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Clastogenicity of o-dianisidine in vitro and in vivo

M S SHE&EF LIINEE WHFH
Yutaka Hatanaka, Yoshiko Toyoda, Yoshinori Kitagawa and Yoshihide Suwa
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(BZfF: 19954E 6 A 15 H; 2B 1995410 H 16 H)

Summary

o-Dianisidine (3,3’-dimethoxybenzidine), a benzidine analogues, is reported to be mutagenic in
bacteria and in mammalian cells. This study evaluated the clastogenicity of o-dianisidine using the
chromosome aberration test and the sister-chromatid exchange (SCE) test with Chinese hamster lung
(CHL) cells in vitro, and with male CD-1 mice in vivo.

In these tests, we examined the in vitro clastogenicity with or without metabolic activation
(treatment with S9: 6 h; recovery time: 18 h). In the in vivo chromosome aberration test and in the in
vivo SCE test, o-dianisidine was administered orally by gavage to CD-1 mice, at a maximum dose of 600

mg/kg.

Induction of structural chromosome aberration and SCE, increased dose-dependently (p <0.01) in
both in vitro tests with and without metabolic activation by rat S-9. Although no chromosome
aberration was detected in the in vivo SCE test, the maximum SCE induction response occurred (p <

0.01) at the highest dose level (600 mg/kg, p.o.).

These results show that o-dianisidine is not only mutagenic at DNA level but also clastogenic at

chromosome levels, both in vitro and in vivo.

Keywords :  o-dianisidine, chromosome aberration, sister-chromatid exchange
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1. #BRYESSUEEDY - Bk

o-dianisidine (CAS No. 119-90-4, Fig. 1) ¢
Sigma Chemical Co. &K WA L, in vitro DRERFR
T2 DMSO i, %72 invivo DRERFR T (3 olive oil
I E N EniEmgE, ABIcHt L/, 5-bromo-2’-
deoxyuridine (BrdU, CAS No. 59-14-3) i3 Sigma
Chemical Co. &0, %7EAEDOHAIT (50mg/
Tablet) |3 Boehringer Mannheim GmbH. & 0 A
L. SEECD-1#tE~ v 2 i, (B BA
Fr—WAYN=—kDAFLE Fr4=—X"
N2 Y — [figRHEE (CHL) M 37 A R
ik AFL, 10% 4RGFIE Gt 25
£ Eagle’s MEM it (GIBCO) % il \\ T 5% COy,
37°C Fct& Lz, S5y MFFEYR—FI7
o v — A& 4} (S9) |3 phenobarbital ¥ & U 5,6-
benzoflavone THHE L 727 v + OFIEL D FARL
Lboixxr) x vy VvEER (B LOBBALL

Fig. 1. Chemical structure of o-dianisidine.

2. invitro KBHR

1) FEAREHR

CHL {4 Fi\, Ishidate 5'™ O HEICHEL,
RBTEMALIC & S VWERRLEE (B B
X ORBEMAIC & 2R (FRETEE(L
B oW THER LA, HERICBWVLTIE 24, 48
BRI, % A AREEM LEIC B LTI 6 BRefdll
B, &5ichERKME LT 18 BREERICE
NZENEALVER L. ALERIERE [ A RE iG]
RERDFER T S Nz 509 TN % KSR
L, A2 TIHERE (BEEE 002502
mg/ml, REEMALHE 025-1.0mgml) L7z #l
%13 1 FEIco % 200 HoaRhifiaic >\ T
ﬁ”) 7z,
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2) SCE &8

CHL i % Bl THRFEHEALIC D W T D AT
15 - 7z, 15 I BrdU (BAKIREE 10 4M) %L
CHU DA 78, BRIKB XU S9 T 3 KL
EFBV, X SICkEEE BT T 15 Kifd BrdU %
H0AZH, EAZIERIL /. Geffld Fluorescent
Plus Giemsa (FPG) /£ I1C & T8 - 7o, JLPERR
B Rtk R B L R TEML 2. BER
1 R % 30 Ao R P> LW TITL
it AR & SCE¥c>WTHa o v+ L.

3. invivo RBR

1) FEEEERAR

558 o CD-1 k< v 2 BRI TR OKS
L, 5% 2B EICa vt 3 FLEE (4mglkg)
ATV, 24 B EC KBRS 2550 L, Bfiiao
QB AREAREVERI L 7o, efhid Giemsa thikic
ToHELL BRI aHEHEAR
(Lorke 7)™ 123613 % LDy fE (1400mg/kg p.o.)
D) 40% D& (600mg/kg) AR E L, Akt
2 T2 HROBRSE (18400 2. AR
#I2 1PCH - v 50 AR BPMaIC > W TIT

75 -7z,

2) SCE &8

¥, FHEHOKTIC 158D BrdU SHEH
AR AAALSEEE D CD- 11~ Y X2 o
dianisidine % BAERR1HS L 7219, #5522 Wik
W3t ¥ FALEE (4mgkg) 21TV, &SI 2K
%I KBRS A6 L, Bt o kA E
VEBIL 72, Yefhid Giemsa 4Bl & 4Na-EDTA
& Bk g AAESGED I K DT . BRER
e fa A R SR & [ARIC 600 mg/kg % fixis HI
LU, A2 T3 HEBOKRSE (1B 400 2%
fo EABIEIE 10T 72 0 20 fH 0 R b
DWW - 12,

4. HHEHFAONE

in vitro B L in vivo DRBRFZTHONIER
Cochran—Armitage O IR ED ™ 1< & A EH
RET L7

= S

1. in vitro A5&%

1) FEAREER

B T i3 24 BRI ALEE T 0.2 mg/ml O R I
BOLTOAYERRE HBIARD 14% &, AE
(p<0.05) ¥l . —7%, 48 KB TI3&
HBICBVWTHELREMNIA SN -
(Table 1),

REEHE LI 31 2 et ik 5L E HBURE 3
0.25-1.0 mg/m/ O F&IH THE (p <0.01) i8N
L, 1.0mgm/ OFBETIE 18% LML T -1,
BE I R EEEE I REEZH (cte) 8
bo & bE L DVTHRESEUIN (ctb) RS
h, ThoRESMERMOBEREPKEBY & Lo

7e,

2) SCE &8

RTER LR IcB VT, SRS L oY
ik & 72 v @ SCE B 13 0.05-0.2 mg/m/ D
FEScHBRKREM WML, &&HE 02
mg/ml) TlRZNZFh 188, 0.76 & [atxtIEET
(6.9, 0.28) ITHEE LK 2.5 fEic¥mL, F&:E
(p<0.01) D558 517 (Table 2).

2. invivo RB%

1) FEAEEHR

& (600 mglkg) K S5HHIC B 5 JLbfkSLE
B 1E 4% LHEEMERIERSh 2 b00, &
H1S#£13A 5N > 1 (Table 3).

2) SCE i&B

SRS X ogtaikd 7o b © SCE B
BHRE (3 150-600 mg/kg O F B T F BUKAFH) I 1
L, EEHE (600mgkg) TREFNZFN 8.3,

Table 1. Results of in vitro chromosomal aberration test treated with o-dianisidine in CHL cells.

Dose  Metablic Treat. —recov." Metaphase _Structural chromosome aberrations (%)

. aah
Ehsinisats (mg/ml) activation  time (hr)  observed  ctg® ctb® cte? frg® csbf cse® Total g
DMSO . -89 24—0 200 0 1.0 0 0 0 11 =
o-dianisidine  0.05 200 o 1 0 0 o0 1 He =

0.1 200 1 1 0 0 0 1 2 -

0.2 200 0 s 9 0 o 1 14d =+

MMC 0.00005 200 2 19 4 0 2 O 54 +
DMSO - —S9 48—0 200 o o0 1 0 0 O 1 -
o-dianisidine  0.025 200 0O 0 0 0 0 1 1 -
0.05 200 0 1 1 0 0 O 1 -

0.1 200 1 2 2 0 0 o 4 -

MMC 0.00005 200 2 23 s0 0 2 O 60 +
DMSO s +S9 6—18 200 o o0 o0 o0 0 o0 0 =
o-dianisidine (.25 200 1 1 1 0 0 0 Z 5 =
0.5 200 1 2 6 0 1 0 8 +

1.0 200 1 5 12 © 0 ©0 18 J +

B(a)P 0.02 200 10 43 73 0 2 O 80 +

Significant dose-response relations were demonstrated by Cochran-Armitage's test (* : p<0.05, **: p<0.01)

a, Treatment-recovery time

b, chromatid gap ¢, chromatid break  d, chromatid exchange
e, fragmentation  f, chromosome break g, chromosome exchange
h, —: negative(<5%) =: suspicious positive(<10%) +: positive(>=10%)
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Table 2. Results of in vitro sister chromatid exchange test treated with o-dianisidine in CHL cells.

: Dose Metablic ~ Metaphase No. of chromosome  SCEs per SCEs per
Chemicals N

(mg/ml)  activation observed  per Metaphase Metaphase Chromosome

DMSO - +89 30 249 = 1.0 69 £ 2.8 0.28 = 0.11
o-dianisidine  0.25 30 249 = 0.8 10.1 =38 | 040 £0.15 |

0.5 30 248 = 1.0 13.0 = 47 0.52 £ 0.19

1.0 30 249 £ 0.6 18.8 £ 8.0 0.76 £ 0.33

B(a)P 0.02 30 248 = 0.8 26.8 =103 1.08 £ 0.42

Each value represents mean £ S.D. of 30 metaphases observed
Significant dose-response relations were demonstrated by Cochran-Armitage's test (* : p<0.05, **: p<0.01)

Table 3.
in mouse bone marrow cells.

Results of in vivo chromosomal aberration test administered orally with o-dianisidine

Structural chromosome aberrations (%)

Chemicals . Metaphase Judge?®
(mg/kg)  observed ctg? ctb® cte® frg? csb® csef Total
olive oil - 200 1 0 1 0 1 0 2 =
o-dianisidine 300 200 1 1 0 0 1 0 2 =
600 200 0 2 1 0 1 0 4 —
MMC 1 200 2 5 6 1 1 0 11 +

Each value derived from 4 mice in each group, 50 cells in each mouse.

a, chromatid gap b, chromatid break

d, fragmentation

¢, chromatid exchange
e, chromosome break f, chromosome exchange

g, —:negative(<5%) = suspicious positive(<10%) -+ positive(>=10%)

Table 4. Results of in vivo sister chromatid exchange test administered orally with o-dianisidine in

mouse bone marrow cells.

Chemicals Dose Metaphase  No. of chromosome SCEs per SCEs per
(mg/kg)  observed  per Metaphase Metaphase Chromosome
olive oil B 80 393 + 1.8 50 £ 3.0 0.13 = 0.07
o-dianisidine 150 80 39.6 = 1.7 5.1 % 3.2 . 0.13 £ 0.08
300 80 39.4 = 2.0 56 = 3.8 0.14 = 0.10
600 80 39.5 = 1.9 8.3 + 42 0.21 = 0.11
MMC 1 80 389 + 2.1 119 £ 59 0.31 = 0.15

Each value represents mean = S.D. and derived from 4 mice in each group, 20 cells in each mouse.
Significant dose-response relations were demonstrated by Cochran-Armitage's test (* : p<0.05, ** : p<0.01)

0.21 LEatEIEEE (5.0, 0.13) B LAY 1.7 i
BINL, ThoofRERIIEEE (p<0.01) BFED
517 (Table 4).

E 4 -3
4[a]F% 4 13 o-dianisidine DGO L NIV TDZE
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OFFAE TR OA R FERIED &L U SCE FH¥fk
BENZThED SN, T, invivo DRERTI,
< v 2 BB T SCE O AR OB BTN
MBED LN,

o-dianisidine DFEFHEIC S W T in vitroY 19, jn
vivo D T BWTREA RERS F A v s K
Z{OMEDV RSN TEY, BMER V- REE
BRTizzoREtHohricshTwa, Ll
BA5, EMIBOTIIATREM 25 2i1c & &
F-oTW3,

in vitro FAERROFERD 5, o-dianisidine A5
WNOGEIK DNA o3t L, BEERICH 2 01308
BMEREN L TIERI L, RfafkL <~ LORRERE
HHTHEBPESNE 5P, F 12, invive 3R
BARDHRTIE LD i D#) 40% O HRLIFT
REOARRERIIFER LD > bDD, SCE D
AESEEMEEY 50t SCE 134 fh{k DNA ©
B IC DNA SO YN « FifE S Ic & 2842
BRUCL - TR B30T, RBOBEEERIZIZ
55 VHBERI O RIEIE L REMBE D% { H8
COSCEZEHEICHERT S EnToNTE
DM, TN5DI &5 o-dianisidine A3 A 12 1
LT oIt 2 R et sEn C LR s
Tk
o-dianisidine 23 U L+ 35/ KT 3 vOR
MR ICBIL T T TORFZED .22 = 1
DEHYERITRELEH TS EnHON TS
D, REOENMBEGREEIENHLMEL
TW3, TY9Z% 5y bDX S BT O ace-
tyltransferase 75 D KIS W TR, HEE
T3V N-T 2 F LR AR TRIGHE ICE R
MIGE IR E AR T 5 72 D IF A E NS & 15
%20 T, 4 R 15 & O acetyltransferase 7E
DEVETIRAERS NS N-7 € F VLK &L
NNTH D FFREASEERIBEES & 1372 5139, fhofk
#HFTH 5 prostaglandin H synthase & THEEH: <
NBEHE T Y H VT & BEMi%EZ 3 RIEHD S
hfEfAZ4 U, DNA ITfERT 322, 0 pro-
staglandin H synthase SR DEMEDS S WSS « 895
& U THERE, Zymbal iR, LIRS & OV E8iA & <
SNTED®, EEICA X TREBKT 3 v o
itk - THEWEOSRAE T2 C EoERsATL
5. b P TOEFHABRTIITTICEEED ) 2 2
FHOAREMSIER S N THB Y, £ 7-EYWARBh
BV T b D acetyltransferase JEPEASE L &
L5, EPTOREH G X LEROBFETSH

5EMEING, F1 in vitro EBRIcBLT
prostaglandin H synthase &I & > THEE L 77 o-
dianisidine O hfiil{A%Hs DNA Ic 84864 % &
BETITHE S TV A, DNA cross-linking
activity & benzidine & [N, ZD Y 2 b+ o fkik
T& % o-dianisidine D 5 A5\ T & H 5, benzi-
dine IZ2 W\ T D SCE FFhe%: M4 5 < &
IC&D, SCE #FFH LD DNA izxtd 3 cross-
linking activity & OAHBAMIC > W TOEIRAE S
nN3LEZo5N3,

AKBR TR~y 2BOK/5.12 & > T SCE OF
FPL DWEMNAED Stz s, & ORI HE
HLlLTwahicowvwtid, prostaglandin H syn-
thase 2 inhibitor T 3 aspirin % [5G 5.4 2
CLICLOREIDAIREE B 5N 5. T 1-iTlgD
&5 RIS & 720 2 F ORI B W THER
TEPLEIPIOVTHEHES SIcRNALES
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Monitoring of genotoxicity of river water in high sensitive umu test
system using Salmonella typhimurium NM2009 having
high O-acetyltransferase activity

A L
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Takeshi Ohe

SR REFEF B
605 HUESHIBILIX 4 AREFAL H 5 H] 35

Department of Food and Nutrition Science, Kyoto Women’s University,
Kitahiyoshi-cho 35, Imakumano, Higashiyama-ku, Kyoto 605, Japan

(2 1995411 H 11 H; 28 1995412 A 28 H)

Summary

Genotoxicity of organic chemicals in river water was investigated using a highly sensitive umu test
with an O-acetyltransferase-overproducing strain Salmonella typhimurium NM2009. River water was
sampled by the XAD-2 resin column and blue rayon hanging methods. Locations downstream from
wastewater treatment plants showed high SOS-inducing activity in both the absence and the presence of
a metabolic activation system, suggesting the occurrence of direct-acting nitroarenes and indirect-acting
aminoarenes. XAD-2 resin column extracts showed higher SOS induction than those from the blue
rayon hanging method throughout a one year period. No clear seasonal change in genotoxicity was
observed but a significant correlation between genotoxicity and COD was observed. The present results
demonstrate that a high sensitive umu test using an O-acetyltransferase-overproducing strain is a useful
bioassay system for the detection of trace amounts of nitroarenes and aminoarenes in the water

environment.

Keywords :  genotoxicity, umu test, Salmonella typhimurium NM2009, XAD-2 resin, blue rayon, COD

#

REKOFRAE, REHESEMI LTV S ti-
halomethane D /KBFEICB T BHERK, K547
) —= v 7 RLEIBINEEE T OBER AL BERIE
ICHW S B  trichloroethylene, tetrachloroethyl-
ene 13 E OEMIERRAA], BREHERYMHELE LT
HIS5NTW 5 phthalate, polynuclea aromatic hy-
drocarbons (PAHs), 7V 7P HIIE T S
ZREOBREORMIZETHOMEI LS, EF

ll]

O HARBZLRIFFER

wHE TV ETHHTH KIS, a0
WERILFYESBEALTED, £ rOREEE
PTREEB>TVE I EDBBEINA TV
(Meier, 1988; IARC, 1991; Onodera, 1991). % 7c,
WP 5 A0 ERBILICPE > TREETEHA
BEDHET  WMANBHEETH, HBE7o
€ — % — T& % microcystin 237KE/KICIBEAT 5
lonfEbfatishTwsd (FHS, 1994),
bHET b KEBHHK T DKiEKH D chloroform
%13 U¥ &9 5 trihalomethane, 3-chloro-4-dichlo-
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romethyl-5-hydroxy-2(5H)-furanone (MX) 7% &' D
BESHAETICHE LEV C EAREShTL
% (Kinaeetal., 1992). D & 5 1R DEH T,
KIBRERESIC B 2 KEERE2T 2 BT, THHE
IKD & 155§ F]) R iEE DK RFEYE OF
FEDNA X T oy A4Ic&k - Tl S 1, 7KEKHE
KT ERFEVEOFAET 5 T EMHL ISR
T &7z (Meier, 1988; Houk, 1992). Zh o5 DHE
&, REHIROKEKIFEE 78 > TV BHE]JIIKT,
BOD, COD FDHEKRMIE S T\ 5 /KEG#EE
ETRHESAICENBWERSETLTVWE L
ZYRE-> TV 5B,

Bttt R oD KB KT T & B G K SRF 17K
IC13, Ames 7 X bIC XV, frameshift BIDOEER
L ORHEERGFEYEOFEMSER L VG SN T
W35 (Maruoka and Yamanaka, 1982; Maruoka et
al., 1985; Sakamoto and Hayatsu, 1990; Sayato et
al., 1990; EAF 5, 1991; 1992; Nakamuro et al.,
1992). @/DFTH 2 EEHZ/KEHRE LTV
A FERH OAKEK E LT, &R oF )|
ZKETRE LTV SRR TOKEKI, Rec-
assay ® £ b §li1 T DNA YJBTHREASEH & A ic &
WEDHE S H B (Matui et al., 1992; Matuda et
al., 1995). T O &5 IRFITH L TKEKIRDOZL
2t E R 2 BT, [LEPHTOR)IIKDOZER
Et st T =5 ) v RS L TEMET 5
EBMETHELEEDNS.

ETAT, Odaetal IZXBAFRRENI umu 7
Z b, Salmonella typhimurium TA1535/pSK 1002
EIFRD SOS SRULFEBAREZE JET 2 HiET, 150
B8 B T frameshift Y 35 & 0 basechange %! 0 %5 52
JEMIE IR T X %, histidine 2 &4 akHT bxt
BTE 5, 7vA OFERRKD 5~7 R TAR
BB R Y —=vriaecd B, REERESE
ELBBMERIMELLT L OSBETHEVRED
Ames 7 X MR WHEZEZH T 5 (Oda et al.,
1985; Nakamura et al., 1987). umu 5 Z b DF>
o DR, KEKRE L TORIKDZERE
Rt BIzEHEOFMICE L fiffne=5Y v
THED—D>THBEWVWZ S, X5HIT, Oda et al
i3, O-7 & F VELFSRESR (O-ATase) Bz TZHEA
LcEsRERVEEEE umu 7 2 8 VT

238

nitroarene 3 X U aromatic amine {0 5 E R H
DAEETH B L EWMELTWVWS (Oda et al.,
1993, 1995). L& L7Ass, BRBEAE~ 0 #HF]
E LT, UIRNESB X O TFKILESTORE
DEBE BT KBS 24 (Ono et al.,
in press; /NEF 5, 1995) BB DA T, KL 3
AR R AKEKREFICER L cfE RV, 22
T, AW Td O-ATase B T4 HA L 1 Eibk%E
AW S umu 7 2 Mk 2k iE O
nitroarene ¥ X U aminoarene O {F {f % %1 5 i# &
FEE=s) v rEL L TOEIMERS T
2 HIMT, KEKFEE L TR EhTO 351K
ZEKOBEEEE VERICD I > TR L2
FERITOVLWTHET 5.

ERAE

1. H¥E®

b7 b v, BT # %13, Difco #8!%, am-
picillin, anhydrous 3+ % 5 4 5+ Z 7 #1%, chlor-
amphenicol, 2 -nitrophenyl-3-D-galactopyranoside
(ONPG) I & U B-mercaptoethanol (3, FlIEHIEE
TEERZER L7, EERRFEYEICIE, l-nitro-
pyrene, 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide
(AF-2), 2-aminoanthracene, 2-acetylaminofluorene
L ERFEAE T 3%, benzo[a]pyrene (F 7
54 7 227 %)), 4-nitroquinoline-N-oxide (Sigma
Chemical Co. ), 2-nitrofluorene (Aldrich chem-
ical Co. &) ¥ X' 3-nitrofluoranthene (H. W.
Sands Co. &) M\ /o, Z OfthORAIEKH IR F
fTeB3HELFEREZR V.

2. HEOEE

Fig. 1 1Z/R" 9 @) KRR D 4 #igS (B, D, G,
H) i2BWVWT, 199443 A0S 19954F2 % T
D14, BH 1B XAD-2KtlE A 5 & W& &
(XAD-2 ) BLU 7 v— L —3 vIEEFE (BR
) ik AR oRIM AT 1. 158, BHisI
KBS D FificfiiiE L, D, G 8LV HHiS
FOVFH S BIRASTRA L T2 FRIChLE LT
W3, 75, LLKBXULO4HISTE, 1994
FA4HBXU9IHICBREIC X 2R 0 FREE
ﬁ’)f:.

/

Biwa Lake

Kyoto

Katsura River

L Kizu River

Osaka Bay

Kuze Bridge
B/Rl
Kuga Bridge

Togetsu Bridge

Katsura River

Nishitakase River

Kamo River

D
Hazukashi Bridge
i /

L}. Miyamae Bridge
/; H

Fig. 1. Map of sampling locations.

