
PSYCHOLOGICAL SCALES scales.arabpsychology.com

OLFACTORY BULB

Authored by

mohammad looti

November 1, 2025

RECOMMENDED CITATION

mohammad looti (2025). OLFACTORY BULB. PSYCHOLOGICAL SCALES. Retrieved from

https://scales.arabpsychology.com/?p=63117

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=63117
https://scales.arabpsychology.com/?p=63117
https://scales.arabpsychology.com
https://scales.arabpsychology.com


OLFACTORY BULB 2

PSYCHOLOGICAL SCALES scales.arabpsychology.com

OLFACTORY BULB

Primary Disciplinary Field(s): Neuroscience, Anatomy, Sensory Psychology

1. Core Definition and Anatomical Location

The olfactory bulb (OB) is a highly specialized neural structure responsible for processing

information about odors before relaying it to the deeper areas of the brain. Anatomically, it

constitutes the most anterior portion of the forebrain, situated immediately superior to the cribriform

plate of the ethmoid bone and inferior to the frontal lobes of the cerebral hemispheres. In humans

and most mammals, the structure exists as a pair, with one bulb residing in the anterior area of

each cerebral hemisphere. Functionally, it serves as the crucial first synaptic relay station in the

central olfactory pathway, receiving direct input from the olfactory receptor neurons (ORNs) located

within the nasal cavity's olfactory epithelium.

This bulb-like structure is essentially an expansion or terminal tail of the olfactory nerve (Cranial

Nerve I). Its anatomical position necessitates complex interactions with the surrounding cranial

structures, particularly the dura mater and the underlying bone. The OB is organized into distinct,

concentric layers of neural tissue, a structure that facilitates the initial integration, amplification, and

refinement of the raw chemical sensory data transmitted from the periphery. Unlike most other

sensory systems, the olfactory system is unique because the OB relays information directly to the

primary olfactory cortex without initial obligatory routing through the thalamus, highlighting its

ancient evolutionary importance and direct connection to limbic structures governing emotion and

memory.

The complexity of the OB reflects its critical role in survival and behavioral adaptation. It is not

merely a passive relay point but an active computational center where the input from thousands of

individual receptor types is organized into spatial and temporal patterns, known as odor maps. This

sophisticated processing allows organisms to discriminate between myriad chemical stimuli,

ranging from food sources and predators to potential mates. The structural integrity and functional

efficiency of the olfactory bulb are thus fundamental prerequisites for a complete and functional

sense of smell, known technically as olfaction.

2. Microscopic Structure: Layers and Cell Types

The olfactory bulb is characterized by a precise, laminar organization consisting of five principal

concentric layers that mediate sequential processing of olfactory signals. Starting from the surface

closest to the incoming nerve fibers, these layers are: the Olfactory Nerve Layer (ONL), the

Glomerular Layer (GL), the External Plexiform Layer (EPL), the Mitral Cell Layer (MCL), and

finally, the Granule Cell Layer (GCL), which is the innermost layer adjacent to the white matter
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core. This stratified arrangement ensures an orderly progression of signal processing, from

peripheral reception to central transmission.

The Glomerular Layer is arguably the most critical site for early processing. It consists of discrete

spherical structures called glomeruli, which serve as convergence points. Each glomerulus

receives input exclusively from ORNs expressing the exact same type of olfactory receptor protein.

This highly specific convergence (up to 25,000 ORN axons converging onto a few principal

neurons) achieves massive signal amplification and spatial organization. Within the glomeruli, the

axons of the ORNs synapse with the dendrites of the principal output neurons, primarily Mitral

cells and Tufted cells, as well as inhibitory interneurons, notably Periglomerular cells.

