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ABSTRACT

Prenatal stress in rats results in structural, physiological and behavioral alterations that persist in adult-
hood. Serotonin (5-HT) is an important neurotransmitter known to be involved in these prenatal stress-
induced behavioral alterations. The aim of the study was to investigate the effects of interrupted synthesis
of 5-HT and immobilization stress during different gestational period on brain serotonergic system of male
and female neonatal (postnatal day 15) and adult rats (60 days old). Pregnant rats were subjected to re-
straint stress three times daily for 45 min during day 3-14 (G 3-14) or day 14-21 (G 14-21) of pregnancy.
Another group of pregnant rats were injected with the inhibitor of 5-HT synthesis, parachlorophenyla-
lanine (p-CPA, 400 mg/kg/2ml, single dose, ip) on day 9 or 17 of pregnancy. Following sacrifice, tissue
concentrations of 5-HT and its metabolite 5-hydroxy indole acetic acid (5-HIAA) were analyzed in whole
brains of neonatal pups and in brainstem, hypothalamus, hippocampus, and frontal cortex of adults.
Stress during G 14-21 days showed a significant reduction of 5-HT and 5-HIAA levels in early neonatal
development but not later during adulthood. Decreases in whole brain concentrations of 5-HT and 5-HIAA
were observed in p-CPA 9 and G 14-21 neonatal pups. The concentration of 5-HT was decreased in fron-
tal cortex and hypothalamus of adult rats receiving p-CPA. Prenatal stress affects tissue concentrations of
5-HT and 5-HIAA in neonatal pups and adults and it is possible that such changes may underlie the re-
ported behavioral deficits in offspring of stressed female rats. These data also provide evidence that the
critical period for prenatal stress-induced changes in brain 5-HT neurons were between days 14-21 (dur-

ing final trimester of pregnancy).
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Prenatal or intrauterine development plays critical
role in normal physical, mental and behavioral devel-
opment of an individual. A vast number of factors such
as genetic makeup [1-2], epigenetic factors like nutrition
[3], environmental toxins [4-8] and stressful conditions
[9-17] play a major role on normal growth in the intrau-
terine development. In most of such instances, affect of
these insults will be carried to perinatal and young age
and even to whole lifespan of individual [8,18]. Though
any system of body may be the target of flawed devel-
opment, the involvement of nervous system is of con-
cern. Stressful experiences in humans result in a spec-
trum of long-term changes in behavioral, autonomic and
normal responsivity [19].

A substantial body of evidence indicates that prena-
tal stress adversely affects human development, increas-
ing susceptibility to diseases later in life as well as alter-
ing behavioral and cognitive development. Prenatal

stress is also known to increase anxiety, behavioral and
cognitive functions, in postnatal life [20-24]. Prenatal
stress in rats results in structural, physiological and be-
havioral alterations that persist into adulthood. In males,
prenatal stress alters analgesic sensitivity, taste prefer-
ence and sexually dimorphic behaviors like sex behav-
ior and partner preference [25-26]. Many reports signify
that prenatal stress exhibit increased anxiety, emotional
responses to the open field and a decreased tendency to
explore [27-29].

There are many reports suggesting the possible
mechanisms like altered hypothalamo-pituitary-adrenal
axis, neurotransmitters, decreased brain cell prolifera-
tions and brain corticosterone level during prenatal de-
velopment. A substantial body of evidences indicates
that prenatal stress-induced behavioral alteration in-
volves brain monoamines specially norepinephrine, do-
pamine and 5-HT. Serotonin is involved in neuronal
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proliferation, migration and differentiation during early
development [30]. The role of 5-HT is less studied when
compared to dopamine and norepinephrine.

Prenatal stress by subcutaneous saline injection
throughout pregnancy has decreased 5-HT level of hy-
pothalamus on day 16 but re-elevated on day 60. Inter-
estingly, the level of 5-HIAA did not altered on both
day 16 and 60, but it decreased on day 9 and increased
on day 23. In the same experiment, frontal cortex 5-HT
and 5-HIAA levels were increased on day 16 but not in
adulthood [31]. The same author in another experiment
claimed an increase in 5-HT and 5-HIAA levels of fetal
cerebral cortex of prenatally-stressed rats. This increase
was observed up to postnatal day 10 [32]. Prenatal stress
resulted in an increased level of 5-HT and decreased
level of 5-HIAA in frontal cortex of female offspring
but not in male. In the same experiment, the level of
amygdala 5-HIAA was higher in female prenatally-
stressed rats [17]. A recent experiment by Van den
Hove et al [33] using immunocytochemical analysis
showed a decrease in 5-HT; receptors in ventral hippo-
campus of four week-old male rats but not 5-HT,, re-
ceptor. Prenatal restraint stress during gestational day
18-22 did not alter 5-HT, 5-HIAA, norepinephrine and
dopamine levels in hypothalamus of rats tested at post-
natal day 75. But dopamine, 5-HT and 5-HIAA levels
increased significantly in striatum [34]. Lauder et al
[35] have reported that 5-HT axons appear to have a
close relationship with some proliferating cells during
the late gestation and extending into the postnatal period
and they suggest that 5-HT neurons may influence the
development of less differentiated cells they contact.

