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ABSTRACT
Relapse to opioid, even long time after withdrawal, is one of the most important problems of
opiate withdrawal programs. Magnesium has been shown that; inhibit glutamate release and
induces N-Methyl-D-aspartate (NMDA) antagonistic effects; moreover, glutamate NMDA
antagonists contribute to the reinforcement of morphine. In the current study, the effects of
magnesium sulfate on the acquisition and reinstatement of morphine-induced conditioned place
preference (CPP) in an animal model were investigated. The acquisition and extinction and
reinstatement phases induced using morphine 40 and 10mg/kg.
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Magnesium sulfate 300 and 600 mg/kg (not 150mg/kg) reduced morphine dependence.
Additionally, tendency of animals to the white compartment of CPP chamber significantly
decreased. Magnesium sulfate inhibits morphine tendency and reinstatement probably via
NMDA antagonistic effects.
Keywords: magnesium sulfate; morphine; conditioned place preference.

1. INTRODUCTION
Morphine and other opioids are still the most effective painkillers, especially for postoperative
and neuropathic cancer pain [1]. Continuous use of opioids and dependence on these medications
are increasing among individuals around the world. Additionally, abstinence-based treatments are
normally interrupted, following opioid withdrawal [1, 2].
Relapse to opioid use is one of the most important problems after morphine withdrawal. In fact,
relapse is a subjective sensation that can motivate individuals to seek drugs even after long
periods of abstinence.
Amongst

multiple

neurotransmitter

systems

(including

dopaminergic,

GABAergic,

glutamatergic, serotonergic, and adrenergic systems) and endogenous opioid peptides,
dopaminergic system is the most important involved system in morphine withdrawal [3, 4].
Dopaminergic neurons of ventral tegmental area (VTA), reaching the nucleus accumbens
(NAcc), can induce natural rewarding and electrical stimulation [3].
Following the activation of dopaminergic neurons, the inhibitory effects of GABAergic
interneurons in the VTA are removed, leading to an increase in dopaminergic firing in the NAcc.
In fact, when VTA is activated by morphine, it can increase dopamine transmission by
suppressing GABAergic interneuron projection into NAcc [5].
According to previous studies, some dopamine antagonists including haloperidol, clozapine,
risperidone, and SCH 23390 can inverse morphine tendency in CPP method [6-9]. This is not the
only mechanism of the rewarding system, but prefrontal cortex and limbic system project toward
VTA and NAcc and control the release of dopamine via glutamate and N-methyl-D-aspartate
(NMDA) receptors. In fact, memantine (an NMDA receptor antagonist) leads to the acquisition
of morphine-induced CPP [4].
Magnesium, which is found in all parts of the brain, is the second most abundant intracellular
cation, involved in many brain physiological processes [10]. This element has been used in
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obstetrics and cardiology for a long time [10-12]. Furthermore, use of magnesium for the
treatment of many medical conditions including brain injuries, hypoxia, and ischemia has been
widely investigated [10, 13].
Magnesium has been shown to play an important role in neuron plasticity [13]. Magnesium
deficiency in the brain leads to brain hyperexcitability [13]. Additionally, magnesium can close
voltage-dependent calcium channels and result in NMDA antagonistic effects [14]. This element
can inhibit the release of excitatory neurotransmitters such as glutamate and potentiate adenosine
inhibitory effects on glutamate release in the synapses of central nervous system [15].
As magnesium sulfate has NMDA antagonistic effects and NMDA antagonists show inhibitory
effects on morphine relapse, magnesium is assumed to decrease morphine craving after
abstinence-based therapy. In other words, magnesium sulfate has antagonistic effects of NMDA
receptors and can inhibit glutamate release in the brain. In the current study, for the first time, the
efficacy of magnesium sulfate (150, 300, and 600 mg/kg, i.p.) in decreasing morphine tendency
was evaluated in mice in the CPP method.

2. MATERIALS AND METHODS
3.1. Animals
This study was performed on male NMRI mice (25-30 g), housed under standard conditions (25
°C, 12-hour light/12-hour dark cycle) with free access to food and water ad libitum. All
experiments were in accordance with animal care guidelines of Zabol University of Medical
Sciences.
2.2. Chemicals
Morphine sulfate was purchased from Daro-Pakhsh Company, Iran, and magnesium sulfate was
provided from Pasteur Institute, Iran.
2.3. Apparatus
The apparatus, consisting of three compartments (each 30cm in length, 30 cm in width, and 35
cm in height), was made of Plexiglas; the compartments could be separated from each other by
guillotine doors. When the doors were opened, the mice were allowed to move freely between the
compartments; as the doors were closed, the mice were confined in a compartment and were not
able to move between the compartments. The two white and black compartments were identical
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in size with different colors, floors, and essences; the roof texture of the white compartment was
finer than the black one.
The smell of the white compartment was produced using the essence of banana, in contrast with
the black one with an acetic smell. The two compartments were connected by a third graycolored compartment. To avoid any odor interference by animals’ feces and/or urine, the
compartments were completely cleaned at the end of each experiment.
2.4. Experimental procedures
The whole protocol had six different phases including pre-treatment, pre-conditioning,
conditioning, post-conditioning, extinction, and reinstatement test (table 1).

