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Abstract

Current standard pharmacotherapies for anxiety management come with a host of side-effects that may deter the
patients from utilizing them. Kava, a traditional beverage from the South Pacific region, has been used as a natural
medicine for centuries and has been hypothesized to contain anxiolytic properties. There are a few well-designed,
randomly controlled trials that have evaluated the effectiveness of kava or its constituents against anxiety disorders.
They have generally shown kava to be effective in managing the disease. However, there has been a serious concern
about the hepatotoxic risk of kava, which greatly limits its anxiolytic development and application. This review attempts
to summarize the recent anxiolytic trials using kava, the associated hepatotoxicity risks, the potential responsible
chemicals for these two activities, and the mechanisms of action. Overall, kava has a great potential to be developed
as a natural anxiolytic agent through a systematic approach, but the present form should be used with caution.
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Introduction

Anxiety disorders, in various forms, affect around 25 million
people in the United States annually [1]. Generalized anxiety disorder
is commonly characterized by persistent anxiety and frequent irrational
worry that occurs consistently for at least 6 months. Anxiety disorders
are often associated with depression, excessive phobia, and physical
symptoms such as headache, gastrointestinal distress, muscle tension,
insomnia, and others. The diagnosis of anxiety disorders usually
employs screening tools, including the Generalized Anxiety Disorder
7 (GAD-7), which can be used to assess the severity of the disease and
treatment progress. The diagnosis also involves screening for social
anxiety disorder, which is characterized by the experience of persistent
fear or worrying about social situations [2]. The diagnosed anxiety
disorders fall into many different types, such as anxious depression,
health anxiety, obsessive-compulsive disorder, social anxiety, and
panic disorder. Though these disorders all show high rates of coexisting
symptoms, they also have different nuances that separate them as
unique conditions. Because of this, the clinical management of anxiety
disorders has to address a complex array of psychological and physical
symptoms. Treatment of anxiety disorders often includes lifestyle
modifications, psychotherapy, pharmacotherapy or a combination of
these.

Pharmacotherapy of anxiety disorders, as outlined in guidelines
of World Foundation for Biological Psychiatry [3], uses a number of
different classes of medications. These range from pure anxiolytics
like gamma-Aminobutyric acid (GABA) agonists including
benzodiazepines, serotonin-reuptake inhibitors (SSRIs) and serotonin-
norepinephrine reuptake inhibitors (SNRIs), antidepressants, and
antihistamines [4]. While generally effective, these medications are not
without risks, as some are addictive, most interact with alcohol, and
some can even increase anxiety in certain patients. More specifically,
benzodiazepines are associated with several adverse effects, including
increased sedation, interactions with ethanol, and a potential of
addiction. Serotonin or norepinephrine modulating therapies have
a long latency period, and in some cases can increase anxiety, cause
headaches, and may have withdrawal symptoms. The tricyclics come
with the same somnolence issue as benzodiazepines, can produce weight
gain, and can be lethal if consumed in excess. Finally, antihistamines
such as hydroxyzine also have significant issues, including sedation and
anticholinergic effects [5]. Because of these risks, patients are turning
to products that are categorized as “herbal” or “natural”, assuming that
these products are generally safer, and a better option to treat their

conditions than a prescription drug. Kava is one such natural product
that has been used in the treatment of anxiety disorders.

Traditional kava is an aqueous extract of the roots and rhizomes
of Piper methysticum, a tropical shrub indigenous to the islands of
the South Pacific. Fresh or dried roots are crushed into a powder and
rehydrated into the kava beverage, which is consumed in both social
and ceremonial manners. Kava has occupied an important place in the
day-to-day culture in the South Pacific islands with the first document
from 1777 showing its use as a drink [6]. It has also been used by the
native islanders to treat venereal diseases, rheumatism and asthma,
to counteract fatigue as well as to reduce pain and fever [7]. The
reported effect of traditional kava ranges from peaceful relaxation to
sedation [7,8], and because of this, its use as a natural alternative to
pharmacotherapy for anxiety spread worldwide in the late 20" century
[9]. With its wide spread usage and lack of rigorous quality control
of various products, reports about kava’s hepatotoxic risk began
to surface, prompting a number of countries to ban it as a clinical
anxiolytic. As further research explored the cause of hepatotoxicity [10]
and its anxiolytic potential [11,12], there has been a renewed interest
in exploring kava as a novel treatment for anxiety and its ban has been
lifted in Germany. This review article focuses on therapeutic properties
of kava in controlled anxiolytic trials, its safety profile, the knowledge
about the active ingredient(s) and the mechanism of action.

