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Abstract

A simultaneous HPLC separation of the six major kavapyrones and the flavokavins A-C in an ethanolic extract of Piper methysticum was carried
out on a Symmetry C18 column. For quantitative determinations of the flavokavins, calibration curves with correlation coetficients between 0.9986
and 0.9998 were established. Detection limit for each flavokavin of 0.5ng per injection was measured at 355 nm. The precision of the HPLC
analysis was verified by six determinations of the content of flavokavins in the kava extract. Flavokavins A-C contents of 0.62 & 0.01 mg/100 mg,
0.34 0.0 mg/100mg and 0.14 = 0.003 mg/100 mg ethanolic kava extract was found, respectively. From the corresponding relative standard
deviation of 1.53, 1.99 and 2.30% the confidential interval (P =95) of the mean value was calculated for each flavokavin. The accuracy of the
method was proven by recoveries between 99.2 £ 0.3% and 101.1 £ 0.4% for the flavokavins A-C.
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1. Introduction

Preparations of Piper methysticum Forst. are used for the
treatment of mild and moderate states of anxiety [1-4]. The effi-
cacy and the compatibility of the kava preparations could be
verified in clinical studies [5-11], although serious side effects,
e.g. hepatitis and acute liver failure were observed recently
[12-16]. For this reason European drug control authorities took
the decision to withdraw the registration of all kava preparations
for herbal medicinal products. Nevertheless kava preparations
are still available as food supplement. The kavapyrones are
considered to be the active substances and are used for the stan-
dardization of this herbal medicines.

Several HPLC methods for separation and quantification
of kavapyrones were published. For a good and rapid sep-
aration of crude drug extracts silica gel columns were used
[17]. Furthermore, RP materials were taken for analysis [18].
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Separation of dihydromethysticin and kavain was not achieved
with a Prodigy® ODS column [19]. However, Shao et al. [20]
obtained a complete separation of the six major kavapyrones
within 34 min with a YMCbasic column, while Ganzera et al.
[21] were successful with a Luna C8 column within 40 min
[20,21]. A computer-assisted optimisation of a HPLC analysis
of kavapyrones and Luna C18 column was published by Schmidt
and Molnar [22]. Moreover, the separation of kavapyrone enan-
tiomers was described with a ChiraSpher® NT column [23,24].
Capillary electrophoresis using the micellar electrokinetic chro-
matography technique (MEKC) revealed a baseline separation
of the kavapyrones within 15 min [25].

Besides of the kavapyrones the chalkones flavokavins A-C
(Fig. 1) are further constituents of Piper methysticum Forst,
with pharmacological activities [26]. A single qualitative HPLC
method for the separation of flavokavins A-C was published.
In contrast a complete separation of the kavapyrones was not
achieved [19]. So far only a semiquantitative determination
of the flavokavins in a dichloromethane extract of Piper
methysticum was described by Lazar [27] using DC with visual
quantitative evaluation [27]. An amount of approximately 0.1%
flavokavins A and B was found.
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Fig. 1. Flavokavins of Piper metlysticurn Forst.

This work describes a HPLC method for the simultaneous
separation of both the kavapyrones and flavokavins and the quan-
tification of the flavokavins.

2. Experimental
2.1. Chemicals

Acetonitrile (LiChrosolv®), isopropanol (SupraSolv®),
methanol (Prepsolv®), ethanol (LiChrosolv®) and acetic acid
(p.a.) were purchased from Merck (Darmstadt, Germany).

2.2. Instrumentation

The HPLC pump MSDS 600 E, diode array detector 996,
autosampler WISP 712 and the MILLENNIUM V2.1 software
were from Waters (Eschborn, Germany). The HPLC column
thermostat 5-85°C and the four-channel-online degaser were
from Knauer (Berlin, Germany).

2.3. Chromatography

2.3.1. Method 1

Running conditions: analytical column: Symmetrie® CI18
(150 mmx 3.9 mm, 5 um, Waters, Eschborn); eluent: A, 0.1%
acetic acid; B, isopropanol/acetonitrile=7/3 (w/w); mobile
phase: 0-26 min 27% B (isocratic elution); 26-35 min to 100%
B (linear gradient); 35-50min B 100% (isocratic elution);
fiow-rate: 0.5 ml/min; temperature: 30 °C; absorbance: 240 and
355 nm.

