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ABSTRACT

A method was developed for the separation and measurement of chloroquine and three metabolites (desethylchloroquine, bis-
desethylchloroquine and 4-amino-7-chloroquinoline) in biological samples by ion-pair high-performance liquid chromatography with
UV detection. The method uses 2,3-diaminonaphthalene as an internal standard and provides a limit of detection between ! and 2 ng/ml
for chioroquine and its metabolites. The assay was linear in the range 12.5-250 ng/ml and the analytical recovery and reproducibility
were sufficient. The assay was applied to the analysis of biological samples from a patient undergoing chloroquine chemoprophylaxis

and a patient who had ingested chloroquine in a suicide attempt.

INTRODUCTION

Despite many reported cases of poisoning [1],
chloroquine (CLQ), a 4-aminoquinoline, is wide-
ly used for prophylaxis and treatment of malaria
and various connective disorders [2-4]. The me-
tabolism of chloroquine has been well studied [5]
but is not yet totally established. After oral ad-
ministration, chloroquine is rapidly de-cthylated
in the blood to desethylchloroquine (30-40% of
blood chloroquine concentration) and bisdeseth-
ylchioroquine (5-10% of blood chloroquine con-
centration) [5,6]. The main human metabolite is
desethylchloroquine, which possesses the same
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antimalarial activity against chloroquine-suscep-
tible Plasmarium falciparum [7] and toxicity [8].
Other metabolites can be produced during chlo-
roquine biotranformation, such as 4-amino-7-
chloroquincline {8], carboxylic acid derivatives
and other uncharacterized metabolites which
were found in small amounts [7,9].

In eighteen years, several high-performance
liquid chromatographic methods for the detec-
tion of chloroquine and its two main metabolites
have been developed with [10,11] or without [12]
an internal standard using spectrofluorimetric
detection. These methods were applied to phar-
macological studies in healthy volunteers after a
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single dose [9,11,13] or in malaria patients
[14,15]. To our knowledge, the toxicokinetics of
chioroquine and its metabolites have not been as-
sessed in man.

In biological fluids a method allowing the si-
multaneous determination of chloroquine and its
three metabolites has never been reported. In this
paper, we describe a selective and sensitive meth-
od to separate and determine chloroquine and its
three metabolites (desethylchloroquine, M1; bis-
desethylchloroquine, M2; and 4-amino-7-chloro-
quinoline, M3) (Fig. 1), involving organic ex-
tracts of biological fluids (blood, plasma or
urine) followed by high-performance liquid chro-
matography. This assay is applicable to both
pharmacological and toxicological research, es-
pecially to determine the toxicokinetic parame-
ters of chloroquine and its metabolites in man
after acute poisoning.

EXPERIMENTAL

Chemicals

Chloroquine sulphate and free bases of M1,
M2 and M3 were generous gifts from Specia (Vit-
ry, France). The internal standard (1.S.), 2,3-di-
aminonaphthalene, was purchased from Aldrich
(Brussels, Belgium). Sodium I-heptanesulpho-
nate (ion-pair chromatographic grade) was ob-
tained from Interchim (Besangon, France). Ace-
tonitrile (HPLC grade) and methanol (analytical-
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Fig. 1. Structural formulae of chloroquine free base (1) and its
metabolites M1 (2), M2 (3) and M3 (4).
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reagent grade) were procured from Merck
(Darmstadt, Germany). All other chemicals were
of analytical-reagent grade and were used as re-
ceived.

Standard solutions

Stock solutions (20 mg/l) of chloroquine and
M1, M2 and M3 were prepared in 10 M hydro-
chloric acid-methanol (0.1%, v/v) and methanol,
respectively. The working solution in methanol
was prepared by diluting the stock solutions 1:40.
All solutions were stored at —20°C for up to 8
weeks. A stock solutions of LS. (100 mg/l) was
prepared in 1 M hydrochloric acid. A working
solution (2 ug/ml) was prepared in water and
kept at 4°C for up to 6 weeks.

Plasma standards (calibration standards) were
prepared at concentrations of 12.5, 25.0, 50.0,
100.0, 250.0 ng/ml by adding 1 ml of drug-free
human plasma to the residue obtained by evap-
oration of 25, 50, 100, 200 and 500 ul of working
solution. A 100-ul volume of 1.S. working solu-
tion (200 ng) was used for internal standardiza-
tion.