3. AIDKPEREYMEDEINS L UlitiE

1) XAD-2#:; JI[7k 40L A HCI T pH 3 i
P L 7%, Junk et al. (1972) DHEICHE - T,
Bii & - T methanol, acetonitrile 3 & U diethyl ether
THEH L 7o XAD-2 kit (v 47 8, 15X 150
mm) (23K L7z, DWW, diethyl ether 300m/ i
FOREEINALFEYE 25 L, sodium sul-
fate, anhydrous 212 CThikL 7z, v—4% ) —x
NHE L= =& TKEK L 40°C LT TRER
#i L T, dimethyl sulfoxide (DMSO) i fi#, #RER
YWHBKE LT, ABRELL.

2) BR #; Sakamoto and Hayatsu (1990) ® 4
FICHEMLL TfTo . 7v—L—3 v (BR, 77+
avELED S5gEF Mo vk MiTAQ, #E
fHF TEREUH SIS L /. Fig. 11T/R8 L7 B, D,
G BLUHHMSETIE, XAD-2 ETOMJIIKERK
oA GG fo. 24 BEREREER, X o b 2]
»55|& EiFBR ZHOH L, ZAER/KTHRAE,
KxEFckRE L BE SN ALEIE I,
methanol : conc. ammonia (50: 1) /E#& 200m/ 5>
T3ERE S AT 2. ToMitKiZe -4
J)—zNEL—F—Z2HOTKALEMW CUUTFT
WUT A LT, DMSO IC/AfR L, SHERYIE AR &
LT, BEHFRELE.

4. HEBREH

O-ATase SFEAEMKT® % Salmonella typhimu-
rium NM2009 3 & U O-ATase RIB¥TH % NM
2000 ZH W7z, Th o oK INEZLEEL K

BRIFAL SR AT £ O ft5 s i,

5. umu >R b

umu 7 A b 1%, Odaetal (1985;1993) O}
7> THT - fz. NM2009 #kid, ampicillin (§ &R
25 ug/ml) ¥ £ U chloramphenicol (3% /& & 10
ug/ml) %, NM2000 #kiZ, ampicillin (JXJERE 25
ugml) % &4 LB YT 37°C TR L&A,
TGA KHiic 125 BREEE L, 37°C TE HiciRE D
A U 7o, BMRDSHEUEREIY] (ODew 45 0.25~0.3)
L& & —EROMBREK 1.96 ml % HABRE
WKHLY, #RERYIE 401l B X TF 0.1 M phosphate
buffer (pH 7.4) 0.4m! %/1Z %. S9 mix {F£ F T
|3, 0.1 M phosphate buffer DfX4> 0 I 0.4ml D S9
mix Zfl1Z 5. 37°C TX 51T 120 ¥k & 5 5%
Lictk BRO—HTHEENCELSNB-
galactosidase fE¥EZ JIE L, R OEK D EE
(OD¢w) % Ml '€ 3~ 5. PB-galactosidase 7f; 1 13,
Miller (1972) DAEEICH > TKD1, £, S9
|3, phenobarbital ¥ X U 5,6-bennzoflavone iZ & 1
BERFEL L%, #ABLIZD D () v 5 VEE
BHtED A6EH L, S9 &3 S9 mix 1m/ 24729 100
wl &L, RBRBIXT2HTITOWE OEEEE
MEMEE L, £72, 3k D B-galactosidase h
ffi& 2~ b o — )LD B-galactosidase /EVEfE D %%
IEBR D SOS UGFEFEREL L 1.

6. pH 5L UMLFEHEEEKE (COD)
pH £ & U COD @ I 5E (& A 5Bk ik « R
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1990 O KERERFDIFICHERL L THT - 72,
= e

1. XAD-2%IC& B SOSRIGFEHEOHAE R
e S LET

Fig. 1 1</R L 7@ KA @ 4 Hixd (B, D, G
BLXUH) IcBWT, 199443 55 1995 4 2
HETo 14/, M8 1B XAD2#EIcL Bk
RElo S9 mix HFHETFBIUHFEFETICET S
umu 5 A b O HB-RIGEROFEERE A Fig. 2 1I/R
4. FEBX - B-galactosidase {13, #[JIIKEE
LT, O~IL OEEHFH TR/, Fig.2 »56b
oML, AJIkEIL 0BEETIE, %<
DK T B-galactosidase fEAS, S9 mix DI
bDOoFE T T A2EANED SNl BHOSMEH
B RIGEENED LN, Lrba v bo— Ul
D 2 £ LI | @ B-galactosidase fli &/~ L 725 & %
SOS SUSFBEREMME & L7z, S9 mix JEFFAE N TG
A RLIzDE, BHIATIE S 68,9, 11 H, D
His5cI1d5,6,7,8,9,10,11,12, 1,2 A, GHIAT
133,4,5,6,7,8,9,10,11,12,1,2 H, H#i5 T3
4,56,7,8,9, 10,11, 12,1 A (3 A3 FEMEE )
T, BHERIE, FhEFN 42, 83, 100 BLUV91%
THo-1z. —H, SImix FE FTHREEZR LD
12, BHIAITI34,6,7,8 H, DHIZET3,4,5,6,7,
8,9,10,11,12,1 A, GHIfiTIZ3,4,56,7,8,9,
10,11, 12, 1,2 A, HHlIATIE 4,5,6,7, 8,9, 10,
11,12,1 A 3 Hi3EMES) T, BHERiiznze
133,92, 100 BLU 9% TH -7, BHER,S
M4 3 &, S9mix OHFMEICED ST, BHlAIC

T, FAKUESEBRAKDHA L TWS D, G,
H A TEHASHITEWVEBI TS 5 T ED5ED
Stz Hrc, GHIATRAE L c2ToH T
HEHErEh, F4 12 HD S9 mix fFERFTO
B-galactosidase fiEi A37[J1|7K 125 ml THJ 2500 units
EELLEWVEERL .

2. BRIEIC& 5 SOS RibFHHEED AR RIGE
*

Fig. 3 13, XAD-2 % &[Gl icFEM/iL 72 BR E T
G2k 89 mix FEAETBIUHEETICEY
% umu 5 A + OHB-RICEROERERT. &
M X N 7 B-galactosidase fiti (F, BR #Y4EE LT
0~0.2g DFEFATR LIz, ThLEDOEETIEB-
galactosidase fif ($ X T 9~ 2 [ 23580 S fe.
XAD-2 g &[aElfic, BH S 012 HE-RISBEFHR AR
o, Lhrbavbo—{ElD 250 ED -
galactosidase fif % 7~ L 72354 % SOS It i HHE
Mtk s Ui, 2 0f5R, S9 mix IEFELE FClath%
RLoid BiE TG, 12  BEHER 17%), D
M5 TiE 3, 4,6, 7, 8,9, 11, 12, 1 A (BHER
75%), GHiILETIE3,4,6,9,11,12,1 A (BtER
589%), HlifiTl34,6,8,9,11,12,1 H G A
Ehadd, R 64%) TH -7, —H4, S9 mix
BHETFCTBMEERLEDWE, BHiIATR6H (B
R 89%), DHIATIE 3,4,5,6,7,8,9,10, 11, 12,
1,2 A (PR 100%), GHISTIE3,4,5,6,7,8,
9,10, 11,12,2 A (G 92%), H ML T 4,5,
6,7,8,9,10,11,12,1 H (3 HidFhie 9, B
91%) Td - 7z. BHERY» SHIWd % &, XAD-2

Fig. 2.

Dose-response effects of SOS-inducing activity by XAD-2-ether extracts in NM2009.

Assays were performed as described in Methods, with two duplicate determinations per point. The value of
B-galactosidase activity in chemical free-controls (n=12) in two strains was as follows: 627 (NM2000,
—S89 mix), 337+20 (NM2009, —S9 mix), 666 (NM2000, +S9 mix) and 319+17 (NM2009, +S9

mix), and their values were subtracted from that in each sample.

The values of positive standards

without S9 mix (n=12) were: l-nitropyrene (0.01ug/m/); 84 for NM2000, 851+35 for NM2009; 4-
NQO (1 ug/ml); 70048 for NM2000, 1184+ 58 for NM2009; AF-2 (0.03 zg/ml); 73650 for NM2000,
1184+58 for NM2009; 2-nitrofluorene (0.1xg/ml); 21 for NM2000, 901145 for NM2009; 3-nitro-
fluoranthene (0.003 zg/ml) 116 for NM 2000, 931£38 for NM2009. Those of positive standards with
S9 mix were: benz[a]pyrene (2 1g/ml); 86-£7 for NM2000, 528 21 for NM2009; 2-aminoanthracene (1
ug/ml); 418 for NM2000, 8641134 for NM2009; 2-acetylaminofiuorene (3 x£g/m/); 17+4 for NM2000,

122650 for NM209.

—@—, Location B; —(O—, Location D; —ll—, Location G; —A—, Location H.
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Fig. 3. Dose-response effects of SOS-inducing activity by blue rayon extracts in NM2009.

—@—, Location B; —O—, Location D; —ll—, Location G; —A—, Location H.

i EEREIC 89 mix OFMEICED S, BHILIC
HANT, D, G, HHSETEWEAR ARG T &3
B oNTh, BHIUS TOMMERIZ XAD-2 ikt
XT{ED - 7. D, G, HHH D S9 mix IEFAE F T
DR & XAD-2 i X TEWEE 2R L
fo. L L, S9mix f77E F TOBMRICIE, £
Aot o7t Fig. 2 8L U 3 0 FHE-KIGH
%55 S, L S I BR ETHEEE O SOs

Table 1.
of river water) in NM2009 and NM2000.

KIGFEERE X, XAD-2 BRI~ THE
128 U TERWERICH 5 T EDEIERE 1z,

3. SOS RICHEEED A BIZH

Fig. 2 B X3 O HR-IRICBEHRDSERRMEZR
TR TOR/N T & 0 Ko - EER AR
5—EREICB T % B-galactosidase fE D H BIIZEE)
ZHEH L, Table ]l BLU2I1T/RL 7. XAD-2 i

Monthly changes of SOS-inducing acivity of XAD-2-diethyl ether extracts (corresponding to 500 m/

B D G H
Location

—S9 +S9 —S9 +89 —S9 +S9 —S9 +S9
March 1994 — (=) = =) — (=) 102 (57) 867 (113) 1064 (105) nd nd
April — (—) 639 (105) — (—) 857 (178) 1032 (—) 975 (181) 1157 (—) 781 (58)
May 1121 (—) — ) 934 (—) 421 (132) 2372 (—) 1672 (—) 1143 (—) 1088 (—)
June 467 (—) 277 (—) 1384 (—) 1792 (—) 1939 (40) 2163 (—) 1278 (—) 1718 (—)
July — (—) 1172 (168) 1370 (—) 1027 (143) 1062 (113) 1429 (138) 901 (113) 1261 (—)
August 794 (116) 260 (74) 1970 (—) 885 (64) 1748 (—) 1571 (72) 1809 (—) 1136 (—)
September 323 =) = (=) 868 (—) 789 (50) 750 (—) 641 (—) 740 (—) 584 (—)
October = =) = (=) 628 (—) 304 (—) 1090 (—) 299 (—) 684 (—) 803 (—)
November 573 (—) — (—) 1102 (—) 544 (—) 714 (—) 1079 (—) 666 (—) 842 (—)
December = (=) = (=) 902 (—) 721 (—) 1119 (136) 10171 (56) 2978 (64) 938 (—)
January 1995 — (=) = (=) 482 (—) 386 (—) 1069 (56) 1014 (62) 619 (—) 507 (—)
February = =) = .(=) 612 (—) — () 918 (61) 282 (137) = (=) = =)

Parentheses show activities in NM2000.
nd; not done.
—; negative response.

Table 2. Monthly changes of SOS-inducing acivity of blue rayon extracts (0.1g blue rayon equivalent) in
NM2009 and NM2000.
B D G H
Location
—S9 +89 —S9 +89 S9 +8S9 —S9 +S9
March 1994 === = (=) 405 (—) 3% (52) 894 (—) 417 (—) nd nd
April ==k ==i5) 271 (—) 602 (—) 572 (—) 813 (—) 406 (—) 796 (—)
May —) — ) — () 1713 (—) — () 526 (—) — () 28 (—)
June 590 (—) 276 (—) 2347 (—) 982 (—) 837 (—) 617 (—) 573 (—) 751 (135)
July —=)y —) 359 (—) 967 (59) — () 701 (—) — () 70 ()
August ==y =) 298 (—) 641 (—) — (—) 340 (56) 329 (—) 1744 (—)
September — =) —i—) 381 (—) 607 (66) 284 (—) 405 (82) 399 (—) 610 (—)
October — i) —i{=) —i(—) 783 (—) — (—) 471 (102) — (—) 685 (101)
November — =) —i—) 315 (—) 881 (—) 348 (—) 748 (—) 320(—) 840 (—)
December BLIEE) —E) 547 (—) 308 (—) 1706 (—) 952 (—) 1175 (—) 458 (—)
January 1995 —(—) —(—) 219 (—) 348 (—) 31T =) — &) 366 (—) 428 (—)
February — =) =i — (—) 339 (160) — (—) 518 (224) — () = =)

Parntheses show activities in NM2000.
nd; not done.
—; negative response.
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<)k &8 500m/, BR TR 7 v—L—3 v
0.1 g H24 B A3 ¢ 5 B-galactosidase i TFK L
TWw5, ¥1:, 0-ATase KIBWKTdH 5 NM2000 tk
2o WTd, NM2009 #k & [Elkk i< i B-IRIGBE %
X v, EIE]TO B-galactosidase fEEFH LT ()
IR LTWA, Table 1 8XU2h566HOH
& DI, XAD-2#B &L U BR ETH RN
L i S9 mix OFMICH»H 5T, O-ATase K
T OMIE L, NM2009 Bk THE SN 5 6-
galactosidase fili ® K 43 (3 O-ATase ® B 5 i<
o TEHEEARSELIEMED LN, &
tz, HAR-RIGEFHED S O TH oL IS,
XAD-2 B LU BR H#EE 1T, S9 mix OFHEIC
b 53 BHIAICHANT D, G BXUHHMIA
BEMEBLTEWVERICH S EBBH LN
t-. 2FEDS> b XAD2E TR GHiA 12 AD
AJ117K 500ml A5 S9 mix fEZE F 10,171 units, BR
%13 D HiL 6 D BRO.1g A5 89 mix JEFAE T
2,347 units @ B-galactosidase & &l % 7~ L
1z, Thooffiida vy bo—licdlTEhE
N REETHBTH- 1.

4. BIXROERFRMELE

Fig. 1 \R 93810 3 KXifiTd 281 (1), F
B @), Al (K) B L UOEHFER O/ (L) i<
BT, 4 ABX U9 Hic BRETHAR ORIZE
712, Th o0 OBE-FULRRT, Btk
AR TR T OB N I & 0 R foEAREYR
A SEH L7 BR 0.1g 2472 ) O B-galactosidase
D% Fig. 4 ISR L7z, ORI S L
13k S Ik ofEMEM L, @IS~ T S9 mix
LT T 1~124% S9 mix fF7E FT 1.4~15
frlEme, ROTEBINOEV I EABEIN
to. F 1o, W E U TAHEN | GRERIFRILET)
BLUoKE EERRILTH) cRBRcEREL
REITid, SOS KILFHEFEIRA ST - TC,

5. pH LU COD DA JIEH

SOEHR B S CHlE L 72 pH 8 £ UF COD O H
BIEBHOFER%E Fig. 5 1I</RT. G, D 8LV HH
HTOpH 1, 6.5~7.9 OEiPHICH - 7hs, Bl
HToOEMIC8.5~88 & T vh Y HAERT MM
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Fig. 4. SOS-inducing activity by blue rayon ex-
tracts (BR 0.1 g equivalent) at tributaries of the

Yodo River.
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Fig. 5. Monthly changes of pH and COD.
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Fig. 6. Correlation between SOS-inducing activity and COD.

e L COD & DHBIMRELIE, S9 mix EFAEFT
r=0.55, S9 mix {F/E F CTr=044 TH - tz. %1,
BR LTI, S9 mix JEFFAE FT r=0.37, S9
mix G FTIEr=053Th-7 (WFhbn=
47). ThoiBVInbd 1% FEKETHEKD
HHIEMNEDONT.

% =

TR ZE SR DR, W) RSRETK
DAL, FRIL, HEEI, &£/, 5w,
Rhine river, Meuse river, Cai river, Chao Phraya
river 75 &% { DED D 503, WEIKZREIKIZ
FEAE S % frameshift B D E BB & ORHEL RIHE
PHICL DFRSNBERFEN I, &bE-T
mWVIRBLICH 5 T & Ames 7 X P THLONK
BERIASHOSNTWVS (Van Kreijl et al., 1980;
Maruoka and Yamanaka, 1982; Maruoka et al.,
1985; N#E S 1990; Sakamoto and Hayatsu, 1990;
B ©, 1991, 1992; Hashizume et al., 1992;
Nakamuro et al., 1992; Hf &, 1993; Vargas et al.,
1993; Kusamran et al., 1994). K&{Tii® T DKk

DOERFIEESE VT & (hE « AT, 1993;

¥ 5, 1995), trihalomethane, MX JER D &\ &
& (Kinae et al., 1992) OFEH & L T/REKIFEDH
RISEATVS Z EIFHRNS 5 EEbh, KE
HilE T DIKEKIEDBALZBh 1L 2 MER DS LB &
BoTETWS., TDHBHIlE, L1
Ty A GO NEENDEEN S, AERT
Bk o#izEtes=2) v 70— & L
TERE umu 7 X F OFHEORFT 21T - 1=
ZDFER, £ ® Ames ¥ A2 b (Maruoka and
Yamanaka, 1985; Maruoka et al., 1985; Sakamoto
and Hayatsu, 1990; {£&7 5, 1991, 1992; Naka-
muro et al., 1992) 5\ (3 CHL #lifa% F\ 7= SCE
TOfER (Oheetal., 1993) H SERICHIS TV S
L DT PRGOS O FHIC LD,
SOS SUGBEEAFEIC bSO DI EMNH B T & MR
ot £/, Fig. 5 THShicEniz LI,
NN 3 BEEEOSF SR, &0 =%k
D5 HHEIA S9 mix OIFEE FBLUOIEELE T &
HiItEmWI &b, TAISKEZRH W/ Ames 7 X k
OFER (EBRF 5, 1992) &—Hd 5 T LA EIE
It INSDEERM S, O-ATase SFEAK%E
W3 umu 7 2 i, WK oZEREY: E&
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LA AT 2YHEOGFAEDOHRE S T & 5]

ETHY, =Y v IEELTAMTHE LWL
Z5.

HERP S (1991) &, EIIKRFAINIKE L T
TAKMERE Rk D XAD-2 Kitlg 7 5 skB &
U BR LT & > T EEAS, S9 mix IEELET
T, TA98 ¥kZHIkE 9 % nitroreductase KIEHK
(TA98NR), O-ATase /Kifi#k (TA98/1,8-DNPs) T
BIEM A S S 1, nitroreductase 5 FE A #E
(YG1021) % & TF O-ATase fmEE K (YG1024) T
13 L < AT 5T & S nitroarene DEH DR
wahsdIE, i S9 mix FEFITBVT, O-
ATase SEEA M (YG1024) TEHWEH AR T &
7 & aminoarene 39 5 AlfEEE /R L TV 5.

Aa|DFEEETIE, O-ATase SFEA KL O-ATase
RIgBEE RO umu 7 2 b OFERD 5, nitro-
arene % 0¥ aminoarene 33E) 7K BRI 7K AR
T EMRBENT. ThoDHEER, EIK
ZRlKRENC BV T, Ames 7 X b TOFERE
umu 7 A b TORERHB—HFT 5 LEZRLTH
V), nitroarene ;2 7¥ aminoarene D {FAEDS & V) 5 <
REEXNEEALSE LELEBKS, ERFDL
(1991) DL TIE S9 mix fF7E N TOMEMENIER
FETicl~T, @IITTHE FARUESRRKT
B 15250, AT -7z umu 57 R b OFERT
iE, S9 mix fEPE FTHE L EHAE L 8 58
13, XAD-2 4 TO GH#lisd 12 HiIcsWTOAR
Shticd ¥, umu 7 Z b TIiF, S9mix FKIMS
X o THELLESS LR 23RBS
HWhhots, TOAmes T R+ & umu 7R~ DIE
Wi, REEEOEVICL DD, HEVIER
it BinEt 2R TE IO 5 EREZEOE D
THH0h 3, SERRIZEERT 5.

X ->TEVWERFE®ERT 21 0b
S &) KRN Ko AE 4 5 B REWE
& L Tl chrysene, benzo[a]anthracene, benzo[b]-
fluoranthene 75 & D PAHs OGN HLDAHTH
% (Sayato et al., 1993). {bLAREIOBREEEE THE
5% % PAHs (3, TISHEKLERH FKEDRE % D
Hkp S b TV A, (LA S (1989) i, fil
W) CRBRAE), i)l (i) »50 7 v —
a5 b v O PAHs BOR R ZHE
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LTWa., LrLuns, HEETT-7 PAHs &
T, YO TA 98 TORGM: DO Z R EH: D 7
HRRond, Mmooz REH, PAHs OfR
YR I3 OFBAICERT 5 EERKRLT
w5,

15 (1993) &, APt FESRED SN
T\ 5 heterocyclic amine (HCA) O—2>T&H 5
Trp-P-2 HSEBH FAKFICHEAET 5 EE2BHTL
%. —7, Onoetal (1992, 1995), /INEF & (1992,
1995) (&, #B F/KMEEKAITI, AP IC X
DERKLTWV3 OO RIEEKYIC X 58
EEmSEBEELTWAI &%, TA1535pSK
1002 $ & U NM2009 ¥4 H\\ 72 umu 5 Z b THH
Shicl, BizEtEERIYEE L THCA OB
BEAHELTVWSE, oDl iR, SELED
IO TV WRKERE, USRS TREeic
LR L XN 15 h - 1o HCA D3l 11K ITRA L T
¢ BAMREMEAE R L TIEW A b0, #)IKdic
BIAHCAOFEHZARADI-HE RV, O
ATase S FEAEBEZH W/ Ames 7 2 b B X U
umu 5 A b TEENKZRF )7k H 1T aminoarene D
GAEDE R AN T Eh o, BRFEEE~D
HEBED -NDED, BRiTT ILEND S, —H,
EHEARFEYE S LTI, Ohe and Nukaya (in
press) (3, 7€)IIZKZRA)IZKHIC 1-nitropyrene DfF
HAHEALTVWE b0, ZRFEECED 5E
B3, 1% B EV, 56, FHFEAIK» SO
LB ORI H E LT, XAD-2 kgt £
U'BR #EAF W7z, Fig. 3 8L U 4 TOHB-XIE
Bl S b oML DI, MEOHEN S
XAD-2 #: T8 3k 0 SOS K IH B AEA, BR
Bl xTEVEEAZ/RLTWA, BRIE, FHH
B% 3 LIRS L LA E @R R & <
W#Ed 201 LT, XAD-2 K513, BRI < B
42 EH 5 XAD-2 #TO SOS RKILFEE/RT
Y8 & LTI, aminoarene, nitroarene 31D 5 5,
2ELUTOMEOEENKE W EBHEI N
3. LWFhicE LBEBRETRIAShIcIh TV
WZE RN B n A R T YE O RO A
HEn 5.,

A L TOREERY» S, FHEHHED
SNAMEILEHSMICT A EERETICE

i BIBEEEYEOBELH S L THETH 5.
Table 1 B XU 2 1Z/8 L 7 ER O F5 R A FHij
(FEZE3~5H; EF6~8 A, kFI~11 A, £F
12~2 ) OBl TH A, XAD2HEB LU
BR it & bICHARIS FEIZH X, BHohEh -
fo. ALFIEORRORE D P T VWEFEORET
HBHEWEEZR L TWA DI, 1994 FEDbh
HoREBKICXD, ®)IDKESE L DL
ot itk y, FEREN/LFEYE OB
LNIcDTHAH. AhOFER,» S, LRI E
A BIZEHEYHEHOE, BOZHOKEIWI LN
HIbhtcl Lo OFEHEATAEHSITT 51T
13, & SIREHRBUAE 22 < LIcBIEOSHET
»HAH9.

