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ohjectives:

Discuss the resting membrane potential and its genesis.
Know the ionic channels involved in resting membrane potential.

Describe the function Na+-K+ pump and the stages of action potential.

Explain the threshold Potential, local Response and action Potentials.

ARSI O\

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

6. Describe conduction along nerve fibers, role of myelination and how nerve fibers are classified.



We recommend you to watch this video before you start studying it to help
you understand (11:43 mins)



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

Backeround information

Neuron: Unit of function of the CNS

Neuron Components:

1.
2.

w

Soma (Cell body)

Dendrites: Carry nerve impulses
from surroundings to the soma
Axon Hillock

Axon and Axon Terminal

Myelin sheath: formed by schwann cell which deposits
sphingomyelin
Functions of Myelin Sheath:

1. Increase conduction velocity

2. Insulates the neuron

Histological classification of neurons
1. Myelinated: have myelin sheath (diameter more than
Tum)
1. Unmyelinated: (diameter less than Tum)
-type C :postganglionic autonomic neurons & pain fibers.

Excitable Tissues: Nerves and Muscles

Excitable tissues have the capability to respond to an
adequate stimulus



RESTING MEMBRANE POTENTIAL (RMP)

Definition

Normal Values

Measureme
nt of RMP

During rest

It is the potential difference across the membrane during rest (without

stimulation) between the inner side & outer side of the membrane, and  Cell membrane

it is relatively -ve inside.

-70 mV in medium sized nerve

-90 mV in large sized nerve.

Using Voltmeter
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Comments about previous slide from guyton

1. Sodium, potassium, and chloride ions are the most important ions involved in the
development of membrane potentials in nerve and muscle fibers.

2. The quantitative importance of each of the ions in determining the voltage is
proportional to the membrane permeability for that particular ion < s sl 3l o) e
a0 s sl J sl Ll 7 ganaal) (gl JSI linll ane sy 0 prasall 2,

3. A positive ion concentration gradient from inside the membrane to the outside causes
electronegativity inside the membrane.

4. The permeability of the sodium and potassium channels undergoes rapid changes
during transmission of a nerve impulse, whereas the permeability of the chloride
channels does not change greatly during this process. Therefore, rapid changes in
sodium and potassium permeability are primarily responsible for signal transmission
in neurons.



Contribution of K+ diffusion potential

The cell membrane tends to
diffuse potassium (K+) out of
the cell (outflux) “from high to
low concentrations” through K
leak channels.

Causes -ve charge inside.

(the diffusion of K+ is the main
determinant of the RMP)
Result: Electropositivity
outside and electronegativity
inside.

Contribution of Na+ diffusion
potential

The cell membrane tends to
diffuse Sodium (Na+) into the
cell (influx) “from high to low
concentrations” through Na
leak channels. The membrane
is almost impermeable to Na+

K diffusion contributes far more to resting membrane potential than Na

(auses (Origin) of RMP

Contribution of Na+/K+ ATPase

PUMP

This is a powerful electrogenic
(5L _eS) pump on the cell
membrane.

It pumps 3 Na+ to outside

2 K+ to_inside
causing a net loss of +Ve ions
from inside, returning the
nerve fibre to the resting state
(-4 mV).

ATP
ATP

Na+  Na+r Nas

Na Nas-
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Continued

Establishment of resting membrane potentials in nerve

fibers under three conditions:
E.M.F(mV)=(-61/z)*log(conc. inside/conc. outside)

1-When the membrane potential is caused entirely by K+
diffusion (outflux): EMF of K+=-94 mV

2-When the membrane potential is caused entirely by Na+
diffusion (influx): EMF of Na+ = +61 mV

EMF (millivolts)

. CrotPrnat+ CtPi +Ccic P
Goldmann equation= -1 x log ————— © % <

Cag Prat + Cit Per +CeiiPer

Then, using these values in the Goldman equation we get a

potential inside the membrane of -86 mV.

