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Overview

 The nervous system is the system that controls the various
functions of the body by the means of electrical impulses.
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Fig.1: Divisions of the nervous system.




The Central Nervous System .

Telencephalon
(cerebral hemisphere)

Diencephalon

- %9/"

J~ineurons) and supporting cells ‘ o

MM*‘ sp\héo( dv‘(c‘/( =d Brain | Pons _ (<
stem Cerebellum
=\ Well protected [within the skull and " | veus_ )

vertebral column. Sv&s g

Spinal cord

° . — . — 5
= Functions: (s SPpes) TN o by &\fA R
1. Initiates motor commands (movement and
secretions). e 2 AN\

2. Receives and perceives sensory information.

Responsible for our emotions, personality,
behavior, memory and others. XM\ ¥ &= - f=%
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g““()r\oﬁ Fig.2: The central nervous system. 3




The Peripheral Nervous System (PNS)

m Formed of the peripheral ner&@(cranial and spinal), the

¥ nglia, and the sensory receptors. - ) . - §
(3 ga glia, 2 d the sensory recep ors AR iig g
NI E= IO C .

Cf\Jg = §—.J\-e(_]

. .
km; The nerves may beCsensory) (carr\ﬁry(Jﬂﬂwmfwg\srwmanon t6"CNS) or
A E@Fy orders from the CNS)

= Ganglia are collection of neurons «Qutside> the central
nervous system.

= Sensory receptors are parts of neurons or specialized
structures that can detect changes in the internal or
external environment./(The skin, for example, contains
several types of receptors that detect pain, touch and hea’Q




= Functionally, the PNS can be divided into:

4\:—'—5 g_s\s\_>
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= Somatic part: connected to @@@ and the
@ We are fully“conscious) of this part. Our

) fvoluntary movements and our sensation ofrpain and@ouch
are controlled by this part.

%\A \> \,\O&<N

i/)Autonomic Nervous System: this part usually operates
e W|thout consciousmcontrel, as it controls . aII of our

M-
> involuntary actions; like our heart rate, resplratorv rate and

blood pressure.

@J@vm

¥ Enteric part: controls the secretions and movements of the
various parts of the digestive system tnconsciously:

g_\




Histology Of The Nervous System

= The nervous tissue is formed of twa types of cells:

&
@_) The nerve cell — Neurons

™
@7 Supporting cells —Neuroglia or Glia cells

= In the nervous tissue, there is

= The space between the cells id filled with neuro;ﬂ whichj

formed of the processes of'both neurons‘and glia'cells'and
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%‘el/ body: (<oma)

— Wisslbodies formed of rough endoplasmic reticulum)r&ﬁre\g
ribosomes for protein synthesis.
~ — @urofilaments}give cell shape and support

;z&\* Cell processes = dendrites & axons

e Mature neuronw A damaged neuron canpot be

repaired and is replaced by fibrous tissue.

(Pibrous ) @l o Wi’ 2N, V8 = $N e b

X esue
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Fig.3: The neuron and its parts.




Dendrites Axon
1 | Mostly multiple branches | A Single branch
\ 2 | Usually short Usually the LQWS
W) called.nerve fiber .
. = 3 \JVB/] - |~ V-
.\Sl - <y
. Taper as they extend away : : & ae
3 trom cell body o >3€ s | Has a fixed diameter o e
¥ =Tdoss
* No branches near cell body —
4 | Branch profusely = (Collateral branches along course g‘f
240, e FEWNed » Terminal branches B0y
c Not covered by a myelin Some are covered by a myelin
sheath sheath
5 Conduct impulse towards Conducts impulse away from cell
cellbody  “A=H&®D | pody Yl TEL
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Glia cells\

