In vitro CHLOROQUINE SUSCEPTIBILITY OF P, falciparum ISOLATES IN MINDANAO

MATERIALS AND METHODS

Study area

This study was conducted at Davao Regional
Hospital in Tagum City. Davao del Norte Prov-
ince, located in southeastern Mindanao Island (Fig
1), between August 1999 and March 2001. In this
province, malaria transmission occurs through-
out the year, with two peaks, one in July/Septem-
ber and the other in December/January. Plasmo-
dium falciparum is the predominant parasite spe-
cies, whereas the frequency of P. vivax is about
30%. All areas of Davao del Norte Province, ex-
cept Tagum City, are known to be highly endemic
for malaria, with the incidence of cases ranging
from 0.2 to 47.9 per 1,000 population in 1993
(Pilarita et al, 1999). Chloroquine is currently the
drug of choice for the treatment of uncomplicated
malaria. Most hospitalized patients come from
Asuncion, Kapalong, Laak, and Compostella in
Davao del Norte Province, or from the nearby
provinces of Agusan del Sur and Davao Oriental
(Fig 1).
Patients and sampling strategy

Fifty-seven isolates of P. falciparum were
obtained from symptomatic Filipino patients ad-
mitted to Davao Regional Hospital. Giemsa-
stained thin blood smears were examined for iden-

tification of Plasmodium species. After informed
consent was obtained from the patients, venous
blood was collected in a tube coated with EDTA
(Venoject vacuum tube, Terumo, Tokyo, Japan).
All samples were drawn before any medication
was given. Part of each blood sample (2 ml) was
mixed with an equal volume of stock solution
(glycerol 35 g, D-sorbitol 3.0 g, NaCl 0.65 g in
100 ml distilled water) for freezing and was pre-
served in a dry, liquid nitrogen shipping container
(Vapor Shipper, MVE Inc, New Prague, MN) for
transport to Tokyo, where the samples were stored
in liquid nitrogen until use.

In vitro drug susceptibility test

Thirty-three of the 57 P. falciparum isolates
were successfully cultivated and used for in vitro
drug susceptibility testing. The in vitro drug sus-
ceptibility test used in this study was a modified
semi-microtest described previously (Inaba er al,
2001). The cryopreserved blood sample was cul-
tured by the standard method using a multi-gas
incubator until parasitemia reached at least 1%.
The parasites were then synchronized with 5%
D-sorbitol for 15 minutes at room temperature
and were washed with RPMI 1640 medium
(Gibco BRL, Rockville, MD) 3 times by centrifu-
gation at 400g for 5 minutes. After washing, the
erythrocytes were resuspended in RPMI 1640
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Fig I-Location of Davao del Norte Province on Mindanao Island and the locations of the cities where the survey was

conducted.
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medium supplemented with 10% human serum
(from non-immune Japanese donors without a
previous history of malaria), 25 mM HEPES, 25
pg ml™! gentamicin, and sodium bicarbonate at a
hematocrit of 5% and initial parasitemia of 1-5%.
Five hundred microliters of the erythrocyte sus-
pension were placed in each well of a tissue cul-
ture plate (24-well flat bottom, Corning Costar,
New York, NY). Twenty microliters of chloro-
quine diphosphate were added to each well to give
a series of doubling dilutions from 20 to 10,240
nM. To monitor parasite growth, six wells per
plate served as controls without chloroquine. Af-
ter 24 hours’ incubation, the control wells were
monitored for parasite growth by observing Gi-
emsa-stained thin-smeared specimens. If the tro-
phozoites had not matured to schizonts, the con-
trol wells were checked every 6 hours thereafter.
When the schizonts were observed to be fully
grown in the control wells, the culture plate was
removed from the incubator. Thin-smear speci-
mens stained with Giemsa solution were made
from the contents of each well, and the numbers
of erythrocytes counted under a microscope in
the control smmears until 50 schizonts were encoun-
tered. The effect of chloroquine on parasite growth
was evaluated by observing the decreased num-
bers of schizonts per equal numbers of erythro-
cytes counted previously in the control cultures.
The growth inhibition effect (%) was calculated
as follows: test well schizont count/control well
schizont count (50) x 100,

Data analysis

The drug concentration inhibiting parasite
growth by 50% (IC,,) was calculated by the probit
method (Inaba et al, 2001; de Franciso et al,
1988). Isolates with IC,; values between 80 and
114 nM were considered to have decreased sus-
ceptibility, and those with IC,) 2 114 nM were
regarded as resistant (Inaba et al, 2001). The
threshold of the IC,; value for mefloquine resis-
tance was considered to be 40 nM (Milijaona et
al, 2000). The Student’s r-test or Welch’s r-test
were used for statistical analysis. A p-value < 0.05

was considered statistically significant.

