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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Spinal Nerve Function
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NERVOUS SYSTEM

Brain |
- It consists of central nervous system (CNS) Clang] e -y
and peripheral nervous system (PNS). : gervous
ystem
. . L Autonomic nervous Spinal
- The CNS consists of brain (85 billion system gangli cord.
Ll s S . S Peripheral
neurons) and spinal cord (100 million bl
neurons.). s
- The PNS consists of all nervous tissue Spinal nerves

outside the CNS, which include nerves,

ganglia, enteric plexuses, and sensory
receptors. =




PERIPHERAL NERVOUS SYSTEM

1. Nerve is a bundle of hundreds to thousands of axons plus associated
«V¥ connective tissue and blood vessels that lies outside the brain and spinal cord
(i.e., cranial nerves emerge from the brain and spinal nerves emerge from the

spinal cord). e
ds S
2. Ganglia are small masses of nervous tissue, that are located outside of the
brain and spinal cord. e;:c’;‘rfﬁ: i‘: ,:?j :;y | qornglion g%
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%ﬁ;Enteric ple;uses are extensive networks of neurons located in the walls of
" organs of the gastrointestinal tract (regulating the digestive system). —;
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4. Sensory receptor refers to a structure of the nervous system that monitors
changes in the external or internal environment. =21 Sleals Jacus sl vax)]
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PERIPHERAL NERVOUS SYSTEM
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Somatic nervous system (SNS)

Autonomic nervous system (ANYS)

Enteric nervous system (ENS)




SOMATIC NERVOUS SYSTEM (SNS) (CONSCIOUSLY

CONTROLLED)

S RNIA RN ¥l e
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, hearmg,
taste, and smell.

2. Motor neurons that conduct impulses from the CNS to
skeletal muscles only.
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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.

Vi) sbleeh

2. Motor neurons that conduct nerve impulses from the

CNS to smooth muscle, cardiac muscle, and glands.

Note: The motor part of the ANS consists of two branches,

the sympathetic division and the parasympathetic
° ° ° . - _//_’—/—-
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ENTERIC NERVOUS SYSTEM (ENS) (THE BRAIN OF THE

=iyl sLdl GUT) (INVOLUNTARY)

. Sensory neurons of the ENS monitor chemical changes

within the GI tract as well as the stretching of its walls.
g%ﬁfa Infe$ binet o)
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. Motor Jeurgns govern contractions of GI tract smooth
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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
“ oMo AV C)WU] CJ{MS

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).




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. ETY - umT ) Teuod] LALS)
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Neuroglia (support and protect neurons, and maintain the
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interstitial fluid that bathes them) (they outnumber neurons). It

has a continuous ability to divide throughout an individual’s
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The neuron has the
ability to respond to a
stimulus and convert it

into an an

(nerve impulses).

The cell body contains
free ribosomes and
rough endoplasmic

reticulum for
synthesizing new
proteins. .
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The single axon (long

and thin projectiﬂon)’_of a Neu ron
neuron prgﬁaégétes Cell body
nerve impulses toward . Telodendri

another neuron, a \(
muscle fiber, or a gland e
cell.
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SYNAPSE
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= Synapse is the site  of  siadjielelns st
communication between two LSl Sl ol ot = Axon terminal
neurons or between a neuron and Synaptic End) & Nerve impulse
an effector cell. e (Bulbs ::::::::nvesicle

= Some axon terminals swell into ' aoetylcho?ine
bulb-shaped  structures called _— (:Ch:mc
synaptic end bulbs. | o 1 P
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called synaptic vesicles that store a sz e
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chemical called a neurotransmitter.



