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KEYWORDS Abstract Pheromones are found throughout the living world and are a primal form of communi-
Olfaction; cation. These chemical messengers are transported outside the body and have a direct developmen-
Sex; tal effect on hormone levels and/or behaviour. This review article aims to highlight the role of
Pheromones; human pheromones in sex and reproduction. A review of published articles was carried out, using
Libido; PubMed, medical subject heading (MSH) databases and the Scopus engine. Key words used to
Behaviour;. assess exposure, outcome, and estimates for the concerned associations, were; olfaction; sex; pher-
Reproduction omones; libido; behaviour; reproduction; humans; and smell. Although there are studies to support

this phenomenon, they are weak because they were not controlled; others have proposed that
human olfactory communication is able to perceive certain pheromones that may play a role in
behavioural as well as reproductive biology. Unfolding the mysteries of smells and the way they
are perceived requires more time and effort as humans are not systems that instinctively fall into
a behaviour in response to an odour, they are thinking individuals that exercise judgment and sub-
jected to different motivations.
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Introduction

The term ““pheromone” is based on the Greek words Pheran —
to transfer — and Horman — to excite [1]. They are chemical
molecules released in humans, insects, and animals to trigger
a response to or to elicit specific behavioural expressions or
hormonal changes from the opposite sex, the same sex or both
sexes of the same species. These signaling molecules are con-
tained in body fluids such as urine, sweat, specialized exocrine
glands, and genital mucous secretions [2,3].

Pheromones are broadly divided into two classes: (1) relea-
ser pheromones that produce short-term behavioural changes
and act as attractants or repellents; and (2) primer pheromones
that produce long-lasting changes in behaviour or develop-
ment via activating the hypothalamic—pituitary—adrenal axis
[4]. Therefore, pheromones are differentiated into aggregation
pheromones, alarm pheromones, epideictic pheromones, terri-
torial pheromones, trail pheromones, information pheromones
and sex pheromones [5-11].

Smell and pheromones

The sense of smell is important as an arousal system that calls
attention to significant environmental events and changes. Hu-
mans have the ability to store odour memories, generating
consequential odour preferences or aversions [12]. Olfactory
signals were demonstrated to induce emotional responses even
if an olfactory stimulus is not consciously perceived, presum-
ably because olfactory receptors not only send projections to
the neocortex for conscious processing but also to the limbic
system for emotional processing [13,14].

The standard view of pheromone-sensing was based on the
assumption that most mammals have two separated olfactory
systems with different functional roles: the main olfactory sys-
tem for recognizing conventional odorant molecules and the
vomeronasal system specifically dedicated to detect phero-
mones [2]. In humans, the vomeronasal organ (VNO) was re-
garded as vestigial, but different researchers assumed its
function to have a distinct sensory passage to detect phero-
mones. It is reported that nasal receptors near the entrance
of the nose had the strongest reaction to air containing phero-
mones, transferring it to stimulate the hypothalamus with a
signal of attraction, sexual desire, arousal etc. [15-18].

Jahnke and Merker [19] described the ultrastructure of the
adult human VNO having a duct-like invagination of the
epithelium surrounded by numerous exocrine glands with
short ducts. Deeper there are pseudostratified columnar
epithelial cells with plump processes, kinocilia, and microvilli
at the apical cell membrane. Underneath the basement
membrane, numerous myelinated and unmyelinated axons
are present in the vascular lamina propria.

Monti-Bloch and Grosser [20] evidenced that steroids may
act as gender-specific chemical signals in humans, exciting an
electrical response from the residual VNO to affect hormone
levels. Wood [21] showed that the effectiveness of a chemosen-
sory input to particular brain nuclei depends critically on the
simultaneous presence of a steroid hormone in the same
nucleus.

