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A B S T R A C T

Kratom (Mitragyna speciosa) is a tree-like plant indigenous to Southeast Asia. Its leaves, and the teas brewed from
them have long been used by people in that region to stave off fatigue and to manage pain and opioid with-
drawal. Evidence suggests kratom is being increasingly used by people in the United States and Europe for the
self-management of opioid withdrawal and treatment of pain. Recent studies have confirmed that kratom and its
chemical constituents have potentially useful pharmacological actions. However, there have also been increasing
numbers of reports of adverse effects resulting from use of kratom products. In August 2016, the US Drug
Enforcement Administration announced plans to classify kratom and its mitragynine constituents as Schedule I
Controlled Substances, a move that triggered a massive response from pro-kratom advocates. The debate re-
garding the risks, and benefits and safety of kratom continues to intensify. Kratom proponents tout kratom as a
safer and less addictive alternative to opioids for the management of pain and opioid addiction. The anti-kratom
faction argues that kratom, itself, is a dangerous and addictive drug that ought to be banned. Given the wide-
spread use of kratom and the extensive media attention it is receiving, it is important for physicians, scientists
and policy makers to be knowledgeable about the subject. The purpose of this commentary is to update readers
about recent developments and controversies in this rapidly evolving area. All of the authors are engaged in
various aspects of kratom research and it is our intention to provide a fair and balanced overview that can form
the basis for informed decisions on kratom policy. Our conclusions from these analyses are: (a) User reports and
results of preclinical studies in animals strongly suggest that kratom and its main constituent alkaloid, mi-
tragynine may have useful activity in alleviating pain and managing symptoms of opioid withdrawal, even
though well-controlled clinical trials have yet to be done. (b) Even though kratom lacks many of the toxicities of
classic opioids, there are legitimate concerns about the safety and lack of quality control of purported “kratom”
products that are being sold in the US. (c) The issues regarding the safety and efficacy of kratom and its mi-
tragynine constituent can only be resolved by additional research. Classification of the Mitragyna alkaloids as
Schedule I controlled substances would substantially impede this important research on kratom.
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Introduction and background

Kratom (also known as ketum in Malaysia) is a tree-like plant
(Mitragyna speciosa, Korth, Havil) native to Thailand, Malaysia,
Indonesia and other regions of Southeast Asia. When the plant’s leaves
are ingested in the form of teas or other extracts/decoctions, kratom
leaves produce complex, dose-dependent stimulant and analgesic ef-
fects. For generations, indigenous people in Southeast Asia have used
kratom to treat common health maladies (e.g. diarrhea, hypertension,
cough, fever, etc.), enhance work performance, combat fatigue, alle-
viate pain, and manage opioid dependence (hereafter referred to as
opioid use disorder (OUD)) (Adkins, Boyer, & McCurdy, 2011; Cinosi
et al., 2015; Jansen & Prast, 1988; Vicknasingam, Narayanan, Beng, &
Mansor, 2010). This suggests that traditional use of kratom has ther-
apeutic potential, or at least that it is used by people seeking improved
health and well-being. In considering the uses of kratom, in this com-
mentary we distinguish traditional use from “therapeutic use”, which in
the United States (US) and many countries is defined by whether a
substance or product has been officially approved by a regulatory au-
thority such as the US Food and Drug Administration (FDA), typically
with reliance upon randomized controlled clinical trials for new drugs.
We recognize that kratom has not yet met standards for therapeutic use
claims and has not been approved in the US for “therapeutic use”, de-
spite the widespread and growing use of kratom as a self-treatment for a
number of disorders, including pain, OUD, and depression or anxiety
(Grundmann, 2017). Rather, it is currently marketed and regulated in
the US as a food and/or dietary ingredient that is not subject to the
same strict regulations that are used for approval of new drugs. Since
kratom has not been approved for therapeutic use in the U.S, it cannot
legally be advertised as a remedy for any medical condition.

Despite its long history of traditional use in Southeast Asia, kratom
has only recently received significant attention as a plant-based remedy
in the West. The emergence of kratom as a product of interest in the
West, and particularly in the US, is evident from the results of several
recent surveys, analyses of online user reports, and reviews of the sci-
entific literature (Prozialeck, 2016, Adkins et al., 2011; Grundmann,
2017; Kruegel & Grundmann, 2018; Pain News Network, 2018;
Prozialeck, Jivan, & Andurkar, 2012; Smith & Lawson, 2017; Swogger &
Walsh, 2018; Swogger et al., 2015). Results of those analyses yield clear
evidence that a large number of individuals in North America and
Europe are using kratom products for the self-management of a number
of medical conditions, including pain, OUD, anxiety, and depression
(Grundmann, 2017). In the US, for example, current estimates from the
American Kratom Association suggest that more than 1 million in-
dividuals in the USA may be using kratom (American Kratom
Association, 2018a), although incidence of use has not been rigorously
studied. At the same time, some unscrupulous marketers are promoting
kratom as an opioid-like “legal high” (Babu, McCurdy, & Boyer, 2008;
Griffin, Daniels, & Gardner, 2016; Rech, Donahey, Cappiello Dziedzic,
Oh, & Greenhalgh, 2015; Schmidt, Sharma, Schifano, & Feinmann,
2011). The unregulated sale of kratom via the internet and deceitful
marketing practices may have prompted some individuals to use
kratom as a recreational drug. This poorly regulated market, wide
distribution, and reported risks of toxicity associated with kratom use,
are all likely to have encouraged regulatory agencies to suggest the
removal of this product from the market.

In the West, a wide variety of kratom products—including raw
leaves, capsules, tablets, and concentrated extracts—are available ei-
ther from Internet-based suppliers or specialty stores commonly known
as “head shops”, “vaping shops” or “smoke shops”. (Adkins et al., 2011;
Boodman, 2016; Kroll, 2016; Prozialeck et al., 2012), unlike in tradi-
tional settings where kratom is usually sold as freshly-brewed teas and
decoctions (Singh, Narayanan, & Vicknasingam, 2016). The growth of
kratom use in the West parallels increasing concerns about the safety
and abuse potential of kratom. The emerging controversies regarding
kratom were highlighted in August of 2016, when the US Drug

Enforcement Administration (DEA) announced plans to place the main
active constituent of kratom, mitragynine, and a structurally related
compound, 7-hydroxymitragynine, in Schedule I of the Controlled
Substances Act (CSA), using its emergency scheduling authority (DEA,
2016b). This action would have restricted the use of kratom in the US
and made it extremely difficult for researchers to investigate the med-
icinal potential of kratom (Prozialeck, 2016). The DEA’s proposed ac-
tion sparked an unprecedented public debate and protest, with thou-
sands of kratom users filing comments in the Federal Register
supporting the usefulness of kratom for the self-treatment of chronic
pain or OUD without major abuse potential (DEA, 2016a). In response
to the intense public outcry, the DEA withdrew its notice of intent to
schedule kratom and has placed the final decision on indefinite hold
pending an 8-factor analysis by the US FDA (DEA, 2016b, 2016c; Kroll,
2016; Prozialeck, 2016). As of this writing, kratom remains legal
throughout most of the US, although a few states, including Alabama,
Arkansas, Indiana, Vermont, and Wisconsin, have banned it. On Oc-
tober 17, 2017, the US Department of Health and Human Services as-
serted in a new letter to the DEA that mitragynine and 7-hydoxymi-
tragynine should be classified as Schedule I controlled substance, a
move that would severely restrict kratom use in the United States
(Swetlitz, 2018). The details and timeframe for such a policy have yet to
be worked out.

With regard to international regulatory agencies, neither kratom,
nor any of its alkaloids, are currently listed in the 1961 and 1971
Schedules of the United Nations Drug Conventions, although kratom
has been criminalized in Thailand, Malaysia, Myanmar, and Australia,
as well as several European nations. Notably, officials in Thailand have
thrice considered ending their kratom ban since 2000, citing no known
cases of overdose, death, or violence following at least 100 years of
traditional use. Kratom-based drugs are currently classified as New
Psychoactive Substances (NPS) by the United Nations Office on Drugs
and Crime (UNODC), but do not appear on the agency’s list of emerging
drug threats (UNDOC, 2019). The European Union has taken a position
that there is no approved use of kratom or its alkaloids in modern
medicine (EMCDDA, 2015).

The legal uncertainty surrounding kratom appears to arise from two
opposing narratives. The first is that kratom has potential therapeutic
value as a substitute for classical opioids (e.g. morphine, oxycodone,
heroin, etc.), providing safer pain management and a novel way for
people who have OUD to wean themselves from the more dangerous
opioids (Grundmann, Brown, Henningfield, Swogger, & Walsh, 2018;
Henningfield, Fant, & Wang, 2018; Ward, Rosenbaum, Hernon,
McCurdy, & Boyer, 2011). The second narrative is that kratom is a
dangerous and addictive opioid, and therefore, should be classified in
Schedule I of the US CSA (Gauvin & Zimmermann, 2018; HHS, 2018).

Given the widespread use of kratom and the extensive media at-
tention it is receiving, physicians, scientists, and policy makers must be
knowledgeable about the science of kratom. The purpose of this com-
mentary is to provide an update about recent developments and con-
troversies in this rapidly evolving area from the perspective of scientists
who are actively engaged in various aspects of kratom research. In this
commentary, we will address several key issues related to the opioid-
like effects of kratom, uncertainties about its toxicities and addictive
potential, as well as questions about its efficacy in the treatment of pain
and OUD.

Should mitragynine and/or other kratom constituents be classified
as opioids?

