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We studied effects of restraint-induced stress and morphine co-administration within the
prenatal period and of re-exposure to stress at the end of infancy on the body mass and
pentylenetetrazol-induced epileptic manifestations in rats. Pregnant rats were divided into
six groups (control, restraint-stressed, saline, morphine, stress+saline, and stress+morphine).
In the stressed groups, pregnant rats were subjected to restraint stressing twice per day for
three consecutive days (starting on pregnancy day 15). Rats in saline and morphine groups re-
ceived saline and morphine subcutaneously at the same days. In the morphine/saline+stressed
groups, rats were exposed to stress and received morphine/saline simultaneously. Control
rats were left intact. The pups were weighed at postnatal days (PD) 1, 15, and 22. On P22,
half of the pups were re-exposed to stress; then, pentylenetetrazol (PTZ)-induced seizures
were recorded. The offspring body mass was significantly smaller in stressed, morphine, and
stressed+morphine groups compared to the control. The time to onset of the first tonico-clon-
ic seizure was shorter, while the duration and number of tonico-clonic attacks were greater
significantly in the stressed+morphine group compared to other groups. Re-exposure to stress
decreased the number of clonic seizures. The number of leg-opening and tail rigidity episodes
were smaller in female offspring compared to male ones. Co-administration of restraint stress
and morphine within the prenatal period reduces the offspring body mass and increases the
seizure vulnerability more severely compared to the respective individual effects In addition,
prenatal stress exerts stronger effects on the neural development and epileptic behaviors of
the offspring than postnatal stress.

Keywords: restraint stress, prenatal stress, re-stressing, morphine, seizure, pentylene-
tetrazol (PTZ), rat.

INTRODUCTION during gestation causes morphological and behavioral

aberrations in rat offspring, including changes in
Prenatal environmental factors exert severe and the seizure susceptibility and long-term alterations
profound influences on the offspring postnatal in the adult brain and behavior [4-7]. Many abused

development, including preterm birth, fetal growth
retardation, delays in the motor development, and
behavioral abnormalities [1]. Prenatal stress can affect
the susceptibility to seizures in rats during postnatal
development, which can persist until adulthood [2].
The appearance of such changes depends on timing
of the maternal stress, its intensity and duration, and
sex of the offspring [3]. On the other hand, animal
studies indicated that administration of morphine
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drugs, including opiates, can cross the placenta and
affect the development of the CNS [8]. Complex
effects of morphine on seizure manifestations have
been reported in terms of the type and experimental
conditions. According to previous reports, the effect of
morphine on seizure activity in several seizure models
appears to be biphasic, potentiating seizures at doses
of or above 2 mg/kg and inhibiting seizures at lower
doses [9—11]. Morphine excites dopaminergic neurons
in the ventral tegmental area of the brain through
inhibition of GABAergic inhibitory interneurons
[12]. Pentylenetetrazol (PTZ) acts as a GABA,
receptor antagonist [13]. Therefore, both morphine
and PTZ function as GABA receptor inhibitors [14].
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Intraperitoneal (i.p.) administrations of PTZ are used
to investigate the development of acute and chronic
epileptic seizures in animals [15, 16].

Although there are ample studies of the effect of
prenatal stress [17-22] and morphine [18, 23-27]
on the susceptibility of offspring to seizures, limited
attention was paid to concomitant effects of stress
and morphine in this context. Meanwhile, there are
no literature data indicating the impact of re-exposure
of prenatally stressed rats to the same and/or other
stresses on the seizure susceptibility. Therefore, our
study aimed to investigate effects of co-administration
of restraint-induced stress and morphine within the
prenatal period and re-exposure to stress at the end of
offspring infancy on the body mass and PTZ-induced
epileptic manifestation in male and female offspring
of rats.