RESULTS

The clinical characteristics of the 33 malaria
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Table 1
Characteristics of study patients grouped by city of origin.

Banay Banay
(Davao Oriental

Laak Compostella Agusan
(Davao del Norte Province) (Agusan del

Kapalong

Asuncion

Province)

Sur Povince)

36.7+10.2
37.6+0.96

212
21.8+10.6

39.2+0.25

3/0
22.9+7.6
37.4x1.38

18.8x11.5
38.04+1.25 (n=3)

5/3

37.4£21.5
37 (n=2)

5
1/4

10
7/3
24.4x11.8
38.6+0.82

No. of patients
Male/female
Age (years)
Body temp (°C)
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105.9+15.4
17,700 (n=2)

99.13+13.88
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448,799.7+565,000.2
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Table 2
Susceptibility of Mindanao isolates of P. falciparum to chloroquine, by province.

Davao del Norte

Agusan del Sur Davao Oriental

No. of isolates tested 2
Susceptible (IC,, <80 nM) 6 (23.0)
Decreased susceptibility 10 (38.5)
Resistant(IC,, = 114 nM) 10 (38.5)
With IC,,, 2 640 nM 17 (65.4)
Minimum IC,, (nM) 37
Maximum IC,, (nM) 263

Mean IC, 5D (nM) 110 = 54

507

64 3
I 25.0) 3 (100)
2 (50.0) 0
1 (25.0) 0
2 (50.0) 1(33.3)
27 43
187 75
104 +42 64 + 14

Mean+SD data are shown.
Percentages are shown in parentheses.

patients on admission are summarized in Table
1. There were no significant differences in age,
sex, body temperature, or hemoglobin concentra-
tion between the groups of patients from differ-
ent locales. The results of the in vitro chloroquine
susceptibility tests are shown in Table 2. Twenty-
six of the 33 isolates of P. falciparum originated
from Davao del Norte, 4 isolates were from
Agusan del Sur, and 3 were from Davao Orien-
tal. Of the 33 isolates, 11 (33%) were resistant to
chloroquine, 12 (36%) had decreased suscepti-
bility, and 10 (30%) were found to be susceptible.
The IC,, values for chloroquine varied from 27-
263 nM, with a geometric mean (+SD) of 104
(53) nM. Ten of the 11 (91%) resistant isolates
and 10 of the 12 (83%) isolates with decreased
susceptibility were from Davao del Norte Prov-
ince. One of the 11 resistant isolates and 2 of the
12 isolates with decreased susceptibility were
from Agusan del Sur Province. All the isolates
from Davao Oriental Province were considered
chloroquine-susceptible. The geometric mean
(£SD) of IC,, values (110 (=54) nM] recorded
for the isolates from Davao del Norte Province
was higher than that recorded for the isolates from
Agusan del Sur Province {104 (x42) nM], but the
difference was not significant. The geometric
mean (=SD) of IC,, values for the isolates from
Davao Oriental Province [64 (+14) nM] was sig-
nificantly lower than that for the isolates from
Davao del Norte Province (p=0.006).