Foltan and Sedy [22] hypothesized that a damaged VNO
during Le Fort I osteotomy of the maxilla could affect the pa-
tient’s social life in terms of selecting mates and relations. Kel-

ler et al. [23] showed that both the main and accessory
olfactory systems are able to process partially overlapping sets
of sexual chemo-signals complimentarily supporting aspects of
controlling sexual behaviour. Savic et al. [24] added that anos-
mics are unable to activate the hypothalamus with oestra-1,3,5
(10), 16-tetraen-3-ol (EST), suggesting that in healthy men,
EST signals were primarily transmitted via the olfactory
system.

However, the adult human VNO, in different studies, has
been reviewed as non-functional as it contains few neurons
and has no sensory function where no cells were shown to ex-
press olfactory marker protein, have synaptic contacts or have
evidence for a nerve connecting to/from the VNO. In addition,
Trpc2, essential for vomeronasal signal transduction in some
animals, is a pseudogene in human. But non-functional VNO
does not mean that there are no pheromones in humans, be-
cause some pheromone signals may be mediated by olfactory
epithelium [25-30].

Odour-producing organ(s)

In humans the main odour-producing organ is the skin
through its apocrine sebaceous glands, which develop during
puberty and are associated with sweat glands and tufts of
hairs. These glands are located everywhere on the body sur-
face, but concentrate in six areas: the axillae; the nipples; the
pubic, genital, circumanal regions; the circumoral region, lips;
the eyelids; and the outer ear. The first four regions are gener-
ally associated with varying amounts of hair growth, which
makes perfect sense where the extremely large surface area of
a tuft of hair is effective for spreading an odour by evaporation
[31].

The underarms are the ideal location for the dispersion of
odours because they are among the warmest parts of the body,
the first parts to perspire, are amply endowed with apocrine
and sweat glands, have usually strong growth of hair, are
well-situated to disperse odours in the region of other peoples’
noses and are protected from excessive evaporation. Sub-
stances produced by these glands are relatively imperceptible
to the human nose because what are smelled are not the origi-
nal glandular secretions but rather their bacterial breakdown
products. Urine and faeces are also other potentially important
odour sources [32-34].

Sex pheromones

In humans, the claimed secreted male pheromone that attracts
a woman is androstenone h exerting a positive effect on her
mood, cognition and heightens sympathetic nervous system
arousal. Also, the claimed unknowingly secreted female pher-
omone that attracts a man is androstenol [35-42]. The apo-
crine axillary glands, regarded as pheromone-producing scent
glands, do not begin to function until puberty when sex hor-
mones have an impact on their activity. Beier et al. [43] sug-
gested a possible link between steroid hormone action and
induction of pheromone production by investigating the local-
ization of androgen receptor and estrogen receptors (o and )
in these glands.

The free steroids present in hair as products of sebaceous
glands, and the sulphate ester steroids as products of sweat
glands, were isolated also from the axillary sweat of males and
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females. In 1 g axillary hair, the free 4-androstene-3 beta, 17
beta-diol, testosterone, 5 alpha-dihydrotestosterone, dehydro-
epiandrosterone, androsterone, 4-androstene-3,17-dione and 5
alpha-androstane-3,17-dione occurred in nanomole amounts,
whereas DHAS, androsterone sulphate and 5-androstene-3
beta,17 beta-diol-3-sulphate were 1000 times these amounts
[44.,45].

Vaginal secretions

Whether or not human vaginal secretions contain a kind of
sex pheromone (copulin) influencing male perception of fe-
males and inducing hormonal changes in males, is still de-
bated. Human vaginal secretions contain various short
chain (C2-C6) fatty acids, with predominated acetic acid
suggesting a possible correlation with the rise and fall of
hormone levels during the menstrual cycle [46,47]. To verify
this, Waltman et al. [48] collected vaginal samples by tam-
pon from 50 healthy young women, demonstrating that vol-
atile aliphatic acids were increased during the late follicular
phase of the cycle and declined progressively during the lu-
teal phase, where women on oral contraceptives had lower
amounts of volatile acids and did not show rhythmic
changes in acid content during their menses.

