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Abstract

A one-step chiral method for the quantification of the enantiomers of two hydroxychloroquine (HCQ) metabolites, desethylchloroquine
(DCQ) and desethylhydroxychloroquine (DHCQ) by HPLC is described, in addition to its application to the in vitro study of HCQ metabolismin
rat liver microsomes. Liquid—liquid extraction was used to extract the enantiomers from microsome samples and the separation was performed
on a Chiralpak AD-RH column protected with an RP-8 guard column using hexane:isopropanol (92:8, v/v) plus 0.1% diethylamine as the mobile
phase, at a flow rate of 1.0 mL mih The detection was carried out at 343 nm. The method proved to be linear in the range of 50-5006 ng mL
for DCQ enantiomers and 125-2500 ng mifor DHCQ enantiomers, with a quantification limit of 50 and 125 ngtlrespectively. Precision
and accuracy, demonstrated by within-day and between-day assays, were lower than 15%. The metabolic study demonstrated that metabolisn
is stereoselective for HCQ. The major metabolites formed in the incubation of racemic HCQ-wWgR){DCQ and ¢)-(R)-DHCQ with
R/Sratios of 2.2 and 3.3, respectively.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ative antiarthritic and antimalarial properties of the indi-
vidual enantiomers of HCQ are not known, although it
Hydroxychloroquine (HCQ) is used in the treatment has been determined that the (§-€nantiomer of CQ,
of rheumatoid arthritis and systemic lupus erythemato- which is structurally very similar to HCQ, displays a
sus and as an antimalarigl]. Like other antimalarial  higher antimalarial activity than—{)-(R)-CQ in the mouse
drugs, such asHf)-chloroquine, £)-primaquine and £)- [5].
mefloquine[2], HCQ is administered as a racemic mix- The pharmacokinetics and metabolism of HCQ are not to-
ture [rac-HCQ)] of two enantiomersRk(—)-HCQ andS(+)- tally known. Stereoselectivity in the disposition of HCQ was
HCQ. The hepatic metabolism of HCQ generates three activeinvestigated in healthy volunteef8] and in patients with
metabolites, desethylchloroquine (DCQ), desethylhydroxy- rheumatoid arthriti§6,7]. The blood concentrations of the
chloroquine (DHCQ) and bisdesethylchloroquine (BDCQ), (—)-(R)-enantiomer of HCQ were found higher than those of
which are also chiral molecule8,4] (Fig. 1). The rel- (+)-(S) suggesting that thi-deethylation of HCQ is stereos-
elective. The blood concentrations of ((9HDCQ and (+)-
(9-DHCQ exceeded those of the )-(R)-metaboliteg6]. In
* Corresponding author. Tel.: +55 16 6024261; fax: +55 16 6332960,  20Pits, the¥/Srattios of HCQ blood concentrations are sim-
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cl N 2. Experimental
= R1 2.1. Chemicals and reagents
NH—CH-—CH2CH2CHaN_
CH3 R2 Racemic hydroxychloroquine sulphate, desethylchloro-
quine and desethylhydroxychloroquine were supplied by
R R2 Sanofi/Wintropi Pharmaceuticals (New York, NY, USA).
Hydroxychloroguine {(HCQ) —CHzCH3  —CH2CHZ0H HPLC grade methanol, isopropanol and chloroform were
Desetylhydroxychloroquine (DHCQ) _H —CHaCH20H purchased from EM Science (Gibbstown, NJ, USA), hex-
ane was from Mallinckrodt (Paris, Kentucky, USA) and ace-
Desetylchloroquine (DCQ) —CHaCH3z  —H tonitrile was from J.T. Baker (Phillipsburg, NJ, USA). Di-

ethylamine (DEA) P.A. grade was supplied by Fluka (St.
Gallen, Switzerland)B-Nicotinamide adenine dinucleotide
phosphate (NADP), glucose-6-phosphate and glucose-6-
phosphate dehydrogenase were obtained from Sigma (St.
Louis, MO, USA). Water was purified with a Milli-Q plus
system (Millipore, Bedford, MA, USA).

