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Fig.1 (A) Bifurcation of IBI with respect to /, in
the deterministic coupled Chay model; (B) The
period 1 beating trains of completely synchronous
rhythm (/,=-9.0); (C) The period 2 beating trains
of completely synchronous rhythm (/,=95.0)
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Fig.2 Synchronous integer multiple rhythm in the stochastic coupled Chay model (D=0.01). (A) Bifurcation
of IBI with respect to /, The inserted graph is details of corresponding range from /,=5.0 to [,=-20.0;
(B) 0-1 integer multiple rhythm (/,=—9.0); (C) 1-2 integer multiple rhythm (/,=89.0); (D, E) The return map
and IEIH of the 0-1 multi-mode rhythm, respectively; (F, G) The return map and IEIH of the 1-2 multi-
mode rhythm, respectively; (H) The NPE versus prediction step, —e—: 0-1 integer multiple; —a—: 1-2

integer multiple
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Fig4 Changes of IEI histogram of the 0-1 integer
multiple rhythms from coupling model with respect to
I, (D=0.01). (A) [=-8.5; (B) I=-7.0; (C) I,=-4.0
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NONLINEAR DYNAMIC MECHANISMS OF THE INTEGER MULTIPLE RHYTHMS
GENERATED BY CARDIAC MYOCYTES

LIU Zhi-giang', GU Hua-guang', YANG Ming-hao,

LI Li,

LIU Hong-ju', FAN Shao-guang’, REN Wei'

(1. Institute of Space Medico—Engineering, Beijing 100094, China;

2. Department of Physiology, Beijing University Health Science Center, Beijing 100083, China)

Abstract: Coupled models of cardiac myocytes were used to investigate the mechanisms of integer

multiple rhythms discovered experimentally. Simulation in the deterministic model elucidated a rhythm

transition process governed by a period adding bifurcation scenario. Simulation using the stochastic model

further revealed that integer multiple rhythms occurred near each of the bifurcation points in the bifurca-

tion scenario. The 0-1 integer multiple rhythm appeared near the Hopf bifurcation point, while the 1-2

integer multiple rhythm appeared near the period adding bifurcation point between two limit cycles. The

analysis of the phase space trajectories clearly elucidated that the integer multiple rhythms were formed

by a stochastic alternating of the system between two neighbouring orbits. Such theoretical analysis not

only revealed the dynamic mechanism of the integer multiple rhythms, but also elucidated the relations of

the integer multiple rhythms with other rhythm patterns within the context of a period adding bifurcation

scenario. Our experimental and theoretical works created a new way for the study of the principles of

the

cardiac rhythm transitions.

Key Words: Cardiac myocytes; Integer multiple rhythms; Chay model; Coupling;

Period adding bifurcation



