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ARTICLE INFO ABSTRACT

Keywords: Aims: Previous researches demonstrated that genetics and environment are two essential factors to prone in-
Morphine dividuals to drug abuse. Our previous data showed that dopaminergic system changed in the offspring of
Offspring morphine-abstinent rats. In the present study, we evaluated whether blocking the D1-like dopamine receptors

Nucleus accumbens
D1 dopamine receptor
CPP

(DR) in the nucleus accumbens (NAC) affect the rewarding effect of morphine in the offspring of morphine-
abstinent rats.

Main methods: In the study, male and female Wistar rats received morphine orally for 21 days. Ten days after last
morphine administration, animals prepared to mate either with a morphine abstinent or a drug-naive rat. Adult
male offspring were chosen for further evaluation. SCH23390 (0.01 pg/rat) was administrated intra-NAC during
the conditioning phase in the CPP paradigm (morphine 7.5 mg/kg).

Key findings: Obtained data showed that morphine administration (7.5 mg/kg) did not induce conditioning in
the offspring of the morphine-abstinent parent(s) (p < 0.001) compared with the control group. However, when
SCH23390 injected in the NAC during the induction phase, the offspring of morphine-abstinent rats were
conditioned with the same dose of morphine.

Significance: Previous studies showed that the offspring of morphine-abstinent rats are more prone to opioid
consumption, and also developed tolerance to the rewarding effect of morphine. Current data indicated that
blockade of D1-like DR in the NAC could prevent morphine-induced tolerance in these offspring. Therefore,
inhibition of D1-like DR in the NAC might be a new candidate against morphine-reinforcing effect in the off-
spring of morphine-abstinent parent(s).

1. Introduction

Opiate — a product of opium poppy - is a commonly misused drug in
the Middle East. Opioids are the most common pain killer used for
managing moderate to severe pain [1]. Although, after using prescribed
opioids, someone might be addicted [2]. Both genetic predispositions
and environmental conditions involved in the risk of developing opioid
addiction [3-5]. Besides, exposure to opioids during development (in
the uterus) induced psychological disorders in the offspring [6,7].

Reward is described as any incident that increases response with a

positive hedonic element. The mesocortical dopamine system is a fun-
damental component of the reward system. This system also has an
essential role in drug abuse disorder [8]. Positron emission tomography
studies indicated that alcohol and other drugs of abuse increase dopa-
mine and opioid peptides in the ventral striatum [9,10]. It is well es-
tablished that all kinds of drugs of abuse stimulate the Ventral Teg-
mental Area (VTA) dopaminergic neurons. These neurons projected to
NAC and released dopamine there, which leads to reward response
[11-14]. Enhancing in dopamine is associated with “high” sensation in
abusers, which is related to the activation of the dopamine receptor
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Fig. 1. A schematic diagram of the study design (A) and behavioral test (B). M.ME, maternal morphine-exposed offspring; P.ME, paternal morphine-exposed

offspring.

(DR) type 1 [8]. It has been shown that dopaminergic system has a
significant role in drug abuse; changing in the dopaminergic system
causes the descendants of addicted parents to have tolerance in re-
inforcing [15] and antinociceptive [16] properties of opioids.

Dopamine receptor (DR) type 1, which coupled with stimulatory G
protein (Gs), widely expressed in the mesocortical and mesolimbic re-
gions [17]. D1-like DR family contains two receptors: D1-DR and D5-DR.
Both D1 and D5 DR share common pharmacological features [17]. In the
intoxication phase, the enormous amount of dopamine released and D1-
like DRs are activated in this phase [18]. Also, conditioning induced by
drugs needs the stimulation of D1-like DR [19]. D1-like DRs are located
on dopaminergic neurons. In the axon terminal site, D1-like DR activation
leads to enhance excitability via increasing NMDA glutamate receptor, T-
Type calcium channel, and the current of sodium channels [20].

cAMP response element binding protein (CREB) is a transcription
factor and play as a critical mediator of adaptations induced by drugs of
abuse [21]. After chronic morphine exposure, the amount of p-CREB
increased in the brain, which modulation of CREB has a prominent role
in plasticity induced by opioids [22]. It has been shown that Mitogen-
Activated Protein Kinase (MAPK) cascade, that CREB is one of its
downstream, has a major role in developing morphine tolerance [23].

