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Evaluation of in vivo genotoxicity of chemicals

—The development and application of rodent micronucleus assay—

Makoto Hayashi* and Masamitsu Honma

Division of Genetics and Mutagenesis, National Institute of Health Sciences

Abstract

Genotoxicity tests play an important role for the safety evaluation of chemicals. It is well known that there
are /n vitro and in vivo assay systems for evaluation of chemical genotoxicity on different endpoints. Bacte-
rial gene mutation test and chromosomal aberrations test using mammalian cultured cells are representative
examples. It is apparent that there are limitations of /n vitro assay systems for chemical safety evaluation and
risk assessment for human health and /n vivo assay systems are becoming more important in the view point of
weight of evidence. There are several /n vivo assay systems have been developed and used for different end-
points. Among these, the rodent micronucleus test using hematopoietic cells has been most widely and frequent-
ly used to detect induction of chromosomal aberration. It is evident that there are chemicals that gave positive
result in the /n vitro chromosome aberration test but negative in the rodent micronucleus test. In such case, as a
rule, the 7n vivo negativity is dominant to zn vitro positivity.

It is important and necessary to reduce animals without any loss of accuracy. In the micronucleus test, the de-
velopment of the method using peripheral blood instead of bone marrow cells succeeded to reduce total number
of animals for chromosomal aberration evaluation 7n vivo. Tiny amount of blood sampling can be done without
killing animals, which is one of the most important advantages of the method, also permits to combine other
assays for different endpoints that require different optimal sampling times. Based on this development, /n vivo
multiple endpoint assay system will be realized and lead more reduction of animals for evaluation of chemi-
cal genotoxicity. In this manuscript, We describe the history of development and applications of the peripheral
blood micronucleus assay.
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BROBEER 2NNy TV —2 T2 —BThHY, BHE
BT oM RSB CHA LY — FL, HBRAEOR
3, WONTHEROFM, MRICEET &7 TE .
TR E LT, DMEDEREICBE L THRETL, F
BEAIRE T R 5 5 BIWTRL & 22 HUR 0D e (4 RS & SR 5 oD /)N
IR A~DOFH5 %2 5 L2 & (Hayashi et al.,
1984), BEAOGREFIEOMELITY, T2 ) VAL
OB L (AOK) AL THEREOM i
X|>7-Z & (Hayashi et al., 1983), X512, ZDAOE
BRI MR IZEH L, EMET, N7+ —
< ADEWFEOMESLIZEY) L= (Hayashi et al.,
1990) Z &, ZENFET BN L. AOLIE, BLEOECD
FEDOTA RTA BV THHER S TS (OECD,
1997). RABRFERITHERIT TR0 H 2 BR (M2,
RfizE, BEEH, RERKE) OMICONTE, H
AR R4 - MMSHFES (0FRR) &b & LT
% < ORI A AR L, Z OB RIZICHSSOECDD
HA RTA VREICKE R Be 5 27 (CSGMT 1986;
1988; 1990;1995; Hayashi et al. 1989). 7z, &L T
X, HLWFEONY F—v a BT 2 R EFE b 1T
2o TW5 (CSGMT 1992; Morita et al., 1997; Wakata
et al., 1998; Hamada et al., 2001). @ REBRICHW D
N5 IEMARRR LA C O YR B H RGN  (Ohyama et
al., 2002; Nishikawa et al., 2001; 2002; Suzuki et al.,
2004), #%£20 H Bk (Asano et al., 1998; Dertinger et
al., 2005), #EFOFHAM - ##F (Hauschke et al., 1997,
Adler, et al., 1998; Hayashi et al., 1985; 1989; 1994;
Kirkland et al., 2000, 2003; Miiller et al., 2003) (Z-D\>
TH YR LIZENTRE .

2. IVEEERE (T

(b2 E DBAREME % 30 T 2 RBRE IS B O fEEE &
AW B EBRAEYICHSE, Table IOX S IHHTE 5.
ENNDLZL ORBAT A K74 TliE, MEzZHV5E
IHZRR AR, ISR ML A D e R B
BRELITTAY 7 3 —~<TKRER (MLA), BX W
F oA WD /MERER (LUF/MZERER) 2R 72
RNy TV —ZER LTV D, R I R R 5
FHRMAEEE L L, S E I 5n vivoildliiR & L
THROBIWASIN TV HRENZRHRFATH S (Hayashi
et al., 1994, 2000; Heddle et al., 1991). L &N T
WAHBH & LTI, YR REFHEREEZ RN T bin vivo
HREBRARE LTHERENR L, N7+ =< 20EWRER
RTHDHZENEZLND.

