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RESTING MEMBRANE POTENTIAL OBJECTIVES

By the end of this lecture, the student should be able to:

e|dentify and describe different potentials & types of membrane ionic channels
& equal or unequal distribution of ions across the membrane

e |dentify cell membrane creating concentration and electrical gradients.
eldentify and describe diffusion and equilibrium potential

*Apply Nernst equation to calculate equilibrium potential.

* Identify resting membrane potential (RMP)

» describe genesis of resting membrane potential (RMP) and appreciate the
effect of changes in ionic composition and/or permeability on genesis of RMP
and the role of ions channels, and Na+ - K+ pump

* |dentify voltmeter to measure very small membrane potential difference

between inside & outside as resting membrane potential.



vWnat are EXCItaple tiISSUue and wny tney are excitaple -
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Because they respond to stimuli,
leading to change the voltage
difference between the inside and
outside of the cells.

FIroOperties or eXCItapl€ TISSUES

Their membrane
acts as an electric
capacitor §i<s
storing opposite
charges on the
opposite sides of the
membrane.

This will create:

Resting
membrane
potential(RMP)
of high value
(-70 to -90 mV )
compared to
other body
cells .

High RMP makes
nerves or
muscles
membrane act as
a capacitor that
can discharge
producing large
voltage changes

Cibis O S Jle dgr B Ol L ol eld e

il I_}.”-\J doonds l.S'Lc I3l doonid! -y oY, JLdL ‘_,»L.EJ\ N O'ggﬁg ‘,.‘:.3.4.':.3'9.5.’\.9 o Ao Cé',ﬁ ‘-,.a\.:ﬁ [\PES

Contact us: pht433@gmail.com



Membrane potential ( MP) (sS3lud]| gl

It is the difference in potential ( voltage ) between the inner side & outer
side of the membrane (nerve or muscle membranes).

Resting Membrane Potential |
JRMP () V) s~

The states of MP
- /
- ~
Action potential Graded Potential
(AP) (Local Response ) y
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1- (RMP):value of MP in a “ resting ” state (unstimulated excitable membrane). It
ranges between -70 and -90 mV in different excitable tissue cells.

/2- Graded Potential (Local Response ) : MP in a stimulated cell that is \
producing a local , non-propagated potential yiiss <

(an electrical change which is measurable only in the immediate vicinity
sy iiks OF the cell but not far from it).

- 4

3- Action potential ( AP) : MP in case of a nerve that is generating a propagated ,:-.
electrical potential after stimulation by effective stimulus ( an electrical potential
which can be measured even at long distances far from the cell-body of the nerve)
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Any cell that formed excitable tissue has :
sub threshold

Threshold
If we stimulate the cell by its sub threshold it will response locally and we can

increase the stimulator till fire level where the action potential action.
Action potential can not be stopped if it is happen. It will complete and give
response .
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Local response

Action potential will
propagate
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Types of membrane ionic channels

lack (Diffusion, Chemically-gated

Passive channels) (ligand-gated )

Azaieie oS g Lodls i grs channels

e It has pores in the cell e open when the cell- e open by chemical
membrane which are membrane is neurotransmitters at
opened all the time electrically activated neuromuscular

e The membrane is junctions & synapses
semi permeability connections b/w
therefore ions diffuse (neurons).
through it according
to the ion
Concentration
Gradient .

Ligand gates that are open by chemicals :

e.g. Epinephrine works on the entry of sodium ions that exceeded heartbeat.
acetylcholine works on potassium ions that reduces heartbeat.

Synapses: area between neurons & junctions: area between neurons and muscle
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Type of Gates

1-lecky gates. 9
2- voltage gate channel.
3- ligand channel.
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lon Concentration

extracellular

In ICF: Potassium(k*)is the chief cation
In ECF: Sodium(Na*) is the chief cation
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Basic physics of membrane
potential

Diffusion (Concentration) Potential

— Na<

*Nerve has semi-permeable membrane *Na+ is high outside membrane & very low
separating the ECF from the ICF . inside membrane, so the direction of the Na
+ chemical ( concentration .gradient)
gradient is inward

*K+ is high inside the nerve membrane &
low outside , therefore potassium

continuously diffuses through the K+ leak *sodium continuously diffuses through the
channels from inside the cell to outside . Na+ leak channels from outside to inside the
*K+ ions diffused through membrane cell

occurs from high conc inside to outside
carrying +ve charge with it - build up of
electro positivity outside & electronegativity