Mg S (1990) ¥ & U Sakamoto and Hayatsu
(1990) (&, FEARERFEW LIERIIESh TV 3
IKETEERTEEE & ORIC 342 < FHBAMEAGEY &5 s
WEHE LT3, —4, Hb s (1993) i, Fi8
JI7E]) 117K D TA100 12 & % S9 mix FEFEFE Fick 13
AR, CODMn), 7 ¥ €=T7HEE, 2
) v, BOD & OB E W T & EED TS,
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B AEPE D < 2 2 Fffd %\ 3 in vivo /)MEGaAER

An in vivo mouse liver micronucleus test of the hepatocarcinogens
using mouse hepatocytes

wA HPEERET KE B BARE

Hiroshi Suzuki, Noriko Hirano, Takashi Ohshima and Yasuo Tarumoto

RIEBEEHA 2 BAFRDIZERT
330 B RELAE T EFRT 1-403

Pharmaceutical Research Laboratories, Taisho Pharmaceutical Co., Ltd.,
1-403 Yoshino-cho, Ohmiya, Saitama 330, Japan

(ZfF: 1996 4E1 H 25 H; SZH: 199642 A 3 H)

Summary

The clastogenicity of six hepatocarcinogens in mouse hepatocytes was investigated using an in vivo
mouse liver micronucleus test. It was found that four N-nitrosoamines, namely N-nitrosodiethylamine,
N-nitrosomorpholine, N-nitrosodi-n-butylamine and N-nitrosopiperidine, showed clearly positive re-
sponses. On the other hand, peroxisome proliferators, namely clofibrate (CPIB) and di(2-ethylhexyl)
phthalate (DEHP), showed negative responses.

These results suggest that an in vivo mouse liver micronucleus test can be used for the evaluation
of clastogenicity in vivo, with chemicals which produce mutagenicity through metabolic activation. It
was considered that an additional test, by consecutive dosing, was needed for CPIB and DEHP. The
relationship between the hepatocarcinogens and the micronucleus induction in hepatocytes seems to be
important, not only for the results of the liver micronucleus test, but also for the evaluation by various

mutagenicity tests using different indicators.

Keywords :  N-nitroso compounds, peroxisome proliferator, hepatocarcinogens, liver micronucleus test

2 X

B E O 2B IE, AN TORE
ARREFRMZM T 2888 E LTERHSATL
3. CORBRTHEMEE LT - EEERBAYE
&, DA - DUEYIE - YIRS 8IS & D
BIBAK]L, TUFIMLH, TR+ ABWRET
by, REEH AR CEREN L2 RS HEERT
v, =rovT7IvEE ey LAY, =
bofbeY, dvE VBB EORPAYEE, &
HERLBIENZL FEHDS, 1993). ZHiEID
ARER O ISR b oGk GRIFER) T
B ELEEMNEVEEZONS, i, K
BEHAL L CEREN 2R EAYR, HFTolE

© HABRBART 2

ARSI ERICEREL S -7, FELTS
TR BRETRBEVS I NITVIEGAP AL ELE
HRHYTH 2854113, BEEZEZHV 3/MER
BRic X 2 ZRIFHOFFM 3 EY & BFVHOL
(Angelosanto, 1995).

FTcoREREZERLE LcAROME R,
in vivo D% (Tates et al., 1980; Braithwaite and
Ashby, 1988) ®#IAAFMI D% (Miiller et al.,
1993; Hwanget al., 1993) TOHENH 5. 5 v b
il coMERBE< 550, <9 2iFHik
A2 WIS D730 (Cliet et al., 1989;
Uryvaeva et al., 1995). <2 2% MW AF|H 1L,
7 v b EOHEEORE, WABTF-sDH5<Y
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Z EHEHIRa % WV B/ MGERER R < v R D3 AR
BREolBicERHEEDLN S,

Z 2T, Al - s AR AR 2R
DARYIE 4 LEY) L IRV AEYE 2 (L&Y
IZ2WT, < v ZfHlifaT O/ MEEEFRE OB
SWVWTKRE L 12,

ERMHEFE

1. HE

N-nitrosodiethyl amine (DEN, CAS No. 55-18-
5) i tfic Clofibrate (CPIB, CAS No. 637-07-0)
2, AR LSH L OBEA L. N-nitroso-
morpholine (NMOR, CAS No. 59-89-2), N-nitro-
sodi-n-butylamine (DBN, CAS No. 924-16-3) T
Di(2-ethylhexyl)phthalate (DEHP, CAS No. 117-
81-7) 13, WEULARTEMRASEL DAL,
N-nitrosopiperidine (NPIP, CAS No. 100-75-4)
|2, Sigma Chemical Co. & DA L7z,

7413, DEN T3AEFAEK, NMOR I
NPIP T3 %7K, DBN, CPIB ' DEHP T4,
) 7ThEThTnHw k.

2. EREY

HAzZz vy -2 LOBALKdY
ZHE~w 2D 10~14 882 H W12, B EE
23+3°C, 7R 50120% DZEH N D SPF Ei¥)=
T, EREE (MF, &) = v 5 VR T ¥R S
) Wik HECBIN S ¥ 3584 TiT- 72

3. WHEHEERESFEEHR

ZALAYI D LDy i % 3K % 72 % Lorke O 5
(1983) 1T & % HalE 5 EHBR %17 - 7.
Tbb, 10, 100 KT 1000 mg/kg % 25 H Y
1o 3PLEE L, 3 HREORTIRLEEIE L 72,
ZOfER XD, XEickiEREN 2 4 HEES
1PCF o5 L, 3 HEIORTREAFZE L 12,
ZORERBIC KD, BHRAD LDy fEEHH L
e,

4. BFRERAE
BRRIKD LDso D 1/2, 1/4 T U 1/8 AR
5%, BHFOLB45 VI (PH, partial hepatec-
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Table 1. The composition of the perfusion solu-

tions (1000 m/).
Pre-perfusion Collagenase

Rieigenty solution (g) solution (g)
KCl 0.4 0.4
KH,PO, 0.06 0.06
NaCl 8.0 8.0
NaHCO; 0.35 0.35
Na,HPO,- 12H,0 0.12 0.12
D-glucose 1.0 1.0
HEPES* 2.38 2.38
EGTA 0.19 =
Collagenase = 0.5
Trypsin inhibitor = 0.05
CaCl, = 0.56

® N-2-Hydroxyethylpiperadine-N’-2-ethanesulfonic acid.

tomy) Z{T-7t. THbLETY 2% — 7 IV
T, Bl « PRI AN oY i NI 3E 2 DIBR
L, PH4 HRICEAZERIL., 9, w7 2%
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buffered saline, PBS(—)] HuciFli s #, #—+3
BT A%, 500rpm, 143fE0 L FEEREL
fo. HEWT, FTLWPBS(—) 2MA THUELT
2EE 3R L. EiEERER Y VIER
Mm% bRMATE <y b THEIEL, ZOMKaTF
WEDOVBEZ T4 F 752 LICHY, 247 —
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5. BEREERNE

BERD 7 + 4 V7 v IRIGZEFIH L TEAZ G
L 7z (Uryvaeva and Delone, 1995). 9, 10%
Mg+ v< ) vk (pH 7.4) T 10 5fElEE L
7. IR\, 4N HCI T 37°C, 15 SRk s i %
frofc. ZARBIKTHAR, Schiff {3 T 1 Kefifg
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BAZRSA FiE, §XTa—F{ELTHEEL
fo. Bl 2Bl E MR E LTRSS FED2
Rl % 2% 500 fHEIEE L 72 (600 £%). #1545 [Tk
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Table 2. The LDs, values of test compounds.

Compound LDs, (mg/kg)
DEN®* 177
NMOR® 290
DBN¢ 3800
NPIP¢ 180
CPIB® 1250
DEHPf >5000

* N-nitrosodiethyl amine.

® N-nitrosomorpholine.

¢ N-nitrosodi-n-buthylamine.
4 N-nitrosopiperidine.

¢ Clofibrate.

T Di(2-ethylhexyl)phthalate.

BOHHER, BEFELBICfEE-TWEIE, K
EThal s, BOBERDIALTTHEI LT
&' & L 72 (Braithwaite and Ashby, 1988; Cliet et al.,
1989).
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Lorke D /51T & 5 B #RIAD LDs, {fi% Table 2
IZ7k L7z, DEHP T3 LDy fiti4s 5000 mg/kg L1 I
Tdh > 712722000 mgkg = SZHBHEHE L, DT
1000 ilf 0¥ i 500 mglkg B % % 72. KKk D
LDy D 1/2, 1/4, RO 18 & (&, th, EHE)
% 1 [EREOES%, PH 4 HRICEARERIA T
Z OBIEAER A Table 3 1T/ L 72,
BRIAEDRER O &I [RE A R 2 3T 72
s, 2f G0l oFHE/NEEERIZ037E
0.32% TH -7z, HBN0%, HK1.3% TEODH
BB 0% Fig. LISk L7, #0955, 05%
VT HEHEHD b DM 73% % 5, 0.5~1%
DDA 23% 2 LB T\, 12, Fig.21c7 #
AW Y IRIGIC & » THRES N7 IEE S IFaG
%, Fig. 3 \/IMGAR G 3Tk %R L 1.
BBRAWEE D 5 5, DEN TIIAB X B O
3~4.5 fi%, NPIP T3 11~14 2O HBIR AR L,
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Table 3. Frequency of micronucleated hepatocytes
in mice treated with hepatocarcinogens.

Frequency of
Dose No. of micronucleated

Compound (mgkg) animals hepatocytes (%)
Mean=*S.D.
DEN 0 5 0.70+0.44
22.5 5 2.3441.59%x
45.0 5 2.1040.76**
90.0 4 3.15+0.55%*
NMOR 0 5 0.26+0.24
37.5 5 1.44+0.95%
75.0 3 1.10+0.59**
150 4° 0.03+0.05
DBN 0 5 0.16t0.11
500 5 1.76+1.13%
1000 5 1.2840.90%*
2000 = —
NPIP 0 5 0.14+0.17
22.5 5 1.58+1.14%
45.0 5 1.60+0.99%
90.0 4 2.00+1.00%
CPIB 0 5 0.421+0.31
150 5 0.40+0.23
300 5 0.28+0.08
600 5 0.30--0.30
DEHP 0 5 0.54+0.18
500 5 0.54+0.40
1000 5 0.52+0.15
2000 5 0.62+0.29

* One mouse specimen was not observed for the de-
fective one.

® One mouse was died.

¢ All specimens were not observed for the defective
ones.

*.p<0.05, **:p<0.01.
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Fig. 1. Distribution of micronucleated hepatocytes frequencies (%) in the concurrent solvent control groups.

Fig. 2. The mouse mono- and bi-hepatocytes stain-
ed by the Feulgen reaction in solvent control
group.

DABEYIEICDWT in vivo TOYRMBIKREFR
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Fig. 3. The micronucleated hepatocytes stained by
the Feulgen reaction in DEN 22.5 mg/kg treated

group.
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(Tates et al., 1980; Ashby and Lefevre, 1989). 7
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Table 4. Summary of mutagenicity test results for the hepatocarcinogens and non-hepatocarcinogens.

Micronucleus Gene mutation
Compound UDS RDS Hepatocarcinogenicity
Bone marrow  Hepatocyte Ames ™
DEN ={F)" + + (89) + + (v)® NT +
NMOR & =g + (89) NT + NT +
DBN = o + (89) NT NT NT +
NPIP = =k + (S9) NT NT NT +
CPIB NT = = NT —()® + +
DEHP - — = = . + +
MMS + f + = o — -

* Both results of positive and negative one are reported.

b In vitro test, TM: Transgenic mouse mutation test, NT: Not tested.

The reference quoted with Table 4, as follows., Ashby et al., 1989; Budroe et al., 1993; Butterworth et al., 1984;
Goldworthy et al., 1994; Gunz et al., 1993; Heddle et al., 1983; Higashikuni et al., 1994; IARC vol 17 (1978), vol 24
(1980) and vol 29 (1982); Mirsalis et al., 1993; Miyamae et al., 1994; Morrison et al., 1994; Suzuki et al., 1994; Tates
et al., 1989; The collaborative study Group, 1986; Uno et al., 1994; Williams et al., 1989; Yoshikawa, 1995.
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Summary

Benzo[a]pyrene (B[a]P) and 1-nitropyrene (1-NP) concentrations in leaves of a woody plant
(azalea, Rhododendron oomurasaki) growing under various road traffic conditions, and the mutagenicity
of ethyl acetate extracts from leaves, were determined (Salmonella typhimurium YG 1020, YG 1021 and
YG 1024 without S9). The leaves of azaleas planted by the edge of an arterial road with heavy traffic
retained significantly more mutagens, including B[a]P and 1-NP, than those planted in the center of a
park, surrounded by trees in an urban area, and in the suburbs. The mutagen concentration in the leaves
steeply decreased with distance from the arterial road, and that in a garden or a square 350 m away
reached the level in trees in the suburbs. The mutagen concentration in the azalea leaves shielded from
the road by bushes (Chinese juniper, Juniperus chinensis var. kaizuka) was about half that in azaleas
planted on the border of the road. These results indicate that planting roadside trees effectively reduces
the exposure levels of pedestrians to mutagenic compounds and also prevents the spread of air pollution

caused by heavy traffic mutagen emissions.

Keywords :  plant leaves, benzo[a]pyrene, 1-nitropyrene, mutagen, car exhaust

Introduction

Ambient air contains mutagenic compounds such
as polycyclic aromatic hydrocarbons (PAHs) and
their nitro derivatives derived from combustion
emission (Pitts et al., 1977; Wang et al., 1980;
Tokiwa et al., 1983; Nakagawa et al., 1983; Morita
et al., 1983). They may be an important factor in
human lung cancer, especially in urban areas
(Wynder and Hoffmann, 1965; Menck et al., 1974;
Walker et al., 1982). Since vehicle exhaust appears
to be one of the major generators of carcinogenic
and mutagenic PAH in urban area, the ambient air
near arterial roads with heavy traffic might be highly
polluted with mutagenic PAH. Accordingly, in
estimating the risk of exposure to mutagens for
inhabitants, it is necessary to monitor air pollution
in detail with mutagens in populated areas.

Mutagenic compounds in the air are generally
determined as particulate matter collected by high-
or low-volume air samplers. However, this takes

© BAREARFEY2

much time and care, and it is very difficult to collect
samples at many points at the same time.

On the other hand, vegetation absorbs atmospher-
ic PAHs and chlorinated hydrocarbons by spraying
or deposition on leaves with subsequent partition
into cuticles or by entering stomata (Thomas et al.,
1984, 1985; Edwards, 1986; Paterson et al., 1990).
We showed that extracts from leaves of woody
plants growing by the roadside exhibit mutagenicity,
indicating that roadside trees retain mutagenic nit-
roarenes from automobile exhaust (Suzuki et al.,
1992). Additionally, the concentration of non-
volatile PAH in leaves is approximately proportional
to that in suspended particulate matter in the atmo-
sphere (Nakajima et al., 1995). Accordingly, it
should be possible to monitor the extent or the
spread of air pollution with mutagens derived from
car exhaust, by determining the concentration of
mutagenic compounds in plant leaves.

This paper describes the distribution of 1-
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nitropyrene (1-NP), benzo[a]pyrene (B[a]P) and
mutagenicity toward Salmonella typhimurium YG
strains of ethyl acetate extract from azalea leaves
growing under various traffic conditions in Tokyo.

Materials and Methods
Chemicals

1-NP and B[a]P were purchased from Tokyo
Kasei Co., and sodium hydrosulfide from Katayama
Chemical Co. All other chemicals were of high
quality commercial grade.

Sampling of plant leaves

Leaves were collected 1m above the ground
surface from azaleas (Rhododendron oomurasaki)
growing at seven urban and three suburban sites
in Tokyo under various traffic conditions during
November 1990 (Fig. 1). These consisted of the
median strip (L7-MS) and the roadside (L7-RD) of
Loop 7, an arterial road that runs through the
Tokyo metropolitan area, at Koenji located about 10
km west of the center of Tokyo (traffic volume,
49,000 cars/12 hr in the daytime); two squares about
70m and 750 m away from Loop 7 (L7-81, L7-82,
respectively); a garden about 360m away from
Loop 7 (L7-GD); the roadside of Sotobori street at
Ichigaya (SB-RD) in the center of Tokyo (traffic
volume, 30,000 cars/12 hr in the daytime); the center
of Shinjuku Gyoen National Garden (SG-GD),
which is a public park located in the center of
Tokyo; the roadside of a mountain path in Takimoto
(M1-RD) located about 60 km west of the center of
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Fig. 1. Sampling locations of azalea leaves.
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Tokyo; the river bank in Mitake ravine (M2-RV),
which is a mountain resort, located a few km east of
Takimoto; and the roadside of Route 411 at Shin-
meibashi (M3-RD) located about 55 km west of the
center of Tokyo. Unless otherwise noted, all the
roadside azaleas were not shielded from roadway by
other trees.

Determination of mutagenic compounds in leaves

B[a]P and 1-NP in leaves and the mutagenicity of
the ethyl acetate extract from leaves were deter-
mined as described previously (Suzuki et al., 1992;
Nakajima et al., 1994, 1995). Fresh leaves (7.58)
were first ultrasonically extracted with ethyl acetate
(10ml/g) for 20min without washing and drying.
Leaves and other insoluble materials were removed
by decantation and filtration through a membrane
(PTFE, pore size 0.2 #m, Advantec Toyo Co.). The
filtrate was evaporated to about 20ml, to which 1g
of silica gel (Merck Kieselgel 60) was added, and
the suspension was evaporated to dryness under
reduced pressure below 45°C. The silica gel/extract
mixture was placed at the top of an aluminum
foil-covered silica gel-packed column (2cm i.d. X25
cm) and eluted with the following solvents.

To determine the B[a]P concentration and to
assay mutagenicity, the compounds on the silica gel
column were eluted with 250 m/ of benzene. The
eluate was concentrated under reduced pressure,
dried under a nitrogen stream, then dissolved in 1 m/
of methanol for HPLC or in dimethyl sulfoxide
(DMSO) for the mutation assay.

To determine the 1-NP concentration, the com-
pounds were eluted with 100 m/ of cyclohexane/ben-
zene (1/2, v/[v). The eluate was evaporated to a few
ml, placed in a small centrifuge tube and dried under
a nitrogen stream. Ethanol (0.5 m/) was added and
the eluate was dissolved by ultrasonication. Sodium
hydrosulfide (10%, 0.5ml) was added to the solu-
tion and 1-NP was reduced to l-aminopyrene (1-
AP) by refluxing for 90 min at 90°C (Tanabe et al.,
1986). After termination of the reaction, 2ml of
NaOH (0.15N) was added and 1-AP was extracted
three times with 1 m/ of benzene. The extracts were
combined, evaporated to dryness and dissolved in 1
m!/ of methanol for HPLC.

HPLC

The HPLC system was a Shimadzu LC-9A
equipped with a fluorescence detector (Shimadzu
RF-550). A 10m/ aliquot of the sample solution

- R =~ = — T ——

was injected on a MERCK Lichrospher 100 RP-18
column (4.0mm i.d. X250 mm). The solvent system
used to determine 1-NP and B[a]P levels was
acetonitrile/SOmM-pH 6.5 Tris-HCI buffer (65/35)
at a flow rate of 1 m//min. The eluate was monitored
by fluoroscopy for 1-NP and B[a]P with excitation
and emission at 281 and 427 nm, and at 376 and 405
nm, respectively.

Mutation assay

Mutagenicity was assayed according to the Ames’
method with preincubation of the test samples (0.1
ml of test materials in DMSO and 0.5m/ of 0.1 M
sodium phosphate buffer, pH 7.4) with the test
strain (0.1 m/ overnight cultured solution) for 20
min at 37°C (Maron and Ames, 1983). The test
strains were Salmonella typhimurium YG 1020
(TA98 containing pBR322-Ap*), YG 1021 (TA98
containing pYG216, a nitroreductase-overproduc-
ing strain) and YG 1024 (TA98 containing pYG
219, an O-acetyltransferase-overproducing strain)
without rat liver S9. Ampicillin (25 zg/m/) and
tetracycline (6.25 ug/m/) were added to the over-
night culture medium. Each sample was assayed in
triplicate.

Results and Discussion

The mutagenicity of the ethyl acetate extract and
the concentration of B[a]P and 1-NP in azalea
leaves growing under various traffic conditions are
shown in Fig. 2. The mutagenesis data show that
the extracts from leaves of azalea, especially collect-
ed in urban areas, were significantly more mutagenic
toward S. typhimurium YG 1021 and YG 1024
strains than YG 1020. YG 1021 and YG 1024 are
specifically sensitive to some nitroarenes in the
absence of S9, particularly to 1-NP and to dinitro-
pyrenes respectively (Watanabe et al., 1989, 1990;
Einistoet al., 1991). Accordingly, the results in Fig.
2(A) imply that the leaf extracts contained muta-
genic nitroarenes. However, these data did not
always correlate with the concentration of 1-NP, a
representative atmospheric nitroarene, in the leaves.
This suggested that the contribution of 1-NP to the
mutagenicity of the leaf extracts was not so large.

