Nervous system



Role

- the major controlling, regulatory, and communicating system in the body.

- the center of all mental activity including thought, learning, and memory

- together with the endocrine system, it is responsible for regulating and maintaining

homeostasis.
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central nervous system is
made up of the brain and
spinal cord

peripheral nervous
system is made up of
nerves that branch off
from the spinal cord and
extend to all parts of the
body



Built of:

Nerve cells (neurons) - receive and

transmits signals
. . . ~
Glia cells — support, protection, feeding o
« non-neuron cells, o
* keep the nervous system working properly help 4
support and hold neurons in place /
- protect neurons /]

« create insulation called myelin, which helps
move nerve impulses

* repair neurons and help restore neuron function

* trim out dead neurons

* regulate neurotransmitters
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[ /

' i\ l / /,,7 1

:‘ \ \ | :‘ // Dendrite

Q / N / 7’

n Y — Nucleus
> / Cell body
P b/ i Axon
e "
N

Myelin

sheath

Node of
Ranvier

Direction \ i
of lmpul‘se) A

Axon terminal ———

Synapse



Neurons could be:
sensory — receive impulse — transmit into ,local” centre

Interneurons — receive and transmit into ,main” centre

motoric — transmit to effector (e.g., muscle)
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Receiving and transmitting impulses

- When there is no impulse — inside the neuron is negatively charged, and
outside it is positively charged
- Difference in the potential (outside-inside) resting potential = cca -70 mV

Neuron’s membrane rL—?O mV %7
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- When impulses are propagated along the axon electrical charge is ,jumping”
along the axon due to the diffusion of Na* and K* ions into and out of cell

potential
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Chemical synapse

Neurotransmitter
vesicle

Activated
receptor

Unactivated receptor

- neurotransmitter e.g., acetylcholine

- Stopping of the impulse — acetylcholine esterase



Overview per animal groups

- All cells react to stimuli, Protists and Sponges don’t have nervous system, still
they react

- Development of nervous system is connected to animals' activity and body size

PROTISTS

Paramecium pelikle

alveolus

kinetodesma




» invertebrates — nervous system (generally) on the ventral side

Cnidaria

- NERV NET- impulses in all direction

Cc

Fig. 6.3

Cnidarians nervous system visualized with different antibodies: a monoclonal antibody,

JD1 (a), antiserum against neuropeptides, RFamide (b), antiserum against

neuropeptides, GLWamide (e). a is hypostome of hydra, and (b, ¢) are foot part ' 1. cuidaria, past, Present and Future pp 73.91 | Cite 25

Origin and Evolution of the Nervous System Considered
from the Diffuse Nervous System of Cnidarians
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» acive movement — cephalisation

Platodes

- simple — longitudinal nerve cordes
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Cerehral ganglia (hrain) head

Molluscs

- 5 pairs of ganglia (nerv cells
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Annelids
The annelid nervous system consists of a primitive compact
brain in the anterior of the body connected with two ventral
nerve cords that connect with ganglia in each segment. Annelids

have evolved specialised sense organs

Qligochaete Nervous System

erebral ganglia

Buccal cavity

Mouth

ubpharyngea ircumpharyngeal




Arhtropods

consists of a dorsal brain and a ventral, ganglionated longitudinal nerve cord (primitively
paired) from which lateral nerves extend in each segment.

Nervous system of the arthropod (grasshopper)
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VERTEBRATA (Chordata)

- nerve system dorsally

Central nervous
system (CNS)

Brain

Spinal cord

Cranial
nerves

Ganglia
outside
CNS

Spinal
nerves



- Central nervous system protected with meninges

Subarachnoid

Cerebral space
cortex

Subelyral eavil ]




Brain

- Surface — gray matter = nerve cells with dendrites
- Middle — white matter — axons

- Rugosity of brain surface indicates that evolution of brain was faster than skull
growth!
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Deyelopment of brain

Five secondary
brain vesicles

Three primary
brain vesicles

Eye cup
Telencephalon e Thalamus,
| Prosencephalon —< . i hypothalamus,
(Forebrain) Diencephalon \ and epithalamus
Mesencephalon ——— Mesencephalon < 7 Midbrain
(Midbrain) )
Pons
Metencephalon Cerebellum
Rhombencephalon —<
{ (Hindbrain) Myelencephalon » Medulla oblongata

Cerebrum

Lateral view  Three- to four-week Five-week Lateral view
embryo embryo
Embryonic brain regions Brain structures in child and adult
4 b A ~ A
Cerebrum (includes cerebral cortex, white
Telencephalon ——
matter, basal nuclei
F°'°°"'"< ——— (ﬂnu: hypothalamu
ncephalon mus, al S,
Diencephalon epithalamus)

