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Effects of reversal potential on action potential based on Hodgkin-Huxley model
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Abstract: Objective To investigate the effects of different ion channel reversal potential parameters on action potentials in neurons
using numerical simulation. Methods With the reference of physiological experiment results, Simulink software was used to
established Hodgkin-Huxley models of 3 ion channels (Na channel, K channel, and leakage channel) with reversal potentials
deviating from the standard value of +10%, £20% and £30%. The same stimulation current was applied to obtain the response
results of action potentials in neurons. Results The neurons were unable to generate continuous action potentials when the reversal
potentials of 3 ion channels, namely Ey., Ex and E,, were too small. When increasing in a certain range, Ex., Ex and E| increased
the number of action potentials in the same time period. When the changes of Ex resulted in the abnormal discharge of neurons,
the normal discharge could be restored by adjusting Ex.. Conclusion The mutations of ion channel reversal potentials cause the
abnormal discharge of neurons, which might be the reason of channelopathies. The simulation results show that the treatment
of channelopathies can be carried out with the parameter adjustment of different ion channels at the same time, which provides
some ideas and methods for the research of the pathogenesis and clinical treatment of channelopathies.
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Tab.1 Parameter values for Hodgkin—Huxly (HH) model
Variable Variable name Variable value Unit
C Membrane potential 1 pF/em?
Gra Maximum conductance of Na channel 120 mS/cm’
Gk Maximum conductance of K channel 36 mS/cm’
G Leakage conductance 0.3 mS/cm’
Ex Reversal potential of Na channel 50 mV
Ex Reversal potential of K channel =77 mV
E Reversal potential of leakage channel -54.5 mV
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Fig.1 Waveform of membrane potentials under stimulation

current of 10 pA/em’
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Fig.2 Waveform of membrane potentials under different values of Ex.



b

i 104) By &, 45 . Hodgkin-Huxley i Z570 S % L 35 A8 A Xt sl AR L (62 B 5

- 1233 -

22 HIETFREREEE

DL Ec R 528 280, ECIUhs #E(H &R 7% 3
[ £10% £20% \£30% 4T BUEA , B E« S 50535
H2-70.-84 .-63 .-91 ,-56 .-98 mV,,

&1 3 2 Ec 7B AN sh P A B . ZEAH R AY
RS ST, Ex AR AR R HL A 5200 32 24 PR A

(1) #2850 2% i sh A e Ao A W A3 4 B o A1 L A2 5
EKJiZEtB (2) TERMERAL LB N, Ex RK/INT, fif 28

A R % B2 i B A B A 5 Ex AE— 8 Y0 Bl 8 i
Eh‘ W 2% TG A A TR BT B 8] P 3 VR H A 1 & A 5K
BE# Ex 3G ; EcARfad KB, #2800 RN AR IE
R EIWERAL 0™ A BT 1 R LA

10 20 ’30 40 50 60 70 80 90 100

L

10 20 ’30 40 50 60 70 80 90 100

R A A R S R
T0 20 30 40 50 60 70 80 90 100

t/ms ms t/ms
a: Ex decreased by 30% b: Ex decreased by 20% c: Ex decreased by 10%

(Ex=-91 mV)

(Ex=-98 mV)

10 20 30 40 50 60 70 80 90 100

t/ms t/ms t/ms
d: Ex increased by 10% e: Ex increased by 20% f: Ex increased by 30%
(Ex=-70 mV) (Ex=-63 mV) (Ex=-56 mV)
E3 S FBEREED ET R EBEAUEE
Fig.3 Waveform of membrane potentials under different values of Ex
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