3-When membrane potential is caused by diffusion of both
Na+ & k+ and Na+/K+ pump =-90 mV

ions EMF
K+ -94
Na+ +61
All ions -86 )
+
Na+/K+ pump -4
Net -90

Only in males’ slides



EXtra information about previous slide

where EMF is electromotive force and z is the electrical
charge of the ion

Diffusion potential depends on three factors: (1) the polarity of the
electrical charge of each ion, (2) the permeability of the
membrane (P) to each ion, and (3) the concentrations (C)

of the respective ions on the inside (i) and outside (o) of
the membrane.



What does it mean when a neuron “fires”?

Firing > Excitability > Action potential > Nerve impulse >

High ket Cell overall negative ch
inside; High Cell overall negative charge Cell is
Na+ ' inside is due to molecules like olarized
outside proteins, RNA, DNA P
Charge Potential; Current; flow of
measurid in difference in charge (ions)
millivolts charge across from one point

PM

to another

Nat 12 mEg/L
K* 150 mEg/L

Large anions
that cannot
escape cell




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

[ Excitability changes

Thermal changes

Chemical changes




Extra EX[itation

“The process of eliciting the action potential”

“Understanding Excitation” In the generation
. . . . Woro depolzaton 30
of the action potential, stimulation of the cell by ® ’\ be;l";m
neurotransmitters or by sensory receptor cells TomVto 430 mV
partially opens channel-shaped protein
molecules in the membrane. Sodium diffuses

into the cell, shifting{converting} that part of the Mambran

membrane toward a less-negative polarization.If (m,

this local potential reaches a critical state called :

the “Threshold Potential’ (measuring about |

-60 mV), then sodium channels open completely ot 0
Mombrane polonta s

to undergo Action Potentials.On the other hand,
if Sodium influx does not reach the threshold
potential, so the cell will return to resting
potential”Acute subthreshold potential”.

- ropolarizos from
+30mVto <70 mV

012345667
Time (msec)



https://www.britannica.com/science/neurotransmitter
https://www.britannica.com/science/receptor-nerve-ending
https://www.britannica.com/science/protein
https://www.britannica.com/science/sodium
https://www.britannica.com/science/critical-point-phase-change
https://www.merriam-webster.com/dictionary/threshold

The Action Potential:

- Nerve signals are transmitted by action potentials, which are rapid changes in the membrane
potential that spread rapidly along the nerve fiber membrane to produce physiological effects
such as:

Transmission of impulse along nerve fibres

Release of neurotransmitters

Muscle contraction

Activation or inhibition of glandular secretion

o O O O

- Each action potential begins with a sudden change from the normal resting negative membrane
potential to a positive potential and ends with an almost equally rapid change back to the negative
potential.




Stages Of Action Potential:

Resting stage

It is the resting
membrane potential
before the action
potential begins.
The membrane is
“polarized”.
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depolarization
stage

The membrane suddenly
becomes permeable to Na+ ions,
allowing tremendous numbers of
positively charged Na+ to diffuse
to the interior of the axon
(Upstroke).

=== === = == Time (msec)

Repolarization
stage

Na+ channels begin to close and
the K+ channels open. Rapid
diffusion of K+ ions to the exterior
re-establishes the normal negative
resting membrane potential.
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- Initiation of Action Potential (AP):

-70 to -90 mv is the resting potential
: Threshold stimulus opens voltage gated Na channels & Na influx raises resting potential

- from -90 towards zero (gradual depolarization)
- As membrane potential rises more Na channels open & Na influx increases (+ve feedback)

until all voltage gated Na channels open.



lectrical changes:
The nerve action potential

It is the potential difference along the nerve membrane after stimulation by threshold (effective)
stimulus

Oscilloscope is used to measure the rapid changes in membrane potential

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

Factors necessary for nerve action potential:

1. Voltage gated Na channels
2. Voltage gated K channels
3. Threshold stimulus



mV

Reversal T

potential
=+35mV
Action potential

Threshold potential
(firing level) =-50

to -65 mV W, N | (LT

mp

RMP=-90 mV | >

Increasing stimulation

Q: what opens the voltage-gated
channels?

Opened by a stimulus strong enough to
depolarize them to threshold

depolarization

Repolarization

phase

We need to start from the baseline (Resting State of
the cell, RMP)A threshold Stimulus will lead to:

1) Depolarization.

2) Repolarization phase.

