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Table 1: Types of tissues and their characteristics
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The Nervous System

d 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. the higher functions <= 3 4ka% functionsd

1 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 main cellsd) 4 neuronsd/*



Divisions of the Nervous System

Nervous
System

Central Peripheral
Nervous Nervous
System (CNS) System (PNS)

Cranial

Spinal
Nerves

Spinal Cord

Nerves

,cerebrum O~ O 5S4 In addition to the
brainstem ,cerebellum Dorsal Root Ganglion
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l UrE NIEURON] S

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

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

» They’re connected with other neurons and with other
structures 1n the body like muscles and glands.

Neurons are the main cells (the functional cells), so the function of the NS 1is
performed by them, and the glia cells are only supporting not functioning
» Neurons are formed of a cell body dsomata, soma,

perikaryon) and cell processes. LIS o Ailida o Lo

bodyd) (e s
Somata (also soma) = body. Perikaryon = peri = around + karyon = nucleus.



Features of the Neurons

1. Cell Body: It contains the

Rt ¢ Q‘” nucleus and cytoplasm
R e (with its contents) and

3 covered by  plasma
Axon hillock - 4 \ membrane-

- Direction
of nerve impulse
("output")

\ 2. Processes: which include
-, the dendrites and the

.
‘7— Neurofibril node

— dXO1.
~ < .typical cellsd llhuas ile 3l neuronsd!*
B e enean g8l (San AV organellesd) JS (e (s it L3y
o, epilRthe ol organellesd! Y, Rl A
A= o functions of the neuronsJl

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




The cell bOdVI 4y neuronsd) 4l eliea (ald 5 (4 5y abaty M LA
neurotransmitters J) & 5 Gl s nll aaY gynthesis de

A
1) Nucleus: Round and centrally located. It’s pale
staining with a prominent nucleolus. Barr bodies

(condensed 1nactive X-Chromosomes) are present

1n females., == s ,CTJ g 43 BSa jnactive XJ) g soa 0, Sl
Lo 43y agie aa) 5 Jandi al avnlld ldiall udi | glaas two Xs LGe 43l femalesdl
(i3l Al asl 58 Barr ) o2sa sl el A

2) Cvtoplasm: contains (contains the organelles )

A Golgi complex: found around the nucleus.
A Mitochondria: found in cell body, dendrites
and axon. (Found everywhere in the neuron)
A Lysosomes.
A Centrioles: these play a role in cell division
only 1n the immature neurons . -\« immatureJu s s se ki Ll Loy

Mature neurons do not divide. matvre F or= 51885 jas Sl olia
Jat gl 2327 ~ ) L neurons




A 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 ol o) 52 45 Nissl 5* ;::,“ s
present in the cytoplasm of cell [ % #0 W Sig 2,
body and proximal part of the %
dendrites, but not in the axon

Dendrites

Chromatophilic

- substances
hillock or axon. When there’s Nucleus
neuronal damage, these bodies ‘ .

, 5 Cell body

move towards the periphery of S i AT

.. . . AN RSN T e Axon hillock
the soma giving the impression e
that they have disappeared — this
1s called Chromatolysis.

sliza ala RER (e s siat Niss] bodiesd) 431 L
Axon

83 5> 5o Led) Ly (i 9 3 il a3 (08 L&)
= Lgd.\.c J\-m jj ‘\-\\ oliza u.éu’ —a bOd}NJ\J
G gl =y (Al s i g jll 2l i 54 - ) bodydb
aadla) oy =y < axon OIS el A gl e 4018d)

peripheral nervesdtc JJf"‘” ‘ﬂ*‘“ O s se | Fig 2: Nissl bodies take up basic dyes
axons oe 3_ke LY adallaa (Sa rendering the cell body basophilic.




cell bodyd! & s # ) Nissl bodiesd! axondb ) jeas bl a2 g Juia Lo Gliie 8 JaS
ol i L Aladl (sl g gl S all DLyl J gea s g dadlad Gliie ) juall (1S oladly &l jai
Alall sla 4ie Calla Nissl bodiesd) 43) cun Cudial hodydb S 4auall 45) o 383 ~ 5 neurond)
U 44 peurond) 43 < WIS (e (indicator) i o4 5 Chromatolysis Leew!

