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The Nervous System

« Components
— Brain, spinal cord, nerves, sensory receptors

« Responsible for

— Sensory perceptions, mental activities,
stimulating muscle movements, secretions of
many glands

 Subdivisions
— Central nervous system (CNS)
— Peripheral nervous system (PNS)
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Central Nervous System
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Central

nervous -+ Consists of
: . Sl — Braln
Brain cord - e Located in cranial vault

of skull

— Spinal cord
e Located in vertebral

canal
Cranial Spinal  Brain and spinal cord
nerves nerves , <
| | ' - — Continuous with each
Peripheral nervous system . : other at fora.men
magnum
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Peripheral Nervous System
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Dorsal root of spmal nerve

F Dorsal root ganglion Motor |
. ,~Sensory neuron neuron A
Spinal I
cor -
Spinal
(a) Sensory receptor card |
Ventral root Skeletal
) (b) of spinal nerve muscle
Spinal nerve
© Z
Spinal cord : {'\\\ .= Autonomic ganglion

First motor neuron

Second motor neuron
Effector organ (e.g., smooth
muscle)

(c)

Large intestine

* Two subcategorles
= Sensory or afferent

— Motor or efferent
* Divisions
— Somatic nervous
system

— Autonomic nervous
system (ANS)

» Sympathetic
- » Parasympathetic
» Enteric
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Nervous System Organization
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Stimulus Response (output)
(input) S Cardiac muscle,
Skeletal  gmo0th muscle,
muscle and glands
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Central nervous system (CNS)

* Brain and spinal
. Inlogrativo and control centers

cord

4

Peripheral nervous system (PNS)
* Cranial nerves and spinal nerves
* Communication lines between the

CNS and the rest of the body

)

Sensory (afferent) division

« Somatic and visceral
sensory nerve fibers

» Conducts impulses from

receptors to the CNS

Motor (efferent) division

* Motor nerve fibers

* Conducts impulses from
the CNS to effectors

{muscles and glands)

" 4 %

(a)

Sympathetic division Autonomic nervous Somatic nervous
* Mobilizes body systems - system (ANS) system
during emergency situations * Involuntary « Voluntary (somatic
(visceral motor) molor)
P hetic divis + Conducts impulses from J | + Conducts impulses
. E?:g;?v?gte:;g: iR dm| "o ONSwcardac from the CNS 1o
+ Promotes nonemergency muscles, smooth skeletal muscles
functions muscles, and glands
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Cells of Nervous System

 Neurons or nerve cells

Copyright @ The McGraw-Hill Companies. inc. Permiesion required for reproduction or display s Rece ive S ti m u I i an d
Neuron transmit action
cell body Presynaptic terminals ;
Dendrites | potentials
Schwann : 3 R
: hoder L4 = Organizatian
e == = 1= i Cell body or soma

« Dendrites: Input
« Axons: Output

- Neuroglia or glial cells

Y yeli
h” Axon sheath
iy hillock formed by

Schwann cell

Nissl bodies
Nucleus

Dendritic Nucleolus
" e — Support and protect
Mitochondrion

neurons
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Types of Neurons

 Functional classification
— Sensory or afferent: Action potentials toward CNS
— Motor or efferent: Action potentials away from CNS

— Interneurons or association neurons: Within CNS from
one neuron to another

» Structural classification N® o;);/
— Multipolar, bipolar, unipolar 4§ col

\ "__ Dendrite body

///(
~— Axon

/,

= Axon To central Sensory
’! 1IDEVOUS receptors
‘1' (b) system Cell
body N
To central ? <
nervous
(é) (c) system - e

Axon
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Functional classification

| RECEPT PERIPHERAL NERVOUS SYSTEM CENTRAL NERVOUS SYSTEM

Afferent fibers | Sensory neurons
| In peripheral ganglia

: Jv@m |

— 'O "oUTONS

-par in peripheral

Postganglionic g
fi _ motor ganglia

) = Somatic (sensory & motor)
-c\nscaal(m&lmtor)




