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in the regions of its traditional use kratom is used as a
treatment for pain management and opioid withdrawal
[1,4].

The observational science on the experience of kra-
tom users indicates several reliable psychoactive effects.
At lower doses, an increase in alertness, motivation, and
sexual desire are commonly reported. At higher doses,
opioid dependent users report improvements in opioid
withdrawal symptoms and a decreased desire to use
other illicit substances, suggesting kratom’s potential as
a harm reduction agent for people with substance use
disorders. Another widely reported reason for kratom use
is pain management [5-7]. Whereas fewer studies have
examined kratom’s use for negative mood states and con-
ditions, a recent systematic review of 13 observational
studies indicated that kratom is also being used to self-
treat negative affect, most frequently anxiety and depres-
sion, with users reporting generally positive results [8].
Based on prior and recent studies involving kratom and
similarities between kratom and several substances with
antidepressant and antipsychotic properties, we examine
literature germane to estimating kratom’s potential utility
as a treatment for psychiatric symptoms [9].

More than 40 alkaloids have been identified to date
from kratom leaves, of which mitragynine, corynanthei-
dine, and 7-hydroxymitragynine (7-HMG) are known to
produce a range of pharmacological effects in humans
[10,11]. The proposed major pharmacologically active
compounds with opioid-like activity are mitragynine
and 7-HMG. These are indole alkaloids exclusive to
Mitragyna speciosa that act as partial biased agonists at
mu-opioid receptors activating only the G-protein signal-
ing pathway [1]. Importantly, these compounds operate
without recruiting beta-arrestin 2, which is associated
with a range of commonly reported undesirable effects
such as respiratory depression, constipation, and depen-
dence [1,12]. The major constituent, mitragynine, is also
a proposed agonist at the adrenergic alpha-2 receptor
[13], a mechanism that is currently utilized in opioid
withdrawal therapies with mechanism of action similar
to clonidine, a selective alpha-2 receptor agonist. This
activity may therefore allow for the reduction of with-
drawal symptoms and have the ability to decrease opioid
cravings. Unlike 7-HMG, mitragynine has been found to
lack addictive properties [4]. 7-HMG is present in lower
concentrations than mitragynine, but displays a higher
potency. While kratom is most commonly known for its
affinity to opioid receptors, it also has affinity to serotonin
and dopamine receptors [13,14], signaling its potential
for treating depression, anxiety, and psychosis.

Johnson et al.: Kratom for psychiatric disorders

METHODS

Search Strategy

This narrative literature review addresses the current
scientific knowledge of kratom and its potential use as
an antidepressant, anxiolytic, and antipsychotic based
on structural similarities of its indole alkaloids, in vitro
receptor binding studies, animal experiments, and human
reports. Human data was obtained from surveys and
observational studies since, to date, there are no clinical
studies on kratom or any of its constituents. The 32 rel-
evant articles included are from peer-reviewed journal
articles obtained through electronic databases (PubMed,
ScienceDirect, and Google Scholar). Keywords used to
execute the searches included the following: “kratom,”
“Mitragynine,” “Mitragyna speciosa,” ““7-hydroxymi-
tragynine,” and “indole alkaloids.” Articles included
discuss the pharmacology of either kratom preparations
or the isolated Mitragyna alkaloids and their potential
adverse effects as it relates to stimulant, antidepressant,
anxiolytic, antipsychotic, and opioid-like effects, in which
approximately 70 articles were found. Once the informa-
tion was identified in literature searches, more specific
searches were conducted focusing on the following: (i)
indole alkaloids and pharmacological activity (ii) antide-
pressant effects and kratom (iii) antipsychotic effects and
kratom. Forty-three articles were analyzed and retained
for further review. We excluded studies that did not in-
clude information directly related to the antidepressant,
anxiolytic, or antipsychotic activity of Mitragyna spe-
ciosa or its constituents iz vitro, in animals, or in human
studies for inclusion in the review of the study methods.
Finally, 32 articles met all criteria and were examined for
data relevant to kratom and antipsychotic, antidepressant,
or anxiolytic effects.