\@>9F > A o—e (PL;
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Location Cell Function
| R\ A e * Part of blood-brain barrier &5¢)
o By Y3 &}{T?\ \f*d"‘/"‘Astrocytes . Provide@iri_enﬁ\for neurons»?;}};‘\
I S i é\ * Form scar tis§ue afteri\nwry\eﬁ@;g&;})w
CNS) | Oligodendrocytes | @ormummyelinisheath ..~ 2
PR ‘9’\%5'\5—:5 =1 Microglia ceIIsu\_ Defense (by phagocytosi%m@‘bt‘ﬁ'
éé\;a“*b) i n0R> e Epeﬁ%lﬁy;?ngeivl}\cfeTI?3 Line _cmk/f/tji\gs,

aren

PNS

MN~e

Schwann cells

(Neurolemmocytes)

YRR P
Form myelin sheath}4 7l 2o\ ves
—— .N\;/

w\&\ \/Q}y ’5)9'9))&

|

o0 o\\\{q N =~esly

Satellite cells

Support neurons in dorsal root
ganglia \(2 Sy Jasl) oL
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Myelination {4
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* The process by which W is surrounded by multiple

layer of cell membrane (myelin sheath)
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Myelin sheath

U NS 23X\

Done by
Schwann cells

Done by
oligodendrocyte

> jo®dom YOSy

— Neurolemmocyte
~—  nucleus

y

' The entire cell
wraps around
the axon

The process of the
cell wraps around
the axon

Unmyelinated\

axon

Neurolemmocyte
nucleus
) |
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Histology of a né
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» Nerve: a group of bundles of nerve fibers;and their covering

kNS
—

> The'Wholenerve is e
rounded by the (Endoneuriumy @%
My 13]03& Wl/&a P ’ﬁs

epineurium.— WS sl e

» — (S surrounded) - Pef'"eUflum

by the perineurium, which iEp'”eyi”m)"(

forms a blood-nerve barrier. |==/\ -
oAy S

surrounded by myelin

\0 7;/‘,_
sheath and an areolar \'" 7
— J~e =
ionnectlve tlssue) Ny
’a)9))\}0’7"’
ndoneurium. o

Fig.4: Peripheral nerve and its covering layers.
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The Central Nervous System -
The Brain

It’s covered by protective layers called the meninges. W,
e —— e ——— -

The brain is formed of:* 5{"’"%‘

The Cerebrum | A }f\ﬁ@ -
A

The Diencephalon /% 2/' - Ce.-eb,a{ambm)

The Cerebellum V7 s d B hemisphere
The Brainstem _—

e
Fig.5: Parts of the brain. \'}“ﬂ;?i«é\

Diencephalon -

)5 Al e
Cerebellum-

rain stem

e Midbrain

* Pons

* Medulla oblongata
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Ventricu‘lar System .C(SF)‘{‘;)\?\;,\\&\_)\,AV,}J wa\&»’
Lot 50 N e E?C":At\““) Y

> the different parts of the brain
lined by ependymal cells and filled with cerebrospinal fluid.

< ) - 9” A
”j\/:j )J\‘W\ g\/@/K Qateraliventricles /\f —

y 7 4 , Interventricular foramen

m ventricle

\

- ) Cerebral aqueduct

Fourth \ventricle

Central canal

(lateral view) (anterior view)

Fig.6: Ventricles of the brain. 14
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X Cranlal meninges

AP 2)0 \o3 WD) 25 SHwiss 3
Dura mater: Separated from the skull
bones by the epidural space.(The(venous sinuses of the @are

located within the dura mater. | B s pee e v o Oy g o gy Ve B
(U‘?A‘d\pd/ &J\ o \0¥) /\/J;}Ns\\\ eY\ g;ﬁ\?\;} O::q‘,)\NW
2. Arachnoid mater (Ehethinmiddlellayer Separated fromjthe dura

y the subdural space) Beneath the arachnoid, we have the large J
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3. Pia mater_ Directly covers the brain:}
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Fig.7: The cranial meninges. "
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The Cerebrospinal Fluid (CSF)
aﬁzj\ oDy, 'Zbﬁ\@ﬁ\; &\JSQ\_)\ D

L,){:'l—\\ Z\}d\’
+ Clear fluid:
* Circulates through cavities in the brain (ventricles) and

~ subarachnoid space.
&> Functions:

1. _Absorbs 5@ and protects the brain and the spinal
cord.

