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Summary

Qualities of environmental water are generally evaluated by physico-chemical data such as
pH, chemical oxygen demand (COD), biochemical oxygen demand and total organic carbons.
Although these values show the quantities of organic and/or inorganic compounds, they do
not indicate the real adverse effects on aquatic organisms.

In this work, we examined seasonal changes in coastal water quality by using the
micronucleus test in marine fish as well as mutagenic assays and COD analysis of water
samples. The frequency of micronuclei in peripheral erythrocytes and gills of several kinds
of fish increased in summer, especially in hiiragi (Leiognathus nuchalis). However the
micronuclei frequency showed no correlation with the mutagenic activity of coastal water or
with their COD data. Therefore, the micronucleus test in aquatic organisms may be a useful
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tool for the evaluation of coastal waters contaminated with genotoxic compounds.
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Fig. | Sampling points of coastal water and fish
A : Shimizu harbor B : Mochimune harbor (@ seashore, O offshore)

C : Ooigawa harbor

1994).
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(MacGregor et al.,, 1980 ; #& E, 1996) 23b 5. fafH
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Fig. 2 Mutagenic activity of coastal water
Toward S. typhimurium TA 100 (-S 9 mix)
Each ether extract was submitted to the Ames test using
S. typhimurium TA 100 in the absence of S 9 mix.
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Fig. 3 Seasonal change of micronucleus frequency in gills of
Hiiragi
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Fig. 4 Mutagenic activity and COD values of coastal water (Mochimune)
COD value of water sample was examined by alkaline KMnO, method.

Ether extract of water sample was submitted to the Ames test using
S. typhimurium TA 100 in the absence of S 9 mix.
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Fig. 5 Change of micronucleus frequencies in peripheral blood
erythrocytes and gills of Hiiragi (Leiognathus nuchalis)
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Jo. WK%, HTLEREBIVINL, BEKTHT LA
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rFrz—7) BERLE, Bl ZHVT4RR-EY v
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O—% ) —INKv—F —TREHZFEL, BonlEE
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BERBRECA - 27 v —7THE L7 100mM VY
v EEEER (PBS, pH7.4) 0.5m/, RFEEK (=—7
WV R O X F NV ANVEF Y K (DMSO) CiEf#EL T
—EBEICLIzb D) 0.1ml, Salmonella typhimurium
TA100 CKEA Y 7 # V=7 K% B.N. Ames i+ X b
e an) BE®K 0.1 m/ ZEXNZ TEAL, 37°CT
20 FRMRR (v A4 vFax—vay) Lz, RoTY
7 b7H—2ml 2I0Z, T3ICBE LR, R/NERRE
(7 A AT 47 AN B, FEMiSE, ZREFEMERARA)
WEWT, B Y—ZET ., By »—v 2
BELT3TCT, 8RR L. FRLIERAFY VI
BERMERER v =—Hx HEHEES (Colony Anal-
yzer Systems CS-11, Y AT AV A4 TV R) ZFHWTE
#L 7z,

X & U T D DMSO % Fwiz, %7z, BHiEY
B & LT, 4-nitroquinolin 1-oxide (4 NQO, FIYGHi3E,
Bk, 0.1 ug/plate) ZRw7z,

2B, A—BECowT2HO7v— N 2EHL, %
ODFHEE2HEHL, B v —bDao=—%
(108~126) DFHERZLE|WT, HOERER I =
—# (Net His* revs) 2K 7z,

& R

1994 FEICEREX L 72 Kk¥# (A), FZ#EE (B), XHI
# (C) OWAKIVFARL Jo z— 7 VB OERE M
HERDFER % Fig. 2 =Lz,

Az ER (7 H) 12 74,960 Net His* revs/100
m/ EEbOTHVERFEEEZR L, LoL, ZORK
FOERFEOHES L CHKICOWTIRBEE TIKHES
PIITETWRWL, £z, FAFED9, 11 AB L UKH
JHED 10 H O#g/K»s 100 m/ %4729 553~760 Net His*
revs ZR L7z, 3HUACTHIEL 1/ NEIASEHOEIC BT %
/NS % Table 1 1R L7,
BHCHEL-AEOT TCRAIFINEDO LA 7)) M

Table | Micronucleus frequency in gills of coastal fish (1994)

Sampling
MN Frequency (%o)
Point Date

Shimizu Harbor 4/29  Kasago 5.4  Sasanohabera 5.3
(A) 5/22  Kawahagi 13.5 Kasago 6.9
Sasanohabera  10.0  Hiiragi 6.3
Suzumedai 8.0 Aji 5.0
Sakuradai 7.5  Mejina 4.8

Mochimune Harbor 5/1 Hiiragi 3.9
(B) 7/9 Hiiragi 9.4  Hiiragi 7.4
Vi 9.0 Vi €.3

Vi 9.0 Mejina

Vi 8.5 i 9.9
9/25  Hiiragi 9.9  Ishidai 9.4
) 8.8  Urumeiwashi 3.9

Vi 4.9
11/12  Hiiragi 6.8  Kotohiki 3.4
12/10  Hiiragi 5.9  Hiiragi 4.0
VJ 5.3 ) 4.0
Vi 4.5 Vi 3.9
Vi 4.4 Vi 3.9
Vi 4.4 Vi 3:5
Vi 4.3 Vi 3.4
Ooigawa Harbor 4/10  Hiiragi 5.0  Hiiragi 4.0
(C) 8/7 Kaiwari 16.7  Suzuki 8.9
Vi 16.5 Vi 8.0
Hiiragi 10.3 N 7.4
10/29  Mejina 5.9 Maruta 5.9
) 5.5  Hiiragi 4.2

N

4.4  Takanohadai 3.9

Table 2 Physico-chemical data of coastal water in Mochimune area (1995-1996)

Sampling COD Ether ext. Temperature

Point Dats (mg/l)  (mg/l) C)
Coastal 5/7 7.85 2.48 0.59 NT
6/3 7.95 4.33 0.37 19

7/12 170 3.71 0.36 22

8/2 7.97 2.17 1.07 26

9/4 7.85 2.48 1.03 24

10/3 7.63 2.94 0.48 23

11/6 7.85 2.48 0.57 18

Offshore 11/9 8.19 0.65 0.43 NT
Coastal 12/4 7.81 3.26 0.28 14
1/10 7.34 4.57 0.52 6

2/29 7.78 2.56 0.43 7

3/28 7.41 1.92 0.48 10

4/30 7.56 2.88 0.34 11

NT : not tested

16.7 %o & EWIMEBRBE 2R LTz, —7, KRB
WTREH (TBL9A) THA V7 IDBRES.4%LE
EERLDS, MOATRLTNOAED 0 % TIMED
FRIBOSNEPo T, BB, HELLAEOT TR
BESR LS ol E A 7 X ORI O W UIMEERFE
DENEH % Fig. 3 1R LT,
IhoDER»S, B (TH~98) k4 7F¥0

INEERFEES LR T AEAEZ R T I LS RS
7z, FRZ, AREB L UKRH)IEICE W TZ OEME L
SNCY (A

Ames FRERDFER D 5, ¥AKO T —T VY LHARE
nEEHEEERLUCAFECERL, »OAEDS B 1
FERET 2 2 EBAEET, IMEFEREEVSTEHLE *
mLlceAd 7 F2RRAE L T1995 F5 B» 5 1996 F
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Table 3 Chemical analysis of sea water and micronucleus frequency of fish (1995)

Sampling Sea water Micronuclei (%o)
Date Points COD Ether ext. Mutagenicity Fish species Erythrocytes Gills
(mg/1) (mg/1) (TA100, His*revs/1) (Number)

10/3  Coastal 2.94 0.48 294 Hiiragi (2) 0.5 4.4
Ugui (6) 0.1 4.1

Offshore NT NT NT Aji(1) 1.0 1.0
Kamasu (6) 0.4 1.7

11/6  Coastal 2.48 0.57 Ugui (3) 0.2 1.6
Hiiragi (6) 2.5

Offshore 0.65 0.43 Takanohadai (1) 0 1.5
Kigihata (2) 0.3 0.8

Matsubagoti (4) 0 1.1

NT : not tested
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RER 0 = —H2HEK 100 m/ 472D 1B L ¢ Fig.
41T Tz,

9H, I0ABLV 12 AEREFRSER2FB D, LorL,
ZEEMIZ 9 HD¥EAD 100 Net His* revs/100 m/ &
72D, 1996 FEDEIFFHA (600 Net His* revs/100 m/) &
HART1/6 DIEfEE 257z,

¥72, B4 7 F ORI EEICBIT 5 /AMEEFHREED
R % Fig. 5 R L7z,

KIEIMTIE7H, 8HI, 8T, TA~9IHKEHE
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Fig. 7 Induction of micronuclei in erythrocytes and gills of goldfish (Carassius auratus)

administered MMC (4 mg/kg)

MMC (4 mg/kg) was administered peritoriously into goldfish. At appropriate time,

peripheral erythrocytes and gills were submitted to the micronucleus test.
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Fig. 8 Induction of micronuclei in erythrocytes and gills of goldfish (Carassius auratus)

with and without administration of coastal water extracts

Ether extract of XAD-2000 adsorbates was administered to goldfish and

the induction ratio of micronuclei in gills and peripheral erythrocytes

were compared with those of control.

B) WWEEET 3 AEOARMIMME & O#IC B 3 /IMEFHEF
i % Table 3 I L7z,

FRESER DD, MIETE WS, FEREBHICERL
TREOEICOLWTHE L BE, BEALERTHE
AT/IVEEREEMET 7 2EAB A 5Nz,

Rz HEA DB HE & AEO/IMEEFSFEE & O
BxsE~7- (Fig.6).

KM /IMEFEFEE 3RO — 7 V&R &
r=0.798, BED/IMELAFHEE £ 1L r=0.821 & RHWIEE %
~L7z, UL, KOEEFM L COD B & U D/IM%
SREE L ORWCHEBEIRAS N Rz, £72, COD &
I—7 VYR O b Bk A O r oz, &
25T, BHIC/IVGERBEEL LA T 2EAB AN T
WA, ZOHRHBUKDAKBO EF L BEET 2 AL
bEz oM, 22T, BKADRLY KBEZHAFT
%, AESEELSAZHAVTET10°C, 25°C, 30°CD
KA T 3BRANEL L 72, KT MMC Kis# % BEEN

BELT, SOEKBTHEL, RENIC/IVEEFRE
Exmay L7z (Fig. 7).

WITNOKIRIZ BT H KA & B T/IMEDOFEFRLE
o, KEZCIZZEREDsNKLo72, LoL,
MMC #BH %25 L T /MG REEICET 2 £ TD
HEIABRMEWIZ ERIFEZ2E L., KPIHFET S
LB &0 BEO/IMEDFEREND Z L 2HERT S
728, &RICHAFEOHEKT — T VEY R EENZS L
TREFRFNC/IMZDOFEF 2 RET L7z (Fig. 8).

Z OfER, wAHmEYERS5E (A,B,C) ®5 5B,
C 2 EtEDORMIN B & I BT 2 /MG AR 13 FER
58 (controll, 2, 3) LINTEEERLK, AR
ERAKRADE, FRFECEKATH> THRBIZLID /N
BOBREELRL L I EBNTFRENLDT, 5611
KEAEFAE L THRNFTH S,
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KoETRAEREDI: S, FESFE3H 8 HiFTDE®
BFETRE 165X DH L WRERENE RN, B
BERREEMPLRE R b EEMEMENS L LI,
—HSEE ORE B EIE I NS, L L, BEK» o5 KEFF
fiiicAVws T3 COD »eHE#KRFE (TOC) & & D
HALFEAERIE, EEREORSCHETA2HETHY,
AREFEFOFKEMECERFEYE I L 25 R BET %
ZERETERL, 22T, EHSR, ABEGFOZNS
EHR - BAFRYEBAREC O »OBHES2EZ2 T3
b EHERIL, HmARESEET, ERECER2E
5 ENTEB/AIEHABROF AR AT,

HELEY Tl B S EMEE TH 2 25, AEOEE,
F & LT Mg EMEEEZ b > TB Y, KREFKH»
S HPRIRMER 2 4 LU CRMEREZEDHL TS EHF 2
SNTWw5, iz, AEOEIIKREIC LD AFROLE
MEOHE*ZFI T3 I ERtFeFRINE, 22
T, T - EASEIC O W TR & 88 % v T/IME
HRBE RNz,

A E AV /IMEEABCE L T, W D 0H
&% 2 (B S, 1996 ; Minissi et al., 1996). Zh
IEEHIFESAYE L REGSREME AV bDTH S
2, AfFFETIE, ¥EARFO T —T VAEEYE S AED
PRI/ EFRTH LR HERTHIENTE
=, '

Bhb R R TR L - A O T E /ML RER
HWAR, 4 7F (A5, 1986) 774 Th
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Summary

The rumAB operon, which was recently identified as Escherichia coli umuDC -complement-
ing genes, strongly enhances spontaneous mutagenesis. We investigated the mutation-enhanc-
ing effects of the rumAB operon on a low copy number plasmid. Its effect was tested at the
hisG46 locus in strain TA1535 and the hisG428 (ochre) locus in strain TA2659 of Salmonella
typhimurium. Mutability of strains carrying rumAB on plasmid pRW290 was compared with
the mutability of those carrying mucAB on plasmid pRW144.

In both Salmonella strains, rumAB promoted approximately twice as many spontaneous
mutations as mucAB. Both operons were equally effective, however, in enhancing sensitivity
to mutagenesis induced by various kind of mutagens, such as UV light, 2-(2-furyl)-3-(5-
nitro-2-furyl) acrylamide, 4-nitroquinoline 1-oxide, hydrogen peroxide, formaldehyde,
cumene hydroperoxide, 2-nitrofluorene, 5-azacytidine, and N -ethyl-N’-nitro-N -
nitrosoguanidine. When both strains carried either rumAB or mucAB, formaldehyde was
strongly mutagenic to TA2659 but not to TA1535, whereas sodium azide was strongly
mutagenic to TA1535 but not to TA2659. Neither rumAB nor mucAB genes seemed to

Original Article

enhance the mutagenicity of sodium azide or N*-aminocytidine.

Keywords : rumAB, wmucAB, promotion of mutagenesis,

Introduction

The products of the umuDC operon are directly
required for mutagenesis (for
review, see Walker, 1984). Four wmu-like operons
encoded on naturally occurring plasmids-mucAB
(Perry et al., 1985), impCAB (Lodwick et al., 1990),
samAB (Nohmi et al., 1991), and »umAB (Ho et al,,
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hisG428, hisG46

1993) -have been characterized at the molecular level.
The plasmid-encoded umu-like genes are functionally
related to the chromosomally encoded umuDC genes
of Escherichia coli (Kitagawa et al., 1985 ; Perry et
al., 1985) and Salmonella typhimurium (Smith et al.,
1990 ; Thomas et al., 1990). The S. #typhimurium
umuDC operon appears to have modest activity
compared with the E. coli wumuDC operon. The
samAB operon on a 60 MDa cryptic plasmid that
commonly exists in S. #yphimurium LT 2 and its
derivatives, including TA1535 and TA1538, does not
appear to express any mutagenesis-promoting activ-
ity under physiological conditions (Nohmi et al.,
1992). In contrast, mucAB and rumAB loci promote
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UV mutagenesis to a greater extent than E. coli
umuDC, and rumAB is 3- to 5-fold more efficient
than mucAB at promoting SOS-dependent spontane-
ous mutagenesis in E. coli (Kulaeva et al., 1995).

The enhanced mutagenic potential of mucAB in
pKM101 was exploited in the creation of the Ames S.
typhimurium tester strains (McCann et al., 1975). The
potent ability of rumAB genes to enhance spontane-
ous mutability suggests that its introduction into
Salmonella tester strains might increase their
mutagen sensitivity. In this study we constructed
tester strains harboring either the rumAB or the
mucAB operon on a low copy number plasmid and
tested their sensitivity to ten kinds of chemical
mutagens and to UV light.