Detailed results of in vitro chloroquine sus-
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ceptibility testing in P. falciparum isolates from
towns in Davao del Norte Province are shown in
Table 3. The highest IC, (263 nM) to chloroquine
was recorded for one isolate from Asuncion, which
is located in southern Davao del Norte Province.
Of ten isolates from Asuncion, six (60%) were re-
sistant and three (30%) had decreased sensitivity
to chloroquine. The IC,; values of these isolates to
chloroquine varied from 55-263 nM, with a geo-
metric mean (+SD) of 133 (z41) nM. Isolates from
Kapalong, located in southern Davao del Norte
Province close to Asuncion, showed IC, values in
the range 51-129 nM. The geometric mean (+SD)
of the IC,, values of the Kap'along isolates (82 (x25)
nM) were significantly lower than the isolates from
Asuncion (p = 0.025). Eight isolates from Laak,
which is located in northern Davao del Norte Prov-
ince, had IC,, values of 41-224 nM, with a geomet-
ric mean (x£SD) of 108 (+36) nM. Differences be-
tween the mean IC,, values of isolates from Laak
and those from Asuncion were not significantly
different. Three isolates from Compostella, which
is located in eastern Davao del Norte Province, had
IC,, values of 37-104 nM. The geometric mean
(£SD) of the IC,, value of the Compostella isolates
[75 (+25) nM] was significantly lower than the
Asuncion isolates (p = 0.043). The seven isolates
from Asuncion, Laak, and the provinces of Agusan
del Sur and Davao Oriental were successfully tested
for susceptibility to mefloquine and all proved
highly susceptible to mefloquine (IC,; values < 10
nM) (data not shown).
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Table 3
Susceptibility of Davao del Norte isolates of P. falciparum to chloroquine by city of origin.
Asuncion Kapalong Laak Compostella
No. of isolates tested 10 5 8 3
Susceptible (IC,, < 80 nM) 1 (10.0) 2 (40.0) 2 (25.0) 1(33.3)
Decreased susceptibility 3 (30.0) 2 (40.0) 3 (37.5) 2 (66.7)
Resistant (IC, =114 nM) 6 (60.0) 1(20.0) 3 (37.5) 0
With IC, , 2640 nM 7 (70.0) 2 (40.0) 8 (100) 0
Minimum IC,, (nM) 55 51 41 37
Maximum IC,; (nM) 263 129 224 104
Mean IC,+SD (nM) 133 =41 82 £ 25 108 =36 75 + 25

507

Mean+SD data are shown; *p< 0.05 compaired with isolates from Asuncion.

DISCUSSION

To call attention to the emergence and spread
of drug-resistant malaria in the Philippines, the
current state of drug susceptibility of P. falciparum
isolates on Mindanao Island was investigated. The
results indicated that two groups of parasites with
different susceptibility to chloroquine were dis-
tributed in Davao del Norte Province. Three
genes, pfmdrl, cgZ, and pfcrt have been reported
to be responsible for resistance of P. falciparum
to chloroquine in other parts of the world (Adagu
et al, 1999; Babiker er al, 2001; Wellems et al,
2001). The varieties of chloroquine susceptibil-
ity seen in Davao del Norte isolates may be at-
tributed to differences in mutations of one or more
of these genes. The genetic backgrounds of the
isolates should be further investigated to deter-
mine how parasites with various degrees of chlo-
roquine resistance are spreading in this province.

Distribution of chloroquine-resistant malaria
parasites in Davao del Norte Province was region-
ally limited, and the levels of parasite drug-resis-
tance were generally low. Le Bras et al (1984)
reported that the median IC,, value for chloro-
quine obtained by in vitro testing was less than
120 nM in 22 isolates from patients who had been
successfully treated with chloroquine, whereas the
IC,, was more than 250 nM in isolates from 6
patients with clinically chloroquine-resistant ma-
laria. Based on these results, the P. falciparum
isolates categorized as chloroquine-resistant in the
present study by in virro testing may still be sen-
sitive to chloroquine in vivo. Counter-measures
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should be taken before chloroquine becomes in-
effective on Mindanao Island (Hastings er al,
2000; Rathod et al, 1997). For example, distribu-
tion of mefloquine may be a therapeutic option
because mefloquine has not yet been used in the
Mindanao region, and the results of this study
indicated that all Mindanao isolates tested so far
were susceptible to mefloquine. Combination
therapy with 4-aminoquinolines (chlorogquine or
amodiaquine) and sulfadoxine-pyrimethamine
(Bustos et al, 1999; Staedke er al, 2001; Mcln-
tosh et al, 1998) may also be an alternative strat-
egy because sulfadoxine-pyrimethamine is al-
ready currently available as the second drug of
choice for uncomplicated malaria in the Mindanao
region.

