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Excitability, spiking and bursting
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Ion currents in the squid giant axon
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Ходжкин-Хаксли: разделение токов на I
Na

 и I
K

Замена ионного состава среды Использование блокаторов

с холином

морская вода
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Potassium current in the HH model
Dependence of K conductance on potential

n∞ =
αn

αn+βn

τn =
1

αn+βn

fitting α  and β  parameters
to experimental curves

activation deactivation

max g
K
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Sodium current in the HH model I Na=ḡNam
3h(V−ENa)

инактивация

+88 mV step

+76 mV step двухимпульсные протоколы
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The Hodgkin-Huxley formalism

Cm
dV
dt

=I electrode−ḡL(V−EL)−ḡNam
3h(V−ENa)− ḡK n

4
(V−EK )

1 ) I i=gi(V−E iNernst )

2 ) gi= ḡiw
γ v δ

Instantaneous I-V relationship is linear

Instantaneous conductance is maximal conductance 
weighted by fraction of open channels (2 types of gates)

General summary

3 )
dw
dt

=
1
τw

(w∞−w)≡αw (1−w)−βww Linear gate kinetics

4 ) αw=f 1(V ) ,βw=f 2(V )
Gate kintetic rates are nonlinear 
functions of Vm

I k= ḡK n
4
(V−EK)

I Na= ḡNam
3h(V−ENa)

I L= ḡL(V−EL)

K-current (through Kv channels)

Na-current (through Nv-channels)

Non potential-sensitive leak

dn
dt

=αn(1−n)−βnn

Membrane potential dynamics is governed by an ODE:
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4
(V−EK )

1 ) I i=gi(V−E iNernst )

2 ) gi= ḡiw
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I L= ḡL(V−EL)

K-current (through Kv channels)

Na-current (through Nv-channels)

Non potential-sensitive leak

dn
dt

=αn(1−n)−βnn

Membrane potential dynamics is governed by an ODE:

dm
dt

=αm(1−m)−βmm

dh
dt

=αh(1−h)−βhh

Dynamics of “gating particles”

αn = 0.01
V +55

1−exp [−
V +55

10
]

βn = 0.125 exp [−
V +65

80
]

αm = 0.1
V +40

1−exp [−
V +40
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]

βm = 4 exp [−
V +65
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]

αh = 0.07 exp [−
V +65

20
]

βh =
1

exp [
−V +35

10
]+1
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Effect of temperature
α (T )=α(T0)Q10

T−T0

10
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Response of the HH model to current pulses: Class 2
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Generation and conduction of spike in the squid axon

Cm
dV
dt

=I electrode− ḡL(V−EL)− ḡNam
3h (V−ENa)− ḡK n

4
(V−EK)
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The zoo of ion currents
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Nullclines:

I
Na,p

+I
K
-model:
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More detailed channel models
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Markov models and kinetic schemes

Na
v
-channel (Vandenberg & Bezanilla 1991):

Why does everyone still uses HH formalism 
and independent gating particles?

- less parameters to ft
- less equations
- accurate enough
- when sub-ms accuracy is not required
- for large ensembles of channels
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Thermodynamic-based models

Borg-Graham 1989; Destexhe&Huguenard 2000
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Excitability, spiking and bursting



Instantaneous persistent sodium and potassium current 
model (I

na,p
+I

K
)

Nullclines:

System:
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