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ABSTRACT

Mitragyna Speciosa Korth from Rubiaceae family is a tropical plant indigenous to Southeast Asia
particularly in Thailand, Peninsular of Malaysia and Indonesia. The leaves have been used by natives for their
opium-like effect and cocaine-like stimulant ability to combat fatigue and enhance tolerance to hard work. This
study is designed to examine the binding affinity and selectivity of mitragynine towards opioid receptors
namely µ-, δ-, and κ-receptors and the density of those opioid receptors in brain tissues, spinal cord,
duodenum, ileum and vas deferens. Our results suggest that mitragynine has a high affinity to the 9-opioid
receptors and brain has the highest density of opioid receptors.
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Introduction

Opium has been used widely for medical
purposed since the beginning of centuries. Opium is
a crude extract of the seed capsules of the poppy,
Papaver somniferum, which contains the opiate
alkaloids morphine and codeine. Studies of the
biological effects of opium and opioid have shown
that the opioid possess the analgesia, myosis,
bradycardia, sedation, hypothermia and lost of
sensitivity. There are three major opioid receptors
types, which is identified using molecular cloning
techniques. These µ-, δ- and κ-opioid receptors are
members of the Gi (inhibitory) protein-coupled seven
transmembrane receptors (GPCR) family [13,4,1,19].
Furthermore, the different receptor types of interact,
such that pharmacological action at one opioid 
receptor type may modify the biochemical and /or
functional properties of another [7,16,19].

The leaves of Mitragyna Speciosa (M.S) have
been traditionally used as a substitute for opium. M.S
was widely cultivate in Malaysia and known as

“ketum” or “ biak-biak”. Mature leaves of M.S are
recognize as a rich source of alkaloids which is
mitragynine, the major alkaloid that found in the
leaves [21,23]. Jansen and Prast (1988) reported that
the alkaloid from M.S had opiate-like effects such as
analgesia, antitussive and also cause hypothermia in
animals. However differences chemical structures
exist between mitragynine and morphine, the opioid
prototype.  Therefore these preliminary studies were
conducted to measure the density of opioid receptors
in brain tissues, spinal cord, duodenum, ileum and
vas deferens. In addition, we studied binding affinity
and selectivity of mitragynine towards specific opioid
receptors such as µ-, δ-, and κ-receptors.

Materials and Methods

Drugs: 

Trizma hydrochloride, dimethyl sulfoxide,  (D-
Ala2, N-Me-Phe4, glisinol5)-encephalin or DAMGO
and (5,7,8β)- N- methyl- N – [7-(1-pyrolidinyl)1 –
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oxaspyro [4,5] dek- 8- il] benzenacetamide or U-
69,593 (Sigma St.Louis, USA), Naltriben (NTB), 7-
benzillidinnaltrexone or BNTX and nor-binaltorfimin
dihydrochloride or BNI (Tocris Bristol, UK),
Soluene-350 (Packard-Becker, USA), scintillation
cocktail (J.T Baker, USA), [N-allil-2.3-H3]Naloxone
(Amersham, UK), [5’,7’-H3]Naltrindole and
[15,16(n)-H3] Diphrenorphin (NEN, Product USA).
Mitragynine was isolated from extract of leaves
Mitragyna speciosa Korth.  The cloned of µ-, δ-, and
κ-opioid receptors from human opioid receptors was
purchased from Perkin- Elmer ( Boston USA), and
protein assay kit from BioRad-Enzyme (USA).

Plant Material:

Mature leaves of M. speciosa Korth were
collected from natural sources in Malaysia.
Authentication of plants was carried out at the
Faculty of Forestry, University Putra Malaysia where
the herbarium vouchers (ATS 001) have been
deposited.

Isolation of Mitragynine:

Mature leaves were dried at 45-50<C, powdered
and macerated with methanol for 2 days (repeated 3
times). The methanol filtrate were combined and
evaporated in evaporator. The methanol extract was
dissolved in 10% acetic acid solution, well shaken
and left to stand overnight. The acidic filtrate was
washed with petroleum ether, made alkali to pH 9
with 25% ammonia solution and extracted with
chloroform. The combined chloroform extract was
washed with distilled water, dried over anhydrous
sodium sulphate and evaporated to yield dry crude
alkaloid  extract. The major alkaloid, isolated by
silica gel CC eluting with diethyl ether was identified
as mitragynine with NMR. 

