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Olfactory Bulbs of the Rat - Cyto- and Chemoarchitectonics

Abstract

The olfactory bulbs form the anterior part of the telencephalon 
and are the central part of the olfactory analyzer. They have a corti-
cal structure with a characteristic layered organization. The olfac-
tory cortex is phylogenetically the oldest part of the cerebral cortex.

The data presented in the article can serve as a fundamental 
basis for further study of the parts of the rat brain in normal and 
pathological conditions with further extrapolation of the obtained 
data to humans.
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Introduction

The olfactory bulbs form the anterior part of the telencepha-
lon and are the central part of the olfactory analyzer. They have 
a cortical structure with a characteristic layered organization 
[3]. The olfactory cortex is phylogenetically the oldest part of 
the cerebral cortex.

In many mammals, they occupy a significant volume in the 
rostral part of the skull. In humans, the olfactory bulbs are rela-
tively small and are displaced by the basilar brain into the area 
below the ventral surface of the frontal lobes. The accessory ol-
factory bulb - bulbus olfactorius accessorius - is located dorsally 
and somewhat medially, between the main olfactory bulb and 
the rostral olfactory nucleus - nucleus olfactorius rostralis - in 
the form of a lenticular inclusion in the olfactory bulb. The ac-
cessory olfactory bulb in rats, as in other rodents, lagomorphs 
and insectivores, has a thick inner reticular layer. In fact, this 
layer consists of a wide band of white matter - the dorsal lateral 
olfactory tract - tractus olfactorius lateralis dorsalis.

In the olfactory bulb, there are: a layer of olfactory neurons, 
a glomerular (glomerular) layer, an olfactory glomerulus, an 
outer reticular layer, a layer of mitral cells, an inner reticular and 
a layer of granular cells.

There are several main types of olfactory bulb neurons: mi-
tral, fascicular, amacrine, periglomerular and short-axon. Beam 
neurons, in turn, are divided into external, middle and internal, 

short-axon - into superficial and deep. Beam and mitral cells 
play the role of relay neurons, while the value of periglomeru-
lar, amacrine and short-axon neurons (interneurons) is reduced 
to the modulation of their neuronal activity.

On the frontal section in the direction from the surface in-
ward, six layers of the olfactory cortex are distinguished - con-
centric zones:

Layer of Olfactory Neurons

Unmyelinated axons of sensory neurons approach the olfac-
tory bulb in the form of separate bundles and intertwine on its 
surface, forming a layer of nerve fibers.

Glomerular Layer

Glomeruli are branching axons of receptor cells of the olfac-
tory organ surrounded by dendrites of periglomerular neurons 
and illustrate the principle of grouping neuronal elements and 
synapses into anatomically distinguished modules [9,12]. Each 
axon innervates only one glomerulus. After entering the glom-
erulus, the olfactory axon branches, breaking up into processes 
with varicose veins and terminal thickenings. Each glomeru-
lus is surrounded by numerous small periglomerular cells (6-8 
μm along the long axis). The dendrites of periglomerular cells 
branch and terminate within one or more glomeruli. Glomeruli, 
a distinctive feature of the olfactory bulb, illustrate the “princi-
ple of grouping neuronal elements and synapses into anatomi-
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cally distinguishable modules” [7]. The most likely mediators of 
periglomerular neurons are GABA and dopamine.

Outer Mesh Layer

The layer is formed by dendrites of mitral neurons and con-
tains a relatively small number of perikarya of bundle neurons. 
Dopamine is the putative mediator of bundle neurons.

Mitral Layer

This layer contains the perikarya of mitral neurons. Their 
axons, together with the axons of the fascicular cells, form the 
lateral olfactory tract. The transmitter in dendrodendritic syn-
apses between mitral/fascicular cells and interneurons is also 
glutamate, which acts predominantly through NMDA receptors 
[20]. Postsynaptic responses of mitral cells against the back-
ground of stimulation of olfactory axons are mediated by the 
work of two types of ionotropic glutamate receptors [5]. Early 
rapid response is mediated by activation of AMPA glutamate re-
ceptors, while NMDA receptors mediate prolonged excitation 
[16]. The action of the latter promotes synaptic integration and 
plasticity, and thus can play an important role in the processing 
of olfactory information and memory [10,19]. GABA [13] and 
dopamine [18] can act as glutamate release modulators.