This is the first report showing the presence
of chloroquine-resistant P. falciparum on
Mindanao Island by in vitro test. To prevent the
spread of chloroquine-resistant malaria parasites,
current control measures, such as community-
based control programs should remain in effect,
and control measures based on new prophylaxis
or treatment schemes should be carried out si-
multaneously. In addition, diligent applications
of in vitro drug susceptibility testing is advanta-
geous in monitoring the distribution of drug-re-
sistant P. falciparum in the region.
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kw7 oRCTEBOEKR, 5o, B, EN
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273519
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BOEICBOTMARTER~ I Y TREL2RLS
G, RIERS BUPIWEYI R EESHBs v e,
BEOBIEENS 0% KRB DFEHND 2, B
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M| BROFR TRERO—F D L %5 72 ¥ O MM D IEEHS
B | o MEETYRNORE, Rafhn 50t LURZLED 33
K| ikE I X S ROFTRIc &
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AT 7Yy ME<20% BHEE
o | (s mep 72 —AFE<2.2mmol/l, 7213 <40 mg/d!
g i 11452 186 T (RESHTIREE <15 nmol/Z, ThiIRIfm pH <7.35
1| ETLEEMAE M YEFLERAE > 5 mmol/!
7| WEhilgE Q% b 2RO BETHRMIRFAES 49 B, 20% M ETRERE
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F/:13 >3 mg/dl OHFTLRE
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5 ) 7 OEFELEFEEFRREZ T CEBREL shkuk
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FE—ELEL T =) Pe g VIR,
<5 T ORAT & IR HE CH A (re—emerge)
S8BT 7 —2EZETLOOME - B
CBIEENLRBERIBEEoTVA, T5)TO
BEEFEMETS &, BRI gl A
BoNEERTHBETCH-Td ([E1), £
ZTIH I EENGHRELTNWSDTIERL,
WAITORET 4 — A ARBOTHVHETH
CEMVREREND, FNEENRLTHE N
Y7 H ORMEHORME, EETHNEBHTH
NZFZIWEETLH POEFEHOME, ZL
THEFTHE XE T, HBARREOMELR L
AHEIHBLAESTVARRETH-T, °F
VT OARIEE LA DERERME D MO ED
THRLWEHSLEL LI Ebh 5, T
bbb, 7V T7EHEDBEEFT—HNVEHERT
HolrbkEZONLDOTHA. EIANIOM
WS V2% —HFHIIHL, LLA<IUT
DEFRATHR 70—V RS A FAEICERER
EERZEBRDFPLTHEDE, HLDBA
EAABTHBEIEIZEIRLRTLLEIICh
STDTH 5.

FIZATTATHUC BT AR FEOMBEN S 5.

B ALY A DERRHMEE, €U TRMMAE
&, ANDHE - RGN L o TRHRIZK

OEBHPZIARL, BN ESUTO
WATERNTBAH o7z, FEFREORED
KBTI D 2 28D #iERORBILRS
i, HBORERZLTIEoRhEEb206L,
B b EMNOBRBOILKRP VOB T T
PARBLREESL AOBBHOMEEL LTid
DTN, BREERLHE - BFLEPKHR
BE2BRoOREEZ L1261, ©5 ) 7OHTIR
Ma—E3ELIENBHY, DT 7H =R
¥ VEBIIBITARRF vV TOERAEATH
HL»THbHE <T ) TIMITHDOFRITHIC
APBBETIEEEIIBAADOTLE, *FUT
WATHL B IETRATHICE R A BATALEE S
BAORELMEL 2o TWAH

—H, VxrERVzy M EORBREER
A CEHIEMIROBEMICTH ALY FIT S &
I o 72B, =5V TR L DMK T
LELEL, ITPHFHMFFORAE IR
WERRE L oTWwA, Y T7O7ru—N ¥
—2avElRFEICI0L) RBEREETLO
ELEZONS, FZITILRSCHERRGEE R &0
BRYS, BRI TTIVIDOHRTHIORE -
THRIE EIBIET S ‘WA~ T )T HEKRE:
M.LEEE 2o TWh., HEFET VFRs (visiting
friends and relatives) D=5 1) 7’ XL TH
D, AFVATET 7Y I~O—RIRTHED3
BO)ZATHBVFRO< S ) THRARIZED DL
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L =307 DmITH%E VR

