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Prenatal exposure to stress andmorphine has complicated effects on epileptic seizure. In the present study, effect
of prenatal forced-swim stress andmorphine co-administration on pentylenetetrazol (PTZ) induced epileptic be-
haviors and prolactin blood level (PBL) was investigated in rat offspring. Pregnant Wistar rats were divided to
four groups of control–saline, control–morphine, stressed–saline and stressed–morphine. In the stressed
group, pregnant rats were placed in 25 °C water on gestation days 17, 18 and 19 (GD17, GD18 and GD19) for
30 min. In the morphine/saline group, pregnant rats received morphine (10, 12 and 15 mg/kg, IP, on GD17,
GD18 and GD19, respectively) or saline (1ml, IP). In the morphine/saline-stressed group, the rats receivedmor-
phine or saline and then exposed to stress. On postnatal days 6 and 15 (P6 and P15), blood samples were ob-
tained and PBL was determined. At P15 and P25, the rest of the pups was injected with PTZ to induce seizure.
Then, epileptic behaviors of each rat were observed individually. Latency of first convulsion decreased in con-
trol–morphine and stressed–saline groups while increased in stressed–morphine rats compared to control–sa-
line group on P15 (P = 0.04). Number of tonic–clonic seizures significantly increased in control–morphine and
stressed–saline rats compared to control–saline group at P15 (P = 0.02). PBL increased in stressed–saline, con-
trol–morphine and stress–morphine groups compared to control–saline rats. It can be concluded that prenatal
exposure of rats to forced-swim stress and morphine changed their susceptibility to PTZ-induced seizure and
PBL during infancy and prepubertal period. Co-administration ofmorphine attenuated effect of stress on epileptic
behaviors.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Individuals are continuously exposed to potential disturbance of
equilibrium in essential body functions. These potential disturbances
may result in subjective state stress leading to a characteristic stress
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response,which aims to restore homeostatic control variable to demand
[1]. One of the first steps in stress response is activation of the
autonomic nervous system, which provides the individual with a
means to quickly face a challenge. Stress also leads to activation of the
hypothalamo–pituitary–adrenal (HPA) axis [2]. Prolactin blood level
(PBL) has been shown to exert an anxiolytic and inhibitory tone on
HPA axis activity in rats, showing stress tolerance effects [3]. It has
been reported that PBL rises in stressful conditions and helps the organ-
ism to cope with the stressor [4]. Reduced emotional and neuroendo-
crine stress responses have been described in lactation, a time of high
PBL [5]. On the other hand, there are many studies reporting that
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chronic morphine exposure alters postpartum PBL in adult female rats
[6]. However, whether exposure to stress and morphine (alone or in
combination with each other) during gestation affects PBL levels in off-
spring is not well known. Prolactin has also awell-known role in behav-
ioral neurobiology [7–8] and may, at least in part, show a role in
epileptic behaviors [9–11]. Rodent seizure models have revealed an im-
portant role for stress in promoting epilepsy. However, different stress-
es have different impacts on brain function and neuronal excitability
[12], showing both pro-convulsive and anticonvulsive effects [13]. In
previous studies we and others have shown that prenatal stress can po-
tentiate epileptic behaviors and increase the susceptibility to seizures in
offspring of rats [14–16]. Morphine abuse during gestation also pro-
duces long-term alterations in the CNS, alters the density of hypotha-
lamic opioid receptors and shows different effects on seizure
threshold and severity in rat progeny in a sex and age dependent man-
ner [17–20]. On the other hand, the work of others showed that there is
an interaction between morphine- and stress-induced behavioral
changes in adult rats [21–23]. In this respect, it has been reported that
the behavioral effects of swim stress are mediated in part through opi-
oid receptors [24]. Swim-stress-induced analgesia through opioid re-
ceptors is also reported by several investigators [24–26]. Moreover,
restraint stress, increase immobility in the swim test, and these effects
can be blocked by the nonspecific opiate antagonist, naloxone [21,23].
However, whether exposure to morphine during fetal development af-
fects stress responses is not well known. Previous studies suggest that
the neural systems (norepinephrine and opioids) mediating stress re-
sponses are modified by prenatal exposure to opiates [21–23,27]. It
has also been reported that many stressed humans have used or abused
opiates to cope with stressful situations. Population of opiate addicted
individuals is much higher in stressful than standard communities
[28]. Although there are ample documents on stress/morphine impact
on epilepsy, there is not any evidence of concomitant effect of prenatal
exposure to morphine and stress on PTZ-induced seizure in rat pups. It
is also important to investigate prolactin secretion and responses to
challenges with stress and morphine and its probable role in epileptic
behavior. Therefore, this study aimed to investigate the effect of prena-
tal forced-swim stress andmorphine co-administration on PBL andPTZ-
induced epileptic behaviors in rat pups at different time points.

