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Abstract. This review describes research conducted in Thailand from 2000 to 2013 
on the discovery of new compounds from local flora and fauna, including those 
of marine organisms from coastal regions, which have antiplasmodial activity 
against Plasmodium falciparum growth in culture. These antiplasmodials comprised 
alkaloids, angucyclinones, anthraquinones, azaanthraquinone, azaphilones, ben-
zoquinones, bioxanthracenes, carbazomycins, chalcones, chromone, clerodane, 
coumarins, cyclomarin, cyclopeptides, cytochalasins, depsidones, depudecin, 
flavaglines, flavonoids, furans, isoflavonoids, limonoids, macrolides, nucleoside, 
oxepin, peptides, phloroglucinol, polylactone, polypropionate, preussomerins, 
prodigiosin, pterocarpans, pyrenocines, pyridones, pyrrolidines, quassinoids, 
quinone, stilbenes, styryl lactones, terpenoids, tetramic acids, tetronic acids, tri-
norcadalenes, tropolones, xanthones, and a variety of miscellaneous molecules (a 
total of 293 compounds). The review also describes the screening and synthesis 
of novel chemicals targeted against parasite enzymes, (carbonic anhydrase, cy-
tochrome bc1, dihydrofolate reductase and orotidine 5’-monophosphate decar-
boxylase), which have the potential of being developed into antimalarial drugs. 
Possible future trends in antimalarial drug research in Thailand are discussed. 
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deaths, mainly in children in sub-Saharan 
Africa (WHO, 2013). Although a new 
attenuated sporozoite vaccine holds 
promise (Seder et al, 2013), treatment 
of malaria still continues to depend on 
the use of antimalarial drugs. However, 
human malaria parasites, in particular 
Plasmodium falciparum, the most virulent 
of the five plasmodial parasites (P. vivax, 
P. malariae, P. ovale and most recently P. 
knowlesi) infecting humans have become 
resistant to all currently used antimalari-
als, including the Chinese drug artemi- 

INTRODUCTION

Malaria still remains a major public 
health problem, especially in sub-Saharan 
Africa. In 2011 WHO reported 219 mil-
lion new cases of malaria, with 800,000 
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sinin (also known as qinghaosu) and its 
analogs [dihydroartemisin (the active 
form), arteether, artmether and artesunate 
(water soluble form)] (Dorndorp et al, 
2009). New antimalarials in clinical use are 
mainly artemisinin combination therapies 
(ACTs), of which there are five combina-
tions (WHO, 2010), with at least one other 
combination undergoing multi-center 
clinical trials in Africa and Asia (Duparc  
et al, 2013).

The successful discovery of artemis-
inin isolated from the Chinese herbal 
plant qinghao (sweet wormwood) tradi-
tionally used to treat jungle fever (Miller 
and Su, 2011) has spurred similar efforts 
to identify compounds from local flora 
and fauna with antiplasmodial proper-
ties, which then could be developed di-
rectly or as lead compounds for further 
chemical modifications to become novel 
and if possible inexpensive antimalarial 
drugs. This review has gathered together 
reports in the literature (from 2000 to 
2013) of new chemicals (but not of crude 
extracts) with inhibitory activities against 
P. falciparum. In addition, reports of re-
search in Thailand on the development 
of novel compounds directed against P. 
falciparum enzymes with potential for 
future development as antimalarial drugs 
are reviewed. However, pharmacological 
studies and clinical trials conducted in 
Thailand during the period covered by 
this article were not included.

Unless indicated otherwise, anti-
plasmodial inhibition studies employed 
the Thai parasite isolate, P. falciparum K1 
(Thaithong and Beale, 1981), resistant to 
both chloroquine (IC50 = 3.6 µg/ml/0.59 
µM) and pyrimethamine (IC50 = 30 µM), 
where IC50 is defined as the concentra-
tion required to inhibit malaria parasite 
growth in culture by 50%.

