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with discussion of a potential herb-drug interaction

Rhome L. Hughes1

Accepted: 5 November 2018 /Published online: 29 November 2018
# Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
Kratom is a plant with dose-dependent mixed stimulant and opioid properties whose pharmacologic characteristics and social
impact continue to be described. The main active isolate of kratom is mitragynine, an indole-containing alkaloid with opioid-like
effects. Kratom toxicity and kratom-associated fatalities have been described, including those in association with additional
drugs. In this paper we describe the case of a 27-year-old man who was found deceased with a toxic blood concentration of
quetiapine in conjunction with the qualitative presence of mitragynine. Investigative and autopsy findings suggested perimortem
hyperthermia and seizure-like activity. Kratom toxicity and kratom-associated fatalities are being increasingly reported.
Experiments with kratom extracts have shown inhibitory effects upon hepatic CYP enzymes, leading to previous speculation
of the potential for clinically significant interactions between kratom and a wide array of medications. Herein is described a fatal
case of quetiapine toxicity complicated bymitragynine use. The potential ability of mitragynine to alter the pharmacokinetics of a
prescription medication via inhibition of its hepatic metabolism is discussed.
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Introduction

Kratom is a plant native to areas of Southeast Asia, which has
long been consumed by indigenous people for its mixed
stimulant- and opioid-like effects [1–5]. The main active alka-
loid isolate of kratom is mitragynine, which has an array of
pharmacologic actions, including those at mu-opioid receptors
[1, 2, 4–7]. Kratom use within the U.S. is reportedly on the
rise, popularized by its pain-relieving abilities and use in the
self-management of opioid withdrawal, with a parallel in-
crease in the reported number of cases describing kratom-
associated toxicity; several such cases have resulted in death
[2, 6–9]. Physicians (including forensic pathologists) should
be aware of the growing availability and increasing use of
kratom, and for the potential of kratom-associated toxicity,
including herb-drug interactions.

Case report

A 27-year-old man with a past medical history significant for
Asperger Syndrome, bipolar disorder, and substance abuse
was found deceased inside his secured residence. The dece-
dent was discovered lying supine on his bed. He was shirtless
but clad in pajama pants. On the bathroom floor, adjacent to a
bathtub filled with water, were a wet pair of blue jeans and a
wet t-shirt. Present within the residence were multiple pre-
scription medications. A metal vaporizer (inhalation device)
was present on the bed adjacent to the body.

Autopsy examination showed a well-developed, well-
nourished man with no external evidence of acute blunt force
or penetrating trauma. Findings included dark fluid emanating
from the mouth, clenched fists, and a 2 cm focus of intramus-
cular hemorrhage on cut sections of the tongue. Postmortem
forensic toxicology was performed on subclavian blood.
Valproic acid was quantitatively positive at 8.8mcg/mL (high
performance liquid chromatography). Quetiapine was quanti-
tatively positive at 12000 ng/ml (high performance liquid
chromatography / tandem mass spectrometry). Mitragynine
was qualitatively positive (high performance liquid
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chromatography / tandem mass spectrometry). The cause of
death was ruled as acute toxic effects of quetiapine complicat-
ed by mitragynine use. The manner of death was classified as
accident.

Discussion

Kratom (Mitragyna speciosa) is a tree-like plant found in
tropical and subtropical regions of Asia, particularly
Thailand and Malaysia [1–5]. In its indigenous range, the
plant has been reportedly used for hundreds of years for its
complex, dose-dependent effects (low-to-moderate doses pro-
duce mild stimulant effects, while moderate-to-high doses
produce opiate-like effects), typically by ingestion of the raw
leaf or consumption of teas brewed or steeped from the leaves
[2–5]. In the United States, there has been a reported recent
increased level of kratum use, particularly among college-
aged populations, both for the self-management of pain and
treatment for opiate withdrawal [2, 10]. While kratom is not
scheduled under the Controlled Substances Act, in 2010 the
Drug Enforcement Agency did include it in the Drugs and
Chemicals of Concerns list, citing “there is no legitimate med-
ical use for kratom in the U.S.” [3, 4, 6]. While kratom re-
mains legal – and is readily available in “head- “or “smoke-
shops,” or via the internet – several states have moved to have
the drug banned bymaking it a controlled substance (state-by-
state information on the legal status of kratom can be accessed
online through organizations such as the American Kratom
Assocation) [2].

