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IME:
MMC:

MNed:
MNNG:
MNU:
OECD:
PBS:
RET:
TUNEL:

aberrant crypt foci

acridine orange

bone marrow

bromodeoxyuridine

conventional

conventionalized

4',6-diamidino-2-phenylindole dihydrochloride
1,2-dimethylhydrazine dihydrochloride [CAS 5 §k% & 306-37-6]
1,1-dimethylhydrazine hydrochloride [CAS %5 593-82-8]
dimethyl sulfoxide

ethylenediaminetetraacetic acid

5-ethynyl-2'-deoxyuridine

germ-free

Hanks’ balanced salt solution

International Conference on Harmonisation of Technical Requirement for
Registration of Pharmaceutical for Human Use

immature erythrocytes

mitomycin C [CAS &% 5 50-07-7]

micronucleus

micronucleated

N-methyl-N"-nitro-N-nitrosoguanidine [CAS & &k 75 70-25-7]
N-methyl-N-nitrosourea [CAS &% = 684-93-5]

Organisation for Economic Co-operation and Development
phosphate buffered saline

reticulocyte

terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end

labeling



ORENZBWNT, B 56 FELIEIER D b v 72 5D TV D OIZEME Ay, 23
N THD[1], MAFEIZEGTAERICIZ, BF. X2 01E), BEFOYER
TR (RIMR. B ORER) . (L EER (e, B3R, KK - W1 -
TEEPICEENDTEYMEEI L DGR . AT RIEIN (T 4 L A0/, AR
HOREG) BNETF LN, ELICINOICEENERSCMNRR ENEETLEEZD
NTWD[2] MAALOIHNIZIZ, ZNHD U AT KT E2ED RS 2 & NEETZN,
EEERSIB IR S ClEay e — U RNRECH D, — 7. BB, T
ICEEIZ RN A0 2 LR EEDLRT Vv VERT NG T L,
a2 9 5 WE OIRE 2 ISR 2 RE LD TH S, EFMENN AT
DRI, WS ODDORBENRH D EEZ LN TWVWD, —DIXZEMH T, BT
DAETH 2 DNA 2 EIRD L 9 2 EE THEOW TR Z BB T HARLE N X 5
F A BEHEAHEZS E LIS, RAICEEOBRTHAER L TR
HREANIEL L, & BICEM LTS 2 LI X 0 DA EITTH L0 D TH D
[3], 7. DNA #EEZEEHE DI 2D Tid7e <, DNA A F /b R b > OEARIC K
DELRTREEZZNMNIELIZ T =T 4 v 7 REL B D ALICEG LTS Z &
WoroTWBH[4], R, ZHROBEFERN—EOARX I TRZIS71ER]Y
TIAENWIBGENRWE S, SR TITHA TE R VWAMICHIET 2 X5 7
DADRKD—2>ThH LHAREEME S HME L TWD [5],

NAIEDB E 4 & 70 DB T HRE RSP R RE 2 FRT IR T v vk
FowE (&amEWE) 2T 57208 R NN EaEm AR (ZR
JEMERER) CTH D, BinmlEE ZBRFEHD 2 FBEOHENH O LILTWDH N, —fi%
PNZBBEEEO TN X VIRIANERGEEWRT HHFETH Y | & RIFIEITES 72298
BH LY ROREERFIZRE L THWLD Z EREV, RFHmILTIE DNA 5
MLMEE T ENOLUBERAIE L CEmHmEE WD Z L35, BianmtEiRl
BRIZ13 in vitro 38 X W in vivo DR H U | LM IR E OB a@EtE ) A
J OHFEEZFMMCEDZ b, BBPAMETHO—RAZ Y —=27L L THWS
TS, FHOERLALFYE, EESING, B, BRRny-omeerk s %
BT D8R0 BEREAAEN) SOREICELTZ, RRIEVA RIA4 VR EES
NTEY, ABRERORBHAMNATHS, 1| DO THEDSAMIZEET 53T
DT EZ BT A2 T LW D, BEORELZ AW, invitro B
KX Winvivo BREBROMEFIC L 23R (N7 U —ik) OoFEEzMELELTWD, &
G OBEAZFMERBR A A K 4 > International Conference on Harmonisation (ICH)
guidance S2 (R1) [6] DIEHER 72k A S Y (EYE N YT U —) (X, 25D F 7 v 3
YRBDH, ATV ar 1iE, () MEEAOCEEFERERERET D THEE
W D18 IR 22588 Baklin (= — 2 Z5ABR) |, Q) 1 ZHEMWMILZ WD invitro 3Rk,



BEIO Q) FolHZ MWD in vivo ERT, A7 a2, QDB VIZG)D
in vivo iRBR % 2 FEFADO R /A2 W TER T A/ HETH D, Table 112
F e frE R —E 2T,

Table 1. Existing main genotoxicity tests.

Endpoints for assessment of genotoxicity
Gene mutation Chromosomal aberration | DNA damage
Bacteria Ames test — Rec assay
,§ Hprt gene Chromosomal aberration
-~ .
Mammalian : :
S . mutation assay test/ Micronucleus test UDS test
cell lines .
Mouse lymphoma Tk gene mutation assay
Erythrocyte
. Comet assay
S . micronucleus test
2 . Transgenic rodent
= Animals ) Bone marrow
S gene mutation assay .
chromosomal aberration UDS test
test

TIELEMWRIE Z D in vitro 3R & U CIE. Y ABEEMEZ T 5 Y a kR
WRbR, MERER, BLOYRERBEMN BB TRERER RN T A~ TR T
#+—< Tk iBER DO W TN DHIEERNCH OBV D, Invitro TElsEMEEZ R L, in vivo
CTRIEHEREOILAENFET H 2 L. BRXOBEEEOFmIZ, WX, 551,
R L OB 72 EOBER 2N LIeRBRIELZ M D EDREE LW &6, in
vivo B MERER RSN Z 5TV D, Invivo ilBRIT, KM E L <
(X EBET OIRMERD /N FE T2 T F I3 2 o AP R O Ye B AR B oWy
DEHlOxGe s U CH—ITEIRIN D, /MR TR, RBROMERE 12 Tk
SEWIBEFE LRI TEZ 2RREMENH D720, BRI > EEH O & M 2 H v
LGRS N BTV D,

i > B EH O MR E 2 N B /SRR ER I, AR 0 R DOIEFE 72 IR FEER A Rl kG &
LR TH 57, 8], RIFEKIL, E RS & Fe 0 Al AR E N AR E TEEOM
fEzRBG TGN, P NVRNES THHZ L, -, BHAHEOLAEE
BEMiAE U CONED BB IRIMERFNZ IR D720, BIENRS THHZ b, WM
NE<, BEELICE LZHABRTH D, IOIC, LHRWE ORI FHRIE 2 R
HTEIEFITENTZRBRTH S, L, ALEWEOPIZITRIES BN T8,
BHNE, T TREEEIL SN TARLEIZR Y, FRiICEZELEWNS DR H 5,



BIREME O L) e f I IL, IS E2E T OWEO B~ ORE L 0B ET 5 0E
BNHD, ZD=, 2 DHD invivo iRER (B > K in vivo i5R) O FHlxF Shgas i3,
FEFTRE M T B TR B R POBER ZEE L OBIRT X L InTW5,
Flo, BADY X7 FHIIZIB T DRAELO BEALTT  (weight of evidence) DBLEN G |
N AEERINRER I C 31T 2 BEHEFMMIEETH 5,

HRELIAN Olifas 2 sl R E T 5B E LTUTO XS e FENHBE SN TE
776

@O Afli&. B OAREH DNA AR (UDS) #RB&[9,10]

@ = A > FRRBA[11]

@ N7 ATV =7 8WE D BE 2R BB [12]

@ DNA PR % 9~ 2 5A8R[13, 14]

© JFhg. Wihg, FRg. . BRELSN Ol & N D/ MZEEBR[15-18]

ZDHH, QO@ITFEEMIZ LA FEles 2 i xR ETHENTE D, £,
Jihigk UDS &, i HEoax v MBI O N7 AV ==y JEE AV 5
BRIX OECD A R A AMbENTW5D, 7272, Bh Y RNinvivo il & LT
[ZITF> DNA $HEIEr 2 M3 258k (2 2 v FlBR) D T b, 1BEE
T OMRHTBE DBLS ) B FIIIRRCE L7k e B2 o b0 Th D,

—J7. B MZBIFDEINRADOHF T, KIBENRARLED AT BRI RN
WA TH 5H[19,20], WHO OFFXTiE, 20184 (Tl . KRIFEDSADORERIL 4
L, FECRIT 3 A0, HORATREE 6 L, JETE S THDH[19], HATIE, 2018
B (Bt Z2—TH0) . RKIBRAOREEIT 1AL, BT 2 6, B2 ATHREEK
2, FETSEK 3 AL TH H[20], FRITHENGS AT, 1960 AEREENSEIMLTHY |
BAETOBKIENRKRE RERO—2LEZ LN TWDH[21], £/, BHAAIL 1990 4
REPEETIHRHECERN I ThHoTn, ZHIEEWESEREDORE (BEORNA
TaEt—va MNEH) BREVEZZBILDH[22,23], D%, FEERIFIIVH D
WIRIBME 23 S 2 723, KR E L THRRLEERD Bz 5D Tn5, b hOBAEIRIZE
WL I IR DRI 2L Ch Y . MbEoR Ty Hidkns L=
WV DS EREE TN T 2 AL TH D, BERICE O THLFRNBAME D
N-methyl-N'"-nitro-N-nitrosoguanidine (MNNG) O O#GIZLV ., v FOFHITH A
NEAETDHZERRESNTWDB[24], £, FFlETHRBFmEHEILEIN D
1,2-dimethylhydrazine dihydrochloride (DMH) (%, F o IZIHB W TEITHEBITH A
EHEETDHIENMONTNDH[25-28], S5, BMOBETETENLAERT D~
TaY AT 7T IVIEKRBNAREDOERE 72D 2 L RHAE STV 5H[29,
30], 7 v MCKRBORIEZFHHE LTZIRE TILERDAWE 2 545 &L, BEMks
[, BAAEBINET D EOHRELH DH[31,32], 2D LI, HWLEEZX—F7 >
Ne LIERNAWENGFIET D 00, HEEICK T 28EEEY 27 00X
HETHDLEEZD,



LA 2 3l 5 & 4% invivo iRBR E L CiE, ER L7z X 912 DNA 244K H
T5aAy NlBROBLFRAREREZBRET A N7 oAV o=y 78 E V53
BRSEYEL STV D DS, Z O OFRERITIEBENIEE L THREINTEHEDOTHY
LB OREMELZFHNT 5720 O ERIE L L UIEE(LS L TW vy, ZOH T,
/NZRBRIE. UDS 3B 32P-AR A N T ~ULiE L 1T R Y | B MR R 2 5
272 < . FT2. DNA IR HEICHWS LC/MS/MS O X 9 IZFERIZp 56w & 3 b
P, — O EBRE CYLARESS O A THEM ATEE/ B Th 5, Fig. 1 1T/ MEARERF
R L O, Yt KB AT DA 2 SOOI /2 5 BRI B R & £
To IR WY AR N MG R TR D 2 DL INEIT R R E OfRIE L 72 5,
Yeta R BIIN AR D2 AZFLH S v, FRICH A OB & LISV BER &
HEWVDITWAD[33-37], £7o. /DEZIE, BLEREF I~ T RBRF 23 & < [7,
38]. BIENHINMICES THLZ Lnn, /IMEETEE & U sBi skl L7
FIETHD, oI, DMERBIL, REEROEERTEZF BT OIMWEDOHRR LT,
ISR L EA O X 9 Yk OO R 25 & 2 T8 (BEEHERYE)
LRHATEETH D, IMEEBET 2581, DREGOMRE R ET D ENNLE
ThH DD, IER MRSy 2 0 =TV I MEBIE D v RE i Th D LB X
bib, £ T, KEFFETIE, FTowEOHLEEZH WD /IERBRIEZHE L, £
DEMMEZRF T2 & & L,

Daughter cells
0 8 Y

i_‘i‘i’l‘jt_"fi_;‘i’i‘f’i’i‘i‘i’_i - Q@
L e

Chromosome

, Chromosome
Metaphase °°2°"  Anaphase fragment Telophase

Micronucleus

Fig.1. Induction of micronuclei in somatic cells.

F1ETIE, v AW, #EGO/ZBLIERZE L7 AN 2 15 2 FIE & et
L. Bl e/ MERBRIEZBRZE LT, TR, WO BUMBIEAZ T, /IEa
Tof% 55 [pyknotic nuclei, fragmented (karyorrhectic) nuclei, micronuclei] % f& Hi 7~ 5 7k
BRI T dd o 72[39-4517%, FHAMEA CIIMIR | Wik 281523 572, 74 h—
AL/ EDXBINHEH L < BT LS /IMEERMED EfMERHIEN TE R T,
LUK L, #ifk & ERGHNE & BifEd 2 9715 TiE, Mlle 2R (whole cell) D#I%2
MDARETHDHZ Enn, L IEERHENAREE S 27, £ C, #ilp LRz



HEEL COMIREMIREZ BT 28 e FEEBR L, 3 EOET VLEY, T
RO BIEG AN & T DN AWE TH S DMH, B 3/ MERRER TRy & LTI
S, fE I Y R B 23579 5 2 & ZBEICHERE L TV % mitomycin C (MMC)
[46]8 L UG A AZEA & LR WIS AW'E O 1,1-dimethylhydrazine hydrochloride
(1,1-DMH) [47]1Z W T /MEFB I M 2 f i TRt 3 23R 2 O Bt 70 7 — &% %45
72[48].

%2 BT, LRRFEAMOEBEICEINBEE L, #IBAIERN &35 3 fEHOER
FHMEWE DMH, MMC 3 X T N-methyl-N-nitrosourea (MNU) [49]% H\V 7= A BRiE
DY F—a &3 Lz, BN 5 TR A Ehi L7ofER, WThogRgT
3 bEW & HITHBMED & DEMEORE RN G B, A/NEERBRED W & ER) &
T OEEEEME ORI AE R FIETH D Z & ZRHEE L 72[50],

H3ETIE, v U AT LB MERABRO FIEEZ, 7> NORE B IO
EHOWD/IERBRR RS, Ty MI—REERBRE X LD, Fa 0ett
AEBRIZBWTHWLATW2EMRETHY . 7 h~DREENTEUL, B
ER—EE W TEEO = RARA > b ZFRIFFCFHMEARE S 720 | AR A
IR FREE 72D, I BT, F—8WE HW=RBRoEic L v . EEREmEE
WOTZENTE, BRI LERTE 22800, 7 v N TOMEE/MERER
ROMSIITEE LB 272, HiX, ROBRINWE N EEEMT 25 THDH 2
EMG ., RN RERICERE LEHOE, AR SIS WIE, H 50T
BEOLIICTEAY TH Y B CORBIEANH LWWEORHMEICER & E 2 b
%, £ ZTC, BIEE TICHRE L~ U A RGO BEFMaRBUE 2 S H L, Hizic 7
v MREEZHOD/IERBRIEEZHRE L, ToWEOTITRIE & REN G505,
@ bR TRER S LD RTB ISR L, IRBE X, AL s BRI IS & 7297 B e
H7a0 . RREICHLE FOFICEHBEIL TWAZ 0 bIRE 2 e Lz, B
EREH) L9 53N AW MNU B L TU'MNNG Z v, BEEO&REICEY 7~ MR
BICBW ONMBEE DN E R CTE 52 2R L, -, KBEENET5
ENAWE DMH OREGICEY ., 7y FEBICBWTH/MEFREZ R TE 5 2
& ZHERS LT [51],

FBATETIE, R LT v MEB/IERBREZIGH L, KIBERPADA = xz—
g VBB BV TIBNMIE O KIFTHEICHOWTHRH Lz, B FOBNICIZSES
BRZHIEDFE L TRV | Wb & OAITE FEOAFLZR R EFEHERFICEZETH 5,
LU, 5, IBRMEN KR AZ S~ OELERBICEb- T0nsZ 8 b
6N o2 dh H[52-54], @HE OENE#EZFF27 > ME, DMH IZ X % KA
A DFEHERSOIME . B D WIIRTISAIRZ T 5 Aberrant Crypt Foci (ACF) o H
FENERE T v MR TE W EORENH H[54-58], AL, BHPNHIEE A KAGFE A
AIBRRIZIBWN T, BB ARCHIN ATRE DRI )b > TNADH Z L EZR LTV D,
L2 L. ACF JERIZHENT - TR 238 E ORI IZ I\ T DNA {500 kL



AR S TN O PEAICRE L B 2 BAE DOV TS TII W, F 2T,
WHZ Y FBEIOERE Ty MIBE T v FOBNMEEEE ST Y b GBEFAL
Z v )2 DMH % HE# 5 L #5235 2 DNARES L OVIMEB T E <7,
FIREIC, 7K b — 3 R 7 5 QNS MR AT ML 2 L U B PO 3 O R TR K
FF 5 BT L 72 [59].

TRHORIC LY | R H BT D MR E G A i SR AT RE et
BRRASHEST L7 2 L S72 0 | LA VR & 72 2 568 AV RS AR 2 B 2 A
EREEDLOLERD, DTOECBNTENENORBIEL MR T 5 &
LHIT, FEROFHE, BRICOWTER L, HLE/MERBROA FPEIC SV Tk~
Do



&
i

~ U Al L B 2 T 2 MR ER 0 B 7

ARIEIILL T OB L ORBET —Z TSN TWET,
KILY A F., sz <o A5 B2 A5 /el BR 5. Environ. Mut. Res.
Commun., 17, 265-269 (1996).



