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Various antimalarial strategies in Indonesia to fignt Plasmodium falciparum

ABSTRACT

Malaria remains a global public health problem amdrsening with the resistance of
Plasmodium falciparunto Artemisinin-based Combination Therapies (ACTisg latest and
most effective antimalarial drugs. My project aintegbrovide insight into malaria elimination
in Indonesia. The first part was to look for newtimualarial drugs based on Indonesian
ethnobotanical data. Among 25 crude extracts redlian Indonesian traditional medicinal
plants, seven showed a good antimalarial actiWiyo(< 5pg/mL) and some of them were also
active againsBabesia divergengand Leishmania infantumThe second part of the study
focused on chemosynthetic organometallic compouftis. structure-activity relationships
study on organometallic gold()-NHC complexes led & very active compound oR.
falciparumwith an 1Go of 320nM. The third part of this work was dedichte the study oP.
falciparum resistance to artemisinin and its derivatives. Therelation betweerPfK13
polymorphism and artemisinin resistance has besarlglestablished thanks to reverse genetic
with resistant and sensitive laboratory strains ahaical isolates from Cambodia. This
resistance was evidenceudvitro throughout a parasite survival assay called g&/ By the
same genotypic and phenotypic methods, mappingflél3 polymorphism distribution in
Indonesia was performed in Kupang Bnfalciparummalaria patients. However, at the time
of P. falciparumblood samples collection, prevalence showed a aliardecrease hindering
the continuation of the clinical study. Facinghe wery small number of eligible patients with
a P. falciparummalaria, no conclusive results has been obtailmedonclusion, medicinal
plants and synthetic compounds are potentially@steng as chemical starting point for new
antimalarial drugs. Concerning artemisinin resisgarany treatment failure or delayed cure
with ACTs has yet to be reported in Indonesia. Hmvebecause Indonesia is relatively close
to the Southeast Asian areas of resistance, threlp@®ccurrence of such cases in Indonesia
must be anticipated by determining the variatiohB.cfalciparummalaria chemo-sensitivity
and by followingPfK13 polymorphism, responsible for artemisinin resiseanc

Keywords : malaria,Plasmodium falciparun traditional medicine,PfK13 artemisinin,
resistance



Diff rentes stratégies en Indonésie pour combattrieélasmodium falciparum

RESUME

Le paludisme demeure un probleme de santé pubtigqunelial qui risque de s'aggraver avec la
résistance d@lasmodium falciparunaux thérapies combinées a base d'artémisinine YACT
médicaments antipaludiques les plus récents ptussfficaces. Mon travail avait pour but de
proposer différents axes d'élimination du paludieméndonésie.

Une premiere partie a consisté a rechercher deeaoaxvmédicaments antipaludiques a partir
de données ethnobotaniques indonésiennes. Parmblextraits bruts réalisés a partir de
plantes médicinales indonésiennes utilisées toamtigllement dans le traitement du paludisme,
sept ont montré une activité antipaludique intéets(Cio <5 g/mL) et certains d'entre eux
se sont révélés également actifs sur 2 autres gatiesBabesia divergengt Leishmania
infantum La deuxiéme partie de ce travail était axée sardomposés organométalliques
synthétiques. Les études de relations structuieHgéctle ces complexes organomeétalliques
d'or (I) -NHC ont permis de sélectionner un compasté surP. falciparumavec une Gb de
320nM. La troisieme partie du travail a été consaer I'étude de la résistancePdéalciparum

a l'artémisinine et a ses dérivés. La corrélatiirede polymorphisme defK13et la résistance

a l'artémisinine a été clairement établie gracees études de génétique inverse avec des
souches de laboratoire résistantes et sensibldssetsolats cliniques Cambodgiens. Cette
résistance a été mise en évideimceitro par un test de survie parasitaire appelé g&sAPar

les mémes meéthodes génétique et phénotypique, rtagcaphie de la distribution du
polymorphisme d®fK13en Indonésie a été réalisée dans la zone de Kugqardgs patients
infectés paP. falciparum Cependant au moment de la collecte des écharstitle sang, la
prévalence d@. falciparuma montré une diminution spectaculaire empéchanbiasuite de
'étude clinique. Face au faible nombre de patieadsiissibles avec un paludismePa
falciparum aucun résultat concluant n’a pu étre obtenu.

En conclusion, les plantes médicinales indonésireteles composés synthétiques sont
potentiellement intéressants comme point de départique pour de nouveaux médicaments
antipaludiques. En ce qui concerne la résistaiiagt@misinine, aucun échec thérapeutique ou
parasitologique aprés traitement par ACT n'a éghalé, pour le moment, en Indonésie.
Cependant, les zones de résistancP.dalciparumaux ACT dans le Sud-Est asiatique sont
relativement proches et nécessitent, en Indonésig,ivi des variations de la chimiosensibilité
du paludisme &. falciparumet du polymorphisme defk13 responsable de la résistance a
l'artémisinine.

Mot de clé : paludismeRlasmodium falciparumtraditionnel médicinePfK13 artemisinin,
résistance



INTRODUCTION

Malaria is a tropical infectious disease, whichtomres to be one of the largest public
health problems in developing countries. Accordmthe World Health Organizaticd/HO),
there were approximately 212 million cases worldwiid 2015 [1]. Most of them occurred in
Africa (90%) followed by South East Asia (7%), inding Indonesia that shared 9% malaria
cases of SEA region in 2015 [1]. In Indonesia, Hawe the latest data collection, there were
252,027 positive cases reported in 2014 [2]. Algtomorbidity and mortality statistics are
routinely under-reported [3], annual parasite ieaick (API) is used to determine the morbidity
trend and endemicity area in Indonesia [2]. Theskareport from Indonesian Ministry of
Health (MoH) stated that the national API in 201&sv0.85 per 1,000 population. However,
several provinces showed higher API level thanomati level, such as Papua (31.93), West
Papua (31.29), East Nusa Tenggara (7.04), Maluldl)s5North Maluku (2.77), Bengkulu
(2.03), and Bangka-Belitung Island (1.08) [4]. ABh&0% of malaria cases in Indonesia are
caused bylasmodium falciparunfollowed byPlasmodium vivax40% approximately) with

different proportion in each endemic region [5].

Even though some reports stated minor prevalenceweral endemic regions, the
malaria remains a constant strike each year [6hcEgethe continuous effort to eliminate
malaria in Indonesia is imperative and many Ind@rescientists explore ethno-botanical data
to find efficient medicinal plants allowing the davery of new antimalarials. However, many
studies were promptly stopped often due to un-stahzed method of assays or sample
preparations. Moreover, several promising medigents are endangered due to lacking of
knowledge on its cultivation process and uncorgmbHarvesting. All of them make the process

of discovering new antimalarials from plants come fiar from clinical implementation.



Indeed, exploring medicinal plants remains a commvay to discover new drugs. In
endemic areas, medicinal plants are the most afdedreatments [7] and compounds such as
alkaloids, terpenoids, flavonoids, and others pessatiplasmodial activity [8]. As Indonesia
has abundant sources of medicinal plants for it disease treatments, people excessively
use them until today. For example, malaria is comgndreated using herbal medicinal
products, particularly to reduce fever simply byngghem as patch, drinking brew preparation
or decoction. Several plants naturally growingnddnesia and widely used to treat malaria
includeT. diversifolia, C. barbata, T. crispa, A. flaeadP. cauliflora These plants offer an
opportunity to discover new antimalarial drugs tilgb assessment their antiplasmodial
activities in conjunction with cytotoxic assays determine their selectivityTheir activity
profile can be extended to some other parasite8hlbesiaclose tdPlasmodiunor Leshmania
for which an overlapping in geographic distributexists withPlasmodiumand can be at the

origin of co-infections in human [9].

The identification of new chemical entities (NCEs)n be sourced by chemical
synthesis [10]. Among synthetic drugs, organomietalbmpounds, such as gold complexes,
are particularly interesting due to the intrinsativty of the metallic moieties able to increase
the efficacy of organic drugs. As a result, it basn published that cationic lipophilic gold (1)-
NHC complexes were active against chloroquine-asi®. falciparumstrain possibly due to
the respective positive influence between catigoic and the presence of nitrogen or sulfur

atoms in the ligands [11].

Apart from discovering new drugs, the Indonesiamistry of Health (MoH) actively
launched the malaria elimination program. Comprstvety, the program covers surveillance
and vector control, early diagnosis procedure asd precise treatments in order to stop
malaria spreading [12]. Concerning therapies, tig@mesian government follows and adjusts

its treatment policy to the WHO recommendations.cdkdingly, Artemisinin-based



Combination Therapies (ACTs) have been implemerdsdthe first line therapy for
uncomplicated malaria since 2006 especially as nsinglies revealed the resistance of

Plasmodiunto non-artemisinin therapies in several regiord [14].

ACTs, a combination of artemisinin or one of itsidatives (artesunate, artemether, or
dihydroartemisinin) with an antimalarial drug pamrbelonging to a different chemical class
[15], are recommended by the WHO [16, 17]. Howeakhough artemisinin is the most potent
antimalarial drug, several studies reported a deing parasite susceptibility to artemisinins
characterized by delayed parasite clearance tiangign that artemisinin resistance oddi8-

20]. In addition, recent findings figured out ttliae resistance can be also extended to the
companion drug of some ACTSs, such dihydroartermspiperaquine (DHP) [21], recently

implemented in Indonesia.

The mechanism of artemisinin resistance is diffefemm those involved in other
antimalarial drug resistances. This mechanism s®db@n an entrance in a quiescence state,
allowing parasites to survive against high doseartmisinin at the ring stage. Parasites can
resume a regular cycle after the removal of dr@j.[Bhis phenomenon is not observable by a
standard chemo-sensitivity assay, but by ring-stageival assay (RSA), which evaluates the
susceptibility ofP. falciparumto artemisinin [23] and reflects the ability ofrpsites to survive
ART treatment [22]. Further investigations foundttmutations of K13 propeller, involved in
protein ubiquitination, were correlated to artemiisiresistance [24]. In order to discover new
targets to overcome this artemisinin resistances mecessary to clarify the role of K13
mutations. This is achieved by both insertion araval of mutated or wild tygefk13genes

on clinical isolates and seveRl falciparumlaboratory lines [25].

Interestingly, for the moment, K13 mutations aranfd to play a role in artemisinin

resistance only in Asia and have been studied awlirdented in Cambodia, Thailand,



Myanmar, Laos, Vietnam [26, 27], and China [28-B@{ are not correlated with any case of
resistance in Africa [26, 28]. Since Indonesia tikxse to regions where artemisinin resistance
emerges and spreads with a strong correlation Kt mutations, it is highly likely that the
phenomenon also occurs in Indonesia. The evaluaticimical,in vitro and genotypic chemo-
sensitivity to DHP in Kupang, a region of high nrédarevalence, could provide a new outlook

on antimalarial resistance in Indonesia.



CHAPTER |

LITERATURE REVIEW

1. Malaria

Physicians have diagnosed and treated fevers turs#imds of years. Until Robert

Koch, Louis Pasteur, and their contemporaries uaiem/that “germs” were the cause of most
febrile iliness, fevers were considered as a deseasl not the result of the disease. Malaria-
like febrile illnesses (with names like “the agum”“paludisme”) have been described since
Hippocrates as periodic fevers were and associaithdmarshes and swamps [33]. In-depth
malaria studies were feasible after the discovéyhe parasite responsible for the illness by
Charles Louis Alphonse Laveran in 1880 and the gi@atransmission to humans by
mosquitoes by Ronald Ross in 1897 [34]. Globallglaria is a disease caused by a parasite of
the genusPlasmodium which is transmitted to human and widespread uthinofemale

Anophelesnosquito bites.

There are five species of human malaria paraBleesmodium falciparum, P. vivax, P.
ovale, P. knowlesiand P. malariae which have different world distributions thought
overlapping exists. The first symptoms of malania aonspecific and similar to influenza
(chills, headache, nausea, fatigue, muscle paia,rgors). The onset of the symptoms is
between 1 to 3 weeks after the infection conseelytito a mosquito bite. Fever may appear 2
-3 days after initial symptoms and may follow atgat of every 2 or 3 days f&. vivax, P.
ovale,andP. malariaeinfections. WithP. falciparumfever can be erratic and may not follow

specific patterns [35].

Plasmodiunvivaxis mostly found in Middle America, North Africa, @Middle East.

The other parasiteP. ovaleis highly present in Africa an. malariaeis widespread around



the world. P. knowlesiaPlasmodiunspecies naturally living in macaques, has beeitipely
found in human in Borneo [36], particularly in péafiving in the natural habitat of simian
hosts [37]Plasmodium knowlesvidely exists in west of the Wallace Line in In@ésia (which
runs between Borneo and Sulawesi; as well as batBaé and Lombok) [3]Plasmodium
falciparum the deadliest one, is common in West and Easta&fiHaiti, the Dominican

Republic, part of Amazon (South America), and Sdtdit Asia [35] including Indonesia.

Based on the WHO report, malaria caused 429,000attees with 303,000 deaths of
children under 5 years old in 2015 worldwide [h]lhdonesia, 80 % malaria cases were found
in Papua, West Papua, East Nusa Tenggara (NTTukKdaNorth Maluku and Bengkulu [2,
4]. These provinces are the top-6 provinces wighést malaria rate and have higher level of
annual parasite incidence than the national |e685(10,000 population) [4]. The Indonesian
Ministry of Health stated that in 2014 there weB:districts /cities considered as high risk
areas with 3% population (6,331,381) living thé2p Furthermore, malaria cases in Indonesia
are mainly caused biylasmodium falciparun60% approximately) and 1. vivax (almost

40%) [5].

2. The Life Cycle of Plasmodium

The life cycle of malaria parasite is complex (Rij.Motile sporozoites are transmitted
directly into the human bloodstream by the bitenéécted female mosquitoes of the genus
Anophelesluring its blood meal. Within minutes after theebihe sporozoites circulate briefly
in human blood before invading hepatocytes, whergHe parasite an asexual life cycle and
an important proliferation ensue. Between 5 andda$s after (depending on the species)

thousands of daughter merozoites are releasethetdood stream after the rupture of infected



hepatocytes. The merozoites then invade circulamthrocytes for the clinically important

intra-erythrocytic cycle of 48-hour asexual reptioa [38, 39].