2. Materials and methods

Male and femaleWistar rats (200–250 g) were obtained from the an-
imal facility at Urmia University of Medical Sciences, Urmia, Iran. They
were 8 weeks old on delivery. The rats were housed in groups of four
per cage and kept in standard conditions as follows: 12 h light/dark
cycle, 22± 2 °C and food andwater ad libitum. All the experimental pro-
tocols and procedureswere complied according to guide lines of the 1975
declaration of Helsinki as reflected in the guidelines of the Medical Ethics
Committee, Ministry of Health, I.R. Iran. Also, this study was approved by
the regional Medical Ethics Committee in West Azerbaijan Province, I.R.
Iran. All the female rats were mated at 12 weeks with a sexually experi-
enced male of the same genotype. Each female was paired with one
male at 8 am and checked for plugs at 3 pm. The pregnant rats were im-
mediatelymoved tonewcages. Four ratswerehousedper cage for the en-
tire gestation period. The pregnant rats were divided to four groups (n=
7, in each group): control–saline (CS), control–morphine (CM), stressed–
saline (SS) and stressed–morphine (SM). The stressed–morphine group
was treated with 10, 12 and 15 mg/kg morphine sulfate (Temad, Tehran,
Iran) intraperitoneally (IP) on gestation days 17, 18 and 19 (GD17, GD18
and GD19, respectively), prior to stress and then exposed to stress. The
stressed–saline group received 1 ml saline IP on the same gestation
days and then was exposed to stress. The control–morphine group was
treated with morphine sulfate (similar to stressed–morphine group)
and then transported to the experimental room on same gestation days
and handled similarly to the stressed rats but were not exposed to stress.
The control–saline group received saline and then transported to the
experimental roomandhandled similarly to the stressed rats,without ex-
posure to stress. Because in the present study effects of interaction be-
tween gestational morphine exposure and stress have been
investigated, GD17-19 has been chosen. This gestational age as “late-ges-
tational period” is important in developing the opioid system [29],
hypothalamic–pituitary–adrenal axis (involved in stress) and nervous
system [30]. According to previous studies, prenatal stress, particularly
during the second and third weeks of pregnancy, may play an important
role in increasing seizure vulnerability in rat offspring [16].

2.1. Forced-swim stress

The rats were forced to swim individually for 30min in a plastic cyl-
inder (50 cm high, 30 cm in diameter) filled to 30 cm with 25 ± 0.5 °C
clear and fresh water [31–32]. Temperature of water was controlled by
an automatic temperature controller (Campden instruments Ltd., UK).
Period of each stress session was 30 min once per day between 9 and
11 am. Afterwards, the rats were dried by paper towels and returned
to the home cage [32–33]. All the animals survived the experience and
no additional follow-up care was required. Depth of water was chosen
30 cm to prevent the rats from standing up on their feet and tails.

2.2. Sample collection

After parturition, the pups in each litter were counted at 9 am on the
first postnatal day (P1). The pups in each groupweremixed and equally
divided in the dams in case their birth date was the same. Each dam
along with her pups was maintained in the individual cage [16]. At P6
and P15, blood samples were collected at 08:30 h from the 12 pups
(n= 6, each sex; at each day) by direct heart puncture in all the exper-
imental groups. Rats were anesthetized with ether before blood sample
collection. Blood was collected in 1.5-ml EDTA-coated micro-centrifuge
tubes, was kept on ice andwas later centrifuged for 15min at 9000 rpm
at 3 °C. Its plasmawas transferred to clean1.5mlmicro-centrifuge tubes
and stored frozen at −80 °C until PBL was determined. This hormone
was measured using a commercial ELISA kit (Glory Science Company,
Texas, U.S.A.).

2.3. Behavioral assessment

Different pups from each litter were used for behavioral studies in
experimental groups at each day (P15 & P25). On P15, the pups (n =
6, each sex) were injected IP with PTZ 45mg/kg in all the experimental
groups. Following the injection, the animals were monitored for epilep-
tic behaviors and behavior of each rat was observed and recorded for
120min by a digital camera. Seizure rating was done using a previously
defined scale [34]. In this scale, 0 = no response, 1 = ear and facial
twitching, 2 = myoclonic jerks without rearing, 3 = myoclonic jerks
with rearing, 4 = turning over onto one side with tonic–clonic seizures
and 5 = turning onto back with generalized tonic–clonic convulsions.
Other monitored parameters were latency to first convulsion and num-
ber of tonic–clonic convulsion. After completion of the behavioral test-
ing on P15, the rats were killed using high doses of ether. The same
protocol was carried out on P25 for the remaining rats (n = 6, for
each sex) in all the experimental groups.

