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Abstracts

With the spread of anti-malarial drug resistant, simple tools for the assessment of
anti-malarial drug resistance have become increasingly important. Recently, a histidine-Rich
Protein Il (HRP2) based malaria drug sensitivity assay was presented. HRP2 is produced by
Plasmodium falciparum and is associated with the development and proliferation of the
parasite. It is therefore suited to reflect growth inhibition as a measure of drug susceptibility.
Studies have demonstrated HRP2 is an important factor in the detoxification of heme and
might facilitate hemozoin formation. During intraerythrocytic growth and proliferation
hemoglobin is utilized as a major source of nutrition by the malaria parasite. Heme
(ferriprotoporphyrin 1X) is released as a toxic byproduct. Malaria parasite detoxifies free heme
by converting it into black/ brown crystalline known as malaria pigment or hemozoin. It was
the aim of this study to develop a malaria drug sensitivity assay based on the measurement of
hemozoin. In our experiments with laboratory strains of Plasmodium falciparum. Three strains
of Plasmodium falciparum were cultured for 72h using standard conditions in complete
medium. Following incubation, the culture at 0, 24, 48 and 72h were determined hemozoin
content by pyridine-hemochrome method. All the strains had the highest hemozoin content
at 48h. The Plasmodium falciparum strain NF54 was tested in vitro resistance to
Dihydroartemisinin and Mefloquine by using the hemozoin assay after incubation for 48h.
In this study, based on spectrophotometric quantification of hemozoin applied to high
throughput screening by differential experimental approaches, a total of 7 fresh Plasmodium
falciparum isolates were tested for their susceptibility to Chlorogine using the HRP2 method
and the hemozoin assay. The two methods were compared by the IC50s after incubation

for 48 and 72h.
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malarone® - combination tablet of atovaquone 250 mg
(atovaquoune - proguanil) plus proguanil 100 mg

- adult dose: 4 tab OD v 3 ¥u

- cure rate ‘;‘Elf_lﬂz 100

coartem - combination tablet of artemether 20 mg

(artemether - lumefantrine) plus lumefantrine 120 mg
- adult dose: 4 tab bid v 3 u
- cure rate ‘;EIE.IS: 97

artequin®® - blister- prepacked of combination tablet
(artesunate - mefloquine) of artesunate 200 mg plus mefloquine 250
mg

- dose: artesunate 4-5 mg/kg plus mefloguine
25 mg/kg ( ~ 8.5 mg/kg/day) OD ™3 %u
- cure rate ‘;Elﬂﬂz 100

artesunate — mefloquine™ - adult dose: artesunate 200 mg plus
(2 day - regimen) mefloquine 312.5 mg bid TGQ u

- cure rate ‘;ﬂﬂaz 99
artecom’ - combination tablet of dihydroartemisinin
(dihydroartemisinin 32 mg plus piperaquine 320 mg plus
- piperaquine trimethoprim 90 mg
-trimethoprim) - adult dose: 2 tab at 0, 6, 24, 32 hr plus

primaquine 264 mg at 0 hr
- cure rate ‘;ﬂﬂaz 97
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artekin® - combination tablet of dihydroartemisinin
(dihydroartemisinin - 40 mg plus piperaquine 320 mg
piperaquine) - dose: dihydroartemisinin 6.4 mg/kg +

piperaquine 51.2 mg/kg
- adult dose: 2 tab at 0, 8, 24, 48 hr
- cure rate ‘;ﬂua: 96.1

DNP* (dihydroartemisinin - combination tablet of dihydroartemisinin

- napthoquine - trimethoprim) 160 mg plus naphthoquine 400 mg plus
trimethoprim 200 mg

- adult dose: 1 tab bid v 1 u

- cure rate ‘;aua:: 99

artesunate — azithromycin® Regimen 1.

- adult dose: artesunate 100 mg bid +
azithromycin 750 mg bid W3adu

- cure rate ‘;ﬂua: 92

Regimen 2.

