
B
e

H
M

a

A
R
R
A

K
C
D
P
N
B
C
p

M
i
p
d
c
t
d
t
[
t
b
i
o
a

r
n
s
t

0
d

Neuroscience Letters 469 (2010) 278–282

Contents lists available at ScienceDirect

Neuroscience Letters

journa l homepage: www.e lsev ier .com/ locate /neule t

ehavioral and neurobiological studies on the male progeny of maternal rats
xposed to chronic unpredictable stress before pregnancy

aihong Li ∗, Lei Zhang, Zeman Fang, Linyun Lin, Cairu Wu, Qingjun Huang
ental Health Center, Shantou University Medical College, 243 Da Xue Road Shantou, Guangdong Province 515063 PR China

r t i c l e i n f o

rticle history:
eceived 18 November 2009
eceived in revised form 1 December 2009
ccepted 8 December 2009

eywords:
hronic unpredictable stress
epression
rogeny
eurotransmitter

a b s t r a c t

Studies have shown that maternal chronic stress or depression is linked to an increased risk for affective
disorders in progeny. However, the impact of maternal chronic stress before pregnancy on their progeny
in animal models has not been well studied. We investigated the behaviors and the neurobiology in 60-
day-old male progeny of maternal rats exposed to a 21-day chronic unpredictable stress (CUS) before
pregnancy, with male progeny of unstressed maternal rats as the control. Sucrose consumption test
showed that both sucrose intake and sucrose consumption percentage of the CUS progeny were lower
than those of the control progeny (P < 0.05). The number of times crossing the removed hidden platform
in the CUS progeny was significantly fewer than that in the control progeny in Morris water maze test
(P < 0.05). The level of 5-hydroxytryptamine (5-HT) in the hypothalamus was reduced but the level of
ehavior
yclic AMP response element-binding
rotein (CREB)

norepinephrine (NE) in the hippocampus was increased in CUS progeny when compared to the control
(P < 0.05). Western blotting showed that the relative level of phosphorylated CREB (P-CREB) in the CUS
progeny was lower than that in the control progeny (P < 0.05). There were significant positive correla-
tions between sucrose consumption percentage and the level of 5-HT in hypothalamus P < 0.05) or the
level of P-CREB in hippocampus (P < 0.05). In conclusion, depression or stressful events before pregnancy
was also associated with high risk of depression in progeny, and the down-regulation of P-CREB in the
hippocampus might be one of the mechanisms underlying depression in the CUS progeny.
aternal stress or depression has a negative impact on the behav-
or and is linked to an increased risk for affective disorders in their
rogeny [3,4,8,22]. Follow-up on the progeny of depressed and non-
epressed parents shows that parental depression is a strong and
onsistent risk factor for progeny’s major depressive disorder, and
he risks for anxiety disorders, major depression, and substance
ependence in the progeny of depressed parents are about three
imes as high as that in the progeny of non-depressed parents
22]. Multiple animal experiments have demonstrated that prena-
al stress is related to the increased depression-like and anxiety-like
ehaviors in progeny [8,14]. However, only a few studies have

nvestigated the impact of maternal depression before pregnancy
n their offspring and the related neurobiological mechanisms in
nimal models.

In this study, we have investigated male progeny of maternal

ats exposed to chronic unpredictable stress (CUS) before preg-
ancy for the symptom of anhedonia by sucrose consumption test,
patial cognitive ability by Morris water maze test, neurotransmit-
ers’s level in different brain regions by high performance liquid

∗ Corresponding author. Tel.: +86 0754 82903304; fax: +86 0754 82903304.
E-mail address: lihaihong1051@126.com (H. Li).

304-3940/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.neulet.2009.12.017
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chromatography (HPLC), and protein expression of phosphorylated
Cyclic AMP responsive element-binding protein (P-CREB), a molec-
ular convergence point in the pathophysiology of depression, by
western blot analysis, as well as the correlation between behavior
and brain measures. Our results showed that depression or stress-
ful events before pregnancy was also associated with high risk of
depression in progeny, and the down-regulation of P-CREB in the
hippocampus might be one of the mechanisms underlying depres-
sion in the CUS progeny.