1.Anaksonic Neurons b. Bipolar Neuron c. Pseudounipolar Neuron d. Multipolar Neuron

g Dendrites
_\gr++5= Dendrites UL: -
— Initial LA
segment X
£ /)-
\EL
Ao Dendrites Axon (‘k {J
V’ ' .(‘ ~
L ‘~{\ V| \ . \
\} {YV; \
\J ‘I \;‘{ 74‘__,\/: ~— Dendrite ”f,\
~Nd .,
| p l}
4 o \vw‘;"\\_: X
sl @ ‘- «
J & = s—— Axon

,7,1/ 4\ / )}’ Axon

'f A AN ' /
| ALh— Terminal Ak /
N'p= on .
1 boutons /

/q ;'\‘ Terminal 4 % Terminal
| : Ay . boutons

boutons

- Structural classification
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— SST
3

N SSP

|

Sel satelit

—1  Sel schwan

Astrosit

Memelihara
BBB,
memberikan
dukungan
terstruktur,
pengaturan ion,
nutrisi dan
konsentrasi gas
terlarut,
mengabsorbsi
dan mendaur
ulang
neurotransmiter

—

| oligodendrosit

Akson bermyelin

yang ada pada SSP ,
dan merupakan

jaringan yang
berstruktur

mikrogla

Membuang
sel-sel mati
dan kuman
dengan cara
fagositosit

| Sel ependymalJ

Jalur ventrikel
dan canalis
sentralis.
Berperan
dalam
produksi,
sirkulast dan
pengawasan
cairan
serebrospinal
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. Neuroglia of CNS
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Foot
processes

Ependymal
cells

Astrocyte

Capillary = Ependymal cells

» Astrocytes .
- — Regulate extracellular brain fluid composition
~— Promote tight junctions to form blood-brain barrier
« Ependymal Cells

— Line brain ventricles and spinal cord central canal

~ Help form choroid plexuses that secrete CSF A



' i
Microglial
cell

Node of Ranvier

-

Myelin sath -
» Microglia |
— Specialized macrophages

- Oligodendrocytes

— Form myelin sheaths if surround axon - 11-13



~ Neuroglia of PNS
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Nucleus of
Schwann cell

Cytoplasm of
Schwann cell

Myelin

sheath cell body

« Schwann cells or neurolemmocytes
— Wrap around portion of only one axon to form myelin sheath
- Satellite cells
— Surround neuron cell bodies in ganglia, provide support and nutrients 1, 14



Myelinated and Unmyelinated

Axons

Parmission required for reproduction or display.
Nucleus of Schwann cell

\|\}- Axon

/|8
#7717 Myelin
4’/ sheath

Schwann

Myelinated axons

— Myelin protects and
“Insulates axons from
one another

—-Not continuous
 Nodes of Ranvier

Unmyelinated axons
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Capillary
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Electrical Signals

 Cells produce electrical signals called action
potentials

 Transfer of information from one part of
body to another

» Electrical properties result from ionic
concentration differences across plasma
membrane and permeability of membrane

11-17



Sodium-Potassium Exchange Pump
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Extracellular fluid Na+—<) QQ K+

Na+—0 ATP binding site
Cytoplasm @ T r-e
3. Nat diffuse away from the carrier
1. Three Na+* and ATP bind to the molecule, two K* bind to the carrier
carrier molecule. molecule, and the phosphate
is released.

+ — @K+
Na Q Carrier molecule
---------- resumes original shape

.......
.......

Carrier molecule p\ Breakdown of
changes shape ATP (releases
(requires energy) ADP energy) @K+
2. The ATP breaks down to ADP and 4. The carrier molecule resumes original
phosphate and releases energy. shape, transporting K+ across the
The carrier molecule changes membrane, and K+ diffuse away from
shape, and Na* are transported the carrier molecule. The carrier 11-18

across the membrane. molecule can again bind to Na* and ATP.