In describing their rationale for scheduling kratom (DEA, 2016b),
the DEA emphasized that the mitragynine-type indole alkaloids can
interact with opioid receptors and produce some opioid-like effects
(Adkins et al., 2011; Kruegel & Grundmann, 2018; Matsumoto et al.,
2006; Thongpradichote et al., 1998). In 2018, the FDA went further by
publishing the results of its own molecular modeling study suggesting
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that there were more than 20 substances in kratom that could theore-
tically interact with opioid receptors (FDA, 2018c). A major short-
coming of these molecular modeling studies is that the molecules were
never tested to determine if they did, in fact, have opioid agonist ac-
tivity in living cells or organisms (Grundmann et al., 2018). In con-
sidering the active compounds in kratom, it is important to note that the
most well-documented pharmacological effects of kratom, namely an-
algesic activity and attenuation of opioid withdrawal symptoms, can be
explained largely by the actions of mitragynine, the primary alkaloid
and also the most studied (Kruegel & Grundmann, 2018; Takayama
et al., 2002). Other alkaloids are either devoid of known pharmacolo-
gical activity and/or, like 7-hydroxymitragynine, are present at such
low levels as to not be considered factors in kratom effects or toxicity
(Adkins et al., 2011; Kruegel & Grundmann, 2018; Takayama et al.,
2002; Takayama, 2004). It is also important to note that mitragynine
has other pharmacological actions that remain understudied. For ex-
ample, in preclinical studies, mitragynine has been found to modulate
central serotonergic and adrenergic transmission (Matsumoto et al.,
1996) and inhibit prostaglandin production (Utar, Majid, Adenan,
Jamil, & Lan, 2011). Furthermore, mitragynine has been shown to in-
teract directly with other CNS drug targets, rendering it distinct from
classical opioids (Boyer, Babu, Adkins, McCurdy, & Halpern, 2008;
Kruegel & Grundmann, 2018). It is also important to note that the
functional activity of mitragynine at these targets may vary from ago-
nist to antagonist, but this is yet to be determined.

Most of the scientific evidence on kratom’s opioid-like activity is
derived from findings in cell and animal studies, where mitragynine has
been found to bind to and activate opioid receptors, and induce opioid
receptor-dependent analgesic effects (Adkins et al., 2011; Boyer et al.,
2008; Kruegel & Grundmann, 2018; Prozialeck et al., 2012; Stolt et al.,
2014; Yusoff et al., 2016). While no well-controlled trials of kratom in
humans have been conducted, anecdotal reports and larger, carefully
conducted surveys have shown that people have used kratom to suc-
cessfully treat pain and OUD effects (Grundmann, 2017; Swogger &
Walsh, 2018), consistent with actions at opioid receptors. In addition,
anecdotal reports and commentaries indicate that some effects of
kratom in humans, such as mild euphoria, may resemble those of opioid
agonist drugs (Singh, Muller, Vicknasingam, & Mansor, 2015, 2016;
Vicknasingam et al., 2010), but there is also strong evidence indicating
that kratom’s effects are distinct from those of classical opioids
(Henningfield et al., 2018; Singh, Muller, & Vicknasingam, 2014, 2015,
2016; Vicknasingam et al., 2010). For example, at low to moderate
doses, kratom has mild stimulant properties, unlike the sedating effects
often exhibited by opioids. In addition, kratom does not seem to pro-
duce an intense high or euphoria at typical doses (Cinosi et al., 2015;
Erowid, 2016; Prozialeck et al., 2012; speciosa.org, 2016; Wisdom,
2016). The most significant difference from opioids is that, even at very
high doses, kratom is much less likely to depress respiration (to a fatal
degree) than classical opioids (Singh, Narayanan et al., 2018, 2016;
Varadi et al., 2016). Further, at the molecular level, mitragynine has a
chemical structure that is quite different from classical opioids such as
morphine, which are mostly derived from the alkaloids of the opium
poppy (Adkins et al., 2011; Kruegel & Grundmann, 2018; Prozialeck
et al., 2012; Takayama, 2004). Recent studies indicate that even though
mitragynine acts on opioid receptors, its over-all molecular actions are
quite different from those of classical opioids (Henningfield et al., 2018;
Prozialeck et al., 2012). In two recent studies, Varadi et al. (2016) and
Kruegel et al. (2016) demonstrated that mitragynine and several related
compounds act as G protein-biased agonists at the mu-opioid receptor
(MOR). In other words, although they activated G protein-mediated
signaling pathways, much like classical opioids, they did not activate
the β-arrestin-2 signaling pathway, which has been implicated as a
mediator of some opioid-induced side effects, including respiratory
depression (Raehal & Bohn, 2014; Schmid et al., 2017). Accordingly,
the avoidance of β-arrestin-2 activation may in part explain the ap-
parent respiratory safety of kratom, despite other opioid-like effects.

These studies also showed mitragynine to be a partial agonist at MOR,
as compared to most classical opioids, which are full agonists. Partial
activity is also expected to attenuate the severity of side effects. For
example, buprenorphine, a partial agonist at MOR, exhibits a dose
ceiling for respiratory depression (Dahan et al., 2005).

Importantly, the improved side effect profile of mitragynine and
related compounds has also been supported by preliminary animal
studies. An early study with mitragynine demonstrated attenuated re-
spiratory depression and constipation for this compound compared to
the classical opioid morphine in several animal species (Macko,
Weisbach, & Douglas, 1972). Further, the Varadi study (Varadi et al.,
2016) demonstrated in mice that a mitragynine-derived compound,
mitragynine pseudoindoxyl, induced marked analgesic effects, but with
attenuated respiratory depression, slower development of tolerance,
and lower rewarding effects than morphine. Accordingly, both the
natural compounds in kratom (e.g. mitragynine) and synthetic deriva-
tives thereof may represent a new class of opioid-acting drugs with an
improved window between therapeutic effects and negative side effects.

As a result of its ability to interact with opioid receptors, mi-
tragynine is often referred to as an “opioid”. On the other hand, a large
volume of evidence indicates that mitragynine produces physiological,
biochemical and behavioral effects that differ from those of classical
opioids. Even though some effects of mitragynine may involve partial
activation of MOR, mitragynine is able to interact with many other
receptors that classical opioids do not bind (Boyer et al., 2008). In light
of this evidence, mitragynine and its analogs can best be described as
“atypical opioids” (Raffa, Pergolizzi, Taylor, Ossipov, & Group, 2018),
and may actually represent a unique class of drugs.

Is kratom effective for the management of pain and/or OUD?

OUD continues to be a growing problem in the US, and the federal
government has begun to address the challenge (Frieden & Houry,
2016; Harris, 2016; Nelson, Juurlink, & Perrone, 2015; NIDA, 2018b).
Among actions taken by the federal government, the most significant
has been the development of new guidelines by the Centers for Disease
Control and Prevention (CDC) for the prescribing of opioids, for non-
cancer pain (Dowell, Haegerich, & Chou, 2016). In this environment,
physicians are discouraged from prescribing opioids, especially for
long-term usage, a strategy that has compelled patients with chronic
pain conditions to seek alternatives to prescription opioid analgesics
(Anson, 2016; Pain News Network, 2018; Smith & Lawson, 2017;
Swogger et al., 2015). In addition, many patients receiving opioids for
chronic pain seek alternatives that have fewer side effects and lower
addiction potential than opioids (Anson, 2016; Pain News Network,
2018; Smith & Lawson, 2017; Swogger et al., 2015).

Many individuals in the West have turned to kratom in the belief
that it may provide an effective and safe alternative to prescription or
illicit opioids, a view voiced by peers on psychoactive substance web-
sites such as Erowid.org (Erowid, 2016), SageWisdom.org (Wisdom,
2016), speciosa.org (2016) and Reddit.com/r/kratom (Reddit, 2018).
However, kratom has not been evaluated in the types of multi-center,
controlled clinical trials that are required by regulatory authorities,
such as the US FDA, to conclude that a drug is safe and effective for the
treatment of OUD or other indications. Nonetheless, kratom has a long
history of such use that is widely accepted in the general population in
Southeast Asia, where it is commonly used as an affordable substitute
for street heroin or other opioids (Vicknasingam et al., 2010). For ex-
ample, a study conducted in northern Malaysia used convenience
sampling to identify and survey 136 kratom users (99% male) in areas
where heavy kratom use was reported (Vicknasingam et al., 2010).
Results indicated that 90% of the subjects were using kratom as a
substitute for illicit opioids and 84% reported that kratom helped to
reduce their dependence on opioids and severity of withdrawal symp-
toms. Another Malaysian survey (Singh et al., 2015) used snowball
sampling to enroll 293 adult males, most of whom were manual
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laborers who had used kratom for at least six months. Fifty percent
indicated that they had used kratom to eliminate addictions to illicit
substances, including opioids and cannabis, and/or to relieve with-
drawal symptoms. Such use has increasingly been reported in the US
through internet surveys of kratom users (Grundmann, 2017;
Grundmann et al., 2018; Smith & Lawson, 2017), and in more than
23,000 comments to the DEA and FDA (DEA, 2016a; Henningfield
et al., 2018). Thus, even though we do not make the claim that kratom
should be viewed as a medically proven effective and safe therapy for
OUD, we believe it is warranted to take seriously the extensive user
reports and analytical surveillance indicating that many people are self-
managing their OUD using kratom. Such information may be con-
sidered a form of Real-World Evidence that is taken seriously by users
and many scientists and should not be ignored by the FDA which has
stated that “Real world data (RWD) and real world evidence (RWE) are
playing an increasing role in health care decisions” and is used to make
“regulatory” decisions.

