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Abstract

Bruce effect or alien male–induced implantation failure is a well-studied phenomenon in mice. The 
presence of stud male during exposure to an alien male protects the female from implantation 
failure. The pheromones of the stud male are imprinted in the female at the time of mating and act 
as a luteotrophic agent. We tested whether a nonpheromonal cue exposed to the female during 
pericopulatory sensitive period could protect pregnancy in newly inseminated females exposed 
to alien males. Virgin females were allowed to mate in the presence of a cotton ball smeared with 
groundnut oil as a nonpheromonal cue. When these females were exposed to alien males in the 
presence of groundnut oil, the majority of the females retained their pregnancy. We evidenced that 
a nonpheromonal cue could possibly protect the female from alien male–induced implantation 
failure. The majority of the females exposed to the nonpheromonal cue during the pre-or post-
copulatory interactions with the males, exhibited higher rate of pregnancy failure on reexposure 
to the same cue at the time of exposure to alien males. The protective effect of the nonpheromonal 
cue is observed only when the female is exposed to it during the pericopulatory sensitive period.
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Introduction

Pheromones are substances that are secreted externally by an indi-
vidual and elicit a specific response when perceived by another 
individual of the same species (Karlson and Butenandt 1959). 
Alien male–induced implantation failure is a well-studied phero-
monal effect in mice (Bruce 1959; Dominic 1987; Archunan 2014). 
Exposing a newly inseminated female to an alien male results in 
implantation failure and reverts the female to estrus stage (Bruce 
1959). Reexposure to the stud male 24 h after mating did not induce 
implantation failure (Parkes and Bruce 1961). Pregnancy failure was 
not observed when the newly inseminated female was exposed to 
alien male in the presence of the stud male or its urine (Thomas 

and Dominic 1987a). It is suggested that inseminated mouse gets 
imprinted with the odor of the stud male and so responds differen-
tially to a strange male than the stud male (Parkes and Bruce 1961; 
Thomas and Dominic 1988). This implies that each male has its sig-
nature odor to be imprinted on females.

The efficacy of the odor of the stud male in protecting pregnancy 
in newly inseminated female mice is well documented in several 
other contexts. For example, Kumar and Dominic (1996) dem-
onstrated that the presence of the stud male significantly reduces 
implantation failure in newly inseminated females exposed to male 
rat. Nutritional stress or food deprivation during first 2  days of 
pregnancy significantly affects implantation ratio in laboratory mice 
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(Bruce 1963; McClure 1963; Sahu and Dominic 1985). But signifi-
cant reduction in implantation failure was found in female mice 
when they were housed with stud male, even when the female was 
food deprived (Archunan and Dominic 1989).

Here, we addressed the question whether it is possible to imprint 
the female mouse with a nonpheromonal cue during the pericopu-
latory sensitive period. If imprinting is possible, reexposure to the 
imprinted nonpheromonal cue will protect pregnancy on exposure 
to an alien male, in the absence of the stud male. Finally, we evalu-
ated the critical time point for imprinting the nonpheromonal cue.

Materials and methods

We purchased 60 adult virgin females and 14 adult males (10–20 
weeks; BALB/c) from Kerala Veterinary and Animal Science 
University. All animals were housed in polypropylene cages 
(29 × 22 × 14 cm) with rice-husk bedding. Fourteen adult wild strain 
male mice were collected from houses in and around Thrissur. They 
were individually housed in cages and kept in a separate room. The 
temperature (23 °C) and reverse light:dark cycle of 12:12 h (lights on 
at 18:00 h) were kept constant. Animals were fed on a standard diet 
purchased from Small Animal Breeding Station of Kerala Veterinary 
and Animal Science University and water was provided ad libitum.

Different stages of estrous cycle were monitored daily using 
a vaginal smear technique. Stages of estrous cycle of the mice are 
reflected in the appearance and composition of the vaginal cells and 
these stages can be determined by examining the cells under a com-
pound microscope. Vaginal smears were obtained by gentle scraping 
of the dorsal wall of the vagina with a steel spatula with smooth 
edges. The female was held in head-down position and the tip of the 
spatula moistened with water was introduced into the vagina and the 
vaginal wall was gently scraped to obtain the smear. This technique 
will not cause any injury to the vagina or cervix. A small sample of 
the cells from the vaginal epithelium was spread on a clean glass 
slide, dried, and examined without staining under a microscope. The 
approximate proportion of each cell type in the smear was recorded 
(McLean et al. 2012).

In each experiment, 30 adult virgin females were divided into 
5 groups comprising 6 females in each group (Groups I–V). Their 
behavior was observed using an infrared camera connected to 
a monitor kept in the adjacent room. We used 2 drops of food-
grade groundnut (Arachis hypogaea) oil (PRO PRIMIO Refined 
Groundnut Oil; R.R. Oomerbhoy Pvt. Ltd), smeared cotton ball to 
provide a nonpheromonal cue.

