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Abstract: The leaves from the tree Mitragyna speciosa, commonly known as Kratom, in the
coffee plant family (Rubiaceae) are commonly used in their native habitat of Southeast Asia
as a stimulant to sustain energy during hard day labor and as an opioid-like analgesic and
sedative. Traditional and modern uses overlap based on the effects of the leaf extract which
has also gained popularity in the United States and Europe in the last two decades. Kratom
has and is being used for the mitigation of opioid withdrawal symptoms and as a harm
reduction agent with a minority of users subsequently developing a dependence on the
extract. The respective demographic use patterns of Kratom differ between Southeast Asia
and the Western world. While pure Kratom is primarily used by day laborers and misused in
conjunction with cough medicine by youth in Southeast Asia, a majority of users in the
United States is middle-aged, has at least middle income, private health insurance, and
completed some college. Deaths attributed to the use of Kratom have been reported in
Europe and the United States but not in Southeast Asia. Although Kratom was detected as
the alkaloid mitragynine in the blood of the decedents, causality could not be established in
almost all cases because of poly-drug exposures. It is notable that Kratom can cause herb—
drug interactions, especially with other central nervous system -active substances. Given the
mostly unregulated market for Kratom products in Western countries, consumers may be
exposed to adulterated or contaminated products, especially if purchased through websites or
the darknet. A number of countries have scheduled Kratom because of its stimulant- and
opioid-like effects and the established interaction of the alkaloid mitragynine with opioid
receptors.
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Introduction

Kratom (Mitragyna speciosa Korth.) is an evergreen tree in the coffee family
(Rubiaceae) that is native to Southeast Asia and cultivated especially in Indonesia,
Malaysia, and Thailand for its historical medical and recreational uses.' Kratom is
also referred to as biak-biak, ketum, or Maeng Da in different regions and describes
both the tree and the varying extracts and preparations derived from it.” The leaves of
the tree, that are used for their pharmacological activity, can have different colored
veins (white, green, or red) which are not distinguished in its native habitat but have
been attributed to varying effects when sold as powdered leaf extracts in Western
countries.® The main active compounds of current interest are indole alkaloids,
primarily mitragynine and 7-hydroxymitragynine that act as partial agonists on
opioid receptors.* Kratom products contain approximately 2% mitragynine and either
none or between 0.01% and 0.02% 7-hydroxymitragynine.” Among other mitragyna
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indole alkaloids, mitragynine presents with a unique
mechanism of action and pharmacology distinct from clas-
sical opioids like morphine, heroin, or fentanyl. Binding to
the p-opioid receptor causes recruitment and activation of
the G-protein-coupled signaling cascade but does not lead
to recruitment of B-arrestin 2 which has been associated
with many of the undesired effects of opioid receptor acti-
vation such as constipation, respiratory depression, and
dependence.*® In animal models, mitragynine did not
cause dependence or increased self-administration and
even reduced prior administration of morphine whereas 7-
hydroxymitragynine did present with a dependence
liability.”

The use of Kratom in Southeast Asia has been documen-
ted back for at least 150 years and described both a stimulant
effect for use in hard day labor when fresh leaves are chewed
and an analgesic and relaxing effect if brewed into a tea.” It
also serves as a substitute and mitigation strategy for opium
that was widely used in Malaysia and Thailand from the
1830s to the 1920s. In addition, Kratom remains in use for
its antispasmodic, muscle-relaxant, and antidiarrheal effects
while both its brief stimulant and analgesic effects remain a
popular home remedy in Southeast Asia.*® The use of
Kratom is prohibited in Malaysia under Poisons Act 1952,
but its use remains widely spread because the tree grows
natively and tea decoctions are readily available in local
communities.' Thailand lifted the ban on the use, production,
and possession of Kratom in 2018 for medicinal purposes.'’

The increase of Kratom sales across Europe and North
America caused rising concerns about its safety with several
European countries banning the plant and its active
alkaloids."" The status of Kratom as a dietary supplement
remains vague in the United States as of this writing
because the Food and Drug Administration (FDA) does
not consider Kratom a recognized supplement that has
been present on the US market prior to the enactment of
the Dietary Supplement Health and Education Act
(DSHEA) of 1994 that would have allowed for such a
provision.'? Instead, the FDA has designed mitragynine
and 7-hydroxymitragynine as opioids and recommended
placement of these compounds into the Controlled
Substances Act Schedule I by the US Drug Enforcement
Administration (DEA)."* As of this writing, this scheduling
action has not taken place despite an earlier attempt by the
agency to do so which was withdrawn based on public
comments and the action by several members of the US
congress. Several US states have either banned Kratom and
its active alkaloid compounds or enacted laws that prohibit

the sales of adulterated products that are not appropriately
labeled according to Good Manufacturing Practices.'>!*

Kratom users in the West are using the leaf extract and
its varied formulations for a range of health reasons that
primarily relate to chronic pain, mood disorders, or mitigat-
ing the withdrawal symptoms of a prescription or illicit drug
dependency.'” Although the number of Kratom users in the
United States remains vague, the estimate ranges from 3 to
5 million based on survey data and membership information
provided by the American Kratom Association.'®

This review provides a current perspective on the use
pattern and impact of Kratom use on the individual and
society. The implications of Kratom use are discussed both
from the use as a traditional herb and supplement as well
as a potential future medicine, either as a pure drug or
complex natural extract.

Methods

PubMed and Google Scholar databases were searched on
April 9, 2019, for all research and review articles covering
Kratom use patterns. The initial search terms were:
“Kratom” AND “use pattern” or “Kratom use pattern” or
“Kratom” AND “misuse” or “Kratom” AND “abuse”. The
search returned a total of 2,596 sources. Of these, 91
resulted from PubMed and 2,505 from Google Scholar
searches. Both authors evaluated articles for inclusion in
the review independently. Initially, duplicates were elimi-
nated, reducing the total number of references to 2,364.
Further exclusion of non-English literature resulted in
further reduction of the number of references to 1,823.
Following evaluation of references, a total of 467 refer-
ences were initially deemed relevant to the topic of the
review. Exclusion of several book chapters that referred
back to primary literature and references that referred to
original research articles narrowed the references to a total
of 44 that were included in this narrative review.

