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77l Resting membrane potential and action
potential

[ Very important

[ Extra information
B Terms

Winners are not people who never fail
but people who never quit !




HRRIoL00Y Objectives

ﬁ Describe the voltage-gated sodium and potassium membrane channels
and their states .

2. Explain the resting membrane potential ( RMP) ,Threshold Potential,
Reversal Potential , Local Response and Action Potential .

3. Describe components of a neuron dendrites , soma , axon . axon hillock
and their physiological significance

4. Describe the electrical changes in membrane potential during the
action potential , their chemical bases and excitability changes .

5. Describe conduction along nerve fibers , role of myelination and how

nerve fibers are classified.

Recognize the excitable tissues and their properties.

Recognize and describe the forces acting on ions.

Know how membrane potential is measured electrically.

9.  Recognize and apply Nernst equation to calculate equilibrium potential.

© N
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Nerve are composed of

Neurons

Neuron is the
functional unit
of the central
nervous system

Cell body (soma)

Dendrites

Contact us : Physiology435@gmail.com




Dendrite

A>xon Terminal

Node of

Cell body Ranvier >

oL
>

=

AxXOnN Schwann cell

—

Myelin sheath
Nucleus

component Function > yhillock

Dendrites Carry nerve impulses from surrounding to

the soma. l
Cell body contains organelles such as mitochondria,

Golgi apparatus , endoplasmic rectum and - Fyopagatd

action potentials
_—

nucleus like any other cell. SE

Axon hillock It is the site where the axon is joined to the

soma, it is the site of action potential

initiation. /B’—/

Axon terminal transmit a neurotransmitter from one neuron
to another
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Histological classification

IOLOGY
TEA 135

Myelinated

The axon

Unmyelinated

H é -

Have myelin sheath.
Diameter More than | um.

Type C Postganglionic autonomic

Pain fibers..
Diameter less than lum.

EN

Do you
remember the
sympathetic &

parasympathetic
POST ganglionic
neurons in ANS
lecture ?
They were
unmyelinated .
Type c refers to
unmyelinated &
slow neurons.
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Myelin sheath

Definition

Insulator Tyean

S sheath :
Formed by

Increase Schwann cells
conduction which dep05|t

velocity sphingomyelin

“faster transmission”’

Conserve energy Axon I_N°de'5£f Ranvier| Myelin sheath
for axon 7. \

. Depolarized Membrane at
Video membrane resting potential

} 6 Node of Ranvier : the gaps between stretches of myelin sheath generated by neuron “unmyelinated / non-insulator”



https://www.youtube.com/watch?v=LkJN4X6wysM

=

HYSIOLOGY

EAMA3BS

=

= How does myelin sheath become insulator ?

The myelin sheath is deposited around the axon by Schwann cells :

the membrane of a Schwann cell first envelops the axon.Then the
Schwann cell rotates around the axon many times, lying down
multiple layers of Schwann cell membrane contain the lipid
substance (Sphingomyelin). This substance is an excellent electrical
insulator that decreases ion flow through the membrane.

“O 5K 3 il aal die J ol Calaa yuall ol o ST el 1 JU
“eSy W5 re s alie IS 1) (S

= Shwann cell can be found in myelinated and unmyelinated.

Nucleus of
Schwann cell

Cytoplasm of
Schwann cell

Contact us : Physiology435@gmail.com



v

HRGES" RMP

-

Resting membrane potential (RMP) :
it is potential difference across membrane during rest (without stimulation)

= What are excitable tissues?
|- nerves 2- muscles

Both of them are negatively charged inside ( AT RESTING )

" They are called excitable because :

|- produce response when stimulated.
2- their membranes act as electrical capacitor.
- and this will create a difference in charge between inside and outside the cell -

Contact us : Physiology435@gmail.com



lons concentrations

| (cF ECF

K+ 140 4

Na+ 14 142
Cl- 9 125
Charged proteins 1065 e

= |f K+ is above 6 in ECF ——» Hyperkalemia

= Any type of protein inside the cell is negative and cannot cross cell membrane.

Contact us : Physiology435@gmail.com
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Types of ionic channels

I )Leak channels (diffusion) :

Open all the time "transports ions down their concentration gradient"

2)Voltage-gated channels :

Open when cell membrane is electrically activated "open and close is response to membrane potential"

3) Chemically-gated channels (Ligand-gated channels) :

Open is response to specific ligand "neurotransmitters"

(a) Resting K* {b) Voltage-gated (c} Ligand-gated (d) Signal-gated
channel channel channel channel
Na+
Exterior ++4+4 o == i
Resting
membrane
) potential
Cytosol T
Always open Opens (transnently) Opens (closes) in Opens (closes) in
in response to change responsetoa response to a specific
in the membrane specific extracellular  intracellular molecule
potential neurotransmitter
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Diffusion potential

= |F we assumed that the membrane is permeable to K+ ,and K+ is high inside and low outside
the cell — therefore K+ will leak (diffuse) through K+ leak channels from inside to outside.

