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Metabolism of environmental mutagens by intestinal
microflora in vivo and in vitro
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Summary

The intestinal microflora can metabolize a wide range of environmental chemicals in-
cluding mutagens, carcinogens, drugs and food additives either directly or after meta-
bolic alteration in the liver. To elucidate the roles of the intestinal microflora in the
metabolism of foreign compounds in vivo we established a method of antibiotic treatment to
reduce microfloral activities such as enzymic action of g-glucuronidase, cysteine conjugate
p-lyase (B-lyase) and nitroeductase. The glutathione conjugates of Il-nitropyrene oxides
detoxified in the liver were excreted into bile and degraded to cysteine conjugates in the up-
per intestinal tract by r-glutamyltransferase and aminopeptidase excreted from the pancreas.
The cysteine conjugates were then degraded in the lower intestine by S-lyase which was
derived from intestinal bacteria such as Peptostreptococcus magnus and Eubacterium limo-
sum. As a result, the DNA-binding activity of the cysteine conjugates was enhanced in
vivo and in vitro. p-lyase also plays an important role in absorption of metabolites
of glutathione conjugates from the intestine. On the other hand, the sulfate conjugates
of nitropyrenols in bile were deconjugated by pancreatic juice and bacteria such as
Escherichia coli, Klebsiella, Enterobacter and Proteus that easily colonize the abnormal
biliary duct, and changed to mutagenic nitropyrenols. This phenomenon is considered
to be one of the reasons for the high incidence of biliary carcinoma in patients with an
anomalous arrangement of the pancreaticobiliary duct. Small-intestinal ulcers were in-
duced by a nonsteroidal anti-inflammatory drug (NSAID) in specific-pathogen-free rats
and gnotobiotes of E. coli or Eubacterium limosum but not in germ-free rats, antibiotic-
treated rats or gnotobiotes of Lactobacillus acidophilus or Bifidobacterium adolescentis.
Furthermore, the distribution of the intestinal microflora in rats with ulcers was changed,
and the ulcer formation in the rat intestine was prevented by giving them cultures of
L. acidophilus or Bifidobacterium adolescentis or yoghurt containing B. breve and Strepto-
coccus thermophilus as drinking water, suggesting that the normal intestinal microflora is
important for prevention of NSAID-induced small-intestinal ulcer formation.

Keywords: intestinal microflora, 1-Nitropyrene, method of antibiotic treatment, cysteine
conjugate f-lyase, Phase III reaction, NSAID-induced small-intestinal ulcer
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1. FL&IC

BRBEWEOBURBLRIED A =X A
ORI BT 5 KIS OB TR, £ & L THILE
Myl > 7o in vivo OB, WHILBY) O &R
oM, XHIAT VvSAOERIC L - TT
bhTws, Lhl, BE - FEWEOEKANR
MAE L HESTREWT, EELRBRATHHE
BNTOBNEEOREREEY, LIXLIXERS
nTuws.

Ao Bl, B3 SIREE RFEWE, REY
Bo—Emi Enie MENIKA SRR E LT,
Bo, BERSIVBIRENELDRLH, Zof
TROMCBATIHAIR DS, AEHICA
o lREENE L, Bkod i EFEWE, 4
HELAESCEBL, BREAT, FiEER,
o THAREOWECER S h, BITCRP~HE
WXho, BROMICA I LFEWEO—IHIT oW

Tk, BHEORBAEEZF ERNIh DY
Ebd 5.

(b2 BE oL hNERE, EYRHEHRLED
NoBEHCI2—HORIGEL Tiilcbh b
P, kEE THREEE I HRIE Lo h
5o 8B 1 W EREREARE & Wbh 515
{ERIET, Wk, BT, MAIR EDRIELE
¥h, Ft27wr—a P450 BREMLERTDH
5. ChBORIGIC X - T, RIGHICE A RCHEE
rRf R B 0 AR, & h, DNA 72 K oA RNE
ST ST 5. DNA LS LciEr ek,
BEBRORALF ISR L, BRERYFEL
7o 0, FREERSHREEER 2 /R T X 5 1Cinb.
RIS T G CAER S h ik bk
oA eV FAEFFV, G, 7Y vV
e ONREBOWE LA e, BEE IO
BT, KEHE LTS hSL T W EEHmIcE x

Environmental Mutagens (Food, Air, Water)

e v i

[sen | Lung

T

Digestive |~ [ Mutagens Liver

tract ‘th | reaction

l Bile "
hraad Active forms <e—» Iw
microflora ‘th Il reaction
Phase [ll ;
reaction Conjugate‘s
Enterohepatic \\\
Feces circulation Urine

Fig. 1. Metabolism of environmental mutagens and enterohepatic circulation.

The environmental mutagens are taken into the human body through the mouth, lung
or skin. The compounds are activated (phase I reaction) and conjugated (phase II reac-
tion) in the liver. The conjugated, detoxified compounds are excreted into the bile and
metabolized by intestinal bacteria in the intestinal tract (phase III reaction). After decon-
jugation by the intestinal bacteria, the compounds are absorbed in the intestinal tract and
then metabolized again in the liver (enterohepatic circulation).

BIRIGT, ARG EFER, —BICANE AL (17
#) Rt Tths. RENLERLLTUL, 712

r VIREBEER, SV x T+ v S-EBEEE, Wk
BBERLCEDD D, i EOfEED, R~
Pel S 2 2y, RV ABEE S L5 2530 F RO
BEWIC X DREI RS (g, 1983).

BT~ PRl S h - £ @ laadt, BERNTE
NE DFF> B-glucuronidase <> sulfatase /g &0
ik G EER K S huictiie, BOREHED
EHEEWE LD, B X D BIRS KT, B
~EOhEER# IS, Z0LAENTOEY
HoBBz [BIFER] LFATw2% (Fig. 1),
COWEIFEERC X 0, {LFEWEOAGNTE LK
<7eh, BEOHEINCO)N LAY DD, F
7o, E& L THNEIE S JWEGEO D RRIGE,
B RIS EFFERTE D, e TOEENE
CHEAHLTWS.

AWT, T, ARSI~ 0BNEEOR
GRHFRDEHED 1 25TH 5, HikWELEEY
258 oA WE LB R iz 7
DTLDFERICOWTHET 5. KiIT, REER
EWE l-nitropyrene (1-NP) # &5 {b&4 &
LCRY, zoLAaRARE, BN BT
LIERA RO BESERBIC O W THRET 5, &5
2, BREZRFELNO—BREROFBERBLICY,
BHNE,» BB REYRELTHBHELT, JE
AT rA FRILKIEFNC X 2/ NGEBHRC S W
THAT 5.

2. BAEELEORBORS

—c e F OBERNR, 4 EFhCEBTERET
BB, Ak, EEPIREEML TV EFCR
B, HIHEE S ORI A\ A e
DWEMNTEE L, THEROMAIE B 7 H
EHEEXYVRT 5. zohTHBACTUEYBR
WL, TofEFHYBNEELTS. e ol
B, 100 £, 100 JkfEZ iz 5@ ELRE
W Tk b (Finegold et al., 1974; Drasar and
Barrow, 1985), 75 - fillEZ A4S O ERELH b, B
FoEEHbEEC, WHcEET sBEHEOBEEY
EEBLIhTxy, LGERO—DLLTOR
E|% R 71 T\ 5 (Sheline, 1973; Rowland, et

Table 1. Metabolic activities of intestinal

microflora against foreign compounds
(Sheline, 1973)

1.

Hydrolysis of glycosides
a. Glucuronide
b. Other glycosides

2. Hydrolysis of sulfate esters
3. Hydrolysis of amides
4. Hydrolysis of esters
5. Hydrolysis of sulfamates
6. Hydrolysis of nitrates
7. Hydrolysis of peptides
8. Decarboxylation
9. Dealkylation
a. O-alkyl compounds
b. N-alkyl compoinds
c. Other alkyl derivatives
10. Dehalogenation
11. Deamination
12. Dehydroxylation
a. C-hydroxyl compounds
b. N-hydroxyl compounds
13. Heterocyclic ring fission
a. O-containing ring system
b. N-containing ring system
14. Reduction of double bonds
15. Reduction of nitro group
16. Reduction of azo group
17. Reduction of aldehyde
18. Reduction of ketones
19. Reduction of alcohols
20. Reduction of N-oxide
21. Reduction of arsenic acids
22. Reduction of sulfoxides
23. Reduction of epoxide to olefins
24. Aromatization
25. Nitrosamine formation
26. Nitrosamine degradation
27. Acetylation
28. Esterification
29. Methylation
Ketone formation

30.

al., 1985). F+ Rk E L, Bacteroides, Eubacte-
rium, Peptostreptococcus, Bifidobacterium 7g & O
A BIEVGET D EHETETICERT
LH) MWREBTHY, KEEO X5 RiFKERE
D 100 fE LA B FFEL T 5. BB QR >GEH
EM: o fEE A Table 112%125 L - (Sheline, 1973).
Ak, FrcFcoR@M AL GREELL,
77 m VG CHRBIEE H B\ N v 2 F
VIE ORRICOKEOWE Y AR T 2 DXL
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T, BB X 5 REHRE T & k) i E T,
= RHI VR b VOEROHIEBRTEEBRIT
TNTHo T, FEUEOIRBUEYEYERT 50
DRECH D, —7, BREEORBEN, &
H, Y, AP VAREC I TEEYZTHE
LhambhTwb (Goldin et al., 1978; Goldin
et al., 1980; Rowland, et al., 1985).

3. Invivo TOBRABRBOMRS*

N TORBCIHBHEEN B L TWhhE

SMEFANDHBEE LTUTD I 20 HErE %

bhTuwa.

DB O HB5R8IC X e Foib & x
DO B G-RERE, MBS LRIk S X
HRHMEWSCHERRB YN HETH L, £
AEGLUAMIBENE OB S i L FE XL TD
EBTHD. Lal, oGS TLIBEE
[XH71% 4 LT (enterohepatic circulation),
B DTGB HEEH X kv (entero-entero
circulation), JBANE Ic X - T R# % ZiT 5D
T, TRCHE X B W > T,
Z D - DM OBEFRIC X B RG@RDD, A
BRI RO ) EXFITE R
BELRD 5.

@/ F A -t (EEBYEED) LEEBY
DR FRAHETH Y, cycasin (methyl-
azoxymethanol-3-D-glucoside) o 7 #: 5 Hlic
BHESBES L TwbZ EDEBHIh TV 5.
B4 b, 1-NP oLERRBOHRITEWT,
COFHEERCT, BHER, = b e BTG
L, BRERIGEES L, FiETr:, MRS
LHEROHEE LOT e F b B 52 &
#AERH L 7- (Kinouchi et al., 1986a). 171,
S h A= P RO DL, T4V VL
— Z — LB THUD $u =20 WS i F[E A s oy
D, EBREHOSCHERD 5.

QU ENEFY & REEY & O btk
HCORLEE T BNE O & 2 I0EH L cBiy
i, e E OB 5EBR LT, HAmEL
HE) CREMEW BT, FE LTHER
BN T OBERIGZE> T tBEL D, K
AL, BECEEL, BEK BHEAEY S

4

Table 2. Antibiotics used (Kinouchi et al.,
1993)

Group  Antibiotics Dose/ mouse/ kg of body

weight

1 None (saline) -

i Bacitracin 200 mg
Neomycin 200 mg
Streptomycin 200 mg

m Bacitracin 400 mg
Neomycin 400 mg
Tetracycline 200 mg

I\% Neomycin 500 mg

Vv Kanamycin 250 mg

VI Kanamycin 200 mg
Erythromycin 200 mg

VI Kanamycin 200 mg
Lincomycin 200 mg
Tetracycline 200 mg

Mice were given saline or various kinds of
antibiotics orally twice a day by intragastric
gavage for 5 days.

2, MOTEBLCR O H0ERDDH. T,
CORDOTAHBEC L - TEM S THIZ L 12
D, BiEWEEES LIEAHORIG LI L
T, LAHOBINIE & ARk R THO

THEELAThER bR, FBEE»bOR

WodishidmEEERL, Eh~OREY

PisdTrz L REYTHB.

H41x, #EHAEYWE (Table 2) # < 7 A
SHRE, 1H2EEAK Y vFTHEL, SEHK
(Table 3) ¥ X O IEADEERIGEMHEDZL (Table
4) ##I%E L7- (Kinouchi et al., 1993). 1V Ffifs
YOV Bo7 37 7)) 2y FRIAYE OB
BT, MHEETHD L BCHENT, FRMEE
DWW EEEN A b R0, HEAEEON
BB B ABENALRT, BENOESE T
B HHIEEECIZI R e & EERIRLTVLS
(Table 3). %7z, BENAEY O KMEREFRIGENME LM
Mg ERCTHKRT 2 &, AR h
K3 HEEHK TH S r-glutamyltransferase & ami-
nopeptidase DOELEIEMICIL & OHLAYE AFERE
CTLHEY 2 Ieh ot FBE, BRoZhD
OEEFRIEEIIER B - o F oM Mgk
DEEFE O TIL, p-glucuronidase {EM:L & OHL
AEWBEAIC X o THIRA Licns, AR5
WiEHER o = b vE kR (Kinouchi er al.,

Table 3. Effect of antibiotic treatment on bacterial counts of the upper and lower

intestinal contents (Kinouchi et al., 1993)

Group Upper intestinal contents

Lower intestinal contents

Aerobic incubation Anaerobic incubation

Aerobic incubation Anaerobic incubation

I 7.10+0.37 7.534£0.21
I 3.534+0.05%* 3.7740.17**
I 2.15+0.15%* 2.15+£0.15%*
v 4.8040.36%* 7.16+0.46
\% 5.80+0.30* 7.40+0.10
VI 5.63+0.17** 6.20+0.37*
VI 2.73+0.31%* 2.531+0.21**

8.83+0.09 10.0040.08
3.474+0.19%* 3.13+0.59%*
2.7040.10%* 2.15£0.15%*
5.0040. 14%* 9.67+0.19
6.8040.30** 9.55+0.05
5.73+£0.17%* 7.33:£0.31%
3.2040.36%* 2.43+0.19%*

* Significantly different from control group I (p<0.05)
** Significantly different from control group I(p<0.01)

Table 4. Effect of antibiotic treatment on various enzymes of the upper and lower

intestinal contents (Kinouchi et al., 1993)

Group T-Glutamyltgansferase Aminopeptidase B-Glucuronidase /B-Lygse Nitroreductase
(nmol/min/mg) (nmol/min/mg) (p8/h/mg) (mol/min/mg) (nmol/min/mg)
Upper intestinal contents
I 28.1+12.3 14.1+3.5 7.4+ 0.7 0.244+0.05 0.18+0.03
i 22.2+ 3.3 13.0+6.1 5.6+ 1.0 0.07+40.005* 0.08+0.01*
1 17.0+ 1.8 14.44-0.3 9.2+ 0.8 0.204-0.07 0.13+0.03
v 15.8+ 2.6 12.4+3.3 8.7+ 1.3 0.14+0.06* 0.11+0.03
\'A 18.5+ 0.9 11.1+2.4 8.5+ 0.8 0.23+0.04 0.14+0.11
VI 23.2+ 6.4 10.9+1.4 6.7+ 0.4 0.20+0.19 0.13+0.08
VI 19.4+ 3.3 9.3::1.5 6.4+ 1.3 0.204-0.02 0.15-£0.06
Lower intestinal contents
1 8.2+ 0.7 4.6+1.5 74.8+16.8 9.5+3.0 1.1 +0.2
i 8.0+ 2.1 4.7+1.5 6.2+ 2.0% 0.340.2% 0.1 +0.02*
m 13.64+ 0.9 6.1+2.3 9.24- 10.8* 0.64+0.4*% 0.024-0.01%
v 8.2+ 1.7 4.6+1.2 5.8+ 1.2% 1.64-0.2* 0.4 +0.04
v 102 1.5 3.6+0.5 18.1+ 3.5* 5.840.5 0.6 +0.02
VI 12.74+ 4.9 7.6+2.4 7.2+ 1.0% 0.34+0.1%* 0.1 =#0.1*
VI 7.3% 1.2 2.94+0.4 3.8+ 1.3* 0.34+0.1% 0.03:0.02%
*

Significantly different from control group I(p<0.05)

1982; Kinouchi and Ohnishi, 1983; Kinouchi
et al., 1986b) L pB-lyase jEM: (Kinouchi et al.,
1990) (27 3 7 7'V 2> FRHEWE OBk E
TIHEBCHAD Uled o 72 (Table 4), 7, &
VAEWBOAEBRCL NV F Y AT LA
— ADIGE D ORI O BRIECEE L
Tehote. BLEOFERE LOBENLOYIAYWE
DRI TN & h, H 1 BEOHiA Y E N
BRGWEEZ . ¥, SKEKE LTHAEHBEL
BefTioBaw, HUHOHANEY, % 2~
2.5mg/ml OB L 5 ICHM S B IKEW
T, LEWEE S 3 BAT L D WA TR 5 &5

Te BB %) R 28 & kvt (Ohnishi et al., K
RE).

4. FEF)L{LE&H 1-nitropyrene [CDWT: R
FTOHFEELEZORBCONT

1-NP i}, 5 4 —+ = v 2 v (Manabe et al.,
1985; Ohnishi et al., 1985) = F A » — 7 (Ki-
nouchi et al., 1988) o HEH k7 F, 5 wh T 8K
(Manabe et al., 1984), A=V oV F A 1V
(Manabe et al., 1984), Big /e & DfY (Kino-
uchi et al., 1986¢; Ohnishi et al., 1985; Ohnishi
et al., 1986) 7c X2 bR S h, BEERIIALS S

5



1-acetylaminopyrene

1-nitrosopyrene —>[N—hydroxy—1—aminopyrene] —> 1-aminopyrene

/ DNA adducts

1-nitropyrene

1-nitropyrene oxides —> 1-nitropyrene dihydrodiols \

3-,6- &8-hydroxy-1-nitropyrene ————| conjugates

1-formylaminopyrene

[reduced products]

glucuronide

glutathione /

i 3-6- &8-] = sulfate
conjugates ,6— &8-hydroxy-1-aminopyrene / gt i
J/ 3-,6— &8-hydroxy—-1-acetylaminopyrene J,
enterohepatic enterohepatic
circulation circulation

Fig. 2. Possible pathways for metabolic activation and inactivation of 1-NP in vivo (Ohnishi et

al., 1991).

1-NP is metabolized through reductive and oxidative pathways. During the reductive
metabolism of 1-nitropyrene a metabolite, N-hydroxy-l-aminopyrene, is formed and bound
to DNA. In the oxidative pathway, 1-NP 4,5-oxide and 1-NP 9,10-oxide are oxidatively
activated metabolites and they are mutagenic and are responsible for reaction with DNA.
On the other hand, 1-NP 4, 5- and 9, 10-oxides are detoxified as glutathione conjugates in
the liver and excreted via the bile into the intestinal tract.

i+ 5 EREWE CTARTELRFEAR CTERI D
(Tokiwa and Ohnishi, 1986). ¥ 7- kK& TE L
vETREERORIGIC LY, BHICERSIhS
(Tokiwa et al., 1981) 27y, —F{LERBHE T O
<~y ALY Vv EREBHEE LT, £ERTO
= b rfbic X » THR & h b (Kanoh et al., 1987;
Kanoh, et al., 1990; Ohnishi et al., 1990; Oh-
nishi et al., 1991; Kinouchi et al., 1994), % 7=
1-NP (1= — A 2RBRIC BT, R XIF72AH
TA98 #% (—) 89 TEVERFEMLRL, KRS
HcH LT ERREEERTE W O REDLD B
(Tokiwa and Ohnishi, 1986).

I-NP o 4: kN coREHERILRER & LT,
=+ rEORT L E v VROBERIESE 2 bh
Tk b, BRILRBER COMEXELA, N-hydro-
xy-l-aminopyrene (Howard et al., 1983; Kino-
uchi ez al., 1986b), AL RERER: T OIEHE(LA
1z 1-NP o K-fi=++% > FThs 1-NP 4,5-
oxide & 1-NP 9,10-oxide (Djuri¢ et al., 1986;
Fifer et al., 1986; Heflich et al., 1990; Ohnishi
et al., 1986; Smith et al., 1990; Kataoka et al.,

6

1991) #2&#Ex bhT\w% (Fig. 2). £H B0
RSV EAN T EE R FE L RICLTW5D
%, 1-NP #»#5 17 B6C3Fl ~v A XD
DNA #HiHi L, #A 7 ~<AkT DNA ffinfk
HRNDL L THRE L. TofER, NP #5
B> DNA fFhnfkix, in vitro T&ERL L7 1-NP
oxides » DNA f}infk &M CEB AR L. %
7= 1-NP 0@ eEHEKIc X - T4 U % DNA ff
InfkcdH % N-(deoxyguanosin-8-yl)-1-aminopy-
rene (Li: & A BRI, AME&N ToOFEK
ML EEE bR L b0 LE L bhis
(AP35, 1990; Kinouchi et al., 1992), BifE, fib
DRMED =7 AR T o b CTREDORBR T - T
W5A, DNA AL RfEL B D &
MBS o0k % (Kinouchi et al., £F
).

INEF AL, EERNCEETS YT T
FCThbh, =HFy Vgl oBBETFILEY LBEH
¥ R RIERERNCRIGE LT/ v 2 74 viaaH
T 5. MR 1-NP oxides & 7' /v & F 4+ Vg
Bk L LT ~REE S h 23X FTh 5.
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Fig. 3. HPLC elution pattern of biliary metabolites from rats administered 1-NP by gavage

(Kinouchi et al., 1990).

When the bile was directly analyzed by HPLC, 14 major radioactive peaks were ob-
served. Peaks E and F are the glutathione conjugates of 1-NP 4,5-oxide and peaks H and
I are the glutathione conjugates of 1-NP 9,10-oxide. The radioactivity of glutathione con-
jugates and their metabolites in peaks B-I accounts for 21.4% of the total radioactivity
excreted into the bile. The glucuronide and sulfate conjugates (peaks J-M) constitute 27.5%

and 5.59%, respectively.

Fxix, 1-NP #5.5 , + oiil%4#i (Fig. 3)
L, Bidho 21.49% »rrzF+ v afhs X
O oR@EY (VATA =17 Y VigGEs
IOV AT A viGH) THHZ EEHLMTL
7- (Kinouchi et al., 1990; Kataoka et al., 1991),
ZFofbo 3/6/8-nitropyrenols < 1-nitro-4,5-di-
hydro-4,5-dihydroxypyrene 7c & D 7' v 7 v Vi
¥k L OHRBRAEARIThEh 27.5% & 5.5% T
» - 7= (Kinouchi et al., 1986a; Ohnishi et al.,
1986) .

5. BERGKOBEATORS

1) YrLynrBELUnERast

I-NP #5455 , ratdo 77 v v BIaEE
SWRERTuA AL, BNE RS B-glucuronidase
% arylsulfatase I X - T & h, 7279 =2
v THh% 3/6/8-nitropyrenols <> 1-nitro-4,5-di-
hydro-4,5-dihydroxypyrene 23l T< 5. X
HICE DRHEDIBENE RS = + »RITEHR
CXoT7 3 7R EBRIE, —HxFERIL
X% (Kinouchi et al., 1986a; Kinouchi ef al.,
1987).

2 YL9FF-faek
(i) YLy F* 805 REYE (r-glutamyl-
transferase JE1E)

7 s w v BIARCHRBIRA A TR E T
Lo THEIRTWS S0 LR UKW HEEEL
TR BDORKENT, 7 V2 F4 Y IEEKROBEL,
ORI X > TEBMH Rls > TL 5D THE
BoORGE LD, IR TFF VA RO RIEN
Y REHEABY TN &, NENEYCE
EED D D FEBE IR CIEE I ey o el
BHTo 7L z2FF+ v HaEEoREEHEXS &,
¥F IO F A VIO E Lo TV A
FAL=n7) v v AGHENAERL, DVWTYAT
£ =n7) v SR AT A VG LE
XN 5 Ead - 1o (Kinouchi er al., 1990).
F O RE AR S L OREEE, B
MR, R X ORI OWTIIE T A &, BE
WHEL B iErA /R L7 (Table 5). BER:
B/ NBCOEBE CTH B Lactobacillus 7g &
IR\ E D e o fe 2 E D BINERNTD 7 v
& F A v AR O D G TR 0 B T
FRLZLTWAHLDEEZ bR,
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Table 5. Degradation activity of intestinal bacteria, mucosa, bile and pancreatic juice
against glutathione conjugates of 1-nitropyrene oxides and cysteine conjugates of 1-
nitropyrene oxides (Kinouchi er al., 1990)

Specific activity (nmol/hr/mg protein)

Enzyme source

Glutathione conjugates

Cysteine conjugates

I-NP 4,5- 1-NP 9,10- 1-NP 4,5- 1-NP 9,10-
oxide-SG oxide-SG oxide-Cys oxide-Cys
Anaerobes
Bacteroides fragilis GA10624 0.08 0.07 1.5 2.2
B. gingivalis 381 0.03 0.05 4.1 5.0
B. thetaiotaomicron 5482 N.D. 0.03 0.6 1.2
B. uniformis 0061 0.21 0.08 5.6 3.9
Bifidobacterium adolescentis ATCC 15703 0.37 0.15 1.6 1.7
Clostridium perfringens GAI0668 0.14 0.01 0.1 1.7
Eubacterium limosum ATCC 8480 0.06 N.D. 175.7 135.4
Fusobacterium nucleatum F-1 1.25 0.46 6.4 19.3
Peptostreptococcus anaerobius ATCC 27337 0.39 0.10 5.4 7.8
P. magnus GAI10663 0.12 0.14 58.3 1554.3
Aerobes
Escherichia coli W 3110 0.76 0.11 32.8 4.3
Klebsiella pneumoniae KUB 13 7.54 0.84 0.4 N.D.
Lactobacillus acidophilus ATCC 4356 0.65 0.09 0.5 0.2
L. brevis ATCC 8287 0.05 0.06 0.1 N.D.
L. casei 1AM 1043 0.23 0.07 4.2 3.4
Proteus mirabilis KUB 22 9.50 1.36 1.8 3.5
Pseudomonas aeruginosa UTC 55 14.43 1.36 0.7 0.5
Salmonella typhimurium T A 98 1.02 0.33 0.4 0.4
Staphylococcus aureus 209P 0.04 0.04 0.6 0.3
Streptococcus faecalis UTB 74 0.06 0.05 24.2 16.5
Intestinal mucosa
Small intestine (upper) 0.66 0.86 0.1 N.D.
Small intestine (lower) 0.26 0.63 0.4 175
Cecum N.D. 0.48 N.D. 0.4
Large intestine N.D. N.D. 0.5 0.9
Bile 1.41 1.67 0.7 2.5
Pancreatic juice 6.33 16.36 N.D. 0.1

N.D., Not detected
(i) YRAT4 A& EDHREM (cysteine
conjugate S-lyase ;&%)

P BEl S ke 7 v 2 54 v G NG
HTYAT A VRABEKCE CTHEINTTRBE
CBITTADTYAT A VAR RIER L%
EHEASY CHE L. TORE, vAT71 v
A RONRERLER 3 X O KRB » 0
<, NERBHCILILWZ Edbhotle, ZD5
fRFEEIL, cysteine conjugate p-lyase (B-lyase)
DFHEFITH %5 aminooxyacetic acid DFRHNT
FHE I hic, CoBEREE L LAHEFRERES L O
SRR, BERE, B X OB ow Tl

8

ETHE, BHERICHERL TV Lbvbho
7-. ¥pic, Eubacterium limosum L Peptostrepto-
coccus magnus 7R\ IEME A FF > Tie, Fio—
A IR SRR O I SRIEE & D bR TEE S
/AL (Table 5).
(iii) ZLIFH L EDHEND OB
sz FA e Es, RErZd b BE
BRI htic, FEERAPE S hohid 4 &
> TCIRBEKBBCIKS., T2 T, PIFTAS
~n L7 1-NP oxides O 7V x5+ vk %w
AL, ki I HoR4MmENIE~ 7 Ak X
A~ 7 ACREROBYS L, MOt %

T
]

2.0

Concentration ( nmol/ml )
[e)
T

0 5 10
Time (hr)

6.0r b
5.0
4.0
3.0
2.0

1.0

O0 5§ 10 15 20 2448

Time (hr)

Fig. 4. Time-courses of radioactivity in the blood after oral administration of glutathione con-

jugates (Kinouchi et al., 1993).

Glutathione conjugates of [*H]1-NP 4,5-oxide (a) or of [*H]I-NP 9,10-oxides (b) were
administered by gavage and blood samples were withdrawn from the tail vein at the indi-
cated times. O, control group; @, antibiotic-treated group.

100 @ 100F b
antibiotics, feces
antibiotics, feces
80 80
)]
8 control, feces control, feces
T 60 ’ 60r
6
e
g 40 40
[}
o control, urine control, urine
20r 20r
antibiotics, urine antibiotics, urine
0 & Al o
0 12 24 48 0 12 24 48

Time after dosing (hr)

Fig. 5. Radioactivity excreted in urine and feces after oral administration of glutathione con-

jugates (Kinouchi et al., 1993).

Glutathione conjugates of [*H]I-NP 4,5-oxide (a) or of [*H]I-NP 9,10-oxides (b) were

administered by gavage.

E Lie. HieWEBLE~ Y 2T, S
SR ERL, #5% 2~3 RRBCRBHEAY R
L7cB, WA Lieny, PikWwEaE ~ v 2 Tl
RECHRERRE © LRI L, IBE S B ORI
BNE# ORI 5.2 8 Hhvc i - 7o (Fig. 4). # 1=,
R~ 48 B, 4B~ v A S EOW
20% PRl L e s, HiAEmEAR < v AT 2%

DUFTHhote. MicHEFER~OHNE, PitmE
MPE = AT 95% DLk, i~ 2T 80% LA
T -7 (Fig. 5).
(iv) ZLyFH AasEk0FEL
= — A AR X %5 1-NP oxides » 7 v x
F v IEHROERFEEIREHED 1/150 LITFT
BHotehy, YATA VAR ETCHHIND LE
9



Table 6. Effect of cysteine conjugate p-lyase on mutagenicity of 1-nitropyrene 9,10-oxide

(Kinouchi et al., 1992)

. . Revertants/plate
Cysteine conjugate (nmol/plate) B-Lyase Aminooxyacetic acid - =
TA98(—)S9 TA100(—)S9
0 = — 39 123
5 - — 112 153
5 + — 1088 583
5 + + 125 156

Table 7. Effect of -lyase on binding of cysteine conjugates of 1-NP oxides (Kinouchi

et al., 1992)
Xanthine oxidase Allopurinol Aminooxyacetic Binding (pmol/mg DNA/hr)
(0.1 U/ml) (1mmM) Plyase acid . .
(1 mM) 1-NP 4,5-oxide-Cys  1-NP 9,10-oxide-Cys

— - — — 6.0 7.2

+ = = — 18.6 44.6

9 + = — 5.7 28.9

- g + — 9.0 14.4

+ = + — 76.9 153.3

+ + + — 33.0 47.3

+ = + + 34.0 51.6

+ + + + 14.0 27.0

Fig. 6. DNA adducts in the lower intestinal mucosa after administration of glutathione con-

jugates (Kinouchi er al., 1993).

Mice treated with antibiotics (b, d, f) or untreated (a,c,e) were given saline (a, b),
glutathione conjugates of 1-NP 4,5-oxide (c,d) or glutathione conjugates of 1-NP 9,10-
oxides (e,f) by gavage. DNA was extracted from the lower intestinal mucosa and the
DNA adducts were analyzed by the 3*P-postlabelling method.

BEMZ, srzFtvEHho 10 Fomm i
FCER LK, TRVATA VAR OEREH
wPIES % & %1 Peptostreptococcus magnus X

10

D58 7o p-lyase (Kataoka et al., KFEFE) %
Mz s & ILRERE®ESHMUL., ZOBRE
Mo B4y, aminooxyacetic acid ¥ in-cHEl

NOo

Intestine

juice
-’ Gly

Cys € OysGly ¢-C
conjugate con,i.lgate6 ys’G*:/

= |

Upper CysGly conjugate
Intestine I
Cys conjugate

Cys conjugate
"
Lower i-lyase MO
©©
O Lo
SH

jugate
1 Pancreatic

T

2

Fig. 7. Proposed oxidative pathways of l-nitropyrene in vivo.
1-NP oxides are oxidatively activated products of metabolism of 1-NP by cytochrome P-450
in the liver. 1-NP oxides are detoxified as glutathione conjugates in the liver by glutathione
S-transferase and excreted via the bile into the intestinal tract. The glutathione conjugates
are stepwise cleaved in the small intestine by r-glutamyltransferase and aminopeptidase
which are excreted mainly from the pancreas. As a result, the products reach the lower
intestine and the cysteine conjugates are further metabolized by cysteine conjugate S-lyase

of the intestinal microflora.

Xhic (Table 6). ©F h v A7 A ViIEEKIL b-
lyase I » CHMI W THEHEINS Z &
b fo.

Invitro ¢ v A5 1 v &4 D DNA ~DOfk
BB L, Blyase L= rBETUHETHD
xanthine oxidase 2 3:754 % L JEHI1IC X < DNA
CHRETH Enbhole. ¥, ZOREER,
aminooxyacetic acid X xanthine oxidase D[H
EHITH 5 allopurinol OFEINC L - THHI S h
7z (Table 7). o % h v 27 1 V&L, BHE
DERWCIEM A Eo Blyase = b rBTTESRIC X
> THEHEIh B HEEL D 5 2 LB B2

frifes
EBRIC v AT A VA EIBNEC X > THiE
AL E 5o, Fido 7 zs4+
VAR G LB R K OVERALEEE)
B Xy P BERHE AT ) KL, DNA 24 L,
A A+ AT DNA e dic. ok
B, HiAWE L RE Lisv~ v A THBERIE T,
BB~ v A T GBI MRE DNA <
Zbhicwdind &b 3o DNA fHhnfknisR
HXhte (Fig. 6). 7 x5+ &k B
BN TECHRPOBER TV AT A vIRERICE
THRIhbDT, Zhbo DNA ki, ¥
11



Fig. 8. Production of anomalous arrangement. of the pancreaticobiliary duct in dogs by pancre-

atico-cholecystomy (Dong et al., 1993).

Table 8. p-glucuronidase and sulfatase activity in pancreatic juice and cell-free extracts

of various bacteria (Dong et al., 1993)

Enzyme source

Specific activity (nmol/hr/mg protein)

Pancreatic Juice from a normal dog

Aerobes
Enterobacter aerogenes KUB7
Escherichia coli W 3110
Klebsiella pneumoniae KUB 13
Proteus mirabilis KUB 22
Pseudomonas aeruginosa UTC 55
Staphylococcus aureus 209P
Streptococcus faecalis UTB 74

Anaerobes
Bacteroides fragilis GA10624
Bifidobacterium adolescentis ATCC 15703
Clostridium perfringens GAI 0668
Eubacterium limosum ATCC 8480

B-Glucuronidase Sulfatase
<0.8 3.5
6.6 3.3
297.5 5.0
6.6 66.0
9.1 3.3
8.3 0.7
5.0 0.7
<0.8 2.7
5.8 <0.3
9.1 6.3
9.1 1.0
9.1 3.3

AT A REEIBHEIC X - THOR I WicEY
DG E RN CEEShTE L D L%
z bhi.

I-NP o LRSI IC 31T 558 1A, 85 11
s X O T MRS\ T o % &% Fig. 7
R LT,

(B BERESARE LHBBEHE
RUEOPEERBEAMBEE O Mg, IREHERE
ARPEFO L FICHENTEERTHD EHHD
hT\ % (Komi et al., 1984; Suda et al., 1979).
CoBbpo 1ok LT, BiFhciuaks LT
I RFEWE ORBAD, FERPOEEHEC
s HIRERABIT LCBREY, MElsk
DHEETOEERETAERTHAH S EE %,
12

EFAREHCTCEEL 7 (Dong et al., 1993),
1 > OPEE & B Y& L C AT EEIEE
Ei B RAE (APBD dog, anomalous arrange-
ment of the pancreaticobiliary duct) & L 72
(Fig. 8), I-NP %A #5 L, NHFERH 4
Lt —HT, 1-NP %5 L CIEWHAOHE
BEIT IR L, Th OB REML K TS &,
BEROFN2HEL ECEWE %2 /R L 7. 1-NP
L L 7o 4 % o A ik, 3/6/8-nitropyre-
nols DR &AL P S 2 DT, 1 X DK
¥ L OB s LBl 2 T HE o sulfatase
1EMEAHIE T % &, Klebsiella pneumoniae 7 %
BWEME RS T, EEIC D sulfatase
EdEA R X huie (Table 8). #REXL 7% A
B CHt L, BERH®K s/ r~ 7774 T

o
-
)

Absorbance at 250 nm

1
0 10 20 30
Retention time (min)

Fig. 9. HPLC patterns of diethyl ether ex-
tracts of bile from a normal dog (a) and
an APBD dog (b) (Dong et al., 1993).

AP &, EHERB»LIIBAA Shibs
PR S ieh o 12, BERIEH 2 S i
4 X ht- 3/6/8-nitropyrenols 23\ H X h, T
JEHHCRAAI R o TV B 2 EAHEER IR
(Fig. 9). oz &k, WERERREIE T,
BT A R R & G ME © sulfatase 23FH]
LT, fAKROBEEEVIENTEZ »TW25
CERRLIEDOT, FEEGRERED L b

TONRERE DO RARDECRERO—228 bz
T oo i

6. FEZRTOM FRAXEFIOEHEATH B/M5
EBOHRADOBAREEORMS

AT r A FRIOKIERIC X 2 BB+
BRI X < mbh T, FE/MEcb
WHEIER S h, NEFELEES L TRTT 2IE
BOM s ShER &R Tuw % (Allison et
al., 1992). F 41k, FEAT w4 FREKIEHTH
% 5-bromo-2-(4-fluorophenyl)-3-(4-methylsulfo-
nylphenyl)thiophene 23%F34% 5 » b/ NGEE
R L R BE#OBIRIC O W TINTe. £ ORR
% Table 9 1Z/R L7z, & DIEHF|% #45- (1,000 mg/
kg fAE) Lic » M 7 Purp S P (71%) /i
B R S ey, ki 11 RO FAENELE
L7y FRERE T » b CR/DBIERBERIBIE
Shishot. L, EHES o +iZ Eubacte-
rium limosum <2 Escherichia coli % &N E L
JRTER LI/ P14 — TR, EEVELH
Zh 100% % L0 67% S hie. ThbD s
b3 — MU E A A LB S
5L, BHIAR IR Koo —HT,
Bifidobacterium adolescentis % Lactobacillus aci-
dophilus % EFHE I/ b A4 4 — P ICHKAEF

Table 9. Effect of intestinal microflora and various treatments on small intestinal ulcera-
tion induced by a nonsteroidal anti-inflammatory drug, 5-bromo-2-(4-fluorophenyl)-3-
(methylsulfonyl)thiophene (Uejima et al., in preparation)

Rat Treatment No. pgsliim;:g?al (%)

Specific pathogen free None 5/7¢ 71)

Antibiotics 0/7¢ 0)

Germ-free None 0/5( 0)
Gnotobiote

Eubacterium limosum None 5/5(100)

Antibiotics 0/2( 0)

Escherichia coli None 4/6( 67)

Antibiotics 0/4( 0)

Bifidobacterium adolescentis None 0/5( 0)

Lactobacillus acidophilus None 0/5( 0)

Specific pathogen free None 7/7(100)

Antibiotics 1/7( 14)

Bifidobacterium culture 1/7( 14)

Lactobacillus culture 2/7( 29)

Yohgurt 2/7( 29)
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ZRELTIEBIMR S hith - k. IHIC
specific pathogen free (SPF) 5 ., + T #{ ¥ »
100% R & -84 <4, Bifidobacterium ado-
Jescentis x> Lactobacillus acidophilus D=2
Bifidobacterium breve Y Streptococcus thermo-
philus DA otz — 271t (€7 4 —1) %, K
Kl 5T X v SREEKfRb h it 2 Tk &, BE
DI EhZh 14%, 29% % L0 29% il
fIhi. i, NEEBIrRELTVS7 5 b
DINGREh O MBI, TESE <H % Lacto-
bacillus 1AL, EHTIIIZEA BRI R
\~ Escherichia coli, Proteus, Klebsiella }s L O
Bacteroides 7\ Tk b, HENZEL T
fo. DI EAT v 4 FRELKIERITH % diclofe-
nac sodium i2 Xk %5, F CO/NGEEOFHFRD
FUEWEARC X f S hic (KAD, 1992).
Thonz s, FEAT v FRIUKIEFIC L D
HF SIS /NGB EOC 5GP B e 0 S e el
ERELTOWABZ EERLELDOTH Y, BHE
BORS VARSI EORYSHLRLT
W5,

7. &hYIC .

