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A time-course study on the urinary mutagenicity of non-smokers
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Summary

A time-course study on the mutagenicity of urine sample from non-smoking volunteers
(3 males and 2 females) has been carried out under the conditions of daily life and/or of
some diet control. Blue rayon extracts of urine sample were assayed with pre-incubation
method using Salmonella strain YG 1024 in the presence and absence of a metabolic

activation system (S9 mix).

In the absence of S9 mix, the mutagenic activity increased after taking some fish
meals such like tuna (both raw and roasted) for male volunteers in diet control. Also
many urine samples from a female volunteer showed very potent mutagenic activity in
daily life. In the presence of S9 mix, mutagenic activity increased after taking some
cooked meals like fried ground beef, roast pork, roast tuna. It was suggested that there
were many kind of mutagens, not only promutagens but also direct-acting mutagens in

human urine.

Keywords: non-smoker’s urine; mutagenicity; time-course study; daily life; diet control
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Fig. 1. Dose-responses of some urine samples.
O: without S9 mix, @: with S9 mix.
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Table 1. Mutagenicity of urine samples from non-smokers using Salmonella typhimurium Table 1. continued (Experiment II?)

YG 1024 (Experiment I) Py
Revertants/ Revertants/

Revertants/ Revertants/ 5 Urine sample min®
Sampli Interval Urine sample min® o L Subject iaénplglf Time I?fﬁ{r‘;;‘l volume Main diet (Ingestion time)
Subject Narnp]sng Time I} -V) volume —————— ——————  Main diet (Ingestion time) - Day (ml)  —S9 +S9 —S9 +S9
o. Day min (ml) —S9 +89 —S9 +S9 mix mix mix mix
mix mix mix mix A2 1 st 6:20 380 420 1070 1140 2.8 3.0
A-1 1 1Ist 14:55 260 300 0 0 0.0 0.0 i S : . .
le : 2 9:20 180 470 0 457 0.0 2.5
ma 2 17:50 175 190 0 0 0.0 0.0 3 12:30 190 150 0 638 00 3.4
A 19:55 125 290 0 0 0.0 0.0 " o % O e 0 g fried vegetablet (13:30)
s 2140 15 140 0 0 0.0 0.0 5pnese hotchpotch (21:45) 5 19:40 190 230 0 495 0.0 2.6
5 2nd 0:25 165 190 0 0 0.0 0.0 H g9
: 0.0 0.8 130 170 140 0 851 0.0 5.0
6 6:40 375 400 0 306 . -8 {oast, corned beef (10:45) 7 2nd  8:20 590 460 0 342 0.0 0.6
: 0 0.0 . : ) !
7 e & = 0 0 0.0 0.9 chinese noodle (12:45) 8 13:30 310 450 0 84 0.0 2.6 .
8 17:20 375 380 0 0 00 0.0 ¢ beef (18:30) _ 0 2.6 grilled saury® (13:40)
roast beef (18: 9 16:30 180 120 737 440 4.1 2.4
9 22:15 295 300 0 548 0.0 1.9
10 19:40 190 320 0 452 0.0 2.4
10 3rd 1:00 165 230 0 312 0.0 1.9 ;
1 10:00 540 490 0 346 0.0 0.6 & . ¢ a3 00 33
: 12 3rd 1:20 200 380 0 781 0.0 3.9
B-1 1 Ist 12:40 120 250 0 353 0.0 2.9 oo oi12:40) 13 8:00 400 480 0 507 0.0 1.3
male ; ;
age 33 2 16:15 215 290 0 508 0.0 2.4 14 11:20 200 210 0 325 0.0 1.6 roast pork® (11:30)
3 19:00 165 160 0 129 0.0 0.8 " gratin (20:30) 15 13:10 110 280 0 492 0.0 4.5
4 22:00 180 290 193 681 1.1 3.8 16 17:30 260 220 0 1100 0.0 4.2
5 2nd 7:00 540 460 0 41 0.0 0.8 ¢ caimon (8:30) 17 4th 820 890 470 0 81 0.0 0.9
6 11:20 260 200 255 0 1.0 0.0 gicd oround beef (13:00) 18 12:55 275 290 0 0 0.0 0.0
: A = . & e o ‘1‘2 B2 1 Ist 7:17 317 370 0 733 0.0 2.3
: : . roast beef (18:30) 2 10:42 205 350 0 338 0.0 1.6
9 22:10 240 320 0 572 0.0 2.4 3 13:20 158 400 0 0 0.0 0.0 ]
10 3rd 0:10 120 150 0 600 0.0 5.0 4 16:30 190 180 o 417 0'0 2'2 fried vegetable® (13:30)
11 5:55 345 440 0 511 0.0 1.5 ’ b
5 19:55 205 180 0 0 0.0 0.0
12 9:00 185 380 0 310 0.0 1.7 i
13 10+40 100 75 17 0 12 0.0 6 2nd 3:00 425 320 0 0 0.0 0.0
' : ' 7 7:30 270 680 0 0 0.0 0.0
LCo LIt S0 60 260 26800 1350 T 23 oaq :30)rice (2:15) 8 10:35 185 330 0 241 00 1.3
emale a : g :
mile 2 13:30 400 110 17800 1070 444 2.7 gootigon) 9 13:30 175 330 0 0 0.0 00 giled saurys (13:40)
3 21:55 505 200 14600 1010 29.0 2.0 10 16:30 180 360 0 530 0.0 2.9
4 2nd 6:15 500 30 19600 546 39.2 1.1 roast pork (7:10) 1 20020 230 200 0 1180 0.0 5.1
5 12:25 370 90 16400 1100 44.4 3.0 chicken nugget (12:45) 12 3rd  5:45 565 540 0 80 0.0 1.5
6 16:52 267 195 16400 695 61.3 2.6  Chinese noodle (18:15) 13 11:20 335 610 0 482 0.0 1.4 Lo porks (11:30)
7 3rd 1:00 488 —  (lost sample) 14 14:25 185 270 0 869 0.0 4.7
8 8:35 455 155 4600 388 10.1 0.9 15 17:20 175 190 0 799 0.0 4.6
D 1 st 920 535 330 3750 452 7.0 0.8 S ng‘g .~ igg ’ :2(9) 00 24
female 7 13:25 245 180 0 0 0.0 0.0 o4 fish (13:30 ' .8 20
age 23 3 15:57 152 140 0 455 0.0 3.0 ried fish (13:30) 18 6:10 345 520 0 234 0.0 0.7
’ : : vegetables (21:00 g
4 2nd 0:55 538 275 581 421 1.1 0.8 E e ;(9) i; (1)(5) Tgi fig 8 ;gg 8-8 ; ;
5 6:45 350 295 0 419 0.0 12 cupies (7:00) i 0 3
6 9:12 147 210 2120 0 14.4 0.0 ' b Control diet for Exp. II: fresh vegetables, fresh fruits (apple, grape, peach, banana, tomato,
7 11:55 163 315 0 275 0.0 1.7 vegstables (13500) grapefruit), tofu (bean curd), process cheese, bread, boiled rice, miso soup, yogurt (plane), milk,
8 18:17 382 540 0 305 0.0 0.8  ficd chicken (21:30) tea, green tea, oolong tea, orange juice
9 3rd 1:37 440 130 0 349 0.0 0.8 ¢ Control diet for Exp. III: same as above except for boiled rice and miso soup