Urine collection and exposure
Stud male was taken out from its cage and placed on a glass plate. 
Holding the tail of the animal in the left hand, the abdominal region 
of the male was gently pressed. The expelled urine was then col-
lected using a clean dropper. Two drops of urine were smeared on a 
fresh cotton ball and placed on the bedding of the cage, allowing the 
female to have direct contact with it.

Experiment 1: effect of a nonpheromonal cue on 
alien male-induced implantation failure
All females were monogamously paired with adult males and 
allowed to mate (Groups I–V). In Group III, a cotton ball smeared 
with groundnut oil was provided at time of pairing. In Group IV, 
the mating pair was exposed a fresh cotton ball without groundnut 
oil. Females with vaginal plug (day 0 post coitum) were separated 
from the stud male and housed individually in a new cage with fresh 

bedding. After 24 h (day 1 post coitum), they were subjected to the 
following treatments:

Group I:	  �Female was exposed to a confined alien male in the pres-
ence of confined stud male, allowing contact with urine 
and excreta of both males.

Group II:	  �Female was exposed to a confined alien male, allowing 
contact with its urine and excreta and exposed to a cot-
ton ball smeared with urine of the stud male.

Group III:	 �Female was exposed to a confined alien male allowing 
contact with its urine and excreta and exposed to a cot-
ton ball smeared with groundnut oil.

Group IV:	 �Female was exposed to a confined alien male allowing 
contact with its urine and excreta, and exposed to a cot-
ton ball without groundnut oil.

Group V:	  Female was left undisturbed (untreated control).

After 48 h, all females were returned to their cages and housed indi-
vidually till the termination of the experiments (day 5 post coitum).

Experiment 2: critical period of imprinting a 
nonpheromonal cue

Group I:	  �The mating pair was exposed to a cotton ball smeared 
with 2 drops of groundnut oil during free interaction 
(premating exposure). On initiation of copulation, the 
male and the female were transferred to a new cage and 
allowed to mate. They were observed till the formation of 
the vaginal plug and after 1 h, the female was transferred 
to a new cage with fresh bedding.

Group II:	  �One hour after vaginal plug formation was confirmed 
in female, the pair was exposed to a cotton ball smeared 
with groundnut oil (postmating exposure). After 2 h, the 
female was transferred to a new cage with fresh bedding.

Group III:	 �Female was exposed to a cotton ball smeared with 
groundnut oil on initiation of copulation (pericopulatory 
exposure). The formation of vaginal plug was confirmed 
and after 1 h of postmating period, the female was trans-
ferred to a new cage with fresh bedding.

Group IV:	 �Female was exposed to a cotton ball without groundnut 
oil on initiation of copulation (pericopulatory exposure). 
The formation of vaginal plug was confirmed and after 
1 h of postmating period, the female was transferred to a 
new cage with fresh bedding.

Group V:	  �After mating and formation of vaginal plug, female was 
separated from the stud male and kept undisturbed till 
the termination of experiment (untreated control).

Twenty four hours after (day 1 post coitum), the newly inseminated 
females in all groups except those in Groups IV and V, were exposed 
to a confined alien male in presence of a fresh cotton ball smeared 
with groundnut oil for 48  h. Females in Group IV were exposed 
to alien male in presence of a cotton ball without groundnut oil. 
Females in Group V were left undisturbed. Experiments were termi-
nated on day 5 post coitum.

All females were housed separately in their home cages up to 
day 20 post coitum to ascertain their reproductive status. Vaginal 
smear was examined daily from all females of Experiments 1 and 
2.  Presence of abundant irregular-shaped, nonnucleated, cornified 
squamous epithelial cells in the smear was taken as the indication of 
pregnancy block and return to estrus (Thomas and Dominic 1987a; 
McLean et al. 2012). Vaginal smear with abundant leucocytes and 
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mucus was taken as the indication of pregnancy. The number of 
females that were pregnant after showing estrous smear and the 
number of pups delivered by females that did not exhibit estrous 
smear were recorded.

Statistical analysis
We used Fisher’s Exact test for analyzing the data. This test is used 
when the sample sizes are small and when there are 2 nominal 
variables.

Ethical note
Experiments involving animals were performed in adherence to the 
guidelines of the Institutional Animal Ethics Committee of Jubilee 
Mission Medical College and Research Institute, Thrissur, Kerala, 
India (Reg. No.1811/PO/Re/S/15/CPCSEA: Dated 09/06/2015 of 
CPCSEA).