From these findings it is unclear; weather brain sero-
tonergic system plays a crucial role either in early de-
velopment or during late gestation period. The results
reported conflicts in postnatal 5-HT and 5-HIAA levels
in different part of the brain. The method and gesta-
tional days used for prenatal stress also varies in these
experiments. Hence, this study was planned to see the
effect of different gestational period stress on the level
of tissue concentration of 5-HT and 5-HIAA in different
areas of the adult rat brain and whole brain of neonatal
rats.

Studies comparing the effects of prenatal stress and
prenatal 5-HT depletion on brain 5-HT metabolism have
interesting findings. Though, there are indications like
chronic restraint stress in mother’s leading to conditions
similar to 5-HT depletion, but its effects are manifested
in different directions. Prenatal stress increased pain
sensitivity while prenatal 5-HT depletion decreased pain
sensitivity in rat offspring at the age of 90 days [36]. A
recent study in the mice indicated that maternal p-CPA
treatment on gestational day 9 has a significant influ-
ence on development of neurons and astoglial cells of
neocortex [37-38]. There is a need to evaluate the brain
5-HT metabolism under prenatal stress condition as well
as prenatal 5-HT depletion. It is important to emphasize
that reported studies are limited to the analysis of effects
of prenatal 5-HT depletion on morphological and be-
havioral changes in the brain, there is little known about
5-HT turnover in different parts of the brain.
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METHODS
Animals

Inbred albino rats of Wistar strain of either sex of
105-120 days old, weighing 220-250 g were selected.
The rats were maintained in 12-hour light and dark cy-
cle in temperature- and humidity-controlled environ-
ment. The animals were fed with standard food pellet
and water ad libitum. Breeding and maintenance of the
animals were done as per the guidelines of Government
of India for use of Laboratory animals (Government of
India notifies the rules for breeding and conducting
animal experiments, proposed in the gazette of India
Dec 15, 1998: which was reproduced in Indian Journal
of Pharmacology, 1999; 31:92-95).

Mating of rats and animal groups

Female rats (n=40) were divided into five groups.
Rats from each group were allowed to mate with one
fertile sexually-active male for 4 hours per day (separate
male rats for each group). At the end of 4 hours, females
were separated and vaginal smears were taken to detect
the presence of sperm for the confirmation of pregnancy
and the rats were designated as day O of pregnancy. The
pregnant rats were housed individually in separate cages
and were randomly allocated into 5 groups of eight each
(n=8).

One group of female rats were stressed from gesta-
tional day 3-14 (G 3-14) and another group stressed
between day 14-21 (G 14-21)

Stressing procedure

The pregnant rats were stressed (restraint stress) us-
ing a wire mesh restrainer [39] for three times daily for
45 min. The wire mesh restrainer will have a wooden
base and stainless steel wire mesh restrainer hinged to
the base. A pad lock and latch will help to secure the rat
in the restrainer. The restrainer with dimensions 11cm
(L) x 6cm (B) x 6cm (H) was used for G 3-14 groups.
Restrainer of 11cm (L) x 8cm (B) x 8cm (H) was used
for G 14-21 group. This type of restrainer will only re-
strict the animal movement without any pain, discom-
fort or suffocation.

Parachlorophenylalanine (p-CPA) administration

The third group of pregnant rats received the inhibi-
tor of the 5-HT synthesis, p-CPA (Sigma, USA) on day
9 (p-CPA-9) and the fourth group on day 17 (p-CPA-
17). The dose selected has previously been shown to be
effective in reducing rat’s midbrain 5-HT concentration
by 74% three days after treatment. The day of injection
was selected because the maximal effect of the drug (the
greatest decrease of 5-HT concentration in the dam and
in the embryo) is within 2-3 days after injection at this
age [36]. This developmental window is critical for de-
velopment of serotonergic system, since it is the time
when dorsal raphe neurons start to differentiate [36].
The fifth group (control) of pregnant rats received saline
vehicle.

After birth, the offspring of all groups were kept in
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Fig 1. Mean (xSD) of birth weight (in g) and weight gained during different neonatal period following in uteri exposure to
stress or 5-HT depletion (n=16). Animal groups: G 3-14: received prenatal stress during day 3 to 14, G 14-21: received
stress during day 14 to 21, pCPA-9: received single dose Parachlorophenylalanine (pCPA) treatment (for 5-HT depletion)
on day 9 of pregnancy and pCPA-17: received pCPA on day 17 of pregnancy. For comparison with control, * = p<0.05,
for comparison with G 3-14, a=p<0.05, b=p<0.01, for comparison with G 14-21, $=p<0.05, $$=p<0.01.

same animal room and all pups were kept together with
their mothers. The offspring of all groups were weaned
21 days after birth and housed separately based on sex
until the completion of the study. Two pups from each
litter (n=16) were considered (one male and one female)
for 5-HT estimation.

