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Abstract The effects of mitragynine on anxiety-related
behaviours in the open-field and elevated plus-maze tests
were evaluated. Male Sprague-Dawley rats were orally
treated with mitragynine (10, 20 and 40 mg/kg) or diaze-
pam (10 mg/kg) 60 min before behavioural testing. Mi-
tragynine doses used in this study were selected on the
basis of approximately human equivalent doses with ref-
erence to our previous literature reports. Acute adminis-
tration of mitragynine (10, 20 and 40 mg/kg) or diazepam
(10 mg/kg) increased central zone and open arms explo-
ration in the open-field and elevated plus-maze tests
respectively. These anxiolytic-like effects of mitragynine
were effectively antagonized by intraperitoneal adminis-
tration of naloxone (2 mg/kg), flumazenil (10 mg/kg),
sulpiride (0.5 mg/kg) or SCH 23390 (0.02 mg/kg) 15 min
before mitragynine treatments. These findings reveal that
the acute administration of mitragynine produces anxio-
lytic-like effects and this could be possibly attributed to the
interactions among opioidergic, GABAergic and dopami-
nergic systems in brain regions involved in anxiety.
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Introduction

Anxiety disorders are the most prevalent forms of mental
illnesses [26]. Various classes of medications are currently in
use to treat these disorders, with benzodiazepines being the
commonest [40]. However, their use is limited by undesired
side effects such as sedation, myorelaxation and development
of dependence [20]. The use of alternative medicine, mostly
herbal remedies, to treat mental disorders has increased sig-
nificantly over the past few years as these are taken to be
effective with fewer side effects than conventional drugs [3].
Mitragyna speciosa (Rubiaceae) is an indigenous tree
growing in Southeast Asian countries, particularly in
Malaysia and Thailand. The leaves of this plant are known as
‘Ketum’ or “Kratom” by indigenous people of Malaysia and
Thailand. The leaves have been traditionally used by locals
for their opium- and coca-like effects in enhancing work
tolerance under intense tropical heat [11]. In addition, the
leaves were also used to relieve pain, reduce coughing, treat
diarrhoea, and to mitigate morphine withdrawal symptoms
[46]. Over 25 alkaloids have been isolated from the mature
leaves of Mitragyna speciosa with mitragynine being the
most dominant active alkaloid in this plant [4]. Earlier studies
reported the role of supraspinal opioid receptors and both
descending noradrenergic and serotonergic systems in the
antinociceptive effect of mitragynine [24, 25]. In addition,
mitragynine suppressed the electrically stimulated contrac-
tion of guinea-pig ileum and mouse vas deferens through the
activation of [, k- and 3-opioid receptors [46, 47]. Recently,
mitragynine has also been shown to produce an antidepres-
sant-like effect in forced swimming and tail suspension tests
[8] and decrease novel environment stress in mice [14].
Similarly, mitragynine attenuated stress-related behaviours
in morphine-withdrawn zebrafish tested in a novel tank div-
ing test [18]. It is well known that administration of opioid
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agonists induces anxiolytic-like effects in laboratory animals
[33, 48] through interactions among opioidergic, y-amino-
butyric acid (GABA)ergic and dopaminergic systems in the
brain [19, 39]. In view of these findings, mitragynine being a
psychotropic drug could have a beneficial effect on the pre-
vention and management of stress-induced disorders such as
anxiety. Therefore, the present study was conducted to
evaluate the effect of mitragynine on anxiety-related behav-
iours using open-field (OF) and elevated plus-maze (EPM)
tests. The possible involvements of opioidergic, GABAergic
and dopaminergic systems in the observed effects of mi-
tragynine were also investigated.

