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Studies on in vitro and in vivo micronucleus tests using rodents
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Summary

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

Conditions for route and frequency of administration in the mouse micronucleus test were evaluated. Both
intraperitoneal injection and oral gavage were acceptable as routes of administration in this test. Double
dosing, with a 24 h interval and sampling 24 h after the second dosing, was the most sensitive protocol com-
pared to single, triple, or quadruple dosing protocols. The micronucleus test using bone marrow and periph-
eral blood from exposed rats was evaluated. It was concluded that the rat micronucleus test, using either
bone marrow or peripheral blood, can be used as an alternative to the mouse micronucleus test.
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cytochalasin B2 & ) 532 MBe %2 5k E 3 55 (Fenech
and Morley, 1985) %, WL HMBE CORBAREYE
REICEHINTHETF v A = —ANA XY — DM
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EHETOEREOEVIMIRBREORET 21TV, £
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This paper is the lecture of the JEMS Achievement Award (2001) presented at the 30th JEMS annual meeting, 2001.

99

NI | -El ectronic Library Service



The Environmental Mitagen Society of Japan (JEMS)

70 |
60 |
50 |
- Cyt-B + Cyt-B 40

30 F
e
Cell division 0r

Fig. 1 Schematic diagram of the principal mechanism of
micronucleated cells formation by a clastogen with and
without cytochalasin B (Cyt-B).
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DI/PERAEBRIIT T AL FARRICHWS Z EHTE IO Cytochalasin B (mg/ml)
HFEURBOBREBESCELILATERLEERATH S Fig. 2 Effects of cytochalasin B on the frequency of CB cells and
ZERS, Ty FERAOWE/IEBREBOKRIT AT 7. : micronuclei. The cells were grown for 24hr in the pres-
ence of cytochalasin B. (a)Frequency of cells with one
1. IBELAIEEMEZERLSD in vitro /)W ER (open circle), two (closed circle), three (closed trian-
a)m-;-qas J:O I_I Wﬁiﬁi%ﬁ@ﬁg*ﬁ gle), and four (open triangle) nuclei. (b)Frequency of
-]

micronuclei in CB cells.
BARIZBW Tin vitro B ARERBTHA I A TY
5F v A = —ANARY —fliHRELMILTH S CHL
Mz Awvwe., SEMBRZENT I 2DICHONRS
cytochalasin B (cyt-B) id microfilament ® & B EW &
(Carter, 1967) T, MHBEDOHSRZMET 5 I KOS R
13 L % v» (Wright and Hayflick, 1972) ® Tcyt-B % &
CREFBRCHRZEEZELTVWS L 1RSSR & -/
2B E RS, ZOZ EHDD, cyt-B TREL -5
&, BERFEETIMIBFRENMRI I EFE 21
DOZKMOMLE LTHESNS. —F, cyt-B THLE
LaWEEE, 1Bo/MMEEROMBE IMEIZR-LV
2oL 25 (Fig.1). 2D L HIZcytB TUET 5
TEIE D RMEE Bl LTESICHEITEE
DR TIMEABET AL TL ) EEN /LSRN
DFE AT HEZ % 5 (Fenech, 2000).
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Fig. 3 Relationship between the frequency of CB cells and cul-
ture time in the presence of 3ug/ml Cytochalasin B. Cells

1) Cytochalasin B (cyt-B) AEEFFOBE with one (open circle), two (closed circle), three
¥ TR cytB OMEBEORKET 21T o 7. CytBD (closed triangle), four (open triangle), five (closed
PR A LS XOMBIT A1, 2, 38X U4 square) andsix (open square) nuclei.

MBS DI % Fig. 2a 1R Y.
CytBOMEBE*EL 7512V 284K (LLFCB
ML L IP5) OHEAFEL Y, ZRICH - TN
DEEHET L7 LaL, cytB ug/ml Ll FoilEc
IZCBHifan&E &2 #23, L LARLS L. CBHila
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Fig. 4 Dose-response relationship of the frequencies of micronuclei and chromosome aberrations.
(a) mitomycin C, (b) caffeine, (c) colcemid. Closed circle: micronuclei, open circle:
chromosome aberrations, open triangle: number of chromosome aberrations from which a
half number of exchange-type aberrations is subtracted.