Materials and Methods

Chemical mutagens

(AF-
2), hydrogen peroxide, and formaldehyde were pur-
chased from Wako Pure Chemical Industry Ltd.
(Tokyo, Japan). Cumene hydroperoxide, N-ethyl-N’-

2-(2-Furyl) -3- (5-nitro-2-furyl) acrylamide

nitro-N-nitrosoguanidine (ENNG), and 2-nitrofluor-
ene were purchased from Aldrich Chemical Co. (WI,
USA). 5-Azacytidine, 4-Nitroquinoline 1-oxide (4-
NQO), N¢*-aminocytidine, and sodium azide were
purchased from Sigma Chemical Co. (MO, USA),
Tokyo Kasei Kogyo Co. (Tokyo, Japan), Funakoshi
Co. (Tokyo, Japan), and Nacalai Tesque Inc. (Kyoto,
Japan), respectively. AF-2, 4-NQO, cumene hydroper-
oxide, 2-nitrofluorene, and ENNG were dissolved in
dimethylsulfoxide (Wako Pure Chemical). All other
mutagens were dissolved in sterile Milli-Q pure water
immediately before use.

Media

Minimal glucose agar plates consisted of Vogel-
Bonner E medium (0.2% citric acid monohydrate, 1%
K,HPO,, 0.35% NaNH,HPO, -4 H,0, and 0.02%
MgSO, » 7 H,0) supplemented with 29 glucose and
1.5% agar. Top agar contained 45 ¢M L-histidine, 45
uM D-biotin, 0.5% NaCl, and 0.6% agar. LB medium
was 1% Bacto tryptone, 0.5% yeast extract, and 1%
NaCl. Spectinomycin (Sigma Chemical) was added at
a final concentration of 50 xg/m/ for the selection of
cells carrying plasmid pRW144 or pRW290.

Construction of bacterial strains

Strains TA1535 [ hisG46, A(uvrB-bio), rfa] (Maron
and Ames, 1983) and TA2659 [ hisG428, A(uvrB-bio),
rfa] (Levin et al., 1984) of S. typhimurium were sup-
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plied by Dr. T. Kada (National Institute of Genetics,
Mishima, Japan) and Dr. T. Nohmi (National Insti-
tute of Health Sciences, Tokyo, Japan), respectively.
The plasmid pRW144 carrying the mucAB operon and
pRW290 carrying »umAB operon are pSC101-derived
low-copy number plasmids that confer spectinomycin
resistance (Ho et al., 1993 ; Szekeres et al., 1996).
Plasmids were isolated from E. coli strain RW126
[7ecA, lexA] (Ho et al., 1993).

Competent cells of TA1535 and TA2659 were pre-
pared as follows : Cells growing in 500 m/ of LB broth
at 37°C (ODgg=0.7) were harvested and washed with
500 m/, then 300 m/ ice-chilled Milli-Q water. Cells
were then suspended in 0.5 m/ of 109% glycerol. An
aliquot (60 w/) of the competent cells was mixed with
1 ul of plasmid solution in a 0.2 cm electroporation
cuvette and pulsed at 2.5 kV, 25 ¢F capacitance, by a
Gene Pulser apparatus (Bio-Rad). The pulsed cell
suspension was added to 1 m/ LB broth and cultured
at 37°C for 60 min, with shaking. The cells were then
spread on LB agar plates supplemented with 50 xg/m!
spectinomycin and incubated overnight at 37°C for
selection of spectinomycin-resistant colonies.

Reverse mutation test

Each stock culture of the tester strains (which had
been stored at —80°C) was inoculated with nutrient
broth (Oxoid nutrient broth No. 2, Oxoid Ltd., U.K.)
and grown overnight at 37°C, with shaking, to a
density of 2-3x10° cells/m/. Assays were performed
in duplicate by a preincubation method without
exogenous metabolic activation. An aliquot of 0.5 m/
of 100 mM sodium phosphate buffer (pH 7.4), 0.1 m/
of an overnight culture of the tester strain, and 0.1 m/
of a mutagen solution were added to a sterile small
test tube and preincubated with shaking for 20 min at
37°C. After that, 2 m/ of molten top agar kept at 45°C
was added. The contents were mixed uniformly and
overlaid on a minimal glucose agar plate. For the UV
mutagenesis experiments, overnight cultures were
washed twice with saline and resuspended in the same
volume of saline. The cell suspension was exposed in
a petri dish to ultraviolet light (germicidal lamp,
Toshiba) at 0.2-2 J/m?. A portion (0.1 m/) of irradiat-
ed cells was poured onto minimal glucose agar plates
by means of 2 m/ molten top agar. All plates were
incubated at 37°C for 48 hr, after which the number of
His* revertant colonies was scored by a colony anal-
yzer.

Table | Mutation-enhancing effects of mucAB-and rumAB-carrying plasmids in S. typhimurium strains TA1535
and TA2659.
o Number of His* revertants/plate
ose
Mutagens (ug/plate) TA1535 TA1535/ TAI1535/ TA2659 TA2659/ TA2659/
pRW144  pRW290 pRW144  pRW290
4-NQO 0 7 ik 175 8 123 268
0.001 7 126 325 10 254 376
0.002 8 236 400 8 363 511
0.005 12 487 791 11 617 914
AF-2 0 13 94 278 11 131 284
0.001 10 145 341 7 410 540
0.002 9 161 428 11 804 832
0.005 7 345 746 9 1472 1364
5-Azacytidine 0 11 74 174 9 142 267
10 29 296 233 5 505 468
20 33 341 241 (] 715 637
50 35 323 305 9 828 994
N*-Amino- 0 % 81 227 11 198 290
cytidine 0.1 277 347 680 433 620 605
0.5 839 1153 1493 980 1234 1046
1 1325 1725 >2000 1461 1428 1334
Hydrogen 0 8 107 205 8 144 210
peroxide 20 9 179 336 6 255 325
30 4 231 314 8 321 534
40 5 228 420 6 364 612
Cumene 0 7 71 175 8 123 268
hydroperoxide 10 10 128 300 35 326 357
20 21 229 335 67 469 635
50 29 295 377 70 499 640
2-Nitrofluorene 0 13 98 190 8 179 331
0.5 8 304 412 7 p3l 644
1 7 391 539 9 286 803
2 10 648 77 13 512 1266
ENNG 0 13 98 190 8 179 331
0.5 30 204 456 15 278 822
1 33 356 641 44 503 1512
2 115 952 1202 315 1084 >2000

Values are the average of duplicate plates.

Results

The introduction of plasmid pRW290 (rumAB)
increased the frequency of spontaneous revertants to
roughly 20 and 30 times the control value for strains
TA1535 and TA2659, respectively (Table 1). Introduc-
tion of plasmid pRW144 (mucAB) increased the fre-
quencies to roughly 10 and 15 times the control values
(Table 1). These findings in S.typhimurium are consis-
tent with those in E. coli, where rumAB is 3-to 5-fold
more efficient than mucAB in promoting spontaneous
mutagenesis (Kulaeva et al., 1995).

Figs.1 and 2 show the dose-response curves for
mutation induction by UV irradiation in TA2659 cells

and by AF-2 treatment in TA1535 cells with and
without plasmids. In the absence of plasmids, neither
strain gave a positive response. Introduction of plas-
mids carrying either the rumAB or mucAB operon
made the strains hypersensitive to the mutagens to
approximately the same degree.

Similar results were obtained with 4-NQO, hydro-
gen peroxide, 2-nitrofluorene, and formaldehyde
(Table1 and Fig.3). Response to those mutagens
depended completely on the presence of plasmid-en-
coded rumAB or mucAB genes. Cumene hydroperox-
ide and ENNG were mutagenic to TA1535 and TA
2659 even without plasmids, but the introduction of
pRW290 or pRWI144 greatly enhanced sensitivity
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Fig. | Mutation induction by UV irradiation in
TA2659 cells with and without plasmids.
M, with pRW290 (rumAB) ; A, with pRW
144 (mucAB) ; @, without plasmid. Data
points represent the means of duplicate

plates.
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Fig.2 Mutation induction by AF-2 in TAI535
cells with and without plasmids. [, with
pRW290 (rumAB) ; A, with pRWI44
(mucAB) ; @, without plasmid. Data
points represent the means of duplicate
plates.
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Fig.3 Mutation induction by formaldehyde in TAI535 (left) and TA2659 (right) with and without
plasmids. W, with pRW290 (rumAB) ; A, with pRW 144 (mucAB) ; @, without plasmid. Data
points represent the means of duplicate plates.

(Table 1). Although the number of revertants per
plate induced by those chemicals increased consider-
ably in strains with a high spontaneous mutation
frequency (e.g. TA2659/pRW290 and TA2659/pRW
144, the fold-increase was not as great as it was in the
non-plasmid-containing strains). Also the amount of
mutagen necessary for a doubling of the number of
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revertants was not lowered by the plasmids. As shown
in Fig. 3 and Table 1, TA2659 cells were more sensi-
tive than TA1535 cells to formaldehyde and to
oxidative mutagens such as hydrogen peroxide and
cumene hydroperoxide, reflecting the greater sensitiv-
ity of hisG428 over hisG46, which was reported by
Levin et al. (1982).
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Fig. 4 Allele-specific His* reversion induced by sodium azide in TA1535 [hisG46] (left) but not in
TA2659[ hisG428] (right). M, with pRW290 (rumAB) ; A, with pRW144 (mucAB) ; @, without
plasmid. Data points represent the means of duplicate plates.

We also tested two base analogs, N*-aminocytidine
and 5-azacytidine. N*-aminocytidine was reportedly
highly mutagenic to TA1535 (Negishi et al., 1983). It
was found that the chemical had almost the identical
effect in TA2659 and TA1535 (Table 1) and that the
effect did not change substantially with the introduc-
tion of plasmids containing rumAB or mucAB. In
contrast, 5-azacytidine mutagenesis depended largely
on the presence of rumAB or mucAB genes, and the
hisG428 allele was more sensitive than the hisG46
allele. The allele-specific reversions were observed in
mutagenesis induced by sodium azide. As Fig. 4 shows,
hisG46 -containing cells, but not hisG428-containing
cells showed a dose-related response to NaN; regard-
less of the presence of plasmid pRW290 and pRW144.
Neither »umAB nor mucAB promoted azide-induced
mutagenesis in TA1535.

Discussion

In previous studies we demonstrated the capabilities
of the umuDC, mucAB, and samAB operons to pro-
mote induced mutagenesis and changes in the spec-
trum of base substitutions in E. coli (Watanabe et al.,
1994 a, b). In this study, we compared the ability of
low-copy-number plasmids carrying rumAB or
mucAB to enhance mutagenesis in S. typhimurium
strains TA1535 and TAZ2659. In both Salmonella
strains, »umAB promoted approximately twice as

many spontaneous mutations as mucAB. Both oper-
ons were equally effective, however, in enhancing
sensitivity to mutagenesis induced by various kind of
mutagens. The reason of different enhancing activity
between spontaneous and induced mutagenesis is
unknown.

TA1535 has the hisG46 missense mutation, which
substitutes a proline triplet (CCC) for a leucine triplet
(CTC) at position 434 of the histidine operon (Barnes
et al., 1982). Cells containing hisG46 can revert to
histidine prototrophy in any of the following ways : a
change at position 434 to a wild type leucine codon
(CTC) or a serine codon (TCC) bya C:G—->T:A
transition, to an alanine codon (GCC) by C: G —> G :
C transversion, to a histidine (CAC) or a threonine
(ACC) codonby aC:G— A : T transversion (Miller
and Barnes, 1986). TA2659, on the other hand, carries
the hisG428 nonsense mutation, which encodes an
ochre stop codon (TAA) in place of a glutamine
codon (CAA) at position 847 of the histidine operon
(Levin et al., 1982). Strain TA2659 can revert to
histidine prototrophy by base substitutions at either
the ochre site or extragenic ochre suppressor sites
(Levin and Ames, 1986). Reversions at the ochre site
include mutations to a glutamine triplet (CAA) by a
T :A—C:G transition, to a leucine (TTA) or a
lysine triplet (AAA) bya A : T — T : A transversion,
and to a glutamic acid (GAA) or a serine triplet
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(TCA) by a T : A— G :C transversion. Suppressor
mutations (anticodon change of tRNA genes) include
supC and supM mutations of the tyrosine tRNA genes
tyrT and tyrU, respectively, by a C : G — A : T trans-
version, supG mutation of the lysine tRNA gene
(lysT) by a T:A— A:T transversion, and supB
mutation of the glutamine tRNA gene (ginU) by a
C:G—T: A transition.

Because of the wider mutational spectrum detected
by strains carrying hisG428 compared to those carry-
ing hisG46, most of mutagens tested in the present
study evoked a better response in TA2659/pRW290
(or pRW144) than in TA1535/pRW290 (or pRW144)
(Table 1 and Fig. 3). One exception was sodium azide,
which evoked similar responses in TA1535/pRW290,
TA1535/pRW144, and TA1535. No reversion, how-
ever, was detected in hisG428-containing strains (Fig.
4). Koch et al. (1994) showed by DNA sequencing
analysis that sodium azide preferentially induced C :
G — T © A transition and C: G — A ! T transversion
at the target codon CCC in #hisG46 gene of S.
typhimurium with a marked preference for the second
G : C base pair over the first. The absence of sodium
azide-induced Trp* reversions in E. coli WP2 uvrA
containing the #7pE65 ochre mutation has also been
reported (Kleinhofs and Smith, 1976), but the reason
for the lack of mutagenicity is not well understood.
Our recent analysis indicated that sodium azide pref-
erentially induced C : G — T : A transitions in E. coli
(unpublished observation). Since both C:G—> T : A
transition and C : G — A : T transversions are detect-
ed by cells containing supB, supC, or supM ochre
suppressor mutations in iisG428-containing strains,
azide-induced DNA-damage may be strongly depen-
dent on sequences neighboring the mutational site.
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Comparative examination of various solvents
for the microbial mutagenicity tests
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1-1 Ohnodai 1-chome, Midori-ku, Chiba City 267-0056, Japan

Summary

We examined six different solvents to determine their compatibility with the Salmonella
and Escherichia/microsome mutagenicity (Ames) assay. These solvents were acetone, 95%
ethanol, ethylene glycol, glycerol formal, formamide and 1095 PLURONIC F-68 solution. The
standard mutagens used were 2-(2-furyl) -3- (5-nitro-2-furyl) acrylamide, benzo (a) pyrene,
2-aminoanthracene, 9-aminoacridine hydrochloride monohydrate, sodium azide and
bleomycin hydrochloride. Tests were carried out in five histidine-requiring strains TA 98,
TA 100, TA 102, TA 1535 and TA 1537 of S. typhimurium, and three tryptophan-requiring
strains WP 2 uvrA, WP 2 uvrA/pKM 101 and WP 2/pKM 101 of E. coli, both in the absence
of and in the presence of metabolic activation (S 9 mix), in two separate experiments. All
treatments were performed after a 20-min. pre-incubation procedure. 50 u/ of each test
article solution and solvent was administered per plate. Five solvents (acetone, 95% ethanol,
ethylene glycol, formamide and 10% PLURONIC F-68 solution) were found to be compatible
with the eight test strains. Glycerol formal was found to be toxic (inhibiting growth) to
TA 102, TA 1535 and TA 1537. It is suggested that glycerol formal should not be used as a

solvent in the Ames test.

