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SUMMARY

A reversed-phase high-performance hiqud chromatographic method 1s described for the anal-
ys1s of the new antimalanal drug artelimic acid n blood plasma The nfluence of mobile phase
composition, pH and type of mobile phase modifier on the retention of artehnic acid on the re-
versed-phase column 1s reported Linear calibration curves were obtained in the range 0-500 ng/
ml artelinic acid Intra-assay and inter-assay variability in the analysis of plasma samples spiked
with the drug were < 15% Plasma samples of the drug were found to be unstable when stored at
—20°C, the concentration of the drug decreasing by over 50% within three days Plasma samples
stored at — 70°C remained stable for at least two weeks Initial pharmacokinetic studies 1n the rat
showed that following intravenous administration, plasma concentrations of artelinic acid de-
clined mono-exponentially The relatively short elimination half-life (17 + 5 min) of artelinic acid
18 consistent with what 1s known for qinghaosu and 1ts derivatives
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INTRODUCTION

Qinghaosu {QHS) 1s the antimalarial principle of Artemisia annua. This
compound has assumed great importance 1n recent years during the search for
alternative drugs effective against strains of Plasmodium falciparum exhibiting
resistance to currently available antimalanals [1] There has been much in-
terest 1n the synthesis and evaluation of derivatives of QHS as antimalaral
agents because of their superiority to chloroguine (and other antimalarals
presently 1n use) 1n the treatment of multi-drug-resistant P falciparum ma-
laria, their superior chemotherapeutic index and their effectiveness in cases of
cerebral malaria [2]

QHS (Fig 1a) 1s only poorly soluble 1n water and o1ls and 1ts bicavailability
18 low following oral administration Attempts have, therefore, been made to
produce semisynthetic derivatives of QHS with improved physico-chemical
and/or pharmacological properties Because of their potential value 1n the
treatment of cerebral malaria, water-soluble derivatives of QHS which can be
administered parenterally are of considerable interest One such derivative 1s
artesunic acid (ARTS, Fig 1b) which 1s prepared by reduction of QHS to di-
hydroqinghaosu (DQHS, Fig 1¢) and subsequent esterification of DQHS with
succinic acid to give ARTS which 1s the hemi-succinic ester of DQHS The
sodium salt of ARTS (sodium artesunate) 1s water-soluble and has been found
very useful 1n the treatment of cerebral malaria [2] A shortcoming of sodium

HOOC

Fig 1 Structures of qinghaosu (a), artesunic acid (b), dihydroginghaosu (c) and artelinic acid

(d)
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artesunate, however, 1s 1ts poor stability 1n aqueous solution due to the lability
of the ester linkage to hydrolysis.

Artelinic acid (ARTL, Fig 1d) 1s another semisynthetic water-soluble de-
rivative of QHS 1n which the hydrophilic carboxylate group 1s on a benzyl
moilety linked to DQHS by an ether linkage which should be resistant to hy-
drolysis The sodium salt of ARTL (sodium artelinate) has been reported to
be effective against chloroquine-resistant P falciparum and possesses superior
1n vivo activity against P bergher compared to QHS Its solution 1n potassium
carbonate has also been reported to be stable to hydrolysis [3] ARTL s, there-
fore, of potential value 1n the treatment of cerebral malaria Further pre-clin-
1cal evaluation of the compound requires an analytical method for measuring
levels of the compound 1n blood plasma The following report describes the
development of a simple high-performance hiquid chromatographic (HPLC)
method for determination of ARTL 1n plasma

EXPERIMENTAL

Chemaucals

Sodium artelinate (Cy3H.00,Na-1.5H,0) was provided by the Walter Reed
Army Institute of Research (Washington, DC, U.S A ). Naphthalene, which
was used as analytical standard, was obtained from BDH (Poole, UK ) Ace-
tonitrile (HPLC grade), triethylamine (TEA, analytical grade) and ortho-
phosphoric acid were obtained from Fisons Laboratory Supplies (Loughbor-
ough, UK.). Tetrabutylammonium hydroxide (TBAH) and N,N-
dimethyloctylamine (DMOA ) were obtained from Aldrich (Gillingham, U K.)

