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Preface

THE SENSE OF SMELL

The nose is normally mistakenly assumed to be the organ of smell reception.
It is not. The primary function of the nose is to regulate the temperature and
humidity of inspired air, thereby protecting the delicate linings of the lungs.
This is achieved by the breathed air passing through narrow passageways
formed by three nasal turbinates in each nostril. The turbinates are covered
by spongy vascular cells which can expand or contract to open or close the
nasal pathways.

The olfactory receptors, innervated by the 1st cranial nerve, are located at
the top of the nose. There are about 50 million smell receptors in the human
olfactory epithelia, the total size of which, in humans, is about that of a
small postage stamp, with half being at the top of the left and half at the top
of the right nostril. The receptive surfaces of olfactory cells are ciliated and
extend into a covering layer of mucus. There is a constant turnover of
olfactory cells. Their average active life has been estimated to be about 28
days.

A major neurological feature of the sense of smell is the large number of
receptor cells that converge upon a relatively small number of secondary
cells, located in the olfactory bulbs which lie on the under surface of the
brain. This convergence indicates that the sense has evolved in terms of
sensitivity. It has been calculated that as few as seven or eight molecules
striking an olfactory cell will produce a nerve impulse with about forty nerve
cells needing to be stimulated before a smell sensation is reported. There
have been numerous theories of olfaction, but all have failed to explain how
we detect smells. A detailed account of olfactory processes can be found in
the first chapter of Ageing and the Sense of Smell (Van Toller, Dodd and
Billing, 1985).

In addition to smell receptors, the nose of humans contains another
system, a touch system, which is often mistakenly assumed to be part of the
sense of smell. This second system is the trigeminal system and it is part of
the extensive 5th cranial nerve. Somatosensory or touch nerves detect
pungent substances, such as ammonia, carbon dioxide and acetic acid. The
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chemosensory system is best illustrated by the protecting head-averting
reflex when a pungent substance, such as household ammonia, is inhaled.

THE PERFUME INDUSTRY

Perfumers have a low public profile. Whereas most people meet physicians,
plumbers or bank managers, they will probably never meet a perfumer.
Indeed, few of the enthusiastic readers of fashion magazines could name a
perfumer. Perfumers learn their craft by joining manufacturing companies as
apprentices. Perfumery is not encountered as a university course of study
and, at present, there is very little communication between the perfume
industry and the academic world. It is for this reason that we intend to have
courses at the University of Warwick, designed to introduce people in the
perfume industry to the sense of smell.

Human interest in pleasant smells is ancient. Aristotle noted the aesthetic
aspect of the smell sense by pointing out that it could be pleasurable even
when the source neither protected nor nourished. In addition, Aristotle
argued that pleasant smells could contribute to the well-being of humans.
Later, the Roman poet Lucretius wrote that pleasant smell particles were
smooth and round whilst unpleasant smell particles were barbed and prickly
and invaded the senses by intrusive actions.

The study of perfumery is a multidisciplinary activity which overlaps the
molecular sciences — chemistry, plant biochemistry, biotechnology, with
the humanistic fields — literature, advertising, fashion and aesthetics. The
immensely successful and growing perfume industry has not, apparently,
hitherto felt the need to examine the psychological phenomena underlying
the effects of fragrance.

If we turn to consider the related pharmaceutical industry we find that it
has evolved much more rapidly this century. Up until the end of the last
century, there were many similarities between the activities of pharmacy and
perfumery. Both chiefly used plant extracts and pharmacists formulated
simple perfumes. Advances in biochemistry during this century have
revolutionized our understanding of the ways in which drugs work. Unlike
the perfumery field we find that academic study of pharmacology works in
close conjunction with the pharmaceutical industry. It is not unusual to find
a pharmacology department in a university taking the initiative and
organizing a meeting on new areas of drug action.

THE PSYCHOLOGY OF PERFUMERY

Although an important book on the psychology of perfumery was published
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in 1951 (Jellinek, 1951), until the conference held at the University of
Warwick in 1986 there has previously never been a joint meeting of the
industrial and academic disciplines relating to the sense of smell. Each year
brings the launchings of many new perfumes; the respective national
perfumery societies hold meetings; conferences on the sense of smell take
place. These events involve the exchange of important knowledge relating to
perfumes but the information remains largely isolated.

The Warwick Olfaction Research Group is unusual in that it is led by two
people, one of whom is a practising perfumer with an understanding of what
it means to be asked to create a perfume, and the other a psychologist with an
expertise in the area of emotion. Our interaction (Dodd and Van Toller,
1983) was a potent stimulus to hold the First International Conference on the
Psychology of Perfumery. The main purpose of the meeting was to see if
there was a framework that would knit the area together into a coherent set of
ideas and also to give new perspectives to the study of perfumes. We invited
speakers from all areas of the discipline. Thus, the meeting brought together
people from the fragrance industry, academics and aromatherapists into a
forum for debate. Besides the scientific basis of smell and perfumery, other
important topics, including the important one of educating the general
public about olfaction and perfume, were discussed. Hopefully, the meeting
brought fresh perspectives to current issues in perfumery. Following our
meeting, Annette Green of the Fragrance Foundation in New York, coined
the word ‘Aromacology’ to identify this new area.

PLAN OF THE BOOK

Anyone interested in the sense of smell must have some knowledge of the
abnormalities of the sense and this important aspect is discussed by Douek in
the foreword. The book is divided into five sections, each having an important
bearing on any discussion concerning perfume and fragrances.

Part I relates to biological underpinnings. Stoddart, bringing a zoological
perspective to the problem, presents Homo sapiens as the scented ape and
suggests certain biosocial reasons for the use of perfumes in the female of the
species. Dodd, a biochemist and perfumer, discusses the aromatic molecules
and analyses their chemical, physiological and aesthetic roles in human
behaviour. He also questions the basic tenets of the aromatherapists. Gower
and his colleagues review and present new, fascinating findings about the
role of the odorous steroids produced by the apocrine glands, which are
located in certain areas of the skin.

Part II deals with the important developmental and social aspects of
fragrances. Engen reviews earlier studies on how babies react to odours and
points to the paramount importance of the learning processes in human
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reaction to an odour. Baron has carried out a number of experiments on how a
petfume wearer is perceived. He concludes that perfume can be used as a tactic
of impression management, so long as a series of cautions is taken into account.

Part III is concerned with the electrical activity of the brain during odour
perception. Torii and his colleagues present a series of studies that involve
the measurement of the DC voltage activity of the brain during the smelling
of odours. They report both psychological and electrical changes of the brain
in response to odours. Van Toller discusses the similarities between emotion
and the sense of smell before reporting two new techniques involving AC
electrical activity of the brain.

Part IV concerns two authors from widely differing backgrounds who are,
nevertheless, both interested in the role of fragrances in inducing mood and
relaxation states. King, who is a psychiatrist, uses odours to help reduce
stress in his patients. He analyses the precise role of the sea-shore or
woodland fragrances used in his therapy techniques. Tisserand presents an
historical and a contemporary account relating to the use of aromatic
essential oils in aromatherapy.

The fifth and final section contains four chapters by authors who all deal
with the perfume consumer. Mensing and Beck describe their personality
test using a coloured rosette, which has a value for indicating the type of
petfume the testee is likely to favour. Byrne-Quinn works in the fragrance
industry and her job is to understand how a product’s odour is perceived by
customers of Quest International. She reports that it is possible to classify
consumers into odour-perception types. Le Norcy, in the penultimate
chapter, takes us to the perfume counter and discusses problems relating to
the sale of perfume and the training of the perfume sales assistant. As Le
Norcy points out, the selling of a perfume involves a complex interaction
between the consumer and the representative of the perfume house. The final
chapter, by Green, discusses the important role played by the Fragrance
Foundation in educating public awareness of fragrance and perfume. The
industry is moving away from the ‘mysterious’ to a more enlightened
position, concerned with educating the public about the forgotten sense of
smell.
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Foreword
Abnormalities of smell

E. DOUEK

When studying perception, it is always interesting to consider the abnormal.
Observing what happens when things go wrong offers a new insight into
forms which otherwise may be taken for granted. Deafness clearly defines the
place that hearing has in human development, together with the function
that sound has in communication and the elaboration of language and, more
subtly, whether the higher concepts of human understanding that seem to
depend on language can be found if hearing and language are absent.

The sense of smell, and therefore of taste and flavour, also invokes a system
of communication. This sense has not been developed in humans to the point
of a language or transduced to writing, it has therefore been more difficult to
describe and define. Nevertheless, we ate awate of its presence and uncertain
role, and we therefore experience a certain unease when considering its
possible influence. Newspapers abound with entertaining pieces on animal
pheromones and their possible presence in humans. Behind it all is our sexual
anxiety: is there a means of enhancing our attractiveness, and our influence,
sutreptitiously? Put very crudely in reproductive terms, ‘can I aspire to the
greatest choice in selecting the genes with which to mingle my own in the
creation of my descendants?’ Or in terms of power, ‘could I become so
irresistible that people will do what I want them to?’

The possible ways to a wide sexual choice and economic social power are
documented in practically every history or novel ever written and humanity
does not cease to reflect upon them, from beauty and techniques for its
enhancement to intelligence and how it can be trained. Smell retains a
mysterious element because its place is uncertain anyway, and because it
offers tantalizing possibilities of a pathway which shortcuts beauty,
intelligence, training and money. In this way, it lies closet to magic and its
potions than to other aspects of human endeavour. More recently, it has been
brought into psychological terminology — ‘bonding’ between mother and
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baby, ‘territorial marking’, aggression, and so on. We should not forget that
knowledge of psychology is often felt to represent the exercise of an
‘underhand’ power as it gives a technique for understanding, predicting and
therefore countering other people’s behaviour.

What, then, can abnormalities of smell teach us? The main problem that
we come actoss is a decrease in the ability to smell. When it is total, it is
referred to as anosmia but unfortunately the term is often extended to refer to
any type of loss, even when it is partial. Clinically this is a serious mistake as
the prognoses are totally different. Patients suffering from anosmia rarely get
better, but when there is a diminution only, a high proportion have a chance
of improvement, especially with treatment.

The causes of total anosmia fall into two main categories. The first is head
injury and is probably the most common. In my experience road traffic
accidents produce most cases and these are often associated with other
neurological deficits, but from time to time we see other injuries such as
those sustained in muggings or people who have slipped and fallen. The
obvious injury is a blow to the forehead or face but not infrequently the
patient has fallen on the back of the head producing a ‘contre-coup’ effect
with the brain displaced from back to front. This displacement may tear the
fine nerve fibres as they pass to the olfactory bulb.

The second main cause of anosmia seems to be a viral infection — seems
because we have not isolated a specific virus on the one hand, and there is on
the other a tendency to attribute all diseases of unknown aetiology to
‘viruses’. In some ways, it is similar to possession by .demons in medieval
times and we could make a case for the virus as a ‘demon’. However, in
favour of an infective cause is the fact that patients describe an influenza-like
illness with some fever, malaise and nasal obstruction during which the sense
of smell disappears. At first they are not alarmed as they expect not to be able
to smell properly in the circumstances. It is only when the illness improves
and the nasal obstruction is cleared that they realize that olfaction does not
return. There is one typical and specific system in such cases. Patients
perceive from time to time a fleeting whiff of smell, but it is very brief and
the sensation they experience although olfactory is the same whatever the
actual smell. It is a single, non-discriminating response and invariably
carries a bad prognosis. I have never seen anyone recover.

Complete anosmia results in serious problems. There is always an element
of depression and this can often become severe and intractable. Patients will
describe the world as dull and colourless, and it is difficult to decide whether
this is simply a common feature of clinical depression or whether it is the
direct, real effect of the loss of so many sensations. Perhaps there is no real
dividing line between the one and the other?

To many patients the inability to taste food has been the major loss. A few
who have managed to overcome their despondency have tried to devise
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foodstuffs which produce some interest despite loss of flavour, but this has
never been properly exploited. It is worth discussing in some detail possible
further development. First, we should consider what residual experiences
survive:

1. Taste for salt, sweet, sour and bitter.

2. Perception of burning such as that obtained from chilli, pepper or curry
powder.

3. Perception of texture such as identifying differences between thick and
thin sauces and recognition of what textures and surfaces are agreeable.

4. Vision, so that attractive preparations can arouse interest.

5. Audition, identifying the difference between crackly and soft sounds.

This, then, allows the possibility of elaborate permutations, and although
there is no way in which the loss of flavour can be replaced, it does offer some
chance of a greater interest in food. I should add, in this context, that there is
a small group of patients who have lost the sense of smell completely, yet do
not complain. All I can say is that perhaps these had in common a certain
familiarity with repetitive and uninteresting food even before their injury.

I have two patients who appear never to have had a sense of smell. They are
probably congenital anosmiaics; they were certainly not bothered by it, only
curious about their missing sense.

When patients have a partial loss of smell which we should properly call
hyposmia, or when the sense of smell comes and goes, the prognosis is totally
different. Generally speaking, it is good because it suggests that the olfactory
organ is normal and there is present some obstruction such as mucus or
swelling. Surgery is sometimes helpful, but the main form of treatment is
topical, intranasal steroids. Quite remarkable successes have been achieved
by a combination of both with resulting exhilaration in the patient. One
somewhat sophisticated woman of scientific bent described the wonderful
sensation of the return of smell as being like ‘making love again after a long
interval’. This rather imaginative declaration from an articulate woman has
certain implications regarding the emotional levels at which olfaction
operates. One can only with difficulty imagine such a statement made when
someone recovers the ability to see or hear. Certainly I have never come across
this association following a successful operation for deafness.

A relatively common abnormality is the illusion or hallucination of smell.
The term parosmia has been broadly associated with this symptom. In the
most common category it is associated with loss of smell, often after head
injury. The sensation consists almost invariably of a bad smell which is
usually difficult to describe, but similar to that of drains or faecal matter.
These poor people are not only deprived of their sense of smell, but have to
experience these unpleasant sensations as well.

A second group of patients is more difficult to define. They have no loss of
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smell, but they do have frequent experiences of a bad smell. This tends to be
faint and not dramatic, but causes a good deal of concern. The personalities
of these people have characteristics in common: they are shy and withdrawn
and a subgroup feels that the unpleasant odour emanates from themselves.
Here there are obvious associated problems and in rare cases the olfactory
hallucination is associated with paranoid feelings. These generally do not
develop into anything more florid. It is said that Louis IX, King of France,
suffered from this complaint, and his skills in countering real or imagined
plots gave him a reputation for cunning. The countermeasures he took could
easily be looked upon as those of a paranoiac, but there is no doubt that as a
king in those unstable times he was rather successful.

A third group of patients suffers from hallucinations of smell. In those
cases there is an association with temporal lobe epilepsy and the olfactory
sensation may be part of the aura which precedes the fit or, in rare cases, may
represent the fit itself. The smell then is most often one of burning, but in
view of these cases it is best to consider this possibility whenever a patient
complains of parosmia.

Very occasionally we find people who complain of hyperosmia, or say that
they are so susceptible to smells that it is indeed a disease. There are never
any clinical findings and it is difficult to find an explanation. By analogy, it
is not possible to see too well or to hear too well although excessive
sensitivity to light occurs, and people with a cochlear type of hearing loss do
suffer from over-sensitivity to loud sounds and distortion. The meaning of
hyperosmia remains obscure.

Occasionally we see a patient where an olfactory sensation produces a sense
of déja vu or of true recall. This does not necessarily imply serious
neurological disease and in some ways it may be a not unpleasant aspect of
life. There is Marcel Proust’s experience of how the smell/taste of a Madeleine
biscuit dipped into tea began his recall, years later, of the summers of
childhood spent at his aunt’s house in the country, and ultimately inspired
the writing of his great seven-part novel.

Abnormalities of smell are common and the sensations experienced often
bizarre. Patients will describe them in detail and may become obsessed with
the strange nature of the sensations they experience. In practice, these
descriptions do not help much with diagnosis. In the end, we find that we
must exclude serious lesions, such as intracranial tumours, but that after this
we have to divide cases into those that will get better and those that will not.
We are still looking for a clinical electro-physiological test to investigate the
neuronal patterns, and we are always searching for better means of
quantifying the abnormalities complained of.
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Human odour culture:

a zo0logical perspective

D. M. STODDART

1.1 INTRODUCTION

It has become fashionable in recent years to argue that the dichotomy
between man and the animals is unreal, that man and the animals are both
products of unifying processes of nature and all aspects of their biology are
interpretable according to a small number of common theories. This is all to
the good, but it should not blind us to such differences as do exist. Principal
among these is that socially relevant instructions in animals are passed from
generation to generation at the genetic level, while among humans social
action is governed by culturally transmitted ideas and notions of how things
ought to be done. Animal culture is not a strict parallel of human culture,
though it shares the same social environment.

