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Abstract
Project Code : TRG5980016
Project Title : Effects of dihydroartemisinin and piperaquine on phosphatidylinositol 3-
kinase (PI3K) activity in Plasmodium falciparum-infected
hemoglobinopathic RBCs
Investigator : Dr. Phunuch Muhamad
Drug Discovery and Development Center,
Office of Advanced Science and Technology, Thammasat University
E-mail Address : nurah_ab@yahoo.com

Project Period : 3 years (extend period: 1 June 2018-31 May 2019)

Hemosglobin polymorphisms are genetic diversity that protect host from malaria
infection. However, mild hemosglobin abnormalities such as thalassemia traits,
hemoglobin E trait and hemoglobin CS trait cannot protect host from malaria infection.
Furthermore, incomplete hemoglobin production leads to parasite adaptation for living in
uncommon condition and causes different antimalarial response which may leads to drug
resistant malaria. The objectives of this study were (i) to investigate in vitro sensitivity and
interaction of Plasmodium  falciparum infected in  normal and abnormal
hemoglobinopathic RBCs to dihydroartemisinin (DHA) and piperaquine (PPQ) and (ii) to
determine effect of DHA and PPQ on PfPI3K activity via PI(3)P production in Plasmodium
falciparum infected in normal and abnormal hemoglobinopathic RBCs. Twenty-five
volunteers who present normal hemoglobin, alpha and beta heterozygous
hemoglobinopathies according to the reports of their complete blood count (CBC) and
hemoglobin typing were included to the study. P. falciparum strains 3D7 (chloroquine
sensitive) and K1 (chloroquine resistance) were cultured with blood taken from
volunteers and used for in vitro sensitivity both single drug and combination by SYBR
green method and interpreted the results from inhibitory concentration (IC) values for
single drug whereas sum fractional ICs (2FICs) and isobologram plot were applied for
combination drugs. In addition, effect of DHA and PPQ on PfPI3K activity as PI(3)P
production was measured by ELISA. The results shown that among 25 volunteers of

which 10 people have normal hemoglobin, 12 people are defect in beta chain (10 people



have hemoglobin E trait and 2 people are beta thalassemia trait) and 3 people carry
alpha chain hemoglobin abnormality hemoglobin (2 people are alpha thalassemia trait
and 1 person is hemoglobin CS trait). /n vitro sensitivity found that P. falciparum strain
3D7 infected in beta thalassemia triat, alpha thalassemia trait and hemosglobin CS trait
RBCs are more sensitive to DHA compared to that P. falciparum strain 3D7 infected in
hemoglobin E trait and normal hemosglobin RBCs while P. falciparum strain 3D7 infected
in beta thalassemia trait RBC is the most sensitive to PPQ compared to others. For P.
falciparum strain K1, decreasing of DHA and PPQ sensitivity found only in parasite
infected in beta thalassemia trait RBC. For P. falciparum strain K1, decreasing of DHA and
PPQ sensitivity found only in parasite infected in beta thalassemia trait RBCs. Study of
drug interaction revealed no interaction between DHA and PPQ in P. falciparum strain
3D7 and K1 infected in normal RBC as well as 3D7 strain infected in alpha thalassemia
trait and K1 strain infected in hemoglobin CS trait. Antagonistic effect has been observed
in parasite infected in beta thalassemia trait or hemosglobin E trait RBCs including parasite
strain 3D7 infected in hemoglobin CS RBCs. Synergistic effect found in P. falciparum strain
K1 infected in alpha thalassemia trait RBC. Effect of on PfPI3K shows increasing of PI(3)P
expression upper than reference value (2.5 times) in 2 samples or 20 percent of P.
falciparum strain 3D7 grown in normal RBC (3.32 and 3.54 times) and 1 sample of each
hemoglobinopathic RBCs i.e.; hemoglobin E trait 1 sample or 10 percent (13.19 times),
beta thalassemia trait 1 sample or 50 percent (5.35 times) and hemoglobin CS trait 1
sample or 100 percent (4.31 times) but the PI(3)P expression is not influence by PPQ
exposure. The study concludes that hemoglobin polymorphisms especially, hemoglobin
E trait and beta thalassemia trait affect to in vitro DHA and PPQ response including PfPI3K
activity via PI(3)P production after DHA exposure that may relate to mutation of PfKelchl
and results in the resistance to artemisinins. Therefore, treatment efficacy of
dihydroartemisinin-piperaquine combination in malaria patients who have hemoglobin
polymorphism should be further investigated to gain knowledge for monitoring of P.

falciparum resirstance to the first line drug (dihydroartemisini-piperaquine).

Keywords: Plasmodium falciparum, hemoglobinopathies, dihydroartemisinin (DHA),
piperaquine (PPQ), phosphatidylinositol-3-phosphate [PI(3)P],
phosphatidylinositol-3-kinase (PI3K)
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= a &l = [ =] a 1

nsAneINsAadannaselulindansinnee

Wananseytafladniuateiug 307 sveriauniu NUSIaYe 5 Wesiwud gn
° ) = = a & a A & a A A & = A &
PrunauiuLlinaonknaund tindonwnsiidun1nedlulnadud adenwnaiidu

v o A < oA A g | U A A = 2 A A @
NINLLUANITIDETLNEY LUALADALAINLUUNINLLLBANIFT1AAYLUY VIDLUALADALAINLUUNINE
Flulnadudea Tusnsidiu 1:10 TulaUsunandslunisnaaauminnu 0.5 LlUaSIUR kazHal
Auommsiasadelriusunandinden 1 Wesiwud dndemwIsuls 100 lulasansunasaly
019 96 viau Wuan 48, 96 waz 144 Falua meldusseanianil CO, Wudu 5 Wesiwud O,
Wt 5 Wesiwud way N, 1Windu 90 Wesidud aamall 37 esrwaded Wensuiiaiil
I & a 2 a & a a a v v ¢ al
dadenunessuluiaufenviinuimaznsiadeunsasyiulaniglindesganssaud

[

Mdswey 100 v nsuanaduesiwuduiunnandeuassusnveadennansy

N15NAFaUAN IVBTRNIA S ERRENRIUNIaTSY

& = o & o < = pRpp a a = < a PR

WaU1as8sreawmIuMdgsnuidndennialalnaduund vieidnidennd
a a a aa v [ 1 =3 = 1 1 [~ & e v ] (Y]
SlulnadulnundnalinaaauludnsidrudlnldonlLaanIABwInLE BALAST FINAaBUMNTU
1:20 agatiey 48 Hilue wazsaAulnegetoy 2 Wesiwud gnununseulidauudy
2 Weasiwus ludadan 1 wWeswud nsnaasuanuhvssdesselalalasensiiddumagin
was1AIUnlun1a 96 vau M1LATVeY Rieckmann Wag Bennette (Bennett et al., 2004,
Rieckmann et al.,, 1978) laginseuelnlalnsansANTNUANUINTUAIRAWMIAY 10 Dadty

A5 1ULDYIUIARINUILTY 50 L UDSIIUALALIASEUL IWENDTIATUAMUTUNTUAIAULNAY 10



3.5

fadluanslunsauanfnAauitudy 0.5 Wesisus (Basco and Ringwald, 2003) 31nuuay
wssulrlganuutudnsuneaaumeamsiasade laglalalaso1sananuazeseulmdy
40 wluluans wasveaaulud9auduty 0.16-20 unluluans d@ulninwesimiuasinseuln

1ALty 600 wluluais wasnaaauluy19ANUTNTY 2.34-300 Ululuais dmsunng

L a ¥ I

nadovsNanszinslalalasonsangduiuelmnesaiuagldnududusudumilouny
nsnaaevenfenazaneisulusnanludnsdiulalelasers afidtudelmmnesiaiu
Wiy 0:10, 3.7, 5:5, 7:3, waz 10:0 MIniuszUigeUsuna 100 lulasansiususuna 100
lulnsdns fleaumgil 37 osrwaidoa Wuan 48 Falug
densuiiainsisgeunisfudenisiasyiivinvendelnedoudiduedied SYBR
green | finaufueivinlidadenuntunn uazfuaslunaunaaeunguas 100 lulasans
Unitgaungdl 37 asrnwaidea 1Juan 1 $lus mﬂﬁ?uﬁmﬁ’mé’zy@mmaaLsamuﬁﬁmm
pndudmiunseduindu 485 wilulung wazanueRduiiadyungestsalud
wiifu 530 wilwans (Bennett, et al,, 2008) nan1svadeundlvenderesduanase

& a PN I3 ' Yy v Ao o a a X v ¢ ¢
W 2 gtanuvsnaganaduaanududungudinsias gidulaveudeld 50 Wesioud
(ICs,) @NITNARBURUVENANLEANALITY ZFIC (fractional inhibitory concentration)

waznN13a319nI I isobologram

'
aa =

MMSAUIAT ZFICs, vilalag (A1 ICy, voselalalasorsAiaiunnausnsidIu

a @

A99/A1 ICs,  votenlalalaseonsaiadumiuenaed) + (A1 1Cs, 19981lNNeTIATUNNEL
SnI1EIUA9)/AN ICs Vs lmmasimIumdusnne) Fsldinueidn d1a1 sum FIC wnan 1
I 4 £ 4 1 < a £ 1 [ [ a £
8L UNITANUNG WBYNIN 1 dUNISLETU NS wagininy 1 agtdunisinugns (Bell,
2005)
N158519 isobologram v1lasn1s plot A1 FICs, vetenlalalasersatadusnsndiu
Agelulni X uagplot AN FICs, eselminasnaiusnsnaiud1eqluinu Y @ isobologram

aaa |

= a < . =~ ] 1o ] L. . = Y
WAASENNITLETUONS (synergism) LUBLAUNTINBYAINI additive line lmmﬂgmmmﬂu (no

=]

interation) Lilaldunsmagluwul additive line wagdugms (antagonism) Lleldunsines

Witle additive line

N15AN®INT$119UYe91USAU phosphatidylinositol-3-kinase (PI3K) a1nn1sinusunm
ludiu phosphatidylinositol 3-phosphate (PI(3)P) wasanadunanuenlalalasesfiid
Junazlwwasiaiu
3.5.1 psundenaniSeivendiuinanSe

denanZeudiafladnnsuaeus 307 Aidestudndeniinslulnadunivie

Flulnadulaun@og1etios 48 2lud AUty 2 wWesiwud Tudisdemdudy 1
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Westwud Ynvafuenlalelasonsafiddueududu ¢ ululuansluemsdorPmi
1640 71l Albumax Il avududu 0.5 Wesiwus 1Wuan 6 $9lus (Mbengue et al,,
2015) wioenlmmesiadiufinnududy 40 ululyanslusrmsideslusmsido RPMI
1640 7l Aloumnax Il Avududu 0.5 Wedleud Wunan 24 9l daudegremun
szUufuemsiasadeluemsiasatio RPMI 1640 i Albumax Il Aududy 0.5

Wosioud [Wuian 6 waz 24 Hlusrufelfutudiagsndudaen

asanalusiy phosphatidylinositol 3-Phosphate (PI(3)P)
dleasuainisvusueilalalnsensniddunIelmnesiaiu axdunende
BonponanaNsaasmsee I msiasute mendestumissugs 1,500 seusie
uiifigagll 4 ssmwaidea Wua 5 Wil wazdadiadonse 1xPBS futiiu 8n 2
sou WindoaunsUsna 50 lulasansfitounandevdailadnty 2 Wedwud av
Puviliuanlaenauivatsazateeluduaudutu 0.1 Wostous (wAv) Ty PBS
Usinas 1 $adans WesnaSedily (Wssana 2x10° wad) avthandnadae PRS i 2

A1 Tnetlundeaninus) 5,000 sousauriaund 4 ssrwaded Wuan 5 uii

9 Y
¥

NUUAINENOUNIE Trichloroacetic  acid  Acid  (TCA)  AUIUTU 5

a

Wosidwd Tu 1 fiadluans EDTA 2 a3 Ineduimiesnuss 5,000 seuseuniifiongl

Unf 1unan 5 wiil afadiuluiuifiguaudfidunarslaevunznauiu MeOH:CHCL,

@n3ndu 2:1) U3ums 1 Gaddns wefigamgiivies wWuian 10 widl wdaduuen

v
a 1

ATnEURAIMEY 5,000 seuseund Wunan 5 uidt Wefsdulaguuy vhen 2 ads
ausemsannluiuifaueuifidunsalaguungnoufu MeOH: CHCl: 12 M HCL
(§h3ndn 80:40:1) Vanms 750 lailasans wefigamgiivies lunan 25 wiit udrdy
LenaznauiinIgs 5,000 seuseudt Wunan 5 wift valasuuuldnasalng
wazianznou wonlusiueenandulall Tnenausu CHCL Usuns 750 Tulasansuay
HCL Aadudu 0.1 N U3ues 450 lulasans werlidndudunan 30 Junft wdiu

! PN < J Q@ a & ] 1% J
WENAIUFITALANYNAINULTY 3,000 FRUNBUIMN Wuan 5wl vdulaniuans

'
a a

(organic phase) Turasalud wazszwmeliuislaaldfvlulnsiay wazutudenonnd -

9 Y

20 praldya el Inusunun1enas (Mbengue, et al., 2015)

nsinUsunaludu phosphatidylinositol-3-phosphate (PI(3)P)
msiaUTmnallesiu PGP sihlaensiitsudimnalsiuinulusegeiunsm
uAsgIuiiaesenineUTinaluiu PIG)P fnvuiduduszning 0-400 lalua wazen

N3QANAULAITIAINEIARY 450 UILULUAT LAgLAREAIRE19TIUNIETUINTTIUNN
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arnduduaziing 2 ady dunsuusnagiesiuiiegresiammnsniisansinmsgiumn
ANULdY Usuns 60 tulasdng (uni3u Blank) fuans PI(3)P detector U311015 60
lailasans Tuan 96 viaa welmdrduduna 1 $alus andhuhansfinauliuimes
100 lulasans iisluniavgudnaianiadisl antibody fusnindouet (detection
plate) uazvuliidrfulasnisugeideaduna 1 $9lus antudrsansiieglunn
waueandie PBST  fildundeutumanadey viauaz 200 Tulasdns 3 ads LA
secondary detector &y antibody #aii 2 ﬁﬁl,aulsdﬁaﬂagui AOANAN Yauar 100
lulasans Ualmiriulasnswgeidoanduna 1 $alus drsansiieglunavgueonn
¢y PBS-T viauaz 200 lulasdns (fuans TMB viauaz 100 lulasdns Usludida 30
udl ieliifAsenduieulusififinegiu antibody Tunsazmaulifuansdin i
H,S04 AULNTU 1 N USunes 50 lulasdng Lﬁamqﬂﬂgjﬁ%m wleasazanedivided
nazinemauluinnisgandunasiieiades microplate reader finnueIAGY 450
WluAs Y1AIN1IANGULAITDIAITUIATFIUNIATIINTINLINTFIWWUY sigmoidal

dose response-variable slope curve (four-parameter logistic, 4PL) analysis lagld

1Usunsu Graphpad Prism o5 8.0 (Mbengue, et al., 2015)

3.6 anaanldlunisinsizideya

a '3 a a L a ‘:glj a a a [ =
NaN1TIATIZINNSlaRn IeveteIaaing Usunantenasyiulaludiaiaonung Al
ICso A1 2FICs wazUsunaulutiu PI3)P veadennansenssandudanveilalalasesanaiu
wazlwiwesieiuvendoutasenluindendslulnadulnd nivedlulnadud
U v a A 1 v a a = a = a s
NINRLLUAIGINATLIY WINEwoaN1518a0LTe kazn1neTlulnaludod WanINISIAWMasNg
aa & 1 Y] 1 dl' q.'/ 4 4 ) = =1 [ dy a
aamlduAINsegIu (FNANNDNUY 95 UBsLaue) warinauSsufsuiuaunasely
< =

dindenunilagld Mann-Whitney U test fisziuaiudesiu 95 weswud tagldlusunsy
SPSS 1Ia§du 16.0

4. WanN1ISANEI
4.1 H2881989MNBIEFUAT
LY} 1 = o cl' % 1 av ' <@ =
Megindenanetaaing 25 au M1lasinITeiauauysaiveliaiben

LASLANFIAY NIANURAUNAYDITIUINATUNA8LUAT (W1 TlULNATUD AL NINLLUANS A

= a

F3le) wazmuRaUnfveIdlulnatuNangweany (WvsweanisIaaddlukazniealulnatu

IS = LY ! g [ ! a A a A oA o aa
FLOH) szqmmammqmmmammmu 5 nay puvinglulnady Ae nauil 1 eraradnsni

< A a o | C% A & 4:1 a 4o
WadeauasUnfdnuiu 10 au naud 2 enaatasniduninedlulnaiuddiuiu 10 au nauil

D

3 91A@ASMUUNINLUAISI8ATTEI1LIUL 2 AU NauR 4 9ranadasiidunvizweanisda
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Hileduan 2 au waznauil 5 enanaifasiidunivedlulnadufiea (constant spring, CS)
U 1 Ay
MsieTEiaanysalveudaidenunsveseraadnsiiislulnaduvdnmisg
[Fsfsegnu @uananderiu 95 wWesiwud)] nuit dnunuinidesundunguetanasiasiil
Slulnaduundliunnsaainduudadenuasaneraainsngudu winnududuves

a

glulnadunazawinveudiadonuaslungquiddlulnatuundfiduinninetaainsngudus

'
1 I

Tnganututuvasdiulnadulundunislulnaduunfdawinnu 14.3 (12.2-15.0) nsume

q

a 1 v

aa d" a 1 L 1 d' U d' I3 = aa v
WFERS Fellawnnineranadasnauduy lneeraadnsnidunve dlulnadudianududu
9298lulnatuwinau 12.6 (10.2-13.6) ASUABLATARNT WINLWUAISHaTedA NNy 11.2
(11.2-11.3) NSUABDLATANT WINEWBANISBaTLeLANYIAU 11.2 (11.1-11.3) NSUADLATANS
waznmzdlulnadudioalinvindu 13.9 nfudelnddns suinveudadeaundlungund
slulnaduundfiauvingu 853 (77.3-87.8)  winlpdns Fslvurnlngnindaidenves
onanadasnguau lnvonatadasidunneBlulnaduniedlanvindu 73.7 (64.7-83.6) il
TNANT NNLUASISETNETAWNINY 65.4 WUIRARNS warnvzLaanIs1aaTeda Ny
68.0 (67.0-69.1) UlHENT

wonanll anududuresdiadonuaslungquiddlulnaduundfieuinnitenanadag
A = A o o o A | v a Mo f
MYun 1zflulnadud WIneuAIs aadLly NuzweanIsIaadily webuLANMA1991n

o A g = A = v v < A | A a aa
pranadinsilunvedlulnadudies Beanuduturesdadonuaslunguiiislulnatuunsd
ANYINAU 43.1 (35.9-45.0) 1asiwud enaasasidunivedlulnaduidieaiianiniu 44.6
Woasiwusotatadnsimduningdlulnadudievingu 382  (32.3-41.2)  1esiaud
PILLUASIFATLOTANNAINY 36.4 (36.1-36.8) LUBSHUR WnzkaansIdaddladaviniu

35.4 (34.5-36.3) 1Washaus

a & = < =) a '
nshaauasyludadonvtingnge
¢ =~ a A ! o = ! a a & = a

Auanysalvesslulnadunuanseiu lifinadensisayivlaveuteunanieviln
fagn3uanenug 307 szagramuauiessusiiudiuiuld (schizont-merozoite) waAI1Y

1 dy 1 I~ v aa 1 [ 1 d’lj a dy @ A aa
nudureudeldudntladeniinasenszuiunissinan  leuweniasslulialfonun 193
drunduvsadaideaunsunfduan 48 dalus (1 multiplication period) finsiiiuguau
neU3u 0.5 Wesawd Wi 1.04 (0.935-1.460) Wesiwud [A1seg U (F29a2n0dedy
95 Wesun)] drudenasyludndonunsiiiunivgdlulnadudiinnvindu 0.87 (0.624-
1.396) 1UaSIuUs WInNzLUA1s18a@LileiAYINAY 0.64 (0.551-0.723) 1Woslgus Winzloa
Wsrdadidedavinnu 0.99 (0.874-1.105) Westsuduaznivzdlulnatudieaiiaiibu

0.36 wWoesiun nistasgiavlnvendeludindonunsunindsanniass 96 dalus (2
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'
=

multiplication periods) ﬁﬂ%mmlﬂwﬁquqmﬁq 2,99 (2.11-5.397) wWodwus \Feiiasalu
diadeaunsiidunmeslilnadudiawindu 1.60 (0.575-3.341) Wesiwud wnglufsndad
WedaAwvinau 0.73 (0.483-0.975) Wesigus winghean s 1dadidluiin1inhy 1.67 (0.761-
2.576) wWosiwud waznmeTlulnaduioaddniniu 1.20 Wediwud maasyiivinvends
Tudndonunsunindminides 144 F3lus (3 multiplication periods)  fiUSuaianasvie
1.19 (0.935-4.96) Wasiwud Wothasaludindenunsiiidunmedlulnadusiiawintu 0.87
(0.626-1.396) WinzluAsaag lsdAvAy 0.86 (0.483-0.975) wazwngslulnadudioall
ity 1.01 Wesiwud Tuvaeiimdseguinandeiiniyludadenunsiiunveuea
ihsdatiilediigan Ingusuauiniu 1.92 (0.874-2.961) Wesiwud

pgalsinu m'iLQ%QL@UIW%@@L%@ML%Lﬁamlmé’ﬂwmwm9]‘17?& 3 9741281 bl
waneafiu (p>0.05) InaflAngisegiu (Fremnuidosiu 95%) GUENLs?jyaﬁm%ajluLﬁmﬁamLmﬂﬂa
fAinfiu 1.19 (1.044-2.991) wWasiwus wingdlulnaduiadiiawvinhu 0.87 (0.868-1.601)
Woslwus WinsusisIaadiilelanvindy 0.73 (0.637-0.858) LUaSHUR WnzwaaN518a
Wedlaindu 1.67 (0.989-1.917) wWesiwus uazwvedlulnatudieadaiiidu 1.01 (0.359-
1.202) Wodwus wenanil msﬂ'&umgﬂiwmmngammL‘%BﬁLﬂ%@LﬁUT@TuLﬁmLﬁamLLWﬁﬁ

1 v a

Slulnaduiinund Liflmnuusndsanndaidenunfegrsdaau dilssmsiasudulantiasiy

[
I (Y

& A 2 A A v | v I3 &
L“UEWIEJQIULMWLaaﬁmLUuW’mzLumLLazLLaaW’lﬁﬂaa?jLua 3'33JV]\‘1ﬂ’15W“ULN@%I?SZI@EJVWJ@QLGUQ

a A

a a a < A a & 1 v o
NW@’]L?EJV]LR]?QJ}IUL@JWLﬁ@@]LLG]\W]L‘Uu‘W’]VI%LLEJﬁW’Wﬁ’]ﬁﬁ"ULEJEJ@Jﬁ]’m']ua@a\‘]

anulvesdsuasefiaiyiulnlufindensiindegdoandiuuiase
4.3.1 wan1snAgauAlubIvaLdautasenaanalalalasensaugiu (DHA)  wazln

Was1A3Y (PPQ) wuuefien (single drug)

v

& = a a a < A aa
ﬂ']iVl@ﬁ@‘Uﬂ'J’]lli'NJ@\?L%@NWaWLiU%uﬂWﬁ%WWiNWLﬂiistLULiJﬂLaEJ@LL@QVIN

Flulnaduundnazinunfsaensuuialselnlalase1sAnatuwas lumwe A UNInue

a a

25 F19879 WU AIAMLTLTUTRNITUEINITIS AU lnve TNyl

o

dindeaunsyiasneglaiuandieiu lneanulweudeaeiug 307 (neeinaslsaiuv)

'
faaaa o

ariimnulaiegnlalalasonsiiatdunininaneiug K1 willnnulseenlnnesiaiugs
ninaneiug K1 (Reseenaslsaiu)

faaaa

Aaudutureseilalelnser$Adddu [segiu @raunaiaadou 95
Wefwud)]  Adudinsasydvlnveadomanieviiaftadnfuaneiug 307 16 50
Wodfus (ICs) Wiy 3.42 (2.69-4.90) wiluluans Tnema ICs, Tudounanised
wiydulaludndenunsUnfuindu 4.22 (2.69-6.31) uiluluans Windenunsiiiu

Wz Flulnadudyindu 3.79 (2.87-5.40) unluluans winsiuansaadidewinnu 1.80
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(1.54-2.06) Wiluluans wingoadsdadidowiniu 2.79 (2.16-3.42) uiluluals uag
wizdlulnadudleawiniu 2.32 (1.47-3.04) urluluans @uen ICs, vasenlalalnsens
Aiduduisudsnisaigiiulaventeuanderiniladnduaisiug K1 Sanusiaiu
2.45 (1.65-3.40) ululuans Inewa 1Cs, 1uL%auwa1L%&JﬁLﬁﬁgLauimiuLﬁmLﬁamLLmaﬂﬂﬁ
WU 278 (2.41-4.09) wiluluans Windesuasiifunivesdlulnadudivindu 2.71
(1.34-4.66) Ululuans WIneluAs18a@idowiniu 3.08 (1.65-4.51) wiluluais wing
weansaadidowindu 1.84 (1.61-2.06) urluluais wazwmgslulnaliudioaindu
0.76 (0.55-1.21) unluluans

Aeandudureselmnesiniu [segiu @uanunainadou 95 Wosiaud)]
figudansiaiaiulaveadenaniesdaitadniduateiiug 307 16 50 wWesidud
(ICs0) 111U 35.9 (28.8-43.2) wiluluans laewa ICs, IML%@mﬂaﬁL%ﬂﬁLQ%@L@UIMiULﬁW
Boaunsun@uwiiu 41,0 (28.4-54.1) wiluluand Wadeaunsfidunmedlulnadud
WinAu 32.8 (20.5-39.0) Wluluans wngluasdadidleiniu 28.2 (24.5-31.9) w1ly
Tuand wivzleaisdadiilowindu 57.4 (53.1-61.8) urluluans wazwvedlulnadud
WA 322 (32.1-32.6) unluluans d@auan ICSOﬁé’ug’qmﬂﬁ@@ﬂmau%}a
waseviafiagnisuaeiug K1 IAwiniu 62.3 (50.2-68.5) urluluais laewa ICs,
Tudemandeiwsyivisludadoaunnfiviiu 63.1 (50.5-78.9) uiluluans i
GoawnsiidummeBlalnaduduindu 56.6 (38.2-94.0) wiluluand winziudnsdad
Wewindu 77.6 (67.8-87.5) wiluluans wingkeans1dadiilevinnu 59.3 (50.2-68.5)

yluluans wazwvigdlulnadudeawindu 30.3 (20.2-153.9) ululuans

nan1snadeuaMulivanounadedesneilalalnsersanddy (DHA) wavlw
Wa31AIU (PPQ) wuuewau (combination drug)
ﬂﬁﬁ%aﬁwdwmﬂizLﬁumﬂf-hl,aﬁlmaa Y. Fraction ICs, (FICs) Wavdnuas
¥84n310 Isobologram  wu31 LiiAinufAzenseninenlalalasersangdunasln
woseuludemandoviaitadmiuieneiug 307 uar K1 adgegludaidonuns
Un# lneAnsisegnu (@r9mudioniu 95 Westeus)] 189 2. FICs, wiatu 1.051 (1.000-
1.125) uag 1.002 (1.000-1.078) ilevnaeuluifemnanieviailadnsuasiug 307

o w g [ a a & 1 v a dglj a a a
way K1 suaau sauvadladeniiduninzweainsnaadilsludeunansesinilad
widuanewug 307 TaedlAn X FICs, wiiiu 1.000 (0.889-1.184) wazluidinidenuaad
Dumnedlulnaduieaansidounansevdailadni Suanoiug K1 Fafldn 2 FICs,

a a

Wiy 1.000 (0.942-1.296) laenneiegnailfiinlu isobologram aguuldy  additive

Fawansinemsgeslaiilaiuiizesieaiu (no interaction)
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nssugnssEINeIdsssianulugeltansevialagwisuyiaesansiugn