Of kratom’s numerous (20-plus) pharmacologically active
alkaloid isolates, mitragynine is both the most abundant and
extensively characterized, and widely regarded as producing
the majority of the plant’s psychoactive effects [1, 2, 4, 6, 10].
Mitragynine has reported stimulant effects at low doses (1–5 g
of raw leaves), with opioid-like effects at high doses (5–15 g
of raw leaves) attributed to agonist activity at Mu and Kappa-
opioid receptors [2, 6, 10]. Additional reported pharmacologic
effects of mitragynine are reported in Table 1. Chronic
mitragynine use is associated with physical dependence and

potentially severe withdrawal symptoms resembling those of
opioid withdrawal, occurring 12 to 24 h after last use [2, 6].

Over the past several years, there has been an increase in
case reports detailing adverse reactions associated with
kratom use [2, 7]. The toxic effects associated with kratom
appear to be related to the drug’s stimulant and opioid activi-
ties, with stimulant-effects manifesting as anxiety, irritability,
and aggression, and opioid-effects presenting as sedation,
nausea, constipation and itching [2]. Additional effects in-
clude dry mouth, changes in urination, vomiting, and weight
loss [5]. Cardiotoxic effects have also been postulated [8].

Of a more serious concern, several reports have emerged
of kratom-associated seizures, typically resulting from
high-dose usage, either alone or in combination with other
drugs [2, 5, 10, 11]. Multiple kratom-associated deaths have
been reported [5, 8, 9]. A 2018 statement from the FDA
reported the number of Kratom-associated deaths as 44
[7]. Of interest, multiple described fatalities also contained
therapeutic levels of prescription medications with pharma-
cologic actions distinct from opiate receptor activation,
highlighting the difficulty in assessing an herbal agent’s
safety when there remains a lack of understanding of how
compounds in that agent interact with other medications,
drugs or herbal supplements [2].

In the present case, the decedent’s valproic acid level was
below reported therapeutic levels (and thus considered non-
contributory to his death) [12, 13]. His quetiapine level of
12 mg/L was within the toxic/lethal range [12, 13]. Reliable
toxic reference standards for mitragynine have yet to be
established; however, reported concentrations of mitragynine
in postmortem blood samples range from 230 to 1006 μg/L
[9]. The assumed symptomology preceding his death were
hyperthermia/fever (as suggested by the pile of wet clothing
adjacent to a bathtub full of water), and seizure/convulsions
(as evidenced by the intramuscular hemorrhage of the tongue).
While the toxic effects of quetiapine could in and of them-
selves account for these symptoms via a neuroleptic malignant
syndrome-like reaction, mitragynine is likewise associated
with the development of seizures (as described above) and
further hypothesized to produce hyperthermic-type effects
via activation of mu opioid receptors [12, 14, 15]. As such,
it is furthermore plausible that the decedent’s symptomology
was the result of a combined and/or synergistic reaction to
quetiapine and mitragynine.

Of further interest to the case, assessment of the decedent’s
quetiapine medication, as located in his residence, did not
reveal any significant discrepancies in pill quantities that
might reliably account for his postmortem blood quetiapine
level of 12 mg/L (i.e. no large quantities of pills were detected
missing). By comparison, a previously published report dem-
onstrated a serum quetiapine level of 12.7 mg/L after the in-
gestion of 100 tablets (200 mg each) [16]. However, it should
be stated clearly that in the present case the actual ingestion

Table 1 Pharmacology of mitragynine [2]

•Main activity is on μ receptors, creating opiate and analgesic effects and
physical dependence.

•Activates descending noradrenergic and serotonergic pathways in spinal
cord.

