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T h e Present Status of Chloroquine in the 
Dru<* Treatment of Malaria o 
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Department of Pharmacology, University of Ibadan, I bad an, Nigeria. 

(Received 23 March 1971) 

S u m m a r y . C h l o r o q u i n e is the d r u g of first choice in the suppress ion of an acu t e 
a t t a c k of m a l a r i a , be ing m o r e effective and less toxic than any of its predecessors . 
F o r p r o p h y l a x i s , p y r i m e t h a m i n e , p roguani l or cycloguanil is a p p r o p r i a t e where 
s t r a in s of m a l a r i a pa ras i t e s a r e sensitive to these; any of them may be c o m b i n e d 
with s u l p h a d i a z i n e o r d a p s o n e f o r bet ter prophylaxis . P r imaqu ine remains the 
only d r u g cl inical ly useful in e l imina t ing the tissue stages of relapsing malar ia . 

T h e d e v e l o p m e n t of tox ic eye lesions, par t icular ly on the ret ina was unveiled 
when high doses of c h l o r o q u i n e fo r p ro longed per iods were used for n o n - m a l a r i a 
c o n d i t i o n s like r h e u m a t o i d a r th r i t i s a n d discoid lupus e ry thematosus . F r o m s o u t h -
east Asia a n d S o u t h A m e r i c a had c o m e m a n y repor t s of the deve lopment of 
c h l o r o q u i n e - r e s i s t a n c e by s t r a ins of Plasmodium falciparum. Resis tance to ch lo ro-
q u i n e h a s not been a f e a t u r e of f a l c i p a r u m malar ia in West Af r i ca yet. In places 
where c h l o r o q u i n e - r e s i s t a n c e had been es tabl ished, var ious c o m b i n a t i o n s of ch lo ro -
qu ine wi th q u i n i n e , p y r i m e t h a m i n e , s u l p h o r m e t h o x i n e or d a p s o n e were f o u n d 
effect ive. 

Ma la r i a p r o p h y l a x i s with c h l o r o q u i n e is not advisable in view of the pos-
sibility of o c u l a r toxici ty on p ro longed use and the danger of inducing ch lo ro -
qu ine- res i s tance in ma la r i a paras i tes . West Af r i ca should be on thei r g u a r d 
aga ins t ch lo roqu ine - r e s i s t an t P. falciparum. 

Resume. La c h l o r o q u i n e est le m e d i c a m e n t de p remier choix d a n s le t ra i t ement 
du pa lud i sme a igu , c a r elle est p lus efTicace et moins tox ique que ses pred^cesseurs . 
Pou r la p rophy lax ie , la p y r i m e t h a m i n e , le p roguan i l ou le cycloguani l son t 
ind iques la ou les pa ras i t es leur son t sensibles : chacun peut etre associe avec la 
su l fad iaz ine ou le d a p s o n e p o u r o b t e n i r une meil leure prophylaxie . La p r i m a q u i n e 
demeure le seul m e d i c a m e n t c l in iquement utile d a n s Pel iminat ion des s tades 
t issulaires du p a l u d i s m e recur ren t . 

L 'evolu t ion de lesions tox iques de Pocil, par t icul ierement sur la rat ine, a et6 
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78 / . A. Olatunde 
dccelde la ou dc hautcs doses de c lo roqu ine avaient etc admins t rees pendant des 
per iodes prolongees d a n s des e ta ts non -pa ludeens tels que Par thr i te rhumatoide 
ou le lupus discoide drythemateux. Du sud-Est as ia t ique et de I 'Amerique du Sud 
dtaient parvenus de nombreux r a p p o r t s de resistance a la chloroquine chez 
cer ta ines vari6t£s de Plasmodium falciparum. Ce t te resistance n'est pas encore 
signalee en Af r ique occidentale. D a n s Ies localites oil la resistance a la chloroquine 
a et£ etablie, diverses combina i sons de la ch lo roqu ine avec la quinine, la pyrime-
thamine , la su l formethoxine ou le d a p s o n e se sont revelees efficaces. 

La prophylaxie du paludisme par la ch lo roqu ine n'est pas indiquee, en raison 
de la possibility de toxicity oculaire a Pusage pro longe et du danger de resistance 
a la ch loroquine chez les parasi tes du paludisme. 