2.4. Statistical analysis

Normally distributed data related to PBL was analyzed using para-
metric techniques. Three-way ANOVA was performed for three factors
of stress, morphine and sex. The data related to epileptic behaviors
that were not normally distributed were analyzed using Mann–
Whitney U test and/or Kruskal–Wallis one-way ANOVA. All the tests
were run at critical significance level of P b 0.05. The results were
expressed as mean ± SEM.
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3. Results

3.1. Effect of prenatal stress and morphine on PBL

Data related to PBL were analyzed by three-way ANOVA for three
factors of stress, morphine and sex. At P6, effect of stress was significant
(F(1,40) = 60.58, P b 0.001), effect of morphine was significant
(F(1,40) = 25.63, P b 0.001), and effect of sex also was significant
(F(1,40)=7.06, P=0.011). Interaction ofmorphine ⁎ stresswas signif-
icant (F(1,40) = 15.39, P b 0.001), interaction of stress ⁎ sex was signif-
icant (F(1,40)=19.62, P b 0.001), but interaction ofmorphine ⁎ sexwas
not significant. Interaction ofmorphine ⁎ stress ⁎ sexwas also significant
F(1,40)= 37.67, P b 0.001). In general, PBLwas higher in female than in
male. At P15, effect of stress was significant (F(1,40)= 9.3, P = 0.004),
effect of morphine was significant (F(1,40) = 8.23, P = 0.007), and ef-
fect of sex also was significant (F(1,40) = 22.49, P b 0.001). Interaction
of morphine ⁎ stress was significant (F(1,40)= 18.14, P b 0.001), inter-
action of morphine ⁎ sex was significant (F(1,40) = 8.94, P = 0.005),
but interaction of stress ⁎ sex, and interaction of
morphine ⁎ stress ⁎ sex were not significant. Similar to values at P6,
PBL was higher in female than in male at P15 (Figs. 1 and 2).
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3.2. Behavioral alterations

Behavioral assessment was conducted at P15 and P25. First, data of
both sexes were separately analyzed. There was no significant differ-
ence between male and female pups in the most seizure behaviors.
Therefore, data of both sexes were mixed and analyzed together.
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Fig. 1.Effect of prenatal exposure to forced-swimstress and co-administration of either sa-
line ormorphine on PBL (ng/ml) at p6 and P15 in rats. PanelsA andB illustrate the effect of
morphine, stress and sex on PBL at P6 and P15, respectively (three way ANOVA, each bar
indicates n = 24). Panel A, * indicates significant difference with morphine (P b 0.001), #
indicates significant differencewith stressed (P b 0.001), and@ indicates significant differ-
ence with female pups (P = 0.011); Panel B, * indicates significant difference with
morphine(P b 0.001), # indicates significant difference with stressed pups (P = 0.004),
and @ indicates significant difference with female pups (P b 0.001).

 morphine × stress morphine × sex stress × sex

Fig. 2.Effect of prenatal exposure to forced-swimstress and co-administration of either sa-
line ormorphine on PBL (ng/ml) at p6 and P15 in rats. PanelsA andB illustrate the effect of
interaction ofmorphine ⁎ stress, morphine ⁎ sex, and stress ⁎ sex on PBL at P6 and P15, re-
spectively (three way ANOVA, each bar indicates n = 12). Panel A, * indicates significant
difference with all the groups related to morphine × stress (P b 0.001), # indicates signif-
icant difference with all the groups related to morphine × sex (P b 0.01), and @ indicates
significant difference with all the groups related to stress × sex (P b 0.001); Panel B, * in-
dicates significant difference with all the groups related to morphine × stress (P b 0.001),
and # indicates significant difference with all the groups related to morphine × sex
(P b 0.01), and @ indicates significant difference with stressed and non-stressed females
(P = 0.003).
Number of tonic–clonic seizure significantly increased in CM and SS
groups compared to the CS group at P15 (P=0.048, Kruskal–Wallis and
Mann–Whitney U). There was an insignificant increase of tonic–clonic
number in stressed pups at P25. None of the SM pups showed tonic–
clonic seizure at P15. This data was illustrated in Fig. 3A.

Latency of first convulsion significantly decreased in the CM group
compared to CS at P15 (P= 0.048, Kruskal–Wallis and Mann–Whitney
U). These changes were insignificant at P25 while co-administration of
morphine with stress (SM group) increased first convulsion latency
(Fig. 3B). None of the pups in the SM group showed convulsion during
behavioral assessment (120 min) at P15 therefore, value of 121 min
was assigned for this group.