Keywords : microbial mutagenicity test,

S. typhimurium, E. coli,

solvents
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MEDE WL ERFENRBR (= — A AR X, —
BACEROERFM 2R T 288 kL LA FAE
nTw3, HERYEZ, @Y%, Z¥EKH % »iE dimethyl
sulfoxide (DMSO) IZ¥Af#dH % > 138 L CHBR I
T5H, ZhoOBEEICERD LV IRE L RwbEY
BEFHBR L 0hiEhoRnl tdbdn, BEEICBST
SERFEMABROT A MIA F T4 ~i2ix, 7k, DMSO
BX U acetone DWTFHIZHEATHE5EE, 7TAMHE

2ff 19974 8 A 6 H
XE 199712 A 25 H
ORFBRBELRFER

HBL U SImix KEMEEZGZLWEELZFEHRTE 525
Wb 2, ZOHE, FHHLIEENFERICH 55
BETT A MEFB LU SImix L CHEMELZRE R
W2k R IR E B B 7 SREBR O B — KGR &
B L THERR 3 2 0B 03H 5 (REERIC BT 2 E RN
HRERT A M4 FF A& GLP, 1991).

% 1%, acetone H B\ 1% 95 % ethanol 2 & L7z
VAV Faxr—ya vkl L 3BT, ZOBRBBE
(1 7v—1rdH720 OEMER) % 100 u/ & LIHE, B
NS T A PERICEEERT L 2R L, Ly
L, 2O7FVA vFar—yayikTT R MEKCEYE
PRI TH->TH, 7V — METHNITHERATRER
i (acetone 2 X)) b H otz Lleddo> T, HAREBRD
ROEEEREICHER T 258, BHROBEB LUV
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Table | Positive control chemicals and test strains

Positive control chemicals (within the limits of dose : ug/plate*)

Test strain
Without S9mix With S9mix
S. typhimurium
TA98 AF-2 (0.02500~ 0.40) B(a)P (1.25~20)
TA100 AF-2 (0.00250~ 0.04) B(a)P (1.25~20)
TA102 BLM (0.25000~ 4.00) 2AA  (0.50~ 8)
TA1535 NaN, (0.12500~ 2.00) 2AA  (0.50~ 8)
TA1537 9A  (1.25000~20.00) 2AA  (0.50~ 8)
E. coli
WP2uvrA AF-2 (0.00250~ 0.04) 2AA  (1.25~20)
WP2uvrA/pKM101 AF-2 (0.00125~ 0.02) 2AA  (0.50~ 8)
WP2/pKM101 AF-2 (0.01000~ 0.16) 2AA  (1.00~16)

* The mutagenicity test was performed with five doses at least twice.

AF-2 :2-(2-furyl)-3- (5-nitro-2-furyl) acylamide (CAS No. 3688-53-7) (FI>t:HtisE T2
BLM : bleomycin hydrochloride (CAS No.9041-93-4) (FIGHti%E T 260)

NaN; : sodium azide (CAS No. 26628-22-8) (FI:H%E T26%)

9A : 9-aminoacridine hydrochloride monohydrate(CAS No. 52417-22-8) (Aldrich Chemi-

cal Co., Inc.)

B(a)P : benzo(a)pyrene (CAS No.50-32-8) (FI:H3E T36E0)
2AA :2-aminoanthracene (CAS No. 613-13-8) (FIG#lis3E T 268)

AVFax—vayOREORNT 2LENENH 5.

¥ 7z, T— L AGABRICHE AT RE e VA B B3 A STk I,
S. typhimurium TA 98 B %5\ TA 100 £RicBE3 %5 7
—YixH B, TOMDT A VEKCET ST —5 134
A4 2N

ZZTH5E, BRI, REETA ML FZ4 i
WMEINTWET A MNEMRE E SHERICHERTE 2844
B2 BIRT 27012, BHEEEYE % Hw T 6 EEO
EHCL 22— A RBBREEM LT, B, TXXTOT
— L ARERIT 37°C, 20 MEID TV A Y FaR—y 3 Vi
TEML, Wi GBRER) OWMEL 50 ul/7v— 1
& L.

ZORIZOVTHET 2,

REMEELUGE

1. BETLF-iB%

acetone[CAS No. 67-64-1] (RIS, #E 99.5 %,
FOEHIZE T 260), 95 % ethanol[CAS No. 64-17-5] (G
HEFR, WE 99.5 %, BAEILFE), ethylene glycol
[CAS No. 107-21-1] (FAZEHReRk, R 99.5 %, EE1L
2@, glycerol formal [CAS No. 4740-78-7] (3Ex1tk
X T%68), formamide [CAS No. 75-12-7] (i 98.5
%, HEFUERTZER) BL1V10% PLURONIC F-68
solution [CAS No. 9003-11-6] (Sigma Chemical Co.)
WCOWTKRET L7z, &8, NEEHELE L TDMSO[CAS
No. 67-68-5] (Z£ALH, #EE 99.5 %, FIEAIHE T 360)
B L UEFK GEFAA, KRBIETHER) 2EHAL .

2. FERALET X MEKS L UBMENRYE

AR THEA L7 A FEH, BHERYE L 20
EIEEHIFH % Table 1 1273 L7z, BEREY) 2- (2-furyl)
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-3-(5-nitro-2-furyl) acrylamide (AF-2), benzo(a)
pyrene (B(a)P) ¥ & O 2-aminoanthracene (2 AA) i3,
ZhZh 10mg/m/#\E % % & 51 DMSO i 15 fi#
L, 9-aminoacridine hydrochloride monohydrate(9 A)
i, 50mg/ml/BE S & 5 CDMSO K& L,
sodium azide (NaN,;) ¥ X Of bleomycin hydrochloride
(BLM) %, 10 mg/m/ EEEIZ% 3 & 5 I KICTERE
L, ZhEh 77X Fy 78/NAROAIC0.2ml §D
SELT-20CIRE L. Zhs OB RYERE
WX, AR, SEEEEACTREREDOBR .
AL, Zzok, BEHFRICL Y REREOHBRE TOD
BIREER R Rz,

3. ERERERER (T— LR

1) His#E%

L %2 Oxoid nutrient broth No. 2 (20 m/) = A,
PRER L 7-ARE 7 A PR RN Z, FERXOMRER~#H
LT 37°C, 8k L, #ILHIRIH ORI % A%
L7z,

2) HABk

AE I, AEEEEROFEET, 37°C, 203D 71V A
YFarR—yva kL VEML (Ames, McCann
and Yamasaki, 1975 ; Maron and Ames, 1983). 17
V— b bl ORBRER (BH) OWRMER 50l &L
72, R L7 S913, phenobarbital 3 X 18 5,6-benzo-
flavone THIALEE L /- Sprague-Dawley 7 v b @ T fig
poRAMEINLbDOEL Y T8 VERTEGRSH
SHALT:, 27727813, T—AARBAOHEE
BamE ) o VERTERASH» SBA LK,
RAL7Z7v— 83, SHEHY 2K Lk, BiRE
RERICEDECau=—HE, au=—pw >y y—

(COLONY ANALYZER CA -11, SYSTEM SCIENCE
CO)ERWTEHHIL:, ZNZNOBEHEEZFERH LT
TOREZ, P &b 2RUEERL, FEIRMEHER
L.7E.

4. FEROFHE

FTRTCOBEHEERICOWT, HE—RIGHERZER L,
KK D 5 i DMSO % 5 HREEE & U TEM L 72 R
EELE L, o CBENEMEORRERI 0=
—¥x, TNTHNOBEENRO 2 fEU D0 =—%K0D
DS NIHHT, BENEO I = —HEELTE,
nmol 3 WiZ ug H= D ICHE L2, Zh 6 DHEHED
TR mWEZKD, SREFEICHWEZR KD 50
13 DMSO 0#aE % 1.0 Lt L EDEE&2H B L
mL7,

ZFNTHOEHED T A PEKRICNT 28, A
#H 5\ ix DMSO %518 & U723 8% D background lawn
DEBIRN BT L AW THERBRE T2 L1ckoT
MR L 7z,

5 xR

SEEML 72T XTOI— L ZAHERIZ, BRIz
LYBHOWMER 50 ul £ L, 37°C, 20 2D v 4 >~
Far—ya VETERMLE. ZOBREUTCELE.

1) SEER L 72238 O 5 5 glycerol formal 1, £
HHEMERICE 52 WwEEO TA102, TA1535 BX W
TA 1537 % C, BN 7V — b2 o B0 4 BIHE
B ol (Fig. 1-E, GBXUI). ZhlUHNorist
OBV — M CIEKROEBHEIRD Sk h o
7z. % L T glycerol formal LISyt % (i F L 72 3AB&
EBWTIE, TXRTOT A MEKRIZBW THEESHED 2
EULOFERER I 0 = —HOARKEL TED S
h, SEIEEMLBESEEEBE EHET 2 2 e b
T&, IhsDFERICIIFEERZED s,

2) &SRB BT 0HEME (Fig. 1) 8L UVHE—KIG
iR (Fig. 2) %L 72854, 7 X MEHKB L D
BRI L-> TR, ThZhER->EB X EE (RIS)
2RIz,

3) Acetone, formamide ¥ X ©* 95 % ethanol T
WL 79 A¥HD TA 1537 %hORBRIZBWT, FhEh
D¥EES X U E— KIGHH#EE, DMSO 246/ L7235
BRORER L g L TV ES L OEE 2R L7 (Fig. 1-
I 8BX ' Fig. 2-A). %28, acetone TD 9 A AW D FFHL
RFIC YL /AT Hi 23388 & 72 %3, formamide 3 & U895 %
ethanol T FABIKF I IZTEB/ATHIZRD Sz o Tz,

4) Formamide i, B(a) P @ FH5LE 1o Y/ #7 i H338
Bonteh, 20 Ba)PEmwEEH L7 TAISKOR
BoOBSES L AR —RIGHRIE, DMSO 2% L
RREBORRE L EUL T/ (Fig. 1-B B X U Fig. 2-
B). %72, TA 100 #k D RER D #aEfif i3 DMSO Df5H &

BRIL Ty, AR—RIGHBRO KK Z@E» - 7
(Fig.1-D® X f Fig. 2-D). & 51210 % PLURONIC
F-68 solution 1&, B(a)P 3 & OF 2 AA D FHHIRFIC (HEH
@BOONTD, TS DOEEEFERLLZBROBEES
J UHE—RICHERIZ, DMSO 25t L U7 RER DS
EFMIL T/ (Fig.1-B, D, H, J, L, N, Pk
X U'Fig.2-B, D, G). &8, IisDwE/Hfti,
TV — M TOBERTRICIRD Shxhor,

5) Acetone, glycerol formal 3 X ¥ 95 % ethanol
THB L7 BQQPHE®MH W TAI B X1V TA 100
HROAEBRFER 1Z, DMSO 2354 & U7z 3AER Ol & Lt
BLTL1.7~3.2f50E%2~RL7 (Fig.1-BB X U'D).

6) Acetone, glycerol formal # X 1095 % ethanol
THBL 72 B(a)PBH D TA B HKROHABRIZB VT, #
NZThoHE—KRIGHBRICE—27 83T/ s i-%, B
ERT2ERBTD 5hi: (Fig. 2-B).

7) Acetone, ethylene glycol, 95 % ethanol 3 & O*
10 % PLURONIC F-68 solution TFELL 72 BLM &%
2RV TA102 BRORBROFER I, KEEBEHE L LR
BoBiHB LB L CZh T 2 EULEOEER L.
L% L, formamide TFH% L 7 BLM & O#E{E X,
KREBHE LI ABROBEME X VEWERRLL (Fig
1-E).

8) Acetone i¥, HEHRMELEH W L, 10% PLUR-
ONIC F-68 solution &, ¥~y +REFHIC KGN H P
TV E»S, ThoDEHEIFERALICS »oT,

= B

I—-LARBEE2EHRT 254, BE, Kbdwik
DMSO 2 &% T 5, LaL, IS DBEEICERED
SV —ICBE L 2WEEMLE L, 2D & S G,
ABRRICHEEEZ RS BROWEELER LTS5 E 50
B8, BIRUIEEIERT 23T XTO7 A PEKRICHENE
BRIV EERERLZTNER S, TheDiF
BELISMC = — A ARBRICHEF DS RIRE T H 5 T L HRIB &
LT 2 EHEEEEC acetone, 95 % ethanol, ethylene
glycol, glycerol formal, formamide, acetonitrile,
ethylene glycol dimethyl ether, 1- methyl -2-
pyrrolidinone, p-dioxane, tetrahydrofurfuryl alcohol
¥ X Mtetrahydrofuran 7z £ 28 % % (Maron et al.,
1981), %7z, TAB BL U TAL100 kE2FEHL Iz —A
AR (VA ¥ ar—va k) Y3 S
DFEET 217\, ethylene glycol, formamide 7 ¥ 12 fE%E
DOEBEBCHEKROEBHEL RSB oI LDHEDL D
5 (EHEBEETS, 1994), S5 ZOMMOEHE L LTI
A & YR EEMHITH 2 Tween 80 % L T RBRYA
WERRABL TwEHER EH H 5 (J. M. Lockard et al,,
1982 ; #Aide 5, 1994), 4 b, TA 98, TA 100, TA
1535, TA 1537 8LV WP 2 uvrA BRic > w» T, 20 %
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Fig. | Comparative examination of 6 solvents with the microbial mutagenicity test
The microbial mutagenicity test was performed with a 20-min preincubation (Ames et al., 1975 ; Maron and Ames, 1983)
at least twice. All test article solutions and solvents were screened with 50 u/per plate. The number of induced His™ or
Trp* revertants per nmole or xg was calculated at every dose ; the highest value for each chemical and strain is indicated.
The numbers in parenthesis represent the relative values when the number of His* or Trp* induced revertants per nmole
or ug of DMSO or water is set as |.0. The symbols, # and * indicated precipitation and white cloudy, respectively. The
symbol, ¥ indicated growth inhibition (toxicity) of test strain.

Tween 80-DMSO ¥EH S T — LA AREBRICE#TH 5
EHHEFREL T3 (RFEHK). %72, ethylene glycol
dimethyl ether 1%, TA 98, TA 100, TA 1535, TA 1537
BIXUOWP2uwrABEZRHEWE Vv — i EEBERICH
Z IV OEIMNEE 100 wl) %2 FEML /2GR, TA IS
DEPEREE D 71— b T DMSO OB O 71— b
EVao=—¥nL0EHRT ERCHY, 2O
—TNUVEPSHERALI WERBHE Th - 72 CRER).
% 7z, PLURONIC POLYOLS @ in vitro &% T DAL
BEMICOWTIE, BEMc L THEERZL, 2R
FEHEL W R EYDHERDH S (R. ]. Papciak et al.,
1985).
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4], RERICHRIMT 2EHE% 50 ul £ LT, 37°C,
20 D7 v A v F 2 X—¥ 3 VT acetone, glycer-
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B L1110 % PLURONIC F-68 solution M¥EHIZ D\
THEEW 2R LT, ZDfER, glycerol formal 13, TA
1535, TA 1537 8 X U TA 102 RO RFEHERIC L 5
ZWIBEOEENE 7Y — 2 SEROEBHENTED
iz, ZOMOBEAELZ, TXTOT A MNEKICE
WTERHERZRD ST, ZZOBEBEYE %
Bt EHIET 5 EWTE, o OIS % # A
L7z TA 100 #k% AW BB OFEFRIC DWW T, Maron
SBIE LT TAI0BRERAWIE VA v Far—v 3
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MTBBMAMERA L2 FRIERS RV EBNRBRIN
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Fig.2 Typical dose-response cureves to 6 sglvents of positive control chemicals

The symbols, M, O, A, @, @, A, O and < indicated DMSO, water ,

acetone, glycerol

forma ethylene glycol, formamide, 95% ethanol and PLURONIC F-68(10 %), respectively.

