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Abstract: Early life environment affect the normal development of the mood in the process of infant development
and increase the risk of mental disorder diseases. The aim of current study was to investigate enriched environment
can repair emotional deficits in offspring rats induced by maternal chronic stress during pregnancy, explore the mo-
lecular mechanisms from the changes of monoamine neurotransmitters, dopamine (DA), norepinephrine (NE) and
serotonin (5-hydroxytryptamine; 5-HT) in the hippocampus. A rat model of maternal chronic stress during pregnancy
was mating from 3rd day during subjected to chronic unpredictable mild stress (CUMS). Offsprings were weaned
on day 21 and housed under either standard or enriched environment 30 days. Plasmacorticosterone levels of ma-
ternal rats and their offspring were determined by radioimmunoassay. The body weights were recorded in PND 21
and PND 50. Emotional responses were tested using open-field test (OFT), sucrose preference test (SPT) and tail of
suspend test (TST). The levels of DA, NE and 5-HT in hippocampus of all experimental animals were detected using
enzyme-linked immunoassay kit. Results indicated that an elevation was observed in the plasma corticosterone
level of rat model of maternal chronic stress during pregnancy. Enriched environment treatment reduced offspring’s
plasma corticosterone level and improved their body weight, changed the emotional function, increased the level
of hippocampal NE, DA and 5-HT in OPS group. Collectively, these findings disclose that increasing of hippocampal
monoamine neurotransmitters and decreasing of corticosterone in offspring after enriched environment might be
the possible cause for emotional dysfunction induced by maternal chronic stress rat during pregnancy.

Keywords: Enriched environment, hippocampus, monoamine neurotransmitters, emotional deficits, maternal
chronic stress rat during pregnancy

Introduction

A recent study showed that 6% of pregnant
women been in high levels of psychological
stress, such as depression, anxiety, anger, day-
to-day challenges, sudden change of environ-
ment, or social isolation [1]. Maternal stress
during pregnancy has been implicated as one
of the risk factors for development of affective
disorders in the offspring [2].

A large number of epidemiological evidences
have indicated that a variety of adverse mater-

nal stress during pregnancy outcomes appe-
ars: the increased of the maternal plasma corti-
sol levels, birth rate of low birth weight babies
and preterm [3-6]. It may also cause an increa-
se in disruption of sleep patterns, reduction of
deep sleep time, abnormality in sleep time, and
prolongation of crying time [7-9]. In addition, it
can also have an effect on children’s later
growth and lead to weaker attentiveness in
school-age children [10], emotional and behav-
ioral problems and poor learning and memory
abilities [11]. It has been found that attention
deficit and hyperactivity disorder of 9~11 years
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old children were related with maternal stress
during pregnancy [12, 13]. The experiments in
rodents have established that prenatal stress
is associated with cognitive deficits in spatial
learning and memory of offspring [14-16]. Abn-
ormal adrenal responses, some physiological
changes, and higher excitability of offspring are
caused by maternal prenatal stress [17, 18].

From the middle of the last century, a great
effort has been made to elucidate the brain
areas involved in emotion control and in the
pathophysiology of mood disorders. Animal and
human studies have indicated the involvement
of the limbic system-including the hippocam-
pal formation, cingulate gyrus, and anterior
thalamus [19, 20]. These structures are con-
nected in two main networks: the “orbital” and
the “medial prefrontal networks”. The medial
network is probably more significant for mood
disorders [21]. Hence, hippocampus as a part
of the limbic system has a major role in mood
regulation. It is innervated with serotonergic,
noradrenergic and other neurotransmitter sys-
tems. However, high level of corticosteroids
after stress is very easy to damage the hippo-
campus, the reason is that contains high con-
centration of adrenal cortical hormone recep-
tor [22]. It is an important structure associat-
ed with anxiety, depression and mood, which
may lead to disruption of neurotransmitters
[23]. However, currently, the hippocampus loop
on emotion regulation mechanism is not clear.

To our knowledge, only a few studies have
investigated the effects of pregnancy stress on
offspring’'s brain monoamine neurotransmit-
ters involved in emotional functions. The neu-
rotransmitters viz. catecholamines [dopamine
(DA) and norepinephrine (NE)] and serotonin
(5-hydroxytryptamine; 5-HT) play critical role in
emotions, sleep, arousal and cognitive function
[24-27].

