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ABSTRACT

Mefloquine (MQ) is one of the most successful drugs developed by the U.S. Army’s
Antimalarial Drug Programme. Its efficacy in the treatment of P.falciparum malaria has been
well demonstrated in clinical trials throughout the world. From the pharmacokinetic point of
view, MQ is considered to be an ideal antimalarial drug as it is effective in a single oral dose.
However, there has been very limited information regarding both the clinical pharmacology of
MQ in certain groups of patients and drug interactions between MQ and concurrently
administered drugs. In addition, the knowledge available on the metabolism of MQ in human
is even more limited. The present work has therefore been done in order to investigate these
aspects of MQ i.e. clinical and biochemical pharmacology.

MQ at a single oral dose of 15 mg/kg (or 750 mg in adult male patients) was effective
and well tolerated in all groups of patients studied. The cure rates were 91.7%, 82.1% and
100% in children, adults (male and non-pregnant female) and pregnant women with malaria,
respectively.

Adverse effects from MQ after a single oral dose of 15mg/kg (or 750 mg) were similar
in both healthy subjects and in patients with uncomplicated falciparum malaria. They were mild,
transient and required no specific treatment, involving three main systems i.e. central nervous,
gastro-intestinal and cardiovascular systems (dizziness, nausea, abdominal discomfort, diarrhoea
and sinus arrhythmia). Vomiting and sinus bradycardia were observed only in patients after MQ
administration. However, adverse effects seem to be greater with the higher dose of MQ (1250
mg).

In malaria patients, whole blood concentrations of MQ were higher (C,,, 1885 + 388
ng/ml) than those in healthy subjects when administered the same dose (15 mg/kg or 750 mg).
The rate of absorption was unchanged. However, vomiting within the first hour after MQ
administration, resulted in lower blood concentrations. With the increasing dose of MQ (1250
mg), the pharmacokinetic parameters were not changed except for the total AUC which was

greater.
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The antiemetic drug metoclopramide, influenced the absorption of MQ, resulting in higher
Coax (1570 + 403 vs 1196 + 218 ng/ml) and larger AUC values in the first 24 hours (1.11 +
0.30 vs 0.81 + 0.15 ug.day/ml). However, there was no effect on the bioavailability of MQ,
as there was no difference in the total AUC (21.3 + 5.4 vs 19.9 + 3.9 ug.day/ml). The
increase in C,,, and AUC0-24 hr did not increase the toxicity of MQ. Metoclopramide should
therefore have a role in preventing vomiting which may result in inadequate MQ concentrations
and treatment failure.

Comparison of the pharmacokinetic parameters in pregnant and non-pregnant patients
indicates a lower C,,, (1265 + 336 vs 2259 + 640 ng/ml), smaller AUCO0-48 hr (2.26 + 0.48
vs 7.66 + 5.73 & ug.day/ml), and longer T,,, (17.8 + 6.2 vs 13.0 + 4.8 hr) in the pregnant
patients. The rate of absorption remains unchanged. The lower availability of MQ during the
acute phase infection in late pregnancy is an important issue as larger doses may be neccessary
for curative treatment of multi-drug resistant falciparum malaria.

The absorption kinetics of MQ in Karen children with uncomplicated falciparum malaria
was comparable with those in adult patients receiving the same dose (15 mg/kg) i.e. C,,,: 2018
&+ 796 ng/ml; T,,,: 12.3 + 2.6 hr; T;,a: 2.4 £ 0.6 hr.

Several previous studies have shown that the terminal half-life and MRT of MQ were
shortened in patients during malaria infection. This may be caused by an interruption of
enterohepatic circulation of MQ during the infection. The pharmacokinetics of MQ after
concurrent administration of MQ with broad spectrum antibiotics (ampicillin, tetracycline) were
shown to resemble those obtained in patients with malaria. Ampicillin caused a significant
increase in C,,, (1648 + 509 ng/ml) as well as a reduction in the Vd,*, T,, and MRT (Vd,*:
14.1 + 6.6 vs 19.4 + 3.0 l/kg; T,,: 15.5 + 3.3 vs 17.7 £+ 2.5 days and MRT: 18.0 + 5.5 vs
23.4 + 2.9 days). Tetracycline also caused the same pharmacokinetic alteration as those found
with ampicillin (C,,,: 1598 + 630 vs 1155 + 184 ng/ml; Vd,*: 13.3 + 4.0 vs 19.9 + 4.4 I/kg;
Tip: 14.4 + 6.2 vs 19.9 + 4.4 days; MRT: 12.0 + 4.3 vs 16.0 + 2.7 days, for tetracycline
and control group, respectively). The use of tetracycline with MQ in clinical falciparum may
be considered as an alternative treatment for multi-drug resistant falciparum malaria since the

availability of MQ is increased during the acute phase infection without apparent evidence of
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higher adverse effects.