A 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

MICIOSCOPE. &5 4l Lot e oo W oo WAL e 2 9 sall 4Ll cytoskeletond!
U g 2a filamentsd) 3 7o G silverd) < e il Glie s neurofilaments e
4Y neurond) ¢ a) IS ae 2 58 silverd) s .. LMJb W ¢85 38w neurofibrils dasd s

3. Inclusion bodies: these include 031 32l S 82 53 5« filamentsd!
A Lipofuscin granules: which result from the action
of lysosomes.

A Glycogen and lipid granules. > The source of nutrients
for neurons



silverdb 4 suas neurons o 3ok sl sl Gale (ol s jallll shiwdl K ‘

B AN 'y\y.' 14 (J,’ A" |. - S o R

R TSl AR
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1 Motor neurons 5 Nucleus

6 Nucleolus

2 Nuclei of

neuroglial cells

3 Neurofibrils 7 Blood vessel

\'- :: . ‘:'5
' o N & 4 S 0.:.
J \&5
4 Dendrites jk !lmzu "- ~— 8 Axons

.
' Y »

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.

daae L e alu g Jaa gl




4.8 Y dentro 4elS ¢« 44la dendrites

Cell processes — Dendrites: s ss dss e g oim LY i s

These are wusually short, protusely branching
processes of the neurons. (numerus branching)

Their diameter decrease as they extend away from
cell b()dy. (They are thin, and become thinner as they extend away)

They posses small projections called Dendritic
Spines that form synapses.

Their cytoplasm 1s similar to that of the cell body.
(25> 30 Uie 058 5 Golgi e s 53 cell bodydb cytoplasmd! 43) w 3_4l)

Their function 1s to conduct impulses towards cell
b()dy, cell bodyd! actin potentialdl Jesy 4l



sLed¥) Gany Baadiy  dendritesd) <oy (s 58 5 suall;
dendritic spinesd Jich I leia s ) Ll a3 yiall
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.

,Purkinje fibersdu 483le )l L Purkinje cellsJ*

Al e aghiiS) 43) pay ducal :

LA Jsl a5 Cerebellumdl: 52 s» s« Purkinje cellsd® ' Lasy le S5 0 s (e <aily dendritesd!
lale Jseandl A geus 5 Lganal | plai gl jo Gl dyac raal ualys HiSl e 8t bodyd) oe




AL spaa lghyy ) Halill e
Cell processes — Axon: dendritesd) ¢ z <2

» 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 1s therefore called nerve fiber.
Jwa s lumbar region of the spinal corddb axon * <8 ..axond) J s e JUa*
| yie (e STl sk aal 5 Axon (2 little toed)!

» They are tubular with a fixed diameter.

» Their plasma membrane is called Axolemma. Their cytoplasm
is called Axoplasm. The axoplasm 1s devoid of Nissl bodies
and Golgi complex. Oe s

» The Initial Segment is the first part of the axon close to the
hillock at which the action potential 1s generated.

AlalS dlae g 4d e 45 5 48l dae sdasg g A e




The axon doesn’t give branches near the cell body. It may give
collateral branches along its course.

Shortly before their termination, axons commonly branch
profusely. The distal ends of these ferminal branches are
often enlarged and are called axon terminal bulbs. _é
4y synapsisd (psSH lSa
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. o—o—e—e—e—e
autonomic nervous systemdb &) SiS) 48 o3 (yala

Axons conduct impulses away from cell body.



Table 1: Differentiation between dendrites and axons.

Dendrites Axon

1 | Mostly multiple branches A single branch

2 | Usually short Usually the longest branch

Taper as they extend away

s from cell body

Has a fixed diameter

 No branches near cell body

 (Collateral branches along
course

 Terminal branches

4 | Branch profusely

5 Cytoplasm similar to the Axoplasm lacks Nissl bodies and
that in cell body Golgi complex

6 Not covered by a myelin Some are covered by a myelin
sheath sheath

7 Conduct impulse towards Conducts impulse away from cell

cell body body




And others.. Like shape



(it’s the most important
classification)

According to Number of Branches:

1) Multipolar _neurons: have 1 axon and at least 2
dendrites. Most common type of neuron. Example:

anterior horn cells of the spinal cord.
posterior s anterior (£ > 4 5 gray matterd) e s > e s sis spinal cordd)

Dendrites —

Fig.5: Multipolar
# | neuron. Note the

|| several dendrites .J) .
(|and the single = A .
axon. In the silver Cell bodyJ

impregnation
)| image on the left, Axon —

the axon hillock
can be seen
(arrow).




