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ABSTRACT

The present investigations were carried out to find out the chemical nature of the clitorial gland extracts of the soft furred
field rat, Millardia meltada and their involvement in reproductive and social behavior. Homogenates of clitoral gland of
mature estrous female rats were extracted with n-hexane and dichloromethane (1:1 ratio v/v) and analyzed by gas
chromatography linked mass spectrometry. Three peaks were found to be in higher concentration, which were identified as
6,11-dihydro-dibenz-b,e-oxepin-11-one (l); 2,6,10-dodecatrien-1-ol-3,7,11-trimethyl (Z) (I1); and 1,2-benzenedicarboxylic
acid butyl (2-ethylpropyl) ester (I11). Odour preference tests demonstrated that the first compound attracted conspecifics of
the opposite sex. By contrast, the second and third compounds were found to attract both sexes. The results conclude that
the clitoral gland extracts of rat contains three major chemical compounds which have a unique function in maintaining

social and reproductive status.
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INTRODUCTION

Among mammals chemical signals can send powerful
messages with behavior modulating effects that may be of
considerable social importance. The study of pheromone
cueing systems in relation to complex behaviors has been
hampered by the lack of identification of specific
compounds  functioning as behaviour  modifiers.
Pheromones, like chemical signals, are detected by special
receptor neurons in the olfactory system. The major
difference between pheromones (species-specific) and
other chemical signals (inter-specific) is in the output:
when processed by the brain, chemical signals result in the
sensation of smell, whereas pheromone signals trigger a
unique characteristic behavioural or physiological response
(Ben-Ari 1998). Mammalian pheromones are found to be
involved in many reproductive behaviours, such as sexual
attraction (Kannan et al 1998), interference with puberty,
oestrous cycle and pregnancy (Dominic 1991), as well as
social behaviours namely territorial marking (Prakash and
Idris 1992), individual identification (Poddar-Sarkar and

Brahmachary 1999) and initiation of aggression (Mugford
and Nowell 1971).

The major sources of physiologically and behaviorally
important chemical cues are the secretions of specialized
scent glands. The secretions of scent glands have a distinct
function in rodent behaviour. Among the scent glands
present in rodents, the preputial glands of the rat play an
important role in the production of olfactory substances
which attract the opposite sex (Kannan et al 1998). The
preputial glands appear as paired structures on either side
of the penis in the male rat; in females, the homologous
gland has been observed to be associated with the clitoris
(Balakrishnan and Alexander 1985). In rats, the preputial
gland has a well developed capsule with a distinct
excretory duct system. It has been demonstrated that female
rats prefer the odour of normal male preputial gland
extracts to that of castrated rats and that the sex attractant
compound(s) is present in the preputial gland extract
(Gawienowski et al., 1975). Likewise, experiments have
shown that male rats prefer the odour of intact over that of
preputialectomized estrous female rats (Thody and
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Dijkstra, 1978). Further, Orsulak and Gawienowski (1972)
observed that sexually experienced male rats are attracted
by the odour of a homogenate of clitoral glands. An earlier
report indicated that the preputial gland of the oestrous
female has volatile and other lipid-like substances which
attract the intact male (Gawienowski et al., 1975). We have
chemically characterized the preputial gland secretion of
the male rat and have found that the identified volatile
compounds have distinct social functions (Kannan et al.,
1998). However, the chemical identification of such
odorant molecules has not yet been carried out in the
clitoral gland. Hence, the present investigation was carried
out to find out the chemical nature of clitoral gland
homogenates and to assay the biological activity of
identified compounds.

MATERIALS AND METHODS

Male and female rats were housed separately in
polypropylene cages (40 x 25 x 15 cm) with 2 cm of rice
husk lining the bottom as bedding material. The bedding
material was changed before every odour preference test.
Nine females [160 + 15.6 g (+ SD)] were 12-14 week-old
regularly cycling virgins and nine intact males [185 + 14.7
g (£ SD)] were 14-18 weeks old, having scrotal testes.
Both sexes of albino rats used in the present investigation
were housed under laboratory conditions and reared on
pelleted food (Hindustan Lever Ltd., Bangalore) and water
ad libitum. Twenty-five estrous female rats were sacrificed
by cervical dislocation under anesthesia. Following
autopsy, clitoral glands were removed and placed in double
distilled solvent mixture (n-hexane and dichloromethane 1:
1 ratio v/v) and ground well for about 10 min with a glass
homogenizer under ice cold condition. Immediately after
homogenization, the supernatant was filtered through silica
gel (50-60 pum mesh size). The pure supernatant was
collected in a glass vial sealed with airtight screw cap. The
sample vials were stored at — 20°C until they were used for
gas chromatography linked mass spectrometry (GC-MS)
study.