1 #HHREDTSUF7HITHE
BIEHROBA - EHFHIRICEM 3-5@AOTT ) THENREST S,
(WHO: International Travel and Health, 2002 & 9 815 - —#p %)

hTwa?,
BPEOFRISE DB AR ANEEZE KL
16,215,657 A C(EBE B ABEEBHKED, 7
DEIFEOKREFRRE R T 0B GO E %
TCRIEEDRS 160 AANIEZERBDIE L2 O,
@me L CEELENoO—g2 ), FhiC
o THAYTZ Y TEERDEMOERIZD 5.
1990 ST IFE BB RO T100 A %48 2
72H%9, 2000 FEATIEFDOBIZEEIZ 150 A & 22 o
TWaY, ZOHIZIE, BY LS EIBENE
LNFIFECTABIPBELTED, RIED
RIVTRIEFELODETIRFERO S 0— 3 ¥
—varOFEIIRTEZHRLPNTHAZ L #30H
LT3R s iwn,

2. YSUTETO-NIVERFIEL

IV TEERIERICEEL TS, £
OAELLFERTRERTH B0 EERIDH S5
BEVMIRREZEL LEoTWAEZ ER>ESIC
B0 <. 1A% Y o ERMARE (gross do-
mestic product: GDP) # 2D X TEHEL-H%
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TRWEA DR EYOBLZF1/5138E %5
TLEIDTH B BESNEHT YT, &o
POEFHIBOEEPERT ICETLEHL T
FUTOMNEIZEILIZA, FNoH0E A DFE
WHE AR BEEREOEL SIE, BERY
YA OB EHBIE—BERTH D, whic
XTIV TONEOER P EORBEOREIIES
THPNPHEBTED,

TN T R HEWNER LLT, AdTIY
T ko725 E60H B DEE, FOEEDIE
%, BHER, HTLA-BECBFOGOEE
7 &% ERE L, DALYs(disability adjusted life
years) & WO B2 RAL T, T/4bbH ‘1DALY
ERICL TR 1E L BRETHE, #HR
D= F ] TIZ & BEEFRELEEIZREE T 39 mil
lions DALYs E B SN B". 4 bAAANDEE
EAREERIZEMTAI LI ELTREVWESL H
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M2 1 AHAYOERMAERE, 1995 L V51H - —BHE)
BORXIIGDPOERLET., HARLT7 AN 2 ERBVWHIRITS X% 22,000-
wmmkw,770ﬁ®%%ﬁ@&8ﬁ%@@§wﬂﬁuLmoquT?%b

B9, °5 ) TORKEROEL M EEBMIC
- A 21X DALYs B THERHRERE L 2
DEBE. TOLHZLTTINTILLBTO—
PNV REHRAEEROEREZFERT LI LNT
EBLH, RURTHRFERLHENRREDERE
GO RRPMEIBET HDETE R LLEN
HTL BATHA).

3. YOUTEEEHEOIO—-NILRZ
55— K

a. FLUVLBHEIEDORR

BErEELMCHSETENRERICEIL
DIZEL KL EIE, WHAGRENDIEREI
TSN TEBMTELNTHA. HERINVTT
)T OMESMIE, FAFRETHELA-BER
WYMo W E SRR AR 2 B CBIZ L, RIMER

B L2 S ) TEREFRET A I LITL 5.

AFRHFRGTEH BTN ED, BHELTO
WeEME, HH%, AEEEHEEeTNE, HLos
ErBREOBMEFSI v, FICATHTE
K770 8 —THrHiaX POETHRLE

MTHy, REFMREROT T ) THRITHICL
CBBLTCVABFRUTLH 5. BRAFEDOWAY
SYTRETZWTAHEIIBWTY, HEMER
BEIZLZH MDD 5@ 5 BRIRREICES
ENBREERBUIEE RADT, SEHEM
BT ARESHREIO—BOMENETFhS
EZATHA.