I-1 [ZL®HIZ

fEilsid, B MZBW TR ADRBRSLIET RO EWEMLTH D [19,20], FEMIZI T
LHEEEEWE OMECEREEY A7 OFHIITEZE TH 5, BBV T/MEET
PEA R 2B & LT, 16Kk, /il OMBIEAR 2 W2 FER TR TH Y [39-43],
I B/ & E e B B [pyknotic nuclei, fragmented (karyorrhectic) nuclei,
micronuclei] Z T 53R ThH > 7o, ENAWEKR G 24 Rtk E Tlce—27 L2 %
BZEE L, RS 2B T DN AME L HBE T 2RI TH 5705, pyknotic nuclei &
karyorrhectic nuclei 1%, MR/ Z%IZE U5 micronuclei (/MZ) LIZHE7Z2D . 7K b
—VAD—HMETH D Z 0N RITHE S, BinErE & 1T ERR & Sv72[60], Ak
RO AT 1 Wi 2827 5720, 7T LH IEfERHENTE 5 EIIRL 72
W, ZAUTRE LR & Rz Al A B U CElEE 9 5 1A T MR 444 (whole cell)
DBIEENFIRETH L Z LD, LU EMRHEEICHE L TWD, £ 2T, HEEmn s H
W/ MR AR T 2 & & LT, Wl BRI o BiEEE & L Cid, Rl & f et
HINZHIR S (R 7 L—") FEPIHE ZMOT 5715, 25 0iEF L— MR L
BUZ KD TFIEFRH H[61-6415, WT N HAIFERIERIORNE DO TH D | ALFEWHED
LM T D 72O ORERE & L TiE, EAE, EEIZITE - Ty, WEE
FIEZ T TIEZ L OMIaZ NTANTIZT 50138 L < | BER A OGS 1M ai 2 5
DIFRLTNENIT AT y bBH LD, FL— NS Z LI LTz, ZHET
2. fESEBA%E L7= % L — KAl ethylenediaminetetraacetic acid (EDTA) (2K D~ &
I b B R B BEA (6512 -V T KIBZARA & 28N AME MNNG 3 LU DMH,
752 5 NTE B/ MERBR OB I E L TR S D MMC O GIZX Y | <7 Rl
THRAKRRFE ZMHTE 5 2 & 2 HAREZ RIA 722 Tl L7246, 66, 67], Geta
ROBIZZITMA AP HNIR SN D Z LG, w7 iR O RO 23 L < | £
BRI A BT 5, — ., IMEITR AR R T IT ~ H rTRBRF R 23 R <L BRI
HICBIENRS Th D, 2T, ZOFELZREL, v U A C/MEEBlET 5/
BRI Z B Lo, /IMEE, R EIRGERICH L TCMICAELD Z &b, /b
AR MEORMICIX, @Y7 IR ERET DI ENEETH D, MimT
X, 7 U7 NEEIZ B 5 o S T A UTe ERGIR S = 2 95 L— & — U & e
L B o, o TEBEM O RBEST S (Fig. 2). To W T, & L
O turnover |% 3-4 H & STV 568, 69],



Colon
Cecum 1

Fig. 2. Structure and cell kinetics of the colon.

F 72, Wargovich 5[4011%. KIBZEIER & T HRDBAME TH S DMH 2~ 7 ATH
MG Uiz & & /G ClEi 5% — Blas R i S, &5 96 et £ Cizml
"TLZLa2BELTVD, o T, #BRWE DRI G 72-96 RFE 2 (2615 2 £
L. HSEL 7= BRI 2 BT IS ISR RIN T & 5 L B 2, AT, Hh
1 IZBWT, MBI ERETE 28T 52 & 2R L TS DMH & 50
MMC %~ U A ZHAE G L, #5572 3 LT 96 REI#&IZHERE C O/ IMEZSEE O H N %
BHITE 20 E 02 A Lin, KIT. %52 123\ T, DMH I & 5 51/ M o
PR bR L OH ERGFEOMRZIT O & & HIT, KIFM/MESEE &[RRI, &
BE~DRB AN L=, £7-. DMH OREERMER (Fig. 3) T, #BEEME L
FENAME 1,1-DMH Z W TRBROfFHT 217\ KRBRIEOR R WlEIck T %
B PRI OME &M L HIET B 2 &) 1SN TR LT,

DMH 1,1-DMH

CH,
~
CH;-NH-NH-CH; * 2Hcl N - NH, * HCl
i
CH,

Fig. 3. Chemical formulae of DMH and 1,1-DMH
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1-2  SEBR L

1-2-1  fEHEY

Sle:CDI(ICR)~ U A (HARx= A= )L —(), HE, 8 Hiks (5-6 UL #E) % Hu iz,
FAEHI RS CH D MF (U = U ZOVERRHIREY) | OB KIZKEAK Z HV, 22
NHBER S, EBX, V7 ov SRR B ERE RS ORREST
1T-72,

1-2-2 ALEWME L VEY~DE G-
1-2-2-1 Bk 1

DMH [306-37-6113 Btk T3 ME 2 F 72, 1 mM EDTA (3% L 7-1% . NaOH T
pH 6.5 I\ZFHHFE L., FIEDRE £ CHREECEBAN L=, 0 (&S . 10, 20, 30,
40mg/10mL/kg body weight (UL T body weight |24 W) o & CHEFENIC 1 BI#EE L.
572 3 J N6 IRF[#] 1 (Tt i 2 BREX L 72, DMH (3 2 SRt 2 5 L T ¥ (40 mg/kg
X7V —fR L& L TIEH 20 mgkg [ZFH% T 5, MMC [50-07-7)1 X FnsBEfR S (=4 &
~A U S, 2mg Sl A T A Tz, B SCEIZAEVY, 0.4 mg/mL DR
(2R TS 7R B K CHsfig LT 1% , AEBR R CRTE ORI £ CTEFEA IR L7, 0 (&
B, 0.5, 1. 2. 4 mg/10 mL/kg O & THEENIZ 1 [BlEE L, &5 72 FE#Z ISR
AR L T2, WINOWE &G ESHITRE LT,

1-2-2-2 5Bk 2

DMH (% 1-2-2-1 BHC/R L2 HIETEM L, 0 (D . 10, 20, 30 mg/10mL/kg D H

BCHEFENIC | &5 Uiz, fEGIERE- 24, 48, 72, 96, 120 FFREI#4IC, RKAYIMmIZ 0
(BEH-ERAD . 24, 48, 72, 96 KfEIZ IC RBENRD A9 10 pL £HH L 7=,

A IER L LAAWRENAME 1,1-DMH[593-82-8] (R AU{bAak TMEL) 1%, AF
BHIRIZEARE L. 0 AL | 25, 50, 100 mg/10mL/kg O H & THEFENIC 1 &5 LT,
Tl 3% G- 24, 48, 72 BL N 96 BFERIZ, RMIMIT 0 (B 5ERT) . 24, 48, 72 F
M ICEREL L 7o, ~ 7 A REEN 5D LDso 28 125 mglkg & O#WENRH H Z L[47]005
T X VIRV 100 mgkg ZikmHEE LT,

1-2-3 A5 H5 E BRI o0 BB S 2 N 7o /IMEZAE AR & 122

~ U ALSAMERL I L 0 LESE S B, i PR AR L, WEME U ik
Bk (PBS) TErEL-th, BEEZEK LTI T A (HE4-5mm) ([JEFHBEEA]
THEE L7 (Fig.4), ImM EDTA /'~ 7 % 7 A« IV 7 ARG PBS IR & ANiLT-
ARBRE O RICEIR L7 BB 2R L, 30°C, 15 0FFE Li=tk, 3 007 A a RE) <
T IV T M EBER LT, ZOBEETIEZ ) 7 FOEEREELTWD L ONRZ N9,
SHICERYT 4 7LV 7 ) S MLz, #9170 g (1000 rpm) T 5 4rfElizE
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D%, Ml ZED, 23 mL O PBSIZME L., B Xy T 4 7, K LIZEER (A

Z ) —VICHEE % 0.5%DEIE TIRE L2 T20 430 EEE L, BEERZ 2 AR

@L DEOH LWEERICHIEZ BB L, A7 A K77 A2 2-3 % T L. airdry
THERZER U, EARTEBSEE TR CRIEFEL,

%E%EH# |Z acridine orange (AO, Calbiochem-Novabiochem Co., San Diego, CA, USA) (40
uwmoéﬁﬁimlzﬁ%Tb T N— 7 Z X, aORBMEE (600 £5) & H
. IBJAbiEE (490 nm) T CHifm BRI Z 8152 LT, EARITT XTSI L, ABis%
#ﬁAﬂ%&wh ETHBIZE LT, ~ U A LEERY7-0 #2000 {# (55 1) F£721% 1000
& (% 2) offaz@iz L, MMERGMROBEELZBE LT,

BlExrgiaix, OMREZREL TR, OFMENLREITE T, @FEZOEEK
DB THL LD, £z, OMENER > T RWH D L Lc, /MEOHEILEIX
DOFEERUEAVEEEZELTNDS, QEENTED IR UTTHD, @E#&&
LTV R— /U ERNDO S DIF/MEERZ N L & LT,

1-2-4 1707 MER] OFR B
INEAEANERRICR IR L T2 7 U 7 S O—E & 45%EE T 30 rEE L (Fig. 4), @
HLiELLTIZ VT MeBEdi=z, 1% T b4 res v 2bBEEMZ TREL, AT7A
K7 T A B2 12 F Uiz, KEHEEEAIZ N2 THNR—T T R efitd, @<L
ODSLTEARE L (UUTF, 7V MEKREFT), JLFBEMEE (400 %) 12T 1 fEE
W DKI 100 D 7 U7 MZOWT, Fig. 5 OAKITRT X 512, 52 i~ &8
EBEL, 7V 7 MY O EEET D Z LI IEEARVERIEE O
15 BRI D 7y SHEB) DIRREDFERE & LTz,
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Reversed colon
on the glass rod

Incubation in the
EDTA solution at
30°C for 15 min

o

g

Dispersion to single cells
by pipetting, and fixation
with MeOH containing
0.5% acetic acid

U

Staining with AO
(micronucleated cells)

Isolated crypts

Fixation with 45% acetic
acid

b

\ s.. ’

- S &

Wt‘ . a
NS~

Staining with 1% acetic
orcein (crypt preparation)

J

Fig. 4. Preparation for the analysis of micronucleated cells and mitotic cells of the colon.

1-2-5 KA/ IMEREARDOVERL & #8152

WO DOIFE[TONHEN, A0 ZBAA LT AT A N7 T A LICEREL L 7= KA1 oo —#5
ERTF L. D= T TR ENT TERL Uiz, EARIIT TS L, ANy
PABZRURFE TEIZR Lz, HOBEMEE (600 f%) Z vy, IBbE (490 nm) FIZ T,
~ A 1 EIRYS 720 5 1000 [HONERMEREBEL L, /IMEEBRA T 2 ERMERD

BEE 2 RE LT,

1-2-6  #HEHHRE
RIS RREE CRES MO 1L 0 M)

E R E B S5 REOM O BT OV T,

F-test 12X 0 8ot 2470, 58 OEE1T Student’s t-test, RESEOEE X
Aspin-Welch DFE 517> 7 (Excel 2013),
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1-3 EERR

1-3-1 3B 1

~ U AfEM BRI O/ IMERA MO T E % Fig. 512, 7 U 7 MEARZ% Fig. 6 IR
+.

DMH #¢5- 72 35 OV 96 FEf#& 312, 20 38 L UY 30 mg/kg R 0D /)N A FE | T VA Ik B,
IZHERTHEIZHEM L, HEERMAEDRRD 57 (Fig. 7a, b), 40 mg/kg #ETIiL, 96
ﬁ%%@ﬁimn@mﬁ WARTIKMETH -T2, 7 V7 MEROBIENS, 5 72
BEM# D 40 mg/kg BEICEK T 527 U 7 24720 O SRS IA B BRI Hh X
THEIKL , MR o I 23580 i, 96 R4 12135 Z5MIaE O [EIE A3 2 5
Ay TAUSES T/MEBEE S 72 KRR IS~ TN L, /@iﬁ‘;xﬂﬁﬂi IZHANEEICE
VMEZ R L=,

MMC #4572 FffE#& 2B\ T, HEKFR R/ MEHE OHIMARD b, 4 mgkg
BE IR BRI R THE RIS L7 (Fig. 8), 7)7Fﬁ$®ﬁﬁ#6 oy 5
AT WO AERHIZIB W T HIRBERH R LR THE K T IEERD b i)

ST,

Fig. 5. Micronucleated cells in the colon of mice.

Fig. 6. Crypt preparations. Magnification; 100x (left), 1000x (right), mitotic cells (circle).
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MNed cell frequency (%)

(a) DMH (72h) (b) DMH (96h)

3 3 » x 3
o
s 2
2 25 S 2
I | 1 g g |
I e = il *k
1 * % * 1 %= "8 1 " e
s 3
a 0 i U a B 1
0 | mm 0 = | mim
0 10 20 30 40 0 10 20 30 40
Dose (mg/kg) Dose (mg/kg)

Fig. 7. Dose-responses in micronucleated (MNed) cell frequencies (/1) and number
of mitotic cells per crypt (@) in the colon of mice administered DMH after 72 (a)
and 96 hours (b). Data are expressed as mean + SD. Statistical significance:
*p <0.05, ** p <0.01, #p < 0.05 (Student’s 7-test) as compared to the control.

MMC (72h)
g 5 4
9 =
g [ > 5
z 3 3
“ * 2 =
3T 2 I l £
o I T ‘5
LR i
= 0 | mm == ﬁ ﬁ 0
0 0.5 1 2 4

Dose (mg/kg)

Fig. 8. Dose-responses in MNed cell frequencies ( @ ) and number of mitotic cells
per crypt (@) in the colon of mice administered MMC after 72 hours. Data are
expressed as mean + SD. Statistical significance: *p < 0.05 (Student’s z-test) as

compared to the control.
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1-3-2 B2

DMH £ L 1,1-DMH # 512 L 255/ IMEBEE . 7 U 7" N Y47- 0 o Zbiat, B
K ORI i/ MZSEE % Fig. 9a-f IZR T,

DMH @ 20 mg/kg #E35 &2 OV 30 mg/kg #E T, FAE4L 72 35 LN 96 W12 (2 HE
IINEBHEE IS B — 7 L 720 | E OB L~ Lo TIR T L7e (Fig. 9a), 7 U
7 b B0 oM, mAERE b&RE 24 FrZICITE B R~ TH

(AR <L MR R OE 23380 BTz (Fig. 9b), T DB & 124y 25 a0 T8
ui 23,48 & D\ MT 72 IR £ TR BRI B~ 2 7R L 72, 30 mg/kg #f Tl
/\ﬁ”,ffmﬂ@%z X 96 WEMZICIREERIFRERIC LR THEICE LS 2D | %@{ﬁ/aﬁixn‘ﬁ’é L

LZA)ho> TIK T L72, DMH #5012 X 2 KWL/ MESEE OMEINEERO Lo 7z

(Fig. 9¢),

1,I-DMH #58TlE, WIho &R X ORIZBWTH SO/ IMESEE o H N

TR oo Te (Fig. 9d), 7 V7 NY47= 0 043 ZSIaEIZ DT b i IR EE
EHARTHERIENIZALNT, Mla&ZoMEITFEO bhieir -7 (Fig 9e), Kl
M/ NEBERE 1T, $%5- 24 BT D 100 mg/kg BE T 0.31+0.10%% 7% L, $5-71 (0 FER)
DOfE (0.1410.09%) (ZHAFEHFRITITAERZE S o773, 100 mg/kg FEOfE T
BRERfERY D w7 — 4 (0.00-0.31%) OFPHANTH D Z b, BIEEHEr Sz

(Fig. 9f),
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DMH 1,1-DMH
(colon-targeted carcinogen) (non-colon-targeted carcinogen)
& |15 15
SO RS a : d
Sher . @ | Y . 0 (d)
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o 3y | |
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= b e
8 (s | ) | o] (e)
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2 | oo L 00 '
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Fig. 9. Results of micronucleus tests with DMH and 1,1-DMH. Micronucleated cell
frequencies (%) in the colon; (a) and (d), number of mitotic cells per crypt; (b) and (e),
micronucleated reticulocyte frequencies; (c¢) and (f). Data are expressed as mean + SD.

Statistical significance: *p < 0.05 (Student’s #-test) as compared to the control.
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1-4 E%2

INEIT YR E 2T AN T DBRCTER S NS Z &b /IMEBIEI3HE
BRVE VR SIS R LT R IR T D MER B D, FEBR, FhiE A5/
KB CIIAIIR Iy 4 I b 7 WEh B 2RI ER 2 Bt 5 & L Q5 FERG ERGAE o
e, 7V 7 NEEIZ B % 0y REHEA TR Lcfilass = 2 9 b— 2 — U KR D>
DIAREEANZ L BT i, RN TEPEINOHBEST 5, (ToHWETIE, &N
SHIEEE T 72-96 FEE & A STV B[68, 69], fiE- T, WERWE © Hnl# 5 72-96 K
MZICHEG 2 B U, BARBE L 72 b Riifa 2 B2 3 UL 0 2% M b e WRERE RIS 35 1
HINEHERPRHTE D B 2T, 2 TR EZEN LT 5N AME TH 5 DMH
BLOVMZABRO G E & L ChiEbn 2 BmEsmEmE Th o MMC &~
U ARGHENICHEIR 5 L, BT 72 B8 OV 96 BRI, 1L 72 B ICHREG E
BRI UTofi SR, /IMEZBEEE O il BRI R S v, 20D OB O/MZ
HRMEEEG CRIETE 2 Z L MR SN,

DMH 40 mg/kg #£ TlX. 30 mg/kg #EIZ L~/ IMEBEEE MR < L Iem HEREIZRB VTR
EHEEOHEITLRRBO b, 7V 7 MERICE D555 OB ER RN G, 40
mg/kg BECIEEE 72 B IS 2B OB BERIERTRRD 5N TEB Y, finsyad
P STV Z LR b5, 5 96 BEEIZICIT S ZHMIaE S S B L~ L E T
HoE, IMEHEDGHML TWD Z enn, IkmHERO/NMEIEEOITHIX, Hile
Y GIMENT X D /MEF R OBIEIC X 5 6 D &% 2 b, FEARVERE G O A MM
R STz, IMEAEAR L RRFCAERLT 5 7 U 77 MR, HIRE OS850 H] O A &
ROLEHRFEENZ D,

FEk 2 TiE, EWEAERRERE OO, DMH & U CTHE: 24-120 BRI
B/ NGB FE DRI AL 2 G 7= FE B 20 mg/kg TIEEES- 72 B2, £7-. 30 mg/kg
BECIE 96 BRI IS/ MEBEHE D B — 27 M58 H v, KB 1 OFERNHHR SN, 7V
7 MEROBIEFE RIS G- 48 FEHATE £ TS EZIMEINRD 5 TEY |
15 CO/INEHFEIE DR HIT BRI E % 5- 72-96 FFRIE A L TV D Z ERH BN E 7
STz, —H. [RIRFIZSEHE U 7= KA i/ e BR O fE Rz CThH 7=, DMH 2~ A
IZ& G LR OB CONEB ROV TE, = 7 ADRFECH GRS - 50145
12X 0., BB X OBREORENRE SN TVDB[TIZ EnD, B/ TIIm
MUIZSWIE EWR 5, RIFFEICHB W T, B/ MERER IRt & 72 2 508 T Cfb
B TS LT T& 722 L%, DMH OISR Z2oR9 L4, ARRBRIEED S
W a A0y & 3 2 E O/IMEHRMEDOFHMIZAH TH D Z L Zmi LT\ 5D,

ZIVETIZ, DMH &5 WE MMC %~ U AMERENIC R G U72KE, fEIBIC YL
KEENFERIND Z L ZEICHEZR LTS [46, 67], T72bH, DMH #57%. 30
R[] CHERG O YR BB E O B — 27 5 KO EKFHIEEI (0-30 mg/kg, fEHEE
12%) ZFRH, MMC 5 Tld, 20 KB IZRFEHEE O v — 7 38 LT OH BRI AR
(0-2 mg/kg, FEBEE 15%) Zidic, 2L b OFEFIIAMIEIC BT 2/ MERBR O #k
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REXFTDHHLDOENZ D,

