du zhong), 

171
Eukaryotic cells, 28
Eupatorium perfoliatum, see 

Boneset (Eupatorium 
perfoliatum)

Euphrasia officinalis, see Eyebright 
(Euphrasia officinalis)

Europe, regulatory status, 359
European College of 

Neuropsychopharmacology 
Congress, Vienna (2007), 
273

European Medicines Agency, 
Committee on Herbal 
Medicinal Products, 927

European Pharmacopoeia
Arnica flowers (Arnica 

montana), 378
bearberry (Arctostphylos uva 

ursi), 397
bilberry fruit (Vaccinium 

myrtillus), 424
fennel fruit (Foeniculum 

vulgare), 558
microbial contamination, 

112–113
European Scientific Cooperative of 

Phytotherapy (ESCOP)
monographs, 123
Scientific Committee, 123

Eurpatorium purpureum, see 
Gravel root (Eurpatorium 
purpureum)

Evening primrose oil (Oenothera 
biennis), 540

actions/effects, 540
anti-inflammatory activity, 540, 

542
antiplatelet activity, 550
antiplatelet effect, 550
arachidonate build-up, 550
atopic dermatitis, 544–545
background/traditional view, 540
bone metabolism, 542, 548
botany, 541
cancer preventive activity, 

547–548
cardioprotective activity, 547
children, safety of use for, 550
clinical trials, 540, 544–549
constituents, 541
cytotoxic effects, 542
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dermatological activity, 317, 320
diabetes, 540–542, 546
dosage, 540
duration of use, 541
gynaecological and female 

reproductive system 
activity, 542, 545–546

hypotensive effects, 543
inflammatory arthritis, 546
interactions, 549
joint activity, 306
metabolic effects, 542–543, 548
overdosage, 550
pharmacodynamics, 541–543
pharmacokinetics, 543
pharmacological studies, 540
pregnancy and lactation, 549
preparations, 540
regulatory status, 550
reproductive function, 542, 

545–546
safety issues, 541
schizophrenia, 546–547
side effects, 549–550
skin conditions, 544–545
synonyms, 540
technical data, 541–549
toxicology, 549
uses, 540
veterinary applications, 540, 543
warnings/precautions, 549

Evidence
story as, 94–95
traditional, 95

Evodia rutaecarpa (wu zhu yu), 
272, 274

Excess conditions, 4
Excitatory causes, 136
Exercise, 87, 897
Expectorants

bronchiectasis, 250
bronchitis, 248
chronic obstructive pulmonary 

disease, 249
contraindications, 240
definitions, 238–239
essential oils, 29–30
infectious diseases, 150–151
overview, 238–239
reasons for using, 239
specific herbs

ginger (Zingiber officinale), 
579

liquorice (Glycyrrhiza 
glabra), 719

poke root (Phytolacca 
decandra), 795

thyme (Thymus vulgaris), 
885, 887

stimulating (reflex), 239–240
warming (mucolytics), 240

Extracellular matrix (ECM), 231, 
306, 659

Eyebaths, 143, 557
Eyebright (Euphrasia officinalis), 

553
actions/effects, 553
adulteration, 554
anticatarrhal activity, 242
anti-inflammatory activity, 555
antimicrobial activity, 554
background/traditional view, 553
botany, 554

cancer preventive activity, 554
constituents, 554
dosage, 553
duration of use, 553
formulations, 186
hepatoprotective activity, 554
pharmacodynamics, 554–555
pharmacological studies, 553
pregnancy and lactation, 555
preparations, 553
regulatory status, 556
respiratory activity, 244–246
safety issues, 553
spasmolytic activity, 554
synonyms, 553
technical data, 554–555
toxicology, 555
traditional therapeutic uses, 553
uses, 553
warnings/precautions, 555

Eye disorders
diabetic retinopathy, 471–472
Ginkgo (Ginkgo biloba), 

612–613
intraoperative floppy-iris 

syndrome (IFIS), 815
trachoma, 410
see also Retinopathy; Visual 

disorders
Eye strain, 281
Eyewashes, 400

F
False alarms, 106–109
Familial Mediterranean fever 

(FMF), 360, 367
Fascioliasis, 756–757
Fatigue and debility

adrenal support, 169
antiviral herbs, 169
chronic fatigue syndrome, see 

Chronic fatigue syndrome 
(CFS)

clinical impressions, 167–168
convalescence, 168–170
debilitating nature, 163–164
immune enhancement, 169
phytotherapeutics, 167–170
scope of treatment, 163
specific herbs

evening primrose oil 
(Oenothera biennis), 540, 
548

liquorice (Glycyrrhiza 
glabra), 733

tonic and adaptogenic herbs, 
168–169

Female reproductive system and 
conditions affecting

case histories, 292b, 296b, 297b, 
298b, 299b, 300b–301b, 
301b

changeability of female system, 
290

emmenagogues/abortifacients, 
290–291, 489

essential fatty acids, 292
fertility problems, see under 

Fertility problems
gynaecological and obstetric 

conditions, phytotherapy in, 
291–302

mastalgia, 496–497

medical challenges, 289
scope of treatment, 289
self-organisation, prompts to, 

290
structures and functions, 289–290
surgery for, 289
see also Gynaecological and 

female reproductive 
system activity; Menstrual 
disorders; Pregnancy and 
lactation, Menopause

Fennel fruit (Foeniculum vulgare), 
557

actions/effects, 557
adulteration, 558
analgesic activity, 560
antimicrobial activity, 559
antioxidant activity, 560
antiplatelet activity, 560
antiseptic activity, 558
aromatic effects, 192
background/traditional view, 557
botany, 558
children, safety of use for, 563
clinical trials, 557, 560–562
constituents, 558
contraindications, 562
dosage, 558
duration of use, 558
formulations, 186
gastrointestinal activity, 189, 

200, 557, 560–561
gynaecological and female 

reproductive system 
activity, 293, 301

hepatoprotective activity, 560
interactions, 562–563
oestrogenic/related activity, 559
pharmacodynamics, 558–560
pharmacokinetics, 560
pharmacological studies, 557
pregnancy and lactation, 563
preparations, 558
regulatory status, 563–564
respiratory activity, 240, 249, 

559–560
safety issues, 558
side effects, 563
smooth muscle, effect on, 

558–559
synonyms, 557
technical data, 558–562
toxicology, 562
traditional therapeutic uses, 557
uses, 557–558

Fenugreek (Trigonella foenum-
graecum), 25

endocrine activity, 343, 345
gastrointestinal activity, 190
gynaecological and female 

reproductive system 
activity, 301

inflammatory bowel disease, 204
irritable bowel syndrome, 201
saponin effects, 190
tonic activity, 170–171
tonification, 85

Fertility problems
female, 294, 496, 520, 897
male, 329–330, 897, 956–957
specific herbs

black cohosh (Actaea 
racemosa), 434

Tribulus leaf (Tribulus 
terrestris), 894, 897

Ferulic acid, 521
Feverfew (Tanacetum parthenium), 

566
actions/effects, 566
adulteration, 567
analgesic activity, 283
antiallergic activity, 566
anti-inflammatory activity, 160, 

566, 568–570
antimicrobial activity, 570–571
antisecretory activity, 568
background/traditional view, 566
botany, 567
cancer preventive activity, 570
clinical trials, 571–574
constituents, 567
contractile agonists, interaction 

with, 570
contraindications, 574
dosage, 566–567
duration of use, 567
joint activity, 306
migraine, 566–568, 571–573
nervous system activity, 566
parthenolide, 568–571
pharmacodynamics, 567–571
pharmacokinetics, 571
pharmacological studies, 566
pregnancy and lactation, 574
preparations, 566
regulatory status, 575
reproductive system activity, 

male, 333
rheumatoid arthritis, 573–574
safety issues, 567
side effects, 574–575
synonyms, 566
technical data, 567–574
toxicology, 574
uses, 566
warnings/precautions, 574

Fevers, 4–5, 145–148
as friend, 145–146
practical management, 146–147
raising, 147
scope of treatment, 145
specific herbs

Bupleurum (Bupleurum 
falcatum), 460

cardamom (Cardamomum), 
148

dandelion root (Taraxacum 
officinale), 148

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 148

Elecampane (Inula helenium), 
148

feverfew (Tanacetum 
parthenium), 566

gentian (Gentiana lutea), 148
ginger (Zingiber officinale), 

579
meadowsweet (Filipendula 

ulmaria), 742
willow bark (Salix spp.), 935
see also Infectious diseases

Fibroadenoma, 298–299
Fibroblast growth factor (FGF), 

837
Fibroblasts, 326
Fibrocystic breast disease, 298
Fibroids, 289, 293–296
Fibromyalgia syndrome (PMS), 

311–313

Evening primrose oil (Oenothera 
biennis) (Continued)
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Figwort (Scrophularia)
dermatological activity, 318, 320
eliminative properties, 159

Filipendula ulmaria, see 
Meadowsweet (Filipendula 
ulmaria)

5-alpha-reductase, 806–807
Five Tastes, 6–9

Bitter, 7–8
Bland, 9
Pungent, 8–9
Sour, 7
Sweet, 8

Flavanolignans, 862
Flavonoids

antioxidant activity, 600
asthma, 255
cancer preventive activity, 34, 

175
cardioprotective activity, 34, 224
coumaric esters, 598f
diabetes mellitus, 345
diverticular disease, 202
and liver, 215
pharmacodynamics, 33–34
phytochemistry, 32–33
toxicology, 34–35
see also Antioxidants

Flaxseed (Linum usitassimum), 
inflammatory bowel disease, 
204

Fluconazole, 401
Fluid balance, gastrointestinal 

tract, 184–185
FODMAP diet, irritable bowel 

syndrome, 200
Foeniculum vulgare, see Fennel 

fruit (Foeniculum vulgare)
Folk medicine, 31
Follicle-stimulating hormone 

(FSH), 46, 429, 434
chaste tree (Vitex agnus-castus), 

491
Food and Drug Administration 

(FDA)
reports to, 101–102
Special Nutritionals Adverse 

Event Monitoring System 
database, 103

Food intolerance/allergies, 184, 
198–199

atopic dermatitis, 319
Formononetin, 65–66
Formulations, 142–144

liquids, see under Liquids
solids, 143–144

Foxglove, 260
Framingham Heart Study, 228
Frankincense (Boswellia serrata), 

see Boswellia (Boswellia 
serrata)

Fraxinus escelsior, see Ash 
(Fraxinus escelsior)

Free fatty acids (FFAs), 411, 493, 
805

Free radicals/free radical 
inhibition, 214–215

devil’s claw (Harpagophytum 
procumbens), 512

Ginkgo (Ginkgo biloba), 596
Fringe tree (Chionanthus)

biliary activity, 210
gastrointestinal disorders, 199

Fructo-oligosaccharides, 187
Fucoidans, 190

Fucus vesiculosus, see 
Bladderwrack (Fucus 
vesiculosus); Kelp (Fucus 
vesiculosus)

Fumaria officinalis, see Fumitory 
(Fumaria officinalis)

Fumitory (Fumaria officinalis)
dermatological activity, 318
eliminative properties, 159
hepatoprotective activity, 219
liver protective activity, 219

Functional assay, 93
Functional cortisol resistance 

(FCR), 338
Functional dyspepsia, 195–196

liquorice (Glycyrrhiza glabra), 
729

Functional gallbladder disorder, 
212

Fungal infections
berberine, 400
Berberis bark (Berberis 

vulgaris), 400
marigold (Calendula officinalis), 

150–151
thuja (Thuja occidentalis), 

150–151
tinea pedis (athletes foot), 

323–324
Furanocoumarins, 51–53
Furanose, 190
Fusarium spp., 503, 785

G
Galactaogues

chaste tree (Vitex agnus-castus), 
489

fennel fruit (Foeniculum 
vulgare), 557

St Mary’s thistle (Silybum 
marianum), 861

Galangal (Alpinia), gastrointestinal 
disorders, 192

Galen, 4
Galenical-type extracts, 132
Galium aparine, see Cleavers 

(Galium aparine)
Gallic acid, 37
Gallstones

Berberis bark (Berberis 
vulgaris), 399

Chelidonium (Chelidonium 
majus), 501

cholesterol, 208, 211–212
peppermint (Mentha x piperita), 

788
Gamma-amino butyric acid 

(GABA)
and benzodiazepine receptors, 

271
digestive activity, 186
and PMT, 291
specific herbs

German chamomile 
(Maricaria recutita), 
477–478

Ginkgo (Ginkgo biloba), 601, 
618–619

kava (Piper methysticum), 701
valerian (Valeriana officinalis), 

925–926
Gamma-glutamyltransferase 

(GGT), 338

Gamma-linolenic acid (GLA), 
157, 540–542, 544, 
546–548

Gargles, 142–143, 150–151
Garlic (Allium sativum)

aged extracts, 222
antihypertensive benefits, 

222–223
bowel flora, 187
cancer preventive activity, 

176–177
cardioprotective activity, 220, 

226–228, 230, 233–234
fevers, 147
gastrointestinal activity, 187
haemostasis, effects on, 223
and hydrogen sulphide, 223
infectious diseases, 149–150, 

158
joint activity, 308–309
lipid-lowering effects, 222
nervous system activity, 283
oil, 222–223
powder, 222–223
preparations, 222–224
respiratory activity, 240, 245–

246, 248–249
side effects, 104, 223

Gastric emptying, 589
Gastric secretion, reduced, 185
Gastric ulcer, 198, 719

liquorice (Glycyrrhiza glabra), 
729

Gastrin, digestive activity, 185
Gastritis, 152, 208

Chelidonium (Chelidonium 
majus), 501

myrrh (Commiphora molmol), 
753

Gastroenteritis, 185
Gastrointestinal activity

agar-agar, 190
agrimony (Agrimonia 

eupatorium), 191
aloe vera (Aloe barbadensis), 

159, 204
American ginseng (Panax 

quinquefolium), 204
Andrographis (Andrographis 

paniculata), 201
angelica (Angelica archangelica), 

192, 195–196
aniseed (Pimpinella anisum), 

192
avens (Geum), 191
Baical skullcap (Scutellaria 

Baicalensis), 198, 200
bayberry (Myrica cerifera), 159
berberine, 410
Berberis bark (Berberis 

vulgaris), 196, 201, 399, 
403–404, 409–410

bilberry fruit (Vaccinium 
myrtillus), 421–422

bistort (Polygonum bistoria), 191
blessed thistle (Carduus 

benedicta), 191
Boswellia (Boswellia serrata), 

193, 204
bur-marigold (Bidens), 191
burnet (Sanguisorba), 191
butcher’s broom (Ruscus 

aculeatus), 471
cardamom (Cardamomum), 192
catechu (Acacia catechu), 191

cayenne (Capsicum), 191, 202
celandine (Chelidonium majus), 

195
chickweed (Stellaria), 195
cinnamon (Cinnamomum), 192, 

196
Coleus forskohlii, 196, 202
comfrey (Symphytum), 159, 186
cowslip (Primula veris), 190
cramp bark (Viberunum opulis), 

197, 199, 201
cranberry (Vaccinium 

macrocarpon), 197
cranesbill (Geranium 

maculatum), 191, 197, 201
dandelion root (Taraxacum 

officinale), 561
dill (Anethum), 192
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 197, 201, 536

fennel fruit (Foeniculum 
vulgare), 192, 200, 557, 
560–561

fenugreek (Trigonella foenum-
graecum), 190

fringe tree (Chionanthus), 199
galangal (Alpinia), 192
garlic (Allium sativum), 187
gentian (Gentiana lutea), 195
German chamomile (Maricaria 

recutita), 159, 192, 195–
198, 201, 475, 481–482, 
561

ginger (Zingiber officinale), 
188–189, 191, 195, 202, 
579–581, 589

globe artichoke (Cynara 
cardunculus), 195, 649

gotu kola (Centella asiatica), 
196

grape seed extract (Vitis 
vinifera), 197, 202–203

hops (Humulus lupulus), 201
horsechestnut seed (Aesculus 

hippocastanum), 188–189, 
688

horseradish (Armoracea), 191
Hydrastis root (Hydrastis 

canadensis), 197, 201, 204, 
399–400

ipecacuanha (Cephaelis 
ipecacuanha), 189–190

Irish moss (Chondrus), 190
ispaghula (Plantago ovata), 25, 

189, 199–200
kelp (Fucus vesiculosus), 190
ladies mantle (Alchemilla), 191
lemon balm (Melissa), 192, 195, 

561
liquorice (Glycyrrhiza glabra), 

186, 189–190, 195, 561
linseeds, 189
lovage (Levisticum), 192
lungwort (Lobaria), 190
marigold (Calendula officinalis), 

159, 196, 561
marshmallow root (Althea 

officinalis), 185, 190, 195, 
198

mastic (Pistacia lentiscus var. 
chia), 39, 204

meadowsweet (Filipendula 
ulmaria), 159, 186, 195–
196, 742
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Melilotus (Melilotus officinalis), 
747

nettle (Urtica dioica), 760
nutmeg (Myristica), 192
peppermint (Mentha x piperita), 

188, 192, 195, 201, 783–
785, 788–789

plantain (Plantago major), 190
psyllium seed and husk 

(Plantago psyllium), 25, 
189

rhatany (Krameria), 191
skullcap (Scutellaria lateriflora), 

196, 201
slippery elm (Ulmus rubra), 25, 

159, 186, 190, 195
snakeroot (Polygala senega), 190
St John’s wort (Hypericum 

perforatum), 561, 846
St Mary’s thistle (Silybum 

marianum), 195, 865–866
Taraxacum (dandelion root), 

196, 201
tormentil (Potentilla), 191
turmeric (Curcuma longa), 906, 

913–914
valerian (Valeriana officinalis), 

196
vervain (Verbena officinalis), 561
western larch (Larix 

occidentalis), 190
wild yam (Dioscorea), 159, 202
witchhazel (Hamamelis 

virginiana), 159, 191
wormwood (Artemisia 

absinthium), 187, 195
yarrow (Achillia millefolium), 

192, 195, 201
yellow dock (Rumex crispus), 

199, 201
see also Gastrointestinal 

disorders
Gastrointestinal disorders

archetypal digestive remedies, 
188

aromatics, 192
with asthma, 26, 252–254
bitters, 193–194
case histories, 199b, 201b, 202b, 

204b
in chronic fatigue syndrome, 

165–166
dosage/prescription 

practicalities, 188–189
emetics, 189–190
herbs, specific, see 

Gastrointestinal activity
imaging, 785
infections, 184, 201
intestinal permeability, 

disturbed, 186
laxatives, see Laxatives
mucilages, 190
phytotherapy/phytotherapeutic 

principles, 188–189, 
194–205

pungent constituents, 191–192
resins, 193
saponins, 190–191
scope of treatment, 183
spasmolytics, 192–193
specific conditions

anorexia, 196

cholera, 409–410
constipation, 199, 211
diarrhoea, 184, 201, 409–410
diverticular disease, 202–203
food intolerance/allergies, 

198–199
functional dyspepsia, 195–196
gastro-oesophageal reflux 

disease, 195–196
giardiasis, 410
haemorrhoids, 204–205
inflammatory bowel disease, 

203–204
intestinal dysbiosis, 203
irritable bowel syndrome, 

199–202
nausea, see Nausea
peptic ulcer, 196–198
recurrent aphthous ulceration, 

194–195
upper digestive function, 

poor, 196
tannins, 191

Gastrointestinal tract
absorption, 184
activity and immune system, 

184
acupharmacology, 187–188
archetypal digestive remedies, 

188
bile acids, effects on, 209
blood sugar levels, determinant, 

188
disassembly line analogy, 

183–184
dosage/prescription 

practicalities, 188–189
as eliminatory organ, 188
and endocrine system, 188
enteric reflexes, 187–188
enterohepatic circulation, 188
extrinsic fibres/pathways, 184
fluid balance, 184–185
as home of symbiotic and 

parasitic organisms, 188
immunological activity, 188
inflammation, 155–156
intestinal wall damage, 156–157
intrinsic fibres/pathways, 184
‘law of the gut,’, 184
lifecycle of tannin through, 68f
motility, 184
nourishment/replenishment, 

source of, 188
pathogenic materials, access 

route for, 188
saponins, effect on, 190–191
secretion, 184
turmeric (Curcuma longa), 906, 

913–914
Gastro-oesophageal reflux disease 

(GORD), 195–196
and asthma, 26, 252–253
peppermint contraindications, 

790
Gaultheria procumbens 

(wintergreen), 159
Gels, 143
Gelsemium sepmervirens, see 

Yellow jasmine (Gelsemium 
sepmervirens)

Generalised anxiety disorder 
(GAD), 277

German chamomile (Maricaria 
recutita), 481

kava (Piper methysticum), 699, 
705, 707

St John’s wort (Hypericum 
perforatum), 843

Genetic diseases, turmeric 
(Curcuma longa), 915

Genistein, 66
Gentian (Gentiana lutea)

bitter activity, 40–42, 151, 
193–194

fevers, 147–148
gallstones and biliary pain, 212
gastrointestinal activity, 195
gynaecological and female 

reproductive system 
activity, 301

infectious diseases, 151
upper digestive function, poor, 

196
Geranium extract, 403
Geranium maculatum, see 

Cranesbill (Geranium 
maculatum)

Gerard, John, 284
German chamomile (Maricaria 

recutita), 475
actions/effects, 475
adulteration, 476
analgesic activity, 481
anaphylactic reactions, 485–486
anticatarrhal activity, 475
anti-inflammatory activity, 

475–477, 481
antimicrobial activity, 478–479
antioedema activity, 477
antioxidant activity, 479
antiulcer activity, 475, 478
anxiety, 475, 481
background/traditional view, 475
biliary activity, 212
botany, 476
cancer preventive activity, 480
children, safety of use for, 486
clinical trials, 475, 480–483
CNS activity, 477–478
constituents, 476
contraindications, 483
dental applications, 480
dermatitis, 480
dermatological activity, 320, 475
dosage, 476
eczema, 480
fevers, 147
and flavonoids, 34
and gamma-amino butyric acid 

(GABA), 477–478
gastrointestinal activity, 159, 

186, 192, 195–198, 201, 
475, 481–482, 561

hypersensitivity reactions, 
484–485

hypoglycaemic activity, 479–480
as inhalant, 143
interactions, 483–484
menopausal activity, 482
oral inflammatory disorders, 481
pharmacodynamics, 476–480
pharmacokinetics, 480
pharmacological studies, 475
pregnancy and lactation, 

483–484
preparations, 475–476
regulatory status, 486
respiratory activity, 143
safety issues, 476

sedative activity, 279, 475, 
477–478

side effects, 484–486
solvent, 128
spasmolytic activity, 275, 475, 

477
synonyms, 475
technical data, 476–483
topical applications, 475, 480
toxicology, 483
traditional therapeutic uses, 475
ulceration, 480
urinary activity, 261, 267
uses, 475
warnings/precautions, 483
wound healing, 475, 479–481
see also German chamomile 

(Maricaria recutita)
Germander (Teucrium 

chamaedrys), adverse case 
reports, 101

German Institute for Quality and 
Efficiency in Health Care 
(IQWiG), 605

German Pharmacopoeia (DAB), 
127

Giardia lamblia, 403
Giardiasis, 399, 410
Ginger (Zingiber officinale), 184, 

578
actions/effects, 578
adulteration, 579
analgesic activity, 590–591
animal experiments, 96
anticathartic activity, 581
antiemetic activity, 196, 578–

580, 584t–588t
anti-inflammatory activity, 160, 

578, 581–582
antimicrobial activity, 583
antiparasitic activity, 583
antiplatelet activity, 578, 582
antiulcer activity, 581
asthma, 254, 257
background/traditional view, 578
botany, 579
cancer preventive activity, 583, 

616, 628
cardioprotective activity, 227–

228, 234, 582, 590
carminative activity, 578, 581
clinical trials, 578–579, 583–

591, 584t–588t
constituents, 579–580
contraindications, 591
digestive function, effects on, 

