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Tissue Nervous Epithelial Muscular Connective

Cells

Have
intertwining 
elongated 
processes

Aggregated 
polyhedral 

cells

Elongated 
contractile 

cells

Several 
types of 

fixed and 
wandering 

cells
Amount 
of ECM Very small Small Moderate Abundant

Main 
Function

Transmission 
of nerve 
impulse

Lining, 
Secretion Movement Support, 

protection

Table 1: Types of tissues and their characteristics

ΔϠΧΩΗϣϭ�ΔϠϳϭρ
ΔϠϳϭρ�ΎϬγϔϧ�ΎϳϼΧϟ

ιϠϘΗϠϟ�ΔϠΑΎϗϭ



� The nervous system is the most complex system in
the body. It performs several functions that include:

1. Reception and perception of sensory information.
2. Controlling muscular action (motor commands) and

glandular activity.
3. Thinking, learning, memory, emotions, behavior and

decision making.

� These functions and others are performed by millions
of specialized cells called Neurons which are
supported by other types of cells called Glia cells.

Glia = glue
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ϝfunctions�ΔτϘϨΑ��ϰϤδΗthe higher functions

*ϝneuronsϝ�ϲϫmain cells
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Nervous 
System

Central 
Nervous 

System (CNS)

Brain Spinal Cord

Peripheral 
Nervous 

System (PNS)

Cranial  
Nerves

Spinal 
Nerves

In addition to the 
Dorsal Root Ganglion

Ϧϣ�ϥϮϜΘϳcerebrum ���
cerebellum��brainstem

Æ



Fig.1: Various parts of the nervous
system. 5

ௌ�ϥΎΣΑγ��Ϳ�ΩϣΣϟϭ��ௌ�ϻ·�Ϫϟ·�ϻϭ��έΑϛ�ௌϭ



¾ Neurons are the structural and functional units of the
nervous system.

¾ They are Excitable cells, which means that they can
generate and conduct electrical impulses.

¾ They¶re connected with other neurons and with other
structures in the body like muscles and glands.

¾ Neurons are formed of a cell body (somata, soma,
perikaryon) and cell processes.

Somata (also soma) = body. Perikaryon = peri = around + karyon = nucleus.
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Neurons are the main cells (the functional cells), so the function of the NS is 
performed by them, and the glia cells are only supporting not functioning 

Ϡϛ�βΑ�ΔϔϠΘΨϣ�˯ΎϤγ�ΎϬ
ϝ�Ϧϋ�ήΒόΗbody



1. Cell Body: It contains the
nucleus and cytoplasm
(with its contents) and
covered by plasma
membrane.

2. Processes: which include
the dendrites and the
axon.

Axon = axis. Dendrites = from greek dendron = 
tree (because of their similarity to tree branches).

Features of the Neurons
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*ϝneuronsϝ�Ϡτμϣ�ΎϬϴϠϋ�ϖϠτϳtypical cells����
ϝ�Ϟϛ�ϰϠϋ�ϱϮΘΤΘΑ�ΎϬϧϹorganelles�ΎϬϴϗϼϧ�ϦϜϤϣ�ϲϠϟ

�ΔϴϧϮϴΣ�ΔϴϠΨΑ��ϝ�ϪϧϹorganelles�ϡΎϴϘϠϟ�ΔΑϮϠτϣ�ϱΎϫ
ϝΎΑfunctions of the neurons



The cell body:
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ήϴϛάΘϠϟ���ϝ�ωϮοϮϣinactive Xϝ�ΔϳΎϬϨΑ�ϪϨϋ�ΎϨϴϜΣCT��ήϴμΑ�ϲϠϟϭ
ϝΎΑfemales�Ύ˷Ϩϋ�Ϫϧtwo X¶sΕΎϔμϟ�βϔϧ�ϮϠϤΤΑ��Ϲ�ϢϬϨϣ�ΪΣϭ�ϞϴόϔΗ�ϲϐϠΑ�ϢδΠϟΎϓ�Ύϣ�Ϫϧ

�ϩΩϮΟϮϟ�ϲϋΩ�ϲϓ��ϭBarrϒθ˴˶ΘϜϤ˵ϟ�Ϣϟ˶Ύόϟ�Ϣγ�Ϯϫ�

ΎϘΑΎγ�ΎϨϠϗ�Ύϣ�ΐδΣϭ����Δϔμϟ�ϱΎϬϓ�ςΧ�ΎϬΘΤΗ�ϲϠϟ��Ύϔλ�Ϧϣ�Ε
ϦϴΗϭήΑ�ϊϨμΘΑ�ϲϠϟ�ΎϳϼΨϟ��ϝ�Ϫϧ�ϩΎϨόϣ�νΎϫϭneurons�ϪοήΑ

�ϞϤόΘΑsynthesisϝ�ϲϫϭ�ΕΎϨϴΗϭήΒϟ�ΪΣϷneurotransmitters 

�contains the organelles �

(Found everywhere in the neuron)

ϝΎΑ�ΓΩϮΟϮϣ�ςϘϓ�ΎϬϧ�ΎϤΑϭimmature�νΎϬϓ
Ϟϟ�έήο�ϭ�ΔϠϜθϣ�ήϴμϳ�Ϯϟ�ϩΎϨόϣmature 

neuronsϝΪΒΘΗ�ϭ�ΩΪΠΘΗ�Ρέ�Ύϣ

1) Nucleus: Round and centrally located. It¶s pale
staining with a prominent nucleolus. Barr bodies
(condensed inactive X-Chromosomes) are present
in females.

2) Cytoplasm: contains
ǻ Golgi complex: found around the nucleus.
ǻ Mitochondria: found in cell body, dendrites

and axon.
ǻ Lysosomes.
ǻ Centrioles: these play a role in cell division

only in the immature neurons.
Mature neurons do not divide.

Æ
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ǻ Nissl Bodies: these are aggregates of RER with free ribosomes. 
And that¶s why These bodies are basophilic. It¶s a characteristic 
feature of neurons. They are
present in the cytoplasm of cell 
body and proximal part of the 
dendrites, but not in the axon
hillock or axon. When there¶s 
neuronal damage, these bodies 
move towards the periphery of 
the soma giving the impression 
that they have disappeared ± this 
is called Chromatolysis.

Fig.2: Nissl bodies take up basic dyes
rendering the cell body basophilic.