*So0, it build up of electronegativity outside
& electro positivity inside

inside. :
(Anions)~ Nerve fiber (Anions)~ Nerve fiber
= = - k& . _+ -
: _ (Anions)™ _ I - ¥ (Anions) . _
e = N - + //_—5\ + -
I RN 72 X -
K* 6——_—;K+ . Na* <====Na* I
X _ T2/ . AN -
F-=_7 - + NS -
+°Z= - + - + -
(-94 mV) = (+61 mV) + -
+ B - + -+ + -
+ - -+ -+ + -
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‘'usion (Concentration) Potential
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NERNST EQUATION

The Potassium Nernst ( Equilibrium )
rotenaal

Nernst calculated the level of concentration potential of ions across the membrane that
prevent net diffusion of ions to inside or outside

Nernst made a hypothesis which said that if we suppose that:
(1)the ECF and ICF contained ONLY potassium ion,
(2)and that the cell-membrane was freely permeable to K+
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vvriat Will NePpPEn

2

—

This progressively
increasing the
negativity on the inner
side of the membrane
because we are losing
+ve charges from
inside

1

-

K+ will diffuse down its
concentration (chemical)
gradient ( via the K+ leak
channels ) from inside
the cell to outside,
carrying with it +ve
charges to the outside,

5

—

—
At this goes on and on,
negative charges build
inside, an opposing
negative electrical
potential , tending to
prevent the exit of the
+ve potassium ions (force
tends to keep K+ inside) .

|

*When this electrical

This negative electrical
potential will grow
INSIDE until it becomes
strong enough to balance
and counteract |lg;3sles
the concentration
gradient which tends to
push K+ OUTSIDE

gradient ( electrical

force ), which tends to
keep K+ inside equals (=),
the concentration
gradient (which tends to
push K+ outside ) -
there will be no net K+
movement across the

membrane.
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What is the result ?

The membrane potential (MP ) in that case is called:- \
Nernst Potential for K+ (or K+ Equilibrium or Diffusion

Potential) )It equals = -94 mV)

2B gl 39 oo Ladie 8 gy ol Aol B

( The -ve charge always refers to the inside of the cell
relative to the outside )

( This value was calculated by Nernst equation)
E.M.F (mV) =+ 61 log K+ Conc. Inside = -94 mV K+

k Conc outside J
@ E.M.F = Electromotive Force
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Nernst made a hypothesis which said that if we suppose that:-
(1) the ECF and ICF contained ONLY sodium ions,
(2) and that the nerve-membrane was freely permeable to Na+
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1

-

Na+ will diffuse down its
concentration gradient
to the Inside of the cell,
carrying with it +ve
charges,

~

.2.

| —

and progressively
decreasing the
negativity on the inner
side of the membrane

-

3

then -As this goes on and
on, and as the positive
charges build inside , an
opposing Electrical
Potential begins to
develop, tending to
prevent the +ve Na+ ions
from entering.

\_

4

4

This electrical potential
will grow until it
becomes strong enough
to balance and
counteract | the
concentration gradient
which tends to push Na+
inside .

4>

/

)

When this electrical
gradient ( force ) , which
tends to drive (PUSH) Na
+ outside equals = the
concentration gradient

( which tends to push Na
+in ) = there will be no
Na+ movement across
the membrane.



What is the result ?

me MP potential in that case is called:- \

Nernst Potential for Na+ ( or Na+ Equilibrium or
Diffusion Potential ) = +61 mV .

( The charge always refers to the inside of the cell )

73
(m
(m
m

o 9
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% What determines the magnitude (value) of the Equilibrium (Nernst)
Potential ?
The ratio of the ion concentration on the two sides of the membrane ( inside &

outside).

Nernst potential = electromotive force (EMF)

{The value of this potential & EMF can be determined by : }

The ratio of the ion concentration on
the two sides of the membrane

EMF (mV) = i61 X IOg |On conc. InSide 6 (inside & outside) determines (value)
A lon conc OUtSidE of the Equilibrium (Nernst) Potential.

