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BEGOANTHICAERINDS, HDHWVIE, BRRATERINSLEYED
N T BB AENERINTERLG, 62, 68,98), LEMEDOHEIBAMEZ, £
OYE XTI RBELAEBRIOERE OMAERLEZ LN TWD, IR
BERITHE S S BIERRETEIT, 1775 FO Pott (80) 12 X HERFBRARIZBITS
REREEOSHICETIRERREILEIN TS, ZOHK, 1858 £, Virchow
@ WX VRIBHLRRI N, ZHiL, RERERFRIESEETIIRN
B, BABREDORRERIC | >OHFMMEEZRL, EROEXERAIEZRET D
Lilrot, TOEERBICESE, WEMEPRAERESEDLZLEER
HICRANCEE L DI, VIFOFILa— NI —NVeREBMTOIILITL
D, DAORELFEZBLIILELET) 80) OBETHD, 0%, 1, 2, 5,
6-dibenzanthracene 7% Kennaway 33 J U\ Hieger (80)IZ X ¥, 3,4-benzpyrene %° Hieger,
Cook B XU Hewett IZ LY, a— NV F—NLVFIZEENDIFEBAMEERT &L
TRINTe, L, (CEWE OB AERFEITERIZRY, NTHIZERER
FERRICHEET Z2REPAMEORE, BEENTOI, ERIITUERBAY
Bid, ®BEM, BOMBIUBIRNEIBERNICERET S LERDIREAL

LB ENENOYEICLSEIEEZ b > THRAZFEAESEDL T LBHHL,



EBAVEFELTOREYBEOEEENEESND L OITRo T,

BRAMBETHEWEIL, BETOANLNTER, HDViE, BRR
TERSNIARMEHE L FOEBFNTHDEHET TERSN D NEEYE
KBl D,

NRMEDE D%  ITBETEEE TRRERFE M 2R L, DNA Z2{L5rIZ
BT 5, (LEWE B A CRBEOBEIFERMUER G 2 R T EBENED A
B (direct carcinogen) & AEEPNTHREH 22T THID TREBIEHEL BRI 2R
ARITERYE  (pro-carcinogen) (X b5, EFERIFENSAWMEIIKREFHIRIG
HE2ELTRBYEBRLEATOREE V¥ — (BBEFOBEERATF A=V, F
nyUREDTIE) LRIET S, ERIUEEEFPATEICHVLNDS
N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) <° N-methyl-N-nitrosourea (MNU)
RETEERPAMET, RAIBICESR, #LERMLICEIAEZ T, —F,
RETICEETARB/AMEDE 1L, ENARBEHETHY, (LEEEIcEk
3%, ZRAFFERICKRE, FEER7 I VBLIUEE= e {b&EWITHE
EhTnb, SBRAEEFERICKFHECIAREZESMEICLVETS 7] R
|28 £ 5 benzo[a]pyrene (BP) X° benzo[a]anthracene (BA) , H&EKT I B
JOBE= h afbAIciE, ARAREOEAE S SR ME MBI

W72 ) BOMBSEIZL>TEL, BIZEFOEITOHPIZZEENDIEE



KEERRERLEY (heterocyclic amine) < diethylnitrosamine 3% £ 5,
—REENZZ N aDEL, B FORPAOERFERELTELZONTE L
(15), ERBIZFZ NNafERIZIE, SFEIERIATORPBAYE, T2bL
polycyclic aromatic hydrocarbon, N-nitrosamine %738 £ TV 5 (42), Sugimura
5 (88) I, BMOFETEUIEIZHL X NN DE LRI SLOFESAICE
ETOMENZENDFIREERDHD L TFRIL, 22T, 72774 "—H
DI AN —IIREERETET D LI RETIELRESETHRRLZEZ
5, polycyclic aromatic hydrocarbon & 1388 5 7>(23& 9 benzo[a]pyrene K ¥ W&
RIFHZETHICFEHEPIE SN, £, TUODEORARTH L5EA
RPEEROET PO LELAKCEVWERREZ R LEYESER S
(89), Z L5 DL I heterocyclic amines (HCAs) & BEIZHI, BRAR EDE
HEZZL GURMLEMBFE Lk, 7/ BOMASREED» LHERIN
5 LEZ BNT(55), £DHDOMFET, EBICT I/ BOMBESREY), Tb
5 MV F b T 7 o O M OB 4 fEOE B L
3-Amino-1,4-dimethyl-5H-pyrido[4,3-blindole(Trp-P-1) & 3-amino-1-methyl-SH
-pyride[4,3-blindole (Trp-P-2) (87) 23,7V & I B O ME Y REY > &
2-Amino-6-methyldipyride[1,2-a:3’,2’-d]imidazole  (Glu-P-1) &  2-aminodipyrido

[1,2-a:3’,2’-d]imidazole (Glu-P-2) (111)4%, KE 7w 7Y v OMBSEEY O



2-amino-9H-pyride[2,3-blindole (A a C)& 2-amino-3-methyl-9H- pyrido[2,3-bindole
(MeA « C) (113)23 Salmonella (S) Typhimurium TA98 IZ%t L ERFEM 2 FHHKT D
MEL L TENENEBESH, BERE SN, BEE TITH 21 O HCAs 23
RnWiZashTtna,

Bex A, BERNOET S EEES 7z HCAs i3%4%] S. Typhimurium TA98 |Z
MLUTHWEREEHZ R, 2<EREHLZRIRVWEINE, LAL,
polychlorinated biphenyls (PCB) %#5 L7z 7 v b OiFIED 5572 S9 mix THLEE
3% & S. Typhimurium TA98 (2%t LE 2R b7z, HCAs I3 PCB & 5.1
XV Fy MNTFETHE SNz cytochrome P450 (CYP) 12 Xk W RENEM L E N7
L% % bz, Ishii 5(43)iX PCB, 3-methylcholanthrene 35 X U phenobarbital % #
EL7Ty FORFBE 0 ELNEF<A 7 8 Y — AT Trp-P-1 8L Tip-P-2 %
RENEML I 7z, 1L A D HCAs iX CYPIA2 IRBNEMILEN B Z LIz k
D N-KBEABE I, —H O HCAs Tix CYPIAL HB WD T A Y ¥ A L
WK DABEERTIEE LSS Z ERRESZ(), ZHE TITMBAFHER M
BHAHWNIT I /B ¥ OMBSEESOF ) D, S Typhimurium TA9S (25t LZ
REMZFHERETOIWE L LTHK 20 L D HCAs 23 BB, #EE T E S h7z(55),
INODOMEDI BTy PRIV REHWTESAMRREZERK L2 10FE

D HCAs OETIZTRMBAMNFHERENT (Table1) (86), & A ED HCAs



RIS T2 RBAMEF L, MIZH/NE, KB, IR, UV, B
MREDLHREHE - MBI L TOREBAMERED Sz, $£7-, PhIP % RAH
RAKE LI 250 ATI@EEEICY V7B RA LI DTt L(20), R
IZPhIP % F344 T v MG L& Z A, MTITRERE, MTilpmntic
BRIN(44), BREDEEIC L > TENL R IBENERDZ Z L HLMTA
272, Adamson H(1)i%, IQ 20 mgkg %38 5 B ORE O E, ¥ 44 » HE#
5L, 1=0A4F VI 2 RESEiz, ZOEBEOFKEL, Aflatoxin B,
TR T, EVEBERIMTEREORAER TH o7z, HCAs DEBAERICIE
S9 mix [T X DABEMHMABETH D5, Ty b, EbHINIIALLLEDL
7z 89 mix X Z N EIFRIC HCAs 2 RBHNEHAL T2 Z L N FRETH o7, L
72U, HCAs DREMPAMICENYFEIC X 27, MR, HErZD NS, =
NHIXME~ O HCAs DIEFFHRMA BN RBEEKICEET S 22 bh
7z,

ZOXIIRBEFICIE, a0, ABRMCEENIWELSD, &
REMSCHEBAMEL TR TWERELSBFET D, ZROOWEDE L, <4
BIZLDELRVS, MAEGDLEICI o TRERENA Y R 24U 5 ATHEMH
bEAOND, HENTIE FORFEAFBIIBNT, ZhOEREUYE D S

WHEBAMYEORBELTEICEIT D Z LIIRFTETHI D, “hoHE



IZ2OWT, b NORBAICEET ZFEEOM, BREEMFR MO

1l

DB EERFRE T b 5 (84),

Norharman (9H-pyrido[3,4-bindole)i, L-tryptophan DOESEFEY) T &  (87),
S9 mix DOFFFEIZE D 57 S. Typhimurium TA98 ¥RIZxt LERFEM# R X720, L
L, FERFMEFEFRT I Th S aniline = o-toluidine & $£7F X+, S9 mix |2
L ORBEERICEIVARBINS Z L2k v, S Typhimurium TA98 B LN S.
Typhimurium YG1024 #% 123t LERIFM 27T X 51272 5(61, 63, 64), Z i3,
norharman & IEERFEMFTFKT I Th S aniline 3 5\ i o-toluidine DILFF
TT, S9 mix IZEORFERERICLIRBE2RTCAZEOESETH I
HCAs 9-(4’-aminophenyl)-9H-pyrido[3,4-blindole (Aminophenylnorharman, APNH)
BAEK S (Figure 1), ZOHOKIBICX »TAE L7z APNH 130 X %
hydroxyamino derivative (&) [ZER#EI 41, S. Typhimurium TA98 35 X O
YG1024 [TEIFEREZFEHR TS DNA g E#AE L S¥5Z LT, EREN
ZRBT D99, TDX S EN D norharman 1X co-mutagen &V HALTUV 3,
APNH OffsFZE R DEE L, 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline
(MelQx) 33 X T¥ 2-amino-6-methyldipyrido[1,2-a:3’,2’~d]imidazole (Glu-P-2)iZ Gk
35(101),

Norharman 1%, #Z /N2 D,

g_lél

BERMF % EIRSREFITFEET 5(24),



Z /32 OEF O Norharman 1%, #EEFZ /N2 1 AH72D 900~4240ng B FNTH
D, FNIOERE, BIREE bBEMOERFME " FERAMEYE THS HCAs
D 100 f5E& D norharman 2 A TS Z L BB E SN TV S(102), LEROAE
EERLTVORERE FORPICH, FROBRFEEMBHEEZTIITVEAE
DRFIZ S HEIZ norharman 1IFFFE LTV 5(109), [FIAEEIZ aniline (X, # /32 OfE
FITHE S N2 1 KDY 0.1~18.1 ug DEIE T (60), 7z, HEEOEYTIL 0.1
~30.9 mgkg DEIET, F, BRPICHEETE@1), E5HIT, aniline it k
DERFBIVCHAMTFICHREINTNSG,12), TNHDZEb, & MNIBHE
HJIZ norharman & aniline D HICEEINTWB L E2 BN, FHRICKRESh
JZHCAs T 5 APNHICE MIAFMICRE SN TV A AREEIIEE TR 2\,
ZOIZOEREYET NV EZFH T APNH OFEBAMDTEM R T — 2 BLE L £
Zbhb,

ABFFEICBNT, APNH ORERAMERETB1CH Y, E—ET APNH O
=V — 3 UiEEE PR 75%&%‘#5& (in vivo five week initiation assay ) T
it Uiz, B TEFET APNH OEMEEE & S A A B =X A~D p53 Fns A
B FOBREELRET D720, p53 7 v 7 77 b~ 2B AMESRER
Efiolc, SHIEZETIE, vV AFFETO APNH OREHZ B 2 BeskaE

LB AL OFEEERE LT,



Table1 Chemical names, Abbreviations, Source and Carcinogenicity to Rodents

Heterocyclic amine Abb. Spieces  Dose Site(s) tumor occurred

3-Amino-1,4-dimethyl-5H-pyrido[4,3-b]-indole Trp-P-1 Rat 0.015 Liver

Mouse 0.02 Liver
3-Amino-1-methyl-SH-pyrido[4,3-b]-indole Trp-P-2 Rat 0.01 Liver

Mouse 0.02 Liver
2-Amino-6-methyldipyrido[1,2-a:3",2"-d]imidazole = Glu-P-1 Rat 0.05 Liver, small and large intestine,

Zymbal gland, clitoral gland

Mouse 0.05 Liver, blood vessels

2-Aminodipyrido[1,2-4:3°,2"-d]imidazole Glu-P-2 Rat 0.05 Liver, small and large intestine,
Zymbal gland

Mouse 0.05 Liver, blood vessel
2-Amino-9H-pyrido[2,3-b]indole AaC Mouse 0.08 Liver, blood vessel
2-Amino-3-methyl-9H-pyrido[2,3-b]indole Me AaC Mouse  0.08 Liver, blood vessel
2-Amino-3-methylimidazo[4,5-f]quinoline I1Q Rat 0.03 Liver, skine, small and large intestine,

Zymbal gland, clitoral gland

Mouse 0.03 Liver lung, forestomach

2-Amino-3,4-dimethylimidazo[4,5-f]quinoline MelQ Rat 0.03 Large intestine, oral cavity,
mammary gland, Zymbal gland, skin

Mouse 0.01 Liver, forestomach
2-Amino-3,8-dimethylimidazo[4,5-f]quinoxaline 8-MelQx Rat 0.04 Liver, skin, clitral gland, Zymbal gland

Mouse 0.06 Liver, lung, hematopoietic system
2-Amino-1-methyl-6-phenylimidazo[4,5-b]|pyridine PhIP Rat 0.04 Colon, breast

Mouse 0.04 Lymphoid tissue
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BBV BRI, f=vx—vay, YeE—TarylBi\7rs
LyyavDEEBEO v A2 ELEL LTS5, FOFRTHA =T —a Vil
BIIZEEREBAT v AORYOEELRFEL RS, LIhoT, HHRLEY
DETEA =vT— a3 VIEROBNZRWEZ2ITT 2 Z Lid, ZOFHHRILE
MORERPBAMEETMHETDICH->T, FEFICEEREEL D D(26), Ames (&I
REEINDEH in vitro BRIFHEFER L REIVBARERROZNENOR A ZHH
5 Z &% BEIZEA% X7z in vivo five-week initiation assay system (¥, 7 v b %
FVy, 23 FFERETBRIC X 0 AFMERsEEIE M 2 FE L, FR S o iFia B
A =y 2= — L LTREMNRTH LA T v Me—ERARE IS
(74), =D 2 @EE%, BIREERERAIEE & LT, 2 - acetylaminofluorene
(2-AAF) 0% 5% 2 BFEATV, £OH, MIEEZFIET S B TR RSE
(CCL) 2&ET D, f =Y =— a VBRI L TWIVE, SERTRIBRELE
% b5 AR glutathione S-transferase (GST-P) BEMEATHIRIE AR INS, &
I, BER O 26 BEO(LFHEICB W TREMERMERR & OB Rt Sh,

invivo TEEIRICHENPAMENTME TXA2RRR E L THENEATWA(TS), £

-10-



7o, KBBRIETIE, FBEENL L2 WYEORENFIETH Y, ERFEMEY
HThuL, BRAMEEYE LIERBAMERYE L ORI FIETH 545,
46,75, 94, 105),

SEl, FRIZHERINWERFESE~AT ey A7) v 7 ThD APNH
Xt LTT v MNIFIRICHIT D GST-P BT MREROFEEZ T RS hE L
7z in vivo five-week initiation assay (92, 93, 95, 105)Z@H L, ZORNAMEIZDON

