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EFRLAMNE LD OEYEL TINS5, SEL T WSV T, FERECIIRig, V7~T MR TRMese it
PIROIIEAILL T, Fo, TPEES T, _=t VDB 52 ETHEROTRIRICAEDIL TR, NSy —< Rl T
A HTHERASN WD, EZAT, FEBRICEBITS alltrans THL-F /A R ATRAFRIEO AL L H Cuvd, ATRA
WS T MR E M 1 MUP(APL) BB D Z< DN EARIRAEL 725(1,2) 73, £ DRFFELIEICEDLZ LN, 1970 FRIC
HEEES EEAMEL 7R o7z ATRA MHEEMERTEBEME A MR AR L CGEN T LT ENHPIETTHRESIUB, 4), 1997 4RI THE
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P 13, [EPNEREH ZAEREDE AL 572012, FMHRG A R IR ~OIEFRAE AL L T, ZIVE CIARIREE D it
FADY in vitro (2B W TR S U PTIEE R A 928, 72T A GRIEREIAEAITHS buthionine-sulfoximine
(BSO) D FAIC LOAFERA A EA THET D28, SHIT, 2SO BN k3 D B A X E TRk - e
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AEEREL BSO (3 Sigma (St. Louis, MO) KVREAL 7=, HERREI I/ bR A/KEEHRI SRR R IREE L L C 2 mg/ml DR
AHEEAEPRAHK(TBS) RREIL 7=, AFEDRFREHITRE HLE, HLF, HUH7 38XT% HepG2 1310% () 7 RfFimiszaie
Dulbecco's modified Eagle's medium (DMEM)IZ&0DEFEL 7=,

2.2 OO0

BALB/c X—R~TZ (51", HAIVT) % 2 B PAfAEL ., HuH7 #iia (1x10°) 252 FICBAEL7Z, 2 TFEH#ES DY
[EEE) SHEBS UL | JBEFA RS 0.05 cm® (272> T- B CR— R~ AZARAT NI -, NI AREE AR A K SR
HlLicm ba— A (1 n=9) . BSO DREIZEPNEGHE (I A, n=9) | HEERROEFHIREES- (I ¥, n=11) | 5L MRS BSO
OPFFAEEEEV B, n=10 20T T, 7, BEEANE 51T, AL 7ZiBE57S 1.0 om® L RICRR LT RER) O 54 BRIIAL 7=,

HREAARI 543, HEEsZ S5 200 pg/100 Wl (7-6.5 mg/kg). 7. BSO IEAEIEPNIZ 1 mg/100 pl (35-33 mglkg), \ ¥
b 3 (Al B SR 13 [BHR 543 2~ 7=, RGN 54, diefg% 100 pg/50 pl (3.5-3.2 molkg) D B4 2 3 [R5 L7z,

2.3 00Ooog

JEREH TEIEE% . 10%7/L L7 LT ERFEEIRIC AFUEEL . 235742910 Hematoxylin-Eosin (H&E) Yl L0JsBzr
Fmta1 177, $£7=. terminal deoxynucleotidyltransferase-mediated dUTP nick end labeling (TUNEL) 25 (FIytlisi) (2o 7R h—
TADRREAT T,

2.4 Particle induced X-ray emission (PIXE) D OO OO OOOODOOOO

PIXE [ZEDHIEIT, ) NBDFIEITHEC TTo72(12), RER% G- 13 B4R 7214, =T VI FIZBUW T A
MEAEREL | TR, B, It OV AL 7=, N i —iiA 105 B CHBEUIERL LT, 50 mg DFMEEREE D
1mg (TR 1l OB TR AL 2w IEHE (1000 ppm) %77 1 R MRAER LA, 43T PR IE 1 ml %
Iz, E1L Tk bUz, £, MR 7 /W MR B D 250 /KB b T MY i (IN) Z0A., 80 FETHIEAL |
10 Wl (TR TA 20 EER A LU INZ T, ZAUDalbla 22— N7 0V AT FUA-50208% . PIXE Zobr i 7 v e LT,
BIEL, /A 702 AMYC-1750  ErE B ER). Si(Liyisitis (ORTEC Y, /L —/3i#6E 5.9MeV) 3L UNPIXEfiftir
7077 INSAPIX Ver3)a L, PEHEAEREID AT WU SREEE Plit Ol X2 4720 | i XM 2247200
bR (AS) G EARELT,

25 0000oOobDooboooesHO oo o

WA VAT 213 GSH Assay Kit (Calbiochem, San Diego, CANZ KOHITEL 7=, #lfika 5% AXV Ak T 7u Ry
FAP—ITIDARETTHRARL, 33000 x g 10 3D EE 7 v ELTe, 2237 BDIlEE Bradford KD ERL
72 GSH &I 1mg #2270 nmol LU THFRLT,

2.6 0000

StatView software (SAS Institute Inc.)z Fv >, 2354 Fisher’s PLSD (ZRVAFHTL 72,
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AFEO TR (HLE, HLF, HUH7 3550 HepG2) #X—R~ADFZ FIZHEL | 4G4 T~ TOREE, A%
PR I OREEEHINERIZ F\ N CHIEIAL LD HUBSZRAS U Y HUHT 4 #EER2OD in vivo RICEFHLTZ,
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Number of treatment Fig. 2. Pathological features of the xenograft

Fig. 1. Effectof ATO on the tumor growth of tumor in a representative mouse after

human hepatocellular carcinoma cell line intravenous injections of ATO. A, tumor
HUH7 in BALB/c nude mice. O, control: ®, stained with H&E before ATO-treatment, B, after
ATO alone; A, BSO alone; A, ATO plus BSO. the treatment. T, tumor; C, connective tissue. The
Data are means of respective numbers of blood vessels affected by ATO are indicated by
animals per group. Bars, SE. arrow heads. The magnifiction is x100.

