
ORIGINAL INVESTIGATION

Discriminative stimulus properties of mitragynine (kratom)
in rats

Norsyifa Harun & Zurina Hassan & Visweswaran Navaratnam &

Sharif M. Mansor & Mohammed Shoaib

Received: 10 September 2014 /Accepted: 17 December 2014 /Published online: 25 January 2015
# Springer-Verlag Berlin Heidelberg 2015

Abstract
Rationale Mitragynine (MG) is the primary active alkaloid
extracted from the leaves of Mitragyna speciosa or kratom
and exhibits pharmacological activities mediated by opioid
receptors. The plant has been traditionally used for its opium
and psychostimulant-like effects to increase work efficiency
or as a substitute in the self-treatment of opiate addiction.
Objectives The present study was performed to investigate the
discriminative stimulus effects of MG in rats. The pharmaco-
logical mechanism of MG action and its derivative, 7-
hydroxymitragynine (7-HMG) with a specific focus on opioid
receptor involvement was examined in rats trained to discrim-
inate morphine from vehicle. In order to study the dual actions
of MG, the effect of cocaine substitution to the MG discrim-
inative stimulus was also performed in MG-trained rats.
Methods Male Sprague Dawley rats were trained to discrim-
inate MG from vehicle in a two-lever drug discrimination
procedure under a tandem variable-interval (VI 60’) fixed-
ratio (FR 10) schedule of food reinforcement.
Results Rats acquired the MG discrimination (15.0 mg/kg,
i.p.) which was similar to the acquisition of morphine discrim-
ination (5.0 mg/kg, i.p.) in another group of rats. MG
substituted fully to the morphine discriminative stimulus in a
dose-dependent manner, suggesting pharmacological similar-
ities between the two drugs. The administration of 7-HMG
derivative in 3.0 mg/kg (i.p.) dose engendered full generalisa-
tion to the morphine discriminative stimulus. In addition, the

MG stimulus also partially generalised to cocaine (10.0mg/kg,
i.p.) stimulus.
Conclusion The present study demonstrates that the discrim-
inative stimulus effect of MG possesses both opioid- and
psychostimulant-like subjective effects.
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Introduction

Mitragyna speciosa belongs to the family of Rubiaceae and is
found in tropical and sub-tropical regions of Asia (Hassan
et al. 2013). It is commonly known as ‘biak-biak’ or ‘ketum’
inMalaysia and ‘kratom’ in Thailand.M. speciosa leaves have
been traditionally used by locals for their opium-like effect
and psychostimulant-like ability to combat fatigue and pain
and to boost tolerance to work under intense sunlight
(Reanmongkol et al. 2007). In addition, it has also been used
as an alternative treatment for fever, malaria, hypertension and
cough and as a substitution therapy of opiate addiction
(Assanangkornchai et al. 2007; Chan et al. 2005).

Mitragynine (MG) is the main active alkaloid which ac-
counts for 66 % of the total alkaloid contents extracted from
the leaves ofM. speciosaKorth (Shellard 1974; Ponglux et al.
1994). There are many other alkaloids which are structurally
related to MG that includes 7-hydroxymitragynine (7-HMG),
speciogynine, speciociliatine and paynantheine (Takayama
2004). For this reason, MG is assumed to be the major chem-
ical responsible for the effects of the plant. Thus, there has
been an increased interest in characterising the chemical, tox-
icological and pharmacological properties of MG in recent
years (Matsumoto et al. 1996a; Matsumoto et al. 2005b;
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Reanmongkol et al. 2007; Takayama 2004; Takayama et al.
2002; Jansen and Prast 1988; Azizi et al. 2010; Janchawee
et al. 2007;Macko et al. 1972; Shellard 1974).Many scientific
reports have indicated that MG produces a variety of pharma-
cologic effects, both in vivo and in vitro. The findings show
that MG can elicit analgesic effects by acting on opioid sys-
tems (Matsumoto et al. 1996a; Stolt et al. 2014). Other phys-
iological effects include the inhibition of ileum motility
(Watanabe et al. 1997) and vas deferens contractions of
smooth muscle (Matsumoto et al. 2005b), as well as the inhi-
bition of gastric acid secretion (Tsuchiya et al. 2002), which is
consistent with the actions of morphine. In addition, studies
with opioid receptor antagonists indicate that the effects are
primarily mediated by the actions on opioid receptors
(Matsumoto et al. 2005b; Watanabe et al. 1997).

However, the anti-nociceptive effect ofMGwas reported to
be less potent than that of the crude extract of the plant
(Watanabe et al. 1997; Yamamoto et al. 1999; Matsumoto
et al. 2006). Thus, the opium-like effect of the plant extract
cannot fully explain the effects of MG alone. This suggests
that other constituents of M. speciosa may contribute to the
opium-like effect, which may involve 7-HMG, a minor con-
stituent of the leaves and an oxidised derivative of MG
(Ponglux et al., 1994). This claim is supported by evidence
that 7-HMG is relatively more potent than MG and morphine
(Matsumoto et al. 2004; Takayama 2004). In addition, a study
from Matsumoto et al. (2006) reported that 7-HMG demon-
strated full agonist properties on μ-opioid receptors in vitro
(Matsumoto et al. 2006). Taken together, MG and its 7-HMG
derivative were reported to act on the central nervous system
(CNS) and to exhibit a high affinity towards μ-opioid receptor
subtype (Yamamoto et al. 1999; Matsumoto et al. 2006).

