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BELRFEOWEMNEE - 7cB, TTRLAVBWMOMALHEDT, BRLREEZFOBRERORSE
THolio CTHICEDWK 20D, REDBVKRERMNEILINI, FTHEEAR, LT LEIHR
ZFICHTL S Salmonella DR, Kiz, BHIANHER CHREIhic rec—assay DK, T D
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BICKERDREE ETFOoNICER DT LIZ, ZREZFRM ENARK L DIL@EME— @70 agent
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AOROET T TREICVIETHU, TROFPICH, R, HKE, BHE, BEOTICTE
T. Salmonella P HEHORTHANS LBVEREEUWHDOHEN, RIHENBICES L, £
TR AT, AZERKESIODEVIEMEIAMTEILbIITHS, DT ELIZHNT
HHORETEREIAIZ, BEULTVW R LV IERAZIN TN, THOWVWHIMERES LA
HTETW3,

LTAT, ChIZIRAHRZEORELHS LB O, 2REFEMBHE VD EEAOB/KRIETE - 724
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FEALT, BHICHBRTNEIELEEZS, COTEREELBVWEB . LARESDHAZMRET 5BZ
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benzo(a)pyren NSRHE NI E VI EBEANSFERBED VI U v 2 FEH T 5 LAENHE &
NEPLEOVIAREHVEBEINIZCETHD, COBERTIT S/ DFICETN Sbenzo(a) -
pyren OB OLUTFTHBIETT, CORCLIEMAERIILELD -72& LTHHERICE -
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CZOMERMRICEIZETE 23T THE7, £EAROLIBEDHEEEZ I TYEMNEIET S
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Fig. 1 Formation of micronucleated
normochromatic (black columns) and
polychromatic (white columns) ery- peroral (full symbols) and intra-
throcytes by various dosages and peritoneal (open symbols) appli-
application routes of MBC. cation.

Fig. 2 Blood level of MBC at
different time intervals after

J.P. Seiler, Progr, in Genetic Toxicology,
(D. Scott, B.A. Bridges and F.H. Sobels eds )
pp 233, 1977, Elsevier.
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HEBDDIEV UMD 5D TV, PIZIFEEKREDTHHEDDVILRLENEDHTH S L,
SRIVSERIRTH S Aflatoxin DA CDEZ L EUEEBICEZ IV F A VF 2 UBKEICAIEL
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MoTEl, ARPADEETCTOHRICH, 12 BR-TH, B, ZOMOEWEDFICS,
Salmonella ICHBRRERZEC SHIBOEBNER - ICWENFET 5T Lbsbh - TS,
LabZhDBDIDIDOEERBOFICEDICSERICDILDFEELELTNSEDT, —GhRK 413 A%
BN X WP ENI LTI ZfTbhE LI -1,

COMEIC L, EXBBEL, EI5RALTIHIT 7B KWNES I

AMMKZEMED C EEAMDTRERLUILDIIODENHS D, THURBZ S BHEIZEB
LTNBTHE9, TOMICAMIZHEE APBES AL R NFET TRIICHEL D, b DB &
Fhs, ABICH LT mutagenic THB7E5(F B EDHICARICIEI NI BOEXRTERRAZERNED it
I, TOBERSINTEREENVENERDNS, ZOL, BEREICOEZERICETNS 7 7K
Y7 TR A FDRERFEEEZROIEELITEZAGENIT, BBISLDIETHS, L TENT
FRAB/EERMNENIE, URBEFENICEZTABREISHITEFELTRONBN B ENIE
SRAEZONB, LIABHAEKICOhbIIIEFEL TS,

—BRFBULECDBEERABEIZZINLLIVIEELI Do £7 drastic IEZ FH1EH
Salmonella &>, MIEIET detect SN AWHEIIME T OMICIE mutagenic ICEWT SHAB YW
(213 mutagenic ICEHPBEOHSHNIENENIZEZSHMH 5. L LERAMBELL BT &I, 1«
EZITMBEE TR I N/ mutagenisity D3DL D HBOHEMNS LE T MMIXT b carcinogenicity
HE—HLTOIEEPSHALNTH B,

R DEFEHEIS Salmonella Z Db DBEEH THESI NS ERERZFEWHEIZ A DKATII 4
ICIREIETE 5, EHONAICIEEMN, EEMIBETEIBETEINNEEZISLILTHD, TDE
ABFBELKIBVEIZ, AMTIRZOEREHT CLIITEIRVD, WABWEE -TERT S &,
Salmonella THHH XN 55 mutagenic #WHE NS dominant lethal 28 LA FNNIED M5
NBETENSbDMNE, Lich TABEMBE TIEBZETELOEVLIRBIIMIL LS, Ll
BRI B LIS, BIEYOPEBBIIFELTNSS LLy,

25 31CI3 mutagen HMEWICED T FTNARIC, MOWEED interaction THHELTLE D
TREMTH B0 RWNIBBINS LV TRESDEIONL Do MEEHIAZENRERIN T
WAWATL desmutagen ENVIDMNFEIICINTSs 2FTVDAKDOEDFICASZ FTIC, KONTHY
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CAVSHEBOAEETTVEL, BABREBEEI TS, TOT &iF, ThEDRBERICH,,
77K/ 4 FO mutagenisity Z{E LT LEIL DU SDOMFEELTOBISENLNT EZ2BERL
TWb, O factor BAIMEZFELHT I LR, ZFARBICHELNT ETIREZV DER DN B,

