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Abstract Efforts to collect evidence of human pheromones have focused on three partly overlapping classes of
possible human pheromones: (1) axillary steroids, (2)
vaginal aliphatic acids, and (3) stimulators of the
vomeronasal organ. Examples of each of these classes
have been patented for commercial use, and in some cases
aggressively marketed, but there is only incomplete
evidence supporting any particular claim that a substance
acts as a human pheromone. The large axillary scent
glands found in humans appear to be well adapted for the
production of pheromones, but may actually be used for
non-pheromonal odor communication, such as the sharing
of information about the immune system. Putative
menstrual synchronization within social groups of women
and putative acceleration of the menstrual cycle caused by
men’s odors may suggest the existence of human
pheromone systems, but evidence in both cases is still
inconclusive.
Keywords Human pheromone · Androstenone · Copulin ·
VNO · Vomeropherin

Communication odors in humans and other primates
Pheromones are defined as “substances which are secreted to the outside by an individual and received by a
second individual of the same species, in which they
release a specific reaction—for example, a definite
behavior or a developmental process” (Karlson and
Luscher 1959, p 55). Two varieties are generally
acknowledged: releaser pheromones, which cause an
immediate behavioral response, and primer pheromones,
which initiate a long-term physiological response (e.g.,
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puberty). The entomologists who coined the term noted
that the scent marks of mammalian Carnivora might be an
example. By the early 1970s, the word “pheromone” was
being used widely to describe a variety of signal smells in
many taxa, including mammals. Some authors have felt
that the word is too broadly used by mammalogists
(Beauchamp et al. 1976). In this review, I will assume a
liberal interpretation of the original definition.
This review explores the possibility that humans use
pheromones of some sort. It is important to remember that
if this is the case, then this communication almost
certainly takes place within the context of a hugely
complex array of physiological, psychological, and sociological factors. As one study succinctly expressed the
matter: “We cannot expect humans to behave like moths
flying up the concentration gradient toward the desirable
source” (Jacob and McClintock 2000, p 59).
Hominoids (including humans) and Old World monkeys typically have far fewer scent glands on their bodies
than New World monkeys, but social sniffing is nonetheless a common aspect of behavior in many Old World
primates. The few known scent glands in these species
include those found in the axillae of African hominoids
[humans, gorillas (Gorilla gorilla), chimpanzees (Pan
troglodytes) and bonobos (P. paniscus)], on the chest of
orangutans (Pongo pygmaeus) and mandrills (Mandrillus
leucophaeus) and on the forehead of stump-tailed
macaques, (Macaca arctoides; Albone and Shirley 1984).
Among these examples, human axillary scent glands
are particularly large, and also contain an unusually high
density of apocrine glands (Montagna 1964). These
apocrine glands make a nutrient-rich sweat that feeds
coryneform and coccal bacteria, which produce a variety
of odorous molecules. This system is similar to that used
by some Carnivora to produce their scent marks (Gorman
et al. 1974). There are substantial differences between
men and women in the structure and flora of the axillary
scent glands. Women have 75% more apocrine glands in
their armpits than men do (Brody 1975), and men’s
apocrine glands are larger than women’s (Doty et al.
1978). Women typically have more coccal bacteria
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merely reflect culture-specific sexual differences in, for
example, diet or hygiene.
Non-pheromonal scent communication in humans

