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Hypothermia induces micronuclei in mice

WA s TEMZ

Shougo Asanami and Kazuyuki Shimono

(B KBS T PR 772 RSP R AT S IR 115

Otsuka Pharmaceutical Factory, Inc., Naruto Research Institute,
115 Tateiwa, Muya-cho, Naruto, Tokushima 772, Japan

(ZAF: 1997461 H 23 H; 21997 42 H 20 H)

Summary

The effects of hypothermia on micronucleus induction were examined using the mouse micronucleus
test. Groups of mice were treated with reserpine, chlorpromazine, pentobarbital sodium or lipopolysac-
charide, cooled (1.0°C-8 h) and fasted to induce hypothermia. Those mice treated with reserpine,
chlorpromazine or lipopolysaccharide, and fasted showed micronuclei induction in bone marrow cells.
When mice administered reserpine or chlorpromazine were warmed, keeping body temperature within the
normal range, the frequency of micronucleated erythrocytes did not increase. In the absence of such
warming, the frequency of micronucleated erythrocytes did increase. In addition, approximately 50% of
the induced micronuclei were relatively large (diameter of micronucleus = 1/4 diameter of cytoplasm).
These results suggest that hypothermia induces micronuclei in bone marrow, and that one possible

mechanism is the disturbance of the mitotic apparatus.

Keywords: mouse, micronucleus test, hypothermia, body temperature
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23
< v 2 /K% B 1, 1973 4F i< Schmid & Heddle i<
L - CEIE I LI in vivo Rt ARERINETS
% (Heddle, 1973; Schmid, 1973). T OB, (LFWH
= o e R YINTE R B £ OFisRABAEEFERICL - T
FIFR A U e ekl b L RBBEAZ DO SO
%, Bk o SR IMER I ERE S B/ME E L THIE
L, zoHBESEEsRIESBEENE I LILL>TZD
B ARERAEATMET 2 b0 TH S, £ OFREA,
(EE DRI 5 BIEEEOFE, & 5IKZ DR
O FRlic kX  EY 5 (Moritaet al, 1997). L7
hoT, 2ORBRERICHELE5Z 5ERNEHET ST
LOHETH 5.

e, EREMOMERNE FICRETE ORI
HEROZLHABYORIGIEBERET LR, ¢
clEshTwa (LN, 1983, 1995). /IMEDOFEFIC
LT, BEEEES ERSE Ty 20KEE LTS
L EBITh /MG A B B R IMER D HBUHEE S E5
43 AL SN TV S (Chrisman and Baumgartner,
1980; King and Wild, 1983; Asanami and Shimono, 1997).
NS OEE R, KR ERINEERRT S LERT

© HARBERTEE

LI, KEOZE(LH/IMEOFRIEBERITIT L
A RETEHDTHL. LLEEDS, AERE IR L
TrEEShTVEY, Jhid, WIABMOET AEE
Mok 3 boT, RICBEHEEEZ TFRLETTR, —K
i BE KRBT LhBEsn T, REEEYICE
AR EA R S ¢ 20 REEITH 5. L IAN, —if
OFREMIEOR 5 1c & 0 AEMB F B4 L 5 T EhlES
HTH D (Boschiet al., 1987; Masuo et al., 1995), & 1=
1< & b = v R ICERRIREE R S5 C
LHTARETH B, O EERFLT, KERETO/ME
FERVE~DEBARIT 5 EDAREL T o 72,
ARBRICHVTIE, HRAELSHARREBTSESE
WA HWT, Z0/MERMERF Le, 51T, /MK
DA E XD SEKERFICX B/ MEFEROBBOVTD
Heam L 7c.

ERMEBLUFE
1. HBRYHE
29 RDEKIREB TS E 5 DOLFWHE LT, re-
serpine (RES, CANRN.50-55-5, A b, chlor-
promazine hydrochloride (CPH, CANRN.69-09-0, FIlJt:
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#i#E T3, pentobarbital sodium (PEN, nembutal® injec-
tion, KHARIIE) I & 0 lipopolysaccharide E. coli 0127 :
B8 (LPS, DIFCO Laboratories) % {#iffl L 7. %7z, /M¥%
DREEZHBT 280 HERE LT, #hisAiEo
FHEAHI SN TV B colchicine (COL, FAIME T %) %
Huwi.

2. [EREY

48 D ddY Rtk < v 2 (Sle : ddY, SPF) % i A
L, RELSCFHHER, BREOED LN, -1 8-
12 B OB A L 72,

3. KERTOERL/MEFHRM

7Y ZADERERE T S H 572, RES (1,5, 10, 100,
1000 mg/kg), CPH (3.13, 6.25, 12.5, 25, 50, 100 mg/kg),
PEN (100 mg/kg) # &£ UF LPS (40 mg/kg) %, %9 A D
RPN BiEIBe S U 7e. F 7, (LEWHZ b4 kR
BTxE€23%RELT, IHULEDER2HAL L UEHYE
1B S BREGRAE 1.0°Cothic 8 il h R & & /-,
VUEDIE % HE L -8 % € OB B L, S8
FaZ R L1, 722U, MRS ELRTIE, IR
& (AREHHOHK, BEALS L < MBSO oW
KB & Ui SR OB S N 2R 0BWH S S8
faZfRELL 7o, BREEEAL, 2 ¥/ — LV THEIER 40 ug/
ml D7)V e &Ly IKIEK TR L 2 (Hayashi
etal, 1983). fE{K27-v 1000 & L < i3 2000 i D £ et
JRIMER (PCE) % 3l L, /NM&%FH 9 5 % etk ok M Bk
(MNPCE) O B &5 U7z, #itALBIE, Kasten-
baum & Bowman D% (Kastenbaum and Bowman, 1970)
ZHOVT, BEMBEOMTEEERELFEMBL.. %
o, WRAE R, SBYOEBELYTY s v<v4 270
7o — 7% —% A —% (BAT-12 Physitemp Instrument
Inc., USA) %2 HWVCHIE L 7-.

4. KERBETICLZ/I\ESZREORDR

RES (50, 100, 200 mg/kg) # & T CPH (25, 50, 100
mg/kg) %< ADMEMENICHEEEE L, BEREL T
KR 2 EFEBIC OB E FiBICKE L ThREEB T s ¢
HRZBE L. BARIE X, RES OHE, 5 8 B
B’y SHBBWES (LSC-120, ¥ /54 = 2~<y 7 KRL
1) ZHWT, 30°C T40 BREM L /2. CPH 13, 5
2 e[l A 5 30°C T 46 B, [EIREICIRBBER S ¥ 7=,
HREAR, 85 48 BERI%ICERINL, Ak & [alkE o 4etn
L, L %/, 851 HROBHbO/I\WHERE
aFli % fo b, B BEEEAEREN & [G]HE 12 KR I & EREX
L, RISMEEAZER L7, KHMERL, 50ug/ml O
TIUIY e F LY VKK THBAERREE L2, [y
721 2000 fH OREFRIMER (RET) & HIL, /IMEEET 2
MIRIMEK (MNRET) O B 2B L 72, #at e
i, /MEAEFMICBIL Tid, RiREREIC Kastenbaum &
Bowman DEAZ VW THEEREELEM L. T2, B
BESEMH OFEEE L LT, @RIMBKkth o PCE o
bR, REHEXE & O Dunnett O£ EHEEA VT

2

BERGE % EM L /2.
5. KBRETICK ZHEEKEEDRE
INGEFHBET A BET 51201, LIRS OHHEHE
T/PIEDOKE S ZWIRIICHE L 72 (Yamamoto and
Kikuchi, 1980). §°75b b, LidHBRTERICHKE L-H)
VOBEREAEZHVT, FRINI/IME220HD S BIE
HWIRMER DML DIEED 1/4 LI EO/IMEA K X 12 /ME
ELT, TOHBBIEERN L. HEERTER, 40
ZhofatstiE e OfTh 4 k4RO TERL 7.

¥ ES

1. FKERETOERLIESERY
ENENDOWEEME L 7<= v 2 DEKEZ(L% Fig. 1 8
U021, 20 & Z2D/IMEERBRDEEE A Table 1-3 1257
3. RES @ 10, 100 H & ¥ 1000 mg/kg % £ 5 L -84
ORI, Be5H7 8 Refiitk & 0 ] S b IS AR OB T 258
B, 24 Bl I PEKE 30C U TFick -1, =
D&, 10 mg/kg 5EETIE, BIEMGEICH - 7245, 100
B & U 1000 mg/kg # 5.5 T I3 EAKIR D R EEARkSE L 72
(Fig. 1). CPH O 12.5 mg/kg U OB 5B T 72 (AR
BT (%5 8 HF[1% TH28°C) MEIZE & iz A5, 100
mg/kg BGBFA RV T 24 Byl Ic R 3 IBERE E
[ L 7= (Fig. 1). 40 mg/kg ® LPS 2#¢5 L -8 otk
R bBGRMET L, EAR (1 30°C) oRAE s #k: L 1
(Fig. 2). 100 mg/kg @ PEN % ¥:5. L -8 & —H5i 75

Reserpine
121140
o
;‘5‘ 15 =0—  Olive oil
g " 1 mg/kg
<
E . e 5 mg/kg
- —fh 10 mg/kg
f - 100 mg/kg
§ " —o— 1000 mg/kg
[
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Time (h)
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Fig. 1. The time course of rectal temperature in mice

following ip. administration of reserpine or chlorpro-
mazine.

Table 1. The mouse bone marrow micronucleus test of reserpine.

Chemical Dose Sampling time
(mg/kg) 24 h 48 h 72 h 96 h
Olive oil 0 2,3, 4 N.T. N.T. N.T.
(Control) 1.5+0.5° (51.3)
Reserpine 1 1,5,4 2:4,2 1,2,3 [ |
1.7£1.0 (50.0) 1.3+0.6 (56.1) 1.0+0.5 (53.0) 0.5+0 (50.0)
5 52,3 1,3,6 3,3,1 4,4,2
1.740.8 (56.5) 1.7+1.3 (54.6) 1.240.6 (53.6) 1.740.6 (52.0)
10 3,78 12,8, 8 14, 18, 4 13, 3, -4
3.0+1.3 (53.9) 4.7+1.2** (56.4) 6.0+3.6** (53.5) 4.0+3.5** (50.0)
100 2.2, 8,6, 10 - 9,10 19,6, 9
0.810.3 (54.6) 4.0+1.0*%* (53.7) 4.8+0.4** (52.7) 5.74£3.4%* (50.1)
1000 5,2,5 13, 14,7 13,11, 15 -, 36, 13

2.0+0.9 (52.9)

5.6+1.9** (53.4)

6.5+1.0** (48.7) 12.318.1** (52.3)

**p<0.01 vs control by table of Kastenbaum and Bowman (1970); N.T., not tested
*Individual data for MNPCE /2000 PCE; °*Mean+SD of MNPCE (%0); “Mean of PCE (%); “animal died

Table 2. The mouse bone marrow micronucleus test of chlorpromazine.

Chemical Dose Sampling time
(mg/kg) 24 h 30h 36 h 48 h 72 h
Saline 0 4,3,2 N.T. N.T. N.T. N.T.
(Control) 1.5+0.5° (55.8)°
Chlorpromazine  3.13 1, 1.3 N.T. N.T. 4,3,3 5,63
0.840.6 (50.4) 1.740.3 (54.3) 2.310.8 (53.6)
6.25 1,7,1 N.T. N.T. 3,3,4 4,3,2
1.5+1.7 (56.5) 1.7+0.3 (60.0) 1.5%0.5 (50.2)
125 2.9,3 81,4 5,55 4,5,7 2,5,1
2.3£1.9 (52.3) 2.2+1.8 (46.5) 2.5%+0 (54.2) 2.740.8 (51.5) 1.3%£1.0 (57.3)
25 1,2, 10 6,53 6,10, 3 11, 7,11 2,1,4
2.242.5 (49.5) 2.4+1.8 (52.9) 3.2+1.8* (46.1) 4.8+1.2** (54.6) 1.2+0.8 (54.9)
50 3,75 4,5,6 4,7,6 18,18,13 518
2.5£1.0 (54.7) 2.5%0.5 (52.9) 2.940.8 (52.6) 8.241.4** (54.2) 2.840.6 (51.9)
100 7, 3.6 10, 8, - 9,6,7 11,11, 7 9,11,10

2.6+1.0 (55.5)

4.5+0.7** (57.0)

3.7+0.8* (46.7)  4.8+1.2*%* (54.2) 5.04+0.5** (44.3)

*p<0.05 and **, p<0.01 vs control by table of Kastenbaum and Bowman (1970); N.T., not tested

*Individual data of MNPCE /2000 PCE; °Mean+SD of MNPCE (%c);

‘Mean of PCE (%); ‘“animal died

Table 3. The bone marrow micronucleus test using mice treated with cooled, fasted, LPS or PEN.

Treatment Sampling  Dose N % PCEs MNPCE / 1000PCE

time (mg/kg) MeantS.D. Individual data MeantS.D.
Non-treatment (Control) - 10 54.616.9 2,1,0,2,0,4,0,2,0,0 1.1+1.4
1.0°C-8h  24h - 10 56.0+£5.9 1,0,2,1,1,3,3,4,2,1 1.8+1.2
1.0°C-8h  48h - 10 50.7+5.9 2,2,3,2,1,2,1,2,0; 1 1.6+0.8
Fasted® day 9 or 10 - 3 20.5+6.2 10, 9, 10 4.8+1.3**
LPS* 48 h 40 3 34.149.2 7,4,4 5:.0t]1.7%*
PEN 48 h 100 2 54.949.2 2.1 1.5+0.7

* *p< 0.01 vs control by table of Kastenbaum and Bowman (1970); “MNPCE /2000 PCE

AR (B 2 Bl 32.1°C) MBI S hucs, 4 B5iE
#icidelE U 7o (Fig. 2). e L 2B b Rbits
8 HE £ TRIF—EDEMARIRE () 34.0C) »EIES
nrhs, EWIBILIREICS 3 &131F 30C <L VWET
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MRBRT BRI, EEAEET TRIEL . (Fig
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/NG AEFEMEICBI L T3, RES, CPH, LPS 586 L0
TERAERIC X BB B/ MEOFERMED 1
7z (Table 1-3). #%ic, RES & CPH IcBHL Tid, #5 48
b L < 330D Ic 2 hE W HEIKEEZEDb IV
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Fig. 2. The time course of rectal temperature in mice treated with LPS, PEN, fasted, or cooled.
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Fig. 3. The time course of rectal temperature in mice following i.p. administration of reserpine or chlorpromazine with or without

hyperthermia.

L, BERRE LBV TE, EKEMIZIZEERCH
7zt (Fig. 3), L bEBE/IMIOBRIIERB LUK
MIMOWVWFHITBOT HFED 50785 - 72 (Table 4).

3. KRBT ICK 2MEEKEEDREE
BRIIMEOFERBBD SN BB VT, MHE
DEED 1/4 Pl EOKE Z/MELH) 50% LI B S 1,
COL & [Hbkic, KEQ/IKOEREHEMHEE O LA H
BIE S 7z (Table 5)

% =

7T, iR EFICE/MIOFERIIRESh TV
(Chrisman and Baumgartner, 1980; King and Wild, 1983;
Asanami and Shimono, 1997) 25, AERE Fic & % 2% 13
HEshTwiaw, hid, WABYMOET 2EEH
3b0Tho, REBREEZTILET TR, RIERIE
EEREAEOCERTERVASTH S (Fig. 2). L
L, —HOVIEMEERETEILIRE-T, v
RARREIRABICHER 4 5 T LS HREICS D, ZoEA

Table 4. The effect of hyperthermia on micronucleus induction in reserpine or chlorpromazine-treated mice.

Chemical Heat- Dose N % PCEs MNPCE:s / 2000 PCEs MNRETsS / 2000 RETs
treatment (mg/kg) MeantS.D.  Individual data  MeantS.D.  Individual data Mean+S.D.

Reserpine Room Control* 5 54.6£3.2 3,4,3,6,3 1.9£0.7 3,4,3,3,2 1.5+£0.4
temperature 50 5 52.1+£6.3 20,13, 7,11,13  6.412.4** 3,3,1,3,3 1.3+0.4

(23£2°C) 100 5 50.5%5.2 14,12,14,12, 8  6.0+1.2** 1,2,3:2,2 1.0+0.4

200 5 53.0£1.9 8,18, 6,10, 7 4.942.4** 2,4,2,3,1 1.2+0.6

30°C-40 h° Control* 5 52.4%5.5 3:.2::2;0,1 0.8+0.6 3,5,3,3,0 1.4+0.9

50 5 55.7£2.5 3;3:3,3,1 1.3+0.4 2,2,2,0;1 0.7+0.4

100 5 54.4+4.7 1, 1,3; 3,0 1.0+0.5 2;2;1;0,1 0.6+0.4

200 S 52.6£5.3 2,4,4,2,1 1.3+0.7 225 2; 12 0.9+0.2

Chrorpromazine Room Control® 5 56.2%£2.1 4,3,3,3,2 1.5£0.4 4,3.2,2,2 1.3£0.5
temperature 25 5 53.1+2.4 18,8,3,7,8 4.4+2 8%* 2;2,3,2,3 1.2+0.3

(23£2°C) 50 5 52.3%2.7 15, 6,10, 5,8  4.4+2.0%* 3,3,2,1,4 1.3+0.6

100 5 46.21+6.8 8,12,13, 7,11  5.4+1.3** 3,2,3,2,5 1.5%0.7

30°C -46 h* Control® 5 53.8+3.0 5,4,2,33 1.7£0.6 4.2,3,3,3 1.5+0.4

25 5 52.243.1 3,2,4,3,2 1.4+0.4 1,0,2,1,2 0.6+0.4

50 5 52.5%3.6 3:3,5;2,3 1.6+0.6 0,4,4,2,2 1.240.9

100 3 46.2+4.2 46,2 -3 1.9+1.1 -, 4,4, -1 1.5+0.9

* *p< 0.01 vs control by table of Kastenbaum and Bowman (1970).
*Olive oil; "Exposured temperature and treatment time; “Saline; ‘animal died.

Table 5. Frequency of micronucleated erythrocytes containing relatively large micronuclei (d>D/4) in mice without hyperthermia.

Chemical Dose N MNPCE Large MNPCE / 20 MNPCE
(mg/kg) — (%0) Individual data MeantS.D. (%)
Olive oil (control)* 5 1.9+0.7 3,3,1,3,5 15.04£7.1
Reserpine 50 mgkg 5 6.4+2.4 10,11,11,8, 9 49.0+6.5**
100 mg/kg 5 6.0+1.2 10,11, 7,11,11 50.0+8.7**
200 mg/kg 5 4.9+2.4 8,10, 9,11,10 48.0+5.7**
Saline (control) 5 1.5+0.4 221519 6.01+4.2
Chlorpromazine 25 mg/kg 5 4.4+4.8 11 7,11.15,12. 56.0£14.3**
S0mgkg S 4.4+2.0 14,11,12,11,10 58.0+7.6**
100 mgkg 5 5.4+1.3 13,10,11,11, 8 56.0+14.7**
Colchicine® 10mgkg S5 22.2+411.1 12,12,10,12.12 58.0+4.5**

**p<0.01 vs control by  test.; D, d,The diameters of cytoplasm (D) and micronuclei (d)
“Large MNPCE / 10 PCE; *Single i.p. dosing of 1.0 mg/kg and 24-h sampling

FROEEER L. TR, IMEFRTIHAR
ARG LEEYTS, EERERICTIEEHICBVLTS
AKBMICBOTH/NMEOFERRBBD OB L5
(Table 4). DI &5, RES HLU CPH T & 5/
OFEF, HENZBEEEETIEL, KEBETICX3
ZIRIIER EEZ S,

BRFTE B LD -7, MR, ARABRTHWIHUFER
Wiz, BEOLE AW REREHORES L TVR
W RES & CPH %[\ (fftE, 1987; Gocke, 1996). %
D#EH, RES & CPH i3, #5 48 £ X U 30 R LIR% I,
B S D IS ARTERRE T Il - /MK DA BB HERPBE s 0
fo. H, ALFEPEIC X BZ/NEHERORIEELE, BE

2075 8 HEIHICE — 2 B bN, 72H 50196 B
RIHICE R S 7\ (Hayashi er al, 1984) %5, RES &
CPH i3, &b 5 b5 24 BFERIC/MEFEFRITED SN
3, RES T35 96 Ffiil#%, CPH T3 12 Kefilk £ T
HELS/IMGERPIBERSWEE D, BEOLFYE
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Summary

We studied the influence of a single amino-acid replacement in rat DNA polymerase 3, on the
specificity of in vitro DNA synthesis error. Argl83, considered an important residue for primer
recognition, was replaced by Gln (RQ183), and neighboring Argl82 by Gln (RQ182). Both E. coli
MutS* and MutS~ hosts were transfected with the M13mp2 RF molecule, synthesized in vitro by
wild-type 8. The proportions of lacZ,  mutant transfectants were 1.7 X103 and 8.2X 10 for MutS™
and MutS~ hosts, respectively. Such a five-fold difference suggests that ~80% of in vitro errors can be
corrected by the MutS mismatch repair system. Although the lacZ,™ proportion was not altered by using
RQ182 or RQ183, characteristic changes in the error spectrum were observed with the MutS™ host.
Addition of C-base in the run of 5C (position 132-136) and 3C (166-168) was found in the spectrum for
only mutant 3, RQ182 (3/41) and RQ183 (7/46). Such frequent addition of C was observed even with
wild-type 8 when RF was synthesized at a reduced speed in a 10°C reaction. This unique enhancement
of C addition seems to be not specific to the single amino-acid replacement of 3, but rather due to the

reduced speed of DNA synthesis.

Keywords: mismatch repair, DNA synthesis error, lacZ,” mutation, DNA polymerase 3, single amino-

acid replacement

Introduction

Base mispairing due to a misreplication or a misrepair of
DNA damage may result in mutation, and is thought to be
closely related to cancer induction and aging (Parsons et
al., 1993). MutH, S, L mismatch repair is a key function to
prevent the fixation of mainly transition type errors, AT to
GC and GC to AT (Schaaper and Dunn, 1987). Similarly,
MutM and MutY act in the prevention of transversion type
GC to TA (Michaels et al., 1991; Au et al.,, 1989). Crude
extracts from mammalian cells have also been shown to be
capable of mismatch repair activity (Griffin et al., 1994)
and recently human mismatch repair genes have been
cloned (Fishel et al., 1993; Leach et al., 1993).

DNA polymerase 3 is suggested to play an important role
in the filling of small gaps during mismatch repair at, for
example, apyrimidinic sites generated by the removal of a
thymine in a G+T mispair through glycosylase activity in
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nuclear extracts from HeLa cells (Wiebauer and Jiricny,
1990). Recently, release of 5’-terminal deoxyribose phos-
phate residues from incised apurinic-apyrimidinic site was
shown to be catalyzed by eukaryotic DNA polymerase 3
(Matsumoto and Kim, 1995), and this requirement of S8 in
base-excision repair was also reported in an in vivo study
using an embryonic fibroblast cell line defective in S activity
(Sobol et al., 1996). The gap filling function of polymerase
B is similar to that of DNA polymerase I in Escherichia coli.
and, moreover, polymerase 3 is not believed to possess a 3’
to 5" exonuclease, and consequently no proof-reading activ-
ity (Linn, 1991). Therefore, we suggest that in vitro DNA
synthesis by DNA polymerase 3 might be a useful system to
obtain insight into the error specificity of nucleotide selec-
tion during the DNA repair.

The active form of rat DNA polymerase 3 consists of 335
amino acid residues (Matsukage et al., 1987) and a recom-
binant enzymatically active form of 8 has been produced in
E. coli and purified to homogeneity in large quantities
(Date et al., 1988; Abbotts et al., 1988). The purified
enzyme allows the study of in vitro DNA synthesis errors as
well as other protein characterizations. The region between



amino acids 179 and 184 of DNA polymerase 8, which
contains the two Arg residues replaced here, is the most
conserved with respect to human terminal deoxynucleotidyl
transferase (Matsukage et al., 1987), suggesting that this
region in A is important for DNA polymerizing activity.
Indeed, the replacement of the Arg residue at position 182
or 183 of the recombinant DNA polymerase 8 dramatically
decreased enzyme activity, indicating that Arg-183 is in-
volved in recognition of the primer (Date et al, 1990).
Arg-182 is thought to be involved in modulating the tem-
plate binding activity because a substitution here results in
a much higher affinity for single-stranded DNA than that
exhibited by the wild-type enzyme but retains almost iden-
tical Km values for primer and dTTP compared to the
wild-type.

The two 8 mutants, RQ182 and RQ183, are used here to
elucidate the influence of single amino-acid replacements on
the specificity of in vitro DNA synthesis errors. The ob-
served changes in the error spectrum are described as well
as the influence of a reduced speed of DNA synthesis on the
error spectrum.

Materials and Methods

Preparation of Rat DNA Polymerase 3

The recombinant expression plasmid for rat DNA poly-
merase S (wild-type) has been previously described (Date
et al., 1988). Polymerase 8 mutants RQ182 and RQ183 are
shown in Fig. 1. Independently, Arg-182 and Arg-183 of
wild-type B were replaced by Glu residues using anti-
oligonucleotide site-directed mutagenesis. Extraction and
purification of the desired DNA polymerase 3 from recom-
binant E. coli has also been previously described (Date et
al., 1990).

Pol. B Replacement DNA Sequences
181 182 183
Wild-Type 5 AGT TTC CGA AGA GGC 3
Phe Arg Arg
RQ182 Arg->Gin CAG
RQ183 Arg->Gin CAA

Fig. 1. Single amino-acid replacements in rat DNA
polymerase £3.
The site-directed mutagenesis method to prepare these 8
mutants has been described (Date et al, 1990).

Selection of Primer Oligonucleotide for DNA Synthesis

The single-stranded DNA of hybrid bacteriophage M13
mp2 (Messing et al., 1977) was used as a template for in
vitro DNA synthesis. The 17-mer oligonucleotides, 5'-
CCATTCGCCATTCAGGC-3’, complementary to nucleo-
tides 199-215 of lacZ gene, was selected as a primer to copy
the target region from lacO to nucleotide 163 of lacZ gene
(a region).

In vitro DNA Synthesis

The 5’-end of the primer was phosphorylated by T4
polynucleotide kinase (TAKARA) in the presence of | mM
ATP at 37°C in a 60 min incubation. Following a Sephadex
G-25 column chromatography purification, the phosphory-

lated primer was annealed to the ssDNA at 5:1 ratio in
SSC buffer at 60°C for 20 min. Using this primed M13
ssDNA at concentration of 4.0 £g/ml except when other-
wise noted (8.0 #g/ml), the polymerase reaction was car-
ried out at 37°C in the following buffer: 20 mM Tris-HCI
(pH 7.8), 2mM 2-mercaptoethanol, 10 mM MgCl,, 500
1M each of ANTP, 0.1 Ci/mmol [¢-*P]dCTP (Amersham,
3,000 Ci/mmol), and DNA polymerase 3 at a final concen-
tration, 1.9, 4.8, and 12.0 ug/ml of wild-type, RQ182 and
RQ183, respectively. The relative concentration of poly-
merase to substrate sSDNA was confirmed to be in the
linear range of so called 1/v vs. 1/s plot (data not shown).
To reduce the speed of DNA synthesis by wild-type £,
the polymerase reaction was carried out at 10°C for 1 h. To
complete replication of the molecules partially copied by
mutant B or by wild-type B at 10°C, they were first purified
by phenol extraction and then subjected to a second
DNA-synthesis reaction with wild-type 8 for 2 h at 37°C.

Analysis of DNA Synthesized Molecules

To assess the completeness of DNA replication, the in
vitro synthesized DNA molecules were subjected to aga-
rose-gel electrophoresis (0.8% of Seakem GTG). After an
overnight run at 30 V in TAE buffer, the gel was stained
with ethidium bromide (1xg/ml), and then dried and
exposed to X-ray Film (Fuji, RX). For the analysis of
chain elongation, the 5’ end of primer was labelled with
[7-*P]ATP (Amersham, 5000 Ci/mmol) and purified by
the method used for phosphorylated primer. The reaction
condition for chain elongation was the same as that for in
vitro DNA synthesis. An aliquot of reaction mixture was
purified by phenol extraction and loaded onto an 8% poly-
acrylamide sequencing gel. The gel was run at 50 V/cm in
TBE buffer for ~1h.

Transfection of E. coli and Selection of lacZ, Mutation

The fully replicated molecules were ligated by T4 DNA
ligase (Takara) and introduced into competent cells of E.
coli strains S90C [d4 (pro-lac), recA56, ara, thi, strA] or
BMH71-18 [4 (pro-lac), thi, supE, mutS215; Tn 10 [(tet"/
F’(traD36, proAB, laqI*Z AM15)] at an approximate ratio
of 10: 1. The procedure followed to make competent cells
and to introduce the replicated DNA into the cells is
essentially that described by Kunkel (1985a). Together
with indicator cells of E. coli CSH50 [ 4 (pro-lac), ara, thi/
F’(traD36, proAB, laqI’ZAM15)], the above transfected
cells were resuspended in a 0.6% of M9G top agar contain-
ing 40 £g/ml of X-gal and 20 g/ml of IPTG and then
poured onto an M9G bottom plate. M13 phage carrying a
lacZ,” mutation were selected as colorless or faint-blue
plaques on the plate after an overnight incubation at 37°C.
As a reference for DNA synthesis errors, viral M13mp2
DNA and the parental RF were also monitored in similar
transfections.

Identification of lacZ, Mutation

Mutant phage were purified by single-plaque isolation
using E. coli 9099 [4 (pro-lac), recA, ara, thi/F’ (proAB,
laqI*Z47ZM15)] as an indicator, and the DNA from amp-
lified phage was isolated by the alkaline-SDS method. Did-
eoxy sequencing was mainly performed with the previously

mentioned 17-mer as a primer and, if necessary, 17-mer
primer (M4, Takara), 5-GTTTTCCCAGTCACGAC-3’,
complementary to position 79 to 95, was used for reading
the upstream sequence.

RESULTS
In Vitro DNA Synthesis

Fig. 2 shows the incorporation of [@-*?P]dCMP by DNA
polymerase 8 during the DNA synthesis reaction using
primed M13 ssDNA as a template DNA. The incorpora-
tion of dCMP by wild-type 8 was found to be almost
saturated after a 2 h incubation at 37°C. Compared to
wild-type 3, both RQ182 and RQ183 exhibited much lower
rates of incorporation, with the rate of latter mutant very
much reduced.

After the initial 2 h DNA synthesis reaction, DNA mol-
ecules replicated by wild-type 8 was recovered at the posi-
tion of Replicative Form II migration (RF II) on the
agarose-gel electrophoresis pattern (Fig. 3), while the mol-
ecules copied by RQ182 or RQ183 mutant S were located
between RF II and the primed ssDNA, representing a
partial replication. Consistent with these results of nucleo-
tide incorporation and gel migration patterns, the poly-
nucleotides generated by elongation with mutant 8 in the
initial 2 hours were much shorter than the full-length
polynucleotides obtained with wild-type 3 (Fig. 4). The
polynucleotides generated by RQ182 and RQ183 were,
however, longer than 603 and 310 nucleotides, respectively,
indicating that the target region for the error spectrum had
been copied in the reactions.

These partially replicated molecules were purified by
phenol extraction and subjected to further in vitro DNA
synthesis by wild-type 5. As can be seen in Fig. 3(b), this
second reaction (2 h at 37°C) resulted in complete replica-
tion of these molecules.

Error Rate in the DNA Synthesis
Table 1 presents the results of transfection of the in vitro
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replicated molecules into E. coli strains, S90C (MutS*) and
BMH71-18 (MutS™). The transfection efficiency was ex-
pressed as plaque forming units (pfu) per ng of introduced
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Fig. 2. Incorporation of dCMP during the in vitro DNA
synthesis.

The in vitro DNA synthesis reaction was carried out at
37°C with wild-type 3. (®), RQ182 (M) or RQ183
(A), or at 10°C with wild-type 8 (O). The incorpora-
tion of dCMP nucleotides was determined at the
indicated time-interval. The saturation level for the
wild-type (37°C), 72 pmol, was calculated based on the
assumption that all of the available template mol-
ecules were fully copied.

b) 1st React. 2nd React.
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Fig. 3. Analysis of in vitro synthesized DNA molecules by agarose-gel electrophoresis.
The in vitro synthesized DNA molecules were run on a 0.8% agarose gel and analyzed by ethidium-bromide staining (a) and

by autoradiography (b) (see text).
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Fig. 4. Reaction products of primer extension.

An aliquot of the reaction mixture was taken out at the indicated time-interval and the reaction products were analyzed by the
migration pattern on an 8% polyacrylamide sequencing gel (see text). Labelled X174 Haelll fragments ([7-*2P] ATP) were

used as molecular size markers.

Table 1. Comparison of mutation frequency (MF) among
copied molecules.

H Copied TE® Mutants/ MF'
ost
Molecule (pfu/ng) Transfectants (X 10™%)
MutS* W.T. B 950 208/122,061 17
RQ182* 680 41/ 29,365 14
RQ183* 610 46/ 30,642 15
(ssDNA)® 1,200 8/ 24,185 3.3
(RFDNA)¢ 8,200 0/165,580 <0.06
(W.T. 10°C)¢ 340 100/ 60,320 17
MutS~ W.T. g 108 81/ 9,901 82

RQ182* 88 48/ 5,009 9%
RQ183* 61 37/ 5265 70
(ssDNA)® 290 5/ 9,991 5
(RFDNA)® 340 0/ 9,907 <1

The target region of ssDNA was copied by DNA polymer-
ase 3, wild-type (W. T), RQ182, or RQ183, respectively.
ssDNA substrate was introduced into the above host.

¢ RFDNA, extracted from the M13mp2 infected E. coli NR
9099, was introduced into the above host.

DNA molecule was copied by wild-type 8 at 10°C.
Transfection efficiency defined as plaque forming unit (pfu)
per ng of introduced DNA

Mutation frequency defined as proportion of lacZ,  mutants

10

DNA. Transfection efficiency was similar among the mol-
ecules copied in vitro initially by the three different poly-
merases. The mismatch repair status of the strain did
though influence transfection efficiency: the MutS™ host
exhibited approximately a 10-fold higher efficiency com-
pared to the MutS™ host. The mutation frequency was
defined as the proportion of colorless or light-blue plaques
(lacZ,” mutants) among the total transfectants.

Interestingly, the mutation frequencies for molecules
copied initially by mutant 8 polymerase were not significan-
tly different from those copied by wild-type 8 which was
found to be 17X107* and 82X 10~* for the MutS* and
MutS™ hosts, respectively (Table 1). This approximately 5-
fold difference in the mutation frequency between MutS™*
and MutS™ hosts suggests that most (~80%) of the errors
produced during in vitro DNA synthesis are correctable by
the MutS mismatch repair system of E. coli.

After introducing the template M13 single-stranded (ss)
DNA into MutS* and MutS™~ bacteria, the mutation fre-
quencies were found to be 3.3 X107* and 5X 10, respect-
ively. Similarly, the parental RF molecules extracted and
purified from infected cells resulted in mutation frequencies
of <0.06X107* and <1.0X107* for MutS* and MutS~
host, respectively. As a consequence, the mutations recov-
ered following in vitro DNA synthesis should reflect mostly
the errors introduced at this in vitro step. Additional errors
that occurred in the E. coli host during the replication of

Table 2. Distribution of mutational class.

(a) MutS* Host
Occurrence (MF® (X 10%))

Class W.T.8 RQI82 RQI83 W.T.B
(10°C)

Base-subst. 30( 9.1) 22( 7.5) 23( 7.5) 21( 7.6)
Transition 16( 4.9) 15( 5.1) 14( 4.6) 15( 5.4)
Transversion 14( 4.3) 7( 2.4) 9( 2.9) 6( 2.2)
Frameshift 10( 3.0) 12( 41) 16( 5.2)  7( 2.5)
Deletion* 12(36) S5(17) 4(13) 16( 5.8)
Unknown® 4(12)  2(07) 3(1.0) 3(11)
Total® 56(17 ) 41(14 ) 46(15 ) 4717 )

(b) MutS™ Host
Occurrence (MF® (X 10 %))

Class W.T.8 RQ182 RQ183
Base-subst. 10(15 ) 10(20 ) 9(17 )
Transition 6( 9.1) 5(10.0) 4( 1.6)
Transversion 4( 6.1) 5(10.0) 5( 9.5)
Frameshift 29(44 ) 26(52 ) 18(34 )
Deletion* 10(15 ) 714 ) 6(11 )
Unknown” 5(8 ) 510 ) 4(8)
Total 54(82 ) 48(96 ) 37(70 )

* The type deleting the primer sequence is involved.

® This type was phenotypically detected but not identified by
DNA sequencing.

¢ Mutation Frequency defined as proportion of lacZ,
mutants (see Table 1)

the in vitro synthesized molecule are not likely to be reflec-
ted in the observed mutations.

The lacZ, region of mutant transfectants was analyzed
by dideoxy sequencing methodology. Since the size of the
wild-type A mutant collection was 2- to 4-fold larger than
the mutant polymerase collections, a random selection of
the mutants was made only for the sequence analysis of
wild-type B generated errors. The identified mutations
include base-substitution, frameshift, deletion, and un-
known mutational classes (Table 2). In the MutS™ host,
base-substitutions accounted for approximately half of the
total mutations. Transitions were recovered more frequent-
ly than transversions in the mutant 8 collections, while
transition and transversion were almost equally distributed
in the wild-type B collection (37°C synthesis). Frameshift
induction by mutant polymerase was estimated to be 40—
70% higher than the level found for wild-type 8. The
occurrence of deletion events by the mutant 8 was approx-
imately two-fold lower than the observed wild-type 3 level.

Comparison of mutational classes between wild-type and
mutant S observed in the MutS~ host did not reveal any
particular differences (Table 2). Frameshifts dominated
the mutational classes and reached approximately 50% for
all three polymerase collections. Comparison with the
MutS™ collections suggests that frameshift occurrence can
be reduced by the mismatch repair by a factor of 15-, 13-,
and 7-fold for wild-type, RQ182 and RQ183 generated
errors, respectively.

Mutation Spectrum in the Target Region
Figure 5 and Table 3 show the mutation-distribution
profiles for wild-type and mutant 3 polymerases. As sum-

marized in Table 4, the characteristic differences between
wild-type and mutant 8 were observed in the MutS™ collec-
tions. The C to T transition at position 75 was a base-
substitution hotspot in all the three different 8 profiles and
accounted for 15-18% of the total mutations in each
profile. The G to T transversion at positions 82 and 149
was produced by wild-type S at relatively high rate, 3/56
and 4/56 occurrences, respectively. However, the G to T
event at position 82 was recovered only once out of 46
mutations in the RQ183 collection and not at all in the RQ
182 collection, and no events were observed at position 149
with either mutant .

No occurrences of the C-base addition at C runs (posi-
tions 132-136 and 166-168) were observed in the wild-type
B profile, while the RQ182 profile revealed 2 events at
position 132-136 and 1 event at 166-168. Intriguingly,
seven +C events were recovered at position 132-136 fol-
lowing in vitro DNA synthesis by RQ183. Such a charac-
teristic difference was not detected in single-base deletion
recovery in spite of the relatively high number of occur-
rences at runs of identical bases throughout the whole
target lacZ, region.

Wild-type and mutant 8 polymerases all produced very
similar base-substitution and frameshift profiles in the
MutS™~ background (Fig. 5). For example, the single-base
deletion — T at position 70 to 73 was identified as a hotspot
event in all these three profiles and an approximately 20%
of the total mutations was accounted for by this specific
mutation. The -C framesfift at position 95 to 97 was
recovered three times in each profile although the total
number of events involved in each profile is slightly differ-
ent.

One deletion event, the loss of 317 bp from position (—)
147 to (+)170, predominated and was multiply recovered
in all collections except in the case of RQ182 in MutS™
background in which it was only rercovered once (Table
3). Other deletion events that were common to more than
a single profile include deletions of 56 bp from (—)33 to
(+)23, and of 78 bp from 106 to 183. For all these events
direct repeats of 5—7 bases are found at deletion endpoints.
This finding supports other studies that direct repeats are a
characteristic of frequently occurrring deletion-endpoints.
For some mutants, deletion endpoints could not be deter-
mined by sequencing (classified as ‘Others’ in Table 3) and
included 1/3 and 1/2 of the deletion events in the wild-type
B profiles in the MutS™ and MutS~ background, respective-

ly.

Effect of Reduced-Speed of Chain Elongation

The incorporation rate of dCMP by wild-type 8 during
the synthesis reaction at 10°C was at a similar low level as
that exhibited by RQ183 in a 37°C synthesis reaction (Fig.
2). The polynucleotides synthesized after a one-hour in-
cubation at 10°C were found to be longer than the reference
310 nucleotide marker (Fig. 4) and, after a further two-
hour reaction with fresh wild-type B at 37°C, full-length
molecules were obtained (data not shown). From the
primer extension experiments shown in Fig. 4, the speed of
chain elongation by wild-type 8 in 10°C reaction was es-
timated to be less than that by RQ183 in a 37°C reaction.
The start of elongation in the 10°C reaction also appears to
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c) Wild-type/RQ182 (MutS- Host)
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G
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Fig. 5. The comparison of lacZ,  mutation distributions between Wild-type and mutant DNA polymerase /3.
The base sequences shown in this figure are those of promoter and a-region of lacZ. The base substitutions and frameshifts
produced during in vitro DNA synthesis by wild-type or mutant 3, are shown above and below the gene sequence, respectively.
The comparison after transfection into the MutS™ host is between wild-type and RQ182 distributions (a) and between
wild-type and and RQ183 distributions (b). The corresponding comparisons after transfection into the MutS~ are shown in

(c) and (d). Symbol 4 represents a single-base deletion.

be slower than that in the 37°C reaction with RQ183. This
reduced speed and slower start of chain elongation are
consistent with the above results concerning both the rate
of nucleotide incorporation and the size of the synthesized
molecules.

The full-length molecules were introduced into the
MutS™ host to determine the error specificity of polymerase
B during synthesis at 10°C. The observed frequency of
lacZ,” mutation at 10°C, 17 X 10~* was the same as that by
wild-type 8 at 37°C (Table 1) and the distribution by
mutational class was also similar to that seen at 37°C (Table
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2). The mutation distribution are shown in Fig. 6 and
Table 3. As can be seen in Table 4, two features, recovery
of the C base addition at 132-136 (2/47) and low-
frequency occurrences of G to T transversions at positions
82 and 149, were similar to that observed with mutant B.
The induction of the deletion hotspot, from (—)147 to (+)
170, was about two-fold higher than that observed with
synthesis at 37°C and contrasted with the relatively low
frequency for this event in the mutant 8 profiles.

Table 3. Deletions.
Occurrence
Size . MutS* MutS~
(bp) Position = == =
(37C) 182 183 (10°C) (7C) 182 183
338 (—302= 36) 1
317 (—147= 170) 6 1 3 12 4 4 3
[CCCGC]
83 (—134=—-53) 1
78 ( 106= 183) 1 1 1 1
[CCCAAC]
67 (—122=—56) 1
56 ( —33= 23) 1 1
[TTTCACA]
49 ( —23= 26) 1
38 (—14= 24) 1
27 ( —5= 22) 2
Others 4 2 3 1
Total 12 5 4 16 10 7 6

[ ] represents direct-repeat sequence at deletion end.