L 'Af r ique occidentale doi t se garder du P. falciparum resistant a la chloroquine. 

I N T R O D U C T I O N 

Malar ia const i tu tes the highest single m a j o r cause of morb id i ty in Afr ica and in various 
pa r t s of the tropics and sub-tropics the world over ( M a n s o n - B a h r , 1960; Adams & Mae-
gra i th , I960). Over the centuries, malar ia has affected the dest iny of na t ions in war and in 
peace. In the present century, the ma jo r l and-marks in the c h e m o t h e r a p y of malaria were 
m a d e dur ing the two World W a r s ( G a d d u m , 1959; Wiselogle, 1946). Mepacr ine was dis-
covered in 1930 as a result of intensive research s t imulated by inavailabili ty of quinine to 
the G e r m a n s dur ing World W a r I; ch loroquine was in t roduced fol lowing the extensive 
p r o g r a m m e of ant imalar ia research in the United States dur ing World War II (RoIIo, 
!965; Wiselogle, 1946: Loeb et al., 1946). 

C h l o r o q u i n e is at present the most potent an t imalar ia l agent in clinical use. However, 
the deve lopment of ocular toxicity on long-term use at high doses, and the appearance of 
ch lo roqu ine resistance in certain strains of fa lc iparum malar ia parasi te , appear to be 
adversely affect ing the posit ion of this potent schizontocidal drug . 

Th i s review outl ines the historical development of ch lo roqu ine and the other anti-
malar ia ls in clinical use, summar izes the use of the o the r an t imalar ia l agents and discussed 
the present s ta tus of ch loroquine and its combina t ion with o the r agents in the treatment 
of chloroquine-res is tant Plasmodium falciparum malar ia . 

T H E S T O R Y O F C H L O R O Q U I N E 

C h l o r o q u i n e was first synthesized by Andersag in G e r m a n y in 1934 (Lane, 1951) as chloro-
qu ine p h o s p h a t e under the n a m e of 4 R e s o c h i n \ but this fact was not known to other 
coun t r i e s till a f t e r the end of the second World W a r (Rol lo , 1965). It was not thoroughly 
invest igated fo r its ant imalar ia l potential i t ies at the t ime of its first synthesis probably 
because mepacr ine which was discovered only a few years earlier dominated the field. 
Meanwhi le , Russ ian invest igators were repor ted to have described the 4-aminoquinoIines 
as potent ia l an t imalar ia l s (Berliner et al.y 1948) and French workers reported sontoquin, 
3-methyl -7-chIoro-4-(4-die thylamino- l -methyIbutyIamino) quinol ine (SN-6911), as having 
a high activity against h u m a n malar ia parasi tes (Rol lo , 1965). T h e extensive co-operative 
p r o g r a m m e of an t imalar ia l d rugs research which opera ted in the United States of America 
d u r i n g Wor ld W a r II took notice of the French workers report and synthesized a sub-
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stantial number of 4-aminoquinolinc compounds (Wiselogle, 1946), of which chloroquine 
was finally selected as the most effective and the least toxic of the series of 4-aminoquinoline 
derivatives investigated (Loeb, 1946; Wiselogle, 1946). It was this re-discovery of chloro-
quine under the survey number 7618 or SN-7618 that brought it into the fore-front in the 
war against malaria (Fig. 1.). 

By 1948 the superiority of chloroquine to mepacrine had been well established (Pullman 
ct al., 1948; Berliner et al1948). At about the same time the therapeutic value of 
chloroquine in another morbid tropical disease came into light, for Conan (1948) from 
New York made his preliminary report on the success of chloroquine in hepatic amoe-
biasis. 
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Soon after Page (1951) described the use of mepacrine in the treatment of chronic 
discoid lupus erythematosus, chloroquine was demonstrated to be equally effective and 
less toxic (Goldman, Cole & Preston, 1953). Since then chloroquine had been used to treat 
a variety of 'collagen diseases' and dermatoses (Ayres & Ayres, 1953; Morse et al., 1961; 
Knox & Freedman, 1963). Chloroquine has been shown to have anti-inflammatory pro-
perties (Van Cauwenberge et al., 1958) and this had lent support to its extensive use in the 
therapy of rheumatoid arthritis (Bagnall, 1957; Fuld & Horwich, 1958; Young, 1959). 

