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ABSTRACT: Three novel, simple and reproducible high-performance liquid chromatography quantitative assays with UV
detection were developed and validated for three major kavalactones—desmethoxyyangonin, methysticin and kavain—in
rat liver microsomes using diazepam as an internal standard; liquid–liquid extraction was used for sample preparation and
analysis was performed on a Shimadzu® 10A high-performance liquid chromatography system. The analysis was carried out
in reversed-phase mode with a Luna® C18 column (150 × 2.00 mm, 3 mm) at 40C. The limit of quantitation was 0.1 mg/mL using
0.25 mL of microsomal solution. The assays were linear over the range 0.1–10 mg/mL for desmethoxyyangonin, methysticin
and kavain. Quality control samples exhibited good accuracy and precision with relative standard deviations lower than 15%
and recoveries between 85 and 105%. The assays exhibited satisfactory performance with high sensitivity for quantifying
desmethoxyyangonin, methysticin and kavain in rat liver microsomes and were successfully used to determine the three
kavalactones and their microsomal metabolites. Copyright © 2008 John Wiley & Sons, Ltd.
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Introduction

Kava-kava (Piper methysticum Forst.) has been used extensively in
the Pacific as a drink for thousands of years. Roots are used to pre-
pare a drink for social and ceremonial occasions, similar to coffee
or tea in other cultures. The root is also used by local people for
soothing the nerves and inducing relaxation and sleep (Singh,
1992). Various preparations of kava have also been marketed
since 1980s in Europe and North America to manage mild anxiety
and insomnia (Dentali, 1997). However, in March 2002, the United
States Food and Drug Administration issued a consumer advisory
that severe liver injury may be caused by dietary supplements
containing kava (Center for Food Safety and Applied Nutrition, 2002).
According to this advisory, in excess of 25 cases of liver injury
associated with kava, including hepatitis, cirrhosis and liver failure,
have been reported. The Centers for Disease Control and Prevention
reviewed 10 such case reports (two in the United States, six in
Germany and two in Switzerland) in which liver transplants were
necessary following hepatic failure associated with kava-containing
supplements (Centers for Disease Control and Prevention, 2002).
Consequently kava has been banned in some Western countries.

The primary bioactive compounds in kava are kavalactones (KLTs).
Eighteen KLTs have been identified; six major KLTs constitute ~96%
of the lipid extract of dried roots and rhizomes. These are des-
methoxyyangonin (DMY), yangonin (YGN), methysticin (MTS),
dihydromethysticin (DHMTS), kavain (KA) and dihydrokavain (DHKA)
(Ramzan and Tran, 2004). Figure 1 shows their chemical structures.
KLTs have common structural features consisting of an aromatic
ring, which is linked by a two carbon bridge to a methoxy-
substituted unsaturated six-membered lactone ring. The KLTs differ
with respect to the degree of unsaturation of the carbon bridge
and/or lactone ring; and the presence or absence of substituents
(hydroxy, methoxy, methylenedioxy substituents) on the aromatic
ring.

Metabolism studies of KLTs are pre-requisite to solving kava’s
safety problems. Mathews et al. examined KLT inhibition of CYP450
enzymes and concluded that kava may cause adverse drug reac-
tions via inhibition of drug metabolism (Mathews et al., 2002,
2005). Some KLT metabolites have been identified in several studies
(Rasmussen et al., 1979; Johnson et al., 2003; Tarbah et al., 2003;
Duffield et al., 1989; Zou et al., 2005). No in vitro enzyme kinetic
data on the six major individual KLT are available.

A number of high-performance liquid chromatography (HPLC)
methods with UV and/or MS detection have been described in
the literature for separation and/or quantification of the six major
KLTs simultaneously from whole kava extracts (Bilia et al., 2004).
Tarbah et al. (2003) assayed kavain and its metabolites simulta-
neously by HPLC-DAD method. There are no validated assays
available to quantify single KLT DMY and MTS individually.