Values in the seizure scale (method section)were calculated for each
pup. For instance, if a pup showed behaviors of step 5, then its seizure
scorewas 0+1+2+3+4+5=15. Based on this calculation seizure
score of the pups was obtained and compared (Kruskal–Wallis and
Mann–Whitney U test) at different groups. There was no significant dif-
ference between the groups at P25, but the difference between groups
was significant at P15. This result was shown in Fig. 3C.

4. Discussion

In the present study, pregnant rats were subjected to forced-swim
stress, and morphine was co-administered to half of the rats while
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Fig. 3.Effect of prenatal exposure to forced-swimstress and co-administration of either sa-
line or morphine on number of PTZ-induced tonic–clonic seizure (A), latency of first con-
vulsion (B), and seizure score (C) in infant and prepubertal rats; Panel A: # indicates
significant difference cm vs. cs (P = 0.048), * cm vs. sm (P = 0.015) at P15. There was
no significant difference between the groups at P25; Panel B: # indicates significant differ-
ence cm vs. cs (P = 0.048), and * sm vs. all the groups (P b 0.001) at P15; Panel C: * indi-
cates significant difference cs vs. cm (P = 0.043), and # sm vs. cm at P15 (P = 0.014).
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another half received saline. The main findings of this study were that
both stress and morphine increased PBL. The number of PTZ-induced
tonic–clonic seizure also increased in stressed and morphine treated
rats. Latency of first convulsion decreased in morphine groups. Co-ad-
ministration of morphine with stress suppressed effect of forced-swim
stress on PTZ-induced behaviors. These findings suggested that prenatal
morphine and stress in combination with each other attenuated their
separate effects on seizure behaviors in rat pups.

4.1. Effect of stress and morphine on PTZ-induced seizure

Prenatal stress (PS) potentiates seizure in different animal models. To
confirm this point, it has been reported that prenatal restraint and preda-
tor stresses potentiate pilocarpine-induced seizure in rats [14–16]. PS sig-
nificantly potentiates seizure parameters and facilitates occurrence of
maximum seizures [16]. Presumably, this facilitation is caused by an im-
balance between excitatory and inhibitory systems. There are neurobio-
logical bases for stress-induced seizures: exposure to stressors evokes
hippocampal plasticity, induces noradrenergic neurotransmission, and fa-
cilitates adrenocortical hormone activation. A stress-exposed organism
appears to be at higher risk of seizure onset in the event of hippocampal
imbalance, adrenergic loss of function or corticosteroid abundance [35].
On the other hand, prenatal morphine exposure also alters seizure sus-
ceptibility in the developing rat [17–19,27,34]. Previous studies have
demonstrated that chronic opiate exposure during infancy may affect
the developing central nervous system and alter the number of opioid re-
ceptors [36],which in turn affects seizure susceptibility [13,37]. In the cur-
rent study, prenatalmorphine exposure decreased latency of tonic–clonic
seizure and onset time of seizure and also potentiated number of PTZ-
induced tonic–clonic seizure in rat pups, at both P15 and P25, but with
more severity at P15. The changing seizure sensitivity in the postnatal pe-
riodmay be part of a general reorganization in the structure and function
of neurotransmitter/receptor expression and function and excitatory and
inhibitory modulation from higher brain centers. Opioid system un-
dergoes significant developmental regulation, observed to extremely
occur within the first 2 weeks of life [38]. Previous studies have also
shown the impact of sex on the dynamic interplay among stress, mor-
phine exposure and convulsive's responsivity [17–18,39]. In our experi-
ments one male and one female pup from each litter were assigned to
each experimental group to investigate sex-dependent differences. Data
of both sexes were separately analyzed. In spite of some differences be-
tweenmale and female rats in some seizure parameters, statistical analy-
sis revealed no significant changes in most seizure behaviors, probably
due to small sample size (n = 12 for each group, 6 male/6 female). Sex-
dependent influence of prenatal stress on epileptic behavior could differ
depending on models of epilepsy/stress that were used and experimen-
tal/animal conditions.

The present data indicated that prenatal exposure to morphine
and stress separately potentiated PTZ-induced seizure while co-
administration of morphine and forced-swim stress had an opposite
effect, which indicated that morphine might suppress excitatory ef-
fect of stress on PTZ-induced seizure (Fig. 3C). Previous reports
have defined the important role of endogenous opioids in modulat-
ing stress-associated behavior [40]. The release of β-endorphins in
response to stress has been previously reported, which helps to
cope with a stressor by inhibiting the over-activation of HPA axis
[41–42]. Various clinical and preclinical studies have also document-
ed the critical role of endogenous as well as exogenous opioids in
modulating stress and stress-associated anxiety and disorder
[43–44]. Furthermore, stress has been shown to modulate the re-
sponse of opioids, including drug craving and reinstatement of
drug of abuse [45–46].

