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Introduction:-

Prenatal or intrauterine development plays critical role in normal physical, mental and behavioural development of
an individual. Maternal nutrition®, exposure to environmental toxicants*®, and stressful disturbances*® of the
pregnant female are among the many variables that can affect in utero conditions and impair the maturational
trajectory of the fetus. All sorts of early environmental influences can leave indelible imprints and influence the
development of an offspring. In most of the cases, effects of such insults will be carried to the young age or even to
the whole life span of the individual ®’. Though any system of the bodly is the target of flawed development, nervous
system becomes the main target of faulty development.

Prenatal stress evokes a cascade of neurohumoral events which triggers HPA axis hyperactivity in response to stress
throughout life®.1t promotes increased maternal hypothalamo-pituitary-adrenal gland (HPA) secretion of
glucocorticoid (GC), leading to increased foetal and maternal GC receptor activity”’.Exposures during prenatal
period have implications for pregnancy outcome as well as for morbidity and mortality. Considerable bodies of
evidences have supported the view that prenatal stress causes reduction in birth weight'®. D’mello et al have
substantiated that maternal immobilization stress during weeks 1,2,3 had no effect on the gestational length, litter
size or birth weight of the pups*®. Thus inconsistencies between studies remain in literature. Since a wide variety of
criticisms have been put forward regarding the effects of prenatal stress, the present study was undertaken to
evaluate the effects of prenatal stress on postnatal physical development parameters which include mortality, birth
weight, body weight gain, pinna detachment, eruption of upper and lower incisors teeth and eye opening.

Materials and methods:-

2.1. Experimental animals and housing conditions

In-house bred male and female Wistar strains of rats were used in the study. Animals were bred in Central Animal
Reseach Facility of Manipal University, Manipal. Adult rats (3 months old) were housed in air conditioned animal
rooms with constant light-dark cycle (12:12 h), controlled temperature (22+3°C) and humidity (50£5%).
Polypropylene cage with paddy husk as bedding materials was used for housing the rats. The animals had free
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access to food (Gold Mohur; Lipton India Ltd.) and water ad libitum. Breeding and maintenance of animals were
done according to the guidelines of Committee for the purpose of Control and Supervision of Experiments on
Animals (CPCSEA). Institutional Animal Ethical Committee (1.A.E.C) approval was obtained before the conduct of
the study (IAEC/KMC/06/2005-2006) and care was taken to handle the rats in humane manner.

2.2 Timed pregnancy in rats

To get the pregnant rats of known gestational days, all female rats were subjected to vaginal smear test*. The rats in
the estrus cycle were mated with adult male rats overnight. Vaginal smear was examined within 12 hours after
mating. The presence of sperms in the smear confirms the mating, and that day was taken as day zero of pregnancy
for further counting the days. Pregnant females were assigned randomly into ‘No stress’ and ‘stress groups’ (n=20 in
each group). The rats in ‘No stress group’ remained without any further procedures and allowed to deliver the pups.
The rats in the ‘Stress group’ were subjected to restraint stress.

2.3 Prenatal stress protocol

Pregnant rats in the ‘stressed group’ were subjected to daily restraint stress from 117 gestational day, till they deliver
the pups. The pregnant rats were restraint stressed by placing them individually in a wire mesh restrainer, 6 hours
per day'® . This type of restrain is known to induce stress in rats as indicated by increased serum cortisol level and
adrenal gland weight in them®®. The wire mesh restrainer has a wooden base and stainless steel wire mesh restrainer
hinged to the base. A padlock and latch will help to secure the rat in the restrainer. The restrainers of two different
dimensions were used. The restrainer with 11cm (Length) x 6cm (Breadth) x 6cm (Height) dimensions for
restraining the pregnant rats from E11-E17, and restrainer with 11cm (Length) x 8cm (Breadth) x 8cm (Height)
dimensions was used to stress the pregnant rats from E18 till delivery™®.This type of restrainer claimed to restricts
the animal’s movement without any pain, discomfort or suffocation. Control mothers were left undisturbed in the
home cage throughout the duration of their pregnancies. The offsprings of both groups were raised by their
biological mothers till weaning.

lth

2.4 Experimental design:-

The male and female pups from ‘No stress’ dams were designated as normal control-male (NCM) and Normal
control-female (NCF) groups. The male and female pups from ‘Stressed’” dams were designated as normal Stressed-
male (STM) and Stressed-female (STF) groups.

2.4.1 Mortality:-
Total number of pups born and number of still born pups born to each control or stressed rat was counted at birth
and percentage mortality was calculated.

2.4.2 Birth weight and body weight gain:-
Wei%ht of pups born to control and stressed mothers were taken at birth (Birth weight). Body weight was measured
on 7", 14™ and 21* postnatal days.

2.4.3 Pinna detachment (External ear development) :-
During early postnatal period, pups were observed daily to see the development of external ear (Pinna). The day on
which external ear is Imm in length and 0.5 mm in breadth was defined as the “day of pinna detachment”.

