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carcinogenic substances and inhibition of their activities

Yoshinari Ohnishi

Department of Molecular Bacteriology, Graduate School of Medicine,
The University of Tokushima, 3-18-15 Kuramoto-cho, Tokushima 770-8503, Japan

Summary

Dr Bruce Ames developed a simple procedure for assaying bacterial mutation, i.e. the Ames test, using
Salmonella Typhimurium his” mutant strains. We have used this procedure to measure mutagenicity of com-
plex mixtures such as those in airborne particulates, automobile exhaust, small engine exhaust, wastewater,
kerosene-heater exhaust and yakitori as well as nitroarenes in the mixtures, especially 1-nitropyrene (1-NP)
and dinitropyrenes (diNPs). We measured the amounts of 1-NP and diNPs by a new procedure in which
specific nitroreductases are used to convert NP to aminopyrene (AP) and the fluorescent AP is assayed effi-
ciently and sensitively by high-pressure liquid chromatography. Metabolism of 1-NP in germ-free and con-
ventional rats was elucidated: it appears that the liver is primarily responsible for ring hydroxylation and N-
acetylation of 1-NP and for O-glucuronide conjugation, while intestinal bacteria play a dominant role in
nitroreduction of 1-NP and its metabolites and in glucuronide cleavage. In addition, we showed that glu-
tathione conjugates of 1-NP oxides produced in the liver were excreted into the bile and those in the upper
intestine were metabolized to the corresponding cysteinylglycine and cysteine conjugates by y-glutamyl-
transferase and aminopeptidase of pancreatic juice. The cysteine conjugates were then metabolized by
lyase of the normal bacterial flora in the lower intestine to the reactivated metabolites and reabsorbed, partly
producing DNA adducts in the intestinal mucosa. We observed in vivo formation of mutagens induced by
intraperitoneal administration of pyrene in animals during exposure to nitrogen dioxide, and we concluded
that 1-hydroxypyrene is nitrated in the body when the animal is exposed to NO, gas after hydroxylation of
pyrene in the liver. We studied the carcinogenicity of 1,6-diNP, which is stronger than that of benzo [a]
pyrene, the augmenting effect of a nonmutagenic fraction in soy sauce on mutagenicity of 3-diazotyramine
produced in nitrite-treated soy sauce, the antimutagenicity and anticarcinogenicity of spices and medicinal
plants, lemon grass (Cymbopogon citratus Stapf), roselle (Hibiscus sabdariffa Linn.), bitter melon
(Momordica charantia Linn.) and Murdannia loriformis, and the interaction among drugs, antibiotics and
intestinal bacteria. We developed new bacteria that produce lycopene or human lactoferrin, which are
chemopreventive substances.

Keywords : mutagens, 1-nitropyrene, intestinal bacteria, chemoprevention, antimutagenicity and anticar-
cinogenicity
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Ames 5 (1973 a,b) #* Salmonella Typhimurium his
BRIC & 2 ERECRBNEMILZ A 2R ERRBROY
BEARRL TR, REAMHHWENA-> ThiIFUTR
EMTHLEOERFEUAMBEO His" BB EREHHKT
HETAHZEDNEDICE o7, LIrOERFEMEFEITI
WEENAERR BT, EREEWEOFIEL N
TEB XN ot. BAIZZDAmes EZFHTH S
EICEoTREGTOREYWOLEERZHEL, Foi
D= buftEPOLERFEMLREL, B L bElE
xR LCEREEZWHLH,IT L. Lnitropyrene (1-
NP, CAS : 5522-43-0) % EFNWVILEWE L TEDEMEKN
BB LS 2T L. 5T, 1-NP oxides ? glu-
tathione ¥4 & M IXBEH - @ y -glutamyltransferase &
aminopeptidase I2 & 5 TJ v MNERTHRE R, &L
7z cysteine A EHIIRIBHNOBREIC L > THHENT
FA—MEEWIC R BT L WL L. BEEGES
ARAMA P —=THDONO,IZ X - TEBEFKRRILA
# (PAH) "= bufbdh a2 &%EBHAL, X6ICEK
HWTH NO,B#FEIZ X - Tpyrene (CAS: 198-55-0) #A3=
foftEZ T ABEEBHS ML, 72, 1,6-dini-
tropyrene (1,6-diNP, CAS: 42397-64-8) D F# 1% benzo
[alpyrene (CAS: 50-32-8) L 9wV & wRL7A. AR
CHALTREWHMOMMBRLEZOZRERIZOWVT,
ethanol RV AWA LR EDMEEHIZOVWT, &5
WHEFEHRLPEEAMEYONER - HUBRIERICOVWTH
Nz Fo, BEEEORIER LBAEOBBZRICONT
DOFFFEDITo 7. BREOKBGREILE L e 2R
N, L TIENBEEER b OEBEEMEEELATS
BAREEZERL T, BOMFETFHERATV S, #AE
TEMIZZ OREHAEZBL L DI EDL ) R L
WL CELDOTEFOEHIIOVTHERS,

