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A B S T R A C T

Addiction to drugs, including opioids is the result of an interplay between environmental and genetic factors. It
has been shown that the progeny of addict people is at higher risk for drug addiction. However, the mechanisms
of such trans-generational effects of drugs are not so clear. Here we have evaluated the effects of parental
morphine consumption on anxiety, morphine preference, and mRNA expression of dopamine receptors in F1 and
F2 male offspring. Morphine was chronically administered to adult male and female Wistar rats followed by 14-
day abstinence before mating. Morphine preference and anxiety-like behavior in the offspring were measured by
two-bottle-choice paradigm and elevated-plus maze, respectively. Real-time PCR was used to measure the mRNA
expression level of dopamine receptors in the striatum, nucleus accumbens, prefrontal cortex, and hippocampus
of F1 animals. The results indicated that F1 but not the F2 male progeny of morphine-exposed parents had a
greater preference for morphine, and more anxiety-like behavior compared to the offspring of saline-treated
parents. In F1 male progeny of morphine-treated parents, D1 and D5 dopamine receptors were significantly
increased in the prefrontal cortex and nucleus accumbens. D5 and D2 receptors were decreased in the hippo-
campus. D4 dopamine receptor was augmented in striatum and hippocampus and decreased in the prefrontal
cortex. Adulthood exposure to chronic morphine in male and female rats before conception leads to higher
morphine preference and increased anxiety in F1 but not F2 male progeny. Alterations of dopamine receptor
expression in the reward system may be one mechanism responsible for observed changes in F1 offspring.

1. Introduction

Addiction to opioids such as morphine is a chronic disorder that
affects the mesocorticolimbic dopaminergic pathway in the brain.
Activation of the pathway ultimately leads to dopamine release in the
nucleus accumbens (NAc) (Di Chiara et al., 1998) and stimulation of
dopamine receptors. These receptors are considered as two main cate-
gories: D1-like (D1 and D5) and D2-like (D2, D3, and D4) receptors,
each of which is generated from a different gene (Sibley et al., 1993).
Activation of D1-like and D2-like dopamine receptors decreases moti-
vation to seek reward or facilitate the reinforcing properties of

addictive drugs, respectively (Li et al., 2006).
Both genetics and environmental factors are involved in an in-

dividual's vulnerability to addiction (Cloninger et al., 1981). It is esti-
mated that genetic variation accounts for nearly half of a person's risk
to develop substance abuse disorders (Goldman et al., 2005). Besides,
aggregation of drug addiction among family members may develop as
far as fifth-degree relatives (Tyrfingsson et al., 2010). In addition to
genetics, epigenetic factors also contribute to the inheritance of a
variety of disorders, including drug addiction. In fact, epigenetics may
provide the missing link between environmental stimuli and genetic
heritability of the disorders (Bohacek and Mansuy, 2013; Danchin et al.,
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2011). Data indicate that approximately 50% of addicted parents'
children are hospitalized for psychiatric disorders. Besides, parental
alcohol abuse could lead to some long-term concerns for their 15- to 27-
years-old kids such as augmented mortality and self-destructive actions
(e.g. suicide or drug abuse) (Christoffersen and Soothill, 2003). In an-
imal studies, exposure of female rats to morphine in the adolescent
period could alter the response of their offspring to morphine (Byrnes,
2005). At the molecular level, histone acetylation and DNA methylation
as two major epigenetic events have been shown to occur in the NAc
and striatum after drug exposure (Anier et al., 2010; Maze et al., 2010;
Sheng et al., 2011).

In almost all the researches that have investigated the effect of
parental morphine addiction on their offspring, the female rat was ex-
posed to morphine either during the adolescent period (Byrnes et al.,
2011, 2013) or in pregnancy (Riley and Vathy, 2006; Szutorisz et al.,
2014; Chen et al., 2015; Shen et al., 2016). Adolescent period could
affect the development of neural and endocrine systems, and pregnancy
studies make the researcher unable to exclude the direct effects of
morphine on the fetus. Thus, an important question was remained to be
answered: does the induction of opioid addiction in adult rats (which
excludes the effects of morphine on developmental events) several days
before gestation (which means that animals are abstinent at the time of
mating, and fetus is not directly exposed to the drug) influences the
behavior and addiction vulnerability of their offspring? Therefore, here
we have evaluated the effect of parental morphine exposure before
gestation on anxiety behavior and morphine preference in F1 and F2
male generations. Besides, in order to investigate the involved me-
chanisms, we have assessed the gene expression of dopamine receptors
in different parts of the reward pathway in the rat brain.