Plasmodium falciparundiffers from other human malarial parasites spetiethat
infected erythrocytes do not remain in the bloagtstn. After a maturation of 24-32 hours
parasites passing as ring stage at the trophogtatge, parasitized erythrocytes adhere to
micro-vessel endothelial cells of various organalléd sequestration). Trophozoites then
mature into schizonts with an egress of 48 houtsr dhe beginning of the erythrocytic
infection, of 16-31 daughter merozoites that invade-infected erythrocytes to perpetuate the
asexual life cycle. Some parasites inside red btedld differentiate (in response to stress or
other cues) into male and female gametocytes. Catigely to their ingestion by a female

mosquito during its blood meal, they undergo a aégavelopment [38, 39] .

The formation of male and female gametes results irapid maturation of the
gametocytes in the mosquito gut (10-20 min). Omeale gamete emerges from one female
gametocyte, and three mitotic division cycles gige to eight male gametes from a single
male gametocyte. Fertilization of a female gamstelmale gamete produces a zygote (the
only diploid stage), which undergoes rapid meidiidsion and mitosis leading to numerous
new haploid sporozoites in an oocyst. Then spoteganigrate to the salivary gland and await
introduction into a host during the next blood fiegdthereby ensuring the continuation of the

parasite life cycle [40, 41].
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3. Antimalarial Drug

Malaria was among the first diseases to be trelayed pure chemical compound —
qguinine - isolated from the cinchona bark in 18Bi@storically, two herbal treatments for

malaria fevers, cinchona bark and ginghao, werd tseffectively treat malaria for hundreds



of years. Today, both derivatives of quinine arnérarsinin (from ginghao) remain major in

the control of malaria [33].

Hemoglobin 1 Digestive Hemozoin
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Figure 2. Mode of action of antimalarial drug a& grythrocytic
[43-45]

Antimalarials belong to different chemical serieghwdifferent modes of action (Fig.
2). They target the red blood stage and the mempooduction, some of the gametocytes, and
for others also the hepatic stages. In the foodusla¢c the polymerization of hemozoin
corresponding to the detoxification process of esslue to haemoglobin digestion is affected
by quinolines [43] and artemisinins. Artemisinindaits derivatives are also responsible for
alkylation of proteins and heme leading to oxidatiamages [46]. At the mitochondrion level,
atovaquone, targeting the cytochrotm@ complex, inhibits the parasitic electron transport

chain and respectively the dihydroorotate dehydrage (DHODH) linked to the respiratory



chain and implicated in the pyrimidine nucleotitdssynthesis. Antifolates like proguanil and
pyrimethamine inhibit the folic acid action invotyan the DNA and RNA synthesis by

blocking the dihydrofolate reductase and dihydrapte in the cytosol, (Fig. 2).

a. Quinine and related compounds (Fig. 3)

Quinine, along with its dextroisomer quinidine, ttones to be used for the
treatment of severe malaria. Chloroquine (CQ)saaninoquinoline derivative of quinine
and the most widely used antimalarial drug. It heeen the drug of choice for
uncomplicated malaria therapy and for chemoproptiylaret, its use has dramatically
reduced due to widely spread resistance. Chlorequivorks by binding with
ferriprotoporphyrin 1X in the parasite, thereby agunizing the polymerisation of this
toxic metabolic product into inert crystal of herooez[47]. Another quinine derivative,
amodiaquine, is an available compound closely edlab CQ. Other quinine-related
compounds in common use include primaquine (spgciated to eliminate the
exoerythrocytic forms oP. vivaxandP. ovalethat cause relapses) and mefloquine, a
quinoline-methanol derivative of quinine [48]. Tipeimaquine action mechanism is
mediated by reactive metabolites which destroy chibmdrial structure of the parasite

[49], while mefloquine is believed to work in thense way as CQ [50].
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b. Antifolate drugs

These drugs are a variety of dihydrofolate-redwec(B$FR) inhibitors [50] that
arrest DNA replication (proguanil, chlorproguamyrimethamine, and trimethoprim)
and dihydropteroate = synthase (DHPS) inhibitors <¢dap, sulfalene,
sulfamethoxazole, sulfadoxine, and others) (fig.DBspite their use in combinations,

parasite resistance to these drugs can develoglyapi
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c. Antibiotics

Tetracycline and its derivatives such as doxycgcliare very potent
antimalarials and used for both treatment and prapls. In areas where response to
guinine has deteriorated, tetracyclines are oftsdun combination with quinine to
improve cure rates [51, 52] and effectively redtice duration of treatment [53].
Another antibiotic, clindamycin, has been used m®ffective treatment of malaria
when given twice daily for five days but it is @wtacting drug. With a mean parasite
clearance time of four to six days its administmatin monotherapy is likely to pose a
danger [53]. Therefore, clindamycin treatment imbmation with another antimalarial
drug is highly recommended. The combination ofddimycin (5 mg/kg Body Weight)
with quinine (10 mg/kg Body Weight) is an efficieahd attainable choice for the

treatment of malaria. Moreover, it shortens theatian of treatment for 3 days twice



daily and is not contraindicated in children aneégmant women [53, 54]. The
combination of clindamycin and CQ is also an effecand plausible treatment even
in high rate of CQ resistance regions though réugiia higher dose of CQ [52, 53, 55,

56].

d. Artemisinin

In 1967, the Chinese government initiated the Nwatlid’roject against malaria
under the direction project 523 office. Focus oplersation of more than 2000 Chinese
herbs has resulted in 640 hits with probable anéire activity and 380 extracts
studied against animal models of malaria. Promisasylts were found iArtemisia
annua L. extracts with strong and reproducible parasittewgh inhibitions. These
activities were confirmed on animal models (micel amonkeys) and supported the
studies which led to the isolation and identifioatiof the active compound named
artemisinin (ginghaosu). These remarkable resuls. @annuaactivity against malaria
parasite were published in 1982 [57].

Pure artemisinin (ART) (Fig. 5) has low solubilityboth water and oil but it is
possible to administrate it orally, rectally, amdramuscularly [58]. However, for
severe malaria patients, oral route is often nesjde considering the effect of intense
vomiting. In order to overcome this obstacle anlkihbit the necessity of vegetal supply,
several semi-synthetic ART derivatives have beareldped [48, 59] like the water-
soluble artesunate and the oil-soluble artemetheageether [60]. The studies of drug
metabolism found that ART derivatives are conven¢d the same active metabolite
as artemisinin: dihydroartemisin (DHA) [61, 62]. éde compounds are used in
monotherapy for treatment of severe malaria ance hehown very rapid parasite

clearance time and fast fever resolution [48]. Anins probably work by generation



of free radicals when Fe (Il) cleaves the perodidad of the drug in parasitized red

blood cells, followed by alkylation of parasite teims [49, 63].

OR

Dehydroartemisinin: R = H
Artemether: R = Me

Artesunate: R = -CO-C_HCH_-CO__

Figure 5. Artemisinin, a sesquiterpene lactone wifferoxide bridge

e. Miscellaneous compounds

Atovaquone, a hydroxynapthoquinone (Fig. 6), is edfective compound
against CQ-resistait falciparum but when used alone parasite resistance canagevel
quickly. That is why atovaquone is usually givencombination with proguanil [64,
65]. Atovaquone targets the electron transportrc(BCT) of the mitochondrion, and
specifically the cytocrome becomplex [49], while proguanil acts not only as CRHIF
inhibitor but also in a synergistic effect loweritige effective concentration at which
atovaquone breaks down the parasite mitochondeahlonane potentid66].

Pyronaridine was reported 100% effective in Camef{6d@] but only 63%-88%
in Thailand [68]. Pyronaridine is an acridine-badeay with unknown mode of action,
but could act on haemoglobin degradation, haemnmpetisation, and topoisomerase-2

activity [50].



Lumefantrine is another antimalarial compound adsténed in combination
with artemether [69, 70]. Lumefantrine is an anyliao alcohol [71] that prevents
polymerization of haem and free radicals to indpeeasite death [72]. In order to
prevent recrudescence, it is absorbed and cledmdys(t12=3-6 days) [73] to
eliminate residual parasite that may remain aftesnaether has been cleared from the

body [72, 74, 75].

Figure 6. Miscellaneous compounds

f. Non-Artemisinin Combination Therapy
A two-antimalarial combination, especially when yhdénave different
mechanisms of action, has the potential to infitgtdevelopment of resistance to each
component [48]. The combination of a 4-aminoquimeldrug (CQ or amodiaquine)
with sulfadoxine/pyrimethamine (SP) improves therapdological clearance
(compared with SP alone) [76]. However, high lewaisesistance against these two
chemical series indicate that these combinatioeshat recommended and no longer

used [15].



g. Artemisinin based-Combination Therapies (ACTS)

Another combination therapy approach is artemisohénivatives associated
with longer half-life antimalarials [48]. These cbimations have been recommended
by the WHO as malaria front-line treatment to ceurthe resistance . falciparum
to monotherapies and to improve treatment outcdrg [

Artemisinin-based combination therapies (ACTs) #re current standard
treatment for uncomplicated malaria. Artemisinindaits derivatives (artesunate,
artemether, dihydroartemisinin) are fast acting pounds but are rapidly cleared [15]
(human t Y21 hour), and are therefore combined with slow+ohgadrugs to Kill
residual parasites. The typical partner drugs ohellumefantrine (human t %2 = 3-4
days) and piperaquine (human t %2 = 8-16 days) M®len given in combination with
other compounds, a 3-day course of treatment wiiri@misinin compound is deemed
effective. Five ACTs are currently recommended bg tWHO: artemether +
lumefantrine, artesunate + amodiaquine, artesuratmefloquine, artesunate +
sulfadoxine - pyrimethamine, and dihydroartemisiniperaquing15]. ACTs have
supplanted the previously recommended sulfadoxipgrimethamine, which in turn

replaced CQ treatments [49].



Table 1. ACTs recommended by WHO
[77-80]



4. Artemisinin-based Combination Therapies (ACTSs) in hdonesia

The year 2004 was the beginning of ACTs use im#t®nal malaria control program
in Indonesia. This was due to the overwhelming baordf resistance of malaria parasites to
previous conventional malaria drugs. This step w0 in conjunction with WHO'’s

recommendation of using ACTSs to fight malaria [82].

The first ACT adopted in Indonesia was artesunateedaquine as first line therapy.
This fixed dose regimen is active agaiRstfalciparumas well asP. vivax,safe for all ages,
and affordable though large number of pills to bgested is a disadvantage. Moreover, in
places such as Papua, Lampung, and North Sulawesi areas with high chloroquine

resistance, treatment failures with artesunate-sgmoce were reported [82].

Artemether-lumefantrine has been recently, impldewnn Indonesia. In a study
conducted by Sutantet al (2013), artemether-lumefantrine proved to be safé highly
efficacious in 59 residents of eastern Sumba Isfaredenting uncomplicatde. falciparum
malaria [83]. Another study in southern Papua alolmesia, an area with multidrug resistant
P. falciparumalso showed high cure rate (95.3%) with artemdtimeefantrine, but it was less
responsive td°. vivaxcompared to other combination (43%) [84]. The disentages of this
ACT are: i) it should be administered twice daiby three days, given with fatty foods, and ii)
it is expensive. This limits the utilization of amether-lumefantrine as second line therapy for

P. falciparummalaria.

Dihydroartemisinin — piperaquine (DHP) can be aaptiption to overcome the failure
of other combinations such as artesunate-amodiad@8i?]. Based on the data of previous
ACTs trials in Indonesia, DHP was found to be tlestlcombination to treat uncomplicated
malaria in areas with multi-drug resistance. In panson with all the existing forms of ACTSs,

a 3-day DHP is the best substitute for the Ind@resCT program. Moreover, DHP is safe



and effective for botl. falciparumandP. vivaxmalaria. The cure rates of DHP reported for
the treatment dP. falciparumandP. vivaxwere 95.2% and 92.7%, respectively. DHP has been
used for more than 2 years in Papua, a high mesistance area, as first line therapy [85]. In
2006, the national drug policy was changed and De¢ame the first line treatment for any
uncomplicated cases of all four parasite specidd@rtreatment of malaria in the second and

third trimesters of pregnancy [14].

The dosage of dihydroartemisinin is 2-4 mg/kg afyoweight (BW), and 16-32 mg/kg
BW for piperaquine. The dose of DHP must be basedady weight rather than on age

classification, except if the weight scale is nadiable.

Table 2. The dosage of DHP based on body weigksiieation forfalciparummalaria

[86]
Number of tablets per days basecbody weigh classificatiol
Days | Treatment 5kc | 6-10Kke | 11-17 ke | 18-30 k¢ | 31-40 k¢ | 41-59kg | 60 kc
0-1 2-11 1-4 year| 5-9yearn 10-14 15 15
montt | montt yeal yeal yeal
1-3 DHP Ya Y 1 1Y% 2 3 4
1 Primaquin: - - Y. 1Y 2 2 3

5. Antimalarial Drug Resistance

a. Non-Artemisinin Resistance
The obstacle to malaria eradication is parasitstases to antimalarial drugs.
The WHO defines resistance to antimalarials aslfiéy of parasite strain to survive
and/or multiply despite the administration and apson of a medicine given in doses
equal to -or higher than- those usually recommermgdvithin the tolerance of the
subject, with the caveat that the form of the dagtve against the parasite must be

able to gain access to the parasite or the infeetdtlood cells for the duration of the



time necessary for its normal action [15]. Malarésistances was reported with

chloroquine, antifolates, and atovaquone [87, 88].

Chloroquine resistam. falciparumbegan to emerge in 1957 in South America,
South East Asia to Africa [89]. In the end of 1986sistances to sulfadoxine-
pyrimethamine and mefloquine settled well in Thar@odia and in 2006, resistance
to artemisinin appeared [19, 88]. Commonly, thesteaace mechanism of antimalarial
agents is mediated by multidrug resistance gengnpwbhism, for exampl®fmdrl
(chloroquine, mefloquine, amodiaquine, halofantrlamefantrine)Pfcrt (chloroquine
and amodiaquineRfdhps(sulfadoxine), andPfdhfr (pyrimethamine and proguanil)

[90-99].

