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Hodgkin-Huxley model
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Typical form of an action potential; redrawn from an
oscilloscope picture from Hodgkin and Huxley (1939).

Alan Hodgkin and Andrew Huxley
The Nobel Prize in Physiology or Medicine 1963 (with John Eccles)




Reversal (equilibrium) potential

The reversal (or equilibrium) potential for an ion channel is the voltage
(potential difference) between the outside and the inside of a cell when
there is no net ion flow through this channel. This means that the electric
force due to the potential difference is equal to the force due to the
concentration difference of the ions inside and outside the cell. This is
quantified by the

Nernst equation Eip = RT [ion]outside

2 F [ion] inside



The minimal mechanism
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Hodgkin-Huxley equations and simulation
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a, =0-01 (V+10)/(exp 10

B, =0-125 exp (V/80),

o =01 (V+25)/(expv:-025

Bn="4 exp (V/18),
a, =0-07 exp (V/20),
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Ion channels

A. Leakage B. Voltage-gated C. lonpump
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Synapse




Non-NMDA: AMPA, GABA
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Conductance-based models

dv(t) B
cm—gr =
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MATLAB program

%% Synaptic conductance model to simulate an EPSP
clear; close all; hold on;

%% Setting some constants and initial values
c_m=1; E_L=0; E_syn=10; tau_syn=1; dt=0.01;
g_L=1; g_syn(1)=0; I_syn(1)=0; v_m(1)=0; t(1)=0;

%% Numerical integration using Euler scheme
- for i=2:10/dt
% record the time (in ms) in slot i of vector t
t(i)=t(i-1)+dt;
% simulate the opening of the (transmitter-gated) ion chanels at t=1ms;
if abs(t(i)-1)<0.0001;
g_syn(i-1)=1

end
% calculate the currents at this time

I_L(i)= g_L % (v_m(i-1)-E_L); % Leakage Cannel

T_syn(i)= g_syn(i-1) x (v_m(i-1)-E_syn); % Synaptic Cannel

% update differential equations
g_syn(i)= g_syn(i-1) - dt/tau_syn x g_syn(i-1);
vom(i) = v_m(i-1) - dt/c_mx(I_L(i)+I_syn(1i));
- end

%% Plotting results
plot(t,v_m); plot(t,g_synx5,'r—-");
plot(t,I_syn/5,"'k:");plot(t,I_L/5, 'k:");



Compartmental models

A. Chain of compartments C. Compartmental reconstruction
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Simulators
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