= And for every K+ ion diffuse through the membrane, it carry positive charge with it —>
build up of electropositivity(+) outside and electronegativity(-) inside.

"=  We have 2 forces acting on ions:
I)Diffusional force : push K+ outside the cell "concentration gradient”

2)Electrical force : pull back K+ inside the cell "electrical gradient”

=  When these 2 forces are equals to each other > No net movement of ions.
“Equilibrium Potential”

Electrochemical
driving force

Contact us : Physiology435@gmail.com
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Nernst equation

-

|- The potassium Nernst potential :

Nernst made hypothesis which said that if we suppose that:
- The ECF, ICF contain only K+

- Cell membrane is freely permeable to K+

What will happen?

» K+ will diffuse down its conc. Gradient (via the K+ leak channels) from high to low
carrying the +ve charge to outside the cell.

* This progressively increasing the inner negativity of the membrane .

» Opposing negative electric potential build up , tending to prevent the exit of K+

N
* The —ve electrical potential will grow inside until it becomes balance with conc. gradient force

J

* No net movement of K+




Nernst equation

e Whatis the result?

The membrane potential in this case called Nernst potential for K+ it equals = - 94 mV

* Calculated by the equation :-

EMF (mV) = -61 log K+ Conc.Inside =-94 mV K+
Conc. outside

* EMF = Electromotive force

The magnitude of this Nernst potential is determined by the ratio of the conc. of that specific ion on the 2 sides of the
membrane.The greater the ratio, the greater the tendency for the ion to diffuse in one direction.Therefore, the greater the
Nernst potential required to prevent additional net diffusion. The equation written above called the Nernst equation.

The sign of the potential is ve+ if the ion diffusing from inside to outside is negative ion, and it is negative if the ion is positive.
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Nernst equation

2-The Sodium Nernst potential :

Nernst made hypothesis which said that if we suppose that:
- the ECF, ICF contain only Na+

-Cell membrane is freely permeable to Na+

What will happen?

* Na+ will diffuse down its conc. Gradient , from high to low , carrying the +ve charge
to inside the cell

This progressively decreasing the inner negativity of the membrane .

» Opposing negative electric potential build up , tending to prevent the entire of Na+

The —ve electrical potential will grow inside until it becomes balance with conc
gradient force .

* No net movement of Na+




Nernst equation

* Whatis the result?

The membrane potential in this case called Nernst potential for Na+ it equals = +6| mV
* Calculated by the equation :-

EMF (mV) = +61 log Nat+ Conc.lInside =+61 mV
Conc. outside

e The Nernst Equation Describes the Relation of Diffusion Potential to the lon Concentration Difference
Across a Membrane.

* Nernst potential :

Is the diffusion potential level across a membrane that exactly opposes the net diffusion of a particular ion

through the membrane.

Contact us : Physiology435@gmail.com



PHYSIOLOGY The resting membrane potential of nerves

TEAMAZS
because we
Values: . separate the
The membraneis ___ "

-70 to -90 mv , N positive

- polarized ... charge from

( depends on the nerve if it is e the negative

Iarge -90, small -70 ) charge by

the cell
membrane

Resting membrane
potential (RMP)

Is potential difference across membrane during rest
( without stimulation )

Contact us : Physiology435@gmail.com



The resting membrane potential of nerves

K+ leak channels are more effective
than Na+ leak channels :

RMP is 100 times more permeable to
K+ than Na+.
K+ tends to leak out of the cell down
its concentration gradient, carrying
+ve charge with it.

Large intracellular anions :

Non-diffusible anions -=-.

(proteins, sulphate and

phosphate ions)

(through K leak channels) -

@

Causes of RMP

cannot leave the cell.

\
- =

-
y? 1
1 -

very small amount of Na+
diffuses into the cell down its
concentration gradient. The cell
membrane only slightly
permeable to Na+.
(through Na+ leak channels)

Active Transport :
Na+-K+ pump maintain
concentration gradients of K+,
and Na+ between the two sides
of the cell membrane.