It has been demonstrated that parental morphine exposure even
before gestation induced devastating behavioral and molecular changes
in the offspring [15,16,24-26]. The conditioned place preference (CPP)
paradigm that is based on Pavlovian conditioning is a widely used
animal model for investigating the reinforcing effect of drugs of abuse
[27]. It has been stated that the choice of animals in the CPP paradigm
might be underlying the rewarding properties and abuse potential of
drugs [28]. Previously, we showed that the offspring of morphine-ab-
stinent parents exhibit tolerance to the reinforcing effect of morphine in
the CPP paradigm [15,24].

According to the vital role of dopamine in the induction of CPP [29]
and tolerance [30], the current study was designed to investigate the
role of D1-like DR located in the NAC on morphine-tolerance induced in
the offspring of morphine-abstinent parents.

2. Material and method
2.1. Animals and drugs

Male and female adult Wistar rats (with the age of 60 days and the
weight range of 250-300 g) were purchased from the Pasteur Institute
(Tehran, Iran). Four rats were kept in a standard cage in a temperature-
controlled environment (22 = 2°C) and a 12/12h light/dark cycle
(light beginning at 7 A.M.) with ad libitum access to food and water. All
experiments were conducted during the light phase of the light/dark
cycle. It should be noted that all animals were used once only.

Drugs used in this study were morphine sulfate (Faran Shimi Co.
Tehran, Iran), sucrose (Merck, Germany), SCH23390 (Tocris, UK), ke-
tamine hydrochloride (50 mg/kg) and xylazine (4 mg/kg). Morphine
sulfate was dissolved in distilled water for oral use. Sucrose (Merck,
Germany) was used to lower the bitterness of morphine. Ketamine
hydrochloride and xylazine were used for anesthesia at the beginning of
the stereotaxic procedure.

2.2. Parental morphine exposure

Female and male rats received morphine orally by dissolving it in
their drinking water for 21 days, as was described previously [25].
Morphine solution doses of 0.1, 0.2 and 0.3 mg/ml were administered
for the first six days; each dose was applied for two days, respectively,
then the 0.4 mg/ml dose was used for the remaining 15 days. The bitter
taste of morphine was eliminated by adding 2% sucrose to the mor-
phine solution. Control group only received sucrose in their drinking
water.

2.3. Mating protocol
After the 21days of drug administration, the animals remained

drug-free for ten days. Animals were prepared for mating after the ten
days of prohibition. One female and one male rat were placed in each
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cage for mating, according to Fig. 1. The animals were classified into
four categories. The categories are as follows:

Category 1: drug-naive male and female; male offspring named as
control

Category 2: morphine-abstinent male and drug-naive female; male
offspring named as Paternal Morphine-Exposed (P.ME)

Category 3: drug-naive male and morphine-abstinent female; male
offspring named as Maternal Morphine-Exposed (M.ME)

Category 4: morphine-abstinent male and female; male offspring
named as Paternal and Maternal Morphine-Exposed (P + M.ME)

2.4. Stereotaxic surgery and microinjections

Offspring were undergone stereotaxic surgery. All animals were
anesthetized using ketamine hydrochloride (50 mg/kg) and xylazine
(4 mg/kg) via intraperitoneal injection. Then the animals were weighed
and injected with the solution based on their weight. After the appli-
cation of anesthesia, all the rats were placed and fixed in a stereotaxic
apparatus. Two stainless steel cannulae (22 gauge) were implanted in
the Nucleus Accumbens shell in both sides of the brain. Regions and
coordinates were duplicated from the Atlas of Paxinos and Watson [31].
Coordinates for the NAC regions were as follows: +0.96 mm anterior to
bregma, = 0.8 mm lateral to Midline and —7 mm ventral to the dorsal
surface of the skull. The two cannulae were fixed on the skull using
acrylic dental paste. The rats were allowed to recover from the surgery
for seven days before the CPP test. In order to perform the injections,
thinner inner cannula (gauge 27), in order to slide through the main
cannulae (fixed on the skull). The inner cannula is connected to a Ha-
milton syringe by polyethylene tube. A volume of 0.5 pul of SCH23390
solution was injected in each NAC in 60s. The cannulae were kept in-
side for an additional 60 s to allow diffusion of the solution and to re-
duce the possibility of reflux.

