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lon Channel Conductances on Pacemaker Rhythm in Cardiac Sinoatrial
Node Cell Models
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The sinoatrial node (cardiac pacemaker) cells gencrate rhythmic action potentials spontancously to cause
the cardiac activity, and the pacemaker rhythm (frequency of spontaneous action potential generation)
in sinoatrial nodc cells decides the heart rate. Since ieon channcls in cell membranes mainly control the
action polential generation, their abnormalities disturb the pacemaker rhythm, and then the hecart rate.
As a result, a cardiac disease called a sinus arrhythmia may be caused. Thus, the study on the relation
between ion channels and paccmaker rhythm is nccessary [or arrhythmia trecatment. Besides physiological
cxperiments (in vivo and in vitro experiments), numerical simulations and analyses (in silico experiments)
of mathematical models are also useful for the study.

Tn this thesis, we utilized Hodgkin-Huxley-type (HH-type) cardiac cell models, which describe the

dynamic processes of action potential generation in cardiac cells. We selected two typical sinoatrial node
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cell models: the YNI model (Yanagihara et al., 1980), which is a simple but rather classic one, and the
Zhang model (Zhang et al., 2000), which is a detailed one and considers the difference between periphery and
center cells of sinoatrial node. We analyzed the bifurcation structures of the two models and the
variabilities of pacemaker rhythm, and then investigated the effects of changing ion channel conductances
on pacemaker rhythm.

This thesis was organized as follows: Chapter 1 introduced the background and purpose of this study.
Chapter 2 introduced the cardiac structure and electrophysiology. The action potential gencration in
different cardiac cells and the roles of various ion channels in action potential gencration were explained
in detail. Then the sinoatrial node cclls and their pacemaker activity were introduced. Chapter 3 first
introduced the base model: the Hodgkin-Huxley (HH) model of a squid giant axon, and then listed the
developed HH-type cardiac cell models. Next, the YNT modcl and the Zhang modcl were cxplained and compared.
Chapter 41 briefly introduced the dynamical system and bifurcation analysis, then analyzed the global
bifurcation structure of the HH model. Chapters 5 and 6 analyzed the global bifurcation structures of the
YNI model and the Zhang model, respectively. Based on these analysis results, the effeccts of conductance
changes of various ion channcls, and coupling effects on pacemaker rhythm were investigated. And also

the results of the two models were compared. Finally, Chapter 7 concluded this thesis.
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