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Abstract Rationale: Kava has been used for centuries by
Pacific Islanders for its tranquilizing and sedative effects.
Recent clinical trials suggest that kava has therapeutic
value for the treatment of anxiety. Demonstration of
kava’s anxiolytic effects in animals under controlled
conditions would provide additional support for its
clinical potential as an anxiolytic and would facilitate
investigation of its mechanism(s) of action. Objec-
tives: This study systematically characterized the acute
dosage-dependent anxiolytic and sedative effects of kava
extract in well established quantitative murine behavioral
assays and compared kava- and diazepam-induced be-
havioral changes. Methods: Various doses of an ethanolic
extract of kava root or diazepam were administered
intraperitoneally to BALB/cByJ inbred mice. Behavioral
changes were measured in the mirrored chamber avoid-
ance assay and elevated plus-maze assay. Reduced
latency to enter and increased time spent in a normally
avoided environment operationally defined anxiolysis.
Sedation was defined by a significant decrease in
locomotor activity in a circular arena. Results: Kava
extract produced statistically significant dose-dependent

anxiolytic-like behavioral changes in both assays of
anxiolysis. ED50 values for kava-induced increases in
time spent inside the mirrored chamber and on the open
arms of the plus maze were 125 mg/kg and 88 mg/kg,
respectively. Kava extract also caused a profound
decrease in locomotor activity (ED50 of 172 mg/kg).
Flumazenil, a competitive benzodiazepine receptor an-
tagonist, blocked both the anxiolytic and sedative effects
of diazepam, but had no effect on kava’s behavioral
actions. Conclusions: Kava extracts produce significant
murine anxiolytic-like behavioral changes and sedation
that are not mediated through the benzodiazepine binding
site on the GABAA receptor complex.
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Introduction

For centuries, an intoxicating herbal beverage prepared
from kava (Piper methysticum Forst.) has been consumed
by people in the South Pacific islands for ceremonial and
social purposes. Early descriptions of the psychopharma-
cological effects of kava reported that the beverage
reduced fatigue, relieved anxiety and produced muscle
relaxation and sedation (Lembert 1967; Singh 1992).
Kava also was used by Oceania natives as an analgesic,
sudorific, diuretic, and antipyretic, and to treat venereal
diseases, gout and diarrhea (Keller and Klohs 1963).
Studies in laboratory animals have shown that kava
extracts possess sedative, anticonvulsant, anxiolytic, an-
algesic, muscle relaxant and neuroprotective activities
(O’Hara et al. 1965; Kretzschmar et al. 1970; Jamieson et
al. 1989; Jamieson and Duffield 1990; Backhauß and
Krieglstein 1992; Martin et al. 2000; Smith et al. 2001;
Rex et al. 2002). Over-the-counter preparations of kava
(e.g. capsules and tinctures) and beverages containing
kava have now become widely available in the United
States where they are used to reduce stress and anxiety
and enhance social interaction (Norton 1998; Kaul and
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Joshi 2001). Kava preparations are used clinically in
Europe and have been included in the herbal pharmaco-
poeia for a number of years. A limited number of clinical
trials have been reported, but these generally can be
criticized on the basis of subject number, study design and
outcome measures of anxiety status. Nevertheless, Pittler
and Ernst (2000) concluded from a recent meta-analysis
of seven clinical reports that kava does have anxiolytic
effects that are significantly greater than placebo. Despite
the widespread human usage of kava as a tranquilizing
agent, few studies have systematically evaluated the
anxiolytic action of kava in well-characterized animal
assays responsive to anxiolytic drugs.

Numerous compounds have been isolated from the
kava root, and six to eight a-pyrones (kava lactones) have
shown to be biologically active (Keller and Klohs 1963;
Shulgin 1973; Duffield and Ligdard 1986; Duffield et al.
1986; Singh 1992). The mechanisms of kava’s pharma-
cological effect are not well characterized, nor is it clear
which kava lactones are responsible for the various
pharmacological effects observed. Kava’s anticonvulsant
properties have been linked to its interaction with the
voltage-gated sodium and calcium channels (Gleitz et al.
1996; Maura et al. 1997; Friese and Gleitz 1998;
Schirrmacher et al. 1999). Kava’s anxiety-reducing
effects have been suggested to be due to its interactions
with the GABAA receptor; however, data supporting this
conjecture are equivocal (Davies et al. 1992; Jussofie et
al. 1994; Boonen and H�berlein 1998; Dinh et al. 2001).
Other studies have indicated that kava extracts and kava
lactones may alter several neurochemical systems (Seitz
et al. 1997; Baum et al. 1998; Feger et al. 1998; Dinh et
al. 2001); however, none of these actions have been
associated with specific behavioral effects in vivo.

We have a long-term interest in establishing the
pharmacological mechanism by which kava extracts exert
their anxiolytic effects. To initiate these studies it was
necessary to first evaluate kava’s dose-dependent effects
in animal assays selectively sensitive to established,
therapeutically useful anxiety-reducing drugs. The present
study examined the effects of kava in two well charac-
terized rodent behavioral assays believed to reflect the
anxiety state, the elevated plus-maze (Lister 1987; Carola
et al. 2002) and the mirrored chamber avoidance assay
(Toubas et al. 1990; Seale et al. 1996; Bowers et al.
2000). Sedation is a common side effect of prescribed
anxiolytic agents (e.g. diazepam) as well as kava, and can
interfere with behavioral changes in animals used as
markers for anxiety reduction (Toubas et al. 1990; Seale
at al. 1996). Therefore, we also determined the sedative
properties of our kava preparations and evaluated their
relationship to kava’s dose-dependent anxiolytic-like
behavioral actions.