9

wigavlaludadeonmduninedlulnaiud lneardsegiu @eanudety 95

o

Wastaus)] ¥e3 2, FICs, Wiy 1.106 (1.000-1.464) uaz 1.268 (1.000-1.438) iie

naaavludauianseslinfadnisuateoiug 307 waz KL 9Iua6u w38

Wi 1aadiile Taeila D, FICs, Wwindu 1.000 (0.996-1.402) wag 1.252 (1.000-
1.428) \levaaouluidosnanieviafladniiuaewus 307 wag K1 audify saumia

= P = A & = a a o I ~
Lll(ﬂLa@ﬂVlL'UUW'TngIiJIﬂa‘Uu‘UL@aLQW']%LGU@N']ﬁ']LiﬁJSUUWWaGUW']illa']EJ‘W‘Nﬁq 3D7 I@EJN

Y 1

fin 2. FICs, wirifu 1.000 (0.956-1.642) wazynsetafififaly isobologram daulug
agmilaldy additive Fauanadngmisaesviiaiiinisaugnadeiu (antagonism)

1 v ca

nsasugnsrenuueseilalalasensidddunazlnnesiniunululdenianse
a a o v 6 ::4' 1 @ A a g 1 v a A a0
slafladwisuanediug K1 fegludadoniiidunnzueatisidadiflelneilrn X FICs,
iU 0.883 (0.662-1.000) kazyneieeeiliiinby isobologram egliidu additive 34
wansInemsaessiaiinisiaSugvisiv (synergism)

4.4 navosgrlalalasersatadtunazlninesinludanisrineiuvalushiu
phosphatidylinositol 3-kinase (PI3K) a1nn1sinusunaslasiu phosphatidylinositol
3-Phosphate (PI(3)P) vadL¥au1aise

nsuanseanvadludiu PIB)P Tuweunansuatenusg 307 (Lrsuiaaslsniv) 9
Wigiulaludiafenunsrdnnieg seuinediedrandudasilalelase15atgdu
Wisuiisuiudeganliddudasn [fsegu (@eanunainndou 95 wWasiwud)] wuid

Y & a A a a <@ = | 1 |
nsuanseanuasludiu PIB)P veuiautanisasgivlalulindonunssiige Tdunngig
fu TnewentaSeiasydvlaludadoaunslnffinnsuanseanveslusiu PGP tiudu
1.17 (1.00-3.32) i Wexnansemasqivlaludadenunsilumngdlalnaudinig
wamsoonaodluty PI3)P LfNTU 1.03 (1.00-13.19) w1 Weunanseriasaiiulaluiin
deauasilumugiusnsiaadidefinisuanseonveslaiu PI(3)P 1Ny 3.87 (2.39-5.35)
] & a a a a 2 & & | U A a
Wi Wesnanseasyulaludndeatnsillunveueanisidadidednisuanioanves
lugiu PIG)P 1iwAu 1.05 i1 laedinsulaniaanszninetsiiinisanas 0.36 i1 89019
o X \ & A aA a a % o @
LAAIOONLALTU 1.75 i1 wazt¥euranieasgivlaludaidentasiidunive
slulnadudieatinisuanseonvaslugiu PIB)P Wnau 4.31 W1 Z9annisaasizilaglds
wnauginsiladu PIG3)P 1inTu 2.5 11 (Mbengue, et al,, 2015) Wuda9g199HuIIa
lagiu PIG)P a@usnnnin 2.5 1 nasanduiasilalolasersiigiu 91uiu 5 faegns
PndeiaiyAvlnludaidoatnsund dauau 2 degne Andu 20 Wesiwud (Usun

losiu PIGP AU 3.32  way 3.54 wi1) Wadeauwaaiidunmedlalnadus d1uu 1
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foes Andu 10 Westous (Usunalutiu PIG)P AU 13.19 111) Wsom vgluis aad
e 91w 1 Mege Andu 50 wWestwud (Usuadadu PIGP Wiy 5.35 1) 3o
wigdlulnalufioa 31uau 1 fredrs Andu 100 wWesivud (Usunalusiu PIG)P windy
4.31 1)

nsuanseenvadluiu PGP TuidesnanFeareiug 307 (hseenaaslseiu) 7
wWiydulanludnidonunswidnigeg seninshegfidudaslmnesiaduuioudiousu
fhegefilidudan [Fsegmu @uanueaaedou 95 Wedleud)] wuin MInanseanves
lasfu PI3)P veadornanBefiasayiulnludindenunsineg ldumnsetu (0>0.05) Tag
Feouadefosayivlnludadesunsniiinnsuansesnvesloty PGP wWudu 1.10
wih Tneiinnsuanteonszninegasiiinisanas 0.76 wh Sennsuanteaniiiudy 1.51 W
Fewandefiasyivlnluindesuncilidunmeslulnadudinisuanseanvelusiu
PIG)P Wi 1.05 Wi lnefinsuanieonseninegisiiiinisanas 0.73 wih fsnsuansesn
sty 1.58 Wi Wounandefiesaivisludinidenuniidunmeiugisdaddlosing
wanseenvodlutiu PI(3)P WinTu 1.25 wh nefinsuanseansewinetasdfiinnsanas 0.97
Wi Sensuanseeniintu 156 wh @emandefiasyivlaludadeaunsdiidunme
wearhs1dadidefinsuansoonvedludu PIGIP Wty 1.07 wh Tnefinsuanseenszning
fasfifinisanas 0.65 Wi San1suanseeniiuiu 1.49 wih uwazlonnanSeiaSayiulnly

dindeauasildunivedlulnatudieaiinisuanseanvaslusiu PI(3)P anad 0.54 11

5. aAUT18uaraTUNan1INAaes

Weonnasulasyiulanaziinduiulagendulusiu globin  nslulnaduveslaadiiie
A39IN wazauvaInvatevedlulnatuiiinannsnateiugvesnsaesiily globin a@tgwaan

v ) ¥ 4’{’ = a a PR % | I3 = PR a a Y] g.// 9 v
waztu ilmdentanseasyivlalatssnindadentnandiulnaduingd wazairunsadugslali
AnaIN5a9lIALNATENTULIIlA (Kuesap et al, 2015, Taylor and Fairhurst, 2014) n1sAnwiily
) ! - pRpRp a a a A a v o A | U N
f79819:80ANLFUINaTUUNG Wnedlulnalud NIVLLUANSIAETEY WINEWRANIS1aaTLIY WINY
Flulnadudiea B991nN153LATILIANUTUTUVDITTIUINATE AULTUTUVDIINLEDALAY LAZIUIR
YoAIIALAALAIUDINAATATIG 25 AL NUIMTAULANALNsuAntpslasuiulindaaLAIUNA
=3 1 dy a a v a a [ = | c‘l’ v 1 a Aa
Jmuidemateanansadadluesgivlsludadeamaiile uwieraazdvsunuanas
3" a 1 faaaa =3 S (% 1 1 3" a

Aanulveudauansenselalalasensanaiuludaidondnuueange wuil Weuase

giafadnisuaieiug 307 Tudadeaunsiilunivziusisdadile nivsueaisdadide was

J aa !

= a a saa & da @& A a A <
Wqﬂgﬁimiﬂa‘UusﬁL@ﬁNﬂﬂqﬂJ‘IQWE)EJ']I@I@IWi@Wﬁ@N%UUNWﬂﬂ?WLGU'E]VW]@IIULQJ@La@@LLﬂQUﬂG]‘Vﬁ@ LUA

A dl @) al a a o U = a v 6 1 a 1
@onuasitduninegalulnadud ?ﬁﬁiuﬂ’J’]iJVL'J“UI’NL“UaJJ’]a’lL'iEJ?{’IEJW‘LJ'D: 3D7  mewnlwwesiaiuly

A

wanensiuludeninludadensiamieg sndudeninludadeadildunveiudiisdadileninig
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Tassglwmesndunnnindeniasyivlaludndendug duieutaiseyialadnsuansiug K1
A A L A a 2 A A & v U A A Aaa X faana
fsarenasgyludadeailunvgiuisiaadidendanulvesdeneslalalasersfigiuuayln
BSIAIUBARY AT mﬂmiﬁﬂmmmhmmL%aGiamlmlaimaﬁaﬁ%ﬁuuaﬂwLwasm’iuiugﬂLLUU
a | & a A a & pRpup a a a a \ ¥ A a X =
gAY WU Weraseasyludadenniislulnatuiaunfazinmnlines nsdesudaiuiu
~ 2 A ) ' ~ Ao a a A o v 2 A a
pnafinaunndadeaunsisnanilanneilimungaulunisasyfvladioifisuiudndeatnsunf
° v X & o w PR U A =~ 2 A P | U A a
Mldeliudauswazgnindaladte daninis@nwludafeawnsiiluueaisidadide vie
glulnaduiey (Cheng et al.,, 2005) waziindonunsiiduglulnaduiea nieslulnadud (Cyrklaff et
al,, 2016) msfnwmanUhvesdelanseiasyivinludindonanuuzaiee aeenlalalnsensiig
Husaglwmesiaduluguwuvemaunud BiRauiseseninenlalalasensanatdunazlnnwesiaiu
luwenansetinflanSuvisaneiug 307 waz K1 ﬁag'slul,ﬁmﬁammﬂﬂa WULAINUNISANYINL
nauntn (Davis et al., 2006) snuiudinvaanAduniveslulnadudusanneuasdag il AnuNIg
o £ ' o oA & a a a v O v ¢ & & A &
AugnssenIniullenaasvlulerianseyiaiadnisuaesanenus waviladonmdunive
slulnadudeannunisiugnslueunanseyiaflagnisuaieniug 307 wenaintd n1sfinwitinu
nswugsdeiuvetelalalasensiigiuuaslnnenaiuluioinanseyiafladniSuaneiug K1 9
| 2 A a | U A aaa | a | ) g A
agludiaiionnluniveuealinsdadiile Jansuanseanvesufitensenineiuanaeiuluien
wieludnidenufinn1e wansliiiuianisnevauesresian1aiy (Hastings and Hodel, 2014)
Wennaniuaunsaadslusiu  phosphatidylinositol  (PI) etesannnisui dludvea
(inositol) MNFTUVeIlEaArIEaINNITAUATIEN (Ramakrishnan et al., 2013) Faluglu Pl aggniAy
ninoainain1suoudunusil 3 lneroulayl phosphatidylinositol-3-kinase  (PI3K) tavlu
phosphatidylinositol-3-phosphate (PI3P) vinntnfidAgylunszuiunisasdygialunisvinauues
gty (lipid signaling) NsAnAadoansIzwinagad (cell signaling) Lazn1svudsdIuUsznaunIge U
Mavuwad (membrane trafficking) (Balla, 2013) nstiinuvaalusiu PI(3)P L 2.5 i1 Fafiadn
Hudsunaudntes uilinasonsyuiunsdsdyaalunsvinuvesdeiu lnenisgnnszduliinnis
Waguwlawuaauiu augansamieliilmannisiesila (Mbengue, et al., 2015) 91nA1SANYI
navasglalalasansandiumalotiu PIR)P wusiag19ndusunalusiu PIG)P winTundsannduaesn
Ialglasonsifidduandenasaiulaludadeontnsund 2 fegrs Aailu 20 Weswud Winden
a{' I3 =¥ a a o 1 a I3 I I3 U v a A o L 1 a
WA U vgSlulnadud 1 feg1e AcTY 10 Waskus NINLLUANSIAaTIIY 914U 1 A9 AR
W 50 Wasidud nvedlulnadudeadiuiy 1 §19819 Aty 100 wWasioud waldnumnuwangig
lunsuanseenveslusiudinanidienageuidefiasydulnludndonsiinnneg seeilunesiaiu
AstuTuvasluiu PI3)P willgiinliinn1sfse1veadoussiaiadnisussaznonde
Tudinidenls lneannsfinuluiossegrsumuiiasaivlnegludag 0-3 Hlusmdudadueile

aaa

Talasensanaiuanudaudy 4 ululuandifunan 6 4alus Usanadlasiu PIG)P iy e1a9viina

[ a £y

sonsanaudufiviessinguoriafidiunarilugnmstiosveademnaneld dadu Usinuves
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aa

sty PIG)P Pifistuanunsamienhliifnnsiosnguensifdiu wiildinsnanewusvesdy
(Bhattacharjee et al,, 2018) anm1sAnwneuntuansliiudrusnzveselalalnsensnng
HusolusAu PAPI3K ﬁﬁﬂ‘%mmtﬂm%ﬂm%@ﬁﬁmiﬂmHﬁuﬁ: pielch1 aldtusiuduimanglunis
Samionnan3eld Usinalutu PIG)P wansdensvimmthdueulssiveslusiu API3K finuwnnly
srovaumu dudussesiefuiinunsheslusogstasanedinuasifinainmanaisiusuos
Su Pfkelch13 fisumisdndey fio C580Y wae R539T (Mbensue, et al, 2015) 99 s@nwinen
wihnandliiiuindSuvesiislulnaduinund 1wy s1dadiile uazdlulnadud axfinnsiaiuni
{inaneendindu (oxidative stress) g4 FsenafivhlidesnanFofiaaludinieamariaunsnuiush
1¢d1e nianisnanewuguesBu Aikelch13 oradunasinnisuiuivesdeiiiefowinsdinegly
nmziaTeaiiinaneendiadu (oxidative stress) g9 L¥eananSeuliniladmifuanoriug F32-ARTS

Juweinunee1o15aldiu lnsanivegedalioaiaiyegluszeziwumiunasing igoud

(Menard et al, 2015) usnani Wentansesdaladwisuaienus 307 MasyAvlnlunend

9

'
a o =

AMULTUTUTE8DNTANgIIENURBE11 SRNTIuLAzgTiwrlunIulaNINnINTea e UG R Ul
wieulalunieffleondiauund (5%) (Duffy and Avery, 2017) Fauansleiifiuin usnainnis
YRR 1% o o w o & a a 2 & o & Ao qyd =
dudadognduunanseilulseduad anenensyiulaniidudntadenis Aviliveunanse
anunsausumlinusesduinansevialayianills (Duffy and Avery, 2018)
= dy Y1 = a A ! | faan
ns@nwilagulan anuvanvangvesdlulnaduinasrenisnevauewiognlalalnsesans
a a -’-&J a a a (% :.’/ o L3 2 o
Husaglwnesaiuveudemnaiseviiafiadmsusuninisiauveaeulesd PI3K anysunaludiu
PIGP  ignasrsdunasanmsdudaiuenlalalasensffigiu deoraduiusiunisnateiusvesdu

Pfkelchl uagthlugnishieenguensasigiiu



19

uni 1

UNU

1.1 anuddnuaziisnvasdymitiiniside

lsnsda@ifloviindar (0-thal) w3ewudn (B-thal) uazdlulnaduwiiad (Hb E) Wuaiy
nannnanevesdlulnadufinulufiufiiodons usenidedlimudiunisssuiavedsainaniis
(Kuesap, et al, 2015) avwmainvesslalnadudumnuiaunfimeiugnssy ianunsadiumy
nshadeunands eglsfnn fAuiiunmeasiinunmuedlulnaduisudndes sl
anunsodlesiunisinidionnandeld (Taylor et al, 2013) nszuaunisaddlulnaduiliauysel
wlidewrwesdlulnaduiannsowmisiiiiAnnnzeieniiinaneendindu (oxidative
stress)  Gailnasioninulivessdiuuane Wadeadiinnunainnaisvesdlalnadu wu
glulnaduviiaey (Hb H)  slulnaduviiaey/dlulnaluviindioa (Hb H/Hb CS) wwas1dad
Jle/Blulnadusiing (B-thalHb £) fenududuressneniddduislududortuwaduaslale
goarnnIdadenuasund wazlininulnesisuuianiuanasguiu (Charoenteeraboon et
al, 2000) mi‘ﬁ':ﬁmﬁmmmL?&JasauagﬂmﬁmLﬁamLﬁ“flunmmuimaﬁlﬁmmsmhL%@iﬁmalé’
ilndelddudatveuasiaundudononld Ussmdluiiuiiedony Susenidedldlnsianis
UssinalneduiuiiifidomnanZednesdumnanSearsvinseduga vnlddesiing suiu
wlewigmsshwilsananse  Iagldergnsnanlunguens@i@fiu (artemisinin - combination
therapy, ACT) ugnvuiundn smudwuzidives WHO Useindlngldemausevinsersfgium
wazninaniuiieshulsrnanSoviafladnsusus® 1994 (Na-Bangchang and Karbwang,
2009) uazannsldengasnauiifunm 20 8 wut UssAvBamnisnudseigasiianasedii
80 LWoslaud ndsannsfnniunan1sinyduian 42 Ju (Na-Bangchang et al., 2010) 81gn3

caa

nanserinlalalasansanatutazlmwesiaiudusdnansnianaiunsavrunldnawnuls e1le

Y
lalasersagaiuduunvelaivessinquedfiddu Alusz@niainuazqudsinitfieisau
(Hien and White, 1993) n15eangnavesenguilduiusiulasiasnsiieandiauegnneluiwad
= o a A o aaa Y} < . a & 2 o Aa
Feanansaaeyyadaszilleviuiseniuinén (Ferous ion) Laveyyadaszilaziluiinaiani
Auduiivlu food vacuole weudiau1aie (Gopalakrishnan and Kumar, 2015) ns@nwn
A 1 & & a A& fanana o = Y a v
dieldunuaninudl Wemnasenfesesa1satigiunnululssmeanauioliens Jureniduslad
nsnaneugueslusiu P. falciparum Kelch13 (Pfkelch13) waziunlfiluniosmungly
nsanwilvanenseengrsveselusyiuliiana (Ariey et al, 2014) Msnangiugueslusiu

Pfkelch13 dudamsduifuzes PPI3K (phosphatidylinositol 3-kinase) vil#iLAn PfKelch13-
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PfPI3K amasiazil  polyubiquitination anas virlliaanistey PPI3K Jande PPI3K Tuwas
ity Talolasersandduaunsadudenisinamures API3K lduazdenaliidusuna PGP
(phosphatidylinositol 3-phosphate) anas (Mbengue, et al., 2015) wonanil Wsdiu PfPI3K
Faflduieatestunissudedlilnadu Suduuvaemnsventennanss msdufinmsiaures
Tsfiu API3K silinAnnsavaudlulnaduindugdulalanaiaduuazYosdunisaudslug
food vacuole (Vaid et al., 2010). ﬂaaiiﬂiuaaﬂqméiﬂaé'uégqmimuﬁ'fsﬁ'usuaq food vacuole
fugavesdlulnadu (Hoppe et al,  2004) lwwesiedwdusidiuunanselunguy
aminoquinoline aanguisdudieinaislunasanaaesisaeiugiluaghedesdumands
oehalsiion Whmngvesmseengvdvessilmmesailusedulianadslivsuuuda uraind
flassasrandndeiuaaslsaiu Fuduvglannsoseusuilmnenaiusengvdiiuieitu
aaelsAIu iy Msdfudansadedluledu (Krugliak et al, 2002) nsnanewugvesiusiu ACRT
lidfinadenisavauvadlmnesaiuly food vacuole Fauandliifiuievdailifinalnnisiesn
Wilouaaelsaiu (Bray et al., 2006).

Nndeyafinanunauisamanisalléin navesenlalelnsensaddunaylmmesiaiuse
s PPIGIPK anunsadudsmsadaivlnveatemaSerinfladmsuiinaludindonuwneiid
aruvainuaevesdlalnadu msfinunilfaliinguszasdifleAnwanuhveadomanFeiinalu

aa

2 A Aa = a saa a & v Qll
LllﬂLa@@LL@QV]@JF’TJ']NV@’]ﬂVTa']EJGUENEﬂ:lliﬂa‘Uu@@EJ'ﬂ@lEﬂ@i@']i@ll"UuuLLag‘lWLWE]T]WJU %Wazgaw

A 1

TannsAnenll agvilinsutmunglunisesngmsuaznisnessenvidewiin

1.2 nguszasAvadlasenisivy
1.2.1 diednwenuluasufisenssrienlalelnsonsiitduuas lmwesaiuseidenanide
yinfladnuifaludinidenunsideumanvansvesdlulnadu was
1.2.2 iefinwniseengriseselalelnsensifidtuuaglmmenaiutenisvienlusiu - API3K

Tunsudnlusiu PI3)P

1.3 W9ULUAYDILATINISITY
lassmTedanwaubuasufisenseninelalalasersiiaduwaslnnwesiniuway
nsvhaulusiu API3K vesdiarnanseviailadmsuinaludindonunsidanurainvalsves

glulnadu



21

- oaadnsazgnAndendilasinisideannanisieszidnidenunitas  hemoglobin
typing

- maedeunnethsuiunslasiisufisunassrinadennandefifaludiad onunsd
fanuvarnviangvesdlulnatuuazlulnaduuns

- nsfnwandhvendemaZeeiailadnfuaeus 307 uay K1 dewnlalelnsensnng

Husazlmnesiaiu vidugduuvenneiuasenaulngds SYBR green wasnanisanuilu
sUnuvsRsInanulud ICy  @IUNATEINITNAADUKUUEINANLAAINAAIBAT ZFICS

ey isobologram

s

- msAnwnaveselalalasensaddduuaslmnesiniusenisinauvedlusiiu  PPI3K Ta

nUsSualviiy PI3)P 1aeS ELISA

unil 2

NUNIUIIIEUNIIU

2.1 Tspunanise
2.1.1 dnwazirluifeafuinanse
TspunanSeiinenn e Plasmodium  spp.dedmlulustadalunszuaiden (blood
parasite) 8gjlu Phylum Apicomplexa, Class Sporozoa f]%}ﬁuﬁi’]mmﬁa Plasmodium firelse

Tuaudl 5 via 6 awv‘v’uﬁ (Centers for Disease Control and Prevention (CDC), 2016, WHO, 2018)

® Plasmodium falciparum v3euransevtaiadnisy wululaunidnening owsnild uag

'
a1

e WuaeiuginuanfianlulssmdalvenasnszezavaisUiniuun lngianiziay
& = a Ko @ & da LY = = &
YEhAY oA Tevla Ui U NlaINTULT AT SUATIENINTIEA LHBINWRAIUNTE
Wihdanesagyivitine 1N sunanseduanes (Cerebral malaria) (Wswssed fuen3e, 2014,

gNFU wsTuR, 2551)
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® Plasmodium vivax visewnaeviialuand wurhlUluwovanfuening 93n Ju uazduide
nounans winvtesluuauueniningumn luvssmelnglusfnnuansesanifosnane
yiailadnsu uitlhatunuifinsszuanniy sufidadmuieushiunieunniunaiie
ylaHagnFy (snssa Auen3d, 2014,  @inszurning) numIuAUlA NTENTIN
ansnsngn, 2562) flhefiiaidomnanFesied oranduundulsng: (Relapse) ndsldunis
$nwwng esnndeinanSesiiadenatiszey Hypnozoite vasmiesglumaduassuls

® Plasmodium malariae VRN NIV AANIANTED WUUSHIUNIULENIN Mg TUBDN WAy

Usemedumeniangiunn f9lulsemalngasnudasiniussuin fswssa dueisd, 2014)

a

® plasmodium ovale semanssviadala wusnluwensningiunn WaUlud oodnside
witle vdinglalaveu waridlna dmiuussmalnenudesuin wazdnnuusinadwmin
YIBUAU %aﬁmmﬁsﬁqﬂsqm azenainnsndusndulsaslduioasurdalownd @isws
S04 Fue138, 2014)

® Plasmodium knowlesi Wsesnanssvdaluad wuluniveleny Jusenidesls uSiiauwray
uagdulafide MaUTud uannglduiu numnlulssmaniads waedulafife Huied
Ansiandnidau (Zoonosis) Inefidsua daie wazans WWulsadanvine (definitive host) lu
555U (Centers for Disease Control and Prevention (CDC), 2016, NSWSSa uanse,

2014)

TsmunanSedulsadnsoluluniou (Tropical zone) uwaziwanieu (Subtropical
zone) Tessinnuluvsnandudie Fygdund nquasdidus, 2559) n13nIza1efvenie
Waseuegivaamail AuYY Lazganve 191uuUsznslagUssunaminndt 2 Wudiuau

Y q

afagluunasszun wariiuldewon1sinideunanse Ienugtiouanie1nisvedsaaniilan

o

YagUszanal 300-500 duay fidedinUszannday 1-2 d1uau Inolanzfinidongainii 5 3
(fia ASgaunna, 2557) undeszuiaveatomnandeluvsemelng wusguinaiumeuaues
Uszna Tnslamzuinumeunulng-ni uaglne-fuye masdaideinanievinléen idesan
Snwazniuszmaiidedasronisunsiuivessstuldes wazdszrnsfionduoglunrouay
Usgnouendnaiugnanis aulndu saufenuiyminisiesiventeunandslunarsiiuiives

Uszmnalny (Snensd 1Ieasey, 2556, @ila 1N1a3g LazAuz, 2557)

2.1.2 n15AnAava9lsANIaILSY

dy a a U 1 =l ¥ 1 = dl
LWRUIAILAARDNIULINING AD ganuUaDaneLiY (female Anopheles spp.) &9

v A

& = A o a A
Z‘ﬁlﬂiﬂLLWiLGU@NWa']LiiJGLUUizLVWIV]EJV]?{'W]QJQJ 6 VUA AD
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® Anopheles minimus {WuganvgvdniidAgynuiinluviauseme enfeegniuiell veu
ildludsnslalvados quinandae Wunmeiunsiweusnamyiiu wasgelnied

WA Adirus
. I 1% 1 [ a 1 = [ %)’ a
® Anopheles dirus \Jugaiulass o1duusnifiuuaznslaluings

