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Recollections on the early stages of the Japanese Environmental Mutagen

Society and thoughts on how to revolutionize its Society
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Our research on environmental mutagens, now and future

Naohide Kinae

School of Food and Nutritional Sciences, University of Shizuoka
52-1 Yada, Shizuoka 422-8526, Japan

Summary

There are many kinds of mutagens and/or carcinogens in our environment. To isolate and to identify these
compounds is very important in assisting the protection of human and ecological health. The toxicity and the
degradation efficiency of 3-chloro-4-dichloromethyl-5-hydroxy-2 (5H) furanone (MX), a potent mutagen in tap
water, were examined. It showed strong promoting effects on rat glandular stomach cancer initiated by N-
methyl-N-nitro-N-nitrosoguanidine. It decomposed with an increase of pH and temperature. The mutagenic
activity also decreased by treatment with serum, but not with saliva.

In other work undertaken, several heterocyclic amines containing 2-amino-3, 4-dimethylaminoimidazo [4,5-
/1 quinoxaline (MelQx) and 2-amino-1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP) were formed during
cooking of hamburger. But the addition of green tea extracts to the patty decreased the contents of both
mutagens. Therefore, tea catechins may play an important role to inhibit the formation of heterocyclic
amines. To elucidate the adverse biological effects of environmental mutagens, several mutagenicity tests
using bacteria, yeast, cultured cells and animals are applied. To convey the implications of these results to

#
%
%&l‘é

society, skills in risk communication and risk management will be required.

Keywords

mutagen, tumor induction, chlorofuranone (MX) , heterocyclic amine, risk assessment
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Fig. 1 Circulation of dioxins in ecological system
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Fig. 2 Intake of mutagens and/or carcinogens and multi-steps in tumor induction
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Fig. 3 Biological effect of free radicals



Table 1 Contents of MX in tap and pool water samples

Tap water (1987 ~1997)

Pool water (Japan, 1994)

Country Contents Contribution Type of pool Contents Contribution
(ng/L) (%) (ng/L) (%)
USA (1987) ND ~ 33 ~33 A private/indoor 0.6 1.0
Russia (1987) ND ~ 15 ~ 36 B 4 1.4 2.2
Finland (1988) 15 ~ 67 19~46 C s 0.6 0.5
Japan  (1990) ND ~ 9 ~23 D ” 13.9 17.0
Japan  (1990) 0.1 ~ 33 0.2~36 E ” 1.1 34
U.K. (19900 ND ~ 3 ~ 60 F  public/indoor 2.0 8.1
Japan  (1991) 0.18 ~ 1.05 0.5~2.2 G ” 1.0 5.6
China (1995) 3.8 ~ 584 15~ 57 H public/outdoor 0.9 1.8
Spain  (1997) 56 ~ 10 8.3~20 ” 1.6 3.2
Table 2 Risk evaluation of environmental mutagens
Mutagens Revertants colonies/mg Production (Comsumption) volume AXB
(A) (B)
Tabacco 1.0 x 10° 290 x 10’ cigarettes 5.8 x 10"
(20mg/cigarette)
Captan 5.1 x 10° 422 tons 2.2 x 10"
Caramel 1.9 x 10 15,000 tons 2.9 x 10"
Roasted Fish 8.0 x 10’ (as fresh fish) 9,860,000 tons 5.1 % 10"
(3.9g burning/60g fish)
Coffee 1.1 x 10" 134,000 tons 1.5 x 10®
Green tea 3.9 x 10 222,000 tons 8.7 x 10"
Tap water 770/L 2L %X 365days % 1.2 billion people 6.7 x 10*
MX 13/ng 12ng/L X 2L x 365days X 1.2 billion people 1.4 x 10"

(Kawachi, Food Sanitation Research, 35,679, (1985) modified)

Ao bgEEr 52 Tnbsd0EEZTVET
(Fig.2).

Tabh, TROILERT, WHRERTFEEHITTIV
A% EOEYR T b ODPAFEIRL b oTw
HZEDNPHLNZI > TEE LI

EHIZ, EFEEHSNTWE 7Y —F I HVIdEIL,
FHETE, RIERE, HDHWITHINR R %2 & & A G 1E
WX o THEBHICHER L, DNAIIER LTS - k%
L, PDAZELERPELZERL TS0 LED
nfd (Fig.3).

A, 1970 FEREE L D AKRBRETFOLER - BAAY
BLADOERERAELDOPPDLYIZTOVTHREFLTEEL
72 (Kinae et al., 1981; Kimura et al., 1984; Kinae et al.,
1990). F72% K DALFWEHRAEMIZE MTED L)
LB EGZLONE NI ) ATl ToTEE LA
OR1, 1993).

ZTNTIRET, RAOWED1OZMALEL &9
T AR R A T HE AR P IS SR TR TR T 5%
COFRRERMEEWNREZINTEBD T, 2Ol
IS FAL &% T3 5 3-chloro-4-dichloromethyl-5-
hydroxy-2 (5H) -furanone (MX) Z{EH L F L7z. MX
13 1980 AEAMBHIC A TR & it S, HvE
%7 TA100 THWEELREEZRLTEY, 2o

ERRPEOKEKRL T —VARPLIRIBENRT L
(Tablel) (Kinae etal., 1992; K5, 2001).

AGEIRH D MX O & 13 4P o A R 93 1k g Kk o
FEHEEHEET LI LRI TwEY. 22 TMX %
B L, BRAMEZECHEEZREFTLELL. &5
WZimBE, pH, AR TH 2 MR, M3 5 %%
PERHRLZEIZLE L.

MX OHiERA L L TIZER 2o 7 VARERR 7 I Yk
EOBEWEFMOENTEY T L7225, A, fash o
BT VHESPHEET OV A I VL RIEMRIC R L Z
ZH 5722 L ¥ L7z (Kinae et al., 2000) . D\ TZE 85
EIEL LCRERZTRIARE Figd \ IR L L7

MXIZHED LA E ) paEL 2 &, Lal,
100 CTIH105HMEA L CHLETH LI L5, MX
BRI RXy L3RR EbOTHIE LI WIEY
AETOIWMETHL b F L. WP T
MX OZFJEEDA T LA T 2 Z R L72Dx L
T, M{EH CTIEERFEMEIEE, FFRTLELZ.
E5Z, pH2SOL FIcA 2 EARFEHITELMETL
F L7z ORHi, 1994).

MX 2D W TIZTI 5 & o HFAFZETMNNG % v
To BB ASAFERICE ) Ty M EREICIRAIA Z 55
52 L5220 (Nishikawa et al., 1999), )il 5
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pH

@

00

50

Residual MX (%)

(] 12 24 36 48
Time of storage (hr)

(b) Saliva and serum

Temperature

100

50

Residual MX (%)

0 12 24 36 48
Heating time (hr)

Mutagenic activity (TA100, -S9mix)

Treated with (rev/100 ng 4NQO) (rev/100 ng MX)
PBS (control) 780 780
Saliva A (48y, m) 0 1200

n B (22y, m) 37 1400
Serum A (48y, m) 26 0
" B (22y, m) 250 8

Each sample (MX or 4NQO) was treated with saliva or serum at 37°C
for 5 min and then subjected to the Ames test

Fig. 4 Effect of pH, temperature, saliva and serum on the mutagenic activity of MX

Table 3 Change of HCA content in cooked hamburger
with and without green tea samples

Content (ng/g raw beef)

Tea samples added
MelQx PhIP

None 1.130 (100) 3.931 (100)
Crude extracts 1.382 (122) 0.926 (24)
Catechin fractions 0.611 (54) 0.845 (21)
Powder 0.289 (26) 0.368 (9)
Ground beef patty (65g), green tea samples (0.975g)
were used.

The figures in parentheses show the ratio (%) to the
control.

LE it bAoA 7 F iz TV F L7 (Hirose et
al., 1999).

Table2 (1%, AIH BRSO % 1l 28 S5 B O 1% 1 i
fifEm e ANORFr (30 =—HdhE) 2/RLF L7
1TABH7ZD 1THIC2LOKEAREZHETZ L, au=—%
67X 10 N—=% v e, MXIZDWTId Ing A
1BYN=% Y FTTOTL2MEATIE, 1.4 x10%1) 38—
yr LD, BERWEET SN T ANITED L7
BEGEMEEZRLE L2, LAaL, T TICKBR KD
WME L v FOREPARLEDOHEN I TVWEZ L x
25 EMXZEEOIZRIERY OMRENSHO BE R

72

Mo TLABbDEEbNET.

RIZ, N N=THOANTOHA 21) v 2T 3 2 (HCA)
DO % Wt L7245 % Table3 12/R L L 72,

HTFEFVIREWE BT F R R E SRR M
W% ZnENRINT 5 & HiE T MelQx O 4K &= H°
54 %I LE L. —J, PhIPOYA, wihd
9—24%EBRIERIHI SN 2 #BIELE L
(Kinae et al., 1997). DI D SEAB L OZDOHR)
K THBEATFHPHCADERZWH LWL Ik
AL ) F L7z, BRAIIEFEBITHIEA D
UN=TRBRELTCHEFLAEZA, Bulwnkuns
THWZ E2HEL Ko 725THRBELTVWET.

L TATHER, BETHEIFHROERIT - AR X
HAMEMRT L EICEYERLET. RZASLF—F
IS 20 %% 54 77—2sD12LLTBYFEL
7eDT, ENLAEBNSEMT b E pHT4, 37T TH
WL TWhRWnrtw) BHPECTE LA vy oid,
A4 T — FRUSIEE RN DEEA F ¥ Rk i
ERELSZTAHTE, T, WHEBEELEEDOTIANVDE
CORILEMREST LI R EEER D EAMKNTHCA
AT RS Tl cEE LA, 22T, 7
VA=A Tz V7 5=V, ZJVLT7F 211102
WCIRAL, pH7.20) Y BEHRICHEML T37CTT



(M.W-Akanuma et al., 1997)

600

—@— with 2pg/plate Trp-P-1
—&— with 2pg/plate MelQx
— without heterocyclic amines

500

400 |

300

Number of revertants/plate

0.0 0.5 1.0 1.5 2.0
MX (u g/plate)

Fig. 5 Mutagenicity of MX in the presence and absence of hete-
rocyclic amines

50 - 8OHM#HE L7 2 A, Hio7Vv—ay b v
EWASH IV E A T TA9S, +S9mix TEREMEE/RL
L7z, W L7zPhIPEiG D =7 V4 Frra< &
RAZUR MOTF—FFEMmEEEIC B LELL L
ML, THIZEENZRDOTTOTHE, ERFEHhE ik
DTHBYET. /2, Frva—xkryryvy, 2LTF
—UF1 2 20HET3TCTA, yFax—va L
AT D BRI, RIS RE A LA L, 5 PEm
DEBRLIZOLIAGH L72EZ A, MelQx & AR
7 MNVTF—=FREEII-KLELE. Fhwz, 37C
TINSHCADERT S Z & 2R L F L7z (Kinae et
al., in press) .

FTTIFEBOETIVRIIBWT128 CT2IEM IS L
I DOHCADER A DN Z A LIZOVWTHEEINTB
" ¥4 (Nagao and Sugimura, 2000) »%, AZEEED 5%
BRAZAEARN T d HCA S § 2 W REME 2550 < /RIE & 1
72D T X% v Tin vivo T HCA A K F2 8% % il A
TwETd.

& CATILEWEICOWTIE, HEkRHMToZ BE
PEECHESINTBY EF. LarL, Bk LH
RS 5 % K OBRIE - BSAFEWEIEFEL T D
CLEEZLLBEEHBHEETHLL T ILEND D F
. ZIT, HELIIRES LIFETRERWP2 2
WT, MXHMTIIERFEELZ RS WVIRED S DI
MelQx R Trp-P-1ZiRINL72& 2 A, au=——HEIAaE
LA TAZ L 2R L LA (Fig.5) (Watanabe-
Akanuma et al., 1997). F 72, k4 Kb & okEifsET
MX % §Hb &%= DDT & & & & MA R R L e & 3t
s HABOBEATEIBE ST LA
(ffe 2 R & AR, 1995). & D X 912 MXIZxH A fliofba
WEOEREE I 2R T A e TEE L.

KEKRFIHFAET B & DD THE O MX AMbo b &4
ERGF LGB CERENDS LA T2 Enb5H, &
AL E M OMEAER, FICEAEER IOV T
M LT BERH L EEZTHET.

Fea 3BUE, BREGER MBI O W T Ames i, /M
BB, axAY b7 v ASEROCTEREMEZME L
THBY 3. ARCHGAE N LFWEIEE L LTI
THIM, H2HORISEZT, S sk E IR
LEF. L2L, PCBEEGHEFLEWTIIMHELDY
& L AR a Rkl & 72 v, DNA adduct #1E D,
FLHERT I VOA, VI VAT T —EIZL DR
WEFEARLE 2D, DNAIMEH A b0 EZoNTET.
NSO IR EFBREEICB U AR TR A
LZDTIERL, ERICBAEFNTET L2 KD D 0=
KEFERIZO VT O ERE L RET HLESH Y £
7.

T2 AT FEBTINIR R RIS BEE T 2 S O IR
LA TOMEGRBRL I Ay T v e BEAL, &
SICENSREAKITA &% BE L QiR z 17w, B2
B, BUPAWEOE=F) 7B LTCET L (B
5, 1998; Hayashi et al., 1998). ZN 67— %H &1L
TEREEOE &AL, BH{b% 17w, COD % BOD f,
RO FWEDOERME R EEEZEDETCY AT L
ARXY FEATHIZEICREDET. DWTYAZ7IIaz=
r—3a B LUTHERIREZIT, BEMIZIEY 22
A=V A MTEHBRMEITH)>ZLICRLTLEY).
CHOEHIRXCLTIVRITFHFI TV ARETTAHIEIH
N, 2OT7UtLAFZEDbOTHEIIR-TEELE &
B, EENHENEEZ GO 74—V FT— 27 BRIk
s, AW E2ERLVERVET
(Fig. 6).

RO, MW, B, shiidke Sx
WTDNABBHEREBAMD A7) —= 2 7 EIT\V,
EEALT A7-0F v TEHWI~Y A 707 LA ERER
Wy ANSGNTEE L FEBRIZ, CNORPBALZED
B, FPHiEE 2 B0, BIZEREBITTL20Z2015
DOIEHRE R o TEF L.

L0 BUERT 2> 5, HARREK TOREM 20782 & £ 5
MAFEEIZE G35 fa bR 1 & 7 B R o 7 B 23
RACHALPIZENTVET. LiL, Hiizlo0H
mmOHFICERFE L FIERFES AL T L £ <,
FNDZ, VHEEMPEBRICEREE LCERT 200
MERFE LTERT 200 %2R LT 2 ARy
THHEEZTVIET. Ihh 5 OERENFEIIZE R
RPMEREZ R T LH723TRL, ZNOHHMFDNAICY
DEHNIEHL, LD XS BRI ABIET R A
T ORBUICEEG T 200, SLIHADHEEIZOV
TOHEMEFLARNVTTHLMAOERILENTHFE
. F72, BREFVAORR ST, WSWELLIEN R
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Risk Assessment

Preparation of Samples
* Water and sediment

* Tap water -
*Fish and shellfish

* Algae

Mutagenicity Test

Identification of Mutagen

Risk Communication

* Ames test *GC-MS/MS
* Chromosomal abbreation test < -LC-MS/MS
*Micronucleus test *DNA adduct analysis
»Comet assay
*umu test
(Application of transgenic fish)
> | < Epidemiological study
Risk Management

Fig. 6 Monitoring of mutagens in aquatic environment and their risk analysis

s, ZOMISEICK L CHME 2ZIZEEMICED L)
WZ22b ) HnE L DOPEHS I L T L LENRD
HEEZEZTVWET. Wz, 41 genotoxicogenomics
% toxicogenomics 72 £ D z & WY A7z w5 Rl >
AT DOWENLHEDOLDE o TE bbb E
9 (Sasaki et al., 2001) .

