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ABSTRACT

Introduction: Brain-Derived Neurotrophic Factor (BDNF) and its receptor, TrkB, in the
hippocampus are targets for adverse effects of stress paradigms; in addition, BDNF and its
receptor play key role in the pathology of brain diseases like depression. In the present study,
we evaluated the possible role of hippocampal BDNF in depression during pregnancy,

Methods: To achieve the purpose, repeated restrain stress (1 or 3 hours daily for 7 days) during
the last week of pregnancy was used and alteration in the gene expression of hippocampal
BDNF and TrkB evaluated by semi-quantitative PCR.

Results: The results showed that in stress group the level of ACTH and Corticosterone is
increased showing that our model was efficient in inducing psychological stress; we also found
that BDNF and TrkB expression are decreased in 3 hours stress group but not in 1 hour stress
compared to control group.

Discussion: Our results imply that decrease in BDNF and its receptor could contribute in some
adverse effects of stress during pregnancy such as elevation of depressive like behavior.

1. Introduction

tress-induced molecular changes may un-
derlie prenatal and postpartum depression.
Exposure to stress conditions and distur-
bance of physiological and psychological
homeostasis (J. J. Kim & Diamond, 2002)
induces cellular and molecular changes in the brainpans
which could be a risk factor for major depression (Joels
et al., 2004). The hippocampus expresses a high level of
receptors for stress hormones and is one of the most vul-
nerable structures in the brain to stress conditions (J. J.
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Kim & Diamond, 2002). Hippocampus-dependent fear
memory, but not hippocampus-independent fear mem-
ory, is impaired by chronic restraint (Yun et al., 2010).

The hippocampus is one of the limbic structures in-
volved in emotion and cognition. It also contributes to
mood disorders like depression, and function of hippo-
campal formation and regulation of the HPA axis both
are changed in depression (Duman & Monteggia, 2006).
Accordingly, chronic repeated stress in animals is usu-
ally linked to the depressive-like behaviors (Pawluski,
van den Hove, Rayen, Prickaerts, & Steinbusch, 2011);
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and repeated restraint stress during the last week of preg-
nancy induces depressive-like behaviors in the mothers
(O'Mahony et al., 2006). Incidence of depression dur-
ing pregnancy and after pregnancy is elevated: 15% of
women around the world develop postpartum depres-
sion while in many, mood disorders during pregnancy
are also seen (Pawluski et al., 2011).

Hippocampal regulation of mood may derive directly
from growth factors and trophins. BDNF (Brain-Derived
Neurotrophic Factor), a member of a neurotrophin family
directly involved in many physiological aspects of CNS
such as neurite growth and neuronal survival (Leibrock et
al., 1989), and its receptor TrkB, (tyrosine kinase receptor
B) (von Bohlen und Halbach, 2010) also play a key role
in synaptic plasticity, learning and memory (von Bohlen
und Halbach, 2010). Many stresses modulate the BDNF
& TrkB expression (Nibuya, Morinobu, & Duman, 1995;
Shi, Shao, Yuan, Pan, & Li, 2010; M. A. Smith, Makino,
Kvetnansky, & Post, 1995; Vaidya, Marek, Aghajanian,
& Duman, 1997). Expression of hippocampal BDNF
is decreased in patients with depression and treatment
with antidepressant drugs can enhance the expression
of BDNF and TrkB (Aydemir, Deveci, & Taneli, 2005;
Dwivedi et al., 2003; Saarelainen et al., 2003).

