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Pengantar
Biolistrik

= Aktivitas listrik dihasilkan oleh
perbedaan konsentrasi ion antar
sisi membran sel.

* Ditemukan pada jaringan peka
rangsang: neuron, otot rangka,
otot jantung.

* Fungsi utama: transmisi impuls
saraf & kontraksi otot.

= Contoh klinis: EEG, ECG, EMG.




Neuron — Axon hillock




Action Potential in the Neuron




I Mekanisme Transport lon

@ © °© o o . .
— » * Transport Pasif: tanpa energi,

1"]: 135 - 145 mmaol/L : : : .

557 mmolt 00 WP o mengikuti gradien konsentrasi
©  ox/v S ¢ (difusi Na*, K*, CI).

* Transport Aktif: memerlukan

ATP, melawan gradien (pompa
Na*/K*-ATPase).

i sodium-potassium
® g pine S e 't@‘? » Mengeluarkan 3 Na* dan
;fu]r::esltu{asrrﬁﬁ]aj?L @ ‘_&7 ‘@ ®® E‘? W W memaSUKkan 2 K+ per SikIUS —
Faotsommelt o . L " v > P - menjaga muatan negatif intrasel.



O Na*

Pressure

Ligand-gated

Cytosol 1 | Closed

Mechanically-gated

5y

) ONa*
Voltage-gated

Always open

precrececreed ["."-"4."!."#
Cytosol/ I  Closed
: W .

(Closed

PINTU ION \

3 jenis pintuion: '
= \/oltage gate :
membuka bila dilalui aliran listrik

= Ligand gate / chemical gate :

terbuka bila reseptornya berikatan
dengan zat tertentu

= Mechanical gate :

terbuka bila terjadi perubahan mekanik
pada permukaan membran sel
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Cell

Potensial Membran Istirahat
(Resting Membrane Potential)

» Terjadi karena ketidakseimbangan ion:
» Dalam sel: K* tinggi, Na* rendah.
» Luar sel: Na* tinggi, K* rendah.

= Nilai tipikal: =70 mV (neuron), =90 mV (otot).

» Dipertahankan oleh:

e isn
» Difusi K* keluar lon Concentration Gradients

> Pompa Na*/K* >

» Anion besar (protein) yang tidak dapat keluar <

© =
1,

Charge Separation+ s ACross Membrane



Potensial Membran Istirahat

Qutside ® 3 Na*

@ Extracellular space

Inside

©e
@ 3Na*
3 Na* bind to sites exposed inside The binding of Na* stimulates Phosphorylation exposes the Na*
the cell. ATP-dependent phosphorylation binding sites to the cell surface - .
of the pump. and lowers their binding afiinity, . -
50 that Na™ is released outside

the cell,
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At the same time, 2 K* bind to The binding of K* stimulates The pump then returns to its
high-affinity sites exposed on the dephosphorylation of the pump. original conformation, releasing
cell surface. K* inside the cell.
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60 Penghantaran
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Membrane Potential (mV)
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Pemberian
stimulus

* Pemberian stimulus pada

sel saraf/otot akan

menyebabkan perubahan
pada potensial membran.

* Rangsang positif akan

menyebabkan

depolarisasi/hipopolarisas,
dan sebaliknya rangsang
negatif akan menimbulkan

hiperpolarisasi.

Extracellular Fluid

+ +

FPlasma
Membrane

a) Sodium (Na*) ion. b) Potassium (K*) ion. ¢) Sodium channel.
d) Potassium channel. €) Sodium-potassium pump.
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Action Potential

outucdo of coll

Potensial aksi

* Timbul bila suatu rangsang yang menyebabkan

depolarisasi mencapai ambang letup suatu
neuron/sel otot

* Terjadi peningkatan permeabilitas membran
secara menyeluruh terhadap ion Na*



Potensial
aksi

lon channels in the axon
are voltage-gated

Depolarization at one
axon segment triggers the
opening of ion channels in

the next segment

Consequently, the action
potential spreads along
the axon as a ‘wave’ of

depolarization




Potensial aksi




POTENSIAL
AKSI

* Fase-fase yang terjadi pada
potensial aksi

= Fase depolarisasi

= Kaduk
julang/overshoot

= Fase repolarisasi
cepat

= Fase repolarisasi
lambat/after
depolarization

= Fase
afterhiperpolarization

+35

mv

(opening of voltage
gated Na" channels)