Two main mechanisms d¢flasmodiunresistance to almost all anti-malarial
drugs are: i) modifications in transporter genekioing drug availability at its site of
action or ii) modifications of the drug target bytations in the corresponding genes
(Table 3). For antimalarials targeting the haembiglaigestion in the food vacuole
two transporters are mainly involved in the resise&a the chloroquine resistance
transporter RPfcrt) and the multi-drug resistance transporterPimdrl). Another
possibly related transporter is the multi-drug s&sice associated proteiRfifirp)
[100]. The mechanism of resistance for these atdinahagents is mediated by single
nucleotide polymorphisms (SNPs) of the genes thab@e these transporters or by
an increased number of copies of some of them [103]. Modifications of the drug
target concern more with antimalarial drugs targetmetabolic pathways, such
inhibition of the cellular respiration and the dilngorotate dehydrogenase (DHODH)
involved in the pyrimidine nucleotide biosyntheatamitochondrion level [103, 104]
or the dihydrofolate reductase (DHFR) involved e tproduction of purines,

thymidine and therefore in the DNA biosynthesishia cytosol [105, 106].



Table 3. Resistance genes in antimalarial drug

Anti-malaria Resistance Main resistance mechanisms Refs
Clas: Drug gene
Quinine Pfmdrl/other Disruption of drug accumulation[100,

inside food vacuole by reducindlO1]
propensity of the drug transporter
PfMDR1 to bind to and transfer
ant-malaria

Chloroquine  Pfcrt/pfmdrl Drug extrusion from digestive[107-
vacuole by mutating drugl09]

Quinolines transporter PfCRT due to higher
lipophilicity and negativity of the
transporter  allowing  ionized
chloroquine efflu:

Mefloquine Pfmdrl/other Reduction of parasite[96]
susceptibility to mefloquine by
amplification ofPfmdr] cories

Natural Artemisinir [22,
endoperoxide Artesunat 24]
compounds and Artemether Pfk13 Quiescence
semi-synthetic

derivaives

Sulfadoxine - Pfdhps- Modification of the drug target by

Antimetabolites pyrimethamin  Pfdhfr reducing inhibition of enzymatic

Proguani Pfdhfr activity by the dru [11(]

Other Atovaquone  Pfcytb Modification of the drug target by[103]

disruption of cytochromebcl
comple»

b. Artemisinin Resistance
The working definition of artemisinin resistancebissed on observations from
routine therapeutic efficacy studies of ACTs andhichl trials of artesunate
monotherapy. An artemisinin resistance area isestisd by, consecutively to an
increased parasite clearance timel0% of patient cases with parasites detected 3
days after treatment with ACT and more than 10%ezHtment failures on day 28 or

42 [111].



In 2006, declining parasite clearance rates withT AfRre found, marking an
initial detection of ART resistance. This resisamenerged in multiple locations in
the Greater Mekong subregi@®MS) and has later triggered another resistance to
antimalarial drugs, including partner drugs of ARiich as piperaquine [112].
Realizing that ART resistance would be an obstémtethe malaria elimination
program, our laboratory team (Group V, LCC-CNRS,uldase) reviewed the
underlying molecular mechanism of this particuksistance to provide a conceptual
framework of cellular network involved in parasgervival. Several cases of ART
resistance have been reported. In 2@08tro studies performed on blood samples of
patients with uncomplicated®. falciparum malaria suggested an increasing
artemisinin failures in western and eastern Thdilatiso in Cambodia, apparently
correlated with increased artemisinirsd@alues (mean of I§5:1.87nM, 3.18nM, and
3.34nM respectively, compare to 1.51nM of artenmmssensitive clone W2 [20].
Dondorp’s study [19] figured out reduceudvivo susceptibility to artesunate in Pailin
(western Cambodia) as opposed to Wang Pa (norteime$hailand). As many as
30% patients followed in Pailin showed 10% recrgdese of artesunate
monotherapy, and 5% of them indicated mefloquinelbaation Wang Pha. This
resistance is characterized by slow parasite aleaia vivo without corresponding
reductions on conventional vitro susceptibility testing, in contrast to the NoedlI’s
observation about increasedksd@alues the artemisinin in regions with a highuesl

rate of artesunate-mefloquine

A number of recent research revealed that thetaegie happened to not only
artemisinin alone but also with its combinationsicts as dihydroartemisinin-
piperaquine. In Cambodia parasite recrudescencer aflihydroartemisinin-

piperaquine treatment was associated with a higrearalence okelchl13mutations



and a higher piperaquine 4€ The treatment failure was caused by both artemisi

and piperaquine resistance [21].

It is well established that ART resistance is metldby mutations of thBfk13
propeller which trigger a sequence of events lepgarasites to enter in a quiescent
state during the presence of ART or its derivativles parasite restart its cell cycle
after drug elimination. ThEfk13 belongs to the kelch super-family of proteind &
likely to have a similar function to Keap 1 proteumich plays an essential role in
human in protecting against oxidative stress thinoag unfold protein response

(UPR).

A putative transcription factor (UTF) associatedwK13 is probably involved
in the parasite, such as like the human transoripiactor Nrf2 normally linked to
keapl. In unstressed conditions Nrf2, linked topeas degraded in the proteasome
by a polyubiquitination process [113]. Under stresrditions or in the case of k13
mutations, similar to Nrf2 in human, uTF could benstitutively activated by
inhibition of its proteasomal degradation. It wasently found that PfPI3K is a ligand
of Pfk13 In the case dPfkl3mutations, the PI3K ubiquitination is inhibitecténg
to an increased level of basal PI3P. The PI3PinokRT resistance is confirmed by
PI3P transgenic expression that endows artemis@sistance in non-mutated K13

parasites [114].

The underlying molecular mechanisms linked to Ki18ations and artemisinin
resistance have yet to be completely understood.inTtivo transcriptome analysis
of Plasmodium falciparumevealed that artemisinin resistance, causedrigyesK13
propeller mutations, is associated with increasgaession of a network of molecular

chaperones and major protein complexes belonginigetdJnfold Protein Response



(UPR) pathways. Some of the upregulated geneseskethomplexes are involved in
protein folding and repaiin the endoplasmic reticulum (ER) especially BiP
(immunoglobulin-binding protein). The misfolded pms bind to BiP and trigger a
cascade of events probably similar to the BIP-PERK2 pathway observed in
mammals and leading to a limitation of global protey/nthesis and a cell cycle arrest

via cyclin dependent kinases.

The parasite ART-induced quiescence state is ctarzed by a suspended
glycolysis and associated ATP and PEP productidosiever, a minimum ATP and
PEP production is ensured by apicoplat and mitodhon that remains active during

the quiescence stage [115].

Although the mitochondrial tricarboxylic acid cydke partly down regulated,
the transcription of proteins of the electron tgaors chain remains active and a FASII
pathway is implemented in the apicoplast conseelytiafter a decrease in host fatty
acid incorporations. For those reasons, quiescarasfies can be killed by drugs
targeting the respiratory chain of the mitochondisach as atovaquone, or its FASII

metabolism such as haloxyfob, and triclosan.

In conclusion, Plasmodium falciparumresistance to artemisinin and its
derivatives is not due to a common mechanism afreatérial resistance but based on
the increasing ability oPfkl13mutant parasite to restrain oxidative damages In
quiescence state, even though main metabolism pgthslow down, the apicoplast
and mitochondria keep supplying minimum energynietabolism to resume growth

as soon as the drug is eliminated.

Indeed, the well-defined cellular connections bemvthe different elements

involved in artemisinin resistance are a preretpiisi the definition of the best



strategy to fight this resistance and the searckffaient drugs targeting the

quiescence phenomenon.

c. A review was published in order to present thele cellular and molecular network of

artemisinin resistance.

L. PaloqueA. P. Ramadanj O. Mercereau-Puijalon, J.-M. Augereau, F. Benuial.

Plasmodium falciparummultifaceted resistance to artemisinins.

Malaria Journal 2016 15(1):149. DOI10.1186/s12936
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6. Medicinal Plants for New Antimalarial Drug Discovery

Malaria control is based on different strategiesioag others are developing an
effective vaccine, eradicating mosquito-vectors disdovering new drugs [116, 117]. In fact,
the development of vaccine proved to be very probte. Moreover, the attempt to control
Anophelesnosquito populations has had a limited succe8wuh the use of insecticide bed
nets is highly correlated to malaria death ratésicgon [118]. The limitation of vaccine and
vector control as well as the increasing resistasfoaalaria parasites to antimalarial drugs
pointed the importance of the discovery of newraatarial agents [119]. The main concern
over antimalarial drug development, beyond thenaaiarial activity, is that the drugs must be

affordable for the population in endemic regionsle¥eloping countries [7, 120].

Regarding these problems, plant-derived compoutg gn important role in new
antimalarial drug discovery. The knowledge of mewitplants by native people of malarious
regions can initiate medicinal chemistry explonatizased on specific antimalarial clinical
data. Many plants were screened or are under digiuor their antiplasmodial activities
[121-123], in the image of the discovery of quaminomChinconabark [124] and artemisinin

from Artemisia annua.

When the Spanish and Portuguese began to colooizth 3merica, they discovered
the use of the bark @hinchonatree by native Indians to treat fevers such asdloaused by
malaria. Tea made from the bark cured the peopféersig from malaria. The main
antimalarial compound was isolated from the bar€iothona succirub&Rubiaceae) in 1820

and identified as quinine, one of the 31 alkal@dstained in the plant [125].

The search for new antimalarial agents continuetifannd ginghaosu or artemisinin,

a sesquiterpene isolated fréxrtemisia annugAsteraceae), a plant used in Chinese traditional



medicine to treat fevers including those provokednimlaria [126, 127]. Artemisinin has

proven to be effective in chloroquine-resistardisis of human malaria [128].

Another species used as an antimalarial drug imé&3a traditional medicine is
Dichroea febrifuga(Saxifragaceae) [129] with the active principlebrifugine. It has been
evaluated clinically again®. vivaxandP. ovalebut its liver toxicity has limited its use for
malaria treatment [130]. The NAPRALERT natural proddatabase has listed plant species
from 152 genera from popular usages for antimal@roperties in Africa, Americas, and Asia

[131].

Antiplasmodial activities of plant crude extracencbe classified based on thedC
criteria proposed by Basco and collaborators. Gatigtity refers to an 16 < 10 pg/mL, 10 <
ICs0 < 50 pg/mL is classified as moderate, 50 50100 pg/mL indicates low activity, and
ICs0 > 100 pug/mL is considered inactive [132, 133]. Btirers, inactive criteria are reached if
the 1Go > 100&M, 20 < 1Gs0 < 60 uM is classified as low activity, and 1 sd& 20 uM refers
to moderate or limited activity [134]. A recent@wgave another classification but with closed
criteria. Very good activity refers to anszx 2 pg/mL, 2.0 < 16 < 5.0 pg/mL is classified as
good, 5.1 < I < 10 pg/mL indicates good to moderate, 11 s K25 pg/mL is determined
as weak, 26 < 165 < 50 pg/mL is specified as very weak, angol€ 100 pg/mL is considered

inactive [135].

7. Indonesian Medicinal Plants for Malaria Therapy

Indonesia is rich in medicinal plants widely usedthe population for any diseases
including malaria. Basically, the use of medicipknts for malaria treatment is based on fever
therapy like in South America witlCinchona or Artemisia in China. Some studies

hypothesized that antimalarial plants may act aguabiochemical targets for protozoa [131].



The ethno-botanical approach is the most commoategty for screening plant
activities. From plants, belonging to various faes] which are traditionally used for malaria
fever therapy and naturally grow in Indonesia, fpecies were selected as potential sources
of antimalarial agents due to their widely well-kwrouse and for some of them are not well
chemically characterized: kembang bulditHonia diversifolia(Hemsl.) A. Gray), cincau
rambat Cyclea barbataViers), brotowali Tinospora crispdL.) Hook. F. & Thomson), kayu

kuning @Arcangelisia flavavierr), and sengkubalPfcnarrhena cauliflorgMiers.) Diels).

a. Kembang bularfTithonia diversifolia(Hemsl.) A. Gray)

Tithonia diversifoliais a woody herb or succulent shrub locally calkemnbang
bulan and also known as Mexican sunflower. It is chaaoéd by opposite leaves,
attenuate base, acute apex, and crenate margelohgs to the kingdom Plantae (plants),
subkingdom Tracheobionta (vascular plants), supisidn Spermatophyta (seed plants),
division Magnoliophyta (flowering plants), class ¢§fmliopsida (dicotyledons), subclass
Asteridae, order Asterales, family Asteraceae, gefithonia and speciesTithonia
diversifolia(Hemsl) A. Gray [136]. It is commonly used for seald@raditional medication
purposes including malaria fever [137]. Its infusios suitable for constipation,
stomachache, indigestion, sore throat, and liver ph38]. Some research showed that its
ethanolic leaf extract exhibited anti-malarial @ityi [139]. In addition, the ether extract
from its aerial parts demonstratediarvitro antiplasmodial activity (165: 0.758&g/mL on
chloroquine-sensitive strain (FCA)). This findirgglito extraction of active compound, the
sesquiterpene lactone tagitinin C with &88nL 1Cso againstPlasmodiumFCA strain
[140]. Moreover,n vivo study showed that the ethanol extracT ofliversifoliais active

in vivoat 200 mg/kg BW in a malaria Swiss albino mice gl¢dl41].



Figure 7. The leaves at. diversifolia(a) and tagitinin C structure (b)

b. Cincau ramba{Cyclea barbataviers)

Cyclea barbata(Menispermaceae) can be easily distinguishedgettoidovate,
hispid leaves with acuminate apex, finely mucrorstemen, and long male and female
inflorescences with dense capitate flowers. It nsthe kingdom Plantae, division
Magnoliophyta, class Magnoliopsida, order Ranuriesldamily Menispermaceae, genus
Cyclea,and specie€yclea barbataViers [136].In Java, the leaves @&. barbata are
typically prepared in the form of jelly consumedsé@mach medicine and a brew prepared
from the dried roots is used as a prophylacticresidever [142]. It has been shown that
C. barbataleaves had a protective effect on aspirin-inducastrge ulcer in Balb/c mice
[143]. The alkaloid extract o€. barbataroots demonstrated both antimalarial and
cytotoxic activities, and among the five activebaiszylisoquinolines alkaloids that were
isolated, the most active was cycleapeltine withlyd&d 29 and 41 ng/mL oRlasmodium
strains D-6 and W-2 respectively [144]. Continustiglies of the alkaloidal fraction Gf.

barbata roots led to identification of two new bisbenzgliginoline alkaloids: (-)-2’-



norlimacine and (+)-cycleabarbatine [145] but thamntimalarial properties were not

evaluated.