THRRET L7z,

-11-



[EBA IS LU ERFE]

1. #REY

HEF344 5 v &2 BARF ¥ —/L R« U/S—4 (Atsugi, Japan) XV 6 H#ER T
AL, LEFMOIULOBRERIZHW, BET 7 A F v 7 r— IZF2nEh
S5IES>EF L, =Rk 2242°C, BT 60%, FREAIT 12 BRERICHERE LTz, s
34V = NVEERRTY: (Tokyo, Japan) 88D NME %, KidKiEKZZENE
NWEBERI 7, KEEXIARTy 72AW 1 BT LIcRBE L, EBRE

MR OOAEEIL, 190—200g Th o7z,

2. AE

APNH | S9 mix 7F7£ F T, norharman & aniline X Y 42f% L 7z, Norharman
HCI (Katsura, Chemical, Tokyo, Japan) 40mg & aniline HC1 (Wako Pure Chemical
Industry, Osaka, Japan) 20 mg % 787K 20 ml [Z### L, polychlorinated biphenyls
(Kanechlor-500) % #¢5. L 72 ## Sprague-Dawley 7 v b Ol X  #iHH L 72 S9 mix
10ml LIBEL,37C T4 v Fa_X— L BEATEF=FI/V30 m

| ZRISHRIZIN 2 724, 10,000 Fl#s/4y 4°C TRERLDBELTZ, HEZ2 T TILEBY %

.12-



BREL, S0%T¥ /—/ 2 mlIZER%, mEREs v~ 777 4 — (HP1100
HPLC system, Agilent USA) (Z CTLAFDOHETHBEL 7z, HPLC & 7 A% TSKgel
ODS-120A column (10 pm particle size, 7.8 x 300 mm; Tosoh, Tokyo, Japan) % {5 F
L, BEMEIZIZ 7B F= U AR I 25mM V) U EEAEEIR(pH 2.0)D DR AR &
AWz, B8tzimL, T r=FYVREZL 30 7E T 15%THRER, 30-60
SETIH IS 05 50%, FOH% 70 43 £ T 10 2 REHEF T2 AEEBHEIC TRHE L
7z. WEEEIZ 2 ml/4y & L72(99),
Mg L iR%E (CCl) XFXMisK T % (Osaka, Japan) L D EEA L 7z,

2-acetylaminofluorene (2-AAF)% 0.015% (w/w) {BA L72fEHE, AV = Z VB8

RXVEALL,

3. ERFE

EBR 7 v h 23—V % Figure 21277 L7z, F344 5 v M4 15 % Groups 1 — 3
W2, F10E% Groups 4 8L NS5 12T, £TDOT7 v MIVZFINLZ—T VK
Brafi L, BE#ZEFHRTYN, HFRLEL L, FRTHESLIVOEEDOR
WREREAER THREZE L, YIBR L7z, Groups 1 — 3 IZOWTIAFSSEIR 12 BX O
30 FEfE#%1IC 2 [A] APNH 10, 3 38X U1 mgkg bw. 2R OKE5 Lz, ®E5HEIX

Kawamori 5(S1)DWMEICE SNV TRE LTz, REXANEYWE TH D APNH D5

-13-



UL, Sakai H(74)OWMEE L LI, REEMALEZERL, UM%
HETEA B b 8 < 72 DR ORI OFRFMICERE LTz, APNH #&51%, EREEH
285 %, FFER IR 38 B X D 2-AAF % 0.015%EA LTkl % 2 @ 5
Z 72, 0.015%2-AAF OREEHREF, T72bbFRa0ER% 3 @M B iz CCL (0.8
mlkgb.w.) ZHEEREOKE Lz, R YIBRZIT o 72t 2 ## (Groups 4
BEO5 0% 106 iXRMEXTREELE Lic, MBE2EDS 5, Group 4 1LAFES
43 EIBR1%, Group 1 & [EIAEIZ APNH 10 mg/kg bw. 2 A 5L, 2-AAF B L
CCl, B OB BB IIFT 20> o T2, Group 5 (IAFERSEIBROAME L, fhOMLE X
fTblkerole, FEHEIBR 5 @M%, 20l RE8%, FRRERR Lz, g
T H L AT, 10%FHEER L~ Y VICTTEEL, GST-P BHEEMRR

DTz DFEHRRAL F Y T4 LTz,

4. SRR

Constan & (8)DFHEIZHEVY, 1 GST-PIgG Hifk (MBL, Nagoya, Japan)
% FV>, Avidin-biotin complex (ABC) {£(38)I2 THefa L7z, AFiBHERRY) 7 BT E
M7 DERE 0.1mm LL_ED GST-P HHATHREICOW TR E B Z]IE L
(93, 95, 105), FIEMEOKE AL, —TEEDOTE T (ANOVA) L LEIK

FRE (Dunnett{£) IZX 0V {To7,

_14.



[EEFE]

1. AFEEAER DY O GST-P BIEATIER OmE

APNH £ 5% (Group 5) R EHET v N OIFIKICEB VT GST-P B4
AR DOFI D FBH bz, GST-P (IAFMAE DR L UM EIZFE S bz
(Figure 3),

RN ERE &7 © O GST-P B ATMAL R OE R % Figure 4 (TR L7z, %t
FEEE T3 5 Group 5 DHALEFEH 72 ¥ O GST-P AT B OERE I, 0.2240.20
(EHEHERERZE) mm’cm® ThH -7, Group 1 (10 mgkg) , Group 2 (3 mg/kg)
B X Group 3 OHEMEREHY O GST-P BHEFHRROEREIL, ThEh
3.43+1.38 mm*/cm?,  2.18+1.41 mm?%cm’(1 mg/kg) ¥ XX 0.9440.51 mm%cm? Th
D, HEMBMRICERREME R L, £/, APNH 10mgkgb.w.#& 5-% 2-AAF
B LU CCl, DALE LT 720> > 72 Group 4 DHEAIERE D 72 Y O GST-P BEATH

RO OEREX 0.5940.31 mmY/ecm® T, XBEELEBR L THEEREMERLE,

2. FFBEEAEEDZY O GST-P BHEOIBAER

AL H 72 Y O GST-P BEMERE % Figure 5 IR Lz, SIBHEETH S

Group 5 DHALEFE H 72 Y O GST-P BFHEAFHIMIE OERIL, 2.67+1.27 foci/em® Th

-15-



7z, WERETIX, Group 1 (10mg/kg), Group 2 (3mg/kg)3s X X Group 3 (Img/kg)
OHAERE D 72 Y O GST-P BBHEFHIRE ORI, £ £H 19.34+7.20, 22.75+8.16
BIU 13.6124.92 /om® TH Y, BB L THRZENBED b,

APNH 10mg/kg b.w. & 5-%1Z 2-AAF 33 X O CC1,/LE % 1T 724> > 72 Group 4 |12
BT BEAEE DY O GST-P BBHEATHBEEEIY, 3.43£1.38 /om® THANNER %
R UTEH, HEHFERIIZ APNH EBEEED Group 5 L OICIIFEEENRTZ D LN
Rhrole, BAERED D O GST-P BEHATHRERE D%, Group 2 (3mgkg),

Group 3 (1mg/kg) {2 FI AR DM Z R L7228, K& FED Group 1 (10mg/kg)

1% Group 2 & DRICHEEEEZRI R oTL,

-16-



(%]

APNH J norharman & aniline O3£/F F Tt MFEI 7 v Y —LAREIIL D
RBEOFICE VAL DHEOEEEE LT, BANICFER Iz (50), Norharman
} L aniline 1%, Z/NafE, MBARKGHOEXREICEEN, b FOEFBREIC
JE<L 434 L TR VW (100), AfEiZ norharman 3 X N aniline |2 B & HY, MR
FTEN, APNH BDAETERINTWE EEZHNBH(Q27, 60, 102), FDizd
APNH OB AMEILOWTORRITEERERZ L DLEZIOND,

In vivo five-week initiation assay I%, BEFM EBBEAMEEZF T E8EEMS
EEAVMEOHE, GSTP BHAFMRE ZFHE T 545, quercetin X
6-hydroxyquinoline MO k& 9 REZFEHEBHETHIBRBBAMLE L2WE T
GST-P [EHEAT IR 2 5538 U2\, GST-P [BHERTHERE A3 A = = —3 3 V ORT
LM TH D Z L1, invivo B Winvitro DERIZE VAL ->TRY,
UbEDZ LzBiEzd e, BRFEMHLEBBAME, KM=V —a UiEHkE
i, EEICHELLERETHLH, 2<E—TE2WnEXLNS, LB T,
In vivo five-week initiation assay I%, ZREEHYME DN AN, BEITIISA =T
—va VIEMPRHTERBEETHD, I, FREENLE L, ZERM

FFRBEYE 71T T72 < benzo(a)pyrene X° 4-nitroquinoline 1-oxide D X 5 72 RJF

_17_



WBHERRERAYMEDS =2 —2 a VIEMERE TE, —F, urnadil,
butylated hydroxyanisole 33X U" catechol D X 5 R EEHE TH > THLEEFE M
BRAEMEIC BV T GST-P BHERZFE L2V N(T5). T72bb, BEREEREY
BDHbH, EHRERIC»IDOTREENED DN E DAL BRARBRERIETH
PR B2 7R 57(91),

A :v:—? 3 VSRALT B e ICiE, MAEREIC X 2B IETFEILDOEE
BUHBETHD, £z, ZDOEPAEDEIL, AERNTR#LZZIT TREIAMK
RS T 5 HMBRRENE DD, REEHEL, == —2 3 VRSLICEE
ZRIiET (76), In vivo five-week initiation assay Ti, ATHIAZEEFERIE L L T2
/3R BIBRE VTV 2 A, FFB4r IR MRS DR A E L <, (L%
WEDEE-Z A I v 7 R OBV LT b L AR R A LSRN
H5 (46,95), —MRIZT v MZRIT D2 UIFR% TiX, 18-24 BFfff%IZ DNA &
OB D — 7 BSEE 5(54, TT). VT —E, HEFEEMENMET Lk, &)
DOFMBBETEIZ LB L TH9< 72 D 28, 36 BRRBICROMBBEIRENE X5 (2, 74),
In vivo five-week initiation assay {233V T, 1, 2-dimethylhydrazine % JFE543 86 12
BLUB0RMRBRICEETHZ LICL > TGSTPBHRITL VR FEI LI &
PERESNTWS (2, 74), MRBFAEMEDO EC— 2 & GST-P BB MREOFHE

IIXEERZENEET B4, T 1, 2-dimethylhydrazine OARBFHEMALIZ L S &

-18.



EZbN3A(26,76,93), LLEDZ L6, REFFETIE, REHEHLOTDIZHLE
WM, £, BERRSICEOMENEZFIA LA =0 = —3 3 VIEHR

BELREZEEL, FE9UE 12 38 X0 30 BE#£IC 2 [B1D APNH O O #

EE
['m

BEE2RE L, £z, FHHEESHORAEOEREREIL, RRHICHERKE

REDOEHREEL IR TRELIBE LAFEOHRZEL, (=vx—T 3
VEMERET DIChIco T, EAEERER SIS OIRLERD T v b
IZXHT D RBERR LT HFYEOFEER LB TE DI L0, AAROHR
BIZHB L TERTWD Z EBHEII TV 5(74),

F R mr—AP450 (CYP) 1, 28XV 3, FRICBWTREBAMEYE
ORBIZR BELS BET 5 LREIN TRV (50, 54), FEmpEIXEHtiER,
%< DFd CYP TOBEESHREBILY 2T MM LD RBHEMECBKHETH B(Q2),
~NTuYAL 7Y v T IVIZHT Y ORBREZMEIL, BEREOAN =T
—3 a3 VEIHIBPEICEIT D CYPIA2 DM L FEIC L <HBETIZ LD,
CYP1A2 AREBTEMACICEEE T2 Z L ATREBENTVWS3B44), —FH T, 7 v MF
fEIC31F 5 CYPIA2, 2E BLU 3A OEALVIE, FFESYIBRATE % TIZ L
AWEBIE LW I EBRMEINTWD (103), LRS- T, RIS ~5u
A2V w7 IVORBELDOBEND,  in vivo five-weeks initiation assay

X, ~TeHA 7Yy I TIVORPAERBIZOELTWSEEXLNS,
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Ty MO UIBRGEZ B L, 12 BEE#IS L O30 FEfE&IZ 10, 355
W Img/kg O APNH 28 0% 5 Lz & Z A, GST-P (BHEREFE N &5 FEME
PEIZFRO LN, SOICAPNHEER, TuE—T a3 VLELE L TO 2-AAF
DEAEHE B LV CCL #5211k h o Bt (Group4) IZHBWTH, APNH 3
58 (Group 5) 2% LT GST-P MRS FERICHEE SN, ZHiL, 48/
® APNH BB O#E (50, 20 BX V10 ppm) 12XV, F344 5 v b ORFIE
IZ GST-P Bt FES N L OHRE 1) E—FEL TRV, APNH 2T 2

e LEERBAEMETH D Z L RE< RRINTZ39).
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[Z#9]

FHRICRDNTe~T a4 ) v 7T I, APNHIZOWT, f =V
—YaVERBHEOTZD DT v FFEEZ AW T EEREERR (n vivo
five-week initiation assay) (2 & W BBAA =V T — 3 VIEEORRE 21T -T2,

7TIBEOLEF344 T v b 55 L2 2/3 fFEf o BlkR 26 L, £ £ 10, 3,
1BXV0 mgkgbw. (Groups 1 -3 BLUS) OFEET APNH % T4 k&
2 REBRB IO 30 K% O 2 B AKRE Lz, FEatikr 2 @F%, 2 EMIC
P72 Y 2-acetylaminofluorene (2-AAF) % 0.015%JEBEE& 5 L, A U < AFEr976% 3
W%, miEfbRE (CCl, 0.8 mlkgb.w.) & HEEREAHS L7z, Group 4 TiI,
FFER 5> EBR%, APNH % 10 mg/kg b.w. O 52 T#H 5 L, 2-AAF, 8L U CCL, #
BAREIIfT R o7,

Rl AL EmRE T2 Y O GST-P BB MR EmREIL, *TBETH S Group 5
™ 0.2240.20 mm*/cm® & i LT, Groups 1—3 TiZZNFHL 3.43+1.38,2.18+1.41
B £ 100.9440.51 mm*/em® TH v, FAEFRBEMEOHEMNFED Si7z (Group 1—3 vs.
5 p<0.001, Group 1 vs. Group2 p<0.05, Group 2vs. Group 3 p<0.01), ¥ 7z, GST-P
PP AT IR BRI B\ TiX, Groups 1—3 TiXFNFI 19.3447.20, 22.7548.16

B LU 13.6144.92 foci/em® ThH Y, MBEETH S Group 5 (2.67+1.27 foci/cm?)

.21.



