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Summary 

The part i t ioning of chloroquine and its two 
desethyl metabol i tes be tween red blood cells 
(RBCs) and plasma was studied in vitro, using 
blood f rom heal thy adults and f rom children 
with Plasmodium falciparum parasi taemia. 
Blood from the volunteers was incubated with 
varying concent ra t ions of ch loroquine (CO) , 
desethylchloroquinc ( D C Q ) and bisdesethyl-
chloroquine ( B D C Q ) for 15 min a n d the RBC7 
plasma concentra t ion rat io de te rmined . 

Desethylchloroquine and B D C Q were con-
centrated in the red cells of uninfected blood to 
the same extent as chloroquine . O n the other 
hand, D C Q and B D C Q were concent ra ted to a 
significantly lower extent than C Q in the red 
cells f rom malarial children. 

The reduced ability of infected RBCs to 
concentrate D C Q and B D C Q may have an 
important bear ing on the deve lopment of resis-
tance to chloroquine by P. falciparum. 

Resume 

Le partage de la chloroquine et ses deux 
metabolites desethyl en cellules de sang rouge 
(RBCs) et plasma est e tudie in vitro: utilisa-
tion est faite de sang d 'adu l tes bien por tant 
et d 'enfants ayant des parasites Plasmodium 
falciparum. Nous avons incube le sang des 
volontaires avec des concentra t ions variantes 
de chloroquine ( C Q ) , de desethylchloroquine 
(DCQ), et de b id l s l thy lch lo roqu ine ( B D C Q ) 
pendant 15 min et avons de te rmine la propor-
tion de concentrat ion RBC/plasma. 

'To whom correspondence should be addressed. 

La ddsl thylchloroquine et B D C Q ont dte 
concentrees , dans la m e m e proport ion que la 
chloroquine, dans les cellules de sang rouge non 
infecte. D ' au t re part , la D C Q et la B D C Q ont 
ete considcrablement moins concentrees que la 
C Q dans les cellules rouges d ' enfan t s at teints de 
paludisme. 

La capacite redui te des RBCs at te intcs de 
conccntrer la D C Q et la B D C Q peut avoir un 
rapport important sur le developpcment de la 
resistance de la chloroquine par le Plasmodium 
falciparum. 

Introduction 

The main metaboli tes of chloroquine ( C Q ) in 
man are desethylchloroquinc ( D C Q ) , which 
constitutes about 25% of total quinolines, and 
bisdesethylchloroquinc ( B D C Q ) which forms 
4 - 6 % of total quinolines [1]. 

It has been shown that C Q , D C Q and B D C Q 
are almost equally active on CQ-sensit ive Plas-
modium falciparum in vitro 12—41, but the 
metaboli tes are less active than the parent 
compound against CQ-resistant strains [2]. 
These observat ions suggest that C Q metab-
olites, particularly D C Q , might play some part 
in the antimalarial effect of adminis tered C Q , 
and also in its toxicity. 

In the plasma, C Q and D C Q have a concen-
t ra t ion- t ime profile which is almost parallel 
f rom about 6 h af ter an oral dose of C Q , up to 
about 30 days, with the concentrat ion of the 
metaboli te being 4(>-60% of that of the parent 
drug [5|. Al though B D C Q is identifiable on a 
liquid chromatogram of a plasma sample af ter 
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an oral thcrapcut ic dose of C O , its concent ra-
tion is too low for pharmacokinet ic analysis |5 | . 

Chloroquine is concentra ted in h u m a n red 
blood cells (RBCs) to be tween 3.5 t imes and 
10 t imes the concentrat ion in plasma, and the 
accumulat ion is fur ther increased in red cells 
infected by CQ-scnsitive malaria parasi tes [6). 
T h e distribution of D C Q and B D C Q between 
RBCs and plasma is not known. The anti-
malarial action of C O might be related more to 
the concentrat ion in RBCs than in plasma since 
the parasite is intra-erythrocytic for most of its 
existence in the blood. It is there fore desirable 
to investigate the part i t ioning of D C O and 
B D C O between RBCs and plasma in compar i -
son with the part i t ioning of C O . 

Material and methods 

Blood used for the studies was obtained f rom 
two sources: 

(1) healthy adult* of both sexes aged be-
tween 18 years and 36 years; and 

(2) children of both sexes aged between 6 
years and 10 years suffering f rom parasitologi-
cally proven acute falciparum malaria. 

The adults were staff and s tudents of the 
University, while the children were pat ients 
a t tending the Oni Memorial Chi ldren 's Hospi-
tal , Ibadan. T h e object ives of the study and its 
p rocedure were clearly explained to the adults 
and to the parents or guardians of the chi ldren, 
and they all voluntarily agreed to part icipate in 
it. The study was approved by the College of 
Medicine Ethical Commit tee . None of the 
adults had taken chloroquine for at least 3 
months . Amongst the chi ldren, recent ingestion 
of C O was avoided by selecting only those 
children whose urine was negative for C O using 
the Di l l -Glazko test. The m e a n parasi te density 
in the children was 6434 ± 263 per ^1 (range 
3740-9660/^1), and their mean packed cell 
volume (PCV) was 33.9% (range 15-45%). The 
mean PCV in the adult volunteers was 45% 
(range 35 -49%) . The subjects were all homo-
zygous for H b A . 

