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Figure 1. The change in membrane potential and 
conductance of Na

+
 and K

+
 across the membrane during 

the time course of the action potential. 

How does the nervous system 
“communicate” with itself and to the rest 
of the body?  The answer is by the 
frequency of action potentials.  This 
language of the nervous system is an 
incredibly important topic to 
neurophysiology, and you need to 
understand why excitable tissues can 
generate action potentials, and why 
specific characteristics of these tissues explain why the action potential (voltage 
magnitude and duration) can be different between different tissues of the heart vs. 
nerves vs. smooth muscle vs. skeletal muscle. 

 
Electrophysiology of the Action Potential 
The resting membrane potential of skeletal muscle can be viewed as potential energy, 
as it is a condition that coincides with relatively large concentration gradients for multiple 
cations, and a relatively large charge gradient.  If specialized proteins exist in some 
membranes that can be regulated to change specific cation permeability across the 
membrane, there can be rapid changes in both cation concentrations and charge across 
the membrane.  Such movements of molecules down concentration gradients, or a 
change in charge represent forms of energy that can release free energy that can be 
used by the cell to perform work.  As has already been discussed, the action potential of 
an excitable membrane is a form of electrical energy. 
 
This is exactly what happens 
for the action potential of 
excitable membranes.  For the 
excitable membranes of some 
tissues, the Na+ and K+ 
channels can change 
conformation after binding to 
specific molecules and/or as 
the membrane potential 
becomes less negative.  These 
two responses are called 
ligand gated vs. voltage 
gated channels, respectively.  
Some excitable membranes 
have Na+ and K+ channels that 
respond very fast to binding or 
voltage changes, and others 
respond more slowly, and most 
have Na+ and K+ channels that respond differently, with the Na+ channels responding 
the fastest.  Other tissues such as the myocardium also have calcium (Ca+2) channels 
that further complicate the change in the membrane potential and the temporal profile of 
the action potential that I explain next. 
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Figure 2. The nerve Axon of Hillock, where an 

action potential is first generated. 

 
Figure 1 reveals the change in membrane potential during the time course of the typical 
action potential of skeletal muscle.  The change in conductance, or membrane 
permeability, for each of Na+ and K+ is also provided.  Yes, the typical nerve and 
skeletal muscle action potential starts and is complete within 3 ms, allowing for the 
possibility of high rates of action development and propagation at more than 300 action 
potentials/s. 
 
What Causes the Change in Na+ and 
K+ Conductance? 
Remember that I mentioned that there 
are Na+ and K+ protein channels in 
excitable membranes.  I also indicated 
that some channels respond to ligand 
(molecule) binding, while others respond 
to membrane potential charge.  Some 
are slow to respond, and others are 
relatively fast.  For the action potential, 
and depending on which membrane, or 
which part of a given membrane, it is 
occurring on will determine the 
mechanism for the change in cation 
conductance. 
 
For the nerve, the action potential starts at the Axon of Hillock (Figure 2).  This is a 
specialized region of the connection between the soma and axon.  Around the soma, 
the membrane is comprised mainly of ligand gated Na+ channels.  When the 
neurotransmitter (e.g. acetylcholine) binds to its receptor connected to a Na+ channel, 
the Na+ opens slightly and Na+ enters the inside of the soma.  As more and more Na+ 
channels open due to neurotransmitter binding, the membrane potential gradually 
increases above -91 mV.  Eventually, the membrane potential reaches a voltage that 
rises above the nerve specific threshold potential to now activate fast responding 
voltage gated Na+ channels (Figure 3) which are located at the Axon of Hillock as well 
as along the entire length of the axon.  It is the fast acting voltage gated Na+ channels 
that cause the rapid increase in Na+ conductance to start the action potential (Figure 1), 
raising the membrane potential above 0 (depolarization) and towards the Na+ Nernst 
potential. 
 
To have the action potential be a short duration phenomenon, the Na+ channels have to 
close just as rapidly as they open.  This is caused by the slower acting voltage gated K+ 
channels at the Axon of Hillock and along the axon.  As the K+ channels open, this 
opposes the function and consequences of the Na+ channels, forcing the membrane 
potential to again decrease, closing the Na+ channels, and forcing the membrane 
potential back below 0 (repolarization), and in fact, to decline below the resting 
membrane potential.  This is called a hyperpolarization of the membrane.  The 
function of the Na+-K+ pump, and the eventual closure of the K+ channels gradually 
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allows the membrane potential to return to its true resting value. Again, for the typical 
nerve, this all happens in about 3 ms. 
Propagation of the Action Potential 
Once the Axon of Hillock has depolarized, causing the action potential, the action 
potential can be propagated, or conducted, along the axon due to each neighboring 
voltage gated Na+ channel now being exposed to an increasing regional membrane 
potential causing the channel to open and allow Na+ influx.   Thus, the process of the 
action potential travels along the axon in a unidirectional manner from the Axon of 
Hillock to the distal target tissue, or whatever nerve to nerve junctions (synapses) occur 
within the central or peripheral nervous systems prior to the target tissue. 
 

Glossary Words 
 
permeability refers to the capability of an object, such as a membrane, to have  
molecules move through without assisted transport mechanisms. 
 
concentration gradient is the difference in concentration of a substance across two 
regions, such as across a semi-permeable membrane. 
 
action potential is the rapid reversal of membrane potential, and return to the normal 
resting membrane potential, of excitable membranes such as nerves and skeletal 
muscle cell membranes. 
 
ligand gated channel is a cation or molecular protein channel that opens or closes in 
response to metabolite binding to a specific receptor associated with the channel. 
 
voltage gated channel is a cation or molecular protein channel that opens or closes in 
response to changes in the membrane potential of excitable membranes. 
 
conductance is the movement of ions through living tissue, such as the movement of 
sodium or potassium through an excitable cell membrane.  Higher conductance means 
a greater/faster mass movement of ions across the membrane. 
 
axon of Hillock is the region where the soma of a nerve adjoins with the start of the 
nerve axon, which is also the origin of the action potential. 
 
soma is a nerve cell body. 
 
axon is the specialized component of a nerve that conducts action potentials. 
 
acetylcholine  is a neurotransmitter of all pre-synaptic nerves of the autonomic nervous 
system, post-synaptic nerves of sympathetic cholinergic nerves, and all synapses of 
somatic nerves  
 
threshold potential is the membrane potential that when surpassed (not as negative) 
causes the generation of an action potential at the Axon of Hillock. 
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depolarization is the change in membrane potential from negative to above 0 mV and 
towards the Na+ Nernst potential. 
 
Nernst potential is the membrane potential that causes no net change in the 
conductance of a specific cation across an excitable membrane. 
 
repolarization is the return of a depolarized membrane potential towards the resting 
membrane potential. 
 
hyperpolarization is the decrease in membrane potential to values lower (more 
negative) than the typical resting membrane potential near the end of the repolarization 
phase. 
 

 