WCHEBR L THEERENRA LN, 26D Z & XY, APNH I/ = xT—3
a VEHERETAHZ ERRBENT, E5IZ, Group4d TiE, BNEEHZY D
GST-P BEMEATHERA B D FEFEIE 0.59+0.31 mm*/cm® T3 ¥, Group 5 BEIZ B L TH

BERENERUIZZ &5, APNH OFFESMH bR R Sz,
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orharman Aminophenylnorharman

H S9 mix I ~N
— N

+
Aniline ‘
Figure 1

Formation of aminophenylnorharman from norharman
and aniline in the presence of S9 mix.
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0 1 2 3 4 5 (weeks)

0.015% 2-AAF in diet

S

A . cCl,ig. 0.8 mL/kg b.w.

0 12 24 30 (hrs)
: . : ! A : Partial hepatectomy
Group 1 (n=15) 4" i ] A . ﬁig ‘;’“‘gj‘.ig l;-w-
H m W,
| | A, sl
Group 2 (n=15) A y i " APNH 1mg/kg b.w.
: Vehicle (0.9% NaCl solution)
Group 3 (n=15) " A AI S : Sacrifice
Group 4 (n=10) ‘I 7 A no 2-AAF treatment
Group 5 (n=10) ‘ ~ A

Experimental protocol for detection of initiation activity of aminophenylnorharman. Rats in Groups 1,
2, and 3 were administered APNH by oral gavage at doses of 10, 3, and 1 mg/kg twice 12 hr and 30 hr
after partial hepatectomy. Following administration of APHN, rats were fed on basal diet for 2 weeks,
and then diet containing 0.015 % 2-AAF for following 2 weeks. Three weeks after the APNH
administration, all rats received a single dose of CCl, intragastrically at a dose of 0.8 ml/kg. Group 5
was not given APNH as a negative control. The other control group (group 4) received APNH after PH
and fed basal diet only, without a 2-AAF and CCl, treatment. At the end of week 5 survivors were
sacrificed and the livers were resected.

Figure 2
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Figure 3

b
i

™

PEie

ST R
: Py

Photographs of GST-P Positive Foci in rat of group 1 (A), group 2 (B), group 3 (C) and
group 4 (D).
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Area
4 -
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o 3 7
=
e 2 7
S .
O % b
3 581 1 :
S E 7,
ZE — 7
Groups: 1 2 3 5 4 a:p<0.001
APNH (mg/kg b.w.) : 10 3 1 0 10  b,c:p <0.05
d:p<0.01
AAF treatment: -+ + + + —

. Areas of GST-P positive liver cell foci > 0.1 mm in diameter. Data are mean * S. D.
F 1gure 4  yalues for 10-15 animals in each group. Comparisons a, p<0.001 vs. group 5; b, p<0.05
vs. group S; ¢, p<0.05 between groups 1 and 2; and 4, p<0.0S between groups 2 and 3.
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Figure 5
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No. of GST-P positive foci (No. /cm?)

=]
[

Groups: 1
APNH (mg/kg b.w.) :10
AAF treatment: +

2

3
Ji

Number

7,

+

S 4

a:p<0.001
0 10 b:p<0.0001

c:p<0.01
¥ =

Numbers of GST-P positive liver cell foci > 0.1 mm in diameter. Data are mean
=+ S. D. values for 10-15 animals in each group. Comparisons a, p<0.001 vs.

group S; b, p<0.0001 vs. group 5; and ¢, p<0.01 between groups 2 and 3.
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p53 /w7 hX DA%z aminophenylnorharman D FE7) A7 A
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(%=1

i

pS3 MANHEETREETFICEELZIMROREMEE A 5IRE
REIRT 2RSSl THD(59), TOELTENOEHEIZL, 7/ LEEERZT
AR OMSHE G HITEIEI® 520, Ml E&ICHET 521
{HOBETFOREZEET S L THEINZBETOBERMEZEE, X
Tz, BEDNARVREBEEDY ) LAOGEEZIMICHLTE, YR—
AREBEFOEREEEMLL, ZOMIaE 7R N — ANFET 5(58, 59).
DED, BEEZILT ) ADEMEICERINZNE S IZEH ZENS, ps3
BEFIE T ) LOTEM EINDBETTHH(SS,59). p53 BTFOERIX
Z< Dt FOEETHREINTRO(36,37), p53 BIn T OWEEHEENRENALT O
TARCBNWTHERERFZRZLTWEEEZSNTWVS (16,17,47,97),

R, RMEOBETREFMOELSICLD, ps3 @xTE/ v 277
(KO) L7z ANMER SN (33), BIBERAITHIT S p53 B FHEREEOMAD
LEWE OFW AT WS NTNS(6, 17,47, 97).p53 BInFOHFHIT L
VISR LTz pS3KO R (p53 (+/AXR I R) T, BRRAEEE DR HE
MES, 2y HIRETARFARETHD, 12 h AMTOEBERERIIS%ICEE

519, 33), STHITMLEWEITH U THENAITEZENE W &0 5 8%

-29.



FENAMEEBRIZTHNSNTNS(16,17,96). LML, FENABZHIIREESICE
TR, BERECKBRETIE, WO ps3 BRFTLVIEEEICETS
BRI p53 KO YT A(p53 (+/+4) YT R) & p5S3(+/R T ADRICH B2 ZEIIRD
SN Tz, —h, BEMRECRERIE TIL, pS3 (+HATADEMN, p53 (+/+)
RURCHB LU THRPABRZENE S, SSICRELZBEBICIIEET DM
p53 7 LIVIZE R%IRT loss of heterozygosity Wi LNTWNSE, ITNHDI &
N5, pS3BIETOENANDEE, BERICL > TR ZENHRINSSI,
82). MHAHIZ, pS3BETOWmMT LIVEREBLE pS3 KO T A (p53 (497
TA) T, REICARRENBEEZREL S, 45 5 ABTREROREEIC
UINEDDZWEHEREORBENFEELIILD, 10 » HBRE TITIXFEAL
A IZIEIE FEAENGRD 5NBD(33), p53 (AR T A ERAWALERNAERT
i3, SR ICHNO S TEEORMAENAMRRICILEL, I IEHMIES
REZFETED (16, 97), IHIT, KERECKRGRE T, BHICEMNE
BEREIEHIENHASNTNSG3), ZNHIE, ps3 B THEEEDTELRY
RIZED, tMOENABEBGRTFIIBI2REORELEEROREELEZEZI SN
Do

FBEIBWT, APNH I, ZRFEHOA TR M= -y a L ETE2

BITAHIENMHSNZEIN, BT, Tv MZBWTHES ZREED —DT

-30-



HDTEMBIRREINTZ, HNWT, KEICBWTIE, BRETFURERIEICTH
MRS ZFD T p5S3 KO T A% FW, APNH ORNAMEZEFTML, T 51T,

RELULERICDWT p53 NAMKIRETREOESGOREEZRNL .

_31.



[EEBRM LB L O ERS L]

1. fl@Ey

Donehower 5(18) IZ&k > THEHIEI Nz C57BL/6 ZEEMERICH D ps3
KO XU A &Mz, p53 KO XU AI, BHNAY Y —WHETEMIERICT
O, MRIN, H58EE psS3 (+/+), FHPABIRHIYT A E 15 BEKREGE
BRIz, MEHE S EE ps3 (/1B I RNEAT T A% 40 BRI S ERICH W, 12
MOBBAY A IV TT, KEFY T2V T SFv I r—NTHELZ,
fHIZ Oriental NMF (1) T2 % )VEER(KK), RR), SEIKIZKEKEZZFZNFN
HHIZERE B,

BETFRRENTIY, Tsukamoto 5(107)DFIEIZHED 7z, DNA X/ YT ADE
DYEHED 5 QlAamp tissue kit (QIAGEN, K K., Tokyo, Japan) % i\, HIHUESSIL
e > T )& A LK. Taqg DNA polymerase (Takara, Ohtsu, Japan), Ix
polymerase-chain reaction (PCR) #&#& %, 200uM dNTP, Z#-F%1200nM D 5°-B
KX 3 -primer, 2.5ul 7/ /x DNA & D PCR KGR ZFR#E L /=, Y7 X p53 exon
5 — 8 D PCR primer {d Table 2 IZ/RL 7. PCR KJild, 94°C 1 5D, 94C 1
7, 65C 153, 12C 13D 3 ATy 7% 35941 7), 12C 10 HOiRES A

27 JV"C Takara PCR Thermal Cycler MP(Takara, Ohtsu, Japan) % MW T3 L 7=,
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PCR EYIOMRIL, TF2U L7031 REH503 %7 HO—AF )L (Takara,

Ohtsu, Japan) THESXIKEL /2%, AN IR—2 a3 > FTiro7z.

2. ME
APNH IZ, S9 mix 7F7E F T, norharman & aniline X D AERR L 7=, ERIZE

—ETHWE B T - T2,

3. EBHIL

EBRT7 0O Na—)L% Figure 6 1275 L72. APNH ZZFNF130, 10, 3 B
00 ppm DRGPVPETRASE AR EZEAY L 7 TEAREL, AFERBRE
ETIFACKRESNRERTHRAELZ. APNH EHEIE (APNH 30, 10,
38X ppm) % 5HEED p53 (+/+), (+HB LN HE~™ I 15 @, 558
i DIERE p53 (+/) B LA AT 40 B8R E Ui, BEFEIZE BB E
Lze TNTNEEFHEBIVOERGHMIOSRE 22T, RIS R
(CA-1 BAZ LY, BIX) OH %5 ATz, 15 ARRSHICDOWTIE, #5054
ISA)) IFEFBﬁFEﬁKI%'C‘:{ZFEEﬁUﬁLEO 40 AR EGRICDWTIE, &5HEA’_X
DG 1ISEBEXT 1EBIC 1LE, Z20%, %540 BB ET 45882 1 BEkE

ZREL 2, 85 158E, 20340 BB IEEFHSEIIOWT, 2885,

.33.



WIRAYIC & Srigids 2 852 L, PG, BN, MR, O, B, B, +fen, 2
B, i, Bi5, BEBIUOBRERRLZ, %5 1588, »50i, 4088
DG T URNIIE LT H 2 WIYIEER L =YD AIDWTH, AEICEE
aZWIRAICBIZR L, WRERBRD, FFE, B, M OEE B OH, s
Vo, 2285, 1BllG, B, RBBIUOMBRERRLL. 28, 40 BEZSH TR
%45 25 BHATR O L H 2 WIETEBERHICOWT, gz fOoicBgEL, 15
BREBEGH UKL TEEERZECBNTENRDSNRN S 22D,

Yamamoto 5 (112)D 5 iEESE |25 2 40 BRI & L=,

4. HERRERIRRER

IR ERI U 72 PR D e 3, FRISEB L OEEN SR 1, 3-S5 mm OEX
DATA AR ZYOHL, 4 %5 CEEE)SSFIVATIVTE RKEKIC
TREEE Lz, PHEIEEZSOTY O U, BIE, M, Ok b,
H, =168, =5, BB, 8§, SBBXURRBYI0HL, 4%y >
BIRE/NSHRIVLATIVT B RAKBSEICTRERE Uz, BTk, i B
R, O, B, BHEEBLORREERICTNS 70 AH, BYok, A
7}#9U>-Iﬁ9>ﬁm)%@éwb,wﬂ%&%ﬁtomTMéT@m

ar + AR, 40 HRGEIC D W TR, BEZERL -, FROKE RS

.34.



K541, Harada 532)DMEITNE- 2.

7, ERUHELE (IPAP; Sumika Technos, Takarazuka, Japan) % .Y, 15
ERZREHICONT, AFRREEMSIEA 2 M T TEEL, REDRWER
IZDE 400 f54EEF 5 R 572 D OIS L O O A & E i 2 5

U, a1 Bd-0 0y mEiEzER L7,

5. PCR-single strand conformation polymorphism (PCR-SSCP) %12 & 5 fFfiEE D
pS3BIETFERDOBRE
pS3 (+/+) XTANS 12 EDOHBER, p53(+/A< D ANS 15 O FFiEE
BN L ENETN%E PCRSSCP iEO6NDIZ T L=, 4/ 1 DNA I, £
77 4 CYIF Q#5705 DEXPAT (Takara, Ohtsu, Japan) % {# ] L, Yamamoto
S5A12)DHETEN TN Lz, YU p53 @G TFexon SNS58DT 514
— 7 P A i3 Tsukamoto 5 (107) D % & 12 L 7= (Table 2). PCR I3 Takara PCR
Thermal Cycler MP (Takara, Ohtsu, Japan) % fi ), PCR 413, SSCP loading buffer
Z 20 pl fNZ, 10 73 95CITTHELL, K/KIZT 15 HRIZAKHE, 0.625 x MDE
polyacrylamide )L (FMC, Rockland, ME) /' k) X « 7R 7B - EDTA #EH ik TES
KB ZiTo7/z. 8W EEH, RRITT 18 BEIELRIKE 21T -2, XL 85

¥, 1 A=22F77L— b (Fuji Film, Kanagawa)IC BE S &, RRICThHE Y
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FTEELL, BEINEAA—T 27T L — kX, BAS 2500 (Fuji Film,

Kanagawa)lZ X D fi#hr L 7=,

6. BETEEMT
FEAREA R BT DR A OFAEBEIL, Fisher OEEHE, EFHE
BLUOEFROHEFHIFHTI Kaplan-Meier 3 & O log rank 1% i W\ THEHT

L72(72). BIEMEDHEHENTIZIL, 1 TERBEDO SO & L ELEKRTE (Dunnett

%) ZHWE,
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(B R ]

1. K&

15 B & 58 B KO 40 BEHIR 58 O LK BB IMOHER % Figure 7 127
L7z, SR ORKEERNEIL, ThThodE#itsl TIRITRERRIC
MR U 72> 2R Uz, 15 AR G2 T3 IR O BERINE % 100% & L7285
B, FBETHEOD 3, 10 BLU30ppm HEROEKEBMNEIL, ps3 +/+)< ™A
T, 98.8%, 721%B LN 69.1%, p53 (+AXTATIL, 94.6%, 93.0%HBL N
63.6%, p53 ()X T ATIL, 88.6%, 88.8%BXN9IB2%TH o, 40 HERILE
HORRICHBEETRHO 3, 10 BXU30 ppm HESBHEOEEHIMEIL, p5S3 (+/+)
BT XTI, 114.9%, 95.9% B KN 51.4%, p53 (+/HME< ™ 2T, 74.2%, 60.2%
BLU18.0%, p53(+HER T AT, 1065%, 96.0%B LN 51.0%, ps3 (+/-M

YUATIE, 93.8%, 63.4%BLUN366%TH> /.

2. EfFER

APNH 30, 10 38X U 3ppm % p53 (+/+), (+/9) BLUVHH) YT RIZ15H >
Wid, 408G L2158 DOIE1- 2R % Figures 8 - 10 1277,

15 BRI GIZBNT, p53 (+/+)X Xid APNH 30, 10 3L 3ppm B

THOBIZBNTD, 2HIAEFELE, ps3 (+/9) IUATIE, B5MARICHEL

.37.