Chromatography

The chromatographic system used consisted of a Spectra-Physics SP 8700
solvent delivery system, an SP 8750 organiser module containing a Rheodyne
Model 7125 injector fitted with a 100-ul sample loop, a Beckman Ultrasphere-
ODS C,; reversed-phase column (5 um particle size; 15 cm X4 6 cm) and an
SP 8450 UV-VIS vanable-wavelength detector operating at 240 nm During
assay development, mobile phase composition was varied with respect to ace-
tonitrile/water ratio, type and concentration of mobile phase modifier (1e
TEA, TBAH or DMOA) and pH

Extraction

Two-phase extraction after acidification with hydrochloric acid or buffers
ARTL (05 ug ml—') in drug-free plasma was acidified by addition of hydro-
chloric acid (0 2 ml, 5 M) and extracted with dichloromethane (2 0 ml) by
shaking on a vortex mixer for 1 min. The mixture was then centrifuged at 500
g for 10 min. The aqueous layer was removed and the organic phase dried with
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sodium sulphate and evaporated to dryness under a stream of nitrogen at 40°C
The residue was redissolved 1n 50 ul of a solution of naphthalene 1n acetonitrile
(20 ug ml—') and a 25-ul aliquot of the solution chromatographed The peak-
height ratio of ARTL to naphthalene was measured. The extraction procedure
was repeated using different concentrations of hydrochloric acid (1,0 1 or 0 05
M) and also using either ethyl acetate or methyl tert -butyl ether 1n place of
dichloromethane at these different concentrations of acid Extraction with
either dichloromethane or ethyl acetate or methyl tert -butyl ether was re-
peated following acidification of the plasma solution of ARTL with a solution
of sodium dihydrogen orthophosphate (30%, w/v), the pH of which had been
adjusted previously to 4, 3 or 2, respectively

ITon-pair extraction using TBAH as won-pairing agent A solution of ARTL
in blood plasma (500 ng per 05 ml) was prepared as described above The
solution was basified by addition of sodium hydroxide solution (0 5 ml, 5 M)
After addition of TBAH (0.2 ml) and dichloromethane (2 0 ml) the mixture
was shaken on a vortex mixer for 1 min The dichloromethane extract was
dried, evaporated and the residue reconstituted in a solution of naphthalene
1n acetonitrile and chromatographed as described above

Extraction with acetonutrile Details of this approach to the extraction of
ARTL from plasma are as described below for the calibration procedure.

Calibration

A stock solution of ARTL (100 ug/ml) was prepared by dissolution of the
appropriate amount of sodium artelinate in water This was diluted ten times
to give a working aqueous solution of 10 ug/ml

Aliquots of the working solution (10-50 ul; 100-500 ng ARTL) were placed
1n 10-ml capacity culture tubes and drug-free plasma (0 5 ml) was added The
plasma solutions were acidified by addition of 30% (w/v) solution of sodium
dihydrogen orthophosphate (0.2 ml) previously adjusted to pH 4 The mixture
was then shaken briefly on a vortex mixer Acetonitrile (2.0 ml) was added
and after shaking on the vortex mixer for 1 min the mixture was centrifuged
at 500 g for 10 min

Using a Pasteur pipette, the acetronitrile layer was transferred to a tapered
glass centrifuge tube. To assist in obtaining optimal transfer of the extracted
compound the tube was washed with acetonitrile (0.2 ml) and the washing
transferred to the tapered centrifuge tube with a Pasteur pipette. The aceto-
nitrile extract was evaporated to dryness at 40°C under a stream of nitrogen
The residue was redissolved 1n 50 ul of a 2 ug/ml solution of naphthalene 1n
acetonitrile with shaking on a vortex mixer for about 1 min Aliquots of 20-40
il were chromatographed The peak-height ratio of ARTL to naphthalene was
plotted against the corresponding mass of ARTL.

