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Neurotransmission through electrical synapses play an Important role ¡n the spike 
synchrony among neurons and oscillation of neuron networks. Connexin36 (Cx36) is the 
principal gap junction protein of electrical synapses between Inhibitory ¡nterneurons in 
vertebrates. Coupling strength between coupled neurons is modulated, among other 
factor, by the voltage difference between cell Interiors, termed transjunctional voltage (Vj), 
¡n a complex manner; with the Vj gradient junctional conductance of Cx36 channels first 
increases instantaneously (+ 20% for + 100 mV) and then it decreases slowly to half for a 
similar range of Vj. The significance of this regulation by voltage, a stimulus always 
presents and changing, in the firing properties of coupled neurons is unknown. We use 
the Finz-Hung Nagumo neuron model to simulate dynamics of two neurons with 
bidirectional coupling mediated by Cx36. The model qualitatively well describes 
physiological experiments with mouse neurons. When harmonic stimulation is applied to 
the membrane potential of one of the neurons, synaptic plasticity of electrical 
neurotransmission mediated by Cx36 channels enriches the neuron dynamics leading to 
chaos in the neuron spikes via a cascade of period-doubling bifurcations as the coupling 
strength increases. Although constant synaptic conductivity does not result in chaotic 
spikes, the dynamics is also very complex, exhibiting multistability when two subthreshold 
limit cycle attractors coexist with two superthreshold spiking attractors for a certain range 
of the modulation frequency and amplitude. 