Bisdesetylchloroquine (BDCQ) —H —H

Fig. 1. Hydroxychloroguine and its metabolites.

Wei et al.[4] investigated the stereoselective disposition 2.2. Standard solutions
of HCQ and its metabolites in blood and tissues of rats. The
proportion of R)-HCQ in blood was higher than that d)¢ Stock solutions of HCQ and its DCQ and DHCQ metabo-
HCQ, and theS-configuration predominated in the metabo- lites were prepared at the concentrations of 10§@nL—1 in
lites. Intissues, the proportions of the HCQ enantiomers were methanol:water (50:50, v/v). Working solutions of metabo-
analogous to the blood ratios, but the tis®8 ratios of lites at concentrations of 2, 5, 10, 20, 50, 100 and
HCQ and its metabolites were higher than those found in 200.g mL~ were obtained by appropriate dilutions in the
blood, suggesting that the transport of the compounds or tis-same solvent system. All these solutions were stored at
sue binding may also exhibit stereoselectivity and that the —20°C and protected from direct light.

R-enantiomers may demonstrate a higher affinity towards tis-

sue. The liver'sR/Sratio of HCQ was the highest among 2.3. Instrumentation and chromatographic conditions

the tissues but its metabolite ratios were among the lowest,

showing that the liver is the major site for HCQ metabolism The HPLC system used consisted of an LC-10AT VP sol-
[4]. vent pump, a 7725 Rheodyne injector with a80loop, a

The previous studie§3,6,7] were carried out using in  SPD-10A UV-vis detector and a C-R6A Chromatopac in-
vivo models but in vitro studies are also interesting. In vitro tegrator (Shimadzu, Kyoto, Japan). The enantiomers were
methods are particularly useful for the rational selection resolved on a Chiralpak AD-RH column (150 mo#.6 mm,
of animal species for toxicology studies and for metabo- 5um particle size) used in normal elution mofe!]. The
lite profile comparison, assessment of species differenceschiral column was purchased from Chiral Technologies (Ex-
in metabolism, and metabolite generation for bioanalyti- ton, Pennsylvania, USA). An RP-8 guard colummpu(s par-
cal assay development. They also provide support for theticle size, Merck, Germany) was used to protect the chi-
clinical development of a drug in pharmacokinetic studies ral column during the analyses. The wavelength for de-
[9]. tection was adjusted to 343 nm. The analyses were carried

Nevertheless, to our knowledge, no stereoselective studyout in a climatized room (22 2°C). The mobile phase,
has been performed on the in vitro metabolism of HCQ. Hu- prepared by mixing all the components, consisted of hex-
man liver microsomes provide the most convenient way to ane:isopropanol (92:8, v/v) plus 0.1% DEA and the flow rate
study CYP450 metabolism, but animal CYP450 isoforms was 1.0 mL mir?.
have also been compared with those found in humans in order
to improve the extrapolation of findings from animals studies 2.4. Sample preparation
to humang9].