DISCOVERY OF NEW  
ANTIPLASMODIAL COMPOUNDS

During the period of the literature 
survey there were some 293 new com-
pounds isolated from various species of 
flora and fauna in Thailand, and those 
from marine organisms from coastal 
regions, which show inhibitory activity 
against P. falciparum in culture (summa-
rized in Table 1). The majority of com-
pounds with antiplasmodial activity were 
discovered during examination of bioac-
tive substances from insect and seed fungi 
(reviewed earlier by Isaka et al, 2005a). The 
new chemical compounds include alka-
loids, angucyclinones, anthraquinones, 
azaanthraquinone, azaphilones, benzo-
quinones, bioxanthracenes, carbazomy-
cins, chalcones, chromone, clerodane, 
coumarins, cyclomarin, cyclopeptides, 
cytochalasins, depsidones, depudecin, 
flavaglines, flavonoids, furans, isoflavo-
noids, limonoids, macrolides, nucleoside, 
oxepin, peptides, phloroglucinol, poly-
lactone, polypropionate, preussomerins, 
prodigiosin, pterocarpans, pyrenocines, 
pyridones, pyrrolidines, quassinoids, 
quinone, stilbenes, styryl lactones, terpe-
noids, tetramic and tetronic acids, trinor-
cadalenes, tropolones, xanthones, and a 
variety of miscellaneous compounds, but 
they were not more potent than chloro-
quine. However, there are some excep-
tions: metacycloprodigiosin (IC50 = 5 ng/
ml), and fimbricalyx B, two flavaglines 
(aglafoline, rocaglamide), a macrolide 
(bafilomycin A1) and two pyridones 
(cordypyridones A, B) with IC50 values 
ranging from 20 to 70 ng/ml. However, 
there have been no reports on the phar-
macological and toxicology properties of 
these promising lead compounds.

Only one study attempted to modify 
a naturally occurring bioactive compound 
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(α-mangostin, a xanthone) to generate 
more active analogs (lowest IC50 = 50 
nM), but the limited number of analogs 
synthesized was not sufficient to show a 
structure-activity relationship (SAR), but 
did indicate that the presence of a prenyl 
side chain in the xanthone molecule im-
proves antiplasmodial activity. 

The number of compounds isolated 
from marine organisms off the shores of 
Thailand with antiplasmodial property 
was limited to 17: malyngamide X, from 
Bursatella leachii, a marine gastropod mol-
lusc, commonly known as sea hare; cou-
marin, cytochalasin Q, sesterterpenoids, 
and tetramic and tetronic acids from 
marine fungi; and terpenoids and mac-
rolides from marine sponges. A review of 
the literature from 2006 to 2008 listed 82 
natural compounds and synthetic deriva-
tives with antiplasmodial activity from 
marine and freshwater sources around 
the world (Gademann and Kobylinska, 
2009), and another review of marine 
antimalarials covering a similar period 
listed some 60 secondary metabolites with 
antiplasmodial properties (Fattorusso 
and Taglialatela-Scafati, 2009). However, 
reports of Thai antiplasmodial marine 
natural products in these two reviews 
were apparently overlooked. 

DEVELOPMENT OF NOVEL  
ANTIPLASMODIAL COMPOUNDS

Compounds screened or developed 
against P. falciparum specific targets were 
limited to only four enzymes, namely, 
carbonic anhydrase (CA), cytochrome 
bc1, dihydrofolate reductases (DHFR) 
and orotidine 5’-monophosphate decar-
boxylase (OMPDC), mainly involved in 
pyrimidine biosynthesis (Table 2). This 
is not unexpected as the malaria parasite 
lacks pyrimidine salvage pathway and 

must depend on de novo biosynthesis of 
these precursors of nucleic acids (Gero 
and O’Sullivan, 1990).