In addition, Keith et al. [49] determined the odour com-
position of vaginal secretions before and after coitus using a
condom to prevent male secretions or seminal fluid from
entering vaginal secretions. They estimated 13 odourous
compounds occurred regularly where components with acidic
odour appeared at lower retention rates in post-coital sam-
ples concluding that differences exist in the odours of pre-
and post-coital vaginal secretions.

Scientific studies suggesting human pheromones

Different scientific studies have suggested the possibility of
pheromones in humans.

e McClintock [50], and Stern and McClintock [51] tested the
synchronization of the menstrual cycles among women
based on unconscious odour cues (McClintock effect)
where a group of women were exposed to a whiff of perspi-
ration from armpits of other women. This caused their men-
strual cycles to speed up or slow down depending on the
timing of when the sweat was collected; before, during, or
after ovulation.

Russell [52] proposed that men secrete musk-like substances
that women are maximally sensitive to during ovulation
coupled with a noticeable increase in coitus during this per-
iod. If valid, this phenomenon might be responsible for
women’s reputed tendency for unusual foods during preg-
nancy and menses.

Russell [52] tested the ability of sleeping babies to differen-
tiate between pads worn by their own or by strange mothers
indicating either that the baby imprints on its mother’s
odour, or that the mother unconsciously marks her baby
with a distinctive scent. This is supported by the common
observation that a child rejects his favourite blanket or
stuffed toy after it has been washed, presumably because
it has lost a specific odour acquired in previous contacts.

e Comfort [53] reported that the age of onset of menstruation
for girls had a direct correlation with the time that young
girls spend with boys, due to their exposure to odours of
the opposite sex. This phenomenon was documented in
mice (Vandenbergh effect) where female mice raised alone
have a higher age of maturation than those raised in cages
filled with a male mouse’s bedding material. When the bed-
ding belonged to a castrated male mouse, this effect was not
observed.

Preti et al. [54] indicated that constituents from the axillary

region of donor females shifted the time of menstrual onset

of another group even in the absence of social contact.

e Preti et al. [55] extracted underarm secretions from pads
worn by men and placed that extract under the noses of
women volunteers while monitoring serum LH and emo-
tion/mood. The putative male pheromone(s) was demon-
strated to advance the onset of the next peak of LH after
its application, with reduced tension and increased relaxa-
tion, suggesting that male axillary secretions had constitu-
ent(s) that act as modulator pheromones.

e Cutler et al. [56] showed that the application of male axil-

lary secretions to the upper lips of female volunteers had

a regulatory effect on their menses.

Ellis and Garber [57] reported that girls in stepfather-present

homes experienced faster puberty than girls in single-mother

homes. The younger the daughter when the new male arrived
on the scene, the earlier her pubertal maturation.

e Wyart et al. [39] showed that the smell of androstadienone

of male sweat maintains higher levels of cortisol in females

and therefore has the ability to influence the endocrine bal-
ance of the opposite sex.

Van Toller et al. [58] showed that skin conductance in vol-

unteers exposed to androstenone was higher than that of

non-exposed volunteers, providing evidence of the physio-
logical effects of pheromone exposure.

e Filsinger et al. [59] asked males and females to rate vign-
ettes of a fictional target male and female using semantic
differentials, and to provide a self-assessment of mood.
The test materials, sealed into plastic bags, were either
impregnated with androstenol, androstenone, a synthetic
musk control, or a no-odour control. Females exposed
to androstenone produced a lower sexual attractiveness
rating of the target male, while males exposed to andros-
tenol perceived the male targets to be more sexually
attractive.

e Benton [60] reported that androstenol application influ-
enced rating of subjective mood at ovulation.

e Grammer [61] found that females rated androstenone

differently at various phases of their menstrual cycle.

Contraceptive pill use appeared to influence female percep-

tion of androstenone suggesting that it may affect smell

sensitivity or gonadal hormone levels, disrupting pheromone
detection.

Thorne et al. [62] employed a repeated measures, double

blind, balanced cross-over design to assess the possible

influence of menstrual cycle phase and contraceptive pill
use in both pheromone-present and -absent conditions.