2.5. Conditioned place preference (CPP)

2.5.1. Apparatus

The CPP apparatus used in this study consisted of three wooden
chambers. Two of them (chambers A and B) were of equal sizes
(40 x 30 x 30 cm) with a different shape. Chamber A had a textured
floor with black horizontal stripes on its white walls. Chamber B had a
smooth floor with vertical white stripes on its black walls. The width of
the stripes was 2 cm in both chambers. The third chamber's (chamber C)
dimensions were different from the other two, and it was orange co-
lored. The C chamber was attached to the rear side of the other two
chambers, and they were separated using two guillotine doors which
were manually operated. Therefore when the sliding doors were
opened, animals could roam in these three chambers freely.

2.5.2. Behavioral test

The CPP test is used to determine the rewarding and reinforcing
effects of drugs such as morphine [32]. Rats instinctively prefer to settle
in the darker chamber (B), but if they are to be drugged to remain in a
less preferred place (A) after conditioning, they will settle in the drug-
paired chamber even though they are not going to receive any drugs.
The test was carried out on five consecutive days and had three fol-
lowing stages:

A) Pre-conditioning

In the first day, the animal was placed in the C chamber with sliding
doors lifted; so that it could move freely between the rooms and get
familiarized with all the chambers for 15 min. The animal's movement
was recorded using a camera installed approximately 50 cm above the
CPP apparatus. The total time (s) spent in each chamber was measured.

B) Conditioning
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The conditioning stage was set out on day 2 until day 4. There were
two 45-minute sessions per day with a 6-hour interval (first session
beginning at 7 A.M. and the second session at 1 P.M.). Before starting
the experiment, rats were left in the CPP test room for approximately
10 min. During the conditioning phase (days 2 and 4), rats were in-
jected with morphine solution (7.5mg/kg) subcutaneously, then
SCH23390 was injected into the NAC. Immediately after injections,
they were confined in Chamber A (less preferred, also known as drug-
paired) for 45 min. The second session took place at 1 P.M. on the same
day, and animals only received saline (both s.c. and Intra-NAC). In day
3, the entire procedure of the aforementioned experiment was com-
pletely reversed, meaning that the rats in all categories alternately re-
ceived placebo and the drugs.

C) Post-conditioning

The post-conditioning stage or the testing stage was performed on
the fifth day (1 day after the last conditioning day). Each animal was
placed in the C chamber with all the sliding doors lifted so that it could
roam all the chambers freely for 15 min. The total time (s) spent in each
chamber was measured and reported. According to the other studies
[33-36], the preference score was calculated as follows:

Preference score

= the total time in the drug — paired chamber on the post
— conditioning day — the total time spent on the drug

— paired chamber on the pre — conditioning day

2.6. Experimental design

2.6.1. The effect of intra-NAC administration of SCH23390 on morphine
induced condition place preference in drug-naive offspring

This experiment was designed to assess the effect of intra-NAC ad-
ministration of SCH23390 (as a D1DR antagonist) on morphine-induced
conditioning in the drug-naive offspring. According to our previous
study [15], we chose the dose of morphine (7.5 mg/kg) that induced
conditioning in the drug-naive offspring but did not elicit reinforcing
effect on the offspring of morphine-abstinent parents. In this experi-
ment, three groups of animals (a total of 24 rats, N = 8 per group) were
used to figure out the dose-response curve for SCH23390. The dose of
SCH23390 that block morphine-induced conditioning was chosen.

2.6.2. The effect of intra-NAC administration of SCH23390 on morphine-
induced conditioning in the offspring of morphine-abstinent parents

This experiment was designed to determine whether inhibition of
D1DR located in the NAC affect morphine CPP in the offspring of
morphine-abstinent rats. In this experiment, two groups from each ca-
tegory (N = 8 per group) were used. The first set received morphine
(7.5mg/kg, s.c.) and saline (intra-NAC) during conditioning. The
second set of animals received morphine (7.5mg/kg, s.c.) and
SCH23390 (0.01 pg/rat, intra-NAC) during conditioning. The pre-
ference score was calculated as the total time spent in the drug-paired
chamber in post-conditioning day subtract the total time spent in the
drug-paired chamber in pre-conditioning day.

