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Stress Lived Before Conception Alters the Maturation
of the Offspring
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ABSTRACT:

Stress lived before conception alters the maturation of the offspring
To test the possibility that the pregestational chronic restraint stress can influence, indirectly, the development of the
offspring, female albino wistar rats were divided into two experimental groups. The stress was applied 1 h daily for 4 days
for 5 consecutive weeks, by placement into plexiglas tubes, so that the animal was unable to move. After parturition,
the descent resulting from the control and stressed mothers was used for the behavioral study. Maternal glycemia was
measured during stress. After birth, the neurobehavioral and physiological maturation of the offspring (somatic, physical,
and reflexes) were studied from the 2end to the 18th postnatal day (PND). Results showed hyperglycemia in the stressed
mothers, while the little rats resulting from stressed group present difficulties in tests used for physical and behavio,ral
development considered as consequences the nervous structure deterioration occurred during the development.
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INTRODUCTION

inert 11-dehydrocorticosterone (11,12). They could affect

Several studies have shown that environmental factors

responsiveness of the hypothalamic–pituitary– adrenal

such emotional and stressful events (1,2) to which a mother

(HPA) axis of the offspring (13,14). Prenatal GCS exposure

is exposed during pregnancy in humans and animals (3-6)

“programs” permanently several central functions (12).

can influence behavioral and social development of the

Some studies report that the offspring of stressed mothers

offspring (7,8). These changes could be mediated by in

shows delay in the physical and reflex development of rat

utero exposure of the developing brain to elevated levels of

pups, deficits in learning and memory associated to

maternal glucocorticoids (GCs) secreted during HPA axis

depressive behavior in adulthood (15,16). Such behavioral

activities in mothers by stress. This can cross the placenta

developmental impairments are due to alterations in

barrier and reach the developing fetal brain (9,10). Albeit

mother–infant relationships. It has been demonstrated that

with partial degradation by 11 ß h-hydroxysteroid

stressed dams during pregnancy have abnormal maternal

dehydrogenase, it has been recognized that GCs access to

behavior (17), which can affect mother–infant relationships

receptors is determined by the presence of tissue-specific

immediately after birth and influence the development of

11ß-hydroxysteroid dehydrogenases (11b-HSDs) that

the embryonic brain and permanently altering the offspring

catalyse the interconversion of active corticosterone and

behavior (7,16).
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the maturation of the fetal HPA axis and program the
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This study was designed to explore the effects of chronic

weight of the descent.

restraint stress applied before conception on both male
and female pups on the parameters of early maturation/

Proportioning of glycemia

development; physiological maturation, and reflexes. In

The glycemia was determined by the method of trinder

addition, we aimed to see whether pregestational chronic

(19).

stress can affect the neuromotor and physiological
development of the offspring.

Offspring study

Experimental Procedure

Pups were assessed after birth on the following measures of
development:

Animals
Physiological maturation
Albino rats (60 days old) coming from Pasteur Institute of
Algiers were used during this study. The rats were

Body weight: Weekly on postnatal day (PND) 2, 5, 9, 12, 15,

acclimatized to the natural photoperiod standards

18 (20).

conditions: an average temperature of 22±4ºC and a relative
humidity of 50-70%. After a three-week adaptation period,

Tooth eruption: The date on which the inferior and

28 females were selected according to the weight with an

superior teeth were first observed either visually or by

average of (140–170) grams (three months old at the

touch. The verification was between PND 8 and PND 11

beginning of the stress). Then, they were divided into 2

(20).

experimental batches each batch contains 14 rats. After
parturition (with six days of mating), we randomly selected

Eye opening: The first date on which a pup was observed

15 male and 15 female pups from control rats and 15 male

to have opened its eyes. The verification was carried out

and 15 female pups from stressed rats for the behavioural

between PND 12 and PND 16 (20).

studies.
Reflexes
Induction of stress
Righting reflex (PND3): Also known as the labyrinthine
Our model of stress is based on that of Bardin et al. (2009)

righting reflex. It is considered to be a reflection of

(18), rats were restrained 1 h daily for 4 days in the morning

subcortical maturation (that corrects the orientation of the

for 5 consecutive weeks, by placement into plexiglas tubes,

body when it is taken out of its normal upright position). In

whose length was adjusted with a piston, so that the animal

this test, the pups were placed on their backs on a plane

was unable to move. Stress was applied before putting the

surface and the time needed to recover their normal prone

rats in gestation.

position (all four paws) was recorded. A maximum of 60 s

MATERNAL STUDY

per trial (3 trials) was allowed. Righting reflex was
considered to be fully achieved when the pups turned 180
around their longitudinal axis, their four paws being in

Blood taking away

contact with the surface (20).

