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Abstract

In the current study, the effect of methanolic extract of Mitragyna speciosa leaf (MMS) against the rewarding and reinforcing
properties of ethanol using a mouse model of conditioned place preference (CPP) and runway model of drug self-administration
was studied. Subsequently, the effect of MMS on dopamine level in the nucleus accumbens (NAc) of the mouse brain was further
investigated. From the data obtained, MMS (50 and 75 mg/kg, p.o.) significantly reversed the ethanol-place preference in mice,
which is similar to the effect observed in the reference drugs acamprosate (300 mg/kg, p.o.) and clozapine (1 mg/kg, p.o.)
treatment groups in CPP test. Likewise, the escalating doses of ethanol-conditioned mice reduced the runtime to reach goal box,
infers the positive reinforcing effects of alcohol. Interestingly, MMS (50, 75 and 100 mg/kg, p.o.) significantly prolonged the
runtime in ethanol-conditioned mice. Besides, MMS (50 and 75 mg/kg, p.o.) and reference drugs; acamprosate (300 mg/kg, p.o.)
and clozapine (1 mg/kg, p.o.) treated mice significantly decreased the alcohol-induced elevated dopamine level in the NAc region
of the brain. Overall, this study provides first evidence that MMS inhibits ethanol seeking behaviour in mice. Based on these
findings, we suggest that Mitragyna speciosa may well be utilized for novel drug development to combat alcohol dependence.

Keywords Mitragynaspeciosa - Conditioned place preference - Alcohol dependence - Antidopaminergic - Runway model of drug
self-administration - Nucleus accumbens

Introduction

Dopamine is a major neurotransmitter in the mediation of the
rewarding properties of alcohol and other drugs of abuse. The
reinforcing effects of alcohol are partially mediated by activa-
tion of the mesolimbic dopaminergic pathway. The
mesolimbic pathway (which mainly consists of the nucleus
accumbens (NAc), ventral tegmental area (VTA) and
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prefrontal cortex) is a part of the motivational system in which
the effect of various reinforcers such as desire for food and
water, self-esteem, sex, sociability and substances abuse are
being regulated (Koob and Volkow 2010).

The activation of the mesolimbic pathway through rein-
forcers, increases the dopaminergic neuronal activity in the
VTA and increases dopamine (DA) release into the NAc and
other areas, including the prefrontal cortex and amygdala
(Brodie et al. 1990; Weiss et al. 1993). The released dopamine
then binds to the dopamine receptors involved in reward and
positive reinforcement. Repeated activation of the reward sys-
tem by drugs or alcohol, sensitizes the dopaminergic system,
leads to increasing drug salience, increased motivation in the
use of addictive substances and the development of craving in
response to substance-related stimuli (Nestler 2001).

In view of the theoretical importance of the DA in neuro-
biology of alcohol dependence, the use of medicines that mod-
ify the activity of brain dopamine is of considerable interest, as
pharmacotherapy in the treatment of alcohol dependence. In
animal models of alcohol dependence, administration of a

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11011-019-00477-2&domain=pdf
http://orcid.org/0000-0002-0524-4800
mailto:pandiphd@gmail.com
mailto:pandiphd@yahoo.co.in

1714

Metab Brain Dis (2019) 34:1713-1722

dopamine receptor antagonist was discovered to be effective
in reducing the alcohol consumption (Price and Middaugh
2004; Rassnick et al. 1992; Samson et al. 1993; Thanos
et al. 2005), which suggests that dopamine antagonists are
ideal for the treatment of addiction to alcohol. Several studies
have proven that drugs that target dopaminergic pathways
could be an important class of pharmacotherapy in treating
alcohol dependence (Ma and Zhu 2014). The use of comple-
mentary medicines (CMs) in the treatment of alcohol-use dis-
order as a part of pharmacotherapy is overwhelming in recent
years (Mattioli et al. 2012). CMs are alternative plant-based
products used for the treatment of many ailments as they are
likely to show effectiveness with minimal side effects (Lee
et al. 2003; Sahraei et al. 2006). Besides, a large amount of
evidences has been reported on the anti-alcohol effect of plant
extract including the root of Pueraria lobata (kudzv), Salvia
miltiorrhiza, Salvia przewalskii, Morinda citrifolia and
Hypericum perforatum in preclinical as well as clinical study
(Khan and Pandy 2016; Lukas et al. 2013; Pandy and Khan
2016b; Rezvani et al. 1999).