@

(3 Nat+ pumped out in exchange

for 2 K+ pumped in)

Contact us : Physiology435@gmail.com

have much
higher
concentration

~._.=» inside the

cell than
outside it
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Measuring membrane potential

To Measuring membrane potential :

by the ( voltmeter )

A small filled pipette (microelectrode)
Silver—silver containing electrolyte solution is inserted inside
FE++ 4+

hlorid . . .
cloctrode the nerve fibre & another electrode is placed in
the outside

\ FFF+++FFF MV)FFFFFF + F /

membrane potential difference
between inside & outside is
measured using the voltmeter

All excitable cells exhibit an
electrical potential (voltage) called
resting cell membrane potential
(-70 to -90mV)

Contact us : Physiology435@gmail.com



HYSIOLOGY The resting membrane potential of nerves

EAMA3BS

- U

leak channels:

I) Contribution of K+ diffusion potential : sasy, K+ out flux to outside
causing —ve inside

(from high conc inside to

K+ diffusion contributes far more to membrane potential =~ ~“F>~-%

e

m . .

3 outside carrying +ve
E 2) Contribution of Na diffusion potential:- charge with it :

g Na+ leak channels Slight membrane permeability to Na+ ions Electro outside
"50 in leak channels from outside to inside Electronegativity inside
G

3) Na+-K+ pump
— maintain concentration gradients of K+ and Na+ between
the two sides of the cell membrane.

Contact us : Physiology435@gmail.com



Extra

. Voltmeter = Wlila s i Electrodes — slilas ai g 2ica (enerve Ldal: jisall 4

the value of resting membrane potential is (-70) , why it is minus 70 ?

First we know that :
*  The cell is contain a large amount of (K+) inside.
* Kiis a positively charged
*  The cell also contain a little amount of protein and phosphate which are negatively charged .
*  The cell membrane has a HIGH permeability for (K+)

330 yaall T ALB B3 ¢y oS5 Lais ¢ o panl pll Al By 580 a5 gl

( permeable to K+ 100 times more than Na+ )
So what will happen ?
*  The (K+) will outflux from the cell through a channel called :

potassium leakage channel.

*  protein & phosphate will stay inside the cell which will make it negatively charged.

* Al cell membranes of the body have a powerful Na+/K+ pump that transports Na+ ions to the outside and K+ to the
inside. More positive charges are pumped to the outside than to the inside ( 3 Na+Vs.2 K+ ) leaving a net deficit of
positive ions on the inside which causes Negative potential inside the cell membrane. )

Al 3 LaY) Jaad A Gl aes 038 5, e s )5 O sl JAI e 3 AN O Tl Lea Jlad Al b G181 JAls
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J0my
Polarized membrane
Yo = =
-"k ". /’\
"‘b )l \’ I\
}NJ‘*‘\ \A/I
- 2 1 ,’, r—

Leakage channels

| - Efflux of K+ (High leakage of potassium).

4 A

A nerve cell in resting state
( without any stimulation )
connect to a voltmeter that
shows a negative charge
( -70 mv), which means that
the inside of the cell is
negative comparing to the

outside.

Charge measured in millivolts

2- Large negatively charged molecules (such as protein, sulphate and phosphate).

3- Sodium-Potassium pump.

Contact us : Physiology435@gmail.com



PHYSIOLOGY ,
TEA 135 What does it mean when a neuron ‘“fires’’?

= Recall resting potential of all cells :

High K+ in; high Na+ out.
Cell is polarized
Cell overall negatively charged inside due to molecules like proteins ( RNA, DNA).
Charge measured in millivolts

* Potential = difference in charge across PM
* Current = flow of charge (ions) from one point to another

Nat 145 mEg/L
K+ 4 mEqg/L

Nat* 12 mEg/L
K+ 150 mEg/L

Large anions
that cannot
escape cell

Contact us : Physiology435@gmail.com



" High K+ Permeabily '
@ ,” -RMPis 100 time
Q <. more permeable to

oo o °

|
. Low Na+ Permeability \

|
|
' Small amount of Nart @ '
- \ N |
o GROUINLCING & ao ' K+ than Na+ |
| diffuse into Cell : 'K+ outflux outside |
! (through Na+ leak : | |
I | na + |
| channels) | ° @ E Icell carying +ve .
e R . , charge (through K+
K~ | |
© ek chamnel) |
© © 5. \
Extracellular " Intracellular '« "~

[ Electropositivity ]’ i [ Elecronegativity | >, >~
I.-___--__--__:_' A— ' . Non-Diffusible Anions |
' -Proteins, Sulphate, and |

| Na+/K+ Pump : | .
| -Maintain conc. gradients of K+ and Na+ | | Phos'phate R :
| between two sides of membrane : | can'tleave cell. (torge i
e e b s L ‘



