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Abstract

A sensitive and selective method was developed for the simultaneous determination of chloroquine (CQ) and its
desethylated metabolites monodesethylchloroquine (DCQ) and bisdesethylchloroquine (BDCQ) in human liver microsomes.
Analytes were separated on a C, column using methanol-water (70:30, v/v) and triethylamine (0.1% v/v) as the mobile
phase. The fluorescence detector was set at 250 (excitation) and 380 nm (emission). Following protein precipitation with
ice-cold acetonitrile, microsomal incubation supernatants were directly injected into the HPLC system. Typically, 200 wl of
incubate were diluted with 200 pl of acetonitrile and 15 pl were injected. The limit of quantitation was 78 nM of CQ or
metabolite. Intra-day variability averaged 2.9% for CQ, 1.5% for DCQ and 2.5% for BDCQ. Inter-day variability was 3.1%
for CQ, 3.5% for DCQ and 3.7% for BDCQ. Mean accuracies were 100% for CQ and BDCQ and 102% for DCQ. © 1997

Elsevier Science BV.
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1. Introduction

Following oral administration of single and multi-
ple doses to healthy volunteers or malaria patients,
CQ is rapidly dealkylated into monodesethyl-
chloroquine (DCQ) and bisdesethylchloroquine
(BDCQ) (Fig. 1). DCQ and BDCQ concentrations
may reach up to 48 and 13% of CQ levels, respec-
tively [1-8]. Other metabolites include 7-chloro-
quinoline derivatives, CQ side chain N-oxide and
CQ di-N-oxide, which were infrequently detected in
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plasma samples [5,9]. Other uncharacterized mole-
cules may also be present in very low concentrations
[5,9].

CQ pharmacokinetics have been recently reviewed
[10,11]. Despite its extremely long half-life, CQ has
a non-negligible total clearance [2,4,12,13], with the
liver and the kidney contributing approximately
equally to its elimination [4,5]. In urine, 50% of the
given dose was recovered as unchanged CQ and 10%
as unchanged DCQ [3,4,7,14,15]. 1t is estimated that
30 to 50% of an administered dose of CQ is
transformed by the liver [16], presumably via cyto-
chrome P450 enzymes (CYPs). However, this has
never been rigorously tested. Investigations were
therefore initiated in our laboratory to characterize

0378-4347/97/$17.00 Copyright © 1997 Elsevier Science BV. All rights reserved.

PII S0378-4347(97)00273-9



244 J. Ducharme, R. Farinotti { J. Chromatogr. B 698 (1997) 243-250

CHy
CaHs
HNCH(CHz) 3 N
~ 2Hs

™
a N
P P
CoH H
Vaa 7
HNCH(CHz) 3N HNCH(CH;)3 N
(CHz) 3 ~u 2)3 Ny
/
NS A
a N a N

Fig. 1. Chemical structures of chloroquine (CQ) and its two main
metabolites, desethyichloroquine (DCQ) and bisdesethylchloro-
quine (BDCQ).

CQ metabolism in human liver microsomes and to
screen, in vitro, which enzymes are implicated in its
metabolism [17].

Even if CQ plasma concentrations rarely exceed
the micromolar range, liver concentrations may be
several hundred times higher (107% M) [18,19],
prompting the use of micromolar to hundreds of
micromolar concentrations for in vitro studies. These
high concentrations of the parent compound com-
pared to the expected low levels of the metabolites
required an analytical method with extremely high
specificity and sensitivity.

Among the many analytical methods available
[20—28], only the most recent ones combined greater
specificity and sensitivity [22-28]. Earlier assays
were unable to differentiate the parent from the
metabolites or the monodesethylated from the bis-
desethylated metabolite and lacked sensitivity
[20,21]. HPLC methods coupled with fluorescence
detection achieved the highest sensitivity [22-25].
Although the HPLC methods developed by Augusti-
jns and Verbeke [23], Tett et al. [24], Brown et al.
[26] and Houze et al. [27] appeared well-suited for
pharmacokinetic studies, they could not be used for
incubation experiments since high CQ concentrations
could not be optimally separated from low metabo-
lite concentrations. In addition, all published meth-

ods relied on solid-phase [25] or liquid-liquid [22-
24,26-28] extraction procedures, leading to lengthy
sample preparations when large series of microsomal
incubates had to be assayed. This prompted us to
develop a new HPLC assay with extreme conditions
of separation between CQ and its metabolites.