However, the psychoactive properties of M. speciosa ap-
pear to be contradictory as there are reports claiming it pos-
s e s s e s bo th na r co t i c and s t imu l an t p rope r t i e s
(Assanangkornchai et al. 2007; Macko et al. 1972; Ward
et al. 2011; Grewal 1932a, b; Suwanlert 1975, Reanmongkol
et al. 2007). The pharmacology of MG was first studied by
Grewal (1932a, b) in which a series of experiments were per-
formed in cats and in a group of five male volunteers. These
studies revealed that MG possesses a central nervous stimu-
lant effect that resembled actions similar to cocaine (Grewal
1932a, b). The stimulatory effects were also observed with
large doses of MG administered to cats which were qualita-
tively different from opiates (Macko et al. 1972).

Interestingly, clinical trials have reported that the effects of
kratom are dose-dependent with lower doses resulting in stim-
ulant effects while higher doses produced opioid-like effects
(Suwanlert 1975; Grewal 1932b; Jansen and Prast 1988). This
suggests that kratom produces an unusual combination of
opioid- and psychostimulant-like effects. Although the profile
of MG is unique and not well characterised compared to
psychostimulants or opioids, it nevertheless shares some

common properties with these drugs. However, the pharma-
cological basis underlying the dual effects of MG is still
unclear.

The stimulant and euphoric effects exerted by kratom
caused the plant to be extensively misused as a herbal drug.
The earliest use of kratom in Malaysia was reported in 1836
when it was used as a substitute for opium (Burkill 1935). The
use of the substance for the treatment of opium dependence
emerged in Malaysia and Thailand during the nineteenth cen-
tury (Burkill 1935).

Recent surveys have shown that besides improving physi-
cal effort and endurance, kratom was used for substitution to
compensate for more expensive opiates (Ahmad and Aziz
2012; Vicknasingam et al. 2010; Singh et al. 2014). Therefore,
kratom is widely used as a recreational drug and can lead to
abuse. Kratom abuse has gained significant attention in Ma-
laysia and Thailand (Chan et al. 2005). Furthermore, the wide
availability of kratom to purchase through the internet reflects
an increasing demand of misusing this herbal product globally
(Boyer et al., 2008).

The likelihood that a drug will be abused is generally based
on the subjective effects produced by the drug (Schuster et al.
1981). Drug discrimination in laboratory animals is used as a
model to study the subjective effects of psychoactive drugs
since the action of a drug’s discriminative stimulus in animals
is closely related to its subjective effects in human (Overton
1988). Given that the action of MG resembles morphine-like
effects, we hypothesised that MG may share discriminative
stimulus properties with morphine. Thus, the present study
aimed to investigate the pharmacology of the discriminative
stimulus properties of MG in rats. To gain a better understand-
ing on the pharmacological similarities shared between MG
and morphine, a similar series of generalisation tests were
conducted in rats trained to discriminate morphine from
vehicle.

Materials and methods

Animals

Male Sprague Dawley rats (n=20) weighing 200–250 g at the
start of the experiment were used. Rats were housed in groups
of 6 rats per cage and acclimatised to the housing conditions.
The rats were handled for 3–4 days prior to the start of the
experiment to minimise handling stress. Rats were maintained
on a 12-h light/dark cycle and had free access to water, but
were gradually food restricted to approximately 85 % of their
free-feeding weight (15 g/day for each rat) before training
began. All experimental procedures complied with local eth-
ical requirements and were carried out according to the guide-
lines for the use of experimental animals and approved by
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Animal Ethics Committee, Universiti Sains Malaysia
(AECUSM).

Apparatus

The experiment utilised standard two-lever operant condition-
ing chambers (Med-Associates, VT, US). The operant condi-
tioning chambers were enclosed in sound attenuating cubicles.
Each cubicle was equipped with an overhead house light to
provide general illumination and a fan to provide ventilation
and to mask extraneous sounds. The operant panel of each
chamber consisted of two levers (4.5 cm wide, extending
2.5 cm from the wall and located 7.0 cm above the floor)
located equidistant from a food receptacle where a pellet dis-
penser delivered food pellets (45-mg pellets). The house light
was on during food availability, and it was turned off during
food presentation and time-out periods. The operant chambers
were controlled by a computer using the MED-PC software
package (MED-Associates, Vermont, US).

