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Overview

 The Hodgkin-Huxley equations provide a
biologically realistic model of neural action
potentials

 The model is described using differential
equations based on laws of physics and
experimental measurements

« A computer simulation is demonstrated which
uses Euler's Method for numerical integration
with a very small time step



Giant Squid Axon

The axon is giant, not the squid
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Demonstration
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Demonstration

* Injected current drives action potentials / spikes
» Spiking ceases due to adaptation

« Spiking resumes when injected current is
toggled off and then back on

* |Intermittent current pulses are less likely to
cause an action potential immmediately following
an action potential during the refractory period

 The membrane voltage changes rapidly
between time steps during action potentials



Equivalent Circuit
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Math Notation and Symbols

« A Delta: difference; a step-wise change

X' Prime: first derivative of x(t)



Physics Equations

c=A-C

membrane capacitance = area « capacitivity

g=A-+G

channel conductance = area * conductivity
i=ge(v-E)

current = conductance ¢ ( voltage - reversal potential )
Aq = At « (i)

A charge = simulation time step ¢ negative current
Av=Aq/c

A membrane voltage = A charge / capacitance



Hodgkin-Huxley Equations 1

Voltage-dependent parameters
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Hodgkin-Huxley Equations 2
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Potassium Channel
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Simulation Parameters

" steady-state resting

" crossing for spike
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Synaptic Currents

le capacitiveCurrent = 0;
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final double channelCurrent = channel.getConductanc

* { membraneVoltage - channel.getEeve

capacitiveCurrent += channellurrent:;



Hodgkin-Huxley Currents

final doukle hhCurrent

= godiumConductance * m * m * m * h

* | membraneVoltage - zsocdiumBeversalPotential )
+ potassiumConductance * n * n * n * n
* (| membraneVoltage - potassiumBever=zalPotential )

+ leakConductance

¥ (| membranevVoltage - leakRewversalPotential ):;

capacitivelurrent += hhCurrent;

final doukle deltaCharge = deltaTime * —-capacitivelurrent;

deltaMembraneVoltage = deltaCharge / membraneCapacitance;
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