*�ϭNisslϢϟ˶Ύόϟ�Ϣγ�Ϯϫ�ϪοήΑ

�˴Θϓ�ϥϮϠΑ�ϢϫέϮϬυ�φΣϼϨΑ�
�ϢϬϴϓ�Ύϣ�ϪϧϹNissl bodies

ϝ�Ϫϧ�ΎϤΑNissl bodies�ϰϠϋ�ϱϮΘΤΘΑRER�ϩΎϨόϣ�νΎϫ
ϦϴΗϭήΑ�ϊϨμΘΑ�ϪοήΑ�ϲϫ�ΎϬϧ���ΓΩϮΟϮϣ�ΎϬϧ·�ΎϤΑ�βΑ

ϝΎΑbody�έήο�ϱΪϨϋ�έΎλ�Ϯϟ�Ϫϧ·�ϩΎϨόϣ�νΎϫ�ϑ
ϝΎΑbodyΡέ�ϲϟΎΘϟΎΑϭ�ΕΎϨϴΗϭήΒϟ�ΝΎΘϧ�ϒϗϮΘϳ�Ρέ�ΕϮϤΗ

ΔϴϠΨϟ���ϥΎϛ�έήπΗ�ϲϠϟ�Ϯϟ�βΑaxon�ϪΣϼλ·�ϢΘϳ�Ρέ�ϑ
ϱΩΎϋ���ϝΎϋ�έήπϟ�Ϛϴϫ�ϥΎθϋϭperipheral nerves

ϪΘΠϟΎόϣ�ϦϜϤϳ���Ϧϋ�ΓέΎΒϋ�ΎϬϧϹaxons



ǻ The Cytoskeleton: similar to other cells. However,
neurons contain a specific type of intermediate
filaments called Neurofilaments. These are present
in the body and processes. When stained with silver,
these filaments become cross-linked to form thicker
neurofibrils that are visible under the light
microscope.

3. Inclusion bodies: these include
ǻ Lipofuscin granules: which result from the action

of lysosomes.
ǻ Glycogen and lipid granules.
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ϊγϭ�Ϟο�Ύϣ�ϥΎθϋ�ϥϮϫ�ϞϤϜΑ���ϝΎΑ�έήο�ήϴμϳ�ΎϤϟ�ΎδϫaxonϝNissl bodiesϝ�ϙήΘΗ�Ρέcell body
ωήγ�ϥϮϜϳ�Ϫϟ�ΕΎϨϴΗϭήΒϟ�ϝϮλϭϭ�ϪΠϟΎόΗ�ϥΎθϋ�έήπϟ�ϥΎϜϣ�ϩΎΠΗΎΑ�ϙήΤΘΗϭ��Πϴϧ�ΎϤϟ�ΔϟΎΤϟ�ϱΎϬΑϭ�ϑϮθϧ�ϲ

ϝneuronϝΎΑ�ϲϠϟ�ΔϐΒμϟ�Ϫϧ·�ϑϮθϧ�Ρέbodyϝ�Ϫϧ·�ΐΒδΑ�ΖϔΘΧNissl bodiesϪϨϣ�ΖόϠρ���ΔϟΎΤϟ�ϱΎϫ
�ΎϬϤγChromatolysis�ήηΆϣ�ϲϫϭ�indicator��ϝ�Ϫϧ·�ϑήόΑ�ΎϬϟϼΧ�Ϧϣneuronέήο�Ϫϴϓ

ϝcytoskeletonΎϳϼΨϟ�ϊϴϤΠΑ�ΩϮΟϮϤϠϟ�ϪΑΎθϣ���ϱϮΘΤΑ�Ϫϧ·�ϥϮϫ�ϩΰϴϤΑ�ϲϠϟ�βΑ
�ϰϠϋneurofilamentsϝ�ϒϴπΑ�ΎϬϓϮη�ϥΎθϋ�ϲϠϟϭsilver��ϝ�ϲϠΨϳ�Ρέ�ϲϠϟfilaments�ξόΑ�ϊϣ�ΪΤΘΗ

�ϞϤόΗϭneurofibrilsϝΎΑ�ΎϬϓϮθϧ�έΪϘϨΑLM���ϝϭsilverϝ�˯ΰΟ�Ϟϛ�ϊϣ�ΪΤΘΑ�ϥϮϫneuron�ϪϧϹ
ϝfilamentsϩ΅ΰΟ�ϞϜΑ�ΓΩϮΟϮϣ

The source of nutrients 
for neurons

Æ



Fig.3: By using silver impregnation, the neurofilaments
will be cross-linked to form neurofibrils visible by light
microscope. Note how the cell body and processes are
stained black by this method. 11

�Ϧϋ�ΓέΎΒϋ�ΩϮγ�ϭ�ϖϣΎϏ�ϥϮϠΑ�ΓήϫΎψϟ�ϖρΎϨϤϟ�ϞϛneuronsϝΎΑ�ΔϏϮΒμϣsilver

ΩϣΣϣ�ΎϧΩϳγ�ϰϠϋ�ϡϠγϭ� ˶ϝ˷λ�ϡϬϠϟ



� These are usually short, profusely branching
processes of the neurons.

� Their diameter decrease as they extend away from
cell body.

� They posses small projections called Dendritic
Spines that form synapses.

� Their cytoplasm is similar to that of the cell body.

� Their function is to conduct impulses towards cell
body.

Cell processes ± Dendrites:
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(They are thin, and become thinner as they extend away)

(numerus branching)

�ϝ�Ϫϧ·�βΑ�ϕήϔϟcytoplasmϝΎΑcell body�ϰϠϋ�ϱϮΘΤΑGolgiΩϮΟϮϣ�ζϣ�ϥϮϫϭ�

ϝ�ϞϤΤϳ�ϪΘϔϴυϭactin potentialϞϟcell body

�ϭdendrites�ΔϤϠϛ�Ϧϣ�ΔϳΎΟdentro�ΔϴϘϳήϏϹ
ΓήΠη�ϲϨόΗϭ��ήΠη�ϞϜη�ϰϠϋ�ωήϔΘΘΑ�ΎϬϧϹΓ
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Fig.4: To the right, the profusely branching dendrites of a
Purkinje cell is evident. Above, dendritic spines (DS) are seen.
In both these preparations, silver impregnation was used.

ϝdendritesϥϮϫ�Ϧϣ�ΖθϠΑ���ΎϧΪόΑ�Ύϣ�Ϟϛϭ
ϝ�Ϧϋbodyλ�ήϴμΘΑϭ�ήΜϛ�ωήϔΘΘΑήϐ

Å

ϝPurkinje cellsϝΎΑ�Δϗϼϋ�ΎϬϟ�ΎϣPurkinje fibers���
Ϣϟ˶Ύόϟ�βϔϧ�ϢϬϔθΘϛ�Ϫϧ·�βΑ�ΔμϘϟ

ϝPurkinje cellsϝΎΑ�ΓΩϮΟϮϣCerebellum�ΎϳϼΧ�ϝϭ�ϲϫϭ
ΎϬϴϠϋ�ϝϮμΤϟ�ΔϟϮϬγϭ�ΎϬϤΠΤϟ�ήψϧ�ΎϬΘγέΩ�ΖϤΗ�ΔϴΒμϋ

ϝ�ϑϮθϨΑ�ϥϮϫ�ΓέϮμϟΎΑdendrites�˯ΎϴηϷ�ξόΑ�φΣϼϨΑϭ
ΎϬϨϣ�ΓίέΎΒϟ�ΪΟ�Γήϴϐμϟ��ϝ�ϞΜϤΘΑ�ϲϠϟdendritic spines



¾ A single branch that arises from a conical projection of the cell
body called the Axon Hillock. The axon is usually longer than
the dendrites and is therefore called nerve fiber.