The situation is analogous with respect to the management of pain,
where kratom has not been approved as an analgesic medicine, but
relief of pain is among the more commonly reported uses (Grundmann,
2017; Henningfield et al., 2018; Pain News Network, 2018; Swogger
et al., 2015). Caution is warranted in comparing results from these
studies, as doing so requires accounting for potential cultural, demo-
graphic, and product-related moderators of effects and bias introduced
due to research methodology. Nonetheless, the results of observational
studies of kratom users in the US converge with case reports and de-
scriptions of traditional kratom use in Southeast Asia to suggest that
kratom does have utility as a substitute for potentially more dangerous
classical opioids in treating pain and OUD and should be studied in
well-controlled clinical trials for such indications (Henningfield et al.,
2018). It is also worth noting that the extensive anecdotal reports of
analgesic activity in humans are consistent with the partial agonist
activity of mitragynine at MOR and findings in animal models of pain,
where mitragynine and kratom extracts exhibit analgesic activity.

With respect to the use of kratom for self-management of OUD, the
statements by the US National Institute on Drug Abuse (NIDA) and the
FDA are quite distinct. The FDA’s position is that kratom use can cause
deleterious health risks and that kratom users should turn to approved
treatments (FDA, 2018c), despite the reality that many such users have
commented to the DEA and FDA that such treatments were not avail-
able or acceptable, whereas kratom was accessible and helpful. In
contrast, without discouraging or encouraging kratom use, NIDA simply
states the facts on its website that kratom (1) is used by people to self-
manage withdrawal and OUD and (2) that kratom has not been de-
monstrated to be safe and effective for pain treatment, in contrast to
available opioid medications (NIDA, 2018b).

The many positive user comments on Erowid.org (Erowid, 2016),
SageWisdom.org (Wisdom, 2016), Reddit.com/r/kratom (Reddit, 2018)
and Speciosa.org (speciosa.org, 2016) comprise an extensive collection
of anecdotal data documenting kratom use. Scientific analyses of such
user reports clearly indicate that the therapeutic potential of kratom is
too large to be ignored (Swogger et al., 2015). The 23,000+ comments
submitted to the federal register in response to the DEA’s proposed
scheduling action also provide a vast collection of anecdotal data sug-
gesting profound therapeutic benefits for kratom (DEA, 2016a). An-
other piece of evidence suggesting that kratom may have significant
therapeutic potential is that US patents have been issued for companies
and individuals who are interested in developing kratom-based drugs
(Heyworth, 1964; Takayama, Kitajima, Matsumoto, & Horie, 2008).
Together, these observations provide evidence that kratom may have
potentially useful therapeutic effects, and that well-controlled clinical
trials are urgently needed to evaluate the safety and efficacy of kratom
and its principal alkaloid mitragynine.

Many kratom advocates have claimed that kratom is a safe and ef-
fective alternative to opioids for the treatment of OUD (Erowid, 2016;
Singh et al., 2016; Toce, Chai, Burns, & Boyer, 2018). In this context,

kratom is analogous to agents such as methadone and buprenorphine,
which are widely used as replacement therapies in the treatment of
OUD despite the fact that the treatment agents themselves may have
significant potential for abuse (Eibl, Morin-Taus, & Marsh, 2016; HHS,
2016; Toce et al., 2018). Kratom (or compounds derived therefrom)
may, in fact, have even greater therapeutic potential, especially in light
of evidence suggesting that it lacks the severe overdose risk of classical
opioid drugs, including methadone (Singh et al., 2014, 2015; Singh
et al., 2016; Toce et al., 2018). In fact, more than 3,000 methadone-
related fatalities were reported in the US in 2017 (NIDA, 2018a), sug-
gesting that existing FDA-approved therapies for OUD have significant
safety shortcomings that might be addressed in part by alternative
kratom-based therapies.

How serious are the abuse and addiction potentials of kratom?

Regular use of kratom, particularly at higher doses, can lead to
tolerance and dependence (Galbis-Reig, 2016; Singh et al., 2014;
Swogger & Walsh, 2018; Yusoff et al., 2016). However, available
human reports suggest that abstinence from kratom is typically asso-
ciated with milder symptomatology than abstinence from classical
opioids (Erowid, 2016; Singh, Narayanan et al., 2018, 2014; Singh
et al., 2016). At the same time, although these reports indicate that the
effects of kratom can, in some ways, resemble those of opioids, many
individuals report that the subjective effects of kratom are quite dif-
ferent from those of opioids. As noted previously, low to moderate
doses of kratom tend to be somewhat stimulating, rather than sedating,
and do not produce the “high” or strong euphoric effects associated
with opioids, although some users have reported intoxication and eu-
phoria after using higher doses (Erowid, 2016; Singh et al., 2016;
speciosa.org, 2016; Swogger et al., 2015; Wisdom, 2016). This distinct
spectrum of effects, including attenuated euphoria and abuse potential,
is supported by two recent preclinical studies, which found that mi-
tragynine is not self-administered by rats (Hemby, McIntosh, Leon,
Cutler, & McCurdy, 2018; Yue, Kopajtic, & Katz, 2018). Further, even at
high doses, kratom does not appear to severely depress respiration as do
classical opioids (Singh et al., 2014, 2016). Thus, even though kratom
has some potential for abuse and dependence, several investigators
have concluded that kratom has both less abuse liability and much
lower risk of fatal overdose than traditional opioids and that the po-
tential benefits of kratom in the treatment of OUD may outweigh these
risks (Henningfield et al., 2018; Singh et al., 2014, 2015; Singh et al.,
2016; Swogger et al., 2015). This does not mean that kratom is not
sometimes used by people to get high and/or intoxicated because such
use has been documented (Swogger et al., 2015). Such findings were
also considered by Henningfield et al. (2018), who concluded that the
overall assessment of kratom did not warrant it being listed as a con-
trolled substance. They noted that many substances, including over-the-
counter drugs (for cough and cold symptoms) and dietary ingredients,
are also sometimes misused and abused for the purposes of causing
intoxication and to get high, yet overall, seem appropriately left un-
scheduled.

Are kratom products safe?

In recent years, kratom use has been associated with increasing
reports of adverse health effects, including death in rare cases (Anwar,
Law, & Schier, 2016; Forrester, 2013; Ulbricht et al., 2013; Warner,
Kaufman, & Grundmann, 2016). These increases in adverse events were
cited as a major rationale for the DEA’s proposal to ban kratom (DEA,
2016b). However, there is no concrete evidence to prove that kratom
was the main culprit in all 44 total fatalities reported worldwide by the
FDA as of 2018 (FDA, 2018c). At low to moderate doses of 5 g of raw
leaves or less, the adverse effects vary markedly from one individual to
another, but generally appear to be mild (Anwar et al., 2016; Prozialeck
et al., 2012; Singh et al., 2014, 2016). The most common adverse effects
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are anxiety, irritability, nausea and vomiting (Anwar et al., 2016;
Prozialeck et al., 2012; Singh et al., 2014; Swogger et al., 2015). More
troubling have been occasional reports of more serious toxicities, often
associated with high dose usage or usage of concentrated extracts in the
West. Some of the reported adverse effects include tachycardia, liver
damage, and seizures (Dorman, Wong, & Khan, 2015; Kapp, Maurer,
Auwarter, Winkelmann, & Hermanns-Clausen, 2011; Lu et al., 2014;
Nelsen, Lapoint, Hodgman, & Aldous, 2010; Pantano et al., 2016). In
addition, several deaths have been attributed to the use of “kratom”
products (Anwar et al., 2016; DEA, 2016b; FDA, 2018c; Gershman
et al., 2019; Karinen, Fosen, Rogde, & Vindenes, 2014; McIntyre,
Trochta, Stolberg, & Campman, 2015; Neerman, Frost, & Deking, 2013;
Warner et al., 2016; Wing, 2018), although in many such cases caus-
ality was not clearly linked given that little is known about lethal dose
levels of kratom in humans (Gershman et al., 2019; Wing, 2018). Fur-
ther, in some cases, severe adverse events may stem from the use of
adulterated “kratom” products contaminated with other substances
(including potent synthetic opioids) or where the content of the prin-
cipal alkaloids mitragynine and 7-hydroxymitragynine is enriched
compared to natural leaf material (Kronstrand, Roman, Thelander, &
Eriksson, 2011; Lydecker et al., 2016). In contrast, when used in its
traditional context, pure kratom leaf is unlikely to produce serious
adverse effects in the vast majority of users (Trakulsrichai et al., 2013).
In fact, there have been no reported deaths attributed to kratom in
Southeast Asia when used in the traditional setting as unadulterated,
pure kratom leaf.

While the foregoing summary indicates why the FDA’s and DEA’s
concerns about the safety of kratom are reasonable, several factors re-
quire consideration in evaluating whether the FDA’s and DEA’s proposed
bans are justified. First are the relative statistics. In announcing their
decision to ban kratom, the DEA emphasized that between January 2010
and December 2015 there had been 600 calls to poison control centers
regarding adverse reactions to kratom products (DEA, 2016b). More
recently, the FDA has reported 44 total deaths associated with use of
kratom products worldwide (FDA, 2018c). While these might seem on
their face to be alarming numbers, they are actually rather small com-
pared to the 49,000+ opioid overdose deaths in 2017 alone (NIDA,
2018a). In addition, the extent to which kratom played a role in the
available lethal case reports is uncertain. In the majority of these case
reports associating kratom with lethal outcomes, patients have had
confounding health conditions, have been using other drugs along with
kratom, or both (Galbis-Reig, 2016; Gershman et al., 2019; Prozialeck
et al., 2012; Singh et al., 2015, 2016; Wing, 2018). Moreover, in the
absence of evidence for a defined mechanism by which kratom would
lead to death (e.g. respiratory depression), these anecdotal reports in-
volve considerable speculation and do little to establish a scientific
backing for the proposition that kratom is potentially deadly.

