PHYSIOLOGY

FACULTY OF PHARMACEUTICAL SCIENCES
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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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Spinal Nerve Function

Every Cell of Your Body Has a Nerve Component
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Spinal Nerves

* 31 Pairs of spinal nerves
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NERVOUS SYSTEM

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.).
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PERIPHERAL NERVOUS SYSTEM

Nerve is a bundle of hundreds to thousands of axens plus associated
connective tissue and blood wvessels that lies outside the brain and spinal cord
(i.e., cranial nerves emerge from the brain and spinal nerves emerge from the
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Ganglia are small masses of nervous tissue, that are located outside of the

brain and spinal cord. ;
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Enteric plexuses are extensive networks of neurons located in the walls of
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Sensory receptor refers to a structure of the nervous system that monitors
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PERIPHERAL NERVOUS SYSTEM
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SOMATIC NERVOUS SYSTEM (SNS) (CONSCIOUSLY

CONTROLLED)

1. Sensory neurons that convey inforglation to C%IS from
somatic receptors in the héad, body ‘wall, a%c)i limbs_and

. gl . .
from receptors for the special sénses of vision, heating,

te%)te, and smell.
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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.
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2. Motor neurons that conduct nerve impulses from the

CNS to smooth muscle, cardiac muscle, and glands.
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Note: TW’( of the ANS consists of two branches,
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the sympathetic division and the parasympathetic
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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 stretchmg of its walls.
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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

J nerves).
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NERVOUS TISSUE
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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. | |
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Neuroglia (support and protect neurons, and maintain the

interstitial fluid that bathes them) (they outnumber neurons). It

has a continuous ability to divide throughout an individual’s
lifetime. muyelinotion aslee (eal y30 &R 5
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The neuron has the
~ ability torespond toa
~ stimulus and convertit |
into an action potential
~ (nerve impulses). |

________________________________________________________________________________________________________

 The cell body contains
 free ribosomes and
rough endoplasmic
reticulum for
synthesizing new
proteins. .
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Neuron

The dendrites (like .

. ell body ‘ 5 .
little trees) are the ) odenra ) i
receiving or input \/ C_/
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'The single axon (long;
‘and thin projection) of a | Neuron
heuron propagates Cell body

nerve impulses toward _ Telodendria
another  neuron, ai | . i
émuscle fiber, or a glandé - '
Cell. Axon hllﬂ\ Synaptic terminals
e / ’\' —

Golgi apparatus

Nucleus

The axon ends by

Endoplasmic 3'
reticulum

‘dividing into many fine' 4

Mitochondrion \ | Dendrite

processes called
p / !&Dendntlc branches

terminals.
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SYNAPSE

= Synapse is the  site  of

communication  between T two — Axon terminal
: -

neurons or between a neuron and Nerve impulse
an effector Cell | R e e Synaptic vesicle
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= Some axon terminals swell into acetylcholine
bulb-shaped  structures called _— g‘f"’
synaptic end bulbs. — .::‘bp‘:;
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= Synaptic end bulbs contain many ™\ Synaptic cleft
tiny membrane-enclosed  sacs (space)
called synaptic vesicles that store a > [ — =
chemical called a neurotransmitter. 42all 8 )l o gol o agasll e @Sl dbylall E¥len] ¢ suo
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SYNAPSE

= Neurotransmitter is a molecule
released from a synaptic vesicle to
excite or inhibit another neuron,

muscle fiber, or gland cell.
b ol 8y0Y dSie dayg> o Blal e g3
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= Many neurons have two or even
three types of neurotransmitters,
each with different effects on the

postsynaptic cell.
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CLASSIFICATION OF NEURONS

1. Structural Classification (according to ‘the-number of

processes extending from the cell body).
Il g 0 Bazaall (Dlslazed] ol OUgall sae cows) IS Caasd]

2. Functional Classification (according to the direction in
which the nerve impulse (action potential) is conveyed

with respect to the CNS). (Jadll 1) Lol DLl JEsl olol cein) Lo o)l hgrad
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offevenk
nevve <ell F,ﬂ;_/



STRUCTURAL CLASSIFICATION

LJ Bipolar neuron 3 Unipolar neuron EJ Multipolar neuron
Bpciar neurons have Unipolar nowons have a Muttipolar nourons have
TWO procassas single elongated process, more than Two procasses;
separatad by the call with the cdl body located thaere is a single axon and
body. off 1o the side. muitiple dendntes.
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STRUCTURAL CLASSIFICATION

= A multipolar neuron has @rocesses extending from the cell
body, a bipolarneuron has twcyand a unipolar neuron has one.