Materials and methods

Animals

Six-week-old male BALB/cByJ mice were purchased from the
Jackson Laboratory (Bar Harbor, Maine, USA). The mice were
group housed in a climate controlled, AAALAC-approved facility,
with a 12 h light:dark cycle, and provided free access to standard
rodent food and water. Mice were given 1 week to recover from the
stress of shipping prior to experiments. On the day of the
experiments mice were acclimated to the laboratory for one hour
before the behavioral experiments were initiated. BALB/c mice
were chosen for this study due to their robust response to anxiolytic
drugs in the behavioral assays utilized in this study (Toubas et al.
1990; Seale et al. 1995; Griebel et al. 2000), and this strain has been
shown to be responsive to kava in several behavioral assays
(Jamieson et al. 1989). All protocols were approved by the
Institutional Animals Care and Use Committee and followed the
NIH “Guidelines for Care and Use of Laboratory Animals” (1996).

Drug sources and administration

Kava root (a generous gift from Nature’s Way, Springville, Utah,
USA) was ground to a fine powder with a commercial blender.
Twenty grams of powdered root was extracted with 200 ml of 95%
ethanol using a soxhlet apparatus. After 4 h, the thimble was
replaced with a second thimble containing 20 g of powdered root
and extracted overnight with the same 200 ml of 95% ethanol. The
ethanol extract was evaporated to dryness under vacuum to yield a
dark oil. The oil was triturated with petroleum ether and the ether
was evaporated to yield 2.6 g of resin.

Kava resin, diazepam (Sigma-RBI) and flumazenil (a generous
gift from Hoffmann-LaRoche, Inc.) were dissolved in equal
volumes of DMSO (Mallinckrodt) and Alkamuls EL-620 (Rhone-
Poulenc). The solutions were diluted with 150 mM NaCl to give a
final composition of 15% DMSO, 15% Alkamuls and 70% NaCl.
Drugs were administered intraperitoneally at a volume of 0.1 ml/
10 g body weight. This vehicle has been widely used by us and
others and shown to have no behavioral effects when injection
volume is limited to 0.1 ml/10 g body weight. Diazepam was
administered at doses from 0.0316 to 5 mg/kg, and kava resin was
administered at doses from 32 to 316 mg/kg. Experiments were
performed from 0900 to 1600 hours, and doses of drugs were
administered in a random order. Eight to ten mice were used for
each treatment group. Naive mice were used for all behavioral
assays.

HPLC analysis

The concentration of individual kava lactones in the kava resin was
determined by HPLC analysis (Ganzera and Khan 1999) using a
Waters 2695 Alliance Separations Module equipped with a 996
PDA detector (Waters, Milford, Mass., USA). Kava lactones were
separated using a Phenomenex Luna 3m C8 column (100�4.6 mm;
3 mm particle size) (Torrance, Calif., USA) maintained at 40�C.
The isocratic mobile phase consisted of 65 nanopure water (A)/20
acetonitrile (B)/15 reagent alcohol (C) at a flow rate of 0.75 ml/
min. The run time was 20 min. Each run was followed by a 5 min
wash with methanol and an equilibration period of 15 min. Prior to
injection, extracts were dissolved in 10 ml of methanol and filtered
through a 45 mm Nylon filter. The detection wavelength was
246 nm and the injection volume was 5 ml. Peaks were assigned by
a comparison of the retention times and the UV-spectra. Data were
collected and analyzed by Waters Millennium software and
tabulated by Microsoft Excel. All samples were injected in
triplicates and standard deviations were less than 2.8%. The kava
resin contained 49.3% kava lactones and was composed of 94.6 mg
methysticin/mg resin, 93.7 mg dihydromethysticin/mg resin,
107.8 mg kavain/mg resin, 124.2 mg dihydrokavain/mg resin,
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43.7 mg yangonin/mg resin and 28.6 mg desmethoxyyangonin/mg
resin.

Behavioral assays

Two well characterized avoidance assays were used to measure
anxiolytic activity in mice, the mirrored chamber avoidance assay
and the elevated plus-maze. Behavioral effects indicative of anxiety
reduction are more likely to be correctly interpreted if similar
findings are observed in more than one behavioral paradigm. The
effects of kava were compared to the effects of diazepam, a ligand
that binds to the GABAA receptor complex (Mohler and Okada
1977; Squires and Braestrup 1977) and is known to have anxiolytic
activity both clinically and in animal assays of anxiety (McDowall
et al. 1966; Garrett et al. 1998).

Mirrored chamber avoidance assay

The mirrored chamber avoidance assay was performed using the
method of Toubas et al. (1990). This assay is based on the image-
induced acute changes in behavior that occur when vertebrates
observe themselves in a mirror (Gallup 1968; Houri 1986). Briefly,
the mirrored chamber consisted of a cubed chamber
(30�30�30 cm), made from five pieces of one-sided mirrors, with
the mirrors facing the inside of the cube. The mirrored cube was
placed in the center of a 40�40�40 cm box made of black Plexiglas
walls, a white Plexiglas floor and an open top. The Plexiglas box
had a mirror on the wall facing the opening of the mirrored
chamber. A mouse at the opening of the mirrored chamber was
surrounded by mirrors on six sides. The lighting intensity in the
corridors of the mirrored chamber was 200 lux and the intensity
within the chamber was 100 lux. Following acclimation to the
room, mice were injected with either vehicle or drugs, and 10 min
later the mice were placed at a specific starting point in the corner
of the corridor between the containment box and the mirrored
chamber. Each mouse was allowed to move freely around the
corridor during a 5-min period. Two independent indices for
anxiety, total time spent in the mirrored chamber and latency to the
first entry, were measured by an observer approximately 1 m from
the apparatus. The criterion for entry into the mirrored chamber was
that all four feet were on the floor of the mirrored chamber.
Anxiolytic effects of a drug were operationally defined as a
statistically significant decrease in the latency to first entry into the
mirrored chamber and a statistically significant increase in the time
spent inside the mirrored chamber.

