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PHYSIOLOGY

FACULTY OF PHARMACEUTICAL SCIENCES
DR. AMJAAD ZUHIER ALROSAN .

LECTURE 3, PART (2): INTRODUCTION OF THE NERVOUS SYSTEM




Objectives

1. Discuss central nervous system (CNS) as
well as peripheral nervous system (PNS).

2. Describe functions of the nervous system.

3. Explore classification of neurons.
(Pages 400- 408 of the reference)
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12 Cranial Nerves

olfactory optic

smell vision
oculomotor trochlear
eye movement and eye movement
pupil reflex

trigeminal

abducens
eye movement

face sensation and
chewing

facial vestibulocochlear
fac:tmc;vement hearing and balance
ana taste

glossopharyngeal

vagus
movement, sensation,
and abdominal organs

throat sensation, taste,
and swallowing

accessory hypoglossal
neck movement movement, sensation,
and abdominal organs
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Nervous System.

Spina

Nerve Function

Every Cell of Your Body Has a Nerve Component

, VERTEBRAL LEVEL

NERVE

ROOT* |

Cl

POSSIBI.E SYM PTOMS

Intracranial Blood Vessels

Headaches * Migraine Headaches

=Sl =
c2 = Eyes * Lacrimal Gland = Dizziness * Sinus Problems
cala = Parotid Gland * Scalp = Allergies = Head Colds - Fatigue
c3 » Base of Skull * Neck *Vision Problems = Runny Nose
=B Cc4 Muscles = Diaphragm * Sore Throat = Stiff Neck
C4 . - - i
Cs * Neck Muscles * Shoulders Cough  Croup =~Arm Pain
C5:—— cé e Elbows * Arms * Wrists * Hand and Finger Numbness
c6 —— 7 | Hands - Fingers  Esopha- | or Tingling = Asthma = Heart
- c8 sUsi=Hesrtc = Lings ~ Chest | . Eonditionis~ High Blood Pressure
TI
b [N Arms * Esophagus Wrist, Hand and Finger
- * Heart = Lungs = Chest Numbness or Pain = Middle Back
s * Larynx = Trachea Pain = Congestion = Difficulty
IS, S
v T4 Breathing = Asthma = High Blood
s—1J TS5 Gallbladder = Liver Pressure * Heart Conditions
= Té = Diaphragm = Stomach * Bronchitis * Pneumonia
T 1; = Pancreas * Spleen » Gallbladder Conditions
T8 —— 19 |® Kidneys < Small Intestine | « Jaundice * Liver Conditions
T —— 10 |*Appendix * Adrenals » Stomach Problems = Ulcers
TIO -
T11 [Small Intestines = Colon = Gastritis * Kidney Problems
T * Uterus
= TI2 |Uterus = Colon = Buttocks
o =] LI
i% Large Intestines Constipation * Colitis * Diarrhea
= > Buttocks * Groin < Gas Pain - Irritable Bowel
e L3 = Reproductive Organs * Bladder Problems = Menstrual
L4 = Colon * Thighs * Knees Problems * Low Back Pain
T e S i * Legs * Feet * Pain or Numbness in Legs

Constipation » Diarrhea * Bladder

Problems « Menstrual Problems

= Lower Back Pain * Pain or
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Spinal Nerves

31 Pairs of spinal nerves

+ Named & numbered by the

cord level of their origin

— 8 pairs of cervical nerves
(C1 to C8)

— 12 pars of thoracic nerves
CELAD~T12)

— 5 pairs of lumbar nerves
(L.1:10.L5)

— 5 pairs of sacral nerves
(S1 to S5)

— 1 pair of coccygeal nerves
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NERVOUS SYSTEM
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It consists of central nervous system (CNS)

and peripheral nervous system (PNS).