F X BOBROBEMIED W4 FER 5 2 & 2 W
L, ROHZE T IETHS Y. AHIZEEED
MNeH)TInF L.
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The past, present and future of genotoxicity assays

Takehiko Nohmi

Division of Genetics & Mutagenesis, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku,
Tokyo 158-8501

Summary

The year 2001 was the 30" anniversary of the Japanese Environmental Mutagen Society. This is a good
opportunity to look back over the development of genotoxicity assays during that period and envision the
future perspective. At the beginning of the Society, the most important issue appeared to be the establish-
ment of efficient screening systems to identify potential mutagens in the environment where millions of
chemicals were present. Microbial gene mutation assays, such as the Ames test, and chromosome aberra-
tion tests using cultured mammalian cells were developed in the era. The mutagenicity and carcinogenicity
of AF2, a food additive, and the heterocyclic amines in burnt food were discovered and these findings caused
heated debate in the Society. In the 1980s and 90s, the genotoxicity assays seemed to have evolved mainly in
two directions. The first one is the development of assays whose sensitivities were enhanced by genetic
engineering. Examples include sensitive bacterial strains, such as Salmonella typhimurium YG1024 and
YG1021, which are highly sensitive to mutagenic aromatic amines and nitroarenes, and Salmonella
typhimurium YG7108 which is sensitive to the mutagenicity of alkylating agents. The second direction was
the development of assays using experimental animals. Examples include transgenic assays, in vivo
micronucleus assay and comet assay. The rodent assays are less sensitive than the microbial assays but may
be more appropriate to evaluate the potential risks of chemicals to humans. At present, we still face a num-
ber of unsolved problems, such as how to evaluate the risk of exposure to multiple chemicals. Establishment
of the molecular bases for the risk assessment of chemicals is a major challenge in the 21* century. Current
topics for the development of genotoxicity assays are presented and future directions are discussed.

Keywords . genotoxicity, transgenic assays, Y family DNA polymerases
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*E-mail : nohmi@nihs.go.jp
ZAF D 20024E6 H 27 H B 200246 H 27 H
O HARBREIA RF#4

5. ALEFEWE A b ORI Z2IRZ o e th (R I %
RIEE, BVBAY A7 25D, AHlicE R 2z
|1, HRENTHELREREDS L bOKEFPICERT S
WREVEATE F 5. L LEBEPICHAET 2L WE O
BEATHY, Zohrbe hOBEETICHEYS5 25
BNOHLWEE EDIIICLTHEEWFTENE N
CEN, FRERYEIALORELMETH- 2L B
).

ZRFAGRIE T DNAIC/ER§ % &, DNACAH A%
L, F7-DNASOYK %k 3. DNAMNIAKE,
HBTHNRL FF A —Y g v DNAGK &R CRIET

AESE HABRBEARFEFRE 0 M REIIB VW TRESNIIINGEETH 5.
This paper is the special lecture presented at the 30th JEMS annual meeting, 2001.
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Fig. 1 Typical genotoxicity assays. MLA, mouse lymphoma assay; CA, chromosome aberration
assay; MN, micronucleus assay; UDS, unscheduled DNA synthesis assay.

RRER % HIT 5. —J), DNASHYIR I Gtfko &
LML L o oGt KRR 2534, £ L TDNA
B, £ DA, BEREER L EORRN BT
HERHET . Lzos-> CHREZRFEOMM I Fig. 112
T WL OO FEEMAEDLE TN TE. T4
b Hend point & L CITDOBRT-22RE R, QG iR
%, @ DNA#H, OEFIC X Y FHE SN L EE TN
Ao, 727 —=Ae LT3OmAdY, @O FLER:
G, OFwE (v b, 7 R) PHLNRTE .
2D BV OYDOREBEIZITEPEDT=HTA T4~
KPR TEBEATRO SNTWE, ok ZIFEAEGEHE D
[EEBURBRT A T4 v ] T, MR Z2HWLEE
T2RZE R, (IR Vv 2 B85 T2 B
B (MLA=~<Y A 1) 7+ —<iklR) &2Vidgth
PRE R, &L CHEEY Vv 2/ MERB L v 3
HORBOERIRKD SN TWE, SEFXFTHHYTE
N7 BULA W E % BARFEE BRI T Z OEIEN
WEERMR, ZORICHHIHL T Ew) el
HOTERE) A2z oh/AZ i, ThEToRE
ZEREHEORED —DTH DL VE L. FFIZ1980 4
KD %71 EH 51, GLP (Good Laboratory Practice) il
FEASEA S, W RN R O  EIRH RO FE
iz FERNHDIZL TS, LaL, GLPRER/ZZ TRk
BAEREOTRTERNTE LI TIERV. ARPK
WY, KRERRAMERES 7 12 & T AW o ®EIEm
TR DA, GLPRER & E B O Y Fl AT
VBEE b, F-AEIZERIM T, I TLIidHE
2% b WEHoOBERMbEmoh S, X R EE
DY YR EFET 5 FEOELIRD SN TV 5.
S SICHEEHERBIC L - TSz TERE] A,
F2LTENEEE POBEFISHLTHEEN L VIR
REZMES R E R TIZWR W, L72d5> TGLPR
BB 2 728 L W R #H R E &0 X ) 12E-> TIT <
MEV) T LD, TNNLOREXLBETH .
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DNA adducts
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Mutations
Fig. 2 Factors affecting the sensitivity of genotoxicity assays

1. ECEMHEBRO/\1 - RIb—Tv ME

BAE, WEMESETE [AE T 2A0E] [AI%E
NRIFTALLDYT M En)ZeRnbhTns, Th
177 2886 v FRICRESI LT AEHRE
HBIZLZZH LVWEED ) bDEEIRLTwa. £/,
FoBEMILEWD (2 - 724 (combinatorial chem-
istry) ] LIFENEFEEHNT, b T IERNPDS
BAEAMEINDE X HICRhoTE., Lo THRERMLE
PR O RR 2 FIRNC LB L 5 58 Lt alBRATk
DHENTWS, T2, KA, K, B & complex mix-
ture ICHEFNZMEOLRE L, BH KL - FET 2
TEIEERICHF L CTEESEREZE LTS, 29 L2
DA, Fox AW % v X ) B Gl 2
fam RO BT % Hig L THIER T 2 D Tw 5.

Fig. 213, MEHMRBROF 2 5 — bR DN s 5
)T ORERZEE LT AETFERL TS, BREWE
D% 1ZF b7 T — 24 P-450 13 L & § 2 3405
FAZ X D IEMAL S UDNAM IR & 423 %5, DNAAS IR
D% { IIDNABEBRICL VEINSE2S, BEINLT
W25 o 72 MARIZDNAKRY 2 5 — VB I2 X 2B OB
MO EREITREE 2 ) RREREAET LS. Lo T
Fig. 21283 320 T1E, 7 A% —HRo &M% il
THREREGRTTH 5.
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Fig. 3 Mutagenic sensitivities of Salmonella typhimurium strains deficient in mutMg; to methylene blue (A) , neu-
tralred (B) , 4-nitroquinoline N-oxide (C) , 2-nitrofluorene (D) and hydrogen peroxide (E) . In the pan-

els of (A) and (B) ,

solid and dotted lines indicate the results with and without visible light, respectively.

Arrows indicate the doses used for the calculation of the number of His" revertants per plate per nmol

(Suzuki et al., 1997) .

of mutMs; deficient (YG3001, YG3002, YG3003) and proficient strains (TA1535, TQ1975, TA102) ,

Open symbols (O, [, &) and closed symbols (@, B, A) represent the results

respec-

tively. The genotypes of strain TA1975 are the same as those of TA1535 but TA1975 is uvrB".
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Frameshifts Base substitutions
Fig. 4 Translesion bypass reactions. To bypass the lesion, i.e.,
benzo [a] pyrene-guanine adduct (BP-G) , DNA poly-
merase will incorporate either a correct cytosine (C)
opposite undamaged guanine (G) in the template strand
having 1 bp loop-out or an incorrect A opposite BP-G. The
bypass reactions will result in frameshift or base substitu-

tion after the next round of DNA replication.

1) FEMHRREETFEZEALT A -

TAY —DEZWE LT 2E1OR T, EWAH
BFEIEMETH L. LA EIN T TIZSalmonella
typhimurium (LT, YIVER T EWE) OT7 v F LI
@%EE%%?D—:>7L,:h%l—Ax~%xb

CHI 2 L E % 5 TAIS38FRICEA L THHFIR T 3
R b7 L= IR R T A — 1‘%%1’?%1/“(3
7: (Josephy et al,, 1997; HE3%, 2001). 7t F VEnBELR

EEHT 5 YG1024, YG1029 RIS H/ET 2 = b
07 L—hoEFEHERe Fad vy 3 VITEEK

ZMERL, = buETHERE ST 5 YG1021,
YG1026Z=ra 7L —r e gbiifmis }\Uﬂﬁ/\ff@
B MR R T, dLRE RFEOHE S 1, ORI
;@ CYP1A2, NADPH-CYP reductase ﬁfi%’i’g)\%ﬁ
L, NFOHA4 27y 77 I VI LTEbLDTEHWE
ZWERTEEZER L TWA (Suzuki et al., 1998).
CORKEHVDLZEIZED 1 pmol &) &b TK
PEEE O MelQ OZERIEME % S92 X B iG T L 2 LIc ki
THIENUETHE. FLVERTDT LT VIEBEE
WZOWTUE, ik, £ O S 2 MU R o 3
FHASH] & 222 8T w b (Sinclair et al., 2000) .

2) DNABEBFREETFZWRELT A Y —H

EZMEE LT 5 20H T IEDNABETH L. B
fED I — 5 AT S BREBHERE Z KIEE 72 worB A
HuHnTwbhs, EA1EE5ICHRIEDNABEO—>
T 5 8-oxoguanine DIEHIEHE TH 5 mutMq id{nT %
WL 72wk (YG3001) #1E# L7 (Suzuki et al.,
1997). YG3001 ix methylene blue + WH%GHE, neutral
red + WHDGH % EOIGEMERRFE % /- L T DNAIG %
CFEREFIIH L CHVEZEEZRT (Fig. 3). 4-nitro-
quinoline N-oxide (4-NQO) & uvr ¥t % ¥ - 72 mutM;
RAEREYG3002 12506 L CTld mutMg,  #k (TA1975) X
%) BWEREMEZRTH, worb¥fe % K3 L 72 YG3001

WX L TIEZF DM TH % TA1535 & G0 L R %
AT, 2T 4-NQO A DNACEEILIES (8-oxoguanine)
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¥RADA0 —{ =] } i (B3Z aa,)
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Fig. 5 The Y-family DNA polymerases. This family consists of at least four sub-families, i.e., DinB,

UmuC, RAD30 and REV1. Boxes represent highly conserved amino acid sequences of the

proteins.

BT AL LI, MEEZIEKT 27:0LF 26N
5. uork§iE % o 727 2 ¥ —BRTid DNAN A =R
I BEEINL 720, BALEGORPIEREROEBLO
AR BEEZOND, wrBiEE RIBLBLEICIE
B3RS D% A2 b 5 3 DNA IR AE BIFPE 53
DORLHE D720, mutMg % RIS THEZEOR
KiFAoNhznwborEzbhb,

3) DNARY X5 —E¥&mRiHiT 57 A% -k

2R X T 58 3O FIEDNAKRY X5 —¥T
# 5. Benzola]lpyrene Of#/ L 72 DNA % $%#!1Z DNA
R X T—EPERZIT &, IR0 D 5 HELL R
LTHBLZY, ZomhPr Wl 7o A %17
9 (Fig. 4). 29 LTTE7-DNA#iZ L LIZHH—E
DNAGAHEZ % &, IR DOZEALD E % S T2
RES, $hbb 7L =237 MREIERNAETS.
ER A OB TELDNAAKZ [MT VA —
¥ a ¥ DNAANL (translesion DNA synthesis) | & F-UF,
BRBAREICHRT 5 BRERDL L, FT R —
Ta YDNAGRICEDAEL TR EEZLNS.

O3 EHETVOMIZNT Y AY =Y 3 ¥ DNABKK
Wb BEEZEZOLNDHLWVDNAKRY X T — ¥ E
XN, Y77 3IU—DNARY X F—BLAfT ORI
(Friedberg and Gerlach, 1999; Johnson et al., 1999;
Friedberg, 2001; Ohmori et al., 2001; Friedberg et al.,
2002). 2773 =234 %< &b DinB/
UmuC/RAD30/REV1I D 40077 7 I ) —FHET
% (Fig. 5). %74 5 DNAKY x5 —Hid—FpEHE LD
Db R 5 A4 TODNAEBGEO T A =T a v
DNAGHICHEG LTWwA L) THb. BREERFE~
DNAf}INA—DNABE—~ 7 > X)) —T 3 Y DNAG
W ZERER L VO RN S EF ST MENOTEKT S
LD, T OEBERFEMEICBVWTEETHS.
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Y77 3IYU—DNAKXY X5 —FPOEZMELIPZ D
EHEERTH LI, U AT, VA ZKBAILIZR
ERREER T ETFHEINS.

4) BWALICK 24 - Zv—T v MBfE#HTEAR

T — A AR umu 7 A b ORBHEEZ /NS,
bz X5 2 & T, #EmapttdREe N, - AV—T>
MbT 2 AP R ST S (Reifferscheid et al., 1991;
Brooks, 1995; Burke et al., 1996; Wilson and Cariello,
1997; Gee et al., 1998). 757 F a1 — a vz wv
72— 2 AR R m I YRR = 72 wmu T A b TR,
PER D T — 2 2P ARG ERACE Y DR AHT20 ~ 100
A% %sd (FHEHRH, 2000). Z OFHIZREMIC X
HHBNEZT DR VEEOMETH 2 DT, SiEHRKZ M
M3a2Li2Ey, SHITHBILEYORE &7 4 A
VT THIENTELLETFHEEND., B TFEIC
XBNnA - ANV—=Ty MLEBWALIZ X 2N - AV —
Ty MEEREET A LIk, #@izHEtkRBEo Mk
bxX5 LA, SHREETREEEL L -ODFHTIE
Bk ER 5.

2. $FfliE BIE I BITHILHR

AR, SETHFmoOMERICE Y, STST
FOMNG VAV 2=v /T A, J v 72T MITA,
NI UAY =y Ty MBREINTW S, MR
WFFED 3 E I BT H KIBTW O gpt, lacl, lacZ 8151 7% &
A LZZERBHAOSY A, 7y MHPRESIRTY
% (Nohmi et al., 2000; Heddle et al., 2000; fE3% & HEAT,
2000) .

D) B2 il
FEDABENZ D W TUEZE DFED AR R D &
HIENHOLNTEY, ZERBEMONF VATV 2=y
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Fig. 6 Mutant frequencies in various organs of PhIP-treated and untreated male gpt delta mice. (A)
gpt mutant frequencies and (B) Spi mutant frequencies. Bars represent mean values and

standard deviations.

7= AHBFE SNBSS, in vivo IZ BT 5 EIRH
P2 RIS, BPAOFENEREZ P TE R L n)
WtEnsd -7z, TNICHEL T, 2-amino-1-methyl-6-
phenylimidazo [4,5-b]-pyridine (PhIP) % i ® gpt delta
mouse (235 L, #lEes THe Z % gpt 22878 BARSRE 70
5 ONZ Spi 2R BURBEE 2 %2 L7 (Masumura et
al., 1999). IR#BITHA B & gpt, Spi T hoEE D,
KW CTlie b ZRERMBENE L 2 ), DV THER, B
fEDONETH > 72 (Fig. 6). PhIPIZOWTIZHED T v b
2B 55 % &R & RSB ICHES; 2 38259 5 & & At
ENTBY, COFREIBVPALOMEEZRL TS X
IZHZD. LaL, Mo gpt delta~ ™ A2 PhIP ##%
H LA OEREBE IR E ) &L %
5. v N TIEPhIP ZMEZH 5T 2 L ADBAZFHRT
HIERMLNTEY, v bOFIRATALNIME
EXYADERTIELT LML T v, —#mIz,
ZESARMHEE O E R AR S N2 O I HEDT A DIER)
BEEEEFNT VD DL VERS DS, ZRKHEED
bol LRI LB ADEMIEEIC RS &
RS v, BRAEER LA LS BBAIIEES
BWEREZZZ 5 E1L, BEAOWHEZEZ %S9 2T
HEZRMBELGZ T N2ord Lk, Ri,
C57BL/6N ¥ ZIZPhIP #5945 &, M, Mix H I
N TESS 2 SRS 5 L S, PhIP O35 A
PEFEENZRERICL o TRESNL T EARBEINT
W5 (Ochiai et al., 2002) .