Methods

In order to obtain data on the role of kava in anxiety therapy, a
review of PubMed, and OVID Medline databases was conducted, with
the key words Kava, Kava Kava, Kawa, Piper methysticum, anxiety,
and anxiolytic. Exclusion criteria were online trial design, concurrent
study of other herbal compounds, single-dose trials, and trials not
published in English, while inclusion criteria were clinical trials with a
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primary efficacy endpoint involving reduction in anxiety. In addition,
structure, function, and mechanism of action were also added to the
search criteria to explore the literature for possible explanations for
kava’s mechanism of action related to anxiolysis. Finally, liver, liver
enzymes, liver failure, hepatotoxicity, and rash were added to screen
for publications that discuss the possible harms of kava.

Anxiolytic trials using kava extracts

There have been a number of randomized clinical trials that
evaluated kava’s anxiolytic potential as specific extracts of the plant.
These studies are summarized in Table 1. One subset of these trials
examined the use of WS1490, a kava extract with high kavalactone
content, in both short term and long-term settings. These trials were
carried out in a placebo controlled, double-blinded manner, and
used the same scoring system, the Hamilton Anxiety Scale (HAMA),
to measure efficacy. Though these were two small trials, with 58
participants enrolled in one [13], and 101 enrolled in the other [14],
they demonstrate some of the strongest evidence for the use of kava as
an anxiolytic agent. Interestingly, the 4 week short term trial showed a
statistically significant improvement over the placebo [13], while the
longer 25 week trial didn’t show any significant difference between the
two arms until eight weeks into the trial [14]. This discrepancy could be
the small sample size in these trials.

This specific kava product, WS1490, was further examined in
another randomized, double blind, placebo controlled trial with 40
patients enrolled [15]. In this study, subjects taking benzodiazepines
were enrolled and they were screened to ensure that they had no other
psychotic comorbidities, including depression. At the initiation of the
trial, patients were titrated up from 50 mg of standardized kava extract
to 300 mg, as their benzodiazepine dose was titrated down, with a goal
of no benzodiazepine usage after two weeks. The kava arm was found
to have a median decrease of 7.5 points on a HAMA scale of 56, or
approximately 13 percent, while the placebo arm actually increased
an average of 1 point. The study also included a crossover arm after
completion, where patients who were in the WS1490 arm were switched
to placebo, and reported that 64% of the patients that crossed over had
recurring anxiety symptoms on the placebo. Finally, no adverse effects
were reported by patients, nor were any blood work abnormalities
found, including liver functions. Another blinded placebo controlled
trial was also conducted to determine whether WS1490 at the dose of
150 mg per day was effective when compared to a placebo [16]. In this
multi-center study, different clinicians assessed patients using a largely
subjective scale, and the primary outcome measure was shifted from
HAMA to the Anxiety Status Inventory. There was no difference in the
primary endpoint at the six-week conclusion of this trial, which could