FRIZOWTHSEDOE SR IRIAVBLETHS LED
iz, ZOXS ZEHIC L 2FRER 0 =——HOHHE
T 2B OVTIRWL DhDHENDHD, 2AD
ZRIFEMEIL, acetone ZEE & LcHE & D DMSO %%
B LA DEELE L, #HH L DMSO &45%
RCHET L5 TS (Anderson et al,

1980). k4 »3EM L 72 TA 1535 B £ F TA 1537 2w
RRBRCBIT S 2ADERFHICOVWTY, BHELLT
acetone &V % DMSO %= U7z /5 2 & — I Hi R
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DORIGH X E» > 72, £7, Nestmann & (Earle R.
Nestmann et al.,, 1985) I, hexachloroacetone ¢ x.—
AARBRICBWT, DMSO BB L B8 3 EREN*
AL, B e L b ZOERFE®IEEBRLZ &,
acetone AR L /2B E W idEMTH D, REREREIC &
STERFESERRTIEE BN oI ER2ERALTY
%, ZDOFK L LT DMSO ® hexachloroacetone %
Z, BOERMEVBBEEIN, LERIEBRFTRI > T
W3 ZEe%RL7, 25612 Mori & (Yukio Mori et al.,

1985) X S. typhimurium TA 100 ¥k 2 3t 3 2 N -
nitrosodialkylamines 0 %2 5514 0D 5 B 45 0 #11 VE FE
WOWTHELTEY, KEBHELELERH L —A
ARERTIE, 7y MFSIDEET THBM %2R 25,
DMSO %t L L7258, KEFEEE2HRE T2 Z L05T
Enpole B VIIKREEALIHEO/BREL VED
EERTIEEEREL TS, ZOFERELTHSI I
L ARBEHCROBRETOFEDHERICLI 2D L
2| Tw5b, —%, Arimoto & (Sakae Arimoto et al.,
1982) i3, T —AARERICB T 3 tryptohan-pyrolysate
DEBRFHEICH T 2B EOFEBCOVWTIRELTEY,
acetonitorile (X, Trp-P-18 X f Trp-P-2 0% R E M
¥ L, Trp-P-2 OZRFEMICH§ % acetonitorile
ORGEEA X, HERICB T 2 EHEAHY ORI iR
THoIZERRLTNS,

ZDMDFER & LT, acetone, glycerol formal # &
095 % ethanol TFHE L7z B(a)PAW D TA 98 D
HAERICBWT, ZUZNOMAE—KIGHRIC Y — 27 2338
»ohltk, BUOLAT2HERSED SN, ZOKE
HZDOWTIEATS 2 BHABRR M o p DO EL 5 2
TWwabDEfbni:,

ULEO#HR»GSHBEFEHINRTWE KD 30T
DMSO DS D% % = — A AFER AT 284, 8
TEIRTOT A MRS T 2B HOBEMZ2 T
ERLZTNIER SN ERB ST,
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Ames mutagenicity of pyrethroid pesticides (tetramethrin, permethrin,
empenthrin, and allethrin) and 1,1’-oxybis(2, 3, 3, 3-tetrachloropropane)
as a synergist

Yasuaki Mori!, Kazuo Hasegawa', Akiko Utsunomiya!, Setsuko Setsuda®,
Sumio Goto?, Sukeo Onodera® and Hidetsuru Matsushita*
! Kanagawa Prefectural Public Health Laboratory
1-1-1, Nakao, Asahi-Ku, Yokohama 241, Japan
2 National Institute of Public Health
4-6-1, Shirokanedai, Minato-Ku, Tokyo 108, Japan
# Faculty of Pharmaceutical Science, Science University of Tokyo
12 Funagawara-machi, Ichigaya, Shinjuku-Ku, Tokyo 162, Japan
* Graduate School of Nutritional and Environmental Sciences, University of Shizuoka
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Summary

Pyrethroid pesticides (tetramethrin, permethrin, empenthrin and allethrin), with 1,1~
oxybis[2,3,3,3-tetrachloropropane] (S 421) as a synergist, were assayed for their mutagenic
activities in both TA 98 and TA 100 strains by the micro-suspension method. Pyrethroid
pesticides tested (below 1 mg per plate) in this assay were not mutagenic in either TA 98 or
TA 100 strains, with or without S 9 mix. Only the S 421 compound was found to be mutagenic
with 215 revertants per mg towards TA 100, in the absence of S 9 mix. The addition of S9
mix reduced mutagenic activity.

Acetone extracts of household product samples were also assayed for their mutagenic
activity in the TA 100 strain without S9 mix. Pyrethroid pesticides and S 421 compound
concentrations were assayed by GC/MS. All extracts were mutagenic in the TA 100 strain :
their activities accounted for 9.3 to 74.495 by the S 421 compound content of the extracts,
depending on the product.

Keywords : Ames mutagenicity test, 1,1-oxybis [2,3,3,3-tetrachloropropane], synergist,
pyrethroid pesticide, household product
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1,1-oxybis [2,3,3,3-tetrachloropropane] (S 421)
i3, BRATIREEEZFINTHL RV, KEH pyreth-
roid REHFIOMBEEED 570, LAFIE L TATV
— RIS OBy — M YIRS TR D, FHK 200 t
(1987 4F) &4pEI N T3, S4211F, 7 v b~ 10~60
mg/kg AEOROHRG Z2HT 5 &, HOBHE, BEIEX
BHSND EOWE (RS, 1991) , 7 v bADkE
M5 & - THEESFEE BHES,1988) b D
WEND B, 1z, FAFL»S b S 421 L3k (Miyazaki
et al,, 1981) ShTw5,

E, RENERF EHS, 1997) PREAS (hE
5,1996) D S 421 DRERIHEHE S W T 223, HAE,
FREMCHET 2|REFIIRLL S5, 22T, S
24 7uHYARYY 3 k% W T pyrethroid R E3HE
4FEB LU S 21 OERFEMEZHEL KR, S4210
zH TA 100 EHED S 9 mix RO b £ TRVERF
ElERTILEERADE. D0T, PRy -, KEH
BB & ORISR Sy 7 3k % acetone fili
L, GC/MS 2 & % S 421 B X Uf pyrethroid REFKRE
DHEB L VEREWEAE L & 25, BHTOHRED
BonlzOTHRET 5.

RBRMES SUHE

21 B ¥

empenthrin (B 99.5 %), S 421 (i 99 %) (CAS
No 127-90-2), allethrin (#ifF 95 %) (CAS No 584-79
-9), permethrin (¥ 97 %) (CAS No 52645-53-1)
# X U tetramethrin (¥ 98 %) (CAS No 7696-12-0)
AR T (k) BOREEZOFFHV, &1,
dimethylsulfoxide 3V £ V' —)VHRAE %, acetone &
FIGHESE T3 (bk) OB BRERRE S, ZOMmORER
el & vz,

2.2 REMAPHEEESY —HnH & ERRMERER

ME L7230 0.5 g 2R X =A7 7 X 2 RE
id D ELD, acetone 50 ml &Ml T 10 43 B Bhh
U7z, Ric, #7 A 58 (G-1) TAL acetone T
28 850ml L7,

Zh 5O acetone Y B & VEEYE OX R
13 S. typhimurium TA 98 B #k & TA 100 B ¥ % £ H
L, ¥4 z7a¥zx~_rYark (Kadoetal, 1985) i
Lo TfioTz. REEKE 3TCTH 15 RFfER & 5 5%
L CE7- EEEW (100 m/) FOH % E.05HE (10000 X
g, 4C, 1053 ic X vEDH, 0.015M Y EEE
¥ (pH7.4) ® 10m/ CFEEEL, 10 fFREORBER
ZHEIU T2, KIZH S Lo dimethylsulfoxide 5 ul %
Mz 7 BEF A NRBRE RO —E& 2RI
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(5~6 dose) Mz 40°CLATF TYAEZH L 7z, DR O#RIE
R (Mori et al, 1993) 12ft-> 7z, BRI BB
SLTEHE LT 2RO SV — b RE G TERI 0= —
BMOFHE R KD, B—RICERERIC & 5 HEHD» 5
Wz e LTHMERYY ORFI o =—KERD,

2.3 BENAE

BEER (F2ERE &, 1996) I2fi€> T, acetone KD —
FE%® GC/MS IZEAL SIMEIZ LD ERE{To.
GC/MS 2 & 2 AHBEERGHEIUATOELY TH 5,
GC/MS %18 : HP-5972 &I, # 7 4  HP-5(& & 30 m,
A 0.25 mm, EE 0.25 xm), EACRE :280°C, #
S5 AR 1 50°C (143F) ~Fif 40°C/53~170"C~F ik
5°C/43~270°C (2 43f).

& R

3.1 S421 & pyrethroid REFRZELNOERRM
pyrethroid % 2 3 (tetramethrin, permethrin,
empenthrin & U* allethrin) 8 X U ZDOHAHI & LT
FRHEIAhTW2SRIOEREMR S, typhimurium
TA 98 & TA 100 DR #E%E W T+S 9 mix DFHAHT
TwArzuY ANy Y a vECEDRR L, ZORBE

% Table 1 8 & U Fig. 1 &R,

S 421 i3 TA 100 (=S 9 mix) D&M T TEERE M 2R
L, TA100 BHROFERFEERTROBVEREEZ
FT I Ebhotz, TA100(-SImix)IZBIT 25 S421
DZEREEM X 215 rev/mg Tho Tz, T ORRFENE
1 S 9 mix OEINC X DA L7z, 7z, pyrethroid &
BLsE D 4 FENEIZ TA 98 B & OF TA 100 fikk D RAEBR D
WTFNIEBWTH 0~1mg DOEE DN TEREMYE
RRS otz TAL100 BRICE 1T % Ames BER T,
allethrin 3ZREM %79 (Moriya et al., 1983) & &
2 %3, Moriya & O THIERBEER TSV — b
721 0~1mg OEEHFANIC B 282 v =—H,
HAER IO =—8D 2fEUTERLTWS, ¥f71
YRRV Y g VB L B SEOERIZ 0~1mg ORE
OEFENTIT-> T B Y ERFEERITB W TIX, Moriya
S rRAgERERENE >, RBEEERCEVTRE,
Ames BIZHATYA 7 0¥ ARV Y a Y EORRIFE
MIEL, 2D 0~1 mg DEE OHPFAN TR
YR otz LE 2 5z, permethrin i DWW T
Moriya & ® Ames SRERFEFR & —H L 7z,

3.2 Bh-BFS—RBORERANTLBLNIL

acetone HHBRNERRE

e E LT, HN—F A FORFHAERL 3 EE (]
o e E = — VSRR 2 CHIE), R Y — b B &
VHEL Ay 7 D& 1 BEO 8 3k O acetone fi
BWOERBEMRBEIT-72. T4bb, MEKO—ER
EFLU— P UDRAPEREL L T2~60mg &4k 5 &L 5B

e

Table | Mutagenicity of pyrethroid pesticides
Number of revertants per plate
Dose 5 R

Compounds — TA98 strain TA100 strain
—S9mix +S9Imix —S9Imix +S9Imix

Tetramethrin 0 263 25+6 127+14 130+8
5 35,18 24,19 142,122 134,130
10 23,23 17,20 126,115 126,150
20 17,25 23,21 125,139 130,121
50 22,17 21,19 118,116 163,136
100 15,24 23,24 120,134 133,159
200 22,19 27,27 141,164 156,147
500 17,18 27,26 149,131 143,132
1000 16,28 28,22 130,145 160,153
Permethrin 0 22+2 24+3 5719 59%10
5 22,28 26,28 68, 67 73, 59
10 32,24 23,20 67, 82 61, 48
20 23,11 39,20 55, 54 53, 63
50 19,25 29,26 64, 66 72, 59
100 30,22 30,24 51, 67 54, 57

200 19,32 25,23 85, 74 71, 71
500 28,28 28,29 18, 55 67 73
1000 24,27 33,21 78, 69 71, 66

Empenthrin 0 15+2 19+4 92+8  89+8
50 12,18 11,15 98, 84 101,105
100 12,18 11,15 95, 68 107, 96

200 18,10 16,16 81, 79 101, 98

500 14, 9 18,10 97, 79 99, 88

1000 19107 10,11 88, 69 92,104

2000 16,21 14,15 81, 85 83, 79

Allethrin 0 263 25+6 127+14 1308
5 23,22 25,22 115,119 132,115

10 25,18 19,13 122,114 146,124

20 20,21 18,22 120,127 152,123

50 21,25 18,26 121,105 117,111

100 30,36 27,23 121,105 112,136

200 23,23 17,22 103,131 127,146

500 20,24 24,18 130,124 117,139

1000 25,29 25,26 140,133 128,102

FERYCHIIL, HHROEREEEZRIE L7z, ZORE
% Fig. 2 1o d, iR OERFEN X, & RIGER
BEMRIC 2 285475 & L THEMERY D OER
In=—HKERDLEZ S, ZTOEIF2,110~12,170
rev/g Thotz, kB, ECA Ny 7RI EKRICNT 3
EREEER D HrE—RICHESES Wiz Tz,

3.3 acetone 7 GC/MS

acetone i 4 #% H D pyrethroid 5 3£ & S 421 ¥4 fF
% GC/MS % i TER L7z, pyrethroid REHEB L
S 421 BE ORIERER % Table 2 IZRT,

empenthrin ¥ 0.01 mg/g PA F~1.15mg/g, alle -
thrin  0.01 mg/g LA F~0.39 mg/g, tetramethrin &
0.02 mg/g LA F~1.88 mg/g, permethrin ¥ 0.02 mg/g
A F~2.07mg/g, s - HH TH 3S421 13
3.11~7.30 mg/g TH - 7=.

600

500

400

3004

200

Revertants per plate

100

0 T T T T
0 500 1000 1500 2000 2500

microgram per plate

Fig. | Mutagenicity of S42| standard.
@ :TAI00—S9mix, O:TAI00 +S 9 mix,
A :TA98—S9Imix, A :TA98 +S 9 mix

= o

S421 1 Fig. 1 wRL72 & 51 TA 100 (£S 9 mix) D
FHETCEREEE%2nR L, TA 100 BEiEOFERBIEMER
THROLUBOERFEERRT 2 L6, HENERNO
HEEEZRFRThHILFHEZOND,

—7%, KEM&HH» 5557z acetone i X, Fig. 2
WALz & 912, TA100(—S 9 mix) DAL THMET
HHIrns, IhoDOERFHIHT 5 S421 0FE
REEHT S E2HAT.

W O A RIFEEM (Fig. 2) LS S 421 OF
i (Table2) B X U°S 421 OEERFEEM (215 rev/
mg) O7 =856, MHEOEERFMEICNT 5 S 421
DERFHFSRERD . ZOFER% Table3 IZ/RT.
Table 3 225, ZOHFE5HIZ9.3~T74.4 % %0, FFH
IV ZOFERIRES ELRZ L8O o NI, AN
— 5 A4 ZOPRAMEETIE, ZORMOMETSITED
ERIFEESR L 57, s E0wd O & E=— Vi
SHEOLDHBH D, acetone & D HH X B RMER
FEUMEOHERIC L 2 b0 RSN,

—%, RELIHERCEET 2 BEOREE X
empenthrin #% 1.15 mg/g, allethrin #30.39 mg/g,
tetramethrin %% 1.88 mg/g, permethrin #%2.07 mg/g
TH5Z Lho, pyrethroid RERIC L 2EEFEMEOF
3@ ohkhol,

UEDHER»S, HAKIELTHWwWLONTW S S421
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Fig. 2 Mutagenicity of acetone extracts of moth/mite-proofed household samples toward S. typhimurium TA 100 without S 9 mix.
A, A", B, B C,C" and D : same as in Table 2.