As is known to all, the central nervous system
structure is influenced by genetic factors and
many external conditions. Studies have shown
that early life environment can affect the nor-
mal development of the mood in the process of
infant and child development and increase the
risk of mental disorder diseases. Therefore, if
we could choose a kind of environmental stimu-
lation in early of life, it may improve mood
change for offspring due to maternal prenatal
chronic stress.
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Enriched environment (EE) is defined as a
combination of complex inanimate and social
stimulations [28]. It involves alterations to the
animal’s home cage or secondary exploratory
area which provide enhanced sensory, motor,
cognitive and potentially social opportunities.
A large space within which the animal experi-
ences exploration and introduction to a variety
of objects, varying in shape, size, weight, smell
and texture, renders stimulation of visual,
somatosensory, and olfactory systems. It has
been demonstrated to enhance long-term po-
tentiation in the hippocampus, as well as im-
prove emotion performance [29]. Alterations in
these monoamine neurotransmitters in brain
can be correlated with emotion disturbances.

The monoamine systems are probably also very
dynamic, as the modification of behaviors and
emotion has to be rather rapid and able to
adjust to changes in the environment. However,
the underlying mechanisms of emotional alter-
nation in animals with enriched environment
treatment remain largely unknown. The pur-
pose of the current study was to test the
hypothesis that EE can repair emotional defi-
cits of offspring rats induced by maternal
chronic stress during pregnancy. Meanwhile,
we aimed to further explore its underlying
molecular mechanisms from the changes of
monoamine neurotransmitters in the hippo-
campus.

Materials and methods
Animals

Twenty female adult Wistar rats weighing
240~270 g and fifteen male Wistar rats weigh-
ing 300~350 g (all supplied by the Animal
Laboratory Center of Xinjiang Medical Univ-
ersity, Urumqi, Xinjiang, China; experimental
animals certificate number: SCXK (new), 2011-
000), sexual maturity, were randomly allocat-
ed into seven cages (5 rats in each cage, male
and female apart) after acclimatizating for a
week. All rats were maintained under standard
laboratory conditions (12 h light/dark cycle,
temperature 21-23°C, relative humidity 45-
65%, and food and water ad libitum) during one
week.

Chronic unpredictable mild stress (CUMS)
procedure

The CUMS procedure followed a previously de-
scribed method [30] with minor modifications.
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Figure 1. Experimental procedure. (CUMS: Chronic unpredictable mild stress; OFT: Open-field test; SPT: Sucrose
preference test; TST: Tail of suspend test; PND 21: Postnatal day 21).

Chronic unpredictable mild stress consisted
of exposure to the following stressors in a ran-
dom order every day for 3 weeks: food depriva-
tion for 24 h; water deprivation for 24 h; cage
tilt (45, 7 h); noise housing (1500 Hz, 92 db, for
1 h); behavioral restriction for 4 h; forced swim-
ming for 1 h in 31°C water; squeezing tail for 1
min; shaking stress (one-second, 30 min); hot
stress in oven (42°C, 5 min); soiled cage (200
ml of water poured into the bedding, 8 h). One
of nine different stressors was randomly admin-
istered each day. During the process, the model
rats were moved into another room (light inten-
sity and temperature of two room were basi-
cally the same), then back to the room after the
stimulation.

Treatments of maternal chronic stress rat dur-
ing pregnancy

The maternal chronic stress rat during pregnan-
cy was mating from 3rd day during subjected to
CUMS. Twenty female adult Wistar rats were
randomly allocated into two groups (10 rats per
group), namely a prenatal control group (PC
group) and a prenatal stress model group (PS
group). Before gestation, PS group was mated
with a male in one cage, two rats in PC group
was mated with a male in one cage. The vaginal
wall of all female rats were examined every
morning and pregnancy was confirmed by
sperm positivity, designated gestational day O
(GD 0), then divided male and female rate. After
gestation, each group also had 10 rats, PC rats
were housed 5 per cage (1 per cage after GD
18), while PS rats were housed individually (1
per cage). When the mating of PS rat, every
stress factors didn’'t suspend. All rats were
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maintained under standard laboratory condi-
tions (Figure 1).