® Anopheles maculatus aa8iu A. minimus WumvzlRWEann1enaLa

v
o

® Anopheles sundaicus \Jugsnvizsos enduaguiiamauau vausldlunsadiu Jan

NI0UANTUVIZLE LU S3809 Tunys s Wusiy
® Anopheles aconitus HANEAYUDILIN TOUDIABUTIIUUIUI

® Anopheles pseudowillmori Lﬁuqumziaq wuushaU IR umloveIlTEIna
(WSN3504 AUBNSE, 2014, gnsun WA, 2551, 3933 InNduue3 wag wisnan JUsNa,
2555)

2.1.3 2995 INVBINNANIY
o Plasmodium spp. Thaastinfindrendariu Wil UTauneTEeY Lagseegiia
naassiulnvedounnsaiiy (Ul 2.1uaz 2.2) naasiulnvetemnanieuvaduasesdisly
g9 BaflmsAuiusuuueduine (Sporogonic cycle) uazaeasiinluau sfimsauiiusuuulsiende
Wl (Schizogonic cycle) Inauuseaniluszazlvglq Ao msduiuduuuliondumausnidiaidonuns
(Exoerythrocytic  schizogony)  waznisduiuguuulieidonaludaidanuas (Erythrocytic

schizogony)

2993830 TuEe

astinlugaiuduidessiuldesiuiefauazgndondiaeiinnite Tnogemeldsy
i%ﬂ%LLﬂﬂJﬁI@lQﬁﬁ‘I}l"ﬂLWﬁt}:\lj (microgametocyte) wagiwrlily (macrogametocyte) 1 lUlunsginng
p1m3w0sgs n1elu 5-30 WAt WewnanFesverlifinarzgndosanendoutudaide aunsdady
p1M3vD3E3 drudenaiiesvezinaagligndosaans Tasszezunuiloledines] avutsiondoa
warasslelanana@unazunaniaasy wigdululasunuila (microgamete) Uszunal 6-8 @ d@u
srozunuilalednadeaziadoufioonainuiadindonuns wlsundunilasunuiin (macrogamete)
mnﬁumaé?{uﬁuﬁ:ﬁgﬂ 2 wwad azian1sUfausiu (fertilization) mdudigeu (zygote) Tdiaan
favaauszann 1 92lus ndarnty 12-24 $2lus freuasivdeusuinliBeuansondi Tole
lafln (cokinete) tadeulmtn q wagunsnsPosinssagadysiinszimzosvesgaiilley
sgrisntiadiuuonuazdulureIn szt Iveses ntuaigydeluifugefidonii leledad

(oocyst) Fanelurgiinsudadniiniuuinluwadsunszaty Sunin alelsyesd (sporozoites)
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duunn leledadillounfuiiguazuanuazUaesauelsyesdidngyedindludida (haemocoel) Tu

gnasiinlegluseninansvasgmounazienengausoly (fayaiunid nguSyditum, 2559)

29953 3n AU

'
] [l

svagogludu (Exoerythrocytic  stages)  1Husyesidontansoadyivlaluauy e

Y
1

ganuUdeaniideunaiessezalalsvesd (sporozoites) AnAulzUdosidoidignssuiaiion nasain

]
[ ¥
Oy

WuUszana 30-40 Ul WenasuszevaUalsvesd (sporozoites) wLNgLuaasiu wagiin1suues
dinsuausuulilondemelaeds Schizogony lsvesilsvess (merozoite) Sruauunauviliiead
fuunn uasdemnandusssmelswosdazgnussaidngnasuadon nsaiadulslueadiu Boni
Exo-erythrocyte schizogony 4aandssanas 5-16 Su vl adelsvosduaaiounanseunsin
Twand uazlotaid asflszozudslumadiudsazngainnmaaigludivus onauuduieundodul

Woszerngniniaziluannnveinisiineinstindu (relapse) vihlndalduansediluniendsla

v 1
a IS a s

Seneunansesyeeilin Gnlugesd (hypnozoite (NBIWAY EIUYYVEY WAZATIY ATNGNS, 2558,

Y L3 aa a

utiunid NeuAsAItiu, 2559)

2°

szezfogludaionuns (Erythrocytic stages) 1ussazidounansoutaiuiuduiuluda
HOALAIYRIAY NAIINTEATAULAN Ualwelswaed (merozoite) FuiunIngnUdesiingnszua
= 13 a a v a < = 1 & ¢ = a v 1 a a (Y
\Hen lwelsweudlziafeuiidinizinlafenunddval nuluafeuidigiln wa zazlasguu
W dussey ring form (early trophozoite), growing trophozoite, late trophozoite,
immature  schizont 18 mature schizont AIUAIAU LTINNITLATYUUIANANTIUILTIN
erythrocytic schizogony laglusgey mature schizont axiiluelsgoaAd1UIULIN (Uszaad 8-32 @2
Juivriinvendenanie) Wadadeauwnsunn welsvesivzindedgdlndenundlvid Faldian

| [y a & a [y ¥ 1 & A Y 1 a [ [

uwansafunLstinvedlounanse nasnuelsgesdidididaionuwasialug e1atnsiau iy

srevunuillalys (gametocyte) Beilviasvazunuillaladinadiasineiily soliganulasnia uaisu

¥ '
a o 6

] P~ ¢ v =~ I v oa o o = o o ¢ aa
Wessuzunillaledidily ieuusduindnuiuluiies uasunsitonaly (Ayeyiunid nguAsydidu,

2559)
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A = nfective Stage

2\ = Diagnostic Stage Human Liver Stages

Mosquito Stages
TR Ruptured
[

N W Reteass of b

‘Fﬂ Immature
trepharaite

" ring stage)

”
Erythrocytic Cycle l l‘.'laluu.ﬁL

e Wy .
R
Microgamete entering A ) = \‘n":\ @ trophozcile
e e ST

Exfiagellated © 9( R”m”"’d"‘h sy A/

microgamelocyte schizont I.‘...ll'
. o P s schizort i i

= ‘ Gametocytes £k /ﬁ
F‘Ilr'\:ﬂ:: - H h__l i- Eh Gamelocytes
P oovale - tese o
P madanag

JUN 2.1 19957 Invanante n1siasevesdennaselugs Weegsiuldeswiullefinaugsay
UdegiwenansessevaUslsgosd anndemangididnszuaiienvasy (Centers for

Disease Control and Prevention (CDC), 2016)
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Stages Ring Trophozoite Schizont Gametocyte
Species

P. faiciparum

P. vivax

P. malarias

P. ovale

P. knowlesi

Ul 2.2 U wenaFeszezludnidonuns (Poostchi et al, 2018)

2.2 aanunsallsaananselulssnalng
nTeyaatiAvaiUiuianseseniItel 2550-2560 wudn uudtiskazgidedInnla

aSuanatedasdeliies ngUaelul 2550 91U 30,889 AU el 2,969 Aulul 2560 du
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a Aa o

FoTinandiuau 38 aulut 2550 anaandediniy 10 AuRaul 2556 (§Uil 2.3) fihednlngd

e

9195811 15-24 U Usgnaue@nineninssd $Udne uastiniseu @inseuinivet nsuauaulse
NITNTNET1TUE, 2562)

fuhelsmmnanFeiinudsemalnonszategaumeuaulne-ni fuye wagunade ns
munulsaiiguassnannsifunsiiunsuuauvesildusasnuuaznisiigimveiinmzan a0
seauvosgusmuaulsaiiinlnsusamuin Tul 2555 SvaelsmnaniFefidaitoinaniosia
TwandUszanas 60 Wadlwust uazvdiniladnsu 40 Wedlwud (U 2.4.) Fsmsldongmsnasonsiy
wr-anianiu SuavinlisnsduvesiidndomaSesiiniladmiuanas uanaint dmswugin
Fownai3owialunad (P, knowles) luftufinialivesuszmalg

qaﬁ’uﬂa'awﬁm Anopheles dirus, maculatus, Wag minimus LﬁuqawwwzsuaaiiﬂuwaWL%aﬁ
wusnnluiuiitmuuussuaulng-nan uay fufinialdvesusemelng shlsddanudswionisi
downanFeluseiugs matuAsunlamisgfienna n1suszneuendn uasdawanden uansenusio
msundnszelsrogannn Wy MaimwnsUgndusslusammdunafisfiufiunsnszaisvogs
wnzuaziiulomaninindegifdluuieiuil (Corbel et al, 2013) wagmsfivsznsdnlngld
gnuinasyegdlignees Tneanzegnadslidfiuauddysunisiutsemueliasunaseian 39
lfAnnsresiludeinaniesinftadnfuuazsinluand Feildeilésnuluiagiume

Uszansnw (Bhumiratana et al., 2013)

(n.)



35000

30000

25000

20000

Uae (Aw)

v

ATUIUN
Y

15000

o

10000

5000

(v.)

7 (AU)

g

Y

Y 2550-2560

30889

2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560

2550 2551 2552 2553 2554 2555 2556 2557 2558 2559 2560

JU# 2.3 (n.) Sugthowas (v.) didetin mulsauanselulssmalngsening
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") ()

Percentage of positive Percentage of positive
blood smears (Pf) blood smears (Pv)
000000 0.00000
.

0.00001 ~ 0.31966 .
0 0.31967 - 0.78001 :
[ 0.78002 - 2.74110 t
. 274111 - 50.00000

0.00001 -053227
N 053228 ~1A3847
I 143848 -10.30000
N 1030001 ~ 100.00000

5UN 2.4 guiinisalvedlsmunanselulsswalnevesssynsineuassinad Tul w.e.2555
(n.) LAAINIINTTBVBUTBUIANTEYLATATNITU (V.) UanIN1INTEAVRNAUTEYTA
Tw3ng (Corbel, et al,, 2013)

2.3 nMssnulsautasenlafisnnisunsndau (uncomplicated Plasmodium falciparum

malaria)
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a

aeAnseudelan (WHO) lawugtlvildengnsnaunguensifiaiiu (artemisinin-based

combination therapies, ACTs) tUugrvuiunsnnssnuilsaunansslulssmaninissyuinaes

[
=1

Feuna3y sausd 2004 (Hommel, 2008) snwammjum%aﬁ%ﬁuuﬁwmaqmLLasmﬂ%‘l‘ﬁimaq
endugiveiunanGeiiulds wu wilvaniu gluluvdu Favhaendu iy s
wanslu ms19dl 2.1 (WHO, 2011)
InsnedudueniifgnisndomnaFessesludunas e liungtieiifadeinanissin
ladmsufiordoegluiuiifinisiarevemnaidelussdusiauiaiunans iletdnidoszosund
Tolewi eugiunisldorduinanseifgndendeludadon Tnsliissudseniuauin 0.75
finansuseilaniu 1 A%y (WHO, 2001)
g1UUTDIFMTUMSINY ISy Ao
o ashguvuiumnlendunsenandlynduniendunndedu iWunan 7 Junse
e gptusAuans tlwadunsenandlunaunsenduandedu Wuian 7y (WHO,
2010a)

a

2.3.1  ignnaulalalasensfidiuuazlninesiniu

aa

ellalnsonshddiu (OHA) Wuwmnuslanifioengrdvesenlungquensifiddu (Ui 2.5

v

faaaa (Y

n.) nalnn1seengivessinguenfifdiudslinieuida egrslsiniu eendiaudiegnielu
lassassanunsaiufisenduman (Fe) wiedu vinliAneyyadassld (Olliaro, 2001) eln
mes1Adu (PPQ) (Ul 2.5 v.) 1uegnfifilassains bis-d-aminoquinoline Fafide3s¥invase
g1IUUAe 5 dUAN (Gimode et al,, 2015) LLﬂiwﬂa"l,ﬂmiaaﬂqmésuaqmﬁé’aiﬁmwLLu'SEfﬂ el
nsAnwInudn PPQ innsazaueglu food digestive vacuole warannsndudanszuauns heme
polymerization uenanil n1sdegudesnanFesseslnsinveniinaluny.ilold¥uen PPQ Fae
ndosqansseididnmsoununsiuasugUsees digestive vacuole waziinisavanvesdluludy
lFa1unsan1nn1saiin PPQ aaﬂqmé‘ﬁ' digestive vacuole (Petersen et al., 2011) PPQ finsld
ogaunsvaslulsuinatudaust 1980 Tneldlusuuuusnfeaiionaunusaaslsnnivlums
Snvuazdesiulsamnaniouasnuineniifussansamuaranuaensudlonaaeurilunaon
neaeduardninnaes arwibhweadeuaniedent PPQ luduiusiunisnanewusuasiiu prort
warlinunishesiiusenitaaslsnniuuas lnmeneiudenaaeuludomanGesd afladnn 3y
$1u 280 feehe vldanansalden PPQ luituiindinishesinaslsriuld (Pascual et al,

2013)
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]
aa A

] ] caa v & ) o a N a
A1 2.1 EJ’]QG]?N&@JIUﬂQ@J@’]ﬁWNGUUU LW@IGULUUEJ']GUU']U‘VIﬁﬂIUﬂqﬁiﬂwﬂ;ﬁﬂﬂqa’]LﬁEJsU‘HWWﬁGU-

PFUN UTDINTWNTNTBURUA U DS WHO
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g1 luNgNISANYU gildsau AATaAnvaseniildsu
Artesunate Mefloquine 2-3 dUn
Artemether Lumifantrine 3-4 U
Artesunate Amodiaquine ~10 U

Sulfadoxine- .
Artesunate 3-7 U
pyrimethamine
Dihydroartemisinin Piperaquine 4-5 dan

(n.)

Artemisinin

Dihydroartemisinin
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(v.)

H (\NMN/\
N
| = \(\/\N/\CHs o N\) K/ S,
(1L U |
= | ® CH, L M
S
Chlorogquine
Cl cl Piperaguine cl

JUN 2.5 (n.) lassasvesena1saddtdunazenlalalnsensaiaiu Jansen, 2010)

(@.) Tassasnavasenraslsniuwazenlnines iy

mﬂ%’mqmmamqmamﬁaﬁﬂﬁﬁaﬁmuﬂﬁﬁ@mig@mﬁfj’ﬂsﬁu %qﬁmiﬁﬂwmﬁammqm
waumnzanne1ifiegudanaz ol dvivengnsnanszninalalalnsenfaiddunasin
mes1edu o udugivuizauiian (Basco and Ringwald, 2003) lumsdnwlusziuvasa
nasomugnRantliiAeiiseserinseludomnanFometus K1 wasuansinisiugrg
niogluaneiug 3D7 (Davis, et al, 2006) n1sAnwluly 2007-2014 WuIgIgnINaNsEninala
lalasonspigiunazlmnesaiudussdndnnlunissnwlsaunanselunausenauIu-naa (Liu
et al,, 2015) nsAnwluiuny1seningd 2010-2011 wulseansanvesnssnwilaglven 2 Tu
wasfnmuna 42 Yu Wi 85 wWeslous (Fnnuidesiu 95 1Wesieus: 69-94) uazUszansam
mssnwniloldsuen 3 Yulasfinnunanissnen 42 Juwindu 90 Wesiwus (@reauderiu 95
Waswus: 75-97) (Lon et al,, 2014 ) agnalsiniy nsanwlul 2011-2013 wanslmiiunisndu

Lﬁueﬁﬂuﬁuﬁﬂizmmﬁmwmmi’umqqﬁq 154 wWeasigud usnuiiies 25 wWesiaus Tuiuyun
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nxiusen delladeidesiviliAnnisdnuideegasnanszninlalalnsorsAtaduuasin
Lwasm’iué’ummmmﬂmsamL%aﬁﬁmiﬂmﬁﬁuimaqﬁuﬁwLLWJ@ K13 (Leang et al., 2015)
2.4 n5AT1ERUATen1sTdendunIaFesiuiy (analyse  of  antimalarial  drug
interaction)
Slognegetion 2 wila hgsrsmendeuiu flemafiasiuiisersevinadule fuavils
filsEans nnvEeandsyansnmueedaiy uavenafinvsoanenmsinafesiiiatuaine il
FanavealfAzensemineannsouiady

N 4 % 1
NSINNONSVBBAY LALA

1. nsuiindnenIn (potentiation) Avednisazansavinlie1dndinilaainiilisignd
naneidusengndla
2. MIE3UNT (synergism 38 synergistic) Ao B1vivaRIRIlgVavag Wenldsiuiuih

Teangnsladunigaanniiy
Lo o

3. MILgYT (additive) fio evisaeadiignsng Wethanldswiwilveengnsviniu

ONIVeIFRIITINNY

N15aNNNSVBIBAY bALA

N13A1UAYS (antagonism 38 antagonistic) Ae BIAINTINIENIADIRILDUNN LY

Fufuinaannisoangnsueedndmilala

nsAnwInsldensamiudenld Isobologram unsItAszinaansIasugMenIanI1siIu
Lo [ r-:l' 1 [ a < V. [ £ a £ N o
g5y lnganwuznsiwanadndunisiiingns (additive) astluidunss nsiasugnsasiianvae
ns1duLingn (concave) warn1sfugns azdanwaurnsviidulisesn (convex) Tunisadng
Isobologram  @asavinlalag NM3a99auansa 1Cs lunsan &9 unu x 9z IC, vosen A @
wnu y aziumn 1G5, vesen B lunsdliiveaeuufisensenineen 2 wiia erviagldlunisasyalunsiv
9199z1duAn FIC (fraction inhibitory concentration) unuan 1Cs, vaseusazyin luuragsnsnaiu
Muauiule (JUn 2.6)
wanaINt NsAAMIAT sum FIC (2 FIC) Fadun1ssiuan FIC 1097387 A wazel B 9a
= & ad < ! aaa a Ada X I3 a < a £ A v
Aenanavaensm Wudsniidunisuansituisen 2 sliadndiagu iWuwuuiiugns w@Sugns vIedu
My =g 61 v ' I3 v £ v ' I3 a £
gsla Faldinaueidn d1An sum FIC 11ndn 1 asdunisanugns desndn 1 asiunsiasugvs was

Wiy 1 %Lﬂumﬂﬁqué (Bell, 2005)



Concentration/1C ;, compound B

Concentration/IC;, compound A

5U# 2.6 Isobologram dnwalzsne 01 ARNNULNTE15eMINgeN A uaven B
MNYLEY 1 LAAANYUENITRNGNT 2 LARIINWAENISIETUNT LAY 3 Lang

Snwmgnsdugys (Bell, 2005)
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a a (Y < = = a dou o dw a & a
2.5 anuinunfAvasdnuuzillafaauadlulnatunduiusiunsaneunase
ANURAINANEVIUgN U AnAuRaUnAvesdnden 1l s1aaTle
| ! 1Y = ! [ LN
waglsannaniseiinisnsgatesiuiu (JUN 2.7)  uaggndtenenuniuussnyjsvesysdiduy
138111 5,000-10,000 U vilvilAinaduuandramsiugnssuluisaznguussing vseyana
widnazendeegluiiuiifeiiu duandeunednu vielllentafinieuiasewiniu gadaiy
Raunfvoadindionuas 19U sickle cell anemia, thalassemia, G6PD deficiency uwag

ovalocytosis  ¥NUABNITAALYBUIANTY AIUNAINTAIENINTUFNTTUMEIT LARI1NAIIY

wenesludunswrdaanziieuantas wevinlrdniswanseanuadlusiuanas usaasuwlal

[
=

TUsiufiadreu (Hedrick, 2011)

2.6 ANUaINiat8vaIdlulnaltu
v o A
® s51adaTLdY
sdadiiodumnuiaUnfvesusuiudlulnadu lngeaiianuiaundluaiedan
Fasunin UAnsdadidle v3e a1edani Tus8nin oan snaaTuile

- ?9an s1aaTidly nnANURRUNRYIguULlASIUlENT 16 FILUNILUNRYL Lhan

= o

Wy alo/olol n1svevngluvesdunisassansvinliiinlsasidadiile 393l 2 dnway

I =< a I

- 0 - v @
filo 0L w30 O thal-1 waz O w38 O thal-2 518adily & LA FULIIANNY o'

v A A

S18ATTIULUU -0/ OLOL A L LARIPINLRAUNG d1u O 518aRLlELUU- 0L/~ LA WU
a A & v ' ~ PP a ° o A a 04 <

ANUAAUNALANT DY LTU N128TA kazddlulnaluni 5188y wuyu oL My

heterozygous #8u oL el 1 419 Fauanady ——/0LoL wazvnduaiameluis 2

119 WU -—/-- vibigUaeldannsaddineyla

v v o a a a A a a . a
- LUAT 518aRLllY LARYINNTTNITVINMEVRIBUNAIUANNISHARLUSAY globin ¥ila
wan vulastuleny 11 viliivsunalusiusiinilanas taziude clobin vllasani %

< a o Y a a a a a [ . . = o
Wusdasy ‘VI’]I‘MLﬂG’Iﬂ’]’J%Lﬂﬁ‘EJ@V]LﬂW'U’]ﬂ’e]’e]ﬂ"’ULWUU (oxidative stress) LazdN1INIANY
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Bonuwadad Uiy heterozygous  azifiann1s@auazdnvasiiiadoniinis
WasuwUaainies Turazi homozysous a8lia1n1s@neg1egulss wazidinogld
Talunu (Lopez et al,, 2010)

lsasnaadidenuluyussrnsvatafiud wiu Aufseunsaummasisideu nidwansnn

= L Y = 1 aa % 1 v A A
Lyld nyiusennaly u LLﬁ%‘M%,IULﬂ’]%lu&l%ﬁﬁg‘ﬂiLL‘U"UWEj\‘iGl%’J‘lW]ﬂ AN 51AETLY WU

wntudszinaduiie uagnyingluimaynsuddiin druud sadadilde nuinlulaunsia

wilneisidouagnivied U 2.7 (n.) (Bauduer, 2013) :nmsAnwiludl 2540 nugte

sndazdelulsemalneyszuna 600,000 AU wag 40 LUaswus %59 24,000,000 ALy

Wvzadlsa lnganuynvesUielsnsdadileviseslulnadusluiiuideuandusun 2.7

(%.) (Ratanasiri, 2007)

® anuinunfvaslaseasrsdlulnadudue

- Flulnadud (Hb E) LAnainnisnaneiusvedlusiu globin @gludn sunuei 26
a a I3 = ) [~ = = ] = |
nngndia wIaduladu (Glu — Lys) vilidadenvinaiugandutasidugusis
A7vJu homozygous  azdvurafiadenuantdninund uazdianududuves
Flulnadus Flulnadu E wuleanaldludssuinswauedensiuaanide s detiela

gRI1N1TRALTRNIaLTEanaY (Lopez, et al., 2010)

glulnadutea (Hb S) tinaINNIsNaneNusUeslUsAUL globin @BLUAY ALWLST 6
nndwdungadu (val — Gl ildAednvasidadeawnstinung (sickle

< ¥

° Y a o v a ' PN | '@
cells)  uwagylvifnniseaduluiduidenvuiaan guiginudiulvgidu

(%
o |

heterozygous @ufUneiiiiu homozygous awideTindsusengdsiies (Bauduer,

2013)

glalnatu® (Hb O inannsnateiugvedlusiu globin @18wufn Fuwnen 6
a a I3 = yd‘d U I3

1N NYALUA wdaluladu (Glu — Lys) WNUNIINANYNUSHUY heterozygous %

Liflornisquusaindugiidu sickle cells wuu homozygous usianansatesiunis

Nnlsaxnansensuwsela (Bauduer, 2013)

Nulnadursuawaunadss (Hb CS) WWumnuiaunfvasdlulnadunnululsesnng
dlll qj' a % a Y a (% s a . 1 o 1
Hunedenziusendeld nannisnateiuguedlusiy globin aewaaii fumn

71 142 ansiangailunsaefilungmiiu (stop codon —>Gln) Feanunsadaasizs
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nsnordiluladn 31 @wnis vilraelusiu globin daruerniudulslidaag

\d@niws Jomoui et al., 2015)

wonanmuRnunfvesdlulnadunnlanaintneiu diasdidlulnaluasiindue) Anu
Tulszanslve (Anf foasa, 2013) mufinandlunisne 2.2

(n.)



[ Malaria
[ Thalassagmia
[ Malaria and thalassaemia

J

(v.)