- adult dose: artesunate 200 mg OD +
azithromycin 1,000 mg OD ™3 %u

- cure rate ‘;ﬂua: 88.9

quinine — azithromycin® - adult dose: quinine 10 mg/kg tid +
azithromycin 500 mg tid W34
- cure rate ‘;aua:: 92
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Aa £ a4 & a @& A ' =~ a ¢ = & A& a
MAetulleweuranienisludaidontasgesaalsdlulnaduveslaadiazanndnidu heme Miudiy
NUasgoanu Ty hemozoin TuwiAalea @a11150052799U Hemozoin Anelu phagocytotes 16
Tnun1saauIvenaNalgesiloaakIuLATes Flow cytometer d1m5un1snsiailadsitonnansy
A5 HnUINTANlY 49-98% warAINI WY 82-97% Fepralulselevilunisnsiaifdadelsa
1181458 clinically unsuspected malaria TotdgAanosldusssruuin dosldfidery1ey ANIY
n1sinausy aunsalnsiidadedsiatung wazetandananisisadeRanainnsiiinisuuidey

a & N a = o v U and. Y & P d' & o o o a
"U']ﬂﬂ']i@ﬂL‘U@LL‘UﬂV]Liﬂﬁi@l"]iﬁ@u‘ﬂ @Quu@ﬁu%ﬂﬂ?ﬁI%LUULWUQLﬂi@\ﬁi@a"lﬁi‘UﬂqﬁﬂﬂﬂiaﬂﬂqaqLiEJ

Wit
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uni 3

A5Aiun1sAnEI

o/

3.1 52U8uT33
3.1.1 gunsaluazansiall

3.1.1.1 Microtiter plate 96 %y (12 x 8 wells) wazvguazilo1fvz@nvuadouy
vaulurueAududunne 9 nenududuteslumanududuin enviuvquusnliflenndoveg
Lﬁaﬂmﬂmmﬁmﬂumm Control