Table 1. Treatment schedule for CPP experiment
Acquisition of CPP

The
extinction
phase

Pre-treatment Preconditioning

Twodays

Conditioning
(four days)
Saline+saline,

One day

Saline+morphine40
mg/kg

Postconditioning

Seven days

The reinstatement
phase

One day

(one day)
Saline+morphine10
mg/kg

2.4.1.1. Pre-conditioning phase
This phase consisted of three stages. During the first stage, which continued for three days, the
animals were familiarized with the boxes. Two days after the beginning of the experiment, the
mice were allowed to move freely in all compartments. On the third day, the animals were placed
in the compartments for 20 min and could move freely. The time the mice spent in the
compartment was calculated and those spending more than 600 seconds in each compartment
were excluded from the experiment.
2.4.1.2. Conditioning phase
The mice were assigned to 8 groups [16]: saline+saline; saline+morphine 40 mg/kg; morphine 40
mg/kg+ magnesium sulfate 150, 300, and 600 mg/kg; and saline + magnesium sulfate 150, 300,
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and 600 mg/kg (7 mice per group, 56 mice in total). Following the pre-conditioning phase, the
mice received normal saline for 4 consecutive days and were placed in the black compartment
apparatus for one hour. Afterwards, the animals were injected either magnesium sulfate or
morphine. Then, the mice were placed inside the black compartment for one hour. The selected
mice were placed in the white compartment for one hour.
2.4.1.3. Post-conditioning phase
In the third phase (post-conditioning), on the eighth day of the study, the mice were placed in the
apparatus with opened doors in a way that they were able to move freely between the chambers.
The total time that each mouse spent in any chamber was calculated to be 900 seconds. The time
each mouse spent in the middle chamber was equally divided between the two chambers.
Differences between the times spent in the pre-conditioning phase and the time in the postconditioning stage for each mouse were calculated. If the calculated time was positive, the drug
could induce morphine dependence [6, 17].
2.4.2. Extinction of CPP
In order to reverse morphine dependency, the animals were placed in the apparatus with open
guillotine doors to move freely between the compartments (60 min daily for 7 consecutive days).
The time spent in the white compartments could not be significantly different between the preconditioning and extinction phases. The first three phases were similar to the first step of the
current experiment. After inducing morphine addiction, the animals were placed in the CPP
apparatus for 900 seconds for morphine reinstatement [6, 17].
2.4.3. Reinstatement of CPP
On day 16, the mice were placed in the CPP apparatus in a way that they could freely move in
each compartment and the time was calculated. Afterwards, the animals were injected the
remaining dose of morphine 10mg/kg; thirty minutes later, the animals intraperitoneally received
their respective treatments as magnesium sulfate 150, 300, and 600 mg/kg; then, the time spent in
the white compartment was determined [6, 17]. The differences in the time spent in the white
compartment before and after the injection were calculated to elucidate if the animals showed
reinstatement.
2.5. Statistical analysis
One-way ANOVA, followed by Tukey-Kramer post-hoc test, was used for multiple comparisons.
Data were presented as mean ± SEM. P-value < 0.05 was considered statistically significant.
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3. RESULTS
3.1. Effects of magnesium sulfate on the acquisition of morphine-induced CPP
Administration of magnesium sulfate (150, 300, and 600 mg/kg) did not induce CPP or aversion
by itself. Magnesium sulfate at doses of 300 and 600 mg/kg inhibited CPP (Figure 1).
The mice were grouped in the conditioning phase in the drug-paired compartment as follows:
SAL (saline plus saline); morphine(saline plus 40 mg/kg of morphine); M + Mg 150 (150 mg/kg
of magnesium sulfate plus 40 mg/kg of morphine); M + Mg 300 (300 mg/kg of magnesium
sulfate plus 40 mg/kg of morphine); M + Mg 600 (600 mg/kg of magnesium sulfate plus 40
mg/kg of morphine); Mg 150 (150 mg/kg of magnesium sulfate plus saline); Mg 300 (300 mg/kg
of magnesium sulfate plus saline); and Mg 600 (600 mg/kg of magnesium sulfate plus saline).
The bars show the time spent in the drug-paired compartment before conditioning (white bars)
and after conditioning sessions (black bars). P< 0.001 and P < 0.01 showed significant
differences in the time spent in the compartments by animals before and after conditioning
sessions.
Pre Conditioning
Post Conditioning

800

***
**

Time (Sec)

600
400

200

0

Saline

Morphine(M)

