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The Nervous System Histology
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Highly complex, highly organized.

10 biIIionlneurons.

1000's connection for each neuron.

Chain like arrangemen g d-eommunications network. .

- Several "electronic cifcuits". _ ns¥igeait 215 €l Jlai, § odm LrUss
- Elementary circuits may form+ﬁil<§#ecr"6\ro-l|épl""sycs‘f’é‘ri}1¢s'. ot ¢z Lo

Fine coordination for a definite result.

Synapses.| seuen)l Lo l=dled

Synapses: the site of transmission of electric nerve impulses

between two nerve cells (neurons) or between a neuron and a

gland or muscle cell (effector).

Com p\&)( WVOUs System W vnove Cown pleX  areatrures
15 Mot OoF Summerion of SIMmPR veuwvrens (s nox

Functions oot the number of newrons presenty) .

Response to external and internal changes.
Keeps vital conditions within rm‘mﬂil rﬁngce..w)‘n and need h;al'n Jerel d{

- Control and integration.'z-

Behavior & personality..— 4 10 \aamen e be havior  qned etsonatily ;
This is accomplished by high level analysis & integration of Conyn) &%

information.

e pasprnce — ceflex at B spinal Sred lewe )

L veluntar

Anatomy

Nervous system:

1083de Y SEa\

Central:rain+ spinal cord. isiduthe spinal &M\(}ff“"ﬂ"“"""’t vertebra)

— >

C.om-u\]

Peripheral: nerves+ ganglia (aggregation of neuron cell bodies).

P becs ..a,a.'dbb&aa.;'-’)
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Overview

'Ieural pathways/reflex arcs.

Reflex happens at the level of the spinal cord (or medulla oblongata)

without being influenced by t )

Functionally:

: Vo el o) S
e Somatic nervous system. =¥ (" ¥ " 7 -
b ——

Py ) J\%‘u’-

Conscious, voluntary.

From simple to complex responses.

s1-y = ® A@omous nervous system
a'\.-\/ — Awl-éf"'\‘"‘

Involuntary.
Pa———

Control the function of|internal organg (in cooperation with the

endocrine system). kes &mjﬂbol."c‘ events /| £
manbnance g orqanism IV Y 6 Qe A C 85 L

Smooth muscleéheart, glands, and afferent sensory.

( L B 4
Sympathetic, parasympathetic and enteric.

*What is t@ystem and where is it located?

The enteric nervous system (ENS) is a web of sensory neurons, motor

neurons, and interneurons embedded in the wall o strointesinal

system, stretching from the @i of the esophagus right through
—————

to the

Submucosal plexus and intermuscular (Auerbach) plexus between the
circular and longitudinal muscle cells.
'éy f—csge

It is the brain of the gut and does many of its functions without referring
to the CNS.

Composition of nerve tissue
Neurons. | £ =4

Supporting cellsf/neuroglial cells (of central NS):

o5 N> & et
Vs
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Peripheral supporting cells:
a M~ —

w Q¢S [:

Astrocytes. i’

Microglia. )

Ependymal cells.
]

‘Sc\hv\//a.nn cells.c.~—

Oligodendrdcytes. = f

Satellite cells; in the ganglia.

Enteric neuroglial cells

Vasculature:

Blood-brain barrief

The neuron

Sensor¥ neurons:

«

(&).

(in<)_.

petween the apilagy Sydem and @

.S)'aM\ \ J haer Oe:-.f’

Impulse from receptors to CNS.

exd.

Interneurons:

ﬁ&f—'—" °
\ OV‘}

-

GJ;,/\ ¥~ e—~Dendrites: cy@gl

| LGNS

_—

: xyefl —ntefnal .
Afferent }lbers; somatic and visceral (from the internal organs).

neurons: e#&c\-or ,,(a_m Nl S\ dor-
Efferepnt;/somatic or visceral.

ny-

e (99.9%0f neurons. Vasy ynajeciy

Between sensory and motor

' Wiy el Slsall sLaaly
o Communicatingag- and )ﬂL(MQW dmn_n_&\s

Neurons consist of three part:

oIl

L

The cell body (perik:':\ryon). bhe o plasm 6\”@./\&\(\% the neucleus.

asmj‘%membrane extensions/ usually many. ecieves
”d\\
Axop: plasma membrane process/ mostly only one. sends.