2) FIUVATY =TI b

BB R O 551 TR % 1 L9 in vivo D
FEERIZ T A VG Z LSV, BEARBEZIZT
DO TR EYRBOSHTIET v 2% lib
nThh, ZRBEHON VAV 2=v 275y bOB
FEHRD LN T & 7z, WIRR 2 EVEWEFEIT O, ik,
EESOTZ V=T, LA LERMLTIN S VATV 2=y
77 ADFIZH W25 2 ¥ — EG10DNA % Sprague
Dawley 7 v b OZHICEAL, ZRBEMEHO T ~

AVxrz=v sy beRELZ. SOMTYATVL=Y
77y bOATFREEOR HIZIE, 745 —EGI0DH
TIE—HHASIN TS,

CONIF AT = v T v MiZethyl nitrosourea
(ENU) 100mg/kg % MERENTS-L, 7HBIZE®R L TH
fiek % 4% L gpt, Spi~ assay #4179 &, gpt 2R BARGE
FIALIREE B TR B A L Cwies —, RGER
S % Spi assay TIXBEMHEOKE L o7z, T O
Rix, ENUFFIELBEBREZFRTLL VI INET
DA E X V—HERT. VTRV z=v T Ty
I iZbenzo [a] pyrene % 62.5 mg/kg, 125 mg/kg#5- L,
7 H BB 5 gpt, Spi” ZBERAEHEZNET D &,
gpt, Spi & H F—XIZp L CEEMRFENR AL, T
VAV 2= 7Ty MIBOWTHREERZRINT S
Spi Ty vA2MELB I EERRLT.

5

L 5Ky 20 4E 51 O H ARBRBEA RFE S5 11 R &I
BT, YREENEIZ PR OERBIRBETH - 72
BHEIE WSRO XD e ErN (BH,
1983).

[BREARIFRIZE & (3 TH % % ? BREHIHET 5
BRIFENDNDONIIE 2 2B HEEIEL MbZ %
BEELTWws, $3LL, e hoifEom sz HWE
L72EETHD, $eoT, TOLHILHEHMII R &
WLETH D, 7272, #WEBRE L CTAGER D LG
X)) HEENEEAEIDL, LA, BETRILA
BT B L Vo BN AT S . LI, B
BEBREOWETIZ, DA EPBIZWHED XD i@k
DHMEERNRE LTV B 12, FiL 2IRKF O FIZ5
ST TPV E > TL A, EBAEMIIBITAT—%
MH, & INORBOFEZT ) U TH 5. 3
LEVWH 5.

BARBINVELATNPS IS VAV 2w 25y bET
K& 72 B 7 IVEY % i > TILFEWE O @ a2 R T
Wh, KERZ LizzoR (B, Bl ZE#Ee b

=5
[=[=]

- -
[N,
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WCHTIZDEDOTIERL, TORKEIL XD IEEN RV
=)V (EHI, I, FHH) #AO, Thxe MEH
T5EW)LRBTIIRVES ) 2. #EimwtE &hHrt
WEDHIET & 2 A%, b FAOFEELZFM (FH)
HZETHDH, LALZBLOMWIZE T b 2&a0Ew
Ol | R [HAIRETORERHL TUH RSB
HRE=AVARYA| LA DMV HIZ720 > T
5. [HEOFI] 1, RESLPHELR EHRHAZO TN
ERBRICHSMICKRE L2 BREZFHFOMETH L. T2 D
FHECET 2 PR 1F, WE2HEMZBERCH S
DOnb LN, TOHEEDLD L I LITHaskD
TBY, [GER) HFEoFH] X, Zo5icH#HbsE
MR MO 5B OWFFEH L LF L TR L Twhriidh
LRV2AIIRICBIFARE LR THD LEZ S.

il 3

R L TR L7z - ZANV—Ty MEEHRERES L
LTI YAV 2=y 75y b &SGR
DR, MHEAL 2 —< v 4 T ZERYH 0%
WITHED T LHHES 2 —< VA =V AREED
—RELTITONTWEIDOTH A, ERlcary v &
HRETLNZT TV - AI AT 4 UlAAH, HH
fitlit, WA AIZET, METIsE, EER
A S AT A SR AREE, (LA E A, Bk
—BEICE#HV LT
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Studies on production and metabolism of mutagenic and
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 3
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 benzola]
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) 2% Salmonella Typhimurium his”
FRIZ & 2 B AU AL 2 I R 7028 SR Al D B
Bz LUk, BREEWERA > Tz il
EWTL T OEREEE ME O His" SR E REHKT
WETDZENEH o7z, LS EREMEI R I
XL E R %2 W 2 C, ZRFEEYE DAL % FE
TEDL Lotz FAIZIOAmes B2 FIHTH S
LIk o TRETORAGWOZERELZMEL, o
O= b bEMOEREEENE L, 3L bFHRiE
EERBLCEAREZWHSH»IC L. lnitropyrene (1-
NP, CAS : 5522-43-0) % EF VLG & L TEDEMARN
AR 2B S 22 L7z, 412, 1-NP oxides ® glu-
tathione ¥ & MR IL B T @ y -glutamyltransferase &
aminopeptidase |2 X > T v MNBWNTHES, 4T
72 cysteine A KIZ KIBENOBNEIZ X o THMENRT
FA—ILEWIC R W LM L. HEEHEY
ARFMA b =T HDONO,IZ & - TEHERFFHERILK
# (PAH) = tufbshz e xBikL, 514K
PTH NO,## 12 & - Tpyrene (CAS: 198-55-0) 25=
b bE 2L EHS2IC L. 72, 1,6-dini-
tropyrene (1,6-diNP, CAS: 42397-64-8) ™ 3% M: 1 benzo
[alpyrene (CAS: 50-32-8) X D iiwvZ & 2R L7, &
(B L CU i o HA IR AL BE 1% D 22 SR IZ D W T
ethanol R WA WA AN E OMEEHIZOWT, &5
AR S A OPUZE R - PURRE D Wl
N7z 7z, MEEHREORIER L BNEOBERIZOWT
DIFFE S AT > 72, BN O KIGFHe (e & 30il/EH = 34
X, GO CRPEREER % b oMW E Z AT 5
BN ZER LT, WMolbF T2 TS, B
2TAEMICE K o dFAgERE L L b I o L)z &
EHIRLCEDTEDOREITICDOVWTHRD.

1. Z O7 =YK EESE

KAPOFHERTFIRWEEZNAR) 2—2% VT F—
TH T ABHEWA 124D, methanol TV v 7 AL —
2 TV, SO NZ TA X I F 7 AR TAIS M %
flio 72 Ames ECTERFEMZWET S L, Kalm’® Y472
D Ly (1974-754E 0O KEMHTE) T 22-445 His”
revertants/m°, #F1li - fEEHAF R T 7-78 His”
revertant/m’ DZE RGP R L7z (Tokiwa et al., 1977).
FICE EFN AW L L Thenzolelpyrene (CAS:
192-97-2), chrysene (CAS: 218-01-9), fluoranthene
(CAS: 206-44-0), benzolghilperylene (CAS: 191-24-2),
benz[a]anthracene (CAS: 56-55-3), benzolalpyrene,
pyrene (CAS: 129-00-0), coronene (CAS: 191-07-1),
perylene (CAS: 198-55-0) 7 & ® polycyclic aromatic
hydrocarbons (PAH) DIFHZ S9(-) THlSE S N5 H 2

[
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HBEWEDLHHZ &2 W52 L7z (Tokiwa et al.,
1980). F 7z, HBYHPEN R b Ok T IRY) B 248 55 %
ZAmesETHIEL, V) Y Y OFFEOHPEAS
2 1m* 472 1) TA98 ¥ S9 (+) T 500 revertants, TA100 #k
S9(+) T 960 revertants /< L72A%, 74 —ELT IV
INADHEA A TIEZNZ119,600, 5,780 revertants/m’
%, 74—V I MTF v 7 TIE9,140, 3,780
revertants/m°® %75 L 7> (Ohnishi et al., 1980; Ohnishi,
1988). &6, FEEAHONMAEY ) 2T T
1000W 88 S & % & HR AL FIRY B 0 28 S 514 13 TA98
¥k S9 (+) T 20,500 His" revertants/plate/m® 275 L 72
(Ohnishi et al., 1982). 2N HOKRARL T ¥ T VPR
TR E 2 A 5 & I 2 SO 43S X B AR
EMALZ LT E L WEREREMEZ 2, = bafl
EWOHEENERE SN, ZOHOELERFEEWETH
% 1-NP & 1,6-diNP (Tokiwa et al., 1981b) 3wk % fiff
VY A7OIL, T, BENICELET HHRMEMETH
% Bacteroides fragilis ® 4FiD = » 0 @ICEEF nitrore-
ductase (NRase) Z¥5# 1L 72 (Kinouchi et al., 1982;
Kinouchi and Ohnishi, 1983). & & HLErE M)
%o THBY, NRase 11 1-NP # &6 L Caottho 1-
aminopyrene (1-AP, CAS: 1606-67-3) 2, NRase III
1,6-diNP % 1,6-diAP IZEH L 7-. Sk o~ b7 9
T4 —TINLDOT I/ REeEREIIERT %k
37 L7z (Kinouchi and Ohnishi, 1983; Manabe et al., 1984;
Manabe et al., 1985). 1-NP & 1,6-diNP O RIE L, Z
NZN1.1x107 % 1.3%x107%pmol TH - 72 (Manabe et
al., 1984; K7, 1985).

AmesiEE 7 I JRTHBEREICERET 5 HEICL -
T, A4 —Y¥NV 5y Z7HEH A (Manabe et al., 1985),
T4 =YWL T VHEH A (Ohnishi et al., 1982; K
P& RN, 1983), T4 —ENIT Y INBRBEA A (KT
& KN, 1983; Hayano et al., 1985), Aiili A b — 7 #REEH
D ENZ24%, (Ohnishi et al., 1985; Kinouchi et al., 1988),
FuATHEK  (Ohnishi et al., 1983; Manabe et al., 1984),
EREAL Y Y v F 4 )V (Manabe et al,, 1984), & 51
BEmThrBEE M, BN, BEXBSOEREEHLIEL,
NP ® % %47 > 72 (Ohnishi et al., 1985; Kinouchi et
al., 1986a; Ohnishi et al., 1986a). Z L T I-NP A% ik
FHIIZANPEZENTE Y, ZRFEHICHD 2 EHE
bREVWZILAEWSITLA (K, 1985).

2. 1- NP Q&A1

Bacteroides fragilis 7 5 ¥5% L 72 NRase I &£ NRase III
¥ in vitro TZNEIN1-NP & 1,6-diNP 2 LG L L <
DNA, RNA, poly (G), poly (dG) IZH5 A S Ak % K
L 7. 1-NP @ DNA IR O BEZE B 553 e O £ W)
1% N{deoxyguanosin-8-yl)-1-aminopyrene T& V), IFLHE)
)@ NRase T & % xanthine oxidase |2 & > TIN5



Ik E R L TH 7. SD T v b D&KL L HENE
Yo NRase itk # € 5 &, &, MG, B L OIBEH
BEWTRE»o7. BENEYWTIEZORBUIILEI L,
WA B B2 KA LT 72 (Kinouchi and Ohnishi,
1986) .

RIZ, I-NPOAKNRBZHL2ITT 572012, &
W7y be@®sy PEMHLT, PHILNP Z #1085
L%, KWEEORATRE & IR FAh OCHEEY % 54T L
20 RS v NEMh oI AW EWIX, 3-nitropy-
renol > 1-NP > 4,5-dihydroxy-4,5-dihydro-1-NP >
6-nitropyrenol > 8-nitropyrenol O/ » 72,
W v MREAIZIE1-NP Z w2 FE L&YW o glu-
curonide #AEMRAGEH S iz, WH T v P Tld= b &
TLRG & T2 F IMVLIRIEA R - TB Y, FMEH oM H
FEWIE 1-NP > l-aminopyrene > 8-acetylaminopyrenol >
6-acetylaminopyrenol > 3-acetylaminopyrenol T& - 7-.
JRA D F 72 B AHHEW X 6-& 8-acetylaminopyrenol @
glucuronide &k ThH - 72, #WH v FOJEH T O
ER%E SN 5 &, 4,5-dihydroxy-4,5-dihydro-1-NP, 3-,
6-, 3 & UF8-nitropyrenol ® glucuronide 8&5 A TH - 72
W, WERAY722 & 6-& 8-aminopyrenol, B X U¥6-& 8-
acetylaminopyrenol ® glucuronide ¥3& KA 8 L 72,
¥ 72, Bglucuronidase (2SIt L 7 WikEEF &K% glu-
tathione JA G ARDAEIE S SNz RO RS,
NRase i35 5125 b 53 = b 0 RIC OB I TIEAT
by, BEWNMEICIAZEPHL IR 7. T2,
WEZ v OO ED QN2 5, FIHTIZE
L YBROKBALIES, N-T7tF VLG, B X OHEER
B, BEWNETLME TIE= ~u s & i
ERIBENRZ L EZHLNIZL, 1I-NP, & LT
glucuronide 85K D T v b AEARPICHRERE % 3 L 72
(Kinouchi et al., 1986b; Ohnishi et al., 1986b).

3. BAEICKD 1- NP DL L5 3R

JFTOH 1, 2MBOSICH LT, Atz sh
TERERHEYORENTOIEE LTHBNEIC X5
6% 3G LA TS, ZORNEHO%E % 5
DT 5 720258 % D SPF (specific pathogen-free) <
2 AN HARTIHNAER T E 012D 5 720 OHiEYH
WL % f# 37 L 72, bacitracin, neomycin sulfate, strep-
tomycin sulfate ® 3% % 1 H 2 1] 5 H 5 B A% 53 %
EAWEPWAT B2 Th L, BNEWTOBNTRH
K @ cysteine conjugate B-lyase, B-glucuronidase,
nitroreductase i PEASRA L7z, ZRITH LT, BERH
D y -glutamyltransferase % aminopeptidase 114 (3 %4>
LZoiz. 512, glucose DIGEEH & OWLINRR Il
DOFEFETE L) > 72 (Kinouchi et al., 1993).
PHIINP % 5 v MRS A8 W ] 0 JHi - > 103
FEY) D 21.4 %13 4,5-epoxy-4,5-dihydro-1-nitropyrene (1-

NP 4,5-oxide) & 1-NP 9,10-oxide ® glutathione, cys-
teinylglycine, 3 X UFcysteine ¥8&1KTH Y, 1-NP 4,5
oxide & 1-NP 9,10-oxide & ® glutathione ¥4 &Kz Z N2
N26%L104%TH o7z, BHIHICHEH 7z 1-NP
4,5-oxide & 1-NP 9,10-oxide ® glutathione ¥ &K%/ N
PIZ B W T @ y -glutamyltransferase & aminopep-
tidase (Ohnishi et al., 1990) 2 & o T/ XN T cys-
teinefd &k ), SHICKBHNTEHNK, $iIC
Peptostreptococcus magnus & Eubacterium limosum O cys-
teine conjugate Blyase |2k o TSN T, FRINEh
720, WEAL S T E RN T DNAM A %2 2083
5 Z B 5N L7 (Kinouchi et al, 1990; Kinouchi et
al., 1992; Kinouchi et al., 1993; Kataoka et al., 1995). ¥ 7z,
INPORHED E LTT ¥ F MEES BT 25, 7
L FIVALIZIZENEIZIEE A ST TR 5 2
& %7~ L7: (Kinouchi et al., 1987).
INPDY R 7 2B EBROME RS MIIMHET 5
721, T D 1-NP OERALIE AL & A Lo e
b ESFEOBWIIBIT S %% in vitro TNz, 2 b
1-NP oxides A iH M I1Z ICR~< 7 Z 12T <, 1-NP
4,5-oxide ® epoxide hydrolase |2 £ Z K5z e b T
WK THo72. 1-NP 4,5-0xide 225D 7NV & FF U 13&
RAERTEE1L 9,10-0xide 225 K ) B o72hs, B e
XTI > 72, 2D X H 2k b 1-NP OB
BREOBEREE LR UEWIEB 6T, MErHLZ L
W5 22 L7z (Kataoka et al., 1991; Ohnishi et al., 1991).
51T, MEFEMNIZ NP 2 %5 L 72 A & & i S5
DETIVRTIE, BHiaMEICER DO y-glutamyl-
transferase % aminopeptidase & E&4eHl # @ sulfatase A3
HALT, REKROTFEHALNHENTEZ > Tns I E
L, WEREGREEEO M COREROFEAFR
BEWEEKO—2 % RIE L7 (Dong etal., 1993).

