vyu_____?;_

 BEOFREVEE ST {2
4| FiFEHRE
~7U7

e

T

N\

R e

* @EBREN R RAER R —

KIMURA MIKIO / KiIM HYE-SOOK / WATAYA YUSUKE

RO /R

C@EILAFAZRERBZRMAR (BER)

EEEE

EHNTeI ) 7E2RBRTAILIEIZVEITVE
T, ZOOFTMRERICHET HEMATE T
ROGESBEL SV, Ly L2 o iRt
me s iz, v TEREN, WOLOEEEH
FHTHELRE R, T, BAFHIEA DK
FEFELTWAELLTI ) TFHEOMMKE
FFAHIELREIHIAETHAD. KalE, ~
SYTBIUOHR~T) TEORANEZ L EHEE
WCHE L T2 &, BRIRAIIS A ETIZITh R
BLHRBEIEEFFRETLY, BRHDLAD
DL WAIRDBREILET S,

079 Y7L EDES

em &
TITNTRINTYIHROBIZINENSNS
KETHY, HERIFERIIETS. e bDTF
D7 ELTWEEBEFHE~YT VT (HEMAKE
ZH#<ZIT (P
vivax), JE< 5V T (P. ovale), MHE~ F )
7 (P. malariae) O 4TI H A, WOREIZ K
DRI A-72= 7 ) TERBIZFMRICEAL
(—RIFWHART—2), ZO%RIFHMBANTIR -
WY 5 LM 2, RIIOERFICEALT
SE - MR ES (RILEKATA 7 0). F

@7 1628640 RREIHBEEFLI1-23-1

Plasmodium  falciparum) ,
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ez OMOERE, FEEPRMHFAICEAL THh
LELABHLDTHAH., =ZHE, WHETT)TTIE
NP R AIC RIEECRE  (FRIRE SR)
MRS, BEOEREZS (B,
FRRINICIE, B~ 7)) 7IXERRABER
% & fAE, MikJE/ARDS, BiE, HEAM,
iMmegEm, KilmE, RFE7Y PV AREEL
TEEL, REOERESH) (BEEYTVT),
XTIV TOFTHROLERTRELDTH S,

SRR
#FIREREE (WHO) 2k 5L, R TO
FEHOTIT ) TRBEZEEI~5EA, ECHI
150~270 FAELHEESINT WS, TR HDOKRER
S NSUET7)ATRELTEY, BEH
DWW TIEZOHIED 5 RO /NEAT 9 EILLE
FhEHLLEEINTHWDS,
HNSGPUET 7Y TIRIEE A EP BT HR~ T
DT THAEL, LEICIE, HHBETIUTHA
S5hb. TYVT7T CTHEENICZER~ I ) 7T1%
, BICHHETIET I ) 7TOIRLAETRTE A
D5, LrL, #4 - Ixyrw—HbsnIsrA -
HYRYTEE, FEOMEE GFCEWE, #E
B, 7AVEYDNRTTIEEFOM, 4 FA
YTOUYRZ BB IUEFNLRLR & TN
<53 TH%HL AbNb. BAFEEE (XTT
Za—F=7, VaEY, NXTV) TIREEHR
WEEBAW  Vol3o (1) 200310 — 621@ 101
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—REBARRAT -5

-primaquine

-atovaquone

-tafenoquine

ERLZVRLThbTH
proguanil, doxycycline,

azithromycin)

FRIMERAY 1 70 EMRER)

-chloroquine
-quinine

-proguanil
-mefloquine

STNTF IR
-atovaquone
-doxycycline
-azithromycin

-tafenoquine

ZH#, BEYSUTF®
HEER R

-primaquine

-tafenoquine

H1 iz ) TEPERATEZ-S U TERORF—

MRRD & 3k

YT TEZHETI) TS ALNRD, HiX
TIHIEEAEP=HHT I )T THEHN, KT
BRICT <V i ST 5 ) T A% L
AHNB,
LEROHEE S HITHNAB LTI TOR
ERHoZwibRbH ), TVTTENra s,
YUHAR=N, VAN, ITIN T,
Y=T R EDOEM, FrrwA, NyX, TS—7F
vy &, SVE, NP UBREDOBHAH TS
NG, THICHFLTYNTLUET 7 hOEET
i, 774 AT7T0N, 4 aEdLE R R
TEBN LRSI TORENALNRS,

OIRITEDIKR

HREETEMY 3TADIRTEN S U T
BEL T2 LRI, EBICT—0 v 88fk
102 @622 — [tk & it Vol.30 (M) 2003.10.

T IABESHHRESN TS, 7TIYTERN
TT7 7 INDIRITETIIRERIBRRICE
HARARITE DR T 100 U EEZRLTWA
(MERE). T Tma—=F=7, VaEITR
PNFUET 70 A& =5 ) 7TREEIIE
B, BB~ ) TIRA LT 7Y A OEVE
(B, BT 7V AHENTET 7Y ATORE
RAEENDS, 47 FERE (RITETIRIZEALY
WZHB~FV)T) TEHNSLUBET 7 HD
203000 1 BEE Y, TYT oMM,
Mk, PRTIREOICEL 5B,
HAANRITE T, BESRENTRET 5 H2
£ 100 BRI D 525, MICHENCEBFEMZIT
FHZBEBL TS, S5, B CTRIELTD
EBExSZLaVWArHLYHEH2 NS A,
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O EM BT~ ) TE

AR CREBRY AT~ ) TEDOFHZ
7575, bAETHEBELTWASEFIFEEIIES
nhTwh, #5380 quinine, sulfadoxine/
pyrimethamine & #| (Fansidar) ,
(# HYE TIE Mephaquin) ® 3FfFETH b,
mefloquine D AL FF (7272 LERRRO BT
) LEBOTFIIARBEINT VB, o 25
BIXBEOATH S, Thadid X< TEFHHIC
WeAF—77 v N7y FRABHRE] B (EER
e L HATI) AWMbo<w I ) 7TEEENEA
L, 22 #ATOEAAEMICEM L T 52, 3L
R L R— VBB I N (http//www.ims.u-

mefloquine

tokyo.ac.jp/didai/orphan/index.html).

i~ TEER

CITIdEA DS ) TEESEL TRIT
L8 (1), FRLOBTIYUTERHADEDR T
— VAT AR (B,

@/ UURBRULELER

ZOFRBOERIIH T ) TEE LTERDOE
rHOTETWAS,

Quinine, quinidine ¥ ¥ aF7H o4 N
B 5. miEo#EHE LTI TIERE, WHENE,
INaAVEBERESEFEETHY, ERIEOET
FAEZRLTELDY, HICHEHEHOEEICIE
ETORRIIEDL N DO2H A, Quinidine iE qui-
nine DIMEEEAETH Y, Pi~v T ) TIEMIZ qui-
nine & 0 #WA, BIERE LTOEELBVO
TiEEAEEbREV, LaL, KETIE qu
nine EFHEIRT STV AR VOT, EBETT
VT CHERENRTWS, 4TI/ F /) Y RE
L T chloroquine, amodiaquine 73&% %725, Zh
HIIBEEENETHENRENS. Amodia-
quine IZBIfEH O 72 DIEEETIZIEE A LA
S ey, Meflogquine 27 v FE{L4-F /1) 4

—116—

% /—Jv, halofantrine i -7 =+ > L X %
/ =), lumefantrine (I[H#% benflumetol) &7
L 3Ifb7 VL FEMRTH S, Pyronaridine
ARV 75 Y #EK, piperaquine 1Y
AFI) Y (F/)ERE2HE) TEMEETS
<=5 ) 7H#TH A, Primaquine, tafenoquine
(WR 238605 @ % \ i etaquine) X & L1287
I/% /9 %¥ETHD,. Tafenoquine (ZEFRRA
BpoERTH S,

RAMOBHOERABFEIEE&ICHBHI AL
Fvndiizwv, ThodFEETH Y, HROME
HEBICERTLIHEELHDY, JixT ) 7THERH
Ve % 8B T & x>, Chloroquine & DNA #% in-
tercalate 35 7%, ZOVEAOERITITIFEE = K
WTAHBRELVLEBRENLETHL L VDN
5. Chloroquine Z~NEZF ¥ Y 5 MREWTH 5
7z 7R IRV TAYVIXEFEETHIELR
Ih, EHobs~L0"EBHKE (ThbbiEE
b)) #MH L CRHE2BRRTHLDEXIZAENT
HoH, Fi, BREIVIFFIPNELAEANA
DR TS A%, chloroquine & T HITEE AT
HET 5.

