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Abstract: In Mammals, normal reproductive success solely depends on odour produced from female during
oestrus phase and its response by male. The odours of most of the females probably vary with the reproductive
state. The present study aimed to identify the protein and volatile profiles of vaginal mucus in the oestrus and
non-oestrus phases. The response of male mouse was also observed by rubbing vaginal mucus on hind the
quarters of immature female mouse. The male mice has been found to exhibit more number of sniffing and
mounting behaviour when allowed to interact with oestrus vaginal mucus rubbed immature female mice than
with the non-oestrus (diestrus) vaginal mucus rubbed immature female. The GC-MS results showed that vaginal
mucus volatiles differed in two phases. Of the seventeen volatile compounds observed in oestrus, only three
were present in diestrus phase. The total protein content in vaginal mucus was higher in diestrus and oestrus
phases than in the proestrus and metestrus. The electrophoretic analysis revealed the presence of low molecular
mass protein, 19 kDa, in the vaginal mucus. Since, the low molecular mass protein (17-20 kDa) in the pheromonal
source is already reported to be a pheromone carrier, the identification of 19 kDa in mouse vaginal mucus is
noteworthy; the intensity of this protein was higher in oestrus and diestrus as compared to that of proestrus
and metestrus phase. The present study concludes that the identified volatile compounds as well as the low
molecular mass protein in the mouse vaginal mucus may act as a pheromone and pheromone carrier respectively
for mouse biocommunication.
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INTRODUCTION odour during oestrus through vaginal discharge and urine

Animals release species specific pheromones for communication [7-10].
carrying the chemical information into the environment A number of studies has focused on chemical
through different secretions, which favour reproduction characterization of urine across the estrous cycle of mice
and social organization [1, 2]. The major sources of [9, 11, 12]. In male mice, sex hormone dependent volatiles
pheromones are urine, faeces, saliva, vaginal mucus, were identified [13, 14] and the pheromone carrying
sweat and glandular secretions [3-6]. In many rodent protein, Major Urinary Proteins (MUPs) is fully
species that exhibit spontaneous oestrous cycle, odours characterized; it carries  two  volatiles  namely  thiazole
of oestrus females are usually more attractive than that  of and brevicomin. In mice the oestrous cycle starts when
diestrus females. It is well documented that the specific the  vaginal  orifice is open which is considered as one  of

which constitutes a major source for pheromonal
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the secondary sexual characters. Males including mice an oestrus smear primarily consists of cornified cells; a
generally sniff the genital region and inhale the urinary metestrus smear consists of equal proportion of
and vaginal secretion in order to confirm the oestrus leukocytes and cornified cells; and a diestrus smear
phase through the chemical compounds release in these primarily consists  of  a  predominance  of  leukocytes
two sources. Male-specific sex pheromones have been (Fig. 1). This observation was made  for  three
identified in urine and it is believed that the compounds consecutive cycles for each animal and usually done
secreted from vaginal fluid may equally play a role in during 07:00-08:00 am in the morning by a single
mouse pheromonal communication. technician. Among the four phases of mouse oestrous

Mouse releases cheesy secretions in vagina during cycle i.e. proestrus, oestrus, metestrus and diestrus, the
oestrus phase; there is no study on pheromone proestrus and metestrus phases are short and lost only
identification in this source. Hence, the present study less than 24 hr whereas the oestrus and diestrus phases
aimed to identify the chemical constituents and the major are comparatively lengthy and lost for more than 24 hr.
low molecular mass protein in the vaginal discharge of Therefore, in the present study oestrus and diestrus
mice during oestrus and non-estrus phases. phases have taken for chemical analysis and also the

MATERIALS AND METHODS throughout the text.