In this paper, we report the development and validation  Drug-free plasma obtained from healthy human volun-
of a one-step chiral HPLC method and its application to teers was used for the construction of calibration curves
an in vitro metabolism study of HCQ in rat liver micro- and for method validation. Plasma was diluted with potas-
somes. Despite the multi-step HPLC methods for the de- sium phosphate buffer (pH 7.4, 100 mmof), in order to
termination of the enantiomers of HCQ and its metabolites achieve protein concentrations comparable to those of the mi-
[3,20-13] the application of using one-step chiral HPLC crosomal incubation mixturgd5]. In amber tubes, diluted
method for metabolism study of HCQ has not been previously plasma or microsome preparation (500 was spiked with
described. 25p.L working solutions (only for the calibration curves),
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and supplemented with 250 potassium phosphate (pbH7.4;  potassium chloride (pH 7.4, 0.154 mott). Tissues were
100 mmol 1), 250uL 2% sodium bicarbonate (these so- homogenized with three strokes in a homogenizer (Potter
lutions were added to have similar conditions as that usedtype) with temperature control (MA 181, Marconi, Brazil)
in the incubation experiments), 1 mL acetonitrile (used to and in a mechanical shaker (MA 039, Marconi, Brazil). The
stop the incubation reaction), and 40D sodium hydroxide ~ homogenate was filtered through two layers of gauze to re-
(5molL™1). The mixture was vortex mixed for 1min and move connective tissue and the volume was adjusted with
2mL of chloroform were then added, followed by mechani- the cold potassium chloride solution to obtain a 20% (w/v)
cal shaking for 20 min. The extracted sample was centrifuged suspension. For microsome isolation, the homogenate was
at 1800x gfor 5 min and the organic layer was separated and sedimented at 9009 g for 15 min at 4£C and the ensuing su-
evaporated under a stream of air. The residue was dissolvechernatant was sedimented at 100,60 for 60 min at 4°C.
in 100pL of hexane:isopropanol (92:8, v/v) plus 0.5% DEA.  The pelletwas suspended in Tris—HCI (pH 7.6, 0.15 mdi)L
and sedimented at 100,080 for 60 min at £C to remove
2.5. Method validation nonmembranous proteins such as hemoglobin. Microsomes
were stored as suspension in 1.15% (w/v) KCl-Hepes (pH
Calibration curves were prepared by analyzing pQ0 7.6, 1.25 mmol 1), at —70°C [17,18]. Protein concentra-
diluted plasma samples spiked with standedDCQ and  tion was determined as described by Cain and Skil[@@i:
rac-DHCQ solutions G=2 for each concentration) result- The in vitro metabolism study was performed using stan-
ing in concentrations of 50, 125, 250, 500, 1250, 2500 and dard solutions of HCQ racemate (5@ mL~1 of each enan-
5000 ng mL-* for each enantiomer. Sample preparation and tiomer) and also with its separate enantiomers ({g@enL
chromatographic conditions were as described before. Plotsof the first enantiomer and 63@y mL~1 of the second enan-
of metabolite concentrations versus peak area (DCQ) ortiomer, approximately). Each sample (in amber tubes) con-
height (DHCQ) were constructed and the linear regression sjsted of 50Q.L of microsome homogenate, 240 potas-
lines were used for the determination of enantiomer concen-sjum phosphate (pH 7.4, 100 mmott) and 10uL of HCQ
tration in the samples. standard solutions. The incubation solution (NRS) consisted
The linearity of the analytical method was assessed in of 1.7 mgmL=1 NADP, 7.8 mgmL=! glucose-6-phosphate,
the concentration range of 50-5000 ngmilfor DCQ and  and 1.5 units mt® glucose-6-phosphate dehydrogenase in a
DHCQ enantiomers. 2% (w/v) NaHCQ@ solution. The samples and the NRS (incu-
To determine absolute recovery, plasma samples spikedbation solution) were warmed in a 3C shaking water bath

with 250, 500, 1250 and 2500 ng mt for each enantiomer  for 5 min. After 5 min, 25QuL of the warmed NRS solution
of the two metabolites were extracted in triplicate by the pro-

cedure proposed. The concentrations of the samples were 12
determined on the basis of a calibration curve obtained with
the data for the analyte not submitted to extraction. Recovery
was expressed as percentage of the amount extracted.

The precision and accuracy of the method were evaluated
by within-day fi=5) and between-dayhE 3) assays using
plasma samples spiked with DCQ and DHCQ at the concen-
tration of 250, 1250 and 2500 ng mk of each enantiomer. 3
The results obtained were expressed as relative standard de-
viations and relative error.