4. diNP OFEEM4

1-NP & 1,6-diNP % k53 L T4 0.1 mg % 58 1 1] 20 8 1]
HEBALB/c <7 ZDR FIZHG- L, 45HRICBIB LIz L
Z 5, I-NP®RGHETIIMEEHIFEEL 2d o 7228, 1,6-
diNP £ 5-# T 1d 20 PErp 10 PCIZ$2-5- 500 12 PR RGHE TR
FRERIE 234 U 72 (Tokiwa et al., 1984; Tokiwa and
Ohnishi, 1986). HF344/DuCrj 7 v k ® /= 1.5 mg
1-NP, 0.15 mg 1,6-diNP, % 7213 0.5 mg 3-methylcholan-
threne (MCA, CAS: 56-49-5) #% %5 {r beeswax-tricaprylin
AL, 728BIIBIZET S L, 1,6-diINPELGHETI
28PLH 21 VE (75%) W2 FLKedE, 208 (7%) 12K
1b¥s, 208 (7%) \ZmF LB ALAAE T Twiz28, 1-
NPHHGHETIE32IE 3 RTHE b I P LR LA b s s
TWido7z. MCAFSH19IETlE, 1,6-diNPH:5-Bf
T )R L 100 %E LR FER SN2 (Maeda et al,,
1986). X 512, M= E MRS 729120.003, 0.01,
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0.03, 0.1, 0.15 mg ® 1,6-diNP Z i NIk G- L7 2 A%
NnFEN0/39 (0%), 4/30 (13%), 13/31 (42%), 22/26
(85%), 6/9 (67 %) 2K LIEAS, 0.03,0.1, 0.3, 1.0 mg
® benzo[alpyrene$%5-T1/29 (3%), 7/30 (23%),
22/29 (76 %), 9/13 (69 %) \ZJm~F 1Bz 35 A H = ARKAF 1Y
WCFERESNTBY, [ UAHE T benzolalpyrene £ 1
1,6-diNP O FF A3 E DA HICHEH o 72 (Iwagawa et
al., 1989).

5. NO, REICKD= FOERIE

KAH TPAH % NO, 7 AN HT 5 & 4 R
D= PaEPETLLIEEZHLMIL T (Pitts et
al., 1978; Tokiwa et al., 1981a) 7%, 20 ppm ® NO, 4 A (2
FHEL TV LHEICR~ ™7 2 DEHFEPIIZ 800 mg/kg fRE D
pyrene Z 5L, S 5224 MBI NO, M AIZRFE L2 &
25, ERNT= bufbESiE 2 ), Bglucuronidase
WLER L 7z JR S BEE O 1-NP O K BE{LIATH 5 3-
hydroxy-1-NP, 6-hydroxy-1-NP, 8-hydroxy-1-NP, ¥ X ¢
1-hydroxypyrene % #ifti L 72 (Kanoh et al., 1987). %7z,
1-hydroxypyrene ¢ 5- #4126 NO, ##% TR D = b
ufbE&W B L7z (Kanoh et al., 1990). 400 mg/kg &
O 5fE%H o PAH (pyrene, fluoranthene, fluorene,
anthracene, chrysene) % ZMZNEIENIZH G L 72 ICR
~ ™ A, pyrene, Z 721 fluoranthene % #%45- L 7z Wistar
Z v b, Syrian golden/>»A A ¥ —, Hartley €E)VE v b
EZENZEN20 ppm D NO, F AIZEEL, Rho 7 v
U ribBLUOmBEeARE o L. lagko
pyrene, ¥ 721 fluoranthene # #¢5- L 72 NO, #FZED < 7
AENLKRY —DROERFIEZ A X I F 7 A1H TAS
P& TAL00#RIZH L CIF ISR o 7228, T v M EE
VEY FTIEENIER L o7z, 5T O PAH % ik
HLTHZBENO,RBFE~ Y ARDOEFIFIEL 158512
Bm L 7z. NRase KIHZ 5P TA9SNR % acetyltrans-
ferase K4HZE B0k TA98/1,8-DNP, 12 %) L Tl 2 B 28
3%/ L7 (Ohnishi et al., 1990; Miyanishi et al., 1996) .

AFENTO= P LoFE B 52T 572912, 10
ug/ml @ pyrene, % 7213 1-hydroxypyrene % & % 50 mM
Tris-HCl #&##5% (pH 7.4), % 7-1d dichloro-methane i&
WIZNO, A B EAATIZE Z A, pyrene (XA T
NO,iZk»T=bufbtxNd, l-hydroxypyrene id Tris-
HCIBEM T TNOLIC X o T= b afb & N7z28, A
ik = b ufb s N2 72, ascorbic acid ¥ a -
tocopherol % il 2. % & 1-hydroxypyrene M /K& H T D
NO,IZ & % = P ufbRISABHE S N7z, & 512, ascorbic
acid % a-tocopherol & #11#¢5- L 72~ 7 A Tld pyrene &
NO,IZ & %= b bRUBHFE S . Tho DRy
5, I-NPIZ I CREEILZ Z T T 6, £ 4 Y ST 1-
hydroxypyrene 25= b T b &8 % & W) BE 2 S I
L 7z (Kinouchi et al., 1994; Miyanishi et al., 1996) .

84

6. HHBRIBEMOERRME

Nitrate fEIUE & BHWATFIZIEOMHE 2R T
(Hartman, 1983). nitrate (& -TEEPY % I % PN C nitrite 12
FICS N, A amines % amides & &% 12 KG LT
FEHEVE D Nonitroso {bEW Z T 5 (Magee et al.,
1967). Wakabayashi et al. (1983) (XML L 72 H
ARKOENP TR RO SWEREMEZRTIE, BX
(" 1-methyl-1,2,3,4-tetrahydro-B-carboline-3-carboxylic
acid (MTCCA) 2SHEAHEMRALHIEM A IZA U 5 28 5 D
MEATH D Z 2 ME Lz, 72, 3ulirh o tyramine
WHE A ERALEE TR ) R AR EIC % ) (Ochiai et al.,
1984), Z DY 3-diazotyramine &5 v b+ EMN IR
TR EERT S 2 Lot S 7e (Fujitaetal., 1987).
% Z T %% @ Higashimoto et al. (1988) & 25 Ff
FHOHARDEMIZOWT5%DEE TS50 mM sodium
nitrite (pH 2) & 37T, 1KHERL-EZ A, ZDK
J& ¥ 1 TA100 ¥k S9(-) T 368 = 228 (34-834)
revertants/ Ul EHOZERFE 2 R$T 2 & 2 5 L7 &
C72BRFETH LTALETH Y, Hakl v L
HICRETH -7z, Wil o Z REFRIAK L L CiZ%m
@ tyramine X MTCCA D B2 % B PEAY55 W 1-methyl-
1,2,3,4-tetrahydro-B-carboline (MTC) 2SiEHH S L7z, &
AN, TS IFEFIO KGO AN ER LI O %8 SR
DA FHI AR B O Z RIFEEO—F L 2 FE T &
Bolz. EHIIHNAAED T, B 1R R
tyramine 7 % 3-diazotyramine D25 ¥ )5V % 9 5 (21
MY LT EINTWEI R RL. L2ds T,
tyramine A3 ERALEE I I ZBEAE S N B B RIED T 72
HEEEATH ), i3 ATER{K & 3-diazotyramine D% 52
JEPE DR RN T~ & C RS R LB v o) 42 TR & B
THLIENTEXLZLEEHOLMNI LA, T ORI
A TIIIEEREMETH Y, AR % TEIZ DOt
ZHRETH o7 (Higashimoto et al., 1988) .

¥l % 1.25-10% ethanol A-4E T CHUMNMRILEL L 7235 &
121 ethanol DB LT, 4 U 5L EFEE WA
L7z, ethanol ®fLb D IZTHRKDO 7 )V a2 — VEKETH 5
HAWE, 74>, Bl, v4A%—, 75574 =4
MTHo72h, E—=VIERIh %o 7z. Bl g O tyra-
mine % ethanol, z#-propanol, ¥ 7213 isopropanol f#1£ I C
MRS FEALEE S 5 & 2 BURPEDY A L7225, methanol ff
EFPRbm M L. L L, glucose R sucrose
% EOREAAAE T CIREREMES 25808 L7z, Z O
[ LB tyramine O 28 8 E P O KA I21E, tyramine & #
i & ethanol & THRIRFLILS 2 2 & U TH o /2.
Z DR tyramine 2 5 D2 FE 1 3-diazotyramine O
HEEBAEP LR THALIEETHLPITL
(Higashimoto et al., 1995) .

—7J7, 5D MTCCA % 7.5% ethanol f£7E T T



37C, 604rf, pH37T50mM ﬁﬁﬁlﬁkl}fﬂj—% L, R
JEPE A ethanol FEAFAE T X DR IM L7z, S OERE
MR RN A X MTCCA % Wi il & ethanol & C I—Jﬁvﬂﬂ
T 5 ENLETHY, methanol, n-propanol, iso-
propanol b HEREIEA D - 7227, glucose R sucrose 13k
BTho7z. Tz, HARNEBERIZRVCERRDLID D,
TA Y, 94 AF—, TIVF 14—, E—=IIH %)
B3d - 72 (Higashimoto et al., 1996). MTCCA ®
ethanol fAfE F CHEM LM D L X IZE HIZA S F
(Citrus sudachi Shirai), V&> (C. limon Burm.), =
A (C. junos Tanaka) 7% & OMIEHE % FUSIRICANS &
AU BRI U, B2, B odks kb ibk
DG DI LRGN R DGR o7z, CDOEED
Mg b o P L RE Y - & L Tid lignin, pectin,
D-limonene, naringin, hesperidin, ascorbic acid, citric
acid 2RI X 17z (Higashimoto et al., 1998). &
b D ITkkZE, KLk, 7 —u ryFoBGIMER, 3512
IN=TH ONFN, FUF %, AXR )N, AFFEFY,
IEFX, PFay, L) n—THIMKR (P47,
¥, A7) 2MATHEREE WA L. £
OWMERFEWEOFERE DL LTHTF VEIEZON
72. SNHOBRRLATF VHEOPEREERIIII LD
WE ORI EIEOMBE %R L7 (Higashimoto et al.,
2000; Higashimoto et al., 2001).

7. ERPCEETHEERRORIER

1-B-D-arabinofuranosyl-5- (E) - (2-bromovinyl) uracil
(sorivudine) 1IHLANVRZA 7 AV ZHI & LTI S,
varicella-zoster virus & herpes simplex virus type 1 (2%}
L CIEEICAHERTH - 72 (Machida et al., 1981; Machida
and Sakata, 1984; Machida, 1986). sorivudine (% 1993 4
HARTH Y AV AREOFE L LTRSS L7258, fluo-
rourac11 APUEA] T 5 5-fluorouracil (5-FU) % Tegafur
THEBEL TOFEBRE I L0 Y £V 2 EGDTIE L,
sorivudine Z it Fl L CRIEA & L TR EL B D,

5FU X BREIR SO E NI ADBEIIEICES 72
WCAE R & 7 o 72 (Swinbanks, 1994). sorivu-
dme A% (E)-5-(2-bromovinil) uracil (BVU) Z5# X,

BVU 3l 12 B8 W\ C 5-FU 430 3% T & % dihydropy-
rimidine dehydrogenase % JEWWICRHE LT, 5-FUD
MARE 2RI LA S CRIERZ5 &R T L& 2
LN Tw7 (Desgranges et al., 1986). % Z T4 1%
sorivudine & Z CBVU IR EN L D0 %2 5 720
2, Z D45 E% 3% pyrimidine nucleoside phosphorylase
(PyNPase) i1k 404 % Sprague-Dawley i 5 v ~ T#
N7 Wi, B, H, 5, K, BIOBREDE
INGNEY ORGP SN o728, &
WA & RN OBERTEMEDSIEF ITE W Z & A%h
hotz. TOZEEIHBNEBEPEEREEHZ LTS

LERELTWDOT, 15K 23RO AMERME, 16
WAE 16 BROBSEMI R, 15 W, &RF32 Rk 40 FroM
T @ PyNPase iftE &2 Hllg L7z & 25, BHNRES
W Td % Bacteroides }& D B. eggerthii, B. fragilis, B. ova-
tus, B. thetaiotaomicron, B. uniformis, B. vulgatus 73
sorivudine # BVU 2R A EHWiIEH 2 AL TWwWAH Z
Ebh oz, T v FIZ100 pmol/kg @ sorivudine % #¢
92 L MiER O BVUREIZ SR EZICHKRSICRD,
I3 H i AUC (area under the curve) & 101uMXh C,
IR 4.2 B TH o 72, in vivo TORGHNR#EIC X
5 BVUREAZHNB72012, SHEEWE 2S5 L2
? v M T sorivudine % $¢5- LTI O BVU 2 il L

COFRME T & R MRS R 2 ampicillin, F 721
ba01trac1n neomycin, streptomycin ¢ 3 FI A % WS-
L72% v MiZsorivudine #5356 &, 2EDOBVU L
MULFHHICHE SN r o7 T, BERMER OB E
A &4 % metronidazole THIWLIL S 2 & IfiLiE H D BVU i
BRI ESo72. 2o EidinvivollBWTH,
N DBESH TH 2SR ABVU & A L CTw»
HIEERBLTVD, LAY, IHRMEEICIEHT S
kanamycin CHiLIE 3 % & 1L HH o BVU BRE IR 3 51
WimL, BVUO R 3/FL RI2®inL %
(Nakayama et al., 1997). Z® Z 13 5-FU & sorivudine,

CHUEWE DM o 72 W EAEHIC X 5 T5FU
DEMER MBI L 722 R L Twad (KA,
1997).