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.

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

Cell body
Dendrite I

| >

) Cildall 5 81 5 sagd) lILul ) aglll




et adll dula e Al g jall LA
the olfactory cells

Olfactory tract-

2GR
\"cb f" e

Cribriform plate - s

0‘

Projection neuron

Olfactory bulb

Cribriform
foramen

Lamina propria -

Olfactory epithelium -
in nasal cavity

Mucus layer - 29

Axon of olfactory
receptor cell

Olfactory gland

Basal cell
Supporting cell

Olfactory
receptor cell

Dendrite
. Olfactory hairs

o - "ﬁ—OdOf molecules
Bl -

bipolar neurons.

Fig.6: The Olfactory epithelium. The olfactory receptor cells are




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.

head and neck regiond!

Central NS 5 » 2a) 5 ..two branchesd =i 5 cell bodyd) (» allay 2 5 branch oe 3 ke -

..Peripheral NSJ! SAl

The peripheral will end up 1n sensory receptors all around the body, and central

process will end up in sensory areas in the CNS..

somatic sensationdb (32} JS&u 5 sensationdh Lo 41l pseudounipolard) 43) sliza (ala
touch, pressure, cold, warmth, and paind) Jeds 5,2 skindb 2 s> g4l

L)

1)

s The only place in the CNS in which pseudounipolar neurons are

present is the mesencephalic nucleus of the trigeminal nerve.

Dendrites

/)

Cell body —

:
)i

Short single process ~__

mm—

I | ’I

|
Peripheral process

Central process

|
Axon

J
an sl 3 ) e Uy panal



cell bodies of neurons e 3_ke (S cortexdb (—awal) s braind) (w2 )& ¢ =2l CNSJ) 4%
4a o bodyd) (w axdla AN processesd oe 3ke 5S (white matterd)) (JA3)all ¢ 3l
nucleusd e cell bodies of neuronsd) (» gasd L () &S dalaia s2ie white matterd) Jala

Ly (41 3505 ) seally s 50 Loni 50)
According to Termination of axon:

1) Projecting Neurons: Here the Axon extends beyond

the area where the cell body 1s located. Example:

anterior horn cells. axond Wwix spinal corddl 2 s> s« el cell bodyd
~—> bodyd ¢e lax musclesd! saa) A i

2) Local Circuit Neurons (Interneurons): The Axon
terminates 1n 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 Function:

1. Motor_neurons: Carry impulses from the CNS to the

body. Example: anterior horn cells and the autonomic
neurons. éua\-mm skeletal musclesd! ) oY) elac) e 41 5 use

O glde glandsd! sl ,u=ladd smooth musclesd! (commands) ! sl s
Sensory neurons: Carry sensory information from the
body to the CNS. Example: Neurons of the dorsal root
ganglia.

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.

lic Cacld giall Cond 3ac clif all




According to Shape:

1 Neurons have various shapes. They could be:
(Star like)

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

(pear like (U=la)))
2. Pear shaped.: as the Purkinje cell of the cerebellum.
involved in the movement of the muscles 4= _»

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

L s ) (e lall dendritesd) s saclall (w adlay axond)!

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

Lo 0y 5Ss &l jati Gl Aliaell Jia g el J 58 movement of musclesd! 1as dege LA



Pyramidal cell
(upper motor neuron)—
cerebral cortex

Purkinje cell—
cerebellar cortex

Fig.7: Various shapes of neurons.

Stellate cell—
cerebellar cortex

®

Granule cell—
cerebellar coriex
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Example of Neurons

Purkinje Pyramidal
Cells [SETIRE Cells
Cerebellar . Cerebral
Location
cortex cortex
Large Large
Pear shaped Cell Body Pyramidal
Multipolar Type Multipolar
Motor Function Motor
.. Termination .
Projection of Axon Projection

Sl gl 5 @ jarind | el V) Al Vi agidl | laasy 5 aglll il
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l G[LlA CELLS !

