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Abstract

Background: Mice are widely accepted research models of great clinical significance. Maintenance of laboratory
mice breed is an essential aspect for performing research activities in various fields of science. Infanticide is one of
the prominent causes of litter loss during maintenance of laboratory mice stock. The present study is an effort to
monitor the effect of change in ambient temperature of female mice below the normal range on cannibalism and
infanticide during early postparturition phase. Adult female Swiss albino mice have been divided into two groups
of control and treatment. On the day of litter group one was maintained under controlled temperature conditions
(minimum 20 °C to maximum 23 °C) throughout, while female mice belong to group two have been exposed to
variation of room temperature (maximum 15 °C to minimum 10 °C for two nights and one day) until 36 h
postparturition.

Results: The effects of temperature changes were observed on the infanticide behaviour of dams along with
the survival of pups in early postparturition phase till 36 h after delivery. The significant statistical difference
(P < 0.05) was reported in infanticide behaviour of dams when control and treatment group was compared. It
is observed that decrement in surrounding temperature promotes decrement in the ambient body temperature of
dams during early postparturition. It is proposed that alteration of hypothalamic homeostasis due to temperature
change induces cannibalism and infanticide behaviour. Lack of thermoregulation during early postparturition creates
the sense of insecurity, in-satiety, anxiety and stress.

Conclusions: Authors strongly recommend the maintenance of body and surrounding temperature to prevent
infanticidal behaviour and cannibalism within Swiss albino mice population. Further investigations are advisable to
authenticate the active behavioural and biochemical pathway behind the phenomena.
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Background
Cannibalism is the phenomena in which one individual of
a species consumes whole or parts of the individuals of
the same species. It is widely seen in rodents, insects, and
lower vertebrates. Cannibalism in the form of infant con-
sumption is termed as infanticide. Infanticide refers to the
act of killing infants by their own parents [1]. Swiss albino
mice Mus musculus is a widely used mouse strain, which
is used for many research investigations due to its small
size, short life span, and easy maintenance. Maintenance

of mice stock is an essential need for research facilities
due to their widespread use in clinical studies related to
biomedical research. Importance of mice as a research
model is not only limited to toxicity assessment, drug de-
livery, stem cell research, cancer biology, endocrinology,
and infertility assessment but also extended beyond the
imagination [2, 3].
Successful mice breeding are crucial aspect of mice

stock maintenance and many other experiments such as
mating assay and fertility assessment. Any direct or in-
direct modifier can lead ambiguities in experimental
findings of researchers. Loss of pups or entire litter loss
by infanticide behaviour of dams is relatively a common
problem, which is poorly understood. However, there
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are various hypotheses available on the subject but still
the early postnatal mortality is a subject of interest for
further investigations. Any specific change, which is even
non-noticeable for human could affect the pregnant
mice effectively. It is assumed that any kind of behav-
ioural changes due to stress or malnutrition can affect
the dams and pups negatively [4]. Extend of postpartum
stress response of mice depends on the duration,
consistency and nature of stressors. Hence, it is very im-
portant to manage the dam and pups under controlled
conditions with consistent monitoring of postnatal death
rate [5, 6]. Present study is an approach to access the
possible effect of cold stress exposure on infanticide be-
haviour of dams during early postparturition phase in in-
bred mice population.

Methods
Animal care and handlings were performed according to
the guidelines issued by CPCSEA (Committee for the
purpose of control and supervision of experiments on
animals), New Delhi, India. The present study is a part
of study approved by institutional ethical committee of
Barkatullah University, Bhopal and CPCSEA, (Commit-
tee for the purpose of control and supervision of experi-
ments on animals) New Delhi, India.
Adult female Swiss albino mice were purchased from

Jawaharlal Nehru Cancer Hospital and Research Center,
Bhopal, India and housed in Polypropylene cages con-
taining paddy husk (procured locally) as bedding. After
the successful completion of quarantine period twelve
adult female albino mice of similar estrus stage were
housed with four male albino mice inside the animal fa-
cility of Department of Biosciences, Barkatullah Univer-
sity, Bhopal, India for the assessment of reproductive
potential and reproductive fecundity. After the presence
of copulation plug pregnant females were separated from
males. The mice were maintained under controlled con-
ditions of temperature and light along with standard
mice feed and water ad libitum throughout. During the
time of mating the average room temperature of animal
house was maintained 22-23 °C. On the day of litter
control group (n = 6) was maintained under controlled
temperature conditions (minimum 20 °C to maximum
23 °C for two nights and one day), while female mice be-
long to treatment group (n = 6) have been exposed to
variation of room temperature (maximum 15 °C to mini-
mum 10 °C for two nights and one day) till 36 h post-
parturition. After the successful completion of 21 ± 1
gestation period, pregnant female mice delivered the
pups. During that time the effects of temperature
changes were observed on the infanticide behaviour of
dams along with the monitoring of pups survival upto
36 h postparturition [7].