3) In some neurons there is a 3rd phase called:

Hyperpolarization
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Threshold Stimulus: The membrane potential |y open ai nas This occurs when the number of sodium ions
at which occurrence of the action potential is | channels entering the fiber becomes greater than the
inevitable{certain to happen} ilas ¥ ¢ua number of potassium ions leaving the fiber.
+60
When a stimulus is strong enough to move 40| Acionpolontion s
RMP from its resting value (-70 mV) to the +20 |-
level of -55 mV which leads to production of .«.3 O  Acute
an Action Potential. 2 —20 [~ subthreshold
= _40 | Potentials

i = / \Th h ld,J
Subthreshold stimulus / Acute —60 |- resho
subthreshold potential: = 5 & ’
Stimulus that results in local depolarization. =(1)-IA :l él :'3 i “‘
(local action potential) Milliseconds
(does not propagate or move along)” Weak Figure 5-18. Effect of stimuli of increasing voltages to elicit an action
Stimulus”. potential. Note development of acute subthreshold| potentials when
When stimulus is below the threshold. the stimuli are below the threshold value required for eliciting an

action potential.

All-or-nothing principle:

Once threshold value for excitation is reached a full AP is produced, its intensity can not be increased

by increasing stimulus intensity (suprathreshold)



Types of Transport Channels Through the Nerve Membrane

A) Voltage gated Na+ channels

Na Channel has two gates:
* Activation gate: on the outer side of
Membrane.
*Inactivation gate: on the inner side of
Membrane.

Na channel has three states:
* Resting state
 Activated state
* Inactivated state
We will talk about these states in detail in the
next slide.

Activation gate

Inactivation gate

B) Voltage gated K+ Channels

Kindly understand the next slide before you read
this” Jiwdl 1l sl agh chle Jgau”

*Has one gate only .

During the resting state, the gate of the potassium
channel is closed and potassium ions are
prevented from passing through this channel to
the exterior”Extracellular fluid.

*Shortly after depolarization, when the sodium
channel begins to be inactivated, the potassium
channel opens.

K+ exits (Efflux) — Repolarization

Once the cell reaches +35mV, Voltage gated K+
channels open its gate.



Voltage gated Na+ channels states

1-Resting state : The activation gate is closed in the resting
cell which means the MP"Membrane Potential” = RMP "Resting
Membrane Potential” is between -70 to -90 mV.This prevents
the entry of Na+ to the intracellular. The inactivation gate is
open.

2-Activated state: “Threshold Depolarizing Stimulus” moves
the MP from its resting value (-90 mV ) to its threshold value (-
65 to -55 mV)This will open the activation gate, (in this case
BOTH the activation gate & inactivation gate are open)
permeability to Na+ becomes increased 500 to 5000 times Na+
influx. Na+ flows into intracellular in large amounts.

3-Inactivated state: A few milliseconds after the activated
state, the channel becomes inactivated by closing
inactivation gate. The activation gate is still open. At the
same time Voltage gated K+ channel will be open.
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What Happens After Action Potential/

Refractory period: few milliseconds

- Time during which the neuron can't be
stimulated a second time
- Happens until recovery of resting potential

Two Stages

> Absolute refractory period:

The period during which a second action potentia!
cannot be elicited, even with a strong stimulus. (No
new action potential possible).

> Relative refractory period:

Can trigger new action potential if stimulus
(nonphysiological) is very strong.

mV

+35

=70~

ot eproducticn of

Absolute Relative
refractory refractory
period period

f

|7Th reshold

Resting membrane
f potential




Hyperpolarization

Hyperpolarization (Positive after-potential):

* Towards the end of each action potential (following
repolarization) and continuing for a short period of time, the
membrane becomes more permeable to potassium ions. The
increased outflow of potassium ions carries positive charges.
(the K+ conductance is higher than at rest.)

* Na-K pump now starts to move Na+ out & K+ in against their
concentration gradient,

Membrane potential (mV)

%70
+60
+50
+40
+30
+20
+10

Na* equilibrium

potential

Threshold
potential

Resting
potential

K* equilibrium

potential
1 1

1 msec

HYPERPOLARIZATION



(Direction of AP Propagation (Conduction

-Under Artificial condition of electrical stimulation in the laboratory, the AP propagates in both

directions.

