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Effects of resveratrol on the acquisition and reinstatement of
morphine-induced conditioned place preference in mice
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Abstract. Seeking opioids, even after a prolonged with-
drawal period, is a main concern of opioid withdrawal.
Resveratrol (RES) has been shown to exert inhibitory effects
on glutamate release from cerebrocortical nerve terminals via
N-methyl-D-aspartate (NMDA) antagonistic effects. In this
study, the effects of RES on the acquisition and reinstatement
of morphine were examined in a mouse model using the
morphine-induced conditioned place preference (CPP) para-
digm. In the first step, namely the acquisition phase, morphine
was administered to mice for 4 consecutive days (daily
40 mg/kg, i.p. injection) and the mice were trained in a CPP
chamber. In the second step, namely extinction and reinstate-
ment, the animals underwent the same CPP training followed
by extinction training on day 16 and reinstatement was inves-
tigated by CPP following the administration of a ‘reminding’
dose of morphine (10 mg/kg). Finally, the effects of RES (25,
50 and 75 mg/kg) on the acquisition and reinstatement induced
by morphine were examined in a CPP test. Based on our data,
RES (25, 50 and 75 mg/kg) reduced morphine tendency. In
the second step of the experiment, after day 16 (following the
‘reminder’ dose of morphine at 10 mg/kg), the tendency of the
animals for the white, drug-paired compartment of the CPP
chamber significantly decreased following treatment with
RES at 50 and 75 mg/kg (but not at 25 mg/kg). On the whole,
the findings of this study demonstrate that RES decreases the
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acquisition and reinstatement of morphine-induced CPP in
mice.

Introduction

Morphine continues to be used a reliable painkiller for the
alleviation of moderate to severe pain in acute and chronic
diseases. However, tolerance and dependence limit the
clinical application of morphine (1-3). Opioid dependence
to occurs within a relatively short period of time following
treatment initiation and is a major concern which limits
opioid administration (4). Following morphine abstinence
therapy, relapsing to morphine is one of the most important
issues that may occur even after a long period of abstinence
therapy (4,5). It is a subjective feeling that can force the objec-
tive for drug craving (1). Recently, several investigations have
been conducted with an aim of finding a solution for this issue;
however, these efforts have not been successful and morphine
relapse is continuing (5-7). In this regard, chemicals with
N-methyl-D-aspartate (NMDA) antagonistic effects have
been examined and promising results have been achieved (8).

It has been shown that dopaminergic, GABAergic, gluta-
matergic, serotonergic, adrenergic and orexinergic pathways
along with endogen opioid peptides are involved in the reward
and reinforcement pathway (4,5,9). One of the most important
systems that is involved in the addiction and relapse to drugs
of abuse is the dopaminergic system, which begins from the
ventral tegmental area (VTA) with projections to nucleus
accumbens (NAcc).

Resveratrol (RES; trans-3,4,5-trihydroxystilbene), a natural
polyphenol with the structure of phytoalexin is found in human
dietary compounds and in a large numbers of plants and bever-
ages, including peanuts, mulberries, grapes (particularly the
skin of black grapes) and red wines (10-13). There is evidence
to suggest that RES exerts a number of biological effects,
including antioxidant, anti-inflammatory, cardiovascular
protective, anti-cancer and neuroprotective and potentially
analgesic effects, without any known toxic effects (14-21).
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RES has been shown to exert antinociceptive effects on acute
and inflammatory pain and RES pre-treatment has been
shown to exert antinociceptive effects in morphine-tolerant
animals (22,23). RES and long-term morphine co-administra-
tion has been shown to result in NMDAR upregulation and
RES can reduce the activation of NMDA receptors; this is
evidence of crosstalk between morphine tolerance and addic-
tion (23,24).

Furthermore, RES can improve learning and memory via
the microRNA-CREB pathway (20), prevent the increase in
acetylcholinesterase (AChE) activity and decrease memory
impairment (25), and improve the clearance of amyloid
beta peptides (26). Moreover, it has been shown to exert
cyclooxygenase and lipoxygenase inhibitory effects that
justify its analgesic effects (27-29). In a study conducted by
Pérez-Severiano et al, RES administration to the spinal cord
was shown to reduce allodynia by decreasing nitric oxide
synthase (NOS) activity and neuronal NOS (nNOS) expres-
sion (30). Furthermore, other studies have demonstrated that
RES inhibits the expression of TNF-a, an important mediator
of the induction of inflammation (26,30).

