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AO acridine orange

BlalP benzolalpyrene

BM bone marrow

BPDE benzolalpyrene diol epoxide

CA chromosomal aberration

CAS chemical abstracts service

DAPI 4',6-diamidino-2-phenylindole

DMH 1,2-dimethylhydrazine

DW distilled water

EDTA ethylenediamine-tetraacetic acid

ERY erythrocytes

FBS fetal bovine serum

gpt guanine phosphoribosyltransferase

HBSS Hank’s Balanced Salt Solution

HE hematoxylin-eosin

HEP hepatocytes

ICH International Conference on Harmonization
JEMS Japanese Environment Mutagen Society
MF mutant frequency

MMS Mammalian Mutagenicity Study Group
MN micronucleus

MN-COL micronucleated colonic cells

MN-HEP micronucleated hepatocytes

MN-PCE micronucleated polychromatic erythrocytes
MN-RET micronucleated reticulocytes

MTD maximum tolerated dose

OECD Organization for Economic Co-operation and Development
PAH polycyclic aromatic hydrocarbons

PB peripheral blood

PBS phosphate-buffered saline

PCE polychromatic erythrocytes

PhIP 2-amino-1-methyl-6-phenylimidazol4,5- blpyridine



3Rs
RET
SD

6-TG

reduction, replacement, refinement
reticulocytes

standard deviation

Transgenic

6-thioguanine
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e EINC BT 2 13 10 THEIE b EICH Eh, £ o DREZ%IT T
HHEOAEEZIES> TND, KEFIZET 2L OWERHFEL THDHA, b M EIR
TOREWEE LT, B, BE RN EZ SO EEnEE, 2
HThHoD, TDI L, ALFEMCERINTWEIT, TOFMEN & & HIcZ et
ENTEZHLOREHENIRETHD LEZLN. ZL DERICI > TEHEIATVD,
Bl 20X, EHGTHIVTERE, BIRITRERGNE, RmBEE e EETH D,
DD OIEHTIE, FROWEMIABRNGT 5 & &0, BRMERET 57201
2 < OREMRBRZITV., TOMROEHREL ST LTS,

2D XD, FHOLFEWE KT DR e A RAET B 12012 < ORBRBM T
TWb, FTHRAMIAARAANDERFIMEE I Z LY, FHROMEWEDON A
EHRTOEMEMET 22 EIXEETH S, LonL, 2L OEREMZHTRA
JFE (BAZBEFRTHWE) 2l 5113, BEEBEAORBIE ., BEH o3
VETHY 2 TOFWEIZOWTRRT 2 2 LIFHFENTIT RV, £Z2TIhE
THRAVBITE 2O, A A TE U B H-IEFIoxT 5 B L &1 2 5 815
HEMRBTH D, BEEHEO EET Y REBEA v b e LTI, &85 729982 5. DNA
B YK RENHY  THETICEAT Y FEA L F 2T 2 RBENZFH 2
L SN TV 5, BIERA SN TV 5 E#EimdERBR % Table 11287,

Table 1
Types of genotoxicity tests.

Endpoints of genotoxicity

Gene mutation DNA damage Chromosomal
aberration
Ames test
in vitro (Bacterial reverse Chromosomal
mutation test) Comet assay aberration test
in vivo Transgemg rodent gene Micronucleus test
mutation assay

BAR TR E R T T % in vitro?lR & L TIZ, OECD 7 2 h A R7 A kS
NHH SN TV HRERE LT, A Z WV 5 EIFZERARRAR (Ames iBR) 23D
A1, ARBRIX, AT I VB THLE AT VU OERICE G T BRI 4R
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HHTLHLARAIFT T AW (B AF D BERMRR) Z2RBRERE L, 28R ICL VR
BRERDN B AR D b 2 F 2 U IFERMERICEIFT 2822 AL Tnb, EXF T
o ERWVEE PR E 2 N 2 R BRE R A R L, BARLER IV e 2F V04
BRI FIRE & IR o ToRARDMIH LB T D AR R a0 =— 82 5Hll4 5 2 & T, 4%
W'E DR EFFRE LM T 5 FIETH 5,

In vivo DZERERRR L LT, BREBEBREMO LV R—2 —8a1+4% 7 /) L
WCEALTE N7 AV 2=y 7 (Tg) @iz %2884 55 BrR72Y OECD 71 K7
A AbEn T B2, FHIICHWD Tg#iE, ~7 AT v b TIhE TICEED
FENAR SN TEY | Z<IARRER (1 HEEOER) 2T 2% Th 5[3-5],
oo Tg BICHEBME 2~ &5 L, I ROESE S LR — 2 —Bin 25T
775 DNA Z#fii L, VAR—Z2—Ba 21 77—k F& LTHILLIZER, A7
7V EEERBEICEAT DI LT, BREREF S TLBI T2 L 77—V E T
KIGEOEEME L U THRET 5, S ER KO ZFHIIL, B Lo LAR—X
—EBE OB (A 77—V EIIKRBREOKRE) Thr Uiz, 22RERMARHE (Mutant
Frequency=MF) #5752 & T, BRWE OZRERFRE LTI T 5 2 LT
RSP

gptdeltaTg 7 v MBI~ U AT, HERERLRET D720 KEE gpt i
FELVR—F—L L THABAIAALIZE AEGIO BNEASNTWD Tg @ Ccdh 54-6], =
D gptiBIa 13,6 TG(6-FT 4277 =) % DNAIZELV IAEN B IICEHLT 5 guanine
phosphoribosyltransferase # =2— KL T\ %, #KBEWE %2 &5 L7 gptdelta 7 v k
5 AEGI0 77—V R X —ZEIL L, KRIGEIZEGE S 6-TG 23 T RKIF T
BETLHZET agpt PRI L LEEER KON an=—L L THRHEENS, 6TG &
AHEMTHEETT D gpt BRE a0 =—HE26TCAEERWVEHITAEEF LIcan=—
OB TER L TMF 25345 (Fig. 1) . gptdeltaTg 7 v FBLX O~ T ZE, 1
77—V O red/gam &5 & LR —F — 2\ Spi- 7 v B AT K D RIS (5
BN D—EBD Ko H R H) O d FIRETH D,

DNA #1473 236k & L Tl 5 B 7 /L EXvkE) (=2 2 v &) 3R,
in vivo 3 X O in vitro T DNA ORERRE Z3HMET 5 Z L A ARETH D, In vivo ik
RS OECD 7 A NTA R4 LS TEY, #RWE %2 &5 L 783D & 3t
ZOMBEZRRL, 7 e —2 @A LEXKE T2 LIk, BEICIVAELE
DNA Wiy i3s3 FEOKRE ST U THKREN S D RRE A FH T 5 (7], 2298 Hakis
FO= Ay FABRIL, JRERICIZE M DNA 23 & 6o o Chiinnd
KBELTDHZENAETH D,



Chemical exposure

X

AEG10 phage
Bone marrow peg

Liver
Colon
AEG10 e
—C- c" 48 kb -
red, gam, in vitro
loxP gpt cat loxP Genomic DNA packaging
6-TG Mutant colonies [j
Coama
@ E. coli Cre*
Number of mutant colonies
Mutant frequency(MF) =
Total number of colonies
Fig. 1

An outline of gpt delta Tg rodent somatic cell gene mutation assay (gptassay) .

QLR B Z5HN§ o8B & L TiE, iy s LMEE = RARA U R e
THRBENH Y . WITNY invitro, invivo |ZHEH RRETH 5[8-12], In vitro ikER T
ROIA SN TE=oid, WLEEEMEZ AV 2 Yl R T H 5 [9], AER
X, R A WRER L TR M AR U D AR ORISR E 2 s JH T o8 %
BT HZLICK VAT 2 FETH D,

AEZRRBRIE, PR EIC L0 A U R EAEROW A D EZICV AENTIZET S
IWEERT DO MBEE 2R T 5 2 & T, EBRWE O YR B GRS HE & R
TLFETHD, in vivo DFRIMEK (B, RIEIM) A X5 L+ 2/ M) OECD
DT ARNTA RTA A& TE Y [12], in vivo i ER O —8IN & L THEi 558
FEOmWRERTH 5, RLEKLSORMazZ x5 T 2RO I TEBY, Zh
FCITHTIE, B & B % 255 &35 FIESIE ST 5[13-19] (Fig. 2) 4
/NEE D BB & 5HIS 2 72 012, FHIlRT SR & 3 DRk IC BV TRl 2 T 5 F
ERENEIVENL SNV TWDMERH D,



Fixed cells in

) =» @w;:b:sa M) 10% Fomaiin HEp

MN-COL
Chemical exposure Colon Reverse Wash and Stain
collectcells with AO-DAPI
A Incubate with Fixed cells in
- . # U collagenase - 10% Formalin - MN-HEP
. Slice Wash and Stain
<7 Liver collectcells with AO-DAPI
) ) Collectcells - MN-RET
g J in PBS
Bone Cut both Stain with AO

marrow  ends

EDTA: ethylenediamine-tetraacetic acid, PBS:phosphate-buffered saline,
AO: acridine orange, DAPI: 4',6-diamidino-2-phenylindole,
NM-COL: micronucleated colonic cells, MN-HEP:micronucleated hepatocytes, MN-RET: micronucleated reticulocytes

Fig. 2

An outline of micronucleus assay (colon, liver and bone marrow).

L E OB ImEHTIC BV TE, @H 2 b ORBR L EEHAGDE LNy T
)~ﬁ%b%m3hém&m]ﬁmﬁﬁfi,ﬁﬁ@ﬁ%%m%@$%ﬁm\mnma
AR L L TIUAE 2 0 18I 22R A BB (Ames 3ABR) B KL OEEMNZ VW5
JetafRBERER, invivolR & LTI, T o WO/ NMEERBRO IR RO B b, S
512, Ames RER THMEDOLAIZIE Invivo 2 A~ Ml KON Tg @ 2 V7= 229K
R ER DO SENE, 1n vitro Yo R B ERER DG D552 IE, in vivo /MERER D5 R
ORI D AF— AR R IV 5 [22], FRERBARMS, TS, W
b@é%%ﬁ%@k@ﬁﬁﬁm BNTH, BIEE D HGERFD D WIS TS U TR

MERRER & S fti 3 5 A3, £ O F THEME S 115 BinmERER b HEGBROM A E DRI
BHWrSn D Z LN TH H[23-25], & MBWTEMBERINTX
FEER DD, EBAEBHER SN WEMKD Th > Th, in vitro BinaEMRER T
iF%’fi%i‘ﬂ“%fﬂ?f))%ﬂ STV 5[26-28], FHHEMOFMICIK W TE . in vitro Bis
PEZRBR GRS MRS NS S - B I 2 DA RS R A REIET A LERH Y | @)
’?éﬁméﬂf: in vivo B MERER N EMECTH 2 AT EMRIC L - TRIE & 72 5815

BIEITRRD BV & LT, in vitro iBRAE R ITANE & ¥l S 5, In vitro i BRI

BT OFADOKISERERREIC L D2 ZENMEGMEOER THL Z L bMbILTEY
[20,26], in vitro ¥ LN in vivo L{z:fa: HRER DM A G D TREIZAEKR~DER

BB LM T2 2 e O THETH D,

Thbb, TRIMEDOEWEREMEFNIZIX in vivo s RN AR R ThH D, — T,
B REAED I 7> B FEEREN 2 BEHIBRICH WS Z S X EF S e, Efn iR o Ei
ZBWTH, #makiciE-3< 3Rs (Reduction, Replacement, Refinement) . O F
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D @) & % 58 T OB OB, B2 R WRERE~OBE Sz i
BRIZI 1T 2B~ w5 DU K O BT £[20,29], £ DFIAS, BARFEMED =
RARA > N & — R BRSO B R (S A . B CORBR Z1Th Rk L

(integration) . &2 5 BaEMEO = RARA > M ERET 25 ORERZ 1 B O
BRICHR D DA A DY H1ETHS (combination) , Z4UFE TIZ combination & LT
L2 Ay MR &/ MERBR DM A G DE A LT, fx OBEEERROMBAES D
WZBAT 2 ME & T & 72[30-34], Integration & L Cix, H[EH W\ IKEHK 55
PEFRBR |2 B FE O BB TR MERRER 2 FHL DA T 3T R DRI A3 72 S 4T & 72[35-39],

AW TIX, Zlgas/ MEZR & Tg B a AV 585 TR RABRO R 5
RARA » F &G D (combination) . [A—OEM TR 5 Z & 25T LT,
FRIZ, B OBRERKK L L TEETHLHHE (W) ToOER G/ IMZRERED B
& h[14,19], ZOFAERHRES L TWD O T, HEE ) 2&0ZEmco
FAE DOE RN A FE ki U 7o, MERT ~ &I, 2R R & ZliEds Mz o 2=
NZENORBIEIITFERL SN T e S a v F 2 T 5720, ZRENOSMN R
LDHEICED X IR EA T L, ERRERHEEICEAT2EHRESGEL 2N T
XL THDH, DD, 5 1 BTIIRENRELRHEERPAMETHY, o, &
S DBETEIFIZ B E 405 benzolalpyrene (Table 2) #ET /U LEWE L., Z2RE
B & Zlgas/ MERER AR A R E — OB TR 3 2 S 2 et Lz, RIS,
B2 BETIIRENADOERHELE TH D 2-amino-1-methyl-6-phenylimidazol4,5-
blpyridine (PhIP) £ XU 1,2-dimethylhydrazine (DMH) % &5 /UALEWITIE,
LS CO/MERABEZ G LT, S BIZ B3 TIEIDMH €7 /Wbam e LT,
ZEIRIR FLERER & A5 15 % B o2 ligas/ ME O AG ORIEIZ L D RHmE O ZFEt LT,



Table 2

Structure and toxicity (carcinogenicity and genotoxicity) of the test chemicals.

