


Functions of Nerve Tissue

reacts to stimuli from the internal and external
environment and conducts impulses to organs,

analyses and integrates stimuli to provide
appropriate, co-ordinated responses organs,

conducts impulses from the sense organs and
receptors to the central nervous system (CNS),

transmits impulses from the CNS to the
effectors (skeletal muscle, smooth muscles and

glands).




= Nervous system central (CNS)
T oS NECINGAS))

T motor (voluntary)
autonomic

= Origin of NS: neuroectoderm



Nervous tissue structure
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Axon hillock
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Neuron 4 — 100 .1 in -

Dendrite(s) —_—

74
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Usual organelles
in cytoplasm (GA,
ER, Ri, Ly, ...
lipofuscin

Nissl bodies = RER

x = -

neurotubules,
neurofilaments

transport of
nerve impulses




Triangular shape of perikaryon (pyramidal neuron from cerebral cortex)

Nissl substance

“dendrite

«————

nucleolus
nucleus




Shape of perikaryon

(usually depends on the number of dendrites)

-

Cajal's horizontal cells

Purkinje cells

in brai cortex in cerebellum

Neurons of spinal ganglia

4/\>

Pyramidal cells
in brain cortex

Motor neurons in anterior
horns of spinal column
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1, 2 — multipolar neurons: Nissl bodies

3 — pseudounipolar neurons:lipofuscin



Classification of neurons
(according to number of processes)

(Apolar)

Unipolar Bipolar Pseudo- Multipolar

Unipolar unipolar
Bipolar 94 '
Pseudounipolar

Multipolar
(Amacrine)




Classification of neurons
(according to ...)

= the length of axon:
Golgi type I (long axon) —length up to 1 m
Golgi type 1T (short axon) — length about several 1 cm
= the function:
sensitive neurons (aferent) — conduct impulses from
the receptors to CNS
motor neurons (eferent) — conduct impulses from CNS
to the efector cells
iInterneurons — are situated between sensitive and motor
neurons; represent 97 % of all neurons



Dendrites

(from Greek dendron, “tree”)

= are the branched projections of a neuron that act
to conduct the electrical stimulation,

= dendritic spines are small membranous
protrusions electric intensity vector acts in

perpendicular direction to dendrite axis.

Parent ’\
dendrite



http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Neuron

Axon (neurit, nerve fibre)

is a long, slender projection of neuron, that
conducts electrical impulses away from the
perikaryon of neuron,

axon hillock, initial segment
contains neurofilaments, neurotubules

its surface can be covered by sheath(s):
Schwann sheath, myelin sheath,

telodendria



http://en.wikipedia.org/wiki/Neuron
http://en.wikipedia.org/wiki/Action_potential

STRUCTURE of AXON

Axon hillock
Initial segment of axon

, Axon Peri
Schwann cells hillock

Dendrite

Awon

] ] - Terminal

Axonterminals (telodendrion) boutons



Sheaths of axons (neurits)

Schwann cells (in PNS)
Myeline sheath

Oligodendrocytes (in CNS)




Nerve sheaths

- myelin sheath

- Schwann sheath (in PNS)
- oligodendrocytes (in CNS)




Myelin sheath

» 1 - 20 um thick

» 70 % H,0, lipids, proteins

~ spirally arranged lipoprotein lamellae

~ by Ranvier nodes is separated into internodia (Ranvier segments,
0,6—2,0 mm long)

Myelination of
a peripheral axon




Nodes of Ranvier

¥ }*'.. ; Message moves quickly (~400km/h)
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Mormal nerve = myelin sheath is intact







Neurilemma = composed of Schwann cells

» fibers without myelin sheath - Schwann cell surrounds more axons
» myelinized fibers - each internodium has its own Schwann cell

Myelin sheath
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Nodes of Ranvier




Synapses

oEtasynaptic B e
mermbrar —-— - —

= serve for transmission of impulses between
neurons or neuron and effector cell,

= chemical or electric synapses,

= three parts of synapse:
1) presynaptic knob
2) synaptic cleft
3) postsynaptic membrane




Function of synapse

Meurotranzmitier
Neurotransmitter attached to receptor

released inlo synapse

Dendnite =

g \'\
Meurotranasmittar N Enzyme that destroys
alored In vesaicles neurotranamiier

Synaptic vesicles Synaptic cleft

20 — 30 nm




= Classes of Neurotransmitters uﬁ
b —
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Glutamate
Aspartate
Glycine
GABA

Amino acids

Dopamine
—— Catecholamines —— Epinephrine

Monoamines — Norepinephrine

—  Indolamines —— Serotonin

Nitric oxide

Soluble gases Carbon monoxide

Acetylcholine Acetylcholine

—— Endorphins

Neuropeptide —

Short chains of
peptides




Interneuronal synapses
neuron — neuron

Axodendritic ‘

Axosomatic
Dendrodendritic s
axoaxonal I




Peripheral synapses

neuron — effector cell
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Neuroglia
(glial cells)

