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This chapter gives a brief overview of studies that have been carried out to describe the way in which dasy-
urid marsupials communicate by chemical means. This involves the production of chemical substances from
both cutaneous scent glands and glands associated with the reproductive tract, the dispersal of these sub-
stances by various morphological adaptations, and the detection of these airbome chemicals (pheromones)
by the special sensory system, the vomeronasal organ (VNO). Gas chromatography coupled with mass
spectroscopy GC-MS is increasingly being applied to identify substances used by animals in chemical com-
munication. While many of the structures used by animals to detect pheromones have been known for
many years, it is only now with the availability of sensitive techniques such as functional magnetic resonance
imaging (fMRI) that we are able to visualise regional changes in brain activity in temporal sequence in

response to these pheromones.

INTRODUCTION

Within the last two decades, the role of olfaction in the media-
tion and control of reproductive behaviour and in modulation
of reproductive physiology in many eutherian species has been
extensively studied. In many species, chemosignals or pherom-
ones of male origin may alter the timing of adult oestrus cycles
and accelerate the onset of puberty in females (Vandenbergh
1969, Carter et al. 1980, Drickamer 1983), and numerous stud-
ies have described the effect of female urinary pheromones on
testosterone, LH and gonadotropin levels in males of many spe-
cies (Clancy et al. 1988, Waring et al. 1996). Although the com-
plexity of social communication in marsupials appears fully
equivalent to that observed in ecologically similar eutherian taxa

(Gansglosser 1982, Fadem 1986), it is not well understood and
remains relatively unexplored. Pheromonal effects on ovulation
and oestrus have been recorded in only four marsupial species:
the woolly opossum Caluromys philander (Perret and M’Barek
1991), the grey short-tailed opossum Monodelphis domestica
(Fadem 1985, 1987), and the dasyurids S. crassicandata (Smith
etal. 1978), and A. stuartii (Scott 1986). Fadem (1987) reports
that adult female grey short-tailed opossums normally remain in
anoestrus when housed in single-sex groups, and only enter
oestrus when exposed to male pheromones (Fadem 1989b,
Stonerook and Harder 1992). In contrast, Scott (1986) found
that isolated female A. stuartii ovulate synchronously when
placed with grouped females suggestive of an oestrus-stimulated
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female chemosignal. Based on the findings of Scott (1986) and
the observations of Cockburn and Lazenby-Cohen (1992) that
male A. stuartii may use olfactory cues to locate females during
the mating period, further studies are warranted to explore the
importance of olfactory cues in reproduction and social com-
munication in this species. )

The brains of eutherian and metatherian mammals differ very
little in both their structure and function (Johnston 1977). As
is the case in eutherian mammals, marsupial sensory systems are
well-developed, particularly the olfactory bulb which is promi-
nent in all marsupials (Croft 1982). Furthermore the nasal
cavity of marsupials is covered with extensive areas of olfactory
epithelium, and may contain a functionally intact vomeronasal
organ (Croft 1982) that is believed to be specialised for recep-
tion of chemosignals (Jacobson 1811, Meredith and O’Connell
1979, Taniguchi et al. 1992a, 1992b).

Because of several problems associated with the use of the term
Ppheromone, the term semiochemical is now more commonly used
in studies of chemical communication. A pheromone is gener-
ally regarded as a substance that elicits a stereotypic response
whatever the circumstances associated with its release and recep-
tion. Such a substance may have dual effects, acting as an attract-
ant to members of one sex and at the same time eliciting an
aggressive response from members of the other sex. A semio-
chemical encompasses any form of chemical communication,
from a single compound to a complex mixture. While the chem-
ical may be an odour, it does not have to be. The response that
an individual makes to the semiochemical will depend upon the
context, physiological state and previous experience of the recip-
ient (Mykytowycz 1972). Semiochemistry is thus much broader
than the concept of a pheromone with the former broad term
including the latter (Albone 1984).

TAXONOMIC REASSESSMENTS

Taxonomic reassessments of genus Antechinus are relevant to sev-
eral earlier studies of dasyurid marsupials in eastern and SE Aus-
tralia. Studies of A. stuartii carried out at Mount Glorious in SE
Queensland would now be regarded as studies of 4. subtropicus
because of a recent reassessment (Van Dyck and Crowther 2000)
while studies of Antechinus stuartii from SE Australia, such as
those ecophysiological studies conducted near Warburton (Brad-
ley et al. 1980), would now be regarded as investigations of A.
agilss in the light of a reassessment by Sumner and Dickman
(1998). Behavioural studies carried out on A. stuarti in forests
near Canberra would be regarded as studies of 4. Sflavipes.