Comparative zoology received a considerable shot in the arm a decade and
more ago when the theory of sociobiology was developed by Wilson (1975).
Animal behaviour had by this time become the subject of respectable study
and was used to help explain many mysteries of evolution. Behaviour was
seen to be adaptive in an evolutionary sense, even if it resulted in such
phenomena as infanticide and genocide. Sociobiology gained some notoriety
when adherents of extreme political views tried to pervert the sound scientific
arguments to their ends and show that extreme behaviour may be justified by
the genes. Thankfully this era is now over, though the zoological community
is more wary than before of arguing that the behaviour of modern-day
humans and non-human animals is fashioned in the same way. That
notwithstanding, the methods of comparative zoology have much to teach us
about the possible evolution of some human behavioural traits. I believe that
the use by humans of incense and perfumes is one such trait and that many of
the enigmas inherent in our odour culture can be resolved by comparative
zoological study. In this chapter I enquire why the human olfactory sense
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should not have been the subject of culturally induced social gratification to
the same extent as the visual and acoustic senses, and whether the repressed
olfactory sense of modern man might have arisen in response to certain
changes in the social environment of man’s early ancestors.

1.2 MAN: THE SCENTED APE

In his review of the structure of the skin of non-human primates Montague
(1972) states: ‘one of the characteristics of human skin is the apparent useless
abundance of sebaceous glands. Among the non-human primates we have
studied, only the lemurs have as many sebaceous glands as man.’ Sebaceous
glands of the apocrine type are associated with hair follicles, and occur
densely in humans in a few cleatly marked anatomical sites. These are listed
by Baker (1974) as primarily the axillae, the circumanal region, the
anogenital region (scrotum and root of the penis in the male and labia majora
and mons veneris in the female), around the nipples, on the skin of the chest
and of the abdomen — both above and below the navel in Negroes — and on
the face in front of the ear in Australids. Baker notes that apocrine scent
glands are weakly developed in Mongolids to such an extent that the Korean
Huanghoids may be regarded as having no axillary organ at all. Comparison
of Caucasian man, at least, with gorillas and chimpanzees indicates a high
level of similarity, despite man’s relatively hairless body. All three
anthropoids have well-developed axillary organs. A full discussion of sweat
glands and their secretions is presented by Gower, Nixon and Mallet in
Chapter 3.

From the point of view of the comparative zoologist, the species Homo
sapiens exhibits many of the characteristics one would expect to find in a
species which has an active olfactory communication system, namely the
presence of dense aggregations of specialized scent-producing apocrine
glands, and the retention of tufts of hair around those aggregations. In the
social behaviour of modern man there is evidence of an enigmatic umbra
surrounding man’s olfactory world. Humans are acutely aware of body
odour, removing it with lavish enthusiasm and high frequency. To refer to
another’s body odour in public — or indeed one’s own body odour — is
socially unacceptable; it is a behaviour which civilization has outgrown and
outlawed. Yet there is abundant evidence that humans have a deep-felt need
to smell of something, and to perceive an odour emanating from others — as
long as the odour is not that of humans! Perfumes, after-shaves, toilet-waters
and such concoctions contain a blend of fragrances of plant and animal
origin. A striking feature about these mixtures, as was noted by Havelock
Ellis half a century ago (1936), is that the perfumes of flowers, as well as the
coveted animal products musk, civet and castoreum, are odours of a sexual
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character. Daly and White, writing in 1930, noted that the functional
significance of perfume may not be for the purposes of disguising or masking
natural body odour, as is widely thought, but to heighten and fortify natural
odour. As Pratt (1942) later put it, perfumes ‘unconsciously reveal what
consciously they aim to hide’.

The notion expressed by both Daly and White (1930) and Pratt (1942) is
that any involvement of smell in human sexual biology is sufficiently
repressed such that sexual odours can be used in perfumes without fear that
they will elicit sexual behaviour. For this to be so, the human sense of smell
must have undergone some radical changes during man’s evolution, the most
radical of all being the repression of its sensitivity to and recognition of
sexual odours. I wish to examine this hypothesis in an attempt to identify
whether there are ecological and behavioural reasons which might have led to
olfactory repression.

1.3 ECOLOGICAL AND BEHAVIOURAL BACKGROUND
TO THE EVOLUTION OF MODERN MAN

Unfortunately we have no certain way of knowing how man’s ancestors
organized their social lives. It is only by analogy with extant relatives —
gibbons, orang-utans, gorillas and chimpanzees — that we can make
intelligent guesses about whether these creatures lived in small family-based
groups, or whether they lived in large, gregarious masses. A number of
comparative features suggest that man’s ancestors lived in small groups based
around the family, as do present-day gibbons, orang-utans and gorillas. But
at some point in the past — the precise timing is not crucial — man’s
ancestors became gregarious. The evolutionary pressure for this was most
likely the drying of the equatorial regions of the earth during the Miocene
period which was associated with the fragmentation of the once extensive
forests leading to the development of grasslands. With the grasslands came
the evolution of the large herbivorous ungulates. The only way in which
man’s ancestors could hunt and kill these large beasts was to operate
collectively, a procedure which necessitated collective living. There are two
main reasons why animals adopt a gregarious life-style. First, gregariousness
provides protection against predators, and secondly, it allows for more
efficient and effective resource exploitation. Although there are elements of
both in all examples of gregariousness, it is reasonable to assume that the
second, more than the first, applied to man’s ancestors.

Before becoming gregarious, man’s ancestors probably lived in family-
based groups consisting of one adult male, one or a few adult females and
their dependent young. The mating system adopted would have been
monogamous, or at least sequentially polygynous (Short, 1980). Under such
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conditions there would have been no strong selective pressure for the
evolution of obvious oestrus advertising signals in the females, for the
bonded mate of any female would always be close at hand and so not overlook
the heat. Chance (1962) and others have remarked that under conditions of
non-advertisement of female sexual status male reproductive success is best
served by him maintaining close contact with his female(s) so as to be able to
respond to subtle signals advertising oestrus. Among man’s extant near-
relatives only chimpanzees have evolved a markedly different mating
strategy. In these gregarious apes there is no long-term pair bonding and
females mate promiscuously (Short, 1977). Oestrus is advertised by a
dramatic swelling of the anogenital region and by the development of white
‘necklace’ patches on the chest. It is understandable that a species which
forms no pair bonds is best served by a pronounced advertisement of sexual
status.

Fig. 1.1 Diagram of sea-squirt (after Grassé) showing position of hypophyseal duct
with nerve ganglion.

I inhalent siphon G  gonad
E exhalent siphon S stomach
HD hypophyseal duct H  heart
NG nerve ganglion P pharynx
Int intestine GS  gill slits

GD genital duct
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Modern man, then, is a product of an evolutionary process which saw his
ancestors descend from the trees in small family groups and start aggregating
in large assemblages to hunt prey on the grassy plains. But unlike the
gregarious chimpanzees, modern man and his immediate ancestors are
monogamous, or sequentially polygynous, thus preserving the family
structure within the large crowd. For this reason, there has been little
evolutionary pressure for the development of an overt visual oestrus
advertisement. But anthropologists without a clear understanding of the role
of odour in mammalian reproduction may have overlooked the likelihood of
the existence of olfactory cues advertising sexual status in their consideration
of the evolution of man’s unique sexual biology. To develop this notion
further it is necessary to consider some fundamental facts about sexual
reproduction.

Studies of comparative zoology reveal that synchronous reproductive
activity is found in many species of animal and that this synchrony is
controlled by the release of advertisement cues by one organism which are
taken up by another. Mostly, and exclusively among the lower animals, these
cues are chemical. Thus the insignificant little sea-squirt —a creature
beloved by comparative anatomists because of its phylogenetic relationships
with the primitive vertebrates — will upon taking the sexual products of
another individual into its pharynx in its feeding current, almost
immediately respond by releasing its own sexual products into its exhalent
current. Over three decades ago Carlisle (1951) showed that the neighbour’s
sexual products were identified as such by a structure at the side of the
pharynx called the ciliated pit or hypophyseal duct (Fig. 1.1), which enlarged
when thus stimulated and in so doing induced the nerve ganglion to fire the
neural message to the gonads to release their charge. The action of this organ
is broadly similar to that of the mammalian hypothalamopituitary region. As
long ago as 1914 Wordemann showed in an elegant series of histological
preparations that the anterior part of the pituitary organ of the lamprey — a
primitive, jawless fish — arose from the same embryonic patch of ectoderm
as the olfactory organ. In his authoritative monograph on the biology of
lampreys and hagfishes, Hardisty (1979) examines the evidence of com-
parative anatomy and concludes that the close association between the
pituitary and the olfactory organ may have meant that the function of the
early precursor of the pituitary organ in animals may have been to detect the
state of sexual ripeness in another, and to respond by secreting hormones to
effect liberation of the gametes.

The naso-hypothalamopituitary-gonadal axis has long been recognized as a
feature of mammalian biology. A number of congenital sexual defects in
humans linked to olfactory system defects have been recognized since the
time of Aristotle (Bieber, 1959; Males, Townsend and Schneider, 1973).
Careful neurobiological research has revealed the pathways which comprise



Fig. 1.2 Schematic representation of the major components of the naso-
hypothalmopituitary-gonadal axis in a mammal.
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the axis, and these are shown schematically in Fig. 1.2. The hypothalamic
region is a major receiver of olfactory neurones, and releases a variety of
releasing hormones which pass to the anterior pituitary via the hypophyseal
portal system and induce the pituitary to secrete the suite of hormones
which governs and controls the mammalian sexual cycles. The great biologist
J. B. S. Haldane noted that pheromones had steroidal structures, and
suggested that the hormonal system of internal bodily messengers may have
originated from the pheromonal system of external messengers (Shepherd,
1983). This suggestion appears not to have been examined further.

There is an abundance of experimental evidence indicating the funda-
mental role of odours and olfactory communication in the sexual biology of
mammals. Studies performed on a wide range of mammalian orders, from
insectivores to artiodactyls, indicate a greater or lesser reliance on scent cues.
In the primates, Curtis and his colleagues (197 1) noted the interest shown by
male rhesus monkeys in the vaginal secretions of females, and introduced the
term ‘copulins’ to refer to the active ingredients. These were various fatty
acids produced by bacterial decay of pure vaginal secretions and their balance
was controlled by the female’s level of circulating oestrogens. Rodents rely
quite heavily on odour cues, and Bronson (1976) has constructed a
comprehensive overview of the pheromonal cueing system in the laboratory
mouse. In many studies, including those on laboratory mice, the chemical
nature of the active ingredient remains elusive, but in the pig, derivatives of
the steroid sex hormones provide the activity. The odour of the testosterone
metabolite Sa-androstenol initiates mating behaviour (Hafez and Signoret,
1969), and further primes the reproductive system to revert to normal
oestrus following the birth of a litter (Hillyer, 1976). It will be recalled that
this compound occurs in substantial amounts in the axillary organ of man, as
well as in the salivary glands of the pig. (Readers interested in advancing

LH luteinising hormone

O oestrogen

ICSH interstitial cell stimulating hormone

Tes  testosterone

Inside brain: ————_ centrifugal fibres of olfactory system
———————————— fibres associated with hypothalamic activation

following olfactory system stimulation

............ route of hypothalamic releasing hormones via

hypothalamic system to anterior pituitary

hormones and target organs

------------ steroid metabolites

Outside brain:
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their knowledge in this area are directed to the reviews of Brown and
Macdonald, 1985; Stoddart, 1980; Vandenbergh, 1983.)

Against this physiological and zoological background it would be
remarkable if man’s ancestors in the pre-gregarious times did not make use of
the odours of metabolites associated with ovum maturation and release
processes which are largely controlled by steroid hormones. A number of
reports published in the last fifteen years have suggested that some of the
reproductive effects demonstrated to occur in laboratory rodents may also
occur in humans. Thus McClintock (1971) presented evidence purporting to
show that cycle length in women living in all-female university residences
tended to increase when there was no contact with men, returning to normal
when contact occurred. This effect is well documented in mice, known as the
Lee—Boot effect (van der Lee and Boot, 1955). Russell, Switz and Thomson
(1980) investigated a case of a woman who apparently drove the cycles of her
room-mates, suggesting that the axillary gland steroid metabolite odours
produced a measure of cycle synchrony among experimental subjects. These
and other observations on humans must be interpreted with the utmost
caution, for they do not conform to acceptable standards of experimental
controls. A consideration of (a) man’s phylogeny and taxonomy, (b) the
demonstrated involvement — sometimes crucial — of odours in the orches-
tration of sexual physiology and behaviour of a wide range of mammals, (c)
olfactory effects on cycle length reported in modern humans and (d) the
known naso-hypothalamopituitary-gonadal link in man leaves a strong
impression that odours most likely played a not insubstantial role in the
sexual physiology of our ancestors.

Let me return once again to our early ancestor living in a small family
group. I postulate a heavy dependence upon oestrus advertisement odour
cues among our progenitors, for the overlooking of a single sexual cycle by a
male would have been maladaptive. But I also postulate that these odour cues
were strongly maladaptive when our ancestors evolved their gregarious life-
styles. Gregariousness meant that each female was surrounded by many
males, and the development of prolonged hunting trips, as proposed by some
anthropologists (Reynolds, 1976), increased the chance that a female bonded
to an absent hunter would sexually attract a male who was not her mate.

There is a very important biological reason why a female must remain
faithful to her mate, and the key to its understanding may be found in the
long period during which the young is dependent upon its parents, and
particularly upon its mother. This simple and obvious fact necessitates a
clearly structured division of labour between the sexes with the father
providing food and protection and the mother maternal succour. The infant
must be imagined as a genetic investment made by both parents, an
investment which matures when the infant grows up and leaves offspring of
its own. It will best do that if it has ample opportunity to learn the



EVOLUTION OF MODERN MAN 11

intellectual and practical skills necessary for survival, and which demarcate
man from non-human mammals. As with all investments, it follows that it is
not in the best interests of either investor to do anything which will lessen
the likelihood that their investment will mature. Seen from the male’s
viewpoint, he can justify exposing himself to some risk in order to provide
food for his dependants since in so doing he is furthering the perpetuation of
his own genetic line. Seen from the female’s viewpoint, she must do nothing
which might cause her mate to desert her, for both she and their shared
infant depend upon him for food and protection. Thus the bond which binds
the parents together is the absolute requirement for the species to reproduce
itself. If a ‘married’ female in a gregarious group was to be impregnated by
the first male which chanced by during her oestrus, the pair bond is
immediately weakened, for now there is no justification for her ‘husband’ to
put himself at risk for the genetic investment of another male. A female
which remains faithful to its mate, and a male which does not philander,
each demonstrate that they are effective parents through the enhanced
survival possibilities of their offspring. The demonstration is not conscious of
course, and is only observed by the forces of natural selection which
continually seek out and encourage the survival of the best suited. The
nuclear family which remains together for at least as long as the young are
dependent upon their parents is cleatly more suitable for the care and
maintenance of slowly developing animals than any transient pairing
arrangement (Lovejoy, 1981). It foliows logically that natural selection will
favour any development which reduces the chances that a female might
cuckold her bonded mate, and which curbs a male’s likelihood of
philandering. I have hypothesized elsewhere (Stoddart, 1986) that the
solution to the retention of the nuclear family within the framework of a
gregarious life-style was found in an intense olfactory repression which served
to make oestrus undetectable. Ovulation signals, presumably of steroid
origin as in other mammals, were scrambled and rendered meaningless. To
compensate for this important loss of cueing, strong epigamic selection
enhanced visible anatomical characteristics, resulting in modern humans
being the most epigamically adorned primate of all. Sexual physiology also
underwent change enabling the female to remain receptive throughout the
cycle and the male capable of arousal without the stimulation of ovulation-
linked odours. The unique sexual biology of humans arose as a correlate of
the necessity to privatize sexual advertisement, which itself was a sine qua non
of gregariousness and the retention of the nuclear family.

This rather lengthy discourse provides a zoological explanation for human
olfactory repression. It is now necessary to examine the biological basis for
the human uses of incense and body perfume against this zoological back-
drop; to define and investigate the reasons why odour culture is not well
developed in modern humankind.
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1.4 INCENSE AND PERFUME

Almost all human cultures since the beginning of recorded history have used
incense in a number of social situations. What is remarkable is that only a
small number of ingredients have been used in its manufacture. We are told
that Moses took with him eight ingredients prior to the Exodus: styrax,
ladanum, galbanum, frankincense, myrth, sweet cinnamon, cassia and sweet
cane. Today these still form the basis of many incense formulations, though
such substances as gum benzoin, tragacanth, sandalwood and cedar may be
added. The Ancient Egyptians used prodigious quantities of incense — it is
said that in the three decades of his rule King Rameses III burned almost two
million blocks of incense. Additionally the Assyrians burned almost 60
tonnes of incense during the great annual feast of Baal. The Ancient Greeks
and Romans in their turn also consumed vast quantities of incense: large and
important public gatherings were féted with incense, and within private
homes incense was burned on special occasions or when there were guests.