Membrane Permea-bility |
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Extracellular fluid D

Nongated
Gated Na* ClI- channel

Nongated channel I
K* channel (closed) f,ap'g,?)y :
@ (always o >

J
2o 2 .7
9

9
== 2 Negatively &)
J charged protein 11-19
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‘lon Channels

Cop\m;.‘;‘.viﬁhe McGraw-Hill Companies. inc P—:-vn‘xlaarr;f.\ required for reproduction or display. . ® Nongated Or Ieak Chan neIS
Acetylcholine | , e
BE . % — Always open and responsible
«— Na+ for permeability
Receptor site f°r°>ﬂ . Closed Na* channel — Specific for one type of ion
suslyleaoine. hacaoa. although not absolute
 Gated ion channels
............ » Open Nat S 2
(a) . stk L.igand-gated
Acetylicholine bound \ .. « Open or close in response to

to receptor sites

..... | VS . ligand binding to receptor as
Nat* diffuse through ACh
the open channel  [RENISINEE SRR SN — Voltage-gated
(b) - . -+ Open or close in response to

small voltage changes
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Resting Membrane Potential

K+ diffuse out of
the cell because
there is a greater
concentration of
K+ inside than
outside the cell.

K+ move into the
cell because the
positively charged
ions are attracted
to the negatively
charged proteins
and anions.

Negatively charged

proteins

The resting
membrane
potential is
established
when the
movement
of K+ out of
the cell is
equal to
their
movement

into the cell.

e Characteristics

— Number of charged
‘molecules and 1ons
Inside and outside cell
“nearly equal

— Concentration of K*
‘higher inside than
outside cell, Na* higher
outside than inside

— At equilibrium there is
very little movement of
K+ or other ions across
plasma membrane
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(mV)

+20 -

=90~

Action Potentials

Depolarization _ Repolarization

Threshold

Local
potential

Afterpotential

Time (ms)

Series of permeability
changes when a local
potential causes
depolarization of
membrane

Phases

— Depolarization
« More positive

— Repolarization
« More negative

All-or-none principle
— Camera flash system
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~ Action Potential
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Na’ K+ K+
e - diffuse S diffuse __ diffuse __
T 2 into B out E out E
- - cell - of cell - of cell =
Time Time Time Time ’ Time
c K i «
g channel! § channel ¢ . ;
channel ¢ A A channel 4
g+  closed 4 Sperec 3 opened : closed 4
channel K* K*
Na* & -
Na* channel § . Na* Na*
channel : channel $& channel £
K"" K+ . K+
channel § channel § channel § - K* -
opened : K+ opened ¢ K+ opened ¢ . channel 3
‘ closed §

Inactivation ¥
% gate open

% Inactivation
% gate open

Activation Activation Activation Activation
gate closed gate opened gate opened gate closed
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Refractory Period

. Sehsitivity of area to
further stimulation
decreases for a time

e Parts

— Absolute

« Complete insensitivity
Threshold | exists to another stimulus

« From beginning of action

B

potential until near end of

m

Absolute 1 i Relative

Refracto;'y period

—_—

Time (ms)

| repolarization
— Relative

« A stronger-than-threshold
stimulus can initiate
another action potential
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Action Potential Frequency

« Number of potentials
Same “
frequency produced per unit of
e time to a stimulus

 Threshold stimulus
— Cause an action potential

I I T I T » Maximal stimulus

Threshold

| e n e el Stbmadimal stimulus
stimulus stimulus stimulus stimulus : :
Time (ms) —>  Supramaximal stimulus
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Action Potential Propagation
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— Outside of
membrane becomes |-Depolarization
more negative as

positive charges i e CAE Vi b

move away from it

__Inside of membrane
becomes more
positive as positive
charges move
toward it .

B R oo ok B

) Absolute * ** **

© refractory period —  gijte of
prevents another next
action potential action
. potential

—p Action potehtial propagation
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Saltatory Conduction '
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Node of Ranvier gchwann

cell Internode
/‘——\ |
e : ++,,A—\ ++M++ s
—r | e | | __)

| -t

£

e
B
| on

Direction of action potential propagation

| =3
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‘The Synapse
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» Junction between two
~ cells

e Site where action
potentials in one cell

Smooth muscle cells L=

Electrical synapse —%

Positively charged ions

Local current AR : | tion potentials
it — | cause ac P
riasma membrene TaACaE in another cell
p junction [ ]l o |[e
Plasma membrane 2 I\ o Types
Inner surface of ) ; 55
plasma membrane ‘ — Presynaptic
Sonnexons — Postsynaptic
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‘Chemical Synapses
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Action potential
Ca®