Animals: Six adult female mice [24±03.0 g] of the Swiss Sample Collection: Female mice representing proestrus,
strain (Mus musculus) were housed separately in oestrus, metestrus and diestrus were used  as  donors.
polypropylene cages (40 cm × 25 cm × 15 cm) with 2 cm of The vaginal mucus was collected by vaginal swab
rice husk lining the bottom as bedding material. They were technique by using metal probe and the mucus was
housed individually under laboratory conditions in dissolved in 50 µl of PBS (pH 7.2). The extract was
separate room (12 h D:L) without males and reared on prepared by homogenization using eppendorf
pelleted feed (Sai Durga Feeds Ltd., Bangalore) and water homogenizer,    followed   by  centrifugation  at  10,000
ad libitum in accordance with the guidelines for animal rpm for 15 min. The supernatant was stored at-20°C until
care by the Institutional Animal Ethics Committee (IAEC), use.
India.

Detection of Oestrous Cycle: Oestrous cycle was mice of oestrus and diestrus were tested. Experimental
assessed through observing vaginal smear in order to males were evaluated through series of tests, using
know the stage of cycle. Vaginal smears were performed immature females whose hind quarters were scented with
and analyzed by light microscope for the proportion of vaginal mucus of either oestrus or diestrus. The numbers
three cell types: leukocytes, epithelial and cornified cells of sniffing and mounting behaviour exhibited by males
(Achiraman and Archunan, 2006). A proestrus smear were recorded for 5 min at the animal’s maximum activity,
consists  of predominance  of  nucleated  epithelial  cells; i.e., 8.00-12.00 p.m.

diestrus phase is described as non-oestrus phase

Behavioural Analysis: Vaginal mucus from adult female

Fig. 1: The unstained vaginal smear from female mouse at proestrus (A), oestrus  (B),  metestrus (C)  and  diestrus (D)
(E- Nucleated epithelial cell; C- Cornified cell; L- Leucocyte)
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Gas  Chromatography-Mass  Spectrometry  (GC-MS): Gel  was  run for 3 hrs at 50 V and the proteins were
The GC-MS analyses were made in QP-5000 (Shimadzu, stained with silver nitrate. The molecular weight and
Japan). The 2 µl of extract was injected into the GC-MS on quantification of the polypeptides were performed by a
a 30 m glass capillary column with a   film  thickness  of gel documentation system  and   analysis   soft-ware
0.25 µm (30 m x 0.2 mm i.d., coated with UCON HB 2000) (Quantity  One, Bio Rad,  CA,  USA).  The  band  area
using the following temperature programme: initial oven was  measured in pixels.
temperature, 40 °C for 4 minutes, increasing to 250°C for
10 minutes. The gas chromatography (Schimadzhu GC 15 RESULTS
A) was equipped with FID detector connected to an
integrator.  The   detection   accuracy  was  1  ng/peak. Behavioural Assessment: Male mice exhibited more
The GC-MS was under the computer control at 70 ev, number of sniffing (48.00±3.46) and mounting (5.83±0.86)
using ammonia as reagent gas at 95 eV to perform when exposed to oestrus vaginal mucus (OVM) scented
chemical ionization. Identification of unknown into immature female mouse. In contrast, male showed
compounds was made by probability-based matching, significantly low number of sniffing (14.16±3.46) and no
using the computer library built within the WILEY7, mounting behaviour when permitted with diestrus vaginal
NIST05 and NIST05s. mucus (DVM).

SDS-Poly Acrylamide Gel Electrophoresis: The total Volatile  Compounds:  The  gas  chromatography
protein concentration was determined by the method of analysis showed  that  the  major  compounds  fell
Bradford [15]. The 12% SDS-PAGE was performed as between the  retention times,  4  and  15  minutes  (Fig.  2).
described by Laemmli [16]. The 20 µg protein was loaded The    compounds    identified    in    the    OVM   and
on the gel. For determination of molecular mass, 4 µl of DVM  are  shown  in  Tables  1  and  2.  The  computer-
protein standard (protein molecular weight marker-medium matched  data  of  the  identified  compounds  showed
range,  Genei,  Bangalore),  was  applied   on  the gel. above  95%  similarity  with  the  compounds  identified
Since major urinary protein (19 kDa) is well established in from vaginal mucus. A visual comparison of the two
male mouse urine, one well was loaded with male  mice chromatograms of vaginal mucus revealed the cyclical
urine in order to observe the  similar  range  of  protein  in changes of volatile compounds in vaginal mucus of
vaginal mucus of different phases during oestrous   cycle. mouse.

