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Noni (Morinda citrifolia L.) fruit extract attenuates the
rewarding effect of heroin in conditioned place
preference but not withdrawal in rodents
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Abstract: The present study was designed to investigate the effect of a methanolic extract of Morinda
citrifolia Linn. fruit (MMC) on the rewarding effect of heroin in the rat conditioned place preference
(CPP) paradigm and naloxone-precipitated withdrawal in mice. In the first experiment, following a
baseline preference test (preconditioning score), the rats were subjected to conditioning trials with
five counterbalanced escalating doses of heroin versus saline followed by a preference test conducted
under drug-free conditions (post-conditioning score) using the CPP test. Meanwhile, in the second
experiment, withdrawal jumping was precipitated by naloxone administration after heroin dependence
was induced by escalating doses for 6 days (3x%/ day). The CPP test results revealed that acute
administration of MMC (1, 3, and 5 g/kg body weight (bw), p.o.), 1 h prior to the CPP test on the 12th
day significantly reversed the heroin-seeking behavior in a dose-dependent manner, which was similar
to the results observed with a reference drug, methadone (3 mg/kg bw, p.o.). On the other hand,
MMC (0.5, 1, and 3 g/kg bw, p.o.) did not attenuate the heroin withdrawal jumps precipitated by
naloxone. These findings suggest that the mechanism by which MMC inhibits the rewarding effect

of heroin is distinct from naloxone-precipitated heroin withdrawal.
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Introduction

Opioid abuse and dependence are chronic and endur-
ing phenomena encountered throughout the world. To-
gether, they are part of a compulsive pattern that is as-
sociated with drug seeking and taking and caused by
positive reinforcement of the rewarding effect of the drug
and negative reinforcement of the withdrawal syndrome
that occurs after the cessation of substance abuse [8].
Heroin is known to be the most abused opioid drug, and
studies have shown a steady increase in the number of
addicts towards this substance over the years [36]. Al-
though there are several FDA-approved pharmacothera-
pies, including methadone maintenance treatment
(MMT), that have been used to date for the treatment of
opioid dependence, their inadequacies have encouraged

the search for new treatment options.

Numerous plants that have been used as traditional
medicines, have recently turned out to be important
sources of new drugs in health-care systems throughout
the world. Several animal studies have determined the
particular efficacies of plant-derived medicines for the
treatment of morphine, alcohol, nicotine, and cocaine,
as well as heroin dependence [20]. Morinda citrifolia L.
(family: Rubiaceae) has been used as food and medicine
by humankind for centuries. It is commonly known as
noni, a small evergreen tropical tree that grows widely
in many tropical regions of the world [22]. Tradition-
ally, the roots, stems, bark, leaves, flowers, and fruits of
the noni are used in various combinations in folk medi-
cine for the treatment of many illnesses including arthri-
tis, diabetes, high blood pressure, muscle aches and
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pains, menstrual difficulties, headaches, heart discase,
cancers, gastric ulcers, sprains, mental depression, senil-
ity, poor digestion, atherosclerosis, blood vessel prob-
lems, and drug addiction [40].

An aqueous and alcoholic extract of noni fruit and root
showed an analgesic effect in mice, and this was sug-
gested to be mediated through an opioidergic mechanism
[34, 41]. Evidence in favor of an antidopaminergic effect
of noni fruit have been provided by studies assessing its
prokinetic effect in mice and antiemetic effect in humans
[26]. Additionally, work from our laboratory demon-
strated the antipsychotic-like effect of noni fruit juice and
a methanolic extract of it on mouse models of apomor-
phine/methamphetamine-induced cage climbing/stereo-
typy and suggested that noni fruit has a neuromodulatory
effect on the dopaminergic system [29]. Dopaminergic
neurotransmission, especially the mesolimbic system, has
been widely explored with respect to motivational (rein-
forcing) aspects of drug abuse [33]. It was therefore of
interest to investigate whether the effect of a noni fruit
extract resulting from the blockade of dopamine receptors
and facilitation of opioid receptors, could be utilized to
combat drug seeking and withdrawal syndrome.

From this perspective, the present study was primar-
ily undertaken to determine the effect of a standardized
methanolic extract of Morinda citrifolia Linn. fruit
(MMC) on a rat model of heroin conditioned place pref-
erence (CPP), a model that investigates the reinforcing
effect of drugs with dependence liability. In addition, an
attempt was undertaken to examine the possible effect
of MMC on naloxone-precipitated withdrawal jumping
behavior in mice.

Materials and Methods

Animals

Male Sprague—Dawley rats weighing 250-300 g upon
arrival (7-8 weeks old) and ICR mice weighing 20-26
g upon arrival (7-8 weeks old) were obtained from the
Laboratory Animal Centre, University of Malaya. Ani-
mals were housed four per cage in polycarbonate cages
in a temperature-and humidity-controlled environment,
given ad libitum access to food and water, and main-
tained at 22 + 1°C with a 12 h light: 12 h dark cycle. All
experiments were carried out according to an experimen-
tal protocol (ACUC Ethics No. FAR/27/01/2012/PV (R))
approved by the Animal Care and Use Committee, Fac-
ulty of Medicine, University of Malaya, Kuala Lumpur.

