Ginger (Zingiber Officinale Roscoe) Prevents Morphine-Induced Addictive
Behaviors in Conditioned Place Preference Test in Rats

Shima Torkzadeh-Mahani PhD1, Sima Nasri PhD?, Saeed Esmaeili-Mahani PhD3

Original Article
Abstract

Background: Consumption of chronic morphine induces neuro-inflammation and addictive seeking behavior.
Ginger (Zingiber Officinale Roscoe), a well-known spice plant, has been used traditionally in the treatment of
a wide variety of ailments. It has been shown that ginger has anti-inflammatory, anti-oxidative and
antinociceptive properties. However, its influences on morphine-induced addictive behaviors have not yet
been clarified. The aim of the present study was the inhibition of exploratory behavior of morphine addiction
in the conditioned place preference test in male desert rats through ginger.

Methods: For conditioning to the morphine, the male Wistar rats received morphine (12 mg/kg
intraperitoneally or i.p.) for 6 consecutive days and treatment groups were given different doses of ginger
(25, 50 and 100 mg/kg intragastrically or i.g.) 30 min before morphine injection. For investigating addictive
seeking behavior, conditioned place preference test (CPP) was used.

Findings: Our result demonstrated that injection of morphine for 6 days induces dependency to morphine
and creates addictive seeking behavior and ginger (100 mg/kg) could decrease time spend in conditioning
box (addictive seeking behavior).

Conclusion: The data indicated that ginger extract has a potential anti-addictive property against chronic
usage of morphine.
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Introduction

Opioids are the current standard of care for the
management of moderate or severe pain, but
treatment with these drugs leads to the induction
of side effects such as addiction, tolerance and
physical dependence. In addition, conspicuous
increases in the abuse of opioids have expanded
the need for pharmacotherapeutic interventions.
Drug addiction constitutes a major health
problem worldwide. Iran is situated along one of
the main trafficking routes for cannabis, heroin,
opium and morphine. Iran ranks first worldwide
in the prevalence of opiate addiction with 2.8% of
its population addicted.! Initiation age for most
Iranian addicts is their 20s.2

It has been recently shown that the
oxidative/nitrosative stresses may play a critical
role in the development of morphine-induced
tolerance and dependence and blockade of such
stress can attenuate morphine side effects.3* In
addition, neuroinflammation occurs following
chronic usage of opioids, which plays an important
role in the induction opioid side effects.>¢

Recently, the anti-tolerance and anti-addictive
effects of natural herbal products have drawn
intensive interest” and need precise scientific
experimental testing as well as clinical trials
before using as widespread choice in the
management of opioid side effects. Wu et al.
reported that processed Aconiti tuber (PAT), a
traditional Chinese herbal medicine,
dose-dependently inhibited morphine-induced
conditioned place preference (CPP).8 It has been
previously reported that some Iranian traditional
herb extract accompanied with their active
constituents have inhibitory effects against
morphine-induced tolerance and dependence.®11

Zingiber officinale Roscoe [family:
Zingiberaceae], commonly known as ‘ginger’, is
one of the frequently used spices in the world.
Ginger has been used safely in cooking, and in
folk medicine. It is used extensively to treat cold,
fever, headache, nausea and digestive problems;
and is also used in modern herbal medical
practices for the treatment of arthritis, rheumatic
disorders and muscular discomfort.”? The main
constituents of ginger are the gingerols, shogaols,
paradols and zingerone.’ It has been documented
that ginger @ has  antioxidant#!>  anti-
inflammatory,'¢ and antinociceptive properties.!”
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We have previously reported that this plant could
prevent the development of morphine analgesic
tolerance and physical dependence through
inhibition of morphine-induced calcium channel
over-expression.18

Therefore, the present study was designed to
test the hypothesis that ginger extract could exert
preventive effects against other chronic morphine
side effects such as addictive seeking and place
preference behavior in rats.