Additionally, RES exerts inhibitory effects on the release of
glutamate from the cerebrocortical nerve terminals and exerts
NMDA antagonistic effects in cortical neurons. In fact, drugs
(e.g., haloperidol, clozapine, risperidone and SCH 23390)
that antagonize NMDA receptors and exert inhibitory effects
on glutamate receptors, have been shown to exert inhibitory
effects on morphine tendency in animal models. The authors
have previously demonstrated that Berberis vulgaris with
NMDA antagonistic effects reduces morphine relapsing and
reinstatement (31). Moreover, the prefrontal cortex and limbic
area that project towards the VTA and NAcc and regulate the
release of dopamine via glutamate and N-methyl-D-aspartate
(NMDA) receptors, play important roles in reward processing.
Memantine (an NMDA receptor antagonist), promotes the
acquisition of morphine-induced CPP (5).

As RES antagonizes NMDA receptors, inhibits gluta-
mate release in the brain and exerts anti-inflammatory,
anti-neuropathic pain and neuroprotective effects, particularly
in neuroglia, it was hypothesized that RES can ameliorate
morphine tendency in animals using the CPP model.

Materials and methods

Animals. Fifty-six male NMRI mice (purchased from Pasteur
Institute, Tehran, Iran; 23 days old weighing 25-30 g) were kept
under standard conditions (at 25°C with 12 h/12 h light/dark
cycles) and had free access to food and water, ad libitum. All
tests were performed with respect to the guidelines for the care
and use of laboratory animals provided by Zabol University
of Medical Sciences, Zabol, Iran. This study was approved by
Ethics Committee of Zabol University of Medical Sciences,
Zabol, Iran (approval no. IR.ZBMU.REC.1398.157).

Chemicals. Morphine sulfate and RES were purchased from
Daropakhsh and Sigma, respectively.

Apparatus. The Plexiglas apparatus consisted of a box with
three compartments (30x30x35 cm dimensions) separated by
removable baffles. Two compartments were of the same size,

but had different colors (black and white), floor texture (the
black compartment was thicker than the white one) and odor
(i.e., essence of banana in the white compartment and acetic
acid in the black compartment). The third compartment, which
was in gray, was in the middle of the box and was connected
to the two other compartments. Following each experiment, all
chambers were cleaned in order to remove any odor interven-
tions induced by animals' feces and/or urine.

Experimental procedure. This study comprised of 6 different
stages namely, pre-treatment, pre-conditioning, conditioning,
post-conditioning, extinction and the reinstatement test
(Table I).

Pre-conditioning phase. This part of the study comprised
3 phases. During the first 2 days, the animals were placed in
the box without guillotine doors (doors were opened) and were
allowed to freely move among the compartments. On day 3,
the mice were placed in the box only for 20 min and were
allowed to move freely in all compartments; the time each
animal spent in each compartment (black, white and gray)
was measured to evaluate unconditioned preference. Mice that
stayed in each compartment for >600 sec were excluded from
the study. During the pre-conditioning phase, there were no
significant preferences of each animal for each compartment.

Conditioning phase. This phase lasted for 4 days. The animals
were administered a single intra-peritoneal dose of normal
saline (NS) and placed in the black chamber of CPP for 1 h.
After 4 h, they received either morphine or RES, intraperitone-
ally. Following treatment (with morphine or RES), they were
placed for 1 h inside the white CPP chamber. The animals were
divided into 8 groups (n=7 per group) as follows: i) The normal
saline + normal saline (SAL) group; ii) the saline + morphine
40 mg/kg group; iii) the morphine 40 mg/kg + RES 25 mg/kg
group; iv) the morphine 40 mg/kg + RES 50 mg/kg group; v) the
morphine 40 mg/kg + RES 75 mg/kg group; vi) the normal
saline + RES 25 mg/kg group; vii) the normal saline + RES
50 mg/kg group; and viii) the normal saline + RES 75 mg/kg
group. Immediately following drug administration, the animals
were placed in the white compartment for 1 h.

Post-conditioning phase. The third part of this study was the
post-conditioning phase. Eight days after the experiment, the
mice were placed into the apparatus for 900 sec and allowed
to move freely among the compartments; the time that was
spent in each compartment (white, black and gray) was
measured. The time that was spent in the middle chamber
was equally divid—ed between the white and black compart-
ments. By abstracting, time spent during pre-conditioning
and post-conditioning can be measured for each mouse. If the
obtained result (time) is positive, it confirms that the drug can
induce a preference and vice versa (8,32).