Drugs

Mitragynine (MG) was extracted, isolated and verified
from fresh leaves of M. speciosa at the Malaysian In-
stitute of Pharmaceuticals and Neutraceuticals, Universiti
Sains Malaysia as described previously (Utar et al.
2011). 7-Hydroxymitragynine (7-HMG) was hydrolysed
from MG in our laboratory. The hydrolysis was adapted
from that of Ishikawa et al. (2002), resulting in purity
of >99 % after confirmation by GCMS and NMR
(500 MHz) analysis, which is similar to the purity of
7-HMG previously reported (Ishikawa et al. 2002). The-
se compounds were kept at 4 °C until the time of ex-
periment. Morphine hydrochloride and cocaine hydrochloride
were purchased from Pharmaniaga Logistics SDN BHD (Ma-
laysia). Naloxone hydrochloride was obtained from Sigma
Chemical Co. (USA). All drugs were dissolved in physiolog-
ical saline (0.9 % NaCI) with 20 % (v/v) Tween-80 (poly-
oxyethylenesorbitanmonooleate, Sigma-Aldrich Co.) and di-
luted to the desired concentration prior to the experiment. The
drugs were injected in a volume of 1.0 ml/kg per body weight,
and were administered intraperitoneally (i.p.).

Drug discrimination procedure

Acquisition of mitragynine and morphine baseline
discrimination

The drug discrimination training procedure was adapted from
those described previously for rats (Stolerman et al. 1989;
Wing and Shoaib 2012). Initially, rats were trained in 15-
min daily sessions to press levers for food delivered on a
fixed-ratio (FR) schedule. Responding was established on

both levers but only one lever was present at a time by pro-
ducing a single 45-mg food pellet. Under a FR schedule, the
rat must complete a fixed number of responses in order to
obtain reinforcement. The FR value was gradually increased
from FR-1 to FR-10. Once animals exhibited stable levels of
responding under FR-10, a variable-interval (VI) component
was introduced. Under this tandem schedule of reinforcement,
the tenth lever press was reinforced after a randomly deter-
mined variable interval of time. The VI schedule was gradu-
ally increased from VI-5 s until the terminal of VI-30-s sched-
ule. After this period of shaping over a few sessions, the drug
discrimination training began.

The rats were randomly allocated to two groups (n=10) for
each training drug. One group was injected with MG
(15.0 mg/kg, i.p.) or vehicle (20 % Tween 80 diluted in
0.9 % saline) 30 min prior to the start of sessions. The dose
of MGwas selected from previous studies assessing the effect
of 15.0mg/kg i.p. that resulted in the greatest pharmacological
effects (Apryani et al. 2010; Farah Idayu et al. 2011; Fakurazi
et al. 2013). In the other group, rats were injected with mor-
phine (5.0 mg/kg, i.p.) or vehicle (20 % Tween 80 diluted in
0.9 % saline) 30 min prior to the training sessions. The mor-
phine dose (5.0 mg/kg i.p.) was selected from previous reports
(Bartoletti et al. 2010). In half of the animals, operant re-
sponses on the right lever were reinforced by food presenta-
tion followingMG injection, and operant responses on the left
lever were reinforced following vehicle injection. The alloca-
tion of the levers was reversed in the other half of the animals.
MG and vehicle training sessions took place in a random
order. After several weeks of training, the duration of the VI
component of the schedule was increased up to VI-60. That is,
the rats received food pellet reinforcement after pressing the
correct lever under the FR-10 and VI-60 schedules, with no
reinforcement for the wrong lever presses.

After the rats had acquired theMGdiscrimination as shown
by performance of 80% accuracy on lever selection in a block
of 10 consecutive sessions, test sessions took place twice
weekly. Two training sessions took place between each test
session to prevent extinction of the discrimination learning. In
contrast to the training sessions, test sessions were 5 min in
length, rats had access to both levers and responses did not
result in food presentation. For each animal, a test session was
run only if, during the two most recent training sessions, at
least 80 % of total responses were made on the correct lever.
For all rats, tests with drug treatments were conducted in a
randomised order while substitution tests were completed pri-
or to antagonism tests.

Dose-response evaluations of mitragynine-
and morphine-associated discrimination

To evaluate dose-response effects for MG- and morphine-
induced discrimination, a dose range for MG (0, 0.3, 1.0,
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3.0, 10.0 and 15.0 mg/kg) and morphine (0, 0.16, 0.5, 1.6 and
5.0 mg/kg) were tested in animals corresponding to each
group. MG and morphine dose-response curves were also
determined prior to testing each compound at the end of the
series of experiment to ensure the stability of both MG and
morphine discrimination.

Effect of substitution of morphine- on mitragynine-associated
discrimination

To evaluate substitution of morphine in MG-trained rats, three
doses of morphine (0.5, 1.6 and 5.0 mg/kg) were tested after
MG-induced discrimination (15.0 mg/kg) was achieved. This
test allowed the determination of whether morphine could
substitute for the MG discriminative stimulus.

Full substitution was defined when the percentage of drug-
lever responding was greater or equal to 80 %, while partial
substitution was defined when the percentage of drug-lever
responses was greater than or equal to 20 % but less than
80 %. Percentages of drug-lever responding that were less
than or equal to 20 % were considered as vehicle-
appropriate responding.