Table 1. fRFEHI RIS EMERER

DNA {1 A FRRAR  Yefh s

Invitro  FFIMKTE AR Ames R KM 2 N B Sy S S g AT
EFAN- MLA M A O B /MR

Invivo  DNAfIETEZRGRER N T A2 AR 4 O 2/ Mzt
EFPAN- =y 7 iWE BHiE R D SRR IHEART

FA 23R

MLA: mouse lymphoma assay using L5178Y cells

F o B OB BRI I D/ ME A RS & Fig. 11T,
ARILER D AERIBFRIZIBNT, Fof O Mfasy R IZGu ik
WENFHEIND L, TO—EHB/PMMEETEALL, BED
R THIENIZIY R S, ARERE ORI/
ENHET 5. MMERONREIT, YtaiBE oIz X
DR Y, BRI TIEE D D90 % /NMNEEE
92 0s, RO REILFE DKIZS %RRE L vINEE
R L7\ E Db H 5 (Hayashi et al., 1984). iz
M b e W 22 R I ER & BEAREE FICBlEE L, IMEaa T
DB IRMERD HBUFE )G, I R/ IFIZ BT 5
YK BEFHREEHEET S, ZhETE, BT O
ERIMER T D LYt iR M ER 2 BlIE2 kR & LT X 7223,
BUECIIREMm b Bl 2Mias LTHYWLER TV S.
IEZERBR AR BT L TIIRE (6K, 1990) 2 S S 7z,
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3. KMz AW S/ ER

Fig. NWRLEX DI, ShfieRmskixgsatic LiX
B EEED L EBIL, MEMCMITICHTITS . KIiF
% W2 /R ERIZEI L Cid, MacGregors (1980)
WX o TR &I, TOBRBESLD I N-TIZX > TH
L DWENRRENTWD. LL, KMmaefW5 2
LIZE AL ORI EBRFAI NN, HEVHK LA
Drodz. KMl A D/ ERERIE, R & &I
Be b L, A L7oaRiER 2 8l52 U b2 E oM
WEIMLL S &5 b0L, REMLhOSFERmERZ
BEL, BT OZYERMER Z 5 /MR & [R5



L E OZ BRI 5 in vivo BARTEVE — R - I Z O 2/ MEZERIR O JERERFIE 72 & NS Z OITBUE ~DISH 19

DFEREB/L O LT HHDITKBITED.

— e DZE R HERER Y, MEHIRBRE S LTINS L9
2, (bFWEOBMNRETMT 272D DFETH D.
L2vL, b R BRI TR S D DITKIRE TR M
D ENEL, BAGFDIERERDGEIRIR T DOFFFIC
DT, {LFWME OB B LT CE 5 R0 5%
ELRD, BT ONERRMEREBER R T HET
DIMEGRBRD, LFE OB RETMT 2D TH
HDIZxt L, KIEORARMER A2 BT 5 HEE, 18
MR LM T 23 BR e LTHIfETE 5.

BTy T, R AT 72/ M & R0 R ek
IFEFERMERE LTI TR L My Fahgsh
TLEIN, EWVRZ LI T ATIHI OMENRRZESE
ThiHd, MNMEEAETHRMERBEIND Z L72 <,
IEH ZpAR LBk & RER O FHdn (FI30H) 249535, €~ T,
D7 &b aREROFmO MM P/ MEE A T D IR ILERE
EMT LN TE, BB ORIMK G OB LFE
i T& 2. 61T, RMEMIFTIEFITHE RMERTH
D, BEOEWLICRLE LTMEITH S, RiFimz H
WDH/MERER L, BIEOBBILARE O T Z o5 T
DREBRESR LD Z LR MFFSN D (Hayashi et al.,
1992a,b; Asano et al., 1998; Dertinger et al., 2005).

KIE M P OERMERTH 2 M@RMEREBEL T, B
B oY RMRABIET 20 L MEOFKEREHEDLZ &
BHENIE, B EZ0OERI < & LRBRFFIICEEAR
ER 2 Z LN ATRE & 70 U, ARV E D 72 8 D T
AR BB Y, BMEHOBLANL bHEEIND
FELEBZOND. DR E LT T RITONTIE, —f#
OHEIFRERBOHY L VRS HZ LKLY, FEERE)
MaEHETHZENRARETHS.

