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Mitragynine reduced morphine-induced 
conditioned place preference and 
withdrawal in rodents

Rittinarong Meepong , Thongchai Sooksawate
Department of Pharmacology and Physiology, Faculty of Pharmaceutical Sciences, 
Chulalongkorn University, Phyathai, Bangkok 10330, Thailand

ABSTRACT

Introduction: Kratom (Mitragyna speciosa Korth) has been long used in folklore medicine in 
Southeast Asian countries for its analgesic effects and the treatment of opioid withdrawal. Mitragynine 
is a major alkaloid found in the leaves of kratom plant that is responsible for most of the kratom 
pharmacological effects. It exerts its effects through the activation of opioid receptors and other 
receptors in the central nervous system. This study aimed to provide an evaluation of abuse liability 
and potential of mitragynine in the treatment for opioid addictions. Materials and Methods: Abuse 
liability of mitragynine was evaluated using drug discrimination and conditioned place preference 
models in rats, and naloxone precipitated withdrawal model in mice. The effects of mitragynine 
on acquisition and expression of morphine conditioned place preference were performed in rats. 
Naloxone-precipitated withdrawal was performed in mice treated with morphine. Results and 
Conclusions: Mitragynine fully substituted methamphetamine in a drug discrimination model 
at 10 mg/kg. It also induced conditioned place preference at doses of 30 and 90 mg/kg. Acute 
withdrawal symptoms precipitated by naloxone by means of repeated jumping were significant in 
60 mg/kg mitragynine treated group. Straub tail reaction was observable in dose-dependent from 
10 mg/kg mitragynine. In chronic withdrawal, repeated jumping behavior of mitragynine was 
significant at 30 mg/kg. Straub tail reaction was found in both 10 and 30 mg/kg mitragynine treated 
group. Mitragynine attenuated acquisition and expression of morphine conditioned place preference 
in dose-dependent manner from 10 to 30 mg/kg. When given with morphine, 10 mg/kg mitragynine 
could reduce jumping behavior to the same level as a chronic treatment of 10 mg/kg mitragynine 
alone and 30 mg/kg mitragynine could reduce straub tail reaction. This study indicates that 
mitragynine had low abuse liability and could attenuate the acquisition and expression of morphine-
induced conditioned place preference and precipitated withdrawal symptoms. These results support 
the use of kratom in traditional medicine and self-medication for opioid addiction and withdrawal.
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INTRODUCTION

Addiction is a brain disorder involving compulsive use 
of the drug despite negative or harmful consequences 
to the quality of life. United Nations Office for Drug 

Control and Crime[1] reported that about 5% of adult used the 
drug at least once in a lifetime in 2015. Opioids are one of the 
most harmful types of drugs. It is accountable to 70% of the 
global burden of disease attributable to drug use disorders.[1] 
Replacement therapy by opioid agonists, buprenorphine, and 
methadone, is recommended for pharmacotherapy of opioid 
use disorder based on their mechanisms of action and the 
need of the patient to alleviate from withdrawal symptoms.[2] 

Thus, better alternative pharmacotherapy for opioid agonist-
replacement therapy as well as other substance used disorders 
is still in need.

Kratom plant (Mitragyna speciosa Korth.) has been long 
used traditionally for its pharmacological effects and its 
narcotic effects in Southeast Asian nations, especially Thailand 
and Malaysia. The leaves of kratom plant are made into 
preparations. Conventionally, people chew fresh or dry kratom 
leaves, brew the leaves with hot water and drink as tea, or 
smoke the resins made from kratom extract. Powdered and 
crushed leaves are sold over the internet. People use kratom 
plant to treat pain, mood swing, coughing, diarrhea, and 
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intestinal infection, etc.[3,4] Laborers and farmers use kratom to 
increase endurance, reduce fatigue, and suppress appetite, so 
they are able to work longer hours in unfavorable conditions.[5] 
Kratom is also used as a substitution of heroin and morphine 
when access to drugs is prevented and as treatment for drugs 
withdrawal.[6-8] The effects of kratom are dose-dependent. It 
produces stimulant effects at a low dose and sedative-narcotic 
effects at higher dose.[9,10] Recently, there is the emergence 
of cocktail preparations incorporated with kratom such as 
“4×100” and “Krypton”[11,12] among drug users. They self-
reported euphoric feelings on consumption.[13]

More than 40 alkaloids from kratom have been isolated 
and characterized. Mitragynine is a major alkaloid constituent 
in kratom leaves. It is responsible for 66% of total alkaloid 
content.[14,15] It is able to bind to all three types of opioid 
receptors with the highest affinity to κ opioid receptor 
(KOR).[16] Mitragynine acts as partial agonist on human 
µ opioid receptor (MOR) and δ opioid receptor (DOR) 
while it acts as a competitive antagonist on human KOR.[17] 
In addition, in vivo test showed that antinociceptive effects 
of mitragynine are mediated by supraspinal MOR and 
DOR.[10] Antinociceptive effect of mitragynine can be blocked 
by administration of MOR and DOR antagonists, naloxone 
and natrindole, respectively.[18] Mitragynine can also bind 
to many receptors such as adenosine A2a receptor, dopamine 
D2 receptor, serotonin receptors 5-HT2C and 5-HT7, and α2 
adrenergic receptors.[19,20] Abuse liability of mitragynine 
has been tested by several studies. Mitragynine served as 
a discriminative stimulus and was able to fully substitute 
morphine in drug discrimination model in higher dose.[21] In 
conditioned place preference model, mitragynine could induce 
conditioned place preference at 10 mg/kg. Acquisition of 
mitragynine-induced place preference could be prevented by 
administration of naloxone pretreatment. However, naloxone 
was not able to block expression of mitragynine-induced place 
preference.[22] More recently, it is found that baclofen was able 
to block both the acquisition and expression of mitragynine-
induced conditioned place preference in rats.[23] Together, 
the involvement of opioidergic and GABA-ergic pathway is 
suggested in mitragynine rewarding effects.