Figure 8. The leaves @. barbata(a) and cycleapeltine structure (b).

Brotowali (Tinospora crispgL.) Hook. F. & Thomson)

Tinospora crispa(L.) (Menispermaceae) is a tropical liana (woodyijhwheart
shaped large shiny green leaves and yellow coloflmagrs which are fascicled [146].
This plant is predominant in primary rainforestsroked deciduous forests of South East
Asia and Africa including Thailand, Malaysia, antdbnesia [147]. It is endemic in
several areas of Indonesia particularly in Javas plant is part of the kingdom Plantae,
phylum Tracheophyta, class Magnoliopsida, orderniRanlales, family Menispermaceae,
genusTinospora and specieginospora crispdL) Hook. F. & Thomson [148]T. crispa,
known as brotowali in traditional folklore, is uséd various therapeutic purposes such
as treatment for diabetes, hypertension, stimulabd appetite and protection from

mosquito bites, fever and malaria, stomachachgamdlice. An infusion of the stems is



prescribed as a worming, and a decoction of thelevpant is used as a general tonic

[147, 149-151].

Phytochemical investigations of the stems of braidoved to the isolation of
aporphine alkaloid, including N-formylasimilobine, N-formylanonaine, N-
formyldehydroanonaine, N-formylnomuciferine, madoohe, paprazine, N-trans-
feruloyltyramine, and cytidine [152, 153]. Furthavestigation revealed that methanol
extract ofT. crispadisplays an antioxidant activity [154-156], metbkhorude extract of
T. crispa shows antiproliferative activity [156, 157], agueowextract possesses
hypoglycemic effect [149], and ethanol extract #sdsolated fraction stimulate murine
macrophage cell (RAW264.7) viability and intrac&luexpressions of cytokines [158],
and stem extract df. crispashows bothn vitro antiplasmodial activity [159] and vivo

againstP. berghein dose-dependent manner [160].

Figure 9. The stem d@f. crispa(a) and one of the aporphine structures, N-forniyldsbine
2-O- -D-glucopyranoside (b)



d. Akar kuning(Arcangelisia flavavierr)

Akar kuning(A. flava)found in Sumatra, Java, Borneo, and Sulawesi inriadia
is a large, woody, glabrous, dioecious liana ug@m long. The stem is up to 5 cm in
diameter, yellow wood, and exuding yellow sap whben It is a member of the kingdom
Plantae, division Magnoliophyta, class Magnoliopsicdrder Ranunculales, family
Menispermaceae, genuAlrcangelisia and speciesArcangelisia flava Merr [161].
Traditionally, the sap of cut stems Af flavais drunk to treat typhoid fever and sprue
[162], hepatitis, stomach disturbance, and ma[a68]. A. flava,also known as katola by
the communities of Muna district in Southeast Salsiw is traditionally used as

antidiarrheal and yellow fever treatment by Wawioihies.

Some alkaloids yielded fromA. flava are berberine, 8-hydroxyberberine,
columbamine, jatrorrhizine, palmatine, thalifendidehydrocorydalmine, shobakunine,
(-)R,R-limacine, (+)R,S-homoaromaline, and pycniaeh|[162]. A previous study
mentioned that berberine @f. flava has antimicrobial activity [164Jantioxidant and
cytotoxic activity [165]. Its antiplasmodial actiyiis also figured out againBt falciparum
with 1Cso ranging from 0.4 to 8.6 pg/mL [166]. In additidhe berberine extracted from
A. flavainhibits telomerase activity iR. falciparumas a potential target for future malaria

chemotherapy [167].



e.

Figure 10. Stem oA. flava(a) and berberine structure (b)

SengkubakPycnarrhena cauliflorgMiers.) Diels)

SengkubakRycnarrhena cauliflorgMiers.) Diels) from West Borneo has been used
widely by Dayak tribes as a cooking flavor and tmeent for flatulence (by placing soaked
leaves on the stomach), fever and malaria (by drgnleaf infusion). This plant can be
found in primary or secondary forests with spatiatribution and tend to grow in clusters.
It is a slender twining shrub and frequently climdpiup on a tall tree [168]. Sengkubak
belongs to the kingdom Plantae, phylum Magnoliophytlass Magnoliopsida, order
Ranunculales, family Menispermaceae, geRysnarrhena and specie$ycnarrhena
cauliflora (Miers.) [148] The bisbenzylisoquinoline alkaloid compound#otauliflora,
like obaberine, picnarine [169], are responsibleniany activities including antioxidant

and cytotoxic properties [170, 171] but the antemal activity has yet to be



experimentally proved. From the eight species endbnusPycnarrhena,only four .

australiana, P. ozantha, P. manilensis, P. longgfphave been deeply investigated.

Figure 11. The plant d?. cauliflora(a) and obaberine structure (b)

All these five selected plants are naturally grayin IndonesiaT. diversifolia, C.
barbata,and T. crispaare easily found in gardens or in cultivation eestA. flavaand P.
cauliflora are found in forests. These species are now eerdamglespite the clinical interest
of some of them, such &s flavawhich has been studied for its numerous activitiesP.
cauliflora that is considered as a promising source of mealigahants. Deforestation for
various reasons, and limited direct economic bé&nébir the people are the main factors of
their extinction. In order to confirm the antiplastnal activity and to increase their economic
benefit, those selected plants were collected ammdated, and their activities were investigated
using standarah vitro assays with various parasites and human cell foresytotoxic studies.
Further study on isolation and characterizatiomaifve compounds will be required before

developing a new antimalarial drug.



8. Gold Complexes as Antimalarial Agents

Metal-based therapeutic agents have become arasiogly important research effort
toward the development of new compounds with lessctside effects and with an
understanding of their mechanism of action [172}1IrGarticular, the use of metal containing
drugs as antiparasitic agents has not been very exlored. The emergence of resistance to
antiparasitic drugs induces an urgent need for rdf@ctive, non-toxic anti-parasitic drugs.
Moreover, an immense number of rational combinatioh appropriate organic molecules
(used in traditional medicine) with different trérmal metal-drug synergism can enhance the
activity of parental organic drugs due to bondinthwthe metal ion. The stabilization of the
drug by coordination with the metal ion may be tediato this activity enhancement that leads
to a prolong contact of the drug with the organisnad more efficient biological targeting.
Furthermore, the toxicity diminution of the metahimay occur since its complexation with

the organic drugs makes it less available for togéctions [177].

The same approach, metal-drug synergism, has ae&sodpplied for antimalarial metal
agent discovery. It was reported that in 1987, gitle drugs primaquine and amodiaquine, 32
metal complexes were synthesized with two of tHzseag based on gold (lll). The activity
study proved that all compounds were active ag&ini&ticiparumas well as the parental drugs

[178].

Gold is among the most ancient of all metals usetheédicine and its current use has
allowed information regarding toxicological andnatial administration to become available
along with valuable studies concerning its metamoland molecular targets. An attempt of
attaching gold-containing fragment to CQ showedtrang variation of the electronic
properties. Moreover, the diversity of possibledglijand fragments that can be attached to
base CQ or chloroquine diphosphate (CQDP) yieldsdespread exploration of their anti-

malarial properties [178].



One of the CQ-metal complexes, [Au(RREQ)]PFs potentially inhibited the growth
of P. bergheiand was also very effective against two CQ-residt@B1 and FcB2 strains of
P. falciparum It has been documented that the activity was -‘WkD grater than the
corresponding CQDP, displaying that gold coordorateads to a significant enhancement of
the activity of the parental drug against resistaanasites without any adverse reaction or
apparent acute toxic responses observed [179].pfineipal mechanism proposed for the
antimalarial action of [Au(CQ)(PRJjPFs against resistant strains Bf falciparumis the
interaction with heme and the inhibition shematin formation. Both of the enhanced activity
and the ability of this compound to lower CQ-remigte are related to the high lipophilicity of
the metal complex and the important structural riation of the CQ structure imposed by

the presence of the metal-containing fragment [180]

Figure 12. Structure of [Au(CQ)(PBRIPFs

This result then stimulates a derivatization preces CQ-Au complex by structure
modification of [Au(CQ)(PP$)]PFs complex. The modification included variation ofeth
phosphine ligand with the purpose of inducing clesnig the electronic and steric properties,
variation of counter anion, variation of the gobddation state (both Au(l) and Au(lll)), and
use of other biologically important ligands. Theuk demonstrates that Gold (lll) complexes

are more active than CQDP against CQ-resistanthdfrh The highest activity for this series



is found for complex [Au(Pet3)(CQ)]PF6, which isddd more active than CQDP against CQ-

resistant strain FcB1 [178].

Recently, another ligand widely studied for its mboation with gold complex is NHC
(NHC =N-heterocyclic carbene). NHCs represent one of th& mgportant classes of ligands
in organometallic chemistry. The easy preparatioNdC-precursors has allowed an almost
infinite access to new organometallic complexesyhich the nitrogen atoms of the azoliums
rings can be functionalized by organic groups, nogaetallic moieties and biological entities
[11]. Moreover, because of their easy preparatiarAg carbene transfer route, the interest in
Au'-and AU"-NHC complexes has surged in the past decade Hi&interesting biological

activities of numerous NHC-metal complexes havenltBeumented in several articles [182].

Au'-and AU'-NHC compounds are generally readily prepared,letad air and
moisture, and some of them, especially dinucle&d(doand polynuclear gold(l)-heterometal
species display long-lived intense photolumineseexticoom temperature [181]. In particular,
given that these ligands are extremely goedbnors, they form strong Au-carbene bonds,
giving stable ANHC complexes that are insensitive to biologicathyportant thiol groups.
Au'-NHC have shown potential medical applications [188pecially as anticancer [182, 184-
187], antiarthritis [188], and antimicrobial age[i89]. It has to be mentioned that gold-based
compounds, including some gold(I)-NHCs, show antbohondrial activity with great
specificity [183]. In addition, pharmaco-modulatsonf N-functionalized bis(imidazolum)
proligands and their corresponding silver(l), gbldnd gold(lll) complexes leading to the
second series of complexes withsd@alues up to 330nM againt falciparumstrain, without

any hemolysis [190].

The study by Micale and colleagues explored thesiptes mechanism of gold

complexes as antimalarial agents. It was notedttiegbarasite enzyme Falcipain 2 (Fp2) may



involve in this regard. This protein is correlatethhe degradation of host’'s hemoglobin that
produce significant amounts of peptide and amindsafor parasite growth. This process is
strongly occurring at the early throphozoite stagithough the direct correlation of gold
compounds to Fp2 inhibition has been investigatedtro, further findings displayed that the
inhibition of Fp2 only represent one of the divensede of action of gold compounds inhibit

P. falciparumreplication [11, 191].



CHAPTER Il

MATERIALS AND METHODS

A. MATERIALS
1. Antiplasmodial Activity of Indonesian Medicinal Plants

a. Plants & reagents

C.

The parts of the medicinal plants studied here Waarees ofT. diversifolia,
leaves and stems @f. barbata stems ofT. crispg stems ofA. flava,as well as
leaves and radixes &. cauliflora

Other materials used were ethanol 70%, n-hexarlg)l eicetate, and
methanol.

P. falciparumstrains and cell lines

FcM-29 Cameroon chloroquine-resistant strain wagleyed for assessing the
antiplasmodial activity, while VERO cells were udedtesting the cytotoxic.
Antimalarial drug controls & reagents

We used Chloroquine (Sigma), DMSO (Sigma), RPMId.gBiowest,
France), HEPES, L-glutamine, ABhuman serum (French blood bank, EFS,
Toulouse, France), O-type human RBC (French bloankp EFS, Toulouse,
France)J[H] hypoxanthine (Perkin Elmer, France), and corteptaedium (MEM,
FCS, L-glutamine, penicillin, streptomycin, NEAA)1X
Tools

The tools employed were maceration chamber, waithr, botary evaporator,
glass instruments, conical tubes, centrifuge, worfecezer, refrigerator, GO
incubator, 96-well plates, cell counter (Perkin Elinand Class Il Biosafety

cabinet.



2. Antiplasmodial Activity of Gold (I) Complexes

Tested compounds

Twenty-five synthesized compounds were testedighstiudy consist of
the imidazolium salts (proligands: compuntis— 9, and 11; zwitterionic
proligand: compound0) and the mononuclear gold (I) bis(NHC) complexes
(compoundl2 —25).

All these compounds were obtained from group V WBZR1 LCC-
CNRS, Toulouse, France.
Plasmodium falciparumstrains and cell lines

Chloroquine-resistarR. falciparumFcM-29 Cameroon strain was used
for assessing the antiplasmodial activity while \@&ells were used for testing
the cytotoxic.
Antimalarial drugs and reagents

The materials used in this study were Chlorogigma), artemisinin
(TCI), DMSO (Sigma), RPMI-1640 (Biowest, FranceEPES, L-glutamine,
AB™ human serum (French blood bank, EFS, ToulousecE)aO-type human
RBC (French blood bank, EFS, Toulouse, Franikl), hypoxanthine (Perkin
Elmer, France), and complete medium (MEM, FCS, utaghine, penicillin,
streptomycin, NEAA 1x).

( Tools

The tools utilized were water bath, rotary evapmraglass instruments,

conical tubes, centrifuge, vortex, freezer, refrager, CQ incubator, 96-well

plates, cell counter (Perkin Elmer) and Class ddaifety cabinet.