4 These main diets were taken with boiled rice and soup
Revertants/sample

= Revertants/min= Interval (min)
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Table 1. continued (Experiment III¢)
o Revertalnts/ Revegtants/
: rine min®
Subject IS\Iaénplll)nfy Time Ir}f:’l{x;"l volurrlne — - Main diet (Ingestion time)
: (ml) -S9 +89 -89 +89
mix mix mix mix
A-3 1 1Ist 8:50 460 420 0 450 0.0 1.0
2, 12:30 220 180 0 0 0.0 0.0 sliced raw tuna (13:00)
3 15:45 195 470 0 0 0.0 0.0
4 19:00 195 430 0 0 0.0 0.0
5 21:45 165 220 3090 0 18.7 0.0
6 23:15 90 370 1160 315 12.9. 3.5
7 2nd 0:35 80 330 972 0 2.2 0,0
8 9:35 540 510 997 0 1.8 0.0
9 13:25 230 400 782 0 3.4 0.0 roast tuna (13:30)
10 16:50 205 250 711 778 3.5 3.8
11 19:45 175 280 2630 924 1500 - 5.3
12 22:45 180 500 3690 542 2057 3.0
13 3rd 0:15 90 490 940 369 10.4 4.1
14 2:05 110 220 2580 0 23.5 0.0
15 9:15 430 390 0 342 0.0 0.8
16 13:00 225 230 790 0 3.5 0.0 fried ground beef (13:00)
17 16:15 195 200 0 6910 0.0 35.4
18 19:20 185 420 0 12400 0.0 67.1
19 22115 175 310 0 2880 0.0 16.4
20 4th 0:15 120 420 1120 949 9.3 7.9
21 9:00 525 500 0 736 0.0 1.4
22 13:00 240 170 955 650 4.0 2.7
E 1 st 4:30 450 350 4320 512 9.6 1.1
a‘;‘:lzez 2 6:30 120 110 634 0 5.3 0.0
3 10:45 255 120 0 0 0.0 0.0
4 12:40 115 80 0 0 0.0 0.0 sliced raw tuna (13:00)
5 15:15 155 190 0 0 0.0 0.0
6 17:45 150 160 0 0 0.0 0.0
7 21:45 240 280 2310 9% 9.6 4.1
8 2nd 2:40 295 490 0 314 0.0 1.1
9 6:00 200 220 1750 510 8.7 2.6
10 9:00 180 100 4940 787 27.4 4.4
11 12:45 225 180 2960 1040 13.2 4.6 roast tuna (13:30)
12 16:00 195 180 0 355 0.0 1.8
13 18:15 135 190 3410 854 25.3 6.3
14 20:05 110 150 0:° 573 0.0 5.2
15 23:30 205 350 630 0 3.1 0.0
16 3rd 5:00 330 110 1910 0 5.8 0.0
17 8:05 185 120 3920 0 21.2 0.0
18 12:45 280 210 0 0 0.0 0.0 fried ground beef (13:00)
19 16:00 195 200 0 3280 0.0 16.8
20 18:05 125 170 0 4280 0.0 34.2
21 21:15 190 250 0 5600 0.0 29.5
22 23:00 105 110 1380 1320 13.1 12.5
23 4th  2:30 210 340 0 1110 0.0 5.3
24 5:00 150 190 1300 542 8.7 3.6
25 8:30 210 180 1110 390 5.3 1.9
26 11:00 150 100 0 0 0.0 0.0
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Hihb kd7edoikin, YRk S9
mix FINCTERFEEIMETT5 X 5 sWENE
RTWBZ EMfl-te., Dk, ZEREGEHES
R\ Fehs, SZEIMEE AR & 8 R & ORI H
W7 BARIZERD by, AFANBIC S HEORE
HFELEPhBX5bDIXRLIcHish T,
W L b AR CXich - 1oy, Thb DR
BTl e AW ER e E2BS LB 2 &
NEZLIhS.

—7, S9mix FHEmsgkH T Ciiad (BE) Lo
BAfRAER S R S i, REAR L ERFEEOR
BhHE DB E, BEWTW, ~v =70 EMEGRHER
LicBEH, REHRRORBRCERREED LA
DREBD b, BERELY L BNCHRID E
DERWERFHEIZRD bl ot BRI KA
2~ — 2 v (Baker et al., 1982), §&\~ 7o 428 A
(Hayatsu et al., 1985) % Zh Zh{BH LicEBE
WIRFPDZERFEMD ER T 5 2 La@EI T
5, ChHOHEEXEZAED L, REARIX
> TROBRFEWIELT S &, BomBGhE
LicimEE, RiEARo#Ex SImix FHingk

Table 2. Daily personal exposure to mutagens
in non-smoker’s urine

Sample Day (NoJ Interval Revertants/24 Hrs.