Results and discussion

Effects of mitragynine on anxiety-like behaviours
in the OF and EPM tests

As shown in Fig. 1a and b, acute oral administration of mi-
tragynine (10, 20 and 40 mg/kg) or diazepam (10 mg/kg)
induced a significant increase in the number of entries (CZE)
(Fig. 1a) and the percentage time spent in the central zone
(%CZT) (Fig. 1b) of the OF, when compared to the control
group (p < 0.05). Neither mitragynine nor diazepam signif-
icantly changed the overall locomotor activity (total distance
travelled) (Fig. 1c). In the EPM test, acute administrations of
mitragynine (10, 20 and 40 mg/kg) as well as diazepam
(10 mg/kg,) significantly increased (p < 0.05) the percent-
age of open arm entries (%OAE) and the time spent on open
arms (%OAT) of the plus-maze, when compare to the control
group (Fig. 2a, b). On the other hand, acute administration of
mitragynine or diazepam did not significantly affect the total
number of arm visits in the elevated plus-maze test (Fig. 2c).
As shown in Figs. 1 and 2, rats treated with 40 mg/kg mi-
tragynine demonstrated highly significant (p < 0.01) chan-
gesin central zone and open arm exploration in the OF and the
EPM tests respectively, therefore, this dose was chosen for
the subsequent antagonism studies.

The role of the opioidergic system in the anxiolytic-like
effect of mitragynine in the EPM test

Administration of naloxone alone did not significantly
change the plus-maze activity when compared to the con-
trol group (Fig. 3a, b). However, a significant decrease in
open arm activities was observed when naloxone was
injected 15 min before oral or intraperitoneal administra-
tions of mitragynine and morphine, respectively (p < 0.05;
Fig. 3a, b). Open arm exploration was significantly
decreased in rats pretreated with naloxone (2 mg/kg) when
compared to rats treated with mitragynine or morphine
alone (Fig. 3a, b). However, acute administration of
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Fig. 1 Effects of acute administration of mitragynine and diazepam
on the number of entries into the central zone (a), the percentage of
time spent in centre (b) and the total distance travelled (c) in the open-
field. Animals were orally treated with Tween 20 (5 ml/kg),
mitragynine (10, 20 and 40 mg/kg) or diazepam (10 mg/kg) 60 min
before testing. Each bar represents mean = SEM. n = 8. *p < 0.05,
**p < 0.01 and ***p < 0.001 when compared to control group

morphine did not significantly affect the total number of
arm visits in the EPM test (Fig. 3c).

The role of the GABAergic system in the anxiolytic-
like effect of mitragynine in the EPM test

Acute oral administration of mitragynine (40 mg/kg) or
diazepam (10 mg/kg) demonstrated a significant increase
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Fig. 2 Effects of acute oral administration of mitragynine and
diazepam on the number of entries into the open arms (a), the
percentage of time spent on open arms (b) and the total arm entries
(c) in the elevated plus maze. Animals were orally treated with Tween
20 (5 ml/kg), mitragynine (10, 20 and 40 mg/kg) or diazepam
(10 mg/kg) 60 min before testing. Each bar represents mean + SEM.
n = 8. *p < 0.05, **p < 0.0l and ***p < 0.001 when compared to
control group

in the %OAE and %OAT of the plus-maze when compared
to the control group (p < 0.001; Fig. 4a, b). These effects
were significantly antagonized when flumazenil was
injected 15 min before the oral administrations of mi-
tragynine and diazepam (Fig. 4a, b). Acute intraperitoneal
administration of flumazenil alone did not produce signif-
icant changes in the plus-maze activities when compared to
the control group (Fig. 4a—c).
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Fig. 3 The effect of naloxone (NAL) on anxiolytic-like behaviours
induced by mitragynine (MG) and morphine (MOR) in rats. The
animals received a pre-test injection of saline (1 ml/kg) or NAL
(2 mg/kg) 15 min before MG (40 mg/kg) or MOR (6 mg/kg)
treatments. Control (5 ml/kg) and NAL groups received saline
(1 ml/kg) 15 min before treatments. The anxolytic-like behaviour
indices include changes in %OAE (a), %OAT (b) and the total arm
entries (¢). Each bar represents mean + SEM. ***p < 0.001 when
compared to control group; ***p < 0.001 when compared to MG
group; ##p < 0.01 and ###p < 0.001 when compared to MOR group
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Fig. 4 The effect of flumazenil (FLU) on anxiolytic-like behaviours
induced by mitragynine (MG) and diazepam (DZP) in rats. The
animals received a pre-test injection of saline (1 ml/’kg) or FLU
(10 mg/kg) 15 min before MG (40 mg/kg) or DZP (10 mg/kg)
treatments. Control (5 ml/kg) and FLU groups received saline (1 ml/
kg) 15 min before treatments. The anxolytic-like behaviour indices
include changes in %OAE (a), %OAT (b) and the total arm entries
(¢). Each bar represents mean = SEM. ***p < 0.001 when com-
pared to control group; *p < 0.05 and **p < 0.01 when compared to
MG group; ™p < 0.01 and *p < 0.001 when compared to DZP