The leaves collected from the median strip of
Loop 7 which has the largest traffic volume, had the
highest concentrations of B[a]P and 1-NP and high
mutagenicity. The mutagenic contents of the leaves
by the roadside of Loop 7 was comparable to those
in the median strip. The leaves from the roadside of
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Fig. 2. Distribution of mutagenic compounds re-
tained in azalea leaves growing under various
traffic conditions. (A) Mutagenicity of ethyl
acetate extracts from azalea leaves assayed
using S. typhimurium in the absence of S9; ([[])
YG 1020, (7)) YG 1021, () YG 1024. (B)
B[a]P concentration in azalea leaves. (C) I-
NP concentration in azalea leaves. L7-MS, the
median strip of Loop 7; L7-RD, the side of
Loop 7; L7-S1, a square 70m distant from
Loop 7; L7-GD, a garden 360m distant from
Loop 7; L7-S2, a square 750m distant from
Loop 7; SB-RD, the side of Sotobori street;
SG-GD, Shinjuku Gyoen National Garden; M1-
RD, the side of a mountain path in Takimoto;
M2-RV, river bank at Mitake ravine (a moun-
tain resort); M3-RD, the side of Route 411 at
Shinmeibashi.

Sotobori street in the center of Tokyo had also
significantly high values, reflecting the traffic volume
at this site.

The leaves in suburban area tended to have low
values. Among the leaves collected in suburban
areas, however, those of the roadside of a mountain
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Fig. 3. The concentrations of mutagenic com-
pounds in roadside azaleas with and without
shielding by a bush (Chinese juniper) from the
roadway (see upper figure). 1-NP (open col-
umn), B[a]P (closed column), and mutagen-
icity to S. typhimurium YG 1024 (shaded col-
umn). Values represent the means*SD of data
for three samples.

path (M1-RD) were quite mutagenic towards YG
1024 strain and had a high concentration of 1-NP.
This may be because the sampling site was a slope.

The L7-S1, L7-GD and L7-S2 are azalea leaves
collected from sites various distances away from
Loop 7 to understand the extent of diffusion of
mutagenic compounds emitted from car exhaust in
heavy traffic. Loop 7 had the most traffic among the
sampling sites. The leaves in the square 70 m away
from the road (L7-S1) exhibited relatively high
values, particularly in mutagenicity, indicating that
some mutagenic compounds derived from car ex-
haust are transported to sites at least 70 m away.
However, in the garden 360 m away and the square
750 m away, the contents decreased to a level com-
parable with those in the suburban area. This sug-
gested that most of the B[a]P and nitroarenes
emitted from car exhaust were not transported far.

The leaves collected in Shinjuku Gyoen National
Garden (SG-GD) showed also low mutagenicity
and B[a]P and 1-NP concentrations, although the
garden is situated in the center of Tokyo and adja-
cent to an arterial road, the Koshu Road, with much
traffic. The garden is about 1km across (about 58
hectare in area) and has many trees and the sam-
pling site was about the center of the garden. Ac-
cordingly, the results suggested that the mutagenic
compounds derived from car exhaust were captured
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and removed by leaves of peripheral trees in the
garden. This seems to be because B[a]P and 1-NP
are non-volatile and are adsorbed to suspended par-
ticulate matter.

To understand the shielding effect of a roadside
tree on mutagenic compounds derived from car
exhaust, azalea leaves were collected from the neigh-
boring two stubs planted at the Koenji site of Loop
7 (in September 1991), one of which was planted
in the roadside abutting the roadway and the other
was shielded from the roadway by a roadside bush
(Chinese juniper, Juniperus chinensis var. kaizuka)
of about 2m height and 0.7m width. Fig. 3 shows
the mutagenicity of leaf extract and the concentra-
tions of B[a]P and 1-NP in the two azalea stubs.
The amounts of mutagenic compounds in the azalea
without shield were about half those of that
shielded. These results indicated that the leaves of
the Chinese juniper shielded a significant amount of
mutagenic compounds released from car exhaust.
This seemed to be owing to the highly dense leaves
of the Chinese juniper which is an acicular tree.
This shielding effect of roadside trees against muta-
genic compounds must play a very important role in
reducing the exposure level of pedestrians.

These experimental results demonstrated that the
leaves of roadside trees are highly polluted with
mutagenic compounds derived from car exhaust.
We also found that roadside trees effectively shield
mutagenic compounds. Planting roadside trees
seems to be very effective for reducing the exposure
levels of pedestrians to mutagenic compounds and to
prevent the spread of air pollution with mutagenic
compounds. However, further studies are required
to define the shielding efficacy of various plants.
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An in vivo micronucleus test using colonic epithelial cells of mice
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Summary

An in vivo micronucleus assay system was developed using mouse colonic epithelial cells.

The epithelial cells of colon, isolated by EDTA treatment, were fixed in methanol containing 0.5%
acetic acid and dropped onto slides. Micronuclei were easily recognized with acridine orange staining.

Dose-dependent induction of micronuclei was observed in the colonic epithelial cells of mice treated
with a single intraperitoneal injection of 1,2-dimethylhydrazine or mitomycin C. Thus, the colonic
micronucleus assay can detect colon mutagens/carcinogens.

Keywords : micronucleus, colon, epithelial cells, 1,2-dimethylhydrazine, mitomycin C
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15 3TE RSN R LA DOEATH B 7
N7+ (B8 RicBHonsiEiacdy, Ml
FRENGEL K HE SN TV A (Cameron, 1971),
1, B b5, KGR ERMEEHROEOEH
THIMATH 5.

Kig o LR ffazFIH 3 2 2RI, B
BlEsmRE A WD 7o oA B2 (Tokumitsu, 1976)
DIEH, kG EsAZIHE (Blakey, 1985; Couch
et al, 1987), HMBEATOKREE ORI E
(Wargovich et al., 1983) OHEMNH 5, KEFIC
SWVT, ffaNREEBRICRETLH0TH
5LDHESHDH S (Duncan et al., 1985).

Bxr3KBEEN L 2 EREMEOREZH
MI1E LT, B bR BEEa % W 7o etk
RERDEIF AR A T X/ (Ohyama et al., 1991,
1992, 1993). & 5T, FEHABRICH~NT, BE
DFBNMES T, K OB TEMEATRES /ML
ABREOBAR A RS 12, 40, BAZRFEYMET

© HABIBZRFY2

& % 1,2-dimethylhydrazine, & % \)(3 mitomycin
CE< vy 25 LIckER, 5 LR o Bk
&R\ B/MGABR DS FE R ATRE &HIMT L 7 0 THIY:
T 5.
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1. ERE

ICR (CD-1) =% %, iff (HXKZ Rz —
(¥K)) @ 8845 (6L B ZH iz, fiklid MF
() vy VEERFROBD, fkbKIZKEK %
W, ThZThHHRBERS 1,

2. EBYE

1,2-Dimethylhydrazine dihydrochloride [306-37—
6] (DMH) (385 bk T3 (K %%, mitomycin
C [50-07-7] (MMC) i iHfnFREFO® (=1 +
<4 v S, 2mg Ml ) RV
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3. ERPEORESLURE
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(pH 6.8) THRELLK, BEEN 7 2E (EE
4~5mm, EX 12~13cm) I[CER L7z, #5 2#
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B3 X 5ic L (Tokumitsu, 1976). BE %, 30°C
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<y T vk, fERREELIT - 7.
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H, air dry EAZERIL /2.
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Fig. 1. Micronuclei induced in the colon epithelial cells of mice. o ‘
(a): A micronucleus induced by DMH (30 mg/kg b.w.) 4 days after a single ip injection. (b): A micro-
nucleus induced by MMC (4 mg/kg b.w.) 3 days after a single ip injection.
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Fig. 2. Effect of a single dose of DMH, 3 days
after treatment, on the percentage of MN in the
epithelium (a) and the number of mitotic cells
per colonic crypt (b).

Vertical bars, S.D. *p<0.05, **p<0.01
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/INGHERSERE 13 ¥y 5.0 3 H, 4 Higdkic, 0~30
mglkg THEIKIFIEAREY &7 (Figs. 2, 3).

cells / crypt

DMH (4 day)
=
=
L 1 )
13 5
o
= +
T I &
L T e
e gl 1 4 =
N 1 o
F =
—— — . a—— 0
0 10 20 30 40
Dose (mg/kg)
Fig. 3. Effect of a single dose of DMH, 4 days

after treatment, on the percentage of MN in the
epithelium (a) and the number of mitotic cells

per colonic crypt (b).
Vertical bars, S.D. *p<0.05, **p<0.01
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Fig. 4. Effect of a single dose of MMC, 3 days

after treatment, on the percentage of MN in the
epithelium (a) and the number of mitotic cells
per colonic crypt (b).

Vertical bars, S.D. *p<0.05, **p<0.01
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H5 3 A%iCid 20, 30mg/kg 58, 4 HiR
ICIdE 51T 40mglkg H5BES, HEHCH L TH
FioEWEE R L, L L, 40mgkg Be5E D
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Summary

A close association of smoking-associated lung cancer incidence with the Msp I and Ile-Val
polymorphisms of CYPIAI gene was found in a Japanese population in terms of genotype frequency
comparison and cigarette dose response. A synergistic increase in susceptibility to lung cancer was
observed when the susceptible genotypes of CYPIAI were combined with a deficient GSTMI genotype.
Individual difference in expression levels of Ahr and Arnt mRNAs was observed, and the expression
levels of CYP1A1 appeared to associate with those of transcriptional factors. The Ahr protein has two
different structures, ascribed to one amino acid replacement at codon 554 of Arg by Lys. However, this
germ line polymorphism did not show a significant association with AHH inducibility nor lung cancer
incidence. The p53 gene alterations in lung cancer tissues were more frequently observed among the
patients with a susceptible allele of CYPIAI gene.

Keywords :

1. [FC&HIC

(LEFREYE D 1 Phase T DY AR
TdH 5 P450 1< & B7EHALIIG S Phase II O X &
SRR IC L ARE LRSI X D kS
TBY, TOREM T v 2D RIERSZHEDMEAZE
WEBERLREAZZL LTV EEHIh TV
(Ernster et al., 1991). P450 (3808 T LK #%E
LEEAL, 450nm ITRIUERA %R —EED A~ A
gy RIBORITH D, £ O FREVERE
L, AskttofbmBEoR#7Z g tad, WKk
DRF oA FHvEyPHHEREEDEE SR
VB 0L, R#HcBS5 LTV 3 (Omura
etal, 1993), t +®DP450 Ic>WVWTRBAEZTO

© HABRBEZRFEL

CYPI1Al, genetic polymorphism, lung cancer, cancer susceptibility, p53 mutations

LZABEDT7 7 3 ) —HBREEENTWVWAEHC
n5D5 BT CYPIA, CYP2, CYP3 K& ICET %
FEED P450 N TRED & & & F LFEREME O
EHALRBEICEE L TVWA T EMHIOh TV B
(Kawajiri et al., 1991).

I bRV IS L E R EEZ DN AR E D
EAD) 27 BRE L THEDS D 555, HKiLD
DFEEFRISTHAORER, MERIECBV TS
NAERIZEEFN TV R REME LM 8%
DB EAZE & BUER & O BESER OFER &
LTRE~ND) R DPHESNTVEHDEEZ
SNTWVWA, o Nafrhici3s £ S BREYE
BEEFNTBOEEILICBEE % P450 b RS
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Fig. 1. Shematic representation of benzo(a)pyrene metabolism.

3. TCZTRIEREESHT-TLEAEERRIL
k#E (RvvELVIEE) OfFH LS LTV
3 CYPIAL Zthih & L THUE L O EEH OH
&0 AN OBREIEZH AR/ oV, Fig. 1
ik y Ve L yRE oM T ORI E/R L T
b5,

2. EPRHBEORETFEIELMERIM
(a) CYPIAI RIEFER &M
FHHEBER(IKFERE L KOHEBTOI TS

REVIACERBYHETH D ¥ xafERhICET N

TWVWBERYVE L vy ZEELESEEMEO—D

TH%. CYPIAl Bt F 23 HEL ORI

HBAELTHED, E MITBWTII extrahepatic IZF

BHLTWwWA., b O TRBELTWS CYPIAL

vy Er yRgticswTERPREEMETSH

%2178Vt FoFy—78YkFoxvyyELY

» 5 genotoxic EAHADEBRICEE LTV

(Shimada et al., 1992). t b CYPIAl #f=f137

Boxrs v vyos51207 3/ Bh oI T
% (Jaiswal et al., 1985; Kawajiri et al., 1886). D
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BZTO poly A N 7+ L& 0K 250 EHT
WIZT 5 CNOERELENH Y (Hayashi et
al., 1991) = DFER, HIPREEFRE Msp 1 TOE RIS
B4 3. 1z, P450 D~ LDENIT B DITHEL
Cys DK EBEICT I /BB A v oq v (lle)
58 v (Val) ICEBRT 2ERMHEEL, O
T o DR LB S IC 5 { associate L TV B
(Hayashi et al., 1991). Th 5DERICHES {#ix
FRIIPCR A S T EICKVARBICREETE
3.
fwEEMIcB T 5 CYPIAL Bz TR O
LR EhOBLE RO ELE L. (Ka-
wajiri et al., 1990, 1993). —f{ER I+ — + DF
2500 2 D% E O [k & © Higf L 72 DNA X
D EVEBISE AT 375 4D DNA 125V TRIET
BIOYREFT, Msp I £2RITO AR (ml/ml),
B % (m1/m2), C & (m2/m2) D/ i%EF~ 1L T
AZNEN 166, 169,40 ZTH -1z, Thhoit
BEhi ml, m2 OBETFHERZENLEN 0.67,
0.33 T& » Hardy-Weinberg Ol %7z L TW
5. (4, ml |3 Msp Isite 2 b 7273\ allele TH D,

m2 |3 site DIFET 5 allele TdH 5. [EBEIC Tle—
Val ZENC >V T ORI LI & & A 358 &, Tlef
Tle #9233 4, Ile[Val B 108 %4, VallVal B 17 %4 T
0, lleVal ROBIZFHERIZNZTH 0.80,
0.20 T - 7= (Hayashi et al., 1992). fHETO
DaEREAC L TRERES LB 2 8z FRO
AMazFETE A CRY, VallVal BhshigE (327
£) TOAEBRICEHOAHERLTOVS T & A
ootz Fio, FiETRZ MR XD
B4 - ORIBEBIRMS R 2 EEZEL 5N TVEDT
HGRIRIC X B CYPIAL ORI TR % MGt
Lick TABMEL R GBET 2 F LEEIC B W
TERZE OB PRI/ EERO N
I AREV T EARE N,

(b) CYPIAI, GSTMI BIEEFEROEAEHLE
12 & 2 RSt

CYPIAl K& DALY Y EL YOIEH
Rkl Mu B 7Ly F4 v SEBBE
(GSTMI1) iIc kb ZzD—BIEFI NS, 0
BEFCOKIE BR) CL32BMBEEL, il
H D allele H/RIBL TV B b + OEEFRIEMEIEIE
FICHFHW I EbHISNTWS (Seidegard et al.,
1988). PCR % & b\ T DOBIEFRLHIE DFER,
BEHICBOVTRDELSTE—-HRIEER
GSTM 1 &1z %> GSTMI1(+) Dk + i3
53.4%, GSTMI(—) |2 46.6% T& - 71-. —H, Hii
FERIATIE GSTMI(—) 13 55.6%, R LK#ET
13 65.7% % 5%, &bIREEOBKZ TS
ERENRB I EMRES NI

CYP1A1 & GSTM1 O fREHKIE 3N T 1
i L BENIETH 2D T D DBIETFDER
EHABDETHRE~DY 27 25T L1 (Fig
2). BREHICB TS GSTMI £RIONTHIRAEIR
CYPIAl DBIETFRBITATHIRIFFELWVWI &
BIRENIZDTID_2DHELEFOLH 5L
WM L7cBRTH 5. Lo LIEH S BUER KD
Kreyberg I B, fFric W ELRBEiIcB LTI}
CYPIAl ® CHY, VallVal B2 5\ T3 GSTM1
FRONMRESKECEH LTV B T EHS
ML st $HbL, GSTMI(—) DFH (+)
KNS ELLEbZOAHER L. BREETE

-

22% Lipd S50\ VallVal T GSTMI(—) D
T RUIRT LT3 10.6% % L tc. Ilellle
T GSTMI(+) e~ vallval © GSTMI(—) ®
HAGOLEOEETHEERE > PIHKTHEE
Ay ARTEVWHRE) 27265 EBHS DI
ot flAGDLEICLSE ) X7 DBEMEZENE
NOBEEFREMICE T 2854 K D & synergistic
KEHLTWAZ RO ATHY, Tho o
D B HIFEGE RN 3 etiological IZBHE L & -
TW3 T &%/RM L TW5 (Hayashiet al., 1992).
Val B1D CYPIAL DM Hle BRI L b im0 R v
L UiEH LR RO LA EET 5 & (Kawa-
jiri et al., 1993), synergistic 73 1) 2 7 O,
FEYERH OTEMAL L RBLD /N T v 2 DEEH
KT YNS YR TH BT EICERT 52 & x2RE
LTW3,

(© EERF A BEFEROMERIZHEA
DERE

Fig. 1 [T/R Lok icfilaNic~xy vy EL vig
EOHFBBRRALKZENED TN 5 EMEIC
hsp90 & fEG L THAEL TW A aryl hydrocarbon
receptor (Ahr) IZY) &Y KOFEST 5. ZDRRIC
hsp90 (3 Ahr K D fEBEL, U A v FAEEE L
Ahr 3T 1TL, aryl hydrocarbon receptor
nuclear translocator (Arnt) &EFEENSKT &
heterodimer % J2i% L CYPIA1 iz ® XRE
15 (Xenobiotic Responsive Element) 2§54 L T
CYPIA1 OFENKE IG5 5LELOLNT
W% (Swanson et al., 1993). #-T, & L#EHK
T Ahr OFBHBOBEARB TREZ R ESH - 120,
) A Y K& D affinity BRI S K H 7 Ahr A5k b
EHPICBETFERE LTHEELTVWA R LIEE
B RstEicBA5 4 2 BIcERTH 5. B
B L 72 £ b Ahr, Arnt3B{z T OBEEHIC £ D RT-
PCR % F|H L T mRNA OHIBENAH, K"UOH
BHEOMEAZE %M L1 (Hayashi et al., 1994).
Ahr, Arnt (3fifi, B FPREL Mgk 7s &bk 4 1oARR
TRELTED, FrcliclEch 7. 1,
FHEBOFAZEZRS 201, B AORMIM K
) RNA % Hi# L GAPDH % internal control &
LcH#g L& T A, Ahr, Amnt 3TXTODE b
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OXRMMTHREL TB K5 EORRBOMEAZE
HHE 5N 7z, Ahr, Amt, XU CYP1A1 & OXELR
DOREEYEIE Ahr & Amt & O TR bM<, HA
IT heterodimer & L TH§RET 2 H LRI 526D
tEZ oS, i, BMERTORIABOZVE
I3 ECYPIAl ORBRBROL W &, BAEIC L
» Ahr, Amnt ORBIBSEEEZ TS5 LB
M - 1. LI EOER I3 E RN T Ahr, Arnt O
HBROIMERZHED Y 2 7 BRE LTS LT
WAHZEERELTVS,

—}, TCDD XV EL V/IEEIIRELPT
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WHHE (C5TBL 75 &) < % 2D Ahr [3I5% LI
CWHRHE (DBA 7 E) O AhriclhRTT 3 /B
D43 FRDIE L, & 51T 375 EREH D Val 5 Ala
KEBRENTVS, IS OHEN Y A v Kokt
T 2% S CYP1A] OFERER & ic B
#H5EZTVwW3EEZOLNTWVWS (Ema et al,
1994), Z L7kt b+ Ahr cDNA W TORE
¥ vy & TCDD & O affinity 1265 W\ T b [EIRES
ERMARIATVS, HEINTVWSE P Ahr @
7 3/ BRI K3 DBA &[ElHEiC 848 TH b 375
FEEEHO Val I3 3 381 EREEHO 7 3 /B

Val Th 5. % I TPCR-SSCP iE4: W T D4F
BOBETERIEZRG LR, Dt bAA
ADEFFICIE =Y X DR THE S W5
TOEBRBEAELBVI ENHES LIS 5 1
(Kawajiri et al., 1995).

PCR-SSCP TODZEHI D4 coding region 1238
AT OFER, #7554 BRI H D Arg 45 Lys 18
L TOWBRERIMAR VSIS NA, @EE DNA -
brary 2V CTBIZFRONHEFH <1z E 2 A
Arg/Arg, Arg/Lys, Lys/Lys B3z L2 34, 46,
20% % L ¥, Hardy-Weinberg DR %1 L ¢
W3, L LA 5HK 320 Lol EEO#ET
RIORHEF NI E ARG B 3/
HLOMTRONG 572, £, CYPIAI O
PR E BEBIRTH B T ENHS IS 5 12,
ZhoDFERIE Ahr O TR & AHH (G D
FEAEL ORI BB RV En S bES T
Shi. #->T, b+ Al FicBVTRY 4
¥ F & affinity [ISEEE 5 2 % &5 BE TR
ZRIFIEVDDEEZEZ SN B,

3. RERLBEFROBEERND AR

i

(@) REFXTONERLREFREDMR

&N BRI E F N D RIEYE O RBHEREAL
ICBAfRT %5 CYPIAL D & 3 4558 OB = T-5I hsfifi
BRECEVEZNERTEVS 2 Ens, #iE
FRUC X O ERIE E COBRERICENH 3 2 &
BEZOND, TOAEHSHICT B0, B
1 & ORFBAR A b o O itk LR o B
DOVTRIZ TR & A EEEAY & ORIR AT~/
(Nakachi et al., 1991, 1993). = D#EHR, 85 %D H
EHD CYPIAI D Msp 1 £RIDBEIE TR A K 33
%, BRIBY, CHI9ZLTHY, BEFRE
DRAEFEMITIZTE L - i bbb 59T
AR I T T 44,41, 32 TATH - 1.
TROSL, BEHOEV C R bBEIC
DIRVEYERTRIEL TH Y, BEDL b BE
BODROWHIzy 7 b LTV, R &R
lleVal R T obBEI NI DEofER IR
CYPIAl THR# S ha <V VL v ORBEY
DEM, BUMESBETRICL-THE LA

L

AL TWVWS,

RIT CYPIAI & GSTM1 O —> OB{EFD LR
EAlA GO E THLER & OBIRARIT L. 20
R, ARIT GSTMI(+) DBEZTROEE (12
%, VEFER 65 F) 1248 FATRBLTWAD
XL, CRITGSTMI(—) oA (124, F
HER 67 F) 32 AATH -7, hoDBIET
MO AGbE & BER & ORIRIZ B ELD 43
TREWIZTL TS, S H7 grading, +HbLR
FERRZ M OB TRIOMA A DEIE LD VB
HERTRIELTBL, EUHREROBENICH
ESNIRB NS v 2 BUE L OME(ER RIS
BEMOMAZERD TV LIEELKRTTH S C
EERLTWVWA.

