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An analysis of the mechanisms of repetitive firing in neurons
using Hodgkin-Huxley-type models

Katsumi Wada

Abstract

The author examined the mechanism determining repetitive-firing properties of
neurons by analyzing the behavior of model neurons. The elucidation of mechanism
determining firing rate in neurons is a key to the understanding of function of the
nervous system because information is often encoded as firing rate.  Thus, the primary
question of the present thesisis how the firing rate of neurons is determined.

To answer this question, we focused on two specific phenomena. One is the
relationship between the magnitude of input current and the steady-state firing frequency
(f-1 relationship or f-1 curve) of motoneurons. The other is the increase in firing rate
and the decrease in the amplitude of action potential with increasing inward current.

Motoneurons are activated repetitively in response to current step
experimentally injected into the soma. The f-I curve of motoneurons can be described
by a few linear segments with the second segment being steepest. Although several
explanations have been proposed to this characteristic relationship, none of these is
conclusive. The author developed a novel motoneuron model based on recent empirical
data and analyzed the model behavior in order to clarify the mechanism underlying the
aforementioned relationship.  The result suggested that the decrease in peak potential of
spikes with increasing inward current has an important role in regulating repetitive

firing.



The author addressed the second phenomenon by constructing a simplified
model with two state variables, which was derived from the original Hodgkin-Huxley
model. The analysis was performed using a phase plane where model behavior was
represented as a path. The result indicated that the reduction in the amplitude of
oscillation of K conductance causes the increase in firing rate and that the increase in the
average of K conductance activation leads to the decrease in spike amplitude.

To conclude, the author clarified the significance of variation in spike amplitude

in the regulation of repetitive firing.
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