There is little doubt that the early Christians reviled incense because it was
such an important part of Jewish religious culture. The Syrian scholar
Arnobius questioned whether the gods needed smoke to placate them,
asking:

What is this sign of respect which comes from the smell of gum of a tree burning in a
fire? Does this, do you suppose, give honour to the heavenly magnates? Or if their
displeasure has been aroused at any time, is it really soothed and dissipated by
incense smoke? But if it is smoke the gods want, why must it only be incense? If you
answer that incense has a nice smell while other substances have not, tell me if the
gods have nostrils and can smell with them? But if the gods are incorporeal, odours
and perfumes can have no effect at all upon them, since corporeal substances cannot
affect incorporeal beings. (Atchley, 1909)

The most parsimonious explanation for the use of incense is that people offer
it to the deity because like music and fine art which fills and decorates
churches and places of worship, its odour inspires them in a remarkable way.
Most incense ingredients are the resinous or gummy exudates from the bark
of trees and other plants, whose botanical function is to repair wounds to the
bark. They contain volatile essential oils which evaporate on exposure to the
air, leaving the resin to set hard in the wound. If the proportion of esserntial
oil is high, the resin remains fluid and is termed ‘balsam’ or ‘balm’. Resin
contains three main types of compound. First, these are highly complex
polymers of the higher isoprene—terpene sequence called resenes. Their
molecules are so large and their internal linkage so complex that they are
essentially colloidal in character and almost certainly non-volatile. Next
there are acids of varying complexity. For example, in American rosin the
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main acid is abietic acid, which has a structure based on three C¢ rings.
Simple acids, such as benzoic acids, are more regularly found. Finally, there
are a series of complex alcohols, called resin alcohols. A common resin
alcohol is amyrin. Amyrin is thought to be formed from a group of plant
substances called the phytosterols, and all phytosterols are structurally allied
to the animal sterols. A particular form of sterol, with a structure composed
of four Cg rings, is the steroid configuration. It will be recalled that steroids
form the base for animal sex hormones. A number of animal steroids have
been found in plants — the male sex hormone testosterone and the related
hormone androstenedione have been found in the Scots pine (Pinus sylvestris)
(Bell and Charlwood, 1980); Fig. 1.3 shows the structure of two commic
acids alongside that of certain other steroid alcohols from myrrh (Commiphora
abyssinica) and testosterone and the similarity is striking. From what is
known about the structural-activity relationships of odorant steroid
molecules any compounds with a steroid-like shape elicits a steroid-like
odour. Ohloff and co-workers (1983) showed that certain flexible synthetic
monocyclic C;¢ molecules, which are quite unlike the tetracyclic steroids in
structure, can be rotated into conformations which resemble the profiles of
steroids. It seems perfectly possible therefore that the resin alcohols are able
to elicit a steroid-like odour perception within the human brain. Further
support that this may be so comes from Kloek'’s (1961) study of the odours of
steroids. Using a large group of university students as his test panel, he
noted that a great many steroid odours were described as being ‘woody’ or as
‘like incense’. He added that this last description probably meant ‘like
sandalwood’, as sandalwood is often compounded in incense. The odours of
sandalwood and the pig mating pheromone and human axillary secretion
Sa-androstenol are remarkably similar,

Before examining the biological basis for our use of incense further, I wish
to consider the possible evolution of body perfumes. During the early days of
gregariousness there would have been some division of labour between the
sexes. Some anthropologists consider that females would have lived an
existence as gatherers of plant materials, while the males hunted large prey.
They would have gathered flowers, fruits, buds, nuts and seeds and dug up
roots, rhizomes and tubers. During these tasks juices from these structures
would have soaked the hands, and if juicy fruits were abundant, the arms and
even more. I hypothesize that the odours of these natural products would
have helped to mask ovulation advertisement odours at the same time as
olfactory repression was effecting a central blockade to the recognition of
these odours. Natural selection would tend to favour those females which
more effectively masked their odours, for they would best maintain the bond
of fidelity. There is no reason to suppose that these early females found the
natural perfumes pleasurable; their value to human evolution was maintained
by natural selection and not by hedonism. The protection that these females
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Fig. 1.3 The structure of some plant and animal steroids.
@ R=H commic acid D

R =O0OH  commic acid E

(from myrrh, Commiphora abyssinica).

(b) R=H cholest-5-en-33-o0l
R = CH; campest-5-en-3pB-ol
R = C,H5 sitost-5-en-33-ol.

(c) Male sex hormone testosterone.

gained for their genetic investment in the next generation was initially quite
accidental, but as human consciousness developed the protective nature of
these odorants was recognized and they would have been purposefully
gathered and applied.

The most sought-after and expensive modern perfumes contain a number
of mammalian sex attractants, as we have already noted. On the face of it,
this would seem to run directly counter to the above hypothesis. If the
function of perfumes is to mask oestrus advertising odours, it is hard to
accept that important ingredients might be substances which serve to
advertise oestrus and sexual status in wild mammals. Students of animal
behaviour have long recognized the incorporation into a certain piece of
behaviour an element which, in a different context, setves an entirely
different function. As an example, consider the ‘neck bite’ in the mating
behaviour of carnivores (Ewer, 1968). It is an element of mating behaviour
commonly seen in cats and dogs, but it also occurs in a host of other
mammals and even reptiles. Shortly before intromission, the male opens his
jaws and takes the female’s neck into his mouth. If this behaviour were not
under the strictest of controls, the female could sustain serious and even fatal
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injury, for in the context of killing prey precisely the same behaviour is
exhibited, only without inhibition. It is able to form part of the mating
ritual precisely because it has been brought under control and is now ‘safe’.
Ewer goes on to show that the neck-grip was originally used by the reptilian
ancestors of mammals to enable the male to mount the female, and that as
the killing apparatus became more efficient during mammalian evolution,
the control over its action became more efficient too. I suggest that a similar
process occurred with perfumes. Once the neural suppression was complete,
there was no danger in adding sex attractants to perfumes, and here I assume
that humans are as capable of responding to substances produced by other
species as they are of producing shared odorants. Their effect is to jog the
ancient memory traces in the brain — retained in our biology just as are
other vestigial characteristics —and in a sublime and vicarious manner
reveal precisely what the perfume helps to conceal. So deeply buried are the
memory traces of long ago that the scent of a mammalian sex attractant is no
longer capable of releasing the behaviour it would once have, but the traces
are not so tightly entombed that the subconscious mind cannot be stirred to
excitement and provide a mood of attentive satisfaction. The incorporation of
sex attractants into human perfumes subconsciously provides a constant
reminder that the action pathway they once paved is now firmly and
irrevocably under control. Incense is widely used in social circumstances
when it is advantageous that all minds think alike, for the mind is alert and
open to suggestion. The odours of incense, reminiscent of sex attractant
steroids, lift the repression a little to release some of the emotion but none of
the act. Freud (1929) first proposed the notion of ‘organic repression’ of the
sense of smell, linking it to an upright gait and the elevation of the nose from
the ground and from where it had formerly found pleasurable sensations.
Brill (1932) advanced Freud’s ideas by suggesting that although the
repression was deep and complete, sex-attractant odours were not totally
inert as far as humans are concerned. Under certain conditions they could
come to the surface and be titillated by appropriate aromas, but only in
certain neurotics and psychotics could such aromas release any ‘abnormal’
behavioural act.

1.5 THE NOSE AND EMOTION

All this brings us to the essential subject of this book, to the relationship
between the sense of smell and human emotion. My hypothesis is based on
the fact that humans have developed incense culture and body perfume based
on the odours reminiscent of sex attractants which played an adaptive role in
man’s pre-gregarious days, and which have their effect because they are able
to penetrate to the deeper levels of the psyche to gently stimulate the
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emotions. The philosopher Grant Allen who wrote in his book Physiological
Aesthetics (1877), ‘no fine art can be based upon odours, for the human race at
least. There are no associated emotions upon which the art could play’, could
not have known that the neurones of the olfactory system terminate in that
part of the brain which is now thought to be the seat of emotion. Hearing
and vision are relatively newer senses than chemoreception (Stoddart, 1984)
and are analysed by centres in the cerebral cortex. The chemical senses are, by
contrast, handled by the part of the midbrain known as the limbic system, as
we have seen. The limbic system comprises a series of structures extending
from the midbrain through the hypothalamus and into the basal forebrain —
a phylogenetically ancient core system concerned not only with visceral
motor functions, but also with emotional expression. An important element
in this system is a body called the amygdala. The cortical and medial nuclei
of the amygdala receive information from the olfactory system. The
basolateral group of nuclei is involved in the expression of emotion
(Shepherd, 1983). In other words, odours are processed in the part of the
brain which is thought to be the seat of emotional response. Outputs from
the amygdala, both from the cortical and basolateral nuclei, travel to the
hypothalamus which itself regulates pituitary function and the reproductive
physiology (Shepherd, 1983). The amygdala has also been shown experiment-
ally to control sexual behaviour in rodents via its connections with the
preoptic/hypothalamic region (Yahr, 1981). There seems little doubt that
the olfactory system has a direct input to that part of the brain concerned
both with emotion and sex. Grant Allen could not have been further from
the truth!

1.6 CONCLUSION

Consideration of these various facets of human response to and cultural use of
odours suggests to me why it is that our species has not developed a mass
odour culture paralleling those of the visual and acoustic senses. Put simply,
odours were once too fundamental to our well-being for their relegation to
hedonism. Despite the intense suppression of our olfactory sense, for reasons
which I have explained, odours still have a strong and affective power. Daly
and White (1930) quote from Marlitt’s Das Eulenbaus: ‘Nichts in der Welt
macht Vergangenes so lebendig wie der Geruch’ (‘Nothing on earth makes
the past so living as does odour’). We can all verify this from our own
experience of life. The ambivalence of humankind towards the olfactory sense
and odorous world results from this suppression — our memory traces, our
olfactory vestiges, are an Achilles” heel, a soft spot overlying a key to our
deeper personalities which natural selection has inexplicably failed to patch.
In a few million years the rigour of natural selection might have effected a
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patch, had our intellect and ability to control its powers not intervened. But
we shall never know. Our lack of a mass odour culture is atavistic, reminding
us of our evolutionary and biological relationships with our ancestors —
creatures whose bones we can see in the museum cabinet but whose lives
remain a mystery.



The molecular dimension

in perfumery
G. H. DODD

In the author’s opinion the study of the influence of odours on
the human senses, connected partly with physiology and partly
with psychology, is at least as important for the perfumer as
the study of any other subject treated by various authors, and
considered to be the foundation of perfumery.

Paul Jellinek, The Practice of Modern Perfumery, 1959

2.1 MOLECULES AND PERFUMES

The psychology of perfumery is concerned with a range of issues most of
which centre on the perfume user and his or her reactions towards a perfume.
Most of the other chapters in this book deal with these behavioural issues. In
this chapter we focus on the molecular aspects of perfumery. Through an
exploration both of the properties of perfume molecules and also of the
mechanisms by which these molecules excite olfactory receptors we will be
prompted to ask questions which are not dealt with elsewhere in this book.
Do certain types of perfume molecules give specific types of smell? How do
our smell receptors distinguish between different types of perfume molecule?
Can we, in contrast to what Engen believes (Chapter 4), hope to design novel
odorants which will elicit powerful moods, even if we have not previously
smelt such odours?

2.2 PERFUMERY AND THE PSYCHOLOGY OF ART

One of the goals of aesthetics is to understand the relationship between the
properties of the stimulus and the qualities of the work of art. Thus, in
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painting, we are concerned with the properties of light. We know that as the
wavelength of the waves of electromagnetic energy (light) increases, we
traverse the visible spectrum of colours from violet to red. We can predict
exactly what colour will be found for ‘pure’ light of a single wavelength. Of
course, our predictions are valid only for those of us with ‘normal’ vision.
Indeed the exactitude of our predictions allows us confidently to identify the
tiny percentage of the population who are colour-blind.

Other properties of light are also useful in thinking about the
psychological processes underlying our liking for a particular style of
painting. The triangle of colours, and the laws of colour mixing, are useful
tools for constructing interesting arrangements of paint. The vivid qualities
of fluorescent light from synthetic pigments permit a new type of visual art,
characteristic of our time.

Music consists of waveforms, the sound-waves of air pressing on our ear-
drums; and many people have seen films showing the shape of complex
waveforms captured on an oscilloscope. There is an understanding of the
relationship between the harmonic waves emitted by an instrument and the
quality of the sound experienced. This understanding, together with
developments in microelectronics, permits the construction of sophisticated
synthesizers which mimic the instruments of the orchestra with acceptable
fidelity.

2.3 PERFUMES AND SENSORY PROCESSING

In perfumery, in contrast to the visual and aural arts, we lack the
convenience of being able to express the stimulus as a waveform which can be
quantified in a convenient mathematical form. The older perfumery
literature alludes to several hypotheses which envisage that certain types of
vibration are responsible for the sensation of smell. Aromatherapists still
believe that subtle vibrations are characteristic of essences extracted from
plants (Tisserand, 1977). Later in this chapter it will be shown that modern
explanations of olfactory mechanisms provide an explanation in terms of
molecules rather than vibrations. Unless we seek an interpretation of the
biochemical mechanisms at a subatomic level (usually exceeding the
understanding of most who favour olfactory wave mechanisms and requiring
an understanding of quantum (wave) mechanics), molecular properties
account satisfactorily for most perfumery phenomena. The dictum of
William of Occam, Bishop of Oxford, in the fourteenth century, favours
molecular explanations. Occam’s razor essentially states that of two
competing hypotheses, the simpler should be accepted.

Thus when dealing with the problems of perfumery aesthetics, as
discussed by Mensing in Chapter 10, we look for some features which are not
found in the other arts. The general features of sensory processing, including
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transduction steps in the sensory cells, signal processing in neural networks,
and the culmination of the processing in an emotional experience, as
discussed by Van Toller in Chapter 7, employ general mechanisms which are
essentially common to most of the major senses (Uttal, 1973). Hence the
central brain centres and mechanisms which handle the signals at higher
levels are common to the senses.

The more significant differences for the senses lie in the receptor structures
and in the stimuli. Perfumery is the art associated with the sense of smell.
Olfaction is one of the chemical senses and deals with molecular stimuli. The
molecular nature of the stimulus differs from the physical stimuli for vision
and audition. So when I create a beautiful perfume, I look for an explanation
in terms of the constituent molecules in the fragrance. And it is at this point
that we are forced to recognize the relative backwardness of olfactory
sciences. Our current methodology does not easily permit us to give an
explanation of the ‘form’ of the molecular mixture which gives rise to
agreeable smell sensations.

Visual stimuli can be categorized in a number of ways, including shape —
lines, triangles, circles, etc. — shadows, and so on. This categorization
facilitates the analysis of art and the aesthetics of pictures. New computer
methods in the field of pattern recognition have provided a ‘natural’ language
for describing the form of the objects we see. We still have great difficulties
in creating ‘natural’ languages for describing perfumes. It will be necessary
to fabricate a new mathematical language to describe the ‘form’ of the
molecular stimuli in perfumes. Classical mathematical methods, such as
Fourier analysis, have been the key to the waveform analysis of musical
sounds. These methods use continuous mathematical functions, and they are
useful for characterizing continuous stimuli such as light or sound.
Molecules are discrete entities, and the appropriate mathematics for
describing the properties of the molecular ensemble underlying perfumery
aesthetics should use discrete functions. Until the recent advent of powerful
computers it was not feasible to use this kind of mathematics. However, this
kind of mathematics is now making rapid progress (Wolfram, 1984).

We face the mathematical problems directly in the design of ‘electronic
noses’. Our initial devices (Persaud and Dodd, ~1982) used simple
mathematics but the newer generation of multi-transduction devices requires
the full application of mathematics (Barker, Bartlett and Dodd, 1988). This
mathematics may be the most powerful way of describing interactions in the
neural circuits and may possibly emerge as the most natural way of
expressing the ‘language of the brain’. Like quantum mechanics, it poses
conceptual problems for those uninitiated in the mathematical language. But
it is this very abstractness which may make it useful in analysing the
inherently non-visualizable molecular ‘form’ which gives rise to a beautiful
perfume.
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2.4 PERFUMERY AND ALLIED CRAFTS

In the perfumery literature there is an understandable desire to compare
perfumery phenomena, including the underlying psychological events, with
comparable phenomena from the other arts. It is flattering for the perfumer
to compare her ‘creations’ with the oexvre of a musician or painter. This
tendency is particularly noticeable in the French literature, and since modern
classical perfumery has its roots in France, this viewpoint has been widely
propagated. One consequence of this bias in the literature is to emphasize the
supposed analogies between perfumes on the one hand, and music and
painting on the other. Implicit in this viewpoint is an acknowledgement of a
supposed equal complexity of the stimuli. But whereas other stimuli, e.g.
music, as discussed above, can be quantitatively analysed, permitting further
advances in our understanding of the psychology of the art, no such analysis
is presently possible with odour stimuli.