Effect of substitution of mitragynine- on morphine-associated
discrimination

Substitution of MG to the morphine-induced discrimination
was determined next. Following the acquisition of morphine
discrimination (5.0 mg/kg), the animals were pretreated with
various doses ofMG (1.0, 3.0, 15.0 and 30.0mg/kg). This was
to establish whether MG could substitute for morphine to
maintain the discriminative effects previously associated with
morphine.

Effect of substitution of 7-Hydroxymitragynine
on morphine-associated discrimination

The substitution effect of a derivative of MG, 7-HMG, on the
discriminative stimulus effects of morphine (5.0 mg/kg) was
also investigated. Three doses of 7-HMG ranging from 0.3 to
3.0 mg/kg were injected 30 min prior to the test.

Effect of substitution of cocaine (psychostimulant)
on mitragynine-associated discrimination

To assess the effect of cocaine substitution to the MG-induced
discriminative stimulus, rats that were initially trained on MG
(15.0 mg/kg) were injected with one of two doses of cocaine
(5.0 and 10.0 mg/kg) administered 15 min prior to the test.

Effect of substitution of cocaine (psychostimulant)
on morphine-associated discrimination

The effect of cocaine substitution to the morphine-induced
discriminative stimulus was also determined. Rats that were
initially trained on morphine (5.0 mg/kg) were also injected
with one of two doses of cocaine (5.0 and 10.0 mg/kg).

Effect of naloxone pretreatment on the discriminative stimulus
effects of mitragynine and morphine

To investigate the ability of a pharmacological blocking agent
to block the internal cue generated by the training drug, an-
tagonism tests were carried out. In groups reliably discrimi-
nating MG or morphine, pretreatment tests with naloxone
(0.1, 0.3 and 1.0 mg/kg) administered 15 min prior to the
training doses were conducted.

Complete antagonism of the discriminative stimulus was
occurred when the percentage of drug-lever selection de-
creased to vehicle-appropriate response levels (≤20 % drug-
lever responding) while partial antagonism occurred when the
percentage of drug-lever selection was between 20 and 80 %.
No antagonism occurred when the response level was greater
or equal to 80 % of drug-lever responding.

Effect of naloxone pretreatment on 7-Hydroxymitragynine
substitution on morphine-associated discrimination

Animals that achieved full substitution (≥80 % of morphine-
paired lever responding) when pretreated with 7-HMG were
tested for opioid receptor involvement by pretreatment with
naloxone (0.3 mg/kg) prior to discrimination testing.

Data analysis

For each rat, the number of responses made on each lever
during extinction tests was recorded for the whole 5-min test
session. The percentage of total responses made on the drug-
appropriate lever served as a measure for stimulus generalisa-
tion/substitution, while the total number of responses served
as a measure for the response rate. A lever was defined as
‘selected’ when it was the first lever that the rats pressed ten
times. Subjects not demonstrating good stimulus control, as
defined by an at least 80 % difference between drug- and
vehicle-appropriate responding before the dose-response test,
were excluded from analyses for that treatment regimen.

Analyses were conducted in SPSS Version 20.0 (SPSS
Inc., Chicago, IL, US). One-way ANOVAs for repeated mea-
sures were conducted followed by Bonferroni post hoc tests to
establish if a particular drug treatment had a significant effect
on the percentage of drug-appropriate lever and total re-
sponses. ED50 and 95 % confidence intervals (95 % CI) of
the dose-response curves of MG, morphine and 7-HMG were
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determined using GraphPad Prism 5.0 software. Antagonist
functions prior to vehicle and naloxone pretreatment were
compared by two-tailed Student’s t test for comparison of
two groups. GraphPad Prism 5.0 software was used for graph-
ical presentation of processed data. The data are expressed as
means±SEM. A p value of less than 0.05 was the critical
criterion for statistical significance.

Results

Mitragynine and morphine produced discriminative
stimulating effects

Figure 1 shows the acquisition of the two groups in which the
correct lever selection following MG (Fig. 1a) or morphine
(Fig. 1b) and vehicle. Tests under extinction with the training
dose and vehicle provided an index of stimulus control with
MG (Fig. 1c) and morphine (Fig. 1d). A total of 16 out of 20
rats trained (n=7 for the MG group and n=9 for the morphine
group) reached the 80 % criterion for accuracy and were used
for subsequent tests. Approximately 100 trials of training (50
MG and 50 vehicle sessions) were required before the rats
could discriminate MG from vehicle. The group of rats trained
to discriminate morphine from vehicle required fewer training
trials, i.e. approximately 60 training sessions in total (30 mor-
phine and 30 vehicle). Figure 1c illustrates the percentage of
drug-paired lever selections after MG (15.0 mg/kg, i.p.) and
vehicle administration, indicating that MG produced discrim-
inative stimulus effects as assessed by over 80 % correct lever
responding after being paired with MG injection. Subsequent
experiments were carried out with the rats that met this crite-
rion. As shown in Fig. 1d, the percentage of responses on the
drug lever was comparable to the level of discrimination with
morphine (5.0 mg/kg, i.p.) and vehicle. Robust discriminative
stimulus effects were demonstrated for the MG-trained [F(6,
7)=3.4, p<0.0001] and morphine-trained [F (8,8)=1.1,
p<0.001] groups.