Methods

All experiments were carried out on male Wistar
rats, weighing 200-250 g, that were housed four
per cage under a 12 h light/dark cycle in a room
with controlled temperature (22 £ 1 °C). Food and
water were available ad libitum. The animals
were handled daily (between 9:00 and 10:00 a.m.)
for 3 days, before the experiment days in order to
adapt them to manipulation and minimize
nonspecific stress responses. Rats were divided
randomly into several experimental groups, each
comprising 6-8 animals. All experiments followed
the guidelines on ethical standards for
investigation of experimental pain in animals,?
and approved by the Animal Experimentation
Ethic Committee of Kerman Neuroscience
Research Center (EC/KNRC/90).

A total of 1 kg of fresh ginger was purchased
from the main vegetable market in Khorramabad,
Iran. A sample of the rhizome was deposited at
the herbarium of the Razi Herbal Medicines
Research Center, Lorestan, Iran. Two hundred
grams of the air-dried rhizome of the herb was
ground into fine powder. The powder was
extracted twice, on each occasion with 1 liter of
80% ethyl alcohol. The ethanol extract was
filtered, and the filtrate was concentrated until
dry under reduced pressure in a rotary
evaporator and the resulting ethanol extract was
freeze-dried.

Aliquot portions of the crude ginger root extract
was weighed and dissolved in warm physiological
saline for use on each day of our experiments.
Morphine hydrochloride (TEMAD, Iran) was also
dissolved in physiological saline. Ginger extract was
given intragastrically (i.g.) by gavage and morphine
was injected intraperitonealy (i.p.).

We used the CPP test to evaluate drug-induced
addictive (drug-seeking) behavior in rats. The rats
were intraperitoneally (i.p.) injected with morphine
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once daily for 6 days and evaluated for drug-
induced place preference. The CPP test apparatus
was a two-compartment box (60.0 x 29.2 x 29.2 cm)
with a transparent plexiglass front separated by a
gray cylinder platform (10.3 cm in diameter and 12
cm high). One compartment was white with a
textured floor, and the other was black with a
smooth floor.

For CPP conditioning, the rats were given
saline or morphine (12 mg/kg; i.p.) for 6 days.
The two distinctive compartments were paired
repeatedly, one with the morphine injections and
the other with the saline injections. The rats were
kept for 40 min in the corresponding
compartment with the guillotine doors closed.
The place preference, before conditioning (day 0)
and on the days after conditioning (7, 9, and 13),
was determined. Each rat was placed on a neutral
(gray) platform and allowed to step down from
the platform to either the white or black
compartment. A sliding wall was then put down
on the platform and the rat was free to access
either compartment through two openings
(9.5 x 12 cm each) on each side of the platform.
The amount of time spent in the black or white
compartment was automatically measured for 15
min. So that this was drug-seeking behavior
which was determined by the increase in the time
spent in the compartment previously paired with
the morphine injection than in the compartment
previously paired with saline. To evaluate the
effect of ginger, the extract (25, 50 and 100 mg/kg,
i.g) was given 30 min before each morphine
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injection (days 1 to 6) once daily for 6 days.

The results are expressed as mean + SEM. The
difference in the mean of time spent in the
morphine-paired of the CPP apparatus between
groups over the time course of study was
determined by one-way analysis of variance
(ANOVA) followed by the Tukey test. P < 0.05
was considered statistically significant.

Results

The inhibitory effect of ginger extract on
morphine-induced addictive behavior

As shown in figure 1, place preference was not
occurred following administration of chronic
saline in rats. In contrast, a significant
dependence was produced in chronic morphine-
injected (12 mg/kg for 6 days) rats. The
occurrence of CPP (the increased in spending
time) revealed rat’s addictive behavior in days 7,
9 and 13 (Figure 2). Due to the amount of time
spent by rats in the morphine-paired chamber of
the CPP apparatus it seems that the place
preference is completely related to morphine
administration.

The data indicated that there was a significant
preference for the morphine-paired chamber in
morphine and ginger administrated rats in day 7
of experiment (Figure 3).