Elevated plus-maze assay

The elevated plus-maze assay was performed using the methods of
Lister (1987) which was based on the studies of Pellow et al.
(1985), Montgomery (1958) and Handley and Mithani (1984). The
elevated plus-maze was made of two sets of black Plexiglas
runways, each 61 cm long and 5 cm wide constructed at 90� to each
other. The arms of one runway were open and the arms of the other
were surrounded by clear Plexiglas walls 15 cm high. The runways
were mounted on a clear Plexiglas base, 38.5 cm from the floor.
Immediately following testing in the mirrored chamber, mice were
placed in the center of the elevated plus-maze. The lighting
conditions used were the same as those used in the mirrored
chamber. We have previously determined that evaluation in the
mirrored chamber prior to testing in the plus-maze did not alter the
effects of diazepam in the plus-maze (Garrett et al. 1998). Mice
were evaluated for a 5-min period, and the latency to first entry on
an open arm of the plus-maze and the total time spent on the open
arms was scored by an observer. Latency to the first entry was used
to have a second, independent measurement of anxiolytic activity.
Criteria for entry onto the open arm of the plus-maze were when all
four feet of the mouse were on the open arm. Anxiolytic activity of
a compound was defined as a statistically significant decrease in the

latency to enter an open arm and a statistically significant increase
in the total time spent on the open arms. The mirrored chamber and
the elevated plus-maze were washed with water after each test to
remove any potential cues left by the previous mouse. The observer
scoring both the mirrored chamber avoidance assay and the
elevated plus-maze was not blind to the experimental condition.
The small number of crossings into the closed arm of the plus-maze
and the high variability precluded the use of this measure as an
index of locomotor activity.

Locomotor activity

Effects of drugs on locomotor activity were determined by
measuring open field activity in an automated, computerized
circular arena (Garrett et al. 1998). The circular arena was 60 cm in
diameter, the walls were 25 cm high, and the apparatus was
equipped with two infrared beams and detectors placed on the
outside of the arena. The infrared light was directed through 1.5 cm
holes to the detectors on the opposite side of the arena. The two
beams were oriented 90� to each other. Light beam breaks
(crossings) were recorded using a Rockwell AIM 65 microproces-
sor system. Dim light was supplied to the apparatus by a 25 W light
on the outside of the arena. Mice were placed in the circular arena
10 min after administration of drugs, and data were collected for
10 min. This time period corresponded to the same post-injection
period used to evaluate the mirrored chamber avoidance assay and
the elevated plus-maze assay. Locomotor activity is expressed as
the number of beam crossings per 10 min.

The time course for kava-induced inhibition of locomotor
activity was determined by injecting the mice with 316 mg/kg kava
and measuring the locomotor activity for 10 min at 1-h intervals
after injection. Each mouse was assessed at only one time period,
and ten mice were used per time period. Control values were
determined by injecting mice with vehicle and 10 min following
drug administration their locomotor activity was measured for
10 min. The half-life of the sedative effects of kava was calculated
by plotting the locomotor activity values as the percentage of
control locomotor activity versus time and fitting the data to a
polynomial equation. The equation was solved for the time that
intersected the 50% control activity to calculate the half-life of the
inhibition of locomotor activity.

The pharmacological specificity of kava was tested by
attempting to block its anxiolytic and locomotor activity effects
with flumazenil, a selective benzodiazepine antagonist (Darragh et
al. 1982; Patel et al. 1982). Flumazenil or vehicle was administered
to mice 15 min prior to administration of the test compound, and
mice were tested 10 min after injection of the test compound. To
insure that any observed effects of flumazenil were not due to the
injection per se, all treatment groups received two injections, one at
t–15 min and one at t0. Control groups included vehicle-vehicle and
flumazenil-vehicle treatments. Test groups included vehicle-diaz-
epam, flumazenil-diazepam, vehicle-kava and flumazenil-kava
treatments. For antagonism experiments in the elevated plus-maze,
mice were administered 10 mg/kg flumazenil and an ED100 dose of
diazepam (1 mg/kg) or kava (133 mg/kg). Experiments examining
the antagonism of locomotor activity used 15 mg/kg flumazenil and
doses of diazepam (5 mg/kg) and kava (215 mg/kg) that reduced
locomotor activity by 70–90% in the dose-response experiments.
Doses of flumazenil greater than 15 mg/kg could not be used due to
effects on locomotor activity.

Data analysis

Potency of kava and diazepam in the behavioral assays were
determined by calculating the ED50 values by fitting the data to a
logistic equation (Kaleidagraph 3.5). For biphasic dose-response
curves, the plateau of the curve was fitted to the maximal response,
and the ED50 was calculated to be the dose that produced the half-
maximal response. The potency ratios of the sedative:anxiolytic
effects were calculated by dividing the ED50 of the locomotor
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activity by the ED50 for time spent in the open arm of the plus-
maze. Statistical significance of overall effect of drug dosage was
determined by a one-factor ANOVA. Dunnett’s test was used to
compare differences between individual doses and the vehicle
control. The Tukey/Kramer test was used to compare across
multiple groups for the antagonism experiments. Statistical signif-
icance was defined as P<0.05.