 Gha cells, also called Neuroglia, are a group of
supporting non-excitable cells that perform
various functions in the nervous system.

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
(ae) 41 8 gy G & NS ailla 5 (10 5L o 580 e glia cellsd))

e 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.

AlalS 2y Adije 45 9 48lA e sdasy g Al e




Types of Neuroglia

Peripheral

Central Nervous System
Nervous System

Ependymal cells Oligodendrocytes 7 Satellite cells

Schwann cells




Types of Glia Cells

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 1n the gray matter. Their

processes are short, thick and more
branched.

* Astrocytes have a specific type of
intermediate filaments that can be

stained to 1dentify these cells.

& a22iud ¢ astrocytesd! Aaaia filamentsd) sla 43 L
2l ) sY) 5 Ll ye¥) (ad & aca y daaal Ld) 5 a8 el marker
glaall o g gaie OIS o g LA (g 6l alen dalatall
‘\_u\_a \_U\A ‘}!} JPRIS= Gsb astr()cytesd\ 13) Jhi \.@A.\Jja e JJSJ

Fibrous
astrocyte

Protoplasmic
astrocyte

Fig.8: Astrocytes.




Functions of Astrocytes:

expanded <% blood capillariesdu s 3 Wl processesd) alew
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. = Jeziy expansions &) O sSs astrocytesd) (w 4a Al processesd!
protectiond! Wik s = Al 5 Jalall (e braind) cpls s dudass e

1) P 1 (rients f neurotransmittersd) swdll e L (53
) Provide nutrients for neurons. . i s 3 te i s,

4) Recycle neurotransmitters — 7 A seie Jsysadls synapsed) <iliy

5) Replace damaged tissue by a scar. astrocytesd
N ) _p=aiy L o ,Jq;ﬂ\j e\.uﬁ.'\}’\.c BJJES\ laie WL pneuronsJ@ 4a i U)SS [ LSJ 9
astrocytesd) (b oo 44585 a5 CTw by il neuronsd) Jlaiul b (glaliall




2) Oligodendrocytes:

found 1n the CNS Fig.9: Oligodendrocyte.
o They have small cell |

bodies with few

Processes.

o They form the Myelin
sheath  around  the
myelinated axons n the

CNS. myelind) 02585 e Uysudl o

Js> o2al sie Ll L s CNSJL axonsd Js» sheath
2a) g1 Led) oliza (:aled CNSJL nerve fibersd)!
(J8 L graydls 52 53 ) white matterdé 3 i

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.

processesd) b s axons e dasi e (S5 saa) 4l oligodendrocytesd) dala oY)
a3 3o 5 4=kad J sa myelin sheath 35 process US55 .. e dxda )

) ( Oligodendrocyte

-



3) Microglia: 1n the CNS

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

Microglial cell \ Neuron

v

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

= They are derived from |
Monocytes.

-
i

phagocytic cellsd J =% monocytesd) 43) b LlE | SXillk
macrophages leas) OIS CTAL | SUU tissue (x —alisg Leau
aibadl) i Ll LIS e microglia beas) (s 5

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




.- NSJ epithelial cellsd) a yizs i
4) Ependymal Cells: in the CNS epithelial T s o Lefin i

-  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.

filled with Cerebrospinal fluid ¢sSh &l 538 5 cayglai e (5 i braind)
lined with ependymal cells

There are several types of ependymal cells. They’re

all related to cerebrospinal fluid production and

circulation. sS4 Akl i Ll ependymal cellsd) g5 aaen
NTJ s cavitiesd! o 4l circulationdb Jaan o) fluidd)

,central canal of spinal cordd) Jaly ventriclesd) Jala 2 s fluidd) s
A< a4 UsSs (spinal cordd s braind! Js~) suberecinoid spaced) Jala
b e 3aY1 G A AS ja b (S Cumy 4y g5 il sl Jaa Al



Tight junctions Cauvity of ventricle

Central canal of spinal cord

Ependymal cells

s Microvilli

Fig.11: Ependymal cells.

In (a), note the basal appendages.

In (b), note how they line the central canal of
the spinal cord.