PHYSIOLOGY Changes that occur through the nerve after
TEAVABS stimulation by threshold (effective) stimulus

|- Electrical changes I
2- Excitability changes
( nerve action potential)

3- Thermal changes 4- Chemical changes

35393 0 Al (((Sedll Jaadl g flaall ) (omaandl S pall Lypaand) ML) Juad ¢ Vgl aany Tamd 6 5 cpn S ¢ quuand) § il ¢ iaay La ga La 3 gualal)
A AailasS )t Agly anal) B da 3 (B g el adly ¢ JUall 138 (A g gl g shATl Gulwal) 58 g quardl B liu) Gaay o (e g hd
.noradrenaline! ) 3
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Action potential

= Action potential :

It is sudden reversal of membrane polarity produced
by a stimulus to produce a physiological effect such as:

Transmission of impulse along nerve fibres.
Release of neurotransmitters.

Muscle contraction.

Activation or inhibition of glandular secretion.

+
Na+ Nart e

I the cell is equally charged ( mean : the negative charged out side the 55 gl s e tls il 0e (2 20
DA (e Apand) ) JLEY) J8S ¢ e (a3l

cell equal to the positive charged inside the cell ) mean : dead cell i fme 36 ) ) ¢ lnc Sl
Lipe Al Ll i 138 ((JANall g = HAD) 8 cliall) 4 gluda) ddalatiae 4] CulS 1) it ol a6l ) il 5 ey oY)
(Resting # equally charged) Aalatia Ll e ¥oosSedls Lf‘ alal) ¢S ohmadl Gl 5l ¢ liseell pany 53
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HYSIOLOGY Electrical changes
EAMAZS The nerve action potential

- U

= Electrical changes : It is potential difference along nerve membrane after
stimulation by threshold (effective) stimulus.

= Oscilloscope : Machine used to measure rapid changes in
membrane potential.“‘Gives curve for impulses voltage” %_/

= Nerve signals (impulses) are transmitted as nerve action potentials conducted along
the nerve fiber as a wave of depolarization to its end.

The factors necessary for nerve action potential are :

N

voltage gated voltage gated Threshold
K+ channels Na+ channels stimulus.

Contact us : Physiology435@gmail.com



TEAMA S | Action potential
| Pedkclonpoentel Absa S
+30)
S resting membrane 5 Ui i 52 0 S a8 ) clS Y i - |
£ polarized 4l <is-70 mV s st il o <4 Cua potential
- — Repolarization Jas¥ il (b s Al (3 Al Jaxin 5 )il &2 e )
g 0 -55 uad DUl ¢ il agd duladinl gl Jaral dpaall YL
€ A )b & 4dall Jaxs threshold of excitation (e s mV
Y e C\ﬂ JAXI 5 a 93 guall Sl g c-m o s «Depolarization
8. Threshold of reversal Potentlal 4 Jai s voltage gated Na channels J3
0 excitation il 59 i 5 523 guall Ul 50 JiEE reversal potential d 4dass 2ie -3
g i vierepolarization ) sk o3 Jeaall Al fag Gus o sl o)
g 1] I ] S S . P , pl s
E Hyemolarzation ¢ <05 S O Bl e st dual bane S pats L 4
0 JPerp Al oda 4 ey =90 MV Lo 3l Juadl
2 -1l \ / Na & K I ge o sSadl Alal 53 5211 Y slae hyperpolarization
Resting potentia E pump
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https://www.youtube.com/watch?v=OZG8M_ldA1M&feature=youtu.be

PI\pPHYSIOLOGY
TEA 435

Action potential

3/ Reversal Potential= + 35 mV
+35 e
N - = We need to start from the |
£ . baseline “Resting State of
E Depolarization s === Repolarization the cell” at the RMP.
= 0 |
7 A threshold Stimulus will
E Threshold Potential lead to :
e ( Firing Level ) :
@ = -50 to -65 mV
g |) Depolarization.
S \ 2 . 2) Repolarization phase.
N0 e - |
£ — o . 3) In some neurons there
o 1 Hyperpolarization ; . P
s .70 g isa 3" phase called :
\ , o / —_ Hyperpolarization
RMP=-70 or-90 mV 4 ) |

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=OZG8M_ldA1M

Y

-
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1) + Vi 2) - |
! g . I

® - xoo + |

., I | L b4 i

/ + 11 . , |

| X |

" “on / : : ~ N :
+ * ! : - !
Polarized X ' polarized

f-"' ___________ - ."'f ——————————— -
3) + \I ! 4) x +~f-x \|
® — x : ; p U X :

~ % ’ “ [

! + k(1 I )+

X - 4 " : xx S - g -+ |
. ! X x :

+ . + 4+ X |

\ polarized ," \\ polarized ,"

— e — — — e o e o o o o o m—

EXTRA

|) The cell membrane separates the
vet & -ve charges, at rest state (RMP)

2) Now, there is an electrical stimulation
+ve charges ( IN ) -ve charges ( OUT).