In this study, the HPLC assays of KLTs were developed mainly
for KLT enzyme kinetic studies to elucidate maximum rates of
metabolite formation and characterize the principal cytochrome
P450 enzymes involved and provide a plausible mechanistic
explanation for hepatotoxicity arising from pharmacokinetic
interactions. To move towards this objective, the metabolism of
single KLTs has been individually examined, not the metabolism
of a mixture of KLTs. Previous studies (Rasmussen et al., 1979;
Duffield et al., 1989; Tarbah et al., 2003) reported that two of
the major metabolites of KA and MTS, p-hydroxykavain (p-HKA)
and m,p-dihydroxykavain (m,p-DHKA) were identical and also
that DMY was one of the metabolites of KA. Simultaneous
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determination of metabolites from mixtures of KLTs is con-
founded by identical metabolites and metabolic interconversion
between KLTs and, consequently, is not suitable for this study.

Effective assays are necessary to determine the concentration
of individual KLTs and their metabolites in microsomal prepara-
tions to make it possible to study the kinetics and enzymes
involved in their metabolism. Since there is no assay available
for direct detection of the three major KLTs and their metabo-
lites in rat hepatic microsomes, the aims of this study were to
develop and validate simple, reproducible and effective quanti-
tative HPLC assays to individually quantify major KLTs, namely
DMY, MTS and KA and their possible metabolites simulta-
neously, in rat liver microsomes.

Experimental

Chemicals and Reagents

Desmethoxyyangonin and methysticin were isolated in this
laboratory; their purity (>95%) and chemical structures were
assessed by GC-MS/LC-MS, 13C and 1H NMR. Kavain (purity 95%)
was purchased from ChromaDex, California, USA. HPLC-grade
methanol was from LabScan Asia (Thailand) and HPLC-grade
dichloromethane was from Mallinckrodt (USA). HPLC-grade 2-
propanol (PrOH) and analytical-grade formic acid were from
AJAX Chemicals (Australia). Diazepam (DZP), NADPH and all
other reagents were analytical grade from Sigma-Aldrich
(Australia).

Instrumentation

The HPLC system (Shimadzu® 10A) consisted of an SCL system
controller, an SPD UV detector, an auto injector, C-R8A integrator
and a Phenomenex® HPLC column heater. To obtain UV spectra
for unknown peaks of interest, an LC-10ATVP Shimadzu pump,
SIL-10ATVP auto injector, SPD-M10AVP diode array detector and
SCL-10AVP system controller using the Shimadzu Class-VP chro-
matography data system (Shimadzu, Australia) were used.

Reversed-phase chromatography was performed with a Luna®
(Phenomenex) C18 column (150 × 2.00 mm, 3 μm) at 40°C, using
an isocratic mobile phase consisting of methanol and water
(50:50, pH adjusted to 3.6 with formic acid). The mobile phase
was filtered (0.2 μm) and degassed prior to use. The flow rate
was 0.2 mL/min and injection volume was 50 μL. The UV detec-
tor was set at 205 nm for KA, 214 nm for DMY and 210 nm for
MTS.

Liquid chromatography–mass spectrometry (LC-MS) and
liquid chromatography–mass spectrometry–mass spectrome-
try(LC-MS-MS) analyses were performed on a Thermo Finnigan
TSQ 7000 LC/MS/MS system (San Jose, CA, USA) in electrospray
ionization mode (LC/ESI/MS) operated in the positive ion mode
to analyze KLTs/metabolites of interest. Separation was achieved
on an Agilent HP 1090 liquid chromatograph using the the same
column and mobile phases at 40°C as described above, which
facilitated identification of the compounds by yielding the same
separation of the KLTs/metabolites over the 40 min acquisition
time.

Figure 1. Chemical structure of six major kavalactones.
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LC-MS-MS used argon as the collision gas at 2.0 mtorr and a
corona current of 5 μA. The collision energy was set to 25 eV. The
temperature of the heated capillary was set to 230°C. The pre-
cursor ion was selected for the MS/MS analysis and Q3 was
scanned in full mass mode of 35–300 m/z.