Measurement of CUMS model through plasma
corticosterone level

Blood samples (1 ml) from angular vein were
collected from the rats on the day before stress
(Baseline) and then on the 1st, 7th, and 14th
day. Plasma was used for determination of
plasma corticosterone level. Blood samples
were centrifuged (3000 rpm for 20 min at 4°C),
and the plasma obtained was stored at -35°C.
Corticosterone was measured using a radioim-
munoassay (RIA) kit in accordance with the
manufacturer’s instructions supplied by them
manufacturer (Coat-A-Count, Diagnostics Pro-
ducts Corporation). The plasma corticosterone
levels were derived from the determined corti-
sol values using the following conversion for-
mula: Corticosterone concentration = Cortisol
concentration x 50 [31].

Grouping of the offspring

The day that offspring were born was designat-
ed postnatal day O (PND 0). The offspring were
weaned from their mothers at PND 21, male
and female offspring separated. They remained
undisturbed and were divided into four groups:
two groups from offspring of PC (OPC, n=16, 8
males vs. 8 females; OPC&EE, n=16, 8 male vs.
8 female), two groups from offspring of PS
(OPS, n=16, 8 male vs. 8 female; OPS&EE,
n=16, 8 male vs. 8 female). All experimental
offspring were reared in the same room with
free access to water and food. Cages were
located in a temperature and humidity con-
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trolled room, under day/night cycle (lights on
between 07:00 and 19:00).

Enriched environmental conditioning

OPC and OPS but none EE treatment offspring
were housed in standard cages (n=4/per cage,
60 cm L x 40 cm W x 25 cm H). And the EE
treatment offspring were housed in the large
cages (n=8/per cage, 90 cm L x 50 cm W x 60
cm H), with one extra level constructed of gal-
vanized wire mesh and connected by ramps of
the same material to create two interconnected
levels [28]. The EE cages contained wood shav-
ings, a running wheel, a shelter, plastic color
toys and small constructions such as chain,
swing and tunnels. The shelter and running
wheel were kept in the cages, while the toys
and constructions were changed once a week.
Also once a week, the feeding boxes and water
bottles were moved to different cage points to
encourage foraging and explorative behaviors.
Each group was housed under those respec-
tively conditions through all experiments until
tested (older than 51 days of age, PND 21-PND
50).

Measurement of offspring” emotion

Open-field test (OFT): The open field test was
performed at PND 51. An open-field method
was used to conduct praxeological scoring in
the four groups of rats. The open-field device
was made of opaque materials with a 80 cm x
80 cm square, located at the bottom, which
was divided equally into 25 equilateral squ-
ares. Around, there was a wall with a height of
40 cm. The rat was put in the central square,
and the number of squares the rat traversed in
3 min was recorded (only the squares on which
the rat landed with four legs could be num-
bered as the score of horizontal activity) and
the duration of standing on hind limbs was
noted. Each rat was measured once for 3 min.
A score was given by each of the two observers
and the aver-age value was taken. The percent-
age time spent in this central zone is consid-
ered indicative of exploratory behavior and may
reflect a decrease in anxiety, although this
parameter is not sensitive to all anxiolytics and
may not model certain features of anxiety dis-
orders [32].

Sucrose preference test (SPT): In the sucrose
preference test, the animals were allowed to
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consume water and a 1% sucrose solution for 1
h after food and water deprivation for 20 h, fol-
lowing 48 h of exposure to both water and
sucrose solution. The positions of the two bot-
tles (right/left) were varied randomly across
animal sand were reversed after 30 min. The
sucrose preference was calculated according
to the following ratio: sucrose preference (%) =
[sucrose intake (g)/sucrose intake (g) + water
intake (g)] x 100%. The results reflect mean
values of daily tests over three days [33].

Tail of suspend test (TST) [34]: A computerized
device (ltematic-TST) developed by Item-Labo
(France) was used to measure the total sum
of periods of immobility. Mice were suspended
by the tail using adhesive scotch tape, to a
hook connected to a strain gauge that picked
up all the movements of the mouse and trans-
mitted them to a central unit that calculated
the total duration of immobility during a 6-min
test. Data collected were consisted of immobil-
ity time and the number of rising. Four animals
were tested simultaneously.