One of the major problems in evaluating the potential uses and
safety of an herbal agent such as kratom is the lack of understanding of
how mitragynine and other substances in kratom may interact with
each other, prescription medications, drugs of abuse, or even herbal
supplements (Prozialeck et al., 2012; Ulbricht et al., 2013). Recent
findings show that kratom and its alkaloids are direct inhibitors and/or
transcriptional inducers of a number of cytochrome P450 enzymes and
P-glycoprotein, suggesting a significant potential for kratom to cause
complex herb-drug interactions that require further study (Hanapi,
Ismail, & Mansor, 2013; Kong et al., 2011; Lim et al., 2013; Manda
et al., 2014, 2017). These issues are compounded by a lack of regula-
tions and standardization related to the production and sale of “kratom”
products. Further, an increasing body of evidence supports the hy-
pothesis that many unscrupulous purveyors of “kratom” are adulter-
ating their products with potentially toxic drugs (Chittrakarn,
Penjamras, & Keawpradub, 2012; Griffin et al., 2016; Lydecker et al.,
2016; Scott, Yeakel, & Logan, 2014). Probably the most notorious ex-
ample of such adulteration involved a product known as “Krypton”,
which was touted as a very potent form of kratom. It was sold mainly in

Europe and was found to be a factor in at least 9 deaths (Kronstrand
et al., 2011; Nelsen et al., 2010). Detailed forensic analyses, however,
revealed that Krypton was adulterated with large amounts of the syn-
thetic opioid O-desmethyltramadol, which has potent opioid and neu-
romodulator activity (Kronstrand et al., 2011). Even though mi-
tragynine was also detected in the products, it was not determined how
the two substances may have interacted to cause death. In another
study, several purported kratom products were found to contain 7-hy-
droxymitragynine (a more potent opioid alkaloid) at concentrations
significantly higher than those found in plain leaf products (Lydecker
et al., 2016). The source of the high levels of 7-hydroxymitragynine
reported in that study remains unclear. More recently, the FDA has
raised concerns about the contamination of kratom products with Sal-
monella (FDA, 2018a) and toxic metals (FDA, 2018b). These reports of
contamination of some kratom products highlight the need for quality
control policies in the production and sale of kratom.

Without standardization, use of good manufacturing practices, and
strict quality control measures by manufacturers and distributers, in-
dividuals who ingest “kratom” products cannot be sure what they are
taking. This problem suggests that systematic and cautious regulation of
kratom products is likely to improve their safety. Such regulation and
standardization is certainly needed, but it is unclear how such quality
control programs can be developed and administered. One possible
approach might be to use typical concentrations of mitragynine and 7-
hydroxymitragynine found in kratom leaf as ceilings for alkaloid con-
tent of all products. It would also be essential that the products be
tested to show that they have not been fortified or contaminated with
other substances, particularly opioid derivatives. The American Kratom
Association has recently announced plans to address many of these is-
sues by adopting a set of “Good Manufacturing” standards for the
kratom industry (American Kratom Association, 2018b).

Despite the quality control issues with kratom products in the West,
a large number of scientists have stated that in its traditionally used
form (kratom leaf decoction or powdered leaf form), kratom appears to
be relatively benign, especially in comparison to classical opioids such
as hydrocodone, oxycodone, or heroin (Singh et al., 2015, 2016;
Trakulsrichai et al., 2013). In writing these comments, we wish to
emphasize that we, too, have concerns about the safety of so-called
“kratom” products. Moreover, since kratom contains pharmacologically
active compounds (which it clearly does), it certainly has potential
toxicities. Nevertheless, the scientific literature supports the conclusion
that, in pure herbal form and in moderate doses of less than 5 g, pure
leaf kratom appears far less dangerous than classical opioids. Recent
kratom studies from Southeast Asia show that long-term kratom use
does not appear to alter hematological and biochemical parameters
(Singh, Muller et al., 2018) or interfere with users’ abilities to function
in society (Singh et al., 2015). So far, no serious health incidents as-
sociated with kratom use have been reported among regular users in
traditional settings.

Summary and perspective

Kratom is widely used in the West and Southeast Asia as a relatively
safe herbal supplement (traditional medicine) for the self-treatment of
medical disorders, including pain and OUD. Extensive reports from
kratom users, considered alongside limited basic science and clinical
research studies, suggest that kratom and its constituent compounds
(especially mitragynine) may in fact have beneficial pharmacological
and therapeutic properties. Unfortunately, no well-controlled clinical
trials have been performed to date to determine the true risks and
benefits of kratom use in humans. The high monetary costs of such
clinical trials greatly complicate this issue, given that sufficient in-
tellectual property protection to justify the large capital investments
necessary for formal drug approval is often challenging to obtain for
natural products like kratom. In response to the growing concerns about
safety and abuse/addiction potential, it appears that the DEA is
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planning to classify kratom, mitragynine, and 7-hydroxymitragynine as
Schedule I controlled substances, despite the preponderance of pre-
clinical and anecdotal human evidence indicating that kratom is less
harmful than prescription opioid analgesics or illicit opioids.

We believe that actions by the FDA and DEA to classify mitragynine
as a Schedule I controlled substance could have several unintended
consequences. First, such a classification would likely foster a sig-
nificant “black market” for kratom products. Many thousands of in-
dividuals in the US have been using kratom as a means of avoiding use
of more dangerous classical opioids and are terrified of losing what they
view as a life-line to sobriety (Anson, 2016; DEA, 2016c; FDA, 2018c;
Henningfield et al., 2018). It is reasonable to conclude that under
Schedule I restrictions, a subset of kratom users would turn to or return
to prescription or illicit opioids, resulting in an increase in unintended
negative public health consequences, including higher incidence of
OUD, incarceration, and overdose death. A second potential problem is
that a move of kratom or its constituents to Schedule I will make it
much more difficult for researchers to conduct necessary research ex-
ploring kratom’s medicinal potential (Chen, 2016). In this regard, the
legal milieu surrounding kratom is comparable to what has happened
with “medical marijuana” and psychedelic-assisted therapies, where
federal policies, including classification as a Schedule I substance, have
impeded hypothesis-driven research investigations (Belouin &
Henningfield, 2018; Stith & Vigil, 2016). Many institutions and gov-
ernment agencies are reluctant to fund research on Schedule I sub-
stances because such work involves infrastructure and resources that
many institutions lack (Belouin & Henningfield, 2018).

Even in the absence of cumbersome controlled substance regulation,
many practical issues complicate research on herbal products such as
kratom. For example, what type of kratom products (extracts or leaf
materials) should be evaluated? How would products be “standardized”
for activity? Since kratom contains a mixture of active compounds, this
would be an extremely complex problem to resolve. One solution might
involve focusing on specific chemical constituents, such as mitragynine.
However, in studying single molecular entities, researchers might miss
important contributions of other active constituents in kratom. This
would require additional studies on the interactions of mixtures of
compounds from kratom. Another major challenge is presented by the
correlation of human consumption practices with laboratory animal
models. Clearly, more scientific research is needed to address these
issues, which would be much more challenging under Schedule I reg-
ulatory policies.

Kratom/ketum has been traditionally used in Southeast Asia for at
least the last century for its medicinal properties. This traditional use of
unadulterated, natural kratom leaf has not resulted in large-scale abuse
and toxicity. Further, significant evidence of the benefits of kratom
gleaned from this traditional use certainly warrants further study. We
conclude that well-designed, controlled human clinical trials are
needed to more thoroughly investigate the therapeutic and addictive
potential of kratom; to establish safety and toxicology limits; and also,
to evaluate pharmacological responses among various populations who
might consume kratom. The effects of kratom in the general population
are poorly described, while data on special populations, such as chil-
dren, elderly, pregnant females and the developing fetus, and patients
with confounding health conditions, are essentially non-existent.
Finally, almost nothing is known about how kratom might interact with
other drugs or herbal agents that subjects may be using. Unfortunately,
future control as a Schedule I substance would erect substantial barriers
to this necessary research. Furthermore, the source of funding for such
work is unclear, given the limited commercial opportunity provided by
unpatentable natural products. One possible approach to begin funding
research might be for kratom trade organizations and/or vendors to
provide research grants to members of the scientific community. Also,
kratom provides avenues for entrepreneurial-driven research, much like
what is now happening in the burgeoning marijuana industry. Despite
these significant challenges, clinical trials into the safety and efficacy of

kratom and mitragynine can and should be done. It is our sincere hope,
as kratom researchers, that this commentary will facilitate an informed
discussion about kratom and foster the necessary research to resolve the
scientific and regulatory issues presented here.

Authors’ roles in writing manuscript

Drs. Walter Prozialeck and Darshan Singh conceived the manuscript
and wrote the first draft. All of the authors provided significant input
into the writing and editing of the manuscript. All authors have ap-
proved the final version of the manuscript.

Authors’ conflict of interest statement

Drs. Prozialeck, Avery, McCurdy, McMahon, Grundmann and Singh
have no potential conflicts of interest to disclose.

Dr. Edward Boyer is a Fulbright Scholar studying the effects of
kratom.

Dr. Andrew Kruegel has served as a non-compensated consultant to
the American Kratom Association and is a co-inventor on several
kratom-related patent applications filed by Columbia University.

Dr. Jack E. Henningfield provides consulting support through
Pinney Associates, on the development of abuse potential assessments
and regulation of new medicines and formulations for the treatment of
pain, addiction, epilepsy, and other central nervous system disorders.
He has also served as a consultant for the American Kratom Association
(see more at www.pinneyassociates.com).

Acknowledgement

While this manuscript was under review, one of our co-authors, Dr.
Bonnie Avery, passed away after a courageous battle with cancer. Dr.
Avery was a leader in kratom research, an outstanding colleague and a
wonderful person. We hereby dedicate the paper to Dr. Avery. She will
be missed, but not forgotten.

