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Summary. The in vitro binding of the enantiomers of hy- 
droxychloroquine and its three major metabolites in 
pooled plasma obtained from four healthy volunteers and 
the binding of the enantiomers of hydroxychloroquine to 
purified plasma proteins has been investigated. 

The plasma protein binding of hydroxychloroquine 
was found to be stereoselective. The (S)-enantiomer of 
hydroxychloroquine was 64% bound in plasma, while 
(R)-hydroxychloroquine was 37 % bound. Fif ty% of (S)- 
hydroxychloroquine was bound to a 40 g-1-1 solution of 
human serum albumin, while only 29 % of the (R)-enanti- 
omer was bound. The enantioselectivity of hydroxychlo- 
roquine binding was reversed in a 0.7 g. 1 1 solution of al- 
acid glycoprotein with (R)-hydroxychloroquine being 
bound to a greater extent than its optical antipode (41% 
versus 29 %). The enantiomers of the metabolites of hy- 
droxychloroquine were bound to a similar extent to plas- 
ma and purified plasma proteins. 

Binding of hydroxychloroquine to plasma and purified 
proteins was found to be linear over the racemic concen- 
tration range of 50 to 1000 ng. m1-1 and hydroxychloro- 
quine metabolite binding to plasma was linear over the 
range 25 to 500 ng- ml-  1. 
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Hydroxychloroquine is used as a racemate in the manage- 
ment of rheumatoid arthritis. There  is no data in the lit- 
erature regarding the relative pharmacodynamic activity 
of hydroxychloroquine enantiomers in rheumatoid dis- 
ease. Preliminary results from our laboratory indicate 
that hydroxychloroquine disposition is stereoselective 
[McLachlan et al. 1991]. The protein binding of rac-hy- 
droxychloroquine has been investigated [Tett et al. 1988], 
but the protein binding of the metabolites and the enanti- 
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omers of hydroxychloroquine have not been previously 
reported. 

This paper reports the findings of a study of the in vitro 

protein binding of the enantiomers of hydroxychloro- 
quine and metabolites in pooled plasma from healthy sub- 
jects. The protein binding of (R)- and (S)-hydroxychloro- 
quine have also been investigated in the presence of 
human serum albumin and ~l-acid glycoprotein. 

Materials and methods 

Heparinised drug-free blood from four healthy subjects was cen- 
trifuged at 1200 g for 10 min and the pooled plasma was stored 
frozen at - 18 °C. Krebs solution (pH 7.4) was prepared using 6.90 g 
NaC1, 0.35g KCI, 0.29g MgS04.7H20, 0.16g KH2PO4, 2.10g 
NaHCOs (all from Ajax Chemicals, Sydney, Australia), 0.37 g 
CaC12.2H20 (BDH Chemicals, Port Fairy, Australia) and 2.00 g 
(D( + )-glucose (May & Baker, Footscray, Australia) in 1000 ml of 
freshly distilled water. 

Protein solutions were prepared using human serum albumin 
(Fraction V) and cq-acid glycoprotein (both from Sigma Chemical 
Co., St Louis, USA) in Krebs solution. 

Racemic hydroxychloroquine sulphate, desethylhydroxychloro- 
quine and desethylchloroquine were supplied by Sterling Pharma- 
ceuticals Pry Ltd (Sydney, Australia) bisdesethylchloroquine was 
provided by the Army Malaria Research Unit (Ingleburn, Austra- 
lia), and chloroquine diphosphate (used as the internal standard for 
the HPLC assay) was obtained from Sigma Chemical Company (St. 
Louis, MO, USA). 

Chloroquine has been reported to bind to some plastics [Yahya et 
al. 1986] and glass surfaces [Geary et al. 1983]. All glassware coming 
in contact with hydroxychloroquine and its metabolites was treated 
with Aquasil silanising liquid (Pierce, Rockford, IL, USA) to pre- 
vent adsorption. 

Protein binding was assessed in pooled drug-free plasma from 
healthy subjects, 40 g/1 human serum albumin in Krebs solution, 
0.7 gfl cq-acid glycoprotein in Krebs solution. 