2. Experimental
2.1. Chemicals

Chloroquine sulphate, desethylchloroquine and
bisdesethylchloroquine were kindly supplied by
Rhone Poulenc Rorer (France). HPLC grade metha-
nol was purchased from J.T. Baker (Deventer, The
Netherlands) and acetonitrile from Merck (Darm-
stadt, Germany). Triethylamine was obtained from
Prolabo (France).

2.2. Solutions

To prevent in vitro degradation of CQ and its
metabolites, stock solutions were prepared in metha-
nol-water (50:50 v/v). Diluted solutions were fresh-
ly prepared in distilled water. Due to the glass-
adsorption properties of CQ and its metabolites [29],
all solutions and biological samples were stored in
polypropylene tubes.

2.3. HPLC instrumentation

The HPLC system consisted of a Shimadzu LC-
6A pump (Touzart et Matignon, France), a Waters
717 autosampler (Millipore, France), a Shimadzu
RF-535 fluorescence detector (Touzart et Matignon).
Chromatograms were integrated on a Shimadzu
CR6A integrator (Touzart et Matignon).

2.4, HPLC conditions

The mobile phase was made of methanol and
distilled water (70:30, v/v) containing 7 mM (0.1%
v/v) of triethylamine (TEA). The solution was
degassed under vacuum and filtered through 0.45-
pm membranes (Millipore). The mobile phase was
prepared daily and never recirculated. The flow-rate
was 1 ml/min. Analytes were separated on a 5 pum
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Hypersil C,, guard column and on a 5 pm
Spherisorb C, column (150X4.6 mm) (Life Sciences
International PLC, HPLC division, UK). Excitation
and emission wavelengths were set at 250 and 380
nm, respectively.

2.5. Sample preparation

Human livers were obtained from transplant
donors and microsomes were prepared by homogeni-
zation and differential centrifugations of snap-frozen
liver pieces [30]. Human liver microsomes were
incubated with varying concentrations of CQ and
Sorensen buffer in a total incubation volume of 200
il Reactions were initiated by adding reduced
NADPH and stopped by an equal volume (200 pl)
of ice-cold acetonitrile. Samples were vortex-mixed
for 1 min and kept at 4°C for 10-15 min. Following
centrifugation (10 minX600 g, at 4°C), supernatants
were stored at —80°C until analysis within 2 weeks
of the incubation experiments. Typically, 15 pl were
injected onto the column.

2.6. Calibration curves

Drug-free plasma was diluted 70 times with
distilled water in order to achieve comparable protein
concentrations as those of the microsomal incubation
mixtures. Diluted plasma was spiked with known
amounts of CQ, DCQ and BDCQ (78 to 20 000 nM,
n=9 concentrations). Standard curves were prepared
separately for each analyte. Samples were diluted
with an equal volume of ice-cold acetonitrile, vortex-
mixed and centrifuged. Aliquots (15 wl) were direct-
ly injected onto the column. For each analyte, two
calibration curves were constructed by linear regres-
sion of the peak areas vs. concentration curves, one
for lower concentrations (78—1250 nM) and one for
higher concentrations (1250-20 000 nM).

2.7. Sensitivity and selectivity

The limit of quantitation (LOQ) was determined
as the minimum concentration which could be
accurately and precisely quantified (lowest data point
of the standard curves). The limit of detection (on
column) was defined as the amount which could be
detected with a signal-to-noise ratio of 3.

Putative interferences from cytochromes common-
ly used P-450 substrates and/or inhibitors [31], such
as a-naphtoflavone, coumarin, sulphaphenazole,
quinidine, diethyldithiocarbamate, ketoconazole, tol-
butamide and mephenytoin, were evaluated by in-
jecting pure standards at 10 times the concentration
used in incubation experiments.