3) The cell re-polarized it self :
-ve charges (IN) +ve charges (OUT).

4) Increasing the number of charges inside
and outside the cell, it may occur and
may not.

“neuron at rest 4kl ZiSy Cuale add dllia o (i yidila

die alill aOUS o Bl 5 o il 3 3 ¢ alal 5 s 4l Wl jedal
“Depolarization” dulu 48a (e sy ez ali s sk e 4n Al Laa
“Repolarization”4wdil dplul) 4, Ldis

dulany) iy iq.u Al Anllud) ¢l y ¢ Jayaall el a_\..pt\ g
“Hyperpolarization” ol sisl 5 35 (ulill ae Jalaty
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Summary of events that causes AP

| -Initiation of Action Potential (AP):

* -70 to -90 mv is the resting potential.

* Threshold stimulus open voltage gated Na channels
and Na influx rises resting potential from -90 towards zero
(gradual depolarization).

* As membrane potential raises, open more Na channels & more Na influx
(+ve feedback ) until all voltage gated Na channels open.

What opens the voltage gated channels ?
Opened by a stimulus strong enough to depolarize them to threshold.

Resting state this is the resting membrane potential before the action potential begins. The membrane is said to be
“polarized” during this state because of the -70 or -90 mv negative membrane potential that is present.

Contact us : Physiology435@gmail.com



1\PHYSIOLOGY
EAMA3S Summary of events that causes AP

=

2- Depolarization :

*  Occurs when membrane potential reach zero value to reach + 35 mv.
At + 35 mv all Na channels begin to close suddenly
(Depolarization ends).

@ Depolarization

Closed K+
Gell exterior channel Ex

Mermbrane Potential

Open Nat
channel

Cell interior A A

Depolarization state at this time, the membrane suddenly becomes permeable to sodium ions, allowing tremendous number of
positively charged sodium ions to diffuse to the interior of the axon by the voltage gated sodium channel.

P 3l Video



https://www.youtube.com/watch?v=qDUjVzVq7xE

1

HYSIOLOGY
EAMA3S Summary of events that causes AP

-

3- Repolarization :

Due to high K conductance( flow) to outside (K outflux) by opening of
all voltage gated K channels (causes _negativity inside).

Repolarization

Open K*

channel A A

Cell interior

Contact us : Physiology435@gmail.com
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Summary of events that causes AP

4- Hyperpolarization. VVhy! Because K channel did not close. Video

5- Na-K pump now start to move Na out & K in against their concentration
gradient, so the RMP is resumed and the membrane is ready for another stimulus.

ED Resting membrane B Action potential E) Resting state
potential returns
+70
Sodium
+50 — channels
+30 - Depolarization — close
+10 - . .
Membrane Potassium /Repolarlzatlon
potential 10 channels
{microvolts) opein
=30
Sodium Potassium channels Threshold
-50 +---- -channels —-—-—-—JF - ——————————— - -J - start to close —--——————-—-— - TP o
open
-70
T T T T !
0.0 1.0 2.0 3.0 4.0 5.0

Time (milliseconds)

Depolarized : eV 4aiy inidl
Repolarized : JisY 4aiy isidll
Hyperpolarized : resting state ) a3 () &<y Jiaial)
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https://www.youtube.com/watch?v=Wcp2KrAH_iI

(3]

Rising phase of the action potential

Depolanzation opens the activation gates
on most Na* channeks, while the K*
channegls’ activation gates remain closad.
Na* influx makes the inside of the
membrane positive with respect

to the outside.

4 | Falling phase of the action potential

The inactivation gates on
most Na* channels close,
blocking Na* influx. The
activation gates on most
K* channdls open,
permmitting K* efflux
et which again makes
~ R 25 the inside of the cell
"""" @ negative.

© EOEETERESE A stimulus opens the
activation gates on some Na* channels. Na+

influx through those channels depolarizes the

membrane. If the depolarization reaches the

threshold, it triggers an action potential.

© BT Both gates of the Na* channels

Sodium ‘ £t are closed, but the activation gates on some K*
channel gate ' channels are still open. As these gates close on
: most K* channels, and the inactivation gates
-+
o The activation gates on the Na"* %sre\sga gNsa d?annels, the membrane retums to
and K* channels are closed, and the membrane’s

resting potential is maintained.