Standardized extract of M. citrifolia fruit

The standardized MMC was prepared using cold ex-
traction with sonication as mentioned in our recent pub-
lication [30]. The dried solvent-free standardized MMC
was stored at 4°C in a container until further use.

Drugs and chemicals

Naloxone hydrochloride from Sigma-Aldrich, St.
Louis, MO, USA and methadone hydrochloride in the
form of syrup (5 mg/ml) (Aseptone®) from Duopharma
(M) SDN BHD, Malaysia, were used. Heroin hydrochlo-
ride (diacetylmorphine hydrochloride) was generously
provided by the Chemistry Department, Ministry of
Health, Malaysia. The drug solution was prepared fresh
in normal saline prior to the start of experimentation and
administered intraperitoneally (i.p.) in a constant volume
of 1 ml/kg body weight of rats and 1 ml/100 g body
weight of mice. The standardized MMC was suspended
in 1% w/v sodium carboxymethylcellulose (CMC) solu-
tion and administered orally (p.o.). CMC solution served
as the vehicle control (VEH).

Apparatus

The conditioned place preference (CPP) procedure
was carried out as described previously [37] with the
following specifications. In brief, place preference con-
ditioning was performed in plexiglass boxes measuring
(90 x 22 x 30 cm) (LxWxH) that were divided into two
chambers of equal size (40 x 22 x 30 cm) by insertion
of a removable plexiglass wall and separated by a small
middle grey zone (10 x 22 x 30 cm) in the middle of the
chamber. Both chambers possessed visual cues along
with tactile cues: one side of the chamber had black walls
with white horizontal stripes attached white wire mesh
on the floor, while the other side had white walls with
vertical black lines and a smooth black plexiglass floor.
Detachable dividers, complementing the chamber walls,
were used to close-off each chamber. Transparent plexi-
glass lids allowed observation of an animal’s behavior
on a computer connected to a Logitech HD Webcam
placed above the apparatus. Rat behavior was recorded
and later scored by an experimenter who was blind to
the treatment condition.

Conditioned place preference (CPP) procedure

The CPP test was comprised of three specific phases,
the preconditioning, conditioning, and post-conditioning
phases and was performed over the course of 12 con-
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Fig. 1. Experimental design for (a) the conditioned place preference paradigm and (b) naloxone-

precipitated withdrawal jumping.

secutive days. A schematic diagram of the study plan is
depicted in Fig. la. Preliminary data from our labora-
tory indicated that, naive rats spent more time in the
black compartment in comparison with the white com-
partment when given free choice regarding access to the
whole apparatus for 15 min. As a result, to assess con-
ditioning, we paired heroin with the initial non-preferred
white compartment. On the first day, each rat was indi-
vidually preexposed to the test apparatus for 15 min.
Initially, each animal was placed in the center grey
compartment for one min; following that, the guillotine
doors were raised, and each animal was allowed to move
freely between the two compartments. The times spent
in each of the compartments were recorded on the pre-
conditioning day. The rats that showed innate place
preference for the white compartment in preconditioning
phase were excluded from further study. The day after
preconditioning session, the conditioning (days 2—11)
phase began. During this phase, the guillotine doors were
set in place, and the animals were restricted to either the
white or black compartment. Rats were moved from the
animal holding room into the testing room, weighed, and
allowed to habituate them to the testing room for at least
30 min. After habituation, the rats were placed in their
respective compartments for 10 min for adaptation and
later injected with either escalating doses (1.25, 2.5, 5,
10, and 10 mg/kg bw, i.p.) of heroin HCI on days 2, 4,
6, 8, and 10, respectively, or saline on days 3, 5, 7, 9,

and 11 (heroin-conditioned group). Control rats were
treated with saline prior to all conditioning sessions from
day 2 to day 11 (saline-conditioned [SAL] group). Im-
mediately after heroin/saline injections, rats were con-
fined to the appropriate side of the test apparatus for 45
min and then were returned to their home cages.

On day 12, neither saline nor heroin was administered
to either the heroin-conditioned group or the saline-
conditioned group. As in the preconditioning phase, the
guillotine doors were raised, and the time spent by the
drug-free rats in the two compartments was recorded for
15 min. CPP is defined by an increase in the time spent
in the drug-paired chamber during the preference test.
The data are expressed as the differences between the
time spent in the compartment associated with heroin
(white) and the time spent in that associated with saline
(black) [37].