Mitragyna speciosa Korth. (M. speciosa) has been used as
an herbal medicine to treat many illnesses for several decades.
This plant is most abundantly found in Thailand and
Malaysia, commonly known as ‘ketum’ in Malaysia and
‘kratom’ in Thailand. Traditionally, M. speciosa has been used
to treat diarrhoea, cough, hypertension, muscle ache and fa-
tigue as well as a replacement for morphine in the treatment
for addicts (Chee et al. 2008; Hassan et al. 2013;
Reanmongkol et al. 2001). Although, M. speciosa is known
for its addiction potential and adverse health consequences
including hepatotoxicity and mild nephrotoxicity after chronic
consumption of this plant, it has also been reported for some
neuropharmacological activities like analgesic, antidepressant
and attenuation of ethanol withdrawal symptoms in rodents
(Hassan et al. 2017; Idayu et al. 2011; Kruegel and
Grundmann 2018; Kumarnsit et al. 2007). The pharmacolog-
ical effect of M. speciosa is mainly contributed by its bioactive
constituent, mitragynine and its interaction with dopaminer-
gic, serotonergic and adrenergic receptors (Boyer et al. 2008;
Horie et al. 2005; Matsumoto et al. 1996, 1997; Reanmongkol
et al. 2001; Shamima et al. 2012; Yamamoto et al. 1999).
Moreover, in vitro radioligand-binding assays revealed that
mitragynine (the bioactive compound of Mitragyna speciosa)
possess inhibitory effect [54.2%] on dopamine (D,) receptors
(Boyer et al. 2008). It has also been observed that the long-
term consumption of M. speciosa leaf darkened the skin al-
though the user remained indoors (Norakanphadung 1966).
The claim for the darker skin of habitual user of M. speciosa
leaf is intriguing and suggested that it could be due to combi-
nation of psychoactive properties and molecular structure of
mitragynine (Jansen and Prast 1988). It has been reported that
the activation of the dopamine type 2 (D,) receptors in the rat
pituitary gland attenuated the release of «-melanocyte
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stimulating-like peptides (Kebabian et al. 1984). Therefore,
it has been postulated that mitragynine darkened the skin by
inhibiting dopamine D, receptors whereby increasing
melanocyte-stimulating substances.

Recently, we reported the antidopaminergic effect of meth-
anolic extract of Mitragyna speciosa (MMS) leaf using
in vivo and ex vivo studies (Vijeepallam et al. 2016).
Therefore, we hypothesized that MMS could alleviate the eth-
anol seeking behaviour mediated through antidopaminergic
mechanism. In the present study, we investigate the effect of
MMS against ethanol seeking behaviour using conditioned
place preference (CPP) paradigm and runway model of drug
self-administration in mice. Moreover, the effect of MMS on
DA turnover in the NAc of ethanol-dependent mice has been
examined.

Material and methods
Drugs and chemicals

Phosphate buffered saline (PBS) (Vivantis Inc., US), cloza-
pine, and acamprosate (Sigma-Aldrich, USA) were used for
the present study. The different doses of MMS (50, 75 and
100 mg/kg), acamprosate (300 mg/kg) and clozapine
(1 mg/kg) as suspension were prepared using 1% w/v sodium
carboxymethyl cellulose (CMC) solution and administered
orally (p.o.) at a constant volume (10 ml/kg b.wt). Freshly
prepared 10% v/v ethanol was used for animal behavioural
studies by diluting of 95% v/v ethanol (Copens Scientific,
Malaysia) in sterile water for injection. The escalating doses
(0.5, 1,2, 4 and 4 g/kg, i.p.) of 10% v/v ethanol were used to
induce ethanol seeking behaviour in CPP and runway tests as
described by (Khan and Pandy 2016; Pandy and Khan 2016a).
The different doses of MMS used in the present in vivo study
were chosen based on the reported lethal and therapeutic doses
of MMS. LDs, of MMS was found at 4.90 g/kg in mice
(Reanmongkol et al. 2001) and its CNS activities were report-
ed at 50-1000 mg/kg (Reanmongkol et al. 2001;
Sabetghadam et al. 2010; Senik et al. 2012).