The taking away is done starting from the lachrymal vein at

Grasping reflex (PND4): Young rats placed on a roasting

the end of the application of chronic restraint stress and

tray must cling to not fall when the tray was set in rotation.

before putting the rats in gestation. The blood samples

The measured variable is the angle reached in relation with

were collected in the heparinized tubes, then centrifuged

the horizontal when the young “clinches” and falls (20).

with 5000 rpm for 15 minutes. The plasma was put at the
freezer for proportioning of the glycemia because it

Negative geotaxis (PND9): This test is believed to test

presents a close relationship to the variation of the body

labyrinthine and cerebellar integration. We place pups on
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an incline with their heads pointing down the slope and we
measure the latency time for pup to perform a complete

RESULTS

half turn on the inclined plane 25° (20).

Maternal results

Wire hanging maneuver (PND12): Test of neuromuscular

Glycemia

and locomotor development. Pups were suspended with
their forelimbs from a horizontal rod (2 mm thick, 70 cm

The figure 1 represents the effect of chronic restraint stress

long between poles 50 cm high). Suspension latencies

on glycemia. We note a significant increase in the fourth

(duration in seconds of hanging) were recorded. Animals

(1.19g/l±0.02) and the fifth week (1.34g/l±0.04) of chronic

were tested from PND12 (20).

restraint stress of stressed mothers compared to the
control o in the fourth (0.87g/l±0.08) and the fifth week

Statistical Analysis

(0.98g/l±0.04).

The results are presented as mean ± standard error of mean

Offspring results

(SEM) and were analysed by using Student’s t-test with the
program Minitab (version13). They are regarded as

Physiological maturation

significant p<0.05.
Body weight: After birth (in PND2), we recorded an
increase in the body weight of females (Fig. 2.A) resulting
from stressed mothers (PND2: **6.23g±0.49; PND5:
***8.46g±1.22; PND9: ***12.82g±0.79; PND18: **22.32g±2.67)
compared to the females resulting from control mothers
(PND2: 5.8g±0.46; PND5: 7.61g±0.42; PND9: 9.47g±1.41;
PND18: 20.35g±2.13).
Males resulting from stressed mothers (Fig. 2.B) have
shown an increase in the body weight (PND2: *6.33g±0.62;
PND5: **8.59g±1.1; PND9: ***13.25g±0.69) compared to the
males resulting from control mothers (PND2: 5.9g±0.48g;
Figure 1: Variation of glycemia in stressed and control mothers (g/l).
(*p<0.05; **p<0.01; ***p<0.001).

PND5: 7.64g±0.65; PND9: 10.09g±1.85).

Figure 2: Body weight of the females (A) and males (B) pups between PND 2 and PND18. (*p<0.05;**p<0.01; ***p<0.001).
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Tooth eruption and eye opening: There is no significant

longitudinal axis). The control take less time to stand on

difference in the tooth eruption age of males (10.81±0.4) and

their four paws being in contact with the surface (Fig. 4).

females (10.64±0.49) compared to the control males
(10.63±0.49) and control females (10.44±0.5) (Fig. 3.A and B).

Grasping reflex (PND4): A very significant difference was

In addition, no significant difference in eye opening

recorded between (stressed males: ***91.3°±5.21 vs control:

between males resulting from stressed mothers (15.66±0.48)

98.33°±3.7). A highly significant decrease between (stressed

compared to the control males (15.37±0.51) and no

females: **90.56°±4.9 vs control: 96.86°±5.95) has been

difference between females resulting from stressed mothers

noticed because stressed rats fell quickly (Fig. 5).

(15.39±0.49) and females resulting from the control
Negative geotaxis (PND9): In this test, we recorded a very

(15.38±0.5) (Fig. 3) has been noticed.

significant difference between stressed and control pups of
Reflexes (Behavior)

both groups (stressed males: ***22s±1.66 vs control ones:
13.77s±3.13) and (stressed females: ***25.36s±1.71 vs

Righting reflex (PND3): A very significant difference

control ones: 13.55s±4.12) in the latency time to turn and

between (stressed males: ***20.42s±5.31 vs control:

face up the incline 25° (Fig. 6).

12.56s±1.33) and (stressed females: ***48.66s±9.95 vs
control: 19.5s ± 3.44) has been noticed in the time needed

Wire hanging maneuver (PND12): Test of neuromuscular

to recover their normal prone position (180° around their

and locomotor development. Males resulting from stressed

A

Figure 3: Tooth eruption (A) and Eye opening (B) of males and females pups. (*p<0.05;**p<0.01; ***p<0.001).