2. Experimental procedures

2.1. Animals

Male adult Wistar rats weighing 220–250 gm and female adult
Wistar rats weighing 180–220 gm (Pasteur Institute, Tehran, Iran) were
used in the study. The animals were maintained four in standard rat
cages under a 12/12-h light-dark cycle (light beginning at 7 a.m.) and
constant temperature (22 ± 2 °C) with free access to food and water.
Experiments were performed in the light cycle. All processes were
carried out in accordance with institutional guidelines for animal care
and use. Experimental protocols were approved by the Research and
Ethics Committee of Tehran University of Medical Sciences.

2.2. Drugs

The drugs used in this study were morphine sulfate (Temad, Tehran,
Iran), naloxone hydrochloride (Tocris, Bristol, UK), and sucrose
(Merck). Morphine sulfate was consumed orally after solving in 2%
sucrose solution in order to remove the bitter taste of the drug. In ad-
dition, for the parental administration of morphine, the drug was dis-
solved in sterile 0.9% saline to a volume of 1ml/kg. Naloxone hydro-
chloride was solubilized in sterile 0.9% saline for intraperitoneal (i.p.)
injection at a volume of 1ml/kg.

2.3. Experimental design

2.3.1. Parental drug treatment
Ten male and ten female adult Wistar rats received subcutaneous

injections of morphine sulfate (10mg/kg) twice daily (at 7 a.m. and 7
p.m.) for 14 days (Craig and Bajic, 2015). Control animals (10 males
and 10 females) received saline injections at the times and intervals
similar to the morphine group. After 14 days, development of depen-
dence to morphine in the drug-administered group was confirmed by
observing withdrawal symptoms such as wet-dog shake, penile liking,
paw tremor, and diarrhea after i.p. injection of naloxone (3mg/kg). It

should be mentioned that injection of naloxone was done in an extra
group of animals (six males, six females). Therefore, our main study
animals did not receive naloxone at the end of the duration of morphine
administration. Two weeks after the last injection of morphine, animals
were allowed to mate. Control animals mated with each other, and
morphine administered rats coupled separately. Male and female adult
offsprings were used for further procedures.

2.3.2. Offspring groups and mating protocol
The offsprings were divided into four groups: group 1 were 20 male

rats from parents with addiction histories (F1-MEP), group 2 was
composed of 20 male rats from control parents (F1-SEP), group 3 were
five female rats from parents with addiction history, and group 4 were
five female rats from control parents. Five male rats from group 1 and
Five male rats from group 2 were randomly selected and sacrificed for
further analysis of brain gene expression. Ten male animals in these two
groups (1 and 2) were first subjected to the elevated plus maze (EPM)
and then morphine preference tests with details described below. Each
test was performed only once for each animal. Five remaining male
animals in group1 were allowed to mate with five female rats of group 3
(one male and one female rat in each box). Similarly, five remaining
male animals in group 2 and five female animals of group 4 were also
coupled (one male and one female rat in each box). Thus, the male and
female offspring of addicted parents mated with each other, and the
male and female offspring of control animals coupled separately to
create second-generation (F2) litter. The F2 adult male rats (F2-MEP
and F2-SEP) were also tested respectively, for anxiety level with EPM
and morphine preference with the two-bottle-choice paradigm. The
summary of experimental design has been shown in Fig. 1.

It should be mentioned that in all the processes of the study, as-
signment of animals to different groups was completely random. It
means that the selection of animals for decapitation or behavioral tests
were randomly performed using the code number of each animal and
the experimenter was blind to group assignments.

2.4. Elevated Plus-Maze test (EPM)

2.4.1. Apparatus
The EPM apparatus was a gray plastic cross-shaped maze containing

four arms (two open and two closed arms) organized in the form of a
plus sign. The open arms possessed no walls (50 cm×10 cm); however,
a rim of Plexiglas (0.5 cm high) bordered the perimeter of the open
arms to avoid the rats from falling. The closed arms were bordered by
40 cm high walls (50 cm×10 cm×40 cm). A square platform of
10 cm×10 cm without any walls was present at the place where the
four arms intersected. The entire apparatus was 50 cm higher from the
base.