Table 2 Concentrations (mg/g) of pyrethroid pesticides and S421 in acetone extracts of

several moth/mite-proofed household

Samples  Empenthrin  Allethrin  Tetramethrin Permetrin S421
A® 115 <0.01 1.88 <0.02 7.15
A™ 0.84 <0.01 0.96 <0.02 5.47
B® 0.78 <0.01 1.00 <0.02 5.28
B™® 0.64 <0.01 0.84 <0.02 4.80
c2 0.63 <0.01 0.86 <0.02 5.26
c 0.03 <0.01 0.28 <0.02 911
Do <0.01 0.39 <0.02 <0.02 7.30
E® <0.01 <0.01 <0.02 2.07 4.42

a) A, B, C. part of paper in clothing insecticide (cover-type)

b) A, B!, C'; part of vinyl in clothing insecticide (cover-type)

c) D insecticidal sheet,

d) E; dust pack for a vaccum cleaner

Revertants per plate

Revertants per plate

_

Table 3 Contribution of S421 to the total mutagenicity of acetone
extracts of several moth/mite-proofed household.

Mutagenicity Concentrations of S421 Contribution

R wics (rev./g) (mg/g) (%)
A 5240 7.15 29.3
A! 6550 5.47 18.0
B 2790 5.28 40.7
B! 8160 4.80 12.6
C 12170 5.26 9.3
c 5420 3.11 12.3
D 2110 7.30 74.4

A, A}, B, B!, C, C', D : same as in Table 2.
Mutagenic activity of S421 toward TA100 without S9mix
was 215 rev/mg.

X Ames AR IC X 2 ERFEM 2 RT Z LS L
of, R -BFAELBE L RERG»>ES T
acetone R DA FRFM Ic 0t 3 2 S421 0 F 5Kz
&, KRERENED Shiz, pyrethroid REHKIZ L 2%
REEFSIED oY, HEHER B ZoMOZE R
[RYVE DFESTE S Tz,
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Rapid induction of replicating DNA synthesis in response
to 2-amino-3, 4-dimethylimidazo [4,5-f] quinoline
in rat hepatocytes
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Summary

Genotoxicity and mitogenicity of 2-amino-3, 4-dimethylimidazo [4,5-f] quinoline (MelQ)
were estimated by the simultaneous measurement of unscheduled DN A synthesis (UDS) and
replicative DNA synthesis (RDS). A newly developed “cell culture insert DNA retention”
(CDR) method was used and results were compared with those of a liver carcinogen, 2-
acetylaminofluorene (2-AAF) and a tumor promoter, phenobarbital. An increase in UDS and
RDS was observed in primary cultures of male ACI/N rat hepatocytes exposed to 1078~10°
M MelQ, within four hours. This indicates that MelQ-generated cell proliferation, as in the
case of 2-AAF, is an early event in inhibition. This CDR approach suggests that the
mitogenicity of MelQ needs emphasis in multiple-step carcinogenesis.

Keywords : Cell culture insert DNA retention,

assessment

Introduction

There are numerous synthetic or naturally occur-
ring carcinogens including non-genotoxic types, in our
environment (Gold et al., 1992 ; Higginson, 1993 ;
Hirono, 1993 ; Karaer, 1996 ; Ruder, 1996) . Ubiquitous
exposure to environmental mutagens and carcinogens
is one of the major problems of mankind (Ames,
1979 ; Shubik, 1995 ; Sugimura, 1988) and screening
and risk assessment of such chemicals is a particular-
ly important issue (Fan et al., 1995 ; Hayashi, 1992).

A series of mutagenic-carcinogenic substances have
been found in cooked meat and fish in the last 15 years
(Sugimura, 1995 ; Sugimura, 1997 ; Sugimura et al.,
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MelQ, Genotoxicity, Mitogenicity, Risk

1996 ; Wakabayashi et al., 1992). Those heterocyclic
amines (HCAs) were isolated by monitoring the
fractionation and purification of mutagens by using
microbial mutation assays and produce malignant
neoplasms of large intestine, mammary gland, liver or
forestomach in rodents (Sugimura, 1995 ; Sugimura,
1997 ; Sugimura et al., 1996). The bacterial metabolite
2-amino-3,6-dihydro-3-methyl-7H -imidazolo [4,5-1]
quinolin-7-one (7-OHIQ) was suspected to induce
colon cancer in rodents, although Weisburger et al.
(1994) reported that 7-OHIQ is a direct-acting
mutagen in the Ames test but negative in the Williams
DNA repair test and concluded that this compound is
not carcinogenic, indicating difficulties in risk assess-
ment and carcinogenic testing of newly isolated chem-
icals.

Recently, evidences suggesting that mitogenesis
(induced cell division) plays a dominant role in car-
cinogenesis have been accumulated (Ames and Gold,
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1990 ; Butterworth et al., 1988 ; Cohen and Ellwein,
1990 ; Cohen and Ellwein, 1991 ; Furihata and Uno,
1993) . Chronic proliferation induced via compensatory
mechanisms has been well analyzed, but the direct
action of chemicals in the early phase of initiation is
still not understood well. Accordingly, simultaneous
analysis of genotoxicity and mitogenicity of chemicals
at various doses should be an advantageous approach
for study of mechanisms of action in addition to
simple screening of carcinogens. In the peresent
report, genotoxic and mitogenic ability of MelQ and
other genotoxic carcinogens are evaluated using a
newly developed cell culture DNA retention (CDR)
method (Okumura et al., 1996).

Materials and methods

A 25mm cell culture insert container and mem-
brane, Falcon 3091 (Becton Dickinson Labware, Lin-
coln Park, NJ) was employed for the cell culture,
digestion of cytoplasm and retention of DNA. [Methyl
-*H] thymidine (1.5~2.2 TBq/m mol) was purchased
from Amersham Japan Inc., (Tokyo, Japan).

2 - Amino - 3,4 - dimethylimidazo [4,5-f] quinoline
(MelQ) was provided by Nard Institute, Osaka. 2-
Acetylaminofluorene (2 - AAF, Nacalai Tesque,
Kyoto, Japan) and the promoter carcinogen,
phenobarbital (PB, Maruishi Chemical Co. Ltd,,
Osaka, Japan) were used as typical carcinogens. 500
m/ of Williams’ Medium E Incomplete (WEI) was
made by supplementing 50 mg streptomycin (Meiji-
Seika Inc., Tokyo, Japan) and 0.15g L-glutamine
(Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) to
Williams’ Medium E (GIBCO/BRL Life Technol-
ogies, Inc.,, New York). Williams’ Medium E Com-
plete (WEC) contained 10% fetal bovine serum
(GIBCO/BRL).

Hepatocytes were isolated from ten-week-old male
ACI/N rats (200 g) purchased from Clea Japan., Inc.
(Tokyo, Japan) and collected by a modification of the
method described previously (Okumura et al., 1996).
Cells were prepared at 1.43x10° viable cells/m/ in
WEC. 700 ! aliquots of cell suspension were distribut-
ed into the cell culture inserts. 100 u/ of suppression
medium (WEI for subgroups 1 and 3, WEI adjusted
with 100 mM HU (Nacalai Tesque, Japan) for sub-
groups 2 and 4) were added and incubation was for 1
hour at 37°C with 1009 humidity. Then, 100 x/ ali-
quots of RI medium (WEI containing 100 ¢Ci/m/
[*H] thymidine) and the same volume of sample
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medium (appropriate concentrations of sample chemi-
cals for subgroups 3 and 4, WEI for subgroups 1 and
2) were overlaid, and the incubation was continued for
an additional 4 hours. After the incubation, the steps
of nucleation and DNA purification were performed
and processed for liquid scintillation or autoradiogra-

phy.
Results

Fig.1 displays effects of HU and the genotoxic
agent (GA) on hepatocyte DNA synthesis. Total
DNA synthesis (TDS) consisting of replicative DNA
synthesis (RDS) and unscheduled DNA synthesis
(UDS) was measured by scintillation counting. HU
inhibits RDS by % and influences UDS by / . Base line
RDS (RDS,), base line UDS (UDS,), chemically in-
duced RDS (ARDS), chemically induced UDS
(AUDS), total RDS and total UDS were calculated
from the simultaneous equations of [1]~[4] (Fig.
1)

The % value is estimated by liquid scintillation and

the / value by the autoradiographical method (Fig. 1).
Fifty percent FBS was used for the estimation of %
value which influences RDS but never induces DNA
damage. Unless otherwise stated, data expressed as
mean = S. D. were derived from at least 3 indepen-
dent experiments. Amounts of DNA synthesis induced
by test chemicals were expressed as percentages of
RDS, values (%RDS,;). The indices shown in Fig. 1,
can be generally used to described genotoxicity and
mitogenicity of chemicals because they are indepen-
dent of the amount of DNA applied or scintillation
counter model. The viability of the cultured he-
patocytes after incubation was always more than
90%. Supplementation of FBS reduced RDS by
approximately 309%. HU suppressed RDSs by approxi-
mately 35%. RDS, was calculated at 3063126 cpm
and UDS, was 167 +15 cpm. There were no significant
differences in UDS grains between subgroups with
HU (subgroups 2 and 4) and those without HU
(subgroups 1 and 3). As a result, the / value was
estimated at 1.0.

Values for DNA synthesis induced by genotoxic and
non-genotoxic agents are shown in Table 1. Total
UDS and total RDS, expressed as indices, are illus-
trated in Fig.2. Treatment with MelQ and 2-AAF
was associated with increase of total amounts of DNA
synthesis. MelQ induced a larger extent of UDS at
1077 M to 10~5 M. Of interest was the finding that

Subgroups
50 100% Simultaneous equations
HU GA l‘erS| TDS, = RDS, + UDS,
M - - WzzZzzZZ] TDS,
TDS, = kxRDS, + I x UDS,
[2] +
D TDS; = TDS, + ARDS + AUDS
[3] - ] TDSs = (RDS, + UDS;) + ARDS + AUDS
TDS, =kx (RDS; + ARDS) + ! x(UDS, + AUDS)
4] + +
Solutions Indices
b total UDS
-TDS R dex (% =—
RDS, = IXTDS, - TD: epair index (%RDS, ) RDS x100
-k Jtal RDS
Ubs.  TDS; -kxTDS Proliferation index (%RDS,) = 224 RDS 5
' I-k ARDS

ARDS= Ix(TDS, -TDSI,?I;(TDS‘ -TDS,) Induction specificity = FDS

ARDS AUDS
UM 1. TDS,); k: (TDS, - TDS,) ARDS effect (%RDS,?) = F& *2bs. X!

- 1

Total RDS = RDS, + ARDS = 21D - TDS

Total UDS = UDS, + AUDS =204 kX TD

Total efficiency (%RDS?) = \22LRDS | total UDS

-k RDS, * RDs, %

1
= repair index x proliferation index / 100
I-k

Ck=—peeDS . (o< IDS  IDS )

TDS:s - TDS:

TDS: TDSs

Fig. I Influence of HU and GA on hepatocyte DNA synthesis. UDS and RDS induced by each chemical was
estimated from the simultaneous equation of 4 subgoups. The indices expressed as percentages of RDS,
values (%RDS,) can be generally used to describe genotoxicity and mitogenicity of chemicals. GA :
genotoxic agent, HU : hydroxyurea

Table | Indices
Prolifera- Repair Total Induction ARDS Total
Samples tion index index synthesis specificity effect efficiency
(%RDS,) (%RDS,) (%RDS,) (ARDS/AUDS) (%RDS,?) (%RDS,?)
MelQ

10*M 116+ 92* 5+ 3 115+ 6** —6.58+5.24 0+ 0 6+ 3

10"M 109+ 3* 13+ 5 116+ 5** 2.10%1.67 1+ 0 14+ 5*

10-°M 151+15** 22411 164 +10*** 5.78+5.17 7t 4 32 14**

10-°M 122 +12* 19 3** 134t 8** 1.95%+1.26 3+ 1 23t 3#

2-AAF

10*M 126+ 8 8+ 1* 128+ 6# 16.59+12.6 1+ 0 i ol

10-'"M 129+12* 10+ 7 1324 4+ —0.95+4.93 0+ 2 12+ 9

10-M 120+10* 63k T 174+ o 0.38+0.23 11+ 5 75+ 6

10—°*M 124+ 2# 68+ 4## 182+ 3## 0.39%0.05 15+ 1 84+ 5H#

10~*M 10814 110 3## 207 £ 12## 0.08+0.13 9+14 119 TH***
PB

10~*M 114+ 9 2% 4 106+ 6 —1.74%0.50 =] 1 —3+ 4
Solvent

control 100+ 4 ok 1 95+ 1 5t 1

a . Mean=+SD.

Significantly different from the value of solvent control by Student’s #-test (* P<0.05, ¥ P<(.01, **
P<0.005, #P<0.001, *** P<0.0005, #* P<(.0001)
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Fig. 2 Induction of UDS and RDS by MelQ, 2-AAF and PB

MelQ elevated RDS as well as UDS even at 10~ M, as
did 2-AAF. MelQ induced cell proliferation at 10=°* M
to 108 M and it was highest at 10~® M. In contrast, PB
generated only RDS as described previously (Okumura
et al.,, 1996), indicating the individuality in response to
mitogenicity of particular compound.

Discussion

The role and significance of cell proliferation in
carcinogenesis have been well known (Ames and
Gold, 1990 ; Butterworth et al., 1988 ; Cohen and
Ellwein, 1990 ; Cohen and Ellwein, 1991 ; Jutras et al.,
1989 ; Kaufmann et al., 1991 ; Kokkinakis and
Subbarao, 1993 ; St. Clair et al., 1991). Kaufmann et
al. (1991) characterized hepatocellular proliferation
and DNA damage during the initiation phase of rat
hepatocarcinogenesis and reported that cell-cycle-
dependent variation in sensitivity to initiation of
hepatocarcinogenesis is, partly, related to efficient
removal of potentially carcinogenic lesions from DNA
during extended G,. A similar significance of DNA
damage, DNA repair and cell proliferation in other
carcinogenesis models was also postulated by Kok-
kinakis and Subbrarao (1993). From these reports, it
can be concluded that S phase cells are most sensitive
to initiation, not completing DNA repair so that
damage remains after replication (Kaufmann et al.,
1991). The fact that MelQ and 2-AAF induced
increase of cell proliferation in the 4 hours of the
present experiment is quite interesting. Since prolifer-
ation reduces the possibility of DNA repair. Mitogenic
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carcinogens, like MelQ and 2-AAF could be consid-
ered to be stronger than those which cause RDS inhibi-
tion like aflatoxin B, and 7,12-dimethylbenz [a]

anthracene previously tested (Okumura et al., 1996).
Thus induction of cell proliferation by carcinogens
may play an important role in initiation as well as in
the promotion stages of hepatocarcinogenesis.
Furthermore, regulation of the cell-cycle may be of
essential significance to the intracellular mechanisms
of carcinogenesis (El-Deiry et al., 1993 ; Xiong et al.,
1993). Some direct interaction between carcinogens
and cellular proteins may exist as indicated in the
case of 2-AAF, which was shown previously to inter-
act specifically with a target protein, a liver fatty acid
binding species and modulate the growth of he-
patocytes (Keler et al., 1992 ; Khan and Sorof, 1990 ;
Vinores et al., 1984). We have previously hypothesized
that total RDS relates to the number of target cells of
DNA damage, and total UDS corresponds to the
extent of DNA damage (Okumura et al., 1996) in line
with Kaufmann’s concept (Kaufmann et al., 1991).
The total extent of unexcised DNA damage remain-
ing after replication in one cell culture insert could be
estimated as a synergism between the extent of DNA
damage and the number of target cells, and “total
efficiency” one of the indices represents the initiating
activity of chemicals. Thus, the most effective concen-
tration of MelQ leaving DNA damage may be 10-¢ M
(Fig. 3). The high mitogenicity of MelQ may generate
damage more effectively as 2-AAF did. Chemically
induced S phase cells are also likely to be more
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Fig. 3 Total efficiency reflects the extent of effective DNA damage induced by each chemical.