The protein binding of the enantiomers of hydroxychloroquine 
was determined at the following concentrations of rac-hydroxychlo- 
roquine; 50, 100, 250, 500 and 1000 ng.ml 1 in pooled plasma; 50, 
100,500 and 1000 ng- ml- ~ in a solution of human serum albumin; 50, 
250,500 and 1000 ng. ml- ~ in a solution of cq-add glycoprotein. 

The protein binding of the enantiomers of hydroxychloroquine 
metabolites (desethylhydroxychloroquine, desethylchloroquine, 
bisdesethylchloroquine) were assessed at the racemic concentra- 
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tions of 25, 50, 100 and 500 ng. ml- t in pooled plasma. The protein 
binding of the racemic metabolites was determined at 25, 50 and 
100ng.m1-1 in a solution of human serum albumin and at 
500 ng. ml i in a solution of cq-acid glycoprotein. 

Perspex dialysis cells (2.0 ml) were used to separate free and 
bound drug. Protein solutions or plasma were dialysed against Krebs 
solution (pH 7.4) at 37°C. Dialysis temperature was maintained by 
emersing the dialysis cells in a temperature controlled water bath 
(Thermomix, Braun, model 1441). Visking Cellulose type 20 (Union 
Carbide) dialysis membrane was used to separate protein and Krebs 
solution in the perspex cells. Dialysis membranes were prepared by 
boiling for 5 minutes in two portions of distilled water, and were left 
soaking in distilled water until the time of dialysis. 

Plasma and protein samples were dialysed for 3 h and 6 h to es- 
tablish that equilibrium was reached. Racemic hydroxychloroquine 
or metabolite was added to both sides of the dialysis cell with 60 % of 
drug on the protein side and 40 % on the Krebs solution side (which 
approximates the ratio expected at equilibrium). 

The volume of each half-cell was measured after dialysis to check 
for any volume shifts within the cell. Samples were discarded ifa vol- 
ume shift, dialysis membrane damage or protein leakage were ap- 
parent. The protein binding was determined in triplicate for all com- 
pounds at each concentration. 

At equilibrium both sides of the dialysis cells were assayed in 
duplicate for racemic compound and enantiomers. The assay of 
McLachlan et al. (1991) for the enantiomers of hydroxychloroquine 
and metabolites was used in the present study. 

Data analysis 

The percentage of drug bound for racemic drug and enantiomers 
was determined using the following equation, 

% bound = Cpr°tein - Cbuf fer  X 100 
Cprorein 

where Cprotein is the concentration of racemate or enantiomer on the 
protein or plasma side (bound + free drug) and Cbuffor is the concen- 
tration on the Krebs solution side (free drug). 

Statistical comparisons were made using a paired Student's t-test 
(Epistat statistical programme). 

Results 

The est imated free fractions at bo th  dialysis times (3 and 
6 h) were  not  different (P  -- 0.12), indicating that  equili- 
bra t ion was reached  by 3 h. Using similar equil ibrium 
dialysis apparatus,  Walker  et al. (1983) found  that  the pro-  
tein binding of  rac-chloroquine  reached  equil ibrium after 
2h .  

Table 1 shows a sum m a ry  of  the in vitro prote in  binding 
of  the racemate  and enant iomers  of  hydroxych lo roqu ine  
(HCQ) ,  dese thy lhydroxychloroquine  ( H C Q M ) ,  des- 
e thylchloroquine  ( C Q M )  and bisdesethylchloroquine  
( C Q M M )  in poo led  plasma of  4 heal thy subjects and in 
purified p lasma prote in  solutions. Linear i ty  was also es- 
tablished for  the purif ied p lasma prote in  binding of the 
racemate  of  metabol i tes  over  the concent ra t ion  range 
25 ng.  ml -I  to  500 ng.  m1-1 in plasma and pro te in  solu- 
tions. 