The effect of MMC (1, 3, and 5 g/kg bw, p.o.) and
methadone (3 mg/kg bw, p.o.) on heroin-seeking behav-
iour in rats was investigated. The MMC-treated groups
received different doses of MMC (1, 3, and 5 g/kg bw,
p.o.) by oral gavage, 60 min prior to the test during the
post-conditioning phase (12th day). The methadone-
treated group (MTD group), which was the positive
control group, received an oral dose of methadone (3
mg/kg bw), 60 min before the test. The vehicle control
group was given 1%w/v CMC (1 ml/kg bw, p.o.) accord-
ing to the same time schedule.
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Naloxone-induced withdrawal jumping

To develop heroin dependence, mice were injected
subcutaneously with escalating doses of heroin three
times daily for 6 days, with injections starting at 08.00
h and being given 4 h apart. A schematic diagram of the
study plan is shown in Fig. 1b. The different doses of
heroin from day 1 to day 6 were 1.25,2.5,5.0, 10.0, 20.0,
and 40.0 mg/kg bw, respectively. The straub tail reaction
and hyperactivity were seen in the animals after heroin
injections. At 08.00 h on the test day (day 7), a final dose
of heroin (20 mg/kg bw, i.p.) was administered, and 2 h
later, heroin withdrawal was precipitated with a single
injection of naloxone (25 mg/kg bw, i.p.), an opioid re-
ceptor antagonist. In a previous study, the maximum
jumping response was observed at a dose of 30 mg/kg
of naloxone in morphine-dependent mice [5]. Hence, in
the present study, we used a relatively high dose of nal-
oxone (25 mg/kg bw) to ascertain the maximum with-
drawal effect in mice. Thirty min before naloxone injec-
tion, mice were placed in a clear 5 | beaker (15 cm in
diameter, 30 cm in height) to allow them to habituate to
the new environment. Immediately after naloxone injec-
tion, each mouse was placed gently again in the beaker,
which was and then closed with a plexiglass plate. Then
the mice were observed for naloxone-precipitated with-
drawal jumping behavior for 30 min. Withdrawal jump-
ing was defined as simultaneous removal of all four paws
from the bottom of the beaker [19]. Withdrawal jumping
was manually evaluated by a researcher who was blind
to the treatment protocol. Control animals were given
saline according to the same schedule and tested after
naloxone administration. All mice received only one
dose of naloxone injection during the study protocol.

To observe the influence of MMC on naloxone-pre-
cipitated withdrawal jumping in heroin-dependent mice,
MMC at different doses (0.5, 1, and 3 g/kg bw, p.o.),
was administered 60 min after the final heroin injection
(day 7). Vehicle control mice received 1% w/v CMC (1
ml/100 g, p.o.).

Statistical analysis

The data are expressed as mean + SEM. Effects of
MMC on CPP scores were analyzed using two-way
analysis of variance (ANOVA) and one-way ANOVA
followed by Dunnett’s Multiple Comparison Test. For
naloxone-precipitated withdrawal, one-way ANOVA was
performed, followed by Dunnett’s post hoc test. All data
analyses were conducted using the GraphPad Prism 5

statistical software. Values of P<0.05 were regarded as
statistically significant.

Results

Effect of MMC on expression of heroin-induced CPP
The effect of MMC on the expression of heroin-in-
duced CPP is represented in Figs. 2a and 2b. ANOVA
results revealed a significant effect of treatment [F (5,
74)=3.931; P<0.01], time [F (1, 74)=16.83; P<0.001],
and the interaction of treatment by time [F (5, 74)=3.068;
P<0.05]. Separate one-way ANOVA results revealed that
the preconditioning scores of the different groups (SAL,
VEH, MMC, and MTD) were statistically insignificant
[F (5, 37)=0.05250; P>0.05], as shown in Fig. 2a. The
escalating doses of heroin (1.25, 2.5, 5, 10, and 10 mg/
kg bw, i.p.) injected on alternate days produced signifi-
cant CPP (P<0.001) when compared with the saline-
treated rats. However, acute oral administration of MMC
(1, 3, and 5 g/kg bw) and MTD (3 mg/kg bw) 60 min
prior to testing on day 12 (post-conditioning) resulted in
a significant dose-dependent decrease in the post-condi-
tioning scores [F (5, 37)=7.924; P<0.0001], as shown in
Fig. 2b. The post hoc analysis revealed that MMC (3 and
5 g/kg bw) significantly (P<0.001) reversed drug seeking
in the white (heroin-paired) compartment, which was
similar to the effect observed in the MTD-treated group.

Effect of MMC on naloxone-precipitated withdrawal
Jjumping in heroin-dependent mice

One-way ANOVA results revealed that there was a
significant difference between the treatment groups [F
(4, 35)=4.315; P<0.01] as shown in Fig. 3. Heroin-de-
pendent, mice when treated with naloxone, exhibited
significant (P<0.01) precipitated-withdrawal jumping
behavior. Pretreatment with MMC (0.5, 1, and 3 g/kg
bw, p.0.) 60 min prior to naloxone injection did not sig-
nificantly alleviate the naloxone-precipitated withdraw-
al jumping behavior in mice (Fig. 3).

Discussion

The present study results provide evidence that MMC
significantly attenuated the positive reinforcing proper-
ties (drug seeking) of heroin in the rat CPP test. CPP is
widely used as a behavioral animal model to study the
rewarding properties of various abused substances and
is compatible with the classical Pavlovian conditioning
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Fig. 2. Effect of different doses of MMC (1, 3, and 5 g/kg bw,
p.o.) and methadone (MTD; 3 mg/kg bw, p.o.) on the ex-
pression of heroin-induced CPP in the (a) preconditioning
and (b) post-conditioning phases. Data represent the dif-
ferences between the times spent in the compartment as-
sociated with heroin and saline. The negative values rep-
resent a preference for the black compartment and vice
versa. Each bar represents the mean + SEM (n=6-8). Sta-
tistical significance: ##P<0.001 compared with the saline
control group (SAL); *P<0.05 compared with the vehicle
control group (VEH); ***P<0.001 compared with the ve-
hicle control group (VEH); when not indicated, the differ-
ences were not statistically significant.