All glass ware used for the extraction were pre-treated with dimethyldichlo-
rosilane 1n toluene (5%, v/v) to prevent adsorption of ARTL to the glass
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Assay precision and stability of artelinic acud in blood plasma

Over four days, a series of solutions of ARTL containing 150 ng/ml (or 200
ng/ml) drug in plasma were prepared and treated as unknown and the concen-
trations determined after running appropriate standard curves on each day

To evaluate the stability of ARTL solutions in plasma at different storage
temperatures, solutions of sodium artelinate equivalent to 2 ug/ml ARTL 1n
plasma were prepared 1n previously silamsed glass culture tubes and stored at
erther —20°C or —70°C Aliquots (0 1 ml, 200 ng ARTL) of these solutions
were analysed as unknowns over a two-week period using standard curves pre-
pared on the same day

Ammal studies

A solution of sodium artelinate equvalent to 12 5 mg/ml ARTL was pre-
pared by dissolving 20 0 mg of the hydrated sodium artelinate in 15 ml of
distilled water.

Four male Wistar rats were anaesthetised with pentobarbitone sodium (60
mg/kg) and the trachea, femoral vein and carotid artery were exposed and
cannulated Heparin (200 U 1n saline) was then administered intravenously.
The animals then received, intravenously, sodium artelinate (equivalent to 10
mg/kg ARTL) Blood (~0 5 ml) was removed from the carotid artery at 0, 5,
10, 20, 30, 45, 60, 90, 120 and 180 min into Microcap tubes (L. I P Equipment
and Services, Shipley, U K ) An equivalent volume of 1sotonic saline was ad-
minstered to replace blood lost in sampling The blood samples were centr-
fuged immediately (500 g, 15 min) and the plasma was transferred to 10-ml
capacity glass culture test tubes and analysed as described for standard
solutions

Mass spectrometry

During chromatography of extracts of plasma samples obtained from rats
dosed with ARTL a peak appeared at a retention time of about 18 min (see
Fig 3B) Since this peak does not appear in chromatograms of standard plasma
solutions of ARTL or predose rat plasma samples 1t was suspected to be due to
a metabolite or ARTL

In an attempt to 1dentify the metabolite the eluate fractions corresponding
to the peak with a retention time of 18 min were collected during chromato-
graphy of plasma samples from rats dosed with ARTL The collected fractions
were extracted with dichloromethane The dichloromethane extract was dried
over anhydrous sodium sulphate After evaporating at 40°C under a stream of
nitrogen, the residue was redissolved in methanol (100 ul) and the solution
examined by mass spectrometry 1n the fast 1on bombardment (FIB) mode
using a VG Tritech TS 250 mass spectrometer interfaced to a VG 250-11 data
system



172
RESULTS AND DISCUSSION

Chromatography of artelinic acid

The influence of the acetonitrile content. of the mobile phase, type of mobile
phase modifier and pH of the mobile phase on the retention time of ARTL on
the reversed-phase column used were investigated The results are shown 1n
Table I In each case the proportion of mobile phase modifier was 3% (v/v)
and the pH of the mobile phase was adjusted using orthophosphoric acid

The use of DMOA as mobile phase modifier resulted in satisfactory chro-
matography for ARTL with sharp peaks being obtained at convenient reten-
tion times ( <15 min) However, baseline instability was a problem associated
with the use of DMOA A similar problem was encountered when TBAH was
used as modifier The problem of baseline instability was overcome by the use
of TEA Therefore, the retention charactenistics of ARTL 1n presence of TEA
were studied 1n greater detail The results are shown 1n Table I Using TEA, a
mobile phase of 65% acetonitrile and a pH of 6 was found to be optimum
Under these conditions, 1t was possible to obtain satisfactory calibration curves
for extracts of aqueous solutions of ARTL at concentrations between 18 and
350 ng/ml However, determination of ARTL from plasma extracts under these
conditions was not feasible because of interference from endogenous com-
pounds For plasma extracts of ARTL, the optimum chromatographic condi-
tions were achieved by reduction of the pH to 5 and decreasing the proportion
of acetonitrile 65 to 50% This displaced the ARTL peak from peaks due to
endogenous components, the retention times of which were unaffected by the

TABLE L

VARIATION OF THE RETENTION VOLUME OF ARTELINIC ACID WITH MOBILE
PHASE COMPOSITION, pH OF MOBILE PHASE AND USING DIFFERENT MOBILE
PHASE MODIFIERS