.S','na le

Y S b Qi pee s e

pe-sb p&~”  NEUGHS could also be:rmugh 1 Qs cell J oS5 v protein &w&_;?: AL
/

gMuItipoIar:
Ma\&oﬁ\/ .

rbosoma. N Ca REAN F LTS

ends plasmic pedeculan....
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£ there dmﬂﬁkw\w ‘wside. the cyte@latm of neurn Celly —» FAIEM - e can see i}

yich in (O-Aﬂ\/- E . CJQ’)S&I hmda Blue
e\ exes {ov QdSof]a'.\.'g R
0 et w menml extention

peutms g biaS lo,,_s —
e Characterized by maat can originate from different

regions of a perikaryon. AN o)f other nusi » LocSe 315 KK
e Motor neurons and interneurons. and Svnap)y in e dentrte
he )
Bipolar: surfact. dr n Fhe po ﬁ'fjo"
W, Surye -

e Oné¢ smgle axon)and one smgle dend
SN h‘ lioc B ?J‘J\w *

Rar _
retina N g ezl QP ke s SeWor Y e

4 nterho Qq( Associated with receptor of speC|aI g?eie 215 € syoass aronal conmecki o
o %
seudo pipolary Comwan ach i ﬂ,,lf.mu e @ exeitmend o Fin pus o¥ &

d’?‘{?\ Zfl"p”” deﬂh//)—-ﬂdm\ d}:;

One process. .
P A )n (III)D J‘l“"

e The majority are sensory neurons. F/“‘g R ACUNE ( - o)
— W
e Located close to the CNS. Sum "ﬂ +his varno S ’j ’

, o P
e Cell bodies in thq dorsal rootjand cranial nerve ganglia. Qe @2 o7 ' &
K\N ~ “
In|spinal ganglia

of peripheral NS.
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Cell body

Synapse \ en 3°"a
Niss! bodies ?:(lj'y X{ff
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. F Axon 512 T IS | : ; *
=3 < S|

Myelm .
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Sea men+- .
Schwann cell
oetween 2 Schwann

b
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cells . mpe i K/) tl ’ \%\

\\ ) J\“J\ Q'AJJ " n f/\)s t»—i%,;?g N2
l"«ﬁ"‘:% \ > : Myel = Q Ikis b(q,.c\,‘-m? s P‘} one ok
Tock tl mpbles sz (780 o A

gltml“ ) | 7748 (e
/)7 , o ‘
)\ zf/ J . 4 Motor end plate A‘Y‘i"‘

5‘ Ml' Skeletal muscle m ’IM"QQJ nevt ma
/LZ WP Jbe\ S‘Hu\s ),J"“
fsla/\alr\av —s e 2 P DI oy L/\W'Zhj/ ,Zu
qxovs )SL :W/ V\/‘)\é < S C/T )JAQJ
. . 1 / z,.a“('—" Zr+,$- _

&4\ o 2 CW/@"':']J‘ | * 'H'v—lm%l se"dm&n-} - qen hile® Jl culr
= S-]'l&v)ha ~ISe mwm‘ )\ EL'—-\
qﬁov‘ ‘\.ocFJ\z, sum- 2\ drah
| I b g‘lflquan )l = ooifo@hsw)\x
gﬂﬂ\s I Z/J_) 5M\I4A ,,,d’méaglunm J\ E’V o,é'/ qXom U3
/gtﬂlw.‘j (QC.[C-J{L Mjglamuc__ézzb Lo wi\obal] fR ol oish cell sy

A

Peripheral nervous system




Cell body

*Morphology LM and TEM:

*Cytoplasm of cell body has abundant RER, Golgi apparatus and other
organelles needed for proteln synthesis including the neurotransmitters,
enzymes and receptors

and hahlch is lightly-packed, evenly-

dispersed, actlve chromatin.