[37]. Most substances of abuse are generally known to
induce CPP, including heroin [6]. Typically, the drugs
used in the treatment of substance addiction are able to
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Fig. 3. Effect of MMC (0.5, 1, and 3 g/kg bw, p.o.) on naloxone-
precipitated withdrawal jumping behavior in mice. Each
bar represents the mean £ SEM (n=8). Statistical signifi-
cance: "P<0.01 compared with the saline control group
(SAL); when not indicated, the differences were not sta-
tistically significant.

attenuate acquisition and/or expression of substance-
induced CPP. Nevertheless, several drugs act without
having an impact on drug reward pathways and instead
impair learning as well as memory (e.g., NMDA recep-
tor antagonists) [1]. Interestingly, Muralidharan et al.
(2010) claimed that an ethyl acetate extract of noni fruit
prevented amyloid beta-induced memory dysfunction in
mice [24]. Similarly, the nootropic effect of the Morinda
citrifolia fruit was established in a scopolamine-induced
memory impairment animal model [28]. The attenuation
of heroin-induced CPP by MMC is therefore unlikely a
result of interference with the memory impairment
mechanism.

The different brain areas, including the nucleus ac-
cumbens, ventral tegmental area, locus coeruleus, and
amygdala and, their connections within the midbrain are
well-known to be involved in positive reinforcement,
persistent compulsive drug craving, and vulnerability to
relapse to morphine and other drugs of abuse [10]. Most
importantly, the mesolimbic dopaminergic system plays
an essential role in the mechanisms related to memory,
which is involved in the establishment of morphine-in-
duced CPP [13]. Use of substances of abuse, gambling,
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eating (especially sweets), and sexual behavior are usu-
ally linked to elevated intra-synaptic levels of dopamine
(DA) in the nucleus accumbens (NAc). Reports of posi-
tron emission tomography (PET) as well as single-photon
emission computed tomography (SPECT) in addictive
users of cocaine, ethanol, methamphetamine, and heroin
demonstrated reductions of D, receptor density within
the ventral striatum that persisted after prolonged de-
toxification [18]. It has been reported that dopamine D,
receptor antagonists significantly reduced ethanol self-
administration in rats [14] and hindered reinstatement
associated with cue-induced cocaine-seeking behavior in
rats [16]. Drugs having a neuromodulatory effect on do-
paminergic system could possibly be useful in the treat-
ment of drug addiction. In our recent publications, we
reported the antidopaminergic activity of MMC and its
major bioactive compounds, scopoletin and rutin, using
an ex vivo study of the vas deferens isolated from rats
and in vivo behavioral studies in mice [29, 30]. Thus, it
could be predicted that the antidopaminergic property of
MMC could be involved in the attenuation of heroin-
induced CPP in rats. Furthermore, no significant differ-
ence in spontaneous locomotor activity was reported for
group treated with a noni fruit extract [27]. This report
eliminates the possibility that an alteration in locomotor
activity contributed toward the observed behavioral
changes in rats following noni administration.

Physical dependence is often associated with chronic
consumption of a substance of abuse. Acute withdrawal
from a substance of abuse has been certainly linked to
somatic signs and symptoms. Administration of a single
dose naloxone, an opioid receptor antagonist, in opioid-
dependent mice resulted in distinct jumping behavior in
addition to other somatic signs in mice [35]. The nalox-
one-precipitated withdrawal jumping behavioral mouse
model is a reliable and commonly used animal model
for physical dependence on opioids. Drugs that are ef-
fective in treating physical dependence in human beings
are expected to alleviate naloxone-precipitated with-
drawal jumping in mice. The present results revealed
that MMC could not attenuate naloxone-precipitated
withdrawal jumping behavior in mice.

It has been previously revealed that the dopamine D,
receptor plays a significant role in controlling opioid
withdrawal. Acute withdrawal from addictive substanc-
es such as ethanol, morphine, cannabinoid, nicotine and
cocaine decreased the spontaneous activity of the ventral
tegmental area dopaminergic (VTA DA) neurons in ro-

dents in vivo and in vitro [23]. This dampened VTA DA
neuronal function was also observed when somatic signs
of withdrawal were not detectable. Moreover, when
pharmacologically precipitated withdrawal was induced
with the specific cannabinoid antagonist SR 141716A,
the somatic signs of withdrawal were accompanied by
diminished VTA DA neuronal activity [23]. Interest-
ingly, short-term treatment with D, receptor agonists
restored the hypodopaminergic neuronal function and
suggested a potential treatment for addictive substance
withdrawal [23]. Similarly, systemic treatment with do-
pamine agonists or activation of dopamine D, receptors
in the nucleus accumbens of the rat brain prevented the
somatic symptoms of withdrawal caused through block-
ade of opioid receptors [3, 39]. Therefore, these findings
provide some support for the ineffectiveness of MMC
on naloxone-precipitated jumping behavior in heroin-
dependent mice, which could be due to noni’s antidopa-
minergic activity, which was established in our earlier
studies [29, 30].