Stock Solutions, Calibration and Quality Control Standards

Stock solutions of DMY, MTS, KA and DZP (internal standard)
were prepared in methanol. Appropriate amounts of analytes
were dissolved in methanol to a concentration of 1 mg/mL DMY,
MTS, KA and DZP. Stock solutions were stored at −80°C. Working
solutions of 0.1, 0.25, 0.5, 1, 2.5, 5 and 10 μg/mL of each KLT and
quality control (QC) samples containing 0.2, 1.6 and 8 μg/mL
were prepared by serial dilutions of the stock solution in metha-
nol, and internal standard containing DZP 50 μg/mL. These solutions
were protected from light and stored at –20°C, for no longer
than 2 months.

Microsomal Incubation and Sample Extraction

For the microsomal incubations, an aliquot of 10 μL KLT working
solutions of appropriate concentration was added to the reaction
tube, and dried under a gentle nitrogen stream. Each incubation
sample contained 0.125 mg (500 μg/mL) of rat liver microsomal
protein and 0.1 M potassium phosphate buffer (pH 7.4) in a final
volume of 0.25 mL. Samples were pre-incubated for 5 min at
37°C in a shaking (65 rpm) water bath; the reaction was initiated
by the addition of 25 μL of 10 mM NADPH. Incubations were car-
ried out for 30 min and then terminated by adding 5 mL of ice-cold
15% PrOH–dichloromethane mixture; after addition of 10 μL of
DZP solution (50 μg/mL), the incubation mixture was then ready
for extraction.

Calibration and quality control samples were prepared by
combining 250 μL microsomal solution (after enzyme inactiva-
tion by 10 min of boiling), to 10 μL DMY or MTS or KA working
solutions with 10 μL DZP, then addition of 5 mL of 15% PrOH in
dichloromethane.

All samples were vigorously vortexed for 1 min and centrifuged
at 3500 rpm for 20 min; the upper aqueous layer was discarded.
The organic layer was evaporated under a gentle stream of nitro-
gen to dryness and the residues were reconstituted in 100 μL mobile
phase; 50 μL was injected onto the HPLC.

Assay Validation

The three assays were validated according to FDA guidelines for
bioanalytical method validation (Center for Drug Evaluation and
Research, 2001), in terms of selectivity, linearity, limit of detec-
tion and quantitation, accuracy and precision, recovery, matrix
effect and stability.

Selectivity. Selectivity of the assays was determined by com-
paring the chromatograms from blank microsomal samples with
those of samples with three KLTs, metabolites of interest and
DZP.

Calibration Curve Linearity. Linearity of the calibration curves
were evaluated by linear regression of the peak area ratios of
each KLT to DZP versus their respective microsomal concentra-
tions. Triplicate assays were performed for each concentration.
Five standard curves in one day and on five different days were

used to assess assay performance. Assays were judged to be lin-
ear if the correlation coefficient (r2) exceeded 0.995.

Limit of Detection and Quantitation. The limit of detection
(LOD) for each KLT was the concentration at which the peak area
ratio of analyte signal to noise was ≥3. The limit of quantitation
(LOQ) was the lowest KLT concentration on the calibration curve
that could be assayed with precision and accuracy less than 15%.

Accuracy and Precision. Intra- and inter-day accuracy and pre-
cision were determined at three QC microsomal concentrations.
Accuracy was determined by comparing the assayed concentra-
tion to nominal concentrations using calibration curves. Precision
was defined as the standard deviation of assayed concentrations
to the mean of the assayed concentrations. Intra-day variability
was assessed by analyzing QC samples five times within a day,
and inter-day variability was determined by analyzing QC samples
on five different days.

Recovery. Recoveries of KLTs at three QC concentrations and
DZP were determined by comparing peak areas of spiked micro-
somal concentrations with those obtained by direct injections of
the same amounts of analytes in mobile phase onto the HPLC
without extraction.

Matrix Effect. Matrix effects were determined by comparing
assayed QC concentrations prepared by dilution in methanol (Cs)
to those obtained using blank microsomal solutions (Cm) spiked
with corresponding amounts of KLTs. 