BREHRCIR ML, EEREME: & 2R
D I-NP e 5 b5 & LTHEY, T4
AR B L OHFEERBIANOBAEE OG>
W, FR B T ARG O mEMIC OV Tl e,
ZOHT, IBAEOBTE L L ToiidamEAR
SHERWRE L. T I 70 2y FRVFAEWEC
IoT, BHEZIH L TERL-E WV IHTE
BINT BN, T3 7Y a2y FREAEWE L, B
HNHEEDIZ LA Ew 5D 5 EKMERECIIENTH
D, BOBHERIML o2 LiTidito TnvignhZ &
BT HLEND .

BB IREZERFEYE I D T, —fo
R eE 2 5 b EELZE Y RI-LTW
HEENE . DE D, BAHLFEWEHO AN
A & hic & 2, BHEC L > Tr0E
HFRWEIER SR T Wb, BREOER
Lo THBINAMEAE S h THEEAFRIEI LT
D, BHNELRHEEYHE - RELCY T 55460
E2bRANBTHS. - T, {LEEOEY:

14

TR, WAWEABRRY NS &T, Hit
HIRPEOND TSN B D EEZ TV 5.

¥ B ORBICB ST aER b E,
fRFHRIFIC X > TEORRDO AL RI IR IWHY
ERC L, BHNEO NS v AR BT L HEE
SR TIHBNEEOYEE & 13, O HER:-
WHExF D 2 EDNTE LRSI IHTE 5.
BB, AR 2 oA kR~ OB 5
nh T, ARNES, PIERT@Be = v A
TR=N, T3 /BisEORBIC LG L, 5,
Fef, b7 & L ABEBRIECEE XL BRTED,
JEH W HRIE RO CTH D, 4K BDITi%
DT E B STV B,

I3
GO HARBREERFFSRHEZH L, %<
DFHADEBINC L BEDTH Y, HIAEIHET
SV F LAKERREE 2L CDHER, HKFED
Jed B L OGBURHR Bt (rA WL, BIREE
-, IMHEETFER) oF4 &R L BT 7.
¥ic, REEE, HEEEZRZOEKEZILD
BIfRAAL, X HICHRE, MBS V& T L
KBEOHRCEHH L 3. AR, Tk
& L ORFREOBRTH Y, £O—HIEHE
Frewtoedt, EAEBDAMEBRS, FLBEZR
LW RIS, HKEFR DRSNS,
International Cancer Research Technology
Transfer Project (UICC, Switzerland) }s X 0%
ET R ZIC LRSS DB % Z1 & L
ul
RFEPEE: FMET, BEEE—, KK K M
ke, PR Th, # O f, BK
—t1, M. A. Matin, HREE, X
VG 50
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Isolation and structural determination of mutagens in food
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Summary

The adoption of a bioassay is essential to search for principals that are biolog-
ically active and present in very small quantities. In addition, there is no isolation
method that generally applies to all mutagens in the environment. The concentration
and purification procedures suitable for each mutagen must be chosen for each case. a-
Dicarbonyl compounds contained in many kinds of foodstuffs and beverages were found
as principals that showed direct-acting mutagenicity in Salmonella typhimurium TA100.
The methylglyoxal mutagenicity was markedly enhanced in the presence of hydrogen
peroxide. The mechanism of the enhancement of the mutagenicity was investigated by
means of the reactivity of a-ketoaldehyde with hydrogen peroxide. Another new mutagen
(7,9-DiMelgQx) contained in beef extract was isolated from a mixture of creatine, threonine
and glucose heated in ethylene glycol at 200°C for 5 h. 7,9-DiMelgQx has a linear struc-
ture of the aromatic ring system in contrast with other known heterocyclic amines which
have angular structures.

Keywords: mutagen; heterocyclic amine; a-dicarbonyl; hydrogen peroxide; isolation

1. [FL&IC AR L CREERRA LS h, FhbeTieRE
ADRFC OV TR BHEORHROFNICE ¥ HodbDHZ ENGEH I T\5 (Ohgaki et al.,
LR BEP BEIRTO—2ThHSL#EL  1991; Ito et al., 1991),
bhTw2. ARFOREHWED—2L LT, & BBPOBEFEWER, VL ExSEEHE- -
FERMEINE U7 b X AR T 2HRE - 24 ERFEHERBC I K& 2Brepics s
IR heterocyclic amine (HCA) 734154 CTus (Nagao et al., 1977). F 7>, TAS Bricst L
% (Sugimura, 1986). = 1 53+ L€ % T E A f# T S9mix OfRMEFFCr7v—2av 7 rHOE
o AR MR B2 5B pnBaa B Loy o fa, REMZRT 54 7L TALI0 #ricxt LT R
73 IR R Sy BOMBIRY O DOME, W B BB L eI R A R B
HEPRTE S iz (Yahagi er al., 1977; Wakabayashi ROLREWMEND 5. BiZrRET 2 HCA 1o
efal.,, 1992; 1993). 20 fi% g+ HCA 2@ S v i3, REWEORY, ARboOSRE, AR
ATHY, £05% 10 ficowTs ., b, <v  fH, ZREEREEE, DNA 5, 256R
© BABRBEZRFEY2 17



HEHEAL s R BT RAE RO B S S HE S hTw
BN, BEEOWTIRELEHAL T TRV, &
hoEE LT, RO RS B hicE
WWAERL, ffe LTt — e —2MUEMCED
¥ sh s (Nagao eral., 1979), %7z, T OFED
TREWEIIMBEROAR TR, 72— LK
B REEAR, ARG S SEEO RS <
4F T\ % (Nagao et al., 1981; Sugimura ef
al., 1983). thLRERBOA =>v=—x2—LLT
b Tiel, RfETrE—x—LLTOEAD
BoLFHIRTWS, 20 &A 7OERFEWE
DRI EBEFRVDLDEDEHEL LT S &
ik, DATFHOEILRITHAS. £ T,
& DT - 7o TAL00 gRicxt 3 % EHEE RFEWE
DOWge & HCA 1o\ TR T » IR Z BT

Bisulfite adduct

5.

2. BERF0O TA100 #CHTIEELEREDE
(1) EERHEOEH

2 — bt —3AEOTIRIERFEWINES, Tkt
szt ko THLCERFEELAA T %
(Kosugi et al., 1983). ¥ 7z, v 4 AF —IXHICA
RTHER IR D, & ORICZERFELR 785,
Fhut, BRI h @AY A~ —F—T
Beavh, WERARIELTH D ERERLD -
7o, ThHboHEL Y, FREMROCFRERWE K
KA DI X > TERT HILEWTH S L
WL, RO OB R IFEMR L LT
ERWEOMBEEDT. & TERTHERER
WEEIARREILEWTH Y, BHIEL S Ok

R-CHO + NaHSO3,zR-§-OSOZNa
H

Schdtten-Baumann’s reaction and hydrazine method

R-g-cnz-g-n'_‘;“_czo_.

.

%,

]

N R'

n—¢=cn-8-n'
OAc

NH,NH,

o-phenylenediamine method H
NH; O R Ny R
.+ JL—— X
NH2 (o] R' NZNR!

Fig. 1. ZEREFEWEDOFEEAKIE.

Ba# Loy, DR OBRTRIhizZhb
DLFM IS HE LY, TR VT e FE
a-o 7 P VAEEH Bk By vEEYT
BoHLEOHRZELL., £2T, Thb®ZD%
FORBTHHET 5 L W& L, Fig. 1 I/RL
FeHBARICE < Z & TRE LB R R
B EE L. TORE, BREMHOELFERY
B a-Ch AR = LB TH D L B B o
T HZENTER. ThbD{bEWEERL,
FOBERBFEELZ TSR, a-vh rH =11k
&Hyodcl methylglyoxal (MG) o X 575 a-
FrT7ATe FEDEICHOCERFEEYRLIC
(Table 1) (Nagao et al., 1986).

(2) ERPOZEREMEDOI

R D BRI X 0 AR T 2B RFEMO
a-2 A NE = LS OFT, BT R
RT a7 b T T e R, IBERO LR D
3 TA100 BRiCBE T2 Rl % < DA
hEEhT\wb (Kasai eral., 1982; Nagao et
al., 1986). zh boE®EmuHHr L% Table 2
R L, BREHEOREV 2 - — 1k -2
B R = VROBERFEWEI R SEECEETRT
Wh, RV, BELTHHOTHURIADEED

P, P —ANTBZ LR LD ZOEEIRMNT 5.
—7, BELW=—e—DBFREH T2 - —
R A BT %A b kE (H.0,) 25 L T 5%
= & w4 Lo (Fujita er al., 1985a). # 1L T,
a-7 P T AT FOGEEBERFEHEOR I DR
BLC, a—c—0FRFEHIILOLLEH
FTRBEHTE RN E0D, HEOHEEIER%
B3} L7 (Nagao ef al., 1986). #1C, MG »
FREMED HO0, DI X hid L WET 30
P R I, WM Ih B REEY 2 — ¢ —
DR & BT i3 2 & O RERFAT
% 7% & 45 L (Fujita et al., 1985b). = 21
a-r T AT e FOBEREKE, Thbe H0,
DI L b R LABERFEMDY, 2—v—0%F
REWOFREEX HITFE - .

(B) a-PhHLE= LA EBRIEARORE
MG FO Hy0, 7, 20&RIz e ELT
PN IET BILEWTH H 2T, WH
DT X HBERFEWEORREE I LT S
X, AR a-vh AR = BB OEE R
PERBUISH O MW IT T, —ROERIE, W&
FWBE*EETHETCLEREODLDILLEELD
h5. £2T, MG OB REM H0, 1w X h

Table 2. BRAFD a-# + 7L F e FELEHDOEE

Table 1. ﬁﬂﬂiﬁ’tﬁﬁ@%*@%iﬁ%gkgﬁ%{é sample glyoxal methylglyoxal| ethylglyoxal | furylglyoal
i B . instant coffee or;;qt):up 22.6ug 104 g 46.9ug 10ug
R=H R...c_(i._R’ - coffee beans one cup 65.4 1390 287 258
R—Q-CHO 8 I (drip type) (209)
(I) H 0 CH3 CHj3
CHy CHj CH2CH3 whisky (American) | 100ml 39.0ug 154 pg 41.9ug 10-25pg
CH2CH3 SQ whisky (Japanese) 100mi 17.% $5.8 47.0
H brandy (A ) 100mL 12.1 64.0 7.4
CHpCHCH4 83::0 wine 100ml 97.7 57.8 92.8
[—] Japanese sake 100ml 29.1 25.6 70.7
0 CHj | [01
mugi-cha |wheat l0g 35.7 ug 70.2 ug 72.0 g
black tea leaves 2g 0.96 2.41 4.90
-COo- thyl- - - -
R 801050 ( — glyoxal|methyl-|ethyl- |propyl-|furyl green tea leaves Sg trace trace 68.0
V.
mut;ﬁf!{og Eys;;ix mg)| 20,000{100,000( 25,000 35,000| 5,700 roasted tea leaves Sg 4.4 38.1 1.5
2,3-pentane=~|1,2-cyclo= bread one piece 1S.1ug 39.5ug 19.4ug
R-CO-CO-R' diacetyl|®? » 50.6
dione |[pentanedione toast Ol(!l pigZ:. 21.4pg 106ug 30.5ug
mutagenicity(rev./mg) 2,000 200 100 (43.0g)
18 19
\
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Table 3. a-2 % A K= LEW D RER & ILHK

a-Dicarbonyl

Products (% yield)

compound With 10eq of H,0,  With 1/10eq of H,0,
Methylglyoxal Acetic acid (81) Diacetyl (0.25)
Formic acid (79)

Glyoxal Formic acid (62)

Diacetyl Acetic acid (83)

1-Phenyl-1,2- Benzoic acid (91) Benzil (0.2)

propanedione Acetic acid (83)
(A) o 2dduct
l JT/'W =
0 ' 20 40 60
Retention time (min)
(B) / guanosine
compound A

b

A

0 ) 20

40 60

Retention time (min)

Fig. 2.

ITIVVEAFAL) FFH— LD RIGERYD HPLC @ X % /#T.

(A) H:0, OFFFAET, (B) HO; OFFEET.

mIN BRI OWT, MG RO a-vh k=
MEEH O RIS TEL H#EHL 7 (Nukaya er
al., 1993).

MG #iZU®»ET 2D a-2h A% = LBt
H,0, 03T, V vBiEE R (pH 6.86) #1,37°C
THELNCHRL, 10 {580 H,0, fFET 1
AP0y DUF @i Ute. 7 fApiin s Ta-
ble 3 WRL7n, EAERPE L UIHREDEIC
HIT B H LE VBN LRIC, ¥, MG RO
1-phenyl-1,2-propandione 1= 1/10 & » H,0,
Iz BT, H AR VIERERCHED di-
acetyl R O* benzil DA E L EGRD b,
= MU fRERR CAE B L 7o acetyl radical 3 X O
benzoyl radical NEA L T TEXEE2LDRA.
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CRBDTCHADERIET O AN Ty BV
7#] & LT di-tert-butylperoxyoxalate % {fi - 7=
ESR ORI X - THR I he.

(4) Methylglyoxal & @BEZ{L/KRHLHFE T TOREL
BROEM

a-2 h R = UEEPE H,O, EDORIEIZE D
BONCHRL, T7vh MERLEDRIGEET
FERMELTHANLEVIEERE LS Z ENH B
Lleote. BREWRBOE 1 BRI ARFEWE
X AEEEER OB LB bR Twh., a-v9h
LR = eE E H,O, ORIGRICR bRz X 5
, RIGEORGWIESERTIUE, ThicX bk
FRLEIEVVEBRiZ T 5 2 LTI E 2 B,

%z C, MG & H,0, o XJiLFRIC nucleoside %
Mz, Thnn&n X 5 Bk % i Ui,

MG & H,0, 0V vEEEEK (pH 6.86) H,
37°C Cl¥, nucleoside ® 5% guanosine 7207
NEEE R EZT B LA LA s T, %
Z ¢, guanosine IZDOWT FEMICFL, T
HPLC © X 570 #T ok R% Fig. 2 Rl ¥
e b, FSMHTFC, guanosine I H,0, 7
FEM%ZTh guanosine 1CIL4 < LA &R bR
feuAs, (A) IRLA X 5 guanisine JFHKIC
MG O L% Nz 7oK Tik, guanosine d k2
PAIMEEER L, —Aoe—2 L LTHESh
5. B) WRLE LS, Zhic HO, #inx -
FCRMAIMEDO E— 213 LA EWEL, KELH
»% guanosine DO CHEAET L LA LT
otz, CHIE H0, 12X h MG 2B,
IR VR LT guanosine » A 5 A
WHrABELicicdEELDbhD., ZOFEFEIX gu-
anine & MG OffhnfiA:p & A RFEHRBL L O
B#ZEETHL O Tk, HO0;, kX3

MG O RFE G & IR & 2 Bk
N EERTEOTHS.

H,0, # iz 725 (B) 12ix, HPLC {5
48 o uic guanosine NEMiI hi- & FHI R
%{tA4 (compound A) ® v — 7 A S hie.
Z DAL HoO, 2 nz 7o W RCTIRAER S his
Mote, 22T, ZobEWEoEEL, FED A
X7 M X BEERT AT - 1. FORE, =
DL ¥iE guanosine ® 2 (2D 7 3 2 FENT w5
e - Ni-acetylguanosine Th 5 = & h3\
EIh, BRLUCERE OB VRE S h
To.
i, YV vEEEER O pH %% 2 TRIE%{T
\», N?-acetylguanosine mA:p &% HPLC i &
D BRESIICE R LTc, Hy0, 12 X 5 MG D4R &
[FAf%1c, N-acetylguanosine o4: i K IL#IEIC
B, 24 e CRRERNCHME L, Totkix
FEAEBLLIcWC EW Do te. 12, pHD
BN EDOIRERE <, BREERBRCHV%
REMEE L W C pH 7.4 5T, 24 BB 13

Table 4. FEHFAHOZERFH:

- gt

HRERI0=-8/10%08

1224220 2=E—(1#; 150m

) 42,000

L¥a5—-a—-k—(1#; 150ml) 195,000
FIZFE(14% 5 150ml) 28,500
BRZ(14F 5 150ml) 15,750
XAy F7 14 XF—(97" 4 30ml) 2,970
%z 2/ 001%) 4,000*
Salmonella typhimurium TA100¥( —S9mix)i<4 ¥+ 2 B RK 1,
* B & 5,03 0H, Styphimurium TAISHR(+SImix) & B,
affei anosine i
guanosine /c ne o~ Ao
NZ-acetyl-
NZ-acetyl- guanosine
guanosine
NZ?-acetyl-
/ guanosine
0 20 min 0 20 40 min 0 20 40 min
(1) (o) (m)

Fig. 3.

a—b - TDrT7 v T eFAbKIGE HPLC,

(1) B, () RISEEAY, () WHoRE&Y.
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BINRIEK 1.4% Thote. ek, COTLFA  ShBRIEE, HO, i< k% MG DZERF LN Single stranded DNA Double stranded DNA
(L& i 2/-deoxyguanosine €3 R Z b, B2 — v — OB RFEHRBICEIR L o bF B4 + MG + H,0; + MG + H,0:
% DI 2.49% T - 7 (Nukaya er al. 1990).  ThbC LkRBETH b0 THS. 2T, MG PN Apdcp bt

L H,0, 23T 5 RIck\ T, DNA o gua- 2 4@{;

(5) aA—ke—&%PICl}D guanosine DT+
FIL{k

ERFEOFRME ot — —i%, RUVHEE
DRI EH I N TI D, i, TA 100 FRicxt
UBEITF S O Tt b i\ R % /R 3 (Ta-
ble 4), FTHDOA vV AX YV b 2—b —FBKIX 1ml
Bl 1.5pug © MG &, R ERULH
1.5p2 © H;0, #&F+5. 22T, 2—b—%&
Wb % 7= guanosine I3 7 & F LA S
BEOEIRR LI, 4 v A XY P 2—Ek— 100
mg % 0.1M v VgL (pH 6.8) 5 ml IC ¥ f#
L, Zhic guanosine 3mg #hnx 37°C T 24
BRI G & 7. RGO guanosine #ErET 5
7-01c, K% DIAION HP-20 % F \» C§4
% £7 W, |E o methanol BHHICDOWT
HPLC i L 50 ¥ &4T-tc. LR, = —e—
B Ch 7 w5 baiie s b, NP-acetylguan-
osine AVER LT\ % = & 238 Basic ie - 7 (Fig.
3).

(6) BER{LKRIKFETTO methylglyoxal [Tk
% DNA D&

) vk, H,0, o fFETT MG It X

D, ¥, AVARVEFa—bt—0DY VEBRER

Wi, guanine 27D 7 3 2 AT wF (b

nine ®7 3 sFwx L T & H ULSFEH 2 ki
HEMENE PP-RA L F_NAEEAVCTHRRL
7-. Guanine ® N? {7 7 + 5 {b > nucleotide
ICE o TLhiz ERZIALFBHI TR io 72D
2, R VITHbR TV PP-RA b FNAET
13, 77 k& ki nucleotide & IEH; o nucl-
eotide L 2Bt 5 = L WA HEETH -7, £
T, HPLClRic X 2R e iG s 2 LIk b,

Z OfEHfi nucleotide HHHTHC LicLic. %
F, DI R EREL A Ni-acetyl-2/-deoxy-
guanosine, # o 3/-V vk L8 3,5-2 ) Vg
BER LT, Zh bR & - TOP &N
RE LI, 3 vERMEAYE PP-RA L TN
MeF s e 3,5-00 VM EWcEBRT A &
S L, KIC, invitro T MG & H,0, T
WP 7= DNA rho N-acetyl-2’-deoxyguano-
sine OAERESH L. Ticbb, FT4HHED
double #{\ % single stranded DNA % U v [ifiz
% (pH 7.4) wHE L, = hic 20 f5 L DMG,
Fl & xFED H,0, &z, 37°C T 3 Kfl1
VFELN—vaviik, TORBICIDERLE
2’-deoxyguanosine ® N2-7 & F RO B H % kK
DX 5EfTote. Tibb, RIGHED DNA 2F
% 2/-deoxyguanosine 3/-phosphate 127 fi#f%,
HPLC <2 E/EE&EVEL, BohicT wF v

..g \'P’pTP

( Exposure : 1.5 hr, -80°C)
iD
LZ

Fig. 5.

( Exposure : 4 hr, -80°C)

1D Triethylamine:Acetic acid:Water(1:1:2,v/v)
p 2D 0.5M(NH,)., SO,

FAFVYVRRZ LAY FI S0

)V UEBDA — +FOA ST A,

dcp

N'AcdGp

< T M cnrﬁ-uf,j:\
| =

ODS column (4.6 X 250mm )
Eluate ; CH,CN : (CHi),N ¢
CH,;COOH : H,0
(5:05:0.4:94.1, viv)
Flowrate; 1 mlmiin

0

Helenllon llme (mln)

N'AcdGp

Fig. 6. HPLC [lI] 0%kt 7 n<= 75 A,

Single stranded DNA

Authentic pnkcq 3
|

Double stranded DNA

Authentic pN'AcdGp

e ODS column (4.6 X 250mm) . —w W »
Eluate ; 0.1M phosphate 5 800 = 300 ;
Flowrate; 1 ?nl;/‘::{n( Ll o] Adductlevel: 110°ntd. 4 ol !
pdCp
G pdAp T 400 E
g "X g -
< pNAcdGp fi} g 0 l
cH,-c'i IR a8 om o T & of i
Retention tlma (mln) Retention time (mln)
(HO),P-OCH, .0
g Fig. 7. HPLC & X % 45#7 & &5 O GHEN:.
-ﬁ(OH)g
; ' 2 s (RS % BRI P-4 2 | 5 <L gsic Lz, EORBIESHE D L, &0 B RER
c R
v Relentlot!ollme (min) £ g S TfTbhic HPLC [l 04RO 7 v=t 75 HBTEL, Lal, BbhicT vF VMEESICE
Fig. 4. HPLC [I] O&fL 7~ 177 A, A% Fig 4R Ui, BHBEC ) vIBBER T B E T L DBOBERIGCEE L L30T,
22 23




= AHE U — MIC X D BRE D RTEE 7 LB O W A
Wie, BP-AE A b I gk, nucleoside o 3,5-
SV VR SHET 54D 2 RITGDODTLCI BT,
A D RBEBEN RS 2 E2RVT, ZEFE
ERUEHETTo. LvL, Co%&HTd Fig.
S5 RBFLA—+FOAI/F7TRLEL I
N?-acetyl-2’ -deoxyguanosine 3’,5/-diphosphate
& IEH nucleotide TH % 2’-deoxycytidine 3/,5'-
diphosphate ™ =z # ., F 23&E e - THEZ I hi.
T, TOAF, bE IM Y VEBKEZS b
V7 AKEW T L, Fig. 6 Rl HPLC
G (1] CHRESBEAXITY, RFEERH &g
EHEEHE Lk, £ES OkkaEME% Fig. 7 1R
L77s, WwiIhd N2acetyl-2’-deoxyguanosine
3/,5’-diphosphate & [E]— o {5 RS o B 21 fi
SHEMEABRIE S hi, CZTONPRELD,
H,0, 7373544 <, MG & DNA oKk
T, single stranded DNA Clig&fgiEio 10° &
= 116, double stranded DNA ¢t 10° {Eic 2
BEOEETT v F MR 5TV BHZ AL
M Tg -t

DT wF MERIEDS in vitro Tk Bh,
DNA icdjigc b2 fich 5 & L WL
7c. BifE, & DNA kb3 % B #i G in vivo
KEWTHEE > T 5 EBEhREZML TV
%

@)

O o
o o

Fig. 8.
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3. TA9 KICHTIEREYHE

(1) BEUTREMHORREE:LESME
REROZERFEHENTEO—EBRLE LT,
R—NCEENIBEREYHEICOWT, FHEER
{EAKRFBLUNOBERFEYEOBR LT, HEAEtE
HEh 1l BOBBAREKT < v LABRESRT
BE L& Bl RE L7 (Fig. 8) (Kosuge et
al., 1982). = offge CHEEMEOLERIEWE %, H
EEREL 3B TEAL Lot T
bbb, BERSBRITBHRILANEERSTEERT
v, Thicm#gir oI hic HCA Th
H, COfERES L, BREWEYIFERK
WE»LOMET B LR, Shb 3oL RE
WE Y BRI HBET 5 o Ll Aic.

hE CIHEENRE Sh, BOPE CREM:
ThHHZ ENPELMC -7 HCA X, WThi
ZRUEOSERLBHEKT I v T, 2FHKC
2-aminopyridine # 7-{% 2-aminoimidazole
M ¥ T\~ % (Wakabayashi et al., 1992;
Felton et al., 1986; Becher et al., 1988; Knize
et al., 1990, 1991; Nukaya et al., 1991; Kuro-
saka et al., 1992), = C, ZOWHHEEB KT
HREFD afiiciEE LIc7 3 2L, BEOHN
BT 3 7L OLERNEEOE R LI L
A, DT I EOT eF KL, MOFHEE
73 2 DB TR T e F I h DT L
D BT fe. T, Table 5 IKRLk
X 51z, 8-acetylaminofluoranthene 7¢ & 3% D
WHBET 3 vOT wF UETIE, B7 w5 gt

of &

2 — )

(4)) (8)

@@

(11)

2 — b 2 — A P OB RIEWE.

Table 5. 3 24 7D7 3 7 KOW 7 & F L&k DiE
+5 DK S D S,
—5 IR T IEH T B 4t
5N AcOH-EtOH|  HCI-EtOH (1:1viv) H20-EtOH
Solvent Porpi g g
Temp.
Type Acetate LINr) 100°C 100°C 121°C 180°C
]q; vl - + + > +
AcC - = - + - = +
HCOCHs 2 +
I HcocHs| 1@ +
MelQ +
z,,,' MelQx +
n 8-amino- _— = + - -
NHCOCHs
Tar or Pyrolysate
Type A TypeB TypeC
Basic fraction ):)\m )::)\,m )@
acetylation ¥ o ¥ L
Acetate n :O\,,,.
deacetylation HAC Ac
(in H:0 at 180°) }

Deacetylation Fr.

Imide

| ryarotysis ey

Fig. 9. SRMAR R E O 7 HEk.

Mlc EDHBOCBEBETH LD LT, BEHR
D a MEFEA LT eF 17 § 2 Ecihlkgk
HTd, BB 180 it 5 = LTIk
Sh, B7 e+ rXht.

TTT, ToOWEEXFM LT Trp-P-1, 1Q 7 &
2-aminopyridine ¥ 7-{3 2-aminoimidazole D
DR F - 1A% BRI CIBIR T 2 = L %
AT, DHEFHEOMM A Fig. 9 1R Lic. #ik:

X b, B R X D SR E A T B &,
COBEPCEERLEEWEIIODX A4S, ik
4+, 2-aminopyridine #F 7- (% 2-aminoimida-
zole DB FEO2 4 FA, KHFEET7 3 v
24 7B, 7THLEPDO 214 T7CLIcD. T,

b DOREY % KEEBF EKEEE T 7 5 1L
To2E, ALB2AFDHRENTF LI N5,

iz, D7 xF k% k-Ethanol (1:1) #¥&
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Albumin tar (6.6g)

aas{c fraction(1.0g) [1200,12.0x10°)

acetylation
6

Acetate(1.4qg) [294,4.4x10")

NaOH ext.

deacetylation (in H,0 at 180°)
reaction with trimellitic anhydride

Acidic fraction

hydrolysis (HC1)
a-Amino type fr.

Basic and neutral fr.
(945mg) [309,2.9x10%)
hydrolysis (HC1)

(29.7mg) [12000,3.6x10%] other type [960,9.1x10°)
[ ):Mutagenic activity to TA98+S-9mix(rev./100yg),T.a.

Fig. 10. 77 3 vingsyfityrh o 2RI E OB,

e LT, e 180 o sE, AxA7
DENT eF L &R, BxA 737 51
R\, 2o C, AzxA 70{bB&x T 5F
Byl 1LC, ZoEAW% trimellitic anhydride &
FihXes s, M7 eFr&8hi7 2 X FD
Az A TDHRMNA I FEBEL, TOFEELS
LEFVAEREOZ LD, £ T, TOH
kA7 AH ) THE L, fioEkikokEins
ST ENTE S,

wi, S oFERIGHE L TERIC albumin £
R DR O MR T - fo. DR
Fig. 10 R L7cAy, o CiiE% () NI, &
M [ ] M total activity F3RIC/RL 7. & &
CE bR a-amino &% A 7 OES L 100 pg BH7c
» 12000 rev. & ZyBEERT O EFEMEE S O 10 fFE
ElA R L. ok, - OEEES %Y GC THHT
Licd o AREDNE =27 L LTHRIBTE . ¥
7=, albumin jn#hr i o 4-MeAa C
L O Trp-P-2 iz, BIREEZ KDL A, £
NER 2% & 39% Thot. ZoFE, Trp-
P-2 % 1Q x# 1 7 fb&HoBINERE B 5o
DI ESL Glu-P-1 0 X 5 fil o BRFEWE T
NRBRE (BT OWT, L M s&tho
ENBETHHH, MBGERE I h AR E
WALEREMWED & 57, HERTD GC %
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HPLC i< X % 5 #i oA ks LCHFIAT
5.

Jeic 18 5 e a-amino [#4) 02347 ¢, albumin
1kg H7-» OIRE 1L, AaC (31mg), —fEic
MeAaC LIEEhT\w5% 3-MeAaC (4.8 mg), 3-
ethylAaC (2.6 mg), 4-MeAaC (3.1 mg), Glu-P-1
(45 p1g), Trp-P-2 (8 pg) TH - 1. 7238, 4-MeAaC
DIERFEMIL 2700 rev./pg T, fld AaC FHEAE
D 10 fELL 0B I 2R F L.

(2) HATFRBOFHREREDME
ChECH LN INCEREY « BOAM
HCA 11, BETRHHEDBRFEDALDEHDT
HEMCER L T 5{b&TH % (Wakabaya-
shi et al., 1992). Zh bod¢ PhIP (%, flio
HCA 1t~ RF I HRIE S DD, Rl
ORI, BREPAFERIC K WD
HCA 2 FEHPAEREIELOH LT, &
OIEEWIIHED 5 » P ICH L TR KRB A%,
MDD T, PIERH L TCHNARTEZI RS LV 5B
b HEERRLIE (to et al., 1991). F7, &
hE COBEREWEOBRIRIL, RN T
HoHH, L hmCERFEW YA,
BEREORBIIL DT NS o1, L L,
FOBOWIET, Fer AM:OIR SITEERF DR

2
o™
<
. " TA98
E (0.4g)
g 1000 -
3 500}
=
P =nJu —
N Melax YG1024
- o o & (0.06g)
[ 1000°F MelQ 4,8-DiMelQx
g
3 500} 1| nI
T J—Jll
0 30 60 90 120

Retention time (min)

Fig. 11. 4=+ A0 HPLC @40 ZEREFEM:,

XL TFLS AT AL DT &V 5 HFEM
BBl T e, ZOHEL PhIP Ofi,
Fo L X BREMWIMEL T, ARTPOERENS W
Lo, R TERNREPAMEET S 01D
Wi, T ARERD L EERLT
Wb, DL eREN D, ThE TONER
CEWT, ZBREEHEMEVWABICRBEIhTEX
HCA 1wo\\T, BERN ML 5 BEELRD %
&2l XTI T, MBAAMDET VELTHE
B D4 =+ ARFEE, LI bH LWERE
WEL B, WERETAZ LT, AMRCEE
hakRmoOBREWEOHHO—ETHZ LIT
Uies
FILWEREWEOBRFRCHIY, HBEET 3
VIR LR EEEZ YR T YG1024 thx
i L7 (Watanabe et al., 1990). 4-p==F Arh
it 1Q, MelQx, 4,8-DiMelQx 2D BE&1IDOHH
BRFEW OIS e % T\ % (Takahashi er
al., 1985a, 1985b). 7=z ¢, Zhb & DRAWH
DA 53\ ZF R M o> HCA 3k X 1okt
FTARK, ZEHOMRC L VDML Ky T
% ODS & 1 vas#fa> HPLC CHHL, &R
R DR Feqfedy DR A % B TIHEER T % & Jki,
EEHOERY -7 OE 2 b FRLEND

SFirEdic. 20X 5k LT, HREREYE
Compound I K O° 1T o fEfE%w B 54 L7z (Fig.
11).

R BOHHEFTER 1T 5 DB HLER=F A
oo Compound I Fo¥ I o&gEAFHIL .
Zokg, Compound I KoY II A 4,8-DiMelQx
ERL UV BIREGFREREFEOLRET S L,
H=FA lg hiczhXh 6ng ROV 4ng &
FhBHT EDbhote., A7 b AR X 1L
EHORERECK lmg NEETD L, FH
=% 2 250kg H AU L iz i EtEIC
b, Lnl, £0X 5 kEORKD HHBEY
BT 50X mEECH b, Compound I KUY
I %&BICAERTHHERNT A L.
HCA I creatine, glucose, fisx D7 3 7 BoO M
BRI ER T B - LB ShTw5 (Ji-
gerstad et al., 1991). %+ = C, ZDOKBRHI* 5%
Wi 4 OFMERRE L, &#ERic Compound 1
1D WTCIR = F A1 creatine % Nz Thnk
S5z LT 10 fErc g X 7. Compound II i
S\ ¥ creatine, glucose & threonine % ethyl-
ene glycol TR T 5 2 L X b 1000 ££31 <
BT A LR L. ok, thbx 7
N—= .y b v, LH-20, CM-Sephadex 7 5
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i

e

()

2-Amino-4-h droxymethyl-ss-
dimethylimi azo[4 5-fJquinoxaline

CHs CH;

u,c / ﬁ[ S

2-Amino-1,7,9-trimethylimidazo-
[4,5-g]lquinoxaline

( 4-CH:OH-8-MelQx ) (7,9-DiMelgQx )
Revertants/pg
YG1024 TA98 TA100
 { 326,000 99,000 2,600
1 13,800 670

Fig. 12. ‘P = Ah OB BRI E DG & ARIF

Ay m=t 757 4 —, HPLC 7c E o4 EF e
X B 7o, ofdicov-Tix, Compound
I 1z MS & UV X b DiMelQx & Ko A
STAbEMTHHZ ENTFR I K. £ 2T,
DiMelQx % 7 ., Mic #5 U C Rty % B
L, chiltig+szLick b, 2-amino-4-hy-
droxymethyl-3,8-dimethylimidazo[4, 5- f]quino-
xaline (4-CH,OH-MelQx) & ¥%E L7- (Kim et
al., 1994). Compound II oD\ TCik£&fl A< 7
N VERE, X fRESRAEHTC X b, 2-amino-1,7,9-
trimethylimidazo[4,5-g]quinoxaline (7,9-DiMe-
1gQx) L% L7 (Fig. 12). = kit imidazole
BR & quinoxaline BEA E MR ICHE & U 7o i % F¢
DRT, WROEEY LR T,
7,9-DiMelgQx x YG1024, TA98 1%t L
S9mix FHETF T2 h £ h 13,800 rev./pg, 670
rev./pug OERFEMZR LI, i, ZhrER
ELTHHE=FAFOERY LItk 2 5H, FH=
FA 1grhic 33ng FFh T, 20X IQ,
MelQx L+ 5 LD THDH, 7,9-DimelgQx
b Zh bRRCMBRERPICIES FETHE0 &
FHI R oo RSEFOEFEL, FHIX
LA AR O 411D 43 #H7 5 — % T, broiled
beef iz 4.2ng/g & PhIP okiz4\~ (Ushi-
yama, 1994). ’cks, ZDLBEHOEBILHRD
1T X o THEI NI (Achiwa et al., 1994), % 7-,
EMA v 2 —D%EAE, ToOEWEREL
7255 b T, DNA D7 X7 v 2HEAFFTN)L
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BT LT\ % (Ochiai, 1994), 7,9-DiMelgQx
EEBENCEEMD L D LI R Ao &
n b, T OLEWOEYTEED MO RIEYE &
RichZ L FHIh, ZoLAYOREMIcAY
RS NETHD.

4. hYIC

Dl bEgfhrh 028 RIEWE O B > v T L
fo. fEmE LT, RMPOZREWE S BEFO
HRIFWE LR, 2EEHREYT5CHi i
RO GIGEIRT B 00 b K Th 5. B
FRENRE > T HBARICIL, TOREL, B
ERICAHBE I EE IR L S EETE 50
o T b, 2FB KD, S0
BELi2EMRABOBIRTHS. Thd, TEh
EfEARBRENAEE L. LaL, ZoBERC
b, Boh2RCAEPET L ENEZD
h, ToORLHEB L hdicbiow. ke
BREZEF L ENTELENEINE, D240
KU ThHDEEL TS,

oo

AR FREICHR R FERI R 2 R o /N B R A,
ED At v 2 —BERROEN BEEOHIE
BLRREFRTFRECHEBINC L VI LEBLED
Thbh, Fte, ENINA LV & — PRI RO
WLSZ R IR B F BE O FBRE O
N XBBETHL. B HBEEERL T

2 £ X M|
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Studies on cytochrome P-450 responsible for the metabolic
activation of promutagens

7 SR A ¢
Tetsuya Kamataki

B R A IR AR WA e
060 ALEHALRIE 12 %78 6

Faculty of Pharmaceutical Sciences, Hokkaido University Nishi-6,
Kita-12-jo, Kita-ku, Sapporo-shi Hokkaido 060, Japan

(Zff: 1994 4= 4 § 15 H; ZH: 1994 £ 4 15 H)

Summary

Most genotoxic chemicals are metabolized in the body to exert their genotoxicity.
Unlike enzymes involved in the intermediate metabolism, enzymes responsible for the
activation of genotoxic chemicals show differences in the catalytic properties, resulting
in the species differences in the in vivo genotoxicities. Thus, it was needed to use human
enzymes to estimate the genotoxicities of chemicals to humans. In this respect, crude
enzyme preparations including human liver microsomes have been added to the muta-
tion assays. However, there are many problems in using human liver samples. To
develop a new method which allows us to estimate genotoxicity of chemicals to humans,
we established cell lines carrying human drug metabolizing enzymes. A Chinese hamster
cell line, CHL were transfected first with cDNA coding for NADPH-cytochrome P-450
reductase. To this cell was further transfected with human CYP1A2 c¢cDNA which we
found in previous studies to be highly active to N-hydroxylate some typical heterocyclic
amines such as IQ. In addition, NAT1 (monomorphic N-acetyltransferase) or NAT2
(polymorphic N-acetyltransferase) cDNA was transfected to the cell carrying the reduc-
tase and CYP1A2 cDNAs to establish ANM and ANP cell lines, respectively. Cyto-
toxicity as well as mutation rates caused by the addition of IQ and some other heter-
ocyclic amine compounds were increased rather specifically in ANP cells, indicating that
these chemicals are activated by the reconstructed enzyme system including the reduc-
tase, CYP1A2 and NAT?2.

Keywords: cytochrome P-450; metabolic activation; promutagens
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1. Lol

RRED 7 7« 23X AEMEIC L 5 DNA ©
EFBMC L 21 =c=— oL vnblbz 5. 1L
FEMishic DNA 0% 3EEHEFCL - T
BESHhBY, i tmh eIy
© AARMZRFY 2

ROBD ERIBAEOR Z L Lieh. BARY
BixrzoF ot DNA #{L2Efidsc &
BRSO THTH S, ThIEIDBAFEWENS L0 F
¥ CIMEEMCZET DNA ERIETER
DTHD. HL DA FYWEITAGKATRH#S
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h, ARG U 2R RO o i TG AR
DNA LiERTH. Liohio T, REERLED
7 r b ALY B ORN AR RE T S EE
AFELELD EVHKRD. KRB EELTX
fix OBEFENBEET 5. ChbOREROWHE LR
PEWERMD O LR B X IET 5.

NAFYWHEIC X 5RH B REZE LT
HETHZ ENMBAT WS, (LEWEIC X %R
A DFEZECHEE I ABIE L O ML L
BLTW2Z Enb, REOAET S RBAERE
{ERER O BEEVRERH I h T 5.