Fig. 1 Chemicals proposed as human pheromones or as synthetic
equivalents

among their flora, and men more coryneform (Jackman
and Noble 1983). The sexual dimorphisms of the axillary
scent glands and the fact that they only become active at
puberty support the hypothesis that they play a role in
sexual communication.
Humans also have large apocrine glands around the
genitals and nipples, and on the cheeks (Albone and
Shirley 1984), some of which may be involved in scent
production. Women’s nipples appear to produce smells
that can be detected by newborn infants (Porter and
Weinberg 1999), as has been demonstrated in domestic
rabbits (Oryctolagus cuniculus; Hudson and Distel 1984).
Several other sources of pheromones on the human
body have been proposed, without substantial evidence.
Albone and Shirley (1984) suggested that male pubic
sweat may contain 1-pyrroline (Fig. 1), the main odorous
molecule found in semen. Twenty percent of people lack
the ability to smell 1-pyrroline, a specific anosmia that
may indicate that the ability to smell 1-pyrroline is a
special adaptation (Albone and Shirley 1984). Immerman
and Mackey (1997) proposed that smegma, a substance
produced by the Tyson’s glands found under the prepuce
of the penis, contains pheromones. Berliner et al. (1991)
proposed that pheromones are carried in cells that slough
from the epidermis.
Saliva carries pheromones in at least one mammal
species, the pig (Sus scrofa). Doty et al. (1982) found that
human subjects have some ability to discern whether a
hidden person is male or female by sniffing his or her
breath through a tube. However, these authors also found
that male subjects typically had greater reported strength
of breath odor, and that subjects tended to guess that
anyone with strong breath odor was male. This might

The fact that humans have large axillary organs with an
anatomy typical of mammalian scent glands may be the
strongest evidence that our species communicates via
odor. However, at least one non-pheromonal purpose has
been proposed for human axillary scent glands: the
creation of odors used in individual assessment of the
immune systems of potential mates. Some researchers
regard such odors as examples of human pheromones, but
they will not be treated as such in this review because
they do not “release a specific reaction”, as stipulated in
the original definition of the term.
A similar system has been evidenced in laboratory
mice, which avoid potential mates that have major
histocompatibility complex (MHC) genetic patterns that
are similar to their own (Jordan and Bruford 1998). In
choice tests, mice also prefer the smell of conspecifics
that have MHC different from their own (Penn and Potts
1998). One possibility is that individual mice may have
different odors because they carry different bacterial
flora, which may reflect differences in the genetic
constitution of their immune systems (Howard 1977).
By selecting mates with odors that differ from their own,
mice may enhance the genetic diversity of immune
systems among their offspring, raising their collective
resistance to disease.
Similar evolutionary pressures acting on humans
appear to favor dissimilar MHC patterns among mated
pairs. Couples with similar MHC typically have babies
with lower than average birth weight (Reznikoff-Etievant
et al. 1991). Couples suffering from frequent spontaneous
abortions are more likely than usual to share similar
patterns in their MHC (Beer et al. 1985; Wedekind et al.
1995; Weetman 1999). Married couples of Hutterites, a
North American religious sect, typically share greater
similarity in their MHC patterns than non-Hutterite
couples, and also have low fertility, possibly suggesting
poor survivorship of embryos (Ober et al. 1988).
There is, however, less matching of MHC types among