Suls ject T min g9 mix 459 mix
Exp. I o o

A-1 1 (1-7) 1470 0 300

2 (811) 1375 0 1260

B-1 1 (1-6) 1480 440 2040

2 (7-13) 1400 120 3300

€ 1 (1-3) 1505 56700 3290

2 (4-8) 1592 51500 2470

D 1 (1-4) 1470 4240 1300

2 (5-9) 1482 2060 1310

mean 14400 1910

s.d. 24600 1060

T COLEREFEMICI S RIEIN S Z EHARRS
i,

Table 2 (% H ¥4 1EI 313 % IR A28 5 R vk R 5
% 24 B (1440 2) Hich OERER =2 v =—
WL LTEB LI O Th 5. Table 2 inb,
S9 mix ¥RIN&MHT Tk I EAZEL DL,
wEE 4N 8 B OFHfEL 1910 = = = —/
HThote. ThiZH LT, S9mix MEaHIMNGEH
Tk Table 1 /v BB A/ X 5 WHAZELK
£, Bl CRBEREC L > TEIDHH DD
O, WeEE L L#EE S mix EHRMEHT DT
DENEHET XD bEVELZRL, REIINCE
BTERVBRBRTAFEET S LB FRS
hic,

£ B
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mMLTETW%., CORRELT, HEADRE
EOZL, HEDIA 7224 L D& &5
HIELRTHE., BAD—RFHOBELD, »
oD FRADERATFIZOWT, ThbD
FEROHEFHNRADh TR D, &Y (5%) &
B (30%) OFHERNVAEVC LicENMES
T2 (Doll and Peto, 1982),
BRoOLATRNICL S5, HEOREFD
hCh NBGHE LcEEA - RIEHRRRE0R
BCROBREELN ERTHERREBD bh i
2%, EB I TRAREAS L ED TAEBETECRT
HIR AT Ieh - 1D T, BEDARENROER
FECRIETHELZRALNCT S LIXEETH
BT ot

2T, BH2E (ERI LE—AW) CE B
FEBAtE 24 BT D REHBE AT o kT
3 HEEARMCEE L ERXZEBR LT HL
W, FORER AN (ERI). ER/E, n#
FELCOOREREL, REMNLIDOLLT,
BEps (BL), R (XA, KA (K=
—2) R, ThiETFOMT e L AR,
Hxf bt ks, HEREHTOEDEE
R T BIcd, KB 2 BRCT - .
Table 1 (Experiment II) 235, #HIBEHEETFD
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BETCIIMER AR L. Tihbb, B
DERDEERCIID ¥ h K ELBLIBED Bhis
moledy, BERERCHEATERDORKIIL, AR
R TERFEEN ERT5C oo, BEfa
ERNPERAEROSHE, WER L AK I HRIE
EREBLICEBD R CHRCERERO LARED
b, FORHEKIC v — 7 R Bhic. VA
XHEPERE & A HE (R) EETF T vz b2
M EBbhsRHE FAKRY) 2ERLCEE
LR UHETRDOOERFEELZ R Lc. DHBKE
WA LT, 16~20 BELIBICIT ZISHE L
REREXERTHEMO VAR .

MO EEEL Lo RFOERFE M2 RN,
BGtEam LicBMO S AECEHEELGEY X
HRE LT, BRAECTLRILLDTDH
52 &, 1 OORED S OERFER T FERCA
NEb® L2 ORE, FEREOMEIOMAEDH
BIRIoTHHIhso EErWMELT W5
(FR5, 1986). chbaExA¥5 &, MEGH
BLICERTH->Th, TOFEM, HEFECK
> TROBRFEWCRITTHE I RIcr b0 L&
zZbhite., FCERDHE, BEORRIEARE
HBIRTB0T, ARFOHEOKEILHL
PETHZEIRETHB EEZ BRI,

ZTTT, ZOFBOREI LTS DDOET
VEEBRELT, IHRBH24 (51 AIXER
I, OTefi\C3EE) caRHRERB% 24 K
b AFEHRY T -7 LT, 3 HEBEAERRE
HELCHE—ERLZERLTL D, ToEEr
P (SEBRII) .

BT 5 R/ME, BRAOREFOHTEE
BYHEAREE LN b O TNEGREOHE
Y HBRAT 20, ¥ <ADHY, RS,
NY A= TEBRLE. REFHIROABRSERI X
DIHIEELL, AHRPHREHZHR L. KR
LD 2 BRIKRCAT - 7.

Table 1 (Experiment IIl) 75, TghaE & 3
BHEHBRLZE L LR ELD - Tcled s, TW
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DIRER & RS % E T O IR D2 R JF P13 S9 mix
WD FEJC bbb T Bk Lot ThiCk
LT, ABOEREFEMIZhEFCcoER (I XY
M) LHELTHYEWESRR L. Fig 2%
KR ORER A, Bl (hour), e 28R
JRtE (revertants/min.) % L 5 TR L7A2d DT
»%. Fig. 2 2oL X5, HBREMT
HETOEIDHEDOD, BRFUHEHB DO 5% —v
RED USE L U E R R L.

FARFDOHE, SImix FHMEHETTL B
¥ DMUWERFEHIIRED bhicd - fens, RN
SR TR EERARY 9 K H O JRICE > € — 2 5
Bhiz, BB A-3 TR A CERFEER B
LT\ o7y, i ECcii—BEREE L
LTHhbLEO 20 FHHORICRAD ©— 7 238
hic.

AL ECATHEEC LLEA, SImix TN
ST T, B8 3~6 i H O RICZERFEHE (¥
—7) BR@R»bhl., FO VA EERT CHRA
ERFER LEEOTH L EBRENPORD T
Bote. ©—2 P, BREMRIKRECHEI LT
Wote, —7, S9mix SEIRINGAFT TR 6 K
MEgoORCE -7 238h, WEERE LI,
EDRlEOEHE LR LT X5 C—ABHELL T,
HOBRFEH - 27238h b &5 2§D <4
— VxR LI, Zhik, BRBEOBRIGEECERN
TORBEE YR 5 HEFAIOERIEUENE
DEEEET A ERRB LT 5.

ANy R=IRER LA, ESAHOHRAE
LXHRAIC, S9mix SERINGMHT X b b Bk
BT CHRCEREEL B bh, EIRER 3~6
BB v — 27 28 h, DBERECHED Licrsb
LERFEWRRBD DN D 5 — v ER L.

CDXHE, BRI h s EFHROLER
FEmE R, fkELbh o ik
Teo TR Y, SImix MEAHRINGH T CTHERFME
FRTSDONERHFETH L, ThbD5h,
JEER R b DR 3 R AP IR i Pt <
XU, Tok#mik 24 BREHAC 2 )7 7
VAINDZ ERRBI NI,
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Fig. 2. Time-course variation of mutagenic activity of urine samples in experiment III.