2.4.2. Behavioral testing
The animals were handled for 3min for two days before the test. All

experiments were performed in a noiseless room with dim light sepa-
rated from the colony room. Animals were transferred to the test room
1 h before beginning of experiments in order to adapt to the new en-
vironment. Each rat was put in the midpoint of the maze fronting a
closed arm and was allowed to explore freely for the period of 10min of
testing. The trials were recorded by a video camera connected to a
monitor and a video camera recorder in a nearby room. Records were
evaluated and scored by an observer who was blind to the experiments.
The number of entries (with all four paws) into and the total time spent
in open and closed arms were recorded. The percentage of open arm
time (% OAT) (the ratio of the total time spent in the open arms to the
total time spent in four arms×100) and open arm entries (% OAE) (the
ratio of the total entries into the open arms to the total entries in four
arms×100) were used as the standard anxiety indices. General loco-
motor activity was calculated by evaluating total closed arm entries
(Rodgers and Johnson, 1995).
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2.5. Morphine preference and consumption

In order to investigate morphine preference in animals, two-bottle-
choice paradigm (Planeta, 2013) was used in the study. It is a non-
operant self-administration method limited to the oral route of ad-
ministration. Each rat could choose between two bottles, which one of
them contains a solution of 2% sucrose, and the other one is filled with
a solution of 2% sucrose plus 25mg/L morphine. At first, the animals
had to learn the possibility of free choice in the mentioned model. Thus,
they were maintained individually in standard cages and trained to
consume water from both flasks. After one week, one of the bottles was
substituted by a bottle containing sucrose solution (2%), and the other
one was exchanged by morphine solution (25mg/L in 2% sucrose) for
eight weeks. Fluid intake was measured twice a week, and all drunk
solutions were totally replaced each week. In order to avoid side pre-
ference, the place of bottles was reversed every other day. Morphine
consumption has been calculated as mg of morphine per kg for 24 h.
Morphine preference has been defined as the percentage of the volume
of consumed morphine (ml per 24 h) divided by the total fluid intake
(ml per 24 h).

2.6. Brain tissue collection

With the purpose of studying the effect of parental morphine ex-
posure on the gene expression level of dopamine receptors in the off-
spring's brain, 5 randomly selected rats from F1-MEP and 5 male rats
from F1-SEP groups were anesthetized with i.p. injection of 3.5% so-
dium-pentobarbital (3 ml/kg) and decapitated after 5min by quick
guillotining. Then, the whole brain was extracted and immediately
immersed in chilly phosphate-buffered-saline (PBS) for about 3min.
After that, the brain was placed on a sterile dish which was put on ice,
and a sagittal cut was performed to divide the hemispheres. One of the
hemispheres was returned to the cold PBS, and the other one was cut
coronally 1mm in front of the forceps minor of the corpus callosum (cut
1) using the rat brain atlas of Paxinos and Watson (2007) in order to
separate the PFC. After that, another cut was performed in front of the
column of the fornix (cut 2). The tissue existing between cut 1 and cut 2
includes NAc and striatum areas. The NAc was isolated by a proper
punch and then the striatum was separated. The hippocampus was
smoothly isolated by cutting up between the visual cortex and super-
ficial gray layer of the superior colliculus. Brain tissues were put im-
mediately in individual micro-tubes and immersed in liquid nitrogen.

After a while, micro-tubes were moved to the −80 °C freezer.

2.7. Total RNA extraction and reverse transcription

Total RNA was extracted from four brain regions (PFC, NAc,
striatum, and hippocampus) using RNeasy Lipid Tissue Mini Kit
(Qiagen, USA) according to the manufacturer's protocol. Quantity,
purity, and integrity of RNA were determined by spectrophotometry
and gel electrophoresis (1.2% agarose; Gibco/BRL). Using Prime Script
First Strand cDNA Synthesis Kit (Takara, Japan), 1 μg of extracted RNA
was converted into cDNA by reverse transcription in a final volume of
20 μl.

2.8. Real-time PCR primers

Real-time PCR amplification of dopamine D1, D2, D3, D4, and D5
receptors, and beta-actin (as the housekeeping gene) were performed
using oligonucleotide primers purchased from the Qiagen company
primer bank (see Table 1).