During four sessions, the volunteers (n = 32) rated male

vignette characters, and photographs of male faces, on var-

ious aspects of attractiveness. Pheromone exposure resulted
in significantly higher attractiveness ratings of vignette
characters and faces. Use of contraceptives or menstrual
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cycle phase had equivocal effects on some vignette items but
had no influence on female ratings of male facial
attractiveness.

Morofushi et al. [63] examined the relation between men-
strual synchrony and the ability to smell putative phero-
mones, 3alpha-androstenol and 5alpha-androstenone,
among 64 women living together in a college dormitory.
Twenty four (38%) of them became synchronized with
roommates within three months indicating that women
who showed menstrual synchrony had a higher sensitivity
to 3alpha-androstenol but not necessarily to S5alpha-
androstenone.

Shinohara et al. [64] examined the effect of axillary com-
pounds collected from women in the follicular phase (FP),
ovulatory phase (OP) treated with isopropyl alcohol (IPA)
on pulsatile secretion of serum LH. The recipients were
not exposed to either axillary compounds or to IPA for
the first 4 h and were exposed to FP or OP compounds,
or to IPA, during the next 4 h. The frequency of LH pulse
was increased by FP compounds and was decreased by OP
compounds, but was not changed by IPA.

Watanabe et al. [65] investigated changes of olfactory per-
ception during the menstrual cycle using cyclopentadecano-
lide vapour. The results obtained from 18 trials showed that
olfactory contrast was significantly enhanced at the ovula-
tory and/or menstrual phases.

Spencer et al. [66] demonstrated that natural compounds
collected from lactating women and their breast-fed infants
increased the sexual motivation of other women, measured
as sexual desire and fantasies where those with a partner
experienced enhanced sexual desire whereas those without
a partner had more sexual fantasies.

Moshkin et al. [67] assessed the scent attractiveness to
female students of sweat samples collected from male stu-
dents before and during exams. Male students with low
basal salivary cortisol were assessed as more scent-attrac-
tive than students with high levels. A high level of sali-
vary testosterone was associated with low scent
attractiveness of the male students, but only for recipients
in the non-receptive phase of the menstrual cycle.
Females in the receptive phase were shown to assess the
scent attractiveness of male students higher than those
in the non-receptive phase. It is concluded that basal var-
iation of stress-related physiological indices, such as sali-
vary cortisol, are mirrored in male chemical signals,
which are recognized by females.

Kwan et al. [68] showed that substances similar to andros-
tenone are secreted in the smegma and the apocrine glands
of the underarm and pubic areas of men. Also, the male
pheromones Sa-androst-16-en-3-one and 4,16-androstadi-
en-3-one were found to be concentrated in human semen.
The fact that men’s bodies secrete these substances and that
women are maximally sensitive to them when they are most
fertile may point to an olfactory-sexual role for these sub-
stances in human sexuality.

Schaal et al. [69] showed that mammalian females release
olfactory attraction in their offspring by mammary odour.
These signals and cues confer success for the offspring’s
approach, exploration of the maternal body surface ensuing
effective initial feeds and rapid learning of maternal
identity.

Vaglio et al. [70] analyzed the chemical content of volatiles
of sweat patch samples from the para-axillary and nipple-
areola regions of women during pregnancy and after child-
birth. There were five volatile compounds (1-dodecanol, 1-
1’-oxybis octane, isocurcumenol, alpha-hexyl-cinnamic
aldehyde, and isopropyl myristate) that were absent outside
pregnancy. It is concluded that differentiation of volatile
patterns in pregnant women may help newborns to distin-
guish their own mothers.

Marazziti et al. [71] suggested that the application of male
axillary extracts to women may modify the affinity of their
platelet 5-HT transporter and of some impulsiveness and
romantic attachment characteristics.

Pheromones and sexual preference

Different opinions assume that human body odour may con-
tribute to selection of partners or may influence sexual
preference.

Oliva [72] assumed that a simple biological explanation of
homosexuality could be a working VNO able to recognize
pheromones of the same sex.

