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Kratom

• Mitragyna speciosa Korth 

• Rubiaceae (Coffee) family

• Indigenous to Southeast Asia e.g. Indonesia, Malaysia, Thailand

• Kratom, Ketum, Kakuam, Kraton, Biak, Biak – Biak, Maeng Da

• Normal height of 4-16 m, width 5 m

• Different colored veins

Hassan et al. Neurosci Biobehav Rev, 2013; Domingo et al. Forensic Sci Int, 2017; Corkery et al. J Psychopharmacol, 2019



• Different colored veins of the leaves: greenish-white or red 

Assoc.Prof.Dr.Juraithip Wungsintaweekul. Kratom. ccpe.pharmacycouncil.org › showfile

Flowers Fruit 





Purposes
Asian countries: Southeast Asia

In the past 

• Thailand & Malaysia: a stimulant to increase work efficiency, endurance, 
tolerance for manual laborers, a medical remedy 

• Thailand: In the south: a part of the way of life embedded in local custom and 
tradition for many years

Veltri C & Grundmann O. Subst Abuse Rehabil. 2019; Hassan et al. Neurosci Biobehav Rev, 2013; Singh et al. Hum Psychopharmacol, 2017 

In the present

• Malaysia: Substitute for illicit opioids

• Thailand: One of the most popular illicit substances 

: An emerging drug of abuse: ‘4 x 100’, ‘8 X 100’ cocktail 

(Kratom, Cola  soft  drink, cough  syrup, tranquilizers or mosquito coils)

Vicknasingam et al. J Drug Policy, 2010; Singh et al. J Psychoactive Drugs, 2015; Hassan et al. Neurosci Biobehav Rev, 2013; Tungtananuwat &Lawanprasert. Journal 
of Health Research, 2010  

Tanguay, 2011 https://www.tni.org/files/download/kratom-briefing-dlr13.pdf



Purposes

Western countries

• “Legal highs”, popularity in the last two decades 

• Alternative for opioids

• Self-treatment: pain, opioid use disorder, depression, anxiety 

• EMCDDA (European Monitoring Centre for Drugs and Drug Addiction): Internet surveys 

- 2008: one of the most widely offered “legal highs”; 44% of 27 online shops 

- 2011: the most widely offered product; 20% of online retailers shipping to EU

• The 2nd of ‘Top 5 products’ by frequency (marketed by UK-based Internet retailers)

Prozialeck et al. Int J Drug Policy, 2019; Grundmann. Drug Alcohol Depend, 2017; EMCDDA; Schmidt et al. Forensic Sci Int, 2010; Swogger & Walsh. Drug Alcohol 

Depend, 2018



Consumptions/Availability

Asian countries

• Chewing fresh leaves, smoking dried leaves, brewing as a tea 

• In Thailand: restricted area (South)

Hassan et al. Neurosci Biobehav Rev, 2013 

Western countries

• Raw leaves, capsules, tablets, concentrated extracts, resin, tincture

• ‘Head’, ‘smart’, ‘vaping’, ‘smoke’,  ‘herbal’ shops

• Internet - A view voiced by peers on psychoactive substance web-sites e.g. Erowid.org, 
speciosa.org, Reddit.com/r/kratom

Prozialeck et al. Int J Drug Policy, 2019; Veltri & Grundmann. Abuse Rehabil, 2019 



Legal status

Asian countries

• Illegal in some countries e.g. Malaysia, Singapore

• Thailand: illegal since 1943, Schedule 5 of Thai narcotic Act 
Sattaburuth . https://www.bangkokpost.com/news/general/1600566/medical-cannabis-kratom-billpassed-by-nla; Narcotics Act No.7 B.E. The Government Gazette. 
2019; Singh et al. Hum Psychopharmacol, 2017 

• Indonesia: legally cultivated,  

exported on large scale to Asia, 

North America and Europe

Tanguay, 2011;

https://www.tni.org/files/download/kratom-briefing-dlr13.pdf; 