—%, BEXMOFO<TS) T EEHERORE
RNBEHY REENZFELZOHALTRIETE
HEBENF Y MEEh, HEROLVAWICEH):E
LTwaY BEHFREZERIIHTHIE/ 70—
FVHARSFIRICEE Y 1 Th 2 E MR
(F4 v TAFA4 v 7))z, LEORHEEMEJ
HAFEH, BHRETIZE, 7 u—F ViU
—FH L TEEOHFEDLNS (R3). FiE
B L RN R LELS T, 1A I09EE
TRESKT T 5. ThbbEHRMYE, 5,
BEMICER, <5 7 HATO BB T
EBRTBRORWI LV TOIE L VEBRTICET
LEBERAEEL LTREINLELTWS, &
BEIECBIIAETIITBELLTY, £
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3 Now® ICT Malaria Pf./P.v. for
Whole Blood (Binax, USA)
JF B4 8289 HRP -1 (histidine —rich protein II) & H
T AW Ty M. FRODNBRICT S v TAT

1 v IR ZBN, COTHE), PL, PvoOdXTo/N
YFHTWBEDT, BiFEh~5 ) 7RREMH & f

ESN5,

DEANDOLEENETADDEEZ SNB.
b. # U U ERERETM

X7 TOREEOHRKRFMEELLAIT)IZ L
7, BEOBEEHSORER GHREEHE L B

’

HEDDLH)ATHEOTERTHS, 7 )TOW

bW LKL, FEE, B, METH L,

WIS KM O~ 5 ) 7R ERMEREEK
WKERENA, ZOFEERLIEL HEBMETIC
h N T ABMARKREMCLELE S,

BE~YS YT CRE~S ) 7260 LEEL
TeBREORMFEHBEAT BB CBET S &,
MAMEICT - LY &w 5 7 BB G R I ER
WEFoTWEONALNE, BTHEMETE
WAL T oRERMEKZ BB H &, KRl
EREMMIZAZVIZDIED & L2228 (knob)
MERDHN 5 (R4). ZDknob &/ L TR
BRI 8 PR < SR R e R I ER & 3535 L,
FEMMEOME 2z HE L CRERET BHITF] X
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B4 <7 FRBEREFMBROEETEF
LT e
(BWERZGRFER - &

EETORMSICLS)
BT, WHORHZICEESRA-EE~YS ‘)
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BLLTOEERIIETOENROONLEDT
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W) 2 EFEOBRIRE BEOEBIZ Y25 7% L
Tidz b7z,

c. MUWAEERH

BAEIBN T ) TREFIIRS T &
AT & HASFH (T, BFEER) L, B
BIZIZRD 2FEIZR O N 5.

() 7773 F—=ngE(AV7 7 FF¥ 2500
mg * ¥ A3 2 25mg &H)

BERNANIIL 3 FRE RS

(2 AT77F VT AT A EE25(EMm R T
o ¥ > 275mg)

BERMIEAEIS LT,

30kg B L 45kg i : WIE 242, 6-8 KR
12188

45kg LL b o #0082 88, 6-8MEMIT2IZ248%

L2 Lans, I OERICHMELZRTE
WH< 7 U7 OWMEPHFIIL O T, BkE
¥k L 72617 & TlE, Malarone™(atovaquone
250 mg - proguanil hydrochloride 100 mg & #!)
%° Coartem™ (artemether 20 mg * lumefantrine
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1 WHOEEYS YU 7ELECIHR® X ikl

BEPRAEIR

LA FHOBERIE>TohiwE ) RRE, KATHIITES 2ES R
BHMEE SRR, REMRKVDLY I~ S ) 7IRE

TE107 R e MR LIZ LG IEDOETR, HRET Y F-2 2kl
FTehADER  BERO—FEEOELZE) 2 EOEEOTVRANEZ Y

ERER MERTR, REOBE, REAMIASLWEENBREZNES

Rl 7k hE MXBEEOFRIZLS

M WCE, B, BE, HtERLLL mdﬁﬁ&f&tbﬁ%

® OB MREREIE, CIREREER L

ANEFOE VR BBEORR dpstick 52 &L L5

BEF—%

BEiEEMD FHTRAEY SO VE<Sg/d TidAT br )y ME<LI5%,
KATHEANEY 7O U E<Tg/dl 723~ b 2 ) v ME<20% D HE

B MM A e 7 va—RiRE<22mmol/l, F7:13<40mg/dl

B o 5E M4 E REEIEE<15nmol/l, BifkIM pH<7.35

EFLEEIAE [ 4# $LIEE 18 >5 mmol/!