Generalisation tests with graded doses of mitragynine
and morphine

The results of the stimulus generalisation tests with a range of
MG doses are shown in Fig. 2a. There was a dose-dependent
generalisation with graded doses of MG on responses on the
MG-paired lever ranging from 20 % (0 mg/kg MG) to a max-
imum of 90 % at 15.0 mg/kg training dose [F(5,30)=12.3,
p<0.001]. Likewise, as shown in Fig. 2b, graded doses of
morphine produced dose-related increases in the percentage
of responses on the morphine-appropriate lever [F(4,32)=
31.0, p<0.0001]. For both compounds, these significant levels
of generalisation were observed without any appreciable

reductions on total lever-press responses [Fig. 2; MG F(5,
30)=1.1, n.s; morphine F(4,32)=0.45, n.s.].

Morphine substitution tests in mitragynine-trained rats

The results frommorphine substitution tests in theMG-trained
rats are illustrated in Fig. 3a. Graded doses of morphine (0.5,
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Fig. 1 a Training data for acquisition of MG (15.0 mg/kg i.p.) as a
discriminative stimulus. Each block represents the mean±SEM
accuracy of drug-lever selection of 10 trials (sessions) of MG (closed
bars) or vehicle (open bars). b Training data for acquisition of morphine
(5.0 mg/kg i.p.) as a discriminative stimulus. Each block represents the
mean±SEM accuracy of drug-lever selection of 10 trials (sessions) of
morphine (closed bars) or vehicle (open bars). The training data for
MG and morphine acquisition were obtained in 15-min training sessions.
c Percentage of drug-lever selection during tests for stimulus control
exerted by MG under extinction conditions. Each block represents the
mean±SEM of MG (closed bar) or vehicle (open bar) extinction tests.
d Percentage of drug-lever selection during test for stimulus control
exerted by morphine under extinction conditions. Each block represents
themean±SEMofmorphine (closed bar) or vehicle (open bar) extinction
tests. The data for stimulus test of MG and morphine were obtained in 5-
min extinction tests
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1.6 and 5.0 mg/kg) substituted for the MG discriminative
stimulus [F(3,15)=6.2, p<0.001]. The highest dose of mor-
phine (5.0 mg/kg) engendered a maximum of 85 %MG-lever
responding (p<0.001) without significantly modifying the to-
tal number of lever-press responses [F(3,15)=0.36, n.s.]. The
ED50 (95 % CI) of morphine substitution to mitragynine was
0.94 (0.45–1.97) mg/kg.

Mitragynine substitution tests in morphine-trained rats

The results of MG substitution tests in morphine-treated
rats are shown in Fig. 3b. Tests with several doses of
MG (1.0, 3.0, 15.0 and 30.0 mg/kg) produced dose-
dependent substitution for the morphine training dose
[F(4,28) = 18.8, p< 0.0001]. The data shows that
15.0 mg/kg MG substitution produced full substitution
for morphine and demonstrated the highest responding
(82 %) to the morphine-appropriate lever compared to
vehicle (p<0.001). As shown in the top panel of
Fig. 3b, the largest dose of MG (30.0 mg/kg) showed
partial substitution to the morphine stimulus resulting in
only 55 % morphine-lever responding compared to ve-
hicle (p<0.05). However, the overall total number of
responses showed no significant difference between the
doses [F(4,28)=2.1, n.s.]. The ED50 (95 % CI) of MG
substitution to morphine was 7.61 (4.68–12.37) mg/kg.

7-Hydroxymitragynine substitution tests in morphine-trained
rats

Figure 4 illustrates the results from substitution tests with 7-
HMG (0.3, 1.0 and 3.0 mg/kg) in rats trained to discriminate
morphine (5.0 mg/kg). The 7-HMG derivative produced a
dose-dependent substitution [F(3,21)=15.8, p<0.0001] in
which more than 80 % morphine-lever selection was obtained
at the dose of 3.0 mg/kg (p<0.0001). Furthermore, in a dose
of 1.0 mg/kg 7-HMG also substituted for the morphine dis-
criminative stimulus compared to vehicle (p<0.0001). As
shown in the bottom panel of Fig. 4, the substitution of 7-
HMG to morphine was not associated with alterations in the
total responses [F(3,21)=1.63, n.s.]. The ED50 (95 %CI) of 7-
HMG substitution was 0.60 (0.34–1.07) mg/kg. The relative
potencies of 7-HMG to morphine and MG were 1.9 and 12.7
times, respectively, as shown in Table 1.

Cocaine substitution tests for mitragynine-trained rats

Table 2 shows that cocaine produced a significant level of
partial substitution in rats trained on MG [F(3,15)=14.3,
p<0.0001]. The highest dose of cocaine (10.0 mg/kg) pro-
duced significant substitution, i.e. about 65 % MG-lever re-
sponse levels compared to vehicle (p<0.05). However, co-
caine in a dose of 5.0 mg/kg did not substitute for MG. Only
the largest dose of cocaine (10.0 mg/kg) produced a
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significant reduction in the total lever-press responses com-
pared to vehicle [F(3, 15)=7.84, p<0.002].