1. ZhO7—rOBHEESE -

RKEHFORERFIRDEENA R 2 =% 75—
TH T AEMEWEMK L IZED, methanol TY v 7 AL —
M fTVvy, SOESZMZ THR X IF 7 AW TAIS ¥k %
oz Ames B CERFEHAZWET S L, KR Im* 472
D LG (1974-75 4 O KEMT) T 22-445 His™
revertants/m°, #Ti - EE#B FEME) T 7-78 His”
revertant/m° DZERJEM 25K L7- (Tokiwa et al,, 1977).
FIZE TN BLFWHE L L Thbenzolelpyrene (CAS:
192-97-2), chrysene (CAS: 218-01-9), fluoranthene
(CAS: 206-44-0), benzo[ghi]lperylene (CAS: 191-24-2),
benz[alanthracene (CAS: 56-55-3), benzol[alpyrene,
pyrene (CAS: 129-00-0), coronene (CAS: 191-07-1),
perylene (CAS: 198-55-0) 7 & @ polycyclic aromatic
hydrocarbons (PAH) LIAHZS9(-) THlE S b EHELE

Dl
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REPMEDDLLEEHLMIC LA (Tokiwa et al.,
1980). F7:, HBHEPFHFAFORNFIRKDEOLEREH
ZAmesETHIEL, V) Iy ORBEDHEN
A 1m® 2472 ) TA98 #k S9(+) T 500 revertants, TA100 &
S9(+) T 960 revertants # /R L7245, 74 —E¥NLv I
NADYPEH A TIZFNZH1 19,600, 5,780 revertants/m®
2, P4 —¥NZT T MNT v 7 TIi29,140, 3,780
revertants/m® % 7R L 7> (Ohnishi et al., 1980; Ohnishi,
1988). &5, BRERKRHAONRT V) vy VT
1000W ZE T & & 5 & PEHRL F IR E D 28 5413 TA98
¥k S9(+) T 20,500 His" revertants/plate/m* % 7R L 72
(Ohnishi et al., 1982). T H5DOKRR L ¥ HEHRL
FRYE MBS 5 & P2 SOEHIZ & B
EEHALE LEE LeVWEREREY R, = boft
EMoHEESEESI N, ZOFOELEREUWETDH
% 1-NP & 1,6-diNP (Tokiwa et al., 1981b) DO E R4
AT A7, £, BENCEET2HAREMETH
% Bacteroides fragilis ® 48D = + 0 RBITEEFE nitrore-
ductase (NRase) # 4% L7- (Kinouchi et al., 1982;
Kinouchi and Ohnishi, 1983). #h Fh L EE RIS R
o> THY, NRase 112 1-NPZ &L L THELEHD 1-
aminopyrene (1-AP, CAS: 1606-67-3) 2, NRase III {&
1,6-diNP % 1,6-diAP\ZE L /2. SHRBHFE 7o b7 5
74 —CINLDT I/ REEREICERT S5 HELH
i7. L 72 (Kinouchi and Ohnishi, 1983; Manabe et al., 1984;
Manabe et al., 1985). 1-NP & 16-diNP O HEKE X, #
NZN1.1x107 & 1.3%10pmol T - 7z (Manabe et
al., 1984; X7, 1985).

Ames LTI VARTEREIIERET LI HEILL -
T, F4—E¥NV b5y 7HH A (Manabe et al, 1985),
F A4 =N/ Y VHEH A (Ohnishi et al., 1982; K
AN, 1983), T4 —ENIT Y I UHBRES X (KT
& KP3, 1983; Hayano et al., 1985), AiHA b — 7 #RBEd
DEMNZELZ (Ohnishi et al., 1985; Kinouchi et al., 1988),
SIMFTHEEZK  (Ohnishi et al., 1983; Manabe et al., 1984),
HREALY Y F 4 (Manabe et al.,, 1984), 512
BEmTHhHBEESM, BA, REBOEREHZHEL,
NPHEDER %17 - 7> (Ohnishi et al., 1985; Kinouchi et
al., 1986a; Ohnishi et al., 1986a). % L T 1-NP#'Z W&k
BHUIZAINPEXEETATEY, ZRERICHD 2EHE
bREVWZEZHLMMTLA (K, 1985).

2. 1- NP O&EFRILH

Bacteroides fragilis 7 S FE%L L 7z NRase I & NRase III
i3 in vitro TZENFN 1-NP & 1,6diNP 2 {SBEHIL L T
DNA, RNA, poly(G), poly (dG) IZ#& & SNk % 8K
L7z. 1-NPDODNAMIMGEOBENTREYOEEEY
i% N{deoxyguanosin-8yl)-1-aminopyrene T ¥, FiFLE)
) NRase C& % xanthine oxidase 12 & » CHEBE &N 5
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IR EFUTHo7. SDT v bOFEREBEEAE
¥ NRase EEZMET 5 &, WiE, B, BLUBES
FYWTEDPo . BEANEY TR ZOEBICHBIL, 5§
IZBERME W BUCRHE L T v/ (Kinouchi and Ohnishi,
1986) .