In spite of the apparent morphological and genetic differences,
most researchers would agree that apart from slight differences
in the timing of reproduction all these species share a common
life history strategy. To avoid confusion in references to Anzechi-
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nus in this chapter, the new species names will be included in
brackets after the species names used in the original citation.

SCENT-MARKING BEHAVIOUR.

Scent marking and subsequent olfactory investigation of chem-
osignals are fundamental components of social interactions
within the majority of mammalian species. In mammals, a vari-
ety of scent marking mechanisms are found ranging from urine,
facces, vaginal secretions and saliva to specialised glands such as
the temporal gland of elephants, supraorbital and inter-digital
glands of many ungulates, anal glands of carnivores, and the
sternal gland of the marsupial sugar glider (Strahlendorff 1987,
Stoddart et al. 1994). Research into the chemistry of mamma-
lian pheromones, which builds on the success of chemical inves-
tigations of insect pheromones, has mainly focused on social
conditions which influence sexual maturation and reproduction
in rodents (Drickamer 1984, Jemiolo et al. 1994), but is now
increasingly employed in a wide range of other species (e.g
tigers, beavers, moles, badgers and primates).

Within the Metatheria, litde is known about the chemistry of
chemosignals although the involvement in reproduction and
social organisation is well documented (Fadem 1989a, Fadem et
al. 1989). Biggins (1979, 1984) reported on the importance of
chemical communication to the brushtail possum Trichosorus
vulpecula. Woolhouse and co-workers (1994) have described a
possible paracloacal and sternal gland pheromone in the 77-
chosorus vulpecula which may act as an intraspecific attractant.
Furthermore, partially racemic compounds have been identified
as possum urinary metabolites (Carman and Klika 1992), the
function of which, however, is unknown. To our knowledge,
only one study has identified chemical compounds with possi-
ble pheromonal effects in a dasyurid marsupial. In Antechinuys
subtropicus from Mount Glorious in SE Queensland males pos-
sess both a sternal gland and a cluster of paracloacal glands
which are believed to produce chemical signals for intraspecific
communication (Toftegaard 1999). Females also possess para-
cloacal glands, the function of which is unknown, but they may
also serve in chemical communication.

Using a solid phase microextraction technique, urinary volatiles
from male, female and castrated A. subtropicus were extracted
and analysed using GC-MS. Fourteen volatile compounds were
identified, some of which were gender-specific (Table 1).

The GC-MS profile of the males were distinguished by two pyra-
zine compounds (2,6-dimethylpyrazine and 2-ethenyl-6-methyl-
pyrazine) and a series of methyl ketones which were not detected
in the profiles of females, nor in the castrate (Toftegaard, Moore
and Bradley 1999). Urine from females, however, contains several
aldehydes not present in the profile of males. The apparentsexual
dimorphism in urinary constituents such as pyrazine derivatives
in A. subtropicus is of particular interest because such compounds
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‘ 2,6-dimethylpyrazine