Cocaine substitution tests for morphine-trained rats

In two doses, cocaine (5.0 and 10.0 mg/kg, i.p.) did not substi-
tute for morphine in rats that showed robust levels of stimulus
control with morphine [F(3,18)=89.7, p<0.0001]. The per-
centage of substitution following cocaine was less than 20 %
on the morphine lever, and no reductions were observed in total
responses under these test conditions [F(3,18)=1.85, n.s.].

Effect of naloxone pretreatment on discriminative stimulus
effects of mitragynine and morphine

Naloxone was examined to investigate the role of opioid
receptors in the discriminative stimulus effects of MG.
Antagonism tests with a range of naloxone doses (0.1,
0.3 and 1.0 mg/kg) was conducted in both MG- and
morphine-trained rats, and the results showed that

0.3 mg/kg naloxone produced optimal levels of blockade
of the morphine discriminative stimulus (Fig. 5). As
shown in Fig. 5, 0.3 mg/kg dose of naloxone showed a
tendency towards a partial block of the MG stimulus, i.e.
down to 43 % of MG-lever; however, this effect was not
significant. Naloxone in a dose of 0.3 mg/kg fully blocked
the morphine discriminative stimulus (p<0.01) without
producing any alterations in total responses.

Effect of naloxone pretreatment on discriminative stimulus
effects of 7-Hydroxymitragynine

Of the naloxone doses tested, the 0.3 mg/kg dose of
naloxone was selected to block the morphine-like dis-
criminative stimulus effects of 7-HMG. As shown in
Fig. 6, naloxone blocked the substitution effects of 7-
HMG to the morphine discriminative stimulus (p<0.01).
It is worth noting that the decrease of morphine-like ef-
fects of 7-HMG after naloxone pretreatment was not as-
sociated with alterations in total responses.
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Fig. 3 a Morphine substitution (black down-pointing triangle)
maintained discriminative behaviour in rats previously treated with
15.0 mg/kg MG. Top panel shows the percentage of responses on the
MG-paired lever (mean±SEM, n=6). Bottom panel shows the total num-
ber of responses (mean±SEM, n=6). ( ) represents baseline response of
MG training dose (15.0 mg/kg) and ( ) represents baseline response of
vehicle. b MG substitution (black up-pointing triangle) for morphine

maintained drug discriminative behaviour in rats previously trained with
5.0 mg/kg morphine. Top panel shows the percentage of responses on the
morphine-paired lever (mean±SEM, n=7). Bottom panel shows the total
number of responses (mean±SEM, n=7). Black diamond suit represents
baseline response of morphine training dose (5.0 mg/kg), and ( ) repre-
sents baseline response of vehicle. *p<0.05; ***p<0.001 compared with
the baseline response of vehicle
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Discussion

Drug discrimination procedures are valuable assays for study-
ing behavioural and pharmacological effects of drugs (Overton
1988; Sevak et al. 2009; Stolerman et al. 1999; Su et al. 2008).
The present study is the first to demonstrate that MG can serve
as a discriminative stimulus in rats. MG produced a robust
discriminative stimulus with at least 80 % accuracy by the

majority of rats trained with 15.0 mg/kg dose. Given that the
discriminative stimulus effect was characterised with only one
dose, this may limit the full pharmacological characterisation.

As observed for morphine, MG showed a characteristic
dose-dependent generalisation curve when a range of MG
doses were tested. Given the similari t ies, cross-
generalisation studies demonstrated MG to fully substitute
for the morphine stimulus, suggesting similar subjective ef-
fects between the two drugs. This suggests that the effects
could possibly be transduced via similar mechanisms that
may involve, in part, the opioid receptor systems (Matsumoto
1996a; Boyer et al. 2008; Shamima et al. 2012; Stolt et al.
2014).

The subjective effects of psychoactive drugs are believed to
play a role in their abuse potential (Preston and Bigelow
1991). Given that MG is the major constituent of kratom,
the present study provides scientific evidence on the abuse
potential of kratom since drugs that show substitution in drug
discrimination models tend to exert similar subjective effects
in humans (Sevak et al. 2009). The ED50 value of MG substi-
tution for morphine was 7.61 mg/kg, which was higher than
that of morphine substitution for MG (0.94 mg/kg). This sug-
gests that MG can produce morphine-like subjective effects in
humans but with lower abuse potential than morphine. Previ-
ous reports suggest that kratom has weaker, short-lasting ef-
fects and induces a milder withdrawal syndrome compared to
morphine (Jansen and Prast 1988; Norakanphadung 1966).
This is not surprising since kratom has been used as a substi-
tution for opium addiction for decades (Ahmad and Aziz
2012; Burkill 1935; Vicknasingam et al. 2010; Wray 1907).
In addition, kratom has become more popular in Thailand as a
replacement for morphine to assist addicts during detoxifica-
tion in treatment programmes (Norakanphadung 1966; Jansen
and Prast 1988). From a clinical perspective, understanding
the behavioural effects of substitution between the two drugs
is relevant because cross-substitution among opiate addicts is
a major concern. Recent surveys (Vicknasingam et al. 2010;
Singh et al. 2014) have reported that almost 77 % of kratom
users were associated with previous drug history, particularly
morphine and heroin. The users also reported that kratom
consumption is capable of reducing their intake of more ex-
pensive opiates and managing the opioid withdrawal symp-
toms. Besides, kratom itself is cheaper and easier to obtain
than heroin (Vicknasingam et al. 2010). However, as the pres-
ent study only employed the substitution between MG and
morphine discriminative stimuli, further verification is re-
quired to support kratom abuse liability, as well as the use of
kratom in the treatment of opioid dependence.

