Prog.Med.

26 . 23~27,2006

W

FSRSG =X 7 F v OBURE S

4. T FEE - REORER

1) ¥Y35U7

Horino Tetsuya

S T

Ohtomo Hiroshi Nozaki Masakatsu

KA BhEY B IEBY

& U & IC

v 5 TIXE LI O NEHOBE R B LRV, F0
Lk b B> TELRBTHS. Lrd, WEhBE
W, WA MBI L TR E T, EM 3 EALLLAT
BHEL, PEEFLIC2000 AL LA R > T
D, FERATHL T BT A S OBA Y 5 Y T OB
WMESh, TOMRIAENRYT )T I 7T D%
PEFN TS, L, S * R Ltk
ENTALWD, REFEHNR~<I Y TT 7 F VIidH
BEANTEST, TOHBFEICRECE L%
BHOONBIRTH S,

NSUTP DT FURIFEDEBN

—HRIZBIIEL Vo Th, TOREAE YA LV AHSD
S OBEBAEYOIERFE CELHBEHTHL. TDH
L, RRESPHBLCIIEELEATES LM, 20
ERREIRMEERL, HETROBEELZVLIERE
JEPILEITE S Z &b, B§EAET 7T v T2 IEARTEL
77T ORI AHMAISH SR TWS,. E 51,
% O AV AWER, MEEREIZE, ZoM
M X RO - IEROET 2T v, RNk 7T,

W, ET Ty, VaryEFsh, BESH
W, bEVARRE, EMENKLT 7T AHESN,
BLCERILEhTwb, L, BEEYTCHE< T

0287-3648/06/ ¥ 500/ 7m X /JCLS

"REBESENAPHGESMRE 20 LERER MRS

VR BB RERAEMN BT R HIAT

U7 EEOBEE, A NVZRME LD b S EICEA
BIELTBY, MIORERELRMST LA r—7
WL ET A LD, DV F VHROR Y 72T
Wh.

—%, TNFEFTOTIITTIF AREORRE T A
B &, RIRFHADRRITTERT (BRI O H-E 2%
HROPATHEEZEFEHCTHN#H~ T ) THREO
SERAEHEON- K KIERICRI S &, Th
AT TR T LENIED 1 OTHLHT &%
WMo L2 EmEE Sh?, 77 F vRSICrEL
TOMEDSEDOHEREVIHFEIN TS, wThiZl
Th, v TEROBEETFHIICLY, FlEmHz
IHIS 2 AR DOIEMINE OB E TR % B SR T
W L 2HEEOE DT, =7 ) THEOM
EHIEEZHOFERPRICK T 5L BOTRDEA S
NoHH, FOE G E»rnwZb 77 F VM
FEEREBECLTWS. LML, 77775 /B
i, FOREMELFRIMIZL L LY, et tho
FRHMBICTH LW EPEELELETH 5.

NSV T BEOFEERIER

NEDERTH 27275 )77 75V HKOENA
HATEZEIT VA, T T OG- FiE% H9
%77 F VBB TIERFABOREICH), <7
THFEOEELR ~HE2H->TWAHOIEETHD, 1t
FIBEARTH D, BhTh, TOMEFEEETIE,
277 ) 7T ORMBARERRZ Y —7 v ML

—23(23)—

—104—



Progress in Medicine Vol.26 No.1 2006.1

SMMoRSINEEE S, ZHRLE YY) T TR’
FHINESRICTI &R E, FRABASEE B ORI E R
(6774 ) &R L CTLAORESIHE % % 111G
LS ERTH 5.

%5 ) T OFSEINEFEEA S D bR
By v LMY, ROICMEE SN0 X TR
T, 17 B FHE ROV — 5 F =10y /3
AEM, 300N LT THBICFEHAHINTE .
COF RO LEWRIEE LTINMEIZ N, YT
WO THEINzzand g, fivd ) 7iEErE
{, Fo—t LD LFUME, MESCHEIZDES
TE LD, ETRMIRREG A S NS &
A7 Y, 1950 I bt~ o) THE LT
TEOM FFELL Tz, Larl, 19574 A1,
19604 42iEa R Y ETIEBWT, 45 ) 7HAD
PR b EEOBGR~Y S Y 7RO 7 0o F Sk
BEASHIE U C OB, 2SI Bai 5 I S I F 7o
LY, SHTEZ700F RN 2 RT O
WERO—EIZpH T 5B~ 7 ) 7ERIUIRS
n, BAFE~ ) TIHROREIC o Twh, £2T
COEFIE~ 7 ) T ORgO7z0, 1970 LR
PR EINIANT 7 KX - ¥ X8 I VEFH
A7y, nazyryhyy, TAFIVEYBL
CFDOFBK(T—F A5 —, T—FTAr—b+RE),
ThoNay TS TEINVER, T—TAF— VAR
Ty P CERILG EDOIENY, 1970 F DR R
PR e AWV T L Sl Sl 7 b 74
) VAP E OB % & K B RSB IEAT D
w5,

LaL, 74 &FE5EEE 0B, 7~V )
W, W7 7)) AiEEOSEEMIETIE, Bilouad
v EFHSER L O EMMERDBBLTBY, €Dk
BT BRI > Twa, £z, IheDLHINHE
TITYTIEF - A OBREENENE SNTE T
LL, REEEOBRIMETORMT V77TV
Nz & BIE SN TW DS, K2, 1990FICEIR
ENLT N T ST ENERIRT — T A
y— A7 7y M) rEROER, PERGOES
THLHEFARIFE S, & s REBEERICH
51T & -3 EXF oMY 65 1970 H B 5328
Mg s
FEARDBBENREIENEINTVWE, B, P
Hoa 77y MY L, HESREE VDS, LER
FOQTUER D b LEVEANEIRDO I X BIETH O

% (quinghaosu = artemisinine) & # @

REGEDHEESHD Y, KEIHHS N Rk
TW5,

GIHEZ PFR LB B~ 7)) 7 OEEFNE, F
== 3 E 383 mg/kg % 200~500 mLD 5 %7 K fE
TR B AT K VAR, A BRI TR EEL, &
TG LT 8 ~12W5 ] " & 124 1 B4 IR IR 08
ERAE L, BRLASF = — A OREHG 120 %
ICA7OF R EeRE 95, 617, RiElER
BHEDECT VT IV UHEEOT —F X ¥ — OFFIE,
T=FAR— rOFES LIIEEDL RN TH S &
THLMENL V. B, wEOHBI~ ) 7EOH
WZid, TERDIH &ALFEREE, 1FRRT R BHRE,
FRICHE PRI E LS B 5 EHID %2 T,
ZIGTHRBER R OMIRE M5 L FRC, EHERERO
FHIE, HAVIETELLRTEBES YL L2 o7z
DTH5.

ZH#, MHZ, IR~ T ) T B R
EOEREG 7 aaF o Tha, UL, 198941278
TT ma—Fo T hLZHET ) THERO s 00
F VRO BB HE S, 1990 RITiE 1~ A
DT, 3w v, NXTY R ET LR MBS
RSN, 700F VX BEFPES LRV E &I,
AT7OF N L LIEEICEHET A,

S5, FHREEERO T /A4 M2 FTAHZH
BEIIE~ o) 7T, rrad s RS LB ERE
IRERIZ T R TENERB L VE, £0%
DOEFEMIEAREEC 2L, L, 77« Z2a—F
ZTAZIE19504ER A 5 7 v F RIS O Chesson
WOGABMENTEY, REIERE7 V7 &5
LIEBEZUROFEIREZIN T B, D020, 7
Uk OEREE (15 mgli/H, 4B % 15 A
OREEZBWTSSLIZL 7= VigYELZD, 1HY
TR E5RE225 mglllET L HERERERE
w59, LaL, MEIC L) GPDREREBE S
ORI EFETLEREDHY, LI REUEOBVH
% - HEOWE DIED, R TREEOFHVHHRZE
HIOBHENLETNTVE, WFRIZLTY, eI
T, BEHROMEE ZORERICERNICERT S
FMEAZRQBEICE S, FICBWHR~ Y 7TOREE, &
BORE, SGHERBOARE, MBI BI) 5%
AR D AR Z ZRE LT, &b @)% 3H 0%
PUT & B RHRIGR T FIES 5 0 Ehas, BEOTHE