2.8. Accuracy and precision

Intra-day precision was assessed by replicate
calibration standards (156, 625, 1205 and 5000 nM,
n=13 per concentration) analyzed on the same day.
Inter-day precision was assessed by the same cali-
bration standards analyzed on 4 different days.
Accuracy was evaluated by comparing estimated
amounts with the amount added.

3. Results and discussion

Since investigations of microsomal metabolism
imply the analysis of numerous samples, the selected
assay had to combine accuracy and precision with
speed and simplicity of execution. With the present
method, following a simple protein precipitation,
small volumes of incubates (15 pl) could be directly
injected into the system. Both DCQ and BDCQ
could be well separated from very high concen-
trations of the parent.

Following protein precipitation with acetonitrile,
constant volumes (15 pl) of supernatants were
injected onto the column. Acetonitrile provided a
more efficient precipitation than an equal volume of
methanol, and, contrarily to phosphoric acid, did not
adversely affect mobile phase pH. We could not find
an internal standard with an appropriate retention
time and suitable fluorescence properties. However,
as long as acetonitrile was precisely measured and
supernatant volumes precisely injected, the use of an
internal standard was not essential.

CQ fluorescence being extremely pH-dependent,
only an alkaline mobile phase allowed adequate
sensitivity. Augustijns and Verbeke [21] had to rely
on post-column alkalinization to achieve sufficient
sensitivity. Our use of low percentages of triethyl-
amine (TEA, 0.1%) served the double purpose of
adjusting the apparent pH of the mobile phase to 10
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and improving peak shape. Other research teams
have used significantly higher concentrations of TEA
in the mobile phase. Tett et al. [24] used methanol-
water combinations with 100 mM of TEA, which
required the use of a special pH-resistant column.
Lowering TEA concentrations (0.0625%) increased
retention times and improved the BDCQ-DCQ
resolution (Fig. 2A vs. Fig. 2B).

This paper describes the first separation of CQ and
its desethylated metabolites on a C, column. Using
binary combinations of organic and aqueous solvents
and varying TEA proportions, neither C; nor C,
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columns allowed the two metabolites to be adequate-
ly separated. Indeed, Brown et al. {26], Augustijns
and Verbeke [23] and Houze et al. [27] used a C,
column and all three analytes, CQ, DCQ and BDCQ,
were eluted within 4 min. In normal-phase con-
ditions, Si or CN columns allowed DCQ and BDCQ
to be separated but the resolution was short-lived.
After several days of injections, in spite of rigorous
rinsing procedures, resolution was completely lost.
Alvan et al. [21] used an all-organic mobile phase
with a silica column and measured the unresolved
summation of BDCQ and DCQ. Chaulet et al. [25]
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Fig. 2. Chromatograms of 15 pl of a solution containing 25 M of CQ, 2500 nM of BDCQ and 5000 nM of DCQ. The mobile phase
contained 7mM (0.1%) (A) or 4.375 mM (0.0625%) (B) of triethylamine. a=CQ, b=BDCQ and ¢=DCQ.
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also used an inert silica column but analytes had to
be separated by gradient elution. Only the C, column
combined optimum resolution with stable injection
conditions.

Chromatograms of spiked solutions are presented
in Fig. 2. Before each day, 15 pl of a solution
containing 25 000 nM of CQ, 2500 nM of BDCQ
and 5000 nM of DCQ was injected onto the column
to verify that all analytes were adequately separated.
Non-equal concentrations allowed the visual recogni-
tion of each analyte. They were chosen to be
representative of incubation conditions, with an
excess of the parent compound and higher con-

A
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centrations of DCQ compared to BDCQ. CQ and its
monodesethylated metabolite were separated by
more than 15 min, allowing sufficient time for
extremely high concentrations of the parent to be
eluted. Solutions containing CQ:DCQ concentration
ratios up to 1000:1 were successfully chromato-
graphed.

