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Abstract

We have developed a sensitive, selective and reproducible reversed-phase HPLC method with ultraviolet detection (340 nm) for the simul-
taneous quantification of amodiaquine (AQ) and its major metabolite, desethylamodiaquine (AQm) in a small volymieaf20Bole blood
spotted on filter paper. The method involves liquid—liquid extraction with diethyl ether followed by elution from a reversed-phase phenyl
column with an acidic (pH 2.8) mobile phase (25 mM ¥O,—methanol; 80:20% (v/v}1% (v/v) triethylamine). Calibration curves in
spiked whole blood were linear from 100-2500 ng/ml¥ 0.99) for AQ and 200-2500 ng/mk{ > 0.99) for AQm. The limit of detection
was 5ng for AQ and 10 ng for AQm. The relative recovery at 150 ng/ml of AG=(6) was 84.0% and at 300 ng/ml of AQm the relative
recovery was 74.3%. The intra-assay coefficients of variation at 150, 600 and 2250 ng/ml of AQ and 300, 600 and 2250 ng/ml of AQm were 7.7,
8.9and 6.2% (AQ) and 10.1, 5.4 and 3.9% (AQm), respectively. The inter-assay coefficient of variation at 150, 600 and 2250 ng/ml of AQ and
300, 600 and 2250 ng/ml of AQm were 5.2, 8.1 and 6.9% (AQ) and 3.3, 2.3 and 4.6% (AQm). There was no interference from other commonly
used antimalarial and antipyretic drugs (chloroquine, quinine, sulfadoxine, pyrimethamine, artesunate, acetaminophen and salicylate). The
method is particularly suitable for pharmacokinetic studies in settings where facilities for storing blood/plasma samples are not available.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction pharmacokinetic studies of amodiaquine in settings where
there are no facilities for storing (freezing) blood or plasma
Amodiaquine (AQ) is a 4-aminoquinoline anti-malarial samples. There are also concerns in some laboratories about
drug, effective against chloroquine-resistaiasmodium handling liquid blood samples, due to the prevalence of HIV
falciparum infections[1,2]. Two major metabolites of AQ  in some regions. We report a simple, sensitive and selective
have been identified, namely desethylamodiaquine andHPLC method that requires a sample volume of gD0f
2-hydroxydesethylamodiaquini@]. The drug is rapidly and  whole blood spotted and dried on filter paper for the de-
extensively metabolised mainly to the pharmacologically termination of both AQ and AQm. Samples stored on filter
active derivative, desethylamodiaquine (AQm), which is paper are easily transported from the field and minimises
probably responsible for most of the therapeutic eff2get]. the amount of storage space needed, which can be an issue
There has been a renewed interest in f83-14] es- in resource poor countries. We have applied this method to
pecially for use in combination with other anti-malarials. study the disposition of AQ and AQm in a healthy subject
Several analytical techniques that have been reported forafter a single 600 mg oral dose of AQ.
quantifying AQ and AQmI[1,15,16] have large sample
volumes (1.0-2.0 ml]1,15,17] or low recoveries for both )
AQ and AQm[1,2,13,18] All of them are not suitable for 2. Experimental methods

2.1. Chemicals and reagents

* Corresponding author. Fax:254-020-2711673. Amodiaquine dihydrochloride dihydrate and quini-
E-mail address: egitau@wtnairobi.mimcom.net (E.N. Gitau). dine base (QD) were obtained from the Sigma Chemical
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Company (St. Louis, MO, USA). Desethylamodiaquine
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AQ and 60ng of AQm#{ = 6 for each level) on filter pa-

diphosphate dihydrate was a gift from Professor Steve per, followed by overnight drying at room temperature. Af-

Ward, Liverpool School of Tropical Medicine, Liverpool,
UK. HPLC-grade methanol, diethylether, orthophosphoric
acid, triethylamine and dichlorodimethylsilane were pur-

ter addition of QD (500 ng), the samples were processed as
described above. In another set of tubes equivalent amounts
of AQ, AQm and internal standard (500 ng) were added di-

chased from BDH, Poole, England. Potassium dihydrogen rectly into extracting solvent followed by evaporation of the

orthophosphate (AnaldRgrade) was also obtained from
BDH.

2.2. Preparation of standard solutions
A stock solution of AQ (1 mg of the base/ml) was prepared

by dissolving the dihydrochloride salt in 10 ml of methanol
while AQm stock solution (1 mg of the base/ml) was pre-

solvent under a gentle stream of nitrogen. The residue was
reconstituted and injected onto the chromatograph as de-
scribed above. Recovery was assessed by comparing peak
area ratios of AQ and AQm to internal standard for ex-
tracted whole blood samples, with those from equivalent
amounts of AQ and AQm spiked directly into the organic
phase.