Virgin female Sprague-Dawley rats (SD, 200–220 g), were
brought into the laboratory from the Lab Animal Center of Shan-
tou University Medical College (Shantou, China) one week before
the experiment and housed individually. The room temperature
was maintained at 22 ± 1 ◦C with low humidity and food and
water freely available. Sixteen rats were randomly assigned to two
groups: chronic unpredictable stress group (CUS group, n = 8) and
the non-stressed control group (Control group, n = 8). Rats assigned
to the CUS group were subjected to a 21-day CUS according to a

previously reported protocol [9]. To be completely unpredictable
to the rats, the stressors were applied randomly with the last stres-
sor being food and water deprivation. The control group rats were
housed in separate individual rooms without any contact with the
CUS group. Ten days after the 21-day CUS, females were caged

http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
mailto:lihaihong1051@126.com
dx.doi.org/10.1016/j.neulet.2009.12.017
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CUS progeny were lower than those in the control progeny. The
difference in the sucrose intake (10.23 ± 4.12 g vs. 6.48 ± 3.19 g,
t(21) = 2.424, P < 0.05) (Fig. 1A) and in the sucrose consumption per-
centage (85.43 ± 20.15% vs. 60.98 ± 24.65%, t(21) = 2.614, P < 0.05)
H. Li et al. / Neuroscienc

ith sexually experienced males of the same strain (ratio 4:1).
regnancy was confirmed by sperm-positive vaginal smear. The
regnant female rats were housed individually for the whole ges-
ation. The pups were weaned at the age of 22 days and then
oused in groups of three to four according to sex. All the subse-
uent experiments described below were performed on the male
rogeny aged two months. Twelve progeny from the control moth-
rs and eleven from the CUS mothers (with one or two pups from
ach mother) were used. After the behavioral test, the rats were
nesthetized with ether and were decapitated. The brains were
emoved from the skull and placed on ice. With the reference
andmark of the bregma, the hippocampus, hypothalamus and pre-
rontal cortex were dissected according to the Paxinos and Watson
15]. The hypothalamus, left hippocampus, and left prefrontal cor-
ex were used to detect the monoamine neurotransmitters by HPLC,
nd the right hippocampus was used to detect the P-CREB protein
xpression by western blotting. All the experimental protocols and
rocedures were approved by the Laboratory Animals Care and Use
ommittee of Shantou University Medical College (Shantou, China).

The sucrose consumption test was conducted using a two-bottle
hoice procedure according to a previously described method [10]
ith some modifications. Initially, the rats were trained to habit-
ate to 1% sucrose solution and tap water for 3 days. During the
raining time, the positions of bottles were changed several times.
ubsequently, the rats were food and water deprived for 21 h before
esting. Then they were allowed to consume 1% sucrose solution
nd tap water for 3 h. The positions of bottles were counterbalanced
cross the left or right side of the testing cages. Sucrose consump-
ion was monitored by weighing the bottles at the beginning and
nd of the test. Sucrose consumption percentage was calculated
s follows: sucrose consumption percentage = sucrose consump-
ion/(sucrose consumption + water consumption) × 100%.

The second day after the sucrose consumption test, the spatial
emory (acquisition or retention) of the rats was tested using Mor-

is water maze (MWM) according to a previously described method
6] with some modifications. The black water maze (1.8 m in diam-
ter × 0.7 m in height) was filled with tap water and divided into
our quadrants. In the center of the 2nd quadrant was a remov-
ble escape platform (10 cm diameter), which was 1.5 cm below
he water level and covered with black plastic to disguise its pres-
nce and to create traction for the rat to climb onto the top of the
latform. The water maze was located in a well-lit white room with
everal distal visual stimuli hanging on the walls to provide spatial
ues.

The acquisition training lasted four days, with two trials per day.
n each trial, each rat was placed in the water facing the wall of the
ool at a randomly selected quadrant. For each trial, the rat swam in
he pool for 120 s or until climbing onto the platform. If the rat did
ot find the platform within 120 s, it was manually guided to the
latform. The rat remained on the platform for 15 s in all trials and
as then removed from the pool, dried in a clean cage, and returned

o its home cage. The pool was strained of feces and stirred gently
etween each swim session to disrupt any scent left behind from
he rat’s path taken to find the platform. On the fifth day of MWM
est, there was one probe trial in which the platform was removed
rom the pool and the animal swam for 120 s.

All swim sessions were videotaped and recorded with
igBehav-Morris water maze Video Analysis System (Mobile
atum Software Technology Co. Ltd., Shanghai, China).

