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Hodgkin-Huxley formalism

The Hodgkin – Huxley model is a mathematical model that describes the generation and

distribution of action potentials in neurons. Similar models were subsequently created for

other electrically excited cells: cardiac myocytes, pancreatic beta cells.

Equivalent scheme of neuron membrane

Hodgkin-Huxley model:
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Multistability is a ubiquitous Phenomenon

Multistability of oscillatory and silent regimes is a ubiquitous phenomenon exhibited by

excitable systems such as neurons, cardiac cells, pancreatic beta-cells etc.
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Hodgkin-Huxley-type of  model with bursting

Sherman model
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Chart of dynamical regimes
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Modified model with new K+ ion channel
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Bistability between silent and bursting states

EP (−49.084, 0.0027105, 0.19648)
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The simplest homogeneous networks: 

6

Typical dynamical behavior for 
coupled identical oscillators: 
multistability and chaos for 

small coupling and 
synchronization for larger 

coupling



The simplest homogeneous network with bistability
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Larger homogeneous networks with bistability
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Fig. Behavior of network of coupled beta-cells with 

dysfunctional potassium channels. (a) Schematic 

representation of the network-cell system. (b) 

Probability of the appearance of coexisting attractors 

in dependence on the coupling strength gc,V . k(i) = 

1, i = 1, 2 and other parameters as in Fig. 1. 

Dominance of  silent  
dynamics for certain level 

of  coupling strength



The simplest heterogeneous networks with bistability
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For minimal network 
silent state is not 

stabilized.
Mix-mode dynamics is 

observed for small 
coupling strength.

Synchronization for 
larger coupling.



Larger heterogeneous networks with bistability
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Stabilization of  
equilibrium is possible 

for larger networks , 
when number of  
oscillators with 

bistability more then 
N/2, N is size of  

network.
Effect for globally and 

locally coupled 
network is the same.



Conclusion
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Homogenous networks with bistability demonstrates dominance of  
silent  dynamics for certain level of  coupling.

In heterogeneous networks stabilization of  equilibrium is possible, 
when number of  oscillators with bistability more then 50% in 

network.

Stabilized silent state in heterogeneous networks doesn’t dominate, 
possibility to obtain such kind of  behavior is less the 20%

Effect for globally and locally coupled networks is the same.