O ERHIETE

Pyrimethamine, proguanil (I AiZcyclogu-
anil), trimethoprim, YWV 7 7 # (412 sulfa-
doxine) 2*H 5 A%, B3 HII T FUERETHE
# (DHFR) #MELT, ZO#R, EfREAK~%
T 5, S 7 7EEFNR I YBIOERR, T4
bbve Furyuf VESEEE (DHPS %
ETS. WTFhOEHLEAAFHETDHY,
A ERE (7 ) TREOEEGTFEEDEM)
FIEEAEHLNIZEIN TS,

BEILSOFHITEBTIFERSNT, Lo
TERHAIENED 5 VIR FOR T ) TEE
HHEShA.

@7 I TZVIURE

Artemisinin (% ¥ /v F R qinghaosu) &
BRHE & ME Vol30 (4T1%) 2003.00.— 623€ 103
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K1 s ) TEOSE, R, BE- B

RE-HE (RA, BORSEHKETS)

sv—7  {VER¥F A - W #
HOE F B
¥/ DNAD quinine D5~18 g/H - 3~7 B B @Skl BEEHE TR AOEMIE
FB LU intercalation. (7 B & 5wvid doxyeycline &. quinidine I 7 AR
FEE Ty 7ol mEEPEH, BE~S ) 7 TIEA HIRTH B, BoHon
RKNVT 41 WEFE T, 83mg 3 /kg B LA
X&fEEL, 8~12 B B b
N4 OB chloroquine #WE 10 mg/kg, 6, 24, 48 FER 300mg $E & % AT S Y 7 CHMEN
&) BASENEI 5 mg/kg BIE., L3 v, BYHEETOMR

proguanil & #f
H

fE

amodiaquine

chloroquine (28] U

BIfER D78
HHhzwy

BIVER (IEBihrsfiE, BF
EE) DRE

250 mg 18 %% %

BrmEREER. T

mefloquine 15 & 5w it 25 mg/kg % HE,
H BT 2~3 B HE W 1 TFIVZVERELOHE
halofantrine FHRIIBD b wahs, 500mg Bk L QTc BIRBER, Fhic
#eEFEMBECIE, S&iI218 LEUAER, MELE,
Badhircz s —n. BT
lumefantrine artemether 20 mg/lumefantrine #iHZ L QTc MRERIE 2 L
120 mg DEH %, 0,8, 24, 36, 48,
60 BEBBICF N TN A4 52
pyronaridine  ## 1800mg # 5 A Tk 5. #ERL artesunate & i f T
AT TIE B R BRI T =
piperaquine & 5120mg % 0,8,24, 48 BEf B L dihydroartemisinin
BIRE. RETIIBERREE /piperaquine, & 5\ i
dihydroartemisinin/
piperaquine/primaquine
/trimethoprim D& #)
primaquine WMEFERELE LT, 15mgiE# 30mgE# (05 G6PD KIBETHHEM
(0.25mg 3B %/kg)/8 - 14 OB, mgiE % /kg)/
& EIHME H
tafenoquine WEFREEL LTEL-BTE M2, 400mg BERB R O X,
WA, B ZIE300mgiEE/H -7 EE/H -3 H G6PD RIBETHHBEM
B H M +400 mg &
FEA&H 1 E
TEEE FERECA O pyrimethamine sulfadoxine 500 mg/pyrimethami- ZZOEHITEl
BERE £ Yrry ne 25mg DEH 3T BEE {EAMEL, B
PSMI D EFHLRY
N o RERE T proguanil atovaquone 250 mg/proguanil 100 chloroquine & &M &I cycloguanil
BEROWEE mgDEH, 1A 1@ 4%5% 30 O TIE 200

L

mg/H. KRN
FRIELTIEL
$E/8

trimethoprim  AFEHOFE R IIRERH WG L piperaquine D IFx BMR
F7 7 I8 pyrimethamine O IE % £ M8 pyrimethamine @K (4Fi HIV
DI EBIR Mtk

104 0624 — ik b B2 Vol.30 (BT%) 2003.10,

—1560—
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#1

e sy 7TEOGHE, FR®FE, k- BR(00&)

F—7 {eREF x A

Rk - S (A, BSOS 2EKRLET D)

o

T OB

%

ThVF Iy ALt F YK artemisinin

MziE1 HE 20mg/kg, 2~5H

U RE HEOUNT, Hiz#h#h 10 mg/kg
7U=7 /7,] artemether lumefantrine W% B, HiE~
VO, 1 51 7 CESE LT, WH 32 mg
AIOTNE kg, O 16 mg/ke/H % 24
ug!d B L, BHs BIMARR
arteether EAEC S ) 7T CEE LT, WH
3.2 mg/kg, F D% 1.6 mgkg/
A% 24 =&, &5 ORAFERE
artesunate FRES )T CESFELT, BE

24 mg/kg, TNk 1.2 mg/kg/
A% 24BMT&, 55 BMEE

dihydroartemisinin

#E 120 mg/H, FO#% 60 mg/
B% 4~6 HMH, wTFhb1H1
|

Wit L

BEMIZ 2V T mefloqu-
ine, lumefantrine, pyr-
onaridine, piperaquine
OHEEFM, FHRRE
BiTaE, BpERTIE
& 5% 3£ 74 (artemether,

arteether) TP HE iR B
o4z

=

atovaguone I b 2 F1) atovaquone

proguanil ®IE % B8

proguanil @ I

BAbmtomHi

TEFEESR B8
Fhoa—4h
be, EEHKD
M
WAWE  EBEAMOM doxycycline  quinine £ OPFAT, 1 HA 200 100 mg/H e s ) TRRILRE
=4 mg, 2~7 HEZh#FN 100 mg
clindamycin quinine & DHFHT (ME L LEH HokL WA TR REL
V), 5 mg/kg ¥ SR TL, 3 hb
H#
azithromycin ~ F— A~ t+4 250 mg/H. 4 WA TIHERICLREEE
DETH, BIF Shb
w5 TN
T HHRETT
i

Artemisia anmua (R 70 =P V) LA
2N, FETHREEINZEAFTFVRY - 57
CEBEWTH), KICHEEETHE. HHHE A
FuAk, TFNik, aNIBIATFVE, HEV
P Fakic®rd 52 & CE L/ artemet-
her, arteether, artesunate, & % \*id dihydro-
artemisinin 7 EDFBEPH TV TRERELT
Awvs5NnTwab, Artemether, arteether, artes-
unate |3 M T dihydroartemisinin (artemisinin
D5~10 DM~ 7 ) TiEEEET L) ITHH#S

—117—

nas.
fie g ) TRERAERAORBICE S FANNVE F
Y NEEHMASLATH D, INPREE LIS
o7 =SV ANEERL, v T THRROE
FE 7 VEMELTERERRET) EEAON
Twb, I OEFIFEBOEHIRED O RIS RAE
b7z h, ROSREAMERTLOT, ok
R EHBEIEDRRRT S, T2, EEW
ZEAT O BB HRE ShTnRWwEEREA
Thsb.

WaHR & AT Vol30 (BT 2003.10.— 625@ 105
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SN SUTE

Atovaquone ldk Fa*Iv+7 b &/ v Thi
2, PERYVTIAR, Z2a—FTAFRAHY =
R EDRBEEDHEFRIZHAVONTE ., xS
DT ERERIE 1940 BRI N T 225, B
DRAREIITbNIz0DiZ 1990 FRIZE S TH ST
HbH., I barF)T7TEFEEROF P-4
be EERIMEAT AL EZONT VA, HMT
DEFETIIBFEH~ T ) T O 30% 2% % 5
¢ %720, proguanil & DEH| (Malarone) &
LTHWwLIAS.