3.1 BEXRERBLUVEHERAE

TV F LY (AO) 1FRMEEDHIIC B
DIAEN, BMEEG L THLEEETHEHERTHD. 2
HEODNAIZ TSI AV iAA, 530nmic ©— 7
FREOEBAOENEZHE L, HEORNAL LHEAL
590nmiZ B — 7 R OFRBOENEFKTDH. ZoE
FRIAL, —EBDAOZHLMNUHAT A KT T AT
WAL TRE, TZMBEORMLE O, HN-TF
ATHEI &, AONMIEFITETH L, Zansfifddic
BYiAEn, BERICEERENEIND (BA KRG
7). FEOFEHMIIOWTIESCER (Hayashi et al., 1990;
K 1991; CSGMT, 1995) Z&RIn-v. 2D LHIT
VER S VT AEAR OBIEE, W R490nm iz Db, 8
BH7 4 L LT515-530nmEh EOPEE O & FiE T
2 b DEE AT EIEBEMEI TIT 5. RiEROME D
REENEZTE L TV ORI EDN REWVIZEGE RS D

EBRDTENTE D, EAD/MEEH T 2R MER
(MNRET) O HBUBEEX, B#ET O/IMEE FFO L YutkiR
L ER(MNPCE) & [AlEk, 72 < & 20001 O #E 7R L £k &
BELTKRDD.

3. 2 REBREMOHIR

KM 2 AL /IMERBREITY Z &gk, Btx
WA ZNETIATOINTE RN 2 ik & g LT,
EN L BWERBH OB SR N D MOV TE X T
BB, BATOHAA KT A4 TiX, 1HSIEOBEE A,
Btk BHihcRaE C3H B CHRBRZITY 2L KRD 5
NTWa., HEEESOHAE, 20 OEAER AL E L
ENTRY, Bz TETE, TOREBYE L
IS EDLMENDH D OT, BEtERHEEEL Rl OREAE
fLEZCHLAFTLSILOBYNLEL D, 1221,
BEIF OG5 DBAITIE, 1ROEAERTRWE S
TNWDHDT, TOEFAEF2WCE /2D, —J5, KRYM/IME
R TIR2EOEARER AT E LTH, M—08HE
s Z Entks 0T, BRI B 25T
HRBROERT D, Lavh, BRI G B AT O AR M
DOF—H TRETDZ ENAEERDT, [EPERIREE % 5]
it 9T D2 MEMNRRL 72D, HE- TOILDEH TR
L. Fin, Bol/IMERBRICI T 2 e R A
FORER T D MEIT /2 E OGRS ERERMIZ e SN T
BY, ICHDA VT F U ATHLED L ) RIBENEN
LDTETHD. bLENBEOLND 2D, 15ILOEY
THRBMNTERETH L E720, FHEO45IC L kT 25 &
1308 CHRENFTREIZ /2 0, KEREMEROEH,
MR OTRND.

4. NUF— 3>

T R R OFMICH LVRBRTEE V254
ik, ZORBRIEDFEEIEICET 5 4y R RFES 2B
Thd. KMz HWL/PMERBIEICEHL TS, €4
PRI O —TFiEE LTHWAIZE, FoE s +o8
T H2MERHY, L ORBRBREITI Z LI D.
H AR A B ESMMSHFE S T O FEDONY 7 —
g ARFERFZEAME T X, R Sh7e. 4488BE3 BN
L (Table 2), JFAIE UL TLoD bW E 23286 B8 C Heik
BEtEniz. 7z, FHMEIZHVWSET MLEWE IR, b
BOFERNMLNTIEY, o, ZOEABENRLS
HDOEBRIR LI (Table 3). FEEEDLRBIIEE 4R 5 i
2, HIRBEO-O0EE SRR L, HBRAGIEDOER
FATo7=. FERIE, IZEAEDEMEIZE > THIHTD
FETHITHLLDDLLT, [EH2&DDRNT —H )
Bohic. ALEWEORGEANIER M L BT — 2 0
F L O EFig. 2177, B A NS T AREROBEIE
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TH Y, I FHEZ EAEIC S DRI 2H MmN D
FHIENAEEZRLTWS., 20X 9 I2ERMHE & Bkl
N=HLTNWEZ X, BAROELSELINZT—FD
SNELELTERNDRN-TZZE2EERT S, $/2
b, BBROBNENARBRZIT>TH, +ollgon
SHEREZEDLIZENAETHDLZEETRLTND. T
JEZEWEICE L TIE, 12 A DL ORGSR E R
L, 61T, HEIOMEHENE 548K M % ICMNRETH Bl
BENRRICR D Z L am Ui, BBEMILZ T/
OHBZBIET 2 & 12, (LPWHEIC & - TREF 72
TALREIR D Z EDRMBNTVBER, RIMLOBAITIX
AHEI A IR T IRIT & A DLW E DYtk R
FHRMEERH T2 ENFRETH D Z ENWRE I TWY
%(CSGMT, 1992).