Chloroquine has had two major set-backs; first, its long-term use in the treatment of 
discoid lupus erythematosus (DLE) and other chronic conditions at relatively high doses 
has unveiled retinopathy as a real danger. The second defect being the discovery of strains 
of Plasmodia resistant to chloroquine. 

However, the administration of ammonium chloride or of dimercaprol (BAL) may 
obviate chronic toxicity with chloroquine by promoting increased excretion (Rubin, 
Bernstein & Zvaifler, 1963). Regular ophthalmologics! examination when chloroquine is 
given over a prolonged period is also essential to early recognition and treatment of 
chloroquine retinopathy (Hobbs & Calnan, 1959; Okun et a!., 1963). 

I 
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T h e fact that quin ine had been found effective in the t reatment of chloroquinc-rcsistant 

cases of fa lc iparum malar ia makes the evolution of ch loroquine resistance not entirely 
hopeless. It has been suggested that combina t ion of ch loroquine with quinine in such 
cases may be very effective (Sheeby & Reba, 1967) besides making the development of 
resistance to ei ther d rug more remote (sec page 85 below). 

A B R I E F H I S T O R I C A L R E V I E W O F O T H E R A N T I M A L A R I A L D R U G S 

Quinine , the oldest ant imalar ia l d rug known was in t roduced in to Europe from South 
America in 1639 as Peruvian or Jesuit 's bark for the t rea tment of ' fevers and tertians'. 
T h o u g h included in the London Pharmacopeia as 'Cor tex Pe ruanus ' in 1677, it was not 
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until 1820 that Pelletier and Caventon isolated it as an alkaloid of c inchona (Rollo, 1965). 
Quinine and the other c inchona alkaloids remained the sole specific chemotherapeutic 
agents for treat ing malaria till a f ter World War I. Dur ing World War II, the superiority 
of mepacr ine was clearly established over quinine. The pr imary ant imalar ia l action of 
quin ine is schizontocidal on all types of h u m a n malar ia with an addi t ional gametocidal 
effect for Plasmodium vivax and P. malariae. Like mepacr ine and chloroquine it is effective 
as a suppressive, in the control of overt clinical a t tacks of malaria , but it is less well 
tolerated and less effective than mepacrine and much less so than chloroquine. Nevertheless, 
quinine now still has an important role in the t reatment of malar ia because it was recently 
shown to be effective against strains of P. falciparum resistant to chloroquine therapy 
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(Ebisawa et al., 1966; Shechy & Reba, 1967). At present the reasonable use of quinine is 
either in combination with primaquine to effcct a radical cure in relapsing vivax malaria 
or alone for treating falciparum malaria produced by strains resistant to chloroquine and 
other antimalarial drugs (Fig. 2). 

Mepacrine (Quinacrine) was synthesized in Germany in 1930 by Mauss and Mietzsch 
as a result of an extensive research programme which was stimulated by the unavailability 
of quinine to the Germans during World War I. With the large scale production of mepa-
crine when quinine was no longer available to the Allies during World War II, and the 
subsequent field experiences gained, it soon became the official antimalarial drug having 
proved to be much better than quinine. The toxicity of mepacrine and the fact that it lacks 
a true causal prophylactic action initiated the search for more potent antimalarial drugs. 

The toxic and side-effects of mepacrine include yellow pigmentation of the skin and 
mucous membranes, dermatitis, gastro-intestinal upset, headache, excitation of the central 
nervous system with restlessness and insomnia, visual defects, blood dyscrasias, degenera-
tive changes in tissues and less commonly toxic psychoses. Mepacrine enhances the toxicity 
of the 8-aminoquinoline antimalarial drugs (Pamaquine, Pentaquine and Primaquine) by 
increasing their concentrations in the blood and delaying their excretion, thus accentuating 
the tendency to methaemoglobinaemia and haemolysis (Zubrod, Kennedy & Shannon. 
1948). Soon after the end of the second World War the superiority of chloroquine was 
unequivocally demonstrated over mepacrine (Loeb et al., 1946; Pullman et al., 1948: 
Berliner et al., 1948). 