The French tradition emphasizes the special role of the creator of the
perfume. Analogies with that other craft in which the French tradition has
been pre-eminent, namely gastronomy, are striking. The cook and the
perfumer represent two distinctively French attempts to create an art form
from the stimulation of the chemical senses — smell, taste and the trigeminal
sense. Even here, we find more cultural idiosyncrasies. We have all heard of
Monet, Renoir and other notable painters of the French School; Ravel,
Gounod and Berlioz are famed worldwide as French musicians; while Bocusse
is an example of the French gastronomic genius — but who has heard of
Robert, Polge or Roudnitzska, the creators of famous perfumes? The fashion
houses of Chanel, Rochas and Dior, who market the famous perfumes of
these perfumers, are household names throughout the world. The creators of
the ‘art’ remain obscure. How strange that this should be, if perfumery really
is an art form comparable to painting and music!

There is an alternative view of perfumery which perhaps suits those of us
reared in the more robust Anglo-Saxon tradition. This viewpoint notes that
the quintessential experience of a perfume is an evocation of a mood. Moods
are concomitants of activity in the limbic system of the brain, as is described
by Van Toller (1978) (see also King in Chapter 8 and Van Toller in Chapter
7). Limbic activity can be elicited by a number of methods, including direct
chemical stimulation of receptors in this region of the brain using certain
classes of tranquillizer. Indeed members of an important class of tranquillizers,
the benzodiazepines, have specific binding sites on the olfactory sensing cells
(Anholt e 2/., 1984). So from a molecular viewpoint we can regard perfume
molecules as a special class of mood-modifying chemicals which act on the
peripheral parts of the limbic system (Dodd and Van Toller, 1983).

The two viewpoints of perfumery represented above are not of course
mutually exclusive. Both are necessary for a full understanding of the
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psychology of perfumery. In this area of perfumery, as in the area of
neurobiology, we confront the dilemma of mind—body interactions, the
spirit—molecule interface. Since other chapters in this book deal with the
behavioural aspects of perfumery, we will concentrate here on the molecular
domain of perfumes.

2.5 PERFUME MOLECULES

The traditional materials in perfumery were fragrant oils and resins extracted
from a variety of plants. Some of these are mentioned by Tisserand in
Chapter 9. I belong to that school of perfumery which believes that the most
exquisite perfumes are made by blending the finest flower oils. This was
probably true for the perfumery mentioned in the Old Testament, and
earlier; it is still true today. This continuity of olfactory sensation is perhaps
a comforting experience in a time of rapid social change. The finest oils are
very costly, and this is the principal reason why so few of us have had the
opportunity to experience fragrances from the ‘Golden Age’ of perfumery.

A crucial temporal factor is involved in the smelling of these oils and this
affects the aesthetics of a perfume; this factor, which is now less important
for other art forms, is still troublesome for perfumery. If I am curious about,
say, the rules of perspective or the use of colour which distinguishes the Pre-
Raphaelite school from modern movements, there are relatively easy ways of
resolving these issues. I can, for instance, visit art galleries possessing
collections of works by the Pre-Raphaelite Brotherhood and contrast the
richness of the paintings with the starkness of works by David Hockney,
Francis Bacon and their contemporaries. Thanks to modern technology, I can
even place side by side high-fidelity prints of paintings from each school for
precise evaluation. Similarly, I can listen to recordings of the same piece of
music by different orchestras. However, the sense of smell poses special
problems. Because of rapid adaptation to smells, especially strong perfume
oils, comparison of two oils is difficule. We must ensure a certain time to
elapse between the evaluation of each sensation.

We must recognize that at least some of the aesthetic aspects of perfumery
are circumscribed by the currently available perfumery oils. We can judge
between the products on the market, but we should realize that most
perfumery today is rather akin to commercial art. I create individual
perfumes for my clients, but for most people that delightful time, described
by Le Norcy in Chapter 12 when clients went to their perfumer for their own
special perfume, has passed. The typical perfumer of today is an artisan
employed by a commercial company, working to strict performance criteria.
In addition, the cost of the product is a key point. Today’s consumer has
little opportunity to sample a fine perfume — sister of a fine vintage wine —
constructed exclusively from the finest, fresh, natural flower oils.
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For the reasons discussed below, I disavow the special role ascribed by
Tisserand and other aromatherapists to natural essential oils when they are
used for the creation of perfumes. However, I do share some of their
nostalgia, together with a little alarm at what has happened to perfumery.
Contrast the perfumery industry with the other industries which appeal to
the chemical senses. For example, wine is a beverage that we know has been
made from natural juices, not a concoction fabricated from synthetic alcohol,
water and synthetic flavouring, however palatable that product might be.
The same considerations apply to beer and more particularly to fine Scottish
malt whiskys, such as the Jura malts — in the judgement of which the nose
plays a pre-eminent part. All these fine beverages are natural products
produced by companies with a prime regard for the customs and traditions of
their industry. Up to about a hundred years ago the same considerations
would have applied to perfume. Along with wine, beer and whisky, it too
would have been made from natural substances. Unfortunately it is too late
to resuscitate the noble term ‘perfume’. It no longer refers to a natural
product, but simply to a fragrant mixture of chemicals, and nowadays most
are synthetic.

The technology permitting the use of single pure odorants in perfumes
arose in the nineteenth century. William Henry Perkin, having studied
under Hofmann at the Royal College of London, announced in 1868 the
synthesis of coumarin, a natural perfume chemical with the delicious odour
of newly mown grass. This was the first chemical synthesis of a natural
odorant. By 1890 at least twenty synthetic odorants were commercially
available to French perfumers. The modern trend towards the incorporation
of synthetics into perfumes had begun. Notable among the first perfumes
which capitalized upon the new olfactory possibilities of incorporating
synthetic odorants into natural oils was Fougere Royale. Using the new
coumarin, Paul Parquet, joint owner of the Parfumerie Houbigant, created
this masterpiece of a perfume in 1882.

Here we may make a distinction between the types of stimulus of the sense
of smell. If the stimulus contains only one type of molecule, we label it as
‘simple’. Simplicity in the stimulus, it should be noted, does not necessarily
betoken a correspondingly simple response or an easy odour description. For
example, the powerful human odorant, androstenone, more fully described
by Gower in Chapter 3, is not easily perceived by some people. For some it
has a distinct urinous note and for others a musk note, while still other
observers report other notes. This diversity of odour response is obtained
with pure specimens of the odorant.

It is somewhat banal to refer to the question of purity, but this factor is
still responsible for much mischief in odour science. Odour studies are, to a
large extent, part of chemistry and the usual stringent chemical criteria of
chemical purity should be applied. Any reader who has no personal
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experience of olfactory experiments should be especially cautious in
interpreting the olfactory literature, particularly that part dealing with
human reactions to odours, and also when the stimuli are single chemicals. A
striking example of impurity effects is found with another putative human
pheromone, alpha-androstenol. We find that most samples of this odorant
have a urinous note, but this disappears on extensive purification, leaving a
material which has a sandalwood or a musk note depending on the observer;
the importance of odorant purity for olfactory work is touched upon
elsewhere (see Van Toller, Dodd and Billing, 1985).

If an odour stimulus contains more than one kind of molecule, then it is a
‘complex’ stimulus. These stimuli are odorant mixtures and may consist of
natural odorants only, as in the case of flower oils, or mixtures of synthetic
odorants with natural oils as occurs in most perfumes, or mixtures of wholly
synthetic chemicals as are found in cheap perfumes. The complexity of these
stimuli can vary from binary or ternary mixtures, such as are often used in
experiments on human olfaction, to the bewildering complexity of flower oils
which may contain over 400 different odorants.

Perfumes are invariably very complex olfactory stimuli. An example of a
formula for a classical floral chypre perfume is shown in Table 2.1. For an

Table 2.1 A formula for a classical floral chypre perfume

Synthetic odorants Natural oils

1 Lilial (Givaudan) 3 18 Pimento oil 1
2 Aurantiol 2 19 Coriander oil, Russia 2
3 Terpineol extra 3 20 Nutmeg oil, East Indian 1
4 isoEugenol 5 21 Petitgrain oil, Paraguay 1
5 isoAmyl salicylate 3 22 Ylang-Ylang oil, premier 2
6 Ethyl acetoacetate 0.4 23 Lavender oil, English 4
7 isoButyl phenylacetate 4 24 Bergamot oil, Sicily 8
8 Phenylethyl acetate 4 25 Patchouli oil, Indonesia 3
9 Phenylethyl alcohol 3 26 Vetivert oil, Haiti 1
10 Anisaldehyde 1 27 Sandalwood oil, Mysore 1
11 Trimethylundecylenic aldehyde 0.5 28 Oakmoss resinoid 4
12 Civettone 2 29 Rose absolute, Grasse 16
13 Heliotropin 2 30 Jasmin absolute, Grasse 16
14 Vanillin 3 31 Immortelle absolute 0.5
15 Galaxolide (IFF) 1 32 Tuberose absolute 1
16 Androl (CPL) 1 33 Hyacinth absolute 0.5
17 Pyrolide (CPL) 0.1 100.00

This is a formula from the ‘Golden Age’ of Perfumery. Today, you would have to be rich to be
able to afford such an abundance of natural oils, especially the absolutes. In most current
perfumes these oils would be replaced by synthetic chemicals.
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experienced perfumer this formula is as suggestive as is a score for a
musician. With the exception of three new synthetic chemicals, this is a
formula which could have been devised in the 1930s. The first seventeen
items are synthetic odorants, but the normal perfumery grades of such
materials are rarely pure and all of these items are likely to have significant
amounts of impurities. The nature and power of these impurities usually vary
from one manufacturer to another. In fact so much variation is possible with
the synthetics alone that this factor, by itself, would cause considerable
difficulty if a perfumer were trying to imitate a particular perfume effect.
This formula demonstrates the difficulties which will be found in the future
as academic psychologists begin systematically to explore reactions to
perfumes with slight variations in the formula.

The perfume ‘score’ can be read only if the interpreter has an intimate
knowledge of the ingredients, and especially their range of variation.
Unfamiliarity with a single ingredient, particularly if it is a new and
powerful synthetic odorant, means that a perfumer would be uncertain about
a dominant note in the perfume. It would be like a master cook reading a
recipe for a fruitcake which included nutmeg. If he were unfamiliar with this
ingredient and it made a dominant contribution to the spiciness and ‘bite’ of
the cake, he would have little hope of re-creating the saporous intentions of
the recipe’s inventor. With some modern perfumes which rely heavily on
special impact synthetics, such as the damascenones, the main note may be
supplied largely by a single odorant.

The remaining items in the formula are natural oils. The chemical
composition of these materials have been investigated in detail and the
analytical results are published in the literature (Lawrence, 1987). Many of
the oils would contain ten to twenty major chemicals along with a diverse
range of at least several tens of minor components. The variability in the
quantitative chemical composition of the natural oils can be considerable,
both from country to country, distillation company to distillation company
and, of course, from year to year. The odour qualities of different batches of
oils might differ so much that great variation in the smell of the final
perfume can be found. Perfumers operate stringent olfactory quality-control
procedures to ensure the replicability of the perfume ‘score’.

In the final part of this chapter we will emphasize the biochemical unity
between olfactory molecular mechanisms and the receptor mechanisms for
drugs and hormones. We will see that it is legitimate to regard olfaction as
part of molecular pharmacology. In this latter area drugs and hormones are
usually presented as single types of molecule to the receptors. Simple
mixtures are also used but mixtures with the complexity of perfumes are
avoided: it would be difficult to untangle the multiplicity of molecular
interactions. For the same reasons of simplicity, most experimental
laboratory work on human olfactory mechanisms employs either pure
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odorants or simple mixtures. As argued above and elsewhere (Van Toller,
Dodd and Billing, 1985), the use of well-characterized, pure, single
odorants enhances the likelihood of obtaining results which can be replicated
in other laboratories. However, the approach to olfactory mechanisms using
single odorants presents a stimulus to the system which is so much simpler
than the molecular complexity of finished perfumes that it must raise doubts
about the likelihood of obtaining significant information of interest for the
psychological reactions to perfumes.

2.6 PERFUME OILS AND AROMATHERAPY

This book brings together, for the first time, the aromatherapy and
perfumery communities. One of the differences between these two
fraternities lies in their attitude towards the perfume stimuli. Aroma-
therapists ascribe a special role to natural oils, yet at the same time stress the
potential toxicity of synthetic materials. The position of the aromatherapists
is cogently summarized by Tisserand:

Why natural oils? Why not anything that smells nice whether it is natural or
synthetic? The answer is simply that synthetic or inorganic substances do not contain
any ‘life force’; they are not dynamic . . . Everything is made of chemicals, but
organic substances like essential oils have a structure which only Mother Nature can
put together. They have a life force, an additional impulse which can only be found
in living things. (Tisserand, 1977)

This aromatherapeutic argument is faulty on a number of counts. The chief
defect is that none of the aromatherapists seems willing to consider the
chemical evidence and so they remain in ignorance about current concepts of
molecular structure and their relationship to cellular dynamics. The
statement by Tisserand, above, is an example of latter-day vitalism (Ihde,
1964). This belief impeded the development of biological chemistry until,
beginning with Wohler’s synthesis of urea in 1828 and continuing through
the demonstration of enzymatic activity in a pure protein by Sumner and
others in the 1920s, it became evident that the chemical substances of living
tissue were in all physiological respects identical to the same molecules
synthesized in the laboratory.

For the purposes of either perfumery or olfactory experiments it does not
matter whether we use methoxy-isobutylpyrazine from a laboratory synthesis
or a sample which has been isolated from galbanum oil, provided that
sufficient attention is given to the effects of impurities. It is the natural,
‘green’ smell of this odorant which matters to the perfumer. As discussed
above, the effects of impurities, which are more likely with the sample from
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a natural oil, cannot be neglected. They can affect the odour of a perfume,
but we do not expect them to contribute the ‘vibrations’ cited by Tisserand
and which are alleged to produce the shape, odour, colour and sound of every
object (Tisserand, 1977).

The aromatherapists are confused about another point which is explained
in the biochemical literature (Zubay, 1983). The dynamic activity which is
characteristic of cellular living processes and which is esteemed by
practitioners of aromatherapy is not a property of the constituent molecules
of the cell. The metabolic activity comes about from the specific organization
of and specific interactions between these molecules both in time and space.
The thermodynamic and physico-chemical principles involved in these
interactions are well understood though a complete account cannot be given
at this stage in the evolution of biochemistry. Our present understanding
permits impressive technical developments such as the synthesis of novel
enzymes, the fabrication of synthetic genes and the construction of active
membrane systems. There is no feeling that future developments will be
impeded through failure to take account of vitalistic principles such as those
quoted. We should conclude perhaps that aromatherapists should use living
plant tissues, since these have demonstrable dynamic and metabolic
activities, rather than the oils extracted from the tissues.

A further misconception arises with the attribution to the natural flower
oils of the term ‘essential’. This word is often taken to denote some vitalistic
property of the oils which is presumed to be lacking from synthetic
materials. These oils contain secondary rather than primary metabolites and
are not essential for the ‘life’ of living cells.

A point which should concern the aromatherapists is the ‘naturalness’ of
the oils used. Two points need to be made here. First, there is the question of
the authenticity of the oils. Most practising aromatherapists are not expert
chemists and therefore may be over-optimistic about the ‘naturalness’ of the
oils they purchase. Oils are frequently ‘arranged’ and blended and more care
should be taken with this aspect of perfumery oils by aromatherapists.
Secondly, there is the pivotal question of the ‘naturalness’ of any oil which
has been removed from a plant. Every perfumer throughout the ages has,
along with the philosopher, Francis Bacon, pondered on the flowers ‘which
petfume the air most delightfully’. Some of us have wondered how we can
capture the radiance and diffusiveness of, say, a carpet of wild bluebells come
upon in an English wood on a sunny May evening. The intoxicating beauty
of the perfume, which for an instant can seem to pierce the soul, provides the
perfumer with the ultimate challenge. Imitate that! Not that the consumers
wish to smell like a flower; but they may aspire to partake of the feelings
which such natural perfumes inspire.