2.3.2. Method 2

Running conditions: analytical column: LiChrospher® RP
select B (125 mm x 4 mm, 5 pm, Merck, Darmstadt); eluent:
0.1% acetic acid/isopropanol/acetonitrile =60/28/12 (w/w/w);
flow-rate: 0.6 ml/min; temperature: RT; absorbance: 355 nm.

2.4. Plant extract
A percolate of Piper methysticum Forst. roots was prepared

with ethanol using a ratio of 1 g of the drug to 16.7ml of the
extractant. The solvent was removed under reduced pressure.

100.00 mg of the remaining kava extract (drug/extract ratio:
14.5:1) was dissolved in 100.00 ml methano] and after filtration
(0.45 wM), 20 !l of the solution were investigated by HPLC.

2.5. Reference substances

Kavain, dihydrokavain, methysticin, dihydromethysticin,
yangonin and desmethoxy-yangonin were obtained from
Krewel-Meuselbach (Eitorf, Germany). The kavapyrones were
identified by NMR and mass spectrometry [28]. The flavokavins
A—C were synthesized in our lab according to Hinsel et al.
[29] and were identified by NMR, IR and mass spectrometry
[20-31]. Methanolic stock solution of flavokavin A (25 pg/ml),
flavokavin B (10 pg/m1) and flavokavin C (5 pg/ml) were diluted
stepwise and investigated by HPLC to generate the calibration
curve.

2.6. Peak identification

Retention times and UV spectra of the reference substances
were used to identify the peaks in the chromatograms (for &'
values see Table 1).

3. Results and discussion

To achieve a complete separation of both the kavapyrones and
the flavokavins a spheric 5 pum Symmetry® C18 material was
used. For detection of the kavapyrones (Fig. 2a) a wavelength of
240 nm was chosen. The flavokavins were detected at 355 nm,
because this wavelength showed the optimal ratio of the peak
area of the three flavokavins A—C to each other (Fig. 2b).

A temperature dependent HPLC analysis in the range of
20 and 40°C showed the best separation of the kavapyrones
at 30 °C. Minor temperature variations had an unusually large
influence on the chromatographic resolution which was also
found for the separation of the kavapyrone enantiomers on Chi-
raSpher NT material [24]. Values for the relative retention times
(ar), capacity factors (k') and chromatographic resolutions (R),
calculated from the HPLC analysis of the kava extract (Fig. 2),
are summarized in Table I.

For validation of the quantitative determination of the stan-
dards “flavokavin A”, “flavokavin B and “flavokavin C” two
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Table 1
Chromatographic parameters of kavapyrones and flavokavins

Compound Capacity factor (k') Relative retention time (c) Chromatographic resolution (R)
Methysticin (1) 8.47 - -

Dihydromethysticin (2) 9.07 wyn=1.071 Rip=148

Kavain (3) 12.62 o3 =1.391 Ry =121

Dihdyrokavain (4) 14.13 eys =1.120 Ry =247

Yangonin (5) 19.13 o5 =1.353 Ry5 =6.57
Desmethoxyyangonin (6) 21.71 osie = 1.135 Rsie=3.15

Flavokavin C (7) 24.52 wen =1.129 Re7=5.77

Flavokavin A (8) 26.26 oy = 1.070 Ry =7.67

Flavokavin B (9) 26.65 ogio=1.015 Ry =2.06

different HPL.C-methods were used with a Symmetry® C18 col-
umn (method 1) and a LiChrospher® 60 RP-select B column
(method 2). As a criterion for the precision, standard deviations
of six determinations and confidence intervals (P=95) of the
mean values for the content of flavokavins A-C were calculated
for each method. An average content of 99.22 £ 0.33% for fla-
vokavin A, 99.42 +0.42% for flavokavin B and 98.82 £ 0.48%
for flavokavin C was found.