RO R FRE 51 LIRS OBEFE SOOI S A7, dieEaf 5RO O KRESTar ha— VEED 53 LU
Tirolz, Wikl BSO LD, AR JIE R AEIHER A <L 7 (Fig. 1),

JREZHHEARD H&E Gt TIIARIBHR M — L (Fig. 2-A I HALIDIINT, EEFEEG L. it Skl o L0 miEi, f el
RIS 21X 2 D MAEDMBIELS VT, FEFRIC LD ZROFBO HAVTIERICIE, Z<OIEEFIIIALL . BRRIZi2 > 7= 85
FEED OB QW ODBIESIZ, F2, Fig. 2-B OREITRUIZID 72 METERARDTEDHAL, MFEL 7 i PRI %
<DOFRMERPIBIERS I, FEFRD EFHIE 54D M I61T D ROF 7% PIXE I[ZZORGETLT-, #ElE200 g 2Rk
FE54% 10 43, 1R, 6HFITF L O0 48 B M A bR R L TR TR,
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Table1l Arsenic concentration in blood after
intravenous-As20s-injection

As (pg/ml)
Time mean + SD n
10 min 27.20+5.26 10
1lh 1401+£297 8
6h 1264+1.83 10
48h 252+1.98 7
48 h* 3.13+1.33 3
*: afterl3 times injection
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Fig. 3. The amounts of arsenic determined by PIXE analysis in various tissues after the
intravenous-ATO treatment. Data are means of values of each sample.

ZAVER 27.20,14.01,1264 Z LT 252 pgiml Tho7=, Fi-, 13 [RIRFHIRE 54400 MHEFERH X 48 il CeRREEL

LT 313 pg/ml Tho7e, ZIHDFRERNG, 48 I3 v TH HEFEN LRI CHERFS I QOB T EDL 720 T, EBIT,
gm0 Z OB~ DL RO HIA I &% PIXE (2 ZVHIEL7-#ER (Fig. 3) | ik, T, s L OVER CI3EEEI T 1ppm LT TH
203, MR RN FRO DAL, B I <O THEIZ EFL T, SBIZ, MR GHEA M ClIEE~DEE
3, B L CHARIZZNWZEDMERS I, ZAUTZERUTREA Z 2 A0l MBS C K0 5-U 7o dhi i
PNV RE B Z DD,

JEEIRRA - (13101 H) 0> 48 IS OISR 31T D38 A WA T B ELT-(Fig. 4). T CITHREL T
DI, BERIPRHIRIC IV, ST V2T B g, BSO BUIER Cldm s ha— /UKL, BEEEHIL
BECIIAENEE O AHINE 27~ T 50D, BSO LA OO CIEE LB A RUTZ(L), ZAUZKIL, SRIOEH)
7 VERRCIE, 2 hr— U321 nglg) i 2< 52 BSO $58%(28.1 nglg) TlIA BE7K FIFFRo b1, diefREis JOME
bl BSO EOPHFHRED A TIL, 00 ME(AS; 41.8 nglg, As+BSO; 41.0 nglg)a ~LT-, IEENS VAT BOREFRIL,
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Fig. 4. Gross morphological changes in the
xenograft tumor of a representative mouse
treated with intratumor injections of ATO.
Macroscopic features in time course during the
treatment: a, before treatment; b, for 2 weeks
after the start of treatment; c, for 4 weeks; d, for 6
weeks.

Fig. 5. Insitu TUNEL assay of the xenograft
tumor in a representative mouse after the
treatment with intratumor-ATO. A, the control;
B, after the treatment for 2 weeks. Bar, 50 pm.

HREFRDNEIEN I 5 ClId 52 BtaL T 1-2 1R CHEEEm 2 By MIiR s B (Fig. 5b). IRFHIANERET 21223 TR
TAESZRD . 6-7 BRI ICITBMEL . DUV THIBEL 7= (Fig. 5c, d), ZOIH7ZRBEOZE L BESH D NITEARIT 22 FilH 13 4
(59%) |ZF W TRIESS -, —F7, NUAEFIBHE K Z B 5 LT hr— LT HUB BB TR U 7=, JRERRT Gl i
ZAED NS O BSE S T USRS AL, IEEHERR Z 31T D A R DR MERD S S I L OMAE S~ DI b
7z, Ffz. TUNEL assay (2502 DR8I — I AR BRI BERS L BB ZBBED 725 T AR — 3 AIZ
FDZENMERSIIZ(Fig. 6), Fig. 5 (ZAH3 5 HIMEESEI L., Meth-A % R PNEAEL 7= Balblc ~ 7 A~DIEIER HLT- Lew S0
FERLEHEIL QD (13), BSIIESNIEORHE L Db DEBEZ THY, Fox OARIDIERENI L OVEFkE 570551

CRERE BT D,

LLEDFERD D, ATO 13X — R~ ACBEL 7 FEEAIEE HUH7 (25 SR 5-dh 20 MBI G oo C R
FeAHTHT—Fh, TRV AL OMINESEATREL . SHIZ, FREHEFE 1 M a8 A= o0 B 2 0 R A oD s
HONNTIHRE ST ZEDVRESIT,
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