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Introduction

Introduction

The Hodgkin-Huxley Model is a set of non-linear ordinary
differential equations that approximate the electrical characteristics
of excitable cells such as neurons
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Biophysical Analogue
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Figure: Hodgkin-Huxley
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Parameters

» The lipid bilayer is represented as a capacitance (Cm).

» Voltage-gated ion channels are represented by nonlinear
electrical conductance (gn, where n is the specific ion
channel).

> Leak channels! are represented by linear conductances (gl).

» The electrochemical gradients driving the flow of ions are
represented by batteries (Ei and EL), the values of which are
determined from the Nernst potential® of the ionic species of
interest.

» lon pumps are represented by current sources (Ip).

1 . . .
Leakage channels, aslo called Resting channels, are ion channels in the plasma membrane of a cell that
remain open at all times.
2 . o . .
The potential level across the cell membrane that exactly opposes net diffusion of a particular ion through

the membrane is called the Nernst potential for that ion.
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Hodgkin-Huxley Equation

ot m

= =Y (1)

» V,, : the potential across the membrane.

» [; : individual ionic currents of the model.
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Current Flow

The current flowing through the ion channels is a function of V,,
(the membrane potential) and t (time).

li(Vin, t) = &i(Vim — Ei) (2)

In voltage-gated ion channels, the channel conductance g; is a
function of both time and voltage (gn(t, V)), while in leak
channels g; is a constant (gL).
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Voltage-Gated lon Channels

Conductances for voltage-gated channels are expressed as:

gn( Vi, t) = Eﬁbaxﬁ (3)

where ¢ and x are gating variables for activation and inactivation,
respectively, representing the fraction of the maximum
conductance available at any given time and voltage.

0p 1
E(Vmat) = ?(‘boo_(b) (4)
Vo t) = (=) Q

74 and T, are time constants; ¢, and X are the steady state
values for activation and inactivation, respectively.
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Nobel Prize

The Nobel Prize in Physiology or
Medicine 1963

“for their cliscoveries canceming the ionic mechanisms involved in
excitation and inhilition in the periphersl and central portions of the nerve
cell membrane™

sirJohn Carew  Alan Lloyd Andrew Fielding
Eccles Hodgkin Huxley
D Yz of the prize D Yz of the prize D 13 of the prize
Australia United Kingdorn United Kingdorm
Australian National  University of Londen University
University mbridge Londen, United
Canberra, Australia Cambridge, United Kingdom

Kingdorn
b. 1903 b. 1914 b. 1917
d. 1857 d 1598

Figure: Nobel Prize
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How to Model?

How do we model a real neuron?

Figure: Real Cell
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Compartmental Model

We model it piece by piece.

The usual approach is to model this with a lumped parameter
model in which we divide the neuron into a finite number of
compartments containing resistances, capacitances and batteries to
represent ionic equilibrium potentials.
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Figure: Piece by piece
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Purkinje Cell Example

Figure: Purkinje Cell Model on GENESIS

Leonardo Araujo Hodgkin-Huxley Model



How to Model?
Compartmental Model
Purkinje Cell

Compartmental Model COmERATES

Compartments

! Va

|
SAAANA, SAAAAAA~

Te Gy CD

inject

o

Figure: Compartment equivalent circuit
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