METHODS

Male and female Wistar rats were obtained from
the Animal Facility at Urmia University of Medical
Sciences, Urmia, Iran. The animals were 8 weeks old on
delivery. They were housed in groups of four per cage
and kept under standard conditions (12/12 h light/dark
cycle, 22 £ 2°C, and food and water ad libitum). When
rats were 12 weeks old, all females were mated with
sexually experienced males of the same genotype. Each
female was paired with one male at 8§ a.m. and checked
for plugs at 3 p.m. The pregnant rats were immediately
moved to new cages (three per cage) for the entire
gestation period. They were divided into six groups
(n = 6 in each), control, stressed, saline, morphine,
stressed+saline, and stressed+morphine. The stressed
groups were exposed to restraining on gestation days
(GD) 15, 16, and 17 [20-22]. The morphine groups
were treated with 10, 12, and 15 mg/kg morphine i.p.
at GD15, GD16, and GD17, respectively [18]. The
doses for prenatal morphine exposure were chosen
according to previously reported studies [28-30]. The
saline groups received 0.5 ml saline i.p. on the same
days. In the morphine/saline-stress groups, rats were
exposed to stressing and received morphine/saline
simultaneously. The control rats were transported to
the experimental room on GD15, GD16, and GD17 and
handled similarly to the stressed rats. This gestational
age (“late-gestational period”) was chosen because
of its importance in developing of the opioid system
[31], hypophyseal-pituitary-adrenal (HPA) axis, and
nervous system [32]. Prenatal stress, particularly
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during the third week of pregnancy, plays an important
role in increasing the seizure vulnerability in rat
offspring [18, 21].

Restraint Stress Procedure. For stressed rats,
stressing involved transporting from the home cage to
the experimental room and placing the pregnant female
in a restraint chamber (a transparent plastic cylindrical
chamber, 6 cm in diameter and 16 cm in length) under
normal room conditions. The animals were restrained
for 120 min twice per day (between 08:00-10:00 and
15:00-17:00) for three consecutive days. This protocol
has previously been shown to cause alterations in
regulation of the HPA axis in the offspring [1, 33].

Pups. After parturition, the pups of each group were
weighted, mixed, and equally divided in the dams
in the case their birth date was the same. Each dam
along with her pups was maintained in the individual
cage [21]. On PDI15 and PD22, the pups were
weighted again. On PD22, half of the pups in each
group (two pups per dam, one male and one female)
were re-exposed to stressing for one hour, and PTZ
(60 mg/kg, i.p.) was injected to all of the pups (n = 24
of both sexes, 12 stressed and 12 non-stressed). After
the injection, behavior of each rat was observed and
documented for 60 min by direct observation and a
digital camera. In re-stressed pups, PTZ was injected
60 min after the stressing procedure.

Behavioral Assessment. The seizure rating was as-
sessed using an early proposed point scale [34]: 0,
normal; 1, immobilization, sniffing; 2, head nodding,
facial and forelimb clonus; 3, continuous myoclonic
jerk, forelimb clonus, tail rigidity; 4, generalized lim-
bic seizures with violent convulsions, and 5, continu-
ous generalized seizures (tonic or tonico-clonic con-
vulsions). In rats, the occurrence of seizures evoked
by convulsant agents increases during the second and
third postnatal weeks [35-37] and decreases between
PD 30 to 35, just prior to puberty [38].

Statistical Analyses. The data related to the
offspring body mass were normally distributed, and,
thus, analyzed using parametric techniques. For the
comparison of the parameters between experimental
groups at each age (P1, P15, or P22), one-way analysis
of variance (ANOVA) was performed and followed
by the Tukey’s post-hoc test, when indicated. The
data related to some epileptic behaviors that were
not normally distributed were analyzed using the
Mann—Whitney U-test and/or Kruskal-Wallis one-
way ANOVA. Also, post-hoc analyses were done
using the Tukey’s test. Data related to some epileptic
behaviors (normally distributed) were analyzed using
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two-way ANOVA. Results are expressed below as
means + s.e.m. Intergroup differences were considered
statistically significant at P < 0.05.