Hassan et al. Neurosci Biobehav Rev, 2013;

https://www.painnewsnetwork.org/stories/2019/7/5/is-indonesia-banning-kratom-exports

https://www.bangkokpost.com/news/general/1600566/medical-cannabis-kratom-billpassed-by-nla
https://www.tni.org/files/download/kratom-briefing-dlr13.pdf


https://www.google.com/search?q=%E0%B8%9B%E0%B8%A5%E0%B8%94%E0%B8%A5%E0%B9%87%E0%B8%AD%E0%B8%84+%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%97%E0%B9%88%E0%B8%AD%E0%B8%A1&sxsrf=APq-
WBsVoOvV922yYofAyyrwAkuXvzC98g:1650362955908&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiSzvKN8Z_3AhUqR2wGHQnqB3IQ_AUoAXoECAEQAw&biw=1280&bih=601&dpr=1.5#imgrc=0ZB6N4pfJqEGWM



https://thematter.co/social/politics/quickbite-kratom-law-2-june/144869



Legal status

Western countries

• United Nations Office on Drugs and Crime (UNODC):

Kratom-based drugs: currently classified as New Psychoactive

Substances (NPS), not appear on the list of emerging drug threats (2019)

Prozialeck et al. Int J Drug Policy, 2019; https://wdr.unodc.org/wdr2019/prelaunch/WDR19_Booklet_2_DRUG_DEMAND.pdf

• Australia, New Zealand: illegal

• Europe: some countries in Europe e.g. Denmark, Finland, Ireland, Lithuania

• USA: Legal in most states excepts some states e.g. Alabama, Indiana

Veltri & Grundmann. Abuse Rehabil, 2019 ; Prozialeck et al. Int J Drug Policy, 2019



• The DEA announced its intent to 

temporarily place mitragynine and 7-HMG 

into Schedule I on August 31, 2016

• The reversal by the DEA 



2014 2022

Eggleston et al. Pharmacotherapy., 2019
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Calls to RPC
24 สค 2564 – 23 กพ 2565

23 กพ 2564 – 23 สค 2564

24 สค 2563 – 23 กพ 2564



https://linacre.org/kratom-for-sale-amazon/

https://www.ncbi.nlm.nih.gov/pubmed/

• American Kratom Association: ~ 10–16 million 

or more current, regular kratom users in the US 

https:// www.americankratom.org/update.html



• 2019 National Survey on Drug Use and Health

• An estimated 0.7% of individuals in the U.S. have used kratom in the 
past year                                                                                                                    

Palamar. Am J Prev Med. 2021

• Prevalence and characteristics of self-reported kratom use in a 
representative US general population sample 

• 1,842 respondents, 112 (6.1%): reported use within lifetime 
Covvey et al. J Addict Dis. 2020

Prevalence and description of kratom (Mitragyna speciosa) use in the 
United States: a cross-sectional study 

• The estimated prevalence of past-year kratom use in the adult US 
population: 0.8% = 2,031,803 adults

Schimmel et al. Addiction. 2020 



https://www.originalharvestkratom.com/kratom-for-sale/buy-kratom-north-carolina/
https://leafoflifekratom.com/shop/kratom/splits-and-samplers/full-kilo-kratom-4-ways/

https://kratomcrazy.com/2019/06/02/the-difference-between-headshop-kratom-and-online-kratom-price/

https://www.wsmv.com/news/confusion-persists-over-kratom-law-in-tennessee/article_5533da4f-2c4a-5c3f-98df-0c498f853eaa.html

https://kratomcrazy.com/2015/07/15/buying-kratom-online-choosing-a-
supplier-to-order-the-herb-from/



Pharmacology

• > 40 indoles alkaloids 

• Mitragynine (MG): the most 
prevalence in the extract of leaves 

- 66% from Thailand

- 12% from Malaysia

• 7-hydroxymitragynine (7-OH-MG): 2%

Kruegel & Grundmann. Neuropharmacology., 2018; Cinosi et al. Biomed Res Int, 2015

Cinosi et al. Biomed Res Int., 2015



Kratom grown in USA 
• The predominant alkaloid: “mitraphylline”

• A significant decrease in the total amount of alkaloids      

• MG and 7-OH-MG: lower than commercial Thai sample                
León et al. Nat Prod Commun, 2009 



Synergistic effects?