—: with S9 mix, ----:

DERERz =KL LTEHELLI D TH
%. Table 3 25, ERC X AEEEMIX, 1 6
(A-2, BEfSER) %B\ T SO mix WRiNgH T T
DHBRD BRICH, FORMPIOFHiEL, BFHE
W sER 1760, BEfaEf 3300, BEpgERA 2830
ar=—/AThotc. ThbOfEIT HHEMRT
DES g I, BE (&) £ETCTO1H
Y oBERFUHEEEE (Table 2) L HEIL T
FRIBERE B 5T,

—7, BRI XAEREER, BEROZRICE
RV ENEXZRL, BEBETED % -V
BRI > TWhic, A (F5) TmBEDFECTH
b b3 SImix MEAEIMSGHTCRVE (R
9330, #EKE 10700 = v = —/H) RRE LA, &
m&BETTxzo 1/5 BE FF 1970, Gk

without S9 mix.

2390 2 v =—/H) T, BROLThEKEKVD
DTHote. TAEHNLT, B (~vAA—-2) ik
S9 mix NS T TEWE (GBS 21200 = » =
—/B) ZmLl., EBRINEGETTCRED 1/7 2
B (3080 2 m=—/H) Tholkd, FRTHE
BERERIEHAEL VIR IVBETH - .
BELAEYENT AEIOROEREFE L
FREBHARLTED, ZhbofEillss X2k
ELBERCEET S b0 EExzbhi. £&
T, Table 3 /R LicEMBIOFHHEL BER LI
ARERTRITAI LRI -T, ROBRFEKK
RiETRMPIOHEEDOKE I % #E Lic. Table
4 3 ropBokEIy, AF (TAHE) 100g
BlVDBERar=-KLLTELILIDTH
5. 7wk, () HORERXERLEOEERE £k
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Table 3. Effect of diet on the daily personal exposure to mutagens in non-smoker’s

urine
Sample Interval Revertants/24 Hrs.
: Day (No.) :
Subject b —S9mix +S9 mix
Exp. II

A-2 1 (3-8 1500 0 2860

2 (9-14) 1310 810 3260

3 (15-18) 1535 0 2260

B-2 1 (4-9) 1450 0 650

2 (10-13) 1310 0 3340

3 (14-19) 1540 0 3390

mean 1 (fried vegetable lunch) 0 1760

2 (grilled saury lunch) 405 3300

3 (roast pork lunch) 0 2830

Exp. I1I

A-3 1 (3-9) 1495 6750 300
2 (10-16) 1415 11500 3010

3 (17-22) 1440 2070 24500

E 1 (5-11) 1445 11900 3630
2 (12-18) 1440 9870 1780

3 (19-26) 1335 4080 17800

mean 1 (raw tuna) 9330 1970

2 (roast tuna) 10700 2390

3 (fried ground beef’) 3080 21200

Table 4. Effect of diet for the mutagenicity of urine

Revertants/100 g of diet

Diet
—S9 mix +S9 mix
[Exp. II]
fried vegetable (lunch) 0( 0 838 ( 326)

grilled saury (lunch)
roast pork (lunch)

405 ( 101) 3300 ( 825)
0(C 0 2980 ( 622)

[Exp. III]
raw tuna 2920 616
roast tuna (raw weight) 4120 (3340) 919 ( 747)
fried ground beef (raw weight) 1100 ( 963) 7570 (6630)

Number in parenthesis indicates the value divided with 100 g
of total lunch (Exp. II) or of raw diet (Exp. III)

) FlifEmio4ERE (ERI) T, tht
NERLIETS 5.

Table 4 225, BFROEEDAXE (S9mix
BINEGT) (XBRAER>BEAER>FEDDE
BOIHC, BFOBEOKE XX, SImix £
MEHTTRESCAERE>SEAMNE> ~vA—7D
JEC, WINEETTEA~v A= 27>F S AHEERE>
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RRIE DIECE\ - ¥ -7, R b DJEFI
EREHEOER (FRI) FlfEifio4LER
(EBRI) T, ThZhBRLEETIRELTH-
o, TOXHE, EMPFHBAERECI TR
DERFHCRIETTRMOFEIKRE RIS
LM Lot R, AUARHTS S9mix
DM « WHRINT L - TRERBZ E0 D, RAETH

IR RENE L SEL N LT A MBERE 5 2
DT CHEEND TR, ThBERLEE Lk
BEERFE 52 5WBELHFET AL, S
BERWENPERFEL B EXWLMN ST,
INEGRE Uik e - mlEl A, FRcpiEo
BT S mix FHRiNGH T CRDbRIH,
ChbARRIIE, SYmix FRINSHTF VW
BEMAYRT~T oA 27 v 27 3 VENFLE
T5Z ENHE IR T 5 (Takahashi er al,
1985). ~FwmyA42Y 27 3 VEHI -
v—a YEWEIhRLT o & (Hayatsu, 1990)
R, b bPOR 24 KK b BE I &
(Ushiyama et al., 1991) p#fifsxhTx b, S9
mix FINGEH T BT 5 EHEEBERFTOO LD L
Exzbh By, GH, RO—H%E A Tr DR
B diRs 2 L3 RESORMENLH E DL
DI BB o, —TF, SImix IS
TCOBEREMWII~T w129 » 27 3 v
OYEVPEE LTS EEZLRE. 4, O
IO L R A MBEXRET D L LD, Th
LOSPHHENRREIN BT LI - T, H5Rig
EX OB TE S X O Wi b EBbh
%.
SEOEBFERND, OB (~v =27, BER)
R (FAH, SAE) DREBRCERFEMD ER
NROLIABHZ &, @SImix FMGEHT CER
FtkE% 52 o3 A LRI T TR
HHEZ LT OCAENET A Ll ENPM LR
ote. Fio, @BUEEZDIRTE SImix ¥R - 46
W& T CERFEMO LANBD RS Z &
CEBED, 1992) 3N E/c-TERD, ROER
FEHBEBERTCOWTE, RO bD L&D TH
BORTHESLTCWbbDEELZLRS. Rik
BN B RERE Sh DT, BErA
T A) A4 =v=—x—4& LTI, S9mix
HWMEGT LD S, & LAEEMEHN T COBRE
AT oHERENECEELORS. 58, &
oA AEFNEE L OE RO, B
HFLLDFERBOMRLX B S BHELD B L Bbh
B

E iR

RGO —IRE 23410 5 FEAREWIE T » ¥ =
7 PRI X o TiThhle b 0T, BREIIC
7 IR R D
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Biphenyl compounds are hydroxyl radical scavengers:
Their effective inhibition for UV-induced mutation
in Salmonella typhimurium TA 102

Fujita, S. and J. Taira

MRS LBERBRFERT
250 fpzE) 1|/ N R AT ARy 5-3-28

Cosmetics Laboratory, Kanebo Ltd., 5-3-28 Kotobuki-cho, Odawara Kanagawa 250, Japan

(ZAF: 1994 4 3 § 17 B; 5Z#H: 1994 £ 5 A 9 H)

Summary

In our previous study, we found several hydroxylated biphenyl compounds have a
great scavenging effect for hydroxyl radicals (¢« OH). In this study, to elucidate the relation-
ship between generation of the «OH and photo-mutagenesis, six biphenyl compounds such
as dehydrodieugenol, dehydrodivanillyl alcohol, dehydrodidihydroeugenol, dehydrodicreosol,
magnolol, and honokiol, respectively were examined for their ability to inhibit UV-
induced mutation in Salmonella typhimurium TA 102.

