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ABSTRACT

A high-performance liquid chromatographic (HPLCY method for the simultancous determiization of
suifidoxine, pyrinicthamine. mefloquine and the carboxylic mctabolite of ncfaquine in plasmu is de-
seribed. After the proteins have been precipitated with a combination ol zine sulphate and acetonitrile
containing two internal standards, pyrimethamine and mefloguine are extracted as bases iind sulfdoxine
and the curboxylic metabe'ile of mefloguine as ion-pairs with tetrabutylummenivm, The drugs are separat-
cd by HPLC on a 3 am actadeeylsilicn column with ultraviolet detection at 229 nm. The method is simple
and relinble and enibles the simultaneous determination of the drugs in 600-ul plasma samples with o
sensitivity suitable lfor standard drug monitoring purposes.

INTRODUCTION

Fansimef (Hofliman-La Roche, Basle, Switzerland) is an antimalarint agent
consisting «{ a fixed combination of pyrimethamine (P) (25 mg). mefloquine
(MO) (250 mg; and sulfadoxine (S) (500 mg) in a weight ratio of 1:10:20. Fansi-
mcf was formulated with the aim of delaying the development of Plusnisdinnm
Jelleiparton multiresistant in the mid-1980s [1].

The mean plasma concentrations in adults during long-term malaria prophy-
laxis with one tablet of Fansimef once weekly were for P 0.4 MM, for S 190 uM
and for MQ 2.3 ud [2]. In another provhylactic study with MQ once every
sccond weck, the mean plasma concentration of the carboxylic metaboiite of MQ
(MMQ) was 3.5 uAd 131

To evaluate the possible multidose interacticrn of S and P on the bioavatlability
of MQ, as well as inter-individual variabiiity in the concentrations of the drugs, it
may be clinically importart to analyse the concenirations of the drugs. Several
methods have been used to determine these compounds. including gas, thin-layer
and high-performance liquid chromatography (HPLC), and some cof them have
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been recently reviewed elsewhere [4]. Methods for the simultaneous determina-
ton of differeni antimalarial drugs, $ and P [5]. MQ and MMQ [6], P and MQ [7],
MQ and chloroquine [8], MQ. S and P [9], have been presented. No method that
enables simultancous determination of 8, P, MQ and MMQ has appeared so far.

This paper describes an HPLC method for the simultaneous determination of
these compounds. Owing to the simuitaneous extraction with ion-pair technique
and subsequent simultaneous HPLC separation, the time required for each analy-
s15 18 comparatively short.

EXPERIMENTAL

Chemicals

P.S. MQ and the acid metabolite of mefloquine [2.8-bis(triffluoromethyl)quino-
line-4-carboxylic acid) were kindly supplied by Roche-Produkter (Skarholmen,
Sweden). Sulfudimethoxine (SIS) from Sigma (St. Louis, MO, USA) and
2,8-bis(trifluoromethyi)-4-[ I-hydroxy-3-(N-tert.-butylamino) propyljquinoline
phosphatc (WR 184806) (I8) from Walter Reed Army Institute of Research
(Washing'cn DU, USA) were used as internal standards. Methyl rert.-butyl ether
(M1BE) was obtained from Burdick and Jackson Labs. (Muskegon, M1, USA).
Tetrabutylummonium (TBA) hydrogensulphate from Fluka (Buchs, Switzerland)

and ull other chemicals used (E. Merck. Darmstadt, Germany) were of analytical-
reapent grade.

HPLC svstem

The HPLC system contained a pump, Model 2150 (LK B-Pharmacia. Uppsala,
Sweden). and the sample was injected by use of a Waters WISF 710B injector,
detected by a Waters UV 440 detector. with an extended-wavelength module
monitored at 229 nm (Walers Assoc.. Milford. MA. USA). For calculation of
peak heights, o Model 4270 integrator from Spectra-Physics (Son Jose, CA, LISA)
was used. The separation column was (150 mm x 4.0 mm 1.D.. packed with 3-um
particles of Spherisorb S3-ODS-1 (Hichrom. Reading, UK). The mobile jrhase
was acetonitrile-0.1 A7 phosphate buffer (48:52, v/v). adjusted to pH 3.5. A flow-
rate of 0.5 ml/min was used, giving a total retention time of ca. 20 min.

Comparison with proevious HPLC methods

The method was validated by comparison with results of plasma drawn from
individuals luking 5. P or MQ for maiaria prophylaxis and analysed by different
HPLC methods [5.6].