Animals:

Male Spraque Dawley rats (180-200 g) were
obtained from Animal center Faculty of Medicine
and Health Sciences (FMHS), University Putra
Malaysia. Animals were housed in group of six in a
temperature-controlled room. They are maintained
under standard laboratory conditions with natural
dark and light cycle (24h) and fed with standard
commercial food pellets and water ad libitum.
Animals were acclimatized for 1 week prior to the
experimental use. Were approved and guided by the
Animals Ethical Committee of the FMHS, UPM.

Single Saturation Assay: 

For membrane preparation, the mouse brain
(cortex, hypothalamus, hippocampus), spinal cord,

duodenum, ileum and vas deferens tissue were
quickly removed after decapitation and rapidly
transferred to a tube filled with an ice-cold buffer.
Membrane were homogenized (while still frozen),
using a polytron in 10 ml/gm wet weigh of ice-cold
mM potassium phosphate, pH 7.4. Following
centrifugation at 1000g for 10 min (all
centrifugations took place at 4<C) and the supernatant
was recentrifuged. The pellet was resuspended at 4<C
for 20 min at 48,000 g. The final pellet was
resuspended and retained as membrane fraction. The
receptor binding assays were performed in duplicate
with mitragynine and naloxone 200 µl in a final
volume of 1.0 ml that contained 50 mM tris-HCl
buffer, pH 7.4 and 0.1 ml of the membrane fraction.
The amount of membrane proteins used in each assay
was in the range of 0.8-1.0 mg/ml. The test tubes
were incubated for 1h at 25<C. Specific binding was
defined as the difference in bindings observed in the
absence and presence of 1µM unlabeled naloxone or
mitragynine. Incubation was terminated by increasing
the speed 10,000 rpm for 10 min at 4<C. The filters
then were washed and transferred to scintillation
counting vials containing scintillation mixture (0.5 ml
of Soluene-350 and 4 ml of Hionic Fluor mixture,
Packard Instrument Co., Inc., Meriden, CT). The
radioactivity in the samples was determined with a
liquid scintillation analyzer.

Competitive Binding Assay:

Competitive binding experiments were performed
using [3H]diphrenorphin and the competitive ligand
are mitragynine, naltriben, U-69593 and DAMGO
with increasing concentration. [3H]naltrindole was
used as a radioligand for δ opioid receptor while for
competitive ligands were used mitragynine, naltriben,
U-69593 and 7-benzillidinnaltrexone (BNTX). For
kappa opioid receptor [3H]diphrenorphin was used as
a radioligand and the competitive ligands were
mitragynine, nor-binaltorfimin dihydrochloride (BNI),
U-69593 and DAMGO. Tissue homogenates, were
incubated with seven increasing concentrations of
unlabelled opioid drugs [(10!10 to 10!6 M). The
reaction was initiated by the addition of membrane
suspension (3-8 µg of membrane proteins/assay) into
the assay buffer together with the opioid receptor
agonist. The suspensions were incubated at 25 °C for
2 h, and the reaction was terminated by increasing
the speed to 10,000 rpm for 10 min at 4<C. The
filters then were washed and transferred to
scintillation counting vials containing scintillation
mixture (0.5 ml of Soluene-350 and 4 ml of Hionic
Fluor mixture, Packard Instrument Co., Inc., Meriden,
CT). These sections were dried overnight at room
temperature and stored until counting. Radioligands
binding without antagonist is considered as 100%.
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Fig. 1: Schematic representation of opioid receptors in 5 tissue.

Fig. 2: Competitive binding of MG, BNI, U-69593 and DAMGO to k opioid receptors rats. Specific binding
at each concentration of radioligand is shown in the panel.

Fig. 3: Competitive binding of MG, BNI, U-69593 and DAMGO to µ opioid receptors rats. Specific binding
at each concentration of radioligand is shown in the panel.

Fig. 4: Competitive binding of MG, BNI, U-69593 and DAMGO to δ opioid receptors rats. Specific binding
at each concentration of radioligand is shown in the panel.
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Fig. 5: MG bound in three opioid receptors.

Statistical Analysis:

Data were expressed as the mean ± SEM. IC50

value and Ki were calculated with the methods of
Cheng and Prusoff (1973).