-

2. Helps transport nutrients and wastes between the
blood and the nervous tissue. =<\ v =%, oy W
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The Blood-Brain Barrier (@@@)rﬁw\i
S

* This include a number of structures that control the passage
of substances(from blood/to the nervous tissue to protect it

against harmful agents.

Wb Jmotion
» [t’s formed of: M

Sypi Qg2 = Ve f\j)ym, *
1) Endothelium of capillaries ‘

Basal lamina

Lﬁh‘(ﬂ( ]

: YT ZQ\Q\‘
o) Pericytes: cells present | | A= T, £33 Serneuion
around the capillaries Cla ‘ ron Ny \ S
. . ¥ ) Sncion rocyte
beneath its basal lamina s ‘:?wa,,, A=, sqn@es
. - . ) ! J g N p’_{‘)
3) Basal lamina - v e . : e,

4y ( Processes\of astrocytes
By MmN B, By
PN e e

Fig.8: The blood-brain barrier. Y o ﬂ){t »,,-.'.é}\
22N

17



.
The cerebrum | Fig.9: The Cerebrum (lateral view).

Frontal lobe
é/ Zé\ §’\ 5%\ )\HO\

* All motor commands issue Parietal lobe
)

from the cerebrum. All

sensations are perceived » ¢ [

here. In addition, this part s

Dis responsible for » v

- PRSI :
emotions, ehaV|or and  Temporal lobe

Feorie w,e\(
lw&jng_w@

{/ 3 W f?”"h\% b <
(® The cerebrum is the largq[st part of the brain. It’s formed of two
parts (—) each of which is formed of four lobes:

frontal lobe, parietal lobe, temporal lobe, and occipital lobe.
Olt’s characterized by@ presence of fissures called sulc)%nd

g protrusions called gvrl) (Fig. ll)ghe cavity within it 1s the lateral
wcle .

A (RO \)\»Jf
g 5% gart Ml 3\99\005\/ *’f\ = U\P\;) N RS\ e s
Z/a

Occipital lobe




N Th@ﬁer&of the cerebrum is called the cerebral cortex. It’s
formed mainly of the body of neurons and therefore it’s called

the gray matter. Deep to jt) we have the white matter, formed
) oo § -
mainly of nerve fibers. ¢

&f}\éw\'OA\i\'- \,/0\:0\/—{;
= In the spinal cord, the arrangementiis reversed.’= =v=. g <

Frontal plane . T \I’ /—}\\\
through brain — o YL ] )
P \/\ /"/’i\ \
»ai=)l  Gray Matter White Matter \ \
A h - . »
OlgSall  dppac LS pluxi (0shlalU dblow) dumac LI ' h " . \ / \
ool soloy b )
flowll (5 gdsall  dymylsl diyhall { /\
- ‘ : -
Seadl gsdll S gdsall duzr )3 -“‘\*\-« _4 Transverse / R\\ /
- plane / - 4
* through (’h g
spinal * ! /
¢ '
\ p———— \/‘“"““ ,k )v'
QR
{ =
~N ‘\_/j L -

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

Fig.10: The arrangement of the gray and white
matter in the cerebrum and spinal cord.




Fig.11*: Important Sulci and Gyri: —
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cortex —
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recentral sulcus

Precentral gyrus — main
moltor a
Central sulcus (green)

Postcentral gyrus=

main sensory area
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The Diencephalon

TAD 50 (o s eV R G

m It's formed of the:

ANA
1. Thalamus

XN
2. Hypothalamus

D\ p0
3. Epitha\ﬁarﬁus

Fig.12: The location and parts
of the diencephalon.




Thalamus

NS O, W 325 S

f,\,ﬁ‘\ﬂh’a\ &

Main Function

Relay station for most sensation

&/

Hypothalamus

N

1. Controls hormone secretions of all
endocrine glands in the body

2. Control body temperature

3. Control eating and drinking

Pineal gland of |Secrete melatonin hormone which
the epithalamus | regulates diurnal (day-night) cycles \
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Thalamus Olwluwsyl Ju>y5 doao
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The Cerebellum

On each side of the vermis

ave the expanded (cerebellar

e The cerebellum is located

@ The function of the cerebellum is
Qthe coordination of movement and
(Cthe maintaining of balance.