WT3, 182, and 183 represents DNA polymersase 3 wild-type, RQ182, and RQ183, respectively.
(10°C) and (37°C) means the temperature at the 1st reaction with DNA polymersase 3 wild-type.

ACGCA ATTAA TGTGA GTTAG CTCAC TCATT AGGCA CCCCA
-40

T
GGCTT TACAC TTTAT GCTTC CGGCT CGTAT GTTGT GTGGA
T +1

T

G
ATTGT GAGCG GATAA CAATT TCACA CAGGA AACAG CTATG
(o]

+40
TTTTT
AA  TTT
G A A T
ACC ATG ATT ACG AAT TCA CTG GCC GTC GTT TTA gAA
A A
TITT
TTT
T
T A G
T T A A G A
CGT CGT GAC TGG GAA AAC CCT GGC GTT ACC CAA CTT
+80 TT T A A
T
A T
T T
A A " T TT
AAT CGC CTT GCA GCA CAT CCC CCT TTC GCC AGC TGG
+120 TC +C T
-(CA) +C A
={cccC)

T T
CGT AAT AGC GAA GAG GCC CGC ACC GAT CGC CCT TCC
T +160

T
G

Fig. 6. The influence of reduced speed of DNA synthesis
on the observed lacZ,  mutation spectrum.
The base-substitutions and frameshifts observed after
transfection into the MutS* host are shown above and
below the gene sequence for in vitro DNA synthesis by
wild-type B at 37°C and 10°C, respectively. The base
sequences and symbols are same as Fig. 5.

Discussion

To get some insight into the specificity of DNA synthesis
errors, the nature of the mutations generated when DNA
polymerase 3 was used to elongate a primed M 13 ssDNA in
an in vitro reaction was studied. The observed errors may
be thought to reflect the primary distribution of those
produced during DNA synthesis due to the lack of an
associated 3’ to 5 exonuclease activity of polymerase 8, the
so called proof-reading function (Linn, 1991). From the

Table 4. Characteristic differences in transfection of

MutS ™" host.
Occurrences

Mutation W.T.8 W.T.8
e RQ182 RQ183 o

erc) X Q8 o0y
4317 bp (—147-170) 6 1 3 12
C=T (75) 10 11 10 7
+C (132-136) 0 2 7 2
+C (166-168) 0 1 0 0
G>T (82) 3 0 1 1
G>T (149) 0 0 1
Collection size 56 41 46 47

viewpoint of reconstituting an in vitro system to reflect the
in vivo repair process, a small gapped molecule may seem to
be a better substrate compared to the primed M13 ssDNA
approach used in this study. However, one advantage of
the large target over the small gap approach is that various
types of errors can be identified as lacZ,” mutations and the
resulting errors can be compared with similar data on
polymerase fidelity, especially that reported by Kunkel and
coworkers (Kunkel, 1985a, b).

To detect the primary mispairing errors produced in vitro
by the expression of a mutant target gene after transfection,
a mismatch repair-deficient strain should be the preferred
host. The two single amino-acid replacements in DNA
polymerase S studied here, RG182 and RG183 did not
produce any significant changes to the error specificity seen
for wild-type polymerase B observed in a MutS~ host.
However, characteristic differences were observed in the
two mutant polymerase mutational distributions compared
to the wild-type 8 distribution after transfection in a MutS™
host, and included the frequent recovery of the + C event at
C runs (positions 132-136 and 166-168) and the reduction
of the G to T transversion at positions 82 and 149 (Table
4). These differences may be attributed to the in vitro DNA

13



synthesis reaction by the three polymerases (wild-type, RQ
182 and RQ183), since the observed lacZ,  mutation fre-
quencies were on the order of 14-17X10"* and therefore
much higher than the frequencies produced by the intro-
duction of ssDNA and RF DNA into the same MutS™ host,
which were 3.3 X107 * and <0.06X 10"*, respectively.

It is important to determine whether such observed spe-
cificity differences are unique to the RG182 and RG183
single amino-acid replacements. A lower rate of nucleo-
tide-incorporation was observed with mutant 8 (Fig. 2),
and therfore it was of interest to determine the chain
elongation speed. As expected, the speed of chain elonga-
tion by mutant 8 was much slower than that by wild-typeS
(Fig. 4). To realize such a reduced speed of chain elonga-
tion for wild-type S, the polymerase reaction step was
carried out at 10°C instead of at 37°C. By this method the
speed for wild-type B at 10°C was now reduced to a level
less than that of mutant 8 RQ183 (Fig. 4).

As summarized in Table 4, an enhancement of the +C
addition event and a reduction of G to T transversion,
similar to those observed with mutant 3, were also seen in
the profile of mutations recovered from the wild-type
10°C reduced-speed DNA synthesis reaction. The 317 bp
deletion ((—)147 to (+)170) was found in 10°C profile at
about a two-fold higher frequency compared to that in the
37°C profile. This feature seems to be the only difference
from the mutant 3 profiles (Table 4). These results suggest
that the common error characteristics concerning the +C
frameshift and the G to T transversion are not unique to the
single amino-acid replaced polymerases but are instead an
effect of the reduced speed of chain elongation, which is a
common characteristic of the RQ182 and RQ183 poly-
merases and the wild-type polymerase at 10°C. One model
to account for this +C event at C runs would be for the
strand undergoing elongation to slip back by a single base
with respect to the template and then to continue the
incorporation of nucleotides. The reduced speed of chain
elongation in the RQ182 and RQ183 polymerases and the
wild-type polymerase at 10°C might be related to the en-
hancement of such strand misalignments.

The C to T hotspot transition at position 75 was observed
in the MutS™ background with all the different 8 poly-
merases studied here. The frequency of occurrence for this
transition event was ~5-fold or less reduced in the corre-
sponding MutS™~ background, representing little change in
error rate since the overall mutation frequencies in the
MutS ™~ background were about 5-fold increased over those
observed in the MutS™ background. This type of error
might not be subject to MutS mismatch repair. One expla-
nation for this hotspot may be if the targeted C-base is
frequently methylated (5-meC) in the prepared substrate-
molecules, but we have not yet directly addressed this
possibility. The observed hotspot in the MutS~ background
was a —T frameshift at position 70-73. Including this
hotspot, our error distribution spectrum observed in the
mismatch-repair deficient condition is not essentially differ-
ent from Kunkel’s results using DNA polymerase 8 in a
gapped molecule substrate of M13mp2 (Kunkel, 1985a).
In contrast to the C to T hotspot at 75, the frequency of
occurrence for this frameshift event was reduced in MutS™
spectrum, an indication that this type of error is subject to
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MutS mismatch repair.

The G to T transversion at position 149 was frequently
observed in Kunkel’s experiments that studied not only rat
DNA polymerase S associated synthesis-errors (Kunkel,
1985a) but also the fidelity of DNA polymerase «, 7, and &
(Kunkel, 1985b, Thomas et al, 1991). In our MutS™
spectra, this transversion event was also frequently recov-
ered by wild-type 8 synthesis (4/56), but was not observed
after mutant 8 synthesis and was observed only once after
wild-type B synthesis at 10°C. In our MutS~ spectra, this
transversion event was found only once, after wild- type 3
synthesis at 10°C and after RQ183 synthesis, and was not
found after wild- type B synthesis at 37°C nor after RQ182
synthesis. Interestingly, after transfection of E. coli with a
depurinated M13mp2 ssDNA molecule, this G-base at posi-
tion 149 was not a hotspot for such transversion events
(Kunkel, 1985a). Therefore, this G to T event appers not
to be induced through depurination of G-base but instead
possibly by a misincorporation of an A-base opposite the
G-base at position 149, producing the G : A mismatch that
may not be subject to efficient correction by MutS mis-
match repair.

It is important to point out random priming may occur
during in vitro DNA synthesis by DNA polymerase [3.
Even if we exclude the primer from the DNA synthesis
reaction with wild-type B at 37°C, nucleotide incorporation
still reached to about 60—100% of the level observed in the
complete reaction that included the primed molecule. For
mutant 3 and wild-type 3 at 10°C, the relative incorporation
in the no-primer reaction were about 20-30% of the normal
incorporation level in the complete reaction. The actual
influence of random priming on chain elongation from the
desired primer can not be exactly estimated from these
measurements. However, the relatively lower incorpora-
tion of nucleotide by random priming with mutant 8 sug-
gests that the differences in the MutS™ background between
wild-type and mutant 3 are not largely influenced by such
random priming.

The sequence Gly-Asp-Met-Asp, spanning positions
189-192 of rat DNA polymerase 3, is similar to the se-
quence motif Gly-Asp-Thr-Asp that is highly conserved in
a number of replicative DNA plymerases from eukaryotic
cells, viruses, and phages. Both Asp190 and Aspl92 have
been suggested to be located in the active site of polymerase
B and to be involved in the interaction of the polymerase
with primer (Date et al. 1991). However, when mutant 3
polymerases were generated with single amino-acid replace-
ments at these two Asp positions, DE190 (Asp—~Glu) and
DE192 (Asp—Glu), it was found that neither altered poly-
merase could provide enough polymerizing activity for this
kind of in vitro DNA synthesis assay (data not shown).
Since RQ182 (Arg—Gln) and RQ183 (Arg—Gln) replace-
ments are thought to interfere with positions related to
template binding and primer recognition, respectively, it
requires further study to show that the error specificity of
DNA polymerase 3 can be directly influenced by alteration
of any of the above functions.
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On the basis of test results in the past decennia it would
appear that genotoxicity is almost an universal property of
environmental agents. Since exposure of human popula-
tions to genotoxic agents usually occurs only at relatively
low levels (except in case of accidents), it is crucial to learn
about the causes underlying the differential sensitivity of
cells and tissues to genotoxic agents and to identify those
action principles that lead to adverse biological effects such
as tumor formation and induced genetic diseases.

Essential approaches to understand the mechanism of
action of genotoxic agents are (i) studies on the induction
and repair of DNA damage, (ii) studies on the relationship
between chemical structure and biological activity and be-
tween biological endpoints and target dose in cells and
organs of interest, (iii) the development of biological mon-
itoring of exposed human populations, and (iv) the devel-
opment of conceptual frame works and models for genetic
and carcinogenic risk assessment for both radiation and
chemical mutagens of concern.

In recent years we have demonstrated that DNA repair is
heterogeneous in cells of different organs and organisms
and a function of the chromosome structure and nuclear
organization. Furthermore, it has been shown that the
process of transcription of active genes is closely associated
with nucleotide excision repair and evidence is obtained
that differences in the organization of DNA repair may
have a profound influence on mutation induction and trans-
formation of cells from various species, organs and tissues.
Evidence of the involvement of DNA repair in the etiology
of cancer is obtained via the isolation of defected human
repair genes from patients with genetic disorders such
as xeroderma pigmentosum, ataxia telangiectasia and
cockayne’s syndrome. Detailed information about the
relation between repair functions and tumor formation is
expected to be obtained from the recent generation of
“knockout” transgenic mice lacking the rodent homologues
of known human repair genes.

The large number of genotoxic substances with potential

© HAREEFFFER

effects for human health and the environment necessitates
the development of concepts which would enable hazard
evaluation and risk assessment not only for individual
substances but, even more important, for classes of structur-
ally-related chemicals (Structure-Activity Relationships—
SAR). For example, for alkylating carcinogens we found
that a high carcinogenic potency (low TDs, in rodents) is
correlated either with the capability of agents to alkylate
oxygens in the pyrimidine bases or with the formation of
crosslinks in DNA.

Once the interaction of agents with DNA or its mu-
tagenic potential is recognized, the technology to measure
biological endpoints in man allows its application for bio-
monitoring purposes. We have tested various endpoints
such as chromosomal aberrations, SCE’s, micronuclei and
the induction of Aprt mutations in blood cells in humans
exposed to chemicals and ionizing radiation. In decreasing
order the sensitivity of these biomarkers for practical use
turned out to be: chromosomal aberrations > SCE’s >
micronuclei > hprt mutations. Cytogenetic techniques have
been very successfully applied in victims accidently exposed
to ionizing radiation. In these studies we have been able to
estimate absorbed radiation dose in different situations such
as, for instance, partial body exposure and acute vs chronic
exposures.

Finally, the concept that, in principle, all electrophilic
agents can react with DNA in cells assigns those agents to
potential carcinogens and make current strategies for
hazard and risk assessment an extremely difficult task. It is
estimated that humans in average daily life are challenged
with at least a million different electrophiles, be it in vast
different exposure levels. So far regulatory measures are
primarily based on ad hoc risk assessment of individual
genotoxic agents without taken into account the prevalence
of carcinogens in our environment. An attempt will be
made to suggest new models that will allow the prioritizing
and ranking of potentially genotoxic agents for practical
purposes.
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Summary

On the basis of an observation that hemin can make complexes with mutagens having polycyclic
planar structures, we invented in 1983 an adsorbent selective for such polycyclics: copper phthalo-
cyanine trisulfonate linked covalently to cellulose. This material, blue cotton, and its improved
version, blue rayon, have since been used extensively for isolating heterocyclic amines and other poly-
cyclic mutagens from mixtures such as food and urine. The most recent version of this adsorbent is
blue chitin in columnar form. In relation to this finding, we have shown that chlorophyllin and chloro-
phyll are effective antimutagens that can trap these polycyclic mutagens through the complex-forming

ability of their porphyrin-like structures.

Keywords: blue cotton, blue rayon, blue chitin, Trp-P-2, chlorophyllin, chlorophyll
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Modulators of environmental mutagen action in
Drosophila melanogaster
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Summary

Epidemiological studies have shown that the ingestion of vegetables is a preventative against the in-
cidence of cancer in humans. Plant cells contain green and yellow pigments, the former being chloro-
phylls and the latter carotenoids and xanthophylls. The level of chlorophylls in green vegetables is
high: spinach contains as much as 1% chlorophylls on a dry-weight basis. Chlorophyllin is a man-
made green pigment produced by the hydrolysis of chlorophyll. Many polyphenolic compounds are
also present in plants. (-)Epigallocatechin gallate is the main polyphenolic compound found in green
tea. We have investigated the suppressive effect of these foodstuffs on the mutagenic activity of vari-
ous compounds. Two Drosophila systems have been used to examine the effects. As Drosophila
larvae ingest selected compounds, they offer a suitable model system to study the effects of foodstuffs.
In this paper, the results obtained in our studies of the past 10 years are summarized. Chlorophylls
and chlorophyllin inhibit the genotoxicities of many heterocyclic amines and polyaromatic hydrocar-
bons. Also, chlorophyllin suppressed the MeIQx-DNA adduct formation in the larvae. (-)Epigalocate-
chin gallate (EGCG) suppressed the genotoxic activities of N-nitrosodimethylamine, N-nitrosomorphorine,
4NQO and Trp-P-1 in Drosophila. On the other hand, EGCG enhanced the mutagenicities of DMBA

A -3 3 WER  RERE Tu—r—3avA0
feams xtomy  FOR T ) W (%)
Aflatoxin B, 0.1 5 85 85 82
Glu-P-2 25 3 95 93 45
IQ 1.5 3 98 86 79
MelQx 25 3 100 85 83
8-Methoxypsoralen - 0.1 3 94 84 60
N-Nitrosomorpholine 10 1 0 = =
4-Nitroginoline-1-oxide 8 2 7 74 6
PhIP 5 3 100 100 69
Trp-P-2 1 3 100 100 93
2-Deoxyribonucleoside (dAdo/dGuo/dThd/dCyd) 5 2/1 0 = =
L-Histidine 10 | 0 — 0
Norharman 2 3 100 100 88
p-Nitrophenol 2 1 0 = 2
Riboflavin 7 3 98 == 67
20

and aflatoxin B;. In this paper, mechanisms of these inhibitions are discussed.

Keywords: Drosophila, somatic mutation, mutagen, chlorophyll, EGCG

& -}

RIBVHEC X 2ERFEEOEMIE, EERCERSNS
RREROHE A LA T H2EBERMETH 5. FricHlH]
TERRFEDBAPEERE V- L RAREROERIC L DFH
fET3E Vb TORREESHETI2ER»S S, D
TERERE O, MHIRTORKRLEADLET, BRE
WEEZ 5.

FAa OHFRE T 1979 4F1C Ames RERZ VT, #E
T Z R Trp-P-2 OZFEMED SH L&Y & 514
%N H % (Negishi and Hayatsu, 1979), 1980 4 i # v
7 4 ) v EEFRIC K B AZFEK (Arimoto et al.,
1980) L CLIK, BMEkSY « HEAERS % duliic 22 R
DERGK T OBRE L Z OIEABEIC > LW THIAZED T
& 7z (Hayatsu et al., 1988, 1993).

© HARRERNFER

1983 E 24 2D Wiirgler Hic kY v a v YVau/nNx
RO AR ARZE R ORI (Graf et al., 1984) 3
FEIh, IELD e Mk, Bl RZ 224
faEAYIC X 2ERESHRERE LTI EZEBAL,
FRIRAE FUEMIR T D WA S OV RIRZ B TR DR T
W3 Z &I L7z, & 51T Nguyen 5 (1979) DBHFE L
7o¥ a9 ¥ a /NI Drecassay & 5 DAL 5 in vivo
DNA repair test 75, BIFET#KFIR I O #E)1|
12k » THE & (Fujikawa, 1988), i Bl i< {4
DNABEMBRHTE LIk, ThickD
genotoxicity DR H R =7 M VDEDS D, EREEPFILIC
BIIbdvauvaonNzOFRENELE. ity a
v Y a v N RIIBREYE E R ORICENT 5 2 & p
5, ARPOERFEYESL LU, ZREHEMYE DO
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Wing ¥
imaginal disc
Fig. 1. Growth of Drosophila melanogaster.
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i E B (imarginal disc) TL2»fThbh7EV», Licdi-
TERERZBRIETE 30132 OHIcYRE2ZRIEY)
BTUELIEECRONSE BEXKRy b7 R
(wing spot test) @D W% % Fig. 2 i</n L 7o, HE (Ar'/
TM3, Ser) &WLECifE (mwh jv spa™') ZRFLE ¥ TR,
3pd A ERA L L THY, KHIicE - o & E 0N
EHNZEBOBEEEL L TR HETH 5.
CORTRHBETFRAEROATEL, MBRA, MR
%, AorEEnE, EREYIREREBEA L NV TOZELL
LREOEEN LV HIRARERE LTRINT 5 &R
TE5.

Wing spot test

3rd Instar Larva Adult flies

Mutagen :
Modulater

25°C, 1 week

Mutant spot (twin spot)

Fig. 2. The wing spot test.

2. ¥ 3Y Y 3Y/NI DNA BEEERER
COREBLRICHW B (¢ z! wT™ mei-9° mei-417°/
C(1)DX,y f) &, Fig. 3 i<Rlickdic, EicHEIBRE
BIE/RIE (mei-9), HRBRBEEKRIE (mei-dl: &KL, cell
cycle arrest deficient Td % Z & WS/RS N7z (Hari et al.,
1995)) BB &I ICLRENTVWS, Lichi-T, I
H3Z DRFHINE DNA 1] &5 0 OB %2 12356, BIE

mei-9 mei-41
6 x ——O Q X —0
Y O Y p— S
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| | | |
mei-9 mei-41
-0 —0 —0 —O
mei-9 mei-41
—S —t —t
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|

death 3rd instar larvae

Adult flies ()

3rd instar larvae death

Adult flies ()

Fig. 3. The in vivo DNA repair test.
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ATETICHEERYEFDT S, ZhicK L THfIRIESEIC
BEEEETE 30 THEFRICELRR G, £
RIS - 7o & X OO ERD B T itk -
<, DNA HEOREAN 5 Z N8 TE 5. Dk, AR
T3 T OHE DFE BN T H 72 genotoxicity 2 DNA 5 1
LEDLT. COEBRRICMHEHT MK AE LRBIC
& o TARBICHEREA BT 2 EBTES LTRSS
nNTVw3, WEXEY b7 R MK BEREMEOHKIC
T, Ak e M ICERSEONEZE, BEAKY
PR PEBOWTEREFREO AT YA 7Y v 7T
I VHOEREbHMCRIHENE T &, BEDLREER
FEE ikt 2GR ERE T 2 DICEHTH 5.

3. yoO074J)b, Y007 4 Y VICKEMEIME

1) /0O074J), 70074V VDREEERYME

DOEEICXTT B1ER

X7 1) YBEEAYO S B, FHBEEOTICE
Fhbz7o07 4V, KREHEOBETHS., h
Y avVavunNTOMIGRET A EICkD, R
JEPE OTEMEIC N 2B A FH N, Fig. 4 IRLc &
SIeA~FadA 7Y w7 YD Trp-P-2 DEMKIZER
ZRFER A PHE L 72 (Negishi et al., 1989a, 1990).
ZOTEWE, Mkaic X okaEtEicLicsoa Tz 1)
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©
3 200
[}
(a]
control
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Total spots / wing

Fig. 4. Inhibition of Trp-P-2 mutagenicity by chlorophyll.

The doses of reagents were, 2.5 mg Trp-P-2 (10 zmol),
and 0, 50, 100, 200mg chlorophylls per bottle,
respectively.
Drosophila larvae were kept on the medium containing
Trp-P-2 and chlorophylls, until adult flies came out.
Mutant colonies (spots) observed on their wings were
classified to the small single spots ([]), the large single
spots (N) and the twin spots (E&).

YIEBLWTHERICHE SN, & 5T, BRFEEORKRE
ST WPIEITD W T in vivo DNA repair test % f

Table 1. Effect of Cu-chlorophyllin on the DNA-damaging activities of various carcinogens.

Amount of mutagen

Mutagen

Sex ratios (male/female)

(#mol/bottle) — chlorophyllin + chlorophyllin

Solvent (Tween/ethanol) 1.12£0.24 1.02%+0.27
Water 1.27£0.16 1.21£0.29
Trp-P-1 5 0.07+0.05 0.62+0.15
MelIQx 0.3 0.040.03 0.6410.30
Glu-P-1 5 0.01 0.14

2-Aminofluorene 0.5 0.12:0.09 0.88+0.22
2-Aminoanthracene 0.1 0.040.05 1.051+0.04
9-Aminoacridine 5 0.35£0.11 1.100.06
1-Aminopyrene 20 0.06 0.41

Dimethylbenz[a Janthracene S 0.08£0.03 0.67£0.25
Benzo[a]pyrene 5 0.17+0.07 0.82+0.13
4-Nitroquinoline N-oxide 3 0.040.02 0.590.07
Trp-P-2 10 0.14£0.13 0.45

Glu-P-2 2 0.18£0.12 0.51+0.29
Aflatoxin B, 0.008 0.040.01 0.11+0.08
2-Nitrofluorene 5 0.321+0.23 0.46

AaC 10 0.45 0.26

MeAaC 5 0.43 0.24

1Q 0.3 0.03£0.04 0.061+0.05
N-nitrosodimethylamine 0.8 0.06£0.04 0.18£0.09
N-nitrosodiethylamine 5 0.05%0.04 0.1410.06
N-nitrosomorpholine 3 0.091+0.04 0.30+0.16
N-nitrosopiperidine 3 0.03:£0.004 0.11£0.01

The S.D. values were obtained from results from three- to five experiments. A value without S.D. represents a mean value of two
experiments. Cu-chlorophyllin was added at 200 mg per bottle for every experiment.

Abbreviations; Trp-P-1: 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]indole, Trp-P-2: 3-amino-1-methyl-5H-pyrido[4,3-b]indole, Glu-P-1: 2-
amino-6-methyldipyrido[1,2-a : 3’,2’-d ]imidazole, Glu-P-2: 2-aminodipyrido[1,2-a : 3’,2'-d Jimidazole, AaC: 2-amino-9H-pyrido[2,3-b]-
indole, MeAaC: 2-amino-3-methyl-9H-pyrido[2,3-b]indole, IQ: 2-amino-3-methylimidazo[4,5-f]quinoline, MeIQx: 2-amino-3,8-dime-

thylimidazo[4,5-f]quinoxaline.
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Fig. 5. Effects of Cu-chlorophyllin on the genotoxicities of
MelQx and 1Q. The chlorophyllin dose was 200 mg in
the medium.

The mean values and S.D. were calculated from 3 to 5
independent experiments.

WTHEAZOERFEMBEICHTIHREBELLLIA
Table 1 O &k 5 BFERAE2E 72 (BREE et al., 1989b; T. Ne-
gishiet al., 1994). TZTZ7 oo 74 ) vOMEZIRD
WhrotbDEITY Y 7KT, BRORSHIbDEK
FTEDLLTHSD. IhoDFRERDER, 70074
) VI EERFYE L OEARIEKIC & 2TEHIEF THR
HTX36DTH-t. BALDODHEZITBVTIRT TIC
invitro DEEBRTHENT + ) L&Y E 3R EOYH
WEEET3LaYE ORI TEHAREKRT 5 & %2
SHMIT LTV (Arimoto et al., 1993). BLRZEVEER &
LT, Fig 5SicRons &) cIEFECHBEOREML 2
MelQx & IQ TR ESHRERLALIETH B,
tz, 707 4) VIEH L TREEREOZLALR SN
73\, 4-nitroquinoline 1-oxide (4NQO) XL TH 7 o
o7 4 VKU 7074 ) VIZEOIHERIREERL,
BERERRIZ T TRFEHATEBVEBEEHOGELRE L
TW 5% (Negishi et al., 1997a, b).

2) yoo074YUY-t2770-20OHE

yoo7 4 VidEENTRIRENY, HLEEREBD
LTt SN B3 EEDNTVWAEDT, YavyYauNT
DENTH 7 oo 7 4 VRIFEEENTIERALTVWA EF
fHahsd, zickstEo/s/oor7 4 ) vEET7 70—
2 B REA S Y, HILENTORNEMA 7 oo
T4 ) Vet T7 70 —RE{EKL, YavuYauNID
fkHciEA L T2 X RFEMHEER 2 FH~ . T Off
H it Trp-P2 OERFEM I L T2 o007 ¢ ) YEO
B4 & ERE D BHEEYE % /R L 72 (Table 2, Negishi et al.,
1994), L7hi->TZ oo 7 4 VI TDOHLEANT
SERFEMEAREL, ThooZREEEORE LM
ATVWBbDEEZIOLNS.

3) DNA fIm@EERKICxtd 51ER

AN T~TFad A7) v 273 vIEEOERFEYE
DEREMARET 51008 —HEEZ 55 DNA
MmEERICxdT 227007 0 ) vORIREFH
vauVaunNzhisoo T o) VFEED D VIRIE
FHETICMeIQx T L, —idkRE THEL
DNA EWZHE L, Ko 0Yhdis 5 DNA i L
T¥P-RZ b SNNEIC kD, koA RER%ERIE L
fz. ZODFEE Fig. 6, A Dk 5T, HMEEORDE &
b2, DNAGEBOEEMNH S 72 (Sugiyama et al.,
1995). —J Fig. 6, B @ & 5 i IQ O IATZER <%t L
TiR7oo7 4 ) YORIHIESEECHSNT, D
HERIZX XOEREMS 3\ 13 DNA #EMICT 55
BE—HKIT2bDThH-tc. LicH>T r/um74Y
V313 MelQx %5 DNA Ic% L THEZRTRIOBRE T
EFLTWAZ EMBHS T -1z, FhZTOEETH
EDOR SNV IQITN L TRIMEIRNERERELVWESE
Zbhb,

4. TEHODAFFUHL— b (EGCG) [LLIEERME
EamER

BERCIREY 72/, W SAGENTVWS, Z

DT ZLVONIEH e TFTFF AL — b

Table 2. Inhibition of Trp-P-2 mutagenicity by chlorophyllin-Sepharose®.

Number of Spots/wing
Reagent :

wings Small single Large single Twin
Trp-P-2+ Chlorophyllin-Sepharose 114 0.54%* 0.05%* 0.03
Trp-P-2 + AH-Sepharose 103 1.20 0.16 0.05
Trp-P-2 + Chlorophyllin 170 0.45 0.17 0.02
Trp-P-2 162 1.20 0.30 0.07
Chlorophyllin-Sepharose 96 0.29 0.03 0.01
AH-Sepharose 109 0.33 0.01 0.01

% The Sepharose-containing medium was prepared as follows.

2 g of chlorophyllin-Sepharose (equivalent to 14 mmol of

chlorophyllin) or aminohexyl (AH)-Sepharose was mixed with 1.5 g Drosophila instant powder medium by use of an agate mortar.
This mixture was made into a slurry by addition of a 2 m/ Trp-P-2 (5 mM) solution, and the resulting mixture was placed in a

single vial as the feed.

** P<0.01: significant difference from the mutation frequency induced by ‘Trp-P-2+ AH-Sepharose’.
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Fig. 6. Effects of chlorophyllin on the genotoxicity and adduct formation by MeIQx (A) or IQ (B).
Drosophila larvae were treated for 6 hours with 1 mg MelQx or IQ, in the presence or absence of chlorophyllin. The
mean values and SD were calculated from 3 independent experiments. The significance of differences was evaluated with

Student’s ¢ test (¥*P<0.05; **P<0.01).

Table 3. Inhibitory effect of Chlorophyllin and EGCG on the genotoxicity of various carcinogens.

Chlorophyllin

EGCG

Carcinogen
Mutagenicity

DNA damage

Mutagenicity DNA damage

Trp-P-1 +
Trp-P-2 +
MelQx

1Q —
Glu-P-1

Glu-P-2

B(a)P

DMBA

Aflatoxin B,
2-Aminofluorene
2-Aminoanthracene
9-Aminoacridine
1-Aminopyrene
4-NQO

NDMA

NDEA

NMOR

NPIP

MMS

H *

+ [+ 1

H++HH+FE+++++++++ | ++ %

+ E

+

+, inhibition; =, inconclusive results; —, no effect or enhancement.

(EGCG) T&h 5. Thi3pufEEt:, iZREEM, iy
ANVRIEWREEZRTEENPSHITEN TV AYE
Thb. vavVa o NEilaEAERICBVTHZ
OMBITER MR S 0 5 T L 7o (Negishi et al., 1992;
Hayatsu et al., 1992) & 2 5, ZRFYHEICL>TZD
DRIcEVSEEONE, CITHEHEINBEDIE /oo
7 4 VEIC & » THIHEIR O RS NS h - 1o E8Hk = b
By 7 VR L TOMGRIRP RO hic & TH
5. —F, ZRUFHEEYE TS 5 HHRRILKER
DhT%, dimethylbenz[a]anthracene (33 L A % DZ R
Rt EHmEh s L VIEREEGL. FIQIHLT
BRIBEAERNBAERES S8, 4ANQO ITXT L T
ooz 4 VIHERREICHRVIERIRAR L.

BT, MelQx @ DNA AT B i %4~ 2 %0 % 3

L

N, swawe 7)) vERRICAMEERZERNA THWE L
20 551 LTV 3 (unpublished data).

b

# [
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7 D% Table 3 1T/R9. EREYE L EMYEOHA
BbBItLD, ZOHMBRREL->-TVEIENHELLT
3. 7oo7 4 VHIZOVWTIRZOHENELEREF
YE & OEARIEERIC & > T—EBIRFHE N B 05, FEH
BRELAHOME L V. SHlEYMOEERNTIIER
JFYE b EME b EM SRR ENS EEZ N
3. THbb, MHLED SOOI, HEANEDAA,
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Studies on effects of culture environment in
chromosomal aberration test
(Induction of aberrations under non-physiological
pH conditions)
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Summary

Cytogenetic examination of somatic cells has been widely used to investigate the induction of
chromosomal damage in vitro. This technique is internationally recognized as a valid system for detecting
clastogens or possible carcinogens. However, the use of high concentrations of agents may lead to
non-physiological treatment conditions in this assay procedure. The effects of the pH of the medium were
investigated using several extreme culture conditions. The following findings were obtained: (1)
non-physiological pH produced chromosomal aberrations in several types of cultured cells (CHO, CHL,
lymphocytes, etc.); (2) neutralisation of the medium or enhancement of the buffering capacity reduced
the clastogenic activity induced by non-physiological pH; (3) the clastogenic activity of compounds
depended on its stability in the medium; (4) low pH led also to sister-chromatid exchanges; (5)
clastogenicty of low pH was S-dependent; and (6) a severe delay in the cell cycle was observed in the S
phase. These results indicate that a non-physiological pH might give false-positive responses, the pH of
the medium must be carefully monitored when selecting the maximum concentration of test material, and
the induction of chromosomal aberrations by low pH might result from interference with S phase
activities, such as DNA synthesis or repair. In genotoxicity tests using cultured mammalian cells,
especially the chromosomal aberration test, it is important to maintain the physiological condition of the
culture (e.g., pH, osmolarity, etc.).

Keywords: chromosomal aberration, non-physiological condition, pH, false-positive, mechanisms
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In vitro 1Bzt (S LEYE OB m R
HAFMT 5 Hk e L THEERMEBEZ EDTVWS, 0
B I ERBEDEETH B 2 &, HEHEOFEVLF—
IBFOoNSD T &, FHABBOMIlcELTVWAI LR
EWBBEFoNG, L LEAS, HiceeiybssEimi
ZHWV 3 in vitro SRR TIIEEMYE 2B L 4+ 5%
HixE s, JEREEYE E RN & 4 2R REL,
TRHOLEBEHEDOZ VENMEE T > TV 3 (Ashby

© BARBERFYS
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in vitro

/ in the medium
Alteration of Non-DNA changes
culture conditions * enzyme inhibition
* ionic imbalance ‘ * inhibition of Cytotoxicity
* osmolarity protein synthesis + growth
*pH etc. * nuclease release inhibition
from lysosomes * cell death
* Energy depletion = apoptosis
+ imbalance of etc.
DNA precursors
DNA changes + lipid peroxidation
* alkylation etc.
* intercalation I DNA degradation
* strand breakage

* cross link etc.

l Chromosome aberrations

Fig. 1. Putative mechanisms of the induction of chromosomal aberrations by chemicals.

%, Invitro AR EZER S Z OFIA TIZI V. (LY
B34 OV A = X 2T & 0 B kR
EHEFEEE S (Fig. 1). {LFEYHELEH DNA IC/ERH L
T DNA Z{bh3H: Ui BB EERENIFERIN S, C
Ty, DNAEO 7 VvE UL, A v9—hL—v 3
v, 2m Y vy, $UMIEEMND B, £, DNA DA
DEAITHER L TRIEH) I DNA Z{bhstE U - d5 B
HWRENBFEHKTHEBH SN TV S (Scott et al,
1991). fEMAMERRE LT, DNA &b 3 W\ I3 EBHEEEE,
¥y vy, )y —n, 3 0F—#H, DNA FiERA
PR EMEBIF 5N 5. DNAZE(LDH 5\ IidJE DNAZE
(LizffaFErE %2 3E5 L, DNA SMRICE S & LR X
h3 CoOBBICBVLTOREBARELFERT 5 AHeH:
BdH5. INOLFEYED SOERED B IR
BERREFERECMA, EE CEWEORIC X D
RIDREBBRIEOS L IAER, RBERENERT A
REMEDSHH O 8-> TE . PIAIERKRORBEEDE
o TkKREI DI s h, FEEBERBIKRERE (Kalweit et
al., 1990; Nowak, 1989) ®&Ei2:&EH: (Ishidate et al., 1984;
Galloway et al., 1987; Nowak, 1990) |3, HfafkFE %5
5 EpMESINL. (LFYWEESEEICRMLT
KU 2 ERBEICERT 2BHER (RREH) 285< 7%
¥, BAETIZ 10 mM DI OB T O EEREE B 1350 L
BWZ & &85> TV A (Galloway et al., 1994). 7z, 4
x v N5 v Z DAL (Ashby and Ishidate, 1986) ®3 L \
fmpaEdERYL (Kirkland, 1992; Seeberg et al., 1988) & 4t
BRAEECHFR LGS, AR TRIERREERLE LT
BROpH ICEH L, FAENSEER pH O QAR
HERIEAB L U2 OEABIEIcD LW TR 3,

1. FEABMTIEEA pH CLI3LBREFORER
UTiicicd &S, JRAEN) pH BRI QR EAREE
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FERTBEEHS,EL, FEAHN pH ISEK T 23
WG, TRbbBEEEAET 2 ERENS 5 &2
i L 72 (Morita et al., 1989).

1) {EpHRIEOXE

K pH HEEBROHELRFT T 57201, Fr4=—X
N bRy — R (CHO-K1 fifd) % H W T ks ik
DIFMR B X W O Qo ik BB % K L 7 (Fig.
2). SOFEFEATTIRERRIZ 4mM ik %3 pHS.5 T, B
138 mMICT & % pH 45T, SOBEAETF TIZIERRIZ S
mM iZ X % pH 6.0 T, HfifRiZ4mMICk? pH6.2 TH
BEREEOFRBEDONL. INODERD S, K
BLUHERIZ in vitro 1IZB O TEEMAICLEBARE %
FHL, LrbSIFHETFTLIDEERIRET ST
EMIHSLER 51z, T OYRBEKREOFERIL, (K pH
D 1o RGBS R MG DZE bIC & - THRK U 7 iEHEY)
HBiCERT 20D b 2 100, BEBRBICEZME%S

20 -
8mM
15
g
S
o
fE 10
‘"'—'o—ﬁCl (-s9)
5t —e—HCI (+S9)
‘ ——H2S04 (-S9)
| —a—H2S04 (+S9)
6mM

0 e, S T P T TR U S (R YT S
74 67 65 63 61 59 57 55 53 51 49 47 45

Initial pH of the medium

Fig. 2. Induction of chromosomal aberrations by HCI or
H,SO, in CHO-K1 cells.
Cells were treated with HCI or H,SO4 for 24 h in the
absence of S9 mix, and for 6 h in the presence of S9
mix.

% 72 WERYE PBS (phosphate buffered saline) % i\ 7z 3 [Ff
RALE T & R A REFHERM: KA L 7o (Table 1).
pH 5.2 3 %\ (& pH 4.8 ® PBS ~ DI TG 15
@ o, EpHBRETHE S h - L EARE 3K pH
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fasi g TH O KB 2 —IRBRKFEF + ) 7 AEERT
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Fig. 3. pH changes of F12 medium during incubation in
5% CO, atmosphere.
The pH was measured 0 h (closed circle), 1 h (double
open circle) and 24 h (open circle) after the addition of
HCI or NaOH in the absence of S9 mix.

thiikicir 5 < 2% (Fig. 3), BHEAFH T % pH 245
ETHTELNETH >, £ T, B pH 2LE
IR D 72 D I HRE K O Bis-Tris 3 & U MES % F U
fo. HiEERT, ®BEKRILS Y Y AT pH 2H
5, HARKPH I 24BEERICBVTHBEILEKR
Rz, WIFhoEEHIEZHVWEBATOpH64 ThH
THENOREOFERMERM R SN, pH 6.2 LIT T
ST AFFE L (Table 1), T8 5 OFER
» 5 CHO-K1 fifd %2 pH 6.4 LI N DIE#&#k 1< 24 Br[H 2
BT AL, ROEREEFRTLILEPPSHLE
557,

2) EpHREBEOXE

fa pH BRI DL EA R4 2 7codic, KEREF + Y
U LB LOKERILA U v & OYetaR R R % FhE L 7o
(Fig. 4). S9IEFA R TIE, Kb+ b Y v aBXUK
Bithy)wssdblemMIick 2% pH 11  TRHEOFH
FIFBDONLEh o fc. —H, SOFLET T, KERILF

i1

—o—NaOH (-89) 16mM
8 | —o—NaOH (+S9)
—a—KOH (-89)
—8—KOH (+S9)

Aberration (%)

0 4 .
74 80 92 94 96 98 10 102 104 106 108

Initial pH of the medium
Fig. 4. Induction of chromosomal aberrations by NaOH or
KOH in CHO-K1 cells.
Cells were treated with NaOH or KOH for 24 h in the
absence of S9 mix, and for 6 h in the presence of S9
mix.

Table 1. Induction of chromosomal aberrations in CHO-K1 cells treated with acidic PBS or F12 medium.

Treatment medium pH of the medium Aberrant
(pH adjuster) initial after 3/24 h cells (%)
6.0 6.0 * 1.0
PBS 5.6 5.7* 1.5
(HCD 5.2 54* 13.0
4.8 5.2* 23.0
7.0 6.7 0
F12 containing 6.6 6.5 1.0
15 mM Bis-Tris 6.4 6.3 6.0
(HCD 6.2 6.1 22.5
6.0 5.9 22.5
6.6 6.5 1.0
F12 containing 6.4 6.3 2.5
15 mM MES 6.2 6.1 16.0
(NaOH) 6.0 6.0 19.0
*: after 3h
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Fig. 5. Clastogenicity of the combination of high pH

medium and S9 fraction after incubation of CHO-K1
cells for 6 h.

YUY AIZ16mMICXk B pH 10.8 T, KEE{LA ) v A
1212 mM i X 3 pH 10.4 Ic BV THRBEAEREHSEAD 5
hic, BpHOBARSIHEETICBLTOARENE
Shtctd, SOFLETITHBWVT 12mM DKLD&
LB XU 16 mM OKERILF b ) v L Z0HE L BE&D
S9 & & BEIH oMM AR L/ (Fig. 5). WIho7
W) EROWICGE S S BEMSETIC O N REHE L
FH L, EpH TUEL S BLEBEERERREEE
BI HAEMSIH S 0 & 78 5 72,

(= S9 mix)

—e—Formic acid (pKa=3.62)
30 || —®—Lactic acid (pKa=3.86)
—a— Acetic acid (pKa=4.74)

14mM

14mM
14mM

Aberration (%)
3

10 +
12mM
a
0 L L s

72 6.4 6.3 6.2 6.1 6.0 59 58
Initial pH of the medium

57

2. BRBRICLIFBHREEOFERLEZONE
—fic, gk RERBRICi T 2 REDEMLEYI
ERILEYITH 5. FHERERIE 10 mM LUT O ALBRREE
TYREOEREEFR LI, GRROEETDH 5 5 H.
Z I THMANTED SNERFENE b nwLah 3
BB OERE, Big IO OERERREERET L
2 (Morita et al., 1990). WFhOHKEKICB VTS S9
FEETFTTIR14mM P ET, SOEHEFTIE 10 mM Ll
FOEE TREARREE OFERMED Shic (Fig. 6). S9
IEET BV THREZFR L EHER OV pH 135
T e6.1, IMET6.0, FiETS.9 & pKaflid/hswnigs
REFROMP pH I L v i WA R L. &
fo, WIFNOEER IR (8RS LUK 056
Llalkk, SOBFETTLDE EESRBIL, ThbD
FEERE, BHEARLAYRII0mMUTOEEICEWT
bYPERREABHKT eSS S T EERBLTL
3. OS5 SIFAEBIK pH ISR 5 Qefafk R &
[BlBEH 5V i3 Z ODREFFRMEZIEL  FHMiT 5 HEER
& L7z (Table 2). REMMRTHEER pH =58 H5 W3
6.0 ICHERL, IhZEKB{LFPY Y LTPHG64 BLY
pH72 icthfl Ltz & T A, pH 6.4 ~D b TR TR

(+ S9 mix)

: $
74 6.7 6.4 6.3 6.2 6.1 6.0 59
Initial pH of the medium

Fig. 6. Chromosomal aberrations in CHO-K1 cells induced by organic acids.
Cells were exposed for 24 h in the absence of S9 mix (a), and for 6 h in the presence of S9 mix (b).