The hypothalamus, left hippocampus, and left prefrontal cortex
f the rats were homogenized in 0.1 M perchloric acid containing

.02% ascorbic acid and 0.2 mM EDTA–2Na, centrifuged at 10,800 g
or 20 min at 4 ◦C. Then, a 20 �l supernatant aliquot was injected
irectly into the HPLC column.

The HPLC procedure was performed according to the method
reviously described [2] with some modifications. For monoamine
rs 469 (2010) 278–282 279

analysis, an Agilent HC-C18 analytical column (250 mm × 4.6 mm,
5 �m; Agilent, USA) was used. The mobile phase consisted of 20%
methanol and 80% aqueous solution, containing 30 mM citric acid,
40 mM sodium acetate, 0.2 mM ethylenediamine tetraacetic acid
(EDTA) disodium salt and 0.5 mM octanesulfonic acid sodium salt,
at a flow rate of 1.0 ml/min and at pH value of 3.8. The level of 5-
hydroxytryptamine (5-HT) and norepinephrine (NE) were detected
using a Waters 474 scanning fluorescence detector (Waters, USA)
with the excitation and emission wavelengths set at 280 nm and
330 nm, respectively.

The amount of monoamines in the supernatants were calcu-
lated by comparing their elution times and peak areas with those
of standards, and reported as ng/g tissue.

The right hippocampus of the rats was homogenized in cell
lysis buffer for western blotting (Beyotime, Jiangsu, China). Protein
(50 �g/lane) separated by SDS-PAGE were blotted onto nitrocel-
lulose (NC) membranes by electrophoretic transfer. Blots were
incubated in blocking buffer (10% nonfat dry milk powder in
tris–buffered saline containing 0.5% Tween-20, TBS-T) for 1 h at
room temperature and washed three times with TBS-T for 10 min
each. Blots were then incubated at 4 ◦C with 1:1000 diluted primary
antibodies, mouse anti-�-actin or rabbit anti-P-CREB (cell signal-
ing, USA), and washed three times for 10 min each in TBS-T. Blots
were incubated with appropriate HRP-labelled secondary IgG anti-
body for 2 h at room temperature, washed three times for 10 min
each in TBS-T, treated with BeyoECL reagents (Beyotime, Jiangsu,
China), and exposed to film (Koda, USA). Band intensity was quanti-
fied by Bandscan 5.0 analysis software (Glyko Bandscan software).
The relative level of each signal protein was calculated as the ratio
of total gray of P-CREB/�-actin.

The statistical analysis was performed using the “Statistical
Package for Social Sciences” (SPSS, Version 11.5). Group com-
parisons in escape latency and swimming velocity during the
acquisition training of MWM were analyzed with repeated mea-
sures analysis of variance (ANOVA) (group × trial) and multivariate
ANOVA (group × trial) of the general linear model. Group differ-
ences for probe trial of MWM, sucrose intake, sucrose consumption
percentage, contents of monoamine, and the relative expression
level in western blot were determined using independent sam-
ple t tests (two-tailed). Pearson correlation tests (two-tailed) were
used for behavior and brain measure correlation. Only P < 0.05 was
considered to be statistically significant. All data were reported as
mean ± SD.

The sucrose intake and sucrose consumption percentage in the
Fig. 1. Sucrose intake and sucrose consumption percentage. The significant differ-
ence in the sucrose intake (t(21) = 2.424, P < 0.05, A) and the sucrose consumption
percentage (t(21) = 2.614, P < 0.05, B) between CUS progeny and control progeny.
*P < 0.05 vs. control.
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F no significant difference in the escape latency (F(1, 147) = 1.346, P > 0.05, A) and in the
s er of times crossing the removed hidden platform in the CUS progeny was significantly
f C). There was no significant difference in the swimming velocity during the probe trial
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Fig. 3. The levels of NE and 5-HT in different brain regions. The level of 5-HT in
the hypothalamus of CUS progeny was lower than that of the control progeny
(t(21) = 2.436, P < 0.05, A), while the level of NE in the hippocampus of CUS progeny
was higher than that of the control progeny (t(21) = 3.456, P < 0.05, B).*P < 0.05 vs.
control.
ig. 2. Performance in the spatial memory acquisition and retention. There was
wimming velocity (F(1, 147) = 0.130, P > 0.05, B) during acquisition trail. The numb
ewer than that in the control progeny during the probe trial (t(21) = 2.99, P < 0.05,
etween the two progeny (t(21) = 0.71, P > 0.05, D).

Fig. 1B) was significant between the control progeny and CUS
rogeny.