®

fthalassemia
u-ﬂull

a-thal

P thalassemia
HbE

o thalassemia  20-25 %
a-thal;  35%
a-thl,  16%

3%
HbE 13-17%

30 %
512%
1926 %
910 %
8%

o thalassemia 20 %

o - thal 1 3%

- thal 2 12%

6%

HbE 30.50 %

P thalassemia 2 %,

HbE  20-54 %)

o thalassemia 16 %
a-thal;  25%

a-thal,  14%
B thalassemia 24 %
HBE  9:11%

2

3U# 2.7 (n.) nsnszangvedlsasaatidowazananselul 1940s (Reuniunanseagnualy

39

nvivglsuneuls) (Vento et al, 2006) (¥.) ANuYnveIUsEINTNTANUMAINTIATEYDS

glalnaduluuszmalne (oL thal-1 Ao Ol -thalassemia wag (OL thal-2 Ais OL'-

thalassemia) (Ratanasiri, 2007)

A15199 2.2 FlulnatuRinunannuvesludseinalne
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Hemoglobin Mutation Base change

0-thalassemia

Hb Q Thailand O 34 Asp—>His GAC—>CAC
Hb Suan Dok 0L 109 Leu—>Arg CIG—>CGG
Hb Quong Sze o 125 Leu—>Pro CIG—CCG
Hb Pak Num Po Ol 131/132 insertion +T

Hb Constant Spring (CS) o C terminal elongation TAA—CAA
Hb Pakse’ o C terminal elongation TAA—TAT

B-thalassemia

Hb C B 6 Glu—>Lys GAG—>AAG
Hb S B 6 Glu—>Lys GAG—>GIG
Hb Siriraj B 7 Glu—Lys GAG—>AAG
Hb Malay B 19 Asn—>Ser AAC—>AGC
Hb E B 26 Glu—>Lys GAG—>AAG
Hb Pygos B 83 Gly—>Asp GGC—>GAC
Hb D Punjab B 121 Glu—Gln GAA—>CAA
Hb Khon Kaen B 123-125 (-8bp) -ACCCCACC
Hb Dhonburi B 126 var—Gly GIG—>GGG
Hb Hope B 136 Gly—>Asp GGT—>GAT
Hb Tak B C terminal elongation +AC

SB—thalassemia

Hb Leporee Washington-Boston o 87_B 116 fusion deletion

Hb Leporee-Hollandia o 22_B 50 fusion deletion

(i@ wieada, 2013)
2.7 nalnlun1stasiunisineunanisy
< A [J Y a o ! a & = ° Na
AuvaINvatgvenlafenunwiliiinan1siilivazaunenisiaevionsediin
Yougeuasy warawsadusdilivedngdadoaunwiodmanon1sasyfulaveate 13
nsidnlaeszuuAuiy vsedestunsinisnguvednidenfadeduilindenuniie nilwvaon

\den (Bauduer, 2013)
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fhagranalnvasdindanunady sickle cell trait (HbAS) NNUADN1SAMTDNIANSY AD

= a d‘ a a U . . Q‘ dy . s
NNSUNNITLATLANNAIINDDNYLATY (Oxidative stress) LWUUU e microRNA Y03lganaNTn

[
LYY

gugsnsiasgivlavesdentanisls laeyinliiin
® n158UdINT transcription U8 parasite LAz N1shanONYBLUTAU
e anuRaUnAlunIsvUdslUSAY

o nsuanseanUedlUTAU AEMP anas vilannisiin cytoadherence uaLilal

N159NMANLALINUNIUNINTLUIUNT phagocytosis

® n153USUNaL hematochrome WANTU

£
[y

®  NIRAUANDININYNANAUNYY Inalvidu3uins antibody 1iadu (Lelliott et

al., 2015)

AnuaEnsalunistdestunisinennaiseveusasyraaiinuduiusiuaing

Anunfinisiugnssufitiertestuilaidenuns 1y aruRauniszaulasadiuead n1s
eal o

naneiuguedllsAuiinawad nsvaeulsdndndunienisasuwdasdlalnadu  (de

Mendonca et al., 2012) anuRaun@wantd An15nseangluusesnnsunasiuiLans1eniu

!
=

Fedanalvidon1svsenuuuswedlsa Iainviaty wenanll i3 mnzselyeNIasy
i Y a a = a o9 vy a & 2 o« |

ssstiniuauiaunfvesdlulnadunvilvansinsindeludaiionunianas 1y O-
thalassemia trait Slulnadu H #lulnadu AE uaw [-thalassemia/HbE wu3oanns

WigAulavende wu §lulnadu H, P-thalassemia  wuuliguusedlalnadu  SS,

glulnadu AS, 8lulnadu CC, dlulnadu EE wazdlulnadu F (Taylor, et al, 2013)

'
YR

fregennuanrangraadindonunsiduiusrenindlivesnsindeunanieyilailad

M5Y wanslunnsIean 2.2

2.8 NMINDUAUDIADYIAIULIASY

Wounasesiafadnisunaaialudindeamiudlulnaduy H waz/msedlulnady

(%
=] 1 s

CS azhorogaifgiunuazaslsmuunnieiifnludadonund Auwans1avesnuls
dy Aa [ = A al a gj . . A a dy =
YauaNAR buIAaeAMuEulNaTY H 14 198191N019¢ oxidative stress MuAnTuluin

1
faaaa IS

doaLae (Yuthavong et al., 1989) uiszAun1shony e sanaiueLtpuIassvdafladnisu
aa & a2 v o oA oA v a ° | 2 & PR o A

PRantudiatdenluluaisidadilesiunudlulnadu E azdnintudindsaiidusidadiile
¥iadaniIn1sseItuIandndanidusdadiile slasand ptg1915ANTHuE wadla
unnIndadenund wallududu slulnadu H wazyin eI nuaUssansaaw

(Charoenteeraboon, et al., 2000) wisaaaiJudlulnadu E dnnsnevauainasasaiguiiy
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a o w dy ¥ 1 < aglj dglJ a aa
AN tazaunsandaelaeg1ssina (Hutagalung et al, 2000) wonanil WWoN1a T NAA
Tudadenunsiunmdusdafifonninisendudinisiasaiuln 50 wWesiaus (ICs) 1nnin

a faaaa

dindenund wenainiinisliensiuivansdiiueyyadassinavinlien ICs, vesw1015ANFTY
Wiy (Senok et al,, 1997) Uszansnmwsselalalnsensnfiaduazanas dedudarudufide
Y & A P U A a a o M o R A I - A

Vuidliadonunsidusidadiily siadan LmlumaﬂizmmmuﬂﬂuLawmumaammqmﬂu

winsdadills udvalalnadu £ nalnivinliemuadsed@nsain o1aunannisiinufisen

fudu vilvidiu endoperoxide vadengnyinate (Vattanaviboon et al., 2002 )

2.9 N15ABABYIAIUNIANZINA18 VLAV VRN 8TTANATNISURATNSIIUAUNITADMABYN T
nguNsANT Y
snéﬁummL?Sﬂ&jmﬁﬁimqa%ﬁwaﬁﬂﬁuﬁugﬂ%’ﬂuamé’ﬂﬁm%’umi%’ﬂwﬂsﬂmmlﬁ%a
o & a & Al X a L A =~ ) a Py
uNTENLfaiianshen (U 2.8) lnunishesiaaslsmiuluiiuiiie@enstuoenidedduag
ausnlaAnTulugeined 1965 uavnszanaludiuiuensnineusenludiameaissuil 1970 ¥
Trinswasuunltensiudaninendu-Inswsiiulul 1967 wan1sheendaninendu-lnswusiilu
R UlUAUNAITIYN 1990 Fedaadinisiasuunldenuninamiulul 1985 waziinni1saeenltudl
1989 authldnisldenavlnnlalul 1996 wiwemnanseiinisesninululiu (Hyde,
2005, Lin et al,, 2010)
faaaa v ¢ ° o o a A a X aaaa
g1e13AngluLarayius gnihuldvaunueiduinasemiinn1shies lagonsaied
ummmlﬁi’ﬂuﬂﬁummﬂusuLmemmmLmemﬁw 1970 mﬂqwﬁmmmaaﬂﬂsmmwﬂu

a

ﬂiuLLﬁLaEJWVL@EJEJ'NTN’ILi'J LLG]EN?NJJ‘UEJLﬁﬂ‘l/lﬂJ‘Ui%ﬁVlﬁﬂ?‘WﬁLuﬂ’]i ﬂ‘l“}’]ﬁ]’] ‘Vi'mIGULiJLIEJ'WLWEJ'ﬂUquJU

a

duq 3edimsusuldufvendunanieriadu msfienensiidduansasntslulsinamnnly

(%
= Y

22950 li@enilamaduianuenduuias el iutuliveskazanlania@n s ul s

aaa

miﬂmawuﬁ%wumm uBNINY B19135ARFTUS T fdgvseuniilalendsinliannisunsnszany

seadenpenld (White, 2004)
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nalnn1staInunIsAnLYe

AMUNRAINNAYVDY P
. WUN
LuaLaanLng Inv. Gro. Cytoad.
0 thalassaemia-1 R
LOUNLLANIIBYIFIIN Une anad ana
(__/aa) a 6 a
- LUALADILS LYY
0 thalassaemia-2 . anas /
FEIUDDNNANY - BIEGN
(-a/aw) A anas / Unf
DULAY -
HbH thalassaemia - . o e Unel
lenyIusandudla RGRN anas
(-/-0) o X d
5 (MINUNTEUINUDS
B thalassaemia o - . o
118438) Unel anas Tainsruwudn
-/P)
_ . anay/
Hemoglobin AS WOWININZIUAN i anas anas
AR
AZIUBDNNAY UNNEIU
. 099 /
Hemoglobin SS YU TELnADULAY oo anag anag
LNLRU
Hemoglobin AC, R . -
LANWSNIRZIUNN Uné RGN anag

CC
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Hemoglobin AE .. anas Un@ Linsuwude
UseinApulngngIuesn
4 e 2o lE anay/ anay/ , Y
Hemoglobin EE LRLTEATIUDDALALILA - - Tansundn
Une Une

Iva. = invasion, Gro = growth, Cytoad = cytoadherance
(Bauduer, 2013, Lelliott, et al., 2015)

[ malaria transmission areas
O Chloroguine resistance Y
# Sulfadoxine/ pyrimethamine reistance _///

* Multidrug resistance
A Malaria-free islands

]
a a

sUN 2.8 fiunnnuanulhvesdsuialsesdaiadnisumse1m uNIaseanad wasNunng

Y
NNSARABEIFIUNIASEVAIBFUAAINAIANEIVBY WHO (Wongsrichanalai et al., 2002)



a5

daaaa

2.10 Armmanvaevasdlulnaduuazniseenqvivasenguensniaiu
msfnslunasanaaesmudt Wesnandeiinnludindenunsdiduslulnadu H uas/
v3odlulnadu Cs aefiuuiliufiaziorosorifgumnnnindindonunsnd auuandiaves
aruibesdomanZeinaludadonunsiidudlalnadu H dosnaelsaniuuarerifguming

w191nnseengnsluindfisereendndunaznisiiiouledlunssuiunisfinannugy

& S = oA

(Yuthavong, et al, 1989) nalnnisaeenduaiudinizaedlaad Janadadenunsunfnay

sa < v o

a aa £ ! aaa 1% N d' =~ a
Nﬂﬂﬂmmmmﬁ’]miﬂaWQWﬁ“{JaﬂSﬂﬂquaﬁimuﬂjuuiﬁ LALHALADALAINLUUS IR ETL Nz AL U

< A

£ v & A a & a aa A &
LLﬁ%ﬂquqiﬂﬁﬂﬂqiaaﬂQWﬁsﬂaﬂEJ'{LWN']ﬂﬂ’J’]L@J@Laa@ﬂﬂ@] LGUE]ZJ’]aqLﬁEWW]@IULNWLa@ﬂLLWQVILUULL@@

¥
A v 6

Arsaadiie GElulnadu  H) waz/vsedlulnadu  CS) arfasnae M lusunuUsyeIaI1sh

3

U

a
& a da 2 A a & v U o N A a o A s
ll’]ﬂﬂ']']Lsﬂalna']lﬁﬁlmmﬂiu&l@La@@LWNWL'UuLUGnﬁ’]aﬂ%L@Jﬂﬁi@aIﬂJIﬂﬁUu@ﬁ]gﬂ@G]EJEHV]LUU@HWUS

a L4

V99915AN8UteuN1 (Charoenteeraboon, et al., 2000, Hutagalung, et al., 2000) %uﬁlﬁaﬁu
dindoaunsiinavinlinisesngvsveseilalalasesifidiuanas Insanizegedsluleainsndad
a o U oA A A A a av s o Ao o £ a
e wituAs1dadidevizedlulnatudlifinansznuannin nalnnduginiseangvseaaziinaann
a [ =l o 4 a dl 1 o a ¥ o 1
g1 wdn ¥se ayusvateandIunIasliluvatsluanaveseandinunislulaseaing vinlily
anunsaluiujizendudennansela (Vattanaviboon, et al, 2002 ) Wagnwuil A1AINTNTY
saaaa & S aa < A & v A a aAa 1% s s
Yaage15ARTNulunseweNaSenRatuliaiienilusdadiliendeneunls 50 wWosiwud

N v o w

Tuvagniansiueyyadaseiianiiudusg1ailiudfgy (Senok, et al., 1997)

2.11 lagiu phosphatidylinositol 3-Phosphate (PI(3)P) waz 1UsAu phosphatidylinositol-3-
kinase (PI3K)

Phosphatidylinositol (PI) 1u phospholipid ﬁﬁwﬁm‘lumaégmﬁam Lﬁagmamwgamm

Twyj hydroxyl fidu inositol feieuluy] phosphatidylinositol-3-kinase  (PI3K) Todulugiy

PGP Fevimihidulesiulassadsludoruiead Sumuimmdnlunisvudsvesdesiy ns

wdsuiivengad nisludiuusenauvedlaseadruead (cytoskeletal) N15ad19MEwe NISUUS

Waa N1UALNNZYDULAS WarnITENFYYIMUDNYad LUSAYW phosphatidylinositol-3-kinases

(PI3K) Vureulesilunsguaunis phosphorylation 984 phosphatidylinositol,
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phosphatidylinositol-4 phosphate (PI4P) %38 phosphatidylinositol-4,5 bisphosphate
[PI(4,5)P2] fisuvis?l 3 98929 inositol Tauphosphatidylinositol-3 phosphate  (PI(3)P),
phosphatidylinositol-3,4  bisphosphate  [PI(3,4)P2], %38 phosphatidylinositol-3,4,5
triphosphate [PI(3,4,5)P3] (Tawk et al., 2010).

.oulwsl phosphatidylinositol-3-kinases  (PI3K) ngufl 1 F9ans PIGAP2  uas
PI(3,4,5)P3 d2u PI3K ﬂﬁjuﬁ 3 fAusuNNTABNTEUIUNNT  phosphorylation ¥as Pl fia$ns
PI3IP Bsans PI3IP nulu vacuole waw endosome tasiborfuresdaduaziaduasdnifidesgn

AEUL

2.12 lwsiu phosphatidylinositol 3-Phosphate (PI(3)P) wazlusfu phosphatidylinositol-3-
kinase (PI3K) TuidfasnanFeviafladniduuasnisnasosnguensdndiiu
wulasl PPI3K vihmthilunszuauns endocytosis tansenmsanleaduaznisvuds
Fllnaduludomnanse nsduds PRIRK vhldiAansazauvedlulnadululslananaduveaie
Faaninnslllvaudeds food vacuole Wlagosaanesialy \Wewanieswinaisermsfisniy
G]IE)ﬂWiL"\]%igL@‘UIG]LLﬁ%Lﬁua’lmﬁlﬁﬁﬂﬁL%amﬁl (Vaid, et al, 2010) toulwsl APIZK vivliiiAn
N3LUIUATS phosphorylation 84 phosphatidylinositol () Islulugiu PIG)P USunauwes
woulesl API3K muAulag Pfkelch13 (K13) FadulusAuifuiupPI3K wagnsifumy ubiquitin
(Ub) Thaulest PPI3K avviliinnnstasaanevetaulesl (Mbengue, et al,, 2015)
laffu PGP veaidenanislinulusverluganazssasludu winuiawe szozd
Wsiulaludindensindu ImwummmﬂuuazLﬁaﬁmaa food vacuole, apicoplast waziie
‘151:31L%aa‘iuqﬂﬁﬁé’ﬂwmzmﬁauiaiszﬂszm (Tawk, et al, 2010) PI3)P aunsanulu endoplasmic
reticulum (ER) Fishumdlngifssfuiinulusiiu K13 waznuilusiuis PIGIP waz K13 viau
swiulunszuaunsasslusiu PEMPL IuigﬂmqLmeLazgmuﬁﬂUﬁﬂaLﬁmLﬁamLLmaﬁuadIaaﬁ
LﬁaﬁmﬁwﬁLmzf‘ﬁ’uwﬁwaaﬂlﬁaw%LﬁmLﬁammaﬁﬁmﬁa%m (cytoadherant) (Bhattacharjee,
et al, 2018) uenanil Usinaslutu PIG)P duiusiumsvheumsseules PI3K wasiiu3una
duFumuszazmaadyduln Tnefiusinasnnigaluszerlsseud (Tawk, et al,, 2010)

Ly [

lutlagtu JUrsunanseflderdiunnansenquensiigduil dnsnisndudueias

9 Y
[

Hosnenguildaiaieiindu Wasana 4 49109 wenand nsinuilunaoanasesmu e
wasfiuenanangtieiianulvenderesianas anuadilunmsidadessnannszua
;Fon (parasite clearance time) wdaaniumssnwisesensanaduluguuuuenieviosgns
NaNe$ARTNuA YA (artemisinin-based combination therapy, ACT) Usuandanis
Wasuuaseulesdereseniatatu Tnsnsgadsniuanunsalunissidossezisumy

pnadudygrasuduvesnsiiansiesne1safiddu (Dondorp et al., 2009) A1NNSANYTD



ar

wa3eluny wuianumannvatenisiugnssivesdu ubpifinensiadueuluilunsyuiunis
deubiquitination é’mﬂ’uﬁ‘ﬁ’umig@)mm%a%ﬂw (Petersen, et al, 2011) WWernaiefoeno13adl
FauiuenldngiisdininisluresuTunn API3K Samfunswunsnaneiusuesiusiu K13 4
At 580Y, 493H 539T uag 543T ?jﬂ%’msﬂmaﬁuﬁ:méﬂﬁi*ﬁluLﬂ%wmaﬁﬁwaﬂﬁamiﬁam
o1saRgtunarlalelasersaiatu Sulaqrisudinisinuues PPIBK ludeinanSesses iy
nsnaeRugueddu K13 vivbinisduiulusiiu API3K fi1199nn55UIUANS Polyubiquitination
anas Seopaanalusiiu PPI3K anas uaziusuna PPI3K uas PIGIP 1t viliidenusosnls
(Mbengue, et al., 2015) L%ammﬁsmﬂﬁuﬁwL%ams"j’uaaﬂﬁmiéiﬁﬁﬂﬁﬂmsﬁuﬁ}uaﬂﬂiau

a v 6

K13 fl5zeg3a1n158110eseeg 1 umiuuIuY wagliuanienisienes1a13afialiu Msnateiug
TihlmaenusonieamnuaseneanTnyin yinbideianulisogianaduaysyeziaInIsnane
81Uy danalideldnenimlunisdnsedinuazinisndududile (Winzeler and Manary,

2014)
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uni 3

A5 UN15IVY

EdNATLAZAIDENLRDA

Toyadnuazdndonvetoraadnstiuiu 50 AU gnAANTEIIINANENYIaiveLdn
Beauad warduunviindlulnadu Ineid capillary electrophoresis 1anaiasfifidnwazin
Aoauazdlulnaduuni wazenaradasfidslulnadulinunffiarsiusuazuoain fenimey
glulnalud wnziuasiaaids nvsweansaadille wazninedlulnaluiiea (constant
spring, CS) 91uau 25 AU azlasunisvenuBugsud1siulATINgIveg Walanzlienduiu

18 fiadanslagldvasaiuidenfidaisnudenudesta EDTA

X o e oy
nsiziagdaNasssdaNagwi sy

d’lj a a a % U 6 1 a dglj |

WounansevtinflagniSuaneiug 307 (Lseiraslsriu) wag K1 (Fedegnaslsn
) arduaeslunanannassed1enolilewmINIsues Trager Wag Jensen (Trager and
Jensen, 1976) Tuamsidsadiasia RPMI 1640 1Usenauniy NaHCO; Wudu 0.2 wasiaus
, serum LugU 10 Wesiwus HEPES pH 7.4 1udu 25 Jadluais gentamicin 1iudu 15
fadnsuseliadans iadenuwaadudu 5 Wosioud wardsuussennemefienaufisd Co,
WUt 5 Weswud, O, \Wudu 5 Wesiwud wag N, Wudy 90 wWeswud Wua 30 Jund
nndudndeluunlugumgdl 37 ewmwwalea  USunaudesvidesluasyiaulnegi 5
Wosigud  laewdsuemisyng 48 Talus wazusuelveglusvezisumiuaionisuuiu

A158¥a18UNNaY UNDAAUINTY 5 WaThuus

= a dgl = [ =1 a 1

asAneIn1shaaunalselulindanuinn1e

Wenaseyiailadnifuaeiiug 307 sreziuniu NUSIMTe 5 Wetiwud gn
° Y] ] a a ] = PR = A o ] a A &
PIUINANAULLALA D AWASUNA LiRLaoAwAITLdUNIUeTlulnadud tindonwnNedu

v YR ] a A g ' YR - = & A &
WINLLUAT1RATLHY LUALADALAINLUUNINLLDANITIRATLNY AIDLUALADALAINLUUNINY
Flulnadudiea Tudnsiaiu 1:10 TlauSuandalun1snaaautyindu 0.5 Wasious haznay
fusImsiasude lituSuanEee 1 Wosius didewIeuls 100 lulasdasuiidsslunie
96 viau 1uian 48, 96 waz 144 3l aeldussenniand CO, Wudu 5 wWasiwud, O,

gy 5 Wesiwud wag N, Wudu 90 Wesidud anmgll 37 ssrnwaidea Wenasunaniidia
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doaunaseuduilduidensiinuisiaznsisaounisasgiiiulanieldindesqanssmui

v

Mdswene 100 wih lnewanaduilasiudvsunaniowas usnaveaionnanise

N1SNAFIUAIN IV WYIUIASEABEIRNIUNIANSY

& = S & ) < 2 A aa ’N a 2 < =~ A a

W AUNALSUTLULIMMIUMALIN UL ALAaANTFIULNa0UUNR USowinLdaand
¢ a a Qd‘ v %) 1 =3 =1 1 1 < = dl 2% 1 Y]
FulnaduRnuninazldneaauludnsd@ruilnidonwnn1mneLinaen kANt snaaauvinnu
1:20 agatioy 48 Hilu waziaSeyiulnegeon 2 Wesiud gniunseulvlianudutu 2
Woaswud Tudaden 1 Waswud nisnaasumnulivesdasesilalalasersAtadunazin
WBIIAIUYIIUAA 96 UG ANUITVBY Rieckmann way Bennette (Bennett, et al, 2004,
Rieckmann, et al, 1978) lngwsaueslalalnsersAtdduanudududsduvinnyu 10 fadl
A5 lULeNIUBAANNTUTY 50 LWastwudwazmsanan lwmwesIAIuAMUTNTUAIRUYINTU 10
fadluarslunsauanfinAnuidudy 0.5 Wosiwud (Basco and Ringwald, 2003) a7ntuay
wssnlrlaaudutud uTunagaumea1nsasnte nelalalnsens Anatuazinsoulidy
40 wluluans waznaaauludamnu gty 0.16-20 wnluluais d@ubmwesiaiuazwwseuls
Taanutudy 600 wNUlLA1S hasnAaaUlUTIMANULTUTY 2.34-300 uiluluans dmsunns
NaaavyNanszIlalalnsasAtadudue e A uazld AU uTULIS uA LT aui U S

a al < [ I faaaa 1 a | [y
nadavgLReInazazmssuldusnanlusnsdiulalalnsensiiaidusnalunesiaduwinnu
0:10, 3:7, 5:5, 7:3, uag 10:0 (§UN 3.1) Mntuavun@eusuu 100 lulasdnsiueusunu
100 lulAsdng Ngaungil 37 asrnaaided Wuan 48 4lus

A v O a a & 1% a g % a

Weasuainsiadeun1sdudinisiasaivlaesuiielnedenniduleniud SYBR
green | v vibidnidenunwunn uasiinaslungunaaeunguas 100 lulasdng
ﬂuﬁqqu:ﬁ 37 asAwaaldea 1unan 1 92l mﬂﬁuﬁmﬁmﬁagapmmaaL‘iamjuﬁﬁmm

r-ﬂl o % v 1 [} d' Ql'o./ 7 6

granaudmiunseduiniu 485 uluuns wazanueInaunindyan  vgessalyud
Winifu 530 Unlukms (Bennett, et al., 2004) NAN1SNAFBUAIL VBT BABEIFIULIANT 891

2 wilauvvendginansduarnnududundudsmsesydulnvesdiold 50 wWasiwud (Cs)

drunsageuluusNauLanInaldy 2FIC (fractional inhibitory concentration) Wagns

a3579n37m isobologram

'
faaaa =

AIAUINAT ZFICs, ilalae (A1 1Cs, weselalalasensAiaiuiinausnsidiu

faaa

A199/A ICs,  vesenlalelasorsiidiumduenien) + (A1 1C, voselmnasiAIuinas

BNTNEAIUANG/AN ICso VBIbmneIIAIUM U AY) Faldinaaiin 61A1 sum FIC 11n9 1

s
a

aulunmsinugwd wesnin 1 asilumsiasugvs way v 1 azdunisifiugnd (Bell, 2005)
N158519 isobologram ¥1lasn1s plot A1 FICs, vetenlalalasersatadusnsiaiu

Aeqluunu X wazplot A1 FICs, vosenlwiwesiaiusnndiuniegluunu Y &4 isobologram
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LAATINTSESUONS (synergism) Lilawdunsimagiinda additive line lifufAsendeiu (no

interation) Lilaidunsmegluuwul additive line wazd1ugns (antagonism) Lilaidunsineg

wile additive line (3Ufl 2.7)

Ctrl 1

0:10
(DHA:PPQ)

(DHA:PPQ)

3.7

(DHA:PPQ)

55

73
(DHA:PPQ)

10:0
(DHA:PPQ)

Ctrl 2

Positive control: DHA 200 nM

Duplicate and 2-fold dilution

Duplicate and 2-fold dilution

Duplicate and 2-fold dilution

Duplicate and 2-fold dilution

Duplicate and 2-fold dilution

Negative control: Complete media

Strain control

CQ 20 nM
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JUN 3.1 nswssuvquenlalelasensaidiuwaslnmesaduludnsdiusingg ienagaeu

AnulvedauiasufaIfAuLNalSe

a

3.5 NsANEINTISINIURIlUSAY phosphatidylinositol-3-kinase  (PI3K) a1 an153aU3uM

ludiu phosphatidylinositol 3-phosphate (PI(3)P) wasanaunanuanlalalasesanauu

wazlwinesnalu

3.5.1

3.5.2

[ &I S o 12 =

AU NNASENUERIULIaTISe

X a a a ) YA o & U & A pRpp a a

Weounansevtinfladnisuaneiug 307 Mdesiudinidennidlulnaduunivie
FlulnadutinUnfegatios 48 H7lue Aududu 2 wWesiwud Tudiadamdudu 1
Waswus  drunvuiuelalalasensfidtuanuudy 4 unluluaishiue1misaie
RPMI 1640 5l Albumax Il a3ududu 0.5 wWaswud Wuian 6 $2lus (Mbengue,
et al,, 2015) #3081 LNDITIAIUNANULTNTY 40 WIlUlLa15lue M5 a89lua1nIT
WoRPMI 1640 713 Albumax Il A2nusud 0.5 wWastwusd wWuai 24 92lug du
MBgAIUANITULTUDIMSIAEBTaluMSIAERTe RPMI 1640 71l Albumax |l

ANULTUTY 0.5 Wasioud Wual 6 way 24 HlusufedfutuIeg1endulaen

nsanaladiu phosphatidylinositol 3-Phosphate (PI(3)P)
Wansuainsuudveilalalasensangdtunsalunesiniu azdunenidie
A = X g v = y a <
LH9ABBNANNATALAIYNNIBDINNTLALNTD A8LASBITUIEIAINULST 1,500 SBU
' oA a = ] ~ % 2 A Y A &
fownfiNgaunll 4 sarwadea Lwnan 5 Wl waganadiaiiennie 1xPBS Ny

30 2 sovu WindeauasUsuia 50 lulasansAilwennanseviailadnisy 2 wWasiud
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szt liuanlnenauiuaisazateeluiunnududy 0.1 wWesiwud (wA) Tu
PBS USunas 1 fadans Wewan3edild (Uszanm 2x10° 1wad) aviwndnedae PBS
by 2 ads Tneduwissannungs 5,000 3awiamﬁ*1'7iqmgﬁ 4 gerwawded [Wunan
5 Wl

NudemEneudae Trichloroacetic acid  Acid  (TCA)  Asdudy 5
Wosiwud Tu 1 fadluans EDTA 2 ads Tnedumissanninda 5,000 sousowfifig