The quantitation limit was assayed by analyzing aliquots
of plasma (=5) spiked at concentrations of 50 and
125ng ml-1 of each enantiomer against calibration curves
with a concentration range of 125-5000ngmLand
125-2500 ng mL?L, respectively. 5

7
2.6. In vitro metabolism studies V\N\
A

Adult male Winstar rats weighing 180-200g were ob- 1 ___J
tained from the Specific Patogen Free (SPF) Animal Facility 0 5 1015 20 25 30 % mn
of the Faculty of Pharmaceutical Sciences of RibeiPreto. Fig. 2. Chromatogram showing the resolution of HCQ and its metabolites
Animals were housed in a temperature-controlled room DCQ and DHCQ in diluted plasma spiked with @ mL~* of the enan-
(25°C) with a 12h light cycle and fasted overnight before tiomers:£)-(R-DCQ (1), (+)-§-DCQ (2). )-(R-HCQ (3), (+)-§-HCQ

; : . .. (4), (-)-(R-DHCQ (5), (+)-©-DHCQ (6) andrac-BDCQ (7). Chromato-
the experiments. In the morning they were anesthetized with graphic conditions: Chiralpak AD-RH (150 msmd.6 mm, Sum particle

ether and their livers were immediately perfug@@] with  gjze); hexane:isopropanol (92:8, viv) plus 0.1% DEA as the mobile phase at
cold 0.9% (w/v) sodium chloride, excised and minced in cold a flow rate of 1.0 mL min; detection at 343 nm.




706 C.D. Cardoso, P.S. Bonato / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 703-708

Table 1 o _ HCQ and its metabolites was obtained using the same amilose
ReCO\_/ery and linearity of the method for the analysis of DCQ and DHCQ tris-(3,5-dimethylphenylcarbamate) derived chiral stationary
enantiomers phase but with a lower particle size and surface treated silica

Recovery Linearity gel supporf24],i.e. a Chiralpak AD-RH column. Itis recom-

% R.S.D.(%) Range(ngmt!) r mended to use this column in the reverse-phase elution mode,
(—)-(R-DCQ 67.5 67 50-5000 0.0985  butinthe present study we used itin the normal elution mode,
(+)-(9-DCQ 67.6 74 50-5000 0.9986 after conversion using the method of Cass eflal], with a
(—)-(R-DHCQ  64.3 97 125-2500 0.9966  mobile phase of hexane:isopropanol (92:8, v/v) plus 0.1%
(+)-(9-DHCQ 635 1% 125-2500 0.9978  DEA. The six peaks of HCQ, DCQ and DHCQ enantiomers
R.S.D.: relative standard deviatian;correlation coefficient. eluted with a total retention time of approximately 35 min

(Fig. 2.

was added to the samples to start the reaction. After 180 min,

the incubation was stopped by adding 1 mL of acetonitrile 3.2. Optimization of sample preparation

[20], and the samples were submitted to extraction (Section

2.4) and chromatographic analysis. The liquid—liquid extraction method was applied to iso-
late DCQ and DHCQ from the microsome homogenate and
the plasma matrix. Due to the basic character of HCQ and

3. Results and discussion its metabolites, the samples were alkalinized (pH 10.0) by
the addition of 10l NaOH (5mol L™1). The extraction
3.1. Screen of columns procedure resulted in efficient recoveries and eliminated the

possible interferents from the matrix. As we did not use anin-
HCQ andits DCQ and DHCQ metabolites were previously ternal standard for the quantitation of DCQ and DHCQ enan-
resolved in our laboratory using a Chiralpak AD column and tiomers, special care was followed during sample treatment
hexane:isopropanol (90:10, v/v) plus 0.1% DEA as the mo- and injection to maintain the errors within the values rec-
bile phasg21], but this separation could not be reproduced ommended in the literature. The quantitation of HCQ enan-
after using the column for the analyses of other drugs un- tiomers was not performed because only a small percentage
der different conditions. The separation of HCQ, DCQ and (10-20%) of them were metabolized.
DHCQ enantiomers through this column was only possible
using hexane:methanol (96:4, v/v) plus 0.4% DEA as the 3.3. Method validation
mobile phase. However, we observed changes over 5min in
retention times during routine use. The developed method was validated by evaluating lin-
Several other polysaccharide-based colufg@23]were earity, recovery, precision, accuracy and limit of quantita-
also investigated, in reversed (Chiralpak AD-RH and Chiral- tion. Coefficients of variation and relative errors of less than
cel OD-H) and normal-phase elution modes (Chiralpak AD, 15% were considered acceptable, except for the quantitation
Chiralpak AS, Chiralpak AD-RH, Chiralcel OG, Chiralcel limit for which these values were established at 20%, as rec-
OF and Chiralcel OD-H). The successful chiral resolution of ommended in the literatuf@5-27] The data obtained are