Year Duration | Number of Therapy Comparator Primary Endpoint Secondary endpoint Outcomes
(weeks) enroliment
1996 [13] 4 58 WS 1490, 100 mg, three Placebo HAMA scale compared to | Adjectives Checklist Significant reduction in
times daily baseline and Clinical Global HAMA after one week,
Impression Scale continued to widen over
(Cal) the trial
1997 [14] 25 101 WS 1490, 100 mg, three Placebo HAMA scale compared to = Adjectives Checklist Significant reduction in
times daily baseline and CGlI HAMA, but not until 8 weeks
2001 [15] 5 40 WS 1490, 100 mg, three Placebo HAMA scale compared to Erlanger Anxiety, Significant reduction in
times daily baseline, Benzodiazipine Tension and HAMA
withdrawal symptoms Aggression Scale
(EAAS) and CGI
2001 [17] 25 40 100 mg (55% kavain), Placebo + HRT | HAMA scale compared to N/A Significant decrease
once daily + HRT baseline compared to baseline and
placebo +HRT arms
2003 [18] 12 68 100 mg or 200 mg (55% No therapy State-Trait Anxiety N/A Significant decrease in
kavain), once daily Inventory anxiety
2001 [19] 4 13 280 mg (30% Placebo Baroreflex control of heart | Global Improvement | Significant increase in BRC,
kavalactones), daily rate and respiratory sinus Score by clinicians but no change in RSA
arrhythmia
2002 [20] 4 37 Kavalactones 70 mg twice Placebo HAMA scale compared N/A No significant difference
daily for one week, then to baseline, Hospital
titrated up to 140 mg twice Anxiety and Depression
daily Scale, Self-Assessment of
Resilience and Anxiety
2003 [21] 8 129 400 mg of kava extract |5 mg of Buspirone  HAMA scale compared to | Boerner Anxiety Scale, Significant decrease in
once daily (30% twice daily or 50 baseline von Zersen Mood HAMA scores
kavapyrone) mg of opipramol Scale, CGl, Zung Self-
twice daily Rating Anxiety Scale
2003 [16] 6 141 WS 1490, 50 mg, three Placebo Anxiety Status Inventory BF-S, CGl, EAAS, No difference between
times daily (ASI) Knowledge of Effective | placebo and drug, significant
Parenting Scale difference between
beginning and end ASI in
treatment group
2009 [22] 3 60 Standardized to Placebo HAMA scale compared to Beck Anxiety 10.1 point decrease on
kavalactones (250 mg), baseline Inventory, HAMA scale, p<0.0001
divided into 5 pills daily Montgomery-Asberg
Depression Rating
Scale
2013 [11] 6 75 Standardized to Placebo HAMA scale compared to N/A Significant decrease on
kavalactones (60 mg), baseline HAMA scale, p<0.0001.
twice daily; titrated to 120
mg twice daily at 3 weeks
Table 1: The summary of kava clinical trials.
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be due to the lower dose or shorter duration of the study. Of note, no
significant changes in liver function were noted in this trial as well.

Kava’s potential in the treatment of anxiety due to menopause
was also examined [17]. Anxiety can be a common condition during
menopause, as the estrogen level is rapidly changing. Previous literature
reported the efficacy of hormone replacement in alleviating symptoms
of anxiety associated with menopause. This study was a four-arm trial
examining the impact of the addition of a kava extract to hormone
replacement therapy in the treatment of menopause-associated anxiety
[17]. The four-arm design was necessary due to the differing hormonal
needs of women with intact reproductive systems who naturally
entered menopause, versus those who entered menopause surgically.
The kava regimen used in this trial consisted of 100 mg tablets with 55%
kavain taken once daily. The HRT + kava group had greater decrease
in HAMA scores, 54.4% vs. 24.2% in comparison to the HRT group.
These results clearly indicated that the addition of kava provided a
beneficial increase in the control of anxiety without any adverse effects.

Efficiency of kava against perimenopausal anxiety was also
examined in an open label, non-placebo trial with three arms [18]. All
three arms received calcium supplementation, and the first arm received
no other treatment, the second received normal treatment plus 100 mg
of kava extract daily, and the third arm received normal treatment plus
200 mg of kava extract daily. In this trial, the kava product contained
55% kavain. Changes in anxiety were measured using the STAI scale,
a self-administered inventory that ranges in score from 20 to 80. In
both kava arms, a statistically significant decrease in STAI scores was
observed at both one and three months when compared to baseline,
while the negative control arm has no significant decrease. Two patients
withdrew due to adverse effects, one in each kava arm. However, they
had no changes in liver enzyme levels.