COMICAETEREHICOETEMRZREL T, EREWENE TS, BDBMLFEITLNELD
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COLICERRICE T B ERERFADY BN FELZEDDENM LV IIHENPLREL TR
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TIMET-TERREZBERT A LIEDS LUNET, HRRICEFI N7 23D, ThiE
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KBEW O repair BEXRK THONSEEXEERCHT IRRHOER
RAS - AT - HrHE (REES - HR)

1977 FDFZLKICENT, BRES VR>AXIF7IEDTAY ) — XOEKICH B repair
REOBBET VFMLHICHT ZREMOERL OBBREHE L1z THDL, 2 FALFICKHT 3
REZHEL repair BEEXZ AT ZEHKOHN, RBKLID B, TF MLFNICH LTIE. #IC repair
REBEROFVBBORZUEEZRT . LI BDTHS. bhhbhit, KBEEOWP?2 #hthkDf4 D
repair EEDOZRHKE AL, EELRFIC NI IRZHDERE KA LI,

" ® <& B &

1. B & KBEX WP2, WP2ier~ (uwrA™) . BLUMHESTWP2 4h5 HBELT:
chlorate it AR 2 T DNAICREAE HD, chl-4(4 (uvrB)). chi-6(A4(bio, yorB))
DFt 4R A co I6IC, # X IF 7 XHG46 FHD TA92, TA100, TA1535 %5 & IF TA1975,
%72, D3052 F#KD TA98, TA1538 5L TF TA1978 DAE THRICOVWT BB L7z h
SDOEKD DL, WP2, WP2her “tRIZEIVRIEEFIEA EHEEXREELLD, TA1535 TA1538,
TA98, TAL00kIIENNA €Y & —BIRAT %ESRIME+LLD, TA2,
RIZEK EBRF BRERRBHELIOHSELZZT 1,

2. BRFR . ROAMEDA FLEBICTFLEEEDT L+ ALK, N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG) & XU N-ethyl -N' - nitro-N-nitrosoguanidine (ENNG)

TA1975, TAiS7s

nitroso-N-methylurea(NMU) 88X U N-nitroso-N-ethylurea (NEU), dimethylnitrosamine
(DMN) # X 0¥ diethylnitrosamine (DEN), dimethylsulfate (DMS) XU diethylsulfate (DES)
AWz, 61, P-propiolactone (APL),

2-aminoanthracene (2AA), 2- aminopurine

furylfuramide (AF-2), 2-nitrofluorene (2NF)
sodium p-dimethylaminobenzenediazosul fonate (DAPA) D 7HOZLERFEICHOWT HERETT
>te THHED 5B, 2AA, BaP, 2NF(3 dimethylsulfoxide (DMSO) ¥ L, fldBER
BAICHEBLTERICH LI, ThOZRFEOKRBE L Tables 1, 2SR L1,

3. EBRAE . ERICIIKRMESOD preincubation i 3) 2 —EWk A LTHWV, ZOER AR, B
th 0.1ml, S-9 Mix F/CIHMEMM 0.5 a/IC B 0.2m 2 MZ, 37C 30 4R preincubation
Licl &, FROEREHES 200, EMTIKEXBL INE LI ENRETHS, S-9 Mix
OHRBUCIHERDS-9 (Litton Bionetics B, Aroclor 1254 FHD SDHET » D S BN )
R LT

(2AP), 3,4-benzpyrene(BaP),

# B & = =

fER( Tables 1 BLU 215, 2HROFHRD 3 0=—-KOFHELE IEAUTE Y LT TER L.
Table 125, ABEICB LTI TROERENBONI. (VWP 2 RMOKTIE, TFMEAICHT SR

- ALENCE L THRB S DRERE RO,

BN A FULENICH T ERZELD S EMN o720 (2)WP 2her—#R, chl ABRBXT chl-6HRD repair
HEERIBEETIE 2AA, AF-2, BaP, DAPA, APL LWL TREUEMNELI(®I 7o ()
her— ¥k chl -4 BT, TAFVALFICHT 2 BEZHICETO EABERNASNICHATHA T,
otze LD L, chl-6BRICBWTIZ T F MLFNCHT 5 ER3ZMNS, BOWP2HR ICHNFZEITHEML
fro —H, FXIFT7RED G46 FTHDH#k (TA1975, TA1535, TA100, TA92)Ti, Table 2
AONBEIICKBED WP2 Bsitk & 2 HIc, * FAFICHT 2 E2HEHS = FALEICKHT 2R
2HELDBEN 570 T2, D3052 KD frameshift 2Rk (TA1978, TA1538, TA98)Tid, <
NSEDOTNFNFNCHT 2 RREDERIZHATI A, 570

LEOKBEORBEREN D, chl-6#DLHIC WwWTBREFNS broBIERFETRELT
4 (bio, uvrB) #RICIEB &, BHROWP2 (uor™) 8k, chl-4 KDL D ICREBHD AT 4 (u
vrB)#, HBVIRINSLEIRIEILER (oA~ ) 2 ED her HKRICHKN, TFVMERICHT 5 &
ZMEMNBIMT B Ebh oo # XIF 7 AED G46 R D repair HAERHEHR(TA100, TA 1535)
I REEADS gal REFICETRALR, KERREESD 4(gal, bro, uvrB)BRTH A3, ©iIXO
IFMEFNCHT ZRZEFBEEKIOEMLTNS, COBEEDS, wwrB»”5 bo il ESH A
repair BEEICETARMOREFEZBUTELESELON, COBEFMHRETHILICLDIN
SO/TIFAMMERICHT BREUENLOBEE DT OD EHREH S

