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Firing patterns and bifurcation analysis of FHN-ML electrically coupled neurons

YANG Yutong, LIU Shenquan

Department of Mathematics, School of Sciences, South China University of Technology, Guangzhou 510640, China

Abstract: Based on FitzHugh-Nagumo (FHN) and Morris-Lecar (ML) neuron model, a FHN-ML model was constructed by
the electrical coupling of the two neurons. For the FHN-ML model, the effects of external stimulation and time delay on the
firing patterns of FHN-ML model were investigated, and the neural bursting patterns were classified. The results showed that
the ML neuron firing patterns were sensitive to the change of the alternate current frequency w and the equilibrium potential of
potassium F; in the model, and different new bursting patterns were obtained. With the increase of time delay, the discharge of
neurons had experienced chaotic state, periodic bursting, and existed obvious period- adding bifurcation. The fast- slow

dynamics analysis showed that FHN-ML model had two kinds of bursting patterns and their dynamical properties when the

slow varying regulating current / of ML neurons was chosen as a bifurcation parameter.
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Fig.1a-e are membrane potential diagrams in different alternate current (AC) frequencies w, and the value of w is

0.002, 0.005, 0.008, 0.016, 0.024, respectively; Fig.1f is the ISIs bifurcation diagram with respect to w.
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Fig.1 With I..=0 mA/cn?’, I,:,,=0.8 sin(wf) mA/cm’, membrane potential diagram in different AC
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The value of V; in fig.2a-d is -0.6, -0.8, -0.9, -1.6, respectively.
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Fig.2 With I.=0 mA/em’, I,=0.8 sin(wf) mA/cm’, membrane potential diagram in different

potassium equilibrium potential Vi
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Fig.3a-e are membrane potential diagrams in different AC frequencies w, and the value of @ is 0.006,

0.005, 0.004, 0.003, 0.002, respectively; fig.3f is ISIs bifurcation diagram with respect to .
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Fig.3 With I..,=4 mA/em’, 1.,=0.2 sin(wf) mA/cm’, membrane potential diagram in different AC

frequencies w and ISI bifurcation diagram with respect to ®
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The value of ¥, in fig.4a-d is -0.70, -0.80, -0.85, -0.90, respectively.
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Fig.4 With I,.=4 mA/em’, 1..=0.2 sin (wf) mA/cm’, membrane potential diagram in different potassium

equilibrium potential V;
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Fig.5a-d are membrane potential diagram in different time delay parameter 7, and the value of 7 is 0.00, 0.05, 0.20, 0.40, re-
spectively; fig5.f is ISIs bifurcation diagram with respect to z.
5 R[E) R i ox Rz 4 42 T A PR oL B R 3 F AN B B i Y IST S 2 [

Fig.5 Membrane potential diagram in different time delay parameters and ISIs bifurcation diagram with respect to =
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Fig.7 Fast—slow dynamics of bursting via the '"fold/fold" hysteresis loop when membrane capacitance of ML neuron
(V) is 0.6
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