Result and Discussion

The results of this study indicate that the profile
of receptor densities of µ opioid receptor, 9 opioid
receptor and δ opioid receptor depends on the region
in the rats (Figure 1). The density of opioid receptors
in the brain tissue (59.9 ± 3.5 fmol/mg tissue) is
higher than in the spinal cord tissue (37.7 ± 2.8
fmol/mg tissue), ileum (32.8 ± 2.5 fmol/mg tissue),
duodenum (19.1 ± 1.2 fmol/mg) and vas deferens 
(19.5 ± 2.7 fmol/mg) (Fig. 1).

Figure 2, 3 and 4 illustrated the standard curves
of MG inhibition and various competitive ligands on
the radioligands bound to µ-, δ-, and 9- opioid
receptors. The concentration of MG gives 50%
inhibition (IC50) on the radioligands binding at
specific opioid receptors and constant of affinity (Ki)
MG shown in the Figure 5.

Discussion:

In the present study, saturation binding assay
were conducted in order to investigate the density of
opioid receptors in the brain, spinal cord, duodenum,
ileum and vas deferens. The results of this study
indicate that the profile of receptor densities of
opioid receptors depends on the region in the rat
tissue.  The density of opioid receptor in the brain
tissue is higher than other tissue. The selectivity of
opioid receptor agonist is retained in the rat brain
membranes. However, opioid receptor activation
appears to be correlated closely with the anatomical
location as well as expression levels of opioid

receptors subtypes [14,2]. Brain has high densities of
opioid receptors and opioid peptide. The distribution
of µ-, 9- and δ-opioid receptor in the brain as
evaluated is widespread, however expression is
particularly high in cortico-limbic areas,
hypothalamus, various brain stem nuclei, and spinal
cord. The part of brain such as hypothalamus, cortex
and hippocampus have been implicated in stress
responses, including unconditional fear and anxiety,
cardiovascular system and neurotransmitter release
[3,18,12]. Furthermore, there is evidence of an
interaction between endogenous opioid peptides and
the dopaminergic mesocorticolimbic system in
behavioral responses to stress. Vas deferens contains
predominantly δ opioid receptors which stimulate its
contraction while ileum contains 9- and µ- opioid
receptors. The gastrointestinal tract is a major site of
action for opioid and opium which have been used to
reduce gut motility since ancient time [20].

Following the saturation assay, a set of
competitive binding assay were performed in
membrane expressing µ opioid receptors, δ opioid
receptors and 9 opioid receptors to determine the
binding affinity of mitragynine, using the tracer
[3H]diphrenorphin and [3H]Naltrindole which is a
nonselective opioid ligand. Competitive binding study
shown that MG bound to 3 types of opioid receptors
with different affinity with the highest affinity in 9-
followed by µ- and δ opioid receptors. This result
suggested that mitragynine predominantly acts on 9
opioid receptors. However, it have been found that
there is chemical structure differences between
mitragynine and morphine, the opioid prototype.
Generally, all types of opioid drugs like morphine,
derivatives of morphine or another synthetic opioids
have a same structure called the ‘T bone shape’
[5,9]. This structure was established by a set of
piperidine ring on the rings D opioid drugs which
help opioid drug bound to the receptors.
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In addition, from this study were also found the
mechanism of action MG in mammals on the
biological system is based more on competitive
binding on opioid receptors. For example, MG
inhibited the electrically stimulated ileum, in the
other hand the inhibition action of MG in the ileum
was antagonized by the non-selective opioid receptor
antagonist naloxone. This condition happen because
of the activation of specific opioid system and
mitragynine binding to different opioid receptors
[8,29,27]. Differences binding affinity of MG towards
µ-, 9- and δ-opioid receptors maybe due to
differences in the interaction between the polar
structures of MG with a set of N termini and
carboxyl (COOH) transmembrane 4 and extracellular
loop 2 and 3 which distinguish µ-, 9- and δ- opioid
receptors [14]. Further study will focus on activity of
MG in µ- and 9-opioid receptors considering the
high affinity of MG to both receptors.

Conclusion:
Expression of opioid receptors is more higher on

the brain rats compared to other tissues. Mitragynine
bound to those three opioid receptors but have the
higher affinity towards 9 opioid receptors.

Acknowledgment

This research was supported by Research
University Grant Schemes (RUGS No : 91140) by
University Putra Malaysia. The authors thank
Zanariyah, A., and Fadzillah, S., for their assistance
in isolation of mitragynine methods.