580–581, 589
dosage, 579
duration of use, 579
dysmenorrhoea (painful 

menstruation), 578–579, 
590

fevers, 147, 579
gastrointestinal activity, 195, 

202, 579–581
gynaecological and female 

reproductive system 
activity, 293, 297, 301

hepatoprotective activity, 583
infectious diseases, 150–151
inflammatory disorders, 590
interactions, 591–592
irritable bowel syndrome, 201
joint activity, 309, 311
menstrual disorders, 578–579

Gastrointestinal activity 
(Continued)
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migraine, 590
nausea, 196, 578–580, 

584t–588t
nervous system activity, 283
osteoarthritis, 578–579, 590
pharmacodynamics, 580–591
pharmacokinetics, 583
preparations, 579
preparation types, 578
radioprotective activity, 583
regulatory status, 592
reproductive system activity, 

male, 330
respiratory activity, 245, 254, 

257, 589–590
safety issues, 579
side effects, 104, 592
stimulant activity, 578
synonyms, 578
technical data, 579–591
thermogenic activity, 582–583
toxicology, 591
upper digestive function, poor, 

196
uses, 578–579
warming effects, 191
warnings/precautions, 591

Ginkgo (Ginkgo biloba), 596
actions/effects, 596
active compounds or 

constituents, 130
adaptogenic activity, 602
adulteration, 597
Alzheimer’s disease/dementia, 

596, 600, 605–608
antidepressant activity, 596
anti-inflammatory activity, 602
antioedema activity, 600, 617
antioxidant activity, 596, 600
antistress effects, 601–602
anxiolytic activity, 272, 596
asthma, 254, 613–614
background/traditional view, 596
blood flow, 599–600
botany, 597
cancer preventive activity, 176, 

616
cardioprotective activity, 220, 

227, 231, 233–234, 596, 
600–601

cerebral insufficiency and stroke, 
604–605

children, safety of use for, 622
clinical trials, 596, 604–617
cognitive function, 284, 596, 

602, 613–615
constituents, 597–598
contraindications, 617
dermatological activity, 326
diabetes, 596, 615
diabetic retinopathy, 596, 613
dosage, 597
duration of use, 597
ear, nose and throat problems, 

610–612
endocrine activity, 344
eye disorders, 612–613
fatigue and debility, 169
and flavonoids, 34
gynaecological and female 

reproductive system 
activity, 292, 299

headache, 281
hearing loss, 596, 610
interactions, 617–619

ischaemia, 599–600
joint activity, 309, 311–312
memory and/or learning, 602
menstrual disorders, 596
mitochondrial effects, 600–601
mountain sickness, acute, 614
multiple sclerosis, 596, 615–616
nervous system activity, 283
neuroprotective effects, 600
neurotransmitter effects, 

603–604
olfactory disorders, 612
overdosage, 622
Parkinson’s disease, 600
peptic ulcer, 197
peripheral arterial disease, 596, 

608–609
pharmacodynamics, 599–603
pharmacokinetics, 603–604
pharmacological studies, 

596–597
platelet-activating factor 

disorders, 596–597, 599, 
613–614

polyvalent or multifaceted 
activity, 21

pregnancy and lactation, 
619–620

premenstrual syndrome, 616
preparations, 597
psychiatric/learning disorders, 

613
regulatory status, 622
reproductive system activity, 

male, 329–330
reproductive system effects, 106
respiratory activity, 249, 254
safety issues, 597
sexual dysfunction, 

antidepressant-induced, 
616

side effects, 107, 620–621
technical data, 597–617
tinnitus/combined syndromes, 

611–612
toxicology, 617
traditional therapeutic uses, 596
uses, 596–597
vascular disorders, 605–610
vestibular disorders, 610–611
visual disorders, 596, 612–613
warnings/precautions, 617

Ginkgolides, 599, 601, 603
Ginseng (Panax ginseng), 628

actions/effects, 628
adaptogenic activity, 628, 

630–631
adulteration, 629
Alzheimer’s disease/dementia, 

637–638
animal experiments, 96
antidiabetic activity, 628, 643
background/traditional view, 628
blood sugar regulation, 634
botany, 629
cancer preventive activity, 175, 

632–634, 640–641
cardioprotective activity, 634, 

639–640
cellular function, 632
clinical trials, 628, 635–643
cognitive function, 628, 631–

632, 636–638
constituents, 629–630
contraindications, 644

diabetes, 643
dosage, 629
duration of use, 629
endocrine activity, 341, 344–345
gynaecological and female 

reproductive system 
activity, 294, 298, 300, 
641–643

immune system, 151, 628, 632
infectious diseases, 638–639
interactions, 644
memory, 631–632
nervous system activity, 168
neuroprotective effects, 631–632
peptic ulcer, 197
pharmacodynamics, 630–635
pharmacokinetics, 635
pharmacological studies, 629
physical performance, 635–636
pregnancy and lactation, 644
preparations, 629
psychomotor performance, 

636–638
regulatory status, 645
reproductive function, 641–643
reproductive system activity, 

male, 329–330
respiratory activity, 249
safety issues, 629
side effects, 104, 644–645
stress, well-being and quality of 

life, 638
synonyms, 628
technical data, 629–643
tonic activity, 170–171, 628
tonification, 85
toxicology, 643–644
traditional therapeutic uses, 628
uses, 628–629
warnings/precautions, 644
see also Siberian ginseng 

(Eleutherococcus senticosus)
Ginseng Abuse Syndrome (GAS), 

644
Ginsenosides, 635
Globe artichoke (Cynara 

cardunculus), 649
actions/effects, 649
adulteration, 650
antiemetic activity, 649
antifungal activity, 651
anti-inflammatory activity, 651
antioxidant activity, 652, 654
antiplatelet activity, 654
background/traditional view, 649
biliary activity, 212, 649
bitter activity, 41
botany, 650
cardioprotective activity, 230
choleretic activity, 651, 653
clinical trials, 649, 652–654
constituents, 650
contraindications, 655
dosage, 650
duration of use, 650
dyspepsia, 653–654
endocrine activity, 345
gastrointestinal activity, 195, 649
heparestorative activity, 651
hepatoprotective activity, 218, 

649, 651
hypolipidaemic activity, 

651–653
inflammatory bowel disease, 204
irritable bowel syndrome, 201

liver protective activity, 218
pharmacodynamics, 650–652
pharmacokinetics, 652
pharmacological studies, 649
pregnancy and lactation, 655
preparations, 649
regulatory status, 655
safety issues, 650
side effects, 655
synonyms, 649
technical data, 650–654
toxicology, 654–655
traditional therapeutic uses, 649
uses, 649
warnings/precautions, 655

Glomerulonephritis, 262
Astragalus (Astragalus 

membranaceus), 384
Glucoraphanin, 32
Glucose, 23
Glucosinolates

pharmacodynamics, 31–32
phytochemistry, 31

Glutathione-S-transferase (GST), 
216, 862

Glycaemic control, nettle leaf 
(Urtica dioica), 763–764

Glycaemic index (GI), 345
Glycerol, 128
Glycetracts, 128
P-Glycoprotein, 878
Glycosides

anthraquinone, 60–61
cardiac, 47–48
cyanogenic, 24–25
and digestive system, 61–63
enteric modification, 63–65
flavonoid, 63–65
gastric modification, 61–63
pharmacodynamics, 23–25, 

47–48
phytochemistry, 47

Glycyrrhetinic acid (GA), 67, 725
Glycyrrhiza glabra, see Liquorice 

(Glycyrrhiza glabra)
Glycyrrhiza uralensis (Chinese 

licquorice), 171
Glycyrrhizin (GL), 67
Goats rue (Galega)

endocrine activity, 343
gynaecological and female 

reproductive system 
activity, 301

Goji (Lycium spp.), 168
Golden rod (Soldago spp.)

eliminative properties, 159
urinary activity, 264

Golden seal (Hydrastis 
canadensis), see Hydrastis 
root (Hydrastis canadensis)

Gonadotropin-relasing hormone 
(GnRH) agonists, 295

Gonarthritis, 590
Good Manufacturing Practice 

(GMP), pharmaceutical, 
111–112

Gotu kola (Centella asiatica), 657
actions/effects, 657
adaptogenic activity, 665–666
adulteration, 658
analgesic activity, 660
antifibrotic effects, 660
anti-inflammatory activity, 657, 

660
antimicrobial activity, 661
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antiparasitic activity, 661
anxiolytic activity, 657, 660
background/traditional view, 657
botany, 658
cancer preventive activity, 661
cardioprotective activity, 229, 

231, 234
Centalla asiatica (TECA), 658–

659, 664
central and peripheral nervous 

system activity, 660–661
children, safety of use for, 667
chronic venous insufficiency 

(CVI), 657, 661, 663t
circulatory activity, 661
clinical trials, 657, 662–666
cognitive function, 284, 657
constituents, 658–659
contraindications, 666
dermatological activity, 326, 657
digestive activity, 185
dosage, 658
duration of use, 658
gastrointestinal activity, 196
gynaecological and female 

reproductive system 
activity, 297

hepatoprotective activity, 218
interactions, 666
joint activity, 309
liver protective activity, 218
nervous system activity, 276
overdosage, 667
peptic ulcer, 197
pharmacodynamics, 659–662
pharmacokinetics, 662
pharmacological studies, 658
pregnancy and lactation, 667
preparations, 658
regulatory status, 667
safety issues, 658
side effects, 667
skin conditions, 664–665
synonyms, 657
technical data, 658–666
total triterpenic fraction (TTF), 

658, 661–663
toxicology, 666
traditional therapeutic uses, 657
uses, 657–658
vascular protective activity, 

662–663
wound healing, 659–660, 

664–665
Gout, 208, 309–310
Graeco-Roman medicines, 4–5
Grapefruit juice (CFJ), 59
Grape seed extract (Vitis vinifera)

cardioprotective activity, 231, 233
endocrine activity, 345
gastrointestinal activity, 197, 

202–203
gynaecological and female 

reproductive system 
activity, 297

joint activity, 309
nervous system activity, 283
pharmacodynamics, 24
reproductive system activity, 

male, 329
Gravel root (Eurpatorium 

purpureum), urinary 
activity, 262–264

Green tea (Camellia sinensis)
antioxidant activity, 37
cardioprotective activity, 224–

225, 230
endocrine activity, 345
nervous system activity, 283
peptic ulcer, 197
polyphenolics in, 36
reproductive system activity, 

male, 329, 334
Grindelia (Grindelia camporum), 

asthma, 256
Guaiacum spp., 159
Gugulipid, 325
Gut, see Gastrointestinal tract
Gymnema, 45, 230

endocrine activity, 341–342, 
344–345

side effects, 104
Gynaecological and female 

reproductive system activity
Andrographis (Andrographis 

paniculata), 295
arbor-vitae (Thuja occidentalis), 

291, 296
Astragalus (Astragalus 

membranaceus), 295
black cohosh (Actaea racemosa), 

291–294, 300, 427, 520
black horehound (Ballota nigra), 

301
blue cohesh (Caulophyllum 

thalictroides), 291, 294
Boswellia (Boswellia serrata), 

297
Bupleurum (Bupleurum 

falcatum), 297
butcher’s broom (Ruscus 

aculeatus), 292
Californian poppy (Eschscholtzia 

californica), 293
chaste tree (Vitex agnus-castus), 

291, 293–294, 296–297, 
299–301, 489, 491–492, 
494, 496, 520

Chelidonium (Chelidonium 
majus), 296

cinnamon (Cinnamomum), 296
Coleus forskohlii, 298
Corydalis cava et spp. (yan hu 

suo), 293, 295, 297
cotton root (Gossypium 

herbaceum), 291
cramp bark (Viberunum opulis), 

293, 297
dan shen (Saliva miltiiorrhiza), 

297
dong quai (Angelica sinensis), 

291, 293–294, 297, 
520–521

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 295–297

evening primrose oil (Oenothera 
biennis), 542, 545–546

fennel fruit (Foeniculum 
vulgare), 293, 301, 560–561

fenugreek (Trigonella foenum-
graecum), 301

gentian (Gentiana lutea), 301
ginger (Zingiber officinale), 293, 

297
Ginkgo (Ginkgo biloba), 299
ginseng (Panax ginseng), 294, 

298, 300, 641–643

goats rue (Galega), 301
gotu kola (Centella asiatica), 

297
grape seed extract (Vitis 

vinifera), 297
gypsywort (Lycopus), 301
hawthorn (Crataegus), 300
helonias (Chamaelirium luteum), 

291, 300
hops (Humulus lupulus), 300
horsechestnut seed (Aesculus 

hippocastanum), 293
Hydrastis root (Hydrastis 

canadensis), 295
ladies mantle (Alchemilla), 300
Leonurus sibiricus, 291
liquorice (Glycyrrhiza glabra), 

297–298, 300
linseeds, 296
meadowsweet (Filipendula 

ulmaria), 301
motherwort (Leonurus 

cardiaca), 300
nettle (Urtica dioica), 301
oats (Avena), 300
pennyroyal (Mentha pulegium), 

291
peppermint (Mentha x piperita), 

301
pine bark (Pinsu pinaster), 

297–298
poke root (Phytolacca 

decandra), 795
raspberry leaf (Rubus idaeus), 

293, 297, 301
red clover (Trifolium pratense), 

300, 520
Rehmannia (Rehmannia 

glutinosa), 300
rue (Ruta graveolens), 291
sage (Salvia spp.), 292, 300–301
saw palmetto (Serenoa repens), 

296
Schisandra, 292
shatavari, 292–294
shatavari (Asparagus racemosus), 

294–295, 299–301
shepherd’s purse (Capsella), 

293, 301
squaw vine (Mitchella repens), 

291, 301
St John’s wort (Hypericum 

perforatum), 292, 294, 300
St Mary’s thistle (Silybum 

marianum), 292, 297–298, 
301, 520

Taraxacum (dandelion root), 
292, 301

Tribulus leaf (Tribulus terrestris), 
294, 300

turmeric (Curcuma longa), 
292–293, 297

valerian (Valeriana officinalis), 
292

vervain (Verbena officinalis), 301
white dead nettle (Lamium), 

293
white peony (Paeonia), 292, 

297–299
wild yam (Dioscorea), 292–293, 

295, 300–301
willow bark (Salix spp.), 

292–293
Withania (Withania somnifera), 

294, 300

wormwood (Artemisia 
absinthium), 291

see also Reproductive system 
activity, male

Gynaecological and obstetric 
conditions, phytotherapy in, 
291–302

Gypsywort (Lycopus), 301

H
Haematomas, 373
Haemodialysis, 876
Haemoglobin, 44
Haemolytic activity, 44
Haemophilus influenzae, 887
Haemorheological activity, 385, 

469
Haemorrhoids (piles), 204–205

Arnica flowers (Arnica 
montana), 373

butcher’s broom (Ruscus 
aculeatus), 467, 471

gotu kola (Centella asiatica), 
657

Melilotus (Melilotus officinalis), 
747

witchhazel (Hamamelis 
virginiana), 943, 945

Haemostasis, 223, 469
Haem oxygenase 1 (HO-1), 599
Hahnemann, Samuel, 13
Hamamelitannin, 37
Hamilton Anxiety Rating (HAM-

A), 481, 613, 706
Hamilton Rating Scale for 

Depression (HAMD), 
273–274, 607, 705–706

Harpagophytum procumbens, 
see Devil’s claw 
(Harpagophytum 
procumbens)

Harpagoside, 512
Harvey, William, 221
Hawthorn (Crataegus), 671

actions/effects, 671
angina, 227
anti-inflammatory activity, 676
antioxidant activity, 671, 

675–676
anxiolytic activity, 272
astringent activity, 671
background/traditional view, 671
blood flow, coronary, 673–676
botany, 672
cardiac contractility and 

frequency, effect on, 
673–674

cardioprotective activity, 220, 
225–227, 231, 234, 671, 
673–674, 678t–680t

children, safety of use for, 682
clinical trials, 671, 677–682
collagen stabilising activity, 671
congestive heart failure, 673, 

678t–680t
constituents, 672–673
dermatological activity, 681
diverticular disease, 202
dosage, 672
duration of use, 672
endocrine activity, 345
fatigue and debility, 169
and flavonoids, 34

Gotu kola (Centella asiatica) 
(Continued)
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gynaecological and female 
reproductive system 
activity, 300

heart disease, 677–681
hypocholesterolaemic activity, 

675
hypoxic conditions, effects, 674
interactions, 682
mechanistic studies, 675
microcirculatory and 

vasorelaxant activity, 
674–675

nervous system activity, 271
oligomeric proanthocyanidins, 

672–675
pharmacodynamics, 673–676
pharmacokinetics, 676–677
pharmacological studies, 671
pregnancy and lactation, 682
preparations, 672
respiratory activity, 249
safety issues, 672
side effects, 682
SPICE trial, 677
and synergy, 20
synonyms, 671
technical data, 672–682
tonification, 85
toxicology, 682
traditional therapeutic uses, 671
uses, 671
warnings/precautions, 682

Hay System, joint conditions, 305
HCTMT (homeopathic formula 

containing chaste tree 
mother tincture), 497

Headache
Chelidonium (Chelidonium 

majus), 501
feverfew (Tanacetum 

parthenium), 566
migraine, 217, 282–284, 571–573
peppermint (Mentha x piperita), 

789
tension headache, 280–281

Hearing loss, Ginkgo (Ginkgo 
biloba), 596, 610

Heart (TCM), 7–8
Heart disease

Astragalus (Astragalus 
membranaceus), 388

berberine, 404
hawthorn (Crataegus), 671, 

677–681
see also Cardioprotective 

activity; Congestive heart 
failure (CHF)

Heart rate variability (HRV), 681
Heartsease (Viola tricolor)

cancer preventive activity, 178
dermatological activity, 318

Heat, 158
Heating remedies, see Pungent 

constituents (warming 
effects)

Heat shock proteins (HSPs), 340
Hedera helix, see Ivy (Hedera 

helix)
Helenalin, 375, 377
Helicobacter pylori

migraine, 283
peptic ulcer, 196–197
resins, 39
specific herbs

berberine, 403

garlic (Allium sativum), 149
German chamomile 

(Maricaria recutita), 478
ginger (Zingiber officinale), 

583
liquorice (Glycyrrhiza 

glabra), 722
peppermint (Mentha x 

piperita), 786
urticaria, 321

Helonias (Chamaelirium luteum), 
300

Hemidesmus inducus, 169
Hemp (Cannabis sativa), 317
Henbane (Hyoscyamus niger), 200
Hepatic biotransformation, phases 

I and II, 214–215
Hepatic fibrosis, 385
Hepatic trophorestorative activity, 

globe artichoke (Cynara 
cardunculus), 649

Hepatitis
acute viral, 217–218
chronic viral, 218
hepatitis A, 217
hepatitis B, 215–217, 463
hepatitis C, 217, 731–732, 

874–875
specific herbs

Astragalus (Astragalus 
membranaceus), 387

liquorice (Glycyrrhiza 
glabra), 731

St Mary’s thistle (Silybum 
marianum), 873–875

treatment, 218
Hepatobiliary diseases, 208
Hepatocellular carcinoma (HCC), 

732
Hepatoprotective/

hepatorestorative agents, 
216–217

Andrographis (Andrographis 
paniculata), 218, 363

Astragalus (Astragalus 
membranaceus), 385

Berberis bark (Berberis 
vulgaris), 218–219, 399

bilberry fruit (Vaccinium 
myrtillus), 422

black cohosh (Actaea racemosa), 
437–438

Boswellia (Boswellia serrata), 
441

Bupleurum (Bupleurum 
falcatum), 218, 462

burdock (Arctium lappa), 219
Chelidonium (Chelidonium 

majus), 218–219, 501–502
dong quai (Angelica sinensis), 517
eyebright (Euphrasia officinalis), 

554
fennel fruit (Foeniculum 

vulgare), 560
food intolerance/allergies, 198
fumitory (Fumaria officinalis), 

219
ginger (Zingiber officinale), 583
globe artichoke (Cynara 

cardunculus), 218, 649, 651
gotu kola (Centella asiatica), 

218
Hydrastis root (Hydrastis 

canadensis), 218–219
irritable bowel syndrome, 201

liquorice (Glycyrrhiza glabra), 
215–216, 719–720, 725

poor liver function, 218
St John’s wort (Hypericum 

perforatum), 217
St Mary’s thistle (Silybum 

marianum), 216, 218, 861, 
864–865, 872–877

Taraxacum (dandelion root), 218
turmeric (Curcuma longa), 

904–905
yellow dock (Rumex crispus), 219

Hepatotoxicity
drug-induced, 879
kava (Piper methysticum), 709, 

712–713
Herbal actions, glossary, 962, see 

also under specific herbs
Herbal teas, 265
Herpes simplex, 322–323

Andrographis (Andrographis 
paniculata), 362

Astragalus (Astragalus 
membranaceus), 381, 384

lemon balm (Melissa), 150–151
liquorice (Glycyrrhiza glabra), 

150–151, 725
peppermint (Mentha x piperita), 

786
thyme (Thymus vulgaris), 885, 

888
Hesperidin methylchalcone, 469
Heterotheca inuloides (Mexican 

Arnica), 374
High blood pressure, see 

Hypertension
High-calorie diet (HCD), 24
High-density lipoproteins (HDLs), 

209–210, 222, 228
Highly active antiretroviral therapy 

(HAART), 694
High-performance liquid 

chromatography (HPLC), 
420

Hippocratic writings, 4
Hippophae rhamnoides (sea 

buckthorn), 157
Hirsutism, 557
Historical practices, 3–4
HIV infection/AIDS

Andrographis (Andrographis 
paniculata), 368

Chelidonium (Chelidonium 
majus), 505

Echinacea contraindicated for, 
535

ginseng (Panax ginseng), 
638–639

horsechestnut seed (Aesculus 
hippocastanum), 694

liquorice (Glycyrrhiza glabra), 
719, 725, 731

turmeric (Curcuma longa), 914
see also Antiretroviral activity

HLA-B27, 155
HLA-DR1/DR4, 155
HLA-DRB1, 156
Homeopathy, 13
Hops (Humulus lupulus)

antitussive activity, 243
and flavonoids, 34
gastrointestinal activity, 201
gynaecological and female 

reproductive system 
activity, 300

sedative activity, 274, 279
Horehound (Marrubium vulgare), 

241
Hormesis, 179, 339–340
Hormonal activity

black cohosh (Actaea racemosa), 
159, 427–429, 434

Bupleurum (Bupleurum 
falcatum), 159

chaste tree (Vitex agnus-castus), 
491–493

fennel fruit (Foeniculum 
vulgare), 559

horsechestnut seed (Aesculus 
hippocastanum), 159

Rehmannia (Rehmannia 
glutinosa), 159

saw palmetto (Serenoa repens), 
808

Tribulus leaf (Tribulus terrestris), 
895–896

Hormone replacement therapy 
(HRT), 290, 295

and black cohosh (Actaea 
racemosa), 432–433

Hormones
and asthma, 253
decline, arresting, 339–341
neurohormonal mechanisms, 

common, 188
oestrogenic/related activity, 559
resistance, 337–339

Horsechestnut seed (Aesculus 
hippocastanum), 685

actions/effects, 685
anti-inflammatory activity, 685
antioedema activity, 685–688
background/traditional view, 685
botany, 686
cancer preventive activity, 688
cardioprotective activity, 231
children, safety of use for, 696
chronic venous insufficiency, 