The collected data were subjected to statistical analysis
using Excel–mac operating system software. Mean ±
standard deviation and standard error of mean were
calculated. Independent student’s ‘t’ test was used for
statistical comparison and significance level determin-
ation between the control and treatment groups using
Excel–mac operating system. P < 0.05 is considered as
significant.

Results
During the present study it was observed that the
female mice belong to control group, which were main-
tained under standard ambient temperature postpar-
turition have shown normal maternal behaviour with a
high percentage survival rate of infants within first 36 h
of the delivery. However, dams belong to treatment
group, which were exposed to temperature variation
postparturition (maximum 15 °C to minimum 10 °C for
two nights and one day) have shown signs and symp-
toms of stress along with potential infanticide behav-
iour (Table 1).
Number of dead pups and total number of pups born

in each group were observed carefully for the assess-
ment of percent mortality (Fig. 1). The significant stat-
istical difference (P < 0.05) was reported when pups
mortality compared between control and temperature
altered treatment group. Pups belongs to treatment
group have been shown significantly higher mortality in
compare to pups of group maintained under controlled
temperature (Table 2).
Significantly less pups survived until 36 h postpartum

in altered temperature conditions; however, dams be-
longs to control group, which were maintained under
controlled conditions of temperature throughout have
raise their litters better with significantly higher pups
survival (P < 0.05).

Discussion
Maternal infanticide has been suggested to be among
the main causes of perinatal mortality. In spite of various
investigations available in literature to address the ques-
tions related to cannibalism and infanticide behaviour
after parturition, it remains an unsolved puzzle. Existing
literature and explanations gave rise many rationale,
which depict the effect of many conditions on cannibal-
ism and infanticide in mice. Among other laboratory

Table 1 Details of born and survived pups

Pups born
in control
group
(Mean ± SD)

Pups survived in
control group
36 h postpartum
(Mean ± SD)

Pups born under
cold stress treated
group (Mean ± SD)

Pups survived
under cold stress
treated group
36 h postpartum
(Mean ± SD)

5.5 ± 1.048 3.66 ± 1.032 a 5.16 ± 1.169 0.5 ± 0.54a

adenote statistically significant difference between groups (P < 0.05)
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rodent, rats and mice are more likely supposed to con-
sume their abnormal or defected infants. Loss of nutri-
ents in the diet by sterilization or malnutrition were also
reported to be responsible for a high percentage of pre-
weaning deaths [8]. Many research investigations indi-
cate that caging and animal house lighting must be
considered in relation as opaque cages are better choice
for breeding mice similarly dim lights are more likely
to prevent infanticidal behaviour. However, mice age
is not related to infant consumption but evidences
are available in relation of better breeding outcomes
in ninteen and twenty four weeks old mice with suc-
cessful weening of pups [9].
Dams show their maternal care by nursing the infant,

keeping them warm, protect them from other immedi-
ately following the delivary [10]. An interruption or dis-
turbance of mothering behaviour is likely to lead
towards neglect, death and sometimes eating of young in
nest [11–14]. These postpartum behaviours are triggered
by hormonal changes during late pregnancy and also by
the presence of pups after delivery. Many factors such as
hormones affect the pre optic neuclei, hypothamus
and amygdala. These brain regions have very import-
ant and active role in maternal behaviour, nursing
and affection [15–17]. Hypothalamus is known to play
a vital role in thermoregulation. The nerve pores
present in skin transmit the signals to brain and
hypothamus to regulate the temperature [18]. During
the completion of signaling pathway other functions
of hypothalamus such as hormonal association of ma-
ternal behaviour also modulates [19].
Defense of body temperature during exposure to cold

requires heat production (shivering and nonshivering

thermogenesis) and conservation (peripheral vasoconstric-
tion). Each of these mechanisms are regulated and main-
tained at different levels of the central nervous system and
are influenced by neurotransmitters and hormones (Fig. 2
and Fig. 3). During the present study it has been observed
that alteration in ambient temperature affects the thermo-
regulation which consequently affect the level of stress,
anxiety and maternal behaviour [20].
Alteration in ambient temperature was found to affect

the temperature recognition center (hypothalamus) in
the brain of dams, which contributes in the elevation of
postpartum stress and affects the maternal behaviour of
dams towards the newborn pups [21]. Alterations
homeostasis of hypothalamus affects the coordination
capacity of hormones and neurotransmitters [22]. This
process results in an elevation of stress, anxiety and lack
of satiety along with decreased sense of security in dams
postparturition (Fig. 4).
Mice pups are fully dependent on their mother and in-

sulating properties of the nest for nutrition and mainten-
ance of body temperature; to be born in a protected
environment is thus crucial for survival. Dead pups also
consitutes energy. To eat dead offspring could be con-
sidered adaptive; In order to eliminate long lasting