Since it is still necessary to find better alternative drugs 
for opioid agonist-replacement therapy and kratom leaves are 
used traditionally for reducing the withdrawal symptoms and 
the treatment of opioid use disorder, the present study was 
aimed to evaluate abuse liability of mitragynine, the major 
alkaloid in kratom leaves, and its effects on morphine-induced 
condition place preference and morphine withdrawal.

MATERIALS AND METHODS

Animals

Male ICR mice weighing 18–25 g and male Wistar rats weighing 
180–200 and 250–300 g were used in the experiments. The 
animals were obtained from National Laboratory Animal 
Center, Mahidol University, Salaya, Nakhonpathom, Thailand. 
They were allowed to acclimate for 7 days in the Animal Facility, 
Faculty of Pharmaceutical Sciences, Chulalongkorn University 
before experiments. Housing room environment was controlled 
with 24 ± 2°C, 40–60% relative humidity and standard 12 h 
light/dark cycle. Food and water were available ad libitum unless 

stated otherwise. All behavioral experiments were conducted 
between 08:00 and 18:00. The research proposal was reviewed 
and approved by Institution Animal Care and Use Committee, 
Faculty of Pharmaceutical Sciences, Chulalongkorn University 
(Protocol No. 1333009). All experimental procedures were 
performed according to the Ethical Principles and Guidelines 
for the Procedures on Animals for Scientific Purposes, National 
Research Council of Thailand.

Drugs and Treatments

Mitragynine was extracted and isolated from the leaves of 
M. speciosa Korth using the method described by Ponglux 
et al.[24] Morphine sulfate was purchased from Temed Co. 
(Tehran, Iran). Other drugs and chemicals were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Morphine sulfate 
and naloxone hydrochloride were dissolved in 0.9% NaCl 
solution (saline solution). Mitragynine was dissolved in 20% 
TWEEN 80 in saline solution. All the drug preparations were 
freshly prepared and injected intraperitoneally.

Substitution of Mitragynine or Morphine 
in Rat Discriminating Methamphetamine

This experiment followed the protocol described by Solinas 
et al.[25] Male Wistar rats were trained to press the lever to get 
food pellets in the Standard Operant Conditioning Chambers 
(ENV-001; Med Associates, St Albans, VT, USA) connected to 
Med Associates Interface Model SG-503 with MED-IV software.

After they were able to press the lever to consume 
the food pellets, they were trained to discriminate saline 
(1 ml/kg) from methamphetamine (1 mg/kg). Rats were 
injected with either saline or methamphetamine 10 min 
before the start of the training session. The right lever was 
made an active lever for methamphetamine whereas the left 
lever was made an active lever for saline for half of that rats. 
Left lever was an active lever for methamphetamine and the 
right lever was active for saline for another half of the rats. 
This was counterbalanced to neutralized lever bias in rats. 
The schedule of reinforcement begins at a fixed ratio (FR) 
with timeout period of 10 s (TO10). House light was on at 
the beginning of the session. Every completion of response 
required on the schedule resulted in delivery of a 45 mg food 
pellet following by timeout period in which all the lights in the 
chamber were off and any lever depression, both on correct 
or incorrect lever, was recorded but yields no consequence. 
Depression of incorrect lever during the trial was recorded. 
It also reset the number of pressing required on correct 
lever. House light was turned on again after the completion 
of timeout period for the next trial. Methamphetamine and 
saline were given in double alternate schedule. For example, 
a 2-week schedule was MMSSM MSSMM where M represents 
methamphetamine and S represents saline. The schedule of 
reinforcement and timeout was gradually increased until the 
rats could reliably response to FR10 and TO45. Each session 
ended when 20 trials were completed or 30 min time elapses, 
whichever comes first. Training continues until rats could 
complete (1) 90% or more response occurs on the correct 
lever and (2) not >4 responses occurred on the incorrect 
lever on the first trial for 8 consecutive sessions before the 
testing phase begins.
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In the testing phase, different doses of methamphetamine, 
morphine, and mitragynine were given to trained rats. Test 
session was similar to a training session, except that both levers 
were made active and 10 consecutive pressing was required 
on the same lever for food pellet delivery. Test sessions were 
conducted in between methamphetamine training and saline 
solution training session. Rats were given single drug each 
session. A 2-week schedule was MTSMT STMST (t = test). 
Test sessions were conducted only when the rats were still able 
to maintain (1) 90% accuracy on the correct lever and (2) not 
more than 4 responses on the incorrect lever in the first trail 
in the two preceding training sessions. Data were expressed 
as a percentage of response on the correct lever. Test drugs 
were saline solution, methamphetamine (0.1, 0.3, 0.6, and 
1.0 mg/kg), morphine (1.0 and 2.0 mg/kg), and mitragynine 
(1, 5, and 10 mg/kg).

Mitragynine-induced Conditioned Place 
Preference

Apparatus

A rectangular chamber consisted of three compartments 
isolated by solid removable vertical screens. One central 
chamber connecting to two lateral compartments had 
gray walls. One lateral compartment had black and white 
vertical stripes walls with the black textured floor. The other 
lateral compartment had black and white horizontal stripes 
walls with black smooth floor. Close circuit camera system 
connecting to personal computer was positioned above the 
chamber for behavior observation. Subjects’ behaviors were 
then analysed by VideoMot2 software (TSE Systems, Bad 
Homburg, Germany).

