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Theoretical and experimental study of controlling cardiac cell system dynamics
using HL-1 mouse cardiomyocytes and a mathematical model
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Cardiac abnormal excitability causes tachycardiac arrhythmias leading to
sudden death in ischemia and long QT syndrome. In this study, we developed a mathematical model and
experimental systems for HL-1 mouse cardiomyocytes to investigate dynamical mechanisms and control
approach for abnormal activities. By bifurcation analyses of the mathematical model which can
reproduce abnormal activities, we demonstrated that developments of abnormal activities are
bifurcation phenomena and proposed reasonable methods of preventing abnormal activities from the
aspect of bifurcation theory. Furthermore, we developed experimental systems of HL-1 cells in which
abnormal activities can be evoked by modifications of ion channels, demonstrating that experimental
results are consistent with theoretical predictions. Our study shows that bifurcation analysis of
mathematical models can appropriately define mechanisms of cardiac abnormal activities and may
enable us to properly control cardiac arrhythmias.
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