• Stimulates postsynaptic α2-adrenergic receptors.

• Blocks stimulation of 5-hydroxytryptamine2A receptors.

• Inhibits LPS-stimulated cyclooxygenase-2 expression and
prostaglandin E2 production.
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quantity of neither quetiapine or kratom is known to any de-
gree of certainty.

Quetiapine is known to be extensively and predominately
metabolized in the liver by cytochrome P450 3A4 (CYP3A4),
largely to inactive metabolites which are then renally excreted
(with less than 1% of the parent compound excreted un-
changed) [17, 18]. It has been demonstrated that strong inhib-
itors of CYP3A4 have profound effect on plasma concentra-
tions and clearance rates of quetiapine; co-administration with
ketoconazole (a CYP3A4-inhibitor) produces a 3.35-fold in-
crease in mean quetiapine plasma Cmax, and decreases clear-
ance by 84% [19]. Mitragynine has reported inhibitory ef-
fects on multiple cytochrome P450 enzymes, including
CYP2D6 (noncompetitive), CYP2C9 (noncompetitive),
and CYP3A4 (competitive); these three enzymes are all
members of the small core group of cytochrome P450 en-
zymes that are responsible for the metabolism of 90% of all
drugs, with the two most significant being CYP3A4 and
CYP2D6 [10, 20, 21]. It has been previously suggested
that this inhibitory action of mitragynine upon CYP en-
zymes may produce clinically significant interactions with
other drugs [10, 20]. As such – given the described action
of mitragynine upon CYP3A4, the enzyme responsible for
89% of quetiapine’s metabolism [22] – it may be that in
this case the decedent’s quetiapine level was affected by an
inhibitory effect upon the drug’s metabolism and clearance
due to concomitant mitragynine use.

A second mechanism by which mitragynine could alter
concomitant quetiapine levels is via inhibition of cellular
transport proteins, such as P-glycoprotein (P-gp), a
membrane-bound efflux pump located in excretory tissues
and blood-tissue barriers [23, 24]. P-gp actively transports
substrates from inside to outside of cells, thus serving to pro-
mote a substrate’s elimination, with alterations in P-gp activity
effecting serious drug-drug interactions. Mitragynine has been
identified as a clinically relevant P-gp inhibitor [23], and
quetiapine has been identified as a P-gp substrate [24]. Thus,
there exists at least the potential that P-gp-mediated elimina-
tion of quetiapine could be hindered by concomitant
mitragynine use, producing elevations in quetiapine levels,
although additional investigation would be necessary to vali-
date this claim.

In conclusion, the case reported herein demonstrates a fatal
combination of quetiapine and mitragynine, and highlights a
potential herb-drug interaction postulated upon mitragynine-
mediated interference with quetiapine’s metabolism and/or
elimination. While neither the ingestion quantity of quetiapine
nor kratom is known in this case, the circumstances of the case
are supportive of the notions of altered quetiapine metabolism
and clearance, and synergetic symptomology, lending support
to previously advanced concerns for mitragynine-associated
herb-drug interactions. Given that mitragynine has additional
inhibitory effects on other enzymes (including CYP2D6 and

CYP2C9), the overall importance of these enzymes to the
metabolic inactivation of a large array of prescription medica-
tions, and the number of additional know prescription drugs
that are P-gp substrates, then similar interactions between
mitragynine and other medications might be expected.
Further study is needed to fully elucidate mitragynine’s effect
upon the human body, with careful attention paid to potential
herb-drug interactions.

Key points

1. Kratom is a plant with mixed stimulant- and opioid-like
effects.

2. The main alkaloid isolate of kratom is mitragynine, which
has pharmacologic action at mu-opioid receptors.

3. Reports of kratom use and kratom-associated complica-
tions are on the rise, including multiple reported fatalities.

4. Mitragynine has been experimentally demonstrated to
display inhibitory effects on hepatic CYP enzymes and
the P-gp transport protein.

5. Kratom is commonly used in combination with other
drugs, and potential herb-drug interactions deserve con-
sideration and investigation.
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