The CNS consists of brain (85 billion

neurons) and spinal cord (100 million

neurons J ) o .(neurons) &uoe dds yLls 85 Lyyai «.é :(Brain) ¢ Ll

The”PNS consists of all nervous tissue
outside the CNS, which include nerves,

ganglia, enteric plexuses, and sensory

Syl el jlgadl
receptors. S el S
el 3l s dadll dxuddl IS Jadng

Cranial nerves

Peripheral
Nervous
System

Autonomic nervous
system ganglia
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Spinal nerves

Brain |

Central
Nervous
System




PERIPHERAL NERVOUS SYSTEM

1. Nerve is a bundle of hundreds to thousands of axons plus associated
connective tissue and blood vessels that lies outside the brain and spinal cord

¢ Landl ¢

. : ozl . (Sodl Sl e gl
(i.e., éFafital nerves emerge from the brain and spinial heives emerge from the

spinal cord). | - Nerve (oo
dges degl + alo zwd + (aX0NS) dasll yolall B ol Sl o degana

2. Ganglia are small masses of nervous tissue, that are located outside of the

brain and spinal cord. Ganglia (&ac sic):

SSoddl Jeadly glodl )3 ol seasll gl o Bigo VS

3. _Enteric plexuses are extensive networks of neurons located in the walls of
@s of the gastrointestinal tract (regulating the digestive system).

S el Sledl e pe Uosue (GIT) dasgl sl Jha J5b olacil pe il

4. Sensory receptor refers to a structure of the nervous system that monitors

changes in the external or internal environment. Sl e s s

(Lo ol (NSt




PERIPHERAL NERVOUS SYSTEM
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Somatic nervous system (SNS) suwsil osll 5l

Autonomic nervous system (ANS) ! orasll Sl

Enteric nervous system (ENS) .gsaal sl e




SOMATIC NERVOUS SYSTEM (SNS) (CONSCIOUSLY

CONTROLLED)
tole gsio (Al byl o = gawadl  swasll jlgl)

1. Sensory neurons that convey information to CNS from
somatic receptors in the head, body wall, and limbs and
from receptors for the special senses of vision, hearing,
taste, and smell. 1 Jolally odaslly sl 5 Lol SMdtuall o Sloglaall i
T Joduall Slgadl lin soy Jew laiedl jusy Joii W o . CNS JI

2. Motor neurons that conduct impulses from the CNS to

skeletal muscles only. S @l Sl 1 CNS Il e salgdl Jas
la ¢ dy=d ylie .(skeletal muscles)




AUTONOMIC NERVOUS SYSTEM (ANS) (INVOLUNTARY)

1. Sensory neurons that convey information to CNS from
autonomic sensory receptors, located primarily in
visceral organs such as the stomach and lungs.

Hos b sy dals ¢ S .CNS JI JI ((odslly damall é_)) A1l claoedl o Olglal 1455

2. Motor neurons that conduct nerve impulses from the

CNS to smooth muscle, cardiac muscle, and 2 lands.
saally (cardiac muscle) (il dlocy (smooth muscles) cluldl OMosll JI CNS I oo salgl Jasys

L oo Lded pudig ANS 1 o Siodl ejall .(glands)

Note: The motor part of the ANS consists of two branches,
the sympathetic division and the parasympathetic

e __o o SYMPATHETIC DIVISION - ¢gliaud! lgad! (Ioia, PARASYMPATHETIC DIVISION = ¢gluaws!yWI jlgd
division. : o '
FIGHT OR FLIGHT) buid <l o &l b Jleds (oS (el sl g d>ly9 cgsa, REST AND DIGEST)




ENTERIC NERVOUS SYSTEM (ENS) (THE BRAIN OF THE

' GUT) (INVOLUNTARY)

1. Sensory neurons of the ENS monitor chemical changes
within the GI tract as well as the stretching of its walls.

2. Motor neurons govern contractions of GI tract smooth
muscle to propel food through the GI tract, secretions of GI
tract organs (such as acid from the stomach and hormones
from GI tract endocrine cells). |
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FUNCTIONS OF THE NERVOUS SYSTEM

Sensory function (detecting internal stimuli or external stimuli
through cranial and spinal nerves).

\

Integrative function (analyzing sensory information and
making decisions for appropriate responses).

Motor function (eliciting an appropriate motor response by
activating effectors (muscles and glands) through cranial and spinal
nerves).