The relative mutagenic activities (RMA, %) indicated the mutation frequency of
treated cells divided by the mutation frequency of control cells times 100%. The RMA
(%) are as follows: 28+1, 31+1, 3341, 4142, 62+1, and 62+4 at concentrations of 5 pg
per plate for dehydrodieugenol, dehydrodivanillyl alcohol, dehydrodidihydroeugenol,
dehydrodicreosol, magnolol, and honokiol, respectively. These values indicate that low
concentrations of these biphenyl compounds effectively suppress UV-induced mutagenesis.
Also, these compounds acted as effective antimutagens in a dose-dependent manner
(0.00005-5 g per plate).

These compounds are effective «OH scavengers. Consequently, the results obtained
above suggest that these compounds could inhibit against UV-induced mutation by scaveng-
ing of «OH generated by UV irradiation. The results also suggest that «OH are associated
with UV-induced mutation in Salmonella typhimurium TA 102.

Keywords: hydroxyl radical; UV-mutation; hydroxyl radical scavenger; biphenyl com-
pound, Salmonella typhimurium TA 102

#® g

A=R—=FF Y FFTHN, EFaFvrIT)
s (+OH), —HIHMRHA O IHREMRARELS AP TE
U, BexisflEELG &R T L2RRT 5%
ME I T\ % (Frong et al., 1973; Kellogg
et al., 1975; Lai et al., 1977; Tien et al., 1981),

© BABREARFY-2

ThoEERRC L sEEF L x v <78, RE,

DNA /g & DAERDICE LY, Hic DNA A0
BEIIRARER (Bruyninckx et al., 1978; Fenn
et al.,1957; Gifford, 1968) =i fa D € (Wells et al.,

1984) ICFE A Z LR IN TS, 2D DNA
B oO—>DER L, DNA HIEOEEAIEE
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FBEhTEY, ¥roBthosF vy =
-, S-e FeFvrFLy v, S-kLIn
v, 8t FrFvr7 7 vvhbBRIHIAT
\+% (Adelman er al., 1988; Ames et al., 1991;
Cathcart et al., 1984; Floyd et al., 1986). 7%
bbb, EEEBEEoP LT OH © DNA ~
offmms, KEREREEZLLRTVS.

—7, EHBRE L RAROBRICI VT,
s I b % 2T B RIE T, RIMRIBATRRC
7YV —=FCHIARIEDE LS ERRESh TV
% (Pathak et al., 1968). & b1k, FEEMIaZ
VTR IMERIC X 5 -OH OAREHER LI
(Taira er al., 1992). Nishi 5%, R/MRBSHC
I pEREMACIRE DEftic, o -OH DO
2R LT\~ % (Nishi er al., 1991). F TSRt
BT X b HMEBORRO— L E 2 bh B ERMR
IR R BIMRIRSTT X 0 AU e IERRED
DNA L sbDEEZHbhT\% (Smith,
1976). L Lishih, ZDRHEAOERRFEFES L
DA H =R AEHLATIEIR.

—FTix, oo -OH DREHEH P
RABACITLRTED, ThETLCHE D
BHINRVHERTWS, Hxd -OH R
AL LT, BfEo 7 = 7 — A bE&ic -OH
OHRIEAEET S L RV LT % (Taira
et al., 1922, 1933).

AP O BRI, SRIAMRZEARZER I -OH 233
LLTWwWAonzWbLMCT 5 HNT, BIEHA
b U AR S D\ Salmonella thyphimu-
rium TA 102 (Levin et al., 1982) 248§ % R
4t LR, -OH HfRFD €7 = = 1 {bEW%E
WnL, *O8RIMREAREROIHLB R 2GS L
y o

EBRMEGLTFHE

FEACHAWI 6O 7 = = LA ER 11T
5 L7z. Magnolol 3 X 0% honokiol XF1YGAEE
TEME) LVAFL, o7 = = {LEW,
FEASECAR L1 (Taira et al., 1993). %1z 5,5-
dimethyl-1-pyrroline-N-oxide (DMPO) (%7 £ 7
v 7 () 7B AF Lic (LA Tdimethyl-
sulfoxide (DMSO, RM{(LEBFZERT, WILA 2
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Honokiol

OCHjz

CHy

OH
CH40 l O
OH

CHa

Dehydrodivanillyl alcohol

Dehydrodicreosol

Fig. 1. Structures of biphenyl compounds
tested in the present study.

) RERIETHVE. ZofoRIETLE
TREAMIETE W) LV AF L. ERCHW
itk, Salmonella typhimurium TA 102 (I E 7
AERERFT & b i E A Zi e, Bt r = —
AP A iV, by 77 M-3R 0.7%/
NaCl 0.5% OWHEE®KIC 0.5 mM L- 252 v/~
HC1/0.5mM €+ F vEEBK % 1/10 AEinx
CHHL Uiz, Salmonella typhimurium TA 102 (3,
20 m/ oxoid nutrient broth No. 2 (ampicillin
500 pg, tetracycline 40 pg % #ipn) =< 37°C, 16
efeIRE 3 L, BEERGEMETR (100mM, pH7.4) T 2
[EPEE S, [FAR M I LT 1 X 10° cells/ml i
FELAVE, COBEKO 0.4ml LERE 35
mm Oy —VicE D, ThCHEEER 2ml
LRA L1, 254 nmD 4841 (germicidal lamp,
15 W SANKYO DENKI) # 21.7J/m® f@§f L7z
(s emat R, UVX-254 radio meter UV,
P, INC., USA Tl . SRIMRBHE EbT
v 7 = = LS WEER E 71k DMPO %% 0.4
ml fixte. ZORERND 0.7ml 5L, 2
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Fig. 2. Mutation on Salmonella typhimurium
TA 102 accompany with UV irradiation.
(®) revertants/plate, (O) % survival. Each
assay consisted of triplicate plates for
each amount of radiation, and the results
were the average (mean-+SD) of three
tests.