A few studies evaluated the effect of stress during preg-
nancy on the physiology of the offspring (Gotz, Wittlinger,
& Stefanski, 2007), but fewer studies conducted on the ef-
fects of stress on the mothers; and, more importantly, the
contribution of hippocampus impairment in the pathology
of pregnancy and postpartum depression was neglected.
Given that chronic stress during pregnancy can induce
depression-like behaviors; that hippocampus is involved in
these depression-like behaviors; and that BDNF and TrkB
are important to hippocampus formation and physiology.
In the present study, we evaluated the role of hippocam-
pal BDNF and TrkB in depression during pregnancy and
postpartum period. To conduct this study, we used repeated
restraint stress (1 or 3 hours daily for 7 days) during the last
week of pregnancy (O'Mahony et al., 2006) and evaluated
by semi-quantative PCR alteration in the gene expression
of hippocampal BDNF and TrkB were evaluated. We also
evaluated the chronic stress-induced HPA (Hypothalamic-
Pituitary Axis) activity in pregnant rats by measuring the
plasma level of ACTH and Corticosterone.

2. Methods
2.1. Animals

Female albino Wistar rats weighing 200-220 g were
obtained from the animal house of the Neuroscience

Research Center, Shahid Beheshti University of Medi-
cal Science. The animals were maintained on a 12h
light/dark cycle (light from 6am to 6pm) and kept under
controlled temperature (21+1°C). Food and water were
freely available through the experiment. All experiments
were according to the NIH guide for the care and use
of laboratory animals, and all protocols and efforts were
made to minimize the number of animals used and their
suffering. The animals were randomly assigned into 3
groups (5 in each): control group (without stress), 7 days
of repeated 1 h stress, and 7 days of repeated 3 h stress.

2.2. Pregnancy

For preparation of pregnant animals, the female rats
were weighed and then male rats (1-2 per cage) housed
for one night with them, and in the morning the males
were removed. On the 14th day, based on weight gain
in comparison with the first day, the pregnant rats were
separated from non-pregnant rats.

2.3. Groups and Stress

To induce stress during days 14-20 of pregnancy, the
pregnant rats were placed in Plexiglass® rod shape re-
strainers adaptable to animal size for 1 or 3 h/day started
at 11:00. At the end of each daily stress, the animals
were returned to their cages, except the last day (20th),
on which they were killed.

2.4. Hormone Assay

After the last stress on the 20th day, the animals were
anesthetized through CO2 inhalation and decapitated.
Blood samples were collected into tubes containing 5%
EDTA and centrifuged at 2500 rpm for 10 min at 4° C,
plasma was collected and stored at -20° C. To quantify
corticosterone and ACTH levels, the following com-
mercial kits were used: for ACTH “ELISA, Phoenix
Pharmaceuticals Inc., Burlingame CA, USA Intra assay
CV%: 4.5 sensitivity: 0.14 ng/ml” and for corticoste-
rone: “ELISA, DRG Instrument GMBH, Marburg, Ger-
many, Intra assay CV%: 5 sensitivity: < 1.631 nmol/L”

2.5. RNA Extraction

After decapitation, hippocampi were rapidly removed
and frozen in liquid nitrogen and then stored at -70°C,
total RNA was extracted from 50-100 mg hippocampus
according to the instructions of “RNA-BeeTM isolation
of RNA” kit (QIAGEN, Inc., CA, USA). Briefly, after
homogenization of the tissue in reaction mixture con-
taining RNA-Bee and chloroform and centrifugation at
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12000g for 15min at 4°C, the extracted RNA in the aque-
ous phase was obtained. 240 pl of this aqueous phase
was mixed with the same volume of isopropanol and
after centrifugation at 12000g for 10min at 4°C, RNA
precipitated and formed a pellet. The pellet was washed
with 75% ethanol ( by vortexing and centrifugation at
7500g for Smin at 4°C) and then ethanol was removed
and the pellet of RNA was allowed to dry, and then solu-
bilized in 25 pl DEPC water.

RNA concentration and purity were evaluated by spec-
trometry by optical density (OD) measurement at 260
-280 nm.

