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Introduction
The abuse of drugs is a serious universal problem. Drug addiction 

is considered to be a chronic, relapsing disorder characterized by an 
uncontrollable drug craving regardless of serious health problems [1,2]. 
Repeated drug use arises due to the positive reinforcing effects produced 
by drugs that lead to neurological changes in the brain’s reward circuits 
[1,3]. Drug addiction has also been reported to involve another 
source of reinforcement such as, withdrawal symptoms. Positive (e.g., 
euphoria) and negative (e.g., withdrawal symptoms) reinforcement 
together provide a strong motivational force for obsessive drug intake 
leading to addiction [2]. The neurological changes and behavioral 
abnormalities that are associated with drug addiction may persevere 
for months or years after termination of drug use. The characteristic 
behaviors of addiction include tolerance, sensitization, dependence, 
withdrawal and craving [1]. 

Cocaine is one of the oldest and most powerful psychoactive 
substances. It is widely abused and perhaps the most reinforcing of all 
drugs of abuse [4,5]. Cocaine was used in early 1900s to treat chronic 
pain, asthma, wasting diseases, and nervous exhaustion and was also 
used as a local anesthetic during surgical procedures [6]. Globally, 
cocaine use is considered to be concentrated in Western Europe and the 
Americas, but it is thought to be spreading quickly geographically. In 
the latest World Drug Report, the United Nations Office on Drugs and 
Crime (UNODC) reported that cocaine consumption has increased in 
Europe and some West African countries over the past decade [7].  After 
a single dose, the effects begin immediately and disappear within a few 
minutes or hour. When consumed in small amounts, cocaine typically 
causes the user to feel euphoric, energetic and mentally alert [8]. The 
duration of these effects depends upon the route of administration. The 
powerful central nervous system (CNS) stimulation caused by cocaine 
is followed by depression [4,6,9]. However, the exact physiology related 
to depression after using cocaine is unknown, but it has been linked 
to catecholamine or other neurotransmitter depletion. The short-term 
physiological effects of cocaine use include: constricted blood vessels, 
dilated pupils, and increased heart rate, blood pressure, and body 
temperature. Some users experience restlessness, irritability, anxiety, 
and paranoia. Severe medical complications are also associated with 
cocaine use including cardiovascular effects (cardiac arrhythmia 
and heart attacks), neurological effects (strokes, seizures, headaches, 
and coma) and gastrointestinal complications (abdominal pain and 
nausea). In rare cases, sudden death can occur on the first use of 
cocaine or unexpectedly thereafter. This is often a result of cardiac 
arrest or seizures followed by respiratory arrest [5,7,10]. The risk of 
cocaine adverse effects increases with increasing doses or frequency 
of administration. Additionally, due to the use of cocaine in shooting 
galleries and sharing of injection equipment, cocaine addiction has been 
associated with increased risk of HIV, hepatitis B and C and violence 
[10,11]. The disastrous health and social consequences of cocaine abuse 
made the development of an effective treatment a high priority. 

The medicinal value of opium has been agreed on for centuries. In 
spite of having an extensive side-effect profile, morphine, isolated from 

opium, remains the gold standard for treating chronic or persistent 
pain. Activation of the µ-opioid receptors located in the regions of brain 
and spinal cord that transmit pain are responsible for the majority of 
the physiological and behavioral effects of morphine [12-14] Morphine 
is a lipophilic compound and is available as sulphate, atartrate and 
hydrochloride salt. Morphine has been considered the drug of choice 
for treating moderate to severe pain. Its short half-life allows frequent 
changes in dosing according to the individual needs. The low cost 
of morphine solution and immediate-release formulations and its 
potential availability are the major reasons for it to be recommended 
as a first-line opioid in the WHO Cancer Pain Relief Guidelines [15]. 
However, its narrow therapeutic index and severe side effects limit 
its therapeutic use. The most prominent side effects are respiratory 
depression, decreased gastrointestinal motility and the development 
of dependence, withdrawal symptoms after chronic administration 
[16-18]. In therapeutic doses morphine also causes euphoria, sedation, 
nausea and vomiting [14]. One of the major side effects of morphine 
administration is development of tolerance to the analgesic effect [13]. 
Adaptation process can be one of the underlying causes of tolerance to 
opioids. The sources for adaptation can be traced back to the cellular 
and molecular level. Opioids show selective tolerance i.e. tolerances to 
different opioid effects develop at different rates. While tolerance to 
nausea, vomiting, sedation, euphoria and respiratory depression occur 
immediately, the tolerance to constipation and miosis is minimal. 
This diversity suggests receptor-related differences in the rate of 
development of tolerance to opioids.