Results

Experiment 1: effects of diazepam and kava
on anxiolytic-like behaviors

Mirrored chamber avoidance assay

Diazepam produced biphasic, dose-dependent, anxiolytic-
like effects in the mirrored chamber avoidance assay. The
overall effect of diazepam dosage was significant for both
changes in the latency to enter the mirrored chamber
[F(6,63)=3.08, P<0.01] and changes in the duration of
time spent in the mirrored chamber [F(6,63)=6.05,
P<0.0001]. Diazepam caused a decrease in latency to
enter the mirrored chamber, which plateaued at doses
from 0.1 to 3 mg/kg (Fig. 1A). The time spent in the
mirrored chamber increased with increasing doses of
diazepam and reached the maximal effect at 3.2 mg/kg.
The ED50 for diazepam to reduce latency to enter the
mirrored chamber was 0.05 mg/kg, and the ED50 for
increasing time spent in the mirrored chamber was
0.54 mg/kg. Kava administration also produced anxiolyt-
ic-like activity in the mirrored chamber assay (Fig. 1B).
The overall effect of kava was significant for both latency
to enter [F(7,66)=3.21 ,P<0.01] and time spent in the
mirrored chamber [F(7,67)=4.20, P<0.001]. The kava
dose-response curve was biphasic with a decrease in the
latency to enter the mirrored chamber and an increase in
the time spent in the mirrored chamber. Both responses
peaked at 178 mg/kg and returned to control values at
316 mg/kg. Kava was less potent than diazepam in the
mirrored chamber assay. The ED50 for kava to reduce the
latency to enter the mirrored chamber was 71 mg/kg,
while the ED50 to increase time spent in the mirrored
chamber was 125 mg/kg. The dose of individual kava
lactones at the ED50 to increase time in the mirrored
chamber was 11.75 mg/kg methysticin, 11.71 mg/kg
dihydromethysticin, 13.48 mg/kg kavain, 15.53 mg/kg
dihydrokavain, 5.46 mg/kg yangonin and 3.58 mg/kg
desmethoxyyangonin.

Elevated plus-maze assay

Both diazepam and kava produced biphasic, dose-depen-
dent, anxiolytic-like effects in the elevated plus-maze
assay (Fig. 2). A significant overall effect of diazepam
dose was found for latency to enter the open arm of the
plus-maze [F(6,36)=3.56, P<0.005] and time spent on the
open arm [F(6,61)=4.11, P<0.002]. Diazepam’s ED50 for
decreasing latency to enter the open arm was 0.05 mg/kg,

and its ED50 for increasing duration on the open arm was
0.13 mg/kg. Kava’s dose-response profile in the elevated
plus-maze assay was similar to the responses in the
mirrored chamber avoidance assay. A significant dose-
dependent decrease in latency to enter the open arm
[F(7,67)=4.85, P<0.001] and a significant increase in time
spent on the open arm of the elevated plus-maze
[F(7,65)=2.69, P<0.02] were observed following kava
administration. The maximal response for kava for both
latency to enter and time spent on the open arm of the
plus-maze occurred at the 133 mg/kg dose. These
behavioral changes diminished above 178 mg/kg and
returned to control levels at 215 mg/kg. Kava also was
less potent than diazepam in the elevated plus-maze
assay. The ED50 of kava for decreasing latency to enter
(52 mg/kg) and increasing time (88 mg/kg) on the
elevated plus-maze were greater than the ED50 for
diazepam. In addition, these values were similar to kava’s
ED50 in the mirrored chamber avoidance assay. The dose
of individual kava lactones at the ED50 to increase time in
the elevated plus-maze was 8.32 mg/kg methysticin,
8.25 mg/kg dihydromethysticin, 9.49 mg/kg kavain,

Fig. 1A, B Anxiolytic responses to diazepam and kava extract in
the mirrored chamber avoidance assay. Mice were administered
varying doses of diazepam (A) and kava extract (B) and latency to
enter the chamber and time spent in the mirrored were measured for
five min. Values are the mean€SE, with n=8 for each data point. †
Differences from vehicle at a given dose of drug for latency to enter
chamber, P<0.05. * Differences from vehicle at a given dose of
drug for time spent in chamber, P<0.05
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10.93 mg/kg dihydrokavain, 3.85 mg/kg yangonin and
2.52 mg/kg desmethoxyyangonin.

Experiment 2: effects of diazepam and kava
on locomotor activity

The sedative effects of kava and diazepam were assessed
by an examining locomotor activity in an independent
experiment using a circular arena assay. Diazepam caused
a dose-dependent decrease in locomotor activity (Fig. 3A)
[F(6,52)=5.79, P<0.001], and had an ED50 of 3.7 mg/kg.
Locomotor activity also was significantly decreased by
kava in a dose-dependent manner [F(7,56)=38.90,
P<0.0001]. Increasing the dose of kava caused a reduction
in locomotor activity between 133 mg/kg and 316 mg/kg
(Fig. 3B) with an ED50 of 172 mg/kg. The dose of
individual kava lactones at the ED50 to reduce locomotor
activity was 16.27 mg/kg methysticin, 16.12 mg/kg
dihydromethysticin, 18.54 mg/kg kavain, 21.36 mg/kg
dihydrokavain, 7.52 mg/kg yangonin and 4.92 mg/kg
desmethoxyyangonin.

Experiment 3: time course of kava’s effect
on locomotor activity

Mice injected with 316 mg/kg of kava became severely
ataxic within minutes and developed a Straub tail-like
response. By 10 min after injection, the mice were
motionless and lay on their side, but only occasionally
lost righting reflex. Activity levels were significantly
lower than the vehicle treated group for up to 3 h after
administration (P<0.01), and returned to control values by
4 h (Fig. 4). The half-life of the inhibition of locomotor
activity was 2.70 h.