Spiked plusmc standards

Stock solutions were prepared at concentrations of MQ and MMQ at 100 M,
of Pat 2 pdfand of § at $0 mAS in deionized water. ond kept in polypropylene
rubes. Standard samples were prepared by adding kne-wn amounts of the stock
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solutions to plasma from healthy donors. The concentration ranges were: for 8
100050 1eA4; for P 1-0.05 pM; for MQ 5-0.25 pdf; and for MMQ 5-0.25 uM. A
standard curve with five different concentrations was included in every assiay run
for calibration.

Iriternal standcirels

The internal standards (IS and SIS) were preparced at concentrations of 4 and
75 wM. respectively, in acetonitrile. used for protein precipitation.

Quality control

Quality controi (QC) samples in spiked plasr.ia cuittaining S at 300 uM, P at
0.25 M and MQ and MMQ at 3 uM were prepared and ztored at —20°C for use
in determining intra- and inter-assay precision and for the accuracy controil dur-
ing a study over a long period of time. The QC samples were analysed twice, at
the beginning and at the end of each assay run.

Precision ,

The intra- and inter-assay precision of the method was deterinined by analys-
ing twelve portions of three spiled plasma pools containing the drugs. The inter-
assay precision was assessed by analysing one portion of each of three plasma
pools on six different working davs,

Recovery

The total extraction recovery of S, P, MQ, MM®Q, SIS and IS was determined
by comparing the peak heights of each component extracted from spiked samples
with the peak heights obtained by direct injection of an aqueous solution contain-
ing the same concentrations of the drugs dissolved in the mobile phasc.

Analysis of biological samples

To GO0 ¢l of plasma or plasma standard in a 1.5-m! polypropyiene tube, 150 ul
of 0.1 M zinc sulphate were added during vortex-mixing for 15 s. Then 700 gl of
acetonitrile with 4 M IS and 73 nAd SIS were added during vortex-mixing for 15
5. Aiter 15 min the tubes were centrifuged at 10 000 g for 10 min. The supernatant
was transferred to a new polypropylene tube, Then 2 ml of phosphate buffer (pH
9.4}, 2 inl of 0.96 M TBA hydroxide and 5 mi of MtBE were added. The tube was
shaken for 10 min and then centrifuged at 1200 g for 5 min. The upper organic
laycr was transferred to a conical polypropylene tube and evaporated to dryness
at 50°C. The residue was recenstituted in 200 ul of mobile phase, and v g1 wos s
injected into the HPL/ system.
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RESULTS ANID DISCUSSION

fHPLC separation _

We tested several Cyyg brands of column support (uBondapak, Waters; Ul-
trasphere ODS, Beckman; LiChrosorb RP-8, Merck), it order to achieve a sep-
aration ol the conipoiiiids. The best separation results were achieved with 3 uny
particles of Splicijsorb 83-ODS-1 (Fig. 1). Other antimalarial drugs (proguanil,
cliloroguilue, duinine, primaquine) have retention times different from S, P, MQ,
MMQ and the internal standards did not interfere. The chosen mobile phase was
acctonitrile-0.1 Af phosphate buffer (48:52, v/v) adjusted to pH 3.3. The Spheri-
sorb S3-QS-1 column was remarkably rugged and stable. During the devel-
opment of the assay more than 1080 plasima extracts were injected ento a single
columin, No significant deterioration ol peak shape was noted over this period.
The retention time variations obtained with different proportions ¢ acetonitrile
and phosphate bufler and at different pH values in 50% «cetonitrile arc shown in
Fig. 2. The propertion of acctonitrile and, 1o a greaier extent, the pH of the
mobile phase. have a marked influence on the separation,
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Fig. 1. Chromatograms of (i) human blank pla -mn, (b) plusma spiked with sultadoxine (300 pAf). pyri-
methumine (0.50 yAf), meleouine (4.0 M) and 1 weflloquine tictzbolite (4.0 pAf). (¢} patient sample with
mefloguine (4.8 uAf) and o~2lloquine metabalite (5.5 AN, and (d) patient sumple with sulfadoxine {630
#AN, and pyrimethamine, (0.21 pdd).

Extraction

Different. extraction systems were evaluated in order to accomplish the simulta-
neous extraction of the drugs from biological material. MQ and P are basic
compounds, and S and MMQ are acid compounds. Protein precipitation and
subsequent ion-pair extraction has bean used previously for simultaneous deter-
mination of MQ and MMQ in plasma and whole blood [6].