3.1.1.2 Eppendorf pipette wu1m 20 — 200 lulasans, 100 - 1000 lulasans,
5 Ua5ans

3.1.1.3 Multichanel pipette au1n 50 - 300 lulasans

3.1.1.4 Eppendorf pipette tip gTaud (unaInvany Eppendorf pipette U119
50 lulasans lawef)

3.1.1.5 Falcon tube WUURINAVUIN 30 Wag 50 UadanT

3.1.1.6 Microcentrifuge tube UM 1.5 {adans

3.1.1.7 nzandlanveui

3.1.1.8 Reagent reservoirs 9uU1A 30 - 60 {adans gnToudn

3.1.1.9 Elisa plate

3.1.1.10 Candle jars

3.1.1.11 Incubator

3.1.1.12 3euduniihn

3.1.1.13 Elisa plate reader

3.1.1.14 Sodium hydroxide

3.1.1.15 Pyridine

3.1.1.16 Triton-X 100

3.1.1.17 Monoclonal IgM anti-Plasmodium falciparum

3.1.1.18 Monoclonal IgG anti-Plasmodium falciparum Peroxidase Conjugated

3.1.1.19 Alkaline buffer

3.1.1.20 Tris-HCL buffer

31.1.21 Potassium ferricyanide (Ill)

3.1.1.22 Sodiumhydrosulfite

3.1.1.23 BSA powder

3.1.1.24 PBS powder
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3.1.1.25 Substrate solution
3.1.1.26 Stop solution
3.1.1.27 ownsiasaiounanSerdailadudy
3.1.1.28 1hndu
3.1.1.29 Hematin porcine
3.1.1.30 Hemin
3.1.2 Yumpudsnsaliunuise
3.1.2.1 AnwsinadluwesludomnaSesintadunsuiimneidoduiesufjoins
3.1.2.1.1 wzdsadomnandeviaftadunfilufesufofing 3 aneriug
3.1.2.1.2 \fiuinet 0 denfildanns ULz lasaasUnunaIitivun Ae 0 24 48 way 72
Flue e insluves anuis pyridine-hemochrome method
3.1.2.2 nagaumuhinegunanselunasnnnass
3.1.2.2.1 w3suwanvageuilndeusinanie
3.1.2.2.2 YndeinaSerdaitadufuiildands 3.1.2.1 suwvdsddumwand
wisugna1Se Wunan 72 $alug
3.1.2.2.3 Wedsudeasunaimuiuandl Auiieg1adenun ns193n
Flugeun1uislu 9.4 uag 9.7
3.1.2.3 Anw1ion13nsIinUsunuslugey
3.1.2.3.1 wngidsatomnansevdailadunfuluiesufoiing 1 anewus
3.1.2.3.2 Wn3suinanvageuilndeusinanise
3.1.2.3.3 Yudounandovdeiladunduiildainde 3.1.2.3.1 vuwwdsslumwan
Findevenande Wuna 72 Flus
3.1.2.2.4 Weldsudensunainuiiuauds Wusiegadenuududs uas
avay noy WensIatn HRP2 m1u35 HRP2 assay war n3193ndlugey nu3saauwlaann 9.4 uas 9.7
waz M1uAS pyridine-hemochrome method
3.1.2.4 Usziliuwa
WisuiisunalaenisiuSeuliisunn ECs, (Effective concentration 1 50%)

Y9IN1591529 14 2 35 e luldswnsy HN-nonlin

-17 -



3.2 @0UNANEIIY KATIZEZLIATANEIIRE

3.2.1 daunfAnwIae

3.2.1.1 Audousulsnfindatlaguias WssnnsuIm aminaseys
3.2.1.2 a1 IMeNMansNITUNNENImg (AFRIMS)
3.2.1.3 dinnudesiumuaulsan 11 JmInuATAIsITUSIY

3.2.2 S¥IaNfAn®IIeY

12 fou (AA1AY 2551 — fugey 2552)
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uni 4

NANISALIUGY

4.1 Nan1sAnE

NWANTSANY NUTNFeaSevlaflagurfuns 3 vila as1edluvesainanlunia 48 3l
lnganeiiug NF54 asnslaasian wanslugun 3

350 7 PEMS403

B nrss
300 - AMB57

250

200

150

100

Concentration of heme (uM)

50

Time (h)

0 24 48 72

JUN 3 wanalSunaslugesignasidleeideunanseviinilaguniu 3 aneiug

Anwanullunasannaessiesn Dihydroartemisinin wag Meflogiune ¥99@auna1lsayin
flagursuaeius NF54 Tngnageulumanitndoug1buui1nsgIuees WHO Ladlngiig e
72 Falus Weasu 72 Talug leiiudaedne?l 48 wag 72 9alus w1nsiate Sluwes wavlaSeuifisu

Aunsaliududasnegnanauiiuinsiaindlueey Nan1sANYINUINAT 1Css bluananeiuni19adf

(hAnaluAnS97 1)

M15199 1 A1 1Csos AMNNNSNRdBUANIRRlneIBnTIvInE ey

81 ICss (NM)

48 71319 48 %419 72 3lag

(ULT-azany)

Dihydroartemisinin ND 0.24 0.22

Mefloquine 3.22 3.49 ND

ND, the inhibitory concentration was not determined due to insufficient growth of the

parasites.

19 -




Wenagauai1ulidesn chloroquine AuldaunansenlaangUlsuianieodnuiu 7 A1eg19
TneLnnz A a T luNane L UUNINSgIUYes WHO wazidsadioduian 72 92l 1nufiee13d 48 uas
72 109 et windeneunsiatndluwes wuindiAn ICys WU 16.14 nm wag 16.47 nm