HEMEELLTT A7) VFRE (51
doxycycline), 7 2% 4 F%& (azithromycin)
H D VIEFME (clindamycin) ZELI~T Y
TERZH B, WL ERICEFATH R

575, doxycycline (M TFHICLHVHN S,

BB~ T TE

O
AETIEIM~I) 7TEORE - HE, &,

TER R EDRFNZERITETLIOT, FbHIC
DWTIHEE R BRI,

g__l;_l

©=H#, W, MEATSU7 DR MIAER

Chloroquine "8 —&RETH B, 72701,
1980 FMkE hruuF U HUE=HEH~T YT
WRTTZ2a—-FTTHRREN, T0HA VK
AYTHZ2—FZT ([VT¥Vr¥), I
vw—=%, BROFA4TF, aurETITLE
BINTwDB, WEEELELTHW S prima-
quine ZHRABFERIZHEHTH20T, #hz R
iR L gacdsoos s BEOREL
TLFHWEeEdd H B, Sulfadoxine/pyri-
methamine & b BEEINH LA, s/ 0=
A#~ 7 ) 7Iox L Tl ER 2 & L 58w,

O=H#, LIS Y7 OREEER

© Primaquine 2N TETWEA, =2 —F
ZTBOD=ZH#<7 ) 7T TERRZMEOEMAL S
106 @626 — Mk & k% Vol30 M%) 2003.10.
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nNTwiz, TOBRLEET VT, FEK, vy
TOHO=H#~F) 7T, primaquine ® 15 mg &
/0 -4 HEOBREREI I VERTETE
Blim o Tenb, LaL, REIZ7Y)<F vt
WHELET L5 E) 2ORFRIATHTHY, 1§
BREL-HAETHO W W BB T L &
DHELH B, wfﬂ’bf%,%ﬁ%ﬁ%ﬁ
ML 2 2 EIE, HEELBICERESALR
7R DOEIRE T EL?"O H 5V IIRDORE
FEPOHEETLILLTbNED, Z0KEE
—E LT,

B, WE<I) 7T CREREBROBRIEIRY
HoNTWiholndt, REHRENZIATVS

SHEQEVRGETS U TP DAEE
Chloroquine (2 & % 5 52 A @ Z & |
sulfadoxine/pyrimethamine & #2 & T A 2
THEY, MEL HIEEMNEREL IR ShE
V. mefloquine 126t L Tid, %4
HBHWES A - HVRITOEBER LT 50%8
LA E 2o TV AR, MOMIMTIEARTH
h, &THHEAMEZEY. Halofantrine TiiZ
EALYDOHEITLERTO QTc MBIEENA LI,
INTIEDH L2 BHAERIZE 5.0, LT
BlbEMEIN TS, EREC QTc MBI ER
LTWBHEDOALLT, REMILEREEN
BOBEORTH L HY, LEETRERASN

LWEETH 5.

M AYEER] O quinine 1 doxyeycline & @ Bt
TETOLELATEY, HEDRELS V.
Quinine 353k D 7 HHixE TEWERESIART
H o 72h%, doxycycline EOfEHICL Y 3 HIEE
BICEEr TR THE. £/,
clindamycin (& & L &HE) © 3 HEES TH
R HAERCBCTRIFREENBTEY,
B0 7 DI RO G ARTRERES % ETHA
THrHI.

mLEB SNT

atovaquone/proguanil & #l 8,

I VA

quinine &

WEHEMTS ) TETH DL
# B\ arteme-
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ther/lumefantrine & #J (Coartem, Riamet)® {2
DVTIE, RITEE R E L KBRS R
bhTwiwd, PEATOFRERLTOLNT
BY, 50k IAHRIFREBESREINTNS. L
HPLAFBICOWTIRREL D, MHEERMHER SN
7T 5 ) 7R AUC X B BRI B R
20 EAROIEHARE SRS, BEIIDOW
TiX, artemether D RFE 2 #)HE L RPFREMLED
lumefantrine D A B I A AV D 5.
Lumefantrine (34§ % I halofantrine &ML T
B9, F7artemether BB ERTORERS
TQTcHBEEZETLI L, S, FEHOL
FHIIOWTR P TORFPERERTDATY
5%, QTc MREE* S LERNBRREIIALN
—( Uy 7‘(-‘: \1\”) .

@EEY S YT DRER

EEY T ) T CRIFROEAZBIRT 500K
HITH5.

4 [E Tld quinine FEHTHE BHE) 2HEATS
Z RSV, LEROEENLETH LA, Rk
B 1EFSE (F=—FEFEHEL L T8I
mg/kg) ZFNEFEREREEV. HEICLDY,
MEIRS O sfEE (loading dose) VAT &
b B, FHIERE L LTI OERITENOE
EHANETH S, BEMEYT)TTHEETHE
XN LA, doxycycline R EDT * T A
s vRIAEWE L O LITbRS, ERES
DBEM%ELS quinine BOFICEELZD,
HHVIERRIESEORT S 12U LEHITT
mefloquine DBIIE G 51T % EDTELH 5.

75 3 Y= v HRIETIE artemether & 5 Wi
arteether (& b IZfHIE), artesunate (BHE, #
¥) 7% &2SEv6h 5. Dihydroartemisinin 4]
LEETT) TONBRERIIARTHH LT HIK
BEREINTVDEN?, £HSLITRETHLE
5.

7TIVF, T7UA, NRTTFma—FTHET
artemether & quinine & DK% 7 ¥ ¥ A{LL

—119—

T -BRABR T HOTFT—-52EDT, X555
Wafrol-HiEC X 5L, artemether {3 qui-
nine LR TEZWBALELETHHRABLTO
HIERMEL, EFENLGERRTLLRELH
#=Thh), BEEZEMERL Lo, ek,
FTNF Iy REGRE, XMFA, S4RE
THbNTELY, BREERTLHE bR
Sobhb, S, ThooiEH GMP (Good
Manufacturing Practice) %#5F L TiThbh, El
VERIRE L FCREEE & ESEOBB S TlIrbn s
Iy s &, $E3%D quinine BHEICEL- THb
HIlbEZLNG.

G VBBt~ ) TE

@< S U7 FHORA

<5 ) 7RI, OBICHshzwiHol
%, OFHHIR, ®OAF 54 EHE (77 I)TH
gbhh sk &I2, WRITHE B ORI CHREL R
H+ook) O 3BENEDLH, TTOEHFI
QAL 5. LL, vSUVTREE, H50
BEELDOY A7 BB VEEICIROD LT (B
I @0 Ty a v bEETHILENDHL. —
FTiE, BRI ARERLECERTLILIR
TERWOT, HESLERENS. FHARZ
FHIRED, HBEVIZEDEREHNBEENC
ST, RITEMEDO<S ) 7TOREDOH,E L
¥, RITEOFHZOMDELLORFEEET S
PEEHBY, S0k RMEE, HLVEMS
BChbd [HREFEE] CHEECHERINL TS,

@ Chloroquine 855 L\&

proguanil & D

IS RBERT ) T OEATEOREDN S,
FHMESETLTWS, Lo 7T,
chloroquine D TFHRIRIZHFER, FAREL,
SH#HTS Y TAEEALE O BHBIZHRLO N
%. Proguanil 2 BFET % L B Ek<F ) 7Tt
THEFHMRIETSED, TRNTHRKT0%E

Hark L MM Vol30 (HIFIF) 2003.10— 627107
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B ENTwb, Chloroquine & proguanil & &
AOBRPEL, BWEAB W EBEbhds ¢
HHENW, Ty LMELIEZEERRBROBEENS
LT LLIELC &V, 7, chlordquine 7%
1M, proguanil % H I HORHETHY, #H

BEARATEOBES o> 74T~
APETLAETHS.