¾ They are tubular with a fixed diameter.

¾ Their plasma membrane is called Axolemma. Their cytoplasm
is called Axoplasm. The axoplasm is devoid of Nissl bodies
and Golgi complex.

¾ The Initial Segment is the first part of the axon close to the
hillock at which the action potential is generated.

Cell processes ±Axon:

14

Ϧϣ�ΔϴϟΎΧ

ϝ�ϝϮρ�ϰϠϋ�ϝΎΜϣaxon����ϲϓ�ϑaxonϝΎΑlumbar region of the spinal cord�ϞλϮΘΑ
Ϟϟlittle toe���ϲϨόϳAxon�ήΘϣ�Ϧϣ�ήΜϛ�ϪϟϮρ�ΪΣϭ�

*�ΔϏϮΒμϣ�ΎϬΘϳ΅έ�έΩΎϨϟ�Ϧϣ
ϝ�ϱί�ΡϮοϮΑdendrites

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϪϘϠΧ�ΩΩϋ��Ϫηέϋ�Δϧί˶�ϭ��ϪΗΎϣϠϛ�ΩΩϣϭ



¾ The axon doesn¶t give branches near the cell body. It may give
collateral branches along its course.

¾ Shortly before their termination, axons commonly branch
profusely. The distal ends of these terminal branches are
often enlarged and are called axon terminal bulbs.

¾ Some axons (especially those of autonomic nerves) near their
termination show a series of swellings resembling a string of
beads; these swellings are called varicosities.

¾ Axons conduct impulses away from cell body.
15

ϝ�ϦϳϮϜΘϟ�ϥΎϜϣ�ϲϫϭsynapsisϪοήΑ

ϝΎΑ�ϲη�ήΜϛ�ϪϓϮθϨΑ�νΎϫϭautonomic nervous system



Table 1: Differentiation between dendrites and axons.
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Dendrites Axon
1 Mostly multiple branches A single branch
2 Usually short Usually the longest branch 

3 Taper as they extend away 
from cell body Has a fixed diameter

4 Branch profusely

� No branches near cell body
� Collateral branches along 

course
� Terminal branches

5 Cytoplasm similar to the 
that in cell body

Axoplasm lacks Nissl bodies and 
Golgi complex

6 Not covered by a myelin 
sheath

Some are covered by a myelin 
sheath

7 Conduct impulse towards 
cell body

Conducts impulse away from cell 
body



And others«..
17

Like shape



1) Multipolar neurons: have 1 axon and at least 2
dendrites. Most common type of neuron. Example:
anterior horn cells of the spinal cord.

According to Number of Branches:

18

Fig.5: Multipolar
neuron. Note the
several dendrites
and the single
axon. In the silver
impregnation
image on the left,
the axon hillock
can be seen
(arrow).

(it¶s the most important 
classification)

ϝspinal cordϝ�ϰϤδϳ�ϱΰΟ�ϰϠϋ�ϱϮΘΤΑgray matter�ϦϴΰΟ�Ϯϫϭanterior�ϭposterior
ϝϭanterior partΕϼπόϟ�ΔϛήΣ�Ϧϋ�ϝϭΆδϤϟ�Ϯϫ



2) Bipolar neurons: has an elongated body from one
end of which arises a single axon and from the other
end arises a single dendrite. Example: Cells of the
sensory ganglia of the Vestibulocochlear nerve,
Bipolar cells of the Retina and the Olfactory neurons.

19

Many bipolar cells are specialized sensory neurons for the transmission of sense.
�αϮΤϠϟ�ΔμμΨϣ�

ϰϧϐϟϭ�ϑΎϔόϟϭ�ϰϘΗϟϭ�ϯΩϬϟ�ϙϟ΄γ�ϲϧ·�ϡϬϠϟ



Fig.6: The Olfactory epithelium. The olfactory receptor cells are
bipolar neurons.
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ϰϤδΗ�Ϣθϟ�ΔγΎΣ�Ϧϋ�ΔϟϭΆδϤϟ�ΎϳϼΨϟ
the olfactory cells



3) Pseudounipolar neurons: A single process arises from the cell
body that soon divides into a central branch and a peripheral
branch. They are located in the PNS, Example: neurons in the
sensory ganglia of some cranial nerves and neurons in the
dorsal root ganglia of the spinal nerves.

� The only place in the CNS in which pseudounipolar neurons are
present is the mesencephalic nucleus of the trigeminal nerve.

�ϲϓ�αΎδΣϹ�Ϧϋ�ΔϟϭΆδϣ
ϝhead and neck region

21

��Ϧϋ�ΓέΎΒϋbranchϝ�Ϧϣ�ϊϠτΑ�ΪϴΣϭcell bodyϝ�ϢδϘϨΑϭtwo branches���Ϟϟ�ΡϭήΑ�ΪΣϭCentral NS
Ϟϟ�ϲϧΎΜϟϭPeripheral NS����

The peripheral will end up in sensory receptors all around the body, and central 
process will end up in sensory areas in the CNS..

ϝ�Ϫϧ·�ϩΎϨόϣ�νΎϫϭpseudounipolarϝΎΑ�έϭΩ�Ϫϟ·sensation��ϝΎΑ�ϕΩ�ϞϜθΑϭsomatic sensation
ϝΎΑ�ΩϮΟϮϤϟskinϼΜϣ��ϝ�ϞϤθΑϭtouch, pressure, cold, warmth, and pain

ΟϮϟ�ϲϓ�αΎδΣϹ�Ϧϋ�ϝϭΆδϤϟϪ

Æ



1) Projecting Neurons: Here the Axon extends beyond
the area where the cell body is located. Example:
anterior horn cells.

2) Local Circuit Neurons (Interneurons): The Axon
terminates in the same area as the cell body. Because
all the branches are short, the cell usually have a
stellate appearance. Example: some of the smaller
cells of the cerebral and cerebellar cortex.

According to Termination of axon:

22

ϝ�ϲϓCNSϝ�Ϧϣ�ϲΟέΎΨϟ�˯ΰΠϟbrainϝΎΑ�ϰϤδϤϟϭcortex�Ϧϋ�ΓέΎΒϋ�ϥϮϜΑcell bodies of neurons
�ϲϠΧΪϟ�˯ΰΠϟϭ�ϝwhite matter��ϝ�Ϧϋ�ΓέΎΒϋ�ϥϮϜΑprocessesϝ�Ϧϣ�ΔόϟΎρ�ϲϠϟbody���ϪοήΑ�βΑ

ϝ�ϞΧΪΑwhite matterϝ�Ϧϣ�ϊϤΠΗ�ΎϬϴϓ�ϥϮϜΑ�ΔϘτϨϣ�ϱΪϨϋcell bodies of neuronsϝ�ΎϬϴϤδΑnucleus

ϝcell bodyϝΎΑ�ΩϮΟϮϣ�ΎϬϋΎΗspinal cordϝ�ΎϤϨϴΑaxon
ϝ�ϯΪΣ·�ϲϓ�ϲϬΘϨΑmusclesϝ�Ϧϋ�ΪϴόΑbody

��ΪϳϼδΑ�ΓέϮμϟΎΑ�οϮϣ�ΎϬόϗϮϣ���



According to Size:
� The cell bodies are variable in size. They could be large,

like the Pyramidal cells of the cerebral cortex, Purkinje cells
of the cerebellar cortex, and the anterior horn cells of the
spinal cord; or they could be small, like the Granular cells
of the cerebellar cortex.