Hutterite couples than expected by chance (Ober et al.
1997), suggesting some mechanism that allows individuals to obtain information about the MHC pattern of
potential mates. There is evidence that humans can
accomplish this by smell, as seen in mice. Both men and
women prefer the axillary odors of people whose MHC
pattern is dissimilar to their own (Wedekind et al. 1995;
Wedekind and Furi 1997). Although humans in many
societies replace their natural odors with artificial ones,
their personal selection of these replacement odors is also
significantly determined by their MHC combination
(Milinski and Wedekind 2001). It is possible, then, that
axillary scent glands evolved in humans to display
olfactory information about the immune system, which
may be regarded as a non-pheromonal role.
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Airborne odor detection
Humans have a number of sensory organ systems that
may be involved in the detection of airborne chemicals. In
addition to the olfactory epithelium and the trigeminal
nerves (which detect irritants on the nasal mucosa), two
other such systems have been proposed. These are the
terminal nerves and the vomeronasal organs (VNOs).
Wysocki and Meredith (1987) proposed that adult
humans may have functioning terminal nerve systems, a
cranial nerve pair found in many vertebrates, but there
appears to be little supporting evidence. Terminal nerves
are known to be involved in pheromone detection in
hamsters (Mesocricetus auratus; Wirsig and Leonard
1985) and Atlantic stingrays (Dasyatis sabina; Moeller
and Meredith 1998).
VNOs are found in many mammals, including humans.
In mammals with well-developed VNOs, each organ is
connected by a nerve to an accessory olfactory bulb
(AOB) in the brain. In some species such as hamsters, the
VNOs are found at the bottom of tubes in the wall of the
nasal cavity, surrounded by muscular tissues that actively
pump odors onto the receptor cells (Meredith 1994). The
VNOs, like the olfactory epithelium, are used in many
species as pheromone receptors. Horses (Equus caballus),
dogs (Canis domesticus), cats (Felis catus) and many
other mammal species perform flehmen (wrinkle their
upper lips) when they are sniffing the urine of a
conspecific, as a method of drawing odors up into their
VNOs through the nasopalatine duct in the palate.
Chemicals detected by the VNOs have been called both
vomodors (Cooper and Burghardt 1990) and vomeropherins (Monti-Bloch et al. 1994), but the former term has
precedence.
Although the VNO is traditionally regarded as vestigial in humans and is known to degenerate in late fetal
development, several studies have found that at least 90%
of adults have visible VNOs on their nasal septa (GarciaVelasco and Mondragon 1991; Moran et al. 1991;
Stensaas et al. 1991; Bhatnagar and Smith 2001). The
human VNOs appear as a pair of tiny dead-end tubes, a
few millimeters long (Garcia-Velasco and Mondragon
1991). This is similar to the state of the VNOs of other
hominoids and Old World monkeys, but far smaller and
less elaborate than the VNOs of New World monkeys
(Wysocki and Meredith 1987).
Human VNOs have epithelia with an appearance
consistent with the hypothesis that they serve as a
chemical sensory organ (Moran et al. 1991). However,
all of the 34 putative human VNO receptor genetic loci
that have been identified have turned out to be pseudogenes, suggesting that they are nonfunctional (KouroMehr et al. 2001). Human VNOs also contain cells that
appear to be sensory neurons (Stensaas et al. 1991), but
attempts to find neural connections between the human
VNO and the central nervous system have not been
successful (Witt et al. 2002). The adult human brain lacks
AOBs, though they do begin to form in the fetus.