685, 691–693
chronic venous ulceration, 693
clinical trials, 685, 690–694
constituents, 686
contraindications, 695
deep vein thrombosis, 685, 693
dermatological activity, 685, 688
dosage, 685–686
duration of use, 686
escin, clinical trials, 690–691
fatigue and debility, 169
and flavonoids, 34
gastrointestinal activity, 688
gynaecological and female 

reproductive system 
activity, 293

hormonal activity, 159
interactions, 695
joint activity, 311
menstrual disorders, 685
overdosage, 696
pharmacodynamics, 686–689
pharmacokinetics, 689–690
pharmacological studies, 685
pregnancy and lactation, 695
preparations, 685
rectal activity, 685
regulatory status, 696
reproductive system activity, 

male, 694
safety issues, 686
side effects, 104, 695–696
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synonyms, 685
technical data, 686–694
topical use, 694
toxicology, 694–695
traditional therapeutic uses, 685
uses, 685
varicose veins, 685
vascular protective activity, 

686–688
venotonic activity, 685–688
warnings/precautions, 695
see also Escin, clinical trials

Horseradish (Armoracea)
gastrointestinal activity, 191
respiratory activity, 246
side effects, 104

Horsetail (Equisetum), urinary 
activity, 261, 263

Hot flushes, 300
HPA (hypothalamic-pituitary-

adrenal) axis, 253, 274, 
278, 820

chronic fatigue syndrome, 166
male reproductive system 

and conditions affecting, 
328–329

Human herpesvirus-6 (HHV-6), 
164, 166

Human leucocyte elastase (HLE), 
443, 762

Human parvovirus (HPV)-B19, 
164

Humours, four, 4, 13–14
Humulus lupulus, see Hops 

(Humulus lupulus)
Hyaluronic acid (HA), 306
Hydrastis root (Hydrastis 

canadensis), 399
actions/effects, 399
adulteration, 400
anticatarrhal activity, 399–400
antidiabetic activity, 406–407
antidiarrhoeal activity, 403–404
antifungal activity, 401
anti-inflammatory activity, 

405–406
antimicrobial activity, 401–403, 

402t–403t, 407–408
antiparasitic activity, 401–403, 

402t–403t
antiseptic activity, 142
background/traditional view, 399
biliary activity, 399
bitter activity, 41, 193
botany, 400
cancer preventive activity, 176, 

401, 405
cardioprotective activity, 

404–405
children, safety of use for, 415
clinical trials, 399
constituents, 401
contraindications, 413
dermatological activity, 320
dosage, 400
duration of use, 400
endangered status, 400
eyewashes, 400
fevers, 147
food intolerance/allergies, 198
gastrointestinal activity, 197, 

201, 204, 399–400

gynaecological and female 
reproductive system 
activity, 295

hepatoprotective activity, 
218–219

infectious diseases, 150
interactions, 413–414
liver protective activity, 218–219
nervous system activity, 406
overdosage, 415
pharmacodynamics, 401–409
pharmacokinetics, 409
pharmacological studies, 400
pregnancy and lactation, 414
preparations, 400
regulatory status, 415
respiratory activity, 242, 244–

249, 399
safety issues, 400
side effects, 414–415
smooth muscle, effect on, 408
synonyms, 399
technical data, 400–407
toxicology, 412–413
traditional therapeutic uses, 

399–400
urinary activity, 263, 266
uses, 399–400

Hydrochloric acid, gastric, 186
Hydrocortisone, 477, 480–481
Hydrocyanic acid, 24
Hydrogen sulphide, and garlic, 223
Hydroquinone, 394–397
Hydroxyethyl rutoside, 471
Hyperforin, 829, 832, 834
Hyperglycaemia, 345
Hypericin, 49
Hypericum perforatum, see St 

John’s wort (Hypericum 
perforatum)

Hyperkalaemia, 720, 731
Hyperlipidaemia, 228–230

globe artichoke (Cynara 
cardunculus), 649

hawthorn (Crataegus), 671
St Mary’s thistle (Silybum 

marianum), 876
turmeric (Curcuma longa), 900

Hyperpigmentary disorders, 393
Hyperprolactinaemia

chaste tree (Vitex agnus-castus), 
489, 491–492, 494

liquorice (Glycyrrhiza glabra), 
719, 731

Hypersensitivity reactions, 
484–485

Hypertension, 225–226
evening primrose oil (Oenothera 

biennis), 540
fennel fruit (Foeniculum 

vulgare), 560
fibroids, 295

Hyperthyroidism (Grave’s 
disease), 347–348

Bugleweed/European bugleweed 
(Lycopus virginicus/L. 
eurpaeus), 454

Hypnotics, 274–275, 279
kava (Piper methysticum), 699, 

701
St John’s wort (Hypericum 

perforatum), 837
Hypocholesterolaemic activity

globe artichoke (Cynara 
cardunculus), 649

hawthorn (Crataegus), 675
Hypoglycaemic activity

Andrographis (Andrographis 
paniculata), 364–365

German chamomile (Maricaria 
recutita), 479–480

Hypolipidaemic activity
globe artichoke (Cynara 

cardunculus), 651–653
turmeric (Curcuma longa), 

905–906, 912
Hypotension, orthostatic, 471
Hypotensive effects, 233

Astragalus (Astragalus 
membranaceus), 381

butcher’s broom (Ruscus 
aculeatus), 467

evening primrose oil (Oenothera 
biennis), 540, 543

hawthorn (Crataegus), 671
Hypothalamic abnormalities, in 

CFS, 166–167
Hypothalamic-pituitary-adrenal 

(HPA) axis, see HPA 
(hypothalamic-pituitary-
adrenal) axis

Hypothyroidism, 199
subclinical, 338, 346–347

Hypoxic conditions, 469, 674
Hyssop (Hyssopus), 241

I
Iceland moss (Celtraria islandica), 

240
I Ching (Book of Changes), 5–6
Idiopathic membranous 

nephropathy (IMN), 388
Idiopathic reactive hypoglycaemia, 

343–344
Idiosyncratic reactions/

idiosyncratic drug reactions 
(IDRs), 101–102, 104–105, 
110

Idoxuridine (IDU), 725, 730
Imaging

cerebral insufficiency and stroke, 
604–605

chronic fatigue syndrome, 166
eye disorders, 612
gastrointestinal disorders, 785
respiratory disorders, 786

Imipramine (conventional 
antidepressant), 273

Immune system
bitters, 151
gastrointestinal tract, 184, 188, 

201
infectious diseases, 150–151
respiratory activity, 248
specific herbs for modulating/

stimulating, 169
Andrographis (Andrographis 

paniculata), 150–151, 169, 
361–362

Arnica flowers (Arnica 
montana), 374–375

Astragalus (Astragalus 
membranaceus), 151, 169, 
381, 383–384, 386–387

dong quai (Angelica sinensis), 
519

Echinacea root (Echinacea 
angustifolia and/or 

purpurea), 150–151, 169, 
198, 312, 323, 525

ginseng (Panax ginseng), 628, 
632, 638–639

liquorice (Glycyrrhiza 
glabra), 724

meadowsweet (Filipendula 
ulmaria), 743

Melilotus (Melilotus 
officinalis), 747, 749

poke root (Phytolacca 
decandra), 795

Rehmannia (Rehmannia 
glutinosa), 800–801

Siberian ginseng 
(Eleutherococcus senticosus), 
818, 821

St Mary’s thistle (Silybum 
marianum), 868–870

wild indigo (Baptisia 
tinctoria), 150–151

Withania (Withania 
somnifera), 949, 951–952

Immunological cross-reactivity, 153
Immunosuppression, 383
Indian ginseng, see Withania 

(Withania somnifera)
Indinavir, 694
Indomethacin, 395, 397
Inducible nitric oxide synthase 

(iNOS), 902
Infectious diseases
see also Antimicrobial agents, 

specific diseases
and asthma, 253
fungal infections, see Fungal 

infections
gastrointestinal, 201
general approach to treatment, 

150–151
immunity problems, 151
phytotherapy, 150–151
pungent constituents (warming 

effects), 150–151
recurrent, 151
scope of treatment, 148–149
specific herbs

Andrographis (Andrographis 
paniculata), 150–151

Astragalus (Astragalus 
membranaceus), 151

balm of Gilead (Populus 
gileadensis), 151

bearberry (Arctostphylos uva 
ursi), 150

Berberis bark (Berberis 
vulgaris), 150, 158

buchu (Agathosma betulina), 
150

cayenne (Capsicum), 150–151
cinnamon (Cinnamomum), 

150–151
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 150–151, 158, 
525, 534

garlic (Allium sativum), 
149–150, 158

gentian (Gentiana lutea), 151
ginger (Zingiber officinale), 

150–151
ginseng (Panax ginseng), 151, 

638–639
Hydrastis root (Hydrastis 

canadensis), 150

Horsechestnut seed (Aesculus 
hippocastanum) 
(Continued)
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juniper (Juniperus), 150–151
lemon balm (Melissa), 

150–151
liquorice (Glycyrrhiza 

glabra), 150–151
marigold (Calendula 

officinalis), 150–151
Melilotus (Melilotus 

officinalis), 747
myrrh (Commiphora molmol), 

150–151
quinine bark (Cinchona), 150
saw palmetto (Serenoa 

repens), 150–151
Siberian ginseng 

(Eleutherococcus senticosus), 
151

St John’s wort (Hypericum 
perforatum), 150–151

wild indigo (Baptisia 
tinctoria), 150–151

Withania (Withania 
somnifera), 151

wormwood (Artemisia 
absinthium), 150–151

‘super-bugs,’, 150
urinary tract infections, 265–267
viral, see Viral conditions

Infertility, see Fertility problems
Inflammatory arthritis, 546
Inflammatory bowel disease (IBD), 

186, 203–204, 208
Andrographis (Andrographis 

paniculata), 368
Boswellia (Boswellia serrata), 

441, 446
see also Crohn’s disease; 

Ulcerative colitis
Inflammatory disorders, 242–243

arthritis, see Inflammatory 
arthritis

and cancer, 176
chronic, 153
extravasation, inhibition of,  

154t
inflammatory bowel disease, see 

Inflammatory bowel disease 
(IBD)

invasion, inhibition of, 155t
oral, 481
pelvic, see Pelvic inflammatory 

disease (PID)
posttraumatic, 747
resins, 39
synovial inflammation, 307
see also Anti-inflammatories

Influenza, 245–246
Andrographis (Andrographis 

paniculata), 362
Bupleurum (Bupleurum 

falcatum), 460
see also Common cold

Infusions, 126
Inhalants (vapours), 143, 243–244
Insect bites

Arnica flowers (Arnica 
montana), 373

nettle leaf, 760–761, 767
Insecticidal activity, 373, 755
Insomnia, 278–280

kava (Piper methysticum), 699, 
707–708

lemon balm (Melissa), 928
St John’s wort (Hypericum 

perforatum), 847–848

valerian (Valeriana officinalis), 
923, 927–929

Insulin resistance, 337–338
Berberis bark (Berberis 

vulgaris), 411
liquorice (Glycyrrhiza glabra), 

727, 729
Interactions, herb-drug

listed, 970
metabolic, 849–851
pharmacodynamic, 851–852
specific herbs

Andrographis (Andrographis 
paniculata), 369

bearberry (Arctostphylos uva 
ursi), 397

berberine, 413–414
Berberis bark (Berberis 

vulgaris), 413–414
bilberry fruit (Vaccinium 

myrtillus), 424
black cohosh (Actaea 

racemosa), 436
Boswellia (Boswellia serrata), 

447
Bugleweed/European 

bugleweed (Lycopus 
virginicus/L. eurpaeus), 457

chaste tree (Vitex agnus-
castus), 498

devil’s claw (Harpagophytum 
procumbens), 514

dong quai (Angelica sinensis), 
521

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 536

evening primrose oil 
(Oenothera biennis), 549

fennel fruit (Foeniculum 
vulgare), 562–563

German chamomile 
(Maricaria recutita), 
483–484

ginger (Zingiber officinale), 
591–592

Ginkgo (Ginkgo biloba), 
617–619

ginseng (Panax ginseng), 644
gotu kola (Centella asiatica), 

666
hawthorn (Crataegus), 682
horsechestnut seed (Aesculus 

hippocastanum), 695
Hydrastis root (Hydrastis 

canadensis), 413–414
kava (Piper methysticum), 

710–711
liquorice (Glycyrrhiza 

glabra), 106, 734
meadowsweet (Filipendula 

ulmaria), 744–745
Melilotus (Melilotus 

officinalis), 751
myrrh (Commiphora molmol), 

758
pau d’arco (Tabebui spp.),  

779
peppermint (Mentha x 

piperita), 791
saw palmetto (Serenoa 

repens), 814
Siberian ginseng 

(Eleutherococcus senticosus), 
823

St John’s wort (Hypericum 
perforatum), 849–852

St Mary’s thistle (Silybum 
marianum), 877–879

thyme (Thymus vulgaris), 891
turmeric (Curcuma longa), 

918
valerian (Valeriana officinalis), 

930
willow bark (Salix spp.), 940
witchhazel (Hamamelis 

virginiana), 946
Withania (Withania 

somnifera), 958
see also Drugs

Intercellular adhesion molecule 1 
(ICAM-1), 152–153

Interferon, 384
Interleukin (IL-1)-1, 152–153
Interleukin (IL-6)-6, 762
Interleukin (IL-10)-10, 251
Intermediate density lipoprotein 

(IDL), 228
International Diabetes Federation 

(IDF), 344
International Headache Society, 

281
International normalised ratio 

(INR), 591, 618
Intestinal dysbiosis, 203
Intestinal flora, 186–187
Intestinal permeability, disturbed, 

186
Intraoperative floppy-iris syndrome 

(IFIS), 815
Intravaginal ejaculatory latency 

time (IELT), 846
Inula helenium, see Elecampane 

(Inula helenium)
Inula racemosa, 227
in vitro fertilisation (IVF), 

876–877
Ionizing radiation (IR), 776
Ipecacuanha (Cephaelis 

ipecacuanha)
and alkaloids, 57
emetic quality, 189
gastrointestinal activity, 189–190
respiratory activity, 239
saponin effects, 190

Irish moss (Chondrus)
gastrointestinal activity, 190
as mucilage, 190
respiratory activity, 240–241

Iris versicolor, see Blue flag (Iris 
versicolor)

Iron-related disorders, 876
see also Antianaemic activity
Irritable bowel syndrome (IBS), 

199–202
Chelidonium (Chelidonium 

majus), 501
constipation-predominant, 189
fennel fruit (Foeniculum 

vulgare), 557, 560
peppermint (Mentha x piperita), 

783, 788
St John’s wort (Hypericum 

perforatum), 846
Ischaemia, 599–600, 671
Ischaemia-reperfusion injury, 420
Ischaemic heart disease (IHD), 

228
Islamic medicines, 5
Isobole method, 19–20

Isobologram method, 20f
Isoflavones, 53–55, 65–66
Isoliquiritigenin, 724–725, 

727–728
Isoquinoline alkaloids, 399
Ispaghula (Plantago ovata), 

gastrointestinal activity, 25, 
189, 199–200

Itching, see Pruritus (itching)
Ivy (Hedera helix)

respiratory activity, 242
solvent, 128

J
Jamaican dogwood (Piscidia 

erythrina)
analgesic activity, 274
sedative activity, 274

Jaundice, 501
Jellies, 143
Johne’s disease, 155–156
Joint activity

Arnica flowers (Arnica 
montana), 311, 373

bilberry fruit (Vaccinium 
myrtillus), 309

black cohosh (Actaea racemosa), 
306, 427

blackcurrent seed oil (Ribes 
nigrum), 306

bladderwrack (Fucus 
vesiculosus), 309

borage (Borago officinalis), 306
Boswellia (Boswellia serrata), 

157, 306, 308–309, 311, 
441

Bupleurum (Bupleurum 
falcatum), 309

butcher’s broom (Ruscus 
aculeatus), 311

cat’s claw (Uncaria tomentosa), 
157, 311

cayenne (Capsicum), 306
celery (Apium graveolens), 309, 

311
comfrey (Symphytum), 311
devil’s claw (Harpagophytum 

procumbens), 157, 306, 311
evening primrose oil (Oenothera 

biennis), 306
feverfew (Tanacetum 

parthenium), 306
garlic (Allium sativum), 

308–309
ginger (Zingiber officinale), 309, 

311
Ginkgo (Ginkgo biloba), 309, 

311–312
gotu kola (Centella asiatica), 

309
grape seed extract (Vitis 

vinifera), 309
horsechestnut seed (Aesculus 

hippocastanum), 311
juniper (Juniperus), 306
nettle (Urtica dioica), 760
pine bark (Pinsu pinaster), 309
prickly ash (Zanthoxylum), 306
pycnogenol, 308
Rehmannia (Rehmannia 

glutinosa), 309
Siberian ginseng (Eleutherococcus 

senticosus), 818
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skullcap (Scutellaria lateriflora), 
312

St John’s wort (Hypericum 
perforatum), 309, 311–312

turmeric (Curcuma longa), 306, 
309, 311

willow bark (Salix spp.), 306, 
311

Joints and conditions affecting
blistering in, 304
case histories, 309b, 310b, 313b
counterirritation, 304
herbs, specific, see Joint activity
inflammation, 152, 156
internal treatments, 305–306
phytotherapy/

phytotherapeutics, 304–313
scope of treatment, 303
see also Ankylosing spondylitis; 

Arthritis; Osteoarthritis 
(OA); Rheumatoid arthritis 
(RA)

Journal of Ethnopharmacology, 
149–150

Juglans cinera, see Butternut 
(Juglans cinera)

Juglans niga; Juglas regia, see 
Walnut (Juglans niga; Juglas 
regia)

Juglans regia (hu tao ren), 171
Juniper (Juniperus)

infectious diseases, 150–151
joint activity, 306
renal activity, 29
urinary activity, 263

Juvenile arthritis, chaste tree 
(Vitex agnus-castus), 490

Juvenile depression, 842–843

K
Kalmegh, see Andrographis 

(Andrographis paniculata)
Kapha, 9–10
Kaposi’s sarcoma, 890
Kava (Piper methysticum), 699

actions/effects, 699
adulteration, 700
adverse case reports, 102
analgesic activity, 274, 283, 699, 

702
anticonvulsant activity, 702
antimicrobial activity, 704
antithrombotic activity, 704
anxiolytic activity, 272, 699, 

701–702, 705–707
background/traditional view, 699
banning of, 699
botany, 700
cancer preventive activity, 

703–704
cardioprotective activity, 231
children, safety of use for, 715
clinical trials, 699, 705–709
constituents, 700
contraindications, 710
dosage, 700
driving contraindications, 711
drug withdrawal, 699, 706
duration of use, 700
epilepsy, 708
fatigue and debility, 169
hepatotoxicity, 709, 712–713

hypnotic activity, 701
insomnia, 699, 707–708
interactions, 710–711
local anaesthetic quality, 702
machinery use, 711
menopausal symptoms, 699, 708
mouth ulcers, 194–195
muscle relaxant activity, 702
overdosage, 714–715
performance, effects on, 

702–703
pharmacodynamics, 699, 

701–704
pharmacokinetics, 704–705
pregnancy and lactation, 

710–711
preparations, 700
regulatory status, 715
respiratory activity, 247
safety issues, 700
sedative activity, 274, 279, 699, 

701
side effects, 104, 711–714
spasmolytic activity, 275–276, 

702
synonyms, 699
technical data, 700–705
toxicology, 709–710
traditional therapeutic uses, 699
uses, 699–700
vision, effects on, 702–703
warnings/precautions, 710

Keishi-bukuryo-gan (KBG), 296
Kelp (Fucus vesiculosus)

endocrine activity, 347
gastrointestinal activity, 190

11-keto-beta-boswellic acid 
(KBA), 308

Kidney
beneficial effects of plant 

remedies on, 262
and oedema, 262
tonics, 264

Kidneys (TCM), 8, 171
King’s American Dispensatory, 524
Klebsielae, 149, 155–157, 187, 265

bearberry (Arctostphylos uva 
ursi), 395

buchu (Agathosma betulina), 
451

thyme (Thymus vulgaris), 887
Klebsielleae pneumoniae, 155
Kola nuts, reproductive system 

activity, male, 331
Korean ginseng, see Ginseng 

(Panax ginseng)
Kupffer cells, 198, 214, 216
Kupperman Menopause Index 

(KMI), 432

L
Lactase dehydrogenase (LDH), 

674
Lactase phlorizin hydrolase (LPH), 

65
Lactation, see Pregnancy and 

lactation
Lactobacilli, 156, 203
Lactuca, see Wild lettuce 

(Lactuca)
Ladies mantle (Alchemilla)

demulcents and healing agents, 
141

gynaecological and female 
reproductive system 
activity, 300

tannin constituents, 191
Laetrile, 24–25
Lapachol, 772, 774–775, 777–778
Larix occidentalis, see Western 

larch (Larix occidentalis)
Latent hyperprolactinaemia 

(LHP), 494
Lavender (Lavendula officinalis)

antidepressant activity, 273
anxiolytic activity, 211
dermatological activity, 317
sedative activity, 279

Laxatives
anthraquinone, 48–50, 193
bulk, 25, 189
cancer preventive activity, 178
side effects, 104
specific herbs

Chelidonium (Chelidonium 
majus), 501

dong quai (Angelica sinensis), 
517

liquorice (Glycyrrhiza 
glabra), 719

Rehmannia (Rehmannia 
glutinosa), 799

LD50 (mean lethal dose) test, 
356–357

Learning aids, Ginkgo (Ginkgo 
biloba), 602, 613

Left anterior descending (LAD) 
blood flow, 609

Leg ulcers, 657
Leishmania braziliensis 

panamensis, 403
Leishmania donovani, 403
Leishmaniasis, 399, 403
Leishmaniasis amazonensis, 776
Leishmania tropica, 403
Lemon balm (Melissa)

antiseptic activity, 142
dermatological activity, 322, 946
gastrointestinal activity, 192, 

195, 561
infectious diseases, 150–151
insomnia, 928
nervous system activity, 211
spasmolytic activity, 192, 275

Lemon juice, 211
Lentinan, 179
Leonurus cardiac, see Motherwort 

(Leonurus cardiaca)
Leonurus sibiricus, gynaecological 

and female reproductive 
system activity, 291

Leptospira icterohaemorrhagieae, 
478

Leucopoenia, 381
Leukaemia

Andrographis (Andrographis 
paniculata), 363

fennel fruit (Foeniculum 
vulgare), 560

Leukotrienes (LT), 307, 441
Levisticum, see Lovage 

(Levisticum)
Lichen sclerosis, 890
Licochalcone A, 724–725
Liquorice (Glycyrrhiza glabra), 

719
actions/effects, 719
Addison’s disease, 730

adrenal support, 169
adulteration, 720
antiallergic activity, 727
antidepressant activity, 278, 

726–727
antidiabetic activity, 720
anti-inflammatory activity, 

719–720, 722–723
antimicrobial activity, 726
antitussive activity, 719, 727
antiulcer activity, 721–722
antiviral activity, 719–720, 

725–726
asthma, 256
background/traditional view, 719
11-beta-HSD1 inhibition, 

729–730
botany, 720
cancer preventive activity, 

719–720
carbenoxolone, 721–722, 727, 

730
chemoprotective and antitumour 

activities, 724–725
children, safety of use for, 736
choleretic activity, 728
clinical trials, 719, 729–733
cognitive function, 726
constipation, 199
constituents, 720–721
contraindications, 733–734
dermatological activity, 320
diarrhoea, 185
digestive activity, 186
dosage, 720
duodenal ulcer, 729
duration of use, 720
dyslipidaemia, 727, 729
endocrine activity, 344–345
endocrine disorders, 342–343
and flavonoids, 34
as flavouring agent, 720
formulations, 186
gastric ulcer, 729
gastrointestinal activity, 186, 

190, 195, 561, 729
gynaecological and female 

reproductive system 
activity, 297–298, 300

Helicobacter pylori, 722
hepatoprotective activity, 215–

216, 719–720, 725
HIV infection/AIDS, 731
hyperkalaemia, 720, 731
hyperprolactinaemia, 719, 731
immunomodulatory activity, 724
infectious diseases, 150–151
insulin resistance, 729
interactions, 106, 734
intestinal permeability, 

disturbed, 186
laxative activity, 719
liver protective activity, 215–216
menopausal symptoms, 719
neuroprotective effects, 720, 726
overdosage, 736
peptic ulcer, 197
pharmacodynamics, 721–728
pharmacokinetics, 728–729
pharmacological studies, 720
polycystic ovary syndrome, 719, 