WEEMSTLIL TS THRETH S,

—24(24)—

—105—



NSNS =70 F ORI ERE

%1 ENTATURARTT U PEE LOME
i - B | ik R (AR
L. G0 A SRS I 7 1) 7 ST B AL

Tr Y=, &

ANT7 7 B& 500 mg/
¥ 2A%3r25mg

3 e Bk A

v, oW

BB A 70 % 275 mg

4EEHEIRAE, 7136~ 8HFRIMMRT 2 4
VLT T 3 SRlE)

MR (1R3E45 kg

WEEF = — %, K TRl = — A 15~18 g&=4 3, 7 HHMARA
FRIHA ) vRER 1e, 54, 7 HHEH
A VA ] 7 b8 250 mg/ 1H1E488, 3HM, BFFUGARME L HICRA
i 0 77 = V100 mg
D7 Ay M, OB T —F A% — 20 mg/ WA, 8, 24, 36, COM:FI#AIZE 4 ek
VA7 7M1 r100 mg
TS AENY LY, fE-BE | T—FAFR— F50mg, 200mg | MHA200 mg 2§, 72
3 #2~5H1RREITEBANEA
‘H.@mﬂmﬂvvu VR B S E L SR
Fowy s A E omLPic /N a vEEF = — | F=— 235483 mg/kg®200~500 mLD 5 %7 R
oo AEEE240 me, Mo | REBEEAKICEARL, 4B TR, 2SI
FUHOA FeSteeEi®oso | U8 ~12B I EL, BRLALBOFECDE
mg Z5.
B, 1EB2EHT A0, AE - 151(HEMmL) &7 ¥
TN SE, 5% 7 KPR CHRTIZ L .
TG AENY A, PEIE 7 —F A% ;500 mg HiE - B b ERL
DI STUEA, ME B IR 7)) TASHT A SRR R
VAL N TREE 7 o1 ¥ 150 mgisk v ¥ oEEY MRG0 me, 6, 24, 48EFEIAICH300

mghk

Ty = 3R, HEEF o —F512~15g0 3~ 5 HEARTD X,

DIV, S, BRI T ) TN T ARG
TNwF o, b BT v 15 mglii 18 1ME, 15 mghif, 140 MRA

* BRI

BEORIFEERR

P2 b AT g

ANT 7 RFEY - Y AY I VEFNGEME, 7T
Nay - 7Fayr7 o IVEFIERe e EME, TATIY

EI T L, BRI EE O IREEE T R ZVBEMRIZRIIETH B O T, EINFEOFRIFIE
W35 & ERE ,¢h%me@%#A%%%ﬁﬁﬁ HFLTBLILILETHD.
SR X AR ER G USSR (RUMIE) D HERS & ARIMER 1 ICENTAFTRZI~ T ) 7THROME - BE
lﬂmﬁﬁmwﬁW%%ﬁf,é%:ﬁﬁﬁ%%ﬁ BRULTDS, RN X 0 ZOFMENRR S,
(PCT) & 5B LM (FCT) 2 1§fR 9 % T & 2%, 16 1. AT 7 RFI2 - EVAEIVEH
MEOHEIIARTRTH L. FICBG R~ 708 WE7 YT, T7UN, RO SRS
ik, Aad kb 1 BEENE Z omE 2Ty, b FHEL, REOBEBREMRGIRFTE 2w, ﬁﬂﬁmr,
Segek A BAG LT 2 ~ 3 H VIS UMUE DA - TH%K IR, L, AR, GPDRZEBREICIEES.
WD NG o720, BINT 5 & SEEREIZE ANKZNT I FEEYHEER. $ﬂﬁ£&
EHML, BHOLEEEEET L. /2720, EIRELL %8, Stevens—JohnsonfiEE#E % S OEE L EIVEH.
Ly, BEobo L EHEObDEBHY, —#KiZ S 1 $E484.21.
—25(25)—

—106—




Progress in Medicine Vol.26 No.1 2006.1

2. X70%>
ERANRIEE VDS, BEICTHERM B &A) - F=—
AOBERE, AR, i, AR, BmREC
R, PUAEIREE, Calipide, pulEWiHEZL & & off
HERE. BIERE LT EV, SA56D0%, My, EE
Fhuch e REE. BROBF 7 AT 2 F >, HA
BT 7 F T B F . CYPSAMES, CYP3AZE
SR E AR, R 1 $E854.8M.

3. 7Oz TOTTZILEH

HHI BT B~ 5 ) TEELEM~ S ) TIZAHERD.
D7y €y EDBATT ooy o AUC (i
FEE — B ) E R T TR VLA 50% AT, TG, LG, TEE
e EORWER 2SS A5, WL CRE. ERNRIEE.

b, P=FABZ—= WA T7 N aH

HENREDORIER. ST 7= V2 — AT
B A TR T, EIPIR S5,

5. P—FAx—b
TVTFITVZYOIANTBRIFET, ZHME~T Y7
REIE~ T ) T ORBIERL P OS. BERIZA 2
<, /MR, RSO ERTE S, L L, HERRHD
PN D OVEHREMAE L, BRENRBVOT,
AT WF 2 ETOBMBEPEH. EWHEER
& LTIECYP3AADHESE. ERRFT.

6. ¥=—=x

RO IS RERRIE, WRICIRRRE, SRR S
:ﬁ@#i—%itdﬁ»:y@#:—%%ﬁ%.#
AEORMER & LCH#itkoBR, mE i, wE
B, BOE, El, RERSICLYF=—%dEH, K
MHE, MUTMET. GEPDRZAEIIZEM % #HE. AH
WBIEGE, I3RS EYMEEER S LT, Rl
Bk, Vb N, 77 EOHREIZLY,
ZTOMBRE L B 5L, FEMIFHEF =— 4 121309
M, ¥ ——% 1g1528M. “iEMyr=——*, 7
I = A O TSI E N RIS

7. FhIYA0Y L REH

FHNM AT B~ 5 ) 7ICxT A F = — A L L,
F o A OREANRE ., BMTIEMEE L v, F 4,
FRAPIRICIZIERE PS5 294 20 ORI, e
MEE, DF v, BEEE, WRMER ESORICER.
BRCEEEE S, W, ST o/NRIEES Lk
V. FERIVHA 20 X B FHNIRIZ128% B 2T
e v, BRBRE A

8. yoOox>

yund yEEWBEREETEEY S ) 7T OB
TEBRICENTH B 28, B~ T ) 7 RED LA
&, ZHEEIIE< T 7 FROKHRE H 213 50,
HHLE2EOmVIERITH L, Bipkd, 248,
JRPERE, REAR G L0 BUE R, M, L b o
BIEH. TADA, BREMHEIEEEITEIER. G6PD
REZERFECRELLES T, EYHEERTIR, &
FELE T2V T S EDMBIZL D EEE, 7
I 50L& ORBEES T LEEARIR 2 SN S
VIFL RV UARY yEOHAIE ) MR
DM, ENRFETR.
9. TUTFx>

ZHEEOE~ T ) 7 DI % X 5 R G H S
ThoHS, B~ 7)) 7 FEROEFEREOBEBIZ D
AR, WIS, BEAREEEZT. RFICE A
PEE I % 55383 5 G6PD/R ZHE B E & TR I I3 2.
E AR FE5E.

BEYSUTICHT 2ZIEEE

BB~ ) T, ERACREE I & B IUE, T,
BB A4, ARDS/BiAKME, RR#H7 Y F—v R, H
MR, TBEREASE, BEERMNG EOEELREMELY
B 5EBYENSV. WHORERE~Y S ) 7 0¥ &k
HWEEDWRBEDHA P4 v afEL, MEBERETL T
bxz.)s).

COEIEY T T, LSRR IZTTRL,
FRERIZIE U7 SRR E O AL S BE R l SR W KT d
5.

EINREERIN S U TP BEDAFE

HIE, EWICHA L WAt~ s ) 7L, itk
LOF=—4, 1987THEKBDT7 7 v F—gE(A N
77 FEFI ¥ A5 I VEHD, 2001 KD A
TrFUEEBA TR Y)DRTHL, FIT, K
MHIZ IR AR T ) T RSB ERECLE R,
IBAEGEF A RBAES 2 —~ U 2V ARE
WFFE 38 BT IR B AT ZR U (M%) ) (httpy//ims.u—
tokyo.ac.jp/didai/orphan/indexhtmD 27 7 2+
FIEEM S SNLZ EEMoTH L L L,

—26(26)—

~107—



% ik

1) Simlen R, Gilles HM : The malaria parasites. Essential
Malariology, 4th ed (Wircell DA, Gilles HM eds), Ar-
nold, London, 2002 ; pp. §-20.

