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Abstract: Efforts to develop an effective malaria vaccine are yet to be successful and thus chemotherapy remains the
mainstay of malaria control strategy. Plasmodium falciparum, the parasite that causes about 90% of all global malaria
cases is increasingly becoming resistant to most antimalarial drugs in clinical use. This dire situation is aggravated by re-
ports from Southeast Asia, of the parasite becoming resistant to the “magic bullet” artemisinins, the last line of defense in
malaria chemotherapy. Drug development is a laborious and time consuming process, and thus antimalarial drug discov-
ery approaches currently being deployed largely include optimization of therapy with available drugs—including combi-
nation therapy and developing analogues of the existing drugs. However, the latter strategy may be hampered by cross-
resistance, since agents that are closely related chemically may share similar mechanisms of action and/or targets. This
may render new drugs ineffective even before they are brought to clinical use. Evaluation of drug-resistance reversers
(chemosensitizers) against quinoline-based drugs such as chloroquine and mefloquine is another approach that is being
explored. Recently, evaluation of new chemotherapeutic targets is gaining new impetus as knowledge of malaria parasite
biology expands. Also, single but hybrid molecules with dual functionality and/or targets have been developed through ra-
tional drug design approach, termed as “covalent bitherapy”. Since desperate times call for radical measures, this review
aims to explore novel rational drug-design strategies potentially capable of revolutionizing malaria therapy. We thus ex-
plore malaria apoptosis machinery as a novel drug target, and also discuss the potential of hybrid molecules as well as

prodrugs and double prodrugs in malaria chemotherapy.
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1. INTRODUCTION

Malaria is the most wide spread parasitic disease caused
by protozoal parasite of the genus Plasmodium, and ap-
proximately half of the world's population is at risk of ma-
laria [1]. Traditionally, four Plasmodia species cause human
malaria viz. P. falciparum, P. vivax, P. ovale and P. ma-
lariae [2]. Recently, the primate parasite P. knowlesi has
been established as the fifth causative agent of human ma-
laria [3,4]. P. falciparum is the most prevalent and virulent
of these parasites, responsible for about 90% of all global
malaria-associated deaths each year [5]. In 2008, there were
an estimated 243 million global malaria cases with African
region accounting for 85% of these cases, followed by the
South-East Asia (10%) and Eastern Mediterranean Regions
(4%). These afflictions led to an estimated 863 000 deaths,
of which 89% were in the African Region, followed by the
Eastern Mediterranean (6%) and the South-East Asia Re-
gions (5%) [6]. The goal of eradicating malaria through
chemotherapy (eg. chloroquine, CQ, 1, Fig. 1) and residual
insecticides, thought to be within reach in the 1960s has
since been abandoned, and malaria control efforts today are
largely geared towards reducing malaria morbidity and mor-
tality [7]. Concerted efforts to develop an effective vaccine
have so far been unsuccessful, and thus chemotherapy still
remains the mainstay of malaria control strategy [8].
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Unfortunately, P. falciparum has rendered most of the clas-
sical antimalarials including 4-aminoquinolines (eg. CQ and
amodiaquine, AMQ) and  antifolates  (sulfadox-
ine/pyrimethamine, Fansidar®) ineffective due to increased
resistance [9]. Furthermore, most of antimalarials in clinical
application are either chemically related and/or share the
same putative target, thus may possess similar toxicity and
share cross-resistance [10,11]. In order to delay development
of resistance, World Health Organization (WHO) currently
recommends use of semi-synthetic derivatives of artemisinin
(ART, 2, isolated from Chinese herb Artemisia annua) such
as artesunate (3), artemether (4) and dihydroartemisinin
(DHA, 5) (Fig. 1) in combination with longer acting drugs as
the first-line therapies against drug-resistant falciparum ma-
laria. These combinations are termed as artemisinin-based
combination therapies (ACTs), and include artemether-
lumefantrine (Coartem®), artesunate-AMQ, artesunate-
mefloquine (MFQ), artesunate-sulfadoxine pyrimethamine
and DHA-piperaquine [6,12]. However, although there are
no confirmed cases of clinical resistance against ART de-
rivatives, hereafter referred to as artemisinins, reports from
Southeast Asia (Thai/Cambodia border)—traditionally the
‘epicentre’ of malaria drug resistance—are alluding to reduc-
ing efficacy of this class of drug [13-16], which may be a
harbinger of resistance. Resistance to the artemisinins seems
inevitable, and thus the urgency for search for novel antima-
larial drugs and targets can never be gainsaid. Antimalarial
drug discovery approaches currently being deployed largely
include optimization of therapy with available drugs includ-
ing combination therapy and developing analogues of the
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