Plant collection and identification

The leaf of M. speciosa was collected from a tree of about
12 m tall in Alor Setar Kedah, Malaysia. The leaf was then
sent for authentication to Rimba Ilmu, Institute of Biological
Science, University of Malaya and a voucher specimen (KUL
47980) was deposited for future reference.

Standardized extract of M. speciosa

Standardized methanolic extract of M. speciosa Korth (MMYS)
leaf was prepared by using cold extraction with sonication as
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mentioned in our earlier publication (Vijeepallam et al. 2016).
The details of the phytochemical profiling of the extract was
reported in our earlier publication and the concentration of
mitragynine was found to be 4.4% w/w (Vijeepallam et al.
2016). The dried solvent-free standardized MMS was stored
in an amber air tight container at 4 °C for further use.

Animal

Swiss albino male mice weighing about 25-30 g were obtain-
ed from the Animal Experimental Unit, University of Malaya
2 wk prior to usage. The mice were randomly segregated into
groups of four mice in individually ventilated polycarbonate
cages (n=4 per cage) with ad libitum access to water and
standard laboratory food pellet. The experimental animals
were maintained under standard laboratory condition; 45—
55% relative humidity and temperature of 22+ 1 °C, 12 h
light: 12 h dark cycle (lights off at 19.00 h). Prior to the
experimental session, the animals were acclimatized to the
laboratory conditions for a week with the utmost care taken
to minimize animal suffering. The Institutional Animal Care
and Use Committee of Faculty of Medicine, University of
Malaya, Kuala Lumpur, approved the experimental protocol
(IACUC Ethics No. 2016-190,908/PHAR/R/VP) in accor-
dance with the National Research Council of the National
Academies of the USA (Garber et al. 2011) guidelines.

Effect of MMS on ethanol-induced place preference
using the CPP paradigm in mice

CPP paradigm

Apparatus The CPP apparatus used in this study is similar to
the one described elsewhere (Khan and Pandy 2016; Pandy
and Khan 2016b; Pandy et al. 2018). The apparatus is made
out of three compartments: small grey middle compartment,
and two large terminal black and white compartments. Each
compartment has discrete visual cues that distinguished it
from other compartments: the black compartment has a glossy
black floor and its walls are covered with horizontal black and
white stripes; the white compartment has a matte-finish white
floor with a net on top covered with vertical black and white
stripes; and the grey compartment has glossy grey walls and
grey floor. Each outer compartment measured 15 cm width x
20 cm height x 15 cm length to ensure enough room for the
mouse to move. The compartments are separated with two
vertical dividers, and the apparatus is covered with a clear
acrylic lid. The lid is designed to ensure the formation of a
gap between the lid and the top of the apparatus for compart-
ment ventilation. The apparatus was fixed onto the laboratory
bench (to minimize the mouse’s visual contact with the exper-
imenter) and remained still in the same place throughout the
study. Extra measures were taken to prevent interfering cues

from affecting the study, this includes: no direct light on top of
the apparatus, the light within the premises was diffused; com-
partments were cleaned with unscented solution; and the am-
bient noise was kept under 50db. With the help of a HD cam-
era located above the test box, the animal behaviour during
experimentation was recorded. The camera which was con-
nected to a computer captures the animal behaviour and were
later analyzed by a trained observer who was blind to the
treatment protocol.

Experimental design

Place preference conditioning was performed as described in
our previous study (Pandy and Khan 2016b). The CPP test
was comprised of four specific phases: habituation, precondi-
tioning, conditioning, and post-conditioning phases (Fig. 1).