If the human VNO is an active organ, then its effects
are apparently subtle. Both VNOs are often accidentally
removed from patients during routine nasal surgery, but
so far there have been no reports of anyone suffering ill
effects from this loss (Wohrmann-Repenning 2000). The
evidence for functional human VNOs is further reviewed
and critiqued by Wysocki and Preti (2000).
Efforts to collect evidence of human pheromones have
focused on three partly overlapping classes of possible
human pheromones: (1) axillary steroids, (2) vaginal
aliphatic acids, and (3) stimulators of the vomeronasal
organ. These are described in the following three sections.

Axillary steroids and other odorous axillary molecules
The main “sweaty” smell of axillary sweat comes from
aliphatic acids (Gower et al. 1988). In addition, ten
steroids are found in human axillary sweat (Labows
1988). Three of these have been described as human
pheromones (Fig. 1): androstenone (5a-androst-16-en-3one), androstenol (5a-androst-16-en-3-a-ol), and androstadienone (androsta-4,16-dien-3-one). The amounts
of these steroids released into axillary sweat are too small
to make a detectable odor, but axillary bacteria convert
the less odorous steroids into more odorous ones (Gower
et al. 1994), adding a “urinous” or “musky” component to
the axillary odor. Larger molecules, mostly unidentified,
are also present and add a pungent “burnt” component to
the odor (Gower and Ruparelia 1993). One of these
molecules is squalene, a major component of the
pheromonal scent marks of saddleback tamarins (Saguinus fuscicollis), a New World primate (Smith et al. 1985).
Human axillary steroids are made by the testes,
ovaries, and adrenal glands, and do not seem to be byproducts of testosterone production (Gower and Ruparelia
1993). Young and middle-aged men produce much higher
levels of some of these steroids, such as androstenone,
than do women, pre-pubescent boys or elderly men
(Gower and Ruparelia 1993). It has been proposed that
some of these steroids may serve as male sexual
pheromones in humans, as they do in pigs. Boars produce
saliva with a high concentration of androstenone, and the
smell of this steroid causes fertile sows to perform
lordosis (Melrose et al. 1968). Commercial androstenone
products are commonly used by pig farmers to determine
if sows are fertile.
Axillary steroids and human behavior
Several experiments have tested androstenol and androstenone as possible agents influencing the affective
and sexual reactions of human subjects, usually young
women. It has been reported that the odor of androstenol
improves women’s feelings toward males (Cowley et al.
1977; Cowley and Brooksbank 1991) and causes ovulating women to feel more “submissive” (Benton 1982), and
that androstenone attracted women in a blind choice test
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(Kirk-Smith and Booth 1980). Other studies have yielded
contradictory or negative results. It has been reported that
androstenone worsens women’s feelings toward males
(Filsinger et al. 1985; Maiworm and Langthaler 1992) or
has no effect on these feelings (Filsinger et al. 1984,
1990), that androstenol also has no effect on these
feelings (Black and Biron 1982), that androstenol had no
effect on women in a blind choice test (Gustavson et al.
1987), and that neither androstenone (McCullough et al.
1981) nor androstenol (Benton and Wastell 1986) affect
women’s reactions to erotic prose.
Gower et al. (1988) pointed out that both androstenone
and androstenol smell similar to musks, and that if musky
odors are not used as controls in these experiments then
positive results might merely indicate affective reactions
to familiar perfume odors. Only three of the studies listed
above used musk controls (Black and Biron 1982;
Filsinger et al. 1985, 1990), and none of these found
axillary steroids to have a significantly stronger effect
than musk.
Axillary steroids are widely and aggressively marketed
as human sex attractants. Androstenol has been marketed
in perfumes and colognes by the company Jovan since
1981. Both androstenol and androstenone are also sold by
dozens of companies, generally with lurid claims, through
sex-product stores and on the internet.
Cutler et al. (1998) reported that when heterosexual
men wear an unidentified blend of chemicals derived
from men’s axillary secretions, they engage in more
sexual activities with women. The senior author, Winifred
Cutler, commercially manufactures a similar product,
Athena 10X, and markets it as a sex attractant. Wysocki
and Preti (1998) criticized Cutler et al. (1998), showing
that the statistical methods used in this study were flawed,
and most of the results were in fact non-significant.
McCoy and Pitino (2002) recently reported that heterosexual women who wear Athena 10:13, a commercial
women’s fragrance also marketed as a sex attractant by
Dr. Cutler’s company, engage in increased sexual activity
with men. The ingredients of Athena 10:13 have not been
revealed, but it is described as being a synthetic blend that
resembles women’s axillary secretions.
Many studies have been conducted on the behavioral
and physiological effects of axillary odor without attempting to distinguish which chemical components are
active. Several studies have indicated that people can
differentiate the axillary odors of men and of women
(Russell 1976; Doty et al. 1978; Schleidt et al. 1981;
Schleidt and Hold 1982). However, one of these studies
(Doty et al. 1978) concluded that the subjects achieved
this merely by guessing that stronger odors were male,
and this may also have been true in the other studies.
Axillary odors and menstrual synchrony
It has been reported that menstrual cycles synchronize
among social groups of women, and that this synchrony is
mediated by axillary odors. Ovulatory synchrony exists in