1

CEREBELLA
HEMISPHER

{
[‘\“ R
R 8
E |

B \ \\\—\t /) :
\ 3 - -

%9 Ny ot POSTERIOR
\ﬁ\é\ = 4th ventricle

Gray matter

White
matter

Fig.13: The cerebellum.
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The Brainstem 22\

v
v Formed of 3 parts o e NS oy
st Midbrain (MB) — ,, # yh O

(A\ : — connect several parts /ﬁ)
0 the CNS together.

Contains respiratory centers.

\ - A
A= 2% CMedulla oblongata L &7 v/

v The brainstem contains several
important <ontrol centers- and
the attachment of several cranial
nerves.

/o . .
v Also in the brainstem is the

(Reticular Formation> which is

related to \conscioushess and
muscle tone.

A\ o= Vo=
| S et PN
_ A\ ~0 - i
a@l\ ,\}\P | o \ ./} Ké§>\/\lg 0\)5)
_QW —

Fig.14: Location and parts
of the brainstem.




cefrlon

The Midbrain <7

wict \;retiv\)\w 2 é@;,\p 2\Jo } (,5('>\\DJ§ {‘
*

. e \ \’ I
A e fw\m&i:i\\; e
( Cerebral
aqueduct

Fig.15: Section through the midbrain.

9 (\m"&smﬁiﬂ, g

- { o Lo
SO Ushigon e G
)

(g S s SN CP® >

<Mesencephalic nucleug — contains

-k pseudounipolar neurons that carry

sensations from the face. The only
place in th@with such neurons; all

other pseudounipolar neurons are
located in(eripheral ganglia. )

Q\) _5_)\ e
Substantia nigra — neurons here

release Dopmaﬁfe\ ang: is involved in

@,1 J/)wu _) muscular activity. Lesion in this area is
A : 1ty

associated with®Parkinson’s disease.)
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N g2 deveeh
The Medulla Oblongatat’ & =
2o, @ @°
v Contains important control centers:
Cardiovascular center . ¢ (s ot e
Respiratory center. =\ s

g o PR 5
i
v Anteriorly, near the midline, are the pyramids

which are formed by the descending moto :\:i&;
tracts (group of nerve fibers in the CNS). e

v At a certain point in the medulla, the majority
of the fibers in these tracts will cross to the
opposite side forming the decussatlon of the

pyramid..- " "% SV go g S 20

@ This is why,each half of the brain controls the
opposite side of the body.

\ \

Fig.16: The medulla oblongata.
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The Central Nervous System -
The Spinal Cord

 Agrayish-white cylindrical structure.

L%Y\ \f@\\\ Zuah

Starts at the foramen magnum and ends

at Iower border of(L1 in adults In children,
it ends at'L3} Y

(sl ) grgeshy p0dy
(¢ Protected by the vertebral column and the

ree layersof meninges.. /+"

(\Do\
 The ) will continue after the
termination of the spinal cord as a thin

thread called thelfilum terminale.,
o N

Eight cervical
segments

Twelve
thoracic
segments

Five lumbar
segments

|
Five sacral | |
segments | \7

One coccygeal
segment

V,
S5 HJ&:,_/“;

Z\(}»\\'a\,u\,\ \Sa\\;

Fig.17: The spinal cord.