Stability. Room temperature stability was assessed by storing
three QC samples at room temperature (25 ± 2°C) for 4 h. Freeze–
thaw stability was assessed following three freeze–thaw cycles
using QC samples; three of these samples were thawed at room
temperature and refrozen at –20°C over three cycles and assayed.
Reconstituted QC samples were left in autosampler at room
temperature for 24 h to assess sample stability in the autosam-
pler. Three concentrations of QC stock solutions were prepared
in methanol, stored at –80°C over 18 months and were assayed
for KLT concentrations in comparison to a freshly prepared stock
solution to assess long-term stability.

Rat Liver Microsome Preparation

Rat liver microsomes were prepared according to published method
(Rettie et al., 1989) from 10 week-old-male Sprague–Dawley rats
(Gore Hill, NSW, Australia) after approval from the Animal Ethics
Committee of the University of Sydney (serial no. L24/8-2006/2/
4445). Briefly, after rats were anaesthetized by pentobarbitone,
their livers were perfused with saline and removed, and then
homogenized in a hand-held Teflon-glass homogenizer in three
volumes of buffer, containing 1 mM EDTA, 0.25 mM sucrose and
50 mM potassium phosphate (pH 7.4). Homogenized tissue was
centrifuged at 20,000g for 25 min at 4°C; the pellets were dis-
carded and then the supernatant was centrifuged at 100,000g
for 70 min at 4°C. The microsomal pellet was resuspended in
buffer and centrifuged at 100,000g for 35 min at 4°C. The prepared
microsomes were stored at −80°C in storage buffer containing
1 mM EDTA, 20% glycerol and 100 mM potassium phosphate
(pH 7.4). Microsomal protein concentrations were determined
by the method of Lowry et al. (1951) with bovine serum albumin
as the standard.
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KLT Enzyme Kinetics in Rat Liver Microsomes

Enzyme kinetics of the three KLTs were characterized in vitro by
incubation of DMY, MTS and KA with rat liver microsomes at 37°C
in a final volume of 250 μL. Time dependency of metabolism was
determined using 10 μg/mL of each KLT with 0.125 mg microsomal
protein for incubations lasting 5, 10, 20, 30, 45, 60, 90 and 120 min.

Data Analysis

KLT metabolites were identified by their apparent relative reten-
tion times to internal standard (IS) in HPLC and LC-MS chromato-
grams, UV spectra and mass from LC-MS and LC-MS-MS analysis.
Data are expressed as the mean ± standard deviation of triplicate
determinations. KLT concentration–time analyses were performed
using the Scientist® software (Version 3.0, MicroMath Scientific
Software, USA). Owing to the lack of authentic metabolite stand-
ards, the quantity of metabolites formed was expressed as the
peak area ratio of each metabolite to the internal standard.

Results and Discussion

Materials and Equipment Resources

DMY, MTS and YGN were isolated from kava root in this laboratory.
KA was purchased commercially; DHKA and DHMTS were not
available commercially for this study. YGN was tested and found
to be relatively unstable under the metabolic conditions, so only
the major KLTs, namely DMY, MTS and KA, were studied further.

The purpose of the LC-MS analysis was to determine the iden-
tity of the metabolites (i.e. structure confirmation) as the HPLC
assays were sensitive enough for this study. LC-MS analysis could
have been used if higher sensitivity was required; however,
HPLC alone is a more cost-effective tool where the analytes have
no interferences from the background matrix.

Optimization of Chromatographic Conditions

The performance of the three HPLC assays was assessed in terms
of linearity, LOQ and LOD, matrix effect, recovery, precision,
accuracy, stability, peak shape and purity, and interference from
endogenous substances in rat liver microsomes. Various HPLC
chromatographic conditions were examined to obtain the best
resolution of the three KLTs and their metabolites. The retention
times of analytes were very sensitive to the ratio of methanol
and water in mobile phase, the optimal separations of metabolites
and KLT were achieved using methanol to water 50:50 at 40°C,
and the flow rate was 0.2 mL/min. According to the UV spectra
for DMY, MTS and KA and for the peaks assigned to KLT metabolites
p-hydroxy-5,6-dehydrokavain (p-HDMY), m,p-dihydroxykavain
(m,p-DHKA) and p-hydroxykavain ( p-HKA), the maximal absorb-
ances for DMY are 209 and 254 nm; for p-HDMY, 218 and 259 nm;
for MTS, 207 and 305 nm; for m, p-DHKA, 213 nm; for KA, 204 and
246 nm; and for p-HKA, 207 and 261 nm. For optimum detection
of KLT metabolites and parents, the UV wavelengths employed
were 205 nm for KA, 214 nm for DMY and 210 nm MTS, at which
the absorbances for metabolites and parents were maximal.