730–731
pregnancy and lactation, 

734–735
preparations, 719

Joint activity (Continued)
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regulatory status, 736–737
respiratory activity, 241, 243–

244, 247, 249, 256, 720
rheumatoid arthritis, 720
safety issues, 720
saponin effects, 190
side effects, 104, 169, 735–736
spasmolytic activity, 719, 727
steroid metabolism, influence 

on, 723–724
synonyms, 719
technical data, 720–733
tonic activity, 170, 719
topical application, 730
toxicology, 733
traditional therapeutic uses, 719
urinary activity, 720
uses, 719–720
weight loss, 732–733

Lifestyle modification
chronic venous disorders, 231
hyperlipidaemia, 229–230
hypotension, 226
palpitations, 230–231

Lignum vitae (Guaiacum spp.), 159
Ligustilide, 519–520
Lily of the valley (Convallaria 

majalis), 48
cardioprotective activity, 225

Lime flowers (Tilia)
cardioprotective activity, 226, 

228
fevers, 147
hepatitis, 217
side effects, 104
spasmolytic activity, 275
urinary activity, 261

Liniments, 142
Linoleic acid (LA), 541
Linseed oil (Linum usitatissimum), 

joint activity, 306
Linseeds, 25, 199, 296

demulcents and healing agents, 
140–141

reproductive system activity, 
male, 333

tonic activity, 85
Linum usitatissimum, see Linseed 

oil (Linum usitatissimum)
Lipids, skin conditions, 317
Lipopolysaccharide (LPS), 476–

477, 778, 869, 937–938
Lipoprotein(a), 609
Liposterolic extract of saw 

palmetto (LESP), 806–811, 
813–815

comparative clinical trials, 812t
Lipoteichoic acid (LTA), 403
Liquids

ethanol-water, as solvent, 
127–129

formulations, 142–143
mechanism for formulating, 

132–133
preparation, 126–129
strength or ratio, 126–127

Liquiritin, 727
Listeria monocytogenes, 785–786
Lithospermate B, 216
Lithospermum officinale, 265
Liver (TCM), 7, 9, 171
Liver and conditions affecting

alcoholic liver disease, 872–873
cancer, 876–877
case histories, 218b, 219b

cirrhosis of liver, 218, 410
alcoholic, 873

evidence of beneficial effects of 
herbs, 215–216

functions of liver, 214–215
hepatitis, see Hepatitis
herb-induced disorders, 101
herbs, specific, see 

Hepatoprotective/
hepatorestorative agents

infectious diseases, 150
non-alcoholic liver damage, 872
phytotherapy, 215–219
and PMT, 292
poor liver function, 218–219
scope of treatment, 214

Liver cancer, 548, 876–877
Lloyd, John Uri, 12
LOAEL (lowest observe adverse 

effect), 414
Lobelia (Lobelia inflata), 11

and alkaloids, 57
respiratory activity, 239, 241, 

244, 246, 249
spasmolytic activity, 275–276

Local anaesthetics/analgesics, 142
kava (Piper methysticum), 699, 

702
myrrh (Commiphora molmol), 

755
Lotions, 142
Lovage (Levisticum), 

gastrointestinal activity, 192
Low-density lipoproteins (LDLs), 

228, 404, 421
Lower urinary tract symptoms 

(LUTS), 330–331, 334
Lozenges, 142
Lung cancer

Astragalus (Astragalus 
membranaceus), 388

beta-lapachone, 776
reishi mushrooms, 179

Lungs (TCM), 8–9, 171, 628
Lungwort (Lobaria), 

gastrointestinal activity, 190
Lupus, Boswellia (Boswellia 

serrata), 441
Luteinising hormone (LH)

black cohosh (Actaea racemosa), 
429, 434

chaste tree (Vitex agnus-castus), 
491

Luteolin, 480
Lycopene, 176
Lycopus virginicus/L. eurpaeus, 

see Bugleweed/European 
bugleweed (Lycopus 
virginicus/L. eurpaeus)

Lyle, TJ, 12
Lyme disease, 165
Lymphatic activity, poke root 

(Phytolacca decandra), 795
Lymphocyte-stimulating factors 

(LSFs), 796
Lymphocytic leukaemia cells 

(CLL), 834
Lymphoedema

butcher’s broom (Ruscus 
aculeatus), 467, 471

Melilotus (Melilotus officinalis), 
747, 749–750

Lymphoma, 363
devil’s claw (Harpagophytum 

procumbens), 513

M
Madagascar periwinkle 

(Catharantheus roseus), 
176

Madder root (Rubia tinctorum), 49
Madecassoside, 660
Magnesium lithospermate B, 262
Magnesium sulphate (Epsom 

salts), 210
Magnesium therapy, 280
Magnetic resonance imaging 

(MRI), 166, 604, 786
Magnolia, sedative activity, 279
Major depression/major depressive 

disorder (MDD), 278
St John’s wort (Hypericum 

perforatum), 840
Male reproductive system and 

conditions affecting
benign prostatic hyperplasia, see 

Benign prostatic hyperplasia 
(BPH)

case histories, 330b, 331b, 332b, 
332b–333b

fertility problems, see under 
Fertility problems

herbs, specific, see Reproductive 
system activity, male

lower urinary tract symptoms 
(LUTS), 330–331, 334

phytotherapy, 328–335
scope of treatment, 328

Malignant diseases, see Cancer; 
Cancer preventive activity

Mannitol, 261–262
Maricaria recutita, see German 

chamomile (Maricaria 
recutita)

Marigold (Calendula officinalis), 25
anti-inflammatory activity, 

141–142
antiseptic activity, 142
cancer preventive activity, 178
dermatological activity, 320, 

322–323, 325
diarrhoea, 185
food intolerance/allergies, 198
formulations, 143
gargles with, 186
gastrointestinal activity, 159, 

196–197, 204, 561
mouth ulcers, 194–195
as resin, 193
respiratory activity, 243
wound healing, 847

Marker compounds or 
constituents, 130

Marrubium, see White horehound 
(Marrubium)

Marrubium vulgare, see 
Horehound (Marrubium 
vulgare)

Marsdenia, see Condurango 
(Marsdenia)

Marshmallow root (Althea 
officinalis), 25

antitussive activity, 26
gastrointestinal activity, 185, 

190, 195, 198
respiratory activity, 240–241, 

243, 247
solvent, 128

Martindale’s Extra 
Pharmacopoeia, 238

Mastalgia, 496–497, 545
Mastic (Pistacia lentiscus var. 

chia), gastrointestinal 
activity, 39, 204

Matricaria chamomile, see German 
chamomile (Maricaria 
recutita)

Matricine, 476, 480
Matrix metalloproteinases 

(MMPs), 231, 307, 363, 
902, 908–909

Maximum tolerated dose (MTD), 
839

Meadowsweet (Filipendula 
ulmaria), 742

actions/effects, 742
adulteration, 743
antacid activity, 742
antimicrobial activity, 742, 744
antithrombotic activity, 742
antiulcer activity, 743
background/traditional view, 742
botany, 743
cancer preventive activity, 744
cervical dysplasia, 742, 744
children, safety of use for, 745
clinical trials, 742, 744
constituents, 743
contraindications, 744
dermatological activity, 742
diarrhoea, 185
dosage, 742–743
duration of use, 743
fevers, 742
as food additive, 742
food intolerance/allergies, 198
gastrointestinal activity, 159, 

186, 195–196, 742
gynaecological and female 

reproductive system 
activity, 301

immunomodulatory activity, 743
interactions, 744–745
intestinal permeability, 

disturbed, 186
irritable bowel syndrome, 201
neuroprotective effects, 744
peptic ulcer, 197
pharmacodynamics, 743–744
pharmacological studies, 742
pregnancy and lactation, 745
preparations, 742
regulatory status, 745
safety issues, 743
synonyms, 742
technical data, 743–744
toxicology, 744
traditional therapeutic uses, 742
urinary activity, 742
uses, 742
warnings/precautions, 744
wound healing, 742

Mean lethal dose (LD50) test, 
356–357

Medicago sativa, see Alfalfa 
(Medicago sativa)

Medical Journal of Australia, 345
Medications, see Drugs
Medicines and Healthcare 

Products Regulatory Agency 
(MHRA), 437

Melaleuca alternifolia, see Tea tree 
oil (Melaleuca alternifolia)

Melaleuca niaouli, see Cajuput 
(Melaleuca niaouli)
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Melanin synthesis inhibition, 
bearberry (Arctostphylos 
uva ursi), 395

Melanoma, Melilotus (Melilotus 
officinalis), 750

Melanosis coli, 50
Melatonin, 279, 497
Melilotus, see Sweet clover 

(Melilotus)
Melilotus (Melilotus officinalis), 

51, 747
actions/effects, 747
anti-inflammatory activity, 

747–749
antioedema activity, 747–749
background/traditional view, 

747–748
botany, 748
cancer preventive activity, 747, 

749–750
cardioprotective activity, 747, 749
clinical trials, 747, 750

with coumarin, 749–750
constituents, 748
contraindications, 751
coumarin

clinical trials, 749–750
pharmacodynamics, 748–749

dosage, 747–748
duration of use, 748
gastrointestinal activity, 747
haemorrhoids (piles), 747
immunomodulatory activity, 

747, 749
infectious diseases, 747
interactions, 751
lymphoedema, 747, 749–750
overdosage, 751
pharmacodynamics, 748–750
pharmacokinetics, 749
pharmacological studies, 747
pregnancy and lactation, 751
preparations, 747
regulatory status, 751
safety issues, 748
side effects, 751
synonyms, 747
technical data, 748–750
toxicology, 750–751
traditional therapeutic uses, 747
uses, 747
varicose veins, 747
warnings/precautions, 751

Melphalan, 776
Membranous (M) cells, 156
Memory aids

Ginkgo (Ginkgo biloba), 602
ginseng (Panax ginseng), 

631–632
Memory impairment, 285
Meningitis, 152
Menopausal symptoms, 299–301

black cohosh (Actaea racemosa), 
429–433

bone loss, 429, 434
breast cancer patients with, 434
chaste tree (Vitex agnus-castus), 

496
German chamomile (Maricaria 

recutita), 482
HALT study, 432
kava (Piper methysticum), 699, 

708
liquorice (Glycyrrhiza glabra), 

719

St John’s wort (Hypericum 
perforatum), 433, 844–845

Tribulus leaf (Tribulus terrestris), 
897

Menorrhagia, 290, 293–294
Menstrual cycle, 289–290
Menstrual disorders, 290

amenorrhoea, see Amenorrhoea
dysmenorrhoea (painful 

menstruation), see 
Dysmenorrhoea (painful 
menstruation)

horsechestnut seed (Aesculus 
hippocastanum), 685

menorrhagia, see Menorrhagia
premenstrual syndrome, see 

Premenstrual syndrome
specific herbs

chaste tree (Vitex agnus-
castus), 489, 494–496

dong quai (Angelica sinensis), 
517

fennel fruit (Foeniculum 
vulgare), 557

German chamomile 
(Maricaria recutita), 475

ginger (Zingiber officinale), 
578–579

Ginkgo (Ginkgo biloba), 596
myrrh (Commiphora molmol), 

753
see also Female reproductive 

system and conditions 
affecting; Gynaecological 
and female reproductive 
system activity

Mental health conditions, 613
anxiety, 277–278
depression, 278
schizophrenia, 546–547
see also Nervous system and 

conditions affecting
Mentha pulegium, see Pennyroyal 

(Mentha pulegium)
Menthol, 243–244, 783, 787, 

790–791
see also Peppermint (Mentha x 

piperita)
Mesalazine, 368
Metabolic acidosis, 157
Metabolic syndrome, 337–338, 

344–345
St John’s wort (Hypericum 

perforatum), 838
Metabolism

evening primrose oil (Oenothera 
biennis), 542, 548

liquorice (Glycyrrhiza glabra), 
723–724

Metabolites
primary, 18
secondary, 18–19

Metformin, 411
Methicillin-resistant Staphylococcus 

aureus (MRSA), 29, 149
berberine, 401
liquorice (Glycyrrhiza glabra), 

726
pau d’arco (Tabebui spp.), 777
St John’s wort (Hypericum 

perforatum), 835
thyme (Thymus vulgaris), 887
turmeric (Curcuma longa),  

907
Methotrexate, 367–368

Methylene-gamma-lactone 
(MGL), 567, 571

Methysticin, 704
Metronidazole, 863–864
Microbial contamination, 112–113
Microcirculatory disorders

bilberry fruit (Vaccinium 
myrtillus), 422–423

butcher’s broom (Ruscus 
aculeatus), 468

hawthorn (Crataegus), 674–675
Micronucleus tests, 357
Microsome mutagenicity assay 

salmonella test, 357
Middle European herbal medicine, 

13
Migraine, 217, 282–284

Chelidonium (Chelidonium 
majus), 501

feverfew (Tanacetum 
parthenium), 566–568, 
571–573

ginger (Zingiber officinale), 590
Milk thistle, see St Mary’s thistle 

(Silybum marianum)
Mini-Mental State Examination 

(MMSE), 606, 608
Minimum inhibitory 

concentrations (MIC), 28, 
451, 887

Miscarriage
Arnica flowers, overdose, 

377–378
threatened, 301

Mitchella repens, see Squaw vine 
(Mitchella repens)

Mitochondrial effects, Ginkgo 
(Ginkgo biloba), 600–601

Mitoxantrone, 776
Molecular mimicry, 153, 155
Monographs, using, 353

actions/effects, 354
adulteration, 355
background/traditional view, 354
children, safety of herbal use, 

358
clinical trials, 355–356
common and botanical names, 

353–354
contraindications, 357
dosage, 354–355
driving contraindications, 358
interactions, 357
machinery use, 358
mean lethal dose (LD50) test, 

356–357
overdosage, 358
pharmacodynamics, 355
pharmacokinetics, 355
pregnancy and lactation, 

357–358
regulatory status, 358–359
side effects, see Adverse 

reactions
synonyms, 354
technical data, 355–356
toxicology, 356
uses, 354
warnings/precautions, 357

Monosodium urate (MSU) 
crystals, in gout, 309–310

Morinda officinalis (ba ji), 171
Morning sickness, 301
Morphine-induced tolerance, 

inhibition, 634

Motherwort (Leonurus cardiaca)
cardioprotective activity, 231
gynaecological and female 

reproductive system 
activity, 300

spasmolytic activity, 275
Motility, gastrointestinal tract, 184
Motion sickness, see Travel 

sickness
Mouth ulcers (aphthous 

ulceration), 194–195
German chamomile (Maricaria 

recutita), 481
liquorice (Glycyrrhiza glabra), 

719
myrrh (Commiphora molmol), 

753
MPTP (1-methyl-4-phenyl-

1,2,3,6-tetrahydropyridine), 
631, 660

MRSA (methicillin-resistant 
Staphylococcus aureus), 29

see also Methicillin-resistant 
Staphylococcus aureus 
(MRSA)

Mucilages
cardioprotective activity, 230
contraindications, 190
definitions, 230
gastrointestinal activity, 190, 

201
pharmacodynamics, 25–26
and powders, 126

Mucolytics (warming 
expectorants), 240

Mucoprotective activity, liquorice 
(Glycyrrhiza glabra), 719

Mucous membranes (MM)
asthma, 254
Hydrastis root (Hydrastis 

canadensis), 399
Mucuna pruriens, nervous system 

activity, 271
Mullein (Verbascum)

respiratory activity, 241–242, 
244, 248–249

tonification, 85
Multiple chemical sensitivities 

(MCS), 311
Multiple sclerosis

Boswellia (Boswellia serrata), 
441

Ginkgo (Ginkgo biloba), 596, 
615–616

Murphy-Sturm lymphosarcoma, 
774

Muscle relaxant activity, kava 
(Piper methysticum), 699, 
702

Mushrooms, medicinal, 179
Mustard bath/oil, 31, 143
Mycobacterium avium 

paratuberculosis (MAP), 
155–156

Mycobacterium tuberculosis, 30, 
383

Myocardial occlusion, 
experimental, 599

Myocarditis, viral, Astragalus 
(Astragalus membranaceus), 
381, 384, 387

Myoclonus, nocturnal, 280
Myrica cerifera, see Bayberry 

(Myrica cerifera)
Myristica, see Nutmeg (Myristica)
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Myrrh (Commiphora molmol), 753
actions/effects, 753
adulteration, 754
analgesic activity, 755
anticatarrhal activity, 753
antidiabetic activity, 755
anti-inflammatory activity, 755
antiparasitic activity, 753–755, 

757
antiplatelet activity, 755
background/traditional view, 753
botany, 754
children, safety of use for, 758
clinical trials, 753, 756–757
constituents, 754
contraindications, 758
dental applications, 753
dermatological activity, 320
dosage, 754
duration of use, 754
fascioliasis, 756–757
gargles with, 186
infectious diseases, 150–151
insecticidal activity, 755
interactions, 758
menstrual disorders, 753
molluscicidal activity, 755
mouth ulcers, 194–195
parasitic infestations, 757
peptic ulcer, 197
pharmacodynamics, 754–756
pharmacological studies, 754
pregnancy and lactation, 758
preparations, 754
regulatory status, 758
as resin, 38–39, 193
respiratory activity, 243, 247, 

753–754
safety issues, 754
Schistosoma mansoni, 754–756
schistosomiasis, 757
side effects, 104, 758
technical data, 754–757
topical applications, 753
toxicology, 757–758
traditional therapeutic uses,  

754
uses, 753–754
veterinary applications, 756
warnings/precautions, 758

N
NALP-3 (NLRP 3) inflammasome 

complex, 310
Nanoplaques, 222
Naphthoquinones, 774, 776
Nasturtium oil (Tropaeolum 

majus), 31
National Cholesterol Education 

Program (NCEP), US, 344
National Institute of 

Environmental Health 
Services (NIEHS), 413

National Institute of Medical 
Herbalists, 12

National Institutes of Health-
funded Dementia Prevention 
(GEM) Study, 618

Naturalis Historia, 260
Natural killer T cells, 251, 528
Naturopathic tradition, 13
Nausea, 196

cancer treatment, 179

ginger (Zingiber officinale), 196, 
578–580, 584t–588t

morning sickness, 301
peppermint (Mentha x piperita), 

783, 790
Neisseria gonorrhoeae, 294–295, 

394–395
Neoandrographolide, 363–364
Nepeta cataria, see Catmint 

(Nepeta cataria)
Nephroprotective activity, see 

Renal activity
Nephrotic syndrome, 388
Nervine tonics, 276–277,  

279, 281
gastrointestinal activity, 197, 201
gynaecological and female 

reproductive system 
activity, 292

joint activity, 312
male reproductive system 

and conditions affecting, 
330, see also specific herbs 
such as St John’s wort 
(Hypericum perforatum)

Nervous system activity
Astragalus (Astragalus 

membranaceus), 168, 386
Bacopa monniera, 284–285
Baical skullcap (Scutellaria 

Baicalensis), 282
berberine, 406
Berberis bark (Berberis 

vulgaris), 406
Bugleweed/European bugleweed 

(Lycopus virginicus/L. 
eurpaeus), 454

chaste tree (Vitex agnus-castus), 
279

Corydalis cava et spp. (yan hu 
suo), 271

dan shen (salvia miltiorrhiza), 
271

Dictamnus dasycarpus, 270
dong quai (Angelica sinensis), 

270–271
feverfew (Tanacetum 

parthenium), 566
German chamomile (Maricaria 

recutita), 477–478
Ginkgo (Ginkgo biloba), 272, 

284, 605–608
ginseng (Panax ginseng), 168
gotu kola (Centella asiatica), 

284, 660–661, 665–666
hawthorn (Crataegus), 271–272
Hydrastis root (Hydrastis 

canadensis), 406
kava (Piper methysticum), 272, 

276
lavender (Lavendula officinalis), 

273
Lobelia (Lobelia inflata), 276
marigold (Calendula officinalis), 

283
Mucuna pruriens, 271
passionflower (Passiflora 

incarnata), 272, 276
pine bark (Pinsu pinaster), 285
Polygala tenuifolia, 271
Rhodiola (Rhodiola rosea), 168, 

273–274, 284
saffron, 273
sage (Salvia spp.), 284
Schisandra, 168, 284

Siberian ginseng (Eleutherococcus 
senticosus), 284

St John’s wort (Hypericum 
perforatum), 211, 273, 276, 
826

thyme (Thymus vulgaris), 
888–889

turmeric (Curcuma longa), 916
valerian (Valeriana officinalis), 

272
wild yam (Dioscorea), 276
Withania (Withania somnifera), 

168, 272
see also Nervous system and 

conditions affecting; 
Neuroprotective effects

Nervous system and conditions 
affecting

analgesic activity, 271–272, 274
antidepressants, 273–274
calcium channel activity, 270
case histories, 277b–278b, 279b, 

283b, 285b
cognitive function, 284–286
enteric nervous system, 184
herbal sedatives and hypnotics, 

274–275
insomnia, 278–280
and male reproductive disorders, 

330
migraine, 282–284, 571–573
nervine tonics, 276–277
phytotherapeutics, 274–277
phytotherapy, 277–286
postnatal depression, 301
premenstrual syndrome, 292
receptors

acetylcholine, 271
adrenergic effects, 270–271
benzodiazepine, 271
calcium channel activity, 270
cortisol, 274
dopaminergic, 271
GABA and benzodiazepine 

receptors, 271
restless legs syndrome, 279–280
scope of treatment, 270
spasmolytics and relaxants, 

275–276
specific herbs, see under 

Nervous system activity
tension headache, 280–281
trigeminal neuralgia, 281–282
see also Central nervous system 

(CNS); Mental health 
conditions; Nervous system 
activity; Neuroprotective 
effects; Peripheral nervous 
system (PNS)

Nervous trophorestoratives 
(nervine tonics), see 
Nervine tonics

Nettle (Urtica dioica), 760
actions/effects, 760
adulteration, 761
allergic rhinitis, 760, 767
antifungal activity, 764
antimicrobial activity, 764
arthritis, 766–767
background/traditional view, 760
botany, 761
cancer preventive activity, 178
cardioprotective activity, 764
clinical trials, 760, 765–768
constituents, 761

contraindications, 768
dermatological activity, 318, 

760, 767
dosage, 761
duration of use, 761
gastrointestinal activity, 760
gynaecological and female 

reproductive system 
activity, 301

nettle leaf
anti-inflammatory activity, 

760, 762–763
antioxidant and hepatic 

activities, 764
constituents, 761
eliminative properties, 159
glycaemic control, 763–764
joint activity, 760
respiratory activity, 242
urinary activity, 264

nettle root
benign prostatic hyperplasia, 

331, 761–768
constituents, 761

pharmacodynamics, 761–768
pharmacokinetics, 765
pharmacological studies, 760
pregnancy and lactation, 768
preparations, 761
regulatory status, 768–769
respiratory activity, 760
safety issues, 761
side effects, 768
synonyms, 760
technical data, 761–768
toxicology, 768
traditional therapeutic uses, 760
urinary activity, 760
urinary disorders, 261
uses, 760–761
warnings/precautions, 768
wound healing, 760