In vitro studies provide some evidence for the involvement of cytochrome P-450 in the
formation of carboxymetabolites from MQ and primaquine by human liver microsomes. In
addition, the ability of P.falciparum to metabolise MQ to CMQ was also shown. No metabolite
was formed when NADPH was omitted from the incubation. In addition, marked inhibition of
CMQ formation by human liver was shown in the presence of a potent cytochrome P-450
inhibitor, ketoconazole. Of compounds actually or likely to be administered with MQ in malaria
patients, only primaquine and quinine produced marked inhibition of CMQ formation by human
liver microsomes. Sulfadoxine, artemether, artesunate and tetracycline did not significantly
inhibit CMQ formation.

Primaquine which is an 8-aminoquinoline, is the only effective gametocytocide against P.
Jalciparum. At present, the Malaria Division of Thailand reccommends the combination of a
single dose of MQ with primaquine for the radical treatment of falciparum malaria in endemic
areas. There were no changes in any of the pharmacokinetics of MQ or adverse effects when
primaquine was added. This suggests that despite being a potent inhibitor of cytochrome P-450
in vitro, primaquine does not inhibit MQ metabolism in vivo at presently recommended doses.

Two possible biochemical aspects of MQ-resistance in P.falciparum have been
preliminarily investigated in five different strains of P.falciparum with varying degree of
resistance to MQ. The results did not indicate any relationship between susceptibility of

P.falciparum and drug detoxification or accumulation process.
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PREFACE

This thesis describes some aspects of the clinical and biochemical pharmacology of the
antimalarial drug, mefloquine.

Chapter 1, the introductory chapter, provides an overview of malaria, malaria parasite
life-cycle, the current situation of malaria, the role of existing antimalarial drugs and resistance
of Plasmodium falciparum to these drugs. Special attention is focused on mefloquine.

Chapter 2 describes two different high performance liquid chromatographic methods for
determining mefloquine in whole blood and the simultaneous determination of
carboxymefloquine metabolite in plasma.

Chapter 3 examines the possible role of enterohepatic recycling on the disposition of
mefloquine in man by using an indirect method i.e. the investigation of the influence of broad
spectrum antibiotics ampicillin and tetracycline on mefloquine pharmacokinetics.

Chapter 4 deals with a comparative study on the pharmacokinetics of mefloquine given
as a single oral dose of 750 mg or 1250 mg to Thai patients with acute uncomplicated falciparum
malaria. The influence of an antiemetic metoclopramide, on the absorption kinetics of
mefloquine and adverse effects are also described.

Chapter 5 investigates the absorption kinetics of mefloquine in two different groups of
patients with acute uncomplicated falciparum malaria i.e. children and pregnant women.

Chapter 6 examines the role of cytochrome P-450 in the metabolism of mefloquine by
human liver microsomes in vitro. This is followed by an investigation of the propensity of other
commonly used antimalarial drugs (primaquine, quinine, sulfadoxine, tetracycline, artemether,
and artesunate) to inhibit mefloquine metabolism.

Chapter 7 investigates the effect of a gametocytocidal drug, primaquine on mefloquine
pharmacokinetics and toxicity, with special attention to the central nervous system.

Chapter 8 investigates the role of cytochrome P-450 in the metabolism of primaquine by
human liver microsomes in vitro. The propensity of other antimalarial drugs to inhibit

mefloquine metabolism is described.
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Chapter 9 investigates two possible biochemical aspects of mefloquine resistance in P.
JSalciparum i.e. cytochrome P-450 dependent detoxification process and alteration in mefloquine
accumulation process into the parasites.

