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ABSTRACT

Xanthenone-4-acetic acid (XAA) was synthesised during a search for improved analogues of flavone-8-
acetic acid, an antitumour agent with a unique mechanism of action but with a number of pharmacological
disadvantages. We describe a simple, selective high-performance liquid chromatographic assay suitable for
the detection of XAA in mouse plasma. After addition of an internal standard (3-methyl-XAA), plasma
was acidified with trichloroacetic acid and extracted with toluene. After evaporation of solvent, samples
were chromatographed on a C,, 4-um Novapak cartridge (mobile phase: water-acetonitrile-acetic acid,
65:35:2, v/v) using fluorescence detection. At the maximum tolerated dose of XAA (725 pmol/kg), non-
linear pharmacokinetics were observed.

INTRODUCTION

Xanthenone-4-acetic acid (XAA, Fig. 1) is a fused-ring analogue of the novel
anticancer agent flavone-8-acetic acid (FAA, Fig. 1), a synthetic flavonoid which
has undergone extensive phase I and 1l clinical trials [1]. The selection of FAA for
testing in man was based upon the unique spectrum of activity found in preclin-
ical screening. FAA is particularly active against slow growing solid tumours in
mice such as colon 38 adenocarcinoma and lacks the usual toxicities associated
with cytotoxic drugs [2,3]. However, clinically FAA was most disappointing in
that it was inactive and exhibited dose-dependent pharmacokinetics [4-6], a phe-
nomena previously reported in mice [7,8]. Despite this, there is still much interest
in FAA because its anti-tumour properties arise from mechanisms which are
unlike those encountered for compounds used in conventional cancer chemother-
apy [9]. It is believed that understanding these mechanisms may lead to a new
class of anti-tumour compounds.

Recently the development of more potent analogues of FAA with desirable
pharmacokinetics has been undertaken. In our laboratory this has resulted in the
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Fig. 1. Structures of xanthenone-4-acetic acid (XAA), flavone-8-acetic acid (FAA) and 3-methylxanthe-
none-4-acetic acid (3-MXAA, internal standard).

identification of a series of derivatives of XAA. These compounds have similar
biological properties to FAA in that they induce tumour haemorrhagic necrosis
and elicit growth delays in colon 38 tumours [10]. The parent compound XAA
was initially selected from this series for further investigation. Of foremost in-
terest was whether the pharmacokinetics of XAA differ from those of FAA. The
quantitation of XAA in biological fluids has not been reported, but there are
several high-performance liquid chromatographic (HPLC) methods for the deter-
mination of FAA and related compounds in plasma and urine of humans and
mice using both liquid-liquid [5,7,8,11] and solid-phase [12,13] extraction tech-
niques. In assessing their applicability to XAA quantitation, it appeared that
liquid-liquid extraction was the easier method with our available laboratory ap-
paratus. This report describes a simple and selective HPLC assay suitable for the
determination of XAA in mouse plasma and its application to pharmacokinetic
studies.

EXPERIMENTAL

Chemicals and standard solutions

XAA and the internal standard, 3-methylxanthenone-4-acetic acid (3-MXAA,
Fig. 1), were synthesised as their sodium salts according to published methods
[10] and standard solutions of these compounds were prepared by dissolving
accurately weighed samples in Millipore Milli-Q water (XAA, 2000 pM; 3-
MXAA, 100 uM). Once prepared, the solutions were stored in the dark at room
temperature and used within one week. Toluene, acetonitrile and acetic acid were
of HPLC grade and trichloroacetic acid was of analytical grade.
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Calibration curves and extraction procedure

Working solutions of XAA were made by diluting the standard solution with
water and aliquots of these were added to blank mouse plasma to give concentra-
tions ranging from 4 to 20 uM. Aliquots (100 ul) of the resulting plasma solutions
were transferred to 13 x 100 mm glass culture tubes containing 0.5% (w/v)
trichloroacetic acid (1 ml) followed by 10 ul of the standard solution of 3-MXAA.
Toluene (5 ml) was then added as the extracting solvent and the tubes shaken for
30 min. The organic layer was removed by Pasteur pipette to 13 x 75 mm glass
tubes and the solvent evaporated using a Speed-Vac concentrator (Savant In-
struments, Farmingdale, NY, U.S.A.). After evaporation, the residue was recon-
stituted with 100 ul of mobile phase of which aliquots (40 ul) were injected into
the chromatograph.