In  the poo led  plasma of  heal thy subjects the percent-  
age of  the (S)-enant iomer  b o u n d  was greater  than that  of  
its optical ant ipode for all compounds .  The  mean  ratio 
((S)-/(R)-) of  the prote in  binding of  the enant iomers  of  
hydroxych loroqu ine  in poo led  plasma f rom heal thy sub- 

Table 1. The in vitro protein binding of the racemate and enantio- 
mers of hydroxychloroquine (HCQ), desethylhydroxychloroquine 
(HCQM), desethylchloroquine (CQM) and bisdesethylchloroquine 
(CQMM) in plasma purified protein solutions 

Percentage bound in vitro (mean + SD) 

Compound n a Racemic R S t-test b 

Pooled healthy plasma 

HCQ 9 52 (7) 37 (8) 64 (8) P < 0.0001 
HCQM 10 49 (9) 

5 37 (12) 56 (9) P = 0.008 
CQM 10 55 (4) 

5 42 (6) 65 (5) P = 0.009 
CQMM 8 52 (6) 

5 30 (10) 60 (10) ? : 0.014 

40 g/1 human serum albumin solution 

HCQ 10 40 (5) 
9 29 (6) 50 (5) P < 0.0001 

HCQM 7 45 (5) 
CQM 4 23 (5) 
CQMM 4 28 (9) 

0.7 g/1 oq-acid glycoprotein solution 

HCQ 9 34 (6) 41 (6) 29 (8) P < 0.0001 
HCQM 3 33 (5) 
CQM 3 34 (3) 

a The number of determinations 
b p value determined using a Student's paired t-test comparing mean 
binding of (R)- versus (S)-enantiomers 
° Empty cells in table not determined 

jects was 1.73. The  same pa t te rn  of  stereoselectivity, with 
(S) -hydroxychloroquine  being bound  to a greater  extent, 
was observed  for the pro te in  binding of  hydroxychloro-  
quine enant iomers  in a solution of  40 g- 1 1 h u m a n  serum 
albumin. The ratio ((S)-/(R)-) of  the prote in  binding of  
the enant iomers  of  hydroxych loroqu ine  in a solution of  
h u m a n  serum albumin was 1.77. The  pa t te rn  of  prote in  
binding in a solution of  0.7 g-1-1 c~-acid glycoprote in  
was the reverse of  that  observed for  the prote in  binding 
to plasma and a solution of  h u m a n  serum albumin; the 
ratio ((R)-/(S)-) of  the prote in  binding of  the enantio-  
mers  of  hydroxych lo roqu ine  to al-acid glycoprote in  was 
1.43. 

Due  to the limited quantit ies of  metabol i tes  available 
the prote in  binding for the enant iomers  of  the hydroxy-  
chloroquine  metabol i tes  was not  de te rmined  in the pro- 
tein solutions. The  prote in  binding of  rac-bisdesthylchlo- 
roquine  was not  de te rmined  in a l -acid  glycoprote in  
solutions. 

Discussion and conclusions 

The concent ra t ion  ranges used in the present  study reflect 
the range of  racemic plasma concentra t ions  for hydroxy-  
chloroquine  and metabol i tes  observed  following a single 
dose [Tett et al. 1988; Miller et al. 1991] and during 
multiple dosing [Tett et al. 1990a]. The  concentra t ions  of  
h u m a n  serum albumin (40 g/l) and cq-acid glycoprotein  
(0.7 g- 1-1) used in this study were  chosen to reflect the 
concentra t ions  of  these proteins observed  in the plasma of  
heal thy individuals [Piafsky et al. 1978]. 



The present findings for the binding of rac-hydroxy- 
chloroquine to plasma are in agreement with the data of 
Tett et al. (1988) who found that 45 (3) % of rac-hydroxy- 
chloroquine was bound in plasma obtained from one 
healthy volunteer and that this value was constant over 
the concentration range 50 ng. ml-~ to 1000 ng. ml-1. In 
the present study it was found that protein binding was 
also constant over the range 50 ng. m1-1 to 1000 ng. ml -~ 
in 4 % human serum albumin (mean (SD) 40 (5) %). 

The enantioselectivity in binding in plasma was the 
same as in a solution of albumin, the opposite of that for 
oq-acid glycoprotein, suggesting that, at normal levels of 
oz,-acid glycoprotein, the overall protein binding of the 
enantiomers of hydroxychloroquine in plasma is largely 
determined by binding to albumin. 