O B D F Kl 13 cyt-B 3ug/ml EEF D 80.6 % TdH
o, TOFKRIF, M) Y NARTOEHRE
(Fenech and Morley, 1985) (F UL THo7z. S H I
cytBDOBENEL %5 L BZMBOEEGAP LA T 5 M
FAZED LN, O L X HBRBED cyt-BIIZED
SREELBEETLI ENbhol. 72, cyt-BORE
AEL 5 3B LoilEoMAPEDO LNz, Ly
L, SOX) ZMRIEHRKFENICIIEZS, 3UL
DOHEETRTEDLETIHRETERIULIZE R 620
of:. KIBEIZEIT S CBHIAL 1000 72 ) D/IMEDH
B # Fig. 2b 2R Y. /MO BAREHRBE I cytBD
BEEICE DY %< 10pug/ml F TIRIF—EDEZRLL.
CHZLLIY, cytBERBEKIIDEFERE (REhR
EHERME) v ENRINh, LEOKRID,
CHLARLIZH LT D cyt-B O E BB 1 2 ~ 3ug/ml
TharIedbhrol., ZhED, LBEDEERTOD cyt-
B DRI 3ug/ml & L 7.

KIZ cytBUEBEH ORI 2 To /2. Millaz cytB& &
HITKEFEL-BHE1BIU2EEISICERU OB E
Bofilan HBHEENE/L % Fig. 31377

REREHE DI 2BMBOHMBERENLEAL, Th
> THBMIBOBE» RS L. &R 2EMED
HBHEISON-DIF24~30BMTH -7z, LaL,
SOMFRILL b RER A FiT B &, 2O B I3 R
DERE E DB L Twolz, T, HEMRIEREE
B TRYTH—FTHo/z. FRIIHLT, 8
FERBL ELDICSBULOMBOMBEEN LR L, 48
MRS CIIEMBOKS0%IETELL. 3613,
BERBMARE LD E, S5 IEHMOBEHFOME» B

BAND X)) eoMin: THOIL. THZL
13, cyt-B i3IS B, Mg 2olla#E T 587
YHETLEMTH ), BMOFHRIBPELL2WAD, &
FHRBRESICH S THREBYERT-DEEEI LN
(Wakata and Sasaki, 1987). U EO#ER I b, 28
DOHBYE — 71324 ~30BFHIEEETHSHZ &, cytBA
HEHIVEVWEMITI LRI 2w &b
7z. A7z CHLMIBE O REMEEE A% 2RHTHSH Z &
2E 2 5L 3K EOMBLIIEEMEER O 359 36 B
B X VEFIIHMTEIENbhol. UEDZ
Lrbh, REFEEEIT24RME L.

2) etk RE IMBISIE & DBIBISIE & ORR

Fig. 4a, b, cIZZ L mitomycin C (MMC), caf-
feine, colcemid CHMLE L 7-& &, BEAREOHIA
SR & CB b /% W BB EE i BEAHBA M D LL8E
7Y, RERREBLIO/IVBOEEIZ 1SV D
BELTORLE., BREAREICIIRBEROMT Z4E8L
BWEEZLRTWAEX Yy TIEED R, -7, MMC
B X U caffeine TOLE L 72354, REEREDL I U/MX
DHBEEIZBEREFNEML: (Fig.4a,b). T2 T,
IIMEDBRRAEFEREL0.024/cell TH D, FBEEKEFED
BARFAEHEEIZ0017/cell b DTV EDLLLWICHED
53, MMC % caffeine CHEREN D RaAEREOKI
IO ED HIEENIEL LD, O LF, 12D
P KB A1 DODMEEESL L IEH S v (Evans et
al., 1959 ; Carrono and Heddle,1973) Z & THBEATE 5%
L, 120/ EXBRBOREFHHEEATVSEELE
Aohb. ¥, ZORGBEREOBENIEOBMEDE
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Size of micronuclei relative to that of main nuclei
Fig. 5 Distribution of size of micronuclei in untreated control culture and cultures treated with mitomycin C

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

measured in each treatment.

