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Dynamic Mechanisms of Afterdepolarization in the Early Regulation of
Cardiac Potassium Channel
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Abstract: The relationships between the Hopf bifurcation in the cellular model and the Early
Afterdepolarization (EAD) and the function of potassium channel are investigated for the EAD
phenomenon of the voltage oscillation during the repolarizing phase of the cardiac action
potential. A subsystem model is developed by removing the fast activated sodium current in the
LR91 model and introducing control factors for time constants of calcium and potassium channels.
Variables with different time scales are separated. A fast subsystem with 3 variables is formed
and the variables are voltage, activation and inactivation gating variables of calcium channel. The
relationship between the voltage and the steady state of the fast subsystem is analyzed by
regarding the gating variable of the potassium channel as a bifurcation parameter. Simulation
results show that the voltage approaches the attraction and Hopf bifurcation point more and more
as the time constant of potassium channel gating variable increases. The action potential duration
(APD) is prolonged to 1 060 ms and the voltage oscillation appears when the time constant is 6
times of its control value. The number of the oscillation waves increases to 15, when the time
constant approaches 15 times. The results show that the Hopf bifurcation of the fast subsystem
results in induction of EAD under the control of the potassium channel.
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