Typical chromatograms of human liver micro-
somes incubated with or without CQ are presented in
Fig. 3. Blank human liver microsomes were free
from interfering peaks. When CQ was incubated,
only DCQ was formed. Since BDCQ was formed
when DCQ was incubated, its absence from CQ
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Fig. 3. Chromatograms of blank human liver microsomes (A) and of human liver microsomes incubated with 400 wM of CQ (B). Incubates
(200 pl) were diluted with ice-cold acetonitrile (200 wl) and 15 jul were injected directly onto the column. The mobile phase contained 7

mM (0.1%) of triethylamine. a=CQ and b=DCQ.
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incubations might be due to the CYP-inhibiting
properties of both CQ and DCQ [32-34]. Indeed, at
CQ concentrations exceeding 3000 pM product
inhibition was observed in all tested livers (to be
published). When samples from DCQ incubations
were assayed, only 0.0625% of TEA (4.375 mM)
was added to the mobile phase, to maximize the
BDCQ-DCQ time interval. Since retention times
were then considerably lengthened, and could not be
shortened by increasing methanol proportions with-
out losing resolution, these conditions were not
chosen as routine. If, in a given sample, BDCQ
could be detected, the complete series of microsomal
incubates was reinjected with 0.0625% of TEA in
the mobile phase.

Standard curves for DCQ and CQ were carried out
with 0.1% of TEA in the mobile phase while those
of BDCQ were assayed with 0.0625% of TEA. Also,
calibration curves were prepared separately for each
analyte, to avoid any bias from in vitro degradation.
Since human liver microsomes are extremely valu-
able, standard curves were prepared in diluted plas-
ma containing comparable protein concentrations.
Blank plasma samples and blank human liver micro-

somes led to similar chromatograms, devoid of any
interfering peaks. For all analytes, calibration curves
were linear over the concentration range examined.
To improve precision, two standard curves were
constructed for each analyte. One for low concen-
trations (78—-1250 nM, n=35 concentrations) and one
for high concentrations (1250-20 000 nM, n=5
concentrations). For CQ, mean*S.D. correlation
coefficients were 0.9967+0.0028 and
0.9996+0.0002, for the lower and higher range,
respectively (n=4 standard curves). For DCQ, mean
correlation coefficients were 0.9981*0.0019 and
0.9985+0.0027, for the lower and higher range,
respectively (n=7 standard curves). For BDCQ,
correlation coefficients averaged 0.9976+0.0008 and
0.9951+0.0079 (n=4 standard curves).

For all three analytes, the method was found to be
highly reproducible (Table 1). For all analytes, intra-
day variability was lower than 5% while inter-day
variability did not exceed 11%. Intra-day variability
averaged 2.9% for CQ, 1.5% for DCQ and 2.5% for
BDCQ. Mean inter-day variability was 3.1% for CQ,
3.5% for DCQ and 3.7% for BDCQ. Accuracy never
deviated from 100% by more than 11% (Table 1).

Table 1
Intra- and inter-day validation for CQ, DCQ and BDCQ in diluted plasma samples
Theoretical Intra-day Inter-day
concentration
(nM) Measured CV. Measured CV. Accuracy
concentration (%) concentration (%) (%)
(mean nM *£S.D.) (mean nM*S.D.)
cQ
156 154%6 4.1 164=11 7.0 105
625 57123 4.1 59021 35 94
1250 1268+32 2.5 1263+8 0.6 101
5000 4999+53 1.1 4913+64 1.3 98
DCQ
156 165+4 2.6 173x13 7.3 111
625 631+1 0.2 617+15 2.4 99
1250 1249*+11 0.9 1255+7 0.5 100
5000 4902*+113 2.3 4852*175 3.6 97
BDCQ
156 145+7 49 166+18 10.6 106
625 60519 3.1 594+14 23 95
1250 126311 0.9 1258+5 04 101
5000 4891+51 1.0 484963 1.3 97
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Mean accuracies were 100, 102 and 100% for CQ,
DCQ and BDCQ, respectively (Table 1). To mini-
mize analytical variability, analyte concentrations in
biological samples were always derived according to
the same day standard curve.