Chemicals

B[a]P
Benzo[a]pyrene

PhIP
2-Amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine

DMH
1,2-Dimethyl hydrazine

AN N 3 \N/ ~ CHs
| D—NH, H
NT N
IARC IARC 1 IARC 2B IARC 2B
classification
forestomach, oesophagus,
Carcinogenicity . . larynx(SD) [40,41]
Tal.g EL Grgsn forestomach, liver, oral cavity, colon (F344) [44] colon (F344, SD) [47]
(rat,male) e :
jejunum, duodenum, auditory
canal, skin (Wistar) [42,43]
Ames positive [40] positive [45] positive [47]
invitro CA positive [40] positive [46] positive [47]
Genotoxicity positive
invivo MN .. .. (single)
S :
(BM or PB) positive [40] positive [45] REgHte

(28 days) [47]

CA: chromosomal aberration test, MN: micronucleus test, BM: bone marrow, PB: peripheral blood




12 BlalP 2\ 7/~ F344 5% gptdelta 7 v FZEREERER &
Zlgias/ MERBR DS DR

1-1 R

LFEE DR EVERHIIC BT Z v & CEREREMW & A 72 2R AN S S T
70, IEFEOIMEEDFE LY 2%, 3Rs EE L= BADOKENRD LT
W5, BERmERBRICBNTYH, 2011 FlCkES N ICH 1 K742 S2 (R1)
T, AR OBIEICERE LTz in vivo RO Ei2AAFE 41, 3Rs DE 2 N
Kt s v T 5201, RBRICHEHT 28O EZH S T2 D—2>D7 7'r—F L,
in vitro BinmEtERR 2 L0 AR EL Kk S ETAMEEO S W FIEICWE T 52 &
Thb, L, BRSUIZEBW T in vitro B CERICRIZTEEFEEEEZ 07
FEEECRMIT 2 2 LITIFRA R H Y . (KNENREA B & L 7323 FTRE7R in vivo iR
IFRRE L CEHEHETH D, Invivo B O EIZBW L, ERlO = KARA > h &K
HI 2 L7ziRBRR 2 AR bE D 2 L2k, 1 EKoE» LB D= RR
A2 NERHT D2 ERFEE L iU, B OB IIFECTE S,

VIR—4 —BIRTZ28ANT 52 Ll ko TER ST Tg 8iid, BARE RO
M7 X OV IR R ST & 72(3-5], Tg Eh¥ 4 V7= 225828 BaBR 1T,
BURERUZ B W THEDIBSR O BIR F A R A FHN FTRE/RME— D FIETH D, > T, Tg
I DB 2R E BB & FE 3 D BRI, OFHE R 2 /A G b b 2 &
WHEE L 72U = R A v MBEBREERRE LTHRAMERREEL2 D EE X D,
ZIVETIZ, Tg B4 M-8 7280828 Bkl & th O B s R £ 7o 13 pUE &%
HIEMERER & OB DS ST 5[32-34,38,391 43, #EA S 7= A5 eRBRIZ 8 ) 72 ik
RO BT 2 BED 072 S TWRWONRBRTH 5,

H#l % T2 in vivo /MERRBRIT, Yeta IR O A B R 100 B MR M 2 BT R RE
7R & LT, EELEFEDE OBEFEEHMHICB W T SN TV S, KA
= H Tz in vivo /IMERBR b ENL ST Y | R E © 28 HOKEHR 512 X 53
iAFIRETd D Z & bfifEsd S 4L, — A B BRICHL A2 ATe = & 28, 3Rs RS
HFEEE LTREINTWA[8,12,20], & H1T, BB LOERMMIZINA T, ol
AR & U/ MERBRIE DB STV 5 [18-19]78, KR, Tl & & 2B\ T
28 HIR O AR # 5 X 0 BEER O BIRFNER DS AWE T O/IMEHFH D RD Hiv, /I
BEaklih & — i m R & OB N ARETH 5 2 L AWE ST\ 5[14,15],

ARETIE, TgEM L LT F344 % gpt delta Tg HEMET ~ b &2V, Z25R%8 BBk
(2 S e MERBR & ML B DR T A B m i R RE A G U 7o, BRI E 13T o
HCTOBRMNAEPER SN TEY, BRBOBETEFTICOEEN TV DBIEEFERI A
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¥'g BlalP [40-43]% AV 7=, BlalP % 28 HMIER O BH#%, K. IFi&s X OvE
B % Rl — 08D B Z BRI L . B FERE R LUV IMEERREZ, S HITK
P I MR BR 2 S L 7=, ZERA BB L LT, ARBOFEEME L GHESh S 2
E DN IR R Z T 5720, gpt 7 v A BEE LT,

T RBRT e b a O E X D 7 OIS EREL A O AT L, Tg 8%
N2 22K 5ABR D OECD A FZ 1 > (TG488) Tid. #MWE D 28 H F’Eﬁﬁ@
BHOREEEG D 3 AEICHMEIZIT 5 (28+3) Z&MfERIA TS 2],
DU B MEREEREH ML ORER & 72 D72, iD= RARA FUDEHHN:#}EE:
THZENEEL, TD72, Tg @8z VT 22RE RGBT A KT A4 YL L 7=
28+3 7'm ha b EKEE OB B ICHBRET 5 A2 EERBROFEET 7 R
)L (28+1) DOtk a7 o7 (Fig. 3) o

dy 01 4 15 2829 31
(] 1 | 11 1
28 days administration
~ A A A A A /peripheral bood

A A / colon, liver, bone marrow
AA: sampling
Fig. 3

Time schedule of combination assay with gpt assay and micronucleus assay.

1-2 EBRGE
1-2-1 #BRWE

Benzolalpyrene (BlalP; CAS No. 50-32-8) 1% Sigma-Aldrich 7>6HEA L7-, #
BRI BRI, T & LT in vivo /MEABROEEE L L TOECD 7 A N TA KT A
IZHRENTE Y [10], BlalP OfR 085 T/IMER L OVRZERE R RS TND
FEED B 5(32,33,3614 Y — 7 (T4 T A 7 A7 A 2 L, &5 EANIE
L7,

1-2-2 BB L OB EHE

7 Hn D F344 & gpt delta Tg HEMET v B LN F344 REMET » MIAARTZ A=
N—XVEA LT, 57 HREIOBMEZRICRERICHER Lz, fEREIL, NV T VA
7 LT 23.5612.0°C, AR 55.5+5%, BAREY A 7 /1 12h:12h, Z28558H4 1 I¢fE] &
720 12-15 I THEFF L2, Uy RF v IRy N (A U7 ISt 2077 %
F v 78—\ gptdelta 7 > MIEBNZ, £72FETg 7 > MIT—TH720 2-3 L
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THIHE L, KEKBEIORCE2 XLy Mkl (HAZ L7kt (38IMem, &)
BRI 28 U CHBIZEBRES Yo, ARBIL, 8o GERLE T JOEEIZET 5
A (JEARE 105 5, 1973 4F 10 A 1 H, 201946 A 19 HWIE) IZESnWe,
¥ N — 0B ERIZET 2 HANCHE - TEWEROMBEZ BRI L > TR I
LOTHD,

1-2-3 AEREL L U&RE

BlalP O EZEIX, 28 HIF O KE & 5 R EBREFR[35-371% 512, maximum
tolerated dose (A Kifit& ; MTD) (ZFHY 3 5 &5 2 HiL7c 125 mg/kg/day % i H
BL L, D12 8D 62.5mgkg/day & D2 HEEZHRE LT, £ TCORGKEIT 10
mL/kg/day |23 E LTz, 1 BEHT=D 5 CD gpt delta 7~ M2, 0 (AU —T7H) |
62.5 £721% 125 mg/kg/day @ BlalP % 28 A (day 1-28) f#H. B Y 7 ZH %
A5 Lz, REIL, &GOWH P LEIRA £ TEAHE L,

1-2-4 FEREFS K OUIIR DELEL

G- OF A (day29) BLU3 H% (day 31) (2 64.8 mg/mL ~> h/ 3L X#
—F RU T (FEi4 Y L R T s N REER S ) 2 W TR SSE S
MKz LT, asz it Lc, IFis s MigixE &2 HE Lo, M. AL
¥ K ONEALER 2 RN 72 Hh [ A 3845 - 22 R A8 BB 3 L OVIMEZRRIBRICBE T L 72, /%
BT DML, i ER e OBRE) . ITE. B X OGO —E L ViR L7,
T OMBROFE Y TR L, 2HRE BB T 5 £ T-80°C TR Lo, TR
xR dS 0N BlalP 125 mg/kg/day BEO A, #AFREEFAOMA BT 272012, IiF
g L ORERG O —E0, Mg, FE OFBEZ 10% P HEREEIR AL~ U > TREE LT,

KA M/ MERER CHEMT 5700 Mikl, B5EORTH (day 0) . 8L day
4. 15, 29, 31 ICEHIRE VB L7, Day 4 LIFEIZ. BT H OG5 24 B2
BRI U 7 R B oD g 1 AR B (S BR B U 7 I3 0> — 308 2 R i/ MR BRI Ly
FEV & MR TR Uic, Mg 5rIfRaiL, Sysmex XT-1800i /7 T34 (& (2 A
Ay 7 ZRAEF) 2T T 72,

1-2-5 BInFRREERAR

GO LTz iE 0. g, BRi2 T gpt 7 v A 24To72, gpt 7 vt A 13BE
#H[4,48,49TE VN, ERERMEHEE (MF) % 6-FT 4277 = (6-TG) EHUZ L VK
7=, RecoverEase DNAIsolation Kit (Agilent Technologies) % FUNTA&-#HfAk (R
50 mg) 76747/ & DNA Z#hiH L7-, Transpack Packaging Extract (Agilent

11



Technologies) =MWz invitro/ X7 —2 0 7128V A EGIODNA Z L 77— &
LT L7z, RNy r— 0 70X 1 #f&k &0 30 uL % 5 DNA ZfEH L, SM
buffer THA&E 300 pL IZA R L7z, KIBE YG6020 1%, gpt 7 v EARITHIC
LB+maltose broth (25 pg/mL 17~ A V) THilEE (37°C, &K, REHEE) %
1To7-, 7vBAYBICHIEEREZ 1/40 D E T LB+maltose broth (25 pg/mL 7
FA V) AL, 37°C, 3 R OEER L, =00 LRSI A BRE L,
K% LB +10mM MgSO4 |29 25 Z & T YG6020 HikZ Al L=, /NI
YG6020 Hik % 200 uL, SXvr— 7% 7%k 60 ul 3o, 37°C, 20 43D
HER I LOVBT°C 30 43 DIREEE R 21T o 1o % MRIE L7z Y 7 b 77— (0.6% NaCl,
0.6% Agar) % 2.5 mL Mz THEAL. M9+ Cm + 6-TG (M9 /b #s#1, 10 mg/mL
Pro, Leu, Ile, 25 pg/mL 7 2 Z A7 ==2—/)b_  25ug/mL6-TG) 7L — MIHFMEL
7o T2 WU ICan=—8E T L, Ny —T 7% 7 (300 ul) O
au=—RBEERKae=—HE L TR L, 4% —ORIEX, 5uL Oy 7
— VU T TN ERERIC YG6020 WIREIRG LT LA v a—g Uk VT
7 —=ZMATMI+Cm 7L — MLz, £72, M9+ Cm+ 6-TG 7L — |
TR SN ERE gpt BIn T2 RATHER Ko =—%F LT, gpt MF &
it 6 TG 2E £V MI+Cm YL —h Eoap=—KLy Ry r—or 747
Jb (300 uL) TOBEN T 7 — VB L, BREKao=—HEzkRL TR L,

1-2-6 B/ MZRABR

BEARICHE50-52] KERE 2> B I U 7= Bl 2 © o fia i ig (FBS) IZRRE L |
HTAATA KRB L, Mz 7 27041y (AO) TR L, RABRY
B> OECD 7 A WA KZ A > TG4AT4[101IZHEV >, #OLBEMEE (ECLIPSE 80i; £k
A&th=ar A 27y 7)) ZHWT 1ERSTZY 2 TEONERMER (2GR i
B PCE) @ 5 b/MEEH T DMt a Rbdi-, X 512, 500 HOMRIMER S 72 0 O PCE
BAEBE LT,

1-2-7 FHlig/MZABR
BER[14llc eV RIaiR S, Bl 21T o 72, § 1 g ONFIEkLRER (SMUIZEEE) ZEREL |
FIINZTO05- 1 mm FREICAT A A LB 2 50 mL F = —7ZEIR L, 2757
—BEIK 20 mL 2%, 37°C T 1 Kff], IREZE#R L, =277 7 —BEikiT. HBSS
(Hank’s Balanced Salt Solution) &2 77 F—¥¥ 27 /L kS (v 27 /L R
&ft) 2 100U0/mL &7 n KoL, pH7.5 ICHHBE LER L7z, A ANy &
AT BMESND ETESNy T 4 VT E2ITV, BV A N L—F—TAil, =D
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SBERIC LTS ABRE LA S 2 B D 10% HPER L~ U R IS LT,

Z ORFfRREIR E AO BX O 4,6-V 7 IV /-2-7 ==/l A v K—/b (DAPI) &K
(Yefriilg D Ec &P FE & LT AO: 500 pg/mL, DAPI: 10 pg/mL) TYefh L., 8 CHAMEE
(ECLIPSE 80i; & tt=a A 27 v 7)) (Uk) AL, 11E

K1z 2 FEOMIEF O/NMEAE AT DM, R P RO A KD,

1-2-8 &R/ MZABR

FEME D 5 HImALE S L ONEALHES 2 bR\ 7= T 2 T BEAR[53,541 1216 W HEIE R
BB X OEERET- 72, BIEONEY %2 HBSS TR UG . ks 28
FZ72 DX HICER L, AT A EEE LTz, 1mM =F L U7 I VUEEE (EDTA)
-HBSS # A7z 16 mL F o — 712 H 7 Azl LT BE 2121E L, 35°C T 30 47[H
A FaX— LT EEMEEZEI LT, H T A EEIRE) <& bR 2 HEE L 7o
EDTA-HBSS ik & /S A Y — /LBy N TEXRy T ¢ U7 Lm0y BiG & brE
L7, BFoiefiaix 2mL @ HBSS Z# Mz Xy 7 1 7%, S 512 5mL @ 10%
HPER L~ U IR 2 DA CIRAN UTe, FREEE Do B, RIEBRE# O/ 10% 1
RV U PRI TR LT, 15 Do MR & B R R AO 35 KX OV DAPI AR (4
IR DEALTEE L LT AO: 125 pg/mL, DAPL: 2.5 pg/mL) TYefa L., G TEMEE

(ECLIPSE 80i; #fX&tt=a 127 v 7)) (UMhk) AW TEE Lz, /M
EETOMBOET. 1EARDHZY 2 THEOMBAEBLZ LRD-,

1-2-9 RAE M/ MZFER
FARBR I H S BR R L 72 RS o/ MEERER 1L, In vivo Rat MicroFlow PLUS & > |k
(Litron Laboratories) Z F\ >, FACSVerse 7 2 —# 1 K X —% — (BD Biosciences)
Z 7z 3-Color ik 7' 1 s 2 /WIZHEW T E LT, /IMZA AT 577 EK (MN-RET)
OB, 2 TEOMERMEK (RET ; CD71 Bk RILER) O X v #HE LT,

1-2-10 JREMARR IR
=) CEE LTS e, PR, TIER X O E T T AT EB L, )
Qum) L7z, IR Z~ ;XU B0 A Tt L, YA Z2 80 L
7=,

1-2-11 3£ Tg i X B/ zikBR
F344 [t » M2 1 BE B PLIZ4yi). BlalP 20 (BEE - AU —7#) . 62.5 %
7213 125 mg/kg/day D ET1 H 1[0, 28 HIf (day 1-28) . HY T & HWTH
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&5 L7z, E&EEG5OFA (day29) (2. fiG. BLXOVEROY 7 L 2 E
L. 1-2:6 05 1-2-8 (T~ RIS TR 2 550 L 7=,

1-2-12 HEFHAEHT

TRk & BlalP #5850 gpt MF 3 X OSKEAS I H O/ MEFRIE OB I DT
Bartlett T X 0 st 258 L 72 (B EKYE p<0.05) . HF0#OY4 13 Dunnett
ML E IR E & FAT L. NESWMOYGEIL Steel iE % HE1T L7z, BlalP #f &
XTHREE & o/ TR (MN-HEP) | /MZgha R iLER (MN-PCE) | & X OVIMZHEI
g (MN-COL) O#EEE D 7%, Kastenbaum-Bowman O3 % VTR & IR
MEIZToHOMr L7z[55], Day 29 & day 31 @ gpt MF ¥ K OVINZRIIRAEE O Lhig i X
Student ® ¢t #EXFHWTIT o7, RELIBAEE (i L OMHxHE) o7 —#
I%. Bartlett O3 H—MERE D%, —IohlE 2T £ 7213 Kruskal-Wallis #7E
ZRWTHNT LT, ARENAOLNTEAIX. Dunnett #2 € £ 7213 Dunnett £ &
PRse i E & FEh L 72,

1-3 #&
1-3-1 KEBIUBHREER
BlalP B G-HECRAGHIM 238 U CREININH 23580 S 7z, 125 mg/kg/day #ET

I%. day 2 DAREfkRE L CIREC L S oficA B ENRBO b (Fig. 4) o JflEO
fooet B IX, day 29 B XL Nday 31 @ 62.5 mg/kg/day #f CIREERTIRREL V <,
day 29 TEExHREE & Mol U CHRERHARIICHE B A2 220 AL B L7z, IR FE % B & i
day 29 3 X WM day 31 & HIZHEKFAIZLEMNNERD HivTe, Mg H & iﬁﬁg
RAFRY 2R FEM 23388 41, day 29 @ 125 mg/kg/day B CIABEIREE & OF B

MFRD BTz, —J7, RO R % E IS B AT e IME R 2338 i, day 31 O
125 mg/kg/day B TIABEXTBRE L OFBEZENRO S (Table 3)

