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Vomeronasal Organ In Humans – Structure And Functions: A Short Review Abstract: Vomeronasal organ (VNO) is a peripheral sensory paired organ, localized
in the nasal septal mucosa, near to the vomer bone. It was first described by Jacobson in 1811.
Virtually, some vertebrates possess this system, but its structure differs, depending on species.
Vomeronasal system plays a crucial role in pheromone detection, and in animal reproduction. This
anatomical structure is very variable in primates, while in humans, its existence and functions are
still controversial. In humans, it develops during the embryonic life and becomes a vestige in
adults, with nonoperational sensory function. Histological studies show that human VNO, from
the initial fetal periods presents high cellular density and projects axons to the superior centers.
(37,38) After this, he dissociates from the nerves and population of sensorial cells diminishe fetal
period (over 12 weeks), the walls became thicker and the epithelium becomes ciliated in contrast
with the microvillar epithelium of the rest of the mammals. At the new-born, child and adult the
histological examination reveal the persistency human VNO, like an epithelial duct which receives
glandular secretions, so it can be considered a part of the glandular system of the nasal mucosa.
(39) On animals, this system represents the base of the detection system of pheromone. Even though
there exists a lot of functional and behavioral studies which suggest the existence of a pheromonal communication on human species, the absence of a conductor way from the vomeronasal
epithelium to telencephalon and particularly the absence of the secondary olfactive bulb consists
the major obstacle in the veracity of the study. The main objective of this paper is to review the
most recent research regarding the structure and functions of the VNO in humans, and to pave the
way for further investigations on this topic. Key words: vomeronasal organ, pheromones, accessory olfactory system, vomeronasal receptor, chemosensory, Jacobson’s organ

INTRODUCTION
Vomeronasal organ (VNO) is a chemosensory structure located in the nasal septal mucosa of various species, near of the vomer bone
in mammals and in the buccal cavity floor at
amphibians and fish. Almost two centuries ago
(1811, 1813), Ludwing Jacobson described a
new structure in the mammalian nasal cavity,
named VNO (1). Frederick Ruysch (1638–1731)
was a Dutch anatomist, and the first scientist
which described the existence of an orifice visibly in the septal mucosa of a child (2).

Ruysch did not give a name to the organ that
he recently discovered. Considering that Jacobson was the first that described the VNO in
mammals (excluding humans), this structured
was named after him: Jacobson’s organ. Later,
in 1877, the professor Rudolf Albert von Kolliker provided a more detailed description of
the histological aspects of VNO, in both adults
and fetuses (2).
In recent years, this controversial organ
attracted the attention of more and more researchers and anatomists. In mammals, VNO
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is a peripheral sensory paired organ, and belongs to the accessory olfactory system (3).
This structure is located in the roof of the moth
or at the base of the nasal septum, and it is
mostly involved in the chemical communication
and in the pheromone communication. For example, in mice, the increase of testosterone
levels in the presence of chemosensory stimuli
from females is dependent by the integrity of
VNO. In reptiles, the vomeronasal chemoreception is indispensable for tracking prey. In humans, this subject is still controversial, and
further studies need to be conducted in order
to establish the existence, the role and functions
of VNO (4).
In humans, the structure of VNO is different
in comparison to its structure in other vertebrates. Furthermore, the vomeronasal sensory
function is nonoperational in humans. This organ develops in humans during the embryonic
period and becomes a vestige in adults. However, the vomeronasal cavities have been evidenced by endoscopy in several adults. In embryos, the nerve fibers from VNO mediates the
migration of GnRH-secreting cells from the
olfactory placode to the hypothalamus. This
phenomenon is followed by sex hormones secretion from the anterior hypophysis, and by
the dissolution of the neural connections. There
fore, in adults, a vestigial VNO can be observed, but it is lacking nerve fibers and neural
connections (5).
CHARACTERISTICS OF THE
VOMERONASAL ORGAN IN
HUMANS
In humans, VNO is situated in the mucosa
nasal septum near the vomer bone and it consists of a 6-13mm size cavity and it is a locked
sack which is emptying in the nasal cavity (6)
The histological structure of this organ consists
of basal, light and dark cells, and lamina propria contains numerous blood vessels, mucous
and serous acini (7). On 12-23-week fetus, this
channel is formed of a smooth pseudo-stratified
epithelium with enolase positive cells specific
to neurons which are similar to olfactory receptors. At 36 weeks, the cavity is padded with
respiratory epithelium and there is no evidence
of receptor cells.