Brain tissue sample preparation

By intraperitoneal injection of chloral hydrate
anesthesia, the hippocampus was removed
quickly from brain, placed on a freezing alumi-
num dissection stage, bisected midway
between the septal and temporal poles, then
rapidly frozen in liquid nitrogen and dissected
on ice-cold glass plates, frozen on dry ice and
stored at -80°C.

Determination of the monoamine levels: For
the measurement of DA, 5-HT and NE levels,
the frozen hippocampus tissue was thawed at
room temperature, then add 10 times volume
of acid n-butyl alcohol to do hippocampus tis-
sue homogenate slurry and were centrifuged
(4000 rpm for 30 min), take on the clear liquid
for the measurement of DA, 5-HT and NE levels.
DA, 5-HT and NE were measured using a
Enzyme-linked immunoassay (ELISE) kit in ac-
cordance with the manufacturer’s instructions
supplied by manufacturer (CSB-E0O8660r, CU-
SABIO; CSB-E08364r, CUSABIO; CSB-E08847,
CUSABIO), respectively.

Statistical analysis
Data were analyzed with SPSS software (ver-

sion 17.0); all graphs were constructed in
GraphPad Prism 5.0. All variables expressed as
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Figure 2. Comparison of plasma corticosteronelevel
between CUMS and control group. The figure shows
that changes in plasma corticosterone level were
noted after maternal chronic stress during preg-
nancy model is established successfully. Data were
analyzed using repeated measurement analysis of
variance. Each data represents mean + SD. Number
of animals in each group =10. *P<0.05 vs. PC group.

mean accompanied by standard deviations.
Differences of plasma corticosterone level
between the PS and PC group were analyzed
using repeated measurement analysis of vari-
ance, if Mauchly’s test of sphericity was signifi-
cant, sphericity was not assumed and the
Greenhouse-Geisser adjustment was used.
The difference among OPS, OPC, OPS&EE and
OPc&EE in OPT, SPT and TST performance and
hippocampal monoamine neurotransmitters
were analyzed using one-way analysis of vari-
ance (ANOVA) followed by LSD-t test to make
comparison between the two different groups.
P value less than 0.05 was considered to be
statistically significant.

Results

CUMS elevates plasma corticosterone level of
maternal stress during pregnancy

The repeated measurement analysis of vari-
ance showed that chronic stress had a signifi-
cant impact on the circulatory corticosterone
level (F=14.604, P=0.001), corticosterone
level of the PS group drastically changed with
stress time (F=62.609, P<0.001), additionally,
there was an interaction relationship between
time and stress factors (F=5.467, P=0.002).
LSD-t test revealed plasma corticosterone
level of the PS group rose to the peak value and
higher than that of the PC group following expo-
sure to stress for 7 days (t=3.261, P=0.004).
However, the plasma corticosterone level of
the PS group declined after being subjected to

9967

— Em OPC
= 400~
E 3 oPs
-y [ OPC&EE ~
‘g’ 300+ OPS&EE
o g *
§ ] *
& 2004
=
=
o
© 1004
©
£
w
8
o 0
PND 21 PND 52

Figure 3. Comparison among OPC, OPS, OPC&EE and
OPS&EE in plasma corticosterone level. Differences
in corticosterone level were detected among OPC,
OPS, OPC&EE and OPS&EE. The plasma corticos-
terone level is the highest in OPS group, the lowest
in the OPC&EE group. Data were respectively ana-
lyzed using One-way ANOVA, followed by LSD-t test to
make comparison at the two different groups. Each
data represents mean * SD. Number of animals in
each offspring group =16 (50% male, 50% female)
*P<0.05 vs. OPC.#P<0.05 vs. OPS.

stress for 14 days, but still remained higher
than that of the PC group (t=5.235, P<0.001),
indicating that the PS group was in a stressful
state. Plasma corticosterone levels did not dif-
fer between rats in the PC group and the PS
group at the time of the baseline (t=0.971,
P=0.344) and after exposure to stress for 1 day
(t=0.734, P=0.473) (Figure 2).