2.7. Statistical analysis

Statistical Package for the Social Sciences (SPSS, Ver 25) was used
for data analysis. Data were expressed as Means + S.E.M. Using one-
way and two-way analysis of variance (ANOVA) followed by Tukey Post
hoc mean comparison test, all data were analyzed. A p-value lower than
0.05 was considered significant.
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Fig. 2. Place preference produced by morphine was reversed dose-dependently
by intra-NAC administration of SCH23390 (D1-like dopamine receptor an-
tagonist). Morphine (7.5 mg/kg. Sc) was administrated in a three-day schedule
of conditioning. During the conditioning phase, SCH in different doses (0, 0.01,
and 0.001 pg/rat) was administrated intra-NAC. The difference score was as-
sessed as a difference between time spent in the drug-paired compartment in
testing and preconditioning day. Data are expressed as mean = SEM for 8 rats
in each group. **p < 0.01.

3. Results

3.1. Intra-NAC administration of SCH inhibit conditioning induced by
morphine

The dose-response of SCH in morphine CPP is shown in Fig. 2. The
offspring of drug-naive parents were used as the control group. The
results of the analysis of variance (ANOVA) revealed that intra-NAC
administration of SCH (0.01 pg/rat) could inhibit morphine-induced
conditioning in the control groups (F2 2 = 6.38, p = 0.008).

3.2. Intra-NAC administration of SCH increase the rewarding effect of
morphine in the offspring of morphine-abstinent rats

Fig. 3 shows the effect of intra-NAC administration of SCH (0.01 pg/
rat) in morphine-induced CPP among groups. Analysis of the difference
between the total time in the drug-paired chamber in the first and fifth
day (two-way ANOVA) revealed that blocking of D1-like DR using
SCH23390 in the NAC could potentiate morphine conditioning in the
offspring of morphine-abstinent parents (inter group: Fsse = 0.99,
p = 0.405, intra group: F; 56 = 4.39, p = 0.04, and inter-intra group
interaction: F3 56 = 12.26,p < 0.001).

4. Discussion

Previously we demonstrated that the offspring of morphine-ab-
stinent parents did not condition with a high dose of morphine (7.5 mg/
kg) in condition place preference paradigm [15]. Earlier data also re-
vealed that prenatal morphine exposure induced morphine tolerance in

Life Sciences 233 (2019) 116712

the male offspring [37]. In addition, Chiang et al. [38] showed that
prenatal morphine or methadone exposure developed tolerance to
morphine in the offspring. Besides, changes in opioid receptor expres-
sion level induced tolerance in rats prenatally exposed to morphine
[39,40]. It has been shown that the effect of morphine on up-regulation
of the cAMP pathway [41], regulation of GABAergic and glutamatergic
transmission, regulation of corticotropin-releasing factor (CRF) and
VTA neuronal morphology lead to tolerance [42]. Furthermore, evi-
dence indicated that morphine exposure during adolescence induced
changes in the endogenous opioid system [43]. These changes might be
transferred to the next generation and induced tolerance to the re-
inforcing effect of morphine in the offspring. Moreover, changes in the
dopaminergic function might be induced alteration in the rewarding
effect of morphine. It has been suggested that exposure of female rats to
morphine before gestation increase the risk of substance abuse in the
offspring [44] which dysregulation of the hypothalamic-pituitary-a-
drenal (HPA) axis might be involved in these processes ([45-47]. All
evidence might be referred to this issue that morphine exposure even
before gestation affects morphine tolerance in the offspring.

In the current study, we revealed that D1-like DR located in the NAC
might be involved in the tolerance induced by parental morphine-ex-
posure. Our previous study revealed that D1-like DR upregulated in the
NAC of the offspring of morphine-abstinent parents [48]. NAC received
inputs from variable brain regions; glutamatergic input from the hip-
pocampus, thalamus, amygdala, mesencephalon (VTA, SN pars com-
pacta, retrorubral area), and PFC, dopaminergic inputs from VTA and
SNpc, GABAergic inputs from mesencephalon (VTA, SN, A8), and pal-
lidum, and other monoamines input (serotonin, acetylcholine, nor-
epinephrine) from the brain stem (dorsal raphe nucleus, locus coer-
uleus, nucleus of the solitary tract, pedunculopontine nucleus) [49].
The output of the NAC comes from GABAergic medium spiny neurons
(MSN) and projects to the mesencephalon, pallidum, basal ganglia, and
hypothalamus [49]. It is well established that morphine increases do-
pamine release from VTA to the NAC [50] and enhances glutamate
transmission in the NAC [51].