W, FAME v ) THEROITHL AL
SE36'7 7 9 A%, iGHESF 2003 5 37 1 635-639.
Payne D : Spread of chloroquine resistance in Plasmo-
1987 5 3 1 241-246.

dium falciparum. Parasitol Today
WHHFE  REEBoF#HR~Z )T
2003 ; 37 © 641-644.

S
L

TR .

5)

8)

NSNS -7 TFOBRE R

KK L, R E = 70 7. ALFRE O #HIE
2003 5 19 : 95-100.

ANBRS, FE T, WUEEIEL ZAKTT T
S8BT VBRI OB FIOR, 185

JEFE 1996 ; 70 : 1086-1091.

By kit 7 ) 7. ALFEEE O T
2005 ; 21 . 1459-1464.

World Health Organization © Severe falciparum ma-
laria. Trans R Soc Trop Med Hyg 2000 ; 94 (Suppl
1) 1 S1-S90.

Antimalarial Agents: Current Perspective

Hiroshi Ohtomo!, Masakatsu Nozaki? and Tetsuya Horino®

1) Research Unit of Tropical Medicine, Jikei University School of Medicine
2) Division of Pharmacology, Research Institute for Production Development
3) Department of Infection Control, Jikei University Hospital

Malaria is still the most serious global protozoan disease in the tropical and subtropical regions.
Additionally, the risk of malaria infection in persons traveling in the epidemic area is increasing,
but is seldom known in detail. Development of malaria vaccine for preventing infection, disease.
and death is urgently needed and now some vaccines are carefully in trials.

The main framework for malaria prevention and control is a larger choice of antimalarial drugs.
Chemotherapy of malaria is limited by established drug resistance and back of novel targets. The

drug resistance hecomes a public health problem worldwide.
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Potent Plasmodicidal Activity of a Heat-Induced Reformulation of
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The emergence and spread of drug-resistant Plasmodium falciparum continue to pose problems in malaria
chemotherapy. Therefore, it is necessary to identify new antimalarial drugs and therapeutic strategies. In the
present study, the activity of a heat-treated form of amphotericin B (HT-AMB) against P. falciparum was
evaluated. The efficacy and toxicity of HT-AMB were also compared with those of the standard formulation
(AMB). HT-AMB showed significant activity against a chloroquine-resistant strain (strain K-1) and a chlo-
roquine-susceptible strain (strain FCR-3) in vitro. The 50% inhibitory concentrations of HT-AMB were 0.32 =
0.03 pg/ml for strain K-1 and 0.33 = 0.03 pg/ml for strain FCR-3. In the presence of 1.0 g of HT-AMB per
ml, only pyknotic parasites were observed after 24 h of incubation of early trophozoites (ring forms). However,
when late trophozoites and schizonts were cultured with 1.0 pg of HT-AMB per ml, those forms multiplied to
ring forms but the number of infected erythrocytes did not increase. These results indicate that HT-AMB
possesses potent antiplasmodial activity and that the drug is more effective against the ring-form stage than
against the late trophozoite and schizont stages. HT-AMB was observed to have little cytotoxic effect against
a human liver cell line (Chang liver cells). In conclusion, the results suggest that HT-AMB has promising

properties and merits further in vivo investigations as a treatment for falciparum malaria.

Malaria infection due to Plasmodium falciparum is a major
public health problem in many tropical and subtropical areas.
Sporozoites, the infective form of the parasite, are transferred
to the human host during a bite by female Anopheles mosqui-
toes, invade hepatocytes, and develop into liver schizonts,
which contain large numbers of merozoites. The asexual blood-
stage cycle of P. falciparum commences when the merozoites
released from hepatocytes enter the blood circulation and in-
vade red blood cells (RBCs). In this phase of the cycle mero-
zoites initially develop within RBCs as ring forms and then
progress to trophozoites and eventually to schizonts, which
rupture and release a new wave of merozoites that invade a
new batch of RBCs. Chlorogquine (CQ), a blood-stage schizon-
ticidal drug, has been the drug of choice for the treatment of
falciparum malaria for several decades, but its clinical utility
has been greatly reduced in most areas where CQ-resistant
malaria is endemic (1, 22). However, CQ remains the most
widely used first-line antimalarial drug because it is well toler-
ated, safe for pregnant women and young children, efficacious
against susceptible strains of P. falciparum and the other three
human malaria species, and inexpensive. At present, the de-
velopment of new antimalarial drugs and the use of preexisting
drugs in combination are the most important approaches to
overcoming the problem of drug resistance.

Amphotericin B (AMB) is a heptaene macrolide antibiotic

* Corresponding author. Mailing address: Gunma University School
of Health Sciences, 3-39-15 Showa-machi, Maebashi 371-8514, Japan.
Phone: 81-27-220-7111, ext. 8960. Fax: 81-27-220-8915. E-mail:
hatabu@health.gunma-u.ac.jp.
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that is active against fungi and yeasts. Fungizone, the commer-
cially available deoxycholate salt form of AMB, is the drug that
is the most widely used for the treatment of deep-seated my-
cotic infections. This drug is also the recommended second-
line treatment for visceral leishmaniasis when conventional
tetravalent antimony therapy is inappropriate or ineffective
(11, 15). Unfortunately, intravenously (i.v.) administered AMB
causes acute side effects, which limit its more extensive clinical
use.

One approach to decreasing the toxicity of AMB has been to
develop new derivatives or formulations with greater aggrega-
tion. Some investigators have reported that heat treatment of
Fungizone leads to an increase in the size of aggregated AMB.
Heating of AMB at 70°C for 20 min (heat-treated AMB [HT-
AMB]) induces a superaggregated form that leads to a new
equilibrium. This novel formulation has been associated with
reduced toxicity in mammalian cells, while its antifungal activ-
ity is retained in vitro and in vivo (4, 10). This formulation is
inexpensive and can be used to improve the therapeutic index
of AMB against candidiasis and cryptococcosis and to encour-
age the more widespread use of AMB (13).

The aim of this study was to evaluate the antimalarial activity
of HT-AMB against blood-stage parasites of P. falciparum in
vitro. The efficacy and toxicity of HT-AMB were compared
with those of the standard AMB formulation.

MATERIALS AND METHODS

Cultivation of P. falciparum. A CQ-resistant P. falciparum strain, strain K-1,
which was originally from Thailand, and a CQ-susceptible strain, strain FCR-3,
which was originally from The Gambia, were grown asynchronously by the

—109—



494 HATABU ET AL.

modified method of Trager and Jensen (17). We used RPMI 1640 medium with
glutamine supplemented with 10% human type O serum, 25 mM HEPES, 25 ug
of gentanicin (Sigma-Aldrich, St. Louis, Mo.) per ml, sodium bicarbonate, and
human type O RBCs in disposable sterile dishes and a controlled atmosphere of
5% CO,-5% 05-90% N, at 37°C.

Antifungal agents. AMB (injectable Fungizone) was purchased from Bristol
Pharma Co. (Tokyo, Japan). A stock solution of AMB was reconstituted in
sterile water according to the instructions of the manufacturer, HT-AMB was
prepared by heating AMB solutions for 20 min in a water bath at 70°C, as
described by Petit et al. (13).

Evaluation of in vitro plasmodicidal effect of HT-AMB. The following proce-
dures were used to evaluate the antimalarial activities of HT-AMB and AMB.
Asynchronously cultivated malaria parasites were used. RPMI 1640 medium was
supplemented with 0 (control), 0.5, 1.0, 5.0, or 10.0 g of HT-AMB or AMB per
ml. The antifungal drug-supplemented medium was changed every 24 h. Five
hundred microliters of a parasitized RBC (pRBC) suspension was placed in each
well of a 24-well flat-bottom culture plate (Sumiron; Sumitomo Bakelite Co.,
Ltd., Tokyo, Japan) with a hematocrit of 5% and an initial parasitemia level of
0.1%. Thin-smear specimens stained with Giemsa solution were made every 24 h,
and the level of parasitemia was determined by counting the number of parasites
per 10,000 RBCs.