Martins et al. [73] tested that human body odour may
contribute to the selection of partners. Heterosexual and
homosexual males and females made alternative forced-
choice preference judgments for body odour, obtained
from other heterosexual and homosexual males and
females. The subjects chose between odours from (a) het-
erosexual males and gay males, (b) heterosexual males
and heterosexual females, (c) heterosexual females and
lesbians, and (d) gay males and lesbians. It was indicated
that differences in body odour are detected and
responded to based on an individual’s gender and sexual
orientation.

Savic et al. [74] compared the pattern of activation induced
by 4,16-androstadien-3-one (AND) and estra-1,3,5(11),16-
tetraen-3-ol (EST) among homosexual men, heterosexual
men, and heterosexual women (n = 12 each). In contrast
to heterosexual men, and in congruence with heterosexual
women, homosexual men displayed hypothalamic activa-
tion in response to AND, maximally in the medial preoptic
area/anterior hypothalamus. As opposed to putative phero-
mones, common odours were processed similarly in all
groups and engaged only the olfactory brain (amygdala,
piriform, orbitofrontal, and insular cortex). These findings
showed that the brain reacts differently to the two putative
pheromones compared with common odours, suggesting a
link between sexual orientation and hypothalamic neuronal
processes.

Berglund et al. [75] performed identical positron emission
tomography experiments on 12 lesbians. In contrast to het-
erosexual women, lesbians processed AND stimuli by the
olfactory network but not the anterior hypothalamus.
When smelling EST, they partly shared activation of the
anterior hypothalamus with heterosexual men. These data
support the differentiated processing of pheromone-like
stimuli in humans and strengthen the notion of coupling
between hypothalamic neuronal circuits and sexual
preferences.
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e Sergeant et al. [76] examined the influence of men’s sexual
orientation on women’s perceptions of body odour by ask-
ing homosexual (n = 10) and heterosexual (n = 9) men to
produce samples of body odour using T-shirts. Heterosex-
ual women (n = 35) rated these samples, and a set of
unused T-shirts, using a series of hedonic scales. Women
rated the body odour of homosexual men as being compar-
atively more pleasant, sexier, and more preferable than that
of heterosexual men but not different from the unused
T-shirts. It is concluded that an individual’s sexual orienta-
tion significantly impacts their olfactory function in terms
of body odour production and olfactory perceptions of
certain compounds.

Savic and Lindstrém [77] showed sex-atypical cerebral
asymmetry and functional connections in homosexual sub-
jects that cannot be primarily ascribed to the learned effects
but suggest a linkage to neurobiological entities.

Bodo and Rissman [78] suggested a role for androgen recep-
tors in humans in the sexual differentiation of social prefer-
ences and neural responses to pheromones.

Savic et al. [79] showed that women smelling an androgen-
like compound activate the hypothalamus, in the pre-optic
and ventro-medial nuclei. In contrast, men activate the
hypothalamus in the paraventricular and dorsomedial
nuclei when smelling an estrogen-like substance. This sex-
dissociated hypothalamic activation suggests a potential
physiological substrate for a sex-differentiated behavioural
response in humans.

Saxton et al. [80] showed that AND may modulate
women’s judgments of men’s attractiveness. Men were
rated more attractive when assessed by women exposed
to AND suggesting that AND can influence women’s
attraction to men.

Lundstrom et al. [81] suggested that social olfactory stimuli
of high ecological relevance are processed by specialized
neuronal networks similar to the auditory or visual stimuli.
Smelling a friend’s body odour activated regions previously
linked to familiar stimuli, whereas smelling a stranger acti-
vated amygdala and insular regions akin to what has previ-
ously been demonstrated for fearful stimuli.

Pheromones and facial characteristics

Studies of human attraction have demonstrated that men and
women advertise heritable mate qualities such as body and
face symmetry, masculine/feminine face shapes, body shape,
body odour and vocal characteristics [8§2—-85]. It was demon-
strated that women prefer body odours collected from men
with a high degree of bilateral symmetry compared with
odours from asymmetrical men [86]. In turn, men and women
indicated preferences for voices from individuals with higher
degrees of bilateral body symmetry than lower bilateral sym-
metry [87].