RESULTS

Effects of Prenatal Morphine Administration and
Stress Exposure on the Postnatal Body Mass. Expo-
sure to both prenatal stress and prenatal morphine led
to a low birth mass, and the effect lasted until P15.
There was no significant difference between females
and males with respect to the body mass; therefore,
both data (male and female) were mixed and analyzed
together. The results of measurements of the postnatal
body mass are shown in Fig. 1 (one-way ANOVA).

Latency of the First Tonico-Clonic Seizure. There
were significant differences between the control and
saline groups (P = 0.002), control and stressed+saline
groups (P = 0.024), saline and stressed+morphine
groups (P = 0.011), and stressed+saline and
stressed+morphine groups (P = 0.012). The results
of the data analysis by the Kruskal-Wallis test for the
latency of the first tonico-clonic seizure are shown in
Fig. 2.

Number of Tonico-Clonic Seizures. There
was significant differences between the control
and stressed+saline group (P = 0.040), saline
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Fig. 1. Mean body mass, g, of the offspring of different experimental
groups at postnatal day (PD) 1, 15, and 22. Asterisks, # signs, and
crosess show significant differences (P < 0.001 or, in PD22, P =
= 0.004) between the groups shown.
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F i g. 2. Latencies of the first tonico-clonic seizure (sec) in the
offspring. An SPSS-created graph; asterisks here indicate uneven
data distribution. Significant differences were observed between the
control and saline groups (P = 0.002), control and stressed+saline
groups (P = 0.024), saline and stressed+morphine groups (P =
= 0.011), and stressed+saline and stressed+morphine group (P =
=0.012).
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Fig. 3. Number of tonico-clonic seizures in the offspring observed
within a 60-min-long period. An SPSS-created graph; asterisks and
circles indicate here uneven data distribution. Significant differences
were observed between the control and stressed+saline groups
(P = 0.040), saline and stressed+morphine groups (P = 0.017), and
stressed-+saline and stressed+morphine groups (P = 0.012).

P u c. 3. KinbKicTh TOHIKO-KJIOHIYHHX CYIOM Y IIypsIT-HAILIa/KiB,
CIOCTEpeKyBaHa NPOTATOM 60-XBIIIMHHOTO TIEPiozy.

and stressed+morphine groups (P = 0.017), and
stressed+saline and stressed+morphine groups
(P =0.012). The results of the respective analysis for
the number of tonico-clonic seizures are shown in
Fig. 3.

Duration of Tonico-Clonic Seizures. Data analyzed
by two-way ANOVA on the duration of tonico-clonic
seizures in the examined offspring showed that the
effects of the group (P = 0.063), sex (P = 0.061)
and re-stress (P = 0.419) were not significant (while
in the former two cases the respective trends were
quite clear). Interaction between the group and sex
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F i g. 4. Mean numbers of the opening-leg episodes observed within
a 60-min-long period in the offspring. Light and dark columns)
Males and females; asterisk indicates significant difference (P <
< 0.001) between the groups shown.
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(P = 0.078) and that between sex and re-stress
(P = 0.226) were also insignificant, but interactions
between the group and re-stress and between the
group, sex, and re-stress were quite significant
(P=0.030 and P =0.025, respectively).

The Number of Clonic Seizures. The results of the
data analysis by two-way ANOVA on the number of
clonic seizures showed that the effects of the group
(P < 0.001) and re-stress (P = 0.020) were highly
significant, while the effect of sex was insignificant
(P =0.435). Interaction between the group and sex was
also insignificant (P = 0.254), whereas interaction
between the group and re-stress (P = 0.024) and that
between sex and re-stress (P = 0.011) overcame the
significance level. Interaction between the group, sex
and re-stress was highly significant (P < 0.001).

