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The Nervous System

* The nervous system is the

body's electrical system PNS:
» It is broadly divided into two Cranial e
nerves
parts:

» Central nervous system =
CNS (brain and spinal cord)

: spinal 1 :_,: i |: -f-l = |
» Peripheral nervous system = 2z
i T o

PNS (nerves and ganglia) Ganglia 8 A

« The nervous system pe_:rfar‘ms Peripheral —— H |; L
three important functions: nerves Il Rl Sl
» Sensory input |

» Integration

» Motor output

and Physiology, 11/e



The Nervous System

KI/ The Central Nervous Svystem (CNS) :

consists of the brain and the spinal cord,

» II/_The Peripheral Nervous System (PNS) : the peripheral

nervous system consists of All the neural tissue outside CNS | this

includes:

Afferent division (sensory input)
Efferent division (motor output)

» PNS can be divided into:

Somatic nervous system,

o Autonomic nervous system



The Nervous System
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Second motor neuron
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“+=— Autonomic ganglion

Large intestine

— Motor or efferent :>

* Divisions

— Somatic nervous
system

— Autonomic
nervous system
(ANS)

» Sympathetic
» Parasympathetic
» Enteric
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Nervous system

Cranial
nerves (12 pairs) CNS +PNS
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Nervous System organization
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Stimulus Response (OE!EE‘[)
(input) — Cardiac muscle,

Skeletal smooth muscle,
muscle and glands




The Nervous System

Nervous system

Central nervous system
(brain and spinal cord)

Peripheral nervous system

Autonomic nervous system
(communicates with internal
organs and glands)

Somatic nervous system
(communicates with sense organs
and voluntary muscles)

Sympathetic
division
(arousing)

Parasympathetic
division
(calming)

Sensory (afferent)
nervous system
(sensory input)

Motor (efferent)
nervous system
(motor output)




Cells of Nervous System
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* Neurons or nerve

Neuron
cell body Presynaptic terminals Cens
Dendrites | (1l ;
Schwann TR 3 — C€ u ar C(?nne(.: 10on
Ranvier - Receive stimuli and

& transmit action potentials

— Organization

Axon sheath Collateral . ¢
ock formedby | axon W 0 R
\ Schwann cell ) BVS Cell body or soma
Nissl bodies ' * Dendrites: Input
Nucleus
. Nucleolus * AXons: Output
SondG Golgi apparatus
spine o .
; Mitochondrion * Neuroglia or glial
cells

— Support and protect
neurons



Neuron Cell Body Location

eMost are found 1n the central nervous
system

oGray matter — cell bodies and unmylenated
fibers

eNuclei — clusters of cell bodies within the
white matter of the central nervous system

sGanglia — collections of cell bodies
outside the central nervous system



General Function of Neuron and
Neuroglia

Cell Body

_ [Somaj Presynaptic
Dendrites Terminal

/ Node of Ranvier

N \ Axon




Structure and function
Typical Neuron has 4 Regions

Mitochondrion Whae ° Cell Body
N | L2 e Dendrites
N\ 7/ Nissl substance
: ¢ //{ 1 :lel?)'::k o ® q ){On

7 RS - 4 . .
P Nucleus \ < _camen  * Presynaptic Terminals
- \ branch
e | Each region is specialized
| one for its particular function
Schwann
4 cell . . .
ponal ) wwo  Information flows mn a single

terminal - -
‘\_/ > Schwann cells, d]I'GCthIl
forming the my
ath on axor

(a)



Sructure function

Dendrite —

Mitochondrion -

o Extensions
outside the cell

body

e Dendrites —

conduct
Impulses toward

the cell body

» Axons — conduc
impulses away
from the cell
body (only 1!)

