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4. ACTION POTENTIALS 
We will look at: 
 Observing action potentials  

 Nonlinear membrane behaviour  

 Origin of action potential, resting and peak voltages  

 Voltage and space clamp  

 Hodgkin-Huxley equations  

 Simulation of membrane action potential  

 Action potential characteristics  

 Active transport  

 Calcium channels and "other" membrane models  
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Observing action 
potentials: 
If an adequate current 
flows between a pair 
of stimulating 
electrodes producing 
a transmembrane 
current in an excitable 
cell, an action 
potential (AP) is 
generated in the 
membrane at the 
site of the electrodes. 
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An experimental setup for recording action 
potentials: 
An action potential propagates to all parts of 
the cell. 
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Observing action potentials (cont.): 

No action 
potentials 

Action 
potentials 
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Observing 
action 
potentials 
(cont.): 

(from Johnston 
and Wu) 
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Action potentials are: 

 all-or-nothing events, 

 regenerative, 

 generated when a threshold is reached, 

 propagating potentials, and 

 also known as nerve spikes or impulses. 



8 

Transmembrane action potential 
morphology: 
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Observing 
action 
potentials 
(cont.): 

(from Koch) 
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Nonlinear membrane behaviour: 
Subthreshold and 
action potential 
responses to a 
brief stimulating 
current. 
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Nonlinear membrane behaviour (cont.): 
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Nonlinear membrane behaviour (cont.): 
For the squid axon:- 

 Cm = 1 µF/cm2 throughout the entire 
action potential 

 Rm = 1000 Ω cm2 at rest 

 Rm = 25 Ω cm2 at the peak of the action 
potential 
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Origin of action potential, resting and peak 
voltages: 
In the classic studies by Hodgkin and Huxley, the 
results were related to the Goldman-Hodgkin-Katz 
(GHK) equation for the transmembrane potential: 
 
 
 
where Pp is the permeability of the pth ion channel. 

(The GHK equation is derived from the Nernst-Planck 
equation, making simplifying assumptions about the electric 
potential and concentration gradients inside the channel.) 
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Origin of action potential, resting and peak 
voltages (cont.): 
As we have observed previously, the 
resting transmembrane potential is 
slightly higher than the potassium 
equilibrium potential. 
Looking at the action potential waveform, we 
see that the peak transmembrane 
potential approaches but never exceeds the 
sodium equilibrium potential. 
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Origin of action potential, resting and peak 
voltages (cont.): 
This result is consistent with an elevated sodium 
permeability in the rising phase and peak of the 
action potential. 
Good agreement between theory and experimental 
data from the squid axon is obtained with: 
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Origin of action potential, resting and peak 
voltages (cont.): 
To a first approximation: 
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Origin of action potential, resting and peak 
voltages (cont.): 
In an experiment using radioactive tracers, it 
was found for the cuttlefish Sepia giant axon 
that: 
 at rest, there is steady influx of sodium and 

efflux of potassium, consistent with 
EK < Vrest < ENa 

 during an action potential there is an influx of 
3.7 pmoles/cm2 of sodium 

 during an action potential there is an efflux of 
4.3 pmoles/cm2 of potassium 



18 

Origin of action potential, resting and peak 
voltages (cont.): 
These results can be compared with the 
charge movement required to depolarize the 
transmembrane potential by around 125 mV: 
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