Inner Mesh Layer

A narrow layer, practically devoid of cellular elements, is 
formed by collaterals of the processes of fascicular, mitral, ama-
crine, and periglomerular neurons. Short-axon neurons are also 
present in this layer.

Layer of Granular Cells

Granular neurons are most numerous in the olfactory bulb. 
The presence of gap junctions between adjacent cells contrib-
utes to the synchronization of neuron activity [10]. It is believed 
that granule cells perform the function of lateral inhibition in 
the processing of olfactory information; GABA acts as the main 
mediator (Table 1) [13].

Name of the neuron Cortical layers Mediator

Periglomerular neurons glomerular GABA dopamine

Bundle neurons outer reticulate dopamine

mitral neurons mitral glutamate

Short-axon neurons internal reticulated GABA glutamate

Amacrine neurons mitral, internal reticular, granular GABA, glutamate

Granular neurons granular GABA

Table 1: Neuronal and transmitter organization of the olfactory bulb.

The triad of neuronal elements in the olfactory bulb, as in 
other parts of the brain, is formed by incoming fibers, basal 
cells, and interneurons [11]. There are two main classes of cells 
in the olfactory bulb: mitral cells and fascicular cells. The axons 
of the mitral and fascicular cells form a well-defined lateral ol-
factory tract leading to the anterior olfactory nucleus, anterior 
hippocampus, olfactory tubercle, prepiriform cortex, amygdala 
complex, entorhinal cortex, nucleus of the accessory olfactory 
tract, nucleus of the lateral olfactory tract, and nucleus of the 
terminal stria [14,17].

Odor coding in olfactory bulbs

In 1991, a large multigene family of olfactory protein recep-
tors was discovered in olfactory sensory neurons. Later, homol-

ogous families were also found in other vertebrate species [1], 
including humans. In situ hybridization has shown that:

   1) each receptor neuron expresses only one olfactory re-
ceptor;

   2) olfactory neurons expressing a certain olfactory receptor 
are randomly distributed within one of the 4 spatial zones of 
the olfactory epithelium;

   3) mRNA for olfactory receptors was found in olfactory axo-
ns. The latter circumstance made it possible to study the projec-
tion pattern of sensory olfactory neurons [4].

It was found that olfactory sensory neurons expressing this 
receptor give projections to two individual glomeruli located in 
the dorsomedial and ventrolateral parts of the bulb. In addition, 
there is a clear correspondence between the number of genes 
and the number of glomeruli in a sample. Thus, information 
from this type of olfactory receptors scattered over the olfacto-
ry epithelium is transmitted to individual glomeruli, transform-
ing into a spatial map in the olfactory bulb [2,3,10,15].

Further studies have shown that one odorant can activate 
several types of receptors [6]. It is assumed that different re-
ceptors recognize different structural regions of molecules and 
project them onto certain groups of glomeruli. Thus, odor cod-
ing is carried out by an ensemble of glomeruli [8,9,11]. Con-
firmation of such a combinatorial coding mechanism was ob-
tained using autoradiographic methods. It has also been shown 
that an increase in the concentration of an odorant can lead 
to the stimulation of additional glomeruli located far from the 
glomeruli activated by low concentrations [8].

Signal analysis in the olfactory bulb is carried out at two 
anatomical levels with the participation of specific intercalary 
neurons.

Processing of incoming signals occurs in the glomerular layer 
based on interactions between olfactory axons and periglo-
merular neurons [7]. The output signal is controlled through 
interactions between mitral and granular neurons in the outer 
reticular layer [11].

Centrifugal projections modulate activity at both anatomical 
levels.

It is possible that, in a number of mammals, bulbs perform 
not only sensory functions, but are also involved in nonspecific 
limbic reactions [14]. In bullboxtomized rats, a number of be-
havioral abnormalities and disturbances in neurotransmitter 
systems are observed.

The data presented in the article can serve as a fundamental 
basis for further study of the parts of the rat brain in normal 
and pathological conditions with further extrapolation of the 
obtained data to humans.
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