Primaquine is the only 8-aminoquinoline drug now used against malaria. Pamaquine 
was introduced in 1926 by Muhlens as a direct result of Paul Ehrlich's original observation 
in 1891 that methylene blue exhibited a weak activity against Plasmodium. During World 
War II, part of the extensive research programme on antimalarial drugs in the United 
States worked on several 8-aminoquinoline derivatives (Wiselogle, 1946) and selected 
Pentaquine, Isopentaquine and Primaquine for further investigations. The value of prima-
quine is that it effects a radical cure in vivax malaria. It is highly active against the exo-
erythrocytic forms of P. vivax and the primary exo-erythrocytic form of P. falciparum, but 
is ineffective against the erythrocytic forms of P. falciparum', and though active against the 
asexual blood forms of P. vivax its therapeutic effect as such is unreliable. 

The acquired resistance of Plasmodia to Primaquine which had been demonstrated in 
the laboratory (Hill, 1963; Rollo, 1964) is probably of no practical importance. Primaquine 
is still the only chemotherapeutic agent capable of eliminating the primary and late tissue 
stages of relapsing malaria, the other 8-aminoquinolines being too toxic to be valuable. It 
is recommended that Primaquine should always be used with a 4-aminoquinoline schizon-
tocide so as to curtail the possibility of inducing resistant strains of Plasmodia (Rollo, 
1965). 

Proguanil (chloroguanide) was synthesized by Curd and co-workers in 1945 (Curd, 
Davey & Rose, 1945a, b) and it represents the British contribution to antimalarial re-
search during World War II. Being a biguanide its chemical structure is quite different 
from that of other previously known antimalaria drugs. It is metabolized to a triazine ring, 
which is the active form, in the body (Fig. 3). Proguanil was shown to be not only more potent 
than quinine but much safer to use. It is the nearest known drug to a causal prophylactic 
and though a slow-acting suppressive against falciparum malaria, is able to control a 
clinical attack. It controls an overt attack of vivax malaria by a slow suppressive activity, 

F * 



82 / . A. Olatunde 
but is not a t rue prophylact ic against this infect ion. It is ineffective against the exo-erythro-
cytic fo rms of relapsing malar ia . T h e act ion of proguani l on the asexual blood forms is 
very slow compared with that of the 4-aminoquinol ines . While not destroying the game-
tocytes in the b lood, it arrests their fu r the r development a f t e r being taken up and encystcd 
in the gut wall of the mosqui to (Rol lo , 1955). Rol lo (1955) had proposed lhat proguanil 
acts by inhibit ing the reduct ion of folic acid thereby causing inhibition of nucleic acid 
synthesis. Chron ic adminis t ra t ion does not result in accumula t ion of the drug in the plasma 
and only slight cumula t ion occurs in the tissues. It has the fu r ther advantage of being the 
least toxic of the currently used ant imalar ia l agents (Fig. 3). 
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The main set-back has been the development of resistant strains, especially of P. fal-
ciparum, and there is evidence that s trains of P. vivax and P. malariac resistant to proguanil 
exist (World Health Organizat ion, 1965). These strains exhibit some degree of cross-
resistance to pyr imethamine but remain sensitive to ch loroquine , acridines and primaquine 
(Thompson , 1968). 

Pyr imethamine was introduced in 1951 (Falco et r//., 1951; Symposium on Daraprim, 
1952) as the most active of the scries of 2, 4, d iaminopyr imidines studied in experimental 
animals infected with malar ia . The ant imalar ia l ac t ions of pyr imethamine and proguanil 
arc identical, but pyr imethamine is more potent and of longer dura t ion of act ion. Toxicity 
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studies have demonstrated antagonism to folic acid action. Sulphadiazine potentiates the 
antimalarial action of pyrimethamine and this synergism could used to advantage in 
preventing the development of resistant strains of Plasmodia (Rollo, 1955; Hurly, 1959). 
At the recommended prophylactic dose of 25 mg a week, little or no toxic symptoms 
occur; large doses produce megaloblastic anaemia similar to that of folic acid deficiency. 
Pyrimethamine is not recommended for the treatment of an acute attack of malaria in 
view of its slow onset of action; it is a useful prophylactic antimalarial agent. It can be 
expected to effect a suppressive cure in vivax malaria if continued weekly for at least 10 
weeks after leaving a malarious area. Pyrimethamine structure is shown in Fig. 4. 