(b) BEFREREROEEERN S H1-fhE
Uyzy

BIZFRIC & B~ O ER % E RIS
flid27bichr—2 « 3y b o— VFEATFOE
R ER LTI L. +Rb bR RS
BEI1ZIO%, M- FlE2 B @EEL:
R L 722500 D a4+ — F EFM & 0 EA T 170
LOMBRZEE L, TR O AR
ZHE L7 SBEETIRYMRD T & 155 5 BIZT
BUNC K 2 BER D 21375 S EBE R 13 22
AERTH -t %1, BIEZFHS %3 Hardy-
Weinberg D il % i 72 L T3 0 EFBLEFHIC
bXRBELBEYICREShTVWE T EARLTL
5. CHORIEE TOFYEERERTH 3 32
NAZEEROXYI0EE L, ZhlIFHLUN
LOBELRVTDY) 27 %4y THTRD T,
RNEARUTORERICE ;2 AR T GSTM]
() DANDHKE) 27 2 HHEICT 2L CHIT
GSTMI(—) LWV HBEETFHOMAGHLE 2>
AR 1626 DEWY) 27 2R LI bBb 57,
EVBYEL NV TIR 225 TH - 12, [FAkEEER
5 Ile—Val %% & GSTMI 2R & DA S H ¥
KBV THHO M -1, ThOHDERLD
CYPIAI *° GSTMI1 DB TR & 2 filifE 0 s
HREVEERTHEETHD, ~E—28—H—
KBV TRBEEMNERIDECLY, L LAEE
BRE L TOBEDE B TIN5 T &R
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interaction in terms of genetic polymorphism of
drug-metabolizing enzymes and cigarette dose.
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relations by the genotypes obtained by a
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hi. BETREEER - OMHBFEHIIOVT
13 Fig. 3 icpicR L7,

4. EMEL p53 RIGFDRAKR

b OffEIcBVT b EORE, EREICEED
MG T OARERAL, T OEELs L
Tk b EHPSHICENTV S, BRI
FoREMLE LTIEZ7 oE Y —4 3p, 13q (RB
BIZT), 17p (053 BIT) DRKPRREFED,
BT & LT} Ki-Ras, c-myc BIZ T EDR
RERDRERBESHONTVS, DX 1EfH
5O BN IE T O T ps3 BIn TR 3R b S
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EicBoh 3Bz FEoVE->THY, RWEL
R fiE T 509, WA T 30% FEEOBETHES L
T\ 3 (Takahashi et al., 1989). p53 i#ifx+ (3
FE I B4 2L T ORE A AT 2 EER T
LLcashTsy, pS3 i TREOMECE
i3 % EEE (3 fth O 5 T & o il O Mk
W IE# 75 p53 ANA B SAIfADHEN IS 2 51
BT EEDBREINTV A,

BIfEE TO L T ABYERROMERED £ 7 =
ZARUTFOES>THB. EHTEX Midics
T committed stem cell (35, 5% L TIEH
REEY RO R AR L T\ 5, D
DORYVEL YD LD A BREREIEICS
5aNB T &Ik 0EIMHEE T I RARERENS S
X NBBEATEMALDE L 3. T &S BRI
BEFEDE 24 LB 70— /EEEBTD
L, 5% DBEFICERPERINDG LD
215 5. 7SR, HIMREICERRE 2R Lk
BheE b - B EK T 2 b0 EEX SN S,
L LA s, i~ DBIErERZH & BRI
FOLREDOMFBICO VT RREAHDENE
V. B% 5L CYPIAL % GSTMI £HRI15 & DFEFE
O initiation |2 53 5 BIEMIFEKR @ P AEC
LGB FOEREROFASAE B E S A
TVWAARELH B EELONS, BlEETOL
5, pS3 BIZTFOERIMBEORERELEZ
5N TV 5 dysplasia DERBET HEIEINTH D,
R oo A U 2 #in FE(kD— &b
N3 (Sozzietal., 1992). %7z, FiifEiCES % p53
BETFE(LAEERER & FoMEBMBRONS
L xhTH D (Suzuki et al, 1992), G: T
transversion % DZ RS ESAEIC R S 1 5 D03 FF
MTHs, hoDERIERONYVE LY
b3 p53 MBI FIVER T A RFEMETH 5 T LR
mwLTWS, f6-T, FMifEHERD p53 BIZTOR
RIS DO FHE AR 1T CYPIAL X GSTM1 £RIg &
DBIZHFEEDGBLEL TV AL E I DEFHNS T
3, ORI AR T 5 FTERELED
5 (Kawajiri et al., 1996).

(a) p53 BEFRRLDE
BTt I Rt R 187 & (P LB 75

|

Table 1. Mutations of the p53 gene related to
smoking dose

p53 gene
Smoking status (OR)
Normal Mutated
Never smokers 27 7 (1.0)
Smokers* 92 56 (2.35)
B.1.=500 8 2 (0.96)
500< B.1. <1000 52 23 CL70)
B.1.=1000 32 31 (3.74)°

s Current or ex-smokers.
b p<0.01; 95%CI, 1.46-9.56.

%, W5 112 %) OffifEfHER T D p53 Bin FAR
% SSCP (single-strand conformational polymor-
phism) #ETS9z/ v ViEERs ) —=v
Ltz T A, 3HOEBRETERMEES NI
Table 1 |3 p53 5 L BUE & DORAFRE/RL TV 5.
BAREE (SIEBEE I TR\ p53 RS
SNEDEETRED>1-0DT, WAESEEER
THBL T L., ZofR, BREREE R
BMERICIKIEL, ~E—2RE—H— 3IEEUEEIC
3T EEVEIS TERR pS3 BT %2F->T
W3 ENHESLITH - (P<0.01; 95%CI,
1.46-9.56). it > T, fikEIc B % p53 #IETFZEA(L
BEMERICIKEE T 5 C LM S Nz,

b) pS3 RIEFERLEVRBRRZOREFS
& DRI

CYPIAI 2RI ifERSZ M & OREFR 1E 3 1< BLE
HkoMEIcHEHETH 12D T, BEREDS 5
148 ZDHEHIT DWW T pS3 DRIRE R & HyHRH
MRBIZTOLR L ORLEM AT L& T AZ
FRD p53 B TAFO>HEEIL 56 4T 38% % L
Wiz, Msp 1 ZRIOME KV p53 DEFN AR
HBTHBE A B CHRITZNZN 28, 38, 64% %
L®, BFRIck-THERICEKL-TVWAETE
BHOHITE 7, THbE, Bz FRO CR%
RO NRZERA D ps3 BIZF A SHERMA » X
HoHasfEAMOBETRHEG DALY bE
W I EARE N, AR SRS R IR 5
Hle-Val ZRlic B VW T bBE I N/ THBDE
CYPI1AI O fiig Bz R 0B 7RIE & & VIR
BE THUEE O ARk D p53 MBI T HERZ R

Table 2. Aberrations of the p53 gene in combined
genotyping of the CYPIAI and the GSTMI

polymorphisms
Combined genotypes p53
(OR)
CYPIAl GSTMI Normal Mutated
I) Mspl polymorphism
A (=) 21 5192 10
(—) 20 11 (35.5) 2.31
B (+) 17 14 (37.8) 3.46°
(—) 20 12 (37.5) 2.52
(& (+) 3 3 (50.0) 4.20
(=) 5 11 (68.8) 9.24°
IT) Ile—Val polymorphism
Ile|Ile (+) 28 12 (30.0) 1.0
(—) 29 19 (39.6) 1.53
Ile|Val (+) 18 8 (30.8) 1.04
(—-) 14 8 (36.4) 1.33
VallVal  (+) 1 2 (66.7) 4.67
(—) 2 7(77.8) 817

Numbers in parentheses, percentage.
P<0.05; 95%CI, 1.07-11.21.

P <0.005; 95%CI, 2.38-35.93.
P<0.01; 95%CI, 1.74-38.47.

a 6o o ®»

LTV,

RIT p53 BT DER %A CYPIAL £ GSTMI %
MOMAEDLDEOHSL OB L TA B LRI
JBZHRID A BIT GSTMI(+) Tl 19% (5/26)
X Uizt D C BT GSTMI (—) DA S
bEDADESIR 69% (11/16) TH 1. Th%
Ay AHTHODLT EHIEDOENHD LI
5. [EBEISHER DS Tle-Val 2RI E GSTMI DA S
bETHR SN (Table 2), 4Hb B, CYPIAI
THE s Nt Rk T D p53 Bz FO#EFH
T & DERREFIE PR HEFROLR M50
5 EICLDERDOFEDEMEIEBS i,
PCR-SSCP £ D EEFE R AR T 5 & [EF I
AR DOBIEFRIC K OV ERRERD /Ny — /IE
b B E D MEFHNEHPITpS3 DX TN %
PCR direct sequencing THEZR L 7-. % DFEHE,
transversion %Y (3 5796, transition %4|% 43% Tdh v
transversion 0 O H T & G h 5T~ D& R s
major (23%) TH v, METAH SN TV K.
SOE#MMsHER SN, COEREBETRICE
WAL CAREBERERR OO - 12,
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5. BhYIC

D% < (3ME L EHCBE L T Y 4N
frhicEEhTVWAEN YV EL Y AERIEO—
SThBEELLONTVES, v/ EL VERH
W iEMEAL, ### LT B CYPIAL, GSTMI Dififx
TERIA G L L TR & B R O
kg, KROEMER E OBIFROBSR LS NITL
7z, F 1, ALFRIE O initiation BS54 5 BIEH]
#NTH 2 RAMEOLRI O A L v kT
O p53 BIZFORRER L OBIRERET L2 L C
ARG OB TR AR S BE R LSV
B TAERMSEE S N, BIEHEEZECBES
4 3 CYPIAl i & T A RMMEOBIZTE
R HS Rt AR R - D R RO RS I
5% % &0 Tk OTFEER IMFEFRED £ 7
= X AHSEIEH Sy 2 75 Y FTRIZBE VDA
BetE AR T 3 & & bIc Tk & OREEM: A FEIC
Bt s toEERERL TV EEDN S,

51 A X
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Phytoestrogens and cancer prevention
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Summary

Occurrence of hormone-related cancers are also influenced by the exogeneous hormones. Phyto-
estrogens are groups of chemicals which originate from plant and more than 50 substances are extracted
and confirmed their estrogen like activities. Correlation analyses between standardized mortality ratio
by prefecture and various food consumption by prefecture in Japan revealed that the colon, breast and
ovary cancer was inversely related with consumption of tofu (soy bean card) and tofu products
(Watanabe and Koessel, 1993). Analyses of urinary, feces and serum phytoestrogens were performed
with the nutritional survey in Nagano prefecture. Total amount of phytoestrogens excreted in the 24 hr
urine was 3.7 umole equol, 1.1 zmole O-desmethylangolensin, 1.6 zmole enterolactone. Daizdein and
genistein were 11 and 6nmole, respectively. Serum concentration of daizein and genistein showed a
good correlation with urinary excretion. Tofu and natto (typical soybean products) intake attributed to
the amount of isoflavonoid. Concentration of isoflavonoids among Japanese were 8 times higher than
those of Finnish men, and these difference may explain the different cancer incidence between two

countries.

Keywords : diet and cancer, phytoestrogens, isoflavonoid, lignan, epidemiology
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R BEEOBIH L W ARH A DfEkRMEAD
BOVEWS T EREL OBFHTAO—HTHEC
B TH > 1chs, Shekell 5 (1981) iZ & BN A T
BIRNRAE RS 2ICL > TR—F HoF U
THiHRE GO L AL E N, BAFHHEWS &
BOL S GETH - 1B 5, R AMGEE
LB LIk > THBHICHATHATE 538
BBRATE1hoTH S, BIENATHORIRE
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HDH 2600 LI EDH B0, Dz Ld
Z DN 10 FEARFMRICEE > TW A, BAER]
KB > KEDOFHF A+ —7—F 7o s 540
X O RSP DA TR D H 5 & DO
RHRHEICED oh, =v =7, HE, HEHE
)RR YR OFRORE, KEPBRMESD
FRcE~ont, B, RPAFHIEHOH % b
DEKBTHE, hoF U HH FURVE FY
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i+ 5 % (Huan et al., 1994). % IZKBEHA OHY
HEAPHEL TV S IR ERERMOE
HENZWIEERERAPIHSA, IRENADI
CERBEVWT EEFKEL, KIH O genistein P
daidzein @ X 5 73 isoflavonoid 7375 A fIH%h %
boOEEZBICH - . KRXIEFEORER
e EHITT- BRMBHURK & & phyto-
estrogen DI, FRiy, FEFEROEE ISV TH
&L, REREIc>LTEEL.

bl &
EREHEREEHAEDO—BRE LT, KBEBAD
S 0 13 B rhEr iR, EHRERT, AR
i, BEMREITE N O 30 R OERE T v
7 aRY, 2ftEoXBRAAEB Lo B
HIFA L 3 ORI X » HABRN THEEE
A LEBELSIHBICEOEE L. ARdH
AESEERSYER 5] Kk 1624 MBS
i, REREZHE L. ZEBRMBITICEL TRE
Bot-BREZEML-ERICK S XD IEFL
OIEHICE k. sitEA v —1d2HH, %
RIHBCEHE 2R OREEIRE TD 24
B ZEIRZIT - 7008, FBRA bvicide sy 3 v
Clg EPFBAIELT 1% 74 F%& 1ml 1A
fz. it O BHIIIRERST 2BICYHBIOKR
EHEIL, HB L, ERIERNER, £
K54 74 2THEEL .. BRZEIC 20ml OIf
WATREL L, —RE b ERAr & & bl phyto-
estrogen JlI5E (Zfit L 72, phytoestrogen (< & A X
sbhaA MY —FIcXDALYy v FRFETRAEL
7z (Adlercreutz et al., 1994). #&FE 7 — & fighrid
SPSS 7a /S5 LNy r—YVAHWTEB I -1,

& £

AREANOBNE ESME, FomizL 11
R AS, Bkt 80% Ll EoZmETH - K
(Table 1). 24 B§fi]JR D phytoestrogen (3 iso-
flavonoid & L T daidzein, genistein, equol, O-
desmethyl angolensin (O-DMA) @ 4 f&, lignan &
L T enterolactone, enterodiol, matairesinol % jfll%E
L 7z (Table 2). FROPEREE ZHEARBMED D equol
A& %< 3.7umole TH - 7z, lignan Tl
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Table 1. Number of the participants and age distri-

bution.
Participation
rates (%) Ags n

Komoro 27 90.0 2029 5
Ueda 26 86.7 30-39 23
Ina 26 86.7 4049 17
Nakano 25 83.3 50-59 18
6069 28

Total 104
o 70-79 10
Total 100

Table 2. Excreted amount of phytoestrogens in the
24 hr urine.

AveragetSD Min~max

Isoflavonoids (nmole)

Daidzein 11.52+9.08 0.45~47.13
Genistein 5.88+5.51 0.15~38.39
Equol 3748.98+5145.04 0.0 ~25124.01
O-DMA 1091.151+1384.01 0.0 ~7364.30

Lignans (nmole)
Enterolacton  1639.15+3380.55 0.0 ~28021.61
Enterodiol 240.80+381.76 0.0 ~3114.57
matairesinol 60.5149.96 7.65~367.10

Table 3. Principal components analysis of phyto-

estrogens.

Factor 1 Factor 2 Factor 3
Daidzein .89712 —.38934 —.03449
Genistein .82297 —.37221 —.29337
Equol 31317 .60465 —.33048
O-DMA .49028 .01865 .57037
Enterolacton .35166 .68177 .06014
Enterodiol 29123 70462 —.05839
Matairesinol 12943 .09375 71155

Initial statistics in principal component analysis
showed that cumulative percent of daidzein, equol and
enterodiol was 67.2%.

enterolactone 7% < 5 1.7 umole T& - 1< (Fig.
1). 4 MBI OE L » bEABOZEOLBKEL,
Lotz eflz g b T lBo 1.

% phytoestrogen [8] D Bif% % ERA AT TH %
L, daidzein & genistein (F55 1 FBKSTIC, en-
terodiol & enterolactone, equol 1355 2 ERSTIC,
matairesinol & O-DMA i3 3 FR A I -
(Table 3). TRt E, BRSO
DOB%E%E A % & daidzein (3G, ME, KA

Urinary Phytoestrogens per Day
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Fig. 1. Urinary excretion of phytoestrogens per day. Each column represents daidzein, enterolacton,
enterodiol, equol, genistein, matairesinol, and o-desmethylangolensin from the left to right. Samples are
101 males and 58 female spouses. SPSS box-plot graph.

Table 4. Regression analyses for food items which Table 5. Relationship between urinary phytoestro-
related to the urinary phytoestrogen. gens and serum phytoestrogens.
R spuare P Urine\serum Free-sulph Glucuronide
Daidzein: .33779  bean curd .0023 Daidzein .6812%* 73614
fermented soy bean .0020 Genistein 5174 .6695%*
garlic .0285 Equol .3963 .5395%
Genistein: .3378  mushroom .0000 O-DMA .3278 .8673%*
bean curd .0002 Enterolacton .0367 2753
fermented soy bean .0045 Enterodiol —.0889 .0414
Equol: .2689  mutton .0028 Matairesinol —.2526 L9143k
yogurt .0001 5 _ :
salmon 0275 ’l:earson S z:ks:ocnatlon coefficient.
0-DMA 4398 garlic 0055 p<0.05, 7 p<0.0L
leek .0000
white gourd-melon .0007
red beans 0012 <, genistein FE DT, GfE, T, O-DMA i3I
spinach, etc. .0151 B - — =
yogurt 0186 /U“- < B ngw /J\Eu ‘ijnﬂﬁ%o)ﬁégﬁy
Enterolacton .1310  devil’s tongue 0034 3 — 7V b15 &L, enterolactone % enterodiol (%
yogurt 0414 N 3 I=R e
Enterodiol 1766 milk, cream 0115 - e PSR AMmia s SR

%78 L7z (Table 4). equol I3FH, I3 —7 Vb
fitic X 5T H LR L.
pRepyEtE & PR oA 4 5 &, FEHR

blue sk.m fishes, like 0085
sardin, mackerel
red bean .0616
Matairesinol .1788  green-yellow vegitable .0030

milk, cream .0047 Db, H 5V IS T L AESHEBEA R L
spinach shungiku 0461 3- 0|3 daidzein DHTH - 745, 77 v v EH
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Fig. 2. Correlation between urinary and fecal daidzein excretion (nmole/day).

&3 enterolactone, enterodiol A< XTD
phytoestrogen TH =75 PAf% %/~ L 7= (Table 5).

#Eh Pkt E & OBAfR % & 5 & lignan OB f%
FAEBEBSHEEZ RS 20, isoflavonoid 1F ELKR
EYEAERL, 0.5% BRESRIEATHS LWV
aJRetE AR L1 (Fig. 2).

5 E 3

RNEBIGHEE & KA, A, INEPAE,
estrogen 2554 3 LB bbb B HBADEFIFLT
ROPFESHEZRLELIEM S, KEFOD iso-
flavonoid 75 T 11 5 A5 A D R A I I IS B\ T
W3 EEbh B (Watanabe and Koessel, 1993). H
AANET 45 FANORIIRA v, A, BB
BAYORCHRR, 745 Y FAORIHHAK
AND A% HBHWIE, ThllEicEw, phyto-
estrogen D JRPPEHE A A 5 & HAADRH iso-
flavonoid JEEEI, 7 4 ¥ 5 v F AL S 5
WEZER L7, ISR & HARAD S %10 5
& - 12 (Adlercreutz et al., 1993). KGICEEIC
& % 11 % isoflavonoid T & % daidzein % genistein
M3 estrogen receptor EFEET 54, HALEVOD
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EOEHEL, B KEBoREEZMAZLEE
Z 51 % (Adlercreutz et al., 1995). phytoestrogen
BREES kv E v TdH B estrogen ITUT W
372, estrogen receptor &fEA LT, At
estrogen {EF 24|45 EE A 5TV 5. genis-
tein 12 |3 % D% protein tyrosine kinase & W5 FEHs
AN BB OB O BER OB EMER R MEFEE L
ZEAGRRESNhTVADT, HffickLEY L
€7y —ENTHEHOATIREL, HAKGE
BYERAEB VTV S LEbh 3,
HARICEZ VWE L & o ZYERMEH O lignan
EWVWHYEORBMFEY) T H % diphenol 13 & & [d]
BEIC estrogen L& 7% — EfEAT 5. lignan DA
BYERHREEIC XD R EBMONTVT,
10 55D 1 h5EFSD 1 € VEE T3 estro-
gen {EFIZEITA, 10 00 1 B VREL LTI
WHTHG\ estrogen fEF 2 Bid. estrogen {ERILIA
CHHEASDD 1 € VEREE T androgen H» 5 estro-
gen ICZ % % aromatase & \\ O MR EHEF T 3
L, 1000530 1725 1 5430 1 EIVIREE T I3#Hk
NHE LD, SESEUBEEAEEET S
CEick-THIkREEB TS, £ OREYIh O

AMEULFEIE O & 512, HlEPEKIicE > Th
BoFLLRVEEI»Y ERVWAY, HIEEE
KOV TOHENSERNETH A I,

ZF 72, isoflavonoid Ic> W TWZIE, BB TR
EHEADILTHAEL, BILERDO I Vvayy—+€
T DO BUINTRINENE T LT3,
WX E - K537 0 7 o VA S W TR
HEttE B8, BEH Rt s, BEPHEER IC
Lo THABAUM s, FAEBNENATVS
b H 5. 7Y —DEPHET 2 T vLsn
rnEHRITH 545, WIS IBNME OB
Fick > TITbO TV A AR A S 5.

% ORE, BREhbDOHEENTD
BhRE, WRIUIREE, TN & i o RSHRIEC A
OE T L OMELER, HEftORES &4, BE
O Y N g B A1 QAR AN AN

U
AR OEE FURHAR 0 FIIE, ARG
2 BEARFCERARY ¥ # 99 A THEL
pe. MR ADBKILIBAIG-L & OBIRS LI 22
3.
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Gaseous micro-environment of oocytes and chromosomal
non-disjunction in Drosophila melanogaster
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Kazuo Fujikawa
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Atomic Energy Research Institute, Kinki University,
Kowakae 3—4—1, Higashiosaka, Osaka 577, Japan

(ZZfF: 19964 1 H 29 H; B 199641 H 29 H)

Summary

Exposure of D. melanogaster females to pure CO, could lead to enhanced incidence of non-
disjunctional mutants in the progeny, when oocytes were treated as metaphase I cells. On the other
hand, treatment of metaphase I oocytes with X-rays was virtually ineffective in producing non-
disjunctional mutants. The former finding supports Gaulden’s (1989) idea that an oxygen deficit and a
I concomitant increase of CO, tension in the microenvironment of metaphase I oocytes is a major cause
of trisomy 21 in the newborn human. The negative X-ray effect confirms the empirical rule that
| chromosome damage induced in metaphase I oocytes can hardly alter segregation patterns of chromos-
\‘ mes. Possible causes of the significant increase of trisomy 21 in West Berlin, nine months after the
{: Chernobyl reactor accident (Sperling et al., 1994), are discussed in the light of these results and other

data.