2.6. RNA Transcriptase and PCR

Approximately 1 pg of total RNA was used to gener-
ate cDNA by reverse transcription using Revert AidTM
M-MuLV Reverse transcriptase, random hexamer prim-
er and ANTP mix (all Fermentas, MD, USA) according
to manufacturer’s protocol. The obtained cDNA was
amplified using 10X buffer (ROCHE (state, country)),
MgClI2, taq enzyme (ROCHE) and primers specific for
genes of interest. The following primers were used.

BDNF: Forward:5-AGGCACTGGAACTCGCAATG-

3 Reverse:5-AAGGGCCCGAACATACGATT-3
TRKB:Forward:5-ACAAAGGCCTTAACAAACCT-
3 Reverse:5-CCACATCAAAGGCAGGAATA
3 GAPDH: Forward:5-
AAGGTCATCCCAGAGCTGAA-3 Reverse : 5
ATGTAGGCCATGAGGTCCAC-3
A
35 4
3 %
xE
25
§
E 15 A
<«
1 4
0.5 -
0
control 1 hour 3 hours

Electrophoresis was done on 1% agarose gel for PCR
products and PCR bands were visualized using UV
light and photographed. Band density was measured
with AlphaEaseFC (source) software. Pixel density for
each band was obtained and normalized against the en-
dogenous control (GAPDH) of the same sample and
mean ratio of each group was calculated. All data are
presented as ratio of the gene of interest to GAPDH
(Kimberly, Zheng, Town, Flavell, & Selkoe, 2005).

2.7. Statistical Analysis

Hormone data and Mean Ratio of each gene to GAP-
DH in each group were analyzed by nonparametric
Mann-Whitney analysis (because the sample size was
small). In all statistical comparisons, p < 0.05 was con-
sidered as significant difference.

3. Results
3.1. Hormone Analysis Results

To test the efficiency of our stress paradigm, Hy-
pothalamic-Pituitary-Adrenal (HPA) axis activity as-
sessment was done and showed significant increase
in ACTH both in 1 hour stress and 3 hours stress (p
<0.05 for 1 hour group and <0.01 for 3 hours group,
Figure 1A). As expected from ACTH results, corticos-
terone level was also elevated in the both stress group
(p <0.001, Figure 1B).
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Figure 1. The effect of restraint stress on plasma ACTH and Corticosterone levels. (A) Plasma ACTH levels after 1 and 3 h re-
peated stress episodes. (B) Plasma Corticosterone levels after 1 and 3 h repeated stress episode. Data are represented as mean
+SEM. ***p < 0.001, **p < 0.01 and *p < 0.05 represent the difference between control and stress groups.
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Figure 2. Stress induced changes in expression of BDNF gene. (A) The graph shows the mean ratio of BDNF/GAPDH of three
groups. (B) The band density of BDNF and GAPDH for each group can be seen. Data are represented as mean + SEM. **p <
0.01 represent the difference between control and stress groups.

3.2. The Effect of Repeated Restraint Stress on
Hippocampal Expression of BDNF Analyzed by
RT-PCR

Comparison of normalized ratio of BDNF/GAPDH us-
ing semi-quantitative RT-PCR revealed that expression
of BDNF was reduced significantly in 3 hours group
stress (P=0.003) but in the 1 hour stress group, the re-
duction was not significant (Figs. 2A and 2B).

3.3. The Effect of Repeated Restraint Stress on
Hippocampal Expression of TrkB Analyzed by
RT-PCR

Comparison of the normalized ratio of TrkB/GAPDH
for expression of TrkB revealed a similar pattern of ex-
pression for TrkB. In the 1 hour group, TrkB expression
was reduced but it was not quite significant (P= 0.068)
in the 3 hours group in which TrkB was reduced signifi-
cantly (P= 0.004). These results can be seen in Figures
3Aand 3B.

4. Discussion

In this study, we evaluated two hormones in the HPA
axis and the alteration in gene expression of BDNF and
TrkB in response to restraint stress during pregnancy.
The circulating levels of ACTH and corticosterone were
elevated after 7 days of repetitive restraint stress. In ad-
dition, the expression of BDNF and TrkB genes was re-
duced following seven days of 3 hour/day restraint stress
but not following 1 hour/day stress for seven days.