Neonatal study parameters

i) Mortality: Number of still-born pups and total
number of pups born to each control or stressed rat was
counted at birth to calculate the mortality at birth. Dur-
ing postnatal period (till 21 days), number of death was
also counted to get the post-natal mortality rate.

ii) Birth weight and weight gain: Weight of pups
was recorded at birth and on day 7, 14 and 21. Compari-
son at same age between groups is described in the ‘Re-
sult’ section.

Estimation of brain serotonin and 5-hydroxy indole
acetic acid

Offspring from all five groups (n=80; males, n=8 per
group; females, n=8 per group) were sacrificed on day
15 or 60 by decapitation. In offspring sacrificed on day
15 (males, n=4; females, n=4), the entire brain was
processed for estimation of 5-HT and 5-HIAA. In off-
spring sacrificed on day 60, the brains were rapidly re-
moved and various regions of the brain (frontal cortex,
hypothalamus, hippocampus and brainstem) were sepa-
rated on an ice slab and then transferred to ice-cold sa-
line. The tissues were immediately homogenized in 5
mL 0.4 N ice cold perchloric acid containing 0.1% eth-
ylene diamine tetra acetic acid (EDTA) disodium salt,
and 0.05% sodium metabisulphite and internal standard
3,4-dihydroxy benzylamine (DHBA) using a teflon-
glass homogenizer (Thomas Scientific, Philadelphia
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Fig 2. The level of 5-HT and 5-HIAA (ng/g wet weight of the tissue) in the whole brain of the different offspring groups
on postnatal day 16. Animal groups: G 3-14: received prenatal stress during day 3 to 14, G 14-21: received stress during
day 14 to 21, pCPA-9: received single dose Parachlorophenylalanine (pCPA) treatment (for 5-HT depletion) on day 9 of
pregnancy and pCPA-17: received pCPA on day 17 of pregnancy. For comparison with control, * =p<0.05, *** =p<0.001.
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Table 1. Level of 5-HT and 5-HIAA in different regions of the brain on day 60 (n=16). VValues are expressed as mean + SD

Madhyastha et al.

Experimental groups

Brain region Chemical
measured Control G 3-14° G 14-21° pCPA-9¢ pCPA-17¢
5-HT 1722 +8.2 1705+ 95 166.32 £9.04 158.75+11.24 **a  168.35 + 10.65
Frontal cortex
5-HIAA 162.34 £ 8.12 160.4 £ 9.2 158.65+9.35 150.84 £12.22 * 154.38 £9.42
. 5-HT 185.34 £ 155 188.24 +20.3 180.5+185 172.62 +22.45 17438 £17.5
Hippocampus
5-HIAA 146.45+12.31 154.88 +16.22 144.65+ 16.15 138.86 +20.18 14422 £12.11
5-HT 510.37 £ 20.55 496.52 £ 23.45 48450+ 325 478.4+27.35** 490.42 + 23.75
Hypothalamus
5-HIAA  478.75+18.25 462.38+26.12 460.33+26.11 44844 +2822**  464.72 +24.36
Brainst 5-HT 420.68 + 14.5 426.24 £22.8 408.35+24.4  406.71 £ 26.25 415.18 + 16.3
rainstem
5-HIAA  415.75+16.25 418.45+28.15 398.86 +22.13 394.96 + 32.23 406.32 +£17.08

*G 3-14: gestational day 3-14, ° G 14-21: gestational day 14-21, © pCPA-9: pregnant rats received the inhibitor of the 5-HT synthesis, Parachloro-

phenylalanine (p-CPA) on day 9, “pCPA-17: pregnant rats received p-CPA on day 17, *p<0.05, **p<0.01

Penn). The homogenate was centrifuged at 12000 rpm
for 10 minutes at 40°C. The supernatant was removed
and stored at -20°C until assayed. 5-HT and its metabo-
lite 5-HIAA levels were estimated by HPLC with elec-
trochemical detector (VMD-101a, Yanagimoto manu-
facturing Co. Ltd. Kyoto Japan).

The brain amines were isolated on a C18 reverse
phase column of particle size 5 micron meter and 25 cm
length using the isocratic elution method. The mobile
phase was composed of 70 mM sodium acetate buffer
(pH 4.5), containing 1 ml of 10% EDTA and 0.05 M
hexane sulfonic acid in one litre of buffer. The buffer
was filtered through a 0.45 micron millipore membrane
filter and then mixed with methanol in 87:13 (v/v) ratios
before use. The mobile phase was degassed using an on-
line degasser (ERC-3310, Tokyo-Japan) before passing
through the column. The flow rate was kept at 1.5
ml/min. The voltametric detector with a glassy carbon
electrode was used for electrochemical detection of the
amines. The detector potential was set at 0.8 V versus
an Ag/AgCl reference electrode with a sensitivity of
1nA. A volume of 20 microL of the filtered homogenate
was injected without prior processing. Peak recording

and quantitation was done using the chromatocorder 11
(Alphatech Corporation Limited, Tokyo, Japan). The
actual concentration of 5-HT and its metabolite was
calculated by comparing the recovery of each standard
amine from the crude homogenate with that of the inter-
nal standard. The amounts of 5-HT and 5-HIAA were
expressed in nanograms per gram wet weight of the
tissue [40-41].