For all analytes, 1 nmol could be detected on
column. Low volumes (15 pl out of 400) were
purposely injected into the system to minimize the
injection of proteins onto the column and the peak
area of the very high concentrations of incubated
CQ. Under these conditions, the LOQ of each
analyte was 78 nM. Taking into account differences
in peak shapes (e.g., CQ peaks were sharper), all
three analytes showed comparable fluorescence. This
is consistent with their chemical structures, differing
only by the presence or absence of ethyl groups on
the side chain.

In our incubation samples of CQ (or DCQ), DCQ
(or BDCQ) concentrations were always well above
the LOQ. There was no interference from any of the
co-incubated chemicals, including specific cyto-
chrome P-450 inhibitors or substrates. Only quini-
dine and a-naphtoflavone showed some low fluores-
cence at the selected wavelengths. However, peaks
were too small and eluted immediately after the
solvent front, well before CQ, thus not interfering
with the analytes.

To protect the analytical column from direct
injections, a C,; guard column was installed, without
prejudice to the method selectivity. The guard col-
umn was changed every 50—100 injections of bio-
logical material, when back-pressure was elevated.
Samples could be continuously injected over 48 h
without any loss of selectivity or sensitivity. Also, all
analytes were stable for 48 h in the automatic
sampler without the need for sample refrigeration.
This was ensured by replicate injections of standard
curves. After 4 months at —20°C, aqueous solutions
of CQ did not show any degradation (peak areas
accounted for 102-104% of the peak areas of freshly
prepared solutions).

Typically, samples were injected for 24 h. After
each day of analysis, the column was rinsed over-
night with 70% acetonitrile in water at 0.5 ml/min.
This ensured good column performance and avoided
the accumulation of TEA in the system. As a result,
retention times and peak areas were extremely stable
between runs. The assay was successfully applied to

the investigation of the microsomal isoforms impli-
cated in CQ metabolism in vitro {17] and results will
be published in a separate paper.

Clinically, CQ is administered as a racemic mix-
ture of two enantiomers, S-(+)-CQ and R-(—)-CQ
[11]. In vivo, when both enantiomers were separately
administered to healthy volunteers, S-(+)-CQ had a
shorter half-life than R-(—)-CQ [35]. Since a faster
elimination could result from a faster urinary excre-
tion and/or an increased hepatic metabolism, in vitro
metabolism experiments could prove useful in
characterizing the source of the stereoselectivity in
CQ disposition. On that account, chiral assays re-
cently developed for hydroxychloroquine [28,36], a
structural analogue of CQ, could be adapted to the
chiral analysis of CQ and DCQ in microsomal
incubates.

Acknowledgments

The Medical Research Council of Canada is
acknowledged for fellowship assistance to Julie
Ducharme. The authors are grateful to Patrice Lenot
for his excellent technical advices.

References

1] N.J. White, K.D. Miller, F.C. Churchill, C. Berry, J. Brown,
S.B. Williams, B.M. Greenwood, N. Eng. J. Med. 319 (1988)
1493-1500.

[2] M. Frisk-Holmberg, Y. Bergqvist, E. Termond, B. Domeij-
Nyberg, Eur. J. Clin. Pharmacol. 26 (1984) 521-530.

[3] EW. McChesney, W.D. Conway, W.F. Banks, J.E. Rogers,
JM. Shekosky, J. Pharm. Exp. Ther. 151 (1966) 482-493.

[4] L.L. Gustafsson, O. Walker, G. Alvan, B. Beermann, F.
Estevez, L. Gleisner, B. Lindstrom, F. Sjoqvist, Br. J. Clin.
Pharmacol. 15 (1983) 471-479.

[5] E.L Ette, E.E. Essien, W.0.A. Thomas, E.A. Brown-Awala,
J. Clin, Pharmacol. 29 (1989) 457-462.

[6] P. Augustijns, P. Geusens, N. Verbeke, Eur. J. Clin. Pharm.
42 (1992) 429-433.

[7] M. Frisk-Holmberg, Y. Bergqvist, B. Domeij-Nyberg, Eur. J.
Clin. Pharmacol. 24 (1983) 837-839.

[8] J.C.E.M. Wetsteyn, P.J. De Vries, B. Oosterhuis B, C.J. Van
Boxtel, Br. J. Clin. Pharmacol. 39 (1995) 696-699.