According to Function:
1. Motor neurons: Carry impulses from the CNS to the

body. Example: anterior horn cells and the autonomic
neurons.

2. Sensory neurons: Carry sensory information from the
body to the CNS. Example: Neurons of the dorsal root
ganglia.

23

�ήϣϭ�ϲτόΘΑ�commands��Ϟϟsmooth musclesνΎΒϘϧϺϟ��Ϟϟ�ϭglandsίήϔΗ�ϥΎθϋ
Ϟϟ�ήϣϭϷ�˯Ύτϋ·�Ϧϋ�ΔϟϭΆδϣskeletal musclesνΎΒϘϧϺϟ

Ύϧϋ�ϑ˵ϋΎϓ�ϭϔόϟ�ΏΣΗ�ϭ˷ϔϋ�ϙϧ·�ϡϬϠϟ



According to Shape:

� Neurons have various shapes. They could be:

1. Stellate: as the stellate cells of the cerebellum. These cells
are oval with two or more processes radiating from the cell
body in all directions giving the cell a star shape.

2. Pear shaped: as the Purkinje cell of the cerebellum.

3. Granular: these are small, round and numerous like the
granules of sand. Example: Granular cells of the cerebellum.

4. Pyramidal: these are triangular cells. Example: the Pyramidal
cells of the cerebral cortex. 24

(Star like)

(pear like �ιΎΟ·� )

Ϟϟ�ΪΟ�ΔϤϬϣ�ΎϳϼΧmovement of musclesϨϣ�ϥϮϜΑ�ϙήΤΘΗ�ϥΎθϋ�ΔϠπόϠϟ�ϞλϮΑ�ήϣ�ϝϭ΄ϓΎϬ

ϝaxonϝϭ�ΓΪϋΎϘϟ�Ϧϣ�ϊϠτΑdendritesΎϳϭΰϟ�Ϧϣ�ΐϟΎϐϟΎΑ

�ϪοήΑinvolved in the movement of the muscles



Fig.7: Various shapes of neurons.

25



Example of Neurons

Purkinje 
Cells Feature Pyramidal 

Cells
Cerebellar

cortex Location Cerebral
cortex

Large
Pear shaped Cell Body Large

Pyramidal
Multipolar Type Multipolar

Motor Function Motor

Projection Termination 
of Axon Projection 26

ϙΩϣΣΑϭ�ϡϬϠϟ�ϙϧΎΣΑγ��Εϧ�ϻ·�Ϫϟ·�ϻ˷�ΩϬη��ϙϳϟ·�ΏϭΗϭ�ϙέϔϐΗγ
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� Glia cells, also called Neuroglia, are a group of
supporting non-excitable cells that perform
various functions in the nervous system.

� These cells are much smaller than neurons, but
they outnumber them. So the glia cells comprise
up to half the volume of the brain and spinal
cord.

28

Glia cells can¶t generate nerve impulse, and not involved in performing the 
functions of the nervous system, but they play a lot of supportive functions 

and support the neurons
�ϝglia cellsϝ�ϒΎυϭ�Ϧϣ�ϱ΄Α�ϡϮϘΘΑ�ΎϣNSϢϋΪϟ�ϪϟήϓϮΘΑ�βΑ�ϲϫ�

ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϪϘϠΧ�ΩΩϋ��Ϫηέϋ�Δϧί˶�ϭ��ϪΗΎϣϠϛ�ΩΩϣϭ
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1) Astrocytes: found in the CNS

� Fibrous Astrocytes: are found mainly
in the white matter. They have long,
slender processes with few branches.

� Protoplasmic Astrocytes: are found
mainly in the gray matter. Their
processes are short, thick and more
branched.

� Astrocytes have a specific type of
intermediate filaments that can be
stained to identify these cells.

Types of Glia Cells

Fig.8: Astrocytes.
30

ϝ�ϱΎϫ�Ϫϧ�ΎϤΑfilamentsϞϟ�ΔμμΨϣastrocytes�ϙ�ϡΪΨΘδΗ�ϲϬϓ
markerέϭϷϭ�νήϣϷ�κϴΨθΘΑ�ϪοήΑ�ΔϴϤϫ�ΎϬϟ·ϭ�ϢϫΰϴϴϤΘϟ�ϡ

ΎϳϼΨϟ�Ϧϣ�ωϮϨϟ�νΎϬΑ�ΔϘϠόΘϤϟ���ΪϟΎΑ�ϡέϭ�ϱΪϨϋ�ϥΎϛ�Ϯϟ�ϲϨόϳ�ύΎϣ
ϝ�Ϋ�ΩΪΣ�ΎϬϘϳήρ�Ϧϋ�έΪϘΑastrocytesΔϴϧΎΛ�ΎϳϼΧ�ϻϭ�ϩέΪμϣ�ϲϫ



Functions of Astrocytes:

1) Some processes of astrocytes end in an expansion
around blood capillaries. These are called
perivascular feet and they form part of the Blood-
Brain Barrier.

2) Form the External and Internal Glial Limiting
Membrane. These membranes protect the nervous
tissue.

3) Provide nutrients for neurons.
4) Recycle neurotransmitters.
5) Replace damaged tissue by a scar. 31

ϝ�ΔϳΎϬϨΑprocessesϝΎΑ�ςΒΗήΗ�ΎϤϟblood capillaries�ήϴμΘΑexpanded

ϝ�ϮϴδϔϟΎΑ�ή˷ϣ�Ύϣ�ϱίneurotransmitters
�ΎϨϋ�ΎϬϠϐη�κϠΨϳ�βΑ��ΎϬόϣ�ϞϣΎόΘϠϟ�ϕήρ

ϝ�ϑΎϘϳ·ϭsynapse���ϲϫ�ϢϬϨϋ�ϝϭΆδϤϟϭ
ϝastrocytes

ϝΎϓ�ϪοήΑ�ΎϧήϛΫ�Ύϣ�ϱί�ϭneuronsΩΪΠΘϟϭ�ϡΎδϘϧϻΎϋ�ΓέΪϘϟ�ΎϫΪϨϋ�Ύϣ���ΪΣ�έήπΘΗ�ΎϤϟ�ϑ
ϝ�ϝΪΒΘγ�ϢΘΑ�ϖρΎϨϤϟneuronsΏ�ΓέήπΘϤϟCTϝ�ϖϳήρ�Ϧϋ�ϪϨϳϮϜΗ�ϢΘϳastrocytes

ϝprocessesϝ�Ϧϣ�ΔΟέΎΨϟastrocytes�ΎϬϟ�ϥϮϜΑexpansions�ϞϤόΘΑ
ϝ�ϦϴτΒΗϭ�ΔϴτϐΗ�ϰϠϋbrainϝ�ΎϬΘϔϴυϭ�ΝέΎΨϟϭ�ϞΧΪϟ�Ϧϣprotection

Æ



2) Oligodendrocytes:
found in the CNS

o They have small cell
bodies with few
processes.

o They form the Myelin
sheath around the
myelinated axons in the
CNS.

o A single process of an oligodendrocyte forms the myelin
sheath around a part of a single axon. An oligodendrocyte
forms the myelin sheath around parts of several axons. 32

Fig.9: Oligodendrocyte.