Experiment 4: flumazenil antagonism of kava-induced
behavioral responses

Since kava and diazepam have similar pharmacological
profiles, experiments were performed to determine
whether kava’s behavioral effects were mediated through
the benzodiazepine binding site on the GABAA receptor
complex. The responses for the vehicle-vehicle group in
both the elevated plus-maze and the locomotor activity
assays were not statistically different from the responses
of the single injection vehicle control groups in the dose-

Fig. 3A, B Sedative effects of diazepam and kava. Mice were
administered varying doses of diazepam (A) or kava extract (B) and
locomotor activity was measured in the circular arena for 10 min.
Values represent mean€SE, with n=8 for each data point.
* Signifies differences from vehicle, P<0.05

Fig. 2A, B Anxiolytic responses to diazepam and kava extract in
the elevated plus-maze assay. Mice were administered varying
doses of diazepam (A) and kava extract (B) and latency to enter the
open arm of the plus-maze and time spent on the open arm of the
plus-maze were measured for 5 min. Values are the mean€SE, with
n=8 for each data point. † Differences from vehicle at a given dose
of drug for latency to enter the open arm, P<0.05. * Differences
from vehicle at a given dose of drug for time spent on the open arm,
P<0.05
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response experiments performed 9 months earlier (Figs. 2
and 3). Also, the responses of the vehicle-diazepam
groups and the vehicle-kava groups were not statistically
different from the responses from a single drug injection
of the same dose in the previous dose-response experi-
ments in the elevated plus-maze and locomotor activity
assays (Figs. 2 and 3). The flumazenil-vehicle group was
not statistically different from the vehicle-vehicle group
in either the elevated plus-maze or the locomotor activity
assay. Diazepam (1 mg/kg) administration caused a
significant increase in the time spent on the open arm
of the plus-maze, and prior administration of flumazenil
(10 mg/kg) significantly inhibited this effect (P<0.05)
(Fig. 5A). Flumazenil also blocked the diazepam-induced
decrease in latency to enter the open arm of the plus-maze
(data not shown). Flumazenil (10 mg/kg) had no effect on
the kava-induced anxiolytic activity. Pretreatment with
flumazenil did not antagonize the kava-induced (133 mg/
kg) increase in time spent on the open arm of the plus-
maze (Fig. 5A), nor did flumazenil affect kava’s ability to
decrease the latency to enter the open arm (data not
shown). Diazepam (5 mg/kg) significantly reduced loco-
motor activity and this response was inhibited by
flumazenil (15 mg/kg) (Fig. 5B). In contrast, inhibition
of locomotor activity elicited by kava administration
(215 mg/kg) was not affected by pretreatment with
15 mg/kg flumazenil (Fig. 5B).

Discussion

Ethnopharmacological and clinical studies have reported
that kava produces a calming effect and relieves anxiety
in humans. This study in laboratory animals supports the
clinical findings, and has systematically quantified the
potency of the anxiolytic and sedative properties of kava
using multiple, mammalian assays of established clinical
relevance. The two anxiolytic assays employed in this
study, the mirrored chamber avoidance assay and the
elevated plus-maze, have different pharmacological pro-

files. A wider range of clinically effective anxiolytic
drugs, such as buspirone, are active in the mirrored
chamber avoidance assay compared to the elevated plus-
maze assay (Seale et al. 1996). Kava was shown to have
dose-dependent anxiolytic-like properties in both behav-
ioral assays. Furthermore, the potency of kava was similar
between the two assays. Positive results in both assays
supports the hypothesis that the kava has generalized
anxiolytic actions and that its behavioral effects are not
due some irrelevant action unique to a particular assay.

The potency of the kava extract is significantly less
than those of diazepam in both anxiolytic assays. The
ED50 values for the crude kava extract for increasing time
spent in the aversive environment were 230 and 680 times
higher than diazepam in the mirrored chamber and plus-
maze, respectively. The maximal time spent in the
aversive environment by mice receiving kava was

Fig. 5A, B Antagonism of drug-induced anxiolytic and sedative
activities by flumazenil. Mice were administered either vehicle or
flumazenil followed 10 min later by administration of either
vehicle, diazepam or kava extract. Anxiolytic activity was
measured for 5 min on the elevated plus-maze (A) or sedative
activity was measured for 10 min in the circular arena (B). For
anxiolytic activity, mice were administered vehicle or flumazenil
(10 mg/kg) and either diazepam (1 mg/kg) or kava extract (133 mg/
kg). For sedative activity, mice were administered vehicle or
flumazenil (15 mg/kg) and either diazepam (5 mg/kg) or kava
extract (216 mg/kg). * Signifies differences between vehicle-
vehicle treatment, P<0.05. ** Signifies differences between
vehicle-diazepam and flumazenil-diazepam groups, P<0.05. NS
signifies no statistical difference between vehicle-kava and
flumazenil-kava groups. For both elevated plus-maze and locomo-
tor activity assays, n=10 per group

Fig. 4 Time course of sedative activity of kava. Mice were
administered 316 mg/kg kava extract, and locomotor activity was
measured for 10 min at varying times post-dosing. Locomotor
activity for mice administered vehicle was measured for 10 min
immediately following injection. Values represent mean€SE, n=10.
* Signifies differences from mice administered vehicle, P<0.05
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approximately half the maximal responses of those
animals injected with diazepam in both the mirrored
chamber and plus maze assays. Two other studies in
laboratory animals have reported that kava has anxiolytic-
like activity. Rex et al. (2002) reported that oral
administration of kava (120 and 180 mg/kg) to rats
increased the time spent in the open arms of the X-maze.
The maximal time spent in the X-maze by the animals
administered kava was less than the responses of rats
dosed with diazepam (15 mg/kg). Smith et al. (2001) have
reported that kava extract and dihydrokavain produced
anxiolytic-like responses in the chick social separation-
stress paradigm, and the magnitude of the responses are
similar to those of chlordiazepoxide; however, those
authors used only single doses of chlordiazepoxide (5 mg/
kg), kava extract (30 mg/kg) and dihydrokavain (30 mg/
kg). Thus, the anxiolytic effects of kava have been shown
to generalize across three vertebrate species and three
behavioral paradigms. These findings suggest that further
behavioral characterization of kava’s anxiolytic actions
are warranted in other behavioral paradigms such as the
thirsty rat conflict test (Vogel et al. 1971), the light-dark
avoidance assay (Crawley 1981) and with multiple
endpoints within the elevated plus-maze assay (Rodgers
and Johnson 1995).