%

a a & o [ ! aa va < [ v
iUnd Wuar 5 wii adediuleduilinuandfdunandagtungnauiu

q
<

MeOH:CHCL, ($hsndu 2:1) USums 1 fadans weiigamgiivies WWuan 10 u1dl
W dunenpzneufinanugs 5,000 seusoundt Wuan 5 wit leedulaguuy
yhan 2 sy aushensareluiuiifanauifidunsalasuungneuiu MeOH: CHCL;
12 M HCL (§h51dau 80:40:1) U3ams 750 Tulasans wenileamgiivies lunan 25
Wit wihduuenezneufinuda 5,000 seusiewdl Wunan 5wt iivdlasuuy
Tdnaenlml warimeneu uonlusiusenandiulad Tnenausu CHCL Y3unas 750
lalAsansuay HCL Anddudy 0.1 N USunms 450 lulasams wenlmdriudunan
30 3uf udrtunendruansazanefianuns 3,000 seusewnd WWuan 5 wift iy

dulasuans (organic phase) lunasnlumi wayssmeliwilagldiglulnsiau uas

a

wiudefionunll -20 esrmuwaldea ethuniauSununendas (Mbengue, et al,

q U

2015)

n1sinUsunatludiu phosphatidylinositol-3-phosphate (PI(3)P)
msiavsinadlasiu PIGP sihlasmsifisuuinalusfuingluiogstunsm
inspIufaaserineUiinalusiu PIG)P Aeududusgning 0-400 Wlelua wagen
nsgandunasiianiugnindu 450 uilumng Insudazfognemmiasnnsgiun
arandutuazie 2 ads dumeuusnasdosuiesiimunruiasnasgugn
AUNTY U311915 60 lulasing (enviu Blank) fuans PI3)P detector USunns 60
lulasang Tuain 96 v wenlidnfuduna 1 dalue  andudansiinauly
Uums 100 lulasdns @lunianqudnaiandadidl antibody #ausnindouet
(detection plate) wazuulidrfilaeniswdsaiiondung 1 dalus 9ntudne
asieglunavquesndiey PBS-T Aldumdeuiuyannasy nquas 200 lulasans 3
%3 fi secondary detector @aufiu antibody §a7 2 ﬁﬁmﬂ%ﬁaﬂagj A0IAVRY
vawaz 100 lilasans Uiliiddulnensweveioadunan 1 $lus dansieglu
01AYUeBNAIY PBS-T vguay 200 lulAsdns WAnans TMB viauae 100 lulasdns

[y

Uulundln 30 wiil ieliihujisendueulsinfnediu antibody Tunsazwaulaidu
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a8l By H,50, Aavwdudu 1N Usues 50 lalasdns ieveaufiden agld
asazanedimdos wazthaemaulunnsgandunasseinias microplate reader 7
AMUENIATY 450 uluas 11AINITANTUKAIURIATITUIATTIUANATINT N
1INIFIULUU sigmoidal dose response-variable slope curve (four-parameter
logistic, 4PL) analysis laglglusinss Graphpad Prism esdu 8.0 (Mbengue, et
al., 2015)

anantglun1siasizvideua

Y

nan1siszsimslafisinevesoranaling Usinandeiiasayiulnludnidenuns fn
ICoo, AN ZFICs wazUSunadlasiy PIG)P voadomnanSendsanduiaivelalslnsersfngdu
waglwmesmiuveadernandeiludindeaiiFlulnatulnd wivedlulnalus wimeudnsda
Hifle winzweans1dadidle waznmezdlulnadudiea uansmisfmesnisadnduadsegu
(Frannudesiu 95 Ueswud) wavihnaunUisuidisuiuidesnanisludadenunilaeld

Mann-Whitney U test fiszsiuanusosiu 95 wasiwud Tngldlusunsy SPSS 1asdu 16.0
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uni 4

NaN13INA8BN

4.1 A2981989NAINBIEIENAT
fegrndenainetaadas 25 au Mdislasainsidedieuauysalveadindonuns
wANFE19NU NIANURAUNRvBITlulnadunaeuAn (WnedlulnaludwasnvsiuansaadLile)

warANURAUNAVRITIUINaTUNE18aN (WIvzkaanns1aaTdlukazn1neTlulnaluded) 39

'
oA

(v} 1 o < 1 a  a a q' S v d'd =3
aunsadanguetanainsidu 5 nau auvliaglulnadu (3UN 4.1) Ae nguil 1 enaradasiiile
FoAlAIUNATIUIL 10 AU naNT 2 anaasasiiduntvedlulnadudsuiu 10 AU nauy 3

Y a & 2 v a A o oA Y} P 1 v A A
21a@N@N AT UNMEUASIFETLTINUIY 2 AU NaUT 4 BraasAsTIun ewaanis1aadLiley
19U 2 AU wavnaudl 5 eraainsilunnedlulnaduiiea (constant spring, CS) d1uau 1
AU

¢ 2 A Y | A O ¢ ¢ o aa

Anyanysalvedinidenund [egu (Yernuiedu 95 Wesiwud)] veseranadiasid

glulnaduriindeg wandlumsned 4.1 Teedruwnudadeaunslunguifilulnadiudnfdian
W 6 6 6 | a ¢ | | °
WU 5.0x10° (4.1x10° -5.3x10") wadaalilasans daliuans19a1nsiuiuinidenuniann

o oA ° ] a o A g a A Aaa Y 6
p1aadinsngudu nedwiudadenluotaadasiilunvedlalnadudiid1viidu 5.0x10

6 6 ' a | U A A A @ 6 6
(4.8x10° -5.8x10) waasalulasans wrzwoansaaddledayindu 5.2x10°  (5.0x10 -

6 | a a | W 6 | a |
5.4x10) waasalulasans waznivnedlulnaludealayinnu 5.2x10° waanelulasans diu

1 U dl v % a a a o = dl a 1 U 6
naueanadasiildunnsiuisdadidedduiudiadenunwnnian lnefianvindu 5.7x10

6 6 | a
(5.5x10 -6.0x10) waasalulAsans

AanutuduvesElulnadulungunddlulnatuundlidwindu 14.3 (12.2-15.0) n3use
WFANT Fadldunninenanadasngudu lngenanadasidunvedlulnadudimanududuves
Flulnaduyinniu 12.6 (10.2-13.6) NSUABLATANT WINLLUANSIAaTLNeTAWINAY 11.2 (11.2-
11.3) NSUABDLATANST WIEweanNs1aaRLedAINAU 11.2 (11.1-11.3) NSUADLATANT WASWINE
Flulnatudeala1winniu 13.9 NSUABLATANS

anududuvendaidonuwnslungunidlulnaluunfdiawviniu 431 (35.9-45.0)
Weswud Jadlaunnnitenaadasnguau lnvonatadasiilunmedlulnadudiiawiiy 38.2
(32.3-41.2) WasauUm MnzLUANsIaaRLlledlanvinny 36.4 (36.1-36.8) wUBSLUUR WINELDA
Arsdadiiiofdanintu 354 (34.5-36.3) LUaswus waldkansi9ainataasasidunine

Flulnadudeaiavinnu 44.6 Wasiaus
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unvesdadenunslunguiiidlulnaduunfidnviiiu 85.3 (77.3-87.8) winladns 34
uamgnindadenvetoraadnngudu lnseranadiasmdunnedlulnadusindlanriniu
73.7 (64.7-83.6) wluladns wvzludsdadidedanyinnu 65.4  ulndns wasnivzies

A5 188T HedANNINU 68.0 (67.0-69.1) NULAEHS

215 214,213 212 211 210,2(A), 28 | 2(F) | Z(D) Z(S)Z(E)\Z(A2)Z(C)  Z1
Ho A

HbA: 97.3%, HbA2: 2.7%

A2A; normal hemoglobin

Hb A2

¢ 20 © 00 » 100 120 140 100 100 200 220 240 ”0 0 *#c



215 214 213 zZi2
] 2 40 (f. 00 100
Z15 214 213 212
¢ 2 © @ @ ” 10

11 Zi01z(A) z8

Hb A

Zit Z10|Z(A) 28
Hb A

)

56

2(0) Z(S)Z(E) ZIAZ) Z(CY 1

HbA: 71.9%, HbE: 24.3%
HbA2: 3.2%
EA; HDE trait

2(F)

Hb E|

2(0) Z(S) Z(E) 2(A2ZC) 21

HbA: 93.5%, HbF or Hb
variant: 1.0% HbA2: 5.5%
A2A; Beta-thal trait

Hb A2

Hb F or Ho variant ‘

xo z0 0 20 80 e

sUN 4.1 (n.) dredrensinainnisitasigiyinvesdlulnadudie35 capillary

electrophoresis

al a a a al b4 = 1 1 v a
9298t ulnatuUNALALRAUNA LUAIELUAT LAELIZUINNYIIATID 19DV D

Flulnalu A: 96.8-97.8%, A2: 2.2-3.2% waz F <0.5%

215 214 213 212

¢ 20 « 00 =0 100

211 210,2(A), 28
Hb Al

Z(F)

Z(D) Z(S) Z(E),2(A2) Z(C) zt

HbA: 97.3%, HbA2: 2.7%

A2A; normal hemoglobin

140
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215 Z14 213 212 211 Z101Z(A)l 28 = Z2(F) 2(D) Z(S) Z(E) 2(A2)iZ(C| z1
Hb A

HbA: 97.5%, HbA2: 2.5%
A2A; normal hemoglobin

not rule out alpha-thal

¢ » @ w0 80 100 120 w W 0 200 22 0 ® 20 | %o

215 Z14 713 712 Z11 Z210)2(4)| 28 2(F)  Z(D) Z(S) Z(E) Z(A2)\Z(C) Z1
Hb A

HbA: 97.6%, HbA2: 2.1%
HbCS: 0.3%
CS A2A; suspected

hemoglobin constant spring

sUN 4.1 (¥.) Areg1ansmaInnisiasieviinvesdlulnadudle3s capillary
electrophoresis  9998lulnatulnAuazinun@luaigieain lnglfiguannt19AID1989v8s

Flulnalu A: 96.8-97.8%, A2: 2.2-3.2% waz F <0.5%

a ¢ 2 A A a a
M1919N 4.1 ﬂ'ﬂ']llalluim%@ﬂLllfﬂLa@@LLWﬂWN@IMIﬂaUu%U@@WQ6]

ANUNAINNANY VDY ANuaNYsalvasdadionuns [Tsagiu (dr9A2aTasiy 95%)]
glulnadu Fwaudindeauns  anududures anududuves vuinveudindanuns
(x10° wwadsia glulnadu Hindenuns (Wulpans)
lulasang) (nSuranTans) (Wostus)
lulnaduuni 50(4.1-53) 143 (12.2-15.0) 43.1(35.9-450)  85.3 (77.3-87.8)
wmzBlulnatud 5.0 (4.8-5.8) 12.6 (10.2-13.6) 38.2 (32.3-41.2) 73.7(64.7-83.6)

WINZLUANS 1A aTETY 5.7 (5.5-6.0) 11.2 (11.2-11.3) 36.4 (36.1-36.8) 65.4*
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wwizuaansdETlly 5.2 (5.0-5.4) 11.2 (11.1-11.3) 35.4(34.5-36.3)  68.0 (67.0-69.1)

weTlulnaludias- 52 13.9 a4.6

* IYIUAIDYININU 1

2.4 msAndemnandeludindenvdaniieg

aruauysaivesdlalnatufiunndnety lifliadenisiaydulnvesdemnaiioviailad
wiuaneiug 307 szezrsumuauisszesiiiindniuld  (schizont-merozoite) uinInu
nnuiuresdedudndedeiifnadenssuiumssing [gﬂﬁ 4.2 (n) uaz (v.)] lneiWeiides
Tudadenuwnfitdrunauvenfindesuasuniidunan 48 4alus (1 multiplication period)
MafsILINgeUsina 0.5 Weswud 1y 1.04 (0.935-1.460) Wedieud [Aslsegiu (339
mnadestu 95 Wesiwus)] daudefiasaludadonunsiilunmedlulnadudiidviniu 0.87
(0.624-1.396) LUasLsun WInzluAsIaagLladavinngy 0.64 (0.551-0.723) WinzLoan1s1aad
WedlAyindu 0.99 (0.874-1.105) Wesiwus Wesiwudiaznivedlulnadudealavinniu 0.36
Wesiwud nsiesgyiulnveadeludndonunsUnindsminides 96 alus (2 multiplication
periods) ﬁﬂ%mmﬁwﬁugaﬁqmﬁa 299 (2.11-5.397) Woswud Woilssyludindenunsiiiu
WngdlulnatudliAwinau 1.60 (0.575-3.341) Waslwus WingluamsIdasiiedaiitu 0.73

(0.483-0.975) wasiwus wirzkeansidatiaiayindu 1.67 (0.761-2.576) wWasiausd Lway



(n.)

Percent parasitemia

(v.)
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ngdlulnaduieatinvindu 1.20 Wesidud nsiasuiulavesdeludindenuniunfingsain

Ao 144 Falus (3 multiplication periods) fUSinmanaunde 1.19 (0.935-4.96) wWodiaus
Fetasyludinidonuasiilunmedlalnadusidwindu 0.87 (0.626-1.396) Wnsiudns dad
Jesienvindu 0.86 (0.483-0.975) warnvedlulnaduoadidnindu 1.01 Wesiwud luvnei
AffsogulTinandeiiaigludafenunsiiunmzuoainsdatiflet Argean Tnousun
Windu 1.92 (0.874-2.961) asiwua

ogalsfmy masaiulnvendoluinidenuasdnuarinegin 3 Taaaanldunnsg
fu (0>0.05) Inelanisegnu (reamdediu 95%) yeadoiadaluindenunsunidanriniu
1.19 (1.044-2.991) Wesiwus nmzdlulnadusiindianmiiu 0.87 (0.868-1.601) wWasiwua
WIgLUAS AT eiALYINAU 0.73 (0.637-0.858) 1asiaus wineleansdagidedavinny
1.67 (0.989-1.917) wWoslwud wazwimgdlulnadudwaiaviidu 1.01 (0.359-1.202) Wasiwus
wenanil m’iﬁwmgﬂi’lwmL%uammL%EJﬁLﬁﬁﬁgLﬁUI@MLﬁﬂLﬁamLLmﬁﬁ%IuIﬂaﬁuﬂmﬂﬂa Taidl
ANULANAINIdaEonUnReE s TRl ﬁl,ﬁmmsLfﬁayL&U‘Imﬁﬁ’haﬂm%@ﬁagj"[,mﬁmﬁamﬁl,ﬁu

1
v S A (Y

Wmgumuarieaisdadidle Taunsnsnueslsvesviveudeunaniefiasyludaidenund

a A

Wunnzueanisndadidlefisnuiuanas UM 4.3 n.-A.

6.00 - B Normal
Hemoglobin E trait

5.00 - M Beta-trait

B Alpha-thal trait
4.00 - . ;

B Hemoglobin CS trait
3.00 -
2.00 -
1.00 -
0.00 -

Overall 3 periods
Incubation periods
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1.6
1.4 -

—_
1

o)
I

Invasion rate
© o o
N (o))
1 1

o
N
I

o

48h 96h 144h Overall 3 periods

Incubation periods

—— Normal Hemoglobin E trait coc-M--- Beta-trait
seeXess Alpha-thal trait =8 Hemosglobin CS trait

JUN 4.2 Mmssydulaveationnanseviafladmsuaieiug 307 ludadenniislulnadu

¥iannee (n.) Weosidudaemnaiseludinben (v.) dnsinsaadieuiaisedeiiisuiuda

LABALAIUNR

Has

Normal RBC Hemoglobin E B-thal trait RBC  O-thal trait RBC Hemoglobin CS
trait RBC trait RBC

B S

.\‘ -1 L 4 : , ‘
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pd)}

UM 4.3 (n) mswsyivlaveadennanseridafladnisuaiediug 307 ludadond

dlulnatu vtar1ee Tutanan 48 Falus

H96

Normal RBC Hemoglobin E B-thal trait RBC  @-thal trait RBBC  Hemoglobin CS
trait RBC trait RBC




UM 4.3 (1) mssyivlavendennanseiafladnisuaieiug 307 ludadendd

dlulnatuwtinanee Turianal 96 Falus

H144

Normal RBC Hemoglobin E B-thal trait RBC  @-thal trait RBBC  Hemoglobin CS
trait RBC trait RBC




UM 43 (A) msasgiulaveadentanseviailadnisuaiedud 307 ludinideand

glulnatustngiee Tutanan 144 47l

& a ad a a < =) a ] 1 v =
4.5 ﬂ?qﬂl"]‘lla\ilﬂ]ﬂll']ﬂ"lﬁﬂﬂmiiy LﬂUIﬂblulﬁJﬂLﬁE)ﬂ"Uuﬂﬂ'N NABYINTUNIANLIY

4.5.1 Han1sNAgauAINlIvawYaNaSEfagelalalasashadiu (DHA) way

Twiwesiaiu (PPQ) wuueien (single drug)

nsnaasuaulvestputanssrliafladwisuiiasyludadoauwnefiil
slulnatuunfuazinunfsosduinanislalalasersandiunazlnwesiniuimun 25
M9ENe WU ANt U e Ridudintsesydulaveteutansenasyludabon
wasutinsineg ldunnaieiy (@15199 4.2) lneaulvesdeansiiug 307 (Lideennaslsa
a a ! saaaa ° 1 v =) 1 a
) dinnuleenlalalasersanatuinitaneiug K1 widanulsesnlninesiaiugs
ninaneiug K1 (Aeseenmaslsnin)

fsaaaa CY

AMULNTuvelalalasesAaiy [Hsegiu (9AunaIaLAdou 95
wWesigud)]  Ndudeinisiasyiivlavendennansevilafladniuateiiug 307 la 10
Wesidud (IC,,) wihdu 2.04 (1.36-2.62) wiluluans laewa  IC, lueunansed

wigAulaludadeauwnsunfmindu 2.44 (1.07-3.47) unluluans Wadeaunsidunine
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Flulnatudwindu 2.23 (1.52-2.82) wluluans wngluansaadidesinny 1.05 (0.95-
1.16) w1tuluans wineweannsiaadllewindu 1.41 (1.30-1.52) wiluluans wagwine
glulnatudeawiniu 1.38 (0.51-2.04) wiluluans

a

Aeandutuveselalelnsenifiduiu Gisegu @uanuaanadeu 95
Wedwud)  fsudinisinigiiviaventeinarSoviniladwiduarewus 307 16 50
Wosdud (Cy) Wity 3.42 (269-6.90) wiluluand Teewa  ICs, lusdonnanied
Wiiulsludindoaunsunfiindu 4.22 (2.69-6.31) uiluluan$ Windeaunsiifunme
glulnadudindu 3.79 (2.87-5.40) wiluluans Winzlussaadidlevnnu 1.80 (1.54-
2.06) Wluluans wnzuweansaadidowindu 2.79 (2.16-3.42) uiluluans wazwiny

I3

Flulnatudeawiniu 2.32 (1.47-3.04) wluluais

a a

AAnududuvesslalelnsenfitui [Hsegiu @eeuaainiadou 95
Wesiwud)]  AdudanisiaiyivlavendoinarSoviiniladnfuateiius 307 1§ 90
Wosidusd (IC) Wiy 6.86 (4.66-8.76) wiluluans lasua Gy lusounanded
Widulnludadonuasunduingu 7.78  (4.97-15.92) unluluan$ Windesuasiiidy
wnzdlulnatudvindu 8.65 (5.02-10.28) uiluluans Wingluas18adiilenyindu 3.09
(2.50-3.68) ululuans wivzuweaWs1daidluwingu 5.88 (3.67-8.09) uiluluais uaz
wwizdlulnadudieawindu 4.22 (3.90-4.52) unluluans

1 ¥

ArANuTuYesenlminesiady [H5eg1u (@39AuAaIALAGRY 95

(% [
o

Weoslwud)]  AFudinisiainavlnvendonanFoiailadwisuaieiug 307 16 10
Wodldud (C,) Wiy 2058 (16.2-23.3) uiluluand Taewa  IC,, lusdeunaned
WiiulsludndenunsUnfviniu 215 (7.6-31.0) wiluluan$ Windenunsfiduning
glulnadudindu 17.9 (11.4-23.3) wiluluans winglussiagoidlesindu 17.3 (16.7-
17.9) wilulyuas wvzweans1dadidewindu 28.4 (27.8-29.1) unluluans wasning
slulnadudiealindu 22.5 (22.5-22.8) wiluluans
Aranududuveserlmnesiaiu [fsegiu @reauaataiaiou 95
Wesiwud)]  AdudinisiaiydivlavendomnarFeviiniladnuateius 307 1¢ 50
Wosdud (Cs) Wity 359 (28.8-43.2) uiluluand Taswa  ICs, Tuidentaned
Wiiulaludnidenunsunfuintu 41.0 (28.4-54.1) wiluluans dindenunsiiduniny
glulnadudiniu 32.8 (20.5-39.0) wiluluans Winelussaaeiileiniu 28.2 (24.5-
31.9) unluluans wvgloanis1dadifiowingu 57.4 (53.1-61.8) unluluans wagnwiny
glulnadudieainiu 32.2 (32.1-32.6) uiluluans
Aeanduduvesnlimesaiu [fsogiu (Gumunaiandou 95iediaud)]

(%
LYY

ndudanissyivlsveateutanseviailadnisuaneiug 307 1o 90 wWesidus (1Cy,)
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Wwinu 57.3 (46.0-99.4) wrluluans laena 1Cy 1uL%yammL’%ﬂﬁLﬂ%szauimiuLﬁmLﬁamLLm
Unfiiu 86.8 (57.3-155.8) uituluans windesunsiidunnedlulnadudvidu 49.7
(29.9-99.4) Wluluans WINELUASISaTITVINAU 46.4 (36.0-56.9) Wiluluas Wnezloa
Wsaadiilewindu 119.5 (102.8-136.2) wiluluans waznmedlulnadudieawiniu 46.0
(45.9-46.6) wiluluans

faan a

maduduveselalolnserfidduiu [sugiu (@ruaueanindou 95
Wodwud)  fdufinaaiyivlnvendemanesiiniladniduanetus K1 1# 10
Wosdud (C,p) whifu 150 (1.10-1.76) utuluand Taswa  IC,, lwideutanded
WiiulsludindenunsunBiviniu 1.64 (1.20-1.93) wiluluand Winidoaunsiidunme
glulnadudindu 1.74 (0.94-2.53) wiluluans Wngluss 8 adidleinnu 1.20 (1.06-
1.33) wiluluars wvgueasidadilowingu 1.19 (1.10-1.28) uiluluans wagwing
glulnadudiealiniu 0.45 (0.30-0.48) w1luluans

a

ANPNUNTUYee e lalasesAT

a a

Fuiu [Feg1u (eeuaaniadou 95
Wesieud)]  Adudinaaiydvlavendomnandesiiafladwisuaroius K1 1¢ 50
Wodldud (C) winfu 245 (1.65-3.40) wiluluans Teema  ICs, luideunansed
Widulaludndenunsunfvindu 2.74 (2.41-4.09) wiluluans dindenunsdiduniny
glulnadudivndu 2.71 (1.34-4.66) urluluans wivzludsiaadideminniy 3.08 (1.65-
4.51) urluluans  wivigleadsnaadidewnnu 1.84 (1.61-2.06) ululuas wagwivy

s

Flulnatudeawiniu 0.76 (0.55-1.21) wiluluans

a a

Amanutuiuveselalelnsensdiduiu [sogu @eanunainndou 95
Wesiwud)]  Asudnaiaiyfvlavesidounanderdiniladnn suareus K1 16 90
Wosdud (ICs) Wiy 3.67 (2.91-7.28) wiluluand Iew wa ICy, luidounanised
wigdulaludadoaunsdnfiindu 4.03  (3.21-18.08) uiluluand Wadenunsiily
wingdlulnadudwindu 4.65 (2.41-7.80) urluluans wineLuans1dagiilevindu 9.24
(2.57-15.91) wrluluans wanzhoansnaadillowingu 2.66 (1.96-3.35) urluluans uay
wingdlulnatudioawingu 1.23 (1.03-3.27) wiluluans

ANULTUYRse eI IR (5851 (YaunaInadeu 95wasigud)]

1%
[

ﬁé’wqmiw%zylﬁuimmL%yammL'%wﬁmﬁa%wﬁmmaﬁui K119 10 1wWesifua (IC,o)
Wiy 31.5 (24.3-36.4) wiluluan$ Tnewa IC,, lulemnandeiwiydvlnludindonuns
Unfiiniu 310 (24.3-45.1) wiluluand Wiadeaunsfiidunmedlalnadudwiiu 30.0
(13.7-43.2) wiluluas mMnzlusnsaadidewinnu 42.2 (36.4-48.0) urluluas winelea
Wisdadidiewindu 22.5 (7.6-37.4) ululuans waznvgslulnatudioainiu 18.4 (7.2-

79.1) wnluluans
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Aeandudureslnmesaiu Mg (umunaiandou 95iediaud)]
figudsnaaiyivlavendomnanieviaitadnisuaeiug K1 16 50 wWofdud (1Cy)
Wity 62.3 (50.2-68.5) wiluluans Tnewa ICs, lusdemnandeiwdaivlnludindonuns
Unfuiiu 63.1 (50.5-78.9) wiluluans Windenunsiiunmedlulnaduduindu 56.6
(38.2-94.0) Wluluans WINELUASISadevINAU 77.6 (67.8-87.5) wiluluais wingloa
Ws1dadillewingu 59.3  (50.2-68.5) uiluluans wazwinzdlulnaludieaindu 30.3
(20.2-153.9) wluluans

Aranududuvessrlmnesiaiu Hsegiu @rad1unaiaadou 95
Wesiwud)]  Asudsnaiaiyfvlaveadounanderdniladnnuaeiiug 1 1§ 90
Woasidus (ICy,) Wiy 127.7 (107.3-155.3) wiluluans laewa IC, Tuideunanided
wigiuleludindenuasunfviiiu 126.9 (107.0-155.3) wiluluan$ Wadeaunsiiiiy
wwzdlulnatudiviniu 129.8 (56.6-242.6) urluluans winglussaadidevingy 144.6
(129.7-159.5) unluluans wivghoad s daidowinnu 168.8 (125.4-212.3) unluluans

waznvzdlalnadudieawinniu 56.7 (50.0-299.5) u1luluans
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aa

A1519% 4.2 anudututesenlalolasorsaidiuuazluinesnaiundudinisiasaiulnueite
wansensyiulaludadeawniiislulnaturiaiie ity 10 Weswud (Cy) Insuanidaya

Duandisegu (@anudedu 95 wWasiwud)

& P o gan a & =~ o N a
L‘Uam’s‘nLi&lmﬂwuﬁqﬂhmaﬁl’]ﬂaﬂiﬂ’m L°l!ammLiﬂﬁﬂﬂwquﬂaﬂaﬂﬁﬂaaiiﬂ?u

AUNAINNAIY VDY (3D7) (K1)
Nulnadu gnlalalasesntgiy g lWNasIAIU gnlalalnsarsinagiu g lninesnndu
(w1 luluans) (w1 luluas) W luluans) (w1 luluans)
ADE1ININUA 2.04 (1.36-2.62) 20.6 (16.2-23.3) 1.50 (1.10-1.76) 31.5 (24.3-36.4)
Fulnaduuni 2.44 (1.07-3.47) 21.5 (7.6-31.0) 1.64 (1.20-1.93) 31.0 (24.3-45.1)
wnzdlulnatud 2.23(1.52-2.82) 17.9 (11.4-23.3) 1.74 (0.94-2.53) 30.0 (13.7-43.2)