group
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The role of the dopaminergic system in the anxiolytic-
like effect of mitragynine in the EPM test

As shown in Fig. 5a, b, acute oral administration of mi-
tragynine (40 mg/kg) or apomorphine (0.5 mg/kg) dem-
onstrated a significant increase in the %OAE and %OAT of
the plus-maze when compared to the control group
(p < 0.05; Fig. 5a, b). In addition, acute intraperitoneal
administration of sulpiride or SCH 23390 alone did not
produce significant changes in the plus-maze activities
when compared to the control group (Fig. Sa—c). However,
open arm exploration was significantly decreased when
sulpiride or SCH 23390 were injected 15 min before the
oral or intraperitoneal administrations of mitragynine and
apomorphine, respectively (p < 0.05; Fig. 5a, b).

OF and EPM tests have been widely used to assess
anxiety-related behaviour in rodents [15, 29]. The OF test
is based upon conflict between the innate tendency of
rodents to explore novel environments and aversion to
open spaces. The CZE and %CZT have been well estab-
lished as a measure of anxiety state in the OF test [34]. Our
results demonstrated that acute oral administration of mi-
tragynine (10, 20 and 40 mg/kg) produced anxiolytic-like
effects in the OF test, as shown by the increase in central
zone activities. Similar effects were also observed fol-
lowing the oral administration of diazepam (10 mg/kg).
These anxiolytic-like effects were also reinforced by the
behavioural findings from the EPM model, which relies
upon conflict between exploration and aversion to elevated
open places. It has been previously reported that anxio-
Iytics such as diazepam increase open-arm exploration in
the EPM test [32]. In this study, mitragynine at three dif-
ferent doses (10, 20 and 40 mg/kg) demonstrated anxio-
lytic-like effects, and a similar effect was observed in the
rat group administered diazepam (10 mg/kg). This is the
first reported anxiolytic-like effects of mitragynine in rats
at doses equivalent to the human dose derived from the
informal consumption of air ketum [31, 44]. Whilst mi-
tragynine is a psychotropic drug and the principal alkaloid
in ketum, this anxiolytic-like effect may have some basis in
the informal use of ketum to mitigate opiate withdrawal
symptoms, but this warrants further studies.

Antagonism of these activities using naloxone in this
study appeared to mitigate the anxiolytic-like effect of
mitragynine as well as that of morphine in the EPM test.
These findings are consistent with previous studies
reporting mitragynine activation of opioid receptors, with
high affinity for both p- and k- followed by &-opioid
receptor subtypes [2, 42]. Together, these findings strongly
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Fig. 5 The effect of sulpiride (SLP) and SCH 23390 (SCH) on
anxiolytic-like behaviours induced by mitragynine (MG) and apo-
morphine (APO) in rats. The animals received a pre-test injection of
saline (1 ml/kg), SLP (0.5 mg/kg) or SCH (0.02 mg/kg) 15 min
before MG (40 mg/kg) or APO (0.5 mg/kg) treatments. Control
(5 ml/kg), SLP and SCH groups received saline (1 ml/kg) 15 min
before treatments. The anxiolytic-like behaviour indices include
changes in %OAE (a), %OAT (b) and the total arm entries (¢). Each
bar represents mean = SEM. ***p < 0.001 when compared to
control group; *p <0.05 and ***p < 0.001 when compared to
MG group; *p < 0.01 and **p < 0.001 when compared to APO