(RESPONSE) =8 sy sweu ;ylice (EFFECTORS) sasl ol OMasll I



NERVOUS TISSUE

ACTION & e dawasll Olyladl 143 ‘
w2 Jlusyle (lsall 301 (5 Sadl olusPl Jio wondl jlgod) dwsludl AUl e &g fuall LW o
(J=28 39¢>) POTENTIALS i " i

Neurons (provide most of the unique functions of the nervous
system, such as sensing as they connect all regions of the body to
the brain and spinal cord). No ability to undergo dividing
throughout an individual’s lifetime. & its 858 Job Ololuaid posi ¥ g

. OUguosnll by pcs ygs ANTERSTITIAL FLUID JI 3 daoll &l Ll Bélo
Neuroglia (support and protect neurons, and maintain the

. . . . ISy Sl o ST lassce
interstitial fluid that bathes them) (they sutnumber ‘netrons). It

has a continuous ability to divide throughout an individual’s
lifetime. Ll Bl J¥5- ylsazaly pudsy SIS @] Szt




The neuron has the
ability to respond to a Neu ron

stimulus and convert it call Badiy
into an action potential
(nerve impulses).

; _ ' " — Axon hillock Synaptic terminals
The cell body contains NG e A
) — R CELL BODY (&l puws):
free ribosomes anfi YN 0o spparas (515a1) NUCLEUS J1 e goion
rough endoplasmic retiouium /' | ROUGH ENDOPLASMICs

Mitochondrion \ Dendrite da3Myoail didl) RETICULUM

/ mDendritic branches 2R TR uﬂ (dusd

"\ Baga

reticulum for
synthesizing new
proteins. .




The dendrites (like
little trees) are the
receiving or input

portions of a neuron

because they contain
numerous receptor sites
for binding chemical
messengers from other
cells.

Neuron

Cell body
Telodendria
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The single axon (long
and thin projection) of a
neuron propagates
nerve impulses toward
another  neuron, a
muscle fiber, or a gland
cell.

The axon ends by
dividing into many fine
processes called axon
terminals.

Cell body

Endoplasmic
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SYNAPSE

ol Ll

= Synapse is the site  of
communication between two
neurons or between a neuron and

an effector cell. s oseee s> vn Jlaidl s s
Apsifilne Bls s dnoe &l oy
= Some axon terminals swell into

bulb-shaped  structures  called

. b OGS g Motor
synaptic end bulbs, *=5%!#oonises O

&Llgd!) SYNAPTIC END BULBS ol plato
= Synaptic end bulbs contain many

tiny  membrane-enclosed  sacs
called synaptic vesicles that store a
chemical called a neurotransmitter.

JsLI1) NEUROTRANSMITTER Lgaws! &5LasS 83lo (35 (SYNAPTIC VESICLES) 650 OMoug> ed Ol Layl gla

Sarcolemma —
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Action potential

= Axon terminal

Nerve impulse

Synaptic vesicle
containing

Synaptic

. end bulb
> Synaptic cleft

(space)



SYNAPSE

» Neurotransmitter is a molecule MNeurotransmitter

released from a synaptic vesicle to \ . Neurotransmitter
excite or inhibit another neuron, Synaptic 4 transporter  Axon
muscle fiber, or gland cell. vesicle terminal

AXON JI dslgd (ACTION POTENTIAL) dyLasyll Jogs W

Violtage- T
| gated Ca™ i o
u Many neurons” ‘have tivo—or: éven channel .' I S}rnaF]ti{

hree types of neurotransmitters, Postsynaptic !jr ¢ ? 'H'—He-:eptc-r cleft
each with different effects on the density
postsynaptic cell.
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CLASSIFICATION OF NEURONS

D
1. Structural Classification (according to the number of
processes extending from the cell body). <! e« o2 Sl s s

*< 0‘ “ ’9 ’“‘ g ° ) ° . . . .
2. Functional Classification (according to the direction in
which the nerve impulse (action potential) is conveyed

with respect to the CINS). NS 1 auat s)tgr Jlasl ool s



STRUCTURAL CLASSIFICATION

LJ Bipolar neuron EJ Unipolar neuron EJ Muttipolar neuron
Bpcdiar neurons have Unipolar newons have a Multtipolar naurons have
WO procasses single elongated process, more than two processes:;
separatad by the ceall with the cdl body located there is a single axon and
body. off 1o the side. muitiple dendrnites,

a \ ‘( y
' Indtial
\ Axon
N\

i

/ < l E e Axon ',/"
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STRUCTURAL CLASSIFICATION

