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The Olfactory Bulb is a component of the Olfactory System, in which it plays an essential role as an interface between the

peripheral components and the cerebral cortex responsible for olfactory interpretation and discrimination. It is in this

element that the first selective integration of olfactory stimuli occurs through a complex cell interaction that forwards the

received olfactory information to higher cortical centers. 

Keywords: Olfactory Bulb ; olfactory system ; olfaction

1. Introduction

The olfactory system, as one of the five traditional sensory senses, is of fundamental importance in animal behavior and

in its interaction with the surrounding environment. Its functions extend to roles as diverse as feeding and foraging, inter

and intraspecific communication, exploration, and environmental recognition, predation or avoidance of predators, mating

and reproduction, and territorial marking . The capture, recognition, and processing of odorant molecules results from an

interaction between different components of the olfactory system. The Olfactory Bulb (OB) is part of the main olfactory

system and works as an intermediate component between the olfactory epithelium in the nasal cavity and the connections

established with distinct parts of the brain. This component is a multilayered structure contained in the central nervous

system that receives the information contained in the odoriferous stimuli captured by the olfactory receptors peripherally.

These signals are transmitted in a hierarchical and highly organized way through complex interactions between primary

and secondary neurons within the so-called olfactory glomeruli, and the properly filtered information is further transmitted

to higher cortical levels . The OB is one of the first structures to evolutionarily appear in the vertebrate brain , and its

importance justifies the fact that, although neurogenesis in the adult brain registers mainly in the hippocampus and

subventricular zone , the OB receives neuroblasts through the rostral migratory stream, allowing it to refine the animal’s

sensitivity to smells .

2. Anatomy and Structural Organization of the Olfactory Bulb

The OB is a bulbar structure located in the rostral extremity of each cerebral hemisphere, ventrocranially to the frontal

lobe  and near the orbital portion of the frontal bone, arranged on each of the ethmoidal fossae of the cribriform plate

through which it receives the constituent filaments of the olfactory nerve. The two OBs are separated from each other by

the crista galli of the ethmoid bone. In the dog it has a volume of around 1.8 mm  in normosmic individuals, representing

around 0.31% of the total brain volume; this percentage drops to 0.01% in the human brain. Integrated in the respective

cerebral hemisphere, the OB represents around 43% of its total diameter against 9% in humans . Although, in cats,

there are no established reference values for the dimensions of the OB, it is accepted that felines have proportionally

smaller OBs than carnivores . It is also the first component of the basal portion of the rhinencephalon which, in turn,

includes the structures of the basal telencephalon related to olfaction, the hippocampus, and associated structures .

Within the cranial cavity, the OB is located in the rostral cranial fossa, defined as the intracranial area extending from the

optic canal and middle cranial fossa, caudally, and the cribriform plate, rostrally. The ethmoid fossa, separated from the

nasal cavity by the cribriform plate, is an excavated continuation of the most rostral portion of the rostral cranial fossa. The

rostral fossa receives not only the OB at the level of the ethmoid fossa, but also he olfactory peduncle and portions of the

frontal lobe . Internally, the OB can be filled by the so-called OB cavity or olfactory ventricle, an extension of the

rostral horn of the lateral ventricles which, as such, is part of the cerebral ventricular system, allowing the free circulation

of cerebrospinal fluid and participating in the rostral migratory stream .

Each OB is connected to the corresponding cerebral hemisphere through the olfactory peduncle, which has a short length

and rapidly divides into the lateral, medial, and intermediate olfactory tracts or stria, each reaching a certain cortical

territory . The angle where the lateral and medial olfactory tracts separate rostrally delimits the so-called trigone or

olfactory tubercle which, in turn, delimits the piriformis lobe cranially . The rhinencephalon and, by extension, the OB
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and peduncles are separated from the medial and lateral portions of the corresponding hemispheres by the lateral and

medial rhinal sulcus, which some authors also name as olfactory grooves, generating some inconsistency in the applied

nomenclature. The lateral rhinal sulcus can be further divided into a rostral portion and a caudal portion . The space that

separates the OB from the rest of the brain was also tentatively referred to as the olfactory fissure .

3. Histology of the Olfactory Bulb

Histologically, the OB consists of seven layers. From the most superficial, these are:  Olfactory nerves layer; 

Glomerular layer;  External plexiform layer;  Mitral cell layer;  Internal plexiform layer;  Granular cell layer; and 

Subependymal or periventricular layer . These layers are strictly organized, facilitating the processing of olfactory

information and its spatial encoding (Figure 1 and Figure 2).