Kratom use pattern in Southeast Asia
The first reported use of Kratom in the scientific literature
dates back to 1836 when it was noted that the leaves of the
tree were used by Malays as a substitute for opium.'” In
addition, other observations documented the traditional
use of Kratom leaves and its preparations as a wound
poultice, for fever, and for mitigating the withdrawal
symptoms from opium and later heroin.'” Its traditional
use has not been dated and has likely been part of the
social fabric for hundreds of years given that the tree
grows indigenously throughout Malaysia, Thailand, and
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Indonesia.® Its use in Malaysia and Thailand has been
primarily for two broad applications: as a stimulant to
increase work efficiency, endurance, and tolerance to hot
and humid climate conditions for manual laborers and as a
medical remedy for a range of symptoms. The latter prac-
tice as a traditional medicine and home remedy primarily
uses fresh or dried leaf material to prepare a decoction by
brewing the leaves and ingesting it as a beverage either hot
or cold. In this form, the effects have been primarily
described as analgesic, relaxing, anti-diarrheal, antipyretic,
and anti-diabetic.'® Far less common is smoking of the
dried leaf although it is occasionally reported in Malaysia
and associated with a relaxing effect.'®

The most recent study investigating the prevalence of
Kratom use was conducted in 2007 in Thailand among
26,633 respondents between the ages of 12 and 65 years.''
The lifetime prevalence for Kratom use among all users was
2.3% which was higher than for marijuana use while 13- to
16-year-old students reported a 9.4% lifetime prevalence in
a 2004 survey. Kratom is the most commonly used illicit
drug in Thailand, and similar percentages are likely for
Malaysia based on conducted seizures of Kratom. The
high prevalence can be explained by the long history of
use as both medicine and recreational drug, readily acces-
sible plant material that grows natively in the area, and
perceived safety of Kratom preparations.

Despite its traditional medical uses, Kratom depen-
dence has been known and observed for a long time and
is well documented.!” Unlike opium, opioid, or heroin
addiction, Kratom addiction is not associated with a sig-
nificant stigma in rural communities if a husband is taking
it to support his family. However, female Kratom use is
much less tolerated and there are far fewer female users in
local communities.®

Scientific research on Kratom and its effects on users in
Thailand and Malaysia has increased in the past 10 years
given the rising interest in Kratom extracts in other coun-
tries. With a long use history and a socially acceptable
tradition of use among the general population, human stu-
dies in general appear to be easier to conduct compared to
Western countries although Kratom is illegal in Malaysia.

Given the long-term use of Kratom especially by day
laborers to boost endurance and withstand physical labor
and harsh work conditions, both the stimulant and opioid-
like analgesic effects can contribute to dependence devel-
opment and addiction."”?® Two surveys conducted in
Malaysia and Thailand reported that the average age of
long-term Kratom users was in their mid-30s and a

majority were married with lower education levels.'>*°

While Kratom is both used for its stimulant and opioid-
like effects, a majority of users had a history of drug abuse
and primarily used Kratom to mitigate opioid and stimu-
lant withdrawal symptoms. It was not uncommon among
survey respondents to develop a dependence on Kratom.
Those with lower education attainment were more likely to
successfully stop using Kratom compared to those with a
higher level of education.”® One potential explanation for
this inverse correlation is the use of Kratom among higher
educated individuals who had previously used a prescrip-
tion opioid and are now either self-treating a pain condi-
tion or mitigating withdrawal symptoms from the former
prescription drug. Maintaining the use of Kratom products
can be relatively expensive which can correlate higher
educational attainment with higher income to allow this
habit. Another explanation could be the use of Kratom as a
perceived “natural” alternative to prescription or “syn-
thetic” drugs for the self-treatment of a health condition.
The belief that “natural” equals safe is prevalent among
more educated individuals despite a lack of support for
such a statement especially in Western countries.

A cross-sectional survey investigated the correlation
between amount and frequency of Kratom consumption
and risk of dependence and addiction development in
long-term users in three northern peninsular states of
Malaysia.”’ There was a correlation between increased
consumption of Kratom and risk of dependency develop-
ment, severity of withdrawal symptoms, and cravings for
the extract. Physical withdrawal symptoms manifested as
muscle spasms, diarrhea, lack of appetite, fever, pain, and
runny eyes and nose. Psychological withdrawal was char-
acterized by mood swings such as anger, nervousness,
restlessness, disturbed sleep, tension, and sadness.?!
Despite these findings that are similar to opioid withdrawal
and craving symptoms, a majority of participants in sur-
veys and case studies as well as their providers and care-
takers do not characterize Kratom withdrawal and cravings
as severe as those experienced during opioid withdrawal
and those symptoms were of shorter duration.'®?!?
Although Kratom dependence is widespread, treatment
admissions for withdrawal have increased in recent years
from 1,000 in 2007 to almost 3,000 in 2011 in Thailand
where Kratom accounts for approximately 2% of all drug
treatment admissions.'" It is not yet clear if this change is
based on a stricter enforcement of drug policies and how it
will change with the legalization of Kratom for medical
purposes in 2018.
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Even if Kratom dependence and withdrawal are not
perceived to be as severe as for opioids, the question of
impairment with the chronic use of Kratom remains. A
study involving 70 regular Kratom users and 25 control
participants evaluated cognitive functioning using the
Cambridge Neuropsychological Test Automated Battery
(CANTAB) found deficits with higher chronic Kratom
consumption (more than 3 glasses of kratom decoction
consumed per day) in new learning and visual episodic
memory.”> However, the authors conclude that overall
Kratom users independent of the amount they consumed
were comparable in their cognitive and executive func-
tions to control participants and does not impair motor,
memory, or attention function.