& J5 I S REEZLLLVEBETERORFERL4LPER, 20% UL THE

EHAERE FHRTIRRE<12miskg/24h, KA TI13<400mi/24h HSEHE.

$ 72142 LT F = L AE>265 umol/l F 7 1d >3mg/dl DB R LR

120mg BHD R EVERTH L, T, BEEEZ NI v FFEBMEIEIR— A= http://www.
ELBFITHE, F=—2O8A (Quinimax™) %  ims.u-tokyo.ac.jp/didai/orphan/index.html &
F U NF A —FHER (Artesunate™) 2 EERERE  DEVWEDE5.)

Lo BEOEFERIIY-62ITERSL

v, (BEHIOAFER, FEHIFTIIEESH BRE AR T 0 8 E B R ST R R AL R
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Drug resistant malaria

B

< XTUT, runky, EHEHE, Sk THRHR

1. Bi&sLES

W~ 7TEIINTDHEME L, —ikicHE
SNLHGEULOFEHENOEYENEE
RS SNEREN TV LI 2 0b 5T, &
BB —DJFE Bk (strain) VWE X R Y HRIEET
HBIEWTEBRRIEWVWI. =FYTEAD
BHIEAGERL OFERE T 72 3B I b B 5T,
FXRRNZFOIT -7y MIEETHDITH.
PHO5TFIMALPORRERMEZ D, FER
EEAREORELEBLTWEDLEEZS
NTEH, ThiZwbw 3 IEHEIK (drug se-
lection) DEE I Mb o T, W~ T YU 725
LT &b,

= O FKN B B 0 selection 1, EHERIEAS
BONZEEUTOEARFRESMFIZES
EEENAHLEZONTBY, MEDOENE
H DB A W) 2 BRI 5 L FDRER
L NRA. EIZIE WU THEDNS L, M
RS ORRFERRIAR D O ST E R
ENRTVEANHEZ L, T ) TEOE
RSHE S VHIEIE CTHEO MBBENE L W»
&, HAMOBEBEFEENSL, FRILEE
FEAE DD BFRI AT b R VT IR~
FVTORTVIEND R T WI Y, £PYEE
BY, IRBEFENLELRT IR EOREE I H

bs. —F, Bre Moy rr5-L1LT,
AOBENIC L 2 A~ 5 ) 7 HEOILENL,
RE, B, JlELLIEEEE 2o TRHM
WD, RSB BREEEONER &
LTRELBBLE > TV,

2. 9 h

RIVTOEBOERFIR) M LICETIZE
WCARRIBE L % o 72 HIRED, 1950 ERF LI
BIDKOE w5 7TORMELLTEHR
ICE#E L7227 ¥ ¥ (chloroquine) IZXf$ 5%
FEHTME~ 7 ) 7 OH®ED, WRO2AFD7
F—HAR(ATETBIOYAL - HhRIT
E3) 0 OBz 0THBY, LIE, soo
FUYWES )T REFRFICEBL, BEZD
MHEOMENR LV OITRRT X H, hE, &
AERDO—EZTTHDEDY FIKsiBk
CZOEM, Ae7=7, TVVIIES, *
LTHET 7UNIBITA2E 7 00 F At
P, FNOLDOHWIBIIBITET ) THREED
THEIZLTWA,

Fh, RAEET7 70— EVIERS
THBELTVWABEA, ANV7 7 F*T v (sulfa
doxine)/E'VJ A4 3 » (pyrimethamine) (233
HEVIHEORE DL, TR, EET
VTEBERGD VR THRBELNT F L FR
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ANT 7 RFLV/EY AH I Uit

* ZARImM

1 EFmME~ SV 7RATHER GO L 951 - —8KE)

NZIED 5T B, A 710F v (mefloquine)
T AMEES Ry 4BV TIEHEMIZE
HHN, DRI TEI Y= bLOESEMNE

TIE50% VL EDSE ) THB L |ME SN TV B

HiZE, TIVNOTIVNREBReT 7 A
HIglZ BT 5 A 7 0% Vi ERO MR L |ES
NELTWB".