Sigma Receptor Ligands
Sigma receptors have gained much attention in recent years with 

their involvement in various neurological disorders, drug addiction 
and cancer. Initially sigma receptors were identified as a subtype of 
opioid receptors. Based on behavioral studies of morphine-like drugs 
in dogs, Martin et al. [19] named this distinct class of receptor as 
‘sigma’. Subsequent studies clearly demonstrated that sigma receptors 
are a unique class of binding proteins with a distinct ligand selectivity 
pattern and specific anatomical distributions from other proteins [20-
22]. 

Numerous drugs of different classes have a high binding affinity 
to sigma receptors, these include psychotomimetic benzomorphans, 
cocaine and its derivatives, amphetamine, some neuroleptics, atypical 
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antipsychotic agents, anticonvulsants, monoamine oxidase inhibitors, 
histaminergic receptor ligands, and several steroids [23-26]. These 
compounds led to the pharmacological identification of sigma receptors 
as unique receptors differentiating them from opioid receptors. The 
autoradiographic localization of sigma receptor binding sites was 
accomplished using a range of radioligands, such as [18F]FTC-146, [3H]
(+)-SKF-10,047, [3H](+)-3-PPP, [3-(3-Hydroxyphenyl)-N-(1-propyl)
piperidine], [3H]haloperidol, [3H]DTG, [3H](+)-pentazocine [22,27-
31].

To date, two subtypes of sigma receptors have been identified, 
sigma-1 and sigma-2, based on their respective size, distribution in 
various tissues and affinity for enantiomers of benzomorphans [32,33]. 
Both sigma-1 and sigma-2 receptors are thought to be involved in the 
anti-cocaine activity. However, only the involvement of the sigma-1 
receptors is well documented [28]. Several studies have shown that 
cocaine preferentially exert its psychostimulant effect by binding 
to sigma-1 receptors. It is believed that, sigma-1 receptors influence 
the actions of cocaine through three different mechanisms, 1) direct 
binding to the receptors, 2) modulation of other neurotransmitter 
systems, and 3) alterations in gene expression [34,35]. Matsumoto 
et al. confirmed that low doses of novel sigma receptor antagonists 
could notably inhibit convulsions and lethality induced by toxic 
doses of cocaine. In addition, the cocaine toxicity was augmented by 
sigma-1 receptor agonists, indicating the likely involvement of sigma-1 
receptors in cocaine-induced toxicity [30,36]. Hence, developing 
synthetic small molecule antagonists for sigma-1 receptors will be an 
effective strategy in the development of potential therapeutic candidate 
for cocaine abuse. 

Mitragyna Speciosa
Mitragyna speciosa Korth is a tropical plant indigenous to Southeast 

Asia. The leaves of the plant have traditionally been used by natives 
as a substitute for opium or to treat withdrawal, as well as for their 
stimulant effects [38-40]. Furthermore, the leaves have also been used 
by southern Thai villagers as a medicine to treat coughing, diarrhea, 
muscle pain and hypertension. Mitragynine and 7-hydroxymitragyne, 
corynanthine-like alkaloids, have been reported to be responsible for the 
opioid properties found in this plant [38,41]. Though, the structures of 
mitragynine (66% of the alkaloid content) and 7-hydroxymitragynine 
were different from morphine, in pharmacological studies these 
compounds showed agonistic effects on opioid receptors [42]. Having 
a novel structural scaffold for opioid receptor affinity and activity, 
mitragynine and 7-hydroxymitragynine promote further investigation 
as novel lead compounds for the development of therapeutics for 
opioid abuse. 

References

1. Justinova Z, Panlilio LV, Goldberg SR (2009) Drug addiction. Curr Top Behav
Neurosci 1: 309-346.

2. Cami J, Farri M (2003) Drug addiction. N Engl J Med 349: 975-986.

3. Kreek MJ, LaForge KS, Butelman E (2002) Pharmacotherapy of addictions.
Nat Rev Drug Discov 1: 710-726.

4. Zheng F, Zhan CG (2009) Recent progress in protein drug design and
discovery with a focus on novel approaches to the development of anti-cocaine 
medications. Future Med Chem 1: 515-528.