Enriched environment treatment recovered
offspring’s plasma corticosterone level
induced by maternal chronic stress during
pregnancy

High plasma corticosterone level of offspring
can be used as an index of physiological
response for prenatal stress. To examine the
offspring’s plasma corticosterone level induc-
ed by prenatal stress in the different groups,
we found a significant effect for four groups
(Feno 21)=2.871, P=0.044]. Specifically, signifi-
cantly less exploration of plasma corticoste-
rone level was observed in the OPS and
OPS&EE groups compared with OPC (P<0.05,
respectively) using LSD-t test. After enriched
environment, we found a significant effect for
four groups [F(PND 50)=5.336, P=0.003], LSD-t
test revealed plasma corticosterone level of
the OPS group was higher than that of the OPC,
OPC&EE and OPS&EE group (all P<0.05). As
shown in Figure 3, plasma corticosterone level
is the highest in OPS group, the lowest in the
OPC&EE group, indicating that the OPS group

Int J Clin Exp Med 2017;10(7):9963-9975
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Figure 4. Comparison among OPC, OPS, OPC&EE
and OPS&EE in body weight. Differences in body
weight were detected among OPC, OPS, OPC&EE and
OPS&EE. The body weight is the lowest in OPS group,
the highest in the OPC&EE group and the OPS&EE
is higher than OPS. Data were respectively analyzed
using One-way ANOVA, followed by LSD-t test to
make comparison at the two different groups. Each
data represents mean + SD. Number of animals in
each offspring group =16 (50% male, 50% female)
“P<0.05 vs. OPC. #P<0.05 vs. OPS.

was in a stressful state and it will be recovered
by enriched environment (Figure 3).

Enriched environment treatment recovered
offspring’s body weights induced by maternal
chronic stress during pregnancy

In order to investigate if enriched environment
might redress the growth retardation in off-
spring, we measured pups body weight at the
time of PND 21 and PND 52. One-way ANOVA
revealed a significant decreased in OPC and
OPC&EE group [F, ,,=4.230, P=0.009]. Our
results showed that enriched environment
treatment restored the changes of body wei-
ghts in OPS and OPS&EE groups compared
with OPC (P<0.05, respectively) using LSD-t
test. After enriched environment, we found a
significant effect for four groups [F(PND5O)=6.492,
P=0.001], LSD-t test revealed plasma corticos-
terone level of the OPS group was higher than
that of the OPC, OPC&EE and OPS&EE group
(all P<0.05). Seeing from the data, body weights
is the highest in OPC&EE group, the lowest in
the OPS group, indicating that the OPS group
was in a stressful state and it will be increased
by enriched environment (Figure 4).

Enriched environment treatment changes the
emotional function of offspring induced by
maternal chronic stress during pregnancy

Enriched environment treatment improves hor-
izontal and vertical movements in OPS rats:

9968

Rats raised horizontal and vertical movements
on this task after the enriched environment.
One-way ANOVA revealed that enriched envi-
ronment boosted the horizontal and vertical
movements in the OPS&EE and OPC&EE group
(F=24.458, 5.862; P=0.001, 0.00). Significant
differences between the OPS group and the
other three groups were observed at baseline
and after stress (P<0.05). Both horizontal
movement (Figure 5A) and vertical movement
(Figure 5B) in the OPS group were lower than
those of other groups (P<0.05). At the same
time, the horizontal movement and vertical
movement of OPS and OPC were improved by
enriched environment, prompting environment
enrichment increased offspring’s mobility and
curious about the new environment (Figure 5).

Enriched environment treatment improves su-
gar consumption in OPS rats: One-way ANOVA
revealed that enriched environment significant-
ly improved pure water consumption (Figure
6A), sugar water consumption (Figure 6B) and
1% sucrose preference (Figure 6D) in the OPS
and OPCrats (F=4.841, 8.375, 8.620; P=0.020,
0.003, 0.003), it showed that enriched environ-
ment was good for fluid consumption index of
offspring rats due to maternal stress during
pregnancy. However, we did not observe a sig-
nificant interaction on total liquid consumption
(Figure 6C) between these groups (F=0.363,
P=0.781). Pure water consumption, sugar
water consumption and 1% sucrose preference
is the lowest in OPS group, the highest in the
OPC&EE group, indicating that sugar water con-
sumption and offspring’s pleasure will be recov-
ered by enriched environment (Figure 6).