JEA T a4 FRPUSAEA nonsteroidal antiinflammato-
ry drugs (NSAID) (ZPL4EiE - $FAl & LCfibi b 72
T, RIEMEREBIERE O BF 6 LT 7B

HEREE LT XN % (Marnett, 1992; Weiss and
Forman, 1996). LA L, b MIWLTIEHEZED 15%
WCHEE, 8.4%\/NGiEEZ S L (Allison et al.,
1992), v M MBGEE 2 K3 5. NSAID O —H
5-bromo-2- (4-fluorophenyl) -3- (4-methylsulfonylphenyl)
thiophene (BFMeT) %o TF v MEBEEIZE &
BT 2 5512 L7z (Uejima et al., 1996; Kinouchi
et al., 1998; Shan et al., 1998). SPF ® Wistar 5 v hIZ
500-1500 mg/kg @ BFMeT % 1 [0l 5 #5355 & 72 FER
BT 28PEH 2008 (71%) GBS DS S L7223,
15 PR W B & 80 2 A 72 D12 bacitracin, neomycin sulfate,
streptomycin sulfate ® 3#|#EH %5 L7 & 21213, 26
PErp 1L LB I SN e o7z, HH T v b (10
PC) =X Bifidobacterium adolescenetis ATCC15703 ¥k @ /
fSA F—=8F v+ (5WL), Lactobacillus acidophilus
ATCC4356 D/ h54 F— 15w b (5PL) |ZBFMeT
G L THRBEEIRR SN a7z, L THD,
Eubacterium limosum ATCC8480 ¥ X> Escherichia coli
Ki2#k (ZoHoW31104%k) & bXA F— 1T v b
IZBFMeT 2 4% 54 2 LBV SN/, B LA,
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INHD 7 MNA =Ty MERFUAEYESHITRIEL
TBLLEEBRIER SN 7. ThbDZ L,
BFMeT 2 & % BB B B S- L Cw 2 N E & 13
S LGN RS HZ 2 RLTWA., SPFT v T
FSEEATBE E N TS & X121, WMBOESARTH
% Lactobacillus 2SHHXF KA L, 77 A kMR X
97.4 %7 & 56.4 %\ L, Escherichia coli, Klebsiella,
Proteus, Bacteroides H3¥IML T, TNHD T T AN
PRI RBNEY ORE D 1.2%75 5 37.3% F THIN
L7. BFMeTIZ & % | # % ¥ ki Lid o
Lactobacillus % Bifidobacterium O —& ¥, T 721
Bifidobacterium breve & Streptococcus thermophilus % & T
=7V eG54 LA L7 (Uejima et al., 1996).
L. acidophilus % B. adolescentis DX Fi % btk e L
THZTHHEBEEZIHI L, FEREEo M LI
Ji% % #ifil L 72 (Kinouchi et al., 1998). ascorbic acid,
dimethyl sulfoxide, glutathione, B carotene 2SiEH L
WA 7-07T, BEAB(bOEZEZ IR L, MRS
DOFEFE 2 W 5212 L7 (Shan et al., 1998).

8. BEFRIVCEREYONER - FEEER

caraway, coriander, black pepper 7 & DFFERL D K
X, N-methyl-N’-nitro-N-nitrosoguanidine,
dimethylnitrosamine, ICR-170 ® 725 85 1% % 4> L 7.
L 7L, black pepper @ 7K H ik %> methanol i Hi i %
WA ER LT % & & X 3 F 7 AW TA100 BRIZR L Cifi
WERE AN B L 72 (Higashimoto et al., 1993). % A
TEOEMPMEY TEmMmTDH H 5% lemon grass
(Cymbopogon citratus Stapf) @ 80% L% 7 — VM
MERE®HCTCH DD, v P RBICBT 5
azoxymethane (AOM) % DNA {41k O%-methylgua-
nine X & BifEI%HZE Td 5 aberrant crypt foci (ACF) T
B % SEREAI WA AR & post-initiation WFEIZ BV THEIHI L
72. ¥FIZ, post-initiation M IZBWT, JEEIK & HEE
L Tw 5 focus 2472 V) 448 2L I @ aberrant crypt & & 2K
& 7 ACF I % I L 72 (Suaeyun et al., 1997). X5
2, Bglucuronidase % FHE L, PUBILIEHELZ > Twb
ZEEPLMIILA. ThHOZ Eidlemon grass HllHh
WSS v b KM IZ B W T glucuronide ¥ &7 5% ML
L 7z aglycon T & % methylazoxymethanol ® it % [H %
L, DNAMIMARIE & ACFIEK % b 885 2 & %R
1L Cw5 (Suaeyun etal., 1997). [[{] U< & 4 LED3E
JHREY C & % roselle (Hibiscus sabdariffa Linn.), bitter
melon (Momordica charantia Linn.) B X O Murdannia
loriformis ® 80% L. % / — )V Hi i 1E, 2-amino-1-
methyl-6-phenylimidazo [4,5-b] pyridine (PhIP) 72 &
TUHtA )y T I v OERENE WD SE, AOM
556 ACFTE K z 56 #) W 8 A2 THil L 722 (Chewonarin
et al., 1999; Chiampanichayakul et al., 2001; Intiyot et al.,
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2002). roselle iZ PhIP O ACF K b #H) L 72
(Chewonarin et al., 1999). Z1 5 D3R oY,
BLOEHKSTH 5 citral, geraniol, Bmyrcene 25K
W38 oL PRI RECTH S 2 L 2R L 72
(Ohnishi et al., 1998) .

9. MEEEEBBARICKD
KIZFEIELBIZ DN

B (D REWE AR, ) BRI X %N
AL, (3)FEFEME DWeas, (4) ZRIHITERDO AN, (5)
M4 DR ET,  (6) 5092 R DIRIG 7% & TRIBFEN %
BRH2TWwWhAEWVWbNTW5A, 72& 21, bacitracin,
neomycin sulfate, streptomycin sulfate @ 3 #I{E & % wi
WH L7277y MOEZEHENEERIZ0.01 % T4 L
TWa25, 207y FMIRERBEWETH 5 1,2-
dimethylhidrazine # $¢5-9° % &, 4 U % ACF$ud, it
EWE G LT vailE T v MIZA L S ACFHO
226%TH-72 (KNG, 1995). 2O &7 b A
WK TR O MWIEIEIEEEZ G2 TWD 2 Edvbh
5.

BAEOBNE ORI E 721352 EENAOM %5
Sprague-Dawley 7 v b O KA ACF 252 % 5
BA T, Lactobacillus acidophilus ATCC4356 k&
Clostridium perfringens GAI0668 #£2S ACF JEIK % #Ifill L,
B O LFEIC X 5 ACFEINENG, F80E 1 IERATS
% 5 DNA 1 hiifk O°-methylguanine O 5% & 7% %
DOWFEHTH B L2522 L7 (Arimochi et al.,,
1997).

KW 2T 2N ORMEF2EL, FORKE
PRk E ANEZ CTEE ST, HORBEREEZINS
AHILENTEZHDLEEZOND. ZOHEMLETDO—D
ELT, BEWEORBEWO 7V a Y IERAEEREY B
Y49 % Bglucuronidase DMIETHAE 2 HNbH. AOM
FHIEACF#iZ, Bglucuronidase KIE AN HiHE 2 i 5
TIWWD L %ehodh, ACFEIZEM D B-glu-
curonidase I§%: & IE DB % 7~ L 72 (Arimochi et al.,
1999). KB O KR x4 % 2%, Bglucuronidase
WHEEwO T, KENOKER %23+ XTB-glu-
curonidase KK & 284 T & LD 5 FEE R FENE
VB CTE DB ANE .

KEREDO T & L TRIEOLETHWEZ EAT S
WENHE % 25 S HENH L. KIBHE2ES 2 1AM
HR O WL Erwinia uredovora @ lycopene & W 5 ¥
cntE, crtB,B X Kertl AR IAATET T A I F (Misawa
et al., 1990; Misawa and Shimada, 1998) &4 ® lycopene
FEA KIS B AL I8 (lycopene #2FE 97.7 ng/ml) % #%
b92% &, AOM %% ACF A% L7z, lycopene i b
T POFRNEETHEDOT, b bRINASZERY
2. — A (lycopene i ¥ 51,300 ng/ml K B I 1738 7



525f%) OG- LCTHH UHEIC AOM 7% ACF #
I L7z, 3fErh o lycopene i FE 13 lycopene FEA: K
5% BRI L 77 305 ¥ 15 5 T X 177 ng/g feces TH V), #F3E
Vo — AHE5#T1310,300 ng/g feces THIH ? 58 1% T,
DR WET DL, lycopene AN N HE S 13 %)F
IC K32 PR C & 2Bk %2 /R L 72 (Arimochi
et al., 1999).

51T, HIRRERLNEEZIESL 72912, & | lacto-
ferrin ® cDNA % KW # & Bacteroides uniformis ® > x b
VAR % —F5 A3 FpVAL-1 (Valentine et al., 1988)
27— fbLC7 9 A3 RpVLFK 2Bk L, &=
FETHWNEAAROREZRIED D THh S Bacteroides
uniformis ® BU1001 #& (Shoemaker et al., 1986) 2 AL
TTCTK101#k & L7z, X7 ¥ —75 A3 FpVAL- 1R A
B. uniformis T 5 TCTK11 ¥k B2 % 5 v MG
THE, KESHLID D AOMFBRACFE L 4L Lo
aberrant crypt # 3 2 K& R ACF ¥ 2 Wi &7z, L
L, t b lactoferrin £ Td % TCTK101 #k D REFE
PGB TIRISIE ML 12 3B 1) 5 ACF #As TCTK11 #k
OREWEHGH L) DEBICBI L. 2o Lidhn
WA % ¢ b lactoferrin 25 » b Ko ACFIEK %
P45 & &R LTW5S (Chewonarin et al., 2001) .

fa B

PLE, F & L Cnitroarene OHFSE & 58 VBl D 72 0 DR
ZERITV, BNFEER L OMRLZONHEE 2 TE /.
F 4 H¥lycopene P A B PN TH @ KIEHE F K5 O W] BETE O F
% (Arimochi et al., 1999) % 5§35 L 723840 20004 1 H
@ Science |2 [i] U catotenoid T& V) vitamin A O HjERIKT
& % B-carotene ® A K “golden rice” DL (Ye et al,,
2000) AFEFE N/, T Nidvitamin ARED7ZDITH
25T ANDRET VT DFRENBELRIIL T D720
WKHESINZ-DTHY, HET 5% < DRFFFIMBOA
EDPOMEEINLZ LI o TEAMLENLIELTY
L5b5DTHA. L7zhoT, FitkuemNEE LTo
REREAGNRE L SHRIEIFAAIND L) IR0 L
ZzZbNAh. Tz, interleukin-10 WD Lactococcus
lactis & & N DRIEWGREB TH % 7 0 — U HFPeEEHT
KIGRDOEFRIAME 2 D REMEAVR S 17 (Steidler et al.,
2000). X512, 20014E127%: % &, Vogelstein & 7F lethal
toxin % 572 2 WARPEBSUE R Clostridium novyi & ¥
OYUEH % 3 5 Z £ 12 X o T combination bacteri-
olytic therapy (COBALT) # Bi% L CIaBRICHE-> TIT 2
9 & LTw5% (Dang etal, 2001). 7z, Klebsiella pneu-
moniae DT % microcin E492 73 —E8 @ human cell
line T apoptosis Z FHT 5 Z EDRENT WS (Hetz
et al., 2002). T X ) IZHHERRIERE N TR R & 5 DM
BWAYETFR - IRIOBH I NI L LTBY, 20450
WERICINADLBHML TITE 72V EE X T 5.

il =
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WFFEHE MmN 2 BB L LT 5. 20 Td, BB
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REWERE, RIRETHELIZCOBRBEHO ) 2 125
WL ET. 72, RESOPIRESEOHERKIBGA,
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oo DHLEHBLETFERETT. 2L DI 0H0
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BRI L ZOREFRE LRI TWET A DT =
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bEAA, KHMED» S OWIEE MR, BIUwA
WA LRGE DN % 206 O M B OMFEdE 2 < LTids
FOZEICELZ LR Do DLEsTVRET. L
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Formation and development of mutagenic and/or carcinogenic compounds
through free radical mechanisms
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Summary

Free radicals including carbon-centered radicals, oxygen-centered radicals and pyrazine cation radicals
were found to be involved in the DNA damage and the formation mutagens in foods. Carbon-centered radi-
cals generated from aryldiazonium salts directly modified DNA bases and induced DNA strand breaks.

The DNA damages by the carbon-centered radicals were prevented by ethanol and phenolic antioxidants.
Reactive oxygen species generated from furanone and pyranone reductones produced by Maillard reaction
in many foods or from hydroxyhydroquinone in roasted coffee beans induced DNA strand cleavage under
the atmospheric conditions. However, dietary supplementation with these reductones did not cause DNA
damage in animals. Pyrazine cation radicals produced in the Maillard reaction participated in the formation
of heterocyclic amine mutagens. Decreasing pyrazine cation radicals by controlling sugar content or scav-
enging pyrazine cation radicals with ascorbate or erythorbate were effective in preventing the mutagenicity

of cooked hamburger.
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DNA damage, heterocyclic amine mutagen

carbon-centered radical, reactive oxygen species, pyrazine cation radical, Maillard reaction,
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Fig. 1 Reaction of DNA with HMBD through generation of carbon-centered radical
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Fig. 2 Structures of fragrant furanone and pyranone derivatives

ESREEIZX DD XL, INOMBHEPLT VAV ESN
TH5ZERLEHEDNAO I 7=, 7= UK
BL, SHICDNASUINZ & RS LEDE LD/
CABBZETND 7 2 7 —VIZ BN OB S TH
Bl S L CEREEZ DO p-BL S o-VTVVF I~
(p-, 0DQ) ZHA:)i4 5 (Kikugawa and Kato, 1988) Z &
Do TW2D, p-, 0-DQIEX 7 LAY RLXRLVTT
T, 7= IO ST E - BRERA L TR
A% 5 2, DNALRLVTHYKMZI 2R L7
(Kikugawa et al., 1992; Kato et al., 1992). Z @ Rt 3%
HMEOHEBRE CIIHESNY, KERGHFOT Y )
— VR TFIE FaFT 7=y —) (BHA) HED7 x
J =R LRI ClE S, ESRAE Y b T v THIO
DMPOHMNZ & » THHESN, DMPO-jxFET ¥ /v
DR ESRY 7 F V&5 2 7.

VUVE & O 2 Agaricus bisporus \AIFENAMZ O K
OF I AFAXRYE I TV =y A8 (HMBD) 23f
ET 5 EDbho> Tz (Toth et al., 1981) »%, Z®
{LEWIIMLERICALZET, ALY Ty THIELT
DMPO, PBN B X I°"DBNBS # W CiliiR 5% &, HEH
DT THVHPERLTWDLZERHOENI R oz KE
G ROTY ) —VERNT HE, XTIV TVI—N
EHz, RERLIIVHINLOL FOF I AF VT 2 =)
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FINNEHERLTWDLZEDRbholz, TNLHIEXY
LAY FLRVBIUPDNALARLVTORILGTT 7=~
BIOT T =008 DRFEITIKFE — RFEMETHINT
LI lNbhol, EHIINHIY TV AR
DNASHUIWI ZFE3 L, ZoWMIXEnBEoNERE
TIEHEIN P72, ZORBIEZY )=V T/
— VHEVBAALFOBRM TR RWIZHE S
Gmewdd w%aw%w(ﬁgD HMBD i3~

259 5 LAVBEFEFREERL, €Y I VEDRZIC
J:ofi%?méﬂtuc‘:i?‘%, in vivo T PUBRILAIAZ
FszaHIEL 9 2 Z &R EN7z (gD, 1995). F7-
<7 ANOF G X D K DNA AR A T Tw %
Z A% Hh o 72 (Hiramoto et al., 1998b) .

FGIUINA =Y 2= —DT7 VILEWAAPH b i 5
YHNEAR L (Hiramoto et al., 1993a), ZE B %R
L7z OES, 1994). St A VAERH 2 DY TV
Z ¥ )V (Hiramoto et al., 1994b), 2-73I 7V F L VD
WA XD AR TE2 70 F L I TV = A
(Hiramoto et al., 1994a) b REFLT VA IVEHD
DNA $#UIBiER 2/~ L7z, EMoF 9 3 v LSO
FIBICE o THERTEITVF T3, EHEFHDONRX Y
YRIFL T4 Y ERMROINCE o TELL YT
UNAE Y, VTV FLT4) U EREL YA
THH, RKERLT TANVKHOISIZE 2D EH R
bivsh., RFEHLIFITANIEILSY ) =R 7/ — W
PR LA CTHEEINL T E LWL o 7.

2. BRPDSIAIL (BRIEERE) =
29 % DNA sHt]HR

7 2 oM (Hiramoto et al., 1993b) B L O°
JKAH (Hiramoto et al., 1994c) DMN#E X 4 5 — K eW,
#ah (Hiramoto et al. 1996¢) # X U2 —k — (Kato et
al.,, 1994) 1ZRET O RURSAT DNASHYIMER 238 %
ZERbRY, EOWEERDIEL Y7 N X BIEERE
FHORENFEHNTH LI LEDE LD, FOEHKIID
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WTEREMZT:.