2.9. Real-time PCR

All Real-Time PCR amplifications were done using 2 μl cDNA, spe-
cific primers and SYBR Green Master Mix (Takara, Japan) according to
the manufacturer's protocol on a StepOnePlus Real-Time PCR System
(Applied Biosystems) in a final volume of 25 μl. The annealing tem-
perature for all primer pairs was adjusted in 60 °C. For each gene, the
specificity of the PCR product was accepted by confirming a single peak

Fig. 1. The schematic diagram of experimental design.

Table 1
list of the primers used in real-time PCR reactions of the study.

Gene name Product name Cat. No. Company

Rat dopamine D1
receptor

Rn_Drd1_1_SG QuantiTect
Primer Assay

QT00386631 Qiagen

Rat dopamine D2
receptor

Rn_Drd2_1_SG QuantiTect
Primer Assay

QT01081990

Rat dopamine D3
receptor

Rn_Drd3_1_SG QuantiTect
Primer Assay

QT00182392

Rat dopamine D4
receptor

Rn_Drd4_1_SG QuantiTect
Primer Assay

QT00493591

Rat dopamine D5
receptor

Rn_Drd5_1_SG QuantiTect
Primer Assay

QT00459466
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in melting curve analysis. For additional length confirmation, PCR
products were observed on 2% agarose gel with ethidium bromide in
gel documentation. The amount of target gene of each sample was
calculated from the cycle at which the sample fluorescence came across
a predetermined threshold (Ct) significantly beyond the background.
After that, the Ct was referred to a standard curve present on each re-
action run, which was depicted using standard 10-fold serial dilutions
of a cDNA sample with unknown absolute concentration. Thus, the
concentrations of the serial dilutions were only relatively assumed.
Samples were tested in duplicate, and the mean was used for further
analysis. All the data of sample and control groups of the study were
normalized using beta-actin as the housekeeping gene.

2.10. Statistical analysis

Behavioral tests were evaluated by SPSS statistic software (version
21). The mean number of each group was defined, and the data were
stated as the mean ± standard error of the mean (SEM). Variances
among groups in behavioral experiments (EPM and morphine intake
tests) were evaluated by one-way analysis of variance (ANOVA) fol-
lowed by a post-hoc test of Tukey. P < 0.05 was defined as statistically
significant. Analysis of gene expression data was performed by Relative
Expression Software Tool (REST)-XL version 2 (Pfaffl et al., 2002)
which is used to compare sample and control group in terms of sig-
nificant variations of relative expression state. The software uses pair-
wise fixed reallocation randomization test to define the significance of
the results. One of the advantages of this software is that gene quan-
tification and normalization are performed simultaneously. Data are
shown as fold differences of mean normalized expression values ±
SEM. P < 0.05 is considered statistically significant.

3. Results

3.1. Litters survival

The total number of F1 litters in morphine-treated parents were 72
animals, of which 21 died (29.16%). F1 litters in saline-treated parents
were 69 of which 9 animals died (13%). Most of the deaths occurred in
the first week after birth. We practically observed that maternal care
was deficient in morphine-treated mothers compared to the saline-
treated ones. Control mothers kept their litters close to themselves and
cared more about feeding and licking the litters. However, the litters of
morphine-treated mothers were scattered in the cage and were less fed
and licked compared to the control litters. Although the total number of
litters was not significantly different between two groups (72 in mor-
phine-treated and 69 in control females), the consequence of mother-
hood deficiency in morphine-treated females was reflected in the
number of dead litters in both groups (21 in morphine-treated and 9 in
control animals). This finding is in agreement with previous studies
reporting that maternal care is insufficient in morphine-exposed female
animals (for example, see Johnson et al., 2011).

3.2. Measurement of anxiety level by elevated plus maze test (EPM)

Fig. 2(A) is the comparison of %OAT between F1-MEP, F1-SEP, F2-
MEP and F2-SEP groups. One-way ANOVA showed that a significant
difference exists between experimental groups (F (3, 28)= 3.112, P <
0.05). Post-hoc analysis revealed that %OAT was reduced in the F1-
MEP group compared to F1-SEP animals (P < 0.05). However, the
percentage of OAT of F2-MEP rats was not statistically different from
the F2-SEP group.