Calibration curves were established for flavokavins A~-C with
the method 1 and correlation coefficients between 0.9986 and
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Fig. 2. HPLC-chromatogram of Piper methysticum Forst. extract: (A)
absorbance at 240 nm and (B) absorbance at 355 nm. (1) Methysticin, (2) dihy-
dromethysticin, (3) kavain, (4) dihydrokavain, (5) yangonin, (6) desmethoxyyan-
gonin, (7) flavokavin C, (8) flavokavin A, and (9) flavokavin B.

0.9998 were found. The scope of work of each flavokavin is
summarized in Table 2. The detection limit was defined by the
flavokavin concentration, which yielded a three-fold peak height
in comparison to the random noise of the baseline. A value of
0.5 ng per injection for each flavokavin was found using a detec-
tion wavelength of 355 nm.

For the determination of the total flavokavin amount in the
kava extract method 1 was used. The precision was verified
by establishing the standard deviation and the confidence
interval (P=95) from six determinations of the content of
flavokavins in 100.0 mg kava extract under repeated conditions.
A content of 0.62 = 0.01 mg/100 mg kava extract for flavokavin
A, 0.34£0.01 mg/100 mg kava extract for flavokavin B and
0.14£0.003 mg/100mg kava extract for flavokavin C was
found. From the corresponding relative standard deviations
of 1.53, 1.99 and 2.30% the confidential intervals (P =95)
of the mean values were calculated (Table 3). A limit of
quantification (signal-to-noise ratio of 10:1) of 1.5ng per
injection for each flavokavin was found at a wavelength of
355nm.

The accuracy of the quantitative flavokavin determination
was verified by analysis of the recovery. Defined amounts of
the flavokavins were added to six samples of the kava extract
and analysed by HPLC. The resulting flavokavin concentrations
ranged between 80 and 120% of the nominal value. The mean
of recovery yielded a value of 99.2 4+ 0.3% for flavokavin A,
101.1 £0.4% for flavokavin B and 100.1 £ 0.3% for flavokavin
C.

The total amount of flavokavins of 1.1% in the ethanolic kava
extract was higher than in the dichloromethane extract with a
content of 0.1% [27], although the flavokavins are more soluble
in dichloromethane than in ethanol. The low flavokavin con-
tent might be due to different quality of plant material or to a
insufficient semiquantitative visual evaluation of the DC chro-
matogram.

Table 2

Regression data and analytical parameters of flavokavins

Compound Equitation of the Correlation wg/ml
calibration curve coefficient

Flavokavin A Jixy=26438x 322 0.9998 2.5-25.0

Flavokavin B Jon=217.0x+20.8 0.9986 1.0-10.0

Flavokavin C Jxy=221.0x—04 0.9996 0.5-5.0
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Table 3
Evaluation of the quantitative determination of flavokaving

Compound Content (mg/100mg Confidence interval (P =95) Added (.g) Detected (1g) Recovery (%) Mean of recovery
kava extract)?® (mg/100 mg kava extract)® (%)
Flavokavin A 0.62 £ 0.01 0.61-0.63 797.04 785.57 98.6 99.2 £ 0.3
805.98 800.63 99.3
638.30 635.61 99.6
627,17 622.48 99.3
493.20 438.80 990.1
499.45 495.51 99.2
Flavokavin B 034 £ 0.01 0.33-0.35 444 50 450.94 101.5 101.1 & 04
424.32 426.54 100.5
354.24 358.47 101.2
348.16 351,70 101.0
272,72 275.92 101.2
276.13 279.90 101.4
Flavokavin C 0.14 £ 0,003 0.14-0.15 185.47 186.29 100.4 100.1 £ 0.3
176.98 176.67 99.8
147.96 147.73 99.8
145.40 145.94 1004
114,12 114.33 100.2
115.56 115.32 99.8

@ Al values are expressed as mean of at least six distinct analyses.

The HPLC method used for this work describes for the
first time a simultaneous separation of the kavapyrones and
flavokavins from the kava extract and enables the validation
of a quantitative flavokavin determination from plant material,
extracts and kava preparations,
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