Chapter 10 is the conclusion, summarising and discussing the main interesting aspects of
the thesis.
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The following abbreviations have been used in the thesis. However, in some instances

in the text, an abbreviation is indicated in parenthesis when it is first used.
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Cl'llﬁ
CMQ
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FCT

area under the curve

clearance

maximum concentration
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electrocardiogram

enterohepatic recycling
fever clearance time
ferriprotoporphyrin IX

gas-chromatography

hour

high performance liquid chromatography

kilogram
litre

microlitre

minute

mefloquine

mean residence time

nicotinamide adenine dinucleotide phosphate

nanogram

oral contraceptive steroids
parasite clearance time

primaquine
pyrimethamine
sulfadoxine

absorption half-life

thin layer chromatography
time to maximum concentration
Volume of distribution

versus
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CHAPTER 1
GENERAL INTRODUCTION

1.1 MALARIA

Malaria remains one of the most important tropical diseases, widespread throughout the
tropics and also occurring in many temperate regions. The disease exacts a heavy toll of illness
and death, especially among children in endemic areas of Africa. It also poses a risk to
travellers, tourists and immigrants, and imported cases of malaria are increasing in non-endemic
areas such as Europe, North America, Japan and Australia. Human malaria is one of the oldest
infections mentioned in early writings in Egypt, India and China. The first accurate clinical
descriptions were given by Hippocrates in 400 B.C. The cause of malaria was discovered by
Laveran in 1880, its transmission by mosquitoes was demonstrated by Bignami and colleagues
in 1898 and its life cycle both in human and mosquitoes was fully described in 1900 by Ronald
Ross. The specific antimalarial action of quinine was widely recognised during the middle of
the 17" century. This discovery was followed by the rapid establishment of malaria control
methods through the use of such antimosquito measures as drainage and the application of
larvicides and short-acting insecticides. Major contributing factors were the discovery of the
residual insecticide DDT by Muller in 1940, the development of synthetic suppressive drugs
(particularly 4-aminoquinolines), and elucidation of the identity and biology of the important
anopheline vectors.

The most intensive efforts to develop synthetic antimalarial drugs has stemmed largely
from military and political considerations. Concern regarding the shortage of supply of quinine
during World War I stimulated research in Germany which eventually resulted in the
development of the first synthetic antimalarial drugs pamaquine and mepacrine (quinacrine) in
1926. Chloroquine was discovered eight years later in 1934,but was not recognized as a useful
antimalarial until a decade later. During World War II, an intensive chemotherapeutic research
programmme in the U.S.A. was prompted and yielded amodiaquine and other 4-aminoquinolines

and the further development of the 8-aminoquinolines, pentaquine, isopentaquine and primaquine
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was initiated. The folic acid synthesis inhibitor proguanil, was introduced in 1945 and
continuation of the work on dihydrofolate reductase inhibitors resulted in the discovery of
pyrimethamine six years later. The discovery of pyrimethamine was hailed as an important
advance which stimulated the discoveries of other closely related compounds, trimethoprim and
chlorproguanil.

Most authorities in the 1950’s considered that the effectiveness of these agents was so
good that there was a general decline in chemotherapy research; it was expected that malaria
would be eradicated. Many of the standard antimalarial drugs had been in use for some 30 years
or more. Unfortunately, a new and menacing event in the history of the chemotherapy of
malaria occurred in the late 1950°s with the observation of resistance of Plasmodium falciparum
to the most widely used antimalarial chloroquine, which came at a time when the eradication of
malaria seemed to be showing good progress. The seriousness of the possibility of widespread
resistance of P. falciparum to this drug was fully recognised by the World Health Organization
(WHO). Steps were taken by WHO to assist research in this particular field. The broadest and
most comprehensive scientific effort was launched in 1963 in the United States of America by
the US Army Research Programme on Malaria. It has, to date, included over the 300,000
compounds in primary screening and has resulted in the development, in collaboration with
WHO and industry, of two new compounds, aminoalcohols with a mode of action similar to that
of quinine, namely mefloquine (4-quinolinemethanol) and halofantrine (9-phenanthrene-
methanol).

Mefloquine is one of the most promising alternative antimalarials, currently being
deployed under relatively strict governmental control in countries where multi-drug resistant P,
Jalciparum poses a practical problem. It has proved safe and effective as a single oral dose
against all malaria species in man. The extensive clinical trials of the efficacy, safety and
pharmacokinetics have been performed in various parts of the world. Despite these encouraging
data on the activity of mefloquine in malaria therapy, the knowledge regarding clinical
pharmacology, drug interactions and biochemical pharmacology are still very little. Section 1.2
gives a detailed accounting of the available information on the pharmacology of this drug.