2 , 4 , d i o m m o - 5 - ( p - c h l o r o p n e n y l ) - 6 - e t h y l pynmid ine 

F I G . 4 . 

Sulphonamides and sulphones have moderate but usually incomplete blood schizonto-
cidal action and are not recommended for use alone (World Health Organization, 1967). 
In combination with certain potentiating drugs such as pyrimethamine or proguanil, the 
sulphones and sulphonamides may prove of more value as antimalarial agents. The dis-
advantages when used alone which include narrow spectrum of antimalarial activity, slow 
clinical response, the risk of emergence of resistant strains and the need for frequent 
administration are more or less overcome by mixtures of pyrimethamine with sulphadiazine, 
sulphormethoxine or diaminodiphenyl sulphone (DADS). Some success has attended the 
use of these mixtures in chloroquine-resistant and pyrimethamine-resistant falciparum 
malaria (Bartelloni, Sheehy & Tigertt, 1967; Sheehy et al., 1967). The prophylactic ad-
vantage of dapsone or sulphormethoxine combined with pyrimethamine had recently been 
demonstrated by Lucas and his colleagues (1969). In a double-blind control trial sulphor-
methoxine—or dapsone-pyrimethamine combination was shown to sustain a virtually 
complete suppression of malaria parasitaemia throughout a year while pyrimethamine 
alone gave incomplete suppression. 

Cycloguanil, a dihydrotriazine metabolite of chlorguanide was introduced by Thompson 
et al. in 1963. It was found to have protective properties against vivax and falciparum 
malaria for periods up to I year or more following a single intramuscular dose 5 mg/kg 
body weight (Coatney, Contacos & Lunn, 1964, Contacos et al., 1964, Lunn et al., 1964). 
Studies in West Africa showed the period of protection to be much shorter than the 
American studies, being about 4 - 6 months (McGregor et al., 1966). Cycloguanil was only 
effective on strains sensitive to proguanil or pyrimethamine; it is not desirable to use the 
drug where the local strain is resistant to the biguanide and diaminopyrimidine derivatives 
(Contacos et al1964: Lunn et al., 1964). In a village study by Fasan (1970) on school 
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children aged 6 - 1 0 years in a holoendemic malar ia region (Western State of Nigeria), 
cycloguanil pamoa te was used in a dose range f rom 7-3 to 10*8 mg/kg body weight. Results 
of this preliminary study were not encourag ing ; protect ion conferred by ehloroquine and 
cycloguanil given together in single doses was for 6 weeks, and was about the same as that 
given by chloroquine alone. Moreover , the immuni ty of the children under treatment 
appeared to have been depressed at 12 weeks fol lowing this prophylactic drug treatment. 
The poor response of malaria infection to cycloguanil in this Nigerian study is hardly 
surprising in view of the known resistance of P. falciparum infection to proguanil and 
pyr imethamine in West Afr ica (Archibald, 1960; Dodge, 1966; Lucas et at1969). The 
other important factor mitigating against a good response to cycloguanil prophylaxis is 
the high rate of re-infection in such a holoendemic region. 

T H E P R E S E N T T R E A T M E N T O F M A L A R I A A N D 
T H E S T A T U S O F C H L O R O Q U I N E 

Chloroquine is the drug of first choice in the t rea tment of an acute clinical attack of 
malaria (Rollo, 1965; World Health Organisa t ion , 1967). Though like quinine and mepa-
crine it is primarily a schizontocide, it is not only more potent and more rapidly effective, 
but is less toxic and better tolerated than either of its predecessors (Berliner et at1948). 
Its activity is quite high against the asexual erythrocyt ic fo rms of Plasmodium vivax, P. 

falciparum and the gametocytes of P. vivax. Most pat ients with acute a t tacks of malaria 
become free of symptoms within 24-48 hr and the peripheral blood cleared of parasites 
wi t - in 48-72 hr. Chloroquine is nei ther a t rue causal prophylact ic nor a radically curative 
t jv /u i.i vivax malaria , just like quinine and mepacr ine ; but the interval between relapses 

is much longer af ter ch loroquine than af ter the two older d rugs (Pul lman et al.y 1948). 
IJniikc mepacrine, chloroquine may be combined with P r imaqu ine to effect a radical cure 
in \ i \ a \ malar ia without the danger of toxic synergism. 