Action potential

Repolarization
(closure of Na* and
/ opening of K', voltage

gated channels)

Depolarization

Hyperpolarization
(Voltage gated K*

channels remain open after
the potential reaches

\

(local potential
change: graded

potential) / \ jsting level)

Threshold
R:\IP level

Time (ms) O 3




SIKLUS
HODGKIN

HODGKIN’S CYCLE

Small

/ depolarization \

Further opening Opening of

of voltage-gated voltage-gated
Na* channels Na* channels

\ Influx of Na* /

— increasing
depolarization



Perubahan
yang terjadi

selama
potensial aksi

s i i mV
mem3bc;ane ;: ‘\/Actnon potential L 3
g N\ ' _ Sodium conductance -]
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g 20 | :
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g ,' Potassium 40
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L ocal
response

* Adalah suatu respons yang
timbul bila rangsang yang
diberikan tidak cukup kuat
untuk mencapai ambang
letup/firing level.

* Timbul akibat perubahan
permeabilitas membran
terhadap ion2, dan hanya
bersifat setempat (tidak
pada seluruh permukaan
membran sel)

Propagated
/ action potential

‘/I/ Firing level

/4

— =551
>
é 7
3
N -
S
3
Q -70
Q
Q
N o
S
Q
g d
S

—85 -

Local response

Resting membrane
potential

i

0.5 1.0
ms

1.9



Diagram gabungan visual :
respon lokal > potensial aksi

LOCAL RESPONSE ACTION POTENTIAL

Overshoot

Repolarization

nmMme myv

After-hyperpolarizaion

-70 Depolarization

Time



Hukum
All or None

* Suatu serat saraf / otot bila
dirangsang akan memberikan
jawaban maksimal atau tidak
memberikan jawaban sama
sekali.

* Hanya berlaku pada 1 serat
saraf/otot.

Response

Stimulus strength

Mo response

-1

Full response

| Threshold




_—- Spike

Q') .
g potential
©
Masa Refrakter 3
3
S After-depolarization
O
] . q? /After~hyperpolarization
* Merupakan periode di dalam § _\___
potensial aksi dimana kepekaan oy
sel terhadap rangsang berkurang response
g‘ Period of latent addition
=]
o2 Supernormal period
2 Lo
O g, S i S 7 3
\\ Subnormal
period

Time



Masa Refrakter

Masa Refrakter Absolut:
rangsang sebesar apapun tidak
akan menghasilkan potensial
aksi baru

Masa Refrakter Relatif :
memerlukan kekuatan rangsang
yang sangat besar untuk
mencetuskan potensial aksi baru

Membrane potential (mV)

Absolute  Relative
refractory refractory
period

period

I S
thar

R T ORI A

Time (msec)
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Penghantaran g & ¥
Impuls - \ (\< 7
Neuron oY
Ber- myelin - \ First action potential
i /N ReeurR TS, Saltatory conduction

rd

Action potential
will be regenerated
at the next node.

Action potential

| Node of
channel One glial cell Ranvier




SINAPS

Hubungan neuron dengan sel lain

\XDendrites
| Gl body (soma) o Types of Synapses
\ y
Nucleus 5
S e 5 farmials Synapses with
e Direction of signal _~/>/
S — { /., another neuron
~\_ =—Axon hillock 1 Sunavies with N\ AW/ y
2\ ™ N g Neuron 2 \)\/ﬁé;y
QY o N [~ another neuron :
*\5\\‘Axon 74 //C/ P 7> "
Presynaptic = | a / ) f ~/, -
neuron 9 A
Synapse—‘ J 4
) i >Dendrltes
Rg ‘ & Neuromuscular Skeletal
i \ \ j 5 Junctions muscle
=0 Axon terminal /' Postsynaptic neuron fibers
T2 .
= : Neurotransmitter
Axon - \\ (after release) /
terminals —~— —  Axon )
/ — Gland cells @
/ =
~ NcCollateral