References :

1. Corbett, A..D., G. Henderson, A.T. McKnight
and S. Paterson, 2006. 75 years of opioid
research : the exciting but vain quest for the
holy grail. British Journal of Pharmacology vol.
147 (S153-S126). Doi : 10.1038/sj.bpj.0706435.

2. Dhawan, B.N., F. Cesselin, R. Raghubir, T.
Reisine, P.B. Bradley, P.S. Portoghese and M.
Hamon, 1996. International Union of
Pharmacology XII classification of opioid
receptors. Pharmacol Rev.,  48: 567-592.

3. Drolet, G., E.C. Dumont, I. Gosselin, R.
Kinkead, S. Laforest and J.F. Trottier, 2001.
Role of endogenous opioid system in the
regulation of the stress response. Prog
Neuropsychopharmacol Biol Psychiatry., 25: 729-
741.

4. Elizabeth, A.B., R.J. Tallarida, G.W. Pasternak,
2002. Synergy between µ opioid ligands :
Evidence for functional interactions among µ
opioid receptor subtypes. Pharmacology and
Experimental Therapeutice., 303, Issues 2. P.
557-562.

5. Ferrante, F.M., J. Paggioli, S. Cherukuri, G.R.
Arthur, 1996. The analgesic response to
intravenous lidocaine in the treatment of
neuropathic pain. Anesth Analg., 82: 91–7.

6. Ferrante, F.M., 1993. Patient-controlled
analgesia: a conceptual framework for analgesic
administration. In: Ferrante FM, Vadeboncouer
TR, eds. Postoperative pain management. New
York: Churchill Livingston, pp: 255–77.

7. Hughes, J., T.W. Smith, H.W. Kolsterlitz L.A.,
Fothergill, B.A. Morgan and H.R. Morris, 1975.
Identification of two related pentapeptides from
the brain with potent opiate agonist activity.
Nature., 258: 577-579.

8. Holaday, A.S., M.E. Salvucci, G. Bowes, 1983.
Variable photosynthesis/photorespiration ratios in
Hydrilla and other submersed aquatic macrophyte
species. Can J Bot., 61: 229–236.

9. Jeffrey, A., M.D. M.M.M. Grass, 2005. Patient
controlled analgesia. Anesth Analg., 101: S44-
S61

10. Jordan, B.A., S. Cvejic and L.A. Devi, 2000.
Opioids and their complicated receptor
complexes. Neuropsychopharmacology, 23: S5-
S18.

11. Jordan, B.A. and L.A. Devi, 1999. G-protein-
coupled receptor heterodimerization modulates
receptor function. Nature (Lond)., 399: 697-700.

12. Kjelstrup, K.G., F.A. Tuvnes, H.A. Steffenach,
R. Murison, E.I. Moser and M.B. Moser, 2002.
Reduced fear expression after lesions of the
ventral hippocampus. Proc Natl Acad Sci USA,
99: 10825-10830.

13. Law, P.Y., Y.H. Wong, H.H. Loh, 2000.
Molecular mechanisms and regulation of opioid
receptor signaling. Annu Rev Pharmacol
Toxicol., 40: 389–430.

14. Mansour, A., C.A. Fox, H. Akil, et al. 1995.
Opioid-receptor mRNA expression in the rat
CNS: anatomical and functional implications.
Trends Neurosci., 18: 22–9.

15. Narita, M., M. Funada, T. Suzuki, 2001.
Regulations of opioid dependence by opioid
receptor types. Pharmacol. Ther., 89: 1–15.

16. Pasternak, G.W. and K.M. Standifer, 1995.
Mapping of opioid receptors using antisense
oligodeoxynucleotides : correlating their
molecular biology and pharmacology. Trends
Pharmacol Sci., 16: 344-350.

17. Pasternak, G.W., 1993. Pharmacological
mechanism of opioid analgesics. Clin.
Neuropharmacol. 16, 1–18. 1993. The -Opioid
Receptor: Molecular Pharmacology, Signal
Transduction, and the Determination of Drug
Efficacy. Pharmacological Reviews., 51(3): 503-
532, September. 1999.



70Adv. in Med. Dent. Sci., 3(3): 65-70, 2010

18. Ploghaus, A., C. Narain, C.F. Beckmann, S.
Clare, S. Bantick, R. Wise, P.M. Matthews, J.N.
Rawlins and I. Tracey, 2001. Exacerbation of
pain by anxiety is associated with activity in a
hippocampal network. J Neurosci., 21: 9896-
98903.