The hyperactivity of noradrenergic neurons within the
locus coeruleus continues to be suggested to be a key
player that underlies the cause of opioid withdrawal [21,
38]. The animals with naloxone-precipitated opioid with-
drawal showed a significant increase in the noradrenaline
concentration of dialysates obtained from locus coeru-
leus, hippocampus, and ventral bed nucleus of the stria
terminalis [15, 25]. It has been well-documented that the
inhibition of monoamine oxidase enzyme-A (MAO-A)
can drastically increase the synaptic availability of nor-
adrenaline [31]. Noni fruit has been reported to have the
ability to inhibit both MAO-A and MAO-B [11], there-
by facilitating noradrenergic transmission. Hence, an-
other possible explanation may be related to the fact that
the noradrenergic facilitatory property of noni fruit may
not be able to alleviate naloxone-precipitated withdraw-
al jumping behavior in mice.

From our point of view, the difference in the results
of the rat CPP study and the mouse naloxone-precipitat-
ed withdrawal study is not likely to be due to the species
difference but is likely due to the actual pharmacological
effects of MMC. In general, the pharmacological effects
observed in rats and mice for similar kinds of experi-
ments are alike. For example, apomorphine showed a
dopaminergic agonistic effect in rats (0.2—0.8 mg/kg bw,
subcutaneous [s.c.]) and in mice (0.1-1.0 mg/kg bw, i.p.).
Similarly, haloperidol showed an antidopaminergic ef-
fect in both species (rat and mouse) (10 mg/kg bw, s.c.)
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[17]. Likewise, in drug addiction preclinical studies,
heroin showed robust place conditioning (CPP) in rats
[4] as well as in mice [9]. Moreover, naloxone-precipi-
tated withdrawal signs and symptoms, particularly jump-
ing behavior, were reported in both morphine-dependent
rats [2] and mice [32].

It has been claimed that M.citrifolia fruit has multi-
faceted therapeutic benefits due to its multiple nutri-
tional and functional properties. These valuable out-
comes may derive from some key compounds,
especially, scopoletin, nitric oxide, alkaloids, and flavo-
noids, along with sterols [7]. A number of biologically
active substances have been determined in the extracts
of M.citrifolia [42]. The high-performance liquid chro-
matography (HPLC) fingerprint profile of the methano-
lic extracts of noni fruit revealed three major peaks
representing scopoletin, rutin, and quercetin, together
with several minor peaks [28]. In our recent report, the
levels of scopoletin and rutin (retention times: 14.51 and
15.86 min, respectively) were quantified in MMC and
found to be 18.95 ug/mg and 1.66 ug/mg, respectively.
These major bioactive constituents of noni have been
reported to have various biological and pharmacological
activities in vitro and in vivo [12]. Therefore, although
the present work could not delineate the active compound
that is responsible for the effects observed, it is predicted
that the anti-reward effect of noni fruit against opioid
dependence is attributable to these phytoconstituents.
Further, similar studies are warranted using the bioactive
phytoconstituents scopoletin and rutin in novel drug dis-
covery for the treatment of opioid addiction.

In conclusion, our findings suggest that MMC attenu-
ates the rewarding effects of heroin in the rat CPP para-
digm but that it fails to alleviate the naloxone-precipi-
tated withdrawal jumping behavior in mice. These results
limit its therapeutic potential for treatment of opioid
seeking but not its therapeutic potential for the treatment
of opioid withdrawal.

Conflict of Interest

The authors declare that they have no competing in-
terests.

Acknowledgment

This research project was supported by University of
Malaya research grants (PG035-2014B) and HIR MOHE

Project No. UM.C/625/1/HIR/MOHE/MED/05 (H-
20001-E000088).

References

1. Aguilar, M.A., Manzanedo, C., Do Couto, B.R., Rodriguez-
Arias, M., and Minarro, J. 2009. Memantine blocks sensiti-
zation to the rewarding effects of morphine. Brain Res. 1288:
95-104. [Medline] [CrossRef]

2. Aricioglu-Kartal, F., Kayir, H., and Tayfun Uzbay, 1. 2003.
Effects of harman and harmine on naloxone-precipitated
withdrawal syndrome in morphine-dependent rats. Life Sci.
73:2363-2371. [Medline] [CrossRef]

3. Ary, M., Cox, B., and Lomax, P. 1977. Dopaminergic mech-
anisms in precipitated withdrawal in morphine-dependent
rats. J. Pharmacol. Exp. Ther. 200: 271-276. [Medline]

4. Ashby, C.R. Jr., Paul, M., Gardner, E.L., Heidbreder, C.A.,
and Hagan, J.J. 2003. Acute administration of the selective
D3 receptor antagonist SB-277011A blocks the acquisition
and expression of the conditioned place preference response
to heroin in male rats. Synapse 48: 154-156. [Medline]
[CrossRef]