ml DObFy FT7H-HEBEMLT, BHI7La—2
FERFEMCHEE Lic. 37° T 48R EIR B HC
HiF =2 v = — ¥ (revertants) #H v v b LIz, —
HCHDEFREHRT e, WEREKY 10°
ECHRUCAROBIELT, REBREOEERK
(viable cells) % 7 v v b L TAHR (survival(%))
RD I, EREEEK (mutation frequency) 11,
AEBY ) O FEkze=—KTokdie, £
X, ETHREC 3 Ko7 v—rxAv, &R
(3 BIOEERDFHAEL B AR ERK (relative
mutagenic activity(%)) & LT®k X W EH LT
Rt
RMA (%)= (mutation frequency of test com-
pounds/mutation frequency of
DMSO) x 100
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B 2 R R RS i & R = m = —H0 & DB
R, BRI s WoBER 2 =%, Hb
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Fig. 3. Inhibition of biphenyl compounds
against UV-mutation on Salmonella typhimu-
rium TA 102. The assay was subjected to
triplicate plates, and the results were
indicated the average (mean+SD) of three
times tests. Relative mutagenic activity
(RMA, %) was calculated as shown in the
text. (a) dehydrodieugenol, (b) dehydro-
divanillyl alcohol, (c) dehydrodicreosol, (d)
dehydrodidihydroeugenol, (e) magnolol,
and (f) honokiol.

& 21.7)/m* c@pie. K3 RE7 =2 =1{d
Y 6 EOBRNBRARER O R AT, 7 —
Z 38 &7\ Ay, magnolol »  honokiol (3 50
pg/plate T, IR THEFHELREZL, ¥
dehydrodidihydroeugenol i1 50 pg/plate CHiH %
A4 Uletedd, SEIOFHMHEE X, K& S pg/plate
THHE L7z, £hZh S pg/plate i 135 RMA
(%) 1t dehydrodieugenol: 28+1, dehydro-
divanilly alcohol: 31+1, dehydrodidihydro-
eugenol: 33+1, dehydrodicreosol: 41+2, mag-
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Fig. 4. Inhibition of DMPO against UvV-
mutation on Salmonella typhimurium T A 102.
The assay was subjected to triplicate
plates, and the results were indicated the
average (mean-+SD) of three times tests.
Relative mutagenic activity (RMA, %) was
calculated as shown in the text.

nolol: 62-+1, honokiol: 62+4 T, ZHETOD
(LB Te\ S\ SR R 2R AR SR SR e FR D
. ERNcbRING X5, Ftamith
Zh o RMA(%) ftins 5x107° pg/plate DK
b 5 pg/plate OJARIF R E IR T, BEKTFR
CETARTC EDERTH -

—J5, &R H4 LB OH DRI DD
OHRCULELEAWOhEAEY P T » THIC
DMPO 2% %. A+ o 7#lix, ‘OH LAy
7 %7 + (DMPO-OH) % L, BT A vk
R ekl sz L B fibh s, -OH B
s s IR BT BB LT\ B & LR TEND BT
W, €7 == {LEW L FAkC DMPO % [FRiC
WINL, SRAMRFERC X 5 RMREROMEIZ) R %
F~to, X4 ic DMPO DRAREREFRICKT
LA RT. MabiBban k5K, RMA
(%) iz, DMPO DEEHIMCHET L7c.
@z .1¥, DMPO 7 zmol/plate fi, 7.9X10° pg/
plate Ic #7243 5 RMA(%) filiix 53.5 TH o1
hb OEEND, RIABBREROMENL, W
57 DMPO o -OH B {EAC X 500K &%
2 BT ENFEYTHAS. i, ¥7 =2 {tE
#)> DMPO & D3RIMRZE RIS SRINTHIZH R % He
L34, Fiio DMPO © RMA fHIZRfL,

192

€7 = = BT RS By IR R R D
dehydrodivanillyl alcohol ¢#J 5x 107 pg/platel,
F 7o IR o 5% % €L~ honokiol &, 7 5x107}
pglplate DILEETRGOMFBELRL, WOH
ERFWETHHZ LHRLIC.

z B

s T opfEEE, FBIMRTECHR S
hTuwsEHEKRTELS. ZOkERERCEK
TEEBEOMENRHIh T 5. BIEIRE
LT, 70— AARIGHELTWS T
L, fw@c Pathak Hbic X h#EI L TV 2D
(Pathak er al., 1968). JEIEDOWZET, SRIMER%L
TBET Utc e fifas s, -OH 2VERL, 72l
o -OH FE DB BE LTV 5B T & bR
MexhCT\5 (Taira et al., 1992; Nishi et al.,
1991). — T, B X 5 REEORRDO—>
c, SEIMREARTRLEIRIBEIC X 0 A TS
Mo DNA Hiic X 5 2 LAVRE I h, i
-OH o DNA Mg s, RESh T
% (Smith, 1976). —J5Cix, OO -OH
DRFEFIOTRLBACT LA TE D, Bxd
OH wHERcmiERE LT, BED7 =/ —N
HAL& e -OH OFRIEAEETH LR
W LT\5 (Taira ef al., 1992, 1933). &[El,
il 4 o RSB L TEMERA SR & DRIE & B Db 2T
%725, OHRFD € 7 = = M bBEWE KR
{@4t L7 Salmonella typhimurium TA 102 /T
WAL (M3). €7 = = bAWT X 58RMR
JeRIER O ML, RMA(%) B2 5X107° pg/
plate DEWLREEN S 5 pg/plate o[k FIF /s BREEIK
<, PSRRI K T &R Lz, & © RMA(%) fil
1, Shimoi & 234 LT\ aHED % v = v,
55 % vin EOEIT TS, JEHITE S,
Ao EEERP O\ O 2 #TH B (Shimoi
et al., 1986). = DOFEREMND, SEIFHELCE 7
= = LA, ROHERENETHDLE L
%. ¥ Shimoi & iXFAMLAMIC X 5RIMERER
75 R oML, DNA DOREEROMEC X
LD LEELTWEL, FEEDLIX, €7 =1
(L& ¥ DEIRERER KT BIERRES, #
v =vEgts £ O ERFEWHERKN, » it &