During the last 20 years however, the increasing problem of drug resistance has become

apparent. Despite the availability of many antimalarials and residual insecticides which used
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to provide a powerful weapon in malaria control programme, the malaria situation throughout
the world (Fig 1.1) causes increasing concern. More imported cases are found in malaria-free
countries and in countries where malaria has been eradicated. The number of malaria cases in
several places of the world shows a sharp increase. Recent world health statistics showed that
more than 2.1 billion inhabitants in endemic areas (100 countries) were at risk of developing
malaria infection. It was estimated that there were 270 million cases of malaria carrier each
year, with 110 million having clinical manifestations and the rest were subclinical cases. The
estimated mortality was one to two million per year (WHO, 1990). These figures indicate that
global eradication of malaria, however desirable, is an extremely difficult problem. The reasons
for this resurgence are complex, the major contributing factors include the worldwide emergence
of P. falciparum resistance to existing antimalarials including mefloquine, vector resistance to
insecticides, vector exophily, factors related to human ecology e.g. labour movement and the
lack of economic support in endemic areas. The failure to reduce the transmission of malaria
in many regions has emphasized the limitation of existing drugs and makes imperative research
for new and more effective strategic controls.

Mefloquine resistance has been reported from areas where clinical trials were conducting
e.g. Thailand. The potential for mefloquine to enhance development and the selection of
resistant genetic varients are some of the reasons for a need to understand more the clinical and
biochemical pharmacology of mefloquine in order to protect its clinical utility. The work that
will be presented in the thesis describes these aspects. Knowledge of the biological basis of drug
resistance and of the mode of action and the pharmacokinetics of antimalarials may help to
overcome the resourcefulness of the parasite and through a well-planned tactical deployment of
antimalarial measures, it may be possible to limit the spread and to eliminate or at least reduce

the impact of drug resistant P. falciparum in exposed populations.
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1.1.1 THE MALARIA LIFE CYCLE

Human malaria is generally caused by the presence of one or several of the four
Plasmodium spp., namely P. falciparum, P. vivax, P. malariae and P. ovale. In Southeast
Asia, the incidence of falciparum malaria accounts for nearly 35% of the total malaria cases
in the region, and a rate of as high as 60-80% has been recorded in some countries.

P. falciparum: This is the "malignant tertian" parasite responsible for the most severe,
often fatal form of disease, especially in the non-immune if untreated. It is dominant
particularly in tropical Africa, Asia and Latin America.

P. vivax: 1t is the etiologic agent of "benign tertian" malaria which is much milder
than that arising from P. falciparum, with a low mortality in untreated adults. However,
relapse can occur after a period of many years. It is usually found in tropical zones
worldwide and in some temperate areas (commonest spp. in America and Asia).

P. malariae: 1t causes "quartan" malaria and produces a very chronic infection, often
without serious morbidity. It is common in many parts of Central Africa and India, New
Guinea, West Africa and scattered foci of South America.

P. ovale: This specie is primarily a parasite of tropical West Africa. It causes a rare
malaria infection with a periodicity like that of P. vivax but milder.

The parasite has two independent life cycles in mosquitoes and human (Fig 1.2). The
development of each of the four species of human plasmodium starts with the phase in which
the direct progeny of sporozoites are injected into the circulation through the bite of an
infected female anopheles. In man, sporozoites invade the parenchymatous cells of liver,
where they undergo a stage of multiplication known as tissue schizogony. This results in the
release of merozoites which then invade erythrocytes, triggering off an intraerythrocyte
multiplication (erythrocytic schizogony). This stage is asexual, a repetitive process which
is responsible for the clinical manifestations of the disease and for the destruction of
erythrocytes upon release of the merozoites. Some merozoites develop within erythrocytes
into male and female gametocytes which, if they are taken up together by a susceptible
female anopheline mosquito, will lead to sporogony within the arthropod host, ending in the
production of sporozoites. In P. falciparum and P. malariae infections,tissue schizogony
immediately follows sporozoites invasion, whereas in P. vivax and P. ovale infections, some
tissue parasites persist and proliferate only later to produce relapse of erythrocytic infection

months or years after the primary attack. These parasites arise from subpopulations of
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sporozoites that develop within the liver into latent forms termed "hypnozoites". The
hypnozoites are programmed to resume differentiation and multiplication after various time
intervals, thereby accounting for the relapse.

These various forms which thus constitute the life cycle of the parasite, differ not only
with regards to their morphology but also functionally and their sensitivity to antimalarial
drugs. There are also specific differences in the drug sensitivity of the same developmental
forms among the various Plasmodium species.