ZHME~ 7 ) 7 OEFIIE, HRBRTT
51) 7THETH D F =— % (quinine) EN T
BIENLEVD, TOFZ-FDOEREDKRT
LIRM7 VT OEOPOERLT F VI THE S
nTwab(E2)%.

FREARTSUTOsOOF IR A
WoHEL, 1989 T 7T oa—F=2T B
FUA Y FATTTHESN, FHETORS
HOETAMEE o TWn5b, BN OO
UM ZHB~Y I ) TOREE, FOBRTT
SN, TTTFYT, ¥F=T7, 4 UF,
—TCLHEHINTWAEY, FZ, ZHEYTY
TEBADOFAR 2 57— JICHN BN THL T
1) < % ~ (primaquine) {233 A BZ AR T L
TWARELHRAINE, WHHB~FITD

Sy

ZonF U ACHT A RN RIS, WOTA
YEATThALMEINSLY WEITITO
BHTEIIREO L ZATD LN TR,

3. EAHMEOX HZX L

PR ERR ST AH =X LT BEA FREZ
LA2b0TIERL, SHMLREZOBAERIZL
AHEENTORBOBEMPZIBEESINL DD
THbHLEZOLNDN, H5F LNV TOEAM
PX A= X LDEEFRAIH L 2R Y, Wi
SIRD 7z ODWFEIZ DA B EEENTE T
Wwh,

s ouF IRINEKICEE LT Y 7 EER
OEEHEOEVERRIEH I T E, KR
DOANEZOE Y RBIZBTENLDES (po-
lymerization) # FHE$ 5. T abbEAIIANL
A EFELTHIENTETIIRAI LIRS,
REHHRO BRSOy o F v ORI EE
MThorOIIL, WHEkRTELTIETLER-T

BY, BEz7oox s oA ERICBY
THEDHOLENE, ZOHFTrONS ELBEFI

BB ) TIHRAO 7 0E Y- LD TFRIC
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#
K2 ZA1ICBT2BAMTIUTEICILDBERFREOHE
(X¥ L Y FIH - —EBE)
FeH200kb DL A Y MIRIEL T3 &% DHPS(dihydropteroate synthetase) % 2 — N4

ZHNTwE., BELo b 7/x+ F—HkD5  ABEETIZEAROSERNED SN T B
FaaI— RT5cg2BIETOLMED, 700 T ONE, LRI Db 5 BIET (ndr
FUMELMCBEELTHE EDRENLZEN gene) T AWHENEA TS, ¥ A4 THEE
T2 SNBFER~ I Y TRBKRTIE, pndrl &
TrrY 57"~11/0)—00)}3Z/\“C“a‘5)é AT WHBMETOI AR T IR E )
I VL, BROEEBARIZBIT S DHFR(dihy- ML TWAKRT, A7aFxFrong 77y MY
drofolate reductase) DHER TH 5. & 2 AH  »(halofantrine) ~DMMEENE F o T b &
Ty S = NEORERIEZODHFR O RESIR TV,
WEHSTHBHT I/ O 2 (-108) 25T A 1 > -
NEFLI/PESNT VLI ERNE L, TN -
LD EY X4 I VA DHFRICIEST A Z LA BHWIE~Z ) TRATH TREEST ) 7O
HRSNA, TOBRIIE) AH I VOBEFIC BEFNSL, FUESTSRUTOFD
L0, JFERoDNA A EZRE (point mutation) # JETEEL BV EORENH LY. Tbb, &
R LTHEShLDEEZ 5TV AY I EETT B~ 5 ) 7 OBW - IO EIIEE
F2b) DDA THEANT 7 FFXF Ty BREELICHKL LD, LIFLIEEGHELS
(% PABA (para—-aminobenzoic acid) DIFA T  OT, I Yo THHBIOEESLELE LS
HAHH, WHEFERTEERAY -7y bTHDH AT ) TERETIE, JEREZ BN
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