5. (1999) Abuse NIoD. 

6. Treadwell SD, Robinson TG (2007) Cocaine use and stroke. Postgrad Med J
83: 389-394.

7. Degenhardt L, Singleton J, Calabria B, McLaren J, Kerr T, et al. (2011) Mortality 

among cocaine users: a systematic review of cohort studies. Drug Alcohol 
Depend 113: 88-95.

8. Veenhuis PE (2007) Behavioral Interventions for Prevention and Control of
Sexually Transmitted Diseases, Springer, New York. 

9. Landry DW, Yang GX (1997) Anti-cocaine catalytic antibodies--a novel
approach to the problem of addiction. J Addict Dis 16: 1-17.

10.	Shorter D, Kosten TR (2011) Novel pharmacotherapeutic treatments for
cocaine addiction. BMC Med 9: 119.

11. Chaisson RE, Bacchetti P, Osmond D, Brodie B, Sande MA, et al. (1989)
Cocaine use and HIV infection in intravenous drug users in San Francisco.
JAMA 261: 561-565.

12.	Osugi T, Ikemoto M, Taniura H, Miki N (1991) [Molecular mechanism of drug
tolerance and dependence]. Nihon Yakurigaku Zasshi 98: 187-195.

13.	McClung CA (2006) The molecular mechanisms of morphine addiction. Rev
Neurosci 17: 393-402.

14.	Furst S, Hosztafi S (2008) The chemical and pharmacological importance of 
morphine analogues. Acta Physiol Hung 95: 3-44.

15.	Caraceni A, Pigni A, Brunelli C (2011) Is oral morphine still the first choice 
opioid for moderate to severe cancer pain? A systematic review within the
European Palliative Care Research Collaborative guidelines project. Palliat
Med 25: 402-409. 

16.	Bilkei-Gorzo A, Berner J, Zimmermann J, Wickström R, Racz I, et al. (2010)
Increased morphine analgesia and reduced side effects in mice lacking the
tac1 gene. Br J Pharmacol 160: 1443-1452.

17.	Ahmed SH, Koob GF (1999) Long-lasting increase in the set point for cocaine
self-administration after escalation in rats. Psychopharmacology (Berl) 146:
303-312.

18.	Preti A (2007) New developments in the pharmacotherapy of cocaine abuse.
Addict Biol 12: 133-151.

19.	Martin WR, Eades CG, Thompson JA, Huppler RE, Gilbert PE (1976) The
effects of morphine- and nalorphine- like drugs in the nondependent and
morphine-dependent chronic spinal dog. J Pharmacol Exp Ther 197: 517-532.

20.	Martin WR (1984) A steric theory of opioid agonists, antagonists, agonist-
antagonists, and partial agonists. NIDA Res Monogr 49: 16-23.

21.	Largent BL, Gundlach AL, Snyder SH (1986) Pharmacological and
autoradiographic discrimination of sigma and phencyclidine receptor binding
sites in brain with (+)-[3H]SKF 10,047, (+)-[3H]-3-[3-hydroxyphenyl]-N-(1-
propyl)piperidine and [3H]-1-[1-(2-thienyl)cyclohexyl]piperidine. J Pharmacol
Exp Ther 238: 739-748. 

22.	Gundlach AL, Largent BL, Snyder SH (1986) Autoradiographic localization of
sigma receptor binding sites in guinea pig and rat central nervous system with
(+)3H-3-(3-hydroxyphenyl)-N-(1-propyl)piperidine. J Neurosci 6: 1757-1770.

23.	Maurice T, Lockhart BP (1997) Neuroprotective and anti-amnesic potentials of
sigma (sigma) receptor ligands. Prog Neuropsychopharmacol Biol Psychiatry
21: 69-102.

24.	Walker JM, Bowen WD, Walker FO, Matsumoto RR, De Costa B, et al. (1990)
Sigma receptors: biology and function. Pharmacol Rev 42: 355-402.

25.	Jamalapuram S, Vuppala PK, Mesangeau C, McCurdy CR, Avery BA (2012)
Determination of a highly selective mixed-affinity sigma receptor ligand, in rat 
plasma by ultra performance liquid chromatography mass spectrometry and its 
application to a pharmacokinetic study. J Chromatogr B Analyt Technol Biomed 
Life Sci 891-892: 1-6.