Preparation of blood samples 

Venous blood was collected into heparinized 
containers and cent r i fuged for 5 min at 
2500 r .p.m. ( > 1000#). The huffy coat was care-

fully aspirated to remove the white blood cells 
and platelets which arc known to concentrate 
C O to an even greater extent than erythrocytes 
[7). The blood, minus the buffy coat , was then 
mixed gently by inversion and its PCV deter-
mined using a microhaematocri t . 

Time course for the uptake of CQ and DCQ by 
erythrocytes in vitro 

The aim of this preliminary series of experi-
ments was to de te rmine how long it took for red 
blood cell C O and D C O concentrat ion to reach 
equil ibrium when whole blood was incubated 
with these drugs. Th ree millilitres of blood were 
put in s toppered 10 ml glass tubes and spiked 
with 60 jd of a 10 ng/ml solution of C O or 
D C O , to give a concentra t ion of 200 ng/ml of 
blood. The tubes were left to stand at room 
tempera tu re for up to 30 min. They were gently 
mixed by inversion at intervals of 2 - 3 min 
dur ing this per iod. At 5. 10, 15 and 30 min, 
four tubes were removed and centrifuged at 
2500 r .p .m. for 5 min, and 1 ml R B C and 
1 ml plasma were withdrawn for C O or DCO 
analysis. 

Partitioning of CQ, DCQ and BDCQ betw een 
plasma and RBCs in vitro 

Four millilitres of blood f rom adult volunteers 
were put in a 10 ml s toppered glass tube and 
spiked with 20, 40, 60, 80, 100 or 120 id of a 
10 ng/ml solution of C O , D C O or B D C O , to 
give a concentra t ion of 50, 100, 150, 200, 250 or 
300 ng/ml of b lood. Two tubes at each concen-
tration were set up for each of the three 
compounds . The tubes were left to stand at 
room tempera tu re for 15 min. During this 
per iod , the blood was gently mixed by inversion 
at intervals of 2 - 3 min. At the end of the 15 min 
incubation per iod , 1 ml of blood was taken 
f rom each tube for the determinat ion of the 
concentrat ion of the drugs in whole blood. The 
remaining 3 ml of blood were centrifuged for 
5 min at 2500 r .p .m. O n e millilitre of plasma 
and 1 ml of RBCs was taken for the determina-
tion of the drugs in these fractions. 

A similar study was pe r fo rmed using blood 
obta ined f rom the malaria-infected children. 
T h r e e millilitres of blood f rom each child were 
put in a tube and spiked with 30, 60 or 120 id of 
a 10 ng/ml solution of C O , D C O or B D C O to 
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give a concentra t ion of 1(H), 2(H) o r 4(H) ng/ml of 
the drug in whole b lood . T h e t ubes were left to 
stand at room t e m p e r a t u r e , with per iodic mix-
ing, for 15 min. T h e r e a f t e r they were centr i -
fuged and 1 ml of plasma and 1 ml of R B C s 
withdrawn for the analysis of C O , D C Q o r 
BDCQ. 

Drug analysis 

Chloroquine ( C Q ) and its metabol i tes were 
analysed in p lasma, whole b lood and R B C s 
using a modif icat ion of the f luorimetr ic me thod 
of Adelusi and Sa lako |8 | . O n e millilitre 
samples were m a d e alkal ine with 1.0 M NaOM 
in 10% NaCl a n d ex t rac ted with dichloro-
methane. T h e o rgan ic layer w a s shaken with 
0.1 M HCI, and the a q u e o u s layer was then 
buffered to p H 9 .8 using phospha te bora te 
buffer. F luorescence was read a t an exci tat ion 
wavelength of 335 nm and emission wavelength 
of 390 nm using a P e r k i n - E l m c r 240 f luor-
escence s p e c t r o p h o t o m e t e r . T h e lower limit of 
sensitivity for each c o m p o u n d was 10 ng/ml, 
and the coeff ic ient of var ia t ion of r epea ted 
analysis of the s a m e sample was 15% at 
20 ng/ml. 

Reagents and chemicals 

Working solut ions of C Q and its metabol i tes 
were made in a 10 ng/ml solution of 0 .9% 
NaCl when n e e d e d , f rom a stock solution of 
1 mg/ml, which was kept in glass flasks at 4°C. 
Under these condi t ions , adsorpt ion of C Q to 
glass was insignificant. All reagents were of 
analar g rade , and water was deionized and 
double glass-distilled. 

Data analysis 

The part i t ioning of C Q and its metabol i tes 
between plasma a n d R B C s was d e t e r m i n e d 
from the RBC/p lasma concent ra t ion rat io of 
the drugs. 

Comparisons were m a d e be tween d i f fe ren t 
values using S tuden t ' s /-test and P values of less 
than 0.05 were regarded as significant. 