1-3-2 BIEFREREERER

FERG. T, B L OVEBET gpt MF OBAZE 72880, WG R L OV BT E
IRIFHI 72 BN FE D 7= (Fig. 5) . Day 29 Tl x#ﬁ'@%iioct(} 125 mg/kg/day &
O MF 13 ZE 4505 T 3.64+2.08, 39.94+12.6 (Fig.5A) | iffiEi < 1.71+0.78,
37.65+7.96 (Fig. 5B) . 'B#iT 2.05+2.55, 95.55+33.45 (Fig. 5C) Th 7=,
Day 31 Tl. %R L 125 mg/kg/day #£D MF X 24505 T 3.91+1.52, 70.88
+43.44 (Fig. 5A) . & T2.61+1.63. 51.66+28.43 (Fig.5B) . H#T1.91+
1.12., 89.4+25.63 (Fig. 5C) T >7=, Day 29 & day 31 DL TiX, 62.5 mg/kg/day
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FEDREIED MF IZBWCOAHFEENRD il

1-3-3 /IMERBR

il T O/INEFH A BEE O IMNTIWTIOREICIB N T HER O b/ 72 (Fig. 6A),
FFliTlE. 62.5 mg/kg/day # T day 29 & day 31 Oii 5T MN-HEP & 722840
# L., day 31 IZOAFEEHFABEEZNRED vz (Fig. 6B) , ‘B#i T, MN-PCE
DOFE 728NN 125 mg/kg/day BECTH L7228, day 29 & el L C day 31 TidE/b
L7z (Fig. 6C) . HHEICE T 2 hFERIMERDEIE OHENNA 62.5 mg/kg/day #ED day

LicoABEs = (Fig. 6D) ,

R/ EZRERIE, day 0, 4, 15, 29 35 L OV 31 [ZHRE L7 ik 2 v C 550G L 7=

(Fig. 7A) . BlalP &5 8 IC H BRI 2/ MEDOFE TGRSO Hiv, day 29 Th
HEWBE AR L, fAREkOES (A H OXHRBRCRT3 2 13) 1 day 4 T
100% & V&<, D% EH- L, day29 B OMday 31 1IZBVTid 100% & 0 &V MiE %
7~ L7z (Fig. 7B)

1-3-4 JREAER A RMA

BlalP @ 125 mg/kg/day BEZ2W TR BRARAR2AOMAS 2 9206 L 7=, BHElCIV T
day 29 CiEmfnhl. day 31 IZARFEROEIMABIEZ Sz, WK TIX, day 29 B XL
day 31 & & ZHESMEM O T, day 29 (2 HEEE O/ NP BTz, g T, day
29 XX Wday 31 T, A— VLlaOE AR J OVNEEFLMED TR R 23388
iz, BRIBMEOMNaEEIER J OFINRE P O Rl i Fe sk 221 L day 29 D Ix, Hlﬁﬂ‘
M TTED day 831 DA TRD Bz, fEIE BlalP #5112 & 2 IT R & 72
Mo 7= (Table 4) |

1-3-5 7£ Tg BT IB1T 2 /MERAER

F344 %7 v b (é‘lE Tg) Tix. BlalP %58 (day 29) “ff‘*ﬂ%%i(ﬁﬂﬂ%ﬁ“@ X BlalP
B XD /EEFHRITRED vl o 7= (Fig. 8A, 8B) (2B W T HEKAFRD)
OHBR/IMEE RO v (Fig. 8C) . ‘B Téﬁjjﬁi?ﬁn‘ﬁjz@”ﬁl iZ Bla]P
BHICE BT b o7 (Fig. 8D) .
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Fig. 4
Changes in the body weight of gpt delta rats treated with Bla]P.
The data represent the mean = SD (N=10, data from days 30 and 31 are N=5).

*p <0.05, **p <0.01: significant difference from the vehicle control (Dunnett’s test).
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Table 3

Liver and spleen weight on day 29 and day 31 after BlalP administration for 28 days to gpt delta rats.

Sampling day (mgi()giilay) Body weight (g)* Liver® Spleen®
Absolute weight Relative weight Absolute weight Relative weight
(2) (g/100g b.w.) (2 (g/100g b.w.)
day 29 0 2396 + 163 9.66 + 0.88 403 =+ 0.23 0.61 + 0.04 025 =+ 0.02
62.5 2318 + 11.6 11.03 =+ 0.75 * 475 + 0.15 ** 0.58 + 0.05 025 =+ 0.02
125 185.1  + 112 ** 989 + 0.89 534 + 0.21 ** 050 + 0.06 * 027 + 0.03
day 31 0 2422 + 838 983 + 0.67 406 =+ 0.16 0.61 + 0.03 025 =+ 0.02
62.5 228.8 + 18.19 10.17 + 1.12 444 + 024 * 0.61 + 0.04 027 + 0.02
125 1899 + 17.6 ** 961 + 141 504 + 0.29 ** 0.55 + 0.08 029 + 0.03 *

*p<0.05, **p < 0.01: significant difference from the control on the same sampling day (Dunnett’s test).

a Data represent the mean + SD (N=5).
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40 40 40
*
20 | i 20 | 20
0 [ ==, L 0 0
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B[a]P (mg/kg/day) B[a]P (mg/kg/day) B[a]P (mg/kg/day)
Fig. 5

Frequency of gpt mutant in the colon (A), liver (B), and bone marrow (C) of gpt delta rats treated with Bla]P.
MF: Mutant frequency. Data represent the mean + SD (N=5).

*p < 0.05: significant difference from the control on the same sampling day.

+p < 0.05: significant difference between day 29 and day 31 for the same dose.
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Oday 29
| mday 31
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B[«@]P mg/kg/day

Frequency of micronucleated cells in the colon (A), liver (B), and bone marrow (C) and frequency of polychromatic erythrocytes

in the bone marrow (D) of gpt delta rats treated with BlalP.

MN-COL: micronucleated colonic cells, MN-HEP: micronucleated hepatocytes, MN-PCE: micronucleated polychromatic erythrocytes,

PCE: polychromatic erythrocytes, ERY: erythrocytes.

Data represent the mean + SD (N = 5).

*p<0.05, **p < 0.01: significant difference from the control on the same sampling day.

++p < 0.001: significant difference between day 29 and day 31 for the same dose.
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A B

0.4 v 300
. (—
O Control (olive oil) —@- B[«]P 62.5 mg/kg/day
i = 250
o3 L 8 B[a]P 62.5 mg/kg/day % —A— B[a]P 125 mg/kg/day
B B[a]P 125 mg/kg/day 3 200
= s
;i 02 | x <
E : *k %3k [—| — 150
M [ Eli
s s * = = 100
0.1 | M L | &
I 50
0 0 1 1 1 1 1 1 1 1 1 1 Il 1 1 1 1 1
0 4 15 29 31 -1'1 35 7 91113151719 212325272931
day day
Fig. 7

Frequency of micronucleated cells (A) and reticulocytes (B) in the peripheral blood of gpt delta rats treated with BlalP.
MN-RET: micronucleated reticulocytes, RET: reticulocytes, ERY: erythrocyte.
Data represent the mean + SD (N=10, data for day 31 is N=5).

A:*p<0.05, **p < 0.01: significant difference from the control. B: Statistical analysis was not carried out.
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Table 4

Histopathological findings in the gp¢ delta rats on day 29 and day 31 after BlalP administration for 28 days.

Group/Dose Control (olive oil) BlalP 125 mg/kg/day
Sampling day day 29 day 31 day 29 day 31
No. examined 5 5 5 5
Site & findings grade + + + + + + + +
Bone marrow
Decrease in hematopoiesis 0 0 1 0 0 4 0 0
Increase in rate of erythroblast production 0 0 0 0 0 0 2 3
Spleen
Extramedullary hematopoiesis 4 0 1 0 4 1 1 4
Atrophy of white pulp (decrease in lymphocytes) 0 0 0 0 0 3 0 0
Colon 0 0 0 0 0 0 0 0
Liver
Necrosis, focal 0 0 0 0 0 1 0 0
Extramedullary hematopoiesis 0 0 0 0 0 0 0 2
Hepatocyte eosinophilic degeneration, periportal 0 0 0 0 0 3 0 0
Oval cell hyperplasia 0 0 0 0 0 5 0 5
Hepatocyte hypertrophy, centrilobular 0 0 0 0 3 0 0 5

-+ slight, + mild.
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0.6 L
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Fig. 8

Frequency of micronucleated cells in the colon (A), liver (B), and bone marrow (C) and frequency of polychromatic erythrocytes
in the bone marrow (D) of F344 rats treated with BlalP on day 29.

MN-COL: micronucleated colonic cells, MN-HEP: micronucleated hepatocytes, MN-PCE: micronucleated polychromatic erythrocytes,

PCE: polychromatic erythrocytes, ERY: erythrocytes.

Data represent the mean + SD (N=5).

**p < 0.01: significant difference from the control (Dunnett’s test).
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1-4 E%

BlalP lZB A OFETETICHE TN TV LSRR L EBRKILKFE T, Kb LS
NTWDEBIEHEEREPAMED 1 OTHY, SFEIER in vitro B L O in vivo iR
DHENH H[40], BlalP O OEHIZ X 2583 A0X SD 7 v N CHIE., RiH., MEH
[40,41], Wistar 7 > b CIXAIE. k. Qe 2205, + 468G, HiE, FRJE [42,43]
TROLNTWNWD, AR THEMA LIZRMTH D F344 7 v k& W T ZE D AR
DWEIXR OS2 oT-, £/, BlalP ofk &5k Y TegEi® (Muta™Mouse,
BigBlue®) DI, #M. 3 X OVEBEZ 5102 < OlfgZ DWW CRIR TR RO
HEPNHE ST\ 5(3,34],

AAFFEIZIN T, BlalP O 0 & 5 Ciltfn - 28R B L/ ME DR % [RIRF ISR H 9
HZENTER, £7, B FREAREEMERIT OECD 7 2 M A K74 (TG488)
[2] C/RT day 31 12N %, 28 H iR 5 0¥ H (day 29) 12 bIEROERI AT > 72,
P 5 8ICE L CiE, 125 ma/kg/day BEIZ IV TR IRRE & il U CBEZE 72 (R SN
Ml Z R L TWAH 7, MTD & LT+ & BlalP A5 3hi-Z & 2R+ 5
ZEMTE, Eiz, gptdelta T v MMIBT D EZMEeIMERBORBRIZ, RV
V78 (day29) I Tg 7 v MZBWTELNEREFRECTH-o7, BHEICE
W, 62.5 mg/kg/day @ day 29 IZBWTIHETg 7 v b DA T/IMEMIEOH E 220
R LERNRONZH OO, 125 mg/kg/day TIIFHETg 7 v FBIWUWTg 7 v k&
LI/ MERIR OB B A NE R Uiz, Tg 7 v MIET 2/ MERER OB/ RE M 1]k
X, FETg 7y bEHWTELNE D LRIRTH-TZ, 7y MTEAINTZ LR —
F—BEIE A 7y —VERIN T U THE TS D S E AN TR ST, F344
7w & F344 % gptdelta 7 v @ 13 HH[H O E % O — ik MEaERE B O &R R
IZEDRRNZ LB B [66], WA INIZBE T DR E O ERNEECEIEIC 2 A
FIETZ LB IS WEE R D,

THLE 2> BRI & 7= BlalPIiX ISR TS O R 2 & TRENEHE L 2% 10 5
ZERREINTWAI45,57], BlalP RO T, XV r U — AR F
> N (BPDE) 1%, 7o B Rm e LTIt 2 A7 % [68-60], BPDE %3
te BlalP O K O -DNA (Hndid, miE-<Chrifz & e O lgas T
EnTWB[42,61], FERFPNO DNA 2B 57— 2 13720y, AREHEE LR IT
DNA BXOX U RV E LR ILFEED DN HIEEILESND 20, fBICIEEER
ELTHFETHIRIFMBOND D EHEHIEND, Zhpz, gpt MF IZDW\W T, 62.5
mg/kg/day # CHERS L OVERE XL 0 LG TR > 7013, OS5 Sz BlalP @
HEMENRE A L LT-AE R TH D 2 E RS RIB S Lz,

BlalP B GRED gpt delta 7 v N T, #ElG. IFlEES LOESEICRBWVTEV MF 28
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BlE2 SN, PMEFHRITERR L ORI O AT, Il E 7 I3V Tl
Shieinoiz, BlalP ofk 0512 X 2= A > MRBRTIXRMEOER B HwE S
TW5[36], AFIECHEGIL, BHEORM M L 0 & AR MR 2 & D/ IME DR
WA DEL RSN H D, F7o, M CIRBERR TR 2 2B ST
D EMND, ISR 2 MEEEMEN 2 A o MRS/ NMERBR OB 21515 <
WL ZEbHEEEIND,

BlalP # 85 L= Tg B X O Tg 7 v FOFMME L OVE BT /MEHBUAE
FE DR BRIFH 2NN SN, oz A= E T BlalP O E#H S
A i/ MZERER TIE, Btk & BRIED 5 OFE RPN ME S TWh 52 [32,36,37,51], %
DJFRNI R EICER T 5 Z LRI TS [36], ABFERR2 G, F344 gpt
delta 7 v MIIEMRAAMKIZIST BlalP 2355387 2 /ME & @R EE IR T & 2 %/568
ThoHZENrRENT-, £72. MN-RET 78 day 29 T Kl %~ L7=D1Z, RET 734
HOICH RIS L2 BICINCER U V0D Z &0 D B 5% o AUIE M e
EHERE L TWAHAEEMENRSH S, BlalP # 52X 5 BHMEEOFERIIBECHME ST
W% [62,63]103, ARIFFEIZEBNT B, RO B F RO R A 2 & fish & A BlalP #
BIZEVRES NI Z EAVRS L, S BT, MKFIIRA T HARIMER & [ ek jE
DFd Hiv7e (Supplemental Table 1) , —J . ‘B#imttEO 7212 RET OHN D
T 5 L/INEOBEENHDT L EnWEISnTWAl64 Z L n, BHiEEE AT S
L& ORI TIE, B Q& A 23/ ME ORI 1158 % 5 2 5 TRetEIC B 3~
EThD, ABEIOFERSEM T Tl Bii/IMERER Tl E N < 4v, R E OWREERE
HE L THWOLILDNERIMEROFGITIIRE 22N A 5T, BlalP & 590
BRI EEIRZ D 2 EILTE e oTo, Tz, BEEMERER IR 2 MK 0
AN ERAAR F IR 2 Rl LT < 2 LU, Wi E O R RIE B ORI o S g~
DB T HHEREEDI BN IEEREECTHDL Z ERHLNE ST,

Tg 8% 2 W 7o BB 722K BRI O/ MR 2 /L AaA T T & 13, 2 D DFERD i
R TERA R L BRAMEO THRSEZ SO 5 Z LR S5, Tg 8z v
T B n 122 SR S BB Cld, RS AT E ORERINE S & FERE RO Eas Dl 7 C MF 234
BT 25 ERNHDZ ERNMBNTNEDT [65-68], MF DA HES < AN
ROTHNINEE T 5, —F IFIECTHLE 123V T/ IMEABR TR DAL BERE R & |
FEDAME & OFNCIXEREMEDNRE S L TER Y [14], MF L0 bRz O T IS 5
W2 EDRBESND, AR T, BlE&HICZIIT D gpt MF O & /MZ OFEF 135
HNE =i Lz, BlalP 250 EHERICKFE DI ML, DNA fF
AR, DNA EE, 7K b— & 3 JOSMAaE IR 42 & Do ER D R
ERIFLTCND Z EIURIR & TV 5[42,69,70], — 5. BlalP #&5(Z K45 BPDE
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SEMERTERAEE . MF, 3 KUV A ORIl O I B 72 BERNFET 200 8
9 INEB S 2Tt Ze (42,611,

Tg W% VT2 BG T- IR RR B ClX, 7Y 7 HOEWZ XD MF O
HICHAE 2 =IX R 6N/ o7=, OECD 7 A A R4 TG488 THESR S N5
YTV T ATHD k&G0 3 Atk ORMLE LT, EERG%ZORERY 7
U > 7 Ot o+ 07T — 21370 < TG ER OB E STV R W IR )3
S5 Him LG, B L OHERG3 A XK > 7 MF 28 3 HiZ(C iﬁ% TN
T2V T —=H 11,722 HS N TN D Z E N HERI XD, ARFZERE R DIT, ik
DI A D day 29 THEETEARLROBRHEICHEIZZR <, Tg @J%%fﬁb\f:fé
2R ERRER i x ORBR A, /27 e ha)Lob & THAGDESD Z LR
RETHDZ LW RBENT,