ANTIDEPRESSANT AND ANTIPSYCHOTIC
EFFECTS OF KRATOM AND MITRAGYNINE

Indole alkaloids have been used for, and continue
to show promise as, therapeutic drugs [15]. These com-
pounds exhibit pharmacological activity through inter-
actions with dopamine, serotonin, and norepinephrine
receptors [16]. They have been developed into useful
therapies for migraine, depression, and schizophrenia.
Mitragyna speciosa contains indole alkaloids that target
serotonin and dopamine signaling pathways and show
promise as a treatment for depressive and psychotic dis-
orders. While mitragynine is most prevalent in the leaves,
similar indole alkaloids, such as paynantheine and spe-
ciociliatine, are also present [10].

Antipsychotics can be grouped into two major class-
es, typical and atypical. Typical agents such as haloperi-
dol and chlorpromazine, are thought to work by inhibit-
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ing D, dopamine receptors to treat the positive symptoms
of psychosis such as hallucination and delusion while
atypical antipsychotics treat both positive and negative
symptoms, the latter including decreased motivation and
ability to feel pleasure, as well as social withdrawal via
inhibition of D, dopamine, alpha-2 adrenergic and sero-
tonin receptors (5-HT,,). While both of these classes of
medications can be especially helpful in the management
of psychosis, the side effects present a wide range of com-
plications for the patient, some of which include tardive
dyskinesia, dystonia, weight gain, and agranulocytosis
to name a few [17]. To date, these adverse effects have
not been observed with the use of kratom or its isolated
alkaloid mitragynine in animals or humans.

A 2016 study using in vivo and ex vivo models
showed that mitragynine has inhibitory effects on the
same receptors to which atypical antipsychotics bind.
Mitragynine has inhibitory effects on receptors similar to
current medications that are used to treat psychosis which
also inhibit D, dopamine receptors [17]. This study also
conducted research on the effect of mitragynine as an
antipsychotic in mice in whom psychosis was induced
by using apomorphine, a dopamine agonist, which
manifested in abnormal cage-climbing behavior. It was
then determined that 75 to 100 mg/kg of a methanolic
kratom leaf extract containing 4.4% mitragynine was
able to significantly decrease psychotic symptoms. While
mitragynine has affinity to dopamine receptors assisting
in the alleviation of positive symptoms (auditory, visual,
and tactile hallucinations, delusions), it is suggested that
mitragynine would also have the ability to reduce nega-
tive symptoms (alogia, avolition) through antagonism at
serotonin 5-HT,, and 5-HT,. receptors.

In the screening of antidepressant compounds, two
methods are commonly used to assess the effectiveness
of compounds in mice: the forced swimming test (FST)
and the tail suspension test. The forced swimming test
is used to assess the absence of escape-oriented behav-
iors which is timed when the mouse becomes immobile,
defined as motionless except for the mouse keeping
their head above water. The tail suspension test involves
attaching tape on the mouse’s tail to keep it suspended
above the ground. Immobility is again tested by the time
the mouse is completely immobile and motionless [3]. In
a study in which two different doses of mitragynine and
a control were injected intraperitoneally, both the forced
swimming test and the tail suspension test indicated that
both the 10 mg/kg and 30 mg/kg doses of mitragynine
significantly reduced immobility time when compared to
the control. In addition, like fluoxetine and amitriptyline,
two common antidepressant drugs, mitragynine produced
similar responses in immobility time indicating that in
this context mitragynine may be effective as an antide-
pressant. It was also found that mitragynine decreased
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levels of blood cortisol similar to the effects of fluoxetine
and amitriptyline in these tests [3]. Clinical research in-
dicates a positive correlation between cortisol levels as a
representation of stress and the risk of developing major
depressive disorders [18].