3. K13 Gene and Artemisinin Resistance
a. Strains & reagents

The P. falciparumstrains used in this research werefalciparumclinical
isolates from Cambodia (Cam3.I, Cam3.1l, Cam5, Ca@&nWT) and reference
laboratory lines (F32-TEM, F32-ART, V1/S, FCB, Ddpjovided by four
different laboratories. In our laboratory, we cocigd the research using FCB,
Dd2, and F32 strains.

Other materials used were RPMI-1640 (Biowest, Fean¢iEPES, L-
glutamine, AB human serum (French blood bank, EFS, ToulousecEjaO type
human RBC (French blood bank, EFS, Toulouse, Fjarziydroartemisinin
(TCl), DMSO (Sigma), Percdll (Sigma-Aldrich), PBS, Heparin, D-sorbitol

(Sigma-Aldrich), immersion oil, and Giemsa stainf{Quick)*

b. Materials
The tools utilized were Class Il biosafety cabi@D, incubator, water-bath,
scale, pipette and tips, flask culture, centrifugmical tube, filter 0.28M pore

size, 48-well plates, glass slides, microscope,canchter.

4. Dihydroartemisinin-Piperaquine Resistance in Kupang

a. Materials
The materials used were dihydroartemisinin-piperagtablets (Darplex),
dihydroartemisinin (TCI), RPMI-1640 (Sigma), ACDtaoagulant, O type RBC,
culture medium (RPMI-1640, HEPES, Gentamycin, Hypukine, Albumax II,
heat-inactivated human serum), DMSO (Sigma), imioergil, Giemsa stain

(Merck), syringe (Terumo), filter paper (Whatmanil3-propeller primers,



dNTP (Biodynes), MgG| Tag DNA polymerase (Solis Biodyne), and ethidium

bromide stain.

b. Strains
TheP. falciparumstrain employed in this study wBRsfalciparumisolates from
malaria patients in Kupang, East Nusa Tenggara.
c. Tools
The tools involved were conical tubes, glass imsamts, glass slides,
microscope, counter, 48-well plates, £i@cubator, candle jar, Class Il biosafety

cabinet, water bath, balance, pipette and tips,abubottles, flask cultures,

centrifuge, and filters 0.ZM pore size.

B. METHODS
1. Antiplasmodial Activity of Indonesian Medicinal Plants

a. Plant collections and identification
Tithonia diversifolia (Asteraceae; voucher specimen 007-02/L-
PB/UII/2013) was collected in Sleman District ofg§@karta, an€yclea barbata
(Menispermaceae; voucher specimen 008-03/L.S-PERQIB) was gathered in
Bantul District of Yogyakarta, whil€inospora crispgMenispermaceae; voucher
specimen 009-03/S-PB/UII/2013) was obtained in Yagyta City. Meanwhile
Arcangelisia flava(Menispermaceae; voucher specimen 010-04/S-PB/A8P
was gathered in South Borneo, aRgcnarrhena cauliflora(Menispermaceae;
voucher specimen 011-01/S.R-PB/UII/2013) was ctdl@dn Sintang District,

West Borneo.



The plants were identified in the Laboratory of IBgy, Department of
Pharmacy, Universitas Islam Indonesia, Yogyakardpnesia (Herbarium of
Laboratory of Biology, Department of Pharmacy, Hgcwf Science and
Mathematics, Ull, Yogyakartdndonesia), and their samples were air-dried (50-

60°C) and powdered.

. Plant extraction

Similar to the traditional ways, the parts of thenp taken for the extraction
included leaves df. diversifolig stem and leaves &f. barbata stem ofT. crispa
stem ofA. flavg as well as stem and radix®f cauliflora.

Powdered samples @f diversifolia(leaves)C. barbata(stem and leaves),
T. crispa(stem), andh. flava(stem) were extracted by maceration in 70 % ethano
for 24 hours, 300 g of plant powder with 1.5 L olv&nt. This process was repeated
for two days consecutively using fresh 70% etharallowing 3 days re-
maceration in ethanol, the extracts were filtened the filtrates evaporated using
a rotary vacuum evaporator, to attain ethanol ekt@ome of the ethanol extract
were then fractionated by n-hexane by liquid-liq@eparation method which
create two separate layers (n-hexane and firshetleyer). The n-hexane fraction
was acquired after the n-hexane layer was evamgbratee fractionation process
was continued by fractionated the ethanol layengisithyl acetate (liquid-liquid
separation) which produce ethyl acetate and seetirahol layer. Both layer was
then evaporated separately yielded ethyl acetatgidn from ethyl acetate layer
and fraction residue from second ethanol layer,case there were active

compounds left behind.



Contrary to previous plants, radix partfxfcauliflorawas extracted by n-
hexane to attract the lipophilic compound from thlant. The filtrate then
evaporated and become n-hexane extract. Meanvindeyrecipitate of n-hexane
extraction was further extracted using dichlororaathto obtain dichloromethane
extract. Then, the precipitate from previous diobioethane extraction was
employed for methanol extraction. The methanol aattwas gained from the
evaporation of the filtrates.

At the end of extraction process, from each pakta¥es ofT. diversifolia,
stem and leaveS. barbata and stem of. crispawere gained ethanol extract, n-
hexane fraction, ethyl acetate fraction, and foactesidue. Meanwhile, from stem
of A. flavathere were ethanol extract, n-hexane fractionedhyl acetate fraction.
Yet, for each part of stem and radix & cauliflora produce n-hexane,
dichloromethane and methanol extracts. Finallyiekded 25 extracts and fraction
that ready for investigation its antiplasmodial\aties.

Reagent preparation

To evaluate the antiplasmodial activities, the lstmautions of the extracts
(2 mg/mL) were prepared in dimethylsulfoxide (DMS&)gma, France) and then
diluted in RPMI 1640 (Biowest, France). The dilusowere checked to confirm
that the extracts did not re-precipitate underehasnditions. The extracts were
then tested immediately after their dissolutioDiMSO and RPMI, kept at 4°C
for 3-8 days, and re-tested. The residual DMSOénassay was 2% and this was
evaluated individually to check that this solveerqentage had no activity on
parasite cultures. The extract concentrations foth bchemo-sensitivity and

cytotoxic assays were &@d/mL, 1&g/mL, 18g/mL, and 5&g/mL.



d. Chemo-sensitivity assay

The antiplasmodial activity was evaluated with theM29-Cameroon
chloroquine-resistarlasmodiumstrain and cultured continuously according to
the Trager and Jensen method [192], in a 5% @thosphere at 37°C by
considering the modifications previously reportd®3]. In brief, the parasites
were keptin vitro in human red blood cells and diluted in RPMI 16d48dium,
added by 25 mM HEPES, L-Glutamine and completedh w# human serum
(French blood bank, EFS, Toulouse, France). Thglastodial activity was
assessed similarly to what was previously repdoe®esjardins et al. [194] and
modified as follows. Extract dilutions and referemmmpounds were tested in
triplicate for at least 3 times independently, 618ell plates with cultures at 1%
parasitaemia and 1% haematocrit. For each tesplabes of parasite culture were
incubated with extracts or reference compoundgt®&h and®[H]-hypoxanthine
(Perkin Elmer, France) was added to the medium 2dtdr the beginning of
incubation [193]. The parasite growth was estimdtedn [*H]-hypoxanthine
incorporation. The control parasite culture (withdrug and with 2% DMSO) was
referred to as 100% growth. Thest@alues (50 % inhibitory concentration) were

graphically determined as concentrations versusgpéage of parasite growth.

e. Cytotoxic evaluation on macrophage and VERO ceddi
The cytotoxicity tests were evaluated on macropbagel VERO cell lines
for compounds showing the best anti-leishmanial antiplasmodial activities,
respectively. The evaluation of cytotoxicity by M&$say on the J774A.1 cell line
(mouse macrophage cell line, Sigma-Aldrich) wasfqered according to

Mosmann [195] with slight modifications, and cytimty on VERO cells



(monkey epithelial cell line, Sigma-Aldrich) was sassed using 3Hi]-
hypoxanthine incorporation. In short, cells (5.&6lls/mL) in 100 pL of complete
medium were seeded into each well of 96-well platas$ incubated at 37°C in a
humidified 5 % CQ with 95 % air atmosphere. The complete mediumisting

of RPMI 1640 was supplemented with 10 % foetal satim, 2 mM L-glutamine
and antibiotics (100 U/mL penicillin and 100 pg/metreptomycin) for J774A.1
cell line and MEM with 10 % foetal calf serum, 2 miMglutamine and antibiotics
(100 U/mL penicillin and 100 pg/mL streptomycin)ENA 1X for VERO cell
line. After 24 h incubation, 100 pL medium with Mars product concentrations
and appropriate controls (DMSO and doxorubicin)enstded and the plates were
incubated for 72 h at 37°C, 5 % @@or cytotoxic evaluation on macrophages,
each plate well was then microscope-examined &ctiany precipitate formation
before the medium was aspirated from the wells. I@melred pL of MTT solution
(0.5 mg/mL in RPMI) was then added to each well sredcells were incubated
for 2 h at 37°C. Then, the MTT solution was remoaed DMSO (100 pL) was
added to dissolve the resulting formazan crystdlse plates were shaken
vigorously for 5 min and absorbance was measur&¥@inm with a microplate
spectrophotometer (EON).

For cytotoxic evaluation on VERO cells, the platese incubated with the
test compounds for 48 h antH|-hypoxanthine (Perkin Elmer, France) added to
the medium 24 h after the beginning of the incurafl93] to estimate VERO cell
growth. The control VERO cell culture (drug-freetlwith 2 % DMSO) was
referred to as 100 % of growth. Thesé@alues (50 % inhibitory concentration)
were graphically determined as concentratioessus percentage of parasite

growth.



f.

Anti-Babesiaactivity

Babesia divergens(Rouen 1986 strain) was cultured continuously
according to Précigoet al[196]. The parasites were maintaineditro in human
red blood cells (€ EFS; Toulouse, France), diluted to 6 % haematatiRPMI
1640 medium (Biowest, France) supplemented withnld0 NaHCQ and
complemented with 10 % human A&rum (EFS).

The antibabesial activity of extracts was evaldétgthe same radioactive
micromethod as that foPlasmodiumin 96-well culture plates except for the
incubation time, which was reduced to 24 h. Thegdrae control parasite
cultures were considered as 100 % growth, and &fogarb sensitivity control
was included in every plate. d€was determined graphically from concentration

versuspercentage of inhibition curves.

Anti-leishmanial activity on promastigote state

The effect of the compounds tested on the groWwtteishmania infantum
(line MHOM/MA/67/ITMAP-263) promastigotes was assessed by Luciferase
Assay. Briefly, promastigotes in log-phase in RPM#0 medium (Biowest,
France) were supplemented with 10 % fetal calfregitdyclone, ThermoFischer,
France), 2 mM L-glutamine and antibiotics (100 U/meénicillin, 100 pg/mL
streptomycin and 50 pg/mL geneticin (Sigma, Franesre incubated at an
average density of f@arasites/mL in sterile 96-well plates with vasou
concentrations of compounds dissolved in DMSO oOMg(final concentration
less than 0.5 % v/v), in duplicate. Appropriatetcols treated by DMSO, MeOH
and amphotericin B (reference drug purchased fragm& Aldrich) were added

to each set of experiments. After a 72h incubagpiemod at 24°C, each plate well



was then microscope-examined for any possible pitaté formation. To estimate
the luciferase activity of promastigotes, 80 péath well was transferred to white
96-well plates, Steady Glow reagent (Promega) wited according to the
manufacturer’s instructions, and the plates wereubated for 2 min.
Luminescence was measured in a Microbeta Luminesceounter
(PerkinElmer). Inhibitory concentration 50 % ¢HC is defined as the
concentration of drug required to inhibit 50 % &ietmetabolic activity of
Leishmania infanturpromastigotes compared to the controkel®as calculated
by non-linear regression analysis processed on-desgonse curves, using
TableCurve 2D V5® software. ko values are the geometric mean values

calculated from three independent experiments.

2. Antiplasmodial Activity of Gold (I) Complexes

a. Synthesized compounds
All the synthesized compounds (the imidazoliatssand the mononuclear
gold (I)-bis(NHC) complexes) have been prepareghowders and ready to be
tested.
b. Reagent preparation
To evaluate the antiplasmodial activities, the Ist@olutions of the
synthesized compounds (1 mg/mL) were preparednrethiylsulfoxide (DMSO,
Sigma, France) and then diluted in RPMI 1640 (Bistw€&rance). The dilutions
were checked to confirm that the synthesized comg®ewdid not re-precipitate
under these conditions. The synthesized compoueds then tested immediately
after their dissolution in DMSO and RPMI, kept &C4or 3-8 days, and re-tested.

The residual DMSO in the assay was 2% and thisevatiated individually to



check that this solvent percentage had no actigityparasite cultures. The
synthesized compounds concentrations for both lastipodial and cytotoxic assay
were 0.Bg/mL, 1&g/mL, 10&g/mL, and 58&g/mL.
Antiplasmodial assay

The antiplasmodial activity was examined for théoabquine-resistant
strain FcM29-Cameroon and cultured continuousiyygigo Trager and Jensen
method [192], in a 5% C{atmosphere at 37°C, and considering the modifinati
previously reported [193]n brief, the parasites were kaptvitro in human red
blood cells and diluted in RPMI 1640 medium, addgd25 mM HEPES, L-
Glutamine and completed with 5% human serum (FreBidod Bank, EFS,
Toulouse, France). The antiplasmodial activity wssessed similarly to what was
previously reported by Desjardiasal.[194] and modified as follows. Synthesized
and reference compounds were tested in triplicateaat 3 times independently,
in 96-well plates with cultures at 1% parasitaeama 1% haematocrit. For each
test, the plates of parasite culture were incubatitd synthesized or reference
compounds for 48 h anmfH]-hypoxanthine (Perkin Elmer, France) was added t
the medium 24 h after the beginning of incubatit®3]. The parasite growth was
estimated from ®H]-hypoxanthine incorporation. The control parasiature
(without drug and with 2% DMSO) was referred to1&89% growth. The 16
values (50% inhibitory concentration) were graplycadetermined as
concentrations versus percentage of parasite growth
Cytotoxic evaluation on VERO cell lines

The cytotoxicity tests were performed on VERO &aks for compounds
showing the best antiplasmodial activities. Thel@at#on of cytotoxicity on

VERO cells (monkey epithelial cell line, Sigma-Ailiy) was assessed usirt#i]-



hypoxanthine incorporation. In short, cells (5.&6lls/mL) in 100 pL of complete
medium were seeded into each well of 96-well plated incubated at 37°C in a
humidified 5% CQ with 95% air atmosphere. The complete medium ctingj
MEM with 10 % foetal calf serum, 2 mM L-glutaminedaantibiotics (100 U/mL
penicillin and 100 pg/mL streptomycin), NEAA 1X.