The GC-MS analyses were done in a Shimatzu
QP5000 instrument under computer control at 70 eV.
Chemical ionization was performed using ammonia as
reagent gas at 95 eV (Kannan et al., 1998). The identified
compounds were then compared with standards run under
the same conditions. These data were already stored in a
compact library of chemical substances (NIST62.LIB). As
mentioned earlier, fresh samples were fractionated and
collected in separate storage glass vials to carry out the
behavioural study. The homogenate of clitoral glands (20
ml) was distilled for 30 min at room temperature under a
vaccum of 0.2 torr. The distillate was condensed by cooling
with liquid nitrogen and concentrated to 2 ml. The volatiles
from the distilled fractions were subjected to GC for cross
checking and confirmation of compounds in each fraction
(Pause et al., 1997). Assuming the importance of the
compounds in pheromone activity, Y-maze odour
preference tests were conducted using the modified
procedure of Ferkin and Seamon (1987).
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The experimental animals were segregated into three
different sets of the same and opposite sexes. Three
individuals randomly taken from a pool of 20 rats (male
and female colonies maintained separately) were used in
each set for behaviour analyses, and the experiment for
each set was repeated thrice. Fresh samples were used for
each trial. The behaviour on exposure to the identified
compound was assessed with the help of a Y-maze
apparatus. The Y-maze apparatus contains three arms
namely, a middle common arm (where the responder was
released in the apparatus), and of the remaining two arms,
the scented sample was placed in one (experimental arm),
and the pure solvent mixture was placed in the other
(control arm). The time spent in investigating both the
scented sample and control was recorded for each animal.
The odour preference test was assessed for 15 min with the
identified compounds (experimental) and the solvent
mixture was used as control. The responders were members
of the same and opposite sex.

RESULTS AND DISCUSSION

The extracts prepared from female clitoral glands of
laboratory rats contained more than 21 different fractions.
Of these, the following three chemical substances
constituted the major portion of the glandular homogenate.
These were 6,11-dihydrodibenz-b,e-oxepin-11-one (I);
2,6,10- dodecatrien-1-o0l-3,7,11-trimethyl(Z) (I1); and 1,2-
benzenedicarboxylic acid butyl(2-ethyl-propyl) ester (I11).
The gas chromatography clearly showed that the major
compounds mainly fall between the retention time of 30
and 50 min (Figure 1). Figures 2 and 3 showed that the
mass spectra and chemical structure of the identified
compounds respectively. Further, the computer matched
data of all these compounds showed above 95% similarity
with the compounds identified from the clitoral gland.
Among the three different compounds identified in the
present study, the bioassay data revealed that compound |
evoked the maximum response in the attraction of the
opposite sex (males) than the same sex, while compounds
Il and 11l were involved in the attraction of both male and
female rats. In addition, it was observed that of the three
identified compounds, the second one (Il) was found to be
most attractive for all responders used in this investigation.

Odours are extremely important for rodents and other
mammals for many types of behavioural communication
(Gosling, 1985). Our earlier study (Kannan et al., 1998)
indicated that the male preputial glands of laboratory rats
contain eleven different compounds of which three
compounds constitute major fractions. Similarly, in the
present study three major compounds have been identified.
Further, it is striking to note that the compounds 2,6,10-
dodecatrien-1-ol-3,7,11-trimethyl(Z) (1) and esters of 1,2-
benzene-dicarboxylic acid (I11) identified in the clitoral
glands have already been recorded in the male rat and were
found to attract both sexes. Therefore, the present study
further confirms that the compounds Il and Il serve as both
sex attracting chemical moities and also convey signals to
individuals irrespective of sex.
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Compound 1 found in the clitoral gland has not been
reported in the male preputial glands of rats (Kannan et al
1998). The odour preference tests in the present study
demonstrate that this compound acts as an attractant for the
opposite sex. However, in the earlier study, two compounds
identified in the male preputial gland, ie. 2, 6, 10 -
dodecatrien-1-o0l-3, 7, 11-trimethyl and di-n-octyl phthalate
are reported to be involved as attractants for female rats
(Kannan et al., 1998). This result in the conclusion that a
single volatile compound secreted by the female clitoral
gland is involved in attracting the opposite sex, whereas
two volatile compounds identified in the homogenate of the
male preputial gland are necessary to bring about attraction
of the opposite sex. Besides, each fraction has a unique
extent of attraction of other individuals of the same species.
This present observation gains support from reports related
to pheromone identification studies in the mouse (Kannan
and Archunan, 1999) and humans (Stern and McClintock,
1998). These studies indicate that ~mammalian
pheromone(s) may be a single compound or a mixture of
compounds and that each of the major fractions are
faithfully involved in conveying specific signals related to
reproductive and social behaviours. For instance, Jemiolo
et al. (1985) have reported that mouse urine contains many
volatile  fractions. Of these, 2-sec-butyl-4, 5-
dihydrothiazole and dehydro-exobrevicomin occur in
greater proportion and are involved in the maintenance of
the estrous cycle. Meanwhile, isobutyl amine and isoamyl
amine in the urine of male mice accelerate puberty in
female mice (Nishimura et al., 1989).
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Thus the results of the present work lend support to the
concept that females advertise their readiness for mating by
liberating some kind of odourous substance. The present
findings are in agreement with the previous report of
Gawienowski et al. (1976) that the odour of the clitoral
glands extract is attractive to male rats. Based on the
compounds identified in the present study, we provide
further evidence that the clitoral gland extract may also
have other odorous substances, which may be involved in
the attraction of both sexes. Gawienowski et al. (1975)
reported that female rats did not respond to the odour of
female preputial extract and preferred the odour of normal
male preputial extracts. It is to be noted however that they
used the total extract of the female preputial gland for
odour preference tests with females. Moreover, these
authors identified the active compounds by gas liquid
chromatography. But we have identified the major
chemical constituents of clitoral gland homogenates
through GC-MS and have carried out the odour preference
tests of the identified compounds individually. When the
compounds are individually tested, the nature of the
behaviour relevance of the compounds can be observed.
Our results demonstrate that the clitoral gland is an
important site for pheromone production to attract
conspecifics. In rat scent glands, pheromones exist as a
mixture of alcohols, aldehydes, acids of saturated or
unsaturated aliphatic or aromatic compounds (Kannan et
al., 1998; Kannan and Archunan, 1999). Gawienoski and
Orsulak (1975) reported that the attractive compounds of
female preputial extracts include aliphatic alcohols having
methyl-substituted 7 and 8 carbon atoms.
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Figure 1. Gas chromatographic profiles of the clitoral gland secretions of laboratory rat.
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Figure 2. Mass spectra of the identified compounds of female laboratory rat clitoral gland.
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Figure 3. Chemical structure of the identified compounds of female clitoral gland of rat.