Neurofibrils — ¥

terminal

/

Axonal —

| Cell
body
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|
= Axon
hillock
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5
\\‘\
. Collateral
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“~— Node of

[ —

~— Nucleus \

One
Schwann
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Ranvier
\_/ \\— Schwann cells,
"~ forming the myelin
> sheath on axon

(a)



Dendrites of Motor Neurons

* Short, tapering, and

diffusely branched
processes

* They are the
receptive, or mput,
regions of the
neuron

 Electrical signals
are conveyed
(pass )as graded
potentials (not
action potentials)

| Cell

body
Mitochondrion - |
|
N |
- |
’\. || '/f?, Nissl substance
LA SE -/ Axon
: G hillock
. " — Axon
/—-.L Q : S— ] \_\H I‘J

.,
“__ Collateral
branch

' / ™ Nucleus ;
Neurofibrils — A \
One
. | Schwann
y | cell
™ Node of
Ranvier

\_/ \‘L Schwann cells,
Fo forming the myelin

-
- sheath on axon

(a)



Slender processes of

uniform diameter arising
from the hillock

Long axons are called
nerve fibers

Usually there 1s only one
unbranched axon per
neuron

Rare branches, if present,
are called axon collaterals

Axonal terminal —
branched terminus of an
axon

Axons: Structure

Dendrite — | Cell
body
Mitochondrion - |
|
N |
: |I _~Nissl substance
! 7/  _Axon
: . | hillock
: ~ Axon
|"'.J
‘s Q _’ — \\
70— Nucleus “__ Collateral
/'{ branch
Neurofibrils 2
One
Schwann
¥ | cell
o "~ Node of
xonal —— Ranvier
terminal

\_/ \— Schwann cells,
" forming the myelin

-~

o
> sheath on axon

(a)



Axons: Function

Dendrite — | Cell

body

Mitochondrion -
I /
! _~—Nissl substance

S Axon
> i ‘ hillock

e Generate and
transmit action
W \'f

pOtentials /]E ~— Nucleus \ ™ E:Jal:.a'l:tﬁral
Neurofibrils —

* Secrete
neurotransmitters ) , }5

“~— Node of
Ranvier

from the axonal ——
. \ Schwann cells,
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- sheath on axon
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Myelin

" Node of Ranvier
.

* Myelin: Whitish, fatty \
(protein-lipid), segmented wyeiin sheatn
sheath around most long ™

dXO11S.

* CNS: oligodendroglia

or oligodendrocytes

* PNS: Schwann cells ~




Myelin Sheath

Myelin functions in :

J Protection of the axon

 Electrically insulating fibers from one another

1 It increases the excitability of the nerve fiber

[ Increasing the speed of nerve impulse
transmission



Nodes of Ranvier

* Gaps 1n the
myelin sheath
between adjacent
Schwann cells ooreil

of myelin

Node of Ranvier L } Node of Ranvier

Axon

* They are the sites

where collaterals Myelin
can emerge

* Salutatory @)
(W€1C0m6 ) ~———— Direction of propagation |<+

conduction " "' Nat T




Myelin Sheath and Neurilemma: Formation

* Formed by Schwann cells in the PNS
* A Schwann cell:

— Envelopes an axon 1n a trough
— Encloses the axon with its plasma membrane

— Concentric layers of membrane make up the myelin
sheath

* Neurllemma — remaining nucleus and cytoplasm
of a Schwann cell 7~ )
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Unmyelinated Axons

* A Schwann cell surrounds nerve fibers but coiling
does not take place

* Schwann cells partially enclose 15 or more axons
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) Nucleus of Schwann cell
Node of Ranvier




Axons of the CNS

Both myelinated and unmyelinated fibers are
present

Myelin sheaths are formed by oligodendrocytes
Nodes of Ranvier are widely spaced

(a) Oligodendrocyte

There 1s no neurilemma

Myelin sheath
composed of layered
glial cell membrane

Plasma membrane
of axon

e
e



Glia: other than Neuron cell in Nervous
system

In the peripheral nervous system there are
two types of glial cells:

a. Schwann cells.

b. Satellite cells.



