Histology of The
Nervous System




Functions

Response to external and internal changes

Keeps vital conditions within normal range

m Control and integrationﬁa{.-mf,“lses comivg <ither from inside or owrside rhe bofy
< Behavior & personality

This is accomplished by high level analysis &
integration of information




Anatomy
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Introduction

Highly complex, highly organized
10 billion neurons 5 =Syrapee
1000’s connection for each neuron

Chain like arrangement integrated
communications network
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m Elementary circuits may form higher order systemsc

Fine coordination for a definite result —se-<co vy Greais
Ty ST

Syn a pses — %)echbn bLetween 2 newrons or beyween

newran Fhe effector oryan




@ At Fefen')‘( Sema?) Newron —> Rceprion - €ms
@ Efferent-Ceffecror) newron s k. newrow perferming

the function
@lmemwrbv\ ln between Hiw aff. w4 eff-
|/ E: ﬁSS’eS!mcm- ‘makf(g direction 40 +he
Jmpulse aMJ ecid:g what— UP‘ o'f- response
arey mater 1" showlf be perform

white matter dorsal root ganglion

b

Signals one +ransmitizd

,,_..) y in his space
RIS e by already deposived

—>Rs¢$7naph'4 clefr)- .'jwf%m{/m: Her
5%, oL lpedl s Ao ate Radiced previously




Overview

Neural pathways/reflex arcs

Functionally

m Somatic nervous system
o Conscious, voluntary w—):)J;LLpL [glascshl_ i
o From simple to complex résponses

m Autonomous nervous system
o Involuntary

o Control the function of(@nternal organs
In cooperation with the endocrine system

o Smooth muscle, heart, glands, and afferent sensory

o Sympathetic, parasympathetic and enteric — fm%?oau; slpi
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Composition of nerve tissue

NEeUronS—s>Th basi stracture of S nervous Sysrem

Supporting cells (neuroglial cells)— o2 gliad et 5 o
m Oligodendrocytes

m Astrocytes

m Microglia

m Ependymal cells

Peripheral supporting cells

m Schwann cells

m Satellite cells; in the ganglia

Enteric neuroglial cells




Functions of the neuroglial cells

Newons are wry frrvfk clls and Con.fum)iry Jorge ormownnsz

Physical support 7o anw nuzisio, s shouid be supparied physicallyuchomicalt
Isolation, thus rapid transmission
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Regulation of the microenvironment
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Composition of nerve tissue

Vasculature
m Blood-brain barrier —— T newtgla concrirwre he enrire systemn of 228
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The neuron

SEeNsory NeUrons — Feceive the signals
m Impulse from receptors to CNS
m Afferent fibers; somatic and visseral

Motor neurons — FResponse 1 Hhe SHimulus
m Efferent; somatic or visseral

Interneurons
m 99.9% |
m Communicating and integrating




The neuron

The cell body (perikaryon)

Axon _
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s Usually many
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Multipolar neuron — Unipolar neuron

Bipolar neuron . Pseudounipolar neuron

The neuron

Multipolar [__,Comh‘d-ure 99 of newrons —s So the mfﬁ:b of
= Motor neurons and interneurons ':::’,’:';agr
Bipolar

m Rare — Vestibocochlear sysiem ( Cnv/vil) + Redina
m Associated with receptor of special senses

Pseudounipolar

one process

The majority are sensory neurons

Located close to the CNS

Cell bodies in the dorsal root and cranial nerve ganglia

Ls ‘Spinal W’lh?



SENSORY

INTEGRATIVE

po—
J




lare ge weld| - obmda/)cﬂ’ rawnded amg comsrall ly Jocaed rraclens

Ferikaryon
! \L &Ie C))rom,a.l'ln )n ‘+hb hublﬂuf J.f 07£ WMWWW”W D_fFar:eJa}j}H— (/\-U
nuc M om w
" Fomineni fao’je nuctlewlus cir >
el ppive i 55l

C ell b O dy VG rehin mm’ld’"fw \ Pradutkion of ribosomts Phoads,

Proﬂm——Jf (g'«& 2 R ‘bosomus
/J Potein 2 WNerWSJL

Morphology LM and TEM VR ETRern

cha il o me
Aerob energy

Nissl bodies e

m Axon hillock material tronport- 4o axons IG L

= Axonal transport aigﬁ@fﬁ;ﬁ e 5

= Neural stem cells _s Recent srdes i<, |
Gyioplasm. are rich, n ra»yh ER % 60{7. apparatus ﬂmtcf,{j'f,’f,‘f

Cf_,.muu—ft' [g«ll-cs’\f?bo-fomu-/’ ER N3z e
light MICfbj‘Cpre I & bodier SCZ b tytoplasm
Nessel bodies G—v

Orjaﬂ&”(f_chz_,_/ ol (_j
,_J.\lpo-» 0) |_¢

aW esJf (_S'\Dn/ﬂuju
;}M o N CU 0))6#




Dendrites and axons

Dendrites

m Greater diameter than axons
s Unmyelinated J—aﬁ@; %

m Usually tapered .
m Extensive arborization (dendritic tree)
n

Similar cytoplasmic composition with the perikaryon
(with the exception of Golgi)

'ﬂ

Ls while agons are dowerd o f a agm’wflc’r




Dendrites and axons

AXoNs

= Only one

m May be extremely long

u Branching —> Iimited m/ufru\ﬂyfn Hu distal pard near Hw effector ovgan

m Originate from the axon hillock
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Synapses