KIZ, INPOEACRRBEZHLMIZT L0012, &
Wy bE@EES Y PEBALT, PHILNP &%
5%, BBERORETE L RPLBHEAFORBPED 5/ L
7o, W v PEMEBROELRBEYZ, 3-nitropy-
renol > 1-NP > 4,5-dihydroxy-4,5-dihydro-1-NP >
6-nitropyrenol > 8-nitropyrenol ®NEIZ A% Ao 72,
By PRPICIZINPZBRWAFEEDOILEY D glu-
curonide #BAHAEH I N, @EF v PTIE= bR
FTRIEE T2 F MERIGAHR I o TH Y, BEPOKBH
B3 1-NP > l-aminopyrene > 8-acetylaminopyrenol >
6-acetylaminopyrenol > 3-acetylaminopyrenol T& - 7=.
RpDFE-HABEWIX 6-L 8-acetylaminopyrenol @
glucuronide A& &KTH o 7. BHE T v ORI H DI
&% 5T 5 L, 4,5-dihydroxy-4,5-dihydro-1-NP, 3-,
6-, 3 & U 8-nitropyrenol ® glucuronide &K TH - 7=
7%, BERiAS7- > & 6-& 8-aminopyrenol, B X U¥6-& 8-
acetylaminopyrenol ® glucuronide 8 & KAs#hn L 7-.
% 72, Bglucuronidase |2 G L % W EEE & K% glu-
tathione ¥ EHOFAIHEE I N, D EORHERD S,
NRase iZH 512 b b 69 = b 0BG IZIFE TIZIT
by, BENMBEICLI A EFAS IR, 72,
WET v PO PORBEDOHEN 2L, HETIEY
L YROKBILRIE, N-7XFVERIE, BLURER
BT Y, BENEEME CIZ= 2 RBIREE Ha
AERIBEPEIDLIEEHLMIZL, I-NP, £ELT
glucuronide fa& DS v KRR BEBREH#EL -
(Kinouchi et al., 1986b; Ohnishi et al., 1986b) .

3. BAEICKD 1- NP D& E 38R

FFiToE L, 2RSS H LT, Bitdicditixh
RERFERBEDOBENTOEL LTHNBEICL S K
BEEIHIISEFATHS, COBRNEOZEZHS
22T B - DIZEH O SPF (specific pathogen-free) <
T AR THRNAEREE 0IEDT 5 -0 0HAEWE
MUER: % FEST L7z, bacitracin, neomycin sulfate, strep-
tomycin sulfate ® 3%|% 1 H 2|5 A B & WiEH%S5 3 5
EEBESBAT B2 TEL, BASYHOBNEH
3k @ cysteine conjugate B-lyase, B-glucuronidase,
nitroreductase i AR A Lz, Fhizs LT, BEHEA
3 ? y -glutamyltransferase % aminopeptidase & 3 4
Lizdror. 502, glucose DFE H & DRI I %
DOEEFFWICIIHE A - 72 (Kinouchi et al., 1993).
CHI1INP % 5 v MIRRO%S5 1% 48R DB DAL
EY D 21.4 %% 4,5-epoxy-4,5-dihydro-1-nitropyrene (1-

NP 4,5-oxide) & 1-NP 9,10-oxide @ glutathione, cys-
teinylglycine, 35 & Fcysteine ¥8&4&TH Y, 1-NP 4,5
oxide & 1-NP 9,10-oxide & @ glutathione ¥a& &Iz Fh #
N26%%104%TdhHo7=. HIPICHH S N7 1-NP
4,5-oxide & 1-NP 9,10-oxide ? glutathione ¥3& &A%/
PIZ B W TR F @ y -glutamyltransferase & aminopep-
tidase (Ohnishi et al., 1990) & o THHEE N Tcys-
teinef@ &k E Y, SLICKBATHMNE, FiC
Peptostreptococcus magnus & Eubacterium limosum @ cys-
teine conjugate Blyase !l X o THR 3N T, HEHRN I
720, WEHELE N THERIEN TDNAM A2 83
52 B S5MZ L7 (Kinouchi et al, 1990; Kinouchi et
al., 1992; Kinouchi et al., 1993; Kataoka et al., 1995) . ¥ 7=,
I-NPORBEWE LTT L F VLESHET S5, 7
CFMALICIZBNEIRIZE A CES T R TR 5 2
& %Rk L7 (Kinouchietal., 1987).
INPDY A7 2 BMEBROER» S MHFT S
72T, M TO 1-NP OERALRIE AL & NiGtfbo e
MESTEOEWIC BT HE % in vitro THNR/ZZ. B +D
1-NP oxides B IEMIZ ICR~ 7 R IZA T K, 1-NP
4,5-oxide ® epoxide hydrolase 12 & A A5 #EiZe b T
W RKTHo7:. 1-NP 4,50xide 6D Ny F4 ia&
A BENEE 9,10-0xide S L W Ed oD%, B hEA
X TREBHICE, 572, TDOLHICE FDLI-NPORH
BBOBFEEHLFALEMIIBS T, ErdbsZ %
BH & 712 L 7> (Kataoka et al., 1991; Ohnishi et al., 1991) .
EHIT, BERICINPZ&RS L-BEBESHRE
DEFNKTIE, BERESEKIIEBRP D y-glutamyl-
transferase % aminopeptidase & I @ sulfatase H3E
HALT, EEROBEHIPIEENTREZ > TWnhH I L
L, BEBREBESREFEEDOL M TOEEROFRAER
PEVWEEO—D2%RE L/ (Dongetal., 1993).

