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1 Introduction

The subthreshold response of neurons to a weak membrane depolarization can follow one of the two
patterns: The so-called resonant neurons show subthreshold oscillations with a voltage dependend
frequency, while non-resonant neurons relax monotonously to the resting potential [2, 3]. The resonant
behavior is typically indicated by a peak in the power spectrum of the subthreshold neuronal response
or by periodicity of its autocorrelation function [1]. In firing resonant neurons the subthreshold
oscillations lead to spikes following with the preferred frequency, giving rise to the bursting and the
firing-rate resonance in the suprathreshold response [6]. However, these effects are not evident just
from observing spike trains, looking rather similar on a shorter time scale. We show that the interspike
interval distribution is an appropriate instrument to distinguish between resonant and non-resonant
neurons in the firing regime.

2 Spectra and ISI distributions of the FN and ML Neurons.

We simulate the neuronal dynamics using two theoretical models exhibiting both resonant and non-
resonant behavior: The FitzHugh-Nagumo (FN) model [4] and the Morris-Lecar (ML) model [4]
driven by a white Gaussian noise £(t) of intensity D. The results for both models are quite similar.
The resonant case is characterized by two intrinsic times scales (besides the refractory time): by the
time between the beginning of a spike and the first maximum of subsequent subthreshold oscillation
(T} = 2m/wy) and by the period of subthreshold oscillations (T, = 27/ws).

The form of the power spectra is rather the same in both regimes. The spectrum obtained numer-
ically for the resonant FN model for D = 0.001 is presented in the fig. 1 with a black line and shows
a high main peak accompanied with the second harmonic. In both regimes the main peak moves
to higher frequencies with increasing noise intensity, however this shift is much less pronounced in
the resonant regime: the corresponding frequency stays close to wi. We stress that the difference in
spectra of resonant and non-resonant neurons is seen in the response to changing external parameters.
The assessment of dynamics based on one set of parameters is of limited value.

Subthreshold oscillations in resonant neurons modulate the distance to the excitation threshold
and affect strongly the distribution of the interspike intervals (ISI). We obtained the ISI probability
density function (pdf) p(T") from the neuronal output reduced to the d-spike sequence for resonant and
non-resonant cases. The corresponding pdfs for the ML model are shown in fig. 2. These pdfs differ
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Figure 1: Power spectrum of the resonant FN Figure 2: ISI pdf obtained from simula-
neuron (black line). Power spectrum calcu- tions of the ML model in resonant and non-
lated from ISI pdf and from the form of a resonant regimes for D = 5.0 * 1075, Note
single spike (gray dashed line). the logarithmic scales.

qualitatively in the two regimes: possessing only one maximum for a non-resonant neuron and showing
oscillations for the resonant one. The first maximum (close to 77) for resonant case correspons to the
ISI within a burst. Futher maxima follow with the period of subthreshold oscillations T5. The tail of
the resonant distribution is flat and long mirroring large intervals separating bursts. Power spectra can
be reconstructed form the ISI pdf and from the form of a single spike assuming the renewal character
of the process (Stratonovich formula) [5]. The example of reconstructed spectrum is given in fig. 1.
A good agreement shows that the ISI pdf contains almost all relevant information about the system
dynamics.

3 Discussions

We study the suprathreshold response of resonant and non-resonant neurons to noise-like signals.
We show that the interspike interval distribution gives a sensitive instrument to distinguish between
resonant and non-resonant neurons even in firing regime and contains all relevant information about
the system dynamics.
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