group

implicate the role of the opioidergic system in the anxio-
lytic-like effects of mitragynine. Several lines of evidence
indicate the role of opioid receptors in the behavioural
response to anxiety. Microinjections of morphine into the
ventral hippocampus or the nucleus accumbens decreased
aversion to the open arms of the plus-maze, suggesting a
potential role of p-opioid receptors in the anxiolytic-like
effect of morphine [48]. Previous studies have also repor-
ted that activation of k- and d-opioid receptors produce
anxiolytic-like behaviour in rodents [33, 41]. Privette and
Terrian [33] reported anxiolytic-like effects in rats fol-
lowing intraperitoneal administrations of k-opioid receptor
agonists U-50,488 H and U-69,593. These effects were
significantly antagonized after pretreatment with naloxone.
Similarly, bilateral administration of enkephalin into rat
dorsal hippocampus has also shown to induce an anxio-
lytic-like effect via the activation of d-opioid receptors
[41].

It has been previously reported that opioid control of
anxiety is mediated by indirect interactions with GAB-
Aergic [39, 43] and dopaminergic pathways [19, 36] in
brain regions involved in fear and anxiety such as the
amygdala, hypothalamus, hippocampus and midbrain
areas. A study by Sasaki and colleagues [39] evaluated the
interaction between opioidergic and GABAergic systems.
In this study, administration of morphine to wild-type mice
has been shown to enhance the anxiolytic-like effects of
muscimol, a selective GABA, agonist, in EPM tests, by
raising its binding in posterior thalamic, mediodorsal tha-
lamic and amygdaloid areas. However, these effects were
not observed in p-opioid receptor knockout mice. These
findings suggest the crucial role of p-opioid receptors in
modulating anxiolytic behaviour regulated by GABAergic
neurotransmission. Results from the same study have also
shown that the anxiolytic-like effects observed following
morphine administration to wild-type mice were effec-
tively antagonized by naloxone as well as bicucullin,
GABA , antagonist. These results further confirm the role
of interactions between opioidergic and GABAergic sys-
tems in modulating anxiety behaviours [39]. In another
study, the interaction between k-opioid and GABAergic
systems was examined using the Vogel conflict model in
mice. The anticonflict effect of diazepam was significantly
abolished by pretreatment with naloxone or nor-binaltor-
phimine, the selective k-opioid receptor antagonist, sug-
gesting the involvement of the k-opioid system in the
anxiolytic-like effects of diazepam [43]. Although the
exact mechanism of interaction between opioidergic and
GABAergic systems is unknown, the co-location of GABA
and opiate receptors in the central nervous system, and the
existence of possible cross-reactivity and common path-
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ways of intracellular transduction may play a key role in
this interaction [27]. Earlier studies have also reported the
indirect modulation of dopamine cells by opioid agonists
and endogenous opioid peptides [5, 6]. Stimulation of -
opioid receptors, located presynaptically on the descending
GABAergic axon terminals and interneurons innervating
dopamine cells, enhances dopamine release in the ventral
tegmental area by removing tonic inhibitory regulation of
GABAergic input [17, 19]. In view of the opioid agonistic
effect of mitragynine and the key role of GABAergic and
dopaminergic systems in modulating anxiety behaviours
[23, 28], the possible involvement of GABAergic and
dopaminergic systems in mitragynine anxiolytic-like
effects were investigated in this study. Our results dem-
onstrated that pretreatment with flumazenil significantly
reversed the anxiolytic-like effects of mitragynine and
diazepam in the EPM test. Similarly, pretreatment with
sulpiride or SCH 23390 significantly abolished the anxio-
lytic-like effects of mitragynine and apomorphine. These
findings suggest the involvement of GABAergic and
dopaminergic systems in the anxiolytic-like effect of mi-
tragynine. It can therefore be assumed that mitragynine
may produce anxiolytic-like effects by indirect modulation
of GABAergic and dopaminergic systems through the
activation of opioid receptors in brain regions involved in
anxiety such as amygdala, hypothalamus, hippocampus and
midbrain areas.