NAFEWE O LGB ST s8FE ok T
LF b7 r— 2 PASO b N AERETH S, F
P27 m—a PASO X L O TRENFET S
(Nelson et al., 1993). 7\ A JZM'E XA k44 Bty
ORFTIZF + 7 v — 4 P450 Oy T3 CYPIA-
3A (4A DBIE LRI E T W 5. FRLICIETA)
ME5T 5.

B HALFEWE OFER ML KRB T S his
ELTYH, Zhie VRV THEEMTH B
FEA e, F e, B TCIBEREMES e b e b
TREREEL D D0 bMhicwv. e btk 51k
FHEORNAY A2 HFRT B0t e b D
EHEBEREACTHRET 5 & L A RETH S
M, ok 2 Ames Rice F OFFED S9 7oL
THRMUTHET 22 LXHEEERTETH 5.
ZZT, EEHEDI e + OFROBETw %
RICEBALTREIY, b FOBRECI VAR
WEDORENA) A7 DFHIFRELTERTH S
COWTHRHFTAZ EXRE L. v OfERY
FBT 5 M ERFEWE AR B & 52 7
L&, MRaN CIESERB S AR L, MfaEss

T —

WETFREN R 52 N EIRE. —F, #
ALLEEH#Z e P ek W ORERRESTINDL D 5
EThE, CoBROBEBENRSTNESA Y A
JICHBET A ERTFRHIND. TDORILDOWT
LR O G L L.

2. ATFAYA7Y) v 7T 3o OFEELER
Mg ECERREYRT IQ S
BO~TF ey A2), 27 I VYREETHZ LN
AARCEWTEMN ALY X —DRE IS NV—T%
RO RV Shis, ChboBEREHERY v
TR SEEAVCERENERAB T, PCB &5
L#7 v FOFF 9,000<g EiEZiEMLEER S L
TRV LFIREREE Y RT 2 &2, PCB
HRE LT v P OB S BCHFET DR
EHLCBET 5 2 EXTFEI R, SRS
BT BT DB A X MEE E EHE D S TR
hoteF b 7 r— A P-450 O—FE P-448-H (A~
7 N ARICEAE VEIDF 7 r— 24 P-450, H
1E1x CYP1A2 LIRER T\ %) 23 &R
boTohbATFrdA2Y ., 277 3 viiEkl
+ 22 L xHE L7 (Ishii er al., 1981; Kama-
taki et al., 1993; Yamazoe et al., 1983, 1984),
Table 1 I FDF xR LI, AW ERED Trp-
P-2, Glu-P-1, 1Q, 2-aminofluorene, 2-acetylami-
nofluorene, 4-aminobiphenyl % iz aflatoxin
B, o\¥Fhi CYPLA2 i3 CYPIAL L b $ %%
BLEML, =i Glu-P-1, IQ kXU 4-
aminobiphenyl (3R L E 2 52L& CYPIA2
ko THEREMEIE IR #—, CYP1Al
75 CYPIA2 X b &\ i&EME%/RL-DiL ben-
zo(a)pyrene DA TH 7. b &b & CYPIA2

Table 1. Mutagenic Activation of Promutagens by CYP1A2 and CYPIA1

Promutagens Tester Strain CYP1A2 CYPI1Al
(rev.x1073/nmol P-448)

Trp-P-2 TA 98 7810 3650
Glu-P-1 TA 98 5090 180
1Q TA98 2410 202
2-Aminofluorene TA98 211.4 63.1
2-Acetylaminofluorene TA98 5.05 1.43
4-Aminobiphenyl TA98 11.50 1.58
Aflatoxin B, TA 100 8.17 1.73
Benzo[a]pyrene TA 100 0.84 2,22
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Fig. 1. Correlation between the metabolic activation of heterocyclic amines and the amount of

P4501A2 in different human livers.

XY FOFBICKBICHFEL, v HFOF: 2
B — ADDLEDTERIRICDT, Jy b
OB I FLET S LI TFHESh Tt 5y
F Sk B D CYPIA2 2o bd~F v 44
29 927 3 VERIEHILT A0 E 525 O
BHELC X > THEHI L. 208, 5, o CY-
PI1A2 D& Tizicl, v v &b oBWETY
CYPIA2 ’~F e A7) , 2 73 vDE %
WD TRHRR EMALT 5 2 LN ELE OB/
N— TR CDMOPTE 7 v — 71T X - CTIFE X
hT&E T35 (Kitada et al., 1990; Ubukata ez
al., 1992), Jf3 7 v v'— 2D ich v CYPIA2 7
NTRYAL 7Y, 77 3 vOERILCOR
HlZRIEL T2 LU TOEEC L - THS
Fohic. T7bb, FF: 7 r v — A CYPLIA2
DHEEMED L2 & A EDERMNAES R, %
B + DFF2HETED CYPIA2 &8 LiEH:
ERRDRIDHBI% & - 7= & X1\ B R 2R
L, ULad £ OBEMHAF ST %58 - 72 (Fig. 1),
=, “NTRFAL 7Y, 27 I VOERA S
SAARBT BTN D, hbOBRE T CY-
PIA2 12 o T N-kgfb X h, 4 U7 N-Kigfk
#ﬁ?»**?%ﬁﬁmﬁ&?éOJt%wﬁ
BERC LT O-72s0bxh, o0 0-7 ¢
FAEDREEERBED TS 5 = L A B L

2. e PRI VTL N-72F 1 F 5 v %
727 -HELTERMBA TV AEHIL LT
O-7wF b X¥h 5z & M & 7 - 7-(Saito et
al., 1986).

3. EFCYPIA2 &£ O-7F L EBHERLRE

ERGY i EX DY

CYPIA2 t O-7 «F LVEEBEEEN~T v 1
70 5 27 I vOEBbich LB EyT 5 o
EIIRBBERIR SO T M & e o
2, ThbOBRYEABYOMAN CRE X2
BB ~T ey L7 , 27 3 VHARIFAN TR
HREFR T X - THEME I hlfaEs R RETFOE
ReBRZThEIEBRHF L. <k, O-7 &5
NVIEBEER (N-7 7 VIEEBEFR & F—, NAT)
Tite PCBWTERERN SR O NAT1 &
SRR TRT NAT2 0 22 FdET % = & hin
bhTkb, TOWThAE~NT L2, 77
I VOEEERBEELTW 200 b FEETH S &
Exzbhle, £ZT, F4o4=—X a2 x—HH
ko CHL #iffaic # 3 NADPH-+ | 7 = — & P-
450 RITEEFE D cDNA #FHAL, EHhice b D
CYP1A2 (NIH o Dr. Gonzarez I b fit5) o
cDNA %HA L 7-Mifa (A2R) Ra B L. =0
fifigic NAT1 # 7213 NAT2 % = — K3 3cDNA
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Table 2. N-Acetyltransferase Activity in Cell Lines Transformed with NAT1 or NAT2

cDNA
Transformed with Substrate
Cell line N
CYPl1A2 NATI1 NAT2 PABA* Sulfamethazine

(nmol/min/mg protein)

CR-68 — — — ND#** ND

A2R-5 + - — ND ND

CNM-4 — + — 316 0.62

ANM-13 + + = 46.4 ND

CNP-16 — — -+ ND 4.59

ANP-25 + — - ND 7.20

* p-Aminobenzoic acid. ** Not detectable.

R RI# R ZeRT, Mot X vts) 2%
NFNEA L7 (Sawada et al., in press). NAT1
L NAT2 o cDNA ##EA LiMifaxzhth
ANM % L 0° ANP fifat s Lic. ZhboOE
EVMRATRBEL WSO Y =A%y TR,y
PR/ =y 7 r .y, b THERL, NATIENAT2
DREBICELTIRE BIC p-7 3 7 REBHBLA
N7 5 A2 &LV D N-7 1 F L {bLEERTEM: TR
L 7z (Table 2).

4. k£ P CYPIA2 &£ O-TEFLEBHREZRER
THRIMRBICEKTFDIATAHFA4A ) 0773~
DEME

Bz s hicfifan s v — 2 o v a2 1Q %

WL, ChABD~TFRHFA 7Y 77 I VILE

LAt J§ X 7. NADPH-+ + 7 » — &

P450 @ cEsEic iz CYP1A2 . NAT2 o f

R B & eI o Zai\  MifaEE L RS b

100 b e ,A2 e éR_68_
:\? o J
© = .
_E BQ froererereremeadecececanes :e;;;-i\;i-;é ..........
5 | ANP-25 (CYP1-A2
[7p] (CYP1A2 NAT1
- NAT2 k -
0 i 1 PRERRTET! B PETET SRR TTT N sl
.01 5 1 10 100 1000

1Q (uM)

Fig. 2. Cytotoxicity of IQ in Cell Lines Ex-
pressing CYP1A2 and NATS.
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Fig. 3. Mutagenicity of IQ in ANP-25 Cells
Expressing CYP1A2 and NAT 2.

7= (Fig. 2). z offifasttfildo 6-74 277 =
VI RRER L WT L TS » T\ /e (Fig. 3).
WlagEkr CYPIA o)) e BHER TH % a-
naphthoflavone ¥4 % LHKk L= &b,
WA I L7 CYP1A2 7 1Q % N-Kf1k
L, 2T NAT2 7 O-7 F MLl &E LD
h%. #ikko CHL Mg &4 REMWE 2 RML
fol X0 IC, & 1.0 %< &, ANP filaTix
IC,, fitit 380 o> 1 TH b, WHTAHED IQ T
b MR TIEEE S hflaEE A RFEEEZR L
7-. ANP #ifait 1Q o & T/ < MelQ ®° MelQx
LIEMIEL, hboBEREMHE K L THEKC

Table 3. Relative Sensitivity to Heterocyclic Amines of Cell Lines Expressing CYP1A2

and NATSs
B T Transformed with Relative sensitivity* to
Cell line -
CYP1A2 NATI1 NAT2 1Q MelQ MelQx

CR-68 - - — 1.0 1.0 1.0
A2R-5 + — = 1.0 1.7 1.0
CNM-4 = & = 1.0 1.0 1.0
ANM-13 + + = 1.4 1:7 21
CNP-16 = = + 1.0 1.0 1.0
ANP-25 + = + 380 100 100

* Calculated from LDj, values.

¢ B 100 £5 D @\ JRSZ M A 7R L fc (Table 3),
ThBoEERIL, Sxlc~TrYb A2, 273
viie + @ CYPIA2 Lg{n /s &% % /r4 NA-
T2 1 k> CHERREML Sha 2 & BRI
RLTW5.

5. £LHELT: FHBRELE MIKIT3E
FEHEOF AR

BRI /FERWHE O EELRERCBE L To 3R
REESRRC b EEA I, K R BRI
TETVS. 4T, ) DI 7m v -4
Hy7e & OMBERE M AV, IEHALEER O MLE
% 3EB L (Yamazoe et al., 1983), 2) fnfa]7c %
BERDIEMEACICBI 5T 5 00, R L THE
$EFBI L 7~ (Kamataki et al., 1983; Yamazoe
et al., 1983; Kawano et al., 1985; Ohta et al.,
1989, 1990; Kitada er al., 1989, 1991). %+ n4%,
3) EHEACITBY 53 2E%K > cDNA Z BB, B
WEL 72 cDNA %4 7n 36~ 7 5 — 1o/ ¥,
FERFFICRBL S 2, BEERYHAVCLOBRD
EHEIERER & L Com#A MR L7 (Uchida er
al., 1990; Komori et al., 1992). # L THEIZH L
WSRO R & LT, 4) Brkr KB HL T
2D Cikic <, B % 7l 2L o i
CRE SR, MEAT, L bEREOTR/fEE
WRCRETFHRBIR 200K L T & T
. i, ARICE Mok 2BEEOTHICE
EDIWRLE L TABT—HIETLAL S5, ¢
b OTEMELRER & Ml Bl S 2, FoBHL Y
PIETHE EHEREL L TH%E DT &7 (Ki-
tamura et al., 1992; Sawada et al., 1992, 1993).
BUERTRE 7o BRI 7B g & L CIRBEIC, 5) & oo

BEFERATIBRETFEABHEIFERL, Th
ZHVTEe FBT BILEMEORNAY A7
FARDZ ENBELE o, ESILBRETEA
B OB & T OB RFEABRADIGH OB FRIC T
TRy a vy a v =TT R ID (2K
WA, HIELS & o) (Komori
etal.,1993), v b D F } 7 v — & P-450 OEET
FEALLNF VA 2=, 7=y ZADEHICD
BRI L UK, BERER S & oY), €
DDAV A7 L OB# I ERHEFTHD 5.

i

AR R FES T EIELEZICE T,
B, InEE—EE o ZiREO T Tk S h, Jb
MHERFELT TR EIDCRESHERIRH L
MTE Tz, BULKFEEF & AL ERFE LT O
%L O}FAPREDOKETHLET bhicb DT
5. 4 DIFEPFEE O BAANIE S o725,
BB OB R L.
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In vitro Zetr Ak REHBRC BT 2 BERFE D 12D D
A 7 4 AR o hLiig
Comparison of six cytotoxicity tests to find optimal dose
range for the in vitro chromosomal aberration test

AW T, IUBRESE MEBEETF #AEE5

P H, HERl
Sugiki, Y., N. Yamazaki, A. Matsuoka, T. Suzuki, M. Hayashi and T. Sofuni

E#ERBRET ARREEH
158 HOm#kima X BRI 1-18-1

Division of Genetics and Mutagenesis, National Institute of Health Sciences,
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158

(ZAfF: 1994 4 3 § 17 H; 57 1994 4 4 J 11 H)

Summary

To find the optimal dose range of chemicals for the in vitro chromosomal aberration
test using Chinese hamster cells, regulatory guidelines suggest some cytotoxic indicators,
e.g., cell confluency, viable cell number, colony forming efficiency, and mitotic index.
The cell growth inhibition test using “Monocellater”, which measures all confluency is
widely used in Japan. We compared six different cytotoxic indicators for dose-finding:
1) cell growth inhibition measured by Monocellater (Olympus Opt. Co., Ltd.), 2) cell
growth inhibition by crystal violet staining using 96-well plates, 3) viable cell count by
trypan blue staining, 4) measurement of lactate dehydrogenase (LDH) activity released
from damaged cells into culture medium, 5) colony forming efficiency by direct and re-
plating methods (CFE), and 6) mitotic index evaluation of the slides analyzed for chro-
mosomal aberrations. A Chinese hamster lung fibroblast cell line, CHL/IU, was treated
with four model chemicals (N-methyl-N’-nitro-N-nitrosoguanidine (MNNG), potassium
bromate, hydrogen peroxide, and cetylpyridinium chloride morohydrate) and analyzed by
optimized protocols for each assay. To evaluate the relation of cytotoxic and clastogenic
effect, the in vitro chromosomal aberration test was also performed using CHL/IU cells.

All assays showed dose-dependent cytotoxicity, to all model chemicals, except for
the LDH assay, which responded only to cetylpyridinium chloride morohydrate. The
CFE: fliﬁ'er from the chromosomal aberration assay in test condition, and was the most
sensitive among test studied. We could observed metaphase chromosomes, even when
CFE value was reduced to almost 0%. Thus the LDH assay and the CFE have limited
values for does selection. The other four cytotoxic endpoints appear to be acceptable
for preliminary dosefinding tests in the in vitro chromosomal aberration test.

Keywords: chromosomal aberration; growth inhibition; colony forming efficiency; lactate
dehydrogenase; mitotic index
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% 8

In vitro Pefafk B RBIC I 5 WERED T
BdICIE, <& oh o MR RBE R S h T
W5, EiMifaEkosicy, LMk e
= —WHR, MaZEIERIcEh s (Scott ef
al., 1990; OECD, 1990), &A Eic s\ Tik, BE
pramanpmazpest (Monocellater, #+ ) v -3 AJA
T¥ (K) %A iiafmsais (1L
B, 1991) EAIhTw5b. Lrl, ZThbD
KRBT Eh ThRE - LiFEZAVTHWS T
», RHERELIEFIETHS. £2T, Thb
DODREEFHEC ML T, 96 =AFv=1FL—F
AV 5 fadm R BREo R b, FEMEN DO
LRI K 3EEE 3 (lactate dehydrogenase, LDH)
DA RIS & 3 % J71k (Sasaki et al., 1992), &
IO 7Y AR AAALF vy bR X D IEFEE]
A B (Saotome er al., 1989) #HjEL T, 4 FED
ft&oMmiamt L L. 7, A—Lad
oW THREEERERRE T, HEREOBHR
&Rl & OB A B L.

MRS LVTHZE
1. imps

F oy A4 = — X~ a2 & — il R AEME S fakk
CHL/IU (JCRB fifa~v 7) % 10% fF4miE
(Cell Culture Lab.) #&is1 — 7/ MEM Kz
(GIBCO BRL) #F\T, 5% CO,, 37°C &4F
TEELI.

2. HER(LED

REEREFRELD D, ThThRic (R
By b ot &Hmohn s, N-methyl-N-nitro-
N-nitrosoguanidine (MNNG, CAS No. 70-25-
7), potassium bromate (CAS No. 758-01-2), ¥
J O hydrogen peroxide (CAS No. 7722-84-1)
FERA L. i, EoriclilEtits 51k
&% & LT, cetylpyridinium chloride monohy-
drate (CAS No. 123-03-5) Z 72, Zh b1k
&y B RAERERCERL, MamtiBs
FOREERERBRORGLFHEL .
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3. imMRREMERER
3-1. Monocellater % F\ 2 fMRELETEINHIER
(Monocellater)

4% 10 ORI ~ + — L (EEE 3.5cm) T
ML, 24 BigERBCRELRMLA @R
5pliml), X Hic 48 WEfEEE R, vy — VEAR
AW TG L, 10% wir<Y v T 10 Ay TEE E
L, 01% 79 A& AL vy FIEWT 15 771
Yuft Ut vy — VRKYE, ##RL, Monocel-
later % FA\~C 555nm i HREELRE L
7o, BB, — LORKEEY 100 &L
T, #£AECKT 5 MREER Y RO,

32, 96TLFILTL—LERWBIVARY
LA F Ly b& (CV)

2x10° HOMax & v = VICIERE L, 24 Kl
R A TR L 7o, 48 BRI AERR, T v —
P A AETEAER TS L, 10% kA=) T 15
HEEEL, 0.1% 7V AZAA 14F vy B
< 15 AR L. 7 rv— K BERL,
&= VCHEEE-50% =4 2 — VR (1:99) %
0.2ml fnx CaFELMBL, 7v—+ ) —F—%
BT 620 nm k1T ABIEE X FE Lic., B
WEEED v = L OBRKEDOFEE 100% L LT,
AR KT AR FEH L.

3-3.  PUNRTL—EBRHFREC K DEMIEO
% (Cell number)

1x10° EoMar >~ +— v (HEE 6cm) iF
L, 24 BREBEHCBREZRNLLE. SDIC
48 BRREEEMS, b v vAE TR EIRL,
1~5m/ OFFEERCHRE I L. IHK
0.4% YAy 7A—BWTHR UK, MmERE
gy AR EEL, vy — v 1IERD
7= b DM R KD 1. BEREO Y+ — LD
Adfagcy 100% & L CHEARCE T 5 Al
JER % RDIC.

3-4. 5% LDH FHORIE(C & ZHMBEFED
¥ (LDH)
a. REBR{LAMIC LS LDH FHEAEOKRH
BRI BB Lo fifak, =7y

. 4

ABLOH N nkEFE I\ PBS THEL,
x RO PBS Tz foRICHRAE, AiAEY 3
@l v R L 7c. PBS AEIR L, 3000 rpm T 5 4
pED LA bh ki LDH FREEg e L.
- o LDH fE#Wi % 96 v L F v =17 L —FIC
100 ¢l TONEL, FERECHBL BEE 10
pl TOWML, ERT 20 HERIES g7, LR
#%, % v =0 LDH iEpE 2 filE L (KYOKUTO
pR BRI, MTX “LDH”, MBI
(), RBLEwC L sEREEOMEE 2 2w
C EETER LI
b. MEEFRORMH
2% 108 HoMas 96 = L F v = LT L— FIT
FERE L, 48 BERIES R, HRRE Y /2 v U AR
TOA ATy Ak EFER\ PBS L. &
v = MCBERTRML, SR T 20 AL
%, s EEviRIL, EfFo LDH &%
FLi. 7=+ V) —F—%fHWT 620nm ik
FABEELREL, KRk -> THlakFRE
Rdte. BRI tween 20 (RAZHRE 0.05
vIv%) T,
& MifadER (%)
={l—(a—>b)/(c—b)}*x 100

a: RBREEOBRKE OFHIE

b: EMENBEOBRKE O TFISE

¢ : BHXRBEEOTNE O FHE

3-5. am=—Wp=E (Colony forming efficien-
cy, CFE)

Direct 3: & Replate g 2 fEHD H:TITL,
TRZhBEREECOlMBla » = —$0% 100%
ELT, RABBECET D 2r = —BHELKRD
P!

a. Direct 3%

200 fEoMar >+ — v (ER 6cm) IR
L, 24 R BB R LRM L. SBIC6H
MEERE, 2%/ — 1 TSHEEE, 40% *4
VT 20 HRREL, HBl= e = —BrFHHL
e, RelL, 2r=—11 50 B LD TR
SRTVBD% 1L LTHY Vb LI
b. Replate 3%

IX10° [HoMlar > » — v (B 6cm) 13&

L, 24 BERSEBCRELZEMLC. S HIC
48 WyfRERES, bV 7o VAR CRI A EI L,
PIRERE R IR X ¢, 200 HFox v v — L
WCHRAE U 7o, 7 HISIEZ#H%, Direct gk & RIERIC[E
E e Jfal, HBl= e =—FEitBLL.

3-6. #EARS 2% (Mitotic index, MI)

Ytk R ABOBECEA L b D LR UE
AKrxFte. 1 B o< &b 1000 Ho
Mlazx@izz L, SHMaossa (MD) zRo.
¥ 7o, BIERBO MI % 100% & LT, £HEK
BT 5 MI DfE TRk,

4. FBEHEREHR

1x10° [Hofiar v » — v (EE 6cm)
L, 24 WRkEE L e, FIREICIREL L ok %
WAL, 24 3 X O° 48 Byfaldf LBRER, RebiR
AAAER L7, EAER 2 RREc 2 2 3 F
(GIBCO BRL, #ijfs 0.2 pl/ml) #fnz 7o,
bY Ty v B CHIfRZ EI L, 0.075 M KCl T
37°C, 15 A OEREMI AT, £ & 2 — L
B (3:1) WeMETETE L. = OMRFER
HASAFHFALCHETL, @EOEIEERE
TERZERL, 2.0% ¥ 2K T 15 pHIFREL
7. 1 FiEico% 100 [HON MG Y BEL,
BERER JOENRE OO ET - 1.

# R

LDH @ < 3~ T o fifami g £
h, 4 BEORBRIAEYORERFEN Mm%
BH U7 (Table 1), LDH ¥:Cix, AuvicgeTo
ABLAWC X pBEREEOEEMEEFR, BLA
Eiono LR S hic. X big, cetylpyridi-
nium chloride monohydrate % fLEE L 7= fllfa#
CERWT DL, EERER. LDH Eiko EAH
A bt o 3 EEOLEY R LI L A/
fageci, MR & FEE » LDH ik LR
»oht, MaEkERE T & s - o (Fig. 1.

LDH & CV xR icBRoOBRE, La
Mz Lz Fig. 2 iR L7 CV ok Rz, Mo-
nocellater % i\~ 7 M ARHEAE INHI O fE R & HBHY
BLHBIL Tuwich®, RCiRI oot
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Table 1. Comparison of in vitro cytotoxicity tests and chromosomal aberration test

d

Dose Mono- b Cell CFE 24hour 48hour
Sample (uM) cellaters CV number LDH = =
Direct Replate MI(%) CA MI(%) CA
MNNG 0 100 100.0 1000 100.0 100.0 1000 9.4 (100.0) 8.9 (100.0) 3

53 113 NT NT NT
11 100 832 508 956
21 87 769 346 1033

42 51 308 183 1004

85 4 121 58 955

170 25 59 43 1054

340 4 NT NT NT

Potassium 0 100 1000 1000 100.0
bromate 47 98 NT NT NT

94 93 1038 882 1056
190 93 1057 800 105.8
370 69 872 575 103.7
750 44 549 462 1047

1500 14 186 150 1029

3000 0 NT NT NT
Hydrogen 0 100 1000 1000 100.0
Peroxide 6.9 91 NT NT NT

14 9% 525 926 @ 99.1
28 92 457 756 1010
55 77 194 363 1014
110 45 11.7 126 974
220 19 57 20 983
440 0 NT NT NT

Cewlpﬁdinimn 0 100 100.0 1000 100.0
ponte "0z s wr
04 91 NT NT NT
09 104 924 822 1011
1.7 77 82.5 123 97.3
35 59 60.5 451 88.9
7 37 353 348 701
14 16 16.6 160 476

28 10 NT NT NT

7
NT NT NT NT NT NT
760 554 59(628) 22 61(685 22
197 110 39(415) 56 48(539) 58
02 02 23(245 99 32(360) 75
00 00 06( 64 TOX 15(169) 100
00 00 01( LI TOX 01( 11) TOX
NT NT TOX TOX TOX TOX

100.0 1000 7.3 (100.0) 3 6.4(100.0)
NT NT 6.3( 86.3) 3 7.1(110.9) 5
1046 982 54(740) 12 65(016) 13
1003 823 43(589) 23 49(766) 27
623 661 40(548) 45 33(516) 43
03 69 27(370) 8 10(156) TOX
00 00 12(164) TOX 00( 00) TOX
NT NT NT NT NT

5

100.0 1000 5.1(100.0) 7 7.6(100.0) 1
NT NT 3.5(68.6) 8 58(763) 2
958 1058 23(451) 12 60(789) 6
44 1209 16(314) 41 58(763) 24
00 864 01( 20) TOX 14(184) 51
00 129 TOX  TOX TOX  TOX
00 05 TOX  TOX TOX  TOX
NT NT NT NT NT NT

1000 1000  5.1(100.0) 1
NT NT NT NT NT NT
6.9 ( 90.8) 3
3

1

3

<

7.6 (100.0)

NT NT 62(1216)
1053 851 52(1020) 55( 724)
1009 758 4.1( 804) 43( 56.6)

868 926 3.1(6038) 3.7(48.7)

W N W o= W

415 891 25(49.0) 16( 21.1)
04 714 19(373) 06( 79) TOX
NT NT NT NT NT NT

*Cell growth inhibition measured by Monocellater.

bCell growth inhibition measured by crystalviolet staining method using 96-well plates.
®Viable cell number measured by trypan blue dye exclusion method.

4Colony forming efficiency.

©Mitotic index (percentage of solvent control).
fFrequf:ncy(‘ib) of chromosomal aberrations per 100 cells.
NT; not tested, TOX; few analyzable metaphase cells.

MNNG i3, CFE, Cell number, 3 X ¢ MI ©
FERZERERO ARERIGHR % /R Lz 2, Mo-

nocellater 12 X b R>I-MAEEORKEIL, —h
LI D Lo, MNNG TUHE L 2
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Fig. 1. Dose-response curves for 4 chemicals
tested by LDH release assay. Only the
cetylpyridinium  chloride monohydrate
showed dose-depedent cytotoxicity.
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chloride monohydrate D&Y, 1ZEAED
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MNNG, potassium bromate, % ¢ hydro-
gen peroxide DB X - T, Yefafk DL R Y
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tylpyridinium chloride monohydrate ¢, 4%l
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Fig. 2. _The results of cytotoxicity tests and chromosomal aberration test in CHL/IU cells treated
with MNNG, potassium bromate, hydrogen peroxide, and cetylpyridinium chloride mono-
hydrate. Cell growth inhibition measured by monocellater (®) and viable cell number (O)

were measured after 48 hours treatment.

Mitotic index (A) was counted after 24 hours

treatment. Colony forming efficiency was tested both direct (D) and replate (W) method.
Colums show the frequency of aberrant cells per 100 cells.
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Summary
Gene mutations have been implicated in the etiology of cancer, developmental

- anomalies, genetic disease and aging. Many different methods for mutation detection
- have been developed and applied to obtain a more fundamental insight in the chain of
- molecular events that ultimately lead to mutations. Most of these methods, however,
can only be applied to cultured cells and therefore do not allow comparative analysis
~ of mutations in various organs and tissues in an intact organism. The main difficulty
_in studying mutagenesis in chromosomal DNA is to identify and isolate mutated genes
with a high efficiency. Recently, bacteriophage lambda LacZ and Lacl transgenic mouse
models have been described for studying, in different organs and tissues, spontaeous or
induced mutations. Such models allow study of the induction of DNA damage, repair,
mutagenesis, and carcinogenesis in one animal system. Unfortunately, these models are
only able to detect small mutations; deletions and insertion type of events go undetected
- except when they are very small. Here we describe a more complete plasmid-based
- LacZ transgenic mouse model that allows the detection of the complete spectrum of
- mutations in an efficient was and at low cost.
4('):; > [Keywords: transgenic animal models; deletions; insertion; complete spectrum of mutations
- wh ) &)
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Isolmsriso y .
t rium. It is called a reverse-mutation assay

- In view of the alleged causal relationship

n the mutagenic action of chemicals
and their carcinogenicity, in vitro test systems
have been developed for the assessment of
mﬂ;&mxﬁc potential of compounds. The

~assay most extensively used for test-

ng mmagenicity of chemicals is the
H‘, al ‘. onella test (Ames er al., 1973;
: and Ames, 1983). This assay is based
> use of a set of histidine-requiring

HPRIRg R § )
o« S the bacterium Salmonella typhimu-

because the bacterial strains used in this as-
say are mutated in one of the genes of the
histidine biosynthetic pathway and, con-
sequently, cannot synthesize histidine, an
essential amino acid. An additional muta-
tion is required to revert the cells to histidine
independence. One of the limitations of
using prokaryotic assays is that bacteria lack
many of the metabolic enzyme pathways
present in mammalian cells, some of which
may actually convert compounds into muta-
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genic agents. Mammalian metabolism can
be mimicked in vitro by adding rodent liver
homogenate (S9) to the assay. The enzymes
in this homogenate may activate compounds
that would otherwise be non-mutagenic.

It has now been shown that the Ames test
has a sensitivity (percentage of established
carcinogens identified as mutagens) of 54%
and a specificity (percentage of non-carcino-
gens identified as non-mutagens) of 70%
(Zeigeret al., 1987). Similar results were obtain-
ed by Tennant et al. (1987) who reported
that the Salmonella assay would only identify
about 45% of the established carcinogens.
Although the Ames test has been reevaluat-
ed using more stringent criteria, which re-
sulted in an increased specificity, the sensi-
tivity was also significantly reduced (Prival
and Dunkel, 1989). In addition, inclusion of
three other short-term in vitro assays (the
mouse micronucleus assay, chromosome ab-
errations and sister chromatid exchanges),
did not significantly improve the performance
of in vitro assays for predicting rodent car-
cinogenicity (Tennant et al., 1987; Haseman
et al., 1988).

To test for the carcinogenic effect of a
chemical in vivo, the long-term rodent carcino-
genicity assay now serves as legislated stand-
ard for assessing carcinogenic risk, and the
specific locus test serves as the standard for
the assessment of heritable damage. In the
long-term carcinogenicity assay, rodents are
treated acutely or subchronically with a
chemical and the animals are monitored
during their life-time for the occurrence of
tumours. Large studies have shown that this
assay has a low specificity but a high sensi-
tivity; all definite human carcinogens tested
were positive (Ennever et al., 1987). How-
ever, long-term rodent carcinogenicity studies
are expensive, time-consuming (3 to 4 years),
require high numbers of experimental animals
and are often conducted at high, near toxic
doses that do not reflect the low dose ranges
humans are exposed to. Attempts to extend
these investigations to lower dose ranges,
however, are limited since these are even
more time-consuming and expensive because
of the still larger number of animals that
would be required.
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Recently, Ames and Gold suggested that
treating rodents with near toxic doses of a
test chemical for long periods of time may
cause chronic mitogenesis (Ames and Gold,
1990a and 1990b), which may account for the
high number of chemicals positive in the
long-term rodent carcinogenicity assay (50%
of all chemicals tested so far; Abelson, 1990;
1992). This view has been contested (Hay,
1991; Weinstein, 1991), but a definite con-
clusion cannot be reached since data on
rodent carcinogenicity at low dose levels are
scarce, and comparison with in vivo mutage-
nesis data is virtually impossible because of
lack of data (except for the HPRT and HLA-
A locus).

In order to study the mutagenic effects of
potential mutagenic agents in germ cells, the
mouse specific locus test was developed (Rus-
sell, 1951). This method is the most efficient
one to screen for transmitted germ-cell muta-
tions, and it has provided important informa-
tion on factors affecting the mutation rate in
germ cells. The method involves mating
homozygous wild type mice, treated or con-
trols, to untreated tester stock mice, homo-
zygously recessive at seven marker loci. Six
of these loci control coat pigmentation color
or pattern and the seventh locus controls the
size of the external ear. The offspring is
subsequently analyzed for phenotypic changes
due to a mutation in one or more of the
seven marker loci. In the newer biochemical
specific locus test, mutagenic effects are deter-
mined by assaying changes in the electro-
phoretic pattern in selected, accessible gene
products. The advantage of this biochemical
test is that mutagenic effects in 33 different
loci are determined, increasing the potential
sensitivity of the test as well as reducing the
numbers of animals needed. The advan-
tages of these assays are that methods to
screen for mutations are simple and fast and,
since the animals are alive, presumed muta-
tions can be subjected to genetic analysis.
The general disadvantages of these assays,
however, are that they require thousands of
animals and treatments are usually performed
using high doses of a potential mutagen.

In summary, other systems for the assess-
ment of the mutagenicity of chemicals are

needed, yielding results that are more rele-
vant for the mammalian (human) situation
than the present assays do and/or are less
demanding with respect to costs, time or the
number of animals. Preferably, these systems
should detect mutations in genes present in
the mammalian genome and—if possible—
should be applicable in in vivo experiments.

Transgenic Mouse Models for Studying the
Mutagenic/Carcinogenic Effects of Chemicals

Transgenic animal technology has been ap-
plied in developing improved mutagenicity/
carcinogeicity testing systems (for a review,
see Cordaro, 1989). The approaches used
include germline transmission of oncogenes
to increase the sensitivity for chemical-
induced tumor formation. The transgenic
mice described are characterized by high levels
of expression of e.g. the myc oncogene
(Stewart et al., 1984) and pim-1 oncogene
(Breuer et al., 1989). Studies in which pim-
1 transgenic mice were treated with ethylnitro-
sourea (ENU) indicate that such a transgenic
mouse model can be used as sensitive system
for studying the carcinogenicity of chemicals.
However, since these oncogenes control de-
velopment of only a fraction of all possible
tumors in a limited number of tissues, the
applicability of these models as a short-term
carcinogenicity assay is very limited (Tennant
et al., 1993). In addition, assays based on
the use of these animals are still time-consum-
ing, require histo-pathological examination
and are painful for the animal.

A second approach is based on the use of
shuttle vectors, harboring a bacterial reporter
gene, to study gene mutations in vivo. Two
different types of such transgenic mouse
models are presently available and are de-
scribed separately.

Bacteriophage Lambda-Based Transgenic
Mouse Models

A transgenic mouse model based on the
use of a bacteriophage lambda shuttle vector
containing the bacterial lacZ gene as a target
for mutagenesis was first described by Gossen
et al. (1989). This transgenic mouse model
Wwas constructed by micro-injection of about
150 copies of the bacteriophage lambda gt10-

LacZ shuttle vector into fertilized CD 2 mouse
oocytes. Transgenic mice which develop
from such micro-injection experiments usually
carry multiple copies of the foreign DNA in
a head-to-tail arrangement at a single site in
the genome. Rescue of these vectors is per-
formed by exposing total genomic DNA,
isolated from different organs or tissues, to
an E. coli in vitro packaging extract. During
the process, the terminase enzyme present in
the packaging extracts recognizes and cuts
the lambda cos-sites, resulting in the forma-
tion of single lambda molecules each of which
is packaged into an empty phage-head.
Phages are then plated on a LacZ~ E. coli
strain in the presence of the chromogenic
substrate X-Gal for selection of mutant and
non-mutant LacZ phages. Initial rescue ef-
ficiencies, however, were extremely low which
appeared to be due to the fact that the
bacteriophage lambda shuttle vectors integrat-
ed in chromosomal DNA of transgenic mice
were highly methylated (Gossen et al., 1989).
An attempt was, therefore, made to improve
the rescue efficiency by the use of MCR-A"
and MCR-B~ E. coli hosts. MCR-A and
MCR-B are methylation-dependent host re-
striction systems present in E. coli K12 which
attack and degrade DNA that is methylated
at specific positions. Raleigh et al. (1988)
demonstrated the importance of using MCR-
A~ and MCR-B~ E. coli K12 strains for
cloning methylated DNA fragments. How-
ever, methylated DNA from the mammalian
genome can not be efficiently rescued and
cloned by using such strains. Indeed, only
by using E. coli C, a strain which appeared
to lack the ability to restrict foreign DNA
(Wood, 1966), in combination with packaging
extracts derived from the same or other host
restriction negative E. coli strains, high rescue
efficiencies were obtained (Gossen and Vijg,
1988). The importance of E. coli C and other
comparable E. coli strains for the rescue of
genomic DNA from eukaryotes, has since
then amply been confirmed (Grant et al.,
1990; Kohler et al., 1990).

Mutation frequencies for a particular organ
or tissue are determined as the ratio between
colorless (mutated) and blue (non-mutated)
plaques. More recently a selective system
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has been developed which allows the growth
of mutant LacZ phage only. This system is
based on the use of a GalE~ E. coli host
which is highly sensitive for galactose (Gossen
and Vijg, 1993). Since the pS-galactosidase
enzyme encoded by the LacZ gene converts
lactose into galactose, non-mutant LacZ
phages are unable to propagate when plated
on this strain in the presence of lactose or
lactose analogues such as phenyl-3-D-galacto-
side: the GalE~ E. coli host cells lyse before
the LacZ phages have time to multiply and
infect neighboring cells. The applicability of
this system to reproducibly detect low num-
bers of LacZ~ phage among large numbers
of LarZ* phage on one 9-cm petri dish was
tested by plating different mixtures of LacZ*/
LacZ- phage on selective and non-selective
medium. The results (Gossen and Vijg, 1993),
indicate that LacZ~ phage are easily detec-
table, even in the presence of a 3x10° fold
excess of LacZ* phage. The laborious task
of analyzing large numbers of plaques to ac-
curately determine mutation frequencies has
therefore become redundant.

On the basis of the same principle other
transgenic mutation models have been describ-
ed. One of these models was not based on
LacZ as the mutational target gene but on
Lacl (Kohler et al., 1991). The Lacl gene
encodes the Lac repressor protein which, by
binding to the operator sequence in front of
the LacZ gene, is able to negatively regulate
LacZ expression. Consequently, infection of
LacZ* E. coli host cells with phages con-
taining a non-mutant Lacl gene will give rise
to colorless plaques, and phages containing a
mutant Lacl gene will give rise to blue
plaques. Also for this system methods are
presently under development to select phage
containing a mutant Lacl gene, thereby re-
ducing the amount of time and labor to de-
termine mutation frequencies (Lundberg et al.,
1993).

Plasmid-Based Transgenic Mouse Models

In addition to lambda-based models, more
recently transgenic mouse models for muta-
genesis studies based on the efficient rescue
of plasmid vectors from genomic DNA, has
been generated. In this approach, rescue of
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LacZ-containing plasmid vectors is based on
the binding of the Lac repressor protein to
the operator sequence located in front of the
LacZ gene. LacZ containing plasmids are
released from the genomic DNA by excision
with a restriction enzyme, followed by coupling
to the Lac repressor protein which is con-
jugated to a magnetic support particle. The
use of a magnetic particle concentrator then
allows to specifically recover LacZ plasmid
sequences. After circularization, the concent-
rated plasmids are transferred into a bacterial
host by means of electroporation (Gossen et
al., 1993b). Using the same GalE~ E. coli C
strain as described for the bacteriophage
lambda-based system, also this system allows
to select for colonies harboring mutant
vectors (Gossen et al., 1992). This selection
system allowed us to reproducibly detect low
numbers of LacZ~ E. coli cells on one 9-cm
diameter petri dish among large numbers of
LacZ* E. coli cells, when different mixtures
of LacZ*/LacZ~ cells were plated on selective
and non-selective medium. The sensitivity of
the system was such that LacZ~ colonies
were easily detectable, even in the presence
of a 108 fold excess of LacZ* colonies (Gossen
et al., 1992).