4.2. Effect of stress and morphine on PBL

According to previous studies, maternal stress during pregnancy
is associated with raised plasma levels of ACTH and PBL and may in-
crease brain developmental delays in the offspring, reduce cerebral
asymmetry and result in abnormalities in brain morphology. The
present result was in agreement with the result of these investiga-
tions, indicating that PBL increased in the stressed groups compared
with control rats, which is outlined in Fig. 1,B. It has also been sug-
gested that mu opioid receptors are involved in the regulation of
the anterior pituitary function, affecting the circulating levels of hor-
mones produced by this gland [47]. There are ample evidences that
morphine as a general agonist of opiate receptors increases PBL
[48]. It has been reported that exposure to opiates during critical pe-
riods of prenatal development leads to long-lasting alterations in the
neuroendocrine control systems of the animal. These alterationsmay
then have significant consequences on the physiological maturation
and adult behavior of the animal [49]. Recently, it was reported that
chronic morphine administration induced higher prolactin concen-
trations than the control animals at mating, and at early and late
pregnancy, while in rats receiving dextromethorphan co-administration,
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the increase by morphine was not observed. This neurochemical results
indicate that the effect of dextromethorphan may be partly through
blocking the effect ofmorphine on inhibition of tuberoinfundibular dopa-
minergic neuronal activity [50]. It has been reported that D2 receptor
stimulation by dopamine inhibits prolactin synthesis and release [51].
Considering this mechanism, morphine and nicotine could reduce the
turnover and release of dopamine through occupyingmu or kappa recep-
tors of endorphins or through nicotinic cholinergic receptors presented
on dopaminergic cells [52–53]. Result of the current study showed that
PBL is higher in female than male, and stress/morphine increased PBL
both in male and female but more severely in male rats. Because the
mean basal levels of prolactin are higher in women than in men of the
same age groups [56], it is likely that in female rat prolactin secretion is
already potentiated by several sex-related factors, since stress/morphine
may greatly promote PBL, an effect that would account for the increased
efficacy of stress/morphine to induce elevated PBL in male.

In conclusion, this study indicated that prenatal exposure to stress,
morphine and stress–morphine increased PBL in rat offspring, sex-
dependently. Moreover, stress and morphine individually enhanced
susceptibility to PTZ-induced seizure in rat offspring during infancy
and prepubertal period, while co-administration of morphine with
stress suppressed excitatory effects of stress on PTZ-induced seizures.
These results suggest that opioids may play a role in modulating stress
and stress-associated behaviors.

Acknowledgment

This study was supported by the Research Council of Urmia Univer-
sity of Medical Sciences, Urmia, Iran (1018).

References

[1] R.J. Valentino, E. Van Bockstaele, Convergent regulation of locus coeruleus activity as
an adaptive response to stress, Eur. J. Pharmacol. 583 (2008) 194–203.

[2] M. Joels, Stress, the hippocampus, and epilepsy, Epilepsia 50 (2009) 586–597.
[3] M. Tanaka, T. Fujikawa, K. Nakashima, Molecular bases for induction of maternal be-

havior and stress tolerance by prolactin, Tanpakushitsu Kakusan Koso 45 (2000)
346–354.

[4] G.S. Severino, I.A.M. Fossati, M.J. Padoin, C.M. Gomes, L. Trevizan, G.L. Sanvitto, et al.,
Effects of neonatal handling on the behavior and prolactin stress response in male
and female rats at various ages and estrous cycle phases of females, Physiol.
Behav. 81 (2004) 489–498.

[5] L. Torner, N. Toschi, G. Nava, C. Clapp, I.D. Neumann, Increased hypothalamic expres-
sion of prolactin in lactation: involvement in behavioural and neuroendocrine stress
responses, Eur. J. Neurosci. 15 (2002) 1381–1389.

[6] E.M. Byrnes, Chronic morphine exposure during puberty decreases postpartum pro-
lactin secretion in adult female rats, Pharmacol. Biochem. Behav. 80 (2005)
445–451.

[7] J.A. Babb, L.M. Carini, S.L. Spears, B.C. Nephew, Transgenerational effects of social
stress on social behavior, corticosterone, oxytocin, and prolactin in rats, Horm.
Behav. 65 (2014) 386–393.

