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Abstract. It is known that a large number of neurons in the inferior olive are coupled by gap-junctions.
Such neurons exhibit spontaneous subthreshold oscillations in the frequency range 1-10 Hz, the specific
causes of these oscillations remain unclear. Several studies have been conducted over the years, but
none of them have considered the possible effect that time delays in signal transmission could have on
the membrane potential dynamics. In this work, some novel and simple mathematical models of time-
delayed artificial neuronal networks are studied. The models take into consideration discrete time delays
in dendro-somatic signal transmission. The models are capable of generating subthreshold oscillations

in the absence of any active currents or external input.
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1 Introduction

Rhythmic activity can be generated by populations of neurons in the central ner-
vous system. However, the physiological mechanisms that underlie this activi-
ty are unclear. The inferior olive (IO) is a brain structure that contains neurons
which produce spontaneous, subthreshold oscillations (STOs) [23]. Gap junction-
s (GJs) are well-known portals of electrical, intercellular communication channels
between neurons. They consist of twelve connexin (Cx) proteins, six of which for-
m hemichannels or connexons. Neuronal GJ proteins (Cx36) have been identified
and Cx36 knockout (KO) mice have been created. Furthermore, GJs are known to
interconnect IO neurons at dendritic sites, i.e. not at their cell bodies or somata. It
has been hypothesized that electrical coupling is essential not only for mediating
synchrony, but also for generating the subthreshold oscillations ( [6], [13]). In par-
ticular, Manor et al. [13] suggested that neurons with heterogeneous channel den-
sities could give rise to oscillations in electrically coupled IO neurons that did not
oscillate on their own. They used one-compartment models for their neurons which
precluded coupling at dendritic sites being considered. Loewenstein et al. [6] pre-
sented a dynamic mechanism in which electrical coupling could disrupt a negative