Enriched environment treatment changes im-
mobility time and the number of rising in OPS
rats: A significant interaction between immobil-
ity time (Figure 7A) and the number of rising
(Figure 7B) was found that enriched environ-
ment significantly improved in the PS and PC
rats (F=6.861, 4.059; P=0.001, 0.011), it
showed that enriched environment was good
for immobility time and the number of rising of
offspring rats due to maternal stress during
pregnancy. OPC&EE and OPS&EE group rats
spent more time on immobility than the OPC
and OPS group rats. At the same time, the num-
ber of rising is the fewest in OPS group. The
results indicated that immobility time and the
number of rising will be recovered and depres-
sion of OPS reduced by enriched environment
(Figure 7).
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Enriched environment treatment improves hip-
pocampal monoamine neurotransmitters in
OPS rats: There were significant differences in
concentrations of NE (Figure 8A), DA (Figure
8B) and 5-HT (Figure 8C) of hippocampus
among four groups (F=60.550, 62.791,
68.448; all P<0.001). OPS exposure reduced
the total levels of NE, DA and 5-HT, while EE
treatment had a trend of increasing in concen-
trations of NE, DA and 5-HT of hippocampus.
The OPS group had lower concentration as
compared with the other 3 groups. In addition,
EE treatment increased the level of NE, DA and
5-HT in OPS and OPC group (Figure 8).

Discussion

It is well known that many factors can lead to
physical malformations or behavioral dysfunc-
tions during pregnancy. It also can provoke dra-
matic developmental retardations-such as the
case of maternal chronic stress during preg-
nancy. The newborns after birth remain very
sensitive to the action of the environment.
Meanwhile, pre- and post-natal environments
have negative effects on behavior and emotion.
Environmental factors seem to play a key role
in brain and behavioral development, both in
humans and animals [35].

Because of difficulties inherent in human res-
earch, the effects of prenatal stress have been
examined most extensively in animal models,
and especially in rat. Indeed, different types of
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chronically, either during the
entire pregnancy [38, 39]. In
this study, we chose chro-
nic unpredictable mild stress
(CUMS) model, originally de-
veloped by Paul Willner and
colleagues, is widely used
rodent model of depression
produced by stress which
entail repeated exposure to
an array of varying and unpre-
dictable, mild stressors over
a sustained period of time (ranging from 10
days to 8 weeks). We started mating experi-
ment during 3rd day in 21 days period. It was
shown that high secretion of corticosterone, a
stress hormone which is a glucocorticoid and
the primary end product of the hypothalamic-
pituitary-adrenal (HPA) axis in rodents [40, 41]
in response to stress. Our experimental data
showed a higher plasma corticosterone level
of rats in the PS group than that of PC rats, indi-
cated that the model of maternal chronic str-
ess during pregnancy was established succ-
essfully.

Fortunately, a number of events can act posi-
tively during the neuro-development of pups
(e.g., enriched environments). The concept of
Enriched Environment (EE) was first described
by Hebb [42]. Typically, a group of several ani-
mals (8-12) is placed in a large cage with a
number of objects that are frequently removed
and replaced by others. Thus, EE consist of
enhanced social interactions and of consider-
ably more opportunities for interactions with
non-social stimuli. In contrast, standard envi-
ronments (SE) consist of standard laboratory
cages in which 4 to 5 animals are housed
together. Note that the terms “enriched” and
“standard” are clearly relative, however, there
are great differences between both types of
environments. Indeed, animals reared in EE are
almost permanently forced to explore the envi-
ronment while this is not the case for animals
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1% sucrose preference among them is on contrast. There isn’t a significant interaction on total liquid consumption
between these groups (C). Data were respectively analyzed using One-way ANOVA, followed by LSD-t test to make
comparison at the two different groups. Each data represents mean + SD. Number of animals in each offspring

group =16 (50% male, 50% female) "P<0.05 vs. OPC. #P<0.05 vs. OPS.
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Figure 7. Comparison of behaviors in the tail of suspend test among OPC,
OPS, OPC&EE and OPS&EE. Differences in immobility time (A) and the num-
ber of rising (B) were observed among OPC, OPS, OPC&EE and OPS&EE. The
immobility time is the longest in OPS group and the OPS&EE is shorter than
OPS, the number of rising is just the opposite. Data were respectively ana-
lyzed using One-way ANOVA, followed by LSD-t test to make comparison at
the two different groups. Each data represents mean + SD. Number of ani-
mals in each offspring group =16 (50% male, 50% female) "P<0.05 vs. OPC.
#P<0.05 vs. OPS.