I MMC D F AScaffeine X Y K& hoTwn3a, Zhiz
MMC & caffeine DFERTL2EEORIPE ) 72T,
MMC 3R BB D RE # % { FR L ZFhIZ K~ caffeine
TIZE B2 v, BERE TORBBRE OH 41,
MMC LB T 62.2%, caffeine TiZ14.3%Tdho7-. %
BRI RIRE L, MR ORE ZREKRRH 2 R
LaWnE3nTnT, Z20EERERBHRRHRE R
DX TH 5 (Buckton et al, 1978; Heddle, 1965;
Seabright, 1978; Wolff, 1961) 7=, Hetf ARzl ®Ze
DEYFEBRUL-REOHEY, AR TLIERBETH OHKL
LTRICIRLZ: (&), ZoORBEAEOERE (L)
ENBEFERE (@) ZHTHASBEMMC & caffeine D
EINMEL B ofe, TOLSIELEYRICE > TR
BHREEEIBOBBFEEOENHLLIICHAZ LD
i3, ZOMEYHEIZL > THER SN L RBHREFOR L
FEICL B EARE SN, T, TITRLBEE
HWHTII2HEU LOREZ2F - -MBIZINT, 13EA
EOMBALIDDRE Lo Thikd oz, Hi
WCREAAOBEPEOERBEL TAHA S E, MMC
MBETIIHI30 % DREERETF A/ IMEEFTERT 5 E v D
#HRICZ o572, LA L, Evans 5 (Evans et al., 1959)
¥ X ¥ Carrano & Heddle (Carrono and Heddle, 1973)
FEEHRESRICL 2 RERREOFREL IMIOFRER
EDHBOHKRIZZENETNG60% & 70 % D Beto (KB F HS
MMEEERT A EWMELTWT, SEIOERIZIE ORE
ERELENDHD. ThUE, BEEMRSHRIC S 53 mAN
FRFEERMOLDOMNIEALT, tEWEIZLIELD
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BRESMEEDOLDONEIEAELETHED, HFOAkX
SOEWVIZE D/IMEETER T HEEVRL DI EHIKE
LRERTHLEEZZ LN,

Colcemid I #55&5% DR % E Lo 5 240 12 5
HORGHELZRITWEE L THOSA TV A, Jetafk
DEERFIIIIEALEFR L2, LA L, in vivoD/h
BMEABRTIIIELERT S, SHEOBRD, kol
BRERIIEALERDON LD o720, MMIIHBKE
BICEBRIICHM L 72 (Fig. 4c). T DR X b ik
DHERFEERITYWHIZ T TIE R L, REEORH B
TEIITHHELDEEMIIRETE LI L bhr o,
Fig. 4 IZRE3N T B X5 IR hoBEREFTRYE
BIUHBMAEFTRYECLIMEERFTIBEL L LI
BITERMLENMEZRL, BRBETLZOEEIRBIT
5L EREFBN EPRENT. '

72, ThENDOILEWECTCOEMNE (BE0) T
AINE D B A Yk O B % Ll 5 T,
D Eid, REKROBEREZRI STI/MEINER S
NTVBHENH) LT, BUHETONMIETRETHLD
BILFEMETHERIND L) RPER A Tldze d eta
HCORTEHICL VRO BR I REBEICE LI EAKE
W AR S/ (Wakata and Sasaki, 1987) .

-
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3) PEOKE S ICHT 5 M

fLE, MMC 0.01 ug/ml, MMC 0.1 ug/ml, col-
cemid 0.002 pg/ml, colcemid 0.05 ug/ml, caffeine 1
mg/ml TAE LR ICHB L 72/ MG ER ST 5K
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XXO5MEFNFNFig 53,b,c,d, e, fIZ/RT.