Determination of HT-AMB and AMB 1C;4s. In vitro drug susceptibility tests
were performed as described previously (16). Briefly, synchronous pRBCs show-
ing a parasitemia level of 1% were placed in 24-well culture plates. Synchroni-
zation was achieved by treating the pRBCs with 5% p-sorbitol for 30 min at room
temperature. Twenty microliters of drug-supplemented medium was added to
each well to give a series of doubling dilutions from 0.10 to 100.00 pg/ml. After
24 h of incubation in an atmosphere of 5% CO,-5% 0,~90% N, at 37°C, the
control wells were checked for parasite growth. When the schizonts in the control
wells were fully grown, the culture plates were removed from the incubator.
Thin-smear specimens were prepared and stained with Giemsa solution. The
numbers of RBCs in the control smears were counted under a microscope until
50 schizonts were encountered. The effects of the drugs on parasite growth were
evaluated by the observation of decreased numbers of schizonts per equal num-
bers of RBCs counted previously in the control cultures. The growth inhibition
effect (in percent) was calculated as follows: (test well schizont count/control well
schizont count) X 100, The 50% inhibitory concentrations (ICsy8) of AMB and
HT-AMB were calculated by the probit method.

Effect of HT-AMB on a hepatic cell line. Cells of the Chang human liver cell
Jine were a kind gift from Takeaki Nagamine, Gunma University School of
Health Sciences (Gunma, Japan). The cells were grown continuously in complete
Dulbecco modified Eagle’s medium (Sigma-Aldrich) supplemented with 10%
fetal bovine serum in a 5% CO, atmosphere at 37°C. Prior to exposure to the
drugs, the cells were seeded at 10° cells/ml in 96-well culture plates and incu-
bated for 72 h in 0.2 ml of Dulbecco modified Eagle medium supplemented with
AMB or HT-AMB. Cell death was evaluated by a lactate dehydrogenase release
assay (CytoTox 96 assay kit, Promega Corp., Madison, Wis.), according to the
protocol recommended by the manufacturer (5). All of the test compounds were
assayed at each concentration in triplicate.

Detection of hemolysis caused by treatment with HT-AMB. The level of
hemolysis was determined by measuring the amount of hemoglobin that eluted
into the medium by the sodium lauryl sulfate method (hemoglobin B test; Wako
Pharmaceuticals, Osaka, Japan) described previously (16). Briefly, after exposure
of pRBCs or RBCs to 1.0 to 100.0 pg of HT-AMB per ml, the samples were
centrifuged at 1,000 X g for 5 min at 20°C, and the supernatant was collected and
analyzed.

Data analysis. The data are presented as the means * standard errors of the
means from at least three sets of independent experiments. Student’s ¢ test was
used for statistical analysis. A P value of less than 0.05 was considered statistically
significant.

RESULTS

HT-AMB inhibits P. falciparum growth in vitro. To confirm
the plasmodicidal activities of AMB and HT-AMB, a CQ-
resistant P. falciparum strain (strain K-1) and a CQ-susceptible
strain (strain FCR-3) were exposed to medium containing 0.5
to 10.0 p.g of AMB or HT-AMB per ml for 72 h, and parasite
growth and multiplication were monitored (Fig. 1). AMB at
concentrations equal to or greater than 1.0 pg/ml induced
marked decreases in the levels of parasitemia. HT-AMB at
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FIG. 1. Effect of HT-AMB on P. falciparum parasitemia in vitro.
The time- and concentration-dependent effects of continuous incuba-
tion with AMB (closed symbols) or HT-AMB (open symbols) on levels
of parasitemia caused by CQ-resistant strain X-1 (A) and CQ-suscep-
tible strain FCR-3 (B) of P. falciparum are shown. All cultures were
started with asynchronized parasites. Parasitemia was measured at the
beginning of incubation (0 h) and every 24 h thereafter for 72 h.
Parasites were incubated in the presence of drug at concentrations of
0 (diamonds), 0.5 (squares), 1.0 (triangles), and 5.0 (circles) wg/ml.

concentrations equal to or greater than 1.0 pg/ml also induced
decreases in the levels of parasitemia, but the decrease was
slower than that obtained with AMB. At these concentrations,
complete inhibition of parasite multiplication was attained
within 72 h of incubation.

The results of the in vitro drug susceptibility assay were as
follows. The ICsys of AMB were 0.95 * 0.10 pg/ml for K-1 and
0.89 = 0.26 pg/ml for FCR-3. The ICs0s of HT-AMB were 0.32
*+ 0.03 pg/ml for K-1 and 0.33 # 0.03 pg/ml for FCR-3. The
ICs0s of HT-AMB were threefold lower than those of AMB.
There were no significant differences between the IC..s for
CQ-resistant strain K-1 and those for CQ-susceptible strain
FCR-3 (P > 0.05).

HT-AMB alters P. falciparum morphology and interferes
with parasite development. The effects of HT-AMB on the
morphology and development of P. falciparum parasites were
evaluated with synchronized cultures of the two strains (CQ-
resistant strain K-1 and CQ-susceptible strain FCR-3). The
effects against both strains were similar, and the parasites grew
to mature stages after 24 h of incubation without HT-AMB
(Fig. 2A). When 1.0 ug of HT-AMB per ml was added to
synchronized ring-form parasites, pyknotic parasites inside and
outside of the RBCs were observed after 24 h of incubation
(Fig. 2B). When HT-AMB was added to synchronized late-
stage trophozoites and schizonts in culture, parasites that had
multiplied but that had altered morphologies at the ring stage
were observed after 24 h of incubation (data not shown).

Effect of HT-AMB on Chang liver cells. As shown in Fig. 3,
AMB at 12.5 pg/ml showed slight cytotoxicity for Chang liver
cells (P < 0.05), and AMB at concentrations equal to and
greater than 25.0 pg/ml showed strong cytotoxicity, whereas
HT-AMB at the same concentrations showed no cytotoxicity
(P < 0.01).

Hemolysis of pRBCs by HT-AMB. To detect hemolysis as an
index of cytotoxicity, the concentration of hemoglobin in the

—110—



VoL. 49, 2005

ANTIMALARIAL EFFECT OF HEAT-TREATED AMPHOTERICIN B 495

FIG. 2. Morphology of P. falciparum K-1 after 24 h of incubation with HT-AMB. Parasites were synchronized at the ring stage. The
morphologies of cells in Giemsa-stained thin blood smears from drug-free cultures (A) and cultures incubated with 1.0 pg of HT-AMB per ml
(B) for 24 h are shown. Note the parasite pyknotic changes and the prevalence of ring forms in the HT-AMB-treated culture (arrows in panel B).

Maguifications, x1,000.

pRBC or RBC culture medium was determined. In the pres-
ence of 1.0 nwg of HT-AMB per ml, the concentration of he-
moglobin in the pRBC culture medium was significantly higher
(0.949 = 0.192 g/dl) than that in the RBC culture medium
(0.138 =+ 0.048 g/dl) (P < 0.05). Similar results were observed
in the case of AMB treatment.

DISCUSSION

Identification of the antimalarial effects of drugs that have
been used for other purposes is an attractive approach to
overcoming the increasing threat of drug-resistant malaria.
AMB is one of the antifungal agents that is the most effective
and widely used for the treatment of systemic fungal infections
commonly found in immunocompromised patients. However,
it can show dose-dependent renal toxicity, which is not pre-
dictable by monitoring of the serum drug concentration (19,
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FIG. 3. Effect of HT-AMB on Chang liver cells in vitro. Chang liver
cells were cultured for 72 h in the presence of HT-AMB. The viability
of the cells was determined with a CytoTox 96 assay kit, which quan-
titatively measures the amount of lactate dehydrogenase released into
the culture medium upon cell death. =, P < 0.05; ##, P < 0.01.

20). Several lipid AMB formulations have been developed to
decrease this toxicity.