In the 9t day, one way ANOVA test using the
preference scores indicated that ginger-treated
(100 mg/kg) rats had a significantly lower
preference than the morphine-injected rats for the
morphine-paired chamber (P < 0.01) (Figure 4). It

Pre

Con (day 7)

Con (day 9) Con (day 13)

Figure 1. Time spent in the saline-paired of the CPP (conditioned place preference) test
apparatus by rats in preconditioning and post-conditioning days

Each bar represents the mean + SEM
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Figure 2. Time spent in the morphine-paired of the CPP (conditioned place preference test)
apparatus by rats in preconditioning and post-conditioning phase of test
Each bar represents the mean + SEMP < 0.001 compared to preconditioning phase; Marrp¥iine
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Figure 3. Time spent in the morphine-paired of the CPP (conditioned place preference test)
apparatus in morphine- and morphine plus ginger-treated rats in 7" day of experiment
Each bar represents the mean + SEM; Mor: Morph@ie; Ginger
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Figure 4. Time spent in the morphine-paired of the CPP apparatus in morphine- and morphine
plus ginger-treated rats in 9™ day of experiment
Each bar represents the mean + SER:< 0.01 compared to morphine-treated rats; Morp¥ine; Gin: Ginger
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Figure 5. Time spent in the morphine-paired of the CPP apparatus in morphine- and morphine
plus ginger-treated rats in 13th day of experiment
Each bar represents the mean + SEM? < 0.001 compared to morphine-treated rats

means concomitant administration of 100 mg/kg
ginger extract could attenuate morphine-induced
addictive behavior.

The CPP data in day 13 showed that ginger with
doses of 50 and 100 mg/kg significantly reduced
preference for the morphine-paired chamber and
inhibited addiction landmark (Figure 5).

Discussion

It has been documented that drug addiction can
activate the mesolimbic dopamine rewarding
system and increase dopamine content in nucleus
accumbens.? The mesolimbic dopamine structures
are involved critically in morphine-induced CPP,
since the electrolytic lesion of ventral tegmental
area and the nucleus accumbens can block this
phenomenon.?!

Motivated behaviors are mediated by three
important regions in the brain including the
amygdala, prefrontal cortex and nucleus
accumbens. The contributions of nucleus
accumbens to the reinforcement and rewarding
behavior have been completely demonstrated.?

Morphine  induces a  proinflammatory
phenotype via p-opioid receptor in astrocytes and
microglial cells. It has been reported that morphine
administration causes astrocytes activation in the
nucleus accumbens, locus coeruleus, lateral
septum, trigeminal nucleus and caudate nucleus,
periaqueductal gray and ventral tegmental areas,
and prefrontal cortex.?

Commonly abused drugs can induce complex
changes in reward neural circuits. However, such

changes affect both neuronal and non-neuronal
cells. Scientific reports indicated that glial activation
is  preferentially involved in drug-seeking
behavior¢ In addition, neural inflammation
contributes to sensitization and neuroplastic
processes induced by addictive drugs of abuse.® It
has been documented that chronic morphine
activates astrocytes and microglia cells and increases
pro-inflammatory cytokine gene expression.?62?
Once activated, microglia can release cytokines,
chemokines, ROS, and complement proteins which
start progressive cycle of neuroinflammation and
cause synaptic plasticity.?82?

Ginger has a long history of human use,
especially with regards to its anti-inflammatory
properties. This plant elicits anti-inflammatory
effects in different models of inflammation.30-32
Ginger extract can reduce TNFa and IL-1p gene
expression.® It seems that the anti-inflammatory
property of ginger is responsible, at least in part,
for its anti-addictive effect.

Previous reports indicate that oxidative stress
and free radicals have important roles in the
induction of chronic morphine-induced side
effects.434-36 Furthermore, the potent
antioxidanteffects of ginger and its components
have been demonstrated.’> Such property can also
be involved in the observed effect in this study.

Conclusion

The data indicate that ginger extract has a
potential anti-addictive property against chronic
usage of morphine and its anti-inflammatory and
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antioxidant properties as well as its ability to
reduce morphine-induced glial activation and
neuroinflammation may be involved in its
anti-addictive effects.
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