Kratom use and even dependence does not impair
social functioning according to several studies conducted
in Malaysia.”** A majority of chronic Kratom users are
employed, married, and live with their family and rarely
present with health problems. This stands in contrast to
alcohol, opioids, or amphetamine abuse that are not
accepted in society.”’

Aside from the traditional uses of pure Kratom for its
medicinal properties and as an endurance enhancer for
hard labor, newer preparations of the plant have emerged
that are seen as problematic. Because of its bitter taste,
Kratom tea preparations are often sweetened or mixed
with beverages to make it more palatable.” However, teen-
agers and young adults in urban areas do mix Kratom
leaves and teas with caffeinated beverages such as Coca-
Cola and cough syrup containing codeine or diphenhydra-
mine. The mixture is boiled to create a syrup referred to as
4x100.° In many cases, the syrup provides for a more
intense euphoria and is often consumed together with
other drugs such as an antidepressant, anxiolytic, alcohol,
or analgesic. Poly-drug use with Kratom increases the risk
of fatal additive or synergistic toxic effects whereas there
have been no reports in Southeast Asia of fatalities caused
by the ingestion of pure Kratom preparations.

Another folkloristic use of Kratom is as a potential
aphrodisiac that has been reported in several surveys of
chronic Kratom users.'®*° This activity contrasts with the
opioid-like effects since classical opioids are commonly
associated with sexual dysfunction and decreased libido.
Direct measurement of testosterone, follicle-stimulating
and luteinizing hormone did not indicate any differences
between Kratom users and non-users although there were

some non-pathological differences in blood profiles

between the low-dose and high-dose Kratom users.*®

Furthermore, other studies and epidemiological data indi-
cate that despite its use as an aphrodisiac and the potential
for impairment, Kratom is not associated with an increased
risk for sexually transmitted diseases or needle sharing.''

Use pattern in the United States

and Europe

Unlike Kratom use in Asia, emergence into the Western
markets is a relatively new occurrence. Anecdotal reports
suggest that immigrants from Southeast Asia first
imported Kratom into the United States in the 1980s
and 1990s with an expansion of use in the United
States within the past decade.™'? In the West, Kratom is
sold through the Internet and at herbal stores, tobacco/
smoke shops, and “head” shops where it is primarily
marketed as an herbal medicine/supplement to treat a
variety of ailments (pain, mental health, opioid withdra-
wal symptoms) as well as a “legal” or “natural” high and
alternative to traditional opioids and even promoted as an
“herbal speedball.”!-!1:15:27-29

Consumption of Kratom in the United States is predo-
minantly by liquids, but the use of powders added to food
or beverages and consumption of Kratom capsules is
growing in popularity.'* Users brew Kratom in a similar
fashion as making tea or coffee where the leaf material
(whole leaf or powder) is steeped in boiling water or cold
extracted. Acids have been used to enhance the extraction.
The resulting tea is bitter, so sugar, honey, or various
sweeteners are often added.'”

Because of the route of administration as an oral supple-
ment, there is considerable discussion about the classifica-
tion of Kratom. To date, there have been few reports of
injections or other routes of administration that would indi-
cate a higher degree of abuse and dependence. Furthermore,
isolation of mitragynine or 7-hydroxymitragynine has not
been attempted for misuse or abuse purposes in a fashion
similar to morphine from opium. However, the legality of
Kratom as a supplement with limited regulatory oversight
has been challenged or restricted in several countries
because of its opioid-like effects and the presence of com-
pounds that interact with opioid receptors.

The legal status of Kratom varies in the West from
region to region. While the European Union has open bor-
ders between members and a shared currency, the legal
status of Kratom varies. Kratom is an illegal drug/substance
in Denmark, Finland, Ireland, Latvia, Lithuania, Poland,
Romania, and Sweden.?° The legal status of Kratom in the
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United Kingdom is complex. While Kratom or M. speciosa
is not listed as a commonly encountered Schedule 1 con-
trolled substance, it most likely falls under the term of
“psychoactive substance” of the Psychoactive Substances
Act 2016 in the United Kingdom.*'-*

Kratom is not scheduled under the US Controlled
Substances Act; however, the DEA does not recognize
any legitimate medical use for Kratom.”’ The DEA
based its stance on the FDA warning that Kratom “should
not be used to treat medical conditions, nor should it be
used as alternative to prescription opioids,” and that the
FDA finds no indication that Kratom is safe.’®> As of this
writing, Kratom is legal in all US States except Arkansas,
Alabama, Indiana, Rhode Island, Wisconsin, and Vermont
and the District of Colombia. There are also city bans in
Alton, IL; Columbus, MS; Denver, CO; Jerseyville, IL;
San Diego, CA; and Sarasota, FL, as well as a county ban
in Union County, MS.>* Further legislation regulating,
restricting, banning the use of Kratom or reversing such
bans is pending in other jurisdictions.