Statistical analysis

The data were expressed as mean + SD. Effects of
prenatal environment (control, G 3-14, G 14-21, p-CPA-
9, or p-CPA-17) on 5-HT and 5-HIAA concentrations
were analyzed independently for each brain region or
whole brain using one-way analysis of variance
(ANOVA) test. Significant effects of prenatal environ-
ment were further analyzed with multiple pair-wise
comparisons using Bonferroni’s correction for multiple
comparisons. The p values < 0.05 were considered sig-
nificant. Comparison of data between male and female
group was assessed by Mann-Whitney’s unpaired “t”
test.

Table 2. Comparison of levels of significance in different regions of the brain among groups of control, G 3-14, G 14-21, pCPA-9 and pCPA-17

Frontal cortex Hippocampus Hypothalamus Brainstem
Values P F F P F P F
F=2.02
0.0023 4.568 0.0999 0.0097 3.602 0.0599 F=2.37
5-HT _ _ _ _
Control Vs pCPA-9 **p<0.01, |No significant difference No significant difference
Control Vs pCPA-9 **p<0.01
G 3-14 Vs pCPA-9 p<0.05 among the groups among the groups
0.0152 3.299 0.0801 2.174 0.0220 3.048 0.0268 2.915
5-HIAA No significance difference No significance differ-
Control Vs pCPA-9 *p<0.05 Control Vs pCPA-9 **p<0.01
among the groups ence among the groups

G 3-14: gestational day 3-14, G 14-21: gestational day 14-21, pCPA-9: pregnant rats received the inhibitor of the 5-HT synthesis, Parachloro-
phenylalanine (p-CPA) on day 9, pCPA-17: pregnant rats received p-CPA on day 17.
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RESULTS

No gender differences were observed in any meas-
ures and therefore, data from males and females were
collapsed into one group. Prenatal environment (control,
G 3-14, G14-21, p-CPA-9, p-CPA-17) had no effect on
gestational length {F=0.6557; p=0.62} or litter size
{F=1.946; p=0.124]. There was one still born female
offspring in stress group (G 14-21). A male offspring
died on postnatal day 1 in the late stress group.

Birth weight and weight gain

There was a main effect of prenatal environment
(control, G 3-14, G14-21, p-CPA-9 or p-CPA-17) on
birth weight {F=4.689; p=0.0020}, and on weight re-
corded on day 7 {F=4.255; p=0.0037}, day 14
{F=3.492; p=0.0114}, but not on day 21{F=2.33;
p=0.0628}. Post hoc pair wise comparisons revealed
that birth weight and weight on day 7 was lower in G
14-21 pups as compared to control (p<0.05), G 3-14
(p<0.01 for birth weight; p<0.05 for day 7) and p-CPA
(9 or 17) (p<0.05). G 14-21 rats at day 14 were signifi-
cantly lighter than controls (p<0.05) but not any of the
other groups. There was no significant difference
(p=0.0628, F=2.33) in the body weight when calculated
at day 21 (Fig. 1).

Serotonin and 5-Hydroxy indole acetic acid levels
on day 15

There was a main effect of prenatal environment
(Control, G3-14, G14-21, p-CPA-9, or p-CPA-17) on
tissue concentration of 5-HT (F=6.143) and 5-HIAA
(F=3.559). Post hoc pair wise comparisons revealed that
tissue concentration of 5-HT was lower in G 14-21 pups
as well as p-CPA-9 pups as compared to control pups
(p<0.001). The concentration of 5-HIAA was also lower
in G 14-21 pups as well as p-CPA-9 pups as compared
to control pups (p<0.05) (Fig. 2).

Serotonin and 5-Hydroxy indole acetic acid levels
on day 60

There was a main effect of prenatal environment
(Control, G3-14, G14-21, p-CPA-9, or p-CPA-17) on
tissue concentration of 5-HT of frontal cortex (F=4.568;
p=0.0023) and on hypothalamus (F=3.602; p=0.0097),
but not on hippocampus (F=2.022) and brainstem
(F=2.37). Post hoc pair wise comparison revealed that
tissue concentration of 5-HT of frontal cortex in p-CPA-
9 group was lower as compared to control (p<0.01) and
G 3-14 group (p<0.05). The hypothalamic 5-HT con-
centration of p-CPA-9 was lower as compared to control
(p<0.01) group. There was also a main effect of prenatal
environment (Control, G3-14, G14-21, p-CPA-9, or p-
CPA-17) on tissue concentration of 5-HIAA of frontal
cortex (F=3.299, p=0.0152) and of hypothalamus
(F=3.048, p=0.0220). Post hoc pair wise comparison
revealed that tissue concentration of 5-HIAA of frontal
cortex of p-CPA-9 group was lower as compared to
control (p<0.05) groups. The hypothalamic concentra-
tion of 5-HIAA was also lower as compared to control
(p<0.01) group (Tables 1&2).
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The major finding of the present study is that prena-
tal stress during last embryonic week and prenatal 5-HT
depletion on day 9 of gestation had similar effects (re-
duced brain 5-HT levels) on neonatal rat brain. Reduced
5-HT levels were not documented during adulthood in
(early or late gestation period stress) parentally stressed
rats. But the prenatal 5-HT depletion on day 9 had long
term effect, since this effect (reduced 5-HT level) was
observed in hypothalamus and frontal cortex even dur-
ing adulthood. So from the present study it is clear that
prenatal 5-HT depletion on day 9 involve mainly tissue
concentration of 5-HT of hypothalamus and frontal cor-
tex of the adult rats. The early prenatal stress and prena-
tal 5-HT depletion on day 17 did not have significant
effect on postnatal 5-HT metabolism.