4. diNP DOEEM

1-NP & 1,6 diNP #3558 L T4 0.1 mg %58 1 [1] 20 & R
HEBALB/c Y7 ADETIHKE L, 45BBICBEL L
A, I-NPH®SGHTRIEBEHIFEEL 2h oD%, 1,6
diNP $% 5-# T % 20 ITrf 10 PC {2 F% 5- 500012 B AR HEME A
BERME A54: U 72 (Tokiwa et al., 1984; Tokiwa and
Ohnishi, 1986). #tF344/DuCrjJ v b ®LENiZ 1.5 mg
1-NP, 0.15 mg 1,6-diNP, ¥ 7:1% 0.5 mg 3-methylcholan-
threne (MCA, CAS: 56-49-5) # & %r beeswax-tricaprylin
FEAL, T2H8BICBE T AL, 1,6diINPEERHTIE
28 218 (75%) WP LEHE, 20t (7%) \ZR7
1LHE, 2 (7%) CRFLBEALAENE L THzD, 1-
NP ESHTEREIRTHEOSRELELESHFESN
Twihhror. MCA#EH19ILTIL, 1,6-diNPI5H
LD BEL10%mFLEEFFER SN (Maeda et al.,
1986). & 512, FHERMEHFEHEFX57-9120.003, 0.01,
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0.03, 0.1, 0.15 mg ® 1,6diNP %2 i IZik 5 L& 2 A%
nZEN0/39 (0%), 4/30 (13%), 13/31 (42%), 22/26
(85%), 6/9 (67%) kK5 LHFEAS, 0.03,0.1, 0.3, 1.0 mg
® benzolalpyrene#%5-T1/29 (3%), 7/30 (23%),
22/29 (76 %), 9/13 (69%) \J @ F LR fEAHRKAH
WCEHENTEY, FUHETldbenzolalpyrene & 1
1,6-diNP O A B FEEREIBEBICE D - /2 (Iwagawa et
al., 1989).

5. NO, #EICKD= bOLRIG

KREFTPAH %2 NO, F AICRETH L EHRLRERY
D= taEBFHELBEI EEZBALNIL T (Pitts et
al., 1978; Tokiwa et al., 1981a) 7%, 20 ppm @ NOQ, 7 X2
BELTYLHEICRY Y X DIEFEMNIC 800 mg/kg AED
pyrene # &5 L, S HIZ24EEMNO, W AICRBEL - L
A, AT e bRIEA5#EZ Y, Bglucuronidase
ME L RPICEREND 1I-NPOKELETH 5 3-
hydroxy-1-NP, 6-hydroxy-1-NP, 8-hydroxy-1-NP, B X ¥
1-hydroxypyrene # #ith L 7> (Kanoh et al., 1987). 7=,
1-hydroxypyrene #: 5 O34 12 5 NO, &% TR D = b
T{b&¥ % B L7: (Kanohetal., 1990). 400 mg/kg &
ED 5D PAH (pyrene, fluoranthene, fluorene,
anthracene, chrysene) # #NZFNEHERNIZIZS L2 ICR
< A, pyrene, ¥ 7-iifluoranthene ##%5- L 7> Wistar
Z v b, Syrian golden’»A A ¥ —, Hartley EWVE v b
FENZFN20 ppm DNO, T AICEHZL, RbDs s
UrEBIUHEBRAGKESN L. BRE%D
pyrene, % 7zidfluoranthene ##5 L7-NO,ZEN~< Y
AULNKAY —DROERFMI A X IF 7 AH TAS
& TAI00 RIS L CHEICE o722, Ty bEE
VEY PTIRENIEIEEL eh o7 5HEHDOPAH %R
ELTHEZBENO,RETT AROELEE ML 15151
¥imL7:. NRase RIBZ E# TAISNR < acetyltrans-
ferase KIEZE E % TA98/1,8-DNP, 12k L TIIE R FE A
#&/> L7: (Ohnishi et al., 1990; Miyanishi et al., 1996) .

HERNTOZ P LOBFEEZHL2ITT H72DIZ, 10
ug/ml @ pyrene, % 7:i% 1-hydroxypyrene % & ¢+ 50 mM
Tris-HCl #&#& i€ (pH 7.4), F 7:13 dichloro-methane i&
HBIZNO, A # R ERAANL L Z A, pyrene lZWEIRT
NO, i &k oT=btrfkLaE ¥, l-hydroxypyrene i3 Tris-
HCIB B TNO I L o T= bufbdhizas, H#iE
BEcid= baofbI3 i o 7. ascorbic acid R « -
tocopherol # i1z % & 1-hydroxypyrene O /K& E Y TH
NO, 2 & % = F ufbRIGASHHE & L7z, 2 512, ascorbic
acid R a-tocopherol % &% 5- L 72~ 7 X Tid pyrene &
NO,ick b= FafLRIEASHES W, ThHDERD
5, I-NP A CARBILEZZTTH 6, /1 + Y RIET1-
hydroxypyrene 2= b 0fb b & W) BEFE XL H I
L 7= (Kinouchi et al., 1994; Miyanishi et al., 1996) .
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6. BIHBRWEZHOERRNY