PSR ANNSURIDMBE19I1LIU 1 freganUszaunadnsulunismngiasaasnaaaulang 2 35
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uni 5

ajluazafiumenanisined

5.1 dsduazanusiena
= - ) a ] = Yool o

nsfnwiliitenaunisnmmaaeuaulinesunanselunasanaaes Ingldisnmaindluvey
1% o 2 & a a ao . Y % A
MmN TinANITaanauLas nulndeunanievilailadsu (P. falciparum) aedluvesligengalunian
#1 48 Flua Feduiusiunailunisasne HRP2 (Histidine-rich Protein 2)

a ! 1 ay v v A g ! A
INANTIA 1 WUt 1IC50s Nldannisnadeuaubiaznsivinglugesaindiog1ainiy
[ e & [y [ = o 1 [ a aa 6 [ 1 a

waglaunisurudanuliddnsiy faiuindudaniivselesdlunimegeuseiuainauiueg1abs
Wasanilazaindanisinsnzit n1svuds waznsalaniunsluiuivinglng laeagy awnsaldds
naaounbisiesuaselurasnnaasdlaunisnsainglugesls wilosnnuanisAnwdsedly
seaulou GeipensiamIlwInIsdeneasaiiduien1snsvingluges WoanAlddne azain
wazluflansiy wazlausoneaaulaiuiregairuiuninlussduninauiusely Nillaenadaiu
$7897UN15ANYIVBS Nguyen Tien Huy kaganig, Un.A.20071¢ Anwieiu1ansesidaluinig
WesUUinsnaunsadudainisasianssluresveudounanie Ine3sn1nsiaialsuiusluyessiy

nsinANIsgAnAuLatUesd (Colorimetric assay) ¥84a158u (Heme) Mognglulasiasnuunduniu

(B-hematin) Tngldnaandldarsiaifivildinaisiailuuns fe Tween20 finnnsidudusinegielu
fumeumsatnansiumBuiniu lildasdeudnaunuardunsie Ussgndldlilanmanlunisngnia
IAnUMBETUIULNINILIALAEIAY LAZUANAISINNNSANYIVDY Saranya Auparakkitanon Wazaeg
Un.a. 200617 AnwrUsunaunduipurendemaidendmageusioeiunanislnensaingie
3% [3H]hypoxanthine incorporation method & 1 u33n1siar1nisaandunasdieiades

Y

awalnslladines (Spectrophotometer) a1nmisidansdendniisnaunanwaziduiv

5.2 Y231NA
~ = av A o & a A oA aa
INAITNUNILITTUNTTY T5189UANYITYSTDINTATIIAT LUTDEINNLYDUIANIINIBLT BN
ANULAEITRURsLNN LazTunaunsanadlusesldanseinianudune Fediinistastuluszning

AsARuULazn1idnRafs i AaNansEnumAe AT n LA A a 0l
5.3 UoLaUDLUY

a = a a o « | o a P v
AIIUNTIIANYN L‘WllL@NIUW]?WWU']LLu'ﬁV]’Nﬂ']iVl@ﬁ@‘Uaus] WwuUNTUSULUasUENSIAL ‘Vﬁ@ﬂqﬂﬂj

wan (96 well plate ) intrslun1snsvinUsinaslusgss
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1. INSLALTD

- RPMI 1640 power

- HEPES

- Gentamyycin

- 0.5% W/V Albumax |

- ANUNINAUIUATU 1 AR

- 7.5% NaHCO3 (2.8 fiadans/a1wnstagato 100 Jadans)

AMANUIN

10.43

25

Taansu/ans

- 9 siasadeowIeunaulsvatetu vasndalileiunldlmAvlusiiu 4 ssmwalea

2. WanPaaueIMAgau

Waneanue1Is WHO assay

Control Control
DHA MEF CHL QNN
24 3. 72 3.
1 2 3 4 5 6 7 8 10 11 12

A Drug free control
B 3 3 40 40 20 20 80 80
C 10 10 80 80 40 40 160 160
D 30 30 160 160 80 80 320 320
E 100 100 320 320 160 160 640 640 D ug fre@ control
F 300 300 640 640 320 320 1280 1280
G 1000 1000 1280 1280 640 640 2560 2560
H 3000 3000 2560 2560 1280 1280 5120 5120

Concentration in nmol/L (50 ul/well)