Protocol

Conditioned place preference method was modified from 
Dias et al.[26] and Mizoguchi et al.[27] The procedure contains 
three phases (1) pre-conditioning phase (day 1–3): Rats 
were placed in the middle compartment for 5 min and, then, 
allowed to explore the entire apparatus for 15 min. Time 
spent in each compartment was recorded on day 3 to be used 
as a baseline and to determine preferred compartment. The 
preferred compartment was then paired with saline solution 
administration (saline-paired compartment), and the other 
lateral compartment was paired with drug administration 
(drug-paired compartment). (2) Conditioning phase (day 
4–11): Each group of rats received different doses of 
saline solution, morphine (5 mg/kg) or mitragynine (5, 
10, 30, and 90 mg/kg) on day 4, 6, 8, and 10 before being 
confined in drug-paired compartment of conditioned place 
preference apparatus for 30 min. On day 5, 7, 9, and 11, 
rats received saline solution before being confined in saline-
paired compartment for 30 min. (3) Post-conditioning phase 
(day 12); each rat, in drug-free state, was confined in the 
central compartment of the apparatus for 5 min before 
the doors connecting to both lateral compartments were 
removed allowing the rat to freely explore the apparatus 
for 15 min. Time spent in each compartment was collected. 
Data were expressed by changes in time spent in drug-paired 
compartment after conditioning (timepostcondition-timeprecondition) 
and used for statistical analysis.

Mitragynine Withdrawal

Acute mitragynine withdrawal

Repeated jumping behavior was a predominant sign of 
opioid withdrawal syndrome in mice.[28,29] Jumping was 
defined by the simultaneous removal of all four paws from 
the horizontal surface. Mice were given a single dose of 
morphine or mitragynine (0, 5, 10, 30, and 60 mg/kg) 2 h 
before administration of naloxone (3 mg/kg). Mice were then 
placed in glass cylinders for assessment of jumping behavior 
frequency and straub tail reaction for 30 min immediately 
after naloxone injection.

Chronic mitragynine withdrawal

Mice were treated with mitragynine (10 and 30 mg/kg) or 
morphine for 7 consecutive days. Treatments were given to 
mice 2 times daily on day 1–day 6, and only one treatment 
was given on day 7. The doses of morphine each day were as 
follows: 10, 20, 30, 40, 50, 60, and 70 mg/kg, respectively. 
2 h after treatment on day 7, mice were injected with 
naloxone (3 mg/kg) to precipitate withdrawal symptoms and 
immediately placed into the glass cylinders for behavioral 
observation for 30 min.

Effect of Mitragynine on Morphine-
induced Conditioned Place Preference

Effects of mitragynine on acquisition of morphine-induced 
conditioned place preference

On the conditioning phase, rats received two treatments daily. 
Pre-treatment was injected 30 min before treatment injection. 
Rat received saline solution for both pre-treatment and 
treatment on day 4, 6, 8, and 10. They received a saline 
solution or mitragynine (5 and 10 mg/kg) as pre-treatment 
followed by saline solution or morphine (5 mg/kg) as a 
treatment on day 5, 7, 9, and 11. Rats were confined within 
respective compartment immediately after treatment injection 
for 30 min.

Effect of mitragynine on the expression of morphine-induced 
conditioned place preference

To observe the effect of mitragynine on the expression of 
morphine-induced conditioned place preference, rats were 
conditioned with saline solution on day 4, 6, 8, and 10 where 
they were conditioned with saline solution or morphine 
(5 mg/kg) on day 5, 7, 9, and 11. Before testing began, they 
were injected with either saline solution or mitragynine (5 and 
10 mg/kg).

Effect of Mitragynine on Chronic 
Morphine Withdrawal

Treatments were given to mice 2 times daily on day 1–day 
6, and only one treatment was given on day 7. The doses of 
morphine each day were as follows: 10, 20, 30, 40, 50, 60, and 
70 mg/kg, respectively. Mitragynine (10 and 30 mg/kg) was 
given to mice 30 min before each morphine administration. 
2 h after the last dose of morphine, naloxone (3 mg/kg) was 
injected into each mouse. Repeated jumping behavior and 
straub tail reaction were observed for 30 min.
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Statistical Analysis

Data were expressed as mean ± standard error of the mean 
(SEM) and analyze by one-way analysis of variance. Difference 
between control and test groups was revealed by Bonferroni’s 
multiple comparison tests as post hoc analysis. Statistical 
significance was set at P < 0.05.

RESULTS

Substitution of Mitragynine or Morphine 
in Rat Discriminating Methamphetamine

In rats trained to discriminate methamphetamine (1 mg/kg) from 
saline solution, the response on methamphetamine appropriate 
lever increased in dose-dependent manner from 0.1 to 1.0 mg/
kg with mean maximal response for 0.6 and 1.0 mg/kg at 82.54 
± 10.43% and 91.95 ± 4.971%, respectively (n = 6). ED50 
was 0.34 mg/kg (0.1691–0.6754; 95% confidence interval). 
Mitragynine could substitute methamphetamine in dose-
dependent manner. It could fully substitute methamphetamine 
at the dose of 10 mg/kg with mean maximal response at 
80.88 ± 10.37% (n = 6). Morphine could also fully substitute 
methamphetamine at the dose of 2 mg/kg with mean maximal 
response at 86.09 ± 6.592% (n = 4) [Figure 1].

Mitragynine-induced Conditioned Place 
Preference

Rats showed preference to lateral compartment with vertical 
stripes wall and perforated floor over horizontal stripes wall 
and smooth floor in the preconditioning phase. Thus, the 
horizontal stripes wall compartment was assigned as drug-
paired compartment. After 4 sessions conditioning with saline 
solution and 4 sessions conditioning with drugs, changes in 
time spent in drug-paired compartment in 5 mg/kg morphine-
treated groups were 207.4 ± 29.02 s (n = 7) compared with 
saline-treated group, 8.8 ± 18.80 s (n = 10) [Figure 2]. 
The time changes increased in dose-dependent manner in 
mitragynine treated groups where they were statistically 
significant from the saline-treated group but not statistically 
significant from the morphine-treated group at the doses of 30 

and 90 mg/kg, 143.4 ± 28.29 s (n = 8) and 143.0 ± 33.69 s 
(n = 12), respectively.