Nitrate BB & BHAECKIEDOHB 2R T
(Hartman, 1983). nitrate (& A 22 8545 A C nitrite 12
BILE N, EHT D amines X amides & FHICFIH LT
RGO N-nitroso b EWE £ T %5 (Magee et al,,
1967). Wakabayashi et al. (1983) i HfifyEEMLE L /- H
ADOEGPFTEMIRLBSVERENZRT L, BX
UF 1-methyl-1,2,3,4-tetrahydro-B-carboline-3-carboxylic
acid (MTCCA) » HEMERALHEEMPICE L L ERED
RISREATH BT E2HE L. 72, ¥l @ tyramine
ITHHEBEABETHE I LRERFEICLZ Y (Ochiai et al.,
1984), # ®OEY 3-diazotyramine iz 5 v b OREMNIZEFE
LTREBESERT S I EAHmE SNz (Fujitaetal, 1987).
% Z T ERFFEH @ Higashimoto et al. (1988) %257
HOHAROEMIZOWTS5%DEE T50 mM sodium
nitrite (pH 2) & 37T, 1EERERL-EZA, ZOK
It # 13 TA100#k S9(-) T 368 = 228 (34-834)
revertants/ul BHOERFEREZRT Lz WmE L. &
CZREBFZRIIH L TARETH Y, HEfTow LI
I CRETHo 7. BiihOERFEFERE L U CdBEm
@ tyramine % MTCCA Ot iZ 2 RIFE M A555 > 1-methyl-
1,2,3,4-tetrahydro-B-carboline (MTC) A'EEBH & h/z. &
ZAH, TNLIFEHORSOEMEBNELOERFEYE
OEFHITEHBELEEMOEREN OB L 2B TE
Lol ELIIHHMEEDT, EilhICIIEHELE
tyramine § % % 3-diazotyramine D EEE M % 9 5123
BTARAFAEINTVWEIEZRL. LdoT,
tyramine ASHLAHER AL VM ICBEA SN B ERFE O E /-
LHIEATDH Y, ERC3HIEE & 3-diazotyramine D25
FEE DR HE T & CHRABRLEEmOSERENY % 35
THILENTELIEFHOMIILA, COLREMNE
BMAFIXIFERENTH ), BEHBLBEET% THRIZLL
12 RKETH -7 (Higashimoto et al., 1988) .

B % 1.25-10 % ethanol F1E T CHEAHFRALEE L o354
12t ethanol DIBEIZHBIL T, AU B EEFEHEIRS
L7-. ethanol Db D IZTHRO TV I— VKB TH S
HARM®E, 74, BEE, 94 AF%—, 7574 —»F
THolhS, E—=NEhLhror. EBiEKS D tyra-
mine % ethanol, #-propanol, ¥ 7:!3 isopropanol ff4£ F C
MR AL 5 & BEREEMESEA L72H%, methanol
ETFrmbm ALz LaL, glucose R sucrose
% EOFFAET CRERBEUA2EHB L. COFEMH
B LB tyramine O ZE R B DR AT, tyramine % HE
fHEE & ethanol & TRIFME T L Z L BLETH o /.
Z DOEA I tyramine > H DEE M 3-diazotyramine O
HEBPELPLA-BRETHLILETHLDPITL
(Higashimoto et al., 1995).

—7%, #M5 O MTCCA % 7.5% ethanol T T
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37C, 604, pH3T50 mM MR T 5 &, R
FiEASethanol FEFET L Do WML . COERE
MRS ENR1E MTCCA % Bl & ethanol & T [F] REAL B
TH5HIEARLETH Y, methanol, n-propanol, iso-
propanol b WERZhEAH - 722%, glucose R sucrose i3
$HThot. T/, BAELBEEHIIEVCEESREIED Y,
T4V, IARF—, TIT V71—, =T M%)
BHdH -7 (Higashimoto et al., 1996). MTCCA @
ethanol FET CHMEBALAE DO L SIS LIZAYF
(Citrus sudachi Shirai), V&> (C. limon Burm.), L
X (C. junos Tanaka) % & OB * KISWICANS &
HEUBEREFEEISRD L7z, FFIC, RHOEWS L 04K
DG DFEWERFEBL IR Er o7, TDEED
HMEEHPOMEREEWHA L L T lignin, pectin,
D-limonene, naringin, hesperidin, ascorbic acid, citric
acid A7RIE E 7z (Higashimoto et al., 1998). H&LH D
Kb DICHRE, HE, v—orRXosGHBRER, 351
N=T% NFN, FrFx, AX)N, AFEF Y,
IEF, +PFay, BrF) Rn—THIBE (VF7,
by E, A7) EMZATOHLERESIIRL L. £
DPRERBEUOFENRFELTHTF UV EPFELOLN
2. TRHOBERH T VEHOMERERIZIIALD
WEORITTH EIEDHBE %R L7z (Higashimoto et al.,
2000; Higashimoto et al., 2001) .

