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Abstract

In this paper, by using the 2D coupled Fitzhugh-Nagumo (FHN) neurons system as the research
object, we have studied the effect of aging on the stability and breakup of spiral wave in the net-
work of neuron cell system. It shows that, with the increment of cell death ratio to a certain level, a
certain number of death cells randomly distribute as impurities in the tissue of the body, thus, the
spiral wave may easily show the phenomenon of breakup or even death. Secondly, under the con-
dition of certain ratio, if the stimulation of signal with proper frequency is introduced, the brea-
kup of spiral wave could be reduced or inhibited. Finally, it is found that, by calculating the syn-
chronizing factor of the cell membrane voltage, the negative effect of aging could be reduced by
adjusting the coupling strength and the stimulus intensity of external signal. Especially, our re-
sults show that there is a certain regulation effect of these factors on maintaining the stability of
spiral wave.
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Figure 1. Four typical space-time evolution patterns of spiral wave for different cell death ratios. The death
proportions are set to be 0.0, 0.05, 0.10, 0.15, respectively.
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Figure 2. Spiral waves synchronous factor
changes with the ratio of cell death, when no
outside stimulation signal is introduced
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Figure 3. Under different proportion of death, with the stimulation signal
strength, over 1200 unit of time the result of the spiral wave evolution. The
signal frequency f = 0.05 unchanged, the result of the change of signal
strength. (b;) s =0.05, A=0.1; (c;) s =0.10, A=0.12; (d;) s =0.15, A=0.13
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Figure 4. The synchronous factor changes with the amplitude of the external
electrical stimulation for different ratios of cell death. f = 0.05
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