Instrumentation and chromatographic conditions

The determination was carried out using a sys-
tem consisting of a Model 64 HPLC pump
(Knauer) equipped with a Rheodyne injector
with a 50-ul sample loop (Cunow, Cergy-St.
Christophe, France) and a Spectroflow 783
variable-wavelength UV detector set at 343 nm
(Cunow}. A S-um Ultrasphere IP C 5 reversed-
phase column (15 cm x 4.0 mm [.D.) (Beckman,
Gagny, France) was used. Chromatograms were
recorded with a Chromatopac C-R3A integrator
(Shimadzu, Kyoto, Japan). The mobile phase for
column equilibration and drug elution consisted
of 0.02 M sodium I-heptanesulphonate with 700
ul/1 of diethylamine (adjusted to pH 3.4 with or-
thophosphoric acid)-acetonitrile (72:28). The
mobile phase was used in the isocratic mode at a
flow-rate of 1.5 ml/min. The column pressure
ranged from 70 to 80 bar. All chromatographic
separations were performed at room temper-
ature.
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Extraction procedure

Calibration graph. Plasma standards (1.0 ml)
were pipetted into a 10-ml screw-capped tube
containing 100 ul (200 ng) of internal standard
and 500 ul of 1 M ammonia solution; 8.0 ml of
diethyl ether were added. The tubes were shaken
for 30 min and centrifuged at 4000 g for 10 min.
The organic layer was transferred into another
tube and dried (0.2-0.3 g of sodium sulphate).
The ether was removed after centrifugation and
evaporated to dryness by a stream of nitrogen at
room temperature. The residue was dissolved in
100 ul of eluent and 50 p were injected into the
chromatograph.

Samples. In the pharmacological studies, 1 ml
of plasma or whole blood treated with 500 ul of
saponin or 1 ml of urine diluted 1:10 with water
was mixed with the 1.S. and the mixture was
treated as described above. In the case of acute
poisoning, samples of smaller volume were used
to allow the determination of chloroquine and its
metabolites.

Quantification, recovery and precision. The cali-
bration graphs were obtained by linear regression
of peak-area ratios of the drugs to the L.S. plotted
against concentration. Because of the wide con-
centration range found for chioroquine and its
metabolites in the various biological samples, dif-
ferent calibration graphs were drawn, and the
amount of I.S. was adjusted accordingly. The ex-
traction recovery was calculated by comparing
the measured values for spiked plasma samples
with those for standard aqueous solutions at two
concentrations (25 and 100 ng/ml) The intra-as-
say precision was assessed at two concentrations
{25 and 250 ng/ml) for ten determinations. The
inter-assay precision was determined once at the
two concentrations in ten replicates.

Biological samples

Blood samples were collected in EDTA tubes.
An aliquot was centrifuged at 1500 g for 10 min
to separate the plasma. Whole blood and plasma
were stored at 4 and —20°C, respectively, until
analysed. Total urine was collected and an ali-
quot was frozen at — 20°C.
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Clinical application

Whole blood and plasma aliquots were ob-
tained from two subjects in order to determine
the concentrations of chloroquine and its metab-
olites by HPLC. The first was a healthy white
female adult taking chloroquine (100 mg/day) for
chemoprophylaxis for 4 days. The second subject
was a 26-year-old white female who had ingested
4 g of chloroquine in a suicide attempt and had
been admitted to the intensive care unit 5 h after
ingestion. Serial blood samples were obtained
from admission to 57 h after chloroquine inges-
tion. Urine sample collection was performed dai-

ly.
RESULTS AND DISCUSSION

Fig. 2 shows the separation and determination
of chloroquine and its metabolites in human bi-
ological fluids using 2,3-diaminonaphthalene as
I.S. In the chromatograms which were obtained
after extraction of 1.0 ml of blank plasma, no
additional peaks that could interfere with the de-
termination of chloroquine, its metabolites and
the 1.S. were present (Fig. 2a). The retention
times for M3, 1.S., M2, M1 and chloroquine were
3.2,4.4, 58, 7.2 and 8.4 min, respectively. Chlo-
roquine, its metabolites and the 1.S. were well
separated. The peak shapes were symmetrical
with no evidence of tailing. Optimum separation
in a shorter elution time was obtained by adjust-
ing the acetonitrile/0.02 M sodium 1-heptanesul-
phonate ratio to precisely 28:72 (Fig. 3). Chro-
matograms obtained on analysis of whole blood
and urines samples had a similar appearance.
The resolution of our method (Fig. 2b, ¢ and d)
was better than that reported for chloroquine
and de-ethylated metabolites with spectrofluori-
metric detection by Alvan er al. [11] and Brown et
al. [12]. This HPLC method permits a rapid and
good separation of chloroquine and the three
identified metabolites (M1, M2 and M3).