7. NERICRETLEERROEER

1-B-D-arabinofuranosyl-5- (E) - (2-bromovinyl) uracil
(sorivudine) IZHANILVRZAT LIV AHE LTHRE S,
varicella-zoster virus & herpes simplex virus type 1 (2%}
LCHEIZERTH o7 (Machida et al., 1981; Machida
and Sakata, 1984; Machida, 1986). sorivudine (% 1993 4
WCHARTHYANVAROEL LTRIT SN, fluo-
rouracil #PLFEA| T 5 5fluorouracil (5-FU) X Tegafur
THEBRL TWABEZFIZLEO T A VARENRAE L,
sorivudine Z $FA L CEIMER & L CILWKEN B Z D,
5FUIL X 2B HIEIACEV IS AOBEIFTHICE S 72
7=DfEEIL & & o 72 (Swinbanks, 1994). sorivu-
dine 2% (E)-5-(2-bromovinil) uracil (BVU) (254 3 h,
BVU 2P B\ C 5-FU D45 B 3% Td 5 dihydropy-
rimidine dehydrogenase % JEW#HIZFHE L T, 5FUD
miBEsRECEASIETRERZFIERTLEEX
5 Twi: (Desgranges et al., 1986). %2 CTH 4 &
sorivudine & C TBVU LGB ENZ DD % M b5 720
12, #045fEBE 3% pyrimidine nucleoside phosphorylase
(PyNPase) &4 54 % Sprague-Dawley ¥ 5 v b T
X7z TR, B, OB, BB, KB, BIUBREDLE
NEREYOBEEE BV I BRE SN o725,
BRED L KERNEYOBRBEEMPIFFEICE T L2'b
Polz. TOZERBARENERELEZHZLTWET

LERELTVWADT, 1523 kOFAMME, 16
WA 16 pROBHMEME, 1ITH, SFEF32RME40kDM
tH @ PyNPase G2 E L2 & 25, BRRES
W T 5% Bacteroides J& D B. eggerthii, B. fragilis, B. ova-
tus, B. thetaiotaomicron, B. uniformis, B. vulgatus 7*
sorivudine % BVU IZ5 T 52 BWEEZRAL Tna Z
EDbhros. T v MIT100 umol/kg D sorivudine % %
535 mEPOBVUREIZSHMBZEICERICRD,
Mm%+ AUC (area under the curve) {3 101uMxh T,
FBEIIR 42 BRI TH o 72, in vivo TOBNBREEIZ S
ABVUEAZRARL7-HIZ, SHEMAWEEZREG L
Z v Ml sorivudine ##% 5 L CTlL{E+H DO BVU # fll€ L
7o, WERMHE & BEMEICER % ampicillin, ¥ 713
bacitracin, neomycin, streptomycin @ 3#EA# % #ii% 5
L7:% v Milsorivudine #5935 &, 2EDOBVU L
MMFEPICHREB IR 2o/ T4, BREFOHZ R
4> & & % metronidazole THALE § 5 & i+ @ BVU i
BRI ICE»o72. TOZEiEinvivollBWTH,
BHEZEOBZR THIMAUREABVUEELAL TY
BT EHETMBLTVE, LIaD, FAEREIIEHTS
kanamycin THIZWUE T 5 & IM1iEH O BVU BRI 351
WimL, BVUOFEHALIM/MUL L mL 7
(Nakayama et al., 1997). Z® Z &% 5FU & sorivudine,
ELICHEWENMb - - EYHEEHIZX 5 T5FU
DEIERPHEBEL-TEEZRBL TS (KA,
1997).

JEA 7 a4 FRPLEAEH nonsteroidal antiinflammato-
ry drugs (NSAID) IHURAE - EHI & L TfEbI B 72
FTHL, REMKRBREEO BZIIH L TEETFH
BRI E LT &N S (Marnett, 1992; Weiss and
Forman, 1996). L#*L, ¥ MZH L TREHEZED 15%
BB, 84%II/BEE*FR L (Allison et al,,
1992), 7 v MZRIBEEZ KT 5. NSAID O—i&
5-bromo-2- (4-fluorophenyl) -3- (4-methylsulfonylphenyl)
thiophene (BFMeT) #1f#- T35 v b EIGEETE &M
HoBE 2B S5 H»IZ L7 (Uejima et al., 1996; Kinouchi
et al., 1998; Shan et al., 1998). SPF @ Wistar 7 v b2
500-1500 mg/kg @ BFMeT % 1 [ & A#5-3 5 & 72 K5
FIZ28CH 208 (71%) CEBGHEE ST S Mz,
BNAEE#E X 5 7212 bacitracin, neomycin sulfate,
streptomycin sulfate D 3F| = HHIXS Lz & 212X, 26
e 1P L TR ST 2o/, EBES v b (10
Pt) =X° Bifidobacterium adolescenetis ATCC15703 ¥k /
XA F—=FF v b (BIE), Lactobacillus acidophilus
ATCC4356 kD / b3 A4 F—b+F v b (BIL) (2 BFMeT
RS LTHEBEREBRIER SN o/, ETAHD,
Eubacterium limosum ATCC8480 ¥k %> Escherichia coli
K12tk (20D W3110#) O/ bRXAF—FF v b
ICBFMeT 2% 59 5 L EPER SN, bbb A,

85

NI | -El ectronic Library Service



The Environmental Mitagen Society of Japan (JEMS)

INoD/) A F =Ty b EHAEYEIA TR L
TBLLEBBRER SN 2207, ThbDZ LT,
BFMeT - & 2 B HEBERICES LT ABENE LY
SELBZVWENE HALZLERLTWAS. SPFF v b T
EBEEFERINTWS L &2iIE, EBOEBEZETDH
5 Lactobacillus MM MIZHA L, 79 2 BHHE I
97.4 %75 56.4 %284 U, Escherichia coli, Klebsiella,
Proteus, Bacteroides WML T, INoD 75 LM
BRERBNEDORREED 1.2%5 5 37.3% F THEM
L7. BFMeT X 2BE®EERERITLED
Lactobacillus % Bifidobacterium D —F 5, T 72k
Bifidobacterium breve & Streptococcus thermophilus % & tr
=Nt 2HEE5TH LR LA (Uejima et al., 1996).
L. acidophilus % B. adolescentis D¥EFE LiE % HHEKE L
THEZTCHHEEER LI L, BERREO BB ETE
A% #PH L 7z (Kinouchi et al., 1998). ascorbic acid,
dimethyl sulfoxide, glutathione, B carotene AS{EHTZK
M2 7-0T, REABLOEEE 2L, HKEEE
DO¥EZH S A L7 (Shan et al., 1998).