Habituation: The habitation process took place for
3 days to reduce the novelty effect which might affect
the measurements taken in the subsequent phases.
During each day, the mice groups were individually
transported from the animal facility to the laboratory in
a specific order that was maintained during the whole
experiment, and each mouse was placed in the grey com-
partment for 5 min, then the compartment dividers were
lifted and the mouse was allowed to freely move between
the compartments for 10 min. The starting time for the
experiment was set to 8:00 am and was maintained during
the whole experiment. No measurements were taken dur-
ing this phase; however, all aggressive mice were re-
moved to avoid behavioural alteration in the study.
Preconditioning: A 1-day phase that was similar to the
habituation phase, but with measurements being taken for
every mouse. When the compartment dividers were
lifted, the times spent of each mouse in each compartment
were recorded. Afterwards, conditioning scores were cal-
culated using spreadsheet software. Any mice that
showed a strong preference to one of the terminal com-
partments were excluded from the study, to ensure unbi-
ased post-conditioning measurements.

Conditioning: In this phase, all treatment groups except
saline control group were intraperitoneally injected with
increasing doses of ethanol (0.5, 1, 2, 4 and 4 g/kg, i.p.)
during odd days, and a fixed saline dose (10 ml/kg, i.p.)
during even days as shown in Fig. 1 and conditioned in
white and black compartments, respectively, for 30 min.
As for the saline control group, mice were injected with
the aforementioned saline dose during both odd and even
days and conditioned for 30 min in the respective com-
partments. All conditioned animals were given a 1-day
break following the 10-day conditioning trials, during
which no tests (including any injections) were conducted.
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Fig. 1 CPP experimental timeline 10 DAYS
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Post-conditioning: A 1-day phase that was carried sim-
ilar to the pre-conditioning phase in which the control
groups (vehicle-saline and vehicle-ethanol) received 1%
w/v CMC; the references drugs treated groups received
acamprosate (300 mg/kg, p.o.) and clozapine (1 mg/kg,
p.o.); the test groups received MMS at different doses
(50, 75, and 100 mg/kg, p.o.) 1 h prior to the beginning
of the post-conditioning testing. The conditioning score
was calculated as mentioned earlier and data were proc-
essed in GraphPad Prism 5 software.

Effect of MMS on ethanol seeking behavior in mouse
runway model of drug self-administration

Mouse runway model of drug self-administration

Apparatus The specification and other details about runway
apparatus was elaborated in earlier report by our research group
(Pandy and Khan 2016a). Briefly, the runway apparatus was
designed as z-shaped and made of composite aluminium. The
apparatus consists of two square-shaped boxes, namely start
box and goal box with a measurement of (150 mm (L) x
150 mm (W) x 200 mm (H)) each. The start and goal boxes
are connected together with three straight runway segments in a
zig-zag manner (600 mm (L) x 75 mm (W) x 200 mm (H) each
segment and two 150 mm curved segments). There were 2
hurdles at a height of 30 mm, each of the segments of the
runway, to cut down on the speed with which the animals
reached the goal box. The start box and goal box have discrete
visual cues to distinguish it from each other: the start box has
white horizontal stripes on black walls with black polished floor
surface. The start box is separated from the alley by a guillotine
door. The goal box, on the other hand, has white wire-mesh
floor and white walls with black vertical stripes. The total dis-
tance between the start box and the goal box is 1800 mm. The
apparatus was fixed onto the laboratory bench (to minimize the
mouse’s visual contact with the experimenter) and remained
still in the same place throughout the study. Extra measures
were taken to prevent interfering cues from affecting the study,
this includes: no direct light on top of the apparatus, the light
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within the premises was diffused; compartments were cleaned
with unscented solution; and the ambient noise was kept under
50 db. The animal behaviour during experimentation was re-
corded through a HD camera located above the test box which
was connected to a computer and later analyzed by a trained
observer who was blind to the treatment groups.