Fig. 2(B) presents the data of percentage of open arm entries (OAE
%) in the experimental groups. One-way ANOVA showed that % OAE
did not change significantly between groups (F (3, 28)= 0.086, P >
0.05).

Fig. 2(C) demonstrates total locomotion in all four groups of the

study. One-way ANOVA showed that experimental groups are sig-
nificantly different from each other (F (3, 28)= 3.699, p < 0.05).
Post-hoc analysis showed that total locomotion was decreased in the
F1-MEP group compared to F1-SEP animals (P < 0.05). However,
total locomotion of F2-MEP animals was not statistically different from
F2-SEP rats.

3.3. Evaluation of morphine solution intake

Fig. 3(A) demonstrates morphine preference (%) in experimental
groups in a duration of 8 weeks. One-way ANOVA showed that rats in
the F1-MEP group had more preference for morphine in comparison to
other groups [F (31, 288)= 47.21, P < 0.001]. According to the re-
sult of post-hoc analysis, it was found that at the end of each week
except week 1, morphine preference in the F1-MEP animals was sig-
nificantly greater than the F1-SEP rats (P < 0.01 for weeks 2, 4, and 5;
P < 0.001 for weeks 3, 6, 7 and 8). The data also revealed that

Fig. 2. The anxiety level measured by % OAT (A), % OAE (B) and total loco-
motion (C) in F1-SEP, F1-MEP, F2-SEP, and F2-MEP groups in EPM test. The
bars represent mean ± SEM of eight animals in each group. *P < 0.05 dif-
ferent from F1-SEP group.
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morphine preference was not statistically different between F2-MEP
and F2-SEP animals.

Fig. 3(B) shows morphine intake (mg/kg/24 h) in experimental
groups through a period of eight weeks. One-way ANOVA revealed that
F1-MEP rats consumed more drug in comparison to other animal groups
[F (31, 288)= 46.46, P < 0.001]. Post-hoc analysis clarified that
morphine intake at the end of each week in F1-MEP rats was sig-
nificantly higher than F1-SEP animals (P < 0.05 for weeks 1, 3, 4, and
5; P < 0.01 for the rest of the weeks). However, morphine con-
sumption in the F2-MEP group was not statistically different from F2-
SEP animals. It should be stated that total liquid consumption through
the experiment and water intake at the start of the experiment was not
significantly different between study groups (data not shown).

3.4. Expression of dopamine receptors in the offspring's PFC

Fig. 4 shows the data for comparison of the mRNA expression level
of D1 (A), D2 (B), D3 (C), D4 (D) and D5 (E) dopamine receptors in the
PFC between F1-MEP and F1-SEP animals. The D1 dopamine receptor
was up-regulated in F1-MEP animals by the factor 1.75 which was
statistically significant from the F1-SEP group (P < 0.05). D2 and D3
dopamine receptors were also up-regulated in the F1-MEP group (by
the factor 1.1 and 1.56, respectively) which were not statistically dif-
ferent from F1-SEP rats (P > 0.05). The data also showed that the
expression level of D4 dopamine receptor in F1-MEP animals was sig-
nificantly reduced in comparison to F1-SEP rats by the factor 4.16
(P < 0.01). Similar to the D1 dopamine receptor, the D5 receptor was
up-regulated in F1-MEP rats compared to the F1-SEP group by the
factor 3.26 (P < 0.01). Beta-actin expression was the same in all
tested groups (data not shown).

Fig. 3. Oral morphine preference (A) and consumption (25mg/L) (B) measured by the two-bottle-choice paradigm in F1-SEP, F1-MEP, F2-SEP, and F2-MEP rats for
eight weeks (n=10). The results are expressed as mean ± SEM. * P<0.05, ** P<0.01, *** P<0.001 in comparison to F1-SEP group.
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3.5. Expression of dopamine receptors in the offspring's NAc

Fig. 5 represents the mRNA expression level of D1 (A), D2 (B), D3
(C), and D5 (D) dopamine receptors in the NAc of F1-MEP and F1-SEP
animals. D1 Dopamine receptor was up-regulated by the factor 1.404
(P < 0.05) in the F1-MEP group; however, the decrease of the D2
Dopamine receptor (by the factor 1.247) and the increase of D3 re-
ceptor (by the factor 1.33) in the F1-MEP group was not statistically
significant compared to F1-SEP animals (P > 0.05). Like D1 dopamine
receptor, the D5 receptor was up-regulated in F1-MEP animals com-
pared to the F1-SEP group by the factor 6.5 (P < 0.001).