Table 2.
K1 cells induced by organic acids in the presence of S9 mix.

Effects of neutralization and enhancement of the buffering ability of the medium on chromosomal aberrations in CHO-

Neutralization of the medium

Enhancement of the buffering ability (x2 NaHCOs)

Organic acids initial pH  pH after Aberrant | Concentration initial pH after Aberrant
24h cells (%) _(mM) pH 24 h cells (%)
6.0 6.8 11.0 20 6.1 7.3 0.5
Formic acid 6.4 7.2 4.0 25 5.8 7.1 0.5
7.2 7.3 0 27.5 5.7 6.7 10.5
5.8 6.8 13.0 25 6.0 7.4 0
Lactic acid 6.4 7.3 0 30 5.8 7.2 0.3
7.2 7.4 0 32.5 5.7 6.7 8.5
6.0 6.9 31.0 20 6.1 7.4 0.5
Acetic acid 6.4 74 0 25 5.9 T2 1.0
7.2 7.4 2.0 30 5.6 6.8 9.0

In neutralization study, media were first acidified (pH 5.8 or 6.0) with each organic acid and then neutralized

to pH 6.4 or 7.2 with 1M NaOH in the absence of S9 mix.

In enhancement study, cells were treated for 24 h in F12 medium containing 34 mM NaHCO3 in the absence of S9 mix.
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Fig. 7.
and NaOH were used as pH-adjusting agents.

HORBBHESZ o0, L, hildftEyE ok
EMERAM B A B X, ZORR, ARE-SWHE%E
<227 LTLESa[fEtdd 3. =T, EEROBER
KOV TRE L7, EHEIERE (17 mM) O 2 £50RERK
FF PV LAEESUREREZ pH T4 ICHE L THV
LA, ABEEAINIC & 25EEHK pH O FAME 2 5
h, BEKKIZ 25 mM £ TREOHERLEZED - k.
OB, BFRONBETEREEFRLICEEOK 2K
Th 5. BEEEAEBZ 5 30mM BiEOEE TR, BED
FREBFONEL -1z, TORRRE, BRINYEME
ERENBEKENE SO TR, pHIKENTH 3
TEERBL TS, EREROMEMIE, FEABM pH IC
R 2 BERIGEEBED 5 WIRBE T 2G0T E
WZ 5,

3. FEREESRVEORESIRELTERICRIEIT

EER pH OE

EEE R QA R HE FFRYE D N-ethyl-N'-nitro-N-
nitrosoguanidine (ENNG), mitomycin C (MMC), 4-nitro-
quinoline-1-oxide (4NQO) DR Gefi AT HFHFERDS,
BEEi D pHZ(LICE > TED & S B BEZT 50K
L7z (Morita et al., 1991), R pH 13, EEkd 5
QKB b U AARRINL THEEE L. Fig. 7 1R
& 91T ENNG 2 & 2 REHR 35 pH T3 Mg S KT
ZRL, BIEpH TR EF L. £/, MMCB8XU 4
NQO iz & 3 BEHE 3, pH 10.6 THFLUEMNSET
L, pH5.5 TRIEMICHNT 21K pH &I X 2 BEH
Bi FFEHIhobDEN 1, £ THA D pH O
BkhicB 3 BWMEOLEM % HPLC %2 AL THIE
L7:. T I TIid ENNG O4%/Rd 55, ENNG DLE

Effects of pH of the medium on the clastogenicity of various clastogens in CHO-K1 cells in the absence of S9 mix. HCI]
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Fig. 8. Stability of ENNG (50 ug/m/) in F12 medium at

various pH values at 37°C in the absence of S9 mix.

P IE pH TEIK, @pH TEWLI EAMEAL, Zfalk
BE OB & —FH L TV (Fig. 8). MMC B £ U 4
NQO I & 2 AHHHEDEpH BT AEFbpH 11 T
DLEEMDIE T Z XM LIcbDTH -7z, —F, [EEH
PR E FFYE D benzo[a]pyrene, dimethylbenz[a]
anthracene ¥ X U dimethylnitrosamine O %2 %€ M 13 B 2
W pH OEEAZ T 15 - 1o hs, REFHEIIpH 10.8
BLUPH S8 T, MBOEMS 5\ IZKEELF + Y
v Ak B REWE EEEE % TET L (Morita et
al, 1991). Thi3, B5&K pH 3 89 OREBTEHEALARICE
BABZ bR N {LFEWEOREER T TO
LEM: L R AREFRFEOMc 3EWHEED H 5
EDHOMERY, REEREFRMEOFMIE VT
13, BB pH &% D pH ITB J LB OLEM %
RAZEET DMLEDD 5.
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4. BEpH LK IFBHREETRAE

1) fRISEM

FigF—2i3vFns CHOKIfiaZHWTE O L
7ebDTH5D. {KpHIC K BLREAREDFERPH VI
MlcERNEboTHINIE, ROEREARCBT 3
Z oMl ERZHIRT 2 468 BH 5. £ T, KO
BEEEME (F v 4 ==X b6 27— HREEN:
CHO-K1, CHL, Don, V79 379A XUt b HisRELHEL
ffid: HeLa, RHMEIMMY v ¥ER) %K pH IT X 34+
RREFROLEIEERGT L e (Morita et al,, 1992).
pH O EAIAMEL D ET 50, EpHUEIZHE
BEIE B D MES % F\ T pH %2 % L 7- 5288k 1< &4
% 24 Bif5] @ 5E & ¥ 7. CHL 2 pH 6.5 I F TR D
FHMBED 5N, CHO-KI1 T HA~E T pH 163 5 &
SEVEDSE OV T & ANHIBF L 7z (Fig. 9a). V79 379A &k
) ¥ ¥ER (HL) (3K pH iZ%f L CHO-K1 % CHL (3 &Y
WS REARTE 2R, HERD 20% LIT offfasE
HRECBVWTOT DI RBREHEO LRSED SN
(Fig. 9b). %7z, Don & HeLa (3, 578 pH {&7FYE 1E
AD SN 5 FehS, CHO-K1+CHL & V79« t k)
Y RERROBOKIGER L, (& pH i< & 2 REOHERKL
AL (Fig. 9¢). T THEHI~NXZ, BEank
RED I A4 73V oMifdic BV T bl T i3 g
BAEUINT D AT, ¥V 2B T T i QAR
BMb-72¢ETH3B. OoDERLS, KpHITK
HREARREFROLEL SRS N, ZoHEB LU
REEFRT 5 pH i3l RSS2 L, F1H
I RFEOBBICBILEELH 2 EBHLME
1o, R RERABRTNH SN TWVS CHO & CHL
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Fig. 9. Clastogenicity and cytotoxicity of low pH in
CHO-K 1 and CHL cells (a), V79 379 A cells and
human lymphocytes (HL) (b) and Don and HeLa cells

(c).
Cells were treated by low pH medium containing MES
as an organic buffer for 24 h.

BEHIEPH ioX LEZEATV I L IEFEBREET
5, FOEREART -/ X—201FELEAENINSD
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Db 5.

2) REBHRRE MRS

K pH i< & 5 SRESE & filamEi: & oBfg%, CHO-
K1 & CHL iZ2>WT/RT (Fig. 10). S DT 50% LI
DHEGRTREOHERPEF LT > TV S, (K pH BB
BV THIlaEED 50% LITF ToBtXIGE, EER
P AS SIS T &SRB E Nt

3) WHEEIETROFR

et R A BN E LS, ik ks
(SCE) iIc> W T, pH OEEMSRIFTIhTVRL, %
CCEpHICH LIRE X REBARRELZERKT S
CHO-K1 & FH BRI L VT9 379A #HW T,
SCE #FF M i< ]2 12 31 pH D52 E % K3t L 72 (Morita,
1995). Fig. 1la I CHO-K1 Z{& pH B85 T 3 HERAL
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Fig. 10. Correlation between clastogenicity and cytotoxi-
city of low pH in CHO-K 1 and CHL cells.
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Fig. 11. SCE induction by low pH in CHO-K1 cells (a) and V79 379A cells (b).
Cells were exposed for 3 h to the low pH medium. NC is the negative control.

A 0kEE 4 RT. pH5.6 TSCEHED FH%
AL, EpH 3 SCEZ bFERKT LI LB SN ELE -
fz. SCE O#FEF %A1z pH TIRLEBAERT OFR IR
Shd, T, ROEKREEFEFRLIpH TR, 2[EHD
SR (M2) 5375 { SCE OB 3 ARBET & -
fz. TOT EMD, [EpH Tk B Y EEKRY IR D5
ZUh I (M) TREL TV AT ENWASh & -
fz. V79 379A 12 BT & CHO-K1 E[ERED /¥4 — v A
Hoh, pHS5.8 TSCESED LA L/ (Fig. 11b). %t
ERERBRDOAK ST SCEARBRICBEB VT HEPH IT &
2 RGO RIREVE DS R S L fe.

4) HMRBBHICRIZIEE

K pH IZ & 2 ok REF AL S »icT 57109

Continuous exposure

Oh

IZ, CHO-K1 OffafE I I3 K pH O E4A 7 o —
P4 b AN )—=EHOTRET L (Morita, 1995). G
BETHI DO MES 28R % pH 6.0~7.2 I L L
B, 24 Rk 3 & U 48 Kefil &k O #H% DNA &% #lE
L7. EpHIZBicoh, SHICH 2D E|IE&H
L, D% OIET L (Fig. 12). Ao
DOFER pH 6.4 LI T3l oEms Rohd, {KpH
G A ESHIcB L TEESETVS I LS
MmET 5T,

5 HIRBHLIFEARESRYE

ffaE o & T pH IC R IR S hicfifah fytafk R
HEEARKT HHLEPSHITT B70HIT, pH 5.4 OIEERK
T3 WFRMABE L 7o &, FFEE ORI L Z/ET L
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Fig. 12. Cell cycle phase distribution and mitotic index (MI) in CHO-K1 cells after low pH treatment.
Cells were exposed for 24 or 48 h to the low pH medium. Cell cycle analysis was performed with a flow cytometry. Numbers

are percentages.
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Fig. 13. Effect of cell cycle stages on clastogenicity induced
by low pH.
CHO-K1 cells were exposed for 3h to the treatment
medium at pH 5.4 and recultured with fresh medium.

7z (Morita, 1995). = OFER, EHATO G2 B L U S ik
Bich- oSN AR TRAFERIED ST, S
AT, G1B L1 2RO G2M lic b - il T
REDOFERNED S i (Fig 13). K pH I & 344k
REOFRICII S WAEBBT 2 LHBBET, SHIKE
THaTLaRBSNI, TOLSIT, (&pH Ml
Az slicB L RIS ¥, S HIRENIC R BA R
EFEFRT LT E, VR T IIEI O TR RS
5T &m0, {EKpH Ik 2 RBAEREFEOKEI, S
HHIZ B 1+ 5 DNA &kd 2 VW IEBEER~DO Tt L 3 T
LoHEE SN, £12, EpH T SO HHE T TOARYE
HEDONBCE, EpHICBVTH SOHFHETF TR
WM RBET 2L, 0, S9DEWBEICXBHk
BIEHEYEOER b E A Sht.

5. Invitro #EEEEHRICE T 355A pH #H
FEAEEY) pH BRES 3 QA E 2 FFK L, Mkt
HiEsrkodnfiglrd s, T, £l 50D pHEHE
PHCRBR %2 KT 2 DBRYTH A 5> H. EE, HEHY
PHIZ 681574 50VWEWVEE, L LEMNS, HiC
Z O pH EiEHER T 201}, LFWEOREHICE - T

HHREECTHAS. 2T, pH6.6LLETIROLThOHMK
BB THROEEREOFERIAHONT, FIAFR
b 50% Vbbb E, SS5icEpHMEICK>TSH 24
% D pH 25 7.8 LI T DA ZERE OB FHIED S
NispotzT En s, EEOMEITEB W TIE pH 6.6 D
578 BEEB WTH A S, KW pH (LEH 7.2
RS NS, ABRYEORMNC X © K5 pH A% 0.6
BNLL LT 28558, T18b 5 C OEBHIHERE pH %=
BRFNBEAITIINEEZ BT 2 08BHATH 5. HBAIK
o T, TRICEHROMMEITY, pH OEEEZH
ZBTEBMETHAD. Fi, AN pH TLER
WHEERBR T 256013, BEK pH 2L A E O LEN
KO XRET 20 TRIEL, MlEoAEHENERE T Ic#k
ETHIENHEETH S, PafEREAROKSHED
PERERICIE, MfamiPrREEICE S 10mM A dH
305, ThichAE:#Ew pH bixaHEA2HE S 5 ERK
D12ETEHENDS.

6. FEABMIEERBICLILEHREETRERE

B2 IR FIR R R BRES I & 2 Y A FUE B AR %
Table 3 IcF & 3. BRSBTS T EMbaERE Y
V=L oDR Yy LT —Eiih, SREEEA A VR
B, S9 mix FIEMMFEICLE b ELHEEINTVS
25, WENRLHELIEHREShTLRL, &5, K
Wih 51K pH (3BERIAE, & pH & S9 DG+ (387
YRR B RYE DA & 5 alfEtE s R S h
ol

blll

b 5
AR L 120, kR RBRICBT 58404
Fo4vi3, REEKO pH ICHEBEERILD X oid#kd 5 &
I8 o 7o (Table 4). RIEMELED & 2HHULFY)
BoBRIcBWT, BBk 3BROENP IR,
BRMEDAR ST ABICE - THIHEAER L END

il

Table 3. Indirect mechanisms of chromosome aberration induced by non-physiological culture environment.

Possible mechanisms Cellular target Non-physiological
environment
Nuclease release from lysosomes Lysosomes Hypotonicity

High level of cytotoxicity

Tonic imbalance Chromatin? Enzymes Hypertonicity
Production of active oxygen Oxygen and superoxide S9 mix
species radicals
Production of new clastogens DNA High/low pH and S9 mix
Enzyme inhibition Enzymes of DNA synthesis Low pH

or repair

Kirkland et al,, 1989; Morita, 1995; Scott et al,, 1991
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Table 4. Guidelines on non-physiological culture conditions in vitro chromosomal aberrations test.

Recommendation Source Reference
In recent years, attention has also become focused on changes in pH or the ionic Guideline manual MHW, 1990
balance of culture medium. Conducting the test under conditions
unphysiological to indicator cells should be avoided.
It is also important to determine the effect of the material on the pH of the UK EMS recommended Scott et al.,
culture medium,since extremes of pH can be clastrogenic (Morita et al., 1989). procedures 1990

Since extremes of pH are known to induce chromosome breakage (e.g., Morita  Melbourne workshop = Galloway et al,

et al, 1992),the pH of the culture medium should also be kept in the recommendation 1994
physiological range.

Can the effect be attributed to extreme culture conditions that do not occur in ICH guidance ICH, 1995
in vivo situations, e.g., extremes of pH; osmolality; -+--------

Care should be taken to avoid conditions which would lead to positive results OECD guideline OECD, 1996

which do not reflect intrinsic mutagenicity and may arise from changes in pH,

osmolality or high levels of cytotoxicity.
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Mutagens and carcinogens in atmospheric environment
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Kyoto Pharmaceutical University, 5 Nakauchicho Misasagi, Yamashina-ku,
Kyoto 607, Japan

(SZEE: 199743 A 12 H)

Summary

Mutagens and carcinogens in the atmosphere are classified as gas-phase or particule-phase com-
pounds. The extracts of ambient air particles collected for 18 years (1974-1992) in Sapporo were
significantly mutagenic in S. typhimurium TA100 and TA98 with and without S9 mix. This indicates
that the potential health risks from the particles have not decreased during the 18 year period. The
mutagenicity of ambient air particles has been more thoroughly investigated in Japan, there being
fewer reports on the mutagenicity of gas-phase samples. However the contribution of gas-phase
samples to the total mutagenicity of ambient air was not negligible, and was especially high in
summer. Therefore we should pay more attention to the mutagenicity of gas-phase compounds in the
ambient air. Combining air sampling using polyurethane foam cartridges equipped with filter
cartridge assembly drawn by a mini pump and using the microsuspension assay technique with S. typhi-
murium YG1021 and YG1024 was a promising method for monitoring the mutagenicity of indoor air.
The particle-phase samples collected in smoking rooms and the gas-phase samples from ambient air
collected in summer were clearly mutagenic in both strains without the S9 mix. Recently, several new nit-
roarenes, which are extremely mutagenic in the TA98 strain in the Ames assay and/or the microsuspen-
sion assay, were detected and quantified in ambient air samples. 2- and 4-nitro-6H-dibenzo[b,d]pyran-
6-ones were identified from the gas-phase OH radical-initiated reaction of phenanthrene. The 2-nitro
isomer accounted for ~20% of the mutagenicity of the ambient particle extract. 1- and 3-nitro-
6-azabenzo[a]pyrenes and their oxides were detected in the semi-volatile phase originating from the
airborne particulate matter in diesel and gasoline vehicle exhausts. 3-Nitrobenzanthrone was also detec-
ted in ambient air particle extracts and was not only mutagenic in bacteria, but was also clastogenic in
mouse peripheral blood reticulocytes in vivo.

Keywords: atmospheric environment, nitrodibenzopyranone, nitro-azabenzo[a]pyrene, nitrobenzanth-
rone
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hT&xf, zoE ZEEKCERFEYE BRL « €
B3N, TholcXaEROKEESHS NI SODH
5,

ARTR, IhFETIRAKPIOBRBINAERE -
DAEYEEY Y 7)) v 20w TiliNEkD B, K&
TR TIRYE O RIFEH A5 & L - BRI s iR
BHOERIECICATRETO A 2 « RSKMERUCEN
EROERFEWAR 7 ) —= v 74 5B EHNT 5.
F AR, BESBREDD OH L VEEREE = b o 28R
HEBERAKFEESRBENTVWBE I EM D, 25D
ZEREMZICOVWT LS S .

1. KKHFHOELRE - WARYME

INE TIRAKHD SZRERIIERF « BARYE
BHOWIEZEhTED (BT, 1989), zh 5% < it
DREFIEB ORI > TABINCAERE, BEHxhicy
BThsb RIHOERE « BAFEWHE KK TORE
IERBIC L D R« BSURWE R FIRUE IS 1
%. Table 1 icfRERMNBEKRGHOERE « BARYHE%E
RY. AR BKURPE R I, R AFERKUER
B & L CTHHE N TV 3 formaldehyde, benzene, tri-
chloroethylene, tetrachloroethylene, vinyl chloride 73 & 25
BENTVE, # 2« BRYHEORMREE L TIIEK
WXk, HZEE vk, WRBEERL EHN S 5H Ames i
BNy 7 ) 72V ERFEHRBRAEE ofitfic g
FIKRYVI LY VT +— L0 XAD R EEHOICH
BREEEGHVSN TV 3,

FFRYEE LT, HBEBLLEEY» SZRAE

BRALKEE S EABILEY & The TWESRETS T
THH, ThoDHICBIAKHOLERE « BARYH L
LTE=%1) v 7 I TW53 benzo[a]pyrene ¥ % V€
* 7 B TA98 #Ricxt L THid ToWEREM: %A /Rd di-
nitropyrene 7 EAEZET LTV S, T 0 SRR T
DERIF « BAFYIE ZFIRIEPEEEE i s 3
550 ERKPTORIGIC & Y ZIRINICHERT 5 DT
H0, RRPITHFAET 5 = b o SERRIKER T
“IRHERIITH B EVOIHE S D D (Arey et al,
1989). K FHRWBRNARK) v a7 —H V7T —%
LD AES B VIEY T MR AR EicHiEsn 3.
FINEBOMBICRT V- vy 77 -BHVS
h5. NPRWEOMEDOEICII A ETo RINEZ
RIFEYEOERAEIZ 5 o D ERSEHERMFICER
D MEWH B, —J, R&HITIEH R XK E
KT ROWMiH OEEEEZE & D 5 % 4-nitrobiphenyl
2-nitrofluorene X ED X H WYHSHAEL, T o E
LooYEE L THIES N S idKRE O HARSM: L H
AT 5.

E S TR « BAFEYE O IC 3R &
2V EFFRCRINEERAE I o= b 57 4 —PH R
70= b5 7 0 —/HRBMHES 2 VBT HERR
HBMATRI o2 b5 74—P7V—bd—3g=y
74T IMA R IS5 74— R EBHVOR
%, FAREMWRAERD:E LT Ames iR (Maron and
Ames, 1986) % microsuspension 7% (Kado et al., 1983;
DeMarini et al., 1989) & % & micro forward-mutation
£ (Lewtas et al., 1987) % ultramicro forward-mutation

Table 1. Representative mutagens and carcinogens in atmospheric environment.

r’

# (EAD, 1989) BTEMFTHITL S,

2. ASZBEHNFRYPEXFICHR-BIRKYVENER
R

Matsumoto © (1997) [ZALBR TN O (F EHilR i B W T
1974 4E7p © 1992 4 D 18 AERTIC I » THIE S h o K&
ek U A D SR ity O 2 5 %2 Ames 3ABR 1< &
n P, S9mix FRMNFF D TA9S # K U TA100 £k i<
4 BERFIENE X 1974 40 5 1992 FE1Th 1 TRRDO D1
DR AR L 7chs, S9 mix FEIRMEF TR iRk & &
I FIEHEVDORETH - 72, BRASEOKKTERDIRK
1 R LR SIS S W\ TUE 1970 4ERT# & i L CBIE
TIPBDEEIN, TORKTICEIT 5 EE K 1/4
BEECETERFLTVS, LrLEAS, ZREEED
fid 5 H5 & RKUFER U A ORI 2 BRI 151G
B RO L TOE EIREAMB, 2 EEE8 U AT
YD TA98 ¥k M U TA100 it 3 5 22 R IE M 13 9
mix BRMOERI b OTE (6~8 H) 1ITf&<, &
O~11 8) »5% (12~2 H, 7L 12 HZHiE)
HPFTREBETFT 2o TERL, & G~5H)
DOEIIHT THURIST % & W5 FHINZH 246 0K
L TW7 (Matsumoto et al., 1997).

—7h, R (1994) L HETANTER TH) &4
B Q~3 ) chEMHERAKOBRBIc R YL Y v
Tt —LEBEE L INAR) LTSV TS5 —%H
WTHEN TFRYE & 2ARYEEHEL, Thoo
TA98 FRic X 5 R4 Ames ifBRIC & 0~ 7.
ZDFER, N RARVEOERFEH AL v Eiflics v
T, KROLZERFEICHT 5 7 2RERFOE S
BREHTROVFNORBRHICBVW TS, SImix ikMNOBH
TICHh Db S TH 20~60% LEDHL -1z, TDTEIRK
J[OERFEM AT =% v 74 B354, KNTFRYEIH

DT A ZARYEIODWTHAHHTREXTHD, i
Hic 3 7 2B OEREW AR ST 2 LB TER
WEWS T EEREBLTWS.

3. X=VYF I UTS5S—ICLBRTRUETAZKDHE

ELTERHHR
ExFFE—HD > 5 80% LI LR ZENTE T
LTLWELEEbNTEY, ENESTERICHT 220
BORELAET o255, —F, ERNESREEHE
T BRRICRAKGER OEA L 0 HEROREB L &%
HOFFIDBES . T orw, REAFELSEE RS T
BERy, J@RELSERFERRESSLEL SH
%, Fig. 1LicX—vF 4 v7rs—2HOCTHEL K
FIRVE & H R« ZZZIRYIE T S\ T microsuspension
B U RO Z RIFEMHAROFERE R L., A%
Sl EHIBUESR O L ZEE & WL VWEBRIC B\ T 1996
8 H30~31H (485 IcHiEL . BEEDOW S
RO AR A IR S N AR TIROZER
MBI & > THERSNTBD, 205 OZERFMERY
WVE X SHE YG1021 & U YG1024 #Ric & » TRIER
CRiE e, KRR bl YG BRick L T RIE#:
ZRL, 8 HITHE L ety 2k, 11 HoR
BT 3 RWE OZERFEES RS - 2. ARV
HVTI-RBBEDIFEALE, HEEAREL I =Ry
7 (1~51/min) TWE|T 3 T &h 5, TREWE N
THRARBROE=% ) v /I bIbHAETH B L%
Zohsb,

4. REFLYBHINIZHFLWEREYE

WA, RPN TIRIES 5 V34 2« ZSURE
& L T Ames iR & % \ 13 microsuspension #:1C & ) ¥
HTHOWERFEMZRT = 0 ZRABHRIK KR

Phase Category Compound
gas aldehyde fromaldehyde
aromatic hydrocarbon benzene non-smokers' room smokers' room outdoor air (Aug. 30-31, '96) (Oct. 18-19, '96)
halogenated organic compound carbon tetrachloride, trichloroethylene, tetrachloroethylene, 300 300+ 300+ 600
vinyl chloride ','D m
nitro compound 2-nitropropane, 4-nitrobiphenyl, 2-nitrofluorene 2504 250+ # 250 4 500+ F
nitroso compound N-nitrosodiethylamine, N-nitrosodimethylamine '," ,." _/I
particle heavy metal arsenic, cadmium, chromium, nickel o 00 L ,"I o ,"' 4007 I.'/

s < 4 7 J
mmera? . asbestos . E' _— - .,D A e ‘ A - '//
aromatic epoxide benzo[a]pyrene 4,5-epoxide 3 ; ,_/ . /
aza-heterocyclic aromatic benz[c]acridine, carbazole, dibenz[a, h]acridine, &, — 1604 ',D m iti) ./ A," 2004 /F A

hydrocarbon dibenz[a, j]acridine ',-,’,l-:.ﬁ """ 4 [jl e
halogenated organic compound chlorinated dibenzofuran, DDT, PCB, 2,3,7,8-tetrachlorodioxin e 1004 ." 4 ¢
heterocyclic amine Trp-P-1, Trp-P-2 AT i A —_-::'_'_—.
nitrated polycyclic aromatic 2,7-dinitrofluorene, 1,3-, 1,6-, 1,8-dinitropyrene, 0+— T T 1 0 T T : 0+ : : T |
hydrocarbon 4-nitrobiphenyl, 2-nitrofluorene, 1-nitropyrene 0 5 10 15 20 0 5 10 15 20 0 10 20 30 40
nitrosamine N-nitrosomorpholine, N-nitrosopiperidine Dose ( /air / plate)
polycyclic aromatic benz [a] anthracene, benzo[a]pyrene, benzo[b]fluoranthene, Fig. 1. Mutagenicity of air samples collected by filter and polyurethane foam (PUF) plug in S. typhimurium TA98, YG1021
hydrocarbon chrysene, methylchrysene and YG1024 without $9 mix.
—QO—, Filter TA98; --/\--, Filter YG1021; —-—-— ==~ , Filter, YG1024; —@—, PUF plug TA98; A, PUF plug
YG1021; —-——ll--——, PUF plug YG1024.

Matsushita (1989).
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1) Nitrodibenzopyranone %8

KREIFHR FIRYE D S9 mix JEFEE T TOE RN
IZ %} 4~ % nitrofluoranthene %f, mononitropyrene ¥ }x O
dinitropyrene D HF 5 RIFZ LT 0.1~5% FRETH
D, =05 TRAKFEN FRYEOZREED 10~
15% FEEE LD BiIHE N7\ (Arey et al., 1988; Haya-
kawa et al., 1995). & fo K& FIRYE D 2 FER
D K4y 13 mononitropyrene % dinitropyrene $H & 0 %
LY O B OB E S ICFEET S ERESA TV S
(Lewtas et al., 1990; Arey et al., 1992). 2- }2 U 4-nitro-
dibenzopyranone (nitro-6 H-dibenzo [b, d] pyran-6-one;
NDBP) (Fig. 2) ¥ & ofkttEs & b RS i bd
WMITH % (Arey et al., 1992). 2- }x U 4-NDBP DZE R
75 ¥ 13 microsuspension 2 TalER L 72854, TA98 FRIC
Xt LT %N ZF 4 104000 rev./ng M O 15300 rev./ng T
% - - (Watanabe ef al., 1995). 2- & U8 4-NDBP (3 ¥
RGN FIRYE & L THES W AT ORE R
240~410 pg/m® K UF 180~240 pg/m® TdH O (Helmig et
al., 1992a), KXFEH FIROMEOERFEMEDO B L %
20% 7 2-NDBP it L W Blah B LES LTV S
(Helmig et al., 1992b). = b o ZRAFHERILKFEL L

2-nitrodibenzopyranone 4-NDBP
(2-NDBP)

NO,

()q? C) |:M§%E>N%

1-nitro-6-azabenzo[a]pyrene 3-N-6-ABP
(1-N-6-ABP)

NO,

o ©©© e ©©©

Y ¥

(e} (e}
1-nitro-6-azabenzo[a]pyrene-N-oxide 3-N-6-ABPO
(1-N-6-ABPO)

oD

O
3-nitrobenzanthrone
(3-NBzA)

Fig. 2. Structure of nitrodibenzopyranone (NDBP), nitro-
6-azabenzo[a]pyrene (N-6-ABP), nitro-6-azabenzo[a]
pyrene-N-oxide (N-6-ABPO) and nitrobenzanthrone
(NBzA).
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PREES D 5 4 — BT v U V15 & OBBEERD 5 K&
CHlEh 200 TR, RRAPIKBLWTEERG&
BRALKEI & SRR & DRIFIC L VAR 5T &
DRI TW3 (Arey et al., 1989). K541 d NDBP
HMuagshdEgEsr 2 & LTl &% (Lewtas et al,,
1997) & & b KM RIE R I B W T phenanthrene, OH
5V H VR OERRIY & OIS & 0 FABHE LT
HRRT 5 EHESNTWS (Arey et al., 1992).

2) Nitroazabenzo[a]pyrene %8

1- }2 OF 3-nitro-6-azabenzo [a] pyrene (N-6-ABP) & %
DA ¥ ¥ K (N-6-ABPO) (Fig. 2) d7 7w v a— ¢}
L7 AHEDBEBIC XAD Bl H 5 L &%E Lic 4 K
VAT —H VTS —THETSILicLD, i
XAD Mg ic il S h 2 VAU EREMETH 5
(Sera et al., 1994). =1 5 OERFEM 3MHD TH <,
TA98 #k i<t L T S9 mix JEFZFE F T 1-N-6-ABP (& 352
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Rt O 2 R 0K 35% 03 h o O(LEYTH
Han> 3. £/, ns0= ok s 4+ — €N
HOA Y vHOPES 2hh S RIS TEY, EI
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(Sera et al., 1994).

3) 3-Nitrobenzanthrone

3-Nitrobenzanthrone (3-nitro-7H-benz[d,e]anthracene-
7-one; 3-NBzA) (Fig. 2) (3 1994 4E 1§13 T KSUFHERL
FRPE I 7 4 — VBRI T & b R E
Ban-HLVWEREYE ©& % (Hisamatsu et al.,
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. B

BEESHLS N TORWT L, o REATRES SRS
> TR T 5 7o R S 2 MBS L T
HproEBEICERLTVS. 5% KKHOH 2 &
SRYE B O N ZE ST G E O Rl Rl O e 22 SRR
KEREAHETL L, ThOIC K BIHRRILEEET 508
Wi 5. FIHTICHRIE & N AR R EE O A o
mEnEREERREL, HRRNEZAET S L L bR
HEARALNEE#ECRTRER SV, —4, ek
RSN T O B FRER FRYE O ZFRFEH B L T
b7 OERYENAHTH 2HABKEV, O L
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s B EHRB TN ARERIFEEEMN TV E NS
FEEMSFER SN/ (Gallagher et al., 1994). THE TD
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A A= X A RRIA S LTV WS KGR TIRYE D
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DOERBTFEEND T EnS, T 5k 5 DNA H#HE
DFEEITOVT HIHMNT 208D H 5.
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Mutagenic and carcinogenic activity of environmental radiations:
biodosimetry of solar UV radiation
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Nobuo Munakata
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Radiobiology Division, National Cancer Center Research Institute,
5-1-1, Tsukiji, Chuo-ku, Tokyo 104, Japan

(ZF1997 43 H 7H)

Summary

Various kinds of radiation are detected and measured by physical, chemical and biological methods,
dependent primarily on the nature of the detectors. In the case of solar UV radiation, the most ubiquitous
mutagen on earth, physical spectroscopy and biological dosimetry seem relevant and informative in
monitoring biologically-effective doses. The concept of effectiveness spectra derived from multiplication
of irradiance and action spectra is crucial for relating these two methods, but the experimental validation
was lacking. The spore dosimetry developed and employed since 1980 is a convenient and accurate
biodosimeter, and a detailed inactivation action spectrum was obtained. The irradiance spectra at four
Japanese sites routinely measured by Brewer spectrophotometers have been available since 1990.
Comparative side-by-side experiments have been carried out at Tsukuba, Naha and Sapporo ob-
servatories. The results indicate that biologically-effective doses, calculated from the effectiveness
spectrum, were in close agreement with the observed doses, the mean ratios of the observed and calculated
values being 1.2-1.5. Comparative experiments were also performed at Bukk National Park in Hungary
and agreement with the spectrophotometry in Europe has been reported. The application of spore
dosimetry for monitoring personal exposure to solar UV is discussed.

Keywords: solar UV radiation, Bacillus subtilis, spore dosimeter, personal exposure monitoring

# H Hrhs, L1 L BIFT 2EYN ENK T KEEHEA

RELSOWREE, BOIERETOIFEYEICOVT,
EYERHOCRE, ETRIEIET, YHNBERFEOD
MEZERETRRVAS LAw 21 i3 To
HIERBRES, ~A 427 - 7ORIEE LT, KBLEAE
RERETH L EGIHRBENSERTH 5. KRN
MIBET 22 OEMCE > THENBA ML RATH S
LRI, (bsh EoTRELHM, DNA BEHAE iRz
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MBS TOVEHEREC L RTRETH B EEL LN
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AR OIS AT, R EYIN A (N4 & F v A
MU =) A, RSN VEREORIEE & bITbhELOR
ARTH B xRN,
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FHE 4 BRAREEFRCMBOLIR T TR T hick
K4 3. 2o bEBEEMCZEZBICHEL TV 320
nm DL F D43 UVB fHi & Wb TW 508, ToORE
MTHEMNEL BB Lh > T, DNAEEHO®m S
BEBCHENL TV, b32BEOHERRTZEEh
fexx vF-BICX2ENRE B2, UVBREE L)
OB, AVHEROBELSEHEF D ERST VT
L, PERIEE L TERB O, SAELRcbi b
BVWKEOHI R RI FIVTH B EDBDLNS.

—F, EYIRORERE LTI, LWL 200MAEY
DERAMATIRESN TR/, HAERTOMHSY, R
BERT=-V VY ITHIfI IR LNREEERLS L,
LA BB ERNTH 5. BRI OIS Z 5
e LTk, MElRTFsRETHS. FEE, HER
faF DR RARE TR E B L, R4
MOBEREELZBR L TVWE S bic, TORAREFRKKE
TOKECENRO AW FRRAE IS > & bBL T
WBDTREOVD, EVWIBINELY, AFFY A
) —DBF E A TS S L T &/ (Munakata, 1981,
1989, 1993, 1995). T 0 D KA ERIE, 4
BbOLHMERRI FVERFFYA M) =BEDLSE
BRE Y 0 EEAT WA DhHBAREOEETH 5.

TVvAVITk B AV VEBEO e SR s
1974 £ (Molina and Rowland, 1974) i, R. Setlow IZ
- T, KEBEEAROEYIROEA LA S hi
(Setlow, 1974). BAMMOPEEAIRIC> VT, KEHLEN
R ~R7 b VIEE EEYNROIER A~ 7 V& DR %
ko, ThaEERR < b (Effectiveness Spectrum) &
K3, T OERNZARY b IVORES DI E O BT
RfEE 3, COFiHRE, B LTV 245>
WT, HEBOMEESER (synergism, antagonism, protec-
tion, adaptation etc.) 2fFE LS\ ip, EHTE S LT
b5, FVVBORIDITEBRERETRIISEDE TN
HER, BEAENCOERI LM ->THEDSNTE
fe. LipL, TR oMaxiREICH D SR <7
FVEERZRRZ b onBh - T &5, EER
WIRREE 1 A ATHET & - 7z,

2. KEBRENMRIRY MIVEEORE

SEFIE, 1990405 7 ) 2 7 =4k &k BEN 4
Ero%RE GLIR, ik, BERE, 8 coEHn
1R~ b OVEREE DI B L7z (Ito et al., 1991). %
D, 1994 F» 5 dFEMBTOERBRIb B BbhTL
3. O, BH, HOH»S5H®%E T, SIEHNC
290-325 nm D E&IPA% 0.5 nm R TEE L T, &k
RICBI 2 EEORIEEAB RS> DT, KEDSE
OO THERF— s BEBIN TV S, APLETORK
ED R, ECEELR COMIEEB IR ->TT —
Y DEFHEEEHTWSIED, BIETIEKE, #+50
AER L OFAHBERICBM L . bDEHERE LT,
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Spectral Irradiance of Solar-UV Radiation
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Fig. 1. Spectral irradiance of solar-UV radiation.
Data of Brewer spectrophotometers obtained at Naha
(circle), Sapporo (triangle), and Bukk National Park in
Hungary (X) at similar solar elevations as shown
below.

haKRlEETHIFR CLDREEZBSTENbIBIN
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REERP A E S HEICILE T ETH 5.
INSDORMaETIR L IHBD 7 ) 2 7 =BT
Ty, a—oy HEERORE 7o Y = 7 b THEREL
TW5b, Fig. 1 KT F v A b Y — & ORI HEFER:
KA SN T ) a7 =R K BHERRY b IVEIR
. BE, AARBLONYHY) —dtEHOE 2 v 7 EA
[H (obtained by Dr. A. Bais, Aristotle University of Thes-
saloniki) ICBVWTRIFKREANFLVKDOT -5 22X 5
AT, FURPSEDEDIIBROAEEZLOSNEH, K
FHT 3B & DB AR bVBZONTVWAZ EDb»
5. XL AHBEDPBOFERROMNMDH B AT PILT
BB, HERENVH)—=TOTB T 74 VBUTV S
T&id, TOFFFHERT o — VIS KK ORINIE
AL TWS & 2RET 5,

3. RFEREIX MY —DBIEMBRIERRARYT MV

Ko x b ) — 0BT, MEREEARERSZ M
(TKJ6312) OFEBIL claFA A v TS5 v 7 409 — k
K FLT, a0 ThH 5. HF, KEOHE
ZEDEHIMEICHEHON, BHREDO 7ot X & E#EICT
B, KA T Ao —22H0, 2 VYT 57 4
g — FicidwT s vaRiICRAE Y b B HEEBFE L
(Fig. 2). CohETEONLRAR (R#y Y
10° T4 3 ) &, RARBERR, RS2V

Sample and Badge of Spore Dosimetry

Four spots on a membrane filter

0|0

(d=25 mm, pore size= 0.1 pm; Advantec A010A025A)
Each spot carries 106 spores of strain TKJ6312

in 0.4% SeaPlaque agarose and 0.4mg/ml blue dextran.

O0]0O

OO

Fig. 2. Sample and badge of spore dosimetry. Upper left: four spots of spores on a membrane filter.
Lower left: a membrane filter carrying four spore spots fitted into a slide mount with a UV-coloring label. Lower right: a
monitoring badge incorporating two spore spots and UV-coloring labels covered with filters and cardboard in a plastic case to

be worn on an upper arm or on a bosom.
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Inactivation Action Spectra of B. subtilis Spores

100=‘A.“‘.‘1

10 4
107 4
107
10°° 4
10°°
107 4
10'8:,.,.i....|,..,

250 300 350 400

Wavelength (nm)

. 3. Inactivation action spectra of B. subtilis spores.
Samples of TKJ 6312 spores spotted on a membrane
filter were used for the exposure to monochromatic
radiations with Okazaki Large Spectrograph. From the
survival curves, the inactivation rate constants are
obtained.

Inactivation Rate Constant (J/m?)"!
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Fig. 4. Effective spectra for spore killing at Naha on
August 9, 1995.
Solar spectral irradiance at 13:00 (line) and 16:00
(dotted line), the inactivation action spectrum (X),
and the effectiveness spectra at 13 : 00 (circle) and 16:
00 (triangle).
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Spectral Effectiveness for Sporocidal Activity
(August 9, 1995 at Naha)
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Fig. 5. Spectral effectiveness for sporocidal activity on
August 9, 1995 at Naha.
The effectiveness spectra are integrated for each 10-nm
wavelength band.

FERRRY v (1/8) £ D THRBERIRTORIED
#HE (1kby b5 2BBHHOTE) 2RbITLH
bhd, THbL, EhART bvid, HB8H, b5
Bglics VT, KELEARERKT 2 zhThomkik
RO, ENFEFOAEYNREEAEL S 20 E 0D FllE
Thsb.

Eh R <7 Fovid, 131F Setlow DFHE—HKL T,
310nm fHEic € — 7 2 & 5, EEERMICE28Ic, ik
EfIC3R0@EPhIc Fh- T, 16Hicid, EEE
fiicahoTE =2 B2 TV TEBbILBE D
EHhZ <7+ V%, 10nm OEERBICZ 54 2 LTH
B3 ERBERFOBRSRENDIHFEEZTRHTE S, C
hz, ECHIZODWTRLEDH, Fig.5 Thb. —HL
T, 300-309 nm 2 b K &2 5%/~ L, 310-319 nm
BIHRICOVWTEBY D _ETIEIT 80% %5 5. 300
nm DI F & 320nm DL ERZENZEFNIZIE 10% 5235 L
TW5, HEL A HEL IR, REEERST OHEMIE
HENKEL LB, COROHEOLER, Ehx~7 b
NOLBRBICOVWTORMETH D, THEHLERTFE
WHEOFRIETH S, TOHD 12, 13, 14 Br D FEHE
12, #HhZh, 0.53,0.70,0.58 (ID/min) THH, BB
PI—HL TV, FHlfELDPREDREV, TOF
B & EREO I WTEA A TE b7 —
Y%F EDI-DM, Fig.6 Thb. ZOXT, b LiliED
e —HT i, HED» D ASHEOR EICRENET
b0, EFEOF— 53Dy FHAREVH, Eill
EAPPREWVEAREEL TS, TOlEFEOLDOFE
g, AL, Hk, BETEhEN, 125,123,141 &
ot E5HIC196FH IV H Y —TirbhiA
A Fv 2 ) —OEBHERFERICEVTS, JOWED
HoOYHE R, 128 THD, HARANTORBREBS —
L.

