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Sensitivity of Plasmodium falciparum to chloroquine, 
amodiaquine and mefloquine in Ibadan, Nigeria 

O . O . S I M O O Y A * . A . F A D E K E A D E R O U N M U t A N D L. A. S A L A K O 
Department of Pharmacology and Therapeutics. University of Ibadan. thadan. Nigeria 

Summary 

The schizontocidal effect of ch loroquine was 
c o m p a r e d to that of amodiaqu ine in vivo and 
mef loqu ine in vitro. In the in-vivo s tudy, 32 pa-
t ients were randomly given chloroquine whilst 
29 received amod iaqu ine . T h e mean parasite 
c learance t ime was 2.5 days for chloroquine and 
2.4 days for amodiaqu ine . These times were not 
significantly d i f f e ren t . T h e cure rate in both 
g roups up to day 14 was 100%. In the in-vitro 
s tudy, th ree isolates of Plasmodium falciparum 
were c o m p a r e d for their sensitivity t o chloro-
quine and mef loquine . In all th ree isolates 
schizogony was inhibited at a concentrat ion 
of 0 .8 x 10"6 mol/l of e i ther drug. It was 
concluded that ch loroquine is still an effective 
schizontocidc and should remain the d rug of 
choice for the t rea tment of P. falciparum in the 
Ibadan area . 

Resume 

L'effc t schizontocidalc de la chloroquine a e tc 
compare avec celui de I 'amodiaquinc in vivo ct 
de la mef loquine in vitro. Pour I 'e tude in vivo. 
32 pat ients ont e tc donnes de la chloroquine au 
ha sard et 29 ont re^u de I 'amodiaquinc. Le 
temps moyen pour ( 'elimination des parasi tes a 
e te de 2.5 jours pour la chloroquine et 2.4 pour 
I 'amodiaquinc. Les t emps donnes n 'ont pas dif-
fcrc d une manicrc significative. La propor t ion 
ilcs gucrisons pour les deux groupes a et<J de 
100% pour le I4e jour . Dans I 'dtude in vitro, 
trois types de Plasmodium falciparum ont <5t<5 
compares pour leur sensitivite vis a vis la chlor-
oquine et la mefloquine. Dans tous les trois cas 

'Present address: tropical Diseases Research 
Centre. PO Box 71769. Ndoln. Zambia. 

t lo whom correspondence should he addressed. 

la schizogonie a etc ar re tee a une concentra t ion 
de 0 .8 x 10_<> mol/l tie toutes les deux drogues. 
On est arrive a la conclusion q u e la ch loroquine 
est encore un schizontocidc efficace et qu 'el le 
doit cont inuer comme la d rogue de choix pour 
le t rai temcnt de P. falciparum dans la zone 
d ' Ibadan . 

Introduction 

Although chloroquine-resistant malaria has 
been reported and documen ted in many par ts 
of Hast and Central Afr ica , the West Afr ican 
sub-region has as yet to report a proven case of 
chloroquine-resistant malaria. Previous studies 
| 1 - 4 | have all reported full sensitivity of Plas-
modium falciparum to s tandard anti-malarials. 

These findings, al though encouraging , need 
not lead to complacency in the sub-region, as 
chloroquine-resistant malaria once establ ished 
in an area increases rapidly both in severity and 
in geographical spread |5). 

O u r object ives in this study were the re fo re : 
(i) to assess the current status of the sensitivity 
of P. falciparum to ch loroquine ; (ii) to compare 
the schizontocidal effect of ch loroquine with 
that of amodiaquine and mef loquine . 

Patients and methods 

In-vivo tests 

T h e study was conducted in the Unit of Clinical 
Pharmacology of the University College Hospi-
tal (UCI I) . Ibadan be tween August and Octo-
ber 1985. The pat ients were initially screened at 
the Gene ra l Out -pa t ien t s Depar tment of the 
UCI I and were included in the study if they 
satisfied the following criteria: 
(i) a blood film positive for P. falciparum 
only; 
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(ii) n o history of anti-malarial ingestion dur ing 
the previous fortnight or a negative Dill-Cila/.ko 
urine test (6) for aminoquinol incs ; 
(iii) consent to part icipate in the trial, which 
was obta ined f rom either parents or guardians. 

Patients satisfying these criteria were t rea ted 
randomly with ei ther chloroquine or amodia -
quinc . T h e dosage of ei ther drug was 25 mg/kg 
body weight spread over 3 days (10 mg/kg was 
given on day 0, 10 mg/kg on day I and 5 mg/kg 
on day 2). The s tandard W H O 7-day test* |7) 
extended to 14 days was applied, and patients 
were seen daily for parasitologic;!! and clinical 
evaluat ion. 

The level of parasitaemia was de te rmined by 
counting the number of parasites per 200 leuco-
cytes. This figure was then multiplied by 40 to 
obtain the count per mm 3 of blood ( the mean 
leucocyte count in the population is 8000 WBCs 
per m m ' ) . 

The count so obtained was expressed in terms 
of the Parasite Density Index or PDI |8). 