®Mefloguine

T4 IxrT—=—HL50IFAL - rFRITHE
M 2 O —E Mg E BiHE, REROTFFE
R 0% BL, STOEELFHETHS.
HENETCTHEE SN ABMMERBEIERICOWT
i, AT A TOBRRIEDEETAHLEND L.
FE#H1Z, atovaquone/proguanil &# X E L
THOT & ArLL7-ZEE®RRAER T, mefloquine
IR HMEREIVERVSSZ W LRI TRS
Lo L, BIWEHOHIZIZAR, “&ip &ﬁ)%b\
AL E" AL &G Y, BFRUARELERNS
(EFNTVEIECLEERILETH LY. A
Bex LB & § 513 0EEREIERIE 10,000 61
'1mﬁﬁaénfﬁb” BREER, TADA
OEFERKIREND 5583k = 8, RIE
RS Ny TR 1 b P W N aj-ﬂ I BEERIE
et a2 R THAL. TTI
1500~2500 H AP IRE L TWwa LS 5.

@ Doxycycline
Mefloquine (ZIEHLS AR EAR SN TV 505,
mefloquine (25 & 77— 5 OERFIT D v,

Lal, HERIZIZEToERICEN RS LTy
L2 EMS, BMERICETARLENS 2N, 7

— FIZHN R WEAME» RS0 LS
N5, Bk XA 7 0% i, mefloquine
DEEHBVERAEHI A (274 THERICE
BEhasrZ Eb%\W), +oBEMBMAR WM
PFBAN I~2 HE2LOBETIVOT) %
ECHRAMENDH L. UL, iBEGE, Hit
WwEE (REREEZED), BH VI FVERED
108 © 628 — Wil & #E  Vol.30 (HEFIH) 2003.10.
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BIEH b DY, 8RmKRMOMNE, HiFE &IEEE
WG E B L, R EORIBRY S .

@ Atovaquone/proguanil &5l

B O TR — RPN A 7 — I3 e e
T, RMFAY A 2 VIERT 20T, B3k
S THH 4BEMORAPLETH D (HHIATFE
#)., L2 L, atovaquone I —RIFIEP 27— &
WKER$TA2Z 0 (RRMFHE) (R1), 3
WrEoTHro 1BABORATECHEYD 5.
SETEHFET 7 ) AERTOFHERIRINT

WL, RITETHOF—yDERBITI 9 Th
Mo/, BT V=7 ARITEICBANT

mefloquine & % (Z [ % T chloroquine/proguanil
L DENTHR, BLUOREEIrRES ALY,

72, EWMIEER4BHBETH o205 67

RS ToRer s RIFTEEHE S,
BEHMZREL VA DDHh 5. KE

FOBISIZDWTIE, Ealo doxyeycline OIS

WETIEFE 5.

O supBshstics ) 7%

O+ /U VRBRULELEE

Primaquine BRI H L { 2 wvat, #XToH~
FUTIIHTARERANFHEE LTEE ST
5 (B1). BN EErSVENE SN TS
7%, FRRCBWT 30 mg /A% 1 ERMHESE
MALZHELHY, BHICETLIZEZHEEL
LTwb, A2 FF27 -4 UT IV ¥X T2
BERA L7z SRR E LT, Bk~ 7Y
TS L T88%, ZHE~Z ) TIZHLT 2%
B A, MERRRIFT, BEOAM~Es/OE
vifE (FH 34%) b 2 EMLIPMICEEL Tw
72", Primaquine 3L 3E @ tafenoquine b JHE
WyPiETH) (B, HREEMVEHOET
primaquine £ VBN TWB E END., HEFRK
a2 MM E RS, EUMORATREHEBOTH
HEVIFEIN TS, BERABRIT Nz
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BIEE 240, BRLRPATTTHLRE
(K 89%)", SHOBRFILETHS.
Pyronaridine 13 Z # i 2 #~ 7)) 7124
TAHERBD D, HOETHEBTH b, R
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Epidemiological and Clinical Aspects of Malaria in Japan

Mikio Kimura, Ai Suzaki,Yasuharu Matsumoto, Kazunori Nakajima, Yusuke Wataya,

and Hiroshi Ohtomo

Worldwide, travel from industrialized countries to
the Tropics is continuously expanding. Factors respon-
sible for this trend include increasing levels of economic
activity, cultural interests, academic investigations, and
other factors targeting those countries. This trend is inten~
sified by a recent development of large-scale air trans-
port. However, the malaria situation in endernic countries
has not improved drastically; rather it has even deterio-
rated in some areas, at least partly due to environmental
changes and population movements. This may result in
an increasing number of returning travelers with malaria
and is therefore raising concerns about the appropriate-
ness of clinical malaria management in travel donor
countries.' Japan iIs not an exception to this; thus, in the
year 2000, seven million Japanese travelers visited malar-
ious areas and more than 100 malaria cases are recognized
each year inside Japan. Clinically seeking medical advice
by travelers, malaria diagnosis, and the initiation of appro-
priate treatments by physicians tend to be delayed, thus
possibly resulting in a higher case fatality rate (CFR) than
those reported from other industrialized countries. In
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addition to the malaria cases diagnosed inside Japan,
about 100 cases per year are recognized among overseas
Japanese citizens by embassy doctors.? Of note is Japan
being far behind western countries in the practice of
malaria chemoprophylaxis. Therefore, we attempted to
review the epidemiologic situation and clinical man-
agement of malaria in Japan, including the activities of
and data obtained by a research group, with the aim of
clarifying promising strategies.

The Role of the Research Group on Chemotherapy of
Tropical Diseases

Since 1980, a national Research Group on
Chemotherapy of Tropical Diseases has been established,
supported by different funding bodies, all of which were
related to the Ministry of Health and Welfare (MHW),?
which since January 2001, has been reorganized to the
Ministry of Health, Labour and Welfare (MHLW). Two
of the authors of this article (MK and HO) have been
active members of this research group for years. The pri-
mary role of the research group was to make unlicensed
drugs for tropical and parasitic diseases available when
needed.

In Japan the production of chloroquine, which had
been used for malaria and renal diseases, has been inter-
rupted following development of retinopathy among
users with renal diseases. Since then, oral quinine had
been the only licensed drug for malaria treatment until
1987 when Fansidar was licensed with the support of the
research group. However, in recent years, oral quinine,
at least by itself, and Fansidar do not appear as major ther-
apeutic antimalarials due to the emerging Plasmodium fal-
ciparum drug resistance to both drugs as well as the poor
tolerability of oral quinine.* Recently, mefloquine has
been licensed and marketed in October 2001 for both
prophylaxis and treatment, again aided by the research
group.

Since other antimalarials are not marketed, the
research group has introduced chloroquine, ato-
vaquone/proguanil combination, injectable quinine, pri-
maquine, and recently, artesunate both as an oral and rectal
form for the treatment of malaria cases.>® Unlicensed
drugs other than antimalarials are also made available from
the research group, including diloxanide furoate and
injectable metronidazole for amebiasis, sodium stibo-
gluconate for leishmaniasis, ivermectin for strongyloidiasis,
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Table 1 Number of Malaria Cases by Year and Species-Research Group, 1990 to 2000

Plasmodium species

Year rf by Po Pt Mixed Unknown Total Fatality
1990 40 62 3 0 5 6 116 (28%) 1
1991 43 63 0 3 3 2 114 (41) 2
1992 26 70 3 0 4 9 112 (38) 1
1993 40 60 5 2 3 2 112 (27) 0
1994 46 39 4 3 5 7 104 (28) 2
1995 56 58 6 1 4 0 125 (30) 1
1996 42 49 8 1 0 3 103 (36) 0
1997 46 53 2 1 3 7 112 (28) 0
1998 51 45 2 1 2 3 104 (20 4
1999 40 66 4 1 4 4 119 (28) 3
2000 61 56 7 1 3 4 132 (27) 2
Total 491 621 44 14 36 47 1,253 (331) 16

Pf = Plasmodium falciparum; Pv = Plasmodium vivax; Po = Plasmodium ovale; Pm = Plasmodium malariae.

*Figures in parentheses represent the number of malaria cases in foreign citizens.

onchocerciasis and scabies, triclabendazole for fasciolia-
sis and paragonimiasis, oral ribavirin for Lassa fever and
other viral hemorrhagic fevers, suramin, melarsoprol,
and eflornithine for African trypanosomiasis.