Figure 1. Simplified schematic representation of the histological layers of the OB, the interactions between the different

bulbar cells, and the basic neural circuits in the OB. All the axons of the olfactory sensory cells project to a certain

olfactory glomerulus depending on the type of receptor they have; PG—Periglomerular Cells; T—Tufted Cells; M—Mitral

Cells; G—Granule cells.
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Figure 2. Histological overview of the dog OB: (a) Histological organization of the seven constituent layers of the olfactory

OB: 1—olfactory nerves layer; 2—glomerular layer; 3—external plexiform layer (between black arrows); 4—mitral cell

layer; 5—internal plexiform layer (between gray arrows); 6—granular cell layer; and 7—subependymal layer. (b) Structural

details of the glomerular, external plexiform, mitral, internal plexiform, and granular layers. Olfactory glomerulus

highlighted by blue arrow; (c) Structural details of the glomerular, external plexiform, mitral, internal plexiform, and

granular layers. Olfactory glomeruli evidenced by blue arrows; (d) Structural details of the ependymal layer of the OB

surrounding the olfactory ventricle, highlighted by a white arrow. Luxol fast blue and cresyl violet.

The olfactory nerve layer consists essentially of axons of olfactory neurons and glial cells that cross the lamina cribrosa

from the olfactory mucosa. In the glomerular layer, several axons of the olfactory neurons are found in synapse with mitral

cells, tufted cells, and interneurons in the olfactory glomeruli. The external plexiform layer contains the somata of tufted

cells, the primary and secondary dendrites of mitral and tufted cells, and the branched secondary dendrites of granule

cells. The mitral cell layer encompasses a cluster of conical mitral cell bodies aligned in a single row. The internal

plexiform layer is thinner than the outer counterpart, lacks cell bodies, and contains only the axons of the mitral and tufted

cells. The granular layer contains most of the cell bodies of the granule cells, and, finally, the subependymal layer is made

up of the neurons that penetrate and leave the OB .

According to the corresponding cell layers, in the OB, it is possible to find three types of specific cells: mitral cells, tufted

cells, and juxtaglomerular cells. The latter group includes at least three distinct types of cells—namely, periglomerular

cells, external tufted cells, and the so-called superficial short-axon cells . The continuous influx of new neurons that the

OB receives through the rostral migratory stream allows their integration and renewal at the level of the granule or

periglomerular layers, also allowing ongoing integration of new and different smells .

The mitral and tufted cells are both projection neurons whose axons communicate with the olfactory cortex. Mitral cells

are the largest cells of the OB and also its largest efferent neurons. Its soma is in the mitral layer and its dendrites are

classified as primary or secondary, and although both can be found in the outer plexiform layer, only the primary ones

reach the olfactory glomerulus, one dendrite per glomerulus. The soma of the tufted cells lies in the outer plexiform layer

and also projects a single primary dendritis towards a single glomerulus. In the glomeruli, the mitral and tufted cells are in

synaptic contact with the olfactory neurons and also establish reciprocal synapsis with the periglomerular cells. Outside

this structure, they only establish reciprocal synapses with the dendrites of granule cells through their secondary dendritis.

Both mitral and tufted cells are efferent neurons of the OB, having crucial functions in the conduction and modulation of
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olfactory signals. Although the two types of cell share many morphological, functional, and molecular characteristics, there

are obvious differences in the size of their soma, in the pattern of projection of their dendrites and axons, and even in the

way in which they contribute to odorous responses .

Granule cells are present in the granular layer and are inhibitory interneurons with a small cell body. Their soma is located

in the same granular layer, although they can also be in the internal plexiform layer and in the mitral cell layer. Their

dendrites can branch in the outer plexiform layer, establishing reciprocal synapses with the secondary dendrites of the

mitral and tufted cells. They are cells with axonless morphology, which means that their output occurs only through

dendrodentritic synapses .

Juxtaglomerular cells are mostly interneurons that do not project outside the OB, and although they are traditionally

considered together, they actually represent three morphologically heterogeneous cell types . Periglomerular cells are

the most abundant. They have a small cell body, normally project their dendrites only to one type of glomerulus and to a

restricted area of it, and only rarely establish multiglomerular synapses. They may appear as axonless cells or present an

axon that is located in the interglomerular space, projecting laterally. Like granule cells, they have inhibitory interneuron

functions . The outer tufted cells are those with the largest soma; their dendrites are mono- or di-glomerular and occupy

a larger volume of the glomerulus. There are at least two types of these cells with variations regarding the presence of

secondary dendrites and the extent of axonal projection. These cells are excitatory interneurons with important functions

in glomerular processing and also in interglomerular coordination, in which case they may have inhibitory actions on the

information originating from the contralateral bulb . Finally, the superficial short-axon cells present a soma of

intermediate size between the two previous types and have dendrites that project exclusively into the interglomerular

space and axons that extend one or two glomeruli away. It is the smallest percentage of the juxtaglomerular cell

population and its functions are still poorly understood, but they are thought to act as excitatory interneurons .