( The charge always refers to the (& 3ol 8l e @l s LY
inside of the cell ) skl
if Na > +61
K- -61

* Nernst Potential values / \

* The greater the ratio means
For K=-94 mv - ion conc. inside is higher
for Na=+61 mv ° &

itis —ve for K & + ve for Na than outside

) ) the greater the force for
K diffuses out soy, the ratio 9 & ) ] ] )

) . ions to diffuse in one direction
And Na diffuses inside so

A the ratio (from inside to outside).
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THE RESTING MEMBRANE POTENTIAL OF NERVES

-

( During resting condition
the inside of the cell is
negative with respect to
the outside of the cell

[\(positive) ) )

We use the VOLTMETER to
measure very small membrane
potential difference between
inside & outside as resting

~

~

\membrane potential . ) Silver—silver
outside of thecell +++++++++++ chloride
electrode
HOW ?

A small filled pipette containing _
+++++++++ mMV)++++++++

electrolyte solution is inserted
inside the nerve fiber & another
electrode is placed in the outside &
membrane potential difference
between inside & outside is
measured using the voltmeter.
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RESTING MEMBRANE POTENTIAL

v DIF:- It is a potential difference across cell membrane during rest (without stimulation)

v' Value:-

* -90 mV in large nerve fibers ( -ve inside)

* ranges between (-70 mV TO -90 mV) (Normal)

the -ve or +ve sign referes to the inside of the membrane

e The membrane is polarized.

If the membrane becomes in the resting state, it is called polarized.
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*¢* Factors that make the inside of the cell negative:

(Depend mainly on transport properties of resting membrane)
1- Contribution of K & Na diffusion potential through Na & K leak channels
of nerve membrane.

2- Active transport of Na & K ions ( Na/K pump).
3- Negative ions inside membrane as proteins & phosphate sulphate.

+* Origin of RMP (RESTING MEMBRANE POTENTIAL ) :
1- Contribution of K diffusion potential.
2- Contribution of Na diffusion potential.

3- Contribution of Na/K PUMP.
4- Effect of large intracellular anions (negative ions).
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1- Contribution ot K diTtTusion potential:

[ K diffusion contributes far more to membrane potential than Na diffusion . ]

K inside is 35 times higher than outside.

K+ leak channels-> more K+ diffuses to outside than Na+ to inside,
because K leak channels are far more permeable to K than Na about 50-
100 time due to small size of K molecules.

4

more potassium lost than sodium gained

NV

net loss of +ve ions from inside the cell & more negative inside
(net k outflux to outside causing —ve inside)

Applying Nernst Equation:-

K inside is 35 times higher than outside (35/1)
- Nernst potential =- 61 x log 35/1 (1.54) = -94 mV
(if K is the only ion act on membrane > RMP = -94 mv with negativity inside the nerve)
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K+
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«—Semipermeable Membrane

Cytoplasm

Extracsllular Fluid

+
K Concentration Gradient ——»

Outside

K
Selectivity
filter ol

Na™ K+
K+ "leak"™

Contribution of K diffusion potential
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Z=LoNtripution or \Na dlrrusion potential:

Na leak channels have Slight permeability to Na ions from outside to inside.

Applying Nernst Equation:-
Nernst potential = + 61 x log ( Na inside/ Na outside = 0.1) = + 61 x log 0.1= + 61 mV

v" Nernst potential for Na inside membrane = + 61mV

(if Na is the only ion acting on the membrane) - RMP = + 61mV with positivity inside the nerve

Na diffusion potential = + 61mv & that / Goldman eq uation \

of K = - 94 mv using this values in
EMF (millivolts)

Goldman equation=(To calculate
CnatPratt+ CtPy+ +Cei Per

diffusion potential when membrane =—61x log
P Cnat Prat + G Pt +CeiiPer-
permeable for several ions). \ /
v" Net value of the internal membrane potential of about -86 mV. ' Normal = -90 mv
v almost all of this determined by K diffusion. Na/K - P % el
har i pum
( because membrane is 100 times permeable to K than to Na) e gfed s pump
proteins

v/ Potassium potential has the upper hand .




3- Contribution of Na/K PUMPB ___"R2 ™

* Restores the membrane to the resting level.

ATP  Na+ K* ADP

v" This is a powerful electrogenic pump on the cell membrane. naT-KT pump

v" It Pump 3 Na to outside & 2 K to inside, causing = net loss of +ve ions ,loss of + ve
charge from inside , create negativity about - 4mV inside.