In the present study, the opioid-like effect of 7-HMG was
also examined in rats trained to discriminate morphine from
vehicle. The administration of the 7-HMG derivative showed
a dose-dependent substitution for the morphine discriminative
stimulus. Full substitution was achieved with a dose of
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Fig. 4 7-HMG substitution ( ) for morphine maintained drug
discriminative behaviour in rats previously treated with 5.0 mg/kg
morphine. Top panel shows the percentage of responses on the
morphine-paired lever (mean±SEM, n=7). Bottom panel shows the total
number of responses (mean±SEM, n=7). Black diamond suit represents
baseline response of morphine training dose (5.0 mg/kg), and ( ) repre-
sents baseline response of vehicle. ***p<0.001 compared with the base-
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Table 1 Effects of 7-Hydroxymitragynine compared to morphine and
mitragynine in substitution for morphine discriminative stimulus

Compound ED50 (95 % CI) Relative potency

7-HMG 0.60 (0.34–1.07) –

Morphine (0.72–1.69) 1.9

MG (4.68–12.37) 12.7

ED50 represents the median effective dose (mg/kg) (95 % confidence
intervals). Relative potencies of 7-HMG to morphine and MG were cal-
culated as morphine ED50/7-HMG ED50 and MG ED50/7-HMG ED50,
respectively
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Table 2 Cocaine substitution for both mitragynine- and morphine-trained rats

Training drug/vehicle n % Total
response

% of drug-lever responses Total responses

(5 mg/kg)(10 mg/kg) (5 mg/kg)(10 mg/kg)

MG-trained * **

Mitragynine 6 90.6±3.4 133.4±18.9 21.6±1.5 64.8±1.9 89.7±2.3 45.5±1.7

Vehicle 6 18.6±4.6 96.6±21.08

Morphine-trained

Morphine 6 88.5±4.0 137.6±22.7 2.3±0.6 17.8±1.5 131.3±2.9 71.9±2.6

Vehicle 6 17.5±4.2 104.6±11.0

Each data represent the mean±SEM

*p<0.05; **p<0.01 compared with vehicle in each training group
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Fig. 5 a Effect of a range of naloxone doses (0.1, 0.3 and 1.0 mg/kg) on
discriminative stimulus effects of 15.0 mg/kg MG (n=6). Each bar
represents the mean±SEM of doses of naloxone pretreatment on
vehicle discrimination (open bars) or on MG discrimination (closed
bars). Top panel shows the percentage of responses on the drug-paired
lever. Bottom panel shows the total number of responses. b Effect of a
range of naloxone doses (0.1, 0.3 and 1.0 mg/kg) pretreatment on

discriminative stimulus effects of 5.0 mg/kg morphine (n=7). Each bar
represents the mean±SEM of doses of naloxone pretreatment on vehicle
discrimination (open bars) or on morphine discrimination (closed bars).
Top panel shows the percentage of responses on the drug-paired lever.
Bottom panel shows the total number of responses. **p<0.01, compared
with the 0 mg/kg naloxone (vehicle) pretreatment on respective drugs
conditions
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3.0 mg/kg 7-HMG, which is relatively smaller than the mor-
phine training dose. 7-HMG produced potent substitution ef-
fects to the morphine discriminative stimulus that were about
2 times more potent than morphine. This data is in agreement
with previous studies that showed a similar order of potency
of between 7-HMG and morphine in the anti-nociceptive tests
(Matsumoto et al. 2004). The present study also highlighted
the relative potency between 7-HMG and MG; the derivative
was about 13 times more potent than MG in substitution for
morphine discriminative stimulus. The higher potency of 7-
HMG in relation to MG has also been reported in anti-
nociceptive tests (Matsumoto et al. 2004; Takayama et al.
2004). The potent action of 7-HMG is based on the activation
of μ-opioid receptors and its morphine-like pharmacological
properties (Matsumoto et al. 2005a). It was speculated that the
additional hydroxyl group at its C7 position led to improved
water solubility and greater formation of hydrogen bonding
with target receptors and thus improves affinity of 7-HMG
towards the opioid receptor. However, the actual mechanism
underlying the opioid-like potency of 7-HMG is still unknown
and requires further investigation. Since the 7-HMG

derivative accounts for a minor constituent of M. speciosa
(<2 %), the overall effect of kratom might, in part, be due to
7-HMG.