It should be mentioned that D4 dopamine receptor was not found in
the NAc which is similar to the previous reports indicating that the level

of this receptor is inconsiderable in this brain region (Khan et al., 1998;
Oak et al., 2000).

3.6. Expression of dopamine receptors in the offspring's hippocampus

The mRNA expression level of D1 (A), D2 (B), D3 (C), D4 (D), and
D5 (E) dopamine receptors in the hippocampus of F1-MEP and F1-SEP
animals has been depicted in Fig. 6. The expression level of D1 dopa-
mine receptor in the hippocampus of F1-MEP rats was up-regulated by
the factor 1.1 which was not different from the F1-SEP group (P >
0.05). D2 dopamine receptor was significantly decreased in F1-MEP by
the factor 2.892 (P < 0.001). D3 and D4 dopamine receptors were
both up-regulated in F1-MEP rats (by the 1.53 and 3.21, respectively)

Fig. 4. The mRNA expression of D1(A), D2 (B), D3 (C), D4 (D), and D5 (E) dopamine receptors in the PFC of F1-SEP and F1-MEP groups. Bars represent fold
differences of mean normalized expression values ± S.E.M. (n= 5). * P<0.05, ** P<0.01 from the F1-SEP group.
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which was only significant for D4 dopamine receptor (P < 0.001). The
mRNA expression of the D5 receptor in F1-MEP rats was significantly
down-regulated compared to F1-SEP animals by the factor 3.1 (P <
0.05).

3.7. Expression of dopamine receptors in the offspring's striatum

The mRNA expression level of D1 (A), D2 (B), D3 (C), D4 (D), and
D5 (E) dopamine receptors in the striatum of F1-MEP and F1-SEP ani-
mals has been shown in Fig. 7. D1, D2, and D3 dopamine receptors were
all reduced in the striatum of F1-MEP rats by the factor 1.12, 1.2, and
1.37, respectively, which none of them was statistically different from
their control groups (P > 0.05). D4 and D5 dopamine receptors were
both increased in the F1-MEP group (by the factor 3 and 1.24, re-
spectively) which was only significant for D4 dopamine receptor
(P < 0.001).

4. Discussion

Both genetic and environmental factors are involved in drug ad-
diction. Recent evidence has shown that epigenetics may potentially
influence the trans-generational effects of drug abuse.
Hypermethylation of mu opioid receptors in the sperm samples of
opioid-addicted individuals may be an example of the effects of drugs
that could be transferred to the next generation and influence their
addiction susceptibility (Chorbov et al., 2011). Besides, mu, kappa and
delta opioid receptors are found in oocytes, which may be involved in

the trans-generational inheritance of addiction (Yohn et al., 2015).
Furthermore, previous studies have shown that altered response to
morphine is transmittable to the next generation of morphine ad-
ministered rats (Akbarabadi et al., 2018; Byrnes, 2005; Byrnes et al.,
2013). Physiological and organic alterations in the brain of the progeny
of morphine exposed parents have also been reported (Cicero et al.,
1991; Sarkaki et al., 2008).

Our study showed that parental morphine exposure in the adult-
hood is associated with an increased tendency toward morphine con-
sumption in F1 but not F2 male offspring. Thus, it seems that trans-
generational effects of parental morphine consumption disappear in the
second generation. In support of our data, it has been suggested pre-
viously that exposure of adolescent female rats to opioids may increase
the risk of substance use in their offspring (Vassoler et al., 2014).
Furthermore, studies have shown that offspring of alcohol-preferring
rats shows greater nicotine consumption and reinstatement after ex-
tinction compared to the offspring of alcohol-non preferring animals
(He et al., 2006). In the addicted subjects’ children, higher rates of
psychopathologic disorders such as depression, substance abuse, and
suicidal behaviors have also been observed (Corte and Becherer, 2007).
The reasons for the above-mentioned effects are not much understood;
However, it has been shown that morphine exposure during the ado-
lescent period may change maternal care (Johnson et al., 2011). Fur-
thermore, both female and male adolescence opiate exposure may lead
to neurodevelopmental alterations that increase the risk of substance
abuse in the offspring (Byrnes et al., 2013).