[8] A. Dutt, M.G. Kaplitt, L.M. Kow, D.W. Pfaff, Prolactin, central nervous system and be-
havior: a critical review, Neuroendocrinology 59 (1994) 413–419.

[9] S. Aydin, E. Dag, Y. Ozkan, O. Arslan, G. Koc, S. Bek, et al., Time-dependent changes in
the serum levels of prolactin, nesfatin-1 and ghrelin as a marker of epileptic attacks
young male patients, Peptides 32 (2011) 1276–1280.

[10] S. Afifi, W. Fadel, H. Morad, A. Eldod, E. Gad, C.L. Arfken, et al., Neuroendocrinal study
of depression inmale epileptic patients, J. Neuropsychiatry Clin. Neurosci. 23 (2011)
163–167.

[11] A. Siniscalchi, L. Gallelli, N.B. Mercuri, G. De Sarro, Serum prolactin levels in repeti-
tive temporal epileptic seizures, Eur. Rev. Med. Pharmacol. Sci. 12 (2008) 365–368.

[12] M. Nazeri, M. Shabani, S. Ghotbi, I. Aghaei, M. Nozari, S. Mazhari, Psychological or
physical prenatal stress differentially affects cognition behaviors, 2015.

[13] E. Saboory, M. Derchansky, M. Ismaili, S.S. Jahromi, R. Brull, P.L. Carlen, et al., Mech-
anisms of morphine enhancement of spontaneous seizure activity, Anesth. Analg.
105 (2007) 1729–1735.

[14] R. Ahmadzadeh, E. Saboory, S. Roshan-Milani, A.A. Pilehvarian, Predator and re-
straint stress during gestation facilitates pilocarpine-induced seizures in prepuber-
tal rats, Dev. Psychobiol. (2011).

[15] E. Saboory, R. Ahmadzadeh, S. Roshan-Milani, Prenatal exposure to restraint or
predator stresses attenuates field excitatory postsynaptic potentials in infant rats,
Int. J. Dev. Neurosci. 29 (2011) 827–831.

[16] M.M. Sadaghiani, E. Saboory, Prenatal stress potentiates pilocarpine-induced epilep-
tic behaviors in infant rats both time and sex dependently, Epilepsy Behav. 18
(2010) 166–170.
[17] I. Vathy, Prenatal morphine exposure induces age- and sex-dependent changes in
seizure susceptibility, Prog. Neuropsychopharmacol. Biol. Psychiatry 25 (2001)
1203–1226.

[18] C.J. Schindler, J. Veliskova, R. Slamberova, I. Vathy, Prenatal morphine exposure al-
ters susceptibility to bicuculline seizures in a sex- and age-specific manner, Brain
Res. Dev. Brain Res. 121 (2000) 119–122.

[19] L. Velisek, P.K. Stanton, S.L. Moshe, I. Vathy, Prenatal morphine exposure enhances
seizure susceptibility but suppresses long-term potentiation in the limbic system
of adult male rats, Brain Res. 869 (2000) 186–193.

[20] C.J. Schindler, R. Slamberova, I. Vathy, Prenatal morphine exposure decreases sus-
ceptibility of adult male rat offspring to bicuculline seizures, Brain Res. 922 (2001)
305–309.

[21] V.A. Molina, C.J. Heyser, L.P. Spear, Chronic variable stress or chronic morphine facil-
itates immobility in a forced swim test: reversal by naloxone, Psychopharmacology
(Berl) 114 (1994) 433–440.

[22] T. Stohr, O.F. Almeida, R. Landgraf, T.S. Shippenberg, F. Holsboer, R. Spanagel, Stress-
and corticosteroid-induced modulation of the locomotor response to morphine in
rats, Behav. Brain Res. 103 (1999) 85–93.

[23] A. Zurita, V. Molina, Prior morphine facilitates the occurrence of immobility and an-
hedonia following stress, Physiol. Behav. 65 (1999) 833–837.

[24] A.H. Ahmad, Z. Ismail, M. Than, A. Ahmad, Profound swim stress-induced analgesia
with ketamine, Malays J Med Sci. 15 (2008) 13–22.

[25] H. Suarez-Roca, J.A. Silva, J.L. Arcaya, L. Quintero, W. Maixner, L. Pinerua-Shuhaibar,
Role of mu-opioid and NMDA receptors in the development and maintenance of re-
peated swim stress-induced thermal hyperalgesia, Behav. Brain Res. 167 (2006)
205–211.