Values are means+SD

sensitive to the effects of further exposure to carcino-
genic factors. Although the concentrations of HCAs in
foods might not be high enough to produce tumors by
themselves, it should be emphasized that because of
lifestyle and occupation, humans are continuously
exposed to many carcinogenic agents including HCAs
and are confronted with many different carcinogenic
conditions (Sugimura et al., 1994 ; Wakabayashi et
al., 1992). Mitogenicity of chemicals, like MelQ and 2
-AAF will be extremely important in multiple-step
carcinogenesis because it prepares the condition for
the accumuration of genetic alterations converting
preneoplastic cells to malignant (Sugimura, 1992).
Care should be taken in interpretation of total effi-
ciency, however, because many factors involving
intake, absorption, metabolism, intraplasmic density
of chemicals and heterogeniety of DNA repair
(LeDoux et al., 1991) will affect fixation of DNA
damage in vivo. Nevertheless, such an index of unex-
cised DNA damage does suggest a way for the predic-
tion of initiating activity of chemicals. CDR approach
reported here suggests that mitogenicity of MelQ
should be more highlighted in the multiple-step car-
cinogenesis.
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Original Article

Genotoxic potency of 3-chloro-4-(dichloromethyl) -
5-hydroxy-2 (5H)-furanone in Drosophila
melanogaster somatic cells iz vivo

Kazuaki Kawai

Faculty of Pharmaceutical Sciences, Meijo University
Yagotoyama 150, Tempaku-ku, Nagoya 468-8503, Japan

Summary

3-Chloro-4- (dichloromethyl) -5-hydroxy-2 (5H ) -furanone (MX), a mutagenic byproduct
of chlorine disinfection, was assayed for DNA damaging potency and genotoxicity iz vivo in
Drosophila melanogaster using, respectively, the mei-9¢ mei-41"° DNA repair test and the
mwh/flr* wing spot test. MX was inactive in both assay systems, despite the high
mutagenicity of MX in Salmonella TA 100 strain. Treatment of this Salmonella strain with
MX in the presence of S9 fraction from larval flies plus cofactors greatly reduced MX
mutagenicity, demonstrating the existence of an efficient MX detoxifying system in larval
somatic tissues. These results propose a pharmacodynamic reason why the consumption of
water containing parts per trillion levels of MX might not represent an unacceptable hazard

to human health.

Keywords : MX, Drosophila, DNA repair test, wing spot test

Introduction

3-Chloro-4-(dichloromethyl) -5-hydroxy-2(5H) -
furanone (MX), a mutagenic byproduct of chlorine
disinfection, can be found in drinking-water (Back-
lund, 1989 ; Hemming et al., 1986 ; Kronberg and
Vartiainen, 1988 ; Meier et al., 1987 a ; Suzuki and
Nakanishi, 1990) and also in chlorine-bleached wood
pulp liquors (Holmbom et al., 1984 ; Kronberg et al.,
1988) . Since intake of MX by humans is unavoidable,
its genotoxic effects have been intensively studied in a
wide variety of short-term tests. These studies have
shown that MX is highly active as a direct genotoxin
in the Salmonella TA 100 strain (Holmbom et al.,
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1984) and in cultured mammalian cells (Meier et al.,
1987 b). In contrast to the high activity iz vitro, MX is
ineffective in whole-body systems such as the mouse
bone marrow micronucleus test (Meier et al., 1987 b).
However, data from the mouse studies are limited and
further information on the i vivo genotoxicity of MX
is needed in order to properly evaluate its genotoxic
potential in humans.

In the present study, iz vivo genotoxicity testing of
MX has been extended to Drosophila melanogaster, a
relatively simple whole-body system, using the DNA
-repair and the wing spot tests. Results from these
assays indicate that D. melanogaster has an efficient
detoxifying system against MX.

Materials and methods

Chemicals

3-Chloro-4-(dichloromethyl) -5-hydroxy-2(5H) -
furanone (MX, CAS No. 77439-76-0) was purchased
from Salford ULTRAFINE Chemicals (North Man-
chester, UK). Immediately before use, it was dissolved
in distilled water at appropriate concentrations. N -
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nitrosodimethylamine (NDMA) was purchased from
Wako Pure Chem. Ind. Osaka.

DNA repair test

A mutagen-sensitive X-chromosome strain of
Drosophila melanogaster with genotype sc z' w*™®
mei-92 mei-41%° (Fujikawa, 1988) was used. The two
mei markers are meiotic recombination-deficient
mutations (Rec™). In addition to the Rec™ character,
mei-92 and mei-417° elicit excision-repair and post-
replication-repair deficiency, respectively (Boyd et
al., 1976 ; Boyd and Setlow, 1976). This strain was
kept as males in stock together with C(1)DX, »f
females. The C (1) DX is an attached X-chromosome
with wild type alleles of mei-92 and mei-417° (i. e.
Rec*). Hereafter, this stock is referred to as [Rec™
male « Rec* female] for simplicity. A stock consisting
of sc z' w*™ males and C (1) DX, yf females (Fuji-
kawa and Kondo, 1986), abbreviated as [Rec* male *
Rec* female], was also used.

Three- to four-day-old males and females from the
[Rec™ male*Rec* female] or [Rec* male-Rec* female]
stock were mated in culture bottles and allowed to
oviposit for 10 hr. On day 3 post-oviposition, resulting
larvae were sampled and introduced into 3 cm X 10 cm
glass vials containing 1.2g per vial of Drosophila
Medium (Formula 4-24 ; Carolina Biological Supply
Co., Burlington, NC, USA) hydrated with 4 m/ of test
solution. The concentration of MX in the hydrated
medium (i. e., 0.2, 1.0 or 2.0 umole/g) defined the dose
used. As control, a batch of sampled larvae was
introduced into vials containing Drosophila Medium
hydrated with distilled water (4 m/ per 1.2 g medium
per vial). The larvae were allowed to develop to
adulthood in the same vials.

After emergence as adult flies, males and females
were scored separately and the numerical ratio of
males to females was determined for control and for
each of the treated groups. The sex ratio gives the
survival to adulthood of Rec™ or Rec® male larvae
relative to Rec® female larvae. A decrease in the
relative survival after treatment of [Rec* male « Rec*
female] stock suggests a male-specific toxicity of the
test agent. In this assay, preferential killing of Rec”
larvae in a dose-dependent manner is taken as
evidence of DNA damaging activity of an agent
(Fujikawa, 1988).

Wing spot test

Virgin mwh jv ; spa*®* females and fIr*/ TM 3, Ser
males were mated and allowed to oviposit for 10hr,
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and their F, progeny were sampled as third instar
larvae at 72~82 hr after oviposition. The larvae were
orally exposed to MX or to positive control NDMA in
the same way as used in the DNA repair test.

Adult flies which emerged were scored, fixed and
preserved in 70% ethanol. They were of two types,
mwh ju/flr®; spa*®/+ and mwh jv/TM 3, Ser;
spa*®/+. For genotoxicity testing, wings of the mwh
ju/flr® ; spa*®/+ flies were sampled and rinsed in
water for 5~10min. The hydrated wings were
mounted on slide glasses using Faure’s solution (Graf
et al., 1984). The permanent preparations made in this
way were examined microscopically at a magnifica-
tion of X400. Spots comprising only mwh hairs or flr
hairs (single spots) and those with neighboring mwh
and flr spots (twin spots) were scored as mutant
clones. The spots were classified into two classes
according to the number of mutant hairs per spot,
namely, small spots with one or two mutant hairs and
large spots with three or more mutant hairs. For each
of the two classes of mutant spots, the frequency was
calculated as the number of spots per wing. Necessary
statistical tests for the frequencies were performed
using the x>-test with Yeat’s correction.

For explanation of the genetic markers and the
chromosomes used, see Lindsley and Zimm (1992). All
the experiments were carried out at 25+ 1°C.

Ames test

Mutagenic activity of MX in Salmonella typhimu-
rium TA 100 strain was tested in the presence or
absence of Drosophila S9 mix, a 1: 9 mixture of S9
homogenate fraction from larval flies and cofactor
solution containing 5 mM glucose-6-phosphate, 4 mM
NADH, 4 mM NADPH, 8 mM MgCl,, 33 mM KCl and
100 mM Na-phosphate (pH 7.4). The S9 fraction was
prepared as follows : Third-instar larvae were wa-

_ shed with sterilized deionized water and a 1 g sample

was homogenized in 9 m/ of 1.15% KCI solution with
a Teflon homogenizer. The homogenate was
centrifuged at 9000 g for 10 min at 0°C and super-
natant was used as Drosophila S9. In the mutation
assay, his® Salmonella revertants were scored with

MX present at 20 ng per plate.
Results and discussion

As shown in Table 1, MX caused a slight but not
significant reduction from the control Rec™ male/
Rec* female ratio in the dose range used. However,
the reduction was not dose-dependent, and a slight

Table | DNA damaging potency of MX as assayed in the Drosophila DNA repair test.

Number ratio® of males to females at MX dose (zmole/g medium)

Stock
0 0.2 1 2
[ sales Rae* fervale] 1.3%0.18 1.0+0.13 0.9+0.35 1.0x0.68
(117D)* (140) (145) (117)
[Ree* male s Rec* female] 1.0+0.49 0.93 1.0 1.4+0.63
(139) (109) (108) (100)

@ Mean+1SD (N =3-4 for the test with [Rec™ male * Rec* female] stock ; N=2 for the test with

[Rec* male * Rec* female] stock
® Total number of Rec* females scored.

Table 2 Genotoxicity of MX as assayed in the Drosophila wing spot test.

Dose ) Number Small spots® Large spots®
Compounds  (uzmole/g Sl of N c
; (%) ' umber 2 Number ) 2
medium) wings of spots of spots
Control 0 100 198 74 0.373 15(3) 0.076
MX 0.2 90 188 83 0.441 17(2) 0.090
0.5 106 202 78 0.386 15(4) 0.074
1.0 66 156 62 0.397 16(2) 0.103
2.0 65 100 22 0.220 2(1) 0.020
NDMA 0.03 98 168 256 1.523** 125(38) 0.744**

2 Spots with one or two mutant hairs

® Spots with three or more mutant hairs
© Number of spots per wing

9 Number of twin spots

** Significant at p<0.01 compared with control by x? test

reduction in the sex ratio also occurred when [Rec*
male * Rec* female] stock was used though at the
highest dose this ratio increased slightly (Table1).
The highest dose used was marginally toxic to larval
[Rec™ male » Rec* female] stock causing up to 20%
reduction in survival (data not shown). This study
demonstrates that orally administered MX was practi-
cally ineffective in causing somatic DNA damage in
larval flies as measured by the Rec~ male/Rec*
female ratio under the conditions used.

The results obtained in the wing spot test are sum-
marized in Table 2. In contrast to the positive control
(N -nitrosodimethylamine) which was clearly effec-
tive in causing both small and large spots, MX was
ineffective in producing either class of mutant spots at
doses up to 2.0 umol/g, a dose level corresponding to
LDss for the tester larvae.

The test system used can detect not only mitotic
recombinations in the left arm of the 3 rd chromosome
but also chromosome aberrations such as partial
aneuploidy involving the mw# locus if they occur in
the wing disk cells in the larval period (Graf et al.,
1984). Hence, the negative genotoxicity of MX in the
wing spot test is compatible with the negative clas-
togenicity in the mouse micronucleus assay (Meier et

al, 1987 b), but it contrasts markedly with the high
clastogenicity in cultured mammalian cells (Meier et
al, 1987b).

Since the in vitro genotoxicity of MX has previous-
ly been shown to be drastically reduced in the pre-
sence of rat liver S9 homogenate fraction (Meier et
al., 1987 b), it seemd possible that the two sets of
negative data (Tables 1 and 2) could be explained if
Drosophila somatic cells possessed an ability to
metabolize MX into an inactive form. This idea was
tested in the Ames mutation assay where Salmonella
strain TA100 was treated with MX in the absence or
presence of Drosophila S9 mix, a mixture of S9 frac-
tion from larvae used in the somatic assays with
cofactors for NADPH generation.

As shown in Fig. 1, 20 ng of MX induced about 1600
his* revertants per plate. However, addition of Droso-
phila S9 mix caused a marked reduction in the
mutagenicity of MX, irrespective of the larval stock
S9 fraction. Since addition of the cofactors alone did
not affect the mutagenicity, these results suggest the
existence of an efficient detoxifying system against
MX in Drosophila somatic cells ; thereby, they may
explain, at least partly, the absence of genotoxicity of
MX in Drosophila somatic cells (Tables 1 and 2).
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Fig. |  Mutagenicity of MX on Salmonella TAI00 strain in the
presence of Drosophila S9 mix
Symbols+and —represent, respectively, presence
and absence of the indicated component of S9
mix. S9 fraction was prepared from larval [Rec*
male + Rec* females] stock (A), larval [Rec”
male + Rec* female] stock (B) or F, larvae of
mwh/mwh X flr/TM3 (C). Vertical lines show
95% confidence intervals for the frequencies of
revertants.

At this stage, it is difficult to extrapolate these
results to the human situation but it should be impor-
tant to study MX metabolism in human cells and
tissues. Aside from this, it has been expressed that the
very low concentrations of MX usually found in drink-
ing-water may not represent an unacceptable risk to
human health (Daniel et al., 1990). Nevertheless, the
MX induction of gastrointestinal tract nuclear anom-
alies (Daniel et al., 1991) and carcinogenesis in
rodents (Komulainen et al., 1997) will be perceived as
demonstrating an important hazard. The present
results propose a pharmacodynamic reason why, at
low doses of MX, this hazard may be nullified.
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Summary

The purpose of this study was to clarify the mechanism of the inhibitory effect of catechins
on NDMA-induced mutagenesis, which has been expressed by hydroxyl radical-dependent
mono-oxygenation on NDMA, as previously reported. Catechin anti-mutagenesis was
measured in Salmonella typhimurium TA 100 with S9 from SD male rat liver, pre-treated
with acetone and by fasting. The suppression of NDMA-induced mutagenesis by
catechol-type and gallate-type catechins was approximately 309% and 1009, respectively.
The results of voltammetry and coulometry of catechins revealed that the numbers of
transferring electron of these catechins at an oxidizable potential of less than 550 mV were
around two for the former and five for the latter catechins. These values related closely to
the percentage inhibition of mutation.

Keywords : N -nitrosodimethylamine, catechins, hydroxyl radical, oxidation potential,
antimutagenesis
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The assay was carried out under the same condition as shown in Fig. I.
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Fig. 2 Suppression of NDMA-induced mutagenesis in TA 100 with catechins.
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The assay was carried out under the same condition as described in
Fig. I.

Fig. 4 Suppression of NDMA-induced mutagenesis in TA 100 with catechins.

The assay was carried out under the same condition as shown in Fig. I.
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Fig. 5 The relationship between the formation of DMPO-OH
and varying amount of DMPO added in the pre-incu-
bation mixture of NDMA.

The pre-incubation mixture consisting of 200 u/
NDMA, 1000 x/ of S9 mix, and 200 x/ of water was
incubated at 37°C for 120 min, and then diluted to 400
times by volume with water. Varying concentration of
DMPO was added to the 175 u/ of the diluted mixture
and subjected to the measurement of ESR spectrum.
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Table | Oxidation potentials, oxidizable electrons and
antimutagenicities of catechins.