Here we found that in the first generation of morphine-exposed

Fig. 5. The mRNA expression of D1(A), D2 (B), D3 (C), and D5 (D) dopamine receptors in the NAc of F1-SEP and F1-MEP groups. Bars represent fold differences of
mean normalized expression values ± S.E.M. (n=5). * P<0.05, *** P<0.001 from the F1-SEP group.
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parents (F1-MEP), open arm time and total locomotion were decreased
while open arm entry was not altered in the EPM test. Thus, it seems
that anxiety-like behavior is increased in the male offspring of mor-
phine-exposed parents. In support of our data, previous studies have
demonstrated that prenatal morphine exposure increases anxiety in
EPM test in the F1 offspring (Chen et al., 2015).

In order to clarify the possible mechanisms involved in morphine
preference in the offspring of morphine exposed parents, we evaluated
the pattern of gene expression of dopamine receptors in four important
reward sites of the brain (PFC, NAc, hippocampus, and striatum). Gene
expression study was not performed in the F2 offspring because their
morphine preference and anxiety level were not different from their
control group. We found that D1-like dopamine receptors were sig-
nificantly increased in the NAc and PFC of the F1-MEP group. D1

dopamine receptor is found in all dopaminergic neurons projecting
areas of the nigrostriatal and mesocorticolimbic pathways (Fremeau
et al., 1991). The receptor modulates opioid-induced neuroadaptations,
reward, and reinforcement. Polymorphisms of D1 dopamine receptor
gene may affect susceptibility to opioid dependence (Zhu et al., 2013).
Alcohol consumption and preference and similarly self-administration
of cocaine are reduced in D1-like dopamine receptors knockout mice
(El-Ghundi et al., 1998). Thus, the up-regulation of D1 dopamine re-
ceptors in the brain reward pathway of the F1-MEP group may be a
mechanism for higher preference to morphine in these animals.

D5 dopamine receptors are mostly expressed in the thalamus, hip-
pocampus, and on the dopaminergic neurons in the ventral tegmental
area (Ciliax et al., 2000). The role of these receptors in the brain is not
completely determined. However, D5 receptors may participate in

Fig. 6. The mRNA expression of D1(A), D2 (B), D3 (C), D4 (D), and D5 (E) dopamine receptors in the hippocampus of F1-SEP and F1-MEP groups. Bars represent fold
differences of mean normalized expression values ± S.E.M. (n= 5). * P<0.05, *** P<0.001 from the F1-SEP group.
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emotion regulation, memory, and response to novel stimuli (Knight,
1996). It has been shown that intra-NAc injection of D5 receptor anti-
sense oligonucleotide could lead to the selective defeat of cocaine re-
cognition (Filip et al., 2000). Lack of LTP development in DRD5 +/-
mice proposes that the receptor is needed for the normal formation of
synaptic plasticity (Swant et al., 2010). We found that D5 dopamine
receptor was increased in the NAc, PFC, and striatum that was sig-
nificant in the NAc and PFC. Besides, the receptor was considerably
down-regulated in the hippocampus. Clinical studies have suggested
that D5 dopamine receptor may be a candidate gene for the beginning
of smoking and development to nicotine addiction (Sullivan et al.,
2001). A very limited genetic association and linkage studies propose
that D5 receptor gene may be a candidate gene for drug abuse (Li et al.,

2006; Straub et al., 1999; Vanyukov et al., 1998). Thus, the over-
expression of D5 receptor in our F1-MEP rats may be another me-
chanism for increased morphine preference in these animals that needs
to be further evaluated in the future.

Our data also showed that D2 dopamine receptor was down-regu-
lated in the hippocampus, NAc and striatum of F1-MEP animals, which
was only significant in the hippocampus. Both agonists and antagonists
of D2 dopamine receptor are able to decrease heroin self-administration
(Hemby et al., 1996; Rowlett et al., 2007). Knockout studies have
suggested a critical role for D2 dopamine receptor in mediation of
morphine-induced CPP (Dockstader et al., 2001; Maldonado et al.,
1997) or self-administration behavior (Elmer et al., 2002). It has been
reported that heroin reinforcement in rhesus monkeys is blocked by D2

Fig. 7. The mRNA expression of D1(A), D2 (B), D3 (C), D4 (D), and D5 (E) dopamine receptors in the striatum of F1-SEP and F1-MEP groups. Bars represent fold
differences of mean normalized expression values ± S.E.M. (n= 5). *** P<0.001 from the F1-SEP group.
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receptor agonists (Rowlett et al., 2007). Thus, it seems reasonable that
down-regulation of D2 dopamine receptor in the F1-MEP rat brain may
be a risk factor toward morphine preference and dependence.