There are relatively few studies describing Kratom
use in the West compared to studies focused on use in
Asia. An online anonymous survey in the United States
was utilized to answer three questions: 1) Who is con-
suming Kratom and for what purpose? 2) What per-
ceived beneficial and detrimental effects are reported
by Kratom users if dose and frequency of consumption
are considered? 3) Does Kratom present with an abuse
potential and withdrawal symptoms?'” Analysis of the
demographics of this survey found that US Kratom
users are white non-Hispanic males between 31 and 50
years of age, married or partnered, employed with an
annual household income of US$35,000 or higher, have
private health insurance, had at least some college edu-
cation, and had used Kratom for more than one year but
less than five years. Respondents predominantly identi-
fied Kratom use to relieve acute or chronic pain fol-
lowed by use for an emotional or mental condition.
identified
pain, increased focus, less depressed mood, lower levels

Respondents increased energy, decreased
of anxiety, reduced or stopped the use of opioid pain-
killers, reduction of PTSD symptoms, and elevated
mood as beneficial effects of their Kratom consumption.
Self-reported detrimental effects appeared to be dose-
dependent and included nausea, constipation, and dizzi-
ness or drowsiness as the most frequently identified
negative effects. Doses of up to 5 g of Kratom presented
with lower odds ratios for detrimental effects than doses

of 8 g or more. Less than half of the respondents
reported withdrawal effects within 12-48 hrs after dis-
continuation of Kratom and the withdrawal symptoms
were mainly rated at a 2 or 3 on a 5-point Likert scale
(from 1-severe to 5-not severe at all). This study shows
that the US Kratom user population is diverse in demo-
graphics and motives for Kratom consumption and that
doses of up to 5 g consumed 3 times per day were able
to provide beneficial effects while having lower rates of
negative effects.

Cinosi and colleagues evaluated literature from 1967 to
2015 to better understand Kratom pharmacology, Kratom use
cross-culturally, experience of the user, and to identify risks
and side effects related to Kratom consumption.!' Their
analysis identified a growing popularity of Kratom use in
areas outside of Southeast Asia, specifically the European
Union and United States. The increase in Kratom consump-
tion in the European Union and United States corresponds to
an increasing availability of Kratom for sale through the
Internet. The European Monitoring Centre for Drugs and
Drug Addiction (EMCDDA) conducted an Internet survey
of 27 European online shops in 2008 that identified Kratom
as one of the most widely offered “legal highs” along with
Salvia divinorum, Hawaiian Baby Woodrose seeds, Spice,
and stimulant-containing capsules.>> A more extensive study
by the EMCDDA in 2011 showed Kratom as the most widely
offered product with 20% of the online retailers shipping it to
the European Union.*> More studies are necessary to help
understand the impact of Kratom as its use increases in the
West, especially if Kratom follows the pattern of novel
psychoactive drugs.''*

The increasing trend in Kratom consumption in the
West has corresponded with an increase in reports of
Kratom-related exposures to Poison Control Centers in
the United States, care received at a health care facility
due to Kratom consumption, and association with over-

dose fatalities.'>?3% A

retrospective analysis of poison
center charts collected from January 1, 2002, to November
30, 2016, in the electronic database Toxicall™ using the
keywords Kratom and M. speciosa was performed to sum-
marize the clinical effects of Kratom.** The study evalu-
ated 12 cases of Kratom exposure (dose and frequency
were largely unknown) reported from health care facilities
and described the clinical effects to include altered mental
status, agitation, central nervous system depression, sei-
zures, and tachycardia.’® Admission to psychiatry and
benzodiazepines were the most frequent treatment meth-
ods and no deaths were reported.”® A larger analysis of
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data reported to Poison Control Centers using the National
Poison Data System database from 2011 to 2017 identified
1,174 Kratom-only exposures where 1,020 cases resulted
in one or more clinical effects.*® The most common clin-
ical effects reported were agitation/irritability, tachycardia,
nausea, drowsiness/lethargy, vomiting, confusion, and
hypertension.*® Serious clinical effects included seizures,
respiratory depression, coma, increased bilirubin, brady-
cardia, rhabdomyolysis, renal failure, respiratory arrest,
cardiac arrest/asystole, and cyanosis.*® More than half
(51.9%) of these cases received one or more therapies
which included IV fluids, benzodiazepines, oxygen, nalox-
one, and tracheal intubation.*®

The national poison center reporting database docu-
mented 1,807 calls related to Kratom exposure from
2011 to 2017.%7 The Centers for Disease Control and
Prevention analyzed data on unintentional and undeter-
deaths State
Drug Overdose Reporting System.’’

mined opioid overdose from the
Unintentional
Kratom was detected on postmortem toxicology testing
in 152 cases of 27,338 overdose deaths from data collected
from 11 states during July 2016-June 2017 and 27 states
during July-December 2017.>7 Kratom was identified as
the cause of death by a medical examiner in 91 of the 152
Kratom-positive deaths, but was the only identified sub-
stance in just seven of these cases.”’ Presence of additional
substances in these seven Kratom-only cases cannot be
ruled out.>”*° The co-occurring substances in the 91
cases where Kratom was identified as the cause of death
include fentanyl (including analogs), heroin, benzodiaze-
pines, prescription opioids, cocaine, and alcohol.’” Multi-
substance exposures involving Kratom, predominantly in
combination with opioids, are associated with a greater
odds ratio of admittance to a health care facility and
occurrence of a serious medical outcome when compared
These data highlight that

Kratom use is associated with a complex population of

to Kratom-only exposure.38

poly-drug users and especially with opioid use disorder.
These data further suggest that a deeper investigation into
the toxicity of Kratom is needed, especially focusing on
drug-herb interactions.

Kratom—drug interactions are further indicated in sev-
eral case reports resulting in hepatotoxicity or death.*'
A 70-year-old man with a history of hypertension and
osteoarthritis, treated with amlodipine and oxycodone,
presented with jaundice.** The patient admitted to con-
suming Kratom twice daily for 4 days approximately 2—-3
weeks before his initial presentation at a medical center for

jaundice.** He presented with elevated creatinine (2.3 mg/
dL) and total bilirubin levels (33.7 mg/dL) and clinically
improved with supportive care, but required a readmission
at which time he received 3 units of packed red cell
transfusion to treat anemia.*” His abnormal liver tests
normalized after three months, except his creatinine level
remained slightly elevated (1.8 mg/dL).** The liver
damage in this case is most likely due to an amlodipine—
kratom interaction involving the enzyme cytochrome P450
3A4 (CYP3A4). 404