Mitral and Tufted cells are the primary projection neurons of the olfactory bulb, forming the output

pathway via the lateral olfactory tract. Mitral cells, located in the MCL, have larger cell bodies and

project their lateral dendrites into the EPL, where they interact with the dendrites of other principal

cells and inhibitory neurons. The Granule Cell Layer, the deepest and thickest layer, is

predominantly composed of Granule cells, which are axonless inhibitory interneurons. Granule

cells participate in recurrent and lateral inhibition, receiving input from centrifugal fibers descending

from the brain. This inhibition is crucial for sharpening the contrast between similar odor signals,

allowing for precise odor discrimination and adaptation to constant background smells.

3. Function within the Olfactory System

The fundamental function of the olfactory bulb is the transformation of the raw chemical input

received from the nasal periphery into meaningful neural representations. This process begins

when volatile odorant molecules stimulate the cilia located on the dendrites of ORNs embedded in

the olfactory epithelium. These receptor neurons transmit action potentials through the cribriform

plate into the olfactory bulb, where the information is immediately organized in the glomeruli based

on receptor type, creating a spatial map of the odor known as the chemotopic map.

Following initial convergence, the OB employs various neural mechanisms to refine the signal.

Lateral inhibition, mediated largely by the granule cells and periglomerular cells, plays a key role.

This mechanism ensures that highly stimulated glomeruli suppress the activity of surrounding, less-

stimulated glomeruli, thereby increasing the signal-to-noise ratio. This contrast enhancement is

essential for distinguishing complex mixtures of odors, a necessary task given that most natural

smells are combinations of dozens of different molecules.

Furthermore, the olfactory bulb is critical for temporal coding--the ability to encode odor information

based on the timing and rhythm of neural firing. The output signals generated by the Mitral and

Tufted cells are not simply static representations; they exhibit rhythmic oscillatory activity,

particularly in the gamma and beta frequency ranges. These synchronized oscillations are believed

to coordinate activity across ensembles of neurons, bundling odor features together and facilitating
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the effective transmission of complex, integrated information to higher cortical areas for conscious

perception and behavioral output.

4. The Olfactory Pathway: From Epithelium to Cortex

The olfactory pathway is structurally distinct from the pathways governing other sensory modalities.

It originates peripherally with the ORNs, which project through the cribriform plate to synapse in the

glomeruli of the olfactory bulb. The output of the olfactory bulb is carried by the axons of the

Mitral and Tufted cells, which coalesce to form the lateral olfactory tract. This tract bypasses the

primary sensory relay in the thalamus, projecting directly to several key components of the primary

olfactory cortex.

Primary targets of the olfactory bulb projections include the piriform cortex, which is considered

the primary center for conscious odor recognition and discrimination. Other direct targets are the

amygdala (involved in emotional processing and assigning affective valence to odors), the

olfactory tubercle, and parts of the entorhinal cortex. The direct routing to the amygdala and

entorhinal cortex provides a neurological basis for the powerful link between smell, memory, and

emotion--a phenomenon often described anecdotally as the Proustian effect.

While the initial signal bypasses the thalamus, subsequent processing involves thalamic relay. The

piriform cortex and amygdala, in turn, project to the mediodorsal nucleus of the thalamus, which

then relays information onward to the orbitofrontal cortex. The orbitofrontal cortex is crucial for

the conscious identification, evaluation, and association of smells with flavor (in conjunction with

gustatory input), completing the complex loop of olfactory processing and integration within the

central nervous system.

5. Role in Reflexes and Behavioral Regulation

Beyond conscious odor perception, the olfactory bulb plays a crucial role in mediating involuntary

protective and regulatory reflexes. As noted in the source material, the OB is essential to the

processes that facilitate defensive actions such as sneezing. When high concentrations of

airborne irritants or strong chemical stimuli (which often travel along both the olfactory pathway and

the trigeminal nerve pathway) enter the nose, the neural processing within the OB contributes to

initiating this brainstem reflex, which serves to forcibly expel foreign substances from the nasal

passages.