In F1-MEP animals, the D3 dopamine receptor was increased in the
NAc, hippocampus, and PFC and decreased in the striatum but the
changes were not statistically significant. Studies have suggested that
D3 dopamine receptor plays a considerable role in heroin approach
behaviors motivated by conditioned stimuli (Galaj et al., 2015). The
receptor up-regulates after alcohol (Vengeliene et al., 2006) and nico-
tine (Le Foll et al., 2003) exposure in the rat striatum and after chronic
opioid consumption in human peripheral blood lymphocytes (Goodarzi
et al., 2009). Researchers have reported that antagonists of D3 dopa-
mine receptor reduce drug cue-induced reinstatement of drug seeking
(Cervo et al., 2005; Galaj et al., 2014; Gilbert et al., 2005). Therefore, it
is not surprising that the receptor was up-regulated (although not sig-
nificantly) in our F1-MEP rats that had a higher preference for mor-
phine compared to their control group.

We also found that D4 dopamine receptor was significantly up-
regulated in hippocampus and striatum and down-regulated in the PFC.
The receptor is found in especially brain areas that are involved in re-
ward and reinforcement such as striatum (Rivera et al., 2002), cerebral
cortex, and hippocampus (Suzuki et al., 1995). It should be mentioned
that we did not find D4 receptor expression in the NAc of study animals.
This is in agreement with previous experiments reporting the lack of
effect of intra-accumbal administration of L-750,667 (a selective an-
tagonist of D4 dopamine receptor) on cocaine-seeking behavior
(Anderson et al., 2006). Other experiments have also reported that the
expression of D4 dopamine receptor in the NAc is too low to modify the
reinforcing effects of drugs of abuse (Khan et al., 1998; Oak et al.,
2000). It has been suggested that insufficient expression of this receptor
in the reward system can increase the susceptibility toward drug ad-
diction (Czermak et al., 2004). In addition, a famous polymorphism
exists in the exon III of D4 dopamine receptor gene, which is expressed
as a 48-bp variable number of tandem repeats (Ding et al., 2002). When
the repeat number reaches 7 (7R), the response of the resulted receptor
to dopamine is diminished (Rao et al., 1994). Human studies have re-
ported that the 7R allele is a risk factor for drug addiction (Li et al.,
1997; Shields et al., 1998) and is related to decrease of gene expression
in human brain tissue (Simpson et al., 2010). Earlier, we have shown
that the expression of D4 receptor is considerably reduced in peripheral
blood lymphocytes of opioid addicts (Goodarzi et al., 2009).

The reason behind the observed up- and down-regulation of dopa-
mine receptors in the brain in the F1-MEP group may reside in epige-
netic mechanisms such as DNA methylation or histone acetylation. For
example, it has been shown that chronic administration of morphine
increases acetylation of histone H3 lysine 14 in the NAc (Sheng et al.,
2011) and basolateral amygdala in rats (Wang et al., 2015). Therefore,
it is reasonable to hypothesize that histone acetylation may be involved
in D1-like dopamine receptor up-regulation in F1-MEP animals. Simi-
larly, DNA methylation may be the reason for down-regulation of do-
pamine receptors in reward sites of the brain. All of these hypotheses
need to be examined in future studies.

5. Conclusion

The data of the present study revealed that chronic parental mor-
phine exposure of adult rats before gestation results in higher morphine
preference and increased anxiety in their F1 but not F2 male offspring.
It is important to highlight that there was no gestational exposure to
opioids in the F1 animals because parents were remained drug-free for
two weeks prior to mating. Furthermore, our results showed that al-
terations in the expression profile of dopamine receptors in the reward
pathway might be one of the mechanisms involved in observed changes
in F1 animals, which could account for susceptibility to opioid abuse in
the litter of morphine-exposed animals.
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