Shix, FhEROMECTHE L 72/ M% 50 8 % 5Hll
LEOKESOGHARLADOTHSH. HUETHE
ENBEOKE 2054 (Fig. 5a) 13HHEEDIL S
2HoTHAHLTWRA, MMC 0.01» % \ix0.1
ng/mlBTO b DIELTED b DIZHRTHAEVL D
MEL MO D A - 7= (Fig. 5b, ¢). T hid
MMCALEIZ X o> TET B/ BRI EE 5 EO R IZHk
TH5HDOTHAHD, BEUHEODDIIZ DL ) LY ED
BERFICL o THUREBANA LIZRZ 2 D DIV
BobbihoTwnaeEZONG. /2, KEBED
colcemid T (0.002 pg/ml) L7z3G&ITHIL /A
BOHA XD5H L, ME VA XO/MMEDFEH R R
R LT 00BMEDO LD ERBIENLDOTH
o7z (Fig. 5d). H A4 ADBKEL THL L KRE IO/
AT B DL, colcemid il & BFESERDRFETHE L
VR TR WAS: iR NN SR A A AL oY AR % (8
Twv 4 (Yamamoto and Kikuchi, 1980 ; Hogsted and
Karlsson, 1985). Z®Z & Xk ) HARREA /ML HiEAE
DOBRBAEIZEDEBEERADTHIIL LI LDBENT LS
R E N, FEHIBRED colcemid L (0.05 pg/ml)
TIRELICKELRY A ZDO/MENFREEEDDL L H IR
%5 (Fig.5e). ZO&HIZ, BLEAErEZEEDL W
KREZDOLOPFHBTEZIEND, TNHIEIBEDORES
ZiZX B H DL #EZ 57 (Wakata and Sasaki, 1987) .
¥ 7z, caffeine TIZ MMC & FERICH A XD/ S B/
% < (Fig. 5f) REAFEERBICLL/IMTHEI L
AREE S .

In vitro /MERBILEEFEEIEL &Y, BEENE
WAt EhTwb (Kirsch-Volders et al., 2000) .

2. [F o i fEEF = AL D IVZERER AR DR

1) =9 APERBRICE T 25 BEBIC K 2/ MESAR
EDEDORE

A TH Y IEREBRICB O CHENBWEL LA
< w51 Twv 5 Cyclophosphamide (CP) %< X1iZ
RS (p) H5HWVIEBOKS (po) Lk &FER
SN FOL M RIMERDSE % Table 1127R7.

CP# 5 % 24 B¥HICE MR AR 2 ER L/IVE 2 D
UMb RMER % L 72, BERN%S T2 50 mg/kg T
1.78% D/ HMBEETH o 2Dzt L, pod50
mg/kg Tix0.59% Td 1 100 mg/kg Ti$1.89% &, [
CLEREBTRipDAIWWIMEERERVBVEREZ o 7.
LaL, BRMRICH T2 ZEOHEETHS, PCER
BFEBE L MMEBREFBE SN, ip D50 mg/kgix5
Ti228.2%TdH Y, po® 100 mg/kgi%5 Tix208% &
FfkzEERL7:. CORRID, pkREOFIFL LV
BREBRTIEERIBEEIRLAZ EX DI ol LAIL,
CPIERMALICHM FEUHERTIEMNAONAT VY

BThb. COLSLYAOHEHMEI MBS ipik
S5 TR/ OBRETNRE AR 25 2 b h
o7z, FRIIHL, pofkS5TIREHRETH E Y /IEHE
EHPBEINL WY, pESEEUBREICEHICEE
5258%57T5LipHESLABED/NMIVFBIE SN
LI ENLYPoIN, TOLDITEIKREDOHRGHVET
& o 72 (Wakata et al., 1989).

COMEIEMBEOXRHIEE L TI7TILEWE AW
TITHbN/IZ1D2THEAD, £ILEWII>VWTOEREFN
DG REBTO/NMEBRFZ LB L /-RR % Table 212
Y.