KIS, SEOKBERIL, TFMEAICHT 2 REZHICBLTEIRESORREFII—K LI, £
2L, # X 1F 7 ZAH TA1535 5%k ®D ENNGIIX T 3 REHICOVTIR AHEL T —F, A Fw
repair EED A L REHEOMICITHBBE/RIRZDON
B otco COBMBICHONTIE, BRESEDADNOERETRERFEOXRBENR TWEI L
YATRBHETH 50

DX HiC, base pair change Z#HT ZERBEE NI E D, BRICKDZERRICHT 5 R4
BEB STWB, X7 YV —=V 7 Y27 LDHTREKRELT, X IF7 RBCMATKEHE, #IZ
HABRETHAN WP2 RHOEH#E B VI LZ, BEZRRBRHOBELINT 58K, bHFMRYE
MRKEWHEVZ LI,
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4) KA #, HKBEAZ (1971), BABREFS F43@EKE, @M.




Table 1. Induced revertant colonies in the derivatives of
Esherichia coli B/r strain VP2
Agent Dose S-9 WP2 hcr™  chl-4  chl-6
plate Mix
( Marker uvr) + uvrA a(uvrB) 4 (ul:'i:)B)
- (water) - 20 44 74 56
MNNG 10 nmo1(1.47 g) - 417 416 477 664
ENNG 10 nmol1(1.61 }Jg) - 1466 2218 2137 5300
NMU 800 nmol( 82 }Jg) - 536 261 486 498
NEU 800 nmol( 93 );g) - 2873 2041 3500 6300
DMN 68 umol ( 5 }ﬂ) + 125 327 205 426
DEN 46 )Jmol( 5/1]) % 1230 1244 1213 3200
DMS 3 )Jmol( 380 ug) - 18 45 55 49
DES 3 pmo]( 470 }jg) - 111 941 1188 7200
6PL 280 nmol( 20 }Jg) - 28 1056 1086 1537
DAPA 100 nmol( 25 }Jg) - 207 1190 2003 1296
AF-2 0.09 nmol1(0.02 )xg) - 30 1196 1212 2072
2AA 26 nmol ( 5 }jg) + 26 70 84 59
BaP 79 nmo1( 20 }jg) + 22 162 130 242
2AP 3.7 )Jmol( 500 )Jg) - 119 132 203 139
2NF 47 nmo1( 10 }Jg) - 19 49 64 30
Table 2. Induced revertant colonies in the derivatives of
Salmonella typhimurium strains G46 and D3052
Agent Dose 579 G46 D3052
plate  MiX  gpig75 TA1535 TA100 TA92  TA1978 TAI538  TA98
rfa - - - + = = -
( Markers wrB )+  (del) (del) + +  (del) (del)
R-factor - - + + = = +
- (water) - 4 8 141 6 12 9 61
MNNG 10 nmol - 10500 7300 7700 8500 10 6 77
ENNG 10 nmol - 147 116 807 174 1 12 123
NMU 800 nmol - 12000 7200 8800 12000 8 12 78
NEU 800 nmol - 146 2300 1256 185 12 17 151
DMN 68 umol + 475 2512 2312 4500 17 15 30
DEN 46 umol + 46 103 777 74 23 12 62
DMS 3 pmol - 50 32 312 63 10 10 53
DES 3 umol - 527 2700 803 217 14 7 57
¢PL 280 nmol - 17 4400 3800 20 1 1 71
DAPA 100 nmol - 13 32 1322 37 51 267 751
AF-2 0.09 nmol - 3 18 2700 5 12 14 585
2AA 26 nmol + 4 107 1753 7 16 490 593
BaP 79 nmol + 24 17 2026 6 26 34 191
2AP 3.7 pmol - 8 27 327 12 12 10 60
2NF 47 nmol - 2 14 1840 7 196 1124 1765
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BAMET A ENTEE b0 LRSI NE, 40, bhbhid, BEZEEFERWEEZA . LCOT
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BRSO S a0k ST 7 %5 & ORP AT S A MAGA L7, Ansamitosin (ANSA)®
busul fan (BUS )3)‘ L7 6 —mercaptopurine(6-MP )“li*—."aﬁbﬁiﬁ@lﬁf%ﬁﬁb\to
Colcemid(COLC, C iba)4)‘ colchicine (COL, #1t).
HCL(ARA C, Aldrich) 4)\ Endoxan(EX, Asta )4)‘ mitomycin C (MMC., #HF%E
g)‘%), triethylenemelamine (TEM, Polyscience )5) L Fvincristine ( VCR,
Lilly)" aE@emA L THA Lis

ANSAIZ10% 42/ —wIiZEEREL, BUSE6-MPIZ1%CMCICEE L1z, Dok
BERBKICER L, BE55&TFTId10m,/ K body weight & L1,

1085 (C3HxSWV) Fi =y 2~ Lat(b&%e 1 BIEEARKRE L. #EBI R 1ITRL
1eEBOTHB, BPHIIZFHS KL L1, FRERICEOT, ERERTEHFTONMLEET S
FROFROIEEEHSEEMFEG IR L e L THEBICAO S L 2R L1, #5505 24FE % 721330 BR#E
CEWAEHRRICLOBER L1, B3I OKRBE LML L. SHMaL4 RENE TRV Lo
B AR OO Lo, MEARE T, HEE CKOBOMFICHRE X4 1, C OMfaFER %
274 F77AEK L, R, BE. FLrrREEFIE, BRE L1,