Using vomeronasal material from humans,
a wide range of histological studies was performed. While Moran et al. (8) described basal,
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light and dark cells, Gaafar et al. (9) mentioned
that VNO consists of a pseudostratified columnar epithelium, composed of two cell types.
Smith and coworkers (10) mentioned that VNO
contains goblet, columnar and basal cells, and
described a ciliated epithelia lining the lateral
and medial sides of the lumen.
In rats and in other species, VNO contains
both sensory and non–sensory cells. The sensory cells are bipolar neurons, which sends
their dendrite to the epithelial surface and their
axon to the accessory olfactory bulb. The nonsensory epithelium, does not contain bipolar
neurons, it is formed by many tall, densely
staining cells (8). In contrast, in humans electon microscopy detected in human VNO unmyelinated axons and microvillar cells.
In order to investigate whether the human
VNO is homologous with that of other mammals, and whether it persists during the prenatal development, Smith et al. (7) used 50 human
embryos, 33 days to 32 weeks fetuses and 2
neonates and examined their VNOs. The vomeronasal primordium invaginates between 37 and
43 days of age and forms a tubular VNO, which
becomes functional just after its invagination.
Furthermore, the investigators observed that
prenatal human VNO goes through 3 successive
stages: early morphogenesis, epithelium transformation, and growth. This organ is homologous with the VNOs of other mammals, but it
proved to be highly variable during embryogenesis. After birth, VNO becomes a vestigial
organ and it loses its functional components.
Using immunohistochemistry, Trotier and collab. (12) confirmed that epithelial receptor neurons and underlying nerve fibers are missing
from the VNO in adults. Also, they pointed out
that keratin, a protein that is not expressed by
the olfactory neurons is highly expressed in
VNO cells. An antibody against protein S100,
which is expressed in Schwann cells, failed to
reveal the existence of vomeronasal nerve bundles. In this way, a neural connection of the
adult VNO with the brain was denied.
GENETIC REGULATION IN THE
VOMERONASAL SYSTEM
In mammals, vomeronasal system represents
an accessory olfactory system, closely related
with the main olfactory system, which is involved in decoding various olfactory cues. In
this system, sensory neurons are located away
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from the nasal airstream. From this reason,
their activation requires a vascular pumping
mechanism (13), that enables VNO to detect
non-volatile stimuli (14). In comparison to the
main olfactory system, VNO receptors are
able to detect only a limited group of ligands.
In the literature were mentioned almost 250300 functional vomeronasal receptor genes.
These genes also include vomeronasal type 1
receptor genes (V1Rs), vomeronasal type 2 receptor genes (V2Rs) and formyl peptide receptor genes (FPRs) (15).
Vomeronasal type 1 receptor genes and
vomeronasal type 2 receptor genes families are
derived from individual genes and represent the
most abundant receptor proteins of the VNO
(16). V1Rs are especially located in the apical
zone of the VNO epithelium and mainly express
Gαi2 (17), while V2Rs are mostly located in
the basal zone of the VNO epithelium, and
express G0α (18). V1Rs and V2Rs project in
two anatomically and functionally different
sub-regions of the accessory olfactory bulb, as
follows: V1R-expressing neurons projects to
the anterior region of the accessory olfactory
bulb, and V2R-expressing neurons project posterior. This aspect suggests that these two classes of receptors differentially process the vomeronasal stimuli (19).
Vomeronasal sensory neurons are highly selective for individual molecules. V1Rs respond
to the urinary volatiles 2-sec-butyl-4,5-dihydrothiazole (BT) and 2,3-dehydro-exo-brevicomin
(DB). V1Rs and V2Rs detect olfactory cues
related to other individuals from the same species (20,21).