The importance of this special quality of a ‘living’ perfume in the air has
been recognized at the research front of chemical perfumery. Ira Hill of IFF
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(International Flavors and Fragrances Inc.) has written: ‘our belief that much
of what we perceive as fragrance is affected by molecules which in and of
themselves have little or no aroma. In fact, they may not be even volatile in
the classic sense of the word” (Hill, 1977). This draws our attention to an
aspect of perfumery stimuli which has received little attention. Recent work
has demonstrated that olfactory receptors can be stimulated by non-volatile
molecules presented as aerosols (Mather and Dodd, 1988). Effects of this
kind may explain part of the special appeal of the perfume from the living
flower.

Hill also wrote: ‘more and more of our effort is being directed towards
answering questions about such subjects as substantivity or diffusivity. We
feel that this is the heart of why fragrances really work.” A decade later this
effort has paid off in a way which illuminates the question of the authenticity
of natural oils. The chemical composition of the oil emanating from living
flowers has been shown to be different from the oil extracted from flowers
which have been cut for a short time. A striking example is found with the
exotic, heady and narcotic fragrance of gardenia. Methyl benzoate, found in
the living flower, is rapidly converted to ethyl benzoate once the flower is
cut. Shortly after this, odorants such as limonene which are not emitted by
the living flower, appear in the oil.

These new results throw doubt on the ‘naturainess’ of any of the current
aromatherapy oils. Conventional oils (even if they are extracted by expression
or by the use of liquid carbon dioxide) are obtained from flowers and leaves
severed from the plant. In the case of some oils, e.g. patchouli, the plant
tissue is deliberately left for some time, so that the desired quality of the oil
can be obtained. Possible procedures to arrest the chemical changes include
inhibition of the enzymatic activities responsible or the use of plant cells
grown in tissue culture. Until such time as these procedures are available we
can conclude that the perfumery oils used in aromatherapy are, to varying
extents, modified versions of the natural oils.

Another objection to aromatherapy lies in the name of the activity: it
suggests a treatment using smells. Perusal of the standard books on the
subject (cited by Tisserand in Chapter 9) shows that most of the treatments
involve application of the oils to the skin with extensive use of massage.
Some of the treatments involve ingestion of the oils; there is no section
devoted to treatment by smells, though the pleasure of using fragrant oils is
often noted.

Aromatherapy is on surer ground, and the name is more appropriate to the
activity where it compares the medicinal quality of the oils to the properties
of synthetic drugs. It has been demonstrated that the anti-inflammatory and
other medicinal properties of some natural oils, many of which have been
used since biblical times, are gentler and less toxic than the pure, active
drugs isolated from the oil. Since aromatherapy like most branches of
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alternative medicine is practised chiefly by people without formal medical
qualifications, the safety of the oils is an important asset for the activity.

As pointed out by Tisserand in Chapter 9, aromatherapy is clearly a
development of medical herbalism. It is undoubtedly an effective branch of
alternative medicine. To criticize the inappropriate name of this type of
holistic medicine is not to impugn its effectiveness; this is revealed in the
increasing number of patients attending registered practitioners. For some
years, inspired by the ideas of Montaigne (1580) and the pioneering
experiments of Rovesti (1973), I have in my perfumery practice used the
odours both of exotic natural perfume oils and new, unusual, synthetic
materials in helping people to relax. I have coined the term Osmotherapy for
this activity — treatment by smells — and it clearly differs from the main
practices in aromatherapy; this term is discussed elsewhere (Van Toller,
Dodd and Billing, 1985).

2.7 SYNTHETIC ODORANTS AND THE PSYCHOLOGICAL FRONTIERS
OF PERFUMERY

By the end of the last century the gamut of perfumistic themes available from
natural oils was fully explored. The development of the new families of
perfumes which characterize the present century, such as the green family
commencing with ‘Vent Vert’ (Balmain, in 1945) and the aldehydic floral
family starting with ‘Chanel No. 5’ (1921), required the invention of new
synthetic odorants. Our example of a classical chypre formulation (Table 2.1)
helps us to understand the evolution of a perfume family (Table 2.2). The
classic chypre was invented by Francois Coty in 1917. The mood appeal of this
perfume, originally based on the types of natural oil shown in the formula,
could not easily be extended in a novel direction without the help of the
perfumery chemist.

An important advance for chypre perfumes was the incorporation of the
synthetic peach-smelling gamma-undecalactone. This was a milestone in
technical perfumery; it was one of the first powerful synthetic odorants to be
blended with natural oils. Like other such impact odorants (for examples see
Morris, 1977), this lactone requires a skilful, empirical blending into the
oils lest it ‘ride high’ and so dominate the odour complex that the intended
subtle, gentle effect is ruined. (This perhaps would be equivalent to Rossetti
spoiling his Proserpine by re-painting the pomegranate with a vivid vermilion
synthetic pigment.) The resulting perfume, Guerlain’s Mitsouko, created in
1919, is a masterpiece among classical perfumes. This was the first member
of a subdivision of the chypre family — the fruity chypres. Mitsouko and the
other members of this family have a distinct appeal (see Mensing in Chapter
10). This perfume was intetesting in terms of the psychology of perfumery.
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32 THE MOLECULAR DIMENSION IN PERFUMERY

The soft, caressing fruitiness blends with the main chypre theme and
captures the heart. Like other such developments of perfume psychology, it
relies on subtle molecular interactions in the blend — interactions which have
yet to be elucidated. The softness of this perfume contrasts with the
aggressive, quasi-trigeminal qualities of some current American perfumes.

‘Femme’ (Rochas, 1942) accentuated the peach note and emphasized the
distinctiveness of the subgroup. By incorporating a bouquet of aliphatic
aldehydes into the basic chypre formulation ‘Crépe de Chine’ (Millot, 1925)
was created and formed another distinct grouping of the chypre family. ‘Miss
Dior’ (Dior, 1947) was created by using a characteristic perky green top note
using galbanum oil, an oil in which the key impact pyrazines play the
leading role. Finally, we will mention ‘Carbochard’ (Gres, 1958) in which
styrallyl acetate and the difficult to use isobutylquinoline play a key role in
the formation of an erogenic perfume.

The generation of a perfume’s ‘psychological appeal’ is still largely an
intuitive action of the artist in the perfume studio. It is the perfumer who is
called upon to realize the ambitions of the marketing manager. The most
fragile or nebulous marketing idea must be expressed concretely in a
collection of chemicals and oils. It falls to the perfumer, alone with his or her
collection of favourite ingredients, and with a nose and brain sensitive to the
expression of feeling in odours, to create the beautiful perfume which satisfies
the marketer’s dream. Diane Von Furstenberg asked the perfume company
Roure Bertrand Dupont for ‘a perfume that smells divine’. The result was the
exquisite perfume ‘Tatiana’. The perfumer can explore new domains in the
psychology of fragrance only if there are new odorants. There are two main
methods of obtaining such molecules. One is the traditional route of
intensive analysis of natural oils in the hope of capturing key impact
odorants. This approach is exemplified in the studies of rose oil undertaken
by Firmenich et Cie, under the direction of Ohloff (Ohloff, 1978). Some
results of this work are shown in Tables 2.3 and 2.4. The data in Table 2.3
illustrate the point that the bulk of an oil is made up from a small number of
odorants. But analytical data of this kind must be interpreted in the light of
the sensory properties of the odorants.

The data in Table 2.4 help us with this point. The sensory attribute of
most interest here is the threshold value, the minimum amount of the
chemical which can be detected; this attribute is explained in more detail
elsewhere (Van Toller, Dodd and Billing, 1985). The threshold values,
quoted in parts of odorant per billion parts of solvent (p.p.b.), show a
10 000-fold range for these odorants. Ohloff expresses the relative
importance of the odorants in the construction of the rose oil odour by
computing the odour value, expressed as odour units and defined as the ratio
of the concentration of a constituent to its threshold value. We reach the
valuable conclusion that the damascenone, despite being a minor component
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Table 2.3 Major constituents of rose
oil

Constituent %
Citronellol 38
Paraffins 16
Geraniol 14
Nerol 7
B-Phenyl ethanol 3
Eugenol methyl ether 3
Linalool 2
Ethanol 2
Farnesol 1

86%

Source: Ohloff, 1978.

Table 2.4 Data on some of the 275 known constituents of rose oil

Constituent % Threshold ppB Odbur units % of odour units
Citronellol 38 40 950 4
Geraniol 14 75 186 0.8
Nerol 7 300 23.3 0.1
Rose oxide 0.46 0.5 920 4
B-Damascenone 0.14 0.009 15 555 69.9
B-Ionone 0.03 0.007 4286 19.3

Source: Ohloff, 1978.

The odour thresholds are expressed as parts per billion in water. An odour unit is defined as
the ratio of the concentration of a constituent to its threshold concentration. Thus, in a crude
sense, ignoring the intensity properties of the odorants, differences in the odour units between
the constituents may be taken as a measure of their effective contribution to the odour of the
oil. This kind of analysis shows how minor components may be the most important odorants
in an oil.

of the oil (0.1 per cent), dominates the odour. It is almost as if the other
constituents, though they are themselves odorants, are merely solvents for
this archetypal key impact odorant.

Some other examples of odorants which are important building-blocks for
contemporary perfumes are shown in Table 2.5. Compound 4 in the table is
the key impact odorant of galbanum oil, one of the special ingredients of the
perfume ‘Miss Dior’. One of the strategies currently in use by the perfume
industry is the chemical synthesis of these materials which are then claimed
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to enjoy the special status of ‘nature identical’ materials. It is evident that
these compounds would not find favour with aromatherapists though it is
likely that at least some aromatherapy oils contain some ‘nature identical’
materials. The synthetic odorants may be distinguished from their natural
counterparts by their different ratios of carbon isotopes. As explained above,
when sufficient attention is paid to purity, there is no odour difference
between synthetic and natural odorants. In the next decade biotechnology is
expected to provide in vitro methods for obtaining large quantities of the
natural key impact odorants. This will pose a dilemma of Jesuitical
proportions for the aromatherapists! Some in the perfume industry will think
that this development is apposite since much of the underlying philosophy of
aromatherapy is still essentially theological in nature.

The second way in which the perfumer can get new molecules for
extending the psychological appeal of his or her perfumes is by turning to the
odour chemists, whose job it is to define the relationship between the
structure of a molecule and its odour. The odour—structure relationships
should then hopefully lead to the invention of novel odorants.

Odour—structure relationships play a vital role in the development of a
systematic psychology of perfumes. Unfortunately this area of perfumery
science is under-studied, and virtually all of the systematic data refer to
single odorants rather than the mixtures of odorants which characterize
perfumes. Surely, this is a field to challenge the ingenuity of future
perfumery scientists? Apart from the important technical difficulties
associated with purity of the stimuli, discussed above, there is the central
difficulty of the mechanisms of odour memory. There is experimental evidence
suggesting that odour memory is different from either sight or sound
memory. In contrast to the highly organized spatially and temporally
modulated visual scene, a perfume is an experience of the moment without the
grain of time and space (Cain, 1984).

Odour—structure relationships were pleasingly simple in the early days of
perfume chemistry when relatively few chemicals were available (Moncrieff,
1967). Unfortunately these relationships have become more diffuse as a
greater range of odorants has been encompassed. For the most part, these
relationships lack the predictive power that they have in many areas of
medicinal chemistry. It is interesting to relate the diffuseness of the
molecular structure—smell relationships to the mechanisms of odour
memory. It has been suggested that odour memory is appropriately matched
to the odour stimulus. For example, visual memory is good for highly
structured stimuli, such as portraits, but poor for free-form shapes of the
kind shown in Fig. 2.1 (Lawless, 1978). These shapes have spatial
modulation but are difficult to encode. Our memory for them is similar to
that for odours and different from memory for organized visual images, as
shown in Fig. 2.2.
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Fig. 2.1 Examples of free-form shapes that behave like odours in experiments on
recognition memory.

Source: Lawless, 1978.
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Fig. 2.2 Recognition memory, i.e., distinguishing an ‘old’ from a ‘new’ stimulus,

for pictures from a travel magazine (P), common odours (O), and the ‘free-forms’
shown in Fig. 2.1.

Source: Lawless, 1978.

Experiments of this type are invariably flawed by contamination with the
affective reaction to smells. As discussed elsewhere (Van Toller in Chapter
7), the hedonic reaction to a smell is an inescapable part of the smell
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sensation. We can think of this as a kind of olfactory ‘quantum’-effect. In
quantum mechanics the act of observing affects what is observed. When we
smell a perfume, the association triggered by the act of observation interferes
with the ‘objective’ assessment of the odour quality. This effect is probably
responsible for a lot of the ‘noisiness’ of smell-molecular structure data. Few
experiments of this type have been carried out with perfumes and the
affective reaction might be particularly strong with such complex, but
emotionally meaningful, stimuli. Interestingly, the memory for free-form
shapes shares a property with smell memory, which is of interest for the
mechanism of durable perfume associations (cf. Engen in Chapter 4). Those
special shapes or smells (musks may be an example of such an odour class)
which are initially well remembered go on to form memories of almost
legendary durability. As Le Norcy remarks in Chapter 12, a certain perfume
may suddenly impart a vivid mental picture of an early childhood meeting
with one’s grandparents.

The fact that some classes of smell may ‘imprint’ more effectively than
others is apposite to the psychology of perfumery. Here there is a clue for a
research programme on the fundamental molecular mechanisms involved in
the association of mood and odour. Intuitively perfumers — ever people with
a developed practical sense — have perceived this phenomenon. It is difficult,
for example, to think of a successful perfume which does not contain a musk
molecule, or a comparable high-mass molecule, with a precious wood or
ambergris note. Intriguingly, these molecules are similar to human odorants
(Dodd and Van Toller, 1983; and see Gower in Chapter 3). Some of these
human odorants may act as signalling odorants. It is tempting to speculate
that the special olfactory properties of such molecules — low thresholds, high
plasticity of odour description, defined conformations, ease of recognition
and special role in perfumes — indicate specialized receptor sites for these
molecules (Wood, Dodd and Van Toller, 1988).

The concept of ‘relative imprinting ability’ of odorant molecules may help
to resolve the question of whether there are innate odour qualities in some
molecules. There is a clear division of opinion on this topic reflecting the bias
of different areas of science. Psychologists, most of whom have only a cursory
acquaintance with molecular phenomena, tend to favour the view that all
odour molecules are equi-potent in eliciting moods, the difference between
one type of smell molecule and another being generated by our early life
experiences. This viewpoint is argued cogently by Engen in Chapter 4.
Chemists tend to support the view that specific receptor sites occur for classes
of odorants (Amoore, 1970). There is evidence that there may be a specific
odorant receptor site for some important perfumery chemicals, namely the
musky/sandalwood/ambergris/urinous odorants (Wood, Dodd and Van
Toller, 1988). This site may have special physiological properties, and this
could include facilitation of odour associations such that literally one sniff
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may lead to a strong imprint. The cultural evidence on perfume preferences
suggests that there is a universal liking for musk odours. This could arise
because we experience this type of odour in utero (humans secrete musky
molecules), or it might indicate a special type of binding site which results in
an ‘innate’ preference for this odour type. Experiments on this topic might be
a fruitful way of exploring some of the molecular aspects of the psychology
of perfumery.

The breakdown of ‘simple’ odour—structure rules inferred from a small
number of examples is illustrated by some findings (Squirrell and Dodd,
1988). Most of us were told in our elementary chemistry that esters have a
‘fruity’ smell. The data shown in Table 2.5 show that the story is more
complex, even for simple esters.

2.8 RECEPTOR EVENTS IN PERFUMERY

Perfumery is one of the earliest recorded crafts and the basic techniques of
today’s perfumers are essentially the same as those of their Egyptian
predecessors 4000 years ago. It is a matter of selecting fragrant oils and
learning how to blend them. The aim is an acord of odours in which the
specific odours and personalities of the individual odorants has been
submerged, so that new and unsuspected odours can emerge. Despite the
increasingly frenetic atmosphere of commercial perfume laboratories, the
activity of blending perfumes has a distinctly spiritual element. Perfumes
reach the recesses of our memory and unleash our unsuspected feelings.
Those of us who are perfumers feel that there is no earthly substitute for the
joy of a quiet afternoon in a perfume studio! It may be a surprise, therefore,
to observe the ugly word ‘receptor’ making an appearance. It hints of drug
mechanisms and the associated shape changes in membrane proteins. It
appears to be a term shorn of spiritual insight. How can it justifiably make
its appearance in a perfume studio?