The plates were incubated with the test compouondsA8 h and JH]-
hypoxanthine (Perkin Elmer, France) added to theinme 24 h after the beginning
of the incubation [193] to estimate VERO cell grbwihe control VERO cell
culture (drug-free but with 2% DMSO) was referredas 100% of growth. The
ICs0 values (50% inhibitory concentration) were graplic determined as

concentrationsersuspercentage of cell growth.

3. K13 Gene and Artemisinin Resistance

a. Continuous culture d®. falciparum

The artemisinin resistance was assessed againstusailinical isolates
(Cam3.l, Cama3.ll, Cam5, Cam2, and CamWT) and laboydines (F32 TEM,
V1/S, FCB, and Dd2). All strains were cultured a¢onbusly according to Trager
and Jensen method [192], in a 5% G@mosphere at 37°C, taking into account
the modifications previously described [193The parasites were briefly
maintainedn vitro in human red blood cells and diluted in RPMI-1648dium,
supplemented with 25 mM HEPES, L-Glutamine and deted with 5% human

serum (French Blood Bank, EFS).



b. Reagent preparations

1)

2)

3)

4)

Stock and test solution of Dihydroartemisinin

Dihydroartemisinin (DHA) stock solutions were pregédin DMSO to
obtain 1mg/mL of stock solution. To have a &0nL (700nM) of stock
solution, the initial stock solution 1mg/mL wasuléd 5-fold in DMSO. A

total of 50&L aliquots of 700nM stock solution was stored ierdég 1.5 mL
micro centrifuge tubes at -&0. For DHA test solution, 2&L of DHA 700nM

stock solution was added to 2 mL of culture medium.

Control solution of Dimethylsulfoxide (DMSQO)
Dimethylsulfoxide (DMSO) control solution was pregd by adding 20

&L of DMSO to 2 mL of culture medium.
Percol) solutions

Percol) solutions were prepared at room temperature, Class |l
biosafety cabinet, using sterile reagents. Ninaiwas of Perco)l (Sigma-
Aldrich) were mixed with one volume of 10x PBS take a Percall 90%
solution (stored at+C, up to 2 months). For RSA assay, 7.5 volumes of
Percol) 90% solution were mixed with 1.5 volumes of hepaed RPMI-
1640 (freshly prepared 18 heparin mixed with 10 mL RPMI-1640) to
obtain a Percall 75 % solution prepared directly prior to the assay
Sorbitol solution

A total of 50 grams of D-sorbitol (Sigma-Aldrich)a® dissolved in 1L

of distilled water resulting in a 5% D-Sorbitol gbbn. Using a 0.22&M filter,

the homogenized solution was sterilized and statedC (up to 1 year).



C.

In vitro RSA assay

These assays were carried out as previously descfit®7], with minor
modifications. In summary, 10-15 mL parasite cw@iumwere synchronized 1-2
times using 5% sorbitol (Sigma-Aldrich). Synchroaauultinucleated schizonts
were incubated in RPMI-1640 containing 15 units/sodium heparin for 15 min
at 3'AC to disrupt agglutinated erythrocytes, concentrateer a gradient of 75%
Percol) (Sigma-Aldrich), washed once in RPMI-1640, andulveted for 3 hours
with fresh erythrocytes to allow time for merozaiwasion. Cultures were then
subjected again to sorbitol treatment to elimina®aining schizonts. The 0-3
hours of post-invasion rings were adjusted to 1¥agtemia and 2 % hematocrit
in 1 mL volume (in 48-well plates) and exposed @™ DHA or 0.1% DMSO
(solvent control) for 6 hours. Duplicate wells wegtablished for each parasite
line, drug. As much as 1 mL of the cultures was themsfexred to 15 mL conical
tubes and centrifuged at 1600 rpm for 5 min togbéhie cells, and the supernatants
were carefully removed. As a washing step to remanegy, 9 mL of culture
medium was added to each tube, the cells weresgesded and centrifuged, and
the medium was aspirated. Fresh lacking drug meduas then added to the
cultures, and this mixture was returned to standaltdire conditions for 66 hours.

Parasite viability was assessed though microsce@xamination of
Giemsa-stained thin blood smears by counting thesjtas developed into second-
generation rings or trophozoites with normal moifpgyg. To obtain a
homogenous smear for all slides, the culture wasispended, transferred into an
Eppendorf tube, and briefly centrifuged (2000 rmm30 seconds). Exactly&.

of the pellet was then used for each smear. Panaisis were calculated from a



total of at least 40,000 erythrocytes per assaigleSlwere read from the two
duplicate wells per assay by two separate micrastnpeach of them was
examined for at least 10,000 erythrocytes per slidéhe case of more than 20%
discrepancy in parasite counts, the slides werthdurexamined by a third
microscopist. The percentage of survival was cated as the parasitemia in the
drug-treated sample divided by the parasitemiaénuintreated sample multiplied

by 100.

The artemisinin resistance was described 4$5% of survival percentage.

4. Dihydroartemisinin-Piperaquine (DHP) Resistance irKupang

a. Ethics approval submission

b.

The study protocol and informed consent have bgmmozed by the
Medical and Health Research Ethics Committee of Rheulty of Medicine,
Gadjah Mada University, Yogyakarta (ref number KEE22/EC). Therefore,

the entire process of the study has been conductger ethical considerations.

Study population

The population of this study covered several aned@ipang East Nusa
Tenggara which has a high case incidence (HCl)dbasethe Annual Parasite
Incidence (API). The samples followed the inclusmiteria, such as patients
diagnosed for non-complicated malaria caused byicpgarly P. falciparum
(slide-confirmed malaria), those having fever asttny of fever 48 h prior to

presentation, patients seeking treatment in prirhagjth center or district referral



hospital, and those agreeing to sign the infornmtsent and follow the study.
The exclusion criteria were pregnant or lactatingmen, children under 5 kg,
anyone already taking malaria treatment for 4 wdmkerehand, diagnosed for
complicated malaria (co-infection), infected byatRlasmodiunspecies thaR.
falciparum having signs of severe malaria, severe malnomyitiserious
underlying disease (renal, cardiac, or hepatic)krmwn to be allergic to the

research drugs.

Drug administration and follow-up

The dihydroartemisinin-piperaquine (DHP) was adstered 3 times
daily for 3 days with a dosage of 2-4 mg/kg of bodsgight (BW) of
dihydroartemisinin and 16-32 mg/kg BW of piperaguiubsequent follow up
appointments were scheduled for days 2, 3, 7, 1422, 35, and 42; in addition,
the blood smear was examined during the follow-engals and collected on filter
paper for DNA extraction. During the follow-up uisi patients were asked about
the general condition of well-being as well as opmgrestions about possible
adverse effects that might occur since the la#t amsl examined by the research

physicians.

. Parasite isolate preparation

Venous blood was collected aseptically into an Agidicoagulant tube
from the patients before a treatment administraftds). Using a drop of blood,
parasitemia evaluation was performed by a Gienmaed thin blood smear.
Following parasitemia determination, blood centyédtion (800g for 5 minutes)

separated RBC pellet from the plasma and buffy.cia¢ RBC pellet was then



washed using RPMI (20 mL of RPMI, centrifugationr8@0 g for 5 minutes and
removal of supernatant, consecutively) for 6-8 spm@eparing infected RBCs to

be processed fax-vivoRSA.

. Theex-vivoRing-stage Survival Assay (RSA)

The ex-vivoRing-stage Survival AssagX-vivoRSA) was performed on
the parasite isolates freshly collected from pasiewith uncomplicatedP.
falciparum malaria. The parasites were exposed to 700nM diartemisinin
(DHA) for 6 hours — approximating their drug expasin patients treated with
artemisinin — and their survival was assessed t2shater [198].

To perform theex-vivo RSA, 0.5% parasitemia was required. The
parasite solution was prepared by adding 50uL fefcied RBCs to 2.5 mL of
culture medium. If the parasitemia was > 1%, pefllas diluted with uninfected
RBCs to obtain 0.5-1% parasitemia and with cultoredium to obtain 2%
hematocrit. A thin smear was made for determiniitigil parasitemia. The culture
medium consisted of RPMI-1640 medium, HEPES, geitiamhypoxanthine,
Albumax Il, and heat-inactivated human serum.

In a 48-well culture plate, 900 uL of parasiteusioin was transferred to
each well and added with 100 pL of DMSO solutiothi@ control well or 100 pL
of DHA solution (700nM) in the treatment well. TH8-well culture plate was
maintained in an incubator under’@7 humid atmosphere, 5% &% CQ, and
90% N for exactly 6 hours. After 6 hours, the contentseach well were
transferred into 15mL centrifuge tubes for a folilegvcentrifugation at 800g for
2 minutes. Then, 12 mL of pre-warmed RPMI was addedvashing the RBCs

pellet prior to a transfer into new wells in the w8l culture plate with 1 mL of



culture medium to resuspend the pellet. The newvdB-culture plate was
maintained in an incubator (87, humid atmosphere, 5% &% CQ, and 90%
N>) for 66 hours. Finally, the Giemsa-stained thireanof each well was made at
the end of incubation and determined for the peeggn of survival under a
microscope examination.

At 100x magnification in immersion oil, the numbefr infected RBCs
containing viable parasites were counted in a totdl/0,000 RBCs. Only viable
parasites were scored; so, vacuolated and pykfuotits were not considered. To
determine the proportion of viable parasite (% saty, the parasitemia of DHA
exposed was compared to the parasitemia of nonsexip@®@MSO).

Theex-vivoRSA would be performed also at any days of treatrfalure

emerging during the follow-up.

Sequencing the K13-propeller domain

The molecular marker tH&fK13-propeller domain was amplified using the
following primers: for the primary PCR (K13-15'-cggtgaccaaatctggga-3’ and
K13-4 5’-gggaatctggtggtaacagc-3’) and the nested RP@K13-2 5'-
gccaagctgccattcatttg-3' and K13-3 5’-gccttgttgaaggaga -3’), one puL of DNA
was amplified with 1uM of each primer, 0.2 mM dNT®vlis Biodyne), 3 mM
MgCl>and 2UTagDNA polymerase (Solis Biodyne), using the follogicycling
program: 5min at ¥4, then 40 cycles of 30 s at°@} 90 s at 6%, 90 s at 72
and final extension of 10 min at@ For the nested PCR, 2 pL of primary PCR
products was amplified under the same conditionse@ for the MgG
concentration (2.5 mM). The PCR products were deteasing 2% agarose gel

electrophoresis and ethidium bromide staining. Mdale, the double-strand



sequencing of PCR products was performed using ddeecr, and the sequences
were then analysed using MEGAS software versiof ®lidentify specific SNP

combinations.



CHAPTER Il

RESULTS

This chapter points out various strategies invastidy for malaria elimination,
particularly in Indonesia. The first part is dedezhto discover new antimalarial drugs either
from Indonesian medicinal plants or with synthegisrganometallic compounds. Moreover,
as artemisinin resistance has emerged in SouthAsgetit is important to confirm the major
role of molecular markers involved in this resis@nDefined by reverse genetic of the
mutation involvement oPfk13 gene in this resistance, the study of its spreafiaduth East
Asia regions is used to monitor the possible areas of artemisinin resistance in malaria

endemic areas in Indonesia.

A. Antiplasmodial Activity of Indonesian Medicinal Plants

1. Results obtained

The emerging resistance of artemisinin, the bdsieaent first-line combination therapy,
has threatened the global effort to reduce matanesed by . falciparum Moreover, there are
no current antimalarial drug to replace artemisihence discovering new antimalarial drug is
inevitable. One of the strategies to find newraatarial agents is thi@ vitro evaluation of
crude extracts activities of medicinal plants agai falciparumstrains. Indonesia’s rich
biodiversity features medicinal plants used tradilly for a variety of disease treatments,
including malaria. In cooperation with CNRS - LCE Toulouse, France, the Faculty of
Medicine of Universitas Gadjah Mada conducted #seasment of antiplasmodial activities
of five medicinal plantsT. diversifolia, C. barbata, T. crispa, A. flasadP. cauliflora These
plants were selected due to their popularity asvarftherapy among Indonesians and because

they naturally grow in Indonesia. In addition, soofieghese plants possess not only medicinal

S#



advantages but also economic benefits, sucB.dsarbataprepared for drinks and sold in
sidewalks. In contrast, some of them offer limitgrmation on their medicinal and economic
benefits, such aB. cauliflora, making people ignore their cultivation and thenpdabecome

endangered.

This France-Indonesia collaboration aimed to cohdustandardized study targeting
antiplasmodial activities of these extracts. In iadd, since Plasmodiumhas similar
biochemical pathways witBabesia another apicomplex parasite, we intended to @eco
shared active compounds on these two close patholytmeover, as malaria patients can also
be co-infected by leishmaniasis in areas wherévtbeparasites coexist, especially in tropical
and subtropical countries such as in South Amexgcane of the endemic regions [9], it was
also interesting to assess the antileishlaniasigtees of the selected extracts. This study was
completed by an assessment of the cytotoxicity ammalian cells to determine the specificity

of their activities.

Our team gathered the plants from different aredadonesia and identified them in
the Biology Laboratory of the Pharmacy DepartmehtUaiversitas Islam Indonesia in
Yogyakarta. A maceration process with various suiymlarities was utilized to extract the
active compounds of the plants. The chloroquinestast strain ofP. falciparumFcM29-
Cameroon was selected to evaluate the antiplasinadiavity of these various extracts
according to Desjardins’s method with slight mazdifions. The same assay method was used
for anti-babesial activity, except thBt divergenswas cultured following the method by
Précigoutket al[196]. The anti-leishmanial activity was examingdelduminescent assay based
on luciferase activity orL. infantum blood stage preceding the macrophage invasion
(promastigotes). For the extracts with the bespksmodial and anti-leishmanial activities,
cytotoxicity tests were conducted against macropbamd VERO cell lines using MTT assay

and PH]-hypoxanthine incorporation, respectively.