Cornwell et al. [88] investigated whether preferences for
masculine or feminine characteristics are correlated across
two modalities, olfaction and vision. It was demonstrated that
for long term relations, women’s preferences (n = 56) for mas-
culine face shapes were correlated with rating of AND, and
men’s preferences (n = 56) for feminine face shapes were cor-
related with rating of EST. These studies linked sex-specific

preferences for putative human sex pheromones and sexually
dimorphic facial characteristics. It was suggested that putative
sex pheromones and sexually dimorphic facial characteristics
convey common information about the quality of potential
mates.

Pheromones as a mediator for proper psychosexual behaviour

Multiple opinions were gathered concerning pheromonal influ-
ence on psychosexual behaviour.

e Kalogerakis [89] indicated that at some point in early child-
hood, a boy shows an aversion to the odours of his father
and feel attraction to his mother that may act as a biological
trigger for the Oedipus response.

Lombardi and Vandenbergh [90] proposed that the psycho-
social environment may influence the fertility of females by
altering urinary pheromone activity in the male.

Cutler et al. [91] tested whether synthesized human male
pheromones increased the psychosexual behaviour of 38
heterosexual men that completed a 2-week baseline period
and six-week placebo-controlled, double-blind trial
administering either a pheromone or a placebo. Each sub-
ject kept daily behavioral records for six sociosexual
behaviors: petting/affection/kissing, formal dates, infor-
mal dates, sleeping next to a romantic partner, sexual
intercourse, and self-stimulation to ejaculation (masturba-
tion). Significantly, more pheromone than placebo users
demonstrated an increase above baseline in terms of sex-
ual intercourse, in petting/affection/kissing, and informal
dates, but not in self-stimulation to ejaculation or in for-
mal dates.

Chen [92] showed an immediate effect of airborne chemicals
on human mood. He collected six groups of underarm
odours, from pre-pubertal girls and boys, college women
and men, older women and men, and odours from homes
of these donors as a control. Odour observers (n = 308)
assessed their depressive, hostile, and positive moods twice,
before and a few minutes after sniffing one of these odours.
They showed that exposure to underarm odours for
<2 min led to rapid changes in the non-clinical depressive
mood of the odour observers independent of the observers’
perceptions of odour qualities.

McCoy and Pitino [93] conducted a double-blind, placebo-
controlled study with regularly menstruating women
(n = 36) with a vial of either synthesized pheromone or pla-
cebo-selected blindly and added to a subject’s perfume. A
significantly greater proportion of pheromone users com-
pared with the placebo users increased over baseline in
the frequency of sexual intercourse, sleeping next to a part-
ner, formal dates and petting/affection/kissing but not in
the frequency of male approaches, informal dates or
masturbation.

Cutler and Genovese [94] showed in three separate, double-
blind, placebo-controlled investigations that a synthesized
topical pheromone increased sexual attractiveness.

Bensafi et al. [95] showed in a within-subjects (n = 24), dou-
ble-blind experiment, the physiological and psychological
effects of the two human sex-steroid derived compounds,
AND and EST, in 24 subjects. A dissociation was evident
in the physiological effects of AND, in that it increased
physiological arousal in women but decreased it in men.
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EST did not significantly affect physiological arousal in
women or men. Neither compound significantly affected
mood.
Bensafi et al. [38] showed that the effects of sniffing different
concentrations of the human sex-steroid derived compound
AND on the autonomic nervous system function and mood
were sex-specific and concentration-dependent. In 60 sub-
jects, only high AND concentrations increased positive
mood and decreased negative mood in women compared
with men, and had sympathetic-like effects in women, and
parasympathetic-like effects in men.