CéHBN2
2-ethenyl-6-methylpyrazine 120.15 C7H8N2
2-heptanone 1449 C7H140
2-octanone 128.22 C8HI60
2-nonanone 142.24 C9HI80
2-decanone 156.27 Ci0H200
2-hexanone 100.16 Cé6HI20
2-undecanone 170.29 CIlIH220
Nonanal 142.24 C9H180
Decanal 156.27 CI10H200
Undecanal 170.30 CIl1H220
Benzaldehyde 106.13 C7H60O
Decanol 158.29 CI0H220
2,4-dithiapentane 108.23 C3H8S2
N-butyl benzene sulfonamide 213.30 CIOHI5NO2S
limonene 136.24 CioHié6
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Table 1  Structure of volatile compounds identified in urine of Antechinus stuartii using GC-MS.
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have also been reported in tree shrews Tupaia belangeri (Strahlen-
dorff 1987) where male-specific 2,5-dimethylpyrazine was iden-
tified. The presence of this compound was interpreted to be
directly related to the activation of male chinning behaviour. The
identification of urinary pyrazines as key regulatory components
in reproduction has shown that long-term exposure of female
mice to male-specific 2,5-dimethylpyrazine may inhibit their
overall reproductive fitness (Jemiolo and Novotny 1993). Pyra-
zines have been found in the adrenal gland of mice (Novotny et
al. 1986), and adrenalectomy, but not ovariectomy, eliminates
the biological activity of excreted urine (Drickamer and McIntosh
1980). Finally, it has been proposed that tetraethylpyrazine and
2,5-dimethylpyrazine may modulate the gonadotropin releasing
hormone and/or gonadotropic hormone release from the hypoth-
alamic-pituitary axis in juvenile rats (Yamada et al. 1989). The
role of these sexually dimorphic urinary constituents in social
interactions and during the life history of 4. subtropicus is not yet
fully understood. It may be that male-specific pyrazines serve as
female attractants during the breeding period or conspecific male
aggression signals. Further studies are needed to address the
involvement of urinary pheromones during social interactions in
A subtropicus.

Olfactory stimuli in the form of pheromones, semiochemicals
or ‘social odours’, may represent specific metabolites in the ani-
mals’ waste products such as urine or faeces, or may-be released
from specialised glandular regions on the body. Chemosignals
may be actively deposited by rubbing the glandular area against
the substrate known as scent marking, or passively through
indiscriminate liberation. Scent glands have been described in

15 of the 19 orders of mammals (Thiessen and Rice 1976).
Within the Metatheria, scent glands have been identified in the
sugar glider Petaurus breviceps (Stoddart and Bradley 1991),
Phascogale calura (Bradley 1997), and grey short-tailed opossum
Monodelphis domestica (Fadem and Schwartz 1986, Fadem etal.
1989, Fadem 1990). Several different forms of scent marking
behaviour have been reported in dasyurids (Table 2).

Most species studied are known to use cloacal dragging to
deposit chemosignals. Sternal and chin rubbing are also fre-
quently used marking mechanisms.

Sexual dimorphism has been reported in marking behaviour and
physiology. During the mating period, for example, male A. sub-
tropicus secrete copiously from their cutaneous sternal glands
(Bradley pers. obs.), and have been found to frequently scent
mark their nesting area using cloacal rubbing (Braithwaite 1974).
Although females of this species also possess cloacal glands, they
do not appear to engage in marking behaviour. In Planigale mac-
ulata, only males use sternal marking (Van Dyck 1979), and in
Sminthopsis crassicaudata, only males use cloacal marking in
female—male encounters (Ewer 1968a).

MORPHOLOGICAL ADAPTATIONS TO PHEROMONE
DISPERSAL

The hair covering the surface of specialised integumentary
glands located around the body of various mammals are known
to serve special functions. They may occur in the form of well-
developed tufts as in the case of the flank gland of the shrew
(Balakrishnan 1987), and the tarsal and metatarsal glands of
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Table 2 Modes of chemical deposition used by dasyurids in olfactory communication. (+) indicates observed; (-) shown not
to occur, s

Planigale maculata
Planigale tenuirostris
Ningaui spp.
Antechinus flavipes +
Antechinus stuartii
Sminthopsis crassicaudata -
Sminthopsis macroura +
Antechinomys laniger

Dasycercus cristicauda

+ o+ o+ 4+ o+ o+ +

Dasyuroides byrnei
Dasyurus viverrinus

Sarcophilus harrisii + +

Van Dyck 1979
+ Andrew and Settle 1982
Fanning 1982
Ewer 1968
Rigby 1972, Braithwaite 1974
Ewer {968atb
Van Dyck 1979
Happold 1972, Eisenberg and Golani 1977
Ewer 1968b, Sorenson 1970
Sorenson 1970, Aslin 1974
Eisenberg and Golani 1977
Ewer 1968b, Eisenberg and Golani 1977

deer (Miiller-Schwarze et al. 1977) functioning as visual stimuli
during intraspecific interactions, or they may be structurally dif-
ferent from hairs of other body regions and modified for hold-
ing and releasing materials of olfactory relevance. Such
structural modifications have been reported in the Crested rat,
Lophiomys imbausi (Stoddart 1979) and some species of ptero-
podid and molossid bats (Hickey and Fenton 1987). The term
‘osmetrichia’ has been proposed for structurally specialised
mammalian scent hair (Miiller-Schwarze et al. 1977) thar is
capable of retaining material containing olfactory information.