After obtaining permission for the importation and
use of those drugs from the MHLW, their quality is
checked at the National Institute of Health Sciences to
ensure that they meet the Japanese Good Manufactur-
ing Practice standards. The drugs are then distributed
to 23 medical institutions throughout Japan, with the
intent that they be accessed by any Japanese physician who
needs the drugs. A written informed consent is obtained
from each patient before use.

Those 23 medical institutions not only provide the
drugs upon request, but also are willing to respond to con-
sultations regarding diagnostic and therapeutic issues of
tropical and parasitic disease cases, including microscopic
examination of blood films for malaria parasites. In some
urgent cases, a member physician even visits the hospi-
tal, sees the patient, and gives advice about the use of anti-
malarials and appropriate ancillary treatments. Some
malaria cases might not have been cured without these
activities of the research group.

The research group also analyzes data on the use of
antimalarials and other drugs for their efficacy and
adverse effects, especially focusing on the use in Japan-
ese patients. Once a year, it conducts a questionnaire
study on malaria cases, hosts a seminar on malaria treat-
ment targeting a wide range of medical personnel,
including physicians, nurses, laboratory staff, and phar-
macists. Once every several years, it also publishes rec-
ommendations on the treatment of tropical and parasitic
diseases, including recommended usages of the intro-

duced drugs.

Statistics of Malaria Cases from the Past to the
Present

According to the statistics of the MHW, now the
MHLW, reported malaria cases counted at 12,000 in
1947. Most of the cases were due to Plasmodium vivax
malaria that was imported by Japanese soldiers and their
families who had been living abroad during World War
II. Malaria was then transmitted among local Japanese
people by indigenous Anopheles mosquitoes. However,
after that year, the number of cases commenced to
decline rapidly and 50 to 80 cases per year were recog-
nized during the years 1990 to 1998, according to the
MHW statistics.® In April 1999, the new infectious dis-
eases control law was enacted, which simplified the
reporting system. Probably for this reason, the number
of malaria cases reported to the MHW tended to increase;
thus, there were 153 cases in 2000.

The questionnaire-based study of the research group
on malaria cases mentioned previously targets 1,800
hospitals throughout Japan,® and provides much valuable
information on malaria cases, including reasons for travel,
prophylactic antimalarials used and their efficacy, initial
diagnoses presented and treatments given by physicians
and the patients’ outcomes and is thus not confined to
simply compiling demographic data. The response rates
were lower than expected, 60 to 65%, presumably because
many hospitals without any malaria cases did not respond.
As a result, the research group has identified 103 to 132
cases of malaria with zero to four deaths per year dur-
ing the past 11 years (Table 1).7 Therefore, until April
1999 it collected larger numbers of malaria cases than
those reported to the MHW. It is obvious that the pro-
portion of falciparum malaria cases is gradually increas-

—124—



124

Table 2 Malaria Cases Acquired Inside Japan

Journal of Travel Medicine, Volume 10, Number 2

Year Age/Sex Species Cause Outcome
1971 83/Female Pv s/o Airport malaria Cured
1973 21/Female Pf s/0 Needle stick injury Died
1974 55/Male Pv Unknown Cured
1975 39/Male Pv s/o Whole blood transfusion Cured
1976 61/Male Pv Unknown Cured
1981 14 days/Female Pv Congenital Cured
1983 19 days/Male Pv Exchange transfusion Cured
1983 35/Male pf Needle stick injury Cured
1983 45/Female Po Platelet transfusion Cured
1985 60/Male Pv Platelet transfusion Cured
1991 ' 70/Female Pf Platelet transfusion Died
PE= Plasmodium falcipanan; Pv = Plasmodium vivax: Po = Plasmodium ovale; Pm = Plasmodinm malarie.

ing, probably reflecting an increasing number of travel-
ers to subSaharan Africa and Oceania, such as Papua New
Guinea and the Solomon Islands. Thus, the proportion
of falciparum malaria was the highest in 1994, 1998, and
2000.° The CFR due to falciparum malaria for the study
period was 3.3% (16 of 491), a higher figure compared
with those of many European countries except for Ger-
many, which showed a CFR of 3.6%.!

The questionnaire-based study as well as literature
searches identified malaria cases that were acquired inside
Japan (Table 2). The definition of the case is that the
patient had not visited any foreign country and not
received transfusion except for transfusion-associated
cases. One case was supposed to be airport malaria
since the patient had no other risk factors and had lived
near Tokyo (Haneda) International Airport. Five were
related to transfusion of whole blood or platelet con-
centrate, among which one was fatal. Two cases had no
known risk factors of malaria acquisition even with
detailed investigation.

Blood Donor Selection

The transfusion-associated malaria cases prompted
the Japanese Red Cross in 1995 to establish guidelines
for blood donation based on travel history to malari~
ous areas {Table 3). These areas are divided into
nonendemic and endemic areas. An individual who
visited an endemic area cannot donate blood within
1 month of return, regardless of the travel duration.
Anyone who visited a rural or forested area in the
evening or at night, regardless of the travel duration,
or stayed for longer than 1 month in either type of
malarious area should defer blood donation for 1 year,
and anyone who stayed for longer than 3 months
should defer for 3 years. Most strictly, anyone who has
had malaria should defer donating blood indefinitely.
After the implementation of these strict guidelines no
transfusion-associated malaria case has been identi-
fied, despite uncertainty of its causal relationship in a
strict sense.

Table 3 Biood Donor Selection after Travel to Malarious Areas—Japanese Red Cross, 1995

Malarious Area Condition

Blood Donation

Nonendemic

Sightseeing or business travel of £1 month duration staying in urban or resort hotels

Possible

No visit to rural or forested areas in the evening and at night

Travel of >1 month duration

Visit to a rural or forested area in the evening or at night regardless

of the travel duration
Staying for >3 months
<1 month of return
21 month of return

Endemic

Sightseeing or business travel of <1 month duration staying in urban or resort hotels.

Defer for 1 year
Defer for 1 year

Defer for 3 years
Impossible

Possible

No visit to a rural or forested arca in the evening and at night.

Travel of >1 month duration

Visit to a rural or forested area in the evening or at night regardless

of the travel duration
Staying for >3 months

Defer for 1 year
Defer for 1 year

Defer for 3 years

Those who have had nualaria should be deferred indefinitely.
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Table 4 Positive Travelers with the Malaria Check at International Airports

No. Date Sex Age Travel Destination Result
1 8/8/1998 M 23 Senegal, Gambia, Guinea, Ghana  ParaSight F (+), microscopy Pf (+)
2 8/8/1998 F 25 Mali, Senegal ParaSight F (+), microscopy (-)
3 8/23/1998 F 29 Malaysia ParaSight F (+), microscopy (-)
4 10/15/1998 M 33 Nepal, India, Sri Lanka ParaSight F (<), microscopy Pv (+)
5 10/27/1998 M 30 Kenya, Uganda, Congo ParaSight F (+), microscopy (-)
6 5/7/1999 M 36 Central African Republic ParaSight F (+), microscopy (-)
7 6/23/1999 M 31 Indonesia, China ParaSight F (=), microscopy Py (+)
8 10/7/2000 F 23 India ICT Malaria Pf (+), microscopy Pf (+)
9 12/2/2000 M 27 Guinea, Mali, Senegal ICT Malaria Pf (+), microscopy {-)
10 12/21/2000 M 23 Senegal, Mali, Guinea ICT Malaria Pf (+), microscopy (-)
11 9/21/2001 M 42 Thailand, Myanmar ICT Malaria Pf (+), microscopy (-)
12 1/9/2002 M 58 Uganda ICT Malaria Pf (+), microscopy Pf (+)
13 3/30/2002 F 25 Malawi ICT Malaria Pf (+), microscopy (-)

P = Plasmodivm falciparim, Pv = Plasmodium vivax.