= Supporting cells in nerve tissue

= Functions: supportive, nutritive,
(immuno)protective

= Central glia: fibrous
iprotoplasmic

m Peripheral glia:



Neuroglia

astrocytes — hematoencephalic barrier
oligodendrocytes — myelin
mikroglia — phagocytosis

ependymocytes — lining of CNS cavities + liquor production

Schwann cells (neurilemma) — myelin

satelite cells — isolation of perikarya in ganglia
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Cortex cerebri (HE) — lamina pyramidalis




Cortex cerebri (HE) — lamina ganglionaris with large pyramidal cells of Betz
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Spinal ganglion (HE)




Ganglion cell + satellite cells
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Peripheral nerve (HE) cross section




Peripheral nerve (HE)
longitudinal section
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Histology Lab Part 6: Slide 15
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Astrocytes (macroglia)

= Protoplasmic astrocytes -~ Fibrous astrocytes
In gray matter of CNS e S In white matter of CNS t” ‘!

NS
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m Functlons cytoplasmlc processes are ended by end feet, WhICh form

continuous IaYer — limiting membranes on the surface of:
1) blood capillaries (rmembrana limitans gliae perivascularis; together with

endothellum it forms

2) brain (rmembrana limitans gliae suoerﬁC/a//S)
Astrocytes have protective and nutritive function
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End feet bringing nutrients
to telodendrion of neuron

Astrocyte
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Astrocytes




Membrana limitans gliae superficialis

pia  sub-pial brain basement
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Migodendraocyte Making Myelin

aligodendrocyle
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PERIPHERAL GLIA: SCHWANN CELLS

Call body
{sarnal

Myelination of
a peripheral axon
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» Seven Processes in Neurotransmitter Action

Heurctransmitter molecubes are syn- a g.\\% Synthesizing

thesized from precursors CMIYITHES
under the influence of enzymes.
Neurotransmitter

Heurotransmitter molecules are 3 precursors
slored in vesicles,

_—Vesicle
Heurgiransmitier molecules 'ﬂ a @

that leak from their vesicles Degrading

are destroyed by enzymes.
i &)
Action polentiale cause vesicles to
fuge with ihe presynaptic membrane
and release Their neurstranemitier i q
maleculas into Uhe synapas. 7 s

w
Released neurctransmitter a
modecules bind with autore- . W

caplors and inhibit subseguent
neursirangmitier releasze.
& ﬂ W Autoreceptor
s 9
B hd
Postsynaptic

receptor

Released neurctransmittor
madeculas bind to postsynaplic
receptors,

ecules ang deactivated either by
ruplake or enzymatic degradation,

Released neurgtransmitier mol- ﬂ |
7




° Microtubule

Neurofibrils
MNeurotransmitte

% Dendrites

Synaptic vesicles
Synapse (Axoaxonick, -

: g —t
HEEEP_\;DF Synaptic cleft -1
W

Rough ER Axonal terminal

(MNiss| body)

Polyribosomes Node of Ranvier

Ribosomes

Golgi apparatus

Myelin Sheath
I5chwann cell)

Nucleus
Nucleolus
Membrane — = Sy

Microtubule S |

MNucleus
15chwann cell)

bndrion

Microfilament
Microtubule
Axon

Smooth ER

l{asxﬂ‘;pdigc & ‘ Dendrites




ligodendrocyte
{Support Cell)

Schwann Cell
{Su ppoirl: Cell)

» An Oligodendrocyte

Myelinated axons

Node of
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¢ Smoath endoplasmic
J reticulum

Muclear membrane

Mucleolus:

Message moves slowly [~4km/h)
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Damaged nerve - myelin sheath is damaged or destroyed

Muclear pore
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Nervous tissue structure

M nerve cells (neurons) + supporting cells (glia)







Group of motor end plates
these muscle_ fib_ers will _contract simultaneously

each skeletal muscle
fiber—no matter how

long it may be—has only .
one such neuromuscular s
junction
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vesicles

Synaptic
cleft

Motor .
end plate ~

_ Neurotransmitter
Skeletal muscle fiber receptors




— Myelin sheath

Endoneurium ——5 | Fascicle

Perineurium —

Epineurium —Q

Blood vessels




MNodes of Ranvier

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Presynaptic neuron Postsynaptic neuron
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Ranvier

a) Synapse

Cell body Axon Synapse
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b) Simplified representation of a synapse
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myelin sheath

Axion

Ranvier

Schwann cell

apposed
cell membranes

cytoplasm
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