D1-like DR coupled with Gs and increases the phosphorylated-
CREB, which leads to an increase in gene expression in the cell [17]. It
is documented that D1-DR has a critical role in opioid reward and re-
inforcement and is correlated to the relapse process in morphine ad-
diction [52-54]. Moreover, D1-like DR plays a significant role in the
development of morphine dependence [55]. In addition, the role of D1-
like DR in morphine tolerance was investigated using optogenetic stu-
dies [56]. There are also studies indicated that D1 blockade in the NAC
decreases alcohol-seeking behavior [57] and heroin intake [58].
Moreover, it has been shown that activation of dopamine D1-MSN ac-
celerates the development of tolerance via enhancing the level of
Regulator of G protein Signaling 9 (RGS9) in the NAC [56]. D1-DR in
the NAC is a limiting response agent in NAC-VTA pathway [30]. It is
well established that the direct projection from NAC to VTA is com-
posed of D1-MSN [59-61]. Then it is speculated that activation of D1-
like DR leads to increase GABA release in the VTA and inhibit dopamine
release into the NAC. It is in agreement with the current results in-
dicated that morphine-induced conditioning (preference score) was
decreased after intra-NAC administration of SCH23390 - as a D1-like
DR antagonist — in the drug-naive offspring.

The current investigation indicated that intra accumbal adminis-
tration of SCH23390 in the offspring of morphine-abstinent parents
caused to increase preference score in morphine-induced CPP para-
digm. Previously, we found that D1-like DR [48], opioid receptors (, k,
and 8), p-CREB and p-ERK [16] enhanced in the NAC of the offspring of
morphine-abstinent parents. As mentioned before, morphine tolerance
was developed in the offspring of morphine abstinent parents [15].
“Cyclic AMP hypothesis” is one of the oldest hypothesis for the me-
chanisms underlying morphine tolerance [62,63]. It has been shown
that increases CREB expression in the NAC decreases the reward
properties of morphine [64,65]. Moreover, the elevation in the level of
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Fig. 3. (A) Morphine administration in a high dose
(7.5mg/kg) does not induce conditioning in the
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offspring of morphine-exposed parent(s). (B)
Administration of SCH23390 (0.01 ug/rat) intra-
NAC increase preference score in the offspring of
morphine-abstinent parents. M.ME: maternal mor-
phine exposed offspring, P.ME: paternal morphine-
exposed offspring. Data are expressed as
mean * SEM. ***p < 0.001 different from the
control group. #p < 0.05 difference from saline-
treated morphine-abstinent offspring.
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p-CREB in the NAC was observed after morphine-induced conditioning
[66]. Recent data show that reducing the activation of ERK/CREB sig-
naling using microRNA alleviated morphine-induced tolerance [67].
Since, increasing in D1-like DR signaling enhanced drug reward [68]
and according to this fact that activation of D1-like DR signaling in-
crease p-CREB, thus decreasing p-CREB level using D1-like DR an-
tagonist might be involved in the response of the offspring of morphine-
abstinent parents to the morphine-induced conditioning. Then it is
speculated that tolerance induced by parental morphine-exposure
might be diminished by blocking of D1-like DR located in the NAC.

It is not doubtable that other receptors and signaling pathways are
involved in the tolerance process. It needs further studies to find all the
changes induced by parental morphine exposure.

5. Conclusion

The results of the current investigation revealed that NAC D1-like
DR blockade dose-dependently inhibits morphine-induced conditioning
in the rats. Also, intra-NAC administration of SCH23390 increased the
reinforcing effect of morphine in the litter of morphine-abstinent parent
(s). Then it might suggest that dysregulation of D1-like DR located in
the NAC in the offspring of morphine-abstinent parents might be in-
volved in morphine tolerance in the CPP paradigm. Since activation of
D1-DR increased the p-CREB level in the cell, then the changes in p-
CREB level might be involved in the tolerance induced by parental
morphine exposure.
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