ϦϳϮϜΗ�Ϧϋ�ΔϟϭΆδϤϟ�ϲϫϝmyelin
sheathϝ�ϝϮΣaxonsϝΎΑCNS��ϝϮΣ�ϩΪΟϮΘϣ�ΎϬϧ�ΎϤΑϭ

ϝnerve fibersϝΎΑCNS�ΪΟϮΘΘΑ�ΎϬϧ�ϩΎϨόϣ�νΎϬϓ
ϝΎϓ�ΓήΜϜΑwhite matter�ϝΎΑ�ΓΩϮΟϮϣgrayϞϗ�βΑ�

ϝ�ΔϴϠΧ�ϥϵoligodendrocytes�ΓΪόΑ�ΔτΒΗήϣ�ϥϮϜΘΑ�ΓΪΣϮϟaxonsϝ�ϖϳήρ�Ϧϋprocesses
ΎϬϨϣ�ΔόϟΎρ�ϲϠϟ����Ϟϛϭprocess�ϥϮ˷ϜΑmyelin sheathςϘϓ�ΓΪΣϭ�Δότϗ�ϝϮΣ



3) Microglia: in the CNS

� They have elongated cell
bodies with several short,
branched processes.

� They are the Phagocytic
cells of the CNS. Found
equally in both white and
gray matter

� They are derived from
Monocytes.

33ήϴϛάΘϠϟ���ϝ�Ϫϧ·�ΎϘΑΎγ�ΎϨϠϗmonocytesϝ�ϝϮΤΘΘΑphagocytic cells
�Ϧϣ�ϒϠΘΨΑ�ΎϬϤγϭtissueϲϧΎΜϠϟ��ϝΎΑCT�ΎϬϤγ�ϥΎϛmacrophages
�ΎϬϤγ�ϥϮϫϭmicroglia��κΎμΨϟ�βϔϧ�ΎϬϟ�ΎϬϠϛ�βΑ

Fig.10: Microglia cells. Note the
numerous branched processes.
Immunohistological study.



- Cuboidal or low columnar cells that line the
ventricles of the brain and the central canal of the
spinal cord. They have cilia, microvilli, tight
junctions and basal appendages.

- There are several types of ependymal cells. They¶re
all related to cerebrospinal fluid production and
circulation.

4) Ependymal Cells: in the CNS

34

ϝbrain�ϥϮϜΘΑ�ΕϮϨϗϭ�ϒϳϭΎΠΗ�ϰϠϋ�ϱϮΘΤΑfilled with Cerebrospinal fluid
�ϭlined with ependymal cells

ϝ�ΎϫήΒΘόϧ�έΪϘϨΑepithelial cellsϞϟNS
ϝ�ΕΎϔλ�ϊϣ�ΎϬΗΎϔλ�ϪΑΎθΘϟepithelial T

ϝ�ωϮϧ�ϊϴϤΟependymal cellsΔϔϴυϮϟ�βϔϧ�ΎϬϟ���ϦϳϮϜΗ�ϲϫϭ
ϝfluidϝΎΑ�ϞΧΪΘΑ�ϭcirculationϝ�ϦϴΑ�ϪϟcavitiesϝϭNT

ϝϭfluidϝ�ϞΧΩ�ΪΟϮΘΑventricles��ϝ�ϞΧΩcentral canal of spinal cord���
ϝ�ϞΧΩϭsuberecinoid space�ϝ�ϝϮΣbrainϝϭspinal cord���ΔϛήΣ�ϲϓ�ϥϮϜΑϭ

ϪοήΑ�ΎϬϨϴΑϭ�ϖρΎϨϤϟ�ϱΎϫ�ϞΧΩ�ΔϤΩ��ϱΎϫ�˯ΰΟϻ�ϦϴΑ�ΔϤΩ�ΔϛήΣ�ϲϓ�ϥϮϜΑ�ΚϴΤΑ



a

c
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Fig.11: Ependymal cells. 
In (a), note the basal appendages. 
In (b), note how they line the central canal of 
the spinal cord. 
In (c), the EM image shows the cilia, 
microvilli and tight junctions.

�ΖϧΎϛ�Ϋ�ΰϴϴϤΘϟ�ϦϜϤϳ�ϻ�Ϛϴϫ�ϱί�ΓέϮμϛ�Ύδϫepithelial�ϭependymal�
ΓΫϮΧ΄ϣ�Ϧϳϭ�Ϧϣ�ΎϨϠϴϜΤΑ�ΓέϮλ�ϲΠϴϳ�ΎϤϟ�ΏϼϟΎΑ�ϑ�ϝ�ΩϮΟϭ�ϊϗϮϣ�ϦϴϓέΎϋ�ϥϮϜϧ�ϡίϻ�Ϛϴϫ�ϥΎθϋtissues�ΏϼϟΎΑ



5) Satellite Cells: in
the PNS

� They¶re small cells
that form a covering
layer around the cell
bodies of the neurons
in the peripheral
ganglia.

� They support the neurons in the ganglia. 36

Fig.12: Satellite cells surrounding
the pseudounipolar neurons of the
dorsal root ganglia.

*ϝganglia�Ϧϋ�ΓέΎΒϋbodies of neurons outside the CNS

Support, protection, cleaning transmitters, provision of nutrients 
Æ



6) Schwann Cells (Neurolemmocytes): in the PNS

ǻ These cells form the myelin sheath around the
myelinated axons in the PNS. Each cell forms the
myelin sheath around a part of a single axon.

ǻ They also envelope the unmyelinated axons.

ǻ Schwann cells produce a layer around it called the
External lamina that¶s similar to the epithelial basal
lamina.