Pharmacodynamics

• Complex, Interesting

Opioid receptors

• Main activity: mu (𝜇), kappa (𝜅), delta (𝛿) 

• Structurally different from opioids

Non-opioid pathways: receptors

• Alpha-2 adrenergic

• Adenosine A2a 

• Dopamine D2 

• Serotonin

CNS receptor binding for MG

• Adenosine A2A

• Adrenergic (Alpha 2)

• Dopamine D2s 

• Opioid, mu 

• Opioid, kappa 

• Opioid, delta 

• Serotonin, 5HT2C 

• Serotonin, 5HT7                
Boyer et al. Addiction, 2008

Cinosi et al. Biomed Res Int, 2015; Raffa et al. J Clin Pharm Ther.,2018  

Multi-Target



Opioid receptors mu (𝜇) kappa (𝜅) delta (𝛿) 

Mitragynine
(66%)

Agonists 
(partial)

Antagonists

(competitive) 
Antagonists 

(weak competitive )

7-hydroxymitragynine
(2%)

Agonists 
(partial)

Antagonists 
(competitive)

Antagonists 
(weak competitive )

Paynantheine
(9%)

Antagonist 
(competitive) 

Speciogynine
(7%)

Speciociliantine
(1%)

Complex interplay of competing “agonist and antagonist” effects at opioid receptors

𝜇 > 𝜅, 𝛿

Buprenorphine

In bioluminescence resonance energy transfer (BRET)

functional assays at hMOR



Pharmacodynamics

Opioid pharmacology Analgesia, euphoria, dependence

• MG / 7-OH-MG

- Partial agonists of 𝜇: expected to attenuate severity of side effects

“Ceiling effect” on respiratory depression, a similar plateau in analgesic effect

- 7-OH-MG: hydroxyl group at C-7 increases potency,

“more potent analgesic than MG (46-fold), morphine (13-fold)”

- 𝜅-opioid receptor antagonist: shown antidepressant effects in animals  

Kruegel et al. J Am Chem Soc, 2016; Bruijnzeel.Brain Res Rev, 2009 

• Functional activity vary from agonist to antagonist: to be determined
Horie et al. Planta Med, 2005; Prozialeck et al. Int J Drug Policy, 2019; Cinosi et al. Biomed Res Int., 2015; Kruegel & Grundmann. Neuropharmacology., 2018; 
Halpenny. ACS Med Chem Lett.  2017; Prozialeck et al. J Am Osteopath Assoc. 2012



Pharmacodynamics

Non-opioid pharmacology

• Activation of descending noradrenergic and serotonergic pathways
in spinal cord /inhibitory systems: antinociceptive activity

“descending” pain-sensation modulating pathways in brain and spinal cord:

modify incoming pain signals” 

• Stimulate post-synaptic alpha-2 adrenergic receptors: 

opioid withdrawal symptoms “clonidine”

• Block stimulation of 5-HT2A receptors 

Cinosi et al. Biomed Res Int, 2015; Pizarro-Osilla. J Emerg Nurs. 2017; Yusoff et al. Behav Brain Res, 2018; Raffa et al. 

J Clin Pharm Ther.,2018; Meireles et al. Medicines (Basel). 2019; Prozialeck et al. J Am Osteopath Assoc. 2012



Pharmacodynamics

• Inhibit neurotransmitter release by reversibly blocking neuronal Ca2+ 
channels: inhibition of pain transduction

• Interacting with neuroendocrine HPA (hypothalamic-pituitary-adrenal) axis systems: 
antidepressant effect

• Suppressing prostaglandin E2 production in COX-2 pathway: 

anti-inflammatory properties

• GABAB receptor

• Use of cells/animal models “might not be easily translatable to humans” 
Halpenny. ACS Med Chem Lett.  2017

Cinosi et al. Biomed Res Int, 2015; Pizarro-Osilla. J Emerg Nurs. 2017; Yusoff et al. Behav Brain Res, 2018; Raffa 

et al. J Clin Pharm Ther.,2018; Meireles et al. Medicines (Basel). 2019; Idayu et al. Phytomedicine. 2011



