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ABSTRACT

The response of a system to Gaussian White
Noise (GWN) stimulus allows the estimation of the
Wiener kernels which characterize the general input-
output relationship of the system [1]. This study
deals with the effects of changes in the system param-
eters on the Wiener kernels of a nerve axon model.

INTRODUCTION

The nonlinear models used to characterize
physiological systems are categorized as parametric
or nonparametric [1]. Parametric models describe
how the system performs its function by explicitly us-
ing system parameters. On the other hand, nonpara-
metric models describe the input-output relationship
using a functional expansion which is comprised of
mathematical kernels. Each term in the expansion is
associated with a kernel of a certain order. In gen-
eral, parametric models are easier to interpret than
nonparametric models, but they usually involve many
assumptions about the system and their parameters
are djfficult to measure experimentally. On the other
hand, nonparametric functional expansions are more
difficult to interpret but they are easier to measure
experimentally, Therefore, combining the two ap-
proaches improves both prediction and interpretation
of the nonlinear model. This is accomplished by vary-
ing the parameters of a parametric model and as-
sociating such variations with changes in the kernel
shapes of the nonparametric model.

The objective of this study is to determine
whether the zeroth, first, and second order Wiener
kernels of the nonparametric model give insight into
the state of the ionic channels of a nerve axon. The
Hodgkin-Huxley (HH) equations [2] are used to rep-
resent the parametric model of a squid axon. The
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transmembrane voltage response to a GWN stimulus
is used to estimate the zeroth, first and second order
Wiener kernels of the nonparametric model.

METHODS

The response of the the HH model to GWN
stimuli was determined numerically by solving the
nonlinear ordinary differential equations describing
tie HH model [2], using the LSODE computer pack-
age [3]. The zeroth, first and second order Wiener
kernels were estimated using Korenberg’s Fast Or-
thogonal Algorithm [4].

The applied GWN stimuli (10000 samples
with a sampling interval of 1 ms) were band lim-
ited (500 Hz) with zero mean and power level of
6.27 pW/cm?. The HH model had the following pa-
rameters: a) The Nernst potentials for sodium, potas-
sium and leakage were 115, -12 and 10.6 mV, re-
spectively. b) The specific conductances for sodium,
potassium and leakage were 120, 36 and 0.3 mS/cm?,
respectively. c) The specific membrane capacitance
was 1 uF/em?.

The Wiener kernels were estimated when a)
the ionic channels were not blocked, b) only the
sodium channel was blocked, and c¢) only the potas-
sium channel was blocked. Their sensitivity to the
GWN power level was also investigated.

RESULTS AND DISCUSSION

1) The zeroth order Wiener kernel was approximately
equal to zero and did not change significantly when
the sodium channel was blocked, whereas it increased
by a factor of 224 when the potassium channel was
blocked. Thus, a large value of the zeroth order kernel
indicates that the potassium channel is blocked.

2) The magnitude of the first order Wiener ker-
nel changed when the power level of the GWN was
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changed and the ionic channels were not blocked. It
started to increase after the threshold of action po-
tential firing was reached, then it started to decrease
when the frequency of the action potentials did not
change significantly in response to increases in the
GWN power levels. Thus, a sudden increase in the
magnitude of the first order kernel indicates that the
cell has reached the threshold for firing, whereas a
sudden decrease in the magnitude indicates that the
cell has reached a state of saturation due to refrac-
toriness.

3) The second order Wiener kernel had a large pos-
itive peak when the ionic channels were not blocked
but when the sodium channel was blocked it had a
negative peak (Figure 1). Thus, a main negative peak
in the second order Wiener kernel indicates that the
sodium channel is blocked.

In conclusion, the zeroth, first and second or-
der Wiener kernels can indicate excitability, refrac-
toriness, and the state of ionic channels in a nerve
axon.
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Figure 1: Second order Wiener kernels when a) ionic
channels are not blocked, b) only sodium channel is
blocked, and c) only potassium channel is blocked.
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