3. TEMFAEVCRTAE LA~y 2L O, 20O/ FRMAR (micronucleated
erythrocyte : MNE ) Z4E& flith L, 100505 v v X &M L TERBE 24772 - 120 2500
FICHK UIBER ET, EMNE OMlaEERE D) 8 KIZERE (d) %/ ¥ 2 CHIE L1, MiaE
PIEDOBHEHAHTEOBE IR, FHEE & LTHE Lo

LEDEBRT d=D/4 L7 ZMNEDHEMNVCRHETHS., TEMHTEN EHHHLLOD
T, oL &HTHOE L 8 OBRAKICON T, d=2D/4 LS5 MNE OEEER DI, EBIIL

cytosine arabinoside




BMfAICHIT5d ED EABEBMET CEELE L, dD /4% LIbshEIpEHELIL O
EEHENEESHEICIE. BRICKVHEL S

® B & E £

TEM% 7213 VCRTAE L-BWICH1F 384 MNEIC>WT, MEEERE (D) (x4 5/ BE
(d) 2B 170 y b LIcec VCRETIRIBEAEDd M1 ~4p OBEARNTH - 120Xt LLTEM
BTl 1pfi8ThHole VCREBIUTEMBEICEIIEDDBLZO®HEIZ. Theh 3~ 102
BLUE5~8u8THo1o TEMBEHCHIF A DOFHR 3. FIEER TH -~/ ORI\ 555
HARMBROMIVE ERE OB IC—HK LT 2o TEMBL U VCREHC B BEFMIIMNEER21C
TR L1chs, /Mg B & CHIBE OEENTEEICE OV THIE DRI > TS T Ehibh s,

Gt ITHIR T BT 5 ST S h B/ ML (2, R SRR OB B kT 2RI ks 5
RENB ML D bAEOLEREINZ DT, LECBREIELTHSI, VCREICET S MIE
EEDIS-o% i, ARMROMBEMAEICEIEHREDOREELRBR LTS bDEEZS5N5, VCR
2, MBEAR DA 5T, MAESRICEOTHLEERBZEI LR L TO A IVEORRES CREXE
Ri2d fowd, MFE OFEEIEAR 4 kMl OB ABR L 1 bD EBbN 5,

B 1R ek D, VCRAEFETIZId=D/4 ODER LY LICAIEFTEMNE, 7805/ D
EEHENERTSROROEE DL L DX OMNE, OBBEHHL (74%) DICH L, TEMBET
FE O (2%)0 SOK D EMEMDS fh DR EEKUMTH A EBEEER ICOOTHRDONE N E ID
AR T 1D DERIERE., TEMBLIFVCROFERELEBIL, E1ITRLIS

gtk gMTA| (BUS, EMS, EX, MMC, ARAC %722 6-MP) 25 L7-B#Tid. d=D/4
LISAMNEDSEEFOTh b8/ v —€ v FUREED > 700 —H. $hEEKBEEAR (COL, COLC
FIIZANSA)ABELIEETIE. VTN 50%/IBE EmMPoTe LIcH-T, d=D/4 &£ 785
MNE OHEICES T, FBELLEEOUWTAIZT T TEMtype & LT, % 7c#E&REA
133 ~T VCR type LLTHET S LMNTES, YU EOKRIL, IMEOMBE IC0 3 2HE53H
RRKEXIAZFNB I LICL T, I EAREOMILIZETEEAALZHEE LIS T EEARL TV S,
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270 (1977) 721-722

3. Leéonard, A. and E.D. Leonard, Cytogenetic effects of Myleran in
vivo on bone—marrow cells from male mice, Mutation Res., 56(1978)

329-333.

Maier, P. and W. Schmid, Ten model mutagens evaluated by the
micronucleus test, Mutation Tes., 40 (1976) 325-338.

Matter, B.E. and J. Grauwiler, Micronuclei in mouse bone-marrow
cells, A simple in vivo model for the evaluation of drug—induced
chromosomal aberrations, Mutation Res., 23 (1974) 239-249,
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micronuclei arise from acentric chromosomal fragments, Mutation

Res., 44 (1977) 63—-69.
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Fig. 2
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A plot of the measured diameters of the micronucleus(d) and
the cytoplasm(D) of each of 100 micronucleated erythrocytes
(MNEs) treated with either TEM or VCR.

Photomicrographs of bone-marrow micronucleated erythrocytes
(MNEs) representative of TEM—and VCR- treated mice.
a—c: from TEM-treated mice. d—i: from VCR-treated mice.

The scale=10 4.
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Table I. Frequencies of micronucleated erythrocytes (MNEs)
containing relatively large micronuclei(d 2> D/4) after
treatment of mouse bone marrow cells with clastogens
and spindle poisons. (5 animals in each group and
20 or 40 MNEs countéd/animal)

Compound Dose Duration No. and (%) of MNEs analyzed

(mg/kg) of Type of MNEs
treatment (h) d<Dp/4 dz2D/4 (%)

TEM 0.3 24 98 2 ( 2.0)

BUS 30 30 197 3 (-1.5)

EMS 400 30 100 g(o }

EX 50 30 929 1 (1.0

MMC 3 24 195 5 ( 2.5)

ARA C 50 30 99 1 (1.0)

6-MP 100 30 98 2 ( 2.0)

VCR 0.125 24 26 74 (74.0)

COL 0.625 24 46 54 (54.0)