Benzene & [ $XTOLEW T, AARE%ZKS L7
A3 po LY ipDAINEBREIET VLD B0
FEETH /120, KSFEZLNEThOBSRETO
LD i3 HICHRBELAREEE BI2iE, pod
LD4, %% 200 mg/kg Tip @ LD, A3100mg/kg TdH - =35
&, po TMD100 mg/kg & ip TP 50 mg/kgit & HIZFD
KEBEBDLD,D1/28THDHDT, LDy fEICHT S
e LTIIREERELER D) TIE, 7AW Tpo L7
BEDHENENPMEBERENFZONS I Db o
(Hayashi et al., 1989). Z®Z & X ¥, in vivo/MERER
WL TIIRG BRI F Y RELEEN L, 5%
BEE LI-EYZRSEVRESIN TV E5EIL, &5
BREDOVHAI I OT, FRREDRE T/IMLERER
BHETEL I EMNbhro/. LAL, ip TIEIMEED
L THELILE, po L D/IMEFBERFIIK 2 51LE
MHPREALRL, B 2BLEWIELE T L, FHHT
pollH_BETHHI LY, EbohEtnziTip?
BAZTHRIwEEL SR,

2) = ZA/PERBICE T 285 EECET B EG

Methotrexate (MTX) # 1,28 & U4 mEEREE#%,
6,24, 48 B L U T2 ICEMBHEAZ/ERL (1A
HBE5TIX 24 H D2 5), MEDERLBEL. 20
R % Fig. 6 1R Y.

135 Tix 16 mg/kg x5 48R HICHR KB D
0.50% DA FER/IEFEREMNED Sz, 2EFS Tid
HOPIZIEKRES S ) EWIMEEREP B ORI, $ 7,
4mE TR, BREEILEVWINEEREIE L
A, RAFRRI2ERGLHEVEDLSLT, BHEIC
%A EEHEEIEHTBRERTERICRD, MEDOFE
BT Lz, ULEoERELD, MTX IZix5 B
2L THRETAHIIELVEARTMIEIR L (FR
TAHI LD bholzds, BHIOHLEIHADLR, BRKD
INEFERFICKREREMIBED O o/, F 72,
Schmid 2/MMERBO 7o ha—VE LTRWICEREL
7%/ # (Schmid, 1975) (&, 2 @50 6 B %12 #]
BYLHETHLY, SEOERELY, 20F5H%D 24
FREBBICBET AN VERENBRNI b o /.
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Table 1 Results of micronucleus test with cyclophosphamide administered by ip and po to CD-1 mice

Dose P L
(mg/kg) MNPCE (%) PCE (%) MNPCE (%) PCE (%)
Saline 0.03 £0.05 (4) 49.5 £ 0.7 0.05 £ 0.06 (4) 46.1 £ 3.2
25 042 £0.13 (4) 358 +56 nt nt
50 1.78 £ 1.44 (4) 282 +23 0.59 = 0.03 (4) 39.6 = 8.8
100 4.46 (1) 88+ 21 1.89 = 0.88 (4) 204 £ 4.2
200 na 28+25 2.09 = 0.17 (3) 10.7 = 2.2
400 nt nt 1.33 £0.81 (3) 8752

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

Table 2 Comparative sensitivity of administration routes, intraperitoneal
injection and oral gavage, at same dosage

Sensitivity
Compounds
Dose (mg/kg) Dose (% of LDy,

Nucleic acid analogs

Ara-C ip > po ip > po

6-MP ip = po ip<po
polycyclic hydrocarbons

B@@)P ip > po ip > po

DMBA ip > po ip<po
Aromatic amines

2AAF ip > po ip > po

Phenacetin ip = po ip = po
Alkylating agents

Cyclophosphamide ip = po ip< po

EMS ip = po ip = po

ENU ip = po ip = po

MMS ip > po ip<po
Cross-linking agents

MMC ip > po ip < po
Spindle poisons

Colchicine ip > po ip > po

Vincristine ip > po ip > po
Inorganic chemicals

KBrO, ip = po ip<po

K,CrO, ip > po ip > po
Miscellaneous

Benzene ip < po ip<po

Procarbazine ip > po ip = po

Dose (mg/kg) :absolte dosage

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

MTXZDoWTlE, LR LD, 10FS Cid/MED
FRIUFNDOTH2EEGTHILIILY, HHLLk
INEDFERMPRDONL I Db oz,

Z DRFFEIL 33 B X A HEFBFETILEWIZDON
THEGRHERF LI BD1DOTHE. 201114
YOENZhOREEMTHONL/IEFREOREME
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%Z Table 3127R7. ¥72, ZhZhoftaWwTEshs:
IEFREORBEMELRKFTHRTRL, 2HHOHEE K
FTRLI.