The escape latency for both the control progeny and the CUS
rogeny decreased with increasing trials. When compared through
epeated measures ANOVA, there was no significant effect on the
scape latency between group during the acquisition trail in the
WM (F(1, 147) = 1.346, P > 0.05) (Fig. 2A). Also, there was no sig-

ificant effect on the swimming between the groups velocity during
cquisition trial in the MWM (F(1, 147) = 0.130, P > 0.05) (Fig. 2B).

During the probe trial, the number of times that rats crossed
he removed hidden platform in the CUS progeny was significantly
ewer than that in the control progeny (1.64 ± 1.69 vs. 4.17 ± 2.29,
(21) = 2.99, P < 0.05) (Fig. 2C). There was no significant difference
n the swimming velocity between the two progeny (t(21) = 0.71,
> 0.05) (Fig. 2D).

The contents of NE and 5-HT can be detected in the hip-
ocampus, hypothalamus and prefrontal cortex by HPLC in the
wo progeny. The level of 5-HT in the hypothalamus of the
US progeny and control progeny was 500.17 ± 80.94 ng/g tis-
ue and 569.63 ± 50.91 ng/g tissue respectively, and there was
ignificant difference between the two progeny (t(21) = 2.436,
< 0.05) (Fig. 3A). Compared with the control, the level of
E in the hippocampus of the CUS progeny was significantly
igher (907.56 ± 207.27 ng/g tissue vs. 2315.01 ± 1397.12 ng/g tis-
ue, t(21) = 3.456, P < 0.05) (Fig. 3B). The levels of NE and 5-HT in
ther brain regions showed no statistical difference between the
wo progeny (Fig. 3).

The signals of �-actin and P-CREB can be detected in the hip-
ocampus (Fig. 4A and B). There was a significant difference in the
elative level of P-CREB/�-actin between the control progeny and

US progeny (33.24 ± 9.36% in the control progeny vs. 20.56 ± 7.78%

n the CUS progeny, t(21) = 3.514, P < 0.05) (Fig. 4)
There were significant positive correlations between sucrose

onsumption percentage and the level of 5-HT in hypothalamus
r = 0.476, P < 0.05) or the level of P-CREB in hippocampus (r = 0.548,

Fig. 4. Western blots showing the expression of �-actin and P-CREB, and the rel-
ative level of P-CREB/�-actin in hippocampus. Protein expression of �-actin (A)
and P-CREB (B) in the hippocampus of the control progeny (lanes 1–5) and CUS
progeny (lanes 6–10) was detected by western blot analysis, and the relative level
of P-CREB/�-actin in CUS progeny was lower than that of the control progeny
(t(21) = 3.514, P < 0.05,C). *P < 0.05 vs. control.
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< 0.05). However, there was no significant correlation between
ther data.

The effects of prenatal maternal stress in offspring have been
nvestigated extensively in humans and in animals [8,14]. Progeny
xposure to prenatal stress is reportedly associated with adverse
eurodevelopment and behavioral impairments during the juve-
ile phase, and cognitive impairments and increased anxiety-like
nd depression-like behavior when grown into adult [8,14]. How-
ver, only studies by Ryzhavskii et al. reported the effects of
aternal stress before pregnancy on their progeny in animal mod-

ls in 2002–2003 [19,20]. They found that the progeny of female
xposed to chronic emotional stress before pregnancy differed from
he control by having reduced weight of the brain and cerebral
emispheres, decreased thickness of the parietal cortex, small cere-
ellum and Purkinje cells, increased percentage of dark Purkinje
ells, enlarged layer V neuronal nuclei, and low exploratory activ-
ty in the plus-maze test [19,20]. In this study, we investigate the
ffects of maternal depression in their two months male progeny
y sucrose consumption test, referenced spatial memory test and
onoamine neurotransmitter detection.
The CUS progeny showed decreased sucrose intake and con-

umption percentage. The decrease in sucrose intake or in the
ucrose consumption percentage signifies loss of preference for
he palatable sucrose solution [7] and is an indication of the core
ymptom of depression, anhedonia [7,17]. Therefore, our results
rom sucrose consumption test denote an increased likelihood of
epression in the progeny of the depressed maternal rat.