Exposure to stress situations triggers responses to re-
store homeostasis. Stress during pregnancy has harmful
effects on mothers as well as fetus biology throughout
their lifetime. For example it was reported that offspring

development is influenced by gestational stress (Pawlus-
ki et al., 2011); in addition, the physiology of offspring’s
adult life is also shown to be affected by gestational
stress (Gotz et al., 2007).

One of the key elements in this response is the activa-
tion of the HPA axis. Evaluation of HPA axis activity
during late pregnancy is difficult because the responsive-
ness of this axis to central CRH is reduced in pregnancy.
This reduction is due to release of CRH by placenta
(Russell, Douglas, & Brunton, 2008) or other hormone
fluctuations that are associated with pregnancy (Brum-
melte & Galea, 2010), This reduction can protect fetuses
against the adverse effects of glucocorticoid hormones
(Brunton & Russell, 2011). The rat pituitary is unrespon-
sive to placenta-derived CRH (Sasaki et al., 1988), mak-
ing rats a suitable model for study of stress effects on
maternal HPA axis.

In the present study, the activity of HPA axis was in-
creased by seven days of either 1 hour/day or 3 hours/
day restraint stress (14th to 20th day of pregnancy), as
shown by elevated level of plasma ACTH and corti-
costerone compared to pregnant non-stressed animals,
implying that our model of repeated stress is potent
enough to induce a psychological chronic stress in
pregnant rats. Chronic stress has deleterious effects on
the hippocampus. This area expresses high levels of
both types of glucocorticoids receptors (MR and GR),
and is considered as a major target for corticosterone
(De Kloet, Vreugdenhil, Oitzl, & Joels, 1998). For in-
stance, it was shown that extracellular level of hippo-
campal glutamate increased by chronic restraint stress
while adrenalectomy is able to reverse this elevation
(Lowy, Gault, & Yamamoto, 1993). Accordingly, Yun
et al. (2010) (Yun et al., 2010) reported that chronic re-
straint stress severely impairs hippocampus-dependent
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Figure 3. Stress induced changes in expression of the TrkB gene. (A) The graph shows the mean ratio of TrkB/ GAPDH of three
groups. (B) The band density of TrkB and GAPDH for each group can be seen. Data are represented as mean = SEM. **p <0.01

represent the difference between control and stress groups.

memory (Yun et al., 2010). Chronic restraint stress also
triggers apoptosis in hippocampal neurons (Jalalvand,
Javan, Haeri-Rohani, & Ahmadiani, 2008), However,
since in our previous study, we showed that 7 days of
restraint stress does not induce apoptosis when applied
on pregnant rats, we suggested that pregnancy may of-
fer some protection against the adverse effects of stress
(Moosavi, Ghasemi, Maghsoudi, Rastegar, & Zarifkar,
2011).

Chronic stress appears to be a risk factor for devel-
opment of psychiatric disorders both in pregnant and
non-pregnant animals as it was shown that repeated
stress is associated with depression-like behaviors (S.
J. Kim et al., 2011; J. W. Smith, Seckl, Evans, Costall,
& Smythe, 2004), a prevalent problem of pregnancy
(Meltzer-Brody et al., 2011). Daily restraint stress
during pregnancy could also lead to postpartum de-
pression-like behaviors (Brummelte & Galea, 2010; J.
W. Smith et al., 2004). However, Pawluski et al. (2011)
(Pawluski et al., 2011) did not see elevated depression-
like behaviors and reasoneded that this discrepancy
could be due to variation in duration or type of stress
(Pawluski et al., 2011). The exact mechanism for this
relation is largely unknown. Some studies reported
that inflammatory mediators may be involved in these
stress induced depressive behaviors (S. J. Kim et al.,
2011). Accordingly in the present study, we also used
daily restraint stress (1 or 3 h/day) during the last week
of pregnancy as an inducer of depression-like behavior
and following the last day of stress hippocampi were
dissected and expression of BDNF and TrkB in these
hippocampi were evaluated.