The most extensive work has been 
carried out on the synthesis and testing of 
novel compounds directed against P. falci-
parum (Pf)DHFR, the target of previously 
effective antimalarials, pyrimethamine 
(PYR) and cycloguanil (CG).  PfDHFR to-
gether with parasite thymidylate synthase 
(PfTS) and serine hydroxymethyltransfer-
ase are involved in dTMP cycle. However 
through a series of point mutations in 
Pfdhfr, PfDHFR has acquired a highly 
PYR-resistant quadruple mutant (QM) 
(N51I, C59R, S108N, and I164L) form.  
The elucidation of the crystal structures 
of wild-type bifunctional PfDHFR-TS (in 
Plasmodia DHFR and TS are synthesized 
as a single bifunctional enzyme) and QM 
forms has allowed an understanding of 
the structural basis for reduced binding of 
PYR and CG to PfDHFR QM due to a rigid 
p-chloropheny substituent at the 5-posi-
tion of PYR resulting in steric clash with  
the mutated amino acids (Yuvaniyama  
et al, 2003). This has enabled rationale de-
sign of compounds based on pyrimidine 
and triazine scaffolds, which are flexible in 
order to avoid such steric hindrances with 
the bulkier mutant amino acid side chains 
in the PfDHFR binding site. Following 
synthesis and evaluation of hundreds 
of such compounds, P218 (2, 4-diamino-
6-ethyl-5-(3-(2-(2-carboxyethyl) phenoxy) 
propoxy) pyrimidine was arrived at, 
which includes pyrimidine side-chain 
flexibility and a carboxylate group that 
makes charge-mediated hydrogen bonds 
with conserved R122 of PfDHFR and not 
of human DHFR, providing an explana-
tion of its high selectivity (Yuthavong et al, 
2012). P218 binds both wild-type and QM 
PfDHFR tightly almost entirely within 
the chemical space of DHFR substrate, 
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which should render it less susceptible to 
further resistance mutations. The high in 
vivo efficacy in a SCID mouse model of P. 
falciparum malaria, good oral bioavailabil-
ity, favorable enzyme selectivity, and good 
safety characteristics bode well for P218 
as a potential candidate for pre-clinical 
development.

The malaria parasite synthesizes 
pyrimidines de novo from bicarbonate 
(HCO3-), ATP, glutamine, aspartate, and 
5-phosphoribosyl-1-pyrophosphate.  
HCO3- is formed from the ionization 
of carbonic acid produced from CO2 
catalyzed by CA.  Pfca encodes an α-type 
Zn2+-metalloenzyme possessing catalytic 
properties distinct from that of the hu-
man host CA (reviewed by Krungkrai and 
Krungkrai, 2011). Screening of a collection 
of 34 aromatic/heterocyclic sulfonamides, 
most of which are Schiff’s bases derived 
from sulfanilamide/homosulfanilamide/4-
aminoethylbenzene sulfonamides re-
vealed inhibitors specific to PfCA at 
moderate to low µM and some at sub-µM 
concentrations. SAR showed that groups 
substituting the aromatic ureido or aro-
matic azomethine moieties and variations 
in the lengths of the parent sulfonamide 
are critical parameters governing their 
inhibitory properties.  One derivative, 
4-(3,4-dichlorophenylureido)thioureido-
benzenesulfonamide, is the most effective 
inhibitor of PfCA activity and  is also the 
most potent in inhibiting P. falciparum 
growth in culture as well as that of P. 
berghei in vivo. 

In the de novo biosynthesis pathway 
of pyrimidines, the final two steps of gen-
erating uridine 5’-monophosphate (UMP) 
require addition of ribose 5-phosphate 
from 5-phosphoribosyl-1-pyrophosphate 
to orotic acid, catalyzed by orotate phos-
phoribosyltransferase (OPRT) to form 
orotidine 5’-monophosphate (OMP), 
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followed by decarboxylation of OMP by 
orotidine 5’-monophosphate decarbox-
ylase (OMPDC) to produce UMP.  These 
two enzymes exist as a heterotetrameric 
(OPRT)2(OMPDC)2 complex, and inhibi-
tion of PfOMPDC is lethal to malaria 
parasite (Krungkrai et al, 2005). In silico 
screening of 156 compounds identified 
14 putative inhibitors against PfOMPDC 
with IC50 values ranging from 60 to 250 
µM, while further analysis of the crys-
tal structure of PfOMPDC complexed 
with 4-(2-hydroxy-4-methoxyphenyl)-
4-oxobutanoic acid (IC50 = 170 µM) re-
vealed that the inhibitor occupies a part 
of the active site that overlaps with the 
phosphate-binding region in OMP- and 
UMP-bound complex and that the space 
occupied by pyrimidine and ribose rings 
of OMP and UMP is not blocked by this 
inhibitor (Takashima et al, 2012). The 
carboxyl group of the inhibitor causes 
a dramatic movement of two loops (L1 
and L2), which play a pivotal role in the 
recognition of substrate and product, and 
thus combining parts of the inhibitor with 
pyrimidine and ribose rings of OMP and 
UMP represents a promising avenue for 
further development of these compounds 
as potential potent antimalarials.