Table 2
Precision and accuracy of the method for the analysis of DCQ and DHCQ enantiomers
Within-day (1=5) Between-dayr(=3)
Concentration (ng mt?!) R.S.D. (%) E (%) Concentration (ng mt?) R.S.D. (%) E (%)
250ng mL-t
(-)-(R-DCQ 237 49 -51 266 91 6.2
(+)-(9-DCQ 238 5.2 —-4.9 265 86 5.9
(-)-(R-DHCQ 215 2.9 —139 253 135 11
(+)-(9-DHCQ 215 3.6 -139 261 146 45
1250 ng mi?
(-)-(R-DCQ 1111 6.6 -111 1182 60 -54
(+)-(9-DCQ 1109 6.9 -113 1184 63 -53
(-)-(R-DHCQ 1151 6.9 -79 1295 109 36
(+)-(9-DHCQ 1092 5.4 -126 1226 101 -1.9
2500ngml-?t
(-)-(R-DCQ 2386 21 —4.6 2530 67 12
(+)-(9-DCQ 2384 2.0 —4.6 2535 65 14
(-)-(R-DHCQ 2523 3.9 ® 2738 92 9.5
(+)-(9-DHCQ 2375 4.3 -5.0 2568 96 27

n: Number of determinations; R.S.D.: relative standard deviakonelative error.
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Table 3

Limit of quantitation of the method for the analysis of DCQ and DHCQ enantiomers

Enantiomers Theoretical concentration (ng ) Obtained concentration (ng mt) Precision (R.S.D., %) Accurac¥( %)
(-)-(R-DCQ 50 44 8.2 —~11.6
(+)-(9-DCQ 50 45 8.5 —10.0
(-)-(R-DHCQ 125 105 1.3 —-16.4
(+)-(S-DHCQ 125 107 1.3 143

R.S.D.: relative standard deviatidg; relative error.

Table 4
Results of the incubation of HCQ with rat liver microsomes
Metabolites
(-)-(R-DCQ (1)-6-DCQ (-)-(R-DHCQ (+)--DHCQ
rac-HCQ
Concentration (ng mt!) 273 125 667 201
R.S.D. (%) 32 109 9.6 56
R/Sratio 22 33
(=)-(R-HCQ
Concentration (ng mt?) 127 240
R.S.D. (%) 109 15
(H)-(9-HCQ
Concentration (ng mt?!) 61 85
R.S.D. (%) 12 145

n=3 for each incubation; R.S.D.: relative standard deviation.

summarized irmables 1-3The calibration curvesT@able ), microsome homogenate. The time of incubation, the amount
obtained by least-squares linear regression, were linear inof microsome homogenate and the concentration of HCQ
the concentration range of 50-5000 ngMlfor DCQ enan- were optimized. The present results show that HCQ is me-

tiomers and of 125-2500 ng mtt for DHCQ enantiomers  tabolized and two of its major metabolites, DCQ and DHCQ,
and the correlation coefficients observed were 0.9966 or bet-were separated and quantified using the optimized conditions.
ter. Table lalso shows reproducible recovery of the enan- Representative chromatograms of the rat microsomal incuba-
tiomers using the proposed procedure. tion are shown irFig. 3. To determine whether a metabolite

Precision and accuracy were assessed by performing repliwas formed from the-{)-(R)- or the (+)-§)-enantiomer, the
cate analysis of spiked samples against calibration curves.
The within-day and between-day precision is reported in
Table 2 R.S.D.s of less than 15% were obtained for all sam- (A)
ples analyzed. -‘

In the present study we used the limit of quantitation
(Table 3 as a parameter for the measurement of the sen-
sitivity of the method, defined as the lowest concentration
which can be determined with acceptable accuracy and preci-
sion (percent of R.S.D. and systematic error lower than 20%
[25]). The limit of quantitation determined from extracted
spiked plasma was 50 ngmL for DCQ enantiomers and
125 ng mL-1 for DHCQ enantiomers.