THRCROEMPRD 5Nz, p53 ()X ATIX, APNH #3250t HAREIC M
LT, IRTOREHTRCEDO EENBD NN, B5 HEMHEMEIZRD
SX VAV ALY

40 AR SRE T, p53 (+HBEUPS3 ()X TAEDH 3 BLU10 ppm
BEHOBTRCRICHERE IR > 722, M ps3 (+HB LM ps3 (+/+)D
30 ppm B S BEITEWE TR ER L,

BILTROBENICKS APNH ORZMHIE, 15 BREERTIE, ps3(+HBE
(IR T AD 30ppm HEFEDFELRIL, pS3 (+/+)< 7 XD 30ppm 5T H.
LU THERICEL, pS3(HHYUATOREFNL, MOBGFEICHELTED
B BE52HALDRO SN, £z, 40 BRERICBWTIE, HEHE ps3 (+/
N X 30 ppm LGB TIL, # p53 (+/+)X T A 30 ppm B 5B E B LT, FLE
BNHERITED > 720 30 ppm 5 BEDOME p53 (+/9< ™7 X LM pS3 (+/4) I AD

FHTIIECRICHEBEEIIRD s iz h o 7z,

3. IR R
APNH O 15 BRRBEROBRGICEIDFERINEFLEBLOZFN S OBEE
ZTable3 KEEDz, RELEBERDS B, BEIIFBOAICZD 5N, o

IEEETIEELENRD 5N o -, APNH 15 BRI 5B OSBEFRTY 20

.38.



AT Oval cell hyperplasia (OCH)WBIZ X 1/, OCH 13k H @B Ok & 4
BOHEEMMNE 2R D/ OMBE» SHEMFOMIL (oval cell) AIFIMRER %
DELT, ZIZFBEESBAOBRMEORMIE 2 E L TS (Figure 11A).,
15 @R #5128 T OCH 13 30 ppm H 58D p53 (497 X 2/14 (143%), p53
(+/9RT AT 14/23 (60.9%)B K UK p53 (+/+) 2/10 (20.0%) IZFNFNERI N,
APNH 30 ppm 2 5-8f p53 (+/9X "7 A D OCH D@D 5 N-FEE DRI, Fidiz
TRIDOA R DA 7259, APNH 30 ppm 58 p53 (+/+) BN X & ik
LT, Mat#MICHBRBEMNRD 57z, £7=, APNH 30 ppm H L 10 ppm
HBGHE p53 (XTI X D% 1 BT altered cell foci(Foci) MR I Nz,

APNH O 40 BARBEEOREICLXOFERINZHRE L TN OKAHE
% Table 4 IZX L7z, 40 HEADREKEOZEIZL->TH, 15 BHEADOEREH
bk, RRLEZBERODOS B, MEIHBOAICRD 5N, MOBETIIELNE
DENIED D7z, APNH 40 BRI 5# O Sl A TR ™Y 2 OFFIEIC OCH,
RO Foci, FHHIRZMIE HCA)B X UHFMME HCOMNBELIN®E, HCA IT
FENEBEORE SN SELASERETIETIERANZIIOKE T, BEEZE
BELTHIEL, IERAFEAGE OB T, MRMRIZHEERN X < MEL
THED, PREBEBMAL Tz (Figure 11B). —74, HCC 13, Sk 591

EELT, PP & OB FRIIRIH, S OMENESRE L TRIRD 5 VLI
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BZRL, EEMRIC S EORREMNGRD 5072 (Figure 11C). 40 BEREI12H
WT OCH 30 ppm B GEEORERE p53 (+/HB L RN+HHIY T RICBEIN, Zh
TNOHBHELELT, ARICEVWREEREZRLUE, Foci id ps3 (+-) <™
ADETDERERE, p53 (+/HHE T ZAD 30 ppm X5, p53 (+HHEIIZD%
TORGHE, p53 (+/HMET T R 10 BLTN30 ppm HG B ICHLZ I N HCA I3,
30 ppm ¥ 5B p53 (+/ME< T X T 16/46 B (34.8%), p53 (+/+)ME< T AT 12/27
Bl (44.4%)IZBD 5N, TNENOXEEIC i L THZREM%ER L7, HCC
i3, 30 ppm R 5-5 p53 (+/)MfE~ ™ X T 14/46 5] (30.4%), p53 (+/+)HE ™7 2T 10/27
Bl G7.0%)ICRD SN, TNTNOMN BRI B L THEREME R L, £,
30 ppm K5 pS3 (+HMET T X, p53 (+/HMET I A D HCC DRERIT, *HEd
SERGRAEBEBIVBETRHOBEYT X, §7205 30 ppm B 58 p53 (+HHET™
A, pS3 (HHHER D AT LU THRIZE D 5 72(p<0.001, p<0.05). 30 ppm &5
B p53 (FPEERTAD 1/45 Bl (2.2%), p53 (+H+HHER IR 2/12 Bl (16.7%) 12
HCC BEZ I NN, ARETRD SNho Tz,

APNH O 15 JEREERE R 5R DIFENRD 5 12 W &R ORI o 34
YL KRR % Figure 12 IZ/R L7z, FFHIRROIZ, p53 (42 9 2 THIOBE TR
HBUTKRETH /2. £z, FEGRNIRERIC LS EBOMRTICH 5 i

O FIIHEEZ Figure 13 1278 L7z, MEBE p53 (+/+), (+HBLD (49 <2
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DRI O EFIL, TN 9.60£2.22, 9.33+1.33 BL W 15.15£2.25 x
10*'um® CPEEHERENRE) THo7. 30 ppm E5EHE TIE, ps3 (+/+), (+B
LW (49 XU RO O Y ER#IL, ZhEhn 7.46£1.04, 9.97:1.77 B&
8 27.2645.55 x10°um® CEHEHERRZE) T, ps53 (49X A DMk D
BIHARASK BB p53 () D AT U TH BRI Z R L= (p<0.001) . 72,

30 ppm 5 p53 ()Y U A DML O FIEFEE, 30 ppm #5-8F p53 (+/+)

BEUY AR VA EDHEBRIZBWTHERREINMNED 5N/ (p<0.001),

4. PCR-SSCPIEIZ XD p53 @InTERDKRE

WERE p53 (+/) XU RMNSEE L7 HCC 13 #1B LN HCA 2 ], MR ps3
(+/+) XU ADSERM L 72 HCC 10 #1133 K TVHCA 2 #1112 DT PCR-SSCP #:12 &
% pS3 BT exon 58 I DN T DBIZTFE RO 2175 7= & Z A (Table 5), p53
HHBEREFAT T AICFELE L 72 HCC BL U HCA I p53 BEFOLERIZED

578> /= (Figure 14).
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[E%]

APNH #2515 B[ & % Wid 40 HEREZ DK EICX D p53 /v 77 R
(KO) YURIZHERINEEREMNIZ, EEMMNE, BCRO LB L ORF
B BV BB L TH o 7=,

15 BRI GRBRDIETHIL, 30 ppm %258 p53 (+/+) ¥ 7 AITHE L T ps3
HABENH) YT RICHBREMBASN, p53 (AN TATED B/IHEE
BIDERD 5Tz, 40 BRI GABR DRI, 30 ppm H5BE p53 (+MERE~
A, p53 (+/HHEY T ZNTERD 5 Nz REMMHE T, 15 B 53R 8 p53 (49
NUAZRE, 15 BHEB X0 HERGABRE HIRTROES ERBEOBICHK
HEMMHENRD SNz, NS OEKIT, FFRICEEI NS LORBHEE
ERFRKOEMERL TNBZENS, FEOBILICERT2HDEEZS
nas,

15 R GRRICBWTERINGZ OCH IE, Tv b, I AIT 2-AAF,
aflatoxin 7/ RHE 2 EOFE 4 OIFBEWE, FRSAEWE 215 L BRI
Z<RHH5NB(21,22,70). FERRNIEATHRIEE 22 7-1%, FEMGOFES
MY oval cell DFAIZK DIAE DHENT oval cell iIZMEL, FFMAICEZHD S

(21, 22) 2D EMS, RERTEZRIN/~ OCH IZ APNH Oz 64 2
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FMERAORRECEEEEZ 5N, 15 BEHFRSHBRICHB W T, FFED OCcH
DFEERN p53 HHARTATERBEL, RNWTpS3 +H+H)THY, p53(HITT X
DIEERNEOEN > /2. —H, 15 BEZRGHRBRICBNT p53 (I A DL
EROECRIT, MOBEFEICHEL TR AL, pS3KO X7 AD p53 #@iE
THRITER L ZRAAMEYE MNU I3 2EZH0EN (112) &k<—HKL
THYD, APNH OHEHRITHL T, ps3 (PAYTANEDENWERZHEZEL TS
ZENRBRE NIz, TNid APNH OF T 2 FBIC T BERD p53 ()< 7 RIT
PBNWTXD@E<SEN, FHROBENEZ DRNEICE - 250, H 5 Wi, APNH
WBERENEZ D DIOFBAOEANFHROBAKEICHZEBEZRIFLEE
HRIN5,

40 A% 5 30 ppm H 58 Tid, OCH DS HIFHIIZARE, HCA, HCC
DHEEBEMPBD SN, TN5DMENS, APNH OIFEIC T Mt
WHASNTHD, LAL, INSHEOMEEEREEIL, RUEEFHOES,
HEZHEE U THETHEICRAERENE <, p53 BT DEETH & HMEERE DR
B & ORNTHBIMIZIZ E A LR 5N/ D o7z, Rinn 5(115)1F, ek L
BEX T XD, B AR EOBETORBICRRLEZEZS, FEO
B DD NI T 01 FORBICBIHET KD CYP DRBI/N Y — Mk

DEENROONEZIEE2HRELTWS, £/, Degawa 5 (116) 1,
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BALB/cxDBA/2 F; ¥ 7 AIZ Trp-P-1, TrpP2 ZEHEKRNOKE L =L IS, #ITt
8 U CHE T TrpP-1, TrpP2 DRHIEMHLICEE G % CYP OBMAFR TA 51,
EEREEEE ~BLEEREL TS, ZTNS5OW|ENS, APNH 512X
2 AT D MFE T R A T A B DR 2203, FFIRIC BV B RBHE M O s 2 - B8
EEPHR I N,

S 51T, 15 R G 3B W THPIBR PR AR A L o0 MRk o0 S 1 At
EEHRIL/ZE 25, *HHEEE psS3 (YT X EHLEEL T, 30 ppm 58 p53 (49
XU AR EHEEOR B/REMARD 5N, FHEEOK/NRENH
5N/, E£7z, 30 ppm HGE p53 ()X T ADOMMEERL, RS EOM
DELTH, T80 B p53 (+/+H)BLUN p53 (+AX T A DAL EE & LT
bAEBGREMEZRL 2. HFHRZOKR/NRE, MEx®E, NXoEFyE—I

(Y2 b7/ T7x22) A1), N2 OV IFIINT I 2225 IR EDHELEME
DEGICL>THERI NS, RO K/NF R EITE/MED KEBUEIZ X
HBHDEZEZSNTVEMN, 7T I 72 OFEMIERG,90)DX D ITKE
DELICE>THELBEH G DH S, ISIHFRVAMEYEOREIZL D
BOKEUL, BHHIEEDOELNELD ZENREINTNS 48, 104), L7
U, (LEWEICKDFRINSMIEEKNREE p53 NANGIBET & OBHE

IZDOWTOHERI DI, £/2, B/MEOKZIIERNA B, I4bbBEAEE

.44.



RORBEZKRBL, B/MERRKEWZEMBIIERITEHL TWEHEEZ LN
%, BREBROERKLD, p53 (49 YT AMN APNH IZ X DFER I LB/
ARNZH L TRBBEZENGNEEZ A 5N,

40 BB GERICHEEL 2 HCC BLX U HCA D p53 BRTOERIZIONT
PCR-SSCP{EZHIWVWTRE L& Z A, APNH R 5IZ X D RAE L ZEEIC p53 &
BFOERIIBD SN oz, IS DRERIL, (LEWMEICKD C5TBL6I 7
AR FERINFBEEIC p53 BRFERIIRDSNANS72ET S Kress 5

(S6)DEEE & —FT B, MAT, ps3 (+HT Y AR AMMEIH L THL

S EREIRNA0, 52)EDW|ES H D, LEN>T, I RIIBT BHFEE
BERICBNT, ps3 BEFIIENERSBVD, HLIE ps3 BT X
AZX LK TREILEIN TN S LHERIN5(10).

UEDZEMNS, APNH HEITK D RA L ZFBOEIHEEREIL, F Ul
EFROBE, BICHKRL T THICREBEENE <, MEEREOREICHE
ZNBEEL TW5Z &5, R#PTRIIVES EOBEENRB NS, T2,
p53 (49 XA APNH IZ X D #EF S N5 MO K/INRE D RAZ M At o0 &
EFRINZHE L TEWEZD, 30 ppm 58 p53 ()T ZADRFEIZ BT 543
M OBEFRICHE U T L T eI I Nz, 3561, 4L

TIEBEMEIREIZ p53 B FERIIRD 5NT, p53 @Iz T & APNH IC L BF%R

-45.



N EDOEEOBHEMEILED 5N - 72 (40).

.46.



[#9]

AETIE, APNH OENAEIZONT, EHORNAMRRICER p53
MANFBIEFERIBLEZ pS3IKOR I A ZRWTREZfT- -,

5 EERHE pS3 KO (49, (B X H++)R T A 1230, 10 B X U 3ppm D APNH
Z 15 BAMBER NS L, £k, 5HAHERE ps3 +HBIULps3 (+/+)7 T AU
30, 10 BX U 3ppm D APNH % 40 BIRHZ KRG Lz, 15 H 51 40 EH
DEGHKTRICZER LR, gz .02 a2 HERERITRER L,
APNH {EfH#Z 51T X U iFiEIZ OCH, & D Foci, HCA BX U HCC R EDEE
IRIETEMEIR AN I Nz, 15 BFEFEER TIIFE O OCH 4t APNH 30ppm %5
BETIE, p53 (), p53 (/) BXD p53 HHRTARZENTN 214 Hil (14.3%),
14/23 $1(60.9%) BX T 2/10 Hl20%) BRI N/, £z, APNH IZXDFRIN
2 IR RN RNC A U T, pS3 (49 YU AR BIRNWESZME 2R LU=, 40
AR EERIZH T, APNH 30ppm % 5-8 Tlid, HCC 2 p53 (+/9< 7 A 16/46
#1(34.8%) BIUME p53 (+/+) T A 1027 HIBT0%)ICED LN, LnL, #
P53 (HABXU p53 (+/H)X T RAITBR I N HCC 1L, FNTN 1445 #1(2.2%)B

K212 1(16.7%) TH > 7z 40 BRIFEERD p53 (+1AB XN p53 (+/+) ™7 A I H#

.47.