CHho DR, MEOHMZF1ITHEIEIF, AN
N OVBREE L VER R <2 bV OIKHLY BHaSREIC F N

| A

Correlation between observed and calculated ID rate

0 5 | Il I | l | |

- o e |
g 0.4 AP G S
5035 4% T ¢« f
3 0.3 X :
= ] --40 .
S 024 - $C" "
E 014 A 3
a ]

0.0

: T T T T T T
0.0 0.|1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
ID/min(observed)

== O= =TsulD/m(cal) == = =y = -0.0052722 + 0.85041x R= 0.97229
F_Sapu)/m(cal) y = 0.017277 + 0.67086x R= 0.89736
wsenge=== NahlD/m(cal) ========= y = 0.039577 + 0.59795x R= 0.90587

Fig. 6. Correlation between observed and calculated ID
rate.
The results of side-by-side comparisons between Brewer
spectroscopy and spore dosimetry performed at
Tsukuba (circle), Sapporo (triangle), and Naha
(diamond) observatories.
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Mutagenicity and carcinogenicity of magnetic field
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Department of Public Health and Environmental Medicine, The Jikei University School of Medicine, 3-25-8

Nishishinbashi, Minato-ku, Tokyo 105, Japan

(SZPE: 199743 H24 H)

Summary

Several epidemiological studies support a weak to moderate association between exposure to
magnetic fields in residential or occupational environments and the incidence of cancer. Recently, public
concern about magnetic fields has been increasing, but it is impossible to imagine life today without
electricity. We reviewed some studies on the mutagenic and carcinogenic effects of magnetic fields. The
studies can be summarized as follows:

1) It is possible to estimate the mutagenic activity of magnetic fields by useing some short-term
assays such as the Ames test, the micronucleus test, etc.

2) No studies clearly demonstrated the mutagenic activity of magnetic fields. Some reports showed
positive effects, but others, negative.

3) Several reports showed that magnetic fields modified the mutagenic activity of the chemicals
themselves.

4) The reported evidence did not demonstrate that magnetic fields act as a cancer initiator.
However, they might act as a promotor or in tumor progression.

Further laboratory experiments and epidemiological studies are needed to assess the mutagenicity

YVRIY A

and cancer risk from magnetic fields.

Keywords: magnetic fields, mutagenicity, carcinogenicity
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Table 1. Studies of workers exposed to static magnetic fields

Work environments

Intensity of magnetic fields

Workers in magnet
production

2~5mT (hands)
0.3~0.5mT (chest and
head)

Contact welders

0.1~0.2-s pulsed magnetic .
1.fields of 25~125mT,
8 h/day

Reported effects Reference
Subjective and minor Vyalov (1974)
physiological effects

(645 exposure — 138 control)
Increased nervous system, Abramovich-

cardiac, and blood disorders Poliakov et al. (1979)

(211 exposure — 113control)

Workers in aluminium No fields reported Increase risk of leukemia Milham (1979, 1982,
plants (death records of 438,000males, 1985)

but few cases)
Industries using Average, 7.6mT Minor haematological Marsh (1987)

electrolytic cells

Maximum14.6mT

alterations, but no major
health effects
(320 exposure — 186 control)

Workers in aluminium
plant

No fields reported

Small excess of leukemia Rockette et al. (1983)
mortality; non-significant

risk of other cancer

High energy accelerator
laboratory

Fieldsupto 2T

No increased prevalence of 19 Budinger et al. (1984)
common diseases including
cancer

(792 exposure — 792control )

Electrolytic production
of chlorine

Fields 4-29mT

No increased incidence of Barregars et al. (1985)

cancer over 25-year period

WHO (1987), Shimizu (1992).

Table 2. Cancer incidence and occupational exposure to power frequency electromagnetic fields.

Subject

Cancer risk

References

Telecommunication workers
Electrical occupations

Amateur radio operators

Males in underground mines n

Electrical occupations

)
I

Electrician and welders
Electric power industry

Electrical occupation
Persons living near high

voltage line
"

lymphoma

No cancer risk
Increased leukemia

No leukemia risk
Increased eye melanoma
Increased leukemia
Increased brain tumors
Increased leukemia

No leukemia risk; increased
urinary cancer; increased
malignant melanoma

No leukemia risk

Increased malignant melanoma
Increased leukemia

No leukemia risk;

no brain tumor risk

Increased astrocytoma
Increased leukemia; increased

No cancer risk

Wiklumd (1981)
Milham (1982, 1985)
Wright et al. (1982)
McDowall (1983)
Coleman et al. (1983)
Vogero& Olim (1983)
Swerdlow (1983)
Pearce et al. (1985)
Lin et al. (1985)
Milham (1985)
Gilman et al. (1985)
Vagero et al. (1985)

Calle & Savitz (1985)
Olin et al. (1985)
Stern et al. (1986)
Tornqvist et al. (1986)

Mack et al. (1991)
Wertheimer & Leeper (1979)

Verkasalo et al. (1996)

WHO (1987), Shimizu (1992).
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Table 3. Types of genotoxicity experiments, by exposure category.

Assay type ELF ELF Static Static
electric magnetic electric magnetic
Microbial system 0 4 2 6
Plants 0 1 0 2
Dorosophila 1 3 3 7
In vitro chromosome 6 12 0 7
In vivo chromosome 6 3 4 1|
In vitro DNA repair 3 3 0 0
In vivo DNA repair 0 1 0 0
Dominant lethal assay 2 2 0 0
Total 18 29 9 23

ELF: extremely low frequency.
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Table 4. Experiments reported by authors as positive or negative, by exposure category.

Reported positive Reported negative
ELF electric 7 11
ELF magnetic 8 22
Static electric 6 3
Static magnetic 8 15

ELF: extremely low frequency.
McCann (1993) (ZaE/0.

Table 5. Distribution of test results.

ELF ELF Static Static
electric magnetic electric magnetic
Microbial NA = ? ?
Drosophila SLRL ? ? ? %
In vitro chromosome ? = NA -
In vitro repair = = NA NA
In vivo chromosome ? ? ? s

ELF: extremely low frequency.

NA: No genotoxicity testresults were identified.

?: Test results were mixed.
—: Test results were negative.
McCann (1993) (180,

60
50 -

40

Number of animals with tumors
w
o
:
i

Weeks after the first DMBA application
Fig. 1. Number of rats with tumors as a function of time
after first 7, 12-dimethylbenz (a) anthracene (DMBA)
application. Per group, 99 animals were used.

BHEOZRFSEIEE B BBANE VN, YavJs
N AW RERR, invivo AR ERERIZED in
vivo ARER T l3fat: & Gtk Ol s OFER B H 5. BIERS
NTVRHIED S, MEASFICERFEUENS N ES
DOEREBSL T ERELYV. SBROMERELEN
3,

Bk, HEBLUHERERTE A OWHEPERIC
BELTWS. FlAIE, EES BE amimny, 1t
WG, TEAL¥E, BUE KKUG4, KEGS, e
FEGT, A, BERETHBE hooicd,
MBS AYEOHFELET LI EBHONTVS, —
i, BEMBECEREROBIEELZRFE, £ A

52

DIEZE A DYHEIC>WTH B EMBTH B EDBE
V., ZHhIC bbb 5, K&TGHBEE & il R4
L ORBERFRAEFRABICL VIS TWVWS T &3,
FRIEVENOIRE & TN O A DERDEAE - T
D THRIECEL S DEBZZONG, £IT, WHEE
RIFVIE OEARER OZRFM O S ~ DL bRt
L, WSoZREWEMEHRZHS ML TV TED
SHOFELEN 5.

3. BEOREEMHERICONT
REYEAHRE L TS S ZBE L& %, &

BRAEBBEZLBEDLEI DERANLEREZRMN TS

(Loscher et al., 1993). DMBA % 5mg/kg 5L 725 v

M T 50 Hz, 100 T DOTERISARETE L 72 & & OEERAE
¥oaR U, BHISEZRE LB LB S i R EK
D%\ (Fig. 1).

BIEZZ SN TV B BEA BRI OREA H = X &
%7~ (Fig. 2)(Goldberg and Creasay, 1991). DMBA (Z
EBHISZRE L 5AcR, BRI nE—5 -
FIREZH L TWEEZEZONTVS (HKD, 1995).

4. THAYNRETZTHFTI—ICLPHIBOREHEICRET
3 RE
1996 4E 10 Hic 7 2 ) ARET A7 3 — i3, 174ER 0
BEARE LT, EREGOREL SRERECHEU (A
HRRIIMATE R > EEWE L. TOWE
LT, bo LHEBBICHRMELIARNETHEEVLIER

:

[ Effect of EMF
I 1
EMF acts on cell membranes ] EMF acts to change the pattem of gene sxpressionl I EMF acts to produce stress response
|
+ 1 prerresessseee === -
altered flux of im:rogs,d oDC modification of cell increased decreased expression altered plasma levels decreased
calcium and activity surface receptors expression of of tumor inhibition of adrenal corticoids levels of
other ions oncogenes factors and i l; i
H H H r---__.J ............ 1
altered increased modification of depressed immune cancer cell
intracellular obc cell surface system function promotion
i activity receptors

reduced immune

system function

tumor growth
and

e - Relatively strong experimental evidence at least in a limited number of experimental cases.

;Some experi al to human physiolgy may be

............. ;Weak experimental evid: . lack of i | inf jon, or y results.

(Goldberg & Creassay.1991)

Fig. 2. Three hypothetical mechanisms to explanation an association between extremely low frequency (ELF) electromagnetic

fields (EMF) exposure and increased cancer incidence.

The strength of experimental evidence supporting the links between each step is the thickness of the connecting lines.
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Summary

Only half of the potential human carcinogens in medicinal and agricultural chemicals (IARC group
1, 2A, 2B) were detected as mutagens when using the microbial mutagenicity test. For detect well known
medicinal and agricultural chemicals in the environment, chemical analysis methods such as GC/MS are
more sensitive than the mutagenicity test. However, the microbial mutagenicity test is useful for the
detection and identification of the unknown mutagens in the environment, and also for quantitative
monitoring of the total mutagenic burden of environmental pollution. It is essential when monitoring
environmental pollution using microbial mutagenicity test that consideration be given to test procedures
such as metabolic activation, treating method (plate, preincubation or gas exposure), tester strains, and
inter- and intra-variation of test data.

The detectability of carcinogenic chemicals using microbial mutagenicity tests are demonstrated and
then the availability of mutagenicity testing for the monitoring of agricultural and medicinal chemicals as
environmental pollution is discussed.

Keywords: Salmonella mutagenicity test, monitoring, medicinal chemical, agricultural chemical, test
method
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Fig. 1. Proportion of positive, negative and equivocal

results of various mutagenicity test in IARC evaluated
group 1, 2A and 2B chemicals.
Thirty nine agricultural and 102 medicinal chemicals
were classified with the test results of in vivo micro-
nucleus test (M), in vitro chromosomal aberration test
(C), DNA repair test (D) and reverse mutagenicity
test in bacteria (G).

HER (M), HrEffifaz v 3 AR (C), Mk
Y% H\ 5 DNA {85 B (D) & 2R RIF M5
(G) DFERAZ N ZTh B L (Fig. 1). BEickiI5
FNFNOHRBRATOBMERIM T209HDH 5 84
BT40%, CT2YEDSH 14 YWHET 54%, D T 22
YIEOD> b TYET32%, GTIOWHD S L 16 W'H
T53% Th-1:. BEERICBIZZNFhORBREAT
DO IE M T 68%, C T 77%, D T 63%, G T 57%
Thote. BEE LTSI NI LEWEICB VLTI,
gute R SR R & RS FEIFMESBR s L iR H R s B
<, BIBYER 5 EH/MEAER & DNA HEG TSR
BhF BBk, EBERE LTI NIALFEY
HicswTid, RAEARERRIROBRHENRL, &
HLEW % A 5580/ MEAER, DNA HEEMERE, R
ZRIFEWABRONETS - 7. MY A 5 R R
PERBR IS, BREMTE, KROFEEE, tre VAl b
BB I U TR ESELS, BT, ~ey vk
FEBASYNH U TRZESEY,  officilBRic
Lo TR Lic S W LFEREE 7 Vv — 7 HHIS hTWw 3
(Zeiger, 1987; Ashby et al., 1991). E3FEM % H WV % 58
INGRER T IR, RER TRIHIRICKEZBEESEAD S
NI A% W 3R RF IR (LR, BRI
TEDPIZLIZIE 50% ORIETH -7, RESREBE
TORMERDER, BE EERO I V- TFicE Dk
ILEREE OB E S HHEI NP ITKELTVWS., O
Fhic L THERFEMRRZ RO 2 BIEPEREL
DE=FY) v JITHVBRESE, RBon/BEPERESR
WKW UPBEHAT AT ENTER,

2. RERUABROERETRERE
BRFEBUS I B W THUEEA 2 I D 1% 5 FEHIE, Bl
FORBHEFEE~ ORE A LEI TP LT MERER 1< &
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DAL hE SNt PUEERIC X 2 EEBRIEES OGS
(Kleinberg and Quinn, 1981; Neal et al., 1983), {E¥REH
HODORD S OPEER| O (Falk et al., 1979; Anderson
etal, 1982), {EEMFEED ) v HIfaDZ R (Norppa et
al., 1980; Waksvik et al, 1981) DSBS & &, EEEHE
HENORBEZP LT 5 o i HUlEEH O R &\ 4 A
NS4 UHHIES L (OSHA, 1986). T hi3, ZRE
HalB 2 O IfEEREDE =5 ) v 7 LEEE CHER
INENAAE=Y )V IDEBRELTESLZBTED
TE50, ERFEUEWEER > TOEH SHANHEET
gL R#EROERE, UKD FVWEELED TV
DotckDICERFENRBRT M4 E=4) v/ TES
BEEEBH L THREORBENELTLE LW
IEINTLH B, HA4 KI5 4 VHIEH D cyclophospha-
mide B 0 $f WEBEEHE 0¥ E R W o REAA
(Sessink et al., 1994) iIC & % &, FAIEDOKUPIERE IES
HIE TH 0.003-0.03 ug/m?, BAY v 75 —ick BE¥
ZE O IEE 134 0.04-0.5 ug/m’, FEFRDIEY
13#9 0.08-9.6 ng/F4%, {F¥EDORPE T 0.2-19.4 1g/H
TH -1 EHE L TWAS, Cyclophosphamide D %2 5 i
MR oM FIRIBE 2RO Lo oHiEd 5 &, S
typhimurium TA100 (+S9) ZERZFAER TOBRHI TR
TR 13 500 ng/plate (Nagao and Takahashi, 1981), L5178
Y (+S9) TK ZERZ FaAER T ORH T IRER (E 1 1g/ml
(Myhr and Caspary, 1988), CHO (+89) Ztafk 54 KER
TOWK TR (X 50 ug/ml (Allen et al., 1983) & 75
5. GC/MS T & 20T 3 EREMRAN 0.1-0.5 ug
(Sessink et al., 1993) EHEShTWVWE DT, ZREFHA
BROBHREZ GC/MS 1T & 2B &N & i 5 &,
WA & F W 5546 1000 f5L1 F, Qe ik iR ER % H
WA 100 f2L) F, L5178Y ERZERAER % H W 555
A T2fELL ERREEAE W, [zl U 7o cyclophosphamide
& BIERE O REMEMER AR CcE=5 ) ¥
74 B, FAREDEE 10000 m® Ll L, AV 7
7 — D54 1000 m* P OB EET 2 HENH D,
EBEDH v 7Y v 7 IAARETH B, T ORRICAETRERES
ICHARTHBNSREOHERPBEST S EEL SN B1EE
RETOEAEUABROERBAEZZET LV 7Y
VIO RSB ESREE S 5, EREERRI
GC/MS BT & 5 I EDYE S F 2 ERT 5 T &M
T, BT OFEMSHETL L TV 2REED b 3 B3
PEEFOE=5 ) v Iicid, ZREWERBR L %
ST DIE S S—REHIC BN TV 5.
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o—ip e L TERFEERR, FarkaERic X b ERF
W, REMEASEESNTVS). (2) RREY, BEkO
b B(LEYE RS, (A, BEREAELEMEL, REH
s haEAERIRT 5. (3) KX, K, HifEhoKkE
BT L D ERNICE=5 ) v 7 LERFM,
BEMEO H B CEMEORE, HH, BEELLEOEETF
HEHEUICHIEL TV AP EHRT S, W) M4 E=
5y v 7%k FTITV, ERFEMHED S 2{LFYEORHE
BOREE S 10 BT ELSEY) T b B ik HER
+3E0-kFIENEZ NS ERFEWHRRIC LS
FTCONAZAE=F ) VIOV TIEHI T THRNIZW),
Z OFIEV BV TERFEMARIIZ  OfL2EWHE O
ST HREMYEEZ 7 ) —= Vv 745 EVHEEN
#E A > TV A, HITHT DX/ cyclophosphamide T
ORERRFEE COFIFch S hbbt 5 &, HilEE
KO OFNAA F 54 i3 (2) 1T, {LFNHTick 35
BRIER Q) I, XM AE=7) V73 @) YT
3, Tho0ERFRO—HIESLa EE, KER
OHFIEEE T > TWVWA. Thid, BEEDH 5 EK
BRI A& S TR I LI v & v S B
2ThH5.

Th&idplic, 4rEREEHEE Mt 3R, W
KICTIHED O EDRRBERFEWES LD S5 VR
hTV 30 A2 RFERRE O THE=HNITREE L &
N DORREEE ZBhIE T 2 HEFIMEE LT (1) Z5EM
RERIC L D KK, 7K, TEhOZ RFEHYIE &R
ERMICKRET 2. 2) BEMTE ORI X W ERK
WHEEZSBERIE T 5. () ERIFARES 5. (4) Hk%
SlEEEC LicpEORE, [l BEELHLEEHRY 3,
SLARARBELET 3 EV-KFIELELONSE, D
FlRic BV TERFEMRR AR, K TEEhoZRFE
VB DR, ERAGTR & SBEEE B B o
WEDOR 7 ) —=v 7w BELEFEHEH - TV,
ERFURBR O R SHJIK, T3 KKEBELLT
WV ARRIFYE OR B A BIH LEEY 3 HkRBED &
CHBMBETRES LT h TV,

RBE=51) v 7280 ¥ WHEOEHT (1) £R
RUOBEROMA L 2) K&, K, THEHOERFEWE
DREFFHI, ERIOSRILASEETH 2HE B, TR
BAEMEREMRBR ARV CREE =5 ) v /42801
EEMBEOEEAET 201, &ORLRIELHS 3
DA 5y,

4 ERRMEREENT S LTOMES
1) KBEE(
R BILE I & 5 phenacetin DZEREMZ 5 » b D

Y

T 89 & H\ 2 RAETEMALE TR TE VD, A
28 —DF SO ZHWVWAHICL DRI TX 3HAHEL X
LTV 3 (Nohmi et al., 1983). Phenacetin DZEF G %
S5y FDFSIENLRY —DIFS9 EHWTIHNI4E
HARLI (Fig.2). "AZ¥—DFS9E=rv V73
VEOERFMARIETADICT v DIFSI L0 b B
NTWVWBEMHIS N (Prival and Michell, 1981; Araki et
al., 1984), National Toxicology Program (NTP) IZ&B1F %
A2 SRR R (S AERTE AL IC 5 v+ DIF S9 &
LZH—DRFSIEHOWTHEBE N TWS (Haworth et
al., 1983; Mortelmans et al., 1986; Zeiger et al., 1987, 1988,
1992). NTP THER & 1172 1386 YL D 5 & 467 ¥ A5
BtEThH 0, 247 WESRMEALE LT E T 5 R
HYETH - 7. T ORBMEHALTHEER L CEIC
SWVWTTy PDOFFSI ENL RS —DIFSI DEEEA H,
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Fig. 2. Mutagenicity of phenacetin with rat S9 on S.
typhimurium YG 1042 (O) and TA 100 ([J) in the
preincubation assay, and with hamster S 9 on S.
typhimurium YG 1042 (@) and TA 100 (M) in the
preincubation assay.

58 (23.5 %)

= 33 (13.4 %)

7(28%) [ R+H-

— =) 1561% 2 R>H
= =7 B R=H
—_——— @ R<H

134 (54.2 %) B RH+

Fig. 3. Comparison of metabolic activation of rat and
hamster S9 for NTP tested 247 chemicals.
Chemical was only mutagenic with rat S9 (R+H—),
more strongly mutagenic with rat S9 (R>H), equally
mutagenic with both S9 (R=H), more strongly muta-
genic with hamster S9 (R < H) and only mutagenic
with hamster S9 (R—H+).
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B L7z (Fig. 3). 24TWED 5> 5 T¥H (2.8%) 55 » b
DFSIEHVWILBEACOABLETH D, 33YEH
(13.4%) D53~ 5 2 9 — DRTF S9 2 H W &1 © ARk
Rz, REFEHALCS v FOFSI DA EHVTL
B RERFEEOH 2YHEZREL TV EHITKL B,
% 7z, Ponceau 3R 5 E D 7 VA L&Y DZE RIFEI S9
Mix icV) ¥ 7 5 € VvEAMNZTT VBoBROIEES L
F, TVRSEYAFIC X 0 ERERERINT 2FELST
% % (Matsushima et al.,, 1980; Privalet al., 1984). {L2£¥)
BOZERFME DA LT~ B I 3RETEE L Z R I
ERTHMEND 5.

4-2) HBFE

N-Nitrosodimethylamine DZE52J5E (3 S. typhimurium
TA100 2 WA, 7L — METRRIBTERVDE 7
VA VFaR—va YEEAVSEERIBTE 2HIPAS
N TW3 (Yahagi et al., 1977; Araki et al, 1984). N-
Nitrosodimethylamine DZRJFME%E 7L — bEE T LA
VFEaN—Y g VIETHNIEERAERL. (Fig. 4). 7
VA YV F 2= 3 YEORBEE AN o i b

Preincubation Plate

Revertant colonies / plate

e | e A L
0 25 5 75 10 125 0 5 10 15 20 25
Dose (umol / plate)

Fig. 4. Mutagenicity of N-nitrosodimethylamine with rat S
9 on S. typhimurium TA100 (O) and E. coli WP2uvrd/
pKM101(@®) in the preincubation and plate method.

24 (25.8 %)

4(4.3 %)

4(4.3 %)
B prep-
Pr>Pl
M pr=pi
19 (20.4 %
42 (45.2 %) 204%) [ pr<p
B pr-pi+

Fig. 5. Comparison of preincubation and plate method for
mutagenicity test data of 61 chemicals.
Chemical was only mutagenic in preincubation method
(Pr+Pl—), more strongly mutagenic in preincubation
method (Pr>Pl), equally mutagenic in both method
(Pr=PIl), more strongly mutagenic in plate method (Pr
< P1) and only mutagenic in plate method (Pr—PI1+).
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WBEOERFEMA 7L —  VEE T LA v F 2 R—Va VY
B ClRl I I U 2o & SRRl A& L = ofE R Z L
B Lt (Fig. 5). REBETE/61YHD S L 199H
(204%) ST VA v F aN—¥ 3 VikD A THEER
L, 7v—tosThiEE R LILYERZIVE
(43%) ThHotz. TOTV— MEOATEEEZRLK 4
WIBIE T LA v F 2= 3 VIETHREDFRRSBNCH
EXNTWS, BEDEIAT LA vFaN—va vik
BTV —ELD bEREHYEOBRHICEL TV S &
SZ25. Ft, TLAVFaN—va itk ABRPEE
ol RGBT E T 2YE D A2 5 3 HRHEE
HbESELE LR VEBEEREYHE L TbED LT
Vw3,

PUtG bR R O RIFEYE GREA, 1996) (Z@ED 7 LA
YFaN—va vIETRBRIHTERWY, 7 RRELEE
W3 & E. coli WP2/pKM101 TEREEMEAKRE T 55
H3T % % (Fig. 6). Dichloromethane DZE R [FM:IZ 7 L —
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Fig. 6. Mutagenicity of carbontetrachloride without S9 on
E. coli WP2uyrA/pKM101 (O) and E. coli WP2/pKM
101(®) in the gas exposure and preincubation method.
Growth inhibition was observed (¥).

8 (38.1%)

\—\\\\‘ 2 (0:5%)
9 (42.9%) 2(05% O GawPry

Fig. 7. Comparison of gas exposure and preincubation
method for mutagenicity test data of 21 chemicals.
Chemical was mutagenic (Ga+/Pr+)or not mutagenic
(Ga—/Pr—) in both gas exposure and preincubation
method, more clearly mutagenic in gas exposure
method (Ga+ >Pr+), only mutagenic in gas exposure
method (Ga+/Pr—).

o

b, FUA Y Fa2N—Ya YETRIRIETE RV,
FLA VF2NT vavdZRARESHEBL, FERC
S — ARV — VL THBRIESRHLEWE ST S
r FBTVA vFaN—va vk RiliTEs (s
K, 1995). HERHEO(LFWIE TR OHEMRIEDE W YIH
REEOTV— M VA vFaN—va VIETEA
BEp >R LSS TLE S OTH RRREEH VI
V& FRICERFEHEFHANLZHESTEIE W (Araki et al,
1994), 7 RIREEEORINEBLEH]~ B 72T, 7 2R
HEFLA VFaN—Ya VETEREFUDG L 560
TV BYE A SR T A L Z OFERZ K L 72 (Fig.
7). RETEL2VYHED S S 8YH (38.1%) 2347 21§
BiEcoHBMER L. CORE, (LFWHEOKRT
P&~ B OICABRT B WH OIRN OIEMYE LB TE &
OWE%ZE L TRERG L RIS 5 BEH B 5 H %R
LTW3.

4-3) HBRE®

Phenacetin DZ S (& S. typhimurium TA100 XD
SERET I v, HEKE= o AL TREOR
W S. typhimurium YG1042 (Hagiwara 1993) ZHW5H
TERFEMZH S bm RIS 5 L8 TE % (Fig
2). N-Nitrosodimethylamine @ %% 52 Ji ¥ (3 S. typhimu-
rium TA100 X0 &= b o VLAY L TEREDO RV
E. coli WP2uvrA/pKM101 W3 T & Tl RT3
TENTES (Fig. 4). 7z, PELRFEDOZEREMER
E. coli WP2uvrA/pKM101 T3 H T E 72043, DNA I
migEd 2 ZRIFEYHE OB ICKE DR W E. coli WP2/
pKM101 2V 3HTHRIHTE % (Fig. 6). T DRRICE
ULt O Y gt /)= Y 0 W D @ NI RANEE 7 ot S /N DRAN
WEERFW A Bk & THICK 5.

5. ZREEHEFENICRET A LTOMES

5-1) HBARIZEN

FhE T L BB B O TRI— D LFEE IS L
TR—OEBHE TRBRAFEKE L TR ON RS
ERBZTEMNMSNT WS, NTP TER & W7o {LFW)
BoDS b 186 YPE I3 3 BED 5 b Ll 2 KB TalER
DBEEN TS (Haworth et al, 1983; Montelmans et
al., 1986; Zeiger et al., 1987, 1988, 1992). Zh & 186 ¥'H
DIRER DL % g U 72 (Fig. 8). 2 #B8, ik s L
CREEZRLAEAME RIS E D 5> 5409 H
(21.5%) & 97 ¥'E (52.2%) THET 13T YHE (73.7%),
ABRERSFMEcxnL - WHRAF28WE
(15.1%), 2 BB ORBRER S RE - LYHB 21 WHE
(11.3%) TH - 7. NTP O#ERZ R B[R 109HD S
5 1B IRBERSHRAE LG L TRy, B
&> TREREFEMAFE LI L TORRWHFICE 3.
ABRBBA S RIS NUSHER SR 2RI AR C &8
DTHA5H, THHAAENICBVWTLIDXIHBER
BBDIE S h. HEEIEEEHEENE L TEED

L

' 15 (8.1 %)
= &

Fig. 8. Compatibility of test results from two laboratories
in NTP test data.
Chemical was positive (+/+), negative (—/—) and
equibocal (? /?) in both labolatory, positive in one
labolatory but neative in other laboratory (+ / —),
positive or negative in one labolatory but equvocal in
other laboratory (+/?)(—/?).
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g. 9. Inter-laboratory variation for mutagenic potency of
quercetin tested on S. fyphimurium TA100 without S9
in the plate method.

4 ¥ 7 )b (quercetine) % :XERFEEE I BCAR U CRABRFE R ©
ZEEFEAEL, WE L G, 1992-1995). 1991 4F
D5 1994 I E i & h 7o RBRFER 2R L7 (Fig. 9). #
254 Ba1A L 72 1991 4F12 13 quercetine D 25 F [P - 5 <
BT & ZHBEI3/D 78 < 5 HBEBII 1 BERE (20%) ASEEME
DRBAWE L, 20k, FEEBS LR
TX ZRBEANE < 11D 1994 i1 B DR ZHE L
B LIS EERRICSIML 2 1B 0T
Hote. Thid, HBEFEH L BT OFBRRER
74— KNy 2 LCRBRFER LoRMERERRLT
ik D RIBERE S B o BHEOHREH S
BLEZONK. IOFR, MAEMERFEHRREERE
W2 BIFE A et s 2 HIE T 28k & L THEH
TEHEATH, RBREEMT 2 BNE ORHEEEN D
DA RBARIMTHE2HEERLTVWS, T, MAEME
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Fig. 10. Intra-laboratory variation for mutagenicity of
benzo(a)pyrene tested on S. typhimurium TA100 with
S9 in the preincubation method.
Data plotted average number of revertant colonies and
their standard deviation of each laboratory.
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Mutagen and carcinogen in water environment
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Summary

Treated municipal sewage water has been used recently in urban areas. Risk evaluation of chemi-
cals in this water is studied. The evaluation of chemicals in the effluent water effluent depends on
the method of concentration of the chemicals, because the level of them is usually very low not to be
detected by the bioassay. The method of concentration decides the chemicals which can be screened.
Bioassay, such as the Ames method (YG strain), can detect specific chemicals related to nitroarenes
and amino compounds. Detection of these chemicals depends on the choice of resin and bioassay.
This short report describes the determination of the compounds in the water environment.

Keywords: water environment, concentration, resin, bioassay, sewage
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Table 1. The review of mutagenesis of the concentrated samples of different water, the method of concentration, test assays.
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Table 1. Continued.
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Fig. 1. Induction of umuC gene by formaldehyde. The chemical was introduced at the time 0.
Then, growth of cells, ODgo was inhibited and umuC gene was induced to repair the damaging DNA. Dehydrogenase

which shows the activity of respiration was also inhibited.
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Blue-rayon Extraction

Fig. 2. The structure of resin of blue rayon.
We used the resin to adsorb the poly aromatic
hydrocarbons in the water. The resin was packed in a
glass column, and the water sample is introduced into
the column in 20 mL/min.
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Fig. 3. The sample from the treatment plant of human

waste was applied to the concentration method and
bioassay, umu-test.
The filtered water by ultra filter after activated sludge
treatment of human waste was introduced to the blue
rayon resin. The genotoxicity by umu-test shows high
positive activity which show the treated water has some
kinds of genotoxic aromatic amines.
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Fig. 4. The water sample was collected in a municipal
sewage treatment plant.

Influent, and effluent of the plant have high genotoxic
potential related to the aromatic amines.
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Identification of Trp-P-2
in secondary effluent
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Fig. 5. Mass spectra of Trp-P-2.
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The concentrated water sample by blue rayon resin was eluted by ammonia/methanol. And the elute was fractionated by
HPLC by third times with different ODS columns, and finally injected to Mass analysis. The spec of Trp-P-2 (197 MW)

can be obtained.
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Fig. 6. The sample from the river water which the effluent
of the municipal sewage treatment plant inflows to has
also the trace of Trp-P-2.
The mass spectra shows the spec of Trp-P-2.
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Fig. 7. Risk assessment on Trp-P-2 shows in this figure.
The risk is almost same order in the human waste to
human diet, because Trp-P-2 in the diet will be
exhausted to the waste. The risk in the municipal
sewage treatment plant is about 1% of the human
waste. And the river water show more 10% risk of the
effluent.

LD TH-1MmoThHB (KIL 1995 x2 KD,
1996). % > b15H LT Bk @ Trp-P-2 3, F
ZoHFEIc Ly, Aoy, &5V AFERER
ThiHI EMRBINL.
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Fig. 8. Trp-P-2 can be decomposed about 40% by ultra
violet irradiation in the day light.
However, when it is cloudy, the UV irradiation will be
reduced, the decomposition was stopped.

17U T, chnEhl bWERTHEPEVI YR
JT7RZR AV FDYENRES NS LAREICE S,
Trp-P2 DA R, REOF—shdH0, THERED
KuweFVCHEICY 22 25T 5 &, Fig. 7 1CRY
X5k LIROMBKD TR, BREFLL SWVOERE
HESNBH, Wi FKLEETRZD 1005301, &
S TIRA—F =D FH->TL 5. mKCE %
NTW3L SVWOBETREBEASHEIELREVWIL
Bbhs, Lo LEHSEEROKEAYICHT S8
AREITH B, Eh, BRREKTHBHY, RERER
REAEHIELEVRY REfEcH s, ZTOLH, bl
HEAEZ B &, ERLEETOEPUETOMESH
AL TRIESHIEW,
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TENGRPRS &, HRBIEEHE . FlEED
KD & > REEHEYE 4 SUCRAEF TR, AR
BIES N, SMREET VLK. A PRRI

Detection of genotoxicity
produced in sludge
treatment process
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Fig. 9. The trace of Trp-P-2 was detected in the sludge

treatment plant in the municipal sewage treatment
plant.
There were two furnace plants in the treatment, where
the dried excess activated sludge which is bacterial
protein are burned in the multiple-hearth and step
grade stoker furnace.

AW 3 & i B UBK O Trp-P-2 1353 # 4
LT EDNGIPoTETVS,

ZOFRAEFREK > T, EFEERIRMIETTRBTVLOTIR
Huh, EVLIHIREEL-TVWE, ThEVIHIDH, M
BB IC & B KHcERFEA S W E T A EEWE T
ANHBELOTHS. 22T, BMETHRICERLL L
B IERAWLET 2 TRAET 25806 5. 15
WAEMEATH S, = LT, BREBOKEKIC, W e
Eha. CofEHoBRETmE S v X BORKYITH
% heterocyclic amines 34k L TV B AJREM: A D 5. F
FEREHF O DIRE A N 5 720 IcREH T S 0 5 8EH
KEEUL & BBIETHNTABZE, FHRET I vick
%ttt O TR I3RS S h iz (Fig. 9).
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Effects of environmental mutagens and carcinogens
on aquatic animals

H 7

IR RFRMBEREE 422 BiTAH 52-1

School of Food and Nutritional Sciences, University of Shizuoka, 52-1 Yada 422, Japan
(ZPE: 19974E3 H 14 H)

Summary
Many kinds of chemicals used on the land drain ultmately into aquatic environments such
as rivers, lakes and the seashore. Among them, mutagenic and/or carcinogenic compounds have
tumorigenic and teratogenic on aquatic organisms.
test, the micronucleus test and the comet assay, may be useful in examining the biological quality of
water and in determing DNA damage in aquatic animals.
Therefore, we recomend the use of these mutagenicity tests in addition to physico-chemical
analysis for evaluation of the aquatic environment.

Certain mutagenicity tests, including the Ames

Keywords: water environment, mutagen, carcinogen, Ames test, micronucleus test, comet assay, fish
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B ORAEFRABE L 7P HH] Lok A e T 5 KR
EME AR 5 FB & L OKEAD AR 2
SWTHEH S DREREED Ticd v 5.

1. REESCHETIZEERVEORR

FOEOIEERAEER & LT IILE & FERkic, {LF
MER (EREWE, RBAWHELE), EWFIER
(94 VR, BERTEE), WEHNER REE, ik
Wk, HOREEE) BEZ SN, (L¥YHE L AEE
BEohhbIico W THERIICES & 19414, KE
O Lucké 55 < X0 a[ B RitE 0 FREEZ®RE L7
OBEOITHY, oKL L TERABHRRIKER
(PAH) & HIERZ AT IV FER L LHEES N
ZHEHHBVL OhIEShTVSE, Th b RENE S
D% Table 1 1ok L OKRK 5, 1986; AHi, 1988).
Biic Yy X(a)E L v EEL PAH PN TR TE

KT 3 EERLAYTHERS hiokBIcBE T 2 8
o th T, WK Tl brown bullhead % catfish, English
sole, white croaker 75 &, HATIE, ¥, Tv XA,

=R EDEBAICERTREBAPCHBANRVIEES
nTWw3. &, Bauman 527 —27 275 v b &S
L 7K CIEH & b o PAH BE R L, SO
HAABZREEMETFTSLEERVELTVS
(Bauman and Harshbarger, 1995). FEOSRIANSED
WIRIFE TN T & ERENTOHARRL 5, =
~NOIEERAE CEBIERBLAPEVEDD ZED b
DEEFELTVS OKifi, 1993). $74b5, HASE
DOAFRER BT 5 = (Nibea mitsukurii) 3~ X
A (Plotosus anguilaris) D fCBPERICE L TR
EEEAEESERT 5 EAEERATRVE L (K
K, 1991). REEERITFXEO 70 Y =7 b F — LDHR
s, Az, BERT, D, FELCEWHT

Table 1. Fish tumors which may correlate with environmental contaminants.

supposed chemicals ~ researcher

fish species country tumor (incidence %)
hagfish USA hepatocellular carcinoma (5) PCBs. DDT  Falker (1977)
(Myxine glutinosa)
Atlantic tomcod USA hepatocellular carcinoma (25) PCBs Sumith (1979)

(Microgadus tomcod)

nibe N
(Nibea mitsukurii) ol

English sole SA
(Parophrys vetulus)

black bullhead USA

(Ictalurus melas) lip papilloma (73)

nibe
(Nibea mitsukurii)

skin chromatophoroma (47)

hepatoma,cholangio carcinoma (32) PAHs

JPN skin chromatophoroma (27) ?

waste water Kimura&Kinae (1984)

Black (1983)

chlorinated

e —-v Grizzle (1984)

Kinae (1996)

D : Effluent (Before final treatment)

KL

A : Sea water
1 KL
2 KL ®C
3
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5
6
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Fig. 1. Mutagenic activity of ether extracts from water samples on S. typhimurium TA100 without S9mix.
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Table 2. Induction of tumors in fish by exposure of effluents.

; Exposure No.of fish No.of fish Incidence
Species Effluent (hrXtime)  examined  with tumor* (%)
Plotosus D 12X7 7 7 100
anguillaris

E 12X7 20 24 70
(Gonzui)
NP (1ppm) 2X7 23 21 91
control = 10 1 10
, D 48X1,8X6 __15__—___0—_____6___—

N/pea )
mitsukurii E 48 X1 ,8X6 4 1 25
(NIEE) NP (1ppm)  1x14 23 20 87
control — 39 0 0

NP : 6-hydroxymethyl-2-[2-(5-nitro-2-furyl)vinyl]pyridine
* : melanosis (Gonzui) , melanophoroma (Nibe)

Table 3. Contribution ratio of mutagenic activity of identified compounds to the total mutagenic activity of ether

extract from each effluent.

C-stage means the effluent on bleaching stage with chlorine.

Mutagenicity (net,rev/l)

Contribution ratio (%)

SRR C-stage D E C-stage D E
1,3-dichloroacetone 3240 87 0 0.49 2.14 0
1,1,3-trichloroacetone 18300 496 0 2.74 12.2 0
1,1,3,3-tetrachloroacetone 35100 215 0 5.27 5.28 0
pentachloroacetone 4320 4 0 0.65 0.1 0
methylglyoxal 1570 140 51 0.24 3.44 9.3
diacetyl 1 0 1 0 0 0.2
Sum of identified compounds 63300 943 55 9.5 23.2 9.5
Total activity of ether ext. 667000 4070 580 (100) (100)  (100)

& & OBE AT & e (Kimura ef al., 1989),
LaL, WFhbAEESEREIEOhEL o, £
T, FEORMEEWE C X AEEFEREBEL TE DI
KERAEMED 2. MEEVSBEET 2 KEBICRAL TV 2
oS THPK RELERTO D HEK, Bk UREK
WBR% D EHEK) oW T, #hEFhz — 7 Vil
2B L 2D B, AmesH (Ames et al., 1975) 1T L D ZE
REWRRET - 2. £ ORER, R &k&K LR O D
BEK A5 S. typhimurium TA100, —S9mix T 58\ 25 55 M
%78 L Tc (Fig. 1), MiBk%E I3 v X4 R LTSS
REBRAERS 1 ET A, DHEKIZ 100%, EHEK I
70% DK ICEEBRIESK (x 7/ —vR) ZFHKL Ik
(Table 2). 7B, =~ L THERLEHSHARAL

[Elkk s BREEEAFER L. D, E ko — 7 vl
Pl GC-MS A #H L TEREMMHEERK L/ LT
%, Table 3 IZ/8xd & 51T, 1,3-dichloroacetone %2 & 5
FHo/soaor7v bV, AFVTVAFH -0, VT E
FNEDBEE L. L L, ThoG8LaY ok
IKOREREME X 9 5 % 5K (3 D PiKkDs 23.2%, E
HEIK A 9.5% &K TdH - 7. 1,3-dichloroacetone % t
* % #1 (Orizias latipes) \“®%#% 9 5 L HILEB LUV A 5
i ERBESRASFER SN L, BLUEAFALT)AF
Y= MRV TEFINA, =z -9 —EMEE T E—
g —mEEETEENS, [EE LI SLFEYED
=PI Y XA OEFRACBES L TVWEbDEEALT
W\ % (Kinae and Yamashita, 1990). 1992 £ o [6] #5311
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BT 3 EE = NOEFHEBEICB VTS 20% FEE OEE
ERHAH SN, 1B, 1996 i 3EE F o RN
RIEASERERER T & = I 27% OE|A TR BB
DR L TWB T EAVHIBE L o, SeEEIE RKIE &
BRI B T &h 5, Table 3 iIiBF (L FWHE
LRI ZER - BAFWEHLSKE LTV S ARENESE
Aon0T, B, #E¥HAA CHRAWO D OKR
2R LI ETATH A,

2. KAFT7 v A FZERVIKPERRDE=F U Y
- 4

etk B A RIS RE T 5 fo D I/ MG O
503 LI -7 (MacGregor, 1980). A%k 3 #Hfds)
Bul 1 etk b o DY EAMAIC Y D N THliMRICEE
B, RmEAREARYECRE S NS EREERO—H
DU s h, FhavMEER > TRl Eic s hERsh
FbDAETIVY ALY YTRELEDDS, FOLEMK
ETRIET 2 bDTH B (K 1991, 1996; KH S,
1993b). F#H 53, BIEESHENER T, KKEHT
FEEAE SN B AEE KRG ROE=5 ) v TEEL
CTIERER A ELERF LTV B, 1994 /I, #
RIE O AR AIE T 2 ki, R, KA
AEHE LTHKERIL 7. BLFRARET- 72D

Mutagenicity (TA100,-S9mix) Net His*revs/100ml
oSampling0

200 150 100 50

b, RBKDO—#% 7 v/¥— 54 b XAD-2000 i i i<
WU, WEMA = — 7 Vil L, Salmonella typhimu-
rium TA100 % T —S9mix T Ames /% (Ames et al.,
1975) K X VERFEWERE L. 7/, &KEIDE
4 5 ¥ (Leiognathus nuchalis) 2EUCREREH Y THI
BL, AMMBLULSZEZRNLOL, Hld 1000 fE
W OIMGEERIEE AT, T ORER, 3HIR O,
Mok bEmWERFEEERL, REOHT
3, B4 5¥0Z 5BV TMUBIBES GV LB
Tant (Ko, 1995; Hayashi et al., in press). T C
<, 1995 4Eh 5 1996 FF 1o id T, FR#ETHAKE EA
s EAEEMWcy v 7)) v 7L, EREHEFAN. T
DR, #KOZEFEMEE 10 HiT 150 revs/100 ml #37K
LEEHEARLEY ZXFroEFREMTH- L
(Fig. 2). L# L, COD f#ic 3UIHERFHEBHA 5N
Bhote., A4 5 FO/MGHBSEE R 7-8 HITRKMIMT
1.4-1.6%, % 5T 8.0-8.2% &&EfE% /KL 7 (Fig. 3).
A 5 O/MEE RS 3ARRYIM O/ MEEFIE B £ UK
Dxr—FLMEYREOMICENZT N r=0821, r=
0.798 & &\ HBAME AR L 7o (Fig. 4). L~ L, #@KOD
ZRIENE 3 COD R A 5 O/MEFAEFSARE & ORI
B oM H -1z, ALFEWEIC & BIERDSHER S h 7oK
5 & oK D KA W TGRS TTb L

COD (ml/L)

i 2 3 <+ 5

1995.