As far as we are aware, the presence on the hair surface of spe--

cialisations for holding material that may provide chemical sig-
nals in social communication has not been described in dasyurid
marsupials. Bradley (1997) has discussed the apparent impor-
tance of the sternal gland and its secretions in Phascogale calura
in which the sternal gland of males becomes very active when
the plasma testosterone concentration rises during the breeding
period. In ovariectomised females of another marsupial species
the grey short-tailed opossum Monodelphis domestica the devel-
opment of suprasternal glands and chest marking may be stim-
ulated by testosterone administration but not by oestradiol
(Fadem 1990). Similatly in castrated males testosterone, but not
oestradiol, stimulated chest marking (Fadem et al. 19892, b).
This androgen dependence of cutaneous scent gland function
has also been described (Stoddart and Bradley 1991; Stoddart,
Bradley and Mallick 1994) in the sugar glider Petaurus breviceps.

The production of sternal gland secretion in A. stuartii (A. agi-
lis), but also in A. subtropicus in SE Queensland, is at a maxi-

~—mum at the time of breeding coinciding with male peak

“_;s'._ndrogen concentration (Bradley et al. 1980) however individ-
ual differences are apparent. In light of this relationship between
onset of breeding and activity of the gland and the apparent
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morphological difference between hair covering the sternal
gland and hair from other body regions, the hair of the sternal
gland was studied using the scanning electron microscope
(SEM) (Toftegaard and Bradley 1999). In this study compari-
sons were made between the surface ultrastructure of sternal
gland hair and hair from the dorsum of sexually intact males (z
= 3), castrated males (7 = 2) and females (% = 3) to determine
whether hairs that overlie the scent producing gland would
show surface specialisation to promote scent retention. Mor-
phological differences were evident between the sternal gland
hairs and back hairs of the intact males that had active sternal
glands. The specialised sternal gland hairs were only about one-
third of the length of the control hairs from the dorsal body
region in contrast with the relatively flat surface of the long
dorsal hair created by the smooth, even cuticular scales. The
scales of the sternal gland hairs project outward from the cortex,
creating angled chambers between the scales.

At magnifications of x7000 numerous ridges and grooves were
found lining the distal edges of the scales (Fig. 1); however, only
hairs from the sternal gland of the two actively secreting males
had large numbers of these grooves. Hairs taken from both the
sternal and dorsal areas of females lacked visible grooves and no
comparable grooves were identified on the sternal hairs of the
castrate males (hairs examined 6 months after castration) and
males which were not actively secreting. The scales from hair of
actively secreting males appeared very efficient in retaining lipid
material. Some sternal hairs were still covered with sebum after
a period of 72 hours in solvent, thus making examinations of
grooves difficult. The general appearance of the hair shaft
changed from root to tip, the scales becoming elongate and nar-
rowly conical towards the tip. This pattern was identical for all
hair samples examined.
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Figure I Scanning electron micrograph of a sternal gland hair from
an actively secreting male showing the pattern of arrangement of
cuticular angular scale ‘chambers’ displaying distal ridge-like grooves.
x7000 (white scale bar = | pm). :

The present study revealed that the specialised fur overlying the
male sternal gland surface exhibits structural modifications in
the form of rough keratinised chambers which act as reservoirs
for the glandular secretions. Structurally these modifications
resemble the sebum-storing flank gland hairs of the musk shrew,
Suncus murinus viridescens (Balakrishnan 1987) and common
shrew, Sorex araneus L. (Kapischke and Miihle 1988), which
have been recognised as important instruments in scent-mark-
ing in these species. However, this specialisation is found only
in the sternal gland area of the male A. stuartsi, in contrast to the
musk shrew in which both sexes possess the modification.

