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Modulation of inhibition in a model of olfactory bulb reduces overlap in
the neural representation of olfactory stimuli
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Abstract

In a neural model of olfactory bulb processing, we demonstrate the putative role of the modulation of two types of inhibition,
inspired by electrophysiological data on the effect of acetylcholine and noradrenaline on olfactory bulb synaptic transmission.
Feedback regulation of modulation based on bulbar activity serves to ‘normalize’ the activity of output neurons in response to
different levels of input activities. This mechanism also decreases the overlap between pairs of output patterns (Mitral cell activities),
enhancing the discrimination between overlapping olfactory input patterns. The effect of the modulation at the two levels of
interneurons is complementary: while an increase in periglomerular inhibition decreases the number of responding output neurons,
a decrease in granule cell inhibition increases the firing frequencies of these neurons.
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1. Introduction

The olfactory bulb is the first relay structure of
olfactory processing in vertebrates. The information
received from the olfactory epithelium is conveyed to
higher brain structures, more particularly the olfactory
(piriform) cortex, by two categories of relay neurons:
mitral and tufted cells. Most experimental data suggest
that the olfactory bulb (OB) plays a critical role in
feature extraction, noise reduction and contrast enhance-
ment (for reviews see [16,38]), whereas more cognitive
functions such as the associative storage of olfactory
information would be located in the olfactory cortex
[10]. Olfactory bulb processing relies on interactions of
mitral/tufted cells with two main classes of local
interneurons: periglomerular cells and granule cells
which mediate inhibition at two levels of processing in
the olfactory bulb: periglomerular cells cause inhibitory
potentials on the mitral cell primary dendrites in the
outer glomerular layer, whereas granule cells induce
inhibitory potentials on mitral cell secondary dendrites
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in the deeper external plexiform layer. The olfactory
bulb neurons integrate information not only from intra-
bulbar neurons, but also from numerous centrifugal
structures, including piriform cortex, telencephalic basal
forebrain and the brain stem locus coerulus. More
particularly, a noradrenergic (NA) input from the locus
coerulus (LC) synapses mainly in the mitral cell and
granule cell layers, whereas cholinergic (ACh) input from
the horizontal limb of the diagonal band of Brocca
(HDB) innervates all layers of the olfactory bulb, but
mainly the glomerular layer (for review see [11,28]).
Behavioral investigations on the role of centrifugal input
have shown that noradrenergic bulbar modulation is
critical for long term storage of information in mice in
the accessory olfactory bulb [1], in the main olfactory
bulb in sheep [21,32] and in new born rats [39]. Bulbar
cholinergic modulation could be associated with short-
term olfactory memory [35].

NA modulation has been shown to suppress inhibition
of mitral cells by granule cells, at least partly through
suppression of the excitation of granule cells by mitral
cells [ 16,35]; ACh has been shown to suppress inhibition
of mitral cells by granule cells [5] while it appears to
increase periglomerular cell firing [31] when applied to
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