HPLC Chromatograms and UV Spectra

Representative HPLC chromatograms of DMY, MTS and KA in rat
liver microsomal media are presented in Fig. 2. The retention

times for DMY, MTS, KA and internal standard (DZP) were 31.5,
17.4, 18.5 and 37.0 min respectively; for major metabolite p-
HDMY, m,p-DHKA and p-HKA retention times were 11.6, 4.4 and
6.2 min, respectively. No interfering peaks were noted at the
retention times of analytes of interest. LC-MS analyses indicated
that the tailing edge shoulder peak of MTS resulted from an iso-
meric impurity.

In UV spectra of DMY, MTS, KA and the peaks assigned to
KLT metabolites p-HDMY, m,p-DHKA and p-HKA, the absor-
bance maxima for DMY were 209 and 254 nm; for p-HDMY,
218 and 259 nm; for MTS, 207 and 305 nm; for m,p-DHKA,
213 nm; for KA, 204 and 246 nm; and for p-HKA, 207 and 261 nm.
The p-HDMY, KA and p-HKA absorbance maxima were identi-
cal to the values reported in the literature (Tarbah et al.,
2003).

HPLC Validation Data

Selectivity. From Figure 2 it can be seen that there was no
interference with any of the analyte peaks of interest. Retention
times of MTS, KA, DMY and DZP were 16.5–17.5, 18–19.5, 31.5–
33.5 and 36.0–37.0 min, respectively in the various HPLC assays.
Metabolite retention times were 4.2–4.7 min for m,p-DHKA, 5.9–
6.4 min for p-HKA and 10.8–11.8 min for p-HDMY.

Linearity and LOD/LOQ. Assays were found to be linear with
the regression coefficients (r 2) for all calibration curves being
greater than 0.9979. The LOQ was 0.1 μg/mL, with the relative
standard deviation (RSD) less than 13.5%; and the LOD was
0.03 μg/mL for all three KLTs.

Accuracy and Precision. The intra- and inter-day accuracy and
precision of the assays are presented in Table 1. Deviation from
the true concentration was less than 15% for DMY and less than
9% for MTS and KA. The RSD in repeated analyses of the same
samples was less than 10% for DMY, MTS and KA.

Recovery. The recoveries of DMY, KA and MTS extracted from
rat liver microsomal media are presented in Table 2; and the
recovery of DZP was 88–103%. Overall recovery was almost
complete, with variability less than 15%.

Matrix Effect. Three KLTs were tested at three QC levels; the
respective ratios of Cs to Cm were 103.74 ± 3.67, 108.39 ± 2.32 and
98.56 ± 6.46 % for DMY, MTS and KA, respectively. There were no
significant matrix effects.

Stability. No significant losses (≤15%) of the three KLTs at low,
medium and high QC levels were observed after storage at room
temperature on the bench top over 4 h; reconstituted samples
were stable in the autosampler for at least 24 h; samples were
stable over three freeze–thaw cycles at –20°C up to 30 days. KLT
solutions in methanol were stable up to 18 months at –80°C.
Table 3 summarizes this stability data; the three KLT were stable
over all steps of the assays.

Application of these Assays During Microsomal Metabolism

The three validated assays were successfully applied to determine
DMY, MTS and KA concentrations in rat hepatic microsomal
media for individual incubations of the KLTs. Figure 3 shows
the concentration–time profiles of KLTs in rat liver microsomes
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incubated for 120 min. The concentration of DMY and KA
declined in a mono-exponential manner, and the concentration
of MTS declined in a biphasic manner consistent with a rapid
decline followed by a slow rate of decline, implying two first-
order processes. Those were related to their metabolism and
generation of major metabolites (Fig. 4).