Mitragynine, at the doses employed (10, 20 and 40 mg/
kg) did not show any sedative effect as evidenced by the
total distance travelled in the OF, or the number of total
arm entries in the EPM test. Our previous studies have
shown that similar doses of mitragynine did not produce
any muscle relaxant effect in the rota-rod test [14] and
proved the wide therapeutic index of mitragynine com-
pared to the alkaloid extract of Mitragyna speciosa leaves
[37]. An earlier study by Macko and colleagues [22] has
shown that single oral administration of 806 mg/kg mi-
tragynine failed to produce toxicity signs in rats. Similarly,
sub-acute administration of 50 mg/kg/day mitragynine for
5 days a week for 6 weeks did not show any toxic signs in
rats [22]. In addition, our recent toxicity study has also
shown that oral administration of 1 and 10 mg/kg mi-
tragynine for 28 days did not exhibit toxicity signs in rats.
However, administration of 100 mg/kg mitragynine for the
same period of time produced significant toxicity as dem-
onstrated by histopathological changes in the liver, kidney
and brain as well as biochemical and haematological
changes [38]. The probability of mitragynine causing
dependence in humans is not well documented. A recent
study reported the informal use of ketum to manage opiate
withdrawal symptoms and reduce addiction to other drugs.
Ketum users described it as affordable, easily available and
having no serious side effects despite prolonged use [44].
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In support of these findings, the most recent in vitro study
has shown a low tendency of mitragynine to develop
dependence and tolerance compared to morphine [16].
Human neuroblastoma cells treated with mitragynine
demonstrated significantly fewer changes in cyclic adeno-
sine monophosphate cAMP level and p-opioid receptor
expression during cell differentiation compared to mor-
phine-treated cells. In addition, cells treated with both
mitragynine and morphine demonstrated significantly
fewer changes in cAMP level and p-opioid receptor
expression compared to morphine treatment alone, sug-
gesting a possible role of mitragynine in avoiding the
development of dependence and tolerance after chronic
administration of morphine [16]. In another study, admin-
istration of morphine (5 mg/kg) for 9 days produced sig-
nificant increases in cAMP and cAMP response element
binding (CREB) expression in the thalamus and cortex of
mice brains due to the development of cAMP transmission
tolerance. However, no significant changes in these protein
expressions were observed in mice treated with mitragy-
nine (15 and 25 mg/kg) and morphine (5 mg/kg) for the
same period of time. These results further support the role
of mitragynine in preventing the development of tolerance
following chronic administration of morphine [7]. Taken
together, these findings tend to suggest that mitragynine is
relatively safe and devoid of unwanted side effects such as
the development of dependence and tolerance.

Experiments
Animals

Male Sprague-Dawley rats (weighing 170-200 g) were
obtained from the Animal Research and Service Centre
(ARASC), Universiti Sains Malaysia (USM). Rats were
housed in polypropylene cages (40 x 34 x 17 cm) in
groups of six for at least 1 week prior to behavioural
testing, with free access to the standard commercial food
pellets (Gold Coin Feed Mills Sdn Bhd, Malaysia) and
water ad libitum. Rats were housed in a temperature-con-
trolled room at 24 £ 1 °C and maintained on a reversed
12-h light/dark cycle (with lights off at 07:00 h). Behav-
ioural tests were performed during the dark phase of the
light cycle (09:00 to 12:00 h). The experimental protocols
for care and use of laboratory animals described in this
study were guided and approved by the Animal Ethics
Committee, USM [USM/2010/58 (200)].