Q, FABEGROBRWC LROET = =4 {LE
s cOH oifRFIch s o &avd, 4Elo
BOMRB R RIS, IR X v Uk
OH DRI X 5 D EHERE LI, Dz Lx X
HIFE T %7, «OH O D fo il
hBHAEY 7y 7] DMPO %885 R X
BRAREFROMHB R A FR TR Lic (K 4).
RMA(%) fEix, DMPO o ¥EEHIMTHENMET
L, BOMRBRER KT 5 B Rr R L. %
To, €7 = = {bAWix, DMPO 0DE5RZEM
ZRMHEBROK 1/10°~1/10° D{EYEEERK <, )
HHREZRLE (K4, 5. CoERIE7 - =
EE & -OH O R EHEEE K DMPO o F
RCHARTY, WUHACECEEERYH LT,
HT i I L—FK LT3 (Tairaetal., 1993).
iR, €7 = = MEEWIIIEEEOE LAY T
BHBHIcHD, BLEHENDOBITNER,ILCTITHR, %)
ROFEFCHFE LB L Ebhs. chb
DFERND, €7 = = M bE&¥WRV DMPO i X
BRI RREROMENT, W15 2RI Iagt
X DEAETE TR -OH HIRIEFC & 5505 &
EXHBZENEYTH A D, Fih, oL
Salmonella typhimurium TA 102 1= 3s\F 2 22444
IRIERD, BIMRCT X W4 Uiz -OH DAL &
AHNDORRBAGROD 5 & & & FFFICTRET 5 b
DTH5.

L2 L7ehih, «OH BB RRER L5 X
CFTAN=2ARAB IO E Y = =4 {b&¥D -OH
BREMC VLT TH D, SHEOK SRR
TRETHB.
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A new cytochrome P450 inducer for Ames test*
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Summary

The effects of N-benzylimidazole (BI) on mutagenic activation of six groups of car-
cinogens were studied with Ames liquid incubation assay. Intragastric treatment of male
Sprague-Dawley, ACI/N and Wistar rats for 3 days with BI produced 2.6~3.4-fold induc-
tion of hepatic microsomal cytochrome P450 (CYP). In the presence of liver S9 from
Bl-treated SD rats, the mutagenicity of five N-nitrosamines on S. typhimurium TA100
and two arylamines, aflatoxin B,, two polycyclic hydrocarbons, two aminoazo compounds
and six amino acid pyrolysates on TA98 were induced 2~78-fold above controls, which
are all known to be mutagenically activated by CYP 1 and/or 2 species. Compared with
the reported results for rats treated with polychlorobiphenyls (PCB), the numbers of
revertant colonies were the same or higher (0.7~1.9-fold). In addition, when rats of
three strains were treated with either BI or PCB, liver S9 from ACI/N rats was inferior
to those from SD and Wistar rats for the mutagenic activation of two aminoazo com-
pounds and co-mutagenic effect by norharman was observed in their mutagenic activa-
tions, indicating that Bl and PCB show a similar pattern of induction of CYP-dependent
properties. In conclusion, these results demonstrate the use of BI for metabolic induc-
tion to be an effective alternative for induction with either PCB or a combination of
phenobarbital and B-naphthoflavones.

Keywords: Salmonella/microsome test; rat liver CYP; N-benzylimidazole; potent S9
inducer; various carcinogens

# 5
% OREWEIRBEERL IR TERERE
HERTZEnD, TVRZ ) —=v 7L LT

DA RRERIFIERE, in vitro RetafhkRE
AR IR A 2 RIETFRALERAR
FICHB TR S 5 REE LR D RREE

WREEETLC LIt s. REERIEREL
T—icHVbN 5T » P 9,000g L (S9) H
DF k7w x P-450 (CYP) 74 V¥4 213%
Bormbh T %0, REEBEDEOEEL
e b FEEREMAT CYPIAL, 1A2, 2BI1, 2E1 &
DEET 5 LB T 5 (Guengerich,

* This paper is dedicated to Professor Yoshifumi Maki on this occasion of his retirement from Gifu

Pharmaceutical University in March 1994.
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1993; Lewis et al., 1993; Soucek and Gut,
1992). Lieti»T, %% CYP FHEANLIL
RO BT X - TR TV 50, iR E
LC D% RE M 35 T, polychlorobiphenyls
(PCB) o f§i fi 23 # 3% & h T\ 7= (Maron and
Ames, 1983), L2 L, PCB3fE b mEICH
EINfZ LR LY, FOAFLERAROQEN
e L 7c > T\ 5. PCBic i 5358 & LTI
phenobarbital (PB) & p-naphthoflavone (SNF)
OPRRERENTHH LI HRESI TV S
(Matsushima et al., 1976). i DT S9 D sl
TEHIXh T3 PB L ANF o5 cixl
D7y bic4 BHE, it SEOHRENLETHS
TrieEhb, thbiefbh 5 5HH CYPF
BHIORNEELE LS.

Imidazole (Koop and Coon, 1984) & —jiiod
N-BiaiEaE (Ritter and Franklin, 1987; Khan
et al., 1989) MNEHE, 7 v b KRO~= v 2ff CYP
RHFETH L, ¥ h b DT N-benzyl-
imidazole (BI) (¥, PCB L 3£@DFE < x — V%
R ENEYREEEREEO WEH,» DL (Papac
and Franklin, 1988) #if5Ihic. FHEDLIX, &
2 @ in vitro BERIFEMRBICHE e CYP A
DORRAZ B E LT, CYPL #7213 21 X bR
EHbEhsrhEhRicotcxr 1 70 18
EWE OZERIF A Wistar 525 » MIF S9 J4f
¢ Ames 32 X h#E L, BI o PCB #lGFE
DA B S hvic L (Mori et al., 1993),

F T, AHCTIX, Bl © Ames R kiT
HHEAMAFICHERT 5 e, Bl B DZERT
ML SO ~oEEH:, ZH o Sprague-Dawley
(SD) %5 v F&T 377 VLA X B RIET
S UTCERSM D ACIIN %25 » + (Mori et al.,
1987) & o R#iZE K O norharman 12 X A BHA R
R 31 5 Bl ALE D FEEFCOWTERG L
fe.