1,1-DMH 1L, #Ek K OVERio/MERBRICBW T btz R Lz, AMEaW
X, T IR W T, TR R AZFHERT D2 ERREINTHDEN, fEIHT
(T L72N28,47], £-. B TOERT LRD LN TWRW41], ~ 7 X EHE
TO/NMEFRIMEIZ OV T, 4 FERGIC X V5O EEHERRD LTV 508, HEH D
DT 2 B G- TIR RO RIS STV A[72, 73] 2 £ b RIFEDRERITZ
OOWE L —H Ui, Zhiud, PIF LR/ IMERIRORSEE (Rt WE & faik &)
ET HRERM) 2T 5ERTH D,

i o BEEEORERS % F D /R BR 12 oW T, Goldberg 53912 1983 4EIZFHFRAZA
FHWEHEZRELTWA, 507 A —7TlE, MEAZ BT, R (b
EZDIENNT pyknosis =P karyorrhexis 5 Tr) ZHEEE L L C DMH DO FE N AME M
SR K DR~ DB L T 5 EEERE (R TSR E &5 3-6 Rff# 1%
ORI E— 2 L7 5) ZaR LTV 5H[39-42, 61], Dk, 1 51%, /IEEITM
Rl 53 B2\ U D Qe iRkl i OFR1E CTd 5 DITxF L, pyknosis X° karyorrhexis 17 743
=V ADWBETALDI LD THL Z E 2P BN LTZ[60], D% Vanhauwaert
5[44], Poul & [45]13EMREEAZ AW T iR/ IMERRBR OFE R 2 s LTV 505, #ik
EARZHWAEAIL, Miaolm 28523 5700, R &/ MEE XBI LW & B
WhH, EOR, HEEEEZ V2 5k, Mlaefk (whole cell) Z@IZExt% L 457
B, INERA R A BTN TE D EWIHIFLEND D, BBEIN A VD A,
BB OIELE L LT 20 mM EDTA CTHLERS 2 HIE[611DI1Eh, MEMTE (o<
BE%RAZ L—"7") [62,63]° ~ U 7T WD L6438 S LTV 5, RIS
IZBWTH, TORFERRE AW HEREZBRET L7223, EDTA ABRIZ R, BERL
HOGEITMAE MG S & 03 <, BIEEATREZ intact 70l 2155 DNEE Lo T2,
Z D=8, LFRFFFEE ORI EHIZBI%E L= 1| mM EDTA CR5IG 2 ALHE L CH iR
AR Z1G5 1565 A (LB - FFOEFTE) L, IMEHEARLTHZ & T,
IMEBLERICHE LT la 2155 2 L 3T E 7=, EDTA % V5 571613 Blakey & &5 L
TWA[61]43, AHFFETIZI EDTA OEEZ ImM & L, Xy T 4 7 L OMAED
W CHIRE 2 B L, (KIEEZ LU 2 & CHIFEIE O - BNV Wil 245 5
ZEMNTER, . BEEHKOEERIEEICHOWT b, in vitro /IMERBR DO F1E[741 %25
BT 05%ETHZ LIk, MaoER D7 BRI OEREDNREE S Lo 4l
FARNE ST ooty TZ VDAL DIk At deaiE2 WA Z 21k,
Pttt FIENEETH D 5 2, EMRENHBICHB]TE, B LT otz

ARG TRAFE Lo~ U Al O/MERRBRIE X, kDT 7 ¢ VU L B FiED
T AV Nk L BEERIEZ WD HETH Y /IMESR A MR & w8 B T
LM BRETH D, £7-. DMH BL O MMC O/NMEHERMEZGME L HE T 7=
Tl EBIT, BIBEENE LRWRNAYE 1,1-DMH (3G CEEA R LIz b
D26 ARREBRIEITR G AR & T 5B EEE 2 R RAICRNATRE Th 5 2 L 3R
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e STz, Eio. B/ IMEBIEERF L, R Lo IR R mIZBE T D e
H.72-96 FEfijte ThHh D Z STz, LLEDORERN G . AROFZEIC L0 /IMEFE R %
filG RN 2RBR O KRN 2T — 2 /DN TE T,

B BARE U7 sBRIE D2 9 ME 2 53 2 121X, o iEk Iz 31T 2 Bl MR
BEOAEW E VTR OERDBVETH D, 2T, 5H2 BETIIARBREZEL
OWBICHEIRBIR L, NV T —va 279 2 LlT Lz,
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~ U A& WG IMERBR O R ) 7= g

AREENILL T OFm S HESNTNET,
Ohyama, W., Gonda M., Miyajima, H., Kondo, K., Noguchi, T., Yoshida, J., Hatakeyama, S.,
Watabe, E., Ueno, Y., Hayashi, M., Tokumitsu, T.: Collaborative validation study of the in

vivo micronucleus test using mouse colonic epithelial cells. Mutat. Res., 518, 39-45 (2002).
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2-1 [FL®HIZ

FHRICBASE L2 BRIE D 2SI S\ TIE, BEObEW & VTR ) & il
5HEEBIT, BEOKE TN LU0 CRREZHHTE L Z & 2T o4
R D, FHUTHHTE Lo~ U ZREIGO/IMZRRERIZ DWW T, BN 5 #E (BRaitv
7V hARF, B RBIERA S, BRSNS T v A ek & —, BHFREERR
&t BiEF 2 — U UREERA S (Bl SRR SH) TR T =g v E R
i L7z, TT LAY E L CEEMEmEEWE O DMH, MMC, 3 XO'MNU @ 3 1k
EWE AW CREE L 7=,

22 EERGIE

2-2-1 fEHEY

HEME CDI(ICR)~ 7 A%, HARF ¥ — /LA U N—{R, HRTZ AT /L —R, HDHW
FEARZ VTG AT L, 1 EBLLEEE L7z, 8-10 s CTHW, fikls IO
KIZHHBER S, KEE28N = 7r— 25 BT/ 77— B Lz, BbEm s
FOEBRMM R OEE, WEIX—EL L, MBI 12 B+ 7 v e Lz, 8
PN 1 BE3 VLA B U, KRR & R E R GRS T VX LTS T LT, 2 T3k
Bri%, MBI 28 FEMEBE S DERRB L/ T2 72,

2-2-2 LAWY
DMH [306-37-6] (R mtfbak T2EM) 1%, 1 mM EDTA (2 fi# L 7= . NaOH T pH 6.5
\ZFH#E L7z, MNU [684-93-5] (Sigma Chemical Co., St. Louis, MO, USA) %, B
I LIzo b i@ DOIRE £ CEREAR L7, MMC [50-07-7] (Mitomycin Kyowa
S, 2mg Jifilh; BHFIFEEE LERNR) 1L, WA STV, 131 T L% 5 mL OVES ]
(VAR L%, AEPRARIR CHTE OIRE £ TERMEAIN L, WO b iz
BNV T R E LT,

2-2-3 @i~k h

DMH (% 30 mg/10 mL/kg D& T~ v ZEPENICH IR G L7-, DMH (% 2 e
ZREHLTEY, 30 mgkgld~7 VU b—ﬁik L TIEAY 15 mg/kg (IS5, B FRE
(213 1 mM EDTA % 10 mL/kg O & CHEE MQ% L7z, MNU I 66.7 mg/10 mL/kg,
MMC (% 4 mg/10 mL/kg D HET~ 7 A GPENICH B G G BRI AR AR
R FIRRIZ G- LTz, 96 IRpRiIf&IZ~ U A 2 SAMEMLFI IS L 0 280 S, fElG 2R L
7o 1HEBITIZ, MMC 8 5-48, 72, B L ON96 etk I/ IMEBEE AR ~7-, £7=. H
BIRFEMEOKFTE DMH (0-30 mg/kg) (22OW Tk 1 #B9C, MNU (0-66.7 mg/kg)
L OYMMC (0-4 mg/kg) (2D Tik 2 BERECOEhE L7z, RSB RREEIZIE 3-7 D, #E5R
WVE He 5B 3-8 Lo EW) & RV -,
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2-2-4  IIMZAEARIERIE L OBLES

fals (BERBO L, 4aemBBEOES) ZHiH L, UV U BREEIKR (PBS) THNAWZIE
WL, T T AREICEIK LTz, BAF, 31 BT LI ET/IMIERZERL L Bl
L7, VEE%7=0  D7e< &6 1000 HLL EOMIfEZBIZE L, /IMEERA LI Milao
BERE 2R LT,

2-2-5 At

TR R & R B B G- RE O OB BT DWW TR, Ftest 1ITX 0 B 217
W, FEH O AT Student’s r~test, NFEFHLD S A 1R Aspin-Welch ORE 21T > 7,
A BERIFEIZ DUV TIX, Cochran-Armitage O E 21T > 7= (SAS program Ver.5.0,
SAS Institute Inc., Cary, NC, USA),

2-3 FEERFER
2-3-1 BT IULEW & TR I/ INEZ#R 6 DR

FHEEA TS O NS E O G- 96 R I 61T 2 A/ MZ S % Fig. 10a-c IZR7,

2 TOKBIZE VT, DMH, MMC, BXU MNU & bIZBHERENMG LN, &%
BCE T 5 /hMEEE X, DMH #& 5-# T 0.41-0.52% (Fig. 10a) , MMC #5-F£T
0.96-1.86% (Fig. 10b) . MNU # 5-#£ T 1.02-1.49% (Fig. 10c) TodH -7,

1 BB T MMC # 5- 48-96 W] 1% OO /IMEHE DRERF AL Z2 i~ TRl F. 48 BRI
BV TR BRI L THRERIEIMNAFED Hiv, 72 FEFZIC S SN L7223, 96
IRFfI 2 121 72 IRefil T & AR DECTod - 72 (Fig. 11),

FEARTTE 2 AT AF5B9I12 T, DMH, MMC, BX U MNU & Hi2, /MEHEE O
FEARAFHIEM 2338 btz (Fig. 12a-c),
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(a) DMH (30 mg/kg) 96h
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Fig. 10. Results of the inter-laboratory reproducibility on the colon MN test using mice at 96 h
after single intraperitoneal injections of DMH (30 mg/kg) (a), MMC (4 mg/kg) (b), and MNU
SD. Statistical significance: * p<0.05, ** p<0.01
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Laboratory

A

(c) MNU (66.7 mg/kg) 96h

20

Lifd

Laboratory

(66.7 mg/kg) (c). Data show the mean =+

(Student’s z-test) as compared to the control. The number of animals analyzed is as follows;
nin (a), A: 5 (control group) and 6 (treatment group), B: 5 and 7, C: 5 and 5, D: 5 and 5, and
E: 7and 8; nin (b), A: Sand 5, B: 10 and 5, C: 6 and 4, D: 5 and 5, and E: 6 and 7; n in (c),
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(b) MMC (4 mg/kg) 96h

¥k

Laboratory

|:| Vehicle control group
|:| Treatment group

A:3and4,B:5and 5,C:5and 5, D: 5and 5, and E: 6 and 7.
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Fig. 11. Time-related responses in MNed cell frequencies after a single dose of MMC (4

mg/kg). Data show the mean + SD and were obtained from 5 animals per each point in

laboratory B. Statistical significance: * p<0.05, ** p<0.01 (Student’s z-test) as compared to

the control.
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Fig. 12. Dose-related responses in MNed cell frequencies in the colon of mice at 96 h after a
single dose of DMH (a), MMC (b), or MNU (c). Data show the mean = SD. (a): Each value
was obtained from 5 animals in laboratory B. (b): Laboratory A tested at doses of 0, 2, 4
mg/kg, and laboratory B did twice independently at doses of 0, 2, 3, 4 mg/kg and 0, 1, 2 and
4 mg/kg with 5 animals per point. (c): Laboratory A performed the tests at doses of 0, 33.3,
and 66.7 mg/kg with 3-4 animals per point and laboratory B did at doses of 0, 16.7, 33.3,
and 66.7 mg/kg with 5 animals per point. Statistical significance: * p<0.05, ** p<0.01
(Student’s ¢-test) as compared to the control. Dose-dependency was observed in each test
(»<0.01 with Cochran-Armitage trend test).
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2-3-2 VR RRFE D/ ME SR E

BRI 301 T D VR IERT FBE O/ MESHEE 1 X, EDTA % 5-8£ Tl 0.03-0.38%., ABRA I
WG TIX, 0.10-0.34% Th > 70, PHEBEOEE DT — 2 2 F LD, Table 2
(27597, 1000 FfE Y 7= 0 O/ NEHIIEER L. EDTA 58 TiX 1.8 18 (0.18%) . PR
Wik G TIE 1.7 # (017%) TH O, BEIZ X 22330 biven oz, ikt
FUZ W2 A (93 PL) O fEIE 1.8 (0.18%) Toh o7,

Table 2 Micronucleus frequencies in control animals.

Solvent Micronucleated cells/1000 cells No.of Mean SD
animals  (cells)
0 1 2 3 4
EDTA 6 9 8 5 2 2 32 1.8 1.4
Saline 9 16 23 7 3 3 61 1.7 1.3
Total 15 25 31 12 5 5 93 1.8 1.3

Data from all laboratories were combined, for a total of 93 mice.

2-4 HE

BHICBASE Lo~ o 2685 LRI 2 ) 2 /MERR BRI D\ T BB O BEBE L H i
R L, HEOME LN TRIEADEZMAD LIRS, FEs P L OB HE TR O
HHMEZHR LI-, AT, 5 UbEEmE LT, 61 ETHIBIC/IMEZTHRT
D EDHER SN DMH B XN MMC, & bIiZ, K& & DB DIEERI D A 25k
R DT EMNM BTN D EHZRFWE O MNU[49] % AV TR L 72, 4T ofkRE
T3IPELBICHMEE L TR TE, MisxFAIRMENSG b, MMC DR
BRIZHN T, R/ IMZSEEE 1T, 48 RF[EIFEIZEE R 72 36 UM 96 I TV MEA R L,
ATREORER LRERIZ, 72 HDVE 96 FiHRICHMEE L TRIHSh D 2 EpmEish
oo Floy AEEFMERBICEO T, WIhoLa W b MR AER 2/ M O
s Lic, [A—Haa PN C 2 [ BB 21TV Fas B b R S i,
ABFFEIZ 1T D IREE O/ NMZBE 1T, WO OLA BFEEL TRY | &
B K DT B Do T, B/IME 0.0%, KA 0.5% Cdo v . AR FLE
+ YRR 0.1870.13% Th o 7o, E7o, RBBEOBIDKI 90%I2F1 T, 1000 Al
fa 720 O/NERIRENT 3 R CTh o7z, TNOHOT —X X, EENFTRT Dltisk
Y7V AR RFERT) (21T B 172 I~ 7 A (Rt RE) O 5T —# (0.16
+0.12%, unpublished data) & [FIERTH o7z, fiax Z & TIPS IIEO/IMESEE (11
) 2T 2L, 0.08-038%DHPETHY , IE5OXNLBNTE, 5 HRDOIH 4
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B I IASTRERVE DRRBR N D AN Z & | A U IS 31T DA U 7= F25R CHEE O K
HHENTNDZ EMD, Z6 T ITERBMOERS LOER L7ZEROEOR LEL
(R 2 FTREMEN B 2 DTz, WBRE & GRECIE, fiskNE K Ok T L v K
TRELOEINALNTZN, TORKE LT, BEdo iz, <o ADEKZEN
—KEEZBND, HHMED DERESD DICEERR AL, LR S0
EVEARZERL L, SISO EZ XD Z & THDH, AWFFETIE, BEROD 72\ g%
NHSTATHE b BT, BT LAY & W T G MR O @ IERRE RIx 3T
DiFx T—H L T\, ZOREND, ARBIEXEAR S TH Y . REROD 70
gk TH> THHIMEDOH DERNGONDIRAERIETHD Z BRI T,

AW L0 | MBI & VO D85 MR IR, e N T 7 0 N &
HAREAR 2 WD FEICHAREERE S THH 2 &, £, Mol Tldi<
whole cell ZBZETXHLWIHFENRH Y, ZFHICLVFEBMELLERBEGEONS Z
EDFERR ST, LEDOANY F—2 a3 UHFRIZE D . EELUCBR LT~ U ARG/ M
RBRUED MG AR & T2 BInmEEMEOREICAED R FIETH D Z L A REE LT,

FEE COBBEMEFM O A7 577, #& EE L 72 g5 E A B R L CIgEE T 5
HCTOMILEETH D, /-, v U A THIE LIRABREZ —REERBR IS
TWA 7y MIbEHATE L, BamtEE®RICNa., BHEEHRS S OTRE7R Y
A7 FHMMMATRE L 72D, S B, BifEatOBLLN G, — IR EE A g T
HZ IRy, EREMEOHBICLERTE %, 22T, HIETIE., 7 v MRE
BELOHEGZ AWV A/ MERBRIE ORI D flie 2 & & LT,
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7 v MRE B L OG22 H %/ MEZEER A~ 12 B

REJILLT OFRSUTE DN TWET,

Ohyama, W., Okada, E., Fujiishi, Y., Narumi, K., Yasutake, N.: In vivo rat glandular stomach
and colon micronucleus tests: Kinetics of micronucleated cells, apoptosis, and cell
proliferation in the target tissues after a single oral administration of stomach- or
colon-carcinogens. Mutat. Res., 755, 141-147 (2013).