*Nucleolus |ﬁ@and weI deveIoEed for the synthesis of

ribosomal RNA, which has ama ole in protein synthesis.
T P U’) felz Tp TsChamia
a1 O

N
*Rich in mitochondria hence neur6ns afe very vulnerable to hypoxia.

ogranules in the cxtoglasm (mostly riboosomes) of

nerve cell bodies that are strongly stained (@: nd
appear as basophilic clumps on light microscopy.
e Axon hillock: a specialized part of the cell body (or soma) of a
neuron that-connects to the axon/ where the summation of

. signals occu nssde Ahegis
OIPLr — Muie B, NS0k +hgfom
v M [,r?mm J|\ e A ranspofit: transport material to the tgrminal bulb’ bg ‘*3‘1"5":@'“’4“
- L laaw LT -
sheto e Neural ste21 c\glls. in limited areas. YRR P S VLA
\(&'&)"’Jg ‘”‘AH_“ S /T‘\ o vescle - e _f'\\,\mtd‘\
\u\\)\ r'}/ s ) gz lo Sk e leko- OMFMM* o 0o -
E_,;VV 3 k ']’h‘— "'b < \nk" mg@t( a
Dendrites and axons £ ament-
e Greater diameter than axons.
° uJ'—
* <aRSIEY.
e Extensive arb5’r‘i‘2ation (dendritic t]re(;-zl)‘/ o ok 3 £l past

e Similar cytoplasmic composition with th rikar (with the
ng). espec\a\ly ot the egininj neor the Pe,rikar\lgn

° énly ong (mostly).

e May be extremel g.



Wil seqmenti betwees Fhe g Jilect anal  $he Firgd _gClhe cel
Lo Aﬂh@y%h‘iﬂﬂﬂiﬁi’iﬂzzt) i 5O

e.a emchh skeletal wmuscle

S ™ ' nervotred. o
e Branching at the end (near the effector organ). Wber iv inerve -
—_—— O o lrownch oc @
e Inthe initial segment where f\he depolarization wave starts, the

ecunven+
e Syraps gz _axon can gives a branch a hort distance, this branch
/ﬂ"; Ergps __;\ synapses with the samég perikaryor for feedback function.

— e Originate from the axan Rillock. (5337 R |
1% b/,/J & - & No large organelles. P AYL

a Lio~
* Th@ Ditial segmen simcrure inthe derite o¥ ceny  4ffen” AS 907 g
e Periaxoplasmic Qlaéues aggregation of proteins in the dendrites o4 £ feiny
and axons thought to have a gﬁnnectmn with memoryand /nEM
learning-especially the ones in the dendrites called dendrite

55'3"”" s oo ( dendrltlc splke The proteins ;c:lja.n}g/sl’fhf—l‘rdconf|gurat|on when
g 27 they receive signals. . 2 ~ | i o=
Cpnp(')«m J&A/ Yy Vg L) O € 2520 pre .,;L.h L 5’3““-'

*Synapses could be at the cell body or dendrites.

*Neurons have up to a 1000 synapses/ connection, some of which are
excitatory while others are inhibitory.

*Axon hillock and the beginning of the myelin (from the first<S=c~h£ann

m’ After the summation has happened,

cell) is calleg
the new signal starts at the init?l{ae§ment.

*Along the axan, Schwann_cells rap the cytoplasm @
The space between two Schwann cells lack myelin to increase the speed

. . ——
of signal transduction.

*Schwann ceII’m the gerlpheral and o

produce itin t

Synapses -
Jetwsets I qx‘m/m/ cletinte

Axodendritic: Dendritic spines/memory.
- —_——

Axosomatic. bedween e Cuo?/fe/? k@gdg

Axoaxonic. befwee. the 4)@_1:_4;41

%k(pped Boutons en passant (buttons in passing).



skipped Bouton terminal (terminal bouton/end bulb).

From few to tens of thouinds
tyres ot Fhe syrafsi-
® chemical synapse:

5""?5/;’{:" - 3 Lllresynaptlc membrane.

leaie  neuro vanswede .
) Synaptlc space. Celef+n Wi~

n&
o Posj:smﬁptlc me brane L pasti

° Neurotransmltt\er
B mar A S RN T ) pLOL
Neurotransmitter is released at the presynaptic membrane into the

synaptic cleft and it has a receptor on the postsynaptic membrane. Their
binding leads to new action potential in the next cell or muscle.