Quinine has been shown to be effective in t reat ing malar ia caused by strains of P. fal-
ciparum resistant to ch loroquine and the o ther an t imalar ia l s (Mon tgomery & Eyles, 
1963; Ebisawa et al.y 1966: Sheehy et al.y 1967). A m o d i a q u i n e CCamoquin*), another 
4-aminoquinol ine derivative may be used instead of ch lo roqu ine but it is known to be 
more expensive and appears to cause more generalized weakness (personal observation). 

For prophylaxis both proguanil and pyr imethamine should first be considered before 
chloroquine . Proquani l in a dose of 100-200 mg daily or pyr imethamine taken in a dose of 
25 mg once a week is virtually free f rom any toxic sidc-effect (Goodwin & Rollo, 1955; 
Falco et al.y 1951; Symposium on Darap r im, 1952). They are effective in most cases in 
suppressing vivax malaria and may 'suppressively cure ' fa lc iparum malar ia . Break-through 
may more of ten be due to irregular medicat ion than to acquired resistance (Grounds , 1954). 

Sulphadiazine, su lphormethoxine o r dapsone combined with ei ther pyr imethamine or 
proguanil increases the ant imalar ia l potency (Rol lo , 1955; Hurly, 1959; Lucas et al.. 
1969), and may lessen the incidence of the development of resistant s t rains of P. vivax and 
P. falciparum. Where na tura l insensitivity occurs to ei ther proguanil or pyr imethamine a 
change of ant imalar ia l therapy is indicated. 

Cycloguani1 may be used fo r protect ion against vivax, fa lc iparum or malariae malaria 
where the strains are sensitive to proguani l . Unde r such a s i tuat ion, it has the advantage 
of long-term dura t ion of act ion following a single in t ramuscular dose (Coatney et al.y 1964: 



Chloroquine and malaria 85 
Contacos et a/., 1964; Lunn et al., 1964). The experience of Fasan (1970) with cycloguanil 
shows what could happen when the drug is used in a holoendemic region with strains of 
falciparum malaria resistant to proguanil. The untoward effects of the oleaginous suspen-
sion of cycloguanil pamoate include pain at the site of injection radiating to the legs, also 
pain and swelling which may occasionally give rise to induration abscess (Babione, 1968; 
Fasan, 1970). It should be possible to obviate these physical inconveniences, which are 
important in mass eradication campaigns, by compounding a more fluid suspension which 
would be easier to inject intramuscularly. The adverse effects of its antifolic action should 
be watched for in susceptible and malnourished persons. These untoward effects are not 
enough to recommend a discontinuation of the prophylactic use of cyclyoguanil especially 
when there are proper indications for its use in environments without existing proguanil-
resistance. It is conceivable that combination of cycloguanil with dapsone or sulphor-
methoxine would produce an enhanced antimalarial activity and delay or prevent the 
genesis of resistance strains of Plasmodium just as their combinations with pyrimethamine 
have done. 

Chloroquine being the most potent known drug in the control of an overt attack of 
malaria is better reserved for such and should only be used for prophylaxis when local 
strains of malaria parasites are known to be unaffected by pyrimethamine, proguanil or 
combinations of these with sulphadiazine or dapsone. Moreover, the chronic use of chloro-
quine, though in more frequent dosages than those recommended for malaria suppression 
has been shown to adversely affect the eyes (Hobbs, Sorsby & Freedman, 1959; Okun et al.. 
1963). Mass eradication of malaria by the use of chloroquine medicated table salt has 
been attempted (Clyde, 1966; Giglioli, Rutten & Ramjattan, 1967). Though successes have 
been claimed, this type of chronic use of chloroquine at unknown individual doses should 
not be encouraged in view of the reasons given above. 

Primaquine is yet unrivalled in effecting a radical cure in relapsing vivax malaria. It is 
not only highly active against the primary exo-erythrocytic forms of P. vivax and P. 
falciparum and the late tissue stages of P. vivax but exerts a marked gametocidal action 
against all the four species of human malaria. It has to be combined with chloroquine or 
quinine to effect a radical cure because of its relative inactivity against the blood asexual 
forms of plasmodia. Primaquine is not popular in malarious areas such as West Africa for 
two reasons: a sizeable percentage of Africans are sensitive to its haemolytic toxic effect 
because of the deficiency of glucose-6-phosphate dehydrogenase (Allison, 1960; Allison & 
Clyde, 1961): secondly, the rate of re-infection with malaria is very high in these parts. It 
is therefore only advisable to use primaquine for immigrants staying temporarily in these 
environments after they had left for non-malarious areas. 