(The Na/K pump also causes large concentration gradients for sodium and potassium\
across the resting nerve membrane. These gradients are:
Na + (outside): 142 mEq/L

Na + (inside): 14 mEq/L

K + (outside): 4 mEq/L

\K + (inside): 140 mEq/L J
4 )

So, NET MEMBRANE POTENTIAL will be :-

Diffusion potential (caused by K & Na diffusion) + Electrogenic Na/K pump >
(-86 mV) + (- 4mV) = -90 mV

\_ J

4- Effect of Large intracellular anions(negative ions)

(proteins, sulphates & phosphates ), very low effect.
Contact us: pht433@gmail.com



Summary

The cell membranes contain three types of routes for molecules to pass through it
1. Leak Channels; Always open and they function in diffusion

2. Voltage gated channels: opens when the the membrane is electrically altered

3. Chemical gated channels; open when ligand attaché to its receptors

There are more K+ channels : K+ ions move fast because of small molecular size

Less Na+ channels: Na+ moves slowly due to small molecular size

s K+ high inside, low outside. Diffusion will occur down the concentration gradient to outside
A relatively negative charge will increase inside because every K+ ion that goes out carries with
it a positive charge. Na+ cant compensate .~ this loss because of small number of channels
and slow diffusion rate

% As Na+ moves inside, the positive charge increase but it will not eradicate J.;; the negative
charge

This continuous state create a negative charge in the inner side of the membrane and a positive

charge in the outer layer of the membrane
This creates the resting membrane potential that values between -90 to -70 mV in nerve fibers.
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Nernest Equation

There are two forces
1. Diffusion force (chemical gradient): K+ potassium want to balance its
concentration inside and outside
2. Electrical Force (Electrical gradient): Wants to balance the negative charge
found inside and the positive charge outside

The membrane does not carry a potential, no charges on either side, they
equal each other

¢ At first as a result of diffusion force, negative charge grows inside, then a

week electrical force want to compensate the positive charge lost by bring
back the K+ inside

*¢ The amount of negative that needs to build inside for the electrical force to
equal the diffusion force out side is calculated to be -94 mV

*¢ The same thing for the Na+, Nernst found that a potential that equals +61
mV needs to be reached for chemical=electrical



Resting membrane potential

Depends upon:
¢ K+ and Na+ diffusion and the charges that they create, remember K+ diffuses
faster than Na+. But there are other ions that also contribute like Cl-
* lons other than K+ and Na+ also contribute, like Cl-. So Volkmann created
an equation that will include cl- as well as K+ and Na+. The potential
calculated was found to be -86 mV

% K+/Na+ ATPase pump

As 3 Na+ are taken out and 2 K+ and brought in, the cell losses 3 positives and gains
2 positives

-3+2=-1

So every time the pump works the cell gains a negative charge, this charge will build
up and it contributes a -4 mV potential

*¢ Phosphate and negative proteins inside cell. They increase the negativity inside
the cell.



Resting Membrane Potential
https://www.youtube.com/watch?v=vOTHfG4ZoN4

Resting Membrane Potential (another tutorial)
https://www.youtube.com/watch?v=nWCTSW;VLzI
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Multiple Choice Questions

Q1: Which of the following is
the action of the Na-K pump?

A) 3 sodium in & 2 Potassium
out

B) 2 sodium in & 3 Potassium
out

C) 3 sodium out & 2 Potassium
in

D) 2 sodium out & 3 Potassium
in

Q4: When the K+ level in
the blood is lower than 5
this indicate that the
patient is having

A) Hypokalemia
B) Hypotension
C) Hyperkalemia
D) Hypertension

Q2: Which of the
following is the
Nernst potential for K
+?

A) -94 mV

B) +94 mV

C)-61mV

D) +61 mV

Q5: The ratio of the ion
concentration on the two
sides of the membrane
(inside & outside)
determines (value) of the
Equilibrium (Nernst)
Potential

A) True

B) False

Q3: Which of the
following is always
inside cell and negative?

A) Potassium
B) Calcium
C) Sodium
D) Proteins

Q6: Which of the
following has the upper
hand (controlling) RMP?

A) Proteins
B) Potassium
C) Sodium
D) BothA & B

1-C 2-A 3-D 4-A 5-A 6-B



