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Figure 1. Diagram of a typical cell membrane. 

The more you study the action potential, the more 
amazing is the realization that such events occur so 
rapidly, and that the entire nervous system operates 
on a coordinated sequence of action potentials 
spanning billions of nerves.  Exercise is a perfect 
example of this, where muscles have to contract in 
correct sequence and strength.  Then to further 
complicate things, we play sport demanding not only 
exercise, but also refined motor patterns to enact 
added complex muscle contraction sequences that 
allow us to hit a ball, kick a ball, throw a ball, hit or 
knock an opponent, wrestle or tackle an opponent, or 
perform incredible complex movement patterns 
involved with tasks such as diving or gymnastics.  All 
these things occur because of excitable tissues, and 
the capacity of these membranes to generate action 
potentials. 

 
Before you read any further into neuromuscular physiology, it is important to explain 
what is an excitable membrane, and what determines the resting membrane 
potential of these membranes. 
 
An excitable membrane is a special type of cell or sub-cellular membrane that has a 
charge difference across (inside to outside) the membrane and can respond to a 
membrane specific stimulus that causes an action potential.  See the specific text on the 
action potential for more details of this phenomenon.  You need to read about the 
excitable membrane before studying the action potential, as it is an essential 
prerequisite knowledge base for further study of neuromuscular function. 

Figure 1 is a diagram of a typical membrane.  Membranes are complex structures, with 
a phospho-lipid bi-layer containing cholesterol, diacylglycerols, other lipids, 
carbohydrates and proteins that either locate on the inside surface, outside surface, or 
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Figure 2. Diagram of the function of the Na

+
-K

+
 pump. 

span the entire bilayer membrane.  As you should know, in being mostly lipid, cell 
membranes are hydrophobic (water fearing) and lipophilic (lipid loving)  As such, any 
molecule that is soluble in water will not pass through the cell membrane through simple 
diffusion, and requires a special transport process.  The only exceptions to this rule are 
extremely small molecules such as the gases, water and glycerol, which seems to 
readily penetrate the membrane while being highly polar and water soluble. 
 
The protein molecules that span the membrane (integral proteins) are typically either 
transport proteins, or complex receptors to hormones that translate amine and peptide 
hormone binding to sub-cellular enzymatic responses.  Another important function of 
these membrane spanning proteins is what defines excitable membranes and tissues.  
These tissues have membranes that contain integral proteins that allow transport or 
movement of select cations and anions either into or from the cell.  In fact, these special 
electrolyte channels are responsible for the development of a change difference across 
the membrane, which is maintained by an ATP dependent sodium-potassium pump 
that moves 3 sodium (Na+) molecules out and brings 2 potassium (K+) molecule into the 
cell per action cycle (Figure 2). 
 
Collectively, the 
Na+ and K+ 
channels that allow 
their specific cation 
to pass through in 
combination with 
the Na+-K+ pump 
generate a 
membrane 
potential in all 
excitable 
membranes.  Now, 
not all membrane 
potentials are the 
same.  The exact potential varies between different excitable tissues of the body 
depending on the density of these cation channels along the membrane, their specific 
inherent leakiness to their cation, the presence of other cation channels such as the 
calcium channel in myocardium, the gradients for intra-to-extra-cellular concentrations 
of specific cations (Figure 3), and the activity of the Na+-K+ pump within the cell.  For 
example, for skeletal muscle, the typical resting membrane potential is approximately -
91 mV, for the sino-atrial (SA) node of the heart it approximates -67 mV, and for the AV 
node it approximates -75 mV. 
 
Nernst Potentials 
I hope you are wondering why the resting membrane potential ends up at -91mV, or -75 
mV, depending on the tissue?  Why doesn’t it just keep getting more negative given the 
imbalance in the Na+-K+ pump?  Why doesn’t the inherent greater leakiness for K+ from 
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Figure 3. Differences between electrolytes and other charged molecules concentrations 

between intra- and extra-cellular fluid. 

the cell compared to Na+ into the cell, given that both have the same charge, drive the 
membrane potential even more negative? 

The answers to these questions come from applying some fundamental biophysical 
calculations.  The Nernst equation (Equation 1) can help us here, as it is a simplified 
assessment of the charge repulsion forces that are present across any membrane that 
has a charge differential.  Equation 1 is the Nernst equation for K+.  Figure 3 provides 
the concentrations of the main charged compounds inside and outside of a human cell.  
For K+, this means that there is an inner to outer K+ concentration gradient of 124:4 
mmol/L, computing to a Nernst potential of -91 mV. 
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For sodium, the inner to outer concentration gradient is 10:140 mmol/L, computing to a 
Nernst potential of +70 mV (Equation 2).  These Nernst potentials can be interpreted as 
follows.  For K+, as more and more potassium leaves the cell, the increasingly positive 
charge difference from inside to outside eventually reaches a point (the K+ Nernst 
potential) where the positive charge causes charge repulsion against more positive 
charge moving out of the cell.  The same logic applies to the Na+-K+ pump, as sodium 
cannot be removed beyond the K+ Nernst potential due to similar charge repulsion.  For 
sodium influx, the membrane potential cannot increase above 70 mV (the Na+ Nernst 
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Figure 4. Illustration of the typical muscle resting membrane 

potential. 

potential), as then there is charge repulsion against increasing positive charge moving 
into the cell.  As you should be able to appreciate, this arrangement sets up a 
tremendous concentration and charge gradient for Na+ to rush into the cell when 
allowed, which is essentially the potential energy of the action potential (Figure 2). 
 
Given that the typical resting membrane potential of skeletal muscle is -91 mV (Figure 
4), which is the K+ Nernst potential, it can be argued that the membrane potential is 
largely dictated by the leakiness of K+ out of skeletal muscle, and slightly modified by 
the added ionic and charged metabolite influx and efflux from skeletal muscle.  Such a 
hypothesis has been clearly proven by basic science animal research.  Furthermore, 
what is very clear is that the electrolyte concentration differences across the cell 
membrane, in addition to 
an active Na+-K+ pump, 
are essential for all 
excitable membranes to 
sustain their resting 
membrane potential.  Any 
condition that alters such 
electrolyte concentrations 
can be life-threatening, as 
it would alter the resting 
membrane potential and 
impair the function of 
excitable tissues such as 
nerves and muscle, which 
includes the heart. 
 

Glossary Words 

 
excitable membrane is a membrane that can generate and propagate an action 
potential. 
 
resting membrane potential is the membrane potential of an excitable membrane, 
typically between -70 to -91 mV. 
 
hydrophobic refers to water fearing/repelling. 
 
lipophilic refers to lipid loving/attracting. 
 
sodium-potassium pump is the excitable membrane protein complex that uses the 
free energy of ATP hydrolysis to move 3 Na+ out of an excitable cell and bring in 2 K+. 
 
Nernst equation is the equation that computes the membrane potential for a given 
cation that opposes conduction of the cation across the membrane. 
 
Nernst potential is the membrane potential for a given cation that opposes conduction 
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of the cation across the membrane. 
 
K+ Nernst potential is -91 mV (for skeletal muscle). 
 
Na+ Nernst potential is +70 mV (for skeletal muscle). 
 

 
 