Cytochrome bc1 complex (ubiquinol: 
cytochrome c oxidoreductase, respiratory 
Complex III) catalyzes the transfer of 
electrons from ubiquinol to cytochrome 
c in the mitochondrial electron-transfer 
chain and in P. falciparum cytochrome bc1 
can be effectively inhibited by the antima-
larial atovaquone, a naphthoquinone, but 
this drug’s current clinical use has been 
severely curtailed by the appearance of re-
sistant parasites (reviewed by Nixon et al, 
2013). In an effort to discover alternatives 
to atovaquone, 26 novel naphthoquinone 
aliphatic esters derived from rhinacan-
thin, isolated from Rhincanthus nasutus 

(Acanthacaea) commonly known as snake 
jasmine and used in Thailand for the treat-
ment of cancer, were synthesized and 24 
show significant antiplasmodial activity 
with IC50 values in the range of 0.03-16 
µM, and SAR indicates that the length 
of the aliphatic chain and the presence 
of C-20 substituents on the propyl chain 
affect activity (Kongkathip et al, 2010). 
Compounds with 7 (namely 3-(1,4-di-
hydro-2-hydroxy-1,4-dioxonaphthalen-
3-yl)-2,2-dimethylpropyl octanoate) and 
13 (namely 3-(1,4-dihydro-2-hydroxy-1,4-
dioxonaphthalen-3-yl)-2,2-dimethylpro-
pyl tetradecanoate) carbon side chains 
have promising antiplasmodial activity 
(0.13 and 0.03 µM against P. falciparum 
K1, respectively) and acceptable in vitro 
therapeutic index (IVTI) (IC50 against 
Vero cell line/ IC50 against P. falciparum) 
(> 1,990 and 1,825, respectively); both 
inhibit P. falciparum 3D7 mitochondrial 
cytochrome bc1 with IC50 value of 5 and 
8 nM, respectively, being 3,000-fold more 
sensitive than against the rat cytochrome 
bc1, suggesting that such naphthoqui-
none ester scaffolds have good potential 
in being developed into antimalarials. 
However, it is worth noting that both P. 
falciparum strains employed in the study 
are atovaquone-sensitive.

CONCLUDING REMARKS

As can be seen from Table 1, the likeli-
hood of discovering from local flora and 
fauna potent antiplasmodial compounds 
that have the potential of gaining interest 
of pharmas to invest in developing them 
into antimalarials is exceedingly small. A 
search of 86 Thai medicinal plant samples 
representing 48 species from 35 genera 
in 16 families revealed only two new 
compounds with antiplasmodial activity, 
namely, marcanine A (azaanthraquinone 
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from Polyalthia viridis) and 16-hydroxy-
cleroda-3,13(14)Z-dien-15,16-olide (clero-
dane from Goniothalamus marcanii) with 
IC50 value of 2.5 and 3.6 µg/ml, respective-
ly (Table 1) (Ichino et al, 2006). Learning 
from the Chinese experience of discover-
ing artemisinin, concerted efforts should 
be directed to identify a local herbal  
plant and/or medicinal concoction used 
traditionally in treating jungle fever, not 
only colds or flu-like symptoms. A start in 
this approach is the recent report of anti-
plasmodial activity of ethanolic extract of 
Dracaena loureiri Gagnep. (Dracaenacae) 
and “Benjakul” Formulaton 1, composing 
of 5 dried medicinal plants, namely Piper 
chaba Hunt. (Piperaceae), Piper interruptum 
Opiz. (Piperaceae), Piper sarmentosum 
Roxb. (Piperaceae), Plumbago indica Linn. 
(Plumbaginaceae), and Zingiber officinale 
Rosc. (Zingiberaceae ) (IC50 values of 1.0-
10 µg/ml against P. falciparum K1 and 3D7) 
(Thiengsusuk et al, 2013). 