1996.

T

Fig. 2. Mutagenic activity and COD values of sea water (Mochimune).
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Fig. 3. Change of micronuclei frequencies in peripheral blood erythrocytes and gills of Hiiragi (Leiognathus nuchalis).
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Fig. 4. Correlations between micronuclei frequencies of Hiiragi and COD or ether yield of coastal water.

Table 4. Micronuclei frequencies of aquatic organisms.

sampling point or

aquatic organism :
q g exposed chemical

Micronuclei Frequency (o/oo) researcher

fresh water
Ictalurus nebulosus
(brown bullhead)

The Great lakes

Carassius auratus MX
(gold fish) D.R.Ext
sea water
Mytilus galloprovincialis MMC
(mussel) Tuscan coast
Mytilus edulis Coast of Jutland

(mussel)
Genyonemus lineathus
(white croaker)

Paralabrax clathratus "
(kelp bass)

Leiognathus.nuchalis Suruga bay
(hiiragi)

Coast of S.California

0.50~0.66 Smith et al., 1990
2.0~3.0 Kinae et al., 1992
5.0~12.0 "
2.2~110 Majone et al., 1987
2.2~95 Scarpato et al., 1990
1.365~2.87 Wrisberg et al., 1991
0.8~3.4 Hose et al., 1987
0.6~6.8 "
0.5~3.0 Kinae et al., 1996

MMC : mitomycin C ~ MX : 3-chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone

D.R.Ext : drinking water extract

Hif| % Table 4 iR Lic. fHE & & HEASHABAY
LT3 b0LEbhns, ERFEMHERLICH
EikdE/k DY) % 48 (Carassius auratus) D EFENIC
BB L& T A, 72-96 BiERICARMIN & 2 5 D/MEAS
HEiIC kAT 5T & AEMEEL K (Hayashi ef al, in
press). it S EH)IKDOKEIC S W T EFEK & bt
DA A4 #17 (Zacco platypus) % i L TZ & O/MEFER
HEARK L, hiREoRESEHEERT I EEREL

T\ % (Hayashi et al., in press). JT4, H—fifa% H
T DNA it (—ASUM s K07 v ) SiEHE
) BRI T & 5 4 & LT Single cell gel elec-
trophoresis (SCG) 7 v 4 EH I TW 5 (Singh et
al., 1988), A7 IZHEE L Ml s 7 v ) THEML,

DNA O%JR L (unwinding) 217 - 72D b, BXKE %
5w, Qfakic Ot EE cHiEd 5 5 DT, DNA
HEB S 5 EHBROEFHBLONE I EMLST A Y b
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Fig. 5. Induction of DNA damage in goldfish erythrocytes by administration of ether extract of coastal water.

MMC: mitomycin C.

7wt E BRI S (Mckelvey-Martin et al., 1993).
A IEEDS DI VST ORI THEEEES L
DK% DT, DNAEEA*RET 2 EREEARE L
TEREISICHVSONhEZ bbb, LBl
RsResmKk oty = SR ORENCES L, 3 Bk
KaAy b7 vt A RT-o12ET A, BE5BICHAIL
T, DNAHBESEAT B & (54 725 DR
) %R L 7z (Fig. 5).

&L, A K53+ % 5 H (Patunopecten yessoensis)
® 7 4% 1) (Tapes japonica) % F\V T RKIRBPLHEEENL &
DOEGHEKIC—ERHIRBE L IcDL, 34y b7y tA
ZHEHALIET A, MBKEDHEKEENTZ SIcEBIT
5 DNAHE P EEIERINZ I LEHELTVL S
(FHRJE S, 1996; PafEi S, 1996).

IhoDERK D, RFEHKPH)IIKI I 3 QAT
W DNAHEEZ SO TYHEIGHET S &, F 1,
EEICHERT 3RS Z NS DILEWHEOEEEZ T T
W5 a[REtE s S R S M,

¥ =
SR, BELLBZKEAYEBEL, X 5PARMIME
EHOT/IMGRERPL I A T v A 2TV, EELDS
Eiis h TV RBLFERIFik L P TIMEiT 575 514,
KEBREERDE=5 ) v I/ DBIOEEDOFVHDITNE B
bDEES.
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Current status and prospects of the detection of carcinogens
by genotoxicity tests
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Summary

Genotoxicity tests, which can be performed in vitro and in vivo, are designed to detect compounds
which induce genetic damage, directly or indirectly, by various mechanisms. Compounds positive in these
tests have the potential to be both human carcinogens and/or mutagens. Over the last two decades, the
tests have become well established in routine testing schemes for carcinogen identification. Analysis of
the results from tests performed with rodent carcinogens and non-carcinogens have demonstrated the
over-sensitivity of in vitro assays, the insensitivity of in vivo assays, and a concordance value of
approximately 60% for each assay type in predicting carcinogenic activity. The advantages, limitations
and possible improvements of genotoxicity tests are discussed in this review. The recent revolution in
molecular biology and genetic analysis has contributed to the development of new assays and technologies
for carcinogen identification. Such new approaches will be even more useful and effective for the
detection of carcinogens and for risk assessment.

Keywords: genotoxicity tests, detection of carcinogens, prediction of carcinogenicity, new approaches
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1993). & S FHEYIFPBENTOERIC XD, &

EinEtARO B3R 4 OB THEEED 2 # =X &
ZRHALT, {LFWEICK D EBED 2 WV IGRENICA T
7. DNAZ R - HEPRzMNEEZRINT 6 &icH
5. COFERICBOTEEEZRLILFWER, E M
st U O BRIREEFR T i N H 5 & &
h5. IhF T ERTBEEEERICS O TIIEHEE
BT IR & ORBIM: ARG & T & # (Tennant
etal., 1987; Zeiger et al., 1990; Mavournin et al., 1990). %
L THEEEMEYIE O% 2 i3 non-genotoxic carcinogen T
¥ % T &, % 7: genotoxic non-carcinogen D FEFE & B 5
dEEote, —AT, REBOAH =X BT 55T
NVOMEREZEHELEREE A, Bl ToE L &
MBI TFOANELICRES N 2 EHOBIETFERR,
AmfaRERE I B 2 BEEQ B R IC B LW THER
BEAH->TVWEZ EMWHSH LT85 T & 7/ (Barrett,

© HARBZERFFES

B E ic B VLT bR A O L LWEIR 4 s
KeEHNMEOTOSE. ARFTR, BEREMEDFHlic
BIABIRERIESAZHO L ICL, SBROBOREEYH
10,

1. BEHMSEREOHREBM

BiratARIC 3EEEREFENH 508, TITE
AR bGNHESN, oF— 9 X—20KELTVER
ER & LT Ames :BR, in vitro AR ERER (LIF, %
AERESAR), ~v2)Vry7+r—= tk A T,
MLA) & & OEH# « KM/ CUTF, /MEaElERD
D 2 %, Table 1 1< &akBROFEMEYE % Btk &
B3 2 B2 &R E 2Rt S it 9 5 R
t, 35 vicilisEtE S EEEO—HE T R b LRER
HAO%ERT., ChoDfERFIHLALT—7X—RIc&kD

79



ble 1. Correlation of toxicity tests with i icity. »
Taite orrelation of genotoxicity tests with carcinogeniclty Table 3. Sensitive chemical classes in rodent micronucleus assays*.
o vit 1 in vivo — .
. - in vitro assay assay 2) Sensitive chemical classes (NPos1;1ve ra.t e
R Ames CA MLA Total MN — & of chewicals)
(in vitro) Aminobiphenyl
Sensitivity (%) 48 ng = L ol benzidin:l Itl'ltfel‘ivatives (HzN_)NHz 100% (90
| Specificity (%) 91 72 40 32 50 Bis(2-chloroethyl) compounds —N(CH,CH,CI),
Y y 100% (6/6)
Sulfonate and
9 1 5 60 56 SO
Concordance (%) 66 6 9 sulfates SOj 100% (6/6)
N-nitroso compounds RCO—N—NO
(acyl-type) | 100% (5/5)
1) Zeiger et al., 1990 (114 chemicals). Hydrazines
2) Mavournin et al, 1990 (103 chemicals). —NH—=NTCH, 100% (4/4)
Abbreviations: Ames: Ames test, CA: in vitro chromosomal aberration test, CHg
MLA: mouse lymphoma tk locus assay, .y
MN: rodent bone marrow or peripheral blood micronucleus test. Aziridines DNH 100% (3/3)
Azo compounds
Table 2. Sensitivity of genotoxicity tests to IARC human carcinogens. —N=N-— 88% (7/8)
IARC Number of chemicals
Assays 1) Group positive (%) inconclusive negative (%) total (%) N ] Morita et al, 1997
P Chromosomal aberration tests with bone marrow are also included.
1 29 (72.5) 0 (0) 11 (27.5) 40 (100)
2A 33 (84.6) 0 (0) 6 (15.4) 39 (100) - '
Ames 9B 125 (74.4) 1 (0.6) 42 (25.0) 168 (100) Table 4. Insensitive chemical classes in rodent micronucleus assays*.
1+2A+2B 187 (75.7) 1 (0.4) 59 (23.9) 247 (100) . 7T -
1 : Positive ratio
1 22 (OL7) 0 ©) 2 83) 24 (100) nsensitive chemical classes (No. of chemicals)
CA 2A 27 (84.4) 1 (3.1) 4 (12.5) 32 (100) Halogenated compounds —CH,—Cl ]
2B 72 (68.6) 1 (0.9) 32 (30.5) 105 (100) : 27% (4/15)
1+2A+2B 121 (75.2) 1 (1.2) 38 (23.6) 161 (100) Steroids and Hexestrol, 17 B —Estradiol, .
1 10 (83.3) 1 (8.3) 1 (8.3) 12 (100) S.l'otherdhormones Teststerone, etc. 29% (2/7)
2A 22 (95.6) 0 (0) 1 (4.49) 23 (100) ilica and metals and Be. Cd Co Si
: ; , : 33% /!
MLt 2B 50 (76.9) 3 (4.6) 12 (18.5) 65 (100) N::;’ °°mP°“nde i
1+2A+2B 82 (82.0) 4 (4.0) 14 (14.0) 100 (100) ( d,°s° CEapodnas CH;—N—NO -
ialkyl type) CH o (4/11)
1 24 (68.6) 3 (8.6) 8 (22.9) 35 (100) 3
2A 18 (54.5) 3 (9.1) 12 (36.4) 33 (100) F——
nes
o 2B 47 (45.6) 16 (15.5) 40 (38.8) 103 (100) @NHz 6% Wil
1+2A+2B 89 (52.0) 22 (12.9) 60 (35.1) 171 (100)

1) Abbreviations: See Table 1. Data from Morita et al., 1997.

RILBH, TTTRTAYHNIPF— 5 ~—2%&R
L #z (Mavournin et al., 1990; Zeiger et al., 1990). In vitro
RERDRZME (2, Ames RERT 48%, FEAKRFABRT
529%, MLA T 2%, Zh b 3RBOMEETIE 19% &
K3, 0 19% ORZHD 5, FFERMEYHEOK 20% 3,
B 0B E R B T I3 R 1 T 73V non-genotoxic
carcinogen Th 5 C LM RBEE TV 5, FHREER,
Ames REET 91% B TWBA, in vitro D 3 HEROD
AL THBEICE 8D 32% TH 5. In vivo ABRD
INGRERT I, B2 57% & MLA KRV THRVE
AT, BRI 50% L{EC B> TVWA, WM OR
R b BT & a5 M A bk U 7R &1 13K 60% T,
B b Ames iABRT 66% TH 5.

2. BESHRBOE MEREEMEICHT BRI
Table 1 ic 3\ TIEMIIC AW 7 B8 EEYVE (3 1 R
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KEEYBETh 5. —H, EriCBY Al & o R
1345 Td A5 7. IARC (International Agency for Re-
search on Cancer) CaHflis i/t b SR E YIS OB isE

BRI & BRI (RSZHD) 3, EEERRMEYHEIC

HAEne & sh T3 (Kuroki and Matsushi-
ma, 1987; Shelby and Zeiger, 1990). JEMS-MMS Hff 524
Ti/IMEABRIC X B E b SEEEYE ORHTEEREHIC
M4 B 72 o O L [E B % % EHE L 72 (Morita et al,
1997). T T CEHE L7 b b REEEMIEL, 1995 4R
D T B\ T IARC 253E L 7oL AWIEE D 5 T8
EOBMYERER L ARV EDT, Z7V—7 1 O human
carcinogen T 43 fi, 7/ )v—7 2A @ probable human car-
cinogen T40FE B L U 7 ) — 7 2B D possible human
carcinogen T 197 F D3t 280 FEECTHB. B, HEH
TR SN —7 15 135, 2A 05 23 MEXU 2B 2
5 67 FE 103 O b b EFEEYEZERL, Mk

Morita et al, 1997

. : .
Chromosomal aberration tests with bone marrow are also included.

RERAFNE L7z, Table 2 1</MEEABRILEIIFGE DFE R 7S
SRR S5 L BiEdzEERRIc k5
MEFREYE OREMEE R, IMEGRBRIC B T B GHER
&, ZV—71T 69%, 2A T 55%, 2B T 46% &, E b
XS B R OIFLOR W 7 v — 73 EEm b EER %
ALt EfkotERIREARERRTOBD SN
», Ames KRB LU MLA TRV — 7 2A B bE
WEEMRA R L. Zv—71552B AL
R ER DRI/ MEHER T 52%, Ames SRER T 76%,
Yuta (KR RER T 75%, MLA T 82% TH - I-.

3. IARC t MERMHEOBREICE T B /NEHKBROF
i
PIFiZ, JEMS-MMS W54 0/ MG BR AL [EIIFFL T
ShifERTH B (Morita et al., 1997).

1 b3S S NESERYE

b MBI B RS in vitro FAERD 8
AT IC L A~/IMERER 13 5 B &RV A5, Z okt idD T
{E2EREE IIRAE L T e, /IMERABRICRSZME A2 R L 72t
BB, T/ E7 2= VEBLUONYF Y vFEE
&, vz2Q-7ooxFN) {tEY), v VT x—bBX
UH N7 x— b, TYNV¥A47DN-=+av{tay,
E NS YVE, 7YY VEBIUT V{LAYERSEYS
S>h, 7V/LAYERE, wIhb 100% OREHRER
L7 (Table3). —H4, nNa¥y /LW, AR 7 o4
FEBLURILVE VY, SRBILEYE YTavdrsA
7O N-=+ oV {LAMB L OHERET I VEOBHR
&L, ¥ 30% TH - 1- (Table 4), T oIERSZH:Z
RETAEAMER VT e M EFREYE O /MG ARG TR %
T BES V=T 1T 69% 55 91% I, 2A T 55%
» 5 65% 1, 2B T 46% H 5 60% i<, 105 2B O
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Fig. 1. Proportion of target tissues for micronucleus assay-positive and -negative chemicals (Morita et al., 1997).
Total numbers of target tissues are 143 or 91 in MN-positive or -negative chemicals, respectively. Abbreviations: E: esophagus,
HS: hematopoietic system, K: kidney, L: liver, Lu: lung, MG: mammary gland, NC: nasal cavity, O: ovary, S: stomach, SK:
skin, TG: thyroid gland, U: uterus, UB: urinary bladder, VS: vascular system.
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Fig. 2. Relationship between number of target tissues and response in the mouse micronucleus test (Morita et al., 1997). Numbers
of chemicals are 45, 41 and 35 in 1-, 2- and 3 or more-target tissues, respectively.

T 52% »5 61% it bHd 3. ol b, FEZ
Mo E N B LAY, IABRVSRETSH-ThHE
DRV IEEICITISLELH S I EMWRBREN
3.

2) TYRICHITBREEL & /NKFERME

R Lic e MEEWYEO/NMGHERIER, T0iRL
AEMN=IZ2EZAOVTHish/cbDTHS. IARCL
b fEEMYE O/ MEETIE & < 9 2T B FBEEERAL O
KT 5 BRI OEIA% Fig. 1 1WRd. Mkt
L&) (n=289) 3, I, EIMIAMER%E RIS IR
bOME L, HIAE, EMRHRT RN EE 143
DHH 21 #15%) %Ltz IMEREHLEY) (n=60)
TR, M, B2 ENEZSRCR S bOBE By o,
% 7z, GRS ENEE T b bR o /MEERFEL
BWbDizbEFr L, BHfd 3V IRMME
felE & 4 5/ ABROBHMMSEN TV 5, /PMEHEFRMEI
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b LT EMOBENE VDR, HEEOENRE %
b o{baD% < HFFRNtIC b REIEE R T T EITiER
LTW53,

3) REENERBENEFERME

IARC bt MEEMEYE O < v 2B 5 RIS
BEIRBROFSRE%E Fig. 2 WWRd. ENBGEHL 1
L& n=45), 2(n=41),3 LIk (n=35) &dic>
h, /MG E 12 B {LEYOEIE b ENTN 42%, 49%,
63% EHZ, EROMEIEREEERT LamE L
IMEERERIC 35 W TR & 12 B3 RBE VW T ETRS NI
4) EMIBIFEZERELSNESRAE

INGAEER L e MEFREED 5 5, MmO/ MR
WAEBD LAY DE|A% Fig. 3 I</8Y. MMS BFEL
DR LB E S - LA VW THEELE, 100
mg/kg IFOMBRT 1% ULO/NMEGERRER LIz
OTHBE%fT-7. Fv—T71,2A,2BLE FADF
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Fig. 3. Maximum frequency of micronucleated immature erythrocytes induced by IARC carcinogens (Morita et al., 1997). The
dose levels are given mg/kg body weight per treatment without respect to treatment times.

Table 5. Refinement of Ames test protocol: Combination use of plate and preincubation methods.

No. of drug candidates

S9 Methods Plate method
+ = Total
. . +
[ — Preincubation _ g 525 -
method &
Total 3 57 60
. . +
Presence Preincubation = Zg 230 352
method 22
Total 48 209 257

FEDIHLA/DIE K I8 Bic>h, BUWWIMEERMEE R TL
EYOEE S ZFNEFN 60%, 43%, 21% L/ L, Wic
INGERIE DTG MEAY DO ENE DS 0%, 14%, 29% LIEZ
fo. TOTEW, IMGHEREDOMES & b McB I B
YO OB S I I DH 5 EERLTED,
100 mg/kg LIFOHERT 1% %A 5/ MEAEFRRERT
fE&PE, b MicBLTHREN 2RI ERESE V&
WA 5. - TILFEWHEOREEOTFRIicB W TIE, B
GRS E b L ICEET BT TEL, TORIB
DfE A SERT HLEND A,

4. BEEEUHHBROERMEMEFAICS T MES S

i
BizmtalBIC X 2 @EEYE ORHIRED» 58 5 5
&1 5 RO FRIICB T RIS & 2 oxtiic oW
THUABF N OEZ S,

D EWRERERD

¥ 60% EVHEVWIRAERENERET S DI,
P Lo 7o b 3 — it &k 3RO ER P HER DA
BT o TRRZMEABEMS B 5 & & big, RO MK
L TIRERETFIEHIE D A 15 & T Y F I SR ZE L T
BEEEARD S A3HENRD S, FiIcFo ba—Loik
B, BEEELTOIHBRICBVLTASICERZ 2K
EXRHBIENTE, BB HELVZ S, Tables iITE

Gatehouse et al, 1994

ERERMLEME TV —bEE LA v FaR—Va v
A U7 Ames ERDFE R % /R4 (Gatehouse et al.,
1994). S9 JEFFEAE FORAERICHB W T 60 DILEYD S b 2
OMT VA VFaR—va VETOABHERD, 97%
(58/60) D—Ftk AR L7z, SOFEAEFICBWVTIZ 257 @
LBYD>5 BBFL— VETOABMEE 2D, 88%
(226/257) O—HMTH > 7. Ft, HREMOYE @
WOMEAEICEZ, 75—y 7 2HV55HRARE
Bz oEREMREBICES TS L bRESNTVLS
GrAR, 1996). ZkSRHERERICE L TIEHIEDEIE
BEMEHETH S, FicT7 2 )V ANIPOFo b a—
Wi, HE (BAEEBEBLUHEHE) O7oba—-LVER
B0 EREOHEMEThTORELLY, BERFOS
DEIEE L1725, Table 6 I NTP ¥ — ¥ X— X T MLA
unique positive (GrfEfAFEHZER7S 5 T Ames RER Tl
fat:720s MLA O ARGYE) & Shi{bAMDEEE 7 o
b =i & AABREE R AR 9 (Matsuoka et al., 1996).
NTP T3 chlorodibromomethane, pentachloroethe % tet-
rachloroethane % [&tt & FEM L TV 345, REEUADEISR
AEehkBEAEE 7o b a-LvTHBRETSLE, hoi]
WIFN b & 75 5 /2. Bromodichloromethane, chloren-
dic acid, isophorone [3FEREFHE AR L7chs, T IZLER
i PMifdoEVICERL TW3 b0 EFEL SN TY
5. Fi, PfafkRERRT CHALEBYREMEEHY
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Table 6. Refinement of chromosomal aberration test protocol: Observation of polyploid.

Carcinogens

NTP MHW protocol

protocol structural polyploid

aberration

Chlorodibromomethane
Pentachloroethane
1,1,1,2-Tetrachloroethane
Bromodichloromethane
Chlorendic acid
Isophorone
Benzylacetate
Cinnamyl anthranilate
Trichloroethylene

| |
I+ ++ 1
I+ ++

Matsuoka et al, 1996

Table 7. Comparison of the responses of in vitro genotoxins in two in vivo genotoxicity tests.

In vitro genotoxin Bone marrow Liver Carcin(?genicity
(Positive in Ames test or in vitro micronucleus UDS ‘(leer. .
chromosomal aberration test) test test carcinogenicity)
Cyclophosphamide + = + (-)
Hexamethylphosphoramide + = + (=)
7,12-Dimethylbenzanthracene + — + (=)
2-Nitropropane = + + (+)
2,4-Dinitrotoluene — + + (+)
3-Methyl diaminobenzanthracene = + + (+)
2-Chloroethanol - - -
8-Hydroxyquinoline — - -
2,6-Toluene diamine — - -
Epichlorohydrin = &= + (-)
o-Anisidine — = + (=)
Tweats, 1994

FaRBRIc BV T, JEAEE SRR RN T 5 B
Kb (Bt &L bERTH .

2) In vitro ;&M & in vive [EHEDHE

—WC in vitro BIZEESER S in vivo SRBRIC LA~
DBEWIZY, AIET AR R E TR L VW BIR
BT DIBB. BT in vitro RElRREHER &/ MK
ORETRECEDONS. TOLIBHAKE, OV
BHoORERETRIC RAEEES 5. (LEYHEOHEE, [
chyspr, BiThE, B EAZEL TH2 O invivo HER
DERHNE L 15 5 AREMED S 5. BB OHLRR I
222 F SRR, B4 3T UDS SRBR PP/ MEEER TS &
X BIHER M F VAN XT 4 7 AOBADEHLE
bHh b, Table 7 i Ames RERD 5\ 3R EfAFRE AR
A R L R E B & OFEREEYE O/ Mk
EA s & O UDS RERDEER AR (Tweats, 1994). /]
B & 3\ T UDS SRR D W I hh Tt E R E
BENAEE T 2 AREESE, IS H B DD T
etk R R A S VAR SRV E VA 5.
#%12 2-nitropropane, 2,4-dinitrotoluene % 3-methyl diami-
nobenzanthracene 75 & fF AR LAY, /IM%
SRERIMaYE T b IF UDS SRR TR & 70 2 MBS &
W, 7o, HEERROLAYIZE UDS KR AL
#% 515 (Furihata and Matsushima, 1995). D&

84

i< UDS B (3/MERBR TR T & B WEREYE 2]
Hd % - DIV S ZENTE S, & 5I1/MER
B & biclatE R T ET, invivo TOERDOKRINZE
W9 5 C EAHHETH .

3) Non-genotoxic carcinogen

FEEVEYE O 2 % 5 ¥ % non-genotoxic carcino-
gen DAL bRHFEETRICBY 2 RESHETH 5.
Non-genotoxic carcinogen 1 & 5 FERED * 71 = Z LT,
W% 5 U VoMM, MK OFER, MR
FEHIEEEOBIER VW2 H B LEFEILNTVD

-(Tennant, 1993; Tennant and Zeiger, 1993). T RDS Bk

i, eI B\ CEE LS| % & 5 MR R £ R
4 2% ThH 5. Ames REBH L OREEREARTE
D non-genotoxic hepatocarcinogen D/INMGRERE K U
FF RDS SRBR D#EHE % Table 8 1</”9 (Uno et al., 1994
Miyagawa et al., 1995). Carbontetrachloride, benzyl ac-
atate 75 & O in vitro BEHEERBR TR S S
woh o oftaid, MeEBRT b B, i RDS
SREATI3ESE %< d. 11-Aminoundecanoic acid, tris(2-
ethylhexyl) phosphate 7% &'\ { 2 %> DFIANBRD NS
s, FF RDS Bk~ oy VLAY, ~ut+¥ /-4
ﬁim,éﬁxim4F$w%yﬁmEvt79—éﬁ
LMo ppld s 7+ viciEEE 5 A % non-

Table 8. Comparison of the responses of non-genotoxic hepatocarcinogens in two in vivo genotoxicity tests.

Non-genotoxic carcinogen
(Negative in Ames test and in vitro
chromosomal aberration test)

Micronucleus Liver RDS Hepato-

test 1) test 2) carcinogenicity

Carbontetrachloride
Benzyl acetate
Di(2-ethylhexyl)phthalate
a -Hexachlorocyclohexane
11-Aminoundecanoic acid
Tris(2-ethylhexyl)phosphate

!
|+ +++
++++++

1) Data from Morita et al, 1997 and Shelby et al, 1993.
2) Data from Uno et al, 1994 and Miyagawa et al, 1995.

Table 9. Use of new cell lines with human metabolising potential.

In vitro micronucvleus test in vitro
Chemicals AHH-1 MCL-5 chromosopal Carcinogenicity
cells cells aberration
test
1,2-Dichloroethane <+ + + +
Carbontetrachloride - + = +
Dichloromethane — -+ + +
Tetrachloroethylene + + - +

Doherty et al, 1996

Table 10. In vivo genotoxicity of o-anisidine: Detection of genotoxic activity by transgenic mouse system.

Carcinogenicity In vitro genotoxicity 1) In vivo genotoxicity

Mice + (bladder) Ames + Bone marrow =
micronucleus in mice

Rats + (bladder) CA + Liver UDS in rats =

MLA &

Liver micronucleus in rats —

DNA strand breaks in rats — (bladder,
liver etc.)
DNA binding with C — (bladder,
labeled material in mice liver)

32P-post labeling in mice =
Big Blue Jac I system — (liver)

Big Blue Jac I system + (bladder)

1) Abbreviations: See Table 1.

genotoxic hepatocarcinogen ® & 75 59, Ames ;i db 5
W3/ ERRG D non-genotoxic hepatocarcinogen @
BRI bBERTH 5 & OHEH D B (Yoshikawa, 1996).

4) E FEYVKHEBERR

S9 ILRELE N3 invitro REB|FR L & P TORBOEL
bRIFEMTFRIOREREL 72> TV 3, E Mgk 2R
B, (LFYEOBEEMET S CIEREEZFHMET 5 E
THETH . TFEARI N M EYRHBEREZEA
L rcfifas Ao o8 immtkaliiiEg, 7 - MIFS9 itk 3
MR & s, Ml TE FEERIC X 2 & 1T

Ashby et al, 1994

5 T EDAREL 72 BFEHH 5. MCL-5 Mifdid, CYPI1-
Al %3 L T\ % human lymphoblastoid itk AHH-
1 ff@ic, & b CYP1A2, CYP2A6, CYP3A4, CYP2EL1 B
& U microsomal epoxide hyrolase @ 5 %D H B H
fzF (cDNA) 2l A AA KA TH 5. BED oy
LAt owT, T ofifaE Wi in vitro /MEEAER
AEMEL & T A, invitro RfAREAR TR EZRT
carbon tetrachloride, tetrachloroethylene |35 Dk %
% U #- (Doherty et al., 1996, Table 9). % 7= MCL-5 i
RgEEBESEORIE D TRL, tk B TRBICBIT 5iH
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Table 11. Carcinogenicity of methyl clofenapate by non-genotoxic mechanisms.

Carcinogenicity in vitro genotoxicity 1) in vivo genotoxicity
Mice + (liver) Ames = Bone marrow =
micronucleus in mice
Rats + (liver) CA (human = Liver UDS in rats .
lymphocytes)
CA (CHO cells) - Muta Mouse (lac 2) — (liver)
Big Blue (Jac ) — (liver)

1) Abbreviations: See Table 1.

(EFRRER M AHETH 5 (Busby et al., 1994).

5 FSURTrIz=wPTYRICKBHE

BEKIZ 2, 3 D in vitro KRR & BV IMEABRDFER D
5, FEEWMEEHERIL T X 7. RS omEMEMER I
5 OREBTHMRILAIRER B, £ OFRPLEME O
Bic k> TREVIBESRIAEMA B LENBSHSS. b
S5YRYz=ws2wY R}, TOAMNDOLDICOSHR
WAFIHENE bDEEDNS. o-Anisidine 37V 2H
U5 o MCEEDE A BT 2 REME I, in vitro
BIEEYERBR O Ames AER, REARERR MLAT
BOFEh b EMEART DD, WEOD inviveo BT 8
b2 ZEH/IMERER, T v T UDS KBTI E O
Mk ahe, 5105 v MIFE/IMERER, DNA 8
P RRP £ 2 b S RMIC L BARFICBLTHEHET
&% -1: (Table 10). LA L7435, Big Blue b5 ¥ 2
=y =y REROE in vivo BIETRERE TR
BV TOABERTREAR L, #1% Tinvivo TOEYE
MR &Nt (Ashby et al., 1994). T, invitro TOTL
MrarsvRY 2=y 7 EFNEHOT in vivo THER
L#-#Td& %. %71, Methyl clophenipate (3, %7 28
XU5 v OFFEEMYET, <A F vV — LEEGEME
HAEELTVS., TOLAaYIE, Ames B, & b voY
Bk & O CHO flifa% F W - gtk B ki < ket %
L, Einvivo KBWVWT b=y 2 EHVMEGEARE LU
5w b FUDS A5k TR TH - 7o (Table 11). Muta

Mouse & Big Blue D2 O F S VAV 2=y 7R 7

2 % ]\ 1z in vivo BIETFRRERZRET LIcds, #RE
WEFh bt Tdh - 1z (Lefevreetal., 1994). TD T &»»
%, methyl clophenipate ¥/ genotoxic 78 {EH]
1372 ¢, non-genotoxic TS {ERIC & 2 AIREEASRIR & 1
2 DX NSI VAV =y 2 EFIVG, BEDE
CAREFEMEORE L D bFHEIc EREBV LSO L
oTW5,

5. BEHHHKBORE

Wi ts 3R BR oM A Y SRR OERT
RELIELRWV, - ClfEEERRIETXTOHY
REMEARITERVEVS T &R, ThFEFTOREK
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BHESOHLLTH S, L LEKS, HroLEd
oW TRBEHEERROMESE b L ic T OfFMEE
FRALEZFNERSRTVIENELH B, THRIFEIC
MR TH B, L LEN DS, BIRORFEE
WD L O CICHEROERIE, Reiczhiafiicl
So%H B, TITR, FrcREshogEEMEOR
Hid 3 W B O PRI 5 W < D O Z N
Lz,

1) #iEEHE
chETiERshiT— s 28, (WEWHEONT
B ehozoEtd 2V IREREEZ TS Y 2T
LADPAF SN TWVWA, 12 & 213 MULTI-CASE (Klop-
man and Rosenkranz, 1994), TOPKAT (Enslein et al.,
1994), COMPACT (Lewis et al., 1994), DEREK (Sande-
rson and Earnshaw, 1991) 5 & Th b, INHDY AT
A LAMOBRIIc BT B R ) — =V IR DO
OB EICENTHSD.

2) Non-genotoxic carcinogen D& H

(LB & BRI, Le Ty —ENTEL FohtE
PEELSREEH->TVWA I ENPHLNLEL - TEL
(Purchaseetal., 1995). Non-genotoxic carcinogen (3 geno-
toxic carcinogen I, LTS — NAERBERE N DIKIFE
AELWOM~E LAY, TOXD 7 non-genotoxic car-
cinogen Z#iHd 5icid, MlAN SV RATx— A=V 3
v, ~UVAF vy — shEhE, MfaResE, @IZak, AR
33 a=k—va vOE(td B IHERARIEDIES &
OB AT 2 EHRROMAE 2R T 2 LELH
A 9 (Combes, 1995).

3) FHLLHREEFHHR

B b Y vosERA O B Rk RSB £ i OF
Al & WS EF O, BT & ORI P MBI X
BRI OE WL EOREAEE LTV, JOMEE
fRiRT Bice b T Y v ARORKEEROF A
HE XT3 (O'Donovan et al., 1995). %7z, FISH
(fluorescent in situ hybridization) % W7z chromosome
painting (Savage and Simpson, 1994) A O 34
(Rupaetal., 1995), 725U+ % b I TREZEM V7 in
vitro /M%ERER (Natarajan, 1993) i, BERURFEFE P

ROAREERERRMEORICAYTH A 9.

4) RHpEZHT MR

F b Oo—LP40T A Y WA LAEFEBG S MCL-5
fMfE (Crespiet al., 1991) % E. coli (Shimada et al., 1994)
B EDEFR SN, BirathlBR~0#HsEA STV
5.

5) Invivo RBROFEE

RERD in vivo KBRS, HHE/MLRERPHF UDS BRI
REkENB L1, bIRONIBEICBT 2/EHOKR
e FHITH - 7. /- T, {LFEWHEOENIEE~ D
TTHECEIEREB (B SRR DR RIS &0
ML Ehi., Th~oxhé LTRETI, FAE/N
BRI B VTR, P, IBE, WMELEoZEE~E
AuicibidiElka shTv s (MMS RS E R 7S
&). % 7z single cell gel electrophoresis assay (comet
assay) 13, EOERICE T2 DNA HEOKRE b JREE
XN, % OIILH & PH I L W (Mckelvey-Martin et al.,
1993).

6) BEEINS VA z=v I8P

FS VRV 2=y EFNEROVE in vivo Bic TR
RE R RE, HARRR FL 12 R B R O f#HT (CSG-
TMMA, 1996; Suzuki et al., 1996) D #4175 53", fhD iz
AR TEDONIAEHO 7+ 0 -7 v 7ELTHEHE
HTd % (Gorelick and Mirsalis, 1996; Tennant et al.,
1994). Bolt, 7 » ) W REERFFRIECBVTE I ¥
2V z =y 7 HYOFEN T I /D (Environ. Mol
Mutagen., 28, 295-489, 1996), Muta Mouse > Big Blue @
v 27 LORAE, BEICZOEFELF TV,

7 FHULOBRESEFNER

DNA HEIC L D FES W 2B FORBELIEEL T
5Bk & LT3, SOS UBZEFIA L7z umu test D315 0
T\ %23, %l chloramphenicol acetyl transferase (CAT)
Bz T2 Wi CAT assay 2% & 17z (MacGregor et
al., 1995). T ® & 5 73 reporter gene % F|f L 7= DNA {§
HRIEZRDRESHIFF &N 5 (Elespury, 1996). DNA ff
ik, fRNEER S O v X UHA KL ORER b
BRZEW,. F 72, ERCC (exision repair cross complement-
ing) ¥ XRCC (X-ray repair cross complementing) 7% &
DNA EHEMEEEEFORBEZRE S 2 Hik bH i
BATd A S (Sullivanet al., 1993). I, ¥ b D C-5
(LD 2 F VALHSBIZF ORBIFAE I HE SR E R L
TWAHIENHOLERD, FE~OESHAEHINT
W3 (Barrett, 1993; KRS, 1996). * F Lo A8
PRIy 2 7 oI EEPFLICV. R
FEYHEORIPED Y 2 75Hiiic>W\WT, #HLWVWHEOD
$#4E 55 Mutation Research EIC TR S D TR EH
72\ (Jacobson-Kram and Dellarco, 1996).

8) HEHREA\DHE

Bzt & b TR coAELEYTY
BIici 508, AR A EROENTRE LA

MR TH 5. {LFYE ORI X 3 5 AR FLFEF
YA TRl » BT 270D 70 —F v+ — b 3BEICKA
5 (Ashby et al., 1996). BIfED & T A, W OBIEHENE
REROMAHE TRIE S 0z WA SRS (S
SN TV (Shelby, 1996). L» L7EA55, acrylamide
D & 5 T RHINE & 0 AEGEARR I B AR K R4
BT EMBREONTVALAYGIFEL, HEEET 5.
9) EEHFEMHOU R FEE

kT, Bt ) 2 7 FHlE O R DRk
ELD A DFTHhH T WS (Brusick, 1994). L» L, H
ATREEMNED Y 2 7 FHiicHN, KERFHE LI
BE TRV, ¥, K%, EAVOHWEEEER ST
RXEEEYD, ONBHNORMIKISIDHABEE N
5.

¥ 3

EICB Y 2t zmtAR IR ADZ T3, R
BHERHA F 54 v OEBHSFHENSES, 1 >0
BREEEAHANCHIHTEZRIICBEYDDH B, D
&, —HTRERNICEEEOSW T — 5 BEREh
TVWBIEa2EKT 2. WEMECBLTREACK
D, FFEOIERBREOBAAR T 5 - OBMRRGE
N3 (ICH, 1996). # LW AhEMBEinaERBRO |
THALL7zbDERBITIE, £HEETF— 9 OER < 31
MANETHA S, FaehECBY 3 BEmHERES
“#i3, ABROEMD A1 5 Flizmtkic B4 3RBIEVE
BERHOLNTWE, BHFEORKBRECOALELDONT,
FREBETHELTVWELVWLDTH 3.

E ) 3
KX DOREXOWEAEZ TFEWE LE)H S
+ (CEHRAGTIERFR) 50 BT B R
KFEEREEHFED WS w LS. T/, DGR
DF— %13, 51EESSL - MMS 524 o LEFZE
KkBbDTY. TOEEM D THREFESMEE O
BElcE#H W LET.
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Medium and long-term in vivo carcinogenesis bioassays
and mutagenicity testing
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Summary

To bridge the gap between long-term carcinogenicity tests and short-term screening assays, medium-
term bioassay systems based on generation of glutathione S-transferase placental form (GST-P)
positive liver cell foci in rats have been developed. There are two basic test systems, one for detection
of promoting activities and the other for demonstration of initiating potential. In tests for promoting ac-
tivity of chemicals, almost all mutagenic and non-mutagenic hepato-carcinogens and hepato-promoters
can be detected. In contrast, tests for initiating activity allow almost all mutagenic carcinogens includ-
ing non-hepatocarcinogens to be identified but not non-mutagenic carcinogens including those target-
ing the liver. By employing mutagenicity tests and medium term in vivo bioassays for initiating and
promoting activities of chemicals in combination, chemicals have been classified into (1) genotoxic
hepatocarcinogens, (2) genotoxic non-hepatocarcinogens, (3) genotoxic non-carcinogens, (4) non-

Yy RY YA

genotoxic hepatocarcinogens and hepatopromoters, and (5) others.

Keywords: medium-term in vivo carcinogenesis bioassays, long-term in vivo carcinogenesis bioassays,
mutagenicity testing, glutathione S-transferase placental form (GST-P) positive liver cell foci,

multi step carcinogenesis
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{ELFE DTS A O G I b EE /SAEH A 2L L
TWBDIE, J v b=y RZE0/NEYE W B
BAMREBRTH S, LHrl, HEREDHOHZME
PEAER, 2MEES OEEATERK, FHM7S & % &% 7o HEfR IR
EANDS LM I ERORBIPHVBHBEL S, heH
i T & % Madk 1330 « BHE S it AMOmEL VRSN
T3, FBETOHAFURELREMEOSE I,
B4 &2 0EMi RSS2, 5 LREcng
2HINT, RREMRRE DL E LIRS AETRO:
WORMR 7 ) —= v rESEREShTE 2. BT
RECEHOWEDZR 7 — ) —= v I 5aJfETH 5 C
L&D, OASREVEMS 0, BRFEMIERGAVE
EHERFEWRBAMBOGENHShER o1, ZD

© HARBZEREEFR

FER, ZREFMRER E BRIPRSAWRRD 7— 513, 1t
FWBEORKPAMDHECBVT, YHFHshicizs
IR LBV EDHS M ER > TE .

Zotd, R EEHRENSAMRBRORGSER/M S BN
T, B EHYV, RFEYE O & false positive %
false negative /D& H 572, RBADLERE (2 B
B e L, PHIRE RIBARE) 2<—4—
E LR B ARSI TE .. 2 TORD
AMERF OB KT U RIHFE 3 AR ER D F il DA FfE
BT &, WMESHEETH S, EREWAROEHRE
BE LT, THRVAULABREITAE, T ORIPAKRE
OHBIREEIC X, BMECREESEREKR 25805
5. B S o hiiFE b At BRRS B & 22 R M SUER
FEREMH LB 5, SRFEOROFIFERFITOV
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TRHY 5.

1. ERAZEFRMELEENAM

JFED 3 7 o v — AREFIC & BRIEXFED AYE O
L&Y VEX SHORRERRINEZMAGDE o — 4
2 (Ames et al., 1975) I D, £ OEBAYE R
[ElEfIc B RIEMARTHEVHO A EL > TE R, F e,
T — A REPAIC b A OBN T RIFYER R DB
SNhTEL, L, REGETT 2, A0 h
HCERFEAI S & 15 - WE BN L ST AN
EREY, FREREWSHO N EE > THHMS AR
BRoZshTOWyE, EEICERIhTVwS,
o DYEDORDBAMDOKRET BB TH B0, KIEZD
BOBRERECOLBIRTH 5.