Plasmid vectors offer the distinct advantage
of having a size which is only 1/10 of a
bacteriophage lambda vector; the average size
of a LacZ-containing plasmid is Skb and
that of a bacteriophage lambda vector 50 kb.
Due to the large size of the latter and the
fact that some of the bacteriophage lambda-
based transgenic mice carry up to 80 copies
at a single genomic site (4Xx10° bp), high
molecular weight DNA must be isolated in
order to rescue intact vectors with reasonable
efficiencies. In general, however, the average
size of genomic DNA isolated from organs
or tissues is about 200-300 kb, indicating that
multiple double strand breaks will be present
within the lambda concatemer. Because of
the relatively small size of plasmid vectors,
the presence of double strand breaks every
200-300 kb will not interfere with plasmid
rescue.

A second advantage of plasmid rescue is
that, owing to the high capacity of Lacl re-
pressor magnetic beads, large amounts of

DELETION DETECTION IN TRANSGENIC ANIMAL MODELS

lambda shuttle vector
wo—{ R} - {TacZ]
cos cos
| I
50 Kb
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deletion region

H

genome. Deletion mutations can occur

|

Ll".\l\) lacZ} mutant vector

Fig. 1. Schematic representation of the plasmid vector cluster integrated in the mouse

within the cluster or can include mouse

chromosomal DNA. These mutations can all be detected provided the origin of
replication (O) and the ampicillin resistance gene (black box) are kept intact
(illustrated in the figure). Large deletions in the bacteriophage lambda vector
always go undetected because such vectors can no longer be packaged; plasmids do
not suffer from that problem. Note also the dramatically smaller size of the plasmid

cluster as compared to the phage cluster.

plasmid can be purified from restriction-
enzyme digested genomic DNA in a single
step. Although bacteriophage lambda vectors
also can be purified from genomic DNA,
using field inversion gel electrophoresis of
genomic DNA digested with a restriction
enzyme which cuts outside the lambda con-
catemer (Gossen er al., 1989), the inclusion
of this complex procedure is time-consuming.

Finally, the major advantage of plasmid
systems involves their potential in detecting
large mutations. Bacteriophage lambda
models have proven to be incapable of de-
tecting large mutational events. In part this
can be explained by the size-limitation in
packaging such vectors; when they are smal-
ler than about 42 kb they will not be pack-
a.ged. 3 With plasmid systems there is no such
size limitation; provided a deletion event
will not remove the origin of replication and
the antibiotic resistance gene, the resulting

construct can be cloned. This is not only
true for deletions in the plasmid cluster, but
also for deletions involving mouse genomic
DNA. This is illustrated in Fig. 1.

However, the size limitation of bacterio-
phage lambda rescue does not explain the
lack of size mutations in the order of a few
kb or less. A possible explanation for this
phenomenon could be the large stretch of
prokaryotic DNA encompassed by the vector
cluster in the mammalian genome. It is
tempting to specculate that such a large
stretch of silent DNA inhibits the occurrence
of large mutational events, which is an argu-
ment to keep the vector cluster as small as
possible. The availability of several plasmid-
containing transgenic mouse lines allowed us
to test the distinct advantages predicted
above.

Table 1 shows the efficiency of the magnetic
bead system in rescuing the vector contain-
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Table 1. Plasmid and bacteriophage lambda rescue efficiencies from

transgenic mouse liver DNA

Method # Colonies/Plaques Rescue efficiency?
Plasmid rescue 2,375,0002 237,5008 cfu/pg
Phage packaging 78,7504 10,500° pfu/pg

1 Based on about 40 copies integrated in the mouse genome.
2 Based on 10 zg genomic DNA in a single experiment.

3 Transformation efficiency is 10'° cfu/xg plasmid DNA.

¢ Based on 7.5 g genomic DNA in multiple experiments.

5 Packaging efficiency is 10° pfu/xg lambda DNA.

Table 2. Spontaneous mutation frequencies and the percentage of deletion mutants

Tissue Spont. Mut. frequency! # Mutants analysed # Deletion mutants®
Brain 8.5+1.3x10° | 61 31 (51%)
Liver 8.543.8x10- { 72 35 (49%)

1 Average of 4 animals.

2 About 0.1kb or larger as detected by 19 agarose gel electrophoresis after double

digestion with Pst I and Sac I.

ing the mutational target gene from mouse
genomic DNA. In this particular experiment
the DNA was obtained from a CD2 trans-
genic mouse model harboring approximately
40 copies of the LacZ-containing plasmid.
Each plasmid was inserted into a bacterio-
phage lambda vector in order to allow direct
comparisons of the efficiencies. Clearly, the
plasmid system is an order of magnitude
more efficient calculated on a per copy basis.

One possible reason for not being able to
detect deletion-type of mutations in bacterio-
phage lambda models besides the size-restric-
tions for packaging is the large vector cluster,
encompassing more than a million bp of pro-
karyotic DNA. Indeed, even deletion-type
of mutations involving only one or a few kb
were never found. For this reason we gene-
rated C57Bl/6 transgenic mice with LacZ-
containing plasmids alone in limited copy
number. Table 2 shows that about 50%
higher spontaneous mutation frequencies were
found as compared to the bacteriophage
lambda models. It turned out that this ex-
cess of spontaneous mutations can be explained
by the occurrence of large mutational events,
predominantly deletions (Table 2). Indeed,
some so-called complex mutations were de-
monstrated to contain mouse genomic DNA
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as predicted from the schematic representa-
tion in Fig. 1 (see also: Gossen et al., sub-
mitted for publication).

Future Prospects

In general, the results obtained so far with
LacZ transgenic mice indicate that various
organs and tissues, including germinal cells,
can be analyzed for mutations. Such trans-
genic mouse models therefore allow direct
correlation of mutations—the ultimate mole-
cular endpoint of DNA damage and its (at-
tempted) repair—with important physiological
processess thought to be causally related to
mutations, e.g. cancer (Loeb, 1989) and aging
(Vijg, 1990). With respect to aging, signif-
icant increases in mutation frequencies have
already been demonstrated in both the HPRT
and HLA-A test for human lymphocytes
(Trainor et al., 1984; Grist et al., 1992). For
cancer, evidence has recently been obtained
that specific chemicals leave mutational fin-
gerprints in the tumours. Studies on mutant
p53 tumor suppressor genes, isolated from
breast (Runnebaum et al., 1991), skin (Brash
et al., 1991) and hepatocellular (Bressac et al.,
1991) cancers of people exposed to cigarette
smoke, UV light and aflatoxin B1, respective-
ly, indicated that the mutational spectra found

were characteristic for the agents to which
the different organs had been exposed. Trans-
genic mouse models can now be applied to
confirm and significantly extend such studies,
since they allow comparative analysis of mu-
tations in many organs and tissues of the
same animal.

To study the potential mutagenic effect of
chemicals in relation to carcinogenesis, a
number of validation studies are now in pro-
gress to test the applicability of transgenic
genic mouse models as short-term in vivo
mutagenicity assays. Animportantadvantage
of these transgenic mice is that studies on
the mutagenicity of chemicals can be per-
formed using low dose levels. Such an ex-
perimental approach would be more represen-
tative for the human situation, would over-
come side effects like sustained tissue injury
due to high dose treatments which may lead
to chemicals being falsely identified as muta-
gens (Ames and Gold, 1990a; 1990b), and
would no longer require to extrapolate data
obtained in mice to low doses in humans.
Ultimately transgenic mouse mutation models
might even provide an alternative for long-
term rodent bioassays.

Additional applications would be to gene-
rate mouse models which, in addition to
bacterial reporter genes, would harbor genes
encoding (human) drug metabolizing enzymes,
Uic P-450. Such transgenic mouse models
would combine metabolic with mutagenic
epdponits and may provide a sensitive system
t‘?‘\;"study the complex pathways of mutagen
n}ctabohsm in humans. Alternatively, po-
tential risk factors such as genes encoding
DNA repair enzymes or tumor suppressor
genes, like p53, could be inactivated by
means of homologous recombination. The
possibility to directly correlate risk factors
with mutagenic endpoints would provide more
insight in the role of each of these enzymes

in the processes which ultimately lead to
mutations.
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Development of new risk assessment test by using transgenic mice
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Summary

We have developed HITEC (hypersensitive in vivo test of carcinogenicity) mice by
using transgenic techniques. The transgene contains the wild-type rpsL gene of E. coli
in a form of a shuttle plasmid vector, pML4. The wild-type of the rpsL gene exhibits
a dominant trait of streptomycin sensitive in the E. coli system. Thus, when the pML4
plasmid is introduced into streptomycin-resistant E. coli cells, it will transform the host cells
to the streptomycin sensitive phenotype. If a forward mutation is arisen in the rpsL
gene, however, the mutant phenotype becomes streptomycin resistant. The pML4 carry-
ing a mutant rpsL, therefore, no longer transforms the host E. coli cells to streptomycin
sensitive; rather, they will remain streptomycin resistant. In this principle, we can
detect the mutations of the rpsL transgene in the HITEC mouse genome by the efficient
recovery of the shuttle vector from the genome followed by the transformation of the
host E. coli with the rescued shuttle vector. Consequently, the HITEC system could
provide a quick-and-easy risk assessment test for tissue-specific mutagenicity.

We have established more than 20 HITEC mouse lines so far. Some of them carried
more than 300 copies of the pML4 transgene as a head-to-tail tandemly repeated structure.
We tested the applicability of the system for the actual assay, by using one of the
established HITEC mouse lines that contained such high copy numbers of the shuttle
vector. We found that an electroporation method gave rise to a sufficient transformation
efficiency of E. coli with the shuttle vector rescued from HITEC DNA, and that the
background mutation rate was low enough (less than 5x1075).

Keywords: mutagenesis, transgenic mouse; somatic mutation, risk assessment
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X, BBIHY-CRMININ ORE Yz 5 BE
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carcinogenicity) = 7 A L LA T 5.
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Positive Detection of Mutations in the rpsL Gene

Host E.coli Cells
(KmS SmR) E.coli genomic DNA
pML4 with s
(@) Wild-type rpsL = Sm

pML4 with 2
Mutant rpsL = Sm

Qg Q

Km Plate Km&Sm Plate

cf) The wild type rpsL (Sm®) is dominant to the mutant type ones (SmR).

The Number of Colonies and Estimation of the Mutation Frequency

Fig. 2.

B
Mutation Frequency = T
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it 3, Yy b A2 x—%c5 pML4 7
A FOBEA 2 € - B FMBIT L. &R
M bEsht-» 2 » DNA %, pML4 % 1 5
Fro 2 YJli3 % EcoRI (Fig. 1 &) i THILE,
pPML4 %7 v -7 L LTCHHF—v M 7V & A4
Y=o vEfTEo . BABGTIEBE Y/ &
DO—ETC &% v F A ER L THAIRS.

F— ZAIR X Ihy, EcoRI T b Licy /7 &
DNA gy, HA L% pML4 DEMETH S
30kbDg 7Y B4 - 5 vy FF ADEE
LA TORMD LERD b, BYIBER %
BELT, COBEA =2 ¥ —Kr#E L (5,
AR, 1987; Melk &, 1993 2R). L OfER, #Er

o a b -

101 o -10 8

Q

)

=

E "
= g
3 10. ) §
& e -1 <
) L 0 E
s M S
St 7]
2 O UtiraPure Glycerol B §
E A\ Conventional Glycerol =
Z 8 7 “6
10 - -10 %

i =

: : : : i : : E

V4

Field Strength (kV /0.15 cm)

Fig. 3.

V7 brEV—Ya VOBKHE LETRKBHEOLEER (32 a) SIV0ED & EOWHEIEHR

% (xab), BEEmESY L(1.49kV/0.15cm), M(2.46kV/0.15cm), H(2.93kV/0.15¢cm) + %

FOL EIBERSR BB D3,

MITEDLL, BEOLEFRVTHVTELLD,

fRishR

LTFN5. BICERRE s Ve — xS (A) 12, 70 HZETOEERS X OB Bk
WROBWPDE L. <51 aD OXBRBEO CORBEAFRYRLTED, HBERTHS.

eI TR LT 5.

Thts 22 Z#io 5%, HIT013, HITO17 o 2 %
Fiz W Thb# 350 = v — (3L pML4 NEA X
hTkb, Fi, HITO2l ©F- Tk 750 =
E—EBAIRTWBZ EARHERER. ZhT,
FPFHME T2 HIT03 khd 100 {21 Eic
Yy b VT S5RA I FHAEA IR HITEC =7 2
BRI I hick w2 %, BifEE TD L & 5, Fl
ERCBVTEA 2 v - BB AL bh5 30
X7e <, RRY, BRECTRCMEEShD L L
BiZ, ¥/ 20 1 EHAHC & v FARBAIR T
BT EDRERTWS,

3 L/ haRL—LasICEBRBEOKE
L]

HITEC = v 20BERB\TIE, <TRA5F 7
ANBEN LY + b ARZ 2 —FUhICRE
SKBEICHEAL, H{Darn=—%BETES
BBE2OP LD LRBNI, Thbb7 5
A F DNA #HickBEOME Rash R4
BRRIcC ¥ 5 KGR EVVETH S, 2T,
BWHEDH Lo a3k (Cohen B, 1972) 2+ nik

~ R¥ (Hanahan, 1983) o 100 fz 0B s =
BRI LMNTEBLVbRAS=LZ b REL—

v 2 v (Dower &, 1988; Calvin and Hana-
walt, 1988; Smith &, 1990) # % & & i
LT ¥ #-. Cell-Porator E. coli System (BRL #})
RAWCTTHERY TR - 1fER% Fig. 3 Bk
O* Fig. 4 iR+, #kha kBB HB101 £ & HEME
v A BEARBEOEC T FAML - pHSG-
664 AW, v rer AL — v 3 YORE
1%, 1.49kV/0.15cm (L %), 2.46kV/0.15cm
(M 298), 2.93kV/0.15cm (H #HE) © 3 B
FdE, bERTED, ThZhic >\ T pH-
SG664 75 = 3 F DNA #H\ CHEEREER
wP~7e. Fig. 3T &8, AC=v 2 tr
Hr—v 2 VIRETHIIEFEROBV-REDOH
DERIEZIR Y X <, MREN HE 5 L BEZHERIT
WoltA BRI B S DD, T E D LRI
P45, KBEORBICHEDORE 7Y v r— 2
(UltraPure Glycerol, BPL #f) # 5% &, RLU
zvrteELr—v g VEBETLELTY, HBE
SR, HH 5 (Fig. 3). CMIBREEED
KL 7 W A UEETAEL T RBEOEFERS
HrBldELBbhA. ¥f, Fig. 4 TRTLE
D, AELKEERE b FEERERSDFRCKE
MEL, 10Y/ml R HE, 1pg © pHSG-
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Fig. 4. =v 7 reHr—vaivicHuWaETAE
HORE L WEERSDER. MBE 246kV/
0.15cm) 0% &£ T, RBEO EEL Bx 155
GOWBEERREY RLT 5. Wihe bXf
BTRLTW5. BERBEO BE L MEE
BEHR L oI, HWIED HBIRLR S hs.
A CKIGEBE T, BMEZY +r—21(0)
HRAGCT R LI RKIBE O, B OER
AEZ7) we— L (A)ZHCBE L YEE
BEHR AR,

664 7= b 6X10° LA EDBRAE L. kL
h, BE 7Y ve—EHGT 10Y/ml J Fic
KW AFEL, EXKHEE 2.46kV/0.15cm (M
BE) T, D=z v I bR AL —v o v R T
foo T 2RIR WA, AL KBERE
BFEREL C b WEBRSERICK & g8k
<, Efo, HBEIMEVGHAI, BOFEOE, ki
D 7Y w— LMD B EREEE T R
EEVHRAELRD XI5 D. IbiIL, =0
Vv ZrrRU— a3 VIZE, BHOFEWRTT
4 v A= (BRL#) ZHWBH, 1DODF 4 vo3—
o, #OEL 10 @R L TH ERSRcE R
Rbhiehr-7cnT, FBUBRKLEET CLET 2
BE, 10 EMEFCEBEIELELCF+ v i—%
Ausbz bbb Tc&n, i, AEOERY, L
vy ARE ARLEEOEC THRE L 72 pML4
75 23 F DNA 2BH\WTH477-7-. Fig. 1 I©
AL 512, pHSG664 Tk 7 v &) Vit
PML4 TikAhFr=A4 v Vi & L T £igo o
BEBREYBZET 2L LT, BohiiE
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T4 EBEWDR bR h - 70T, pML4 > 4
FTFFAIFD=LV I RrELV—Y 2 VEAD
A U&fic Tirle - 7o,

4. HIT013 @ 4 PRI Y—ZRAWI-KBE
DOHHEEME N 755 F

GHEERSEY SEELRhH L HITEC
=Y AD 5L, # 350 = —o pML4 2EA X
T HITO13 R i\ TR o W H ik
wfitc o, %, HITO13 » 4 , - DNA 9 pg
%, FiEE RO FE (EED, 1993) #HWT
fi#HF Utz EcoRI 14{b#%, BESIKE) 7 v E%AT
feus, vy bz x— pML4 © 3.0kb &
FhADEEEIR L. = DNA ZEo 100
So 1 %44 kBB HBI0L gkic 2 Ec)id
C=v2trEr—vavl, Z05b, 570
lLizrr=A4vvo7r—1rE, B SH0 41%
HF=A YV ROAN VT b= VYO FRE
o7 LU — MCHRRE UIMEERIR R Y Afc. H T
47 r— b gE 1137 ofiftE=z r = =2
Bhi. Tihbb, —o0BEISEEBLRS
Img © 4%/ » DNA Zf\W75H, RETE%
vy b A7 2 —DRBUT 6.3X107 L S h
5. ki, pHSG664 # %7 = v —E A L7 HIT-
003 D—IfEE A b A X - BRERE 3X10* (K
BED, 1993) LH-X, 1000 £fLL BRKEE % B 7
CricitAh XTC, AFRAVVEAL VTR
4 vvilifrEt7r—t EicizAit 105 2 v =
—REBRL. HFRATVDEDT U — PR
L EERABEO 4 f5E%, 207 v—1©
CHEBLTWAZ ERHARARSE, AL VT
FeA v ViR RTar ==, VW5 L
kb B ERE RS 12, 2.3X1072 L 5 HEEE
N bR,

Ry 2 75 v FRREROBHY HLEXb,
HrlLwga—#EAD HITEC =¥ 2% v h
E, S 108 55D 4 b ARZ X —%R
ETE, WEERHRCHL TL ok R E
bhte. Lo, Bbhiy 72275 v FORER
ERFEN 2.3%x1072 L, PCR THEBNIR, 7
77 v F(0.7~20%; HERED, 1993) L 2z L EbH
Liguiesd, b DEIELORMELH 2 LE 2

Table 1. Transformation of Various E. coli Strains by Electroporation

Strain  E-coli cells/ml Supercoiled Transformatign Ratio of Sm
(x101) Plasmid DNA Efficiency (x 10° /ug) (%)
HB101 0.31 pHSG664 53 0.031
pML4 52 0.020
RR1 3.2 pHSG664 406 0.015
pMLA4 644 0.016
JM83 3.6 pHSG664 14 0.016
pML4 77 nd.*
JM103 3.8 pHSG664 1.1 0.022
pML4 133 0.014
JM105 0.24 pHSG664 14 0.016
pML4 0.87 nd.*
NM554 2.7 pHSG664 18 0.266
pML4 56 nd.*
MY1 0.90 pHSG664 22 0.101
pML4 9.0 0.029
Each E.coli strain was d with the indicated plasmid DNA. Transfi ion efficiency was determined by the number of

ampicillin- and kanamycin-resistant colonies for pHSG664rand PMLA4, respectively. The background mutation frequency was determined

by the ratio of streptomycin-resistants (Ratio of Sm) .

* JM83 and NM554 do not carry any amber-suppressor genes; thus, rpsL in pML4 will not be expressed and all transformants become

bhs, WFhielTd, 2o, 7275/ FT
i, bt BRERY GBCRET 5tz s
w, FREZRH LA £F, BULTUL57E
FRBEC L > TRy 7275 FOERRERFE
DEEYZT D nE Sk BE L. rpsL G
FOMMFESBERBEIA N LS b= vV
fitth: (rpsL=strA) TiglFHiTis g DT, <
ONDOEREAF LIVEERY{T/Ir> Thic. B
U7 KBE X, HBI01 wwinz, RR1, JM83,
JM103, JM105, NM554, 3 X0, MY1 © 7 %
MThs. Hbrvy 2 BEIREBEOECTH
B4 5 ARG D pHSG664 35 X 18 pMLA4
TR FEAVCTHEGRYGERS LU, 77
Y FORRERFEIEHRC L > TEXLZBR
BInE 5 EBEL7c. fER% Table 1 iwRL T
W5, WEERERIC O\ TR boic Rtk
LT 100 5Ll B himhbh, ThE CHA

LT3 HB101 OEERHRIZLEIOE L

BB 5. WEERDR - IRBIC, Bhs
RAREROE S 12, pHSG664 #EA Ltz NM-
354 L MY1 23\ T 0.1~0.3% LB Abh
BL00, FoOMOKETIE 0.01~0.03% D—F
DRI % - T 5. Table 1 258 Bavie X
91, HBI01 X h WEERSRIE, <y 7 7

No colonies were found from pML4 introduction to JM105 because of low transformation efficiency.

5V FOERERLEL TEX HATHEMD D 5 R
iz, RR1 #TH»%. RR1 ¥z, HB101 JRs:{k
T, #\ i3 HB101 2% recd TH 5 0iext L, RR1
XEFAET recA HF o> TWBEDHZRTH D, £
T, 75 A3 F DNA i/ <, HITEC =7 &
DYy b A7 x—%AWTES, RR1 22Dk
SICEWIMEERRE RT 2 & 5 EREL
7o, ¥F, BiEoO#HE TR, pHSG664 %4 =
v —#o HIT003 »4>ili DNA (HERE S, 1993)
%, RR1 t HBI0l =L 7 b mAL—v a2 v L
TZt-. 1mg o HITO03DNA % T, HB-
101 <% 1.8x 104, RR1 Tk 1.8x10° nipKlz
B AR L, MEIC RR1 23 10 fERhRA L\,
Ff, SEHLLBLIL pML4 &2 v —HA
o HIT013 o4y DNA % HB10l iz= v 7 } »
Avrv—vavd5E, 1lmg o HITOO3DNA i
BLT, 6.3x10" opHEITRHMELB ORI &
E#RL7:. ohd RRI Bfic=v 2 b AL —
Vo VERTo THhick T A, 5.1x10%mg &\
5ENE LR, it h, HBIOL # A 7-8& L b
10 {23 S R L\, COBE, Ny 27TV K
BY L Tix, HBI01 - 7BE& 0 2.3% Xt
L, RR1 Tix 3.8% LBEREREZXADLRILI-
. FZT, U, HITEC =Y AD ¥ 4 b X
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I s

7 2 —BEIX RR1 2EFKRBE LT Lic
Life,

5. N9 5  FORREREEZLETDE
A

HITEC —~ v 2% H\ =R E R OBREICIT,
%7 » DNA fhHi#, EcoRI J4{biz X 2 Hifr £
Yy AN 2—DY O E, FhEBRIT
57D T4DNA VY 77— ¥R IGE D 2 Bk B
B, £ZT, ThXhoOBBIRTs, 775
VP RRERFE~OHEYRF L. 5, %t
BELT, ey y 2aBEARBELC L > T
ABLBLR®A ST A F pMLY BHEEZEL
T, BERBEC=LV 7 rEL—v o v i
ST, MBELT, Ry 275y FORRE R
BEEDY 107 ZIR$ 2 L pbhd o T 5 R—FHo
PML4 75 2 3 ¥ v 7 A% F\ 7. 3 pML4
77 A3 N, EcoRLIzTEIREL, Fox %
H— RIS TRRCE L0, RR1 Hric=
VZbrBrv—va v&fThot. L, VH—
LI L ZBRIMERIGO R E N &, WEERS
RIXTARDWHESELD S, Lol, co—Biohk

ERT 5 A3 F, BT, £0ikro rpsl BETF
B LLTRE, ArvS =y viithkar
==Bhbl, Tihbb, S, 2777V FD%R
RERFERES T TH 5. BRI, EL
BOTS5A3I Fbiz 1.0X107 2y, 2 75 v

FEDE 5S4, EcoRI #4{k#% T4DNA V) & — &
MBE L D02 51E 4.7X10°8 Dy, 7 7S5V F
ERERIEE 1B bht. T/ b, EcoRl, Té-
DNA V 7 — CAE OB TH 50 f2i13L3, 7
75 FBERSTWAZ EXHB L. KR E
LT, ZOHIBERAENS ) »— LA TIC
W ABRTT 5 A N [ »\4E U TERE
REBI LTWHAEEREZ RS, £IT,
COR—FRE S 5 2 1 ¥ pMLADNA # FH\T L
TOXRBREZITIc- e,

) H—ERIGC BT pEERE, RIGEE, ¥
O, RIEERY %73, EcoRl TR L 72
DNA ##ktE& LT, TADNA V) 5 — % Ric 2
SEROBE T IFETORIEF » — 7HRE
Lic. 1€, M2 4°C,2 «, b+ HiZ 16°C, 3 «
MRZERICT 48 FRERIG S, KBE RR1
HrEER L 7. 2% Fig. 5 wRT. 7,

x10'3
15 —
: % 22C
§ - 4C 16T ? = é r
§'1'0 -1 4C - 22 2—
g lann | B /
c % Z
s {1l 7 ;
g 0.5 v ;- g- é_
= 2 2 ;
T 7
10 ? ?
o{ 4 % Fl
4 units 40 units 100 units ' Supercoiled
Amount of T4 DNA Liagse

Fig. 5.

I —CRERIEBED Sy 7 75 v VRRERCRIETHE. Fo 1x104 02, 7 75w ¥

ROBERLRTIED DD > T W B8 b2 A D PML4 75 2 1 ¥ DNA %k & L1
EcoRl TH{LL7:Z D% ¥ 7 100 ng % 100 ¢l KIGHH, KCRHRE S L OBREC T2 HE
Rt gt Z05H050pg # RR1 KFEic=v 7 b e L —v 2 v, Fig. 2 RTE

B TRRERREHE L. MBLLTESEAMR PML4 % 50 pg FL&LE TR

2.0 15

10 - | 5
Ko 7] x10
B 1,61 LI
o 1.9 — o
5§ 1T T~ : / —1.0 2
K] i \ _ 5 L g
5 1.0— N 7/ = [
g o B - §
E 1 b & 05 &
o 7 1 ] - =]
2 05 T 3 L =
o |
. -

N N AN EECEEEE l_ o
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Fig. 6.

) — ERIGHE D, 7 75 v VRABRCRETVE. Fig, 5 ©kid5 4°C, 4 ==, +o

ST, KIGHEE 0.5~48 Briiic B 2 TRREERYBRF L. 75 7 CRABTREK, 1,
IR 75 7 T D L EOWERRYGERLRHLL T 5.

-3
xi0 3
- -
%) -
g
2. 2
U' —-—
i -
Lo
c -
9
g,
=]
= -
0 1 o A
Supercoiled EcoRlI Xbal Banll

Fig. 7. pML4 O R{bCH W5 4IBEED -, 7 75 v FERFERICKIFTHE. Fig. 5 8I061
FAToHE SR Ak PML4 o 1pg % 100 gl O JGHFwT, EcoRI 32==, }), Xbal (24= =
v }), Xhol 40= =, ), Banll 20==, }) AWT—HMNEL7. ZhXTho 100 ng OfFR1E
PML4DNA #% 200= =, r® T4DNA V% —E&xFA\T, 200 pxl i, i, 40 B R4
BB, =L 2 heEL—v s VICTCRRIBZMEEGR L.

BN > A pMLE 75 2 3 FaEA L
RIBEERTIZ, 9.8X10° L FHIEM:OE MELE
bhi:. RIGEESENSOh, F1-, BEE

- ERE<kBicoh, Ky, 2775V FORRER
wﬁﬂgmk§75@@ﬂgo,vc,41:yb®
. TDNA ) 5 — B CRGS ® 2 BANRLIE
BRRTE R AR L. T, RIGIRE, B

FEEIME DT 5 A FOBRRIEAREE &
5o TIWBEEEREIR Z O & D03 U TRERA
e, AF =g v Uitth e r = — O HBBREY K
THRDHE, BHEARED pML4 DAOEITIZ
FEUT 1pg © pMLADNA 7= b FH 1.4%
10%/ug Thotz. “DEX4°C, 4 2=, FCE
I 5%hEIE 1.6 X100/ ug TH - =D T, T
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H—ERGIEETLTWAZ Edbhot. D&
i, =0 4°C, 4 = =, b OF&MC TR %
30 /b 48 Wil & Tfife - Thic & & AT,
XLt hB XL bheh - (Fig.6). ¥4, &
DHED, h <A vVt r =—KTRIH
LI BRI 30 T, FEHo 1.2x107/
rg L OEFEVWSHWEDT, BIMEoHD
) — R 4°C, 4 ==, +, 30 HTH L
ThH EARI N (Fig. 6). L L, D&M
CEWTHy 7 75 v FORRE RFEITEL
Ho#beA DNA WA 0 6~8 f5TH
51, IHIc EcoRl ko A7, 7 H2BEL
¥es
KHIRBROBNC LD oy 7 77V FRRE
REPEOEKTY ThET, vy bATFTAIFN
Dy ABOY YK LIk, pML4 % pHSG-
664 1 1 fEFT O R RFMEALFFFET % EcoRI %
AT . pML4 itfiic d Fig. 1 WrRT X
51, 1 @At 5EEHR 2 B 5. Apall i
75 AL FEZREINCGEAT ABICERRIET 5
DICHAVTE D, AR E o> T 5 DB
BRI TBAREMEND S, £ 2T, EcoRI &
&, Xbal, Xhol, Banll #FH\T, 75 A3IFD
pML4 %z b L, rpsL CBEREBRNAE U HNE
Shikat Lic. £ofER% Fig. 7R3, BbH
DAV HBERECL>TA P LT F L vy
itk = = = — DN 2 FE R DA Bh, Ban-
II % A 7oA 0 K < IR O B8 A JRpM-
L4 Db O BELRAHEIGEL L 5T & 2
ot

6. HITEC 70O ba— )L DL

P EoEEEEN D, HITEC =Y 2D 45/ A
% EcoRI JLFE, X5z, TADNA ) 5 — 4B
T AT ALY » b A2 2 —0 rpsL &
EFEnls ) DERERENE LT DH T & HHER
Xhi. Zh#, Banll CHBFREMIEL -0,
T4DNA V 7 — ERi%, PisEERE T, 4°C,
30 AT E, 2ieh Ay 7 75 v FHEA
THZ LA/ TES., i, ZhEFTo HI-
TEC 7 mrt2— AT, ¥/ :rFbThicEE
F5v 4 b A2 x—%, EcoRl JLBH, WXk
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BrrctH@EilerZ7trz) o—Ya VYiH
W ERERET B &\ o B ORI R BT 2T
EREVTEL. LaL, £350 av—#EALK
HITEC ~ 7 = HIT013 % fj\ ¥, HIT003 (HE
B, 1993) o 1000 f1) FoWB Rz R’ H
bh, Zhic, BEKXBKE & LT RRI ZAVH
3, IbrED 10 fFoEERSR HFSh
B ihbhot. £CT, Ay 2775V FOR
(R &7 b 185 BRKE Y Mic X B0 EREE Y Ak
L, HIT013 », » DNA % Banll {§{L#, H
#, TADNA ) »— ML, Zzo%¥%, RRI
KBPEc=LvZ7trEL—va v T Th
7.
#fE HIT013 o F1 fE{kT AWK 3 » A
<= u ZOfFEE L D L7z DNA &7
200 pg % 350 ==, k@ Banll (Toyobo) w
VT 400 ol [ ISHerR, 37°C, 2 BERIMALEE, 772
BT, 7=/ — A OREL, —H2RERE
B L, 6pg & TADNA Vi — LiC TAHE
Ute. V7 — ERJEE, 600 pl RIGHEHT, 24 =
=, } ©» T4DNA v 5 —+ (Toyobo), 4°C, 30
ST ot. EbR, 7=/ — I ORR
#%, 6pl © 0.5<TE (5mM Tris-HCl, 0.5mM
Na,EDTA, pH8.0) ic#fEL, 1pg/pl & L7,
) H— ERIEORRERE T H DL, ZOffE
wHt-% 12 pg o HITOI3DNA % [@5:A:D 600
pl Y F— ERIERTIe - T, RERNC 124
» 0.5XTE ML, MU Lpg/pl & Licy v
FALEE L. D200 v 7K E
BEUGIZEBRT, 2 EMSLC T o REREREY
Table 2 wiRT. EFC=LvZ7treRr—>a Vv
A FWCH#A L7z HITOI3DNA fx 1 [mH
10 ug, 2 [AH L 2.8 p8 TH%H. ThLh, 140ng,
98ng MHUNEHF <A v 7 v— PIEREL,
BOIILT, HFIAVYVEARAI VT F =AYV
W HEaty 7 v— P CEE L. CORERYGE
L, 1 @BEX 4.9%x107°, 2 @ HiE 4.3X107° &L\
> FBEOEENE SRS L L b, KA
U _ADENS y 7 7T v FERBERFE DD
WicfE B, HITO13DNA o 1 mg H7- hici
B EERS R, 1 BEEA 2.3x107, 2 [E
B2 7.0x10" TH b, Ay 2275 v FH 1070

Table 2. Summary of Spontaneous Mutation Frequencies in HIT 013

HITEC Mouse Tested Age Experiment

Km resistants Sm&Km resistants  Frequencies

and Tissue Used DNA Used DNA (107
HITO13 F1%  111dayold a 3157/140ng  11/9,860ng 4.9
(350 copies) Liver b 6816/98ng 8/2,702ng 4.3

Two independent experiments a and b were performed. In experiment a and b, 10pg and 2.8pg of the prepared DNA were
electroporated into the RR1 host E.coli cells, respectively. A small aliquot of the transformed E.coli was plated onto kanamycin
(Km) plates and all the rest was plated onto the streptomycin (Sm) and kanamycin plates. "Used DNA" indicates the amount of

DNA in the transformed E.coli on each type of the plates.

F—F—THh? Z 2 EETSHE, 10pg O
HITO13DNA »—EIOKBEICH G L E -+ Th
Bz b5,

7. # B

& 350 2 —D > 4 b A7 2~ pML4 %
A L7 HITEC ~ v = HIT013 R %z L,
IR ZE RZE B oo i HH 2 B R v FRE ) Tl BT
Fiez HMMBREAR L. BE-TDlX, &
av-—BADIFT VAL 2=y, 77T ANELA
iz, zvZirAL—va VIREABK
BB O T E RS R 2 FEC B LT, KRB
ERATEXAL5Ckotcl & THAH. BERBE
ELT, HEATTHWEERRY)EY/RTRRI
BERAETCENbRE. ZhicXk b, HITEC
<= AD4% ) A DNA #Fx0F FHWTH—
2 H 70 107 H#z 50 TeiE 2 7 = -8
BohsLoicliote. ZOfE, chiTtolk
EOBE TR L B O E T S AT, 7T
Botrr v b AR7 2 —DHEEREY 2L fTD
DEM L I b, KEBEIRE X FTRE L T 5 e
BE R CTEEVZBTHAS. 5O
tonkEicBt, Ny 777y FOREY @Y
TEXZLTHDH, WL, SGEDar=—%KR
ETETH Ny 775V FORRERBEAE <
TRBEOEVCREIATETHH. By 7
735 v FoERKEIE, HITEC= Y 20 5 7 ADNA
by b A2 % —% EcoRl #I[REEFE Y Y

‘i,waMDNAUﬁ~EKTﬁﬁkT6&%K£
BT LML, LU, Banll HIREESE %
LTy b ARz 2% L, PELOER

T T4DNA V) 57— ERIEZIT 5 12X - T,

Ny 27TV FRRERFE R, ZhETon 107
DF—=Z =5 107 OF—F—~LRKEXL WA
T, O, TTRBEIRTWSE TV
ALz =y 2=V ARG AHIRERERO R
ThH5H Muta™ Mouse (Gossen &, 1989) <
Big Blue™ (Kohler &, 1991) & H A~ n 7oy,
—H D FEERH S, Banll JLFIT 2 BRRE, vV #— ¥
Rttt 30 HTht+0ThB I Ehbhh, 2C
T REFE O KB /e FH T X e, KR
iz, 1 AECHE L HITEC =Y 2D 5/ A
DNA %, 2 A Hic Banll i, TADNA Y 7 —
B, =7 te Rr—vaVERL O
b, 7rv—bREEL, 3 BEARIZzZr==-¢1
THRENBON D ROVTESL T E 7o, BRERFE
DHEEIX Fig. 2 WRT X 51, 7F, kel
HEX 2FEO SV — T4 CHEET 5 O
T, FETLIREAHELCHFRL AV, 2r
= — % BB ez e 3.

pML4 ## A L7 HITEC = v 2%, HIT013
Dz, 350 = v —#A o HIT017, 750 = v —if
Ao HIT021 &%, H4hBA2 KOOI D
% 21 JEFELL TV HDT, fFRIL, v 5 b
~7 xR —OHEAEHC, BA 2 -RORRER
BECRIETHER LM TELTHA 5. B
#£, HITO013, HITO017, HIT021 o 4 ffi % % A\
TEREMBE LRI T B & Lbic, LERVA
KT o b, APV <A vVt
2= —NBEBbRAYy b A2 2 —0 rpsL
EFH% DNA v —r vy 7tk - TRE
L, ZBREBETN > DT VSNV THERTHZ LD
BHTW5E, b, Rico LBIETFOREDD
L TORHIREREROBYT 21T 5 72, HI-
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TEC =Y 2%\ A\ A 7e BIEFRIB= 7 A AL
BLL T\ 5,

8. #MHEELFE
PR 2 =9 YRITRDER

Z R, BEK (1987) o FEkic ¢, HIT003 ofE
B (HERE S, 1993) L EkEIC7c - 7. AL, pML4
DRI 1L Apall (Fig. 1 £R) %A\, F1 %
M~ 2 BDFl OXEiH b8 SR 55%RINc <
1704 vz 2 Yav&Thkale, ¥74
DNA O, -+ — v @i HemE S (1993) 1@
HEo 1o,

NI ]

BERBE & L THRE L Rk, HBIOL
(Takara) iz fn%, JCRB #3E L CAF L7 RRI,
JM83, IM103, IM105 &, 3k « /3B o HARFK
Wit X b e %% MY 5 X 0F NM554 ©
b, ThABIILETA VI b ~4 v vk
(rpsL=strA) Tk %. HB101 13 F~ d(gpt-proA)-
62 leu supE44 aral4 galK2 lacY1l A(mcrC-mrr)-
rpsL20 xyl-5 mtl-1 recA13 ¢/ b, RR1 (% HB-
101 @ recA* JrAfkTH%. JM83 (1 F~ ara
A(lac-proAB)rpsL[¢80dlac  A(lacZ)M15], JM103
1t F’ traD36 lacl* A(lacZ)M15 proA*B*|endAl
supE sbeBC thi-1 rpsL A(lac-pro)(P1)(rg 'myg *rp, *-
mp,*), JM105 x F’ traD36 lacl* A(lacZ)M15
proA*B*[thi rpsL endA sbcBl5 hsdR4(rx myg*)
A(lac-proAB), NM554 (%, F~ araD139 d(ara-leu)
7696 galEl5 galK16 A(lac)X74 rpsL hsdR2(ry -

my*) merA merBl recAI3, MY1 (%, DHI; F~

supE44 recAl gyrA96 thi 11hsdRI17(ry"M*)rel-
Al DA v7 r = v /ittERCTH S (Mo b,
1991). JM83 L NMS554 (37 v "— e T Ly,
W —|IZFE R, pML4 © rpsL BIZF o R
Bxeficrss 23 v&@sd s (Fig. 1 1)
TedDHDELTHRF L. =L 27 b r R U—
¥ g YRIT D it g £ OKBEIX BRL oft
B uROBRCRE L. ¥, KHEkr 7
V- MIEREL, Bbhicar=—% 50ml/ o
SOB ¥#%ih (Sambrook &, 1989) 1o C—Mpks#E 3
B, ZO5HLD 0.5ml %, 500m!/ » SOB £z
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T 3 R SBERL, BOLTI0% 7Y+
v — )b (Ultra Pure Grade, BRL) %y 1 &3
BTl 2 EfEDEL. RKcdED 10%
7)) er— VRCERECHHLT, 1.5ml oA
72V a—F 4y TRHEDTFAF y 7ELF 2 —
71z 100~200 pl OO0, FSAT7A4A/=
&% 7 — LHRTHkS L, —80°C IR 7=,

ILY baRL—a sk B RBEOHEEKR
Smith & (1990) i X % Cell-Porator E. coli
System (BRL) # A\ 7z, fEEEiCsEéys, 0.5XTE
(5 mM Tris-HCI, 0.5 mM Na,EDTA, pH 8.0) ic
Vi L7- DNA % 1pl b, FBLL - KBE 20 pl
EY, HHOF +v-— (BRL) L =17
FRABRLV—Y VEfTIRo. T2 F TIL 4°C
DEBITTIT ot £DOWH, T FAF y 7
F .. — 7 (Falcon 2059) i ¥ #f L7 1ml ©
SOC #£%#h (Sambrook &, 1989) iw4&E*® L,
37°C, 200 rpm =T 70 Zp#EEE L, LEARHEIX
AT BRI CHRE, 7 v — bR L.

