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The 16-androstene steroids have unique pheromonal and odorant properties. 4,16androstadien-3-one (androstadienone) has a number of physiological and behavioral actions in
humans that are consistent with the role of a pheromone. Some androstenes have been used in
perfumery. Advances in understanding androstene biochemistry and their receptors suggest new
approaches to their use in perfumery.

The 16-androstene steroids were first identified as compounds that produce a unique
musk-like odor in boars (Claus et al, 1971). They lack an oxygen at position 17, which is
required for androgenic or estrogenic activity. One of these compounds, 16-(5α)androsten-3-one (androstenone), is well-documented to act as a boar pheromone by
stimulating the immobilization reflex of sows in estrus to facilitate mating. Androstenone is
synthesized from 4,16-androstadien-3-one (androstadienone) in Leydig cells of the testes.
From the testes, androstadienone is released into the blood and is stored in fat tissue and
the salivary glands, from where it can be transferred to the female.
Pheromones were first described by Karlson and Luscher (1959) as chemosignal molecules
released in the air that produce behavioral, neuroendocrine or developmental changes in
conspecifics. Mammalian pheromones like androstenone exert their actions upon binding
to receptor sites in the vomeronasal organ (VNO), an auxiliary olfactory sense organ
(Halpern, 1987). Receptor neurons in the VNO project to the accessory olfactory bulb,
which then relays projections to the medial amygdala and hypothalamus.

Androstadienone
Several 16-androstenes have been identified in humans. 4,16-androstadien-3-one
(androstadienone) is synthesized in human testes (Kwan et al, 1997). Human cytochrome
P450c17 possesses 16-ene-synthase activity to catalyze formation of the androstadienone
precursor, androstadienol from pregnenolone (Soucy et al, 2003). Gower and Ruparelia
(1993) identified androstadienone in male sweat. It is also present in other secretions such
as saliva and semen. Jennings-White (1995) reported that androstadienone produces
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gender-specific activation of the human VNO. There is also evidence that androstadienone
produces gender-specific activation of the hypothalamus (Savic et al, 2001) as well as
actions on the autonomic nervous system, mood, and on context-dependent sexual
arousal (Grosser et al, 2000; Savic et al, 2001). Androstadienone rapidly increases the
levels of cortisol in women after they smell this compound (Wyart et al, 2007). Savic et al,
2005 reported that androstadienone activates the medial preoptic area and anterior
hypothalamus in homosexual men as well as heterosexual women but not heterosexual
men. Thus there is physiological, anatomical and behavioral evidence to support the role
of androstadienone as a human pheromone.
Besides its actions at VNO receptors androstadienone has perceptible scent qualities and
binds odorant receptors. However, there is great variation in qualitative descriptions of
androstadienone, which range from animalic or musky (Jacob et al, 2002) to sweaty
(Ohloff et al 1983) and even floral (Jacob et al, 2006). The structure of androstadienone
has previously been compared to civetone (a ketone component of civet cats used in
perfumery) in an effort to understand its odorant properties (Fig. 1).

Fig. 1. 4,16-androstadien-3-one (androstadienone) [left] compared with civetone [right].

A human odorant receptor, OR7D4, is selectively activated by androstadienone and
androstenone. Keller et al, 2007 proposed that the presence of OR7D4 polymorphisms
accounts for a significant amount of the variations in perception of these compounds.
Unlike other odorants, repeated exposure to androstadienone greatly reduces its detection
threshold (Jacob et al, 2006). This phenomenon is of great importance when considering
the use of androstadienone in perfumery. It means that not only will the wearer of an
androstadienone-containing fragrance become more sensitive to it over time but that the
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perceived odor may qualitatively change as well (generally becoming more animalic).
Androstadienone should thus be used at extremely low concentrations in fragrance
composition. One possible guideline might be to follow the concentration range of
androstadienone in human male sweat (0 - 1.9 µM (Gower et al, 1994). This is consistent
with a reported detection threshold of 1 µM for androstadienone (Jacob et al, 2006).
Another consideration regarding androstadienone in perfumery is the age of the wearer.
Since the androstadienone precursor, pregnenolone, decreases with age in men above 55
(Havlíková et al, 2002), levels of androstadienone likely decrease as well. It is intriguing to
consider that androstadienone-containing fragrances may have benefit for older men as a
supplement and by masking changes in body odor that accompany aging (cf. Haze et al,
2001). Supplementation of natural pheromones by 16-androstenes in fragrances can be
regarded as an extension of how perfume has traditionally been used since antiquity to
mask body odor. And since pregnenolone is available in the U.S. as a nutritional
supplement, it is also interesting to consider the question of whether pregnenolone
supplements can increase endogenous production of androstadienone.

Androstenol
The boar pheromone androstenone is a substrate for 3α hydroxysteroid dehydrogenase
(3α HSD), producing 16-(5α)-androsten-3α-ol (androstenol) (Fig. 2).

Fig. 2. 16-Androstenes and their metabolic pathways in humans

Androstenol has a musk scent and is devoid of androgenic activity (Claus and Alsing,
1976). Androstenol was originally identified in boar testes where it is synthesized from
pregnenolone (Katov and Gower, 1970). Androstenol is present in human secretions with
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higher levels in males (Brooksbank, 1962). It has been measured in male axillary sweat
(Gower, 1972; Claus and Alsing, 1976). The first commercial fragrance containing
androstenol was Andron for Men, launched by Jovan in 1981. There is no evidence it acts
as a human pheromone. Brooksbank et al (1972) found androstadienone in human
subjects was efficiently and rapidly converted to androstenol. They speculated that the
reduction of androstadienone to androstenol occurs primarily in the skin and in other
androgen target tissues. Human skin expresses 5α reductase and 3α HSD, the two
enzymes also expressed in human testes that catalyze production of androstenol from
androstadienone. So it is possible that a fraction of exogenous androstadienone delivered
to the skin could convert to androstenol, adding another layer to the possibilities of the use
of androstadienone in perfumery.
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