2. FEARDAMERER

ZREHAERZ, 759 7Ky 7 ZATR DBV RT
& &L TOBYMEERICE T 5 KA DML « HIHIZER B
BLTHBLT, FLHBABBEOS =V —vav T
OE—VYaveFulLyyas VORRAT v TON, %
DR RIFA =v 2 —v 3 VicBi5 L TO 3 EROBKREIC
FhLTVWE Y, RARBAMSBRERE —H LTV
BahbsEEIONS, 2T, BRWEEMRSAM
REROR[ER S BT, B¥WEHV, RERIM 0K
L false positive % false negative ZJR/D & ¥ % 729, ¥
DADLERE QBB iaRElEs L, gIRE Gid
ATRE) PHEBEHREE < —h — & Lo s AR
BhRsh T, _BREE0Z 1, FTHNOM
BICRBAYMBE LD, =vz—v a3 VEITL, Z0O
%, BREFYWEE ToE—Y 3 vOBRKBTHRST 3.
L ORBAMER, 1 =v—va YEHETOE-
va VEREMER-TEBD, TOToE—v 3 YEH
ZFALT, 41 =vx—v s vBioWBE B L, A
¥ E f IEEHE Lo B OERILL D, REWEOHK
BAMERZRT 5. B, B, W B, K& Bl B
Bt, BEME, ZHOME T BEEY, ERIhTL
5. 7uE—Va YOBRBTREWMAZRS T2 B
TR, RPAYEOABLT FoE—F—Pf vt
g —bRZAFETH B, 70 E— v 3 YAEHICIZEVK
BN (EN) b, ROBAWRMOYE ORIKIC
BEL, fIfEEO BB EERH VLI, MEER S,
IARC L VHESN TV B E FRBAICHEE ST 2WHED
50% YA EDSHFRICERMIEE R LT 0, o Bk
(Ito et al., 1988; Ito et al., 1997) Dk bHEE L EZZ b h
5.

—F, BBEVEZ, BOR5L, f1=vz—vav
EHE AR T RS AR S, A2 duliciREzs
EHSNTWS, T/, 1EEK 1 BERERD RO
PRAZFTEE S 2 BN TER SN Dh, ZEEHERR
#: (Hirose et al., 1993) T, HEOEHITA =¥ = —
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va VUEEREL, 1| EECRRCEBIBS < 25

EHERET 2 DT, BIERRVPED SN TV S,

1) 7O0E—YaERICETWERICHITZhER
NAMRER (BEE)

Frics i % s B oh RS AN (FHEEF L)
(Ito et al., 1988; Ito et al., 1997) Tld, HiEKZETH 3
fiEA% %Y glutathione S-transferase (GST-P) [ B 4 542
EL, 200l EofbEYESRERES TV, Hikid
Fig. 1 IZ/R L Td % T & <, diethylnitrosamine (DEN)
TA=vxz—v3 D 2HEBVT, BREYEEG6
RS L, & S ICRRYERSHEG 1 8%, Mk
JEA Rt X ¥, GST-PEHHEOEREEES ¥ 57129,
o350 2850R4EiT5. 8 BRICHICERE
GST-P (B o Bifi g d 72 b O L HfEZEER L,
XTHRRE & i L THEZEREA.ITS. Fig. 2 1213269 D
{LEYORERER (BHKF—%) TH5B. HELAY
BT W T IIEFRIFEERGHYE & 97%, ZRIFEHEE
YIETH 84% OEETHUFMBEOh TV S, K
FDSAYE TR RIFERRUEYE T ARBEY: 0 WE 0Fh
&' 13 peroxisome proliferator T 0, GST-P [& D fiffidE
B2 T 2 WHEEET, IO OREKEYEEZRTE,
FEERIFHNTRSAYME T HBHERIZ 95% Ll Eics
5. —4, EFRSAYETRIERFEERE S oicka
HYIHEE S 20~30% ORIIFRICEEE->TWVE,. Th
370 — v 3 AERIC RIS RS R R EAE T B
e, HEENE LEVWREMHOBHERMET L2

0 2 3 8 Wks

' : DEN, 200 mg/kg b.w., ip. [ : Test chemical
& : Saline,ip.

 : Partial hepatectomy

Fig. 1. Medium-term liver bioassay system for detection of
liver carcinogens and modifiers of hepatocarcinogenesis.
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Hepatocarcinogens = 31
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Non-hepatocarcinogens — 14
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+ 6

Non-carcinogens - 37
2

+ 13

Unknown - 79
? 28

Fig. 2. Positive rates in the medium-term liver bioassay for
269 chemicals.

DEFROND. —H, HFRBAYMEILEREY, FT
RFVEESY, 45SYHD S B 2 Hic © H R8T B A
511, false positive 45 5% ICHIZ SR TWVWE &1, 4
FIRELEEZIONE, BZHL Fig 2 tERLTH
% AR TRFE S 117 100 DUE O b3 A4 198 o
N, ARBLETHEMEE LD LEWEO LS, 20
iR BAYMENRVHEh 3 EBbh 3,

2) A== a3 HERICETWFFICE T 35

Rh AR

GST-PGVERAIEEEE Lz invivo A =V T — o 2 v
MY R RIE T}, Fig. 3 TR, R UIRE
(12 B¢fd) ORI A = v 2 — 5 — & LCEY)

0 2 4 5 Weeks
Group ’ 1 1 1 1 ]
L T T ]
(VA v
N ]

' : Test chemical J' : Vehicle
v

: Partial hepatectomy P71 : 0.15% AAF

V¥ :0.8mi/kg b.w,, ig.
ccl,
Fig. 3. Medium-term liver bioassay system for detection of
initiating activities of carcinogens.

\

Fig. 4. Immunohistochemical demonstration of GST-P
positive liver cell foci.

Mutagenicity

Carcinogenicity

DEN
DMH

DMN MMNG
3-MmC
Safrole 4NQO

6-NQ
2-AAF  B(a)P

DMBA

Fig. 5. Medium-term liver bioassay for detection of
initiating activities of carcinogens.
8-NQ: 8-Nitroquinoline, p-PDDC: p-Phenylenediamine
dihydrochloride, 2-CE: 2-Chloroethanol.

1 2 3 4 5(Weeks)

T - ¥V :70%hepatectomy
3=3 BlaJP
1n=13 ¢ .
H 100mg/kg b.w., ig.
ANQO

 ne13
\ & L n=13
\ B ¥ $=3 : neis ¥ :DMSO-+comn oil
Y ¥ $=3 i3 Y «CcClL08mikgbw, ig.
v v =3, W 0015%AAF in diet

20mg/kg b.w., ig.

Fig. 6. Schematic representation of the experimental
protocol for assessment of DNA Adduct formation and
GST-P positive foci.

The magnified portion covers the first 2 days of the
experiment.

CREVHEG—ERS ST 3. 2 8%, WHEEERKE
JERfEAE & LT, acetylaminofiuorene (AAF) D #5 %
2 BEIfTV 2 Of, MFEBEGEZ RIS 2 HH s bR
#(CCL) 28543, 1 =vx—2 4 YISERALL TH
i, SEETE NEXE S T GST-P B E AR &
N % (Fig. 4). REREDOIERZRES S 2L LT
1. differential inhibition & 2. differential stimulation BE
ZAoNTWAS., ARFHEICHIT 250/175 GST-P i a
DIERK I3 differential inhibition 1= & . AAF (3875
HF 308 A WVE TR 1 57 75 PSR REAERRLIE R 4 L
TW5, IEHIFMRE CCL Be 58, &K1 o ITHFERS
UIBREE & IRk, SEE L PO B4 D10, BV
TR S HE S N B 43, AAF B 5o i3 F % T ML o 1%
JERIEE ¥ oicMinng. O, AAF oMK
IMHENHEHIYE D & 2 GST-P [t B o 4 psHEBEIME] = h
THREZET 5. FFHKEREE O BRI E 25, GST-P
YR OTR % EdEd 5 & 5 15#H % differential inhibi-
tion LIFFA TW % (Tatematsu et al., 1988). Fig. 5 i3,

FARFFECLOREZLMBEO—ETHD, LANRZXD
YHEBSBYRRER L. $hbb, EREEEHEYE
DHL, FFICENMZEZR S VIchdb S FRIBA
HoBDoNWHEDOAD, BUFRER L. 7%
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BAYKDH 2YETH, RAERFEOROYHETI,
L ARBAYETOREERL 2.

IDTER, 1=vz—va YEFRIETOEFCS
B HRDA AR OEE L, REYE OR B
HIYEDEEDIE S, FFEEERE LISWYIE OB AHE
THrHEERL. ERFEHME TN, RBAUE
EWEEERDPAMERYE L OBV ARETH 5
(Tatematsu et al., 1983). L& L, FFicBiF 2REBICH
Bib o FIEERIFHAT RS AYE 13  ORZIM T 13K
HTxRLW.

3) DNA ffiEEREA =z — a3V

HE OB 5 HIC B O T ICER AR S W L
YVBEDS invivo 4 =¥ = — ¥ 3 vigtkthiigZdics v
T, B RAERTRERFDO—> & LT Fig. 6 IR
TEL, O URER, 6 12,18, 24 Kl & i<
4 -nitroquinoline 1-oxide (4-NQO) <& benzo[a]pyrene
(B[a]P) % #¢5 L, DNA fII{AT L © 2 (Figs. 7
and 8) & GST-P [B¥EH LRk (Fig. 9) ##at L7z, =
DFER, A UIRE, WMWHE O IME A L o ifiic®
CEkEh, MMEEKROLEDOATS, =T -3 v
DEOLT B2 h T TR L, AT E 2 hic kS fifa
DNROBEMHIH S H & 18 - fo (Tezuka et al., 1995).
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Fig. 7. B[a]P-DNA Adduct Levels in various organs.

4NQO-DNA Adduct Levels
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Fig. 8. 4NQO-DNA Adduct Levels in various organs.

94

(No./cmz?)

8

BlalP

GST-P Positive Foci
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Fig. 9. Numbers of GST-P positive foci in rats given
B[a]P or 4NQO at different times after partial
hepatectomy.

3. EERNAVEOERRFEER LRI AZBRRKE
A=vx—2avEHETOE—Y 3 ViEHRR)
DN—FEFAE-a v

T AIETE, FERD AT, Bens A WS,
in vivo 12 B W TR EENIELIEIES 5. invivo 1 =¥

T — v vighigRRdkicb TR, ERENEET

BALERD AWE 3 T 0 HH DR IE R = o B i

L, BG¥Epr A% /R 9 (Tatematsu et al., 1983; Tezuka et

al., 1995). —F, FEHEF VD F— % (Ito et al., 1988;

Ito et al., 1997) 2#ic4 5 &, 7o € — ¥ a3 ViR

FRTRREVHOERFEMOER b & TR

AYTEBBHFRRERT. 95 LAEEEZRANICHER

9% & Fig. 10 o< MBS EZ o 5. {LFEYHEZ

2 RIFERG Y & bk, FF O GST-PREH: B % end point

ELIhRPAURROS = vz —v 3 ViEHDAH

M, 7oEe—va YIEHOFGHOMASDE T, geno-

toxic hepatocarcinogen, genotoxic non-hepatocarcinogen,

genotoxic non-carcinogen, non-genotoxic hepatocarcino-
gen, hepatopromoter, non-genotoxic, non-hepatocarcino-

gen, non-hepatopromoter ¥ X UF others iIZ 3 X 11 5.

Others IZ (F PRI LA 2B E T 5 T o E— 5 —

Muta- Medium-term assay

genicity nitiation Promotion

+ Genotoxic
hepatocarcinogen

Genotoxic .
non-hepatocarcinogen
?

Classification
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?
?

{ Non-genotoxic

I+ 1 + 1
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Hepatopromoter

{ Non-genotoxic,

-+

/
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\_—
S~

AN A A

non-hepatocarcinogen
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Others

Fig. 10. Classification of chemicals by mutagenicity tests
and medium term in vivo bioassays for initiating and
promoting activities of chemicals.
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Gaps between experimental systems and animal species used
in carcinogenesis studies

B2 K BEXR
Toshio Kuroki

TR SIS A2 Fia 142 @)X O A 1-5-8

Tustitute of Molecular Oncology, Showa University,
1-5-8 Hatanodai Shinagawa-ku Tokyo 142, Japan

(SZHR: 199744 H 4 H)

Summary

In studies of carcinogenesis, there are a number of gaps between experimental systems using various
species of animals. These include gaps between prokaryotes and eukaryotes, between cell-free systems
and intact cell systems, between mutation assays and assays of DNA-repair chromosome changes or
transformation, between rodent cells and human cells, between short-term tests and animal experiments,
between human carcinogenesis and experimental models, and between epidemiology and clinical research.
These gaps are a priori associated with basic mechanisms of respective experimental systems. Considering
involvement of multiple factors, multiple genes and multiple stages in carcinogenesis, these gaps are
essentially unavoidable. Of practical importance is to accept these limitations rather than to pay vain
efforts for filling out the gaps.

Keywords: carcinogenesis, mutagenesis, human cells, animal models, transformation

& B o REF vs. DNA (B1E
IEEHIRE A DS ARIICZE D > TOK 2 7 = XA RHA o RIS ys. QffAZER
WEDOAL v F—<D—>TH5., i< i 1915 F Dl o FEIRAS R 5. MIVRTp—A—Ya3V
BRs=E8, HINE—Ick 3 % —VsADEKIILIR, 4H <EHYEK v b MRS
OBABIET, BAMHBEETICWSFT, KWER RMT RN v EWHEER
OWHEMEIEMEFESHOONTEL, <R, Ty HHHIF AN v B MEMNA
kSIS EREF VT H - 1S, BEITHL TH IV B EER vs. B RFEDBA
EXIHMOL D WHEKMME, &5icvyayYayng, cfAETL~NLys. kL~

Y oEEMidicwi s ETESHVLSR TV, IEH ik DEE v B

fHRaD & S AMIRIC W B 28 & B 3 DA RO FHEH
AETH B0, TZOEVWT Ot RD—o>—2 %24
BT, EilT R IR EH A RERRMPBR S Nk,
INSDYRTFLEETFNVRENADD B—HZKML
TVWBIRLTH, TIIREIERROOOHALLD
HIFRDBEBATVS, RBADHEICBIFEF v 7EL
TRRODLHIBEDONEZ LN S,

- FUAGAIRE vs. ERGHAR
- MEAIRR v RRHERER

© HAREERRYR

FEH IO 104ER, FHOBAMRICEEEFELLE T T
FWwicboo, EERIMRMED v 7 F vizEEHul
IKHFEAEDTE 2, TORDBFICEHTF A 2D
BHEDEBHMBAELTVWSE b LAKL, LPLHAT
RBAFRICB T 3L EF v v 7ITOVT T D/NRIC
FEDTAE., THEVWEETNETENTD 5.

1. FERHMR S EERMOF v v 7
A O & 5 1SRRI 3B R 73 & Bk © B )

97



ARET, SHlEY~NEEEL TV o, OffEEE
WHELOBETL A RESH TV Y R T 41, TN
TOEMICHEDEER A A =XLTHBEITEBVI
W, Bl 1E DNA % & BEORA 2 7 = X L 3 KBE
POk MIVEBZETISHREINTVS, £DLHK
BRI A H =X LD—D>THbIRA<y FEED, »
ACBIR L TV B T &S 1994 4EH 5 1995 4RI 213 T
OMIT o te, BRRERDA = X5 3fEHFEGHTT
JFRGHI & BRI OMTHEBLTVWADTH S, D
EORBEAA N =X LEWERNREL, HE5VIE<—
H—ELTHOWTOL SR, BEEMNE S FEZMmEDR D
Frpy 7RDBOV, YLEXTEHERHV S ERETERH
% (Ames test) DL HOWONTWAEEO—DI3I T
IZh 5.

AR O BAGHIR, = L CHfmlaEYD S 2 Hka
YL 2icpky, 2L OEPER S, 20
LB AN =R LEWNRE T BT, FEKMEEE T
RICHWB Z LkTERV, FIZIE, Mg s ko
V7 F V@ < AT, MR & Mfart T
Z OKAEZE AT 2 B AR E, B E AV
RIFE STV, TOAICFEEMEORARS 5.

2. EMRR - BEMERRMOF+ v 7

s W NFHOPT, BA LIS 38y
SYUREFAFRYVZAD G EICHEITLTVS., ) VR
(ERIEEFIicE 5 E, FF—ERET+RT7 79 —EHR
DS Y ATEAD) YRRILDBHEEhTWS, 20
kU vER(LOEE SN O R A EE SR T &
5. L, BEMERERVFF —€LEAZAR
BHNTRIGEE S E, HIlANDO R A AR Y VY ZAPNT v
ZITBRIEC, BEEBEZRET I/ BEYIBHNIET
~NTY vBfkEhTLES. FLCLIEHMRBFOL
TbHWVWA 3, F v MFD SIS EIFERFMF 2 b DR
BEHALRE LTECHVWORTVWAY, FEY = % —
F ORI TRIEHALD /NS v 2B FhTWS e, e
HNOEYMRB#ELT LHIELSKMLTVE EIRBVWATR
W,

RARERELOAFBRN EMENTRIARE S RE S, Y
L 13 BECH| & DNA £ Y * 5 — ¥ 2 MNAHBREN DK
IBRTR, DR 1EES LY DRRER (3 X
2y F)IR10*TH B, LIABEELMBEOHRTIE,
FRERIZ 107 T LA EZV, MENIEHRREN X
Db 100 JifEbLLeThHB. Thid: <y FEEMEE
75 & DNA #HlAERIC T v b o — g 3RS HRE
HNORIERICEETNTVWIEWEDTDH 5.

3. ENALEHTFX MNEOE v T

RBAMEDREL 7 2 MiTi3, BRERMA A B HE,
DNA HE L ZzDEE%2 A 5 Hik RaEOHEEEHS S
Hik, BBRENOBATEOE NS YA T7 45— 2 —
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vavEHRDLHE BEKALBERRPHL, Aooh
ZHEMZRICLTS, MEL» S E MIEE ToREWEPHIC
FATWS, Iho0EHT 2 i@ L TWADIRFE
BADHB—HDAE2ATVWEIETHB. ZOEKRT
B2 b RENEETRATSTHD, ThZThicks
HMEb-1c7 2 N OHlAADE (battery) BME L VD
LT B,

HVEZ FTEO K D BFERGHIKE & B 7o R R
DF R NI, BREREOV)BIETORABRENR L
T a0, FIFRIEH B3I IRBAMICE TARE T
5. LoL, gfakr ~voZits s 5o ic dEYH
fazHOIE TR S0, REEOTEEERELE,
RYLEEASHE, /MK T R IR EIE, W b ZERZE R
P72 v EMHTETEbDELTASHOONTVL S,

FSYRT g —A—va VREBESAICS - EBIT
, HHF2rELTREDBELTVEEHITEZLS
hTWw3a k5%, 20EHTH, Balb3T3 KD b 5~
RT7 4 —A—VavRIRT v A LHESEE LS TO
5. LHL, b3 YRT 4 —2A—¥ a3 vRIBZOFHMED
1ODF— I DBELEARLTVS, BIERBAMUYE
ZHWIA AT 4 TRHPSORIBAELTVWDE LD
KBbhd, *h=XspoELIES, ThTho
SYRT x—A—¥avicBIBBEETEROKR, #
ZATFEDS ADVE I TR 718 08 A B TIE AL, A5 A4
BIETAEHEALOS DB EHEMBETH 5.

ABENTIRE MIfasFIHTE 5. LeL, & M
faxHwhIEZENE T e N DFEBAICED T B & RHNT
LRSIV, Thidii#e Mo < ASERHEIR
BERBORGUMHETHEIEICLS. £ FRBAD
RADOENTH 5 ERMBEROF M X Z—KH T
VW, BEHMWICEZNETE MO NS v 2T 4 — 2 —
vavidbodlbt PEBAKELWVWIEICKS, L
L, b MiERIZ= o X, o2y —12EOENEEY) &
HRBEEBIDICN S VR 74— A —YaviREILI
Vv, zofEHE LT MBS LI W EB
H 5. 1960 FEARH) % D Hayflick 5 (& £ b KHEZEF R A
PR S LR U ARS8 T X 78 (limited life span) T &

COREE LN, HEBWMORELLSHTHE Mo

REHEMBRIKARELTI0XYATH S, DX D Ml
FHid, 7oA T/FaxrT—€R BAMGELE TR E
BEELTVWEDTHAS., kb rIlADO T v R 7 4 —
A =¥ a v OREELEHOMIBIEFESAEOEY 7 X b
ADIGHEVWAIH, ST TEL, EORFELELTHE
bEKH L EATH 5.

4. BMEREE FMEOF v T

FYFEBOF— s BEETE PCHTRZT 200,
T AR S FERFEHF I & > TldkE DR & v
2L, BYERoERIRABHETHOMICEhS2H
2iIcLTd, BWEE bOROF ¥ v 7EED B I1CI3IE

EEV, YVOXIBEEHE-Y R, v MIEEH
JE b FORIERBELT 5 E—RITBEZSNLTVAS,
L L, ToFZ RS E <, RmrseE
ficd ¥V, ST EEREHVWAELTS, B E
<Y ZDOMOBELICK S LRSIV, LirL, o
EOBEZRBREBAMRRICHRS S, KTEE-TL
x5 PIZEETFHEERONY & —FAFICBEEL
T, ZeMF A bicH vERVRRRBLRBVWETEEL
B TH 25D, bH)—HEXEHTHENHLDTIE
55 ).

e e rOBOF v v TEEZ D E, HYERTE
PhiEE%EE NMCHTIRHZDGEEICK S S 3%
BTV, ZO—20FELTHMPATOE—Y 3 VD
3. 1940 FFERIciTb o= o AR D 2 BFEFRD A EER
3, BPBARA=vI—vavEtFoE—vYa /DD
DRAF—=YDH3IELERFICIALI. ThLIKA =
vI—vaviTZuoE—vavOlARIELHSTFVEH
DL oo, TERBERPAICEA =X LITMA
T, A=vxy—, 7o0E—F—EVHYHEOHHED S
DT TFa—Fndbb,

PCRZEB EICLD, & FREMBAD S O+ Z2HFEMIIC
SFTEELHITE 1S, b FRPAIC BRI A
DA HATHTRDIVEREVTHAS. YHEHA
HOOMTIC LTS, BHEADOAE, KESAOHHE
BWEREBEOE POMBAIKKBVWT, 7oE—F—¢LT
BT VAEFEEIRE WD, FOAA=XLER Y AR
McBIFEELE—NVIRFNERREETHAS. &
PERORA =vI—vay, 7oE—vYaryELIHHg
AlLEobhb T Eial, ZERERVADIETE M
MAZEZEZBET I ETREDLA DD,

5. EFENADHICHONZF+ v T

PCRICRFE N5 L5 BEMoESIcLD, &b
AZFHICOT T 5 2 EMAREICS - 2. Sbhbhid
E FOPBAEEENRTEL LI -1cDTHS.
FOMBAESTTERVE EITH > TE, BPERICIE
DY DEHELDH - 1oh, T OMMNEENISEL D
SOH5DRIEETH L. BED L IALEBERBAY
BEFLURVTHLPICE > TVWEDRKBBAILE—
HOMBAIBEIZVA, HEVFFRIZEALETXTOMA
KO WTEEZEFOZLHSIHS M, ZHEEICIGH
EhBTHAS.

E FORBABROFERIZ AT THS. IARC
D FEBAMFME, WHOWBIARCE/ /57 V) —
ZIBEELSERTH 55, WHICHT 21EHREEHT S
DT, T ORPABRIZREDG A, ERIFEESAICH
HoTWLa, [HEOBLEA, BIISA| OHAIZEE
WEICEOENE b DOTREL, BEVHOAEREOE
CHEOFERICLBEEZSNS. L LAEGEEEOST
FEE, AAETER SICEBNESbORBOohTWS, 4
BOEFMTICL 5T, REOBABERER B & > S IHK
HTEBIE O h 5 —IRFHIC 27285 T &2 MFRFL 1
W,

VIERBATEED S AR F + v 7I2O0VWT, FA
DA IR A R T2, DSA & W D multi-factors, mul-
ti-genes, multi-stages DHFIRAZ MR E T LD, Tho5D
Fyy 7OHFEEREFONLBVTHASS. Fvv 72K
Btz &5 ET50TREL, TOFETRAD, ER
ZOEREEPTENRKETH S EES.
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Molecular cytogenetic analysis of gynecological cancers
using comparative genomic hybridization
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Summary

Comparative Genomic Hybridization (CGH) is a powerful new method which allows genome-
wide mapping of regions with DNA sequence copy number changes, both increases and decreases, in a
single hybridization without previous knowledge of the regions of abnormality. CGH is based on in
situ hybridization of differentially labeled tumor DNA and normal DNA to normal human metaphase
chromosomes. After hybridization, copy number variations among the sequences in the tumor DNA
are detected by measuring the tumor/normal fluorescence intensity ratio for each locus on the target
chromosomes. Many previously unknown chromosomal regions with relative copy number changes
have been detected in various tumors by CGH. Some changes have been identified as genetic markers
associatd with biological and clinico-pathological characteristics (i.e., histopathological grade and
clinical outcome). We report briefly on current progress in CGH analysis to ovarian and uterine cervi-
cal cancer in our laboratory.

Keywords: CGH; ovarian cancer; cervical cancer; genetic diagnosis; drug resistance

& B Flv v D/NES 1575 L GRIZTECS DRK PR, MK
B, EroBERFENELOERIC L RET RERIE) EFTNh 5.
ZTEMBHSATVS. ThdDZE bicid, RfEfkL~ ik L NV OKEBELORIICIE, EREDEE
WOREZEAL GEADOREPLEMIE L) PEIETFER #B e RPRALRBAE OIS SH L SN TV 525

101




BRSO EA, SRS REARTE 2RT LML (R
WrsdEE K TH B, o, BITEHLNVONE
HELAE BT 5 4L LTI, Southern blotting,
RFLP i, PCR-SSCP #:7z EMHIO TV S0, MK
TXBBIETH 5V RROEFEESRESATLELY,
2PN DI IRBEAARETH 5 LV IHERD D 5.
1992 4 Kallioniemi & i & - THi¥E & #1172 Compara-
tive Genomic Hybridization (CGH) & FEiEh % 4 FHifd
BESFERE L, S DNA hoBET 2 £ —KoHm
BWLEDE, 1EOANL 7Y ¥4 €=y a v THERC
BRIEL, LhbzhsoffgsERREekbicey By
yrxs3BEnt- i ThH B (Kallioniemi et al., 1992).
$#513, CGHHEAHATRUDTHAL, WARHE
O L VB FENEoMEERATVE RADL,
1994; A S, 1996).

1. CGH iEDRE

CGH it T |3, ## DNA (i DNA) % f it
(FITC), 1E% fil#krk DNA % R fadt (Texas Red)
TrhENERL, Tho 20 DNA 7o — 7 %%
EIR& L7 b D% blocking DNA (Cot-1 DNA) D {71
T, b rEESRSR oA LRSS 7Y
¥4 Z&E5 (Fig 1), REAKOKIMAICE T 5, WR
DNA 7o — 7 & [F% DNA 7o — 7 OB&aH 4 7

Comparative Genomic Hybridization (CGH)

(FREdE)

Cot-1 DNA

E¥IE—% RETFHER R&E
(FEEK) (REHK) (FEa8t)

AR

20

Be/Fe ||
EHBEOLE

Fig. 1. Principle of CGH.

CGH is based on in situ hybridization of differen-
tially labeled total genomic tumor DNA and normal
DNA to normal human metaphase chromosomes.
After hybridization, copy number variations among the
sequences in the tumor DNA are detected by measuring
the tumor/normal fluorescence intensity ratio for each
locus on the target chromosomes.
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) ¥4 Ric kb, KR DNA ICHlET 3 ©—HoEmnds
HFES L, CGH %1ifT L ER g aik T, €O#
EFERIC G 2 R iR BAED /Y v FO3E
wxh5b —F, Bk DNA BT E-KOoBDY
BTN, Hbd 3R BApto /v KBS
3. Rfafkoxthifts s LT DAPI (FHRidph) ZH
W5, REKHRO<VFH T —OHCEIR, TV VE
RSS2 F L1 5 CICEBINDAS Y 7 Mic Kk DL
DAENT Y ¥ METICERS NS, HOLRBEMTY 7
Mo kb, ThEhoffkoRkiict - T, KOES
Gl R EADE OO ER S D, FlEkEE, &
BoFREAEICKT 2 HBRES N, 1EFH DNA IKxXd
2 ¥k DNA h iz T 7 € —HOM S HERE, €
vihoATBLUOT 02 THEEERL 2 TOG AR
KBOLTKRIHT AT ENTE A,

II. CGH EDFIRERS

CGHEDRIAE LTI, 1) §XTORMBEKIIEL
T, 1=—2 Y=~ Y AD3E-—KOEME SR
AEEICRIETE 3. EAMIC 1EONSTY FAE—
Va2 vTETRTORMBIOREERI ) —=v /I TES
DT, 1EOERTH—DO/ENE Y -7 v b ETBHEX
DBETREEOREELD GHSHICANTD 3.
2) a ¥ -HoBMBEFRGE L=y EYTEINS
Fooh, EERIE 70— TESRELE I, KREOEEECS]
DaE-KOEERIETZ S,

CGH ED/RAE LTIR, 1) Bl #f, HOMEEK
A TcX M\, 7/ L, unbalanced translocation @
k50T, EEEICEVWNS BREDBBES N, TORKH
i EE S EEIERE T AEEL TV A REME S &
3. Lzi-T, fEkoMia#EFENFETR, EL
DEB LN VLD BEEBTH, IR /NEIREK
LT, CGHIck bRl TX etk 5. 2) &
BE i #E S hid 5. CGH IC & 5 2 B —HokmomRiik
REIZ, BEIEHAT (amplicon) EHEIRL NV EWVW S DD
NS A—HickDBESh A, HWIEHAA SMb I ET
HhiE, 2fE0MIEL <L TORIEATEETH 545, HiE
BT ASH 300 kb DB 1E, 5~10 fELL Lo g L~y
TRIAEEE S, —F4, I E-KORBDORTKE
i3, EMORHERE XD bK<, 5MbRLEDRKH I
WERIMTER WV, L, BB TSRS
BB, —HOXLEETIE, AERERPHIREKLL
T3 7 LA RT I EMNEVD, b5 —HOMILE
EF, Rk ETsMbLlED< 7 o ORKERY C
LHEL, TOLHIMN</oDREE CGHIZL > TR
T X 2 aietE Sy, 7o, ERRMEITE, IR
DRAC & 0 RHREHE C 15525, FEOEW CGH
M AT U, BN 50% bRAL TV S X
5 1S EEERMEC & TR AIRETH 5 T EARRENT
W3, 3) kv boxTHELSTIATRIORF Y

Invasive cancer of the uterine cervix (kyo-19)

023.19.1.ics

sakamoto Fri Feb 10 02:10:15 1995
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Fig. 2. An example of CGH profile of uterine cervical cancer.
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The green/red fluorescence intensity ratio is displayed as mean (central trace) =S.D. (flanking traces) obtained from
the analysis of chromosomes from several metaphase images of CGH. Chromosomal regions of relative DNA sequence
copy number loss are depicted as thin lines, and regions with relative DNA sequence copy number gain are depicted as
thick lines below tracing. The ratio profile was obtained from the CGH analysis to cancer cells derived from a case with
invasive uterine cervical cancer, showing copy number loss on 3p, 4p, 4q, 11p, 16p and 18p; and copy number increase on

1q, 3q, 5p, 5q, 11q and 19q.

SRR T, MEARIORIEES D 2 £ — oz X bk
o/ REHNOAALE LY, CGH Tl T X
BOWEEHH 5. F1, T7ox TEETICEE DR
Witk - T, R/ FREIADEDIMBARLE L 125560
by, BonHERENET 255 IC3EELES 5.
4) Microsatellite instability (MIN) % 15 9" % ¥ T I
CGH THERFEZBD TV AlfEtED dH 5. Schlegel 5
2, KBEICBWTMIN 259 2 TldfsL CGH T
REAZBDITOVAH, MIN 26 LI WETIE, CGH TH
SR IR A, 7, 13,209 D gain & 9 p, 17, 18 D
loss 75 &M A S fc LG LT W 5 (Schlegel et al.,
1995). TD T &, MIN 0L CGH THiah 3
Qefofk o € —HORE L PWHEE T 5 L EEKL,

REEBEVRERBZEEZRLTVWS, LEMN-T,
CGH i & b M@ iR aa s & O Ml /R KGR 2 [H]
FET AHicid, MIN 24 L7 WIEE% CGH £ d
AIEBMNETHELEEDNS.

III. CGH EDIGH

CGH £z & v, 1) fE% DNA O M@ HIRFRIRTS S O
BRI EEE L, £ DS oM TH & U
AR T QB LoFERMEHETE 5. L3l
B &R AR 7T L — FREK Tk & OB % BT
L, BOBE¥IERELRETE 5. 2) buEAmd
BS54 2 BIEFNELORETE 5. 3) EBRIC
B 2BERFAELEIHOSPICTE 5.
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1) CGH kIC & % IPEE 0BRGP B EZH

& IV O B IR RIS B & Ol /R KGRI Z 6]
& L 7z (Iwabuchi et al., 1995; ¥ 5, 1997). JREHE
DEEFRKRA (44 F)) 1BV T 30% LI EOEHEICA S
NBZLE LT, 392526 8L 158924 D I E— KDY
T, 16q # & ¥ 17pter-q21 @ 2 E—HKORDHED S
fz. 3 € —¥FRE %R L /i (CNA; Copy Number
Abnormality) O#A¥1E, BHMEE (124]) TREeT
B o1, INBUE ORI 7 v — KGO
T, BEEMLE:. &7 v — FERNBEILLED S
Nt 1, BEKRFHEOMBER LR, B
oZEELTR, Rak16BREBO 2 € -KORD
(—16q) %2R LEEAMBTFEABOMEAER L. £
i 4 >0 BEELEBO WF A —2 Pl Lo LER T
2 YU B (Class I tumor) 3, T (IS DINESE (Class
II tumor) & L, FHRARODHBIRZRL .

2) CGHRERICLZPEEOMBERMERETZ—

H—DRR

X5, NEEoEAIMME S 4 2Bz~ —
H—ABWHF o, BRI CAP BiEicdd 5 &%
PEASHR TR BAEFICH L CGH ¥ 2 fifT L, b
BRRE L ORA S, 1995; IiA S, 1996). CAP #iik
WIEHIHE AR L2 EH © 138 % 5 7o CNA 3,
+1q21, —3p24-p22, +3q26-q27, +5q32-qter, +7q11.2,
+10p, + 14q31-qter, + 15q22-qter, +20q13 TH v, &
FHEATEEEICALNILSDIF +11q13 TH -
fo. HEHRIE LT, YRS F VSRR
KF & #h & » FE S n /it Efla KFr o LT CGH
STERIT L& T A, MHEERRICHBIL /2 CNA
&, —5p, +8q, —8q, —9p, +9q, +11q (+11ql3),
+14q, +Xq TH - 1z. it OEBEN B X BRI
kb, 11q13 BLU 14q 2 BT WV L DD OYEARGHIR
2, Y R75F vithicBb 3B T 0EE T B alhEE
VAN R

3) CGHEICKZFEEHRE - REBROREF

:0). 2

F 1o, FEYEHAE - BEERIC B 2 BIR¥FHIEL
EZRRIAS 5 120, SBEEICHYT Mk (66D B
X UHERBRE (40 H)) <Xt LT CGH 434 & fifT L 7
GRA S, 1995; F27TF « KA, 1996; £2F « KA, 1997,
HIRIH). 2 € —$EE %2R L cERoBEIE, B
BTl - EEsERIcEmL, REEETE
a - ¥R AEEICHEmL 2. 35 floFE %R
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KBVWT25% U LoBETAHLNZLBOBRIIET 2
v — ¥Z ALK (Common CNAs) % 25 (il 7.
3p24-pter, 6q25-qter, 10p13-pter, Xq26-qter D 4 > D K
O 3 ¥ =D FER O R B b 5 BRI OBEY
2 LT d 5 aJfEM /RIS ufc. 1q41-gter, Spl4-pter,
5q31-gter, 8q24, 17q23-qter, 19q13, 20q13, 22q13 ® 8 D
DR D 3 ©—DBEINB £ U 16q12-q22 © 3 E—FD
WD 3 FE S ORI b 2 RIPOBZFHIZELTD
5 AlEMES R S Nt

PlEo & 5ic, CGH &, BEEEO#ETF Y-
BRI, 2, 7/ 22ROV TRERTE
ZAREBNBETRITETH 5. CGHEEIZ L VIR
i OB Z I BT 2 W7 T S O R B OB {R T
WIRHTASETREICIE D D2 H 0, A d 5 W 3 EEOH#IR
TR PEMNICEHS NS ETHA S,

eE XM
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Summary

Genome scanning is a technique which can rapidly identify the differences between genomic DNA
samples. Several genome scanning methods have been developed to detect DNA alternation in cancer tis-
sues. We have developed Restriction Landmark genome Scanning (RLGS) method for screening thou-
sands of loci throughout the genome in a single two-dimensional gel electrophoretic pattern. Several
cancer DNAs were analyzed with this method and DNA alternation including deletion, amplification
and change of methylation status in cancer DNAs were found. Furthermore, using polymorphic
spots, which were mapped to a certain chromosome, we could estimate the chromosomal location of
loss of heterozygosity (LOH) and also methylation changes in the cancer tissue. Thus, RLGS provides
us an important tool for the genomic analyses of cancer DNA alteration.

Keywords: RLGS (Restriction Landmark Genome Scanning), genetic map, polymorphism, loss of

heterozygosity (LOH), DNA methylation

&
FERAERNITB W THFEE - %, ML HlE %5
F TV BIEFEMIEO DNA ICZ R U, R 8l
ABIT LIS IREEEVWZ B, COMELD, ¥
BIEF, BIEELT S V- BORIE, B, i
B g 5 BT DEERIC I3 DNA iIcB 1 2 E RO
B & getafkOBEE, KK, SEEHA O, ik
~7 o EEHDORK (LOH) FOric L D SN T
X7, EROREHRB X OKb s hicEic s W THE

il

O HAREZRRFR

FKIbrho0r/ A LOELFRBRERE L, £ DA
WICHFET BN O 2 DB LT, THET
IZ c-abl 75 & DFEBIEF S Rb, Apc &\ > to M GIE Iz
T &, < OB T2PEES T &/ (Friend
et al., 1986; Nishisho et al., 1991; Walker et al., 1987).
F A, BTHREOHIEO—>&E L TDNADX F
Mbick 2HEENC SV TELLFANSGNTEB D, Qg
FoERES EEICIREESEL TS, 202 F (b
Zbd BT ik > TREETFORBICEENELTVS
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B HE STV S (Greger et al., 1989; Herman et al.,
1994; Merlo et al., 1995; Rideout et al., 1990).

Ih O DEICHB 5 DNA OEREHricid I nE TG
kO BIMBEEER I & BRK, R, SRPERRHIR O T
+ 4 VD B VI3 PCR & H O BT & W - 75y FAEY)
HHBTHBITR b TE, 0L &, 2REA L
535 DNAZREERIHL &9 & LA, LWhE<
DYtk EOEMNICOWTRITTE 2LV R Y —
=V IREDHERICEHETDH 5.

Fxld THIREEES v F=—7] ELHIFLVES%:
AL, shicEoE, HRMEHRS v F<—27 %2 00c
BLkE o2 £y b & L THEAILT S restriction land-
mark genome scanning (RLGS) 7% [l ¥ L /- (Hatada
et al., 1991; Hayashizaki et al., 1993; Okazaki et al.,
1995). Ak, ¥/ L LoKRM#E T v F<—270fH
MEZDIE—PAERET DD BERSNIHETD
n, —RABicB VT 2,000 SLLEOHIPREER T v F < —
AT A EDTES, MERF Y=V
HThb AEDORLGS A KEEMIcK T 5
DNA ZLoBRFZIH W Iplic oV Tih~ 3.

HILARFy =Y

(5 62F v v=vs] &R, ¥/ sLEC#6E-
e REEM DA E 0 € -k EdIcRE T 5 HEORIR
TH5., ¥ VHEPPCREEHVIYT / L 2F v vV =
VDRI NI DD, T —TRTIAT—%
FAWT4H/ ADNA FORS v F<v—27 (£ DFRENLIC
—Xt—xfo vy E LTHEELS NS S 2 4 ED
EEL L TERSNS) 2ERNKOERICHELT
X23k9cot. TODYRFLTI}, Tu—7%
754 <—®DNA-DNANA 7Y ¥4 ¥—vavick
BRI AR L TR 4 OEBAICE IS Y 7'+ v
PRE 5.

SRR B L FEERICBVWTY / A2 F v V=V 7T DI
BRIRAEV, FNETEY 1 VR ATE W EEIR
TR HHED SN TV E BRI B T 548
(AR (EIE, REBIUERERLLE) OO~ L
Eb->TWote, T ORMBARFEGFIROMT%Z DNA L
NVTITIE S T & AAREIC L D234 v H:% PCR %
AWkry /) sxF v v=v I Thbb BHRETE
PCR % ffio w4 7 u4554 b=—hA—%2FHL
TRABO 7 7 £ icB I BREPHIRE T L, FEB®
BiEFERBE LI~y 795 L0 HEB I fEDN
TW5 (Dietrich et al., 1994),

Fea DB L TELRLGSHIR T ¥ Fv—2 B IR
TLELKE T 2,000 HbD £y b ELTHRE/LSN
%} H:Td % (Hatada et al., 1991; Hayashizaki et al.,
1993). > % 0 PCR 75 & Tl 2,000 KIGAE T8 013
NERLRBVWEEDT v Fw— 2 2—RABIcTRERTE
BD0TH3B. COEES ) LAF v VY=V IHEIIOVT
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Z O E SR ICIR Ul 2 2800 5.