The elderly are not the only individuals at risk of
adverse events due to drug—kratom interactions. A 32-
year-old male with a history of hypertension, anxiety,
and lower back pain presented to an Emergency
Department with jaundice, nausea, fatigue, joint pain,
and night sweats after completing a dose of 60 Kratom
tablets over 1 week (as per recommended dose on the
bottle) and had mitragynine (47.8 ng/mL) and 7-hydroxy-
mitragynine present in his urine.*> The patient’s history
includes alcohol use and acetaminophen use for his back
pain, but he has no history of smoking or illicit drug use.
The patient received a loading dose of N-acetylcysteine
(150 mg/kg/hr) but developed an anaphylactic response
and further doses withheld. While the patient’s liver
enzymes were trending down, he was discharged prior to
them normalizing. The authors attributed the acute liver
injury solely to the patient’s use of Kratom;** however, the
repeated use of acetaminophen could have attributed to the
liver injury and the consumption of Kratom could have
been overwhelming to an already damaged liver.

Hepatotoxicity associated with Kratom use is rare and
appear to be associated with chronic or high consumption
of the product.*® In animal experiments, high concentra-
tions of mitragynine (100 mg/kg) or a methanolic Kratom
extract (1000 mg/kg) in rats showed organ damage pri-
marily to the kidneys and liver with elevated liver
enzymes and hepatic cellular damage. Although these
doses exceed both acute and chronic human doses, further
research on the impact of chronic kratom consumption on
liver and kidney function is warranted.

Kratom use could have serious adverse events due to
drug-herb interactions, specifically with the antipsycho-
tic quetiapine. A 27-year-old male with a history of
Asperger Syndrome, bipolar disorder, and substance
abuse was found deceased.* The postmortem analysis
of subclavian blood revealed valproic acid (8.8 pg/mL),
quetiapine (12,000 ng/mL), and mitragynine (qualita-
tively positive).* The death was ruled an accident and
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due to acute toxic effects of quetiapine.** The high levels
of quetiapine were ruled to be due to a drug-herb inter-
action with Kratom since there was no evidence of sig-
nificant discrepancies in quetiapine pill quantities in his
residence.*® This case further highlights the need for
more investigation into Kratom—drug interactions, speci-
fically involving CYP2D6 and CYP3A4.

A better understanding of Kratom—drug interactions is
needed specifically when dealing with consumption of
Kratom to aid with withdrawal symptoms from, or as a
substitute for, traditional opioids. Individuals suffering
from opioid addiction are using Kratom out of curiosity
and ease of purchasing.**° These individuals are highly
variable and have an extensive substance use history.*’
The variability in both user and drug use/preference will
further complicate developing a treatment plan and dealing
with patients consuming Kratom. It is necessary for scien-
tists to further elucidate Kratom drug—herb interactions to
aid physicians who can then better educate their patients
about the potential benefits and harms associated with
Kratom through a more open dialog.

Discussion and conclusion

The traditional and current diverse uses of Kratom in
both Southeast Asia and the Western world indicate that
the impact of the leaf and its extracts are of multidimen-
sional complexity including sociocultural, economic,
medico-legal, and often individual issues. Throughout
its history of use, Kratom has been known to exert sti-
mulant- and opioid-like effects that is raising concerns
with regulatory agencies and resulted in scheduling
actions in various countries. Although knowledge from
clinical studies is limited, epidemiological data obtained
from Southeast Asia, Europe, and the United States indi-
cate that Kratom has a distinct user profile and presents
with discrete effects from other stimulants or opioids. A
substance-dependent opioid user does not prefer Kratom
over another opioid but instead would utilize Kratom as a
harm reduction or mitigation agent. This has been the
conclusion from studies in Malaysia and the United
States although the current information is preliminary in
scope based on the small sample sizes and regional lim-
itation of the surveys. The findings do align with precli-
nical observations in rodents that report a reduction in
morphine self-administration with the use of mitragynine.
This current knowledge points to a potential for further
development of mitragynine or use of Kratom as a harm
reduction agent similar to methadone or buprenorphine.

This will have to be further studied under controlled
clinical conditions.

The toxicity of Kratom remains a topic of discussion.
From the CDC report and published cases, it is clear
that Kratom has the potential to cause herb—drug inter-
actions and even be involved in fatalities. While a
majority of regular Kratom users in Southeast Asia
and the West alike do not experience acute or chronic
adverse effects, the incidence of unwanted side effects
remains unknown and can include both stimulant and
opioid-like sedative effects. Although some regulatory
agencies, including the US FDA, have determined that
Kratom and the alkaloids mitragynine and 7-hydroxymi-
tragynine are opioids and thus should not be available
without regulation, a direct causative link between the
fatalities in which Kratom was detected cannot be drawn
because nearly all of them involved poly-drug
exposures.”! The toxicity of Kratom in various animal
species is variable and has not been determined for most
of them following acute and chronic exposure. The only
clinical pharmacokinetic study in humans that provides
blood concentrations of mitragynine does not correlate
with post-mortem blood mitragynine concentrations thus
not allowing for the determination of a toxic or lethal
cut-off level. In addition, at this point, only the concen-
tration of mitragynine is reported as indication of the
presence of Kratom while it is not clear that mitragynine
is in fact the toxic compound.

Reports and studies of the dependence potential to
Kratom are of serious concern given the current opioid crisis
in the United States and rising abuse of opioids in other
countries. It appears that a majority of Kratom-dependent
users had a prior substance use disorder or were seeking
relief from a chronic pain condition but wanted to avoid
opioid use. The severity of Kratom dependence symptoms
appears to be milder compared to opioid use disorder and can
be treated in a similar manner with buprenorphine or metha-
done and subsequent tapering. The incidence of Kratom
dependency is not known and to date no US nationwide
reporting system such as the National Survey on Drug Use
and Health (NSDUH) or Monitoring the Future have indi-
cated the use of Kratom in their reports.