2.4.4 Eruption of upper and lower incisors:-
Pups were observed daily during early postnatal period to witness the eruption of upper and lower incisor teeth. The
day on which length of the erupted tooth is 0.5 mm, was considered as “day of teeth eruption”. 659

2.4.5 Eye opening:-
A visible opening (2mm length) of palpebral fissure was defined as eyes are opened. The day on which eyes are
opened was noted for each pup.

Statistical analysis:-

Data was expressed as meantSEM. Data were compared with one way ANOVA test using Graph pad in stat
software. If the ANOVA test is significant, Bonferroni’s multiple comparision tests was applied to determine the
significance between the groups.
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Results:-

The present study was aimed to investigate the effect of prenatal stress on postnatal physical development
parameters which include mortality, birth weight, body weight gain, pinna detachment, eruption of upper and lower
incisors teeth and eye opening.

Study parameters at birth and neonatal period:-

4.1 Mortality:-

The number of pups delivered by each dam was statistically similar in stressed and control groups and physical
malformation was not apparent in any of the groups. There were no still birth or dead neonates recorded in the
prenatally stressed group.

4.2 Birth weight:-

Birth weight of pups born to stressed mothers was significantly affected by prenatal stress (Table 1). Stressed male
rats (STM, P<0.001) and female rats (STF, P<0.01) showed significantly low body weight compared to respective
control male (NCM) and control female (NCF) rats.

4.3 Body weight:-

Prenatal stress affected the body weight in the stressed group as weighed on postnatal 7", 14th and 21% day (Table
2). Stressed males (STM) had lower body weight on 14" and 21% day of weighing compared to normal control males
(NCM, P<0.01). Stressed females showed significant decrease in body weight only on 21* day compared to normal
control females (NCF, P<0.05), but not on 7" and 14™ day. Interestingly, body weight was significantly less
(P<0.01) in normal control female (NCF) compared to normal male (NCM) on 14" day. This is suggestive of late
onset of stress effects in stressed females and normal females have less body weight than normal males.

4.4 Pinna detachment:-
Both male and female offspring born to stressed rats showed a significant delay in pinna detachment when compared
to respective control rats(P<0.001 in both males and females; Table3).

4.5 Eruption of upper and lower incisor teeth:-
Stressed rats (both male and female) did not show any significant delay in eruption of upper and lower incisors when
compared to respective control rats (control male and control female, Table3).

4.6 Eye opening:-

Prenatal stress did not have any significant effect on eye opening. Stressed rats [both male (STM) and female (STF)]
did not show any significant delay in eye opening when compared to respective control rats [control male (NCM),
and control female (NCF)] (Table4)

Birth weight (grams)

Male Female
Normal Stressed Normal Stressed F value ANOVA
(NCM, n=6) (STM, n=6) (NCF, n=6) (STF, n=6) significance
6.72+ 0.19 5.35 + 0.07*** 6.22+ 0.16 5.41 +0.14 % 18.55 P<0.0001

Table 1: Birth weight in different groups. NCM-normal control male, NCF- normal control female, STM- stressed
male, STF-stressed female. Note stressed rats (STM and STF) had significantly low birth weight compared to
respective control rats (NCM and NCF). NCM vs STM: ***P<0.001; NCF vs STF: % P<0.01, STM vs STF and
NCM vs NCF: not significant (One way ANOVA, Bonferroni’s test. Each data represents mean = SEM).
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Body weight gain (grams)
Table 2: Body weight gain in rats belonging to different groups as on 7" 14" and 21 postnatal day. NCM-normal

Groups Postnatal day

7" Day 14" Day 21 Day
NCM(n=6) 13.76 + 1.13 24.73+1.25 37.33+3.68
STM(n=6) 11.82 +0.85 17.25 + 0.43** 25.0 £ 0.44**
NCF(n=6) 11.71+1.13 18.30 + 0.52"" 35.83 £2.72
STF(n=6) 9.58 +0.16 18.49 + 1.95 24.67 +0.42°
F value 3.48 7.87 8.68
ANOVA significance P<0.05 P<0.01 P<0.001

control male, NCF- normal control female, STM- stressed male, STF-stressed female. Note that stressed males
(STM) had lower weight gain on 14™ and 21% day. Stressed females showed significant decrease in body weight
gain on 21% day, though there was no significant difference on 7th and 14" days. NCM vs STM: **P<0.01; NCF vs
STF: ® P<0.05; STM vs STF: not significant, NCM vs NCF: ™" P<0.01; (One way ANOVA, Bonferroni’s test. Each
data represents Mean £SEM).

