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HH Membrane model

= Nernst equation at 37C
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HH Membrane model

Passive model ;| = Vm +C (avm )
m

HH model outside

tel i cccccc s st et s ccc e s s e c e s c e cmc e cc e e cEe e mcEccmc s RS e Ees ces cem e Ee . ... .- —

av
I =C —+1,+1,, +1
m m dt K Na L

dv
1, =C, E+gK(V'»t)(V—EK)+gh’a(V’t)(V—ENa)+gL(V—EL)

gk = 0.415mS/cm®,  gc = 0.582mS/em®,  gna = 0.010mS/cm’



HH Membrane model

av

I =C —+1,+1, +1,;
dt
dv

Relationship to

passive model % = gy VL ORW,D(V, - Ey )+ gn* (v,0)(V, - E ) +g,(V-E))

m

dm
— = [—(am 4+ Bm}m + am]k

At lonic current — V,,/r,
dh Coefficients g’s are the maximum
= [ (o, +B,)h+0o, ]k conductance for sodium, potassium,
and leakage per cm? respectively
In n, h, m are probabilities that reduces
c“ _[ (c, +[3,,)“+°‘ ]k the maximum conductance
(

k -1 0.17T-0.63



Hodgkin-Huxley Equation

=  Used to model changes in
membrane conductance due to
changes in membrane voltage

= Sodium current = C’*m3h
m  Potassium current =C''*n4
"= m —sodium activation

= h—sodium channel
inactivation

" n—potassium channel
activation

= C—constants for specific cell

= m with shortest time constant,
depolarizes the cell

= h, n, with longer time constants,
repolarize the cell
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HH Membrane model

dv
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HH Membrane model

dv
I, =Cp—+ 8 (V.0 —E)+ 8y V- —Ey,) + &, (V ~ Ey)
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Membrane model evolvement

= HH model — Hodgkin and Huxley (1952)
= FH model — Frankenhaeuser and Huxley (1964)

=  CRRSS model — Chiu, Ritchie, Rogert, Stagg and
Sweeney (1979)

= SE model — Schwarz and Eikhof (1987)
= SRB model — Schwarz, Reid, and Bostock (1995)

Table 3.1 Expressions and Constants for Axon Membrane Models

HH Model FH Model CRRSS Model SE Model SRB Model
(o 250V 036V -22) 97 +0363V 187(V - 2541) 4.6(V —65.6)
exp(25—0AlV)—1 1—exp(22_v) 1+exp( 1- V) l—exp(w) l-exp(_v+65‘6)
o 3 6.06 103
B v 0.4(13-V) a,, 3.97(21-V) 0.33(61.3-V)
sexpl -3¢ . (V—13) —[V-58 (v 21) . (v-613)
18 ST sy 941 P "o16
an ! - A g
01-001V 0 02(V353_5‘)/ 0.13(V - 35) 0 0517(_\:/+_9922)
exp(1-0.1V)-1 1—exp( m ) 1- exp( ) 1—exp(T)
B, 005(10- V) 032(10-V) 0092(8-V)

o.1zs.exp(-l) P(V—IO) F{v-lo) P[v-s)
80 1-ex 1-ex 1-ex
10 10 10.5