Results 

The results of the prel iminary incubat ion ex-
periments showed tha t , for both C Q and D C Q , 

equi l ibr ium was reached between RBCs and 
plasma a f te r 15 min. An incubat ion period of 
15 min was the re fo re used in subsequent 
studies, on the part i t ioning of the drugs be-
tween plasma and RBCs , in which equil ibrium 
condit ions were required. Tota l drug concen-
trat ion at the end of the incubat ion was the 
same as at the beginning, showing that the re 
was no instability of C Q and its metabol i tes 
dur ing the incubat ion, and in par t icular , that 
adsorpt ion to glass was negligible. 

Uptake of CQ, DCQ and BDCQ by RBCs from 
healthy subjects 

T h e part i t ioning of C Q and its metabol i tes 
be tween plasma and RBCs , at d i f ferent concen-
trat ions of the drugs , in unparasi t ized whole 
blood is shown in Table 1. This shows that for 
all three compounds the RBC/plasma parti t ion 
ratio was not dose -dependen t . Similarly, Tab le 
1 also shows that at all concentra t ions , and 
overal l , the mean parti t ion rat io for one d rug 
was not significantly different f rom the value 
for the other drugs. 

Uptake of CQ, DCQ and BDCQ by parasitized 
RBCs 

Table 2 shows the RBC/plasma C Q , D C Q and 
B D C Q concentrat ion ratios when blood f rom 
malaria- infected children was incubated with 
d i f ferent concentrat ions of the drugs. For each 
drug , the parti t ion rat io was not significantly 
d i f ferent at the dif ferent doses. H o w e v e r , at 
each dose and also overal l , the part i t ion rat io 
for C Q was significantly higher than that of 
D C Q or B D C Q ( P < 0.01). T h e r e w a s no 
significant d i f ference be tween the part i t ion 
ratios for D C Q and B D C Q at any concent ra-
t ion, or overall . 

Discussion 
All species of malar ia parasi tes of the genus 
Plasmodium unde rgo the asexual phase of their 
life cycle inside the red blood cells. It is 
t he re fo re to be expec ted that ant imalarial drugs 
whose action is d i rected against the erythrocyt ic 
s tage of the parasi te should have the ability to 
en t e r red cells. Ch loroqu ine is unique amongst 
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Table 2. Partition ratio of CO, DCQ and BDCQ between parasitized 
erythrocytes and plasma 

Partition ratio* obtained at various 
concentrations (ng/ml) 

All 
Compounds 1(H) 2(H) 400 concentrations 

CO 28.30 ± 2.38 30.09 ± 1.25 29.23 ± 3.49 29.21 ± 2.00 
(„ = 7) (/i = 8) (n = 9) (n = 24) 

DCQ 11.63 ± 1 . 1 2 13.63 ± 2.25 13.40 ± 1.00 12.89 ± 1.2 
(„ = 8) (n = 7) (/» = 8) (n = 23) 

BDCQ 11.53 ± 1.88 11.68 ± 2.43 12.61 ± 1.62 11.94 ± 1.40 
(„ = 8) (/i = 7) (/i = 8) (/i = 23) 

'Values arc given as mean ± s.e. 

blood schizontocidal ant imalarial drugs in its 
high degree of concent ra t ion within erythro-
cytes. Other schizontocides, for example quin-
ine (RBC/plasma concent ra t ion ratio (P) = 
0.20) and mef loqu ine (P = 1.7). en ter RBCs 
but are not concen t ra ted to any great extent (9). 
In man, parasi t ized erythrocytes concent ra te 
CO to a grea te r extent than erythrocytes which 
are free of malaria parasi tes [6]. This is also t rue 
of rodents in which it has been shown that red 
cells parasitized by CQ-sensi t ive P. berghei 
concentrate C Q more than those parasit ized by 
CQ-resistant plasmodia [ 10,11). O u r present 
study has conf i rmed in vitro observat ions made 
in vivo of the concent ra t ion of C O by human 
erythrocytes. T h e mean part i t ion rat io be tween 
normal RBCs and plasma in this s tudy (3.7 ± 
0.4) is similar to the RBC/p lasma CQ concen-
tration ratio of 5.3 ob ta ined by Adelusi et al. [6] 
in children recently recovered f rom acute falci-
parum malaria. Dur ing infection the RBC/ 
plasma C Q concent ra t ion ratio of 21.0 was 
significantly higher than the value a f te r recov-
ery, but is similar to the value of 29.2 ob ta ined 
in this study in vitro using blood with malaria 
parasite densities of be tween 0.07 and 0 .19%. 

The results of this study show that D C Q and 
BDCQ are concent ra ted in R B C s to the same 
extent as C Q when blood f rom heal thy subjects 
is used. However , when the blood is ob ta ined 
from patients with malaria paras i taemia , the 
extent to which D C Q and B D C Q are concen-
trated is less than that of C Q . 

Salako and Ajayi [12] have shown that in 

rats, D C Q and B D C Q are concentra ted in 
tissues like the liver, spleen, kidney, lungs and 
heart to approximately the same extent as C O . 
The present observation that the three com-
pounds are also similarly concentra ted in 
human erythrocytes in vitro shows that chloro-
quine and its desethylmetaboli tes have similar 
pharmacokinet ic characteristics. 
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