A separate animal study conducted in 2006 on mi-
tragynine in adult male Wistar rats and male ICR mice,
found a single intraperitoneal administration of the al-
kaloid-rich fraction of kratom (containing 60% mitragy-
nine) in doses of 60 mg/kg and 90 mg/kg to mice also
resulted in significantly decreased immobility time in the
FST [19] without affecting locomotor activity, which is an
indicator of stimulant effects. The same study identified
that both the antinociceptive and antidepressant effects of
kratom may in part be mediated through activation of the
c-Fos pathway and higher FOS protein levels in the dor-
sal raphe nuclei [19]. The Dorsal raphe nucleus presents
with a high density of serotonin nuclei and innervations
to the forebrain which has been linked to its central role
in depression. A major limitation of these two studies is
the intraperitoneal route of administration of mitragynine
and kratom circumventing the gastrointestinal tract thus
excluding potential metabolism by CYP enzymes and
intestinal bacteria.

Two other animal studies in rats and mice investigat-
ed the effect of orally administered kratom on mitigation
of ethanol withdrawal symptoms compared to fluoxetine
[20,21]. Ethanol withdrawal in previously ethanol-de-
pendent animals is a commonly employed model for the
induction of depression and subsequent evaluation of
antidepressant activity of new drugs [22]. The proposed
neuropathological changes leading to reductions in
monoamine neurotransmitters as well as other pathways
associated with depressive disorders are reproducible in
this model. In both studies, the alkaloid fraction of kra-
tom reduced ethanol withdrawal symptoms in a similar
manner to fluoxetine by reducing locomotor hyperactiv-
ity. A distinction between the alkaloid fraction of kratom
and fluoxetine was observed via EEG in rats. While flu-
oxetine and other selective serotonin reuptake inhibitors
(SSRIs) are known to suppress REM sleep, the alkaloid
fraction of kratom did not affect any REM parameters
following oral administration. As shown in [3], mitragy-
nine may have similar impact on animal behavior to that
of fluoxetine in studies using both the forced swimming
test and tail suspension test. This similarity in action sug-
gests the potential value of kratom as an antidepressant.
While mitragynine is primarily recognized for its action
on opioid receptors, it does not structurally resemble
other medications in the opioid family. This indicates
mitragynine may have a broader receptor specificity than
originally expected [23]. Mitragynine, fluoxetine, DMT,
LSD, and psilocybin all interact with serotonin receptors,
while LSD also has an affinity to D, receptors. The affin-
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ity of mitragynine to the 5-HT, . receptor, and affinity to
D, receptors may indicate how this compound could be
an effective antidepressant, as fluoxetine is an inhibitor at
this receptor subtype as well.

USER EXPERIENCE AND CLINICAL
REPORTS WITH KRATOM

A range of personal experiences have been described
by kratom users at varying doses. Low doses generally
provide a motivational and stimulant effect and may thus
be helpful in work settings. Higher doses are reported to
increase relaxation and calm. Users describe increased
sociability and empathy. While visual alterations, gastro-
intestinal (GI) upset, dizziness, and vomiting have been
reported as common side effects, GI upset and dizziness
are most commonly observed if kratom is taken concom-
itantly with other substances [24,25]. Users from various
backgrounds have reported feeling happiness, well-be-
ing, mellowness, being able to relax, a mental calm with
no loss of clarity, having more energy, increased desire
to work, and a strong desire to communicate with loved
ones [25]. Users have reported the kratom experience as
akin to a mild psychedelic experience, including close-
eye visual patterns, a mild expansion consciousness
relative to visual and auditory stimuli. These experiences
[25] may indicate a similarity in the mechanisms (i.e.
5-HT) of kratom to that of psychedelic substances such
as LSD and DMT.