Procedure

The testing protocol consists of four distinct phases: habituation,
preconditioning, conditioning and post-conditioning (Fig. 2).

i. Habituation, and Preconditioning

On the habituation day (Day 1-3), each mouse was placed in
the start box for 60 s, after which the guillotine door was lifted,
thus allowing the animal to explore the apparatus freely (except
the goal box) for 10 min. On day 4 (Preconditioning day), each
mouse was allowed to run along the runway from the start box to
the goal box. The guillotine door of the goal box was immedi-
ately closed after entry of the mice to prevent backtracking. The
time between the opening of the start box door and the closing of
the goal box door was recorded and analyzed as mentioned
above. The animals were returned to their home cages immedi-
ately after recording the runtimes. This initial runtime on the
preconditioning day served as a baseline reading.

ii. Conditioning

The conditioning phase was scheduled for the next 5 days
for 30-min per day in the goal box (Day 5 to Day 9). Each
mouse was allowed to run from the start box along the runway
to the goal box during conditioning sessions, with running
times being recorded on every trial. Following the animal’s
arrival in the goal box, a single injection of the respective dose
of ethanol was given and confined in the goal box for 30-min
over a period of 5 days for the respective treatment group
(saline / ethanol, n = 10/group). One daily injection of saline
from Day 5 to Day 9 was given to the saline group and ethanol
group had one daily injection of escalating ethanol doses (0.5,
1,2,4 and 4 g/ kg, i.p.) from Day 5 to Day 9.
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Fig. 2 Runway model 5DAYS
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iii. Post-conditioning

The post-conditioning (test day; Day 10) was scheduled
24 h after the last conditioning session. On Day 10, the effect
of acute treatment of vehicle (1% w/v CMC), MMS (50, 75,
100 mg/kg, p.o.), acamprosate (ACAM 300 mg/kg, p.o.), and
clozapine (CLZ 1 mg/kg, p.o.) on ethanol self-administration
in mice was studied. In addition, the effect of vehicle (1% wA
CMC) and a higher dose of MMS (100 mg/kg, p.o.) on saline
self-administration was studied in order to rule out the possi-
ble impact of MMS on motor activity. The treatment groups
(vehicle-treated and MMS-treated) received an oral gavage of
CMC and MMS, 60 min prior to the post-conditioning test.
The 60-min after CMC or MMS treatment, the mice were
placed in the start box for 60 s and then the guillotine door
was lifted to allow the animals to move freely towards the goal
box. No ethanol or saline injections were provided upon goal
box entry on this “post-conditioning” trial.

iv. Estimation of dopamine level in NAc

Immediately after the runway test, the mice were eutha-
nized by cervical dislocation and the NAc samples were col-
lected as previously described by (Massart et al. 2015;
Yoshimoto et al. 2012) with slight modifications. Briefly, the
brains were carefully removed from the skull and cooled in ice
cold phosphate buffered saline (PBS) for 1 min. Then the
brains were sliced using a chilled mouse brain matrix (Ted
Pella, Inc. USA) with 1 mm coronal section slice intervals.
NAc were then isolated using a 1.5 mm tissue punch (Ueda
et al. 1998). The entire procedures were conducted within 5—
7 min for each sample. The isolated NAc samples were im-
mediately frozen in dry ice and stored in —80 °C until further
use. Furthermore, each sample was weighed and homoge-
nized with 1:50 PBS using a pre-chilled 1 ml Dounce homog-
enizer. The homogenates were then centrifuged (model # 2-
16PK, Sigma, Germany) for 20 min at the speed of
16,000 g rpm at 4 °C and the supernatants were collected in
a prechilled polypropylene tubes and stored at —80 °C until
analysis. The level of dopamine was measured using mouse
dopamine sandwich ELISA kit (Catalogue No: QY-E20493,
Qayee Biotechnology Co., Ltd., Shanghai, China) as per the
manufacturer’s instructions.

CONDITIONING

Statistical analysis

The results were analyzed by two-way ANOVA and one-way
ANOVA followed by post hoc Tukey’s multiple comparison
test. The data are expressed as means + SEM. Statistical anal-
ysis was performed using Graph Pad Prism version 5.0 statis-
tical software (Graphpad Software, Inc., USA). The values of
P <0.05 were considered statistically significant.