1) 24 77— F RISEEPID DNA SVIETER

T RIERIRD & T HRNHHEE 7)) ¥ v ORAIKEI
DB X Y AR L 72 DNA SHYI B ¥’E % HPLC (12
X0 HEEL 7-45 %, Fig. 2127739 HHMF (Hiramoto et
al,, 1995c) B X O°'DDMP (Hiramoto et al., 1997) T
5L Ebhodz, B b MO DNA S W EH %
b D% HMF (Hiramoto et al., 1996c), DMHF
(Hiramoto et al., 1996a) ¥ X O"HEMF (Li et al., 1998)
BROWH I, TUHESIEEMOFRS & LTS
NTBY, INHHGORIZE > TEMlZA EOMEER
ﬁ‘f‘éh“(b\% (Kikugawa et al., 1999a) Z 5 DR

EWI N Fe(ll) £+ &2®EILTAHLY 7 MU T, 55
Bk D A4 T — FROSEREMOT TIREETH 5D,
PRI TR R Z 2T 5 2 b, ZOR
L FaFvg VANV EEET A5 EADMPO & A E
YTy THEIE L THWZESR THER S 1172, DNASK
YIWEHE A =28 —F £ ¥ F, #EbkE, vrafy
VT I H N EOWEEMEMICL B L%, TnH 0
FHROBMTHEINLZ Db o7z, TRHK

\2 & % DNA SUII G Fig. 30 X 9 I2HiEsE S iz,
;?(UBEE &, EBREHTFTOXAL T — FRIBTH AR L
(Hiramoto et al., 1998a), ~ 7 A D#EOHGEE T #E
RIS N, IEEFEFE L7z (Hiramoto et al.,
1998c). TN 5 DRI L A DNASYIM RS IZ = ¥ /
— VR BHAZL D7 = ) — VIEHE LA, &FE*FL —
FANZ X D HE SR,

2) 22— —pk% @ DNA SiYIWifiEH

a— b —IZ& F Db DNA YWV W % i itm i
B X OGBS T TOHPLCIZ X o THHE L 7245 5%,
myviETEEE b o vrudre re® ) v (1,24-XY
Yty hP)F =) (HHQ) THAH I &b ol
(Hiramoto et al., 1998d). HHQ IV € it L L
THIGNTED, T CITEEERFEMEZ A5 L T DNASH
ZYWT 52 LG E N Tw/z (Kawanishi et al.,
1989). I— b — (i3 A L THEER{bKFEA
LW LB bhoTBY), TORARITI——WBRL
BEZLNTWZN, HHQTHhA I Lo Ztvbh
t.HHQi@@fU7;/—wﬁ’mﬁLf%§®ﬁ
PEME AR 2 2R L, K& T O CIRRETH 505,

ST A — 28— F F ]\ W LKFE, e lFuF
YNVS T HNEIET S, HHQIZH ST T0.5-0.6
TNVOMBILKEEZISEL, AE Y T v 7K DMPO
ZHW/ZESRICE T FaF Y IVT I A INVDERD
RSz, HHQ O HERILIZ A — 784 F 2 F T A 4
Z—¥ (SOD) ICLoTHzoNzZ RS, BEL
T A= 8=F F ¥ RO HEIRL 2 L TWv 5
Z EHbh o7 (Hiramoto et al., 2000) (Fig. 4). HHQ
12X % DNASEUIBI RS b =y J — )b, &/FL— Ml
Lotz OENA.
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3) V¥ YBEmT Tty MEHO RN
Ex:

AL G—FRUSERD 757 v BXOES ) VB X
Ca-t - OHHQIZELHEZ DL Y7 M Th
D, HFICXYEILHEZRT L LEBIT, AIABDOLHITK
ATV TIEEEEMEZ %84 L CDNAYIK O X 9 2B b
AMVARLGZ2T0FF T PELTHL. 72
FURIBICE o CRAELZE FEF IV IANMICL D
DNASHYIWEICH 5 KHARY 7 = 7 — VEOIER
EIRET L72AE R, £ < O b DIZHEEM SR b L7273,
REZEITNLIETusrTF L — b (EGCG) 1
XYW HEVE I A3 & 7z (Hiramoto et al., 1996b) .
HHQ & FBkICHE 2 ORY) 7 = 7 - VEIZTE B R %
AT ATt X ¥ MEHDHE S N7z (Long et
al., 2000 ; Yang et al., 2000). F72, £ DK 7=/
— VBT PEE M & R 3 % DNA B EMEH 253 &
nNTwns,

LAaL, —/5T, #MoR s HEMF i in vitro T Fe
(I A A+ YK BHRMERELR ) Ry 287 F oLz
M3 2 PiERALEH 2 7R3 (Ando et al.,, 2000). ZDJ5
I Cld, DNASHYIWIICA SN 5B bt & 138/ %
ARLTWAZ LIRS, HUKRFORBENO LT

94

b, EHT 28 0EVICE > TELBEORBLEN L 7
Ut FTFy MEHERT I Ebh o7z,

DLy b VZEARNTIEED X9 BIEH 2R
FTOPEMRE L7z, BREEOHHQ % 7 v MIEEOMIZ
B595 &, BRSEOLBIYE AN, (OB IRE &
LDSFHE SN0, FONREBRRALIEFE S N Do 7.
/2, WTFhOERO8- FuX s st X277 /v
LEMETLIERL, TAHLY Y b HROBEEA b
L 212X % DNABGEIZFE®D S d - 72 (Yasuhara et
al, 2002). F 7=, HiEEODMHF & HHQ %~ 7 A 2%
L7284, MoIREERIGIEEAEL 7225, MolEzzo
TRE B LT SEL 22 o7, L L, DMHF, HHQ
EDILFWE CTHFESINLIMBIOIVRE T L L F—
O OBEERRD 57z (Miet al, 2001). Shn Ly
7~ v OBERUIAEARNTIE, BRESEO LEERE G2
ETIRREABILZTIZREI L, 7TULVF—SOHE
ZHIEEITWREMESH B L EZRLTWADY, DNA
OBALMEGICIZ OS2V EER LTS, BE
SIEOFCHIRTH A U HEILA ML AR B %
FHET LI LI Lo TDNAGENHIE S, BESTE
AL CHLEE CTIEBILA L ADREMEVW- DL E 2 5
ns.

HHQ Z# & &3 — b — oI & o TRP O #IILK
FOPE OB LAT L L) ¥ U R—= NV OEBRIHE
&N 7z (Long and Halliwell, 2000). fEZFSdHaI—L—0D
SN & B IRAPEEBRILKFED A2 HARNOREFIZD
W72 (Hiramoto et al., 2002). Z®DiEH, 10 AD
WeERE & HIC—M D2 — b — R HIE B ORI BRIk E
PHEEO S (Fig. 5), KHICHEE D S 7 HHQ 2%#
ALK ZZHELTWLEL LW Ebh oz, JRPIZ
P o SN M LKRER IS Lo a—e =338k
LBEBALKERENL 10T TH Y, Kk o HHQ I
RS Nh, ENICE T ) BESIEOE WAL CERE
AMNVAZELZTWSY, £721ES0D, #% 95—+,
TNWVEFF NN FF T F—EIZEIDHEIN TS E
EZzohb, a—t—OfHAH»ENTDNADHEIZH
B LT AR v, BEoMEmBL, 71LLy
=BT S LTV iEtEEdH 5. Lo bbbz
LIERNOEBIIS LR IRRAPLELEEZOND.

3. ESFUAFFISIAIERHT BINT
OB oV Yy I7IVEERDEME ZDEHR

MMBFHHRL EFHOMIIZ X > THEET 5 MelQx 74 &
DA IFVF )XW CRIOELR - FEHPAMENT OHA
TN I TIVOEEANIZANIETF U hFF 5
VANBEEGLTwE L, BXUPZOIT IV VEHEE
FTHIEICLDVER - BHPAMANTOF AL 27 v 773
VAR TE S 2 LD LN 57,

R BPAMATOT AL 7Y v 7T I VIZERRE
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FNVRDOT Ko 7y v/ 2L 7F= ViREWO
BICK o THERL, 7RI/ 7V U bEET 5 A
A=K7 L7 F U HRRInT 52 82X -T
EET 5 AN ZLAPRIBENTV, TNHEREIL,
WhWwa “ZIFH" ICTELZDTIE AL, mEUnL L2
WRIZHET 5. IMEAOFEMIC L o TZOEE R RS
D, KiIpEPRDKESHEG LTS, F—ohn#iskt
THRAGOUAEMED “Be” HENPERIFEAER LR
3L, “EDH" FETIETE L\ (Kikugawa and Kato,

1987) Z EhbhdroTwb,

TR TV DAL T FRIBICE-TE T T
VAHAFF S5 VHhI (Fig. 6) BHEET LI Ebho
CT\72 (Namiki and Hayashi, 1975) 4%, & 532D
FIVANICHZMT, ESRIEZHWTT RotE 73/
W 7 L7F=rDEFIVRIIBITBIMEMZER - FHA
WEATFaYAL 7 ) v T IVOERICETF Y AFF
VITUANBEEG L TWAEIEEFHLMILE. TRy
BT I BOBEROMEBSIETERTHETF v h T
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F TGV ANVDOESRY FFIIVEEREE T KoM TR
B 2 L7 F = VB, SRR T AEREEORIIET
Fopie 7 I JMOENVEDSL 208 ERKRITRD,
ESF U hHFF TV h VDK EZERIEEWE O E
LD T FofiomEFEsRBObN, ¥IF v A FF
VI VAIVHEREWEOERIZEG T 5 L ATRE S
N7z (Kikugawa et al., 1999b) .

ESF U HTF T I h VDK EZEREWEOER
& OB SRS EOERIC B L CEEE 52 5
WEORIZ L > THERIN/, R 72/ —VEZT
FodlE 7I W LT TS VEEANRINT A2 kI
Lo TEREWEDOERBIZ SN D T EDbho T
72 (Weisburger et al., 1994) %%, &5k, KY 7/
— VRIS F U AFF I IVANENETLELEHIC
EREWEOERZMWRI AL L2 AL, €E5F 0 4F
F T T ANDERE BRI E O LKA L TW5
Z & BN o7 (Kato et al., 1996 ; Kikugawa, 1999).
BOBRIZTY )= NVamMLTHETF o hFt I
ANSHERFEWEOER IR S NG, VAT vl
DOFF— LAY, TAINVE VB, TYVIVE ViR
EDOVLE I N VOBRIMZE>TCESF U AFF I
VORER S EREFEWEOER DM NIz, AL F—F
KB TERT LYY by OFEMNET7 5 ) VEOBNZ
ESFUhTFF I I hNVDER RS E, EREY
BOERIZIH L ahrolz, T LI, 245—FK
JBIZBWCT 75 VHIZESF AT+ 25T A VDR
BRRIC e 5o T B 2 E ZRIEL T 5 (Kikugawa et al.,
2000a,b) (Fig.7).

ETFTNRIZBVWTT FUBEORMEIZL>TE T T~
HFA T THNEERFEOAEEEN AL SN2 T,
IR L 7o o N— T DERGAENEH 2 ilAh7z. b
HE0.07%DBRTHEL EATVSLEVDERZ VT Y
IN—= 7 RS DBRIC B 2B OB ICHEERINL T/
W= OERFEWMZ TR FOME, WikE0.3%D
FETCHE RS IS R I 2 R IR S, IR
0.7% L ETIRERFEMEIZHL 21284 L7 (Kato et
al., 2000b). O EXWIT3B3%DOFRTA Y F2EATA ¥
RIS A EHEOEIZ03%ERY), FABL N IN—
FOERFEWIZ 2/ EH Lz, Ny N— T ORI
33%DF I AFEMZ A ERICHIEEIZ0.9%I2R D,
EREMIEL 21K T L7 (Kato et al, 1998). Zd &
AN, N N—= T F B B B IR S o
JRAERICHE L5 2, 0.7%LL B s H34s SR Ak
FRIET 2DICHNTH B Ehbrosz. HADOFE
TITONDLED Y < AFRMON V3= T HRAPILE
BRI T 5wz 5.

EFNVRTEREMEDOERZMETALEWDH B,
RY 72— VOEGCG %% mIZELIREM T
DB O RFAIRIIC & AA 7z, HETOREIERD
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bN72b00, ERMRIRETIRIZLEAEEN 205
7z (Kato and Kikugawa, 1999). EGCG, Y A7 A4 ~,
TAINWE VEE, TVVINVE VEEENVIN— T DR
gz Aa7z. EGCG, Y AT A YidEmikEmvwR,
BRI R T D 5 A%, 0.33%REOFEHMIHNS
NDBETIIRRED o7, TRAINVE VY, YV
VE U RIGERRE TEREEZ 1 212 THEML
72 (Kato et al,, 2000a). BLEDZ &2 5, EROINEH
HIZBWTAERT 2 EREOEFICIE, A4 T— FEE
WCBIFDLETF U AFF 2T T NOEREIH$ %5
EEORE, 7TAINVEVEE, TV LY CBORND
FEHIICHWOENS 5 2 EDRHL IR 5 7.
] B

ARWFIEIX T ) —F VHIVHBREIEE - BRAWEOLE
WERBUTRIEEG L TWwWAZ EZHENIILAZD DT
HbH. BRFER - BBPAWED DNAILHEZ 52 58
BT, REPLIIHN, BETLIIANVEFRAL,
INBET7Y—=F VA NVHADNACHEEZ &9 2 Hh =X
LSNPtz T2, ESF U FF T THNL
DT OMEALE - BV AWEDOAERIZEE L
TWALIZEPHLRI oz, BTN T —=FY
HNEHETLILIZLY, R - BPAYWHED DNA
HEZIIETERZ L, BIOLR - BEAWE DK
ERIKTELZENHLNITHR o572, ESRIEIZ L 58RI
BERBPAWEEL 7)) =5 VA NVOEDb Y ORI,
WREESIETFAZEIZED, ZLDTV=F VA
DM LD BB BT OB D R AL ISR I T
HTENHFEEINS.

) 3
AWZEZ ZATT HI12H 720, HRUEEFRFAIAT 4
N Bz, IR B 7% & I — R AL AR
DHRICZ R TIRE L W2 Wiz7iwiz, 22T
ERLWPEERLIET.
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Studies on in vitro and in vivo micronucleus tests using rodents

Akihiro Wakata

Safety Research Laboratories, Yamanouchi Pharmaceutical Co. Ltd.
1-1-8 Azusawa, Itabashi-ku, Tokyo, 174-8511

Summary

The cytokinesis-block method using cytochalasin B that was developed by Fenech and Morley for micronu-
cleus assay using human lymphocytes was applied to the rodent CHL cell line. Consistent dose-response
relationships were obtained in cultures treated with clastogens and an aneugen. Comparison with the chro-
mosome aberration frequencies indicated that approximately 30 % of acentric chromosomes are expressed
as micronuclei in the cells treated with mitomycin C and caffeine. The size distribution of the micronuclei
suggested that the base-line frequency of micronuclei is mainly a reflection of mitotic dysfunctions rather
than chromosome structural aberrations.

Conditions for route and frequency of administration in the mouse micronucleus test were evaluated. Both
intraperitoneal injection and oral gavage were acceptable as routes of administration in this test. Double
dosing, with a 24 h interval and sampling 24 h after the second dosing, was the most sensitive protocol com-
pared to single, triple, or quadruple dosing protocols. The micronucleus test using bone marrow and periph-
eral blood from exposed rats was evaluated. It was concluded that the rat micronucleus test, using either

bone marrow or peripheral blood, can be used as an alternative to the mouse micronucleus test.

Keywords

micronucleus test, cytokinesis-block method, cultured Chinese hamster cells, rats

&

AR RN S B W Tt R R AR T E R 2 IR
D—DThb. /MEIHAEROREERE 257 RIET O
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- Cyt-B + Cyt-B

/

Cell division

Fig. 1 Schematic diagram of the principal mechanism of
micronucleated cells formation by a clastogen with and
without cytochalasin B (Cyt-B).

OB &R T -7z, E 612, BEMEDT->EEHL V5
FHRBCEZRIZT Yy MWL TWE 2D, T b
IR A LRI WA Z LB TE S
WP REEOR R AL ENTEREFHTH S
ZENDL, v MEHOWIIMEGRBOWME 217 - 7.