Apparatus and chromatographic conditions

The HPLC system consisted of a Waters 6000A pump and Z module fitted
with a Cyg, 4 pm, 10 cm x 8 mm 1.D., Novapak cartridge (Waters Assoc.,
Milford, MA, U.S.A.), a Model RF-530 Shimadzu fluorescence detector (Shi-
madzu, Kyoto, Japan) and a Gilson Model 231-401 auto-sampling injector (Gil-
son Medical Electronics, Middleton, W1, U.S.A.). The excitation and emission
wavelengths of the fluorescence detector were set at 345 and 409 nm, respectively.
The mobile phase consisted of water—acetonitrile-acetic acid (65:35:2, v/v) and
was pumped at a flow-rate of 1 ml/min. Data acquisition and integration was
performed using a Philips PU6000 chromatography data system (Philips Analyt-
ical, Cambridge, U.K.). '

Quantitation

Calibration curves were constructed by plotting peak-height ratios of XAA to
the internal standard against concentrations of XAA. Equations for the best-fit
straight lines were determined by linear regression analysis. Quantitation of XAA
in unknown samples was achieved by calculating the peak-height ratio in the
unknown sample and using the equation obtained from the linear regression to
calculate a concentration.

Pharmacokinetic parameters

The pharmacokinetic parameters were calculated by a non-compartmental
method based on statistical moment theory [14]. The area under the concentra-
tion—time curve (AUCE) was computed using the trapezoidal rule while succes-
sive concentration values were increasing, and the log trapezoidal rule while suc-
cessive concentration values were decreasing after the maximum, and
extrapolated to infinity. The area under the moment curve (AUMCE) was calcu-
lated in a similar fashion to the AUC® and represented the total area under the
first moment of the concentration curve. The mean residence time (MRT) was
computed by dividing the AUMCS by the AUCY¥, and was a measure of the
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average time the parent compound remained in the body. The apparent volume
of distribution at steady state (V) was determined by dividing the product of the
dose and AUMCY, by the AUCE. Plasma clearance (C/) was calculated by divid-
ing the dose by the AUCS.