Nettle root, benign prostatic 
hyperplasia, 765–768

Neuralgia, 281–282
black cohosh (Actaea racemosa), 

427
horsechestnut seed (Aesculus 

hippocastanum), 685
Melilotus (Melilotus officinalis), 

747
peppermint (Mentha x piperita), 

790
Neurasthenia, 276
Neurohormonal mechanisms, 

gastrointestinal tract, 188
Neuronal nitric oxide synthase 

(NOS), 330
Neuroprotective effects

Ginkgo (Ginkgo biloba), 596, 
600

ginseng (Panax ginseng), 
631–632

liquorice (Glycyrrhiza glabra), 
720, 726

meadowsweet (Filipendula 
ulmaria), 744

peppermint (Mentha x piperita), 
787

Rehmannia (Rehmannia 
glutinosa), 801

St John’s wort (Hypericum 
perforatum), 832–833

turmeric (Curcuma longa), 900, 
905
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see also Nervous system activity
Neurotransmitter effects, Ginkgo 

(Ginkgo biloba), 603–604
NF-kappB, see Nuclear 

transcription factor-kappa B 
(NF-kappaB)

Nifedipine, 387–388, 926
Nitric oxide (NO), 153, 223, 367

feverfew (Tanacetum 
parthenium), 569

ginseng (Panax ginseng), 634
Nitrogenase, 155
NMDA (N-methyl-D-aspartate), 

kava (Piper methysticum), 
701

Nocebo effect, 109–110
Non-steroidal anti-inflammatories 

(NSAIDS)
mechanism of action, 510
peptic ulcer caused by, 197
side effects, 157, 186, 443, 902

Nootropic activity, Ginkgo 
(Ginkgo biloba), 596

Noradrenaline, 558, 601
Normalising actions, Siberian 

ginseng (Eleutherococcus 
senticosus), 821

North American herbal medicine 
(nineteenth century), 10–12

Nosebleeds, bilberry fruit 
(Vaccinium myrtillus), 423

Nuclear factor of activated T cells 
(NFAT), 375

Nuclear transcription factor-kappa 
B (NF-kappaB), 153

Arnica flowers (Arnica 
montana), 374

butcher’s broom (Ruscus 
aculeatus), 468

feverfew (Tanacetum 
parthenium), 569

kava (Piper methysticum), 704
RANK (receptor activator of 

nuclear factor kappa B), 429
St Mary’s thistle (Silybum 

marianum), 868–869
turmeric (Curcuma longa), 902

Nutmeg (Myristica), 
gastrointestinal activity, 192

Nutrition and diet
asthma, 253–254
breast disorders, benign, 299
calorie restriction, as antiageing, 

340
cancer preventive activity, 175, 

178
chronic venous disorders, 231
fibroids, 295
and gastrointestinal tract, 188
high-calorie diet (HCD), 24
hyperlipidaemia, 229–230
hypotension, 226
inflammatory bowel disease, 204
intestinal transit time, 211
irritable bowel syndrome, 200
joint conditions, 305, 310
obesity, 344
palpitations, 230–231
reproductive system activity, 

male, 333–334
thyme (Thymus vulgaris), 889
traditional treatment principles, 

87

O
Oak (Quercus), tannin 

constituents, 191
Oak bark (Quercus robur)

astringent activity, 141
side effects, 104

Oats (Avena), gynaecological and 
female reproductive system 
activity, 300

Oatstraw (Avena officinalis)
nervous system activity, 276
tonic activity, 170

Obesity, 226, 344
Observational studies, 93–94, 842
Obsessive compulsive disorder 

(OCD), 844
Oedema

cardiovascular disorders, 221
and kidneys, 262
see also Antioedema activity

Oenothera biennis, see Evening 
primrose oil (Oenothera 
biennis)

Oestradiol/oestrogen, 46, 53, 430
Oestrogen dominance, 290
Ointments, 143
Olea europaea, see Olive leaves 

(Olea europaea)
Oleic acid, 376
Olfactory disorders, 612
Oligomeric proanthocyanidins 

(OPCs), 67–68, 141, 225
adverse reactions, 38
astringent activity, 141
cardioprotective activity, 224
diverticular disease, 202
hawthorn (Crataegus), 672–675
pharmacodynamics, 36–38
toxicology, 38

Oligosaccharides, 187
Oliguria, 262
Olive leaves (Olea europaea), 

cardioprotective activity, 
226

OME (otitis media with effusion), 
247–248

Onion (Allium cepa), asthma, 254
Oöphoritis, 152
Opipramol, 706
Oral glucose tolerance test 

(OGTT), 643
Oral inflammatory disorders, 

German chamomile 
(Maricaria recutita), 481

Oregon grape (Berberis 
aquifolium)

biliary activity, 210
cancer preventive activity, 176
dermatological activity, 318
eliminative properties, 159
urinary activity, 266

Orthosiphon stamineus, 262
Orthostatic hypotension, butcher’s 

broom (Ruscus aculeatus), 
471

Osmotic diuresis, 261–262
Osteoarthritis (OA), 303, 306–309

Boswellia (Boswellia serrata), 
441

devil’s claw (Harpagophytum 
procumbens), 157

ginger (Zingiber officinale), 
578–579, 590

nettle (Urtica dioica), 760

St Mary’s thistle (Silybum 
marianum), 876

turmeric (Curcuma longa), 445
Withania (Withania somnifera), 

445
Osteoporosis

black cohosh (Actaea racemosa), 
427

evening primrose oil (Oenothera 
biennis), 540

Otitis media, 247–248
Ovarian cancer, 175
Ovarian cysts, 289
Overdosage

Andrographis (Andrographis 
paniculata), 370

Arnica flowers (Arnica 
montana), 378

Astragalus (Astragalus 
membranaceus), 389

bearberry (Arctostphylos uva 
ursi), 397

Berberis bark (Berberis 
vulgaris), 415

black cohosh (Actaea racemosa), 
438

Chelidonium (Chelidonium 
majus), 506

evening primrose oil (Oenothera 
biennis), 550

Ginkgo (Ginkgo biloba), 622
gotu kola (Centella asiatica), 667
horsechestnut seed (Aesculus 

hippocastanum), 696
Hydrastis root (Hydrastis 

canadensis), 415
kava (Piper methysticum), 

714–715
liquorice (Glycyrrhiza glabra), 

736
Melilotus (Melilotus officinalis), 

751
pau d’arco (Tabebui spp.), 780
peppermint (Mentha x piperita), 

791
poke root (Phytolacca 

decandra), 797
St John’s wort (Hypericum 

perforatum), 855
St Mary’s thistle (Silybum 

marianum), 880
Tribulus leaf (Tribulus terrestris), 

898
use of monographs, 358
valerian (Valeriana officinalis), 

931–932
willow bark (Salix spp.), 941

Over-the-counter (OTC) industry, 
92–93, 242

Oxazepam, 705
Oxygen radical absorption capacity 

(ORAC), 431

P
P450 enzyme, 214–215, 514
Paclitaxel, 724–725, 834
PADAM (partial androgen 

deficiency of ageing men), 
329

Paederia scandens (ji shi teng), 
analgesic activity, 274

Paediatric patients, see Children, 
safety of herbal use

Pain
abdominal, 272
biliary, 211–212
headache, see Headache
urinary stones, 260

Pain relief, see Analgesics
Palpitations, 230–231
Panax ginseng, see Ginseng (Panax 

ginseng)
Panax quinquefolium, see 

American ginseng (Panax 
quinquefolium)

Panchakarma, 10
Pancreatitis, 152
Parainfluenza virus, 245
Parasitic organisms

gut as home of, 188
myrrh (Commiphora molmol), 

757
see also Antiparasitic activity

Parathyroid hormone (PTH), 733
Parietaria, see Pellitory 

(Parietaria)
Parkinson’s disease, 199

Ginkgo (Ginkgo biloba), 600
valerian (Valeriana officinalis), 

926
Parsley (Petroselinum)

spasmolytic activity, 192
urinary activity, 261, 264

Parsley piert (Aphanes arvensis), 
urinary activity, 262–263

Parthenolide, 568–571
Passiflora, see Passionflower 

(Passiflora incarnata)
Passionflower (Passiflora 

incarnata)
additive effects, 21
antidepressant activity, 278
anxiolytic activity, 272
cardioprotective activity, 231
fatigue and debility, 169
sedative activity, 274, 279, 701
spasmolytic activity, 276

Pathogenic materials, 
gastrointestinal tract as 
access route for, 188

Pau d’arco (Tabebui spp.), 772
actions/effects, 772
adulteration, 773
analgesic activity, 772
antibacterial activity, 776–777
anticoagulant activity, 777–778
antifungal activity, 773
antimicrobial activity, 772–773
antiparasitic activity, 772, 776
antiplatelet activity, 777–778
antiplatelet effect, 777–778
antiviral activity, 777
background/traditional view, 772
beta-lapachone, 775–776
botany, 773
cancer preventive activity, 772, 

774–776, 778
children, safety of use for, 780
clinical trials, 772, 778–779
constituents, 774
contraindications, 779
dermatological activity, 772
dosage, 773
duration of use, 773
interactions, 779
lapachol, 772, 774–775, 

777–778
overdosage, 780

Neuroprotective effects 
(Continued)
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pharmacodynamics, 774–778
pharmacokinetics, 778
pharmacological studies, 773
pregnancy and lactation, 

779–780
preparations, 773
regulatory status, 780
safety issues, 773
side effects, 780
stimulant activity, 772
synonyms, 772
tabebuia impetiginosa, 774
technical data, 773–779
topical applications, 773
toxicology, 779
traditional therapeutic uses, 772
uses, 772–773
warnings/precautions, 779

Pelargonium, 242
Pelargonium sidoides, 22
Pellitory (Parietaria), urinary 

activity, 261–262
Pelvic inflammatory disease (PID), 

294–295
Penicillium sp., atopic dermatitis, 

320
Pennyroyal (Mentha pulegium), 

gynaecological and female 
reproductive system 
activity, 291

Peppermint (Mentha x piperita), 
783

actions/effects, 783
adulteration, 784
analgesic activity, 783, 786–787
antiemetic activity, 783, 790
antifungal activity, 785
anti-inflammatory activity, 787
antimicrobial activity, 783, 

785–786
antiparasitic activity, 785–786
antipruritic activity, 783
antiseptic activity, 783
antitussive activity, 783
background/traditional view, 783
biliary activity, 212
botany, 784
cancer preventive activity, 787
carminative properties, 29, 783
children, safety of use for, 791
cholagogue effects, 783
clinical trials, 783, 788–790
constituents, 784
contraindications, 790
dosage, 784
duration of use, 784
dyspepsia, 783, 788–789
gallstones, 788
gastrointestinal activity, 192, 

195, 201, 783–785, 
788–789

gynaecological and female 
reproductive system 
activity, 301

headache, 281, 789
infectious diseases, 149
as inhalant, 143
interactions, 791
irritable bowel syndrome, 201, 

788
nausea, 196
neuralgia, 790
neuroprotective effects, 787
overdosage, 791
pharmacodynamics, 784–787

pharmacokinetics, 787
pharmacological studies, 783
pregnancy and lactation, 791
preparations, 784
radioprotective activity, 787
regulatory status, 792
respiratory activity, 143, 242, 

249, 786, 789–790
safety issues, 784
side effects, 791
spasmolytic activity, 192, 783
synonyms, 783
technical data, 784–790
tonic activity, 85
toxicology, 790
traditional therapeutic uses, 783
uses, 783
warnings/precautions, 790

Peptic ulcer, 196–198
ginger (Zingiber officinale), 579

Peptide YY (PYY) receptors, 39
Peptostreptococci, 187
Pericarditis, 152
Periodontal disease, 155
Peripheral arterial disease, Ginkgo 

(Ginkgo biloba), 596, 
608–609

Peripheral blood mononuclear cells 
(PBMCs), 383, 571

Peripheral nervous system 
(PNS), gotu kola (Centella 
asiatica), 660–661

Peripheral vascular disorders
bilberry fruit (Vaccinium 

myrtillus), 419, 422
dong quai (Angelica sinensis), 

521
horsechestnut seed (Aesculus 

hippocastanum), 685
Peristalsis, 184
Peroxisome proliferator-activated 

receptor (PPAR)-gamma, 
902

Persistant organic pollutants 
(POPs), 338

Peruvian bark (Cinchona), fevers, 
147

Pessaries, 144
Petasites hybridus, see Butterbur 

leaf (Petasites hybridus)
Petroselinum, see Parsley 

(Petroselinum)
Petty spurge (Euphorbia peplus), 

dermatological activity, 323
Peumus boldus, see Boldo (Peumus 

boldus)
Pfaffia paniculata (Brazilian 

ginseng), 159
Pharmacodynamics

alkaloids, 57–58
anthraquinones, 48–49
archetypal plant constituents, 

18–19, 22–58
cardiac glycosides, 47–48
coumarins, 51–52
essential oils, 28–31
flavonoids, 33–34
glucosinolates, 31–32
glycosides, 24–25
mucilages, 25–26
oligomeric procyanidins, 36–38
phenols, 22–24
phyto-oestrogens, 53–55
pungent constituents, 43–44
saponins, 44–47

tannins, 36–38, see also under 
specific herbs

Pharmacognosy, 17
Pharmacokinetics

anthraquinone glycosides, 60–61
catechins, 67–69
flavonoid glycosides and enteric 

modification, 63–65
glycosides and gastric 

modification, 61–63
isoflavones, 65–66
optimising efficacy, 69–70
polysaccharides, 69
salicin, 60
saponins, 67
tannins, 67–69
validation, 96, see also under 

specific herbs
Pharmacological studies

Andrographis (Andrographis 
paniculata), 360

Arnica flowers (Arnica 
montana), 373

Astragalus (Astragalus 
membranaceus), 381

bearberry (Arctostphylos uva 
ursi), 393

Berberis bark (Berberis 
vulgaris), 400

bilberry fruit (Vaccinium 
myrtillus), 419

black cohosh (Actaea racemosa), 
427

Boswellia (Boswellia serrata), 441
Bupleurum (Bupleurum 

falcatum), 460
butcher’s broom (Ruscus 

aculeatus), 467
chaste tree (Vitex agnus-castus), 

490
Chelidonium (Chelidonium 

majus), 501
devil’s claw (Harpagophytum 

procumbens), 509
dong quai (Angelica sinensis), 

517
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 525

evening primrose oil (Oenothera 
biennis), 540

eyebright (Euphrasia officinalis), 
553

fennel fruit (Foeniculum 
vulgare), 557

feverfew (Tanacetum 
parthenium), 566

German chamomile (Maricaria 
recutita), 475

Ginkgo (Ginkgo biloba), 
596–597

ginseng (Panax ginseng), 629
globe artichoke (Cynara 

cardunculus), 649
gotu kola (Centella asiatica), 

658
hawthorn (Crataegus), 671
horsechestnut seed (Aesculus 

hippocastanum), 685
Hydrastis root (Hydrastis 

canadensis), 400
meadowsweet (Filipendula 

ulmaria), 742
Melilotus (Melilotus officinalis), 

747

myrrh (Commiphora molmol), 
754

nettle (Urtica dioica), 760
pau d’arco (Tabebui spp.), 773
peppermint (Mentha x piperita), 

783
Rehmannia (Rehmannia 

glutinosa), 799
saw palmetto (Serenoa repens), 

804
Siberian ginseng (Eleutherococcus 

senticosus), 818
St John’s wort (Hypericum 

perforatum), 826
St Mary’s thistle (Silybum 

marianum), 861–862
thyme (Thymus vulgaris), 885
Tribulus leaf (Tribulus terrestris), 

894
turmeric (Curcuma longa), 901
valerian (Valeriana officinalis), 

923
witchhazel (Hamamelis 

virginiana), 943
Withania (Withania somnifera), 

949
Pharmacology

definitions, 17–18
principles, 17
secondary metabolites, role, 

18–19
Pharmacovigilance initiatives, 

114–115
Pharyngitis, 142
Pharyngotonsillitis, 360
Phenolic acids, 23
Phenols, pharmacodynamics, 

22–24
Phenylpropanoids, 27–28
Phlebitis, 152

Arnica flowers (Arnica 
montana), 373

German chamomile (Maricaria 
recutita), 483

Photodynamic therapy, St 
John’s wort (Hypericum 
perforatum), 834

Photosensitivity reactions, St 
John’s wort (Hypericum 
perforatum), 853–854

Phyllanthus amarus, 260–261
Phyllanthus genus, 216
Physical performance, ginseng 

(Panax ginseng), 635–636
Physic remedies, 4
Phytochemistry

alkaloids, 56–57
anthraquinones, 48
cardiac glycosides, 47
coumarins, 50–51
essential oils, 26–28
flavonoids, 32–33
glucosinolates, 31
saponins, 44
selected phytochemical extracts, 

132
Phytoequivalence, standardised 

extracts, 131
Phyto-oestrogens, 333

adverse reactions, 55–56
and cancer, 175–176
pharmacodynamics, 53–55
toxicology, 55–56

Phytopharmacological research, 
97–98
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Phytotherapy
depression, 278
fevers, 150–151
insomnia, 278–279
trigger-point, 85–86

Piceoside, 394
Pimpinella anisum, see Aniseed 

(Pimpinella anisum)
Pine bark (Pinsu pinaster), 38

cognitive function, 285
gynaecological and female 

reproductive system 
activity, 297–298

as inhalant, 143
joint activity, 309

Piperine, 43, 216, 581
Piper methysticum, see Kava (Piper 

methysticum)
Piperonyl butoxide, 19
Pipsissewa (Chimaphila 

umbellata), urinary activity, 
266

Pitta, 9
Pituitary abnormalities, in CFS, 

166–167
Placebo response, 89–91
Plantago lanceolata, see Ribwort 

(Plantago lanceolata)
Plantago major, see Plantain 

(Plantago major)
Plantago ovate, see Ispaghula 

(Plantago ovata)
Plantain (Plantago major)

gastrointestinal activity, 190
as mucilage, 190

Plant secondary metabolites, 
18–19

Plant sterols, 209–210
Plasmodium berghei, 362–363
Plasmodium falciparum, 362, 776
Plasters, 143–144
Platelet-activating factor (PAF)-

related disorders
asthma, 252, 254
Ginkgo (Ginkgo biloba), 596–

597, 599, 613–614
Platelet-derived growth factor 

(PDGF), 480
Pleurisy, 152
Pleurisy root (Asclepias tuberosa), 

respiratory activity, 248
Pliny the Elder, 260
Poisoning, 109

ipecac syrup, 190
St Mary’s thistle (Silybum 

marianum), 875
Poke root (Phytolacca decandra), 

795
actions/effects, 795
anti-inflammatory activity, 795
background/traditional view, 795
botany, 796
cancer preventive activity, 178
children, safety of use for, 

797–798
clinical trials, 795
constituents, 796
contraindications, 797
dermatological activity, 795
dosage, 795
duration of use, 795
gynaecological and female 

reproductive system 
activity, 795

immune system, 795

overdosage, 797
pharmacodynamics, 796
pregnancy and lactation, 797
preparations, 795
regulatory status, 798
respiratory activity, 246, 795
safety issues, 795–796
side effects, 797
synonyms, 795
technical data, 796
toxicology, 796–797
traditional therapeutic uses, 795
uses, 795
warnings/precautions, 797

Poke weed mitogen (PWM), 796
Polycystic ovary syndrome 

(PCOS), 297–298
liquorice (Glycyrrhiza glabra), 

719, 730–731
Polygala senega, see Snakeroot 

(Polygala senega)
Polygala tenuifolia, 271
Polygonum aviculare, 262
Polygonum bistoria, see Bistort 

(Polygonum bistoria)
Polygonum cuspidatum, 24, 341
Polygonum multiflorum, 389
Polymerase chain reaction (PCR) 

techniques, 165
Polymeric procyanidins, intestinal 

dysbiosis, 203
Polymorphonuclear leucocytes 

(PMNL), 568
Polyposis, 501
Polyps, Chelidonium (Chelidonium 

majus), 505
Polysaccharides, 190

Astragalus (Astragalus 
membranaceus), 382, 384, 
386

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 526–527, 530, 
533

pharmacokinetics, 69
Polyunsaturated fatty acids 

(PUFAs), 541–543
Pomegranate extract, 37
Poplar bark (Populus spp.), 160
Populus gileadensis, see Balm of 

Gilead (Populus gileadensis)
Porphyromonas gingivalis, 155, 887
Positron emission tomography, 430
Post-herpetic neuralgia, 322
Postmarketing surveillance, 

114–115
Postnatal depression, 301
Postphlebitis syndrome, 232–233
Post-thrombotic syndrome, 

butcher’s broom (Ruscus 
aculeatus), 470

Post-traumatic stress disorder 
(PTSD), valerian (Valeriana 
officinalis), 923

Postviral fatigue syndrome, evening 
primrose oil (Oenothera 
biennis), 540, 548

Potential receptor vanilloid 1 
(TRPV1), 42

Potential renal acid loads (PRAL), 
305

Poultices, 144
Powders, 126
Prana, 9
Praziquantel (PZO), 863

Precautions, see Warnings/
precautions

Predisposing causes, 136
Prednisolone, 397
Prednisone, 256
Preeclampsia, 157
Pregnancy and lactation, 301–302

preeclampsia, 157
safety issues, 105–106
specific herbs

Andrographis (Andrographis 
paniculata), 369–370

Arnica flowers (Arnica 
montana), 377

Astragalus (Astragalus 
membranaceus), 389

bearberry (Arctostphylos uva 
ursi), 397

berberine, 414
Berberis bark (Berberis 

vulgaris), 414
bilberry fruit (Vaccinium 

myrtillus), 424
black cohosh (Actaea 

racemosa), 436
Boswellia (Boswellia serrata), 

447–448
buchu (Agathosma betulina), 

452
Bugleweed/European 

bugleweed (Lycopus 
virginicus/L. eurpaeus), 
457–458

Bupleurum (Bupleurum 
falcatum), 464

butcher’s broom (Ruscus 
aculeatus), 471–472

chaste tree (Vitex agnus-
castus), 498

Chelidonium (Chelidonium 
majus), 506

devil’s claw (Harpagophytum 
procumbens), 514

dong quai (Angelica sinensis), 
521–522

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 536

evening primrose oil 
(Oenothera biennis), 549

eyebright (Euphrasia 
officinalis), 555

fennel fruit (Foeniculum 
vulgare), 563

feverfew (Tanacetum 
parthenium), 574

German chamomile 
(Maricaria recutita), 
483–484

Ginkgo (Ginkgo biloba), 
619–620

ginseng (Panax ginseng), 644
globe artichoke (Cynara 

cardunculus), 655
gotu kola (Centella asiatica), 

667
hawthorn (Crataegus), 682
horsechestnut seed (Aesculus 

hippocastanum), 695
Hydrastis root (Hydrastis 

canadensis), 414
kava (Piper methysticum), 

710–711
liquorice (Glycyrrhiza 

glabra), 734–735

meadowsweet (Filipendula 
ulmaria), 745

Melilotus (Melilotus 
officinalis), 751

myrrh (Commiphora molmol), 
758

nettle (Urtica dioica), 768
pau d’arco (Tabebui spp.), 

779–780
peppermint (Mentha x 

piperita), 791
poke root (Phytolacca 

decandra), 797
Rehmannia (Rehmannia 

glutinosa), 802
saw palmetto (Serenoa 

repens), 814
Siberian ginseng 

(Eleutherococcus senticosus), 
823

St John’s wort (Hypericum 
perforatum), 852–853

St Mary’s thistle (Silybum 
marianum), 879–880

thyme (Thymus vulgaris), 891
valerian (Valeriana officinalis), 

930–931
willow bark (Salix spp.), 940
witchhazel (Hamamelis 

virginiana), 946
Withania (Withania 

somnifera), 958
turmeric (Curcuma longa), 918
use of monographs, 357–358
see also Female reproductive 

system and conditions 
affecting

Premenstrual dysphoric disorder 
(PMDD), 495, 846

Premenstrual syndrome, 283, 
291–292

black cohosh (Actaea racemosa), 
427

butcher’s broom (Ruscus 
aculeatus), 467, 471

chaste tree (Vitex agnus-castus), 
489, 494–496

evening primrose oil (Oenothera 
biennis), 545

Ginkgo (Ginkgo biloba), 616
St John’s wort (Hypericum 

perforatum), 845–846
Prescribing, 134

actions, 138–139
case taking, 137
gastrointestinal disorders, 

188–189
perceived causes, treating, 136
physiological compensation, 135
physiological enhancement 

strategies, 135
specific conditions, asthma,  

257
therapeutic strategy, 135
treatment framework, 137

Presenile spontaneous gangrene, 
233

Prevotella intermedia, 155
Prickly ash, 233
Prickly ash (Zanthoxylum), 11

fatigue and debility, 169
joint activity, 306
reproductive system activity, 

male, 330
side effects, 104
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Primula veris, see Cowslip 
(Primula veris)