Results

Effect of MMS on ethanol-induced place preference
using CPP paradigm in mice

Figure 3 shows the effect of MMS on the ethanol-induced CPP
in mice. A significant effect of treatment [F (6, 98)=2.26; P=
0.04], Trial [F (1, 98)=4.24; P=0.04], and Treatment x Trial
interaction [F (6, 98) =4.06; P=0.001] was found in Two-way
ANOVA. A separate one-way ANOVA performed on the pre-
conditioning scores of the different groups (vehicle-saline
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Fig. 3 The effect of MMS on ethanol-induced CPP in mice. The data
represent the differences between the times spent in the compartment
associated with ethanol and saline. The negative values represent a
preference for the black compartment and vice versa. Each bar
represents the mean+ SEM (n = 8). Statistical significance was
observed at ## P < 0.001 when compared with the vehicle-saline control
group (SAL); *P<0.05, ¥**P<0.01, and ***P <0.001 when compared
with the vehicle-ethanol control group (VEH); ns indicates the differences
were not statistically significant
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control, vehicle-ethanol control, acamprosate-treated,
clozapine-treated and MMS-treated) revealed no significant dif-
ferences were observed [F (6, 49)=0.6532; P=0.6873].
However, significant differences among the various treatment
groups were observed in the postconditioning scores [F (6,
49)=5.016; P=0.0004]. The vehicle-ethanol control group
that received escalating doses of ethanol (0.5, 1, 2, 4 and
4 g/kg, i.p.) on alternate days, indicated a significant
(P<0.01) CPP on postconditioning day, when compared with
the vehicle-saline control group. Interestingly, the acute oral
administration of MMS (50 and 75 mg/kg bw), acamprosate
(300 mg/kg bw) and clozapine (1 mg/kg bw), an hour before
the postconditioning test (on day 16) resulted in a significant
reduction in the postconditioning scores (Fig. 3).

Effect of MMS on ethanol seeking behavior in mouse
runway model of drug self-administration

Mean runtimes for animals seeking ethanol during each day of
the experiment (from pre-conditioning to post-conditioning) is
shown in Fig. 4. A significant effect of Treatment [F (7,
148)=19.25; P<0.0001], Trial [F (1, 148)=6.808; P=
0.01], and Treatment x Trial interaction [F (7, 148)=18.79;
P <0.0001] was revealed by two-way ANOVA analysis. A
separate one-way ANOVA computed on preconditioning
runtimes of the different treatment groups (saline, ethanol,

MMS, ACAM, and CLZ) was not statistically significant [F
(7, 74)=0.3656; P=0.9194]. However, the difference be-
tween the groups (saline, ethanol, MMS, ACAM, and CLZ)
on the post-conditioning runtimes were found to be statistical-
ly significant [F (7, 74) =46.80; P<0.0001]. The vehicle-
ethanol control group (CMC + ETOH) that received escalat-
ing doses of ethanol (0.5, 1, 2, 4 and 4 g/kg, i.p.) upon goal
box entry on each day produced a significant (P <0.0001)
decrease in runtime (faster run) on postconditioning day when
compared with the vehicle-saline control (CMC + SAL)
group. Interestingly, the acute oral administration of MMS
(50, 75 and 100 mg/kg bw), acamprosate (300 mg/kg bw)
and clozapine (1 mg/kg bw), 1 h prior to testing on day 10
(postconditioning) resulted in a significant reversal
(P<0.0001) of faster run to goal box to seek ethanol in mice
(Fig. 4). However, the runtime recorded for MMS-saline
group (MMS 100 + SAL) was not significantly differed from
vehicle-saline control (CMC + SAL) group (Fig. 4) which im-
plies the attenuating effect of MMS against ethanol seeking in
mice is not mediated by causing the motor deficit.

Estimation of dopamine level in NAc

One-way ANOVA results revealed a significant (F (7, 72) =
4.339; P=0.0005) changes in NAc dopamine level between
different treatment groups. Post hoc comparisons revealed that,

CMC + SAL
MMS 100 + SAL
CMC + ETOH

2004

Treatment with CMC/MMS/
ACAM/CLZ

MMS 50 + ETOH
MMS 75 + ETOH

Runtime (s)

MMS 100 + ETOH
ACAM 300 + ETOH
CLZ1+ETOH

hodtd ks

Days

saline (10 ml/kg, i.p.)