BINZEED p53 BIETF exonS M5 8 IZDWT, PPCR-SSCP iEICKL DKL
AR, p53 MANHEBREFOERIRBD sNah-o Tz,

INSDFERMNS APNH D p53 /v 77 T b AIIHT 2 EEIESIATE T
bV, APNH OENAMENRE I N/, APNH OFFEBAER, ps3 BTz
REOHEMHIMES, BTIXVZOEBRENBDSNS Z LSS

VI B AETEE OMEMEE & OREEMENE 2 5Tz,

.48.
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Table 2. PCR primer for SSCP analysis of mouse p53 gene

Target

Primer Sequence

Product
length(bp)

Exon 5

Exon 6

Exon 7

Exon 8

sense
antisense

sense

antisense

sense

antisense

sense

antisense

S’-TCTCTTCCAGTACTCTCCTC-3’
5-AGGCGGTGTTGAGGGCTTAC-®

S’-GGCTTCTGACTTATTCTTGC-3’
S’-CAACTGTCTCTAAGACGCAC-3’

S’-TCACCTGGATCCTGTGTCTT-3’
S’ CAGGCTAACCTAACCTACCA-®

S-ACTGCCTTGTGCTGGTCCTT-3
5-GGAGAGGCGCTTGTGCAGGT3

214

181

170

279




Table 3.
Lesion Incidence of Liver from p53 Knockout Mice Treated with Aminophenylnorharman for 15 weeks

p53 APNH No. ? No. of mice with lesions
geno-type (ppm) Animals OCH " (%) Foci® (%)
A 0 11 0 (0) 0 (0)
3 17 0 (0) 0 (0)
10 13 0 (0) 1(7.7)
30 14 2 (14.3) 1(7.1)
) 0 11 0 (0) 0(0)
3 21 0 (0) 00
10 21 0 (0) 0(0)
30 23 14 **1(60.9) 0 (0)
(+/+) 0 10 0 (0) 0 (0)
3 10 0(0) 0@
10 10 0 (0) 0 (0)
30 10 2 (20.0) 0(0)

a: Mice which died before the end of experiment were included, b: OCH: Oval cell hyperplasia, c: Foci: Eosinophilic, basophilic,
clear or amphophilic cellular alteration foci, d: Significantly different from p53(+/9 control; p<0.001, e: from p53(4-) with
30ppm of APNH; p<0.05, f: from p53(+/+) with 30ppm of APNH; p<0.05, using the Fisher’s exact test.
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Table 4.

Lesion Incidence of Liver from p53 Knockout Mice Treated with Aminophenylnorharman for 40 weeks

sex p53 APNH No. ? No. of mice with lesions
geno-type (ppm) Animals OCH" (%) Foci “ (%) Adenoma (%) Carcinoma (%)
Male +/) 0 17 0 (0) 0 (0.0) 0 (0) 0 (0)
3 25 0 (0) 2 8.0) 0 (0) 0 (0)
10 20 1 (5.0) 1 (5.0) 2 (10.0) 0 (0)
30 45 20° (44.4) 4 8.9) 3(6.7) 1.2
(++) 0 13 0 (0) 0 (0) 0(0) 0 (0)
3 28 0 (0) 0(0) 0 (0) 0 (0)
10 24 0 (0) 0 (0) 0 (0) 0 (0)
30 12 4" (33.3) 4 33.3) 2 (16.7) 2 (16.7)
Female (+ 0 13 0 (0) 0(0) 0 (0) 0 (0)
3 19 0 (0) 1(5.3) 0 (0) 0 (0)
10 19 9 (47.4) 10 (52.6) 4 21.1) 2 (10.5)
30 46 32%2(63.0) 6 (13.0) 16" % (34.8) 14" * (30.9)
(+/+) 0 14 0 (0) 0 (0) 0(0) 0 (0)
3 20 0(0) 0(0) 0 (0) 0 (0)
10 24 8 (33.3) 14 (58.3) 9 (37.5) 2 8.3)
30 27 17" (63.0) 8' (29.6) 12' (44.9) 10%' (37.0)
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a: Mice which died before the end of experiment were included.
b: OCH: Oval cell hyperplasia.

c¢: Foci: Eosinophilic, basophilic, clear or amphophilic cellular alteration foci
d: p<0.05 vs. p53 (+/-) male with 30ppm APNH.

e: p<0.001 vs. p53 (+/-) male control group.

f: p<0.05 vs. p53 (+/+) male control group.

g: p<0.001 vs. p53 (+/-) female control group.

h: p<0.001 vs. p53 (+/+) female control group.

it p<0.05 vs. p53 (+/+) female control group.

J: p<0.05 vs. p53 (+/-) female control group.

k: p<0.001 vs. p53(+/-) male with 30ppm APNH group.

1: p<0.05 vs. p53 (+/+) male with 30ppm of APNH group.
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Table 5.

PCR-single Strand Conformation Polymorphism analysis (SSCP) of Hepatic Tumors from p53 Knockout Mice with
Aminophenylnorharman

p53 APNH No. “of samples No. of gene mutations
geno-type (ppm) Adenoma  Carcinoma Tumor
(+/9) 30 2 - 0
30 - 13 0
(+/+) 30 2 - 0
30 - 10 0

PCR-SSCP analysis for exons 5-8 of p53 gene were performed.
a: Mice which died before the end of experiment were included.
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5 weeks old

v
p53 g(sff:(()tvpes APNH ¢ 15 40
(Experimental weeks)
0 ppm
o 3ppm AT
), (1), (+/4) 10 ppm 70
SR 30 ppm

S

0 ppm
>3 o Il

+), (+/+) 1 ppm 22000000

£

. Experimental design. Five-week-old wild-type (+/+), heterozygous (+/-)
F 1Zure 6 and nullizygous (/- p53 KO mice were used. APNH at 30, 10 or 3 ppm
and basal diet as control were given. APNH; aminophenylnorharman, S;

sacrificed.
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15:8fE =5

10

Body Weight Gain (grams)

2 'l L L L L

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Weeks
—A—Cont. p53(+-) —&—30ppmp53 (+4-) ---&-- 10ppmp53 (+) * -&--3ppm p53 (+-)
—&—Cont. p53 (+/) —&—30ppm p53 (+/-) ---®-- 10ppm p53 (+/-) ---B-- 3ppm p53 (+/-)
—o— Cont. p53 (+/+) —&—30ppm p53 (+/+) ---#-- 10ppm p53 (+/+) ---©&-- 3ppm p53 (+/+)

a: Significantly different between p53 (+/+) 30 ppm and p53 (+/+) control; p<0.05
b: Significantly different between p53 (+/-) 30 ppm and p53 (+/5 control; p<0.05

Body weight gain of p53 (+/+, +/-, /-) male mice treated with 30, 10 or 3 ppm APNH for 15

F lgure 7"'A weeks (A), p53 (+/+, +/-) male mice treated with 30, 10 or 3 ppm APNH for 40 weeks (B), and
P53 (+/+, +/-) female mice treated with 30, 10 or 3 ppm APNH for 40 weeks (C).
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40:8[ % 5 (Male)
20 [

Body Weight Gain (grams)

0 5 10 15 20 25 30 35 40
Weeks

—8— Cont. M p53 (+/-) —8— 30ppm M p53 (+/-) -~ ‘B - 10ppm M p53 (+/-) - *“EF - 3ppm M p53 (+/-)
—O—Cont. Mp53 (+/+)  —®——30ppm M p53 (+/+) ~~~#** 10ppm M p53 (+/4) 9=~ 3ppm M p53 (+/+)

. a: Significantly different between p53 (+/+) male 30 ppm and p53 (+/+) male control; p<0.001
Flgure 7—B b: Significantly different between p53 (+/-) male 30 ppm and p53 (+/-) male control; p<0.05
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40;8ME %5 (Female)

20 r
A 2,
7
o £
15 /= o
~_ - lsl”
v RS .
= JUURL = g 0
= i L. ®
‘b-() _‘E‘ .. Drveoes 0O-°
= - = e P 1 I
-E 10 B Lr /";’ ,—-‘9“. —:«.” o M
] Er P A | IR ’: -
&) B & T m L.
- e2 & 3uk. W *
S Z2He 7l b)
oy . e~ s o -
5 5 A-ad P2 el
3 gL , a)
> 2
2 o b
_5 3 1 [ 'l [ [ 1 1 '
0 5 10 15 20 25 30 35 40

Weeks

—H—Cont. F p53 (+/-) —8—30ppm. F p53 (+/-) ‘B - 10ppm. F p53 (+/-) B -- 3ppm. F p53 (+/-)
—©—Cont. F p53 (+/+) ——30ppm F p53 (+/+) -~ -® - 10ppm F p53 (+/+) “**© - 3ppm F p53 (+/+)

a: Significantly different between p53 (+/+) female 30 ppm and p53 (+/+) female control; p<0.0001

Figure 7—C b: Significantly different between p53 (+/-) female 30 ppm and p53 (+/-) female control; p<0.0001
c: Significantly different between p53 (+/-) female 10 ppm and p53 (+/-) female control; p<0.0001
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% Survival

«+Q-+: Control
—=— APNH 3 ppm

100 4 . —e— APNH 10 ppm
—O— APNH 30ppm

50 +
0 L} ] | ] 1
0 5 10 15 20 (Weeks)
*%% 2 P <0.001
** . P <0.01
*: P <0.05

Survival curves of p53 (+/+) mice treated with 30, 10
or 3 ppm APNH, p53 (+/-) mice treated with 30, 10
or 3 ppm APNH, p53 (--) mice treated with 30, 10
or 3 ppm APNH. At week 15, all remaining mice
were sacrificed. The death rate of p53 (/- and (+/-
mice treated with 30 ppm of APNH were
significantly higher than that of respective control
group.

Figure 8

P33 (+/-)

100

% Survival
wn
[—]
1

«:-0-»»  Control

—»— APNH 3 ppm

—o— APNH 10 ppm

~=0— APNH 30ppm

% Survival

| ] 1
5 10 15 20 (Weeks)

«:0--- Control

—»— APNH 3 ppm

—e— APNH 10 ppm

—0=— APNH 30ppm

| 1
5 10 15 20 (Weeks)
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Male p53 (+/+)

100 1

% Survival
W
)
I

T S—

10 20 30

Female p53 (+/+)

50 4

% Survival

:l
*

Figure 9

10 20 30

Male p53 (+/-)
% 100 o Lt o
p— kkk
2]
2
Z
& 50 T
. |
k%
T 1 0 T T T T 1
40 (Weeks) 0 10 20 30 40 (Weeks)
Female p53 (+/-)
100 ] ;"°:
= *
2
Z
2 50 1 >——0
1S3
*
T 1 0 T T T T 1
40 (Weeks) 0 10 20 30 40 (Weeks)

Survival curves of p53 (+/-) male mice treated with 30, 10 or 3 ppm APNH,
p53 (+/+) male mice treated with 30, 10 or 3 ppm APNH, p53 (+/- female
mice treated with 30, 10 or 3 ppm APNH and p53 (+/+) female mice treated
with 30, 10 or 3 ppm APNH. At week 40, all remaining mice were sacrificed

---9--« Control
—~+— 3 ppm
—e— 10 ppm
—0— 30 ppm

**% P <0.001
**:P<0.01
*: P <0.05
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~o-p53 (49

. — —0=p53 (+/)
15;8R14 5 S
—“' % sk
2
>
% |
N
0 T ¥ T |
0 5 10 15 20 (Weeks)
¢ Female p53 (+/-
. =0— Female p53 (+/+)
408/ &

"4°""Male p53 (+/9
—&— Male p53 (+/+)

skok

% Survival

0 10 20 30 40 50 (Weeks)

p53(+/+), (+/-) and (+/-)mice treated with 30 ppm of APNH for 15 weeks. The death rate of p53(+/-) and
(+/-) mice treated with 30 ppm of APNH were significantly higher than that of p53(+/+) mice treated with
30 ppm of APNH. p53(+/+) and (+/-) male and female mice treated with 30 ppm of APNH. The death

Fi ure 10 rate of p53 (+/-) female mice treated with 30 ppm of APNH was significantly higher than that of p53 (+/+)
g male mice treated with 30 ppm of APNH.
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Photographs of oval cell hyperplasia at 200x
(A), hepatocellular adenoma at 50x (B) and
hepatocellula carcinoma at 100x (C) in the
liver of p53 (+/-) mice treated with APNH.

Figure 11
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Photographs showing normal hepatic
structures of a p53 (-/-) control mouse at
400x (A) and a p53 (+/+) mouse treated
with 30 ppm of APNH at 400x (B), and
liver with anisonucleosis of a p53 (-/-)
mouse treated with 30 oppm of APNH at
400x (O).

Figure 12
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*; p<0.05
**: p<0.001
*%%s p<0.0001

Figure 13

Area (x10% ym?)

30f _[

25T

20T

15

101

5F O :ps3H

0 : P53 (+/9
B P53 (+/4)

Cont 3ppm  10ppm 30ppm
APNH (ppm)

The mean area of hepatocellular nucleus of p53 (+/+), (+/-) and (+-) male
mice treated with 30, 10 or 3 ppm APNH for 15 weeks.

The mean area of hepatocellular nucleus of p53 (/- male mice treated with
30 ppm of APNH was significantly higher than that of p53 (+/+), (+/-) male
mice treated with 30 ppm of APNH and p53 (/- control male mice.
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Figure 14

123456783ENN

Representative result of PCR-SSCP analysis of p53 exon 7.
Lane 1 — 8 hepatocellular carcinoma from p53 (+/-) treated
with APNH.

NC; negative control, PC; positive control, N; normal tissue
of liver.
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Aminophenylnorharman O~ 7 ZRFRIZI 1T 5 F ~ 7 v — 4 P450 DFFE L

FEH A D BEE M D AZRA
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(&

il
[ ]

F—ETOAf =z —3 a3 UMERAIZESWEZIFRIZ IS T 3 HRI% 8 A
#BR (in vivo five-week initiation assay) {233V T, APNH O O# 512 X v 1# F344

MI&REGREMRBYEIZ GST-P BIEAMRESFES L, BEALBRIZRIT
A== a EERROON, BT eE—Y 3 VBRI 2
BIZRWTH GSTP BT E S FE SN2 2 L h 5 IFEIME b oRE S 17z,
T, BEETIL, p53 BAMKLERG T 2 #EEH L S ¥ 72 p53 KO = 7 2|2 APNH
15 BMBDD\VE 40 BRBERAKE Lic L 25, HEAEITHEBE L THE
(2 OCH, Foci, HCA 83 LU HCC DL YRR ENBE SN, LA L, p53 (++)
& () vUZAD 40 BHEOBROEEITEBNT, 2BOBETFEICRBAMED
EiXHONT, FEINFEHUEREE PCR-SSCP I THIT LR ICE
WTH pi3 B FOERIRHEINRNoTz, LT, APNH OfFREBA
IZBNWT, p53 BAMBIEEFOER L OBEMEIEVWEEZ 2 SNz, —F, B
RRICKY, BEFHIZEDL S, BICHB LM TE )£ < OEBRAENT
GNDZ L, FFRICIIT 2 REBNEMEOMREE L BEMERHER SR

FHBEHRT XV, polycyclic aromatic hydrocarbon < nitrosamine 2 0 {k2%5% 73

AN, BEENTT b2 v —A4 P450 (CYP) 72 & O B BIEESR Iz L BIEHAL
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ZRITT, BBAMLEE LRBRESAE L THIN BRI AY
H, HD5VEEBARBENE TH D69, ~TudA 7Y v s 73 b i
BAMETHY, £ENTCYPIZLDEMILZZITT, BRAMERT I IIC
25, LTeho T, REEMHILRZORBAMICKESEBTELELLNS,
EENTORDP AW ERBEELICK X 2 REIZHE S CYP 3RO T A VF
A LDORYVENENDT A VYA LAORMELHFENEE, BWE, MRk
> TRG->TEY(110,114), {CEREBAMEOHB AR, BiiE, MRz L
WX VRIS S CYP OBHITIKELT, I—WEThoTHLENFNERS T
EBRFRIND, ~TuH A2 Y v I 7 IV OERBYITHT ZRBAME,
B, RMICXY, ZOMESLENBEIIRLD Z LAMLN TV 5(85),
MelQx 1, <V X TIIiTIEE LORIBICH LERAMEZRTR, Ty hTik
Zymbal %, CRE, R, B3 L OFLARICH LR AMENED S5 (89), %
72, Tp-P-1X° Tip-P2 REDATuH A2 ) v s 7 I 4L, vy RICHBL
M~ v RITK L, K DBOFORBAMEERT I EARESNTWA13), AT
IZBWT, CYPIAT A YHFA ARATaH A7) v o7 I v ORBHEMIZE
E¥aLEZHNTN30),