Extinction of place preference. At this stage, the animals
were placed in the apparatus and allowed to move freely
between the compartments for 60 min/day for 7 days in order
to reverse morphine dependency. The time each mouse spent
in the white compartment could not be significant between
the pre-conditioning and extinction phases. The animals



Table I. Treatment schedule of the CPP experiment.

Reinstatement phase

Extinction phase

Acquisition of place preference

Conditioning Post-conditioning

Pre-conditioning

Pre-treatment

(2 days)

1 day

7 days

(1 day)

(4 days)

(1 day)

Normal saline + morphine10 mg/kg

Normal saline + normal saline,

WORLD ACADEMY OF SCIENCES JOURNAL 2: 77-82, 2020 79

morphine 10 mg/kg + RES 25, 50 and 75 mg/kg

normal saline + morphine 40 mg/kg,

morphine 40 mg/kg + Res 25, 50 and 75 mg/kg,
normal saline + RES 25, 50 and 75 mg/kg

were then tested as described above. Following addiction,
the animals were placed into the CPP apparatus (for 900 sec
on day 16) for morphine reinstatement, and the time spent in
the different compartments was measured (8,32). At 30 min
following drug administration, morphine 10 mg/kg + normal
saline (morphine group), or morphine 10 mg/kg + RES 25,
50 and 75 mg/kg were injected. The animals experienced a
15-min daily extinction session, which consisted of the place-
ment of the animals in the apparatus (without guillotine doors
separating the compartments). On the 8th day, the time spent
in the white compartment for each group of animals became
similar to that of pre-conditioning sessions.

Reinstatement of place preference. On day 16, from step 1,
four groups namely, the morphine/saline, morphine/RES
25 mg/kg, morphine/RES 50 mg/kg and morphine/RES
75 mg/kg were used. The animals were placed into the CPP
apparatus and allowed to move freely between the compart-
ments during which time they were recorded. A reminding
dose of morphine (10 mg/kg) was injected to each animal.
After 30 min, RES 25, 50 and 75 mg/kg was intraperitoneally
administered to each animal and the time spent in the white
compartment was recorded (8,32). The time spent before and
after the injection was calculated to elucidate whether the
animals exhibit reinstatement or not.

Statistical analysis. To compare differences among means,
one-way ANOVA with Tukey's post hoc tests were used.
Results are presented as the means + SEM. A P<0.05 was
considered to indicate a statistically significant difference.

Results

Effects of RES on morphine acquisition of place preference test.
The administration of RES (25, 50 and 75 mg/kg) alone did not
cause place preference and aversion. RES at 50 and 75 mg/kg
inhibited CPP (Fig. 1). In the conditioning phase, the animals
were grouped as follows: SAL (received normal saline plus
normal saline); morphine (received normal saline + morphine
40 mg/kg); M + RES 25 mg/kg (RES 25 mg/kg of RES
plus 40 mg/kg of morphine); M + RES 50 (received RES
50 mg/kg plus morphine 40 mg/kg); M + RES 75 (received
RES 75 mg/kg + morphine 40 mg/kg); RES 25 (received RES
25 mg/kg plus normal saline); RES 50 (received RES 50 mg/kg
plus normal saline); and RES (received RES 75 mg/kg plus
normal saline).

The extinction and pre-conditioning phases did not differ
significantly after daily extinction sessions and the condi-
tioning disappeared. The injection of the priming dose of
morphine (10 mg/kg) reinstated CPP. RES at 50 and 75 mg/kg
(but not 25 mg/kg) inhibited the reinstatement of place prefer-
ence induced by the first dose of morphine (Fig. 2). In total,
as depicted in Fig. 2, RES at all doses reduced morphine
post-conditioning and at 50 and 75 mg/kg, it inhibited
morphine-induced reinstatement.