ǻ They play a role in the regeneration of nerve fibers.
37

ϝΎΑoligodendrocytesϝ�ΖϧΎϛprocessesϝ�ϥϮ˷ϜΘΑ�ϲϠϟ�ϲϫmyelin����ΔϴϠΨϟ�ϥϮϫ�ΎϤϨϴΑ
ϪϧϮ˷ϜΘΑ�ϲϠϟ�ϲϫ�ΎϬδϔϨΑ

ήϴϛάΘϠϟ���ϝadipocytesϝ�ϪΒθΗ�ΓΩΎϣ�ΎϬϟϮΣ�ίήϔΘΑ�ϪοήΑbasal lamina



Processes of Myelination

38

ϝΎΑ�ήϴμΘΑ�ΎϬδϔϧ�ϱΎϫ�ΔϴϠϤόϟϭCNS�ΎϬϧ�ϕήϔϟ�βΑ
ϝ�ϖϳήρ�ϦϋprocessesϞϟoligodendrocytes

ϝ�ϥϵcell membrane�Ϧϣ�ϥϮ˷ϜϣlipidsξϴΑ�ϲϟΎϤΟϹ�ΎϬϧϮϟ�ϲϠϟϭ��ϝ�Ϛϴϫ�ϥΎθϋnerves�ΓΩήΠϤϟ�ϦϴόϟΎΑ
�ξϴΑϷ�ϥϮϠϟΎΑ�ήϬψΘΑ�ϝ�ϢψόϣPNS nerves�ϥϮϜΘΑmyelinated���ϝunmyelinatedϑΎϔη�ϥϮϜΑ�ήϬψΑ�Ύϣ�

Myelin sheath = multiple layers of cell membrane



Schwann cells and the unmyelinated fiber

39

The unmyelinated axons in
the CNS are surrounded by
nothing and run free in the
nervous tissue.

ϝaxons�ΔρΎΤϣ�ϞπΘΑ
ϝΎΑcell membrane

ϝ�ωΎΗSchwann cells
�ϪϴϤδΑ�Ύϣ�βΑmyelin 

sheath�ΓΪϋ�ζϣ�ϪϧϹ
ΕΎϘΒρ

ϝΎΑ�ΎδϫPNSϝunmyelinatedϝΎΑ�ρΎΤϣ˵�ϥϮϜΑcell membraneϞϟSchwann cells
ϝΎΑ�ΎϤϨϴΑCNSϝunmyelinatedϲη�ϱ΄Α�ΔρΎΤϣ�ϥϮϜΘΑ�Ύϣ��ϝΎϓoligodendrocytes

ϝΎΑ�ΔϠμΘϣ�βΑ�ϥϮϜΘΑmyelinated



Fig.13: Myelinated and
unmyelinated nerve
fibers. In the center of
the image, (A) is an
axon surrounded by a
myelin sheath (M) and
(SN) is the nucleus of
Schwann cell. Note the
multiple layers of the
sheath in the inset.
(UM) is an
unmyelinated axon.
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ϩΩϣΣΑϭ�ௌ�ϥΎΣΑγ��ϡϳυόϟ�ௌ�ϥΎΣΑγ



Dendrite

Cell
body

Node of
Ranvier

Myelin sheath

Nucleus of
Schwann cell

Terminal 
branch

Nucleus

Internodal Segment
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- Node of Ranvier: the part of the axon that¶s not covered 
by a myelin sheath.

- Internode: the segment between 2 adjacent nodes of 
Ranvier.



¾ Gray matter = cell bodies of neurons (mostly) + initial part of the
axons + dendrites + glia cells.

¾ White matter = myelinated and unmyelinated nerve fibers + glia cells.

Fig.14: Gray matter is generally the outer layer in the brain and the white
matter is deep. In the spinal cord, the arrangement is opposite.

42

Gray vs White matter ϝ�ύΎϣΪϟ�ϲϓgrayϝϭ�ΝέΎΨϟ�ϦϣwhiteϞΧΪϟΎΑ���βΑ
ϝΎΑspinal cordβϜόϟ

(Made of)

(Made of)

(mainly)

ϝnucleus

Æ



9 Is a very small space that fills the gap between
neurons and glia cells. It¶s filled with fluid.

9 It¶s continuous with the CSF in the subarachnoid
space externally and ventricles and central canal
internally. A very small amount of extracellular
matrix surrounds the blood vessels.

9 Provides a pathway for the passage of ions and
molecules.

9 It contains a network of the processes of neurons
and glia cells which is called the Neuropil. 43

*Important for providing nutrients for neurons Cerebral Spinal Fluid

ϝ�Ύδϫextracellular space�ΎϬϴϤγ�έΪϘΑ�ΎϣECMϝ�ϱίtissuesϞΒϗ�ϲϠϟ���Ύϣ�ΎϬϧ·�ΐΒδϟϭ
�ϰϠϋ�ϱϮΘΤΘΑfibers�ϭmoleculesϝΎΑ�ΓΩϮΟϮϤϟ�ϱίECM���ΪΟ�Γήϴϐλ�ΕΎϴϤϛ�ϲϗϼϧ�ϦϜϤϣ�βΑ

ϝΎΑ�ΔτϴΤϤϟ�ΔϘτϨϤϟ�ϲϓvesselsήηΎΒϣ�ϞϜθΑ

ϝ�ϦϴΑ�ΎϬϓϮθϨΑcell bodiesௌ�ϥΎΣΑγ��Ϳ�ΩϣΣϟϭ��ௌ�ϻ·�Ϫϟ·�ϻϭ��έΑϛ�ௌϭ



� The outer gray matter of
the cerebrum is called
the Cerebral Cortex.

� It¶s formed of several
types of neurons usually
arranged in layers.

� In addition to neurons, the cortex also contains
dendrites, parts of axons and glia cells.

� The largest neurons in the cerebral cortex are the
multipolar Pyramidal cells.

44

*ϡΎϋ�ϞϜθΑ���Ϟϟ�ϲΟέΎΨϟ�˯ΰΠϟorgan�ϪϴϠϋ�ϖϠτ˵ϳcortex�ϲϠΧΪϟϭmedulla
�ϝΎΑ�βΑbrain�ΎϬϤγwhite matter�

�ϱΪϨϋ�ΔϘΒρ�Ϟϛ�ϲϓneuronsΔϔϠΘΨϣ�ϒΎυϮΑ�ϡϮϘΘΑ�ΔϔϠΘΨϣ



Fig.15: To the left, the cerebral
cortex (silver impregnation). Image
above, a Pyramidal neuron
(fluorescent stain). Note the
dendrites of the cell (one going up
and two going to the sides) and the
axon (passing down).

45

ϝΎΑ�ΔϏϮΒμϣsilver����ΩϮγϷΎΑ�ϲϠϟ�Ϟϛ�ϲϨόϳneurons

�ϥϮϫ�ΓέϮμϟΎΑ�ϲϠϟϭ
ϝpyramidal neuron



� The outer gray matter of
the cerebellum is called
the Cerebellar Cortex.

� The cortex is formed of
three layers: Molecular,
Purkinje and Granular
(from outside in).