Although no clinical study has evaluated the antide-
pressant effects of kratom, or any of'its constituents to date,
several online and in-person surveys document the rea-
sons and benefits that kratom users report [7,8,24,26,27].
In a 2016 online survey conducted among 8,049 current
kratom users, 58% reported use for self-treatment of a
mental or emotional disorder [24]. Among those taking
kratom to self-treat a mental or emotional disorder, fe-
males were more likely to take kratom for such condi-
tions, while those aged 41 or older were less likely to
consume for these reasons. In a subsequent analysis of
the data, 66.5% of users who consumed kratom to self-
treat a mental or emotional disorder rated their health as
“good” or “very good” [7]. In the same publication, the
correlation between a reported diagnosis of depression
and the use of kratom for self-treatment of a mental or
emotional disorder was significantly higher for women
and inversely related with age. Income was found to have
a negative correlation with a diagnosed depressive disor-
der and with the use of kratom for self-treatment.

In another 2019 online survey including 3,024 for-
mer and current kratom users, similar demographics were
reported with 66.4% of current kratom users selecting
anxiety or depression as one of the impelling causes for
the use of the product, while 20.2% disclose it as the main
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motivation [27]. In contrast, only 14.5% of current users
listed relief of withdrawal symptoms as one reason, and
2.2% chose it as the main reason for consuming kratom
products. The most common reason for consuming kra-
tom was pain relief in both current and past kratom users.

A 2017 anonymous survey of 500 kratom users and a
2015 quantitative analysis of experiences of 161 kratom
users indicated that kratom products are used as a miti-
gation strategy to reduce opioid withdrawal symptoms,
which often involve states of depression and anxiety
[25,26]. In general, people with recent harmful opioid use
are more likely to use kratom as a harm reduction strategy
than those who use other illicit drugs. A third of the re-
spondents in this survey who had used kratom to mitigate
withdrawal symptoms indicated that they would take
the product again [26]. From these initial survey studies
kratom is primarily used to prevent opioid withdrawal
effects and as a self-treatment of a mental or emotional
disorder which include depression and anxiety.

PHARMACOKINETICS

Of all Mitragyna speciosa alkaloids, mitragynine
makes up 66% of them while paynantheine accounts for
9%, followed by speciociliatine at 7%, and 7-HMG at 2%
of the total alkaloid content. The additional alkaloids are
only found in miniscule amounts [28]; however, of the
raw leaf material, mitragynine only accounts for about
2%, illustrating the differentiation between the alkaloid
fraction often reported in the literature and actual total
leaf material amount that is ingested [29].

Mitragynine has a low oral bioavailability of 3% [28-
30], which may be a result of high first-pass metabolism
via cytochrome P450 (CYP) enzymes in the intestines
and the liver, as well as low solubility in the intestinal
lumen leading to reduced absorption. Mitragynine has a
short half-life of approximately 3 hours after injection of
the compound but presents with a long terminal half-life
of approximately 29 hours following oral administration,
suggesting a biphasic distribution model [31,32]. The
pharmacokinetics in a small study of 10 chronic users
show kratom, more specifically the major constituent mi-
tragynine, has a two-compartment model with a half-life
of approximately one day [2]. Metabolism of mitragynine
mainly occurs in the liver where in vitro experiments
indicate that mitragynine interacts with other medica-
tions and substances via CYP enzymes [9]. Mitragynine
and 7-HMG may inhibit the activity of CYP2D6 and
CYP3A4. Moderate inhibitory effects are seen with
CYP1A2 and mild inhibition of CYP2CI19. In vitro, it
has been shown that mitragynine and 7-HMG also act as
inhibitors of P-glycoprotein (P-gp). Although the clinical
significance of the inhibitory effect on CYP enzymes by
kratom and its alkaloids has not been determined, kratom
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is often reported together with drugs that are substrates
for CYP3A4 (alprazolam, carbamazepine, phenobarbital,
phenytoin, quetiapine, oxycodone), CYP2D6 (amitrip-
tyline, fluoxetine, haloperidol, codeine), and CYP1A2
(theophylline, clozapine) [2,9,33].