Mitragynine

• Physiological, biochemical, behavioral effects: differ from classical opioids

• Interact with many receptors that classical opioids do not bind

• Described as “atypical opioids”, a unique class of drugs
Boyer et al. Addiction, 2008; Raffa et al. J Clin Pharm Ther. , 2018; Prozialeck et al. Int J Drug Policy, 2019

• Rats: orally single dose 1000 mg/kg (methanol extract) - No death

• Dogs: 920 mg/kg MG - No toxicity

Harizal et al. J Ethnopharmacol. 2010; Macko et al. Arch. Int. Pharmacodyn. Ther, 1972



Kruegel et al. J Am Chem Soc, 2016

• 7-OH-MG β

•

Biased signaling 



• Opioids act through opioid receptors: family of G-protein coupled 
receptors (GPCRs), mediate pain relief through CNS + PNS

Four types of opioid receptors:

• µ-opioid receptor (MOR): tolerance, dependence, addiction, 
constipation, and respiratory depression

• κ-opioid receptor (KOR): sedation, anxiety, dysphoria, hallucinations

• δ-opioid receptor (DOR): tendency to cause convulsions

• Nociceptin opioid peptide receptor (NOP receptor): useful as spinal 
analgesics and as entities against substance abuse disorders 

• Mixed MOR/NOP receptor agonists: useful as analgesics
Faouzi et al. Molecules. 2020  



Faouzi et al. Molecules. 2020  



Pharmacokinetics

Mitragynine

• Low Bioavailability (animal: 3%, 21%))

• 85-95% bound to plasma protein 

• Passively transported across intestinal wall, blood brain barrier 

• Metabolized mainly by liver, predominant through CYP3A4, minor by 
CYP2D6, CYP2C9, by phase I and II enzymes

• Mostly excreted as metabolites in urine 

• Linear, 2-compartment model (human)

Trakulsrichai et al. Drug Des Devel Ther, 2015; Cinosi et al. Biomed Res Int., 2015; Ya et al . Asian J Psychiatr, 2019 



Human: Tmax˜1 h, high Vd, T1/2: 23 h





• Female beagle dogs, single dose oral (5 mg/kg) and IV (0.1 mg/kg) 

• Large Vd: 6.3 ± 0.6 L/kg, high clearance 

• Oral mitragynine dosing: Cmax observed within 0.5 h. 

• 7-hydroxymitragynine: Tmax of 1.7 ± 0.6 h 

• The absolute oral bioavailability of mitragynine: 69.6%. 

• Beagle Dogs: 7-HMG elimination: slow, T1/2 3.6 ± 0.5 h

Maxwell et al. Eur J Drug Metab Pharmacokinet . 2021 

• Speciociliatine: minor indole alkaloid, male Sprague-Dawley rats 

• 2.5 mg/kg intravenous (I.V.) and 20 mg/kg oral (P.O.) dosing 

• Vd: 6.2 ± 2.3 L/kg I.V.), absolute oral bioavailability (20.7 %)

Maxwell et al. Planta Med. 2020 

Berthold et al. J Pharm Biomed Anal. 2020 





• MG: converted in vitro in mouse and human liver preparations to 7-OH-MG, mediated by 
CYP 3A isoforms

• MG is metabolized into 7-OH-MG or another more active compound

Macko et al . Arch Int Pharmacodyn Ther.,1972



Spetea and Helmut Schmidhammer, 2019

• The limiting rate of conversion of mitragynine into its active metabolite
results in a built-in ceiling effect of the mitragynine-induced respiratory depression.
• ‘Metabolic saturation’ at high doses

Hill et al, 2021

Kamble et al. ACS Pharmacol Transl Sci. 2020 



Metabolism of a Kratom Alkaloid Metabolite in Human 
Plasma Increases Its Opioid Potency and Efficacy 

• 7-HMG: stable in rodent, monkey plasma, but unstable in human plasma

• In human plasma: 7-HMG is converted to mitragynine pseudoindoxyl, an 

opioid that is even more potent than either mitragynine or 7-HMG 

Kamble et al. ACS Pharmacol Transl Sci. 2020 



Pharmacokinetics

Effect on human CYPs enzyme activities

MG: Inhibitory effect

• CYP2D6 (the strongest), CYP2C9

• CYP3A4, CYP1A2

• P-glycoprotein (P-gp)