1. IEZLIEIESEHEZ AU S in vitro /%51 5%
DIRETS KUV E R B DERM

HAIZB W Tin vitro JefufR B EH R CHH S Tw
5T v A == AN AL —ili kAL T d 5 CHL
MRZE W, 2B E2ENT2-0ICHebNS
cytochalasin B (cyt-B) (& microfilament ® & 1 9 E
(Carter, 1967) T, HMBEOHHEZ HET LI D55
EBASE L 72 v (Wright and Hayflick, 1972) ® Tcyt-B = &
GRBRE T Z R L TWb & 1S 2 &7/
oML E 2%, TOZEND, cyt-B TUHE LY
&, BRFEETMIFRINTMRIE M FE-721
OOZHKOMIBE LCHlgEINS. —F, cyt-B T
LaWEEE, 1BO/MEE RO & MK R v
2oL %% (Fig.1). 2D X 92 cyt-B THLHT 2
LI ARMIEE ML LTERSITRITEZ
O TIEZ BT 52 L TL Y EBN R/ IEFEIME
DOFHMiAS U HEIZ 72 % (Fenech, 2000) .

1) Cytochalasin B (cyt-B) JULBEZAED B

F IR cytB ORILREORET 217> 72, CytBD
WL 2 L SR SOMBIT A1, 2, 3B L U4
HIBOSHE % Fig. 2a /R .

CytB ORI 2 5 < 375 1206w 2l (B CB
e L IER) oFEEGEL &Y, ZHITHE-> THEME
DEEHMETF L. L2aL, cytB 3ug/ml L EORET
X CBMiloE &M 29, L LAWAL72. CBAll

100

% frequency

Micronuclei/1000 CB cells

50 r

40 b

0 \/.\'/.
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10 |

0 1 J
0 5 10

Cytochalasin B (mg/ml)

Fig. 2 Effects of cytochalasin B on the frequency of CB cells and

% frequency

micronuclei. The cells were grown for 24hr in the pres-
ence of cytochalasin B. (a)Frequency of cells with one
(open circle), two (closed circle), three (closed trian-
gle), and four (open triangle) nuclei. (b)Frequency of
micronuclei in CB cells.

48

36
Incubation Time with cyt-B (hr)

0 12 24

Fig. 3 Relationship between the frequency of CB cells and cul-

ture time in the presence of 3ug/ml Cytochalasin B. Cells
with one (open circle), two (closed circle), three
(closed triangle), four (open triangle), five (closed

square) and six (open square) nuclei.
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Chromosome aberrations per cell
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Fig. 4 Dose-response relationship of the frequencies of micronuclei and chromosome aberrations.
(a) mitomycin C, (b) caffeine, (c¢) colcemid. Closed circle: micronuclei, open circle:
chromosome aberrations, open triangle: number of chromosome aberrations from which a
half number of exchange-type aberrations is subtracted.

O HBIHHE O I1Z cyt-B 3ug/ml LB 0 80.6 % T b
S, ZOMERIE, B MY YNRTOEEREE
(Fenech and Morley, 1985) (M UTH -7z, EHIC
cyt-B DBENFE L 7 5 & HEEMOE G725 A3 5
MAFED SNz, THOZ L XY BRIEED cyt-B IO
DREDBHET LI N ol. 72, cyt-BOEE

Bl b 31‘*U\J:0)1‘H1H@0)Hjﬁi)‘ 2oz L
L, D L) MBI HEAREIIEM 29, 3D
@fﬁlﬂﬂ’ﬂ’&‘;‘&fé‘bﬁf%)H%%“C“S%Lliblbi&%7275‘
o7z KRBT S CBMINE 1000 & 72 ) O /MED I
BUHEE 2 Fig. 2b 1R Y. /IMEO BB L cyt-B ©
BEEICED YD 2 < 10pug/ml £ TIEIF—EDfEZ R L7z,
oI EXY, cytBENAMKITMMEEEYE (Gefufhit
WERME) P eprashiz. DLEofEE Ly,
CHLAHLIZ A LT D cyt-B o Z EALFLEFE 13 2 ~ 3pg/ml
THALZENbhrolz. ZXY, UEOEERTO cyt-
B D& 3ug/ml & L7z,

R cyt-BALELRE ] OMES 2 175 7. Mild% cytB & &
DICHERLBHE1BIUO2ESSIZRUEOB %
FroMa o HIBE 0% 1L % Fig. 31K,

BRI L L 2B BBEEN LA L, Fh

WZhE S THBMIBEOBBEAA L7z, Ko 2o
MBI E O NT-DIZ 24 ~300EETH -7, LaL,
S0MFRI DL LR 2 Rl B &, 2A%MINE OB I3 R R
DIEEEL L LR L Tworz, E72, WIS
RN TP T2~ CThH oz, FRISHLT, B
R & & I3 EoMao IMBUEEAS LA L, 48
RFHIB R TIIEME ORI 50% 1 F TELZ. 512,
RBEGMARS RS L, SOIXEBOBE R OML» B

2ENDL LI ’73061"70);?53’]@?“65,%#9%,?:. oz
3, cyt-BIEMIIE 21, Mleas2 DI2h 23 % #i

ZHETLZHEMTHY, 1‘70)’\’” BHELZW D,

AN > THRER Y KT 72D EZ SN
(Wakata and Sasaki, 1987). L LRI D, 28415
DOWBLYE — 71324 ~30 M EHRTH L T &, cytBAL
fii’%i DEVWIFEAIT) 23 I 0w Elbhro

. Hw/: CHLMI O RS 258 12 IR TH B 2 &
%%‘Ké & 3B UL oML RS IR D 3 £ D 36 k¢ [H]
Bd7z) L DBEHFICHINT LI ENbhro7z. EOZ
L XD, FREEEEIE24RER & L7,

2) QRS INBUNUE & MZ B & o R

Fig. 4a, b, c IZZ N ZF N mitomycin C (MMC), caf
feine, colcemid THMLHLL7-& &, FefufkBH OB
BHRE & CB AL /N o HY BB BE 0 i BEAH BE P 0 L i

BT, JetfRRE B L OVMEOEER 1MEd - o
Bl UORL72, BetfRRE I3 ge kol 2 2R L
BWEEZLNTVWD X Yy TIdEDRD»-72. MMC
B X U caffeine TR L 7256, Getafhitim B X OVME
DBV ZR RS L 72 (Fig. 4a,b). T2 T,
NG D HIRFEESEE 1 0.024/cell TH V), YefafRk B D
HARSEESE 12 0.017/cellE HF D EDL S B WIZH D
53, MMC % caffeine TiE3¢ & 5 Je iR S5 O Fit
IEDEE D BIEENIEL kD, TOZLE, 120
Gt KW e 51 D D/ = AED LIRS 7\ (Evans et
al., 1959 ; Carrono and Heddle,1973) Z & CHIHTE %
L, 120/NEREBOREARH 2 H5ATWS &b
Abhb., £, ZORBEEEOBEIEORE DE
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Size of micronuclei relative to that of main nuclei

Fig. 5

Distribution of size of micronuclei in untreated control culture and cultures treated with mitomycin C

(MMC) , caffeine and colcemid. (a)untreated culture, (b) MMC 0.01 pg/ml, (¢c) MMC 0.1 pg/ml, (d)
colcemid 0.002 pg/ml, (e)colcemid 0.05 ug/ml, (f)caffeine 1mg/ml. Diameters of fifty micronuclei were

measured in each treatment.

i MMC @O F A% caffeine £ Y K&K o Twab., Thid
MMC & caffeine D553 % B ORI HE D 729 T,
MMC Z R IR D FH % % { % L 2 NI X caffeine
TIEE B I v, IS iR T ORI O A1,
MMC LB T 62.2 %, caffeine Ti314.3% TH o7, 4
o ARSI IR L, KRB SR T BRI & AR
LawnEZINTWT, ZOHEGITEGE M RSSHREIRE
D HTH 5 (Buckton et al, 1978; Heddle, 1965;
Seabright, 1978; Wolff, 1961) 723, Hett /- AAS il g
DY ERUT-REORE, BT 5 ki o¥ s
LTHICR L7 (&), Zogmfkii i o4l (L)
LINERR (@) & ILXTHAD L MMC & caffeine O
TN ol TOII LRI &L o T— Y
BARRE ENEONMBEEDEN DL L IICAZLD
(&, ZOMLFEWREICE > THE SN LGtk E ol L
EEIWCK BT LRI Nz, T2, TTITRLEE
P CIX 2 EORE 2 FE-> Ml EFNT, 13ELA
EOMIEA 1D DEE LR > Thhdo 27z, Hifl
WGtk o f & IMEDOFLE KL TA S &, MMC
JLBETU3H 30 % D Rt ARWT AV IME Z TR 5 & v )
WERICZ o572, LA L, Evans & (Evans et al., 1959)
B & ¥ Carrano & Heddle (Carrono and Heddle, 1973)
(T EBEBORRC X B Gt R IE O TR LML DT
L OB ORERIZENZFI60% & 70 % DGt ARW i A3
IMERTERT 5 LM LT T, SO RIE I OHME
EREREND A, 2, EEEREHRIC X 2 et iR
Friddetafhflo b oz A LT, LEWEICE DD

102

BRESERDOLDPIELAETH L7720, WIFDOKE
SO NGRS 2EENRLR D EPRE
GTERTHLEEZ LN

Colcemid 1 E #5555 DK % FLE UAINE 75 2L 10 e (i
KRORGEERTWHEE LTHMONTW A, Jefufk
O ERFIZIZEAEFE R L. LA L, in vivo D/h
KB Ccl3/ME2E58T 5. SROERD, kol
BRI E A LBO BN 1205, MRS
BRI L 72 (Fig. 4c). C OFEE X 0 Yefalk
ORISR 2RI TWEZTTldi , ROEoR 55k

ZRITWHLERNIIMINTE 22 b o7z,
Fig. 412/R STV 5 X ) IZH R OREE BRI W H

BLOHWREHEWETO/IMEFEFITRE L LB I
EITEMRY ZEMEZ R L, RRETH Z0EE W5
HZ R ERUEPBW LRI N

F72, TNENOMEYE TOMMI (BE0) Tl
IO BRBREE D3GR o BBHEE % Lol - Twh 7z,
DT L, JORORERTE R S TITMEPER S
NTwhbewn) ZeT, MUHTOMMIZIERTSHD
ILEEYE THEFR I N D X9 e getufRith Cld 7 { et
RORGEICE VY IR E N/ Qe ffRIic X B 2 EAVRE
WZ EAURIE E 7z (Wakata and Sasaki, 1987).

-
—

3) PEDKE SITBT % M

#EALFE, MMC 0.01 pg/ml, MMC 0.1 pg/ml, col-
cemid 0.002 pg/ml, colcemid 0.05 pg/ml, caffeine 1
mg/ml TR L 7= B L 72/ o ERITHTT 5K



& 8054 FNFNFig. 5a, b, c,d, e, fIZ/RT.

i, ThENOWI T L 72/% 50 18 % 51l
LEZOREEDGARRLIZDDTH S, MU CTHILEE
SNTMEDORE S D54 (Fig. 5a) 13H HIEEDIL S
Lo THMmLTWwiza, MMC 0.01% % \ix 0.1
pg/mlLEE T b DIZMLILD H DIZHEHRT/HIE VD[ D
B L A OB b B2 - 72 (Fig. 5b, ¢). T
MMC BRI & o THET B /MEIE Bt 5 R O o 12 Bk
TH5LDTHEH, HUHEOLDIZZ DX ) ZYtufko
WSS X o THE U2 gtk i & 1358 7% 5 b D2V
BobtthoTwbEzbhi, 72, KEED
colcemid CALEE (0.002 pg/ml) L7z¥AITHEL 72/
DA X054, NS A ZO/MNEORED LR
WL L T2 OO B O L FRIZIEVE DTH
o7z (Fig. 5d). ¥4 XHKE L THA L RE SO/
BT 5 DIE, colcemid 12 X A ¥tk 5w THEL 72
WY FE S NI R ERIVIME R T T B 7207282 bh
Tw% (Yamamoto and Kikuchi, 1980 ; Hogsted and
Karlsson, 1985). Z @ Z & X 1) HRFEEO/MMESHGSEM
DOREAEIZ X DR THEIC X 5 2 DB &t
IRIEE NI FEIRED colcemid L (0.05 pg/ml)
TIXEBIZKRERT A XM RYEEEDD X 51Tk
% (Fig. 5¢). SO XIHIZ, FEALTFHELDLS W
KRESOLOPHHAT L 00, TROREORES
X b D L% z2 57z (Wakata and Sasaki, 1987) .
¥ 72, caffeine TIZ MMC & FERIZH A4 XD/NE /M
7% < (Fig. 5f) ROAEMERFEICIZMTHL L
IR E 7.

In vitro /MERRBRIZ T AEER RS 20, EENZ
WEths e s Twb  (Kirsch-Volders et al., 2000) .

2. [Fo iE{E Az AL D /e BRI A DREY

1) =7 A/MERBRICE T 585 R X 5/ MESTE
ROAEDWH

IR TH D IMERER I B TR IR E & LTk
< v BT b Cyclophosphamide (CP) %<7 12
JERENT G- (ip) &2 WIEEOHRSG (po) L7z& &iF%
ENTIE % F o 2 Y E AR L ER O B % Table 11271775,
CP 5. 24 W RSB BA R A & VR 3 L /M & F5 0
LYV RIMER 2 G L 72, JEIENSE S TlE 50 mg/kg T
1.78 % O /NEMBBETH > 72D ITH L, po D50
mg/kg Ti20.59% TH 1) 100 mg/kg TIiX1.89% &, Il
UG- Tl ip Dl AVIMEF R B RER & o 7z,
LaL, HHfiic32E80EETcHhsb, PCER
MR /ME B R BIEE S 7z, ip @ 50 mg/kg 5
TI328.2%TH Y, pod 100 mg/kg %5 TIX20.8% &
M fEZ R L7z, CO/RKRLD, ipGOHBP %
BHRTIMERRDPBIR SN Z b ol Lo L,
CPIZFHMIL IR HMUEZRT T LEAMONT VLY

HThb. COL)RWEOYE#HENHR NS ipk
LCl/MEDBIZE W RE 2 IR HPADIR 225 2 & A%b»
o7z, FNIHL, pofk 5 TIHKAR TS T ) /MEFE
BB INLR VD, iphG L FH UREICEHICEEL
52 58%535 L ipk5 EABREO/MMIBBIE SN
LT Wb olzds, FDDITIZKEOHRGILET
7> (Wakata et al., 1989) .

C OWFZEIE 34 BB O L FAFTE & LT 171LEW & Hw
TATbN7z12TH 5%, &LEWIIo>wTozhth
D G-FEE T O/IMEFFEE & K L 7245 K % Table 212
Y.

Benzene % [ 3 XTOILEWT, MAELZ&S L7z
WEiZidpo L 0 ip DFAVMMEERHEIIR WD H H Vi
FRETH 728, HEERLZZNZTNOHRGEKTO
LD B3 5 HACHRE LS8 (Fz1E, pod
LD, %3200 mg/kg Tip ® LD, A%100mg/kg TdH - 7235
4, po T?100 mg/kg & ip TP 50 mg/kgld & HIZZFD
BHRBEMDO LDy D 1/28TH 5D T, LD fHIZXT 5
e LCikFE#EGEEE 2 %) Tk, 7/{b&WTpo L7
BE DR BB CIEERENRZONDL I E b o7z
(Hayashi et al., 1989). Z»Z & X1, in vivo/M%RER
B LTI 5RKIES T ) REEEN R, FE
FREEE L@ 23 5B %E SN Twa a1, %5
ROV AN 5T, [FREORE C/MEETRR
PHETELZ b o7z. L L, ip TlEBERED
Y THEL L, po XD /MEFHERIFKL 2 51LE
WAL AER L, B BR2EEWIL T L, FHN
po IR THLZ L LY, L5t iFip%
WAL I WEEZZ S5h.