= A multipolar neuron has many processes extending from the cell
body, a bipolar neuron has two, and a unipolar neuron has one.

oYl basnio Slguac
= Multipolar neurons have several dendrites and one axon (i.e.,
neurons in the brain and spinal cord). They are found as motor

neurons (all) and interneurons (many). (AXON) 4519 y9>na9 (DENDRITES) Ssluodi bac g
ég.«.u” Jedlg ¢ Ll & d39>90
lia o (Lol SUguasll) INTERNEURONS (&S ysdl &Uguasll) MOTOR NEURONS plisa

o4l




STRUCTURAL CLASSIFICATION

chadll L5 OUgeac
= Bipolar neurons have one main dendrite and one axon (i.e.,
eurons in the retina of the eye, the inner ear, and the olfactory
J;{al;ea of the brain. Some of them are found as sensory neurons.

SENSORY ;o5 Wl g Sy yoomeg dlg ol g

(&> Obsuac) NEURONS  RETINA (openll dSeis) INNER EAR (dudsla)l 5, 341), OLFACTORY AREA (pid! dilnie ) &0 G §blia (8 839290

= Unipolar neurons have dendrites and one axon that are fused
together to form a continuous process that emerges from the cell

body. They are found as most of the body's sensory neurons.
.AXONg DENDRITES _J! ¢ saiu (ddsdl g o0 @l bdd uslg slacal Lgad
pud] 8 Lusdl Olgeosll Ll ag




FUNCTIONAL CLASSIFICATION
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Sensory Motor = -

Afferent Neurons
&
Sensory
Receptors

Efferent Neurons
&
Effectors




SENSORY OR AFFERENT NEURONS

d3ylg di SUiguae

Sensory

Visceral Somatic

Sensory information
from viscera
(internal organs
such as the heart,

lungs, stomach, &
bladder)

Sensory information
from skin, muscles,
bones, & joints.




MOTOR OR EFFERENT NEURONS

dyslo S y> Sliguac

/ - \

Visceral

Autonomic Nervous
System (ANS) - regulates
internal body functions

Somatic

Voluntary control of
skeletal muscles.




INTERNEURONS OR ASSOCIATION NEURONS

viiad! O grasll

Sends signals
to motor system

ééﬁé

Cell body

Integrates information
from sensory systems




FUNCTIONAL CLASSIFICATION

¥+ FUNCTIONAL CLASSIFICATION — _ab gl casuaddll

= Sensory or afferent neurons (most are unipolar): appropriate
stimulus activates a sensory receptor; the sensory neuron forms an
action potential in its axon and the action potential is conveyed into
the CNS through cranial or spinal nerves. Most sensory neurons are
unipolar in structure. CNS 1 ) glas g Oodbediaall (po O35 8all Jebzd

.UNIPOLAR Lalrss

—

-

= Motor or efferent neurons (most are multipolar): convey action
potentials (commands) away from the CNS to gffect)ors (muscles and

) . OTOR (EFFERENT) NEURONS - 3 ysle 83> Oibguoe!

glands) through cranial or spinal nerves. silly costinall I NS Il oo salsdl Ji

.MULTIPOLAR lglros



FUNCTIONAL CLASSIFICATION

(! als 8 Baaud B9 & ) &l SUguasll .MULTIPOLAR L@Thsu
= Interneurons or association neurons (most are multipolar):

» They are located within the CNS (brain and spinal cord) between
sensory and motor NeUrons. was CNS J1 js1s 5555 se

»They integrate the incoming sensory information from sensory
neurons (transmit action potential from one neuron to another) and
then elicit a motor response by activating the appropriate motor
NEUTONS. .iSydl Sguasall dwsdl S gunsll by

Sadl e dgdua

» Main functions are thinking, memory, decision making.
Slsdll 3519 8,S13



_| NEUROGLIA ‘ NEUROGLIA - (dclsl) &)l Lsd!