WINZLUAS 18T e

1.05 (0.95-1.16)

17.3 (16.7-17.9)

1.20 (1.06-1.33)

42.2 (36.4-48.0)

WuganIsIaaTle

1.41 (1.30-1.52)

28.4 (27.8-29.1)

1.19(1.10-1.28)

22.5(7.6-37.4)

= a =
wunedlulnaludiod

1.38 (0.51-2.04)

22.5(22.5-22.8)

0.45 (0.30-0.48)

18.4 (7.2-79.1)

td' v % faaaa a t:l' o 3 a a g"
f1919N 4.3 ﬂ'ﬂllLGUZLIGUUGUGQSﬁlﬂiﬁiﬂiaﬂﬁmm%uuuaﬂwLW@S']@'JUV]EJUENﬂ']'ﬁL?]'ﬁEUULG]UIC‘ISUE]\‘iL“UE]

waseasydulaludindesuniiidlulnadusidadisguindu 50 wWesiwusd (Cs,) Inauanidaya

ueiisegu (Fanudiosiy 95 Wesiwus)
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& =) o gl ' a
L‘Uall"lﬁ"lLiﬂaﬁﬂWUﬁqﬂl’Jﬁaﬁl’]ﬂafﬂI’iﬂ’Ju

& a o sl a
L?IammLiﬂﬁﬂﬂwquﬂaﬂaﬂﬁﬂaaiiﬂ?u

AUNAINNAIY VDY (3D7) (K1)
Flulnatu gnlalalasensanagiu glwiwasialu gnlalalasansAngnu g1 lWWasIAIY
(W luluand) (wluluans) W luluan$) W luluand)
ADYIININUA 3.42 (2.69-6.90) 35.9 (28.8-43.2) 2.45 (1.65-3.40) 62.3 (50.2-68.5)
Fulnatduuni 4.22 (2.69-6.31) 41.0 (28.4-54.1) 2.74 (2.41-4.09) 63.1 (50.5-78.9)
winzdlulnatud 3.79 (2.87-5.40) 32.8 (20.5-39.0) 2.71 (1.34-4.66) 56.6 (38.2-94.0)

WINZLUAS 18T Ee

1.80 (1.54-2.06)

28.2(24.5-31.9)

3.08 (1.65-4.51)

77.6 (67.8-87.5)

WuganIsIaaTle

2.79 (2.16-3.42)

57.4 (53.1-61.8)

1.84 (1.61-2.06)

59.3 (50.2-68.5)

wrnedlulnaludiod

2.32(1.47-3.04)

32.2 (32.1-32.6)

0.76 (0.55-1.21)

30.3 (20.2-153.9)

td' v % faaaa a t:l' U 3 a a g"
f1919% 4.4 ﬂ'ﬂllLsUllsUuéllax‘iSﬁlﬂiﬁiﬂiaﬂﬁmm%uuuaﬂwLWE]S']@'JUV]EJUENﬂ']'ﬁL?]'ﬁEUULG]UIC‘ISUENL“Ua

waseasydulaludindesuniiidlulnadusidaisguindu 90 Wesiwus (1Cs,) Inauanidaya

ueiisegu (Fanudiosiu 95 Wesiwus)

AIMUNAINNANYUVDN

& P o ¢an 1 a
Lﬂlau’la’lLSﬂaﬁﬂwqulﬁﬁaﬂﬂﬂaaIiﬂ%u
(3D7)

& a o sl a
L‘llammLiﬂﬁﬂﬂwquﬂaﬁaﬂﬁﬂaaiiﬂau

(K1)
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Sulnatu v1lalalasesAnaiiu g1lninesAdu #lalalasensataiiu g1lninesnAdu
@ luluans) @ luluans) Wluluans) W luluans)
o .8 127.7
FAIDYINNNNUAN 6.86 (4.66-8.76) 57.3 (46.0-99.4) 3.67 (2.91-7.24)
(107.3-155.3)
glulnatuund 7.78 (497-15.92)  86.8 (57.3-155.8)  4.03 (3.21-18.08)
(107.0-155.3)
~ A o 129.8
wvzdlulnadud 8.65(5.02-10.28)  49.7 (29.9-99.4) 4.65 (2.41-7.80)
(56.6-242.6)
) I 144.6
WIANLLUNITIaeYLUY 3.09 (2.50-3.68) 46.4 (36.0-56.9) 9.24 (2.57-15.91)
(129.7-159.5)
119.5 168.8

wvizuaanisnaadile

5.88 (3.67-8.09)

(102.8-136.2)

2.66 (1.96-3.35)

(125.4-212.3)

wrnedlulnalusiod

4.22 (3.90-4.52)

46.0 (45.9-46.6)

1.23(1.03-3.27)

56.7 (50.0-299.5)

4.5.2 wan1snadaualulivasdautansedssieilalalase1sanigiu (DHA)  wazlw
Wa31AIU (PPQ) wuuewad (combination drug)
nsnadeuANNlIveLTaIa S YaETUEN IR 1AaalsAIY (3D7) uagauwugh

[

fafpeimanlsaiu (K1) seenlalalansesaug

a a

]

a

UUULU

algsaudulnmesiaiu Tudnsndiu

vpaglalalasarsatauiuenbwmwasiaduwinduldu 0:10, 3:7, 5:5, 7:3 waz 10:0 lag

ANUNtugegavesenlalalasonsifigutiunaserlnwesaiuwingu 20 war 300 wiluly

A15RUARU Uﬁﬁ%miwdwmﬂimﬁumﬂﬁhmﬁwmZ Fraction 1Cs, (FICs)) W@

AnwuzUpInsIN Isobologram (E‘Uﬁ 4.4)
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Haufjisenszuitsenvasenlalalasensaigdunazenlniwesadulialdsiuiudiuie

wasgsianadnsy

o uaseviaiadwiuaienwug 307 dnluidadenuasund
nsfnwufAzenszninevesialalasensifidduuas lnmesieiulugeuanse

aneiug 307 ludindeauasun® 41uau 10 e idiiegeay 3 ATY nUdHaTIw

984 fraction inhibitory concentration 50% (Q_FICs) [AniT5e5u (23aadosiu 95
Woedlwud)] Wiy 1.051 (1.000-1.125) waedl isobologram eeflunuiidy  additive @

wananesaesytalliiiufjisendeniu (no interaction) Weanegeuluweuansuyiaila

Fnsuaneiiug 307 ARaludadonunaunf

o waseviiaiadwiuaenwug 307 NAnludadeauasiiilunmedlalnaiud

= aaa ! saan a dy a
nsAnwIUAsenseninevedlalalasersiidiuuazlmmesiaivluiennase

aneug 307 Tudadosuaaidunmedlulnadud s1uu 10 e Avhdndiegisas 3

ASI WUTIHATINTDY fraction inhibitory concentration 50% (D FICs,) [AniT5egu (229
AAesiu 95 Wasiwud)] winiu 1.106 (1.000-1.464) uazdl isobologram ogivilaww?
WU additive Jauansinemsassrtiniiinisiiugnssieiu (antagonism) Wenaaauluide

wanseriafladnisuaieiug 307 Ndsludndoauwniilunivedlulnaiud

= a a o v ¢ aa & a v v oo
® uﬂa’ILiﬂﬂjuﬂWa%Wﬁ’iumﬂwuq D7 ‘Vlﬁ]ﬂﬁlulallﬂlaaaﬂLLﬂQWLUu‘W"I“%LUﬁ'}ﬁqaﬁ%LNEJ

nsfnwuisensenineveddalalasensaiatuiaslnnesiniuluieuianse

YA 2 oA PR v U A A o ) ' Ao 8w |
dgnug 307 Tulnaa ARSI TELUANS A ALY 1UIU 2 FID819 NYINT1FA08198Y

3 A1 WUIHATINVEA fraction inhibitory concentration 50% (Q_FICs) [ANT58g1U (Y39
ANULTRNU 95 LWasiwud)] 111U 1.000 (0.996-1.402) wagifidalu isobologram aau
Ingjegnilanuiidu additive Fauansingmisaesyiiailiinismugmssenuy (antagonism)
A & a a a ) Y Aa ] a A &
denadeuluigeutansesliaflagwiSuareiug 307 Naaluidaidenunsidy

NALLUAS 1D ATIE

¢ unaGeviiniadwiuanenug 307 MAnludadoauasiilunmesuoainsdadiile
saaaa

nsfnwUfAzensenIevetialalasesiiigtduuaslnnesimiulueuase

v 6 < P A & 1 v A a o Y 1 Ao 8 o 1
dIUNUY 3D7 IULJJG]LaE](ﬂLLGNV]LIJ‘LJW’M%LL@E]W’]ﬁ']aaGZILiJEJR]’lu'Ju 2 AIBYN NNIYIHIBYN

A% 3 ASY NUTIHATINVDY fraction inhibitory concentration 50% (Q_FICs) [AnT58gu
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aa v

(@audetu 95 wWesiwud)] windu 1.000 (0.889-1.184) wazilfifalu isobologram

(%
aaa 1 v

dulugedluiuidu additive  Fawansdrevisassviadldduiisendendu (no
interaction) wlenaaeuluierianierinilainisuaileiug 307 Adnludiadonwnsd

< 1 v a a
WUNINELLDaNIT 8@

¢ unaGeuiiaiadwiiuanenug 307 Nanludadeauasiiilunmvediulnadudios

a

nsAnwIUAsenseninevedlalalasersiidiuuazlmmesiaivluiennase

aneiug 307 Tudadeaunsiiidunmedlulnalufieadiuiu 1 fedrs 1vign 3 Ase

WUIHATINYBA fraction inhibitory concentration 50% (2 FICs,) [Ansisegu (1A

= [ 1

Foru 95 wWesiwud)] Wiy 1.000 (0.956-1.642) wasiififaly isobologram d@ulvgjet

Y

wilaldu additive Fauansineisaesvlinliinisaugnaaeiu (antagonism) wianaasy

Tudeunaseriailadnisuaneiiug 307 Afaludadeaunsidunmedlulnadudiod

o wanseyiianadwiiuaienug K1 Mfaludadeauasund

= aaa ! faaaa a dy a
nsAnwIUAsenseninevedlalalasersiigiuiazlnmesiaivluiennase

a
'
! o v 1

v ¢ [ A a o Y 1 o o '
GRENID] K1 Twdaldoaunsun® 31U 10 fegne MYgniegnsay 3 ATT WUINATIN

€

(%

984 fraction inhibitory concentration 50% (Q_FICs) [Fndisgu (F29A3aLiy 95
wWasiaud)] iy 1.002 (1.000-1.078) uazdl isobologram egluluiidy  additive @9
wananevsaesytalliiufisendenu (no interaction) Wevegeuluweuanseyiaila

a [ v Aa < A a
TNIINEIYNUY K1 anludnidenuwasuni

o uaseylanadwiiuaienug K1 idatudadeauasiilunimedlalnaiud
= aaa ! faaaa a -’-&J a
nsAnwIUAsenseninevedlalalasersiidiuiazlnmesiaivluiennase
aneiug K1 Tudadeaunsfiidunivzdlulnadud 41w 10 fede Avhddiedsas 3
ASY WUTIHATIUTDY fraction inhibitory concentration 50% (DFICs,) [AnT585 U (229
AR 95 Waslwud)] Wity 1.268 (1.000-1.438) wagil isobologram aginilenu?
\du additive @auansineiassstniiiin1ssugmsnanu (antagonism) Wenaaaululie

wanseriafladnisuansiug K1 fsludadeawnsiiluniveglulnaiud

= a a o v ¢ aa & a v v oo
L] ﬁanqLiﬂ%UQﬂa%quuﬁqﬂwuq K1 MﬁlﬂiummaaﬂLLﬂWIL‘tJuW'm::LUGI']ﬁ’laﬁGULNEJ
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a

nsAnwIUAsenseninevedlalalasersaigiuiaglmmesiaivuluiennase

aneug K1 Tudadaaunsiilunvziudsndadidodiuiu 2 fegn Avihgidiegisas 3

ASY WUIIHATINYES fraction inhibitory concentration 50% (2FICsy) [ANsfsgu (4

Anudesiu 95 Wedlaud)] Wiy 1.252 (1.000-1.428) uadl isobologram euilowin

s
a ol

\du additive @auansineidesstiniidin1ssugmsnenu (antagonism) Wenagaululie

= a a o YA Aa & A A ) 1 U o a
ma’mmumﬁaﬁﬁmiumawuq K1 W@@IULNﬂLa@ﬂLLﬂﬂWLUUWWM%LUWWﬁWaﬁ‘ZjLNS

o uaseviianadwiiuaenug K1 HRaludadeauasiilunizieainsiaadide

nsfnwufAzenszninevesialalasensifigduuas lwmesieiulugeuanse

aneug K1 Tudadeaunsiilunvzuearisdadilediuiu 2 fmeg1a ivihgdiegsas

3 A3 NUIWATINVB4 fraction inhibitory concentration 50% (X FICs,) [ANT58g1Y (939
ANuLdasiu 95 Weslwud)] Wiy 0.883  (0.662-1.000) wadl isobologram  ogfldlduy

additive Faansineisansviiniliasugnsiu (synergism) Wenaaouluwouianseuiin

la@wsuaneiug K1 Adaludindoaunsilunmeiearisdadile

o uaseviianadwiiuaienug K1 HRaludadeauasiiiunimedlulnaludios

ﬂﬁﬁﬂmﬂﬁﬁ%EmwnfNmsuaalﬂiaimm%ﬁﬁ%uuLLaslwmasm'iu’[,m%ammﬁa

o 2 A P a A a ° ) ' Ao 8 &
aeiug K1 ludadeauasiidunnedlulnalugieadiuiu 1 feg19 1w 3 Ase
WUINATINVEA fraction inhibitory concentration 50% (D FICs,) [AniT5e5U (¥39A1Y
ey 95 Wesiud)] Wiy 1.000 (0.942-1.296) uwazil isobologram  aglunuildy
additive  Fauanadngmsaesrlailuliufisensenu (no interaction) Wenaaeuluige

a a a ) v ¢ aa <& A A ) i A o
ma%imﬁum‘ﬁa%wﬁmawwuq K1 W@@IULNWLa@@LL@QWLUUW’]%%@IMIﬂaUU%L@a



Fulnatduuni

wnedlulnaluvsiind

v v oo A
WIANSLUNIT1adULUY

WasnaBuaeRugnliseenaslsniy
(3D7)

1.2

0.8
0.6
0.4
0.2

Piperaquine FIC

0 02 04 06 08 1 12
Dihydroartemisinin FIC

2FIC = 1.051 (1.000-1.125)
Interaction: no interaction

(Lifiujizensiaiiv)

&)
(T
()
[«
=
oy
o
[
e
o
1
0 02 04 06 08 1 1.2
Dihydroartemisinin FIC
2 FIC = 1.106 (1.000-1.464)

Interaction: antagonism (Fugns)

1.2 7
@)
e 1
g
5 0.8
g
5 0.6
e
a 04

0.2

0 T T T T v 1

0 02 04 06 08 1 12
Dihydroartemisinin FIC
D FIC = 1.000 (0.996-1.402)

'
Interaction: antagonism (A1ugn5)
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WaunauaeNugNnasaeInaalIAIY

(K1)
1.2 7
&)
w
(]
£
=)
O
[
@
kel
a
1
0 02 04 06 08 1 1.2
Dihydroartemisinin FIC
2FIC = 1.002 (1.000-1.078)
Interaction: no interaction
(Liflufisendeniu)
1.2 7
S}
[T
p 1
C
50.8
g
5 0.6
e
o 04
0.2
0 )
0 02 04 06 08 1 1.2
Dihydroartemisinin FIC
2FIC = 1.268 (1.000-1.438)
Interaction: antagonism (Fugws)
1.2 7
1
]
[T
o 08
£
3 06
o
"é’_ 0.4
a
0.2
0

0 02 04 06 08 1 1.2
Dihydroartemisinin FIC
2 FIC = 1.252 (1.000-1.428)

I3
Interaction: antagonism (A1ugw5)
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5U# 4.4 (n.) Isobologram wansufizenseninenlalalasensiigtiuuazlnmesiaiudenis
Wiulnvasfounanseviiailadnisuaieiiug 307 waz K1 ludnideanddlulnatuund
Winedlulnaduduaynveiuinsdadidle

WaunaBuaenugnlisiesnaelindy  WeunaBuaeugnnesesInaalindy

(3D7) (K1)
wznoansIaaLsle 12 - 1.2
1
&) &)
[ L 08
) o
c £
= 3 0.6
g g
4 g 04
a a
0.2
1 0 1
0 02 04 06 08 1 12 0 02 04 06 08 1 12

Dihydroartemisinin FIC Dihydroartemisinin FIC

DFIC = 1.000 (0.889-1.184) D FIC = 0.883 (0.662-1.000)

Interaction: no interaction Interaction: synergism (L&31g5)

(Lifiujisendanu)
wimzdlulnatudios 12 12 -
Y Y
i c
2 £
£ S
g g
g g
o a
0 T T T T v | |
0 02 04 06 08 1 12 0 02 04 06 08 1 12
Dihydroartemisinin FIC Dihydroartemisinin FIC
ZFIC = 1.000 (0.956-1.642) ZFIC = 1.000 (0.942-1.296)
Interaction: antagonism (Frugnd) Interaction: no interaction
(Lifiufisensenu)

UM 4.4 (v.) Isobologram wansuisenseninenlalalnsensanadunazlnmesiaiudenis
Wiivlavendemnaseviiafladniuaieiug 307 war K1 ludinidonnddlulnaduindy

NzaNIs1a AT e war NI TlulnaluT Lo d
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4.4 waveselalalasensAdaddunazlniwesindunenisyinauveslusiu phosphatidylinositol
3-kinase (PI3K) annn1s9ausunaslasiu phosphatidylinositol 3-Phosphate (PI(3)P) @9
Jewanide

Usinailasiu PIG)P vendenardeiasaivinludadensiindieg Saldannsi
unsgIuitaiissevinsnegsiiunaluiu PIGP Wudusening 0-400 filalua wazdinis
pANAULANTIANENAAY 450 wilumns (JUR 4.5) nsuanseenveslusAumuamaNyIIA

v
TshuveshegnnduidaiuelalalasensffigiuviolmmealuUSeuieuiudiegrsniunui

ladudaniuen (control samples)

a

nsuansoonveslutu PGP luidesnanieareiug 307 (lidesnanelsaiu)
WiAulnludadonwnwdndieg sewinsegniidudaeilalalnsensfiatuuioudisuiu
fegenliidudan Msugm @nanuraiandou 95 Wedwud)] wuin nsuanseenvesluiiy
PI3)P voudounaSeiaiaydulaludadonunsine ldunnsretu (0>0.05) Tnedeuansei
Wsiulsludadenunsunifinisuanseenvesledu PGP Wiy 1.17 (1.00-3.32) Wi e
naSeidyivlsludadonunsilfunnedlulnadudinsuansoanvedleiu PGP winty
1.03 (1.00-13.19) Wi Wounandedasaivlaludadenunsiidummsiugondadideiinng
wansoonvashustu PIG)P Luty 3.87 (2.39-5.35) Wi Wewandeiasaivlnludindonunsd
Hunmzueaiiondadiflefinisuanseanvesiaiu PGP ity 1.05 wih Taednisuanseen
senieiifinisanas 0.36 wh Sen1suanseeniiindy 1.75 wh wasilesnandeiiasadulely
Jndeaunsiidunnedlilnadufieaiinisuansoonveslodu PIGP WiinTu 4.31 wh 39103
Anseilagldinasinisiilody PGP Wiadu 2.5 1w (Mbengue, et al, 2015) wudaognadil
nalleu PIGIP dafuinnndd 2.5 wih vdndudaelalalase1snddiu suu 5 feg
mmL%@ﬁm%mlﬁulmhlﬁﬂLﬁammwﬂa 1w 2 Mg Aendu 20 Wesiwud (Usunaladu
PIGIP Wiy 3.32 way 3.54 i) Windonunsiilunmedlalnadud s1uau 1 dregne Amduy
10 Westus (Usunadladu PIGP  windu 13.19 flanTy) #Ion1ugLuas18aaiis 313U 1
feene Andu 50 Wesiwud (Usunaladu PGP 1dv 5.35 1) visenmedlulnadufiod

17U 1 19819 Aty 100 Waswus Wsualatiu PI)P winffu 4.31 1)

'
a

n1swanseenvasludiu PGP lwdeuianieateiug 307 (Isiegraaslsniu) 7

a a < I a 1 1 Y 1 Aoy o a = = v v 1 PN
wigiulaludai@eaunswianie senieimegnndudas lwwesaiuliouiiouiudiegad
Lidudaen [Tseg1u (Fuanunatanaeu 95 wWesigud)] wuil nskanseanvasivdy PI(3)P
adouransemasgiiulnlulnideaunsiee) luuananeiu (0>0.05) Tag @eunansed
Wwiyiulaludadenunsundfinnsuansoonaoslutiu PIG)P fis@iu 1.10 win lnsdinsuansesn
5EINeniNNTanas 0.76 Wi fansuanseentiiudu 1.51 Wi Wweunadelasayiulaluiie

Boanaatdunineilulnadudinisuansoanvaslvsiu PI3)P  winau 1.05 11 lasiinis



(n.)

76

LARIDBNTENINIYTITiNITanas 0.73 Wi Aenisudnieantiudy 1.58 11 Weuia3ed
Wsaiulsludindesunsiiidunnsuisndadiflofinisuanseenvoslotu PIG)P 1finTu 1.25
Wi Tnefinnsuanseansewineasiiiinisanas 0.97 wih Sansudnseoniiiudy 1.56 w1 15e
wadefiasydulsludadosunafidunnzueaiisndadidednisuansoenveslasiu PI3)P
iRy 1.07 wh Tneiinsuansoensewinediedifinnsanas 0.65 w1 fenisuanseontiindy 1.49
Wi wasdernandefiasayivinludindenwnsiiduninydlulnaduieaiinisuanseenves

Togiu PI3)P amad 0.54 win
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PI(3)P Standard Curve

1.8
---------------------- 0 pmol
1.6
£
C 1.4+
3
Q12
g 1.0
c
_8 0.8
5 067
w
Q 0.4
< ®
0.2
[ ]
0.0 T TTIm T T T T T TTTm T T TTTm|
1 10 100 1000
PI(3)P, pmol
(.)
DHA exposure PPQ exposure
s "7 - § 1]
g 12 é 1.5
a 5 1.5
S 10 )
£ £ 12
2 e- 8
& & 0.9
s 7 )
& | = 0.6
: 2
T 2 g 037
o oc
0— l_l_l T 0.0— T T
s & & &S £ F & & &
& NS & EN S
PS & < S8
K& g & & & &
> - YB‘QK\ é"b\ o Y}é‘\
& 3
i U ¥V v U al
JUM 4.5 (n.) n3mlumsgiuvesludu PGP aududusendng 0-400  filaluauaznis

Y

AANAULAINAIINY1IAAY 450 wlWUAT (V.) NsINswanseanvadtdu PIG)P 8o

e

adenasaivlsludaidenviinnneg nmenasnsdudaeilalalasesifiddu (DHA) wse

lwwes1adu (PPQ) WiuiudiegenIuau (control) [Hsug1u (¥19AUAAINATEY 95%)]

uni 5

anUTELazaTUNANTTNINGBY
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(%
tY

dill a a a a' o [l 1 [ 1 < = [
Weinanselasgaulakasiiindnuiueglusimelaadlagerduegludliniionuns felu
[ @ a <3 [ QAI QAI 4 [y} a d’i’ d‘ o (v a 2 [~ &S dy
anvauzvotdadoauaudutladeiifeidesiunisfntieNdAy n15AaLdIdaLAALAIYD LD
A v oA = Y ' = 2 A a & a a a
IasuFReinspuRanuTEnIlUTALTR LAl onLALaz IUTAUTRLRUIa Ty NSRS LAULe
& S v o = . = a A o e v & = A = a
YIS uRedelUsiu globin andlulnaduiiiensadin fatly AunnvesElulnadudaing
Ren1ssAulnveLTeNNa1iy ANunatnratevesdlulnatuiiiinainnisnatenuguensnesiily
. ' v o g v & = a a PR D aa a a
globin auean waziua yinlideasesyivlalatdesnindadenunadlulnaduunid way
ansadudaldiiiineinsvedlsnunansenuusela (Kuesap, et al, 2015, Taylor and Fairhurst,
2014)
sAnedltiiegndennislulnaiuund winedlalnaldud wineiuansaadidy wne
waansaadille nnedlulnadudied F991NNSIATIERANUTNTUVDITTUTNATY ANUTUTUYD4
WIPLADALAY LAZVYUIAVDIIALADALAIYDIDIAIAIATIN 25 AL NUINTANULANAILRELaNToe LD
Wisududadeauasund Fanuindeunandoanisadadiliasyidvinludaidomnaiils we
a a Y & 1 a a [~ & | dy (= (9] a cgil
2199¢dUSUINanaY hazkandbiviuInAuRaUnRvawdndenkasratdluinadesiuni1sinige
1181158 (Kuesap, et al,, 2015, Sugiarto et al., 2018) ImaﬁwmmaugsaﬂmauﬁﬂLﬁamﬁé’mﬁuﬁ‘ﬁ’u
nsLsgiAulansaLiuIUIUTRLTRLIASe Taln A1 MCV, MCH wag MCHC (Glushakova et al.,
2014) uwavkan1sAnwinudn Usunandeiasyivlnnasindfindonunsiiinauiinun@nng
Tureszegiian 3 seuraansiasaiulavse Ussunn 144 Falus Liflauuanaisandiadonund
= 1w ' A O ¢ ¢ X A a 2 oA ad W
FaArdsegIn  (YeAudedy 95 wWasiwud) veudenasyludadenuasUnidaniiiu 1.19
(1.044-2.991) Waswus wvedlalnadusiadiayindu 0.87 (0.868-1.601) WWaSIHUs NIVLLea
Arsdadiiaiayindu 1.67 (0.989-1.917) wWaswus wivgiuasiaadleimawindu 0.73 (0.637-
0.858) Wastwus wasnmzdlulnaludieadiawindu 1.01 (0.359-1.202) LUastaus Wauallsenna
‘LuuﬁmLﬁamLLmadauingﬁU'%uwmqﬂqﬂﬁ%”ﬂmﬁ 96 sniuLtaLIaNSeNAAluiAEanATUNINZ LA
fhsdagidenuideUSinugeanidalui 144 FeganndeaiunsAnwves Msnuagane INU
a a < oA & = a P B I ~ \ A o
ANuinUnAvendadenlawisduvesdlulnaduwaslUsiulgonuilafentniinasonisiiadIuI
LAZNISIASYAULATDLTBNIA NS U LAZITOUIANTUILNUTIWIUTWTRY ) NTeivagan 96 Falug
INUUILANTIUILAY F99719TKAN1NAMUNLLLUUNLNALIUILE T8 1 SHhaE A lLLigan DD
N13A159%30 (Pathak et al, 2018) wazanni1sfnwives udld lansle wazAneiiATIERAIY
NULUUTDITONIAITE WU ARULTNTuYesdlulnaduaranasiloUSuauaeiindy (Kotepui et
al,, 2015) wanani wuln Wisdenkasiluninziussidadiiedainunudenisindaunansalan
an
faa
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warnmelilnadudieaimnulseslalelasensaddtunnnindefifludindonwnsunfivdeowda
Goauasiidunmedlulnadud dwmivanabveadomnanioaretug 307 des lmnesaiula
wnsnafuluideiinnluindessiinine snudeiinaludadonfidunmziuisdadidefidag
Laselmneseunnnindeiwiydiulsludadonsus ei';ul,%jammL%&Jsuﬁmﬂae?iwﬁumaﬁuﬁ K1
fiieadefiwsaludindeniidunmsiuiondadideidanlhvenderoslalolnsensanaduuasln
wesAiuanas fatu nmsAnuanuhvesdereslalelasensindiuuas lmwesaiulugiuy
gwie? w1 WenaSeniasaludindenifidlulnaduinnfasdmnulfesae sty 3
anfinamnnndadesunsiinanfanneilivnzanlunsasydulndedisutudindesunsnd
ylndeliudausiuazgnidaliie faiifinsdnuludadoaunsiifunoaisndatide vie
slulnaduiey (Cheng, et al, 2005) waziindenunsiiudlulnaduea wiedlulnadud (Cyrklaff,
et al, 2016) agnslsfin msiaulhvesenlalslasensAtaduanadludoinalseifslusdndend
Fuslulnadud enaflaummnanmsiasuiaimsnszanesveseludiulssnovveasad Auii