P-gp is a drug transporter expressed in the endoplas-
mic reticulum with very broad specificity. This protein has
the ability to pump xenobiotics out of the cell to reduce
absorption of the substances into the systemic circulation
or from crossing the blood-brain barrier. A 2019 study
determined mitragynine to be an inhibitor of P-gp, which
could lead to significant drug-drug interactions between
kratom and other substances [33].

TOXICITY

The toxicity of kratom has been studied for total
alkaloid extracts in mice which found an LD, of 173 mg/
kg [34] and 592 mg/kg [35], and for methanolic extracts
in mice, an oral LD, of 4,900 mg/kg was reported [34].
In a study of rats receiving mitragynine at various doses
for 5 days per week for 6 weeks, minor changes in body
weight and liver and kidney weights were observed, but
no other behavioral or physiological effects were noted.
In dogs, no adverse effects were observed after 3 weeks;
however, there were changes in blood chemistry, liver
cell morphology, and lymphatic hyperplasia after an ad-
ditional 3-week dosing period [35]. A 2013 study in rats
produced similar results with low and intermediate doses
showing little sign of toxicity, but induced hematological
and liver and brain histopathological changes suggestive
of toxicity at a higher dose [36].

In very high doses of mitragynine administered to
various animal species (the human equivalent of more
than 15 g/dose), there were no acute deaths or significant
effects of toxicity, however in humans [37], unlike opi-
oids, there have been no reported effects of respiratory
depression or opioid toxic syndrome with the use of kra-
tom alone. Hypothyroidism and intrahepatic cholestasis
have been reported co-existent with kratom use, but these
data are from case studies and thus provide little evidence
that kratom caused the events due to limits on internal
validity [1,36,38]. When taken orally in single doses up
to 5 g, the main side effects were nausea, itching, loss of
appetite, and increased urination [25,38]. When taken at
increased doses of 8g or more, adverse effects included
constipation, sedation, hypotension, sweating, dry mouth,
and tachycardia [24].

CONCLUSIONS

Kratom as a traditional medicine has become widely
known and used as a supplement for the self-treatment of
a variety of disorders. Because of its proposed stimulant
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effects and self-reported benefits, kratom might induce in-
creased behavioral activation among people with depres-
sion, anxiety, and psychosis, leading to the improvements
of mental health conditions. The low toxicity of kratom
and its constituents indicate this may be beneficial for the
development of a safe and tolerable antidepressant/anti-
psychotic. One potential drawback of the use of kratom is
dependency and addiction to the product. Because there
is currently no accepted medical indication for kratom
or its alkaloids and a potential for dependency, the US
Drug Enforcement Administration (DEA) regards it as a
“drug of concern” [5]. The US Food and Drug Admin-
istration (FDA) furthermore has classified mitragynine
and alike indole alkaloids as opioids which complicates
clinical trial approval to evaluate effects of kratom and its
constituents in humans [5]. However, kratom as well as
mitragynine require more research to determine the most
effective dosing for its psychoactive properties, while
reducing addiction liability.

In conclusion, the research conducted on kratom, es-
pecially its major constituent mitragynine, shows promise
for the possible future use of kratom as an antidepres-
sant and antipsychotic. Additional research needs to be
conducted on the mechanism of action of kratom and its
constituents to analyze the mechanism in which it elicits
antidepressant and antipsychotic effects. We suggest the
interaction of kratom on both dopamine and serotonin
receptors may lead to a decrease in psychosis, especially
due to the interaction of the dopamine receptor, as demon-
strated by other antipsychotic medications interaction
with this receptor. Depression is likely decreased due to
the interaction on serotonin receptors, as seen with the in-
teraction of other antidepressants on serotonin receptors.
Due to mitragynine’s affinity to dopamine and serotonin
receptors this compound shows significant promise as a
lead drug or treatment for psychiatric disorders.
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