Fig. 2: Gas chromatogram of oestrus and diestrus vaginal mucus of mice
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Table 1: List of chemical compounds identified in vaginal mucus of oestrous mice

S.No. Retention time Molecular weight Molecular formula Compound name

1 4.717 86 C H Cl 1-chloro-1-buten-3yne4 3

2 5.103 99 C H NO 2-isocyanato-2-methyl propane5 9

3 5.703 146 C H Cl 1,4- dichloro benzene6 4 2

4 6.351 84 C H Cl 3-amino-1,2,4-triazole4 3

5 7.553 86 C H Cl 1-chloro-1,2,3-butatriene4 3

6 8.051 ---- ---- Unknown
7 8.197 85 C H N 1-methyl-pyrrolidine5 1

8 9.017 84 C H O 2 methyl 2-butenol5 8

9 9.309 143 C H NO Methyl pyroglutamate6 9 3

10 9.698 86 C H O 3-pantanone15 10

11 11.744 84 C H O Cyclopentanone5 8

12 12.106 ---- ---- Unknown
13 12.493 84 C H O 1H-1,2,4-triazol-3-amine5 8

14 12.717 102 C H O 3-methyl-butanoic acid5 10 2

15 13.165 183 C H ClNO Glutamic acid hydrochloride5 10 4

16 13.783 86 C H O Bioxirane4 6 2

17 14.533 246 C H O V Vanadium, pentacarbonyl (1,2,3-eta)-2 9 7 5

methyl-2-propenyl

Table 2: List of chemical compounds identified in vaginal mucus of diestrus mice

S.No. Retention time Molecular weight Molecular formula Compound name

1 4.544 86 C H Cl 1-chloro-1-buten-3yne4 3

2 5.664 156 C H Cl 1, 4-dichloro benzene6 4 2

3 6.900 236 C H Tetracyclo hexane18 20

As many as 17 compounds were identified in OVM Electrophoretic Analysis: The protein profiles of the
(Table 1).  The  compounds  are  1-chloro-1-buten-3yne, vaginal mucous were compared across the oestrous cycle.
2-isocyanato-2-methyl  propane,   1,4-dichloro  benzene, In all phases, the vaginal  mucous   invariably  exhibited
3-amino-1,2,4-triazole, 1-chloro-1,2,3-butatriene, 1-methyl- 6 polypeptides in silver stained gel; the molecular mass
pyrrolidine,  2  methyl 2-butenol, Methyl pyroglutamate, ranged between 19.0 and 102.0 kDa (Fig. 3).
3-pantanone,   Cyclopentanone,  1H-1,2,4-triazol-3-amine, The staining intensity of all major polypeptides was
3-methyl-butanoic acid, Glutamic acid hydrochloride, found to be similar in the vaginal mucous of oestrus and
Bioxirane,  Vanadium, pentacarbonyl (1,2,3-eta)-2 methyl- diestrus phases. However, staining intensity of
2-propenyl and two unidentified compounds. polypeptides of proestrus and metestrus was found to be

In DVM, only  3   compounds   were   identified lower than the oestrus and diestrus. These observations
(Table 2).  The  compounds are 1-chloro-1-buten-3yne, were confirmed in the densitometric scanning analysis
1,4-  dichloro   benzene   and   tetracyclo  hexane. Among (Fig 5).
these the first two compounds were also present in OVM. The present study mainly focused on the
Further, the molecular weights of identified compounds identification of major low molecular mass proteins in the
were in between 84 and 246 and the carbon atoms vaginal mucous and  their  oestrus-dependence (Fig. 5).
between 4 and 18. The identified compounds were The  electrophoretic  profiles  revealed high  intensity  of
appeared to be long chain hydrocarbon. 19 kDa mass proteins in the vaginal mucous of oestrus

Total Protein Content: The concentrations of total proestrus and metestrus phases, the intensity of this
protein of the vaginal mucus varied throughout the cycle protein was greatly reduced (band area 62.00 and 60.00
(Table 3). The protein content was noticed high in oestrus respectively). Further, the 19 kDa band appeared in the
as well as diestrus. However, the less protein corresponding position of 19 kDa of male mouse urine
concentration was present in proestrus as well as which was reported as Major Urinary Protein-MUP
metestrus. (pheromone carrying protein).