5. Bourin, M., Malinge, M., Colombel, M.C., and Vasar, E.
1999. Cholecystokinin receptor agonists block the jump-
ing behaviour precipitated in morphine-dependent mice by
naloxone. Eur. Neuropsychopharmacol. 9: 37-43. [Medline]
[CrossRef]

6. Bozarth, M.A. and Wise, R.A. 1981. Heroin reward is depen-
dent on a dopaminergic substrate. Life Sci. 29: 1881-1886.
[Medline] [CrossRef]

7. Chan-Blanco, Y., Vaillan, F., Perez, A.M., Reynes,M.J., Bril-
louet, and Brat, P. 2006. The Noni Fruit (Morinda citrifo-
lia L.): A Review of Agricultural Research, Nutritional and
Therapeutic Properties. J. Food Compos. Anal. 19: 645-654.
[CrossRef]

8. Christie, M.J. 2008. Cellular neuroadaptations to chronic
opioids: tolerance, withdrawal and addiction. Br. J. Pharma-
col. 154: 384-396. [Medline] [CrossRef]

9. Contarino, A., Picetti, R., Matthes, H.W., Koob, G.F., Kief-
fer, B.L., and Gold, L.H. 2002. Lack of reward and loco-
motor stimulation induced by heroin in mu-opioid receptor-
deficient mice. Eur. J. Pharmacol. 446: 103—109. [Medline]
[CrossRef]

10. Davis, M. and Myers, K.M. 2002. The role of glutamate and
gamma-aminobutyric acid in fear extinction: clinical impli-
cations for exposure therapy. Biol. Psychiatry 52: 998-1007.
[Medline] [CrossRef]

11. Deng, S. and West, B.J. 2011. Antidepressant effects of noni
fruit and its active principals. Asian J. Med. Sci. 3: 79-83.

12. Deng, S., West, B.J., Palu, A.K., Zhou, B.N., and Jensen,
C.J. 2007. Noni as an anxiolytic and sedative: a mechanism
involving its gamma-aminobutyric acidergic effects. Phyto-
medicine 14: 517-522. [Medline] [CrossRef]

13. Di Chiara, G. 1995. The role of dopamine in drug abuse
viewed from the perspective of its role in motivation. Drug
Alcohol Depend. 38: 95-137. [Medline] [CrossRef]

14. Eiler, W.J.A. 2nd. and June, H.L. 2007. Blockade of
GABA(A) receptors within the extended amygdala attenu-


http://www.ncbi.nlm.nih.gov/pubmed/19596276?dopt=Abstract
http://dx.doi.org/10.1016/j.brainres.2009.06.100
http://www.ncbi.nlm.nih.gov/pubmed/12941438?dopt=Abstract
http://dx.doi.org/10.1016/S0024-3205(03)00647-7
http://www.ncbi.nlm.nih.gov/pubmed/557107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12645041?dopt=Abstract
http://dx.doi.org/10.1002/syn.10188
http://www.ncbi.nlm.nih.gov/pubmed/10082226?dopt=Abstract
http://dx.doi.org/10.1016/S0924-977X(97)00104-1
http://www.ncbi.nlm.nih.gov/pubmed/7311722?dopt=Abstract
http://dx.doi.org/10.1016/0024-3205(81)90519-1
http://dx.doi.org/10.1016/j.jfca.2005.10.001
http://www.ncbi.nlm.nih.gov/pubmed/18414400?dopt=Abstract
http://dx.doi.org/10.1038/bjp.2008.100
http://www.ncbi.nlm.nih.gov/pubmed/12098591?dopt=Abstract
http://dx.doi.org/10.1016/S0014-2999(02)01812-5
http://www.ncbi.nlm.nih.gov/pubmed/12437940?dopt=Abstract
http://dx.doi.org/10.1016/S0006-3223(02)01507-X
http://www.ncbi.nlm.nih.gov/pubmed/17561385?dopt=Abstract
http://dx.doi.org/10.1016/j.phymed.2007.04.005
http://www.ncbi.nlm.nih.gov/pubmed/7671769?dopt=Abstract
http://dx.doi.org/10.1016/0376-8716(95)01118-I

164

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

M. NARASINGAM, V. PANDY, AND Z. MOHAMED

ates D(2) regulation of alcohol-motivated behaviors in the
ventral tegmental area of alcohol-preferring (P) rats. Neuro-
pharmacology 52: 1570-1579. [Medline] [CrossRef]

. Fuentealba, J.A., Forray, M.I., and Gysling, K. 2000. Chronic

morphine treatment and withdrawal increase extracellular lev-
els of norepinephrine in the rat bed nucleus of the stria termi-
nalis. J. Neurochem. 75: 741-748. [Medline] [CrossRef]
Gal, K. and Gyertyan, 1. 2006. Dopamine D5 as well as D,
receptor ligands attenuate the cue-induced cocaine-seeking
in a relapse model in rats. Drug Alcohol Depend. 81: 63-70.
[Medline] [CrossRef]

Ghosh, M.N. 2008. Fundamental experimental Pharmacol-
ogy. Fourth edition, Hilton & Company, Kolkatta.
Goodman, A. 2008. Neurobiology of addiction. An integra-
tive review. Biochem. Pharmacol. 75: 266-322. [Medline]
[CrossRef]