The statistically significant decrease in the birth
weight (Figure-1) of the offspring subjected to late ges-
tational stress and prenatal 5-HT depletion was consis-
tent with previous studies in which both stress and p-
CPA treatment (on day 9 of gestation) led to decrease in
birth weight [31& 42] but inconsistent with Gerardin et
al [34]. The offspring of late gestational period stress
showed a delay in the weight gain up to second week of
development but not during later period. p-CPA 9 did
not have a delayed weight gain on day 7, instead gained
weight slightly higher than control (Fig.1). The reduced
birth weight and followed by delayed weight gain in
prenatal stressed offspring could be due to involvement
of many physiological system of the developing off-
spring. This could also be due to the involvement of 5-
HT depletion, which is involved in gluco-regulation in
the hypothalamus because the CNS is said to control
blood glucose in highly complex process involving sev-
eral brain areas [43].

Both late gestational stress and 5-HT depletion on
day 9 of gestation resulted in a very significant reduc-
tion of whole brain 5-HT level in neonatal rats (Figure-
2). Similar results were obtained by Plaut et al [44] in
which the whole brain 5-HT level was decreased in 21
old day offspring after prenatal stress. In the present
study the reduced level of 5-HT did not differ between
late gestational period stress as well as prenatal 5-HT
depletion on day 9. These results prove that the effects
are similar between late prenatal stress and prenatal 5-
HT depletion. There are reports which claim that the
effects on behavior after prenatal stress and prenatal 5-
HT depletion [45] were similar. There is a report claim-
ing the effect of p-CPA treatment on 5-HT metabolism
was maximum on gestational day 9 with reduction of
whole brain 5-HT content on day 12 of prenatal devel-
opment [46]. A recent study in mice indicated that ma-
ternal p-CPA treatment on gestational day 9 has a sig-
nificant influence on development of neurons and neu-
roglial cells of neocortex [38-39]. Since the effect of
late gestational stress had a similar effect to p-CPA
treatment on day 9, it is possible to influence the devel-
opment of neurons and neroglial cells.

The metabolite of 5-HT, the 5-HIAA level was also
decreased in the whole brain of neonatal rats subjected
to late gestational stress and p-CPA treatment on day 9.
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These results are inconsistent with results of David
Peters [32] in which the level of 5-HIAA was increased
on gestational day 21 after prenatal stress and also simi-
lar report by Dunn [47].

It was interesting to note that, this effect (5-HT de-
pletion) was observed on postnatal day 60 in frontal
cortex and hypothalamus but not in hippocampus and
brainstem (Table-1). David Peters [31] demonstrates an
increase in the level of 5-HT and 5-HIAA at about 16
days of age and this increase was no longer present at
23" day of age in cerebral cortex, pons and medulla. In
the same experiment, the hypothalamus showed differ-
ent pattern of monoamine changes. The level of 5-HT
and 5-HIAA were reduced on day 9 and 16 and elevated
on day 23 or 60 of postnatal life. An increased 5-HT and
5-HIAA levels in corpus striatum on postnatal day 75 of
parentally stressed rats was reported by Gerardin et al
[34], in which the hypothalamus did not show such in-
crease. In our study, the prenatal stress did not show any
change in 5-HT and its metabolite level on postnatal day
60 in stress group animals. The difference in the results
could be due to region specific differences in 5-HT de-
velopment [48], for example the cortex and striatum
showed similar pattern of development (decreased turn-
over), while comparing with hippocampus (increased
turnover). In an another study by Sobrain et al [49]
claims no change in 5-HT and 5-HIAA levels in the
brainstem of offspring of electrically shocked females at
1, 12 and 25 days. In an in vivo study by Lauder et al
[35], depletion of fetal brain 5-HT by p-CPA was asso-
ciated with depletion of 5-HT level in hypothalamus.
The prenatal 5-HT depletion on day 9 resulted in de-
creased levels of 5-HIAA in frontal cortex and hypo-
thalamus.

In rats, raphe neurons show evidence of 5-HT syn-
thesis as early as embryonic day 13 and begin to receive
synaptic contacts about one week later [50]. Maternal
stress during this period may interfere with synapse
formation. Serotonergic neurons in the raphe nucleus
are among the earliest to be generated in the rat brain at
about GD 11 to GD 15 [51]. These cells send axons to
the forebrain and may be of importance in the differen-
tiation of neuronal progenitors. Hence prenatal stress or
prenatal 5-HT depletion at this critical period can alter
the neonatal or adult brain 5-HT system. The effect of
reduced brain 5-HT level (after prenatal stress or prena-
tal 5-HT depletion) in the present study might involve
maternal neurotransmitter and endocrine system, which
may further affect the fetal brain development. It is also
observed that in adult animals, p-CPA treatment pro-
duced an elevation in the hormones of hypothalamic-
pituitary adrenal axis with increase in plasma corticos-
terone [52]. Hence maternal hormonal estimation would
give more insight into the possible mechanism underly-
ing in it.