4. Olfactory Bulb and Diseases

Although, in human medicine, the approach of the OB as a relevant element in clinical evaluation has already been

established for some time, in veterinary medicine, its importance is still largely neglected in the fields of clinical research.

In humans, there is a well-recognized correlation between olfactory alterations and other clinical entities, and the transition

volumes between normal and hypoplastic OB are well defined . It is considered that up to 20% of the general human

population suffer from some type of olfactory dysfunction such as hyposmia (deficits in the sense of smell) or anosmia

(total absence of sense of smell) . In companion animals, the prevalence of hyposmia is largely ignored, mostly due to

the difficulty in unequivocally and quantitatively assessing olfactory acuity in these species , but in animals highly

dependent on the sense of smell for their physiology and interaction with the environment, even moderate changes in

olfactory acuity can be serious. At the same time, it is known that several neurodegenerative disorders such as

Alzheimer’s disease or Parkinson’s disease are associated with olfactory alterations that appear as prodromal symptoms

. Furthermore, the relationship between a partial olfactory loss and an increased risk of depression is also known, with

this clinical state being associated with a lower activation of all the structures involved in olfaction perception and with a

decrease in the dimensions of the OB .

The volume of the OB can effectively be used as a predictor of the individual’s olfactory function and of the response to a

treatment for primary or secondary olfactory alterations, being proportional to the individual’s olfactory sensitivity and to

the volume and density of gray matter in the primary olfactory regions. Scenarios of post-traumatic or post-infectious

anosmia or hyposmia translate into smaller volumes of the OB compared to healthy individuals  and, in congenital

anosmia, the OB may not be identifiable by MRI or may be hypoplastic. Conversely, an increase in olfactory acuity

associated with larger OB volumes has also been identified . In dogs, several infectious diseases such as canine

distemper and canine parainfluenza, endocrine diseases such as hyperadrenocorticism, hypothyroidism, or diabetes

mellitus and even nasal tumors have already been identified as affecting the olfactory capacity, but it is thought that in

these cases the alterations are associated with changes within the nasal cavity and in the olfactory neuroepithelium. Other

cases such as granulomatous meningoencephalitis or head trauma may have a direct influence on the brain regions

related to olfactory processing, but it is not known at what level the OB may be involved .

In humans, olfactory function decreases with age due to various changes ranging from cumulative lesions in the olfactory

epithelium, structural changes in the nasal cavity, and brain modifications secondary to the onset of neurodegenerative

diseases . Similar alterations can be identified in older dogs, which show both a significant decrease in the number of

cilia and olfactory receptors in the olfactory neuroepithelium and senile changes in the OB such as cerebrovascular

amyloidosis . Some studies establish a relationship between the onset of neurodegenerative diseases and a decrease

in OB volume in humans, with consequent impairment of the entire olfactory process . Although brain structural
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changes have already been well identified in dogs suffering from cognitive disfunction , there is a lack of studies in

companion animals that allow us to create a link between the decrease in OB volume and the establishment of such

clinical scenarios. Hyposmia secondary to disease or trauma is normally reversible; the same not being observed in the

case of changes associated with aging and neurodegenerative disorders.

Another common finding in older individuals and in certain pathologies, and which has already been identified both in

humans and in dogs and cats, is the general enlargement of the ventricular system in normal patients and associated with

disease processes . In some individuals, the olfactory recess of the lateral ventricle, which is usually an empty virtual

space, may become distended with cerebrospinal fluid (CSF). This OB ventricular dilatation has not been associated with

ageing in geriatric cats  despite ageing being associated with generalized ventriculomegaly. In humans, generalized

ventriculomegaly associated with an increase in the volume and pressure of the CSF and consequent compression of the

adjacent brain tissue is often secondary to changes in fluid drainage associated with a variety of conditions including

uncontrolled diabetes mellitus, , or as an ex-vacuo effect due to atrophy and loss of neuronal tissue in senility .

Currently, there are no studies suggesting that dilation of the olfactory recesses in cats and dogs are markers for senility

or systemic disease, although pathologic obstruction of ventricular drainage in cases with forebrain neoplasia has been

described as causing dilation of the olfactory recesses in companion animals .
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