46

ϝ�ϲϓcerebrum�Ϧϣ�ϒϠΘΨΑ�ΖΑΎΛ�ζϣ�ΕΎϘΒτϟ�ΩΪϋ
ήΧϵ�ϥΎϜϣ��ϝΎΑ�βΑcerebellum�ΎϤϳΩ�ΕΎϘΒτϟ�ΩΪϋ�

ΡΎΟϧϟϭ�ϖϳϓϭΗϟ�ϙϟΎγ�ϲϧ·�ϡϬϠϟ��ΓέΧϵϭ�ΎϳϧΩϟ�ϲϓ



Fig.16: Cerebellar cortex. The image above
shows the three layers: M=molecular,
P=Purkinje, G=Granular. Image to the right is a
Purkinje cell. Note the extensive tree-like
branching of the dendrite of this cell (arrows
indicate the axons). Both images, silver staining.

G

P

M
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ϝP layerϝ�ϰϠϋ�ϱϮΘΤΘΑcell bodies of 
Purkinje cells�ϝdendrites�ϩΎΠΗΎΑ�ΔόϟΎρ

ϝM layer��ϝϭaxonsϞϟ�ΔϟίΎϧG layer



9 A series of structures that control the passage of
substances from the blood to the nervous tissue to
protect it from any adverse effect.

9 It¶s present in all parts of the brain except:
a) Choroid plexuses, where CSF is produced.

b) In hypothalamus, where plasma contents are
monitored.

9 Disruption of this barrier by drugs or microorganisms
may damage the nervous tissue of the brain. 48

ϝ�ϞΧΩ�ϰϟ·�ήΒόΗ�ΓΩΎϣ�ϱϷ�ωϮϨϤϣ�ΎόΒρNT��ΪΟ�ΔϘϴϗΩϭ�ΓΩΪΤϣ�ΐδϨΑ�ΪΟϮΘΘΑ�ϞΧΪϟΎΑ�ΩϮϤϟ�ϪϧϹ

ϝCSF�ΎϬόϴϨμΗ�ϢΘϳ�˱ΔϘϴϘΣ�ϖ˴Θθ˵Η��ϡΪϟ�Ϧϣ���Η�ήϴμϳ�ϡίϻ�Ϛϴϫ�ϥΎθϋ�ξόΒϟ�ϝΩΎΒ
ϝ�έΪϘΗ�ϥΎθϋ�ΩϮϤϟchoroid plexusesϝ�ϊϨμΗCSF

ϝΎΑ�ΓΩϮΟϮϣ�ϥϮϜΘΑ�Ύϣ�ϪοήΑϭhypothalamus�ϑήόΗ�έΪϘΗ�ϥΎθϋ
ϝ�ΕΎϧϮϜϣbloodΔϠϜθϣ�ϱ�ΎϬϴϓ�ϥΎϛ�Ϋ�ΎϬϴϓ�ήϴϐΗϭ�ϢϜΤΘΗϭ

�Ϧϣ�ΔϔϠΘΨϣ�ΩϮϣ�ήΒόϳ�ϦϜϤϣ�ϪϧϻtoxinsΎϫήϴϏϭ



BBB is composed of:
1) Capillary endothelium: these

are connected by tight
junctions.

2) Pericytes: cells with
contractile ability that
surround the endothelial
cells. Located beneath basal
lamina.

3) Basal lamina: this is
unfenestrated.

4) Perivascular feet of
Astrocytes. Fig.17: Blood brain barrier. The EM image

shows the tight junctions between two
endothelial cells (arrows).

49

Formed of simple squamous epithelium 
and has numerous TJ, means that the 

intercellular space is closed of

Found around capillaries in certain organs 
(like brain) these cells can contract, pushing the blood away

�ΔΒϘΜϣ�ήϴϏ�ΓΪΣϭ�Δότϗ�

ϝ�ϝϮΣϭvesselsϲϗϼϨΑ
ϝ�Ϧϣ�ΓήϴΒϛ�ΕΎϴϤϛmicroglia cells�ϝΎΣ�ϲϓ�ρΎϴΘΣϼϟ

ϲϨόϳ�ϞϠΧ�έΎλ�Ϋ�ϭ�ΎτΨϟΎΑ�ΩϮϤϟ�ξόΑ�έϮΒϋ

Microglia



ǻ Each nerve is formed of
several fascicles (bundles) of
many nerve fibers (axons).

ǻ Each axon is surrounded by
Schwann cell myelin sheath.
Then the fiber is surrounded
by the Endoneurium.

ǻ The fascicle is ensheathed
by the Perineurium.

ǻ The whole nerve is
surrounded by the
Epineurium.

50

ϝnerve fibers�ϞϤόΘΑϭ�ϊϤΠΘΘΑbundle�fascicle�

ϝbundles�ϞϤόΘΑϭ�ϊϤΠΘΘΑnerve

ϝ�ϥΎϛ�Ϋmyelinated axon�ϰτϐϣ�ϥϮϜϳ�Ρέ�ϑ
ϝΎΑ�ϻϭmyelin sheath���ϥΎϛ�Ϋϭunmyelinated

�ϪϟϮΣ�ϥϮϜϳ�ΡέSchwann cell���ρΎΤϣ˵�ΎϤϫϼϛϭ
ϝΎΑendoneurium



ǻ Endoneurium: is formed of loose areolar
connective tissue that merges with the external
lamina produced by Schwann cells.

ǻ Perineurium: is formed of several layers of
closely packed cells with tight junction between
them. It protects the fascicles and acts as an
insulator and a blood-nerve barrier.

ǻ Epineurium: formed of a dense irregular
collagenous connective tissue. It passes into the
nerve between the fascicles. 51

Surrounds every single nerve fiber, and connected to the external lamina

And covers the entire nerve

ϰϧϐϟϭ�ϑΎϔόϟϭ�ϰϘΗϟϭ�ϯΩϬϟ�ϙϟΎγ�ϲϧ·�ϡϬϠϟ



Fig.18: Peripheral nerve. E=Epineurium, an artery (A) and a vein (V) are present
in this layer. P=Perineurium (note how it¶s formed of several layers of cells).
N=fascicle of nerve fibers (each black dot in the fascicle is an axon).

52



Fig.19: A SEM image of a nerve.
53



Fig.20: A section through a peripheral sensory ganglion. Note the well distinct capsule
(C). The nerve fibers (F) enter from one end of the ganglion and exit from the other.

� Ganglia are a collection of neurons outside the CNS.
They could be sensory or autonomic.

54

Ϟϟ�ϪόΑΎΗperipheral nerves Ϟϟ�ϪόΑΎΗautonomic NS

ϝϭgangliaϥϮϜΘΘΑϦϣcell bodies of neurons�ϭnerve fibersΏ�ΔρΎΤϣ˵ϭCT capsule 

The ganglia
ϝneurons�ϲϫ

pseudounipolar
νΎϫϝfiberϲϬΘϨΑ
ΪϨϋsensory

receptor�άΧϮΑϪϨϣ
ϝsensationϦϳΪόΑ

�ήΒϋ�ϪϠϘϨΑ
ϝgangliaϞϟCNS

Towards the CNS
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Sensory Autonomic

Location
Dorsal root ganglia of the 
spinal nerves and some 
cranial nerves.