. In (¢), the EM 1mage shows the cilia,

4 ': '8 % % | microvilli and tight junctions.

f
< .
¥ &

*

’ £ . . R . . R
= ependymal sl epithelial <ulS 13 juaill (Sa Y clia (5 53 ) S Luia
UL tissuesd) 25 s @l e G jle 585 a3V Gl lde 33 ale (g e WlSan B ) s v Ll 3L B




bodies of neurons outside the CNS (e 3_ke gangliadl*

5) Satellite Cells: 1n

\/

o0

*

the PNS

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

Posterior root ganglion

Axon Cell body of Posten;mm\

sensory neuron

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

They supgort the neurons in the ganglia.

Support, protection, cleaning transmitters, provision of nutrients




6)

Schwann Cells (Neuroleminocytes): 1in the PNS

These cells form the myelin sheath around the
myelinated axons in the PNS. Each cell forms the

myelin sheath around a part of a sin%ge axon.
AR 8 L myelind! 03555 A a processesd! <K oligodendrocytesdb

They also envelope the unmyelinated axons.

Schwann cells produce a layer around it called the
External Iamina that’s similar to the epithelial basal
lamina. basal laminad) s 53l Led s> i 4a 5 adipocytesd) .. Sl

They play a role in the regeneration of nerve fibers.



Processes of Myelination %' S5 ox ONSIL s Lo gla Goleadl
oligodendrocytesd! processesd Gk e

@ Neurolemmocyte
‘\\ cytoplasm and
N Y70 T2 plasma membrane

begin to form
consecutive layers

Neuro|emmocyte around axon.

ED Neurolemmocyte
starts to wrap around
a portion of an axon./

Direction of
wrapping

@ The overlapping inner
layers of the 4
neurolemmocyte |
plasma membraneﬂ
form the myelin ‘\
sheath. |V

N @ Eventually, the
N\ neurolemmocyte

Cytoplasm of the ~ Cytoplasm and

\neurolemmocyte nucleus are pushed
-2 — Myelin sheath  to the periphery of

the cell as the myelin

sheath is formed. ' \,
/ Neurolemmocyte
nucleus
Myelin sheath = multiple layers of cell membrane L 55

822l (all nervesdl a (lie | (anl  Jaa YTl T W5 Tipids (= 035« cell membraned! oY)
(<les 5 el W unmyelinatedd)) (myelinated O s5S% PNS nervesd) alazs) and) o dll el



Schwann cells and the unmyelinated fiber

abalas Jaiy axonsd)!
cell membranedb

Schwann cellsd! gt
myelin 4 Lo
dac sie 1Y sheath

. Neurolemmocyte
Unmyelinated axons 4

@ Neurolemmocyte
starts to envelop
multiple axons.

@ The unmyelinated axons
are enveloped by the . Neurolemmocyte
neurolemmocyte, but there . Nucleus
are no myelin sheath wraps/ .

Sl e
i around each axon. :‘ o) .
The unmyelinated axons in \\
the CNS are surrounded by |  ynmyelinated —— el
nothing and run free in the| axon \\\\ :
. Neurolemmocyte —
nervous tissue.

Schwann cellsd! cell membranedb blat oS unmyelinatedd) PNSJL Lua
oligodendrocytesdté , -5l b ddalas ¢ <5 W ynmyelinatedd) CNSJL L

myelinateddb 4laia G &S5




Fig.13: Myelinated and
unmyelinated nerve
fibers. In the center of
the 1mage, (A) 1s an
axon surrounded by a
myelin sheath (M) and
(SN) 1s the nucleus of
Schwann cell. Note the
multiple layers of the
sheath in the inset.

(UM) 1S an
unmyelinated axon.

;‘%L;"J\ ) OIAQ.UA ,09a g ) Q\A.}.m




Dendrite

Terminal
Cell Node of branch
body Ranvier
Nucleus of
Schwann cell

Myelin sheath
Nucleus y

Internodal Segment

- 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.