Day of pinna detachment, upper and lower incisor teeth eruption

Male Female
Normal Stressed Normal Stressed F value ANOVA
(NCM, n=6) | (STM, n=6) (NCF, n=6) (STF, n=6) significance

Pinna 5.35% 0.07 6.72 + 5.41+0.14 | 6.22+0.16 ** 18.55 P<0.0001
detachment 0.07***
Upper incisor 8.23+£ 0.06 8.38 £ 0.04 8.26x 0.04 8.41 +0.03 3.45 P<0.05
teeth eruption
Lower incisor 8.69+ 0.04 8.5+ 0.05 8.68+ 0.04 8.68 +0.04 3.45 P<0.05
teeth eruption

Table 3: Day of pinna detachment, upper and lower incisor teeth eruption in rats belonging to different groups.
NCM-normal control male, NCF- normal control female, STM- stressed male, STF-stressed female. Note the
stressed rats (STM and STF) had significant delay in pinna detachment compared to respective control rats (NCM
and NCF). There was no significant difference in day of upper or lower incisor teeth eruption between groups. NCM
vs STM: ***P<0.001; NCF vs STF: $$$ P<0.001, STM vs STF and NCM vs NCF: not significant (One way
ANOVA, Bonferroni’s test. Each data represents mean + SEM).

Day of eye opening

Male Female
Normal Stressed Normal Stressed F value ANOVA
(NCM, (STM, n=6) (NCF, n=6) (STF, n=6) significance
:6)
Day of eye 8.69% 0.04 8.5+0.05 8.68+ 0.04 8.68 +0.04 3.45 P<0.05
opening

Table 4: Day of eye opening in different groups. NCM-normal control male (n=6), NCF- normal control female
(n=6), STM- stressed male (n=6), STF-stressed female (n=6). Note there is no significant difference in the day of
eye opening among the groups. (One way ANOV A, Bonferroni’s test. Each data represents mean+SEM).
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Discussion:-

In the present study, the effects of prenatal stress on postnatal growth parameters were studied. This study
is novel and potentially important since only a few animal or human studies have utilized females as
subjects.

5.1 Restraint stress method:-

The restraint method of prenatal stress used in the present study is one of the well-known methods of
stress '’ .Stress by restrainer method used in the present study is convenient and animals will not
suffocate, but at the same time stress them. Stress by this method is known to hyperactivate the
hypothalamo-pituitary adrenal (HPA) axis, adrenal gland weight and glucocorticoid hormonal level*’.

5.2 Growth parameters:-

The results of the present study showed higher preweaning mortality in the stressed group which is
comparable with the previous reports*. The increased rate of mortality observed could be due to the low
birth weight seen in the rat pups born to stressed mother rats.

Low birth weight is a broad marker of disturbed fetal development. In the present study, the stressed rats
(both male and female) showed significant reduction in body weight when compared to respective control
rats. Prenatal stress response is characterized by the activation of HPA axis. HPA axis activation involves
a cascade of events that starts with the release of corticotropin-releasing hormone (CRH) from the
hypothalamus. This leads to the release of adrenocorticotropic hormone (ACTH) by the pituitary,
resulting in adrenal cortex release of glucocorticoids (cortisol) and adrenal medulla release of
norepinephrine and epinephrine'®® . Maternal cortisol is also regulated by the placenta. The placenta
secretes increasing amounts of CRH into the fetal and maternal bloodstreams. The increasing unbound
circulating placental CRH levels during pregnancy stimulate ACTH production in the pituitary leading to
increased adrenal function levels?®.10-20% of the mothers’ cortisol crosses the placenta®.Cortisol and
norepinephrine are reported to elicit vascular constriction %1t has also been shown to directly affect the
intrauterine vasculature with norepinephrine reliably inducing uterine artery vasoconstriction® and
cortisol increasing the density of uterine artery adrenoreceptors and thereby causing norepinephrine-
mediated uterine artery vasoconstriction®’ . Thus it results in reduced uterine artery blood flow and
placental hypoxia and the fetus receives fewer nutrients and restricted levels of oxygen which may result
in fetal growth delays (lower birth weight)® and this could be the reason underlying our observation.

It was observed in our experiment that prenatal stress caused a failure of postnatal catch up growth which
was evident by the reduction in weight gain by the stressed rats (both male and female). Retarded
postnatal catch up in body weight may be due to the involvement of (corticotrophin — releasing factor)
CRF in the hypothalamic region®.CRF receptors in the hypothalamus mediate acute response to stress
that can lead to permanent changes in hormonal or metabolic process that determine the body weight and
composition®”.Pathways projecting from limbic areas to hypothalamus could stimulate CRF secretion into
pituitary adrenal axis. Increased CRF could mediate this stress- induced suppression of body weight and
other growth parameters. It has been reported that growth hormone gene expression in the brain is
significantly suppressed by exposure to restraint stress which may also cause growth
retardation®®.Circulating growth hormone level has been shown to be decreased in animals exposed to
stress during neonatal period®®.Decrease in body weight exhibited in stressed females towards later stages
of growth is suggestive of late onset of stress effects in females. This can be further explained as the
response of neural substrate for stress might change with the advancing age.

These research findings have important implications for clinical obstetric practice and maternal fetal
medicine. Our results reinforce the hypothesis that much psychopathological affection has their origin
with early developmental influences. This study reveals the pivotal significance of nine months of
pregnancy for the optimal physical growth in the child’s life and its consequences on adult health.
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