The calibration graphs for the drug and metab-
olites in each biological fluid exhibited excellent
linearity over the concentration range 12.5-250
ng/ml. In each biological fluid, the slopes for M3
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(y = 0.011x—0.047; r = 0.998) and M2 (y =
0.009x —0.045; r = 0.998) are greater than those
for chloroquine (y = 0.004x—0.012; r = 0.999)
and M1 (y = 0.004x—0.007; r = 0.999), but the
slopes for these two compounds do not differ sig-
nificantly. Hence, the same calibration graph can
be used for chloroquine and desethylchloroquine
(M1). The calibration graphs had the same slope
regardless of whether plasma or urine was used.
The corresponding graph for whole blood con-
centrations of chloroquine and its metabolites
had slightly different slopes.

By requiring a signal-to-noise ratio of greater
than 5.1, the minimum detectable concentration
of chloroquine and M1 in plasma was 2 ng/ml
and that of M2 and M3 was 1 ng/ml, with relative
standard deviations (R.S.D.) of 18 and 25%, re-
spectively. Pussard et al. [16], using HPLC with
UV detection at the same wavelength (343 nm),
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reported a minimum detectable concentration of
5 ng/ml chloroquine and desethylchloroquine.
The sensitivity of our method is the same as that
of HPLC with spectrofluorimetric detection [11].
The accuracy calculated as 100 - (added concen-
tration — measured concentration) was 2, 1, 3.5
and 5% for 50 ng/ml chloroquine, M1, M2 and
M3, respectively.

The intra- and inter-assay precision data for
chloroquine and metabolites in plasma, urine
and whole blood are summarized in Table I. The
R.S.D. values (always < 10%) demonstrate that
the reproducibility of the method is good.

Analytical relative recoveries of chloroquine
and its metabolites in plasma and urine are sum-
marized in Table I1. The recoveries lie between 65
and 90%. These values for chloroquine and its
main metabolites (M1 and M?2) are in agreement
with those reported in the literature. Brown ef a/.
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Fig. 2. HPLC profiles of (a) extracted blank plasma with internal standard, (b) spiked human plasma or (c) whole blood containing 50
ng/ml M2, and M3, 100 ng/m]l CLQ and M1 and 200 ng/ml internal standard and (d) spiked human urine containing 100 ng/ml M2 and
M3, 200 ng/ml CLQ and M1 and 200 ng/ml internal standard. Peaks: CLQ, chloroquine; M1, desethyichloroquine; M2, bisdesethyl-
chloroquine; M3, 4-amino-7-chloroquinoline; 1.S., internal standard.

65 4
60 1
55

50

{min}

time

Retention

T H

25 30
% of acetonitrile in mobile phase
Fig. 3. Relationship between the retention time of (M) M3, ()
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[12] reported a recovery of 85% of chloroquine
and its de-ethylated metabolites without adding
an internal standard. Pussard et a/. [16] reported
analytical recoveries greater than 75% with in-
ternal standardization.

To reduce plasma contamination by blood
cells containing high chloroquine and metabolite
concentrations, plasma is separated from whole
blood by centrifugation at 1500 g for 10 min as
reported by Bergqvist and Domeij-Nyberg [10].

The assay is shown to be selective, without in-
terference from endogenous material (Fig. 2a) or
other animalarial drugs. Under our conditions,
the retention times for amodiaquine and quinine
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TABLE 1
REPRODUCTIBILITY OF THE HPLC METHOD

CLQ = chloroquine; M1 = desethylchloroquine; M2 = bis-
desethylchloroquine; M3 = 4-amino-7-chloroquinoline; n =
number of determinations.

Concen- Sample R.S.D. (%)
tration e
CLQ Mi M2 M3

{ng/ml)

Intra-assay (n = 10)

25 Plasma 4.2 3.9 4.2 4.8

Whole blood 5.1 4.0 3.5 35

Urine 35 38 4.3 4.1

250 Plasma 5.6 4.5 5.0 59

Whole blood 7.1 5.2 43 5.5

Urine 4.2 5.0 5.1 38
Inter-assay (v = 10)

25 Plasma 4.6 6.1 5.2 5.5

Whole blood 4.2 3.5 42 5.0

Urine 38 5.6 5.0 4.7

250 Plagsma 5.0 4.0 4.2 5.3

Whole blood 5.2 438 35 3.8

Urine 4.5 4.6 4.0 5.1

are 10.5 and 12 min, respectively. Halofantrine
and mefloquine are not detected at 343 nm.