Prinzmetal angina, 227
Proanthocyanidins, 197
Probiotics, 187
Progesterogenic activity, 489
Pro-inflammatory cytokines, 204
Prolactin, 157

chaste tree (Vitex agnus-castus), 
490–492

inhibition, 489
saw palmetto (Serenoa repens), 

808
Propionibacterium acnes, 324–325
Propolis

antiseptic activity, 142
respiratory activity, 243, 247
side effects, 104
topical applications, 151
ulcers, 194–195, 197

Prostaglandins (PG), 307
prostaglandin PGE2, 297

Prostate cancer, 333–335
black cohosh (Actaea racemosa), 

430
St Mary’s thistle (Silybum 

marianum), 876–877
Prostate gland, herbs for, 329
Prostate specific antigen (PSA), 

333–334, 429, 806
Prostate surgery, 813
Prostatic hyperplasia, 804
Prostatitis, 152, 332–333

buchu (Agathosma betulina), 
450

saw palmetto (Serenoa repens), 
804, 813

Proteins, glycosylation of, 345
Proteus mirabilis, 155, 157, 394
Proteus spp., 265, 395
Proteus vulgaris, 394, 583
Prothrombin, 591
Protozoal infections, Berberis bark 

(Berberis vulgaris), 400
Prunus serotina, see Wild cherry 

(Prunus serotina)
Pruritus (itching), German 

chamomile (Maricaria 
recutita), 479

P-selectin, 152–153
Pseudohypericin, 49
Pseudomonas aeruginosa, 28

Bupleurum (Bupleurum 
falcatum), 462

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 531

Pseudotannins, 37
PSK, 179
Psoriasis

Boswellia (Boswellia serrata), 
441

Chelidonium (Chelidonium 
majus), 501

evening primrose oil (Oenothera 
biennis), 545

feverfew (Tanacetum 
parthenium), 566

gotu kola (Centella asiatica), 
657

Psychiatric/learning disorders
Ginkgo (Ginkgo biloba), 613
see also Mental health conditions

Psychomotor performance, ginseng 
(Panax ginseng), 636–638

Psychoneuroimmunology, 14
Psyllium seed and husk (Plantago 

psyllium)
gastrointestinal activity, 25, 189
tonic activity, 85

Pueraria lobata, 215
Pullulanase D, 155
Pulmonary hypertension, 249
Pulsatilla, 175, 297
Pumpkin seed (Cucurbita pepo), 

reproductive system 
activity, male, 331

Pungent constituents (warming 
effects)

cardioprotective activity, 
221–222

gastrointestinal activity, 191–
192, 196–197

history, 5
infectious diseases, 150–151
pharmacodynamics, 43–44
principles of herbal treatment, 84
toxicology, 44
traditional treatment principles, 

84, see also specific herbs, 
such as ginger

Pungent taste, 8–9
PUVA therapy, 52–53
Pycnogenol, 242, 285

joint activity, 308
Pygeum africanum, 331
Pyrethrins, insecticidal, 19
Pyrrolizidine alkaloids (PAs), 102

Q
Qi, 9, 381, 628
Qi tonics, 171
Quality

impact on safety, 111–114
versus quantity, 129

Quality of life (QoL), 177, 638, 
641

Quassia (Picrasma), bitter activity, 
193

Quercetin, 34–35
Quercetin glucuronides (QG), 

64–65
Quercus robur, see Oak bark 

(Quercus robur)
Quinine bark (Cinchona), 

infectious diseases, 150
Quorum sensing, 479

R
Radioallergosorbent test (RAST), 

244
Radioprotective activity

Berberis bark (Berberis 
vulgaris), 399, 412

dong quai (Angelica sinensis), 
519

ginger (Zingiber officinale), 583
peppermint (Mentha x piperita), 

787
Siberian ginseng (Eleutherococcus 

senticosus), 820–821
turmeric (Curcuma longa), 900, 

910
RANK (receptor activator of 

nuclear factor kappa B), 
429

Rapid eye movement (REM) sleep, 
837

Rasas (Six Tastes), 9–10
Raspberry leaf (Rubus idaeus), 

gynaecological and female 
reproductive system 
activity, 293, 297, 301

Rauwolfia, 226
Raynaud’s phenomenon, 233b

bilberry fruit (Vaccinium 
myrtillus), 419

Reactive hypoglycaemia (RH), 
343–344

Reactive oxygen species (ROS), 
723, 775, 869

Receptors
acetylcholine, 271
adrenergic effects, 270–271
benzodiazepine, 271
calcium channel activity, 270
cortisol, 274
dopaminergic, 271
interaction of valerian with 

neurological receptors, 
925–926

Rectal activity, 685
Red blood cells (RBCs), 44
Red clover (Trifolium pratense)

breast cancer, 435
cancer preventive activity, 178
dermatological activity, 318
eliminative properties, 159
gynaecological and female 

reproductive system 
activity, 300, 520

Reflex (stimulating) expectorants, 
239–240

Regulatory status, see under specific 
herbs

Regulatory T cells (Tregs), 251
Rehmannia (Rehmannia glutinosa), 

799
actions/effects, 799
adrenal support, 169
antidepressant activity, 278
antidiabetic activity, 801
antihaemorrhagic activity, 799
anti-inflammatory activity, 169, 

799
antipyretic activity, 799
background/traditional view, 799
botany, 799–800
clinical trials, 801
constipation, 199
constituents, 800
cured/uncured, 799
dermatological activity, 320–321
dosage, 799
duration of use, 799
endocrine activity, 344–345, 347
gynaecological and female 

reproductive system 
activity, 300

hormonal activity, 159
immune and adrenal cortex 

function, 800–801
joint activity, 309
neuroprotective effects, 801
pharmacodynamics, 800–801
pharmacological studies, 799
pregnancy and lactation, 802
preparations, 799
regulatory status, 802
reproductive system activity, 

male, 332

respiratory activity, 249
safety issues, 799
side effects, 802
synonyms, 799
technical data, 799–801
toxicology, 802
uses, 799

Reishi mushrooms, 179
Relaxants, 275–276
Relaxation techniques, 226
Renal activity

Astragalus (Astragalus 
membranaceus), 385, 388

bearberry (Arctostphylos uva 
ursi), 396–397

Bupleurum (Bupleurum 
falcatum), 462

dong quai (Angelica sinensis), 
519

juniper (Juniperus), 29
turmeric (Curcuma longa), 900, 

904–905
Renal failure, 101
Renal transplantation, evening 

primrose oil (Oenothera 
biennis), 548

Repetitive strain injury, 310–311
Reproductive system activity, 

female, see Gynaecological 
and female reproductive 
system activity

Reproductive system activity, male
Andrographis (Andrographis 

paniculata), 332
Astragalus (Astragalus 

membranaceus), 332, 386
Baical skullcap (Scutellaria 

Baicalensis), 333
bilberry fruit (Vaccinium 

myrtillus), 329
Boswellia (Boswellia serrata), 

332–333
Bupleurum (Bupleurum 

falcatum), 332
Corydalis cava et spp. (yan hu 

suo), 332
cramp bark (Viberunum opulis), 

332
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 332

epigallocatechin gallate, 334
feverfew (Tanacetum 

parthenium), 333
ginger (Zingiber officinale), 330
Ginkgo (Ginkgo biloba), 

329–330
ginseng (Panax ginseng), 

329–330
grape seed extract (Vitis 

vinifera), 329
green tea (Camellia sinensis), 

329, 334
horsechestnut seed (Aesculus 

hippocastanum), 694
kola nuts, 331
linseeds, 333
prickly ash (Zanthoxylum), 330
Rehmannia (Rehmannia 

glutinosa), 332
Rhodiola (Rhodiola rosea), 330
saw palmetto (Serenoa repens), 

329–331
Siberian ginseng (Eleutherococcus 

senticosus), 329
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St John’s wort (Hypericum 
perforatum), 330

Tribulus leaf (Tribulus terrestris), 
329–330

valerian (Valeriana officinalis), 
332

wild yam (Dioscorea), 332
Withania (Withania somnifera), 

329–330
yohimbe (Pausinystalia 

yohimbe), 331
see also Gynaecological and 

female reproductive system 
activity; Male reproductive 
system and conditions 
affecting

Research
case studies, 93–94
critically assessing, 97–98
natural product drug discovery, 

97
observational studies, 93–94, 

842
pharmacological studies, see 

Pharmacological studies
preclinical, 95
story as evidence, 94–95
traditional evidence, 95
see also Efficacy of treatment; 

Validation
Resins, 38–39

gastrointestinal activity, 193
Respiratory activity

Andrographis (Andrographis 
paniculata), 360, 366–367

angelica (Angelica archangelica), 
240

aniseed (Pimpinella anisum), 
240, 249

Astragalus (Astragalus 
membranaceus), 249

Baical skullcap (Scutellaria 
Baicalensis), 242, 255

balm of Gilead (Populus 
gileadensis), 243

bittersweet (Solanum 
dulcamara), 241

blackberry leaf (Rubus), 243
black cohosh (Actaea racemosa), 

427
boneset (Eupatorium 

perfoliatum), 245
Boswellia (Boswellia serrata), 

242
Bugleweed/European bugleweed 

(Lycopus virginicus/L. 
eurpaeus), 454

Bupleurum (Bupleurum 
falcatum), 249

butterbur leaf (Petasites 
hybridus), 242

cajuput (Melaleuca niaouli), 
243–244

cayenne (Capsicum), 246–247
Chelidonium (Chelidonium 

majus), 505
cinnamon (Cinnamomum), 240
cleavers (Galium aparine), 246, 

248
Coleus forskohlii, 241–242, 249
comfrey (Symphytum), 240
cowslip (Primula veris), 239, 

890

daisy (Bellis), 239
deadly nightshade (Atropa 

belladonna), 241
dong quai (Angelica sinensis), 

517, 521
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 247–249, 
533–534

elderberry (Sambucus nigra), 242
elderflower (Sambucus), 245
ephedra (Ephedra sinica), 242
eyebright (Euphrasia officinalis), 

244–246
fennel fruit (Foeniculum 

vulgare), 240, 249, 
559–560

garlic (Allium sativum), 240, 
245–246, 248–249

German chamomile (Maricaria 
recutita), 143

ginger (Zingiber officinale), 245, 
254, 257, 589–590

Ginkgo (Ginkgo biloba), 249, 
254

ginseng (Panax ginseng), 249
hawthorn (Crataegus), 249
horehound (Marrubium 

vulgare), 241
horseradish (Armoracea), 246
Hydrastis root (Hydrastis 

canadensis), 242, 244–249, 
399

hyssop (Hyssopus), 241
Iceland moss (Celtraria 

islandica), 240
Inula helenium, 248–249
ipecacuanha (Cephaelis 

ipecacuanha), 239
Irish moss (Chondrus), 240–241
ivy (Hedera helix), 242
kava (Piper methysticum), 247
liquorice (Glycyrrhiza glabra), 

241, 243–244, 247, 249, 
256, 720

Lobelia (Lobelia inflata), 239, 
241, 244, 246, 249

marigold (Calendula officinalis), 
243

marshmallow root (Althea 
officinalis), 240–241, 243, 
247

mullein (Verbascum), 241–242, 
244, 248–249

myrrh (Commiphora molmol), 
243, 247, 753–754

nettle (Urtica dioica), 242, 760
peppermint (Mentha x piperita), 

143, 242, 249, 786, 
789–790

pleurisy root (Asclepias 
tuberosa), 248

poke root (Phytolacca 
decandra), 246, 795

propolis, 243, 247
Rehmannia (Rehmannia 

glutinosa), 249
ribwort (Plantago lanceolata), 

241–242, 244, 248–249
sage (Salvia spp.), 243, 247
saw palmetto (Serenoa repens), 

804
slippery elm (Ulmus rubra), 

240, 243
snakeroot (Polygala senega), 239

soapwort (Saponaria), 239
squill (Urginea), 239
St John’s wort (Hypericum 

perforatum), 245
tea tree oil (Melaleuca 

alternifolia), 243–244
thyme (Thymus vulgaris), 241, 

243, 248–250, 885, 889–890
turmeric (Curcuma longa), 189, 

909–910
white horehound (Marrubium), 

249
witchhazel (Hamamelis 

virginiana), 243
yarrow (Achillia millefolium), 245

Respiratory syncytial virus (RSV) 
bronchiolitis, 253

Respiratory system and disorders 
affecting

antiallergic remedies, 242–243
anticatarrhals, 242
anti-inflammatories, 242–243
antitussives, 243
case histories, 245b, 245b–246b, 

246b, 250b
demulcents, 240–241
expectorants, see Expectorants
herbs, specific, see Respiratory 

activity
infectious agents, 153
inhalants, 243–244
multipurpose remedies, 244
phytotherapeutics, 238–240
phytotherapy, 244–257
rationale and orientation of 

treatment, 238
scope of treatment, 238
spasmolytics, 241–242
topical agents, 243–244
upper respiratory tract 

infections, 533–534
Respiratory tract fluid (RTF), 30, 

240, 559–560
Rest, 86–87
Restless legs syndrome (RLS), 

279–280
chaste tree (Vitex agnus-castus), 

497
Resveratrol, 24, 59, 283, 333
Retinitis, bilberry fruit (Vaccinium 

myrtillus), 423
Retinopathy

bilberry fruit (Vaccinium 
myrtillus), 422–423

butcher’s broom (Ruscus 
aculeatus), 467

Reverse cholesterol transport 
(RCT), 208

Reversed vegetative signs (RVS), 
841

Rhatany (Krameria)
astringent activity, 141
gastrointestinal disorders, 191

Rhein, 49, 176
Rheumatic disorders, see Joint 

activity; Joints and 
conditions affecting

Rheumatoid arthritis (RA), 153, 
155–156

Andrographis (Andrographis 
paniculata), 367–368

Boswellia (Boswellia serrata), 
441, 444–445

chaste tree (Vitex agnus-castus), 
490

evening primrose oil (Oenothera 
biennis), 541

feverfew (Tanacetum 
parthenium), 573–574

liquorice (Glycyrrhiza glabra), 
720

Rehmannia (Rehmannia 
glutinosa), 799

Rhinitis, 244–245
Rhinovirus, 245
Rhodiola (Rhodiola rosea)

antidepressant activity, 273–274, 
338

cognitive function, 284
endocrine activity, 345
nervous system activity, 168
reproductive system activity, 

male, 330
tonic activity, 170

Rhubarb extract, 262
Rhubarb root (Rheum officinale)

antiseptic activity, 142
cancer preventive activity, 175

Ribonucleic acid (RNA), 14–15
Ribwort (Plantago lanceolata), 25

respiratory activity, 241–242, 
244, 248–249

tonification, 85
urinary activity, 267

Rosehip (Rosa canina), 157
Rosemary (Rosmarinus officinales), 

231, 233
dermatological activity, 317
endocrine activity, 344–345

Rosiglitazone, 411
Rosmarinic acid, 888
Ross River virus infection, 136
Rubefacient activity, 885
Rubia tinctorum, see Madder root 

(Rubia tinctorum)
Rubus, see Blackberry leaf (Rubus)
Rubus idaeus, see Raspberry leaf 

(Rubus idaeus)
Rue (Ruta graveolens), 

gynaecological and female 
reproductive system 
activity, 291

Rumex crispus, see Yellow dock 
(Rumex crispus)

Ruscus aculeatus, see Butcher’s 
broom (Ruscus aculeatus)

Rutin, 224
Rutosides, 224

S
Sacchoromyces cerevisiae, atopic 

dermatitis, 320
Safety issues, 100

adverse case reports, 100–103
adverse-drug interactions, 106
cases of contention, 106–110
doubts, 110
false alarms, 106–109
idiosyncratic reactions,  

104–105
microbial contamination, 

112–113
pharmacovigilance initiatives, 

114–115
plants as poisons, 103
poisoning food, 109
postmarketing surveillance, 

114–115

Reproductive system activity, male 
(Continued)
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pregnancy and lactation, 
105–106

quality, impact on safety, 
111–114

reassurances, 110–111
specific herbs

Andrographis (Andrographis 
paniculata), 361

Arnica flowers (Arnica 
montana), 374

Astragalus (Astragalus 
membranaceus), 382

bearberry (Arctostphylos uva 
ursi), 394

Berberis bark (Berberis 
vulgaris), 400

bilberry fruit (Vaccinium 
myrtillus), 420

black cohosh (Actaea 
racemosa), 110, 428

Boswellia (Boswellia serrata), 
442

buchu (Agathosma betulina), 
450

Bugleweed/European 
bugleweed (Lycopus 
virginicus/L. eurpaeus), 454

Bupleurum (Bupleurum 
falcatum), 460

butcher’s broom (Ruscus 
aculeatus), 468

chaste tree (Vitex agnus-
castus), 491

Chelidonium (Chelidonium 
majus), 502

devil’s claw (Harpagophytum 
procumbens), 510

dong quai (Angelica sinensis), 
517

evening primrose oil 
(Oenothera biennis), 541

eyebright (Euphrasia 
officinalis), 553

fennel fruit (Foeniculum 
vulgare), 558

feverfew (Tanacetum 
parthenium), 567

German chamomile 
(Maricaria recutita), 476

ginger (Zingiber officinale), 
579

Ginkgo (Ginkgo biloba), 597
ginseng (Panax ginseng), 629
globe artichoke (Cynara 

cardunculus), 650
gotu kola (Centella asiatica), 

658
hawthorn (Crataegus), 672
horsechestnut seed (Aesculus 

hippocastanum), 686
Hydrastis root (Hydrastis 

canadensis), 400
kava (Piper methysticum), 700
liquorice (Glycyrrhiza 

glabra), 720
meadowsweet (Filipendula 

ulmaria), 743
Melilotus (Melilotus 

officinalis), 748
myrrh (Commiphora molmol), 

754
nettle (Urtica dioica), 761
pau d’arco (Tabebui spp.), 773
peppermint (Mentha x 

piperita), 784

poke root (Phytolacca 
decandra), 795–796

Rehmannia (Rehmannia 
glutinosa), 799

saw palmetto (Serenoa 
repens), 805

Siberian ginseng 
(Eleutherococcus senticosus), 
819

St John’s wort (Hypericum 
perforatum), 827

St Mary’s thistle (Silybum 
marianum), 862

turmeric (Curcuma longa), 
901

valerian (Valeriana officinalis), 
924

Withania (Withania 
somnifera), 950

substitution problems, 113
see also Adverse reactions; 

Contraindications
Saffron, antidepressant activity, 273
Safrole, 521
Sage (Salvia spp.), 31

antiseptic activity, 142
cardioprotective activity, 233
cognitive function, 284
gargles with, 186
gynaecological and female 

reproductive system 
activity, 292, 300–301

infectious diseases, 149
respiratory activity, 243, 247

Saiboku-To (TJ-96), 255
Saikosaponins, 461–464
Salicin, pharmacokinetics, 60
Salicylic acid, 23
Salix spp., 23
Salmonella enteritidis, 503, 886
Salmonella typhimurium, 394, 412, 

583, 887
Salves, 143
Salvia divinorum, 62–63
Salvia miltiorrhiza (dan shen), 

see Dan shen (salvia 
miltiorrhiza)

Salvia spp, see Sage (Salvia spp)
Sambucus, see Elderflower 

(Sambucus)
Sambucus nigra, see Elderberry 

(Sambucus nigra)
Sanguinaria canadensis, see 

Blood root (Sanguinaria 
canadensis)

Sanguinarine, 502–504
Saponaria, see Soapwort 

(Saponaria)
Saponins

adverse reactions, 47, 104
contraindications, 191
gastrointestinal activity, 190–191
gynaecological and female 

reproductive system 
activity, 291

haemolytic activity, 44
pharmacodynamics, 44–47
pharmacokinetics, 67
phytochemistry, 44
specific herbs

Astragalus (Astragalus 
membranaceus), 383, 385, 
388

butcher’s broom (Ruscus 
aculeatus), 468, 472

ginseng (Panax ginseng), 631, 
634

toxicology, 47
Saw palmetto (Serenoa repens), 

804
actions/effects, 804
adulteration, 805
alopecia, androgenic, 814
androgen binding and 

antiandrogenic activity, 
inhibition, 808

anti-inflammatory activity, 804, 
808–809

background/traditional view, 804
benign prostatic hyperplasia, 804
benign prostatic hyperplasia, 

activity in, 809–813
botany, 805
cancer preventive activity, 

809–810
clinical trials, 804, 810–814, 

812t
constituents, 805
cystitis, 804
dosage, 805
duration of use, 805
5-alpha-reductase, 806–807
gynaecological and female 

reproductive system 
activity, 296

hormonal activity, 808
infectious diseases, 150–151
interactions, 814
liposterolic extract (LESP), 

806–811, 813–815
comparative clinical trials, 812t

pharmacodynamics, 805–810
pharmacokinetics, 810
pharmacological studies, 804
pregnancy and lactation, 814
preparations, 804
prostate surgery, 813
prostatitis, 813
regulatory status, 815
reproductive system activity, 

male, 329–331
respiratory activity, 804
safety issues, 805
scalp problems, 814
side effects, 814–815
spasmolytic activity, 804, 

807–808
synonyms, 804
technical data, 805–814
tonic activity, 85, 170
toxicology, 814
traditional therapeutic uses, 804
uses, 804
warnings/precautions, 814

Scale for the Assessment of 
Negative Symptoms 
(SANS), 613

Scalp problems, 814
Scarring, 657
Schistosoma mansoni, 583, 754–

756, 776
Schistosomiasis, myrrh 

(Commiphora molmol), 757
Schizandra, 211, 214, 216, 218

endocrine activity, 344
gynaecological and female 

reproductive system 
activity, 292

nervous system activity, 168, 
276, 278, 284

Schizophrenia
evening primrose oil (Oenothera 

biennis), 546–547
Ginkgo (Ginkgo biloba), 596

Scholey, Andrew, 284
Scleroderma, 657
Scudder, John, 124
Scutellaria Baicalensis, see Baical 

skullcap (Scutellaria 
Baicalensis)

Scutellaria lateriflora, see Skullcap 
(Scutellaria lateriflora)

Sea buckthorn (Hippophae 
rhamnoides), 157

Sea holly (Eryngium maritimum), 
urinary activity, 262

Seasonal affective disorder (SAD), 
278

Secondary metabolites, role, 
18–19

Secretion, gastrointestinal tract, 
184

Secretomotor reflexes, 184
Sedative activity, 201, 274–275, 

292–294
Bugleweed/European bugleweed 

(Lycopus virginicus/L. 
eurpaeus), 454

Bupleurum (Bupleurum 
falcatum), 464

classification of sedatives, 84
essential oils, 30
German chamomile (Maricaria 

recutita), 279, 475, 
477–478

kava (Piper methysticum), 699, 
701

passionflower (Passiflora 
incarnata), 274, 279, 701

St John’s wort (Hypericum 
perforatum), 837

valerian (Valeriana officinalis), 
925

Withania (Withania somnifera), 
949

Selective oestrogen receptor 
modulators (SERMs), 54

Selenomonas artemidis, 887
Senna (cassia), 48

cancer preventive activity, 176
constipation, 199

Septicaemia, 525
Serenoa repens, see Saw palmetto 

(Serenoa repens)
Serotonin, digestive activity, 191
Sesquiterpenes, 104, 216
Sex hormone-binding globulin 