Keywords : Drosophila, CO,, non-disjunction, X-rays, oocyte

1. FC®HIC

b+ OEENEEOT TR SHE THET 5
DI, 521 gk EREIcET 55 VIET, ©
O B 13 13 LI O BHALE R O B X L
T ] #RY% 134 (Erickson, 1978). DNA £~ —
H —%FH U ot O#f%E (Chakravarti et al.,
1992; Buraczynska et al., 1992) &, ~ VU v I —21
DGR D KIS FEHH O INEHAFI D 112
TARICEB T 2REELTREIC L 5 &2 S0
LlTwa, L, gEErsEiokRz A
RIZRIZITH D > TV, WAWARREIAEE

© HABRGZERFYS

BEINWTHRACHREINTVWZODBRTH 5
(Hassold and Epstein, 1992 £14),

WAWA RGO T, FAl, INRHEMEOBREE
ZEMLTVLSE VS HT, Gaulden (1989) O
[EHME K A4 3 (compromised micro-
circulation hyptothesis) IZBlE%E & - 72, T D@
ld b PRI 3 1 B R EEASEEIRIRD & S
B—EHOBREERETREZLIBI TS Ot
VDT VNT v 2A>QEKEMINE DAL
—Q@IN R~ DI MAE R DT & @fIfaA —
AL F D HEIM—GHIfA pH DK N —>®fh A
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EE-OREEATEE AL, T 7 v EROR
B — TBR « IREE A ZBIEOH 1 EunRth
R~ DR | — DAY H BN EHIPEY 3
v Y a9 NTEHOTHEN, T ORERIIRRED
T EEBRBIZFHRAILE SR 5 6D TH - 12,
ATRIDL S RFLOEBREREHENL 12
%, Fxo/ T4 )EREEHD 9 r Hk (1987 4
1A) e~V v TEFELI MY Y 3 — 21 (Sper-
ling et al., 1994) DJFEKIC > VW TR ZRN 3,

2. XEAR - BMRREBORBERFRDR

1 ZHREFE 1:BTHHPHERICRR

FHHZ T yellow (y~, HIKD) & white-ivory (W,
RFMIR) TEBRI N XQBEEELOF (D
< 3 v Y a3 v /3T Drosophila melanogaster (LL'F,
nz) OFLk 4HHO KRR [X@~w)/
Xy~ w)] % 99.999% D CO, # 21T 120 415 L
1ok, EPAETY X gefifk i & OHLIR 3~4 HHOD
i [X@* wh)Y] & —#ic LT, 6 HRIBHR
i - HHEOIKREICB W, BEPID 1 HOEDR
THLERRy i BCBIR REAE (38 1 & ooy R b
f) TdH - rcfiiaz, 2 HELPEOFEIN TR

w (o))
e

MUTANTS (X10-3)
- N

FREQUENCY OF ANEUPLOID
o

1 2 3 4 5 6
BROOD (Day)

Fig. 1. Frequencies of X-chromosomal aneuploid
mutants among F, adults of D. melanogaster
females exposed to pure carbon dioxide for 120
min in relation to the sampling time of eggs.
Symbols O and [ ] show the data from treated
series and those from the control series,
respectively.  Eggs sampled in day-1 brood
represent mature primary oocytes (metaphase I
cells) and those in day-2 and latter broods
immature primary oocytes (prophase I cells) at
the time of the treatment.
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ICRBIIRER CGB 1 S XA ©h -
TR A, SEREIR E L CIEREREL L 7. REEDIRY
DZHEWMAKBRITE D EHE - T, X w)l
Xy~ w)/Y] & [X(v*w")/O] % SR S A &

LTheH L7,

Fig. 1 IL/RLTWA & DI, CO, # R MLEEE 1
HLNDEIRE D 5 OB HIC BV T, BEERE
DOSFRE DK RSARELL EicEBE L7245, 2 HELI
DEEIEED S O HIC BV TIE, ZRAERE 3
BLALVTH-t. TNODFERRZ, REA R -
FRRERBE I35 1 Bou R & - 7o IR RHRaIc
fRo->THBAEEZ, XPOEOKIREEFERL
Tl ExRRT.

2) HROKEBHREEEORIBERICELD
QLRSS DAL « FEYRIR % 01D 1 HITPRAE L
T, CO, /' 2 DULEE (15~120 %)) FEERZH DKL
TV, #8851 66956 fE{A DRk % 815 L T XXY &
ZHA% 88 ik, XOMZRK%E 117 [@EG 7.
SEALEERERY T 13 87650 A DR8I L T,
4 kD XXY BIZRIK L 17 kD XORIZE R
KEHr, HBECBY 2HETHIET 2 &,
CO, 7 Z LT & » THEF S 7z XXY BIZLHRIK
1385 fAfk, XOZERAKIZ 104 fiALIEE. XXY
RGBS X 1T H 5. Jeafh R
DB E D E XORIG[ESAETHETHDT, B
1ET R d 2 IRRHAa 2 KA R « BBK
BREICBOLIEER, FRINCEEEREKD )
T, ROEOLSHMERIC K 2ERED LD 5
213 90% (=85X2/189) LHEET 5.

Table 1. Types and frequencies of X-chromosomal
aneuploid mutants detected after treatment of
mature oocytes of D. melanogaster with X-rays

and CO,.

No. (freq., X107?) of

Treatment No. of F, aneuploid mutants

progeny

XXY X0
Control 87650 4 (0.05) 17 (0.19)
CO; (15min) 34673 38 (1.1)* 46 (1.3)*
X-rays (4 Gy) 7530 1(0.1) 73 (O7)*

* p<0.01.

CO, MILIEU

CO,+H p(;b

NORMAL AIR

Fig. 2. A model that explanes chromosomal non-disjunction in D. melanogaster oocytes treated at metaphase
I with pure carbon dioxide. Mark X represents spindle damage.

3) EEERSBIHEEREZTOER

X $R % IR RHIIEIC 4 Gy BG4 5 &, kit
RTHI 1% (=74/7530) DERE T REZ R A
HIE L. Table 1 iT/RLTWAE &I, s h
REHEREKDHT, XXYBlizb$hH 1 KT
iz XTXORTH - 72, XXY BLRAKDFE
FicBL TR o fatEER I, BEomATH
b 158 1 EraRPIic d 2 PRI
X9 B RIS I A A BEEFFE LS
(Parker and Williamson, 1976) #HzE L7 bDT
b5, OFEmE, B 1EITHRPIICH UG
iR SRR A D IEFE BB LV T
LAEWT 3. XXY Bokins b 5w T X0
RIZRIANZF L 12D IE, X o YgakEEh %R
1T K B YLEARIEN R L 1AL TdH 5. Table 1
i3, HERD 729 CO, # 2D 15 SRR T8
SNEF—FbRLTOEY, RKEAZ « BKER
BEo IRkt g A 3R I3 XXY B2 FH T S
EVWIHET, XMOMBLEREMCEL S, Ch
i3, KBRS R - BRREREE P CTREEE X kA
& IR OALIAOHETH 5 T & ERT.
BEEMRa % WD 5, @ E DK R
FSRAREE A C L, [ERRSREEDE pH B
hTbAET 5T E0BHMS5N TS (Gaulden,
1992). Cho DA BMEL T, KEF R « BRK
BRESIc B h IR B 1 B ik A0 BE o
BHICBIL T, Fig. 2 IR LTV 3B & S ks
pH K N iC & 2 #hAR EH Z 18 5.

3. Fz/TAVRREREIBANINY VILE

3 bUYI—21 DABRYE

»OT, EREBAHRCE L~ VEHRBEHR O
WREM S VIEDFAEICERL TV A &V S i
DFER WS (B Z1E, Uchida and Curtis, 1961;
Kochupillai et al., 1976). L L, F#itOfEHE,
WIFhor—2 b, b IIRHIRICE O 5 EK
WROADBFER DR AZIMAT 2 DTN
7» - 7o (UNSCAER, 1977, Committee on the Bio-
logical Effects of Ionizing Radiation, 1980). ¥ % X
DRI R D X RIS EER TS, Nz D
B LEkc, REERBIZHLIICHEDS
T, LAOERAOFEREFBRDOATLRL
(Cattanach et al., 1984), A5yBfEZS 5 3 Rk B EM:
DYREAERERDOE DL TROAR LI VYA
7D—DOTH 5.

LIAD, Bulllic, FN/ T4 )EFRK
Higoor A (198741 H), ALY v T
MY v =21 08[EH OBIEEL Bt R L
(Sperling et al., 1994). ThZE#E L L& E
E, Co¥mM3FERFK RSN, BIcE-T
PEOV Y S U P U ARG RE D> © O BRI Bk
BIATP R DS AR L e fE R IZEE o T
3, LTl HEP S, FAdE S REDbIWV,

HE LT, BEo MY v 3 — 21 O@FE S
BARDIZ & A ETNTHINRIEOSE 1 BroR
BB 2RBELIBEOERTH S, £ M
RHAHRE S BEIRER IS 38 1 BouRE5E T L, #NE
NT GB2EenR®hORIET) ZHd 5. L
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tehs- T, kRS ER C L cianigas
2, BRI H - THEIRAR - TV A 158
AT O IR offa THE U T iz g
TH 5. LHOEHEEOFRRIZRBRE D 5\ 136K
FUERRICH ZEENTE U LICEBVEL,
Fhid, 19874E1 H, ANV ) YickBF B Y v
I =21 O FR%E, BIEEATO LM B
JEICMa-» R TRV EEZEITVWS, TTIK
ALk —v7 viticling, BEoZMic
B2 b L X DS EREMINE O Bb 5
tVEVORMBEREELL, B 1 RTHRH
2 & BIPRHER O BREE & R /T R« BBRIREEIC L
fo LT E B,

4. EbH VYIS

TV F VIR S N T T ORISR
EERA [T -1, ZODEER, 2 v FILOSEED LR
AR AR I B L VHSH B T R
Hi-te, &9 VEEQRFMBEMORERNE#E X 5
BE, IO LS EEAT 5L, EORKER
VWETBZzhNS S, BNV YOHEFlICHT S
ORRIE, COREERET2HIRIBL .

B 3

FLOWFE 2 Mary Esther Gaulden 11 A5UT B
ST - 7o 1RO D ICiE ¥ 5. Hise
o EBIERICH L TERBT I A Y FETHD
7o, EFBRRBWMEEREKICAES EIABKEL, &
h SREHRE I 3 1) B gLt iR R D R 1L B
Z b L REEGUCHEENERDSELS B> TV AHA
Rt REHMRE L S Hb - . — v ETEHRE
+TrERMEIciR Y vy R Y Y ATHEE RS
L% 52 TIHO o, AR AL AR &
X ONEEARFRIER A AT R FIC & -
7o, LT 5.

.4 ik
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What we learned from the Medaka specific-locus test system
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Summary

Ten years’ study on the Medaka germ-cell mutagenesis was briefly reviewed.

Keywords: Medaka (Oryzias latipes), germ-cell mutagenesis, environmental mutagens

1. ThETORE

HRIED 1989 4E 5 A 19 H (&), MERIRIR A
&SR HES A D BIEEIC X 0 HEKHERE
BT T H ARBRBEA R F 25 1 [ /AF v v &
Ya—oahbbnic, M, 2 ¥ h AERAZER
EREBRREZTFHI THOELS, T0HAHAR
BERFFELBTH R0 - AR KD
Barn5 2 onicl &3, ZOROMIEOHED
FBICE > TRELHE LEE -7, KD THSE
H 13 U o HABREIZ SR F BRI BH L e
W,

ST, TOBOHHEE T IIFE [RELRF
BF ) 11 % 13~17 <— ¥ (1989) ICiE# S T
et 2T TR, [ 55 THERA LA 2
EEDORETE 1986 5 HIcBiE L. %937
T * 55 RZEAd > 12 3 FERBOWFE OFER, »
5 h R T DA HRARE R E R T 5 DIk
EPENEBEZ 5 Fal Lo, | L,

19954 10 A 3 HZ Tic, 902,340 DK, #iz

© HARBARF R

FREHUIT LT 2,383,860 B {n TREAE N1, T
55, WHEEEEZ 195,554 IATH D, 10,901 AT
HERPTHE Lz, 1219 HOBRERER %15
TVEY, 220N EERRERTH -
7o, COMREED TLURE# T 10 E0372 5, #
5 h A EHIRARARERERRE V- Th k& 29
RHDOEBPHRKEND2OH B L) IcBbN
5.

2. XY HEFEHRRAZERERRLESEKORE

X 57 2R AR IR OIS %, Fig.
ISR, FARITHE 572D, Russell iT & 0 BEIR
INtc< Yy AFFEMENLHETH S (Russell and
Kelly, 1982). FrEBEN ORI, Hikb120%
{ DERGEETFIEAFS 7 R & — %%, BLIC
LXOBNIT22&ETH 3.

A ZATREHERIC K DH 70 0 HRERE
BAFESNTVEDT, ThoDthh SEKIH
IZId b, If, gu £\ S 3 DD EHRERE R4 EE
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Medaka specific-locus test system

Female Male

Treatment

b/b;If/If;gu/gu
(+>b*)

+/ 4+ ++/+

4~9 days: spermatids
30 days+: spermatogonia

Fq b/b%If/+;gu/+ \

[ TM (total mutations)

Dominant lethal Viable

gu: guanine *{ Apoptosis
If: leucophore s Chromosome (FISH)
b: melanophore _~{ DNA fingerprinting

¢

»

1_ WD

[VM (viable mutations) |

Fig. 1. Scheme for the Medaka specific-locus test system.
In this scheme, detection and mechanistic analysis of mutations are shown for male germ cells.

(ZFEE L TRY, bb; If]If, gulgu &\ 5 BInT
RIDFRY—2ATh%EE-T. BRBIITIVRT
i, 7TEREETESMEDNI.. DT -4
¥ h TRERRAEREVEL, BER F24 2G5 T0
3, =9 ATOERICAINE, ERFZHHKLE
Mot LT B, T ORME AA2 R E &A1
F, BRKD S OSBKFICBIEZONSE L DI
BoTW3a, —F, ZRFTUES 2EERO X
¥Hh&ELTIE, WIRBALEEEICEA 72 Sakura it
ASHET/o— XK« ao=—& L CERlHER
LR L TEL.

FZLY, B0 RRERETN D1
Wiz, FERIE A 50 % v R, T, ENU TQ
ML, WEBHALT RS —Ex 5 h ERELT
3. 8o B3 ZTREMORREREBINEZSIEIT
BE L, RABRRETHEIE N3 RRERERRR
Z 5L (total mutation) &FP3s, ML L 7o BARZR
ADSEF D ZESRZE R (viable mutation) A 4584 f
F B, BYLEREEZEVIERL, HLLWER
ERAEEET S, ChoOEREERERERR,
o R iR Ic B b 2 B TR ZFAT 2 DI
HFoMETH 5. —HEBHBFEEARZLR (domi-
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nant lethal) (3, BERLRLEFRREROSD
R hriE R 55 (Shima and Shimada, 1988;
Shima and Shimada, 1991; Shima and Shimada,
1994).

FKEANCH S VAR TEAZRARZE R ICBE T 5
F— s BERES N B, & 51T mechanistic
15 F B CHREHMIAZERZS 5 O BHE % AR 3 5 BRPE
~EEED B T EHAREICTE o, M OFE I
1) AP-PCR (Welsh and McClleland, 1991) Z{ii -
T, BUHEEK EAR LEERERRRO Y /7 A
DNA Ok 2 72 EVWEiFZER L, AR
FREF D TR A RIS 5 2 & (Kubota et
al., 1992; Kubota et al., 1995; Wada et al., 1995),
2) WRFEEEFZICH T B apoptosis & CHLICBAS B
ERERZF~B L, 3) Hx Od 5 RE4E
Fibk A J8%& L fluorescence in situ hybridization
(FISH) A TREMAIRHEEFHNL L, THS.

2% XM
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Chemical mutagenesis in mouse primordial germ cells
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(SZAF: 1996 4E 1 H 16 H; ZFE 1996 £ 1 H 16 H)

Summary
Primordial germ cells (PGC) are the ancestors of both male and female gametes. The development \
of PGC in mouse and in human embryos is very similar. Therefore, studying the effect of various |
chemical mutagens on mouse PGC is important for the evaluation of their genetic effects in humans.
A specific locus test (SLT) was carried out to examine whether N-ethyl-N-nitrosourea (ENU)
induces recessive mutations in mouse PGC. Embryonic C3H/He mice were treated transplacentally with 1
ENU on development days 8.5, 10.5 or 13.5 (G 8.5, G 10.5 or G 13.5). The males were mated with ‘
tester strain PW females. ENU induced recessive mutations in PGC at a relatively high rate and in a
dose-dependent manner, at all three developmental stages. The most sensitive stage was G 10.5. Cluster
mutations were more frequently induced in the earlier developmental stage. The induced mutation rate
per unit dose of ENU was higher for PGC than for the spermatogonial stem cells.
The induced mutant frequency in testis cells of male mice transplacentally treated with ENU was
also assayed, using the MutaMouse positive selection system (MM/PS). Although the mutant frequency
was about half to one-third of that obtained in the SLT, the same stage-specificity and dose-dependency
was observed. The correlation between the mutation frequencies obtained from SLT and MM/PS is very
high (r*=0.895).
It is necessary to investigate the induction of mutations in mouse PGC by various mutagens using ‘
a convenient test system such as the transgenic mouse test, because the results could predict the genetic i
effects of various mutagens on human PGC.

|
Keywords: mouse primordial germ cells, N-ethyl-N-nitrosourea, recessive mutations, lacZ mutations, ‘
cell death i

|
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1. LIS PHEREREZFHRT 5 L EFEKX LI (Russell |
1979 i W. L. Russell & 34FEREARERIC  etal., 1979). CORREAHKEE LT, ENU 2 HUV ‘

& - T N-ethyl-N-nitrosourea (ENU) A<= 2% T, < v R4REHIICE T 3 ERERFR O

fH#HK (spermatogonial stem cells, SG) I EHHE I MBITEbh, £ OREMS Eh-> TV 5 (Shibuya
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Female and male gonads distinguishable

Appearance  Female and male germ cells
of PGC enter genital ridges [

Pre-Spermatogonia
enter mitotic arrest

1
L i z Mouse

Days of
gestation

Leptotene Zygotene  Pachytene

i Entry into Meiosis-Oocytes

Human

Vogel and Rathenberg 1975

Fig. 1. Stages of germ cell development in mouse and human embryos.

and Morimoto, 1993 &), L~ L, ToDiF
LAEDOHER, <9 ARRMEOAFEHR X L
T, ENU 2R ERTH - 12,

< v 2 OHGEMKIER O 8 HE I T
K EEAE SRR (primordial germ cells; PGC) &
LT, INEBOWMHEL, BAICHEEEZEY
LA S, 10 A, SAEFERICRD > THE %
BRA L, 13 HICIZZOBEZT T 5. TOHRD
FHEIEE, MR TR RTY, HTRK
HICRBA AR A B Y, HETRIEHESS
(Mintz, 1960; Heath, 1978). PGC D FA @2 DA
Bico>WTld, Fig. 1i1ZRL7z.

ZD &SI, PGC i %MD S, §XTOAE
SRS ICAIE T Al TH HDT, TN
WWERERSFERSLNE, THCHRT BT
T DGR 7 DRRERDSES N, T OR
B, FRICKXBIZNEELE5Z 5 RN S
3. 1, hootiEMEOEGBRER, b
L2 ZATRIBEALEMTH 57 (Monk
and McLaren, 1981; Vogel and Rathenberg, 1975),
(L REYEO b + PGC 125 X 5 BIEHE
KHOWTEETZHICiE, ¥ 2D PGCTOD
EERFE R AT H K 5 TREMED S 5.

FloEid, MRS S N7z ENU B HEIRFT
ICPGCicfifat #FERT AL E, YRR
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£y b F X bMickb R LA (Shibuya et al.,
1982). #C T, ¥, ENUD< Y 2 PGC IZ*d
ZERERFREE AL oD, BBRHD8S
H 5 13.5 HD PGC 2NN L, 4%
ni#Eic > O TRERALAER (SLT) ic & - TH
iz,

UL, 2L DILFEEICOWT, PGC BT
BRRERERATNB DI, SLTIckB T E
BEBRICIAAETH B, £DY, Kb EES
HKEBASETh TV, I8, RERIhicrI7 v
2V x =y 729X (TGM) %\ 5 BARE K
HAIE, &g TS DNA AEIXHRNIE, &
RERBHBFH~ONS, £, TGM TPGC itk
o BEREREFNSI1CE, SLT LR1ED, &5
BES s EEMZ O D TRHNSE T L
DEIRER DT, SLT & v biESARE L 125,
Z 2T, TGM 2\ 3 RBRR O Tl bEIfE1S,
MutaMouse DX Y F 4 T L7 ¥ a Yk (MM/
PS) itk > T, SLT L[AtknilBREEMLI. &
noOFRERE L, 4% < v 2AMEHROR
RZERFEF O RERTFFEIC TGM AERAER HIK 5
MHEIDICOVTORETEINA 72,

2. $SEREAIEER

D HBRAE

CORBRO GRS TICHER S (1989) il #k
L7cDT, TITREBHICEERT 5. < v 23
I# C3H/He (A4/4, BB, C P|C P, D Se|D Se) % i\
7. T8z 8.5,10.5 » 5 W3 13.5 HHDMic, FEx
@ FE D ENU (nakarai tesque) % AN 5.4 2
T ET, = RPERD PGC NGRS LE L 7=,
ENU Z #5254 i3, PGC Offifas
KA 14-17 B TH 5 (A, 1989) T &
HonTWBADT, FHITU W 18 BefEIfRRE T
Bt

HES N~ 213, 7R —RHED PW I
< v A (Tutikawa et al., 1985; aja, bjb, ¢ plc* p, d
seld se) EAIELL 7. ZBLICI 1 Loz 2 Lo
A FEH WL, §o50h/ FloEABLUAH
DIEHEIC & - T, PGCItH T 2 ERERDEH MK
NI RRERBEEON KL, ALK
Kk, ZRBIETEEEEL, Z0 1oL
T+ eEARTOEE® A~

ENU I X 23R EARETRREI, BT L, 75
R 4 —RARERAGD - RRERKDO G %, 2
HEMAKTEH Y, SSICHELBZETHD 6
TH| - 1 EEFREARERE L L, [E—HE» 5
[El—#fn FEOERAGEEILE SN Ga, %
NoRLBEOLERL 72 PGC HEKDKEFICHR L
120 525 —ZRERLHEL 72,

F/, HERofcHIcHW, KMo ENU
IZ & BRREREFFHITDO\VWTIZ, Murota and Shi-
buya (1983) O F — % Z{Hif L 12,

2) #R

i) it

ENU 2 HBE L TE o Fligic- W
TOM% Fig 2 i1</R L. FlHEOiTYEZ ENU
12k 5, PGC Offifat = 2 b D EEZL S
na, BAEBROBEOERD L OMEL S b,
I 12 ENU Ofd]—H & T, PGC OFAERAS
HELICONTE T T 2Mm%ER L. Tb5,
50mg/kg DHETIZ G 8.5 8LV G 10.5 KDIT
PN OBA LKL T, BEAEKFLT
WIEWA, G13.5 Tld, $60% icE TET L7

G 8.5-DAY G 10.5-DAY G 13.5-DAY

100

Fertility (%)
<@
»n

w
e
i

25

Dose of ENU (mg/kg)

Fig. 2. Fertility of male mice with ENU.