Figure 4: Effects of stress on the righting reflex in males and females
pups. (*p<0.05; **p<0.01; ***p<0.001).
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Figure 5: Effects of stress on the grasping reflex in males and females
pups. (*p<0.05; **p<0.01; ***p<0.001).
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Figure 6: Effects of stress on the negative geotaxis in male and
female pups. (*p<0.05; **p<0.01; ***p<0.001).

mothers have shown a significant difference (*14.72s±3.1)

Figure 7: Effects of stress on the wire hanging maneuver in male and
female pups. (*p<0.05; **p<0.01; ***p<0.001).

the appearance of the metabolic syndrome.

compared to males resulting from control mothers

The elevated levels of maternal glucocorticoids (GCs)

(16.19s±1.95). A very significant difference between females

secreted during HPA axis activities in mother by stress can

resulting from stressed mothers (***14.57s±2.77) and from

cross the placenta barrier and reach the developing fetal

the control ones (19.56s±1.42) (Fig. 7).

brain (9, 10). Albeit with partial degradation by 11
ß-hydroxysteroid dehydrogenase of glucocorticoids to

DISCUSSION

inactive products (30), The 11β-HSD1 enzyme plays a key
role in regulating intracellular glucocorticoid

The direct neural connection between Corticotropin-

concentrations, and obesity is associated with increased

releasing hormone CRH and gonadotophin-releasing

activity of 11β-HSD1 in adipose tissue in humans (31, 32)

hormone GnRH can induce perturbation in reproductive

and animals (30,33). However, repeated prenatal stress

functions since receptors for CRH are identified in most of

exposure leads to a decrease in placental 11 β -HSD activity

the female reproductive tissues including the ovary, uterus,

and there by an increase in maternal corticosterone

and placental trophoblast (2,21). Which can affect the

reaching the fetus (34,35) because this hormone is released

developments parametres of the offspring with

during the stress by the adrenal gland that acts on the

perturbation in the energetic metabolism. Moreover, there

metabolism. The onset of obesity and insulin resistance is

is abundant evidence that the gonads affect the way the

sometimes associated with hormonal imbalances. In

hypothalamic-pituitary-adrenal axis HPA responds to stress

addition, the secretion of different hormones including

(22) have evaluated the presence of estrogen receptors in

cortisol, insulin, estrogens, dihydrotestosterone and growth

sheep adrenal glands. Ovarian steroids have been found to

hormone (36) regulates fat distribution in visceral and

increase HPA-axis activity, enhance the HPA-axis response

subcutaneous depots.

to psychological stress, and sensitize the HPG-axis to stressinduced inhibition in rhesus monkey (23).

The results of the present study shows also that
restraint stress (RS) was responsible for the appearance of

Previously reported data by another group have shown

neuromotor and behavioral disorders at the descent,

that that diabetic pregnancy in rats yielded to impaired

resulting from the stressed mothers before gestation after

glucose metabolism in offspring (8,24). This can be related

their evaluation in the behavioral tests. These disorders

to chronic alterations in cortisol secretion in offspring

may be the result of the dysfunction in the hypothalamo-

which could affect body composition and be causative

pituitary-adrenal axis (HPA) of mothers and in the rise of

factors of early-onset obesity, metabolic syndrome, insulin

the plasma concentration of glucocorticoids and glycemia.

resistance, and type 2 diabetes (25-28). Exposure to

Aiming at facing the stressing situation (37,38). The

maternal glucocorticoids induces a structural change in

hyperactivation of the HPA axis of stressed mothers

the pancreas (reduced pancreatic β-cell number) (25) and

activates HPA axis of their offspring, which affects mother–

functional alterations in hepatic tissue (29) which leads to

infant relationships immediately after birth, influencing
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the development of the embryonic brain and permanently

neurobehavioral and psychological developments and

altering the behaviour of the offspring (14,39). The

cause neuropsychiatric disorders in later life of behavior

behavioral development of the offspring is likely mediated

and neurophysiological parameters.

by functional and/ or anatomical abnormalities of the

Environmental signals can be transmitted from the

central nervous system (CNS). Our results have shown

mother to the fetus, affecting specific vulnerable tissues in

that repeated pregestational stress can affect normal

their sensitive developmental stage, modulating normal

cerebral functions such as coordination control, righting

development trajectory, remodelling their structure and

reflex, negative geotaxis and the body weight of the

function and reprogramming the resiliency or susceptibility

offspring male and female. Because glucocorticoids can

to disease in postnatal life. The programming effects of HPA

act at the central nervous system on the hippocampus,

function by prenatal stress and the difference in results

amygdala, the prefrontal cortex and the hypothalamus,

could be allotted to the chronic duration of stress, and the

which are the centers of integration of emotional and

experimental procedures (e.g., day-night, the phase of the

physical information. These structures are rich in

application of the stress), time and genetic factors what can

receptors of glucocorticoids (GR) and mineralocorticoids

affect the behavior (42,43).

(MR). The latter increases the response to stress in mother,
which result in high levels of glucocorticoids exposure to

CONCLUSION

the fetus. Leading to down-regulation of GR in
hippocampus and attenuation of negative feedback of the

The intrauterine environment is critical to fetal

HPA axis and enhancement of the HPA axis activity;

development; perturbations of this environment can have

resulting alteration of behavior, emotion (40). The

significant short and long-term consequences on the

prolonged activation of HPA axis leads to structural

offspring. Pregestational chronic restraint stress causes

modifications in the central nervous system (41).

modifications in neurobehavioral and emotional activities

Pregestational chronic stress can delay some

of the offspring.
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