Gray vs White matter o ,J2hll whited! s g Sl Ge graydl Lol 2

Frontal plane o | splnal COI'dL.“J \ =

through brain » 3 i (
a2k’ g i :) 1
“ -\.\; 5 T \ A

/ nucleusd! &
/-T\\ _ ___ Transverse ' ~ fﬂ
: plane g / "K J N,
. through e A N
= spinal - |
cord ' : "

L A T;JV)/
(

(a) Transverse section of spinal cord b) Frontal section of brain

Fig.14: Gray matter is generally the outer layer in the brain and the white
matter 1s deep. In the spinal cord, the arrangement is opposite.

(Made of)
» Gray matter = cell bodies of neurons (mostly) + initial part of the

axons + dendrites + glia cells.

(Made of) (mainly)
» White matter = myelinated and unmyelinated nerve fibers + glia cells.




107808 JE2XITIRANCIBILILUILAIR SIPACIE,

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

- f L .
mportant for providing nutrients for neurons Cerebral Spinal Fluid

v 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.
Lo L) cadl s I8 A tissuesd) s ) ECM el 33 W extracellular spaced) Lua

laa B s CileS A2 Sae g, ECMAL 3252 54l s ) molecules s fibers e (s sia:
dle JS5 vesselsdlb Adaaall dakaiall

v' Provides a pathway for the passage of ions and
molecules.

v" It contains a network of the processes of neurons Q

and glia cells which is called the Neuropil.
STy YA Y 4 seally A fag | CellDodiesd! o led s




medulla A3 5 cortex 4xle Bla organd! s W&l ¢ a1l bl JSh*
(white matter e braindh o)

110 CIEIRIBIBIRAN L (COIRITTES

 The outer gray matter of
the cerebrum 1s called
the Cerebral Cortex

* It’s formed of several
types of neurons usually

arranged 1n layers.
aaliae Caills 5 o 58 4alida peurons ie 4k JS

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

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




neurons 8| wa—i um JS u—uu sﬂverd\_s 4c }ua.o

Osp B pall g

pyramidal neurond)

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).
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* The outer gray matter of
the cerebellum i1s called
the Cerebellar Cortex:

» The cortex is formed of
fhree Tayers: Molecular,

Purkinje and Granular

(from outside in).
O alitg Gl e Clashall 23 cerebrumd! A*
3 Lol cilaadall aae cerebellumdb o, AY (S

A Luall 8 ~laall g 5 gil) Glllal ) agll
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Fig.16: Cerebellar cortex. The i1mage above
shows the three layers: M=molecular, = =
P=Purkinje, G=Granular. Image to the right 1s a ‘
Purkinje cell. Note the extensive tree-like a7
branching of the dendrite of this cell (arrows %
indicate the axons). Both images, silver staining. | |
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BILOOD-IBEAIN BARIFIIER

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

lax 4880 5 3a2me iy a6 JA0AIL ) gall 43y NTJ dala ) sexi ale Y ¢ siae laaks
v' It’s present in all parts of the brain except:

a) Choroid plexuses, where CSF is produced.
anad O3 e o3V s (i o) (e (38 Lonsiasd o3 L CSFU
CSFJ) auai choroid plexusesd) asi lie 3 gall
b) In hypothalamus, where pfasma contents are
monitored. S A u\-wc hypothalamusdb 32 s sa ()5S e duza p g
A1 ol b IS 13) L i 5 oS35 bloodd) i s

v" Disruption of this barrier by drugs or microorganisa

may damage the nervous tissue of the brain.
u)ﬂéthXiHSQAMMJ\jAMQSMMy




BBB is composed of:

1) Capillary endothelium: these
are connected by tight .,
junctions. o [ SR e

Forimed of simple squamous epithelium Endothelial,
and has numerous TJ, means that the
intercellular space is closed of .

2) Pericytes: cells with y "«74.0\?\
contractile ~ ability  that / Y_?&
surround the endothelial

cells. Located beneath basal

lamina. Found around capillaries in certain organs ,
(like brain) these cells can contract, pushing the blood away #Z=%

Interneuron

3) Basal lamina: this 1s B i, M T T S
- s oyt el . o 2% > "9 T | o.q: . : > .~>‘:
unfenestrated. (33)s3aki) 48l e AHHEE LR
. - T.:fl-/’ e » ¥
4) Perivascular feet of S5 i T
L 2" P . St

.ASTCI'OCYTCGS. _ st VGSS.GISJ\ Js=s Fig.17: Blood brain barrier. The EM image
Jis & Blis microglia cellsd! (e 30m8 SaS | shows  the tight junctions between two
i Ja a3 gl Uaally ol sall mey ) se | endothelial cells (arrows).
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A Each nerve is formed of
several fascicles (bundles) of
many nerve fibers (axons).