Table2. NUF—3 g U HRBFESME Y X

Biological Research Center for the Protection of Environment
Biomedical Laboratories, Inc.

Biosafety Research Center, Foods, Drugs and Pesticides
Central Institute for Experimental Animals
Chemicals Inspection & Testing Institute
Daicel Chemical Industries

Daiichi Pharmaceutical Co., Ltd.

Food and Drug Safety Center

Fuji Photo Film Co., Ltd.

10. Fujisawa Pharmaceutical Co., Ltd.

11. Green Cross Co., Ltd.

12. Health Sciences Research Institute

13. Institute of Environmental Toxicology

14. Itoham Central Research Institute

15. Japan Tobacco, Inc.

16. Kaken Pharmaceutical Co., Ltd.

17. Kanagawa Prefectural Public Health Laboratories
18. Kissei Pharmaceutical Co., Ltd.

19. Kumiai Chemical Industry Co., Ltd.

20. National Institute of Hygienic Sciences
21. Nihon Bioresearch Center, Inc.

22. Nihon Noyaku, Co., Ltd.

23. Nippon Glaxo, Ltd.

24. Nippon Shinyaku Co., Ltd.

25. Nitto Denko Corporation

26. Ono Pharmaceutical Co., Ltd.

27. Otsuka Pharmaceutical Factory, Inc.

28. Pfizer Pharmaceutical, Inc.

29. Sandoz Pharma Ltd.

30. Sankyo Co., Ltd.

31. Shionogi & Co., Ltd

32. Shiseido Toxicological Analytical Research Center
33. Sumitomo Chemical Co., Ltd.

34. Suntory Co., Ltd.

35. Taiho Pharmaceutical Co., Ltd.

36. Taisho Pharmaceutical Co., Ltd.

37. Takeda Chemical Industries, Ltd.

38. Tanabe Seiyaku Co., Ltd.

39. Teijin Ltd.

40. Toyama Institute of Health

41. Toyobo Co., Ltd.

42. University of Shizuoka

43. Yamanouchi Pharmaceutical Co., Ltd.

44. Yoshitomi Pharmaceutical Industries, Ltd.

VRN R W =

Table 3. FHFEAFFEITHW=FT MALEWE

Chemicals Tested

Alkylating agents
Cyclophosphamide monohydrate

Dimethylnitrosamine

Ethyl methanesulfonate
N-Ethyl-N-nitrosourea

Methyl methanesulfonate
N-Methyl-N"-nitro-N-nitrosoguanidine
Triethylenemelamine

Base analogues and related chemical

1-B-D-arabinofuranosylcytosine
5-Fluorouracil

6-Mercaptopurine

Methotrexate

Aromatic amines
2-Acetylaminofluorene

Phenacetin

Polycyclic aromatic hydrocarbons

Benzo[a]pyrene
7,12-Dimethylbenz[a]anthracene
Crosslinking agent

Mitomycin C

Inorganic chemicals

Potassium bromate
Potassium chromate (VI)
Spindle poisons
Colchicine

Vincristine sulfate
Miscellaneous chemicals

Benzene
Procarbazine hydrochloride

Urethane
500
7

o 400 - Observed
-2 O Theoretical
E (binomial dist.)
e 300
9
@
E
E 200
.4

100

0

Number of MNRETs/1000 RETs

Fig.2 SLFRIBFIEICE T D IEMEXHR~ 7 2 TO/NMED HER A
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5. FRHEM/NMEFHBROSHERE

KAz AWV 5/ MERBROFIT N ANAEZ LD
2, FEREMW AT Z L7 AREDBRMIC XV Gu ki
WA CEX A AR O EERATHL EEX
5. X, BWEEOBEI L LTINS THD
0, TR R E ORI 2 B b 2 R —@3 i b
LD LENAREL R, AN=RLDRIIC L KRERE
2RO,

REORHE L RT—HlE LT, v~ 2ADERHKT,
H 2V IME BB SN I > TEAE T 2 G 22 15 5
A —fE A 5> bR i U CE- 3 2 BF9E 0SMMSHIFZE &= D 3t
FIAFFE & LTItz (Sato et al., 1995) ZAHIZ LY
LI HDIBIELL EIChZ0IEE A B (LD N
LVHIBH L7 (Fig. 3). #- T, RBRoMEIE T2 L
ZZEOBENZS L CIEIE R FIETH Y, ZoMo
PR K VIR E RS ENARETH D,
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Fig.3 CD-1= v A TO BIRFEA/ IMEIT 3T 2 M 0 fE 288