A complete stability text was not carried out but our results
obtained in the between-day assay show that the samples
could be stored at20°C for at least 10 days. 6

The elution order was determined by the analysis of in-
dividual enantiomers (previously separated and collected ac-
cording to the proposed method) using a Chiral AGP column s
according to the method described by Iredale and Wainer §—+ 675 36 35 30 35 ¢ & 76 15 20 25 30 35 min
[10]. The analysis demonstrated that the first peak analyzed
corresponds to the<)-(R)-enantiomer and the second to the Fig- s- t_Chff’f_Tt‘:togﬁéns Oédfug'ffsegg m“?lrosozrff A) Sgd fazt microsome

H H : Incubation withrac- . (=) (R)- an -0)- , &)
(+)-(S)-enant|omer for all three pairs of en_antlom_ers. _ (R-HCQ (3) and (+)_@(?|_(| C)Q( (J)’( (z)_ (R)(?D(H)C 0 (é) )aﬁ) g (+)(-?$)(-D)H(czg
The metabolic study was carried out with rat liver micro-

. A : (6). Chromatographic conditions were the same as described in the legend
somes with a protein concentration of 38.95 mgmhfor the to Fig. 2

(B)

B—
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two HCQ enantiomers were incubated separately and ana- [6] A.J. McLachlan, S.E. Tett, D.J. Cutler, R.O. Day, Br. J. Clin. Phar-
lyzed. Table 4shows the concentrations for HCQ metabo- macol. 36 (1993) 78-81. o
lites after incubation of racemic and isolated enantiomers. [l A-J. McLachlan, S.E. Tett, D.J. Cutler, R.O. Day, Chirality 6 (1994)

. . . 360-364.
For the stereoselective metabolism of racemic HCQ, the ra- [8] J. Ducharme, I.W. Wainer, H.l. Parenteau, J.H. Rodman, Chirality 6

tio (—)-(R)/(+)-(S obtained was 2.2 for DCQ and 3.3 for (1994) 337-346.
DHCQ metabolites. In additionH)-(R)-DHCQ represented [9] S. Ekins, B.J. Ring, J. Grace, D.J. McRobie-Belle, S.A. Wrighton,
the main metabolite. J. Pharmacol. Toxicol. 44 (2000) 313-324.

[10] J. Iredale, I.W. Wainer, J. Chromatogr. 573 (1992) 253-258.
[11] Y. Wei, G.A. Nygard, S.K.W. Khalil, J. Lig. Chromatogr. 17 (1994)
. 3479-3490.
4. Conclusion [12] A.J. McLachlan, S.E. Tett, D.J. Cutler, J. Chromatogr. 570 (1991)
119-127.

The determination of enantiomers of HCQ metabolites [13] H. Fieger, J. Iredale, I.W. Wainer, Chirality 5 (1993) 65-70.
in rat liver microsomes can be achieved by one-step chro-[14] Q.B. Cass, A.L.G. Degari, N. Cassiano, J. Lig. Chromatogr. Related

) ) A Technol. 23 (2000) 1029-1038.
matographic method. The method is superior in terms of the [15] J. Ducharme, R. Farinotti, J. Chromatogr. B 698 (1997) 243-250.

simplicity and stereoselectivity. [16] R.S. Jones, in: K. Snell, B. Mullock (Eds.), Biochemical
Toxicology—A Practical Approach, IRL Press, Oxford, Washington,
DC, 1987, pp. 23-55.
Acknowledgements [17] C. Von Bahr, _C.G. Groth, H. Jansson, G. Lundgren, M. Lind, H.
Glaumann, Clin. Pharmacol. Ther. 27 (1980) 711-725.
[18] B.G. Lake, in: K. Snell, B. Mullock (Eds.), Biochemical
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