The olfactory bulb's extensive connections to the limbic system--including direct projections to the

amygdala and hypothalamus--ensure that olfactory information powerfully influences motivation,

feeding behavior, and reproductive physiology. For instance, the detection of food-related odors

triggers salivation and digestive enzyme release (a cephalic phase reflex). Similarly, in many

species, the OB processes pheromonal signals (often detected via the accessory olfactory system
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and its corresponding accessory olfactory bulb), driving innate social and sexual behaviors.

Although the role of the vomeronasal system is reduced in adult humans, the primary olfactory bulb

still influences mood, stress responses, and social bonding through odor perception.

Furthermore, the OB is implicated in complex cognitive functions that rely on smell, such as

forming and retrieving odor-specific memories and recognizing subtle changes in environmental

chemical cues. Its ability to detect highly specific chemical signatures allows animals to navigate,

identify kin, and avoid dangers. The output signals from the OB are thus fundamental drivers for a

wide array of instinctive and learned behaviors, cementing its position as a central regulator of

chemosensory-driven survival responses.

6. Development and Adult Neurogenesis

The development of the olfactory bulb begins early in embryogenesis, forming as an outgrowth of

the telencephalon. Its proper formation is necessary for the successful establishment of the

olfactory nerve pathway. However, one of the most remarkable features of the mammalian

olfactory bulb is its unique capacity for adult neurogenesis--the generation and integration of new

neurons throughout the lifespan.

New neurons are continuously generated in the subventricular zone (SVZ), a germinal area lining

the lateral ventricles. These progenitor cells then migrate along a distinct pathway, the rostral

migratory stream (RMS), until they reach the olfactory bulb. Upon arrival, these precursor cells

differentiate primarily into inhibitory interneurons, specifically granule cells and periglomerular cells,

before integrating into the existing circuitry.

This continuous incorporation of new neurons is hypothesized to be vital for maintaining olfactory

plasticity and learning. Research suggests that the survival and integration of these new neurons

are activity-dependent; exposure to new or complex odor environments increases the survival rate

of these migrating cells. This process allows the olfactory bulb to continually update its processing

capacity, facilitating adaptation to changing environmental demands and enhancing the ability to

discriminate novel odors over time, potentially compensating for neuronal turnover and damage.

7. Clinical Significance and Related Disorders

The health and functionality of the olfactory bulb are critical indicators of overall neurological

status, and its disruption is associated with numerous clinical disorders. Damage to the olfactory

bulb or its input can lead to anosmia (total loss of smell) or hyposmia (reduced ability to smell).

Common causes include traumatic brain injury (particularly those causing shearing of the olfactory

nerve fibers as they pass through the cribriform plate), severe upper respiratory infections, chronic

rhinosinusitis, and exposure to neurotoxins.
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Moreover, the olfactory bulb is frequently implicated in the early pathology of neurodegenerative

diseases. Both Alzheimer's disease and Parkinson's disease often present with olfactory

dysfunction (hyposmia) years before the onset of characteristic motor or cognitive symptoms. Post-

mortem studies have revealed the presence of hallmark pathological markers--such as amyloid

plaques and neurofibrillary tangles (Alzheimer's) or Lewy bodies (Parkinson's)--in the olfactory bulb

at very early stages of these illnesses, suggesting that the OB may be one of the first brain regions

affected.

In clinical diagnostics, measuring olfactory function via standardized scratch-and-sniff tests can

provide valuable, non-invasive insight into neurological integrity. Furthermore, congenital

conditions, such as Kallmann syndrome, are characterized by the congenital absence or

hypoplasia (underdevelopment) of the olfactory bulbs, leading invariably to anosmia alongside

hormonal deficiencies. The susceptibility of the olfactory system, and specifically the olfactory bulb,

to external toxins and infectious agents (e.g., certain viruses that travel up the olfactory nerve)

underscores its unique position at the interface between the external environment and the central

nervous system.

Further Reading

Olfactory Bulb (Wikipedia)

The Olfactory Bulb: Structure and Function (ScienceDirect)

Neuroscience of Olfaction (NCBI Bookshelf)
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