While MG was claimed to possess both opioid- and
psychostimulant-like effects, (Assanangkornchai et al. 2007;
Macko 1972; Ward et al. 2011; Grewal 1932a, b; Suwanlert
1975, Reanmongkol et al. 2007), further experiments utilising
cocaine to test for substitution for MG were performed. Co-
caine was found to partially substitute (>60 % drug-lever
responding) for MG discriminative stimulus at larger
substituted doses (10.0 mg/kg), suggesting some pharmaco-
logical similarities. This is in agreement with a previous study
in which large doses (18.4 to 46.0 mg/kg) of MG produced
stimulatory effects in cats that were qualitatively different
from opiates (Macko et al. 1972). This finding also correlates
with previous studies that reported that MG displays cocaine-
like activities in cats (Grewal, 1932a, b, Macko et al. 1972).
From a human perspective, kratom is often believed to have
coca-like effects (Grewal 1932b; Suwanlert 1975; Macko
1972), but except for the increased ability to work, there is
little evidence of psychostimulant-like effects, and the possi-
ble pharmacological mechanisms remain unclear. This is the
first behavioural study to suggest a pharmacological similarity
between MG and cocaine in a rodent model. It is important to
note that the role of dopamine receptors has yet to be exam-
ined in the discriminative stimulus effects of MG. However,
this cross-substitution is not surprising given that both MG
and cocaine effects are attributed to actions on the ascending
noradrenergic system, particularly -2 adrenergic receptors
(Matsumoto et al. 1996a; Schmidt and Weinshenker 2014).
These authors suggested that the stimulus effect of MG was
due to the interaction between mitragynine and -2
adrenoreceptors. The involvement of adrenoreceptors merits
further investigation. There are reports which suggest that the
κ-opioid receptor may also be involved in mediating the ef-
fects exerted by MG (Shamima et al. 2012; Stolt et al. 2014;
Taufik Hidayat et al. 2010; Thongpradichote et al. 1998). κ-
opioid receptors have been reported to be involved in the
modulation of some abuse-related effects in CNS stimulant
(Negus and Mello 1999). However, the role of adrenergic
and κ-opioid receptors in the mechanism of discriminative
effects of MG remains unclear.

Pretreatment with the opioid receptor antagonist naloxone
showed a tendency to partially block the MG discriminative
stimulus effects. These results should be interpreted with cau-
tion due to the relatively small group size but, nevertheless,
suggest that MG discriminative stimulus may be mediated via
opioid receptors. Previous studies have reported that MG anti-
nociceptive activity was blocked by naloxone (Takayama
2002; Sabetghadam et al. 2010; Sabetghadam et al. 2013),
supporting an opioid receptor-mediated mechanism. The data
also suggest that the discriminative stimulus effects of MG
may involve other pathways in addition to actions on opioid
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receptors. In contrast to MG, naloxone pretreatment demon-
strated a complete blockade of morphine discriminative
stimulus. The reason for this discrepancy between the
attenuation effects of MG and morphine may be due to the
difference in the opioid receptor subtypes involved in
their pharmacological activity. A study conducted by
Thongpradichote (1998) demonstrated that the selectivity of
MG for supraspinal opioid receptor subtypes was different
from morphine in mice (Thongpradichote et al. 1998). The
morphine-like effects of 7-HMG were also blocked by nalox-
one, which indicates the role of opioid receptors. This finding
further suggests full agonist properties of 7-HMG on μ-opioid
receptors since naloxone could antagonise the inhibitory ac-
tion induced by 7-HMG on the electrically evoked contrac-
tions in the guinea-pig ileum (Matsumoto et al. 2004). This is
the first study to demonstrate that 7-HMG has potent opioid
receptor agonist effect that is sufficiently potent to substitute
for the morphine discriminative stimulus effects.

In summary, the present study supports the hypothesis that
pharmacological similarities exist between MG and morphine.
The findings also provide additional support of the shared phar-
macological and behavioural properties between MG and co-
caine, but to a lesser extent as compared to morphine. Taken
together, these findings are in accordance with numerous re-
ports suggesting that MG possesses both opioid- and
psychostimulant-like effects. This finding is interesting given
that the chemical structure of MG is unrelated to those drugs
(Jansen and Prast 1988; Shellard 1974). Thus, M. speciosa
seems to be a unique plant that possesses both opioid- and
psychostimulant-like drug effects. MG may share mechanisms
of action with both drug classes. However, due to its diverse
pharmacology (Matsumoto et al. 1996b; Taufik Hidayat et al.
2010; Stolt et al. 2014; Boyer et al. 2008; Shamima et al. 2012),
the underlying pharmacological mechanisms of MG discrimi-
native stimulus properties have not been fully determined. The
resemblance between MG discriminative stimuli with the two
drugs also contributes to defining the nature of the addictive
properties of MG. Nevertheless, considering the subjective ef-
fects of the discriminative stimulus properties, it appears that
MG is responsible for kratom abuse. Further behavioural stud-
ies investigating the putative addictive properties of MG, spe-
cifically the reinforcing properties using self-administration
studies are currently in progress in our laboratories. The contri-
bution of 7-HMG with respect to addictive potential also war-
rants further pharmacological investigation.
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