The sedative actions of kava were studied for three
reasons. First, sedation is a reported pharmacological
effect of kava in both humans and animals (Keller and
Klohs 1963; O’Hara et al. 1965; Jamison et al. 1989;
Singh 1992). Thus, the measurement of sedation served as
a positive control demonstrating that our kava preparation
was behaviorally active. Second, locomotor effects can
confound interpretation of behavioral changes that are
used as indices of anxiety reduction (Cao et al 1993;
Garrett et al. 1998).

Third, the potency ratio for the anxiolytic and sedative
effects impacts the therapeutic value of a potential
anxiolytic agent. Our kava preparation had both anxio-
lytic and sedative activities. Behavioral changes indica-
tive of anxiolysis (reduction in latency and increased time
spent in the aversive environment) occurred initially at
doses of kava that had no effect on locomotor activity.
Even at kava’s ED50 dose for inhibition of locomotor
activity, anxiolytic-like changes in behavior were still
evident. At high doses of kava, profound depression of
locomotor activity interfered with performance in the two
anxiolytic assays because the animals were ataxic. This
also occurred at the highest dose of diazepam that we
tested. The sedative effects of kava also have been shown
to interfere with the evaluation of its antipsychotic
activities (Duffield et al. 1989). One of the major
limitations in using benzodiazepines to treat anxiety is
the sedative actions of these compounds. It has been
suggested that kava is a natural alternative to benzodi-
azepines because of its low sedative properties. Our data
on acute responses in laboratory animals would suggest
otherwise. The potency ratio of the sedative:anxiolytic
effects for diazepam was 6.85, whereas the potency ratio
for kava was 1.38. This finding indicates that the sedative

effects for crude kava extracts occur at doses less than 2-
fold greater than the effective anxiolytic doses. Thus, the
separation between the doses that produce the anxiolytic
and sedative effects of kava are no better than diazepam
in these clinically relevant murine behavioral assays. If
these data from animal studies have direct relevance to
therapeutic application of kava, then they suggest that
crude extracts may have little value in treating acute
anxiety unless sedation is desirable.

The onset of both sedative and anxiolytic-like behav-
ioral changes we observed have the same rapid time
course as those reported by others for kava extracts and
kava lactones (Kretzschmar et al. 1970). We found that
the onset of the anxiolytic and sedative effects occurred
within 10 min after injection. Jamieson et al. (1989) also
reported that kava resin-induced sedation, loss of muscle
control and analgesia occurred from 5 to 10 min post-
injection. Jamieson et al. (1989) stated that mice regained
muscle tone and spontaneous activity within 3 h after
administration of kava resin. In our study, the sedative
effects produced by 316 mg/kg of kava fully recovered by
4 h and the response had a half-life of 2.70 h. The rapid
onset of the behavioral activities correlates well with
pharmacokinetic profile of kava lactones. Keledjian et al.
(1988) showed that mouse brain levels of kava lactones
peaked from 5 to 15 min after administration of 120 mg/
kg kava resin. If the time of onset and duration of action
of kava’s behavioral effects in mice is analogous to the
therapeutic time course, then reduction of anxiety in
patients should occur rapidly after administration, but be
of relatively short duration. The short latency of onset of
behavioral effects in animals contrasts with those reported
in humans. In clinical studies, administration of 100–
400 mg of WS1490 two to three times a day significantly
reduced anxiety symptoms only after 1–8 weeks of
treatment (Pittler and Ernst 2000). To date, no clinical
studies have examined the acute effects of kava, nor have
any animal studies examined the anxiolytic action of
chronic low-dose kava administration. Further studies are
needed in humans and laboratory animals to determine
the onset and duration of action of the various pharma-
cological effects of kava.

The similarity in the pharmacological profiles between
kava and benzodiazepines led several laboratories to
investigate the interaction of kava with the GABAA
receptor. Conflicting results have been reported on the
effects of kava and kava lactones on binding of ligands to
the GABAA receptor. Jussofie et al. (1994) and Boonen
and H�berlein (1998) reported that kava extracts and
individual kava lactones increase binding of agonists and
antagonists to the GABA binding site on the GABAA
receptor complex. On the other hand, Dinh et al. (2001)
showed that kava extracts inhibit muscimol binding to the
GABA binding site on the GABAA receptor. In a third
study, Davies et al. (1992) concluded that kava has no
effect on the GABAA receptor complex. The data from
these studies led us to examine the potential interaction of
kava at the benzodiazepine site on the GABAA receptor in
our behavioral models. Flumazenil, a competitive benzo-
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diazepine antagonist (Hunkeler et al. 1981), totally
blocked the anxiolytic effects of diazepam, but had no
effect on kava’s anxiolytic activity. Our data support the
findings of Davies et al. (1992) that kava has no effect on
benzodiazepine binding to the GABAA receptor and the
conclusion that the anxiolytic effects of kava are not
mediated through this receptor. A flumazenil dose that
completely blocked diazepam’s inhibition of locomotor
activity also was without effect on kava-induced motor
depression. Thus, neither the anxiolytic nor the sedative
effects of kava appear to be mediated though the
benzodiazepine receptor. A caveat to this interpretation
of the failure of flumazenil to antagonize the depression
of locomotor activity by kava is that the behavioral effect
of the kava dose was greater than that of the diazepam
dose.