The results figured out that, among the 25 crudeaets and fractions, seven indicated
promising antiplasmodial activities (€< 5&g/mL) [135]: T. diversifoliaethanol extract and
ethyl acetate fractionA. flava ethanol extract, N-hexane and ethyl acetate frastiB.
cauliflora radix part dichloromethane, and methanol extraétdditionally, these best
antiplasmodial extracts were then tested on the WERII line to investigate the specificity of
their activity which was then translated into salety index (SI) as a ratio between
cytotoxicity and activity (antiplasmodial activityy this regard)However, onlyA. flavaand

P. caulifloraradix dichloromethane extracts featured high s$eieég against VERO cell lines

(> 508g/mL).

Tithonia diversifoliaor locally known as kembang bulan was active ajah
falciparum(ethanol extract and ethyl acetate fraction), bairtcytotoxic values were similar,
with less than 1 selectivity index. This low seleity index (SI) indicated that this plant offers
limited interest for further investigation althougkveral previous studies demonstrated its
activity. The ether extract of aerial parts showeditro antiplasmodial activity (1€5: 0.75
pg/mL against CQ-sensitive strain FCA) which le@xtraction of active compound, tagitinin
C, a sesquiterpene lactone possessing 0.33 pg/mladg@inst FCA [140]. Not onlin vitro
activity, T. diversifolia was also reported on its vivo antiplasmodial activity in a mouse

malaria model at concentration of 200 mg/kg [141].

Meanwhile, with the 16 around 3 pg/mLA. flava(also known as kayu kuning) ethanol
extract, n-hexane and ethyl acetate fractions aygal a good antiplasmodial activity. In
addition, their cytotoxicity against VERO cell sheavhigh selectivity level (SI: >50). Based
on literature, the antiplasmodial activity Af flavaextract has been published with the range
of 1Cso from 0.4 to 8.6 pg/mL againgt falciparum[166] and one of its active compounds,

berberine, has been proved to inhibit telomeraseitgcof P. falciparum[167]. The result of



this study supports those previous findings wittitonal information about selectivity of the

extracts.

Sengkubak orP. cauliflora a medicinal plant that has not been widely exqaor
demonstrated the bestsOvalues on its dichloromethane and methanol exdragpecially
from radix part (3.3 pg/mL for both solvents) evaough the high selectivity index only
showed for the radix dichloromethane extract (8)»IThis plant was reported having
antioxidant [171] and cytotoxic activity [170] withisbenzylisoquinoline alkaloids (obaberine
and pycnarrhine) as active compounds [169]. Yetstuoly has revealed its antiplasmodial
activity to date. This plant then appears partidylpromising and deserves further study since
its active compound, bisbenzylisoquinoline alkadpidas been reported to have antiplasmodial

activity [199].

Unexpectedly, even though it is commonly used faditional malaria treatment, extract
and fraction fronC. barbata(stem and leaf) of. crispa(stem) did not show antiplasmodial
activity. After 3 independent experiments, itsd@alues were constantly beyond 5 pg/mL, a
threshold to classify good activity of the extradRrevious studies found that
bisbenzylisoquinoline alkaloids (tetrandrine, linme; thalrugosine, homoaromaline, and
cycleapeltine extracted from the root Gf barbatahave both cytotoxic and antimalarial
activities [200]. Other report also stated thabsth bisbenzylisoquinoline alkaloids
demonstrated high antiplasmodial activity [201, 2@ the other hand, a study dncrispa
reported its antiplasmodial activity of the stenaiagtP. berghei[203] andin vitro activity
from methanol stem extract with thest@alue of 0.8 mg/mL [159]. That Kgvalue correspond

to the result of this study, which indicate lowergst in pharmacological activity.

Eight extracts also displayed anti-babesial adisitvith 1Go values ranging from 1.2

to 14.1&g/mL, with 3 of them close to the control babesgilibitor, imidocarb (0.8g/mL).



With a good selectivity indeA. flava extract and fractions showed that an antiplasnhodia

activity can also be coupled with an anti-babesaivity.

Concerning the extract assaydomfantum only 3 had |G values less than 8§/mL.:
the ethyl acetate fraction @t diversifolia,and, dichloromethane and methanol fractionB.of
cauliflora radix (1Go 21.9, 1.7 and 4.&g/mL, respectively). The results showed tRat
cauliflora radix methanol extract was active agaidstalciparum, BabesiandL. infantumat
similar concentrations and relatively low indexés@lectivity, suggesting a global cytotoxic
effect in contrast to the dichloromethane fractnvhich the cytotoxicity was low on VERO

cells.

In conclusion, extracts or fraction with a goodilasmodial activity can be positively
correlated to a good and specific antibabesiaVi#gtiAmong the most active extracts against
P. falciparum only dichloromethane and methanol extrad? ofauliflorawere active against
L. infantum The specific anti-parasite activities of someaaots were confirmed by their weak
cytotoxicity on VERO cell line. These particulartects need an in-depth phytochemical
assessment in order to identify and characterieeatiive compounds either to standardize
plant preparations or to chemically develop new-patasitic compounds as detailed in the

article below submitted for publication.
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B. Antiplasmodial Activity of Gold(l) Complexes

1. Results obtained

Synthetic molecules are part of another approactidgocover new antimalarial drugs.
Organometallic compounds containing metal comphet acts as pro-drugs and can have an
enhanced efficacy (such as ferrocene with CQ lggalit only to ferroquine but also gold and
ruthenium complexes). NHCs, as the most imporigants in organometallic chemistry, are
easy to prepare and able to stabilize the compl®&iemedical applications of gold complexes
based on NHCs are beginning to unfold. In partiGulzese ligands form strong Au-carbene
bonds, giving stable AtNHCs complexes that are insensitive to biologjcatiportant thiol
groups. ALNHC have shown potential medical applications [1&3pecially as anticancer
[182, 184-187] and antimicrobial agents [189]. dshto be mentioned that gold-based
compounds, including some gold(l)-NHCs, show antbeohondrial activity, a promising
mode of action to fight cancer. Their antitumoriatt may stem from the lipophilic and
cationic properties, allowing their accumulationrmtochondria of tumor cells with great
specificity [183]. It has also been demonstrated the combination of metal complexes with
NHCs can exhibit interesting biological activitiagainst such parasitic infections as malaria

and leishmaniasis [190, 204-206].

Our previous study proved that mononuclear catigulcl(l) complexes containing
aromatic amino-functionalized NHC hawe vitro antiplasmodial activity against FCM29-
Cameroon [190]. This finding is exploited in thieepent study by further studies and fine
tuning of the main structure of these organometaftiolecules in relation to their
antiplasmodial activity or against other parasiésswell as studying the activity of new

complexes.

To achieve the objective of investigating the iefiage of the different structure

modulations on biological activities, synthesizedligand imidazolum salts (compounils



11) and mononuclear gold(l) complexes (compoubd£5) were evaluated for its activity
against CQ-resistat. falciparumstrains (FcM29-Cameroon and FcB1-Colombia) andrput
comparison with CQ and artemisinin. These syntleelstompounds (Fig. 12-14) were a series
of N-, O- or S-functionalized proligands and therresponding mononuclear cationic, anionic
or neutral gold(l) bisNHC complexes. The most acttempound would be investigated on its

cytotoxic activity on Vero or McF7 cell lines.

Compoundl (2-chloroquinoline) is an imidazolum precursorttisafunctionalized by
nitrogen containing heterocycles quinoline. An agylectly attached to its azolium ring
generates compourfland 3. As another imidazolum precursor, compouht containing
bipyridine. Meanwhile, compourigl- 8are the amine functionalized imidazolium salt camebi
with alkyl- (metyl for compoun® and n-butyl fo6) and arylimidazoles (benzyl for compound

7 and mesityl foB).

Using those imidazolium precursors, gold(l) compkxare developed. Compouhd
generates compoud@, 2t014,3t015,4t016,5t018 61019, 71020, and8to 21. Meanwhile
compoundl13 and 17 are neutral form of the complexes. In addition, dazolium salt

compoundd, 10, 11are precursor for compourd® and23; 24; and25 respectively.

Assessed againgP. falciparum strains FcM29-Cameroon and FcB1-Columbia,
different compounds4( 5, 6, 18, 19) indicated various results allowing relationshipusture
activity studies. As cationic molecule, the imidiam salts (proligandl and 4-11) were
inactive while proligand? and3 showed IGo value of 1.4 and 1.5 puM respectively. Tested
gold(l) complex compound4?, 1516 and19-22) expressed improved activities compared to
imidazolium salt demonstrating that gold cationyplan important role in antiplasmodial
activity. A prior study suggested that one of thesgible mechanisms of action of gold

compounds is based on the reversible inhibitiorthef parasite enzyme falcipain 2 (Fp2)



involved in hemoglobin digestion. As a cysteinetpase oP. falciparum Fp2 will provide a
significant quantity of peptides and amino acidsrfrhuman hemoglobin degradation for
parasite growth. Moreover, it is also characteriasdh validated target for antimalarial drug

discovery [191].

It has been demonstrated that cationic compoundsrdaance antiplasmodial activities
by positively facilitating the accumulation of moldes inside the parasite, the global charge
thus become the key factor. It has been shownthieatationic Au(l) bis (NHC) species had
the best results againBt falciparumwith sub-micro molar 165s for some of them were 2.1
UM (19), 0.48 uM @0), 0.21 uM 1), and 0.32 uMZ2). On the contrary, moderate activities
were obtained with neutral complexes (compoul@lsl7 and23 with ICso between 4.1 and

6.6 pM) as well as anionic compourisand25 (ICso 5.6 pM and 3.7 uM, respectively).

The NHC carbenic ligand not only acted as a trarispof metal center to its target but
also affected antiplasmodial efficacy proven by dgiod(l) seriesl8-21 reducing 1Go values
from methyl- (8 22 uM) to mesityl — substitute@1 0.21 uM). The complef1, the most
active compound againBt falciparumhad lipophilic properties allowing to penetratepitiie

parasite through its different membranes.

Another compound with nitrogen-functionalized NH&vealed that a quinoline moiety
in the complex had a lower antiplasmodial activippompound13, ICso: 5.2uM) than
compoundsl2 and 14 (ICso 1.1pM) which had methyl and mesityl as non-funuailized
substituents. Compourib (ICso: 0.47uM) with a thioether group demonstrated ameiased
antiplasmodial activity, and a methylthiophenyl gpovas responsible for the antiplasmodial

potency of compoun@?2 (ICso: 0.32uM).

The most active compoundBy 16, 20, 21 and22) were also tested for their specificity

against mammalian cell lines. The selectivity indes ranked from 0.9 to 18 with the highest



selectivity index for compoundl. These findings supported previous studies of eanell
lines (IGso < 1uM) and non-tumor cell lines (§&> 5uM) [204]. It means that compl@d is
particularly active again®. falciparumor several cancer cell lines but having limitefitets

on normal human cells.

It is noted that cationic lipophilic gold(l)-NHC pwplexes are the most active
compounds againg®. falciparumcompared to both neutral and anionic compoundg. Th
lipophilicity property and presence of nitrogensatfur atoms in the ligands were likely to be

responsible for the antiplasmodial activity as dethin the following published article.
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C. GenePfkl3 and Artemisinin Resistance

a. Results

Based on the identification of a candidate markeartemisinin resistance from the
highly artemisinin resistant laboratory strain F8RT, a study conducted by Ariest al. led
to precision of the molecular marker of this resise in isolated resistant parasites from
patients in Cambodia. It was demonstrated thatifspewutations in the K13-propeller are
strongly correlated with artemisinin resistancehlo vitro andin vivo. Three-high frequency
mutant alleles with high survival rates determibgdRSAv-3nwereY493H, R539T, and C580Y
[24] and long parasite clearance half-lives (>5rBpin patients [207]. On the other hand, first
K13 mutant allele that have been observed was M4tAgas found in Tanzanian F32 parasites
that experienced long-term artemisinin pressusatro for over 5 years, yielding the F32-ART

line [22].

Therefore, the molecular mechanism of this restgtavould be defined by determining
the impact ofPfk13gene mutations on the levels of artemisinin raaist in clinical isolates
in lab strains and assessing the role of indiviqa@lmorphism in certain types of genetic
backgrounds. The study was a collaborative worlwbeh CNRS-LCC- (Dr F. Benoit-Vical,
Toulouse, France), Columbia University College bf/$icians and Surgeons (Dr D. Fidock,
New York, USA), Institut Pasteur Paris (Dr O. Meeau-Puijalon, France), and Institut

Pasteur du Cambodge (Dr D. Ménard, Cambodia).

Zinc-finger nucleases (ZFNs) were successfully usednodify K13 genetically
culture-adapted Cambodian isolates and the welwkimeference lines &. falciparum(Dd2,
FcB, V1/S, F32-ART). ZFNs promoted double-straneebk in K13 genomic target locus
followed by DNA resection and repair, allowing tapture the mutations transferred by

PZFNL3-hdhfr plasmids.



Assessment of mutations insertion or removal waslgoted through RS assay on
parenteral and edited parasites. The 0-3 hoursost-ipvasion ring (1% parasitemia, 2%
hematocrit) were exposed to 700 nM Dihydroartenms{PHA) for 6 hours. To remove drug,
a washing step was employed by adding culture medind followed by returning fresh
medium without drug to culture conditions for 6@uh@ The survival rate was determined by
assessing parasite viability using microscopic a@wation of Giemsa-stained thin blood

smears.

Higher survival rates were obtained from Cambodismlates (Cam3¥P3°T and
Cam3.IR°39) containing the R539T mutation. In contrast, digantly lower survival rates
were found when the R539T mutation was removed fileenisolates, restoring therefore the
wild type allele (Cam3%¥ and Cam3.[f¥). Same results were observed with 1543T mutation
removal (43% survival rates in CaRf8°T versus 0.3% in Canf8 and C580Y mutation

removal (13% survival rates in Caft®Y versus 2.4% in Canf?).