(band area 140.51) and diestrus (band area 141.25). On the
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Fig. 3: Electrophoretic analysis (12%) of vaginal mucus across the oestrous cycle. [L1- male mice urine; L2- proestrus;
L3- oestrus; L4- metestrus, L5- diestrus L6- Molecular weight marker]

Fig. 4: Densitometric pattern of vaginal mucus protein across the oestrous cycle of mice.

Fig. 5: Densitometric pattern of 19 kDa protein in vaginal mucus across the oestrous cycle of mice
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Table 3: Quantification of proteins in vaginal mucus across the oestrus cycle
S.No Test animals Total Protein (µg/swab)
1 Proestrus 4.936±1.027cd

2 Oestrus 13.920±3.037b

3 Metestrus 5.568±1.013c

4 Diestrus 20.741±0.343a

Each value represents ± SE of 6 observations. Means within a column
followed by the same letters are not significant at p<0.05 according to
DMRT

DISCUSSION

The male mouse exhibited more number of sniffing
behaviour following the perception of odour from OVM
scented mouse than the DVM scented mouse. Further, in
contrast to DVM male mouse exclusively exhibited
mounting  behaviour  towards  OVM  scented  mouse.
This suggests that vaginal mucous may contain different
chemo-signals which depend upon the stages of the
cycle. The results are consistent with the earlier report on
ruminant animals [17] that vaginal secretions of heifers at
oestrus stimulate sexual activity and mounting behaviour.
The chemosensory responses and premating behaviour
of adult males to the female vaginal fluid (oestrus) have
been well documented in Bas taurus [18, 19]. In bovine
and buffalo, flehmen, an important copulatory behaviour
is exhibited more by male when exposed to vaginal mucus
and urine than other body fluids such as saliva, faeces
and milk in oestrus period [7, 8]. Hence the EVM evoked
mounting behaviour in male mouse might be due to a
characteristic odour.

GC-MS results revealed the presence of 17 volatiles
in the OVM but in DVM only 3  volatiles  were  observed.
The two compounds namely 1-chloro-1-buten-3yne and
1,4- dichloro benzene appeared both in OVM and DVM.
But 1,4-dichloro benzene appeared only in DVM. Further,
the major compounds belong to several structurally
distinct classes such as ester, aldehyde, ketone, acid and
alcohol.

The dramatic variation of compounds has been
observed between oestrus and diestrus vaginal mucus.
Since a natural oestrous cycle is caused by hormonal
changes, the chemical profile in the vaginal mucous may
also be caused by endocrine changes. Endocrine
dependency has been demonstrated for some volatile
compounds in the mouse. For instance, the urinary
concentration  of  2-heptanone   increased   significantly
at  oestrus  but  decreased   during   the   diestrus  [12].
The ovarian dependence of this compound was further
confirmed by hormonal manipulation  [11].  The  volatile,
2-Heptanone was found  elevated  dramatically  in  mouse

urine after implantation of estrogen. Similarly, 1-iodo-2-
methylundecane was reported as an oestrus specific
compound in urine of mouse [19]. After ovariectomy, this
compound disappeared in oestrus urine and reappeared
after the estrogen treatment [20]. Thus in the present
study the variation in the volatile compounds might
depend on circulation of estrogen in oestrus as well as
diestrus

It is evident that aldehyde compound, acetaldehyde,
had been found to be a marker of oestrus from bovine
blood [20] and vaginal secretions [21]. Air borne chemical
substances usually contain 5-20 carbon atoms with less
than 300 molecular weights to reach the receiver [23]. In
the present study the compounds of less than 250
molecular weights may act individually or synergistically
as pheromones.