LML, G85BLUG10.5Th, BERENTS
mglkg DIHEITIE, FRLENH50% I F TIKT
L7z, ENU OFREEE51C & 2 SRS b5 14
RER - T, ARIKENICEZTVWAIERT
TITED 51TV 5 (Shibuya et al., 1989).

i) AARERLFR

ENU 51 L 2 FREARERE L PGC B &
UK fHAIZIC >\ T3, Table 1 BX U Fig. 3 I
R EUESRBE I >WTIiE, ThETic
18881 LD F1 D W T~ 718, ZHRIKIZES
nTwRwn, i, HAREAREFEEIZ 00X
107° (LIFX107° 3488 THho, ZERBOE
REREDNZDF FHERRRER KL S, ENU
D 25mglkg (G 10.5 B XLV G 13.5 T3 30mg/kg
TOHRLEL) TR, G105 Tl 157, G85T
13109, 512G 13.5TlR44ThH-1. —H,
ENU 50mg/kg TOFERRARLERIE, G 10.5
63.5 Tl bE<, G85M36.0TIhickix, G
13.5 8 11.1 T b{E<, G 10.5 & G13.5PGC &
DRITRK 6 fEDEVHED SN, TDLIH I
ENU (T & 2 FREAREZRRITIIIH S H 5 R ifiss
BHsE» S0z,
RREFEFRRENGHM & i3 5 &, K
fHID 150mg/kg & G 10.5 D ENU 50mg/kg D
FERERRN IR E S D, PGC A3
&, ML DEZHTH H T LIt 5.
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Table 1. Induced recessive mutation frequency in
primordial germ cell of male mice with ENU.

Dose of Developmental stage of PGC

ENU (day of development)
(mgfkg) G 85 G 105 G135
Non-treated 0/18,881
control 0.0
12.5 1(1)/3857*° ND ND
4.3°
25/30¢ 3(2)/4573 9(6)/9530 2(2)/7782
10.9 15,70 4.2
25X2 4(2)/2268 11(8)/6279 ND
29.4% 29.2%*
50 31(13)/13,906 60(24)/15,491  4(4)/6024
37.1%* 64.6%* 11.1
25%3 3(1)/742 ND
67.4%F
75 ND 1(1)/478
34.9%*

* Number of mutants obtained (number of inde-
pendent mutational events)/number of offspring observed.

® Induced mutation rate X 10~ %/locus.

¢ Data are combined with the results from 25 and 30
mg/kg ENU in G 10.5 and G 13.5 day.

* or **:. Significantly different from the non-treated
control at 95 or 99% confidence limits, respectively.
ND: not done.

80

G 8.5-DAY G 10.5-DAY G 13.5-DAY SG

& A
= =
L L

~
e
g

Induced Mutation Rate (X 10°%)

S S S S
& ,\5‘- N

Dose of ENU (mg/kg)

Fig. 3. Dose-dependent induction of recessive muta-
tions with ENU in PGC and SG of male mice.

¥/, G85 BXUY G105 PGC DLWFNIZH
WTsd, 25mgkg ENU ZXERST &I
& > THERERLZRRIT RBEHWIC ER L
», ZOXEIZG8SPGCITBVTLYWVWEL S
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G 8.5-DAY G 10.5-DAY G 13.5-DAY SG

Cluster size

Dose of ENU (mg/kg)

Fig. 4. Cluster size of mutations induced with
ENU in PGC and SG of male mice.

Lot

i) 7529 —FRER

ENU Lk > THERINALERERD 7 5 R
¥ —#4 X% Fig. 4 IR, WVTFhoHERICE
WTh, 75325 —%4 X3, FEEHBICHE-T
INE K 12 B AE R LTz, $75b B, 50mglkg B
Tk, G85 Tli28, G105 TiZ25&85i G
135 T2 1.0 TH-%. LHL, 25mgkg BTIF
FEHEICEI KT REF TR LI o7 GBS
Tid, 25mglkg ODRERFICEL-T, 7725 —
+ 4 ZDEEMMED Sk, G105 TRIASH
THhote, 56, G135 TIRIOBLUVS0
mgkg DVWTNDOEITEWVWTD, 75 R7 %R
ZERRIAD SN -t FEEMRICBV TS,
INETIRIZZ 529 —ERERIEDHSNTL
W,

G85PGCItBWVTId, AREREREKRLY S
Z 7 —RRIER DY 4 X & ORI IZE OV AEBMEAS
FHoNnth, G 10.5 PGC TRZNIEZEHSH
Tl - 1z,

iv) RARZEREKDFE

ENU ic & » THER S N BREROBIETHE
I2>W\WT Fig. 5 1Tk L7, 3 > OFAHEGEE:
LR TIR, BRERId B TEICROER
L, IR\WT, b,p BLUcHIETETEZRADS

B SG
PGC

No. of Mutations

Locus
Fig. 5. Distribution of recessive mutations among
specific loci induced with ENU in PGC and SG
of male mice.

i, L»L, a B se BIEZFREICBVTI,
ERERIZBEALED SN - 12,

VIEo#ER M S, PGC TR Z DFRARIC &
ZEVEEDONTVWEEZ St 1, Kl
fHRIC B 5 150mgkg ENU MLERIC & - THH
SNEERERITOVTIE, ZRIEOREH/DI
WS, ZIFERE DB HEED S,

ERIED s THAEEOEF TS W T}, PGC
T3, 28 DERKITOWTHHNIA, dBETE
D 12 A @ o IR 2R L, #ERLATICET
L7cDT, ThoEBIHELTHEHLEL Thbl
Aicid, ZRLULIBEFECEDSY, $XTO
ERIKG A EHOESEENTH - 1o, KA
KB AERKITOVWTR, #AXELIFDS B,
b BIZFEED 1 BILIANETRT, +EESEIE
EHTH -1, TDXSIT, ENU Tk 3ERER
(ADFER, HREHIRD D FARHHA TR > TV T
b, BEORAIOEEMATIE, REowa e
BREH oI,

v) Of-methylguanine D FijLFEL R

FHRIRA A D O°-methylguanine (MG) D
WMEBDENRIT O VT DEERIZ, Pegg 5 (1984) D
HEICHREW, 110mgkg D MG (BHL ) 4 —F & v~
§ =) ZZERKITMA, MRL TEM LI b0 %,

Table 2. Effect of O°f-methylguanine pretreatment
on the induction of recessive mutations with 25
mg/kg ENU in G 8.5 day PGC.

No. No. Mutation
Group offspring  mutants rate®
observed obtained* (X 107%)

0O°-Methylguanine

(110mglkg X 2) 3626 0 0.0
ENU (25mg/kg) 4303 6 (3) 23.2
MG +ENU 3450 4 (3) 19.3
ENU (Historical data) 8876 9 (5) 16.9 "

* Number of mutants obtained (Number of mutational
events).

® Calculated from Number of mutants obtained/Num-
ber of offspring observed/6.

ENU £5.0 1 3 & U 2 BT SEREN RS L 72,
COREE Pegg 5 (1984) DG Ic L 2 L~
ZHF®D Of-methylguanine-DNA methyltransferase
(MGMT) iEH%# 50% IcETIRTF S #3260
TdH5. MG HilLEEA, 25mgkg ENU @ 8.5 H
PGC DRAZERFRICH A2 BRI>VWTOE
ERfER A Table 2 IT/R L7z, MG BT 3626
VD F1 2@ ~1ens, BRAREShE L - 1.
ENU @ 25 mg/kg Hiffi#¥ < (3 4303 PLrhic 6 PL D
EREDBFON, FRERERRKII232X107° T
Hotz, Ft, THETD G 8.5 HPGC D25
mglkg B & Gt L 7B RRIE, 169X107° TH -
fz. —7h, MG RjALEERETIE, 3450 Lo F1ic 4
IEORRERASBE SN, FREARZERIZ 193
X107 Th o1z, ThoDERM S, MG RijlLEE
ORI D SNV SRS N,

3. 22920 RRSF4TELYIVaVE
(MM/PS)
HABEMEY) &£ H L THEA L 72 lambda DNA
(rambda gt10) %3 A &+ 7: MutaMouse (strain
40.6) Z 9 75 10 BT L 72, 1§57 iElR
8.5,10.5 » 5\ (3 13.5 HH DT 25 H 5 W\ id 50
mgkg O B D ENU ZEENE S L, RO
PGC ZREGMMEE L 7. [Bohicif~y 23tk
RRITIE L 701k, KERLARE L, —84°C TR
fF L7, LUF O%B& 5713 Dean and Myer (1994)
RV, RYF 4 TRV v e vk - TER
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Table 3. Induced mutant frequency in testis cells
of MutaMouse with ENU.

Dose of No. No. Mutant
d ENU plaques mutants frequency
(days) (mg/kg) analysed obtained (x107°)

Stage

Non-treated 0 714,000 17 2.4
G385 25 314,000 17 5.4
50 650,000 56 8.6
G 10.5 25 2,766,000 178 6.4
50 2,188,500 629 28.7
G 135 25 462,000 12 2.6
50 1,045,000 55 5.4

ERRARKDIz, 91545, DNA % proteinase K
& phenol: ethanol %\ THliHi L 72#%, Gunther
5D HH: (1993) itk > THRIER L 12/¥y 7 —
VT EFy bEHOVWT, invitro TI LY —7 7 —
iy r—I v 7 LR, E. coli C lac galE™ I
X 1. T h % P-galactose & & 1 FER AR
Fickx, —BIEERRERT S — 7 2197, [Hiy
I FSER L 7o R uilk % P-galactose % & & 718 WK
PR bk x5 4 5 —%RDf, BARERKER
B Ltz75—273MEIL L, X-galactose & E. coli C
lac #BUEKR LT, BOERAKTHE I L%¥
EL. BoWKERTS -7 HERRLLP-
galactose 2 2 F LW XL — b THONLS A
7 —H HZEFYAR (mutant frequency) % HE T &I
HELL.

2) #R

MM/PS #ic & 3, ENU DZ2SRZEFR A Table
3ITRT. MABEEIEEIc BT 5, BRAEIT 24
X103 THot. EBRTIRENUD2SH 5 Wi
50mg/kg %W\ 72h5, FHI 3 D DFAERHD W
FThicBVWTd, HOMEHEIKEESZED SN
fz. G10.5 PGC I8\ T3, S0mgkg B TOE
7, 25mgkg D 4 5L Eic ER L. TofEi
AL RBEE DO 12 f5TdH - 72, 50 mglkg B D
i3 3 >ORAYITHET 5L, G105 MK
=<, G85 BIhickizd G135 Mk bEH,-
k.

4. % =
{LEEIC & B = v R HERENL O RIRAFFHFE
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DOWFFEIR, 7 DIE & A EDRIAD ARk % TR
ELcbDTH -7t FaER, <9 204
HBEL, HA#ICE, $XToOATEMEORSHE
fa & 15 B EEIR A EfIAE  (primordial germ cells,
PGC) IZ, N-ethyl-N-nitrosourea (ENU) % #£f54%
HHcBES. L, HEICDWTSLT ISk » T, ERER
DFEFKAF I, 7 DFER, Russell (1979) 5558
HL TV, MM T OFRRRRERE L K
LT. PGC CREHETHIMESFEREILD
TERMER L., i, RAEROFERICIIES
DEREREMNED SN, T1bb, BHRE
REFRRIZ, G105 HTHRbES, G8S5S BIh
ki X, G135 HTREL -7z,

iz, ENUD HBIKfFHIC> VT, SLT i
X - TRETEITIE - 12, FREARELZRRIHRC
ikfEL MLz, L»L, 85HBLU105H
Ric B 2FRERELRLORMICIE, KELEL
B ot ThoDERITOWVTI}, ENU O
52 PGC Db/, & 5ITENUK
X BHARATESIND B 12 1C, FRERLTREHHE
MICKBEINE LB -LbDEEILNS.
Ak, Tt o DRERHO PGC Ofifastz &%
tz, HIBEREIC > W T OGS A HLETDH
5.

%72, ENU @ 25mglkg DS I1c & 5%
REROMENR BB ICED St LrL,
PGC T3, SGOEARERFEHKOVEELI N
%, 34-39mg/kg (Favor et al, 1990) & v (KW
B D 25 mgkg THRERERROMEL RHE
Hohtz, TOT &G, $TIK Russell 5 (1982a;
1982b) A5, ENU O%53E&|dH 5 W IEREHRSFERD
HERLOIERHLTVWA LD, HiMaTi, 7
V¥ LAk DNA o3t 9 5 E1ERE#R D MGMT 5378
PBICHEET B, PGCTRERICIFLELLL
CLERETHEHDTH 5.

O EAESSICKRFT H7HIC, MGMT O
SSWRE LY, ThEFEARTHIEICED,
59 5 MGMT %2 AiE{Ld 5 C EBHoN TV S
O°-methylguanine (MG) ZHijALEE L, % DRIC 25
mgkg ENU %50 T, MG RillEEOFERER
ERRICHZ BEIc S WTRA 2T - 1225,
MG BB DRNR 13389 S lih - fe.
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Fig. 6. Correlation of mutation frequency in male
PGC induced with ENU by SLT and MM/PS.

LhL, S%IOXS WAL ERICE L
T, BRBHNEESTBSLT 2T 5 &
W Td 5 DT, MM/PS DA 23T L 72,
DR TIL, SLT D & 51T, PGC %5 e
LT, WELEBEZSSICT 2y —FRiEDIfEE
RZEL, HEh Flico WIS 2 088 315
<, BIEBLEEE SN EHOKEZD DIz
WT, dBR%E T2 LDAHETH S DT, EERIC
B BRHEHNBRVICHIR RS < &icis
3.

PGC @ ENU i X 2 RAZERFHKKICOVT,
SLT & MM/PS TO#ER%H#K L 7o (Fig. 6). %
OFER, VFho ENULERIcB W TS, SLT
DI 2HBULERBVEREER L. 2 >OFR
i3 y=2.364x+0.477 DEFITLIL, %DM
REZ, r?=0.895 & Eih >t BRERRAS,
SLT DA MM/PS £ 0 & 2 f&L) EFwWw T &gl
LTid, BMERZBIZFORKESHSLT D
BOANRKEV ENEFEZ 5N S (van Dieft
etal., 1995). & 5ITSLT Tld, A< 245/ A
WKWHEL TV ABEFITOVWTOERTH 508,
MM/PS T3 transgene ICOWTDERTH B D
T, BIEFOXFMEBEDORVWHBEELTWS
IEMEAOND. TOFMIE, BonERE
OEREH|OIMEICL - T, SHMHI N2~
=[HETH 5.

PGC T® ENU JLHIC & 3 ZERERERIcH
WT, SLT & MM/PS ORI & W HHBIMEASEE S &
Nrc. SLT (3AEFEHINGIC 351 2 BRE R AR
DFHTHNL TS NRBRETHBH, Z0E
T 3B R EH NEEST S, Zobic,
Z DILFEWEIC>WTOREBREERT 2 & 13
FHERETH 5.

LA L, MM/PS 25 SLT TOFERAEFHIT 3
EMNHRNE, ZOoEABRIKEV, T,
ENU D SG i B8 2 FEREAEZRICOVLTH,
Oak Ridge [EZHFFCATTD SLT D55 & BigBlue
(lacl BI=F) TOREROMICEWHEBIMHED
SN EBHEENTWS (van Dleft et al,
1995). o LS, HEBEBHRE T ICERT
ENU O RISALFYIE O ik 5 211 T o R il
DFEFRREFICOWVWTIZ, 4%, MutaMouse
BigBlue @ & 575 TGM T & 32 KXERFE R M A X 15
EHEEMt T 2 Li1ct 35 5.

5. Eh VY IC

v 2 PGC DERERFERKICTOVWTDOER
d, THETIKREALEEBEIN TV, 1960
DS 1970 FiTH T, Harwell GEE) OB
BBk XBPhHFERHVERENH 2
W, ZOFERTIE, FREREFRIDEHMIC
BT, pREVLDOTH 1. 4, BHEx
FIALFID ENU IT & - T, HHERZTRIKEH
ML 0 bEVHETERI NI E VS EERE,
IhETO, =9 R PGC RERE I L Tk
HTH2LVHIBMEEFETLOTH - 7.

E b PGCOFAII<Y R EI1FE A LE—ER
ZIREBTEBHIONTVS, FOz, =9 R
PGC TOFERIZ, ZDF & + PGC DfERIcH
T aAEEAE V. A%, KM TERE
REFRTHEDBHONTVS, oLz
HEVEEED E LT, 2L OLFEYHET, <
Z PGC TORARERFRAEIC OV T, MM/PS i
WKEkoT, 22V —=v T3 LBNETH
5. TLT, ThoDfEYEHME + PGC I
REREFHRTAERIEIC DV TORN L EE S
ma, Eoitfichrc - THERT 3 £  DBIET
TRRERDOF5 T EMKAICEZ SN (Hify
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5k, RETHNTFEICE-T, LFEWHOA
AN TORBIBIEL DNA EBEICBALT, E+OD
EHBLUOERBITEEA L TGM HFE4 1F
BxhsbnEEZIONE LT, IhooDw
v 2EHWT, %< DLFMEICO VT OERY
ESNBENEENE. ThoOFRERD D,
E FDBEIRICEZ 35 27 OHEED, &L IEHEIC
EfiINE T ENZNIEEEL TOFERICARE &
A9,

E | 2

AR AEERT 5124720, THHVWEExE
Lo, /75, MH ¥ (BEHES /MR
%, BIBSSE BRMAY) o#RICE#HoEEER
L%,
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Monitoring of germ line mutations in A-bomb survivors by DNA-level
examination of their children

e A8 BB, RN, B IE —, NEETT
Norio Takahashi, Chiyoko Satoh, Jun-ichi Asakawa and Mieko Kodaira
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Department of Genetics, Radiation Effects Research Foundation,
5-2 Hijiyama Park, Minami-ku, Hiroshima, 732, Japan

(ZfF: 1996 4E 1 H 12 H; ZFE19964E 1 4 18 )

Summary

For 50 years after the atomic bombings, the genetic effects of radiation have been studied using
various indicators of possible genetic damage. No statistically significant increase in the genetic effects
was observed in the children of A-bomb survivors compared to a control population. Thus, we have
started studies to see if any effects can be detected at the DNA level. To ensure the availability of
samples, we have obtained B lymphocytes from about 800 families consisting of trio of mother-father-
child, and have prepared permanent cell lines. We have first conducted a pilot study to develop
techniques necessary for the detection of mutation. In the pilot study, we examined DNA obtained from
50 exposed families and 50 control families, which are a subsample of the above 800 families. The mean
dose of the exposed gametes was 1.9 sieverts. We examined six types of minisatellites and six types of
microsatellites in the study, and observed 28 mutations in the former and 6 in the latter. There was no
significant difference in the mutation rates of these repeat sequences between the exposed and non-
exposed gametes. To detect deletion/insertion/rearrangement mutations in single copy genes, we
introduced 1) two-dimensional electrophoresis (2-DE) approach and 2) quantitative analysis of bands
on a Southern filter. We improved these techniques, and made them more suitable for our purpose. We
are presently conducting examination on the above pilot study population using these techniques.

Keywords :  atomic bomb, DNA, germ line, mutation

1. FAMNE
TBSSRBIT AT (RERF) 13, 2 OHiSTH 5
WEFD 224 (1947 4F) 127 2 ) H AREBUFIC &
VRIS Nt FETEE (R SEEERES
(ABCC) TITHhN T X 12 F5# - IR HE A §kK
35 7oic, BEFD 50 4E (1975 4E) i< HEK BT
DEBICLVEIL SN MHEATSH 3.

YR T, EEFRICHIER L s AR OBE

© HABRBARFY2

FZOFHD, KRELHFTo0ERMic> W
BEBTOO TV S, FiFIcBVTIE, BY (FH)
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MOBEENELEICMT 3HAY, BEIBLT
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AP RFOWIFEE, X BREANTE & DIBSHRIESENE
HEOWBHFROME L LTEDON TS, &
fo, EEIBEHRBE [l AR AR (WHO), [EERIE
FIRBE (IAEA) %] e biiiG s h, {HAKHT
e o 7 U O E - FRICEE SR &A T
RERERHE L TV 5.

2. REBHERE

AR CIR NGB TR b ERL T & 3R
HE 2 ADIRVTARBOIFHISHEETH S, 20
WMEHEEICRIZ OREsEY, BlfEE THEZD
WEMBMA SN TE . BRI 1986 LR EFEM
1A% (DS86) BHVWOHNTWAS, TOHER, &
DFHMIC B RER B A HEE T B oI, HURHRS
ANEEBESICEEST 52 £ TOEBESBREL, ¥
YR FT LN, 2o/ ic>\WTay
Ea—sitBIc kO H#EET 2 5K TH % (Roesch,
1989a, b). #HFEE—A—ADHERAEICLDES
NIRRT SE ISR, B8, BT d (kD
Has & xRz, DS86 2V T A ADHE%E
HELTWS, W->T, BHREICERY O
IEHECHEETE R VA, FIATRBO=3RET
BicEraREES I LW TRAGERAL VBRL N
te. —H, #REMEAL NSV T OERMINZEREE
BR[O GREAREREHEIC, VbW 3AYEFEN
HREREEOMLICRG TE NN I TV S,
NS 2HEOHEERICL VRS NFRICFEN
HUBEa8H5LbHEETHS. OMEE
WHICHRRT 20, FHHEEYRTF L2 KIDRL
bOIEHET NI, HELHEIFONLTL S,

3. SETITONICREFRE
BIRFFAE LI, HBEHRIC & - THARE D45

M4 Ure2e . (RARER) 2 Z oF#tEHE~
BTEICKOMELEYIETE26DTH B, fitht
FRIBEHC & O BAREEREHSWEMG 5 &hiva Y
VaunNTOERICBOTHRS W TLIE, £<
DHEYITBWTHIEE SN T X1, $FiC Russell 5
RUOZDMd 7 v—7D= 9 21220 T OAHE
BHEERE D, HEHRIC K D FER SN B ERERR
1325X107°/ 7 L4 /MMRTH 2 LGS
(Ehling 1984). [A#EIC, E MICBLTHHUEE D
FHLGFICRARERROEMPEZ SN, i 0H
BEBfTbNTE .
ZOFBERCFERZ, Table 1 ICF L7z, A)
F RN RE AR A D, L5 « KRIF
DIFYREFEIRE 15,410 %, XHRE 55,870 & i
SWTirbhz, #E L 2BlokotRIiciHY 4
BIER O FEPIECEMOBE, HLIELTCD
oA, MUERE - FERICBT 2H/ O
MoERE, HARMESFENS NI, Ahof
Hicks W T bt I A RS HEHR D8 1332
BonEh ot B) MG 47,624 LOILE - &
OB E ORIk L THARSER s N
B, [ CEERTH - 72, C) FURHIES O FHitic>
WT, PARREARSILE 9828 %, Kk 6470
ZENRE L TiTbN e, T ORERKIIHRRETE 8322
2, XBBEET976 2 TH - 1. MPRICZAD SN
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B EEIEE] 1338 SIS h - 7. D), E) FUEET
BoOMElR BN THE L RIEBREBESO

Table 1. Genetic studies of the children of A-bomb survivors.