As an inexpensive alternative, simple AMB was treated with
moderate heat (70°C for 20 min) to produce a new, seif-aggre-
gated state. It has been reported that in vitro HT-AMB exhib-
its significantly lower levels of toxicity for mammalian renal
cells and fewer hemolytic effects against RBCs than the stan-
dard formulation and that HT-AMB also shows increased tox-
icity for fungal cells (4, 10, 13). Our study showed that in vitro
HT-AMB has a greater plasmodicidal effect than AMB against
both CQ-resistant and CQ-susceptible P. falciparum strains.
The growth curves of asynchronous parasites showed that
AMB has a greater inhibitory effect than HT-AMB, but signif-
icant differences were observed only at high concentrations
that would not be applicable to treatment for malaria. We
confirmed that HT-AMB showed no cytotoxicity for Chang
liver cells, as expected, and that HT-AMB showed much less
hemolytic activity than AMB. In fact, we conducted in vivo
studies of the efficacies of AMB and HT-AMB against malaria
parasites using Plasmodium berghei NK65 and 20 female ICR/
Jcl mice (age, 6 weeks), which consisted of 5 control mice, 5
mice treated with 0.5 mg/kg of body weight i.v., 5 mice treated
with 1.0 mg/kg iv.,, and 5 mice treated with 2.0 mg/kg i.v.
However, no significant difference in parasite growth or the
survival rate of the mice was observed (data not shown). AMB
and HT-AMB were also not observed to have hemolytic activ-
ity. We learned from these experiments that maintenance of
effective drug concentrations in the peripheral blood is very
important (10), but we were not able to maintain effective drug
concentrations by the administration of a single i.v. dose to
mice. Further in vivo experiments are still needed before our
findings on the effectiveness of AMB and HT-AMB in in vitro
studies can be applied to the treatment of both drug-resistant
and -susceptible human P. falciparum malaria.

Most antimalarial drugs, including CQ, have been reported
to show schizonticidal activity in blood. One of the schizonti-
cidal mechanisms of CQ is inhibition of heme polymerization
in vitro (2). Another antimalarial drug, quinoline, also inhibits
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heme polymerization (2, 7, 8, 12). In this study, pyknotic par-
asites were observed inside and outside of RBCs when HT-
AMB was added to synchronized ring-form cultures at 1.0
wg/ml for 24 h (Fig. 2B). In contrast, when HT-AMB was
added to synchronized mature-stage (late tropliozoite and sch-
izont) cultures, ring-form parasites that had multiplied success-
fully invaded and remained inside the RBCs for 12 to 24 h of
imcubation, indicating that HT-AMB has a greater hemolytic
effect against pRBCs than it does against non-pRBCs.

It is generally assumed that the permeabilizing effects of
AMB are related to its ability to form transmembrane chan-
nels, whereas the lytic effect is due to the peroxidative action of
AMB at the membrane level (3, 14, 18). The oxidation of
unsaturated fatty acids leads to a change in the membrane,
which becomes more sensitive to the osmotic shock induced by
channel formation. Autoxidation of AMB in solution as well as
AMB-induced peroxidation of unsaturated fatty acids in the
RBC membrane is assumed to be triggered by the reactive
oxygen species that may be produced by AMB. It has also been
reported that increased amounts of reactive oxygen species are
generated during malaria infection, leading to RBC membrane
damage (6, 9). This may explain the higher levels of plasmodi-
cidal activity and hemolytic activity of HT-AMB against
pRBCs, the greater effect of HT-AMB against ring forms than
against late trophozoites and schizonts, and the apparently
different antimalarial mechanism of HT-AMB compared with
those of quinoline antimalarial drugs.

In conclusion, the results of the present study suggest that
HT-AMB has promising properties and merits further in vivo
investigations for the treatment of falciparum malaria.
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In Southeast Asia, malaria has presented a major pub-
lic health problem, and the spread of drug-resistant falcipa-
rum malaria is making the problem more serious in this re-
gion. Thus, evidence-based detection of drug-resistant para-
sites is important for the accurate evaluation of susceptibil-
ity to antimalarial drugs. Lao PDR (Lao People’s Demo-
cratic Republic) is a developing country in which about
70% of the population lives in malaria endemic areas. Be-
cause of the lack of information on the in vitro dirug suscep-
tibility of parasites in this country, chloroquine (CQ) is still

the drug of choice for uncomplicated falciparum malaria [1].

This report is a pilot field survey on the in vitro CQ- and
mefloquine (MQ)-susceptibility of falciparum malaria using
AnaeroPack™ gas system in Saravan province, Lao PDR.
Saravan province is located in the southern part of Lao
PDR. The survey in this province was conducted from Au-
gust 8 to 16, 2003. Blood samples were successfully ob-
tained from nine Laotian patients suffering from falciparum
malaria. The samples were collected by the staff of the Cen-
ter of Malariology, Parasitology and Entomology, after ex-
plaining the purpose of the study to the patients. The survey
was conducted in accordance with the ethical guidelines for
epidemiological studies established by the Ministry of Edu-
cation, Culture, Sports, Science and Technology and Minis-
try of Health, Labour and Welfare of Japan. The in vitro
drug susceptibility test was administered using the An-
aeroPack™ malaria culture system with a thermostat port-

1 Gunma University School of Health Sciences, Gunina, Japan;

2 Research Institute, International Medical Center of Japan, Tokyo, Japan;

able incubator as described previously [2, 3]. The An-
aeroPack® CO; (Mitsubishi Gas Co., Tokyo, Japan) is a foil-
packed paper sachet that on exposure to air immediately ab-
sorbs atmospheric O and simultaneously generates CO2 un-
til a condition of 15% O, and 5% CO: is attained. The mi-
croaerophilic atmosphere produced within a sealed jar (An-
aeroPack® Kakugata jar, SUGIYAMA-GEN Co., Ltd., To-
kyo, Japan) can be maintained for at least 24 hours. The
temperature inside the portable thermostat incubator
(SUGIYAMA-GEN Co., Ltd.) was adjusted to 37°C. During
P, falciparum cultivation, the sachet inside the jar was re-
placed every day when the culture medium was changed.
The WHO semi-micro test method was used for evaluation
of in vitro drug susceptibility [4]. Briefly, blood samples
(0.1 ml) were resuspended in RPMI 1640 (GIBCO BRL),
pH 7.4, supplemented with 25 mM HEPES, and sodium bi-
carbonate. To monitor parasite growth, six wells per plate
served as controls without antimalarials. When the schi-
zonts were fully grown in the control wells, the culture plate
was removed from the incubator. Thin-smear specimens
stained with Giemsa solution were made from each well.
We defined parasites as schizonts when they had both dark
brown pigment and more than three nuclei [5]. The effect of
antimalarials on parasite growth was evaluated by the WHO
standard evaluation method.

The results of this study are shown in Table 1. When
complete schizont inhibition is observed at a CQ amount of

3 Center of Malariology, Parasitology and Entomology, Vientiane, Lao PDR;

4 Asian Centre of International Parasite Control, Bangkok, Thailand;

5 Bureau of International Cooperation, International Medical Center of Japan, Tokyo, Japan;
6 Division of Tropical Parasitology, Faculty of Medicine, University of the Ryukyus, Okinawa, Japan;
7 Division of Cellular and Molecular Immunology, Center of Molecular Biosciences, University of the Ryukyus, Okinawa, Japan.

* Correspondence:

Shigeyuki Kano,

Research Institute, International Medical Center of Japan
1-21-1 Toyama, Shinjuku, Tokyo 162-8655, Japan

TEL: +81-3-3202-7181 (ext 2877), FAX: +81-3-3202-7287, E-mail: kano @ri.imcj.go.jp

—113—



104

Table 1: The results for in vitro drug susceptibility

No. Parasitemia (%) Chloroquine Mefloquine
A 0.015 Susceptible Susceptible
B 0.36 Susceptible Susceptible
C 1.97 Susceptible Susceptible
D 0.91 Resistant Susceptible
E 0.01 Resistant Susceptible
F 0.13 Resistant Susceptible
G 0.002 Resistant Susceptible
H 0.004 Susceptible Susceptible
I 0.007 Susceptible Susceptible

80 uM or less, the parasite is considered susceptible. If schi-
zont formulation is observed at an MQ amount of 640 nM
or more, the parasite can be considered resistant. In the pre-
sent study, four (44%) of the nine isolates were resistant to
CQ, while all the isolates were susceptible to MQ. There
was no correlation between the parasitemia and CQ-
resistance.