RESULTS AND DISCUSSION

The best results were achieved after extracting plasma samples with toluene.
Fig. 2 depicts chromatograms corresponding to extracts of control mouse plasma
(A), control mouse plasma to which XAA and internal standard had been added
(B) and mouse plasma after intravenous administration of XAA (C). The reten-
tion times for XAA and internal standard were 7.2 and 9.2 min, respectively, and
these remained virtually constant throughout an analytical run. The plasma tolu-
ene extracts did not contain any interfering peaks by fluorescence detection. Such
solvents as dichloromethane, dichloroethane, ethyl acetate and diethyl ether were
tested but found unsuitable as the resulting extracts either contained endogenous
compounds that co-eluted with XAA and the internal standard, or the xanthe-
nones were extracted in low yields. Toluene also had the advantage in that it
selectively extracted XA A and not hydroxylated XAAs which are possible metab-
olites of XAA. The absolute recoveries of XAA from mouse plasma with toluene
extraction were determined by comparing the peak heights obtained from direct
injections of the working solutions of XAA with those obtained from plasma
extracts to which the same concentration of XAA had been added. Absolute
recoveries varied from 79.6 to 84.6% over a 4-20 uM concentration range.
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Fig. 2. Representative chromatograms of plasma extracts obtained from (A) control mouse plasma, (B)
control mouse plasma with XAA (20 uM) and internal standard (10 xM) added and (C) plasma sampled
from a mouse 48 h after intravenous administration of XAA at 725 umol/kg.
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The results for the intra- and inter-day variation of the method are given in
Table I. The intra-day precision was determined after analysing plasma samples
to which XAA had been added in the concentration range 4-20 uM. In a single
run, eight separate plasma samples were prepared at 4, 8, 12, 16 and 20 uM. These
were extracted and analysed on the same day. For the inter-day variation, three
separate plasma samples at the same concentrations were prepared and analysed,
and this procedure was repeated on three consecutive days. The coefficients of
variation (C.V.) for the intra-day precision of XAA ranged from 1.77 to 4.63%
and that for the inter-day variation ranged from 1.22 to 9.56%. The sensitivity
limit of the assay as determined by a signal-to-noise ratio of 3:1 was 0.2 uM for a
100-ul sample. This could be improved to 0.08 uM if the sample size was in-
creased to 250 ul. Calibration plots of peak-height ratio versus XAA concentra-
tion were linear over the concentration range 4-20 uM and the following general
equation was obtained by regression analysis: y = 0.857x + 0.05. The corre-
sponding correlation coefficients for the calibration plots varied between 0.991
and 0.998. Stability studies were performed on plasma samples containing XAA
at concentrations of 4 and 20 uM stored at —80°C for two months and analysed
weekly. During this period the concentration of XAA changed very little (20.6 +
1.08, 3.76 + 0.2 uM) indicating that the compound was stable in plasma when
stored under these conditions.

Care was required when working with solutions prepared from the sodium
salts of either XAA or 3-MXAA as both these compounds are known to undergo
decomposition by photolytic decarboxylation [15]. Therefore all procedures in-
volving these solutions and plasma samples containing XAA were carried out in
subdued light. If such precautions were not taken, photolytic decomposition of

TABLE 1
PRECISION OF THE ASSAY OF XAA IN MOUSE PLASMA

Concentration Mean concentration C.V.
added measured (%)

(M) (uM)
Intra-day 20 19.9 4.06
n=28) 16 16.8 1.77
12 12.3 2.57
8 7.92 3.78
4 4.14 4.63
Interday 20 20.5 3.61
n=29 16 18.1 1.22
12 12.8 2.89
8 8.14 323

4 3.98 9.56
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XAA resulted in the formation of 4-methylxanthenone (retention time 1.2 h)
which appeared in the later chromatograms during an analytical run as a broad
shaped peak that interfered with precise measurement of peak heights thus ren-
dering the analysis unreliable. Furthermore decomposition of XAA in the stan-
dard solutions resulted in large errors in the calibration graph.

The assay has been applied to the determination of XAA in mouse plasma
following intravenous administration of XAA to male BDF; mice bearing colon
38 tumours at 725 umol/kg (200 mg/kg). The resulting concentration—time profile
is given in Fig. 3 and indicates non-linear kinetics at this dose in mice. The
following model-independent pharmacokinetic parameters were calculated: Cppay
(maximum concentration measured), 1776 uM; MRT, 11.3 h; AUCY, 22 578
umol - h/l; CI, 0.032 1/h/kg; Vs, 0.345 1/kg. They were compared with those
obtained for FAA at a similar dose level [8]. The results suggest that pharmacoki-
netic differences do occur between XAA and FAA as reflected in the longer
half-life, greater AUC and slower clearance. It is hoped that the HPLC method
developed for XA A would be adaptable for the quantitation of other more potent
XAA analogues in mouse plasma and that their pharmacokinetics could be in-
vestigated in order to compare them with XAA and FAA.
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Fig. 3. Plasma XAA concentrations after intravenous administration to male BDF, mice bearing colon 38
tumours at 725 umol/kg. Each point is the mean + S.D. for three mice.
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