Drugs

Mitragynine was purified from the crude alkaloid extract of
Mitragyna speciosa leaves as we previously described [1].
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Morphine sulphate was provided by Hospital Universiti
Sains Malaysia (Kelantan, Malaysia). Diazepam (GABA
receptor agonist) was purchased from Lipomed, Switzer-
land. Flumazenil (GABA, receptor antagonist), apomor-
phine hydrochloride (dopamine D; and D, receptor
agonist), SCH23390 (dopamine D; receptor antagonist,
(R)-(+)-7-chloro-8-hydroxy-3-methyl-1-phenyl-2,3,4,5-
tetrahydro-1H-3-benzazepine hydrochloride), sulpiride
(dopamine D, receptor antagonist) and naloxone hydro-
chloride dehydrate (opioid receptor antagonist) were pur-
chased from Sigma-Aldrich Co. (St. Louis, MO, USA). All
drugs were dissolved in sterile saline (0.9 % NaCl) just
before the experiment, except for mitragynine and diaze-
pam which were dissolved in 20 % (v/v) Tween 20
(ChemPur, Germany).

Treatments

The selection of mitragynine doses used in this study was
based on recently published data on the informal use of
ketum drink in the Northern Peninsular of Malaysia. Ketum
users were found to consume 0.3-5.7 mg/kg/day mitragy-
nine in ketum drink to wean off the opioid withdrawal
symptoms [31, 44]. This translates to an equivalent dose
range of 1.85-35.15 mg/kg mitragynine in rats [35].
Therefore, in the present study we administered three dif-
ferent doses of mitragynine (10, 20 and 40 mg/kg) orally to
rats to examine their effects on anxiety behaviours. Prior to
the experiments, animals were transferred to the testing
room and habituated for 1 h. After each testing session, the
apparatus was thoroughly cleaned with 70 % ethanol to
eliminate the residual odours and traces of the previously
tested animal. Differences in the behavioural data observed
after the administration of 20 % Tween 20 or saline to rats
were compared and found not significant (data not shown),
which justified our choice to include only the Tween 20
group as control for comparison.

Experiment 1: effects of mitragynine on anxiety-like
behaviours in the open-field (OF) and elevated plus-maze
(EPM) tests

Five experimental groups (n = 8, each) were orally treated
with different doses of mitragynine (10, 20 and 40 mg/kg),
diazepam (10 mg/kg) or Tween 20 (5 ml/kg) 60 min before
the OF test [14]; Popic et al. [32]. Immediately following the
OF test, the animal was transferred to the EPM.

Experiment 2: the role of the opioidergic system
in the anxiolytic-like effect of mitragynine in the EPM test

In this experiment, 48 rats were randomly divided into six
experimental groups (n = 8, each). They were orally

treated with mitragynine (40 mg/kg) or Tween 20 (5 ml/
kg) 60 min before the EPM test. Morphine (6 mg/kg) and
naloxone (2 mg/kg) were intraperitoneally administered
30 min before the test [30, 50]. To evaluate the possible
involvement of the opioidergic system in the anxiolytic-
like effects of mitragynine, two experimental groups were
intraperitoneally administered naloxone (2 mg/kg) 15 min
before mitragynine and morphine treatments [33]. Rats
treated with mitragynine, control, morphine and naloxone
were intraperitoneally administered saline solution (1 ml/
kg) 15 min before oral or intraperitoneal treatments.

Experiment 3: the role of the GABAergic system
in the anxiolytic-like effect of mitragynine in the EPM test

Forty-eight rats were used in this experiment. Animals were
randomly divided into six experimental groups (n = 8, each).
They were orally treated with mitragynine (40 mg/kg),
diazepam (10 mg/kg) or Tween 20 (5 ml/kg) 60 min before
the EPM test. Flumazenil (10 mg/kg) was intraperitoneally
administered 15 min before the test [12]. To evaluate the
possible involvement of the GABAergic system in the anx-
iolytic-like effects of mitragynine, two experimental groups
were intraperitoneally administered flumazenil (10 mg/kg)
15 min before mitragynine and diazepam treatments [43].
Rats treated with mitragynine, control, diazepam and flu-
mazenil were intraperitoneally administered saline solution
(1 ml/kg) 15 min before oral or intraperitoneal treatments.