axon



Anatomi sinaps

Presynaptic neuron

Axon terminal

Synaptic
vesicles

Synaptic
Ligand-gated channels
with receptors for
neurotransmitters

Postsynaptic neuron




Synapse Structure




Klasifikasi
sinaps

Chemical Synapse

mical messengers

e .
g rotransmifters

Presynaptic
neuron
(Sending cell)

Synaptic —{
cleft
Postsynaptic

cell
(Receiving Cell)

Electrical Synapse

Gap junction




Klasifikasi
sinaps

Synapses

'S
Cell body g J
7,
< //
~— Dendrites ¥
| Axodendritic
Axosomatic synapses
synapses
v —— Axoaxonic
E synapses Axon
[ 4
|

(a)

1. Axodendritic synapse
2. Axosomatic synapse
3. Axoaxonic synapse

' — Axosomatic

% || synapses

& "_ q Soma of

" %, postsynaptic neuron



Klasifikasi
sinaps

Axosecretory Axoaxonic Axodendritic Axoextracellular Axosomatic
Axon terminal Axon terminal Axon terminal Axon with no Axon terminal
secretes directly secretes into ends on a dendrite connection ends on soma
into bloodstream another axon spine seccretes into Axosynaptic

extracellular fluid Axon terminal

ends on another
axon terminal



Klasifikasi
sinaps







Fisiolog]

sinaps

1. Action potential
reaches presynaptic
terminal.

action /

potential

2. Depolarization of
presynaptic terminal
opens ion channels,
allowing calcium
(Ca2+) into cell.

Ca2+

7. Neurotransmitter
is inactivated or
transported back
into presynaptic
terminal.

3. Ca2+ triggers
release of
neurotransmitter
from vesicles.

vesicle fused 5
with membrane -

neurotransmitter-
filled vesicle

synaptic
cleft

postsynaptic
membrane

presynaptic terminal

4. Neurotransmitter binds
to receptor sites on
postsynaptic membrane.

postsynaptic
channel receptors

5. Opening and closing of
channels cause
change in postsynaptic

T membrane potential.

. action
5.

R *  potential

6. Action potential
propagates through
next cell. +




_ _ /\ \
Potensial W JR—
postsinaps . Vol
—— K > \,\- yea
\_) y Hyéerpolarisatio




EPSP, IPSP, Slow EPSP, Slow IPSP
Jonis Potonsial | Modistor | Kanal _|Efek |Dumsi

Fast EPSP Glutamat, ACh Na®™ masuk Depolarisasi 10-20 ms
Fast IPSP GABA, Glisin RIS Hiperpolarisasi 10-30 ms
keluar
. 24 + q .
Slow EPSP Dopamlrl, Ca”" masuk /K Depolarisasi Detikermenit
Serotonin tertutup lambat

Hiperpolarisasi

Slow IPSP Dopamin, GABA-B K" keluar lama
lambat

Detik—-menit



SINAPS - NEUROMUSCULAR JUNCTION

ALILAMEQILAL MEDIA
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Proses yang
mempengaruhi
pencetusan
potensial aksi

e ——————)
* Fasilitasi:

Proses yang
mempermudah terjadinya
potensial aksi pada sel
postsinaps

* |nhibisi:

Proses yang menghambat
terjadinya potensial aksi




Postsynaptic
/ inhibition

Presynaptic
i

Motor
neuron

O

Inhibisi

Inhibisi postsinaps: Inhibisi presinaps
Direk / langsung IPSP melalui struktur
melalui interneuron presynaptic synapse

Indirek / tidak langsung
masa refrakter, masa
after hiperpolarization

Postsynaptic potential in neuron C

Recording potential of
postsynaptic cell C

___________ Threshold potential

—T,\ T T,-\ 1/\— Resting potential
N O @ e

Time (msec)