From the outcome of the study it is clear that prena-
tal stress induced neurotoxic effects on postnatal devel-
opment of CNS, which involves brain 5-HT system es-
pecially during early development but not during adult-
hood. However experimental 5-HT depletion had long
term effect on brain 5-HT system especially involving

Madhyastha et al.

hypothalamus and frontal cortex. The data present fur-
ther proof that harmful exposure during final trimester
of pregnancy may cause severe affects on foetal brain
development especially during neonatal development.

REFERENCES

1. LeeY, Chong MJ, McKinnon PJ. Ataxia telangiectasia mutated
dependent apoptosis after genotoxic stress in the developing
nervous system is determined by cellular differential status. J
Neurosci 2001; 21: 6687- 93.

2. Meanev MJ. Maternal care, gene expression and the transmis-
sion of individual differences in stress reactivity across genera-
tions. Annu Rev Neurosci 2001; 24: 1161-92.

3. King RS, DeBassio WA, Kemper TL ,Rosene DL, Tonkiss J,
Galler JR, Blatt GJ. Effects of prenatal protein malnutrition and
acute post natal stress on granule cell genesis in the fascia den-
tata of neonatal and juvenile rats. Brain Res Dev 2004; 150: 9-
15.

4.  Gilbert ME, Kelly ME, Samsam TE, Goodman JH. Chronic
developmental lead exposure reduces neurogenesis in adult rat
hippocampus but does not impair spatial learning. Toxicol Sci
2005; 86: 365-74.

5. Wormser U, Izrael M, Van der Zee, Brodsky B, Yanai J. A chick
model for the mechanism of mustard gas neurobehavioral tera-
togenecity. Neurotoxicol Teratol 2005; 27: 65-71.

6. Ahmed RG. Heat stress induced histopathology and pathophysi-
ology of the central nervous system. Int J Dev Neurosci 2005;
23: 549-57.

7. Montaron MF, Koehl M, Lemaire V, Drapeau E, Abrous D N,
Le Moal M. Environmentally induced long term structural
changes: cues for functional orientation and vulnerabilities. Neu-
rotox Res 2004; 6: 571-80.

8.  Koehl M, Lemaire V. Vallee M, Abrous N, Piazza PV, Mayo W,
Maccari S, Le Moal M. Long term neurodevelopmental and be-
havioral effects of perinatal life events in rats. Neurotox Res
2001; 3: 65-83.

9. Van den Hove DL, Blanco CE, Aendekerk B, Deshonnet L,
Bruschettini M, Steinbusch HP, Prickaerts J, Steinbusch HW.
Prenatal restraint stress and long term affective consequences.
Dev Neurosci 2005; 27: 313-20

10. Roman E, Nylander 1. The impact of emotional stress early in
life on adult voluntary ethanol intake — results of maternal sepa-
ration in rats. Stress 2005; 8: 157-74.

11. Coe CL, Kramer M, Czeh B ,Gould E, Reeves A J, Kirschbaum
C, Fuchs E. Prenatal stress diminishes neurogensis in the dentate
gyrus of juvenile rhesus monkeys. Biol Psychiat 2003; 54: 1025-
34.

12.  Schmitz C, Rhodes ME, Bludau M, Kaplan S, Ong P, Ueffing I,
Vehoff J, Korr H, Frye CA. Depression: reduced number of
granule cell in the hippocampus of female, but not male rats due
to prenatal restraint stress. Mol Psychiat 2002; 7: 810- 3.

13. Lemaire V, Koehl M, Le Moal M, Abrous DN. Prenatal stress
produces learning deficits associated with an inhibition of neu-
rogenesis in the hippocampus. Proc Natl Acad Sci USA 2000;
97: 11032-7.

14. Ulupinar E, Yucel F, Ortug G. The effects of prenatal stress on
the Purkinje cell neurogenesis. Neurotoxicol Teratol. 2006;
28:86-94.

15. Lesage J, Del-Favero F, Leonhardt M, Louvart H, Maccari S,
Vieau D, Darnaudery M. Prenatal stress induces intrauterine
growth restriction and programmes glucose intolerance and fee-
ding behaviour disturbances in the aged rat. J Endocrinol. 2004;
181:291-6.

16. Igosheva N, Klimova O, Anischchenko T, Glover V. Prenatal
stress alters cardiovascular responses in adult rats. J Physiol
2003; 557: 273.