In addition to causing patients significant mental stress, anxiety
is also known to trigger pathophysiological effects, including elevated
heart rate. These effects may be correlated with an increased risk of
nonfatal myocardial infarctions and fatal coronary heart disease;
however, the potential of kava to manage these symptoms has not
been thoroughly tested. One study explored kava’s calming effect on
the cardiac pathology of anxiety [19]. This study was quite small, with
13 patients originally enrolled, and randomized to placebo or kava
treatment group, with one patient from each group being excluded
from the final analysis due to hypertension. This double-blind, placebo
controlled trial ran for four weeks, and the parameters examined were
respiratory sinus arrhythmia (RSA) and baroreceptor reflex control
(BRC), which have been employed to indicate vagal cardiac control,
a further surrogate for decreased risk of cardiac pathology associated
with anxiety. There was a statistically significant increase in BRC with
four of the six patients receiving kava experienced an increase in BRC,
versus only one in the placebo arm. However, there was no difference
in RSA improvement between both arms and was attributed to possible
errors in data collection.

Interestingly, in another placebo controlled double blinded trial,
kava did not show any difference when compared to placebo in the
short-term treatment of anxiety [20]. This was a short term, 4 weeks
long trial that enrolled 38 patients, with the majority of them being
female. The treatment arm received kava, standardized to 70 mg of
kavalactones, twice daily for one week, and then doubled the dose for
the remainder of the trial. In this study, multiple surveys were used to
assess the control of anxiety, including the HAMA. While improvement
was noted in both arms on the HAMA, there was a non-significant
difference between them. It is interesting to note that this is the first
randomized controlled trial that notes transient liver enzyme elevation,

though one of the subjects was mentioned to be already predisposed to
elevated liver function tests. In addition, the findings of this study are
similar to those in the first long WS1490 trial, conducted by Volz et al.
in that there was no significant difference at four weeks [14].

Investigational therapies are also frequently compared to standard
treatments rather than placebo. A kava extract standardized to 120
mg kavalactone was compared to 5 mg buspirone twice daily, or 50
mg opipramol twice daily, an anxiolytic that is not approved for use
in the United States [21]. This was a double blinded trial, and lasted
for 8 weeks, with a ninth week-off of medications to assess withdrawal
symptoms. 119 patients were enrolled with a diagnosis of only general
anxiety disorder, and excluded a variety of other mental health
conditions. Efficacy was assessed using the HAMA scale, and all three
arms displayed a significant decrease in HAMA scores, both at 2 weeks
and 8 weeks, indicating that kava may have an early onset of action, and
that they are just as effective as current therapies for treating anxiety.

In the early 2000s, case reports of hepatotoxicity began to surface,
causing the interest in kava for anxiety treatment to decrease. These
case reports are discussed in a later section, but prompted a study of a
whole-plant aqueous extract for anxiety [22]. This trial was performed
to assess the anxiolytic properties of the aqueous extract with 60 patients
enrolled and the duration of three-week kava treatment. Patients,
excluded if they had any elevated liver enzymes, were randomized
into placebo or kava extract treatment group. Both groups were given
placebo for one week and individuals were excluded from the active
portion of the trial if they showed a greater than 50% improvement on
the HAMA after the one-week placebo treatment, a technique used to
eliminate false responders. The results of the study showed that this
novel kava extract was effective in managing anxiety, with a mean
decrease of 10.1 points on the HAMA scale in the treatment arm over
the placebo arm. The kavalactone content in the new extract in this
study was established, and the daily dose of kavalactones was found
to be comparable to what had been reported in previous trials. Sarris
et al. continued to explore the anxiolytic effect of the aqueous extract
with a second trial [11]. In this trial, 75 participants were enrolled, with
nine being excluded after a one-week placebo response period, again
used to eliminate false responders. Participants in this trial started on
the aqueous kava extract standardized to 120 mg of kavalactones daily
for the first three weeks, with a clinician’s option to titrate up to 240
mg at 3 weeks among the non-responders. This was mirrored in the
placebo arm, by doubling the number of placebo pills taken in the non-
responders. At the end of the 6-week active drug trial, there was also a
week long washout period, allowing the investigators to examine the
withdrawal effects of the active drug. At the end of the trial, there was
a significant reduction in HAMA scores in the kava extract arm when
compared to the placebo. Due to the increasing concerns of kava’s
possible hepatotoxicity, which is addressed later, all participants in the
trial were screened at three different times for elevated liver enzymes,
and there were no statistically significant differences between enzymes
levels during this trial.