Axodendritic &
m Dendritic spines/memory

Axosomatic S—
AXxoaxonic

e e
r—’ Cdl cde rmsltiple Snopss df.,z_gi)lz
Boutons en passant (buttons in passing)
Bouton terminal (terminal bouton/end bulb)

From few to tens of thousands
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Syn ap SCS (\ Chemicad Syrapses ~—Le < g/T{ =P
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Chemical synapse »Cj;rl’;et;’a'”‘—;)
m Presynaptic membrane
m Synaptic space
m Postsynaptic membrane
m neurotransmitter A

Electrical synapses

m In invertebrates <L Zaun

m Gap junctions

® Mammalian equivalent: smooth and cardiac muscle
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The neuroglia

Oligodendrocytes
Astrocytes

Central : Microglia

Ependymal cells

Peripheral —s found in rerihural gomgha
m Schwann cells — Beduce myelin

m Satellite cells

m Others

o Terminal neuroglia (teloglia) in the motor end plate
o Enteric neuroglia

o MUller’s cells in the retina




- Schwann cells

ra-r)ﬁ. HANSCpHon 9% "’h:;c 'fhad-al X
Neural crest/SOX-10 #us giznsion of newred e

Produce myelin sheath 4 Isobtion of +he axons from each othur

In both myelinated and unmyelinated axons

Rapped concentrically around the axon — ¥ e s
The node of Ranvier/the internodal segment

Unmyelinated axons
m Also enveloped by schwann cells '/;_1

Ihiertodal segment —The spate betwen 2 Nodes of Ranvier

1 SCI;-\;MGMM el






file:///G:/General%20Histology/www.usc.edu/hsc/dental/ghisto/nerv/c_20.html

Satellite cells

Gy matterbocdl Sl

_ —  (Gangla) pvs o
Complete layer around the perikaryon

Processes penetrate between them

Electrical insulation and controlled
microenvironment
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> Tetent around the cll bedies in s digessive sysrem
Enteric neuroglial cells

Morphologically and functionally identical to
astrocytes
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Astrocytes

The largest

Support, control of metabolism and modulation of
activity

Scaffolding during embryology— "™ /= e = bld

0’60/4/0)9'3%)'_)'.:'!.":";
Processes from vessel to neuron — Inrerphase () begween

e vesrels omd numrons
Types

m Protoplasmic

o More common in the gray matter
o Numerous short branching processes
m Fibrous
o Common in the white matter
o Relatively straight with fewer processes
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Astrocytes

— Inieriediate filamens—
GFAP > Glial fibrillasy acidhc Protein
Maintain the BBB

Covering for Ranvier nodes and synapses .
NT removal

Glia limitans (impermeable)

L—) Gl P)’d[&ffe.{' o1£ afh’a%ief extend from e ovterinosi
Swifae of Cus to pla madder (rearesi srructure +» cNs)




Oligodendrocyte

Produces CNS myelin

Few processes —>The unnye/:'nowo' aons are alto surrownded by
CNS in contrast to PNS S¥wan cis

Q- No supporting cells around unmyelinated axons
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Microglia

Orlg N —> Hematopoietic System “mesoderin rot ectuderm as oter neavens’
Phagocytic
5% of glial cells

Morphology s Elumgared
EE/OWW Nuclens
Has cell proceises
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Ependymal cells

Venir:cles

Localization —s g the cavivier or Spaces of he chs {1 conaf of

Spinal Cafal

Morphology of the fluid transporting cells

Tightly bound by junctional complexes at the
apical surfaces

Lack external lamina (unlike epithelium)

The'basal cell surface<»F7ih in YU (BT Cale Nl
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Ependymal cells
/ewatyPe of epin mal cells
Tanycytes éy
m Floor of III ventricle
m No cilia
m Long process into the brain parenchyma

Choroid plexus

= Modified ependymal cells and the associated capillaries

dqara:J plewus is closely ly related
wrth capfllary Strucinres




Peripheral nerves

Nerve fibers held together by CT

Endoneurium

m Loose CT

m Secreted by Schwann cells
m Mast cells and macrophages

Perineurium
m Metabolically active diffusion barrier«
m Contribute to the formation of blood nerve barrierat

m No lymphocytes or plasma cells in both the endo and «
perineurium

The newron itself can be eath .
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Epineurium

m Fat in large nerves
m Blood vessels inside



Organiz ation

Anatomy
Gray matter —s ¢l Lodres of Fhe newrons — m%ﬁ/ Present
= Neuropil s —
White matter inside_ CN§ oufside CNS
L Newronad oons ( Frbers) { 7

Nucleus Ga{tgh'ow
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IV internal
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cerebellar cortex
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The spinal cord

Overview
Ventral motor neurons
Dorsal root ganglia/sensory neurons

/ dorsal roots \é

Lateral column

¥ Posterior TN TN ) ) T
root ! *2 I

Spinal Y:
i ) &

_Spinal
nerve

"Posterior :
division VF




Meninges

Dura matter -»uv»
m Dense connective tissue

m Continuous with the periosteum
m Sinuses — venour Sinuses

AraChnO|d {\’WI.WS cavities
m Arachnoid trabeculae of loose CT

m Subarachnoid space/CSF
——"

Pia matter Condains
m Loose CT

m Continuous with the perivascular connective tissue
bradn 01 1,4 Bs goomdilo LT




skull

dura mater
arachnoid

subarachnoid
space

pia mater —

cerebral
cortex




2 Galea aponeurotica
= Pericranium

Cranial bone

Arachnoid
P mater

Confoins

Superior sagittal sinus S