[26] A.A. Hayati, I. Zalina, T. Myo, A.A. Badariah, A. Azhar, L. Idris, Modulation of formalin-
induced fos-like immunoreactivity in the spinal cord by swim stress-induced anal-
gesia, morphine and ketamine, Ger. Med. Sci. 6 (2008) Doc05.

[27] I. Vathy, Prenatal opiate exposure: long-term CNS consequences in the stress system
of the offspring, Psychoneuroendocrinology 27 (2002) 273–283.

[28] G. Jacobson, S.K. Riesch, B.M. Temkin, K.M. Kedrowski, N. Kluba, Students feeling un-
safe in school: fifth graders' experiences, J. Sch. Nurs. 27 (2011) 149–159.

[29] J. McDowell, I. Kitchen, Development of opioid systems: peptides, receptors and
pharmacology, Brain Res. 434 (1987) 397–421.

[30] M. Weinstock, Alterations induced by gestational stress in brain morphology and
behaviour of the offspring, Prog. Neurobiol. 65 (2001) 427–451.

[31] K. Jezek, B.B. Lee, E. Kelemen, K.M. McCarthy, B.S. McEwen, A.A. Fenton, Stress-
induced out-of-context activation of memory, PLoS Biol. 8 (2010) e1000570.

[32] L. Ebrahimi, E. Saboory, S. Roshan-Milani, P. Hashemi, Effect of prenatal forced-swim
stress and morphine co-administration on pentylenetetrazol-induced epileptic be-
haviors in infant and prepubertal rats, Dev. Psychobiol. 56 (2014) 1179–1186.

[33] E. Badowska-Szalewska, E. Spodnik, I. Klejbor, J. Morys, Effects of chronic forced
swim stress on hippocampal brain-derived neutrophic factor (BDNF) and its recep-
tor (TrkB) immunoreactive cells in juvenile and aged rats, Acta Neurobiol. Exp.
(Wars) 70 (2010) 370–381.

[34] M. Gholami, E. Saboory, Neonatal morphine exposure induces age-dependent alter-
ations in pentylenetetrazole-induced epileptic behaviors in prepubertal rats, Dev.
Psychobiol. (2012).

[35] H.E. Edwards, D. Dortok, J. Tam, D. Won, W.M. Burnham, Prenatal stress alters sei-
zure thresholds and the development of kindled seizures in infant and adult rats,
Horm. Behav. 42 (2002) 437–447.

[36] S.R. Thornton, F.L. Smith, Long-term alterations in opiate antinociception resulting
from infant fentanyl tolerance and dependence, Eur. J. Pharmacol. 363 (1998)
113–119.

[37] R. Slamberova, A. Rimanoczy, M.A. Riley, C.J. Schindler, I. Vathy, Mu-opioid receptors in
seizure-controlling brain structures are altered by prenatal morphine exposure and by
male and female gonadal steroids in adult rats, Brain Res. Bull. 58 (2002) 391–400.

[38] R. Nandi, M. Fitzgerald, Opioid analgesia in the newborn, Eur. J. Pain 9 (2005)
105–108.

[39] J. Timar, M. Sobor, K.P. Kiraly, S. Gyarmati, P. Riba, M. Al-Khrasani, et al., Peri, pre and
postnatal morphine exposure: exposure-induced effects and sex differences in the
behavioural consequences in rat offspring, Behav. Pharmacol. 21 (2010) 58–68.

[40] A. Bali, P.K. Randhawa, A.S. Jaggi, Stress and opioids: role of opioids in modulating
stress-related behavior and effect of stress on morphine conditioned place prefer-
ence, Neurosci. Biobehav. Rev. 51 (2015) 138–150.

[41] J.F. Poulin, B. Chevalier, S. Laforest, G. Drolet, Enkephalinergic afferents of the
centromedial amygdala in the rat, J. Comp. Neurol. 496 (2006) 859–876.

[42] E.T. Barfield, V.A. Moser, A. Hand, J.E. Grisel, Beta-endorphin modulates the effect of
stress on novelty-suppressed feeding, Front Behav Neurosci. 7 (2013) 19.

[43] R.D. Nixon, T.J. Nehmy, A.A. Ellis, S.A. Ball, A. Menne, A.C. McKinnon, Predictors of
posttraumatic stress in children following injury: the influence of appraisals, heart
rate, and morphine use, Behav. Res. Ther. 48 (2010) 810–815.

[44] J.L. Szczytkowski-Thomson, C.L. Lebonville, D.T. Lysle, Morphine prevents the devel-
opment of stress-enhanced fear learning, Pharmacol. Biochem. Behav. 103 (2013)
672–677.

