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A difference in- versus out- flux of charge (i.e. gradient in current density)
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Current € Diffusion of charge + Mobility of charge in E-field
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Component | Intracellular Concentration | Extracellular Concentration | Nernst Potential
(mM) (mM) (mV)
Cations
Na* 5-15 145 58~ 86
K* 140 5 -85
Mg?* 0.5 1-2 17.8~355
Ca® 10+ 1-2 236
H* 7105 (1072 M or pl1 7.2) | 4<105(1074M or pH 7.4) -14
Anions
CF 5-15 5-15 -
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Ion |G, (S/em?) | G,./G, | /e, | Vi, (mV)
K™ 3.7 x 1071 0.55 0.05 -T2
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Assume A channels per unit area, of which n(t) are open.
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Original Hodgkin Huxley Model

V,,(0),n(t), m(0), h(t)|

4 state variables:

Inject external current J,

4 state update equations :

ralVin) 0 (Vi ) = (Vi)

dm(V,,, t) = Gk (Vin.t) = Ggn' (Vg t) =

4 Initial conditions: |"(/=0=n.0")

Depolarization mechanism

positive feedback (early on during AP)

dm ﬂFxtl'm‘} —m | mf Cvam®h Gra ft V., ’;’ A . Vin
dt Tm(Vim) + 9 E 3
1]
Repolarization mechanisms — negative feedback (later during AP)
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J)y=J. +J, +J +J +J
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pm dt

:F+ G.’\-'n(llm'{) ' (Vm(’) _V’\"u)

Ton(Vin) T (Vi £) = e (Vi) Gl ) = DV AV ) ! !
‘ TN, my ) = Gyam™(Vig, £)0 Vi, e — e - ;
Vi 0 Na ) Na +(J&.(Vm.!)-(Vw(f)—VK)+(1f '{V:_(f]—V, )+Jm
(V) —=—— + h(Vin, 1) = hoe(Vim
(Vi) dt dl ) = hoe(Vin) =0
0.1(Viy + 35)
My = . t’il-l..,-..l‘): ]f\r
I am B = de”(mtOKy
™ = ot B wd me = O + ay = 007 -"]‘*"‘m*w';\‘,
1 - .
n = and h, = —oh  —— b = T AT
o+ P  + Ba 0.01(V,y + 50)
1 Oy 0, = — = Ky
Ty = and n, = . e-01(Va+80) _ |
Oy + Oy [ B, = 0.125¢ 00125(Va+60) o
where 1, is expressed in mV and all the a's and 3's are expressed in 1 /ms.