17. Bowman RE, Mac Lusky NJ, Sarmiento Y, Frankfurt M, Gordon
M, Luine VN. Sexually dimorphic effects of prenatal stress of


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ulupinar%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yucel%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ortug%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get\(this,%20'jour',%20'Neurotoxicol%20Teratol.'\);
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lesage%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Del-Favero%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Leonhardt%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Louvart%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maccari%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vieau%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Darnaudery%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get\(this,%20'jour',%20'J%20Endocrinol.'\);
https://ijpt.iums.ac.ir/article-1-153-en.html

[ Downloaded from ijpt.iums.ac.ir on 2026-05-19 ]

Serotonin in developing brain

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

cognition, hormonal responses and central neurotransmitters.
Endocrinol 2004; 145: 3778-87.

Monique Vallee, Willy Mayo, Francoise Dellu, Le Moal M,
Herve Simon and Stefania Maccari. Prenatal stress induces high
anxiety and post natal handling induces low anxiety in adult off-
spring: correlation with stress induces corticosterone secretion. J
Neurosci 1997; 17: 2626-36.

Stam R, Bruijnzeel AW, Wiegant VM. Long-lasting stress sensi-
tization. Eur J Pharmacol 2000; 405: 217-24.

Yang J, Han H, Cao J, Li L, Xu L. Prenatal stress modifies hip-
pocampal synaptic plasticity and spatial learning in young rat
offspring. Hippocampus. 2006; 16:431-6.

Yang J, Hou C, Ma N, Liu J, Zhang Y, Zhou J, Xu L, Li L.
Enriched environment treatment restores impaired hippocampal
synaptic plasticity and cognitive deficits induced by prenatal
chronic stress. Neurobiol Learn Mem. 2007; 87:257-63.

Yaka R, Salomon S, Matzner H, Weinstock M. Effect of varied
gestational stress on acquisition of spatial memory, hippocampal
LTP and synaptic proteins in juvenile male rats. Behav Brain
Res. 2007; 179:126-32.

O’Connor TG, Heron J, Golding J, Beveridge M, Glover V.
Maternal antenatal anxiety and children’s behavioural/emotional
problems at 4 years. Br J Psychiat 2002; 180: 502-8.

Charmandari E, Kino T, Sourvatzoglou E, Chrousos GP. Pediat-
ric stress: hormonal mediators and human development. Horm
Res 2003; 9: 161-79.

Ward IL, Ward OB, Winn RJ, Bielawski D. Male and female
sexual behaviour potential of male rats prenatally exposed to the
influence of alcohol, stress or both factors. Behav Nurosci 1994;
108: 1188-95.

Weinstock M. Alterations induced by gestational stress in brain
morphology and behavior of the offspring. Prog Neurobiol 2001,
65: 427-51.

Weinstock M, Matlina E, Maor GI, Rosen H, Mc Ewen BS.
Prenatal stress selectively alters the reactivity of the hypotha-
lamic-pituitary adrenal system in the female rat. Brain Res 1992;
595: 195-200.

Vallée M, Mayo W, Dellu F, Le Moal M, Simon H, Maccari S.
Prenatal stress induces high anxiety and postnatal handling in-
duces low anxiety in adult offspring: correlation with stress-
induced corticosterone secretion. J Neurosci 1997; 17: 2626-36.

Poltyrev T, Keshet GI, Kay G, Weinstock M. Role of experi-
mental conditions in determining differences in exploratory be-
havior of prenatally stressed rats. Dev Psychobiol 1996; 29: 453-
62.

Alvarez C, Vitalis T, Fon EA, Hanoun N, Hamon M, Sief I,
Edwards R, Gaspar P, Cases O. Effect of genetic depletion of
monoamines on somatosensory cortical development. Neurosci
2002; 115: 753-64.

Peters DA. Prenatal stress-effects on brain biogenic amine and
plasma corticosterone level. Pharmacol Biochem Behav 1982;
17: 721-5.

Peters DA. Maternal stress increases fetal brain and neonatal
cerebral cortex 5-hydroxytryptamine synthesis in rats: a possible
mechanism by which stress influences brain development.
Pharmacol Biochem Behav 1990; 35: 943-7.

Van den Hove DL, Lauder JM, Scheepens A, Prickaerts J,
Blanco CE, Steinbusch HW. Prenatal stress in the rat alters 5-HT
1A receptor binding in the ventral hippocampus. Brain Res
2006; 23:1090: 29-34.

Gerardin DC, Pereira OC, Kempinas WG, Florio JC, Moreira
EG, Bernardi MM. Sexual behavior, neuroendocrine, and neuro-
chemical aspects in male rats exposed prenatally to stress.
Physiol Behav 2005; 31:84: 97-104.

Lauder JM, Wallace JA, Krebs H, Petrusz P, McCarthy K. In
vivo and in vitro development of serotonergic neurons. Brain
Res Bull 1982; 9: 605-25.

Butkevich IP, Mikhailenko VA, Verhinina EA, Khozhai LI,
Grigorev |, Otellin VA. Reduced serotonin synthesis during
early embryogeny changes of subsequent prenatal stress on per-

ijpt.iums.ac.ir | 77

sistent pain in the formalin test in adult male and female rats.
Brain Res 2005; 3:1042(2): 144-59.