APNH [ZHREIZ L Y p5S3 KO ~ 7 RIZHERENTZIFEE ORAER, M2z

BELTROONIZ L bnTud A2 v s 7 I v ORBINEMILIZ CYP 43K
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BEFL5ZLIZEBL, AETIIAPNH & 512 L 5 CYP HEDOME L APNH O

PRME & OBBEMEIZOWTRE L,
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[EBAER L OERFGE]

1. #Ragy

55 _F|Z AV 7z Donehower 5(16) 12 k& - TEH &z C57BL/6 % BB/
TRIZLDOp53 KO~ RV, 12 BEORHAY A 7 LTT, AflsFy 7
RN T SF v 7 r—VNTRE LT, 8 Oriental NMF () = o # L%
Rk, Tokyo, Japan), BREKIIAKEKEZ ZNENHBHERI Y, B FRENR

FBoEICEL TTHo T2,

2. A
APNH (% S9 mix 7#7E F T, norharman & aniline £ Y 2Rk U7z, S HEID,

E—EIZE LT,

3. ERFIE

HEBR7 vk 2—)L % Figure 151278 L7z, APNH 30, 10, 33 X001 ppm %1BA
LTEEHI B A2 L7 (Tokyo, Japan) IZBIERIE L b OEEA LKL, 77,
BIREBEEEL (CA-1 BARZ L7, Tokyo, Japan) i3 APNH % 100 ppm B A X,

W APNH BEIRIR L LT, BEBEORMSEL, B5%T4CTRE
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L7z, APNH EEEfARE (APNH 100, 30, 10, 3 B3 XU 0ppm) % 5 A D p53
(), (H-)B L ON(/-) MERE~ D 2127 BEE S Lo R EIL B BERE L,
MREZ N ENOBRIGFIID~ T T REE L RT, EREEIE (CA-1 BARZ LT,
Tokyo, Japan) DH % 5% T, HBEHIRER L OREMK TRICEEZBIE Lz,
5 7 A BICAEFHAIEFNCOWT, REREIMRL, HRERBRL%IZ, &
BERIE Lz, £, FROEES 3-5 mm OE S |ZHEE L72#%, &5I2 Imm

FAOLFEITHEI L, BEERICTRERSE, -80CTHRELL,

4. FRERRFRIR TR

TR LI AFIR D EZE, TRIERBLOEENOE 1 R, THIZELEE
ZEHT3S5mm OEIITYIVHL, 4%FHY VBEER NS FVATALTE
RKBRICTREE LTc, EER, FEE 77 0 o CEEL, Y0, HE 3§

BEiEL, $RLT,

5. Reverse transcription (RT)-PCR {£IC L 5~ 7 AFIEBIZIIT S CYP 1A 7 A
Y WA 2 mRNA DOFEE
VU ARFRESG OF¥AE L CYPIA T4 V¥ A AORBEOBEMZFHR5 0

I, BEEITRBWTERICH L7z APNH IEEEEE (APNH 30, 10, 3 3 X 1 0 ppm)
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Z 40 B S5- L7z p53 (HHB LV (+-) HEE< T 20 5 AT H 5\ IR
AIRIARIEDSFEAE L, PCR-SSCPIEIZTHREE LTz p53 (H+H)= 7 R 2561, p53 (+-)
<~ U X 23 G| DEER L OFEEF O REEOFFE Z V) RT-PCR £ T CYPIA
TA Y YA LOFREREZFH T, RNA HiHH OFIEARL, SIREFICITRAE .
3-5 mm OE I ZHEET L2, X5 Imm AOMNHFEICHY, BEERICTA
HEARE L, RNAHIHET-80CTRELZLOEH VWL,

TS TR A% %2 TRIZOL Reagent (Invitrogen Corp., Carlsbad, CA, USA) %
VWS RNA ZHiH L, 1 pg O#8 RNA 2 DNase I (Invitrogen Corp., Carlsbad, CA,
USA) % 1ul Nz, =R T 15 4FEA DNA OB R 24T o7z, RIT1lug D
s RNA |2 Oligo dT 54 ~—% W%, 65C 5 7rfflA v F2_X— b Lictk, &
BR 5B (Superscript-II reverse transcriptase, Invitrogen Corp., Carlsbad, CA, USA)
%% cDNA &5k LTz, B L7z cDNA i, B-actin 3L CYP 74 YV HA
LENEFNOEERN R T T4 ~—(79) & Amplitaq Gold polymerase (Applied
Biosystems, Foster City, CA, USA) 0.025 U/l 3 X OEE IR ZES L, 20 pl OIS
REFAM L7z, MgCl, DX CYPIAL B LU B-actin TiZ 1.5 mM, CYPI1A2
TiE3mM & L7z, PCR IIEERIEHALOT® 95CT 10 A v FaX—F L
72%%, denature, annealing 33 & O\ extension D& AT v 72 FNFN 94°C 1 4rfH,

55°C 143, 72°C 1 23 DSMIZT, CYP 1AL i% 22 [A], CYP1A2 B L 18 B -actin
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IX30BTPCR 2T T2, FNEFNDPCREY Z=F VI LT u<A REM2 %
7 #7 v — R /) (Takara, Ohtsu, Japan) TEXIKE L7, RIGERY OREZRIL,

EHEA N I F—F —TIZTITFo T2,

6. U7 /¥A L RT-PCR #£I2 X% APNH REERBEHK O~ v ZARFIKICEIT S
CYP 1A 7 A V¥4 - mRNA O¥-7E BRIFEAT

APNH REERFEH O~ U AFFEIZBIT S CYPIA 7TA Y FA LOFKBEOE
L ZFAR57291Z, APNHIREEFIRI%Z 7 A M5 UIERE p53 (+/+), HOB IO
(-/-)= T 2 DEFFEFFIEAERE 2 v Tz,

TRAERTEGREL#R 2 TRIZOL Reagent (Invitrogen Corp., Carlsbad, CA USA) % H
WTHA RNA ZHh L, EFE & Rk 51T cDNA 28K LTz,

CYP1A1l BX UV 1A2 OFEEM PCR X LightCycler (Roche Diagnostics,
Mannheim, Germany) ZfE/H L, ERBICAHF M THRIE T 5 acidic ribosomal
phosphoprotein PO (ARP) (57) % WH#HE#E & L THV /2, PCR i SYBR Green PCR
Core Reagents kit (Perkin-Elmer Applied Biosystems, Foster City, CA)% Fi\\C,
Tsukamoto ©(106)33 X U" Simpson 5(83) DEITHE - 72, cDNA 1 pl, dATP, dCTP
BEOAGTP 4 20uM, dUTP 400 uM, ZHENIRKERNLR ST ~v—L

3’774 <—, Amplitaq Gold polymerase (Applied Biosystems, Foster City, CA,
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USA) 0.025 Ul B X OBEIRZEA L, 20 pl ORGEEZ TR Lz, MgClL, D
FEiX CYPIAL TiX 1.5 mM, CYPIA2 BEXUNAPR Tix3mM & Lic, H7 54 <
— D EELFIX Table 6 27~ L7z, PCR IIFERIEMEALD T2 95C T 10 431 ~
¥ 2 ~X— |} L7z#%, denature, annealing 33 & U\ extension DR T v 72 FNEH
95°C 30 %, 55°C 30 % 72°C 30 #iZ THT o 7z, HIEIX 50 1 7 V4T > 72, SYBR
Green DEIGIIEY A 7 LD extension DO D IZHIE LTz, FHFH D PCR #
THRITIE, 2%7H v —RAFNICT, FERNZEER RN L 2REELE,

HETAYFA LOREBEEIL, PCR EEEMHBOEEORHLHEEIZB VT
LightCycler IZX WHIE L7z CYP 7A V¥ A DY A 7 VI L INEREERE ARP D

YA I NVELOEIEDP D, MRBEOFHELEEL LTHH LK,

7. %P BR R TRY U IEICE BAFRICEIT D DNA k05
APNH 3, 10, 30 3 X1 100 ppm % 7 B 5% D p53 (+/+) Wi~ 7 2 DFF
g b IR E AR AU A B X U RT-PCR Atk & Z IV EERERTE, 75 Y DTl %
RARZERITTHAS L, DNA #iH & T-80°CHREHRIE L7k 2 Fiv 7z, DNA i3,
Proteinase K  ( Boehringer Mannheim, Rotkreuz, Switzerland ) , RNase TI
(Calbiochem-Behring La Jolla, CA), RNase A (Sigma Chemical CO. St Louis, MO)

WZEBEUNNIELRNADBRER, 7=/ =)V, ZJuaRVA/ A ITIN T
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a—)v (241 vv) X VL, HREX VHELZDNAEZI Z/nayh
A X7 L7 —+% (Worthington Biochemical, Freechold, NJ) BIUVKRAK Y= X T
Z—¥ 1I (Worthington Biochemical, Freehold, NJ) T#LE L, Totsuka 5(100)D %
BIZHE, PP-R R | T VB R RATINE#ERREE (modified adduct intensification
condition) IZL ¥ P ICL VAR FTF LT, P THX F IV LIcEE%
RY=xzFL A (PEl) /v —2R TLC ¥— F(POLYGRAM CEL 300 PEJ;
Macherey-Nagel, Duren, Germany)~A R v k L7z, DNA &1, TLC > — ~ %
A A=V 77—k (Fuji Film, Kanagawa, Japan) (Z&#& L72%%, Bio-Image
(BAS 2000; Fuji Photo Film Co., Tokyo, Japan)iZ & ¥ #&Hi L7z, Relative adduct
labeling (RAL) (X Randerath 5&(71)D HFIEIZHEWVT o T, FRAEIORIEMEIL, 3 7

HEL, ZOEHEZFEL L,

8. HiEtfEMT
SREFAR AR 1T DR E OFAEME X Fisher OEBEMESL I, A TFrRR
B L UHWEHEBMHTIE Kaplan-Meier 753 X O log rank % VN 72(72), BIEE

OIEFHENTIZIZ, | TTEREDO BT & L EHE (Dunnett ) %AV 7z,
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[ERERR]

1. AEH, FEEBIVEEFE

7 AR EROKE L FROBEICKT D EEL Table 7 1Z37,
p53 (+/+), (+-), (1), M p53 (+/+)F L O(+-)100ppm B GEEOFKMKEEL, ZTh
ZHOXBELEBE L THERRBY Z/R L (p<0.05~0.0001), FILFHhOxt
REORKMAEEL 100% L LizHA, 100 ppm 8 5HAELE TR ORKIKEED,
H p53 (+4)~ 7 X T4.4 %, p53 (+-) 1% 61.4%, p53 (+-) 1% 69.5%, M p53 (+/+)
<7 RiE 74.5%, p53 (+/-) X 75.0%, p53 (-/-) X 86.4% Th -7z, IFEHESTE
B3 p53 (+4), (+-), (1), M p53 (+/+) 100 ppm B EEET, FHEN D% REE
CHBLTHEERBAZR UL, HBOMKEM[IL, p53 (+HH)BLOH-HE~Y
2 H 5B TR GREEERFHICBMER A A LI, ps3 (+HHB L O(+-)HE< T
&b 100 ppm HTEFITEBWTIE, XREICHE L THEFHERIICE BRI 1338
Doz (p<0.001), —F, HE~U A TIE, FEGFERLE HITFBOLAEEEDOH
MBI SR, p53 (H-)EHZERHR XV p53 (-/-) @30, 10, 3ppm HEEIZRKT
MEHERICHBREMABD O, BMEEEL FRICHBEOBOLIAE
1E% 100% & L7235&, 100 ppm R E5HEER TR OO REMEIL, ##ps53

(H4)< 7 AL 74.4 %, p53(+/-) 78.8%, p53(-/-) 1% 101.6%, p53 (++H)fi~ 7 1%
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98.5%, p53(+/-) X 119.5%F LWV p53 (-/-) X 111.3%ThH o7z,
APNH 7% 100, 30, 10 3 X U 3mg/kg OG- E T p53 (++), (+-) BLO(/-)

TR ELIZE A, 2FICBWTETHIZIED STz,

2. JREMRERR R

TEMEEROREICL VBRI NHRE % Table 8 ITF & D/, APNH O
7 BREGIZ LV p33 (1)~ 7 R 100 ppm FSHORF/NEREDMIZ OCH 2 #
IBREBBO NIz, 7T BHEEICL > THREINIZ OCH L, £2ED 158
E#& 5RO 30ppm £ & FRICKBREAROZZ L, LEOHEEMME
Z b D/NRIDO MM b AEFTE OB A FINREL 2 F OISR OEFE A ED b h

7z (Figure 16), O DOAFIRIZSRERLRELIIRBD S RpoTe,

3. APNH #F¥~ U AHEEICBITSD CYP1A 71 V%A 5 mRNA OFIH
XtHREEZ & CYPIAL 8L U CYPIA2 mRNA OFEBR L~ L3 =< b3

To® o775, APNH 30 ppm % 40 EEREEHE LT ps3 (+HME~7 % 1 i

CYP1A1 mRNA DOFIFTLEHFRD S ALiz (Figure 17), Z OEAELAFIEIC HCC 23

BRI,
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4. EHH APNH [EEERFEHR O~ T AFFIRICEBITD CYP 1A T4 Y FA A,
mRNA DFEH

APNH % 7 BfE#E L7z p53 KO ~ 7 ZAOfFf&IcB1T 5 CYPIAl B
1A2mRNA OFRHE%, NIEEL Liz ARP ORBE TKIE L, Oppm #DFH
E, TROLBEEPFEINTWRVKREZ O & LIZRFOZEORER % Figure
18 1T/rLTz,

100 ppm HEEOHE p53 (++), (+-), (/)T ZABLOHE p53 (+-), ()
2 YRR TENEN DR REE L LB LT CYP1Al mRNA ORBEEDOF B
HEINAIER® B AL (M p53 (+/+); p<0.05, # p53 (+/-);p<0.001, ¥ p53 (-/-);p<0.0001,
HE p53 (+/-) ; p<0.0001, 7 p53 (-/-) p<0.0001), M p53 (+/+), (+-)B X V(/-),
< AIZRITS CYPIAl mRNA OXWMEITITIEFHAEICHEL Tz (Figure
18-A), 7z, M p53(-/-)~ 2 TiX, 100, 30, 10 BX U3 ppm HEHDOLTIC
BW TR & HB LT CYPIAl mRNA HEEEOFEREMAED bz,
¥ APNH 30 ppm R EHOFZ B FRMOLEIZBWT, p53 (/) HE~vT 20D
CYP1Al mRNA HEIREIL, p53 £ECFHOME~ Y AIZFNICHKBEL T, AR
IZEVMEZ R LTz, £72, p53 (+/-)ff~ 7 2 @ CYP1Al mRNA ¥IHRE L, p53 (+/-)
B~ AOFNICHB L THEE (p<0.05) IZEVMEZR LT (Figure 18-B),