[45] S.L. Hays, R.J. McPherson, S.E. Juul, G. Wallace, A.G. Schindler, C. Chavkin, et al., Long-
term effects of neonatal stress on adult conditioned place preference (CPP) and hip-
pocampal neurogenesis, Behav. Brain Res. 227 (2012) 7–11.

[46] A. Haghparast, Z. Fatahi, S.Z. Alamdary, Z. Reisi, F. Khodagholi, Changes in the levels
of p-ERK, p-CREB, and c-fos in rat mesocorticolimbic dopaminergic system after
morphine-induced conditioned place preference: the role of acute and subchronic
stress, Cell. Mol. Neurobiol. 34 (2014) 277–288.

[47] C.A. Bowen, S. Stevens Negus, M. Kelly, N.K. Mello, The effects of heroin on pro-
lactin levels in male rhesus monkeys: use of cumulative-dosing procedures,
Psychoneuroendocrinology 27 (2002) 319–336.

http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0005
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0005
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0010
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0015
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0015
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0015
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0020
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0020
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0020
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0020
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0025
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0025
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0025
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0030
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0030
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0030
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0035
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0035
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0035
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0040
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0040
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0045
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0045
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0045
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0050
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0050
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0050
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0055
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0055
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0060
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0060
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0065
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0065
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0065
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0070
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0070
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0070
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0075
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0075
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0075
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0080
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0080
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0080
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0085
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0085
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0085
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0090
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0090
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0090
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0095
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0095
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0095
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0100
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0100
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0100
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0105
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0105
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0105
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0110
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0110
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0110
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0115
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0115
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0120
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0120
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0125
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0125
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0125
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0125
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0130
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0130
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0130
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0135
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0135
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0140
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0140
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0145
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0145
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0150
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0150
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0155
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0155
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0160
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0160
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0160
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0165
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0165
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0165
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0165
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0170
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0170
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0170
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0175
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0175
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0175
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0180
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0180
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0180
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0185
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0185
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0185
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0190
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0190
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0195
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0195
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0195
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0200
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0200
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0200
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0205
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0205
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0210
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0210
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0215
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0215
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0215
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0220
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0220
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0220
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0225
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0225
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0225
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0230
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0230
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0230
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0230
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0235
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0235
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0235


186 E. Saboory et al. / Physiology & Behavior 149 (2015) 181–186
[48] A.P. Zis, R.F. Haskett, A.A. Albala, B.J. Carroll, Morphine inhibits cortisol and stimu-
lates prolactin secretion in man, Psychoneuroendocrinology 9 (1984) 423–427.

[49] W.J. Litto, J.P. Griffin, J. Rabii, Influence of morphine during pregnancy on neuro-
endocrine regulation of pituitary hormone secretion, J. Endocrinol. 98 (1983)
289–295.

[50] L.-Y. Wu, E.Y.-K. Huang, P.-L. Tao, Coadministration of dextromethorphan during preg-
nancy and throughout lactation prevents morphine-induced hyperprolactinemia in fe-
male rats, Fertil. Steril. 93 (2010) 1686–1694.

[51] P. Fitzgerald, T.G. Dinan, Prolactin and dopamine: what is the connection? A review
article, J. Psychopharmacol. 22 (2008) 12–19.
[52] G.-R. Moshtaghi-Kashanian, F. Esmaeeli, S. Dabiri, Enhanced prolactin levels in
opium smokers, Addict. Biol. 10 (2005) 345–349.

[53] G. Emilien, J.-M. Maloteaux, M. Geurts, K. Hoogenberg, S. Cragg, Dopamine
receptors—physiological understanding to therapeutic intervention potential,
Pharmacol. Ther. 84 (1999) 133–156.

[56] T. Yamaji, K. Shimamoto, M. Ishibashi, K. Kosaka, H. Orimo, Effect of age and sex on
circulating and pituitary prolactin levels in human, Acta Endocrinol. 83 (1976)
711–719.

http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0240
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0240
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0245
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0245
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0245
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0250
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0250
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0250
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0255
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0255
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0260
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0260
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0265
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0265
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0265
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0280
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0280
http://refhub.elsevier.com/S0031-9384(15)00339-X/rf0280

	Interaction of prenatal stress and morphine alters prolactin and seizure in rat pups
	1. Introduction
	2. Materials and methods
	2.1. Forced-swim stress
	2.2. Sample collection
	2.3. Behavioral assessment
	2.4. Statistical analysis

	3. Results
	3.1. Effect of prenatal stress and morphine on PBL
	3.2. Behavioral alterations

	4. Discussion
	4.1. Effect of stress and morphine on PTZ-induced seizure
	4.2. Effect of stress and morphine on PBL

	Acknowledgment
	References