mals reared in EE and SE. EE
was found to rescue abnor-
mal behaviors, such as emo-
tional reactivity and spatial
learning, as well as motor
skills deficits, induced by
maternal chronic stress dur-
ing pregnancy [16, 43, 44].

In addition, it was shown that
high secretion of corticoste-
rone in response to stress, in
the prenatal stressed ani-
mals, can be reversed by
postnatal EE treatment. Spe-
cifically, how this manipula-
tion may affect the offspring’s
ability to cope with a stressful
experience after birth. Short-

reared in SE. Most studies on the influence of and long-term alterations in the offspring elicit-
differential rearing conditions have been con- ed by prenatal stress are usually thought to be
cerned with biological differences between ani- mediated through physiological disturbances in
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Figure 8. Comparison of hippocampal monoamine neurotransmitters among OPC, OPS, OPC&EE and OPS&EE. Dif-
ferences in concentrations of NE (A), DA (B) and 5-HT (C) of hippocampus were observed among OPC, OPS, OPC&EE
and OPS&EE. EE treatment increased the level of NE, DA and 5-HT in OPS and OPC group. Data were respectively
analyzed using One-way ANOVA, followed by LSD-t test to make comparison at the two different groups. Each data
represents mean + SD. Number of animals in each offspring group =16 (50% male, 50% female) "P<0.05 vs. OPC.

#P<0.05 vs. OPS.

the dam that are likely to result in fetal distress.
Indeed, it is known that corticoid secretion is
increased by stress [45]. We also found that
birth weight of OPS was lower than that of OPC.
Therefore, it is conceivable that physiological
disorders following stress of the pregnant rat
greatly altered fetal growth when occurring
early during the gestational period. These dis-
orders had only mild effects on fetal growth
when they occurred later. One explanation
would be that increased plasma corticosterone
of mothers and their offspring, which biological
function can curb weight growth, accelerate
protein decomposition and suppress synthesis
of it [46, 47], and affect sugar and lipid meta-
bolism, eventually leading to weight growth of
OPS be slower than of OPC. More fortunately,
all weight growth of OPC and OPS were improv-
ed by environmental enrichment, especially in
OPS group. Concerning central nervous system
anatomical changes, exposure of animals to EE
leads to an increase of total brain weight.

Prenatal stress, not only affects the behavior of
the animals in their physical environment, but
also their social behavior mainly through in-
creased fearfulness and more defensive be-
havior. This study used open field test (OFT),
sucrose preference test (SPT) and tail of sus-
pend test (TST) to observe the effect of mater-
nal chronic stress rat during pregnancy on emo-
tions. OFT, a procedure for measuring the
activity of a rat or other small animal by placing
it in an enclosed area of floor space, divided
into squares, and counting the number of
squares that it crosses in a specified time peri-
od, could record locomotors activity and ex-
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ploratory behavior as a major tool to detect
depression and anxiety [32]. SPT, since 1985
when Steru et al. introduced the immobility of
the subject has been quantified either manual-
ly by a trained observer during direct observa-
tion (subjective scoring) or automatically using
devices which utilize a strain gauge to detect
the movements of the subject (objective scor-
ing) [33], is thought to represent anhedonia
and a core symptom of major depression. This
anhedonic behavior is commonly assessed in
rats. TST is also a commonly used screening
depression in mice, assessment of their mood
status. Their simultaneous presence repre-
sents a strong argument towards the occur-
rence of depressive-like phenotype in rodents
and the assessment of their mood status [48].