FRERBRIEIXZ N NSRS A RSN R H 0,
BN OEFEOT — 25 LD EICEERD -T2
2, MEORMO AL THIUIMOIEEICKRE g Er 5
25 Z TRV DT, MORBREMAHDED Z LM
AREIC A o7z, BUEN IV AV 2=y I~ U RAERNWD
in vivo COBGTFIRERZ N T 5 R0, LMD
WAWSLND X HICRoTWD . D% ERMIMAE RN
LHIMERRE A GO D &, SRR L Ye KL H &
FEEZn vivo CRRRD Z LN TE, ZONFICKRELE
iz b3 2 EBWFFTE % (Hayashi et al., 1994c;
Kohara et al., 2002a, b; Suzuki et al., 1993, 1994,
1995).

MR M ER 2 VD 7 k0, R C /N IR 1 BR 23 T 4
SINHEVWEEZZ T U AEXMNG LT 5 EICHMEIT e
Vo L, MERBORER AR ERICEIE T 5121,
—EED T — X R BN T — X NEETH

D, TNLOT—XFT7 v hEHWZE OO REEIR
IZ%\W., 22T, 7y bEAVD/DERERDEE & E
ERI-FTZLIRDN, Ty b TR C/IMEAR BRI
WHEINTLE S DOT, KLz BEdRE S 20IIR
HTHDHEEZLN TS, LA L, MNRETZ KR Ml
TRICH T DR SN 5 % Tl I < S e R Bk 2 81
BRIGETHI LR, IMBIERHETHDL Z N
MMSHFSEE TO RPN 77— 3 UBFSEIC K 0 FEA
&, Ty bbwvARKRBREE LCTHWD Z LR
HEETHDH T LY L7 (Wakata et al., 1998). &5
(2, AWML MERBR 2 — A O FMERBR IS AR T Z &2
AIREDE D2 E R 5 72 O IR R 1SMMSHFZES T1T b
7= (Hamada et al., 2001). & OFEHE, KHEEMATE A B
ERCTORISHHTE TR 720, T OO ET AL
WE I NMEDOFERMEDHER S, — R
AL Z ERHIFFTE DRER Loz, BUEICHIZE W T
BAEEO LB LB3Thh T\ (S2R1). & I T,
BT BT A3ROEEICE S &, —fEERBcE
FRIABDAREIRIGEICIE, EREMW O 27D 5 I H
HERFTHH I TS,

6. BELSOHEBEZRVS/MEEER

WEICbRHE Lz X 21g, (LW 0% e 4 i
g 224720, BaHEMECRE T 2Rl EEMEA Y L
TWa. Thbb, x5 & T bW E I AFIENRR
OB, DOBLBEENRZDAI=ALTHD I L3
L7256, BN RWEERHEE Rsh, —A#
BEFAEENHREINR. ZAETIHMEEZ AW 5181
FIRERRBROTEROHRT, ZOXIRIENLEINT
WIZ S, BT TR A OERIER IS W TEE#E M
DARDONDINEDPPEERIND LI ICRoTET.
DNAEMEIC R U I My VEKIKENE (24 v b
T oEA) LY, BRADOEEICIW TRl
BETHY, BEFEAERICEH LI NI v AV 2=y
7EMERNDZ LT, FHMBRTOMENFTRETH .
2L, BEEEEOZEENO O TH YRR H
Fe kA, W MARRR AN TR C & D EN R RN 22
Motz LML, BUETIH/MERBRE ST L TFT
5T EMUREIC AR - T E 2. 20054 2B S hiz Nds
FBIERBRICETAEEY VARV T ANCBWT, Eb
ORRDFAMN S, RIS CY R R E A2 35
LFELELTRDLND L) otz AfERIZ, Ll
BNERBR OB 2B L, Riftm s IcE S hTn-o
Zhiges MERBR O R — % & MR OFF R &2 5 CHdk T
% (Appendices) .
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6. 1 FFiEZRAVS/N&HR

TR ZAARPNIZE Y A ENTALF W E ORH & 7] 5 F 3
e TH Y, BAFRME LD, < OFMEOEN L7 5.
JFRIR 2 RERY & L 7o/ MERRBR D JE 1T #7238 (Tates and
den Engelse 1989), IFE4h#E 727 v & HWD FiEd 3
FFFEIC L 0 B S vz, /ME DRI I TAME 53 2403 24
ATHY, o X 52028 E MR OIS I B VT
I, ERIFEIBRCIF EB B & Faii 5 U CFila o 5
WERTHLERDH -2, Lo, ERAABREOHHE
F v MZBWTIFMa0 AT LT b & 3L,
FEMRHREET D22 L HHBILTWHDT, /MR
DOERRARL E L TZIFANARETH 5.