CYP1A2 mRNA OFIRE TiX, APNH OREFHITBWT, p53 BEFEO
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EWIEDFEREITBD R > 72 (Figure 18-C),

5. FFMRRIZI31T 5 APNH-DNA fHINME DB,

APNH 3, 10, 30 3 X0 100 ppm % 7 B REHREH D ps53 (+/+) M~ 7 2 DFF
ik DNA O L~V % Figure 19 1R LTz, EBFAEOL%Z B 2 T2 p53 (+/+)
M~ AXtRREEIZIL, DNA fIIEIZBIE s vz o7, APNH %R 5 L7z
FETIL, p53 (+H)MfE~ 7 2 100 ppm FED DNA {HHMKIT 4.17+1.26 (CEXELIERE
") adducts/10" X 7 L' 4 F K, 30 ppm BEi% 1.08+10.22 adducts/107 X 7 L A F

K, 10 ppm E£iE 0.51£0.13 adducts/10” X 7 LA F K, 3 ppm &L 0.19+0.06

adducts/10” X 7 L A F R LB 5B ERFEOBEMMAEED Sl
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[(E£]

APNH O 15 i#8[& 5 VM 40 B FEEERE DR 512 L D p53 KO =7 RILHE
HINTBERERT 5720, 7 HEORER OS5 21TV, APNH OfFiEICE
FBRBHZOWTRE LTz,

R DR 2 B33 5 7z OMERE p53 (+/4), (+-)B L UVN(/-)= 7 ZiZ APNH
Z 100, 30, 10 B LUV 3 ppm DEIE THEBEFAEHESL, 7 BEH®’S5 L-, Hf
HERBEFROXMNBEICIIEBAROL Y B 217, BEKRTEOKEIL, 100
ppm T ERE TIIZNZNOXBEED 61.4~864%Th 1, ML TOBERLETFET
BAMER B DNz, ZHIX APNH OFMHICE 2 b0 EE 2 bhrz,

FHig DR EAAREARIRE T, 15 BRB L0 40 BEESICRVWTHES
N EAL E R ERIZFRZ: OCH 23 p53 (1M~ RITBB SNz, 7 BRE#S
Tp53 (1)~ T ADIHIZOCH BB INTZZ & T, p53(-/-)~ 7 2 APNH DE
EERICHT2EVEZHEEB L TVWE I LR LVEIFRENE, £2, X
(ZFIARBIR D A2 DIZ oval cell DEFERFED DAL Z &b 5, FFFE L ABRE ORI
BRFEQ) LTI EE L B,

—IRMIC, RETOMESAMEDNL L, FRELUDER, i, &5

2 LR A DIRER(90) THE D P450 MR BER OMBHERIC X v iFML S h,

-79.



BEENCE B AR Z b OREICRB SN 528, 31), ~Tad A2V v s 7
IVOBAE, —RAIIZ CYP 1A1, 1A2 IZX ARBHEMABT O TS, *
e, MB8T5~ T ad A7) v 770 ORENEMILIZIE, © FTiX CYP
1A2(29,30,49,65,78), 7 v &, =D X2 T CYPIA2(7, 14,24, 34) DG 34L&
NTWDL, —%, FEERBZAMEILEOFENABRIZEO CFBICE] R
HMZFHFEL, TNOBEAREHTIE, IESERBREOREGRED LN, i
F b7 v —LP450 IIEEDO EREZRZTEED 1 ST, LRICLVEBARE
3 5LEZDHLNTWS (B4, F o dimethylnitrosamine 3 X O
2-acetylaminofluorene Z 5 L, AFiRICE AR 2 F R L7 F344 5 v MZF k
7 v — L PASO FEME 2R ET D &, FROBFREEFZIARE L CREF K
FEHEINO CYP1A1 DHEMATED i, CYPIA2 348K L THA L2(14), &
SREBRT, APNH 30 ppm % 40 JARNREE 5 L, BTl HCA 23822 S iz ps3 (+/4)
i~ 2 1412 CYP1A] mRNA OFEBLOHEIRAFED S, CYPIA2 mRNA D3
BUICIHIZ LA EEBEDONR NI LT, BRAORBAEE LK
Degawa H(14)DFFFE & L < —¥7 5,

S 51T APNH DFEHBAML CYP & OBEIZOWTRET D720, FHA
DOYHBEFEZRE LT APNH % Z<@HM O 7 BR#E5 L, O CYP 1Al

BL U 1A2 mRNA OFEIZOWTHANTz, M~ 7 212 APNH 100, 30, 1033
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£0'3 ppm ORERET 7 AEHEE L CYPIAI 8L 1A2 mRNA FEIZHOWT
fEHT L7c & Z A, CYP 1A1 mRNA R E OB AH DS T OEis 7R LHED p53
(+/-), (-/-)® 100 ppm L EFH THED Si7z, 30 ppm B EEEIZIB W TIE CYP1A]
mRNA FEHEL, £ TOBRGTFE THICHE L THECEVVERAERD b,
L7z, HEp53KO =T 2D 100, 30, 10 BL V3 ppm BEBDOLTIZBWTKIR
B LB LT CYPIAl mRNA RHEOHERBEMARD SNz, CYPIA2
mRNA OFEZUZOWTIL, APNH O 5, p53 BEFOBEFEIC L 5E1H
HOHNRDoTZ,

RO L S IZAFRICB T 2~T v ¥ A2 ) v 27 7 I v ORBHIEMILIZIE
CYPIA2 ORER#ESN TV D23, APNH % p53 @ KO ~ W R |\ZEHIRHR 5
L7256 CYP 1AImRNA REROEME R LIz Z Lh s, R3AOFBIEET
DEFBIZB T B2 ~T v A 7Y v 27 I L ORBNEMILIZ CYP 1A1 B 5 O FTEE
PEDRIR & 1172(40), Hashimoto 5(35)3 L Uf Degawa 5(13) iF, =™ X TORFI
BAEICB D THICHEBRL THTE Y EERZMH%7T 3-amino-1,4-
dimethyl-5H-pyrido[4,3-b]indole (Trp-P-1)2 E& LIz ffi~ 7 R E Lz & = 5,
R S DIEMEAHE & RIERICHEM L7 Z L 525, CYP ORBEAHEDT Y Fu -
YUNVIZE VRSN TO D FTREM S H B L HE LT3, pS3KO =7 =2

APNH %59 % &, Hashimoto H(35)D#4 & RkEIC, HEIZHE L CHET CYP
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1A1 mRNA FEEOHEMATD S, p53 KO =7 2D APNH IZ & B FFR A AL
BT OMEORBRZMED FRICRBB LI ORNLEVBBICERT S 2 LTl
i,

APNH #2512 L 5 iFl© DNA AL % ps53 (+/+) M~ 212 APNH
100, 30, 10 B8 XT3 ppm % 7 BRI E L7z, *P-R2 h5RY L7 ¥EIc TR
L7k Z5DNA fiiifk X APNH 5 8EIFHE LT LE L,

Invitro DEBRIZB N TERFMZ A L2V norharman 1%, R U < ZREM
%A L72\ aniline DHEFFT T S9 mix IZRBMEN D Z LIz L Y APNH R4 R X
W5, APNH 2 X 5112 S9 mx OfR#IC XY N-KEEI S h
N-hydroxy-aminophenylnorharman (N-OH-APNH) ~ % {t. L (66), APNH &
N-OH-APNH (X S. Typhimurium YG1024 (2%t L[E#D DNA k%2 H4+ %
(99). F344 7 M APNH 40 ppm % 4 FAREAER OHB 5L, A, =W, B,
&R, FEEIZ DUV T APNH-DNA f1hk OFm % /<72 & = 5, DNA HIE o
TLC 2=k ED/XF =i in vitro FE L IZEREDP ARy & LTEE S,
T D DNA AR L~ L ORFIS C& <, FFIE Gl 1.3120.26 adducts/107
X7 VAT RERLIZ(101), REBOHELEEICAND &, pS3KO =Y 2%
RO ARRTH O N FFIAEMED DNA AL L L ISR TH S L &

AN, p5S3KO~T R AW BERERR I ST X 72 BT IR
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BBEI NI Z L5 APNH-DNA fHInfRIZ, FFIERTRIRZE, ATFRIaMER 22 B
535 2 LBTRENT2(40), BIREA T, BB SNz DNA (IO kE
WERTREE RV, BRFEMR L OEY RS2 ZET 3 LhO~T o
Y4270y 7 I LK Guanine & OFHIE L £ 2 H43(99, 108),

Norharman & aniline 1334 DEFEREFIZESEEL, 0 2 20
WEIRZENZERE FOR, BELFITREENTNAG, 12,73, 109), F344 5 & h
(Z norharman & aniline % % Zh 90mg/kg & 085 L, #EELD S 24 B
EXU7ZJRFIZ APNH 19.6%16.9 ng A& H &7z, $£72, norharman & aniline &
GL, REMRLLTE MFI 7 v YV — AR EEAVTERT S LItk Y,
APNH &SN D Z & 3R S 1u72(100),

b b DR FEAETEIZI T norharman & aniline 12 BE S5 Z L IiLT 237
<, APNH IHEIZERNTERINTNS L E2 55, APNH ORHRAMEOMRE

AL FORBERFFICZALERT 2L E2603,
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€:315)

9-(4'-aminophenyl)-9H-pyrido[3,4-b]indole (Aminophenylnorharman, APNH)iZ,
89 mix 7#7£ T T norharman & aniline DXIRIZ & > THERE N B FHEA~T v H 1
7 ) v 7 T, Salmonella Typhimurium TA98 & YG1024 (2 EREMEHT 5. A
=V =Y a VERIZESWIEFBICRB T3 TR AEMERR (n vivo
five-week initiation assay) Ti%, 10, 3R LU 1 mgkg ® APNH % & 0517

D PR GIBRALE R D F344 BT » M # 5 F BARRIME O glutathione S-transferase
placental form (GST-P)BZPER DOEEMAETRS bz, £72, p53 7 v 7 7% + (KO)
VYR AW R TIE, FFRSAMEINTRE SN2, APNH OFF5EH8 AT,
P33 BAMFELFOER L OBIEMIIRD SN h oz,

AREBRTIX, APNH OIFFERAM &L AFHIZI1T 5 APNH O3, DNA £
TMETERRIZ DWW T p53 KO = 7 2 AW TRZE 21T 17,

5 BERHERE p53 KO =7 X, F7205 ps3 (1), H-)BLW (+4), 12 100,
30,10 3 XU 3ppm D APNH % 7 A MREERR Q45 L7214, REFE S HHR L,
AFIBIC DWW THRHE L7c, APNHIREEREIZX Y, p53 ()it~ 17 2 100ppm #-5-
FEDFFBIC oval cell hyperplasia(OCH) 2 BI%8 & 117z, 100 ppm 2 5RED p53 (+/4),

(), (--) W=7 2B XU p53 (+-), (1-) =T RZBNTENRFNORBEE &
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HB L T CYP1AI mRNA ORBEOH B HEMAZED Hiiz, 100 3 X U8 30ppm
REHTIE, FBEFEOBIZHERL T~ Y X TRREENREL, SbIT, ps3
(It~ T 21, pS3 (HHB IO~ 7 RICHEB LA ZICEVREES = L
oo ET2, p53 (HHHE~ T 2 ORI TOMIBTER T, 58RI KTE L8
Zar LTz,

IO DFERND p53KO =7 2D APNH 128 X BEF% 1A & IFgIC 31T

5 CYPIAL {2 k% APNH ORBHEMAL & OBEME SRR I,
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Table 6. PCR primer for realtime reverse transcription (RT)-PCR analysis using a LightCycler

Target
gene

Primer Sequence

CYP1A1

CYP1A2

ARP

Bata-actin

sense
antisense

sense
antisense

sense
antisense

sense
antisense

5’-CAGATGATAAGGTCATCACGA -3’
5’-TTGGGGA-TATAGAAGCCATTC -3’

5’-CAGTATCCAAGACATCACAAG 3’
5’-TGTGTATCGGTAGATCTCCAG 3’

5’-CAGACAACGTGGGCTCCAAGCAGA-3
5-CCCCGGATGTGAGGCAGCAGTTT-3

5’-ATGGAT-GACGATATCGCT -3’
5’-ATGAGGTAGTCTGTCAGGT -3’
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Table 7-A.

Male body weight and absolute liver weight of p53 knockout mice treated with aminophenylnorharman for 7 days

Sex p53 APNH Final body weight Absolute liver weight % Liver to body weight
geno-type (ppm) (grams) (grams) ratio

Male (+/+) 0 22.91t1.354 1.43+0.115 6.27+0.515
3 21.851+1.488 1.33+0.126 6.091+0.225
10 24.491+0.734 1.49£0.059 6.0110.160

30 23.4910.892 1.251+0.059* 5.31£0.057%*

100 17.04£0.779%** 0.79 £ 0.025%%* 4.66+0.160**
+/H) 0 25.86+1.481 1.60+0.129 6.16£0.209
3 24.57+0.818 1.39£0.099* 5.6410.241
10 25.68+0.907 1.37£0.118* 5.32+0.293
30 21.52+5.971 1.09£0.399 4.931+0.669

100 15.87 £1.764*** 0.76 1 0.093 % 4.851+0.362%*
- 0 24.431+1.800 1.39£0.024 5.701+0.473
3 24.70£0.923 1.54+0.111* 6.231+0.221
10 24.63+0.657 1.49+0.109 6.031+0.484
30 23.42+1.195 1.43+£0.173 6.071£0.462
100 16.97 £2.958* 0.89+0.116%* 5.30t£0.852

Data indicate mean = SD values.

Significantly different from the respective control group (*; p<0.05,

*¥; p<0.001, ***; p<0.0001).
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Table 7-B.

Female body weight and absolute liver weight of p53 knockout mice treated with aminophenylnorharman for 7 days

Sex pS3 APNH Final body weight Absolute liver weight % Liver to body weight
geno-type (ppm) (grams) (grams) ratio

Female (+/4) 0 20.28+1.519 0.96+0.108 4.731+0.198
3 22.02+2.333 1.211+0.305 5.661+0.879
10 20.571+1.244 1.28 £ 0.080* 6.221+0.108
30 16.86 +3.060 0.891£0.287 5.201+0.759
100 15.10£2.376* 0.65+0.044** 4.661+0.058
+H 0 20.08*+1.14 0.921+0.124 4.5910.466

3 21.50+1.939 1.371£0.164* 6.351+0.219**

10 19.64+1.505 1.18+0.108* 6.021+0.137*

30 21.541+0.313* 1.271+0.032% 5.91+0.087*

100 15.06 £ 0.930** 0.83+0.053 5.48+0.040*
Ch) 0 16.67+2.181 0.921+0.124 4.59+0.466

3 19.71+1.823 1.37£0.164** 6.35+0.219*

10 18.36+0.809 1.018+0.108* 6.021+0.137*

30 18.561+2.398 1.271+0.032* 5.91+0.087*
100 14.40+=1.746 0.83+£0.053* 5.481+0.040

Data indicate mean = SD values.