(SHBG), 761–762, 765, 
806

Sexual function
dong quai (Angelica sinensis), 

518
Ginkgo (Ginkgo biloba), 616
St John’s wort (Hypericum 

perforatum), 836, 846
Sexually transmitted infections, 

bearberry (Arctostphylos 
uva ursi), 393

Shatavari (Asparagus racemosus), 
283, 291

gynaecological and female 
reproductive system 
activity, 292–295, 299–301

Sheep erythrocytes (SRBC), 431
Sheep red blood cells (SRBC), 462
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Shepherd’s purse (Capsella), 
gynaecological and female 
reproductive system 
activity, 293, 301

Shingles, 322–323
Short-chain fatty acids (SCFA), 

230
Sho-saiko-to (formula), 465
Siberian ginseng (Eleutherococcus 

senticosus), 818
actions/effects, 818
adaptogenic activity, 818
anabolic effects, 821
antidiabetic activity, 821
antioedema activity, 818
antistress effects, 818, 820–822
background/traditional view, 818
botany, 819
cancer preventive activity, 

820–821
cardioprotective activity, 821
clinical trials, 818, 821–823
cognitive function, 284
constituents, 819
contraindications, 823
dosage, 819
duration of use, 818–819
effect on healthy or unwell 

individuals, 821–823
immune effects, 151, 818, 821
interactions, 823
joint activity, 818
normalising actions, 821
performance, effects on, 818
pharmacodynamics, 819–821
pharmacokinetics, 821
pharmacological studies, 818
pregnancy and lactation, 823
preparations, 818
radiation resistance, 820–821
regulatory status, 823–824
reproductive system activity, 

male, 329
safety issues, 819
side effects, 823
stimulant activity, 818
synonyms, 818
technical data, 819–823
tonic activity, 818
toxicology, 823
traditional therapeutic uses, 818
urinary activity, 818
uses, 818
warnings/precautions, 823
see also Ginseng (Panax ginseng)

Side effects, see Adverse reactions/
side effects

Silene saxifraga, 265
Silybin, 862, 864–866, 868, 870, 

876
Silybum marianum, see St Mary’s 

thistle (Silybum marianum)
Silymarin, 334, 862–870, 876
Simvastine, 411
Single-photon emission computed 

topography (SPECT) scans, 
166, 605

Sinusitis, 246–247
Andrographis (Andrographis 

paniculata), 360
and asthma, 252
chronic, 246
eyebright (Euphrasia officinalis), 

553
Sitostanol, 209–210

Situational anxiety, 706
Six Tastes (rasas), 9–10
Sjögren’s syndrome

chaste tree (Vitex agnus-castus), 
490

evening primrose oil (Oenothera 
biennis), 548

Skeletal muscle activity
kava (Piper methysticum), 699
turmeric (Curcuma longa), 909

Skin conditions
alternatives/depuratives, 318
anti-inflammatories, topical, 317
antiseptics, 317
assisting healing and repair, 

326–327
astringents, 317
case histories, 321b, 322b, 323b, 

326b
cleansing, 316–317
complexity, 316
demulcents, 317
herbs, specific, see 

Dermatological activity
internal and external 

applications, 315–316
lipids, 317
phytotherapy, 315–327
scope of treatment, 315
strategic approach for treating, 

317–318
topical applications, 150–151, 

317
see also Atopic dermatitis; 

Eczema; Psoriasis
Skullcap (Scutellaria lateriflora)

adverse case reports, 101
cardioprotective activity, 231
endocrine activity, 343
gastrointestinal activity, 196, 

201
joint activity, 312
nervous system activity, 211, 

276, 278
reproductive system activity, 

male, 330
sedative activity, 274

Sleep problems, see Insomnia
Slippery elm (Ulmus rubra)

gastrointestinal activity, 25, 
159, 186, 190, 195, 199, 
201–202

respiratory activity, 240, 243
Smoking

chronic, 441
fibroids, 295
peptic ulcer, 197

Smooth muscle, effect on
Berberis bark (Berberis 

vulgaris), 408
fennel fruit (Foeniculum 

vulgare), 558–559
Hydrastis root (Hydrastis 

canadensis), 408
Snakeroot (Polygala senega)

gastrointestinal activity, 190
respiratory activity, 239
saponin effects, 190

Soapwort (Saponaria), respiratory 
activity, 239

Solanum dulcamara, see 
Bittersweet (Solanum 
dulcamara)

Soldago spp, see Goldenrod 
(Soldago spp.)

Solids, 143–144
Sophora flavescens, 176, 216, 256
Sore throat, 142, 243–244, 247

eyebright (Euphrasia officinalis), 
553

liquorice (Glycyrrhiza glabra), 
719

SOS chromotest, 357
Sour taste, 7
Soya foods, 175–176, 333–334
Spasmolytic activity, German 

chamomile (Maricaria 
recutita), 275

Spasmolytics
analgesic activity, 281
biliary activity, 212
essential oils, 29
gynaecological and female 

reproductive system 
activity, 292–293

nervous system, 275–277
reproductive system activity, 

male, 332
respiratory, 241–242, 249
specific herbs

black cohosh (Actaea 
racemosa), 427

buchu (Agathosma betulina), 
451

Chelidonium (Chelidonium 
majus), 501, 504–505

eyebright (Euphrasia 
officinalis), 554

German chamomile 
(Maricaria recutita), 475, 
477

ginger (Zingiber officinale), 578
kava (Piper methysticum), 702
liquorice (Glycyrrhiza 

glabra), 719, 727
peppermint (Mentha x 

piperita), 783
saw palmetto (Serenoa 

repens), 804, 807–808
St John’s wort (Hypericum 

perforatum), 836
thyme (Thymus vulgaris), 

885–887
valerian (Valeriana officinalis), 

926
volatile (digestive disorders), 

192–193, 197, 199–202
Specific medication concept, 124
Sperm, immunological rejection 

(in infertility), 294
Spleen (TCM), 7–9, 381, 628
Spondyloarthropathies, 156
Sprains, Arnica flowers (Arnica 

montana), 373
Squamous cell carcinoma, 744
Squaw vine (Mitchella repens), 

gynaecological and female 
reproductive system 
activity, 291, 301

Squill (Urginea)
emetic quality, 189
respiratory activity, 239

Stable angina, 227
Standardised extracts

active compounds or 
constituents, 130–131

analytical methodology, 131
consistent activity, 130
marker compounds or 

constituents, 130

phytoequivalence, 131
terminology, 129–131
types, 131–132

Staphylococcus aureus
Arnica flowers (Arnica 

montana), 375
atopic dermatitis, 319–320
bearberry (Arctostphylos uva 

ursi), 394–395, 397
berberine, 403
Berberis bark (Berberis 

vulgaris), 408
buchu (Agathosma betulina), 

451
Bugleweed/European bugleweed 

(Lycopus virginicus/L. 
eurpaeus), 456

Chelidonium (Chelidonium 
majus), 503

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 531

garlic (Allium sativum), 149
German chamomile (Maricaria 

recutita), 478
ginger (Zingiber officinale), 583
Hydrastis root (Hydrastis 

canadensis), 408
peppermint (Mentha x piperita), 

786
thyme (Thymus vulgaris), 

886–887
see also Methicillin-resistant 

Staphylococcus aureus 
(MRSA)

Staphylococcus saprophyticus, 265
Stasis dermatitis/ulceration, 232
Steiner, Rudolph, 13
Stellaria, see Chickweed 

(Stellaria)
Stimulants

essential oils, 30
ginger (Zingiber officinale), 578
pau d’arco (Tabebui spp.), 772
Siberian ginseng (Eleutherococcus 

senticosus), 818
St John’s wort (Hypericum 

perforatum), 826
actions/effects, 826
alcoholism, 837–838
analgesic activity, 281, 283, 847
analytical methodology, 131
antibacterial activity, 835
antidepressant activity, 273, 

278, 826, 829–831, 840–
843, 848

antifungal activity, 835
anti-inflammatory activity, 

835–836
antiretroviral activity, 827–829, 

839–840
antiviral activity, 169, 826–829, 

839–840
anxiolytic activity, 211, 826, 

831–832, 843–844
attention-deficit hyperactivity 

disorder, 846–847
background/traditional view, 826
botany, 827
cancer preventive activity, 175, 

833–835
cardioprotective activity, 231
clinical trials, 826, 839–848
cognitive function, 832–833, 

846
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constituents, 827
contraindications, 849
dermatological activity, 320–322
dosage, 827
driving contraindications, 853
drug-dependency, 837–838, 848
duration of use, 827
endocrine activity, 343
ex vivo studies, 829–830
eye disorders, 836–837
gastrointestinal activity, 191, 561
gynaecological and female 

reproductive system 
activity, 292, 294, 300

hepatoprotective activity, 217
hyperforin, 834
hypnotic activity, 837
infectious diseases, 150–151
interactions, 849–852
irritable bowel syndrome, 846
joint activity, 309, 311–312
liver protective activity, 217
machinery use, 853
menopausal symptoms, 433, 

844–845
nervous system activity, 211, 

276, 826
neuroprotective effects, 

832–833
obsessive compulsive disorder, 

844
overdosage, 855
pharmacodynamics, 827–838
pharmacokinetics, 59, 838–839
pharmacological studies, 826
photodynamic therapy, 834
photosensitivity reactions, 827, 

853–854
pregnancy and lactation, 852–853
premenstrual syndrome, 845–846
preparations, 827
regulatory status, 855
reproductive system effects, 

106, 330
respiratory activity, 245
safety issues, 827
sedative effects, 837
sexual function, 836, 846
side effects, 104, 180, 853–855
sleep disorders, 847–848
spasmolytic activity, 836
and synergy, 21
synonyms, 826
technical data, 827–848
tonic activity, 170
tonification, 85
toxicology, 848–849
traditional therapeutic uses, 826
urinary activity, 267
uses, 826–827
in vitro studies, 829–830
in vivo studies, 830–831
warnings/precautions, 849
wound healing, 826, 835–836, 

847
St Mary’s thistle (Silybum 

marianum), 861
actions/effects, 861
anti-inflammatory activity, 

868–870
antioxidant activity, 861–863
antitoxic effects, 865
background/traditional view, 861
biliary activity, 212, 214
botany, 862

cancer preventive activity, 866–
868, 877

chemotherapy adjunct, 879
children, safety of use for, 880
choleretic activity, 861
clinical trials, 861, 871–877
constituents, 862
contraindications, 877
dermatological activity, 877
detoxification mechanisms, 

863–864
diabetes, 345, 869–870, 

875–876
dosage, 862
duration of use, 862
endocrine activity, 344–345
endocrine disorders, 341
gastrointestinal activity, 195
gastrointestinal effects, 865–866
gynaecological and female 

reproductive system 
activity, 292, 297–298, 301, 
520

haemodialysis, 876
hepatoprotective activity, 

216, 218, 861, 864–865, 
872–877

hyperlipidaemia, 876
immunomodulatory activity, 

868–870
infectious diseases, 150–151
inflammatory bowel disease, 204
interactions, 877–879
iron-related disorders, 876
irritable bowel syndrome, 201
liver protective activity, 216, 

218, 872–877
osteoarthritis, 876
overdosage, 880
pharmacodynamics, 862–870
pharmacokinetics, 870–871
pharmacological studies, 

861–862
poisoning, 875
pregnancy and lactation, 

879–880
preparations, 862
prostate cancer, 876–877
regulatory status, 880
safety issues, 862
side effects, 880
silybin, 862, 864–866, 868, 870, 

876
silymarin, 334, 862–870, 876
synonyms, 861
technical data, 862–877
tonification, 85
toxicology, 877
traditional therapeutic uses, 861
UBV exposure, 866
upper digestive function, poor, 

196
uses, 861–862
in-vitro fertilization, 876–877
warnings/precautions, 877

Stomach (TCM), 171, 381, 628
Stomach activity, 185

devil’s claw (Harpagophytum 
procumbens), 512

ginger (Zingiber officinale), 578
Stomach cancer, 149

Chelidonium (Chelidonium 
majus), 503

Stomatitis, chemotherapy-induced, 
481

Streptococcus agalactiae, 361
Streptococcus faecalis, 394
Streptococcus mutans

Andrographis (Andrographis 
paniculata), 361

Chelidonium (Chelidonium 
majus), 503

peppermint (Mentha x piperita), 
786

Streptococcus pyogenes, 786
Streptococcus sanguis, 408

berberine, 403
Streptococcus sobrinus, 887
Streptococcus viridans, 583
Stress, herbs for, see Antistress 

effects
Stroke

dong quai (Angelica sinensis), 
521

Ginkgo (Ginkgo biloba), 
604–605

Stronger neo-minophagen 
(SNMC), 732

Stroop Task, 284
Substitution problems, herbal 

medicine, 113
Sulcrafate, 37
Sulfamethozaxole, 387
Sulforaphane, 32
Sulphate-reducing bacteria (SRB), 

156
Supertasters, 42
Suppositories, 144
Surgery

gynaecological and obstetric 
conditions, 289

transurethral resection of the 
prostate (TURP), 813

Sustaining causes, 136
Sweet clover (Melilotus), 

cardioprotective activity, 
231

‘Sweet clover disease,’, 748
Sweet taste, 8
Swertia, see Chiretta (Swertia)
Symphytum, see Comfrey 

(Symphytum)
Synergy, 19–21
Synovial fluid, joints, 306
Synovial inflammation, 307
Systemic lupus erythematosus 

(SLE), chaste tree (Vitex 
agnus-castus), 490

Syzygium aromaticum, see Clove 
bud (Syzygium aromaticum)

T
Tabebuia avellanedae, 773, 

777–778
Tabebuia cassinoides, 775
Tabebuia chrysotricha, 778
Tabebuia heptaphylla, 779
Tabebuia impetiginosa, 773–774, 

778
Tablets, 125–126
Tachycardia, 454
Tamoxifen, 436
Tanacetum parthenium, see 

Feverfew (Tanacetum 
parthenium)

Tannerella forsythensis, 155
Tannic acid, 37
Tannins, 185

adverse reactions, 38, 104
dosage/prescription 

practicalities, 189
gastrointestinal activity, 191
pharmacodynamics, 36–38
pharmacokinetics, 67–69
and powders, 126
specific herbs, bearberry 

(Arctostphylos uva ursi), 
394, 397

toxicology, 38
Tansy (Chrysantemum vulgare), 

side effects, 104
Taraxacum (dandelion root), 218
see also Dandelion root 

(Taraxacum officinale), 
hepatoprotective activity

TAS2Rs (bitter taste receptors), 
39–40

Taxol, 776
Tea catechins, 203
Tea tree oil (Melaleuca 

alternifolia), 29
dermatological activity, 317, 

320, 323–324
infectious diseases, 149–151
respiratory activity, 243–244

Temperaments (Greek and 
Roman), 4

Tension-type headache (TTH), 
280–281

feverfew (Tanacetum 
parthenium), 566

Terminalia arjuna, 227, 260–261
Terminalia chebula, 864–865
Terpenoids, 27
Tesa-film stripping technique, 477
Testosterone, 328–329, 331
Teucrium chamaedrys, see 

Germander (Teucrium 
chamaedrys)

Therapeutic baths, atopic 
dermatitis, 320–321

Thermogenic activity, ginger 
(Zingiber officinale), 
582–583

Thin layer chromatography (TLC), 
112

Thomson, Samuel, 11–12, 43–44, 
84, 145–146

Throat
sore, see Sore throat
topical applications, 142, 150–

151, 243
Throat sprays, 142
Thromboxane, 590
Thuja (Thuja occidentalis), 31

antiviral activity, 169
cancer preventive activity, 178
hepatitis, 217
infectious diseases, 150–151
side effects, 104

Thujone, 31, 104
Thurston, JM, 12
Thyme (Thymus vulgaris), 885

actions/effects, 885
adulteration, 886
alopecia areata, 890
antiallergic activity, 888
antibacterial activity, 887
antifungal activity, 885
anti-inflammatory activity, 885, 

888
antimicrobial activity, 885
antimutagenic activity, 888
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antioxidant activity, 885, 888
antiparasitic activity, 885
antiviral activity, 885, 888
applications, 885
background/traditional view, 885
botany, 886
case reports, 890
children, safety of use for, 891
clinical trials, 885, 889–890
constituents, 886
dermatological activity, 317, 323
dosage, 886
duration of use, 886
expectorant activity, 887
fungicidal activity, 887–888
interactions, 891
nervous system activity, 

888–889
pharmacodynamics, 886–889
pharmacokinetics, 889
pharmacological studies, 885
pregnancy and lactation, 891
preparations, 886
regulatory status, 891
respiratory activity, 241, 243, 

248–250, 885, 889–890
side effects, 891
spasmolytic activity, 192, 885–887
synonyms, 885
technical data, 886–890
toxicology, 891
traditional therapeutic uses, 885
uses, 885

Thymus injury, Astragalus 
(Astragalus membranaceus), 
383

Thyroid disorders, 31, 346–348
Thyroid hormone resistance 

(THR), 338
Thyroid stimulating hormone 

(TSH), 346
Bugleweed/European bugleweed 

(Lycopus virginicus/L. 
eurpaeus), 454–457

Thyrotoxicosis, Bugleweed/
European bugleweed 
(Lycopus virginicus/L. 
eurpaeus), 454

Tinea pedis (athletes foot), 
323–324

Tinnitus/combined syndromes, 
Ginkgo (Ginkgo biloba), 
611–612

Tissue factor (TF), 405
Tissue perfusion

Ginkgo (Ginkgo biloba), 596
whether antipathogenic benefits 

where increased, 221–222
Toe nails, tinea pedis, 323–324
Tolerated daily intake (TDI), 751
Toll-like receptors, 310
Tolu balsam, 243
Tonics, 85, 151, 329

application, 170
bladder, 263–264
blood, 221
Chinese, 171–172
in chronic fatigue syndrome, 

168–169
indications for, 170
kidney, 264
nervine, see Nervine tonics
specific herbs

Astragalus (Astragalus 
membranaceus), 381, 
384–385

Berberis bark (Berberis 
vulgaris), 400

dong quai (Angelica sinensis), 
517

ginseng (Panax ginseng), 151, 
628

Hydrastis root (Hydrastis 
canadensis), 400

liquorice (Glycyrrhiza 
glabra), 719

Siberian ginseng 
(Eleutherococcus senticosus), 
818

Tribulus leaf (Tribulus 
terrestris), 894, 896

Withania (Withania 
somnifera), 949–951, 956

traditional uses, 170
warnings/precautions, 170
see also Adaptogens

Tonification
Five Tastes, 6
traditional treatment principles, 

85
Tonsillitis, 247
Topical applications, 140–144

anti-inflammatories, 141–142
antiseptics, 142
astringents, 141
basil, 325
cardioprotective activity, 231
demulcents, 140–141
essential oils, 29
infectious diseases, 150–151
local anaesthetics/analgesics, 

see Local anaesthetics/
analgesics

myrrh (Commiphora molmol), 
753

oligomeric proanthocyanidins, 
141

orientation, 140–142
respiratory disorders, 243–244
scope, 140
skin conditions, 317
specific herbs

Arnica flowers (Arnica 
montana), 378

Boswellia (Boswellia serrata), 
444

butcher’s broom (Ruscus 
aculeatus), 471

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 150–151

German chamomile 
(Maricaria recutita), 475, 
480

gotu kola (Centella asiatica), 
657

horsechestnut seed (Aesculus 
hippocastanum), 694

lemon balm (Melissa), 
150–151

liquorice (Glycyrrhiza 
glabra), 150–151, 730

marigold (Calendula 
officinalis), 150–151

nettle (Urtica dioica), 760
pau d’arco (Tabebui spp.), 773
tea tree oil (Melaleuca 

alternifolia), 150–151

thuja (Thuja occidentalis), 
150–151

throat, 243
Tormentil (Potentilla)

astringent activity, 141
tannin constituents, 191

Total triterpenic fraction (TTF), 
658, 661–663

Toxicity
bile acids, 208
inflammatory disorders, 153
listed herbs, 968

Toxicology
anthraquinones, 49–50
coumarins, 52–53
essential oils, 31
flavonoids, 34–35
horsechestnut seed (Aesculus 

hippocastanum), 694–695
liquorice (Glycyrrhiza glabra), 

733
Melilotus (Melilotus officinalis), 

750–751
oligomeric procyanidins, 38
peppermint (Mentha x piperita), 

790
phyto-oestrogens, 55–56
pungent constituents, 44
saponins, 47
specific herbs

Andrographis (Andrographis 
paniculata), 368–369

Arnica flowers (Arnica 
montana), 376–377

Astragalus (Astragalus 
membranaceus), 389

bearberry (Arctostphylos uva 
ursi), 396

Berberis bark (Berberis 
vulgaris), 412–413

bilberry fruit (Vaccinium 
myrtillus), 423

black cohosh (Actaea 
racemosa), 434–435

Boswellia (Boswellia serrata), 
447

buchu (Agathosma betulina), 
452

Bugleweed/European 
bugleweed (Lycopus 
virginicus/L. eurpaeus),  
457

Bupleurum (Bupleurum 
falcatum), 464

butcher’s broom (Ruscus 
aculeatus), 472

chaste tree (Vitex agnus-
castus), 498

Chelidonium (Chelidonium 
majus), 506

devil’s claw (Harpagophytum 
procumbens), 514

dong quai (Angelica sinensis), 
521

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 535

evening primrose oil 
(Oenothera biennis), 549

eyebright (Euphrasia 
officinalis), 555

fennel fruit (Foeniculum 
vulgare), 562

feverfew (Tanacetum 
parthenium), 574

German chamomile 
(Maricaria recutita), 483

ginger (Zingiber officinale), 
591

Ginkgo (Ginkgo biloba), 617
ginseng (Panax ginseng), 

643–644
globe artichoke (Cynara 

cardunculus), 654–655
gotu kola (Centella asiatica), 

666
hawthorn (Crataegus), 682
Hydrastis root (Hydrastis 

canadensis), 412–413
kava (Piper methysticum), 

709–710
meadowsweet (Filipendula 

ulmaria), 744
myrrh (Commiphora molmol), 

757–758
nettle (Urtica dioica), 768
pau d’arco (Tabebui spp.), 779
poke root (Phytolacca 

decandra), 796–797
Rehmannia (Rehmannia 

glutinosa), 802
saw palmetto (Serenoa 

repens), 814
Siberian ginseng 

(Eleutherococcus senticosus), 
823

St John’s wort (Hypericum 
perforatum), 848–849

St Mary’s thistle (Silybum 
marianum), 877

thyme (Thymus vulgaris), 891
Tribulus leaf (Tribulus 

terrestris), 898
valerian (Valeriana officinalis), 

930
willow bark (Salix spp.), 940
witchhazel (Hamamelis 

virginiana), 946
Withania (Withania 

somnifera), 957–958
tannins, 38
turmeric (Curcuma longa), 917
use of monographs, 356

Trachoma, Berberis bark (Berberis 
vulgaris), 410

Traditional Chinese Medicine 
(TCM), 5–6

animal experiments, 96
cathartic remedies, 184–185, 

188
dosage approaches, 121–122
female reproductive system, 291
Five Tastes, 6–9
pungent constituents (warming 

effects), 43
respiratory system, 238
skin conditions, 316
specific herbs

Astragalus (Astragalus 
membranaceus), 381

fennel fruit (Foeniculum 
vulgare), 557

ginger (Zingiber officinale), 
578

Ginkgo (Ginkgo biloba), 596
ginseng (Panax ginseng), 628
gotu kola (Centella asiatica), 

657
liquorice (Glycyrrhiza 

glabra), 727

Thyme (Thymus vulgaris) 
(Continued)
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myrrh (Commiphora molmol), 
753