Two indices were used to assess the parasito-
logic^! response: (i) the parasite clearance time 
— this was defined as the day number of the 
first of two consecutive days af ter initiation of 
therapy on which no asexual parasites were 
found in the blood; (ii) the cure ra te , defined as 
the proport ion of t reated subjects who re-
mained clear of parasites at the completion of 
the 14-day observation period. 

hi-vitro texts 

The method used was based on the in-vitro 
microtechnique of Rieckman ct at. [9). Plasmo-
dium falciparum were obtained from four pa-
tients. all of whom had parasite eounts of over 
1000/mm? blood and were Dill-Glazko urine 
test negative. 

The growth medium was obtained f rom the 
World Health Organization ( W H O ) microtc&t 
kit and consisted of RPMI 1640 medium, which 
was supplemented with 1 ml of 7 .2% H E P E S 
solution and 1 ml of 2 .4% N a H C O v 

Blood (2-3 ml) was taken f rom each patient 
and diluted 1/10 with medium. Using an Eppen-
dorf pipette, 50 |d of the blood/medium solu-
tion were added to wells of a %-well microtitre 
plate, obtained from the W H O microtest kit, 
and predoscd to give final concentrat ions of 0, 
1, 2, 4, 5 , 7 , 8 , 16 and 32 pmol chloroquine/well, 
corresponding to 0, 0.2, 0.4, 0.8, 1.14, 1.6, 3.2 

and 6.4 |imol/l of b lood; and 0 . 0 .5 . 1. 4. 5 .7 . X. 
16 and 32 pmol mef loquine/wel l co r r e spond ing 
to 0. 0.1. 0 .2 , 0 .4 . 0 .8 . 1.14. 1.6 and 3.2 | imol/l 
of b lood. T h e microt i t re p la tes we re then 
placed in a candle jar and incuba ted at 37-3«S°C 
for 28 h. A f t e r incubat ion, thick smear s were 
p repa red f rom each well and a valid test was 
o n e in which more than 20 sch i /on ts pe r 200 
asexual fo rms grew in the cont ro l wells. The 
total n u m b e r of schizonts in each well was 
expressed as a percentage of the control wells 
( th ree co lumns of the microt i t re p la te were 
used for each strain and the ave rage count 
taken as the final n u m b e r of schizonts) . 

Results 

hi-vivo study 

A total of 155 pa t i en t s were sc reened du r ing the 
study per iod. Seventy-six o r 4 9 % of the pa t i en t s 
were posit ive for malar ia , with 74 o r 9 7 % be ing 
positive for /'. falciparum. T h e o the r two cases 
were due to I\ molariac. T h i r t e e n of the 74 
pat ients did not satisfy the cri teria and w e r e 
excluded. T h e remain ing sixty-one pa t i en t s 
were randomly assigned to e i the r the ch lo ro -
quine or amod iaqu ine g roup . 

T h e ch lo roqu ine g r o u p consis ted of 14 boys 
and 18 girls with ;i m e a n age of 4 .8 years ( r ange 
1-11) , a m e a n weight of 15.1 kg ( r ange f>-32). 
p re t rea tment parasi te coun t s of 720 to 60,000 
per m m ' and a Parasi te Dens i ty Index on day 0 
of 8 .0 ( range 4-10) . T h e a m o d i a q u i n e g r o u p 
consisted of 14 boys a n d 15 girls with a m e a n 
age of 5 .3 years ( range 11 m o n t h s - 1 6 yea rs ) , a 
mean weight of 15.6 kg ( range 8 - 4 0 ) , p re t r ea t -
ment parasi te counts of 340 to 60.000 per m m ' 
and a Parasi te Density Index on day 0 of 8 .0 
( range 3-10) . Using S tuden t ' s /-test it was 
shown that there was no significant d i f f e r ence 
between the two g roups in weight , age a n d 
initial paras i taemia ( / ' > 0.1) . 

Parasilological response 

T h e parasitological response in the two g r o u p s 
is shown in Tab le 1. Paras i taemia in b o t h 
groups d i sappea red by day 4. with the ch loro-
quine g roup having a m e a n paras i t e c lea rance 
time of 2.5 days, and the a m o d i a q u i n e g r o u p 
2.4 days. T h e rate of paras i te c learance was not 
significantly d i f fe ren t be tween the two g r o u p s 
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Clinical response 

Most pa t i en t s r e s p o n d e d very well t o e i t he r 
d r u g a n d by the s econd o r th i rd day h a d 
ach ieved a no rma l t e m p e r a t u r e . O n e pa t ien t in 
the c h l o r o q u i n e g r o u p h a d a sp ike of 39.3°C on 
the fifth d a y . w h e r e a s two pa t i en t s b o t h on 
a m o d i a q u i n e had t e m p e r a t u r e s of 39.6°C a n d 
39.2°C, respect ively , on the four th day . 

In all t h r ee pa t i en t s extens ive history and ex-
amina t ion revea led n o abnorma l i t i e s , and 
repea t b lood slides were negat ive . A diagnosis 
of v i racmia was m a d e in the t h r ee pa t i en t s and 
they r e s p o n d e d well to aspir in. 