Nervous System Tissue; Ghal

« Glial cells (neuroglia) are the

11 | “glue” of the NS
o « They also perform many
e brotoptasmic functions
Oligodendrocyte —=— / astrocyte . .
Micgroglialcell ’ Node of Ranvier ® Ther'e are six bGSIC TypeSI
Myelin sheath > ASTPOCYT@S (CNS(
Neuron ] Axon > Microglia (CNS(

Oligodendrocyte

> Oligodendrocytes (CNS(
> Ependymal cells (CNS(
> Schwann cells (PNS(

> Satellite cells (PNS(

Neurons « Glial cells outhumber neurons
about 10 to 1

Blood capillary
Fibrous
astrocytes

Protoplasmic
astrocyte

Microglial cell

Ependymal < /
cell \a%‘% :

Microvillus —— '/
Cilia

Ventricle

Figure 12-6 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons

Astrocytes provide structural support, form the blood-brain barrier, and regulate ions
Microglia function as phagocytes
Ependymal cells line the ventricles and spinal canal, and produce cerebrospinal fluid

Oligodendrocytes form the myelin sheaths around axons in the CNS



Capillary

MNeuron

MNerve fibers

Myelin sheath

Process of
oligodendrocyte

{d) Oligodendrocyte
Copyright 8 2001 Bangamin Cummings, an imprint of Addizon Weslay Longman, Inc.



Nervous System Tissue: Gray & White Matter
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Figure 12-9 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons

« Gray matter consists of cell bodies, unmyelinated axons, dendrites, and glial
cells

« White matter consists of myelinated axons



Glia:

In the central nervous system there are four

types of glial cells: - St
)“;—*ﬁv&l LA
a. Blood-brain barrier (BBB) /}%QW,LT R 1\ ¢
b. Envelop synapses and the surface of nerve cells. ;v?}
A/ A s AN
a. They produce substances that are trophic to o P e
neurons.
b.Maintain the appropriate concentration of
substances in the brain interstitial fluid.
¢. Provide neurons with lactate as an energy \
source.

d.Synthesize neurotransmitter precursors for
neurons.



Classification of neuron according to
function

eSensory (afferent) neurons

oCarry impulses from the sensory receptors
eCutaneous sense organs

eProprioceptors — detect stretch or tension

eMotor (efferent) neurons

e Carry impulses from the central nervous system

e Interneurons (association neurons)

e Found 1n neural pathways in the central nervous system

o Connect sensory and motor neurons



By function (connections)

Sensory Motor

| |
0—(@—!

1

Interneuron




Neuron Classification

Central process (axon)
Ganglion

Spinal cord
_ Cell (central nervous system)

Sensory neuron Hody
Dendrites !
| J | Peripheral .
process (axon)
Afferent transmission Association

— neuron
(interneuron)

Receptors Peripheral nervous system

Efferent transmission

Motor neuron
To effectors
(muscles and glands)



]A] The fibers can be classified according to their conduction
velocity into the following general types:
1. Type A fibers: Myelinated

Alpha (a) fibers

Beta (B) fibers

Gamma (y) fibers

Delta (6) fibers

2. Type B fiber: Myelinated

3- Type C fibers: Unmyelinated



]B] The fibers can be classified according to the
direction in which they conduct impulses.

** Sensory, or Afferents
** Motor, or Efferent (somatic and autonomic¢(

*+* Interneurons.

@ Sensory (afferent) neurons

conduct signals from
receptors (o the CNS

« Soma

®
Motor (afferent) neurons
conduct signals from the
CMNS 1o effectors such as
muscles and glands

Peripheral nervous system

l Infemaurons

(association
Neurons) ang
confined to

. the CNS

L)

Soma

Central nervous system




]C] The structural classification of neurons is based
according to the number of processes that extend from
the cell body of the neuron.

¢ Unipolar neurons

*»* Bipolar neurons

** Multipolar neurons

Pseudounipolar Soma

Dendritic branches

e

Bipolar Soma

/ Dendrite
>
— e i / —_—

Multipolar Axon

Deandrites
—
— /
: Soma

e

;
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