ZORBRE, 2HFEETHREED L VIZ2FBITE W/
BFERFEZRTEYIS1ELL, 1EES L 4EHRS
TIXITIZEKTH o7z, T/, 4EFEE TR 20ES L
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Table 3 Effect of frequency of administration on micronucleus

16 bDOHH o7 (CSGMT, 1990). #HxEEEH AT LI
BIEGEMICLY, F-FH0H2PETCIRSEDR
EDEHTIERL, DFHERANTRLZV LD bH o

Dose 72, 7z, MTX D & 5 7% 1 5 TRAMEH AT

Single o— induction
T )
Dosing prd ______F“‘F“ . ; MNPGS(%? .
L] ] ompounds Frequency of administration
2 /‘ L o 1 2 4
e P D i e
= 157 [ 5FU 3.13 4.17 1.60
X " A % ey e S N 6-MP 5.74 8.45 118
wi / Ara-C 5.12 4.18 7.26
o 1 // DMBA 2.54 3.67 2.08
4 / l/ 1 6 2AAF 1.16 1.63 0.63
= 05 Phenacetin 1.23 238 0.95
4 ENU 3.13 4,72 6.06
0 V EMS 2.43 1.48 1.63
6 o4 0  Dose K,CrO, 0.93 0.85 0.80
S : 48 79 (mg/kg) Benzene 1.08 1.40 152
aMmpling time ( ) MTX 0.50 0.97 0.83
Maximum (bold underlined) and Second (bold) value in earh
chemical
5-FU: 5fluorouracil, 6-MP: 6-mercaptopurine, Ara-C: 1-B-arabinofu-
ranosylcytosine, DMBA: 7, 12-dimethylbenz[a]anthracene, 2AAF:
Dou_ble T 17 7 2-acetylaminofluorene, ENU: N-ethyl-N-nitrosourea, EMS: ethyl
Dosmg methanesulfonate, MTX: methotrexate
27
£ 151 _ _ ]
= DBVWIEEREERTLIDLHo70d%, HI/MEFER
§ 1 FAMET 5 b0, BEIIHIOLOMBEI LTI 2
pd
=

Samp2+ 48 72 (markg) ¢z EAERE (%5 48RRI %R L0
Pling time (p) i, BESREESN EVEAYTH-Th, 20

5024 BB EELIEERUIBEEINLI L
Nhhot:., ThozFldsre, A2YY)—= FHIC
HLYMEONEEREETMB-ODORBKE LTIE, 24

Qmwmme BERIRIRR O 2 EI9 542, 24 BERS HICBBEAZER LT
Dosing e BETHZL W Eabhor.
27

3) 7 v bEAHVI/PMEREBOBRS

g 1577 BESE RS 1T o B & L B BB BV Tv Y
w XHEFhHVONT, Sy MSHVWLhAZ ENITILA
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Fig. 6 Mean Induction of micronucleated polychromatic erythro- Westmoreland and Gatehouse,1991; Meli and
cytes treated with methotrexate. MNPCEs were counted Seeberg,1990) % EA 7: (Table 4).

in 1000 PCE in the bone marrow cells of mice treated by INSDIEEWIZONTT v R HAVESISIR L KA
single, double or quadruple dosing. MEC/MEEREEF TR, T3, 5y FoBEAElRE
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Table 4 List of chemicals tested in the rat micronucleus assay