SYNAPSE

\
= Neurotransmitter is a molecule NBUfO"BﬂSﬂjitter
released from a synaptic vesicle to ./ ..\ Neurotransmitter
excite or inhibit another neuron, Synaptic ./ ‘ transporter }Axoq
muscle fiber, or gland cell. vesicle [/ . tch)f T‘!:il
Voltage- : 9 f;i; e awad) S e
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CLASSIFICATION OF NEURONS

1. Structural Classification (according to the number of
processes extending from the cell body).
o

2. Functional Classification (according to the direction in
which the nerve impulse (action potential) is conveyed
with respect to the CNYS). ers motel o enfy

Sk



STRUCTURAL CLASSIFICATION

B

LJ Bipolar neuron EJ Unipolar neuron EJ Muttipolar neuron oty
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Bpcdiar neurons have Unipolar newons have a Multtipolar naurons have

two processas single elongated process, more than two processes; T p g2 Y
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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.

= 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). dé fMJl sy
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STRUCTURAL CLASSIFICATION

= Bipolar neurons have one main dendrite and one axon (i.e., .
neurons in the retina of the eye, the inner ear, and the olfactory
area of the brain. Some of them are found as sensory neurons.

= 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.
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FUNCTIONAL CLASSIFICATION

Sensory Motor
Senser g
Afferent N 5
s~ erent Neurons Efferent Neurons
Gl & 3
e Ui Sensory Effectors
st Receptors ey




SENSORY OR AFFERENT NEURONS

Sensory
Visceral  “#WGbiy Somatic
ARG PAIWY
Sensory information
from VW . .
Sensory information

(internal organs
such as the heart,
lungs, stomach, &

bladder)

from skin, muscles,
bones, & joints.




MOTOR OR EFFERENT NEURONS

rS
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/ Motor \

Visceral

Autonomic Nervous
System (ANS) - regulates
internal body functions

Somatic

Voluntary control of
skeletal muscles.




INTERNEURONS OR ASSOCIATION NEURONS

Integrates information C A=)
from sensory systems

Sends signals
to motor system
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FUNCTIONAL CLASSIFICATION

= 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.

= Motor or efferent neurons (most are multipolar): convey action
potentials (commands) away from the CNS to etfectors (muscles and
glands) through cranial or spinal nerves.



FUNCTIONAL CLASSIFICATION

= Interneurons or association neurons (most are multipolar):

» They are located within the CNS (brain and spinal cord) between
sensory and motor neurons.

»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.

»Main functions are thinking, memory, decision making. c¢:¢/ (-9}
ce d U]



—{ NEUROGLIA }—————

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
mature nervous system.
Oligodendrocyte

- Neuroglia of the CNS can be
classifiedi into  four types:
astrocytes,  oligodendrocytes, =
microglial cells, and ependymal

cells. (& <

Ependymal cells




ASTROCYTES

Support neurons.

Isolate neurons of the CNS from various potentially harmful
substances in blood. p2 ] o o

Regulate the growth, migration, and interconnection among
neurons in the brain.

"o ioe \
Maintain the appropriate chemical environment for the generation
of nerve impulses. LN U P A

Play a role in learning and memory by influencing the formation
of neural synapses. Tsoel] CYL) 5 Lo 2 BI gU= Go



OLIGODENDROCYTES

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

axons. (containing interneurons) L g
C m,‘),‘we%pfe—Wm Lwon) rwae)\‘v& ghgdjk ?—&jh' pfé'gwﬂ/\bﬂ Uors s
MICROGLIA

pe /) Cutle=dl) - i)
= They remove cellular debris formed during normal
development of the nervous system and phagocytize microbes

and damaged nervous tissue.



EPENDYMAL CELLS
Sl &5 sl g L) IS8 JCa R @ > P -,k
= They produce and assist in the circulation’ of cerebrospinal
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| NEUROGLIA OF THE PNS | ’;é

Satellite cells Schwann cells

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



SCHWANN CELLS

= They form the myelin sheath around axons and participate in
axon regeneration. (containing sensory and motor neurons).
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SATELLITE CELLS

= They provide structural support and regulate the exchanges of
materials between neuronal cell bodies and interstitial fluid.
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