• Pregnane X receptor (PXR): transcription factor (regulates the expression of CYPs, P-gp) 

“Potential herb-drug interactions”

Hanapi et al. Pharmacognosy Res, 2013; Manda et al. Phytother Res., 2017; Rusli et al. Naunyn 
Schmiedebergs Arch Pharmacol, 2019; White. Am J Health Syst Pharm, 2018 

9 cases from human PK 

study: 
• CYP 2D6, CYP1A2, P-gp: 

• T1/2, Tmax - no difference

Trakulsrichai et al (unpublished)



Clinical effects 

• “Dose dependent”

• Stimulant effects at lower doses  ‘Coca-like’

• Opiate effects at higher doses  ‘Opioid-like’

• Antipyretic, euphoric, anti-depressant, anxiolytic, immune 
booster, anti-viral, anti-diabetes, appetite suppressing effects, 
antinociceptive, anti-inflammatory,  antidiarrheal, antitussive, 
antipyretic, euphoric, lower blood pressure 

• Effects: 5-10 minutes after taking

• Long-term, heavy use: 

not alter hematological, chemistry parameters, 

not interfere with abilities to function in society

Chien et al. Pain Physician, 2017

Hassan et al, 2013; Singh et al. J Ethnopharmacol, 2018; Singh et al. J Psychoactive Drugs, 2015; Ulbricht et al. J Diet Suppl, 2013  



• Regular kratom users in the community setting 

• Total cholesterol and LDL of kratom users: significantly lower than 
those of healthy subjects 

• No significant differences in the serum triglyceride and HDL levels

• Higher average daily frequency of kratom use and increasing age: 
associated with increased serum total cholesterol

• Regular kratom consumption was not linked to elevated serum lipids, 
except when there is a higher frequency of daily kratom intake

• Kratom use and elevated HDL level (≥60 mg/dL) (OR 1.82), and 
triglyceride level <90 mg/dL (OR 1.75), no associations LDL, 
cholesterol                                                                                    La-Up et al. Heliyon . 2021

Abdullah et al. PLoS One. 2020



• Pain tolerance was measured objectively in a cold pressor task 

(CPT) as time (seconds) between the pain onset and the hand 

withdrawal from the ice bath. 

• Pain tolerance increased significantly 1 hour after kratom ingestion 

• No discomfort or signs of withdrawal 

• Kratom decoction demonstrated a substantial and statistically 

significant increase in pain tolerance



Clinical effects 

Short time use effects: nausea, constipation, sleep problems, 
temporary erectile dysfunction, itching, sweating 

Long time use effects:  

Anorexia, dry mouth, problems in diuresis, frequent micturition 
darker skin, hair loss, weight loss, numbness in peripheral areas, 
twitching, abdominal distention, constipation, addiction, withdrawal

Prozialeck et al. J Am Osteopath Assoc. 2012; Cinosi et al. Biomed Res Int., 2015



Clinical effects 

Mental health 

• Psychotic symptoms

• Kratom use and mental health: A systematic review

- Kratom also enhances mood and relieves anxiety among many users

- For many, kratom's negative mental health effects - primarily withdrawal 
symptoms - appear to be mild relative to those of opioids

Swogger & Walsh. Drug Alcohol Depend, 2018

Suwanlert. Bull Narc, 1975





Toxicities

Poisoning signs and symptoms

• Nystagmus, stupor, vertigo, motor excitement, rombergism, giddiness

• Tremors of face, extremities, tongue 

• Little to no respiratory depression

• Significant opioid toxic syndrome: not commonly reported

Vicknasingam et al. Int J Drug Policy,2010; Trakulsrichai et al. J Psychoactive Drugs, 2013; Ward et al. CNS Drugs, 2011; Macko et al. Arch Int Pharmacodyn Ther, 1972