29



3-1 [ZLU®HIZ

7w MI—FEERBRZ IO, fHx 02 BRI O T ST 28 fE
ThHY ., fLFEWESCENEOEET a7 7 A MET7 v P TRHMEES D Z ERZN, £
D=, T v b OEKEG A AW D /IMERBR AN CE UL, BB L R -8 &
HNTHEBEO= RARA - M RRHZFHlrTEE & 72 0 | B2 U 2 7 fEHTHS AT
2%, SO, FH—8E AR OERIC XL D EREMEREZRO T LR TE,
IEALC L EMCTE D 2 LMD, T v N TOMLE /MERBR OMESLITEE L& 2
770 BIIKIGE & HITE MTBWTHRADRERR SN T RO EWERNLO—DT
& [19,20], FRIZH 13 R DG S-S mR L B AL T D AR T D,
S OB MR T A KZ 4 > ICH S2 (RD[6] T, in vitro iR Ttk & 2p o 72
BEDT7rua—T v FHDENIA T g 2 Z@IRLEBESICIE. BH R in vive
REROFELNLETH Y | T OEE OF M Gl L. SR E OEREIE, A£EN
TOMRHH 2 VIFRBERICESHTRIREIN D, BROKG INTHBEME S 50 1T
Z DRBEHEME RN R ZE TEBEICEE LEWEA0, RIS i< WE
RO X2V O OWE DIEA Y THEBE~OIRE 2 FEH LEVWE O5GA . B
v H R in vivo REROFHiI SREas & L TRO TEE S Ex ONb, F7-. BlIZk
T D EIEEEEEML. HAEA L LEERRAE ORISR N A A = X L DT
FRHTHS, BHEimstg s UOMEBLET 523 BRIE. Zhurkov H[62]. Sycheva &
[63]D1F >, [EH B & IRITHE Lz FIE[75]DO A T, UL S - BRI, 75 2
FIIHEEN LT rEEFEMEEHWTE LT, BEERORETH LD, B
ER LT 58 EEEYE 2 IRE CHMEE L TR TE A2 L2 ME Lo ME S
MO TTHDH, Lol MHLOMEREEX, ~ 7 ARE 280 H L Ol 4
SRCHREOY, B U CHICHEETR 2 AU S 8 C EDTA U4 2 &9 THET, Tff
DL IPECTH 72, T 2T, BIFEE TIZ~ 7 A THFE LI BLEEmin B A
EERISHL, #i7cicZ > MEE ZHW2/MERBRIEZ BRI LTz, (T oREO T ITATHE
ERRE MO DN, R EEMIE TR S A RTE KT U, MR I R a3 ik
ExEeTHBR» G5 (Fig 13), HEFMIZE FOBIUTWHIDITRETHDL =
ENG ., INEFREEOTMICIIRE ZHCLOREHTH L EE 2T,

HRE F R E IR o MIfa g s (WS THH L, 20k, B/hE (gastric pit)
ORI GREIEFER & 0 EREM oML . T72bb, FREROMEE RIS Pz
BEhL, FoMWBETIT 24 HCTEREANZELREL, KT 5 & 0bitTn5[68], £,
HRAAES (gastric gland) OMIfE (HEFEAT L 0 FEIOMAL) | F] 2 I ZEERIRL, FIRIR, 3=
AL, N GRERH) (CBENT S8, O OMAEO lifespan 1%, (T > T
2-200 H EEINTWD, MO turnover 1L, EWFECRFE., WESEIC L > THHE
RHEZEZLND T LG, BN, ABFFEICHWS 8 #Hiitd CD(SD)R 7 v MIE
W, IRE BRGS0 2% 8 AN B E 3 2 WM 2 B 7 - v 7 FERRIC L 0 s
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HZ bkl Uz, #E#kIZ 5-ethynyl-2'-deoxyuridine (EdU) % H\ 7=, EdU f&:##%i%1%X. EdU
DEHROT X LN (Alexa Fluor®a3) 7 ¥ R OSIfEEILE RS O
Bt (7 Vv 7RO 12k, SEICEIT DS/ L DNA F~0 EdU OHLY iAF % 1R
HT2HDT, A XD/NSNT P MudtfazRiE, DNA 228 ER 0w~ AL R
RGN T TONRMN LB A WREICT D FIETH D,

Esophagus
Fore- o A
Duodenum domach Gastric pit :
(epithelial cell) . 2~4
Glandular i 1 1 days
stomach | Proliferative ;___.
/' L.._zone___i :
A it 2 | N "- | :
é CRob 0 MRy T = 2~200
i B 0 g : days
|| = Gastricgland .
E s ik o S ek A (Parietal cell, Neck >
B ..4 A PR ‘P‘, mucous cell, .
y 220 g et P e Yl Chief cell, etc.) .
v

Fig. 13. Structure and cell kinetics of a rodent stomach.

WIZ, ETMEEME LT, BEENET RN AWED MNU I LN MNNG %
FWT, 7 v MREBIZEBT 2/IMEBRMEZWRGE L=, MNU (X1 > a1\ T, H.
5 AFRSRERR DS A0 B MRS 2 5 X Z 3 EEEAE RIFWE Th D [49, 76, 77]. MNNG
IR OFE L2Ge, RGN OBICHRAZERTHIEBELREME L L THabNT
W5 [24], THNHOFERTIE, BE/IMERER G RV, IRE & B8O MR
B ROGEE el LT,

T, BONTHILE/INEHEEDT — 2B, DREEDTICAELDLT AR = AT
1372 < DR AR TYORE T NIEEL Ui/ MER A OBEE 2 e LT\ b Z L
ZIRFET H725 . MNU ZHEREAOEEG L, WE/IMZSE & RRIZ, [F—8 Ok
BEEARZ VT, 7R b — 3 ABERE R L OHIREHE 586 M 2 BRI E Lz, 7R h—
2 Al TUNEL 3£ C, AR 1 Ki-67 SefE Ye s T, Ki-67 BEPEHIpa g3 i
R E T L 2 HEFEENE] & T~ 5 50>, EEET v 2 BdU 1T K D EERRE & b+
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HTEIZEVDBLEL,

WIZ, FEBZONWTH, EEMEOROKGIZLY, 7 v M TONEFHEFRMEE B
T&E5Z L EMERT DD, CDSD)R T v NI DMH % H ek & 5%, fEigcsis
L/NERERE & RIRFIZ, 7R b — v A O 5ETE M (EAU ik ds L OV KG-67 72
YL yR) ORI LI, BREB X0 Z O 28 /MR O RHEE I &
N LTz,

3-2 EERGE
3-2-1 fEHEY

7 Wl ORENE Crl:CD(SD) 7 » FHAF ¥ —/L A U NS—R]Z8EA L, Aff 1 #E O
BIMbtz ., BEICHWZ, BiI3EE OfME = ClE L, BEAEE F-2 (GRS
BLOVKEKEZ HHERS 7, FEREIT23E3C, BE 30-70%I24EF L, BRI O
R 12 BRI A 7 v & Uiz, SEBRIE. Y27 v MR Ribseir #hE5Z B2 0GR
HFTITo 72,

3-2-2 L&

MNU [684-93-5] (Sigma-Aldrich Co., St. Louis, MO, USA) . 45% (w/v)HElE CZ7E
b TWD b D& W, JRHESHZAEK GRS THER) 12 5.5 mg/mL DOJREE

(HElR 2 & E 72V VREE) TIME L7-, MNNG [70-25-7] GREULAE T2EM) 1% 5% (viv)
dimethyl sulfoxide (DMSO) (FIOGHIFETZER) /R J7 S HZRR K (BRSHE T 2ER)
(2 10 mg/mL DEE TR L7-, DMH [306-37-6] (B F/bak T2MR) £ 1 mM EDTA
\ZH R L. NaOH T pH6.5 (ZF#E L 7o, R 8.86 mg/mL (Ml 2 3 TelR L) & L7z,
BRI ZNENOEEE TR AR L, SHRZESCOICEICRE LT,

BT e 7 (FIProxX 7 Ay FEEAK) & LT, EdU (Click-iT™ EdU Alexa
Fluor® Assay Kit, Invitrogen/Life Technologies, Inc., OR, USA) % f\ 7=, EdU 13/ 5 1E
FHRZRBEK (BREEES T M) 12 10 mg/mL OFEE CTIHEMRE LTz,

3-2-3 E B X OHE EREGHIFL O turnover time D fEHT

VEEAT Ty LTofans /b — A A O R E BB+ DT 2T+ 5720, EdU %
4 mg/body DHETT v MEVENIZHEREIR G L, 24, 48, 72, 3 LT 96 FefEIfZ 1224
FES Tz, SR ORATIC 2 IEOEMW) Z Az, BIXKEBIZh->T2olciy, A8
BHEKTANEYZTRVNH L, BiEZRE Lz, G RERICAERRSEK TRV, 3
A GhR BER, s, TE8) 2810 L. 10%FHEREE AL~ U ik CREE L7z,
BB IXEER ., SR, FARE, BIPE 3 5L A T H LT, EIEICHEW AR E
RTT7 4 A UTt, YL GHEMIEA & L7z, Click-iT™ EdU Alexa Fluor® Assay
Kit (Invitrogen/Life Technologies, Inc., OR, USA) % H\ . IR DOIRREINE - T,
Jeefa L, s BEIEE (IB JEbdZ. 490 nm) THIZE, TEIRE L7,
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3-2-4 @ ~DFE
3-2-4-1 BERENVAWEOES-

BADOFEER TIZ.MNU &2 VT 55mgkg DHETT v MIHERROBS Lz & X,
RS ERGHAIZ IS T D/NEBEE . 7R b— 3 ABEE . B X OISR DRk
[ZDOWTHERE 3 LA W TR L7, ﬂﬂi’%ﬁi (0 FRFf) 13L& LT, fifsoo 1 FF
MATIC EdU % 4 mg/body @ H & CHEFENICHEIR G- L, 6, 18, B X 72 FFj#&IC%
BTz, PRE O/NMEAEAR L [FIRFIC, R AR 2 (ERL L 72,

RIZ, MNU & MNNG % W TIRE & B#EIC 31T 2/ MEHE O &K Z Gt L
72o MNU I% 13.8, 27.5. 8L 55 mgkg O HEREA, MNNG 1% 25, 50, 3 X0 100
mgkg ODHBEREZRE L, ROKE Lz, SRBECIZIENENOEE ARG LT, &
. 24-120 WEfitE £ T, 24 EEEICIRE B8 2L 7=, MNU & MNNG O & A
mIX. ZEI LDso DR 1/4 IS T 5 HEARE LT12[78, 79].

3-2-4-2  FERGREDBAWE O

DMH % H\ T 88.6 mgkg (7 V —{akéz L T#HJ 40 mg/kg) OHETT » MTHIERE
DG Lz & & /s EEGMIRIC I o/MEBE . 7R b— 2B, d5 X ONiasY
FETEPE DRERF I DUV TEHE 3 E%Fﬁb\fﬁﬁﬂbto KREEE (0 FFfH]) (3 HEALE &
L7z, i o 1 BEEETIC BEAU % 4 mg/body o F & CHEFEPIC HEH G- L, 6, 18, 24,
48, 72, BLON 96 KFMZICLEHIE ST, FERG D/ IMEAEAR L [FIRFIC, RERRAE A 2 1E
172, DMH O H T LDso DRI/ TF Y 3 25 HEZ 5% E L 72[80],

3-2-5 /NEAEARD/ERL
3-2-5-1 JRHE B LW

H a2, AR L CHiE 2FR%E L. NAE® % Hanks’ Balanced Salt Solution

(HBSS) THEWE L7z, B 0.5cem & én&ﬁ 10 cm OH T 2 THANZEAK 1 em
DI T AEKZA L. RO TEPEICE LT WE Y R0 HE L

(Fig. 14a),

RIS L, T AEORST2HFOmzm L, 20O F £ftimd £ F CTHEEE
g, IREARE CGElEm) NRICRD X HIERL, B PTEREHEEAICEICHES
L 72, 2 mM dithiothreitol (DTT) % 7%Ze 1 mM EDTA HBSS (Mg/Ca-free) % 20 mL
BREANZ SO mL AT 2 —7I2R{E L, 35CT60 ik Lz, 2Dk, T A%

TCHRE) & T LRI A FIBE U 7o, FREA L FIRFICERE 25613, AiE 2B
EFTHHNT, 4-5 mm OEOBRENREDL X OIZUVH L, AIEZ 2070 E F 10%F M
MEME AL~ U U AZRE L CHEE Lz,

FEFZ OV TIE, B2 BETICHE L T2 HiEE Mt L UMIEARZ ERL L
7= (Fig. 14b), LA TICHEEEZ "7, filmafits. WA % HBSS Tk L. HAK
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0.7cm &K 15 em DA T ARRITHEIR L, I O & BRI HEAE A THAE LT, 1mM
EDTA, HBSS (Mg/Ca-free) % A#L7= 15 mL HOF 2 —7(221E L (BEEIED
HFRFE) . 35°CT 30 s L7, &/ CINEBALA 10-15 431%) . 7 A% L TICHE
& E, M Z FEE Lo, IR TR S BICH T A2 E IR &8 C B fE %
HIBE L 7o, FRMEAR 2 [FIRF RS 2485 50%, R RS 1 em 280 L, 10%
AR E R L~ U AZRIE L CHEE L7z, #BEL7ZBMB LY U 7 MIsAaYy —v
By hEHWTESNy T 0 7 L, Mllaz BEE L7, IRE OMIREERKIZA v =

(150-160 um F2E) (2L, I I/NEERE L, BEB LU U 7~ Rl
&% 170-410 g (1000-1500 rpm) T 5 Frfidi.0o L CHBEMAR Z [FI L, &% HBSS
(R L7z, 10% AR E R L~ U > 2 N2 CHEEH ., FEE O L CHlIEZ B L,
D ED 10% FHERE/E R L~ U 222 TR L7, MIIRRRETR L8122 & TRt L
776

BRE X, 50 pg/mL AO & 2.5 pg/mL 4',6-diamidino-2-phenylindole dihydrochloride
(DAPI, Sigma-Aldrich Co., St. Louis, MO, USA) DIEAHR. #alEiE 125 pg/mL AO & 2.5
ng/mL DAPI DIREGWE % W TEIERRIC Y Lz, AT TR B L L, WLBRSRIEAR
SIINDIRVIRIE CEIZE Lo, dORBAMMEE (600 f%) @ U Jih# (365 nm) (2T, 1 fE{K
BTV 2000 HDA &7 MpfifnE Bl L, IMHRAHIRORGEREE Lz, 1 v
&7 N, MREEZRFFL TR Y, MHAENORFE T, EEOEED T
Wb L TWwiens o & Lz, /IMEDOHERMEL, B EFRUEAVELEZR L TEH
D, BEENFEEDOIBLUTTHLLDE LT,
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(a) Glandular stomach

Histochemical \

analysis Isolation of glands,
Glass rod i 3 :
dispersion to single cells

|:> by pipetting, and

fixation with formalin

Esophagus

\?”'TTT F e E=p
Glandular stbmach
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Gastric cardia

Glandular
stomach
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analysis
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{ith a ball adhesion bond

(b) Colon

Histochemical \
Colon analysis ;
Wil :

Isolation of crypts,
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fixation with formalin

Micronucleus

L

analysis

(S

Incubated in the
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Fig. 14. Preparation for the micronucleus analysis of the glandular stomach (a)
and the colon (b).

A glass rod
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3-2-5-2 Hif

HRIRE AR L, Wz e Lz, RO DOFIEBINIIEV, BIKEEAR % (Fil
L. AO (40 pg/mL) TYfa L, HEARITETa— M L TSN 5 22 IRTE
THIZE LT, AR5 600 {5 D EBMEE T 490 nm Db G2 T, 1 B 72D 2000
8 DOLhFFRIMER (immature erythrocytes; IME) 2812 L., /IMEDOF AT ~T=, £,
1 ERS 720 400 ELL EoRRMERABIZE L, AR iMEKIZ )T 2 S8 AR Bk D FIE
(%IME) &~ 7,

3-2-6  FHARAEA O /FERY

R D—Hh 3 X ONEIG P RATUT ORI 1 om ZAHRREAICHE R Lz, 10% 5 MR s
N TR EBEE L, N7 T o e, YL, NS08 RIET AR F—v
ABEE S L OSHIAREESETEE (BAU OHLY IAAE LN Ki-67 O FEIY ) Off
FricHW2, WTROITIZE N TH, IREBLOREBIZOWNT, THEEFEYS7ZD I<
IR o7 30 AOHERH DT VT FofMlaz#E L, BRNY7Z0HLWT I VT
NY4720 OGMEMREE T 7> kLT,

3-2-6-1 TAHRF—T A

Apoptotic detection kit (DeadEnd™ Colorimetric TUNEL System, Promega Corp., WI,
USA) % AW, Kt DR EICH o T, Terminal deoxynucleotidyl transferase
(TdT)-mediated 2'-deoxyuridine-5'-triphosphate nick end labeling (TUNEL) %44, % 1T > 7=,
Diaminobenzidine (DAKO/Agilent Technologies Inc., CA, USA) (2 X % 7 v &5 L YetalZ
XU, TUNEL RISz ifE b Liz, ~~v b U o TREE L, B onICkEICYE
SN ERF oMz BMne L<Tho o b L,

3-2-6-2  EBdU OHL Y A H
L 13-2-3) HTHBRR72 L 91T, MEAR% Click-iT™ EdU Alexa Fluor® Assay Kit
(Invitrogen/Life Technologies 1) % . IRFFOFREICHE - T, #feem L, 90t
BAMMEE (IB JihiEL, 490 nm) THIZE L7z, BRI EICYLE > o & ROl 4 EdU
BEtEfm s LCTh o b LT,

3-2-6-3  Ki-67 Sy e DO fiftfy

FHAREEAR 2 /X7 7 ¢ > LTk, antigen retrieval solution (Target Retrieval
Solution, DAKO/Agilent Technologies Inc.) (ZA ., ~A 7w =—7 ({71 500w) T
27 S LEE LT, 3% KRBT S5 oA v Fax—F L, RWARMED LA F T
F—RaRiESE, €DK, 1:500 THINLZ~ T AHT v b Ki-67 £/ 7 v—7
JVHLIAR (clone MIB-5; DAKO/Agilent Technologies Inc.) C 60 73 fi]A > &% = _X— K L7z,
RIZ,1:200 THIR L7z B4 F AT ¥ FHi~ 7 X immunoglobulin T 30 43[4 > % =
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~N— h L72% . 1:300 (247 L 7= streptavidin/horseradish peroxidase (DAKO/Agilent
Technologies Inc.) T 30 47filf > F =~X— K L7z, Diaminobenzidine (DAKO/Agilent
Technologies Inc.) TH I, ~~ hF TV TG Lz, HONIEEIZTRE S
NIz R ol Z Ki-67 BatEiln s LCh v b LTz,

3-2-7 HERFFIE

MRE. MG L OVEREO/ MESEREIZEI L Cid, Kastenbaum and Bowman 7£[82]iZ &
D EHEMEOHRETEIT o T2, /AIMEBEE O EIKAFEIX. Cochran-Armitage O A4 & T
AT U7, B 3 X OGO EdU AR R AT, Ki-67 BEfffads L O TUNEL BEMiRw.,
W NS ARIMER L DT — Z 122UV T i, Dunnett 7 A2 b & W CHBEMEZ G L7,
ZIVE OFEHLERIX, SAS program Ver.5.0 (SAS Institute Inc., Cary, NC, USA) % FH\>
THEhE LT,

3-3  EERAE R

3-3-1  JRBE B X ONEM _ERCHIAD D turnover time D fENT

EdU #5558 U 7 I B AR AR 0w BB EIR & Fig. 15A IR d, 15k 24 IRefEl#21C
BWT, HIEHO EdU kML, HIRO L oofEdEgicEZd LTy, 2o
ERAL IR IS & & 2 b ivTe (Fig. 15Aa), 48 B2 72 D & FERRAIIG I T/ 1Y
i%#%i%(ﬁﬁﬂ%)%i@?%(%ﬁﬁ%)Kﬁﬁbfﬁbxﬁﬁ%@®w<
ONFTENERBITIZEL TV (Fig. 15Ab), 72 FRREI#ZI21X ?ﬁﬁ%ifw%
FAIZIAA > TED m<oﬂia%®%m_m@%mt@g1mdsmﬁ%%
y<@ﬁﬁﬁ@ﬁ%m:ﬁ@%ﬂt(mgumwo%ﬂA%E®&5%%fﬁﬁ%$
AIZHWEZRTE & OFERES OREIZBWTH ., [REEROBRFZLN A 517z (data not
shown) ,

EdU £k U 72 iR R A O gL BRIMBE B8 & Fig. 15B (7, il B (RATHE
) 1ZHW T, 24 FFREIZICE < OFERRARaS 7 U 77 REE D b HHIEIZE O b vz
(Fig. 15Ba) . 48 IR 12 13 AEF A In D £ < A3 E R g < TR b (Fig. 15Bb) .
72 K2 LARRIZ 7 U 77 R AR © % < Offa 2 g ik S v Cue (Fig. 15Be-d), [RIERD
TRIRF AL DI RE RGP YL KOV ES CFATHEIS) (28 W T H 9 517z (data not shown) ,
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Fig. 15. Fluorescence microscopy images of the glandular stomach (A) and colon (B) tissue
section of rats at 24 h (a), 48 h (b), 72 h (c), and 96 h (d) after labeling once with EdU.
EdU-labeled cells (light green) reached the luminal surface by 96 h.