26.	Jamalapuram S, Vuppala PK, Abdelazeem AH, McCurdy CR, Avery BA (2013) 
Ultra-performance liquid chromatography tandem mass spectrometry method
for the determination of AZ66, a sigma receptor ligand, in rat plasma and its
application to in vivo pharmacokinetics. Biomed Chromatogr 27: 1034-1040.

27.	McLean S, Weber E (1988) Autoradiographic visualization of haloperidol-
sensitive sigma receptors in guinea-pig brain. Neuroscience 25: 259-269.

28.	Maurice T, Martin-Fardon R, Romieu P, Matsumoto RR (2002) Sigma(1)
(sigma(1)) receptor antagonists represent a new strategy against cocaine
addiction and toxicity. Neurosci Biobehav Rev 26: 499-527.

29.	James ML, Shen B, Nielsen CH, Behera D, Buckmaster CL, et al. (2014)

http://www.ncbi.nlm.nih.gov/pubmed/21104390
http://www.ncbi.nlm.nih.gov/pubmed/21104390
http://www.ncbi.nlm.nih.gov/pubmed/12954747
http://www.ncbi.nlm.nih.gov/pubmed/12209151
http://www.ncbi.nlm.nih.gov/pubmed/12209151
http://www.ncbi.nlm.nih.gov/pubmed/20161378
http://www.ncbi.nlm.nih.gov/pubmed/20161378
http://www.ncbi.nlm.nih.gov/pubmed/20161378
http://www.ncbi.nlm.nih.gov/pubmed/17551070
http://www.ncbi.nlm.nih.gov/pubmed/17551070
http://www.ncbi.nlm.nih.gov/pubmed/20828942
http://www.ncbi.nlm.nih.gov/pubmed/20828942
http://www.ncbi.nlm.nih.gov/pubmed/20828942
http://sti.bmj.com/content/84/7/570.2.extract
http://sti.bmj.com/content/84/7/570.2.extract
http://www.ncbi.nlm.nih.gov/pubmed/9243335
http://www.ncbi.nlm.nih.gov/pubmed/9243335
http://www.ncbi.nlm.nih.gov/pubmed/22047090
http://www.ncbi.nlm.nih.gov/pubmed/22047090
http://www.ncbi.nlm.nih.gov/pubmed/2909798
http://www.ncbi.nlm.nih.gov/pubmed/2909798
http://www.ncbi.nlm.nih.gov/pubmed/2909798
http://www.ncbi.nlm.nih.gov/pubmed/1660443
http://www.ncbi.nlm.nih.gov/pubmed/1660443
http://www.ncbi.nlm.nih.gov/pubmed/17139840
http://www.ncbi.nlm.nih.gov/pubmed/17139840
http://www.ncbi.nlm.nih.gov/pubmed/18389996
http://www.ncbi.nlm.nih.gov/pubmed/18389996
http://www.ncbi.nlm.nih.gov/pubmed/21708848
http://www.ncbi.nlm.nih.gov/pubmed/21708848
http://www.ncbi.nlm.nih.gov/pubmed/21708848
http://www.ncbi.nlm.nih.gov/pubmed/21708848
http://www.ncbi.nlm.nih.gov/pubmed/20590634
http://www.ncbi.nlm.nih.gov/pubmed/20590634
http://www.ncbi.nlm.nih.gov/pubmed/20590634
http://www.ncbi.nlm.nih.gov/pubmed/10541731
http://www.ncbi.nlm.nih.gov/pubmed/10541731
http://www.ncbi.nlm.nih.gov/pubmed/10541731
http://www.ncbi.nlm.nih.gov/pubmed/17508985
http://www.ncbi.nlm.nih.gov/pubmed/17508985
http://www.ncbi.nlm.nih.gov/pubmed/945347
http://www.ncbi.nlm.nih.gov/pubmed/945347
http://www.ncbi.nlm.nih.gov/pubmed/945347
http://www.ncbi.nlm.nih.gov/pubmed/6090916
http://www.ncbi.nlm.nih.gov/pubmed/6090916
http://www.ncbi.nlm.nih.gov/pubmed/3016248
http://www.ncbi.nlm.nih.gov/pubmed/3016248
http://www.ncbi.nlm.nih.gov/pubmed/3016248
http://www.ncbi.nlm.nih.gov/pubmed/3016248
http://www.ncbi.nlm.nih.gov/pubmed/3016248
http://www.ncbi.nlm.nih.gov/pubmed/3012017
http://www.ncbi.nlm.nih.gov/pubmed/3012017
http://www.ncbi.nlm.nih.gov/pubmed/3012017
http://www.ncbi.nlm.nih.gov/pubmed/9075259
http://www.ncbi.nlm.nih.gov/pubmed/9075259
http://www.ncbi.nlm.nih.gov/pubmed/9075259
http://www.ncbi.nlm.nih.gov/pubmed/1964225
http://www.ncbi.nlm.nih.gov/pubmed/1964225
http://www.ncbi.nlm.nih.gov/pubmed/22406103
http://www.ncbi.nlm.nih.gov/pubmed/22406103
http://www.ncbi.nlm.nih.gov/pubmed/22406103
http://www.ncbi.nlm.nih.gov/pubmed/22406103
http://www.ncbi.nlm.nih.gov/pubmed/22406103
http://www.ncbi.nlm.nih.gov/pubmed/23558564
http://www.ncbi.nlm.nih.gov/pubmed/23558564
http://www.ncbi.nlm.nih.gov/pubmed/23558564
http://www.ncbi.nlm.nih.gov/pubmed/23558564
http://www.ncbi.nlm.nih.gov/pubmed/2839797
http://www.ncbi.nlm.nih.gov/pubmed/2839797
http://www.ncbi.nlm.nih.gov/pubmed/12204195
http://www.ncbi.nlm.nih.gov/pubmed/12204195
http://www.ncbi.nlm.nih.gov/pubmed/12204195
http://www.ncbi.nlm.nih.gov/pubmed/24337599