The clue to the emergence of receptor studies in the perfumery industry
lies in the history of scientific research. The earliest and still the most
substantial area of research is concerned with odorants. As mentioned above,
synthetic odorants allow the perfumer to explore odour effects unobtainable
using only natural oils. Thus, in 1921, with ‘Parfum No. 5’ from the fashion
house of Chanel, Ernest Beaux used the aliphatic aldehydes, whose odours
when concentrated are often unpleasant, to create a new family of perfumes.
More recently, research in the laboratories of Firmenich has given us the
damascenones and other members of the highly esteemed family of ‘nature
identical’ odorants. These odorants give us the several striking accords found
in contemporary perfumes including ‘Nahema’, ‘Poison’ and ‘Koutros’'.

The dominant themes in the laboratories of perfume manufacturing
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companies have been, first, the discovery of the chemical composition of
natural flower oils, and secondly, the invention of new odorants with
perfumery potential. The first goal has been very successful. The industry has
pioneered new analytical methods, in particular the combination of gas—
liquid chromatography with mass spectrometry. One of the spectacular
findings in this research is the class of key perfumery materials designated as
‘key impact’ odorants (Ohloff, 1978); some of these chemicals are shown in
Table 2.4. They have such astonishingly low threshold values that the merest
trace of these odorants give an oil its characteristic odour nuance.

The discovery of the trace odorants presents to the industry a paradox.
They give the perfumer the olfactory equivalent of the artist’s laser-light.
But the novelty of both the new light effects and the new odour effects can
obscure the basic artistic techniques which have held in both domains duting
the past century. Compare the subtlety of a classical French perfume,
‘Mitsouko’, for instance, with the aggressive, almost trigeminal quality of
some recent American perfumes which depend on the new key impact
odorants. It is as if these novel, dazzling chiaroscuro olfactory effects have so
seized the imagination of the perfumer that all classical considerations of the
form of perfumes have been put aside. Perhaps it could be argued that they
represent the olfactory equivalent of non-representational art, and that in
time, our noses could be educated to the new perfumery forms?

A second paradox with the new materials is that it has become almost cost-
ineffective to hunt for new materials present in even lesser amounts. The cost
of identifying them might not be recouped by the sales of such powerful
materials. This is especially so, given the increasing concerns about the safety
of fragrance materials. The research pursued in the area of the first theme, the
composition of oils, has been pure chemistry. To solve these problems it was
not necessary to take an interest in olfactory mechanisms. Hence we find that
the perfume industry has traditionally supported conferences such as those on
essential oil chemistry.

The second theme, the invention of new odorants with novel perfumery
effects, has brought the industry nearer to the community of olfactory
scientists. In this area of research it has been necessary for the perfumery
chemist to take an interest in structure—activity relationships. While these
relationships assume an underlying pattern of receptors, an understanding of
the receptors was not necessary for experimental work. The systematic
synthesis of new families of odorants became particularly intensive during
the 1950s and 1960s and led to many novel perfumery chemicals, notably
the non-nitro musk families.

Clearly the stimulation of olfactory receptors by odorants is a branch of
molecular pharmacology. Just as the mechanisms of mood changes induced
by neuroactive drugs are usefully pursued at the receptor level, so we can
presume that studies of olfactory mechanisms at this level will help explain
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aspects of the action of perfumes. The biochemistry of smell receptors has
lagged far behind that of the other neuroreceptors. It is important that the
perfume industry realizes that the critical mass size of biochemistry research
groups interested in olfactory mechanisms has now been achieved and rapid
progress can be expected during the next few years.

The literature of perfumery gives little hint of the recent dramatic progress
in our understanding of olfactory molecular mechanisms. A little history
may help here. The first of the modern studies on olfactory mechanisms
started in the 1950s. The competing hypotheses of this period were the
vibrational hypothesis of Wright and the so-called stereochemical hypothesis
of Amoore; the kernel concept of both owes much to earlier olfactory
hypotheses (Moncrieff, 1967).

In the 1950s came the publication of the famous ‘little blue book on smell’
(SCI Monograph No. 1, 1957), where we saw a range of elegant odour—
structure studies based on extensive experimental programmes. The authors
tried to explain their results in terms of the properties of the supposed
receptors. It is striking that one of the outstanding contributors, Leopold
Ruzicka, was able to build on the concepts of molecular parameters he had
outlined previously in 1918.

The first biochemical investigations on olfactory epithelia began in the
1960s (Ash, 1968; Dodd, 1971). Some of the major biochemical themes in
that decade — cAMP, liquid crystalline properties of phospholipids and
allosteric mechanisms — were to be proved as seminal developments for
olfactory mechanisms. During the 1970s the number of biochemists
interested in olfaction increased. In the UK, in 1973, the first symposium on
molecular mechanisms in chemoreception was held (Poynder, 1974).
International scientific bodies devoted to both smell and taste, such as the
European Chemoreception Research Organization (ECRO) and American
Chemoreception Society (ACHEMS), were both formed in that decade. By
the end of the decade the role of cAMP in olfactory transduction had been
recognized (Kurihara and Koyama, 1972; Minor and Sakina, 1973;
Menevse, Dodd and Poynder, 1977); studies on the identification of olfactory
receptor proteins had begun using a variety of chemical modification
methods (Getchell and Gesteland, 1972; Menevse ez /., 1977); and there was
a clear recognition that the emerging field of membrane biochemistry would
provide the techniques necessary to solve the olfactory transduction problem.

Perhaps the most important development of the 1970s in the approach to
receptor mechanisms was essentially a psychological one. Whereas up to the
1960s it was widely believed that olfaction could be explained only on the
basis of unusual molecular mechanisms, found only in olfactory neurones, it
was now clear that such esoteric explanations were no longer necessary.

The 1980s has seen a spectacular increase in experimental studies on
olfactory mechanisms. New, large research groups specializing in olfaction
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began to appear, associated with Pelosi in Italy, Polak in France, Anholt and
Snyder in the USA and with Lancet in Israel. In 1981 a seminal book on the
topic was published, Biochemistry of Taste and Olfaction (Cagan and Kare,
1981). In 1985 the critical mass size of biochemists necessary for such
difficult work was achieved and, for the first time, a meeting of biochemists
working on olfaction was held at the University of Warwick, sponsored by
NATO.

The general features of the vertebrate olfactory system have been described
by Dodd and Squirrell (1980). Our current understanding of the receptor
events in the detection of perfumes is summarized in Fig. 2.3. This scheme
is essentially an updated version of the mechanisms previously proposed
(Dodd and Persaud, 1981). Unlike most of the earlier proposals for olfactory
stimulation which were purely speculative and lacked experimental support
(Wright, 1964; Amoore, 1970, Moncrieff, 1967), the hypothesis outlined
in Fig. 2.3 is supported by a variety of evidence from biochemical
experiments with both rats and frogs.

Biochemists currently approach the problem of olfactory molecular
mechanisms by asking questions such as: are the well-known mechanisms
involved in the detection of hormones by receptor cells actually operative in
the olfactory sensory epithelia? This philosophy, though well understood by
biochemists, is not fully appreciated by many olfactory scientists. This new
approach is in marked contrast to the tendency of non-biochemists to look for
esoteric biochemical mechanisms.

Biochemistry is one of the best-developed sciences involved in smell
science. The great edifice of modern biochemical knowledge rests on a small
number of fundamental, powerful general principles. In principle, this body
of knowledge can be deduced from these principles. In practice, this is rarely
possible since it is clear that there are still many fundamental biochemical
phenomena which remain to be explained. However, given the uniformity,
throughout the living world, of molecular structures; of metabolic cycles; of
bioenergetic mechanisms; and of membrane—receptor events (Zubay, 1983),
we can in the first instance reasonably anticipate that olfactory mechanisms
share much of the molecular machinery found in other sensing cells.

The best-understood sensory receptor mechanism in vertebrates is that of
vision, especially in the rod cells of the retina (Stieve, 1986). Using the
principle of uniformity of molecular features outlined above, it was logical
for biochemists to look for features in the rod transduction mechanisms
which might be useful for olfactory mechanisms. The following features of
retinal rod biochemistry are well established and they suggest points of
interest for olfactory mechanisms.

The sensing cell for night vision has a specialized feature, the rod, which is
derived from a cilium. The receptors are localized in this region of the cell.
The receptor is a special protein, thodopsin, which lies deeply embedded in a
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Fig. 2.3 A summary of the transduction steps currently believed to occur in
olfactory sensing cells.

The format of the figure follows similar diagrams by Berridge (1986). The ideas summarized
in the figure rely heavily on evidence from other types of receptor cells. The evidence for these
mechanisms operating in olfactory cells is coming from recent experiments in the various
groups of biochemists working on olfactory mechanisms.

membrane. The light we see is absorbed specifically by this protein and the
absorption causes the protein to change its shape and thereby to become
‘activated’. The activated protein, acting through a linkage called the G-
protein, activates an enzyme system which changes the internal concentration of
the universal second messenger molecule, cAMP. This messenger, possibly
in combination with other messenger molecules, alters the amount of open
pores in the membranes through which ions can flow. The consequent flow of
ions changes the potential across the cell membrane,

The events described above are the main molecular events in the rod
transduction scheme. They represent the results from over thirty years’
intense study by a considerable body of scientists. A comparatively tiny band
of biochemists has worked on olfaction during the past twenty years, but
they have profited by the preceding work on rod mechanisms.

The olfactory sensing neurones also have specialized receptor membranes
which occur in recognizable cilia protruding from the top of the cell into the
nasal passage. These membranes have a very high density of proteins (Menco
et al., 1976; Kerjaschki and Horander, 1976). This is a feature which is
welcome to a biochemist since it suggests mechanisms which will optimize
the ability of the membrane to capture perfume molecules. The properties of
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some of the membrane proteins have been investigated. These properties are,
at the least, consistent with a role of a perfume receptor protein (Chen and
Lancet, 1984).

The olfactory cells have a second messenger system which, in many
respects, resembles that found in the retinal rod cells. The tissue contains a
high level of the key enzyme, adenylate cyclase (Kurihara and Koyama,
1972). If the intracellular levels of the material produced by this enzyme,
cAMP, are changed, the electrical signals produced by the cells when they
detect perfume molecules are altered (Minor and Sakina, 1973; Menevse,
Dodd and Poynder, 1977). Petfume molecules activate the cyclase enzyme
(Pace et 4l., 1985; Shitley et 4l., 1986, 1987a, 1987b). There is also a G-
protein which connects the receptor proteins to the enzyme system (Anholt ez
al., 1987). The ion pores in the membrane which respond to the enzyme
system, and are responsible for the electrical changes in the membrane, are
beginning to be understood (Labarca, Simon and Anholt, 1988).

There are several points which should be borne in mind concerning the
mechanisms outlined in Fig. 2.3. The experimental evidence still needs to be
verified in several crucial respects. The biochemistry of the tissue is relatively
unexplored and there may be many types of molecule present in the cells
which would alter the picture we have presented. An additional point is
crucial for perfumery. The biochemical evidence comes from experiments
with rats and frogs; it is difficult to work with human olfactory tissue, but it
is assumed that human olfactory cells have the same mechanisms.

Currently one of the central questions being asked about the transduction
mechanisms is of particular relevance to perfumery: do different types of
smell use different transduction channels? For example, it is known that
some types of petfume molecule fail to stimulate the cyclase enzyme system.
This has prompted the search for other types of second messenger systems.
Two candidate systems are represented respectively by arachidonic acid
(Piomelli e 4l., 1987) and products of phosphoinositide metabolism
(Berridge, 1986; Michell, 1986). Phosphoinositide metabolism has been
found in rat olfactory mucosa (Russell ez z/., 1988) but it has yet to be
demonstrated that it is involved in the detection of perfumes. Interestingly,
there is also phosphoinositide metabolism in invertebrate visual cells and its
role there also remains unclear (Saibil, 1986). There might be a clear
biochemical basis for striking perfumery phenomena such as the universal
liking for musky moiecules and the universal dislike of many thiols and
amines. Perhaps the two classes of smell use different enzyme systems.

The central problem in relating receptor events to perfumery phenomena
has to do with both the number and type of receptor proteins. The solution
of this problem is the goal of biochemical studies. In a seminal paper, at a
time when the concept of multiple receptors was relatively undeveloped,
Polak (1973) proposed that the detection of perfumes involved multiple
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receptors. It is thought that a perfume molecule may bind to several types of
receptor proteins. This is the classical biochemical problem of multiple
binding sites appearing in a new guise.

One experimental approach to the receptor problem lies in attempts to
achieve a selective inhibition of receptors responding to different kinds of
petfumes. A variety of methods have been used (Menevse et #/., 1977). The
results from several such studies show evidence of selective effects (Squirrell
and Dodd, 1988; Shirley, Polak and Dodd, 1983). However, to fully
describe the pattern of results using even a single inhibitory reagent is a
formidable task. For example, one of the most interesting inhibitions of
olfactory responses was discovered in our laboratory by Ernest Polak. This
was the selective blocking of some odour responses by the protein,
concanavalin A (Shirley ez /., 1987b; 1987a). To date, over 120 odours and
petfume molecules from several classes have been studied, but despite the
large number of stimuli used and the obvious selectivity of the effect, it is
clear that the mechanism of the effect is complex and that a full explanation
will require much larger experiments. )

Polak is now studying the receptors using monoclonal antibodies (Polak,
1988). These have proved to be powerful tools with other types of receptor.
We also have, for the first time, smells which can completely abolish the
sense of smell (Dodd, 1988). These may also prove to be useful molecular
probes for dissecting the receptor membranes.

What happens to the perfume molecules after they have been detected by
the receptor cells? This is a question for future biochemical work. It is
particularly intriguing to know what happens to the nose of a perfumer who
is working all day in the presence of high levels of perfume. What happens to
all the perfume-molecules which must saturate the cells? A possible answer
lies in the discovery of enzyme systems in the olfactory tissue which can
metabolize perfumes. We have recently discovered that a class of unusual
perfume molecules, described by some people as having the most
disagreeable smells they have ever encountered, interact with a P-450
enzyme system in olfactory mucosa (Jenner, Wood and Dodd, 1987). This
enzyme system may possibly be involved with the clearance of perfume
molecules from the sensing tissue.

2.9 CONCLUSION

One of the principal aims of my research is to provide explanations of
perfumery phenomena in terms of the molecular events taking place in smell
receptors. Clearly we are at the very beginning of what will be complex
explanations. Such complexity is beginning to be a feature of all branches of
molecular neurobiology. There are many intriguing issues to explore.
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1. What is special about perfumes such as nicotine? It is now known that
besides being a powerful drug, nicotine is an odorant (Edwards ez 4/.,
1987; Edwards and Dodd, 1988). Will it be possible through a study of
the underlying molecular mechanisms of this type of odorant to design
novel and exceedingly powerful perfumes?

2. Will receptor studies assist in the discovery of new impact perfume
molecules, perhaps primary odours, which will assist in the formulation
of more beautiful ‘accords’?

3. Is there a special set of receptors for pheromones? Can we through
understanding the structure of such receptors design novel perfume
effects?

Edmond Roudnitska, perhaps the master perfumer of this generation, has
drawn attention to a problem which faces all who create perfumes. There are
so many raw materials available that there is a temptation to go for
complexity of composition. Roudnitska (1984) argues for the aesthetic
superiority of simple compositions. Perhaps an understanding of the
receptors and their interactions will provide a basis for ‘simple’ composition.

Finally, we must emphasize that we are on the threshold of new insights
into the scientific basis of perfumery phenomena. It becomes more important
than ever for non-technical people in the perfumery industry to have the
opportunity to read about these developments in a simple format (e.g. Dodd,
1980). In the Warwick Olfaction Research Group we hope to combine the
new brain-imaging methods, described by Van Toller in Chapter 7, with
some of the biochemical methods. This will be a start on the long journey to
explore the mind—body interactions in the sense of smell.



The significance of
odorous steroids in

axillary odour

D. B. GOWER, A. NIXON and A. I. MALLET

3.1 INTRODUCTION

For at least the past two decades many research groups have been interested
in the glands that are involved in the odours emitted by humans, and the
sources and composition of such odours and whether they provide olfactory
cues which elicit responses in other humans. The apocrine glands, especially
those in the axillae, are thought of as strong candidates for the source of some
human odours. However, although the axillae and their role in human
olfaction will be examined here, it is worth noting that apocrine glands are
also found concentrated elsewhere in the body. For example, the mammary
areolae contain these glands and it is conceivable that their secretions are
involved in maternal-neonate interactions that have been discovered recently
(MacFarlane, 1975; Russell, 1976; Schaal et 4/., 1980). It has been shown
clearly that the human neonate can distinguish between the smell of breast-
pads taken from its mother and those taken from a strange mother.
Furthermore, the infants became less restless when they smelled their
mothers’ odour (Schaal ¢t /., 1980). Schleidt and Hold (1982) sum up this
behaviour in the words: ‘die Mutter stillt das Kind.’