Conditioned with ethanol (0.5 - 4 g/kg, i.p.)/

Pre-conditioning| o

Fig.4 Mean runtimes for animals seeking ethanol during each day of
the experiment (from preconditioning to postconditioning) in mouse
runway model of drug self-administration. Each point represents the
mean + SEM (n=10-11). The effect of MMS (50, 75 and 100 mg/kg,
p.0.), ACAM (300 mg/kg, p.o.), and CLZ (1 mg/kg, p.o.) on the ethanol
seeking behaviour was compared with CMC-ethanol treated group on
pre- and post-conditioning days in the mouse runway model of drug
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self-administration. Statistically significant differences were observed at
###H# P <0.0001 and ****P < 0.0001 when compared with CMC-saline
and CMC-ethanol groups respectively. When not indicated, the differ-
ences were not statistically significant. The effect of a higher dose of
MMS (100 mg/kg, p.o.) on saline seeking behaviour was compared with
CMC-saline treated group. When not indicated, the differences were not
statically significant
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the dopamine level of vehicle-ethanol control (CMC + ETOH)
group was significantly (P <0.01) increased when compared to
vehicle-saline control (CMC + SAL) group. Furthermore, MMS
(50, 75, and 100 mg/kg, p.o.), ACAM (300 mg/kg, p.o.) and
CLZ (1 mg/kg, p.o.) treated groups significantly attenuated the
ethanol-induced increase in the NAc dopamine level (Fig. 5).
However, no significant changes in the dopamine levels was
observed between MMS-saline group (MMS 100 + SAL) and
vehicle-saline control (CMC + SAL) group (Fig. 5) which indi-
cates MMS might not alter the basal dopamine level in the NAc.

Discussion

In this study, ethanol was administered through the intraperito-
neal route. This is because of fast onset of action of intraperito-
neal injections that can reduce the conditioning period for at
least 30 min. Moreover, the pharmacokinetics of substances
administered intraperitoneally share a similarity when given
by oral administration even though it is contemplated as a par-
enteral route of administration because the substance adminis-
tered will be primarily absorbed by the mesenteric vessels,
which later unload into the portal vein and pass through the
liver (Turner et al. 2011). Furthermore, there are several reports
indicating ethanol administered intraperitoneally produced the
reinforcing effect in mice (Cunningham and Henderson 2000;
de Licona et al. 2009; Lopez et al. 2014; Pandy and Khan
2016a; Song et al. 2007). Similarly, in this study, the outcome
from the CPP test revealed that intraperitoneal injections of
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Fig. 5 Effect of MMS (50, 75, and 100 mg/kg, p.o.), ACAM
(300 mg/kg, p.o.) and CLZ (1 mg/kg, p.o.) on the dopamine levels
in the NAc of mouse brain. Statistical significance was observed at
###P < 0.001 when compared with the vehicle-saline control group
(CMC +SAL); * p<0.05 and **P <0.01when compared with the
vehicle-ethanol control group (CMC + ETOH); ns indicates the differ-
ences were not statistically significant when compared with the vehicle-
saline control group (CMC + SAL)

ethanol at escalating doses (0.5, 1, 2, 4 and 4 g/kg) in mice
produced a significant place preference to the ethanol-paired
compartment which infers the administration of escalating
doses of ethanol during conditioning successfully produced
CPPs in mice. Interestingly, the acute administration of MMS
(50 and 75 mg/kg, p.o.), significantly reversed the alcohol-
seeking behaviour in mice (Fig. 3). The reference drugs,
acamprosate (used in alcohol dependence) and clozapine (do-
pamine receptor antagonist) also significantly alleviated the
craving to ethanol in mice which is consistent with the previous
reports (Czachowski et al. 2001; Drake et al. 2000; Kurokawa
et al. 2013; Mattioli et al. 2012).