Volume 6 • Issue 1 • 10000e48
J Bioequiv Availab
ISSN: 0975-0851 JBB, an open access journal

Page 3 of 3

Evaluation of Ïƒ-1 Receptor Radioligand 18F-FTC-146 in Rats and Squirrel 
Monkeys Using PET. J Nucl Med 55: 147-153.

30.	Matsumoto RR, McCracken KA, Pouw B, Miller J, Bowen WD, et al. (2001)
N-alkyl substituted analogs of the sigma receptor ligand BD1008 and traditional 
sigma receptor ligands affect cocaine-induced convulsions and lethality in
mice. Eur J Pharmacol 411: 261-273.

31.	James ML, Shen B, Zavaleta CL, Nielsen CH, Mesangeau C, et al. (2012) New 
positron emission tomography (PET) radioligand for imaging σ-1 receptors in 
living subjects. J Med Chem 55: 8272-8282.

32.	Hellewell SB, Bruce A, Feinstein G, Orringer J, Williams W, et al. (1994) Rat
liver and kidney contain high densities of sigma 1 and sigma 2 receptors:
characterization by ligand binding and photoaffinity labeling. Eur J Pharmacol 
268: 9-18.

33.	Quirion R, Bowen WD, Itzhak Y, Junien JL, Musacchio JM, et al. (1992) A
proposal for the classification of sigma binding sites. Trends Pharmacol Sci 
13: 85-86.

34.	Narayanan S, Mesangeau C, Poupaert JH, McCurdy CR (2011) Sigma
receptors and cocaine abuse. Curr Top Med Chem 11: 1128-1150.

35.	Lever JR, Miller DK, Green CL, Fergason-Cantrell EA, Watkinson LD, et al.
(2014) A selective sigma-2 receptor ligand antagonizes cocaine-induced
hyperlocomotion in mice. Synapse 68: 73-84.

36.	McCracken KA, Bowen WD, de Costa BR, Matsumoto RR (1999) Two novel

sigma receptor ligands, BD1047 and LR172, attenuate cocaine-induced toxicity 
and locomotor activity. Eur J Pharmacol 370: 225-232.

37.	Corbett AD, Henderson G, McKnight AT, Paterson SJ (2006) 75 years of opioid 
research: the exciting but vain quest for the Holy Grail. Br J Pharmacol 147:
S153-S162.

38.	Vuppala PK, Jamalapuram S, Furr EB, McCurdy CR, Avery BA (2013)
Development and validation of a UPLC-MS/MS method for the determination of 
7-hydroxymitragynine, a μ-opioid agonist, in rat plasma and its application to a 
pharmacokinetic study. Biomed Chromatogr.

39.	Vuppala PK, Boddu S, Furr E, McCurdy C, Avery B (2011) Simple, Sensitive,
High-Throughput Method for the Quantification of Mitragynine in Rat Plasma 
Using UPLC-MS and Its Application to an Intravenous Pharmacokinetic Study. 
Chromatographia 74: 703-710. 