Number of Opening-Leg Episodes. The so-called
opening leg is a behavior event that commonly occurs
in PTZ-induced seizures in rats. Data analyzed by two-
way ANOVA on the number of opening-leg episodes
in the offspring showed that the effects of the group
(P <0.001) and sex (P = 0.011) were significant. At
the same time, effect of re-stress was insignificant
(P = 0.303). Interactions between the group and sex
(P = 0.045), group and re-stress (P < 0.001), and sex
and re-stress (P < 0.001) were significant (as can
be seen, highly in the two latter cases). Interaction
between the group, sex, and re-stress was also highly
significant (P < 0.001, Fig. 4).

Number of Tail Erections. Data analyzed by two-
way ANOVA on the number of tail erection episodes
in the offspring showed that the effects of the group
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F i g. 5. Mean numbers of the tail erections in the offspring. De-
signations are similar to those in Fig. 4. Significant differences
were observed between the groups shown (P < 0.05 and P < 0.04,
respectively).
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(P =0.002) and sex (P = 0.007) were significant. At
the same time, the effect of re-stress did not reach the
significance level (P = 0.278). Interaction between
the group and sex (P = 0.319) was also insignificant.
Interactions between the group and re-stress
(P <0.001) and between sex and re-stress (P < 0.001),
were, however, highly significant. Interaction between
the group, sex, and re-stress was also significant
(P =0.023, Fig. 5).

DISCUSSION

In our study, pregnant rats were subjected to restraint
stress for three consecutive days started GD15. Rats
of the saline and morphine groups received saline
and morphine injections at the same days. In the
morphine/saline+stressed groups, rats were subjected
to combined influences (exposed to stress and received
morphine/saline) simultaneously. As was mentioned
above, control rats were left fully intact. The pups
obtained from experimental females were weighed
at PD1, PD15, and PD22. On P22, half of the pups
were re-exposed to stress; then, PTZ-induced epileptic
behavioral phenomena were assessed.

Prenatal stress increases the concentration of plasma
glucocorticoids and, correspondingly, increases the
activity of the HPA axis. This, in turn, results in a
long-term increase in adrenal secretion, abnormally
increased plasticity of neurons, increased vulnerability
with respect to seizures, and body mass loss [39, 40].
It is thought that such changes in the evolutionary
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path are based on exposure to glucocorticoids within
the prenatal period induced by long-term intense
stress during pregnancy [40]. Our findings in general
confirm these data and statements.

It was shown that opioid receptors play an important
role in the physiological regulation of water and
food intake. Morphine effects on food intake are
mostly inconsistent because they are related to both
stimulating and inhibitory effects from this aspect
[41]. It was reported that injections of morphine in
cumulative doses did not result in significant body
mass changes in infant rats [14]. In another study, it
was mentioned that prenatal morphine introduction
increased the offspring mass measured on days 6, 15
and 25 after birth, and such increase, compared to
the control group, was significant [42]. Our results
showed that morphine introduction decreases, in
general, the body mass of offspring. Thus, our results
were inconsistent with the above reports. In support
of our findings, it can be mentioned that drops in
the body mass of offspring due to prenatal morphine
were demonstrated by another research group [43].
Morphine introductions can reduce the birth body
mass of the offspring via inhibiting water and food
intake in pregnant rats. In our study, we did not assess
the amount of food and water.