Reproducibility of the assay was assessed by deter-

pared by dissolving the diphosphate salt in water. Stock so-mining the intra- and inter-day coefficients of variation

lutions were stable for 2 months when stored-20°C. In-

(%CV) for amounts of AQ and AQm in spiked whole

ternal standard (QD) stock solution (1 mg/ml) was prepared blood (200ul) and spotted on filter paper strips. Intra-assay

by dissolving QD base in methanol. Working solutions (100,
10 and Jug/ml) were prepared by appropriate serial dilu-
tion of the stock solutions with methanol (AQ and QD) or
water (AQmM).

2.3. Sample preparation and calibration curves

Drug-free whole blood was spiked with AQ or AQm and
gently tumbled for 0.5h to ensure complete mixing. Du-
plicate samples of spiked whole blood (20 containing
known concentrations of AQ (100-2500 ng/ml) and AQm
(200-2500 ng/ml) were spotted on glass microfibre filter
strips (GF/C Cat NO. 1822 915 Whatnfjnand dried at

(within-day) variability was assessed by analysing six
replicates of whole blood samples spiked with 150, 600
and 2250 ng/ml of AQ and 300, 600 and 2250 ng/ml of
AQm. Inter-assay (day-to-day) variability was assessed
by analysing duplicates of each amount over a period of
5 days.

2.6. Sdectivity

Various anti-malarial drugs (chloroquine and its metabo-
lite desethylchloroquine, quinine, sulfadoxine, pyrimetha-
mine, proguanil, cycloguanil, artesunate), and analgesics
(acetaminophen, salicylate) used in management of severe

room temperature for at least 12 h. If they were not to be malaria were evaluated for interference with the assay for
assayed immediately the strips were stored in a microscopeAQ and AQm. Drug-free whole blood was spiked with ther-

slide box at £C.

2.4. Extraction procedure

The dried filter strip spots were cut into small pieces and
putinto 15 ml PTFE-lined screw-cap centrifuge tubes (previ-

ously cleaned and dried after rinsing in dimethyldichlorosi-
lane solution). Methanol (5@l) containing QD (internal
standard, 500 ng) followed by 2.5ml distilled water was

added and the strips soaked while shaking for 0.5h. Di-
ethylether (5 ml) was then added and the mixture tumbled

for 15min on a Stuart STR4 rotator drive (Stuart Scien-
tific, Bedfordshire, UK) followed by centrifugation (1500 g,

apeutic concentrations of these drugs followed by extraction
and analysis as described.

2.7. Sability

After initially drying filter paper strips spotted with an-
other set of whole blood samples spiked with AQ (30mg;
6) and AQm (60 ngr = 6) at room temperature overnight,
the strips were stored in a microscope slide box @€ 4nd
assayed for AQ and AQm after 30 days.

2.8. Chromatography

10 min). The upper organic phase was transferred to a clean Chromatography was performed under isocratic condi-
15ml glass centrifuge tube and evaporated to dryness intions at ambient temperatures. An isochrom delivery system
a water bath (37C) under a gentle stream of white spot (Isochrom LC; Spectra Physics, San Jose, CA, USA) fitted
nitrogen gas. Samples were reconstituted in mobile phasewith a Model 7125 Rheodyne (Cotati, CA, USA) valve injec-
(100pl) and 50wl aliquot injected onto the chromatographic tor (50l loop) was used. The column was a reversed-phase
system. phenyl column (Synergi gm Polar—-RP, 156 4.6 mm; Phe-
nomenex, Macclesfield, Cheshire, UK) preceded by a guard
column (LiChrospher 100 RP-18e,ufn, 10 x 4.6 mm

i.d.; Merck, Darmstadt, Germany). The mobile phase com-

Recovery of AQ and AQm was assessed by spotting du- prised 25 mM KHPOs—methanol (80:20% (v/v)) contain-

plicate 20Qul aliquots of whole blood spiked with 30ng of ing 1% (v/v) triethylamine, and adjusted to pH 2.8 with

2.5. Recovery and reproducibility
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orthophosphoric acid. The flow rate was 1.2 ml/min, gen- 3. Results and discussion

erating an operating back pressure of about 190 bar. The

column effluent was monitored with a variable wavelength 3.1. Chromatography

UV-Vis detector (model Spectra Series UV100; Spectra

Physics, San Jose, CA, USA) set at 340nm. Chromato- AQ, AQm and QD (internal standard) were resolved to
graphic peaks were recorded on an integrator (ChromJetbaseline with retention times of 6.8, 8.9 and 16 min, respec-
CH-1 dataintegrator, Thermo Separation Products, San Josetively (Fig. 1). This is in contrast to one previous method
California). Peak area ratios (drug/internal standard) were that depended on pH changes in the mobile phase to achieve
plotted as a function of the known concentrations of the AQ good peak resolution between AQ and AQ20]. In the

and AQm. The results were analysed by least squares lineamethod described here, good resolution between the peaks

regression. was achieved without the need to change the pH of the
mobile phase. The limit of detection was 5ng for AQ and

