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Simulation of membrane action potential: 
The complete Hodgkin–Huxley model is a parallel-
conductance model incorporating: 
 nonlinear (active) potassium and sodium 

currents: 
 
 
 

 a linear (passive) “leakage” current: 
 
 

 and a capacitive current: 
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Simulation of action potential (cont.): 
The total transmembrane current for the Hodgkin–
Huxley model is then: 
 
 
With the equations describing the gating particle 
dynamics, we have one first-order nonlinear 
differential equation coupled with three first-order 
linear differential equations. 
Analytical solutions are not very tractable, so in 
most cases it is necessary to find numerical 
solutions. 
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Simulation of action potential (cont.): 
Eq. (5.45) can be illustrated schematically 
as: 
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Simulation of action potential (cont.): 
 Hodgkin and Huxley had assistants doing 

numerical solutions by hand – not much fun! 
 Matlab has a set of numerical ODE solvers. 
 Software packages for simulating neurons 

include: 
– HHsim: Graphical Hodgkin–Huxley Simulator  
– NEURON: For computer simulations of neurons 

and neural networks  
– The GEneral NEural SImulation System 

(GENESIS)  

http://www-2.cs.cmu.edu/%7Edst/HHsim/
http://neuron.duke.edu/
http://neuron.duke.edu/
http://www.genesis-sim.org/GENESIS/
http://www.genesis-sim.org/GENESIS/
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Simulation of action potential (cont.): 

(from Plonsey and Barr, 2nd Edition) 
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Action potential characteristics: 
The characteristics of action potentials can 
be interpreted in terms of: 
 how the ionic and capacitive currents 

vary as a function of time, membrane 
potential and injected current, 

The behaviour of the ionic currents is 
understood in terms of: 
 voltage-dependent channel gating, i.e., 

the dynamics of activation and 
inactivation particles. 
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Action potential characteristics (cont.): 

(from Koch) 
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Strength-duration behaviour: 
For a finite-duration current pulse, the strength of 
the stimulating current required to just elicit one 
action potential is characterized by a strength-
duration curve. 
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Accommodation: 
Very slow changes in the membrane 
potential allow sodium inactivation and 
potassium activation to overcome sodium 
activation. 
Consequently, the cell may not spike, even 
though the nominal threshold potential (i.e., 
in the case of a rapid depolarization) has 
been reached. 
Any definition of a “threshold potential” is 
therefore restricted to a particular stimulus. 
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Accommodation (cont.): 
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Anode break excitation: 
Sodium deinactivation 
and potassium 
deactivation can give 
rise to an action 
potential at the offset 
of a hyperpolarizing 
pulse.  This is referred 
to as “anode break” 
excitation. 
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Repetitive firing: 
Injection of a sustained suprathreshold current 
gives rise to repetitive firing, illustrating the 
regenerative nature of spiking. 

(from Koch) 
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Refractory effects: 
 After the generation of an action potential 

it is impossible to generate another 
action potential with injected current of 
feasible magnitude within a certain time 
period.  This is referred to as the 
absolute refractory period. 

 For some time following the absolute 
refractory period the injected current 
required to reach threshold is greater 
than is necessary when the membrane is 
at rest.  This is referred to as the relative 
refractory period. 
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Refractory effects (cont.): 
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Refractory effects (cont.): 
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Refractory effects (cont.): 

(from Koch) 
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