The highest recovery with a minimum of interference from endogenous com-
pounds was achieved with a com:bination of protein precipitation and ion-pair
extraction at pH 9.0 with 0.06 A/ TBA as the counter-ion and MtBE as the
organic solvent. Higher concentrations of TBA did not improve the extraction
efficiency for MMQ.

After protein precipitation, ihe basic compounds (MQ, P and IS) are extracted
at pH 9.0 in uncharged form. by normal liquid-liquid extraction, and the acid
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Fig. 2. (a) Effect of acctonitrile content of the mobile phase on the retertion time in 0.1 M phosphate bufler
{pR 3.5). (b} Effect of pH of the mobile phase on the retention time in 45% {v/v) acctoniinile.

compound (MMQ, S and SIS) in charged form as ion pairs with TBA. The
extraction recoveries are presented in Table 1. MtBE is a very good extraction
solvent for MQ and MMQ and it gives a low endogenous background [6).
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TABLE I
RECOVERY DATA

The total recovery [rom the extraction was tested by comparison with the peak heights obtained by direct
injection of known amounts of the substances inte the column,

Drug Concentration Recovery "
(uAf) (mean *x S.D.) (%)

Sulfadoxinc 500 1.92 + 0.21 5
Pyrimethamine 0.5 746 + 1.8 7
Melloquine 5 76.5 £ 3.0 s

1.25 349 4 86 5
Mcfloquine metabolile 5 63.4 + 42 ]

1.25 73,1 3 3.2 5
Internal standard (SIS) 75 6.28 * 0.56 6
Internal standard (IS) 4 36.4 =+ 49 5

Limir of determination

The limit of determination of the drugs was defined as the minimum concentra-
tion that gave an interassay coefficient of variation (C.V.) of less than 15%. By
this definition, and using 600 ul of plasma, the limits were estimated to 75, 0.050,
0.25 and 0.25 uM for S, P, MQ and MMQ, respectively.

Comparison with previcus HPLC methods
The results from the comparison are shown in Table 1I.

Recovery and precision

The total recovery from plasma for S was only 2%, which is similar to that of
the internal standard (SIS). However, there is sufficient S in plasma during malar-
ia prophylaxis for reliable quantitation in the chromatographic system. The addi-
tion of the extra internal standard (SIS) specially for S yiclded an improvement in
the precision for S, as is shown in Table 111. The low recovery depended on the

TABLE II
COMPARISON WITH OTHER HPLC METHODS

Drug and ref. Number of Correlation Rcgression
samples cocfficient cquation
MQ 5] 18 .99 y = [.034x ~0.040
MMQ [5] 18 .98 ¥y = 0965x +0.026
- 51(6] 18 0.95 y = 1029y —947

P [6] 15 0.98 ¥

0511y —0.024
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TABLE 111
PRECISION DATA

Spiked plusma sumple; n = 6,

Drug Concentrition Relutive stundurd deviation (''4)
' (pa)
Intra-ussay Inter-ussay
Sulfudoxine 1000 1.96 3.93
500 2.31 6.12
250 2,22 5.28
125 1.3 13.3
63 11.9 15.6
Pyrimethamine 1.0 340 3.50
0.25 4.77 7.25
0.060 5.71 7.79
Melloquine 5.0 2.32 8.55
1.25 2.70 4.63
.32 6.44 9.02
Mefloquine metabolite 30 2.78 4.24
1.25 [.39 9.10
0.32 3.76 9.29

fact that 0.06 A/ TBA forms an ion pair with § and SIS with very low extraction
at pH 9.0 in MtBE. Decreasing the pH of the buffer during the extraction results
in a significant improvement of the extraction efficiency for S and SIS. In addi-
tion, it resulted in a very large chromatographic peak for S with low separation
efficiency between S and SIS. The recovery of P, MQ and MMQ from the same
spiked plasma samples ranged from 63 to 85%. The reproducibilities within and
between days arc shown in Table 111, and demonstrate a good precision of the
method over the therapeutic concentration range.

CONCLUSION

The therapeutic plasma concentration of P is much lower than those of the
other drugs, therefore the chromatographic and extraction procedures were opti-
mized for P, under acceptable recovery and precision conditions for the other
drugs. A high concentration of S in plasma in relation to the other drugs, in
“combination with a low recovery and a detection wavelength with a low absorp-
tivity for S, results in similar peak heights in the liquid chromatogram for S as for
the other compounds in plasma samples obtained during malaria prophylaxis.

The limits of determination and the precisions of the present method are ade-
quate for monitoring the drug concentrations in human plasma during regular

propylaxis with Fansimef, and the method is comparatively rapid, simple, reliable
and sensitive.
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