It is obvious that the low molecular  mass  proteins
(17-20 kDa) of pheromonal source play a vital role for
fixing the volatiles in the particular place and maintain the
availability for a long time (longevity). In the present
study, electrophoretic analysis revealed the presence of
low molecular mass protein, 19 kDa in all stages. It is
appeared  in  the  corresponding  position of 19 kDa
(MUP-pheromone carrying protein) of mouse urine
indicating the identified protein of 19 kDa is likely to be a
pheromone carrier. It is well established that 17 kDa of
hamster vaginal discharge (aphrodisin) carry the volatile
compounds and facilitate the mating behaviour of the
male. There are five compounds specially bound onto
natural   aphrodisin    i.e.,   hexadecanol,   1-octadecanol,
z-9-octadecen-1-ol, E-9-octadecen-1-ol and 1-hexadecanol
which are also described as part of insect pheromone
blends [1].

The presence of 19 kDa proteins as found in the
present study in the pheromonal sources has been
reported in mammals such as mouse, rat, hamster, pig,
horse and human [24, 25, 26, 27, 28, 29]. For instance,
Major Urinary Proteins (MUPs, 19 kDa) have been
identified in the urine of mice [24], -globulin (18 kDa)2u

has been demonstrated in the urine [25] and preputial
gland of rat [30, 31], aphrodisin (17 kDa) in hamster
vaginal mucous [26] and salivary lipocalin (20 kDa) in the
boar salivary gland [27]. These proteins carrying
hydrophobic ligands are involved in pheromone
communication.  For  example,  the  structure of MUPs
that occur at high levels in mouse urine include
pheromone   compounds  (ligands)  such  as  2-sec-butyl
-4,5-dihydrothiazole,    2,3-dehydro-exo-brevicomin     and
6-hydroxy-6-methyl-3-heptanone that are responsible for
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inter-male aggression, female attraction and puberty 5. Zhang, J.X.,  X.P.  Rao,  L.  Sun,  C.H.  Zhao  and
acceleration. However, when deprived of ligands, MUPs X.W. Qin, 2007a. Putative chemical signals about sex,
play an intrinsic pheromone role in individual recognition individuality and genetic background in the preputial
[32]. It is also reported that MUP (devoid of ligands) gland and urine of the house mouse (Mus musculus).
triggers ovulation and stimulates oestrus  in  mice Chem. Senses, 32: 293-303.
(Whitten effect) when experimentally applied to the 6. Zhang, J.X., C.H.  Zhao,  X.P.  Rao,  D.W.  Wang,
accessory olfactory system; however, removal of the X.H. Liu, X.W. Qin and Z.B. Zhang, 2007b. Possible
vomeronasal organ (VNO) failed to evoke the response. information about gender and individual recognition
Similarly, another protein, aphrodisin, licked by the male coded by insect pheromone analogs in the preputial
hamster is detected by the VNO and induces male glands in male Brandt's voles, Lasiopodomys
copulatory behaviour [33]. brandtii. Acta Zool. Sin., 53: 616-624.

CONCLUSION of flehmen  in  male  Buffaloes  (Bubalus  bubalis)

The  present  study  demonstrates  for  the  first time: 61: 861-866.
the composition  of  volatile  compounds  in  vaginal 8. Sankar, R. and G. Archunan, 2004. Flehmen response
mucus at oestrus and diestrus phases, oestrus mucus in bull: role of vaginal mucus and other body fluids of
evoked the mounting behaviour in male mice and bovine with special reference to estrus. Behav.
presence of the low molecular protein (19 kDa) which is Process, pp: 81-86.
supposed to act as a pheromone carrier. Further research 9. Achiraman, S. and G. Archunan, 2006. 1-iodo-2-
is needed to identify the molecular mass of 19 kDa and methylundecane, a putative estrus-specific urinary
behavioural assessment of identified chemical compounds chemo-signal of female mouse (Mus musculus).
from vaginal mucus to determine the importance of those Theriogenology, 66: 1913-1920.
chemical profiles in reference to mouse sexual 10. Archunan, G. and K. Rameshkumar, 2012. 1-
communication. Iodoundecane, an Estrus Indicating Urinary Chemo
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