Presynaptic terminal
Synaptic vesicle
Synaptic cleft

Acetylcholine bound
to receptor site opens
ligand-gated Na*
channel

Acetyicholine

Postsynaptic
membrane

- Components

— Presynaptic terminal
— Synaptic cleft
— Postsynaptic membrane

- Neurotransmitters released

by action potentials in
presynaptic terminal

— Synaptic vesicles

— Diffusion

— Postsynaptic membrane

Neurotransmitter removal
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~ Neurotransmitter Removal
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(a) Acetyicholinesterase (b)



Seven Processes in Neurotransmitter Action

Synthesgizing
enzymes

Nouroranamitier molecules are ayn-
Inesized from pracursors
under the influgace of enzymes.,

Naurotransmitter
precursors

Vesicle

Nouroransmitier molecuks are
stored in vosicies,

Neuroranamitier molecules
" that leak from thelr vesicles
A0 deciroyed DY Sn2ymes,

. Action potantial: cause vericies to

© fuge with the preaynaptic membrane
and reicase their neurotranamitior
molecsies into the synapse.

Released neuroransmitter
moloceies bindg with autor.
coplors and Inhibit subsequont
neurotransmitler reloase,

Released neuror ansmitior
molecsies bind o postsysaptic

receptors.

Releasad neuroiransmitter moss
OCuies are deaclivaiod olther by
rouplace or onzymatic dogradation,



Mekanisme Regenerasi Neuron
pada SST

wallerian degeneration

Kerusakan di sel neuron =
memutus axon

Proximal stump Distal stump

—— "

o “"'“ ‘ 12 o V= = E
- Ujung proximal Ujung distal

= ___.l—_:s_:_—_d-' [/ —

p

il e T

Schwan cell di area yang putus
membentuk jaringan padat memanjang
yang menyambung pada bagian axon
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Changes in Resting Membrane Potential

(mV)

-85

Depolarization: movement
of RMP toward zero ~

I

Increase in
extracellular K* concentration

(a)

Time —

(mV)

(b)

Decrease in extracellular
K* concentration

-85 ~ A
Hyperpolariza-
ion: movement —

t
of RMP further away from zero

Time —

« K* concentration gradient alterations

« K* membrane permeability changes
— Depolarization or hyperpolarization: Potential difference across

membrane becomes smaller or less polar
— Hyperpolarization: Potential difference becomes greater or more polar

« Na* membrane permeability changes
« Changes in Extracellular Ca%* concentrations
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 (mV)

|_ocal Potentials

Result from

S
t ot t t -90
i 2 3 4 tt
12

Successively

stronger stimuli Two equal stimuli

in short succession

of short duration
fvom 1 =4 at1and2
Time — Time —

(b)

Ligands binding to receptors

Changes in charge across
membrane

Mechanical stimulation
Temperature or changes

Spontaneous change in
permeability

Graded

Magnitude varies from small to
large depending on stimulus
strength or frequency

Can summate or add onto
each other
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PRE TEST (Sistem somatomotorik)

1. Sebutkan jaras yang terpenting pada sistem saraf
somato motorik

2. Jelaskan perjalanan jaras tersebut dengan ringkas

3.. Apakah yang dimasud dengan UMN dan jaras ini
berjalan dari mana, sampai mana ?

4. Apakah yang dimasud dengan LMN dan jaras ini
berjalan dari mana, sampai mana ?

5. Jelaskan bagaimana otot dapat bergerak
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PRE TEST (Sistem somatosensorik)

1. Jelaskan ada berapa macam sensorik ?

2. Sebutkan jaras — jara pada sistem saraf
somato sensorik

3. Jelaskan perjalanan jaras tersebut dengan
ringkas

4. Jelaskan bagaimana system sensorik itu
bekerja.
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Action _LAfon

potential 1

'—(with temporal
/  summation)

Axon hillock
e

Inhit;itlory, D, )

Axon
hillock
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