T h r e e pa t ien ts , all o n ch lo roqu ine . r e p o r t e d 
i tching a f t e r tak ing the d rug . T h e itch was sup-
pressed with a course of an t ih is tamines . N o n e 
of the pa t ien ts t rea ted with a m o d i a q u i n e pre-
sen ted with an itch. 

In-vitro study 

T h e in-vi tro test for o n e sample was not suc-
cess fu l . whilst the remain ing th ree all had m o r e 
than 20 schizonts in the control wells (Tab le 2). 
In all s t ra ins no growth was ob ta ined at a con-
cen t ra t ion of 4 pmol/wel l . co r re spond ing to 0 .8 
x 10 6 mol/l of b lood of e i ther drug. 

Discussion 

T h e e m e r g e n c e of chloroquine-res is tant 
malar ia has rekindled interest in the chemo-
the rapy of this very impor tant d isease . O n e 
a rea of approach has b e e n the deve lopmen t of 
new ant imalar ia l d rugs and the re has also been 
a resurgence of interest in old drugs . 

A m o d i a q u i n e is. like ch lo roqu ine . a 4-

a m i n o q u i n o l i n c b u t . unl ike t h e la t ter , it has 
b e e n less c o m m o n l y used . Recent s tudies , 
h o w e v e r , have d e m o n s t r a t e d that in chloro-
quine- res is tan t malar ia it h a s a g rea te r ef fect 
than c h l o r o q u i n e [10. I I ) 

In o u r s tudy it was d e m o n s t r a t e d tha t , in the 
Ibadan local i ty . J*, falciparum is still very sensi-
tive to c h l o r o q u i n e . T h e f inding c o n f i r m s 
ear l ie r resul ts 11—1). W h e n a m o d i a q u i n e was 
c o m p a r e d with c h l o r o q u i n e it was s h o w n , in 
this s t udy , that a m o d i a q u i n e did not have any 
significant super io r i ty in its schizontocidal 
e f fec t against / ' . falciparum. Th i s result is 
s imilar to that o b t a i n e d by W a l k e r et al. | 4 | . 

M e f l o q u i n e is a new an t i -malar ia l d r u g and is 
a 4 -qu ino l ine m e t h a n o l . It has recent ly b e e n 
reg is te red in c o m b i n a t i o n with s u l p h a d o x i n c 
a n d p y r i m e t h a m i n e u n d e r the t r a d e n a m e 
Fansinief® ( R o c h e . Bas l e . Swi t ze r l and ) . T h e 
assessment of the p u r e s u b s t a n c e is. h o w e v e r , 
very vital a n d this s tudy c o m p a r e d t h e schizon-
tocidal e f f ec t of m e f l o q u i n e with that of ch loro-
q u i n e . It was s h o w n in o u r s tudy that all t h r e e 
s t ra ins of l\ falciparum did not grow sch izon ts 
at a c o n c e n t r a t i o n of 0 . 8 x 10 " mol/l of e i t h e r 
d rug . 

In R I . res i s tance g r o w t h is o b t a i n e d at a con-
cen t r a t i on of 1.5 or 2 .0 x 10 " mol/l of ch lo ro -
q u i n e . whilst in m e f l o q u i n e - r e s i s t a n t s t ra ins 
g r o w t h is o b t a i n e d at c o n c e n t r a t i o n s of 1.14-
1.16 x H P " mol/l |S | . T h u s , all t h r e e s t ra ins 
s h o w e d m a r k e d sensi t ivi ty to b o t h m e f l o q u i n e 
a n d c h l o r o q u i n e . 

T h e resu l t s of th is s tudy h a v e d e m o n s t r a t e d 
tha t / ' . falciparum c o n t i n u e s t o be sensi t ive to 
c h l o r o q u i n e in the I b a d a n locality a n d . as 
s h o w n in this s t udy , s h o u l d c o n t i n u e to be the 

Tabic 2 In-viiro response of three strains of Plasmodium falciparum to chloroquine (CO) and mclloi|timc (MO). 
Ibadan, Nigeria. 19X5 

Schizonts in predoscd wells as 
% of the no. in control well 

Concentration of drugs (pmol/wcll) 
No. sehizonts per 200 

asexual parasites in control 0.5 1 1 2 2 4 and above 
Isolate well (mean of 2 values) (MO) CO MO CO MO C O MO 

I 32 47 0 21.2 0 6.2 0 0 
II 53 49 28.3 18.8 7.7 1 8 0 u 

IV 77 45.4 44 1 16 8 0 2.6 tl 0 
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d r u g of choice in the t r e a t m e n t of / \ falciparum 
malar ia he re . C o n t i n u o u s survei l lance of sensi-
tivity p a t t e r n s in the who le West Afr ican sub-
region shou ld , h o w e v e r , con t i nue a n d this 
should be coup l ed with epidemiologica l s tudies 
of the e m e r g e n c e a n d s p r e a d of ch lo roqu ine -
resistant ma la r i a b e f o r e t h e sub-region becomes 
engu l f ed with resis tant s t ra ins . 
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