40.	Matsumoto K, Horie S, Ishikawa H, Takayama H, Aimi N, et al. (2004)
Antinociceptive effect of 7-hydroxymitragynine in mice: Discovery of an orally
active opioid analgesic from the Thai medicinal herb Mitragyna speciosa. Life
Sci 74: 2143-2155.

41.	Takayama H, Ishikawa H, Kurihara M, Kitajima M, Sakai S-i, et al. (2001)
Structure Revision of Mitragynaline, an Indole Alkaloid in Mitragyna speciosa.
ChemInform 32: no-no. 

42.	Watanabe K, Yano S, Horie S, Yamamoto LT (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.

Citation: Vuppala PK, Vangara KK (2014) Novel Treatment Strategies for Cocaine and Opioid Abuse. J Bioequiv Availab 6: e48. 
doi: 10.4172/jbb.10000e48

http://www.ncbi.nlm.nih.gov/pubmed/24337599
http://www.ncbi.nlm.nih.gov/pubmed/24337599
http://www.ncbi.nlm.nih.gov/pubmed/11164383
http://www.ncbi.nlm.nih.gov/pubmed/11164383
http://www.ncbi.nlm.nih.gov/pubmed/11164383
http://www.ncbi.nlm.nih.gov/pubmed/11164383
http://www.ncbi.nlm.nih.gov/pubmed/22853801
http://www.ncbi.nlm.nih.gov/pubmed/22853801
http://www.ncbi.nlm.nih.gov/pubmed/22853801
http://www.ncbi.nlm.nih.gov/pubmed/7925616
http://www.ncbi.nlm.nih.gov/pubmed/7925616
http://www.ncbi.nlm.nih.gov/pubmed/7925616
http://www.ncbi.nlm.nih.gov/pubmed/7925616
http://www.ncbi.nlm.nih.gov/pubmed/1315463
http://www.ncbi.nlm.nih.gov/pubmed/1315463
http://www.ncbi.nlm.nih.gov/pubmed/1315463
http://www.ncbi.nlm.nih.gov/pubmed/21050176
http://www.ncbi.nlm.nih.gov/pubmed/21050176
http://www.ncbi.nlm.nih.gov/pubmed/24123353
http://www.ncbi.nlm.nih.gov/pubmed/24123353
http://www.ncbi.nlm.nih.gov/pubmed/24123353
http://www.ncbi.nlm.nih.gov/pubmed/10334496
http://www.ncbi.nlm.nih.gov/pubmed/10334496
http://www.ncbi.nlm.nih.gov/pubmed/10334496
http://www.ncbi.nlm.nih.gov/pubmed/16402099
http://www.ncbi.nlm.nih.gov/pubmed/16402099
http://www.ncbi.nlm.nih.gov/pubmed/16402099
http://www.ncbi.nlm.nih.gov/pubmed/23893615
http://www.ncbi.nlm.nih.gov/pubmed/23893615
http://www.ncbi.nlm.nih.gov/pubmed/23893615
http://www.ncbi.nlm.nih.gov/pubmed/23893615
http://link.springer.com/article/10.1007%2Fs10337-011-2128-x
http://link.springer.com/article/10.1007%2Fs10337-011-2128-x
http://link.springer.com/article/10.1007%2Fs10337-011-2128-x
http://link.springer.com/article/10.1007%2Fs10337-011-2128-x
http://www.ncbi.nlm.nih.gov/pubmed/14969718
http://www.ncbi.nlm.nih.gov/pubmed/14969718
http://www.ncbi.nlm.nih.gov/pubmed/14969718
http://www.ncbi.nlm.nih.gov/pubmed/14969718
http://www.readcube.com/articles/10.1002/chin.200121187?locale=en
http://www.readcube.com/articles/10.1002/chin.200121187?locale=en
http://www.readcube.com/articles/10.1002/chin.200121187?locale=en
http://www.ncbi.nlm.nih.gov/pubmed/9061050
http://www.ncbi.nlm.nih.gov/pubmed/9061050
http://www.ncbi.nlm.nih.gov/pubmed/9061050
http://www.ncbi.nlm.nih.gov/pubmed/9061050

	Title
	Corresponding author
	Introduction 
	Sigma Receptor Ligands 
	Mitragyna Speciosa 
	References