=1 1 [~ = dl I3 = a = a = a = = b2 U a A
ANsANwINUI adeadudlulnalduey Slulnaluley/alulnaludied vIewuas aadLile/

IS 4 [

= a o S a saaaa o a o
aIllIﬂﬁ‘Uu@ AzUUTUIUYIDITAUTUUNLE ‘VT@JL@J@La@@LL@@@J’]ﬂﬂ’JWﬁ’JuVL%I@%@a (Charoenteeraboon,

9

et al, 2000) uona1nil n1slde 2 vliagauiu (combination therapy) FatdunuInisufumnu

= o

AUz Y83 WHO 7ilinguszasdiiie WindsednSainlunisine anuSunaeilvigvie anainy
< a a & & o b4 1 a a a 1 v o a 1

Juite wazaaloniaialiensen yilvinisshwmnansesiailadnsuludagduinmsuimseegi
oy 2 ¥finsauiu (Hastings and Hodel, 2014) nmsAnwianulvestemnasemasaiulnludie

aa

Hendnuaed1en Aeenlalalasersnigiuwazlmnesiadulugusuueinaunuit iifnufasen
serinenlalalasersangiuiaslnmesaiuludeuans svlinfladnisunsaneiug 307 uag K1 9
agj’Lmﬁmﬁamm%ﬁ Wudenun1sANYIATineuntn (Davis, et al, 2006) Tuvaedindonidy
wmedlulnaduduseniveiuasdadilennunisaugmsszniniullonaaeululreuialsevinila
a v O Y & A a @ = a o ~ P £ & a a a
FnnSuviaesanenug wazdladennidunvedlulnatudioannunisiugns lueuianiesinilad
W1suaug 307 wonnll MsAnwlnunisiEsugvsdeiuveselalalasensAndivuazlnne
a & a a a ) Y A & A P | o A =
ynduludeanseviiaflagnisuaieiug K1 egludadennluniveuearinsdadiily Jan1s
aaa I d' 1 U d’l’ d' a =3 A a 1 Y & =
wanaoanvaIl)izseserinsernuandsiuluenasyludadonviindg19q wandliiiuinis
AOUAUBIRBYINANAU (Hastings and Hodel, 2014)
nmsmsstinvendernaiseinludesddludunsivgveans Sondn phospholipid Ingadns
21nN15USENBUAIUNTABLTLUNLTY WU baaY (choline) Llans luaiiiu  (ethanolamine) %58&3u
(serine) 21n@5uvasladd (Ben Mamoun et al., 2010, Dechamps et al., 2010) Tuvuziliouiasy
aunsaainalushiu phosphatidylinositol (P1) Tatea1nn15udn 8luGiviea (inositol) andisuvedlads
W38INNHUATIEI (Ramakrishnan, et al,, 2013) &slusiu Pl aggniduvywaamniiasususiumils

7 3 Tneveula] phosphatidylinositol-3-kinase  (PI3K) Tl phosphatidylinositol-3-phosphate
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(PI13P) il ndAgylunszurunsasderalunisvinauvesladu (lipid signaling) sinsiodeans

serdnamas (cell signaling) wazn1svudsduysznaumelUNBeviuwad (membrane trafficking)

(Balla, 2013) n1suiiuTUYeIlYTU PI3)P vilgd 2.5 Wi fedeindudSuiananties walinane
nsvvIunsasdyaaluntsihauvetedy Tnenisgnasedulvifanisasuudamudafuiy au
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Wosiwud  (USunadleslu PIG)P  windu 4.31 1wi1) ualinuanuianatslunisiansoonveslusiu
fnanidlenaaeudefiasyivinludindesuiadieg seglmnesaiu nsiiuduredlatu PIG)P
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(%
v [
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o
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plasmepsin 2/3 wazN1INaERUUDIEU crt 4 fiuwnus A T93S, HOTY, F1451, uas 1218F Usenau
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Y
=

fuidomanZeiinvegluiuiiefons usenidesld Tasiamzediebsuszmelng udeiinosieonn
vanerindillonmaiannlvnesoslnwesaduldiedu (van der Plujm et al, 2019)
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wiuLarnslgee (Menard, et al,, 2015) wananni Wwednansastafladnisuaranug 3D7 9
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ABSTRACT

INTRODUCTION: Thalassemia and hemoglobin E are hemoglobinopathies which are
commonly found in populations living in malaria endemic areas. Ineffective hemoglobin
production leaves over debris or unbound hemoglobin-induced oxidative stress that influences
parasite growth and antimalarial drug sensitivity,

OBJECTIVES: The aim of the study was to investigate in vitro sensitivity and interaction of

the artemisinin- based combination therapy (ACT), i e, dihydroartemisinin (DHA) and

piperaquine (PPQ) on Plasmodium falciparum-infected hemoglobinopathic red blood cells
(RBCs).

METHODS: Twenty-one samples identified as normal (n = 10). hemoglobin E (n = 10), and
alpha-thalassemia (n=1) RBCs were used for cultivation of 3D7 ( chloroquine sensitive) and
K1 (chloroquine resistant) 7. falciparum clones. Both parasite clones were exposed to DHA
and PPQ at the maximum concentrations of 20 and 300 nM, respectively. Antimalarial
activities of each drug and the combination (DHA: PPQ at the ratio of 0: 10, 3:7. 5:5. 7:3. and
10:0) were determined using SYBR green [ assay.

RESULTS: The median 1Cso (95% Cl) of both drugs were slightly different among
P. falciparum 3D7 and K1 clones infected in normal, alpha-thalassemic or hemoglobin E
RBCs. P. falciparum 3D7 clone infected in alpha-thalassemic RBCs were the most sensitive
to DHA [median ICso= 2.01 (1.80-2.66) nM]. while the parasite clone infected in hemoglobin
E RBCs are the most sensitive to PPQ [28.7 (20.5-37.1)]. No antimalarial interaction between
DHA and PPQ was found in both clones of P. falciparum-infected normal RBCs. In the
P. falciparum-infected hemoglobin E RBCs, the antagonistic interaction was found in the 3D7
clone, but not in the K1 clone. In the P. falciparum-infected alpha-thalassemic RBCs, the
interaction between DHA and PPQ was synergistic in the K1 but not in 3D7 (no interaction)
clone.

CONCLUSIONS:  These results suggest that hemoglobinopathic RBCs influences
antimalarial activities of DHA and PPQ and this may result in variability in antimalarial
treatment outcomes.

Keywords: Dihydroartemisinin, piperaquine, Plasmodium falciparum,
hemoglobinopathic RBCs
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INTRODUCTION: Abnormal hemoglobin is a genetic defect
commonly found in population living in malaria endemic area. These host
gene polymorphisms have been reported to confer resistance to malaria
infection. However, hemoglobin quality in heterozygous allele carrier is
slightly decreased and might not protect red blood cells (RBCs) from
malaria infection. Ineffective hemoglobin production leaves over debris or
unbound hemoglobin-induced oxidative stress that influences parasite

growth and antimalarial drug sensitivity.

OBJECTIVE: To investigate in vitro sensitivity and interaction of the
artemisinin-based combination therapy (ACT), ie., dihydroartemisinin
(DHA) and piperaquine (PPQ) on Plasmodium falciparum-infected
hemoglobinopathic red blood cells (RBCs).

METHODS:
-

w‘ v .c';“

P. Falciparum (K1, 3D7) cultivation

RESULTS:
A. Parasite (3D7) growth in normal or hemoglobinopathic RBCs
. = PALEN o A o n
mos HuE maa B i i
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Percent parasitemia
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B. In vitro antimalarial activity of DHA and PPQ of various infected RBCs
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C. Drug combination interaction

A. Parasite growth

B.&C. In vitro sensitivity test

assessment * 2% ring stage both 3D7 and K1
* 0.5% ring stage 307 parasite parasites
cultivation with normal RBCs * In vitro sensitivity test of DHA
or hemoglobinopathic RBCs by and PPQ performed as single
ratio of 1:10 compound and fixed
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Parasite growth evaluation
* Microscopic observation
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staining
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or hemoglobinopathic RBC
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B. Single drug C. Combination drug
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CONCLUSIONS: Abnormal hemoglobin effects to invasion as well as
growth of malaria parasites in RBCs. Dihydroartemisinin-piperaquine (DHA-
PPQ) combination shows potential antimalarial activity against both 3D7 and
K1 P. falciparum clonesThese results suggest that hemoglobinopathic RBCs
influences antimalarial activities of DHA and PPQ and this may result in

variability in antimalarial treatment outcomes.
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Abstract

Mild hemoglobin abnormalities such as thalassemia traits, hemosglobin E trait and
hemoglobin CS trait cannot protect host from malaria infection. Furthermore, incomplete
hemoglobin production leads to parasite adaptation for living in uncommon condition and
causes different antimalarial response which may leads to drug resistant malaria. The
objectives of this study were to investigate in vitro sensitivity and interaction of Plasmodium
falciparum infected in normal and abnormal hemoglobinopathic RBCs to dihydroartemisinin
(DHA) and piperaquine (PPQ) as well as effect on PfPI3K activity via PI(3)P production.
Twenty-five blood samples that include normal hemoglobin, hemosglobin E trait, beta
thalassemia trait, alpha thalassemia trait and hemoglobin CS trait were cultured with P.
falciparum strains 3D7 (chloroquine sensitive) and K1 (chloroquine resistance). In vitro
sensitivity of dihydroartemisinin and piperaquine as single drug and combination was
investigated by SYBR green method and interpreted the results from inhibitory concentration
(IC) values for single drug whereas sum fractional ICs (XFICs) and isobologram plot were
applied for combination drugs. In addition, effect of DHA and PPQ on PfPI3K activity as PI(3)P
production was measured by ELISA. The result of in vitro sensitivity test shown P. falciparum

strain 3D7 infected in beta thalassemia trait, alpha thalassemia trait and hemoglobin CS trait
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RBCs are more sensitive to DHA compared to the parasite infected in hemoglobin E trait and
normal hemoglobin RBCs while the parasite infected in beta thalassemia trait RBC is the
most sensitive to PPQ compared to others. For P. falciparum strain K1, decreasing of DHA
and PPQ sensitivity found only in parasite infected in beta thalassemia trait RBC. Study of
drug interaction revealed no interaction between DHA and PPQ in P. falciparum strain 3D7
and K1 infected in normal RBC as well as 3D7 strain infected in alpha thalassemia trait and
K1 strain infected in hemoglobin CS trait. Antagonistic effect has been observed in parasite
infected in beta thalassemia trait or hemoglobin E trait RBCs including parasite strain 3D7
infected in hemoglobin CS RBCs. Synergistic effect found in P. falciparum strain K1 infected
in alpha thalassemia trait RBC. Effect of DHA on PfPI3K shows increasing of PI(3)P expression
upper than reference value (2.5 times) in 2 samples of P. falciparum strain 3D7 infected in
normal RBC, 1 sample of hemoglobin E trait, 1 sample of beta thalassemia trait and 1
sample of hemoglobin CS trait but the PI(3)P expression is not influence by PPQ exposure.
The study concludes that hemosglobin polymorphisms especially, hemosglobin E trait and
beta thalassemia trait affect to in vitro DHA and PPQ response including PfPI3K activity via
PI(3)P production after DHA exposure that may relate to mutation of PfKelchl and results in

artemisinins resistance.

Keywords: Plasmodium falciparum, hemoglobinopathies, dihydroartemisinin (DHA),
piperaquine (PPQ), phosphatidylinositol-3-phosphate [PI(3)P],
phosphatidylinositol-3-kinase (PI3K)

1. Introduction
Alpha, beta thalassemia and hemoglobin E are hemoglobin polymorphisms found in

Southeast Asia together with malaria (Kuesap et al., 2015). Hemoglobin variants are genetic
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diversity that can protect host from malaria infection but mild hemoglobin abnormalities in
heterozygous carrier still sensitive to malaria infection (Taylor et al, 2013) In addition,
incomplete hemoglobin production always left hemosglobin debris and induced oxidative
stress which influent to antimalarial response (Hansson et al., 2015). Accumulation of
artemisinin at RBCs membrane compartment instead of cytosol found in hemoglobinopathic
RBCs such as hemoglobin H, hemoglobin H/hemoglobin CS and beta-
thalassemia/hemoglobin  E  that results in decreasing of antimalarial sensitivity
(Charoenteeraboon et al., 2000).

Long time drug exposure without parasite clearance activity can induce resistance
mechanism in parasite. Consequently, Southeast Asia countries especially, Thailand is area
covering by multidrug resistant malaria. To cope the multidrug resistant malaria, WHO
recommended using artemisinin combination therapy, ACT as the first line treatment of
uncomplicated falciparum malaria and artesunate-mefloquine has been adopted in Thailand
malaria treatment policy since 1994 but 20 years later, treatment efficacy of the
combination reduced to 80% after 42 days follow up (Na-Bangchang and Karbwang, 2009,
Na-Bangchang et al., 2010). According to the background of mefloquine resistance and poor
treatment  efficacy, artesunate-mefloquine combination has been replaced by
dihydroartemisinin-piperaquine for uncomplicated falciparum malaria in Thailand since 2015.
The fix dose combination provided the convenient administration and its efficacy as well as
safety were evaluate from several projects conducted in multidrug including artemisinin
resistance areas (Denis et al,, 2002, Leang et al., 2013, Myint et al., 2007, Naing et al., 2012,
WHO, 2008). Furthermore, dihydroartemisinin-piperaquine can be used for prophylaxis
propose as there was study showed increasing the dihydroartemisinin-piperaquine dosage
and extending the dose schedule to four monthly doses result in a predicted relative
reduction in malaria incidence of up to 58% during the high transmission season (Chotsiri et
al.,, 2019).

Dihydroartemisinin is a metabolite of artemisinin, its activity related to free radical
production from the oxygen molecules that will react with ferrous ion and become toxic to
malaria parasite (Gopalakrishnan and Kumar, 2015). Artemisinins resistant malaria has been
reported in Southeast Asia countries by presenting of P. falciparum Kelch13 (PfKelch13) gene
related to protein mutation (Ariey et al., 2014). PfKelch13 mutation decreases binding affinity
to enzyme phosphatidylinositol 3-kinase (PfPI3K) results in reduction of PI3K degradation by
polyubiquitination process and increased phosphatidylinositol 3-phosphate  [PI(3)P]
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production. Dihydroartemisinin inhibits PfPI3K activity results in low PI(3)P production
(Mbengue et al., 2015).

Piperaquine is a chloroquine derivative that has longer half-life and shows antimalarial
activity in both chloroquine sensitive and chloroquine resistance P. falciparum (Krugliak et
al.,, 2002). The mode of action of piperaquine has not been confirmed but assumed to be
similar to chloroquine as heam polymerization inhibition but different mechanism of
resistance to chloroquine (Bray et al., 2006, Krugliak, et al., 2002).

The emergence of artemisinin resistance in this area can induce resistant pressure on
piperaquine as well as treatment failure from dihydroartemisinin and piperaquine
combination. Therefore this study were to investigate in vitro sensitivity and interaction of
Plasmodium falciparum infected in normal and abnormal hemoglobinopathic RBCs to
dihydroartemisinin (DHA) and piperaquine (PPQ) including effect on PfPI3K activity via PI(3)P

production.

2. Materials and methods
2.1 Chemical and reagent

RPMI, HEPES, gentamicin and albumax Il were supplied by Invirogen (Carlsbad,
CA, United States). Chloroquine, dihydroartemisinin, piperaquine tetraphosphate
tetrahydrate SYBR Green |, saponin and Trichloroacetic acid Acid (TCA) were
purchased from Sigma Aldrich Inc. (St. Louis, MO, USA). Ethanol, methanol and
chlorofrom was purchased from RCl Labscan Co. Ltd. (Bangkok, Thailand).
Ethylenediaminetetraacetic acid (EDTA) was purchased from Affymetrix/USB (Santa
Clara, CA, USA). PBS tablets was purchased from VWR (Radnor, PA, USA) PI(3)P Mass
ELISA was purchased from Echelon Biosciences (Lake City, UT, USA).

2.2 Volunteer and blood samples
A total of 25 subjects was included in the study according to their complete
blood count (CBC) and hemoglobin typing data obtain during screening process. After
giving informed consent, venous blood (18 ml) was collected in vacuum EDTA tube
and used for the following investigation within 2 weeks. The study was approved by

ethical committee group 3 project no. 090/2559.

2.3 Parasite cultivation
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The P. falciparum strains 3D7 (chloroquine sensitive) and K1 (chloroquine
resistant) were continuous cultured according to the method of Trager and Jensen
(Trager and Jensen, 1976) in complete media containing 0.2% NaHCOs;, 10% serum,
25 mM HEPES pH 7.4, 15 meg/ml gentamicin, 5% RBC and adjust atmosphere by
flushing gas containing 5% CO,, 5% O,and 90% N, for 30 seconds then incubated at
37 °C. The parasite was maintained at 5% parasitemia and changed media every 48

hours. Ring stage parasite was synchronized by 5% sorbitol.

Investigation of parasite invasion

Five percent P. falciparum strain 3D7 at ring stage was mixed with normal
hemoglobin or hemoglobinopathic RBCs by 1:10 to obtain final of 0.5% parasitemia
then diluted with complete media to be 1% hematocrit. Distribute 100 ul parasite
mixture on 96 well plate and incubate under 5% CO,, 5% O, and 90% N, at 37 °C for
48, 96 and 144 hours. The parasite was harvested and made thin film. Parasite

density and morphology were examined under 100x microscope.

Assessment of in vitro sensitivity

P. falciparum at ring stage was cultured with normal hemoglobin or
hemoglobinopathic RBCs as ratio 1:20 of infected RBC: tested RBC for at least 48
hours and multiplied to at least 2%. The parasite was prepared to 2% parasitemia
and 1% hematocrit for in vitro sensitivity test according to methods of Rieckmann
and Bennette (Bennett et al., 2004, Rieckmann et al.,, 1978). Antimalarial drug was
prepared as stock solution at 10 mM by 50% ethanol for chloroquine and
dihydroartemisinin while 0.5% lactic acid was used for piperaquine tetraphosphate
tetrahydrate (Basco and Ringwald, 2003). Working solution was prepared with
complete media and exposed to 100 ul parasite mixture at final concentration range
of 0.16-20 nM for dihydroartemisinin, 2.34-300 nM for piperaquine and 20 nM of
chloroquine was included to confirm 3D7 and K1 strains. For combination test, the
dihydroartemisinin concentration 40 nM and piperaquine concentration 600 nM were
mixed by ratio dihydroartemisinin: piperaquine as 0:10, 3:7, 5:5, 7:3, and 10:0. The
testing plate was incubated at 37 °C for 48 hours. Parasite DNA content was stain by
SYBR green | diluted in lysis buffer and measure fluorescence intensity by using

microplate reader (Verioskan ﬂashw, Waltham, MA, United StatesThermo, USA) at
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exciting and emission wavelength as 485 and 530 nm, respectively (Bennett, et al,,
2004).

The experiment was done three times in triplicate each. The ICs, values
(concentrations that inhibit the parasite growth by 50%) used as indicators of each
antimalarial activity were determined from log-dose-response curves using the
CatcusynTM version 1.1 (BioSoft, Cambridge, UK). The drug interaction was evaluated
using XFICs, by (dihydroartemisinin  ICs, from each combination ratio/ of

dihydroartemisinin 1Cso as single drug) + (piperaquine ICsy from each combination
ratio/ of piperaquine ICs, as single drug) and interpreted as antagonism if 2FIC > 1,

no interaction if 2ZFIC =1 and synergism if 2FIC < 1(Bell, 2005). Furthermore,
isobologram plot of combination test can be interpreted as antagonism if graph
showed convex or located above additive line, no interaction if graph located long

additive line and synergism if graph showed concave or located below additive line

(Bell, 2005).

Determination of phosphatidylinositol 3-phosphate (PI(3)P) production

P. falciparum strain 3D7 was cultured with tested RBCs (normal hemoglobin
or hemoglobinopathic RBCs) at least 48 hours and 2% parasitemia. The parasite was
prepared to 2% parasitemia in 1% hematocrit. Dihydroartemisinin concentration 4 nM
or piperaquine concentration 40 nM in complete media containing 0.5% albumax |l
were exposed to parasite for 6 (Mbengue, et al,, 2015) and 24 hours, respectively.
The complete media was use for negative control parallel to drug exposed samples.
Parasite was harvested and lysed RBC with 0.1% (w/v) cold saponin. The pellet was
washed by 5% Trichloroacetic acid Acid (TCA) in 1 mM EDTA and extract lipid
compartment 2 times by shaking incubation with MeOH:CHCl; (ratio 2:1) at room
temperature for 10 minutes and discarded supernatant. The pellet was further
extracted by shaking incubation of MeOH: CHCl;: 12 M HCl (ratio 80:40:1) at room
temperature for 25 minutes and collected supernatant and discarded pellet. The
contaminated protein was separated by mixing with CHCl; and 0.1 N HCL. Clear
solution at bottom (organic phase) was collected then dried under N, and kept at -20
°C for PI(3)P measurement. PI(3)P was quantitated according to protocol described in
PI(3)P Mass ELISA (K-3300) (Mbengue, et al., 2015). The PI(3)P expression was

calculated from ratio of PI(3)P in drug exposed sample/PI(3)P in untreated sample.
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2.7 Data analysis
Quantitative data (parasite density, 1Cs,, 2FICs and PI(3)P) presented as
median (95% Cl) and compared median by uisng Mann-Whitney U test. Statistical
significance level was set at Ol = 0.05 for all tests. Analysis was performed by SPSS

version 16.0.

3. Results
3.1 Blood sample analysis

The hemoglobin typing of 25 blood samples can allocate volunteers to 3
groups of which (i) normal hemoglobin 10 people, (i) beta globin polymorphisms 12
people: 10 people have hemoglobin E trait and 2 people have beta-thalassemia trait
and (iii) beta globin polymorphisms 3 people: 2 people have alpha-thalassemia trait
and 1 person has hemoglobin CS trait.

Complete blood count analysis (CBC) found indifferent in RBC number of the
3 groups but hemoglobin concentration and mean corpuscular volume (MCV) of
volunteers who has normal hemoglobin was higher than others. Median (95% Cl) of
hemoglobin concentration in normal hemoglobin volunteers was 14.3 (12.2-15.0)
g/dl, hemoglobin E trait was 12.6 (10.2-13.6) ¢/d\|, beta-thalassemia trait was 11.2
(11.2-11.3) g/d\, alpha-thalassemia trait was 11.2 (11.1-11.3) ¢/dl and hemoglobin CS
trait was 13.9 g/dl. For size of RBC, the MCV of volunteer who has normal
hemoglobin was 85.3 (77.3-87.8) fL that is the biggest than others, MCV of
hemoglobin E trait volunteer was (64.7-83.6) fL, beta-thalassemia was 65.4 fL and
alpha-thalassemia trait was 68.0 (67.0-69.1) fL but cannot determine in hemoglobin
CS trait sample.

However, hematocrit of normal hemoglobin volunteer is similar to
hemoglobin CS that was higher than samples of hemosglobin E trait, beta-thalassemia
trait and alpha-thalassemia trait. Hematocrit of normal hemoglobin and hemoglobin

CS were 43.1 (35.9-45.0)% and 44.6%, respectively whereas the value in hemoglobin
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E was 382 (32.3-41.2)%, beta-thalassemia was 36.4 (36.1-36.8)% and alpha-
thalassemia was 35.4 (34.5-36.3)%.

Effect of hemoglobinopathies P. falciparum invasion

Hemoglobin polymorphisms slightly affected to invasion, growth and
multiplication of P. falciparum strain 3D7 but parasite density is an additional factor
involved in the processes (Figure 1). After 48 hours (1 multiplication period)
incubation, malaria parasite which was cultured with tested RBCs either normal or
hemoglobinopathic RBC can multiply from 0.5% parasitemia at the beginning to 1.04
(0.935-1.460)% [median (95% Cl)] for parasite infected in normal hemoglobin RBC
while the value in hemoglobin E trait was 0.87 (0.624-1.396)%, beta-thalassemia trait
was 0.64 (0.551-0.723)%, alpha-thalassemia trait was 0.99 (0.874-1.105)% and
hemoglobin CS was 0.36%.

Increasing of parasite invasion after 96 hours incubation (2 multiplication
periods) found in all types of RBCs as percent parasitemia in normal hemoglobin
RBCs was 2.99 (2.11-5.397)% and was the most highest compared to others at every
periods. The result in hemoglobin E trait was 1.60 (0.575-3.341)%, beta-thalassemia
trait was 0.73 (0.483-0.975)%, alpha-thalassemia was 1.67 (0.761-2.576)% and
hemoglobin CS was 1.20%.

Decreasing of parasite invasion found in almost type of RBCs after 144 hours
(3 multiplication periods) as parasite infected in normal hemoglobin RBC was 1.19
(0.935-4.96)%, hemoglobin E trait was 0.87 (0.626-1.396)%, beta-thalassemia trait was
0.86 (0.483-0.975)% and hemoglobin CS trait was 1.01% whereas percent parasitemia
in alpha-thalassemia trait was increased to 1.92 (0.874-2.961)%.