2.9. Validation study 10ng for AQm, respectively at a detector attenuation of
0.005a.u.f.s.

A predose blood sample (1 ml) was taken from a healthy
volunteer who then received a single 600 mg oral dose 3.2. Recovery, calibration curves and reproducibility
of AQ (Camoquine; Parke-Davis, Dakar, Senegal) with
200 ml of water. Venous blood samples (1.5ml) were ob-  One previous study reported that extraction of AQ and
tained at various time intervals up to 24 h. Blood samples AQm from whole blood samples spotted on filter paper was
were collected into heparinised blood collection tubes. unsatisfactory due to the instability of AQ and AQh®]. We
Aliquots of blood (20Qul) were spotted on filter paper initially tried using the Whatméah chromatography types
and assayed (in duplicate) for AQ and AQm by the proce- 17CHR and ET 31 but found that the recovery of AQ and
dures described. To compare the filter paper method with AQm was<20%. Based on these results, we changed to the
liquid-liquid extraction, duplicate samples of the rest of the glass microfibre filters and found that the percent recoveries
liquid blood (200ul each) were spiked with the internal at 30 of AQ and 60ng of AQm (the low quality control
standard and extracted with the organic solvent as describedconcentrations that we used) were 83.9 and 743% 6),
above. respectively. The intra-assay coefficients of variation at 150,

ot L ol MJ\-J 3
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Fig. 1. Chromatograms of (A) direct injections of 16 ng each of AQ and AQm and 200 ng of QD (internal standard); (B) extracted predose whole blood
sample of a healthy volunteer spiked with 500 ng of QD; and (C) extracted whole blood sample obtained from same patient obtained at 2 h following a
600 mg single oral dose of AQ and spiked with 500 ng of QD. AQ and AQm concentrations were 258.8 and 1137.5ng/ml, respectively. Peaks: 1, AQm;

2, AQ; 3, QD.
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Fig. 2. Concentration vs. time profiles following administration of a 600 mg single oral dose of AQ. Desethylamodiaquine extracted from liquid whole
blood (Agm: open circles) and liquid whole blood spotted on filter paper (AQm: closed circles). Amodiaquine extracted from liquid whole blood (AQ:
open squares) and whole blood spotted on filter paper (AQ: closed squares).

600 and 2250 ng/ml of AQ and 300, 600 and 2250 ng/ml of AQm that is specific, simple and rapid. It involves spotting
AQm were 7.7, 8.9 and 6.2% (AQ) and 10.1, 5.4 and 3.9% blood onto filter paper strips, an obvious advantage in ru-
(AQm), respectively. The inter-assay coefficients of variation ral parts of Africa where storage and transportation of lig-
at the same concentrations were 5.2, 8.1 and 6.9% (AQ)uid whole blood can be very cumbersome and difficult. An-
and 3.3, 2.3 and 4.6% (AQm), respectively. The calibration other advantage is that handling dried whole blood is much
curves in spiked whole blood were linear within the range safer than liquid blood, especially in resource-poor facili-

30-2500 ng/ml 2 > 0.99). ties. The use of the micro-fibre glass filter paper, as opposed
to the other types of filter paper (Whatnfan7 CHR and
3.3. Sability ET 31) commonly used for the same purpose, increases the

recovery of the drug and this paper has the added advan-
The stability experiments showed that both AQ and AQm tage of drying within 30 min making it easily manageable
were stable on the filter strips stored &@for up 30 days.  in a field setting. The assay requires a small sample volume

At room temperature, the samples were stable for up to 24 h.(200pl), which is important to clinical studies especially
in small children. Together with previously reported meth-

3.4. Validation study ods for the assay of chloroquine/desethylchloroqyi®
and sulfadoxine-pyrimethamiti22] in filter paper-collected

The assay method was used to measure the concentration8!00d samples, the present assay method will facilitate the
of AQ and AQm in whole blood samples obtained from a c_onductmg of pharmacokinetic studies under field condi-
volunteer following administration of a 600 mg single oral tions.
dose of AQ. Concentrations versus time profiles for AQ
and AQm in whole blood spotted on filter paper are shown
in Fig. 2 After oral dosage, AQm maximum concentration

of 1137.5ng/ml was achieved at 2h, while maximum AQ  \we thank the Director of Kenya Medical Research In-
concentration was 258 ng/ml at 2h. The results from filter gtjtyte (KEMRI) for permission to publish this work. G.O.
paper strips and liquid whole blood were comparable. The kokwaro is supported by a Research Capability Strengthen-

maximum concentrations determined in the present studyjng Grant from WHO (TDR/MIM grant no. 980074).
were higher than previously reported values in which much
larger blood volumes (up to 1 ml) had been used for assay
[1,2,15,16,19,20]They were also higher than those reported References
in a previous study21] in which the volume of blood used
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