Study

Period References

Sex ratio

Chromosomal aberrations

Malignant tumor frequency

Mortality rate

Gene mutation frequency at protein level

Tmgaw»

Frequency of untoward outcomes of pregnancy® 1948-1954

Neel et al. (1990)

1948-1962 Schull ez al. (1966)
1967-1984 Awa et al. (1987)
1960 to date Yoshimoto et al.
1960 to date Yoshimoto et al.
1977-1984 Neel et al. (1988)

* abortions, stillbirths, deformities, infant mortality, and sex ratio.
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Table 2. Mutations altering protein charge in chil-
dren of atomic bomb survivors.

Exposed Control
No. of children examined 11,364 12,297
Equivalent locus tests 544,779 589,506
Mutations 2 4

Mutation rate per locus

: 0.37X107° 0.68x107°
per generation
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Fig. 1. New-length mutation at CEB-1 locus.
DNAs were digested with Hinfl and electro-
phoresed.  Separated DNA fragments were
analyzed by Southern hybridization. Arrow
indicates mutant allele.  The asterisk (*)
indicates the exposed mother.

DELLICHKTE26DTHEhERFHET S &
MA[RETH B. Fig. 112id, CEB-1 fHIcHBWT
TEREROBRIE N | FIEOEBEO KRB ZE R
L. 18 (DA) D2 AD/NY Fid, [EUBEHED
NV FHRE IR T 5700, RARERT
R0V, —H, BT (S0) 024DV FDH 5 1
Aid, HRETHLIRBLIVERLTVEY, &

HIT/R Lo N v F B ORI bFEE LW
W, KBUTHEURERERLEEZONDS, DX
ST, FHEMBOKEBBRELNE I LickhE
RERZFEE L. 5FTIC, Table3 IZ/Rd 65
DI=HT74 FDREEIT-72. TDHH pig
3, AMS-1, CEB-1 @ 3 fEIIC B\ TIZZRZE R A
BE SNt CEB-1i1cd 507115 DERERIZ
2TRBER TS > 72, Pe-1 fHBIL, Pc-1 &V
2TURADI=HF 54 MREA T -T2V
BrcHiEhae b =554 MEKTH
%, =9 ZAD Pe-1 KT, BRERERR)SE
W72 T <, spermatogonia O {1 iR D
S A1) 5 L RREENFEIND T EhWE
SN TV 5 (Sadamotoetal., 1994). L L, :RAfT
HETHRAL 2t b D Pe-1 I T, HRER
ARG, BURFERRLR RS EL -
fz. Bk &E=Y XD Pe-1 FHIK DK IERCHI AL 1E
Bl—Td 3755, ZOEFEDOEEEFIZERT >TL
5. %9 R Pe-1 SO ARZEMIC  OEERLS
DEVWHEFELTWEDhE LA WA, ZEMIE
AFHHTH S, 6 HOBMLETEEIICEWT, RS
F L IEHIRECE F O TRAE RRICHEE IR
HoNIEHM - Tz,

2-6bp DREHAIAS 10-15 [ DR L THEL B
HOWKEEYITH B4 7045754 bizo\WT
LA L 7o (Satoh et al., 1995). X Jeftfk Ficfz
T 3L, FREALOIFEOAT 6D~
47045754 MoV THN. HREEBTT
2 AET 363, FEMHRECME T TIAET 939 oxt
BT ERAE LI LIt B0, JEMIRECHE T
DA 6 [HORRERBBRE N, 6D~ 1
7a% 754 T 5L, BIaFEYD, B
B4 0 ORRE RRIIWIRECE T T 0%, FE#

Table 3. Mutation rates at six minisatellite loci.

Mutation rates

Locus

Exposed parents Unexposed parents Total parents
Pc-1 0/65 (0%) 0/183 (0%) 0/248 (0%)
ATM-18 0/65 (0%) 0/183 (0%) 0/248 (0%)
ChdTC-15 0/65 (0%) 0/183 (0%) 0/248 (0%)
pAg3 1/65 (1.5%) 0/183 (0%) 1/248 (0.4%)
AMS-1 1/65 (1.5%) 11/183 (6.0%) 12/248 (4.8%)
CEB-1 4/65 (6.2%) 11/183 (6.0%) 15/248 (6.0%)
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Kuick et al., 1995) &, 2) Southern 7 & » FET
&SN 38y FDERDE (Takahashi et al.,
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Preferential repair of DNA damage in transcriptionally active DNA: human vs. rodent cells

Steven A. Leadon

Department of Radiation Oncology, University of North Carolina

DNA is subject to damage produced by environmental agents, such as radiation and reactive chemicals, and
by endogenous events occurring naturally in the cellular environment. Risk assessment for human carcino-
genesis requires determining effective levels of DNA damage for producing malignancy. These levels of
damage will be modulated by the repair responses of the target tissue, and hence it is of obvious importance
to understand the mechanisms available to normal human cells for repairing damage produced by different
agents. The consequences of unrepaired DNA damage is illustrated by the extreme cancer-proneness of
patients suffering from human genetic repair deficiency diseases, such as xeroderma pigmentosum, ataxia
telangiectasia, and Fanconi’s anemia. Since studies of experimental induction of carcinogenesis must of
course be performed with animals, usually rodents, it is equally important to consider differences in DNA
repair between rodent and human cells in order to permit effective extrapolation of carcinogenic potency data
to humans. It is now clear that the organization of DNA into the complex structures of chromatin and
functional domains affects the efficiency of excision repair. A large body of evidence has shown that damage
produced by ultraviolet (UV) light or by some chemical carcinogens is repaired more rapidly in trans-
criptionally active DNA than in the genome as a whole and that this preferential repair is due to a faster repair
of damage in the transcribed strand. Although the original demonstration of such strand-specific repair of UV
damage was for mammalian cells, it has now also been demonstrated in Escherichia coli and Saccharomyces
cerevisiae and hence appears to be a highly conserved pathway for excision repair. We have recently shown
that preferential repair of UV damage in active genes is specifically defective in Cockayne syndrome cells, with
a complete absence of selective repair on the transcribed strand of active genes. In addition, we have found
that damage induced by ionizing radiation is also preferentially repaired in the transcribed strand of active
genes in normal human cells. Perhaps significantly for carcinogensis, the functional application of cellular
repair capacity to different regions of the genome appears to be quite different in rodents versus human cells.
While the latter repair UV-induced pyrimidine dimers much faster in the transcribed strands, eventually the
entire genome is repaired. In contrast, rodent cells perform essentially no repair of this damage in
nontranscribed regions of the genome. Failure to repair nontranscribed DNA sequences such as develop-
mentally regulated proto-oncogenes could have consequences for carcinogenesis by mutational activation of
these sequences. Our recent evidence suggests that such differences may be equally important considerations
for ionizing radiation carcinogenesis.

FERIGEH 2

Molecular cytogenetics and the assessment of cancer risk

Joe Gray

Division of Molecular Cytometry, Department of Laboratory Medicine, University of California, San Francisco

Studies of exposed populations during several decades have demonstrated that the frequency of chromo-
some aberrations increases with increasing exposure to ionizing radiation as does the risk of developing
cancer”. As a result of these studies, aberration frequency analysis has become one of the most important
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tools for assessment of the effects of radiation exposure in populations and individuals. The power of
aberration frequency analysis has been increased significantly by the development of fluorescence in situ
hybridization (FISH), chromosome-specific probes and computer assisted microscopy. Aberrations may be
made visible in metaphase spreads by FISH with whole chromosome probes (WPCs) specific for or one or a
few chromosomes?? or in interphase nuclei by FISH with probes to normally contiguous regions of repeated
sequences® and scored rapidly using semi-automated digital imaging techniques®. These technologies allow
practical analysis of large numbers of stable chromosome aberrations such as translocations so that analyses
can be carried out at long times after exposure. Indeed, it now appears that these technologies will allow
analysis of the tens of thousands of cells needed to detect and quantify the changes in aberration frequency
produced by low radiation exposure (<0.3Sv). This is a major step forward but is only of several steps
required for accurate risk assessment (especially if this is to be attempted in individuals®). Also necessary is
detailed information about the impact on translocation frequency of (a) radiation exposure rate, (b) the
biology of the hemopoietic system (assuming that translocation are measured in peripheral lymphocytes), and
(c) individual variation in susceptibility to translocation frequency formation (possibly a function of the
efficiency of DNA repair and/or in genetic damage surveillance). Cancer risk assessment also requires careful
consideration of the incremental increase above background in translocation frequency and individual
susceptibility to cancer induction. Molecular cytogenetic techniques are important tools for development of
this information. One of the large uncertainties in cancer risk assessment derives from our poor understand-
ing of the genetics of cancer susceptibility. A few genes (e.g. p53, BRCA1, hMSH2) have been discovered
that, when mutated, significantly increase cancer risk. However, it is likely that numerous other genes will be
discovered that are equally important, especially for non hereditary cancers. Most such genes are likely to be
of the tumor suppressor type and loss of one normal allele is an important step toward gene inactivation.
Comparative genomic hybridization (CGH) is an important tool for identification of allelic loss through
physical deletion”. This technique is particularly powerful since it can be applied to spontaneous tumors and
requires no culture. Indeed it can be applied to material isolated from archived, paraffin embedded material.
CGH already has been applied to analysis of most common solid tumors and numerous regions of common
deletion have been localized that may harbor genes that when mutated, increase genetic susceptibility to
cancer. It now remains to identify the involved genes and to determine which are susceptibility genes (likely
to be those that are found in early tumors) and which contribute to progression.

1) Bender, M. et al., Mutation Research, 196, 103—159, 1988.

2) Pinkel, D. et al., PNAS (USA), 85, 9138-9142, 1988.

3) Lucas, J. et al., Int. J. Radi. Biol., 62, 53-63, 1992.

4) Rupa, D. et al., Cancer Res., 55, 640-645, 1995.

5) Piper, J. et al., Cytometry, 16, 7-16, 1994.

6) Gray, J. W. et al., in Biomarkers and occupational health, M. Mendelsohn, J. Peeters, and M. J. Normandy, Editor.
1995, Joseph Henry Press: Washington, D.C., pp. 194-214.

7) Kallioniemi, A. et al., Science, 258, 818-821, 1992.
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In vivo and in vitro cytogenetic studies of four sex
hormones (pp. 1-13)
Sugiyama, C.', H. Kobayashi', N. Asano? A.
Ohuchida®, Y. Kimura* and S. Hitotsumachi*
('Safety and Analytical Research Center, Shiseido
Co., 2 Toxicological Research Division, Nitto Denko
Corporation, *Drug Safety Research Laboratory,
Taiho Pharmaceutical Co., * Drug Safety Research
Laboratories, Takeda Chemical Industries)

Four naturally occurring or synthetic sex
hormones—hexestrol (HEX), 178-estradiol (ES),
testosterone (TE), and medroxyprogesterone ace-
tate (MPA)—which are well-known rodent carcino-
gens, were examined for clastogenic potential using
the mouse micronucleus test and an in vitro chrom-
osomal aberration test. TE increased the frequency
of Chinese hamster lung cells (CHL) with structural
chromosome aberrations only at a high dose with S
9 mix. HEX and ES were confirmed to induce
polyploidy in CHL. None of the four chemicals
tested, however, induced micronucleated reticulo-
cytes (MNRETS) in peripheral blood and/or micro-
nucleated polychromatic erythrocytes (MNPCEs)
in bone marrow in ddY, CD-1, or BDF1 mice.

The in vivo mutagenic potential of hydrazine and its
derivatives (pp. 15-23)
Ohuchida, A.!, Y. Kouchi!, C. Sugiyama?, M. Mori?,
H. Atai’ and Y. Hatakeyama® (' Drug Safety Re-
search Laboratory, Taiho Pharmaceutical Co., 2 Shi-
seido Safety and Analytical Research Center, > Pre-
clinical Research Laboratories Inc.)

As part of the 6th collaborative study of CSGMT/
JEMS.MMS, micronucleus tests of hydrazine mono-
hydrochloride (HZ-HCI), 1,1-dimethylhydrazine
(UDMH), and 1,2-dimethylhydrazine dihydrochlo-
ride (SDMH-2HCI) were carried out using mouse
peripheral blood and acridine orange staining. Each
compound was administered intraperitoneally with
single dosing or quadruple dosing at 24 h intervals.
The ranges of HZ-HCl, UDMH, and SDMH -2HCI
administered in the single dosing tests were 25-100
mg/kg, 25-100 mg/kg, and 5-20 mg/kg, respectively,

O HARBZERIFFS

and in the quadruple dosing tests they were 12.5-100
mg/kg, 20-80 mg/kg, and 2.5-10 mg/kg, respectively.
In the single dosing tests, UDMH was negative
while HZ-HCl and SDMH-2HCI were positive.
With quadruple dosing, all three compounds were
positive. These results suggest that the multiple
dosing protocol can detect the mutagenic potential
of HZs more effectively than the single dosing proto-
col. HZs, which are classified as possible human
carcinogens, were confirmed to have in vivo mutag-
enic potential.

The induction of micronuclei in mice by dimethyls-
ulfate and diethylsulfate (pp- 25-32)
Miyamae, Y.!, O. Hirai', H. Yamada?, M.
Sakaguchi?, Y. F. Sasaki?, H. Kojima®, A. Sato®, N.
Higashikuni* and S. Sutou* (! Toxicology Research
Laboratories, Fujisawa Pharmaceutical Co., ?Ha-
chinohe National College of Technology, * Biochem-
ical Research Institute, Nippon Menard Cosmetic
Co., *Itoham Central Research Institute)

The induction of micronuclei by dimethylsulfate
(DMS) and diethylsulfate (DES) was evaluated
using male BDF1, CD-1, and MS/Ae mice. Bone
marrow (BM) and/or peripheral blood (PB) were
sampled at 0, 24, 48, and 72 h after ip or po admin-
istration. Increased frequencies of micronucleated
young erythrocytes (MNRETs) were observed in
CD-1 and BDF1 mice treated twice with DMS, but
not always with clear dose-response relationships
and reproducibility. The MNRET frequency in-
creased in CD-1 mice treated twice, but not once,
with DMS. In MS/Ae mice, double doses of DMS
increased the frequency of MNRETS significantly
and dose-dependently. DES markedly increased the
frequency of MNRETsS in the BM and PB of BDF1
mice given a single ip injection and increased the
frequency of MNRETsS in the PB of MS/Ae mice at
low double doses. We concluded that both DMS
and DES are in vivo clastogens, and that DES is
more clastogenic.
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Diethylnitrosamine is mutagenic in liver but not in
bone marrow of lacZ transgenic mice (Muta™
Mouse) (pp. 33-39)
Suzuki, T.!, M. Hayashi', B. Myhr? and T. Sofuni'
(! National Institute of Health Sciences, 2 Molecular
and Cellular Toxicology, Hazleton Washington,
Inc.)

Diethylnitrosoamine (DEN) was tested con-
comitantly for micronucleus induction and mutag-
enicity in vivo using transgenic mice (Muta™
Mouse), in which eighty copies of a lambda phage
vector containing an E. coli lacZ gene exist homo-
zygously. Mice were treated intraperitoneally with
DEN once or subchronically. Induction of micro-
nucleated reticulocytes was analyzed with a small
amount of peripheral blood using acridine orange
supravital staining methods. After an appropriate
expression period, mice were killed and their tissues
were collected. Genomic DNA was isolated from
liver and bone marrow for the analysis of mutations
in the lacZ gene. The lambda phage vector was
excised from genomic DNA and packaged into
lambda phage by in vitro packaging. Packaged
phages were allowed to infect E. coli C (lac™ strain),
and mutations on the lacZ gene were detected as
colorless or pale blue plaques on agar plates contain-
ing X-gal. No micronucleus induction was observed
following DEN treatments, which is in accordance
with previous reports. Spontaneous lacZ mutant
frequencies (MF) were 37 and 29X 107¢ in bone
marrow and liver, respectively. After DEN treat-
ment, 3-5 fold increases in MF (100-150X%10"°)
were detected in liver, whereas no significant in-
crease was observed in bone marrow. These results
clearly show tissue-specific mutation induction by
DEN, corresponding to its strong carcinogenicity in
liver. The peripheral blood micronucleus assay,
which failed to detect the clastogenicity of DEN,
can be supplemented by the transgenic mouse muta-
tion assay.

The enhancement of chemically-induced sister chro-
matid exchanges by three bio-anticlastogenic fatty
acids, docosahexaenoic acid, docosapentaenoic acid,
and eicosapentaenoic acid, in cultured Chinese ham-
ster cells (pp. 41-49)
Sasaki, Y. F., A. Hosokawa and M. Sakaguchi
(Hachinohe National College of Technology)

The effects of the unsaturated fatty acids cis-
4,7,10,13,16,19-docosahexaenoic acid (DHA), cis-
7,10,13,16,19-docosapentaenoic acid (DPA), and
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cis-5,8,11,14,17-eicosapentaenoic acid (EPA) on
chemically induced sister-chromatid exchanges
(SCEs) were studied in cultured Chinese hamster
cells. None of these three fatty acids showed any
SCE-inducing activity by themselves. The induction
of SCEs, however, by mitomycin C (MMC), cis-
platin (DDP), N-ethyl-N'-nitro-N-nitrosoguanidine
(ENNG), methyl nitrosourea (MNU), ethyl nitro-
sourea (ENU), and ethyl methanesulfonate (EMS),
but not by N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG) and methyl methanesulfonate (MMS),
was increased by post-treatment with DHA, DPA,
and EPA. Considering that the three fatty acids
have been demonstrated to suppress the induction of
chromosome aberrations by MMC, DDP, ENNG,
MNU, ENU, and EMS (but not by MNNG and
MMS), the potentiation of clastogen-induced SCEs
was accompanied by bio-anticlastogenesis.

Alkaline elution of DNA from hairless mouse epi-
dermis treated with skin carcinogens (pp. 51-60)
Kobayashi, H., M. Mori and C. Sugiyama (Shiseido
Safety and Analytical Research Center)

DNA damage in the epidermal cells of the dorsal
skin of female HOS: HR-1 hairless mice was evalu-
ated by alkaline elution after topical application of
skin carcinogens.  N-Methyl-N’-nitro-N-nitroso-
guanidine at 25-100 g per 113 mm? revealed a 3- to
7-fold increase in the elution rate constant 2 h after
application. 4-Nitroquinoline 1-oxide at the same
dose levels induced a 5- to 9-fold increase. 9,10-
Dimethyl-1,2-benzanthracene at 62.5-250 ug in-
creased the elution rate up to 3-fold 24 h after treat-
ment.  12-O-Tetradecanoylphorbol 13-acetate, a
promoter of skin carcinogenesis but not a skin car-
cinogen, at 0.0125-1.25pyg revealed no DNA
damage 16h after treatment. These results suggest
that the genotoxic potency of skin carcinogens in-
dexed as DNA single-strand breaks can be assessed
by the alkaline elution assay using the hairless mouse
epidermis.

No micronucleus induction by phenobarbital-sodium
as revealed in mouse bone marrow and peripheral
blood tests (pp. 61-67)
Shimada, Y.!, S. Ono!, S. Kobayashi!, X. Cui* and S.
Sutou® ('Central Research Laboratories, Hokko
Chemical Industry Co., 2Itoham Central Research
Institute)

Phenobarbital-sodium was examined in the mouse
bone marrow and peripheral blood micronucleus

tests. ICR mice given phenobarbital-sodium once or
four times ip showed no increase of micronuclei.
Neither CD-1 mice given phenobarbital-sodium ip
twice nor MS/Ae mice given phenobarbital-sodium
po twice showed dose-dependent increases of micro-
nuclei, indicating that phenobarbital-sodium was
not a micronucleus inducer under the present exper-
imental conditions.

Comparative study of micronucleus induction by
nitrogen mustard in the peripheral blood and bone
marrow of mice and rats (pp. 69-75)
Cui, X., N. Higashikuni and S. Sutou (Itoham Cen-
tral Research Institute)

Nitrogen mustard was given ip to CD-1 and
MS/Ae mice once or twice and micronucleus fre-
quencies in the peripheral blood (PB) and bone
marrow (BM) were examined. More micronuclei

were induced in MS/Ae than in CD-1 mice in both
assays, and double dosing induced more micronuclei
than single dosing in both mouse strains. In MS/Ae
mice, PB micronucleus frequencies were higher than
BM micronucleus frequencies at the two lower
doses, and lower at the highest dose. The most
sensitive testing system for nitrogen mustard was
MS/Ae mice treated twice and sampled 24 after the
second treatment. Nitrogen mustard was also given
ip twice to Wistar rats; PB and BM samples were
collected from the same animals 24h after the
second dosing. The BM showed markedly higher
micronucleus frequencies. These results with nitro-
gen mustard suggest that both PB and BM can be
used in mice with similar results; MS/Ae mice and
double-dosing provided the greatest sensitivity. For
rats, however, the BM assay seemed more sensitive.
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Eluent  : A:Methanol/H,0 =80/20 (v/v) 8
B:Acetonitrile 1B
0-4min.Bconc.10%
4-7min.Bconc.10-100%

7-25min.Bconc.100%

‘ Flow rate : 0.2ml/min. at 30'C

‘ Detector : UV254nm,0.512AUFS
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(R VIE S
Eluent  : A:Methanol/H,O =80/20 (v/v)
B:Acetonitrile
0-4min. Bconc. 10%
4-7min. Bconc. 10-100%
7-25min. Bconc. 100%
} Flow rate : 1.0ml/min.at 30°C 5 3 15
Detector : UV254nm, 0.128AUFS
Sample : 1) Naphthalene 14

2) Acenaphthylene
3) Acenaphthene ) 8 mH
4) Fluorene 0 U U

5) Phenanthrene 3 _ﬁ»u U \

6) Anthracene 6!

7) Fluoranthene 0 10 20 30
8) Pyrene

9) Benz (a) anthracene 1
10) Chrysene
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11) Benzo (b) fluoranthene 14
12) Benzo (k] fluoranthene
13) Benzo (a) pyrene L
14) Dibenz (a,h) anthracene
15) Benzo (ghi) perylene _,_)LJ LU
16) Indeno (1,2,3-cd) pyrene L
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