According to literature (Rasmussen et al., 1979; Tarbah et al.,
2003; Duffield et al., 1989) there are multiple metabolites of MTS
and KA. In this study, four metabolites of KA and three metabolites
of MTS and DMY were found and identified by LC-MS; however,
except for the major metabolites HDMY of DMY, m,p-DHKA of MTS
and HKA of KA, other metabolites were either at a concentration

Figure 2. HPLC chromatograms of blank (no NADPH) microsomal media with individual KLT and IS (left panels), and DMY, MTS and KA after 30 min
incubation in rat liver microsomes (right panels).
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Table 3. Stability of three KLTs during different phases of the assay

KLT Nominal 
concentration

(μg/mL)

Assay condition

Assayed concentration deviation (%)a

Room
temperature,

4 h

Auto
sampler,

24 h

Freeze–
thaw
day 1

(–20°C)

Freeze–
thaw

day 15
(–20°C)

Freeze–
thaw

day 30
(–20°C)

Stock
solution,
6 months

(–80°C)

Stock
solution,

12 months
(–80°C)

Stock
solution,

18 months
(–80°C)

DMY 0.2 –1.0 4.2 1.5 –6.4 –14.4 3.2 6.9 12.2
1.6 –0.5 2.0 2.6 –11.7 –8.8 –5.7 –2.4 –7.4
8 –1.5 1.7 1.2 7.0 –3.6 –4.0 –5.0 –9.5

MTS 0.2 –8.2 –0.3 2.4 –4.6 –13.5 –4.6 –7.4 –12.7
1.6 –1.1 0.7 –0.8 –8.8 –11.0 –2.1 –5.2 –8.4
8 –7.3 1.4 3.1 –4.0 –14.9 –6.2 –3.5 –8.6

KA 0.2 –3.0 1.3 –8.3 –14.2 –13.4 –2.6 –4.4 –10.3
1.6 –0.5 3.8 4.1 –5.7 –10.1 –1.9 –2.8 –9.8
8 –6.4 2.2 3.9 –5.2 –14.7 –3.5 –3.1 –9.1

a Assayed concentration deviation (%) was defined as [(nominal concentration – assayed concentration)/nominal concentration]
× 100%.
All QC samples were analyzed in triplicate; mean values are reported.

Table 2. Recovery of DMY, MTS and KA from rat liver microsomal media

KLT KLT recovery (%)

QClow (0.2 μg/mL) QCmedium (1.6 μg/mL) QChigh (8 μg/mL)

DMY Intra-day 91.8 ± 4.8 89.5 ± 3.7 96.2 ± 8.9
Inter-day 94.8 ± 3.1 90.6 ± 3.3 87.4 ± 2.3

MTS Intra-day 95.4 ± 9.4 90.8 ± 5.8 96.2 ± 7.2
Inter-day 95.9 ± 5.5 97.0 ± 5.6 90.1 ± 4.3

KA Intra-day 99.9 ± 5 101.2 ± 2.9 97.8 ± 5.3
Inter-day 92.3 ± 6.5 96.9 ± 5.3 96.1 ± 5.2

Data are presented as mean ± SD (n = 5).

Table 1. Intra- and inter-day accuracy and precision for HPLC assay of KLTs in rat liver microsomes 

KLT Nominal 
concentration

(μg/mL)

Intra-day Inter-day 

Deviation (%) RSD (%) Deviation (%) RSD (%)

DMY 0.2 7.53 7.16 3.77 4.75
1.6 14.25 8.80 5.85 6.47
8 5.85 5.51 5.37 7.64

MTS 0.2 –7.13 8.35  –8.3 8.25
1.6 –6.48 1.11 1.44 4.87
8 –6.14 4.48 –6.18 6.08

KA 0.2 –3.23 3.26 –8.63 6.79
1.6 –2.71 2.92 –2.98 2.89
8 –6.39 7.28 –3.96 2.38

Data are presented as mean ± SD (n = 5).
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too low to detect, or rapidly degraded, so assays were not devel-
oped for the other metabolites.