Kava extracts contain a number of kava lactones
(Ganzera and Khan 1999; Dharmartne et al. 2002), and
these compounds have been shown to vary in their
pharmacological activities. Kretzschmar et al. (1970)
showed that the rank order of potency of four kava
lactones varied between loss of righting reflex and
antagonism of strychnine-induced lethality. Dihy-
drokavain, dihydromethysticin, kavain and methysticin
produce analgesia (Jamieson and Duffield 1990); howev-
er, of these four compounds, only methysticin and
dihydromethysticin protect against ischemia-induced
brain damage (Backhauß and Krieglstein 1992). Smith
et al. (2001) showed that out of the six kava lactones
tested, only dihydrokavain demonstrated anxiolytic activ-
ity in the chick social separation-stress assay. These
authors also did not observe any sedative effects of the
kava extract or kava lactones. Therefore, further studies of
the kava constituents are needed to determine the
anxiolytic/sedative indices in murine behavioral assays.
Establishment of a murine model to study the anxiolytic
and sedative properties of kava provides a means to begin
to determine which of the kava lactones in the kava
extracts are responsible for the anxiety reducing effects
and whether the anxiolytic and sedative effects can be
separated from each other.

Acknowledgements This work was supported by a grant from the
Presbyterian Health Foundation.

References

Backhauß C, Krieglstein J (1992) Extract of kava (Piper methys-
ticum) and its methysticin constituents protect brain tissue
against ischemic damage in rodents. Eur J Pharmacol 215:265–
269

Baum SS, Hill H, Rommelspacher H (1998) Effect of kava extract
and individual kavapyrones on neurotransmitter levels in the
nucleus accumbens of rats. Prog Neuropsychopharmacol Biol
Psychiatry 22:1105–1120

Boonen G, H�berlein H (1998) Influence of genuine kavapyrone
enantiomers on the GABAA binding site. Planta Med 64:504–
506

Bowers BJ, Collins AC, Tritto T, Wehner JM (2000) Mice lacking
PKC gamma exhibit decreased anxiety. Behav Genet 30:111–
21

Carola V, D’Olimpio F, Brunamonti E, Mangia F, Renzi P (2002)
Evaluation of the elevated plus-maze and open-field tests for
the assessment of anxiety-related behaviour in inbred mice.
Behav Brain Res 134:49–57

Cao W, Burkholder T, Wilkins L, Collins AC (1993) A genetic
comparison of behavioral actions of ethanol and nicotine in the
mirrored chamber. Pharmacol Biochem Behav 45:803–809

Crawley JN (1981) Neuropharmacological specificity of a simple
animal model for behavioral actions of benzodiazepines.
Pharmacol Biochem Behav 15:695–699

Darragh A, Lambe R, Kenny M, Brick I, Taaffe W, O’Boyle C
(1982) RO 15-1788 antagonizes the central effects of diazepam
in man without altering diazepam bioavailability. Br J Clin
Pharmacol 14:677–682

Davies LP, Drew CA, Duffield P, Johnston GAR, Jameison DD
(1992) Kava pyrones and resin: studies on GABAA, GABAB
and benzodiazepine binding sites in rodent brain. Pharmacol
Toxicol 71:120–126

Dharmaratne HR, Nanayakkara NP, Khan IA (2002) Kavalactones
from Piper methysticum, and their 13C NMR spectroscopic
analyses. Phytochemistry 59:429–433

Dinh LD, Simmen U, Bueter KB, Bueter B, Lundstrom K,
Schaffner W (2001) Interaction of various Piper methysticum
cultivars with CNS receptors in vitro. Planta Med 67:306–311

Duffield AM, Lidgard RO (1986) Analysis of kava resin by gas
chromatography and electron impact and methane negative ion
chemical ionization mass spectrometry. Biomed Mass Spec-
trom 13:621–626

Duffield AM, Lidgard RO, Low GK-C (1986) Analysis of the
constituents of Piper methysticum by gas chromatography
methane chemical ionization mass spectrometry. Biomed Mass
Spectrom 13:303–313

Duffield PH, Jamieson DD, Duffield AM (1989) Effect of aqueous
and lipid-soluble extracts of kava on the conditioned avoidance
response in rats. Arch Int Pharmacodyn Ther 301:81–90

Feger B, Boonen G, Haberlein H, Kuschinsky K (1998) In vivo
microdialysis study of (€)-kavain on veratridine-induced glu-
tamate release. Eur J Pharmacol 347:211–214

Friese J, Gleitz J (1998) Kavain, dihydrokavain and dihydromethys-
ticin non-competitively inhibit the specific binding of [3H]-
batrachotoxinin-A20-a-benzoate to receptor site 2 of voltage-
gates Na+ channels. Planta Med 64:458–459

Gallup GG Jr (1968) Mirror-image stimulation. Psychol Bull
70:782–793

Ganzera M, Khan IA (1999) Analytical techniques for determina-
tion of lactones in Piper methysticum Forst. Chromatographia
50:649–653

Garrett KM, Niekrasz I, Haque D, Parker KM, Seale TW (1998)
Genotypic differences between C57BL/6 and A inbred mice in
anxiolytic and sedative actions of diazepam. Behav Genet
28:125–136

Gleitz J, Friese J, Beile A, Ameri A, Peters T (1996) Anticonvul-
sive action of (€)-kavain estimated from its properties on
stimulated synaptosomes and Na+ channel receptor sites. Eur J
Pharmacol 315:89–97

Griebel G, Belzung C, Perrault G, Sanger DJ (2000) Differences in
anxiety-related behaviors and in sensitivity to diazepam in
inbred and outbred strains of mice. Psychopharmacology
148:164–170

Handley SL, Mithani S (1984) Effects of alpha-adrenoreceptor
agonists and antagonists in a maze exploration model of “fear”-
motivated behavior. Naunyn-Schmiedeberg’s Arch Pharmacol
327:1–5

Houri D (1986) Effects of central acting drugs on the mirror
staircase test. Nippon Yaturigaku Zasshi 87:135–142