RLGS iZDEBRFTADIEH

RLGS =035 & RLGS /¥ ¥ — v Ofil % Fig. 1 IZ/R
¥

RLGS #: 34llfk DNA 2H# 5 ~ F<— 7 L7125 HIR
BEETUMIL, ZORMICHEE P ICTERL W ER
e 2%, BEMNICEONSBRLGS/ Y — v LD R
H£ oy b O IZHERED DNA i M4 2. Z0idd
B0 FHH# DNA ORATHNIZZ/D 2K » b s
I BDREZIC K B RE y bR ORI IR ATRE
TH 5, Thucxtl, PCR Z W kit Tl bE
FRic B 3 EHHLEL DNA B & ORI & D REFEDK
WhREch 5. F17 v Nv— 7 BEHK%E Notl FHFD £
F LSRR AW B Z ik ) DNA * F (LD
IREE S fENTAIRETH B. T D DNA * FfbLms DY
RIS ED 5 TETH D (Laird and Jaeni-
sch, 1994; Holliday and Grigg, 1993), #&#liE =T D
A F AT & B RBIORD SR TR E 1 B B3R
XN TWAD (Herman et al., 1994; Merlo et al., 1995;
Ohtani-Fujita et al., 1993; Zhan et al., 1995). T D * F
WAL DT I3 PCR TR T & 9, — M 3BER
DBEFO 7o —TEHVTHF VEC k- THRLGN
TW3, Zhicxt L RLGS fi#frcidy / s 2fkicbhi
35 v F=w— Ao * FMELEITRIRETH 54, £
F VAL DIRKT > & RABIL T % HBEEE ST 2 F b AJRET
5. TORLGSEICKBITICBELICH, 1) T ¥
k< — 7 HIFREEHR P % D% D DNA YINT i< W 5 il R E#
FAEZBHICLD, BLORE - KEMNERTIT 2H
DEEETH B, 2) vHFVEDL AL T v FIEK
AL LTWRWA, IhE TRAOEEESTH -
IO LWT AT E T 2N TEX S, DLV TRLA
15 5 HEWIREIC S W T b [EBk D S L TR Z1T78 5 FHhin]
teTh B, 3) Fick->THRE SR Ay b (polymorphic
spot) % i\ THEM#HTIT & - T polymorphic spot % iE
EH Eic<y 732 ENTE, TOTy 7ENHR
Hy b AMITT 5T & TR DNA KB THEEDOZEL
o2 Ey b oYk EONBEHERERNS I EBTE S,
E\W o R A H 5 (Hayashizaki et al., 1993).
INEFTCRLGSHEEZHVWT® Y RHBWVWIEE O
BB IS D WTIIT 21T - B HESh TV 5.
Hirotsune 5 (4 b b FLEEHLAR, MEMESFAIIORESE O MK I
BV TRLGS T 21712V, BMEOEABRERONLS R
# .y b %K L 7o (Hirotsune et al., 1992). T3 973
HHEEICE VT T DR A& DNA M 25H#iE L TV
BTEABEKRLTVWS, ZOROMIFTTIOWEIRL TV
DAL T int-2 TH S EMIEHS .
Miwa 5 2[EIRED KT b b RIBE 2 T L, iR L T
WB ARy FEHEELS. FOROMBITOMRE, ok
18 LTV BEEALIZIREE ICB S 43 EEX 0N TV 5 H

Restriction landmark
2nd restriction 3rd restriction
enzyme site enzyme site
rﬁ%——{
’ "
Genomic {
DNA y
* Blocking (with analogues of nucleotide)
* 1st restriction enzyme digestion (landmark cleavage)
* Labeling (at restriction landmark)
: —* s e
@ 32P label * 2nd restriction enzyme digestion

+—o

* 1-D agarose gel electrophoresis

* 3rd restriction enzyme digestion (in gel digetion)

* 2-D polyacrylamide gel electrophoresis

Autoradiography
Fig. 1. Principle of RLGS and an example of RLGS profile

6.5kb 9.4kb 23.0kb

A, Flowchart of RLGS analysis. Genomic DNA is treated with DNA polymerase I in the presence of nucleotide
analogues to prevent incorporation of radioisotope into nick site of sample DNA in the following step (blocking). After
digestion with landmark enzyme such as NotI (1st restriction enzyme digestion), the sample DNA is labeled at its
restriction enzyme sites with radioisotope P (labeling). To reduce the average length, the sample DNA is digested with
another enzyme, which can cleave sample DNA more frequently than landmark enzyme, such as EcoRV (2nd enzyme
digestion), then it is subjected to 1-D agarose tube gel electrophoresis (1-D electrophoresis). After electrophoresis, this
agarose tube gel is soaked with enzyme mixture which contains the other restriction enzyme such as Mbol (3rd enzyme
digestion). Then the tube gel is subjected to 2-D polyacrylamide gel electrophoresis (2-D electrophoresis). Finally, the
polyacrylamide gel is dried and subjected to autoradiography; B, An example of RLGS pattern. RLGS profile of mouse
genomic DNA using enzyme combination of NotI, EcoRV, Mbol is shown. Molecular size marker is shown on the

periphery.

BIZFAKT2 TH 5 ENPS D EN -2 (Miwa et al.,
1996). Nagai © b[alkk D H kT b b TS Ot =17
TV, BEOWMABIUWDOEL TS 2Ky b ETE
F# L7z (Nagai et al., 1995). Z &R v b ORDIFZS
SHADT LIWHBREL TW S loss of heterozygosity
(LOH) &4 3 6D L& % oh, BHARMHEEET
BEHROBEDIEEE L THWVW S TW3 LOH 45 RLGS #
THRIETARETH 5 T LA/RE N, & 51T Miwa 51
b b EYE RO E SR & LT RLGS fi# T 217
otk TAMEMIEFICHERL TV D 2Ky b 2R
L 7z (Miwa et al., 1995). T D X # 5 FICHM T 5
DNAWI %2270 —=v/ LTHHF VECTRT L&
TAIDREy b DRI DNA OHIRICL 5 DT
15 { IRIEELH LD Notl AL D # F WAL DERIC K 5 &
DTHHIEMHILI., THbLIEFEMATRX 7
{b%321F TV 3 RIEECH DS akfass FRaNc i » F v{bhs
KL, ZDbRIERS O Notl B AR IC & 5]
WiEZFELICBobDEFHEENI, DT LR
RLGS fEHTIC & > THEEE DNA @ x F W LD ZEAL b fi#
TEBTEERLTVAS,

LEAOMNBEHREFMBALULRLGS Y/ AXRF vV =

>

Bx b~ 20 k%R & LT RLGS fi#ffric &
% DNA ZAtLA % L1 (Fig. 2). {HL, D& X
DORRE LTy ZORMMMEREICH CciE Y, i
95 RLGS 2K v b & L CREICHFET 22BN RA
94 % 2w b (polymorphic spot) % &7z (Ohsumi et
al., 1995). T OEFHEICRRO &S BRI EH»H 5. &
4 H5—IT, polymorphic spot [F—H DT LIV 5D HIT
K d 57, LOHDEITHNESTH 5. 2% 0,
LOH OHE—HD T LIVDADREST B8, WHD
7 LIvH HiEE[R 9 % non-polymorphic spot (3Z D A K v
b SR ST 4 B 721 TdH B A5, polymorphic
spot Z—H DT LVDHDLERNTEHDAE Y b
BT B EICKE 0L, RBEL2BHARK
DNA (T IE'H DNA #3572 A9 % & non-polymorphic spot
DEE ARy b REORELIZIEH N L 725 55 poly-
morphic spot DA IZHE DAL K E VO THEEZ
iz W\, T @A T polymorphic spot D fiEHT I HF| &
WZi3, H_oHELT, EBEL0HEROT L ABELL
L %55 ENAETH S, ThidBICBVWTER
AT L4 W T LV (allelic imbalance) % fi##r T % %
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Fig. 2. Principle of RLGS-based genome-wide search for

detection of LOH in cancer tissue using polymorphic
spots/loci.

C57BL/6- and Mus spretus- specific spots/loci are
indicated as closed and hatched ellipse, respectively.
Paternal- and maternal-specific spots are transmitted to
F, progeny by Mendelian rule, and those spots in the F;
pattern are detected as half in their intensity. In RLGS
pattern of cancer tissue, the spots located on LOH
region are deleted or at least decreased in their spot
intensity.
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Fig. 3. Mouse genetic map using RLGS spots/loci.
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A, Principle of linkage analysis using polymorphic spots on RLGS profiles. BSS backcross ([C57BL/6(B6) X Mus spretus
(Sp)] X Mus spretus(Sp)) were used for genetic linkage analysis. Parts of RLGS profile of each progeny are magnified
and shown in this figure. These spots that are present only on B6 profile (e.g.; B158 indicated by the arrow) but absent
on Sp profile are defined as Bé6-specific spots. On F, profile, the intensity of spot B158 becomes half by following the
Mendelian rule. In profiles of backcross progenies, spot B158 is seen in BSS883 and BSS885 but not in BSS889 and BSS
900. Thus, each genotype of the locus corresponding to spot B158 in BSS883, BSS885, BSS889 and BSS900 is identified
as B6/Sp, B6/Sp, Sp/Sp and Sp/Sp, respectively; B, Mouse genetic map composed of 575 RLGS spots/loci using BSS

backcross.
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cross) % W T 575 ® polymorphic spot % ZLffufk | ic
Ty Z7LTVWAE, D=y Z7ENIARY MITOWTHR
WFrAE1T718 - 1.

KERFY & L TB6ICSVAOTHIRAZBA L b 5 v
2V x=y < RAEspretus EDOF1IZHWi, 0D
Fl = 2 3@ TR 24 U %5 D T2 ® DNA
%% v 7vELTRLGS #2178 » e, —flE LT
B THEORD LA Xy P ZRICRT
(Fig. 4A).

& 4 13 polymorphic spot D FEZ (L & D ALE IE#H
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< v 7L, Z L T30 OISRz W TlERED
<y 7RVERIL, 2 & LT LOH OHE D& WK%
etk Fo¥ 1, 4,5 7, 13 Bk ek L
(Ohsumi et al., 1995). 5 13 Ffaik £ D LOH D4
OEFWVERICHFAET 22Ky b2 7o —=v 7L, H¥
VT & BT AITIS 5 1o & T AFEERIC DNA OREH
RSN, »>2ZDREADIKEILXRLGS K TRitsh
fe 2Ry FEEOE(LE—F L T/ (Fig. 4B). LIk

T &3 RLGS I & 5 DNA Z4LfigthT i3 EEE D DNA
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Xy FDOEEBITE -, TOFEIORETT 75%
Pl ok x Fubic & 3 EBbn 2 BEORDER
LtzZxEy iz 14dY, 205 50— 3FEEIC
BOWTT UVERINIE A F AL L, FIEEHEC
BOTHREBERNE x FLEREL 2 E 0 BEIREO S
DTdH - 1 (Fig. 4C). T D & Hic RLGS 13 PCR
WCEBF ) LZRF v v =V FETRELEEE WX F (L
DEALE bRET 5 ENARETH D, BRIEROERE
Winipb 2%EMNRENRE LTEBS TV S 2 F vk
DEITICOEITHE2bDEEZEZ SN

¥ B

IEFHIR DR bic 3ZRERTIREAE L Sh 555,
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ET - TRIE, I OBIEROERMSEONEM, B
eV fcBELANE 7T 5. T DEHDLED DNA
ERNF|ELEB>TRDRT » FNEHL D, 20
ZZRFEDNA ICER s ERoTcH 53¢ TH
5. RLGSBT 2 VIEY /) 6 xR F v v=vihidco
fERZRED I Dhy S[A1E & 18 5B F2EIET 5 I
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Fig. 4. Application of RLGS method to the search for the
LOH in cancer.
A, A part of RLGS profile of normal (a) and tumor
DNA (b). Five spots indicated by the arrowhead
decreased in their intensity on the profile of liver
tumor; B, Comparison of Southern blot and RLGS spot
analysis. DI3Ncvsl0 (corresponds to spot B416; C57
BL/6-specific spot) is shown as a representative. This
spot/locus is located on a region showing sequential
RLGS spot loss in common with 30 analyzed tumors.
Sample IDs are shown on the top of Southern profile.
The samples marked with asterisk(*) are those of
tumor tissues and others are those of normal ones. 2, 1,
0 and w represent diploid genome spot intensity,
haploid spot intensity, loss of spot and reduced spot
intensity (weak), respectively. We can see a good
correspondence between RLGS spot intensity and that
of Bé6-allele bands; C, Southern blot analysis showing
strain specific methylation. The probe used here (spot
B330; D15Ncvsl) is deleted as being methylated in
tumor DNAs. C57BL/6 (B6), Mus spretus (spretus),
[B6 X spretus] F; (BSF,) liver DNAs and liver tumor
DNAs were digested with Pyull and NotI (NotI+), or
Pvull only (NotI-). In B6 DNA, this site is methylated
partially (lane 2),while the site is not methylated but
the other normal DNA in spretus and BSF1 (lane 4
and 6). In tumor tissues, only B6 allele is methylated
in BSF; tumor DNAs (lane 7-9) suggesting that allele
specific methylation occurs in cancer tissues at this
locus.
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Summary

This is a report of the Symposium entitled “Regulatory Science and Genotoxicology” which was held
at the 25th Annual Meeting of the Environmental Mutagen Society of Japan on November 22, 1996 in
Tokyo. The idea of “Regulatory Science” was introduced by Dr. M. Uchiyama. Three speakers from the
regulatory (Dr. Tsuda), academic (Professor Hayatsu), and industrial (Dr. Shimada) field presented
their opinions, and discussed, on regulatory science foom their particulan viewpoint. Finally, Dr. Sofuni
summarized and indicated problems facing regulatory science and genotoxicology as we approach the
21st Century.
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Environ. Mutagen Res., 19: 117-126 (1997)

Poster Presentations in the 1996 Annual Meeting, the 25th
Anniversary Meeting of the Environmental
Mutagen Society of Japan

P-1: Positive selection for mutations in Big Blue transgenic
rodents; Provost G. S., and D. L. Wyborski; Stratagene.

P-2: Detection of chromosomal changes in transgenic mice
using fluorescence in situ hybridization with lambda
DNA and chromosome painting; Itoh T., T. Suzuki, M.
Honma, A. Matsuoka, M. Hayashi*, T. Sofuni; Division
of Genetics and Mutagenesis, National Institute of
Health Sciences (¥*Fax: 03-3700-2348, e-mail: hayashi@
nihs.go.jp); Key words: Big Blue, Muta Mouse, trans-
gene, fluorescence in situ hybridization.

P-3: The collaborative study on the transgenic mutation
assay I. Overview of the collaboration and performance
of Muta™Mouse positive selection assay; The collabora-
tive study group for the transgenic mouse mutation
assay, Mammalian Mutagenesis Study group of the En-
vironmental Mutagen Society of Japan; Itoh S.'*, T.
Suzuki?, N. Takemoto®, T. Itoh?, N. Horiya*, N. Yajima®,
T. Hara*, 'Daiichi Pharmaceutical Co., Ltd., *National
Institute of Health Sciences, *Snow Brand Milk Products
CO., Ltd., *Food and Drug Safety Center (*Fax: 03—
5696-8335); Key words: transgenic mice, lacZ, ethylni-
trosourea, Muta™Mouse, positive selection.

P-4: The collaborative study on the transgenic mutation
assay II. Organ variation in the mutagenicity of ethylni-
trosourea in Muta™Mouse; The collaborative study
group for the transgenic mouse mutation assay, Mamma-
lian Mutagenesis Study group of the Environmental Mu-
tagen Society of Japan; organizer; Suzuki T.™, S. Itoh?,
N. Takemoto’, T. Itoh', N. Horiya‘, N. Yajima’, T.
Hara*; 'National Institute of Health Sciences, *Daiichi
Pharmaceutical CO., Ltd., *Snow Brand Milk Products
CO., Ltd., ‘Food and Drug Safety Center (*Fax: 03—
3700-2348, e-mail: suzuki@nihs.go.jp); Key words: tra-
nsgenic mice, lacZ, ethylnitrosourea, organ specificity.

P-5: In vitro mutation induced by oral administration of
benzo[a]pyrene to the Muta™Mouse: analysis in eleven
different kinds of the carcinogenic target and non-target
organs; Hakura A.* Y. Tsutsui, J. Sonoda, J. Kai, Y.
Sugihra, T. Mikami; Department of Drug Safety Re-
search, Eisai Co., Ltd. (¥Fax: 0298-47-5956, e-mail:
al-hakura@eisai.co.jp); Key words: in vivo mutation,
benzo[a]pyrene, Muta™Mouse, oral administration, in-
dividual difference.

P-6: Induction of mutagenicity by diethylnitrosamine in
Muta™Mouse; Takemoto N., M. Kawabata, A. Honda,
M. Wada, 1. Masuko, N. Yajima*; Snow Brand Milk
Products Co., Ltd., Research Institute of Life Science (*
Fax: 0285-53-1314, e-mail: snows@tokyo.,infoweb.or.
jp); Key words: dimethylnitrosamine, Muta™Mouse.

P-7: Induction of mutation in embryonic cells of Muta
Mouse by N-ethyl-N-nitrosourea; Shibuya T.'*, T.
Kashima?, N. Horiyal, T. Haral; 'Food and Drug Safety
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Center, *Azabu University (¥*Fax: 0463—-82-4751); Key
words: N-ethyl-N-nitrosourea, embryonic cells, Muta
Mouse; lacZ mutation.

P-8: The feature of new transgenic mouse gpt delta for the
detection of gene mutation in vivo; Nohmi T.™*, M.
Katoh?, H. Suzuki’, M. Matsui’', M. Yamada', K.
Masumura', M. Watanabe*, M. Suzuki', N. Horiya®, O.
Ueda’, T. Shibuya®’, H. Ikeda®, T. Sofuni'; 'Division of
Genetics and Mutagenesis, National Institute of Health
Sciences, “Division of Molecular Biology, University of
Chile, *Fujigotenba Research Labs., Chugai Pharmaceut-
ical Co., Ltd., * Biochem. Div., National Cancer Center
Research Institute, *Laboratory of Genetics, Food and
Drug Safety Center, *Inst. Med. Sci., Tokyo Univ. (¥*Fax:
03-3707-6950, e-mail: nohmi@nihs.go.jp ); Key words:
transgenic mouse, gpt, Spi, point mutations, deletion
mutations.

P-9: A new transgenic mouse gpt/\ for mutagenesis test
system: Spectrum of ethylnitrosourea (ENU)-induced
mutations in the gpt gene; Masumura K.!, M. Matsui’,
M. Katoh?, N. Horiya’, M. Yamada!, T. Shibuya’, T.
Nohmi'*, T. Sofuni’; 'Division of Genetics and Mutagen-
esis, National Institute of Health Sciences, *Division of
Molecular Biology, University of Chile, *Laboratory of
Genetics, Food and Drug Safety Center (¥*Fax: 03-3707—
6950, e-mail: nohmi@nihs.go.jp); Key words: transgenic
mouse, gpt, 6-thioguanine, ethylnitrosourea.

P-10: Detection of somatic mutations using HITEC mice;
Ishidate K.', M. Watanabe', Y. Shioyama?, M. Katsuki’,
T. Sugimura', K. Wakabayashi'*; 'Biochem. Div. Natl.
Can. Center Res. Inst., *Dept. Radiol. Med., Kyushu-
Univ., *Inst. Med. Sci., Tokyo-Univ. (*Fax: 03-3543—
9305, e-mail: kwakabay@gan2.ncc.go.jp); Key words:
HITEC mouse, in vivo mutation assay, rpsL gene, pSSW
shuttle vector plasmid, E. coli DHIOB.

P-11: Simple method of in vivo single cell gel electrophoresis
(Comet) assay with mouse to detect DNA lesions in
liver, kidney, spleen, lung and bone marrow; Miyamae
Y.!, Y.F. Sasaki?, H. Kobayashi’, M. igarashi’, K.
Shimori’, M. Hayashi® 'Fujisawa Pharmaceutical CO.,
Ltd., *Hachinohe National College of Technology, *Shi-
seido Co., Ltd., *Daiichi Pharmaceutical Co., Ltd.,
*University of Sizuoka, °National Institute of Health
Sciences (*Fax: 06-304-5716); Key words: single cell gel
electrophoresis assay, Comet assay, DNA damage, hom-
ogenization, methylmethanesulfonate, diethylnitrosam-
ine.

P-12: Gene expression alterations determined by fluore-
scent differential display: Gene expressions in rat stom-
ach pyloric mucosa induced by N-methyl-N’-nitro-N-
nitrosoguanidine; Furihata C.'*, M. Oka’, M. Ichinoe?,
K. Miki% T. Ito’, Y. Sakaki’; 'Department of Molecular
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Oncology, *First Internal Medicine, Faculty of Medicine,
University of Tokyo, *Human Genome Center, Institute
of Medical Sciences (¥*Fax: 03— 5449-5423, e-mail: furi@
ims.u-tokyo.ac.jp); Key words: fluorescent differential
display, gene expression, N-methyl-N’'-nitro-N-nitroso-
guanidine, rat stomach pyloric mucosa, li.

P-13: The single cell gel electrophoresis assay (Comet
assay): Detection of DNA damage in TK6 human lym-
phoblastoid cells treated with various mutagens; Koba-
yashi H."*, M. Mori!, Y. Katsumura', Y. Morikawa', M.
Hayashi?, T. Sofuni*;, 'Shisedo Safety & Analytical Re-
search Center, *Division of Genetics and Mutagenesis,
National Institute of Health Sciences (*Fax: 045-545-
3340, e-mail: kobayashi__hiroshi@po.shiseido.co.jp);
Key words: Comet assay, single cell gel electrophoresis,
TK6, lymphoblastoid, DNA damage.

P-14: A novel supF mutation detection system; Obata F., T.
Nunoshiba, K. Yamamoto*; Dept. of Molecular & Cellu-
lar Biology, Biological Institute, Graduate School of
Science Tohoku University (¥Fax: 022-263-9206, e-mail:
yamamot(@mail.cc.tohoku.ac.jp); Key words: mutation
spectrum, gyrdam, strAam, positive double selection,
Suppressor.

P-15: Induction of micronuclei by mutagens in human as-
trocytes in culture; Suzuki Y."?*, H. Shimizu? S.U.
Kim'; 'Division of Neurology, Department of Medicine,
The University of British Colombia, *Department of
Public Health and Environmental Medicine, The Jikei
University School of Medicine (*Fax: 03-5472-7526);
Key words: astrocyte, Micronuclei. 1-nitroquinoline-N-
oxide.

P-16: Induction of micronuclei in NSC19 motoneuron cell
line by mutagenic agents; Suzuki Y."**, H. Shimizu? S.
U. Kim'; 'Division of Neurology, Department of Medi-
cine, The University of British Colombia, “Department
of Public Health and Environmental Medicine, The Jikei
University School of Medicine (¥Fax: 03-5472-7526);
Key words: NSC19, motoneuron, micronuclei, 1-Nitro-
quinoline-N-oxide.

P-17: Improvement on early spermatids micronucleus test
of rats: Induction of micronuclei by mitomycine C,
methyl methanesulfonate and ethylnitrosourea; Noguchi
T.* M. Suzuki, K. Noda, T. Matsushima; Japan Bioas-
say Research Center, Japan Industrial Safety and Health
Association (¥Fax: 0463-82-3860); Key words: micro-
nucleus test, spermatids, mitomycin C, methyl methane-
sulfonate, ethylnitrosourea.

P-18; Studies of the in vivo micronucleus test using colonic
epithelial cells of mice; The collaborative study group of
JEMS, MMS for the in vivo micronucleus test with mice,
colon sub-group (organizer chief: Tokumitsu T.; Yakult
Central Institute for Microbiological Research (*Fax:
0425-77-3020); Key words: micronucleous, colon, epi-
thelial cells, 1,2-dimethlhydrazine, N-methyl-N-nitroso-
urea.

P-19: Evaluation of genotoxic effect in water pollution by
the micronucleus test with the gill cell of fish; Takai A.'¥,
K. Ueno?, M. Hayashi’, T. Sofuni?®; 'Osaka Shin-Ai Col-
lege, *Faculty of Agriculture, Kinki University, *Division
of Genetics and Mutagenesis, National Institute of
Health Sciences (*Fax: 06-931-0373, e-mail: akinori__
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takai@msn.com); Key words: micronucleus test, water
pollution, fish, gill cells.

P-20: International collaborative study of mouse lymph-

oma assay (MLA)(2nd report); The study group for the
international collaborative study of mouse lymphoma
assay; organizer; Sofuni T."*, M. Honma', M. Hayashi',
H. Shimada? N. Tanaka®, S. Wakuri®, T. Awogi‘, K.
Yamamoto®, N. Ushio®, Y. Nishi®, M. Nakadate’; 'Divi-
sion of Genetics and Mutagenesis, National Institute of
Health Sciences, *Daiichi Parmaceutical Co., Ltd., *Food
and Drug Safety Center, *Otsuka Pharmaceutical Co.
Ltd., *Takeda Chemical Ind., Ltd., ®Japan Tabaco Inc.,
"Division of Risk Assessment, National Institute of
Health Sciences (*Fax: 03-3700-2348, e-mail: sofuni@
nihs.go.jp); Key words: Mouse lymphoma assay, ICH,
genotoxicity test, chromosome aberration.

P-21: The usefulness of continuous treatment (24 h) in

mouse lymphoma assay; Honma M.*, L. Zang, H. Saka-
moto, M. Ozaki, K. Takeshita, M. Hayashi, T. Sofuni;
Division of Genetics and Mutagenesis, National Institute
of Health Sciences (¥*Fax: 03-3700-2348, e-mail: honma
@nish.go.jp); Key words: mouse lymphoma assay, chro-
mosome aberration, ICH, treatment time.

P-22: Improvement of sensitivity in a micronucleus test by

means of an intentionally induced erythropoiesis; Hagi-
wara T., A. Kawaguchi, K. Hirano*; Sankyo Co., Ltd.,
Laboratory of Animal Science & Toxicology Laborator-
ies (*Fax: 0538-42-4350, e-mail: hira@fuku.sankyo.co.
jp); Key words: acetylphenylhydrazine, erythropoietin,
erythropoiesis, micronucleus test, blood erythrocytes.

P-23: An attempt to analyze chemically-induced micro-
nucleus in cultured cells using laser scanning cytometer
(LSC); Miura, K. F.*, T, Satoh, C. Otsuka, M. Ishidate
Jr.; Chromosome Research Center, Olympus Optical
Co., Ltd. (*Fax: 0426-91-7209, e-mail: kn__miura@ot.
olympus.co.jp); Key words: in vitro micronucleus,
human diploid fibroblasts; laser scanning cytometer
(LSC), mitomycin C, diethlystibestrol.

P-24: Detection of aneuploidy in the in vitro cell culture
system; Matsuoka A., M. Ozaki, K. Takeshita, H. Saka-
moto, M. Honma, H.-R. Glatt', M. Hayashi, T. Sofuni¥;
Division of Genetics and Mutagenesis, National Institute
of Health Sciences, 'German Institute of Human Nutri-
tion, Germany (*Fax: 03-3700-2348, e-mail: matsuoka
@nihs.go.jp); Key words: aneuploidy, polyploidy, V79-
.MZ, benzo[a]pyrene, 7,12-dimethybenz[a]anthracene.

P-25: Production of catalase and SOD overproducing mut-
ants of Escherichia coli and their characteristics; Yama-
guchi T., Y. Yonezawa, N. Matsui, M. Kawakaki, H.
Nishioka*; Department of Chemical Engineering and
Materials Sciences, Doshisha University (¥*Fax: 0774—
656686, e-mail: hnishiok@doshisha.ac.jp); Key words:
catalase hydroperoxidase I, Mn-superoxide dismutase,
katG, sodA.

P-26: Mutagenicity of p-aminophenol in E. coli wp2uvrA/
pKM101; Yoshida R., S. Oikawa, Y. Seki, H. Shimizu*;
Department of Public Health and Environmental Medi-
cine, The Jikei University of Medicine (¥Fax: 03-5472—
7526); Key words: hydroxy radical, hydrogen peroxide,
mutagenicity, p-aminophenol, E. coli.

P-27: Fluorescence in situ hybridisation (FISH) with chro-

mosome-specific centromeric probes: a sensitive method
to detect aneuploidy; Marshall R. R.!, M. Murphy', D. J.
Kirkland!, K.S. Bentley?; 'Corning Hazleton, 2E I
Dupont de Nemours & Co.

P-28: Comparisons on chemically-induced mutagenesis
among four strains, Salmonella typhimurium TA102 and
TA2638, and Escherichia coli WP2/pKM101 and WP2
uvrA/pKM101: Collaborative study II; Sakamoto K.}, K.
Watanabe, T. Sasaki’, K. Kawakami' and 34 investiga-
tors of 19 laboratories, JEMS-BMS; 'Hatano Research
Institute, Food and Drug Safety Center, *The Institute of
Environmental Toxicology, *Japan Bioassay Laboratory
(*Fax: 0423— 83-7640, e-mail: iet@mxh.meshnet.or.jp);
Key words: oxidative agents, crosslinking agents, col-
laborative study, comparisons on mutagenicity, Salmo-
nella typhimurium and Escherichia coli.

P-29: Mutagenic Activities of the repeatedly heated frying
oils and the brown reaction products on fried prepara-
tions among some folk foods in Taiwan; Hong C.-L.'*,
H. Shimizu®.; 'Department of Public Health, School of
Medicine, Taipei Medical College, 2Department of
Public Health and Environmental Medicine, School of
Medicine, The Jikei University (*Fax: +886-2-7384831,
e-mail: hongcl@mail.tmc.edu.tw); Key words: mutag-
enic responses, Salmonella, brown reaction, frying oils,
scorched foods.

P-30: Formation of heterocyclic amine-like mutagens by
heating a mixture of L-arginine, glycine and glucose;
Nakazawa M.'*, A. Oguri!, N. Arakawa?, T. Sugimura',
K. Wakabayashi'; 'National Cancer Center Research
Institute, Biochemistry Division, Food Science Faculty,
Ochanomizu University (*Fax: 03—-3543-9305, e-mail:
mrnakaza@gan2.ncc.go.jp); Key words: hetrocyclic
amine, L-arginine, Blue rayon, MelQ,.

P-31: Comparison of adsorbent resins of mutagens in beef
hydrolysates; Ohkubo T.!., W. Shimizu!, S. Goto*, O.
Endo?, T. Hayashi!, E. Watanabe'; 'Tokyo Unversity of
Fisheries, 2National Institute of Public Health (*Fax: 03—
3446-7165); Key words: sep-pak cartrige, Blue rayon,
beef hydrolysates, mutagenicity.

P-32: Genetoxicity and safety of organic compounds in
drinking water; Nozaka T.*, S. Tadaki, H. Morita, A.
Tanaka, T. Omura, M. Haga, K. Shibuya; Public Health
Dept. Pharmaceutical Affairs Division, Saitama Prefec-
tural Government (*Fax: 048-840-1041); Key words:
genotoxicity, organic compounds, drinking water, halo
acetonitril, halo acetic acid.

P-33: Determination of Trip-P-2 in the Yodo river; Ohe
T*.; Department of Food and Nutrition Science, Kyoto
Women’s University (¥Fax: 075-531-7155); Key words:
Trp-P-2; Trp-P-1; river water, Blue rayon, HPLC.

P-34: Relationship between mutagenecity of river water
and heterocyclic amines; Sasaki Y*., H. Kise, M. Kiku-
chi; Basic Research Division, The Tokyo Metropolitan
Research Institute for Environmental Protection (*Fax:
03-3699-1345, e-mail: Sasaki.Yuko@tokyo-itc.metro.
tokyo.jp); Key words: river water, Ames assay, Trp-P-1,
Trp-P-2, blue chitin.

P-35: Risk assessment of Trp-P-2 in the waste water and
the environmental water; Mohri S.”*, Y. Ono? I
Somiya'; 'Dept. of Environmental Engg., Graduate

School of Engineering Kyoto University, *Dept. of En-
vironmental & Civil Engg. Inst. Environ. Sci & Tech.,
The University of Okayama (*Fax: 075-753-5784,
e-mail: mohri@ water.env.kyoto-u.ac.jp); Key words:
genotoxicity, risk assessment, Trp-P-2, umu test, waste
water.

P-36: Mutagenic Activities of exhaust gas and ash from
sludge incineration after treatment night soil or sewage;
Yoshino H.*, K. Urano; Kanagawa Envirnmental Re-
saerch Center (*Fax: 0463-24-3300); Key words: Sludg,
Ames test, incineration, exhaust gas.

P-37: Can the micronucleus test using fish monitor muta-

gens and/or carcinogens in coastal water ?; Tanisho T.!,
M. Furugori!, K. Shimoi!, N. Imamura!, N. Kinae"*, M.
Hayashi?, T. Sofuni?; 'School of Food and Nutritional
Sciences, University of Shizuoka, “Division of Genetics
and Mutagenisis, National Institute of Health Sciences
(*Fax: 254-264-5528, e-mail: kinae@fnsl.u-shizuoka-
ken.ac.jp); Key words: Ames test, micronucleus test,
COD, coastal fish, mutagens.

P-38: Detection of genotoxicity of polluted sea water using

shelfish and the alkaline single cell gel electrophoresis
(SCG) assay; Nishidate E., F. Izumiyama, Y. F. Sasaki*,
T. Sofuni', H. Hayashi'; Laboratory of Genetoxicity,
Faculty of Chemical and Biological Engineering, Hachi-
nohe National College of Technology, 'Division of Ge-
netics and Mutagenesis, National Institute Health Sci-
ences (*Fax: 0178-27-7296, e-mail: yfsasaki-c@hachino-
he-ct.ac.jp; Key words: genetoxic monitoring, sea water.
alkaline single cell gel electrophoresis (SCG), shelfish.

P-39: Evaluation by various different preconcentration

method of mutagens in water environment; Nakamuro
K.*, T. Okuno, T. Hasegawa, H. Ueno, Y. Sayato;
Faculty of Pharmaceutical Sciences, Setsunan University
(*¥Fax: 0720-66-3122); Key words: Ames assay, en-
vironmental water, frameshift type mutagenicity, pre-
concentration method.

P-40: Blue-chitin column concentration of mutagens from

river waters; Sakamoto H.!, T. Ohe?, T. Haytsu®, H.
Hayatsu™; 'Water Examination Laboratory, Okayama
Municipal Water Bureau, ’Dept. of Hygiene, Kyoto
Women’s University, *Faculty of Pharmaceutical Sci-
ences, Okayama University (*Fax: 086-254-2129,
e-mail: hayatsu@ph2ews1.okayama-u.ac.jp); Key words:
blue chitin, river water mutagens, XAD-2.

P-41: Comparison of mutagenicity of airborne particulate

in Sapporo, Tokyo, Kanagawa; Matsumoto Y.'*, S.
Sakai!, F. Kano? H. Matsuda®, K. Hayakawa*; 'Hokka-
ido Res. Inst. For Environ. Sci., ’Tokyo Metropol. Res.
Lab. Of Public Health, *Ishikawa Pref. Inst. Of Public
Health, *Kanazawa Univ. (¥*Fax: 011-747-3254); Key
words: mutagenicity, Ames test, airborne particulate,
YG strain, nitroarene.

P-42: Distributions of nitropolycyclic aromatic hydrocar-

bons in diesel engine particulate extracts; Nakamura A.,
K. Hayakawa*; Faculty of Pharmaceutical Sciences,
Kanagawa University (*Fax: 0762-34-4456, e-mail: haya-
kawa@dbs.p.kanazawa-u.ac.jp); Key words: nitroarene,
diesel engine exhaust particulate, mutagenicity, column
chromatography.

P-43: Mutagenicity of reaction products by the thermal
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decomposition of poly (vinyl chloride) in N, or air and
formation of polycyclic aromatic hydrocarbons; Hisa-
matsu Y. S. Takarada', N. Haga?, H. Hidaka?
'National Institute of Public Health, *Meisei University
(¥Fax: 03-3446-4314, e-mail: hisa@iph.go.jp); Key
words: poly (vinyl chloride), thermal decomposition,
mutagenicity, polycyclic aromatic hydrocarbon.

P-44: Relationship between p53 gene, genotypes of cyto-
chrome p450 1A1 and concentration of mutagens ac-
cumulated in human lung samples; Sera N'*., H.
Tokiwa?, Y. Nakanishi®, N. Hara’, J. Lewtas*; 'Fukuoka
Institute of Health and Environmental Sciences, 2K yushu
Women’s University, *Research Institute of Diseases of
the Chest, Faculty of Medicine, Kyushu Univerity, “US-
EPA (*Fax: 092-928-1203); Key words: 1-nitropyrene,
benzo[a]pyrene, lung cancer.

P-45: Genetic effects of lifestyle factors assessed by urinary
mutagenicity and chromosome alterations XI; Mure K.,
H. Ogura, T. Takeuchi, T. Takeshita, K. Morimoto*;
Dept. of Hygiene and preventive Medicine, Faculty of
Medicine,Osaka University (*Fax: 06-879-3929, e-mail:
morimoto@envi.med.osaka-u.ac.jp); Key words: life-
style, smoking, green tea, urinary mutagenicity, chromo-
some alterations.

P-46: Effect of personal exposure air on the mutagenicity of
human urine; Endo O."*, M. Koyano'., Y. Sekiya?, Y.
Takagi®, Y. Seki?, K. Kohzaki?, S. Goto'; 'National Insti-
tute of Public Health, Kitasato University, *Azabu Uni-
versity (*Fax :03-3446-7165,); Key words: human
urine, personal exposure air, Salmonell mutagenicity,
Nicotine and cotinine; polycyclic aromatic hydrocar-
bons.

P-47: Induction of chromosome aberration and transfor-
mation by smoker’s urine extract in cultured cells; Chiba
A., A. Miura, Y. Hara, Y. F. Sasaki*; Faculty of Chem-
ical and Biological Engineering, Hachinohe National
College of Technology (*Fax: 0178-27-7296, e-mail: yfs-
asaki-c@hachinohe-ct.ac.jp); Key words: urine, smok-
ing, chromosome aberration, transformation.

P-48: Sister chromatid exchanges induced by electromag-
netic fields. —comparative study between in vitro and in
vivo—; lijima S., A. Asaka*; Department of Health Sci-
ences, Yamanashi Medical University (*Fax: 0552-73—
7882, e-mail: siijima@res.yamanashi-med.ac.jp); Key
words: electromagnetic fields, sister chromatid exchange
(SCE), in vitro, in vivo.

P-49: Effect of 5T static magnetic field on mutagenicity of
chemical mutagen; Ikehata M.*, T. Koana; Environme-
ntal Biotechnology Laboratory, Fundamental Research
Division, Railway Technical Research Institute (*Fax:
0425-73-7349, e-mail: ikehata@rtri.or.jp); Key words:
static magnetic field; Ames assay; ENNG.

P-50: Simple detection of in vivo genotoxicity of pyrimetha-
mine in rodents by the modified alkaline single cell gel
electrophoresis assay; Izumiyama F., E. Nishidate, Y. U.
Sasaki*, T. Ohta', T. Ono? Laboratory of Genotoxicity,
Faculty of Chemical and Biological Engineering, Hachi-
nohe National College of Technology, 'School of Life
Science, Tokyo University of Pharmacy and Life Science,
*National Veterinary Assay Laboratory (*Fax: 0178-27-
7296, e-mail: yfsasaki-c@hachinohe-ct.ac.jp); Key
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words: single cell gel electrophoresis (SCG) assay, genot-
oxicity, multiple organs of mouse, pyrimethamine.

P-51: Simple detection of chemical mutagens by the alka-
line single cell gel electrophoresis (Comet) assay in mul-
tiple mouse organs (liver, lung, spleen, kidney, and bone
marrow); Komaki Y., E. Nishidate, F. Izumiyama, Y. U.
Sasaki*; Laboratory of Genotoxicity, Faculty of Chemi-
cal and Biological Engineering, Hachinohe National Col-
lege of Technology (*Fax: 0178-27-7296, e-mail: yfsas-
aki-c@hachinohe-ct.ac.jp); Key words: single cell gel
electrophoresis (SCG) assay, genotoxicity, multiple
organs of mouse, micronucleus-inducing mutagen.

P-52: Detection of rodent liver carcinogen genotoxicity by
the alkaline single cell gel electrophoresis (Comet) assay
in multiple mouse organs (liver, lung, spleen, kidney, and
bone marrow); Sasaki Y. U.*, E. Nishidate, F. Izumi-
yama; Laboratory of Genotoxicity, Faculty of Chemical
and Biological Engineering, Hachinohe National College
of Tecnology (*Fax: 0178-27-7296, e-mal: yfsasaki-c@
hachinohe-ct.ac.jp); Key words: single cell gel electro-
phoresis (SCG) assay, genotoxicity, multiple organs of
mouse, rodent liver carcinogens.

P-53: Mutagenicity of activated oxygen species-generating

systems towards E. coli WP2 derivatives; Mochida H., Y.
Tsutsui, A. Hakura* S. Sawada, Y. Sugihara, T.
Mikami; Department of Drug Safety Research, Eisai
Co., Ltd. (*Fax: 0298-47-5956, e-mail: al-hakura@eisai.
co.jp); Key words: mutagenicity, activated oxygen spe-
cies, WP-2uvrA/pKM101, WP2uyrA.

P-54: Evaluation of DNA damage by organochlorine com-

pounds and nitroarenes related to active oxygen; Ono
Y.!, U. Kobayashi**, I. Somiya?; 'Dept. Environmental
and Civil Engg., University of Okayama, *Graduate
School of Environmental Engg., Kyoto University
(*Fax: 075-753-5784, e-mail: urara@water.env.kyoto-u.
ac.jp); Key words: non-mutagenic carcinogen, active
oxygen, Sox RS, organochlorine compound, nitroarene.

P-55: Mutagen(s) formed from norharman with phenyl-

hydroxyamine; Totsuka Y.*, N. Hada, M. Watanabe, T.
Sugimura, K. Wakabayashi; Biochem. Div., National
Cancer Center Research Institute (¥*Fax: 03-3543-9305,
e-mail: ytotsuka@gan2.ncc.go.jp); Key words: Norhar-
man, phenylhydroxylamine, aniline, comutagen.

P-56: Induction of micronuclei and of DNA damage in the

liver of rats by calcium antagonists; Igarashi M., and H.

* Shimada*; Drug Safety Research Laboratory, Daiichi
Pharmaceutical Co., Ltd. (¥Fax: 03-5696-8335); Key
words: calcium antagonists; liver micronucleus test,
single cell gel assay, rats, hypothermia.

P-57: Validation study of mouse liver micronucleus test;

Shimada H.*, JEMS-MMS collaboratory study group
(*Fax: 03-5696-8335); Key words: liver micronucleus
test, mice, auramine 0, acrylamide, styrene oxide.

P-58: Quinoline (Q) did not induce micronuclei in rat bone

marrow, but induced chromosome aberration (CA),
sister chromatid exchanges (SCE) and replicative DNA
synthesis (RDS) in rat liver; Sugihara T.!, H. Daimon?,
S. Asakura®™, H. Mochida? S. Sawada®; 'Kawashima
Co., Ltd., Dept. of Drug Safety Research, ?Eisai Co.,
Ltd., Drug Safety Research Laboratories (¥*Fax: 0586—
89-5292, e-mail: sl-asakura@eisai.co.jp); Key words:

quinoline, rat bone marrow/liver, chromosome aberra-
tion, micronucleus, sister chromatid exchange, replica-
tive DNA synthesis.

P-59: Species-specificity of pyrimethamine in the rodent
bone marrow micronucleus test; Ogata T.'*, T. Sekiya',
Y. Takahashi', T. Ohta’, 'National Veterinary Assay
Laboratory, *School of Life Science, Tokyo University of
Pharmacy and life Science (*Fax: 0423-21-1769); Key
words: pyrimethamine, clastogen, micronucleus test; rat
bone marrow.

P-60: Mutagenic activity and clastogenicity of nitrobenzan-
thrones; Enya T.!, H. Suzuki'*, Y. Hisamatsu?, T.
Watanabe®’, T. Hirayama?®, 'Department of Chemistry,
Graduate School of Science, Kyoto University, 2Depart-
ment of Community Environmental Science, The Insti-
tute of Public Health, *Department Public Health, Kyoto
Pharmaceutical University (¥*Fax: 075-753-4000, e-mail:
suzuki@kuchem.kyoto-u.ac.jp); Key words: nitrobenz-
anthrone, mutagenicity, clastogenicity.

P-61: The effects of pH of S9 on a chromosomal aberration
test; Asakura M.*, T. Sugiyama, H. Satake, M. Inoue, T.
Matsushima; Japan Bioassay Research Center (*Fax:
0463-82-3860); Key words: S9, pH, chromosomal aber-
ration, metabolic activation.