Results

Experiment 1: effect of nonpheromonal cue on alien 
male-induced implantation failure
P value of pair-wise comparison of incidence of pregnancy using 
Fisher’s Exact test revealed that there was no statistically significant 
variation when Group III was compared with Groups I, II, and V; 
but Group III showed a very statistically significant variation com-
pared with Group IV.

The nonpheromonal cue used in our model (groundnut oil) is 
capable of protecting the female from alien male–induced implant-
ation failure (Group III; Table 1). This is not, however, significantly 
different from Group I (exposed to the alien male in the presence of 
the stud male), or Group II (exposed to the alien male in presence of 
the stud male’s urine) or Group V that were left undisturbed during 
postmating period. The females in Group IV, which were exposed to 
alien male allowing free access to a cotton ball without nonphero-
monal cue in the absence of the stud male or its urine showed signifi-
cantly higher rate of implantation failure.

Experiment 2: critical period for imprinting 
nonpheromonal cue
P value of pair-wise comparison of the incidence pregnancy using 
Fisher’s Exact test revealed that there was a very statistically 

significant variation when Group III compared with Groups I, II, 
and IV; but Group III showed no statistically significant variation 
compared with Group V.

The nonpheromonal cue exposed during copulation (initiated with 
lordosis behavior and ended in ejaculation and formation of vaginal 
plug) protected the pregnancy in females on reexposure to the same 
cue at the time of exposure to the alien male (Group III; Table 2). This 
is not statistically different from pregnancies observed in inseminated 
females which were left undisturbed after mating (Group V). Females 
exposed to the nonpheromonal cue during pre- (Group I) or postcop-
ulatory periods (Group II) exhibited pregnancy failure when exposed 
to the alien males. Most of the females exposed to the alien males in 
the presence of a cotton ball without the nonpheromonal cue (Group 
IV) returned to estrus stage, terminating their pregnancies.

In both experiments, the females that exhibited cornified epi-
thelial smear did not show any signs of pregnancy whereas those 
females that failed to show estrous smear continued their pregnancy 
and delivered varying number (7–9) of pups (Tables 1 and 2).

Discussion

Present results unequivocally demonstrate that the virgin females 
allowed to mate in the presence of a nonpheromonal cue, retained 
their pregnancy when they were reexposed to the nonpheromonal 
cue during exposure to the alien males in the absence of their stud 
males. The majority of these females retained their pregnancy, which 
is comparable with pregnancy observed in inseminated females 
exposed to alien males in the presence of their stud males or their 
urine. This indicates that a nonpheromonal cue exposed to females 
at the time of mating is imprinted in the females and reexposure to 
the same cue protects the females from alien male-induced implant-
ation failure. In contrast, females allowed to mate with males in the 
presence of a cotton ball without the nonpheromonal cue exhibited 
significantly higher rate of pregnancy failure when exposed to alien 
males. It should be remembered that this effect is not specific to 
groundnut oil. Exposure to gingelly (Sesamum indicum) oil during 
mating period is also capable of protecting pregnancy of the insemi-
nated females exposed to alien males (unpublished data).

It is generally believed that a female is imprinted specifically with 
the individual odor of the stud male and the female has the ability 
to discriminate him at least for a few days after the original mating 
and respond differentially to the odor of the stud male and to the 

Table 1.  Protective effect of nonpheromonal cue on alien male-induced implantation failure

Groups Treatment No. of  
females  
(n)

 Results

Pregnancy  
n (%)

Pregnancy block  
n (%)

No. of pups 
delivered

Group I Exposed to alien male along with stud male 6 6 (100) 0 (0.0) 47
Group II Exposed to alien male along with urine of stud male 6 5 (83.3) 1 (16.7) 38
Group III Exposed to alien male along with a cotton ball 

smeared with groundnut oil
6 6 (100) 0 (0.0) 48

Group IV Exposed to alien male along with a cotton ball 
without groundnut oil

6 0 (0.0) 6 (100) 0

Group V Untreated control 6 6 (100) 0 (0.0) 49

P value using Fisher’s Exact test of Group III with other groups.
Group III with Group I = 1.000.
Group III with Group II = 1.000.
Group III with Group IV = 0.0022.
Group III with Group V = 1.000.
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odor of other males (Parkes and Bruce 1961; Thomas and Dominic 
1987c). It has been demonstrated that pheromones other than the 
stud male can interfere with the imprinting of the odor of the stud in 
the inseminated female. Thomas and Dominic (1989) reported that 
the ability of alien males to induce implantation failure in insemi-
nated females is significantly reduced when they were exposed to 
alien males immediately after insemination.