The duration of the preerythrocytic stage, which influences the length of the incubation
periods is usually short in P. falciparum (5.5-7 days) and P.vivax (6-8 days), somewhat
longer in P. ovale (9 days) and longest in P. malariae (13-16 days).

The term "incubation period" covers the time between the infection and the appearance
of clinical symptoms. "Prepatent period" is the time that elapses between the infection and

the first appearance of plasmodium in the peripheral blood.
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1.1.2 CHEMOTHERAPY OF MALARIA

The effectiveness of an antimalarial drug is based largely on the interaction between
the drug and malaria parasites, the drug and host (man), and host and malarial parasites (Fig
3y

Drug-Parasite interactions:

The efficacy of antimalarials is related to the species and strains of infecting parasite
and to its stages of development. The effect a drug produces on a parasitic cell or biological
system is generally the consequence of an interaction between the drug and a functionally
important molecule in the malarial cells (molecular target). Another concern is drug
tolerance, which is produced when a population of sensitive parasites is gradually replaced
by one which is less sensitive, generally mutants. It is not known whether mutation occurs
spontaneously or is drug induced and it is even possible that a combination of host and
parasite factors are responsible.

Drug-Host interactions:

The introduction of the antimalarial drug to its site of action in the parasitised host is
an important process which is a prerequisite for the specific effect the drug exerts on
parasites. This process ensures the availability of drug at the site of action for an adequate
time and in an adequate quantity/concentration to elicit damage to malarial parasites.
Additional drug effects to the host on the other hand are considered untoward and non-
selective.

Parasite-Host interaction:

Malarial parasites may induce damage to the host cells and lead to pathological
condition such as renal failure in falciparum malaria. The degree of damage is an important
factor in drug handling by the host and subsequently the response to the treatment.

Continuous exposure to the parasite may increase immunity to malarial parasite.
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1.1.2.1 Sites of Action of Antimalarial Drugs

Antimalarial drugs are commonly classified according to the stages of the parasite

cycle upon which they act (Fig 1.4).
(1) Tissue schizontocides:

"Primary tissue schizontocides" (causal prophylactics) act on the pre-erythrocytic
stages of the parasite (primary tissue forms or primary exoerythrocytic forms) and thus
completely prevent erythrocytic infection.

"Secondary tissue schizontocides" (antirelapse, radically curative drugs) act on the
secondary exoerythrocytic stages (secondary erythrocytic or seconadary tissue forms) of P.
vivax, P. ovale and thus are able to achieve radical cure of these infections.

Primaquine which is an 8-aminoquinoline exerts its major antimalarial activity against
the pre-erythrocytic and hypnozoitic stages of the life cycle. However, primaquine is not

used as a primary tissue schizontocide because it is toxic at therapeutic doses. Although the
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dihydrofolate reductase inhibitors pyrimethamine and proguanil also have antimalarial activity
against primary tissue schizonts, they are less widely used for this purpose in clinical practice
due to resistant strains of P. falciparum to these drugs.

(2) "Schizontocides" or "Blood schizontocides" (schizontocidal drugs, suppressive drugs,
suppressants) act on asexual erythrocytic stages of the parasite or suppress them to a
subpatent level. They are able to achieve clinical and, for infections with some parasite
species (P. falciparum, P. malariae), often radical cure. The action may be against any
phase of the asexual erythrocytic cycle, not only against schizonts as the name would
indicate.

The schizontocidal properties are shared by various drugs i.e. 4-aminoquinolines
(chloroquine, amodiaquine), quinolinemethanols (quinine, mefloquine), phenanthrinemethanol
(halofantrine), sesquiterpene lactones (artemether, artesunate) and antimetabolites (pyri-
methamine, sulfonamides and sulfones).

(3) "Gametocytocides": (gametocidal drugs) destroy the sexual forms of the parasites.
Primaquine, is the only clinically effective gametocytocide for P. falciparum. Most of the
blood schizontocidal drugs are effective against gametocytes of P. vivax, P. ovale and P.
malariae.

(4) "Sporontocides": (sporontocidal drugs, antisporogonic drugs) e.g. pyrimethamine and
primaquine, prevent or inhibit the formation of oocysts and sporozoites in anophelines that

have fed on carriers of gametocytes.
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Figure. 1.4 Sites of action of commonly used antimalarials
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1.1.3 DRUG RESISTANCE IN MALARIA

Apart from resistance to antibiotics among various pathogenic bacteria, resistance to
antimalarials in P. falciparum has been considered to be one of the major problems in many
tropical countries. Antimalarial drug resistance has become a widespread, practical problem
confronting the clinicians and public health workers either in endemic or nonendemic

countries.