Contact us : Physiology435@gmail.com
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Threshold stimulus

could be :

Threshold
stimulus

Subthreshold
stimulus

Suprathreshold
stimulus

Threshold stimulus

If a stimulus is strong enough to move
RMP from its resting value (-70mV) to
the level of (-55mV) which leads to
production of an action potential.

Stimulus that result only in local
depolarization.

greater than a threshold strength

Contact us : Physiology435@gmail.com




PI\pPHYSIOLOGY
TEA 435

All or nothing principle

4 N

Once threshold value for
excitation is reached a full action
potential produced, its intensity
can not increased by increasing
stimulus intensity

All or nothing

fa

‘\,\“

if the threshold was ( 50 ) —> then
when you give 50 or more both will
make the same action potential , but
when you give less than 50 it will not
make any action potential .. So :

- Suprathreshold — action potential

- Threshold — action potential

- Subthreshold — no action potential

Contact us : Physiology435@gmail.com




when we give a really weak stimulus (slowly going to a
stronger one) we have this small little response labeled
subthreshold potential. not an action potential it is
“local depolarization”

@ . If we keep giving it a stronger and stronger stimulus,
‘ strong enough to pass the threshold potential

Any stimulus greater than threshold give us a repeated
action potential called Suprathreshold potential

>
E
= O
s
s
o
%’Q
E
—70
=
o
= -+
;3
s
% o0
3
=
E -

subthreshold
potentials

Lo NG

threshol
stimulus

subthreshold
stimuli

suprathreshold
stimulus

time (mMms)——>

In this we are shown a neuron and it shows how different intensities of stimuli affect the voltage changes.

If something tickles your nose but it’s not enough to make you sneeze, that’s a m
subthreshold stimulus. If something tickles your nose just enough to make you sneeze ;B
once, that’s a threshold stimulus. If something tickles your nose intensely and makes you : -a
sneeze three times in a row, that’s a suprathreshold stimulus. ?

----------

Contact us : Physiology435@gmail.com



§) PHYSIOLOGY What will happen if another
435 stimulus is given ?

-

= Refractory period: Refractory period:

This is the time during

- few milliseconds .

. : . - . which another
- Time during YVhICh can’t stlmul?:tte neuron a second time. | .o e ot
- Happens until recovery of resting potential. neuron (no matter
- Has 2 stages : how strong) will not

lead to a second

Relative action potential. Thus,
[ h refractory period because Na+ channels
. . are inactivated during

* No new action potential * Can trigger new action this time, additional
possible potential if stimulus is depolarizing stimuli do
very strong not lead to new action

Absolute refractory N
period

potentials. The
absolute refractory
period takes about
-2 ms.

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=Gsf9IB-wQdU

Absolute Relative
refractory refractory
period period
+35 —
0 Sl
—
e
55
—70 —
—_—
Time

: Jlhe

zls) Gase g of G “Absolute refractory period” 53l 5 eluad Legle can 5 AN 5 jall Jlan 5 Canen 13 51yl (315 Lasic
(inactivate ) s & ()5S ) Led sd Sy W 3yl &l 8 “stimulus™

. “strong stimulus” dws adalu s ola 15 da ) e g5 oe V) 8l all o2 Ji&i Y “Relative refractory period” lgiae sl aay
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Voltage-Gated Sodium Channel

" This channel has two gates :

Remember :
|) one near the outside of the channel called activation gate. inside / inactivation

2) another one near the_inside of the cell called inactivation gate./?f

Activation Selectivity
gat\e Na* Na* filter Na*
s Inactivated state A/

TIK &= e e g/ T gl e
ALY ST 0000 0 T ALK LI N MY

Activated state

Inactivation
gate Y
Resting Activated Inactivated
Resting state (-90 mV) (-90t0+35mV)  (+35t0-90 mV.,

delayed)

this channel has 3 states

This photo simply shows successive activation and inactivation of the sodium channel when
the resting membrane potential changes from a negative to a positive value.

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=mKalkv9c2iU

v

HYSIOLOGY Voltage-Gated Sodium Channel
EAMA3BS

-

|. Resting state :
(in the resting cell when the MP = RMP =-70 to -90 mV).

The activation gate is closed
This prevents entry of Na+ to the interior of the cell through this gate.

Activation
gate Na™*

b /

OO P > During rest the
W(l?\ﬂ/ = ’(??? inactivation gate
<¥>’\~};)\% (\%%l)}}) is open while the

3 activation gate is
Inactivation closed.

gate

Resting
(—9O0 MmVv)

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=TFTA2XH8D-U

Y IOLOGY

EAMA3BS

2. Activated state :

when a Threshold Depolarizing Stimulus moves the MP from
its resting value (-90 mV ) to its Threshold value
(-65 to -55mV).