As was shown, exposure to stressful situations can
lead to profound changes in the electrical properties
of neurons; this, in turn, can increase the sensitivity
of neurons to the induction of epileptic (epileptiform)
activity [44]. It was also demonstrated that stress-
related effects on the severity of neonatal seizures
are age-dependent. According to one of the reports,
prenatal stress potentiates seizures in 15-day-old
pups but is ineffective with respect to 25-day-old
offspring [42]. Our study was conducted on 22-day-old
offspring, and we found that epileptic behaviors did not
show significant differences between the stressed and
control groups. The explanation for this observation
could be related to the effect that the effects of prenatal
stress is more severe in younger offspring than in older
ones, and the effect of prenatal stress on the seizure
susceptibility of rat pups decreases with age [23].
In previous studies, it was reported that exposure
to opioids within the prenatal period may affect the
development of the CNS and change the number
of opioid receptors [45]. In our study, morphine
administration decreased the number and duration of
PTZ-induced tonico-clonic attacks; this is consistent
with the results of previous studies. Morphine exerts
a dose-dependent biphasic effect on seizures [46]; this
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agent potentiates seizures at high doses and shows an
antiepileptic effect at lower doses [11]. With respect to
the effects of co-administration of stress and morphine
within the prenatal period on epileptic behaviors, in a
study conducted in 2014, pregnant rats were exposed
to forced-swimming stress and morphine on GD 17, 18
and 19, then, epileptic behaviors of the pups studied by
PTZ injection were studied on PD15 and PD25. It was
found that co-administration of morphine attenuated
the effect of stress on epileptic behaviors. In our
study, co-administration of restraint-induced stress and
morphine within the prenatal period caused an earlier
onset of the first tonico-clonic seizure and increased
the number and duration of tonico-clonic attacks in
the offspring more severely than individual effects
of the above factors. The discrepancy between the
results of these two studies may be due to differences
in the type of stress, time of exposure to the latter, and
some difference in timing of PTZ introduction to the
offspring. It can be concluded that co-administration
of morphine not only does not offset the effects
of prenatal stress, but stabilizes the effects of this
stress on offspring during lifetime. In fact, morphine
intensifies the effects of stress on epileptic behaviors
and seizure symptoms.

As was mentioned earlier, one half of prenatally
stressed pups were re-exposed to stress at the end
of their infancy. We found that prenatal stress exerts
stronger effects on the neural development and
epileptic behaviors of the offspring than postnatal
stress does. Re-exposure to stress at the end of infancy
decreased the number of clonic seizures and did not
show any other significant effects on PTZ-induced
seizures. Currently, it is impossible to explain this
peculiarity in the absence of adequate studies in this
field.

It has been reported that the effects of opioids
are sex-dependent [47, 48]. As was shown, prenatal
morphine exposure induces age- and sex-dependent
changes in the seizure susceptibility. Probably, the
main factor determining the difference between male
and female reactions to opioids is the action of sex
hormones [49]. Recently, it was reported that prenatal
stress increases the density of NMDA receptors in
male pups but does not exert such effect in female
ones. This can lead to an increased susceptibility to
epilepsy in the male offspring. Results of our study
demonstrated that there was significant difference
between male and female offspring in the number of
episodes of opening-leg and tail erection. The female
offspring are, in general, more resistant to stress.
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These results are consistent with those of other studies
21, 50].

It can be concluded that co-administration of
morphine not only does not attenuate the effects of
prenatal stress, but it potentiates the effects of this
stress on the offspring during lifetime. Prenatal
stress exerts more profound effects on the neural
development and seizure susceptibility of the offspring
than postnatal stress. Also, our data confirmed that the
female offspring are more resistant to stress.
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E. Haxoocipi', E. Cabypi?, III. Powan-Minaui®, H. Pacmi?,
X. Caiiaoi’

KOMBIHALISI [IPEHATAJIBHOI'O CTPECY+BBEJIEHH S
MOP®IHY TA TIOCTHATAJILHE ITOBTOPHE CTPECY-
BAHHS 3MIHIOIOTH ITPOSIBU TH{TYKOBAHOI [IEHTH-
JIEHTETPA30JIOM EINUJIENTU®OPMHOI AKTUBHOCTI
V 1IIYPIB

15 Vpwmiiicekuit Mennunuii yHiBepcuret (Ipan).

('"Menununuii pakynsret, *Helipodizionoriunmii
JOCIiTHUIBKUE 1eHTp, *Binain ¢izionorii, ‘L{eHTp KIITHHHUX
Ta MOJEKYJIAPHUX A0CIIKeHb, *Bigain 6iocTaTHCTHKN).