[9] N.D. Brown, B.T. Poon, J.D. Chulay, J. Chromatogr. 345
(1985) 209-214.

[10] S. Krishna, N.J. White, Clin. Pharmacokin. 30 (1996) 263—
299.



250 J. Ducharme, R. Farinotti / J. Chromatogr. B 698 (1997) 243-250

[11] J. Ducharme, R. Farinotti, Clin. Pharmacokin. 31 (1996)
257-274.

[12] P.J. De Vries, B. Oosterhuis, C.J. Van Boxtel, Drug Invest. 8
(1994) 143-149.

[13] L.L. Gustafsson, B. Lindstrom, A. Grahnen, G. Alvan, Br., J.
Clin. Pharmacol. 24 (1987) 221-224.

[14] M. Frisk-Holmberg, Y. Bergqvist, E. Termond, B. Domeij-
Nyberg, Eur. J. Clin. Pharmacol. 26 (1984) 521-530.

[15] D.A. Price-Evans, K.A. Fletcher, 1.D. Baty, Ann. Trop. Med.
Parasitol. 73 (1979) 11-17.

[16] D. Ofori-Adjei, O. Ericsson, Lancet ii (1985) 331.

[17] J. Ducharme, B. Baune, A.M. Taburet, R. Farinotti, Exp.
Toxicol. Pathol. 48 (1996) 345.

[18] EW. McChesney, M.G. Fasco, W.F. Banks, J. Pharmacol.
Exp. Ther. 158 (1967) 323-331.

[19] A.H. MacKenzie, Am. J. Med. 75(Suppl. 1) (1983) 5-10.

[20] S.A. Adelusi, L.A. Salako, J. Pharm. Pharmacol. 32 (1980)
711-712.

[21] G. Alvan, N. Ekman, B. Lindstrom, J. Chromatogr. 229
(1982) 241-247.

[22] Y. Bergqvist, M. Frisk-Holmberg, J. Chromatogr. 221 (1980)
119-127.

23] P. Augustijns, N. Verbeke, J. Liq Chromatogr. Clin. Anal. 13
(1990) 1203-1213.

[24] S.E. Tett, D.J. Cutler, K.F. Brown, J. Chromatogr. 344
(1985) 241-248.

[25] LF. Chaulet, Y. Robet, J.M. Prevosto, O. Soarzs, J. Chroma-
togr. 613 (1993) 303-310.

[26] N.D. Brown, B.T. Poon, J.D. Chulay, J. Chromatogr. 229
(1982) 248-254.

[27] P. Houze, A. de Reynies, F.J. Baud, M.F. Beratar, M. Pays,
J. Chromatogr. 574 (1992) 305-312.

[28] 1. Iredale, LW. Wainer, J. Chromatogr. 573 (1992) 253-258.

[29] T.G. Geary, M.A. Akood, J.B. Jensen, Am. J. Trop. Med.
Hyg. 32 (1983) 19-23.

[30] P. Kremers, P.H. Beaune, T. Cresteil, J. De Graeve, S.
Columelli, J.P. Leroux, J.E. Gielen, Eur, J. Biochem. 118
(1981) 599-606.

[31] D.J. Newton, RW. Wang, AY. Lu, Drug Metab. Dispos. 23
(1995) 154—158.

[32] DM. Lancaster, R.A. Adio, K.K. Tai, 0.0. Simooya, G.D.
Broadhead, G.T. Tucker, M.S. Lennard, J. Pharm. Phar-
macol. 34 (1990) 733-735.

[33] C.M. Masimirembwa, J.A. Hasler, I. Johansson, Eur. J. Clin.
Pharmacol. 48 (1995) 35-38.

[34] R.C. Halliday, B.C. Jones, D.A. Smith, N.R. Kitteringham,
B.K. Park, Br. J. Clin. Pharmacol. 40 (1995) 369-378.

[35] P. Augustijns, N. Verbeke, Clin. Pharmacokin. 24 (1993)
259-269.

[36] A.J. McLachlan, S.E. Tett, D.J. Cutler, J. Chromatogr. 570
(1991) 119-127.