Small dilation in 
autonomic nerves and 
within the wall of some 
organs.

Capsule Distinct.
Not well developed. May 
merge with CT of the organ 
in which it¶s contained.

Type of 
neuron Pseudounipolar. Multipolar.

Function
Receives sensory nerves 
and sends sensory 
information to CNS.

Relay station for 
autonomic stimuli.

(Posterior root)

Both sympathetic 
and parasympathetic 

Ϫδϔϧ�Ϯπόϟ�ϞΧΩ
�ϞΧΩ�ϥϮϜΗ�ΎϤϟ�ϲϨόϳ

organϝΎϓCT�ςϴΤϤϟ
�ϊϣ�ΞϣΪϨϳ�ϦϜϤϣ�ΎϬϴϓ

ϝCTϞϟorgan
Æ

ϝ�˯ΎϘΘϟ�ΔτϘϧpreganglionic neuron
ϝ�ϊϣpostganglionic neuronΎϧϋ�ϑ˵ϋΎϓ�ϭϔόϟ�ΏΣΗ�ϭ˷ϔϋ�ϙϧ·�ϡϬϠϟ
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Fig.21: To the left, sensory ganglion.
Note the satellite cells (S) surrounding
the larger neurons. Below, a fluorescent
stain was used for the satellite cells.

The cell bodies of neurons ΔϘϣΎϐϟ�ρΎϘϨϟϭΎϬϠΧΩϲϫϝnuclei��
ΒϳήϘΗ�ϲϨΑ�ϥϮϠΑ�ΔϏϮΒμϤϟ�ρΎϘϨϟ�Ύϣ�ϞΧΩ�Ύ

ϝbodyϝ�ϲϬϓnissl bodies
ΎϣϝΎΑ�ΔτϴΤϤϟ�ΔϘϣΎϐϟ�ρΎϘϨϠϟ�ΔΒδϨϟΎΑcell body

ϝ�ϲϬϓsatellite cells���ΎϬϧ·�ΎϘΑΎγ�ΎϨϠϗ�ϲϠϟϭ
ϝΎΑ�ςϴΤΘΑneuronsΎϬϤϋΪΘΑϭ

�ΔϐΒλ�ϡΪΨΘγ�ϢΗ�ϱΎϫ�ΓέϮμϟΎΑfluorescent
Ϟϟ�ΔμμΨϣsatellite cells���ϞΜϤΑ�ϖϣΎϐϟ�ϥϮϠϟΎϓ

ϝbodiesΔϏϮΒμϣ�ήϴϐϟ��Α�ήϬψΑ�ϲϠϟ�Ϟϛ�ΎϤϨϴΑ�ϥϮϠϟΎ
ϝ�ϝϮΣ�ήϤΣϷbody�Ϧϋ�ΓέΎΒϋsatellite cells



ϝ�ϦϳΪόΑSchwann cellϥΎϜϤϟ�ΓέϭΎΠϤϟ
ϝdamageϢδϘϨΗ�ΪΒΘΑ��ϝ�ΩϮΟϭϭCTϡΎδϘϧϻΎϋ�ΎϫΪϋΎδΑ�ΎϬϟϮΣ��ΤΑ�ΐΗήΘΗ�ζϠΒΘΑ�ϊτϘϟ�ϦϳΪόΑ�ϞϤόΗ�Κϴ

�ΎϬϠΧΪΑ�ϥϮϜΘϳ�ϥΎθϋ�ΎϬτγϭ�ϲϓ�ΓΎϨϗaxonΪϳΪΟ��ϝ�ϊΟήΑ�ΔϳΎϬϨϟΎΑϭaxonϝΎΑ�ςΒΗήϳorgan

� Mature neurons do not divide. Stem cells that can
form new neurons are present in the nervous system.
What¶s their role???

� A cut peripheral nerve can be repaired, however.
� All debris from the site of injury are removed,

except the CT layers that surround Schwann cells.

� Schwann cells proximal to the injury will proliferate
within the CT layers to form rows of cells that act as
a guide for the forming axon.
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ϝstem cells�ϥϮ˷ϜΗ�Ρέ�ήΒΘΨϤϟ�ϞΧΩ�ΎϫΰϔΤϧ�ϮϟneuronsΓΪϳΪΟ����ϝϮΤΘΘΑ�Ύϣ�ϲΤϟ�ϦΎϜϟ�ϞΧΩ�ΎϤϨϴΑ
ϝneurons���So their role in human body is still not completely understood

ϪϧϹ�ΓέΎΒϋ�ϪϤψόϣ
�Ϧϋnerve fibers

ϢδϘϨΘΑ�Ύϣ�ϻϭϝstem cellsΩΪΠΘΗ�ΎϫΪϋΎδΘΑ

ϝ�ϥΎϜϣ�ϒϴψϨΗ�ϢΘΑdamageϝ�˯ΎϨΜΘγΎΑ�ΩϮΟϮϣ�ϲη�ϱ�ϦϣCTϝΎΑ�ςϴΤϤϟaxon

�ϥΎϛ�ϝΎΣ�ϲϓ�Ύδϫunmyelinated�ϪϟήϴμΑ�ϪοήΑ�ϑrepair�ΐόλ�ωϮοϮϤϟ�βΑ
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Myelin 
sheath

Æ

Æ

ϥϮϫφΣϼϨΑΔϴϤϛϝnissl
bodiesϝ�ϲϓcell body

ΪόΑϭΎϣέΎλ
damageϝΎΑaxon

�Ϧϣ�Ύϫ˯ΎϔΘΧ�φΣϼϨΑ
ϝbody�ΎϬϧϹ

�ϥΎϜϤϟ�ΖϬΟϮΗ
ϝdamage�ϱΎϫϭ

�ΔϴϠϤϋ�ϲϫ
ϝChromatolysis

�Ϧϣ�ΎϬϨϋ�ΎϨϴϜΣ�ϲϠϟ
ϞΒϗ

ϡΎδϘϧ
ϝSchwann cells ΎϬϓΎϔτλϞϜθΑ

ΪϋΎδϳϝaxon
ϥϮ˷ϜΘϟ�ϰϠϋ

�ϝΎμΗϻ�ΓΩϮϋ
ϝΎΑorgan

��ωϮοϮϤϟϭ
�Ζϗϭ�άΧϮΑ

ϞϳϮρ�



Thank 
You
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ΖγέΩ�Ύϣ�ϚϋΩϮΘγ�ϲϧ·�ϢϬϠϟ
ΖϤϬϓϭ�ΖψϔΣϭ�Εήϗϭ���
ϟ·�ϲΘΟΎΣ�ΪϨϋ�ϲϟ�ϩ͉Ωή˵ϓϪϴ

�ϡϛΗϭϋΩዊ