Mitragynine Withdrawal

Acute withdrawal

Naloxone injection-induced repeated jumping in both mice 
treated with morphine and mitragynine [Figure 3a]. The 
numbers of jumping in the 30 min period were statistically 
significant in mice given single dose of 100 mg/kg morphine 
and 60 mg/kg mitragynine, 49.17 ± 11.08 times (n = 12) 
and 43.25 ± 8.37 times (n = 8), respectively, compared 
with saline control, 0.88 ± 0.64 times (n = 8). Straub tail 
reaction observed in morphine and mitragynine treated mice 
except in 5 mg/kg mitragynine-treated group. Percent of 
mice exhibiting straub tail reaction was 83.33% in morphine 
group while in mitragynine treated group was 0, 8.33, 75.00, 
and 75.00% in 5, 10, 30, and 60 mg/kg mitragynine treated 
groups, respectively. No straub tail reaction could be observed 
in saline-treated group [Figure 3b].

Chronic withdrawal

After chronic treatment of either morphine (10–70 mg/kg) or 
mitragynine (10 and 30 mg/kg) for 7 days, naloxone injection 
could precipitate repeated jumping behavior in mice. The 
numbers of jumping in 30 min period in morphine and 
30 mg/kg mitragynine treated groups were statistically higher 
than of saline-treated group, 38.25 ± 6.86 times (n = 8) 
and 42.50 ± 14.68 times (n = 6), respectively [Figure 3c]. 
The number of jumping in 30 min periods in 10 mg/kg 
mitragynine-treated group was 28.60 ± 11.08 times (n = 
5). All mice (100%) in morphine and 30 mg/kg mitragynine-
treated groups showed straub tail reaction while 80% of the 
mice in 10 mg/kg mitragynine-treated group exhibited such 
reaction [Figure 3d].

Effects of Mitragynine on Acquisition 
of Morphine-induced Conditioned Place 
Preference

Injection of mitragynine before morphine could suppress 
acquisition of morphine-induced conditioned place preference. 

Figure 1: Effect of methamphetamine, morphine (1–2 mg/kg), and 
mitragynine (1, 5, and 10 mg/kg) in rats trained to discriminate 
1 mg/kg methamphetamine from saline. Under FR 10 schedules, 
percent response on methamphetamine paired lever for each 
treatment is shown. The above-dotted line represents the average 
percent response at 1 mg/kg methamphetamine and below-dotted 
line represents the average percent response of saline treatment 
(***P < 0.001 vs. saline-treated group; n = 4–6)

Figure 2: Mitragynine-induced conditioned place preference. The 
effects of mitragynine (MG; 5–90 mg/kg) and morphine (5 mg/kg) 
on conditioned place preference in rats. Data are expressed as mean ± 
standard error of the mean of time changes in drug-paired compartment 
between the postconditioning and preconditioning phases (*P <  0.05 
and ***P < 0.001 vs. saline-treated group; n = 7–12)
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The level of suppression was dependent on the dose given. 
Changes in time spent in morphine paired compartment in 
saline/5 mg/kg morphine and 5 mg/kg mitragynine/5 mg/kg 
morphine-treated groups were significantly higher than of 
saline/saline control group, 219.6 ± 31.11 s (n = 7), 124.0 ± 
28.21 s (n = 9), and −24.83 ± 13.22 s (n = 6), respectively 
[Figure 4a].

Effect of Mitragynine on Expression of 
Morphine-induced Conditioned Place 
Preference
Mitragynine was able to attenuate expression of morphine-
induced conditioned place preference. This attenuation 
was statistically significant at doses of 10 and 30 mg/kg 

mitragynine compared with the saline group, 30.38 ± 35.72 
s (n = 8), 8.38 ± 27.30 s (n = 8), and 164.30 ± 38.10 s 
(n = 8), respectively [Figure 4b].

Effect of Mitragynine on Chronic 
Morphine Withdrawal
Figure 5a showed that only mice chronically pretreated 
with saline solution and 30 mg/kg mitragynine followed by 
morphine treatment each day for 7 days showed significantly 
higher numbers of jumping in 30 min time period. The number 
of jumping in 10 mg/kg mitragynine pretreated group was 
lower than of saline pre-treated group, 19.83 ± 2.09 times 
(n = 6) and 38.25 ± 6.86 times (n = 8), respectively, to the 
same level as chronic treatment of 10 mg/kg mitragynine 

Figure 3: Mitragynine withdrawal precipitated with naloxone. Upper panel (a and b) shows acute mitragynine (5, 10, 30, and 60 mg/kg) 
withdrawal (a) number of repeated jumping behavior and (b) straub tail reaction. Lower panel (c and d) shows chronic mitragynine (10 and 
30 mg/kg) withdrawal (c) number of repeated jumping behavior and (d) straub tail reaction. (a and c) Bars represent mean frequency of jumping 
in 30 min period after naloxone injection ± SEM. (b and d) Bars represent the percent of animal exhibited straub tail behavior (*P <  0.05 and 
**P < 0.01 vs. saline-treated group; ##P < 0.01, and ###P < 0.001 vs. morphine-treated group; n = 8–12)

dc

ba

Figure 4: Effect of mitragynine on morphine-induced conditioned place preference (a) the effects of mitragynine (MG; 0, 5, 10, and 30 mg/kg) 
on morphine-induced conditioned place preference acquisition and (b) the effects of mitragynine 10 and 30 mg/kg on expression of morphine-
induced conditioned place preference. Data are expressed as mean time changes in morphine-paired compartment between postconditioning 
and preconditioning phases ± standard error of the mean (*P < 0.05 and ***P < 0.001 vs. saline-treated group; #P < 0.05 and###P < 0.001 vs. 
MG 0 group; n = 6–9).

a b
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alone (28.60 ± 11.08 times, n = 5). Straub tail reaction was 
found in all groups treated with morphine. The percent of mice 
showing straub tail reaction was 83.33% and 83.33% in mice 
pretreated with saline solution and 10 mg/kg mitragynine 
[Figure 5b]. At the dose of 30 mg/kg, mitragynine reduced the 
straub tail reaction down to 50.00%.