P-62: Lifetime micronucleus frequencies in MS/Ae mice
treated with mitomycin C; Higashiyama N., S. Sutou*;
Itoham Central Research Insitute (¥*Fax: 0297-45-6353,
e-mail: sutou@fureai.or.jp); Ket words: aging, mitom-
ycin C, MS/Ae mouse, life span, MNRET.

P-63: The effect of dimethylarsinic acid on mouse bone
marrow cells(in vivo); Kawashima E., K. Kurodta, G.
Endo*; Department of preventive medicine & en-
vironmental Health, Osaka City University Medical
School (*Fax: 06-646-0722); Key words: dimethylars-
inic acid, mitotic arrest, aneuploidy, mouse bone marrow
cells.

P-64: Mutagenicity of chlorinated organic compounds for
Escherichia coli WP2 uvrA and WP2 uvrd/pKM101;
Ando F.!, K. (miyo)Aramaki?, T. Ohkubo’, Y. Kato', Y.
Seki?, O. Endo’, S. Goto**; 'Canon Inc., 2Kitasato Uni-
versity, *National Institute of Public Health (*Fax: 03—
3446-7165); Key words: Escherichia coli WP-2 uvrA,
Escherichia coli WP-2 uvrA/pKM101, Chlorinated or-
ganic compounds.

P-65: The mutagenicity of phenazopyridine hydrochloride
(I1); Ota E., M. Nakagawa, F. Mizuno, M. Miyagawa*,
T. Shirotori, T. Nishitomi; Mitsubishi Chemical Safety
Institute Ltd. (*Fax: 0479-46-287); Key words: hepato-
cyte micronucleus assay, Inhibition of metabolic cooper-
ation (IMC) test, mouse lymphoma assay (MLA), phe-
nazopyridine hydrochloride, replicative DNA synthesis
(RDS) test.

P-66: Mutagenicity test of epoxi-colors, poster colors and
oil-inks using S. typhimurium TA98 and TA100; Oda H.,
R. Ishida, A. Araki*, T. Matsushima; Japan Bioassay
Research Center (¥*Fax: 0463-82-3860, e-mail: bioassay
@po.iijnet.or.jp); Key words: Salmonella mutagenicity,
color, ink.

P-67: Expression of CYP1A2 responsible for the metabolic
activation of heterocyclic amines in cynomalgus monkey;
Sakuma T.!, M. Hieda!, T. Igarashi!, S. Ogiya’, M.

Isogai’, S. Ninomiya®, R. Nagata®, T. Kamataki'*; 'Div.
Drug Metab. Fac. Pharm. Sci. Hokkaido Univ., 2Hokka-
ido National Industrial Research Institute, Agency of
Industrial Science and Technol., *Daiichi Pure Chemicals
Co., “Shinnippon Biochemical Lab., Ltd. (¥*Fax: 011—
706-4978, e-mail: kamataki@pharm.hokudai.ac.jp); Key
words: metabolic activation, cynomalgus monkey, cyto-
chrome P450, CYP1A2, heterocyclic amine.

P-68: Expression of mammalian cytochrome P450 in the

genetically engineered yeast and their use in mutagenic
assay — Species difference on the metabolic activation
catalyzed by CYP1A1 and CYP1A2 among the human,
mouse, hamster and guinea pig; Ohgiya S.'*, T. Goda', T.
Hosino!, T. Kamataki?, K. Ishizaki'; 'Hokkaido National
Industrial Research Institute, 2Faculty of Pharmaceutical
Science, Hokkaido University (*Fax: 011-857-8992,
e-mail: ohgiya@hniri.go.jp); Key words: cytochrome P
450, aflatoxin B;, metabolic activation, mutagenic assay,
yeast.

P-69: Role of hydroxyl radical and metal ions in formation
of direct acting mutagen from N-nitrosodialkylamines;
Tsutsumi N., M. Mochizuki*; Kyoritsu College of Phar-
macy (¥Fax: 03-5400-2695, e-mail: mochizuki-mt@kyo-
ritsu-ph.ac.jp); Key words: hydroxyl radical, N-nitroso-
dialkylamine, fenton reagent, nitric oxide.

P-70: Investigation of implication of reactive oxygen spe-
cies and their generating stages in mutagenicities of aro-
matic amine and nitro allene in Escherichia coli; Matsui
N., Y. Yonezawa, M. Kawakami, T. Yamaguchi, H.
Nishioka*; Department of Chemical engineering and
Materials Science, Doshisha University (¥Fax: 0774-65-
6686, e-mail: hnishiok@doshisha.ac.jp); Key words: aro-
matic amin, nitro allene, NRase, OATase, NO, radical.

P-71: The determination about toxicity mechanism of gen-
otoxic substances and those relationship with active oxy-
gens using antioxidant enzyme tranfected cells; Chung
Y.!, K. Ichikawa', Y. Seko? N. Imura?, H. Utsumi'*;
'Faculty of Pharmaceutical Sciences, Kyushu University,
*Faculty of Pharmaceutical Sciences, Kitasato University
(*Fax: 092-641-5281, e-mail: usami@pch.phar.kyushu-
v.ac.jp); Key words: active oxygens, antioxidant enzyme
transfected cells, 2,4,6-trichlorophenol, micronucleus
test, genotoxicity.

P-72: Nitration of hydroxypyrene by activated macroph-
ages; Yamaguchi T., J. Suzuki*, K. Takeda; Faculty of
Pharmaceutical Sciences, Science University of Tokyo
(*¥Fax: 03-3268-3045, e-mail: suzuki@ps.kagu.sut.ac.
jp); Key words: nitration; hydroxypyrene, hydroxynitro-
pyrene, macrophages, diesel-exhaust particles.

P-73: Mutagenic activation of N-nitroso compounds by
human pancreatic juice; Takahashi M.!, Y. Mori'*, T.
Kamano?, Y. Konishi®; 'Laboratory of Radiochemistry,
Gifu Pharmaceutical University, “The 1st Department of
Surgery, Juntendo University School of Medicine, *De-
partment of Oncological Pathology, Nara Medical Uni-
versity (¥Fax: 058-237-5979, e-mail: ymori@gifu-pu.ac.
jp); Key words: mutagenic activation, pancreatic juice,
pancreatic carcinogen, environmental N-nitrosamine,
heterocyclic amine.

P-74: Rat liver Theta-class glutathione S-tranferases Yrs-
Yrs and 5-5: Their functional and immuno-chemical

121



properties; Hiratsuka A., T. Nishijima, H. Okada, T.
Watabe*; Dept. of Hygienic Chemistry, Tokyo College
of Pharmacy (¥*Fax: 0426-76-4517, e-mail: watabet@ps.
toyaku.ac.jp); Key words: glutathione S-transferase,
Theta-class, arylmethyl sulfate, dichloromethane, metab-
olism.

P-75: Detection of CYP1A2 inhibitors from grapefruit
juice; Inoue K., K. Fukuda, M. Degawa, Y. Yamazoe*;
Dept. Drug Metabolism and Molecular Toxicology, Fac-
ulty of Pharmaceutical Sciences, Tohoku University
(*Fax: 022-217-6826, e-mail: j23344@cctu.cc.tohoku.
ac.jp); Key words: grapefruit juice, CYP1A2 inhibitor,
Glu-P-1, Ames test.

P-76: Antimutagenic effect of beer and hop-extract; Takeu-
chi M., S. Kimura, N. Harada, H. Hayatsu*, S. Arimoto;
Faculty of Pharmaceutical Sciences, Okayama Universi-
ty (¥Fax: 086-254-2129, e-mail: hayatsu@ph2ews]1.oka-
yama-u.ac.jp); Key words: beer, hop, Trp-P-2(NHOH),
MNNG.

P-77: Inhibitory substances against the mutagenicity of 2-
chloro-4-methylthiobutanoic acid (CMBA); Kimura S.,
M. Takeuchi, N. Harada, H. Hayatsu®; Faculty of Pha-
rmaceutical Sciences, Okayama University (¥*Fax: 086—
2542129, e-mail: hayatsu@ph2ewsl.okayama-u.ac.jp);
Key words: beer, 2-chloro-4-methylthiobutanoic acid,
antimutagenesis.

P-78: Antimutagenicity of Rhubarb extracts in in vitro and
in vivo; Kishi M., K. Ohmoril, T. Nakaoka', M.
Harada?; 'Kanagawa Prefectural Public Health Laborat-
ories, ’Kanagawa Cancer Research Institute (¥*Fax: 045—
363-1037); Key words: Rhubarb, emodin, physcion, anti-
mutagen; anticlastogen.

P-79: Suppression of methyl methanesulfonate-induced
chromosome aberrations in vivo after treatment with S-
methyl methane thiosulfonate; Ito Y."*, Y. Nakamura?,;
'"Public Health Research Institute of Kobe City, 2School
of Pharmeceutical Sciences, University of Shizuoka
(*Fax: 078-302-0894); Key words: methyl methanesulf-
onate, methyl methane thiosulfonate, chromosome aber-
ration; wister rat, vegetable.

P-80: Mutagenicity in cooked foods: Modification effect of
porphirin compounds; Murata N.*, M. Katsui, E. Miya-
moto; Department of Food Science and Nutrition, Sanyo
Gakuen College (*Fax: 086—273-3226, e-mail: muraoka
@sguc.ac.jp); Key words: mutagenicity, porphirin com-
pounds, green vegetable, Ames test, antimutagenicity.

P-81: Antimutagenicity of Tochu tea (an aqueous extract
of Eucommia ulmoides; leaves): 4. Suppressing effect of
Tochu tea on the induction of transformation in Balb
3T3 cells; Nakamura T.!, Y. Nakazawa', S. Onizaka', N.
Yasugahira', M. Sasaki’, Y. U. Sasaki**; 'Biotechnology
Engineering Division, Hitachi Zosen Cor., *Laboratory
of Genotoxicity, Faculty of Chemical and Biological
Engineering, Hachininohe National College of Technolo-
gy (*Fax: 0178-27-7296, e-mail: yfsasaki-c@hachinohe-
ct.ac.jp); Key words: Tochu tea, Eucommia ulmoides,
antimutagenicity, transformation, geniposidic acid

P-82: Antimutagenicity of Tochu tea (an aqueous extract
of Eucommia ulmoides leaves): 3. Suppressing effect of
Tochu tea on the mutagenicity of smoker’s urine; Naka-
zawa Y.!, T. Nakamura', S. Onizuka', Y. Hara? F.
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Izumiyama?, A. Miura?, M. Sasaki’, Y.U. Sasaki®;
'Biotechnology Engineering Division, Hitachi Zosen
Cor., Laboratory of Genotoxicity, Faculty of Chemical
and Biological Engineering, Hachinohe National College
of Technology (*Fax: 0178-27-7296, e-mail: yfsasaki-c
@hachinohe-ct.ac.jp); Key words: Eucommia ulmoides,
urine, antimutagenicity, smoking.

P-83: Inhibitory effects of lemon grass extract on formation
of azoxymethane-induced DNA adducts and aberrant
crypt foci in the rat colon; Kinouchi T.!, R. Suaeyum" ?,
H. Arimochi!, U. Vimitketkumnuen?, Y. Ohnishi'*;
'Department of Bacteriology, School of Medicine, The
University of Tokushima, *Department of Biochemistry,
Faculty of Medicine, Chiang Mai University (*Fax:
0886-33-0771, e-mail: ohnishi@basic.med.tokushima-u.
ac.jp); Key words: lemon grass, azoxymethane, aberrant
crypt foci, DNA adducts, 5-glucuronidase.

P-84: Suppression of SOS-inducing activity of furylfura-
mide by cinnamic acid derivatives from Scrophuralia
ningpoensis; Miyazawa M.'*, Y. Okuno', S. Nakamura?,
H. Kameoka'; 'Faculty of Science and Engineering,
Kinki University, 2Osaka Prefectural Institute of Public
Health (*Fax: 06-727-4301, e-mail: miyazawa@cc.
kindai.ac.jp); Key words: Scrophulariaceae, Scrophura-
lia ningpoensis, cinnamic acid derivatives, SOS response,
umu-test.

P-85: Antimutagenic component from Dendrobium nobile;
Miyazawa M., H. Shimamura', S. Nakamura?, H.
Kameoka'; 'Faculty of Science and Engineering, Kinki
University, 2Osaka Prefectural Institute of Public Health
(*Fax: 06-727-4301, e-mail: miyazawa@cc.kindai.ac.
jp); Key words: Orchidaceae, Dendrobium nobile, gigan-
tol, antimutagenic activity, umu test.

P-86: Antimutagenicity and redox potential of catechins;
Ebata J.!, N. Fukagai’, H. Furukawa® **; 'Jef Vegetable
Research Institute, *Faculty of Pharmaceutical Sciences,
Meijo University, *Research Institute of Meijo University
(¥Fax: 052-834-8780, e-mail: furujuki@meijo-u.ac.jp);
Key words: antimutagenicity, epigallocatechin gallate,
redox potential, cyclic voltemmetry, oxygen radicals.

P-87: The effect of chlorophyllin and chlorophyllin-
chitosan on heterocyclic amine-DNA adduct formation;
Chitose S.!, T. Negishi’*, K. Negishi’, K. Wakabayashi*,
H. Hayatsu®*; 'Graduate School of Natural Science and
Technology, *Faculty of Pharmaceutical Sciences, *Gene
Research Center, Okayama University, ‘Biochemistry
Division, National Cancer Research Institute (*Fax:
086-254-2129, e-mail: hayatsu@ph2ews1.okayama-u.ac.
jp); Key words: chlorophyllin, chloropyllin-chitosan, het-
erocyclic amine, DNA adduct.

P-88: Antimutagenic effects of benzalacetone and 2-hydro-
xybenzalacetone on UV-induced mutation in Escherichia
coli; Ashihara Y.!, N. Motohashi'*, C. Yamagami', Y.
Saito?; 'Kobe Pharmaceutical University, *Faculty of
Pharmaceutical Sciences, Okayama University (*Fax:
078-441-7580, e-mail: motohashi@kobepharma-u.ac.
jp); Key words: benzalacetone, 2-hydroxybenzalacetone,
antimutagenic effect, UV-induced mutation, Escherichia
coli.

P-89: Inhibitory effects of intestinal bacterial cultures on
formation of azoxymethane-induced aberrant crypt foci

in the rat colon; Arimori H., T. Kinouchi, K. Kataoka,
Y. Ohnishi*; Department of Bacteriology, School of
Medicine, The university of Tokushima (*Fax: 0886-33—
7069, e-mail: ohnishi@basic.mes.tokushima-u.ac.jp);
Key words: Lactobacillus acidophilus, Clostridium per-
fringens, culture supernatants, aberrant crypt foci, azox-
ymethane.

P-90: Genetic and environmental factors determining levels

of hemoglobin-associated acetaldehyde; Takeshita T., K.
Morimoto*; Dept. of Hygienic and Preventive Medicine,
Faculty of Medicine, Osaka University (*Fax: 06-879—
3929, e-mail: morimoto@envi.med. osaka-u.ac.jp); Key
words: alcohol, acetaldehyde, aldehyde dehydrogenase,
lifestyle, biomonitoring.

P-91: Oxidative DNA damage in CHL cells with crocido-
lite fibers; Nakajima M., T. Takeuchi, K. Morimoto*;
Dept. of Hygiene and Preventive Medicine, Osaka Uni-
versity, School of Medicine (*Fax: 06-879-3923); Key
words: 8-hydroxydeoxyguanosine, crocidolite.

P-92: Aromatic DNA adducts in white blood cells from
coke oven workers; Ichiba M."*, T. Hanaoka?, G. Pan’,
K. Hara?, Y. Yamano*, Y. Wang'; 'Department of Com-
munity Health Science, Saga Medical School, *Institute
of Industrial Science of Labor, *Liaoning Public Health
and Anti-epidemic Station, *“Department of Hygiene and
Public Health, Tokyo Women’s Medical School (*Fax:
0952-33-2518, e-mail: ichiba@smsnet.saga-med.ac.jp);
Key words: coke, DNA adduct.

P-93: Inhibition of 8-hydroxydeoxyguanosine formation by
chlorogenic acid; Kasai H.'*, S. Fukada', Z. Yama-
izumi?, S. Sugie®, H. Mori®; 'University of Occupational
and Envirnmental Health, *National Cancer Center Re-
search Institute, *Gifu University School of Medicine
(*¥Fax: 093-601-2199, e-mail: h-kasai@med.uoeh-u.ac.
jp); Key words: chlorogenic acid, 8-hydroxydeoxy-
guanosine, 4NQO.

P-94: DNA modification by glyoxal and mutagenesis; Iwa-
moto N.!, S. Fukada', N. Murata-Kamiya?, H. Kaji?, H.
Kasai'*; 'Dept. of Environmental Oncology, *Dept. of
Health Policy and Management, University of Occupa-
tional and Environmental Health (*Fax: 093-601-2199,
e-mail: h-kasai@med.uoeh-u.ac.jp); Key words: glyoxal,
active oxgen, crosslink.

P-95: Mechanism of DNA damage induced by isothiocyan-
ates; Murata M.!, N. Yamashita', S. Kawanishi'¥, S.
Inoue?; 'Department of Hygiene, Mie University School
of Medicine, 2Department of Public Health, Graduate
School of Medicine, Kyoto University (*Fax: 059-231-
5011, e-mail: eisei@doc.medic.mie-u.ac.jp); Key words:
isothiocyanates, oxidative DNA damage, SH group,
copper.

P-96: Oxidative DNA damage induced by vitamin E model
compound trolox; Yamashita N', M. Murata', S.
Kawanishi'*, S. Inoue?; 'Department of Hygiene, Mie
University School of Medicine, “Department of Public
Health, Graduate School of Medicine, Kyoto University
(*Fax: 059-231-5011, e-mail: eisei@doc.medic.mie-u.ac.
jp); Key words: vitamin E, oxidative DNA damage,
pro-oxidant, copper.

P-97: Cytotoxicity of heterocyclic amines in rat hepato-
cytes; Ueno H., A. Sunagawa, Y. Sayato, K. Nakamuro*;

Faculty of Pharmaceutical Science, Setsunan University
(*Fax: 0720-66-3123); Key words: heterocyclic amine,
Trp-P-2, cytotoxicity, hepatocyte, rat.

P-98: Affinity of heterocyclic amines to nucleic acids;
Tanaka Y., T. Hayatsu, H. Hayatsu*; Faculty of Pharm-
aceutical Sciences, Okayama University (*Fax: 086-254—
2129, e-mail: hayatsu@ph2ewsl.okayama-u.ac.jp); Key
words: heterocyclic amines, DNA-chitosan, affinity to
polynucleotides.

P-99: Relationship between mutation and DNA-adducts
induced by N-nitrosodialkylamines in Drosophia melan-
ogaster; Goto Y., N. Huh, J. Thomale, M. F. Rajewsky,
H. Hayatsu*, T. Negishi (¥*Fax: 086-254-2129, e-mail:
hayatsu@ph2ews1.okayama-u.ac.jp); key words: N-nit-
rosodimethylamine, N-nitrosodiethylamine.

P-100: Mutagenesis induced at natural abasic sites in Yeast
deficient in AP-endonuclease; Hata Y." 2, Okuto H"?2, H.
Ide®, H. Hayatsu*, K. Negishi; 'Gene Research Center,
*Faculty of Pharmaceutical Sciences, Okayama Universi-
ty, *Graduate Department of Gene Science, Faculty of
Science, Hiroshima University (*Fax: 086-254-2129,
e-mail: hayatsu@ph2ews1.okayama-u.ac.jp); Key words:
abasic sites, AP-endonuclease, yeast.

P-101: Photo-genotoxicity of Titonium dioxide particle;
Nakagawa Y., S. Wakuri, K. Sakamoto, N. Tanaka*;
Dep. Of Cellular and Genetic Toxicology, Hatano Re-
search Institute, Food and Drug Safety Center (*Fax:
0463-82-9627, e-mail: QZDO02746@niftyserve.or.jp);
Key words: Titanium dioxide, photo-genotoxicity,
Comet assay, chromosome aberration, gene mutation.

P-102: Base selectivity in covalent binding of the intrinsic
mutagen, 5-chloromethylchrysene, to calf thymus DNA;
Okuda H.*¥, T. Watabe; Department of Drug Metabolism
and Molecular Toxicology, School of Pharmacy, Tokyo
University of Pharmacy and Life Science (*Fax: 0426
764517, e-mail: okudah@ps.toyaku.ac.jp); Key words:
modification, mutagenicity, 5-chloromethylchrysene,
DNA, selectivity.

P-103: Suppression on expression of aberrant crypt foci by
spinach extract; Ebata J.!, T. Eziri’, H. Furukawa® > *;
JEF Vegetable Research Institute, *Laboratory of Bio-
logical Science, Faculty of Pharmaceutical Science,
Meijo University, *Research Institute of Meijo University
(*Fax: 052-834-8780, e-mail* furujuki@meijo-u.ac.jp);
Key words: spinach, aberrant crypt foci (ACF), azoxy-
methane (AOM), K-ras; nitrobluetetrazolium (NBT).

P-104: Tea catechins towards inhibition and enhancement
of nitrosamine formation from secondary amines and
nitrite; Tanaka K.!, T. Hayatsu?, T. Negishi?, H.
Hayatsu™; 'Meiji College of Pharmacy, *Faculty of Pha-
rmaceutical Sciences, Okayama University (¥*Fax: 086
254-2129, e-mail: hayatsu@ph2ewsl.okayama-u.ac.jp);
Key words: nitrosation, green tea catechins, N-nitrosodi-
methylamine, N-nitrosomorpholine.

P-105: Inhibitory effect of green tea on the mutagenicity of
MelQx in mice; Takemura H.!, M. Furugori', K Shimoi',
K. Wakabayashi?, N. Kinae'*; 'School of Food and
Nutritional Sciences, University of Shizuoka, 2Biochemi-
cal Division, National Cencer Research Institute (*Fax:
054-264-5528, e-mail: p5106@fns.1.u_ shizuoka ken.
ac.jp); Key words: antimutagenicity, MeIQx, 8-hydroxy-
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2’-deoxyguanoshine, green tea extract, Ames test.

P-106: Food-derived heterocyclic amines potentiate the
mutagenicity of a drinking water mutagen 3-chloro-4-
(dichloromethyl)-5 -hydroxy- 2 (5 H) -furanone (MX);
Watanabe-Akanuma M.'*, K Shimoii’, N. Kinae?, T.
Ohta’; 'Insititute of Environmental Toxicology, *School
of Food and Nutritional Science, University of Shizuoka,
*School of Life Science, Tokyo University of Pharmacy
and Life Science (*Fax: 0423-83-7640); Key words:
heterocyclic amine, Trp-P-1, MX, mutation potentiation,
E. coli.

P-107: Mechanism for the formation of the mutagenic het-
erocyclic amines through the unstable free radicals; Hir-
amoto K., T. Kato, K. Kikugawa*; School of Pharmacy,
Tokyo University of Pharmacy and Life Science (*Fax:
0426-76-4508, e-mail: kikugawa@ps.toyaku.ac.jp); Key
words: heterocyclic amine, phenolic antioxidant, pyraz-
ine cation radical, carbon- centered radical, bonito.

P-108: DNA strand breaking activity of nitrosobenzene
derivatives in the presence of thiols; Ojima N., K. Hira-
moto, K. Kikugawa*; School of Pharmacy, Tokyo Un-
iversity of Pharmacy and Life Science (*Fax: 0426-76—
4508, e-mail: kikugawa@ps.toyaku.ac.jp); Key words:
nitrosobenzene, thiol compound, nitroxide radical,
DNA, active oxygen species.

P-109: DNA strand breaking by 2,3-dihydro-3,5-dihydro-
xy-6-methyl-4H-pyran-4-one, a Maillard reaction prod-
uct; Hiramoto K., A. Nasuhara, K. Kikugawa*; School
of Pharmacy, Tokyo University of Pharmacy and Life
Science (*Fax: 0426-76-4508, e-mail: kikugawa@ps.
toyaku.ac.jp); Key words: glucose, glycine, DNA, active
oxygen species, 2,3-dihydro-3,5-dihydroxy-6-methyl-4H-
pyran-4-one.

P-110: Stimulation of homologous recombination in E. coli
constitutive mutants of superoxide stress response soxRS;
Nunoshiba T., K. Yamamoto*; Dept. of Molecular &
Cellular Biology, Biological Institute, Graduate School
of Science Tohoku University (*Fax: 022-263-9206,
e-mail: yamamot@mail.cc.tohoku.ac.jp); Key words: ox-
idative stress, interplasmid homologous recombination,
chromosomal  homologous recombination, anti-
mutagenesis, transcriptional regulation.

P-111: Implication of reactive oxygen species in lethal and
mutagenic effects by photodynamic action in Escherichia
coli; Kawakami M., N. Matsui, T. Yamaguchi, Y. Yone-
zawa, d H. Nishioka*; Department of Chemical Engi-
neering and Materials Science, Doshisha University
(*Fax: 0774-65-6686, e-mail: hnishiok @doshisha.ac.jp);
Key words: photodynamic action, free radical, phloxine
B(R-104), kat-sod assay.

P-112: The enhancing effect of L-histidine on the cytotoxic-
ity and apoptosis induced by H,0,; Oya-Ohta Y'*, M.
Yamada?, T. Ochi’; 'Dept. Pathol., Kanagawa Pref. Coll.
Of Nursing and Med. Tecnol., 2Dept. Biol., Yokohama
City Univ., ’Dept. Environ. Toxicol., Teikyo Univ.
(*Fax: 045-362-8785); Key words: hydrogen peroxide,
L-histidine, cytotoxicity, apoptosis, active transport.

P-113: Enhancement of the clastogenicity of N-nitrosodial-
kylamines plus near-ultraviolet irradiation by ethanol;
Yamashita Y. 2, H. Tamura', M. Watanabe', N. Sumi', S
Arimoto’, H. Hayatsu* **; !'Toxicology Laboratories,
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Nippon Shinyaku Co., Ltd., *Graduate School of Natural
Science and Technology, *Faculty of Pharmaceutical Sci-
ences, Okayama University (*Fax: 086-254-2129,
e-mail: hayatsu@ph2wsl.okayama-u.ac.jp); Key words:
ethanol, chromosome aberration, N-nitrosopyrrolidine,
UVA.

P-114: Reaction of w-chloroalkyl-a-acetoxy nitrosamines
in relation to mechanism of their mutagenicity; Ishikawa
S.*, A. Tamai, M. Mochizuki; Kyoritsu College of Phar-
macy (¥Fax: 03-5400-2695, e-mail: ishikawa-st@kyori-
tsu-ph.ac.jp); Key words: w-chloroalkyl-a-acetoxy nitro-
samines, mutagenicity, cross-linking, reactivity.

P-115: Relation of mutational fingerprint changes to in-
hibitory effect of acetate on mutagenicity of N-nitosoalk-
ylureas; Muramatsu Y., H. Murakami, M. Mochizuki*;
Kyoritsu College of Pharmacy (*Fax: 03—-5400-2695,
e-mail: mochizuki-mt@kyoritsu-ph.ac.jp); Key words:
acetate, O%-alkylguanine-DNA alkyltransferase, N-itros-
oalkylurea.

P-116: Effect of metal ions on the mutagenicity of
N*-aminocytidine; Mito E." 2, H. Hayatsu®*, K. Negishi';
'Gene Research Center, *Faculty of Pharmaceutical Sci-
ences, Okayama University (*Fax: 086-254-2129,
e-mail: hayatsu@ph2wsl.okayama-u.ac.jp); Key words:
nickel ion, N*-aminocytidine, mutagenicity enhancement.

P-117: Effect of Ni** on the incorporation of mutagenic
p-nucleoside triphosphate into DNA template-primer;
Moriyama K.!, D. M. Williams?, D. M. Brown?, H.
Hayatsu™, K. Negishi'; 'Gene Research Center, Oka-
yama University, 2Laboratory of Molecular Biology,
Medical Research Council, *Faculty of Pharmaceutical
Sciences, Okayama University (*Fax: 086-254-2129,
e-mail: hayatsu@ph2ews1.okayama-u.ac.jp); Key words:
nucleoside analog P, incoporation into DNA, nickel ion.

P-118: Enhancement of the DNA strand break activity of
N-nitrosodimethylamine by phthalate ester; Kawai K.,;
Faculty of Pharmaceutical Sciences, Meijo University
(*Fax: 052-834-8780, e-mail: kkawai@meijo-u.ac.jp);
Key words: di(2-ethyhexyl)phthalate (DEHP), N-nitro-
sodimethlamine (NDMA), Drosophia melanogaster,
DNA repair test, DNA strand break.

P-119: Structure-specificity relationship of nitrated poly-
cyclic aromatic hydrocarbons on the base-substitution
mutations induced in S. typhimurium his genes; Wata-
nabe T., M. Takahashi, T. Kasai, T. Hirayama*; Kyoto
Pharmaceutical University (¥Fax: 075-595-4769, e-mail:
hirayama@mb.kyoto-phu.ac.jp); Key words: nitropy-
rene; dinitropyrene, nitrophenanthrene, nitrofluoranth-
ene, base-substitution mutation.

P-120: Photoactivation of [60]fullerene: induction of cyt-
otoxicity and transforming activity; Sakaki A.'*, Y. Naka-
jima Yamakoshi’, N. Miyata% 'Div. Microbiol., and
’Div. Org. Chem., Natl. Inst. Health Sci. (*Fax: 03-
3707-6950); Key words: [60]fullerene; cytotoxicity, cell
transformation, photoactivation, BALB/3T3 cells.

P-121: Base-substitution mutations induced by 2-and 3-

nitrodibenzopyranone isomers in E. coli lacZ gene; Hira-
yama T.* M. Takashima, T. Kasai, T. Watanabe; Kyoto
Pharmaceutical University (¥*Fax: 075-595-4769, e-mail:
hirayama@mb.kyoto-phu.ac.jp); Key words: 2-nitrodi-
benzopyranone, 3-nitrodibenzopyranone, E. coli lacZ

gene, base-substitution mutation.

P-122: Specificity of spontaneous mutations mediated by
dinP gene of Escherichia coli; Kim S. R.!, H. Ohmori?, K.
Matsui!, M. Yamada', T. sofuni', T. Nohmi'*¥; 'Division
of Genetics and Mutagenesis, National Institute of
Health Sciences, ’Institute for Virus Research, Kyoto
University (¥*Fax: 03-3707-6950, e-mail: nohmi@nihs.
go.jp); Key words: SOS regulon, dinP; CC101-CCl111,
spntaneous frameshift mutation.

P-123: Mutation spectrum of gpt gene of Escherichia coli
induced by 7-ray irradiation: effects of DNA repair;
Matsui M., K. Masumura, S.-R. Kim, T. Nohmi*, T.
Sofuni; Devision of Genetics and Mutagenesis, National
Institute of Health Sciences (*Fax: 03-3707-6950,
e-mail: nohmi@nihs.go.jp); Key words: 6-thioguanine,
7-ray, gpt gene.

P-124: Mutational spectra of dimethylnitrosamine in liver
of Big Blue mice; Wang X."*.| T. Suzuki!, T. Itoh!, M.
Honma!, A. Nishikawa?, F. Furukawa?, M. Takahashi?,
M. Hayashi', T. Sofuni; 'Division of Genetics and Mut-
agenesis, and “Division of Pathology, National Institute
of Health Sciences (¥Fax: 03—3700-2348, e-mail: wang@
nihs.go.jp); Key words: dimethylnitrosamine, Big Blue
mouse, lacl, mutational spectrum, deletion.

P-125: The effect of O°methyguanine pretreatment on
ENU iduced mutations in the liver of MutaMouse; Hara
T.!, T. Kashima?, N. Horiya', T. Shibuya'*; 'Hatano
Research Institute, Food and Drug Safety Center,
2Azabu University (¥*Fax: 0463-82-9627); Key words:
methyltransferase, O°methylguanine, ethylnitrosourea,
lacl, liver.

P-126: Study of in vivo mutagenicity of o-Toluidine with
Muta™Mouse; Nakai Y., K. Hirabayashi, M. Suga, Y.
Miyauchi, Y. Kasahara*, Y. Izawa; Safety Research
Department, Pharmaceuticals Development Research
Laboratories, Teijin Ltd. (*Fax: 0425-87-5519, e-mail:
ksh05249@token.teijin.co.jp); Key words: o-toluidine,
transgenic mouse, Muta Mouse, mutation, carcinogen.

P-127: Studies on interindividual variations in micro-
nucleus frequency in human lymphocytes: Relationship
between micronucleus level and antioxidative status of
serum measured by electron spin resonance spectrome-
try; Odagiri Y."*, H. Uchida?, M. Takahashi?* 'Division
of Human and Health Sciences, Yamanashi Prefectural
College of Nursing, ?Dep. Public Health, Saitama Medi-
cal School (*Fax: 0552-53-7781, e-mail: BY104452@
niftyserve.or.jp); Key words: micronucleus, inter-
individual difference, x-ray, colchicine.

P-128: Hypothermia induces micronuclei; Asanami S.*, K.
Shimono; Otsuka Pharmaceutical Factory, Inc. Naruto
Research Institute (*Fax: 0886-86-8176); Key words:
micronuclei, body temperature, mouse, hypothermia,
chlorpromazine.

P-129: Human plasma level of flavonoids after ingestion of
a meal and their effect on pexipheral blood cells; Shimoi
K. R. Mochizuki', H. Okada', M. Furugori!, M.
Suzuki?, Y. Hara?, N. Kinae'; 'School of Food and
Nutritional Sciences, University of Shizuoka, Food Re-
search Laboratories, Mitsui Norin Co. (*Fax: 054264~
5528, e-mail: shimoi@fnsl.u-shizuoka-ken.ac.jp); Key
words: flavonoid, quercetin, human plasma, Comet

assay.

P-130: Analysis of Mutations in the human HPRT gene
induced by heavy-ion irradiation; Yatagaya F.'* Y.
Kagawa’, M. Hirano’, N. Inabe', K. Eguchi-Kasai?, Y.
Furusawa?, M. Suzuki’, M. Watanabe’, T. Kato*, F.
Hanaoka'; 'Riken, ’NIRS, *Nagasaki Univ., “Osaka
Univ., *Toray Res. Center (*Fax: 048-462-4636, e-mail:
yatagaya@postman.riken.go.jp); Key words: HPRT
gene, heavy-ion irradiation, human lymphoblastoid cell
line.

P-131: Inhibition of intercellular communication by ciga-
rette smoke condensates; Machida R.!, K. Machii?, S.
Goto™, 0. Endo?, F. Fukai’, Y. Takagi', K. Kohzaki';
'Azabu University, “National Institute of Public Health,
’Science University of Tokyo (*Fax: 03-3446-7165);
Key words: intercellular communication, cigarette
smoke condensates, BALB/3T3, intercellular laser cyto-
meter.

P-132: The mechanism of chromosome rearrangements in
the G, phase of human cells —Participation of the exci-
sion repair process to chromosome rearrangements—;
Sekizawa K., K. Kishi*; Department of Cytogenetics,
School of Health Sciences, Kyorin University (*Fax:
0426-91-1094); Key words: chromosome rearrange-
ments, aphidicolin, 4-nitroquinoline-N-oxide, mitomycin
C, ACNU.

P-133: Recognition  of  acetaldehyde-1-formaldehyde-
induced DNA damage: by the recombinant XPA protein;
Kawanishi M.'*, T. Matsuda!, T. Yagi’, S. Matsui', H.
Asahina’, 1. Kuraoka*, K. Tanaka*, H. Takebe’, 'Re-
search Center for Environmental Quality Control, “Dept.
of Radiation Genetics, *Radiation Biology Center, Kyoto
Univ. ‘Institute for Molecular and Cellular Biology,
Osaka Univ. (*Fax: 075-753-4419, e-mail: kawanisi@eq
1.eqc.kyoto-u.ac.jp); Key words: acetaldehyde, formal-
dehyde, recombinant XPA protein.

P-134: Molecular cytogenetic analysis of Chinese hamster
cell lines, CHL, CHO, and V79 by comparative genomic
hybridization; Sakamoto H.'*, M. Sakamoto?, T. Satoh!,
M. Ishidate, Jr.'; 'Chromosome Research Center, Olym-
pus Optical Co. Ltd., *Sasaki Institute Kyoundo Hospital
(*Fax: 0426-91-7209, e-mail: h__sakamoto@ot.olym-
pus.co.jp); Key words: CGH (comparative genomic hy-
bridization), Molecular cytogenetic analysis, CHL/IU,
CHO-WBLT, V79.

P-135: Analysis of stable chromosomal aberrations using
chromosome painting combined with sister chromatid
differential staining (SCDS) method; Satoh T.*, K.
Yamamoto', H. Sakamoto, K. F. Miura, M. Ishidate, Jr.;
Chromosome Research Center, Olympus Optical Co.,
Ltd., 'Department of cell Biology, Tokyo Metropolitan
Institute of Gerontology (¥*Fax: 0426-91-7209, e-mail: ta
__sato@ot.olympus.co.jp); Key words: Chromosome
painting, sister chromatid differential staining, stable
chromosomal aberration, CHO-WBLT, mitomycin C.

P-136: Measurement of RDS (replicative DNA synthesis)
and gap junctional intercellular communication in rat
liver after subacute treatment of D,L-menthol by feed-
ing; Takasawa, H.*¥, Y. Uno, T. Murata, K. Goto, J.
Mochizuki, M. Mutai, K. Yoshikawa; Toxicology Labo-
ratory, Yokohama Research Center, Mitsubishi Chemi-
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cal Co. (*Fax: 045-963-3966, e-mail: 2000106@cc.m-
kagaku.co.jp); Key words: RDS (replicative DNA syn-
thesis), gap junctional intercellular communication, D,L-
menthol, rat; liver.

P-137: Results of the first collaborative study on an in vivo
replicative DNA synthsis (RDS) test in rat livers with
carbon tetrachloride; Collaborative study on non-
mutagenic carcinogens (in vivo RDS/UDS assay group);
organizer chief; Uno Y.*; Toxicology Laboratory, Yo-
kohama Research Center, Mitsubishi Chemical Co.
(*Fax: 045-963-3966, e-mail: 1306005@cc.m-kagaku.
co.jp); Key words: replicative DNA synthesis test, RDS
test, carbon tetrachloride, liver, rat.

P-138: In vivo replicative DNA synthsis (RDS) test on the
chemicals inducing polyploidy (2); Asanoma K., Y.
Ohsugi, A. Ohuchida*; Section of Immuno and Genotox-
icity, Drug Safety Laboratory, Taiho Pharmaceutical
Co., Ltd. (*Fax: 0886-65-5692); Key words: replicative
DNA synthesis, narcotine, thiabendazole, cholchicine.

P-139: Analysis of PhIP-induced mutant frequency and
mutational spectrum in the colon of the Big Blue rat;
Okochi E.!, H. Okonogi', T. Ushijima!, G. Stuart?, B. W.
Glickman?, T. Sugimura', M. Nagaol¥*; 'Carcinogenesis
Division, National Cancer Center Research Institute,
’Biology Department, Center for Environmental Health,
University of Victoria (*Fax: 03-5565-1753 e-mail:
mnagao@ncc.go.jp); Key words: heterocyclic amine, Big
Blue rat, PhIP, lacl gene, mutational spectrum.

P-140: The study of sampling time in vivo mouse liver
micronucleus test; Suzuki H.*, N. Hirano, T. Hagiya, T.
Ohshima, Y. Tarumoto; Taisho Pharmaceutical Co.,
Ltd. (*Fax: 048-654-6650, e-mail: s10602@ccm.taisho.
co.jp); Key words: liver micronucleus test, liver carcino-
gen, sampling time, partial hepatectomy, 4-ac-
etylaminofluorene.

P-141: Enhancede effect of rumAB plasmid on A : T—>T : A
transversion in E. coli; Watanabe-Akanuma M.'* R.
Woodgate?, T. Ohta’; 'Institute of Environmental Toxi-
cology, *National Institute of Child Health and human
Development, *School of Life Science, Tokyo University
of Pharmacy and Life Science (*Fax: 0423-83-7640);
Key words: A : T—T : A transversion, mutational speci-
ficity, rumAB, E. coli.

P-142: Investigation of intracellular generation of reactive
oxygen species in Escherichia coli mutants irradiated to
electro-magnetic wave; Yonezawa Y., N. Matsui, T.
Yamaguchi, M. Kawakami, H. Nishioka*; Department
of Chemical Engineering and Materials Science, Doshi-
sha University (¥*Fax: 0774—65-6686, e-mail: hnishiok@
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doshisha.ac.jp); Key words: active oxygen, electro-
magnetic wave, X-ray, kat-sod assay.

P-143: Mutagenicity of hexavalent chromium — Study on
micro colonies; Funasaka K.!, M. Kitano!, T. Mizuno?,
K. Kuroda®*; 'Osaka City Institute of Public Health and
Environmental Sciences, *Faculty of Engineering, Mie
University, *Osaka City University Medical School)
(*Fax: 06-772-0676); Key words: chromium trioxide,
Ames assay, micro colony, filamentation, microscope.

P-144: Rec-assay on methanol and water extracts of paper
products; Kitano M."*, T. Baba', K. Kuroda? 'Osaka
City Institute of Public Health and Environmental Sci-
ences, 2Osaka city University Medical School (*Fax: 06—
772-0676); Key words: rec-assay, paper products, DNA
damaging activity, methanol extracts.

P-145: Comparative examination of some organic solvents
with the Ames test; Banno F., S. Saito, T. Tsuchiya, Y.
Hagiwara*; Safety Evaluation Center, Central Research
Laboratory, Showa Denko K. K. (*Fax: 043-226-5222);
Key words: Ames test, preincubation method, organic
solvents, S. typhimurium, E. coli.

P-146: New Development of Ames test colony counting
method by computerized image process technique(1);
Baba T.* 1. Uematsu', R. Ishida? A. Araki®, T.
Matsushima?;, 'DENNOU Corp., “Japan Bioassay Re-
search Center (*¥Fax: 81-44-788-9084, e-mail: dennou@
fa2.son net.or.jp); Key words: Ames test, colony count-
er, colony vision, computerized image process, precision.

P-147: New Development of Ames test colony counting
method by computerized image process technique(2);
Yabu M.'* 1. Uematsu?, T. Baba?, R. Ishida®, A. Araki’,
T. Matsushima®;, 'Kanematsu Medical System Corp.,
’DENNOU Corp., *Japan Biolassay Research Center
(*Fax: 03-5645-5250, e-mail: yabu@kmc.co.jp); Key
words: Ames test, colony counter, colony vision, com-
puterized image process, precision.

P-148: Growth inhibition effects of some lots of Oxoid

Nutrient Broth No.2 on the Salmonella tester strains in
bacterial reversion test; Araki A.!, Y. Kawaguchi?, Y.
Sakamoto*, M. Sekijima®, C. Takeda®’, T. Nishitomi®
'Japan Bioassay Research Center, ’Konica Corporation,
Environment and Safety Dept., *Takeda Chemical Ind.,
Drug Safety Research Labs., *Mitsubishi Kagaku Bio-
Clinical Laboratories, Inc., *Olympus Optical Co., Ltd.
Chromosome Research Center, *Mitsubishi Chemical

* Safety Institute Ltd. (*Fax: 06-300-6916, e-mail: Sakam-
oto_yutaka@takeda.co.jp); Key words: Oxoid Nutrient
Broth, data of questionnaire, viable cell counting, OD
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