3. 95 Hemozoin assay

A51u 9.4 way 9.7

- WAUARE198A AN ISULINILIABIASUAINLIANTAIUA AB 72 F3lue Centrifuge
10,000 g 1Jutaan 5 wdl

- dngnoudilautazanely Tris-HCL buffer (100 mM, pH 7.8) / SDS 2% iag Centrifuge
10,000 ¢ 1Jut3an 5 wil

~ngneufibduiaratsluaisazaie Alkaline bicarbonate (100 mM, pH 9.2) way
Centrifuge 10,000 g Wutan 5 w1l

- PJmznauntaunazatgluansazane 1 N NaOH 100 lulasans

- NAUPIBEITAZANY SDS 2% 900 hulAsans

Y




[y

- IAAMIYANGULENTIAINEIARY 405 UTlULINg

35 pyridine-hemochrome method

_AushedradeniildannnisUnmsiasinsuaunatiininue fe 72 $alus uududeuas
azany

- Centrifuge 13,000 rpm tJutan 45 ud (4°C)

_ thazneuiildinazangluthndy way Centrifuge 13,000 ¢ Wuan 15 undl (4°C)

_sheznouitldnazanelulutinguy

- W@l N NaOH ag pyridine

- wenansazanendu 2 dwlivindu

C 1R 2.5 mM K[Fe(CN).] Tunaeanila uazifin Na,S,0, Tuvasanils

[

- IAAINIAANTURAITIAINETIARY 560 UILUINT

4. 75 HRP2 assay

[ Y I~ .
MIMlAdaEaALALLAN (Hemolyzing)

1. dwansendndeunaadente 72 vu. iluldluteuguds - 20°C auansazane Tuwman
<Y
wHas
2. Y UNano9nINYD YLD iluldlugau 37°C auaisluwanazany lagdstazyinle s
Honuaaan adindanundauanlinualivingrdnauduansazaela

N1581UNANIE7S ELISA

1. M3¥1 ELISA agldyavnaaudn5o3ufe Malaria Ag CELISA 983 Cellabs Pty Ltd.,
Brookvale, NSW. Australia, (http://www.cellabs.com.au) 35n15nAdaU A ATIINAUNUILULY
vondainadslufidudendtonouhmvaauantuiensiedfidnmadsndeseiiniu
Tifienusuuiuvende 0.03-0.1%

2. ddefinzdedlinnaugay 100 ul 1uviamau control Afulinda incubate Tuuda 24
s fldududaoliinldluvau ELSA 2 viquqas 100 Tulashns uaanuau control Haglfifieau
background

3. Yaeluman ELISA 111y incubate Tu chamber fifiaudufigamgfivonu 1 v,

4. \W38UA1TAEANY conjugate LAYLYBANN conjugate 5 lulasans Tudiazane (conjugate

diluent) 1 Tad8ns Usuauilw3eudldléfu ELISA strip 1 Su

(% '
o [

5. 1383 washing solution IagL@AN PBS-Tween concentrate 50 dadans Tuuinau 950
ladans

6. raman 5 A¥adne washing solution Assag 200 lulasans/mau auwanUunsEATwdUlE
Wi
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7.\ conjugate Aldn3ealiudramnuauaar 100 lulasans Yariwan il incubate Tu
chamber AifiaTaitiu figumgivosu 1 .

8. 1W38ud15arany substrate NaUT9¥ATULIAT incubate Taenau TMB chromogen
50 lailasAng fu substrate buffer 1 fiadans (asavasiiazeglduudios 30 uniiviniiy)

9. §raman 5 a¥adne washing solution assag 200 lulasans/mau AumanULnTEATwdUlE
Wit

10. i Substrate asluynmaugas 100 lulasans incubate Aigaumaiives 15 il

11. \fial stop solution y)AvaN9ag 50 LAzianiuTY Litelansazanesauiy

12. 81uA" OD #ewp3eseu (ELISA plate reader) 1 450 nm Wannedu blank

MTAATIEHNG  LAZA1ITIIUKE

Aas1ziee computer laglalusunsy Non-linear model L HN-Nonlin
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