DISCUSSION

Abuse liability of mitragynine in male rodents had been access 
by drug discrimination, conditioned place preference and 
physical withdrawal in the present study. Several preclinical 
studies have showed that female was more prone to drug 
addiction than its male counterpart due to differences in 
neurobiology between two gender and the effects of ovarian 
hormones.[30] In addition, the fluctuation in sex hormones 
along the estrous/menstrual cycle affects drug-taking behavior 
in clinical study.[31,32] A study by Karami and Zarrindast[33] 
indicated that female Wistar rats adopted conditioned place 
preference at a lower dose compared to male. Taken together, 
to avoid the effect from gender and estrous cycle on addiction 
and for uniformity of subjects, male rodents were used 
exclusively throughout the study.

In drug discrimination model, 10 mg/kg mitragynine 
was able to substitute methamphetamine in rats trained to 
discriminate 1 mg/kg methamphetamine from saline solution 
despite different mechanisms of action [Figure 1]. This 
was confirmed by the administration of morphine at 1 and 
2 mg/kg. It showed that morphine could also fully substitute 
methamphetamine. A study by Harun et al.[21] demonstrated 
that cocaine could only partially substitute mitragynine in 
rats trained to discriminate 15 mg/kg mitragynine from the 
vehicle. This showed that mitragynine and stimulants share 
at least some similar interoceptive stimulus properties. In 
the same study, morphine fully substituted mitragynine at 
5 mg/kg where mitragynine was able to fully substitute 
5 mg/kg morphine at a dose of 15 mg/kg. Dose >15 mg/kg of 
mitragynine could partially substitute morphine.[21]

In conditioned place preference model, the present study 
demonstrated that only relatively high doses of mitragynine 
(30 and 90 mg/kg) could produce a conditioned place 
preference [Figure 2]. Although 10 mg/kg mitragynine also 
showed the tendency to induce conditioned place preference, 
no significant difference from control was found. Other studies 

reported mitragynine conditioned place preference at doses as 
low as 10 and 15 mg/kg.[23,34] We speculated that there was 
some influence from the intraspecies difference (Wistar rats 
vs. Sprague-Dawley rats). One study indicated that the dose 
of morphine used for induction of conditioned place reference 
in Wistar rats was significantly higher than the one used to 
induced Sprague-Dawley rats.[35]

In withdrawal models, naloxone successfully precipitated 
repeated jumping behavior in morphine-treated mice both 
acutely and chronically [Figure 3]. The numbers of jumping in 
30 min for mitragynine treated groups were significant only at 
relatively high doses (30 and 60 mg/kg in acute treatments and 
30 mg/kg in chronic treatments) [Figure 3]. Plus, the numbers 
of jumping reaction was dose-dependent in mitragynine-
treated mice in both acute and chronic treatments. Morphine 
dependence was independent of beta-arrestin pathway as 
beta-arrestin knockout mice still developed morphine physical 
withdrawal and showing jumping reaction following naloxone 
precipitation comparable to those observed in wild-type 
mice.[36] Intracellular signaling regarding opioid receptors 
activation by mitragynine biased toward G proteins over beta-
arrestin.[17] Taken from these studies, it was not surprising that 
application of naloxone would precipitate jumping behavior in 
mice received mitragynine in this study. It is also worth noting 
that the numbers of jumping behavior were significant only at 
the high dose in mitragynine treated mice (60 mg/kg in acute 
withdrawal and 30 mg/kg in chronic withdrawal).

Other behavior observed in this experiment was straub 
tail reaction. Straub tail reaction was defined by rigidity and 
erection of tail across the back of the animal in an S-shaped 
curve due to contraction of acrococcygeus muscle.[37] The 
mechanisms of this reaction were mediated by activation of 
µ opioid subtype two receptors (µ2 receptors) and serotonin 
subtype two receptor (5-HT2).

[38,39] Straub tail reactions were 
observed in mice given morphine and mitragynine in both 
acute and chronic treatment after injection of naloxone. 
Considering with receptor binding assay studies,[16,20] it is 
suggested that mitragynine physical dependence might be due 
to activation of µ2 receptors and/or 5-HT2 receptor.