several other social mammal species, including laboratory
rats (McClintock 1978), hamsters (Handelmann et al.
1980), banded mongooses (Mungos mungo; Rood 1975),
and dwarf mongooses (Helogale parvula; Rood 1980). It
is also found in one New World primate, the golden lion
tamarin (Leontopithecus rosalia) and in over a dozen Old
World primates (French and Stribley 1987). Besides the
possible case of humans, examples include ring-tailed
lemurs (Lemur catta; Jolly 1967), vervet monkeys
(Cercopithecus aethiops; Rowell and Richards 1979),
hamadryas baboons (Papio hamadryas; Kummer 1986),
gelada baboons (Theropithecus gelada; Dunbar 1980),
and chimpanzees (Wallis 1985).
Pheromones have not been indicated as the cause of
any primate ovulatory synchronizations except those of
humans. However, in guinea pigs (Cavia porcellus; Jesel
and Aron 1976), laboratory rats (McClintock 1978), and
laboratory mice (McClintock 1983), it has been shown
that it is possible to change the length of a female’s cycle
by exposing her to another female’s urine. In rats, this has
also been done by exposing the subject animal to air
ventilated from the cage of another female (McClintock
1984).
McClintock (1971) reported synchronization of the
cycles of roommates and close friends living in a
women’s university dormitory. Two later studies attempted to replicate this work: one found significant synchrony,
not only among close associates but throughout an entire
dormitory population (Little et al. 1989); the other found
no evidence of synchrony at all (Wilson et al. 1991). Aron
and Leonard Weller have reported signs of synchrony
among lesbian couples living together (Weller and Weller
1992), family members living in urban households
(Weller and Weller 1993a; Weller et al. 1999b), friends
and roommates living on a kibbutz (Weller and Weller
1993b), friends in women’s college dormitories (Weller et
al. 1995), family members in rural Bedouin households
(Weller and Weller 1997), and friends sharing offices
(Weller et al. 1999a). They have also sought and failed to
find cycle synchrony among roommates in women’s
college dormitories (Weller and Weller 1993a), officemates (Weller and Weller 1995a), and professional
women’s basketball teammates (Weller and Weller
1995b).
All studies done to date on human menstrual synchrony have been criticized for their methods (Arden and
Dye 1998; Schank 2001). For example, almost none of
these studies have used control groups; few have been
conducted blind or double blind, and almost all have
depended on the memory of the subjects as the main or
only source of data. It therefore cannot be said with
certainty whether human menstrual synchrony occurs
among humans, although there are many indications that
it does.
Three studies have reported success in experimentally
altering women’s menstrual cycles by exposing them to
other women’s axillary odors (Russell et al. 1980; Preti et
al. 1986; Stern and McClintock 1998). Wilson (1992)
criticized the experimental and analytic methods of the
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former two studies, noting among other things that sample
sizes were too small and duration too short to warrant
their conclusions. Stern and McClintock (1998) found that
if the women donating the odors were in the ovulatory
phase of their cycles, then the recipients’ cycles would
accelerate significantly, while if the donors were preovulatory, then the recipients’ cycles would slow significantly. Similar findings have been reported in rats
(McClintock 1984). One study has reported that the smell
of axillary extracts can affect women’s LH levels
(Shinohara et al. 2001). If ovulatory synchrony occurs
among humans, it is possible that it is mediated by
axillary odors of some kind.
Besides menstrual synchrony, another body of evidence of human pheromones is the acceleration of
menstrual cycles in the presence of men. In female
guinea pigs (Jesel and Aron 1976), laboratory mice
(McClintock 1983), and sheep, (Ovis aries; Signoret
1991), exposing females to the smell of males induces
ovulation or accelerates the ovulatory cycle. Three studies
have found that women who see men socially at least
three or four nights a week have significantly shorter
menstrual cycles than women who do not (McClintock
1971; Cutler et al. 1980; Veith et al. 1983), even if the
contact in these encounters is nonsexual. One small study
(seven experimental subjects) has reported that male
axillary odors accelerated women’s menstrual cycles
(Cutler et al. 1986), but this experiment has apparently
not been repeated.

Vaginal aliphatic acids
Female rhesus macaques (Macaca mulatta), an Old World
monkey, produce six aliphatic acids (acetic, propanoic,
methylpropanoic, butanoic, isovaleric, 2-methylpentanoic; Fig. 1) in their vaginal fluids in substantially
greater amounts when they are estrous than when they are
not (Michael et al. 1971). This combination of aliphatic
acids has been termed the “copulins”. Michael and Zumpe
(1982) reported that topical application of copulins to the
vaginal mucosae of non-estrous female rhesus macaques
elicited mating behaviors from males, similar to those that
are elicited by estrous females.
Michael et al. (1975) reported that acetic acid is found
in human vaginal fluids, and that the other five copulins
are found en bloc in about one-third of women tested, but
not in the other two-thirds. Among the women who had
all six copulins, the quantities of these chemicals were
found to increase during the fertile pre-ovulatory week of
the menstrual cycle and to drop sharply after ovulation.
An independent study has confirmed that about a third of
women produce copulins, but failed to find a monthly
cycle of copulin production (Huggins and Preti 1981).
Possibly only one human behavioral experiment using
copulins has been published, and it made no significant
findings (Cowley and Brooksbank 1991). Richard Michael filed a French patent for use of copulins in the