(B3 Electricalsynapses \ \

NS SI YT o ® In invertebrates. Phic {"“g

. o= E Lq He, #re Syma
24}’ Ljvn(.-\-'b\b,,s ° wns oI!:C/r\\ LY\:/KL “:"i\“tl‘;ﬁjwudg\,&‘g) Cl«uqnm\

° Mammallan(vquwalent smooth and cardiac muscle.
~—— —

olecules pass directly from one cell to another through the
S——

The fieuralgig

Central: astrocytes, microglial cells, ependymal cells, and
oligodendrocytes. /m'(,/bg ligl el

Peripheral:
=
e Schwann cells.

e Satellite cellsw _ wa
e Others: . @M ¥

- Terminal neuroglia (teloglia).

- Enteric neuroglia.
~

- Muller's cells.
~—/—\/

Peripheral neuroglia

p Schwann cells !
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ve W peura\ ares
‘)}‘o '\&—"} x £or _
\M\" & zona\v\ A wsing THe
vh eural crest/EOX 10|(transcription factor/ help in |dent|fy|ng the orlgm
s .-tf«“‘"s ofa tumor) L 3o give dhe
’ '2 Slast .sqm\ eo(-‘-ﬂl-](.{\?*uw

: Jo Grm fnhlh avd malc
Produce myelin sheath: a‘dév’n-)-,w-

In both myelinated and unmyelinated axons.
———————————

,)aw )\~ Rapped concentrically around the axon.
)Y

¥
Bwv' ‘/ The node of RanV|er/1the intermodal segment|: the segment between 2
;}a” ao/ « Schwann cells. L obohueen 2 Ranvier node .
INL ) e
e(@o\f'o‘g - Unmyelinated axons are also enveloped by Schwann cells.
ro G L
S;B\M\ '\"i *Myelin i |Ip@ N
M"Bﬁ i EQPM/q_\ vaCule | dlhen there is Proteisiiig .

@ Satellite cells

Complete layer around the perikaryon.

) \é,’(‘f Processe enetrate between them.

G eV ZusN J

2 \Y Funct|on EIe trical insulation and controlled microenvironment.
——— e —
(/'f \53 li (,_s s
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y"l“-s‘ l'\ﬂ cee head r~f" /f/kf(,.dv I orjsduo'bwmpala/
e \M"/JJ —s M r~6"_f‘ &5/ G
SUPPST Ve «Enteric neuroglial cells Bk ,/a\ N B

- AMCKDM . ser\nA et " veckebon onn
/,;S/Morphologically and functionally identical t{astrocyte§
><-)3 o

a2l sida
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= Central neuroglia
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@ﬁstrocytes neurs a\u,l el inAle CMD

,éb'“b b’/
.' gest C)mfal-f—cnjq—}(w(_p [@A}Wgég_/

< ,m
\,ql QH "Jf

J’" P
€D
>/Suprt corﬂ_rd&_f_mth?ollsm and modulation of activity. C#—Dﬂﬂd"\" "r)

u}‘) /
e
/mﬁ““"’“\ Scaffof%m during embryology.
e\ € —
. Scaffolding: to encourage tHe migration) differentiation \attachment,
& e’ —

e a"’jf
A\ ,(‘,/ i and development of regrowing cells.
g Processes from o
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Perivascular feet from multiple astrocytes cover the'vessel completely.
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Types:

Protoplasmic. /
millimeles

. : N7
e More common in the gray matter—= Sesilagpr I\

J Numero 1ing processes So v Qled & AT CTL
N

(P Butssl

Ldic el GFAP (a protein/ an intermediate filament/ marker for neuroglial origin).
at e ———

T S ey A S
Mai]rftlain = g e d 7

Covering for Ranvier nodes an. BLSH, KT, by,

ol ﬁg (- NT (neurotransmitter) removal. »
dt‘@')\/

pApS " Glia limitans (impermeable).
Y= - .ai';\&\‘“,“,
ZFW/F-))L,\;

@ Oligodendrocyte We  counter part o Dchwann cls n e
a‘ipkry.

Produces CNS myelin. P

) & “ Few processes.
. — "
WD
P 9 CNS in contrast to PNS: ,
XS
B Z e No supporting cells around unmyelinated axons.
¢ e And no BL (basal lamina).

In general(brain has little connective tissue.

AT ?ﬂl?: (fibroblasts) + extracellular matrix (ground substance and
% fibers).

z&‘jf\; ‘J eldated fikers
elasyic fien

Coun  \EAS A O lation qrdd entr Ha Hisiue
) - oot N T G (BN
Origin: monocyte,/
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. Phag yt ) GrCalsW
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/ofgllal cells, higher in inflammation.
—_—— P e —d

Morphology:

Elongated nucleus, less process.