COLC 10 24 56 44 (44.0)

ANSA 0.33 24 47 53 (53.0)

Mitomycin C [CL 2 BEKEFERAOMIREHTR

—VEED - LFGF— - HHERE
(RHEXS - FRHARAH )

CEWEICE VFR SN B BERIHEBT ICE U ek BRICERT 2 C &3, Mtk o
FWFICZDOIEA%A/7RY triethylenemelamine (TEM ) ZOWE CHOMICIN T 7201‘4) L
U MM ® L O REMIR (O L CEMBREERA B IWEICE LTI, 2 +4BBaNT
AYYAN

Boald, KFSICHOT, BECETS mitomycin C (MMC ) BT 5 — OEBRAER £ 8
LTe7" " chiCORREAREBIOT 5 L KDL SO THB. CP4 1 FHM v 24 MMC
% 3mg /K | BBIEARE L, Utk 7 8 1Cb 72 238 % OBMRERBRAITO & & bic, A0
TXRH# 3B B OHEDOFEL SRR L CHIEBE AT - 120 S50, MMCAEE L~
T RICHE O TR Bkl D OFFHE & OTERERIC R % 108 7O BB A RRB0ICHE Ui, B
BARBRICE T, BERATB L UBERE OLFREUIIEER LEEMICHEML. £ 6 B TREHEET
L7ctk, B AR SN tc, SHIIERE OB, 3 70b LEKRA OMELHERTH - 17,
Fl, B5BLV 6 BOERKIZ60%BICETTET Licec MMC 285 L7-#ih% D 3 B EEICHN
TH5E LECIGRITROBINAS S, BHERIELRIKS 6 ATR G SHEE CBES M, Lh
L. REDHEARETROTHOBICEOTHHEERRE 25T 20 OFE ICHR EENTE & /1%
BH 6N ipote —FH, MMCEELE~Y 2OBFHIZE S ATOORD L, 6 BTIIBO
500 UATFICET Lo $7c, HEICRE LB T AEFII5~6BICK O THEDOB L Z 25 1cm L
1o INGDIENL, MMCOBEIL K O FHBAT 2 1200 ICRZRESN AR L. BRI sk
LTLE I TENTREN B,

ZITHE, EEICAZRHEIMEMLTO B0 E I EFNE 120, B~ RICMMC % 3mp,/kg
BE L BEHEEARICE O T, KR OHR SNz OSE D SHEIEE 1 285 55 X 08 24 B O fR %
ﬂmbfﬁﬁ®ﬁé%ﬁﬁbtoit‘MMC@i%ﬂ@uﬂ?éﬁ%ﬁm&%éﬁiﬁﬁ%ﬁ%t
DEEHAS B 12, B LI~y 2 OMEMI S &L U8 — 0l TREALER L, REM
Ha O B SR AARRED ISR 6D 126

HINE 126 LU 24BEH DR IO T, TZREIHE 3 BIUME L72 S L, & OB 112
6 BTREMAER L1, AZRIP O BUSEE ORERZE (i 1 2F5RIB BT & 24 B B IR T b 221272 <
TL3AERICHIT BRITEDZNE 2 bHTLL—F L, &5 ICEHBSERBRIC IS 5B IHFE
CEOEME B Y—K L (Fig. 1)o IO END, MMCICL » THER S W2 EHBIIFEL
DERRIL, FRFERH 3 BHICIIEM L TRITIE (J8) £72D, BERT B L HET B eE
Zbh3,



Fig. 2 ICAMMILIC 1) 3R hBBR ORRER Lice MMCREH 7 AE 3T, MEMATE
o otk RE DRSS & CHRBEE DE T A b1z, F—RMEMIATIE, K511~ 13 BB K
EHRRENBEICEEIN, MBS LD LEMARBENET LI, £I5T, 3HERTIMM
CRE#NFHOBICKE T bR EARE OB ZIHMMIBH S TOENOT, MMCIKLDRE
wﬁﬁ%ﬁ%éhtﬁﬁﬂ@ﬁ&dﬁﬁﬂﬁ@&&Aauﬁ%ﬂﬁmﬁﬁf%&LtLiﬁt%ze
Nd,

Bl F. —HOEBREERD D, MMC Ofvy 2o 2EHHFEMFEAOER I, TEMO KD ICH
BECFEREIN R OERESPRAER TR T 52 LICEET 20T, MMCH4EREM
Bk R AR L THEIES 103 S LICk DM THERD SHB T LIEHD, T OMRA
SREIRDSEINT B 1o0b IC NE A S HAERAIFE AT 5 LG S 5o
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1) Brewen, J.G., etal.(1975) Mutation Res., 33, 239 -250.
2) Matter, B.E.and I .Jaeger (1975)Mutation Res., 33 251 - 260.
3) Hitotsumachi, S.and Y. K ikuchi (1977) Mutation Res., 42, 117-124.
4) Binkert, F.and W.Schmid (1977) Mutation Res., 46, 77— 86 .
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Explanation of figures
Fig.1. Frequencies of unfertilized eggs at 12 and 24 hours post—
ovulation and those of embryos degenerated on day 3 of
gestation as well as preimplantation egg loss after paternal
treatment with MMC at 3 mg/K¢
Fig.2. Time —dependent frequencies of spermatogonia and primary
spermatocytes with chromosome aberrations in mice treated

with MMC at 3 mg/Kg
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ICPEMC

(International Comission for Protection against Euvironmental
Mutagens and Carcinegens)