Mouse MN + ve rat carcinogens Oil orange SS

Acetaldehyde Phenacetin

2-Acetylaminofluorene 1, 3-Propane sultone

p-Aminoazobenzene Propylene oxide

o-Aminoazotoluene Triethylenemelamine

Arsenic acid solution Urethane

Benzene

Benzidine Mouse MN +ve chemicals

4-Chloro-o-phenylenediamine Azathioprine

Daunomycin Colchicine

N, N'-Diacetylbenzidine 5-Fluorouracil

1, 2-Dibromo-3-chloropropane 6-Mercaptopurine

Diepoxybutane Methotrexate

Diethyl sulfate Vincristine

Ethy methanesulfonate

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

Hydrazine Acrylonitrile

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

2-Methylaziridine

Methyl methanesulfonate Species difference reported chemicals

N-Methyl-N-nitrosourea Azobenzene

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

N-Nitrosomorpholine Solvent yellow 14

50- 60; Mean = SD (%)
~ 40 Mean = SD (%) < 50! mRat  0.064 % 0.065
X | m Rat 0.123 = 0.099 = OMouse 0.145 + 0.124
> 30! DMouse 0.203 * 0.213 > 40 ' '
S S 30f
% 20 ;u,' 20
L 10 ‘]l ﬂ w10}
| | - - P — A_A_L_A_A-G_Ajm
0 0 05 05 0 0E 0o 0‘? YR 00 01 02 03 04 05 06 07
MNPCE% MNRET %

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

LUK MIZ BT 5 BARBEEO/IMEE T oG RIMERD
BEEARAR, Thoz o AL B LA-EE% Fig. 7
5 X UFig. 8 151 ¥
FRMEIZBT /MR FOYSRMEROERE X, 5
v FT0.123%, ¥ AT0.203%, FKHEIMIZIBWTIZ,
F v FTO0.064%, ¥~ AT0145%E T HDOEGED
Ty bR TAD/2 L Eh o7, SREIRABRL LA
WZonTid, w7 AFHMRICBVTRIBEN 2ho
7-DE5tEYWTHEOICHL, Ty PERMRTIZ4
ILaPMEIFEALEDLY L, BfiMiaz V25461
RYALE Ty PTRIEDICEERL, 2{A%ThHs
LASSRE NS (Table5).

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

M TCE Do AbtEWH»4LEWE < 2D 1{LEW
WCHARDULED o7, =T ATEREBEILTwiwnt
EWMLEL, WkKS v P TREEICBWTMLIZFORK
MIRVBRESND 72D ZFDEIID V=7 AIHABKH
NHHELBEBDLATVAIIEREZBREIDE I,
<, 7v FOERMEMTD T/ MEFRMEOFMAT fEZ
CEERL. E7o, MMEFRFLRBELTAZ L, /A,
HFERFEOHMETHE T L LI AHNEL, §XTO
IEWITBNTT Yy PEFEU2E»-72. LHL, %I
RL722EDCT v P TR/MBEEFFOYPERMIRD HAR
EFEMEVDT, I PO— LV ERBLTOSEREIC
BETHE, T AL NELIIBEEFRTHILEHIDH
5T Ehbar otz (Table6).
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Table 5 Rat and mouse micronucleus assay 39 chemicals with peripheral blood and bone marrow