7 L — it LB £%# (Sambrook 5, 1989) % H
WTC, AF=AYVEBIUVAMN VT b=y v
Mz % & EXThZhiRERE 50 pg/ml & LY
100 pg/ml & Utc. HEBTHWT, AWRE
KBEOWREL, =7 brEL—v a3 VEOAE
FR%Y, ThZh—ToxHRE, EREa
WILB 7 v— FHERE L CHEE L7

E

PML4 7 5 A 3 PR LOKBE MY1 & NM-

554 R KT TR F R FE R O EAFH
et e ii K & &b i HITEC = v 2 Dff
Rhlco TRERHMBE L EEE LA b
FYAY ==y 73U ADIERICIT MK, FRE)
W RBFEFT OB ILE N A (Bl, =ZE(bpid
BIEBEGERT) 3 TORBINEREEAE G, BA>
YTy 7 R) RERKBERHEE L. %1,
W RER T OB GERT O e, Eiit
AEFT DML et s, KPR EMfad: 1tk T4
v & —DEPBARBEE S AFERCKH LEIE
EWBI R N EFE L, S CEHLET. K
WHFE R SCRARIEDT R BB A FERIBFE (2),

r

wAFIRBITE (), BAELABRS, Higky
B2 TR B R4, I IR 25 A T 2 B FE B R4E2,
R S PIRBIR S, F X0, S EICRETIE
SRS IRIR S OB L 54 DT,

2 £ X M
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The concomitant detection of gene mutation and micronucleus
induction

23 H, &K EE8, #HXERiH
Hayashi M., T. Suzuki aud T. Sofuni

FESZ A AR « ZEFGRIZER
FREHEA X EAE 1-18-1

Division of Genetics and Mutagenesis, National Institute of Health Sciences,
1-18-1, Kamiyoga, Setagaya-ku, Tokyo 158, Japan

(5%fF: 1994 4£ 3 H 18 B ZH: 1994 £ 3 A 18 H)

Summary

We have developed an in vivo assay system which can detect clastogenicity and gene
mutagenicity concomitantly by combining a peripheral blood micronucleus assay and a
transgenic mouse (Muta™ Mouse) mutation assay. The genotoxic potential of mitomycin
C(MMC), ethyl nitrosourea (ENU), ethyl methanesulfonate (EMS), and diethyl nitrosamine
(DEN) were evaluated by this assay system. Mice were treated with each test compound
and the micronucleus assay using acridine orange supravital staining method was per-
formed with a small amount of peripheral blood collected 48 h after treatment. After 7
days or later, mice were killed and tissues were collected for the gene mutation assay.
DNA was isolated from bone marrow and liver, and AgzI0lacZ transgenes were recovered
by the lambda packaging reaction. Mutations on lacZ genes were detected as colorless
plaques on E. coli C (lac’). ENU and EMS induced strongly both micronucleated
reticulocytes (MNRETS) an lacZ mutations in bone marrow. However, mutation induc-
tion by these chemicals was less efficient in the liver than in bone marrow. MMC in-
duced MNRETs potently, while a weak mutation was observed in bone marrow only
after 5 daily treatments. DEN was negative in the micronucleus assay with Muta™Mouse
as reported with other strains of mouse. The mutation was also negative in bone mar-
row but positive in liver, indicating a clear organ specificity of DEN. This assay system
enabled us to detect micronucleus induction and gene mutation in the same mouse.
The genotoxic characteristics of compounds indicated by this assay are important to
understand genotoxic risk of environmental mutagens.

Keywords: invivo gene mutation; micronucleus; transgenic mouse; genotoxic charateristics
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L @Fesic hEBCRBLIhz 7 7 b 2 — A2 -> TR
- BEBHEOXIEEL LT, BETERER, ShTkh, thboRrBERYAXGHLET, £
Rfafkiy, DNA BEHIAEL bh5H, ch b RELEARCRET5R%0L 52 L@k
LOREILChE T, ThERMAORMALYE  Thot. BT in vivo CREFERERYKRE
DTHMShTE. ShboBlRE, Th?  FTHRELTE, HEHERR (Searle, 1975) &
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Fig. 1. Structure of the 2 gtl0 lac Z vector.

<y AFmAX, R (Russell eral., 1981) D
bR TW5. ZhboRR, BHosxh
NARETH oo h, ERBCES L TeoFH
PEETIRBRTHoh THORKL, BHO
Yot fh /Mg x B 5 R R I L CERAR TS
b, BERL, EARERTL24 VIR
1 B e DI R EHRIRIZERTETH - 1.
1980 £ D K v ic, BETFRATER ¥ BRI
T 50N RIETEHZRALE L 7V AT =
=y 2=y AREN IR, invivo TOFHLWEH
1R IEFERE R FR 2 A L 7o (Gossen er
al., 1989; Short et al., 1990; Kohler et al.,
1991; 57K, 1992; Suzuki ef al., 1994). —75, =
v ARRTC L RO GREFREYRETS
CENTEBT 2 U vA LY UBEARBIC L
BRI IMERER & B 4 % 1990 Fo ERL
(Hayashi et al., 1990). X b2z OFMM % A
LINERER R DB R AFESE D MMS SRt
DRBM I IRATRIC X > THEEIh, FHOW
e A - 7t- (CSGMT, 1992). & o KM/ MEiAE:
REEETLENLL, PIVAY 2=y I
vARBAWSZ LD, ZhHEABRROMAAR
SHENTREE -T2 bhbhizzhb2o
DREBETELEbELZ L LD, F—FEBRE
BHTT, o, ThZho7r 2 — VBRI
ot ¥ ¥ CRETFERER L ROAREHRME
# REpC AR T % 2 %% BA%E L7 (Suzuki er al.,
1993a). LAFic, FhExhoRof#s, MiG
bRERBER, SBOBECOWTHNS.

2. Muta™ Mouse

Muta Mouse (%, 1989 iz 4+ 5 v £ Gossen
bicko THRIh, RO CEMLSIhER
EURRADONS VAL 2=y I XV ATHD
(Gossen et al., 1989; Myhr, 1991). Fig. 1 &/
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L7 AgtlolacZ ~ 7 x — v CD2F, (DBA2 X
BALB/C) ~ % AIci#iA Xh Tk b, haploid ¥4
#-1 40 = v —, homozygous (= fifig247- 1 80 =
v — 2o & L CHEKRED Hazleton #f X

DHRI TS,

MARET I, ¥ 3kb OKBEO lacZ Rz
FaEh, ChAERZERBH O L0 OERE
EF L 7ch. Ames 3L xRy, foward mu-
tation ¥R T 2R TH B, ZOBEEFHIC
BXLCBROS L, ZOEEERTHD -7 77
b oKX — COREERCEEYEX D LI RER
BT NTHREATRETH S, Lo THEBEHMKE
R&FERY 3kb PN THhhIERI TES. &
OEYSRETFIRT A 87 »— CHEKD Agt10 ~ 7
Z—ICHBAEFNRT VDD, TAZ Ay r—v
v XY, =2 AL 5 DNA X b RGBS
WhEOT A LT »— COERDTETHY, K
BENCT lacZ BETFOEROMITHATH = &
2T % (Gossen and Vijg, 1988). 7, #H AGH
ETIEY T rE— 2 —Ffllcwicd, ¥ 7
AENICE W TIR—IRBEIA T, Lo T
CDFNFVAY ==y 77 ARAEBRINCHET O
=¥ 2 L IBIER—THH, ¥V AL, invivo Tk
WTREFRAREREMITT 500 “B" i
Earz ks,

3. Muta Mouse 2 AL 3B FRAZLRBRIHE

KB oA Fig. 2 T, 6K, R
RO #7727 by F—¥IL X 5 F
&2 i (color selection) 723EEE L 7c»> Tk b,
& DEBRTH ZOHEYAVCTELDOT, 22T
11 color selection BEIC DWW TR, RIAHFE I h
#- positive selection # (Myhr er al., 1993) =
OWTRERT 5.

< AR EHWE CUHE L, BREROFRBI

Mutagen

801acz/ cett (7 days or more)

Infection to

\» Mutant plaque
(colorless or pale blue)
Normal plaque

(blue)

5 Collecttissues _ pNA extraction
Expression (Store frozen)

one Agtl0LacZ gene

- ' E.coli C (lac” ) B l ‘
Iwaniﬂ" e Oy

0%

Fig. 2."""A scheme of the MutaMouse assay.
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® 0*0- ®
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erythmcytes erythmcym

Fig. 3. A Model for the Micronucleated Erythrocytes Formation.

& LT 1~2 BREGRER, BmrERL CLE
gD L, BRERET S P v RS
=y 2= U AT, TXTOMMICEARE T
HARAFRT WA, AFEMELEDTXTo
TERR RO X% & 72 v 18 5. BELHEKL Y
DNA %HhiL, 2 Sy r—vv 27X hEBY
BETEZ 27— RAL. A Ry r—o v
7k, RO ARy =SV S I AT S}
(Gigapack II Gold, Stratagene #-%l) % Fiu-7-.
Zhix, DNA A5 287 & — CoORER
MHED, TCREEhL5 487 »—2OHIR

BRIk, =v 2%, DNA L bh 1 Bfro
igtlOLacZ ~7 % — 234 b 1 X h, — D DRH
7 »— UK & h 5. Color selection T, =
ha lac BEFRELCKIBLEKEEO C #
KRR EXET, 75— 7 %2 b b, FOL X,
B B #T 7 b v F—EDHBE LD X-gal
(5-bromo-4-chloro-3-indolyl-D-galactoside) # A
NTkL &, FHEE A7 »—2RFFRDSF5—7
oL b, lacZ P RREMH R E 1o DIXEY
FRHWHFODO ST — 2% 0L HDT, BRHA
ErRDBEZ ENTES.
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Fig. 4. A Method for the Peripheral Blood Micronucleus Assay Using Acridine Orange Coated

Slides.

4. XEm#ERAVSIERBRE

Yo kB L IMED AR OBIfRE R LR
# Fig. 3 1w, Bk CHiRERD DA MERD
e b 2 BRI I\ T4 Ule Retafb R, Al
NIRRT, ERE I UMK EFER SN
X7 AT . ARIMERBCE D B A BB TR
PEEE S, = ORVIMEIIR D S h AR O
MEREC N S BT 5. IERBRT, e
K, ANERARRIC I BB A BT E e,
NG R B o TR MERIE A T D BB D HRER
kMg T 50T, KfEHAVT
b, BB AR IMEOMBEEELSRIETES
C L H\4E X T ¥ 7o (MacGregor et al., 1980;
1990). F ki, 7 7V v v+ v v v (AO) &
FLloATA K75 A% AW lBERRAIEC
I R MEABRE¥BIR L (Hayashi ef al.,
1990), FoA#MELEFEXh T 5 (CSGMT,
1992). /JMERBIC 3\ CRMIME AV 5 & & O
K oFI L, BrRITCRBRITRLSZL
whb, Zhicko ThoREE oA AbED
ﬂ.ﬁ‘é ittt

5. AO BHZT4 k%ALBRMEMMERERE
AO BfiAFA4 ¥ 75 ADERL, AFAF7
SARBH LM UBHKRy b7 L— b T 70°C LR
%, AO k¥ (1mg/ke) 10 pl 2@, RS
2%. Fig. 4 WRT X ok, 7 ACKEBRWEY
&5Lt&,48ﬁﬁ&mvﬁx@%%105yl
DR AT 5. & OKMIME AO &AL
e AT A FORRMECHTL, by -
75 AkF 5. MEREbCHERESh (8
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Hefhgutn), MORBAME CBIZTTREIC 2 5. AO IS
I 0 ARG A R T B BRI & R o R IR (R
FiEk; RET) 2 fc iRk CH 5. MK
#fEfkd 7. b 1000~2000 fEBIZEL, MMEEH-
-iEk (MNRET) o HMBUFEZH#H 5. o6tk
AAHEST 2~3 BRRETRETHD, T
4 =77 ) — R RE R A LR T
ETH5b.

6. BEFRATRLIEFRUORERET O
ba—-iL

WETFERER L P EARE YRR 5
tbm,%ﬁobavxvl:yavﬁx%mv
7o REARIC KM /N A B A M AR A TS, Muta-
Mouse BB Z#HYE-L, FlL LTHEE
B Ll 48 BERIEICERI U, /IMEE T % R
Li-. Bt e o % ¥ M8 kg, 1~2 BhEc
LT LB L CTRRERDT » &
£ xFiote. COREAVCTEOHORENLR
Eie oW TR &5 - 7cD T, BTexo—ifix
WBNRT 5.

7. Ethyl nitrosourea (ENU)

KRFE e 7 v+ LT H B ENU O/ MEAER
kB4 Table 1 1IZ/RT. 50, 100, 200 mg/kg #5-
%, 24, 48, 72 RS B e gh AR ER 1000 {EHIC
g xhs MNRET % 1 #Ebich 8 LY
Ao WTHE L. 0 HEfijoo MNRET (% 1000
Erb#y 3 ATH - 1. —F, ENU $h 48 By
%KRJMMM@@%ZO%&V5%%K@V¢
Bo#EREn BRI R,

Table 1. Micronucleus induction by a single ip treatment of ENU in MutaMouse

MNRETs /1000 RETs £ S.D.
Dose(mg/kg) No.of Mice  (0h) (24h) (48h) (72h)

50 8 30+ 15 94+ 46 4581111 49+ 32
100 8 25+ 12 7.6+ 42 658+169 44+ 19
200 8 29+ 14 28+21 380100  nd

n.d. ; no data because of the bone marrow suppression
* ; data from two mice, other mice showed bone marrow suppression

Table 2. Bone Marrow and Liver Mutagenesis by Ethyl Nitrosourea

DOSE MOUSE NO. MUTANTS PLAQUES MFX10®

(Bone Marrow)
3126 29 1,049,068 276
control 3135 43 1,161,165 37.0
3142 47 1,011,951 46.4
5091 64 490,682 130
50
mgke 5097 71 522,670 136
5119 46 275,250 167
100 mg/kg 5121 68 235,750 288
5099 64 196,250 326
200 mg/kg 5124 57 157,400 362
(Liver)
3126 14 689,286 20.3
control 3135 28 643,523 435
3142 29 864,963 335
100 5119 31 950,586 32.6
5121 34 1,050,057 324
200 mg/kg 5124 10 130,520 76.6

B5 7 BB D lacZ BIETF O RIFE % Table
2 Tt BHiOBRENBICST 5 EREROR
ARiL, 3o~y ARDOWTERER 100 FHE
BED 75— 7 % @i Licks 8, 10° H7- b 30 @
Wit TH - 72, = hicit L ENU 8580 BRE
ARz HEMHBMC ER L, 200 mg/kg 235\ T

X, BERROKN 10 ffoBREEN B LR,
ENU 100 mg/kg #5-HD B ki) 55 RFEE
DRERELDOKE R% Fig. 5 1nd. BREEH
L% 14 HEEFEFTLEALLS, 21 HEARKWT
Lo ltARAL, 28 HETHEO ERTAEWS
RE—YREBLRE. T ORBELOMTULEEL
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Fig. 5. Time-course of ENU-induced lacZ
MF in Bone Marrow.

W, btk 14 HE ¥ CERBESER LD
BERYZ T Mo S bOT, L
hbofifan s & b i ZEREE X —BEd
L, BOERT203FERYZ o mkEidh

KDbLDTH5HEBbhS.

Ka o AR 1) 5 P D 2 AR SRR LB i &
3R UEx R L7, ENU B X 58 E
BiIC )N TIE <, 200 mg/kg # 5B TREREDOK)
2 EREETH - 1o, = Ok R, ENU 2 AR %
FRTHEVCHERELMOL T b, BERRE
EREBLTWALD L LTERShS., SHEMO
B L Sholiian, ol ouv T
g e 7o\,

8. Mytomycin C (MMC)

DNA OZEEHEH o HikiitmEa ¢ b %
MMC %, i\ REFRE LR 2 L2
Bh, MR TH LiE LB R E
L LTS hT\w5. MutaMouse ZF\ 7o/
BB 35\ C b AR KFERIC R\ IMEA T
2 Bt (Table 3). MMC i X B Mg o BB
B, ChE CRBEIh TV ABMOREDO~Y

Table 3. Micronucleus Induction in Peripheral Blood of Muta™ Mouse by Single L.P.

Treatment with MMC

S e MNRETs / 1000 RETs + S.D.
(mg/kg)  of Mice 2h 48h 72h
0 4 30+ 1.6 53+ 22 43+ 1.1
0.5 6 47+16 133+ 39 6.8+ 2.1
1.0 6 73+36 360+ 86  150% 8.1
20 6 50+ 19 583+168 220°*
ENU, 100 8 76+ 42 6581169 44+ 19

* Data from one mouse; other treated mice gave low RET numbers due to

bone marrow suppression

Table 4. Micronucleus Induction in Peripheral Blood of Muta™ Mouse by Subchronic

(5 Daily) I.P. Treatments with MMC

MNRETS / 1000 RETs + S.D.
Dose No.
(mgkg)  of Mice 48h 72h 96 h 7day
1.0 4 533+ 83 565+ 74 847%124 135+ 45
20 4 608+ 56 94* nd. 155+ 1.5™*

n.d. No data because of bone marrow suppression
*  Data from one mouse
** . Data from two mice

72
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Table 5.

Bone Marrow and Liver Mutagenesis by a Single MMC Treatment

Time /Dose(mg/kg) MouseNo.  Mutants Plaques MFX 10°
(Bone Marrow)
7 day 3130 9 503,420 179
1.0 mg/kg 3133 4 648,900 6.2
7 day 3153 19 549,678 34.6
2.0 mg/kg 3155 9 507,968 17.7
14 day 3132 1 629,500 175
2.0 mgkg 3139 5 513,970 9.7
21 day 5086 154,400 129
2.0 mg/kg 5093 77,750 257
e 3126 29 1,049,068 276
' 3135 43 1,161,165 370
3142 47 1,011,951 46.4
(Liver)

7day 3153 9 501,590 179
2.0 mg/kg 3155 9 512,475 17.6
Siir 3126 14 689,286 203

3135 28 643,523 43

Control = B
3142 29 864,963 335

Table 6. Bone Marrow and Liver Mutagenesis by Subchronic MMC Treatments

Dose(mg/kg) Timc(day)‘ Mouse No. Mutants Plaques MFX 106
(Bone Marrow)
4658 27
1.0 3 day i -
mi/ks 4666 29 535,590 541
5 day
10 day 4656 36 516,630 69.7
20
X 3 day 4671 46 543,533 X
S sy S5 84.6
20
X 5 da;
3 day y 4676 48 557,448 86.1
(Liver)
10 4658 14 555,875 252
x 3day
5 day 4666 5 574,079 87

* Days after the last treatment
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2 offi (Hara, et al., 1993) L (ZiF—HK L THH,
MutaMouse 7V MERERE O~ w7 A & L CHERAT]
EThoHo LhRLI. Ei, S BEORERS
EEE DK R A Table 4 1R+, REHSFC I DM
MERRoR LAVBE S h, BiCH T
LM Bbh, SRR CERLIRD
WA X 0 BB TERWEERDS S D T,

MMC o#E# 5 L %58 T 0 #IZFER
% RABOKE R Table S oL, WIhoM
B % JOBEcEWTh lacZ BRIZFOERA
EoERIZEESRT, TLABYTHHEC
Bote. LarL, 5 BHORERESABICK T
12, BEET 2~3 50 ER2FR® bt (Table 6).

ChBDRER X, MMC 33k REF RN
AR, BRERBREMEIH G LEROT R
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Table 7. Comparison of MF Obtained by the Color and the Positive Selection
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|
Summary
i Chemicals and commodity chemicals afford us conveniences and conforts in our daily
“‘ life. We may not survive another one day without their supply from chemical industries.
‘ In order to prevent environmental pollution with chemicals which possibly be harmful
to human health, the systematic screening test before manufacture and import of new
{ chemicals is required by the Law concerning the examination and regulation of manufac-
‘1‘ | ture, etc. of chemical substances (Law No. 117) in Japan. According to the Law, new
i X chemicals are classified into four categories in terms of the degree of biodegradability
i with microorganisms and bioaccumulation in fish, Class I specified chemical substances
“ (non-biodegradable, high degree of bioaccumulation, chronic toxicity), Class II specified
i ! chemical substances (non-biodegradable, low degree of bioaccumulation, chronic toxicity)
"‘\ ' and the designated chemical substances (non-biodegradable, low degree of bioaccumula-
tion, potential chronic toxicity) and unregulated safe chemical substances.
Toxicity screening tests including reverse-mutation assay, chromosomal aberration
‘J test in cultured mammalian cells and twenty-eight-day repeated dose toxicity in mam-
“ malian species are required to classify new chemicals in question into whether the
"‘ designated chemical substances (a possible candidate of Class II chemical substances) or
‘ » unregulated safe chemical substances.
| g In addition, reverse-mutation assay is also requisite screening test before manufacture
r‘ or import of new chemicals under the Occupational Safety and Health Law in Japan to
‘ j protect workers handling hazardous chemicals in industries. In this connection, Daicel’s
m own safety-guideline principally based on mutagenicity and carcinogenicity of chemical
}‘ ] substances will be introduced in this essay, for the assessment of the potential risks of
Y chemicals and the protection of employee and customers from chemical exposure.
! : Commodity chemicals possess quite a different situation from that of fine chemicals
\‘! such as medicines, pesticides, cosmetics, etc., because so many industries need them as
i intermediates, ingredients or raw materials to manufacture or process fine chemicals and
‘ { expensive merchandise. And so, commodity chemicals are generally cheaper and pro-
| duced in a massive amount and not necssarily utilized for particular purposes. Thus,

extensive toxicity screening strategy may not directly be applicable to commodity chem-
1 icals as is to fine chemicals.
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A prospective view of mutagenicity screening in chemical industries is discussed in
terms of particular problems involved in routine assay on chemical substances and com-

modity chemicals.

Keywords: Mutagenicity, Chronic Toxicity, New Chemical Substances, Commodity
Chemicals, Biodegradability, Bioaccumulation, Prevention of Environmental Pollu-
tion, Protection from Chemical Exposure, Law Concerning Regulations
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Mutagenicity testing for development of pesticides: A role
and issues

Jit =
Masaki Hara

FERAL T3 (BF) AL BRI D e P
554 KBRTHAER AR A e 3-1-98

Environmental Health Science Laboratory, Sumitomo Chemical Co., Ltd.,
3-1-98 Kasugadenaka, Konohana-ku, Osaka 554, Japan

(Zff: 1994 4 3 H 23 H; 5ZF: 1994 4£ 3 J 23 H)

Summary
' ! A role of mutagenicity testing for development of pesticides is 1) to predict carcinogenic
Il potentials of chemicals, 2) to assess the heritable genetic effects, and 3) to support and
‘j elucidate the results of long-term rodent carcinogenicity studies.
I ‘ Ames test has been widely used as a useful short-term assay to predict carcinogenic
potential of chemicals. We also conduct Ames test at an early stage of developing
[ pesticides to screen nongenotoxic candidates. It is essential to develop a chemical nega-
| tive in Ames test because its positive predictive value is relatively high.
} From our data, about 50% of the chemicals which were negative in Ames test were
il

detected positive in in vitro chromosomal aberration tests. However, their clastogenic
potentials observed in vitro were not confirmed in in vivo assays (chromosomal aberration
or micronucleus induction in bone marrow). In addition, the Ames negative chemicals
were negative in other mutagenicity tests (e.g., rec-assay, V7I9/HGPRT test, UDS tests).

For registration of pesticides a set of mutagenicity tests including Ames test is re-
quired, but the test items are different among Europe, the USA and Japan. It is desir-
able that attempts to harmonize a base set of mutagenicity testing, testing protocol and
testing strategy should be made.

With regard to prediction of carcinogenic potentials of chemicals, mutagenicity test-
ing has some limitations because it does not detect nongenotoxic carcinogens. It would
be useful to examine cell proliferation or preneoplastic lesions at a target organ for
development of pesticides.

=——————=———o_— ==

Keywords: pesticide, genotoxicity, mutagenicity, carcinogenicity
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REHE - T 5 BE & O, I X UL DR
LS BOBBEICOWT, WL oo LA
¥ ULz Tah~%.

2. BEORLUFMELRFEURBOERE

H 3R 0D 2 4 P AT 3 2 v e LB A 5k o AT &
BT A B0 F Hh, Table 11
RT X 5D RO 7 — 2 BhETH D,
ZOBRBCILE K B L B RS BET D
5. AEEB L Ce  MERT 5RO D B
BIEOB AR REERRILFAHEATH Y, @
Iy bk L0y AR HWCRREE R
FEEX b, FORRIC L )RR O A LR <
ho, BEoBgcls W TEREERBIIe I
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—2D¥FE—F L5 BN TER IS, BB
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tro L b in vivo, A X b AFEMIRTORERE
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FOLAWOMRIED CREEE e b, BRI
RTINS RIEN: D o LA T % B IR T 5 2k
BidCHEBE KL Y P THDH. BRERHBOFIO
ByRE i3 RIF R, e Ames BT RREM:
DA2 Y —=v 7R U CHELMESTCH
5.
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Lt RP TR AVBRT WA B TH 5.
Ames REAHBIR Xt M4 0FETH SR TR &
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DHEEBTH D UNKR - =5, 1993), R
B CRM: & 7 ekt 2 E BT hiE Ames B
CERUEOLE XA T rONEAR L E 2 bh
5, A2 Y —=v 7l LT Ames i{B 2 FIH L
C OB L b A4 & L T diethofen-
carb O FIHKANT 5 (B 5, 1993). Diethofen-
carb 137 = = Ak —s3 4 — b DHEKRBERE FO
BERCTH B, CoOKAEREET HILAHT
7 = = AKD 3BHRFBELT SR DR
poELTRWEZhE. Lo, Fig. 1 iKRd
I 51 Ames B CHEOR R TH - 1o, TA100
BeHBEETRBEERETH- =2y, S9 OFAETT
B 5o Btk AR Uie. LS bh — o 4 —
FEAMT X R TER SRS T =) VB LD
BN E TSR, 7 =9 b Ames RERTH;
P ich, Fio, invitro % in vivo TRE &~
el n7T =Y vENERT S 2 L AHREIR
to Mk OFBGEDOA 2 Y — = v FERBLICD,
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- fRat
« — KR

g+ o8

o KA AN )
(f, 3vva, @8

- BHECOXE)
oy (L3, K, )6)
BEhtt:

- hA R
< BRE (TPfp, LM, IR

92

- R cH
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Table2. 7. =1h— 34—} RELAHO Ames
RBCLDA2Y) —= v /DR (Prer 5
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AmesEER#ER (4S9)
R1 R2 R3 HiLeHm 7=V %
CHs-  C2Hs0-  CHa- + +
cl- C2Hs0- CH3OCH2-  + +
CHs-  C2Hs0-  CH3OCH2- + +
CHs-  C2HsO-  CzHsO- + -

C2HsO- C2HsO- H-

"9
Re ntcocH ¢ M
CHs
Rs

BhThb o= b FMRRBHLRL, BILAY,
7=) vk bEHEIRL, BREMCZ ObEY
BN L 7.

Ames REIEEWEOBERFEWO KT v v 5

Table 3. Oxolinic acid

VBRI T2HEE L TRV ERARRTHS.
LoL, MEAGIcRE LR RERT
Badbsn. B, BEAEUTHRLE ox-
olinic acid (XMiF§> DNA o 4 £ L — 2 D&
AL TH<nbabh, *oOMEFRICEL T
PP 2R+ (Cozzarelli, 1980; 155, 1993).
COEAEWETE D TA ROBEHKCIIEREN
XBEMETH B2 TAL102 ¥R S9 JEMELE T Chblg
IS LIS Tt & 72 2 (Levin et al., 1984). Table
3iwE Lo X 5z, oxolinic acid (L & H g
L CEymifa s 3 2 B g L < 58<, F1,
il DNA ¥y A v—ARHYTS ALY
# 7 —2 I wexh3 2 BEFH & IER 55\ (Bar-
rett et al., 1989). % BJFH:AER T3 in vitro Yuft
R ABRTHTIE 2N DD e CHIMT R % 4k
ETDREEWME I, o in vivo &9
reBR T BRI T A A RS bR
Ishote. M TRD bR BGOSR Z S
< oxolinic acid DF T HEFEFRHEFCEANT S B
D E#F z bivic (McCoy et al., 1980).
ZZBUEDb RO Ames REuC L 2 3R
BI# DB DOA 2 ) — = v 7 DFE R TIX108%
DALE D & 7o > TV BB, I & 55
W B E o Bl b AT Isvs. Ames B
RO A7) —=v 7l BE LTRDTHEH
ISRTH D0, BLAW O HEE LA BTG 7
ELER L CHERFE LT 5 BELD 5.

2) Ames HEBREMEESHOMOERFRMERR
IR OPIH OB T Ames ABRIC X 5 2
7Y —=v 7 RERLCEEDIEAHN S btk

DRI & BRI

Mifamt: M
LCyy <1 pg/ml
[ F DNA gyrase
1C;, 10 pg/mi*
ZREW Ames (TA 102) +°
Rec +

IEFLEY At

LGy,  >300 pg/ml
Topoisomerase 11

IC;, 1300 pg/ml
Yoo (k8 (in vitro) 27
V79/HGPRT -
UDS (in vitro)
< 7 AN
SCE (in vivo) —

|

l

¢ Gellert, 1981.
® Levin, er al., 1984.
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Table 4. Ames REREHEALAHO o BRFE
e
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SR DLW & T o VBB TOR AR
FERMEITIWTRLBD B ed -1, Lizhio
T, in vitro Tk SRk gIiEA (clasto-
genicity) 2% in vivo THER I hicfilidich - 1.
2 atpht~ v ANGRB TR R L ey, &
SRR AER T SRS X 5 K& I KD
Binch -1, Fio, BHMERTORGAKRT
@ bht, bW clastogen LiXF7ch,
N Y 5% 5 X5 nfERcERT % L
=ZIht.

3) In vivo RERLENKBETORE

In vitro Ytk BERBRCHMY: L Ino 1,
in vivo TOEBERTND oHIC BRI ERE
AR L LT/ MERER in vivo TOYEERE
SREANVHE M X h 5. prallethrin (L& VA = A NEA
oFBFITH Y, Ames A, V79 w AV IRIE
%%%%%ﬁaﬁ'@[@{éféotﬁ? in vitro OYu
Bk RERBR TR L oo, < 7 AP
5, b OFFTo UDS R WThbEHTh-
7o GFE D, 1989). {bAH O MR~ O FIEM: %
NB iz, UC TEH LAY RV TR
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Table 5. Prallethrin k"

] s
L% B AN MR
M 6.9 1
i 4.5 0.65
i 2.5 0.36
ik 21.7 3.1
JHF M 30.6 4.4

v v AREATHE 150 mg/keg (MC B wFER
Py b% 6 Wil B AR A R L7,

v AROBER 18 bl b OBLAMIRT .

i i 2 # 5- U &AL T O TS v S v BIE L7
(Table 5). /ME&RBRCTOEMMAKTH 5 FHIO v
LMD 60~709 TH b, K TRIMED
4568 TH o 1o, BT O MERBRR FTETO
UDS B CTAFNLEMZ R LI L b in vivo
CEE R AR T &k S L.

T, HicEESOEHFHEC LT FF Y=
FRT 4 v 2 ADBEERINADTRTVS. KB
RO L O ICHBRNERE T PcREShH0
LRich, BEOBAIMD TEVEREETH,
O X 5 b TORE VA LBRET
DBRETE U~ & DRI X %3l T 0 ¥ % B3R
OIHCIEHT 2O ER b BHD. DOLD
fo 5 — 2 RO AW &£ 5 RILTTITS
nioiERNLELEbhS.

4. #H4 74 - OMBER

Ak o IR B k1) 5 A RFEHEABROER
IE H % Table 6 iZ/RL 7. WFhd Ames B
BHACLTWERREE ShLRPORABL »
MIFRERRE > T HONBRTH D, BM
R LT LIghE + v T v RIFREETS
priproxyfen O¥AIEETOERDOIDICT

Table 6. [3EDTHEAHICH I RF XS

n K 1
AA  (q991) (%593)

Ames KB O @) O
rec-assay O

YutafkRHE (in vitro) © O
L5178Y/TK O @)
IINEAR O A
UDS (in vivo 7 » M) A

T A: in vitro RBRTBE OB A F

Table 7. Priproxyfen'mZER[FMRERE 71 FF

A

atd MRS R B XK K
AmesBER 5000 ug/plate - Q00O
Rec-assay 20mgidisk - 0O
FEERE(CHL) v =
REHRE(CHO) osmmsy mMese)  — 'ole)
V79/HGPRT 03mM(S9) 1mMM(+S9) = O
UDS(in vitro) 0.63mM o (e)
ZHER CD-17 2,5000mg/kg. po e (®)

o OCH,GHO
oo

FTTRBAFERK LT\ 5 (Table 7). In vitro 4
kR ERBII A LKA hZh CHL ff
fa b CHO fiffaz Aol 17 - 1o, (LG
HORERFEMECEST 5 LS hBEL S
¥ 7 (Ashby and Tennant, 1988), = D% R
PEOFHIEC = h 72 % < OB LEDTFER] T
bbH. BEMBTHED BT S EER R —EF
A1 ¥—vav (ICH) »EEOSHTHITbh
TENHEERD.

5. ZEREMRREREMHOFM

BIRCIRT TR X 5 B A R
HRBIETLALCABREETH D, ZOFBRC
Lo TRIEHEOFEIFIM S h 5, BHFERTHR
LRSS hhEe e b A EBREYND 5
EE2ZBONEKRFATH D, —F, EFEORRE
WROERIC LD, EREWCHRNEEL DR

Table 8. v rF~DfERMEIME & HEE S 28
FEAT D IEHENE

< 7 ANFEE
EYRGEERBE (7= /7 rEx2-2)
TF R3S
_uArFvS—ai (Zr7 4 = 1})
J o b HARIRIESS
ORI R A L & v B (4D 5 )
FLIR RS
7rsr5vER
JB5 RS
R (y7vn)
TAHVR (FohV vF ) TA)
7 v MREHEMMRaE

(&K, 1990 X b{F#)

5 X5 EBOREDHERL, v MK LTS
FoEBIMEL, BENMETHERETHD L%
2bh AL B LM ->TETW5 (Table
8). (L¥WEDFREMED 2 7 = X 2% FH L b
~OEBHER TS = L REETH 5 L3R,
T DB DB W\ IR D B D R
PEWE (genotoxic carcinogen) 7 ZEEJEMED 7
W IsEMEE (nongenotoxic carcinogen) 7t b
b ANOfEER A RS ETEELEZS.

6. ZERMRRICHITISEORE

T o~ X 5 ERFEERBRICILEWE
D e MR 5 RIE IR B ORI & RO T3
EWVWHIREL 20DREDD .
ZRFEMERBOFED JH T, IR I
bT VAL = =y 7 ORI R R AT
M~ B RHTRIEL 5 5RE LTSRN
BIhoRBATHAOL, i, REBHEELE
#5325 M oo FI R U 00 68 v R EE T R
BABRET2 LATRICLTETVS. 1T,
BREMEOAE N DNA LYotk b b2EE O
HWHEERATHHZ EoELD LALFREN LD T
Tr—F b 5% —RELELEZ RS, BHIHT
3, BHEEERLTHED RT3 X 5 cEHEERN L
N—EF A E—vav (ICH) 2EELELAMY
FehbEINIRETHA I L, LOEABRE
B BEn b Cle < AR b &0 A/~
—EFAE— Y VERETHAH Y. Fi, R
YDA 2 Y —=v 7 End ETIR, EREENR
KT X 7o\ 1@ % nongenotoxic carcino-
gen OFMTH b, {LEHOEHCENES ©%
LT, RDS 0 Xk 57z DNA & Mfiatisn
HAREC T 5 FEERCHRIED X 5 I HIFE R
Exte ERFEBLT, X hIEMCREEOFHE L
T BN D 5. —F, KRB CcoRREER
Bx e b K (MTD) co®b5oE, 1t
BRI - AR e & O, FER
B A G OB R S ORBEY B 5 (BiF
1990). = h LOFERBE LRI L T Z &iIC L -
T, b MEXT L E ORI E
I DB TRL, FHEL CF S b0 L5,
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A role of mutagenicity tests in developing of ethical drugs,
especially anticancer drugs
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Akinobu Ohuchida
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771-01 78 &7 IR A 3RS 224-2

Drug Safety Research Lab., Tokushima Research Center, Taiho Pharmaceutical
Co., Ltd., 224-2, Ebisuno, Hiraishi, Kawauchi-cho, Tokushima
771-01, Japan

(Zf+: 1994 422 f 3 H; ZE: 194 F 2 A3 H)

Summary

Many kinds of ethical drugs, including about 50 kinds of anticancer drugs, are used
in clinical. As many anticancer drugs inhibit DNA from replicating, act metabolism
of nucleic acids, and so on, there are some problems that most of these drugs also have
mutagenic and carcinogenic potency. In this paper, the results of the mutagenicity and/
or carcinogenicity tests on 78 anticancer drugs were summarized. The roles of mutageni-
city tests in developing of ethical drugs were also discussed. The mutagenicity tests,
including Ames, chromosomal aberration (CA) and micronucleus (MN) tests, are usually
conducted as two purposes. One is screening tests of genotoxicity and carcinogenicity,
the other is a part of evaluating tests on the toxicological characteristic. On the devel-
oping ethical drugs, excluding special drugs, e.g. anticancer drugs, a positive result on
mutagenicity tests may be demerit, so these tests often play on the important role for
the decision of its usefulness in clinical.

Many of alkylating drugs, antitumor antibiotics and platinum compounds showed
positive on Ames, CA and MN tests. All of antimetabolites and vinca alkaloids were
showed positive on CA and MN tests, but few were positive on Ames test. No reports
showed positive on these tests of hormones, cytokines and immunoactivators. As to
carcinogenicity, there were some positive reports on alkylating drugs, antitumor antibiotics,
platinum compounds and hormones, while two negative reports on an antimetabolites
and an antitumor antibiotic were able to be found.

It would be difficult to separate the mutagenic or carcinogenic potency from anti-
cancer drugs, considering their action mechanism. However, there are some of anticancer
drugs showing negative results on mutagenicity and carcinogenicity tests. So, we have
to go to the goal of developing new anticancer drugs with few adverse effects, including
mutagenicity and carcinogenicity, taking a prolongation of survival span and improve-
ment of quality of life for cancer patients in consideration.