Discussion

The results of this study revealed that RES decreased
morphine-induced CPP, but did not cause morphine tendency
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Figure 1. Effects of resveratrol (Res) on morphine-induced conditioned place preference. The time spent in the white compartment in the drug-paired compart-
ment before conditioning (white bars) and after conditioning (black bars) is indicated. “P<0.01 represents significant differences in time spent by animals

before and after conditioning.
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Figure 2. Effects of resveratrol (Res) on the reinstatement of morphine-induced conditioned place preferences. The four groups received morphine with either
normal saline or different doses of Res. "P<0.05, significant difference between the pre-conditioning and post-conditioning phase in the MOR + SAL group;
“P<0.01, significant difference at between extinction and reinstatement phase in the MOR + SAL group; and “P<0.05, significant difference between the extinc-
tion and reinstatement phase in the Res 25 mg/kg group. Based on this Figure, Res at all doses reduced morphine post-conditioning and at 50 and 75 mg/kg,

it inhibited morphine-induced reinstatement.

or repulsion. The results of reinstatement investigation revealed
that RES prevented morphine reinforcement (hedonism as well
as withdrawal discomfort may lead to continued consumption)
induced by the morphine (10 mg/kg) ‘reminding’ dose.

Similar to previous studies, repeated injections of
morphine (40 mg/kg) for 4 consecutive days produced
morphine dependency (27-29). At 7 days following the initia-
tion of the experiment, the animals withdrew their morphine
tendency when placed into CPP apparatus. On the 8th day of
the experiment, the effects of RES on morphine tendency were
examined. Following to aversion, morphine at a 10 mg/kg
injection on day 16 can reinstate morphine CPP.

Opioidergic, dopaminergic and GABAergic neuronal path-
ways along with NAcc, VTA, the amygdala and hippocampus
regulate morphine-induced CPP (30).

One of the most important systems involved in the
‘rewarding’ effects of morphine is the mesolimbic pathway.
Moreover, NMDA antagonists can prevent morphine
tendency (5,16,32). Additionally, RES exerts inhibitory effects
on glutamate receptor especially NMDA receptors in cortical
neurons that are involved in the rewarding system (33). This
effect of RES has been shown to be mediated by the increment
of glutamate release by reducing the activity of voltage-depen-
dent Ca?* channels and MAP kinase; moreover, RES inhibits
glutamate release form cerebrocortical nerve terminals by

reducing the activity of N- and P/Q-type Ca?* channels (34).
Furthermore, RES inhibits the pre-synaptic release of gluta-
mate, although post-synaptically, it inhibits NMDA type
glutamate receptor (33,34).

In acute opioid dependence, the rewarding effects along
with the development and expression of behavioral and
opioid neurochemical sensitization are related to glutama-
tergic neurotransmission, and dopamine release is under
the control of glutamate and NMDA receptors (33). Opioids
administration into the VTA enhances dopamine release in
the NAcc (29). The data of this study are consistent with
those of previous research indicating that NMDA antagonists
can diminish morphine tendency, as well as tolerance and
dependency (8).

Increased rates of dopamine release in the NAcc are associ-
ated with the rewarding effects of morphine addiction (31,33).
The administration of MK 801, an NMDA antagonist, has
been shown to boost the morphine antinociceptive effects via
the suppression of calcium influx (4,7).

Similar to the results of this study, a previous study on
the effect of dextromethorphan, an NMDA antagonist, on
morphine demonstrated that dextromethorphan reduced
morphine tolerance and dependency (29). Dextromethorphan
can increase morphine antinociceptive effects and decrease
tolerance and dependence towards it (29).
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Excitatory neurotransmitters, including NMDA play
crucial roles in hyperalgesia and morphine tolerance. It has
been shown that memantine, an NMDA antagonist, decreases
morphine tendency and CPP (16,33) and attenuates morphine
rewarding potential, as evaluated by the method of morphine
self-administration in mice (32). Other NMDA antagonists
have been shown to exert inhibitory effects on morphine
rewarding activity in a CPP model. Mechanistically, the activa-
tion of the morphine rewarding system requires the stimulation
of NMDA receptors in the NAcc and VTA. Previously, the
authors demonstrated that Berberis vulgaris aqueous extract
reduces morphine tendency and reinstatement presumably via
NMDA antagonistic effects (31).

Moreover, previous studies have shown that RES exerts
antinociceptive effects on acute pain and chronic inflamma-
tion and increases the antinociceptive effects of morphine
in morphine-tolerant animals (22,23). Since RES exerts
antinociceptive effects, potentiates antinociceptive effects in
morphine-tolerant animals and reduces morphine relapse and
reinstatement, it may prove to a valuable natural product for
abstinence therapy.

In conclusion, this study demonstrated that RES markedly
suppressed morphine-induced CPP and improved extinction.
The findings of this study demonstrate that RES can potentiate
the antinociceptive effects of morphine and reduces morphine
tendency and reinstatement.
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