A neglected area of antiplasmodial 
drug research in Thailand is the chemical 
modifications of promising lead natural 
products in order to generate SAR that 
can lead to analogs having more desir-
able pharmacological properties in terms 
of specificity, bioavailability and lack of 
toxicity. For example, Mancini et al (2008) 
have reported the synthesis of a series of 
analogs, with SAR when possible, derived 
from natural antiplasmodial compounds 
of marine organisms (mainly sponges), 
which include endoperoxides (peroxy-
plakoric acid methyl esters, plakortin), 
isonitriles (amphilectane diterpenes, ka-
lihinol A), alkaloids (6-bromoaplysinop-
sin, cycloprodigiosin, heptylprodigiosin, 
manzamine A, metacycloprodigiosin) and 
2 miscellaneous compounds (aplasmomy-
cin, 15-oxopuupehenol). A more recent ex-
ample is the synthesis of benzylamine and 
phenylpropylamine analogs of encecalin, 

a chromene isolated from Encelia farinosa 
Gray (Asteraceae), known as brittlebush, 
a common desert shrub of northwestern 
Mexico and southwestern United States, 
having IC50 value of 0.02 and 0.01 µM, 
respectively against P. falciparum K1, 
and IVTI (compared with L6 rat skeletal 
myoblasts) of 6800 and 1800, respectively 
(Harel et al, 2013). 

In Thailand, a possible candidate is 
α-mangostin, a xanthone from Garcinia 
mangostana L. (Clusiaceae), commonly 
known as mangosteen and “mangkhut”, 
and its fruit is considered among Thais 
as being the “queen of fruits”. Other than 
their antiplasmodial property, xanthones 
extracted from mangosteen exhibit a 
variety of biological activities including 
antibacterial, antifungal, antiinflamma-
tory, antioxidant, cytotoxic, and poten-
tial cancer chemopreventive (Chin and 
Kinghorn, 2008). However, only a limited 
number of antiplasmodial SAR studies of 
xanthone analogs have been undertaken, 
although by such simple modifications as 
the addition of alkyl groups containing 
protonable nitrogen atoms in order to 
allow accumulation and interaction with 
heme in the malaria parasite acidic food 
vacuole for enhancement of inhibition of 
P. falciparum growth in culture are readily 
achievable (Riscoe et al, 2005).

In spite of the fact that target-based 
rationale-driven drug designs have and 
will produce clinical efficacious thera-
peutics, their useful life spans in the field 
will ultimately be limited by the even-
tual evolution of drug-resistant malaria 
parasites. In order to accelerate the drug 
discovery process, a complementary ap-
proach currently advocated is phenotypic 
screening of large chemical libraries using 
high throughput techniques, (Butera, 2013 
and references therein). A limited number 
of highly potent (sub nM) novel antiplas-
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modial compounds from such screening 
efforts are now available (known as ma-
laria box) (Guiguemde et al, 2012), which 
should be exploited in screening against 
P. falciparum enzyme and non-enzyme 
targets studied by Thai researchers, viz. 
DNA β-like polymerase (Nunthawarasilp 
et al, 2007), 3’-5’ DNA helicase (Sun-
tornthiticharoen et al, 2006), β-hematin 
(hemozoin) formation (Auparakkitanon 
et al, 2003), hydroxymethylpterin pyro-
phosphokinase-dihydropteroate synthase 
(Rattanachuena et al, 2009), plasmepsin 
II (Sriwilaijaroen et al, 2006) and serine 
hydroxymethyltransferase (Sopitthum-
makhun et al, 2012). 

Interestingly, in the past attempts 
have been made to convert anticancer 
drugs into antimalarials, viz. analogs of 
amsacrine (Auparakkitanon and Wilairat, 
2000) and of rhinacanthin (Kongkathip et 
al, 2010), the reverse process is gaining 
interest, as demonstrated by the potent 
antiproliferative abilities of artemisinins, 
synthetic peroxides and DHFR inhibitors 
(including P218) against 91 human cancer 
lines (Hooft van Huijsduijnen et al, 2013). 
A merger of these two pipelines in drug 
discovery and development should be 
a win-win situation in the treatment of 
malaria and cancer.
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