Nevertheless, parasite invasion of all types of RBCs during 3 observation
periods [median (95% Cl)] is indifferent (p>0.05). Parasitemia of normal hemoglobin
RBC was 1.19 (1.044-2.991)%, hemoglobin E trait was 0.87 (0.868-1.601), beta-
thalassemia trait was 0.73 (0.637-0.858)%, alpha-thalassemia trait was 1.67 (0.989-
1.917)% and hemoglobin CS trait was 1.01 (0.359-1.202)%. Furthermore, parasite
morphology examination during the 3 periods revealed hemosglobinopathies were
not much impact to parasite growth according to only slower parasite development
found in beta and alpha-thalassemia trait RBCs and decreasing of meroziote number

was observed in parasite infected in alpha-thalassemia trait Figure 2.
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3.3 Effect of hemoglobinopathies on dihydroartemisinin and piperaquine sensitivity
to P. falciparum
Single drug

In vitro sensitivity of dihydroartemisinin (DHA) and piperaquine (PPQ) in P.
falciparum strain 3D7 (choloquine sensitive) and K1 (chloroquine resistance) infected
in normal hemoglobin and hemoglobinopathic RBCs revealed indifferent in 25
samples (p>0.05). Inhibitory concentration [median (95% CI)] (Table 1) was unique by
parasite strain, 3D7 parasite was less sensitive to DHA [ICsq: 3.42 (2.69-4.90) nM)] but
more sensitive to PPQ [ICsy: 35.9 (28.8-43.2) nM)]. In contrast, parasite strain K1 was
more sensitive to DHA [ICs: 2.45 (1.65-3.40) nM)] but less sensitive to PPQ [ICsy: 62.3
(50.2-68.5) nM)].

DHA ICsq in parasite strain 3D7 infected in normal hemoglobin RBC was 4.22
(2.69-6.31) nM, hemoglobin E trait was 3.79 (2.87-5.40) nM, beta-thalassemia trait was
1.80 (1.54-2.06) nM, alpha-thalassemia trait was 2.79 (2.16-3.42) nM and hemoglobin
CS trait was 2.32 (1.47-3.04) nM. The results investigated from parasite strain K1
infected in normal hemoglobin RBC was 2.74 (2.41-4.09) nM, hemosglobin E trait was
2.71 (1.34-4.66) nM, beta-thalassemia trait was 3.08 (1.65-4.51) nM, alpha-thalassemia
trait was 1.84 (1.61-2.06) nM and hemoglobin CS trait was 0.76 (0.55-1.21) nM.

PPQ ICsy in parasite strain 3D7 infected in normal hemoglobin RBC was 41.0
(28.4-54.1) nM, hemoglobin E trait was 32.8 (20.5-39.0) nM, beta-thalassemia trait was
28.2 (24.5-31.9) nM, alpha-thalassemia trait was 57.4 (53.1-61.8) nM and hemoglobin
CS trait was 32.2 (32.1-32.6) nM. The PPQ ICs, in parasite strain K1 infected in normal
hemoglobin RBC was 63.1 (50.5-78.9) nM, hemoglobin E trait was 56.6 (38.2-94.0) nM,
beta-thalassemia trait was 77.6 (67.8-87.5) nM, alpha-thalassemia trait was 59.3 (50.2-
68.5) nM and hemoglobin CS trait was 30.3 (20.2-153.9) nM.

Combination drug

Drug interaction between dihydroartemisinin (DHA) and piperaquine (PPQ) was
evaluated from 2, Fraction ICsq (FICs0) [median (95% CI)] and isobologram (Figure 3).

No drug interaction between DHA and PPQ was observed in P. falciparum strains 3D7

and K1 infected in normal hemoglobin RBC by Z FICso was 1.051 (1.000-1.125) and
1.002 (1.000-1.078) in 3D7 and K1, respectively. Furthermore, no drug interaction also
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found in parasite strain 3D7 infected in alpha-thalassemia trait RBC as Z FICs, was

1.000 (0.889-1.184) and K1 parasite infected in hemosglobin CS trait by the > FICso
was 1.000 (0.942-1.296). The isobologram of the samples was on or close to additive
line.

Antagonistic effect has been observed in parasite strains 3D7 and K1 infected
in hemoglobin E trait [Z FICso in 3D7 and K1: 1.106 (1.000-1.464) and 1.268 (1.000-

1.438)] and beta-hemoglobin trait [Z FICso in 3D7 and K1: 1.000 (0.996-1.402) and
1.252 (1.000-1.428)]. In addition, the antagonism also found in parasite strain 3D7

infected in hemoglobin CS trait RBC as > FICso was 1.000 (0.956-1.642). The
antagonistic effect was interpreted together with isobologram plot and almost data
point were located above addive line and tended to illustrate as convex curve.

Synergistic effect was observed in parasite strain K1 infected in alpha-

thalassemia trait RBCs by the Z FICso was 0.883 (0.662-1.000) and all of data points

were below additive line or form as concave curve.

Effect of hemoglobinopathies on P. falciparum PI(3)P expression following
dihydroartemisinin and piperaquine exposure

PI(3)P expression in P. falciparum strain 3D7 infected in either normal
hemoglobin or hemoglobinopathic RBCs after dihydroartemisinin  (DHA) and
piperaquine (PPQ) exposure was determined and compared with untreated control.
In DHA exposure, both decreasing and increasing of PI(3)P expression has been
observed but indifferent among all types of RBCs (p>0.05) as median (95% CI) of
PI(3)P expression in parasite infected in normal hemoglobin RBC was 1.17 (1.00-3.32)
times, hemoglobin E trait 1.03 (1.00-13.19) times, beta-thalassemia trait was 3.87
(2.39-5.35) times, alpha-thalassemia was 1.05 (0.36-1.75) times and hemoglobin CS
was 4.31 times. Using cut off at 2.5 times PI(3)P expression (Mbengue, et al., 2015) in
individual sample found 5 samples have PI(3)P expression upper than the cut off
values as 2 samples of normal hemoglobin or 20 percent (PI(3)P expression: 3.32 and
3.54 times), 1 of hemoglobin E trait or 10 percent (PI(3)P expression: 13.19 times), 1 of
beta-thalassemia or 50 percent (PI(3)P expression: 5.35 times) and 1 of hemosglobin

CS trait or 100 percent (PI(3)P expression: 4.31 times).
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In contrast PI(3)P is slightly changed after PPQ exposure for 24 hours by both
decreasing and increasing of PI(3)P expression were found but not signification
different (p>0.05). PI(3)P expression [median (95% CI)] of normal hemoglobin was
1.10 (0.76-1.51) times, hemoglobin E trait was 1.05 (0.73-1.58) times, beta-thalassemia
trait was 1.25 (0.97-1.54) times, alpha-thalassemia was 1.07 (0.65-1.49) and

hemoglobin CS was 0.54 times

4. Discussion and conclusion

Malaria is an intracellular parasite that has grown and multiplied in host RBC.
Consequently, RBC proteins both extracellular and intracellular are factors involved in
malaria infection. The infection initiated from the binding between parasite protein of
merozoite stage and host RBCs membrane then lived and developed inside RBC by
consumption of globin protein degraded from hemoglobin. Abnormality hemoglobin RBCs
from defection of alpha or beta chains globin protein production caused poor parasite
growth and can protect host from severe malaria (Kuesap, et al, 2015, Taylor and
Fairhurst, 2014). The study compared effect of antimalarial response and PI(3)P
production in parasite infected in normal hemoglobin RBCs and hemoglobinopathic RBCs.
Total of 25 RBC samples taken from volunteers who has normal, hemoglobin E trait,
beta-thalassemia trait, alpha-thalassemia trait and hemoglobin CS shown slightly different
among their Complete Blood Count (CBC) and can be infected by P. falciparum both 3D7
and K1 strains. Parameters related to malaria infection and multiplication included MCV,
MCH and MCHC which confers to hemoglobin contents and mild hemoglobin abnormality
cannot protect host from malaria infection (Glushakova et al., 2014, Sugiarto et al., 2018).
Investigation of parasite infection during 144 hours or 3 multiplication periods found
indifferent rate of infection by maximum parasitemia of almost type RBCs presented at 96
hours incubation period but parasite infected in alpha thalassemia trait RBCs showed
maximum parasitemia at 144 hours. The finding conform to explanation of Pathak and
Kotepui as completion of RBCs both hemoglobin and membrane protein affect to
parasite growth and multiplication. The maximum rate of parasite growth usually found at
96 hours and gradually decrease, the situation probably caused by insufficient essential

nutrient and suitable air for high parasite density (Kotepui et al., 2015, Pathak et al., 2018).
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In addition this study also found that beta-thalassemia trait RBCs was the most resistance
from parasite infection.

In vitro sensitivity of P. falciparum infected in hemoglobinopathic RBCs to
dihydroartemisinin and piperaquine revealed parasite strain 3D7 in beta-thalassemia trait,
alpha-thalassemia trait and hemoglobin CS trait are the most sensitive to
dihydroartemisinin compared to normal or hemosglobin E trait while indifferent for
piperaquine sensitivity among parasite infected in normal or hemoglobinopathic RBCs
except, parasite strain 3D7 infected in beta-thalassemia trait was the most sensitive to
piperaquine. However, parasite strain K1 infected in beta-thalassemia trait RBCs which the
sensitivity to dihydroartemisinin and piperaquine was decrease. Inappropriate intracellular
RBCs condition such as alpha-thalassemia, hemoglobin H (Cheng et al., 2005), hemoglobin
S and hemosglobin C (Cyrklaff et al.,, 2016) suppressed parasite growth and produce weak
parasites that prompt to be eliminate and more sensitive to antimalarial drug. Decreasing
of dihydroartemisinin sensitivity in parasite infected in hemosglobin E RBCs may cause
from accumulation at RBCs components as reported in previous study that found
accumulation of artemisinin at RBCs membrane more than cytosol in hemoglobinopathic
RBCs such as hemoglobin  H, hemoglobin H/hemoglobin CS and beta-
thalassemia/hemoglobin E (Charoenteeraboon, et al.,, 2000). Combination therapy, at
least 2 drugs were administration together, has been recommended by WHO to
overcome drug resistance reduce drug quantity then decrease toxicity (Hastings and
Hodel, 2014). This study found no interaction between dihydroartemisinin and
piperaquine in P. falciparum strain 3D7 and K1 infected in normal hemosglobin RBCs that
same as the report in previous study (Davis et al., 2006). Antagonistic effect was observed
in P. falciparum strain 3D7 and K1 infected in hemosglobin E trait and beta-thalassemia
trait RBCs whereas synergistic effect presented only in parasite strain K1 infected in alpha-
thalassemia trait RBCs. Difference of drug interaction of parasite infected in
hemoglobinopathic RBCs confers to diversity of antimalarial drug response (Hastings and
Hodel, 2014).

Malaria parasites required essential phospholipids for their living. The polar
amino acids such as choline, ethanolamine or serine have been imported from host
serum through RBCs membrane to form phospholipids (Ben Mamoun et al., 2010,
Dechamps et al., 2010) while phosphatidylinositol (PI) has been synthesis within parasite

by incorporation of inositol from host serum or de novo production (Ramakrishnan et al.,
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2013). The phosphate group has been added to Pl at carbon position 3 by enzyme
phosphatidylinositol-3-kinase (PI3K) to be phosphatidylinositol-3-phosphate [PI(3)P]. The
PI(3)P functions for lipid signaling, cell signaling and membrane protein trafficking (Balla,
2013). Increasing of PI(3)P expression even only 2.5 times which is very small amount can
impact to lipid signaling cascade and be able to induce drug resistance (Mbengue, et al,,
2015). Using 2.5 times as cut off for PI(3)P expression found increasing of PI(3)P
expression in 5 samples of which 2 samples (20 percent) of parasite infected in normal
RBCs [PI(3)P: 3.32 and 3.54 times], 1 sample (10 percent) of parasite infected in
hemoglobin E trait RBCs [PI(3)P: 13.19 times], 1 sample (50 percent) of parasite infected in
beta-thalassemia trait RBCs [PI(3)P: 5.35 times] and 1 sample (100 percent) of parasite
infected in hemoglobin CS trait RBCs [PI(3)P: 4.31 times] but none of sample altered PI(3)P
expression after piperaquine exposure. The study in ring stage parasite after 0-3 hours
infection exposed by 4 nM dihydroartemisinin for 6 hours revealed increasing of PI(3)P
and induction of dihydroartemisinin resistance in P. falciparum. PI(3)P played a role in
PfEMP1  transportation to RBCs membrane and promoted cytoadherance.
Dihydroartemisinin can inhibit cytoadherance in P. falciparum strain CS2 but did not
relate to PfKelch13 mutation at position C580Y. Increasing of PI(3)P of both pathways may
be a part of adaptation to neutralize artemisinin toxicity and caused drug resistance.
Therefore, over PI(3)P expression allowed P. falciparum to develop resistance to
artemisinins even no gene mutation has been observed (Bhattacharjee et al., 2018).
Beside of the familiar to frequently exposed antimalarial drug, living under unusual
condition can develop tolerance parasite clone and lead to resistance to antimalarial
drugs (Duffy and Avery, 2018). P. falciparum strain 3D7 living under condition with high
oxygen concentration is more tolerance to artemisinin and lumifantrine than the parasite
grown under normal condition (Duffy and Avery, 2017). The previous study found
elevation of oxidative stress substance in serum collected from hemoglobinopathies
people such as thalassemia and hemoglobin E so, malaria infected in the population will
change its biological mechanisms that may include mutation of PfKelch13 for living under
the high oxidative stress condition (Menard et al., 2015).

Although mechanism of piperaquine resistance is not relate to dihydroartimisinin
resistance from PfKelch13 (C580Y) but it involved by plasmepsin 2/3 amplification and
mutation of Pfcrt gene at positions T93S, HI7Y, F1451, uag 1218F. Moreover, the pressure

of multidrug resistance antimalarial drug including dihydroartemisinin in Southeast Asia
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can accelerate parasite resistance to piperaquine (van der Pluijm et al,, 2019). The study
concludes that hemoglobin polymorphisms especially, hemoglobin E trait and beta
thalassemia trait affect to in vitro DHA and PPQ response including PI(3)P production after
DHA exposure that may relate to mutation of PfKelchl and results in the resistance to

artemisinins.
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Table and figures

Table 1 Dihydroartemisinin (DHA) and piperaquine (PPQ) ICs, in P. falciparum infected in

normal hemoglobin or hemoglobinopathic RBCs. The data presented as median (95%Cl), nM.

Hemoglobin
polymorphisms

3D7 (chlorioquine sensitive)

K1 (chloroquine resistance)

DHA

PPQ

DHA

PPQ

All

3.42 (2.69-4.90)

35.9 (28.8-43.2)

2.45 (1.65-3.40)

62.3 (50.2-68.5)

Normal
hemoglobin

4.22 (2.69-6.31)

41.0 (28.4-54.1)

2.74 (2.41-4.09)

63.1 (50.5-78.9)

Hemoglobin E
trait

3.79 (2.87-5.40)

32.8(20.5-39.0)

2.71 (1.34-4.66)

56.6 (38.2-94.0)

Beta-thalassemia
trait

1.80 (1.54-2.06)

28.2(24.5-31.9)

3.08 (1.65-4.51)

77.6 (67.8-87.5)

Alpha-thalassemia
trait

2.79 (2.16-3.42)

57.4 (53.1-61.8)

1.84 (1.61-2.06)

59.3 (50.2-68.5)

Hemoglobin CS
trait

2.32 (1.47-3.04)

32.2(32.1-32.6)

0.76 (0.55-1.21)

30.3 (20.2-153.9)
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Figure 1 Invasion of P. falciparum strain 3D7 in normal hemoglobin or hemoglobinopathic

RBCs during 144 hours (3 multiplication periods)
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Figure 2 Morphology of P. falciparum strain 3D7 infected in normal hemoglobin or

hemoglobinopathic RBCs after 48 (1 multiplication period) cultivation
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Figure 2 (cont.) Morphology of P. falciparum strain 3D7 infected in normal hemoglobin or

hemoglobinopathic RBCs after 96 (2 multiplication periods) cultivation.
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H144
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Figure 2 (cont.) Morphology of P. falciparum strain 3D7 infected in normal hemoglobin or

hemoglobinopathic RBCs after 144 hours (3 multiplication periods) cultivation.

3D7 (chlorioquine sensitive) K1 (chloroquine resistance)
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Figure 3 Isobologram presented drug interaction between dihydroartemisinin and

piperaquine of P. falciparum strain 3D7 and K1 infected in normal hemoglobin and

hemoglobinopathic RBCs.

3D7 (chlorioquine sensitive) K1 (chloroquine resistance)
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Figure 3 (cont.) Isobologram presented drug interaction between dihydroartemisinin and

piperaquine of P. falciparum strain 3D7 and K1 infected in normal hemoglobin and

hemoglobinopathic RBCs.
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Figure 4 PI(3)P expression of P. falciparum strain 3D7 infected in normal hemoglobin,

hemosglobin E trait, beta-thalassemia trait, alpha-thalassemia trait and hemoglobin

CS trait RBCs after exposed to dihydroartemisinin and piperaquine. The data

presented as median (95% Cl).
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Hemoglobin typin
Complete blood count $ yping
Wl
RBC HGB HCT | MCV MCH MCHC
(10%7u0) | (gm%) | (%) | (U | (pg) | (%)

A2A: Normal, not rule out alpha

Al-001 5.42 11.3 36.3 67 20.8 31 )
thalassemia*

A2A: Normal, not rule out alpha

Al-002 4.99 111 34.5 69.1 22.3 32.3 )
thalassemia*

A,A HbF or Hb variant : Beta
BE-002 5.96 11.2 36.8 - - -

thalassemia trait

A,A HbF or Hb variant : Beta
BE-003 5.52 11.3 36.1 65.4 20.4 31.2

thalassemia trait
Cs-001 5.16 13.9 44.6 - - - CS A2A: Hb constant spring trait*
E-005 4.8 12.6 40.1 83.6 26.2 31.3 EA: HbE trait
E-006 5.03 12 36.2 71.8 23.8 33.2 EA: HbE trait
E-007 5.09 13 39 6.7 25.6 33.4 EA: HbE trait
E-008 4.95 12.5 37.4 75.7 253 33.4 EA: HDE trait
E-009 4.99 10.2 32.3 64.7 20.4 31.6 EA: HbE trait
E-012 5.78 13.6 41.2 713 235 32.9 EA: HbE trait
N-001 3.97 10 30.7 77.3 253 32.7 A,A: Normal
N-002 4.15 12.2 359 86.5 29.4 34 A,A: Normal
N-003 3.99 12.5 37.2 93.1 31.3 33.6 A,A: Normal
N-005 4.69 13.7 40.3 85.9 29.1 33.9 A,A: Normal
N-007 5.08 15 44.6 87.8 29.5 33.6 AA: Normal
N-008 53 15 44.9 84.7 28.3 33.4 AA: Normal
N-009 5.87 14.4 45.2 76.9 24.4 31.8 AA: Normal
N-010 5.27 14.3 42.6 81 27.1 33.4 ALA: Normal
N-011 522 15.6 45.2 86.5 29.8 34.5 AA: Normal
N-012 4.11 10 31.3 75.7 24.4 32.2 ALA: Normal
N-013 5.41 14.9 a5 83.2 275 33 AA: Normal
N-014 4.94 14.5 43.6 88.3 29.4 33.3 AA: Normal

* denrtudulusezauluians
- Al-001: Alpha Thal-1 Trait (SEA deletion), Al-002: Alpha Thal-2 Trait (3.7 kb+4.2 kb deletion),
CS-001: Hemoglobin constant spring trait

aa

A5199 2/ ANLRALANUINTUYRIEN I lalase1sATR Y (DHA) wagluwesiaiu (PPQ) AgugIns

Wiiulaventemasevliaila@msuaeiug 307 (Lseenaslsaiu) ta 10, 50

wag 90 Woastaud (IC,,, ICso wag 1Cop)

e

anwazalulnady

ICyp (NM)

ICso (NM)

ICoo (NM)

DHA PPQ

DHA | PPQ

DHA PPQ
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N-001 glulnaduuni 1.01 7.6 246 | 59.8 | 828 | 203.6
N-005 glulnatuuni 1.36 4.4 245 | 639 | 546 | 155.8
N-007 glulnaduuni 196 | 263 | 340 | 623 | 497 | 799
N-008 glulnatuuni 223 | 312 | 390 | 532 | 686 | 936
N-009 glulnaduund 314 | 190 | 1.11 | 421 | 860 | 437
N-010 glulnaduuni 282 | 234 | 4.09 | 649 | 7.28 | 621
N-011 glulnatuuni 099 | 256 | 262 | 789 | 219 | 732
N-012 glulnaduund 347 | 310 | 241 | 1136 | 11.46 | 1126
N-013 glulnatuuni 2.66 197 | 624 | 685 | 1592 | 1259
N-014 glulnaduund 4.40 141 | 286 | 505 | 1872 | 57.3
E-002 glulnatud 1.52 156 | 1.30 | 54.5 | 6.37 | 356
E-003 glulnatud 2.17 141 | 134 | 382 | 549 | 299
E-004 slulnadud 262 | 197 | 395 | 816 | 466 | 450
E-005 glulnadud 282 | 233 | 195 | 587 | 853 | 554
E-006 slulnadud 289 | 206 | 3.04 | 464 | 10.28 | 64.0
E-007 glulnadud 2.53 3.4 466 | 205 | 10.10 | 17.1
E-008 slulnadud 229 | 114 | 238 | 439 | 1438 | 469
E-009 slulnadud 206 | 163 | 483 | 649 | 876 | 99.4
E-010 glulnadud 1.04 | 221 | 230 | 940 | 9.79 | 1246
E-012 glulnadud 165 | 251 | 436 | 1292 | 502 | 524
BE-002 WINELUAGaaTLe 1.16 179 | 451 | 678 | 3.68 | 569
BE-003 WINELUAGIRaTLIE 0.95 167 | 1.65 | 875 | 251 | 36.0
AlL001 | waviglearsnaa@ide-1 | 1.30 | 29.1 | 206 | 50.2 | 3.67 | 136.2
Al-002 woan 118 aTY-2 152 | 278 | 1.61 | 685 | 809 | 1028
CS-001 wingdlulnaludiea 131 | 226 | 084 | 681 | 421 | 46.2

A15199 3W ANLRALANUINTUYRIEN I lalase15ATR Y (DHA) waglnwesiaiu (PPQ) NgugIns

WiiulaventaIaSevliafladnsuaieiug K1 (essuinaslsaiv) la 10, 50 waz

90 Wasdud (IC;o, 1Csy ke 1C)

o o - - ICyp (NM) ICso (NM) ICoo (NM)
SWe anwouedlulnadu

DHA | PPQ | DHA | PPQ | DHA | PPQ
N-001 glulnatuuni 1.67 316 | 246 | 598 | 3.67 |107.3
N-005 glulnaduuns 1.65 324 | 245 | 639 | 3.64 |126.1
N-007 glulnatuuni 1.20 30.5 | 3.40 | 623 | 18.09 | 127.7
N-008 glulnatuuni 1.63 270 | 390 | 532 | 7.24 |105.3
N-009 glulnaduuns 0.70 167 | 111 | 421 1.77 | 119.8
N-010 glulnatuuni 1.51 293 | 409 | 649 | 16.00 | 155.3
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N-011 glulnaduuns 1.76 452 | 262 | 789 | 3.21 |1380
N-012 glulnatuuni 1.52 64.0 | 241 | 113.6 | 3.83 |202.0
N-013 glulnaduuni 2.76 329 | 624 | 685 | 1835 | 144.1
N-014 glulnatuuni 1.93 243 | 286 | 505 | 4.22 |107.0
E-002 slulnadud 0.71 28,6 | 130 | 545 | 241 |1085
E-003 slulnadud 0.94 258 | 134 | 382 | 191 | 566
E-004 glulnadud 2.52 432 | 395 | 816 | 620 |154.3
E-005 slulnadud 1.31 336 | 195 | 587 | 291 |102.7
E-006 glulnadud 1.84 135 | 3.04 | 464 | 501 |2006
E-007 slulnadud 2.79 137 | 466 | 205 | 7.80 | 30.7
E-008 glulnadud 1.63 17.1 | 238 | 439 | 348 |124.3
E-009 glulnadud 2.10 315 | 483 | 649 | 11.17 | 1354
E-010 slulnadud 1.28 334 | 230 | 940 | 4.28 |280.3
E-012 glulnadud 2.53 69.0 | 436 | 129.2 | 7.54 |242.6
BE-002 WINELUAGIRETLIE 1.33 364 | 451 | 678 | 1591 |129.7
BE-003 WINELUAG R ETLI e 1.06 48.0 | 1.65 | 875 | 257 | 1595
AL001 | wivzueasdadiiie-1 1.28 7.6 206 | 502 | 3.35 |212.3
Al-002 woansaagLily-2 1.10 374 | 161 | 685 | 1.97 |1254
CS-001 wingdlulnaludioa 0.41 349 | 084 | 681 | 1.84 |135.4

AN5199 4 ANRAYANLLTNTUYRdluu PIG)P udsduiasntalalasens

Wa31A3u (PPQ)

aaaa

ANYTu (DHA) wazln-

SV AaMududuvasludy PI(3)P (pmol) AMududuvasludy PI(3)P (pmol)
DHA Ctrl (DHA) DHA/Ctrl PPQ Ctrl (PPQ) PPQ/Ctrl
N-001 18.48 18.57 1.00 24.24 21.99 1.10
N-005 13.18 11.31 1.17 24.24 22.1 1.10
N-007 12.4 3.74 3.32 3.74 9.12 0.41
N-008 19.65 19.65 1.00 13.59 17.92 0.76
N-009 16.34 10.96 1.49 12.78 7.59 1.68
N-010 15.37 16.34 0.94 14.02 12.78 1.10
N-011 16.68 16.34 1.02 16.34 16.18 1.01
N-012 21.43 6.06 3.54 10.63 7.06 1.51
N-014 39.81 20.68 1.93 38.61 31.14 1.24
E-005 8.07 8.07 1.00 12.78 8.07 1.58
E-006 12.78 12.78 1.00 57 7.82 0.73
E-007 21.11 21.11 1.00 21.77 19.25 1.13
E-008 23.14 21.77 1.06 22.44 22.44 1.00
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E-009 18.48 11.08 1.67 10.74 9.8 1.10
E-012 13.59 1.03 13.19 7.59 9.4 0.81
BE-002 1491 6.25 2.39 17.38 17.92 0.97
BE-003 7.59 1.42 5.35 4.11 2.67 1.54
Al-001 2.75 7.59 0.36 7.59 5.09 1.49
Al-002 10.63 6.06 1.75 8.07 12.4 0.65
CS-001 5.52 1.28 4.31 4.37 8.07 0.54
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