Kest, B., Palmese, C.A., Hopkins, E., Adler, M., Juni, A., and
Mogil, J.S. 2002. Naloxone-precipitated withdrawal jump-
ing in 11 inbred mouse strains: evidence for common genetic
mechanisms in acute and chronic morphine physical depen-
dence. Neuroscience 115: 463—469. [Medline] [CrossRef]
Lu, L., Liu, Y., Zhu, W., Shi, J., Liu, Y., Ling, W., and
Kosten, T.R. 2009. Traditional medicine in the treatment of
drug addiction. Am. J. Drug Alcohol Abuse 35: 1-11. [Med-
line] [CrossRef]

Maldonado, R. and Koob, G.F. 1993. Destruction of the lo-
cus coeruleus decreases physical signs of opiate withdrawal.
Brain Res. 605: 128—138. [Medline] [CrossRef]
McClatchey, W. 2002. From Polynesian healers to health
food stores: changing perspectives of Morinda citrifolia
(Rubiaceae). Integr. Cancer Ther. 1: 110-120, discussion
120. [Medline] [CrossRef]

Melis, M., Spiga, S., and Diana, M. 2005. The dopamine hy-
pothesis of drug addiction: hypodopaminergic state. /nt. Rev.
Neurobiol. 63: 101-154. [Medline] [CrossRef]
Muralidharan, P., Kumar, V.R., and Balamurugan, G. 2010.
Protective effect of Morinda citrifolia fruits on beta-amyloid
(25-35) induced cognitive dysfunction in mice: an experi-
mental and biochemical study. Phytother. Res. 24: 252-258.
[Medline]

Nakai, T., Hayashi, M., Ichihara, K., Wakabayashi, H., and
Hoshi, K. 2002. Noradrenaline release in rat locus coeruleus
is regulated by both opioid and alpha(2) -adrenoceptors.
Pharmacol. Res. 45: 407-412. [Medline] [CrossRef]

Nima, S., Kasiwong, S., Ridtitid, W., Thaenmanee, N., and
Mabhattanadul, S. 2012. Gastrokinetic activity of Morinda
citrifolia aqueous fruit extract and its possible mechanism
of action in human and rat models. J. Ethnopharmacol. 142:
354-361. [Medline] [CrossRef]

Pachauri, S.D., Verma, PR.P.,, Dwivedi, A.K., Tota, S.,
Khandelwal, K., Saxena, J.K., and Nath, C. 2013. Amelio-
rative effect of Noni fruit extract on streptozotocin-induced
memory impairment in mice. Behav. Pharmacol. 24: 307—
319. [Medline] [CrossRef]

Pachauri, S.D., Tota, S., Khandelwal, K., Verma, P.R., Nath,
C., Hanif, K., Shukla, R., Saxena, J.K., and Dwivedi, A.K.
2012. Protective effect of fruits of Morinda citrifolia L. on
scopolamine induced memory impairment in mice: a behav-
ioral, biochemical and cerebral blood flow study. J. Ethno-

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

pharmacol. 139: 34—41. [Medline] [CrossRef]

Pandy, V., Narasingam, M., and Mohamed, Z. 2012. Anti-
psychotic-like activity of noni (Morinda citrifolia Linn.) in
mice. BMC Complement. Altern. Med. 12: 186. [Medline]
[CrossRef]

Pandy, V., Narasingam, M., Kunasegaran, T., Murugan,
D.D., and Mohammed, Z.2014. Effect of Noni (Morinda
citrifolia Linn.) Fruit and Its Bioactive Principles Scopole-
tin and Rutin on Rat Vas Deferens Contractility: An Ex Vivo
Study. Sci. World J. 2014, Article ID 909586, 11 pages.
Pepper, J.P., Baumann, M.H., Ayestas, M., and Rothman,
R.B. 2001. Inhibition of MAO-A fails to alter cocaine-in-
duced increases in extracellular dopamine and norepineph-
rine in rat nucleus accumbens. Brain Res. Mol. Brain Res.
87: 184—189. [Medline] [CrossRef]

Pourmotabbed, A., Rostamian, B., Manouchehri, G., Pirza-
deh-Jahromi, G., Sahraei, H., Ghoshooni, H., Zardooz, H.,
and Kamalnegad, M. 2004. Effects of Papaver rhoeas ex-
tract on the expression and development of morphine-depen-
dence in mice. J. Ethnopharmacol. 95: 431-435. [Medline]
[CrossRef]

Pulvirenti, L. and Koob, G.F. 1994. Dopamine receptor ago-
nists, partial agonists and psychostimulant addiction. Trends
Pharmacol. Sci. 15: 374-379. [Medline] [CrossRef]
Punjanon, T. and Nandhasri, P. 2005. Analgesic effect of the
alcoholic extract from the fruits of Morinda citrifolia. Acta
Hortic. 678: 103106 (ishs). [CrossRef]

Saelens, J.K., Granat, F.R., and Sawyer, W.K. 1971. The
mouse jumping test—a simple screening method to estimate
the physical dependence capacity of analgesics. Arch. Int.
Pharmacodyn. Ther. 190: 213-218. [Medline]