Given the diversity in patterns of use for Kratom,
additional research is paramount to support and expand
on current findings. The labeling of Kratom products
available to consumers needs to follow appropriate
regulatory standards as well as quality good manufac-
turing practices to ensure that consumers who seek out
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Kratom are not exposed to adulterated or contaminated
products.’’ Health care providers should be trained on
the science of Kratom and its clinical implications to
assist consumers in making the right choice and avoid
herb—drug interactions.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Singh D, Narayanan S, Vicknasingam B. Traditional and non-
traditional uses of Mitragynine (Kratom): a survey of the litera-
ture. Brain Res Bull. 2016;126(Pt 1):41-46. doi:10.1016/j.
brainresbull.2016.05.004

2. Ulbricht C, Costa D, Dao J, et al. An evidence-based systematic
review of kratom (Mitragyna speciosa) by the Natural Standard
Research  Collaboration. J Diet Suppl. 2013;10(2):152-170.
doi:10.3109/19390211.2013.793541

3. 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;202:302-325.
doi:10.1016/j jep.2017.03.020

4. Kruegel AC, Gassaway MM, Kapoor A, et al. Synthetic and
receptor signaling explorations of the mitragyna alkaloids: mitra-
gynine as an atypical molecular framework for opioid receptor
modulators. J Am  Chem Soc. 2016;138(21):6754—-6764.
doi:10.1021/jacs.6b00360

5. Kruegel AC, Grundmann O. The medicinal chemistry and neurophar-
macology of kratom: a preliminary discussion of a promising medicinal
plant and analysis of its potential for abuse. Neuropharmacology.
2017;15;134 (Pt A):108-120.

6. Varadi A, Marrone GF, Palmer TC, et al. Mitragynine/Corynantheidine
pseudoindoxyls as opioid analgesics with mu agonism and delta antag-
onism, which do not recruit beta-arrestin-2. J Med Chem. 2016;59
(18):8381-8397. doi:10.1021/acs jmedchem.6b00748

7. Hemby SE, Mclntosh S, Leon F, Cutler SJ, McCurdy CR. Abuse

liability and therapeutic potential of the Mitragyna speciosa (kratom)

alkaloids mitragynine and 7-hydroxymitragynine. Addict Biol. 2018.

doi:10.1111/adb.12639

. Suwanlert S. A study of kratom eaters in Thailand. Bull Narc.

1975;27(3):21-27.

9. Singh D, Narayanan S, Vicknasingam B, Corazza O, Santacroce R,
Roman-Urrestarazu A. Changing trends in the use of kratom
(Mitragyna speciosa) in Southeast Asia. Hum Psychopharmacol.
2017;32(3). doi:10.1002/hup.2582

10. Ya K, Tangamornsuksan W, Scholfield CN, Methaneethorn J,
Lohitnavy M. Pharmacokinetics of mitragynine, a major analge-

sic alkaloid in kratom (Mitragyna speciosa): a systematic review.
Asian J Psychiatr. 2019;43:73-82. d0i:10.1016/j.ajp.2019.05.016

11. Cinosi E, Martinotti G, Simonato P, 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;2015:968786. doi:10.1155/2015/968786

12. Henningfield JE, Fant RV, Wang DW. The abuse potential of kratom
according the 8 factors of the controlled substances act: implications
for regulation and research. Psychopharmacology (Berl). 2018;235
(2):573-589. doi:10.1007/s00213-017-4813-4

13. Grundmann O, Brown PN, Henningfield J, Swogger M, Walsh Z. The
therapeutic potential of kratom. Addiction. 2018;113(10):1951-1953.
doi:10.1111/add.14371

oo

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

2

~J

28.

29.

30.

3

—_

32.

Prozialeck WC. Update on the Pharmacology and Legal Status of
Kratom. J Am Osteopath Assoc. 2016;116(12):802—-809. doi:10.7556/
jaoa.2016.156

Grundmann O. Patterns of Kratom use and health impact in the US-
Results from an online survey. Drug Alcohol Depend. 2017;176:63—
70. doi:10.1016/j.drugalcdep.2017.03.007

Ash S. American Kratom Association. In: Grundmann O, editor.
Gainesville: University of Florida; 2017.

Jansen KL, Prast CJ. Ethnopharmacology of kratom and the
Mitragyna alkaloids. J Ethnopharmacol. 1988;23(1):115-119.
Hassan Z, Muzaimi M, Navaratnam V, et al. From Kratom to mitra-
gynine and its derivatives: physiological and behavioural effects
related to use, abuse, and addiction. Neurosci Biobehav Rev.
2013;37(2):138-151. doi:10.1016/j.neubiorev.2012.11.012
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(4):283-288.
doi:10.1016/j.drugpo.2009.12.003

Ahmad K, Aziz Z. Mitragyna speciosa use in the northern states of
Malaysia: a cross-sectional study. J Ethnopharmacol. 2012;141
(1):446-450. doi:10.1016/j.jep.2012.03.009

. Singh D, Muller CP, Vicknasingam BK. Kratom (Mitragyna spe-

ciosa) dependence, withdrawal symptoms and craving in regular
users. Drug Alcohol Depend. 2014;139:132-137. doi:10.1016/j.
drugalcdep.2014.03.017

Singh D, Narayanan S, Vicknasingam BK, et al. Severity of pain and
sleep problems during Kratom (Mitragyna speciosa Korth.) Cessation
among regular Kratom Users. J Psychoactive Drugs. 2018;50
(3):266-274. doi:10.1080/02791072.2018.1443234

Singh DPD, Narayanan SPD, Muller CPPD, et al. Long-term cognitive
effects of Kratom (Mitragyna speciosa Korth.) use. J Psychoactive
Drugs. 2019;51(1):19-27. doi:10.1080/02791072.2018.1555345