Metabolite Structure Determination

Figures 5–7 are LC-MS spectra of three KLT major metabolites.
Based on LC-MS-MS data, reference LC-MS-MS spectra (Tarbah et al.,

2003) and UV spectral evidence, the structure of the DMY major
metabolite with a retention time of 11.61 min was determined
to be p-hydroxy-5,6-dehydrokavain; the kavain major metabolite
at retention time of 6.28 min was p-hydroxykavain. The MTS
major metabolite at retention time of 4.37 min was determined
to be m,p-dihydroxykavain from analysis of its LC-MS-MS spectrum
and according to published literature (Rasmussen et al., 1979).
Table 4 summarizes the prominent MS-MS fragments of the
major KLT metabolites. The postulated metabolite structures are
shown in Fig. 8.

Tarbah et al. (2003) found p-hydroxy-5,6-dehydrokavain (p-
HDMY) as a further metabolite from kavain’s metabolite DMY. This
study is the first reported identification of p-HDMY as the major
metabolite of the kavalactone DMY in rat hepatic microsomes.

Figure 3. KLT concentration–time profiles during incubation in RLMs.
For DMY and KA there is first-order mono-exponential metabolism (fit-
ted lines); while for MTS there is an apparent bi-phasic decline in con-
centration, but due to limited number of data points a bi-exponential fit
was not possible.

Table 4. Prominent MS/MS fragments from the protonated molecular ion of KLT metabolites

Metabolite Retention
time (min)

Molecular
weight

Prominent fragments in decreasing 
order of m/z (relative intensity %)

DMY metabolite (p-HDMY) 11.61 244 217 (18), 185 (25), 157 (72), 147 (100),
139 (28), 128 (15), 119 (40), 91 (20)

MTS metabolite (m,p-DHKA) 4.37 262 213 (16), 199 (10),185 (20), 167 (10), 
147 (100), 141(10), 99 (10)

KA metabolite (p-HKA) 6.28 246 197 (46), 169 (82),141 (70), 131 (100), 
128 (20), 115 (15), 109 (32), 77 (20)

Figure 4. KLT metabolite (HDMY from DMY, DHKA from MTS and HKA
from KA) formation as a function of time in RLMs. Metabolite formation
is represented as metabolite to IS peak area ratio (PAR) as authentic
metabolite standards were not available.
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Conclusions
Three simple, novel, sensitive, reproducible and selective HPLC assays
for quantitative analysis of kavalactones desmethoxyangonin,
methysticin and kavain in rat liver microsomes media were
developed and fully validated. The assays were successfully
used to study KLT metabolism in microsomal preparations.
The results showed that microsomal metabolism of KLTs pro-
ceeded in either a mono- or bi-exponential manner. The HPLC
assays also allowed quantification of the microsomal metabo-
lites of these KLTs. In combination with LC-MS techniques,

these metabolites could be identified and structures assigned.
These assays should also be useful in quantifying the three
kavalactones in pharmacokinetic studies in either humans or
animals.
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Figure 5. LC-MS spectra of DMY after 30 min incubation with RLMs. LC chromatogram (top) showing DMY retention time of 33.51 min and p-HDMY
retention time of 11.61 min. MS spectrum (bottom) shows that the peak with retention time of 11.61 min corresponds to m/z of [M + H]+ (244.9),
[M + Na]+(267.0) and [M + K]+ (283.0). 
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Figure 6. LC-MS spectra of MTS after 30 minutes of incubation with RLMs. LC chromatogram (top) showing MTS retention time of 17.73 min and
m,p-DHKA retention time of 4.37 min. MS spectrum (bottom) shows that the peak with retention time of 4.37 min corresponds to m/z of [M + H]+

(263.0), [M + Na]+(285.0) and [M + K]+(301.0).
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Figure 7. LC-MS spectra of KA after 30 minutes of incubation with RLMs. LC chromatogram (top) showing KA retention time of 19.21 min and p-HKA
retention time of 6.28 min. The MS spectrum (bottom) shows that the peak with retention time of 6.28 min corresponds to m/z of [M + H]+ (247.0),
[M + Na]+(269.0) and [M + K]+(285.0).
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