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

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

Table 6 Comparative sensitivity of rat and mouse micronucleus assay

Bone marrow Peripheral blood
Dose MNPCE Dose MNRET
Chemicals Species Route
(mg/kg) (%) (Fold) (mg/kg) (%) (Fold)
inc. inc.
p-Aminoazobenzene Rat ip 80 0.41 34 80 0.38 3.5
Mouse ip 150 0.70 5.0 150 1.14 8.1
o0-Aminoazotoluene Rat ip 600 0.11 0.9 600 0.16 8.0
Mouse ip 400 0.60 3.0
Benzene Rat po 2000 2.34 16.7 2000 2.16 18.0
Mouse po 2000 2.75 344 2000 2.75 . 81 .
Diepoxybutane Rat po 144 4.00 22.2 144 0.78 26.0
Mouse po 72 8.68 36.2
Ethyl methanesulfonate Rat ip 300 1.36 45.3 300 0.75 12.5
Mouse ip 200 1.48 8.2
N-Ethyl-N-nitrosourea Rat ip 75 2.78 27.8 75 1.36 124
Mouse ip 100 7.85 60.4 50 3.78 11.8
5-Fluorouracil Rat ip 40 1.39 10.7 80 0.69 34.5
- Mouse ip 50 3.13 24.1 50 2.54 18.1
Hydrazine Rat ip 75 0.58 2.8 12.5 0.15 2.5
Mouse ip 50 1.18 59
6-Mercaptopurine Rat ip 50 0.92 6.1 25 0.53 53
Mouse ip 50 6.98 279 25 29 7.3
MNNG Rat ip 100 1.20 4.0 100 0.75 3.75
Mouse ip 150 2.55 10.2 100 0.8 31
Nitrogen mustard Rat ip 2 3.24 23.5 2 0.66 7.5
Mouse” ip 2 7.17 29.6 2 4.98 214
1, 3-Propane sultone Rat ip 60 2.15 13.4 30 0.66 73
Mouse ip 72 1.92 11.3
Propylene oxide Rat ip 200 0.33 2.2 300 0.4 31
Mouse ip 300 0.53 8.8 300 0.4 6.7
Triethylenemelamine Rat ip 0.5 5.58 11.8 0.125 1.08 6.8
Mouse ip 1 7.52 327 1 6.64 66.4
Urethane Rat ip 1000 1.29 11.7 1000 1.6 40
Mouse 1000 3.28 16.4
Vincristine Rat ip 0.2 0.99 7.6 0.08 0.26 4.3
Mouse ip 0.125 11.68 89.8 0.25 4.34 54.3

Light shadow: frequency in mice was more than twice that in rats
Dark shadow: frequency in rats was more than twice that in mice
* MS/Ae strain mice

=)
ToZricky, mo—gBEERROBYEH VTN L5 =
B OSIAT 2 5 T REMEASTRIE S 72 (Wakata et al., NV S AR 2 BEE A 2 A C R O 5 R

1998).

TH 5N, BEMBTIIHEMBOLFEL W) Hifk
S D ZOEREDIHRTE 2h o725, FEK
FLAFEICL DERMATD in vivo TOERIHIE &
FRICERMICIERRELZFMT LI ENTESL LD
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oz, TOIEIZEY, KRMaEZHV5/MEGAER
PEREABRERBRORDLY & 22 WHEM D 5 Z L ATR
Nz, Fh, MMERBRIZTS Yy VWA ENTES
LaRENAZEIZEY, hoFEUREREOBED & /)N
BRERICSy VEHWAIEREEZRL.

| 3

In vitro MERERDOWFFEIX, FABKFERGTHRAFZE L ~
& — D2 RIERZIZFOD L ICRBRBRERBREH X T
THE Ao FIGERHEY, IEOBE25 2 CHE
5, ZLOWBEEAZTITCRLELZDOTYT. 222
SOREBMBLETES. < 7XABLUT Y FEHWLAN
BREBOWEIZ, A¥EEMMSHESDOLRIFEO—B
ELTIThN7:bDTH Y KEFEE OBBROMEE I 72
LTI LB Rdo2bDTY. AfEE2#EDHICY
S>TELLOMBH%TEE T LEMNEEMLRSAEME
B MESE, Y57V - AR 54 UKERAET &
HE#FELLZLCICHARBEZRFEES, MMSH%S,
INEFEREZE 7 Vv — 7 (JEMS/MMS:CSGMT) D4
CHERCERHBLET. AFEZITHICHADE L 0E)
HEMREFTEE T LA, WZNEERRXETE KB
Z, WTFRF, FREET, HHE—H, =FHNEEIL,
AFHEFHERIECERHBZ LT, 2ARR2OHE
FTCRECODAVELSHIEEEE L, ELTRE
BEE®REE, MUKEEETERME R
B, FEEEH REKEBREE, AiokEEhEEICRE
CRBMEHLET.
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