Singh D, Muller CP, Vicknasingam BK, Mansor SM. Social function-
ing of Kratom (Mitragyna speciosa) users in Malaysia. J
Psychoactive Drugs. 2015;47(2):125-131. doi:10.1080/02791072.
2015.1012610

Saingam D, Assanangkornchai S, Geater AF, Balthip Q. Pattern and
consequences of krathom (Mitragyna speciosa Korth.) use among
male villagers in southern Thailand: a qualitative study. Int J Drug
Policy. 2013;24(4):351-358. doi:10.1016/j.drugpo.2012.09.004
Singh D, Murugaiyah V, Hamid SBS, et al. Assessment of gonado-
tropins and testosterone hormone levels in regular Mitragyna spe-
ciosa (Korth.) wusers. J Ethnopharmacol. 2018;221:30-36.
doi:10.1016/j.jep.2018.04.005

. 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(12):792-799.

Drug Enforcement Administration. Drugs of Abuse. A DEA Resource
Guide. Washington, D.C: United States Department of Justice, Drug
Enforcement Administration; 2017:94.

Drug Enforcement Administration. KRATOM (Mitragynine speciosa
korth) (Street Names: thang, Kakuam, Thom, Ketum, Biak). United
States Department of Justice, Drug Enforcement Administration; 2013.
Guide S A guide to Kratom legality: where is Kratom legal? [cited
April 10, 2018]. Available from: https://speciosaguide.com/guide-kra
tom-legality-kratom-legal/. Accessed April 16, 2019.

. Archives TN. Psychoactive Substances Act 2016; 2016. Available

from: http://www.legislation.gov.uk/ukpga/2016/2/crossheading/psy
choactive-substances/enacted. Accessed April 16, 2019.

Office UKGH. List of most commonly encountered drugs currently
controlled under the misuse of drugs legislation; 2017. Available from:
https://www.gov.uk/government/publications/controlled-drugs-list-2/
list-of-most-commonly-encountered-drugs-currently-controlled-under-
the-misuse-of-drugs-legislation. Accessed April 4, 2019.

30 submit your manuscript

Dove

Substance Abuse and Rehabilitation 2019:10


https://doi.org/10.1016/j.brainresbull.2016.05.004
https://doi.org/10.1016/j.brainresbull.2016.05.004
https://doi.org/10.3109/19390211.2013.793541
https://doi.org/10.1016/j.jep.2017.03.020
https://doi.org/10.1021/jacs.6b00360
https://doi.org/10.1021/acs.jmedchem.6b00748
https://doi.org/10.1111/adb.12639
https://doi.org/10.1002/hup.2582
https://doi.org/10.1016/j.ajp.2019.05.016
https://doi.org/10.1155/2015/968786
https://doi.org/10.1007/s00213-017-4813-4
https://doi.org/10.1111/add.14371
https://doi.org/10.7556/jaoa.2016.156
https://doi.org/10.7556/jaoa.2016.156
https://doi.org/10.1016/j.drugalcdep.2017.03.007
https://doi.org/10.1016/j.neubiorev.2012.11.012
https://doi.org/10.1016/j.drugpo.2009.12.003
https://doi.org/10.1016/j.jep.2012.03.009
https://doi.org/10.1016/j.drugalcdep.2014.03.017
https://doi.org/10.1016/j.drugalcdep.2014.03.017
https://doi.org/10.1080/02791072.2018.1443234
https://doi.org/10.1080/02791072.2018.1555345
https://doi.org/10.1080/02791072.2015.1012610
https://doi.org/10.1080/02791072.2015.1012610
https://doi.org/10.1016/j.drugpo.2012.09.004
https://doi.org/10.1016/j.jep.2018.04.005
https://speciosaguide.com/guide-kratom-legality-kratom-legal/
https://speciosaguide.com/guide-kratom-legality-kratom-legal/
http://www.legislation.gov.uk/ukpga/2016/2/crossheading/psychoactive-substances/enacted
http://www.legislation.gov.uk/ukpga/2016/2/crossheading/psychoactive-substances/enacted
https://www.gov.uk/government/publications/controlled-drugs-list%20132/list-of-most-commonly-encountered-drugs-currently-controlled-under-the-misuse-of-drugs-legislation
https://www.gov.uk/government/publications/controlled-drugs-list%20132/list-of-most-commonly-encountered-drugs-currently-controlled-under-the-misuse-of-drugs-legislation
https://www.gov.uk/government/publications/controlled-drugs-list%20132/list-of-most-commonly-encountered-drugs-currently-controlled-under-the-misuse-of-drugs-legislation
http://www.dovepress.com
http://www.dovepress.com

Dove

Veltri and Grundmann

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

Gottlieb S. Statement from FDA Commissioner Scott Gottlieb, M.D.,
on the agency’s scientific evidence on the presence of opioid com-
pounds in kratom, underscoring its potential for abuse. In: Services
UDoHaH, editor. FDA US HHS; 2018. Available from: https:/www.
fda.gov/news-events/press-announcements/statement-fda-commis
sioner-scott-gottlieb-md-agencys-scientific-evidence-presence-
opioid-compounds. Accessed June 18, 2019.

speciosa.org. Kratom Legality Map. Available from: http://speciosa.
org/home/kratom-legality-map/. Accessed April 4, 2019.

EMCDDA. Kratom (Mitragyna speciosa) drug profile; 2015.
Available from: http://www.emcdda.europa.eu/publications/drug-pro
files/kratom. Accessed April 4, 2019.