This study is the first to demonstrate that mitragynine 
attenuated both the acquisition and expression of morphine-
induced conditioned place preference [Figure 4]. Mitragynine 
was a partial agonist on MOR and competitive antagonist at 

Figure 5: Effect of mitragynine (10 and 30 mg/kg) pre-treatment on chronic morphine withdrawal precipitated with naloxone (a) mean 
frequency of repeated jumping behavior in 30 min period after naloxone injection ± standard error of the mean and (b) percent of animal 
exhibited straub tail behavior (*P < 0.05 vs. saline-treated group; n = 6–8)

ba
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KOR.[17] The affinity of mitragynine at DOR was low.[17,40] In 
addition, Guanosine 5′-(gamma-thio)triphosphate (35S-GTPγS) 
binding assay showed that mitragynine had less specific 
effect to MOR compared with (D-Ala2, N-Me-Phe4, Gly-ol5)-
enkephalin (DAMGO) or morphine.[40] In functional activity at 
human opioid receptors in G protein bioluminescent resonance 
energy transfer assay showed that maximum efficacy of 
mitragynine at human MOR was 34% compared with DAMGO. 
Mitragynine could fully inhibit the effect of U-50,488, a 
KOR agonist, with pA2 of 1.4.[17] The fact that mitragynine 
served as an antagonist at KOR may have additional effects 
and become a candidate for use as a treatment for opioid 
addiction.[41,42] Antidepressant effect of kratom had been 
reported in traditional use and some studies.[9,43] In mice model 
of depression, mitragynine reduced immobility time in forced 
swimming test and tail suspension test. Moreover, it was shown 
that mitragynine reduced corticosterone level in mice exposed 
to forced swimming- and tail-suspension tests.[44] These results 
were in line with a morphine withdrawal attenuating effect 
found in zebrafish model.[45] Mitragynine showed to lowered 
stress-related swimming behaviors, whole-body cortisol 
level and mRNA expression of corticotropin-releasing factor 
receptors and prodynorphin in zebrafish during the morphine 
withdrawal phase, suggesting that mitragynine interferes with 
corticotropin pathway in the reduction of opioid withdrawal 
symptoms. Anti-addictive property of KOR antagonists 
had been tested. KOR antagonists blocked stress-induced 
potentiation of drug reward, stress-induced reinstatement of 
drug-seeking behavior, and escalation of drug consumption in 
long access models.[46]

Physical dependence observed by jumping and straub 
tail reactions showed that, when given with morphine, 
10 mg/kg mitragynine could reduce jumping behavior to the 
same level as chronic treatment of 10 mg/kg mitragynine 
alone [Figures 3c and 5a] and 30 mg/kg mitragynine could 
reduce Straub tail reaction [Figures 3d and 5b]. Reduction 
of withdrawal symptoms might be due to the fact that 
mitragynine exerts its actions through several mechanisms 
other than activation of MOR. Mitragynine blocked neuronal 
calcium channels.[10,47] They were found to involve in morphine 
withdrawal.[48,49] Many calcium channels blockers such as 
verapamil, diltiazem, and nifedipine were successfully able to 
attenuate opioid withdrawal symptoms.[50,51]

Kratom side effects and withdrawal in human were 
reviewed by Singh et al.[52] In brief, individuals faced both 
physical and psychological symptoms. Physical symptoms 
included irritability, muscle pain, cramps, and diarrhea 
where psychological symptoms included restlessness, tension, 
aggression, sadness, delusion, hallucination, and craving. 
People who consume high amount of kratom were more likely 
to develop severe dependence and withdrawal symptoms. 
However, those symptoms usually lasted only for 1–3 days.[53] 
Mitragynine withdrawal was similar to opioid withdrawal 
symptoms, and it could be reversed by administration of 
opioid agonist.[54]

From our results and other studies, it showed that 
mitragynine served as MOR partial agonist and KOR competitive 
antagonist. This is similar to buprenorphine. Buprenorphine 
is a partial agonist at MOR and competitive antagonist at 

KOR.[55] On activation of MOR, G-protein pathway mediates 
analgesic effect of opioid where beta-arrestin pathway 
mediates side effects, especially respiratory depression 
and constipation.[56] Like mitragynine, buprenorphine also 
showed bias antagonism at MOR for G-protein coupling over 
beta-arrestin.[17] It had low abuse liability and respiratory 
depression. Thus, buprenorphine has been approved for use 
in the treatment of opioid dependence in replacement therapy 
or opioid maintenance treatment.[57] All these results support 
the use of kratom in traditional medicine, informal use or self-
medication in the treatment for opioid addiction, withdrawal, 
and cessation of opioid analgesics.[10,58]

CONCLUSIONS

Mitragynine showed positive reinforcing and rewarding effects 
in drug discrimination and conditioned place preference 
models with a lower potency than morphine. It was able to 
attenuate both acquisition and expression of morphine-induced 
conditioned place preference in dose-dependent manner. The 
receptor pharmacology profile of mitragynine was greatly 
similar to of buprenorphine. Mitragynine acts as the partial 
agonist at MOR and antagonist at KOR. It also has a functional 
bias toward G-protein over beta-arrestin that led to lower side 
effect than conventional opioids such as respiratory depression 
and constipation. This study provides scientific evidence 
supporting the use of kratom plant in traditional medicine in 
the treatment of opioid dependence and withdrawal. Together 
with other studies, mitragynine has great potential in the 
application for treatment of opioid and other drugs addiction. 
More studies on mitragynine and its derivatives are needed 
to clarify the effectiveness and adverse drug reaction of 
mitragynine in the treatment of drug addiction.
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6. Rätsch C. Mitragyna speciosa. In: The Encyclopedia of 
Psychoactive Plants: Ethnopharmacology and its Applications. 
1st ed. Rochester, VT: Park Street Press; 2005. p. 942.

7. Beckett AH, Shellard EJ, Phillipson JD, Lee CM. Alkaloids from 
Mitragyna speciosa (Korth.). J Pharm Pharmacol 1965;17:753-5.

8. Grundmann O. Patterns of kratom use and health impact in 
the US - Results from an online survey. Drug Alcohol Depend 
2017;176:63-70.

9. Cinosi E, Martinotti G, Simonato P, Singh D, Demetrovics Z, 
Roman-Urrestarazu A, et al. Following “the roots” of kratom 
(Mitragyna speciosa): The evolution of an enhancer from a 
traditional use to increase work and productivity in southeast 
asia to a recreational psychoactive drug in western countries. 
Biomed Res Int 2015;2015:1-11.