C H L O R O Q U I N E R E S I S T A N C E 

Young & Moore reported resistance to chloroquine in Plasmodium falciparum in 1961; 
since then cases of chloroquine-resistant falciparum malaria had been observed in Thailand 
(Young et al., 1963), Malaya (Montgomery & Eyles, 1963), South America (Box, Box & 
Young, 1963), and Vietnam (Legsters et al., 1965). In Africa a number of unconfirmed 
reports on the suspected existence of chloroquine-resistant strains of P. falciparum have 
been made from Upper Volta (Lasch & N'Guyen, 1965), Ghana (Schwcndler, 1965) and 
Zambia (Himpoo & MacCallum, 1967). 
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The World Health Organizat ion expert Commi t t ee on Resistance of Malaria Parasites 

to Drugs (1965) had defined the resistance of human malaria parasi tes to drugs: it is the 
ability of a parasite strain to survive a n d / o r to multiply despite the administration and 
absorpt ion of a drug given in doses equal to or higher than those usually recommended 
but within the limits of tolerance of the subject . In the World Health Organization Tech-
nical Repor t Scries (1967) the schizontocidal activity of the 4-aminoquinoI ines in falciparum 
malaria was fur ther described as varying f rom full sensitivity to complete resistance as 
shown in Table I. 

T A B L E I . Sensitivity of falciparum malaria to the 4-aminoquinolincs 
(World Health Organization, 1967) 

Recommended 
Response symbol Evidence 

Sensitivity S Clearance of asexual 
parasitacmia within 7 days of 
the first day of treatment, 
without recrudescence 

Resistance R I Clearance of asexual 
parasitacmia as in sensitivity 
followed by recrudescence 

R I I Marked reduction of asexual 
parasitacmia but no clearance 

R I I I No marked reduction of 
asexual parasitacmia 

More cases have recently been reported f rom Vietnam (Legsters et al1965; Eppes et 
al., 1966) and f rom Japan (Ebisawa et al., 1966). 

Palecek, Palecekova & Aviado (1967) studied experimentally the pathological physiology 
of ch loroquine resistant P. berghei in mice. The blood f rom mice infected with ch lo roqu ine 
resistant strain of P. berghei showed essentially the same features as the blood collected 
f rom mice inoculated with sensitive strain with the following minor dif ferences: the anaemia 
was more severe but the p a r a s i t e m i a was less intense in the mice with chloroquine-res is tant 
s t ra in ; the curve for oxyhaemaglobin (shifted to the right) was between the curve f rom 
non-infected mice and that f rom mice infected with sensitive s train. Warhu r s t & Killick-
Kendrick (1967) observed spontaneous resistance to ch loroquine in a strain of rodent 
mala r ia—P. berghei yoelli. The strain named 17X was as resistant as l abora tory s t ra ins of 
P. berghei which was produced by t reatment of infected animals with ch lo roqu ine . T h e 
resistance appeared to be stable unlike the artificially produced ch lo roqu ine resistance. 
Hahn et al. (1966) had explained that the basis of chloroquine resistance is a reduced 
uptake or concentrat ion of chloroquine in resistant cells. 

In their studies on cycloguanil, sulphone, and chloroquine-resistant P. berghei in mice, 
T h o m p s o n et al. (1967) indicated five groupings for ant imalar ial d rugs which could serve 
as a rational basis for dealing with various types of resistant strains as well as help in the 
development and recognition of drugs with new modes of ac t ion : 
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(i) Cycloguanil hydrochloride, proguanil and pyrimethamine. 

(ii) Chloroquine, amodiaquine, amopyroquinc, acridine N-oxide CI-423, quinacrine, 
naphthalene BW 377-C54, quinine. 

(iii) DDS and sulphadiazine. 
(iv) Primaquine. 
(v) Oxophenarsine. 