Spatial memory test showed normal acquisition but impaired
etention in the MWM. That is, although the CUS progeny found
he escape platform in the same amount of time as did the con-
rol progeny, they showed a markedly reduced benefit from prior
earning during the long-term retention test. There were no signifi-
ant difference in the swimming velocity between the two progeny
oth in the spatial memory acquisition and retention, so the dif-
erences observed in water maze performance was not because
f the different of motor ability. Although we did not investigate
n the dissociation of memory acquisition and retention in the
patial memory test, a previous study has suggested that the long-
erm retention of information is more critically dependent upon
ntorhinal–hippocampal connections than information acquisition
21].

Serotonergic system and adrenergic system played critical roles
n modulating functional neural circuits in brain, and were impli-
ated in hippocampus-dependent memory [1,12,18]. The brain
egions, such as hippocampus, hypothalamus, and prefrontal cor-
ex, are involved in the response to stress and are the areas most
elevant to depression [9,13]. We observed the reduced level of
-HT in the hypothalamus but the increased level of NE in the hip-
ocampus of CUS progeny compared to the control. Abnormalities

n NE and 5-HT have been demonstrated in numerous depressed
umans and animal models [1,12,18]; abnormally reduced 5-HT
nd NE or decreased 5-HT with increased NE have been docu-
ented [1,12,18]. In our studies, the results were more prone to

upport the latter.
Monoaminergic signaling pathways mainly act via G-proteins

hat in turn activation of adenylyl cyclase activity, protein kinase
(PKA), and transcription factor cAMP response element-binding

rotein (CREB) [5]. Phosphorylated CREB can regulate multiple tar-
et genes involved in the pathophysiology of depression [5,17]. In
ur studies, the relative level of P-CREB/�-actin in the CUS progeny
as lower than that in the control progeny, which was similar to
ur previous studies in male rats between the CUS group and the
ontrol group [9].

We found significant correlations between the animal behavior
nd brain measures. Hypothalamal 5-HT level was positively cor-
elated with the sucrose consumption percentage, suggesting the

[

rs 469 (2010) 278–282 281

role of 5-HT playing in ingestive behavior [11]. Also there was a
positive correlation between the sucrose consumption percentage
and the hippocampal P-CREB level, we therefore could infer that
down-regulation of P-CREB in the hippocampus might be one of
the mechanisms underlying depression in the CUS progeny.

Taken together, the male progeny of the depressed maternal rat
in our study showed behaviors consistent with depression, such as
anhedonia, deficit in spatial memory and monoamine neurotrans-
mitter disturbance. These findings in rat models support the notion
that children of depressed mothers are at high risk for depressive
and anxiety disorders in human [3,4]. Studies in human have also
shown that when maternal depression is untreated, psychiatric
disorders in their progeny are less likely to improve, while when
maternal depression is treated until remission, decreased psychi-
atric symptoms and improved functioning in the progeny could
be achieved [16,22]. The key signal transduction molecular P-CREB
may also play important roles in the development of depression in
the progeny of CUS mother. However, many questions still need
to be answered include the effects maternal depression on the
progeny development, the specific signal transduction pathways
and molecular mechanism, and the effects of medical intervention.
We will address these aspects in our forthcoming studies.

Acknowledgements

This work was supported in part by the Medical Research Foun-
dation of Guangdong Province (B2007136).

References

[1] P.S. Brocardo, J. Budni, M.P. Kaster, A.R. Santos, A.L. Rodrigues, Folic acid admin-
istration produces an antidepressant-like effect in mice: evidence for the
involvement of the serotonergic and noradrenergic systems, Neuropharma-
cology 54 (2008) 464–473.

[2] J.P. Byers, K. Masters, J.G. Sarver, E.A. Hassoun, Association between the levels
of biogenic amines and superoxide anion production in brain regions of rats
after subchronic exposure to TCDD, Toxicology 228 (2006) 291–298.

[3] C.J. Foster, J. Garber, J.A. Durlak, Current and past maternal depression, maternal
interaction behaviors, and children’s externalizing and internalizing symp-
toms, J. Abnorm. Child Psychol. 36 (2008) 527–537.

[4] W. Gao, J. Paterson, M. Abbott, S. Carter, L. Iusitini, Maternal mental health and
child behavior problems at 2 years: findings from the Pacific Islands Families
Study, Aust. N.Z. J. Psychiatry 41 (2007) 885–895.

[5] P. Gass, M.A. Riva, CREB, neurogenesis and depression, Bioessays 29 (2007)
957–961.

[6] A.M Gouirand, L. Matuszewich, The effects of chronic unpredictable stress on
male rats in the water maze, Physiol. Behav. 86 (2005) 21–31.