Formyl peptide receptor genes (FPRs) consists of a family of olfactory neurons expressed
by the VNO. In comparison with other species,
in rodents, the expression of these receptors is
restricted (22). Fpr-rs3, Fpr-rs4, Fpr-rs6 and
Fpr–rs7 are usually transcribed in the apical
zone by vomeronasal sensory neurons, being
similar with V1Rs family. Fpr-rs1 coincides
with V2Rs because it is transcribed in the basal
zone by the vomeronasal sensory neurons (23).
PHEROMONES PERCEPTION IN
HUMANS
Despite the involvement of the vomeronasal
organ in human pheromonal communication is
still unclear, an increasing number of researchers have emphasized this topic. Humans and

mice possess vomeronasal receptors and trace
amine associated receptors (TAARs), but the
encoding genes differ between species. Vomeronasal receptors (VRs) include V1Rs and
V2Rs, but in human only V1Rs are encoded by
functional genes. V1Rs are associated with G
proteins located in the vomeronasal sensory
neurons, known as Gγ2 (24).
In mammals, sensorial neurons for pheromone transduction are located in the VNO, the
septal organ, the Grueneberg ganglion, and the
olfactory epithelium. In principal, the mammalian pheromone perception is ensured by
VNO (25). Despite the fact that in humans
VNO regresses after the embryogenesis period,
it has been assumed that the remaining VNO
pouch it would be able to respond to various
chemicals, named pheromones (26). The ligand
binding sites for VR1s are located in the transmembranar regions of the VNO, and in humans,
only 5 genes coding V1Rs are apparently active. Furthermore, a strong positive correlation
has been established between V1Rs size, accessory olfactory bulb size and the complexity of
the vomeronasal system (25).
Human V1Rs can especially recognize alcohols and aldehydes, and it share about 15%
amino acid identity with the olfactory receptors. However, it is not known whether the
axons of V1Rs and those of the olfactory receptors are projected in different areas of the brain,
or they are projected in similar specialized
brain areas (27). Despite it is a widespread
belief that VNO is responsible for processing
pheromones in humans, an ongoing controversy still exists, and several voices acclaim that
VNO is not the only pheromone detecting system. According to Martinez-Marcos and collegues, some pheromone-triggered behaviors
are under olfactory control (28). Frasnelli et
al. (29) proved that the occlusion of the VNO
does not change the perception of putative human pheromones. The investigators compared
the sensitivity to androstadienone in subjects
with functional VNO, to those in whom VNO
pit was not detected. Their conclusion highlighted that the occlusion or the absence of the
VNO did not affect the pheromone perception,
leading to the hypothesis that human VNO has
no obvious function, or it is not a functional
structure in adult life.
Despite the fact that the molecules involved
in the pheromonal communication in humans
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are still unknown, a wide range of studies pointed the possible existence of this chemical communication. Pheromones are chemical molecules that evolve different signals between
individuals, and can produce a specific reaction. Most of the pheromones consist of a particular combination of molecules (30) and the
underlying mechanisms of response to these
substances are still not known.
In humans, four androstane steroids are recognized as putative pheromones: androstenol,
androstadienone, androstenone and estratetraenol (31). Putative pheromone effects of steroids
in humans seems to be mediated by the main
olfactory epithelium, which selectively expresses the olfactory receptor OR7D4. Androstadienone and 16-androstenes function as agonists
for this olfactory receptor (32). Estratetraenol
is an endogenous steroid, estradiol-derived,
that has been described to have pheromone-like
activities in women. McClintock et al. reported in their study a convergence of menstrual
cycles in women living in close proximity (30).
Attraction to another individual represents
the fundamental condition for the sexual behavior. The factors that mediate human attraction,
such as various pheromones, remain incompletely discovered and understood. Visual system and the main olfactory system provide the
key sensory inputs for sexual behavior, despite
several researchers correlated VNO with sexual function in humans. Yang et al. (33) pointed
out that kisspeptin, which is a reproductive
hormone, enhances brain activity as a response
to olfactory and visual cues of attraction in
men. Moreover, the brain regions enhanced by
this reproductive hormone are similar to those
within the olfactory system governs the sexual
behavior.
It is noteworthy that some researchers proved
a morphological connection of the VNO cells
with the underlying capillaries, which provides
a potential endocrine activity (34). If this observation is pertinent, then this would be the
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