6. 2 KBBZRVD/IM&EER

Kb LI FE R A DR L2 D R T WG TH Y,
155 bRz D FLEES TIEMIR Y R A TH Y, IMEFAFENE
LTS Z ENARETH D

6. 3 KEZEZRVD/MKHER

BT AREZE Y RSB TH Y, Fichixr ok
WEICRBESN TS, £, BRADERLE b5
fhc, RFRRIC X D IEE L SN A LEYE ORI IEE
ERMTH D.

6. 4 HJEHRRZE RS/ RER

AETEARRRI T DY A DFERIRHAR & L COEEMEITI AT
b0, MEFEEPAFEO FRIOL R 53, R
~OWBE TN DRBRIE L ME ST REAICIEb o &
LEERESRTHD. INETEL DLEMEICONT
RSN TELD, ZOFMOEIEAEE > TWD &Ik
SVEE, A% EICEAZH U2 - fRIISNETH
HLEZD.

7. TBAOMISESERORE

IMERRBRIT RN T DB InmtE ORIz B D Fik
ELTH2EbIHESN TV HRBRIETHY, EXLE
M, ALBEdhds L OERSh G, RIS R L BEEYE,
B, LR MEEORZEM AT T 5 L TEE %
Ta R LTE 2. FICAEEHN TODNARENER, Bin
YRRV T 2 RBRR S+ N ) F— b &
NTWRD > TZRERICIE, [ RIEME—DRERR & LT
LNTE R, ARIIENENORBIEIC OV T 22
BRIEDNER SN DMERH DD LEZD.

BRI Z ORBLR OB S, FRIRM M2 HV 72
La 3B Sl ol —t b 0, BEE R REE
DOEAAEED b T & 7z, g Fike - Fik L,
Tur—HA FA M) —ZEH LEFERDD. BUELR

BN TR A G, FRIERZ R D BN TED
ALK, 220 E L CE. ZoFEE, &Rk
HERIZBET 2EEE ARV Y ATHEY B oh, 1TE
~OHFEFERE LTZITANARETH D EOEGENED
Nz, £7z, hEz%> T, ICHIKEWTH 7 —HA
FA MY —IZXBFHERBOLND FRICHDH. 22T
OREFIIL, 7a— A b A M) —ZFHWEHAICE,
B AT Z ENFEL TH Y, MRE T OH
L& LGB IIfa E il inmE s 2 L Th D
(Torous et al., 2006). Z FUIT{LFWE D /N 56 ML RE
FRELHRHTAZEE2ERTHOT, HlTLHZL
ThdrLEZLND. L, Bibh/ MEFHRMEZ B
THIEDERIOWTEZIDMLERDHYD, SVVEHIN
R TIEH DD, THFHENOEEMSE & AR BN
WOWTHED TEZDIRENRHTEL. L, kit
WroHWAL 2l Cike < Sk s 325 2 & T, fEIRH
DOENFAREIZ2Y, 2K LToRBhNIEIEEEE
LRI EAVHIBA L7- (Asano et al., 2006).
WS ORMEE UCiE, 34 & MR 5k
BoOMERH L. ZhETCiHEEREDY, L, &
TEPERNC RN L C X 7228, 4121385 Ol & ek L,
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Appendix 1
Tables of micronuclei assay results using liver, colon, and skin
[Specific tissue/organ] MN in erythrocyte MN in the specific tissue/organ
Chemical

Result | Reference Result | Reference
[Liver]
2-Acetylaminofluorene + [1] - | 2L 3 [4][5]
4-Acetylaminofluorene - [6] - [3]
Acrylamide I [7] + |8
4-Aminobiphenyl + [7] + [9]
Amsacrine (m-AMSA) + |2 + |2
o-Anthranilic acid - 6] - [5]
L-Ascorbic acid - [10] - [5]
Auramine O - [7] [8]
Benzene + [1] [2];[11]
e-Caprolactam - [10] - [5]
Carbon tetrachloride [7] - [11]
Clofibrate + 18]
4-Chloro-o-phenylenediamine + [12] [13]
(CPDA)
Cyclophosphamide + [1] - |2 [4L[5]
2,4-Diaminotoluene I [7] + [3]
Di(2-ethylhexyl)phthalate - [7] - [13]
(DEHP)
Diethylnitrosamine - [7] + | 18] [15) [9% [2]; [4) [16]
p-Dimethylamino-azobenzene - [7] + [13]
(DAB)
4-Dimethylamino-3- - 2] + @
methylazobenzene
6-Dimethylaminophenylazo- - + | Bl
benzthiazole
7,12-Dimethylbenz]a]anthracene + 1] - [4]
Dimethyhnitrosamine + [1] + | (13K [14% (151 9L [8] [3]