BB X ORI o/ MERBR T, day 31 T day 29 & i L/NMEBE IR DR H3
WO LI, T OMRKIZIBN T, P RILERF O/NEFHER O B — 7 13 51% 1-2
HTH2DZLEPHERINTWVAL73,74], BlalP &~ 7 A B #/MERERIZ I T HLAIRE
O 515 24, 48 BRI CHEGR S NT-/MEIT. 72 K% OBIE TITRRD bR -7z
[73], %~ T, TN D OMBO/IMEAIIL, 2843 LV b 28+1 OF 1 b )LD,
BRI 1 2R3 2 E R STz, o T, ZlEaR O/ MZERER A Tg Bhip2e iRz i
R LA DY DAL, R X 2/ MEEBR ORI E L OB BN EET
bb, ETz, #ﬁ%ﬁfﬁ&“ffﬂ B L AT A EAITIE 28+3 ORREITNEETH 53,
AT L — xR E R — o 28+1 'u ka2 CEEEZIMT S 2 & b Al
fEChor L 75wé7hf:o

AW TIE, TG488 THELEZ LTS 8121 ﬁ“fnﬁﬁﬁ“é 7o, BEEBMAIRIC
HsOB A HER Uiz, —F., ZlEayIMERBRCix, — M 5 u@%@@a%%@ﬁﬁ
LCWb[14], 7 v oIz & 2 R aEESR cytochrorne P450 (CYP) ¥#&ED
LRSI TSN, SDIEZ v MIEBWT 30 B E TOMIE+ CYP ¥ > /37 &
IR & BTN 55, 30 Him L 8 Mo ki ¢l CYP1A 13/, CYP2B
FD 2 w3 e oA REIC K FENN R 5 [75], R D 25E i”**Jt 0B U 2% aBR S
RADHELZBETH I EITEETH D P, Zlfds/ ML R b1 L 728047 00
OEFHNIE D72 < [76], A% OMFHREETH 5,

VI b X ARFTETIL, F344% gptdeltalfitt: = ~ b 2 H\WTBlalPD28 H K HE #% 5-% D
P HBLO3H BRI L 7ol 2 e il 5 & L. wilm. FlEds KX OVE#E D gpt MF D
N, 72 5 NS ERER K OSKRME i T OZRIMER D /ML %E%:Eﬁn L7-, F72. F344% D
KEMEZ > b (3FTg) 2 M T28 A M & 54 D A ITH R U 72 flf% T o/ MEaRiR &
FhEL, TgZ v b LRBROERZET-, _ﬂ%@ﬁk%i D ARERBREFIZBNT, B
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(P RRERS LORARRE 2 FARA b & L ZlEas B st 23 7T RE C
Y RRAMAE O THEMT D Z & Tin vivold s @RI 4 2 B o d|]
BIZCHHEBRTE 5 Z &< R sy,
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Supplemental Table 1

Results of hematological examination in the gpt delta rats after Bla]P administration for 28 days.

Items Group/Dose Control (olive oil) BlalP 62.5 mg/kg/day BlalP 125 mg/kg/day
Sampling day day 29 day 31 day 29 day 31 day 29 day 31
Erythrocytes — (x104pl) 915 + 21.9 919 + 21.3 831 + 21.9 ** 819 + 565 * 777 + 262 %% 731 + 16.3 *
Hemoglobin (g/dl) 16.2 + 0.34 16.1 + 0.45 14.4 £ 0.39 ** 14.0 = 0.75 ** 13,5 + 0.40 ** 12.8 = 0.39 **
Hematocrit (%) 46.3 + 0.83 46.2 = 1.14 42.2 £ 0.98 ** 409 + 2.01 ** 395 + 0.86 ** 384 + 0.86 **
MCV () 50.6 + 0.32 502 + 0.36 50.8 + 0.22  50.0 + 1.12 50.9 + 0.77 525 + 1.13 **
MCH (pg) 17.8 + 0.05 175 + 0.10 17.3 £ 0.18 ** 17.1 + 0.31 * 17.3 + 0.13 ** 175 + 0.19
MCHC (%) 35.0 + 0.11 349 + 0.27 34.1 + 0.35 ** 342 + 0.47 34.1 = 0.36 ** 33.3 = 0.77 **
Platelets (x104ml)  70.7 + 6.5 75.0 + 8.4 71.3 + 5.2 740 + 5.0 59.8 £ 6.7 * 50.2 + 2.3 **
Leukocytes (x102/p1) 36 + 6.7 36 + 10.5 18 + 1.7 ** 19 =+ 3.8 ** 19 + 5.1 * 17 = 27 *
Lymphocyte (%) 85.6 £ 0.7 82.8 + 2.0 786 + 24 * 818 = 22 72.8 £ 48 * 766 = 3.7 **
Neutrophil (%) 12.7 = 0.9 152 + 2.0 201 + 26 * 169 + 1.9 25.8 + 4.7 * 221 + 3.8 **
Eosinophil (%) 0.7 + 04 09 + 0.3 0.3 = 0.3 0.3 + 0.3 ** 00 + 0.0 ** 0.1 =+ 0.3 **
Basophil (%) 0.0 = 0.0 0.0 = 0.0 0.0 = 0.0 0.0 = 0.0 0.0 = 0.0 0.0 = 0.0
Monocyte (%) 1.0 = 0.1 1.1 + 0.3 1.0 £ 0.3 1.1 + 02 1.4 + 0.6 1.2 + 04

Blood samples were collected in nonheparinized tubes from the abdominal aorta at necropsy.

Data represent the mean + SD.
*p<0.05, **p < 0.01: significant difference from the control on the same sampling day (Dunnett’s test).
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2T FEBREIAYMYE PhIP BLXO'DMH ZH\W-F344 % T v k
Zlgas K 1E /MR BR

2-1 fEER

1 EICBWT, IR REEEEEDNAME TH S BlalP 227 LbEmE L
T, Tg 8% 72 22K BRI L g MERR & M & DR oA M O EI5 7
PERBR A FEhE L, [ —EWa AW T 2O = RARA b (RRER L/ME) OFF
MAARECTH D Z L 2MER LTz, £72, F344 20T v b JETg) Z AW T 28 H
MR 5% O AL co/MERBR 2 £ L, Tg 7 > b L REROFER
i, MAINTEBIE TN IEFHEREICEEE B2\ L2 LN LT,

%2 B TIX, 28 HMOKER G HMERBR A~ DM AIAL, FI2IIMMOBIEEERR &
DFAGDOEEME Lz, Ziges (G, TR, 54 DERBRoa Ats iR+ 5
ZEEHME LR AT, BBRWEIL, RAOBRIZBWTIREENKE <
ZAAMRHINIC IR LE DR AR CH DL EMERET D& L L, K
W HHLE /IMERBRIZ DWW T, Bl G B X0 28 HIMERSGOFEKEITH D b
D D[14,16,18,77,78], EZHMEFNI 72, £ T, KETIE, BBICHRALEFHERT
L2 EMHBINTWHRIEFEERDAME CTH S, PhIP 8L DMH % €7 Mb&
W& U TEE L7z, PhIP %, MBGHEH INT-ASCATERD RO b A EBERAT
D1 OTHY, 7y NORIBITIRBNAZFZRT D2 L5 T\ 5[44], DMH
X, 7 v NCRENGORRIE & BRI AZFRT DD T VX ALEITH 5 [47], BHE/
BTl PhIP 358\ IMEERREN 5 A5, DMH 1dm H BEEHE 5 ChdE, (KA
BREHREGICBOTIRMEREENE SN TWA[50,77], ZZ Tk, 2FHO T v M
NE5E S AVVE ORI G K DA MERE R RE A RS L. S BT, 28 HIFIIEHK 5T
D Ngae/ MERBR 21T T2, L. 55 1 =ICTHEM Lz Tg @ & W U F344 %%
DOHEVET ~ F & iz,

2-2 BRItk
2-2-1 BBRY'E

PhIP (2-amino-1-methyl-6-phenylimidazol4,5-blpyridine hydrochloride; PhIP-
HCl, >90%) 17— N#FsEmr» 60 A L7, DMH (1,2-Dimethylhydrazine
dihydrochloride; DMH + 2HCI1; CAS No. 306-37-6, >98%) (JH Ffbpk T3/
MOREA LT, B E O GERHIZ, BRI L LT ERR 2 F R LT,

2-2-2 BB I OFRBHEHE
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6 BN D F344 ZHEMET v MIAAZ R L — X 0EEA LT-, £ 1 BEOBI{L%
WZERBRICHE T LT BRI N 7 2T AT 23.5+12.0°C. FHXHEE 55.5+5%,
RS 4 7 L 12h:12h, Z25QHE 1 FEf 7=V 12-15 R CHERF L 72, 7y RF v 7
v K (U7 IAEt) 2ZHWETIAF v 78— 1 r—U %) 2-3 LT
fAE L, KBEAKBEIOCE2 XLy Mkt (AAZ 7R (3B, 5k
M ZE U CHHBICERES S, ARBRIT, 8o GERLES L OERICET 51k
A (WA 105 B, 19734510 A 1 H, 201946 A 19 HKIE) ([2ESW=, T
U —OEMFEBRIZBE T A AN > TEMFEROMEHEZERIC L > TEREINZ D
DT D,

2-2-3 EET G/ MEAER

28 AMIRER GRS, Bl - A E CO/NMMIGEREE 2 R T 5720 OR
B S L7-, F344 REEMT » MG GR¥EK) . PhIP # 50, 100, 200
mg/kg/day D& T4 AR, £721% DMH % 90 mg/kg/day ®f&E THH, BV 7
EHRAWCRROBE %217 ->7-, PhIP, DMH 0o 5[nl%%k, &5&xZhFn SD 7~ b
(S CRER MEZEF B ERR SV TV DR ESE & LITT), BHH R 5 mL/kg/day
ICRRE LTe, WINOEGEES, PIRIEG XD 4 HRIZHEE N CTREBE L OB 2%
M U7, G/ IMERBRIT 1-2-8 IR @ W IZE i L, 11EH7= 0 2 TEORE ER
f (COL) (28 2/ ExE AT DAk (MN-COL) O HBUSEE 2R 7=, BHi/MER
BRI 1-2-6 IR T @D ICEMML, 1EH720 2 TEONEIRME (PCE) (28T %/
EEAT 54 (MN-PCE) o HEBSEE R X ORRMER (ERY) H O IRMERDE]
HBERDT,

2-2-4 28 B RIREHK G/MEABR

M EHERR S LT, F344 2MEMET »~ MZ PhIP 100 mg/kg/day., DMH % 10,
25, 50 mg/kg/day D FHET 4 HREG L (RBISEEE L CABK 5 mlkg B5-8E
RERiE) | REHEBZHER LI A, PhIP #5838 X0 DMH @ 25 83X 50
mg/kg/day &G/ TlX, BEWH L LIZAEEORDNR D 5u7-, DMH 10
mg/kg/day # 58T, BREFREEBINIRO SN TWDH OO, I IREE & I
0T 5 EEINOBRE T Z DTV o, 2 ORI XU 2-2-3 OEHIE 5388k 0 i 5
(3% 28 HREIIER G0 &1L, PhlIP % 25, 50, 75 mg/kg/day. DMH % 2.5,
5. 10 mg/kg/day IZE LTz, BALEMIZHOWTRTEDKRGE L 5 L) 1ok Gk %
FHELL . PRSI RER L OVABERHIR (ZRBK) BRI DWW T 28 AR O KER -4
Tole, BERBIVIMAET, KEXZEANE L, EE5EEKHOZA, LT
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THERERE 0 £l L 72 I igigs 2t L7z, IFIEEERE 21T o7, B (KR
B) . e, R, RIS AR L MEEEREBR O T O R A AT
STz, FEMGIE. EALERFS L NN 2 bR N T2 HR S 2 /MBI VW e, /MR ©
R L2 7T, im0 —#d KOO E#E. Mlsi. B rro &I L
7=

i L OVE il O/ IMZRRBRI T R B/ Ve (2-2-3) LRBkRDO 7 1 b =)Ll T T
STz, TRO/PEERERIT 1-2-T IORTEV ICFE ML, 1 RAEHTZ0 2 THfRF D/
R SR AT ] R e Y

2-2-5 JREAHARFAIRE

PhIP 75 mg/kg/day B & DMH 10 mg/kg/day & & Z 1 E OB FREEIZ OV T,
Jo BRAR R T HOMR AT A FEE L 72, 28 H B G- BRI L= t2 OFEMG. IFIR. a6,
10%HPEREE R L~ U CEIRICCTREE LTctk, NT 74 aiLic, "9 7 407 m
v 7 % 2 um ZHEY] ULAERL U7 AERK I~ R ) =g oo T LB LT,
F 72 FBEC OV T AR S 2 5Tl 9 5 72 O Ki-6 712 K D R e AR 2 fERLL |
BT,

2-2-6 HLAMET

(REE, DEesEE . /MZ BB IXA B CRAERS KO EREEAZ R L, (KE L
g (et X OFERHE) o7 — 1%, Bartlett O 83— MHREDHE., —it
BB S o T £ 7213 Kruskal-Wallis f27E 2 W THENT Lo, AEZENAONIZSGE
L. Dunnett & % 721 Dunnett % 2 H LI E 2 FEhE L7, BBRWERE & At
MR & o/ T (MN-HEP) | /IMZShFE R iLER (MN-PCE) | ¥ X OVIMEZHE A
i (MN-COL) O#EED7#% . Kastenbaum-Bowman £[55]% FV CREFHIIZ 0T
L7z,

2-3 #ER
2-3-1 EHF G/ MEAR

FRIGERH R 1T 3 1T D/ MEFEBIBE S 1T, 515 C 0.19%. ‘B# T 0.09% CTd -7, PhIP
® 4 AEGIZBWT, . BHECHEKFEN D DBEE I/ IMEE IR OB
5= (Fig. 9A, 9B) . PhIP 50, 100, 200 mg/kg/day #%-5-(281F 5 /MZ 3 Bl
%, &5 T0.37, 0.62, 0.66%. HHTO0.72, 1.54, 510 % Th -7,

DMH @ Hi[al# 5 T, #EM T 0.94 %D/ NMEFBLATRD Hiv, IABEIRRE L bl L
AEZHEMLUZ (Fig. 9A) . —F., B CIVMESERIL0.11% TH 0 | EBERREE
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&@%/ﬁé mdb%ﬂiﬁi))ot (Flg 9B) o

2-3-2 28 H A KE# 5/ MEABR

EMEAMIZHT20 . PhlIP 58 TH B ZRREIE NS 235580 b iz,
50 B LN 75 mglkg BETIE, &5 T A LR, AENMETHLWITITE A EELT L
WIS b7 (Fig. 10A) . DMH #5-CTid, HAEKAR 2 RIS 2378
D HAV, 10 mg/kg/ AT day 5 & 0 BB T IRF £ TS FREE & bois LA E R IR
EEINEl 2~ L7z (Fig. 10B)

g B I%, PhIP &5 CTHIR O B & O HEK AR 2K T 2370 Hiv, 50
mg/kg/day LA ECHEZENRD Livlz, fAXTEEIX 75 mg/kg/day BED A T T 2357
W57z (Table 5) . DMH # 58 OO x E &L, 10 mg/kg/day HTAHER
KT 5N, RO EEX, DMH &5 X5 BITRBO LR -o T

(Table 5) .

PhIP @ 28 HMEE G- TIL, FEEDO 50 mg/kg/day CTIREERTPREE & il LA E e
/J\*?%%\éé@imﬁﬂﬁm »oivle (Fig. 11A) o PhIP #5012 X 2 FlgIC 81T 5/ MLk %

RO 2oz (Fig. 11B) . ‘BHETIX. 25 mg/kg/day L 0 A EIKFH 72/ MG
%Erbxmh&b%ﬂt (Fig. 11C) , F7=. MEEKFRLRDFERMERDOEIEG DK F 23780 5
= (Fig. 11D) .