M+Mg150

M+Mg300

M+Mg600

Mg150

Mg300

Mg600

Fig. 1. Effects of magnesium sulfate on morphine-induced CPP

3.2. Effects of magnesium sulfate on the reinstatement of CCP
No significant differences were observed between extinction and pre-conditioning phases after
daily extinction sessions as the conditioning disappeared. Administration of the priming dose of
morphine (10 mg/kg) reinstated CPP. Magnesium sulfate 600 mg/kg inhibited the reinstatement
of CPP due to the priming dose of morphine (Figure 2)(*** P<0.001, ** P<0.01 and * P<0.05).
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MOR+Mg150
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Fig. 2. Effects of magnesium sulfate on the reinstatement of morphine-induced CPP

4. DISCUSSION
The current study was carried out in two stages. In the first stage, it was revealed that magnesium
sulfate decreased morphine-induced CPP and did not result in morphine tendency or relapse. In
the second stage (reinstatement test), 16 days after starting the experiment, magnesium sulfate
prevented morphine reinstatement, following the injection of morphine10 mg/kg (the remaining
dose).
Many previous studies have shown that morphine 40mg/kg can lead to morphine-induced CPP
[17-19]. In the current study, about 7 days after starting the experiment, the mice withdrew from
morphine if they were put in the CPP apparatus. On the eighth day after starting the experiment,
the effects of magnesium sulfate on morphine tendency were evaluated. Following the
abstinence-based therapy, injection of morphine 10 mg/kg on day 16 could reinstate morphineinduced CPP.
Morphine-induced CPP is a complex phenomenon, which involves many systems including
opioidergic, dopaminergic, and GABAergic neuronal pathways; many brain regions such as
NAcc, VTA, amygdala, and hippocampus are involved, as well [20]. Additionally, one of the
most important systems, which contributes to the rewarding effects of morphine, is mesolimbic
dopamine system.
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NMDA antagonists can prevent morphine tendency [4, 9, 21]. Magnesium sulfate has NMDA
antagonistic effects by preventing calcium entry into the cells from NMDA-receptor channels
[22]. In the acute opioid rewarding effects, behavioral and neurochemical sensitization of opioid
is related to glutamatergic neurotransmission with dopamine release under the control of
glutamate and NMDA receptors [23]. Opioid injection into VTA increases dopamine release in
the NAcc [19].
In a study by Robert J and colleagues, magnesium sulfate potentiated the antinociceptive effects
of morphine when administered intrathecally by decreasing calcium entry into the cells and
reducing excitatory neurotransmitters in the cortex [24]. Moreover, they found that magnesium
sulfate attenuates morphine tolerance and potentiates the antinociceptive effects of morphine [5,
8, 24]. Similar to previous studies, our findings showed that NMDA antagonists can attenuate
morphine tendency, tolerance, and dependency [4, 23]. Release of DA in NAcc induces the
rewarding effects of morphine addiction [23, 25].
Administration of NMDA antagonist MK 801 potentiates the antinociceptive effects of morphine
via blocking calcium influx [3, 5, 26]. Our study was in consistence with previous research on the
effects of dextromethorphan on morphine that can alleviate morphine tolerance and dependency
[19]. Dextromethorphan is an NMDA antagonist that can potentiate the antinociceptive effects of
morphine and decrease morphine tolerance and dependence [19]. In fact, one of the most
important mechanisms of hyperalgesia and morphine tolerance is related to excitatory
neurotransmitters including NMDA [27].
A previous study showed that memantine, an NMDA antagonist, decreases morphine tendency
and morphine-induced CPP [7, 9]. Moreover, self-administration of memantine attenuated the
rewarding potential of morphine in a mouse model [21]. Further studies showed that the
administration of other NMDA antagonists inhibits the rewarding effects of morphine in CPP
models. In fact, activation of NMDA receptors in the NAcc and VTA is necessary for any
response that leads to the evocation of morphine’s rewarding system [28, 29].
Nitrergic system is more likely to be involved in the magnesium sulfate effects on morphine
aversion and inhibition of reinstatement [30]. Magnesium decreases nitric oxide (NO) activity via
inhibiting nitric oxide synthase (NOS) [30]. Previous studies have shown that decreasing NO
activity reduces morphine-induced CPP in animal models [30, 31]. Similarly, our study showed
that another mechanism involved in the effects of magnesium sulfate on morphine withdrawal
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and inhibition of reinstatement is the inhibition of NOS, which leads to a decrease in morphine
reinstatement in mice.
In a previous study, the effects of berberis vulgaris aqueous extract on morphine tendency and
reinstatement were evaluated. It was revealed that this extract can inhibit morphine tendency and
reinstatement presumably by inducing NMDA antagonistic effects [17].

CONCLUSION
Our results suggest that morphine can strongly block morphine-induced CPP and promote its
extinction. In conclusion, it was revealed that magnesium sulfate can be administered for
addiction treatment, considering its positive effects on morphine tendency and its suppressive
effects on morphine-induced CPP and reinstatement.
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