* This opens the activation gate , and now the Na+ channel
is said to be in the Activated State.

* In this case BOTH activation gate & inactivation gate
are open.

 permeability to Na+ becomes increased 500 to 5000 times
—> Na+ influx

* Na+ flows into the cell in large amounts.

Voltage-Gated Sodium Channel

Activation gate SelectiVity
(outside) Na+ ﬁlter

P t‘\/‘\ f‘/\

R
M\)\/

\

T X
L

Inactivation gate
(inside)

Activated
(—90 to +35 mV)

Activation of Sodium Channel:

When the membrane potential becomes less negative than during the resting state (rising from -90 to 0) at first it will reach a
voltage usually between -70 and -50 millivolts and that will cause a sudden change in the activation gate, and finally opening it.
During this state, Sodium ions can pour inwards through the channel increasing the permeability of the membrane.

Contact us : Physiology435@gmail.com

Video


https://www.youtube.com/watch?v=P6yrqkLbmq8

Pl-I:l‘.‘,l& IZI:_BOE(: o Voltage-Gated Sodium Channel

-

3. Inactivated state : Na*

A few milliseconds after the activation gate opens , the channel
becomes inactivated.

* At the peak of AP the inactivation gate will close. ll IHH‘ " A R”

UL S AL

* The inactivation gate will not open by a second stimulus and the cell
becomes Refractory ‘“4=iles” to another stimulation .

* This goes on until the MP has gone back to its resting ( RMP) level
(-70 to -90mV).

- in this case, while the activation gate is still open Inactivated
- the inactivation gate is closed. (+35to -90 mV,
delayed)
Inactivation of Sodium Channel: * NOTE:
The same increase in voltage that opens the activation gate also closes the inactivation gate. the inactivation gate won’t reopen
However, the inactivation gate closes shortly after the activation gate is opened. Because the until MP returns to the original RMS

change that causes the inactivation gate to close is a slightly slower process than the one that
opens the activation gate.

Thus, sodium ions can’t flow in anymore. Which leads the membrane potential (MP) to recovery
phase (which is the repolarization process) and then the resting membrane state (RMS).

level. So, its not usually possible for
sodium channels to open again
without repolarizing the nerve fiber.

Contact us : Physiology435@gmail.com Video


https://www.youtube.com/watch?v=P6yrqkLbmq8

¢+ Has only one gate.

= Two states of voltage gated potassium channel :

During Activation During resting
state: NN ey NARA MR gy TR state:
When membrane AN MM (NN LAY | The gate is closed and
potential rises from -90 potassium ions
to 0, this voltage change \ ) cannot pass through
will cause the gate to K+ K* the channel.
open allowing potassium Resting Slow activation
ions to flow out. (<90 mV) (+35 to -90 mV)

= Shortly after depolarization , when the Na+ channel begins to be inactivated
the K+ channel opens = K+ exits ( called K+ Efflux) > Repolarization

Because of the slight delay in opening the potassium channels, they open just as sodium channels begin to close due to inactivation.
Thus, the decrease in sodium entry to the cell and the increase in potassium exit from the cell combine to speed up the repolarization
process leading to full recovery of the resting membrane potential. Less sodium in + More potassium out = faster repolarization

Contact us : Physiology435@gmail.com
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sodium voltage-gated
channel opens and closes
in only milliseconds.And
if it reaches 35mV and
doesn't close it may

cause epilepsy (¢ _»<l')

psal sl Ll
G Righay ¢ il Ayl
potassium voltage-gated
channels open and close
slowly and that's what
cause hyperpolirization.

+35r h

&

Depolarization
(opening of voltage
gated Na' channels)

mv \

(local potential

change: graded

Repolarization
(closure of Na™ and
opening of K*, voltage
gated channels)

Hyperpolarization
(Voltage gated K
channels remain open after
the potential reaches

-65r potential) \ resting level)
=904 ----\\---- --/---------------
! Threshold
RMP level
Time (ms) 0 3 (1-4ms)
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HYSIOLOGY

ErEA 135 Direction of AP Propagation (Conduction)

= Artificial condition : * Normally:
Electrical stimulation in the laboratory Action potential starts in axon hillock
the action potential propagates in and propagates distally in one direction

both directions .
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Why does the AP starts at axon hillock?
Because it is full of voltage gated Na channels

Video
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https://www.youtube.com/watch?v=5nXhUGV9bmo&feature=youtu.be
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A. Normal resting nerve fiber

B. Nerve fiber is excited in its midportion meaning, it has developed permeability for Na.

Usually, an action potential elicited at any
point on an excitable membrane will excite
adjacent portions of

the membrane, which results in propagation
of action potential along the membrane.