Fig. 2 Progression of maternal behaviour

Fig. 3 Role of hypothalamus in different post parturition process

Table 2 Statistical details of mortality reported among control
and treatment groups

Pups mortality in control group
(Mean ± SD)

Pups mortality in cold stress
treatment group (Mean ± SD)

1.833 ± 0.752 a 4.66 ± 1.211 a

adenote statistically significant difference between groups (P < 0.05)

Fig. 1 Effect of cold stress on infenticide behaviour of mice
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unhygenic nest conditions dams sometime consumes
their dead pups [13].
Any alteration in nest temperature followed by alter-

ation of body temperature during the early hours of par-
turion results in discomfort and insecurity, which
actively contribute in the infanticide by dam itself [23].
Intrinsic behavioural changes in dams brain followed by
hormonal and biochemical imbalance could be a precipi-
tating factor in inciting the cannibalistic habit, which
results in infanticide [24]. Present report of mice infanti-
cide by cold stress indicate towards two possibilities.
Either pups were died of improper thermoregulation and
later on consumed by the dams or dams were failed to
maintain their maternal behaviour due to altered
temperature conditions and infanticide their living
young one’s due to stress. In both the possibilities cold
stress remain the culprit to induce infanticide. To critic-
ally specify the sequence of events further studies are
recommended by authors.

Conclusions
Based on the results obtained from this study, it is advis-
able to monitor temperature alterations consistently
during delivery of pups and early postpartum phase of
mice. Maintenance of temperature within the surround-
ings plays a crucial role in management of infanticide.
Authors strongly recommend the maintenance of body
and surrounding temperature within standard limits to
prevent infanticidal behaviour and cannibalism within
Swiss albino mice population.

Acknowledgements
TZ is thankful for the consistant intellectual, financial and moral support received
from her husband Dr. Bashirulla Shaik, throughout.

Authors’contributions
TZ designed the study, performed the experiment, prepared the draft and
art works of the manuscript. AbQ contributes in acquisition of data. VKS

provide laboratory and animal house facilities and critically reviewed the final
version of the manuscript. All authors read and approved the final manuscript.

Funding
TZ and AbQ are thankful to DBT-Builder program, Department of
Biotechnology (DBT), Ministry of Science and Technology, New Delhi, India
for receiving finantial support in the form of fellowship.

Availability of data and materials
Please contact authors for data requests.

Ethics approval and consent to participate
This article does not contain any studies with human subjects performed by
any of the authors.The experimental procedure and methods were approved
by the Committee for the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA), New Delhi, India. Reference number (1885/GO/S/16
/CPCSEA/IAEC/BU/05).

Competing interests
The authors declare that they have no competing interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Received: 25 July 2017 Accepted: 13 April 2018

References
1. Schardein JL, Petrere JA, Hentz DL, Camp RD, Kurtz SM. Cannibalistic traits

observed in rats treated with a teratogen. Lab Anim. 1978;12:81–3. https://
doi.org/10.1258/ 002367778780953080.

2. Fox GJ, Barthold WS, Davisson TM, Newcomer EC, Quimby F, Smith LA. The
mouse in biomedical research: normative biology, husbandry, and models,
vol. 3. 2nd ed; 2007. p. 109–10.

3. Porter G. Pre-weaning loss of laboratory animals. Proc roy Soc Med.
1968;6:1295.

4. Mohan C. Age-dependent cannibalism in a colony of albino rats. Lab Anim.
1974;8:83–4. https://doi.org/10.1258/002367774780943869.

5. Weber EM, Algers B, Hultgren J, Olsson IAS. Pup mortality in laboratory mice
infanticide or not? Acta Vet Scand. 2013;55:83. https://doi.org/10.1186/1751-
0147-55-83.

6. Meek TH, Lonquich BP, Hannon RM, TJr G. Endurance capacity of mice
selectively bred for high voluntary wheel running. J Exp Biol. 2009;212:
2908–17. https://doi.org/10.1242/jeb.028886.

7. Gopalakrishnan S, Babu MGR, Thangrajan R, Punja D, Jganath DV, Kanth BA,
Rao M, Rai SK. Impact of seasonal variant temperatures and laboratory room
ambient temperature on mortality of rats with ischemic brain injury. J Clin
Diagn Res. 2016;10:CF01–5.