MM; muscularis mucosae, LS; luminal surface.

3-3-2 NEBEFE. TR b — 3 AR K OSBRSS O R AL
3-3-2-1 BRNPAWE ZHW- R

MNU % 55 mghkg OHETT v MIEE L, 0, 6, 18, XN 72 K#Z DIRE IC
FUF B/EHEEE . TUNEL BRtEfIask, EdU AZakHIiaE, Ki-67 BtEitiask o RZE b
% Fig. 16 [Z/R"7,

STHREE (0 BERE) O/ MEHERE I 0.07% Tdh - 7= DIZ% L, MNU $¢5- 6 ¢4 O I
D/INEZBE 0.18% TH V| FMEHFIINCAHEREIZALDNR DTz, &5 18 BLW
72 WERE O/MEBEEE X, FN I 047 BL N 237%ThH Y, IR E R
INHAFRD Hiviz (Fig. 16a) —7 . B% 72V © TUNEL BEilfadix, xHHR#E< 0.02
cells/gland Tdh > 7= DIZxF L, MNU £ 5- 6 FEfI1% 121X 0.90 cells/gland 27/~ L, A& 72
HEMRARD b, £0%, 18 BLO 72 ik ICiZEn L4 033 BLW 038
cells/gland Z/~R L, BE—Z D 1/3 ICETIKF L7 (Fig. 16b), HR%7-0 @ EdU
A, % FREE T 1.44 cells/gland T - 7= DIZ%f L, MNU & 5- 6 BifEI#4 1213 0.41
cells/gland 27~ L, AERBADDF O HiL, MNU & GFIZ W RIS Il S 4
TWD Z &z (Fig 16¢), FIQHEFHIL 18 REMZIIXEIE U, FEMIa sk
1.29 cells/gland %7~ L. 72 B§ff1#4 1213 2.87 cells/gland & AMANHEFE O TTHEN 2 5 3077,
Ki-67 BEPEMINEEUZ DWW T b [REEEORRRFE(L G0 Hive s, FREICEBIT 5 Ki-67
BEPERMAE LY BdU AZ# e 2 Ll > Tz (Fig. 16d), 372 H, MNU #5450, 6,
18, BI O 72 B OfEIZ, £ 24 3.02, 1.18, 1.94, 35 X1 4.70 cells/gland T&H
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> 7,

BB AME D MNNG 35 X O MNU % W72 RS Nk & il a5k D i A
ébmﬂ%ﬁm%ﬁ%% Table 3 (27" 7§, B /IMEOFEIMEIT OV TITIR G- 24-120 el 1%
£ T, k2. BRU/NMEOFERMICOWTIL 24-72 B £ T A,

R'E 1z Hs1 7‘54\* SRS 1T, B 24 BRI DHEIN L, 48-96 B ICHR KRICEL
ZORIRT UTe, /IMEBEE ORI 72800 X2 — 1% Fig. 16 TR f‘omf_/\&~
VERBRTH o T, R E 7R DEHIL, HEOEINIZS U TRIET 2R3 H 0 | K
FHENDIEIZ, MNU TiE 48, 72, 96 FFflil#%2. MNNG T 48, 48, T2 FfHj#% Toh -
7o /IMEBEE O A BARAFEIT W T OGO BIZ BN THIT L2 TORICE
WTTHEIZE &7 (p<0.01, Cochran-Armitage trend test) ,

MNU (3B H/IMERBRIC BT O 2R L, /IMEERE B IRMEROSEE 13, ##
Br U722 TORFRIZE W T, IWET BRI TR L, AREEENRD S
M7= (p<0.01, Cochran-Armitage trend test) , /MEZEBEFE D KAEIZ W3 o HERHIZEB W
THEG 48 BFEZICERD BTz, SEIRIMERLIZARNT L7 2 CORFRICEB VT, %t
PRI LR CTHRIZHED Lz, MNU &3 BEB9IZ, MNNG #5586 Tid, IMERE S
HARMER DB 6 X O R IMERLE & b, TG BT O THT L7 TORE
RV CIRIEERHRBEIZ LR CTHE R ZITR D bR o Tz,
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Fig. 16. Time-course of the incidence of MNed cells (a), TUNEL-positive cells (b),
EdU-labeled cells (c) and Ki-67-positive cells (d) in the glandular stomach of MNU-treated

rats. n: 3 animals/each group. Data are expressed as mean + SD. Statistical significance:

*p<0.05, **p<0.01 as compared to the non-treated control (0 h); (a), Kastenbaum and

Bowman’s method; (b-d), Dunnett’s test.
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Table 3. Micronucleated cell frequencies in the glandular stomach and bone marrow of rats
orally administered MNU or MNNG.

Chemical Time after Dose  No. of Glandular stomach Bone marrow
dosing (mg/kg) animals % MNed cells % MNIME % IME
Mean = SD (_min/max ) Mean = SD (_min/max ) Mean = SD (_min/max )
MNU 24h 0 5 0.14+ 02 (000/040) 0.16+ 004 (0.10/020) 46.1 = 32 (41.9/50.0)
138 5 029 £ 02" (0.10/0.55) 0.93 + 0277 (050/1.15) 23.6 £+ 52%(18.5/29.2)
275 5 023+ 0.10 (0.15/040 ) 154+ 062" (1.10/2.60 ) 283 + 1047 (17.8/43.6)
550 5 049 £ 037 (020/095) 206+ 0327 (1.60/2.30) 17.8 £ 59%(12.6/27.3)
48 h 0 5 012+ 0.1 (005/020) 0.16+ 0.04 (0.10/020) 363 = 7.8 (28.4/463)
138 5 030 £ 027 (0.05/0.65) 1.66+ 070" (0.75/2.35) 264 + 5.1%(21.0/32.6)
275 5 027+ 027 (0.05/045) 336+ 074" (250/425) 220 = 6.87(12.8/29.9)
550 5 122+ 08" (045/245) 439+ 093" (3.50/585) 165 £ 3.0"(13.1/20.9)
72h 0 5 0.07 + 0.10 (0.00/025) 0.19+ 0.11 (0.05/030) 403 = 12.7 (24.5/59.7)
138 5 022+ 027 (0.05/050) 021+ 021 (0.05/055) 451 £ 9.6 (28.7/53.1)
275 5 052+ 037(020/095) 034+ 014" (0.15/0.50 ) 332 + 12.5 (21.7/53.3)
550 5 113+ 06™(0.70/220 ) 1.76 £ 1.16™ (0.55/3.50 ) 7.1 + 54"( 3.3/163)
96 h 0 5 0.07 £ 0.10 ( 0.00/0.25 )
138 5 025+ 02" (0.10/0.55 ) nd nd
275 5 035+ 0.1 (0.15/0.50 )
550 5 137+ 03 (1.15/1.80 )
120h 0 5 0.08 £ 0.1 (0.00/0.15)
138 5 011+ 0 (0.05/0.15) nd nd
275 5 032+ 02" (0.05/0.55)
550 5 1.06 £ 04" (0.45/1.45)
MNNG  24h 0 5 004+ 0 (000/005) 016+ 0.10 (0.05/030) 478+ 87 (359/58.6)
25 5 035+ 03" (0.05/080) 026+ 014 (0.10/040) 445+ 7.8 (36.0/54.3)
50 5 040+ 027 (025/060) 0.8+ 0.12 (0.05/035) 386= 7.6 (324/509)
100 5 091+ 057 (040/1.60) 0.16+ 005 (0.10/025) 388+ 9.7 (24.8/482)
48 h 0 5 002+ 0 (000/0.05) 022+ 007 (0.15/030) 333+ 6.1 (258/41.1)
25 5 042+ 0.17(020/0.55) 0.19+ 002 (0.15/020) 480+ 144 (30.0/67.1)
50 5 064+ 057 (0.15/1.40) 0.19+ 0.09 (0.10/030) 378+ 7.3 (322/50.5)
100 5 091 £ 05 (045/1.65) 0.8+ 0.08 (0.10/025) 362+ 69 (26.6/41.9)
72h 0 5 0.09 £ 0.10 (0.00/025) 0.11 £ 0.08 (0.00/020) 380+ 93 (22.9/485)
25 5 035+ 02 (0.10/055) 0.2+ 0.08 (0.00/020) 351+ 57 (274/43.2)
50 5 043+ 027 (020/0.65) 0.15+ 007 (0.10/025) 415+ 73 (302/48.7)
100 5 093+ 0.6 (030/1.50) 0.09+ 0.11 (0.00/025) 407+ 8.7 (27.9/49.4)
96 h 0 5 007+ 0.1 (0.00/0.20 )
25 5 013+ 0.1 (0.00/0.35) nd nd
50 5 0.16 = 02" (0.00/0.35)
100 5 058+ 04" (025/1.15)
120h 0 5 0.09 £ 0.10 (0.00/0.25 )
25 5 0.11 + 0.1 (0.00/0.30 ) nd nd
50 5 030+ 02" (0.10/0.60 )
100 5 052+ 0.6 (0.05/1.55)

Abbreviations: %IME, % immature erythrocytes; %MNIME, % micronucleated immature erythrocytes;

nd, not done.

* p<0.05, ** p<0.01 (Kastenbaum and Bowman’s method), significant difference from the vehicle control.
# p<0.05, ## p<0.01 (Dunnetts's test), significant difference from the vehicle control.
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3-3-2-2  FERGIE DS AW & FH T2 SEBR

DMH % 88.6 mgkg DHETT v MI#HEG L, 0, 6, 18, 24, 48, 72, 96, BL W
120 BE# OFEMGIC I 1 D/ MEHERE . TUNEL B Miifastk, EdU B EL. Ki-67 5
PR DRERF A & Fig. 17 (2R,

DMH #5- 48 K% £ TOREM/ MESEE (0.00-0.08%) 1kt HEEE (0 FEfE. 0.03%)
DA & AR THEREINTRD bz o 72 (Fig. 17a) . #&5- 72 R 1Z i/M%EI“
MAEBIZHEIML (0.57%). 96 KFEZIZHRKRIZEL (0.90%). D% 120 KFFE#EIZ]
KT L7 (0.70%), —Ji. 7V 7 %70 @ TUNEL ML, SHREET 0.01
cells/crypt T > 7-DIZxf L, DMH #5- 6 3 LU 24 B ICIZENEN 134 B O
2.47 cells/erypt Z 7~ L AR 72T O HivTc, £ D%, 72 FifEI£ 1213 0.59 cells/ crypt
L, BE—ZBEOK 1/412F TIKT Lf_ (Fig. 17b), 7 U 7" N %72 v @ BdU fEaskA
Wi, XFHREE T 5.67 cells/crypt TdH > 7-DIZkF L, DMH # 5 18-48 K[ IZITA R
BT B, 5 18 K ZIC iﬁﬁﬂfﬂ ? 0.86 cells/crypt %7~ L, DMH #5812
B CHIIEEETE 6] S LT b Z Envrr s vz (Fig 17¢) . ARIEEESRIE 72 REf#& 12
I3 BRAE L~ & CEIE L (5.03 cells/erypt) L 96 36 K TN 120 B # (21X Z 2 8.02
B LN 13.2 cells/erypt 2R L, MIIEHEFE O TTHED 2~ H LTz, Ki-67 MRS 2T
b [FIER DRRIRFEAL DR AT A K RIZH5 1T D Ki-67 BEtEAIENX EdU s
Z klalo> Tz (Fig. 17d), $720 5 kFREETIL 8.01 cells/crypt Td > 72 DIZkF L,
DMH #4518 Wi 1T AIKIED 2.38 cells/crypt, 120 Wi 11T KRIED 21.2
cells/crypt &7~ L7,
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135 ] 25

S s * % S
o =X 10 K%
10 o 2
£ < g Y15 ok
T o
838 % 10
-
0 2aos 2!
= = -
2 £ o B X
B * ¥
0.0 0
0 6 18 M4 o4& 72 9% 120 0 6 18 24 48 72 9 120
(b) Apoptosis (d) Ki-67-positive cells
oo 4 25
=t 8 * %
=
S * % EZD i
[%) 3 S~
— pLLl
o . D55
v 2 i
o >
E= 510
(%)
S Q
T o
— I"‘I- 5 4 *
L
= na na - na na “9
-] 0 T T - b
0
- 0 6 18 24 48 72 9% 120

0 6 18 24 48 72 96 120

Time after administration (h)

Fig. 17. Time-course of the incidence of MNed cells (a), TUNEL-positive cells (b),
EdU-labeled cells (¢) and Ki-67-positive cells (d) in the colon of DMH-treated rats.
n: 3 animals/each group. Data are expressed as mean + SD. Statistical significance: *p<0.05,
*#p<0.01 as compared to the non-treated control (0 h); (a), Kastenbaum and Bowman’s

method; (b-d), Dunnett’s test. na: not analyzed.
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3-4 EE

Z v MRE B X OKERGH 5 BB L 7= bR O RREIE 2 A2 in vivo /MEZRER %
BAFE L. 3 FEOET VLAY E AW TARRBROFEZH <7, 7 v MIEEDBAY
'H D MNU X° MNNG, & 2 VNEKEENAWE D DMH # HEIHENEE T35 Z LIz k
V. ENENDOERMFZIZB W T, IMEBRENFEREISIEM L., IMEREZEOE— 71X
48-96 FFfijt2 TH D . E DRI TR U7z, BdU EEaMIRR ORI b2y 6, F R
DSARBEEFE S 2> & Al O R IR EN T 2 REREIIE 72-96 Wl TH D 2 &R S 4,
FIBITE LT IEE OB EERNCE T 5, IMEBEORIFE(LASF — 0%, 20
k97 BRI OMAEE A R L2 D W2 5, F1-. M & HIasERL %
RFZEAL NS — 3L L T AIMEBREE & 7 7R b — 3 AR ORI bR 2 —
T8> Tz, 37206, MlSREEFOTIEC LT R h— ZAOEIFHRE 6
B KOV E 721% 24 Wpfil12 OB O FOWNRENIZH N L | 72 eI I3R e — 7 KE oD 1/4 -
1312384 LT, MfRBEREIL. 7R b—3 ZBEED E ORI IHE S v, B 5 72 R
BETICHEE Lz, IMEHEIZ, 7R F—3 2D —27 L0 b 1% T OEE &
EBITHM LT, MAT, A7 NeflOAREBETDEWND 7747 U T,
BB IC 2L X TR =V ARBH o728 LTH, TN a/MET ) 5 PERR T
LZDICHNTHDHEEZD, ZHHLDOETIMEEMIZ LV . B ADERFEME CTH S
RE 3 L OFREIBIZ B W T/ MER R A MR ATRE /R 2 & DSHERE S 4LTz, £ 70, /IME DT
IR D B[R H 5 48-96 HEZICH L 7 U U 7T 20N L TS Z & AR S
iz,

MNU B X MNNG (ZF>HHEOBFIZNAZHRT HEELERFEME CTHD [24,
76, 77, 7 v MRE Z AW A ER DNA A GREBRICB W T, WE & b IR 5
MRSAIVTUNA[10,83,84], ¥V ABLNT v b OF#i/MEHERTIX, MNU IZHEEN
BLOBROOWTNOEGREEZ WS EICLBEEZ R 2 NG S Tnd
[72, 85, 86], MNNG 1% & A EORB T TR GREOLAIZHBMEZ R LT
BN, RORGOLGEIISIRNRTEV [85-90], & 52, Muta™Mouse % AW\ 7@ (s
ZEIRIZ FLEABRIZ I\ T, 28 BB VB AR C N L7228, Bl e I L 72
WZ ERHRE STV D91, AWFEIZIVT, MNU 5 TIiiRE & Efonhic
BT H/IMERAMBEAAEIZHEM L7, —F . MNNG &5 Tl RERSEMETIC
BWTIRE COANERAMIROAEREINNRD bz, BBADIEERKTH D
methyldiazonium hydroxide (%, FEBEBGIZ L 550 T MNNG 264 T 5, ZO55f#E
1%, HHEICEET 2 EBEOTF A — I L > TSN 592, 93], £7-. MNNG
X7 v FOEME D WVIENE T B B DR FCHENICOBIND Z ERALN
TW5 [94], AHFZETIE, MNNG ##5 L7277 v MZBWT, SERMEKLOFE
PRI ISR ST EREIIHNIL /ey o T2 Z L v B, MNNG Of% D& 512 X B /MR
AIRMER DI I & VIR D32 To DL 53 T2 1G53 F B BEIC B L 722 o 7o Tz
EERXTND, TNHDZ Enh, HEBRME AR AR Uiz & & ITE SR Rt
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THIRE AAEN & T D/ H%ﬁ%‘ﬁ :t MNNG O X 5 ([ZFEEERIIBONT L0 o TEPEAR
DFa I REERT-DIC WHZE LIS WEZ RN T 2DICESTHL Z
I LT,

DMH (ZKIGEAER ETHRNAE L LTI MLNTEY, (FoWEOREIGIC
INGEERRTDHDMETH D [39, 44, 45, 62, 64], F 1 2=, HF2EIZIBWT, vV A
DMH % e S L, GO /IMERBRZITO., BIERSRIE LN D Z EARINT
FV[48], 72,5 BB TIT - 7= LRIFZEIC L 0 L 2 OFE RO FIENSE STV 5[50],
AMFZEIZIBWT, DMH %27 v MIROHEEG LTRSS, fBICB W T/MEDR TR S
N5 ENRENTZ, —J. TiEeIZ, DMH & 0% 5 L= [F U ol B (k4

LB B 72 FERZICI T2 L 2 A /AMEBEEIE 0.0320.03% T, et REEOE

(0.07+0.03%) & HELRZETRD 72N > 7= (unpublished data) , EdU 2% #MA %L
[ZOWT ., M IREEDOME (1.4410.30 cells/gland) & DMH 5RO (1.04+0.13
cells/gland) IZHEZEITH O BT, fﬁﬂiﬂ'ﬂﬁaﬂﬁﬁ@ﬁﬂﬁﬁﬂ iﬁ%ﬂfcﬁﬁ)o 72. DMH IZfiThi
TREEH L SN HBEAEREMETH Y | ff*ﬂ% BRI DNHITITHR Lfoc
VM 25], 7 > M2 DMH % 4 [k O0& 5 L=% :I’ol/\’(% Hﬁwk#ﬁf@?ﬁ
HEIMZFE O BTV ZR0[95], Hﬁakot(}fkﬂﬁ BBIF5H DMH O Z 15 DOfERIT
DALEMNZ X DD DR RN L — & LT D

MO O MFEIEAZ HV, Ki-67 ﬁﬁf“ e\ 10 HETE A 2 AT L
72o Ki-67 13, MEEHIO GO BHTIFFHH L2, Gl, S, G2 B L UM #c w8l
LEERTHY, MO~ — I — & Lfﬁiibz”bfb\é[%]o Ki-67 B P el 3 i A
HIEOEHE T2 1T TR, Wl Z2 BRI L TW D NENEFRD D, FIV 0T e
7O BdU Z MW L0 A2 i~ 2o ofERE i Lz, IREB X