Metencephalon ————— Pons (part of brainstem), cerebellum
Hlndbmln,<
Myelencephalon ——— Medulla oblongata (part of brainstem)

Mesencephalon Cerebrum Diencephalon
Midbrain Metencephalon Midbrain
G, eeepheion Myelencephalon

Cerebellum
Spinal cord

Forebrain Telencephalon

Embryo at 1 month  Embryo at 5 weeks Child
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Comparison of Vertebrate Brains

+ all vertebrate brains have the same basic parts, but
their relative sizes vary

lobe

cerebrum
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gy cerebellum /s
| cerebellum

oblongata
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spinal cord

spinal cord

Fish Amphibian Reptile Bird Mammal



The Nervous System

Central NS Peripheral NS

(The body’s master control unit) (The body’s link to the outside world)

Soinal Brain The Autonomic NS The Somatic NS
P Divided into Regulales involuntary Carries sensory
Cord three major bodily processes, information from
A column of parts; including heart rate, a0 th
- T - ry organs to the
nerves « the hindbrain respiration, digestion CNS and relays motor
m the (lower part) and pupil mntracftion; (movement) commands
brain and e the midbrain operates automatically to muscles; controls
peripheral « the forebrain without conscious

voluntary movements

direction

nervous

system

Sympathetic NS

Prepares the body for action and LAMREyRIDARCTIC IS

calms the body and helps the
body to conserve energy

stress. This is called “fight or
flight”




sensory system



ROLE

The main function of the sensory nervous system is to inform the central nervous
system about stimuli affecting us from the outside or within us. By doing so, it informs
us about any changes in the internal and external environment. It includes :

e Organelles

e Cells

* Tissues

* Organs

Exteroceptors

A sensory receptor that responds to stimuli from outside the body.

Include touch, pressure, pain, and skin-temperature receptors, as well as special
receptors in the eye and ear concerned with sight and hearing

Proprioceptors
sensory receptors located in the subcutaneous tissues. They are capable of detecting

motion (or movement), blood pressure, % oxygen in the blood, hunger...



Classification of sensory Receptors

SNo

Receptor Types

Receptors

14

Mechanoreceptor

Skin Tactile sensibilities, Deep tissue
sensibilities, Hearing, Equilibrium,
Arterial Pressure.

' d

2. Thermoreceptor Warm and cold
3. Nociceptor Pain
4. Electromagnetic Vision
receptors
5. | Chemoreceptors Taste, Smell, Arterial Oxygen




PROTISTS
- No special organelle — the whole body reacts
- Some Cilliata — organelles for mechanical or chemical stimuli

- Some Flagellate (Euglena)
- Eyespot (stigma) - Eyespot-mediated light perception helps the cells in finding an
environment with optimal light conditions for photosynthesis

Chloroplast

Nucleus
Nucleolus

Flagellum

Stigma
(eyespot)

Polysaccharides
stored by
photosynthesis

Contractile
vacuole

Photoreceptor
(paraflagellar body)




MECHANORECEPTORS MULTICELLULAR ANIMALS

TACTILE

- pressure, strike, deformations, vibrations....
- Sensory cells all around body (more on extremities — tentacles, fingers...)

INVERTEBRATES
- Normally with hairs (hair transfer movement to sensory cell)
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— Filiform hair

) Sensory cell

Hairs on cockroach



VERTEBRATES:

- Free nerve endings

- Sensory ,bodies”

Merkel's disk Meissner’s corpuscle (Touch and vibrations)
(Touch) _
- Epidermis
Ruffini '.
ending %
Heat — = _
( ) -Dermis
Pacinian
corpuscle Nerve  Krause end bulb

(Pressure and vibrations) (Heat)



Lateral line — fish and amphibians (direction and strength of the water flow)

Rheoreceptor — feel the water flow

neuromasts
Sensory cells with cilia in the gel cupula

_Cilia

/

Afferent
_Laxons

, | Sensory
Lateral line organ ~ nerves




STATIC AND SOUND (HEARING)

P> | static

role — register posture of the body in the space (toward gravity) (= georeceptors)

- Similar building plan in all animals

- Invertebrates - statocists — epidermal bubble with statolithss

fluid \

Sensory
nerve fibers




Vertebrates

- Vestibular system developed from ectoderm — two parts: utricle (with 3 canals) and

saccule

Outer Ear Middle Ear Inner Ear

Anterior/superior
canal

—h

Posterior/inferior

Lateral/horizontal canal
canal

Cochlea

prce of gravity




vestibular system

crista

ampulla
(on utricle’s canals)

enlargement
of ampula

nerye fibre
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Ampulla — body in movement