8. BEFHICEREYONESR - MEREER

caraway, coriander, black pepper % £ DEFEIFE D BK
ML, N-methyl-N’-nitro-N-nitrosoguanidine,
dimethylnitrosamine, ICR-170 DZERFE M %R L 7-.
L4 L, black pepper @ 247K Hi# > methanol 3t # %
WS 5 & A X3 F 7 AW TAI00 KR IZX L T
WEREMAHBL L /- (Higashimoto et al,, 1993). % A
FTEHOHEHAWEY TEM T H % lemon grass
(Cymbopogon citratus Stapf) D 80% L% /) — L iiHEIZ
MEREEMETH LD, v P RKBIZBIT 3
azoxymethane (AOM) % DNA fillfk O°methylgua-
nine XK & HifEHKZ Td 5 aberrant crypt foci (ACF) ¥
W& SR L post-initiation BERIZBWTHIFHIL
7z. %12, postinitiation @R IC BT, EERK & HHE
L T\ 5% focus 47 1) 48 LA L aberrant crypt # DK
& 2 ACFIER % #P#) L 72 (Suaeyun et al.,, 1997). &5
{2, Bglucuronidase % BE L, HEELIEEEZ b -T2
ZEEHLMIILA. ThH5DZ kit lemon grass Tl
AT v P KBIZ3B v T glucuronide F3 &4k A & i AL
L 7z aglycon T % methylazoxymethanol ® i H % [
L, DNARPIMBEIEK & ACFERZ R 845 2 & %7K
ML Tv5 (Suaeyunetal, 1997). RIU L ¥ 4 FEDIE
HHEY T 5 roselle (Hibiscus sabdariffa Linn.), bitter
melon (Momordica charantia Linn.) B X U Murdannia
loriformis D 80% T % /J — Vil ¥ (X, 2-amino-1-
methyl-6-phenylimidazo[4,5-b] pyridine (PhIP) %4 & oA~
FaFA 2 )y s 7 I VOERER RS &, AOM
FFRACF R % %A 9HEE cHf L7 (Chewonarin
et al., 1999; Chiampanichayakul et al., 2001; Intiyot et al.,
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2002). roselle i3 PhIP® ACF K b #MH L /-
(Chewonarin et al,, 1999). Th 5 DEHFY OB,
BIUEHKS TH 5 citral, geraniol, Bmyrcene 3K
RBONETHICERTRTHL L ERELI
(Ohnishi et al., 1998).

9. MEEEEGENEICLS
KEEREHHBIZOIMNE

BAEE (DOREDEOER, 2 FRasctsBiE
Ak, Q)RBUWEOWRE, 4) ZKIEHEDOAER, )
AMAaygEORE, (6) RIEROMIELR ETRBFEMIZE
BEEZTwbHEnbhTwa, 72k 21, bacitracin,
neomycin sulfate, streptomycin sulfate @ 3#|{R & % #i
®E5 L7727y POEELENREEIZ0.01 %L TIZREA L
TWaD, TOIy MIKEBEREWETH S 1,2-
dimethylhidrazine ##%5-3 5 &, £ U % ACF#Z, #i
EYMEEZRS LTV ARVEET v MIAEL S ACFHED
226%Tho7: (KWL, 1995). THOT EH»HbEBEN
WAKRERBOVIHARIEEEZSZTWA I LA%bH
A,

BEOBANEOEEBE T ZIIEELENFAOMES
Sprague-Dawley 7 v M O RKIG#EACFIEKIZE 2 5%
BA2#-X, Lactobacillus acidophilus ATCC4356 ¥k &
Clostridium perfringens GAIO668 ¥k 25 ACF IR # HI%I L,
AiFEORELEIC L 5 ACFERIGIE, REICHFHED
% % DNA {31k O%methylguanine D £ R 735 < 7% %
ONBEERTHAHI L EHLH»IZLA (Arimochi et al.,
1997).

KGEEIRETIBNBEORIEZFZEL, FORKE
FAKREANBEZ CESESENE, HILIBERELZMS
ZBIENTEEDIDEEZLNE. ZOHETH—D
ELT, BREDEORBEDO 7V O v EREERE
Y43 % Bglucuronidase DHEEFHEZ S b, AOM
%% ACF #i%, Bglucuronidase RIBAM B3 IK Y-
TR L%d o725, ACF Bt B IE D B-glu-
curonidase {H# & IEDQMBA % /R L 72 (Arimochi et al.,
1999). KIENORBEREIIAD %2 \v2%, Bglucuronidase
EHEHROT, KBAOKBE®T<T pglu-
curonidase RIBKGHE & KPR TENELD 2 EEKRERE
EFHTEDhbHaNL W,