-+ [17];[18]

1,1-Dimethylhydrazine + [7] + [ O]
1,2-Dimethylhydrazine + (7] + | 3]
24-Dinitrotoluene - [19] + | [5]
14-Dioxane V- | [7[20] + | [20]
Ethylmethanesulfonate + [1] - [21]
Ethylnitrosourea + [1] + | [I5k[2]
5-Fluorouracil + [1] + 2]
Kojic acid + [13] - [ [3]
D-Mannitol - [10] - |5
Methoxychlor - [5] - [5]
4 4-Methylenedianiline (MDA) - [13] - [ [13]
Methylmethanesulfonate + [1] - [13;[15]
Mitomycin C + [1] + | [2E[4:[5]
2-Nitrofluorene - [4] + |4
N-Nitrosomorpholine + [7] + 122
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Phenazopyridine hydrochloride + [7] + | [5]
Potassium chromate (IV) + 1] + (2]
KGOy
B-Propiolactone [7] + |0
4-N-Pyrrolindinylazobenzene - (3]
Quinoline I [13] + |1 [13]
Selenious acid (H,SeOs) + 2] + 2
Styrene oxide - [7] + [8]
o-Toluidine + [13] - [13]
[Colon epithelium]
Carbendazim + [23]; [24]; [25] + [26]
- [26]
Colchicine + [1]; [26]; [27]; [28]; [29]; [30] + | [26]
Cyclophosphamide + [1]; [28]; [31]; [32] + |32
1,2-Dimethylhydrazine + 7 + | B4 [26]; [32]; [35]; [36]; [33]
[26]; [31]; [32]; [33]
Griseofulvin - [7]; [26] + | [26]
Methylnitrosourea + [7] + [34]
Mitomysin C + [1; [28]; + [ [34]
Tubulazole + [26]; [28]; [30] + | [26]
[Skin |
Acetone - [37] - [ [38]:[39]
- [40]
2-acetylaminofluorene (2-AAF) + [41] + [42]
Anthracene - [43]
Benz[a]anthracene I [7] + [43]
Benzene (BEN) + [1] - [42]
Benzo[a]pyrene + [1] +* [44]; [38]:[43]; [45]
Benzo[e]pyrene - [43]
Catechol + [46] - [42]
Chrysene 1 [38]
- [43]
Clinafloxacin(CLFX) + UVA +(oral) | [47]
Colchicine (COL) + [1] + |42
Cyclophosphamide + (1] - [42]
+ [48]
Dibenz{a,clanthracene + [43]
Dibenz]a,h]anthracene + [7] + [43]
Dichlorvos - [7] 1 [49]
Diethylstilbesterol (DES) - [1] - [42]
15,16-Dihydrocyclopenta[al- [45]
phenanthrene-17-one
15,16-Dihydro-11-methylcyclo- + | 4]
pentala]phenanthrene-17-one
7,12-Dimethylbenz]a]anthracene + m +* | B8] [391[50]
+ | [441[43%
1,2-Dimethyl Hydradine dihydro- + (7 + | [42]
cloride
17-3-Estradiol - [7] - [42]
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2-Ethyl-1,3-hexanediol - | 48]
N-Ethyl-N"nitro-N- + [51] + [44]; [48]
nitrosoguanidine(ENNG)
5-Fluorouracil (5-FU) + [1] + [42]
Hydrazine HCI (HDZ) + [7] - [42]
Hydroquinone + [46] - [42]
o-Hydroxybiphenyl - | [42]
Levofloxacin(LVEX) + UVA - (oral) | [47]
Lomefloxacin(LFLX)+UVA +(oral) | [47]
6-Mercaptopurine + [1] + [42]
3-Methylcholanthrene + [43]
Methyl methanesulfonate + [1] 139

+ | [405[42]

N-Methyl-N"nitro-N- + |1 + | [44]
nitrosoguanidine (MNNG)
Mitomycin C + [1] + | [40];[48]
Nickel chloride (NiCI2) - [7] | [42]
p-Nitrophenol - 48]
4-Nitroquinoline 1-oxide (4NQO) + [52] + [ [#4]

- [7] - [42]
N-Nitrosodiethylamine (DEN) +

. [16]

(Liver)

Pyrene - | [38]43]
TPA - 1 [39]
TPA+mezerein + | [53]
Trichloroethylene - (48]
Triethylenemelamine + [1] + |54
Urethane + [1] + |38
Vinblastine + [55] + [ [42]:[48]
Abbreviations:

TPA; Phorbol-12-myristate-13-acetate

+: positive, -: negative, I: inconclusive (i.e., there were contradictory results from different laboratories) .