perfume industry, but they have apparently never been
marketed (Michael 1972).
The fact that human ovulation is concealed is an
important piece of indirect evidence against the existence
of any pheromone that advertises the fertile part of the
ovulatory cycle. Pawlowski (1999) surveyed 19 studies
that have looked for measurable increases in aspects of
women’s sexual behavior, including intercourse, during
phases of the ovulatory cycle. At least 15 of these studies
found increases during the fertile pre-ovulatory week, but
12 studies found increases during the infertile postovulatory week, and 6 during the infertile pre-menstrual
week. If there is any tendency for humans to increase
sexual activity when a woman is fertile, the tendency is
very slight.
Since human ovulation is effectively concealed, copulins cannot serve the same purpose in our species that
they appear to serve in rhesus macaques, namely as an
estrous advertisement. One possible explanation of the
data is that copulins may exist for physiological reasons
that are independent of sexual communication. In some
primate lineages, including that of the rhesus macaque,
males may have evolved the ability to detect them, while
in others such as humans males have not.

Vomodors: chemicals that stimulate
the vomeronasal organ
The VNOs serve as receptors of a sex-attractant pheromone in red-sided garter snakes (Thamnophis sitalis;
Gartska and Crews 1986). In laboratory mice, removal of
the VNOs: (a) prevents the ovulatory suppression usually
seen in all-female groups (called the Lee-Boot effect;
Reynolds and Keverne 1979), (b) prevents delayed
puberty in all-female groups (Lepri et al. 1985), (c)
decreases some aspects of male sexual response to
females (Wysocki et al. 1983; Wysocki and Lepri
1991), and (d) decreases male intrasexual aggression
(Bean 1982; Maruniak et al. 1986). Removing the VNOs
also disrupts pheromone systems in guinea pigs (Beauchamp et al. 1985), hamsters (Fernandez-Fewell and
Meredith 1995), and prairie voles (Microtus ochrogaster;
Wysocki and Lepri 1991). However, the VNOs are not the
only pheromone receptors used by mammals. Female pigs
still respond to androstenone even if their VNOs are
blocked (Dorries et al. 1997), and the smell of a ram
induces ovulation in ewes even if the ewes’ VNOs are
removed (Signoret 1991).
The epithelial cells of women’s VNOs, but not those of
men, show an electrochemical response to androstadienone, an abundant axillary steroid with a urinous odor
(Monti-Bloch and Grosser 1991). PET scanning has
shown that exposure to airborne androstadienone, with
its smell masked with cloves, increases limbic system
activity in women doing a repetitive chore (Jacob et al.
2001b), and it has also been found to alter skin
temperature and conductance in both sexes (Jacob et al.
2001a). Three behavioral studies, done by two indepen-
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dent groups, have reported that airborne androstadienone
reduces women’s feelings of tension and negative emotions (Grosser et al. 2000; Jacob and McClintock 2000,
Jacob et al. 2002). One of these studies also found that
androstadienone significantly reduces negative emotions
in men (Jacob et al. 2002), while another reported the
opposite (Jacob and McClintock 2000).
The epithelial cells of men’s VNOs, but not those of
women, show an electrochemical response to airborne
estratetraenol [estra-1,3,5(10),16-tetraen-3-ol; Fig. 1], an
odorless steroid found in the urine of pregnant women
(Monti-Bloch and Grosser 1991). An MRI scanning study
found that exposure to estratetraenol caused increased
activity in some parts of men’s brains (Sobel et al. 1999),
and it has also been found to alter skin temperature and
conductance in both sexes (Jacob et al. 2001a). A
behavioral study found that airborne estratetraenol worsens men’s moods (Jacob and McClintock 2000). This
same study reported that exposure to airborne estratetraenol also enhances the moods of women. This suggests
that even if the VNOs are partially responsible for
reception of this steroid in humans, other tissues must also
be involved.
PDD (pregna-4,20-dien-3,6-dione; Fig. 1), a synthetic
steroid, has also been found to stimulate men’s VNO
epithelium, and inhalation of this steroid lowers men’s
LH and testosterone levels (Monti-Bloch et al. 1998).
Four other chemicals have been reported to stimulate the
VNO epithelium in a sex-specific manner and to affect
the autonomic nervous system, but the identity of these
chemicals has not been revealed (Monti-Bloch et al.
1994).
In no case have experiments on putative human
vomodors used a control group of subjects who lack
VNOs, though removal of the VNOs is a common
incidental result of nasal surgery. It is, therefore, not
clearly established whether the effects of these chemicals
on the brain are due to the observed stimulation of the
VNOs, or due to stimulation of other sensory tissues.
The company, Human Pheromone Sciences, holds
patents on many putative vomodors, and scientists
employed by this company have published most of the
research done on these chemicals. The company claims
that it has “produced and has patents for more than 1,000”
vomodors (Kodis et al. 1998, p 159). It markets
androstadienone and estratetraenol as mood-enhancing
fragrance products for women and men, respectively. It
has also proposed developing PDD as a commercial
product for treatment of sex criminals (Kodis et al. 1998).