References

Adkins, J. E., Boyer, E. W., & McCurdy, C. R. (2011). Mitragyna speciosa, a psychoactive
tree from Southeast Asia with opioid activity. Current Topics in Medicinal Chemistry,
11(9), 1165–1175 doi:BSP/CTMC/E-Pub/-00019-11-3 [pii].

American Kratom Association (2018a). Retrieved from http://www.americankratom.org.
American Kratom Association (2018b). American Kratom Association announces good

manufacturing practice (GMP) standars for vendors. Retrieved fromhttps://www.
prnewswire.com/news-releases/american-kratom-association-announces-good-
manufacturing-practice-gmp-standards-for-vendors-300753751.html.

Anson, P. (2016). Kratom users say Ban will lead to more drug abuse. 2016, Retrieved
fromPain Network Newshttp://www.painnewsnetwork.org/stories/2016/9/18/
kratom-users-say-ban-will-lead-to-more-drug-abuse.

Anwar, M., Law, R., & Schier, J. (2016). Notes from the Field: Kratom (Mitragyna spe-
ciosa) exposures reported to poison centers - United States, 2010-2015. MMWR
Morbidity and Mortality Weekly Report, 65(29), 748–749. https://doi.org/10.15585/
mmwr.mm6529a4.

Babu, K. M., McCurdy, C. R., & Boyer, E. W. (2008). Opioid receptors and legal highs:
Salvia divinorum and Kratom. Clinical Toxicology (Philadelphia, Pa.), 46(2), 146–152
doi:789497982 [pii];10.1080/15563650701241795.

Belouin, S. J., & Henningfield, J. E. (2018). Psychedelics: Where we are now, why we got
here, what we must do. Neuropharmacology. https://doi.org/10.1016/j.neuropharm.
2018.02.018.

Boodman, E. (2016). Lawmakers urge DEA to reconsider’ hasty’ ban of opioid-like kratom.
2016, Retrieved fromSTAThttps://www.statnews.com/2016/09/23/kratom-ban-
dea-congress/.

Boyer, E. W., Babu, K. M., Adkins, J. E., McCurdy, C. R., & Halpern, J. H. (2008). Self-
treatment of opioid withdrawal using kratom (Mitragynia speciosa korth). Addiction,
103(6), 1048–1050 doi:ADD2209 [pii];10.1111/j.1360-0443.2008.02209.x.

Chen, A. (2016). Kratom drug ban may cripple promising painkiller research. Scientific
American. 9/27/2016, Retrieved from https://www.scientificamerican.com/article/
kratom-drug-ban-may-cripple-promising-painkiller-research/.

Chittrakarn, S., Penjamras, P., & Keawpradub, N. (2012). Quantitative analysis of mi-
tragynine, codeine, caffeine, chlorpheniramine and phenylephrine in a kratom
(Mitragyna speciosa Korth.) cocktail using high-performance liquid chromatography.
Forensic Science International, 217(1-3), 81–86 doi:S0379-0738(11)00502-0
[pii];10.1016/j.forsciint.2011.10.027.

Cinosi, E., Martinotti, G., Simonato, P., Singh, D., Demetrovics, Z., Roman-Urrestarazu,

W.C. Prozialeck, et al. International Journal of Drug Policy 70 (2019) 70–77

75

http://www.pinneyassociates.com
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0005
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0005
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0005
http://www.americankratom.org
https://www.prnewswire.com/news-releases/american-kratom-association-announces-good-manufacturing-practice-gmp-standards-for-vendors-300753751.html
https://www.prnewswire.com/news-releases/american-kratom-association-announces-good-manufacturing-practice-gmp-standards-for-vendors-300753751.html
https://www.prnewswire.com/news-releases/american-kratom-association-announces-good-manufacturing-practice-gmp-standards-for-vendors-300753751.html
http://www.painnewsnetwork.org/stories/2016/9/18/kratom-users-say-ban-will-lead-to-more-drug-abuse
http://www.painnewsnetwork.org/stories/2016/9/18/kratom-users-say-ban-will-lead-to-more-drug-abuse
https://doi.org/10.15585/mmwr.mm6529a4
https://doi.org/10.15585/mmwr.mm6529a4
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0030
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0030
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0030
https://doi.org/10.1016/j.neuropharm.2018.02.018
https://doi.org/10.1016/j.neuropharm.2018.02.018
https://www.statnews.com/2016/09/23/kratom-ban-dea-congress/
https://www.statnews.com/2016/09/23/kratom-ban-dea-congress/
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0045
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0045
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0045
https://www.scientificamerican.com/article/kratom-drug-ban-may-cripple-promising-painkiller-research/
https://www.scientificamerican.com/article/kratom-drug-ban-may-cripple-promising-painkiller-research/
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0055
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0055
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0055
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0055
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0055


A., ... Corazza, O. (2015). 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
Research International, 2015, 968786. https://doi.org/10.1155/2015/968786.

Dahan, A., Yassen, A., Bijl, H., Romberg, R., Sarton, E., Teppema, L., ... Danhof, M.
(2005). Comparison of the respiratory effects of intravenous buprenorphine and
fentanyl in humans and rats. British Journal of Anaesthesia, 94(6), 825–834. https://
doi.org/10.1093/bja/aei145.

DEA (2016a). Docket folder summary/schedules of controlled substances: Temporary place-
ment of mitragynine and 7-hydroxymitragynine into schedule I. Retrieved fromhttps://
www.regulations.gov/docket?D=DEA-2016-0015.

DEA (2016b). Schedules of controlled substances: Temporary placement of mitragynine and 7-
hydroxymitragynine into schedule I. Notes: Document number: 2016-20803. 2016,
Retrieved fromFederal Registerhttps://www.federalregister.gov/documents/2016/
08/31/2016-20803/schedules-of-controlled-substances-temporary-placement-of-
mitragynine-and-7-hydroxymitragynine-into.

DEA (2016c). Withdrawal of notice of intent to temporarily place mitragynine and 7-hydro-
xymitragynine into schedule I. 2016, Retrieved fromFederal Registerhttps://www.
deadiversion.usdoj.gov/fed_regs/rules/2016/fr1013.htm.

Dorman, C., Wong, M., & Khan, A. (2015). Cholestatic hepatitis from prolonged kratom
use: A case report. Hepatology, 61(3), 1086–1087. https://doi.org/10.1002/hep.
27612.

Dowell, D., Haegerich, T. M., & Chou, R. (2016). CDC guideline for prescribing opioids for
chronic pain - United States, 2016. MMWR Recommendations and Reports, 65(1),
1–49. https://doi.org/10.15585/mmwr.rr6501e1.

Eibl, J. K., Morin-Taus, K. A., & Marsh, D. C. (2016). Too much or never enough: A
response to treatment of opioid disorders in Canada: Looking at the’ other epidemic’.
Substance Abuse Treatment, Prevention, and Policy, 11(1), 33. https://doi.org/10.1186/
s13011-016-0076-z 10.1186/s13011-016-0076-z [pii].

EMCDDA (2015). Kratom (Mitragyna speciosa) drug profile. Retrieved fromhttp://www.
emcdda.europa.eu/publications/drug-profiles/kratom.

Erowid (2016). Kratom. 9/30/2016, Retrieved fromErowidhttps://erowid.org/plants/
kratom/kratom.shtml.

FDA (2018a). FDA investigated multistate outbreak of salmonella infections lnked to products
reported to contain kratom [Press release]Retrieved fromhttps://www.fda.gov/food/
recallsoutbreaksemergencies/outbreak/ucm597265.htm.

FDA (2018b). Statement by FDA commisioner scott gottlieb, M.D., On risk of heavy metals,
including nickel and lead, found in some kratom products [Press release]. Retrieved
fromhttps://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucm626738.htm.

FDA (2018c). Statement from FDA commissioner Scott Gottlieb, M.D., on the agency’s scien-
tific evidence on the presence of opioid compounds in kratom, underscoring its potential for
abuse [Press release]. Retrieved fromhttps://www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm595622.htm.

Forrester, M. B. (2013). Kratom exposures reported to Texas poison centers. Journal of
Addictive Diseases, 32(4), 396–400. https://doi.org/10.1080/10550887.2013.
854153.

Frieden, T. R., & Houry, D. (2016). Reducing the risks of relief–the CDC opioid-pre-
scribing guideline. The New England Journal of Medicine, 374(16), 1501–1504.
https://doi.org/10.1056/NEJMp1515917.

Galbis-Reig, D. (2016). A case report of kratom addiction and withdrawal. WMJ, 115(1),
49–52.

Gauvin, D. V., & Zimmermann, Z. J. (2018). A reply to Henningfield, Fant & Wang (2018):
Regulatory action to control kratom is long overdue. Psychopharmacology (Berl).
https://doi.org/10.1007/s00213-018-5112-4.

Gershman, K., Timm, K., Frank, M., Lampi, L., Melamed, J., Gerona, R., ... Monte, A. A.
(2019). Deaths in colorado attributed to kratom. New England Journal of Medicine,
380(1), 97–98. https://doi.org/10.1056/NEJMc1811055.

Griffin, O. H., III, Daniels, J. A., & Gardner, E. A. (2016). Do you get what you paid for?
An examination of products advertised as Kratom. Journal of Psychoactive Drugs, 1–6.
https://doi.org/10.1080/02791072.2016.1229876.

Grundmann, O. (2017). Patterns of Kratom use and health impact in the US-results from
an online survey. Drug and Alcohol Dependence, 176, 63–70. https://doi.org/10.1016/
j.drugalcdep.2017.03.007.

Grundmann, O., Brown, P. N., Henningfield, J., Swogger, M., & Walsh, Z. (2018). The
therapeutic potential of kratom. Addiction, 113(10), 1951–1953. https://doi.org/10.
1111/add.14371.

