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Cell Membrane Structure

Selectively permeable

Fluid Mosaic Model

Phospholipids
 Proteins

o Refer to the topics on cell membrane and 
its structure..\Lectures\Animal Physiology I Lecture\Lecture 
II_Cell Membrane and Its Function.ppt
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Membrane  Polarization

Resting Membrane Potential (RMP)

Membrane potential at which neuron membrane is
at rest
There is no firing of action potential
More negatively charged ions inside than outside
 Bioelectric potential
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Forces the Influence the Movement of Ions

1. Diffusional Force

 Ions move down concentration gradient (from high 
concentration to lower concentration)

 K+     move inside the membrane & Na+ moves outside the 
membrane

 More K+ ions inside

 Net internal negative charge

 Pulls Na+ ions back inside

Page  6



YOUR LOGO

Forces the Influence the Movement of Ions

2. Electrical Force
 Is generated by the charge difference 

 Equilibrium is reached between the diffusional force 
and electrical force
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Equilibrium Potential

Also called reversal potential

Membrane Potential at which the net flow of an ion type 
is zero

The number of ions moving into the cell is 
counterbalanced by the number of ions moving out of the 
cell for a particular species of ion

Distribution of single ion across membrane
e.g., EK+, ENa+, ECl-
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Equilibrium Potential
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R = gas constant
F = Faraday constant
T = temperature (K)
Z = valence (charge) of ion
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 In the nervous system, different channel types are 
responsible for transmitting electrical signals over 
long and short distances:

A. Graded potentials

 Travel over short distances 

Are activated by the opening of mechanically 
or chemically gated channels.

Neuronal Signaling



YOUR LOGO

Neuronal Signaling

B. Action potentials

- Travel over long distances 

- They are generated by the opening of voltage-gated 
channels.
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Graded Potential vs Action Potential
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Action Potential

Changes in Ion Permeability allows inward Na flux and 
triggers an increased  outward  K flux through voltage 
gated ion channels

Causes transient change in Membrane Potential

The change in ion permeability is triggered by transient 
depolarization of the membrane
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Terminologies Associated with Changes in Membrane Potential

Depolarization-
 A decrease in the potential difference 

between the inside and outside of the 
cell.

Hyperpolarization-
 An increase in the potential difference 

between the inside and outside of the 
cell.
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Terminologies Associated with Changes in Membrane Potential

Repolarization

Returning to the RMP from either 
direction.

Overshoot

When the inside of the cell 
becomes positive due to the 
reversal of the membrane potential 
polarity.
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Phases of action Potential

Depolarization phase
 Sudden shoots up (upstroke) from a

potential -70mV to +35mV.

 It represents the reversal of polarity of
the cell membranes.

 Is divided into:

Slow 
phase

• The membrane potential drops from--
70mV to -55mV.

Firing level

• At this point(-55mV). The rate of 
depolarization is suddenly increases.

Rapid 
phase

• Depolarization proceeds rapidly 
(overshoots) until  the membrane 
potential is reversed  +35m .
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Phases of action Potential
Repolarization Phase

Down stroke

The membrane potential return to 
the original polarity

 It is divided into:

1-Rapid phase
• It takes about 70%
• Of descending limb.

2- After depolarization

• Slow phase.

The peak value of the AP is known as            
Spike potential
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Threshold potential

Resting potential

Repolarization is followed by

After hyperpolarization:

• Prolonged period of mild     
hyperpolarization.

Finally the RMP is restored.

Phases of action Potential
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Ionic basis of Action Potential

 As membrane potential decreases As membrane potential decreases 
 from from --70mV,the voltage gated 70mV,the voltage gated 

 fast fast Na+Na+ channels open partially channels open partially 
 & when it reaches & when it reaches --55mV55mV

 NaNa++ channels are fullychannels are fully open open 
 and the Naand the Na+ + movement movement 

 inside the cellinside the cell
 The membrane potentialThe membrane potential
 Decreases to +35mVDecreases to +35mV

•• AsAs membranemembrane potentialpotential decreasesdecreases fromfrom
--7070mV,themV,the voltagevoltage gatedgated fastfast Na+Na+ channelschannels
openopen partiallypartially && whenwhen itit reachesreaches --5555mVmV..

•• NaNa++ channelschannels areare fullyfully openopen andand thethe NaNa++

movementmovement insideinside thethe cellcell.. TheThe membranemembrane
potentialpotential decreasesdecreases toto ++3535mVmV

Explosive Na influxExplosive Na influx
by both concentrationby both concentration
and electrical gradientand electrical gradient
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Comparison of Phases of Action Potential
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 Absolutely refractory period- a second AP will not occur until the first is over. 
The gates on the Na+ channel have not reset. 

Relatively refractory period- a large suprathreshold graded potential can start a 
second AP by activating Na+ channels which have been reset.

Refractory Periods of Action Potentials
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Characteristics of an Action Potential

1. Triggered by depolarization 

A less negative membrane potential that occurs 
transiently

Understand depolarization, repolarization and 
hyperpolarization
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Characteristics of an Action Potential

2. Threshold

Threshold depolarization needed to trigger the action 
potential

10-20 mV depolarization must occur to trigger action 
potential 
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Characteristics of an Action Potential

3. All or None

Are all-or- none event

Amplitude of AP is the same regardless of whether the
depolarizing event was weak (+20mV) or strong
(+40mV).
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Characteristics of an Action Potential

4. No Change in Size

Propagates without 
decrement along axon

The shape (amplitude & 
time) of the action potential 
does not change as it travels 
along the axon
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Characteristics of an Action Potential

5. Reverses Polarity 
At peak of action potential the membrane potential 

reverses polarity

Becomes positive inside as predicted by the Ena Called 
Overshoot

Return to membrane potential to a more negative potential 
than at rest Called Undershoot.
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The Six Characteristics of an Action Potential

6. Refractory Period

Absolute refractory period follows an action potential. 
Lasts 1 msec

During this time another action potential CANNOT be 
fired even if there is a transient depolarization.

Limits firing rate to 1000AP/sec
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Conduction of Action Potential

• Movement of the AP along the axon at high speed is called conduction.

• A wave of action potentials travel down the axon.

• Each section of the axon is experiencing a different phase of the AP 
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Factors Influencing Conduction Speed of Action Potential

• The resistance of the membrane to
current leak out of the cell and the
diameter of the axon determine the
speed of AP conduction.

• Large diameter axons provide a low
resistance to current flow within the
axon and this in turn, speeds up
conduction.
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Factors Influencing Conduction Speed of Action Potential

• Myelin sheath which wraps around 
vertebrate axons prevents current 
leak out of the cells. Acts like an 
insulator.

• Portions of the axons lack myelin 
sheath and these are called Nodes of 
Ranvier. High concentration of Na+

channels are found at these nodes.
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Saltatory Conduction

When depolarization reaches a 
node, Na+ enters the axon through 
open channels. 

 At the nodes, Na+ entry reinforces 
the depolarization to keep the 
amplitude of the AP constant, but 
slows the current flow due to a loss 
of charge to the extracellular fluid.

However, it speeds up again when 
the depolarization encounters the 
next node.

The apparent leapfrogging of APs 
from node to node along the axon 
is called saltatory conduction.
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Action Potential Revision Videos and Animations

The Action Potential.flv

A Review of the Action Potential.flv

The Absolute and Relative Refractory Periods.flv
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