Direction of propagation:

=  An excitable membrane has no single
direction of propagation.

= The action potential moves away from
the stimulus in all directions until the

entire membrane becomes depolarized.

The arrows show a local circuit of current flow from depolarized areas of the membrane (excited areas) tot he adjacent areas.

That is Positive electrical charges are carried by inward-diffusion sodium ions through the depolarized membrane.

These positive charges increase the voltage inside the large myelinated fiber until it becomes higher than the threshold voltage value
(which initiates the action potential) Therefore, sodium channels in these areas immediately open as shown.

These newly depolarized areas produce more local circuits of current flow across the membrane causing more and more depolarization.
Thus, the depolarization process moves along the whole nerve fiber. And this transmission of depolarization process along a nerve or

muscle fiber is called nerve or muscle impulses. ) )
Further information
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http://medicine.academic.ru/167788/local_circuit_theory

How do action
potentials travel down
the axon?

(Propagation)

" increase velocity of
conduction of nerve
impulses.

= Conserve energy for axon
because only nodes
depolarize.

essage moves quicky (+400kmf)

Called: saltatory

Called: local circuits

nduction . :
conductio (point to point)

(Jumping)

saltatory conduction local circuits
Action potential skips depolarization pass by
from one node of Ranvier local circuits
to the next.

Contact us : Physiology435@gmail.com
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TEA 135
. action
myehnated potential —-
axon _.
node of \ -y A .+
Ranvier ' +
\ s . + _—
+
myelin spread of +
sheath depolarization
cell body i
(soma) A +_ T e S ’
R RN OB e e - =
A S JICP S =
+ + + + -..;
action
potential
unmyelinated
axon

Contact us :

Physiology435@gmail.com



M\pHYSIOLOGY
TEAM35

Factors influences speed of action potential

myelination Axon diameter

- The larger the
diameter the faster the

- Myelinated sheaths speed of transmissio

are many times

faster transmission. L )
- Less resistance to

current flow with
large diameter.

The larger the diameter, the faster the speed
S (ol 28 ST 59 iy 4 8 T8 3 oy i )8 oy i 1+ 2 o30a]
& oh @3 5 Jm il S LS cdinlion 5l Comal) ASLans a0l ) LalS ¢ fanall (i Lol crilinc il (3555 S8 |
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Faster transduction

Slower transduction
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causes :

I-Blindness, Usually affects

2-problems controlling young adults
muscles

Ultimately

paralysis )
Multiple

sclerosis

Immune system attacks
myelin sheaths and nerve autoimmune disease
fibers

: Scar tissue
The myelin "ehrose tissye” Other now un

sheaths are ( ) myelinated axons

sprout Na+
replaces damaged
cells g channels
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https://www.youtube.com/watch?v=Naecv3h868c
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Nerve Action Potential
v

Transmission of impulse alang nerve fibres

Itis sudden raversl of membrana
a stimulus 1o

Release of newrotransmitters,

produce

Activation or inkitition of gl ar sacretion

o used to maasure ropid

Measredby  Owctoscops 50
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his time, *

| threshold for any new stmulus

evantually brings the
mbrane back tots resting
state of 70

SHAfter hyparpolarization  Na /K pump.

- Activation gate: _on the outer side *sensiive for voltage *

Two Gates:

MP=RMP=90 to 70 . inresting cell.

Activation gate i Closed___ pravent Nar ety to the cel

Threshold mowes MP from{-50mv)
to its threshold value (45 ta 55
.

Incresae parmessiiy ta Nav 500 to
500 times more. which wil increase
Na* Inflan

Both gates sie OPENED.

At the pask of AF (+35uV)
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The potassiun cannt pess
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‘What happens after an AP?

membrane potentisl

“Mappers in the laboratory.

HIncrease velocit of condction
of nerve impulses.

Saltstory conducton “jumping” [ .

bacause ONLY nodes
Depolarize.

Diaction of AP
propagation: Myslinated nerve fibers:

*Aetion potential stans intha Asca
one

diraction,

norve fibers: _Local circuits "point 1 point”

Dispolrization pass by Local Circuits

Large Diameter = Fastar

curent flow
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https://www.onlineexambuilder.com/excitable-tissue-resting-membrane-potential/exam-48345
https://www.onlineexambuilder.com/excitable-tissue-resting-membrane-potential/exam-48345
https://www.onlineexambuilder.com/excitable-tissue-resting-membrane-potential/exam-48345
https://www.onlineexambuilder.com/resting-membrane-potential/exam-50848