Hanapi, N. A., Ismail, S., & Mansor, S. M. (2013). Inhibitory effect of mitragynine on
human cytochrome P450 enzyme activities. Pharmacognosy Research, 5(4), 241–246.
https://doi.org/10.4103/0974-8490.118806.

Harris, P. A. (2016). The opioid epidemic: AMA’s response. American Family Physician,
93(12), 975 doi:d12753 [pii].

Hemby, S. E., McIntosh, S., Leon, F., Cutler, S. J., & McCurdy, C. R. (2018). Abuse liability
and therapeutic potential of the mitragyna speciosa (kratom) alkaloids mitragynine
and 7-hydroxymitragynine. Addiction Biology. https://doi.org/10.1111/adb.12639.

Henningfield, J. E., Fant, R. V., & Wang, D. W. (2018). The abuse potential of kratom
according the 8 factors of the controlled substances act: Implications for regulation
and research. Psychopharmacology (Berl), 235(2), 573–589. https://doi.org/10.1007/
s00213-017-4813-4.

Heyworth, B. A. (1964). Smith Klein French Lab. Speciofoline, an alkaloid from Mitragyna
speciosa. U. P. Office3324111.

HHS (2018). HHS recommended that the DEA make kratom a schedule I drug, like LSD or
heroin [Press release]. Retrieved fromhttps://www.pbs.org/newshour/nation/hhs-
recommended-that-the-dea-make-kratom-a-schedule-i-drug-like-lsd-or-heroin.

HHS (2016). Medication assisted treatment for opioid use disorders. Final rule. Federal
Register, 81(131), 44711–44739.

Jansen, K. L., & Prast, C. J. (1988). Ethnopharmacology of kratom and the Mitragyna
alkaloids. Journal of Ethnopharmacology, 23(1), 115–119.

Kapp, F. G., Maurer, H. H., Auwarter, V., Winkelmann, M., & Hermanns-Clausen, M.
(2011). Intrahepatic cholestasis following abuse of powdered kratom (Mitragyna
speciosa). Journal of Medical Toxicology, 7(3), 227–231. https://doi.org/10.1007/
s13181-011-0155-5.

Karinen, R., Fosen, J. T., Rogde, S., & Vindenes, V. (2014). An accidental poisoning with
mitragynine. Forensic Science International, 245, e29–e32 doi:S0379-0738(14)00440-
X [pii];10.1016/j.forsciint.2014.10.025.

Kong, W. M., Chik, Z., Ramachandra, M., Subramaniam, U., Aziddin, R. E., & Mohamed,
Z. (2011). Evaluation of the effects of Mitragyna speciosa alkaloid extract on cyto-
chrome P450 enzymes using a high throughput assay. Molecules, 16(9), 7344–7356.
https://doi.org/10.3390/molecules16097344.

Kroll, D. (2016). DEA delays Kratom Ban, more senators object to process and’ unintended
consequences’. Retrieved fromForbeshttp://www.forbes.com/sites/davidkroll/2016/
09/30/dea-delays-kratom-ban-more-senators-object-to-process-and-unintended-
consequences/#3823a0d94f71.

Kronstrand, R., Roman, M., Thelander, G., & Eriksson, A. (2011). Unintentional fatal
intoxications with mitragynine and O-desmethyltramadol from the herbal blend
krypton. Journal of Analytical Toxicology, 35(4), 242–247.

Kruegel, A. C., & Grundmann, O. (2018). The medicinal chemistry and neuropharma-
cology of kratom: A preliminary discussion of a promising medicinal plant and
analysis of its potential for abuse. Neuropharmacology, 134(Pt A), 108–120. https://
doi.org/10.1016/j.neuropharm.2017.08.026.

Kruegel, A. C., Gassaway, M. M., Kapoor, A., Varadi, A., Majumdar, S., Filizola, M., ...
Sames, D. (2016). Synthetic and receptor signaling explorations of the Mitragyna
alkaloids: Mitragynine as an atypical molecular framework for opioid receptor
modulators. Journal of the American Chemical Society, 138(21), 6754–6764. https://
doi.org/10.1021/jacs.6b00360.

Lim, E. L., Seah, T. C., Koe, X. F., Wahab, H. A., Adenan, M. I., Jamil, M. F., ... Tan, M. L.
(2013). In vitro evaluation of cytochrome P450 induction and the inhibition potential
of mitragynine, a stimulant alkaloid. Toxicology in Vitro, 27(2), 812–824. https://doi.
org/10.1016/j.tiv.2012.12.014.

Lu, J., Wei, H., Wu, J., Jamil, M. F., Tan, M. L., Adenan, M. I., ... Shim, W. (2014).
Evaluation of the cardiotoxicity of mitragynine and its analogues using human in-
duced pluripotent stem cell-derived cardiomyocytes. PLoS. One, 9(12), e115648.
https://doi.org/10.1371/journal.pone.0115648 PONE-D-14-20366 [pii].

Lydecker, A. G., Sharma, A., McCurdy, C. R., Avery, B. A., Babu, K. M., & Boyer, E. W.
(2016). Suspected adulteration of commercial kratom products with 7-hydro-
xymitragynine. Journal of Medical Toxicology, 12(4), 341–349. https://doi.org/10.
1007/s13181-016-0588-y.

Macko, E., Weisbach, J. A., & Douglas, B. (1972). Some observations on the pharmacology
of mitragynine. Archives International Pharmacodynamic, 198(1), 145–161.

Manda, V. K., Avula, B., Ali, Z., Khan, I. A., Walker, L. A., & Khan, S. I. (2014). Evaluation
of in vitro absorption, distribution, metabolism, and excretion (ADME) properties of
mitragynine, 7-hydroxymitragynine, and mitraphylline. Planta Medica, 80(7),
568–576. https://doi.org/10.1055/s-0034-1368444.

Manda, V. K., Avula, B., Dale, O. R., Ali, Z., Khan, I. A., Walker, L. A., ... Khan, S. I. (2017).
PXR mediated induction of CYP3A4, CYP1A2, and P-gp by Mitragyna speciosa and its
alkaloids. Phytotherapy Research, 31(12), 1935–1945. https://doi.org/10.1002/ptr.
5942.

Matsumoto, K., Hatori, Y., Murayama, T., Tashima, K., Wongseripipatana, S., Misawa, K.,
... Horie, S. (2006). Involvement of mu-opioid receptors in antinociception and in-
hibition of gastrointestinal transit induced by 7-hydroxymitragynine, isolated from
Thai herbal medicine Mitragyna speciosa. European Journal of Pharmacology, 549(1-
3), 63–70 doi:S0014-2999(06)00837-5 [pii];10.1016/j.ejphar.2006.08.013.

Matsumoto, K., Mizowaki, M., Suchitra, T., Murakami, Y., Takayama, H., Sakai, S., ...
Watanabe, H. (1996). Central antinociceptive effects of mitragynine in mice:
Contribution of descending noradrenergic and serotonergic systems. European Journal
of Pharmacology, 317(1), 75–81 doi:S0014299996007145 [pii].

McIntyre, I. M., Trochta, A., Stolberg, S., & Campman, S. C. (2015). Mitragynine’ Kratom’
related fatality: A case report with postmortem concentrations. Journal of Analytical
Toxicology, 39(2), 152–155 doi:bku137 [pii];10.1093/jat/bku137.

Neerman, M. F., Frost, R. E., & Deking, J. (2013). A drug fatality involving Kratom.
Journal of Forensic Sciences, 58(Suppl 1), S278–S279. https://doi.org/10.1111/1556-
4029.12009.

Nelsen, J. L., Lapoint, J., Hodgman, M. J., & Aldous, K. M. (2010). Seizure and coma
following Kratom (Mitragynina speciosa Korth) exposure. Journal of Medical
Toxicology, 6(4), 424–426. https://doi.org/10.1007/s13181-010-0079-5.

Nelson, L. S., Juurlink, D. N., & Perrone, J. (2015). Addressing the opioid epidemic.
JAMA, 314(14), 1453–1454 doi:2456149 [pii];10.1001/jama.2015.12397.

NIDA (2018a). Overdose death rates. August 2018, Retrieved fromhttps://www.
drugabuse.gov/related-topics/treands-statistics/overdose-death-rates.

NIDA (2018b). What is Kratom? Drug Facts. Retrieved from https://www.drugabuse.gov/
publications/drugfacts/kratom.

Pain News Network (2018). Kratom survey. Retrieved fromhttps://painnewsnetwork.org/
kratom-survey/.

Pantano, F., Tittarelli, R., Mannocchi, G., Zaami, S., Ricci, S., Giorgetti, R., ... Marinelli, E.
(2016). Hepatotoxicity induced by "the 3Ks": Kava, Kratom and Khat. International
Journal of Molecular Sciences, 17(4), 580 doi:ijms17040580 [pii];10.3390/
ijms17040580.

Prozialeck, W. C. (2016). Update on the pharmacology and legal status of Kratom. Journal
of the American Osteopathic Association, 116(12), 802–809. https://doi.org/10.7556/
jaoa.2016.156.