37. Khozhai LI. Formation of the astroglia in the mouse neocortex
after temporary prenatal blockade of serotonin synthesis. Neuro-
sci Behav Physiol 2006; 36: 275-8.

38. Khozhai LI, Otellin VA. Formation of the neocortex in mice
developing in conditions of prenatal serotonin deficiency. Neu-
rosci Behav Physiol 2006; 36: 513-7.

39. Sunanda, Rao MS, Raju TR. Effect of chronic restraint stress on
dendritic spines and excrescences of hippocampal CA3 pyrami-
dal neurons- a quantitative study. Brain Res 1995; 694: 312-7.

40. Madhyastha S, Somayaji SN, Nalini K, Rao MS and Bairy KL.
Effect of intracerebroventricular methotrexate on brain mono-
amines. Ind J Physiol Pharmacol 2005; 49: 427-35.

41. Madhyastha S, Bairy KL, Nalini K, Somayaji SN. Role of hip-
pocampus in methotrexate induced learning and memory deficit.
Can J Physiol Pharmacol 2002; 80: 1076-84.

42. Butkevich IP, Khozhai LI, Mikhailenko VA, Otellin VA. De-
creased serotonin level during pregnancy alters morphological
and functional characteristics of tonic nociceptive system in ju-
venile offspring of the rat. Reprod Biol Endocrinol 2003; 1: 1-8.

43. Tuomsti J, Mannisto P. Neurotransmitter regulation of anterior
pituitary hormones. Pharmacol Rev 1985; 37: 249-332.

44. Plaut SM, Graham CW and Leiner KY. Effects of prenatal ma-
ternal handling and rearing with adults on behavior, brain weight
and whole brain serotonin levels. Dev Psychobiol 1972; 5: 215-
21

45. Weinstock M. Can the behavioral abnormalities induced by the
gestational stress in rats be prevented or reversed? Stress 2002;
5:167-76.

46. Miller GP, Cox RH, Snodgrass JWR and Maickel RP. Compara-
tive effects of p-chlorophenylalanine, p-chloroamphetamine and
p-chloro-N-methylamphetamine on rat brain norepinephrine, se-
rotonin and 5-Hydroxy indole 3 acetic acid. Biochem Pharmacol
1970; 19:435-42.

47. Dunn AlJ. Changes in plasma and brain tryptophan and brain
serotonin and 5-Hydroxyindole acetic acid after foot shock
stress. Life Sci 1988; 42:1847-53.

48. Mercugliano M, Nguyen H, Djali S, Lucki I. Developmental
alteration in 5-Hydroxytryptamine concentration and turnover
after treatment of neonatal rats with 5, 7-dihydroxytrypatamine.
Neurobiol learn memory 1996; 65: 163-76.

49. Sobrain SK. Aversive prenatal stimulation, effects on behav-
ioral, biochemical and somatic ontogeny in the rat. Devl Psy-
chobiol 1977; 10: 41-51.

50. Wallace JA, Lauder JM. Development of the serotonergic sys-
tem in the rat embryo: An immunocytochemical study. Brain
Res Bull 1983; 10:459-479.

51. Herlenius E, Lagercrantz H. Neurotransmitters and neuromodu-
lators during early human development. Early Hum Develop
2001; 65: 21-37.

52. Chung KK, Martinez M, Herbert J. Central serotonin depletion
modulates the behavioral, endocrine and physiological response
to repeated social stress and subsequent c-fos expression in the
brains of male rats. Neurosci 1999; 92: 613-25.

CURRENT AUTHOR ADDRESSES

Sampath Madhyastha, Department of Anatomy, Kasturba Medical
College, Mangalore, Karnataka, India. E-mail:
madhyast1971@gmail.com (Corresponding author)

Prabhu Latha V, Department of Anatomy, Kasturba Medical College,
Mangalore, Karnataka, India.

Nayak Soubhagya R, Department of Anatomy, Kasturba Medical
College, Mangalore, Karnataka, India.

Pai Mangala, Department of Anatomy, Kasturba Medical College,
Mangalore, Karnataka, India.

Rai Rajalakshmi, Department of Anatomy, Kasturba Medical College,
Mangalore, Karnataka, India.

Prashanthi Madhyastha, 2Department of Dental Materials, Manipal
College of Dental Sciences, Mangalore.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yang%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Han%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cao%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Li%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Xu%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get\(this,%20'jour',%20'Hippocampus.'\);
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yang%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hou%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ma%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Liu%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhou%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Xu%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Li%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get\(this,%20'jour',%20'Neurobiol%20Learn%20Mem.'\);
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yaka%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Salomon%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Matzner%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Weinstock%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get\(this,%20'jour',%20'Behav%20Brain%20Res.'\);
javascript:AL_get\(this,%20'jour',%20'Behav%20Brain%20Res.'\);
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vall%C3%A9e%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mayo%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dellu%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Le%20Moal%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Simon%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maccari%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get\(this,%20'jour',%20'J%20Neurosci.'\);
mailto:madhyast1971@gmail.com
https://ijpt.iums.ac.ir/article-1-153-en.html
http://www.tcpdf.org