Keywords: anticancer drugs, mutagenicity tests, carcinogenicity tests
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1. (FL&IC

e, ERBISCRBE oEEMIERA S
T3, 25 LcEEROFIZH S50 f B oHr
AFIDB D, FICEEKEBRFPOEFL K 60 &AE
»H%. BEEKIFERBZEOHB O P TEHABRCHE
KB fThbh, ToEHE L L ITRLetr+5o
CHERR S hrctk, BRI h5. HIBAH S Z D
Tkl DAEEL 1993 EoEEHE T X
HERRICH 52 FAWS Ewbh, BEBEEO
BINC v STEMB 23 HADAMNTEL 75
D, EROE 1L L iso T 5 (BEAEHBANELE
#HEtER, 1993). AM:AEIMFE & D—IBOMAREIC
B THBAFIC X 5EDRZ EH L TV 50,
FRENACKT B ER e BRI L, HNA
ke L ToRESHRIB L TEL LV 5o T,

BHROBAHLAFVNEFRBEG cRyEIhT
W5,

BIFE(ER S h T 5 2 AF D% {11 DNA
HRSLERABCIERT5 2 LT, SRR
. HSAAFOERBEEY SER, BEEHALL
THERFEHCHARESRIEE 5 2 &M% &
Bbhs, 22T, BETHERIRTHWSHNA
Fla e, ME IR TOAIERFEER AR
DIERIZSOWTE &, BERBBERCST LR
FREBROBERICOVWTHT S,

2. EXMBFAROKSH

EIHEM ORI Fig. 1 WRLE:
LoD T v A LM ENE LTS, A
V==V Z7DAT — L TIRERDERMELEDOF

T b | FAnRONN |
T
— - M EERB AL AN E
2~3% I led ”l =>7 | Zaonus,
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> - BRARRRER & OHT L THERERBR O
BEEEICMA, PRICHTIER
MHPOREHET S &3S, WH

7 OGKERRETI.
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PARARREEMS
(RES, HBR, BEBS)
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Fig. 1. ¥R D 7 » v & L R,

o, I h3EDOEESLET, BREMY
U T R BT AR, AL S
BB L, BMRBLAHOK D AREITH.
RERIRRER D 2 7 — o TR IR BT HF I 3L
YHERTH—H T, BHEORBYBRELZOD
Z, BE RGN, ¥
W RERBR S A EET 5. RerRBs L cEk
REMEH A N5 4 v & GLP &ft - T, —ipc
X7y b IO 2 EHG B EIR S EENER,
RGN, AR HERS (Seg 1), &
BFEHRBR E2MT bR A, BN AF S EAR
kRO REMRBYERTHE Licid. &
DAT — o T TORNT & Retd +orERT
5 LRI, BRIKRBEFERT 2 L TOE R
Wisy 27 5 77— 2 O¥fRAIT 5. BilRKR
B AR eI RENS I C LR TR L
b, A0 RERAESOFEYRELE, BIK

REAH A K54 v - GLP tft - THRRABR A E
s 5.

HWKRBRIZ3DDAT , 7IRAFIZhTE D,
WA « fR3 « AW A R D00 EATOHE 1
ik, PROBE TEIMSCK e HERT S
2R SROBETEELOLLE, B
LR HHE 3 HRBRSIERTbh .
# 1 MRABEYE, BEACTERIhLL, Hn
AFITREFOWEE, PABETERIhS.
ERABROHEZIC AR T, FICHAOREMR
B, et R, EWBERRG L h
FERCRF T 5.

PEDAT — ohEicth, FEARCKBHRFED
WA 1T 5 2%, FHIBHFRCI D A THrBHFE
TIRIE 10~16 LW HSRWEA®ET L LIT
eh. Ei, HIERKRABRAT — A b&
NIRTHFE T E D 2F BbF Tk,

Table 1. IR HHEMICTAT X 28k

1 BEXIFEROFER O EC 1 5 # RIS

L REXIREROKEE BT 2ER

BI92 Ek 2. SHEhC I B 6 ARSI ”
3. FEROBRES L 0L ”
BESSE
m B CFERMEE O S R OB RS BT L HEERE ”
% Ekt 2. PEEALFEEE ”
3. BRROAEBTE ”
o~ REECEET 2 ER L RIRAFARR ”
2. sk ”
3.0 R ”
= bk, EArEEE S BEHPELofMm L Sk ”
OB 5 B 2. MR "
3. 1@ tkREE ”
4. AJECRUETRE ”
5. KA ”
6. BRI ”
7. BRI ”
8. ﬁxﬂﬁ{ﬁi ”
9. Rk ”
+ ERE(FABT 2R L haBAT 588 ”
P #ﬂﬁﬂ ”
~ WL, oA, AR PR B 5 B0k 1 RN ”
2. O ”
3. R ”
4. P "
5. AMprER RIS ”
b BRI B O BRI B3 2 ok FE R B D R BRI ”

R mBLERRS (1992) LD
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B CHETELEAT 1~2 Efrr L Bbh
5.

BEIHEJOBFHIIL, Table 1 TR LBROKE
i, WHECHE, REMCET 2R, Relic
BI9 2%k, FEEIEMET %8, %k
L8k, BRI T 28k EDEL D
BRADETH S, RethcBT 28R oFici
—E R, AT - RAEHEMEAR, FIRERR,
DARKRRE Io0RBEE,N B Y, 01
DORBREHE &L LTERFEHRABRIER AT
5. ThOOERDFREERERLTHEEIL,
7]« REVEDH THRTH % & ¥l S h - 3EH
DERMELT, R HHIhBZ Ltk s.
Fehb, FHAERABRLE LT, Fohon s %
B oOWTHE - 5L, BEEYZT 08N
H5b.

3. EXSMRCHITITREMRBOMERT

0@y, BERERO AT —cohT, %
REHRBRE A 7 ) — = v 7 L iTBERRB O A
T TiTbRBZENE. A2 ) —=v 7D
AT = U TRARBRD L  NHEIHE T, »o
BRI CIT 252 & X 0 BEBECHRARE L &
DAZY —=v 7RBRE L TREHBLESHORIRD
BECTIANTEmI NS, F1, HiEKAR
DAT = o TR REERBRCAET » RAEFHER
Bic & Ldkic, RetRBo—3E LT GLP £
FETFT, EOEFOBHEMEE L L TOLRE
ez B3 % BT, Ames 3REBR, Yfafkiyg
A LOVMERABR L BRI S h s, AR
s EDO—MOIEH LR BIER T, TREMN
BotE & 5 DB & L ToRIC A X 75 2
Doy M ETeHTREMEN D B DT, BARKEIT D RIE
W5 kT, BEEAREHY B THEND
5.

4. FIHBARIDSIE
BAAKICIE DNA ~OBEEHEES 5\
IR AR, DNA BB o HEER %
73 cyclophosphamide 7¢ &7 % L ALH, cis-
platin 7¢ & E &85k, fluorouracil 7¢ & o {3
#HiAl, mitomycin C /¢ L o HlESMHAYE,

vincristine <> etoposide 75 & o My 4 BLH| 7c
ERB%. thbbifcbrrevyvess—%
NLUTEAT 5 L vwbh Ty % tamoxifen 7¢
EDmnE v R, HRERENLUTERT S inter-
feron 7 & D 4 A } % 1 v, krestin /¢ & D&
JRIGH], ZofboBgFic X 5 L-asparaginase <
procarbazine 75 SiCHAKIINETE B,
SE, BRTERShATH2H2AFR DI
—if, BARBBRFOEF LGS 18 EHOLRE
HEPARBECOWTREIh TV AR £ &
&, TOIFOIERABEFAIC Table 2 1R L1z,
ok, RBREBOREOLMEIFCHERT, &
ROFHB OV TR MOGRIC & - 7o F 12,
XHRIC X o TRt 0K R & BIEOKSE B2 5 5 KA
COWCTIHGHEDRE R A B L.

5. GIKARIOZEREM
BB AF OB RFHRBRORE B2 1FRKE
SERIC Ames B, in vitro ToOYufafkRER
B, invivo TO/NEABRS L OR Ak RERBRO
304> T Fig. 2 IT/RL 2. 7 AF ALHT
ERFHERBROME RME 2B 5 b D DOFT Ames
ABR T 11/13 EH», Rk RERBRT 6/7
HID, AT 7/8 HHIVBME LG S h
THEY, WThoRBRTHEHM:E ks EKHOEE
DD o o REHEEANC 1 5 Rtttk B R B
TiX T/11 ZEH0A3, /IMEaBR <k 8/8 JgH &+
TOIEFIDBEHTH - 7253, Ames FHBExcit 2/11
EHIL Bt OWMED Teh - 7o, PLIEB T AY
Hizks\ T Rk RuERBRT 8/8 FH, /b
AR T 5/5 FH LT XRTOEHI»BHTH -
7oAy, Ames RERTIL 7/9 KB TH - 7-.
AR B T ok Yotk R AER T 2 3/4 FKH
B, MERBRTIE 6/6 FHIDBETH - 723,
Ames RERTIZ 2/6 FH LBt MG e -
7o, FREEA T 1/4 FEHID Ames ABr o Za M
TH- TP, 3FEORERE b2 TOEF B
THhote. wAEVH], 4 b H A v LOGE
FRIEHR CLX 3ORBR & % L EH chtko
WEBNLI > T, ek, AAEVEID L STH
% tamoxifen - DNA finfkzBa Btk cH -
1= D& A H - 7- (Han and Liehr, 1992).

2, 11, 16, 18, 28, 36,

2, 11, 28,
2, 11, 14, 16, 18, 28,

2, 11, 16, 20, 28,

s, 11, 14, 28,
36,
36,
14, 16, 28, 36,
28,

24, 30,
26, 32, 44,

18, 28,
5, 28,
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In vivo ik
0:55*;'6)
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REIRRTE oot
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In Vitro %

Table 2-1.
ACNU
cQ

IFM
HN,-O
CPA
DTIC
TESPA
864-T
BUS
DBM
L-PAN
MCNU
KM2210
—: RS, 22 ®EeL

+: BEHEREDD,

Nitrogen mustard-N-oxide-HCI

Nimustine-HCI

Carboquone
Estramustine sodium phosphate

7 b)Y A AF v (Bestrabucil)

Cyclophosphamide
Improsulfan tosilate

Ifosfamide
Dacarbazin
Thiotepa
Busulfan
Mitobronitol
Melphalan
Ranimustine
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noma OfE/hEL L1210 #BiEIhi-< Y AT
DIEFRORMTH B & UFT #r58 & fluoro-
uracil # 58 L TIxEX7eh - 7. Tegafur # 4
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Summary

To assess the efficacy of the in vivo-in vitro hepatocyte replicative DNA synthesis
(RDS) test, 54 putative nongenotoxic (the Ames-negative) hepatocarcinogens and 25 non-
carcinogens confirmed by National Toxicology Program were examined using male 9-
week-old F344 rats and male 8-week-old B6C3F1 mice by means of an in vitro [methyl-
SH]thymidine-incorporation technique. Animals were exposed with the maximum tole-
rated dose (MTD) and 1/2 MTD of each chemical by a gavage. After exposures of 24,
39, and 48 h, hepatocytes were prepared with a collagenase-perfusion technique. When
a test sample induced the values of 1.0% or more RDS incidence (% of labelled nuclei
per 2000 hepatocytes) in the rat and those of 0.4% or more RDS incidences in the mouse,
the sample was judged as a positive response on the basis of the background data of
spontaneous RDS incidences which were examined with 450 rats and 300 mice. Under
these experimental conditions, the rat RDS test gave positive results for 18 hepatocarci-
nogens (positive sensitivity: 829, 18/22) and negative results for 20 noncarcinogens
(negative specificity: 809, 20/25) with on overall concordance of 81%. The mouse RDS
test donated positive results for 26 hepatocarcinogens (positive sensitivity: 81%, 26/32)
and negative results for 19 noncarcinogens (negative specificity: 76%, 19/25) with on
overall concordance of 78%. The RDS-positive nongenotoxic hepatocarcinogens are
known to exert some biological effects such as the formation of covalently binding DNA,
oxidative DNA adducts, inhibition of gap junctional intercellular communication, secre-
tion of hepatocyte growth factor and overexpression of proto-oncogenes via nuclear
receptors.

Keywords: replicative DNA synthesis (RDS), nongenotoxic hepatocarcinogens, cell pro-
liferation
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T\ % (Gold et al., 1993). ¥ S13IEZLER « JiF
DAAR MM E & IR T % i, SRR
Bz BIFHIa o DNA # B4 5 (replicative DNA
synthesis, RDS) D {@#EXFH~NT & 7. £ DfH,
A2 Y —=v 7R L bW E 23 Ames
KRRt DIFL R « IO AFRMEWE A NS E LT
X 7-toic, RDS OFFITIFLER « KA
BERNEBE L LT, BRIhTEEEN
BhH. LnLishb, EFOINF RDS oFRx
WU CIER « BAREE RN SBR T
7 <, dimethylnitrosamine (62-75-9) @ X 5 /g
Ames JREBRGHEOER « FXARMHWETH, I
RDS 2FARRICHERT D Lkl Licw. F 7,
ELDRXFEENCIFER « BARKEWEER? A
Tee—x—LEHKERDL DL L THF->TEL
W BEZOEZFHBIET HLENECTE .,

S7cb Perera (1991) (3 FNA T v E— & —
RN AFRICKT 2EETH- T, W
CIFZESR « DASRHEE L ALB D Mials &
R B LA B RR D THLIL T B 2%,
COMEXAFEE LTHFER TR LeEss
LT3, Z0OHEME LT, FER  BNAFRKEY
BN AFHERBRCHEMAEIIC X - T, DARNK
R LIALEWETH D, —F, VAT E—
2 =13 2 B0 DA TRHEERBRIC B W T D R AJR
WA TRTEFWETH S, LichioT, ZOWHE
BEBECEHLTCHER LA E R bR E LT
W5, EELLhCEBETS.

%% Lo RDS REMIBMpIC A == — 2 —
RAE L T 5 RBRETI RS, HRMEOH
MAEC X - T, % O MFEIERE ))& E AR
RTW%., ZOff RDS B LEHE D b O
DAREWOF EY 80% HIEORE % b - TH
LT3, ZoHER, FER - FrAREDE
SPER - R AREMEWE O RDS F2REM, 2
% b FFAl A o> M BB R I 203 0 A3 A D AT
R LT, WD TEELRERTHDZ EhRBEL
TW5.

In vitro R BT DA RIFEED R THARM:
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B L BT ORGEHRTH D, EELIFERL I
JiF RDS ZBRic s\ T, Ames EBR-oGefaff iy
A CH AR LIk AR E O 80% L E
DO EHRRAR L. 2% b, BRI
D BT AALIAETT RS, IR Ml i
PEHME) < MHEMEARE S hu7z. Nagao and Sugi-
mura (1993) (3 Ames ABCTXTERMAE R
753 heterocyclic aromatic amines 7%, ff, 1§
S BRI A R OB RE R T LI
R LT, L mE S O MIQEIARE ) HM 8 < it
B S LB N BT T LWL
fo. EBI, oOMBHAEETORAF L hetero-
cyclic aromatic amines 7 % > flifazEi: DB
I b LcBiie@RCiIgiBrcEiuvwe
EhEbETERL TV 5.
FDAPWEERIC R\ T, BREM: & i
DL OIKEOHEZE ORI T IEH S h>o5H
% (Barret, 1993; Gold et al., 1993; Perera, 1991;
Tennant and Zeiger, 1993). 7-72 L, = o #ljkak
R ENIID A = v = — > 2 VBT KT
BRC LB ET 500, Fld =v=—v a1 VEE
DR THICEINE LT HDh, ZOHRCEWTE
PR AE ROMK—2 e IhTwisl. $EE LIk
ERLtXor, 1=v=—va VEBICKWT
IR Fe 43 % SRaRdsE gh s, DAL HETTIC
A BE YR L TWEHDEHEEL TS,
FER « VAR E Y X B, Sbic
IhEMcRIBL X 5 &Lk &, WL 0%
REWRBELERH L TRETH L0, LR
A REEECE S « DA REWED S oM
JsAERE D2 FIR L TR 2 70 c B 2§ ©
5. AR, ¥FTHER - FORAREWE 2
HLl, chxElifciilicEs syt &=y
A D RDS B0 B Rk > W TR L 7e.

2. Ty beIREFEALICH RDS HEBRHER

it RDS (replicative DNA synthesis) 3513 T
NAFEWWE O b OMBREAE 2 TR~ % 7o dic
BAR L7cb o ThH 5. PimEOHEIRS I X -
T, RDS OFFEI/ Mo F344 5, + (9 HA
) officiks\ T 1.0% ko & % (Uno et al.,
1992a; Uno et al., 1992b), % 7=t B6C3F1 <

'

RDS FafttRitiE= 82 %

11-Aminoundecanoic acid

1 9.9* Acetaminophen

14.9 Carbomtetrachloride
13.8 Thioacetamide

13.2 Urethane

10.2 Chloroform

10.0 Tannic acid

95 17 a-Ethynylestradiol
8.7 Dehydroepiandrosterone
7.9 Diethylstilbestrol

5.5 Safrole

45 Polybrominated biphenyls
4.4 a-Hexachlorocyclohexane
4.1 Wy-14,643
3.0 Clofibrate
2.6 Di (2-ethylhexyl) phthalate

Chlorendic acid 1.5 Phenobarbital sodium
p -Dioxane 1.4 pp'-DDT
D,L-Ethionine 1.1 Methyl carbamate
—> CRDS 5
Anthranilic acid 9.6 Benzoin
L-Ascorbic acid 9.2 Butylated hydroxytoluene
Benzyl alcohol 6.0 D,L-Menthol
€-Caprolactam 5.7 Geranyl acetate
2-Chloroethanol 3.0 3<Chloro- p-toluidine
2,5-Diaminotoluene H.SO,
2,6-Diaminotoluene
Dimethoate
8-Hydroxyquinoline
Lindane
Lithocholic acid RDSEEM#BHEE=80%
D-Mannitol
Methoxychlor

Methyl methacrylate
4-Nitroanthranilic acid

4-Nitro-o-phenylenediamine
Phenol
p -Phenylenediamine 2HCI

Sulfisoxazole
L-Tryptophan

* RDS &= (%)

Concordance =81 %

Fig, 1. Ht¥EZ » + OffF Mk (£ L7z RDS SRR,

v 2 (8 ) Ok T0.40% L Eo & X (75
R, 1993), zowBWEEEE & L THE L
7o, 7, Ames REEMEOIFER « AR
PWEEPOLDICLTAZ Y —=v I & fFot., OF
b, FER - HFXAFEUEWED S, 5 O
DAFEMWEZZ » F2FRAL, =7 2024
FEHEHEE <Y AT, IBILSy b=V RDfF
DARMWEILS » P HHWT, If RDS 0%
TR L.

S5, F Off RDS Eafk % Fig. 1 10, #7-
<% ADfF RDS &t H% Fig. 2 1R+, B
MBHESF W FVR SRR /R L, E Hicff RDS

YFERTHLIOIET » MIZRWT 829, = 21
BT 81% oFfELE Bhiz. = hbofff RDS
FBRREEDABREARBRC ST 5 FHEE O R4 K &
DRIC BT, BAREMHBIRIRITERD ST
WL BRI RS F D IEDA R E T RDS
BB WL HESh LD, P itk
WT 80%, =Y AICKWT 76% Tho1. *h
LOIFEVRAFEHEWEIL Ames RBRCY(a (kR
BRI BT, BERTd oxduiic UTER
LTwa., ZoFuEERERL, invivo & in
vitro L OFRBREEOE LS Y ATV
N, BREHEOZTRMBACET LA EWS
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RDS BBt HE= 81 %

Chlorendic acid
Dicofol
N-Methylolacrylamide
Phenylbutazone
2,4,6-Trichlorophenol

Tris (2-ethylhexyl) phosphate

O OO DOO —outuu wumwm —mmmaas ~NNNE
£ 32 388 2[RBw RII38E 2EEBR I¥IIF

*

Chlorodibromomethane
Pentachloroethane
Phenobarbital sodium
Chlordane

p -Dichlorobenzene

Heptachlor

Di (2-ethylhexyl) phthalate
Benzyl acetate

Furfural

Benzofuran

1,1,2,2-Tetrachloroethane
Trichloroethylene
p.p"-DDE
1,1,2-Trichloroethane
Hexachloroethane

Chlorobenzilate
Aldrin

Mirex
Hydroquinone
Pentachlorophenol

p.p"-DDT

1,1,1,2-Tetrachloroethane

4,4"-Methylenebis
(N,N*dimethyl) benzenamine

Dieldrin

Tetrachloroethylene

Benzene

Anthranilic acid 2.05
L-Ascorbic acid 1.69
Benzoin 0.89
Benzyl alcohol 0.88
€ -Caprolactam 0.85
2-Chloroethanol 0.80
2,5-Diaminotoluene H.SO.
2,6-Diaminotoluene

Dimethoate

8-Hydroxyquinoline

Lindane

D-Mannitol

Methoxychlor

Methyl methacrylate
4-Nitroanthranilic acid

Phenol
p-Phenylenediamine 2HCI
Sulfisoxazole
L-Tryptophan

Fig. 2. Ht:~ v ADFFMaZ# A L RDSABRGEE (1994 4£ 1 HKBABE).

FRx —MEHEL TSI 5Brs. UEOE
BfERND, 7y b &=y AOMABREOFEM
(concordance) %5 » b JF RDS HECIs\ T
81%, Z7-=v A RDS ABRickx\ T 78% D
BUEI TR I NI, COFERZDAREREDE OB
BT ABERFEMRBRDIZ LA ED 50~60% T
»HHT L HERT % L (Tennant and Zeiger,
1993), @D THEWEBEMEIE O TVh 5.
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Lithocholic acid
D,L-Menthol
3-Chloro-p-toluidine
Geranyl acetate

4-Nitro- o-phenylenediamine

Butylated hydroxytoluene

RDOSEEMBRIIE=T6%
* RDS HRE (%)

Concordance = 78 %

Figs. 3~6 13} % it RDS BREG MR L7
L E DLFHEE D B, £ OFRITB b 2 FER
Ha L Tl L. @ carbon tetrachloride
(56-23-5), diethylstilbestrol (56-53-1), hydro-
quinone (123-31-9), tannic acid (1401-55-4) /¢
Exthd LT HIEWMEOLERCE ST 54 0.
2 tetrachloroethylene (127-18-4), trichloroethy-
lene (79-01-6), safrole (94-59-7), urethane (51—

NnoF etk REE
BEhfE
Cl Cl
ol ¢l g Br
Cl-c-Cl Cl H-C-CI
Cl ! |
cl a Br
Aldrin Carbon tetrachloride Chlordane Chlorodibromomethane
al cl c g H g
] Cl Cl
H-C-CI " H c
a cl cl cl Cl H
Cl cl H
Chloroform Dieldrin Heptachlor a-Hexachlorocychlohexane
g Hal g K
Cl—q-(':-CI Cl-C-C-Cl Cl-C-C-Cl
1 1 | 1
Cl Cl Cl Cl Cl H
Hexachloroethane Pentachloroethane 1,1,1,2-Tetrachloroethane
Cl H HH
Lo Cl _Cl (g cl Cl
Cl-C-C-Cl T=C_ Cl-C-C-ClI r=cC
H Cl c c ¢l H H cl
1,1,2,2-Tetrachloroethane Tetrachloroethylene 1,1,2-Trichloroethane Trichloroethylene

Fig. 3. 55 b« v 9 ADfF RDS RBRIC i\ TSR AT LIER « FAAEHWE (Ames (=3¢3)

DILEREE (1),

NOT {ERIEKTRER
FEE
OH Cl Cl
DO
COOC:Hs cl cl
Chlorobenzilate p.p"-DDE

OH
w{j}a =
cl
Cl

p -Dichlorobenzene

Pentachlorophenol

<‘>CH,
jOf
cl @CI
p.p"-DDT

a

Bra Br.
Polybrominated biphenyls

Fig. 4. 75 b« v v 20f RDS R I\ CHHREREL R L FER * A EEEYE (Ames &)

DALFERER (1),

79-6) 7o &% thod L% in vivo 1213 B RBHE
BAEDFRMCE S D, OBKRAT A Fik
VEVHH, Nk F oy — ARGER], p.p’-DDT
(50-29-3) 72 & DAFID S FHIC MK LA MIBA
BNY €7 % —cB5T 54 0. L EoHEELEF
RDS 0BFRFERE LCHNTH o 8T,

7 v b &= ZDOAK RDS REC ks TaRaMs:
(DARHES YT RDS 3REBPEH) & B (04
JRPEBE T RDS BB & 20 S onEE L

7- (Figs. 1, 2).

T, BRMEAR LS ABEEYE I ST
T OHEBEIHEETE 2. RDS RED X 57k
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SR04 FRIVEVE

HO
Dehydroepiandrosterone 17 a-Ethynylestradiol
RIVFF ¥ — LIEFEH]
:u il
CH, @ES-OCH&H(CHz)aCHa
°"©'°'?‘°°°°""' ~OCH,GH (CH).CH,
CH, CH.CH;
Clofibrate Di(2-ethylhexyl)phthalate
o N_one s
5 Q3
@ 0 CH; CH; S-CH,COOH
Phenobarbital sodium Wy-14,643

Fig. 5. 7 v I » =7 A0Jf RDS SREMT Jo\ TPt RS A R LIcIEAER FAsA B EAE (Ames &)
oftFREE ().

Z0ft

HO—@-NHGOCH;

Acetaminophen

OH
CHs ll '“
HO @ CHs piethyistilbestrol Furfural

HC /CH’
HN-G-OCH, N_@_ CH,_@.N\
0 CH,

HC/

() E:RJ <:}md&m

Benzene Benzofuran Benzyl acetate

PO{:HM

Hydroquinone

0
g—@-cw—cnwm

Methyl carbamate 4,4 Methylenebis (N,N’ -dimethyl) benzenamine Safrole
HO, COOH
HO‘@'COO*@ H.N- E-CH. HN- (g—OCsz
HO HO OH

Tannic acid Thioacetamide Urethane

Fig. 6. ayr-vvxoﬁRDsa&mxmf%ﬁﬁ%&%btﬁﬁﬁ-Hﬂhﬁﬁ%ﬁ(Amm@&)
DfbFHEE (V).

BER S TR IFEEEs D, BT Lo mREEE,HE S h, IF RDS OFRRE & 75
CORFFHERY T EEHEOBETHS. H %Rty R S hic L ¥, B RDS Ao X 5
2 iE, BHICEWENEHRRTC Lo TEmOR HAaR (24~48 BER) T, LovbHEHRET
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ik, IF RDS 0FRILETEX . 58, B
YA m T AR E A ki i G- U, Rkhc
B 5 RDS OFRAEHLET H2ULEL D 5.

DOEI, BEMEYRLUIENARESE O
T, UFERKT % 4 o0FIHEETE 5.

1w, AL T 54k RDS
Bk & RS AR 0 2 A R MR & i i)
LHEOMBETHS. RDS RENIHER L CfT
bhTwbiedie, RIoLAFEERBICKT S
AR L, »ishomHExUlT5Z L
PNTED. FORE NARERBRTIAD LR
T & 5 e iFfEE A RDS REBciriE s h, I
Mg RDS 23 2 RINICHER S W ABE1 B 5.
RDS GERIC Fs1F % 5 DR D % X AR
MR EOHBEOENFERE > T b, ZORK
Btk DR A T 5 fodicit, RAEVESEEL
fe B o5 k1 % i RDS 0ffR & #H~N5
WEND 5.

#2112, RDS RERCH\ TG AR L AIE
DA R O — koS A SR M O AT REME % F
BTWBZETHS. 2Fh, NARMRBRCE
WT L ECHARERE T, DPARESER
I h 5 RS D L D& LT benzoin (119-
53-9) wIgHEL 7\, FoBpE LT, DARMK:
REBRC KT 5 7 » + olKiitE (MTD) 233 L <
i ¢ 2% X T\~ 7 (Selkirk and Sharon, 1993).

31, A RDS REpBH: L T 2LFmHE I
HINAIEFERE I D e b DFDA T v € — & — W [H
BB LTV S LW SRR TH B, M
butylated hydroxytoluene (BHT) (128-37-0) <
lithocholic acid (434-13-9) 13 FENA T rE— X
— L LTCoHELH B (Rao et al., 1989). = o
W, BHT X2 AJRHERERIC 3510 % I AR v
LRI X, BELbREE D 5. FE
<, BHT X 2 #:fRicir i 5 03 AR BRIC Js
TS sS4 S T 5 (Olsen et al., 1986).
AFEDORPNCIR T X 51 RDS OFFEFITER -
NABEHWEIC LB LCHREEZ TS, L
tehio T, & RDS g0 RB0A T e —2—D
ZEBH LT 5 &T HHERNCH L TR & 7o BER
RS,

% 41z, hepatocyte growth factor (HGF) #

thed &3 5 BN O SRS AR F D% F) T
5. ¥ HGF LF4ilao RDS & 0FRILH
BB #N A O DEE L T b, DED,
RDS BRI B0 % Btk oMLY = 0 R b
B L&, WHEERO £ W bFEWE T
DAt ofigids « B E LR T2 & T
HGF %7y Lt & &, FFffiflao RDS #3615
ENFEHCAEETE S, X, benzene (71-
43-2) 115, bRV ADNAFREUEMETH S
2, Ty b ORI S AR ST
feus, LAz L7chi s, benzene 1t 5 o, + iFo RDS
EHERTHLXEEZELIERL T3, 20
B 2 ENE S8 L ek A HEORME &
LT+ % LIl ch 52, HGF kL
i RDS miFde & otk aE 2 7o & &, JEHIC
HMIERY S D, LT, AFo 6HIZ
REER L. 7ok, REBRICKTHIEER « I
NARMWEESLE OFEN S, B0 84 1L
EWEON, AFAHE S50 HA b - TR
DTHBH (1994 4 1 K HEBHE).

3. FF RDS HERIC&(TZ Ames REBRIBHEDOE
£ - FAEEMEORBRER

RDS OFRVIFER « DARMEWE A5 -
DAFEMWE LB LCHERTHSH Z & oTHER
F 511, Ames REAIC B\ T E R TIFA
AREHECoWTH RDS B2 EBLA. £
DR % Table 1 iRd. A LLFHEOT
T2 RDS #FFK L. ZZTHEMALA ure-
thane | Fig. 1 /Rl X 5c, WD Ames
RBRCHAD Lt e R TIRAER « BARENHE

# 1 BR A REDE (Ames [5it) © 7 »

b o <o AfF RDS BRERGER

Jit RDS #FRE (%)
TR o JFA R E -

F v b <7 A
Dimethylnitrosamine 10.8
Safrole 5.5
Trichloroethylene 1.4 1.36
Urethane 13.2
2-Methoxy-5-methylaniline 6.0
2, 4-Toluenediamine 2.3
2, 4, 5-Trimethylaniline 2.5

S5y Mk 1.0% LB, <@ A1k 0.40% L) LR
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CHBHH, ~uAx—OFF SImix HHEHL, 10
mg/plate Ll & MET 2 & Ames A
TR & oo T\ 5 (Zeiger et al., 1992). L7
PoT, COETHIER - FrAREMEL LT
o $kote. D EOEREEN L, IF RDS OF
RIIER « T AREHEICKA LICBR TR
fel, BRFRAREHEC B LIHRT
Hot. COBEENS, FoAREYHEO
BRI 25 AL 0 AT T & & HEEL
p A

4. HAEEHERICHT ZEREEME L MIRHEE
EiE L ORE

%A S O 6 v 2 L G i & e AL A &
MED X 5 KBHEN D HONMCOWTHRIL, C
h# Table 2 B L1, Hic, {L¥HWED A,
B, C & D2EETLHLETS.

T, BREWS 7 MRHEMEEN 2 b
bR (A) RIS AREWE TH B, AR
JE it o> 2 C M A AE ) O 7o\ MBS H (B) X
BoIENABERSE CH S, i Fig. 1 & 2
R LTk 5ic, Ames Bk RERBR T
Bt 2R 4% < DILEMEHIEVARENE TH
ot HEL LHEE LT 5. {LEHHE (C) 0ER
Bt [—] TELTHS. FoFHE Ames it
BCiatTH 505, fith > %5 RF AR TRtk
L HATTREML D bR T\ A LD TH D, TOD
(C) wHuaRgItERE Ml - 12 & &, DAJREER
B (+) 75, 2% b, ARTIYH- 1
TR AR E DD TH5S. I RDS G
RO RTIHER « B ARUHE O 1/3
DHEDN, Ty FRw v AOHE, RECHE
KL, Lo e « B R AR
YERTAEANT IR, SO X HIRERLD
b, +xb->THAREOMELRLL. DX
5 e A MBI e P LTRET
BoLEbhTWAEL, FLEELILDIIC
Ex -\, LinLiepih, T CTHEATNEIL
13 benzene #A¥ LT 5\ OnDOIFER - fF
NDAEMHEIRT » b & =¥ A D2HERICH
<, SHE - S bl bR ARERFRT 5.
W4 pc, FER - FrAREHEO T THD
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% 2. AAREFERCHTHER

b BRI Cell proliferation 73A
;‘JE (Ames, Drosophila) (RDS) i
A - _ _

B + - ==

- (-] + +

D + + # .

F1L % Table 2 iRkl (C) wpBidhic\Z
LB, O, FER . DNAREHEOREN
Sl K X AR S h T 5. (LEWE (D)
V3 2E R & MIRaRRERE DA AR b o b O TH
5. o, bho#mcBT sERis <,
X Bz BB bt » THAFEEDFERT 5 HIN
Bz LD, HEL - TORAREORELEL
Jo. Ui Lichtt, Ames aERBMED 7 A REY
EK%M%-@&K%%%&#AE&%&T%#
5.

5. % DNA & (RDS) OBEREHMCHT D
R&%

FFgifac 351 %5 RDS DHEFHIER « AR
ﬁ%E&EE-ﬁAEﬁ%EtO%%KifZO
1wk B L C# 2 TAie (Fig. 7).

LR - NAREWER £ o (LEHHE 2 O
mitogenic, apoptogenic X necrogenic 7c# 4 0°
BEELLF % 7zt% silent mutation OfER LD 1y 3
%Lf.&ﬂ@?ﬂ%gkgi,éamﬁﬁﬁ%
o proto-oncogenes < G, cycline genes DEM
(t#Fi\» RDS #FERTHIOLEATVS. &
o & X, silent mutation # R L7cn H, &ifik
CI R Rlas filas A A RS C LT,
2R~ OLERTHR T D TREDH 5.

RO ARESEREOLFHHE, S > mu-
m@Mcm#mﬁLmD&%ﬁ?®$%lb%ﬁ
%E‘JK&W@%Kﬁg’E%kb. Tiebb, tu-
Mor-suppressor genes DRETFOERERIE
L ¢ b, proto-oncogenes < G, cycline genes ®
over expression (XfEic/s b b0 LBbhs. &
oL x, HRABEIEIEET S BURIFER « BAR
BB CHELT, »ieD B\ EDEY
ARG T X B, D EofFiA FFREMRIC S T
bt&%,RDS%%OLﬁu%ﬁfﬁﬂﬁwﬁ

[ sz samenn |
Silent mutagenic event 7

B EF
Endonuclease DiEA(L
PKCiEHED L5
Ca®*OtR
U VE{ED(RE
Proto-oncogene MD;iEME(L
Peroxisome M

EMHHBREEO LS 4

Cel 3
proliferation APOPtosis
i

Mitogenic
Apoptogenic and  ;
N :

ecrogenic events

o
H_’Rosmz— °©% o°

; Proto-oncogene
I bl (fos, jun, myc) DiEHAE lIPo’?n%'m
I R - N AFEMEME I Tumor-suppressor gene
(p53, RB) MAR;E AL ®
G: cycline gene DFEMAL oy o.. 2.0 e
‘ BAET Adenoma

Fig. 7. »ARWWEIC X 5 90T RDS FERERC X+ 5 (3.

ZURARR A PEVS, 7 A b — v 2 (Kerr ef al., 1972;
Bursch et al., 1992) iz X - T, 3K hepa-
tocarcinoma |5 5 28 B IR E b L o &
2 T\wb. T Fig. 3 ozt 5.
WL « NAEHWE L LR « ARMEYE &
$ic, RDS oiFRwRETHHF & LTI
FEBENRT LT TR, BARTFELT,
¥y o TREEOME, MNY 75— LBAY
w7 2 =%, FIBEANRET L LT proto-on-
cogenes (fos, jun, myc) OiEPE{k, tumor-sup-
pressor genes (p53, Rb) o Rifitf:Ak & G, cycline
genes DiEM:AL A% - (Fig. 7).
BARFON, ¥+ 7RGOHEFRRELSA S
mE— 2 —RHTHLDOREL LCER S h
T&E., F oy 7R RN U 2o MBaikldig o
LR & BRI L T\ % (Holder et
al.,, 1993). 2% b, ¥+, 7REGOMHEFL Ca*t
o b5, c-AMP o#ifn, PKC (Fr 71 v+
— ¥ C) oiftkfL, EEMFE1 Y5 3% free rad-
ical A p 7 & (Trosko and Chang, 1989) 7341
bh, ChbORPEFERT HREF L LT TPA
(16561-29-8), p,p’-DDT, phenobarbital (50-06—
6) IeEMNBEF LR TS, EEBIIZhD Edko
H4 0 Fig. 7 1R L - BARTC 5% ShiF

RDS D {RHEEIE L T A LD EFHL TS,
FRciEH Lcw ok, FFER « BARMHE O
PPl ba b B o~y v RIEKERE (Fig. 1)
23 B, ¢ carbon tetrachloride  [AKEICIEM:fh
EERL, ThhF o, 7fEEEHET5RHE L
th, THERr—vALERZL, MasHEOEHERA
LiesTWBH T ERTHRTFEINS.

MY « 7 2 — 2 A LT, I RDS o@FH L
B3 % o1 HGF (hepatocyte growth factor),
EGF (epidermal growth factor), IGF (insulin-
like growth factor) 7¢ & Ch A 5. #we, HGF
& IFRIBa O TR RS & (X BB L TV B T &
PHEEBL GER B, 191; A5, 1991), 4H
HGF o/ Afc LICHF RDS #FRE#OFIITE
. Liedio T, Al 4 oBCERL, 2
it HGF 25y « 7 2 — %@L T, ¥+ »
TIREAOELEUL - HErRETHE LT
AR 1R D 7o\,

HGF ofiffafgE v « 7 % — % c-met proto-on-
cogene DPMETFEMTH S Z Vb RS X5
IZ7¢ - 7= (Bottaro et al., 1991). & DHFE L
Ltk o, R ki 5 HGF & X
AAEDHETIC DD REHRILTHEH L5
Bz%. 2% b, EELIVBMFAKCIT 5
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e o RIFE R HE A LB, 2 A REYHE
DML « 2o proto-oncogenes % EYE
kL, ERcaERBCESWTT R 7743
FEdlao life cycle #FF7 F b — v ADRHAEH
FDO1 DL EXHBTHE. 2ED, FFBAR
A B R Rl 7 # b — v A Ot
BV, FEECRER TR LRIET 5700
o, BERR L7 MR g o By 2 S &
%. choF RDS #ROFEED 1oL HELT
W5,
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BN Y 7 2 — B ao v v FEhC, B
DAL K b - 1IFER « DA ED Y 7
v FELTREAT BHEE D bR TV ST
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63-6) 7%, A AF vV — A4 T X —ITIE
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simfibrate (14929-11-4) » Wy-14,643 (50892
23-4) 2, XHRAAAFY v ) 27X -
p.p’-DDT <> polybrominated biphenyls (67774—
32-7) N, FhEhDY « 7 2 — L, I
RDS 233 Lb 0 LHEML TS,

BHNAT O, proto-oncogenes (fos, jun, myc)
OERAL GRS, 1993; IR, 1993) (4% AR
ficEsEYEbRIcEE, WThLT7THRbP—YA
wHET 52 & T, EOMMEN R MR LT
yorEZLRTWS (FEDL, 1993). %7,
tumor-suppressor genes (p53, Rb) DOAEMAL
(Mm%, 1992; 4b)i1 5, 1993; #kil, 1993) % G,
cycline genes DML (&M, 1993) L iF RDS
3 L OPIEITTES T DNA - SLRufafk L ERT
7N D b o TN I hD2H%. Ll
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AR LT, S MOFREEL T2D00
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£ E O BB AL S o> DNA FRlL v
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6. HGF (Hepatocyte Growth Factor) & RDS
S EIC T BIRH

3 pEIck\ T, HGF o4 Lis a0t
RDS #EHRICOWTHRI LA, & 2Tk, B
DFT A HAC LT (PF, 19905 SE B, 1991),
s 550 HGF 1+ 5 d I knilkx & - Tam U
-\~ (Fig. 8).