Pesowme

Mu nociiKyBaNy Ha Iypax BIUIMBH NMPEHATAIBHO 1HAYKOBAHO-
ro iMMoOiTi3aniifHOro cTpecy, IKuil KOMOIHYBaJIM 3 yBEACHHSIM
MOpQiHy, a TaKOX MOBTOPHOTO CTPECyBaHHS IIypiB-HaIaIKiB
HaIPUKIHI «I1epiofy ZUTHHCTBA)» HA NMPOSIBU IHIYKOBAHOI MEH-
tunenrterpaszonom (I1T3) eminentudhopmuoi aKTUBHOCTI y IUX
HamaakiB. Baritai camuri mypiB Oyau po3aineHi Ha MIICTh TPy
(xoHTpOINIB, CTpecoBaHi iMMoOOii3amniero, 3 yBeaeHHIM (izioio-
rignoro pozunny — ®P, 3 yBenenusm mopoiny, crpecosani+®dP
Ta cTpecoBaHi+mMopdin). BariTHi camuni crpecoBaHoi rpynu
Oynu miggani ceaHcaMm iMMOO1TI3anifHOTO CTpeCyBaHHS IBi-
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9i 32 A€Hb MPOTATOM TPbHOX MOCTITOBHUX [HIB (MOYMHAIOUYHU 3
15-ro pust Baritrocti). lypuni rpyn ®P ta «mopdin» otpu-
MyBajd BIANOBiAHI MiAMIKipHI iH’ €Kil MPOTIATOM THUX CaMHUX
Tpbox Ai0. Y rpynax «mopdin/DP+cTpecy mypu miggaBanucs
KoMOiHamii cTpecyBaHHA Ta BiANMOBIAHUX 1H €KLiil; KOHTPOJIBHI
IypH 3alUIIAIKCs IHTaKTHUMU. HapoJpkeHi mypsaTa 3BaKyBa-
nuch y moctHaransHi aui [/, 1, 15 ta 22. ¥V I1J] 22 nonosu-
Hy WIypsAT HigAaBalu HOBTOPHOMY cTpecyBaHHI0. ITicas upo-
ro B yciX HamagKiB pPeecTpyBalu emiaenTH(GOPMHY CYAOMHY
aKTHUBHICTH, iHAYKOBaHy BBeaeHHsAM [IT3. Maca Tina mypsar
cTpecoBaHOl, «MOP(IHOBOI» Tpym Ta Ipynu «ctpectmMopdinn
Oyna BipOTiZHO HUXYOIO, HI)K y IIYPST KOHTPOJBHOI rpymnu.
Yac m10 mposBiB mepuroi TOHIKO-KJIOHIYHOI CyIOMH y TBapuH
rpynu «crpect+mopdin» OyB BiporiIiHO KOPOTIIMM, HiX B iH-
mux rpynax. TpuBaiicTh Ta KiAbKiCTh TOHIKO-KJIOHIYHHMX Hama-
IiB y 3rajaniil Bume rpymi («ctpect+Mopdiny») Oynau BiporigHo
OinbiinMmu. ITOBTOpPHE MOCTHATAIbHE CTPECYBAHHS NPHU3BOIHU-
JI0 10 3MEHIICHHSA KIJIBKOCTI KJIOHIYHUX cygoM. OTxe, KoMOi-
Hallis MpeHaTaJbHOro iIMMOOiTi3aiiHOrO CTpecy Ta BBEACHHS
Mop(diHy BUKINKAE 3MEHIICHHS MacH TiJia Ta MiJABUIICHHS 4y T-
JIUBOCTI A0 CYAOMHOI aKTUBHOCTI, 1 i e(peKTH CHUIBHILI, HiXK
BILIMBU BKa3zaHuX (akTtopiB moomuuii. OKpiM TOTO, MpeHaTab-
HUIl CTpeC CHPUYMHIOE CHIIbHIII BIUIMBH HAa PO3BUTOK HEPBO-
BOi CHCTEMU Ta MPOSBU eminenTUu(HOPMHOT aKTUBHOCTI Y Hamaa-
KiB, aHI)K IOCTHATAJIBHUHI CTpEC.
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