UHEG O DT IUCEB N TS, Ki-67 BiEllat & BdU EEciia S o2 1338 el L
Tz, FRERIZE W T Ki-67 MRS EdU B fa iz b R TE o 723, 2
i EdU BEimin & L Crififb S 2 oL, EdU #&5- 1 BpEkiz S #iicdh 2 e o
HDI=H LFx Hivs, MlaENEE Ki-67 BrEiliat & oMEBINEZ T3 2 11X 72
HT — A PMETH DM, MIEHEEOMET BdU %D L 9 72 ERELURIC X D1
ikik 2 FHO 3712 Ki-67 SR e i CHMENT RIRE /R 2 L 28I L 7=,

AIFFETIX, 3 OOET LA EHAWTT v MEE B L OGO /MR %2 £t
L7ohESR. SMEORNAMERTH HIRE & 5 WILHEIG T/ MEOHIMA R S, £
NENOBEBEFEEZMRMTHZ N TE, L, BREICBT D/MEEE O i KE
B I OR/IME (Table 3) 75, MNU B X O MNNG O & H &858 Clrififadrtic X
L/IMEHIEDIRIE D E L B | EREDNRKEVHAICH o 72, BERGDOGA, /)
B os1T 48-96 H#F‘ﬁ?& HRHENDZ EEEETDL L, 2 HELFENL EOKIER
B2979 Z L2k 0 | EIRZEDORE NCBIBFEEYE OMHERE O R RGNS,
X BIT, Wéﬁi?a{% i @’f’f@i%x MEERWE. 7o, FEEEEMEE,. £< 0k
B E AT EREZITO 2 LI L0 I/ IMERBR O R HEE 38 L OVRE BAME O FEAT
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MAREL 720 AMBRIEDMESLICHEMTE 5 &5 X D,

AMFFENZ LD, =T R LFRRIZT v M E WD LB/ IMEABIE AT 5 2 L2
T&lz, 7y MREB LUK Z AW o/MGERIT, 05 S E OB
DRHICAHTH D Z LAVRBR ST, TF, BEAE~ORBEN RO SN TEY
7 v MHLE/IMERBRIEDOHESLIZ LV . T v M2 WD —fkEialik L 8 o A1 b
MAREL 720 | EREMBOHIKICHEMTE b0 LBELLND, £/, & h~D
UR7 &5 2050, B CORIGHEMERFDEGT 200802 it 2 &
TEETH D, HLE/IMERRIL, LB ICBIT DDA D A T =X LTI S HH
ARELBEADND, LTI T, HA4ETIE, 7 v MEBIMEE MR ZISH L IBW
M ER DFENP KGN ADA = =— g VBRI RITTREIZ OV TRFTT
LZkE LT
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M AARFEIATIC B T 5 T > l\?f*ﬂ%d\*i%iﬁ%ﬁ@ﬂﬂﬂ ;
o PRI 58 DA BRI 2 2R

AREELLLF OF U SN TN E T,

Ohyama, W.: Markedly enhanced micronucleus induction by 1,2-dimethylhydrazine
dihydrochloride in colonic cells of rats with bacterial colonization in the intestine. Mutat. Res.,
838, 1-8 (2019).
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4-1 (L HIZ

b FDORGIZIX 10-100 JEE, 500-1000 FEFEIZ B2 ZFEZEEREDATFEL THD &
HIVTN 597, 98], IGNHIE & g EIXLAEBRICH O | IBNHIECE IO BEAET S
WL, W b ECHIRR-C s ML D HEF-C o0 (b, TR B O E AR PR, A RBI i e oD
TEMEACIZARNE DT, BN O FEA S 2 BHIBNFE S G O = L X —JR L 72 B /e &
B OIFE XS EOAEH PR B E O ICEE TH H[52,99], — T, FFEDIHEN
HE DS EE P38 N AW DFEAE[99-101]. ALZFIEN AWMV & B KBS A DRI
AIRE T % ACF 00 A DEMALOMEEIZE G535 Z & H#iE STV 5[54-58, 99],
E7o. BNEFEOELIL Tdysbiosis] 23 % 72, Bl 2 (XTEEERIBR O X 5 7218
PERIESC, BIERIEND O KGR ADOFRAEIZEE LTS Z EXER S TWAH[S3,
54,103], KIS ZHER) & 3 23 AMWE D DMH % F - FEZER Tl 3808 A SROMEMEJE
B D WITRIDAIFEDIEIETo D ACF O BIIFE R (GF) 7 v M@ (CV)
HHVNTEFAL (Cvd) 7 v P TEWI EAURIILTVDH[55-58], Z AL, ABNHIES
23 DMH |2 & 2 KRIBFE DS A DIRHEIZ D b > T D Z & &Rr L TW5 (Fig. 18), Lo
L. BB Y ACF FZRRIZJENT - TIE EDOFEIHIZ 350 T DNA 50 AR RS o
BRI EZ KZ TSI OV TEIA L TIE ARV, B Ui/ Mzl B,
WERME OBREMEY A7 OFHIIOAHR 5T, BRADA == — 3 VERIZET
HIBNAE ORBOFMICbRIHTE 5 LB 2 b,

DMH

Initiation
Appearance of cells Proliferation of  ACF Malignant
with DNA lesion the abnormal 1 transformation 1

cells and expansion
Multiplicity : GF<Cvd Incidence/malignancy :
F<CV
/
X l b
P4 L

B - I Intestinal bacteria exhibit the potential to modify
A H

; chemically induced carcinogenesis in the colon

Fig. 18. Schematic images of multistep colon carcinogenesis by DMH administration.

% ZC. DMH # 5% 53K & 2 BFE b2 EEOFEE, /b
B, DNA HIEB I OVINEEFRE L L TRAD EILiC, 7R b— XOMagsE o fa
EOEAL D RIFFICHEIE L, GF & Cvd 7 v Tl d 5 Z & & L7-, DMH 3Tl TR
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BHEMAL SN D Z ENMBNTEY (Fig. 19) [106-110]. £7=, = A v FRBRIC XD
DMH #5805 7> 5 24 Fefi] £ Tliligds L 05 C DNA 5O T& %
T E NS STV B[104, 105], £ D7z, DMH # 5.4% 3-18 FEfE] £ TOfiffisids LY
fElFIC 31T 5 DNA HEA 2 A » FNBR T~ T,

i 1,2-Dimethylhydrazine (DMH)  CH,-NH-NH-CH, ke

A 4

Azomethane (AM) CH;-N=N-CH,
Azoxymethane (AOM) CH3-$=N-CH3
o

A 4

Methylazoxymethanol (MAM)  CH,-N=N-CH,OH
v

l 0

Methyldiazonium CH,;-N=N*-OH+CH,0

J

Fig. 19. Metabolic activation of DMH.

Flo, H 2, 3EICFEHEH LI, BE~YTUAHDHWIT v MI DMH % HiF
TG Lz &, &5 72-96 KR I/IEHEOE—7 NRO N TWD, £z, EE
7 v NG Lo MIREEITEE (CV) 7y hEREBL TR 13 HFELS, o
MEWNEDOWRENHD[111], D7D, EEHT v b TII/PMEHEEPET 7 v M~
BUDAREMENH S Z Lnh . AR T, &5 24-144 FiE1% £ CREFEYICH G O
INEBEFE T, S DI, IO ORBTHWET v MEBOHBIEARIZL D,
TUNEL JEIZCT AR b — 3 AHE % KD 7=1F7>, bromodeoxyuridine (BrdU) FEq#kif
B, HHPHGOK, BLOZ V7 FOEIEZEE L U CRIREE5ETE M 2 b L7,
GF & Cvd 7 v MZBWT I b OFRIEDREZEA 2 i~ DMH #& 5% F i\ T
RENAIEE OF RIS L 2 22038 2 0B 0 Z i~ AL/ IMERBR O A PRI DV TRt
L7,

4-2 FEERHE
4-2-1 fEHE

Y 7 v N PSR EFGERT CAEPE S LT EME F344;YitGF 7 v b EMEH LT, £ ToEw
X, 5 Bl E CEEREO = AT A Y L—F—hTHRE Lz, o ~lE L7 F2
fAkl GBRGHE) &t A4 — 7 L—T3E Lok E BHEBERESE, A— 7 L—7
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W LT R 2 BN — I 3 LT/ — Y TlE L7, GF 7 v MISFEBRHIM
BTETZOLMBTTEHE Lz, H 1 EIOEMT = v 7 B X OREHI O #F A C 48
FAIREEHER L7, B E &1L 7 Bl TIT>7=, GF 7 v Fomiik

(conventionalization) 1%, B _E 5 D FIESSNZHEVY, GF 7 v MI@EERE CHB L T
W5 F344 T v NOBEBREIRZR DY VT TRETDHZ LICLVITo7, HiRmE
B 21T > 7o 7 8 CRF L 16-18 H%) IZFE[MED 7 7 AYL@IC LY 7T LG
BIOBEOENESE L TND I E 2R Lz, fE=EIX241°C, 1B 50-60%ZHE
FrL. MBAOHRNT 12 YA 70 e Uiz, EBRIZ. Y27 v FPRufgear g3
ZEEOEKREE T T2,

4-2-2 LAWY

DMH [306-37-6] (T F7A4 7 A7) 1%, RAHFEHEEER (RMRERIETE) |
VRfR 7=t . NaOH T pH 6.5 |ZFH% L7-, DMH OEE T, HEEE2 S 2 WIRET
2mg/mL L7259 L, S UKRT 7 4/ Z— (pore size: 0.45 um) TIHE L7,
93 EE T LRMBRICHEBRIEZ 5 0RE TORTHEIE, 44mgmL & 725, BrdU (Fiot
T T M) (X 16 mg/mL & 725 X 2 R ERNHK (MRERMIKETYE) T LT,

4-2-3 #Y~DHE
4-2-3-1 = Ay FilBr, BIOT R b—3 & LA HEHE O Rt

i & A5 BIC 31T 5 DNA HER L ONEBICE T 57 AR h— 28 X ORI 5E D
TR 2 RT3 2728 . GE B LV Cvd 7 v b DZENZENIT-OVW T, DMH £ 5- 0 (M
SLEHREEE) . 3. 4.5, 6, BI OV I8 KRR 7Y 73 DA E LTz, FERA
7Y a—)V% Fig. 20 1237, 3. 4.5, 6 IFRIOFFIZIIA 4 lLoEZ v, 0 B LW
18 FE OFEIZITA 3 PEFVW =, DMH # 5-8#£121%, DMH % 44 mg/10mL/kg DH & (7
U—{k& LTHKI 20 mg/kg) TR FIZHBEIFREG LT, e ORI ENY 2 BRI L, IEES
KENWRD O DRI K 0 LI ST, FFIg & RO =2 A v MEARTS LU DA%
EARZER U7, &5 18 FFfil#4 D GF 7w k 3 EH 1 JLOFigi= A > MEARTITAEAR
ERUWEZETIZ AR ER N TR A LT, ZOREOIFIRIZ DUV TiX 2 PEO A fiffT L
72
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DMH
3 Time after administration of DMH
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Fig. 20. Experimental schedule. DMH was administered subcutaneously at a dosage of 44
mg/kg. Untreated rats were used as controls (0 h). 4, inoculation of feces of conventional
F344 rats; A, sampling. The numbers in parentheses are the number of animals used at the

time point in each GF and Cvd rat group.

4-2-322 MERBR. BLXOT R b— R &R s o it

GF BXOCvd 7 v b & AW/ ZalBRiE 2 1580 L7z, 1B H OFERTIX, 1 #EY
720 2 lEoEM A W=, GF 7 v hTld, DMH &5 0 (SEALEIREE) . 24, 48,
72, 96, 120, BLON 144 FERICY 7V 7T HREERE LTz, i, Cvd 7 v
R CiX, DMH #5 0 (JEALEGHIRRE) . 24, 48, 72, BIL O 96 Bk Y-> 7V o~
T HREERE L, ¥~ DMH #4513 EFD 4-2-3-1 L RIERIC T -7, R EE5E
TEMEZ AR D 720 R o 1 FEB AT 2 T OB BrdU % 40 mg/2.5 mL/kg O &ET
FIRNE G- L1212, #EIB O/ IMEREAR S X OSRE AR ZERL L 7=,

2EIHOFEBRTIZ, 1LY 4Co#EmE W, GFBXIOCvd 7> k& bIZ,
DMH #5- 0 (ELLESIIREE) . 72, 96, 120, B LN 144 g7V v 7945
HEAFRE Lz, 1A HOEERT 24 B X048 B# OREC I CHIEFEINH] 23 7 &
Nz, 2 HOERTIZZN O OFHITERE L2 o7z, @if~D DMH 513
A0 4-2-3-1 L [EARICAT o 72, BEEICOWT, 4L 2 RO EMIZ EFD & [FIEEIZ BrdU %
BhH UTc, e ORFRNCHEM A BRI L | /IMEAEAR TS X ORHRE AR 2 /ERE L 72,
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4-2-4 FEARMERI L OB
4-2-4-1 =2 A v MikBR

i U7 g & A nRE G 2 D 2 RS 0 5 1E[104] % —3tkE L Ta A v MER
AERLU7-, ARSI 2507, JHIESfEZ I THIBI L, 208 1/5 Zokm LT
REVFIAANRNy 77 —HTREVFTA X LT, REVTA ANy 77 —X, 75mM
sodium chloride (NaCl), 24 mM EDTA, 3 X T 10% (v/v) DMSO O#HAK T, pH 7.5 I
T L2k A2 AWz, Ry Z—ROERETF A VP —T, NfEZHl-> TOL—XiZ Lz
HLDOZEHWT, 600 ipm T1 A A —7 OHRKREVF A X LTz, @EAEGITERERE
TR CHNE BRI L, BB 1 om ZAARAEARICH W, 720 2 Bl 7 mic B &
NI DOHNORVMAIT FRRZ 27 L—7 1L, ZHZE 6 mLOKE LIZARED S
A ARy 77—, e FREDHIETREY A X LTz, REVFA X LI
BELOFER L, 700 g T 10 43, ARIE T Tl L, (B Z2 224 10 mL B3 X0V 2 mL
DKW LTEARET A ANy 77 —ICHEE LT, BBIKEZ 1516 2 SRERE
LCHilasl At S0 b, Eo 2 3R 2RI L Ta A v MERIZ
iz, ZFVical i3 5 & CHIRBREIR 2 okm LTz,

PEYER R T e — R (GP-42, T T4 7 A7) BIOMKEEET e —A (LGT,
FHITATAIH) #FNEN 1% L O 2%DEEIC2 5 K5 AFAERIC AN, &
T LU TIRD RN B LT, 50°CITARIR L7 ERm g T T — 22 Hv, A7 A
K7Z 212 1 J8 B 2 1ER U=, Mifafsimig & 45°CITARIR U7 IRRhfigE 7 T a — R &5 &
BAEL, 75 uLxEL L2 1B Ric#HyE, 2J8H & L, [Ebik, EvERfE T 7
D—AZHET3IEEE Lz, 1EEYS7-0 2 OEARZER L7, ZFVERGES
N K < IR0 LT BRI IRE U T BRI RHR 1, 7D 100 mM EDTA., 2.5 M NaCl,
5 LTV 10 mM tris hydroxymethyl aminomethane (Tris) % f5H /K IZ¥ 7> L . NaOH T pH 10
B LT A ERL L Tl &, SEBR Y H 1% (w/v) sodium N-dodecanosylsarcosinate,
1 % (v/v) triton-X100 35 & T 10 % (v/v) DMSO Z Nz THEH @ 30 43 LA ERTIZ 10°CLA T
IR LT b DA Uiz, AR, BRI —BRIE Lk, ERKEK 2 A
TR Uz, BRUKENKRIE. 300 mM NaOH & 1 mM EDTA Z#EHUKICIAN L, pH
13 LA EICFRHEE LT I0CUL FIZRTFE L T2 b O & VT2, BEARZ Z OFAIRIZ 10 4[]
g L7, BrLWikEhin e ANT= 7~ U U2 A TO)REECE L, T X2 L
272D K OBE Lz, EASmAEDOND L OKENREZ ML, S5 10 /FEE L
72 (DNA O7 U A » RRFEIEAFE 20 43[#) . 25V OEEE T 15 4y ESIKE) L7z,
VKENBRLAIRF D LAY 300 mA & 725 K 5, KENWROEZFME L7z, KEKE 7%, A
e Lz dfnik (0.4 M Tris KIS, pH 7.5) CTENMC 3B (5518 B L7,
100%= % / —/WiZ 30 43 LL HIR{E LTl K%, BRI T, BB bHKET
DODITRTHWERKIL., FTOETHRAELEZLOEHAN., T2 TEIE SCICRE
L7 ARIREWNIC TR T CEME Lz, BRI L L, BIERFIZ 20 pg/mL O=F
AT <A K 50 uL ZAEARICHE FLTHNN—=F T 224 Uiz, SOt mamses
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(200 1) D7 U —hiE (550 nm) 12T, 1A= 50 D = A > Mg % il
Wri&E (7 A A —%E W, version2.02) Tl L7z, ~v RET—ADBHLNTHD |
il DOHIIL & B2 > TN b DB G & Lo, RS TITHW g~ 2 7
L TEFE LTV D% tail DNA. tail intensity, & 5\ & tail moment 25 Ot DO FEEE D & H
JEDS, 3 A v FERBRD OECD # A K J A > 489 [11] THERE L TV 2 B i & 72
HAIREMEDN & 570 DNA SHUIMrOFEEE & L TR b AR = A » MRO WO Hk
% 7~ tail length % FU Nz,

4-2-4-2 /AR

INEREARIL, BB 1 ECTHE LI HEO—#ELE L UTo T2, AT 30C, 15
EHE LTt 3 ORI T ABERE SE W, X IRED BRI E 1SS T
», EDTA I CORIEZ 30°C, 30 oI e L. 15 0T 2-3 il 7 AL RE) S
B, VT MEBRRLE, BT 4 72X DR AEEE L, [EE%. MRRER
BATART TR E L, BEARE Lz, BERITBLEE TH20CD 7 U —HF— TR
£ LTz, 728, RRHIHBAEARZ ER LI BERICOW T, BEEZ T 7 ARICEIKRT
ANZE R 1 om Z8EH L, FREEAR & LTz,

INEREARITT R TR L, BRSNS DRV IRIETBIZE L7z, 1 FIH O3
T 1 AEERYE72 05 1000 @, 2 [BIH OEERCTIE 1 EARYS 7205 2000 EOA > % 7
AR AEEE L, IRAEMROBEELEE LTz, A %7 Moflifaix, Mg % 0k
FLTBY BHENLEFE T, FEOEENHAR T A (LL Thaento b L,
IEOHERAEMEL, FEEFEICEAWIOLZRE L TR, BEREPEEDO 1B LT TH
HHDE LT,