BDNF, a member of neurotrophin family of growth
factors, is directly involved in neuronal growth, sur-
vival, differentiation and maintenance of physiologi-

cal function of neuronal populations (Leibrock et al.,
1989). Reduction in BDNF and its receptor TrkB are
involved in depression, and expression of BDNF and
TrkB are affected in a variety of stress situations. The
majority of studies showed that BDNF expression de-
creases (Nibuya et al., 1995; M. A. Smith et al., 1995;
Ueyama et al., 1997; Xu et al., 2004), but some re-
ported that TrkB decreases with stress (Nibuya et al.,
1995; Nibuya, Takahashi, Russell, & Duman, 1999;
Ueyama et al., 1997; Vaidya et al., 1997) and some
others reported that it increases (Nibuya et al., 1999;
Shi et al., 2010). On the other hand, hippocampus is
also involved in the pathophysiology of depression as
16 patients with major depression were investigated
and it was shown that hippocampus volume decreased
in depressive patients (Bremner et al., 2000).

Based on these findings, we assumed that BDNF and
its receptor may be a target for adverse effects of re-
straint stress on hippocampus of pregnant rats, and re-
sulting impairment of hippocampus may be involved in
the stress induced increase in depression-like behaviors
in the mothers. We found that 3 hours of repeated re-
straint stress during the last week of pregnancy cause
gene expression of BDNF and TrkB to be decreased,
but 1 hour/day of the same stress failed to show any
significant effects, in spite of the high level of ACTH
and Corticosterone that was seen in 1 hour stress group.
Smith et al. (1995) (M. A. Smith et al., 1995) suggested
previously that corticosterone is not the only factor in
mediating the effects of stress on BDNF expression,
and that corticosterone needs a long exposure time
(more than 2 hours) to affect BDNF expression (M. A.
Smith et al., 1995). On the other hand, it seems that
in 1 hour/day stress the pregnancy-derived protective
mechanisms are still able to prevent BDNF and TrkB
from being affected. As we showed previously, preg-
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nancy can protect the mother’s hippocampal neurons
against stress-induced apoptosis (Moosavi et al., 2011).
Thus, it seems that this pregnancy-derived protection
is also able to prevent BDNF and TrkB from being
affected by stress, but the results of the present study
show that this pregnancy-derived protection can be
overwhelmed by increase of stress duration and that
expression of both BDNF and of its receptor TrkB, and
could be decreased.

Consistent with our results, Deng et al. (2011) report-
ed that expression of hippocampal BDNF and TrkB is
decreased in male rat models of depression (Deng et
al., 2011). Hippocampal BDNF infusion is partly able
to restore the behavior deficits which could be seen in
rat models of depression; these observations are con-
sistent with the theory that BDNF deficits in the hip-
pocampus may be involved in the pathophysiology of
depression (Ye, Wang, Wang, & Wang, 2011).

5. Conclusion

In summary, the present study showed that daily re-
straint stress during last week of pregnancy activates
the HPA axis and elevates ACTH and corticosterone
level in both 1 and 3 h/day stress group but in 1 h/day
group, expression of hippocampal BDNF and TrkB
was not changed significantly. It seems that a preg-
nancy-derived protection can protect BDNF and TrkB
from down-regulation but when the duration of stress
was increased the expression of BDNF and TrkB was
reduced, as reduction in BDNF and TrkB expression
and hippocampal dysfunction are involved in the pa-
thology of depression. We concluded that reduction in
BDNF and its receptor in the hippocampus of pregnant
rats may contribute in the high prevalence of depres-
sion during pregnancy and postpartum period.
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