Toxicity Reports

• Seizures: alone or combined with other drugs
Nelsen et al. J Med Toxicol, 2010; Boyer et al. Addiction, 2008; Trakulsrichai et al. J Psychoactive Drugs, 2013; Tatum et al. Epilepsy Behav Case Rep, 2018

• Liver injury: Cholestatic, mixed, hepatocellular

: onset usually within 2 to 8 weeks 
Botejue et al. Cyreus, 2021; Aldyab et al. Gastroenterology Res, 2019;  Osborne et al. J Investig Med High Impact Case Rep, 2018, fernandes et al. J Investig Med High 
Impact Case Rep, 2019; Griffiths et al. J Am Pharm Assoc (2003), 2018; Riverso et al. Gastroenterology Res, 2018; Drago et al. Oncologist, 2017; Dorman et al. 
Hepatology, 2015; Antony & Lee.  Am J Ther, 2019; Tayabali et al. J Community Hosp Intern Med Perspect, 2018; LiverTox: Clinical and Research Information on Drug-
Induced Liver Injury [Internet].

: symptomatic, developed jaundice with a median latency 
of 14 days,pattern was variable (the U.S. drug induced liver injury 
network and a review of the literature)

: Liver biopsy: mimicking primary biliary cholangitis 
Gandhi et al. World J Hepatol. 2020 

Jawad Ahmad et al. Drug Alcohol Depend. 2021



• Mean age: 36 years
• Higher prevalence in men 

• Onset: usually within 1-8 wk after regular 
use of powder or tablets 

• Ingested doses varied from 3 g to 15 g daily
• The most common pattern: 

hepatocellular, cholestatic and mixed 
• Usually recovered after it was 

discontinued; normalization of parameters 
occurred in 40 d



Toxicity Reports

• Neonatal abstinence syndrome (NAS)
Trakulsrichai et al. J Psychoactive Drugs, 2013; Murthy & Clark. Paediatrics & Child Health, 2019; Mackay & Abrahams. Can Fam Physician, 2018; Eldridge et al. 
Pediatrics, 2018 

• HypothyroidismS

• s, 2011 Sheleg & Collins. J Addict Med, 2011

• Intractable nausea and vomiting: in naïve ingestion of kratom for analgesia 

Singh et al. Int J Emerg Med. 2020

• Phytochemical
Saingam et al. Int J Drug Policy. 2013 



Toxicity Reports
Others

• Posterior reversible encephalopathy syndrome (amphetamine, benzodiazepine, 

cannabinoids, opiates), Intracerebral hemorrhage 
Regan & Papadakos. JAAPA . 2021; Castillo. Proc (Bayl Univ Med Cent), 2017

• Secondary hypogonadism: raising prolactin levels 
LaBryer et al. J Investig Med High Impact Case Rep, 2018

• ARDS/ Pulmonary injury

• Torsade de Pointes: inhibition rapid delayed rectifier potassium current in human 
cardiomyocytes, ventricular fibrillation 

Sheikh et al. BMJ Case Rep . 2021;  Fluyau & Revadigar. Front Psychiatry. 2017; Lu et al. PLoS One, 2014

• Severe rhabdomyolysis, pressure necrosis, compartment syndrome 

Tobarran et al. J Addict Med . 2021 

“Most from the western countries”



In vitro studies
Prolonged QTc interval 
Increased risk of torsades de pointes
Clinical study 
Induce increased QTc interval: dose dependent 
Few case reports 
ventricular arrhythmia and cardiopulmonary 
arrest
National poison data 
Tachycardia 
Hypertension
Coroner and autopsy reports 
Coronary atherosclerosis, myocardial infarction, 
hypertensive cardiovascular disease, left 
ventricular hypertrophy, cardiac arrhythmia, 
cardiomegaly, cardiomyopathy, focal band 
necrosis in the myocardium, and myocarditis



• No link between regular kratom 

use and ECG abnormalities 



Gershman et al. N Engl J Med, 2019 



Fatalities
UK/ non-UK

Poly-drug users

• Some claim that no 
deaths have occurred in 
South East Asia                                                                   

Singh et al. Brain Res Bull, 2016



PK study: dose 23 mg - the highest Cmax: 0.105 mg/L
Trakulsrichai et al. Drug Des Devel Ther, 2015