Mobile phase composition Mobale phase pH of mobile Retention volume
(acetomitrile-water, v/v} modifier® phase of ARTL (ml)
60 40 DMOA 3 12

65 35 DMOA 5 45

65 35 DMOA 75 75

60 40 TBAH 75 80

40 60 TBAH 75 200

65 35 TEA 50 50

65 35 TEA 60 45

65 35 TEA 68 25

60 40 TEA 68 50

50 50 TEA 50 90

"DMOA =N,N-dimethyloctylamine, = TBAH=tetrabutylammomum  hydroxide, TEA=
triethylamine
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Fig 2 (A) Chromatogram of standard aqueous solution of naphthalene {50 ng) and artelinic acid
(500 ng) (B) Chromatogram of an extract of a standard plasma solution of artelinic acid (500
ng) and naphthalene (50 ng) Peaks a=naphthalene, b=artelimc acid

change in pH It was found that the column required 2-2 5 h for equilibration.
The mobile phase selected was acetonitrile-water (50 50, v/v) contaiming TEA
(3%, v/v) buffered to pH 5 02 with orthophosphoric acid Flow-rate was 1 5
ml min~—!

Under the optimum chromatographic conditions for plasma extracts, the
retention times for ARTL and naphthalene were 10 and 8 5 min, respectively
Sample chromatograms of standard aqueous solution of ARTL and of extracts
of plasma solutions, along with naphthalene, are shown 1n Fig 2

Extraction

The extraction procedure described above for calibration was adopted fol-
lowing the observation that ARTL 1s readily decomposed by aqueous mineral
acid Thus the recovery of the drug was either very poor or zero when plasma
samples were acidified with different concentrations of hydrochloric acid prior
to extraction with different organic solvents such as dichloromethane, ethyl
acetate or methyl tert -butyl ether Extraction of ARTL under basic conditions
(where 1t 1s stable) with TBAH as an 1on-pairing agent was evaluated ARTL
was readily extracted from basified aqueous solution with either dichlorome-
thane or ethyl acetate, in the presence of TBAH However, due to interference
from endogenous substances in plasma the method was found to be unsatis-
factory for quantitative determination of ARTL and was abandoned 1n favour
of the procedure described for calibration, with acetonitrile acting as both ex-
tractant and protein precipitant The optimum pH for the recovery of ARTL
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was found to be 4. An acxdifying solution of high 1onic strength was chosen to
enhance the extraction of ARTL through the salting out effect This approach
also mimimises the partitioning of water into the acetonitrile phase

Comparison of the slopes of calibration curves obtained as described above
with slopes of calibration curves obtained from the direct analysis of standard
solutions of ARTL 1n sodium dihydrogen orthophosphate (pH 4) shows that
the recovery of ARTL was 44 5% In spite of the low recovery, a detection limit
of 50 ng/ml was estimated for the procedure when, as indicted above, the de-
tector was set at 240 nm which was found to be the i, (e=110-10*) for
ARTL

Calibration

Several compounds, including carboxyl group-containing compounds such
as indomethacin and naproxen, and some sulphonamides were tested as pos-
sible internal standards 1n the analysis of ARTL Only naphthalene was found
suitable as the other compounds had low retention times (<5 min) similar to
those of endogenous substances in plasma Naphthalene was, however, used
only as an external rather than as an internal standard as its extraction from
plasma was found to be irreproducible

Following the procedure described above, linear calibration curves were ob-
tained (r=0976) in the range 0-500 ng of ARTL 1n plasma Both standard
stock and working solutions used for calibration were prepared daily following
the observation of the instability of aqueous solutions of sodium artelinate as
discussed below

Assay precision and stability of artelinic acid in plasma

The precision and accuracy of the method were determined by replicate
analysis of freshly prepared plasma samples. The results are shown 1n Table
II for plasma samples spiked with 150 or 200 ng of ARTL and treated as un-
known The intra- and inter-assay coefficients of variation were, respectively,
13 5% (150 ng/ml, n=>5) and 14 5% (200 ng/ml, n=16) The assay values
obtained (Table IT) also show that the method 1s of acceptable accuracy despite
the absence of a conventional internal standard