@Ependymal cells
- /}(d Uth neid Y SPval cord .
Localization: line the ventricles and the central canal. filled hJ cst-
— —— —_———

Has the same morphology of the fluid transporting cells like the cells in
thegeqwary gland. S) o( £idrgy

D T5 A eres
G/g o - @ The basal part h rich.in mltggt_mndrlagvz"ﬂ iy

J/ / @V\@ ?Y O/Tightly bound by Junctlonal complexes at th{aplcai surface§)

paaeS—

ol g 3 )\,<§5‘» (zonula occlude re_\,@m— Rluid \QQ—E
) l/v f/ Arranged like eplthellum b e)?ccérnal lamina (unllke epithelium).

of = o
v The apical surface: ha o ovement)amorérsurface
arﬁga) O~ GN\S =S e

Types: special m@ -

ﬁ
I

e Floor Il Yentricle.
>

e Nocilia. -
=== onc oMY
* Long process into the brain parenchyma.

N
& — e\ W blood wvessels r@(l bl/:jj

s ndymal cells and the associated capillaries.
——

Poldey

SF). 4

Perigheral nerves

held together b@

N ibers: the axon on its own or the axon with its associations
— —~———

(Schwann cells, myelin,...). :
L A
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e Surrounds a single axon

° rich in ground substance, poor in fibers).
° is secreted by Schwann cells. ond  nor Y;\orob\o‘gi_ .

—

e (Mast cells and macrophages.\— <
— —
e No blood vesse @
o blood vessefg7diffusiop,
- &% ¢ | Perineurium.
group of axon
< ——

c,r)}[%é'—’t
e Metabolically active diffusion barrier. £S )\Cidf/i/_@v)_))

QJ%") e Surrounds a
e Contribute to the formation@élood nerve bé@ )

° ymphocytes or plasma cells in both the endo and perineurium.

iy v 25| Epineurium

&V-\Z’f/ @ Surrounds the @

Dense irregular connective tissu

o Jfadin large nerves g==—=
(H2g falin large ner \
e Blood vessels inside (alse Y,
= S

c— PR

Organization | Qgan Rt
gl\)g \/gw} oy C«Cf‘l.)’tl.l\iv\/\/ g n 5&:} —
Anatomy [’w“'f

S o
or: chropil (dendrites, axons, synapses, glial
and microvasculature). other part A& neneeil

oS8

ite matter.
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Supex‘pascio«l .

r'c @ molecular

layer U/d)\ yd\\’ﬂaow/\a_b
ﬂ/h JSP’—’

@extemal —
granular layer

Il )external

pyramidai o
celllayer =
7V internal

granular layer

6;) ganglionic

layer (Internal

pyramidal
cells)

-~

- 1) multiform
"ﬁf < (polymorphic)

3
3
/A

cell layer

da & A & deep.

T (3 layer QﬂcerebeI!um Sortex

Golgl cell
basket cell

cerebellar cortex

- molecular layer @

...........................

granule
cell layer

...............
...............

------
..........

cllmblng ﬂbel’ Activate Wing

Purklnje
cell

granule cell mossy fiber



Brom A\
The swsg_mal cord

nside owrside
Gray matter on the esmiske and white matter on the e swilss=tze

Atming H shage there § —ant- h"”’\}m 2O agpear

s
malgang pseudounlpolar ay Columnm.
——

ﬂ"* Ventral motor neurons. alled andi )
Co Iwmh.
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motor widex INES 50 22 Bl

eninges ™ Fl—&ais
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atter:

meChanic| D (97
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e Dense connective tissue.
e a

. , =~ 3273 .
e Continuous with the periosteum in the skull.
—— .
* Separated from the spinal canal by thqepidura! séace) Vel

e Sinuses for draining venous blood.
S Fcdl \/QQA\.Q_S

m+3v ConnelA iy Cavm ey YYabealy

e Arachnoid trabeculae of loose CT.

i ) e Sl
Pfrmj: J,W.:a "¢ Subarachnoic pacCSF

g/zgc}moud
ard Pia matter:

«/( Loose CT)

e Continuous with the perivascular connective tissue.
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