The results of this study suggest that CQ-resistant
parasites have increased even though CQ is commonly used
as the first-line drug for treatment of uncomplicated falcipa-
rum malaria in Lao PDR. In neighboring countries such as
Thailand and Cambodia, high-grade multi-drug resistant
parasites are reported to be spreading and, indeed, in vivo
CQ-resistant falciparum malaria has already been reported
in Lao PDR [6]. Dedicated efforts have to be made to deter-
mine the in vitro drug susceptibility of P. falciparum in Lao

PDR as a way to prevent the spread of multi-drug resistant
parasites in the near future. This is the first test report on in
vitro drug resistance in Lao PDR.
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The 28-residues peptide havzng a specific seqeunce from Plasmodlum
falciparum  enolase  (A”°SEFYNSENKTYDLDFKTPNND? ) was
successfully synthesized by using the combination of stepwise elongation
and fragment condensation in solution phase. Fluorescence ELISA data
have shown significant reactivity against patients’ sera compared with
those of healthy volunteers. Thus the peptide has potential applicability
as a synthetic antigen such as for diagnnostic usage.

Keywords: antigen, malaria, peptide, Plasmodium falciparum enolase,
solution-phase synthesis.

Introduction A

Enolase is a key enzyme in the glycolytic pathway and catalyzes the
dehydration of 2-phosphoglycerate to 2-phosphopyruvate, which is the ninth
reaction in eleven steps pathway from glucose to lactic acid, and the only
dehydration reaction in this series [1]. An antigen toward Plasmodium falciparum
(P.f) enolase has been found in patients' sera [2]. Our previous studies have
suggested that a series of partial peptides of P.f enolase have antigenic reactivity
against patients’ sera. In this study, we have focused ona solution-phase synthesis
of an antigenic peptide having a sequence Ala® (AD22 Figs 1 and 2) [3],
which has been prepared by using solid-phase synthesw in our laboratory. The
prepared sequence is shown in Scheme 1.

Results and Discussion

The peptide 1 was synthesized by solution-phase method using both fragment
condensation and stepwise coupling procedures as described in Fig. 3. We have
chosen #-butyloxycarbonyl (Boc) group as a-amino protection. The functional side
chains of Asp and Glu were protected with benzyl ester (OBzl). Ser and Thr were
protected with benzyl ether (Bzl). Tyr was protected with 2,6-dichlorobenzyl
ether(Cl,-Bzl). Lys was protected with 2-chlorobenzyloxycarbonyl (Cl-Z).

— 637 —
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P.f. enolase: ASEFYNSENKTYDLDEFKTPNND

Human a-enolase: ASEFFRSG-K-YDLDFKSPD-D
Human p-enolase: ASEFYRNG-K~-YDLDFKSPD-D
Humanyﬁndaﬁx ASEFYRDG-K-YDLDFKSPT-D

Figure _{5. C97i;1pai‘ison of amino acid sequences of enolases. A4 potential antigen,
Ala”°-Asp*"(AD22) in P. f. enolase and the coresponding segments in Human
enolases are shown.

(a) C (b)

Figure 2. Calculated structure ozfé(a) P.f. enolase and (b) an antigenic segment
(Ala™°-Asp””", AD22).

Scheme 1. The prepared sequence containing 28 amino acid residues (H-Glu,-
AD22-Gly,-OH, (1)).

Glu-Glu-Glu-Glu-Ala-Ser~Glu-Phe~-Tyr-Asn-Ser-Glu-Asn-
Lys-Thr-Tyr-Asp-Leu~-Asp-Phe-Lys-Thr-Pro-Asn-Asn-Asp-
Gly-Gly

For the construction of 1, protected peptide fragments were selected wherein
Glu, Leu, Pro and Gly residues were placed at C-terminals, thereby minimizing the
danger of racemization during the synthesis. These five fragments were prepared
using the stepwise coupling procedure starting from Boc-Xaa-OH (Xaa = Leu,
Glu(OBzl) and Pro) or H-Gly-OBzl. Then Boc-Xaa-OH was condensed with
trichloroethanol (Tce-OH) to Boc-Xaa-OTce by using dicyclohexylcarbodiimide
(DCC) in the presence of 0.1 equimolar of 4-dimethylaminopyridine (DMAP) to
supress racemization. Boc group was deprotected by treatment with 4M
HCl/dioxane or Trifluoroacetic acid (TFA). Condensation was performed by DCC
or 1-ethyl-3-(dimethylaminopropyl)-carbodiimide  hydrochloride (EDC.HCI)-
hydroxybenzotriazole (HOBt) or 2-(1H-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HBTU)-HOBt.

Clude peptides were purified by silicagel, gel filtration chromatography and
reprecipitation from appropriate solvents (such as, AcOEt, CHCl; and THF) by
adding hexane. Tce group was deprotected by treatment with Zn/AcOH.
Fragment condensation was performed by EDC.HCI-HOBt or O-(7-azabenzo-
triazol-1-yl)-1,1,3,3,-tetramethyluronium Hexafluorophospate (HATU). Finally, the
protected 28-residues peptide was deprotected by trifluoromethanesulfonic acid
(TFMSA)-TFA-thioanisol. The final product was purified by gel-permeation
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FFive fragments were synthesized by stepwise elongation

(5) Boc~Glu(0OBzl)-Glu(0OBz1l)-Glu{(OBzl) -
Glu{OBzl)-Ala-Ser-Glu{OBzl)-0OTce

(4) Boc-Phe-Tyr (Cl,-Bzl)-Asn-Ser(Bzl)~
Glu{0OBzl)-OTce b

(3) Boc-Asn-Lys (Cl-2)-Thr (Bzl)-Tyr(Cl,-Bzl)~-
Asp {OBzl)-Leu-QTce b

(2) Boc-Asp(0Bzl)-Phe-Lys(Cl-Z)-Thr (Bzl)- .
Pro-0OTce
a
(1) Boc-Asn-Asn-Asp (0OBzl)-Gly-Gly-OBzl

Fragment condensation
Protected peptide V{

Boc-Glu{OBzl)~-Glu(0OBzl)-Glu(OBzl)-Glu(OBzl)-Glu{(OBzl) -
Ala—Ser—Glu(Ole)—Phe—Tyr(Clz—le)~Asn—Ser(le)—
Glu(OBzl)-Asn-Lys (Cl-2)-Thr (Bzl)-Tyr (Cl,-Bzl)-
Asp(OBzl)-Leu-Asp(OBzl)-Phe-Lys (Cl-Z)-Thr (Bzl)-
Pro-Asn-Asn-Asp(OBzl)-Gly-Gly-OBzl

Deprotection reaction
Deprotected peptide (1)
H-Glu-Glu-Glu-Glu-Ala-Ser-Glu-Phe-Tyr-Asn-Ser-Glu-
Asn-Lys-Thr-Tyr~Asp-Leu-Asp-Phe-Lys~Thr-Pro-Asn-
Asn-Asp-Gly-Gly-CH

Figure 3. Synthesis of H-Glu,AD22-Gly,-OH (1).  Coupling route of segments
are shown. Coupling reagents for segment condensation reactions: a, EDC. HCI-
HOBt: b, HATU.  All the condensations were performed in DMF.  For the final
deprotection reaction, the mixture of TFMSA-TFA-thioanisole-m-cresol was used.
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Figure 4. Variable temperature circular dichroism spectra of H-Glu-AD22-Gly -
OH (1) in phosphate buffer (67 mM, pH 6.4), [1] = 1 mg/ml.
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Figure 5. Fluorescence-ELISA Reactivity. The test was performed for the
synthetic antigen, H-Glu~AD22-Gly,-OH (1) (70 plL/well, [1] = 250 ug/mL in 0.05
M carbonate buffer at pH 9.8, reacted at 37°C) against sera from imported
falciparum malaria cases in Japan (no. 1-7) and from healthy volunteers (no. 8-12).
REUvalues (= relative fluorescence unit) are plotted on the ordinate.

chromatography (Sephadex LLH60) and HPLC. [OL]Q?'O = -21.3 (c 0.1, DMF); mp,
274-276°C; MALDI-TOF-MS, m/e = 3242.1 ({IM+H]"), 3224.1 ((M+H-H,0] ).

Reactivity of the synthetic peptide, H-Glus;-AD22-Gly,~-OH (1) against sera
from seven cases of imported falciparum malaria in Japan and from five healthy
volunteers was tested using fluorescence-ELISA (Fig. 5). A considerable degree
of the RFU values were measured for patients’ sera (mean RFU = 181) compared
with those of volunteers (mean RFU = 67).

