
The stochastic behavior of voltage-gated ion channels causes fluctuations of 
conductances and voltages across neuronal membranes, contributing to the neuronal noise 
which is ubiquitous in the nervous system. While this phenomenon can be observed also on 
other parts of the neuron, here we concentrated on the axon and the way the channel noise 
influences axonal input-output characteristics. This was analysed by working with our 
newly created computational compartmental model, programmed in Matlab environment, 
built up using the Hodgkin-Huxley mathematical formalism and channel noise implemented 
via extended Markov Chain Monte Carlo method. The model was thoroughly verified to 
simulate plausibly a mammalian axon of CA3 neuron. Based on our simulations, we 
confirmed quantitatively the findings that the channel noise is the most prominent on 
membranes with smaller number of Na+ and K+ channels and that it majorly increases the 
variability of travel times of action potentials (APs) along axons, decreasing thereby the 
temporal precision of APs. The simulations analysing the effect of axonal demyelination and 
axonal diameter correlated well with other finding referred in Literature. We further 
focused on spike pattern and how is its propagation influenced by inter-spike intervals (ISI). 
We found, that APs fired within intervals as short as 2 ms have slowest propagation speeds 
compared to those that occur alone or separated by large time intervals. This effect was 
partially reduced by increasing the stimulation amplitudes triggering individual APs. 
Channel noise showed similar effect rectifying the alteration of speed propagation caused by 
varying ISI. Our simulations demonstrate deteriorating as well as non-deteriorating effects 
of channel noise dominated by nonlinear behavior of voltage-gated channel. Our further 
examinations will aim on elaborating this idea in the frame of stochastic resonance, known 
to be providing some signal benefits in strongly nonlinear and noisy systems.  
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