Although ARTL has been reported to be stable when dissolved 1n a solution
of potassium carbonate [3], the compound was found to be unstable in distilled
water. Early in the present investigation 1t was found that using the same stock
solution which was stored at 5°C to prepare calibration curves over a number
of days resulted 1n a decrease 1n the slope of the calibration curves For exam-
ple, a slope of 0 00308 was obtained for calibration curves constructed with a
freshly prepared solution of sodium artelinate in water while a slope of 0 00196
was obtained for curves prepared using the same solution after three days of
storage at 5°C This 1s equivalent to a 63 6% decrease 1n the concentration of
ARTL 1n the stock solution after three days of storage at 5°C Further evidence
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TABLE I

PRECISION AND ACCURACY OF THE ANALYTICAL METHOD FOR THE DETERMI-
NATION OF ARTELINIC ACID IN PLASMA

Actual concentration Concentration determimed (mean*S D ) (ng 1 ml)
(ng/ml)

Intra-assay Inter-assay
150 1406190 (n=5) 14161204 (n=16)

13814220 (n=5)
14784222 (n=3)
1428+ 85 (n=3)
200 21284531 (n=5)" 2305+480 (n=8)
11134236 (n=4)"
205 0+265 (n=6)°

“Freshly prepared plasma solution
®Plasma solution after storage at —20°C for three days
‘Plasma solution after storage at —70°C for two weeks

of decomposition of the compound was the appearance of a microcrystalline
deposit in the container

The decomposition of ARTL in the aqueous solution may be attributed to
the shight acidity of the distilled water used 1n preparing the solution The pH
of the stock solution of sodium artelinate was found to be 6 30. When a solution
of the drug was prepared using distilled water which had been purged previ-
ously with helium for 20 min, the appearance of the microcrystalline deposit
which 1s indicative of decomposition was not observed until after about two
weeks of storage

As shown i Table II, ARTL was also found to be unstable 1n plasma when
a solution of the drug in plasma was stored at —20°C After three days of
storage the concentration of ARTL in the plasma solution had decreased by
over 50% A solution of the drug in plasma stored at —70°C was, however,
found to remain stable for at least two weeks Similarly, plasma extracts of
ARTL reconstituted 1n acetonitrile are stable when stored at either 5°C or
—20°Cor —70°C

Animal studies

The assay method was applied to plasma samples obtained from rats given
ARTL A chromatogram obtained from analysis of rat plasma taken after in-
travenous administration of the drug i1s shown in Fig 3B For comparison, a
chromatogram of an extract of a pre-dose plasma sample 1s also shown in Fig
3A The peak appearing at the retention time of 18 min in Fig 3B was thought
to be due to a metabolite of ARTL since the peak height-time profile of this
peak was found to be parabolic as might be expected 1f the peak was due to a
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Fig 3 (A) Chromatogram of an extract of drug-free rat plasma (B) Chromatogram of an extract
of rat plasma (2 4 ug ml~! artelinic acid) taken 20 min after intravenous administration of arte-
linic acid as sodium artelinate Peaks a=naphthalene, b=artelinic acid
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Fig 4 Plasma concentration-time profiles of artelinic acid in four rats given as sodum artelinate
(10mgkg™")

metabolite of ARTL However, mass spectrometry of the eluate fraction cor-

responding to this peak gave no conclusive information on the structure of this
putative metabolite.
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Plasma concentration-time profiles of ARTL 1n four rats given ARTL (10
mg kg~ ! intravenously) as sodium artelinate are shown in Fig 4. The plasma
concentration-time data declined mono-exponentially This contrasts with the
observation for QHS and other derivatives of QHS with plasma concentra-
tion-time profiles which decline bi-exponentially [4-6] The rapid disappear-
ance of ARTL from the plasma (f,=17+5min) (n=4) following intravenous
admimstration 1s, however, consistent with what has been observed for QHS
and 1ts other derivatives ARTL could not be detected 1n the rat plasma sam-
ples obtained at 120 and 180 min after intravenous administration
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