D=a2—2Z (Ma3) BESLNTEF LLOTHRNMKRLET,

75k, BEBERICOWVLTIE

INTERNATIONAL COMMISSION FOR PROTECTION AGAINST
ENVIRONMENTAL MUTAGENS AND CARCINOGENS

Mutation Research 3z ICPEMC NEWS Nr. 3
Vol. 75 (1980) 203-204
” v ( #» ) 205-213 The International Commission for Protection against Environmental

” v ( » ) 215—-241 Mutagens and Carcinogens (ICPEMC), founded in January 1977 (Sobels,

ZRBRT I, 1979), has initiated in the past three years an international exercise
to study the potentially hazardous effects in man of mutagenic and car-
cinogenic chemicals. In this way ICPEMC has responded to the widely re-
cognized need to develop a scientific basis for the preparation of regu-
latory guidelines and of initiating new research and approaches in the
field of genetic toxicology.

The most pressing requirement is to apply scientific expertise
to the interpretation and validation of short-term screening tests to
detect the genotoxic activities of chemicals.

ICPEMC has adopted a structured approach to study the scientific
background of major problems in genetic toxicology by establishing five
Committees. Each of these Committees has been allocated the task of eva-
luating particular parts of the overall mission. In September 1979 all
Committees met together for the first time at "Chateau de Ripaille",
Thonon, France, in order to exchange ideas about the problems involved
and to develop programme strategies.

Committee 1 of ICPEMC (chairman: B.J. Kilbey, Edinburgh) is in charge
of the validation and comparison of short term screening systems for the
identification of possible genotoxic activity of chemicals. During the
first year of the work, the Committee has chosen several specific tests
for detailed consideration. These were whole mammal tests, sperm abnor-—
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mality tests, Drosophila sex-linked-lethal test,. im vivo and in vitro
cytogenetics, mutation in mammalian cell lines, yeast mitotic gene con-
versicn and recombination tests, ané bacterial mutation and repair tests.
The available data in literature are clearly far from complete, but as

a result of the discus§;ons a clearer view of the.value of these test
systems and of their shortcomings also was obtained. Committee 1 is pre-—
paringAa number of workingpapers and position papers on the subject of
those tests for which evaluations a?e nearing completion. An important,
but in general neglected area of mutagenic screening tests, is the test
for "induction of aneuploidy". There are tests available both fér meiotic
and mitotic misdistribution of chromosomes in fungi. Moreover, meiétic
induction of aneuploidy can be scored in mammals and Drosophila. At pre-
sent, however, these tests have not been validated and Committee 1 is
intending to undertake a review of tests forvthe induction of aneuploidy,
and, possibly, make suggestions for new research.

Committee 1 also discussed a proposal to eliminate cytogeénetic tests
from prelimina?y mutagen screening tests. The suggestion is based on the
findings in Drosophila that far higher doses are needed to induce chromo-
somal lesions with chemicals than sex-linked-lethals. However, while the
Comnittee members accept this result for Drosophila, they have reserva-
tions in extrapolating from such a limited database to organisms in gene-
ral. They would, therefore, prefer not to eliminate tests for chromoso-

mal damage from preliminary screens at this time.

Committee 2 of ICPEMC (chairman: D.B. Clayson, Omaha) is in charge
of evaluating the relatiop between mutagenic and carcinogenic activity
of compounds. This relation is of importance in assessing the utility
and accuracy of certain rapid screening tests for the detection of car-
cinogens. These tests include microbial, mammalian cell and insect muta-
tion, cell transformation, inhibition of DNA synthesis, stimulation of

DNA repair, DNA adduct formation and many others.

1t is noted that these systems, which recognize genotoxic agents, are
dependent on the presence of adequate enzyme systems and co-factors to
convert pro-carcinogens and pro-mutagens to their active forms. Committee
2 also'noted that some agents may considerably enhance cancer incidence
without demopstrating overt genotoxic effects. The Committee is aware
that the magnitude of scientific effort expended on each system varies,
fhe greatest effort having been in the micrébial mutagenesis area. Also-
there are a number of important validation experiments in progress which
will demonstrate.the reproducibility of these test systems in different
laboratories and their utility in predicting cafcinogens. Pending the
outcome of these studies Committee 2 is of the opinion that information
from rapid screening tests for carcinogens be interpreted cautiously as
a possible indication that agents may be carcinogens. It recommends that
the results of such tests should not, by themselves, be regarded as ade-
quate for the regulation of an agent as a carcinogen, nor that an agent
is ﬁnlikelytx)enhance the yield of cancers in the whole animal. Short-
term tests are, however, useful warning signals. For every agent the
weight of all relevant data should be assessed by experts in all relevant
fields.

Two working papers of Committee 2 have already appeared in the
literature. The first paper by D.B. Clayson is entitled:"Differences
between Zn vZvo and in vitro (1980 ); the second working paper of
Committee 2:"Metabolic differences inm vitro and im Vivo" is written by

A.S. Wright (1980).