HGF & bAWME b 02T, 2
SoBEAmbR TS, ¥, HGF (1T
o Kupffer #ifa=cRilREEHN B Mk B2 7 7Y
I/ b (Kinoshita et al., 1989), 9E
> HGF v 7 2 —icfEfA3 588 &, ik
wme Wik EE, i, WRcErb=vF7 )Y
B S h, FFREMIClE R 3 %88 & 25
LTy % (Yanagita et al., 1992; Kono et al.,
1992). = » HGF »/ s hsRE E LT, (k&
WEC X s ES~oBErLEL bh TL
7. {bzE s ific HGF 025 7 ) VT

Mitogenic and
apoptogenic
action

Necrogenic

KHEHR

HGF
receptor ( -
RDS DR

FEREHAa

action

Hepato-
carcinogens | ™
utagenic anc

— \silent mutagenic
action
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———p
>

Endocrine

(T. Nakamura
= et al., 1992)

Fig. 8. 75 b+ vy AW} 5 RDS BB 5 B,

RDS OFRIFHARLI-E X, FOL¥WHEIT
FHEELRRE LTS EBbhsz Enb, IF
DAEHEWE & L COTERZIEECE VS 228
HETES. ¥7, (L¥WHEH» HGF o= V7
) VB D 2 CHF RDS OFRIEA % 1 L o &
&, FFHIiIc mitogens & LT < WREM: S B 5.
ZOHEE, 2O0HEMNEL OGRS, 1,
HGF D73 REE T Olfds « Mo AR 5%
RoOFHIHE S oThhE, IF RDS 24
825 « M TOD AR E % b RIS ATHE & /e
% (ki benzene o). #2ic, HGF o/
WIRRNZ DR « MOV AFRHF OIS &
B DI\ b o ThiuE, IF RDS REc s\
ol & 70 5. Fig. 1 & 2 ickit 24D 135
NZhEHEYTHL0EBbhb.

EH OHRFEREBIA U4y, b mEc
5 Hle 5 5 & IF RDS 3% & BT 5 5%
COMELENRD -1z &2 TEELOIIIFEE
TR THD. 2Fh, —BBEENCES
ELTORDIFHELXEHRL TN 5D0, Fiut
k> HGF %14 & T 5 KF0 5 Eicii#i L 7-

WarbEALERTONFGELEHLTL3D
DTHLH. ZOEMD% L 3—BHEN S D
B2 TTuRWDTHoth, dbiHA—BE
WA TS 1 5 IFEE S IF RDS 23357 5%
FEN1O0FEREE LTS, e biE, T
T Ames 2MEfLCWw5 X 51 (Ames and
Gold, 1990), 73 A JREMEABRIC 351 5 e KTt T o
WA FHEEYFIERBETRERE Y, S¥FHF
Ml DI A EV, T ORER E LT A LI ST
THLELIRHEIEES S CheS/HT5. X5
2, FHDINFGEDE O KIS AR
HThDLOBRVEFHTS. Lolhrn, E
HD OFNIER» b, FhEECIEETH 5
GOT 7c &0 ERAHF RDS 0@ L1 3
HTHLDTRd -T2 ERBFAL 2.
—7, ARMOSHCERL-EELLEALE
Kb, IF RDS 0% A, —lasiki
AR 3 IFEEORB L TET oML T
E2 5% Blowv. 0% D, FELI BB
I IFEEL I RDS 2R THZ Lic LT b
DRI, T hi2) T RDS FREE# o
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e E R ThCh D, FEDIIEE BRI
W e BUE, TRTOA R E A RR
P & #HjaggE (cell proliferation, mitogenesis) @
WiEM %, FABcEbEb 2 0 EBEL TS
MWHTH D, Lichi->T, Ames RE TR
P A 773 08 A SR M A B v L R B AL T e 2 R &
TAHRBRRVGCHELEE L T 5.
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AEMHE TS RDS #FFHT5. LicdisT,
A B E I RDS 23 c g L LTH
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pAAbic#EfT 3, RDS o b fifaiiish R
WD A =v=— v 2 VBB TRICHELE 2
T, FER - BPAFMPELEEA LD, Mn
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Utility and problems of mutagenecity testing in safety evaluation
of cosmetic ingredients
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Shiseido Co., Ltd., Safety & Analytical Research Center, 1050, Nippa-cho,
Kohoku-ku, Yokohama-shi 223, Japan
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Summary

Mutagenicity testing in safety evaluation of cosmetic ingredients is predictability of
carcinogenic potency of materials. Ames test and chromosome aberration test in vitro,
and two kinds of mutagenicity testing including mammalian cells, are chosen as the first
screening tests, in Japan and in U.S.A., respectively. If the result is positive in either
test, micronucleus test and skin painting carcinogenicity test may be required, in Japan
and in U.S.A., respectively.

Two oxidizing agent, sodium bromate and potassium bromate used as food additive
and as ingredient in cosmetic permanent wave formulations have been reported to be
mutagenic and carcinogenic ingredients. Butylated hydroxyanisole (BHA), an antioxidant,
also used as food additive and ingredient in cosmetics has been reported to induce
forestomach tumors in rats. The estimation of carcinogenic risks of these carcinogenic
ingredients to humans was discussed.

Keywords: mutagenicity; carcinogenicity; cosmetic ingredients, antioxidant
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NIEATeLTHD., CoRMC3ILZOERE, 7
2V hiEEE#EA, CTFA R0Vt FDA (Food
and Drug Administration) & HE#ESEH» H%
—HBNBIML T 5% (CIR, 1993).

HMEBERRI E TREMOBERO RE Ly
1T\ (Scientific Literature Review), B[54 3%
#BfE (Expert Panel Meeting) |, #ofsHE%
B E 453 (Tentative Report) & LTAEL, &
R nH LI, RE#4E#E (Final Report) %7y
KI5, BHEREBIRD X 5 Bk
WTOREMEEH LT 5 (CIR, 1992, 1993).

S %E: %24 (Safe as Used)

4424 (Safe with Limits)
7 — 2 A2 (Insufficient)
R4 Tikie\» (Unsafe)

19924 ¥ T Bt & R BORH BT 5 % 369,47,
WERHEER 11§, REEREER 64 B &t D
(CIR, 1992), 1993 fEizid, AREMES 14 A 19
WEICOWTHREL TS, R LifiLicd o
3dh, FHENRE12E, F—- 2R3, RELT
FISVW3EMTHD, ZD5H 25 RhEHHEHHE:
TREELEDVDDHERMGETCRRLE TR LiEHR
ThTuvs (CIR, 1993). = h bofRkHs #i
1982 4ELJ3k Journal of American College of
Toxicology 12X #k, NI hTW 5.

KET BT HEbEd O Reti 31t 5 Reft,
BREMOMBERTIEZ D CIR —@ o 2kfi%
BLTHAHENTES. CIR © 1993 F£5 Foe
HOFHE T T — 2R E I NI DR SHET
Z oo cetrimonium chloride, cetrimonium
bromide, steatrimonium chloride =5 1 485 &
ShDEHR, 7— 213, FREE, Rl 288
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1B g A # 5-ak s, NE S DNA S RGaB% &
TRl 2 f, © b R sl & IR
Thh, BEFHRBRISEGMETH HEE13 NTP
(National Toxicology Program) [E 7@k D
HAEGE - T RFEERB LI I 500 L
U E R X% (The Rose Sheet, 14(22), 1993).
CIR o 1993 4 11 A » 45Tl potasium chlo-
rate [ICOWTHER LTS5 — 2% 28 HRElOK
AR, RPN, 2 @S0 RIEHEER
BTEON— DX AEXER L, TR B
7 X £ o B 5 — %, %7, lauramine,
stearamine O 5 — Z NE & LT 5 DU, Nty
DiEH & 2 MEOBEBEERER, £ON—23H
HBEXERH LR Th b, Bk R B D
X, NTP R8I 35 < B Rtk B Bk &
NATFEEM: D B B & ih-X T\ % (The Rose Sheet,
14(48), 1993). 2 ffi¥E o EEBEHABRTLrD—D
PR BV, Bk & 7 - 1o A R B
LE 900 CIR ofbhtfioiinatE, FRiEatks
T 258 OEANILBLEE L bhb.

Urocanic acid 135EF O fALER AR Ih T
FHHC & EE7E L T\ % (Baden er al., 1967),
trans-{Ri 52045 (UV-B) 12 X b cis-fRic 25k
5T LI K o CTHREFMHEIER 2RI oI, uro-
canic acid #&7H T 5 LPEFC LRI A M1 % &
BB X > CHRTHEEHETETHEE D
4 (Reeve et al., 1989) 272X hi. Zhix
LBt D FREVEC BT % $5h RTBIT B %.
CIR | urocanic acid BT+ s EeHDFT — 2%
BELL. CoRRE S hic Rt BEA of
THEERM:, REMCBIT 5 b ok, Ames 3B,
AE DNA &REEs, in viro DNA-binding
R, Rk RERER L SEHOHEA LI,
Wi, BperiERAED /B S h. Lo,
CIR (3 1993 11 AoLFEcoh®x T — 22
s L, BkREABROEEME in vivo DNA-
adduct REx#VE L L7 (The Rose Sheet,
14 (48) 1993). CIR (3@fnmthicBy 4 2 Buc >
W TR BARRDICIR LT T\ 2 G R 4ol L
THDOEZO—WikMbZ ENTE, BEADHS
o AMES 35, PafkRERBREET L
BT ERRLTWAS.
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4. ZRFEMMBMY, REEEEOFME

BEVCZE R, RRatED S ST 2 1bbERm
Ry & X 5§ % 222 oW T, CIR B
BAOFI HELET 5.

1) Sodium bromate J7F potassium bromate @
CIR D&

Sodium bromate }70' potassium bromate (.
fRE# & LTV ST %, Sodium bromate
BHMFE LT RA—=x v b7 = —7RAVWDR
L0, ERRRECIKEVWRIhTLES 0T
» 5. ¥7-, potassium bromate (TSN &
LT v OB RBACHAATE 30 ppm (AN
¥y, 1992), Kk -ci 50 ppm (21 CFR 15.20) fu»
bhTuwa,

Potassium bromate (¥ Chinese hamster fififh
KARMES MG CH AR E A F T L (Ishidate er
al., 1984), = A CT/M&&FFRT % (Hayashi ef
al., 1982). Salmonella typhimurium TA100 <, #
7=, TA102 35 - 0° TA104 CAREMEETH
(Ishidate et al., 1984; Kurokawa et al., 1990).
Potassium bromate » JgJ#{4: 1% Fischer 5 ., b ic
250, 500 ppm fRHK T 111 JRER S 2 7o 45 8,
250 ppm CTEHEE 2 F4: L 7- (Kurokawa et al.,
1982; 1983). = ORJEM:T — 2 L Hic v A 7§
NTbh, REEORT vy T hbbEED
% BRI 0.06 mg/kg/day & #if X h7-(Bro-
mine Compounds, LTD (BCL), January, 1992),
COERREE ARV b Y = — THIOFRIH L
LCHERL %A HH O FEERIUENH ) A
70 FRMENFHES e, &0 RfRRBRINER
(BCL July, 1992) oftf2£2#E L LTHWbHR
#-. 102, o sodium bromate 7% ¢ [EiZ#H L 72
B 2% DEECEfRL, 0.12% BRI NS
ZEMD, COREBINELKICTTbRIZ) A
FPAME, S FSEE 24 3 B C 10 R 05 2.4X
1077, 15 o4 1.2%x10°¢ th -7 (BCL
1992; CIR March, 1993). FDA (X & ¥ indnk
DOHFRIND Y A7 ERfEE LT 1.0X107° &
DEEA & - T\ % (CIR March, 1993). Sodium
bromate #-3— <% v b ¥ = — 7 H|OFFHF &
LTHWERO Y 22732 ofE0FEENTH D T

&L Tw5%., —Jf, Hayashi et al. (1986) (3
Kurokawa et al. (1986) o 5 — x % Fi\»C potas-
sium bromate D EFED L4 A F 4 L, 0.95 ppm
(3.8x107* mg/kg/day) & #ifs LT\ 5.

JPTER U e 6 o B SRR b h
Tk D, KEEMATEIREERRD bhkn &
MG ST % (Kurokawa er al., 1984).

CIR i, BFEFEELE O IEEUCRIEMED B > T
b B BATABR RN e, 13 E A ERRER
WEhigw, BWHERLG DR & X hi-=
F VY 2— 78 sodium bromate & LT
10.17% %z e\ IBECHERT2 2 L kS
L L 72 (CIR, March 1993).

2) BHA @ BAX O

Butylated hydroxyanisol, BHA (/&L 1l- 7
ELT, fbEdh, RMEMCAV-Hbh. L
L, 1982 SRS (RSN RFERBR A 1TV, BT IO
DiEFw ROl FfEABL Fisher 5, big,
0.5, 29 M, 104 BREIEY LIAER, 2% Bo
BB AT LR S Ui (Ito eral., 1983).
ZOfER, 19824 8 A 2 HEAKREREHRT [2
— AP ORGICHA L7 198342 A1 H
X h#ER (EB#EAShT) L Shi:. BHA %
BHET PR ZEORIR DT 1982 45
A 20 BEZE 81 SEAREERRETEI
AR AR R [BHA #HHAET, &
B S h 2880 B « IR RacET
L, WHEFSE4FT5 X 545825, ] L O@EHN
3.

—75, ®yin & LRI, 198340
FAO (Food and Agriculture Organization)/
WHO (World Health Organization) £ 5% n4
HIRSHE TR Shie o e B S e p -
7-. 1988 4E» FAO/WHO iRy EF RS
LTy N ORTE KT D RO BER O 43
78\ DR E DA O LR R 2 7R & Te e,
BHA OMHICBIL THYH £ DL e & fEH
L. 2oBBEL T, ®BHA oREits ., +
PNAAZ—OFFIROATE D, & MTIZHE]
BICHY T 2 &R0 sy, QRiE &R UHEBIRT
BB TH B RECIIIEE B A R L T,

OHIF L LI A XY ATIET y DX 51
fERD IR, @RERD 2% L5, hite b
DENBICHE T2 L ¥ 5 w#ET 5, & BHA
RO VBRI T BB IRE O
DI S X WIETH 2, & OBRIN1S
FhhTwb (ffH, 1989).

AA T BHA oftfifimps LT RE LA
1992 G170, [F4E 8 H 13 HELS 208 2o ts
VT BHA 3 2HEKIE S h, Wig, ~x—, @an
VAR, IR, FAEE DAMER LT b
Rk &R, o3& —Tix butylated hydroxytolu-
ene, BHT & &>+ T 200 ppm D) F, fainahis
ATk BHT & 444 1000ppm LLF & Xh
A

BB E L TR0k s ikl s h
T %7 BHA &4 1bbEq o B AR Ok
WA 1992 Fo> 10 » ARICRFE X iS5
DWTRLEENA—%—TBHA #&A/ LT
DRTEELS, Wght 2 —h — i 134, 99 B
(PkL 43 %) &/ AIhTkb, 1982 57
20 HERE 81 Sick b, AARDEMN A —» —2
FRALTWARWZ EERLTWS.

5. (EMRFEHOZREEHRABRZFERETZIH0D

KETR 2EHOBEHEABR CHBEOB AT
NTP DM S HEREABRLLEL TS
&% CIR (3R LTWAA, BHADOEAL in
vitro © 2 FEDORBRO T BB EE 2 b e
BE in vivo IMERBREEMT 52 Licho T
W, WhbWE3Ete, FORBTHS.

In vivo /)NZEERD FHEME O FIE & RIRE A
HHE (1993) BB TWBA, Fod TR
Rl T, B MR eics
BB e WBAN S 2 &, EEEIIer
## (IARC) O RFEME O RFFEERITAL & /MG B
TORIGHERCDWT, $ric, Emsk Bibd s
WX D\ THED T % (Table 1). FFTH %
WA EE IR & S his b o CHE MM I
W I DI oW To/MMERBEORE R T
BB, GRS T 5 R WE 5
PR 80% DL, #GIAIH D\ 2BEE OB
7 & D R[FTAEER T H % R WHE CIBR R
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Table 1. TARC FgHEME o MRV & IMZER
TORIGHE (LEHE)

B MR B
MR B &
B 23 14 19
et 5 13 23
iR 80%LIE  SO%LIF 45%

@ (1993)

50%, FFCiL 45% wwTFh o T3 (B, 1993).
BE T8 DB 0 FeSa iy o B v ik N B A il 5T
T2RABOLEELTRBEL TV 5., BALEEY
ERER & L7- DNA HERBRO B2 T,
<~ ARK A EMNERS & T AANEL DNA AR
(UDS) #ABx (#F: 5, 1993) RO 7 7 ) B
L% DNA —AKGHGIERE: (M H, 1993) A
W, KEXENERSE T oREmE BRI TE
HTEERVWELTWS.

Ry A2 RBEZEL VDY, Ak
RNOFEREZ ML T bbb Tikisw. BEDE
v in vivo /NERERE KT BT Th D VIML
REBRDORFICONT, FHE (1993) etk
STEE, BHICEEL W ARWEALEL bR
50T, LY ORI L35 invivo
B (B2 EfFo UDS) #Eml, 7, ¥, in

500
—@— SampleA +S9
400 1 —O0— Sample B
| —il— SampleC
o 3001 —{1}— SampleD
g
g_ —A— SampleE
£
g 2001
&
100
[ Y I — .
0 A 1 10

Concentration (mg/plate)

vitro DY EEARRERERT 2 7o DEE (B2
Yl RH % 20% FHRT HWED 0.1 mg/ml L)
T) BELhEEATE, -k x, MR
HTH->ThH, REWVMETEIhichi) Tt
DT, MHORBAEINT 2 LENH D EB~NTuw
5. Zoffic, REEBINT — % FE B A RCHRT
FTRELEZDRS.

WTFRIZ LT 3ty P T 2B ¥
1209, Eiamp LI TH b, urocanic acid D
IR B D RRICAERER BFORNT J6 W T Bk 4 7eak B
PERBICANDLILELD L EEZ DI S.

6. ZREMRAROFRK

1) ZREEMORZUVEHODER

(EBER RN ROR, KRB, MR (R,
TRIBH], AEEMEA, SRR, A, @H),
FEL BB A EEEH, BB H, BUEE IS
RN D0, ZERFEMECRHEE 75 Bk Gk
BThDH. ABMDRETHHINBAIRS
r—AWb5h. BFEL O b O IEREN
WANHREFRNCE % A NS R T llE X
NI-BRCERFEELRD bh 2 BE503D5 5.
Ames HEA WL L1k, =y b OFER,
BEOB R, HHEO TREORH L Ih, R
FEO IR SIS 5 & T E, RN

500

| —@— sampleA -S9
400- —QO— Sample B

| —8— samplec
it —{J]— Sample D

| —&— sampleE

Revertants/plate
8

1004

0 +pr—r= p— sy

0 A 1 10

Concentration (mg/plate)

Fig. 1. Carbon-Blacks oz k& X 2 BREBERFEFEM: (Salmonella typhimurium TA 100).
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1000
+S9

Revertants/plate

Concentration (mg/plate)

Revertants/plate

Concentration (mg/plate)
Fig. 2. Lithol Red Na o#lyko &\ L 5 2RERFERM (Salmonella typhimurium TA 98).

100
3 d
S I —o— B
g 601 —s—
g ———e— D
[}
- —= K
2 P
g 20+ —_—— G
£
(8] 0

.001 01 1 1 10

Concentration (mM)
Fig. 3. BARBEmMoOGaARE FHM (Chinese hamster lung fibroblast cells, 48 FpfoLH) .

BRI OB O B R EE A A R L T w
%. Fig. 1 1% carbon-blacks o 5 fE¥HD 4 DD
5% 1O v 7 VADKICEREMENED S
Nic—@% = Uiz, Fig. 2 2FE UHEREER2S 3
OB TR CER I3k, lithol red Na
ThoH. A TRCIERFEWEI AR Ihb L
iR Lic, i, BT rz ik, BREY
HAaBRphicaofbh -7, (I, 1979).

2) BARTORZ)—=4

JFORBA F BRI Js U TR b4 BFE MR BR D A
20 —=v I Thbhb. —20flERTE,
Ames GBRICHNT b cBIRBEME I 18 &
h, TOERIILCEMETH- . BT, in vitro
LB O B M A B 5 Ptk B ik B S e
Sh, 30 EMETH o otk 15 BB TH
sl TDHHLOTEOERY Fig. 3 R 7.
v 7 G wEE, 0.0lmM 25 ImM T
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400 78000 WSO
-~ -~ 140
< I i <
5300 6000 E
g g
E \o/\o E .30,<
o) S 3
3200' 714000 £
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% ‘' 120 S

o—e
8
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o—o
°
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o_n__Lm___m_o 19
V] 200 400 800
UV-A Dose (kJ/m?)
Fig. 4. UV-A o UDS #H#M: (~7vA~9 A
F P RAHER 1 R .

+HU: Hydroxy urea ¥sfi, —HU: Hydro-
Xy urea &% 1, UDS Index: (+HU)/(—Hu)

x 100.
2001 74000 150
g 150 [ 13000 g 1
§ g
£ £ fs0 .
S T 3
- 100 2000 £
F 2.8
o .. 120 3
I sor 11000 i
10
%70 1000 2000 4000 ° -9
500
UV-B Dose (J/n?)
**p<0.01
Fig. 5. UV-B ® UDS &t (~7 LA~ A%
BIRETE 1) .

Thi 40% iz HREEREIFR I,
LAy 7 Gt 10mM kT 3§l
REEIBFERIRTERES o 2 & 2L
fo. Y fRREXFRLICLOD S H, SHmICD
WCMERB E S h, 2 maa, 3R
M &R SRt BRECBRE I b Ok v
7 G THote. FRHERBRCEVTERER
WoOFEEEEAMBLY LD S Lici b, FHl
THWBEOLFHEERIC L 5 & & HHKREL
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7, BiERRT L0 Ames RERL DL, fuft
HRRERBOFLE N EHRERL TS,

3) ¥4BOEE~OKE: FEH DNA G

(UDS) B2

WA BT S S LIEEA Y VR
DWW X BB oMM LA E - THVBELA
HebhTW5, H EcEET 580 5 bit
s UV-B (280-320 nm) (32 TR %
CEFEL, ®mENMRTHS UV-A (320-400 nm)
EEE CEET S, v AREVENEEE L
cssg UV-A Kot UV-B © DNA #Hif#4
UDS RBrHV T LTWw5. UV-A ZJR4f
L7484 UDS #FR Lisw o tx RviELic.
—7j, UV-B i UDS ##%T 5% &ufR L
(k%3 Figs. 4-5), TROEBIRO BHw )
T 51EH%, UDS %R L L TR LTV %25,
Ao MR B BOERN T — 4 — L
5EEZTWA,

7. ¥&H

(LB 1 2 E REMHRBRO RECOWTH
&, KEOERYHEE X LHOLEE L. BHA,
K & b 2 R A o T O AL E S
wHh, TREERBIREECE D 5 K etkR
ErlE2 bhTwb, dHiioEDdS & LT
1. 2fE0 invitro EEEERBREY LT 5.

2. WIFhmrCEEoSEL in vivo SN B A
Ehid 5.

INGERBR A E T 5B AR, oA, G,
PRt oksRErBEC L, BHMa~OREEYE
Wt 5. i, FofioREHERBR (I
iR, e s —5 .y b Lic UDS %) 75k
BB END 5.

3. LR b B C/ MR BRI O b o il (R R
RBC iz CREEERAREERET 5. KET
LA AT 2 M o RIEE R B T
DA IR RBR O LE O W HEMEH R S
hTuwab.

% OB L TR A R T E O RFT O R4
b A ECh s (CIR 0 2 ) TRk d
RS, SEAEE I, TS L CEE T

DRFEMN L, T, FEBRIE»DRERY
HT 5 Lk > CTHEROWREME B 5 2 &
MBI hD.
BREMRBIIA 7 ) — = v 7RBofc, 1k
PEGR R o ZERFE MO B 5 Rl o B 217
W, R, FREME O fou B RES RO EIE
FRTH5.
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[ RJF MR BR v o HEER I EEAE (b D BLIR & R A5
ANENVEBEY -2V a v TORE AT

Bacterial mutation assays

HE X & BV, K H &% #
Nohmi, T." and T. Ohta®

VELSL#AERBRAT, AR, 158 B A X B 1-18-1, ¥ () B B KRR,
L 187 HHVIN P SRR 2-772

DDivision of Genetics and Mutagenesis, National Institute of Health Sciences, 1-18-1 }‘
Kamiyoga, Setagaya-ku, Tokyo 158, Japan, Toxicology Division, Institute of i
Environmental Toxicology, Suzuki-cho 2-772, Kodaira, Tokyo 187, Japan iy

(Zff: 1994 42 2 H 3 H; 2E: 1994 4 2 A 3 H) I

Summary

The differences among several regulatory guidelines for bacterial mutation assay in
Europe, U.S.A. and Japan were discussed at the International Workshop on Standardisa-
tion of Genotoxicity Test Procedures held in Melbourne on February, 1993. A consensus
was obtained on many aspects of an acceptable minimum standard test protocol. However,
the working group could not reach total agreement on the optimal tester strain battery,
criteria for a positive results, and the need for repetitional assay on negative results.

Keywords: Bacterial mutation assay, Ames test, guideline, standardisation

1. FL&Ic

199342 HicA— A+ 5 V) 7D 2 AHE A v CH
S hiif 6 mERREERFEEHKO Y771 ¢
P—7va,7ELT,2H27 28HDOHHKH
7o b, BRFEWRRE O EHEOEELDO DS
#Enfrbhilc. WAHRRERRBD 7 v— 7T
1%, David Gatehouse (Glaxo/UK) 73 #E %%
b, MEBEBRRE (BEAAF7 » ALY £
—), Celine Melcion (Rhone Poulenc Rorer/
France), Elmar Gocke (Hoffmann La Roche/
Switzerland), Errol Zeiger (NIEHS/USA),
Thomas Cebula (FDA/USA), Larry Kier (Mon-
santo/USA), Steve Haworth (Hazleton/USA),
Stanley Venitt (ICR/UK), $ X O%EEZ LD 11 £
oigEHNHKBLPOC L ThH#EI ED DRI, &
© HABREEREFEYS

HIABFTITbh, —BHEREEL L THALDLD
1048 DffgEEAS MM L. BB LT A
FHA Tk, BA(EAR, HEE, Rk
PEAR), K [H (EPA), 1 % v = (Dept. of Health), »
+ # (Dept. of National Health and Welfare),
RN R LR & (EEC), 3 X OVFR ¥ 158 e bEHs
(OECD) CHiff ShTuwb kgL L. &
hoDHA P74 VORI BT LES
2T, RBRBEPHECZT AR bR % DX
BNRITE & X 51247 5 REMEERLARA
HELHZEREE L. Lich-> T, BRNk
AREME DR T, EEEOERFIO T — 21
_owkFREOREHFRONR L L.
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2. FL—bFERTLA oFax— a3 EMN?
LEOSHKTCIERYLFETHLT V- MK
BT UL VF . N— v g VIEETHRE IhECER
BB (X, 7 ALHRtom-wE) 1k
Mgy —ALEx, ZoRkHWEORBRTFECD
WCIRFEROREN LM L. 20DFKRTES
< OIEREBEWE IO TR U iSO R
Br-biciod, BMEDOA 2 ) —=v 7EBRY
Bt L, 7 vFa—va VIKTOXR
FREMSREIRAMIZ=rr Y7 $ VEH, =
& @i, 7r7e VE, 7 b&mie s, <
OMDRIH D Y, KB b FERICREBY O
CEMHE SR, e, 7 Uv— METORRE
ThaflbmInts, Wb EEARIED 2
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Current status and problems of international standardisation
on the procedure of in vitro choromosomal
aberration test

A HE R/, TR
Morita, T.! and K. Kondo?

HAEZZ 77 (B0 SOEBFAERT T300-42 KBRS  Wilifid 43 i HmK (k) Fr 3B IERT
TS61 KRBT rhi —3EmT 3-1-1

'Tsukuba Research Laboratories, Nippon Glaxo Ltd., 43 Wadai, Tsukuba-shi, Ibaraki 300-42,
Japan, *Developmental Research Laboratories, Shionogi & Co., 3-1-1
Futaba, Toyonaka-shi, Osaka 561, Japan

(Zff: 1994 42 1 F 30 H; &8: 1994 4 1 A 30 H)

Summary

International standardisation of in vitro chromosomal aberration test procedures was

disccused in the international workshop in Melbourne. The upper limit of testing should
be 10mM or 5mg/m/, whichever is lower. Cytotoxicity at the top dose should be
greater than 50% of concurrent negative control, if this can be achieved without ex-
ceeding a concentration limit of 10 mM or Smg/ml. It was not possible to reach a
consensus on the issue of solubility limits. However, it was acceptable to include one
top dose level with evident precipitate as a pragmatic way of demonstrating that the
solubility limit in the cultures had been achieved. Treatment length both with and
without S9 should be for 3 to 6 hours, followed by sampling at a time equivalent to
about 1.5 normal cell cycle (NCC) lengths from the beginning of treatment. If this
protocol gives negative results both with and without S9, an additional test without S9
should be done, with continuous treatment for 1.5 NCC lengths. Many items were dis-

cussed in addition to the above issues, and those were reached consensus.

Keywords: in vitro chromosomal aberration test: standardisation; international workshop;

Melbourne

# =

BERFIER B O FEABE s> Hi5 L, 1993
$2HN~RBwa£w7T@%V—&Vay
TR IR 22 ClRY EF bR 5 o0 R
B 1 o1 in vitro etk R B 2. =
DRBIZOWTEH, HED DMK TR -
HAFTAVIMER « BRAIhTEh, R
© HABRBARFYS

BB LORROFHEC T 22 H 12 h £h
#o b DTl 5 T3 (Table 1), Fot-, [
*ﬂ:ﬁ’%'@ﬁof%ﬁf:of:ﬁﬂfzmﬁ;%troé{ﬂZJ
ATHEMER B D, ZTha B L, 243 o Hi—
MR T D BN B - 1= F1, ERE
FORRTEEL T, #1541 VIR L
CHEHREBIC L 5 RB o @ 0E L Tbh S i

141




143

6861 ‘ainjejouaLiop S1j3uaboikD UewnH Joj WaISAS [euoNEURIU] NOSI  SaUl |19 J3ISWeY 3SUIYD HO  Sajkooydwik] UBWINK TH PaJeIS 10N SN X3puj SO I

T -/+ [epowt
soutf 112D e
djqronpoidas aanedau
W | 0 porejas ssop ueoyiudss 121 SN SN | vwendouddevoym | o uoaos| STYOIWEHD| VAASN
(v 3LON
29s) aanisod
"SINTDIN = AON| £[uo 9% TH SN SN onip SIX WU2A[0S (zestarepdn)l  DAA
sopkd WP313PISU0d douedyudis aanisod
7 =< J1 spojdAjod p10oas onp [eonsness pue [eaiojorq yoq, €= onp SAVMTY JURA[OS JO/pUE | (z661 pasodord)l ADAO
RSE quiod | aseasour ajqronpoidal aAnedau
sajoko (V 310N
2 =< J1 spiojdjod piooas| 9Z=< HO 235) samsod
(3s0p doj Kjuo
9SBAIOUI SjRIopOoLy] QUI[19PIOQ UDYAL JUNOIDE
; ¥y =< TH : il 21005 19U} 1S3AIRY aanedou
:JOJUOD JANISO, ojui sadueyoxs ‘sded ¥
on NIsod hut Yox L buz yna eaday)
‘VALON NOSI *2s0p JuedHIudis | £=< 00IXT SAVMTY 1udA[0§ AN
aanisod
‘uoIe[dI 350p 10§ [esoamba
d<jod )
spiopliped pasal Kk ageion 20UdPIAI 79 seasour Juedrjiudis SN oI Xz |, UONE[21 350 OU JI A SONYA|NVI V(L
AMODILYD
i VI¥3LID [GERTORN ATIINOTY
¥ailL0 oas | FALLISOd Y04 VIMALRID | QROOSSISOA | “¢ra3 | xvssy arvorlana | STOULNOD | TVOIWEHD | xonaov

(Kemo[[eD £Q) SUONBIIAQY SWOSOWOIYD) IOJ SIS} 04114 Ul IOJ SJUdWAIINDYY [eUOnBUIU] “(*1U0D) | J[qBL

g6 ‘ainjejouawon 03uabokD UBWINK 10) WIISAS [euotieusalu] NOSI  Saull 1139 J3ISWWeY 3SAUID HO safooydwiAl uewnH TH  P3IRIS 10N SN X3Pl JHOUW I

159ATRY
1 % siuaunean aydnjnuw
§O 1saasey ddnjnu TH
ejep Surpoddns Y 2[qnjos
woISAS UONEAIE| ) 50 Lo | Bumoouos| SN SN aseasoap [ 10 Kool jo souspiaa  aseo| STVOIWEHD| VAASN
sreyadoaddy 30J,, 19Aamoy ‘Fdnny Kqase)
W(1Y $7) dwin 13| + oWl
auwres e JsaAtey i 1eadas
‘aanisod 1830 SSA[UN,, 4
usunean jo Sunuuidaq 21X0}01Ad APUIDIJNS SSIUN Juonesiput 21qn[os ——
19A1] W2POI PRAPUL 411y 651083 [[90 671 O | ST =< 5 1qeidoooe jou a1nsodxa woys| 19110, YO [N Ut 35BIINP % 0S Jw/Bw g ekl
g (il
9q Aew
J2AI] JU3pOI PIONpUY onp onp onp onip a[quosuf| (z661 pasodord)] ADAO
. ) *21qn[os
AW 01
———aSra1o0p [N
A\OYS OS[E ISNUI 1nq ISBIINP %SL
- 0S :FAD/SIUN0D [[20 35N Aewt YO
KY1D1X0) SUTIIPIOG :3SOP MO]
1918] .
g VHd <34 8¢ “TH 08 :350D Prl
6S % O1 = I| SIY $T ~1S9A18Y BIIXD [IAY w018 [enuaucdxa aur] [19) 958153 [Nl du P P!
1eadar ‘FALLVOIN JI »
. n[os
* JO[Yo01Y usunean Jjo Suruudaq sy 9-¢ . WSIY I 9522130p 945 2350 do} o«._»“.E_o_ 0
‘yaA1] Je1 Kjens,, woij s3[K 1199 §°[ AV9J B, (HOUS YO Snonunuo)
£ dqnjosut
6S+ 1 pz |orerd 1y 9 - ¢ 3ud yuduneaa 6§ 0) fenbo SJUNod [[99/]Al SN ui e
SBAIOIP %06 =<|  QIqNIOS
%S~ AN 1ed 16S- 14 8y vT [ dsns I €- 1 QN AR TUBROIDY o o) -NOLLIGTHNT HLMOND| w0l SONYA{NVIVT
6S+ 6S- ALIDIXOL ONOD XV | AYODALYD
SNOILIANOD 6S STALL ONITAYS HLONITINFWLVIIL NOILOFT3S 350d TYOINTHO | AON3OV
(Aemo[[eD £q) SuUONEBIIdQY dWOSOWOIYD 10} 153} 04114 ul IOJ SUAWIINDIY [euUOnBUWINUL ] BICLAN g



{
:
{
!

Table 2. Members of working group on in vitro tests for chromosomal

aberrations

Chair-person Galloway, S. M.

Rapporteur Aardema, M. J.

Panellists Ishidate, M. Jr.
Ivett, J. L.
Kirkland, D.J.
Morita, T.
Mosesso, P.
Sofuni, T.

Merck (USA)

Procter & Gamble (USA)
Olympus (JAPAN)

GD Searle & Co. (USA)
Hazelton (UK)

Nippon Glaxo (JAPAN)
University of Tuscia (ITALY)
NIHS (JAPAN)

Table 3. Issues discussed on in vitro chromo-
somal aberration test in the Melbourne
Workshop

1) Negative and positive controls

2) Solubility of test substance

3) Cytotoxicity measurement

4) Dose to be scored

5) Maximum exposure concentrations
6) Treatment length and culture harvest time
7) Metabolic activation

8) Cells to be observed

9) Nos. of plates and cells observed
10) Scoring of aberrations

11) Polyploidy (Numerical aberration)
12) Test repetition

13) Criterion for a positive response
14) Evaluation of results

E, BhiEEROESLHILREIT LT, HlE
{Exht=-F A V54 vORLEMNELTER. In
vitro etk RERB Y —F v 7/ 71— 7%, Dr.
Galloway % chair-person & LT 8 A LR
Xhic (Table 2). 7 v — 7 &L 50 035
mL, RB7 » b a2— oW TERLERDT
NTF— 2 wIECTbhi. SFEOWHELE LT,
Flzife bV v osER, CHO fifash %\ CHL
fifaodc, YoMt HV5ONR GO
BT e, Hm S h/-3EHE % Table 3 iR
ChHDORBHIEEBCE - 120, BETORMBHR
HIEYE L.

ok, FRoKLlcoT — 2 CIREERDD
DRRTERD D BT, Thbh I ZTLTHR
RTACEBEN DB, - T, ZZToOHREX
AEHENRLEL-TED, HxDF— 22
T\ O REE 720,
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L,

2) WERMEDBERYE
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Vo BT T 5 o Tk e <, IMED DI
S9 A ETrEEICH VA RERICK T, A
TAE & TR AR D 5 I BEMEE T °1T 5.

3) MRSt

MM O L LT, AR Mg
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WOREME D SR S M. B BuT et D 5\
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CEEINL e Y Vo E o mEREEER
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PRFIBERE, VAUV IRRICI Y 2 v b
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¥ e IER D 50~T75% oWy, AFMa
P2 r = —HREC X DRE & AR B
e BBEND B 7o TH % (Armstrong et al.,
1992; #RH, Rif, 1993). % 7o 2 » = —JURE,
Ptk RERBC R T 5 @Y eEEo ER2 2 -
= — WA TILE B2 Wicd, FEBANCITLHE
WeXiw, Lal, PedRERRe R MR
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Results on 25 NTP chemicals tested with CHL cells

Negative' with

precipitate
Negative
without
precipitate
/ 5:-89
2:+S9
////// Y ) 2:41-S9
Positive 477
with'//////
2:-S9 ﬁammm// _
7:+S9 22222 /
2:4/-S9 ) //

Fig. 1. Effects of precipitate based on the results on 25 NTP chemicals tested with CHL cells
(Sofuni er al., 1990).

Fig. 2. Chromosomal aberration and cytotoxicity induced by N,N,N’

(a)

1201 N,N,N',N'-Tetramethyl-p-phenylenediamine

g§1m "
2@ 804 \'"“x
88 w] %
& ™, —®—— 24h-treatment
§ _‘_; 40 - ——0—— 48h-treatment
-y I . U « B e Cell i
St ] 2 _Zn._ survival (48h)
<wm
” :
0.00 1{ 0.01 0.02 '0.03 0.04
Dose (mg/ml)
Precipitate in medium just after the treatment
120 N,N'-Diphenyl-p-phenylenediamine
—— 1 (b)
*R 1004,
2w 80_' ""-.‘..'..".. —eo— 24h-treatment
§ E o u,% ——0— 48h-treatment
- ] "\\ ------ - Cell survival (48h)
[l
© > 40
R R
=] - -
=) | “a
0

0.00 0.02
Dose (mg/ml)
Precipitate in medium just after the treatment

,N’-tetramthyl-p-phenyl-

enediamine (a) and N,N’-diphenyl-p-phenylenediamine (b) with CHL cells (Sofuni et al.,

1990).
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5) EEHE
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WRBED R X 5 EhRE OFR LT 2
72 THh % (Ishidate et al., 1984; Galloway er
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Comparison of Test Protocol on 87 Positive Chemicals (a
24/24h:-S9, 48/48h:-S9, 6(3)/24h:-S9, 6(3)/24h:+S9"

of a pulse without S9
to detect direct clastogens
B bkt

Necessity of a pulse
treatment with and
without S9

-[-1+]+

Necessity of a pulse

treatment with S9 to

detect indirect clastogens)
-J-1-1+

Necessity of a continuous

treatment (24 or 48h) to

detect direct clastogens
+/+]-/+: 8
-l+]-]+: 5
+/+/-]-: 10
+l-I-1-: 1
-l+/-1-: 4

Sufficiency of pulse
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+/+/+/+: 8
+/+/+]-: 8
+-1+1+: 1
SRRV |
+/-1+/-: 6

Comparison of Test Protocol on 39 Positive Checmials )
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treatment with and
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treatment with S9 to

detect indirect clastogens|
-1-1-1+

Necessity of a continuous
treatment (24 or 48h) to
detect direct clastogens
+[+]-1+: 2
RAZN AR
+/+/-]-: 3
+/-/-1-: O
“1+l-1-: 1

Sufficiency of pulse

treatment without S9 to

detect direct clastogens
+/+/+/+: 6
+/+/+/-: 3
+[-/+]+: 2
“l+/++: 2
+/-1+/-: 2

Fig. 3. Comparison of test protocol on 126 positive chemicals ((@); 87 chemicals, (b); 39
chemicals) with CHL cells in NIHS data base. The (a) is based on Ishidate data book

(1988). The (b) is new data generated after 1988.
a; Treatment time/Sampling time after the initiation of culture: in the presence or

absence of S9.
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RE U IR ORIRF A b <5, F7-,
i’ pH 2k REXFBRT 52 L b hT
W5 DT (Morita et al., 1992), #2335 pH %4
BRI LA MNETH 5.

