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Temperature affects cellular function in different ways that
include the transmembrane transport of ions and the
kinetics of membrane spanning proteins mediating such
transport. Electrodiffusion models of membrane potential
[1,2]can be used to study the temperature dependence of
the kinetics of the channels and the transmembrane diffu-
sion of ions. In turn, channel kinetics and transmembrane
diffusion may cause significant changes in the dynamics of
a model neuronal membrane. We constructed a two-
dimensional biophysical electrodiffusion model to study
the specific effects on the excitability profiles of the model
neuron as a function of temperature. The formulations of
the model allows an analysis that can be interpreted in
terms of patterns of ion channel expression [3,4]. A
change in the variables of the system unravels the model
to be rewritten so that only one of the variables is tem-
perature-dependent. We use bifurcation analysis to map
the possible excitability profiles of the model neuron . To
do so, we use an external current stimulus as a bifurcation
parameter, for a range of temperatures and for different
patterns of ion channel expression. The bifurcation struc-
ture of the model is used to generate basic intuition and
explanations for the respose profiles of the model neuron
subject to stimuli that includes square pulses, ramps, and
synaptic input. We identify parameter regimes associated
with specific patterns of ion channel expression in which
the excitability of the membrane undergoes significant
changes. We identify possible compensation mechanisms
not requiring enzymatic actions that may underlie the reg-
ularization of cellular function within the nervous systems
of animals exposed to different temperatures.
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