In addition, a meta-analysis conducted in 2011 examined the
neurocognitive side effects of kava in a variety of clinical trials [23]. 10
trials were selected for inclusion in this analysis, and the authors found
that kava had no negative neurocognitive effects when used to manage
acute conditions. As mentioned earlier in this review, patients often
turn to naturally derived products in order to avoid side effects, so the
lack of impairment seen with kava when compared to medications like
benzodiazepines may make it a more attractive therapeutic option for
patients.
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Kava’s chemical composition and the potential anxiolytic
compound(s)

Similar to any natural extract, kava contains a number of
constituents, whose composition depends on a number of factors,
including the cultivars, the culture conditions, the parts of the plant
used, and the methods of extraction. Numerous methods have also been
developed to characterize the chemical composition of kava products,
such as the recent HLPC-based method [24], the HPTLC-based method
[25], and the LC-MS based method [26]. Generally kava extracts
contain several classes of chemicals, including kavalactones, flavones,
chalcones and many others. Some of these constituents are shown in
Figure 1. Kavalactones are typically the characteristic constituents,
including yangonin, desmethoxyyangonin, kavain, dihydrokavain,
methysticin, and dihydromethysticin. These kavalactones, particularly
kavain, are believed to be responsible for kava’s anxiolytic activity [27].
The total content of these kavalactones, therefore, has been used for the
standardization of kava extracts as discussed in the kava trials. Despite
their high structural similarity, they could elicit distinct molecular
changes [28], suggesting that they would have different contribution
to kava’s anxiolytic activity. Two small-scale clinical trials in the early
1990s evaluated and demonstrated the anxiolytic activity of kavain
[29,30]. These studies, however, did not evaluate kava or any other
kavalactones for efficacy comparison, which would be necessary to
determine whether kavain is the major anxiolytic in kava. Surprisingly,
there have been only two in vivo studies to identify the anxiolytic
compound(s) in kava and both studies speculated that dihydrokavain
might be the active candidate [31,32] although the assay used (chick
social separation-stress paradigm) is not one of the standard anxiolytic
assays [33]. Therefore the anxiolytic ingredient(s) in kava remains to be
firmly validated, which is critical for kava’s standardization and future
clinical development of kava-based effective anxiolytics.

Kava’s anxiolytic mechanisms

As kava’s anxiolytic translational development was largely based on
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its established and widespread traditional use to promote relaxation, no
target identification occurred as it transitioned to a more widespread
prescribed usage. It is also very difficult to elucidate the mechanism of
action for kava because of its mixture nature with varied abundance
among different products. Effort had been undertaken by different
research groups to identify both the active compounds in kava as well
as their sites of action, mostly based on biochemical and cell-based
assays. As mentioned earlier, there are many different pharmaceutical
compounds used to manage and treat anxiety disorders, and the site of
action of those compounds were examined as possible targets for kava.
One group used kavain in a rat neuronal model and suggested that
this possible active ingredient likely acted through an anti-convulsant
pathway [34]. Similar to gabapentin and pregabalin, kavain was found
to modulate calcium channels, reducing the activity of voltage gated
calcium channels. In addition to acting on calcium channels, this
group found that kavain also acted on voltage gated sodium channels,
reducing their activity. This finding reinforces data from a previous
study, again using a cell-based rat model, which found that kavain
inhibits voltage gated sodium channels, slowing the neuronal activity
[35]. While these studies provide an important framework in shaping
the understanding of kava’s mechanism of action, they both were
conducted in vitro with a single kava-derived compound, limiting their
applicability to understanding the anxiolytic action in humans.