Experiment 4: the role of the dopaminergic system
in the anxiolytic-like effect of mitragynine in the EPM test

In this experiment, 72 rats were randomly divided into nine
groups (n = 8, each). Animals were orally treated with mi-
tragynine (40 mg/kg) or Tween 20 (5 ml/kg) 60 min before
the EPM test. Apomorphine (0.5 mg/kg), sulpiride (0.5 mg/
kg) and SCH 23390 (0.02 mg/kg) were intraperitoneally
administered 15 min before the plus-maze test [9]. To eval-
uate the putative involvement of the dopaminergic system in
the anxiolytic-like effects of mitragynine, four experimental
groups were intraperitoneally administered sulpiride
(0.5 mg/kg) and SCH 23390 (0.02 mg/kg) 15 min before
mitragynine and apomorphine treatments [9, 49]. Rats treated
with mitragynine, control, apomorphine, sulpiride and SCH
23390 were intraperitoneally administered saline solution
(1 ml/kg) 15 min before oral or intraperitoneal treatments.

Behavioural testing
OF test

The OF apparatus (Panlab, Spain) consisted of a black-
painted wood arena (45 x 45 cm) with 50-cm high walls.
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The arena was virtually divided by software (ActitTrack,
Panlab, Spain) into central and peripheral zones. Rats were
individually placed at the centre of the arena and allowed
to freely explore the apparatus for 5 min [29]. Activities in
the central zone, including the number of entries (CZE) and
the percentage of time spent in the central zone (%CZT)
were automatically recorded by infrared beams and taken
as a measure of anxiety [10]. The overall motor activity
during the OF test was considered as the total distance
travelled as previously described [13].

EPM test

The test was performed as described elsewhere [45].
The plus-maze (Columbus Instruments, Ohio, USA)
consisted of two open (50 x 10 cm) and two closed
(50 x 10 x 40 cm) arms, extending from a central plat-
form (10 x 10 cm). The apparatus was made of stainless
steel and elevated to a height of 50 cm above the floor. Rats
were individually placed at the centre of the maze, facing an
open arm and allowed to freely explore the maze for 5 min.
The time spent on the open and closed arms and the number
of entries made into each arm was recorded using a video
camera (Sony, DCR-SX44E). Arm entries were defined as
entry of all four paws into an arm. The percentage of time
spent on open arms (%OAT) (100x time on open arms/total
time spent in all arms) and the percentage of open arm
entries (%20OAE) (100x number of open arm entries/total
entries into all arms) were used as a measure of anxiety [15].
The number of total arm entries was used as a measure of
spontaneous locomotor activity [21].

Statistical analysis

Statistical analysis was performed with SigmaPlot 11.0
software, using one-way analysis of variance (ANOVA)
followed by Duncan’s post hoc test for multiple compari-
sons. Data that did not pass normality or homogeneity of
variance were analysed using a Kruskal-Wallis test and
Dunns$ post hoc test for multiple comparisons. Results were
expressed as mean =+ standard error of mean (SEM).
p values <0.05 were considered statistically significant.

Conclusions

In conclusion, acute oral dosages of mitragynine (10, 20
and 40 mg/kg) produced anxiolytic-like effects in the OF
and EPM tests similar to diazepam at the doses tested.
These effects could be mediated via interactions among
opioidergic, GABAergic and dopaminergic systems in
brain regions involved in anxiety. However, this finding
warrants further investigation and the identification of the
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exact mechanisms and brain regions involved in the anx-
iolytic-like effect of mitragynine are worth pursuing.
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