Friebely and Rako [96] tried to determine whether a puta-

tive human sex-attractant pheromone increases specific psy-

chosexual behaviour in post-menopausal women (n = 44)

by testing a chemically synthesized formula from the under-

arm secretions of heterosexually active, fertile women over
six weeks. A significantly greater proportion of the partici-
pants using the pheromone formula recorded an increase
over their own weekly average baseline frequency of pet-
ting, kissing, and affection, compared with those on a pla-

cebo (40.9% vs. 13.6%).

Lundstrém et al. [97] showed that exposure to the endoge-

nous steroid androstadienone has the ability to modulate

women’s mood to make them feel more focused.

e In 37 women, Lundstrém and Olsson [98] showed that
exposure to a non-detectable amount of AND modulated
their psychophysiological arousal and mood in a positive
direction but did not change their attention performance.
Mood effects were only evident when an experimenter of
the opposite sex conducted the test suggesting that the
social context is important.

Pheromones and sexual functions

The applied influence of pheromones on the sexual functions
of both sexes has been investigated by different researchers.
In fact, most studies have been carried out on animals, few
on humans.

Udry [99] delineated the relation between coitus, orgasm
and position in the menstrual cycle demonstrating that women
engage in sexual intercourse about six times more frequently
and are much more likely to have an orgasm at the time of
ovulation. During and in the 2-3 days after menses, they were
several times less likely to have sexual intercourse or have an
orgasm. Coupled with women’s odour sensitivity, these results
could indicate a possible pheromonal trigger for sexual behav-
iour. In addition, Campieri et al. [100] demonstrated improve-
ment of impotence, taste and olfactory deficits in periodically
hemodialyzed patients treated with zinc chloride.

Is body odour attraction based on our immune system?

Studies on subjective body odour rating have suggested that
humans exhibit preferences for the human leucocyte antigen
(HLA) of dissimilar persons. A female mouse would choose
a mate whose major histocompatibility complex (MHC) genes
were the least similar to her own [101]; and human females too
prefer men whose MHC genes are the least similar to their
own.

In an experiment, men were given an unscented T-shirt and
were asked to wear it for two nights where they were not to use

deodorants or scented soaps. Women were then presented with
six shirts, three from men with similar MHC genes, and three
from men with different MHC genes. The women preferred the
scents of men whose MHC genes were different. Women on
birth control pills would often choose the T-shirts of men with
similar MHC genes. A possible explanation is that birth con-
trol pills trick the body into thinking it is pregnant, and women
on the pill often report that they prefer smells that remind
them of home and relatives [102].

Pause et al. [103] showed that pre-attentive processing of
body odours of HLA-similar donors is faster and that late
evaluative processing of these chemo-signals activates more
neuronal resources than the processing of body odours of
HLA-dissimilar donors. In the same-sex smelling conditions,
HLA-associated brain responses showed a different local dis-
tribution in male (frontal) and female (parietal) subjects. They
concluded that odours of HLA-similar persons function as
important social warning signals in inter- and intra-sexual hu-
man relations. Such HLA-related chemo-signals may contrib-
ute to female and male mate choice and to male competitive
behaviour.

However, due to the extreme polymorphism of the HLA
gene loci, the behavioural impact of the proposed HLA-related
attracting signals seems to be minimal as the role of HLA-re-
lated chemo-signals in the same- and opposite-sex relations in
humans has not been specified so far.

Finally, the importance of these substances in generating
a definite physiological response and in affecting our atti-
tudes and our life as a whole remains an open question.
In conclusion, unfolding the mysteries of smells and the
way we perceive them requires more time and effort. Human
are not systems that instinctively fall into a behavioural re-
sponse to an odour: they are thinking beings moved towards
a type of behaviour by pheromones in concert with the high-
est intellect in the animal kingdom. In mammals, olfaction
plays a major role in sexual attraction, excitement and even
in triggering ovulation. However, in humans, because of
their large and complex brains, it plays a minor role and
is significantly supplanted by vision and/or fantasy in men
and by hearing and/or touch in women. Also, although
olfaction alters the neuroendocrine balance in mammals,
olfaction is altered by hormones in humans.
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