DMH @ 28 HRIE&E 5 Tl #5155 B LT 10 mg/kg/day CTIAEEXTIREE S OfF
BN b, HEEKFN R/ IMEHER RO bivle (Fig. 12A) . fTlET
1% 2.5 mg/kg/day LA D HEIZ I TEEERREE & ek LA B/ MEBREDRO b
7= (Fig.12B) . BRI/ ZIIEETH O | S RIMEROFEIGIZ S 20RO S h
-7=  (Fig. 12C, 12D)

2-3-3 JREHR PRI A

PhIP, DMH & & (ZimHEREC DWW T, KM, IO B 7 A 2 920 L
7= (Table 6) , PhIP 75 mg/kg/day BEDORBNHKEGOMMIL D ZEHE, 4 FHlZ _EEH e
DT R b= ZADEEMHPBFRD Hivlz, FFIEO/INRZEED e, PhIP 756 mg/kg/day
HEE BIT 1 BIERS B 7=, DMH 10 mg/kg/day #f D 2HFil L/J\%qj'b'fﬁﬁll?@ﬁ'fﬁﬁﬂﬁ’*ﬁ]ﬁ’j
@-ﬁﬁﬂ@z 7 a—y A BEEKIZTENRD 517z, DMH 10 mg/kg/day FEOFERG I

IO Lo T,

ﬁﬂﬁ@ﬁiﬁ]ﬂ@f%ﬁ_@%zg T 5722, PhIP, DMH & & (ZHEHEREIC DWW T
fERm D Ki-67 Yuth 2 FEfi L7z, PhIP 75 mg/kg/day BERETIE, B IRRE & D225

W38 b o 7= (Fig. 13A, 13B) . DMH 10 mg/kg/day #5586 T. BRI RRE

31



&R U TS IS BT 5 Ki-67 FtEfa o m2ss8eo o iz (Fig. 13C, 13D)
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Fig. 9

Frequency of micronucleted cells in the colon (A) and bone marrow (B) of rats treated with PhIP (4 days) or DMH (single).
MN-COL: micronucleated colonic cells, MN-PCE: micronucleated polychromatic erythrocytes.
The data represent the mean = SD (N=5).

* p<0.05, **p <0.01: significant difference from the vehicle control (Dunnett’s test).
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Fig. 10

Changes in the body weight of rats treated with PhIP (A) and DMH (B).
The data represent the mean = SD (N=5).

*p <0.05, **p <0.01: significant difference from the vehicle control (Dunnett’s test).
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Table 5
Liver weight after PhIP or DMH administration for 28 days.

Chemicals Dose Body weight Liver
(mg/kg/day) (8) Absolute Relative
(2) (g/100 b.w.)
PhIP 0 2657 £ 6.6 11.19 + 045 4.22 0.22
25 2423 + 3.2%* 1062 + 048 438 + 0.18
50 186.6 + 11.6** 7.85 £+ 0.99** 420 + 0.29
75 149.2 + 6.2%%* 548 + 0.38** 3.67 + 0.14**
DMH 0 2565 = 7.1 11.06 £ 0.59 431 + 0.11
2.5 251.6 £ 5.5 11.37 £ 0.62 452 + 0.18
5 2394 £ 5.6 1035 £ 0.54 432 + 0.18
10 208.9 + 21.0* 9.09 + 0.87** 435 + 0.09

*p <0.05, **p <0.01: significant difference from the vehicle control.
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Fig. 11

Frequency of micronucleated cells in the colon (A), liver (B) and bone marrow (C) and frequency of polychromatic erythrocytes
in the bone marrow (D) of rats treated with PhIP.
MN-COL: micronucleated colonic cells, MN-HEP: micronucleated hepatocytes, MN-PCE: micronucleated polychromatic erythrocytes, PCE:
polychromatic erythrocytes, ERY: erythrocytes.
The data represent the mean + SD (N=5).

*p <0.05, **p <0.01: significant difference from the control on the same sampling day.

36
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Fig. 12

Frequency of micronucleated cells in the colon (A), liver (B) and bone marrow (C) and frequency of polychromatic erythrocytes
in the bone marrow (D) of rats treated with DMH.
MN-COL: micronucleated colonic cells, MN-HEP: micronucleated hepatocytes, MN-PCE: micronucleated polychromatic erythrocytes, PCE:
polychromatic erythrocytes, ERY: erythrocytes.
The data represent the mean + SD (N=5).

*p <0.05, **p <0.01: significant difference from the control on the same sampling day (Dunnett’s test).
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Table 6
Histopathological findings in the F344 rats after PhIP (75 mg/kg/day) or DMH (10 mg/kg/day) administration for 28 days.

PhIP: 75 mg/kg/day (5)

Group (number of animals/group) Control (5)
DMH: 10 mg/kg/day (5)
Grade + + ++ + + ++
PhIP
Liver Microgranuloma 0 1 0 0 1 0
Colon Atrophy goblet cell 0 0 0 0 5 0
Apoptosis in colonic epithelium 0 0 0 0 3 1
DMH

Liver Microgranuloma
Hepatocyte eosinophilic degeneration,
Necrosis, single cell, centrilobular

Mononuclear cell infiltration

S O O o =
S o O o O
S o O o O
S N W W O
S W NN O
S O O o O

Colon

=+ slight, +: mild, ++: moderate
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Fig. 13
Ki-67 staining of colonic epithelial cells of F344 rats treated PhIP (A: Control, B: PhIP 75 mg/kg/day)
and DMH (C: Control, D: DMH 10 mg/kg/day).
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2-4 E5

ARETIE, 7 v MEBRSAWME TH 2 PhIP & DMH 2 AW C F344 %7 v b D
BHEG ToRM. BHE. KO 28 AMBIE®R G TOR. I, 586, RN To
INERBR BT o T FORER. Bl 5123\ C PhlIP 13455, B8 <. DMH |34
15 CO/NMER TR O, 28 HMKAER 5 TIX PhIP (34505, B4, DMH 354505,
JFiEC D/ NERB R RO BEMMAMERS Z v, W TR OLEWITB W T LM CTH Hfb
IRV T/ A JERE & R T & 7,

PhIP @ 28 HMKEE G2\ T, Kl TO/MEFETIE 50 mg/kg/day THE 2N
RO LT, AEEFET 2R, BHE L i U CERMEE IR - 72, PR
FIRREE I 0 5 LA D 7 R b — 3 ADHER S 7=y, Ki-67 Yl X 2 BEFHARLC
IR EEHREE & ORICEITRD N2 o =2 & n, MlafEEEORE E Loy
FETCHEDN T Cre <, /IR AT DRI ORAEDBIEE UL I o T aTREMEDS RIZ S
72,28 HFIER G CITFEIE G X0 b G ATREZRHEMRNZ & bR I 2T
5HEFBZ DI, BEOERE G E Ll L TR < 2 LN BEHEOHIEEEZ & D 5
TEOICEHTHLEEZD,

SD 7 » M &/ L7z PhIP @ 28 A AR/ MZRER Tlk, #E15. TTIE. S86izikwn
TARIF344 %27 v N CHERLNET —Z X0 & @EWBEE TO/MER R ST 5[78],
PhIP |Z3(2 CYP1A2 (2 L W Bgfb UG 251 N e Ry PhIP 23ER L, & B8
QPG & 0 ARk 325 N7 & % 3 PhIP 28 DNA & OfHINA % JE k9 5 [43], PhIP
WL DANADRAERIISDHET v bO LN F344 7 » L0 b EWEDOHRENRH
5791, £72.F v MZBWT CYP DFHUTITZRHAEENH D Z LN STV A[80],
HDSD T v b & F344 7 v b Z HBERIZ IR B L2 IT R Y 72 5o 7208,
RENEMEACLRE ORIV IMEH L DZLEOER TH D AIREME S B . biLd, £z,
TS (P GBIA7N 6 Wil & T Bl OFEWAS, RIS/ MEBRBEICRE L TWD D
EbEBEZLND,

DMH o 28 HRIKEHEGITERIT 25E0O/IMEHFEROEMIL, #G LRI T
Ki-67 BRI AN TR Ioe FREE & e~ LTV D Z s, HIEEESE O TTHE A/ ME D
FRRICRE Lo wTRetE 23 5, DMH B8 TIENTFIR T b @\ IMEZRE R R 03 el
AL, SD X° F344 7 h~® DMH O O H 52 X DR ANTHER I TV 7R
W [47], T OB F R A TIEEMEE R R 6N TE Y | BEFEEDORIN
N INZE D0 E D I EBEFEEDSNOER G BEMR L T2 e & 5, DMH (3
JFig TG 2 52 1), TEPEGEY (methylazoxymethanol) 23 aA b S dL7-4RHE CHEAE
U & NIZHEH S22 ICIENHIE I L 0 e & S d 2 s shTun a8l
i 24 HlEd X OWIEIC T/NMEOFEFEDTRO Hiv, BH TR bieho
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72 Z L%, DMH OENEEORILZ Sk L 722 S 2R Th Db Lty SD 7
v~ 28 H KA E#E/IMZRER T b RIS R3S 6 Tunw 5 [82], —J7 . DMH
IO @ &R G ICBWCUIE B MERBRDGNE & 705 2 L A3 S TR v [50],
TEMERD AR THAFE L TW D AR & 2208, KB G- Tl 5 rrag 7 FH &AM <
FIRSILD Z &0 h, BREEDOEDN/PMEOFERITKBL TND LD EHEIND,

In vivo B MR OHEITIL, FHLx SRS E I TRE SN TWNWDH Z &
it T& D (REFEY) NEEL 05, B/ TR, AR IERIZ X
LA RIMERDEIE (% PCE/ERY) OIK FAREIEHO—> & 725 X 9 12[10], FFME
KF G DR IR B AR A 2 1T 2 2 ITIREREIC 2 0 9 5, S 612, WL
REFRORRA & 2 Btk B O B D IE I B R ROBRICE A L 72 D,
FO#E L7 DMH OE(LEIZBIT 2BERIZAHTH 5700, REGE & L ToH B
AR TR A OBERITKY, — 5T, 4Bl DMH #5828 5 BHEORMER R %
BT HERIC, B RMEROEE TITE(LAFRD DAV TIREREIZIZZR 572200, i
g T OMBEALAECTND Z EICEDE KRN TORE 2 TE 5, BHiDH 25
x5 & L CWEGE I3 b i o 7o IR O Z b DS B/ MZR D21
bIEATEEE 25,

ARETIL, BNEEYE ORI CEEE & 72 H21HLE T - i IS T2 782 AU
NERE SN TW5D PhIP 8L O DMH ZEF/UbEWE L, F344 REZ ~ F &2 W
THEHER XLV 28 HMOKE®RGZO/IZRBREIT o7z, ZORE., WThokhb %
HEFTH, WEEM L IR TO/NMIGERPBO bz, ZOZ L XD HWlG/IME
RBR 28 A M E G O — MR BR A~ O AIA A R0ZEIR A R & OB bE
Pl FIHE Cd D Z SR S N T, £, RIEER G E MRS L/ MR 2 A 204
TeBRITIIE 2~ OWE OENES T2 B [E L BB IS B TH 503, BRI E)
REDIEHRA R S 5 FHRWE OBV CTiE, Llias TR+ 5 2 & Tl Qifk
HEFRMEOBRB NN EE D Z ENE R INT,
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% 3% DMH %\ /= F344 % gptdelta T v FZERERERER & /M&E
AR DA ERT

3-1 #Eim

%1 FIT T, F344 % gptdelta BT » b % FN T2 229828 BEEAM R 2/ MR B (G
W, I, BBE. RIEIM) 2586 S E2iHiiRICH VT, BlalP OB TR AT

BTHDLI L, SHITMED L TEET &t 7 o VR A E L, 28 HH
KAE# G O&&GE R (day 29) TOFHMENFRETH L Z & A fEad Lo,

B 2®WICTF344 %7 v MEHWTHEBEDRAME CToH 5 PhIP 5 L U'DMH @ 28
H S G/ MEaRBR 21TV, FE Tg B TR AAENINRERZ I T 2/ MERE R 2
ARETCTHHZ L EH LN LT,

%2 mETHEWE L L= PhIP, DMH (39 v, 299828 B BR CTHERGIC T MF
DOEMNEE SN LA WTH D, PhIP X BigBlue 7 v MIBWT, #EE. /Mg,
il C > MF B3 feRE ST 5 [83,84], —75, DMH D ZESRZ B BR O & 13 A
W= B0, FZTC, $3ETIEIDMH 2 #BmE & L GRE L. %IETﬁibt
Tg 7 v MIBIT 5 %Wﬁﬁ%km#ﬁ%@ﬂﬁ&ﬁwﬁd%ﬁotoﬁﬁf\
AMXEREGORER L 3 HZOT 7 ) 7 HEZRE L, IREHIR OZIC L 5 22RE
LGOI OB AR L, AL ﬁé%ﬁ%+@wﬁ7mk:w%%%
T DO DEeRERI D X A I 2 ZITHOWTHF LT,

3-2 ERFE

3-2-1 $BRWE

DMH (1,2-dimethylhydrazine dihydrochloride; DMH-2HCI; CAS No. 306-37-6)
AR LR CERASIH L VA LT, BGRFHICEE K ZEEE UIRGERIRAFR L
77

3-2-2 BB L OB EHE

7 i D F344 % gptdelta Tg T » b (AR A= Lo —RAE4h) A L
5-7 HOBULRZIZRERIZHEA Lz, 7 v MME, 122 1R TRE SR CRMHFICTHEE L
Too ARERIZ. B0 NERLES JOEHICET 258 (G55 105 7, 1973 4F
10 H 1 A, 201946 H 19 HIE) 23\, o N —0EWFERICET 58
HNZHE > TEMFEBROMBE BRI L > TKRB SN b D Th D,

3-2-3 HEREBLUORSE
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WEBWE L., 7y MAE 1kg 720 5 ml O 5IRKZ ARG L, 1 #HZ0 5
lCpZ > hMz1H 1M, 28 HE (day1-28) . BY v T &AW TROK G 21T 72,
DMH 13788 /KZ e L, 0 GREERIR) | 5 38 LTV 10 mg/kg/day D G-&E 725
L OICHRE L7-, DMH Of@m A EIL, 2 BOMRICKESE, 28 HEINEREICE
7% MTD ([ZF824 35 £ & 2 5115 10 mglkg/day & L7,

3-2-4 FHKRP L OMLIR DELEX
1-2-4 (R L7252 T, F9R 8 Bl g L OVIEERBR 12 3 D lgds (P, &
. B BLOKRWEIMOY 7Y 7 a2FE LT,

3-2-5 BinTEARELERR
1-2-5 IR T HIEIC CTBIG 2R Bl 2 556 L. gpt 2SN BAKEE (MF) %
K7,

3-2-6 /MEERBR
AERG. FPlE. BBE. R o/EERBRIZ. 1-2-6 205 1-2-9 [T HIEICTHEM L
7=,

3-2-7 JREALRREORE

VAt FEEE S SOV DMH 10 mg/kg/day BEIZ DU TR B 2 r0M A 2 5506 L 7=,
B~ U CREE LT E e, Mg, i, B L OB E T 7 o el L, bl
F Q2um) ZFFH L, ~~ bF U U BIOT A 2 TR L7 EAR 2R B 21
WZR~ Tz,

3-2-8 SREHEMNT
RIS HEEE S DMH &5 CE LN KT — Z IO\ T, 1-2-12 1SR T 0 1I2HE
M A T o T

3-3 #&

3-3-1 REHHER, BHEERE

P 51 % 38 L C DMH #% 58 CHRE MG 13822 S vz, 5 mg/kg #ETlE day
27-29 T, 10 mg/kg/day #EiT day 5 LAREAkRE L CH B R & ik L CH B Z2RRE %
RL7Z (Fig. 14) , BE2sEEIL. 10 me/kg/day & CHAEO Xkt E &2 day 29. day
31 CYRGHe R & il U T EICIR S . MXTE R 5 mg/kg/day @ day 29 THER
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Iz R LTz, MO B &1L DMH 512 X 2213580 b o 7273, fixt
HElT. 10 mg/kg/day #£D day 29. day 31 & &, W REE S G L EfEA2 R LT
(Table 7) .