Potensial
postsinaps

>
N o

=]

Threshold of axon of
postsynaptic neuron

Resting potential

8

Membrane potential (mV)
I
=]
=]

fe e

Ny
I'
- DN
_,)"--. ,'__ﬂ_:nt\ e

Time —»

(a) No summation:
2 stimuli separated in time
cause EPSPs that do not
add together.

|:| Excitatory synapse 1 (E,)
. Excitatory synapse 2 (E,)
B nhibitory synapse a,)

Time —&

(b) Temporal summation:
2 excitatory stimuli close
in time cause EPSPs
that add together.

Time —»

(c) Spatial summation:
2 simultaneous stimuli at
different locations cause
EPSPs that add together.

Time —»

(d) Spatial summation of
EPSPs and IPSPs:
Changes in membrane potential
can cancel each other out.



Persarafan

resiprokal

Dorsal root
ganglion

Motor
neuron of
protagonist

Interneuron releasing
7‘/ glycine

———_ Motor neuron of
antagonist muscle

Protagonist muscle



FISIOLOGI OTOT LURIK
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FISIOLOGI
OTOT
LURIK

: y W
mw ....Q.. ... ...
ey |

N

.-.o-c-a.-

(b) Relationship of
a muscie fiber and
a myofibril

A

B whole muscile and a muscie fiber



F-Actin

B I| ACTIN &

MIOSIN




KONTRAKSI OTOT

L

* Kontraksi otot terjadi karena
adanya impuls listrik dari
motorneuron yang
disampaikan ke sel otot

* Proses kontraksi otot disebut
juga dengan excitation-
contraction coupling

* Peristiwa pemindahan impuls
yang terjadi ® pada sinaps



Hubungan saraf-
otot rangka
(Neuromuscular
junction)




Viacle Contraction Partik
Events aﬁﬂh@ Neuromuscular Junctlon

Excitation-
Contraction
Coupling




A&P Flix

Muscle Contraction Part 2:

EXCItatlon' Excntatlo}-Contractuon Couplmg
Contraction >\
Coupling




Action potential
propagation
in motor neuron

Neuro-
Muscular
Junction



Neuro-
Muscular
Junction

With Ca?* no Iongar bound

oto troponin, tropomyosin slips @ Ca?+ actively
back 1o its blocking position over taken up by
o s Shirm |
contraction ends; actin slides back f _
10 orig " there is no longer @ Myosin cross bridges attach to actin and bend,

S PR feltg postion. local'a aau:tionmq‘a pulling actin filaments toward centerof sites on actin.
. potential. sarcomere; powered by energy provided by ATP. ;




Voltage Gated Sodium Channels

Voltage Gated Calcium Channels

Ligand (Acetylcholine) Gated Channels
Acetylcholinesterase

Choline Transporters

SNARE Proteins

T-tubule

DHPR complex that is activated (by depolarization)
DHPR comples that is resting and not activated
Sarcoplasmic Reticulum

) The purple colored spheres represent Calcium
@ The green colored spheres represent Sodium

@ The red colored spheres represent Acetylcholine

Neuro-
Muscular
Junction

The large spheres with mulitple red spheres
~ represent vessicles full of acetylcholine

"2, The red spheres being broken down into smaller
" spheres (see # 4) represent acetylcholine being
broken down into choline and acetate. The
choline will be recycled (see #5) and the acetate
will simply diffuse away from the synaptic cleft.