2) =2 APMERERC I 2 £ 5- B3 % B

Methotrexate (MTX) # 1,23 X 04 mERENT 5-,
6, 24, 48 B L U° T2HEMIMA IS E BB HEAR L ER L (10
G TIX24RMEI L), MOFREZBELL. 20
#i % Fig. 6 12”7

12 5-CTld 16 mg/kg % 5 48 N [ £ 12 e KAl
0.50 % DA R IEHEFED RO b7z, 2E¥ES Tl
LI TEERG X ) B MERERRME O Nz F 72,
45Tk, K GED S BWMER R SN
A, RKFERE 220G LHTVEDLT, BHEL
% % LAtk < M TBISATRIC R Y, IMEDFE
FEAWTWA L7z, DLEofER LD, MTX 2485 %
% TET 2LV EARETIMIZRE L CHR
T 5 I LA A, B L E BHbh, &Ko
INEFRFIZRKRE RN SN o7, Tz,
Schmid 2V/MEREED 7o b a— v & L TRMICIZEL
72751 (Schmid, 1975) 1, 2WI¥5-# 0 6 B I18
BYLHETH LA, SHOMELY, 205 HD 24
BRI T 2B L D REDPR W Esb o 7.
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Table 1 Results of micronucleus test with cyclophosphamide administered by ip and po to CD-1 mice

Dose P po

(mg/kg) MNPCE (%) PCE (%) MNPCE (%) PCE (%)
Saline 0.03 = 0.05 (4) 495 0.7 0.05 = 0.06 (4) 46.1 3.2
25 0.42 = 0.13 (4) 35.8 = 5.6 nt nt
50 1.78 = 1.44 (4) 28.2+23 0.59 = 0.03 (4) 39.6 + 8.8
100 4.46 (1) 8821 1.89 = 0.88 (4) 20.4 + 4.2
200 na 2825 2.09 +0.17 (3) 10.7 = 2.2
400 nt nt 1.33 = 0.81 (3) 87+52

() : number of animals analyzed, nt : not tested, na: not analyzed because of too low frequency of PCE,
PCE: polychromatic erythrocyte, MNPCE: micronucleated polychromatic erythrocyte

Table 2 Comparative sensitivity of administration routes, intraperitoneal

injection and oral gavage, at same dosage

Sensitivity

Compounds

Dose (mg/kg)

Dose (% of LDy,

Nucleic acid analogs
Ara-C
6-MP
polycyclic hydrocarbons
B(a)P
DMBA
Aromatic amines
2AAF
Phenacetin
Alkylating agents
Cyclophosphamide
EMS
ENU
MMS
Cross-linking agents
MMC
Spindle poisons
Colchicine
Vincristine
Inorganic chemicals
KBrO,
K,CrO,
Miscellaneous
Benzene
Procarbazine

ip > po ip > po
ip = po ip <po
ip > po ip > po
ip > po ip < po
ip > po ip > po
ip = po ip=po
ip = po ip<po
ip = po ip = po
ip = po ip = po
ip > po ip < po
ip > po ip < po
ip > po ip > po
ip > po ip > po
ip = po ip < po
ip > po ip > po
ip < po ip < po
ip > po ip = po

Dose (mg/kg) :absolte dosage

Dose (% of LDy,) : relative dosage to LDg, in each administration route.
Ara-C: 1-B-arabinofuranosylcytosine, 6-MP: 6-mercaptopurine, B(a)P: benzola]
pyrene, DMBA: 7, 12-dimethylbenz[a]anthracene, 2AAF: 2-acetylaminofluo-
rene,.EMS: ethyl methanesulfonate, ENU: N-ethyl-N-nitrosourea, MMS:
methyl methanesulfonate, MMC: mitomycin C

MTXIZ2oWTiE, PLEOERLY, 1HES TE/MEO
FREVPFHNLOTH 25352 212X), WHhk
INEDFERPRDSEND T EDbroi.

Z OWFZEIE 33 B IC X % FMAFZE T 1L AWIZow
THRGABEERF LI BD12THSH. ZO111LE
Mo ZnZh o 5B TR S W72 /IMEHE TR O & il
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% Table 31Z/RT. F7, TNFhofbtEWTH LN
IEHERBEOREHEEZRTTHTRL, 2HFHOMHEEZ K
FTRLT.

ZORER, 2L TREMED 5 \VIE2FHFHITE W
AR e R TILEMR1ESL L, 1S & 4nis
TIRIZIFMETH o7, T2, 4mFEG5TlE2m&EL &
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Fig. 6 Mean Induction of micronucleated polychromatic erythro-

cytes treated with methotrexate. MNPCEs were counted
in 1000 PCE in the bone marrow cells of mice treated by
single, double or quadruple dosing.

Table 3 Effect of frequency of administration on micronucleus

induction
MNPCE (%)
Compounds Frequency of administration
1 2 4
5-FU 3.13 4.17 1.60
6-MP 5.74 8.45 11.8
Ara-C 5.12 4.18 7.26
DMBA 2.54 3.67 2.08
2AAF 1.16 1.63 0.63
Phenacetin 1.23 2.38 0.95
ENU 3.13 4.72 6.06
EMS 2.43 1.48 1.63
K,CrO, 0.93 0.85 0.80
Benzene 1.08 1.40 1.52
MTX 0.50 0.97 0.83

Maximum (bold underlined) and Second (bold) value in earh
chemical

5FU: 5-fluorouracil, 6-MP: 6-mercaptopurine, Ara-C: 1-B-arabinofu-
ranosylcytosine, DMBA: 7, 12-dimethylbenz[a] anthracene, 2AAF:
2-acetylaminofluorene, ENU: N-ethyl-N-nitrosourea, EMS: ethyl
methanesulfonate, MTX: methotrexate

DEVWINEFREEZRTLDOLH o 72hY, WIMETHTE
EPRTT S0, SOz O8RS AT 5
bONH o7 (CSGMT, 1990). F5-mEx#3 &1
BEDEMEIC Y, F-mModb s WHETRESEOR
ELBEHTIE %L, DEVEHNTIIEVI L25bho
7z, F72, MTX D X 9 7% 1 n$ 5 Tla/IME T 555
WYY R BEARVE IR (P55 48 eI f4) %Rk L 22 )
E, BHEREEZEON VLA TH > TH, 2k
o224 MBI A B /IEHRESBE SN 2 L
Bhhol, ThorFlddblk, A7) —=V 7
HLWEONGEFEFET N D720 0RERE LTI, 24
RERTIRE O 2 [P 5%, 24 WReR) B\ B BEAEA % /EHL L C
HETIIEEI W b hr o7z

3) 7 v MRV A/MEABOBE

[REEHEDT - i Z v 2T RBICB T 7 A
FHFEVHWONT, Ty PPHVWOLNLZENIETLEA
ETHBH., 2T, MRBRIZBNTE Ty FBHWS
NawreBEt Lz, BBbame LT, <7 AR
BT v MFSBESRD 5 Tw b 281L&1,
<7 A/MGABRGTETT v M TOREEIEAHO 6L
Wy, < ZMERBEET T v MIEIEEDTEED b T
W3 2{EEMB LT AL Ty b TIMERBRICBWT
MEDSHE SN T 5B 3ILAEYW (George et al., 1990;
Westmoreland and Gatehouse,1991; Meli and
Seeberg,1990) % # A 72 (Table 4).

INHOAEEWIZONTT v I & VE B & £l
M cIVEFREZ Wz 9, 9y boEiifiis
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Table 4 List of chemicals tested in the rat micronucleus assay

Mouse MN + ve rat carcinogens
Acetaldehyde
2-Acetylaminofluorene
p-Aminoazobenzene
o-Aminoazotoluene
Arsenic acid solution
Benzene
Benzidine
4-Chloro-o-phenylenediamine
Daunomycin
N, N-Diacetylbenzidine
1, 2-Dibromo-3-chloropropane

Oil orange SS
Phenacetin

1, 3-Propane sultone
Propylene oxide
Triethylenemelamine
Urethane

Mouse MN +ve chemicals

Azathioprine
Colchicine
5-Fluorouracil
6-Mercaptopurine

Diepoxybutane Methotrexate

Diethyl sulfate Vincristine

Ethy methanesulfonate

N-Ethyl-N-nitrosourea Mouse MN -ve carcinogens

Hydrazine Acrylonitrile

Nitrogen mustard 4, 4-Methylene bis (2-chloroaniline)

2-Methylaziridine

Methyl methanesulfonate Species difference reported chemicals

N-Methyl-N-nitrosourea Azobenzene

N-Methyl-N-nitro-N"nitrosoguanidine 1, 2-Dimethylhydrazine

N-Nitrosomorpholine Solvent yellow 14
50 60 o

Mean + SD (%) Mean £ SD (%)
40 50 mRat  0.064 =+ 0.065
mRat  0.123 £ 0.099 e 0.145 & 0.124

30 OMouse 0.203 + 0.213 40 e

M.@ N

01 02 03 04 05 06 07

MNPCE%
Fig. 7 Distribution of MNPCE frequencies in the solvent control
rats (the present study) and mice (CSGMT, 1986; 1990;
1992; Hayashi et al., 1989a; Morita et al., 1997) .

Frequency (%)

L ORMILIZ BV 5 HRISE O/ME % FEO WA AR LBk D
BIEZ Rz, Tno e~ AL L7248 % Fig. 7
B L U'Fig. 817

TR B /MR RO YBSRIMER DB IX, T
v NTO0.123%, <7 XA T0.203%, KIEIMIZBWTIZL,
5 v FT0.064%, 7 AT0145% E VT NDOGE
Ty bR ADRK1/2 L& h o7z SNERER L 721b A
WiZonTid, <=7 A FHiic s TR Sz o
ORSEEWTH LI L, Ty MEfiMii T4
bz AEEDLY 2L, FiiMELE H 2581
XTAL Ty NTHRIICEIE R L, &A% THH
LAVRENTz (Table5).

F-ChET, KWMIMEHCZEAE, AR

106

Frequency (%)

30} i
NJEE
i 11 11 1]

0 01 02 03 04 05 06 07

MNRET %

Fig. 8 Distribution of MNRET frequencies in untreated rats
(the present study) and mice (CSGMT, 1992; Morita et
al., 1997).

MM TELho 72 bW 4LEME <~ A0 1ILEW
WZHARD LS o288, 7 ATRRBREN TV AR WL
EWH %L, HEkT v b TEMEICZB W TMEE ok
MERDBEE SN B 72D Z DRI D e v= 7 2T M
NHHELBLERDRTVWBIEERE ZRB DA%
<, 7 v bOEWILT D T4/ MEH D M AT 6E 7%
ClERRL. Fe, MEFEERERIELTCAL L, /I
BB ROMIETIIRT 2 L7 AWHL, TTO
ILEMITBNWTT Yy PEFUD»EN-72. L, I
IRL72E 91T v b TIEME R FEo # R ER D B RSE
EFHEMENOT, I bu— e L TOHFREIC
WHT 2L, 3T ALY ELMEEFRT 2ILETHED
5 Z e bh oz (Table6).



Table 5 Rat and mouse micronucleus assay 39 chemicals with peripheral blood and bone marrow

Mouse Rat
PB BM PB BM
+ ND - + ND- + INC - + ND -
No. of Chemicals 24 14 1 28 6 5 31 3 4 34 1 4

PB: peripheral blood, BM; bone marrow, + ; positive, ND; no data, INC; linconclusive, —; negative

Table 6 Comparative sensitivity of rat and mouse micronucleus assay

Bone marrow Peripheral blood
Dose MNPCE Dose MNRET
Chemicals Species Route
(mg/kg) (%) (Fold) (mg/kg) (%) (Fold)
inc. inc.
p-Aminoazobenzene Rat ip 80 0.41 34 80 0.38 3.5
Mouse ip 150 0.70 5.0 150 1.14 8.1
0-Aminoazotoluene Rat ip 600 0.11 0.9 600 0.16 8.0
Mouse ip 400 0.60 3.0
Benzene Rat po 2000 2.34 16.7 2000 2.16 18.0
Mouse po 2000 2.75 34.4 2000 2.75 8.1
Diepoxybutane Rat po 144 4.00 22.2 144 0.78 26.0
Mouse po 72 8.68 36.2
Ethyl methanesulfonate Rat ip 300 1.36 45.3 300 0.75 12.5
Mouse ip 200 1.48 8.2
N-Ethyl-N-nitrosourea Rat ip 75 2.78 27.8 75 1.36 124
Mouse ip 100 7.85 60.4 50 3.78 11.8
5-Fluorouracil Rat ip 40 1.39 10.7 80 0.69 34.5
Mouse ip 50 3.13 24.1 50 2.54 18.1
Hydrazine Rat ip 75 0.58 2.8 12.5 0.15 2.5
Mouse ip 50 1.18 5.9
6-Mercaptopurine Rat ip 50 0.92 6.1 25 0.53 5.3
Mouse ip 50 6.98 27.9 25 2.9 7.3
MNNG Rat ip 100 1.20 4.0 100 0.75 3.75
Mouse ip 150 2.55 10.2 100 0.8 3.1
Nitrogen mustard Rat ip 2 3.24 23.5 2 0.66 7.5
Mouse” ip 2 717 29.6 2 4.98 21.4
1, 3-Propane sultone Rat ip 60 2.15 13.4 30 0.66 7.3
Mouse ip 72 1.92 11.3
Propylene oxide Rat ip 200 0.33 2.2 300 0.4 3.1
Mouse ip 300 0.53 8.8 300 0.4 6.7
Triethylenemelamine Rat ip 0.5 5.58 11.8 0.125 1.08 6.8
Mouse ip 1 7.52 32.7 1 6.64 66.4
Urethane Rat ip 1000 1.29 11.7 1000 1.6 40
Mouse 1000 3.28 16.4
Vincristine Rat ip 0.2 0.99 7.6 0.08 0.26 43
Mouse ip 0.125 11.68 89.8 0.25 4.34 54.3
Light shadow: frequency in mice was more than twice that in rats
Dark shadow: frequency in rats was more than twice that in mice
*MS/Ae strain mice
!ﬁt =R
TOZEIEY, o iEERERO B & TR b =
DT AT 2 % W REMEAVRIE S 7z (Wakata et al., GG AR % Bl % A CREEE O i R R
1998). THHH, HEMNETIEO R OREE &) Bl 2

RN D ) £ OERMEDMERT & 2o 7275, 4RI
L2 X D R/ T b in vivo TOH BEMINE &
IR E BN T LT 5 2 & TE B L9
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X% o7z, TOZT LTI, A% v 5 /MZRER
Yt KRB E RO DY & 2 M DH 5 2 L AUR
sz, F72, MMERBRICT v bR HWVWE I ENTES
ERENSZZEICEY, thoEmaEE oY &
KaRBIZT v 2 WA EHERZR L.

Bl 3

In vitro /MERERDOIFZEIE, FHEB R AT B 7€ ~
7 — DA RIEREIZDO D L2 mARRERERZ2 22 C
THE Il o 2RI R < v, Eoa %52 TH
&, ZLOMEEEZT O LA 0TY. 220
JOEHHRELETFEST. 7 ABLT v bRV
R OB, APEEMMSHFFES O RO —5
L LTI TNz OTH ) JLFBIZEE OEHOMH ) %
LTI LIS o7 b DT, RifEz D 512472
> CEHL OB R TAE F U7z = 37 B 38 i A i g A F g
BT ME#RE, 7927V - 23227 54 A& &
FHAE R L 20 & DN H ARBREEAZ R 422, MMSHF%E 4,
IGIERBFZE 7V — 7 (JEMS/MMS- CSGMT) D44k
WIRCEHHE L ET. AR ITO XH720 % D)
NEMEEATEES T L, IhZNEERKST KB
Z, WTFAY, TEXET, B0, HHNEEIL,
ARIFHFE TR CIEHBL £, 2R 53
FTRXIODILHIREHE ¥ Lz, MELTRE
WEZ R, WILR B R It i AR R e B
2, SR MR ER %%, Aok 8 EB B ICH
CREHEL 7.
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