Substance Abuse and Mental Health Services Administra-
tion2013. Results from the 2012 National Survey on Drug Use
and Health: Summary of National Findings. Rockville, MD:
Substance Abuse and Mental Health Services Administration.
Tzschentke, T.M. 2007. Measuring reward with the condi-
tioned place preference (CPP) paradigm: update of the last
decade. Addict. Biol. 12: 227-462. [Medline] [CrossRef]
Van Bockstaele, E.J., Bajic, D., Proudfit, H., and Valentino,
R.J. 2001. Topographic architecture of stress-related path-
ways targeting the noradrenergic locus coeruleus. Physiol.
Behav. 73: 273-283. [Medline] [CrossRef]

Walters, C.L., Aston-Jones, G., and Druhan, J.P. 2000. Ex-
pression of fos-related antigens in the nucleus accumbens
during opiate withdrawal and their attenuation by a D, do-
pamine receptor agonist. Neuropsychopharmacology 23:
307-315. [Medline] [CrossRef]

Wang, M.Y., West, B.J., Jensen, C.J., Nowicki, D., Su,
C., Palu, A.K., and Anderson, G. 2002. Morinda citrifolia
(Noni): a literature review and recent advances in Noni re-
search. Acta Pharmacol. Sin. 23: 1127-1141. [Medline]
Younos, C., Rolland, A., Fleurentin, J., Lanhers, M.C., Miss-
lin, R., and Mortier, F. 1990. Analgesic and behavioural ef-
fects of Morinda citrifolia. Planta Med. 56: 430-434. [Med-
line] [CrossRef]

Zin, Z.M., Hamid, A.A., Osman, A., Saari, N., and Misran,
A. 2007. Isolation and identification of antioxidative com-
pound from fruit of mengkudu (Morinda citrifolia L.). Int. J.
Food Prop 10: 363-373. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/17451754?dopt=Abstract
http://dx.doi.org/10.1016/j.neuropharm.2007.03.001
http://www.ncbi.nlm.nih.gov/pubmed/10899950?dopt=Abstract
http://dx.doi.org/10.1046/j.1471-4159.2000.0750741.x
http://www.ncbi.nlm.nih.gov/pubmed/16005579?dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2005.05.011
http://www.ncbi.nlm.nih.gov/pubmed/17764663?dopt=Abstract
http://dx.doi.org/10.1016/j.bcp.2007.07.030
http://www.ncbi.nlm.nih.gov/pubmed/12421612?dopt=Abstract
http://dx.doi.org/10.1016/S0306-4522(02)00458-X
http://www.ncbi.nlm.nih.gov/pubmed/19152199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19152199?dopt=Abstract
http://dx.doi.org/10.1080/00952990802455469
http://www.ncbi.nlm.nih.gov/pubmed/8467382?dopt=Abstract
http://dx.doi.org/10.1016/0006-8993(93)91364-X
http://www.ncbi.nlm.nih.gov/pubmed/14664736?dopt=Abstract
http://dx.doi.org/10.1177/1534735402001002002
http://www.ncbi.nlm.nih.gov/pubmed/15797467?dopt=Abstract
http://dx.doi.org/10.1016/S0074-7742(05)63005-X
http://www.ncbi.nlm.nih.gov/pubmed/19585480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12123629?dopt=Abstract
http://dx.doi.org/10.1006/phrs.2002.0962
http://www.ncbi.nlm.nih.gov/pubmed/22580040?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2012.04.044
http://www.ncbi.nlm.nih.gov/pubmed/23838966?dopt=Abstract
http://dx.doi.org/10.1097/FBP.0b013e3283637a51
http://www.ncbi.nlm.nih.gov/pubmed/22107832?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2011.09.057
http://www.ncbi.nlm.nih.gov/pubmed/23082808?dopt=Abstract
http://dx.doi.org/10.1186/1472-6882-12-186
http://www.ncbi.nlm.nih.gov/pubmed/11245920?dopt=Abstract
http://dx.doi.org/10.1016/S0169-328X(01)00013-4
http://www.ncbi.nlm.nih.gov/pubmed/15507371?dopt=Abstract
http://dx.doi.org/10.1016/j.jep.2004.08.022
http://www.ncbi.nlm.nih.gov/pubmed/7809953?dopt=Abstract
http://dx.doi.org/10.1016/0165-6147(94)90158-9
http://dx.doi.org/10.17660/ActaHortic.2005.678.13
http://www.ncbi.nlm.nih.gov/pubmed/5103484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17678505?dopt=Abstract
http://dx.doi.org/10.1111/j.1369-1600.2007.00070.x
http://www.ncbi.nlm.nih.gov/pubmed/11438352?dopt=Abstract
http://dx.doi.org/10.1016/S0031-9384(01)00448-6
http://www.ncbi.nlm.nih.gov/pubmed/10942854?dopt=Abstract
http://dx.doi.org/10.1016/S0893-133X(00)00113-5
http://www.ncbi.nlm.nih.gov/pubmed/12466051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1981810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1981810?dopt=Abstract
http://dx.doi.org/10.1055/s-2006-961004
http://dx.doi.org/10.1080/10942910601052723