1.1.3.1 Definition of Malaria Resistance

Drug resistance in malaria has been defined as "the ability of a parasite strain to
survive and/or to multiply despite the administration and absorption of a drug given in doses
equal to or higher than those usually recommended, but within the limits of tolerance of the
subject” (WHO, 1963; WHO, 1965). Although drug resistance embraces all species of
malaria parasites to all acceptable dosages of blood or tissue schizontocides, gametocytocides
and sporontocides, in practice it is most commonly related to the effect of blood

schizontocides in falciparum malaria.

1.1.3.2 Origin of Drug Resistance

The emergence of drug resistance in malarial parasites has been shown experimentally
in the P. berghei mouse model by Peters (1969) who clearly demonstrated that by
administering an average dose of proguanil (EDj), half the parasites were killed, leaving a
higher chance for more resistant mutants to survive, multiply and replace the drug sensitive
populations. This suggested that the original population of P. berghei before treatment with
drugs consisted of several subpopulations whose sensitivity to the drug was different i.e. they
are heterogeneous in drug responsiveness, resulting from spontaneous mutation.

Studies on P. falciparum were attempted only after the continuous culture system had
been developed. The heterogeneity of drug responsiveness in P. falciparum was first
suggested in 1980 by Tan-ariya (Tan-ariya, 1982) who produced pyrimethamine-resistant P.
Jalciparum from the sensitive line (and vice versa) in continuous culture. Observations made
by other investigators in the following years, however, supported the population
heterogeneity hypothesis. They also confirmed that drug resistant P. falciparum could be
selected in vitro under drug pressure (Brockelman er al., 1981; Lambros & Notsch, 1984),
by using selective medium (Jensen ez al., 1981; Tan-ariya & Brockelman, 1983; Tan-ariya

et al., 1984) or by cloning technique (Thaithong, 1983; Greaves et al., 1984).
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1.1.3.3 Distribution and Patterns of Drug Resistance

The resistance of P. falciparum to quinine was reported from Brazil as early as 1910
(Neiva et al., 1910; Nocht & Werner, 1910). In the late 1940’s or early 1950’s, highly
active antimalarial compounds such as 4-aminoquinolines (chloroquine and amodiaquine) and
the dihydrofolate reductase inhibitors (proguanil and pyrimethamine) were introduced.
Resistance to proguanil and pyrimethamine first occurred in the early 1950’s, shortly after
their wider use, especially for prophylaxis. At that time, this resistance was not considered
to be of major operational importance since the 4-aminoquinolines retained their efficacy both
for curative and suppressive use. Drug resistance became a major problem when the
appearance of resistance in P. falciparum to the most potent and widely used synthetic
antimalarial drug chloroquine occurred.

(1) Resistance to chloroquine

Chloroquine-resistance of P. falciparum was first suspected in the late 1950’s (Young,
1962) and confirmed in 1959 in Thailand (Harinasuta er al., 1962). Almost simultaneously,
the resistance occurred in a totally independent focus in Colombia (Moore & Lanier,1961).
Regional spread in Southeast Asia appeared to be mediated through the migration of non-
immune and semi-immune persons carrying resistant forms of parasite to the receptive local
mosquito vectors. It is believed that the resistant parasite was then carried to East Africa
from Asia around 1977 (WHO, 1987).

Countries which first reported chloroquine resistance, at present report very high levels
of resistance to chloroquine (Fig. 1.5) e.g. up to 85% in Brazil, more than 50% in Venezuela
and 100 % in Thailand. In Africa, chloroquine resistance has evolved rapidly throughout
the region during the 1980’s, where a rapid increase in both frequency and level of
chloroquine resistance was observed; for example in Somalia. In Central and Southern
Africa, approximately 70% failure rates have been repeatedly reported from Rwanda, and
between 10% and 45% in Zambia. Recently there has been a rapid decline in the sensitivity
of P. falciparum to chloroquine in West Africa and 10% to 25% failure rates are now
reported in Nigeria and Benin. The only larger endemic area in the world from where
chloroquine-resistant P. falciparum has still not been reported is Central America north of
the Panama canal (WHO, 1990). In recent years, when chloroquine has not been used so
frequently, a promising regain of sensitivity has been reported from Thailand (Thaithong et
al., 1988).





















































































































































































































































































































































































































































































































































































































































































