Posterior
median sulcus

Cervical enlargement

Lumbar enlargement (L1-S3)

Conus medullaris

[T ——Filum terminale

12
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External features of the spinal cord

C g
* It has@enlargements: cervical and lumbar. The

* The terminal part of the spinal cord is cone shaped and

. =
called the Conus medullarb
Y/
Q@S\«W ﬂ/)u@\ S o\\f”\TJ\ C\’M@\ Fig.18: The conus
medullaris.
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m The nerves pass laterally to exit

élccﬁ)Wv sl g Ruaet u\y}fﬁ

+ The spinal cord is divided into segments:@8 Cervical, 12
(Thoeracic, GV Lumbar, (57Sacral and @I Coceygeal. From each

segment arises a pair of spinal nerves. Thus, we have a total

~of 31 pairs of spinal nerves. ~
e ‘&
g \))ﬁ\rﬁ\f} d @‘

\( - Pal
the vertebral column.[The spinal \?@ o=t
. . - ) i)} '
cord 1s shorter than the spine. | X be@\
Therefore the lower nerves must ; &5\ =4l
. U OX. )
pass down for a distance before| .o v &

exiting. These will form

structure diKeWaWwisSpof Whair

around the filum terminale
called the’'Cauda Equina.

Spinal cord

Filum terminale

Sa O\ W) E@\ »o
&\}CN\/QQ\ (f?” O%D Q/L/‘

Fig.19: The cauda equina.
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Internal features of the spinal cord

— Central canal

~ ’g//s \,.q >
\ N 1

caody [ Dorsal (posterior) column

I Y / &
&’ 5™ White ==
RS matter Ventral (anterior) column
ST oSpsa—=

Lateradl column

Dorsal root Y

Dorsal root k\ a '

ganglion NQL" < |
/ 4

> '

[ matter

Spinal

e Y # Rootlets

Fig.20*: Cross section through the spinal cord showing
important internal features.




The Peripheral Nervous System =

The

Cranial Nerves

{\»\\

Cranial Nerve Main Functions !
U= Olfactory Olfaction (Smelling) R ot
SE N T Optic Vision — e
se= 97 ) = Oculomotor . o SE

> D Supplies extrinsic muscles of eye SR
T | IV - Trochlear
. . A\r——\\\3 ?J\j @5)\ == \
NS s V — Triceminal 1. Carries sensation from face Ly
2 2. Supplies muscles of rpist/lc_aLQn
w0 205 00 y| — Abducent Supplies extrinsic muscles of eye |« v
. N
w\»\l ”
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Cranial Nerve Main Functions

1.

VIl — Facial

g . Shes )
Supplies muscles of faual}P -

expression e
. . ¢ ’
Carries taste sensations from | ..~
. N\
anterior 2/3 of tongue S

2= 5\

VIII - Vestibulocochlear

N

Hearing and equilibrium § o> 2

1. Supplies some muscles} 7=
IX - Glossopharyngeal 2. Carries taste sensation from| o7
posterior 1/3 of tongue @)i\\j\:
1. Supplies various muscles
X —Vagus 2. Carries various sensation
3. Suppliesinternal organs

Xl — Accessory

Supplies the sternocleidomastoid and
trapezius muscles VQ&;,»@\

XIl — Hypoglossal

Supplies all muscles of the tongue

(EsceptpastogosE), -
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i ¢ : ’ — Olfactory
Fig.21: The cranial / N |

Zam N ! 4 ~ o0 ) e oas D
nerves. < T |
G e o T2 | Oculomotor
f/ / - ; N 05 AS O
ST RPNl ¢ _ }
& © i ' | | Trochlear
" - ~— e,
S A VL B Y/ / ——— \
Trigeminal -

4 Facial
DG W 205 Sfjas R
s Re "
Abducent ‘ PNy
) Vestibulocochlear
- AN S
Hypoglossal [
YPos Glossopharyngeal
g, «c/Qz\\ > (& par JR)ANSN xay
- ~NT
Accfe s ;:,r,y . J £ Vagus
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The Peripheral Nervous System -

The Spinal Nerves

of mied e (RN | GRS
A spinal nerve gives of: anterior ramus and

}ZO teior ramus. Anterior rami of spinal nerves are usually arranged m}

roups called plexuses.

s pnerist (Rang, Plexus Main Branches

(G ABS (s g Cervical Phrenic

Rlexuss I \pt S0

Brachial Axillary, Musculocutaneous, Radial, Median,
L Reshr i Rin N achia Ulnar

V-
.33\%\ ”\217 @QQ)\ o

Lumbar Obturator, Femoral

Sacral Sciatic (_)
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