Risk
• Poly-drug users
• Underlying diseases

MG: 8.7 to 1800 ng/mL in cases with drug toxicity as the cause of death Schmitt et al, 2021





• The risk of overdose death: > 1000 times greater for opioids 
than for kratom







• Both countries had a similar prevalence of opioid and 

benzodiazepine co-ingestions, but the US had more co-

ingestions with other sedatives 



• Six deaths: 1 single-substance exposure, 3 multiple-substance 

exposures in the US, 2 multiple-substance exposures in Thailand

• Despite lower frequencies of co-ingestants overall, US kratom abuse 

exposures yielded greater clinical severity

• This disparity may be attributable to differences in the products labeled 

"kratom," greater sedative co-exposures in the US, and/or differences 

in population genetics or use patterns





Withdrawal signs and symptoms

• Aggression, tearfulness, rhinorrhea, jerky movements, irritability, 
yawning, myalgias, diarrhea, arthralgias, myalgia, insomnia, fatigue, 
chest discomfort, hostility, aggression 

Trakulsrichai et al. J Psychoactive Drugs, 2013 

• Milder than opiates
McWhirter & Morris. Eur Addict Res, 2010

• Symptoms begin 12 hours after last use in most  
Stanciu et al. J Psychoactive Drugs, 2019; Boyer et al. Addiction, 2008; Galbis-Reig 2016; Mackay and Abrahams 2018; Manda et al. Planta Med, 2014; McWhirter & 
Morris. Eur Addict Res, 2010

• Withdrawal intensity: predicted by duration, frequency, daily amount of use
Saingam et al. J Psychoactive Drugs, 2016



Kratom products

• Kratom products: ~ 2% MG, none or 0.01%- 0.02% 7-OH-MG

Kruegel & Grundmann. Neuropharmacology., 2018

• Mixing with others: “Krypton” powdered Kratom leaves, O-desmethyltramadol 

Kronstrand et al. J Anal Toxicol, 2011

• Adulteration: 7-OH-MG higher than in leaves 
Lydecker et al. J Med Toxicol , 2016

• Contamination: Salmonella 

: Toxic metals - nickel and lead
Dixon et al. Ann Clin Lab Sci. 2019; https://www.fda.gov/news-events/public-health-focus/laboratory-analysis-kratom-products-heavy-metals;  

https://www.fda.gov/food/outbreaks-foodborne-illness/fda-investigated-multistate-outbreak-salmonella-infections-linked-products-reported-contain-kratom;

https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-risk-heavy-metals-including-nickel-and-lead-found-some

: Bacteria and fungi, Ni, Pb, Cr
Walter C Prozialeck et al. Int J Environ Res Public Health . 2020

https://www.fda.gov/news-events/public-health-focus/laboratory-analysis-kratom-products-heavy-metals
https://www.fda.gov/food/outbreaks-foodborne-illness/fda-investigated-multistate-outbreak-salmonella-infections-linked-products-reported-contain-kratom
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-risk-heavy-metals-including-nickel-and-lead-found-some


Diagnosis/Laboratories
Human/animals

• HPLC, GC-MS, LC-MS

- LC/MS: detect in serum and urine following "kratom" use for 2 weeks

Kapp et al. J Med Toxicol. 2011; Micromedex

• Mitragynine (Kratom)* - ELISA - Randox Toxicology

• Development of an immunochromatographic strip 

• Monoclonal antibody against MG as a recognition probe

Limsuwanchote et al. Drug Test Ana , 2017

MG in Kratom plant material 

• LC/MS, IMS, HPLC, GC/MS  

• Direct analysis in real time-high-resolution mass spectrometry (DART-HRMS) 

Fowble & Musah. Forensic Sci Int. 2019 

Labmedica.com



Poisoning

• Supportive & symptomatic treatments 

• Animal literatures: conflicting results regarding the efficacy of opioid 
receptor antagonists in reversing Kratom effects 