KEBRBEBOFHE L TRBOILETFHMELEET S
BB ES S HENDH L. KBREIET SERM
WA OB Erwinia uredovora @ lycopene 24 & BB 15T
crtE, ecrtB,B X Wentl AR A TS5 A3 F (Misawa
et al., 1990; Misawa and Shimada, 1998) ££%& ® lycopene
ARG EAZER (ycopene B 97.7 ng/ml) %%
5942%&, AOMFEH ACFHE WA L7:. lycopeneid b
< POFRCBETHELDOT, b2 MPRILA-BEY
2 — A (lycopene % 51,300 ng/ml X B B {ll B i 85 48
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5251%) A#MZOHKE L CHHE UFEICAOM %5 ACF
ZEHI L2, o lycopene # 13 lycopene B 242K
BRI 5B TlX 177 ng/g feces TH Y, FE
V2 — A5 #Ti2 10,300 ng/g feces THiH D 58 f£ T,
DI EEWET B E, lycopene EABNEIES IZ%hR
MRS KGR T CT& 2Rtk % 7" L7: (Arimochi
etal., 1999).

oI, FReEERBENEEES 2D, k& | lacto-
ferrin @ cDNA %= KW & Bacteroides uniformis ® > x b
W7 %—735 A3 KFpVAL-1 (Valentine et al., 1988)
iZzua— L T75 A3 FpVLFK#ER L, EE=
ETHANFERORESREED—D T 5 Bacteroides
uniformis @ BU1001 #% (Shoemaker et al., 1986) (2 AN
TTCTK101#k& L. X7 % —75 23 FpVAL-1RE
B. uniformis T3 5 TCTKI1 R DEEEE 7 v MG
ThHE, KE5HLID L AOMFBFRACFH L 4L LD
aberrant crypt # b O K X 2 ACF 2 #ms ¥/, Lo
L, k& b lactoferrin B4 B T3 % TCTK101 ¥k D55 K
BEHTIIREVHBREICBIT S ACF# A TCTK11
DORERBRHESELVDAZTICHI L. o2 L 3BRN
WA EAT S blactoferrin Y7 v M KiD ACFIEK %
W+ 52 & 2RBELTWwW5S (Chewonarin et al., 2001).

- £

LLE, FE & L Tnitroarene OWFFE & F&F B D 72 OB
REITV, BRNEERH L OBBRLZOFHEEZ TE .
F 4 Hlycopene E BN E O KBRE T B O BetE O
3 (Arimochi et al,, 1999) #RBE L -HED2000E1 A
® Science (2 U catotenoid T3 Y vitamin A ORISR T
# % Bcarotene ® B4 K “golden rice” DX (Ye et al.,
2000) BREF SN, INiLvitamin ARRED/-DIZH
B THANDOHRET VT OFREPBELAL TS0
KB INZ-DDOTH Y, BETEE S OFFILOR
EPOHEENLIEICLoTEEIREISELTY
55DTH5B. Lo T, FMBERBENELLTO
REZEABNELSHEIFHINE LS50
EZz2bNM5%. 72, interleukin-10 734 D Lactococcus
lactis # ¢ POREMBEHRBETH S 70— HLEESE
KGROEFEZ HEEMEAR Iz (Steidler et al,,
2000). X512, 2001427 % &, Vogelstein 5 7 lethal
toxin % 372 e WIRMEBEEMEE Clostridium novyi L B&
OHFER Z BT 5 Z & I2 X o T combination bacteri-
olytic therapy (COBALT) % Bi% L THERIZFH > TITZ
5 &LTws (Dangetal, 2001). 72, Klebsiella pneu-
moniae D EHET % microcin E492 23— #® human cell
line Tapoptosis ¥ FRTH I EARIN TS (Hetz
et al, 2002). 2D X ) ICHBREBEBEANERH 2EOHM
BWABTFR-ERICHSRESELTEY, COTHD
MECCAPLLEML TITELVEZEZITWVAS.

| 3

SENEICFIAL F LARXOHREES, ISR
BIZEE 3B 2 RBELLETFET. 25 TH, BE
ERBEOWEEZFHABEL L2 S5 ORFEHEEZETH Y,
SEDOEMPOZHBEHREHEBELTCTSWELLFER
Titit, REICE> COXFMEZETH D £ LKARN
REHE, FREFETE CORBZROF 4 ICES
WLET. I, KELOMREEOHBEWRKEREE,
BE_REEOMNELRE, ZO0ROEROSZETHON
EEERGE, MERAERELE, FEERRELE, HX
FeteiedA, KRMEFLE, WERE, 3561, K%E4
SHOERIZIE, WAWABLRETHBRBIZWEAEFL
2. D LREEBHLLFBRETT. ZLDFAHh6D
BEEFFNEZTEE DT RE->TTEIVE LIRS
TRERFEE L ZOHKEFRREEZHKITITCVETIAIDOF =
v A KEEFE D Usanee Vinitketkumnuen ##$%,
XE (RhEE) A - B4 () BOMEROHER, HE
DOFEFIIREBMFFICAYF LA T2, Erroid
LbbAHA, FHEMHDSOMEROMIEE, BLUWsS
WA LGEOF 4 S OMFEMEOEIRM R LTS
BHOZEICELZ LR Eho7:bD B oTVET. AL
OHMEILE L T3 RETT.
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