Hunkeler W, Mohler H, Pieri L, Polc P, Bonetti EP, Cumin R,
Schaffner R, Haefely W (1981) Selective antagonists of
benzodiazepines. Nature 290:514–516

Jamieson DD, Duffield PH (1990) The antinociceptive actions of
kava components in mice. Clin Exp Pharmacol Physiol 17:495–
508

40



Jamieson DD, Duffield PH, Cheng D, Duffield AM (1989)
Comparison of the central nervous system activity of the
aqueous and lipid extract of kava (Piper methysticum). Arch Int
Pharmacodyn Ther 301:66–80

Jussofie A, Schmiz A, Hiemke C (1994) Kavapyrone enriched
extract from Piper methysticum as modulator of the GABA
binding site in different regions of the brain. Psychopharma-
cology 116:469–474

Kaul PN, Joshi BS (2001) Alternative medicine: Herbal drugs and
their critical appraisal—Part II. Prog Drug Res 57:1–75

Keledjian J, Duffield PH, Jameison DD, Lidgard RO, Duffield AM
(1988) Uptake into mouse brain of four compounds present in
the psychoactive beverage kava. J Pharm Sci 77:1003–1006

Keller K, Klohs MW (1963) A review of the chemistry and
pharmacology of the constituents of Piper methysticum.
Lloydia 26:1–15

Kretzschmar H, Meyer HJ, Teschendorf HJ (1970) Strychnine
antagonistic potency of pyrone compounds of the kavaroot
(Piper methysticum Forst.). Experientia 26:283–284

Lembert EM (1967) Secular use of kava in Tonga. Q J Stud
Alcohol 28:328–341

Lister RG (1987) The use of a plus-maze to measure anxiety in the
mouse. Psychopharmacology 92:180–185

Maura EI, Kopanitsa MV, Gleitz J, Peters T, Krishtal OA (1997)
Kava extract ingredients, (+)methysticin and (€)kavain inhibit
voltage-operated Na+-channels in rat CA1 hippocampal neu-
rons. Neuroscience 81:345–351

Martin HB, Stofer WD, Eichinger MR (2000) Kavain inhibits
murine airway smooth muscle contraction. Planta Med 66:601–
606

McDowall A, Owen S, Robin AA (1966) A controlled comparison
of diazepam and amylobarbitone in anxiety states. Br J
Psychiatry 112:629–631

Mohler H, Okada T (1977) Benzodiazepine receptor: demonstration
in the central nervous system. Science 198:849–851

National Institutes of Health (1996) Guide for the Care and Use of
Laboratory Animals. National Academies Press

Montgomery KC (1958) The relation between fear induced by
novel; stimulation and exploratory behavior. J Comp Physiol
Psychol 48:254–260

Norton SA (1998) Herbal medicines in Hawaii from tradition to
convention. Hawaii Med J 57:382–385

O’Hara MJ, Kinnard WJ, Buckey JP (1965) preliminary character-
ization of aqueous extracts of Piper methysticum (kava, kava
kava). J Pharm Sci 54:1021–1025

Patel JB, Martin C, Malick JB (1982) Differential antagonism of
the anticonflict effects of typical and atypical anxiolytics. Eur J
Pharmacol 86:295–298

Pellow S, Chopin P, File SE (1985) Validation of open:closed arm
entries in an elevated plus-maze as a measure of anxiety in the
rat. J Neurosci Meth 14:149–167

Pittler MH, Ernst E (2000) Efficacy of kava extract for treating
anxiety: systematic review and meta-analysis. J Clin Psycho-
pharmacol 20:84–89

Rex A, Morgenstern E, Fink H (2002) Anxiolytic-like effects of
kava-kava in the elevated plus maze test—a comparison with
diazepam. Prog Neuropsychopharmacol Biol Psychiatry
26:855–860

Rodgers RJ, Johnson JT (1995) Factor analysis of spatiotemporal
and ethological measures in the murine elevated plus-maze test
of anxiety. Pharmacol Biochem Behav 52:297–303

Schirrmacher K, Busselberg D, Langosch JM, Walden J, Winter U,
Bingmann D (1999) Effects of (€)-kavain on voltage-activated
inward currents of dorsal root ganglion cells from neonatal rats.
Eur Neuropsychopharmacol 9:171–176

Seale TW, Garrett KM (1995) Genotype-dependent heterogeneity
in basal activity and benzodiazepine-induced alteration in
anxiety-like behaviors. Behav Genet 25:287

Seale TW, Niekrasz I, Garrett KM (1996) Anxiolysis by ethanol,
diazepam and buspirone in a novel murine behavioral assay.
Neuroreport 7:1803–1808

Seitz U, Sch�le A, Gleitz J (1997) [3H]-Monoamine uptake
inhibition properties of kava pyrones. Planta Med 63:548–549

Shulgin AT (1973) The narcotic pepper—the chemistry and
pharmacology of Piper methysticum and related species. Bull
Narc 25:59–74

Singh YN (1992) Kava: an overview. J Ethnopharmacol 37:13–45
Smith KK, Ranjith H, Dharmaratne W, Feltenstein MW, Broom

SL, Roach JT, Nanyakkara NP, Khan IA, Sufka KJ (2001)
Anxiolytic effects of kava extract and kavalactones in the chick
social separation-stress paradigm. Psychoparmacology 155:86–
90

Squires RF, Braestrup C (1977) Benzodiazepine receptors in rat
brain. Nature 266:732–734

Toubas PL, Alba KA, Cao W, Seale TW (1990) Latency to enter a
mirrored chamber: a novel behavioral assay for anxiolytic
agents. Pharmacol Biochem Behav 35:121–126

Vogel JR, Beer B, Clody DE (1971) A simple and reliable conflict
procedure for testing anti-anxiety agents. Psychopharmacologia
21:1–7

41