10. Prozialeck WC, Jivan JK, Andurkar SV. Pharmacology of kratom: 
An emerging botanical agent with stimulant, analgesic and 
opioid-like effects. J Am Osteopath Assoc 2012;112:792-9.

11. Arndt T, Claussen U, Güssregen B, Schröfel S, Stürzer B, 
Werle A, et al. Kratom alkaloids and O-desmethyltramadol in 
urine of a “Krypton” herbal mixture consumer. Forensic Sci Int 
2011;208:47-52.

12. Chittrakarn S, Penjamras P, Keawpradub N. Quantitative analysis 
of mitragynine, codeine, caffeine, chlorpheniramine and 
phenylephrine in a kratom (Mitragyna speciosa korth.) cocktail 
using high-performance liquid chromatography. Forensic Sci Int 
2012;217:81-6.

13. Macko E, Weisbach JA, Douglas B. Some observations on the 
pharmacology of mitragynine. Arch Int Pharmacodyn Ther 
1972;198:145-61.

14. Takayama H. Chemistry and pharmacology of analgesic indole 
alkaloids from the rubiaceous plant, Mitragyna speciosa. Chem 
Pharm Bull (Tokyo) 2004;52:916-28.

15. Brown PN, Lund JA, Murch SJ. A botanical, phytochemical 
and ethnomedicinal review of the genus Mitragyna korth: 
Implications for products sold as kratom. J Ethnopharmacol 
2017;202:302-25.

16. Taufik Hidayat M, Apryani E, Nabishah BM, Moklas MA, 
Sharida F. Determination of mitragynine bound opioid receptors. 
Adv Med Dent Sci 2010;3:65-70.

17. Kruegel AC, Gassaway MM, Kapoor A, Váradi A, Majumdar S, 
Filizola M, et al. Synthetic and receptor signaling explorations 
of the Mitragyna alkaloids: Mitragynine as an atypical molecular 
framework for opioid receptor modulators. J Am Chem Soc 
2016;138:6754-64.

18. Shamima AR, Fakurazi S, Hidayat MT, Hairuszah I, Moklas MA, 
Arulselvan P, et al. Antinociceptive action of isolated mitragynine 
from Mitragyna speciosa through activation of opioid receptor 
system. Int J Mol Sci 2012;13:11427-42.

19. Matsumoto K, Mizowaki M, Suchitra T, Murakami Y, Takayama H, 
Sakai S, et al. Central antinociceptive effects of mitragynine in 
mice: Contribution of descending noradrenergic and serotonergic 
systems. Eur J Pharmacol 1996;317:75-81.

20. Boyer EW, Babu KM, Adkins JE, McCurdy CR, Halpern JH. 
Self-treatment of opioid withdrawal using kratom (Mitragynia 
speciosa korth). Addiction 2008;103:1048-50.

21. Harun N, Hassan Z, Navaratnam V, Mansor SM, Shoaib M. 
Discriminative stimulus properties of mitragynine (kratom) in 

rats. Psychopharmacology (Berl) 2015;232:2227-38.
22. Yusoff NH, Mansor SM, Muller CP, Hassan Z. Opioid receptors 

mediate the acquisition, but not the expression of mitragynine-
induced conditioned place preference in rats. Behav Brain Res 
2017;332:1-6.

23. Yusoff NH, Mansor SM, Müller CP, Hassan Z. Baclofen blocks the 
acquisition and expression of mitragynine-induced conditioned 
place preference in rats. Behav Brain Res 2018;345:65-71.

24. Ponglux D, Wongseripipatana S, Takayama H, Kikuchi M, 
Kurihara M, Kitajima M, et al. A new indole alkaloid, 7 alpha-
hydroxy-7H-mitragynine, from Mitragyna speciosa in Thailand. 
Planta Med 1994;60:580-1.

25. Solinas M, Panlilio LV, Justinova Z, Yasar S, Goldberg SR. Using 
drug-discrimination techniques to study the abuse-related effects 
of psychoactive drugs in rats. Nat Protoc 2006;1:1194-206.

26. Dias C, Wang YT, Phillips AG. Facilitated extinction of morphine 
conditioned place preference with tat-gluA2(3Y) interference 
peptide. Behav Brain Res 2012;233:389-97.

27. Mizoguchi H, Yamada K, Mizuno M, Mizuno T, Nitta A, Noda Y, 
et al. Regulations of methamphetamine reward by extracellular 
signal-regulated kinase 1/2/ets-like gene-1 signaling pathway 
via the activation of dopamine receptors. Mol Pharmacol 
2004;65:1293-301.

28. Kest B, Palmese CA, Hopkins E, Adler M, Juni A, Mogil JS, 
et al. Naloxone-precipitated withdrawal jumping in 11 inbred 
mouse strains: Evidence for common genetic mechanisms in 
acute and chronic morphine physical dependence. Neuroscience 
2002;115:463-9.

29. Matsumoto K, Horie S, Takayama H, Ishikawa H, Aimi N, 
Ponglux D, et al. Antinociception, tolerance and withdrawal 
symptoms induced by 7-hydroxymitragynine, an alkaloid from 
the thai medicinal herb Mitragyna speciosa. Life Sci 2005;78:2-7.

30. Carroll ME, Anker JJ. Sex differences and ovarian hormones in 
animal models of drug dependence. Horm Behav 2010;58:44-56.

31. Anker JJ, Carroll ME. Females are more vulnerable to drug abuse 
than males: Evidence from preclinical studies and the role of 
ovarian hormones. Curr Top Behav Neurosci 2011;8:73-96.

32. Becker JB, Hu M. Sex differences in drug abuse. Front 
Neuroendocrinol 2008;29:36-47.

33. Karami M, Zarrindast MR. Morphine sex-dependently induced 
place conditioning in adult wistar rats. Eur J Pharmacol 
2008;582:78-87.