Summary of the evidence
The main indications that humans use pheromones,
roughly in order of importance, are as follows.
1. Airborne androstadienone, a steroid produced by the
axillary scent glands, alters limbic system function and
causes a positive affective reaction in women, even

2.

3.

4.

5.

6.

when its odor is effectively masked from conscious
recognition. This is supported by studies done by two
independent research teams (Grosser et al. 2000; Jacob
and McClintock 2000; Jacob et al. 2001b, 2002).
It is apparently possible to alter the rate of a woman’s
menstrual cycle by exposing her to the axillary odors
of other women (or, perhaps, men). The chemical
components of axillary sweat responsible for these
effects are unidentified. This is only given strong
support by one study (Stern and McClintock 1998),
which was relatively small (experimental N=20).
Humans have large, sexually dimorphic axillary scent
glands, which become active only at puberty, and
which have structural and functional similarities to the
pheromone-producing scent glands of some other
mammals. There is, however, good evidence that these
glands are used for a function that is technically nonpheromonal: to produce odors that communicate
information about the individual’s immune system.
This does not preclude the possibility that these glands
are used for more than one purpose, but it weakens the
argument that the existence of the glands themselves
constitutes evidence of human pheromone use.
Human axillary glands, and especially those of men,
produce androstenone, which is known to serve as a
sexual releaser pheromone in pigs. However, the
results of a large number of experiments have established no clear pattern of behavioral effects of
androstenone on humans.
It has been reported that an undisclosed mixture
containing components of human axillary sweat acts as
a sex attractant. This report (McCoy and Pitino 2002)
is based on a single, fairly small study (experimental
N=19).
Women produce certain aliphatic acids in the vaginal
fluids in greater quantities during the fertile part of
their ovulatory cycles, and the same acids serve as
estrous sexual attractants in rhesus macaques. However, there is no evidence that these acids serve as
sexual attractants in humans. Furthermore, since
humans have an effective system of concealed ovulation, it seems extremely unlikely that women use
estrous sexual attractants of any kind.

Only the first of these pieces of evidence can be taken
as unambiguously supportive of the existence of human
pheromones, and probably none of this evidence can be
regarded as conclusive. The “discovery” of human
pheromones has been announced to the media by
scientists at least four times: copulins in 1975, androstenone in 1977, axillary sweat in 1986, and vomodors
in 1991. Even today, however, it would be premature to
make any such announcement until large, well-designed
studies have corroborated at least one of the pieces of
evidence listed above.
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