Neuroglial Cells of the CNS

- In contrast to neurons, neuroglia

Astrocyte
do not generate or propagate
action potentials, and they can
multiply and divide in the 7Y
mature nervous system. =
5315 @wS) (. (ACTION POTENTIALS) &dUseS Oilylisl sgs Lo Oligodendrocyte

U e > dggun pudido
Neuroglia of the CNS can be
classified into four types:

astrocytes,  oligodendrocytes, ; Microglia
microglial cells, and ependymal

cells. telgil 3 Jodu ’\Eﬁ = Ependymal cells




sl Lys|

ASTROCYTES

Support neurons. .lewsis Stswosll pes

Isolate neurons of the CNS from various potentially harmful
substances in blood. .(BLoOD-BRAIN BARRIER) sl 5 byLil slsall e SUgeasll S

Regulate the growth, migration, and interconnection among
neurons in the brain. ctswes)l o JLaidly bymgls sadl s

Maintain the appropriate chemical environment for the generation
of nerve impulses. -&wes! ShUl Jad dulall lasl &gl Jle Lol

Play a role in learning and memory by influencing the formation

of neural synapses. osS b sasluall P9 o 5513lo pladl 8 o)l
(SYNAPSES) ducs)! lsLicall



Olesadl dlds Ll

OLIGODENDROCYTES

= They are forming and maintaining the myelin sheath which
increases the speed of nerve impulse conduction around CNS

axons. (containing interneurons)
9 CNS Il 8 Ulguasll gl Joo (pdslall a2) MYELIN SHEATH (J5i5

osl] Syl JES! de s subs oulslall sad

3 vall LV
MICROGLIA
= They remove cellular debris formed during normal

sl b MsJI calass
development of the nervous system ang ymlehgﬂ%y 1ze n(wplcroﬁe

. HAGOCYTIZE) alis
and damaged nervous tissue.
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EPENDYMAL CELLS

= They produce and assist in the circulation of cerebrospinal

fluid. ssal Lilesl Bl pes b scluds o

.(CEREBROSPINAL FLUID - CSF)
Satellite cells Schwann cells

(CNS Y dasludl ali=dl) Skl wosll jlgadl 8 LLal s

| NEUROGLIA OF THE PNS |

= The two types of glial cells in the PNS are Schwann cells and
Satellite cells.



AP

SCHWANN CELLS

= They form the myelin sheath around axons and participate in

axon regeneration. (containing sensory and motor neurons).
spaod Balel e selud o PNS I 3 duoall yoloall oo opabslall ol S

SIS ees 4843 Syl any dwosll LA

(STRUCTURAL SUPPORT) A AR VES |

wheesd o X | SATELLITE CELLS

e s Slgall Jold @daisg
SIS Bludly ol
‘.(INTERSTITIAL FLUID)

= They provide structural support and regulate the exchanges of

materials between neuronal cell bodies and interstitial fluid.




CNS

PNS

SNS

ANS

ENS

Neurons
Neuroglia

CNS glia

PNS glia

1330 bl &Hu"“‘-ﬂ.

Brain + Spinal cord

Nerves, Ganglia,
Receptors, Plexuses

¢L4.15.4.m SMac — \_g..!i_j!

celuwds OMAae — \5‘31)! gor
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Brain® — ggeall uasll jlgadl
"of the gut

Py bo = Olyladl Loy
Pl — Glasg pes

Astrocytes,
Oligodendrocytes,
Microglia, Ependymal

Schwann, Satellite
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Lecture 3 — Advanced MCQ & T/F Questions with Answers

. Which part of the nervous system contains 85 billion neurons?
a) Spinal cord

b) Brain

c) Peripheral nerves

d) Cerebellum

. The nervous system constitutes approximately what percentage of total body weight?
a) 1%

b) 3%

c) 5%

d) 10%

. Which structure is part of the Peripheral Nervous System (PNS)?
a) Brain

b) Spinal cord

c¢) Cranial nerves

d) Cerebrum

. Enteric plexuses are located mainly in the:
a) Walls of the gastrointestinal tract

b) Brainstem

c¢) Spinal meninges

d) Adrenal medulla

. The CNS includes which of the following?
a) Brain and spinal cord

b) Brain and cranial nerves

c¢) Spinal nerves and ganglia

d) None

. Ganglia are:

a) Inside CNS

b) Axon bundles

c) Outside CNS

d) Myelinated tracts

. Which division operates under conscious control?
a) Autonomic

b) Enteric

¢) Somatic

d) Peripheral

. Which neurons carry info from receptors to CNS in the Somatic Nervous System?
a) Motor

b) Sensory

¢) Interneurons

d) Sympathetic

. Which is NOT a function of ANS?
a) Skeletal muscle control

b) Smooth muscle regulation

c¢) Cardiac control

d) Gland secretion



10.