Pheromones have been chemically identified in the ventral
gland sebum of the jird Meriones tristrami (Kagen et al. 1983)
and Meriones unguiculatus (Thiessen et al. 1974). From ongoing
chemical and behavioural studies in our lab we suggest that male
A. stuartii may discharge a continuous, but highly volatile scent
from the sternal gland during the breeding season for which the
glandular sebum acts as a carrier. The presence of these modified
scent gland hairs as special sebum storing chambers may facili-
tate the continuous availability of the volatile pheromone as well
as delay its oxidation and degradation upon exposure to air.
Since the chemical substances of olfactory relevance are of low
molecular weight (C. Moore pers. comm.), it is proposed that
the lipid secretions produced by the sternal glands and retained
in the modified hair chambers act as a medium for olfactory
information required for-intraspecific communication during

the breeding season. While cloacal marking is common during -

behavioural encounters (Braithwaite 1974) male A. stuartii do
not appear to use their sternal gland for scent-marking, It is pro-
posed that the glandular sebum contains a pheromone that may
act as a status signal during the breeding season, which occurs in

CHEMICAL COMMUNICATION IN DASYURID MARSUPIALS

many mammal species (Boero 1995). We propose that the func-
tional significance.of the sternal hair modifications is to stabilise
and delay oxidation of this pheromone, an effect that has been
suggested by Allen (1975; 1982) to occur with paracloacal secre-
tions in Trichosurus vulpecula.

Quite clearly the hair overlying the sternal gland in Antechinus
stuartii possesses surface features that would appear to assist
both in the storage and propagation of odour.

STERNAL GLAND MORPHOLOGY AND CONTROL

All adult A. ssuartii males possess a sparsely haired patch of skin
approximately 3 mm in diameter in the sternal region which is
covered by a thin oily film: This is particularly prominent during
the breeding period in September. Histological examination of
biopsies (Bradley and Stoddart 1991) taken from the sternal
gland (Fig. 2a) revealed thar this organ consists of two distinct
layers of glandular tissue (Fig. 2a), a deep layer of apocrine tissue
(Fig. 2b) overlain by a layer of holocrine sebaceous tissue (Fig. 2¢).
The sebaceous secretion appears colourless when produced by the
gland; however, with prolonged oxidation, an orange staining of
the fur surrounding the glandular tissue is observed. .

The sternal gland of adult male A. stuartii contains both apocrine
and sebaceous glandular tissues, the latter of which may be under
androgen control (Toftegaard and Bradley 1999). This is in
agreement with a study by Dixon (1976) on the Greater Galago
Galago crassicaudatus crassicandatus, in which it was found that
low levels of testosterone are insufficient to maintain sebaceous
glands and result in atrophy of the entire sternal gland. The low

plasma testosterone levels observed in the castrate male 4. stwartii

are presumably caused by the continuous secretion of androgens
from the zona reticularis of the adrenal cortex.

Sebaceous gland secretions may act as a vehicle for the volatile
substances produced by the apocrine glands (Mykytowycz 1972).
This type of cooperative action has been suggested for civetone,
the crude secretion from the glands of the civet cat. This substance
is weel known for its use as a fixative by perfumers to extend the
valuable components of the perfume. It acts as a fixative, binding
to the molecules with high volatility and, in so doing, slowing
their release rate. This ensures that the more ephemeral odours
produced by the animal persist in the scent for much longer than
would otherwise be expected (Whitten 1969).

Experiments on different mammalian species using castration,
and castration followed by subsequent hormone replacement,
have shown that androgens greatly increase sebaceous gland size,
whereas oestrogen may reduce them (Dryden and Conway
1967, Jannett 1978, Bradley and Stoddart 1993, Helder and
Freymuller 1995, Romo et al. 1996). The same has been dem-
onstrated in paracloacal glands (Bradley and Stoddart 1993). In

‘the marsupial sugar glider Petaurus breviceps, plasma androgens
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(a)

(©

Figure 2 Longitudinal section through a gland biopsy core sample taken from a male A. substropious (a) showing the two distinct glandular zones
(A = apocrine tissue zone, § = sebaceous tissue zone). (b) apocrine tissue. (c) sebaceous tissue. [Scale bars = 100 pm].
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have been found to play an essential role in the development and
activity of cutaneous scent-producing glands (Stoddart and Bra-
dley 1991, Mallick et al. 1994, Stoddart et al. 1994). Although
such correlations between androgens and gland activity have yet
to be described in dasyurids, the production of sternal gland
secretions in male 4. stuartii (A. agilis) is at a maximum with the
onset of the mating period, which coincides with a peak andro-
gen concentration in the blood of males (Bradley et al. 1980).