[7] M.N. Jayatissa, C. Bisgaard, A. Tingström, M. Papp, O. Wiborg, Hippocam-
pal cytogenesis correlates to escitalopram-mediated recovery in a chronic
mild stress rat model of depression, Neuropsychopharmacology 31 (2006)
2395–2404.

[8] A. Kapoor, A. Kostaki, C. Janus, S.G. Matthews, The effects of prenatal stress on
learning in adult offspring is dependent on the timing of the stressor, Behav.
Brain Res. 197 (2009) 144–149.

[9] H. Li, L. Zhang, Q. Huang, Differential expression of mitogen-activated pro-
tein kinase signaling pathway in the hippocampus of rats exposed to chronic
unpredictable stress, Behav. Brain Res. 205 (2009) 32–37.

10] X.Y. Lu, C.S. Kim, A. Frazer, W. Zhang, Leptin: a potential novel antidepressant,
Proc. Natl. Acad. Sci. U.S.A. 103 (2006) 1593–1598.

11] I. Lucki, The spectrum of behaviors influenced by serotonin, Biol. Psychiatry 44
(1998) 151–162.

12] D.N. Middlemiss, G.W. Price, J.M. Watson, Serotonergic targets in depression,
Curr. Opin. Pharmacol. 2 (2002) 18–22.

13] K. Mizoguchi, A. Ishige, M. Aburada, T. Tabira, Chronic stress attenuates
glucocorticoid negativefeedback: involvement of the prefrontal cortex and hip-
pocampus, Neuroscience 119 (2003) 887–897.

14] K. O’Donnell, T.G. O’Connor, V. Glover, Prenatal stress and neurodevelopment
of the child: focus on the HPA axis and role of the placenta, Dev. Neurosci. 31
(2009) 285–292.

15] G. Paxinos, C. Watson, The Rat Brain in Stereotaxic Coordinates, 3rd ed., Aca-

demic Press, New York, 1991.

16] D.J. Pilowsky, P. Wickramaratne, A. Talati, M. Tang, C.W. Hughes, J. Garber, E.
Malloy, C. King, G. Cerda, A.B. Sood, J.E. Alpert, M.H. Trivedi, M. Fava, A.J. Rush,
S. Wisniewski, M.M. Weissman, Children of depressed mothers 1 year after the
initiation of maternal treatment: findings from the STAR*D-Child Study, Am. J.
Psychiatry 165 (2008) 1136–1147.



2 e Lette

[

[

[

[

[21] N. Vnek, T.C. Gleason, L.F. Kromer, L.A. Rothblat, Entorhinal–hippocampal con-
nections and object memory in the rat: acquisition versus retention, J. Neurosci.
82 H. Li et al. / Neuroscienc

17] X. Qi, W. Lin, J. Li, Y. Pan, W. Wang, The depressive-like behaviors are corre-
lated with decreased phosphorylation of mitogen-activated protein kinases in
rat brain following chronic forced swim stress, Behav. Brain Res. 175 (2006)
233–240.

18] K.J. Ressler, C.B. Nemeroff, Role of serotonergic and noradrenergic systems in

the pathophysiology of depression and anxiety disorders, Depress. Anxiety 12
(Suppl 1) (2000) 2–19.

19] B.Y. Ryzhavskii, T.V. Sokolova, R.V. Uchakina, Y.I. Fel’dsherov, Y.A. Sapozhnikov,
E.V. Vasil’eva, I.R. Eremenko, Effect of emotional stress experienced by female
rats before pregnancy on brain development in their offspring, Bull. Exp. Biol.
Med. 134 (2002) 126–129.

[

rs 469 (2010) 278–282

20] B.Y. Ryzhavskii, E.V. Vasil’eva, T.V. Sokolova, Morphology of the cerebellum
in the progeny of female rats exposed to long-term emotional stress before
pregnancy, Bull. Exp. Biol. Med. 135 (2003) 206–208.
15 (1995) 3193–3199.
22] M.M. Weissman, P. Wickramaratne, Y. Nomura, V. Warner, D. Pilowsky, H.

Verdeli, Offspring of depressed parents: 20 years later, Am. J. Psychiatry 163
(2006) 1001–1008.


	Behavioral and neurobiological studies on the male progeny of maternal rats exposed to chronic unpredictable stress before pregnancy
	Acknowledgements
	References