However, the significant downside of the CPP test is evinc-
ing false positive results for the candidature drugs acting by
impairing learning and memory without influencing drug re-
ward pathways (e.g., NMDA receptor antagonists; Aguilar
et al. 2009). Recently, Senik et al. (2012) demonstrated that
the methanolic extract of Mitragyna speciosa when given orally
facilitated learning and improved the cognitive function in rats.
Therefore, the present attenuation of ethanol-induced CPP by
the MMS is unlikely due to drug-induced memory impairment.
In general, the drugs affecting motor activity can influence the
results of any animal behavioural studies and this could be
avoided by evaluating the compound’s effect on spontaneous
locomotor activity. In a previous study, the methanolic extract
of M. speciosa (50-200 mg/kg, p.o.) and its alkaloidal fraction
(5-20 mg/kg, p.o.) per se did not affect the spontaneous loco-
motor activity in mice (Reanmongkol et al. 2001), which sug-
gests that MMS at the tested doses might not alter the motor
activity, thereby, influencing CPP results in mice.

Nevertheless, to further confirm these findings from
ethanol-CPP results, another set of experiment was conducted
using a mouse runway model of drug self-administration. A
significant decrease in the time of trained (conditioned) mice
to reach the goal box confirmed the subjects’ motivation to
seek ethanol on day 10 (expression) as shown in Fig. 4.
Interestingly, MMS at (50, 75 and 100 mg/kg, p.o.) signifi-
cantly prolonged the runtime of trained (conditioned) mice to
reach the goal box as demonstrated for the reference drugs,
acamprosate and clozapine in mice (Fig. 4). These results also
confirmed the anticraving properties of MMS against ethanol
seeking behaviour in mice.

In earlier studies, it was demonstrated that dopamine antago-
nists attenuated the craving to alcohol reinforcement in patient
receiving controlled dose of alcohol in a laboratory setting (Swift
2010). Besides, many other preclinical and clinical studies dem-
onstrated that the dopamine antagonists such as quetiapine, clo-
zapine, olanzapine and tiapride were found to reduce alcohol
craving (Drake et al. 2000; Hutchison et al. 2006; Hutchison
etal. 2001; Shaw et al. 1994). Moreover, in a retrospective study,
haloperidol (dopamine D, antagonist) was found to be effective
in decreasing the craving for alcohol in alcohol dependent pa-
tients when compared to the placebo group (Modell et al. 1993).
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The rewarding effect and behavioural stimulation induced
by ethanol in humans and rodents are known to be mediated
by activation of the mesolimbic dopaminergic pathway
(Ahlenius et al. 1973; Carlsson et al. 1974; Engel and
Lilijequist, 1983). Moreover, intracerebral (20-120 mM) or
systemic (0.5-1 g/kg) administration of ethanol to Sprague-
Dawley and wild type Wistar rats exalted the dopamine re-
lease in the nucleus accumbens (Blanchard et al. 1993; Di
Chiara and Imperato 1988; Imperato and Di Chiara 1986;
Lof et al. 2007; Yim and Gonzales 2000; Yim et al. 1998).
The present study results are corroborated with the earlier
reports in which the dopamine level in the NAc of ethanol
treated group was significantly elevated. The test groups treat-
ed with different doses of MMS (50-100 mg/ kg, p.o.) and the
reference groups treated with ACAM (300 mg/kg, p.o.) and
CLZ (1 mg/kg, p.o.) significantly decreased the ethanol-
induced elevated dopamine level in mice. The present results
do not clarify the exact neuronal mechanism involved in the
de-addictive like effect of MMS. However, in our previous
study, we found that MMS at lower doses exhibit D, receptor
antagonistic effect (Vijeepallam et al. 2016). Hence, we pos-
tulate that MMS attenuate the ethanol seeking behavior by
blocking dopamine D, receptors in mice.

Overall, this study highlights the attenuating effect of
MMS against ethanol seeking at lower doses (50-100 mg/
kg, p.o.) which could be utilized in the novel drug discovery
for the treatment of alcohol dependence. Further receptor-
ligand binding assays are warranted to confirm the actual
mechanism of action of MMS as an anticraving agent to treat
alcohol dependence.
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