Malaria Checks at International Airports

In Japan, quarantine stations are indispensable for pro-
viding travelers with information on malaria and other
travel-related illnesses.® Japan has also launched a malaria
check system targeting febrile returnees from malarious
areas. This system was first initiated at New Tokyo
(Narita) and Kasai International Airports in October
1997, then at Fukuoka and Nagoya International Airports
m April 1998. The inclusion criterion is that the trav-
eler became febrile 7 or more days after staying for 1 or
more nights in a malarious area and requests the testing
of their own free will. A dipstick (ParaSight E Becton
Dickinson, Cockeysville, USA) or card-type (ICT Malaria
Pf., Amrad ICT, French Forest, Australia) kit detecting
R falciparum antigen as well as the conventional microscopy
of Giemsa-stained blood films are employed for the
malaria check, and the results are later checked for their
validity at specialized hospitals.

As of December 2001, a total of 365 travelers were
subjected to this malaria check that identified 13 posi-
tive cases with either of the methods, including five
acute cases with a positive microscopy result (Table 4).
Those 13 positive travelers were immediately referred to
specialized hospitals, which contributed to a favorable out-
come in all cases.

Trends of Malaria Treatment

We analyzed the treatment of malaria in Japan, using
data from the questionnaire-based study of the research
group. In 1990, most cases of falciparum malaria were
treated either with Fansidar, quinine, or chloroquine, each
accounting for 64, 33 or 31% of the cases, respectively
(some individuals were treated with two or more drugs
giving a total percentage exceeding 100%), whereas
those with mefloquine accounted for only 4.4% (Fig. 1).57
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Since then, however, the use of mefloquine has increased
and accounted for 78% of the cases in 2000, whereas dur-
ing the same year Fansidar and chloroquine treatment
declined to 6.9% and 5.2%, respectively.® In contrast, qui-
nine has been used invariably, throughout the years stud-
ied. Halofantrine was used in 14% of cases in 1993;
however, after that year, its use declined, presumably
influenced by cardiac adverse effects reported in the lit-
erature. Remarkably, the proportion of patients treated
with artesunate rose to 36% in 2000. Minocycline was
used exclusively in combination with quinine.

In the case of vivax malaria, 25% did not receive pri-
maquine following initial schizontocidal drugs, and con-
versely, 15% of malariae malaria cases were unsuitably given
primaquine due to the misconception of hypnozoite-form
parasites remaining in the liver (data not shown).’

These data clearly showed that, especially during
recent years, a substantial proportion of malaria cases were
given antimalarials that were derived from the research
group (i.e., chloroquine followed by primaquine in vivax
and Plasmodium ovale malaria, mefloquine in noncom-
plicated falciparum malaria, and injectable quinine and
artesunate in severe and/or drug-resistant falciparum
malaria.

Novel Malaria Diagnostic Methods

Microscopy of Giensa-stained blood filus, the gold
standard for malaria diagnosis and monitoring of anti-
malarial therapeutic outcomes, depends on the expertise
of microscopists and thus can be misleading. 1n this con-
text two novel malaria diagnostic methods developed in
Japan are worth mentioning. They are: the acridine-
orange method developed by Kawamoto, Nagoya Uni-
versity,” and a polymerase chain reaction (PCR) method
developed by one of the authors (YW) and Yamane,
Wakunaga Pharmaceutical Company (Mirashima, Japan)."

—126—



980

Percentage of treatment

1890 1991 1892 1993 1994 1995 1996

Year

Although acridine-orange staining has been
employed in the Becton Dickinson’s QBC method,
Kawamoto's method is unique in that thin blood filims
are stained on glass slides.” With this method, we could
detect even a very small number of malaria parasites by
examining for a shorter time than conventional
microscopy if fully trained. Kawamoto also devised the
method so that stained blood films can be viewed through
a light microscope equipped with interference filters,
rather than using an expensive fluorescence microscope.

Another is a species-specific PCR method targeting
the 18S ribosomal ribonuclic acid gene of Plasmodium
specivs. Reactions after PCR can be performed conve-
niently on microtiter plate wells, and the whole proce-
dure can be accomplished in 6 hours." It has proved useful
for field studies in which a large number of samples need
to be assayed. With clinical materials, we (MK and YW)
have shown that the method has excellent sensitivity and
specificity when compared with microscopy performed
by well-experienced microscopists. Because of its excel-
lent detection sensitivity, the PCR method could sup-
plement microscopy in detecting low parasitemia and
identifying Plasmodium species, for example, during early
incubation stages of the illness or following antimalarial
drug intake.'" Predicting recrudescence of falciparum
malarta could also be performed better with this PCR
method than microscopy (manuscript in preparation).

Comments

The majority of Japanese travelers to the develop-
ing world visit sightseeing areas in Asian countries, such
as Indonesia and India, for a short term where malaria
risk is limited. Nevertheless, the number of those visit-
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Figure 1 Antimalarial drugs used
by year for treatment of falciparum
malaria. Some individuals were
treated with two or more drugs giv-
ing a total percentage exceeding
100%. Drugs inciude mefloguine
{ O ), quinine{ @ ), Fansidar
{ % ), artesunate{ O }, chloro-
guine { B ), halofantrine{ ¢ ), and
minocycline{ A ).

1897 1998 1998 2000

ing highly malaria-endemic areas like sub-Saharan Africa
or Qceania is steadily increasing. Consequently, coun-
termeasures against a possible increase in the number of
malaria cases especially that of falciparum malaria cases
in the future should become a priority.

The fact that reporting of malaria cases to MHW
might have improved since enactment of the new infec-
tious diseases control law could be evaluated positively.
However, in order to address important clinical issues of
malaria, the questionnaire study conducted by the research
group is essential and should continue in parallel with
the national surveillance. So far, these two systems for
detecting malarial cases are conducted independently;
therefore, the possibility of linking these two should be
taken into consideration in order to minimize uniden-
tified malaria cases.

We have to mention a serious drawback to our
immigration control system that lacks detailed statistics
about countries Japanese travelers visit. These statistics
are essential as reliable denominators for calculating
malaria contraction rates by destination country. The only
available data were derived from emigration cards on
which only one major destination country was docu-
nented. Unfortunately, however, since July 2001 the emi-
gration card itself has been abrogated.

The Japanese guidelines on blood donor selection
appear stricter than the US guidelines. For instance, US
guidelines permit blood donation from those with a
past history of malaria after a 3-year deferral following
completion of antimalarial therapy or departure from the
area provided the individual has been asymptomatic.'?
The development of a reliable and cost-cffective blood
screening method for malaria parasites is desirable since
such strict guidelines as ours based on travel history
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miight exclude a considerable number of potential blood
donor candidates unnecessarily.

Encouraging more febrile returning travelers to
receive the malaria check at the international airports is
expected to lessen cases that develop into severe malaria
or even become fatal. Educating travelers to specific high-
risk destinations could be more efficacious if conducted
individually at airport departure lounges.

Clinically, falciparum malaria in our county is char-
acterized by a preferential use of mefloquine for treat-
ment. However, the emergence of mefloquine-resistant
cases and development of neuropsychiatric adverse
effects should be monitored cautiously. The literature
reported the drug resistance in a wide range of geo-
graphical areas especially along Thai-Burmese and Thai-
Cambodian borders, and consequently the use of
atovaquone/proguanil and introduction of
artemether/lumefantrine might be recommended.!?
The neuropsychiatric adverse effects of mefloquine
seenm more frequent in treatment than prophylaxis.™

Diagnosis is another important issue that could help
improve the clinical management of malaria. The devel-
opment of novel malaria diagnostic methods, especially
that of the PCRR method, is advantageous to Japanese
physicians as they have the potential to supplement the
gold-standard microscopy in various clinical settings,
and therefore, this should be advertised widely given the
lack of experience in the microscopic diagnosis of malaria
among Japanese clinical laboratory personnel.

The idea of malaria chemoprophylaxis has not been
widely recognized in our country and therefore the
recent approval of mefloquine could be a major advance.
The next necessary step would be to educate physicians
for which situation chemoprophylactic mefloquine
should be prescribed. In this context, the establishment
of guidelines on malaria prevention seems indispensable
and one of the authors (MK) has launched an expert com-
mittee with this object. In the meantime, due to the
steadily expanding resistance to mefloquine and ongo-
ing arguments about neuropsychiatric adverse eftects, we
may have to prepare another chemoprophylactic regimen,
that is, atovaquone/proguanil and doxycycline.’