In conclusion, the ELISA data have suggested that we have successfully
synthesized the antigenic peptide suitable for the detection of falciparum malaria.
We have expected the potential importance of the antigenic usage and the diagnostic
application by further characterization and optimization of the synthetic peptide, 1.
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Abstract. Invitro drug susceptibility to chloroquine (CQ) and mefloquine (MF) were assessed in 39 P. falciparum
isolates from the Thai-Myanmar border area. To further characterize CQ- and MF-resistance profiles in this
area, we also analyzed pfert K76T mutation that is critical for CQ resistance, and pfmdr! polymorphism that has
an association with MF resistance. Eighteen isolates were successfully examined by in vitro tests for CQ, and 17
of them had resistance to the drug. Geometric mean concentration of CQ that inhibited the growth of parasites
at 50% (1C,) was 371 + 227 nM (105-971 nM). Sixteen isolates were successfully examined by in vitro tests for
ME, and 8 of them were resistant to the drug. Geometric mean of IC,, for MF was 41 x 31 nM (4-125 nM).
Genotypes of drug resistance, such as pfert and pfmdrl mutations, were also analyzed. All the 39 isolates had the
same haplotype (CVIET) for PfCRT at its 72-76" amino acids. A pfmdrl Y86 mutation was found in 95% of
isolates. A pfmdrl D1042 mutation was also present in 7 isolates, while no pfindr! Y 1246 mutation was observed.
These results indicated a correlation between CQ resistance and the pfert T76 and pfindrl Y86 mutations.

INTRODUCTION

The emergence of drug-resistant falciparum
malaria is a serious threat to tropical countries.
Chloroquine (CQ)-resistant P. falciparum was first
reported in Southeast Asia in the 1950s and has since
become widespread in this region ( Looareesuwan and
Chongsuphajaisiddlu, 1994; White, 1998; Breman,
2001). Recently, multi-drug resistant falciparum
malaria has also become widespread in Southeast Asia,
especially in the Thai-Myanmar border areas (Nosten
etal, 1991; Peters, 1998); clinical efficacy of a number
of drugs has been rapidly decreasing. Surveillance
for drug-resistant malaria is based on strict in vivo
criteria for treatment failure and on measurement of
the in vitro susceptibilities of cultured parasites to
antimalarials.

More recently, pathogen genotyping has proven
to be useful in assessing resistance to some antimalarial
drugs. Molecular methods, such as direct sequencing
or restriction fragment-length polymorphism (RFLP)
analysis, are currently used (Decuypere et al, 2003).
Over the past two decades of using the polymerase
chain reaction (PCR), numerous molecular markers for
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drug resistance of falciparum malaria parasites were
described (Wongsrichanalai et al, 2002). Several genes
atiracted interest in the quest to elucidate poly-
morphisms related to antimalarial resistance and that
could serve as specific molecular markers. There is
consistent evidence that mutations in pfert (especially
at positién 76) correlate with in vitro and in vivo
resistance of the parasite to CQ. There is also evidence
that mutations in pfindrl are associated with drug
resistance (Wongsrichanalai et al, 2002). In this study,
we investigated the in vitro drug susceptibility of CQ
and mefloquine (MF), and pfcrt and pfindrl mutations
of P. falciparum isolates from 4 areas on the Thai-
Myanmar border. This paper addressed in vitro drug
resistance and concomitant gene mutations of parasite
in the area where drug resistant malaria was reported
to be highly endemic.

MATERIALS AND METHODS

Study samples

The study was conducted at the Hospital for
Tropical Medicine, Faculty of Tropical Medicine,
Mahidol University, Bangkok. Isolates of P.
Jalciparum were obtained from 39 symptomatic
patients admitted to the hospital. These patients had
been residing in four different areas of Thailand where
malaria was highly endemic: Suan Phueng (western
part of central region), Kanchanaburi (western part of
central region), Mae Hong Son (northern region), and
Tak (northern region) (Fig 1). After confirmation of
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the diagnosis, venous blood was collected from each
patient in a tube coated with EDTA (Venoject vacuum
tube, Terumo, Tokyo, Japan). The patients’ guardians
gave written consent to this study that was approved
by the Ethics Committee of Mahidol Unjversity, and
we enrolled them. This survey research also followed
the ethical guidelines for epidemiological studies set
down by the Japanese Ministry of Education, Culture,
Sports, Science and Technology; and Ministry of
Health, Labor and Welfare.

In vitro drug susceptibility test

The in vitro drug susceptibility test used in this
study was a modified semi-micro test described
previously (Hatabu et al, 2003). Briefly, blood samples
were washed three times with RPMI 1640 and re-
suspended in RPMI 1640 (GIBCO BRL), pH 74,
supplemented with 10% human serum (from non-
immune Japanese donors without a previous history
of malaria), and 25 pg/ml gentamicin (Sigma), 25 mM
HEPES, and sodium bicarbonate, at a hematocrit of
5%. Five hundred microliters of the erythrocyte
suspension were placed in each well of a tissue culture
plate (24-well flat bottom, Corning Costar, New York,
NY). Twenty microliters of chloroquine diphosphaie
or MF was added to each well (for CQ to create a series
of 2 x dilutions, from 20 to 10,240 nM; and for MF to
create a series of 10 x dilutions, from 0.01 to 1,000
nM). To monitor parasite growth, six wells per plate
served as controls without antimalarials. Cultivation
of parasites was done using the AnaeroPack” system
(Mizuno et al, 2000). The AnaeroPack® CO,
(Mitsubishi Gas, Tokyo, Japan) is a foil-packed paper
sachet that, on exposure to air, immediately absorbs
atmospheric O, and simultaneously generates CO, until
a condition of 15% O, and 5% CO, is attained. The
microaerophilic atmosphere produced within a sealed
jar (AnaeroPack® Kakugata jar, SUGIYAMA-GEN,
Tokyo, Japan) can be maintained for at least 24 hours.
A portable thermostat incubator (SUGIYAMA-GEN)
was carried to the laboratory, and the temperature inside
the incubator was adjusted to 37°C. During P.
falciparum cultivation, the sachet inside the jar was
replaced with a new sachet every day when the culture
medium was changed. When the schizonts were fully
grown in the control wells, the culture plate was
removed from the incubator. Thin-smear specimens,
stained with Giemsa solution, were made from each
well. We first counted the number of erythrocytes
microscopically in the control smears until we
encountered 50 schizonts. The effect of antimalarials
on parasite growth was evaluated by observing the
decreased number of schizonts per equal number of
erythrocytes counted previously in the control cultures.

74

The percentage of growth inhibition effect was
calculated as follows: test well schizont count/control
well schizont count (50) x 100.

DNA extraction

Fresh venous blood (0.5 ml) was blotted onto filter
paper (Watmann) and dried. The filter paper was kept
at room temperature until use. DNA was extracted
from blots according to the method of Sakihama et al,
(2001). Tmmediately, the dried filter paper was cut
into 2 X 2 mm pieces and put into 1.5 ml tubes. Each
blotted paper was incubated in 1 ml of Hepes-buffered
saline (HBS), containing 0.5% (w/v) saponin (Sigma-
Aldrich, St Louis, MO), at room temperature for 90
minutes, and washed twice with 1 ml of HBS. DNA
remaining on the filter paper was isolated using a
QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany)
according to the manufacture’s instruction. The eluted
DNA was stored at 4°C until use.

Polymerase chain reaction (PCR)

The PCR analysis was performed using published
methods for pfcrt (Lopes et al, 2002) and pfindrl
(Contreras et al, 2002). DNA fragments were amplified
by PCR in 25-ul reaction mixture containing

Mae Hong Song ¢

Tak le

Fig 1- A map of Thailand showing (black circles) sampling
areas.
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2.0 pM of each primer, 250 uM dNTPs, 10 x PCR
buffer (Invitrogen), 2.5 mM MgCl,, and 1.0 units of
Taq polymerase (Invitrogen). All the primers used in
sequences and concomitant PCR conditions are shown
in Table 1.

Restriction fragment length polymorphism and
nucleotide sequencing of pfert

Restriction enzyme digestions of pfindrl PCR
products were carried out as previously described using
the restriction enzymes Afl IlI (New England Biolabs,
Beverly, MA), Bg! I (TAKARA Bio, Shiga, Japan),
and Vsp 1 (MBI Fementas, Vilnius, Lithuania). The
enzyme Apo I (New England Biolabs) was used to
digest pfcrt PCR products. All fragments were
subjected to gel electrophoresis on 2.0% agarose gels
containing 0.5 pg/ml ethidium bromide.