The HPLC procedure described above was
used for the assay of human whole blood and
plasma samples obtained from a patient taking
chloroquine for chemoprophylaxis. Whole blood
chloroquine, M1, M2 and M3 concentrations
were 1300, 440, 150 and 270 ng/ml, respectively.
M1 and M2 accounted for 34 and 11.5% of the

TABLE I
RECOVERY OF THE ANALYTICAL METHOD
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whole blood chloroquine concentrations. These
values are in agreement with those reported in the
literature [5.7]. In our study, M3 represented
21% of the whole blood chloroquine concentra-
tion. Previous studies [6,10,17] have shown that
4-amino-7-chloroquinoline represents a smali
amount of unchanged drug. However, Ette ef al.
[9] reported that this metabolite can amount to
twice that of chloroquine in healthy volunteers
who had taken chloroquine chronically.

In plasma samples, only chloroquine, M1 and
M?2 were found, at concentrations of 330, 200
and 8 ng/ml, respectively (66 and 3.5% of plasma
chloroquine concentrations).

The method was also applied to the assay of
samples obtained from a subject who had ingest-
ed chloroquine in a suicide attempt. The concen-
trations of chloroquine and its metabolites were
determined in whole blood and plasma collected
regularly during the time course of poisoning. In
all samples, we found only chloroquine and des-
ethyichloroquine (M1). Fig. 4a shows the time
course of whole blood chloroquine concentra-
tions, which can be described by a biexponential
curve. The mean ratio of whole blood M1 to
chloroquine concentrations was 3.9 £ 1.3%,
ranging from 1.3 to 5.4% (n = 8) (Fig. 4b). In six
plasma samples the mean ratio of desethylchloro-
quine to chloroquine concentrations ranged from
7.8 to 12.6% (mean + S.D., 9.5 + 1.9%). This
result seems to indicate that the distribution of
chloroquine and its main metabolites in red
blood cells 1s different. In contrast, Verdier er al.
{18] reported a similar distribution of chloro-

CLQ = chloroquine; M1 = desethylchloroquine; M2 = bisdesethylchloroquine: M3 = 4-amino-7-chloroquinoline; n = number of

determinations.

Recovery (mean + S.D., n = 5) (%)

Concentration Sample
(ng/ml) — e -
CLQ Mi M2 M3
25 Plasma 78 £ 1.5 80 + 2.0 65 + 3.1 83 + 2.0
Urine 80 = 3.0 85 £ 2.5 68 + 2.5 80 = 2.2
100 Plasma 85 + 4.0 81 £ 1.3 82 + 2.5 90 + 3.5
Urine 88 + 1.0 79 + 0.5 89 + 3.2 88 + 4.5
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Fig. 4. Time courses of (a) whole blood chloroquine concentra-
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during acute poisoning.

TABLE I

URINARY EXCRETION OF CHLOROQUINE AND ITS
METABOLITES DURING ACUTE POISONING

CLQ = chloroquine; M1 = desethylchloroquine; M2 = bis-
y desethylchloroquine; M3 = 4-amino-7-chloroquinoline.

Time after Urine CLQ M1 M2 M3
ingestion output (ug/ml) (ug/ml) (pg/ml) (ung/ml)
(h) (ml)

9 400 3344 14.5 7.4 0.9
33 1600 110.4 9.6 5.9 -t

57 - 8474 994 24.7 1.8

¢ Not determined.
® Not detected.
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quine and desethylchloroquine in red blood cells
in healthly volunteers and malaria patients.

Chloroquine and metabolite excretion was de-
termined daily in the urine samples (Table I1I). In
all samples we found the main chloroquine me-
tabolites (M1 and M2}, but M3 was not always
excreted as reported previously [17]. Three days
after poisoning, M1 and M2 represented 11.7 and
2.8%, respectively, of the excreted chloroquine.
The present results on M1 differ from those of
previous pharmacological studies which reported
that M1 and M2 accounted for 25 and 3%, re-
spectively, of unchanged excreted drug [17,19].

In two urine samples, 4-amino-7-chloroquino-
line was detected in small amounts (0.2-0.3% of
the chloroquine excreted). These values agree
with previous studies [17,19].

In conclusion, the HPLC assay described
showed good reproducibility, sensitivity, accura-
cy and selectivity. It has the advantage of being a
relatively convenient and simple procedure and
can be used for pharmacokinetic studies, ther-
apeutic monitoring, diagnosis and prognosis of
chloroquine poisoning.
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