The oxidation potentials and the coulomb values of
catechins were determined with the automatic polariza-
tion system, HZ-3000 (Hokuto Denco Co., Japan) using
an ordinary or a column type, HX-20 electrolytic cells
(Hokuto Denko Co., Japan). The numbers of oxydizable
electron(n)of catechins were calculated according to
Faraday’'s equation, Q =96500nCV using coulomb value Q,
concentration C(M) and injected volume V(I) of the
catechin samples. The antimutagenicities of catechins
were estimated using the same procedure as described in

Fig. I.
Oxidation . Supprfessmn
- Oxidizable against
pO(mV) 4 electrons NDMA
(%)
494 1.5~1.7
(=)c 819 4.3~4.4 23.8
469 2.9~3.2
+ s
(+)EC 892 5 9 24.5
439 2.8
(-)EC 974 7 49 24.8
395 1.52.2
(=)GC 439 1.8~2.2 34.6
974 4.5~4.9
145 n.d.
(—)ECg 538 5.3~5.9 88.9
971 7.0
387 n.d.
(—=)EGCg 534 5.1 89.3
994 8.9
103 n.d.
Tdg 535 3.0~4.4 100
998 6.1~10.9

FERC X > T NDMA 12 X 2R EURHOL Fa ¥ v
VT D h WMAREME 2R U7z (Furukawa, H. et al., 1997).
B 7 % VD Fenton RIGTHERT 2 FaFy Loy
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(N5, 1994) ., — 4, NDMA 0% £ZFEM:FE 12 DMPO
oA TF HICIVBEKENCMFE S L
(Fig.1~4). P 450 2E 1 i DKW PCBFEED S9 »
Huwiz$HE&Td NDMA & o Kt B v T DMPO
& +OH L offis (DMPO-OH) »#&fnL, E RFoF
YNNI ANDERDHET Z L% ESR A7 VO #
TEWZ L DBEES » Iz Lz (Fig. 5). Cyclic voltammetry &
EBAICB T 5 coulometry I k> THESNTHT F
FORLRICDEN L BB FH %K Tablel /R L
72. TablelZix# 7 F » D NDMA &R 2 E R
JEMERBICNT 2 WHER 2 TORL:, 27 F V8D
Bilbtahz HF2ETT2) BATOBBHETFRLE
RIFMEMGIEE Fig.6 wrlL7, ZORLY, 2EFE

0 1 1 1 1 4
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Suppression % of NDMA-induced mutagenesis in S. typhimurium TA100 by catechins

Oxidizable electron number of catechins versus hydroxyl radical

Fig.6 The relationship of percent suppression of NDMA-induced
mutagenesis and the numbers of oxidizable electron of cate-
chins.
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Table 2 Oxidation potential of nucleotides.
The same procedure described in Table | was used.

Oxidation potential (mV) Kou(X10°M~'sec™)

5-dGMP 45.0 6.8
5-dTMP 131.0 5.2
5-dCMP 139.5 5.0
5-AMP 212.0 3.5
DMPO 392.2 3.4
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Detection of organ specific genotoxicity by alkaline single cell gel
electrophoresis assay with mouse multiple organs
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Summary

The genotoxicity of 54 chemicals, selected from IARC (International Agency for Research
on Cancer) Group 1, 2 A, or 2 B, on mouse organs was determined by the alkaline single cell
gel electrophoresis (SCG) assay. Groups of four mice were treated once orally or intraper-
itoneally, and stomach, colon, liver, kidney, bladder, lung, brain, and/or bone marrow were
sampled 3, 8, and/or 24 h after treatment.

The positive rate was 96.3% ; only two non-mutagenic carcinogens (benzenehexachloride
and carbon tetrachloride) were negative. Concordance between genotoxicity and car-
cinogenicity (in mice and/or rats) in target organs was 67.3%, 53.8%, and 41.9% for liver,
stomach, and lung, respectively. At=8 h, however, concordance was 83.9%, 73.3%, and 65.0%
for the same three organs. These results suggest that persistence of DNA lesions can play an
important role in the target organ specificity of certain carcinogens. Our present approach
confirms that the alkaline SCG assay can be used to detect carcinogens in many organs
concurrently.

Keywords : alkaline SCG assay, n wvivo genotoxicity, carcinogenicity, target organ,
liver
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H5., 0o in vitro DFREFR THMEIC L - L&Y
DWW, in vivo FHERR TOFHEDLEMDH 5 Z & o
5, ¥V A ERWL/PMMEEBRS—REICITON T3,
In vivo TOREHEEERBR L L TO/NMEEABRIE, FE
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T H 2 0/ MG TR T H 256, #ERYIE L
BRTH 5 EHEMAICERE L TR Wnic DR EFEMEL
BHEhzwEws ZebFE2oh5, &L, BEFD
BE xR IMEREBR RS SN T 0w B, —iRicidE
MU COERIIEHETH 5. NIFREEEE D
FREEFEL TR, MlESEEO T WHEBE SR &
ETER NS THS,

DNA =it 4 238 % & L C, i, alkaline
single cell gel electrophoresis assay (7 V4 V) Bfifg
FIVESIKENE, 7VAY) SCGik, Xy T vkA)
DEHINTWw S, KA L, DNA #H % DNA §HY]
7)) BRESMLE L TRETZ2DD0TH S
(Singh et al., 1988). Z O HEFREMEEE 2HEEE &
5HDTRZEVWI s, FESHMEMEBO DNA #HE%
BMHE T 20[REMLH 2 (Fairbairn et al., 1995), &~z
v AOKMEFE» O FABL I E W 5 S
SCGxBFEL, ZOEHAMEZ 196 FCFHEKL /2
(Sasaki et al., 1996), 7% U SCG ¥: 3B/ M
B & 5 2 Bifdwc B8 1) 5 DNA B0 IcHE L
ReHETHY, EMHEBN ORI B 5 DNA #HE5
HEZOHFETRELBIZ D20, BiC, ShEs
EXRETIMEPNIFENETH ENTHSH, LD
IN—T TR LA T Tl 54 LB EL
(Sasaki et al., 1997 a, b, ¢, d, e, in press). Zh & D1k
EMDIE &£ A 13X TARC (International Agency for
Research on Cancer) Tt MZR T 2EEYE 2 A, 2B
EUCFHi S hiclb&%ThH 5 (Table 1, 2), & ZTid,
%ligan SCG THOF A =M & OO S 5
B3,

RRERCH DB FHIE SBRIEDIEES

1. FF B&

FriZEDRBBTON L EBRIESRTH D, EEEY

DXEZ - LRI TWEHRAIZN S, 20720,
FF 1332 93% fighds SCG :DH A %3472 BHI D 4 BidR

I
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(K, &, B, B)D—>ThHY, 4{LEVD T XTIZD
WTHTOEEFHEEOBRLBONTWS, 54{LEY
h, FCBttEZ R L DI 49L&z DIZY, 9.7 %
EVWSEOBEERER L, HEEFERT b rrb
57, FTOBCFEEERHLBE Lo bDIEDLT
I 216E% (BHC, carbon tetrachloride) T#H - 7z.
Carbon tetrachloride 12 2\ T i, #5 24 B O T
migration 23 EICHEIA U7z, L L, Sk BEB 2/
BER, REEABE CREELESESRD SN L
5, migration D KIIBILICERAT 2D TH-> THE
ErEE R Lz, 20 2168 in vitro &
BREMNABOLRETHL 5, Wb %non
-mutagenic carcinogen £ F 2 515,

Table 3 1ZfF, B, Mz DoWT, HEENIERICZE T 5
SCG #:i & 2 B FEM L BEM L OB OW» T
FeORbOERT, HTHBHETH -2 49 1E0H, ~
7 A CHHEREMEZRT LD 2716EY 55.1 %) IHEE
hpotz, DNABEWRALRE L TEEIND ET
DOBEBTIFEEFE 4 DNABEE#EI ESE L T3
(Pitot and Dragan, 1996), L2 L, 74V SCG #ik
DNA ¥ % DNA O ESTbe L TRET % b
D TH- T (Singh et al., 1988 ; Fairbairn et al., 1995),
NIV AY 2= Z7ETIVD LS ZEE S L7 DNA 8
BEBRET2HOTIEZ Y, 7AA ) SCCGHEIZBWT
®5 3HE®ZO A THEERTHE X, DNAEBEESE
BRI NLAREMERB L T3, 20k, &5
% S EFRILIEDFFIc 8V T & SCG ¥ £ xR L 72 31
EEMOWTIHIT 2 &, ~VATHEREDD 2 b
DX 191EY (61.3%), ¥V RERIFET v DAL
EL—HTHBEMDD 2 b DId 26 L&Y (83.9%) T
HY, pRYEVHEERA SN S,

2. B (MBHE)

BRI 3 T 2 B EFHEMEZ R L 3316EY
h, BCTBMTH-o72b D3 26 LAY (78.8%) TH-
2. 20O 6, vV ADHIEREERT DI 12L&
(46.2%), ~UVABL U Ty POFIEEEETRT D
DI 14 L&Y (53.8 %) I@X ko, Lel, &5
®% IO BIcB T HBEER LI b ® 151bE
Yith, ~ vV A THEERERZ OO0 1015 (66.7
%), XU RAERIET Yy bOAELLH—HFTHEEEREY
bObDIF111EM (73.3%) Tholz. Bl n
5, FFEEREICRS%E S RREILIED BI23E0 & 5 #ifx
TN L BRI, R OHEEEN RO N TV 5,

3. b

iz 81 2 BETFEE R L 54 L&, i T
HTHo7:bDIF 4316EY (84.3%) TH-oTz. Ths
DI>b, vV ADOCEEEYRT S D3 18EY
(41.9 %) CBE ero 7z, L L, 5% 8 RefELARED
fiicB T bBEERLE b O 19 &+, ~ 7 XA Thfi

Table | List of chemicals tested

Chemical Abbereviation IARC group CAS No. Source®* Vehicle®
AF2 2B 3688-53-7 W (0]
p-Aminoazobenzene 2B 60-09-3 w T
o-Anisidine 2B 90-04-0 W (0]
Auramine 2B 2465-27-2 W S
Benzo[a]pyrene Bla]P 2A 50-32-8 S (0}
Benzenehexachloride BHC 2B 58-89-9 w T
Biphenyl 92-52-4 w (0]
Captafol 2A 2425-06-1 W i
Carbon tetrachloride 2B 56-23-5 W O
p-Cresidine 2B 120-71-8 W (0]
p-Dimethylaminoazobenzene DAB 2B 60-11-7 w T
1,2-Dibromo-3-chloropropane DBCP 2B 96-12-8 W T
N -Nitrosodi-»-butylamine DBN 2B 924-16-3 S (0]
Dichlorvos DDVP 2B 62-73-7 W (0]
N -Nitrosodiethanolamine DEoIN 2B 1116-54-7 S S
N -Nitrosodiethylamine DEN 2A 55-18-5 W S
2,4-Diaminotoluene 2B 95-80-7 W T
p-Dichlorobenzene 2B 106-46-7 W T
Dichloromethane 2B 75-09-2 W (6]
1,3-Dichloropropene 2B 542-75-6 W T
N -Nitrosodimethylamine DMN 2A 62-75-9 w S
N -Nitrosodi-#z-propylamine DPN 2B 621-64-7 T S
Ethylene dibromide EDB 2A 106-93-4 W T
Ethylene dichloride EDC 2B 107-06-2 W T
N -Nitrosoethylmethylamine EMN 2A 10595-95-6 S S
Ethyl methanesulfonate EMS 2B 62-50-0 A S
N -Ethyl-N -nitrosourea ENU 2A 759-73-9 N P
Ethyl acrylate 2B 140-88-5 T S
Ethylene thiourea ETU 2B 96-45-7 w T
Hydrazine 2HCI HZ 2B 5341-61-7 T S
1Q 2A 76180-96-6 w S
Potassium bromate KBrO, 2B 7758-01-2 w S
MelQ 2B 77094-11-2 w S
MelQx 2B 77500-04-0 W S
Mitomycin C MMC 2B 50-07-7 K S
Methyl methanesulfonate MMS 2B 66-27-3 A S
N-Methyl-N’-nitro- N -nitrosoguanidine =~ MNNG 2A 70-25-T A S
MX 77439-76-0 [N S
N -Nitrosomorpholine 2B 59-89-2 S S
N -Nitrosopiperidine 2B 100-75-4 S S
N -Nitrosopyrrolidine 2B 930-55-2 S (0]
o-Phenylphenol OPP 2B¢ 90-43-7 w (0]
Procarbazine HCI PCZ 2A 671-16-9 R S
Phenobarbital 2B 57-30-7 Sa S
PhIP 2B 105650-23-5 w S
S-Propiolactone 2B 57-57-8 T S
1,2-Dimethylhydrazine HCI SDMH 2B 306-37-6 W S
Styrene-7,8-oxide 2A 96-09-3 W il
Thiabendazole TBZ 148-79-8 w (6]
Tobacco smoke 1 - NT =
Trp-P-1 acetate 2B 68808-54-8 w S
Trp-P-2 acetate 2B 72254-58-1 w S
1,1-Dimethylhydrazine UDMH 2B 57-14-7 T S
Vinyl bromide 2A 593-60-2 T O

aA @ Aldrich Chemical Co., Inc., Milwaukee, WI (U. S. A.) ; K : Kyowa Hakko Kogyo Co., Tokyo
(Japan) ; N : Nacalai Tesque Inc., Kyoto (Japan) ; NT : Nippon Tobacco Co., Inc., Tokyo ;R :
Nippon Roche Co., Inc., Tokyo ; S : Sigma Chemical Co., St. Louis, MO (U. S. A.) ; Sa : Sankyo Co.,
Inc., Tokyo (Japan) ; US : University of Shizuoka, Shizuoka ; W : Wako Pure Chemical Industries,
Ltd., Osaka (Japan). ®O : Olive oil ; P : Phosphate buffer (pH6.0) ; S : Saline ; T : 2% Tween 80.

°Sodium salt of OPP is in 2B group
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Table 3 Number of chemicals that gave positive and negative results in the alkaline SCG assay for

each target organ

SCG assay positive

SCG assay negative

Traget organ

Carcinogenicity
of

Carcinogenicity

. .. Positive Negative Positive
carcinogenicity
N % N % Total N % Total

Stomach (M)? 12 46.2 14 53.8 26 0 0.0 7
Stomach (M+R)® 14 53.8 12 46.2 26 0 0.0 7
Liver (M) 27 55,1 22 44.9 49 2 40.0 5
Liver (M+R) 33 67.3 16 32.7 49 2 40.0 5
Lung (M) 18 41.9 29 58.1 43 1 9.09 11
Lung (M+R) 18 1 41.9 25 58.1 43 1 9.09 11
SCG assay positive at =8h

Stomach (M) 10 66.7 5 33.3 15

Stomach (M+R) 11 73.3 4 26.7 15

Liver (M) 19 61.3 12 39.3 31

Liver (M+R) 26 83.9 5 16.7 31

Lung (M) 13 65.0 7 35.0 20

Lung (M+R) 13 65.0 7 35.0 20

2 Tumor sites in mice
® Tumor sites in mice and/or rats

BEEEZ DO DI 136E (65.0%) TH-7z. DAL
D Een»s, B5%KHLIEDMICERD &5 58T
M & Il I I RS DB SRR S b D
D, FOBECHAS EHHBEEIIE,

4. B Bt

BEMREESEWVEEMELT, STABLUFT v b
W BERERE 2 FE T 5 o-anisidine (NTP, 1978), p-
cresidine(NTP, 1979), 8L U7 v MBI U TEE
% 4D OPP (NTP, 1986) O 3{LABICDOWTDT —
¥ 9ES T w5, o-Anisidine, p-cresidine 13#5 3,
24 K D BERE T SCG B %~ L T3, —7, OPP
3E, B, B, B, BicsvwT SCG BT H %28,
&5 24 K2 £ T DNA BESEE L T % 01X BE
DHTH5., DL CEBOEEC SCC EBM % T
THETH, BoO DNAEGS S - & b EREicbk
STEET LV EER, BT 2@EEE2%E 2
% TR EREE S,

7% ¥, o-anisidine, p-cresidine 1 Ames RE&, in vitro
Petfk RE B TG TH 255 (Ashby et al.,, 1988),
RUABLIUT v M EHAVE in vivo BERIFHREBRTH
% BH/MZ AR, FF/IVZaAER, BT UDS Bk, 6 & O
BEToOT7 VAV EREOWT b EMETH S (Ashby et
al,, 1991). o-Anisidine IZ DWW T BigBlue b 7 > A ¥
1=y 7RV ADBEMRTHERBRELEFESI N TS
(Ashby et al., 1994).