As the head rotates,
cupula bends in opposite
direction of the rotation

utricle (3 canals)

macula (1 on utricle, 1 on saccule)

saccule

enlargement
of macula

~otoconia

otalithic
membrane

stereocilia
kinocilium

Type II

Type I hair cell

hair cell

W SUpporting
cells

hair cells

nerve fibre basement membrane

macula — gravity

Upright section of the
utricular macula

m

Displaced section of the
utricular macula

<+— Otoliths —————»
(ear stones)

[ ] Hair cells

Gel-like
substance

Head upright

Head bent forward
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SOUND - PHONORECEPTORS

- Insects and vertebrates (animals that produce sound)

INSECTS - chordotonal organs

movement
-H.—

movement
R e

dendritic
cap

_ ciliary

rneurcn




VERTEBRATES

Fish only inner ear

X Weberian

ossicles
Inner ear
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Utriculus

Oval window
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Amphibians and Reptiles middle and inner ear



Birds and Mammals outer, middle and inner ear + connection to pharynx

\1 . / ‘\ . Organ of Corti

Bony cochlear wall

Scala vestibuli L »m 7
[ e =0 /]
Cochlear duct =7 E 2 & 4 /
| ' ! "
Tectorial membrane — ..J. .T gl

Basilar membrane

Scala tympani

Tectorial
/ membrane
Tether

Stereocilia

Hair cell

1d waves

round window

a«flar memr

.outer ear .middle ear .inner ear
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Tectorial
membrane

Nerve fibers of
cochlear nerve




CHEMORECEPTORS p smell and taste

- In terrestrial animals in special organs, in aquatic animals all around
body

Circumvallate papilla

Taste buds

i B
| /(“Mii -

Fungiform papilla Filiform papilla Foliate papilla

Receptor cell

!\Ierve fiber with microvilli



STIBORECEPTORS - smell

Vertebrates — most frequent in the nasal cavity

Merve

Jacobson's

Organ

- Reptiles — all but crocodiles have
Jackobson’s organ — tongue brings chemical
particles Tongue ,

- Birds — not well developed (except vulture
birds)




- Mammals

— Olfactory bulb

—— Bone

|- Epithelial cell

Chemoreceptor
cell

[ Cilia

? @ ® @ Mucus




PHOTORECEPTORS

- Light cause reaction

- Always connected to eyes

» always includes :

- sensory cells } retina
- pigment cells

- Additional parts help making picture more clear

muscles Lens

Mollusk Vertebrate



» INVERTEBRATES — eye develops from epidermis (sinking)
» VERTEBRATES — eye develop from frontal part of brain (bulging) — invers eye

Evolution of the eye

photoreceptor
layer

(pigment cells

and nerve cells)
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nerve
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epithelium

photoreceptor
layer
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nerve
fibres

epithelium

epithelium

water-filled
cavity

optic

photoreceptor

layer (retina)

~“nerve

epithelium

refractive lens

refractive lens

/ cornea
<_,; ~< —
/ »
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+
pigment cells

(Sclera>  (Choroid Mammals
’ @ sensory cells

Ciliary body

Suspensory

Fovea (center
ligament

of visual field)

Aqueous
humor

Lens

Central artery and
vein of the retina

_—"
Optic disk
(blind spot)

Vitreous humor



Cross section of Human Eye

Iris

- Retina

‘ Inverted image
3 Lo‘;b;e(!
Pupil / \
Liquic
Object

Optical nerve
Ligaments

Jelly
Cillary
Muscle

An image is formed on the retina with light rays converging most at the cornea and
upon entering and exiting the lens.

Rays from the top and bottom of the object are traced and produce an inverted real
image on the retina.



Choroid

Sclera

and Rods
Ciliary body

Rods — black-white

Cones — colour




COMPOUND EYES OF INSECTS
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cornea

O Comeal lene. iris pigment cell
w ' ,
" I grystalllng conet |
. rimary pigment ce
’; Secondary pigment cell phOtoreceptor Ce”
Xl - Rnabdom barrier pigment
i Hegel 1 " rhabdom
‘\f [ ) “\& ~ basement membrane
\)“ j | \Retinula cell X/ /)
W p .
i photoreceptor axons
‘. Basement membrane

Axon

In rhabdom — microvilli that react onto light stimuli and send impulse