Direct sequencing of codons 72 to 76 of pfcrt was
atternpted for all samples. The 206 bp PCR products
were purified using QIAquick™ PCR purification
system (QIAGEN) and sequenced by a BigDye™
Terminator Cycle Sequencing Ready Reaction kit (PE
Biosystems) and the specific primers.

Data analysis

The drug concentration inhibiting parasite growth
by 50% (IC,,) was calculated by the probit method
(Inaba er al, 2001). Isolates with ICy, values for CQ
more than 114 nM were regarded as resistant (Inaba et
al, 2001). The threshold of the IC,, value for MF

resistance was considered to be 40 nM (Price et al,
1999). Non-normally distributed data were described
by median, range, and interquartile range (IQR);
comparisons were made by Mann-Whitney U test. 1C,,
comparisons were made using Student’s z-test or
Welch’s r-test. Statistical significance was assumed if
the p-value was < 0.05.

RESULTS

In vitro drug susceptibility

In total, 39 samples were analyzed for their in vitro
drug susceptibility to CQ and MF. Eighteen of 39
samples were successfully examined for CQ. The
geometric mean concentration of CQ that inhibited the
growth of parasites at 50% (1C,,) was 371 + 227 nM
(105-971 nM). One of the 18 isolates was susceptible
to CQ, and the Ic5o value of this isolate was 105 nM.
The highest IC,, to CQ (971 nM) was recorded for an
isolate from Kanchanaburi. Isolates from the western
part of the central region (Kanchanaburi and Suan
Phueng) showed various IC,, values in the range
between 105-971 nM, with a geometric mean (xSD)
of 375 (£220) nM. Isolates from the northern region
(Tak and Mae Hong Song) had IC,, values of 149-
706 nM, with a geometric mean (£SD) of 352 (£236)
nM. The differences between IC,, values of these areas
were not significant.

Sixteen of 39 samples were also successfully
examined for MF. Eight of 16 isolates (50%) were

Polymerase chain reaction for amplification of fragments containing pfcrt and pfindrl gene polymorphisms.

Table 1

Primer Sequence (5" to 37) PCR program
pfert 76
TCR-PA ATGGCTCACGTTTAGGTGGAG 92°C, 30 sec; 45°C, 30 sec; 65°C, 45 sec;
TCR-P2 CGGATGTTACAAAACTATAGT 45 cycles
pfindrl 86
MDR-A TTGAACAAAAAAGAGTACCGCTG 92°C, 30 sec; 45°C, 30 sec; 65°C, 45 sec;
MDR-B TCGTACCAATTCCTGAACTCAC 45 cycles
pfmdrl 1042
1042F TATGTCAAGCGGAGTITTTGC 94°C, 30 sec; 50°C, 30 sec; 68°C, 60 sec;
1042R TCTGAATCTCCTTTTAAGGAC 45 cycles
pfindrl 1246
1246A ATGACAAATTTTCAAGATTA 92°C, 30 sec; 45°C, 30 sec; 65°C, 45 sec;
1246B ACTAACACGTTTAACATCTT 45 cycles
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susceptible to MF. The geometric mean of the IC,,
values was 41 £ 31 nM (4-125 nM). Six of 10 isolates
(60%) from Kanchanaburi were MF-resistant. These
isolates had IC50 values 10-125 nM, with a geometric
mean (£SD) of 47 (£36) nM. Isolates from western
and northwestern areas had IC,, values of 4-125 and
14-67 nM, with a geometric mean (xSD) of 41 (+32)
and 41 (x27) nM, respectively. The statistical
difference among IC, values of these areas was not
significant, either.

Of 16 CQ-resistant isolates, 8 (50%) were also
resistant to MF. There was a significant positive
correlation between the 1C, values of CQ and those
of MF (% = 0.848, p < 0.0001) (Fig 2).

pfert and pfindrl polymorphisms in the isolates

pfert and pfmdrl polymorphisms were examined
in 39 P, falciparum-positive samples (Fig 3). Mutations
in both pfert and pfmdrl were quite common. RFLP
analysis detected the presence of the mutant K76T
allele in all samples. The CVIET sequence of codons
72 to 76 was found in all the 39 samples. N86Y and
N1042D were present in 72% and 18% of the samples,
respectively, while no polymorphism was found at
position 1246.

Correlation between pfcrt and pfmdrl poly-
morphisms and in vifro antimalarial susceptibility

The prevalence of pfindri and pfcrt mutations in
isolates that were successfully tested for drug
susceptibility is presented in Table 2. The pfert K76T
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Fig 2- Linear regression analysis of the relationship between
the IC,; values of chloroquine and mefloquine.

76

mutation was detected in all isolates, The N86Y
mutation and mixed polymorphism (N86 and Y86) in
the pfmdr! gene were also detected in 78% (14 of 18)
and 22% (4 of 18) of isolates, respectively. The
N1042D mutation was detected 28% (5 of 18) of
isolates. However, a correlation between drug
resistance and these mutations in pfindrl was not found
(Fig 4).

DISCUSSION

In Thailand, malaria continues to be a major public
health problem due to the emergence of multidrug-
resistant parasites. An increasing prevalence of P
Jalciparum resistance to CQ and MF have been
reported. Our in vitro observations found CQ- and
MF-resistant isolates to have been 94% and 50%,
respectively, which indicated an alarmingly high
prevalence of multidrug-resistant falciparum malaria
on the Thai-Myanmar border.

Several studies have reported that the susceptibility
of P. falciparum to CQ increased after the use of
antimalarial was stopped for several years (Mita ef al,
2003). Although mono-therapy with either CQ or MF
for uncomplicated falciparum malaria has ceased for
the past decades in Thailand, our results indicated that
highly CQ-resistant falciparum malaria parasites were
still prevalent in the present study areas. On Thai-
Myanmar border, P. vivax is also highly prevalent, and
CQ or CQ + primaquine is commonly used for the
treatment of vivax malaria (Pukrittayakamee ef al,
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Fig 3- Prevalence of specific point mutations in pfert and
pfmdrl. No mutations were observed at pfmdrl
position 1246 (data not shown). Closed column
indicated mutation in pfcrf and pfindrl; open column
indicated mixed polymorphism.
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Table 2

pfert and pfmdrl mutations associated with chloroquine or mefloquine response in vitro.

Allele Chloroquine in vitro (n=18) Mefloquine in vitro (n=16)
Susceptible  Resistant Total Susceptible  Resistant Total
pfert 76 Mutant (T) 1 17 18 8 8 16
Wild (K) - - - - - -
pfmdrl 86 Mutant (Y) 1 13 14 6 6 12
Wild (N) - - - - - -
Mixed (N/Y) - 4 4 2 2 4
pfmdrl 1042 Mutant (D) - 5 5 4 1 5
Wild (N) 1 11 12 4 7 11
Mixed (N/D) - - - - - .
pfmdrl 1246 Mutant (Y) - - - - - -
Wild (D) 1 17 18 8 8 16
Mixed (D/Y) - - - - - -
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Fig 4- Box plots of median, range, and IQR according to pfindrl mixed, Y86, pfmdrl N1042 and D1042 alleles.

2004; Konchom et al, 2003). Because a mixed infec-
tion of P. falciparum/P. vivax is commonly observed
in the present study area, CQ used for P vivax might
be keeping pressure on the coexistent P. falciparum;
thus affecting the recovery of CQ susceptibility.

The significant positive correlation between the
IC,, values of CQ and MF was also observed in this
study area, although several reports suggested an
inverse relationship between CQ and MF resistance
(Cowman et al, 1994; Ringwald er al, 1999). This
may be attributed to dual drug pressures of CQ and
MEF in the highly endemic areas.

Although clinical study with adequate periods of
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patient follow-up is important for the assessment of
optimal treatment of the drug resistant falciparum
malaria, in vivo drug susceptibility testing is frequently
difficult to implement. It is alse difficult to perform
parasite cultivation for in vitro drug susceptibility
testing at hospitals or clinics in malaria endemic areas.
In this situation, molecular genotyping of the isolates
for an assessment of drug resistance can be an
alternative means to indicate a need for a shift in
antimalarial treatment regimens.

Recently, a strong association between mutant
alleles of two genes (pfert and pfindrl) and a high-level
in vitro resistance to CQ in P. falciparum has been
reported. Especially, a mutation in the pfcrt gene at
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