CONCLUSION

The present study shows the identified compounds are
aliphatic unsaturated alcohols (compound 1) and aromatic
acids (compound 11l) and demonstrates that the clitoral
gland has three major components which appear to be
involved in reproductive and social behaviours.

REFERENCES

Balakrishnan, M. and Alexander, K.M., 1985. Sources of
body odours in some Indian Mammals. Indian Rev.
Life Sci., 71 257-258.

Ben-Ari, E. T., 1998. Pheromones: What’s in a name?
Bioscience, 48, 505-511.

Dominic, C.J., 1991. Chemical communication in animals.
J. Sci. Res., 41, 157-169.

Ferkin, M.H. and Seamon, J.O. 1987. Odour preference and
social behaviour in meadow voles: Seasonal
differences. Can. J. Zool., 72 2205-2209.

Gawienowski, A.M and Orsulak, P.J., 1975. Pheromone
activity of the rat preputial gland extracts; Xlth

208



S. Kalaiyarasan and A. Amsath

International Conference for Chronobiology, Hanover,
(abstr.)

Gawienowski, A.M., Denicola, D.B., Stacewiczsu
Stapuntzakis, M. and Pratt, J. 1976 Attractant effect of
female preputial gland extract on the male rat;
Psychoneuroendocrinology, 1, 411-418.

Gawienowski, A.M., Orsulak, P.J.,  Stacewiczsu
Stapuntzakis, M. and Joseph, B.M., 1975. Presence of
sex pheromone in preputial glands of male rats. J.
Endocrinol., 67, 283-288.

Gosling, L.M. 1985. The even toad ungulates: order
Avrtiodactyla. In: Social odours in mammals (eds.) R.E.
Brown and D.W. MacDonald (Oxford: Clarendon
Press). pp 550-618.

Jemiolo, B, Alberts, J., Wiggins, S.S., Harvey, S. and
Novotny, M. 1985. Behavioral and endocrine
responses of female mice to synthetic analogues of
volatile compounds in male urine. Anim. Behav., 33,
1114-1118.

Kannan, S. and Archunan, G. 1999. Identification of
volatile compounds from cheek glands of lesser
bandicoot rats and assessment of behavioural response
for identified compounds, Indian J. Exp. Biol., 37,
798-802.

Int. J. Zool. Appl. Biosci., 1(4): 205-209, 2016

Kannan. S., Ramesh Kumar, K. and Archunan, G., 1998.
Sex attractants in male preputial gland: Chemical
identification and their role in reproductive behaviour
of rats. Curr. Sci., 74 689-691.

Mugford, R.A, and Nowell, N.W., 1971. The preputial
gland as a source of aggression promoting odour in
mice. Physiol. Behav., 6 247-249.

Orsulak, P.J. and Gawienowski, A.M. 1972. Olfactory
preference for the rat preputial gland; Biol. Reprod., 6,
219-223.

Poddar-Sarkar, M. and Brahmachary, R.L. 1999. Can free
fatty acids in the tiger pheromones act as an individual
finger print? Curr. Sci., 76, 141-142.

Prakash, I. and Idris, M. 1992. Scent marking behavior. In:
Rodents in Indian agriculture (eds) I. Prakash, and
P.K. Ghosh (New Delhi: Scientific Publishers). 32,
445-460.

Stern, K. and McClintock, M.K. 1998. Regulation of
ovulation by human pheromones. Nature (London),
392, 177-179.

Thody, A.J. and Dijkstra, H. 1978. Effect of ovarian
steroids on preputial gland odours in the female rat. J.
Endocrinol., 77, 397-403.

209