3.2 THE HUMAN AXILLA

The most numerous, and largest, human sweat glands are found in the
axillae, where apocrine and eccrine glands occur in an approximate 1:1 ratio
(Montagna and Parakkal, 1974). In addition to these, sebaceous glands are
found connected to each of the hair follicles (as shown in Fig. 3.1). Apocrine
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glands are tubular structures composed of a coiled secretory portion and a
straight, narrow duct which runs parallel to the hair follicle and opens into
the upper portion of the pilary canal, above the opening of the sebaceous
gland. Thus both the apocrine and sebaceous sectetions reach the skin surface
via the hair follicle, whereas the eccrine glands open directly on to the
surface, (see Fig. 3.1).

Fig. 3.1 Structure of axillary skin (from Montagna and Parakkal, 1974).

A number of factors make the axillae suitable for odour production:
(a) the contents of the apocrine gland secretions may setve as bacterial
substrates; (b) moisture is available from the eccrine glands; (c) there is a
resident population of bacteria to transform non-odorous to odorous
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substances; and (d) the presence of axillary hair may assist in odour dispersal.
In view of this, the possible role of the axillae in human sexual relationships
has been suggested (Brody, 1975). An unnamed writer in New Scientist (21
November 1985), comments on the two ways in which the axilla may be
viewed:

Many deem the human arm-pit a dank, unprepossessing corner of the body, fit only
for frequent applications of soap and deodorant. Nevertheless, a dedicated few regard
the axilla with mixed feelings, recognising that this charming grotto is full of
intriguing odorous surprises.

3.3 THE APOCRINE GLANDS

The secretions of apocrine, sebaceous and eccrine glands are necessary for
odour production, but the apocrine glands have been suggested as prime
candidates for making a significant contribution to human odour. In early
work Rothman (1954) drew attention to the strong axillary odour in
adolescents which becomes less intense with maturity. Significantly,
Mongolian races typically have very little or no axillary odour and possess
small, relatively inactive apocrine glands (Hurley and Shelley, 1960). It
seems that in Japanese societies (Bird, 1982) an individual who has any
axillary odour is regarded as having bromidrosis, i.e. an abnormal or
excessive odour of sweat.

Apocrine glands are stimulated by the ‘flight and fight' reaction of
adrenalin release from the adrenal medulla, so it is not surprising that the
odour emitted from the axillae can provide information about an emotional
state. Several workers (e.g. Schleidt and Hold, 1982) have shown that, after
puberty, when the apocrine glands have begun to function, odour
discrimination between genders becomes possible. The importance of
olfactory cues in neonatal recognition of the mother was alluded to earlier,
but it appears that this mother—neonate relationship is not lost as the age of
the child increases. Schaal ez 4/., (1980) showed that 3—5-year-old children
could correctly identify T-shirts which had been worn by their mothers.
Conversely, mothers could correctly identify their own children (using the
worn T-shirt method) and preferred their odours to those of strange children.
In further experiments Yfrantis (1980, cited in Schleidt and Hold, 1982)
showed that women were unable to distinguish between boys and gitls before
puberty, but in contrast gender discrimination becomes possible in adults, as
shown in American (Russell, 1976) and in German, Italian and Japanese
(Schleidt, Hold and Attili, 1981; Schleidt and Hold, 1982) individuals.
Thus, taken together, these findings indicate that fully functioning apocrine
glands are necessaty to make discrimination possible between men and
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women by olfactory means, and that the secretions of these glands may
contribute markedly to human odour.

3.4 COMPOSITION OF APOCRINE SECRETIONS

Hurley and Shelley (1960) showed that intradermal injection of adrenalin
(1:1000 in saline, 0.01-0.1 ml) into the axillary vault caused apocrine
‘sweating’. The apocrine secretions so produced usually appear at the orifices
of the hair follicles and form flat, globular droplets of turbid white fluid. In
contrast, droplets of eccrine sweat are clear and spherical and emanate from
pores, usually away from hair follicles. Apocrine secretions, collected by
micropipette, dry rapidly to form a glistening, glue-like residue over the
orifice of the follicles. Typically, approximately 1 pl quantities may be
collected from Caucasian subjects, although Hurley and Shelley noted that
greater volumes could be collected from Negroes.

Recently, the composition of apocrine secretions has been reviewed.
(Gower et 4., 1985; Labows, 1988). In their early work Hurley and Shelley
(1960) detected protein, carbohydrate and ammonia; the presence of lipids
was suspected on the basis of histochemical studies, although the
insensitivity of other methods utilized precluded the estimation of lipids.
Later work has shown that approximately 10 per cent protein is present, and
although the enzymic content of apocrine secretions has not been studied,
excised apocrine glands contain a number of enzymes such as PB-
glucuronidase, 3-hydroxysteroid dehydrogenase, 4-ene-5a-reductase and
esterase as well as lysozyme (see Labows, 1988).

Table 3.1 Lipid and cholesterol profiles from apocrine secretions, axillary sweat and
sebum (from Labows, McGinley and Kligman, 1982; Bird and Gower, 1982)

Percentage composition

Glandular secretion Skin surjace extract

apocrine® sebaceons® axillae facial

Cholesterol 76.2 3.4 8.9 1.5

Cholesterol esters 0.9¢ 21.8 8.8 3.0

Wax esters 3.6¢ - 21.2 26.0

Squalene 0.2¢ 19.0 13.4 12.0

Glycerides and fatty acids 19.2¢ 55.9 47.4 57.5
Total lipid 20 pg/pl - 60 pg/cm? 100 pg/cm?

Notes:

 Stimulated and collected at skin surface.

b Collected from microdissection of gland (Puhwel, Reisner and Sakamoto, 1975, pp. 406-10).
¢ Probably of sebaceous origin.
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The lipids consist of fatty acids and steroids, and of the former, propanoic
and isovaleric seem to be implicated in the ‘sweaty’ odour which is produced
on incubation of the freshly produced secretions. Of the steroids present,
cholesterol makes up about 1 per cent by weight, and although the nature of
the collection method results in contamination of apocrine secretion by
sebum from sebaceous glands, the amount of cholesterol is greater than
would be expected from these or from skin-surface lipid (Table 3.1). Labows
et al. (1979) state that cholesterol is characteristic of apocrine secretions (see
also Bird and Gower, 1982). Cholesterol esters are also present and are
probably formed by bacterial (Staphylococcus epidermidis) hydrolysis of
triglycerides and subsequent esterification of cholesterol with the released
fatty acids (Puhwel, Reisner and Sakamoto, 1975). In addition to cholesterol
and its esters, two Cjo steroids and their sulphates have been identified in
fresh apocrine secretions, namely androsterone and dehydroepiandrosterone
(Table 3.2) (Labows et 4/., 1979). These workers were unable to detect the
odorous steroids, Sa-androst-16-en-3-one (Sa-androstenone) and Sa-
androst-16-en-3a-ol (3a-androstenol); the significance of this will be seen
below.

Table 3.2 Steroids present in sterile apocrine secretions

Apocrine secretions® Method Reference

Cholesterol g.c.—m.s. Labows et 4l., 1979
Androsterone (and sulphate) g.c.—m.s. Labows e 4., 1979
Dehydroepiandrosterone (and sulphate) g.c.—m.s. Labows ez @/., 1979
Notes:

g.c./m.s. — gas chromatography/mass spectrometry.
2 Stimulated with intradermal injection of adrenalin (0.05 ml, 1 in 1000).

3.5 MICROBIOLOGY OF THE AXILLA AND ITS RELATIONSHIP
TO AXILLARY ODOUR

In their early experiments with apocrine secretions Shelley, Hurley and
Nichols (1953) showed that freshly produced secretions (using intra-dermal
adrenalin injections) were odourless. These workers found that when
apocrine sweat from axillae (without ethanol washing) was incubated at room
temperature, the characteristic axillary odour was produced after six hours.
Odour did not develop if incubations were carried out at 0°C or if the sweat
was treated with hexachloraphane, an anti-bacterial. Shelley, Hurley and
Nichols concluded that axillary odour was produced iz wivo by bacterial
action on substrate(s) present in the apocrine secretions. Numerous
researchers have provided results amply confirming this notion, and the
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bacteria associated with apocrine odour have also been studied extensively.
Strauss and Kligman (1965) inoculated sterile apocrine sweat with various
species of bacteria and suggested that Proteus vulgaris, coagulase positive
micrococci and coryneforms were largely responsible for odour production
during 24 hours at 37°C. Shehadeh and Kligman (1963) showed that only
coagulase positive cocci and coryneforms were associated with odour
production, and that loss of the Gram positive strains was associated with
loss of odour. Since that time numerous studies of human axillary microflora
have been undertaken and reviews have been published (Leyden et 4/., 1981,
Labows, McGinley and Kligman, 1982; Jackman, 1982; Jackman and
Noble, 1983; McGinley e 4., 1985; Gower ez al., 1985). In general, recent
studies indicate that 70-80 per cent of the axillary flora are coryneforms
(predominantly Corynebacterium spp). In a large study of 163 males and 122
female subjects (Jackman and Noble, 1983) 360 coryneform isolates were
identified to generic level by cell-wall type. Axillary coryneforms were shown
to comprise 83 per cent, Corynebacterium 5 per cent, Brevibacterium and
other coryneforms 12 per cent. Jackman and Noble (1983) showed that
nearly all of their subjects possessed axillary microflora that were either
coryneform or micrococcal dominated. For example, in men 64 per cent had
a coryneform-dominated flora and 27 per cent had a coccal-dominated flora,

Table 3.3 Mean counts of axillary bacteria in nineteen men, aged 18—45: effects of
deodorant use

Coryneform dominated Micrococcal dominated
Deodorant No deodorant Deodorant No deodorant
3.205 X 10° 3.372 X 107 3.384 X 10° 6.09 X 10¢
Ratios
for:  Coryneform dominated

- Deodorant 9.47
Micrococcal dominated

for:  Coryneform dominated

No deodorant 5.5
Micrococcal dominated

No deodorant
for:  Coryneform dominated ————— 10.52
Deodorant

No deodorant
for: Micrococcal dominated ———————— 18.0
Deodorant
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whereas in women the reverse ratio was noted. This important finding
confirms earlier work of Shehadeh and Kligman (1963), Marples and
Williamson (1969) and Leyden et 4/. (1981).

Jackman (1982) refers to the fact that the mean aerobic count of 1.26 X
10%cm? in coryneform individuals was some five times higher than in coccal
subjects. In our current work (Table 3.3), 19 men (aged 18-45) were
studied. Microflora from left and right axillae were collected by the cup-
scrubbing technique of Williamson and Kligman (1965) and the number
and type of bacteria was determined. We wished to study the possible effects
of deodorants or combined deodorants/anti-perspirants on both number and
type of axillary microflora. The mean values (Table 3.3) show that deodorant
treatment reduces by more than 10-fold the bacterial count in coryneform-
dominated individuals and as much as by 18-fold in the case of micrococcal-
dominated subjects. Further, the use of deodorants markedly affected the
bacterial count in coryneform- as compared with micrococcal-dominated
axillae. Without deodorants, the mean count was 5.5-fold higher in
coryneform than coccal subjects, and this compares favourably with the data
of Jackman (1982) and other workers. It should be noted that in calculating
the means in Table 3.3 no account has been taken of the frequency of
washing. In fact this varied markedly from once per week to three times per
day (average 9.6 times per week). Only one subject routinely shaved his
axillae. We found no obvious correlation between washing frequency and
magnitude of axillary bacterial count or type, but the use of deodorants
appeared to select for a coryneform-dominated as opposed to a micrococcal-
dominated microflora. This is in conflict with other reports (Jackman, 1982);
however, in this small study the effect did not achieve significance.

These non-correlations between washing frequency and bacterial count
and type highlight the problems involved in this kind of study. Jackman
(1982) has pointed out that the smaller number of axillary micrococci present
relative to those of coryneforms might be due to a lack of appropriate
bacterial nutrients on the skin surface which, in turn, could be related to the
level of personal hygiene — ‘a factor virtually impossible to assess accurately
in surveys of this type’.

In the study of Jackman and Noble (1983) an attempt was made to
monitor two related factors — those of absence of axillary hair and use of
deodorants. In this connection it is noteworthy that nine out of eleven male
factory workers, who did not use deodorants, had the highest proportion of
‘coryneform’ individuals. In contrast, a group of 32 female office workers,
who all used deodorants and lacked axillary hair, had the highest proportion
of ‘coccal’ individuals. However, in the current small study, in male
subjects, there seemed to be no striking correlations between lack of
deodorants and increase in corynéform-dominated individuals. If anything,
there was a slight increase in micrococcal-type subjects if no deodorants were
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used. As Jackman (1982) points out, it is very difficult, in essentially
uncontrolled studies, to separate out other factors such as socioeconomic
status. Since our subjects were drawn largely from academic and technical
staff in higher education establishments, whereas those in the study of
Jackman and Noble (1983) were factory operatives, this might be a possible
explanation for the discrepant findings.

3.6 ODOROUS STEROIDS PRESENT IN APOCRINE SWEAT

Since freshly produced apocrine sweat is odourless until incubated with
bacteria (as indicated above), it strongly suggested that non-odorous
bacterial substrates were secreted, which were then modified to mixtures of
odorous substances. Thus research efforts have been made, first, to identify
such odorous substances, and secondly, to elucidate the pathways by which
the non-odorous substances are metabolized by axillary bacteria.

We know now that some of the odorous substances present in apocrine
sweat occur at extremely low picogram (10712 g) levels, and sophisticated
techniques, such as combined capillary gas chromatography/mass spectro-
metry are necessary for detection. Another problem in this type of research
has been that of separating out the very small quantities of odorous substance
from relatively massive amounts of other, often non-odorous, materials. This
problem has been highlighted recently by Gower et 2/. (1985) and is also
evident from current work reported here, in which we have measured small
quantitites of odorous steroids in extracts of apocrine sweat or hair, against a
‘background’ of cholesterol, cholesterol esters, fatty acids, etc. Elaborate
‘clean-up’ procedures must be utilized (see also Bird and Gower, 1981).

However, despite these problems it has been possible to quantify odorous
substances in axillary secretions. Labows (1988) has reviewed some of the
earlier methods in which the axillae or even entire body were swept with an
inert gas. The volatile substances were then collected in polymer traps and
attempts made at identification. Other methods, probably mote appropriate
for identification of volatile substances in the axillae, have consisted of
extracts of axillary hair or collection of apocrine secretion in axillary pads
(Gower, 1972; Brooksbank, Brown and Gustafsson, 1974; Bird and Gower,
1981, 1982; Gower et /., 1985; T6th and Faredin, 1983, 1985).

Gower (1972) reported that the urinous-smelling steroid, Sa-androstenone
(Fig. 3.2), could be identified by mass spectrometry in extracts of axillary
pads worn by a male subject. Later work, using radioimmunoassay (RIA)
(Claus and Alsing, 1976; Bird and Gower, 1981; Gower et /., 1985) and
gas chromatography/mass spectrometry with specific ion monitoring (Labows,
1988), has confirmed and extended this early observation. Men have
significantly greater axillary Sa-androstenone levels than women (Fig. 3.3),
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Fig. 3.2 Structures of some commonly occurring 16-androstenes. Sa-andros-
tenone, Sa-androst-16-en-3-one; androstadienone, 4,16-androstadien-3-one; and
andien-B, 5,16-androstadien-3p3-ol.

the ranges being 12—1134 pmol/24 h and 13—39 pmol/24 h respectively.
The geometric means were 51 and 9.5 pmol/24 h from men and women
respectively, showing a highly significant difference (Gower et a/., 1985).
Only one of the female subjects in the study of Bird and Gower (1981) has a
Sa-androstenone level well into the male range, but this subject has not
been further investigated with respect to type of axillary microflora present.

The range of 12—1134 pmol/24 h in men is very wide, and there are also
considerable variations within individuals who were tested every two or three
days. This is clearly shown by data for six men in Fig. 3.4. These data
formed part of a study of effects of the general bacteriocidal agent, Povidone-
iodine, on axillary Sa-androstenone. After treatment of one axilla with this
solution, the Sa-androstenone concentration was very significantly reduced
(p < 0.001) (Bird and Gower, 1982), and is in keeping with the suggestion
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Fig. 3.3 Total 24-hour content of Sa-androst-16-en-3-one in collections from
both axillae of (a) 14 healthy men, and (b) 15 healthy women. The lower limit of
detection of the method (10 pmol) is indicated by broken line. (From Bird and
Gower, 1981.)

that this odorous steroid is formed by bacterial action. In contrast, axillary
cholesterol and squalene were not affected by Povidone-iodine.