Androgen replacement treatment increases sebaceous gland size,
mitotic activity and lipogenesis (Ebling et al. 1971, Stoddart
and Bradley 1991) in many mammalian species. Although the
apocrine tissue within the side glands of the shrew Suncus muri-
nus (Dryden and Conway 1967) and the skin glands of the hare

and rabbit have been found to respond in the same way to the .
withdrawal and replacement of testosterone, this was not -

observed in male A. subsropicus. In this species only apocrine cell
height was observed to increase following testosterone implan-
tation, whereas apocrine cell nuclear diameter was found to
decrease as the plasma testosterone concentration increased.

Knowledge of the specific behavioural contexts in which the
sternal gland of A. subtropicus is used is at present limited. It is
known, however, that specialised osmetrichia are found (Tofte-
gaard and Bradley 1999) overlying the sternal gland that may
prevent rapid oxidation of the gland exudate thus prolonging
the release of a chemical signal. From studies on the sugar glider,
Petaurus breviceps (Stoddart and Bradley 1991), it is known that
the frontal gland secretions may contribute to the whole-body
odour which, when released by dominant males, can effect the
elevation of plasma cortisol and catecholamine levels as well as
heart rate in subordinates. Unlike sugar gliders, A. stuartii, have
no distinct hierarchical system; however, social communication
during lekking displays at the time of breeding ray be facili-
tated by whole-body odour in which sternal gland secretions
may play a vital part. The fact that testosterone levels increase
prior to the onset of the breeding season (Cockburn and
Lazenby-Cohen 1992) supports the theory that sternal gland
secretions may be involved in the triggering of sexual behaviour.

PERCEPTION OF CHEMOSIGNALS — OLFACTORY
SYSTEMS

"Two systems are currently recognised as perceiving chemosensory
input: the main olfactory system and the accessory olfactory sys-
tem. The main olfactory system is suggested to serve a general
function as a ‘molecular’ analyser for environmental chemicals
without predetermined meaning. In this capacity, it would serve

‘arole in the association between odours and contexts. The acces-

sory olfactory system, which consists of chemoreceptor neurons
in the vomeronasal organ, and their central pathway through the
accessory olfactory bulb, amygdala and basal forebrain, has been
implicated in pheromone detection and chemical communica-
tion in several species (Pfeiffer and Johnston 1993, Jackson and
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Harder 1996). Although used extensively in the literature, the
proposed segregation of function between the main and accessory.
olfactory system is not absolute (Meredith 199 1). T

First described by Jacobson (1811), the vomeronasal organ
(VNO) has been shown to be of particular importance in the
mediation of chemical signals such as pheromones, and play a
crucial role in biologically significant functions related to feed-
ing, and more specifically breeding (Johnston and Rasmussen
1984, Johnston 1985, Pfeiffer and Johnston 1993). VNO:s are
two paired crescent-shaped tubular chemosensory organs that
run caudally in the upper palate at the base of the nasal septum.
Depending on the particular species, they open either to the
nasal cavity, the mouth or both (Schilling et al. 1990). The
VNO is encased by either a bony or cartilaginous capsule, and
contains a specialised neuroepithelium that differs from the
main olfactory epithelium in that the apical portions of the
bipolar receptor cells are lined with microvilli instead of cilia.

"The VNO is derived embryologically from the olfactory pla-

code, and vomeronasal sensory neurons, like olfactory neurons,
regenerate continuously throughour life (Liman 1996). The
olfactory nerves of the main olfactory system amalgamate in the
main olfactory bulb, from which projections are sent to the pri-
mary olfactory cortex, the nucleus of the lateral olfactory tract,
the olfactory tubercle, and the periamygdaloid region. In con-
trast, the vomeronasal nerves containing axons of bipolar neu-
rons project to the accessory olfactory bulb, from which
secondary neurons extend into the bed nucleus of the stria ter-
minalis, the medial amygdala, and the hypothalamus, thereby
facilitating direct pheromonal influences on reproductive phys-
iology and behaviour (Wysocki and Meredith 1991, Kennedy
and Anholt 1997). Relatively few studies have described the
anatomy and function of the accessory olfactory system in
metatherian species (Kratzing 1978, Shammabh-Lagnado and
Negrao 1981, Kratzing 1982a, b, 1984; Jackson and Harder
1996), and information regarding VNO anatomy and func-
tional significance in chemical communication in dasyurids is at
present lacking,