3-3-2 BInFRAREEAR

Gk XL OWTECIE, day 29 B X Wday 31 DWWy HEKFEA 22 MF OB
WO B, FRCREG CEBEE IR &Sz (Fig. 15A,15B) . — 5, ‘B# Tl DMH
525D MF ~O22B13380 5o 7= (Fig. 15C) , Day 29 & day 31 12817
5H7ERIT, #EIBD 5 mgl/kg/day FEICEB W T day 31 O BRERBICEME CTH 728, £
NPT T OIRERIZB N T HERO b o7z,

3-3-3 /J\#%-&Eﬁ
INEERR I TR G X OB C day 29 58 X WV day31 W10 T8 BAZE 72 BN A3 R

Y Wb/ (Flg. 16A, 16B) . ‘Bl L OKRMIMICB W TIEERD S h- 7= (Fig. 16C,
17A) ., FERO/IEHEREEICBWTY 7Y v 7 HOERIIAE TR - 7= (Fig.
16A) , & TlX day 29 LV day 31 ® F23EfE%E 1~ L7z (Fig. 16B) . ‘BHED IR
R O RMERDEIE X, 10 mg/kg/day FED day 31 DAF BERMK F 23580 b7z

(Fig. 16D) . R MLIZI 1T D AR MERF OS A FRIMEKDOEFIE 1L, DMH 5 mg/kg/day #F
TIEH 7V 7 RICE S TRREEE OB 50727228358 5417, 10 mg/kg/day #F
IZBW T day 4 TIEfE, day 15 75 day 31 iX&fEfEA %~ L= (Fig. 17B) .

3-3-4 JREMHRREIRE

AR MR A I B W T, Bl KOS TIE. day 29 B L WM day 31 OV T
IZHBWTH DMH #5012 L D BHE R EITFRD bivie o7z (Table 8) . M Tix
day 29 5 L WV day 31 (2 TR & ik L DMH #% 5-12 X 2§46 &E .o e DS
R &=, I ClX, DMH & 580 day 29 35 X O day 31 (28 T HULER RN 2
iSSP oD 4 Bt 25 b | TR RS S HE R B S B8 DS TR MR L SR B ~ R R B L3R D B LT,
DMH #5580 day 29 {238\ T, Hifil (3 fl) 6 L ORI Gt & [RE O O #s+

i (16 2O N, day 31 DA, EFH~OEHEAZ LS BAEEOBERK (3

TiJ) DR LT,
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Fig. 14
Changes in the body weight of gpt delta rats treated with DMH.
The data represent the mean + SD (N=10, data from days 30 and 31 are N = 5).

*p<0.05, **p <0.01: significant difference from the vehicle control (Dunnett’s test).
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Table 7

Liver and spleen weight on day 29 and day 31 after DMH administration for 28 days to gpt delta rats.

Sampling Dose Body weighta
Livera Spleena
day (mg/kg/day) (g
Relative Relative
Absolute Absolute
weight weight
weight (g) weight (g)
(g/100 g b.w.) (g/100 g b.w.)
day 29 Control (DW) 237.1 + 9.6 9.26 + 0.60 3.90 + 0.11 0.59 + 0.04 0.25 =+ 0.02
DMH 5 222.0 + 16.9 9.32 + 0.87 4.19 + 0.10 0.63 £ 0.06 0.29 = 0.02
DMH 10 167.1 + 16.5 ** 623 + 0.89 ** 372 + 0.21 0.60 + 0.05 0.36 £ 0.03 **
day 31  Control (DW) 2334 + 22.6 892 + 1.18 3.81 + 0.19 062 + 005  0.27 + 001
DMH 5 2145 + 17.7 853 £+ 0.96 3.97 = 0.14 0.62 =+ 0.03 0.29 = 0.01
DMH 10 170.1 + 158 ** 650 + 0.77 ** 381 + 0.17 0.62 + 0.01 0.37 + 0.03 **

a Data represent the mean + SD (N=5).

*p<0.05, **p < 0.01: significant difference from the control on the same sampling day (Dunnett’s test).
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Frequency of gpt mutants in the colon (A), liver (B), and bone marrow (C) of gpt delta rats treated with DMH.

MF: mutant frequency. Data represent the mean + SD (N=5).
*p < 0.05: significant difference from the control on the same sampling day.

+p < 0.05: significant difference between day 29 and day 31 for the same dose.
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% MN-COL

Fig. 16
Frequency of micronucleated cells in the colon (A), liver (B), and bone marrow (C) and frequency of polychromatic erythrocytes

in the bone marrow (D) of gpt delta rats treated with DMH.
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MN-COL: micronucleated colonic cells, MN-HEP: micronucleated hepatocytes, MN-PCE: micronucleated polychromatic erythrocytes, PCE:

polychromatic erythrocytes, ERY: erythrocytes.

Data represent the mean + SD (N=5).

*p<0.05, **p < 0.01: significant difference from the control on the same sampling day.

+p < 0.05: significant difference between day 29 and day 31 for the same dose.
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Fig. 17

Frequency of micronucleated cells (A) and reticulocytes (B) in the peripheral blood of gpt delta rats treated with DMH.
MN-RET: micronucleated reticulocytes, RET: reticulocytes, ERY: erythrocyte.
Data represent the mean = SD (N=10, data for day 31 is N=5).
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Table 8

Histopathological findings in the gpt delta rats on day 29 and day 31 after DMH administration for 28 days.

Group/Dose Control (DW) DMH 10 mg/kg/day
Sampling day day 29 day 31 day 29 day 31
No. examined 5 5 5 5
Site & findings grade + + + ++ + ++
Bone marrow 0 0 0 0
Spleen
Extramedullary hematopoiesis 0 0 2 0
Colon 0 0 0 0
Liver
Necrosis, single cell, centrilobular 3 1 1 0
Extramedullary hematopoiesis 0 0 0 0
Hepatocyte eosinophilic degeneration,
centrilobular ) : . :
Hemorrhage 0 0 0 0
Hepatocellular hyperplasia 0 0 3 0
Microgranuloma 1 0 0 0

=+ : slight, +: mild, ++: moderate
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3-4 B

AHFZEIZEB VT, DMH @ 28 A EHREFE A (day 29) & 3 HHE (day 31) (Z
BREL U7 0GB 2 D CL B AR E R L/ NERRRE AT L7 & 2 A,
Tl L ONTIE D gpt MF J6 K OVNMEZAE DO Hiviz, DMH O Z > hFED AFEH)
TH DREIG TORERER L L OY AR ROV T, ARBRRIC TR TRETH D 2
EERR T E T,

gpt MF (3 day 29 & day31 CTEERIRBRHBEIZENBD Nl b DO, TR
7p7E (BHMHEENE) ICET 5 L2 B WD Do 7z, 5 1 EIZEBIF 5 BlalP
DORRFTE RIS, B RERERRBR O DY 7Y 7% OECD 7 A hH A K
TA L THIESND day 31 E[AIBFIZ, day 29 1ZRHHlI L TH AL 2202 VAL
TLEE R 5,

IEZEREBRTIE, day 29 B LW day31 & bITHEGI K OUTFIR C/NEERB R SR O HE N A3
RO LN, B E IR MBS W TIEEERGED S/ -7, day 29 128
T oA ITNE, BB ORE R, B 2 HCHEML L7z F344 RIHEMET >~ b GF
Tg 7> 8 B 5 28 AMINKERG TOMEE L OEMENREITRD b ho T,
RESK R CHLN LB GIETe 7 v FORER &Ll LTz, ABFZE Tl
OECD 7 A F A KT A TG488 IZHt » THe5-BRIAHFC 8 Wl OB 2 L 7=,
—J7, 5 2 BT THEM L Sl MERER Tl & GBGRC 7T OB 2 L
2o WINL, T v MW T DMH OF M AFERINEES T H 25 5515 C I 72/ ME TS
BEERL., ELOLOREBREMA T TCHmUIT/MERBE SN EfHrTtx 5, 727210,
R DMERO T > NEEAT A5 E, BREICHEE B2 D REENRBINTWND Z
&N [76,85], FERAFET HERIL, BEOEELBETLILERND D,

FFi&CiZ, DMH (33 S CEHERBM DR SN -%, AL SiE £7213
MIEHICAFAE L, IBRNICEIZET 5 L BNMEIC K> TR I T 7Y 2 2k
T2 EPMEINTNWDIB8L, G ENE AHET 258k LORMMmIZIB W T,
ZEIRIE RSO/ NEHAEN EH L2 Z L2, DMH OfkNEhRE & 589 5,

VU EDORER LY TgEha AW T BB R THRE SN D7) v 7 (day
31) &, —EEERBRECHHINLG YT Y I TH S day 29 Tik, 2ERE
FFFBED PN ET HIEROERII N T L AURE T, 2R B BRI S lidas
IINERBRE A G DD Z LT, HEOMMT 2 DO EERBREET Y RAA U b
ZEHmATRE & 72 0 | BAREMERBRIC I 1T 2 BRI B OHIIC b EERT 5 2 & B3 Hiff
b,
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S

L2 E DLV O —B & L, BBRAME TR 5 720 O iR 45
EIZEfT 5 Z EITEETH L, ARICEIT b BInmtE 2 IEMEICT D 7221, in vitro
SRR OAMFEME D[] EA~OEL Y A E . In vivo i RBROERE D TR BB D, In vivo iBis
FPERIR O IR BN TUE, AP E OIRNENRE 2 25 J& L 72188 B 72 3T Al 5 Sl 0D 138
E L, Z Ol CIHME Al e T RARA > F OfAR DY E 2 2R B oEIR
WEBE LD, TN, BWERICE T 28WtEak (3Rs) OBLAE D | L
DOIEM. EREWE O, B L O ~OEROBRN KD LT\ 5, Einwmtk
RBRIZBNTH, KPRV EMETEL < DIFHREZSE D 12D ORBROMAEDE, il
DR & OFEERFDRRD 5N D, BEOT Y RFRA > N &L TRl 2729
DFEOHFBER72INTNWDEN, TNb AR DE LRICENENORR TR S
BHEARFMORENLEL 20 | ZOBFHI+H2 TIERW, o, R/ ML
AT in vivo FBRIZHERTEEN D2 flAGDOHIC I 2RFHTITE A E#
IR TW R, BBEDE OFHMBICBW T, RUIIIRR S 5 HLE OB EENkE
ERHMliT 5 2 SIEEETH LA, IV E THILE ZHEM & LB EEME 2 510 RER
DAEDETHRHLE D & LIEFRITR Y6720,

Z ZCARBFIETIE, & B E Y ORI F ATRE e A A B (R iR B O WL &
gL L. Tg #84% M\ 285 22R 28 Baklik L ML 2 k5 & LT/ MERBR D1
HE D KD FIEOMN. 2 AT, (R RERAMETHY . o, BOD
BETHETICHE E1D BlalP €7 /Wb G & L AKHAE DR RERIE OB AIFRE,
FRIZH TV T A I U ZIZOW TG LTz, RITHED A DIEIREILE TH D
PhIP 35 X O'DMH ZE7 /MbaWm e L, {HLE TORIE/IMERBRIE OMESL 2 aT L
7o 512, DMH % HW A OB X 2 FHIE OS2 R LTz, &k,
BONTRER O, BAEE I 1T 2 BEFMERBROMAE OEFHE H 2 W d—
B B ERR A~ DA A BB DIE FHIZ DWW TBZE LT,

%1 W TIL, F344 gpt delta Tg MEMET v b & FV 72 28R 28 SLEABR 12 2 iR/ Mz
BR A MG DR TR A BB EMERBRIE 2 T LT, #BE I BlalP # v, 28 H
FIRER A& G4, w5, AT & OVE 8 T OB s 72884 Fakinds L OVIMZRER
& SR /MR ER & ol U7, 3T U724 C Oliigs COHRE B Sh-— 7,
R IR R DGO N DITEREE RIFMOATHY | =2 FARA 2 M XV A
FIZENDRD LN, R 0 b a2 Ok X 5 7=, 2288 BB O OECD
TANTA RT A TG488 THELE S N o fcst&k 5025 3 Hi% (day 31) 2B LFF
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fili & — iR 72 B ERBR O RAEEEGEH (day 29) & OFMED B 21T > 723, BiBHE
PEDHIWNIZ BT D L 9 BRFERDOEWVTRD bV olz, THORREID  Tg 7
v b e BEOEERBR THOONDIETg 7 v b O/MERRERE BRSO BN
FIIAFEETH 0 | MG O X D3R ROBHEMEN RSz, £, 28R R
E/EZRRER TR Z & ISR I B2 B T2 1T BERIIEER DS AR EH OWEICx LT in
vivo iRERZAT O BRDIBZHRENEE TH DH Z LIRSz, —J7, ZE9RE BB & th
DRI E DO THREE GO AT I T L ITIEMENR 2N &R ST,

55 2 W CIL, BAHBIEME OFEN TEHE L 22 H1EALE T o IR T 2 B 70 %8
WA GEBRMNA) %~k$ PhIP 83X ' DMH ZxX%€7 /UbamE L, HTg 7
v M HWT 28 HHOKEERGZI/IMERRHTE 202 L, ZO/E., »
THOILEW & BREG TONMEFERPRD L= Z Enn . fE/IMERER)Y 28 H[H
B G- D— W atE iR~ DAL I A HR0J R FaliR & DA DR AlRE Td
5T EBRE I NIz, 7272 L, PhIP @ 28 H 5 CTO/NEZEH T 25 R
BB K< . HEKGFE RO b o T, —J7 CRIKHZERE L 7= & #f Tl
ERREKAAEL L) MEFREP RO TEY | a0 E OBt EDE
/DR IZEE L T\ D Z R ST, 6o T, HILE 2 ErE & 48
E LT BmEHh 21T 2 G e icB W\ Th, BENHIMG S, S ISR O A
7R B BEE OMOFMER ORI G [FFFIZ T - Tl < 2 B, BiamEoittEs &m0 572
WITITEETH D,

H3ETIL, B2 EOMELY . mBE O/ MEFHEFELRD 572 DMH %z v
T, BlalP OFHli CHESL L 7=t A OB m stz 320 L7, £ OfE%, day 29
L O day 31 TORHIIZIWT, DMH D373 AFERNEAS T d DB 2 il T %
ZEIRAEH I L OV IME OFF AL N B TN Lc— 05, BiEd L USRI GRAE i1 X
IIMEZRBR D A1) TIT/IMEZEDOFFEFRITIRD B2 o T BRI K DEWR R b7z DI,
DMH O&E{nmMEEMEAREI I Tldaa b S v, HEE I THIRE S5 RNERE
AL TWD LIRS 5 Z LN TE %, o, AREGR R DIX, in vivo BinEE
bR L U TR b I SN2 BB/ MERER Clam it T e W R B F M2 . 2l
s/ IMERBR 21T 9 2 & THRIIHTE 2 RetEdvs S v,

FHOALFEWEX, £7 in vitro D Ames iBR-CHFLEALET R M 2 V2 e fa (R
W, (T oD invivo BHE/NMZBRSFER SN D 2 E13EV, In vitro RN
THNHEETH - TZHAITE. —HIZITZENLL EOBIRBRITI AR L i s,
—77. Ames iBR-CY AR R F RO W0 2 WX T TR R MG b2
BIE, BHNERBRIOINZ GEIND invivo i a 3425 Z &1LV, invitro T
WO LN BInEEDNEERNTHRO GNL0E O NOHERNBLETH D, AUFSER
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RN | In vivo RER TIIERINRER 2 5 8 L - a i SR ORENEE TH 5 Z &N
IRIE X H, FRICHTHR O SEEYE 6 LTk, BRI oRMERE 5 L LT
PN 2 ATNEFS L OIS ARkt R &35 2 & T, Blnwttomt s s 2 &
NTEDLHDLBIEET D,