BYED B D WHE T, FBIENTE L, 509 %
2 % NIRIEAE (CERIRRS, SRS &ic & %)
2 7R3 YRR, I ER B R TIL A BUR B 509
L THHIhDBEL T2, 50% %1% %
WIS HIRIZE  OBBIO M RIS LD TH
L7, MBHEENE OREMK: X, BATIE 50%
A ZHBEMER LT3 &% X O'UKEMS
A VT4, DHURED 15% WA HEE L
TWBHZEREERLT.

B, NEUHBEOREREY YD L 5128
TET D00 E T ot WP 2D S0
FaHEAAREE & T 23180 ik, WBIRTH -
b MIfAHHED GRS BB T B < D h D HTH A
BERCBRERE LSt Zhu, B
bhHRETH->ThH, HmMBICKE L CHias
HRREEREOFRIADORD ¥ — 2035 5
S &tk % (Fig. 1 % X O° Fig. 2, Sofuni et al.,
1990). KFEOMIIKRIZE T 555, 7 2 — XD
WHRABB L2 Y Y 24 AORERE OB D
© (Shiraishi, kFE£5— %), HHARCET 2
BUERBOB#EO 1 ok LTilao BaatEr LT
bhte. —7, MRBHECH b ST EMMEL s
BRETHHEN DI, 12 2 RSB EClaEY:
DRD BN THEMBE M2 5 & Tidie
WS, WBERETZREY 1 oMb o LIk Em
IREZ TR LIEBELZ2DTHY L IR,
HERIABCRELT, BB EILE
DI E T 2 RIEREYBEHE LT 25T
R—IRDOBEELB SR,

6) WAEEREEY-TYLHHM L

AR TEEES JORINERALE: L L 38
17> B 6 BERH D - v 2 BB A ATV, ALBR O BRRA s
B 1.5 TEH MR B B A 2 fE 513 2 (Bean
etal., 1992). = h b DA CRatEDREEAE B R
TEGECE, EHEEC X B/ 1.5 FiaE e
ELEGRAEXT5. BACL-TiE, L hER
OGNS ERHTH S & & LIsHI e,

Chromosome abemations irduced by directly active carcinogens
. In the CHL system
— different sampling times after continuous treatment

100 |N-Nm-N’-nllroN-nivosguanldinesI B 240n 2

2 480

s
£
2

o 8 3 g8 8

0.015 0.015 0.03 0.12 0.0315

Fig. 4. Chromosome aberrations induced by
directly active carcinogens in CHL cells
—Different sampling times after continuous
treatment— (Ishidate, 1988).

a; Treatment time-Recovery time, b:
Concentration (mg/m/).

ChbRWOhDF— 2 b e HB I h e
B, 2 TRENHEERBRT T — % <— 2 (Ishi-
date, 1988) o fig#i % ;R 3% (Fig. 3). Fig. 3 o
(@) BLV (b) HAHbE 126 OBRMEHD >
b, 107 (k5% (85%) 1%, EEED 5\ 3 ABHE
PALEE OFERGR] < v 2 B CRRMECH - 72, =D
5 b, BHEMILED % TRt & 7o 72 D138
L4 (30%) THote. —7F, 24 D B\t
48 Il 0 AT AT CREHE & 7 5 2o b DI T3 (b4
¥ (58%) T, D 5 b LB OBk & e o
7eb DIk, 191bE4 (15%) THote. D b, 3
VASBRIE T Tk 15% OB E R Bk & 3R]
REMED B 57, MREMIE L BEE Shi, = ¢
TOREX, 48 RERAAEIZ I\ T 0 ZpEH: & 7
SIS ODILEYE ESEMOBL O 5, Thbbk
D REFFEIONBEABENENE N 5 & L ThH -
7z. N-alkyl-N-nitrosourea ¥ (Fig. 4, Ishidate,
1988), methotrexate (455, *FFEF— ), 6-
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Chromosomal aberration test of Azuletil sodium
30

—o— 240h *

—&— 480h
—&— 6-18 h (+89)

10 4

Aberration (%)

e

0 110 220 313 440 625 880 1250
Azuletil sodium (ug/ml)

Fig. 5. Chromosomal aberration induced by
azuletil sodium in CHL cells (Nakajima
et al., 1990).
a; Treatment time-Recovery time.

Chromosomal aberration test of 2'-deoxycoformycin

07 —e— 2000
—o— 480h
—~— 6-18h
30 —a— 618h(+S9)
2
[
§ .
3
<
10 -

———h

1350 1600 2100 2700
(10 mM)

0 675
2'-Deoxycoformycin (ug/ml)
Fig. 6. Chromosomal aberration induced by

2-deoxycoformycin in CHL cells (Ostuka

et al., 1991).
a; Treatment time-Recovery time.

mercaptopurine (Sofuni, 1993) /¢ &1% 24 W] AL
B b 48 BB HHKE X <, HDH\ L 48
LB s\ TOAREYRIET 5. ¥/ azu-
letil sodium (Fig. 5, /&5, 1990) < 2’-deoxy-
coformycin (Fig. 6, K% 5, 1991) O X 5iC 48
BB D CIRM: & e BIL BN BB 2 & D
e o NEESREI R, L LT
%6, dimethylnitrosamine & X % 3 FRE ] AL B 7%,
17 B X v 41 s v 70 v Iy
SRR L. (Bean and Galloway,
1993) = &M bAahn5d ki, MERHLEROE
WV T Y v I E4 ADTF— 20 PTel, AYIC
EREAEN G E 5 ABe s &, EHE
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gt R REFRMBE D% {13 24 Bfl ¥ TOLE
THRIETE S &, ERWBEORERFTOTME
WoEFOTHEMEC, BEENS DO TIL
Vo 7 IERAD B, T L S REFHEABIXLE TR
wEDRMERNAHE R, CoOMELAEC
BELT, ERMAEZER LW, BRT -
m 7 % nitrosamide 75 & % 5 DL AWTILREF
RAEENERCThH E DRI E & F o7,

7)) KREHEHE(E

S9 oFEEHL, B Aroclor 1254 & %\ ik
phenobarbital/g-naphthoflavone # i\~ %. QG
EPEL o ERRSRE 3 BRI D 6 B L L, B
Hrp O S9 Bk 1% b 10% LT %,
MFELBCHERT, BRI T % KGD
22U CRBNE LR A FEIE T 5. BB O
MmBOEEN’RIEE Shicsd, EbbAIVvnid
WET X - fo (Galloway, RFEET — ). 1
L, 3 ez B 0B IR E ORI LE
THDH. ¥iz, 59 OFBMER LS FOEAR
HRERYLRT 2.

8) WMBXIRMAA

et g, TR ToMaE (BkAiiads X
oM wowTBIRGARL Y agE - F
+2 oML TAH L TABE L. ZhiE, 1K
BBV 2A DY Bk Y Lo tciifla R BIRLT
b, RBMSRCEEYEXDI LRELALRY
LN DTHB.

9) TL— MEEBRMREK

1 bV v— PRI TRATHD,
LS 2HBAVABER RV, Shud, 2 Ko
7 L — b BRI B L 7 Merck o 7 — 2123k
—\+7- (Soper and Galloway, in press). B Pk
s X OUERE OB MIaBx, AEHI D D5
< &b 200 &5, Gl XBEREO X5
(SRR D T VEAITE, BRI
HLTH L.

10) REOHEETH
BEoNEL, ThbOWRHRERYLKT 2

CENRETH Y, BEINICREDOLA TR
oy THEDTTF—2ELTRT. ¥y v 7
2% o HEREEE D B D DO T, LSRR,
¥y, TOERBCESEX v v TRT— 2EFO
BGc b — 2 LD BRESECED 50BN ERE T
5. R RO TR TV iew, Fap ko
8 FABENZRUTOF + » 71X b —2 VDR
EHEICIZEDR\WC EAEE Shi.

11) & EHRE)

CORBRT m b2 - IS RE ORI ICHEE
Licd DT, S8k BHRE) oRBAYERL
b O TR, UL, KAORFE ORI EE
ThY, EEEEFRTHEAHOLE T REHE:
ML FERT D2 Lo b, BRECEARGMIZE
SHOLNIHFCI L OHEE LB, T 5.

12) HEROEYEL

TR R B D E i, RBo#D
BLBMLETH S, 0%, ARSIV v
FRAANIERERL, ot a—ARBKLT
175, BohiBtEoBaci, #0E LIS
e, Ffo, WY TR b 2—ic X BB
HOHBECHEVELILELEDERNKS
Barhdt, chbix, 729 28EBc L 57
v — /e H oY Hazelton o 57— x 135
Wie.

13) BiEOTHE

MR A T 5 Mfao BEEE 1 mEoR
BT B RIS 52y, B 5k
1 f&CoREEEOHINCHEIELH 5861
Pt & 45 .

14) RO

BEREYETAMBEDO - v T — ok,
SRS 5. A, MIHAEERTL, BE
KUEZ LB A ERBCANRTHRET S, ¥, 4
WFRELUELERE TS (B, ¥RF— 41k
). Mifabic v o REHEECET 5 EHIE, N
WM 7ok R A BT 5B ERTH 5.

&bVYIC

CCRRELEAB/IE, ALVELVEEY — 2
Yay TIET D in vitro etk RE Y —F v 7
7 v— 7 D4 (Galloway et al., 1994) ¥ X O
PRI DRERR L2 d D CTh 5. ML, RS
7% Mutation Research ificiB#FE D THIR
IRt

E

RWXIEC B, F— 2 bR &L
REEELTTFIVFE LA HEiEL () vz
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Mammalian cell gene mutation assays: consensus at international
workshops on standardization of genotoxicity
test procedures

[ii] #
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Life Science Research Laboratory, Japan Tobacco, Inc., 6-2 Umegaoka, Midori-ku,
Yokohama, Kanagawa 227, Japan

(5ZfF: 1994 £ 1 H 14 H; ZF: 1944 £ 1 A 14 H)

Summary

A variety of protocol issues related to mammalian cell gene mutation assays was
discussed by the working group at International Workshops on Standardization of Geno-
toxicity Test Procedures (Melbourne, 1993). Consensus (or agreement) reached on several
issues is as follows:

1) The upper limit of concentration for non-toxic substances should be 10 mM or §
mg/m/ whichever is lower. 2) The acceptable upper limit of concentration for toxic
substances should be that yielding 10-20% survival. 3) For evaluation of mutation in
mammalian cells, any of several established assays (V79/HPRT, CHO/HPRT, L5178Y
TK+/—, AS52/XPRT) can be used. The ouabain resistant mutation systems are not suit-
able for routine assays for evaluation of mutagenesis in mammalian cells. 4) When a
mouse lymphoma system is used, criteria for small colonies is important and ability to
recover small colonies must be convincingly demonstrated. Colony sizing is required
for positives and if test compounds represent positive responses. 5) Testing both in the
presence and absence of S9 activation is required. 6) There was a general agreement
that treatment times longer than 2 cell cycles was often disadvantageous. 7) When the
assay is adequately performed, it is not required to repeat clear positive and clear nega-
tive tests. 8) If treatment groups are not replicated, the numbers of doses should be
increased. 9) Each laboratory should establish a historical database for the performance
of a given assay.

Keywords: mammalian cell gene mutation, standardization, V79/HPRT, CHO/HPRT,
L5178Y TK+/—, AS52/XPRT

1. @FLslc SBIGTHECHETR S W5 BIETE R % E R
HABMaY S EBETRRERABRE  T58%CHy, #BEBEERRED—D2 L LTIE

(LIF MCM #: L WE30) (XM FLBI AR o 458 SHEHhTW5.
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Table 1. Status of mammalian cell mutation in guidelines from regulatory bodies

Status of mammalian P SR—
Guidelines cell mutation assays o
[Canada|
Department of National | Not explicitly mentioned
Health and Welfare
Recommended protocol
Nethariands One of several options for  |be "fexible” and that
uzmdheld:r:‘:'d tests in eukaryotic systems | international guide-

lines settled on ASAP

Not axpllitly required
Not explicitly required
MHW/MAFF

| Nordic 00untrlos|

Nordic Council on Not explicitly discussed
Medicines 1989

New Zeeland Not explicitly discussed

REMCILRE, MRS LB 2 v bk
5. HEREENRY R EC—ER R R S
Bi-fhic, BEIREMbc—EHIREEEL, AFL
T Bar=—-%HETHLENVILDTHS. §
BDOALELY T =2 gy 7Tl MCM D
7 u b 2 a03eFbic o T H KR 3 o
MceH@#srkIh, DTCERT 2881800
fes

2. ®EHA EF4 ~lcklFd MCM ZOHE
fHF

7w b2 VIcBTAABFEEYBNLHNIC, &
Ho#x4 F54 vicRkbhs MCM BgofrEM
%3 (Table 1). MCM g% fa] DI TH A
K34 vicllaAR TV 5 ER X OBEIIEE,
¥E (L EPA), *+hic EC Th 5. —H, %
DfioE, hcd BADOEAR, BKEDOHAF
54 v T MCM EERBICER L TiX v igu, B
b, 3WOFTHALZRL 2 ik MCM ki —7E
DFfix 5%, HA K54 VKDY AhTw5.
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3. {aik MCM Em?

MCM B2k OF A K7 4 v OFICEh A
hhhTWwWaHEEE LTI MCM BEoBi%, #
WpFeEEr 2 M, IR TIREL, €-T
MCM ic—EDRHii% 52825 L & 5 &
oL BAHS. ToMmoEAL LTRUTO
ST bR L 5 (Table 2). 1) Bypfifas -~ 7
FY 7y s AEEN A DETRILY, Th
DR BRI BT HAEMEA B D, Ames K
TIRRBHEERVWETHER 2) ~27T7V T
U CRE B2 R THAME D X 57eb Ol
B T, R ERRBRRD LA
CTTREMED D B, oD ICHT & 25 A1,
i FARREL PR, PCERIBRIE S iy
BHELELBRS. 3) Ebhic, B RE
FeBIBIPRER] (b AL YV 2 L—AAFERCR 7 v
FF K7 Fr sy ©L5cWE: Ames /T
R IR, BiRe s nEXB DL ETS
HH, 4 FOr I F74vBWTHARIN
T B Ytk R R Y otk R R T 2 M

JaOBIERN EREBLZE LTS 0 wex L T,
MCM :n=v F £ v MIEEROZER T
B, BE#EME, MRS XD BEEAERICH
HT 5 REEABEL T 5. K L5178Y ek
TRERLYEZ Licfilaodic ok RE» o
T 00k (ih), Jeafkiago 5y
RHT 5 o & KD A,

4. FARETE

MERECT 2 6% 5HY Table 3 WRL
fe. 1) Mifamtr o bhve W EC XL
Tix 10mM H35\ui% Smg/ml 0P, EAED
77, 2) MilasEtEsiRd b HHBReECKH LT
Vv, I R b B, R A
R 10~20% LicrHEET D, Tofio =2 »
v h&ELT, a) gIIAELRY 20% iz 5 Al

BELRTHE, RETFERRIHESC LA
HOIREMED B 5 O CHEFE L ET 5. b) wIEM D
HI%E 1% relative total growth % 7-1% 2 v = — ¥
HEZ R\, ) LDH O o6 4 o Y fa gt i
HHEOREOIREIITEF £ L < fovs. d) RO
EBE T HEYS ) ORBORTES & 1 RATY
o b OEFIIBUCRE L THE D 5. o) BRI HE
PERC ER A BT, RETHBELD B,
AR TR DEEE ORI E TR I A
N—FRETH 5.

5. REXR

ABARICE T 5 A $HY Table 4 IR L7,
) HUARBRELTLED L5t h
AR 5 LA TRETAH S, A
MV bR TWwWd MCM & LTk a) V79/

Table 2. MCM assay systems: why included in some guidelines

2) MCM applies to compounds:

b) nucleotide analogues

(topoisomerase inhibitor)
d) biological materials

1) Different organizations of the genome between bacteria and mammalian cells

a) excessively toxic to bacteria (antibiotics)

c) thought to be interfere with the mammalian cell replication system

3) Viable endpoints as compared with clastogenicity
Small colonies (L5178Y) represent viable cells after chromosomal changes

Table 3. 1. Dose Setting

2) For toxic substances:

colony forming ability

felt to be adequately characterized

1) For non-toxic substances:  the upper limit of concentration
10 mM or 5 mg/ml whichever is lower

the acceptable upper limit of concentration
10-20% survival

# For excessive toxicity above doses giving 20% survival, cases may arise
in MCM assay systems with high relative increase in mutation frequency

# The acceptable metric will normally be either relative total growth or
# Other methods such as LDH release or various staining methods are not

# The number of concentrations was dependent on the number of replicates
per concentration and the number of viable cells per replicate

# The doses should span a wide range from toxic to non-toxic while
emphasizing the higher toxicity level

Consensus on Melbourne Workshop (IWSGTP)

153




Table 4. 2. Test Systems

1) Any of several established mammalian cell mutation assays:

a) V79HPRT
b) CHOMPRT
¢) L5178Y TK+/-
d) AS52/XPRT

2) Insensitive or incompletely validated

of cells at risk is critical

"Ouabain" locus and those using primary culture

# Each of the assays clearly has advantages and disadvantages and no
particular assay is judged superior for testing purposes

# Low background mf vs high relative increases in mf (V79, CHO), the number

# high background mf vs lower relative increases in mf (L5178Y), optimal
exposure concentrations are important

Consensus on Melbourne Workshop (IWSGTP)

Table 5. Mammalian cell mutation assay systems

Cell V79/HPRT CHO/HPRT AS52/XPRT L5178Y/TK +/-
Source  [Chinese hamster (Chinese hamster| CHO-derived mouse (DBA/2)
lung cell overy cell transfectant lymphoma cell

Locus hprt (Xp) hprt (Xp) E. coli gpt tk-1 (#11)
Genotype hemizygous hemizygous hprt/gpt* heterozygous

Mutation hprt+=>hprt" hprt+=>hprt"

gptt=>gpt™  |tk-1+/tk-1"=>tk-1"/tk-1"

Selection 6TG 6TG

6TG TFT

Culture solid substrate | solid substrate

solid substrate | semi-solid substrate

Table 5 S 5H MCM #: (Chu and
Malling, 1968; Fox, 1975; Hsie et al., 1975;
Stankowski, Jr. and Tindall, 1987; Clive and
Spector, 1975) DM OWT F L H7-d D &R
L7-. V79, CHO #ifaitF + 1 = — A ~A AKX —
WCHIR T % MhHESEAIRG, LS178Y Hifair~<w Ao
) vosfEic sk L, ASS2 Hifaiz CHO #ifaic ik
B Hko gpt BETFELEALL L O TH 5.
B 5T, V19, CHO, AS52 Hilfad (B M E (K fE 1
(BEF M), LS178Y A BRI (FRilE)
DHYFE# 3. VI9/HPRT, CHO/HPRT %t
hprt* 235 hprt- ~DZ 5, AS52/XPRT Fit
gpt* /5 gptm ~OER, L5178Y TK+/-FKik
tk-1-/tk-1* 7255 tk-17/tk-1- ~o> ZEHE 5 B+
%. V19, CHO, AS52 x4 T 6-F4 77 =
Vit & 35, —J, L5S178Y Rttt v 7
A mF IO VERIRE L T 5. BMIETARRE
Bifiiz V79, CHO, ASS2 fiffass 6~7 H,
L5178Y #fiflan: 48~72 BeRlA i & S h %.
Ny 275y FERRKIIER 107 55 107 of
P 5 (thah).

RRIC M BORDOEEZ ik T 5. —ikm
1 AS52/XPRT %, L5178Y TK+/-% D Rt
1%, V79/HPRT %< CHO/HPRT Ric[t~, &
WEEhbhb (Table 5, Remarks; 4 - &3,
Ny 77T FICKT % E R & HE TR

T5&, Bidh LAk 5cbh 3L VI9/HPR H<
CHO/HPRT FZDHIMENEIZE 2 7c\). i
L5178Y TK+/-% T/ Blar=—%&» 5 &
FREEXERT S, 2o/ a e = —ofEEI
D\ T Applegate 534 0% REMEIC L b
Hohr TK- BRABLBET VL THNE
(Applegate et al., 1990). Fig. 1 &5 h -4 R
PEH L ORLIc. ZREAECHBE LK =
R = — L EERERCBETAR, 5z TK
BEFEEUREMED 1 FRE O /RE
wfEo Cuie. —0, FRRCEREO MM XY
WE U 2 v = — 3RS, 5 v
ARG =YgV, TIIWRA, AV T4 927
2V ER—Ya v, BEFEBR EK X Y ualk
IO KEZ o Cle, CORREE R &
ORRCTELET 5 L, Fig. 2 © X 5 7S ATHE
Ll hH. Hib, L5178Y TK+/-%Tid ERE
BdhDHOCIEETHECRE S h 5 BINRERHES
56, BETFERZ TK @ EFCRB S h, AR
2 v == 2\E SRS, —, Ytttk ko s 7R
EUKE BEBIC RKEE R A U, #is
TEGE B FIET Ao e T2 RIc XA A
TRER51ERCT (RPALHTRLURET).
COXSKERNRE D E, EFEETIRL =
E—LEELKLKBHLDIL, L, ZOHEE
Foisfifan L4 C, dosage #HREEF- T

Expression

time 6-7 days 6-7 days 7days 48-72 hours Agent (L’a‘?g': g'rogrl::u) Classification #11 chromosomes
lSpot::fn:cfarus 20 x 106 20x 106 30 x 10 100 x 106 EMS 13 (Large) Point mutation and/or Eoirsmsomeserenn peisossei

mutation fr. ' » 3 K Bleomycin 6 (Large) Intragenic deletion

Remarks nsitive ‘ cqlanies

MTX 2 (Large)

HPRT %, b) CHO/HPRT %, c¢) L5178Y TK
+/-%, d) AS52/XPRT FKicEnET bhb. 2)
v 7S A VA RRCREER MY V5%
RZHEAMED 5D, RELTRELTH- T
DL, HEHRKRRL., Zofbo=a2 v+ LT,
a) FDL5kFREHVLICLA, §EHE KRT%
FoTkh, WIFhoRbfill h dERIFREW
53l 2 iRk, b) HPRT SEEFEEA X §u
Bl LI EET A2 L0 D, ROERELREHL
TR % b 7o b T LA L QiR
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METT 5 EnELbRD (HBif). c) L5178Y
TK+/-%% A5 8548, VWhdb /Milar=—
o HBLEE A BIfEICR S e hid e B g (8Rid).
d) V79/HPRT %% CHO/HPRT %D#4, %
775 v FOERRMEL, HRPCHERERD
V. S o%h, BRYEEZT 5 Mg oM
WO L 75 5. e) L5178Y TK+/-RDHHA,
Ry 275V FOBRRNEL, HAMCHERE
BAVEL, ZoHE, REEORBLNEEL K
5 9,

Y-ray

Y-ray

+
Intraband deletion -°l:|---------~-m|-'-i:-' \
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Modified from Applegate et al., PNAS, 87: 51-55, 1990

Fig. 1. Classification of TK~/~ mutants by mechanism of origin.
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Fig. 2. Different Sensitivity in Recessive Mutations (X-linked vs. Autosomal).

Table 6. 3. Study Design

toxicity of S9

to that used in the experiment

# An induced rat liver S9 system in the range of 2-10%, although other
concentrations with adequate justification

# Treatment time is different dependent on test system, or due to the

# The dose rangefinding data should be based on a similar treatment regimen

# Extended treatment (> 2 cell cycles) are generally inappropriate in MCM

Consensus on Melbourne Workshop (IWSGTP)

WicH s, ANEo e ==L LCEIRE RS ATEE
MpEx bhs, —7, VI9HPRT %< CHO/
HPRT #CiLBET? X fufatk bicHFET 1
WICEB AR D, HERERCBETHIBCR
BEhs i e RES LT 5858, TK+/-%
LAk ca e = — i EIRE RS, LA LY
tafk Eoo HPRT EETFEAE TR & MBEBICK
BERMNE L, BETFREIHCHEET 5EOEER
FrFcE AL TREYF &R LIS
(AL CR LARIET), COBEEFIIGK X
gtk Fic 1l 2 € — LVEELRVIEDIS, b L,
- OBETF MO A FCHETHE, Ml
BEFEHEE LTERAL, BRarv=—-L1L T
IR S hicys. 0%, EBEFERRIBITS
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L#EZ RS, ASS2 MilgoBE R Ekdic
gpt BEFNEAIN T\ 5 D T, EARFICIL
L5178Y fifania L AEORMLE L bh, &
B AT 5.

6. HEE

AEaIC BT 5 A EEHE I 89 RFEHAL
AL LIcBAT 5L D TH S (Table 6). L)
TOENELRERINBRETHS. a) FHY
T, o S9 HEHWA. b) EER2~10%
BEORHBELEUYTH LY, R#lFEERD L
BHH B, c) MR S9 OEMICKFLT,
5, d) RBCIARRECHW vy £ &
A—ove2rfus EndEE L. e) 2 fifg

7

FHALL b oo AUBR RSV MR R U TRl AR
L, B4 Tikicu.

7. RERZK
REEFEET 5 5 HEY Table 7 1Z/RL
fo. 1) BB, B 5V IXEEBEEN RIS
WTHRERB IAETH 5. 2) HBRYEHAE
Breonwtdh, KERBREZRTD b0 Tk
V. 3) 1 RN T o o Rk HE O B A
BoFE X hriThbliuvoTthhX, FHREH
BRER R IECT 0, Fohrm o MlaBix v %0
THRENRD 5. 4) TR M s TRy

HALE R o 4 A fag LT, V79, CHO #ifia ¢
10° {@, L5178Y #ija< 3% 10° {f, AS52 fifa<
2x10° Ll Lo M A L, & oMfagil ko
Milakiz GEnisHiis&ltTes\vwT) BIETE
RRBUARF B X 0% Bfk o @ fids 5.
22V ELT, a) BOEOHEKIEL LT,
3 OKEEL EXRETH D, HmAEr 10~20% ©
AR R THEE LTS, b) GARKECH
b BE RS R MifaE M E L T 5 0 Tik
TN EWDS T ERTERT B DTS BEOMAY
¥ R bR FENRE I hAE, R—BEK
EOREHOREIARETH 5.

Table 7. 4. Replication of Tests

1) Not necessary to repeat clear positive or clear negative tests

4) The minimum number of viable cells at the point in the assay:

L5178Y TK+/-
AS52/XPRT

V79 and CHO/HPRT  : 106 cells / treatment group
: 3x 105 cells / culture
:2x 105 cells / treatment

# Adequate performance of the assays implies that sufficient doses,
i.e., three or more, and sufficiently rigorous doses, i.e., a high dose
giving between 10 and 20% survival, are used

# It Is not required to test replicate cultures provided sufficient viable cells
are passed and plated at the high dose to ensure that negative cultures in
the high dose selection plates are not due to toxicity

Consensus on Melbourne Workshop (IWSGTP)

Table 8. 5. Criteria for Evaluation of Final Results

for the performance of a given assay

2) A positive response established based on analysis of variation of
laboratory's negative control

3) A cutoff frequency for concluding a positive response:

V79 and CHO/HPRT > 20 mutants (x 10°6)
L5178Y TK+/- >100 mutants (x1 0'5)
AS52/XPRT > 30 mutants (x10-6)

# The cutoff frequency using a particular test system should be
established in each laboratory

# Positive results should be rat 2l
concentration-response relationship and/or repeat of experiments

Consensus on Melbourne Workshop (IWSGTP)
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BT 5 A dH A Table 8 1w/RL
foo 1) BRBXBRET — 2 X FEOLELD 5.
RROZYHIT BT — 2 L OB THETNE
THrHH. 2) HRETORENBOIES D X %
N— AR LTHBHHER TR S ENHF L,
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Kz V79 = CHO f#fiflac>o HPRT FRTix 20%
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XPRT %Tit 30x10°® fBEECch b, “hilEko
FEIRGE BLIR DR I B A i Bt E DG &
775 LBV, UTFTRzofio=zx2v rTH5.
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R BRI OfE B o T AR ANCTER TR E T
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DFFHENTFET 2 Tkt
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BEEMAFRLTWAEWLWDT, a2 v T510
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feo7-fIThH%. Hsie Hix CHO/HPRT FHo
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(Hsie et al., 1975). ZERE BB ONEI A AR
BWTRAD, CONBMEYERER 2r=—-0DH
B¥, V7 v — MRl fEE (expression
survivor) 2\tic E7 v v AT 5 LREL T,

BT 5. oMKy “BA7 L L TRERERK
oREEEE (1 KERR L ARROEENE) O
E#x4F77c 5. UKEMS subcommittee # A FJ 1
VICEE I T A fE: b AR Hsie Ho
FHC R T\ 5 (Arlett et al., 1989). {H1,
HEHMFEIIIEES R, figD 35 2 — & —TDOW
THWOWMERTIRo T, 1 “HA” AT
VYT RRE LA (iR TFEEEEFELY
ERET D, #oT, s DONEERDZ LB
W)k, BRER e =—OWMBIE, VT v-
F HEH AR SR IS o\ T R E D 4 B % o
ICRRIE RRO Iy KD % RN 7 Tk s L
T\ %, Snee LIXERERKILT v & alenfi
(R7 Y vOf) it b s (DED S FISfE 5
L) LT, BRBRMCERIhILT - 2%
Box-Cox o AT r /7B L, #v A (IE
H) DT LB lEEEET LT B
i w477 - T\ % (Snee and Irr, 1981; Irr and
Snee, 1982). Z D fic 22 RAE RE X EBLD i & K
EL, FRERTR >T W5 0 (Newbold er
al., 1979; Amacher et al., 1980) X2/ v 35 2 b

Table 9. Statistical Evaluation of Test Data from MCM Assay System

Method of analysis MCM system Distribution (Variance) References
Hsie et al.
Weighted least Poisson Somat. Cell Genet.
squares regression CHOMPRT (change between doses)

3: 247-261, 1975

Snee & Irr
Mutation Res. 85:
Analysis of variance ~ CHO/HPRT Normal after Box-Cox 77-93, 1981
after Box-Cox procedure L5178Y TK+/- (homogeneous; ex. error) Irr & Snee
Mutation Res. 97:
371-392, 1982
Newbold et al.
Two sample ¢ - tests V79/HPRT Normal Mutation Res. 67:
55-63, 1979
Amacher et al.
Two sample t-tests | 5178y TK4/- Normal Mutation Res. 72:
after log transformation 447-474, 1980
Boyd
Non-parametric test L5178Y TK+/- No form Mutation Res. 97:

147-153, 1982

158

International Workshop on Standardization of
Genotoxicity Test Procedures:
Mammalian Cell Gene Mutation Assays
Working Group Report

Members of the Working Group:

C.8. Aaron® (Chair), G. Bolesfoldi® H-R. Glatt® M. Moore*, Y, Nishi %,

L. Btankowski' J, Theiss” (Rapport

) and E. Th

pson® (Rapporteur).

The Upjohn Company, Investigative Toxicology (7228-300-5), Kalamazoo, MI 48001;
AB Astra, Safety Assessment, S-151 85, Sddertilje, Sweden;

*University of Mainz, Mainz, Germany;

‘USEPA (MD-88A), Research Triangle Park, NC 27711;

*Japan Tobacco Inc., 8-2 Umegaoka, Midori-ku, Yokohama, Ranagawa 227 Japan;
‘Pharmakon Research Internsational, P.0. Box 609, Waverly, PA 18471;
"Parke-Davia Pharmaceutical Research, 2800 Plymouth Road, Ann Arbor, MI 48105;
*The Procter and Gamble Company, Miami Valley Laboratory, P.0, Box 898707,

Cincinnati, OH 45289-8707.

Fig. 3. Title page of MCGMA working group report.

Vo 2BERHACTWES b 07 & A B % (Boyd,
1982).

10. &bhYIC

GEL, ANFELYT—7 20, TRBMT BH
SufBl. COBRME) TRBY R < X8 TIH
<o ZHhs @ (HBENc — T 1 ¥ —
YaY) BRRELS>THDTORRTH - 7. W
CREDOTF—2%BRL, YM=vF 4 7447
BRI T AT TIRTEIRA, HoE
DARH) Y ADNERINBHEE LFTOBL &
BTH-1EBS. 3 BohTir, KEoHEHC
N, BROKHBEEN AL r — A0 % h - 1
AR, WFhIC LA, ok ek c@sk
BB TH -1, 7—27 > 2, 7OWRE, 4
CABCBE# O 70 WO BV 33K L, Bl
LISk, BARDHLZERHIZZ O X 5 foRitic i
MTEBLISGEC RV . B, 40z h
LORRIXY7 —F v 7L H— 1 (Fig. 3) LS9

T Mutation Research Fhiz f¥fiXh7-.

E i
COMNEELEDHITY D, HE ORI

WTZBIE R - e ER LA (BRI, R

i, RRE TR REoOMEALEL T

2 £ X M|

Amacher, D.E., S.C. Paillet, G.N. Turner, V.
A. Ray and D. S. Salsburg (1980) Point muta-
tions at the thymidine kinase locus in L5178Y
mouse lymphoma cells. 2. Test validation and
interpretation, Mutat. Res., 72: 447-474.

Applegate, M.L., M. M. Moore, C.B. Broder,
A. Burrell, G. Juhn, K. L. Kasweck, P.-F. Lin,
A. Wadhams and J.C. Hozier (1990) Mole-
cular dissection of mutations at the heterozy-
gous thymidine kinase locus in mouse lymphoma
cells, Proc. Natl. Acad. Sci., 87: 51-55.

Arlett, C.F., M.H.L. Smith, G.M. Clarke,
M. H. L. Green, J. Cole, D.B. McGregor and
J.C. Asquith (1989) Mammalian cell gene
mutation assays based upon colony formation,
In: D.J. Kirkland, G.A.T. Mahon, C.F.
Arlett, W.D. Robinson, C. Richardson, D. A.
Williams, D. Cooke, D.P. Lovell, D.O.
Chanter, R.D. Combes, M. R. Thomas (Eds.),
Statistical evaluation of mutagenicity test data.
UKEMS sub-committee on guidelines for muta-
genicity testing. Report. Part III, Cambridge
University Press, Cambridge, pp. 66-101.

Boyd, M.N. (1982) Example of testing against
ordered alternatives in the analysis of muta-
genicity data, Mutat. Res., 97: 147-153.

Chu, E.H.Y. and H.V. Malling (1968) Mam-
malian cell genetics. II. Chemical induction
of specific locus mutations in Chinese hamster
cells in vitro, Proc. Natl. Acad. Sci., 61: 1306-
1312.

Clive, D. and J. F. S. Spector (1975) Laboratory

159




procedure for assessing specific locus mutations
at the TK locus in cultured L5178Y mouse
lymphoma cells, Mutat. Res., 44: 269-278.

Fox, M. (1975) Factors affecting the quantita-
tion of dose-response curves for mutation in-
duction in V79 Chinese hamster cells after ex-
posure to chemical and physical mutagens,
Mutat. Res., 29: 449-466.

Hsie, A.W., P.A. Brimer, T.J. Mitchell and
D.G. Gosslee (1975) The dose-response rela-
tionship for ethyl methanesulfonate-induced
mutations at the hypoxanthine-guanine phos-
phoribosyl transferase locus in Chinese hamster
ovary cells, Somatic Cell Genet., 1: 247-261.

Irr, J.D. and R.D. Snee (1982) A statistical
method for analysis of mouse lymphoma
L5178Y cell TK locus forward mutation assay,
Mutat. Res., 97: 371-392.

160

Newbold, R. F., J. Amos and J. R. Connell (1979)
The cytotoxic, mutagenic and clastogenic ef-
fects of chromium-containing compounds on
mammalian cells in culture, Mutat. Res., 67:
55-63.

Snee, R.D. and J.D. Irr (1981) Design of a
statistical method for the analysis of muta-
genesis at the hypoxanthine-guanine phos-
phoribosyl transferase locus of cultured Chinese
hamster ovary cells, Mutat. Res., 85: 77-93.

Stankowski, Jr., L.F. and K.R. Tindall (1987)
Characterization of the AS52 cell line for use
in mammalian cell mutagenesis studies, In:
M. M. Moore, D. M. Demarini, F. J. de Serres,
K.R. Tindall (Eds.), Mammalian Cell Muta-
genesis, Cold Spring Harbor Laboratory, Cold
Spring Harbor, pp. 71-79.

Environ. Mut. Res. Commun., 16: 161-164 (1994) L

F22EKEIEy 7 A
[ 28 RSB o ERR A ERRE (L O BLIR & R
ANANENVEEY -7 5y TORER RO

A% DNA &% (UDS) 35z

Recommendations for the performance of UDS tests in vitro
and in vivo
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Summary
“In vitro hepatocyte UDS tests” and “in vivo liver UDS tests” using autoradiography

were recommended at the “International Workshop on Standardisation of Genotoxicity
Test Procedures”.

“Recommendations for in vitro UDS tests”

Test substance: Solutions in growth medium.

Cells and culture conditions: Primary hepatocytes. Viability above 70%.

Animals (species, strain, sex): Male rat.

Number of cultures: 3.

Controls: Concurrent positive and negative (vehicle) controls.

Exposure concentrations: The maximum concentration of 10mM or 5mg/ml for
non-toxic compounds and a marked reduction in viability for toxic compounds. At least
4 concentrations.

Treatment with the test substance: Test compound and [*H]thymidine for 16-20 h.

Autoradiography analysis: Nuclear and cytoplasmic grains.

Number of cells analysed: 50 cells per culture.

Evaluation of results: Dose-dependent increase of net nuclear grain values (NNGs)
at least 2 consecutive concentrations.

“Recommendation for in vivo UDS tests”

Animals (species, strain, sex): Male rat.

Number of animals: 3 animals per group.

Controls: Concurrent negative and positive controls on each sampling day.

Dosing of animals: The oral route. A single dose of 2000 mg/kg for non-toxic compounds.
For toxic compounds, the maximum tolerated dose and at least 1 other lower dose.

Sampling times: 12-16 h. If negative, and then 2-4 h.

Preparation of cultures: Primary hepatocytes. Viability above 50%.

Autoradiographic determinations: 100 cells per animal.

Evaluation of results: Increase in NNG at least 1 treatment group.

Keywords: UDS tests; in vitro; in vivo; hepatocytes; liver
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In vivo rodent erythrocyte micronucleus assay
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(Zft: 1994 4 1 § 17 B; 2HE: 199 £ 1 § 17 A)

Summary

After comparison of micronucleus assay guidelines, the In Vivo Micronucleus Assay
Working Group tried to construct a practical, scientifically based, and internationally
harmonized protocol. The main points of agreement are the following. Micronuclei
may be scored in immature erythrocytes in either bone marrow or peripheral blood in
the mouse, or in any other species in which the spleen does not remove micronucleated
erythrocytes. In general, available data suggest that the use of one gender is adequate
for screening. However, if there are significant differences in the toxicity, pharmaco-
kinetics or metabolism of the compound between males and females, then both sexes
should be used. The size of the experiment, i.e., number of animals per group and
the number of cells per animal, should be based on statistical considerations. No unique
treatment schedule can be recommended. Samples from extended dose regimens are
acceptable if the result is positive, or, for a negative study, if toxicity has been demon-
strated, or the limit dose (maximum testable) has been used and dosing continued until
the time of sampling. The highest dose tested should be based on mortality, bone
marrow cell toxicity, or clinical symptoms of toxicity.

Keywords: rodent erythrocyte; micronucleus; international harmonization
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Summary

Genotoxicity Expert Working group in ICH was discusaed 11 issues related strategy
and test performance of genotoxicity test guidelines for international harmonisation.
Most of them were harmonised. However, seme issues such as in vitro mammalian geue
mutation assays and core test battery have still been under discussed.

Keywords: genotoxicity, harmonisation
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