NEw DIRECTIONS IN OLFACTORY RESEARCH

Our knowledge of the central neural mechanisms of marsupial
olfaction is limited because of the lack of objective methods to
evaluate it. Positron emission tomography (PET) is one useful
method for investigating brain structure-function relationships.
However, since PET uses radioactive substances, subjects may
suffer from radiation overexposure. The advent of magnetic res-
onance imaging (MRI) has enabled researchers to use 2 non-
radioactive high-resolution % vivo method to study the audi-
tory, visual, motor and sensory regions of the inammalian brain.
Recent studies of human olfactory function (Koizuka et al,
1994, Yousem et al. 1997, Sobel et al. 1998) have demonstrated
that it is possible to use MRI to detect alterations of brain acti-

vation. This technique of functional MRI (fMRI) is particularly
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Figure 3 White pixels indicate signal activation in coronal section through the brain of a female A. subtropicus during exposure to male urine. The
brain tissue is circled in white. Tissue lying outside this circle is bone and soft tissue. Activation is evident in the frontal (area 1-3) cortex,
hippocampal fissures (CAI-3), dentate gyrus (DG), anterior paraventricular, ventrolateral (VL) and ventromedial thalamic (VM) nuclei, and
paraventricular (PaMP) nucleus of the hypothalamus. A corresponding coronal histological section through the brain of Antechinus subtropicus is
indicated on the right-hand side. Note that section on the right-hand side contains only brain tissue and is equivalent to the tissue outlined on the
left-hand side.

useful because it is possible to tune the instrument to detect dif-
ferent target molecules. General brain activity can be inferred by
looking at differences in the number of oxygen molecules with
a defined tissue before and after a particular experimental treat-
ment. Regional changes in vascular perfusion may be indicated
within the hippocampus and hypothalamus (Fig. 3) of an iso-
flurane anaesthetised marsupial mouse Antechinus subtropicus
(Toftegaard et al. 2002).

This picture of altered brain activity was obtained by computing
the difference between images collected approximately 70 seconds
apart before and after the presentation of a pheromonal stimulus
(urinary odour) to the experimental subject. Concern that global
vascular change may occur in the brain of an anaesthetised animal
and obscure the effect ascribed to the pheromone may be answered
by pointing out that pixels indicated in red highlight differences
between two otherwise identical brain images.

This technique shows particular promise when it is realised that
fMRI can be arranged to target specific and discrete neurotrans-
mitter molecules such as glutamate. This makes it possible to
monitor animals during longitudinal experimental studies in
which subjects may be investigated using a non-invasive, non-
destructive technique. In addition to the intrinsic scientific merit
of monitoring progressive change in individuals, the use of fMRI
also enables experimental designs using fewer animals. The bene-
fit for animal ethics in this conservative approach-is obvious.

FUTURE DIRECTIONS

The use of functional MRI promises to revolutionise the study
of chemical communication in mammals. In combination with
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standard methods for describing cytoarchitecture, such as tract
tracing, fMRI allows researchers to describe the temporal
sequence of changes that occur in response to the presentation
of an odour of bioiogical significance. In A. subtropicus 2,4
dimethylpyrazine, that appears in the urine of intact males, has
been shown to cause a significant physiological response and it
is likely that other compounds may also cause physiological
change. Undoubtedly different species will be shown to produce
their own unique chemical signatures that can be detected using
GC-MS. In many cases these semiochemicals are readily availa-
ble from commercial sources. When compounds are not com-
mercially available, research arms of some large companies can
often supply small quantities for testing (e.g. pyrazines sourced
from the tobacco industry). The future seems very promising for
studies of the role of chemical communication in behaviour in
marsupials. Studies carried out using marsupial models in the
US, New Zealand and Australia promise to significantly
advance our knowledge in this area of biology during the next
few years and the intrinsic and practical benefits will certainly
become more apparent both for metatheria and eutheria. While
the dasyurid marsupials provide interesting models for the role
of pheromones in the pituitary-adrenocortical axis and patho-
logical change, studies of Petauridac and Phalangeridae, in
which clear social structures exist, promise to provide important
new information in the future.
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