Moreover, survival rates increased when K13 mutati@s introduced to wild type
carrying parasite (CamWT, Cam3%)] V1/S, F32-TEM and FcB). In details, C580Y to
CamWT (0.6% survival rate in CamWT to 8.9% in Canfi#?f¥), Cam3.11® and C580Y
(0.7% in Cam3.IFY and 24.1% in Cam34t2°Y), R539T to V1/S (0.3% in V1/S versus 20.7%
in V1/S?390 showed significant increase, while it was modenaith M476I for F32-TEM

and C580Y for FcB.

To examine the differences of K13 mutations in AfeSistance level, M4761, R539T,
1543T were inserted in the Dd2 reference line tasmylin higher survival rates than when
Y493H and C580Y were introduced. Although C580Y atioh was predominant in
Cambodia, Laos and Vietnam [28], the associatedivalrrates increased modestly. The

variety of survival rates obtained after the inserof the mutation C580Y into different clones



like Dd2, FcB, and three Cambodian isolates indtdahe influence of the parasite genetic
background. This phenomenon was also found in cdls&an countries, but not in the most
endemic malaria region, Africa, because the Can#togiarasite has restricted genetic

admixture that contains distinctive K13 mutatioropposed to the one in Africa.

Latest publications determined that non-synonynmi8 mutations were located in
Southeast Asia to China with proportion rangingrfrmoderate (10-20%) to fixed (> 95%),
and were confirmed to be associated with artermsmesistance. Based on geographical
localization, there are two areas harboring speaniividual mutations including Cambodia,
Vietnam, and Laos for C580Y, R539T, Y493H, and [b4Bd Thailand, Myanmar, and China
for F4461, N458Y, P574L, and R561H. K13 mutationsrgvuncommon in Africa, but were
thought to be found in few African countries (th@gortion ranging from 3.0% to 8.3%).
Further identifications showed that there was n@A&13 mutation allele in African samples.
Moreover, the fourth most frequent mutant alleleAiflnica observed in one sample from
Thailand, A578S, was clearly defined as not coteeléo artemisinin-resistance. It is suggested
that for the moment, no ART-resistance was reparte&frica. Furthermore, no Asian ART-

resistant alleles were found in Africa isolates]|[28

It has been demonstrated that K13-propeller mutatiead to ART resistan@e vitro
and are a relevant marker of this resistance ia.Asence, it is worth considering that global
sequencing effort for K13 is conducted to tracedig&ribution of ART resistance and to initiate
the impact mitigation for supporting world malaek#mination program, especially in highest
incidence level area in Africa. Furthermore, K13tations monitoring is included in the WHO

criteria to follow ART resistance worldwide.
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D. Dihydroartemisinin-Piperaquine Resistance in Kupang

Regarding the emergence of ART resistance angitsad in Asia, it is important to
evaluate the level of ACTs resistance in Indondd@nitoring of K13 mutations is part of the
WHO criteria to investigate ART resistance worldeiic€Consequently, this gene is important
to be examined during malaria clinical trials ingémg to evaluate the possible ART resistance

emergence in Indonesia.

Even though there was no report of any treatmelotréayet after ACTs treatment and
linked to ART resistance in Indonesia, this stué@gswndertaken on isolates coming from areas
whereP. falciparumhas been recorded as strongly present to assetkaniACTs resistance

can be detected through-vivoRSA assay.

Ethics approval submission was the first step efrésearch parallel to a study of the
population to define the most appropriate area gmibre endemic areas of malaria in
Indonesia. Patients were eligible if they were ag&b years, diagnosed for non-complicated
malaria caused by particularly. falciparum (slide-confirmed malaria), having fever (a
tympanic temperature 37.5°C) or history of fever 48 h preceding presgom and parasite
density no more than 200,000 parasites per pL withimum 0.5% parasitemia, seeking
treatment in primary health center or regency rafehospital, and agreeing to sign the
informed consent and follow the study. Patientsewexcluded if they were pregnant or
lactating women, children under 5 kg, already tgkmalaria treatment for 4 weeks in advance,
diagnosed for complicated malaria (co-infectionjected by othePlasmodiunspecies than
P. falciparum and having signs of severe malaria, severe nmr#ioat serious underlying

disease (renal, cardiac, or hepatic), or knowngyléo the study drugs.

Dihydroartemisinin-Piperaquine (Darplexwas administered during the first 3 days of

the study and a follow-up was conducted until day¥b performex-vivoRSA and K13 gene



identification, parasites were isolated from 3 nflLpatient’s venous blood placed in ACD
coagulant tube just prior to taking the drug. A gleudrops of blood were examined for its
parasitemia (thin smear), £ 100 pL was dropped fitter paper (Whatman® paper, Human

ID Bloodstain card) for DNA extraction, and the @nming was prepared for RS#x-viva

Figure 13. Position of Kupang (circled) in the ntdpndonesia [208]

After several evaluations based on the number bémis, laboratory facilities, and
other factors, the most relevant area to condwcteékearch was Kupang Regency, East Nusa
Tenggara, one of the areas with high malaria imziden Indonesia. Furthermore, according

to the Department of Health of Kupang (internadepniology data, 2015), there were 64,953



malaria cases in East Nusa Tenggara province ahg@stive cases #&. falciparummalaria
found in Kupang Regency during 2014, and it wasddhat there were 5B. falciparum
malaria patients seeking treatment in primary heeédire center of Kupang Regency from
January to June 2015 (based on a direct obsenatttbe primary health-care center of Kupang
Regency). The distance between Kupang Regencyhardlioratory of BPOM Kupang as the
laboratory center for conducting RSA assay alsdrimrted to the choice of this population
area. Since the patients’ blood withdrawal hadtkchtime to be tested for its ACT resistance,
the distance between the primary health-care cemerdaboratory became important. In the
meantime, the ethics approval (ref. number: KE/RR/EC) from the Medical and Health
Research Ethics Committee of the Faculty of MedictBadjah Mada University, and research
permits from each primary health-care center indfypRegency, referral hospital and BPOM

Kupang were obtained prior to the beginning ofshaly.

After one year of study, only 6 patientsRoffalciparummalaria enrolled among whom
one was developing severe malaria and one refosahtinue the study after a week of follow-
up. As a result, only four patients met the créemd were followed up for the study. The small
number ofP. falciparummalaria patients that had been found was contoattyet previous data
collected from direct observation at the primargltie care centers of Kupang Regency (2015).
It might be so because there was a decrease mdlaia prevalence in this aré&ased on the
report of the Department of Health, there were 38 halaria cases reported in this province
during 2015 [209]. This number indicated a sigmaifitdecline in malaria prevalence from 13
APl level in 2014 to 7 in 2015. Additionally, thational annual parasite also reduced by 0.99
to 0.85 in 2015 [4]. This finding was likely to mgsent the limited number of cases in
Indonesia, particularly during our study in Kupakgrthermore, this phenomenon occurs not
only in Indonesia but also in other countries. éem@ publication mentioned that malaria cases

were declining by 54 % for last 3 years in GreMekong Sub-region (GMS) [210]. Several



factors that might influence the decrease numbemalfaria cases were climatic and non-

climatic.

Climatic factors include temperature, rainfall, amdative humidity. The optimum
temperature for parasite development is 27°C. Teamyne raise delays the parasite
development in the gut of mosquito (more than ysHdn addition, when the rain is delayed,
the breed of mosquitos decreases. Moreover, losiative humidity reduces the survival time
of mosquito to transmit malaria. Based on the diatan Metrological, Climatological, and
Geophysical Agency (BMKG), the temperature in Kuparached 31.07°C with 65-90%
humidity and 362 mm average rainfall. This conditiwas highly likely to affect malaria

transmission.

Non-climatic factors including urbanization and lamhost can have an impact on the
transmission. The incidence of malaria is loweruban area than in rural area, but the
development in rural area may also influence malalistribution. Moreover, there is a
possibility that people already have immunity whiolakes better tolerance to the effects of
malaria, and non-immune people believe that beiferted by malaria is the same as common
cold and does not need serious treatment in heaétteenter. This makes many malaria cases

under reported.

In addition, malaria elimination program run by tf@vernment also takes part in case
diminution. Specific strategies have been implemeriy the government to expedite the
elimination program. Since Kupang is one of théhhmgpalaria endemic areas, the acceleration
strategies have been employed through mass ITNgaigm early malaria detection and
appropriate treatment [4]. The evidence of the nemotb malaria cases reduction may indicate

that the elimination program runs well.



From the six eligible patients, bloods were taked prepared foex-vivoRSA. Thin
blood smears were made to confirm the diagnosis getdrmine the parasitemia ratio.
Unfortunately, all the blood samples which werevigkd to the laboratory could not allow
the detection of parasite presence although ibbas previously held as positiRefalciparum
malaria. We did not have access to the originabsmi@ order to re-confirm whether the initial
parasitemia met the eligible criteria (> 0.5%). fidiere, theex-vivoRSA could not be carried
out though the analysis of K13 mutation is curneimtlprogress. Some possibilities are offered

to assess the causes and provide the solutions.

Theoretically, the blood must be processed rigtar dfaving been taken since delayed
processing can potentially undermine the parasitelition [211]. If the distance between the
site of blood withdrawal and the laboratory to coctdthe RSA assay is quite long, the blood
should be transported in a cold temperature. Ik ygproximately two hours from Kupang
Regency to BPOM Kupang in Kupang city, therefore platient’s blood was stored in an ice
box during transportation. However, this did notrkv@A sudden temperature change from the
patient’s body to the storage condition might cdwitie to this problem. Then, an approach
was made by modifying the storage method. The bieasl stored in a cold temperature (2-
10°C) during the transport to the laboratory amacg@d in a room temperature during the
preparation in laboratory. Yet, it did not workhait. Moreover, since the authorized working
hours in the laboratory were limited, the bloodgam@tion was not possible to process on the

same day.

Another problem was related to the diagnosis pmcébe diagnosis was made by
physicians based on patient’s blood smears prefréechnicians. Not all of the technicians
were certified giving an impact on smear evaluatidrere was a possibility that false positive

diagnosis occurred.



These findings lead us to the following perspediv@oking for another feasible study
area which has a large numberRoffalciparumcases, adequate laboratory facility and more
flexible access to conduct the study outside waykiours are strongly suggested. Furthermore,
in order to perform RSA assay, it is important toderstand the Indonesian parasite
characteristic by modification of blood transpartisstorage conditions if a field laboratory is
not available. Also, as K13 has a great impact atarra control in Cambodia, it is interesting
to work on K13 screening not only in one endemgtrdit but also in several other endemic

regions in Indonesia to get whole a map of K13terise in Indonesia.



CONCLUSION AND PERSPECTIVES

A. CONCLUSION

Various efforts and studies have been undertakeediace malaria prevalence all around
the world. This study points out several stratedmscombating malaria particularly in
antimalarial drug resistance. The approaches tesmttimalarial resistance problem include
discovering new drugs, understanding the resistaneehanism, and investigating the

occurrence of ART resistance in endemic area thradgntification of K13 gene mutation.

The first approach is discovering new drug by asegsselected medicinal plants in
Indonesia, namely. diversifolia, C. barbata, T. crispa, A. flasadP. cauliflora Those plants
represent not only good antiplasmodial activity balso potential antibabesial and
antileishmanial withP. cauliflora as the most promising medicinal plant for further

investigation.

Potential new drugs are also assessed by synthgsizganometallic compounds. Gold
complex combined with NHCs is prospective as a aetimalarial synthetic drug since it
exerts good antiplasmodial activity against CQstasit strain, especially in the cationic form,

and has lipophilic properties.

The second approach is done by understanding tkreofoK13-propeller mutation in
artemisinin resistance. K13-propeller mutation ratsi the occurrence of artemisinin

resistanceén vitro on both Cambodian clinical isolates and laboralioes.

The last approach is identification of K13-gene atioh in Kupang, one of the endemic
regions in Indonesia. Unfortunately, it could netdstablished due to the limited number of

samples.

#$



B. PERSPECTIVES

As Indonesia government intends to achieve mafegia-state by 2030, several
schemes on antimalarial drug resistance shoulcak @ith in advance. Some of the schemes

were explored in this study resulting in severalamks as follows.

First, selected plants from Indonesia have beewagrto possess good antiplasmodial
activity. Therefore, further phytochemical investign is essential to explore the active
compound of promising plants in order to discovar@antimalarial drug. Additionally, a study

on their mode of action will be more beneficial the drug development.

Another drug source, chemical synthesis from golt@ound combined with NHC as
a ligand, also presents a good activity againstr&gstant parasite. Hence, immediate
investigation on advanced pharmacology assays gsirexl, including exploration of
pharmacokinetics profile, stability study, and tti study before continuing to a clinical

level.

Third, exploring ART resistance mechanism has teduin confirmation of K13-
propeller mutation role as a mediator in ART resisk. Indeed, global attempts for K13 gene
sequencing are worth making to figure out the ifistron in Southeast Asian countries,
particularly in several endemic areas in Indonellareover, K13 mutation monitoring is

included in the WHO criteria to follow ART resistamworldwide.

Following the third perspective, the study on K¥8geller mutation in Kupang, one
of the malaria endemic areas in Indonesia, hasoyst clearly conclusive. Follow-up attempts
to investigate its occurrence are strongly suggetielook for another feasible study area
which has a large number©f falciparumcases, adequate laboratory facility and moreblexi

access to conduct the study outside working hdtil, in order to perform RSA assay, it is



#l

important to understand the Indonesian parasiteachexistics by modification of blood
transport and storage conditions if a field labamais not available. Also, as K13 has a great
impact on malaria control in Cambodia, it is intneg to work on K13 screening not only in
one endemic district but also in several otheraeglin Indonesia to obtain the whole map of

K13 existence in Indonesia.
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ANNEXES



Annex 1. Plant determination certificate: T. diversifolia



Annex 2. Plant determination certificate:C. barbata



Annex 3. Plant determination certificate: T. crispa



Annex 4. Plant determination certificate: A. flava



Annex 5. Plant determination certificate:P. cauliflora



Annex 6. Supplementary materials for publication ofK13
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Annex 7. Ethic Committee Approval for K13 mutation study in Kupang