The benzodiazepine class of medications exert their anxiolytic effect
by binding to the GABA(a) receptor in the central nervous system. This
serves to open chloride channels, hyperpolarizing the cell membrane,
and increasing the threshold for activity. A number of investigators
have examined the GABA-modulating role of kava or kava-derived
compounds in vitro and ex vivo [36]. It was found that a number of kava
constituents inhibited benzodiazepine binding in rat forebrains, via an
in vitro model, but when the compounds were translated to ex vivo
murine models, they had no activity. In order to confirm these findings,
a controlled in vivo receptor-displacement experiment was conducted
with radiolabeled [H3]GABA. Mice were injected with the radiolabeled
GABA, and after an incubation period, treated with either a kava
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Figure 1: The structures of representative chemicals identified in kava.
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extract or a benzodiazepine, and then sacrificed. The amount of labeled
compound displaced by each treatment was measured, and used as an
indicator of the affinity for the receptor by the treatment. There was no
displacement by the kava extract, and nearly complete displacement by
the benzodiazepine, indicating that the GABA receptor is not a likely
target for kava, nor the source of its pharmacological action.

Grunze et al. discussed three different in vitro experiments to
further explore mechanisms for kava’s anxiolytic properties [37]. The
first explored GABAergic properties of kava in guinea pig hippocampal
slices and it did not show the stereotypical positive movement as seen
by GABA or GABA agonists. This study showed that kava might
function in the serotonergic pathway as well as in the glutamanergic
pathway. Other experiments conducted by these investigators further
reinforced the concept that kavain antagonizes Ca®* channels, and has
effects on sodium and potassium channels, similar to those of mood
stabilizing and anti-epileptic therapies. However, there was not in vivo
validation of these results.

The mechanism of action of kava was also explored in comparison
with other anxiolytic therapies such as serotonin and norepinephrine
reuptake inhibitors. Cerebrocortical and hippocampal synaptisomes of
rats were used to assess the possible monoamine-modulating effects
that kava may have [38]. After applying norepinephrine and serotonin
to the cells, kava extracts were given, and the effect of reuptake
inhibition was measured, as seen by the amount of neurotransmitter
not taken up by the cells. These values were compared to the effect
of a known norepinephrine reuptake inhibitor, desimpiramine, and
a known serotonin reuptake inhibitor, fluoxetine. When compared
to the inhibition curves demonstrated by the known inhibitors,
kava favorably resembled the norepinephrine inhibitor, but showed
minimal serotonin reuptake inhibition. This study suggests that kava
may act similarly as norepinephrine reuptake inhibitors in providing
an anxiolytic effect. Again, this has not been validated in vivo as well.

Kava’s hepatotoxic risk

General populations who choose to use kava for anxiety relief
may view it as a safer alternative to the current pharmacotherapies;
however, over the past few decades, a number of adverse case reports
were published, raising the concern that kava may not be as harmless
as it was originally thought. Kava has been reported to be associated
with hepatotoxicity and dermatitis-like reactions. An early account of
hepatotoxicity was published in 1998, as a case report of one patient
who was admitted with elevated ALT, and biopsy proven acute
necrotizing hepatitis, after ingestion of kava. The clinicians decided to
hold her kava therapy, and according to the report, her liver function
rapidly normalized [39]. Another case report came from a different
group, and described the case of a 42-year-old woman who had taken
an unknown amount of kava over a two-week period and presented
with elevated levels of serum biomarkers for liver damage [40]. Similar
cases of kava related hepatotoxicity was reported from South Pacific
[41], Germany [10,42], Australia [43], and USA [44,45]. Following
these reports, there was a significant global concern on its safety, and
resulted in its withdrawal from European markets [46,47]; and many
countries released consumer advices to caution people kava usage [48].