Prozialeck, W. C., Jivan, J. K., & Andurkar, S. V. (2012). Pharmacology of kratom: An
emerging botanical agent with stimulant, analgesic and opioid-like effects. The

W.C. Prozialeck, et al. International Journal of Drug Policy 70 (2019) 70–77

76

https://doi.org/10.1155/2015/968786
https://doi.org/10.1093/bja/aei145
https://doi.org/10.1093/bja/aei145
https://www.regulations.gov/docket?D=DEA-2016-0015
https://www.regulations.gov/docket?D=DEA-2016-0015
https://www.federalregister.gov/documents/2016/08/31/2016-20803/schedules-of-controlled-substances-temporary-placement-of-mitragynine-and-7-hydroxymitragynine-into
https://www.federalregister.gov/documents/2016/08/31/2016-20803/schedules-of-controlled-substances-temporary-placement-of-mitragynine-and-7-hydroxymitragynine-into
https://www.federalregister.gov/documents/2016/08/31/2016-20803/schedules-of-controlled-substances-temporary-placement-of-mitragynine-and-7-hydroxymitragynine-into
https://www.deadiversion.usdoj.gov/fed_regs/rules/2016/fr1013.htm
https://www.deadiversion.usdoj.gov/fed_regs/rules/2016/fr1013.htm
https://doi.org/10.1002/hep.27612
https://doi.org/10.1002/hep.27612
https://doi.org/10.15585/mmwr.rr6501e1
https://doi.org/10.1186/s13011-016-0076-z
https://doi.org/10.1186/s13011-016-0076-z
http://www.emcdda.europa.eu/publications/drug-profiles/kratom
http://www.emcdda.europa.eu/publications/drug-profiles/kratom
https://erowid.org/plants/kratom/kratom.shtml
https://erowid.org/plants/kratom/kratom.shtml
https://www.fda.gov/food/recallsoutbreaksemergencies/outbreak/ucm597265.htm
https://www.fda.gov/food/recallsoutbreaksemergencies/outbreak/ucm597265.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm626738.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm626738.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm595622.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm595622.htm
https://doi.org/10.1080/10550887.2013.854153
https://doi.org/10.1080/10550887.2013.854153
https://doi.org/10.1056/NEJMp1515917
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0135
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0135
https://doi.org/10.1007/s00213-018-5112-4
https://doi.org/10.1056/NEJMc1811055
https://doi.org/10.1080/02791072.2016.1229876
https://doi.org/10.1016/j.drugalcdep.2017.03.007
https://doi.org/10.1016/j.drugalcdep.2017.03.007
https://doi.org/10.1111/add.14371
https://doi.org/10.1111/add.14371
https://doi.org/10.4103/0974-8490.118806
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0170
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0170
https://doi.org/10.1111/adb.12639
https://doi.org/10.1007/s00213-017-4813-4
https://doi.org/10.1007/s00213-017-4813-4
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0185
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0185
https://www.pbs.org/newshour/nation/hhs-recommended-that-the-dea-make-kratom-a-schedule-i-drug-like-lsd-or-heroin
https://www.pbs.org/newshour/nation/hhs-recommended-that-the-dea-make-kratom-a-schedule-i-drug-like-lsd-or-heroin
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0195
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0195
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0200
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0200
https://doi.org/10.1007/s13181-011-0155-5
https://doi.org/10.1007/s13181-011-0155-5
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0210
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0210
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0210
https://doi.org/10.3390/molecules16097344
http://www.forbes.com/sites/davidkroll/2016/09/30/dea-delays-kratom-ban-more-senators-object-to-process-and-unintended-consequences/#3823a0d94f71
http://www.forbes.com/sites/davidkroll/2016/09/30/dea-delays-kratom-ban-more-senators-object-to-process-and-unintended-consequences/#3823a0d94f71
http://www.forbes.com/sites/davidkroll/2016/09/30/dea-delays-kratom-ban-more-senators-object-to-process-and-unintended-consequences/#3823a0d94f71
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0225
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0225
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0225
https://doi.org/10.1016/j.neuropharm.2017.08.026
https://doi.org/10.1016/j.neuropharm.2017.08.026
https://doi.org/10.1021/jacs.6b00360
https://doi.org/10.1021/jacs.6b00360
https://doi.org/10.1016/j.tiv.2012.12.014
https://doi.org/10.1016/j.tiv.2012.12.014
https://doi.org/10.1371/journal.pone.0115648
https://doi.org/10.1007/s13181-016-0588-y
https://doi.org/10.1007/s13181-016-0588-y
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0255
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0255
https://doi.org/10.1055/s-0034-1368444
https://doi.org/10.1002/ptr.5942
https://doi.org/10.1002/ptr.5942
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0270
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0270
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0270
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0270
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0270
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0275
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0275
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0275
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0275
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0280
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0280
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0280
https://doi.org/10.1111/1556-4029.12009
https://doi.org/10.1111/1556-4029.12009
https://doi.org/10.1007/s13181-010-0079-5
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0295
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0295
https://www.drugabuse.gov/related-topics/treands-statistics/overdose-death-rates
https://www.drugabuse.gov/related-topics/treands-statistics/overdose-death-rates
https://www.drugabuse.gov/publications/drugfacts/kratom
https://www.drugabuse.gov/publications/drugfacts/kratom
https://painnewsnetwork.org/kratom-survey/
https://painnewsnetwork.org/kratom-survey/
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0315
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0315
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0315
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0315
https://doi.org/10.7556/jaoa.2016.156
https://doi.org/10.7556/jaoa.2016.156
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0325
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0325


Journal of the American Osteopathic Association, 112(12), 792–799 doi:112/12/792
[pii].

Raehal, K. M., & Bohn, L. M. (2014). Beta-arrestins: Regulatory role and therapeutic
potential in opioid and cannabinoid receptor-mediated analgesia. Handbook of
Experimental Pharmacology, 219, 427–443. https://doi.org/10.1007/978-3-642-
41199-1_22.

Raffa, R. B., Pergolizzi, J. V., Taylor, R., Ossipov, M. H., & Group, N. R. (2018). Nature’s
first "atypical opioids": Kratom and mitragynines. Journal of Clinical Pharmacy and
Therapeutics, 43(3), 437–441. https://doi.org/10.1111/jcpt.12676.

Rech, M. A., Donahey, E., Cappiello Dziedzic, J. M., Oh, L., & Greenhalgh, E. (2015). New
drugs of abuse. Pharmacotherapy, 35(2), 189–197. https://doi.org/10.1002/phar.
1522.

Reddit (2018). Online user’s group for the kratom community. Retrieved fromhttps://www.
reddit.com/r/kratom/.

Schmid, C. L., Kennedy, N. M., Ross, N. C., Lovell, K. M., Yue, Z., Morgenweck, J., ... Bohn,
L. M. (2017). Bias factor and therapeutic window correlate to predict safer opioid
analgesics. Cell, 171(5), 1165–1175. https://doi.org/10.1016/j.cell.2017.10.035
e1113.

Schmidt, M. M., Sharma, A., Schifano, F., & Feinmann, C. (2011). "Legal highs" on the net-
evaluation of UK-based websites, products and product information. Forensic Science
International, 206(1-3), 92–97 doi:S0379-0738(10)00327-0 [pii];10.1016/j.for-
sciint.2010.06.030.

Scott, T. M., Yeakel, J. K., & Logan, B. K. (2014). Identification of mitragynine and O-
desmethyltramadol in Kratom and legal high products sold online. Drug Testing and
Analysis, 6(9), 959–963. https://doi.org/10.1002/dta.1673.

Singh, D., Muller, C. P., & Vicknasingam, B. K. (2014). Kratom (Mitragyna speciosa)
dependence, withdrawal symptoms and craving in regular users. Drug and Alcohol
Dependence, 139, 132–137 doi:S0376-8716(14)00793-5 [pii];10.1016/j.dru-
galcdep.2014.03.017.

Singh, D., Muller, C. P., Vicknasingam, B. K., & Mansor, S. M. (2015). Social functioning
of Kratom (Mitragyna speciosa) users in Malaysia. Journal of Psychoactive Drugs,
47(2), 125–131. https://doi.org/10.1080/02791072.2015.1012610.

Singh, D., Narayanan, S., & Vicknasingam, B. (2016). Traditional and non-traditional uses
of Mitragynine (Kratom): A survey of the literature. Brain Research Bulletin, 126(Pt 1),
41–46 doi:S0361-9230(16)30101-0 [pii];10.1016/j.brainresbull.2016.05.004.

Singh, D., Muller, C. P., Murugaiyah, V., Hamid, S. B. S., Vicknasingam, B. K., Avery, B., ...
Mansor, S. M. (2018). Evaluating the hematological and clinical-chemistry para-
meters of kratom (Mitragyna speciosa) users in Malaysia. Journal of
Ethnopharmacology, 214, 197–206. https://doi.org/10.1016/j.jep.2017.12.017.

Singh, D., Narayanan, S., Muller, C. P., Swogger, M. T., Rahim, A. A., Bin, L., ...
Vicknasingam, B. K. (2018). Severity of Kratom (Mitragyna speciosa Korth.)
Psychological withdrawal symptoms. Journal of Psychoactive Drugs, 1–6. https://doi.
org/10.1080/02791072.2018.1511879.

Smith, K. E., & Lawson, T. (2017). Prevalence and motivations for kratom use in a sample
of substance users enrolled in a residential treatment program. Drug and Alcohol
Dependence, 180, 340–348. https://doi.org/10.1016/j.drugalcdep.2017.08.034.

speciosa.org (2016). Assessment of Kratom – Scientific study. 3/1/2016, Retrieved from-
speciosa. orghttp://speciosa.org/assessment-of-kratom-scientific-study/.

Stith, S. S., & Vigil, J. M. (2016). Federal barriers to Cannabis research. Science,
352(6290), 1182 doi:352/6290/1182-a [pii];10.1126/science.aaf7450.

Stolt, A. C., Schroder, H., Neurath, H., Grecksch, G., Hollt, V., Meyer, M. R., ... Becker, A.
(2014). Behavioral and neurochemical characterization of kratom (mitragyna spe-
ciosa) extract. Psychopharmacology (Berl.), 231(1), 13–25. https://doi.org/10.1007/
s00213-013-3201-y.