= 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).
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STRUCTURAL CLASSIFICATION

S ensory ks J
Neurons 2\ Moo
= )r neurons have @ main dendrite and one axon (i.e.,

neurons in the retina of the eye, the inner ear, and the oltfactory

area of the brain o%f them are found as sensory neurons.
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= Unipolar neurons have dendrites and one axon \that are fused
together to form a continuous processthat emerges from the cell
body. They are found as mestef the body's sensory neurons.
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FUNCTIONAL CLASSIFICATION
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SENSORY OR AFFERENT NEURONS
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k .. Visceral Somatic )

o= SGee e e W
| Sensory information
from viscera

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

(internal organs
such as the heart,

lungs, stomach, &
bladder)




MOTOR OR EFFERENT NEURONS

Visceral Somatic
AT A5 >

[Autonomic Nervous
System (ANS) - regulates
internal body functions

Voluntary control of
skeletal muscles.
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INTERNEURONS OR ASSOCIATION NEURONS

Integrates information
from sensory systems

Sends signals
to motor system
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FUNCTIONAL CLASSIFICATION

o on Potedtia\ ) ‘u_\y;j\ P ozl Z Po
= 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 struc&ge | 1555 g Snn i) gl 5 (ol g ening) 5l f ol ol LS

decos)] L)) alaen &S0l of dutlen)l Glactl se ¢3S sall wasll 3lead] ] agadl o Jaido daysoe B 125 ag>
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= Motor or efferent neurons (most are multipolar): convey action
potentials (commands) away from the CNStoretffectors (muscles and

glands) throu éh cranial or ﬁBmal nerves.
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FUNCTIONAL CLASSIFICATION

= Interneurons or association neurons (most are multipolar):

aadyall ol syl OlacYl

» They are located within the CNS (brain and spinal cord) between
sensory and motor neurons. a5 Sz el o Tl gred Jlp=h I 2ad

» 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

neurons o5 (o3 W Ao 3 e el ! J85) dpnd| dasll LUSIL (4o 851l dpndl Olaglaall oad 49
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» Main functions are thinking, memory, decision making.
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NEUROGLIA

Neuroglial Cells of the CN&
- In contrast to neurons, neuroglia

Astrocyte
do not generate or propagate
action potentlals and they can
multiply and-~divide in the 7%
mature nervous system. :
Sol yas ol Wgi Y duanll dudsnll WIS 8 dasll LIS o 2l Jeg Oligodendrocyte
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- Neuroglia of the CNS can be
classi%ed intoswfour-types:

astrocytes, ohgoden%tocytes T Microgita
microglial cells, and ependymal 8
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ASTROCYTES

Support neurons. Leasll LA ac

Isolate neurons of the CNS from various potentially harmful
substances in blood. 2l 3 dlazsall 8yl slgall calisa o ¢35l sl Sleadl LIS J3e

Regulate the growth, migration, and interconnection among
neurons in the brain ol b lgugs baulylls L@lsly daanll LYSI! gai ol
VP

e Bylall gl daludl slaall Jos s piay i1l 1325 (Blood-Brain Barrier) s&ledll gsasll jaladl oSy 8 dyLad gyl
el Dligeasll d3lasd (f Laall

Maintain the appropriate chemical environment for the generation
of nerve impulses. sl Jladl sl Fpaliall £5La )l 2l e Blin
Play a role in learning and memory by influencing the formation

of neural synapses. ol cLlaall oS5 e 13l s oo 851019 @lad] (8 1393 waly
el DINEY 4 55 s



OLIGODENDROCYTES | «-¥&waer

] A P

= They are forming and maintaining @e myelin sheath which

increases the speed of nerve impulse conduction around CNS

axons. (containing interneurons)
Jo> dpnasdl Judl oo gl deyu oo adn Lo (opdlall sae e Jadlody JSis
(@518 dns LIS e cguni) g5Saall wanll 3lgadl yglonus

MICROGLIA

(el 3D X ) T (] e dosilll Olalsall) golsdl plasd] Ligs o

) 8 yy2uall d sl dowudily OligySuall (Jueaig ¢ Mul) dasly agdis
= They remove cellular debris formed déring normal
development of the nervous system and phagocytize microbes

and damaged ner\%us tiSSlle. aull s -2 (macrophages) 563’%53
clal '

L_.!



EPENDYMAL CELLS | . . . ..

lageazg Soadl Jedlg §ladll b 5l

_ Iz
= They produce-and-assist in the circulation of @rebrosp@
fluid. oAl PBldl Jolas Fctog = @

NEUROGLIA OF THE PNS

C gl cells) Lyad wrib g o )l Satellite cells Schwann cells

RE S [PUNLEI IR PERLRN

> )
= The twg types of(glial)cells in the PNS are Srchwalf}n cells and
. S. m'agl'w. sheath Z:U"‘ d'*'b J‘b‘“"LI' 3&'
DN 2NN (28 1 sl TS 6 5 el 2

A2y Pl s



SCHWANN CELLS

(D) .. D

= They form the myelin sheath around axons and participate in

axonrregeneration. (containing sensory and motor neurons).
2 Lo 1309 ali olad LMs 18 myelin sheath 2955 S Alayl

ezl jlgadl 8 Mol 9_5_41 Sle dalldl dasl! yolowall Bacliwe

husal
SATELLITE CELLS

¥ L3l s o Ol g slgall Jldl @ dad e lasis ddly dales e 33le: satellite LY
dgsasll IS oy SLeball 8 oy oSs sV ol Bl JI 8lgdl Lle goumy
oF chang
= They provide structural support and regulate the exchanges of

materials between neuronal cell bodies and interstitial fluid.
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