Collectively, one of the most realistic strategies to
improve the malaria situation in Japan, including the high
CFR, is to strengthen the activities of the research group
so that it would become a comprehensive network for clin-
ical tropical and parasitic diseases. It should continue to
provide useful information on the epidemiology, appro-
priate prophylactic, diagnostic and therapeutic means of
malaria to medical personnel as well as to the general pub-
lic. The recently publicized web page of the research group

127

(hetp://www.ims.u-tokyo.ac jp/didai/orphan, at present
in Japanese only) could serve as a suitable tool in this regard.
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For the purpose of developing chemosensitizers to reverse chloroquine (CQ) resistance in
Plasmodium chabaudi in vivo, dibenzosuberanylpiperazine (1-(10,11-dihydro-5H-dibenzola,d]-
cyclohepten-5-yl)piperazine) (DSP) and its piperazin-1-yl derivatives were synthesized sys-
tematically. DSP hydrochloride (3) was obtained from the reaction of dibenzosuberanyl chloride
with piperazine in the presence of 1,8-diazabicyclo(5,4,0]-7-undecene (DBU). To understand
the relationship between the substituent patterns of DSP derivatives and their biological
activities, 13 hydroxyalkyl or hydroxyalkeny! derivatives were synthesized by an attack of the
piperazine secondary amine of 3 on commercially available epoxides in the presence of
triethylamine or DBU, and three alkyl or alkynyl derivatives were synthesized by the reactions
of 8 with the corresponding organic chlorides in the presence of DBU. In both reactions, the
yield was a maximum of 90%. The biological activities of the synthesized compounds were
evaluated on the basis of two values: antimalarial activity and reversal activity. The values of
antimalarial activities by single administration of 17 test compounds were not effective, being
in the range 67—152% on day 4 after infection of Plasmodium chabaudi to mice except for the
administration of 3-(dibenzosuberanylpiperazin-1-yl)-1-butene (29, 22%). On the other hand,
administration of the seven test compounds (50 mg/kg dose) combined with CQ (3—4 mg/kg)
gave high reversal activities, namely, low values (0% on day 4). The effective test compounds
were those obtained by introducing the following substituents: 2-hydroxybutyl (24), 2-hy-
droxyhexen-5-yl (27), 2-hydroxybuten-3-yl (28a), 2-substituted 1-hydroxybuten-3-yl (28b),
4-acetoxybutyn-2-yl (30), 4-hydroxybutyn-2-yl (31), and 3-substituted buten-1-yl (29), which
correspond to the nonbulky groups of hydroxyalkyl (C4), hydroxyalkenyl (C4—C6), hydroxy-
alkynyl (C4), or alkenyl (C4). These results may lead to the development of an approach to

developing clinically applicable chemosensitizers for drug-resistant malaria.

Introduction

The spread of malaria, especially caused by the most
deadly as well as the multidrug-resistant (MDR) Plas-
modium (P.) falciparum, is becoming a serious problem
in endemic countries in the tropical zones of Southeast
Asia, Africa, and South America.! Furthermore, the
inhabitants of malarial vectors (anopheline species) are
expanding throughout the world through changes in
global ecosystems and weather patterns due to global
warming. However, P. falciparum promptly built up
resistance to various types of antimalarial drugs (e.g.,
chloroquine, mefloquine, halofantrine, etc.).?2 To main-
tain MDR P. falciparum under control, the development
of new MDR-sensitive drugs is essential for the treat-
ment of MDR malaria. The recovery activity of chloro-
quine (CQ) resistance in P. falciparum by the use of
~ verapamil, a calcium channel blocker,? chlorpromazine,
and prochlorperazine of antipsychotics? and desipramine
of tricyclic antidepressant drugs, etc.® has been reported.
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—+81-3-5791-6373.  Fax: +81-3-3442-5707.  E-mail: osay@
pharm kitasato-u.ac.jp.

* Kitasato University.
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Recently, the design, synthesis, and in vitro bioevalu-
ation of chemosensitizers such as phenothiazine, imin-
odibenzyl, iminostilbene, and diphenylamine derivatives
against CQ-resistant P. falciparum have been reported.®

One of the present authors, Miyata, also found the
recovery activity of drug sensitivity by some types of
dibenzosuberanylpiperazine (1-(10,11-dihydro-5H-diben-
zola,d]cyclohepten-5-yl)piperazine, DSP) derivatives
against tumors, pathogenic microorganisms, and CQ-
resistant rodent malaria.” The first DSP derivative
against CQ-resistant malaria that did not exhibit suf-
ficient reversibility was a compound substituted by 3-(7-
chloro-4-quinolyl)thiopropan-2-ol. We then considered
DSP derivatives bearing suitable substituents for MDR-
reversing chemosensitizers in human malaria. As an
effective bioavailable application of DSP derivatives,
Suzuki et al. reported that a derivative of 4-quinolino-
2-hydroxypiperazine (5-{3-{4-(10,11-dihydro-5H-diben-
zola,d]cycloheptane-5-yl)piperazin-1-yl}-2-hydroxypro-
poxylquinoline), MS-073, has high MDR reversal activity
to tumors without significant toxicity.®

We have synthesized a large number of new DSP
derivatives having piperazine N substituents and in-
vestigated in vivo the usefulness of these compounds
for reversal of MDR P. falciparum. At first, we surveyed

10.1021/jm020379v CCC: $25.00 © 2003 American Chemical Society
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the reversal effects? of CQ resistance in Plasmodium
(P.) chabaudi'®1! of rodent malaria in a search for the
most promising substituents of the DSP derivatives as
chemosensitizer. Many substituents were introduced to
the secondary amine of the DSP piperazine residue by
the ring opening of epoxides or by the reaction of organic
chlorides. Some structural properties effective to reverse
CQ resistance were examined and identified. The mech-
anism of drug resistance in malaria is not quite clear,
even though some persuasive mechanisms suggesting
an ATP-dependent efflux pump responsible for MDR
observed in tumor cells and P. falciparum have been
proposed.!213 However, if some promising chemosensi-
tizers effective to reverse CQ resistance in Plasmodium
could be obtained clinically, it would be helpful in
achieving low-cost CQ therapy and developing new
antimalarial drugs.

/N

Chemical Results

DSP hydrochloride salt (8), a basic compound, was
obtained from the reaction of dibenzosuberany! chloride
(1) with piperazine (2) catalyzed by 1,8-diazabicyclo-
[5,4,0]-7-undecene (DBU) in toluene in 78% yield (Scheme
1). A byproduct of 1,4-bis(10,11-dihydro-5H-dibenzola,d]-
cycloheptane-5-yl)piperazine (4) was simultaneously
obtained as a hydrochloride salt in 22% yield.

To compare the reversal activities of CQ resistance
with piperazine-N-substituted DSP derivatives synthe-
sized by structural design, 8 was reacted with com-
mercially available epoxides (5—18) in the presence of
triethylamine (TEA) or DBU in methanol (MeOH) to
produce the DSP derivatives (17—-28) as shown in
Scheme 2. The yield of products is also shown in Scheme
2. The use of TEA to produce 27 gave a low yield of 33%.
However, the use of DBU to produce 27 raised the yield
to 71%. This tendency was generally observed in small
carbon-chain substituents probably because of the high
basicity of DBU.

Reaction of epoxides 5—15 gave only 17—27. By the
reaction of 3 with epoxide 16, isomer products 28a and
28b were obtained and separated by a silica gel column
chromatography with yields of 48% and 27%, respec-
tively.

3-Substituted buten-1-yl derivative (29) was synthe-
sized by the reaction of 3 and 3-chloro-1-butene in the
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presence of DBU in 51% yield. The 4-acetoxybutyn-2-yl
derivative (30) was prepared in 74% yield by the
reaction of 3 and 4-acetoxy-1-chloro-2-butyne that was
obtained from the reaction of 2-butyne-1,4-diol with
acetic anhydride and then with thionyl chloride. Be-
cause the derivative 30 was syrupy just after being
prepared and was unstable in standing at room tem-
perature (changing from colorless to brown), it was
converted to the crystalline deacetate 81 (70% yield)
using K3COj3 as a base. However, syrupy 30 solidified
when kept in a refrigerator for a while.