Neuro-Muscular Junction




PERAN KALSIUM

Tropomyosin Ca?*-binding sites

' Sarcoplasmié
reticulum (SR)

@
e © o°°

s ® |la &

e O Q@ 9
Myosin- (#)
binding site Y

(b) Myosin-binding sites exposed



SIKLUS
JEMBATAN
SILANG

Myosin heads
bind to actin,

forming
crossbridges

Myosin heads split

ATP and become
reoriented and
energised/* :p

Contraction Cycle
Continues if ATP is
available and Ca#
Level in the
sacoplasm is high

\/ ATP
ADP
As myosin heads
bind ATP, the Myosin heads

ggcisasct;:ﬁgﬁf Sctin rotate toward center
of the sarcomere (Power stroke)

ATP




How Your Muscles Work




POWER
STROKE




Muscle Contraction Types

i’r




1. Kontraksi Isotonik
® kontraksi konsentrik

Jenis Kontraksi m kontraksi eksentrik

2. kontraksiisometrik

Isotonic Isometric
Same Tension; Changing Length Same Length; Changing Tension

4 Concentric traction—The bicep

muscle con
muscle 15 shortening while contracting.

Eccertric muscle contraction—The /f\
bicep muscle is lengthening while
contracting.
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Muscle Contraction Types




Jenis
Kontraksi




MUSCLE SPINDLE & GOLGI TENDON ORGAN

— Capsule—

‘ ‘ Intrafusal
muscle
fibers

Muscle spindle

— Stretch

receptor

Afferent
nerve
fibers

— Extrafusal
muscle
fiber

L— Golgi tendon
organ

Tendon

Adapted from Elias, Pauly, and Burns.

Muscle receptors

la afferent
muscle spindle primary

Il afferent Y motoneuron

muscle spindle secondary OL motoneuron

ske!etal muscle"‘ﬁ-be!'g

Ib afferent
Golgi tendon organ
’TTf s =

Golgi tendon organs
lie in series with
skeletal muscle fibers

Muscle spindles
lie in parallel with
skeletal muscle fibers

|a afferent
|l afferent

Ib afferent

¥ dynamic

tendon = : " ske bag fibers {
muscle fibers chain fibers

intrafusal muscle fibers



Muscle Spindle




spinal cord

Muscle
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Golgi
Tendon
Organ

Nerve fiber //' >
Tendon bundles
T )
St (1) i

Sk
R e L
B S Al
B /”/f«’/"? 1/

Organ of Golgi, showing X Z
ramification of nerve fibrils Muscular fibers 19 IS



Muscle spindle reflex + GTO reflex

LANS0rY NeUron

Spinal

cord
Sl ‘ 2
[ _— '\J"/Mdload
i Maotor neuron H
¥

(@) Add load 1o muscle

(b) Muscle and muscle spindie
stretch as arm drops

(c) Reflex contraction initiated
by muscle spindle restores

arm position

Inhibiting
interneuron

Golgi tendon
organ

(d) Muscle contraction stretches
Golgi tendon organ

BT = -

(e) If excessive
load is placed on \
muscle, Golgi tendon )\
reflex is activated causing
relaxation, thus protecting muscle




REMINDER

* Potensial aksi yang tercetus akan dihantarkan ke
sepanjang akson untuk kemudian disampaikan ke sel
berikutnya.

* Mekanisme penyampaian impuls ini terjadi melalui
sinaps

* Perubahan yang terjadi pada postsinaps tergantung dari
jenis neurotransmitter dan jenis reseptornya.

* Mekanisme kontraksi otot = mekanisme sinaps

. Pengg.unaan energi pada mekanisme kontraksi otot
terjadi pada saat %

* Dari mana saja sumber energi untuk kontraksi otot ?
* Fungsi Muscle Spindle dan GTO ?




Hubungan saraf-otot rangka

A
D

C
F
I

B
E
G

H




1. GOLGI TENDON
ORGAN

A. NEUROTRANSMITTER
INHIBITORIK

2. TROPONIN C

B. IPSP

3. PERMEABILITAS
TERTINGGI

C. ION EKSTRASEL

4. NATRIUM

D. FASE DEPOLARISASI

5. NEUROTRANSMITTER
EKSITATORIK

E. DETEKSI TEGANGAN
OTOT

6. CL- INFLUX

F. AXON HILLOCK

7. TRIGGER ZONE

G. RESEPTOR KALSIUM

8. GLISIN

H. ASPARTAT




Physiology Department
Faculty of Medicine
Trisakti University
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