BIND invivoikBR DT RARA > b & U TGRS 2R BB 28I 5 2 L1,
Tg BMEMELTHEOOH LI EH DD, Ames BREFI L= N1 M% in
vivo TREMH R DR AUE R E WV, Fo, BamPEA ) Tlid. Ames iR T O G451
bR BN LD Ames BRBR TR R TH o e BB IR TORE 2 FEH
IZHER T DT DITIEHFIRE T 5, Tg B4 F 5B 225828 Hallirl L, 5 LI
DNA P CTE T E Dz CHRHMIIA FRETH V. EiER % HIC & bd T
NTEHZ L HHEERFETHD, —FH T, BlaP OFHliTH R o K oIz, R
PATEHINRR LIS T O 28R B R DFHEI SN DM & 2 728, Tl kS 2 v 7222
SRS S BR & | BEMIIEER ICIRE LW A Z BT 2 B CIRAT % 2 & b Al
Th b, ZldsMERBRIT, 2288 BB L0 LAl T se 72 lidizs 23 R H A5 03, Btk
e R D33 DIV NEER (23T DI ANE & DB T ISR AR L 0 § iRV 2 & DRI
SNTEY ., RYE OB MBI O ELZITRT VW RS FTh
Do Mo T, 2L HAER CITAFHICEREE R U, /IMZABR Tl E Ol
KT DN AMEBRZT HERESDS 2 & T, MAZRRFICE-mT 2 2 & 0fF AR
W E T D 2 ENTE D,

FRZBMBEME D in vivo 7l CEHE/XVHLE COBIREMERBRIL., N ETIC
FEhifs 7250 72 < . PhIP 3 LU DMH o 28 H R KE & G-% I/MED R Sihvic Z &1
AR THY | BRI~ DOMAIASLZFIRE L T HFERTH D, 1. .
B D/ INZ AR | L — e B M AR S R L S 22 B L TR IO TH M2 "l HE T
H 5, FRCRARWHE RO LIINYEX, Ames RV EETH > THEDORMME
L2 Z 3@ 7 <, BRYIRGEBR TEPAMEOREN 2N L 2R LT
RBAISNDHEEDRL N, AFFROE LY | FlE S OZ BRIV T, &
HHBroRb vz, —xkEERBRN G060, T, B8 Co/NMLa7 T %
Z & T BB E LB L TITRNAMEO TR EZIT O Z LN TE 58 AMENRE
I,

ULE, ARFE Tk, BaBEEYE Ol ~DOIEHIZmT 72, 3Rs IZhE L. 724
R~OBIEFENEZ YN BT 57200 in vivo Bl ERHMER 2 Ha L. F344 %
gptdelta 7 v k& HW 22288 ikl s L OB R 1 ZlEas MERER, S izt b %
A DETEHRARBOA AL ZRT 2 ENTE 2, AFERICEWCTHESL L7z gpt
delta 7 v k& M\ 72 28 H MR IE# 51T & 2 28R 28 Bl s L O lEas MZ iR 2 52
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METHZEICED, INETHHIN TE B/ IMEBROBEME/R LD 2 < D
WMEBREMINHTGL 2N TE D, £o, FRIC—ixmEaiR T S 23R BREH %
P L TR < Z LiE, BinmtEOBLEICA MG RIS 5 2 L ICER D,

H72% 3Rs ~Oxfiin & LT, Tg #a AW THBEORMB L OEMBEEYE D —
kEMEL EMT 52 L b@BIKkE LTET oD, TgEW CO—EERRICET 5
HRT —FOEBPMLETHLHT-OBRTIIRETH D b 0D, FFRIVIZIX, 1n vitro
ARBR CHERERFREOIRD LN GEITIE. 2 < DL FWE ORI CEM S 5 28
H MO RIEHG-mMERERIC, BRERLZ G OBEFEEDO T RARA N EfAiateil
BraSifid 52 & C, L0 afErDD 3Rs [THUE L2 e Mili 2 2325 2 N T
RSP
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EAlas

IMCOHICH T2 TR, THiREEZB Y £ L, §iA RS RS A R
MEFRAE TN EEEGRFHEL ZHZ BRI O XV IEHT 5 & & BITE
LR L EFET, £z, KRLOERKIZHZD, RIEE L TIHRE, ZhE2Bo *
U 7o B i VST R KRB A B F R G B REFHL HHE—Hd%., R
B PRI R 1280 . FERAMBI T HY 08 T BEICREH P L T £,

AERSLCOVERRIZ 72 0 05 THRE MG F Uiz, § RN KRB R SRR B
FHERRSERE MR R T R < et i L P E 5,

AHFFEDOFITE L O SUERRIC S K2 2 ZHEZH Y £ Lo, MREE Iy < kst
Bl EFET,

AHFFED—HB1%, AMED OB RIEFMIED B L LCERmLZLOTH Y, TR
SEEOILIHAECE L, B OB LI, OB GRERDOERIZES
FTCERRDTRE, ZHE2BY F L2 EEEEHP L R Ed, /2. [FAF
ZEHLZ THFENRICE L CEL O TS 2 W22 & £ LB oA HIC RE R Lk
FET,

AWFFETHIT LT= gpt delta 7 v b2 FIWZZ8REFEBRICE L T, B ARBREZR
R PRICTREERZE L, MR ZELERREN L2 £ LEKFEEICTEELE
L7z, EEIEFEFEICI W T THREWZ & | @sCHE~D T3 e Wic i £ L)
PP I IR L R E 3, B IMZ BRI L ONE b/ IMEZRRBRIZB L C
3. JEMS MMS #F2e 212 Co i LE L7z L FENFIEIC TR TH 2 & W7 %
L7z, REOEBE—IELIZ O, RIS TIHBHERICRY F LGl FICRE
B L B E T, R/ MERBRCIIRILY L, MBEEETELICZ< 0l

FEAWZIZE REKHH L BT £,

ARIFGEEATOICHTZY , FFEEEN 2 X2 TV EKAAE THREW Y £ Lz, b1
L R R LIOR R L BT ET, EROZITICH .- T, HPRES
oy THERESA, HEBEISAIILDZ R ZHHEBY £ L1, £ OFITHK
B L B £,

56



[11]

[12]

51 F SRR

OECD, Test Guideline 471: Bacterial Reverse Mutation Test Ames, OECD
Publishing, Paris. (1997)

OECD, Test Guideline 488: Transgenic Rodent Somatic and Germ Cell Gene
Mutation Assays, OECD Publishing, Paris. (2020)

Lambert, IB., Singer, TM, Boucher, SE., Douglas, GR.: Detailed review of
transgenic rodent mutation assays. Mutat. Res., 590, 1-280 (2005)

Nohmi, T., Suzuki, T., Masumura, K.: Recent advances in the protocols of
transgenic mouse mutation assays. Mutat. Res., 455, 191-215 (2000)

Nohmi, T., Masumura, K., Toyoda-Hokaiwado, N., Transgenic rat models for
mutagenesis and carcinogenesis. Genes Environ., 39, 11 (2017)

Masumura, K., Sakamoto, Y., Kumita, W., Honma, M., Nishikawa, A., Nohmi,
T.: Genomic integration of lambda EG10 transgene in gpt delta transgenic
rodents. Genes Environ., 37, 24 (2015)

OECD, Test Guideline 489: In Vivo Mammalian Alkaline Comet Assay, OECD
Publishing, Paris. (2016)

Hayashi, M.: The micronucleus test—most widely used in vivo genotoxicity
test—, Genes Environ., 38, 18 (2016)

OECD, Test Guideline 473: In Vitro Mammalian Chromosomal Aberration
Test, OECD Publishing, Paris. (2016)

OECD, Test Guideline 475: Mammalian Bone Marrow Chromosomal
Aberration Test, OECD Publishing, Paris. (2016)

OECD, Test Guideline 487: In Vitro Mammalian Cell Micronucleus Test,
OECD Publishing, Paris. (2016)

OECD, Test Guideline 474: Mammalian Erythrocyte Micronucleus Test,
OECD Publishing, Paris. (2016)

[13] Morita, T., MacGregor, JT., Hayashi, M.: Micronucleus assays in rodent tissues

[14]

other than bone marrow. Mutagenesis, 26, 223-230 (2011)

Hamada, S., Ohyama, W., Takashima, R., Shimada, K., Matsumoto, K,
Kawakami, S., Uno, F., Sui, H., Shimada, Y., Imamura, T, Matsumura, S.,
Sanada, H., Inoue, K., Muto, S., Ogawa, 1., Hayashi, A., Takayanagi, T.,
Ogiwara, Y., Maeda, A., Okada, E., Terashima, T., Takasawa, H., Narumi, K.,
Wako, Y., Kawasako, K., Sano, M., Ohashi, N., Morita, T., Kojima, H., Honma,

57



M., Hayashi, M.: Evaluation of the repeated-dose liver and gastrointestinal
tract micronucleus assays with 22 chemicals using young adult rats:
Summary of the collaborative study by the Collaborative Study Group for the
Micronucleus Test (CSGMT)/The Japanese Environmental Mutagen Society
(JEMS) - Mammalian Mutagenicity Study Group (MMS). Mutat. Res., 780~
781, 2-17 (2015)

[15] Uno, Y., Morita, T., Luijten, M., Beevers, C., Hamada, S., Itoh, S., Ohyama, W.,
Takasawa H.: Micronucleus test in rodent tissues other than liver or
erythrocytes: Report of the IWGT working group. Mutat. Res., 783, 19-22
(2015)

[16] Narumi, K., Ashizawa, K., Takashima, R., Takasawa, H., Katayama, S.,
Tsuzuki, Y., Teramoto, H., Morita, T., Hayashi, M., Hamada, S.: Development
of repeated dose liver micronucleus assay using adult rats: an investigation
of diethylnitrosamine and 2, 4-diaminotoluene. Mutat. Res., 747, 234-239
(2012)

[17] Nishikawa, T., Haresaku, M., Fukushima, A., Nakamura, T., Adachi, K.,
Masuda, M., Hayashi, M.: Further evaluation of an in vivo micronucleus test
on rat and mouse skin: results with five skin carcinogens. Mutat. Res., 513,
93-102, (2002)

[18] Ohyama, W., Gonda, M., Miyajima, H., Kondo, K., Noguchi, T., Yoshida, J.,
Hatkeyama, 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)

[19] 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)

[20] ICH S2 (R1), Guidance on Genotoxicity Testing and Data Interpretation for
Pharmaceuticals Intended for Human Use (2011)

[21] BEAG@E . RFFEEE . REA BOULTE DR Y MO E F IR 2 3R
FERK OV E HHE Bt aE (2006)

[22] BinZeZES MBI 2 &R ETEES (2020)

(23] &ML RZES FHEBAMLEMRAES FFEREB RS OLEMTEICET 5

/

0

58



HARIE 275 (2004)

[24] BEAG@E: SEM, 07 /VIRERGOFEMBIORZ ST 2 B EAMATA R
TA v CPRR 17 42 4 1 B RLHES 0201003 S5l 2 BilHk STEPT)
(2005)

[25] THE# 7 BERetER R MO R EEICET LT A K74 (2017)

[26] Takumi-Kobayashi, A., Ogura, R., Morita, O., Nishiyama, N., Kasamatsu, T.:
Involvement of hydrogen peroxide in chromosomal aberrations induced by
green tea catechins in vitro and implications for risk assessment. Mutat. Res.,
657, 13-18 (2008)

[27] Utesch, D., Feige, K., Dasenbrock, J., Broschard, TH., Harwood, M.,
Danielewska-Nikiel, B., Lines, TC.: Evaluation of the potential in vivo
genotoxicity of quercetin. Mutat. Res., 654, 38-44 (2008)

[28] Hori, H., Takayanagi, T., Kamada, Y., Shimoyoshi, S., Ono, Y., Kitagawa, Y.,
Shibata, H., Nagao, M., Fujii, W., Sakakibara, Y.: Genotoxicity evaluation of
sesamin and episesamin. Mutat. Res., 719, 21-28 (2011)

[29] Thybaud, V., Lorge, E., Levy, DD., van Benthem, J., Douglas, GR., Marchetti,
F., Moore, MM., Schoeny, R.: Main Issues Addressed in the 2014-2015
Revisions to the OECD Genetic Toxicology Test Guidelines. Environ. Mol.
Mutagen., 58, 284-295 (2017)

[30] Pant, K., Krsmanovic, L., Bruce, SW., Kelley, T., Arevalo, M., Atta-Safoh, S.,
Debelie, F., La Force, ML., Springer, S., Sly, J., Paranjpe, M., Lawlor, T.,
Aardema, M.: Combination comet/micronucleus assay validation performed
by BioReliance under the JaCVAM initiative. Mutat. Res. Genet. Toxicol.
Environ. Mutagen., 786-788, 87-97 (2015)

[31] Kasamoto, S., Masumori, S., Tanaka, J., Ueda, M., Fukumuro, M., Nagai, M.,
Yamate, J., Hayashi, M.: Reference control data obtained from an in vivo
comet-micronucleus combination assay using Sprague Dawley rats. Exp.
Toxicol. Pathol., 69, 187-191 (2017)

[32] Lemieux, CL., Douglas, GR, Gingerich, J., Phonethepswath, S., Torous, DK,
Dertinger, SD., Phillips, DH, Arlt, VM, White, PA.: Simultaneous
measurement of benzolalpyrene-induced Pig-a and JacZ mutations,
micronuclei and DNA adducts in Muta™ Mouse. Environ. Mol. Mutagen., 52,
756-765 (2011)

[33] Horibata, K., Ukai, A., Kimoto, T., Suzuki, T., Kamoshita, N., Masumura, K.,

59



Nohmi, T., Honma, M.: Evaluation of in vivo genotoxicity induced by N-ethyl-
MNnitrosourea, benzolalpyrene, and 4-nitroquinoline-1-oxide in the Pig-a and
gpt assays. Environ. Mol. Mutagen., 54, 747-754 (2013)

[34] Long, AS., Wills, JW., Krolak, D, Guo, M, Dertinger, SD., Arlt, VM., White,
PA.: Benchmark dose analyses of multiple genetic toxicity endpoints permit
robust, cross-tissue comparisons of MutaMouse responses to orally delivered
benzolalpyrene. Arch. Toxicol., 92, 967-982 (2018)

[35] Rothfuss, A., Honma, M., Czich, A., Aardema, MJ., Burlinson, B., Galloway, S.,
Hamada, S., Kirkland, D., Heflich, RH., Howe, J., Nakajima, M., O'Donovan,
M., Plappert-Helbig, U., Priestley, C., Recio, L., Schuler, M., Uno, Y., Martus,
HJ.: Improvement of in vivo genotoxicity assessment: combination of acute
tests and integration into standard toxicity testing. Mutat. Res., 7123, 108-120
(2010)

[36] Rothfuss, A., O'Donovan, M., De Boeck, M., Brault, D., Czich, A., Custer, L.,
Hamada, S., Plappert-Helbig, U., Hayashi, M., Howe, J., Kraynak, AR., van
der Leede, BJ., Nakajima, M., Priestley, C., Thybaud, V., Saigo, K., Sawant,
S., Shi, J., Storer, R., Struwe, M., Vock, E., Galloway, S.: Collaborative study
on fifteen compounds in the rat-liver Comet assay integrated into 2- and 4-
week repeat-dose studies. Mutat. Res., 702, 40-69 (2010)

[37] Dertinger, SD., Phonethepswath, S., Franklin, D., Weller, P., Torous, DK.,
Bryce, SM., Avlasevich, S., Bemis, JC., Hyrien, O., Palis, J., MacGregor, JT.:
Integration of mutation and chromosomal damage endpoints into 28-day
repeat dose toxicology studies. 7oxicol Sci., 115, 401-411 (2010)

[38] Onami, S., Cho, YM., Toyoda, T., Horibata, K., Ishii, Y., Umemura, T., Honma,
N., Nohmi, T., Nishikawa, A., Ogawa, K.: Absence of in vivo genotoxicity of 3-
monochloropropane-1,2-diol and associated fatty acid esters in a 4-week
comprehensive toxicity study using F344 gpt delta rats. Mutagenesis., 29,
295-302 (2014)

[39] Akagi, J., Toyoda, T., Cho, YM., Mizuta, Y., Nohmi, T., Nishikawa, A., Ogawa,
K.: Validation study of the combined repeated-dose toxicity and genotoxicity
assay using gpt delta rats. Cancer Sci., 106, 529-541 (2015)

[40] World Health Organization (WHO), Selected non-heterocyclic polycyclic
aromatic hydrocarbons, WHO Environmental Health Criteria No. 202.
Geneva, Switzerland. (1998)

60



[41] Brune, H., Deutsch-Wenzel, RP., Habs, M., Ivankovic, S., Schmahl, D.:
Investigation of the tumorigenic response to benzo(a)pyrene in aqueous
caffeine solution applied orally to Sprague-Dawley rats. JJ. Cancer. Res. Clin.
Oncol., 102, 153-157 (1981)

[42] Kroese, ED., Muller, JJA., Mohn, GR., Dortant, PM., Wester, PW.: Tumorigenic
effects in Wistar rats orally administered benzolalpyrene for 2 years (gavage
studies). Implications for human cancer risks associated with oral exposure
to polycyclic aromatic hydrocarbons. National Institute for Public Health and
the Environment, RIVM Report No. 658603010, Bilthoven, Netherlands.
(2001)

[43] Wester, PW., Muller, JJ., Slob, W., Mohn, GR., Dortant, PM., Kroese, ED.:
Carcinogenic activity of benzolalpyrene in a 2 year oral study in Wistar rats.
Food. Chem. Toxicol., 50, 927-935 (2012)

[44] Hasegawa, R., Sano, M., Tamano, S., Imaida, K., Shirai, T., Nagao, M.,
Sugimura, T., Ito, N.: Dose-dependence of 2-amino-1-methyl—6-
phenylimidazol4, 5-bl-pyridine (PhIP) carcinogenicity in rats. Carcinogenesis,
14, 2553-2557, (1993).