4-2-4-3  FHFREAROERLE L OVT R — 2 A & HIIEEE O fig T

FERSRAZEA P B U 7= A5 AR & 10% FPEREE AR v~ U o TREIE L, EIEICHE- T
XT T 0 I U R 2 ERL U7, ORI 2T AR F— Y AHE R L O
R IEIEEOFREE (R F i, 7 ) 7 hOE S, BrdU OBV IAKL) ORI A
W,

4-2-4-3-1 TR b= AOYEG LT, BIOODRTHBE L 7 U 7 FOm S OfFfT
TUNEL {EIZ LD 7R M= Afifa %2 Y L 72, Apoptotic detection kit
(DeadEnd™ Colorimetric TUNEL System, Promega Corp., WI, USA) % V>, §iBIEIC
P> TIT o T2 TR F— 3 A DFE 413 diaminobenzidine (DAKO/Agilent Technologies Inc.,
CA,USA) IZTITWV, ~~ bF v U U TRRGEIT 1o, B O 72K a2 =3
fdZe 7 b — 3 ARGMERIIG &HE L, SEMIZ W T, TERBRRZRK 30 o7 U
FNEBIERL, 7 U7 MY ol ERE Lic, FRIC, 7V 7 4720 D5y
e, 7V 7 MEH O B ERmE oM (7 o) 2T s
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~L72,

4-2-4-3-2  BrdU O Yfa & fifir

BOKREEI Fizxr LT, BrdU 44 » | (Oncogene Research Products, CA, USA)
2RV, SEOFEICETER A TYRe Lz, ELZLLFIZEE T, RARME~L
A ¥ —E % 3% tKFE K TIHE L7k, A A, 37C, 604y, AR A
RV U (reagent 1A & 1B ZEHERA LAR) TUE L, KkmLiz
phosphate buffered saline (PBS) T 3 [EI¥Eif L, ZMEHL (reagent2) TR, 30 oL
U7, PBS T3[EWEHL, 71y 7 ik (reagent3) T=HIR, 60 5 L7z, 7=
v 7 VIR % B 2% L | biotinylated mouse anti-BrdU (reagent 4) T 4°C. 18 BfEjALEE L 7=,
PBS T 3 [A]{fe#4 L. streptavidine-peroxidase (reagent 5) T=Ei. 10 774LEE L 7=, PBS
T 3 [H¥EH L. diaminobenzidine (reagent 6A, 6B, 6C Z 7R84 /K L IRA L7-i%k) T BrdU
EHVANTER ZRO S, ~~ XU TGO LTz, ALK % Rd
AAE 2 BrdU EEifkAiia & HIE Lz, S8 OWT, TERBRRZ2 30 D27 U7 N &8l
2L, 7 U7 M40 0 BrdU B2 BHE LT,

4-2-5 HUEtALER

a Ay MRERTIE, &BED tail length O FHEAZFH U7, TABERHIREE & #i5rin'E
BHREOB OFEMEIZ DOV TIL, Ftest IZ XD BT 21TV, ZE0BOLGA IR
Student’s r-test, N/ ELDYF AL Aspin-Welch DIRE & 1T - 7= (W AIKRE, A EAKYE
0.05) . /IMZ AR Tl It R & gBR M E ¢ 51 O [ O A B AMEIZ DV T Kastenbaum
and Bowman V£[82]% HIWTHEMNT L7 (FlfRE., AEAYE0.05), = A > Ml X
O/PEZRBR DA IFICIIT D GF & Cvd 7 v F OB DOFEMHIZ OV TR, F-test B &
O Student’s #-test |\~ & W FE L7z (FIME. A EKYEE 0.05), b ORaHLELIL,
SAS version 9.4  (SAS Institute Inc., Cary, NC, USA) Z MW THEE L7z, 7o, KFFHE
BT DT A M— ABE, MRIEIEOFIEEIC OV TIX, 1207 —7"8dH
L2 EMOAEBEEREIITDRNST,

4-3  FEERFER
4-3-1 = A v MRl

GF 53X UCvd 7 v b & I, DMH & 58 TIEThgIs X OGO tail length A3 A0
L7- (Fig. 21a,21b), mARMEITHEE 3 KEHZICA O, £ O®BED T RN 5
7o GF 7 v h& Cvd 7 v FORIT, fREHEE, QHEEE IZAEBEREITRD bR

7,
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(a) Liver (b) Colon
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Fig. 21. Results of the comet assay in the liver (a) and colon (b) of rats treated with DMH.
Data are expressed as the mean + SD. The number of animals analyzed is as follows: n = 4
animals/group at 3, 4.5, and 6 h; and n = 3 animals/group at 0 and 18 h, except in GF rat
colon at 18 h (2 animals). Statistical significance: *p < 0.05, **p < 0.01 (Student’s #-test) as
compared to the control (0 h).

4-3-2 MG/ IMZAER

1 B H OEBAE R % Fig. 22a (TR d, xtHRREEO/NMEBEIX GF 7 v & (0.05%) &
Cvd 7 v b (0%) TREEEDOMETH-T=, GF 7 v b TlE, /IMEBEE T 5% L,
120 FF#Z IR (1.10%) & 720 Z D% 144 KEfE# (0.50%) (ZIXE T L7z, Cvd
T v NCI, AIMEHEE IR 5% E LML, 72 BRI ICIX 245% % R LTz, Dtk
I L. 96 FEMIZ121X 1.70% % /R LTz, Cvd 7 v M O/NEHEREX, B L-HMICE
WT, WIZGF 7y hRU@EmWEHmZR L, mKEER LZFMIZX GF 7 > Ml
1SR EEY

2 [A1H OB CIE, XFIREEO/EHEE X GF (0.15%) 7>~ b & Cvd 7~ b (0.18%)
TlREDETH > 7= (Fig. 22b), 72 B LN 96 Fefilt4 D Cvd 7 v ks DO/NMESEEEIX, GF
7 v MTHRERICE N -T2, WEHEORKMEIT GF 7 v b THRE 120 Btk

(0.51%), Cvd 7 v M T 72 FFfilt: (2.51%) THH, D% ba—/L LYL(Zh
2o TIK N L7, Cvd 7 v FOMEIT 144 FFRZICIZIFE 2 hr— L LUK T L

(0.24%) . ZDWEETD GF 7 v FOfE (0.46%) ([ZHEA_NFEICIK) - 72, DMH £5
%D Cvd 7 v b O/INEHEE O EANE. GF 7 v MR K Y B EBHETH
72, GF 7 > hO 120 FEE# OfEIEL, 1 B H OFEBRITH AR o 7228 JPRREHT A
THEIZEL . &RMEZ R LR RIEmER T L C\\We, L7ehio> T, /IMEHE
DOFRERFZEACIE 2 [ O FEBRTHELMENSG v,
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(a) 1st experiment (b) 2nd experiment
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Fig. 22. Results of MN tests in the colon of rats treated with DMH. In the first experiment
(a), two animals/group were analyzed, and the data are expressed as the mean. In the second
experiment (b), four animals/group were analyzed, and the data are expressed as the mean +
SD. Statistical significance in (b): * p < 0.05, ** p < 0.01 (Kastenbaum and Bowman’s
method) as compared to the control (0 h). # p < 0.05, ## p < 0.01 (Student’s z-test) as

compared to the value of the correspondent GF group at the time point.

4-3-3  AHARIEA DA

T AR b= R LR ORI, = A > FEBR (0. 4.5, 6. 18 FFfH]) THWZ
R L O 2 [/ MZRER (0. 24, 48, 72, 96, 120, 144 BifE) THW =@ ofl
HREAR CRENT L7, MRAEAT, 2 A v NREBOEMIT2 T, /IMERER O 1L BrdU
EERG LB OHLNOIER LTz, FHRIEOKIX. Zhb 3EBROT—Z%2HiE LT
F LT,

4-3-3-1 TR F—TRA

7 VT KRBT OT AR b— AHla¥k % Fig. 23a 2”77, GFBLOCvd 7 v D
SHRBEDONEWMEIL, 240 0.14 B L T0.02 cells/erypt ThH o7z, M7 v b & LS
4.5 FFRLIRICHIIN L, GF 7 v b TIi% 24 BE#  (3.17 cells/erypt) 12, Cvd 7 v T
1% 6 K% (4.19 cells/erypt) IZic K E7eoT-, D%, a2 ha—L L-YUL|ZD >
TR T L7, Cvd 7 v FTiE, 96 FFARZICITIZIE= > P —/L UL IR (0.14
cells/crypt) L7223, GF 7 v R TIXZ DK AT (0.45 cells/erypt) THo72, Cvd 7 >
N TIET R b= A O BN & B 2 BT,
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4-3-3-2 Sy A

707 iz DLy & Fig. 23b (239, SREEOfEIL. GF 7 » F (0.69
cells/crypt) & Cvd 7 > & (0.55 cells/crypt) ClREETH>7=, GF T v b T35 48
IKEfEl 2 &£ T, Cvd 7 v FTIEHR G 24 FFH% £ TR T HMRE OB~ bh, £
DHEEINTHEZ U7z, L, VAT REOSIE Cvd 7 v R T LD BEE CRUWLERRICH
Zotn, BKMEIX, GF 7 v KTk 120 Kfl#%  (1.17 cells/crypt) 12, Cvd 7 v Tl
96 IRfi1% (1.55 cells/erypt) ICFRDH Bz, £DH%, = hr—/L L~ULZ[AH > T
KT L7,

4-3-3-3 7V hOES

7 ) 7 MNEE N SHL— A IFRE E TOERMEE (7)) 7 hoEmE) ORFEL
% Fig. 23¢ 1279, GF B LU Cvd 7 v FOXRREEOEIZ, N2 275 B X0 34.6
cells/crypt T o7z, Cvd 7 v b7 V7 hom S, it L72HIREH, %12 GF 7
v MZHARTEWEmZ R Lz, W7y b7 U7 hoESE, 5% RA KL
720 T2 RIS RAKEE R Lz, 96 REfEIR D EIENRA S, GF 7 v h Tl 144
[ % (29.7 cells/crypt) . Cvd 7 kTl 120 Kefilt% (41.7 cells/crypt) (1 ZHe RKABIZ 2
L7z,

4-3-3-4 BrdU fZ/mAa

GFBXUCvd T v MIBIT L7 V7 FY7- v o BrdU AR skl % Fig. 23d 127”7,
KHEEEDMEIL, GF 7 v & (6.44 cells/crypt) & Cvd 7 v & (6.00 cells/crypt) TIRIERT
HoTz, GF 7 v FTiI&h5 48 Feflit8 £ T, Cvd 7 v b TIIE G 24 Reffl#% E &
IR S D INHI A A B, ZOBBEINZER =28, VAT RJSIECvd 7 v R T
KV B CRWRERICE Z o 72, 5 KMEIL.GF 7 v FTiE 120 RefEl#& (12.1 cells/crypt)
12, Cvd 7 v b TI% 96 B4 (18.8 cells/erypt) IZH B, FDHa hra—/L L
JUIZ R D> TIE R L=,

57



(a) Apoptosis (b) Mitosis
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Fig. 23. Time-course of the incidence of apoptotic cells (a), mitotic cells (b), crypt height (c),
and BrdU-labeled cells (d) in the colon of rats treated with DMH. Tissue sections were
prepared from all animals used in the comet assay and from two animals administered BrdU
at each time point in each experiment of the MN test. The data from these three assays were
combined and are represented in the figure. The number of animals analyzed is shown below.
n in (a) (b) (c) = 4 animals/group with some exceptions as follows: 7 animals at 0 h, 3 animals
at 18 h, 2 animals at 24 and 48 h for both GF and Cvd rats, and 2 animals at 120 and 144 h for
Cvd rats. n in (d) = 4 animals/group with some exceptions as follows: 2 animals at 24 and
48 h for both GF and Cvd rats and 2 animals at 120 and 144 h for Cvd rats.
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4-4 B

AW T, DMH % GF 7 > k& Cvd 7 v MIHFE 5% BEHICBWT, ke
FERBIZ 81T 5 DNA 815, I X ORI/ IMESEEE ORI L 23, W7 v b Tk L
oo Mligds L OFERGOMAEIZE 1T 5 DNA #1220V Tik, DMH # 5 18 Kt £ C
fEMT LIz fE R, BEOR KM 2R LIz 0T milgasdtic i b 3 Bl ch v, Dk,
BEEIITREMNAONTZ, EHODlEEGEH ., BREFELD /¥ — 2 oK I E R
BT HMEIEm 7 v FTHEELL Tz, DMH (/KN T azomethane (AM),
azoxymethane (AOM), methylazoxymethanol (MAM)~ & {3 41, MAM D3EMHACERY)
Th5H[26, 106-109], 7 v bDIGAE, HHITE L Tl KO CYP2E1 2335 L T
THD [108]. MAM |l jifk i TREMGIZEZE L[26, 106, 111], & Z TEEERIGIZ X 5
il 7213 H SR 53 312 X Y methyldiazonium ion 23 U, Z 4125 DNA ¥4 7 L3 L
b4 5 &DHENH H[108, 109], £7-. HFiET MAM O 7 v 7 o v iEia Rk

(MAM-GIcUA) DB S iV, TR Z2 I U CRERBICEIZE L, IBHITERE OB

(B-glucronidase) 2 & Y Fifa& &4, B CHIGEMEIL S D & D26, 112155, L
2> L. 1,2-["*C]dimethylhydrazine @7 > F~O K TF# 512 L0 JEH I HE S 7z ik
FHEMEIZBR G ED 1%L T Th D Z L[113], £70. EENEE iz MAM 3T T
T v CRRRHE SHIRWVIEN D TR < JERERNE G S L7 MAM-GICUA 13RI HE
&2 ASEH PRI S 220 2 E B[], #EiE TO MAM DLW 0 70 5 8
BN IR G- L7a W o b & 5 [111], GF & Cvd TS5 DB SR TEME A B 7
L EDOHAE [99, 114] b H 203, FHiEE L OFERZICEHIT 5 DNA OFIHEEIC GF &
Cvd TENRWEW I FERIT, RUFEOFEEBRSEM T T DMH 2 &5 LIcGE12i, I
& T DORBHEMEALLCTE AR DO FERG ~DBIZE £ GF & Cvd 7 v R TENRRNT L ZR
LT\ 5,

ZD®HBIEHNTRZ DFEFTOT R F— A /NEHE ORI &, 72 BTN
RABMEDFIEEESEIL GF 7 v M2 Cvd TEV B X VBHEZFETH 7=, — . xR
FEOMEIIMZ >~ & BFRRETH o7, Al /IEHEORKNEL R LRI, GF
#ECIX DMH #%5- 120 FFfEI#% . Cvd BECIX 72 BRI TH 0 | 2 [/ NZaRBR TR
{EOFEBLMENTE O S, AiEE TICHE L72EE OBNMEZ > CV v 7 AT
v MZ DMH % H[Elf 5 Uc & & O/NMEBEE O v — 7 FFfIE 72-96 2 TH D . K
e TD Cvd 7 v FO/NEBEO ©— 7 FEfi] & —F L T e, 3 3 BIZBW T, EHE
7 N CIEAEG E RO 23 Al A G AT 2 & B e O R g ISR B3 2 IREfETIE 72-96 IRFH
ThdI xR L TEY, /IEBHEDRREL N Z — L, 2O X5 7 B
JalEldsZz S L7z b D E Wz 5, 2B, Cvd 7 v bOFEIGICBIT 527 R b—3 AHEE
BLOWMNMEHEDO Y — 7 28 LTCKMNE 3 B CHREER LY b E0 o703, DMH
OFEHEHEBIOERGREOEWNIE I O EEZEZLND,

v ART v N OWMLE R OMALEEL X GF (2 AN 2 R @ T =
E MG STV B[110, 115, 116], Alam 5[110]1%, CVAGUS 7 v FOfffafEH (50
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KFE) 1L GF 7 > K (66.7 F¢fE]) (2t~ &, Z U P hOESIECV 7 v b (29.5
cells/erypt) 25 GF 7 v b (23.5 cells/crypt) (ZEE_@mWZ & 2#E LT\ 5, BBNHIE
RFORMEMIZZ V7 b EEMaCE Mo - fbicgB i 5.2, EEo4g
(KRG BE 2 TE VAL T 218 E 2 7= LTV A [52], TBNHIE O EEE R HEY Th 5
FHEHNEIAER I TAE NG D = RV X —JFIC 2> THR Y . bR HE ORI 2 e S8 5
[117,118], 72, GI HIF 72X GO WINHHIBEDRE SR> TWNDHZ LR, EETH
A=V DIRWEIED T ) D EHFFTODICEETH D EEZ LN TWA[119], 2
LOMEEEZEETDHE, GF & Cvd 7 v b O/NEHEIE DAL/ N F — 2 DEWDLL
TOXITHHATE S, T70bb, Cvd 7 v N TIHMRREMNEVZDIZ, DNA 15
EOEENPEICEDLT TR b= AKX VRS, FERE LTT AR b— RFERN
GF LV B FREHEIM LT, Cvd 7 v FTIE, BRI 2 4 5 72D
DOFNEEIZANT T, DNA OEENRER/LHIEAIEIN L, fEEE L CMEBEE R
GF 7 v MIH_THEFIZEIM Lz, Cvd 7 v b CIXMpaBEEEz S E AN =D IMEHE
DO LD b R oTz, ZD7-8H, DNA HBIEEIL GF & Cvd 7 v FTENZRLS T
%, —H DNA MEOWHA1ZIE,. Cvd 7 v MZET 2 3WE RS NMETE A% &
IE LB 7-0, IEHEEIL Cvd TEh-T2b D EEZHND,

BT DRFFE T, /INEDERR ST CIE. IR OHIIEE I T/ IME DRI L =
BICRVAENDZENIZ7BERY T AD—DDF LI VEDL LRESNT
WAD[5], ZEEFER N A LITRRIDIC, 7 B R Y U RIZLD . BDADIEE LTI
WP LBIGTRENELODTHIZEHIINDZ D, DAL TRIEMICERT S
TENRBEINTWD, ZIUINEBEENE T IVUIENP AT A7 BEL DT L &R
2L CW\5, AIFFEIZEIT D Cvd 7~ RN CTGF 7 v MIEA/NMEBEER B &V 9 #E
B, DMH (2 X D ACF FEARCRE N ARN CV HDHWECvd 7 v hTEWEWV I HE
& BT 5H[55-58], F7o. MR BEEEWEIC X D KB A OREFFiEH
WCHHRY— el EERIBLTND,