*: 1n vivo/in vitro method
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Appendix 2
Tables of micronuclei assay results on spermatids
Compound Method” | Species | No.of [ No.of No. of Stages tested Results | Ref.
tested” | doses | animals | SPD/
animal
Acrylamide S M 3 45 1000- | diakinesis-MI/MII - [56]
2000 dift SPG-preleptotene +
Acrylamide D R 3 5 2000 diplotene diakinesis - [57]
late pachytene -
preleptotene +
Acrylamide S R 3 5 1000 | Diakinesis - [58]
diplotene -
diff. SPG/preleptotene +
Butadiene S M 3 5 2000 late meiotic prophase - [59]
diff. SPG/prelept./ early +
prophase
Butadiene S M 3 35 1000 late meiotic prophase - [60]
prelept./ early prophase -
diff. SPG/preleptotene +
Butadiene D R 2 4-5 2000 diplotene diakinesis + [61]
dioloepoxide late pachytene +
preleptotene +
Carbendazim D Rat 3 6 1500 Stage I + [62]
Stage V +
Stage VII
Chloral S M 3 5 1000 diakinesis-MI - [63]
hydrate leptotene-zygotene -
preleptotene +
stem cell SPG +
S M 1 2-3 2000 Pachytene-diakinesis - [64]
Preleptoten -
Stem cell SPG +
1234 S M 2 5 2000 | diakinesis/ + [65]
diepoxybutane meiotic divisions
diff. SPG/preleptotene +
1234 S M 2 45 1000 | Diakinesis - [60]
diepoxybutane diplotene
zygotene -
diff. SPG-preleptotene -
1234 D R 2 45 2000 | diplotene diakinesis + [61]
diepoxybutane late pachytene -
preleptotene +
stem cell SPG +
1234 S R 4 45 1000 | Diakinesis - [60]
diepoxybutane diplotene +
zygotene +
dift.SPG-preleptotene +
34 S 3 5 2000 | diakinesiyMI/MII - [65]
epoxybutene diff. SPG/preleptotene
34 S 2 5 1000 | Diakinesis - [60]
epoxybutene diplotene -
diff. SPG-preleptotene +
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34- R 5 4-5 2000 diplotene diakinesis + [61]
epoxybutene late pachytene +
preleptotene +
stem cell SPG -
34 R 2 45 1000 Diakinesis + [60]
epoxybutene diplotene +
diff. SPG-preleptotene +
Etoposide R 2 2-5 1000 diplotene diakinesis + [57]
late pachytene +
preleptotene +
M 1 3 1000 Diplotene-diakinesis + [66]
Merbarone M 2 3 1000 Diplotene-diakinesis + [66]
(CREST)
Prometaphase-MI -
Prometaphase-MII -
Potassium Mouse 3 10 2000 Spermatogonial stem cells — - [67]
bromate spermatogomia/
spermatocytes
Trichloro- 3 6 1000 preleptotene-carly pachytene [63]
ethylene
Trophos- 2 4-5 1000 diakinesis/MI/MII - [68]
phamide dift.SPG-preleptotene +
Trophos- R 2 5 2000 dipl.diak. + [69]
phamide late pachytene +
preleptotene +
Merbarone Mouse 2 3 1000 | Diplotene~diakinesis + [66]
Prometaphase-MI
Prometaphase-MII -
VP-16 Mouse 1 3 1000 | Diplotene-diakinesis + [66]°
Carbendazim Rat 3 6 1500 Stage 1 + [62]°
Stage V +
Stage VII -
Potassium Mouse 3 10 2000 Spermatogonial stem cells — - [67]°
bromatec spermatogomia/spermatocyte
s
Chloral Mouse 1 2-3 2000 | Pachytene-diakinesis - [70]°
hydrate Preleptoten -
Stem cell SPG +

a: S: suspension method, D: dissection method

b: M: mouse, R: rat
c: CREST staining

d: In drinking water for 8 weeks, anti-kinetochore FISH

e: CREST and FISH
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