• Successful naloxone reversal

Overbeek et al. Clin Pract Cases Emerg Med. 2019

• Report: Intravenous Lipid emulsion
AggarwalJ Intensive Care Soc. 2018



Withdrawal symptoms

• Supportive & symptomatic treatments

Reports: treatments as opioid withdrawal
• Dihydrocodeine and lofexidine

McWhirter & Morris. Eur Addict Res , 2010

• Symptom-triggered clonidine therapy and scheduled hydroxyzine 
Galbis-Reig. WMJ., 2016

• Buprenorphine-Naloxone Maintenance
Buresh M. J Addict Med. 2018; Diep et al. A A Pract. 2018; Schmuhl et al. Subst Abus. 2019; Kalin et al.  J Opioid Manag 2020; Abdullah et al. Curr Drug Targets. 2020

Patients using <20 g of kratom/d: 4/1 mg-8/2 mg , >40 g/d: 12/3 mg-16/4 mg of buprenorphine-
naloxone/day

• Mostly buprenorphine but also a few cases of naltrexone and methadone 
Stanciu et al. WMJ. 2021 

Weiss & Douglas. J Addict Med. 2020





Possibilities of medical use

• Controversies

• Potential therapeutic use OR dangerous & addictive substance of abuse

• The unique pharmacologic profile, but high abuse liability, potential for 
drug interactions and toxicities including deaths



Possibilities of medical use

Kratom 

Opioid receptor (𝜇)

α2 adrenergic receptor

Descending noradrenergic/
serotonergic pathway

COX-2 pathway

“Multi-Target”

Dopamine/𝜅-opioid receptor

Neuroendocrine HPA axis systems

“Atypical opioids” 

Opioid substitute

Pain killer

Antidepressant

Anti-inflammation

Addiction/withdrawal



Kratom extract/Mitragynine 

Opioid substitute or Analgesics: 

• Agonists: opioid, alpha-2 adrenergic receptors “Buprenorphine + clonidine”

• PK: long T1/2, linear                 dose adjustment

• Tolerance slower than morphine, lower potential for addiction
Váradi et al. J Med Chem, 2016; Fakurazi et al. Molecules, 2013; Hemby et al. Addict Biol. 2019; Meepong & Sooksawate. TJPS, 2019

• Fewer lethal side effects and toxicities

attenuated respiratory depression/constipation compared to morphine in several animal species 

Macko et al. Arch Int Pharmacodyn Ther, 1972 

• Easy to manage withdrawal symptoms

• Dose of MG: ~ 68–75 mg, ~ 214.29 mg 

Vicknasingam et al. Int J Drug Policy,2010; Saref et al. J Ethnopharmacol. 2019 

• “Harm reduction agent”



Kratom extract/Mitragynine 

• Alcohol substitute
Kumarnsit et al.  Fitoterapia, 2007;  Cheaha et al. Phytomedicine, ; Gutridge et al, 2021

• Amphetamine substitute

In Thailand, M. speciosa preparations are consumed by the three wheeled 
motorized ‘taxis’ as an amphetamine substitute 

The Encyclopedia of Psychoactive Plants: Ethnopharmacology and Its Applications (Schuldes, 1995); Hassan et al. Neurosci Biobehav Rev, 2013

• Antidepressant 

Kumarnsit et al. Neurosci Lett, 2007 

• Antidepressant and Antipsychotic 
Johnson et al. Yale J Biol Med. 2020

• Structurally modified derivatives: e.g. 9-hydroxycorynantheidine (MG), MGM-9, 
MGM- 15, MGM-16 (7-OH-MG): higher potency, lesser side-effects

Matsumoto et al. Life Sci, 2006; Chin & Mark-Lee. Curr Drug Targets, 2018



Conclusions

• Emerging Drugs of Abuse: local to worldwide

• Interesting pharmacology, dose-dependent: stimulant, opiate effects 

• Toxicities, addiction and withdrawal

• Clinical differences between Asian and western countries: 

Purposes, pattern of use, products

• Mainly a substance of abuse, however; possibility of drug development

- More effective opioid substitute or pain killer

- Fewer lethal side effects and toxicities, easy to manage withdrawal

• More well-controlled clinical trials and scientific research works



Thank you for your attention

Sawasdee


