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We report here the structural elucidation of three
hitherto unreported pheromonal components unique
to male rats. The structures are (1) 2,6,10-
dodecatrien-1-01,3,7,11-trimethyl (Z, E); (ii) Di-n-
octyl phthalate, and (iii) 1,2 Benzenedicarboxylic
acid, diisooctyl ester. Of these, the first two attract
the opposite sex while the third compound attracts

the same sex.

CHEMICAL signals appear to play an important function
in the overall social behaviour and reproductive behav-
iours of rodents'™. The rat, Rattus norvegicus® has a
variety of known and potential sources of sex attractants
such as various integumentary glands including preputial
glands and excretory substances namely urine and
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faeces’. However, the excretory matertal gets the

pheromonal compounds from the secretions of sub-
cutaneous glands. The glandular secretions might be
bye-passed into the urinary tract and/or external genita-
lia. For instance, the preputial glands situated between
the dermis and body wall anterior to the penis in males
and to clitoris in females seem to be a source of phero-
mones and release part of their secretions through
urine’.

These glands are prominent in males but are com-
paratively smaller in females’. The degree of male pre-
putial gland activity is apparently related to social
experience, particularly aggression®. Preputial gland
secretions are known to attract the opposite sex in
white-tailed deer’. They may also regulate anogenital
licking and aid in maternal discrimination of the sex of
pups’. de Catanzaro et al.’ reported that male preputial
and salivary glands are sources of pheromones that
stimulate oestrus in female mice, but preputial gland
secretions are not involved in the male-induced preg-
nancy block’.

Chemical identity of mammalian pheromones such as
the urinary compounds of mice'’, tiger'’, and elephant'?
1s available. The significance of male preputial glands in
social and sexual behaviour of rats has been investigated
and the involvement of the preputial odour in eliciting
females’ or intermales’ aggression has been reported’.
However, chemical identification of pheromonal com-
pounds of preputial gland secretion in male rats and
their functions in social and sexual behaviour are still
obscure. The present report deals with the chemical na-
ture of male preputial glands in rats.

Sexually matured and reproductively active laboratory
rats, Rartus norvegicus weighing 200-250 g were main-
tained on a 12:12 light:dark cycle in the laboratory. The
anitmals were given rat feed and tap water ad libitum.
The animals were killed by cervical dislocation. As suf-
ficient quantity of the preputial secretion of rats was
difficult to collect, the preputial glands were removed
from 20 rats and ground well in a mixture of solvents
(methylene chloride and n-hexane 1:1 v/v) at room tem-
perature. The supernatent was then filtered through sil-
ica gel column (60-120 mesh) and concentrated under
vacuum (temperature <30°C) for fractionation and
chemical identification using gas chromatography-hinked
mass spectrometric (GC-MS) analyses by comparison
with standard compounds. The GC-MS analyses were
made 1n a Nermag R-10-10C instrument under computer
control at 70 eV. Chemical ionization was performed by
using ammonia as reagent gas at 95 eV (ref. 13). Then
the chemical mixtures were subjected for fractionation
to separate the compounds.

Assuming the importance of the fractionated com-
pounds in pheromonal activity, Y-Maze odour prefer-
ence test was conducted by following the procedure of
Ferkin and Seamon', In three different scts of same and
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Figure 1. Gas chromatographic profiles of sex attractants from preputial glands of male albino rats Rattus norvegicus. I,
2.6,10-Dodecatnen-1-0l,3,7,1 i -trimethyl (Z, E); H, Di-n-octyl phthalate; IIl, 1,2,benzenedicarboxylic acid isooctyl gster.
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Figurc 2. Relative concentrations of the HI compound (1,2 benzenedicarboxylic acid isooctyl ester) identified in di-
chloromethance + n-hexane extract of preputial gland secretions from male rats (mass spectrumj.
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Figure 3. Electron impact-mass spectra of (@) compound Il (di-n-octyl phthalate), (5) Standard for compound Il isvlated
from male preputial gland.

Table 1. Bioassay responses of male and female rats to the three different fractions of male preputial gland secretions

Time (1n seconds) spent by the individual towards the fractions of

Responder male preputial gland extract for 15 minutes test (trails: 3 times/set)

I Blank slide 11 Blank slide 11 Blank slide
Same sex 107.6 + 3.25 31.0+1.98  115.6+ 3.73 33.83+1.73 38624649  36.8% 1.56
(n = 3/set)
Opposite sex 412.6 + 4.68* 37.0+2.31 389.8 + 5.02* 34.0 £ 1.31 117.5£3.09 28.33 £ 4.49

{(n = 3/set)
W————-—_—__m_m

*represents the standard error of mean.

*Level of significance at P < 0.005 compared with blank (Student’s ¢ test).
I, 2,6,10-Dodecatrien-1-01,3,7,11-trimethyl (Z, E); II, Di-n-octyl phthalate; III, 1,2 Benzenedicarboxylic acid, diiscoctyl

ester.
Level of significance in same sex.
Ivs I NS; I vs Ill significant at P < 0.005 level; Il vs HI significant at P < 0.005 level.

Level of significance in opposite sex.
I'vs Il significant at P < 0.05 level; I vs I significant at P < 0.005 level: I vs III significant at P < 0.008 level.
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Figure 4. Electron impact-mass spectra of (@) Compound [ (2,6,10-
dodecatrien-1-01,3,7, 1 1-trimethyl (Z, E)} and (b) standard for com-
pound I isolated from male preputial gland.

opposite sexes, 3 animals were used i1n each set for be-
haviour analysis. Fresh samples were used in each trial.
The behaviour was assessed for 15 min with these com-
pounds and the solvents alone as control. The respond-
ers were of the same and the opposite sex. The time
taken for visiting each fraction was recorded and sub-
jected to statistical analyses.

The extracted male preputial gland contains 2,6,10-
dodecatrien-1-01,3,7,11-trimethyl (Z, E), di-n-octyl
phthalate and 1,2,benzenedicarboxylic acid, diisooctyl
ester (Figures 1-4). These chemical substances have
their unique functions. The first two compounds are in-
volved in the attraction of the opposite sex and the third
compound is involved in the attraction of the same
sex (Table 1). Thus, the preputial gland of male rat
contains three different compounds with distinct social
functions.
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The present investigation was undertaken to study
the effect of chronic treatment with atenolol on
noradrenaline and terbutaline in hypertensive and
hyperthyroid rats. The maximum increase in force of
contraction of ventricle by noradrenaline in control
preparations chronically treated with atenolol was
reduced, while that produced by terbutaline was not
affected. The pD, values of both the agonists were
increased. In DOCA-saline hypertensive prepara-
tions, chronic treatment with atenelol did not pro-
duce any change in noradrenaline-induced positive
inotropic responses; however, the maximal response
to terbutaline was reduced. While the pD, value of
noradrenaline was decreased, that of terbutaline was
increased. Chronic treatment with atenolol in hyper-
thyroid rats did not produce any significant effect on
the maximal contractions of ventricle with either no-
radrenaline or terbutaline. However, the pD; value
of noradrenaline was reduced while that of terbu-
taline was unaffected. It is concluded that the bene-
ficial effects of atenolol in hypertension and
hyperthyroidism may be related to reduction In the
number of beta-receptors in the heart.

BETA- and betaz-adrenoceptors co-exist in the hearts of
most species, with the beta;-adrenoceptor predonmunating
functionally under normal physiological conditions'™
Chronic administration of agonist or antagonist receptor
ligands results in decrease (down-regulation) and in-
crease (up-regulation) respectively in ligand-binding
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