Stogner JM. Predictions instead of panics: the framework and utility
of systematic forecasting of novel psychoactive drug trends. 4m J
Drug Alcohol Abuse. 2015;41(6):519-526. doi:10.3109/009529
90.2014.998367

Olsen EO, O’Donnell J, Mattson CL, Schier JG. N. W. Notes from
the field: unintentional drug overdose deaths with Kratom Detected
— 27 States, July 2016—december 2017. Mmwr. 2019;68:326-327.
doi:10.15585/mmwr.mm6814a2

Post S, Spiller HA, Chounthirath T, Smith GA. Kratom exposures
reported to United States poison control centers: 2011-2017. Clin
Toxicol. 2019;1-8. doi:10.1080/15563650.2019.1569236

Cumpston KL, Carter M, Wills BK. Clinical outcomes after Kratom
exposures: a poison center case series. Am J Emerg Med. 2018;36
(1):166-168. doi:10.1016/j.ajem.2017.07.051

Gershman K, Timm K, Frank M, et al. Deaths in Colorado attributed
to Kratom. N Engl J Med. 2019;380(1):97-98. doi:10.1056/
NEJMc1811055

. Aggarwal G, Robertson E, McKinlay J, Walter E. Death from Kratom

toxicity and the possible role of intralipid. J Intensive Care Soc.
2018;19(1):61-63. doi:10.1177/1751143717712652

Antony A, Lee TP. Herb-induced liver injury with cholestasis and
renal injury secondary to short-term use of Kratom (Mitragyna spe-
ciosa). Am J Ther. Epub 2018 June 15.

Substance Abuse and Rehabilitation

Publish your work in this journal

Substance Abuse and Rehabilitation is an international, peer-
reviewed, open access journal publishing original research, case
reports, editorials, reviews and commentaries on all areas of addiction
and substance abuse and options for treatment and rehabilitation. The

43.

44,

45.

46.

47.

48.

49.

50.

51

Hughes RL. Fatal combination of mitragynine and quetiapine — a
case report with discussion of a potential herb-drug interaction.
Forensic Sci Med Pathol. 2019;15(1):110-113.

Kapp FG, Maurer HH, Auwarter V, Winkelmann M, Hermanns-
Clausen M. Intrahepatic cholestasis following abuse of powdered
kratom (Mitragyna speciosa). J Med Toxicol. 2011;7(3):227-231.
doi:10.1007/s13181-011-0155-5

Tayabali K, Bolzon C, Foster P, Patel J, Kalim MO. Kratom: a
dangerous player in the opioid crisis. J Community Hosp Internal
Med  Perspect.  2018;8(3):107-110.  doi:10.1080/20009666.
2018.1468693

Hanapi NA, Ismail S, Mansor SM. Inhibitory effect of mitragynine
on human cytochrome P450 enzyme activities. Pharmacognosy Res.
2013;5(4):241-246. doi:10.4103/0974-8490.118806

Zhu Y, Wang F, Li Q, et al. Amlodipine metabolism in human liver
microsomes and roles of CYP3A4/5 in the dihydropyridine dehydro-
genation. Drug Metab Dispos. 2014;42(2):245-249. doi:10.1124/
dmd.113.055400

Pantano F, Tittarelli R, Mannocchi G, et al. Hepatotoxicity Induced
by “the 3Ks”: Kava, Kratom and Khat. /nt J Mol Sci. 2016;17(4):580.
doi:10.3390/ijms 17040580

Smith KE, Lawson T. Prevalence and motivations for kratom use in a
sample of substance users enrolled in a residential treatment program.
Drug Alcohol Depend. 2017;180:340-348. doi:10.1016/j.drugalcdep.
2017.08.034

Vivek Jayadeva MD, Alana Bunnag MD, Rachel Meyen MD, Iru
Fernando MD. Kratom (Mitragyna speciosa) use in a veteran with
chronic pain. Am J Psychiatry Residents’ J. 2017;12(3):13-15.
doi:10.1176/appi.ajp-1j.2017.120305

. Prozialeck WC, Avery BA, Boyer EW, et al. Kratom policy: the

challenge of balancing therapeutic potential with public safety. Int J
Drug Policy. 2019;70:70-77. doi:10.1016/j.drugpo.2019.05.003

Dove

manuscript management system is completely online and includes a
very quick and fair peer-review system. Visit http://www.dovepress.
com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/substance-abuse-and-rehabilitation-journal

Substance Abuse and Rehabilitation 2019:10

submit your manuscript

31

Dove


https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-agencys-scientific-evidence-presence-opioid-compounds
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-agencys-scientific-evidence-presence-opioid-compounds
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-agencys-scientific-evidence-presence-opioid-compounds
https://www.fda.gov/news-events/press-announcements/statement-fda-commissioner-scott-gottlieb-md-agencys-scientific-evidence-presence-opioid-compounds
http://speciosa.org/home/kratom-legality-map/
http://speciosa.org/home/kratom-legality-map/
http://www.emcdda.europa.eu/publications/drug-profiles/kratom
http://www.emcdda.europa.eu/publications/drug-profiles/kratom
https://doi.org/10.3109/00952990.2014.998367
https://doi.org/10.3109/00952990.2014.998367
https://doi.org/10.15585/mmwr.mm6814a2
https://doi.org/10.1080/15563650.2019.1569236
https://doi.org/10.1016/j.ajem.2017.07.051
https://doi.org/10.1056/NEJMc1811055
https://doi.org/10.1056/NEJMc1811055
https://doi.org/10.1177/1751143717712652
https://doi.org/10.1007/s13181-011-0155-5
https://doi.org/10.1080/20009666.2018.1468693
https://doi.org/10.1080/20009666.2018.1468693
https://doi.org/10.4103/0974-8490.118806
https://doi.org/10.1124/dmd.113.055400
https://doi.org/10.1124/dmd.113.055400
https://doi.org/10.3390/ijms17040580
https://doi.org/10.1016/j.drugalcdep.2017.08.034
https://doi.org/10.1016/j.drugalcdep.2017.08.034
https://doi.org/10.1176/appi.ajp-rj.2017.120305
https://doi.org/10.1016/j.drugpo.2019.05.003
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