Each axon 1s surrounded by

Schwann cell myelin sheath.
Then

(fascicle) bundle Jezi 5 aaaihy nerve fibers

A The fascicle is ensheathed

by the Perineurium.
nerve Jexiy 5 aeaiiy bundlesd!

A

— Axon
— Myelin sheath

Fascicle

Perineurium

,,,,,
257 NG

Epineurium —{
. Blood
vessels

Epineurium

i

[ 8

a — [
T e 05 ) <@ myelinated axond) oS 1
unmyelinated /S 1315 myelin sheathJb ¥ 5|
Lk LadS 5 | Schwann cell 4 58 7
endoneuriumdJ.

N




A  Endoneurium: 1s formed of loose areolar
connective tissue that merges with the external

lamina produced by Schwann cells.
Surrounds every single nerve fiber, and connected to the external lamina

A Perineurium.: 1s 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.

A Epineurium:. formed of a dense irregular
collagenous connective tissue. It passes into the
nerve between the fascicles. And covers the entire nerve

) Cildall 5 8 5 sagd) Ll ) aglll
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Fig.18: Peripheral nerve. E=Epineurium, an artery (A) and a vein (V) are presert
in this layer. P=Perineurtum (note how it’s formed of several layers of cells).
N=fascicle of nerve fibers (each black dot in the fascicle is an axon).
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Fig.19: A SEM image of a nerve.
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* Ganglia are a collection of neurons outside the CNS.
They could be sensory or autonomic.

J peripheral nervesd! 42U gutonomic NSJ! 4.:;3\3
(5A neurons ? ‘MI@?W,,&%’B:?‘K”W ..,’_..J .,.‘, p 1o .w"r(:' =
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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.




Both sympathetic

and parasympathetic

gl

/

Location

(Posterior root) _
Dorsal root ganglia of the

<
spinal nerves and some
cranial nerves.

Small dilation in
Lautonomic nerves and
within the wall of some
Organs. 4wd gaall Jalh

Capsule

dala (585 Lal Jimy ¢
.. Ll CT
Distinct. organ

-Not well developed. May
merge with CT of the organ

ey dtaated | L .
orcanl CTJI | 1n which 1t’s contained.
Type of : :
P Pseudounipolar. Multipolar.
neuron
Receives sensory nerves .
: N t Relay station for
Function |and sends sensory

autonomic stimuli.

information to CNS.
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preganglionic neurond) &l dass
postganglionic neurond) g«
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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

S Py - e fluorescent 4xua aladiul & sl 3 ) pally
e ) L, ot Jie @il 16 satellite cellsd daiadia

- . 3 L

: TR e gl ek Q) S L &2 s ) bodiesd
satellite cells o 3_ke bodyd! Js> eaY)



IRAIFRZANNRE @RI IRAVATRINNIE RGN

e Mature neurons do not divide. Stem cells that can
form new neurons are present in the nervous system.
What’s their role??? 2% lacLuiy stemn cellsd) Vs andity L

Jsaii le Al G Jala Laiw | 330a neurons 0383 ¢ aswll Jala s jéss ol stem cellsd)!
So their role in human body is still not completely understood ..neuronsd

* A cut peripheral nerve can be repaired, however. B ke dednad
. . .. nerva fibers
* All debris from the site of injury are removed,

except the CT layers that surround Schwann cells.
axondb ksl CTJ) e Liiuls 252 g0 (3) ) (e damaged) (S caulaii 24
* 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. ¢/Sds)slsd) Schwann celldl G
Jand Cumy 8 53 AL adadll fppaey aludi¥le Waclu Led sa CT) 252 55 ,andil i damaged) )
organdb i axond) g Aleill s 2os axon Ledaly oS lie ehau s 45U

e

Graal ¢ guin sall L repair 4w 45 < unmyelinated OIS Jia (8 L
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