The binding of the enantiomers of the parent drug and 
the metabolites were studied in the presence of the optical 
antipode. It is possible that in vivo competition for binding 
sites between the parent drug, metabolites and their en- 
antiomers could result in altered binding from that ob- 
served in the present in vitro studies. The linearity of the 
relationship between percentage bound and concentra- 
tion of enantiomer suggests that the concentrations used 
in the present study (and observed clinically) are well 
below the concentration required to saturate hydroxy- 
chloroquine protein binding sites. It is therefore not ex- 
pected that competition effects would be significant. 

The findings of this study show the same binding pat- 
tern as for the enantiomers of chloroquine [Ofori-Adjei et 
al. 1986]. The ratio of the protein binding for the enantio- 
mers of chloroquine in pooled plasma and solutions of 
purified plasma proteins were not different from that ob- 
served for hydroxychloroquine in the present study. 
Ofori-Adjei et al. (1986) investigated the protein binding 
of rac-desethylchloroquine in plasma and the observed 
value of 57 (3)% bound was similar to the value of 
49 (9) % bound determined in the present study. The pro- 
tein binding for the enantiomers of the other metabolites 
of hydroxychloroquine has not previously been investi- 
gated. 

Implications of stereoselective plasma protein binding 
on the disposition of  hydroxychloroquine in patients 
with rheumatoid arthritis 

Enantioselectivity in the plasma protein binding of a 
chiral drug may result in stereoselective differences in 
drug action and/or disposition [Williams and Lee 1985; 
Levy and Boddy 1990]. The concentration of c~l-acid gly- 
coprotein in blood has been shown to increase during dif- 
ferent disease states [Piafsky 1980], including rheumatoid 
arthritis [Piafsky et al. 1978]. This acute phase protein is 
recognized as an important determinant of the plasma 
protein binding for basic drugs [Routledge 1986] and can 
provide a significant contribution to the intersubject vari- 
ability in the plasma protein binding and disposition of 
some basic drugs [Piafsky and Borgfi 1977]. During an epi- 
sode of acute inflammation the concentrations of oq-acid 
glycoprotein in blood are elevated and albumin concen- 
trations are decreased [Zini et al. 1990; Skeith and Jamali 
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1991]. The data reported in Table I suggests that the ratio 
((S)-/(R)-) of the protein binding of hydroxychloroquine 
enantiomers in a patient with rheumatoid arthritis would 
be decreased. 

The total blood clearance of hydroxychloroquine cal- 
culated from blood concentration data is low [Tett et al. 
1988]. For a low clearance drug, total blood clearance is 
expected to vary with variations in the fraction unbound 
[Gibaldi and Perrier 1982] suggesting that the variations 
in oq-acid glycoprotein and albumin in inflammation 
would be reflected in changes in the total blood clearance 
of the enantiomers. However, changes in unbound con- 
centrations are predicted to be transient and therefore of 
no clinical consequence for a slow acting drug such as hy- 
droxychloroquine. 

Tett et al. (1990b) have proposed that the very large 
volume of distribution of hydroxychloroquine is governed 
by tissue uptake by ion trapping in acidic components of 
cells rather than tissue protein binding. Since ion trapping 
depends on the pKa of the drug and the pH of the trapping 
medium the process is not expected to be enantioselec- 
tive. 

Differences in the plasma protein binding of drug en- 
antiomers may contribute to apparent enantioselective 
differences in renal excretion [Tucker and Lennard 1990; 
Levy and Boddy 1991]. Stereoselectivity in plasma pro- 
tein binding affects the processes of glomerular filtration 
and passive tubular reabsorption, which will influence the 
net renal elimination of the enantiomers. Differences in 
the plasma protein binding of the enantiomers of hy- 
droxychloroquine may, therefore, result in stereoselective 
differences in its renal clearance. 

The pharmacodynamic implication of stereoselective 
plasma protein binding of hydroxychloroquine for pa- 
tients with rheumatoid arthritis is unclear, as there is no 
published information on the relative activity of the en- 
antiomers of hydroxychloroquine in this disease state. 
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