[45] IARC, PhIP (2-AMINO-1-METHYL-6-PHENYLIMIDAZO(4,5- JJ)PYRIDINE).
IARC Monogr. Eval Carcinog. Risks Hum., 56, 229-242 (1993)

[46] Otsuka, C., Miura, KF., Satoh, T., Hatanaka, M., Wakabayashi, K., Ishidate,
M Jr.. Cytogenetic effects of a food mutagen, 2-amino-1-methyl-6-
phenylimidazo[4,5-blpyridine (PhIP), and its metabolite, 2-hydroxyamino-1-
methy-6-phenylimidazo[4,5-blpyridine (N-OH-PhIP), on human and Chinese
hamster cells in vitro. Mutat, Res., 367, 115-121 (1996)

[47] TARC, 1,2-DIMETHYLHYDRAZINE, IARC Monogr, Eval, Carcinog, Risks
Hum., 71, 947-988 (1998)

[48] Nohmi, T., Katoh, M., Suzuki, H., Matsui, M., Yamada, M., Watanabe, M.,
Suzuki, M., Horiya, N., Ueda, O., Shibuya, T., Ikeda, H., Sofuni, T.: A new
transgenic mouse mutagenesis test system using Spi- and 6-thioguanine
selections. Environ. Mol Mutagen., 28, 465-470 (1996)

[49] Kawamura, Y., Hayashi, H., Tajima, O., Yamada, S., Takayanagi, T., Hori, H.,
Fujii, W., Masumura, K., Nohmi, T., Evaluation of the genotoxicity of
aristolochic acid in the kidney and liver of F344 gpt delta transgenic rat using

a 28-day repeated-dose protocol: A collaborative study of the gpt delta

61



transgenic rat mutation assay. Genes Environ., 34, 18-24 (2012)

[50] Wakata, A., Miyamae, Y., Sato, S., Suzuki, T., Morita, T., Asano, N., Awogi, T.,
Kondo, K., Hayashi, M.: Evaluation of the rat micronucleus test with bone
marrow and peripheral blood: summary of the 9th collaborative study by
CSGMT/JEMS. MMS. Environ. Mol Mutagen., 32, 84-100 (1998)

[51] Hamada, S., Sutou, S., Morita, T., Wakata, A., Asanami, S., Hosoya, S., Ozawa,
S., Kondo, K., Nakajima, M., Shimada, H, Osawa, K., Kondo, Y., Asano, N.,
Sato, S., Tamura, H., Yajima, N., Marshall, R., Moore, C., Blakey, DH,
Schechtman, LM., Weaver, JL., Torous, DK., Proudlock, R., Ito, I., Namiki, C,
Hayashi, M: Evaluation of the rodent micronucleus assay by a 28-day
treatment protocol: Summary of the 13th Collaborative Study by the
Collaborative Study Group for the Micronucleus Test
(CSGMT)/Environmental Mutagen Society of Japan (JEMS)-Mammalian
Mutagenicity Study Group (MMS). Environ. Mol. Mutagen., 37, 93-110 (2001)

[52] Hayashi, M., Sofuni, T., Ishidate, M. Jr.: An application of acridine orange
fluorescent staining to the micronucleus test. Mutat. Res., 120, 241-247
(1983)

[53] Takayanagi, T., Wako, Y., Kawasako, K., Hori, H., Fujii, W., Ohyama, W.,
Repeated dose liver and gastrointestinal tract micronucleus assays using N-
methyl- N*nitro- MV-nitrosoguanidine in young adult rats. Mutat. Res., 780-781,
100-106 (2015)

[54] Okada, E., Fujiishi, Y., Narumi, K., Kado, S., Wako, Y., Kawasako, K., Kaneko,
K., Ohyama, W.: Evaluation of repeated dose micronucleus assays of the liver
and gastrointestinal tract using potassium bromate: a report of the
collaborative study by CSGMT/JEMS MMS. Mutat. Res., 780-781, 94-99
(2015)

[55] Kastenbaum, M.A., Bowman, K.O., 1970. Tables for determining the
statistical significance of mutation frequencies, Mutat. Res., 9, 527-549 (1970)

[56] mAAE, BplFthk, THEZ, (LEHEE., $AHE—, GEsfZ: gptdelta 7 v

~ o 13 B FRER. A AR RFES 41 MR (2012)

[57] Xue, W., Warshawsky, D.: Metabolic activation of polycyclic and heterocyclic
aromatic hydrocarbons and DNA damage: a review. Toxicol. Appl. Pharmacol.,
206, 73-93 (2005)

[58] Thakker, DR., Yagi, H., Lu, AY., Levin, W., Conney, AH.: Metabolism of

62



benzolalpyrene: conversion of (+/-)-trans-7,8-dihydroxy-7,8-
dihydrobenzolalpyrene to highly mutagenic 7,8-diol-9,10-epoxides. Proc. Natl.
Acad. Sci. US A, 73, 3381-3385 (1976)

[59] Kapitulnik, J., Wislocki, PG., Levin, W., Yagi, H., Jerina, DM., Conney, AH.:
Tumorigenicity studies with diol-epoxides of benzo(a)pyrene which indicate
that (+/-)-trans-78,8a-dihydroxy-9a,10a-epoxy-7,8,9,10-
tetrahydrobenzo(a)pyrene is an ultimate carcinogen in newborn mice. Cancer
Res., 38, 354-358 (1978)

[60] Shiizaki, K., Kawanishi, M., Yagi, T.: Modulation of benzolalpyrene -DNA
adduct formation by CYP1 inducer and inhibitor.: Genes Environ., 39, 14
(2017)

[61] Ramesh, A., Inyang, F., Hood, DB., Archibong, AE., Knuckles, ME., Nyanda,
AM.: Metabolism, bioavailability, and toxicokinetics of benzo(a)pyrene in F-
344 rats following oral administration. Exp. Toxicol. Pathol 53, 275-290
(2001)

[62] Knuckles, ME., Inyang, F., Ramesh, A.: Acute and subchronic oral toxicities of
benzolalpyrene in F-344 rats. Toxicol. Sci., 61, 382-388 (2001)

[63] De Jong, WH., Kroese, ED., Vos, JG., Van Loveren, H.: Detection of
immunotoxicity of benzolalpyrene in a subacute toxicity study after oral
exposure in rats. 7bxicol Sci., 50, 214-220 (1999)

[64] Dertinger, SD., Tsai, Y., Nowak, 1., Hyrien, O., Sun, H., Bemis, JC., Torous,
DK., Keng, P, Palis, J., Chen, Y.: Reticulocyte and micronucleated
reticulocyte responses to gamma irradiation: dose—response and time-course
profiles measured by flow cytometry. Mutat. Res., 634, 119-125 (2007)

[65] Hakura, A., Tsutsui, Y., Sonoda, J., Kai, J., Imade, T., Shimada, M., Sugihara,
Y., Mikamai, T.: Comparison between in vivo mutagenicity and carcinogenicity
in multiple organs by benzolalpyrene in the /acZ transgenic mouse (Muta
Mouse). Mutat. Res., 398, 123-130 (1998)

[66] [No authors listed]: Organ variation in the mutagenicity of ethylnitrosourea
in Muta™ Mouse: results of the collaborative study on the transgenic
mutation assay by JEMS/MMS. The Collaborative Study Group for the
Transgenic Mouse Mutation Assay Mammalian Mutagenesis Study Group of
the Environmental Mutagen Society of Japan. Environ. Mol. Mutagen., 28,
363-375 (1996)

63



[67] Suzuki, T., Itoh, S., Nakajima, M., Hachiya, N., Hara, T.: Target organ and
time-course in the mutagenicity of five carcinogens in Muta™ Mouse: a
summary report of the second collaborative study of the transgenic mouse
mutation assay by JEMS/MMS. Mutat. Res., 444, 259-268 (1999)

[68] Nagao, M., Ochiai, M., Okochi, E., Ushijima, T., Sugimura, T.: Lacl transgenic
animal study: relationships among DNA-adduct levels, mutant frequencies
and cancer incidences. Mutat. Res. 477, 119-124 (2011)

[69] Phillips, TD.,Richardson, M., Cheng, YS., He, L., McDonald, TJ., Cizmas, LH.,
Safe, SH., Donnelly, KC., Wang, F., Moorthy, B., Zhou, GD.: Mechanistic
relationships between hepatic genotoxicity and carcinogenicity in male
B6C3F1 mice treated with polycyclic aromatic hydrocarbon mixtures. Arch.
Toxicol., 89, 967-977 (2015)

[70] Goldstein, LS., Weyand, EH., Safe, S.,Steinberg, M., Culp, SJ., Gaylor, DW.,
Beland, FA., Rodriguez, LV.: Tumors and DNA adducts in mice exposed to
benzolalpyrene and coal tars: implications for risk assessment. Environ.
Health. Perspect., 106, 1325-1330 (1998)

[71] Thybaud, V., Dean, S., Nohmi, T., de Boer, J., Douglas, GR., Glickman, BW.,,
Gorelick, NJ., Heddle, JA., Heflich, RH., Lambert, 1., Martus, HJ., Mirsalis,
JC., Suzuki, T., Yajima, N.: In vivo transgenic mutation assays. Mutat. Res.,
540, 141-151 (2003)

[72] Heddle, JA., Martus, HJ., Douglas, GR.: Treatment and sampling protocols for
transgenic mutation assays. Environ. Mol. Mutagen., 41, 1-6 (2003)

[73] Vanparys, P, Deknudt, G., Vermeiren, F., Sysmans, M., Marsboom, R.:
Sampling times in micronucleus testing. Mutat. Res., 282, 191-196 (1992)

[74] [no authors listed]: Micronucleus test with mouse peripheral blood
erythrocytes by acridine orange supravital staining: the summary report of
the 5th collaborative study by CSGMT/JEMS.MMS. The Collaborative Study
Group for the Micronucleus Test. Mutat. Res., 278, 83-98 (1992)

[75] MRV, WEHVERS, SEHBER, Fox RV, HEEE, UIHEE, MEEl: e
Sy hERWER#HA = /I—Va/ﬁiﬁﬁ (2B % FER B RO AT SE.
Iwate Vet., 36, 43-55 (2010)

[76] E&EEF £z, P A, @R EE, EE E— 5 7R IWGT 58 FH
S AR G-I IMZRBR I 3 1T 2 s O 5288, 55 6 [B17 7 BREe A BLR 2
[HABREARFF2Y 48 [MIRE ARIR=. P-55. (2019)

H>8

64



[77] Okada, E., Fujiishi, Y., Narumi, K., Yasutake, N., Ohyama W.: A four-day oral
treatment regimen for simultaneous micronucleus analyses in the glandular
stomach, colon, and bone marrow of rats. Mutat. Res., 758, 87-94 (2013).

[78] Okada, E., Fujiishi, Y., Narumi, K., Kado, S., Ohyama, W.: Evaluation of a 28-
day repeated-dose micronucleus test in rat glandular stomach, colon, and
liver using gastrointestinal tract-targeted genotoxic carcinogens and non-
carcinogens. Mutat. Res., 844, 62-68 (2019)

[79] Imaida, K., Hagiwara, A., Yada, H., Masui, T., Hasegawa, R., Hirose, M.,
Sugimura, T., Ito, N., Shirai, T.: Dose-dependent induction of mammary
carcinomas in female Sprague-Dawley rats with 2-Amino-1-methyl-6-
phenylimidazol4,5-blpyridine. Jpn. J. Cancer Res., 87, 1116-1120 (1996)

[80] Nishiyama, Y., Nakayama, SMM., Watanabe, KP., Kawai, YK., Ohno, M.,
Ikenaka, Y., Ishizuka, M.: Strain differences in cytochrome P450 mRNA and
protein expression, and enzymatic activity among Sprague Dawley, Wistar,
Brown Norway and Dark Agouti rats. J. Vet. Med. Sci., 78, 675-680 (2016)

[81] Fiala, E.: Investigations into the metabolism and mode of action of the colon
carcinogen 1, 2-dimethylhydrazine. Cancer., 36, 2407-2412 (1975)

[82] Takasawa, H., Takashima, R., Hattori, A., Narumi, K., Kawasako, K., Morita,
T., Hayashi, M., Hamada, S.: Development of a Repeated-Dose Liver
Micronucleus Assay Using Adult Rats (I): Further Investigation of 1,2-
dimethylhydrazine and 2,6-diaminotoluene. Mutat. Res., 751, 12-18 (2013)

[83] Stuart, G.R., de Boer, J.G., Haesevoets, R., Holcroft, J., Kangas, J., Sojonky,
K., Thorleifson, E., Thornton, A., Walsh, D.F., Yang, H., Glickman, B.W.:
Mutations induced by 2-amino-1-methyl-6-phenylimidazo [4,5-blpyridine
(PhIP) in cecum and proximal and distal colon of /ac/ transgenic rats.
Mutagenesis 16, 431-437 (2001)

[84] Okonogi, H., Stuart, GR., Okochi, E., Ushijima, T., Sugimura, T., Glickman,
BW., Nagao, M.: Effects of gender and species on spectra of mutation induced
by 2-amino-1-methyl-6-phenylimidazol4,5-blpyridine in the /ac/ transgene.
Mutat. Res., 395, 93-99 (1997)

[85] Kirkland, D., Uno, Y., Luijten, M., Beevers, C., van Benthem, J., Burlinson, B.,
Dertinger, S., Douglas, GR., Hamada, S., Horibata, K., Lovell, DP,
Manjanatha, M., Martus, HJ., Mei, N., Morita, T., Ohyama, W., Williams, A.:

In vivo genotoxicity testing strategies: Report from the 7th International

65



workshop on genotoxicity testing IWGT). Mutat Res., 847, 403035 (2019)

66



w3 H &%

AE R STILL TORTONEBEEBIE LD TH S,

[1] Hori, H., Shimoyoshi, S., Tanaka, Y., Momonami, A., Masumura, K, Yamada,

M., Fujii, W., Kitagawa, Y.: Integration of micronucleus tests with a gene
mutation assay in F344 gpt delta transgenic rats using benzolalpyrene.
Mutat. Res., 837, 1-7 (2019)

[2] Hori, H., Shimoyoshi, S., Tanaka., Y., Fujii, W., Kitagawa, Y., Hayashi, M.:

Target-specific micronucleus induction by colon carcinogens: 2-amino-1-

methyl-6-phenylimidazo[4,5- blpyridine hydrochloride and 1,2-dimethyl-
hydrazine. Regul Toxicol Pharmacol., 112, 104578 (2020)

[3] Hori. H., Shimoyoshi, S., Tanaka, Y., Momonami, A., Masumura, K, Yamada,

M., Fujii, W,, Kitagawa, Y., Hayashi, M.: Multiple-endpoint genotoxicity assay
for colon carcinogen 1,2-dimethylhydrazine. Mutat. Res., 849, 503130 (2020)

67