-But normally AP starts in axon hillock & propagates distally in one directions

o

Synaptic potentials
»., (EPSPs and IPSPs)

Presynaptic
axon b
3

Dendrlles< =0 \\ ‘ ¢
» VS

Action poterﬁlalsl ';’
initiated i

Node of Ranvier

Myelin sheath

-
Neurotransmitter -
release



Myelinated nerve fibers:
Saltatory conduction
(jumping) value:

Non-myelinated nerves

e

a. tvelocity
of
conduction
of nerve

impulses.

~

Saltatory :they can flow with ease through the nodes of

: Ranvier.

e

b. Conserve
energy for
axon
because
only nodes
depolarize.

~

: Therefore, action potentials occur only at the nodes
Dl cpbila) Gl W) Jlai s ST 48 oS e

[ N N

(local circuits) Depd?)nzlatloln
=point to point pass Dy loca
circuits

: The velocity

. of action potential conduction in nerve fibers varies from
: as little as 0.25 m/sec in small unmyelinated fibers to as
great as 100 m/sec (more than the length of a football

¢ field in 1 second) in large myelinated fibers.



What else influences speed of action potential?

Axon diameter

The larger the diameter, the faster the speed of transmission
and the less resistance to current flow

What happens if myelination is lost?
Itiple sclerosi i M
) Mg tla\tejti)cirirrgﬂrsme disease Yy 2 \\
o Usually young adults

o Blindness, problems controlling
muscles
e Ultimately paralysis
o Immune system attacks myelin
sheaths and nerve fibers
e Scar tissue (sclerosis) replaces some
damaged cells




Quiz

A typical neuron has a resting membrane potential of about:
(A) +70 mV (B) +70V
(C) =70 mV (D) =70V
The following ion(s) is/are involved in the neuronal action potential:
(~) Sodium (Na+) (B) Potassium (K+)
(©) Calcium (Ca2+) (D) Both A&B
At the peak of the action potential, the membrane potential is:
(A) exactly at the Na+ equilibrium potential (VNa)
(2) close to but more positive than the Na+ equilibrium potential (VNa)
(C) close to but less positive than the Na+ equilibrium potential (VNa)
(D) exactlyatOmVv
At what membrane voltage do neuronal voltage-gated Na+ channels become activated?
(A) =70 () =50
() Omv (D) +50 mVv
The hyperpolarization phase of the action potential is due to:
(A) the opening of voltage-gated Cl- channels
(2) the prolonged opening of voltage-gated K+ channels
(C) the closure of resting Na+ channels
(D) due to the closure of Cl- channels



Multiple sclerosis

Ultimately paralysis

Scar tissue (sclerosis) If myelination is lost

Increase velocity of conduction
of nerve imeulses

Conserve energy for axon coz Myelinated nerve fibers

only nodes depoliticize

Local circuits (point to point)

Non-myelinated nerves
Depolarization pass by local circuits

Normally in one direction

AP propagation

Direction

In the laboratory both directions & Action potential

Absolute refractory period
Refractory period
Relative refractory period
After Action Potential (AP)
ngereolarization >
Active (out
L 2gates
Inactive (in
Voltage gated Na+ Types of transport channels
Resting through the nerve membrane
3states
Activated Voltage gated K+
Inactivated
One gate
Voltage gated Na channels
Subthreshold : Voltage gated K channels Factors necessa

Resting membrane potential

_ Changes occurs after threshold

\ Stages of Action Potential

Soma (cell bod

Dendrites

Neuron components

Axon Hillock

Axon & axon terminal

Formed by Schwann cell
which deposits sphingomyelin

Myelin sheath

: Increase conduction velocity
Functions :

Insulates the neuron

TypeA delta
Myelinated
Histological classification s
Unmyelinated TypeC
Normal values Z0in M
Resting membrane potential ooinL

Causes of RMP Contribution of K+ diffusion potential

Contribution of Na+ diffusion potential

Excitability changes Contribution of Na+/K+ ATPase pump

Thermal changes
Chemical changes

Electrical changes (Nerve Action Potential)

Depolarization stage

Local AP
Threshold stimulus

Suprathreshold :
All-or-nothin

Repolarization stage
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