Efforts are undertaken on a national and international basis to
compile data and to develop methods for detecting and evaluating the
mutagenic/carcinogenic risk of chemicals. ICPEMC has recognized that it
will be.important to evaluate different regulatory approaches in order

to compare ths rationales and backgrounds behind them.
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Committee 3 of ICPEMC (chairmen: E. Poulsen, Copenhagen and A. Kolbye,

Washington DC)iscpmpiling,reviewingandinterpretingexisting national
and international regulations and legislation. Since cooperative inter-
national regulation of chemical exposure is required if carcinogenic and
mutagenic risks to man are to be minimized, Commiétee 3 also would like
to deVélop recommendations for the harmoﬁization of control procedures.
An inventory of existing legislation revealed considerable diversity with
multiple schemes, both nationally and internationally, based most often
on the use and exposure patterns of chemical classes: pharmaceuticals,
cosmetics, food and feed additives, agricultural, industrial, or house-
hold chemicals. In many cases specific'requirements for testing of chemi-
cals existed in the absence of substantive legislation regarding control
measures based on the oﬁtcome of such testing. With regard to occupatio-
nal exposure, legislation concerning monetary compensation was more common
than legislation for the primary prevention of cancer at work. National
legislation controlling manufacturing practices, applicable internatio-
nally, did not uniformly cover export and import of regulated chemicals,
opening the door £o either "dumping" or illicit manufacturing elsewhere.
Committee 3 generally endorsed testing schemes in which data would
be generated in a step-wise manner, with provision for the application
of administrative or legal judgement at various stages in the progressive
elucidation of the effects of a chemical. Selection of particular test
procedures should be based on sound scientific principles, including
sensitivity, specificity and predictive value with respect of clinical
endpoints; the range of endpoints covered by the total testing system
and the reproducibility of results within and between laboratories.
Committee 3 recommended that control measures with respect to
chemical exposure should be designed to achieve the optimum risk-benifit

balance. National priorities, such as combatting nutritional and commu-

nicable diseases may, in some cases, justify use of a potentially carci-
.n&genic pesticide or drug. More generally, benefits to be considered
might include therapeutic properties, a unique biological activity in
food production, orAan “indispensable role in an industrial process. Con-

sequences of control measures could include loss of consumer benefits

~ (health, cost, convenience, or aesthetic); and losses due to required

technological chahges or displacemeﬁt of labour. Against these must be
plﬁced the need to protect the public, or significant segments thereof,
againét avoidable, substantial risk of cancer or‘geneﬁic disease. Com-
prehensive risk-benefit analysis would facilitate'selection of the place,
time and stringency of regulatory intervention.

Committee 3 gave special consideration to the problem of responding
to positive results in limited (even single) -short-term test system.
Generally, more extensive testing would be required before any control
measure could be justified. As for any other outcome of testing, such
results could only be interpreted after review of the overall implica-
tions of all available information regarding usage and human exposure;
risks and benefits of control measures; physical, chemical and toxicolo-
gical profile, gnd any epidemiological data. However, if a compound with
mutagenic properties has no perceived societal benefits, exposure should
be minimized. On the other hand, provisional approval might be granted,
subject to revision on the basis of new evidence, in the case of socie-
tally useful chemicals with only limited exposure and low potency.

‘In the case gf a clearly established carcinogen, regulatory autho-
rities must choose between prohibition, and control measures of varying
stringency. The committee again recommended analysis of the risks and
benefits associeted with each regulatory alternative. Consideration should

be given to the availability of a non-carcinogenic substitute and to the



feasibility of achieving zero exposure. Control measures might include
restrictions on manufacture anq handling, limitations on sales, setting
of residue limits or action levels, establishment of exposure maxima,
use of protective clothing and equipment, requirement for 'packaging and
lébelling, and many others, depending unon the p;rticular context.

It was recognized that regulation of.chemical exposure requires
many difficult value judgements in which science, the law, and moral
philosophy become intertwined. What constitutes "acceptable risk"?

In some cases the decision may be clear, but in others wide consulta-
tion may be required. Specific segments of society may not agree on the
relative importance of risks and benefits.

Committee 3 concluded that international harmonization of methods
for both assessing risks and reacting to them would assist in removing
value judgements from the emotional milieu of particular conflicts and
prqmote their scientific resolution. Committee 3 of ICPEMC will conti-
nue to foster such harmonization, through review and analysis of the

nature, rationale and implications of existing and proposed legislation.

The ultimate goal of all scientific evaluations in this field, how-
ever, will be the extrapolation from test data with chemicals to risk
estimates in man.

ICPEMC recognizes that for the understanding of gene preservation
and genetic load in man epidemiological approaches are of vital impor-—
tance. Present information about the frequency of genetic diseases is
of limited use in this context and relevant epidemiological data are
rare. Scientifically, the preparation of statements on epidemiological
approaches and tactics seems to be necessary in order to clarify both
the potential and the limitations of epidemiological methods in the study

of environmental mutagenesis.

The study of epidemiological approaches in ICPEMC is undertaken
py Committee 5 (cﬁairman: J.R. Miller, Vancouver), which started working
only'in September 1979. The Committee will collect and evaluate existing
data on the incidence and prevalence of genetically determined diseases.
The Committee also intend; to evaluate the potential of new techniques
for the study of mutations in somatic cells in population surveys. It
also is intending to study data on chromosome abberations in man. These
data fall into three categories: (f) the prevalence of errors among new-—
borns, which reflects germinal damage, (ZZ) the frequency of errors
among abortuses and (iii) the frequency of errors observed in somatic
cells of individuals exposed to mutagens and carcinogens. In addition,
the Committee intends to examine the potential of abortuses from spon-
taneous termination and'of studies of germ cells and sperm morphology
in the development of monitoring systems for mutagens. The Committee is
well aware of the fact that there is a great deal of available epide-
miological data on populations exposed to proven or suspected mutagens.
However, it is the opinion of the Committee members that much of this
information is of limited use. It is hoped that the critical examina-
tion of the available studies, will lead to a better appreciation of what
constitutes appropriate epidemiological studies in this field.
: Quantitative estimation of mutagenic risk of chemicals to man is
at the moment not feasible. Several factors and problems hamper a scien-
tifically acceptable estimate of the hazard associeted with genotoxic
chemicals. Among these are: (Z) the estimation of the génetically sig-
nificant dose, which is defined as the weighted average gonadal dose,
(Z%) the possibility that ageing causes an increased sensitivity to
mutagens, (Z7%) the likelihood that individuals vary in the response

of germ cells to mutagens and (ZV) the amount to which man can withstand




the detrimental effects of mutagens, bearing in mind fhat during evolu-
tion all organisms have been constantly exposed to "natural™ mutagens.