34. Yusoff NH, Suhaimi FW, Vadivelu RK, Hassan Z, Rümler A, 
Rotter A, et al. Abuse potential and adverse cognitive effects of 
mitragynine (kratom). Addict Biol 2016;21:98-110.

35. Shoaib M, Spanagel R, Stohr T, Shippenberg TS. Strain differences 
in the rewarding and dopamine-releasing effects of morphine in 
rats. Psychopharmacology (Berl) 1995;117:240-7.

36. Bohn LM, Gainetdinov RR, Lin FT, Lefkowitz RJ, Caron MG. 
Mu-opioid receptor desensitization by beta-arrestin-2 determines 
morphine tolerance but not dependence. Nature 2000;408:720-3.

37. Bilbey DL, Salem H, Grossman MH. The anatomical basis of the 
straub phenomenon. Br J Pharmacol Chemother 1960;15:540-3.

38. Nath C, Gupta MB, Patnaik GK, Dhawan KN. Morphine-induced 
straub tail response: Mediated by central mu2-opioid receptor. 
Eur J Pharmacol 1994;263:203-5.

39. Zarrindast MR, Alaei-Nia K, Shafizadeh M. On the mechanism 
of tolerance to morphine-induced straub tail reaction in mice. 
Pharmacol Biochem Behav 2001;69:419-24.

40. Stolt AC, Schröder H, Neurath H, Grecksch G, Höllt V, Meyer MR, 
et al. Behavioral and neurochemical characterization of kratom 
(Mitragyna speciosa) extract. Psychopharmacology (Berl) 
2014;231:13-25.

41. Carroll FI, Carlezon WA Jr. Development of κ opioid receptor 
antagonists. J Med Chem 2013;56:2178-95.

42. Helal MA, Habib ES, Chittiboyina AG. Selective kappa opioid 
antagonists for treatment of addiction, are we there yet? Eur J 



Meepong and Sooksawate: Mitragynine reduced morphine CPP and withdrawal in rodents

29  TJPS 2019, 43 (1): 21-29http://www.tjps.pharm.chula.ac.th

Med Chem 2017;141:632-47.
43. Halpenny GM. Mitragyna speciosa: Balancing potential medical 

benefits and abuse. ACS Med Chem Lett 2017;8:897-9.
44. Idayu NF, Hidayat MT, Moklas MA, Sharida F, Raudzah AR, 

Shamima AR, et al. Antidepressant-like effect of mitragynine 
isolated from Mitragyna speciosa korth in mice model of 
depression. Phytomedicine 2011;18:402-7.

45. Khor BS, Jamil MF, Adenan MI, Shu-Chien AC. Mitragynine 
attenuates withdrawal syndrome in morphine-withdrawn 
zebrafish. PLoS One 2011;6:e28340.

46. Whitfield TW Jr., Schlosburg JE, Wee S, Gould A, George O, 
Grant Y, et al. Κ opioid receptors in the nucleus accumbens shell 
mediate escalation of methamphetamine intake. J Neurosci 
2015;35:4296-305.

47. Matsumoto K, Yamamoto LT, Watanabe K, Yano S, Shan J, 
Pang PK, et al. Inhibitory effect of mitragynine, an analgesic 
alkaloid from thai herbal medicine, on neurogenic contraction of 
the vas deferens. Life Sci 2005;78:187-94.

48. Nakagawa T, Nagayasu K, Nishitani N, Shirakawa H, Sekiguchi K, 
Ikarashi Y, et al. Yokukansan inhibits morphine tolerance and 
physical dependence in mice: The role of α2A-adrenoceptor. 
Neuroscience 2012;227:336-49.

49. Barrios M, Baeyens JM. Differential effects of L-type calcium 
channel blockers and stimulants on naloxone-precipitated 
withdrawal in mice acutely dependent on morphine. 
Psychopharmacology (Berl) 1991;104:397-403.

50. Seth V, Upadhyaya P, Moghe V, Ahmad M. Role of calcium in 
morphine dependence and naloxone-precipitated withdrawal in 
mice. J Exp Pharmacol 2011;3:7-12.

51. Vitcheva V, Mitcheva M. Effects of nifedipine on behavioral 
and biochemical parameters in rats after multiple morphine 
administration. Methods Find Exp Clin Pharmacol 2004;26:631-4.

52. Singh D, Narayanan S, Vicknasingam B. Traditional and non-
traditional uses of mitragynine (Kratom): A survey of the 
literature. Brain Res Bull 2016;126:41-6.

53. Singh D, Müller CP, Vicknasingam BK. Kratom (Mitragyna 
speciosa) dependence, withdrawal symptoms and craving in 
regular users. Drug Alcohol Depend 2014;139:132-7.

54. Mackay L, Abrahams R. Novel case of maternal and neonatal 
kratom dependence and withdrawal. Can Fam Physician 
2018;64:121-2.

55. Virk MS, Arttamangkul S, Birdsong WT, Williams JT. 
Buprenorphine is a weak partial agonist that inhibits opioid 
receptor desensitization. J Neurosci 2009;29:7341-8.

56. Dahan A. Potent opioid analgesia without respiratory depression: 
Could it be possible? Anesthesiology 2016;125:841-3.

57. Soyka M. Treatment of opioid dependence with buprenorphine: 
Current update. Dialogues Clin Neurosci 2017;19:299-308.

58. Vicknasingam B, Narayanan S, Beng GT, Mansor SM. The informal 
use of ketum (Mitragyna speciosa) for opioid withdrawal in the 
Northern States of Peninsular Malaysia and implications for drug 
substitution therapy. Int J Drug Policy 2010;21:283-8.