Significantly different from the respective control group ( p<0.05,

** p<0.001, ***; p<0.0001).
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Table 8.

Lesion incidence of liver from p53 knockout mice treated with aminophenylnorharman in for 15 weeks

sex pS3 APNH No. No. of mice with lesions
geno-type _(ppm) Animals OCH * (%)

Male ) 0 4 00
3 4 0
10 4 0 (0)
30 4 0
100 4 0(0)
+/) 0 4 0(0)
3 4 0 (0)
10 4 0 )
30 4 0@
100 4 0 (0)
(++) 0 4 0 (0)
3 4 0
10 4 0
30 4 0 )
100 4 0(0)
Female ) 0 4 0 ()
3 4 LN (1)]
10 4 0(0)
30 4 0 (0)

100 4 4(100)"
+H 0 4 00
3 4 0 (0)
10 4 0(0)
30 4 0(0)
100 4 0(0)
(+/+) 0 4 00
3 4 0
10 4 0
30 4 0 (0)
100 4 0

a: OCH: Oval cell hyperplasia, b: Significantly different from p53(+/-)female control; p<0.05 using the Fisher’s exact test.



-06-

5 weeks old

v
Se€x
p53 genotypes APNH 7
(Experimental days)
0 L |
3. 9 Ppm

K171 71 T
10 ppm W//////////////////////////////////////////////////////////////%

=)y (HA), (H4)
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100 pprm [

S

Experimental design. Five-week-old wild-type (+/+), heterozygous (+/-) and
nullizygous (-/-) p53 KO mice were used. APNH at 100, 30, 10 or 3 ppm
. and basal diet as control were given.
Flgure 15 APNH; aminophenylnorharman, S; sacrificed.
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Figure 16

Photographs of oval cell hyperplasia at 200x in the liver of p53 (-/-)
mice treated with 100 ppm of APNH.
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Figure 17

CYP 1A1 and CYP 1A2 m RNA gene expression in the liver of p53 (+/-) and (+/+) with
and without APNH treatment. One-microgram aliquots of RNA extracted from liver of
control and APNH treated mice of the two genotypes were reverse-transcribed and
analyzed by PCR using specific primers for the CYP 1A1, CYP 1A2 and B-actin genes.
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O : Female (--) : Male (-/-)
3 : Female (+/-) : Male (+/-)
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Sigificantly difference from respective control; * : P <0.05, ** : P <0.001, ***; p<0.0001

Figure 18-A

Relative quantutation of CYP 1A1 normalized with respect to ARP in livers of three genotypes male and female mice
treated with APNH for 7 days (A) and both sexes of three genotypes mice treated with 30 ppm of APNH for 7 days (B).
Relative quantutation of CYP 1A2 normalized with respect to ARP in livers of both sexes three genotypes mice treated
with APNH for 7 days (C).

a ; Data are expressed by the cycle numbers of each enzyme relative to that of controls.
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HHAICEDOLON L EERFEFHREERILLA Y,
9-(4’-aminophenyl)-9H-pyrido[3,4-blindole (Aminophenylnorharman, APNH)iZ, S9
mix f#7E F T norharman & aniline DX I L > THEKIN, Salmonella Typhimurium
TA98 L YG1024 IZERRMEEZFEIRTD, ZDOBREFEROBEIEMO~T Y
A7V 7T IAIEERT 3,

Norharman (%, # N2 OfE, BHFREESRETICHEEL, TEORES
FERMLTWOEERE FORPIZL, BITHFELTWS, ¥£72, aniline &, #
NaDE, HLEORY), BXPIHFEL, FkiZt FORFTE IO FIC
HLREIATWS, ZhboZ s, B MIAFEAIC norharman & aniline 12
BREIND Z LITET 32, APNH XHICENTER, BEINTWSLE
Z oD, TDH APNH DFEPAMDFEMRT —FBBELEZ NS,

AHFRIZRBNT, APNH OEPAMERBET DD, f=vT—T 3
MERICESWICRFRIZ R T 2 PR AR AMRE (In vivo five-week initiation
assay) RBIVEETFREGY 2 AV ZAARERRZITV, APNH OB RBALME
IZOWTHRET L. (B—, Z&), S 5HIZ APNH O L BB A L OBFEMIZS
W L7z (B=%F),

BLIZ, f=vx—v a3 ERICESWRFIBICE T 5 PRI A R RER
IZX Y APNH OEBPABRIZBIT SN =V —v 3 VEHORBEETo R, %
DFER, FFlE D glutathione S-transferase placental form (GST-P)BR 14 B m fE DR R IC
BWT, APNH 2% 5 L TWg W REE & BB LT, APNH 10, 3 B X1 Img/kg
DERER GREC F BB OB R i, GST-P BRI BV TR,
APNH # 58, APNH Z#5 L2Vt BEICLE L THEREMAA b,
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INHDZ L XY, APNH BAEPABRICBNTS =V = —Y a3 VIEREZET
5 ENRREN, &5, APNH 10mgkg AER 5% 2-AAF, CClL WLE%
FTTOZRVWEE TS, GST-P BHEEREL APNH 285 L2 W BB B L TH
BIREMEZRLIZZ &5 5, APNH OffRICH T 21EMM bR R S iz,
%212, APNH OFERAME L p53 BRAMEEEFOBRIZOWT, p5s3 S
MHEEFEXREB LI p53 /v 77Uk (KO) v~V RAZHWTRREEZIToT,
ZFDFEF, APNH JBEE# 512 & Y FFl&IZ oval cell hyperplasia (OCH), altered cell
foci (foci), fFHERARIE (HCA), FF#IRE (HCC) FENLERMRENBE Iz,
APNH #:5- 15 1% TI3ZAT# > OCH 7% APNH 30ppm % 5EED p53 (-/-), p53 (+/-)
BLO ps3 (+H)= T RATENRFN 2/14 (14.3%), 14/23 (60.9%) B LT 2/10
(20%)BiZE S lz, APNH £ 5 40 581 DR %A TiL, HCC #° APNH 30ppm %
BEREOME p53(+-)~ 7 2 16/46 (34.8%) 3 X UM p53(++)~= 7 X 10/27 (37.0%)IZ
RBObTz, LL, B p53(H-)B LW ps3(++H)~o AZBE Iz HCC i3,
FNEN 145 22%)B LU 2/12 (16.7%) T o> 7z, 40 B DLERHE] p53(+-)B
L pS3(+HH)7 T RCBE INIZEE D p53 BAMEIESF exon5 D 812D
VT, PCR-single strand conformation polymorphism analysis (PCR-SSCP #£) 12 &
VIRELICL 25, ps3 BAMGIEETOERIRD bhigh oz,

INHDRERD D APNH @ p53KO < 7 R xS ERIREIIATR TS v,
APNH OFFE B AN R X417z, APNH ORFFREBS AL, p53 DS APEIERLETF
DER L OBEMEITEL, TV Z OBEBERARBDOND Z bR
HDHVITENVEVRE L OBFEERE X bk,

55 31, FFIETOF b 7 v — A P450 (CYP)IZ & A {03 & APNH 2 & % FTliE
B & OBSEMIZOWTRETL, & 512, APNH OfF#IZR1T 5 DNA ik
DBBIZOWVWTHRE Lz, APNHIZ X 3 p53KO < 7 22T 5 IFRIEER K
(X p53 BAMHEETFOFEICEEI NV, APNH #5102 X Y fFlEO CYP
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1A1 mRNA BRFEEIND Z LALLM R -T2, EBIZ, FFiEI2BWT, APNH
BEBEKRFEMIC DNA fHIMEREM Lz, LEDZ &, FREEFRIC
CYP 1A1 {2 X % APNH ORBENEHEALREE T 5 Z E AR I N,
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The novel heterocyclic amine, 9-(4'-aminophenyl)-9H-pyrido[3,4-b]indole
(Aminophenylnorharman, APNH), is produced by the reaction of norharman with
aniline in the presence of a metabolic activation system, S9 mix, and is mutagenic to
Salmonella Typhomurium TA98 and YG1024. Its mutagenic activity is comparable
with those of known heterocyclic amines.

Norharman is widely distributed in our environment in cigarétte smoke and cooked
foodstuffs, and has been detected in urine samples from healthy humans eating an
ordinary diet. Aniline also is presented in cigarette smoke and some kinds of
vegetables, and has been found in human urine and breast-milk samples. It is thus
likely that humans are continuously exposed to combinations of norharman and aniline
in daily life, so that consequent formation of APNH in our bodies might be expected.
Therefore, it is very important to obtain detailed data about the carcinogenicity of
APNH.

For this purpose, effects of APNH were investigated in a medium term in vivo
carcinogenesis bioassay (in vivo five-week initiation assay) system based on initiation
activity in liver and in studies using genetically altered animals (Chapter s 1 and 2).
Furthermore, the relationship between metabolic activation and carcinogenic potential
was investigated.

First, initiation effects of APNH on carcinogenesis were investigated in an in vivo
five-week initiation assay system. Analysis of glutathione S-transferase placental form
(GST-P) positive foci in liver sections revealed areas in groups exposed to doses of 10,
3, 1 mg/kg body weight (b.w.) APNH to be increased in a dose dependent manner,

compared with the value for the control group receiving 0 mg/kg b.w. The numbers of

-129-



GST-P positive foci in groups receiving 10, 3, 1 mg/kg were also significantly higher
than in the control group value. These data suggested clear initiation activity of APNH.
In addition, the areas of GST-P positive foci in the group receiving 10 mg/kg b.w.
APNH without 2-acetylaminofluorene and CCl, treatment was significantly increased
and indicating the hepatocarcinogenic potential of APNH.

Secondly, the carcinogenic potential of APNH and the p53 tumor suppressor gene
was assessed using male and female p53 knockout (KO) mice. Various hepatic lesions,
including oval cell hyperplasia (OCH), altered cell foci, hepatocellular adenomas
(HCAs) and hepatocellular carcinomas (HCCs) developed on administration of APNH
in the diet. Incidences of OCH were 2/14 (14.3%), 14/23 (60.9%), and 2/10 (20%) in
p53 null homozygous (-/-), heterozygous (+/-), and wild type (+/+) mice, respectively,
exposed to 30 ppm APNH for 15 weeks. At 40 weeks, HCCs had developed in 16/46
(34.8%) and 10/27 (37.0%) female p53 (+/-) and (+/+) mice, in contrast to only 1/45
(2.2%) and 2/12 (16.7%) of their male counterparts, respectively. PCR-single strand
conformation polymorphism analysis for exons 5-8 of p53 gene was performed on
tumors from p353 (+/+) and (+/-) mice treated with APNH for 40 weeks. No evidence
of p53 gene mutations was obtained. No significant lesions related to dosing of APNH
were found in other organs. These results again demonstrated hepatotoxicity and
hepatocarcinogenicity of APNH. It is considered that hepatocarcinogenicity of APNH
in mice could be linked to the liver microenvironment, including the metabolic and
hormonal milieu, but independent of p53 expression and p53 gene mutations.

Thirdly, the relationship between the metabolism of APNH by cytochrome P450
(CYP) in liver and carcinogenic potential was investigated, and APNH-DNA adduct
formation was also examined. Reverse transcription PCR analysis demonstrated CYP
1Al transcription to be clearly induced by APNH administration. Furthermore,

APNH-DNA adducts developed in a dose dependent manner. These results suggested
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that metabolic activation of APNH induced by CYP 1A1 and DNA damage are involved

in its hepatocarcinogenesis.
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FURXEERROER
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FEZR | i

s F T 4R

Bl&E

& H FRIIVBOONT-EZRFTBFHERER{LEY Aminophenylnorharman
(APNH) DFH3 AN % ERESREFERHZ

BEMROER

BERIX. 7 74 P —HASHICBW TERG O—REERBR S A FSRR IS
LT3, £z, BRBA TV —HEMCBWTT > WEEZ AW LEHEOREEA
VR DRI P63 U=, ABFZECIE, Salmonella typhomuriumTA8 & YG1024
RERFEMZREEL, ¥ 1a0fE BEREYZ FU0MARSKFIZHFET D norharman
BIORHRIZZ N2 O, HHEORY, HRPICHFET D aniline ZFEFFIZERL,
B FEHEDBBOBERTRBNCE Y AR SNE LELBRTOBFR~Tad A2
v 7T I, 9-(4 -aminophenyl) -9H-pyrido[3, 4-b]indole (Aminophenylnorharman,
APNH) DEDB AL DWW T OERERN 27 —FIRE L, & FORBAY X7 M EFST



B EEBEREL, EREWEAVOIREZEMMEEIT 2T,

7, A=V —v a3 AMERIRESWIFRIZRE T2 RS AMERRIZEI Y APNE
DEPABRBIIBITEA =V —v 3 VIEHORBEITR -T2, TORKE, FiEO
glutathione S-transferase placental form (GST-P)[EMEEMBOBRIRIZISV T, APNH
BRE L TWRWAHBEE L e# LT, APNH 10, 3 B XN Img/ke DE KGRI EAERS
D GST-P MR OEER L OBROEMBFZD bz, ZTDZ &b APNH BFER AR
BlZBWTSf =y z—ya ViIEMRET A Z LRI N,

WIZ APNH DFEBAMEDEEIZOWT, pb3 BAMEIBLEFE2XREB LI p53 ) v 77
7k KO vUREAWTREEZITo, TORE, APNHIREEREIZXY ps3K0 <Y
AR S H I MR A DB S T, B S NIEEIZ DWW T p83 S AHIfIEEF
DEE|Z ST, PCR-single strand conformation polymorphoism analysis IZ 3 Y #&
RKLIL A, pb3BAIFIREFOERTIFD NPT, T D DOFERDH APNH
D pbKO = 7 RZKtT BIEMFEERIIATIR TH 0, APNH OFF R A AAMEA RIE S iz, APNH
DIFRBPAMEL, ps3BATHIBETFOER & OFEMEIZED bk oT,

WIT, HERE po3 BBETEIO KO =~ 2% AWT, BB TOF k7 v — A P450(CYP)
W2 X B L APNH 12 & B ATIBIEE AR & D REEM:, X 512, APNH OfFlEIZ331F % DNA
MIMBIZ DN T HRRE Lz, F0OFEE, APNH BE512X Y, APl CYP1Al mRNA #3358
SN, ps3BETE L OBEMIIED 72, & 51T, APNH #5388 EER M I ATIRIC
F T DNA fHME A #EIN L Tz,

ARFFIZE Y, APNH IIRBABRIZBNTA =vz—va UiEEE2EL, FEBIA
MDA STz, FFIRIEE T ERICHTIR T CYP1AL 12 & 5 APNH D EHEM:(L 3 & U8 DNA
IMER RSB 595 Z L SR & NTz, F7z, APNH OAFRBAMEZ ps3 7S AMEE
BFORRIIIHEINZNI LRALNI R o0z, ZRHRFHA~AT A7) v 7
T I VEPAMEOFMIIBNTERRERE AT LD EEL DI,

UEIZONWT, BEZESE B TARR PR KZERKZEGOES B E LR O ZA0L
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