IMEGER TR RMELMESMBDER T
HEDOZREEE SCG EICLDRE

B2 ORBFEMHFRRINR E T 2LEWREC LD, &

58

ZHEPRELBELZEDBHONT WS, BHTH, /2
u s AEEY, ERAT 4 RBXURLVEY, &1L
Y, ST VENMD N-= b u VL&Y, BERT &~
D/IZERER T DB R IZ 30 BRREIE E 2> (Morita
et al, 1997)., &/, ~Tu¥r4 27y V77 IR
Ames BB Tl E b O THEWERFEME %2792 (Holme,
et al., 1988 ; Gayda, et al., 1983 ; Decloitre, et al.,
1984 ; Watanabe and Ohta, 1993), n vitro tafk5L s
A /IVEHABR T I, 25V TH S (Alex-
ander, et al., 1989 ; Overvik and Gustafsson, 1990 ;
Wild, et al., 1985 ; Tucker, et al., 1987 ; Morita et al.,
1997). BEF T, ~TuHA 7V I 73y, Ny
MeAv 74y, PT7VFVEO N-= o V{EEYIC
DWW T DOHfEER SCGEDFERNFOIN TV S,

1, ~7aHqM oYy oPi>

BEREES LI 6 BEO~T a4 27V 77 3
(Trp-P-1, Trp-P-2, 1Q, MelQ, MelQx, PhIP)iz>
WTHEINTWVS, WTFhoANTaH A7) v 77 3
> b fEERG S DNA 8 8FR ShTw3 (Trp-
P-1 2oV TR I THARWY), 2Dl L
Tlx, Trp-P-2, 1Q, MelQ, MelQx X%, A, &, i,
f4<T, Trp-P-113%, K, BT, PhIP i3, &, MT#E
nr#EE R U7z, B, M, B8 T SCC BB 2R L
Te~7a¥hA4 27V 77 I iERn,

Trp-P-1, Trp-P-2, 1Q, MelQ, MelQx O~ AT
DFMEEIER I THY, 1Q, MelQx iz, 1Q,
MelQ i Z B dbEREERT e BHFEINTWV S
(Sugimura, 1988 ; Sugimura, et al., 1990 ; Alexander,
et al.,, 1989 ; Overvik and Gustafsson, 1990 ; Esumi, et

al,, 1989). 2 > Dl Ic B 2 EEMIZ 7 vA ) SCG
HECOBMRER L —3T 5. —7%, PhIP 3V >/
EaE4 L %5 (Esumi, et al, 1989), ZHIXBEHETORE
MR TR Lo,

Rzt LT, Glu-P-1, Glu-P-2, 1Q, MelQ, PhIP
NSy FTEEELBD, w7 ATIEELZW (Nagao
and Sugimura, 1993). ¥~ A#EREIC BT 5 PhIP ©
DNA kx> v s @ 1/2~1/3 ThH Y, PhIP ©
DNA {3 HEORASFETE RV EFZOLNTY
% (Nagao and Sugimura, 1993). #&iff, MelQ X
BigBlue } 7 YAV x =y 7 v ADFEH T HIHOAE
B ETRT Z EBHEINTWS (Suzuki et al., 1996).
fikae i By 7 SCG M MRS & MM L ORIE#IC D W
TREEZELEDLSBORAVLETDHS D,

2, NaFALFLT 14 ¥

DBCP, 1,3- dichloropropene, EDB, EDC, vinyl-
bromide, dichloromethane iZ\W¥h b H, i, B, ik
¥ O@E#H O T SCC ERtEERL TWw5, SCGE.T
X, DNA 8% 7 VA4 ) BZMHA & L TDNA D&
SR OSETHRET 5. #0772, DNA OESFt%
BES 7 H N YR E TN AE UL, BEED
EEEPEZZEDBHD, DR, SCG HEORER 2 FHl
T 288013, MEEOEEEFRBCAND I EHEE
<#%. Carbon tetrachloride TIIHEICERT % b D
Y2 5h 5 k7% DNA 85 23% 5 24 R O T
THEDSNL TS, —F, DBCPIZ iZ5E W B HEL
(S¢derlund, et al.,, 1990 ; Lag, et al., 1989), % 7z, EDB,
EDC iz 3fFEm»a o> n w5 (Storer and Conolly,
1983). L» L, —Mic, #5% 24 RELIRO A FE)
Yz oW, EERS & OEIRRTORRE &2 ZERT RS A
SR TNEERIR I > TwiRneEZoNTNRSE T
L (Gregus and Klaassen, 1996), #4524 Kt D &R
BIOREEATOREIAD SN TORNI &5,
SCG & TOBMRERIF Zh & D&Y © DNA HBF
HizEIbHDTHY, MEEFICL 2 -RELbLOT
BhweFEzohTwnb,

In vivo ZERESHBRELTD
ZiEg2 SCG &

< AR BT B RETEE/IMERERIC X o TA
gk sh, BERT-INBEORTWS, ZIT,
BB 2 RETFENEE, S SCC &k & /MR
DOREITHEE L7z, 54 OREFEMYE (Table 1) icXd 57
v 2 BT O/IMEERBR DR 1 40.4 % (21/52) TH
%, L»L, SCCHEOEHTOBMERIX 25.9 % (14/54)
rrhnk b BV, ¥, BT SCCHEBETHLHICY
Hivb o F, AERETIZRED b 023 DBN, DDVP,
1,3-dichloropropene, EDC, styrene 7,8-oxide & 51k
B¥H Y, SCC ¥ L /IEHRBRE TR LGS b O

FLH—FHL T, Lizh> T, SCG EILEZE
EYOBRETEEERELBLELTH, Bl VWIH
—DEREMNRE L TWBRD 3% 0¥ E o FHHE
TERWVEWVZ D,

L LSS, M EDEEWzonwT, Shfas SCC &%
THBYE D Eb—DODBETHN) ko7 bDiE
52{bEWTH Y (BEEK 96.3 %, BEHIIEREES LV
Y # 2z 50T \w 3 BHC & carbon tetrachloride T &
%, Table2 ZM), AmesABR, in vitro REOERHER
B, IMERERD DR b —DOTHMEEE S TWwEHD
LEew—KT 5, £, IMERBRTHBERMEVLAT
a¥ A2V r7 Iy, naFrAFv 74 YRT TR

R, YTLVFELEO N-= b u VL&Y TH 5 DMN,

DEN, DBN, DPN, EMN, DEoIN, N -nitrosomor-
pholine, N -nitrosopiperidine, N -nitrosopyrrolodine
DWW TH SCG B TIRAF, MiZz L 0B O T SCG
EBMTH L, Lo T, invivo TDNA BEEER
H+2REERELTOSCCEOERKRELDTEY
CFHfiE NS,

fa

kD in vivo ZERIFEMRER T, BHf/IMLABRE R
UDS RERED & 512, H A FE OISR BT 5 8ETH#
HERET 2D THo1. 2D, {LFHWEDY A
7 Sl % 3 BT, in vivo ERIFMFER TOBENR
figee © HHERHOENES £ O —BE ICHE L s h
T a7, ITHE, IMERBREICOWTIZENE, I, HLE
Y, kMR E LTI hyo kg EHWIRERO
BFMBRASNTE TV, HERERNEEEFEED
BB ELTE, NIVYARAY=w IR TVAILED in
vivo ERFEMHBROEHIN TV, 54 L&DV T
w2 i3, SCG ¥ Tt Dlifias 363 L b RO
YR DBENI EREETH LY, FEENESRTDH
2z bbb T SCCETREERSZERENTDHS
Zrhbdholtz. Lo T, I TR SCG
®iE, BEWEORERLE L TRBZEORVHEBRRT
Ho L sha, HrnBWi SR SCCEDOFE
L OB S % Table 4 2R,

INERBRP N TV AY 22w 7V ADRABRR TR
DNA g fafk B £ 72 3BEEALR & L THEE
XN bOERELTWADIXL, SCG #ix DNA %]
HEE*RET 25D THS. DNABHOERLALR
BEahzy», HsVEMEOEEL L TR ErPND L
Ezoh, BEFERERLLTMN I VAY =9I
v ZADFRTRE SN S b DI1Z DNA ¥I#EHO—& 5 T
b2, BRERNTBETEEOER R ) A 7FHEO7:
HIZbHRBRRTOBBOLELHFINDLI5TH
2. Skb, HLOEEOERFEYHE, BEVHIIOW
T %58 SCG TR L, T R—ADFREZ Z»

B
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Table 4 Standard procedure of alkaline single cell gel electrophoresis assay with mouse
multiple organs

1. #EBMEERS

(1) 7HEEOHE~ Y A, 1# 40T, EERIRG, 8 & 8K EBICER

(2) BEREE/IVEABRE L FARICEREN S - 3RO%S

(3) #5 3 ~24 Wi IC &SN 2 Mt (W0 —8ERL~) > CEREL, HEIC

W& U TYIR 2 7E5)
2. BOFR
(1) B, &, M, N BoSEHREZOEEREYF A X
(2) B RREE), b5, BV L CAEEAEAKTHEY RV L%,
HOR—N—F A4 T FIBANN—F NV TEESR 23> TS 2 48 L < 2
herEYFA X
(3) BBEMA I FEIAERE S 513 0.5 ml DK E Y+ 4 X CEE
(4) »WEREYF A X, (75mM NaCl, 24 mM Na,EDTA ; pH 6.5~7.5) %Nz
TI7V7 7 ADFE T 7u0r8BO10ml Ry ¥ —BKkEY A F—T
500~700 rpm TEELHIZ 1 A PO —2 THREYF 4 X
(5) 700 xg T 10 SFEIHEELL, EEZBREMERL-ESEESREY F 4 W
THEREL, 7 VIR okdicieE
3. 7HU—RAZVOIER
(1) 18, E3IAO7 Ao —2AGP42, HE2REHADES MMEEBEE 7 o — 2
LGT (3 A FA4AT A7) 3EHAREKIEFNETN1IBLE 2% 122 L5 ICETF
V¥ THIEG R
(2) BIBY VBB LI GPL2 D5 ul #L2HE7TAMATIARE TR (Y F
3) LcEE, B EDEICA——TOAMRTA RHTRA(ZYF )
EPEECT O —RARATERTKFEIZESTT 7o — 2 2@k
(3) GP42 7 A u—ADEILEY, 7272 BICA—/8—T7 0 R MRATA RH T 2 2R
WOV BEIICLTHIE&KHT
(4) 7# v —R LGT 3% 5°CRBL THB &, B2 @7 VEROBERIC, 5
B 7AZIBEI & 72 1T ARG L 11 TRAL, 20 75 ul #EULLT:
BIESNVICERBL, 1EBIZA54 R X %2 hu8 TEL
(5) 7HO—ADBEELIzOATA AT A% &ML, K5 EIBrLEL
T GP 42 % 100 u! EE L CHEBEICETL
4. T ALEE E BRKE)

1) FERLE7Ha—A7 V%2 10cm AT A Y ¥ —VIZAFEICE X, 12Eb10ke
U7t (2.5 M NaCl, 0.1 M Na4-EDTA, 10 mM Tris, 1% Na-
dodecanoylsalcosinate, 10 % DMSO, 1% Triton X-100 ; pH 10) # 7 #
O — A7 VISERICR D £ TH» ICHRNe
0~4'COERA »FaX—F —F - IZBHHEICE L 1M E®BE L T e
Vi
B) 7Hu—AFNEY T <) VRIBKKEM IR L T—dicii~, KELEES

VKEEMEE (0.3 M NaOH, 1mM Na,EDTA ; pH>13) #74H0—2% L

BRELWCRD ETHLICNZ, BREKEBEZ L CCOKEA > Far—F —i2

(2

-

B
(4) 10 53[###E L < DNA % unwinding X ¥7-%%, 25V T 1558, ©EEES K
BE{T5¢

(5) ‘%ﬁiﬁki’]b%@?bf:7ﬁ“ﬂ—xbjlv%§*b>blﬁléJ:U’, W0ecm A7 Ay v —1
WARFICEE, 7HO—AFVHRRICERD & TH»ICHRIEE (0.4 M Tris ;
pH 7.5) #inz, 10~20 4fE#E

(6) 7HO—=RFNEFHPIEIE LT, 20 ug/ml DTF VI AT TTA FHES0 1l
BETLTHN=FZ7 A %D, BHESOKIZOVWTI R Y MROLE, D
EEZHIE

CHBRLTT T A RS T ANMEEICHEAL, SMEERBEL 2 & X i A
EXETTREETRT 7u Vv ABEHELL: O,

PHERAT AT A u—ADBEEIC L > T, RERCEE BRI S,

*GP42 2[R 3BT, A—N—T7O0X AL FFFADERBEDES THo77, &
12y A=N—=T7BRAMATA FH T ADOFEREFKEAOEOEMFHIZR,

¢GP 42 OBE 138 1 43,

CRE TS A o SIIEMREIAE CORZ TE 2B L 23 LR RIT,
TZORETEAE CTEL & HTAEE BHT O DERONHEHE L 208, FERICIZ
wE L,

£ LS 250~300 mA FREEIC 2 % & O ICEBSIKEEER O & & B, SISy o BE
W T £ T, YVR2EREKEMICEy N2 L X2RE, EXEBTITS 2 L2
XbOTEE,

22 EeBEEND,

&t i
PN A /A & =2 e | A B W LT DR S D
7, SEEMKEE L CHARENAERME (H53F
HIRFZE) 12 & - TiTbitlz, MX 29518 7o B R
KERMKBERIAIER - KEEFEL, KFRCEL
OHBNE #THW I HFEBRERFERFEBE - AAREHE L
WCERHT 5.
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% 7 DERREZERFRSS (7th ICEM) EIKREE

1997 £ 9 H 7 H~12 H, Toulouse ({4)

0O B (BFENI A7 v HREEY )

SR EELE LD CEREEL T 5, BHET
KEREENFE NI 1977 FOF 2 MBEE RFEES
# (YN 7) OBNEE % EEHEES & OBHEE
Bogm e 3] (1978 F H2H) OFIcRo07, &
2 BEIEFITHFEELS00 L T—MREE 193 DFRENH
D, TOAFERMITONLE 1 EEE (F7yo~) 3
&% 200 %, —MREE 50 T, BT 2 L B0 TR
CABHICOELWREBOD EBEbN2 LTI TL
7z. SEIOFE 7 [\ b 7V — XEHITITHT 40 » EHH» S 800
AN EDSEIL, #9550 EOEERFERINE LI
REThol. SMEOEINOERD T IV, F,
TNVEYF Y, RET VT DY A7 & DERFHICHE
DEOEMBH OV WENE T ETEBD ZRETVE T
ERRRBLI:. ThsDEDOHEETIIZ OEEE DY
oM LI RAYEOTEREMN 2 &, HEEOFEEH
Hizowi,

—MRARIRR Y A TITbh, HELETICKR
I —DRARINT. BMENINERTEZDTH 3,
ROBICKBDOADBEEZ D, ToBELTWE, 20
i CHEE % R o 72 D13 Comet assay & FISH 5T H
%. I 53 New mutagenicity tests and their evalua-
tion & > 5 session THAIZL L7z part 5.2 5 213 ¥
ZLDEERBDHoT:, o, BRRICBELVHNEEEN
BREINTWEDT, EFIZiX Comet @D & FISH
Y EBMNT o 51T EH > Tz, Comet assay IE
BELBET, BBRBRENS XL, ZEBcsHTs L
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% / Letter to Editor
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