Biological Results

In addition to evaluating the antimalarial activity and
the CQ-resistant reversal activity of the synthesized
DSP derivatives, 4- to 5-week-old female mice (ICR Crj:
CD-1, Charles River Japan, Inc.) were injected intra-
venously (iv) with 5 x 106 parasitized red blood cells
(PRBC) of the CQ-resistant (3CQ) line of the AS strain
of P. chabaudi.!! These in vivo tests were carried out
according to the method of Tanabe et al.}1b except for
injection of a CQ dose of 4 mg/kg. After 2 h of PRBC
injection into the mice, the test compounds (6—50 mg/
kg) and CQ (3 or 4 mg/kg) were subsequently injected
intraperitoneally (ip) into the mice, and the injections
were repeated for an additional 3 days (four total
injections). The test compounds were dissolved in a
physiological sodium chloride solution (saline) contain-
ing 10% (w/v) dimethyl sulfoxide (DMSO) for 4, 17—23,
and 25—28 or in absolute DMSO for 3, 24, and 28-31.
CQ diphosphate salt (S8igma, C-6628) was dissolved in
sterilized saline or dispersed in absolute DMSO. Four
groups of mice were injected with either DMSO alone,
CQ alone, test compound alone, or CQ combined with
test compounds. Parasitemias (numbers of PRBC per
10 000 RBCs in Giemsa stained thin blood films) were
microscopically monitored daily for 5 days.

The data of the antimalarial and the reversal activi-
ties were determined using the following two equations:

value of antimalarial activity (%) =
(no. of PRBC by administering the compound only)
(no. of PRBC by no administering) x 100

value of reversal activity (%) =
(no. of PRBC by administering the compound
and chloroquine)/(no. of PRBC by administering
chloroquine only) x 100

where the number of PRBC is per 10 000 RBCs in thin
blood film. In both equations above, the lower the value
(%) of antimalarial and reversal activities, the higher
the antimalarial and reversal efficacies are expected.

Table 1 shows both values for the antimalarial and
the reversal activities of 18 test compounds including
17 newly synthesized DSP derivatives at day 4 of
administration (the values obtained on days 0-3 are
not shown). As shown in the table, test compounds are
classified into two groups mainly by the values of
reversal activity. Group 1 includes 11 compounds,
namely, 17—23, 25, 26, 3, and 4 showing generally high
values of reversal activity (except for 3, which shows a
low value of reversal activity) obtained by a set of two
mice. Group 2 includes seven compounds, namely, 24
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and 27—-31 showing almost zero value of reversal
activity (high reversal activity) obtained by more than
four mice. Three and five mice were used to obtain the
values of antimalarial activity of 28a and 28b, respec-
tively. Therefore, the bioactivities of group 1 compounds
have not been pursued further and the study of bioac-
tivities was focused on group 2 compounds.

Each dose of the test compounds to the mice was 50
mg/kg except for 28b (15 mg/kg). For administration of
CQ, a dose of 3 or 4 mg/kg was chosen for 4, 17—23,
and 25—27, or for 3, 24, and 28—31, respectively. The
use of a higher CQ dose (4 mg/kg) would demonstrate
the reversal efficacy more clearly. The order of the test
compounds (with values less than 100%) effective for
antimalarial action was 29, 19 ~ 25 ~ 3, 28a, 23, 24.
Other compounds gave values of antimalarial activity
greater than 100%. Compounds 2431 and 3 gave very
low values of reversal activity when combined with the
CQ dose.

To compare the reversal activity for CQ resistance
with the carbon-chain length of piperazine N-substi-
tutents of DSP derivatives, the values (%) of reversal
activities for the derivatives with hydroxy-saturated
carbon chains and with hydroxy-unsaturated carbon
chains C 4—10 are shown in Figure 1. The values of
reversal activities from day O to day 4 of the potent
compounds 24, 27, 28a, 28, 30, and 31 having high
reversal effects are plotted in Figure 2.
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Compound 28 was isolated in two isomeric forms
(28a, 28b). The values of the reversal activity of 28a at
the different doses of 5, 10, 15, 30, 40, and 50 mg/kg
are shown in Table 2 and Figure 3. Only the lower level
doses (5, 10, and 15 mg/kg) of 28b were administered
to mice as shown in Table 2, since the higher level doses
(30, 40, and 50 mg/kg) were expected to give 0% reversal
activity.

Discussion

Compound 3 was isolated as the HCI salt and there-
fore was easy to handle. From this reaction, the sole
byproduct formed was 1,4-bis(10,11-dihydro-5H-diben-
zo[a,d]cycloheptane-5-ylipiperazine hydrochloride (4).
The structure of 3 was confirmed by X-ray crystal-
lographic analysis!* as well as spectroscopic analysis.
A free form of 3, DSP, was easily liberated from 3
through Dowex 8 in 95% yield, and its spectral data
were identical to those reported in previous papers.52.15
Even though the conventionally stable conformation of
cycloheptane is a chair form,'® X-ray analysis showed
that the cycloheptane ring of 3 takes a boat form and
the plane of the piperazine ring is almost perpendicular
to that of the 1,2:4,5-dibenzocycloheptane skeleton. The
structure of the piperazine ring was confirmed to be a
chair form.

Thirteen hydroxy DSP derivatives were newly syn-
thesized in satisfactory yields by an attack of the
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Table 1. Values (%) of Antimalarial Activity and Reversal Activity for CQ-Resistant Malaria of Test Compounds

. N
N -R
Q

antimalarial activity (%) * ©

reversal activity (%) #
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Compd. R 4d CQ (mg/kg) 4d
Group 1
Pl a7 cHyeHeH0{) 1364 17 3 113 +13
OH
18 cryoHcH0~{ Y-ocH, 147+ 4 3 90 +16
OH
19 ~CHZH(CHZ) sCHy 67 + 10 3 68 + 6
OH
20 CHCH(CHy6CHa 1224 18 3 110 £19
3
OH
21 -CHaCH(CH) #CHg 138 ¢ 21 3 84 +21
OH
22 “CHACH(CHaCHy 1525 21 3 84 +17
OH
23 -CHoCH(CHa)XCHs 92 4 3 102 + 6
]
OH
25 -CHCH(CHoCH=CH, 68+ 6 a 681+ 28
OH
26 GHyHCHICHGH, 1084 17 3 8.9+ 15
OH
3¢ H 66 + 16 4 20428
a CQ@ 108 2 3 81 x24
Group 2 d
24 -CHoCHCHZCH3 99 + 1 4 0
|
OH
27 ~CHZOH(CHR}CH=CHy 101+ 1 3 0
OH
28a° -CHpCHCH=CH, 82+ 5 4 0
1
OH
28b ° HOCHaéHCH=CHg 103+ 14 4 26+08
[
29 CH3CHCH=CH, 22415 4 0
30 CHy~C=C-CHa0k 1164+ 3 4 0
121 4 11 4 0

31 CH,~C=G-CH,0H

@ Dose of 50 mg/kg except for 28b (15 mg/kg). * Two mice were used. ¢ Compound 3 was only dissolved in saline. 9 Reliability on reversal
activity of group 2 obtained using more than four mice is for P < 0.05. ¢ Three mice for 28a and five for 28b were used for antimalarial

activity.
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Figure 1. Reversal activities (%) of DSP derivatives with
hydroxy-saturated substituents (22—24), and with hydroxy-
unsaturated substituents (25—28) at 50 mg/kg dose of the test
compounds combined with 3 mg/kg dose (24 with 4 mg/kg) of
CQ against carbon chain length.

secondary amine of 8 on the corresponding epoxides in
the presence of TEA or DBU. Since the use of DBU
tended to raise the yield of the DSP derivatives, DBU

Figure 2. Preliminary results of reversal activities from day
0 to day 4 of potent compounds 24, 27, 28a, 29, 30, and 31 at
50 mg/kg dose combined with 4 mg/kg dose of CQ (except 27,
with 50 mg/kg dose combined with 3 mg/kg dose of CQ).

was usually used to synthesize the derivatives possess-
ing a short hydroxy carbon chain. The synthesized
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