Further studies of axillary Sa-androstenone (Gower et 2/., 1985) showed
that this was not related to age (18—41 years), degree of hirsutism (in
women) or preferred hand of the subjects. This latter parameter was
investigated because an earlier study (Bird and Gower, 1982) had shown
that, in men, the level of 5Sa-androstenone from one axilla (‘superior’) was
significantly higher than from the other (‘inferior’). However, levels were
linearly related to those of cholesterol in men but not to squalene (Gower et
al., 1985). As squalene is not found in apocrine secretions, but in sebum
(Downing and Strauss, 1974; Leyden ez /., 1981) (see also Table 3.1), this
suggests that Sa-androstenone does not correlate with sebaceous gland
activity, as indicated also in earlier work (Bird and Gower, 1982). The
relationship of axillary Sa-androstenone to testosterone was studied by
Claus and Alsing (1976). Ten times more of the odorous steroid was shown
to occur, even though the ratio of the two steroid concentrations in the
peripheral blood plasma was 1:1.4. A number of other odorous steroids have
been identified in axillary secretions, including 3a-androstenol (Brooksbank,
Brown and Gustafsson, 1974), 3B-androstenol, 5,16-androstadien-3-ol
and 4, 16-androstadien-3-one (Labows, 1988; see also Fig. 3.2).
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Fig. 3.4 The effect of Povidone-iodine on the human axillary area. The Sa-
androstenone content of the ‘superior’ (M) and ‘inferior’ () axillae of 6 adult male
subjects (a)f) was measured by radioimmunoassay on five or six occasions. The
‘superior’ axilla for each subject was treated with the general germicidal agent,
Povidone-iodine and the levels of Sa-androstenone measured on two further
occasions. Note the difference in scales for subjects who were low secretors of Sa-
androstenone. (From Bird and Gower, 1982.)

In some of our current studies we have exploited gas chromatography/mass
spectrometry with specific ion monitoring. Earlier work from our group
utilized radioimmunoassay (RIA), which although very sensitive (Bird and
Gower, 1981, 1982), requires time-consuming chromatographic steps to
separate Sa-androstenone because the method was not specific (Andresen,
1974). In the present work weighed quantities of axillary hair were taken
from human subjects who had washed their axillae 24 hours previously with
soap and water. The axillary hair (or sweat, in some experiments) was
extracted with ethyl acetate, the extract dried and cleaned up with Florisil
Sep-paks (Nixon et /., 1986b) and then subjected to high-performance
liquid chromatography (HPLC), utilizing a C;3 (ODS) column. These



58 THE SIGNIFICANCE OF ODOROUS STEROIDS IN AXILLARY ODOUR

(a)
STD 5a-A

M-15
- 257
M
P 272
(b) g.c./m.s.(SIM)
Axillary
extract M—15

257

M
~- 272

Fig. 3.5 Characterization of Sa-androstenone (5a-A) in an axillary extract from a
male subject. After clean-up with Florisil Sep-paks (Nixon e /. , 1986b) and HPLC,
the extract was subjected to capillary gas chromatography/mass spectrometry with
specific ion monitoring. Retention times were 5 min 50 s and 5 min 50 s for the
standard (272 and 257 respectively) and 5 min 52 s and 5 min 51 s for the extract
(272 and 257 respectively). The mass spectra (not shown) were identical.

procedures were found to be an absolute requirement if minute quantities of
odorous steroids were to be purified from extracts which ori ginally contained
large amounts of other lipid-type materials. After HPLC, the appropriate
fraction was subjected to gas chromatography/mass spectrometry either as
free steroid (monitored at the molecular ion 272 and 272-15, i.e. loss of a
methyl group) or as the pentafluorobenzyloxime derivative (monitored at
467, the molecular ion, and 467-15, i.e. loss of a methyl group). Results
obtained for the underivatized Sa-androstenone, which is eluted from the
gas chromatography column at the same time as the authentic material are
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Table 3.4 16-Androstenes present in axillary sweat and hair

Method Reference

Sweat

Sa-androst-16-en-3B-ol g.c/ms.  ab
5, 16-androstadien-3B-ol g.c./m.s. b
Sa-androst-16-en-3-one g.c/ms. ¢
4,16-androstadien-3-one g.c./m.s. b
Hazr

Sa-androst-16-en-3a(B)-ol g.c./m.s. Gower et al., 1985
5,16-androstadien-3a(B)-ol g.c./m.s. (reported here)

Sa-androst-16-en-3-one g.c./m.s. (reported here)
4,16-androstadien-3-one g.c./m.s. (reported here)
Note:

g.c./m.s. — gas chromatography/mass spectrometry.

Sources:

2 Brooksbank, Brown and Gustafsson, 1974, p. 864.
b Labows, 1988.

¢ Gower, 1972 p. 45.

4 Claus and Alsing, 1976, p. 483

*fBird and Gower, 1981, and 1982, pp. 213, 517.
& Gower ¢t al., 1985, p. 1134.

b Dravnieks et a/., 1968, p. 611.

' Labows ez al., 1979, p. 294.

shown in Fig. 3.5; correspondence was obtained at 272 and 272~15. We
were especially pleased that the baseline for the axillary extract showed no
other peaks, indicating that our ‘clean-up’ procedures were adequate.

Using the powerful technique of gas chromatography/mass spectrometry
with specific ion monitoring, the Sa-androstenone content of axillary hair
was found to be in the range 0.1-100 ng/mg (107® gram). The large
range is reminiscent of the levels in axillary extracts, above. The method
provides a relatively rapid estimation of Sa-androstenone in axillary hair,
and extensions to the method are now being used, so that other 16-
androstenes may also be quantified using gas chromatography/mass spectro-
metry with specific ion monitoring. Thus far, 3a- and 3B-androstenols,
S,16-androstadien-3B-ol and 4,16-androstadienone (Fig. 3.2 and Table
3.4) have been detected with the latter urinous-smelling compound being
present generally in greater quantities than Sa-androstenone.

We appreciate that reliable information as to how much steroid is
produced in unit time requires a collection method as used by Claus and
Alsing (1976), Bird and Gower (1981) and Téth and Faredin (1985).
Nevertheless, our current results prove that odorous (possibly pheromonal)
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substances are present in axillary hair which, as noted above, may be
involved in odour dispersal.

3.7 FORMATION OF ODOROUS SUBSTANCES IN THE HUMAN AXILLA

In recent work we have attempted to identify the non-odorous substrates
which may give rise to Sa-androstenone and related compounds through
bacterial action. These odorous materials are well known in pigs and will be
discussed below in the context of effects on behaviour. Therefore, by analogy
it was worthwhile to utilize pregnenolone as a putative substrate because its
importance in porcine testis as a precursor for 16-androstenes is well
documented (for review see Gower, 1984). Testosterone, which is known to
occur in the human axilla (Claus and Alsing, 1976), and S5a-dihydro-
testosterone wete also utilized as putative substrates in three-week
incubations with isolated Corynebacterium spp. The metabolites were separated,
purified and identified using gas chromatography/mass spectrometry. A very
large number of metabolic transformations of the added steroids was achieved
by the bacteria including side-chain cleavage, 3a(B)-reduction, 4-ene-
Sa(B)-reduction, 17-oxido-reduction and 17-isomerization (Nixon et /.,
1984a,b; Gower et al., 1986; Nixon et al., 1986a). So far, we have only
tentative evidence for the formation of Sa-androstenone from testosterone.
We considered the possibility that mixtures of coryneforms should be used
rather than single, isolated species, but although different metabolic profiles
were obtained with mixtures consisting of three or more pure strains (Nixon
et al., 1986a), no further evidence for Sa-androstenone formation has been
forthcoming.

A second consideration is the use of substrates other than pregnenolone,
testosterone or Sa-dihydrotestosterone. Apocrine secretions contain the
steroids dehydroepiandrosterone (DHA), androsterone and their sulphates
(Labows ez /., 1979) and it is especially interesting that when the extracts
were injected into the gas chromatograph at an elevated temperature,
androsterone, DHA and thermal breakdown products of what proved to be
their sulphates were observed. Further, the breakdown products, including
Sa-androst-2-en-17-one, 3,5-androstadien-17-one and 2,4-androstadien-
17-one (Fig. 3.6) had a strong axillary odour at the raised temperature used.
Whether axillary bacteria modify DHA and androsterone into 16-androstenes
has not been demonstrated to our knowledge, but these steroids do not serve
as substrates for odorous compounds in porcine testis (see Gower, 1984).
Another intriguing possibility for future research is whether the sulphates of
DHA and androsterone would need to be de-sulphated first by bacterial
sulphatases, before any further microbial transformations, or whether the
sulphates in apocrine sweat could be converted directly into 16-androstene
sulphates (cf. pregnenolone sulphate being converted into 5,16-androstadien-
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3B-yl sulphate in porcine testis, Gasparini, Hochberg and Lieberman,
1976).

Under the conditions we used, it is not possible for any Sa-androstenone
to have been lost through its volatility (Nixon e #/., 1986b). However, it is
conceivable that it is formed in such small quantities in our incubations so as
to be detectable by smell (by virtue of its very low olfactory threshold) (see
below) but undetectable by the methods we used. These possibilities require
further consideration in future research.

(a)
Cholesterol
Androstenone
sulphate
DHA
sulphate
4b 4c
Apocrine
secretion
T 1
230 230 185 185
38 min 27 min 16 min 0 min
Temperature programme (condition b)
(b)
0 (0]
A = oS
A i3 0
HSO, H AS g H 0}
HSO, A
DHAS 4a 4b

Fig. 3.6 (a) Comparison of Ciy steroid sulphates and apocrine secretions by direct
injection into the gas chromatograph. Conditions were: 10 ft X 2 mm Pyrex 3%
XE-60 on 80/100 Gas Chrom Q; initial temperature, 185° (16 min), followed by
programming to 230° at 4°/min. (b) Products observed from direct injection of
steroid sulphates into the gas chromatograph (from Labows et 2/., 1979).
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In a pilot study we have classified the axillary microflora of five subjects as
coryneform or micrococci dominated or mixed. Portions of the bacteria from
each subject were incubated with “C-testosterone in three-week incubations, as
described by Nixon ¢t 2/., (1986b). After extraction, the metabolites were
separated by thin-layer chromatography and a radioautogram obtained (Fig.
3.7). Some radioactive material ran with the mobility of the very non-polar
16-androstenes, but this has not yet been characterized. As anticipated from
earlier studies (Gower et «/., 1986; Nixon et «l., 1986b), the control lane
shows breakdown products of testosterone which were formed in the absence
of bacteria. Allowing for this, the other lanes show evidence of testosterone
metabolism, most of the metabolites having been characterized in previous
studies (Nixon ¢t 2/., 1986b). As a coryneform-dominated axillary microflora

Fig. 3.7 Radioautograph of thin-layer chromatographic separation of metabolites
of 'C-testosterone formed after incubation (21 days) of axillary bacteria taken from
5 men (see Nixon et /., 1986b). Axillary microflora were previously characterized
as coryneform dominated (Coryn.), micrococci dominated (micro.) or mixed.
Control indicates breakdown products of testosterone formed in the absence of
bacteria. 16-As, 16-androstenes; 5B-Adione, 5B-androstane-3, 17-dione; Sa(B)-
DHT, 5a(B)-dihydrotestosterone; T, testosterone; and 5B-Adiol, 5B-androstane-
3w, 17a-diol.



FORMATION OF ODOROUS SUBSTANCES 63

is usually associated with odour, we thought that those individuals in our
small study might have produced non-polar 16-androstenes; Fig. 3.7 shows
that there does not appear to be any correlation between bactetial type and
metabolic ‘profile’.

3.8 ODOUR OF 16-ANDROSTENES: PSYCHOLOGY AND SIGNIFICANCE

When Sa-androstenone and the related alcohols were discovered in boar
testes, Prelog and Ruzicka (1944) and Prelog ez 2/. (1945) commented on the
marked odour of these steroids; Sa-Androstenone and androstadienone (Fig.
3.2) were considered to have a urine-like, pungent odour, whereas the
alcohols, such as 3a-androstenol, were said to have a musk-like odour. In
the four decades since those early studies numerous trials have been
undertaken to investigate the way in which the odours of Sa-androstenone
and other 16-androstenes is perceived by men and women (Griffiths and
Patterson, 1970; Beets and Theimer, 1970; Amoore, Pelosi and Forrester,
1977; Theimer, Yoshida and Klaiber, 1977; Doty, 1981; Ohloff e 4.,
1983; Wysocki and Beauchamp, 1984; Gower et /., 1985; for review see
Gower, 1981).

Some studies (e.g. Griffiths and Patterson, 1970) indicated a marked sex
difference in the ability of individuals to detect the odour of Sa-
androstenone, approximately 56 per cent of men and 93 per cent of women
being osmatic. The data indicated that a high proportion of the female
subjects were extremely sensitive to the odour, which they found most
unpleasant. In a similar way, Koelega (1980) reported that women found the
odour of 5a-A significantly (p << 0.001) more unpleasant than did men,
although men also rated the odour as unpleasant. Approximately 10 per cent
of the subjects were unable to detect the odour, but there were more specific
anosmics among the male subjects (especially smokers) than among women.
In contrast, a recent study (Wysocki and Beauchamp, 1984) using serial
dilutions of Sa-androstenone in mineral oil failed to show any significant
sex, race or smoker vs non-smoker differences in mean detection thresholds.
A similar conclusion was drawn by Gower ez /. (1985); olfactory thresholds
were found to vary widely, from as low as 0.2 parts per billion (p.p.b.) (also
noted by Amoore, Pelosi and Fortester, 1977) to 0.2 parts in 100 million; no
significant difference in thresholds was recorded between men and women.

In these studies (Gower ef 2/., 1985) male and female subjects were invited
to describe the odour of Sa-androstenone and were asked to use one or more
adjectives provided — ‘pleasant’, ‘floral’, ‘fruity’, ‘urinous’, ‘sweaty’, etc. The
men tested preferred to use a single adjective: none found the smell
‘pleasant’, 15 per cent ‘unpleasant’, 23 per cent ‘musky’, 23 per cent
‘urinous’, 9 per cent ‘sweat-like’ and 30 per cent ‘strong’. The female
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Fig. 3.8 Sa-Androstenone and pyridine thresholds for each member of 17 identical
and 21 fraternal twin pairs. The data are plotted by decreasing threshold and
increasing discordance for Sa-androstenone. The concentration for step 12 of
Sa-androstenone was 3.67 mM in mineral oil and that for step 8 of pyridine was
0.372 mM. For each odorant decreasing concentration series were prepared by serial
binary dilutions. The concentration of Sa-androstenone indicated by the arrow was
chosen to dichotomize subjects into Sa-androstenone sensitive or insensitive
groups. (From Wysocki and Beauchamp, 1984.)

subjects utilized two adjectives: 70 per cent found the odour ‘repellent’ and a
furcher 20 per cent recorded ‘unpleasant’; the most used adjectives were
‘urinous’ and ‘musky’.

The smell of the axillary extracts collected from the subjects in this study
was also recorded by the female analyst. For the male subjects she recorded
‘musky’ and ‘strong’ (50 per cent) with only 20 per cent as ‘sweet’. For the
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women far more extracts (37 per cent) were judged to be ‘sweet’, with only
11 per cent ‘musky’ and 21 per cent ‘strong’. Perhaps significant is the fact
that one of these ‘strong’ extracts was subsequently shown by analysis to
possess a content for Sa-androstenone of 550 pmol/24 h, well into the male
range (Fig. 3.3).

Amoore, Pelosi and Forrester (1977) believe that Sa-androstenone is the
primary urinous odour; 46 per cent of their subjects could not smell the
odour, indicating that this is the most common form of anosmia so far
encountered. Pollack e #/. (1982) suggested that the extreme variation in
sensitivity had a significant genetic component (although the trait was not
correlated with HLA haplotype). That the ability to smell Sa-androstenone
is genetically determined has been the subject of a recent study in fraternal
and identical twins (Wysocki and Beauchamp, 1984). These workers tested
adult twins for their ability to smell Sa-androstenone and pyridine (an
odorant that is readily perceived by most adults); Fig. 3.8 shows that
detection thresholds for pyridine were not significantly different between
fraternal and identical twins, and the data therefore provide no evidence for a
genetic component in variation of sensitivity in this case. The figure also
shows that some subjects failed to detect So-androstenone, even when
presented with the highest concentration (1.79 pM in 10 ml mineral oil).
Identical twin pairs were more similar in Sa-androstenone sensitivity than
were fraternal twin pairs (p < 0.0001), indicating a significant genetic
component. However, in contrast to some earl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>