19. Tirault, M.MD., N.M.D. Derrode, D.M.D.
Rolland, D.M.D. Fletcher and D.M.D. Bertrand,
2006. The effect of nefopam on morphine
overconsumption induced by large-dose
remifentanil during propofol anesthesia for major
abdominal surgery. Anest Analg.,  102: 110-7.

20. Tsuchiya, J., T. Tsuchiya, S. Tsuneyuki and T.
Yamanaka, 2002 First principles calculation of a
high pressure hydrous phase δ-AlOOH.
Geophysical Research Letters, 29: 1909.

21. Matsumoto, K., M. Mizowaki, T. Suchitra, Y.
Murakami, H. Takayama, S. Sakai, N. Aimi, H.
Watanabe, 1996a. Central antinociceptive effects
of mitragynine in mice: contribution of
descending noradrenergic and serotonergic
systems. Eur. J. Pharmacol.., 317: 75–81.

22. Matsumoto, K., M. Mizowaki, T. Suchitra, H.
Takayama, S. Sakai, N. Aimi, H. Watanabe,
1996b. Antinociceptive action of mitragynine in
mice: evidence for the involvement of
supraspinal opioid receptors. Life Sci., 59:
1149–1155.

23. Takayama, H., N. Aimi, S. Sakai, 2000.
Chemical studies on the analgesic indole
alkaloids from the traditional medicine
(Miragyna speciosa) used for opium substitute.
Yakugaku Zasshi., 120: 959!967.

24. Takayama, H., H. Ishikawa, M. Kurihara, M.
Kitajima, N. Aimi, D. Ponglux, F. Koyama, K.
Matsumoto, T. Moriyama, L.T. Yamamoto, K.
Watanabe, T. Murayama, S. Horie, 2002. Studies
on the synthesis and opioid agonistic activities of
mitragynine-related indole alkaloids: discovery of
opioid agonistic structurally different from other
opioid ligands. J. Med. Chem., 45: 1949–1956.

25. Watanabe, K., S. Yano, S. Horie, L.T.
Yamamoto, 1997. Inhibitory effect of
mitragynine, an alkaloid with analgesic effect
from Thai medicinal plant Mitragyna speciosa,
on electrically stimulated contraction of isolated
guinea-pig ileum through the opioid receptor.
Life Sci., 60: 933–942.

26. Thongpradichote, S., K. Matsumoto, M. Thoda,
H. Takayama, N. Aimi, S. Sakai, H. Watanabe,
1998. Identification of opioid receptor subtypes
in antinociceptive actions of supraspinally
administered mitragynine in mice. Life Sci., 62:
1371–1378.

27. Valle, L., M.M. Puig, 2000. Pol O. Effects of
mu-opioid receptor agonists on intestinal
secretion and permeability during acute intestinal
inflammation in mice. Eur. J. Pharmacol., 389:
235–242.

28. Watanabe, K., S. Yano, S. Horie, L.T.
Yamamoto, H. Takayama, N. Aimi, S. Sakai, D.
Ponglux, P. Tongroach, J. Shan, P.K.T. Pang,
1999. Pharmacological properties of some
structurally related indole alkaloids contained in
the Asian herbal medicines, hirsutine and
mitragynine, with special reference to their Ca2+

antagonistic and opioid-like effects. In
Pharmacological Research on Traditional Herbal
Medicines. ed. Watanabe, H.; Shibuya, T.;
Farnsworth, N.R.: Chapter 11: Harwood
Academic Press, Tokyo, pp: 163–177.

29. William, A., 1998. Carlezon Jr., Johannes
Thome, Valerie G. Olson, Sarah B. Lane-Ladd,
Edward S. Brodkin, Noboru Hiroi, Ronald S.
Duman, Rachael L. Neve, Eric J. Nestler. (1998).
S c i e n c e  2 8 2 :  2 2 7 2 .  D O I :
10.1126/science.282.5397.2272

30. Yamamoto, L.T., S. Horie, H. Takayama, N.
Aimi, S. Sakai, S. Yano, J. Shan, P.K.T. Pang,
D. Ponglux, K. Watanabe, 1999. Opioid receptor
agonistic characteristics of mitragynine
pseudoindoxyl in comparison with mitragynine
derived from Thai medicinal plant Mitragyna
speciosa. Gen. Pharmacol., 33: 73–81.