Swetlitz, I. (2018). HHS recommended that the DEA make kratom a schedule I drug, like LSD
or heroin. Retrieved fromhttps://www.statnews.com/2018/11/09/hhs-
recommended-dea-ban-kratom-documents-show/.

Swogger, M. T., & Walsh, Z. (2018). Kratom use and mental health: A systematic review.
Drug and Alcohol Dependence, 183, 134–140. https://doi.org/10.1016/j.drugalcdep.
2017.10.012.

Swogger, M. T., Hart, E., Erowid, F., Erowid, E., Trabold, N., Yee, K., ... Walsh, Z. (2015).
Experiences of Kratom users: A qualitative analysis. Journal of Psychoactive Drugs,

47(5), 360–367. https://doi.org/10.1080/02791072.2015.1096434.
Takayama, H. (2004). Chemistry and pharmacology of analgesic indole alkaloids from the

rubiaceous plant, Mitragyna speciosa. Chemical and Pharmaceutical Bulletin, 52(8),
916–928 doi:JST.JSTAGE/cpb/52.916 [pii].

Takayama, H., Ishikawa, H., Kurihara, M., Kitajima, M., Aimi, N., Ponglux, D., ... Horie, S.
(2002). Studies on the synthesis and opioid agonistic activities of mitragynine-related
indole alkaloids: Discovery of opioid agonists structurally different from other opioid
ligands. Journal of Medicinal Chemistry, 45(9), 1949–1956 doi:jm010576e [pii].

Takayama, H., Kitajima, M., Matsumoto, K., & Horie, S. (2008). National University
Corporation Chiba University, Josai University Corporation. Indole alkaloid derivatives
having opioid receptor agonistic effect, and therapeutic compositions and methods relating
to same. U. G. P. Office. US 12/266,579. US8247428 B2. 8247428 November 7, 2008.

Thongpradichote, S., Matsumoto, K., Tohda, M., Takayama, H., Aimi, N., Sakai, S., ...
Watanabe, H. (1998). Identification of opioid receptor subtypes in antinociceptive
actions of supraspinally-administered mitragynine in mice. Life Sciences, 62(16),
1371–1378 doi:S0024320598000757 [pii].

Toce, M. S., Chai, P. R., Burns, M. M., & Boyer, E. W. (2018). Pharmacologic treatment of
opioid use disorder: A review of pharmacotherapy, adjuncts, and toxicity. Journal of
Medical Toxicology. https://doi.org/10.1007/s13181-018-0685-1.

Trakulsrichai, S., Tongpo, A., Sriapha, C., Wongvisawakorn, S., Rittilert, P., Kaojarern, S.,
... Wananukul, W. (2013). Kratom abuse in ramathibodi poison center, Thailand: A
five-year experience. J. Psychoactive. Drugs, 45(5), 404–408. https://doi.org/10.
1080/02791072.2013.844532.

Ulbricht, C., Costa, D., Dao, J., Isaac, R., LeBlanc, Y. C., Rhoades, J., ... Windsor, R. C.
(2013). An evidence-based systematic review of kratom (mitragyna speciosa) by the
natural standard research collaboration. Journal of Dietary Supplements, 10(2),
152–170. https://doi.org/10.3109/19390211.2013.793541.

UNDOC (2019). Current threats, Volume 1. Retrieved from https://www.unodc.org/pdf/
opioids-crisis/Current_NPS_Threats_-_Volume_I.pdf.

Utar, Z., Majid, M. I., Adenan, M. I., Jamil, M. F., & Lan, T. M. (2011). Mitragynine
inhibits the COX-2 mRNA expression and prostaglandin E production induced by
lipopolysaccharide in RAW264.7 macrophage cells. Journal of Ethnopharmacology,
136(1), 75–82 doi:S0378-8741(11)00251-0 [pii];10.1016/j.jep.2011.04.011.

Varadi, A., Marrone, G. F., Palmer, T. C., Narayan, A., Szabo, M. R., Le, R. V., ...
Majumdar, S. (2016). Mitragynine/corynantheidine pseudoindoxyls as opioid an-
algesics with Mu agonism and delta antagonism, which do not recruit beta-arrestin-2.
Journal of Medicinal Chemistry, 59(18), 8381–8397. https://doi.org/10.1021/acs.
jmedchem.6b00748.

Vicknasingam, B., Narayanan, S., Beng, G. T., & Mansor, S. M. (2010). The informal use of
kratom (mitragyna speciosa) for opioid withdrawal in the northern states of penin-
sular Malaysia and implications for drug substitution therapy. International Journal on
Drug Policy, 21(4), 283–288 doi:S0955-3959(09)00164-9 [pii];10.1016/
j.drugpo.2009.12.003.

Ward, J., Rosenbaum, C., Hernon, C., McCurdy, C. R., & Boyer, E. W. (2011). Herbal
medicines for the management of opioid addiction: Safe and effective alternatives to
conventional pharmacotherapy? CNS Drugs, 25(12), 999–1007 doi:2 [pii];10.2165/
11596830-000000000-00000.

Warner, M. L., Kaufman, N. C., & Grundmann, O. (2016). The pharmacology and tox-
icology of kratom: From traditional herb to drug of abuse. International Journal of
Legal Medicine, 130(1), 127–138. https://doi.org/10.1007/s00414-015-1279-y 10.
1007/s00414-015-1279-y [pii].

Wing, N. (2018). New Kratom death reports still leave more questions than answers [Press
release]Retrieved fromhttps://www.huffingtonpost.com/entry/kratom-death-
overdose-reports_us_5b6c8ce7e4b0530743c82c60.

Wisdom, S. (2016). The Kratom user’s guide. 10/12/2016, Retrieved fromhttp://www.
sagewisdom.org/kratomguide.html.

Yue, K., Kopajtic, T. A., & Katz, J. L. (2018). Abuse liability of mitragynine assessed with a
self-administration procedure in rats. Psychopharmacology (Berl), 235(10),
2823–2829. https://doi.org/10.1007/s00213-018-4974-9.

Yusoff, N. H., Suhaimi, F. W., Vadivelu, R. K., Hassan, Z., Rumler, A., Rotter, A., ... Muller,
C. P. (2016). Abuse potential and adverse cognitive effects of Mitragynine (Kratom).
Addiction Biology, 21(1), 98–110. https://doi.org/10.1111/adb.12185.

W.C. Prozialeck, et al. International Journal of Drug Policy 70 (2019) 70–77

77

http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0325
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0325
https://doi.org/10.1007/978-3-642-41199-1_22
https://doi.org/10.1007/978-3-642-41199-1_22
https://doi.org/10.1111/jcpt.12676
https://doi.org/10.1002/phar.1522
https://doi.org/10.1002/phar.1522
https://www.reddit.com/r/kratom/
https://www.reddit.com/r/kratom/
https://doi.org/10.1016/j.cell.2017.10.035
https://doi.org/10.1016/j.cell.2017.10.035
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0355
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0355
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0355
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0355
https://doi.org/10.1002/dta.1673
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0365
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0365
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0365
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0365
https://doi.org/10.1080/02791072.2015.1012610
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0375
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0375
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0375
https://doi.org/10.1016/j.jep.2017.12.017
https://doi.org/10.1080/02791072.2018.1511879
https://doi.org/10.1080/02791072.2018.1511879
https://doi.org/10.1016/j.drugalcdep.2017.08.034
http://speciosa.org/assessment-of-kratom-scientific-study/
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0400
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0400
https://doi.org/10.1007/s00213-013-3201-y
https://doi.org/10.1007/s00213-013-3201-y
https://www.statnews.com/2018/11/09/hhs-recommended-dea-ban-kratom-documents-show/
https://www.statnews.com/2018/11/09/hhs-recommended-dea-ban-kratom-documents-show/
https://doi.org/10.1016/j.drugalcdep.2017.10.012
https://doi.org/10.1016/j.drugalcdep.2017.10.012
https://doi.org/10.1080/02791072.2015.1096434
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0425
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0425
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0425
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0430
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0430
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0430
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0430
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0435
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0435
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0435
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0435
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0440
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0440
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0440
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0440
https://doi.org/10.1007/s13181-018-0685-1
https://doi.org/10.1080/02791072.2013.844532
https://doi.org/10.1080/02791072.2013.844532
https://doi.org/10.3109/19390211.2013.793541
https://www.unodc.org/pdf/opioids-crisis/Current_NPS_Threats_-_Volume_I.pdf
https://www.unodc.org/pdf/opioids-crisis/Current_NPS_Threats_-_Volume_I.pdf
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0465
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0465
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0465
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0465
https://doi.org/10.1021/acs.jmedchem.6b00748
https://doi.org/10.1021/acs.jmedchem.6b00748
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0475
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0475
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0475
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0475
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0475
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0480
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0480
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0480
http://refhub.elsevier.com/S0955-3959(19)30125-2/sbref0480
https://doi.org/10.1007/s00414-015-1279-y
https://doi.org/10.1007/s00414-015-1279-y
https://www.huffingtonpost.com/entry/kratom-death-overdose-reports_us_5b6c8ce7e4b0530743c82c60
https://www.huffingtonpost.com/entry/kratom-death-overdose-reports_us_5b6c8ce7e4b0530743c82c60
http://www.sagewisdom.org/kratomguide.html
http://www.sagewisdom.org/kratomguide.html
https://doi.org/10.1007/s00213-018-4974-9
https://doi.org/10.1111/adb.12185

	Kratom policy: The challenge of balancing therapeutic potential with public safety
	Introduction and background
	Should mitragynine and/or other kratom constituents be classified as opioids?
	Is kratom effective for the management of pain and/or OUD?
	How serious are the abuse and addiction potentials of kratom?
	Are kratom products safe?
	Summary and perspective
	Authors’ roles in writing manuscript
	Authors’ conflict of interest statement
	Acknowledgement
	References