8. Lane-Petter W. Cannibalism in rats and mice. Proc Roy Soc Med. 1968;
61:1295–6.

9. Fox RL. Cannibalism in natural populations. Annu Rev Ecol Evol Syst. 1975;6:
87–106. DOI:https://doi.org/10.1146/annurev.es.06.110175.000511

10. White WJ. Management and design: breeding facilities. In: Fox GJ, Davisson
MT, Quinby FW, Barthold SW, Newcomer CE, Smith AL, editors. The mouse
in the biomedical research.Second edition: Elsevier; 2007. p. 236–68. https://
www.elsevier.com/books/the-mouse-in-biomedical-research/fox/978-0-12-
369456-0.

11. Lynch CB. Evolutionary inferences from genetic analyses of cold adaptation
in laboratory and wild populations of the house. In: Boake CRB, editor.
Quantitative genetic studies of behavioural evolution. Chicago: The
University of Chicago Press; 1994. p. 278–301.

12. Weber MEI, Olisson OS. Maternal behaviour in Mus musculus sp.: an
ethological review. Appl Anim Behave Sci. 2008;114:1–22.

13. Weber MEI. Pup mortality in laboratory mice influence of maternal
behaviour and housing environment: Doctoral thesis: Swedish University of
Agricultural Sciences; 2015. p. 44–5. https://pub.epsilon.slu.se/11726/1/
weber_e_141219.pdf.

14. Burn CC, Mason GJ. Effect of cage cleaning frequency on laboratory rat
reproduction, cannibalism and welfare. Appl Anim Behav Sci. 2008;114:235–
47. https://doi.org/10.1016/j.applanim.2008.02.005.

Fig. 4 Temperature mediated hypothalamic alteration induced
infanticide behaviour

Zafar et al. Journal of Animal Science and Technology  (2018) 60:7 Page 4 of 5

https://doi.org/10.1258/ 002367778780953080
https://doi.org/10.1258/ 002367778780953080
https://doi.org/10.1258/002367774780943869
https://doi.org/10.1186/1751-0147-55-83
https://doi.org/10.1186/1751-0147-55-83
https://doi.org/10.1242/jeb.028886
https://doi.org/10.1146/annurev.es.06.110175.000511
https://www.elsevier.com/books/the-mouse-in-biomedical-research/fox/978-0-12-369456-0
https://www.elsevier.com/books/the-mouse-in-biomedical-research/fox/978-0-12-369456-0
https://www.elsevier.com/books/the-mouse-in-biomedical-research/fox/978-0-12-369456-0
https://pub.epsilon.slu.se/11726/1/weber_e_141219.pdf
https://pub.epsilon.slu.se/11726/1/weber_e_141219.pdf
https://doi.org/10.1016/j.applanim.2008.02.005


15. Mayer AD, Rosenblatt JS. Hormonal factors influence the onset of maternal
aggression in laboratory rats. Horm Behav. 1987;21:253–67.

16. Numan M. Parental behaviour. Encyclopedia of behavioural neuroscience:
Elsevier; 2010.

17. Wong AY, Kulandavelu S, Whiteley KJ, Qu D, Langille BL, Adamson SL.
Maternal cardiovascular changes during pregnancy and postpartum in
mice. Am J Physiol Heart Circ Physiol. 2002;3:282.

18. Morrison SF. Central pathways controlling brown adipose tissue
thermogenesis. News Physiol Sci. 2004;19:67–74. https://doi.org/10.1152/
nips.01502.2003.

19. Scribner SJ, Edwards WKE. Disruption of body temperature and behaviour
rhythms during reproduction in dwarf hamsters (Phodopus). Physiol Behav.
1994;55:361–9. DOI: doi.org/10.1016/0031-9384(94)90147-3

20. Boulant JA, Hardy JD. The effect of spinal and skin temperatures on the
firing rate and thermosensitivity of preoptic neurones. J Physiol Lond. 1974;
240:639–60.

21. Dimicco JA, Zaretsky DV. The dorsomedial hypothalamus: a new player in
thermoregulation. Am J Physiol Regul Integr Comp Physiol. 2007;292:47–63.

22. Martha AM, Kinsley C, Broida J, Svare B. Infanticide exhibited by female
mice: genetic, developmental and hormonal influences. Physiol Behav. 1983;
5:697–702.

23. Caspi A, Moffitt T. Gene-environment interactions in psychiatry: joining
forces with neuroscience. Nat Rev Neurosci. 2006;7:583–90. https://doi.org/
10.1038/nrn1925.

24. Abbatiello ER. Alteration of maternal behaviour in mice following
administration of cyproterone acetate. J Pharma Sci. 1974;63:152.

Zafar et al. Journal of Animal Science and Technology  (2018) 60:7 Page 5 of 5

https://doi.org/10.1152/nips.01502.2003
https://doi.org/10.1152/nips.01502.2003
http://doi.org/10.1016/0031-9384
https://doi.org/10.1038/nrn1925
https://doi.org/10.1038/nrn1925