This study showed that offspring of maternal
stress during pregnancy were poor perfor-
mance in these three tests on emotion, there-
fore, offspring of maternal stress during preg-
nancy will tune more depressive than of their
mother who didn’t have chronic stress during
pregnancy. Meanwhile, our study found that
depressive-like behaviors was redressed after
living in enriched environment, for example, the
horizontal and vertical movements of OFT,
sugar water consumption of SPT, immobility
time and the number of rising of TST are recov-
ered by enriched environment in the OPS group.
Together, our data highlighted that environment
enrichment increased the emotional reactivity
of the offspring, including mobility, curious
about the new environment, and rat’s pleasure.
It's the same as other reports, most studies
have demonstrated that prenatal stress pro-
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duces behavioral changes in the offspring such
as decreased ambulation in an open field and
increased latency to enter the open arms of the
elevated plus maze [49]. Several studies, how-
ever, have reported opposite trends-that prena-
tally treated animals have shorter latencies to
enter an anxiogenic area and are more active in
a novel situation than untreated controls. Our
results are consistent with a recently published
article by Rosenfeld and Weller [50], regarding
an increase in anxiety- and depressive-like
behaviors in the prenatal EE adult offspring. As
a whole, we can assume that animals reared in
EE display a lower level of emotional reactivity
than those reared in standard conditions. Then,
EE could differently modify, by means of neuro-
biological modulations, the various aspects of
emotional reactivity. Studies presented here
confirm the very important effects of EE on
emotional behaviors.

In this study, we focused on discussing the
molecular mechanism underlying emotional
behaviors in the offspring of maternal stress
during pregnancy after EE from the monoamine
neurotransmitters. There is a growing body of
evidence suggesting a crucial role for the amyg-
dala and other limbic structures (e.g., hippo-
campus) in the synthesis of information and
control of behaviors and emotions [21]. In
humans, the important role of the monoamine
systems in regulating emotions and behavior is
illustrated. These structures handle the pro-
cessing of emotion-eliciting information and
trigger certain emotions in certain situations,
and are projecting towards the monoaminergic-
nuclei which serve to deliver the message, the
emotion to the whole brain [19, 20]. In other
words, the monoamine transmitter systems
might form one final path way for the simultane-
ous delivery of emotional information to large
and dispersed areas of the brain. Many studies
from different research fields support the
belief. The most important monoamine neu-
rotransmitters are serotonin, noradrenaline
and dopamine, which share many properties.
that all three of the monoamines, serotonin
(5-HT), dopamine (DA) and norepinephrine (NE)
are essential in several psychiatric disorders
such as depression, psychosis, attention-defi-
cit hyperactivity disorder, anxiety, and behav-
ioral disturbances. It is reported by Hugo
Lévheim that as long as none of the mono-
amines transmit exactly the same information
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as any other (which seems unlikely) [51], there
will still be a three-dimensional space, although
each monoamine neurotransmitter represents
a different aspect of emotion should not, how-
ever, be interpreted to mean that the mono-
amines are independent. The study provides
two important findings: 1. Significant reduction
in levels of monoamine neurotransmitters (DA,
NE and 5-HT) in hippocampus of maternal
chronic stress rat during pregnancy’ offspring;
2. Enriched environment treatment increased
the level of NE, DA and 5-HT in OPS group.
Overall, the results of present study indicated
that exposure to maternal stress during preg-
nancy induces alterations in hippocampal
monoamine neurotransmitters (play role in
emotion functions), which might be the possi-
ble cause of emotional dysfunction. Anxious/
depressive-like behaviors as well as altered
hippocampal monoamine neurotransmitters
(DA, NE and 5-HT) in adult mice [52]. Another
factor be worth considering was that EE
decreased corticosterone of offspring resulting
from maternal stress during pregnancy, known
to be involved in the etiopathology of depres-
sion [53].

In conclusion, the results obtained in the pres-
ent study provide strong evidence for extreme
sensitivity of enriched environment treatment
repaired emotion deficits induced by maternal
chronic stress rat during pregnancy. Thus, it is
suggested that alterations caused in increas-
ing of hippocampal monoamine neurotransmit-
ters and decreasing of corticosterone of off-
spring after enriched environment. In view of
these findings and to investigate other factors
involved in emotional dysfunction of offspring
induced by maternal chronic stress rat during
pregnancy, further study is required.
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