Siberian ginseng 
(Eleutherococcus senticosus), 
818

turmeric (Curcuma longa), 
900

tonics, 171–172
Traditional therapeutic systems, 3

Ayurvedic, see Ayurvedic herbal 
medicine

cleansing, 10
Five Tastes, 6–9
Graeco-Roman medicines, 4–5
Islamic medicines, 5
Middle European herbal 

medicine, 13
North American herbal 

medicine (nineteenth 
century), 10–12

popular practices, 3–4
Traditional Chinese Medicine, 

see Traditional Chinese 
Medicine (TCM)

Tranquillisers, 274
see also Hypnotics; Sedatives
Transforming growth factor-alpha 

(TGF-alpha), 902
Transforming growth factor-beta 

(TGF-beta), 251, 296
Transurethral resection of the 

prostate (TURP), 813
Travel sickness, 196

German chamomile (Maricaria 
recutita), 475

ginger (Zingiber officinale), 
578–580

Treatment principles, 83
circulation, moving, 84
cleansing, 83–84
convalescence, 86–87
cooling, 84–85
detoxification, 83–84
diet and nutrition, 87
digestion, stimulating, 84–85
elimination, 83–84
exercise, 87
heating, 84
herbs, approaches to using, 

85–86
long-term repair, 86
rest, 86–87
trigger-point phytotherapy, 

85–86
Tribulus leaf (Tribulus terrestris), 

894
actions/effects, 894
adulteration, 895
analgesic activity, 283
analytical methodology, 131
analytical studies, 895
background/traditional view, 894
body composition and exercise 

performance, 897
botany, 895
clinical trials, 894, 896–898
constituents, 895
contraindications, 898
dosage, 894
duration of use, 895
gynaecological and female 

reproductive system 
activity, 294, 300

hormonal activity, 895–896
mechanism of action, 896

menopause, 897
overdosage, 898
pharmacodynamics, 895–896
pharmacokinetics, 896
pharmacological studies, 894
preparations, 894
regulatory status, 899
reproductive system activity, 

male, 329–330
safety issues, 895
and saponins, 46–47
side effects, 898
synonyms, 894
technical data, 895–898
tonic activity, 894, 896
toxicology, 898
uses, 894
warnings/precautions, 898

Trichomonas vaginalis, 403, 503
Trichophyton spp., 210, 323
Trigeminal neuralgia, 281–282
Trigger-point phytotherapy, 85–86
Trigonella foenum-graecum, see 

Fenugreek (Trigonella 
foenum-graecum)

Trimethoprim, 387
Tripterygium wilfordii, 157
Triterpenoids, 510
Trolamine, 142
Troxerutin, 472
TRPM8 (transient receptor 

potential channel melastatin 
8), 786

Tuberculosis (TB), 238
Tumour necrosis factor (TNF)-

alpha, 152–153, 165
Tumour prevention, see Cancer 

preventive activity
Turmeric (Curcuma longa), 900

actions/effects, 900
adulteration, 901
Alzheimer’s disease/dementia, 

905, 916
antiallergic activity, 910
antidepressant activity, 909
anti-inflammatory activity, 159, 

900–903, 911–912
antimicrobial activity, 900, 

906–907
antioxidant activity, 900–901, 

904, 915–916
antiparasitic activity, 907
antiplatelet activity, 900, 

903–904
antiplatelet effect, 903–904
background/traditional view, 900
biliary activity, 210
botany, 901
cancer preventive activity, 900, 

907–909, 912–913
cardioprotective activity, 227–

228, 230–231, 900
carminative activity, 900
clinical trials, 900, 911–917
constituents, 901
contraindications, 917
cystic fibrosis, 909
dermatological activity, 900–901
digestive tract, effects on, 906, 

913–914
dosage, 901
duration of use, 901
eye disorders, 915
gastrointestinal activity, 189–190
genetic diseases, 915

gynaecological and female 
reproductive system 
activity, 292–293, 297

hepatoprotective activity, 
904–905

HIV infection/AIDS, 914
hypolipidaemic activity, 905–

906, 912
inflammatory bowel disease, 204
interactions, 918
joint activity, 306, 309, 311
nephroprotective activity, 

904–905
nervous system activity, 283
neuroprotective effects, 900, 

905
osteoarthritis, 445
pharmacodynamics, 901–910
pharmacokinetics, 910–911
pharmacological studies, 901
pregnancy and lactation, 918
preparations, 901
pulmonary activity, 909–910
radioprotective activity, 900, 

910
regulatory status, 918–919
renal activity, 900, 904–905
safety issues, 901
side effects, 918
skeletal muscle activity, 909
skin conditions, 916
synonyms, 900
technical data, 901–917
toxicology, 917
traditional therapeutic uses, 900
uses, 900–901
warnings/precautions, 917

Tylophora indica, 255
Tyrosinase, 395

U
UDA (lectin), 764
Ukrain, 503–504, 506
Ulceration

chronic venous, 693
duodenal, 198, 719, 729
gastric, 198, 719, 729
leg, 657
mouth, 194–195
stasis, 232
varicose, 467, 471, 685
see also Antiulcer activity

Ulcerative colitis
and biliary system, 209
Boswellia (Boswellia serrata), 

446
cytomegalovirus connection, 156
evening primrose oil (Oenothera 

biennis), 548
inflammation, 152, 156
mouth ulcers with, 194

Ulmus rubra, see Slippery elm 
(Ulmus rubra)

Umbelliferone, 51–52, 749
Unguents, 143
Unicorn root (Aletris), bitter 

activity, 193
Unilateral vestibular 

deafferentation (UVD), 
603

United Kingdom (UK)
dosage system, 124
regulatory status, 359

United States (US), regulatory 
status, 359

Upper digestive function, poor, 
196

Upper respiratory tract infections
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 525, 533–534

see also Common cold; Sinusitis
Urethritis, buchu (Agathosma 

betulina), 450
Urginea, see Squill (Urginea)
Urinary activity

agrimony (Agrimonia 
eupatorium), 261

Andrographis (Andrographis 
paniculata), 262, 368

asparagus root (Asparagus 
officinalis), 261

bean pods (Phaseolus vulgaris), 
261

bearberry (Arctostphylos uva 
ursi), 262–263, 265, 393, 
396

Berberis bark (Berberis 
vulgaris), 263

bilberry fruit (Vaccinium 
myrtillus), 266

birch (Betula), 261, 264
buchu (Agathosma betulina), 

263, 450
burdock (Arctium lappa), 265
celery (Apium graveolens), 262, 

264
cherry stalk, powdered (Cerasus 

avium), 261
corn silk (Zea mays), 262, 266
couch grass (Agropyron repens), 

261–262, 266
cranberry (Vaccinium 

macrocarpon), 37, 263, 266
Crataeva narvala, 263–265, 

267, 332
curcumin, 262
elderflower (Sambucus), 261
German chamomile (Maricaria 

recutita), 261, 267
golden rod (Soldago spp.), 264
gravel root (Eurpatorium 

purpureum), 262–264
horsetail (Equisetum), 261, 263
Hydrastis root (Hydrastis 

canadensis), 263, 266
juniper (Juniperus), 263
liquorice (Glycyrrhiza glabra), 

720
lime flowers (Tilia), 261
meadowsweet (Filipendula 

ulmaria), 742
nettle (Urtica dioica), 261, 264, 

760
Oregon grape (Berberis 

aquifolium), 266
parsley (Petroselinum), 261, 264
parsley piert (Aphanes arvensis), 

262–263
pellitory (Parietaria), 261–262
pipsissewa (Chimaphila 

umbellata), 266
ribwort (Plantago lanceolata), 

267
sea holly (Eryngium 

maritimum), 262
Siberian ginseng (Eleutherococcus 

senticosus), 818
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St John’s wort (Hypericum 
perforatum), 267

Taraxacum (dandelion root), 
261–262, 265

valerian (Valeriana officinalis), 
267

wild carrot (Daucus carola), 262
wild lettuce (Lactuca), 261
Withania (Withania somnifera), 

262
Urinary antiseptics, 263

bearberry (Arctostphylos uva 
ursi), 393

buchu (Agathosma betulina), 
450

meadowsweet (Filipendula 
ulmaria), 742

Urinary stones, 264–265
Urinary system and disorders 

affecting
ankylosing spondylitis 

connection, 153
antilithics, 263
antiseptics, 263
bladder tonics, 263–264
case histories, 266b–267b, 267b
demulcents, 263
diuretics, 261–263
herbal diuretics, 260–261
herbs, specific, see Urinary 

activity
infections, 265–267
kidney tonics, 264
nocturnal enuresis, 267–268
oedema and kidneys, 262
osmotic diuresis, 261–262
phytotherapy, 263–268
scope of treatment, 260
stones, 260, 264–265

Urinary tract infections, 150, 
265–267

Andrographis (Andrographis 
paniculata), 360

bearberry (Arctostphylos uva 
ursi), 393–394

buchu (Agathosma betulina), 
450

see also Cystitis
Ursodeoxycholic acid, 208
Urtica dioica, see Nettle (Urtica 

dioica)
Urticaria

Boswellia (Boswellia serrata), 
441

chronic, 321–322
Rehmannia (Rehmannia 

glutinosa), 799
Use of Traditional Medicine in 

Primary Health Care, The 
(WHO), 255

Uterine bleeding, abnormal, 293
Uterine myoma (fibroids), 289, 

293–296

V
Vaccinium genus, 419
Vaccinium macrocarpon, see 

Cranberry (Vaccinium 
macrocarpon)

Vaccinium myrtillus, see Bilberry 
fruit (Vaccinium myrtillus)

Vaginal douche, 143

Vaginitis, 150–151
Valdecoxib, 445–446
Valerian (Valeriana officinalis), 

62, 923
actions/effects, 923
analgesic activity, 283
antidepressant activity, 278, 929
anxiolytic activity, 272, 923, 

925, 929
background/traditional view, 923
botany, 924
cardioprotective activity, 226, 

231
children, safety of use for, 932
clinical trials, 923, 927–930
combination products and sleep 

quality, 928–929
constituents, 924
dosage, 924
driving contraindications, 931
duration of use, 924
fatigue and debility, 169
gastrointestinal activity, 196
gynaecological and female 

reproductive system 
activity, 292

insomnia, 923, 927–929
interactions, 930
irritable bowel syndrome, 201
machinery use, 931
nervous system activity, 278
neurological receptors, 

interaction with, 925–926
overdosage, 931–932
pharmacodynamics, 925–926
pharmacokinetics, 926
pharmacological studies, 923
pregnancy and lactation, 

930–931
preparations, 923
regulatory status, 932
reproductive system activity, 

male, 332
safety issues, 924
sedative activity, 279, 925
side effects, 931
sleep quality, 927–929
spasmolytic activity, 275, 926
synonyms, 923
technical data, 924–930
toxicology, 930
traditional therapeutic uses, 923
urinary activity, 267
uses, 923

Validation, 89
animal experiments, 96
cell, tissue and organ cultures, 

96–97
clinical trials, controversial, 

92–93
enquiry, difficulties with, 91–92
observational and single-case 

studies, 93–94
pharmacokinetic issues, 96
phytopharmacological research, 

97–98
placebo response, 89–90
self-repair, 90–91
story as evidence, 94–95
transient clinical effects, 

functional assay, 93
see also Research

Varicella-zoster virus, liquorice 
(Glycyrrhiza glabra), 725

Varicose ulcers

butcher’s broom (Ruscus 
aculeatus), 467, 471

horsechestnut seed (Aesculus 
hippocastanum), 685

Varicose veins, 301
Arnica flowers (Arnica 

montana), 373
butcher’s broom (Ruscus 

aculeatus), 467, 470–471
horsechestnut seed (Aesculus 

hippocastanum), 685
Melilotus (Melilotus officinalis), 

747
witchhazel (Hamamelis 

virginiana), 943
Vascular cellular adhesion 

molecule-1 (VCAM-1), 
152–153

Vascular dementia, Ginkgo 
(Ginkgo biloba), 605–608

Vascular endothelial growth factor 
(VEGF), 518–519

Vascular protective activity, 231
bilberry fruit (Vaccinium 

myrtillus), 419–420
Ginkgo (Ginkgo biloba), 

605–610
gotu kola (Centella asiatica), 

662–663
horsechestnut seed (Aesculus 

hippocastanum), 686–688
Vascular smooth muscle cell 

(VSMC), 405
Vasculitis, 152
Vasoconstrictive activity, 

witchhazel (Hamamelis 
virginiana), 945

Vasoprotective activity, bilberry 
fruit (Vaccinium myrtillus), 
419

Vasorelaxant activity, hawthorn 
(Crataegus), 674–675

Vata, 9
Vegetable alkali, 56
Vegetative dystonia, 454
Venotonic activity

butcher’s broom (Ruscus 
aculeatus), 467–469

gotu kola (Centella asiatica), 
657

horsechestnut seed (Aesculus 
hippocastanum), 685–688

Venous disorders, bilberry fruit 
(Vaccinium myrtillus), 422

Ventilator associated pneumonia 
(VAP), 589

Verbascum, see Mullein 
(Verbascum)

Verbena officinalis, see Vervain 
(Verbena officinalis)

Veronicastrum, see Black root 
(Veronicastrum)

Vertigo, 596
Vervain (Verbena officinalis), 265, 

276
gastrointestinal activity, 561
gynaecological and female 

reproductive system 
activity, 301

tonic activity, 170
Very low density lipoprotein 

(VLDL), 543
Vestibular disorders, Ginkgo 

(Ginkgo biloba), 610–611
Veterinary applications

devil’s claw (Harpagophytum 
procumbens), 513–514

evening primrose oil (Oenothera 
biennis), 543

myrrh (Commiphora molmol), 
756

Viberunum opulis, see Cramp bark 
(Viberunum opulis)

Vinblastine, 176, 724–725
Vincristine, 176
Viral conditions

adenovirus, 245
chronic fatigue syndrome, 

164–165
cytomegalovirus, 217
Epstein-Barr virus, 156, 217, 

362
hepatitis, see Hepatitis
parainfluenza virus, 245
pharyngitis, 142
respiratory syncytial virus (RSV) 

bronchiolitis, 253
rhinovirus, 245
Ross River virus infection, 136
tannins, effect on, 37
warts, 505
see also Antiviral activity; 

Common cold; Influenza
Visceral relaxants, 275
Visual disorders

bilberry fruit (Vaccinium 
myrtillus), 421–423

butcher’s broom (Ruscus 
aculeatus), 471–472

Ginkgo (Ginkgo biloba), 596, 
612–613

kava (Piper methysticum), 
702–703

St John’s wort (Hypericum 
perforatum), 836–837

turmeric (Curcuma longa), 915
see also Eye disorders

Vitamin C research, 33
Vitex agnus-castus, see Chaste tree 

(Vitex agnus-castus)
Vitis vinifera, see Grape seed 

extract (Vitis vinifera)
Vomiting, morning sickness, 301
Vulnerary activity

Chelidonium (Chelidonium 
majus), 501

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 525

German chamomile (Maricaria 
recutita), 475

gotu kola (Centella asiatica), 
657

myrrh (Commiphora molmol), 
753

W
Wahoo (Euonymus atropurpureus), 

biliary activity, 210
Walnut (Juglans niga; Juglas regia)

dermatological activity, 318
eliminative properties, 159

Warming effects, see Pungent 
constituents (warming 
effects)

Warnings/precautions, 170
Andrographis (Andrographis 

paniculata), 369

Urinary activity (Continued)
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Arnica flowers (Arnica 
montana), 377

bearberry (Arctostphylos uva 
ursi), 397

bilberry fruit (Vaccinium 
myrtillus), 424

black cohosh (Actaea racemosa), 
435

Boswellia (Boswellia serrata), 
447

buchu (Agathosma betulina), 
452

Bugleweed/European bugleweed 
(Lycopus virginicus/L. 
eurpaeus), 457

Bupleurum (Bupleurum 
falcatum), 464

butcher’s broom (Ruscus 
aculeatus), 472

chaste tree (Vitex agnus-castus), 
498

devil’s claw (Harpagophytum 
procumbens), 514

dong quai (Angelica sinensis), 
521

Echinacea root (Echinacea 
angustifolia and/or 
purpurea), 535–536

evening primrose oil (Oenothera 
biennis), 549

eyebright (Euphrasia officinalis), 
555

feverfew (Tanacetum 
parthenium), 574

German chamomile (Maricaria 
recutita), 483

ginger (Zingiber officinale), 591
Ginkgo (Ginkgo biloba), 617
ginseng (Panax ginseng), 644
globe artichoke (Cynara 

cardunculus), 655
hawthorn (Crataegus), 682
horsechestnut seed (Aesculus 

hippocastanum), 695
kava (Piper methysticum), 710
meadowsweet (Filipendula 

ulmaria), 744
Melilotus (Melilotus officinalis), 

751
myrrh (Commiphora molmol), 

758
nettle (Urtica dioica), 768
pau d’arco (Tabebui spp.), 779
peppermint (Mentha x piperita), 

790
poke root (Phytolacca 

decandra), 797
saw palmetto (Serenoa repens), 

814
Siberian ginseng (Eleutherococcus 

senticosus), 823
St John’s wort (Hypericum 

perforatum), 849
St Mary’s thistle (Silybum 

marianum), 877
Tribulus leaf (Tribulus terrestris), 

898
turmeric (Curcuma longa), 917
use of monographs, 357
willow bark (Salix spp.), 940
witchhazel (Hamamelis 

virginiana), 946
see also Adverse reactions/side 

effects; Contraindications; 
Safety issues

Warts, 323
Chelidonium (Chelidonium 

majus), 501, 505
Weight loss, 719, 732–733
Western larch (Larix occidentalis), 

190
White bryony (Bryonia alba), 274
White dead nettle (Lamium), 293
White horehound (Marrubium), 

249
‘White Indian doctors,’, 11
White peony (Paeonia), 292, 

297–299
‘Whole body’ medicines, 135
Whooping cough, 248–249
Wild carrot (Daucus carola), 

urinary activity, 262
Wild cherry (Prunus serotina), 

24, 243
Wild indigo (Baptisia tinctoria), 

150–151
Wild lettuce (Lactuca)

antitussive activity, 243
sedative activity, 274
urinary activity, 261

Wild yam (Dioscorea)
analgesic activity, 283
biliary activity, 212
breast cancer, 435
gastrointestinal activity, 159, 

202
gynaecological and female 

reproductive system 
activity, 292–293, 295, 
300–301

reproductive system activity, 
male, 332

spasmolytic activity, 275–276
Willow bark (Salix spp.), 60, 935

actions/effects, 935
adulteration, 936
analgesic activity, 281, 936
anti-inflammatory activity, 160, 

937–938
antipyretic activity, 935–936
antirheumatic activity, 935
background/traditional view, 935
botany, 936
children, safety of use for, 941
clinical trials, 935, 938–940
constituents, 936
contraindications, 940
dosage, 935–936
duration of use, 936
fevers, 935
gynaecological and female 

reproductive system 
activity, 292–293

interactions, 940
joint activity, 306, 311
overdosage, 941
pharmacodynamics, 936–938
pharmacokinetics, 938
pregnancy and lactation, 940
preparations, 935
regulatory status, 941
safety issues, 936
salicylate derivatives, 936–937
side effects, 940–941
synonyms, 935
technical data, 936–940
toxicology, 940
traditional therapeutic uses, 935
uses, 935
warnings/precautions, 940

Wind, 158
Wintergreen (Gaultheria 

procumbens), 159
Winterhoff, Hilke, 21
Witchhazel (Hamamelis 

virginiana), 943
actions/effects, 943
adulteration, 944
analgesic activity, 946
anti-inflammatory activity, 944
antiirritant activity, 944–945
antimicrobial activity, 945
antioxidant activity, 945
astringent activity, 141
background/traditional view, 943
botany, 944
children, safety of use for, 947
clinical trials, 943, 945–946
constituents, 944
dermatological activity, 320
dermatological conditions, 

945–946
dosage, 943
duration of use, 943
formulations, 143
gastrointestinal activity, 159, 

191
haemorrhoids, 945
haemorrhoids (piles), 943
interactions, 946
pharmacodynamics, 944–945
pharmacokinetics, 945
pharmacological studies, 943
pregnancy and lactation, 946
preparations, 943
regulatory status, 947
respiratory activity, 243
safety issues, 943–944
side effects, 947
synonyms, 943
tannin constituents, 191
technical data, 944–946
toxicology, 946
traditional therapeutic uses, 943
uses, 943
varicose veins, 943
vasoconstrictive activity, 945
venous tone, 945
warnings/precautions, 946

Withania (Withania somnifera), 
949

actions/effects, 949
adaptogenic activity, 151, 

950–951
adulteration, 950
analgesic activity, 283
antianaemic activity, 949
anti-inflammatory activity, 949, 

953
anxiolytic activity, 272, 957
arthritis, 957
background/traditional view, 949
bone calcification, 953
botany, 950
cancer preventive activity, 176, 

949, 952–953
cardioprotective activity, 953
children, safety of use for, 959
clinical trials, 949, 956–957
CNS activity, 953, 954t–955t
constituents, 950
dosage, 950
duration of use, 950
endocrine activity, 344–345, 347
endocrine disorders, 341

gynaecological and female 
reproductive system 
activity, 294, 300

immune function, 951–952
immune system, 949
interactions, 958
nervous system activity, 168, 

276
neurological activity, 954t–955t
osteoarthritis, 445
pharmacodynamics, 950–955
pharmacological studies, 949
pregnancy and lactation, 958
preparations, 949
regulatory status, 959
reproductive system activity, 

male, 329–330
safety issues, 950
sedative activity, 949
side effects, 958–959
synonyms, 949
technical data, 950–957
tonic activity, 85, 949–951, 956
toxicology, 957–958
traditional therapeutic uses, 949
urinary activity, 262
uses, 949

Withdrawal, drug, kava (Piper 
methysticum), 699, 706

Withering, William, 260
WOMAC scale, osteoarthritis, 

445–446
Wormseed (Chenopodium 

ambrosioides), essential 
oils, 29

Wormwood (Artemisia 
absinthium), 31

bitter activity, 40, 42, 193–194
bowel flora, 187
fevers, 147
gallstones and biliary pain, 212
gastrointestinal activity, 187, 

195
gynaecological and female 

reproductive system 
activity, 291

infectious diseases, 150–151
inflammatory bowel disease,  

204
side effects, 104

Wound healing
bilberry fruit (Vaccinium 

myrtillus), 421
Echinacea root (Echinacea 

angustifolia and/or 
purpurea), 525, 531

German chamomile (Maricaria 
recutita), 475, 479–481

gotu kola (Centella asiatica), 
659–660, 664–665

marigold (Calendula officinalis), 
847

meadowsweet (Filipendula 
ulmaria), 742

mucilages, 25
nettle (Urtica dioica), 760
St John’s wort (Hypericum 

perforatum), 826, 835–836, 
847

Wu zhu yu, 272

X
Xue tonics, 171
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Y
Yang tonics, 171
Yan hu suo, 272
Yarrow (Achillia millefolium), 31

cardioprotective activity, 226, 
231

fevers, 147
gastrointestinal activity, 192, 

195, 201
hepatitis, 217
respiratory activity, 245
side effects, 104

spasmolytic activity, 192
Yellow dock (Rumex crispus)

cancer preventive activity, 176, 
178

dermatological activity, 318, 320
eliminative properties, 159
gastrointestinal activity, 199, 

201
hepatoprotective activity, 219
liver protective activity, 219

Yellow jasmine (Gelsemium 
sepmervirens), analgesic 
activity, 274

Yin tonics, 171–172
Yohimbe (Pausinystalia yohimbe), 

reproductive system 
activity, male, 331

Z
Zalcitabine, 387
Zea mays, see Corn silk (Zea mays)
Zidovudine, 387
Zingerone, 582–583
Zingeronolol, 582

Zingiber officinale, see Ginger 
(Zingiber officinale)

Zizyphus jujuba, 171
Zizyphus spinosa

antidepressant activity, 278
anxiolytic activity, 211
sedative activity, 274, 279
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