Recently the World Health Organization has revisited most of
the kava-associated hepatotoxicity cases [49], analyzing the potential
causes, providing guidance for the safe use of kava, and making
recommendation for further studies to identify the actual hepatotoxic
compounds. The report indicated alcohol usage, cytochrome P450
enzyme polymorphisms, and previous liver disease as potential risk
factors. The organic extracts of kava may include toxic compounds not

found in aqueous extracts, and suggested that synthetic compounds
and aqueous extracts may be a safer choice. It was also recommended
to maintain good manufacturing practices in the production of kava,
regarding strain selection, usage of specific parts of the plant and
methods of preparation. In addition, ~90% of the purported kava
hepatotoxic cases consumed other medications or dietary supplements
[49], suggesting potential herb-drug interactions.

A commercial kava product was recently demonstrated to
synergize the hepatotoxic risk of acetaminophen in C57BL/6 mice and
chalcone-based flavokavain A and flavokavain B, not the kavalactones,
were identified as the responsible chemicals [50]. These chalcone-
based flavokavains are highly abundant in the ethanolic kava extracts
while their contents in the aqueous kava extract are typically order of
magnitude lower if not undetectable [26].

Mechanistically a number of hypotheses have been formulated
with respect to kava associated hepatotoxic risk [51]. The cytochrome
P450 (CYP) pathway has been the focus, because CYP enzymes are
common drug metabolizing enzymes. Different isoforms are capable of
recognizing and metabolizing different molecules, and are susceptible
to induction and inhibition by a variety of substances. The inhibition
of CYP pathways can induce drug-drug interactions, drug-herb
interactions, as well as drug-patient interactions. Therefore kava’s
effects on the CYP pathway have been closely examined. In an attempt
to isolate the specific hepatotoxic compound from kava, a variety of
individual compounds and their effects on cDNA-expressed human
CYP enzymes, as well as hepatocytes, were examined and it was found
that yangonin, desmethoxyyangonin and methysticin can inhibit
several CYP enzymes [52]. In another study, one aqueous kava extract,
one ethanolic extract, and one commercially available product were
evaluated. Four CYP isoforms (3A4, 1A2, 2C9, and 2C19) were found
to be inhibited more by the ethanolic and commercial preparations
than the aqueous preparation [53], suggesting higher abundance
of the hepatotoxic compound in the ethanolic extract relative to the
aqueous extract. Their physiological relevance however remains to be
tested in in vivo models. Other theories for kava-induced liver damage
include the formation of electrophilic quinoid metabolites from kava
constituents in the liver [51,54], usage of wrong plant parts to prepare
the extract [55,56], and kava contamination by Aspergillus species
producing mycotoxins [57,58].

It should also be noted that despite the ban of kava in European
countries, aqueous and organic solvent based kava products
remain over the counter in Australia and New Zealand [22,49]. The
manufacturing and usage of kava products were never restricted in the
U.S.A. as well [59]. The German administrative court recently lifted the
decade old “ban” of all kava-containing medicinal preparations and
ruled that the available data do not support the alleged hepatotoxicity
[60,61]. Also, there is a likely causal association of elevated gamma
glutamyl transpeptidase levels when aqueous kava extracts are
consumed, however there are no literature evidence suggestingdirect
or irreversible hepatotoxic effect of aqueous kava extracts [62].

Conclusions

Kava, from an anxiolytic efficacy standpoint, show promising
results in 10 out of the 11 randomized controlled trials with a tolerable
side-effect profile. However, when used in the non-clinical trial setting,
there is a concern of side effects including liver toxicity, which has a
higher chance of drug-drug and drug-herb interactions in comparison
to the more regulated clinical trials. To enable kava’s transition from
a dietary supplement to an essential anxiolytic agent, further work
needs to be done to identify the active principles and its mechanisms
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of action, which would help guide the best clinical use. In addition,
the hepatotoxic components need to be eliminated, which would
significantly improve its safety profile.
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