11.

12.

13.

14.

15.

16.

17.

18.

The "fight or flight' response is mediated by:
a) Parasympathetic

b) Enteric

¢) Sympathetic

d) Somatic

Which system is the 'brain of the gut'?
a) Autonomic

b) Enteric

c) Peripheral

d) Somatic

Neurons cannot divide because they lack:
a) Cytoplasm

b) Centrioles

¢) Mitochondria

d) Ribosomes

The cell body of a neuron mainly functions to:
a) Conduct impulses

b) Receive neurotransmitters

¢) Synthesize proteins

d) Transmit impulses away

Dendrites serve primarily to:
a) Send impulses

b) Receive signals

c) Generate myelin

d) Release neurotransmitters

Which part conducts impulses to another cell?
a) Axon

b) Dendrite

c) Soma

d) Nucleus

Neurotransmitters are stored in:
a) Axon hillock

b) Synaptic vesicles

¢) Dendritic spines

d) Mitochondria

Which is TRUE about synapses?
a) Only neuron-muscle

b) Electrical only

c) Site of communication

d) Contains DNA

Which neuron type is most abundant in CNS?
a) Bipolar

b) Unipolar

c) Multipolar

d) Pseudounipolar



19.

20.

21.

22.

23.

24.

25.

26.

27.

Bipolar neurons are found in:
a) Skeletal muscles

b) Retina and olfactory area
¢) Spinal cord

d) Cerebellum

Which neuron has fused dendrite and axon?
a) Multipolar

b) Bipolar

c¢) Unipolar

d) Anaxonic

Most sensory neurons are:
a) Bipolar

b) Multipolar

¢) Unipolar

d) Pyramidal

Which neurons convey impulses from CNS to effectors?

a) Sensory

b) Motor

¢) Interneurons
d) Glial

Interneurons are responsible for:
a) Reflexes only

b) Integration and decision

¢) Muscle contraction

d) Secretion only

Which cells divide continuously throughout life?
a) Neurons

b) Neuroglia

c) Axons

d) Dendrites

Blood—brain barrier maintained by:
a) Microglia

b) Astrocytes

c¢) Oligodendrocytes

d) Schwann cells

Myelin sheath in CNS formed by:
a) Schwann

b) Astrocyte

c¢) Oligodendrocyte

d) Microglia

Which glial cell removes debris and pathogens?
a) Astrocyte

b) Microglia

c) Ependymal

d) Satellite



28.

29.

30.

31.

32.

33.

34.

35.

36.

Which neuroglia produce CSF?
a) Ependymal

b) Schwann

c¢) Oligodendrocytes

d) Astrocytes

Myelin sheath in PNS formed by:
a) Microglia

b) Schwann

c) Astrocytes

d) Satellite

PNS glial cell providing structural support:
a) Schwann

b) Satellite

c¢) Oligodendrocyte

d) Ependymal

Glial cell role in learning/memory:
a) Astrocyte

b) Microglia

¢) Ependymal

d) Schwann

Main function of myelin sheath:
a) Store neurotransmitters

b) Speed impulse conduction
c) Absorb toxins

d) Axon regeneration

Neurons found only in CNS:
a) Sensory

b) Motor

c) Interneurons

d) Bipolar

Rough ER in neurons involved in:
a) Lipid synthesis

b) Protein synthesis

c) ATP generation

d) Neurotransmitter degradation

Synaptic vesicles are found in:
a) Axon terminal

b) Dendrite

c) Cell body

d) Nucleus

Which system regulates glands and cardiac muscle?
a) Somatic

b) Autonomic

c¢) Central

d) Enteric



True / False Questions:

37. The Enteric Nervous System can function independently of the CNS.
38. All neurons in the CNS are capable of regeneration after injury.

39. Astrocytes participate in forming the blood—brain barrier.

40. Schwann cells are responsible for myelination in the CNS.
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Answer Key — Lecture 3