AWFFRIZEBNT, Cvd 7 v N OBEFAERITH TV WS, @FEZ2EE 7 >~ Nol
WICIZZ < OFBEOBENAER L TEBY . L)L TIiX Firmicutes 3 X O/ F721%
Bacteroidetes DMEZL T 5 &G LTV BH[120, 121], E#ERE KO Z/L M E
£D7 v MEBO/IMEFERICEREE 52 2DENCONTIE R DNV ETH
%o BN &6 EFAERRICH VU | BOFEIRE QAR 2R EEF M OHERC
EETHDH[52,54,99], LorL, BENCTOFEITERZHERTDZY 27 b T
Bo RKIGEDANTEB T, FFEDOHEIC L DENAWEOEA, IBNME O OREHE
2 X DA K DR AWE OIS, R AWE OTEMAL., 15 £ O ARBIHE X
IEDOERT, EREAERR OELIL (disbiosis) (2 & 2 18P IESE O B AN R X LT 5 [53,
54,56, 58,99, 103], #il 21Z. B £ 5[58]i%. GF. Cvd 7 » . 72 5 NI, Escherichia coli.
Enterococcus faecium. Bacteroides J& & Clostridium J& DO EMK (5 10 EIK) ZEA S
=/ b3 AF— 1 (GB) 7 v FEHWT, DMH (2L % ACF 2RO g 2170,
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MAMBICBEEG T2 EB2 6 TWD 4B ED 2 V7 Mrb7 % ACF #8 GB 7 >
FCHRLEWIEEZRLTWSD, GB 7 v MIEESEEHEHIL, 72X Z 0
¥ R—/VIRAEYSE O DNA HIEFRWEORELA, & DH VL, FEICERE LI RB8 AN
W DAY O FIETE(LIZ 23033 5 B-glucronidase IEEEZHTHETHY . 2N HDHE
DEEN ACF OHEMALZREET S Z LR ENTZ, Reddy H[56]iF. B-glucronidase
[EMEDSEVY Clostridium perfringens % &4 S¥72 GB 7 v FTlX, GF 7 v MZk~
AOM IZ X DRGNP AFEREH N 2R L, FEDONY 7 U T HBEET 5 alaEM %
WA LT 5, Arthur 103113, BFEN CTORIEREIZ L 0 IBNIEED/NT o AR
AR, FRIC 2 U NI FURPEAT D phs" RKIGE DI L, T MIEICH A —U % b
Z. KIBWADORRAERCREICEG T E2REL TS, 2, BREEDILN

(dysbiosis) 23 tax 2R, B ZATBIERTEDN B O KGN ADOFAEICEHG L TW\WD Z
EVER ZNTWD[53,54], — . BDAALDMRET DD T2 < a9 @ < @12 B
THMELEZL, HlxiX, HOFEOIMMELEREN D A OEM(LS DNA 5 (=
T—aryruE—ray) OMENIEE LTS Z ENRBH LT > TV AH[5S,
101, 122-124], ZD L 512, BNEEMHELOEALDNERCE OMFENZEE D> T b =
ERHLMNIR D SOB D Z END, FERMIZIE, BNEBEOREIZ LY KRN
W T8 DTN TE D RN H D,

AAFFEZI VT, DMH #5%BHIOEME T, 7 v MEB LRAMIRICA U 25 M
BRI T D IBNMEEE DO ELZH LN L, T7b b, ik L O
2315 DNAHEEIZGF & Cvd 7 v b TEDLL RN STZN, FEBOT AR h—
ABAPE IIMEBEEF X OB OMIIEEEFEIL GF 7 > NI Cvd 7 v b TE Y &<,
no, IDRWAA I TROLAT, 21U, Cvd 7 v FTILGF 7 v MMk~
ARG b Rz R oo Al [l s 23 By 2 k [N KESEEL TWD EB X Bz, AR

DOFEFRIL. DNA BMEOWIGE . MBI O E AT K 23V ML EIER 23/ MZ A Rk
%Mﬁkbk:k%r#@@f@%if%é

Lo X oz, 7 FFHWJ\&%%J?:'% v MRS, HH o= RRA v M EH
WHZ L2k, IBNMEE OB FTHEELZFI T ENTEZ, Th
ri%%Lkmwm%%m&ﬁ%ﬁﬁ%%ﬁh®%FM%_ﬁmﬁ/HwT%é_k
ERBETHHEDThD,
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BIEERRIL. BRADAS = o=— 3 VEBICEBIT &R EE B+
GEIRIE BLOYL BRI 2T 2RBR TH U | FrHOEIRS | EII G, B,
BRINEDORFEICEE LTI, EEARHTIT o TS, B—0RBRTETOE
G BET 22 X R TH Y . in vitro B X XNin vivo DEELORER R % 1A
AbETHWDI NNy T U —ER RN TH D, EENHAGDED D B invivo &
B L C— BTN TW D DL, > oS e 2 AV 2/ MERBR TH v |
FEOPWHMER &< | JRFH2YWE O ETFHRELZ R T 28N B TH D,
LU, IEEEZ G T H5WEO BRSO RZED 75 TRWGE, tBWE OBEEN %
HEUNCRHMB CE W EWHIIRA L H D, Tz, BIREMEORT v v L OF BT
TE DD, D ADOENBEZ 31T D/ MEFRMEE TN T 5 Z L IXTE 20, BRA
DY A7 T I T DRAEHLO EALFT (weight of evidence) DBLEND | D AFER
R 1C BT 2 BEHFENFHMIIZIEE TH 5, KIBFHIZ, & MBI 52BN ADOREBES
FELCZRMEEAL T o H[19, 20], HILE Z5HIRISR E T 5 in vivo il E LTIX, Z
NETIZZA Y FRBR[11], N TV AV == 7@ E 5851288828 BB 12].
B % AV DA EW DNA A AGRUBR[101% 23BA%E S 41, Bl 2 &1L OECD TT A M A N
TAMEEN TN D, L, MEEZEN & L TR B E 2 M3 2 5B R 13
NESAVTW R, YRR B I AR D2 IZ R S 4L, FRIZDY A D% & B4l
ICROVCEIRRH 5 & 2 5TV 5[33-37], €2 T, AFFETIE, T - HWEOMLE
IZRB W CY AR B R R M 2 53 2/ MERBRIE 2 BIR L. T OFAMEE R Lz,

(1) FB1IETIE, ~7AZ AW, #EBO/NEBIZRICHE U7 B 2152 ks
FF UL Bl IMZRIBRIE A BASE LTz, WA 77 ARRICER LT EDTA A4 5%
Zlicky, HEOLW FEMRBRER AL Z N TE T, RIBEERE T 5%
23 AWVE O DMH 6 X OVE B/ MEZRER OGP RIE & L CTE S v 5 MMC % Fv
T, FEMGC T D/ IMEBREE A BL52 U TRE R K6 R O RIfRElER )~ & T L 72 % G- 72
B L 96 IRFfEITZ IS/ IMZBHEE D I BEARAFHIH DGR D H AL, b OME ORI IZE
T AR E RN T A Z LN TE T, £/, DMH #5012 X 555/ MESE D%
S b D . BIEAB SR TIR G 72-96 R CTH A Z LA L, —F. (A
— ) CIEHE L 7o AR M/ MZRRER TIIREME & 72 0 | 803 A OEERIE SR R
EMRBDTENHIA LT, BT, EIBEEAE L2WESAYWE D 1,1-DMH 13451
IERBR TR LR L, AFEORE (BHEOWEZRME L HIET DR RME) 2R
THRRPEONT, LLELY | #EG T/ MERR M Z RN T 23R R O K 72T —
BERDIENTET,

(2) BB LizilBRiEOZ L MEIC >0 Cid, #EEOLAME AV T & fife
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BT D E LB, BEOBE TN L OMEM CHREEZFHTE 5 Z L 2R
HMEND D, T 2T 2 BT, B Lo/ IMERBRE 2 B OB BB is L,
[EN 5 BB CARRBIED N Y T —3 3 &2 FEE Uiz, F 1 2=IC/MEBE OB A e
FIN7e DMH BEL MMC IZI1 %, #ilBE & e Llges 2R & T 2B AWE D
MNU % BN THERG/IMZ 3B %2 520 L 7=, & DGR, HEHE G 96 FE# 124 T OHE]
TIWHE L BIZHMERRE 20 | MR MEBMESS D7z, MMC ORI LRERIZ
BT, FEAG/IMEHEREE 1T, 48 FERIRRICHE 72 35 L OV 96 BEfEITE CREVWMEZ R L, Rl
DFEF ERARIZ, 72 DL 96 REERZICHMEE LTRSS Z L3RI T,
F7o. HEERGAERBRICBON T, WTholb& W b H EKATFR 72/ MEBEE O % 7R~
L7z, [A—Jig% N C 2 B HEERAERBR 2170, ERNEBE bR sz, Dk
L0 FHUCETE LTz~ o ARSI IMERRBRIE DS RE NG A AR & - 2 R0 AW E DR IS
BN FHETHD Z ENBIES Tz,

(3) HIETIE, vV AT LB/ IO TFEEZ, —BEERBR LA S
NTW57y hOREB LG Z WD /NGB RICEES Y, 7> N TORER
RINHESL TEFUR, BHERBREF—8W a2 O THEEO = RARA > b ORI
AREL 720 | B ELEEEEOTRENR Y AV AT ARE L 72D L3k,
B OABIZERTE 2, AETIE. 7 v MIEREBAME D MNU X MNNG,
HDHVEKEENAWE D DMH # HEE OG22 L2k, 22 OErlis
RIZBWT, /INEEEORBEZRENNEO LN, 20 b, REBIOHEE
WD/ MEREBRIL, 2D OFNL AR & TN AMEOREIZERTH L Z LM
RENTe, Fio. A UMW) CE R/ MERBRZ 45 E L 72 f5 R, MNU &5 CTIIRE & &
BEOWTNICEBWTH G278 L7228, MNNG &5 Cidati cratk, 1RE ChttT
bole, AL INIHBRYE D B ERE CHEAl3 5 E 2 0 o /MEZaABRIE.
MNNG D X HICARLE THmMMPES . BRICREE LI WIE AR T 5 DI2fa%)
THHZENTBENTE, £7-. REBLOKIBICBW T, BBNAYWEHEEE% T
NN AR U7 R AR SRS S 2 0 L TR b= AR LT
R FETE N EE 5 & T/ MEBEE NI L7 2 &b RFIETIET A F—T X
TR <, YR B H 2 OMaN R L CAE U /IERAEHIREZRE L TS Z L
DIRS Tz, INEHEE O Y — 7 1 3IRE TIEBE S 48-96 FEft: (HEOBIMIZHKT L T
PEALDMER) . K5 TIXE s 96 FEATRZ ISR HILTe 2 &b /IMEDRRITIIHERY)
HOHE G 48-96 RFfHZICY TV v 7T 5008 L TWD I ENRENTE, &5
12, IREB LI OEIBOWT B W T, Ki-67 Bthinsk & EdU 35 fu £k o 18 r
ZAEDELLL T2 Z & M FEm Gl O F #13X, EdU 5%k X 5 ez Ea iR
2 L DR E A V31T Ki-67 sE e tib 2 H C© & 2 algetE s S v,

(4) FA4FETIE, FHELEET v MG/ IEARZICH L, RIBERBADA =z —
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va VEFEICEB W TENAE O KX TR OWTHEF L7z, B FOBNIZITSFES
BRI NIFAE L TR Y . B & OIA RS LA 2 HE MEHERRCEE THh 5238,
T B PNHIEE 23 K8 A % & efli 2 OTHEEIRIBIZE D > TV D Z E BB LTS
o2 H 553,54, 2T, ®E (GF) 7 v ML ouwHE/t (Cvd) 7 » M2 DMH
FHIEE G L, fBICT 5 DNA BIES L OVMESRE LRI, 7R F—v AR5
DN HIIR BRSSP 4 el iisy L7=, DMH (Il CREHEM b SN D Z L v s, Il
IZ31T 5 DNA HEM LT, O/, Kili KON 5 DNA HIE5ICH;
N OF DR BIIZED Lo T2, FEGO/IMESERE, 7R b — v AHER
FOMREMEOMBEEEIEIX Cvd 7 v R TER U EL, o, KV RWZA I 7 TRD L
Nz, ZhuE, Cvd 7 v FTIX GF 7 v MZESE5EIG B RGO g EliR A3 mE vy = &
[MMO]BRESHELTND EZ X b, AFIEOFERIT. DNA BEOWTHA,
5PN 3 D TE A1 K 2R WHIRR EHER A/ E AR 2 s b L7 2 & 2R 00 To
WMETH Y W IMERBR DS KIS A ORI f7eYy — 1 Th D Z & 2R
T5HLDOTHD,

UL EDWFRIZ L0 T > ORGSO E 2 H T2 in vive HALE /IMEFRBR R Z N9
HZEMTE HEEICBWTEEEEZRBET OMEORBICAER TH D Z & DR
SNz, FEIBPOIRE A~ Fo, v UANL Ty b~BEAARTEZZ 21T, ATiE
OWEHAFHANIANZ EE2R LTS, FFICT v hTORBRNATREL o2 &1E, —
RNATON TS T v b AW L BERBRICE G ORIE A2 M AGA T Z & 23]
REERY . MENR Y AVFHMEDOREZED D Z L2222 NR 5, IHIZEL DAY
W AR RO /136 KOFRFRMEOREEIC LV . BEELORME, FrIgRHOE
T 288 OFHRIZEE L Cld. BB v Kinvivo ilRD—> & U CIEH Al RE 72 5Bk I %
LT bDEEZD, £, B b~D U AT 2E D54, BB TOER
MR OIS VA TH Y . 2 2 TH L B L= RBRE S ML E 2= & 95 %
M ANEDFE TN B R AR E R T2 b D EE X D,
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Summary

Cancer is the first leading cause of death in Japan. A series of events, such as genetic
alterations including DNA or chromosome damage, continuous proliferation of the aberrant
cells, and malignant progression lead to the development of cancer. Exposure to
environmental carcinogens that induces genetic alterations is a cancer risk. Genotoxicity tests
can detect ‘Genotoxic compounds’ that have the potential to induce genetic alterations, such
as DNA damage, gene mutation, or chromosome aberration. Therefore, genotoxicity tests are
useful for the initial screening of carcinogens. When applying for regulatory approval of
newly developed chemical compounds, such as pharmaceuticals, quasi-drugs, pesticides, and
food additives, it is essential to submit the results of genotoxicity tests conducted in
compliance with the testing guidelines. In general, several in vitro and in vivo tests are
conducted, and the results are comprehensively interpreted to assess the genotoxicity of the
test compound. As a standard in vivo test, a rodent micronucleus (MN) test with
hematopoietic cells (in bone marrow or peripheral blood) is commonly performed. However,
it is difficult for some chemicals to reach the bone marrow because they are poorly absorbed,
short-lived, or converted to unstable metabolites in the liver. For appropriate assessment of
genotoxicity, it is necessary to thoroughly consider the exposure of the active substance to the
target tissues evaluated. In humans, it is known that both colon and stomach cancers cause
high morbidity and mortality. The gastrointestinal (GI) tract is the first contact site when
chemicals are ingested orally. Therefore, it is important to assess the risk of genotoxicity in
the GI tract. Among in vivo genotoxicity tests using tissues other than bone marrow, a comet
assay and a gene mutation test using transgenic animals have been standardized for detecting
DNA damage and gene mutation in any tissues, including the GI tract. Nevertheless, test
systems for detecting chromosomal aberrations using the GI tract have not yet been
standardized. Chromosomal aberrations are found in many cancer cells and are believed to be
closely related to the proliferation and malignant progression of cancer. Therefore, an in vivo
GI tract MN test was developed to detect the induction of chromosomal aberrations in the

rodent GI tract, and its usefulness was evaluated in this study.

In chapter 1, the development of the mouse colon MN test, particularly the method to
isolate single cells from the colonic epithelium was described. The cells with less damage
were obtained by the treatment of colon with a chelating agent, ethylenediaminetetraacetic
acid (EDTA). Two model chemicals were used in this study. One was the colon-targeted
carcinogen, 1,2-dimethylhydrazine dihydrochloride (DMH), and the other was a cross-linking
agent, mitomycin C (MMC), usually used as a positive control in the bone marrow MN test.

These chemicals were administered once to mice intraperitoneally, and the colon was
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dissected at 72 h and/or 96 h after treatment. Both DMH and MMC increased the frequencies
of micronucleated (MNed) cells in the colon in a dose-dependent manner. These results
suggested that the method developed could be a useful tool in detecting chromosomal

aberrations in the mouse colon.

In chapter 2, a validation study was conducted to confirm the transferability and intra- and
inter-laboratory reproducibility of the new method. Five laboratories collaborated and
conducted the colon MN test with 3 model chemicals: DMH, MMC, and
N-methyl-N-nitrosourea (MNU), after technical transfer. All laboratories obtained positive
results with these chemicals in the mouse colon MN test, indicating that intra- and
inter-laboratory reproducibility was confirmed. This was not a full-scale validation study;
however, the results show that the colon MN test is a reproducible and robust method to

detect clastogenicity of chemicals in the mouse colon.

In chapter 3, the MN test method was expanded to use the glandular stomach and colon of
rats which are widely used in general toxicity studies. When rats were treated once by oral
gavage with stomach-targeted carcinogens, MNU or N-methyl-N"-nitro-N-nitrosoguanidine
(MNNG), the frequencies of MNed cells in the glandular stomach increased significantly.
This is the first report that shows a dose-dependent increase in the frequencies of MNed cells
in the glandular stomach. A significant increase in MNed cell frequency in the rat colon was
also observed after single administration of DMH by oral gavage. These results show that the
GI tract MN test method was successfully established using rats. The use of rat models will
make it easy to integrate the rat GI tract MN test into general toxicity studies. This can
facilitate the sharing of animals, potentially leading to a reduction in the overall numbers of
animals used in experiments. The reduction of experimental animal use is one of the

principles of the 3Rs (replacement, reduction, and refinement of animal studies).

In chapter 4, the rat colon MN test was conducted to understand the mechanism of colon
carcinogenesis, which may be correlated with intestinal bacteria. A wide variety of bacteria
are present in the human intestine, and symbiosis between intestinal bacteria and the host
plays an important role in host homeostasis. It is, however, becoming clear that intestinal
bacteria are involved in various GI diseases, including colon cancer. In the present study,
comet assays and MN tests were conducted using the colons of germ-free (GF) and
conventionalized (Cvd) rats after a single subcutaneous injection of DMH. DNA damage was
also evaluated in the liver comet assay, since DMH is metabolized and activated in this organ.
In addition, incidences of apoptosis and cell proliferation were determined. As a result, the

maximum MN frequency, apoptosis incidence, and indices of compensatory cell proliferation
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in the colon were observed at earlier times and were greater in Cvd rats than in GF rats. There
was, however, no significant difference in the DNA damage in the liver and colon. This is the
first report showing that rapid cell proliferation in the colons of rats with bacterial
colonization of the intestine has accelerated the production of MNed colonic cells. These
results suggest that the rat colon MN test is a useful tool for mechanistic analysis of colon

carcinogenesis.

In summary, an in vivo GI tract MN test using the rodent colon and stomach was developed.
The preparation method for MN slides using the GI single cells isolated by the treatment with
only EDTA is novel. Intra- and inter-laboratory reproducibility in the colon MN tests using
mice was confirmed in the validation study. The method was expanded from colon to stomach
and from mice to rats, which demonstrated its robustness. Particularly, the GI tract MN test
using rats makes it possible to incorporate the genotoxic endpoint into general toxicity studies
using rats. This leads not only to an increase in the accuracy of comprehensive risk
assessment with other toxicological information, but also to animal welfare benefits.
Furthermore, analysis of genotoxic mechanisms in the carcinogenicity target site is essential
to define the risk to humans. Therefore, the in vivo GI tract MN test developed here will play

an important role in elucidating the mechanism of carcinogenesis in the GI tract.
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