Presence of the stud male during exposure to the alien male con-
siderably lowers the incidence of implantation failure in inseminated 
females (Thomas and Dominic 1986, 1987a). It is suggested that 
the stud male could protect the newly inseminated female from 
implantation failure because its pheromones have a luteotrophic 
effect in inseminated females (Thomas and Dominic 1987b, 1987c; 
Archunan 2014).

The luteotrophic effect of the cues associated with the stud 
male is further demonstrated in a study in which a majority of the 
pregnancy-blocked females when reexposed to confined stud males 
exhibited pseudopregnancy (Thomas and Dominic 1987c), indicat-
ing that the olfactory memory of the stud male is retained in the 
females for a long time after the actual mating.

The protective effect of the nonpheromonal cue against the 
implantation blocking influence of the alien male shows that non-
pheromonal cue can be imprinted in the memory of the inseminated 
female provided the female is exposed to it during mating process. In 
other words, the female identifies the stud male and shows differen-
tial response to the stud male and another male, not because of the 
specificity of the individual odor of the stud male, but because of the 
associative learning that takes place during the mating time.

A critical period or sensitive period is one of the major charac-
teristic features of imprinting and in most cases it takes place during 
certain unique experience of the individual. Precocial birds are shown 
to get imprinted with any moving object that they see first and exhibit 
“following behavior,” an instinctive behavior usually exhibited by the 
chicks to their mother (Lorenz 1961; Spalding 1872), indicating that 
animals can be imprinted with any stimulus with certain character-
istic features, if they are exposed to it during the sensitive period. In 
precocial birds, movement is the characteristic feature to which the 
young pay attention to than the shape or the color of the stimulus.

In this study, the protective effect of the nonpheromonal cue 
against the pregnancy blocking influence of the alien male is observed 

only when the nonpheromonal cue is exposed to females during peri-
copulatory sensitive period (Experiment 2; Group III). The majority 
of the females exposed to the nonpheromonal cue during the pre- or 
postcopulatory interactions, (Experiment 2; Groups I and II), exhib-
ited higher rate of pregnancy failure on reexposure to the same cue 
at the time of exposure to the alien males. It seems that vaginocervi-
cal stimulation is the key factor in imprinting the nonpheromonal 
cue in these females. In sheep, studies demonstrate that sudden rise 
in estrogen in females just before parturition and vaginocervical 
stimulation during the expulsion of the fetus plays significant role 
in imprinting the odor of the neonate in the mother (Kendrick et al. 
1991; Nowak et al. 2011). It was revealed that in mice the formation 
of pheromone-induced olfactory memory in accessory olfactory bulb 
depends on vaginocervical stimulation during mating with the stud 
male (Otsuka et al. 2001; Ichikawa 2003).

This study on the protective effect of a nonpheromonal cue 
against implantation failure induced by an alien male indicates that 
the nonpheromonal cue of groundnut oil, which the females experi-
ence during pericopulatory sensitive period has the ability to act as 
a luteotrophic signal in inseminated mice. To the best of our know-
ledge, this is the first report that demonstrates the effectiveness of an 
imprinted nonpheromonal cue in protecting pregnancy of a female 
against male-induced implantation failure (the Bruce effect). This 
study shows that ambient chemical cues or nongenetically deter-
mined odors that the female mouse perceives at the time of mating 
may blend with the genetically determined pheromonal cues of the 
stud male in forming a chemical signature of the stud male (Wyatt 
2010). The female learns or gets imprinted with this chemical sig-
nature, rather than only with the pheromones of the stud male. It is 
important to note that the nonpheromonal cue, once imprinted, acts 
analogous to the stud male pheromones, and may form a memory 
in the olfactory system offering protection against the Bruce effect. 
However, the mechanism involved in the protective effect of nonphe-
romonal cue is presently unknown.
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Table 2.  Critical period for imprinting of a nonpheromonal cue

Groups Treatment No. of  
females  
(n)

Results

Pregnancy  
n (%)

Pregnancy block  
n (%)

No. of pups  
delivered

Group I Premating exposure to a cotton ball smeared with 
groundnut oil

6 1 (16.7) 5 (83.3) 7

Group II Postmating exposure to a cotton ball smeared with 
groundnut oil

6 0 (0.0) 6 (100) 0

Group III Pericopulatory exposure to a cotton ball smeared with 
groundnut oil

6 6 (100) 0 (0.0) 44

Group IV Pericopulatory exposure to a cotton ball without 
groundnut oil

6 1 (16.7) 5 (83.3) 8

Group V Untreated control 6 6 (100) 0 (0.0) 47

P value using Fisher’s Exact test of Group III with other groups.
Group III with Group I = 0.0152.
Group III with Group II = 0.0022.
Group III with Group IV = 0.0152.
Group III with Group V = 1.000.
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