ICPEMC has founded Committée 4 (chairperson: M. Lyon, Harwell) to
study in detail all problems relating to risk estimate of geﬁotoxic
chemicals. This Committee already has prepared nine interim working papers,
which were discussed for the first time at.the combined Committee 1-5
meeting in Thonon, France, éeptember 1979.

Two major themes running trough the discussions concerned the
meaning of dose and the form of dose-response curves. Unlike radiations
for which there is a linear relation between exposure and absorbed dose,
for chemicals the relation may be non—l;near for many reasons, including
processes of uptake, excretion, transport and metabolic conversion of
the agent both in target cells and elsewhere. The absorbed éosg of inter-
est is that occuring at the chromosomes of gérm cells. The Genetically
Significant Dose (GSD) is this dose weighted according to reproductive
expectation. Ideally some form of chemical dosimetry might provide
information of GSD, but at present we know of no practical methods for
this in human populations. There are however a variety of biological
measures that may detect gonadal exposures in man, inclusing rates of
abortion and of congenital abnormalities, frequency of abnormal sperm,
and the technique of using hamster eggs to reveal the chromosomal consti-
tution of human sperm. Measurement of chromosome damage in somatic cells
may also provide a useful indicator of possible genetic hazard.

Use of data from somatic cells involves extrapolation fromone cell type to
another, and in many estimates of genetic risk it may also be necessary
to extrapolate from one séecies to another. The study of structure-acti-
vity relationships may be valuable in extrapolating from one chemical
to another, particularly in deciding which compounds to test. The Committee

recommends the study of computer predictions. -
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Specific aspects of risk estimation discussed included variation
in sensitivity of éerm cell staées, and mutational spectra. The varia-
tién in sensitivity to mutagens of mammalian germ cells at different stages
of aevelopmgnt can be Gery large, so that all stages must be considered
in risk estimates. At present the reasons for these differences in sen-
éitivity are unknown. There is some light evidence that germ cells of
aged animals may be more sensitive, but further work is needed.

The spectra of genetic changes produced by different agents are
variable. In particular, the effect on quantitatively inherited traits
varies from agent to agent. The Committee proposes to stuéy this question
further.

Committee 4 considered the way in which genetic risks of radiation
have been estimated, in spite of the inadequacy of the data on several
points. For chemicals it seems likely that it will in most casés be
necéssa?y to make estimates on the basis of even more inadequate data.

For the future, the Committee proposes to prepare further papers on
various subjects discussed here, including biotransformation in germ cells,
mutational spectra, extrapolation, definition and measurement of geneti-
cally significant dose, and estimation of cases of genetic disease in man.

The Committee reaffirmed its view that estimation of carcinogenic

risk was outside its term of reference.

Apart from a general eveluation of risk estimate procedures the
need was recognized to investigate the possibility of whether a tolerance
limit to chemical mutagens can be formulated. Task group 4 of the ICPEMC
Commission is studying this problem under the chairmanship of A. Hollaender,
Washington. The first explorative effort of this group is concerned with

defining the concept of Mutagen Load (i.e. the amount of unavoidable

exposure to vari i < i i
D various mutagens in analogy to exposure to background radiation).
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Attempts to define this principle are at present being undertaken for

the following agents: nitrosamines,Amycotoxins, flavonoids, chlorinated

hydroqarboné and benz(a)pyrene.

In addition to th€ activities outlined above' the Commission is enga-
ged in respoqding to various other urgent problems in the field of envi-
ronmental mutagenesis. For this purpose task group 1 and 3 were establi-
shed. The first concern of Task Group 1 (chairman: B.A. Bridges, Sussex)
is chemicals for which significant human exposure may have genetic or
carcinogenic effects.

The task groups are charged to address a number of pertinent ques-—
tions in genetic toxicology, such as: ii) what is the genetic risk resul-
ting from "smoking" ? (Bridges, Clemmesen and Sugimura, 1979), (Z7) how
should animal data be used for risk assessment in humans ? (Jansen et al.,
in press), and (Z77) what can we learn from accidental exposure f?om

humans to mutagens ? (Bridges, Bochkov and Jansen, 1979).

ICPEMC will continue its work through 1980 in finalizing the reports
of Committee 1-4 and new reports of task groups 1 and 4, A major part of
these reports will be discussed at the second combined Committee 1-5 meeting

in Thonon in May 1981 and the Commission meeting in Lausanne in Octoner

1981 .

The activities of ICPEMC are sponsored by Institut de la Vie (direc-
tor-general: M. Marois). Part of the work of Committee 1 is sponsored

by EEC grant no.: 532-79-3 ECIN (NGO) .

"Verte Rive", February 1980.

ICPEMC Doc.: 17-1980-N3.
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