Fortunately, the treatment of chloroquine-resistant malaria have not proved hopeless or 
very difficult. Much older drugs especially quinine have been found effective in many 
cases of chloroquine-resistant falciparum malaria (Ebisawa et a!., 1966). 

Even when quinine alone has not been entirely effective, a combination of drugs was 
found curative; for example: 

(i) Chloroquine and quinine (Sheehy & Rcba, 1967; Bartelloni et a/., 1967). 
(ii) Chloroquine and dapsone (De Gowin et al., 1966). 

(iii) Quinine and pyrimethamine (Sheehy & Rcba, 1967). 
(iv) Pyrimethamine and sulphormethoxine or sulphadiazine (Bartelloni et a/., 1967: 

Sheehy & Reba, 1967; Neves et al.y 1968). 
(v) Chloroquine, quinine and dapsone (Sheehy et al.y 1967). 

(vi) Quinine, sulphadiazine or sulphormethoxine and pyrimethamine (Hunter et al.. 1968: 
Sheehy & Reba, 1967; Bartelloni et al.y 1967). 

The importance of vigorous treatment of chloroquine-resistant falciparum malaria has 
been emphasized by Blout (1967). That there is no room for complacency or careless drug 
combinations is also brought out by the fact that the incidence of relapse cases have only 
been reduced and not completely eliminated. Also, isolated cases of resistance to chloro-
quine as well as to quinine (Eppese/ al.y 1966) or tochloroquine, pyrimethamine and quinine 
combinations (Legsters et a/.y 1965) have been observed in Vietnam. 

Experience in south-east Asia suggests that the effective treatment of chloroquine-
resistant falciparum malaria should be along the following lines: 

(a) Early recognition of patients infected with chloroquine resistant strains of malaria 
by a careful history taking—those returning from south-east Asia and South 
America; 

(b) early onset of quinine therapy after non-response to chloroquine; 
(c) the quinine is given orally or parenterally for 14 days; 
(d) medication with sulphadiazine or sulphormethoxine in the first 5 days and pyri-

methamine in the first 3 days or within the last 3-5 days of quinine administration 
(Sheehy & Reba, 1967; Bartelloni et al.y 1967). 

An alternative approach is to give a combined chloroquine and quinine therapy followed 
by dapsone 25 mg daily for I month. Relapse after such a course of supplemental sulphone 
was found to be less than 3% as compared with 41% relapse rate after chloroquine and 
quinine alone (Sheehy et al.y 1967). 

Even though up to 30% of falciparum malaria infections acquired in south-east Asia is 
chloroquine-resistant (Sheehy & Reba, 1967), virtually all infections with P. falciparum in 
Africa are amenable to chloroquine medication. The experience of Lasch & N'Guyen 
(1965) and Himpoo & MacCallum (1967) have not been confirmed by other workers 
(JefTery & Gibson, 1966; Wolf & Hudleston, 1969). 

Chloroquine thus remains the most effective single agent in the treatment of an acute 
attack of falciparum malaria. Until malaria is eradicated or until a more effective and less 



gg LA. Olatunde 

toxic drug is discovered ch loroquine a lone or in c o m b i n a t i o n with other drugs will 
the pride of place in malaria treatment. 

The future chloroquine docs not appear t o be bright, h o w e v e r , the two main set-backs I 
that o f ocular toxicity and the emergence o f ch loroquine-res i s tant strains of P. falciparum 

have already alTcctcd the status of ch loroquine in malaria and in the treatment of other 
diseases. The likelihood of a world-wide eradicat ion o f malaria is still remote but the 
prospects of synthesizing a better antimalarial drug arc very high. Experiences with cyclo-
guanil prophylaxis have been most variable ( C o n t a c o s el al., 1964; McGregor et al|%£. 

Babione, 1968; Fasan, 1970); however, as described a b o v e , drug combinat ions appear to 
be very effective both prophylactically and in the treatment o f overt attacks ol falciparum 
malaria strains resistant to chloroquine. 

Chloroquine will cont inue to be effective in those parts o f the world such as West Africa 
where little or no sign of chloroquine resistance have b e c o m e obv ious . Fast communication 
between various peoples in all parts of the world these d a y s m a y mean that even West 
Africa will not be free for too long from these strains o f resistant falciparum malaria 
parasites. 
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