KREMHE LA E
1. RE

BI (ffiE 99%, CAS No. 4238-71-5), 2-amino-
fluorene (AF, 153-78-6) J% (' norharman X
Aldrich Chemical Co. (Milwaukee, WI, USA),
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aflatoxin B, (AFB,, 1162-65-8) |3 Makor Chem-
icals Ltd. (Jerusalem, Israel) 30N N-nitroso-
dimethylamine (DMN, 62-75-9), 2-acetyl-AF
(AAF, 53-96-3), benzo[a]pyrene (BP, 50-32-8),
3-methylcholanthrene (MC, 56-49-5), 2-amino-
3-methylimidazo[4,5-f Jquinoline (IQ, 76180-96—
6), 2-amino-3,4-dimethylimidazo[4,5-f]quinoline
(MelQ, 77094-11-2), 3-amino-1,4-dimethyl-5H-
pyrido[4,3-b]indole (Trp-P-1, 62450-06-0) ace-
tate, 3-amino-1-methyl-5H-pyrido[4,3-b]indole
(Trp-P-2) acetate, 2-amino-6-methylpyridol[1,2-
a: 3/,2’-d]imidazole (Glu-P-1, 67730-11-4)- HCI,
2-aminopyrido[1,2-a: 3’,2’-d]imidazole (Glu-P-
2, 67730-10-3)-HCI, PCB (mixture of hexa-
isomers), Tween 20 Jz(¢ dimethyl sulfoxide
(DMSO) 1 XFIEAMIEE TR 2 X VA LT,
Glucose-6-phosphate (G6P), NADPH, ATP,
NAD*, NADP*, glucose-6-phosphate dehydro-
genase (G6PDH) K" NADP* |34V =v i
BERE TR A& X » AF L. N-nitrosobis(2-
oxopropyl)amine (BOP, 60599-38-4), N-nitroso-
2,6-dimethylmorpholine (NDMM, 1456-28-6),
N-nitrosomethyl(2-hydroxypropyl)amine (MHP,
75411-83-5), N-nitrosobis(2-acetoxypropyl)amine
(BAP, 60414-81-5), 3’-methyl-N,N-dimethyl-4-
aminoazobenzene (3’-CH,-DAB, 55-80-1) KO
3/-hydroxymethyl-DAB(3’-CH,OH-DAB, 35282~
68-9) X YpF5EE CTAM LIz (Mori et al., 1978;
1980). N-nitrosamine DI EERK (A2 » < b
757y (HPLC) kb 99% LlEThsrC &
HER L.

2. BIfEEEI 70 —4 Ms) © CYPE
BEQAIE

HepE: Wistar, SD & 0O° ACI/N %5 » b3 658
WTRA= 2= Ly —HREH L HVAF L. Bl
1% 0.5% Tween 20 T L (30mg/m/), 75 mg/kg
AEx» 1w 1@, 3 EEBRA (p) L E Y
vFTHRHAMCER (g wBEL, EREEL
52H (12 BEofER) Bic, X®Li L.15%
KCl CERBF»HE L. PCB XfiSEmcy
ik, 500mg/kg % 1@ ip #&5L, 5 HECH

s

2R Lic. Ms & S9 B HERICRE IR L
(Mori et al., 1983), %7 Ms x vz L CYP
SEIT Bradford 4 (1976) ¢ Omura & Sato
(1964) DHELCH > TEhERPE L.

3. ZEREERR

£REBL, S. typhimurium TA98 % 7213 TA100
YEGELT, TRTCA v vF oMy avih
(Yahagi et al., 1977) Tfj-tc. {L&EHE S9 D
AR, 73 7 BEG YL Smith £ (1992),
AFB, % Ueno & (1978), 7 : . 7 V{bt&W &
N-nitrosamine (¥ Mori 45 (1980; 1985) K O'%
Dffio{bA i Maron & Ames (1983) ic X b,
PCB LB L7=5 » MIF S9 #ETFTIOWTERE
hBEINTOBRGEELERA L. Tbb, S9
B2 5 f& N-nitrosamine, 2fE7 3 / 7 V(L&YW
ROt AFB, % 150 pl, MC 3 100 pd, 2 fE5 7k
73ve B@P X 50pl, 6f7 3 BELREY
X 10 pl TERENAT -7z, 5 fE N-nitrosamine
(10 mg), Trp-P-1 (0.3 pg) & Trp-P-2 (0.03 ng)
DOEEREE K Ot Glu-P-1 (0.03 g) & Glu-P-2 (33
vg) DEMEIE 0.1ml Kic, 7377 VL&D
(1 #zmol), MC (50 g), AAF (50 12g), B(a)P (5 1),
AF (2 pg), 1Q (0.33 pg), MelQ (0.33 pg), AFB:
(1pg) KO BI 1 0.1m/ DMSO i +hFhE
L7, S9 JB¥ L S9 & N-nitrosamine ~Tl%
NADP*, 8 mM MgCl,, 33 mM KCI #»flio{t4
¥t NADP* ©fti> hic NADPH, NADH,
G6PDH, ATP (ER, 1978) #inx, 0.1M
vEBiEEE (pPH 7.4) T&E 0.5ml 2igs k)
B L 7o, 37°C T 15 BpfREE LB BREIE 100
w (#9 1~2Xx10° B AHY) #mz, 737277
L&t 37°C <1 4R, fiob&%ix 20 4
7 v v¥F .4 } L7z, norharman N0
A% 50 #/ DMSO (2 %f# L7z 0.2 mg norharman
EMzT7vAvF o1 L.

4. BI @ TA98 & TA100 E#D4EEKICHT
IRE
0.1M v vERLEEW (PH 7.4) T 10° 2R L
T-HREHE 100 40 & Bl %, 55 MiT S9 ikt
FEXRIEHETT, 20 D Fva1 vFE o1 b

L7#. 0.5mM histidine » 0.5 mM biotin % &
LY 7bv7H5— 2ml LEAEL, 0.8% Difco nu-
trient broth » 0.5% NaCl #%&mlL7: 1.5%
Difco BiTek 7 # — 7 v — b kT 37°C T 48 i
[l v oA b LI, Al Lica v =—$%
B L7 (Maron et al., 1981; Mori et al., 1985),

5. HPLC [C& 39

HPLC #£@E L LCEE LCIA v 25 4 (B
BUYERT) & # 5 A1 Finepak SIL Cy, (PJ{% 4 mm
x25cm, HASHKTEH) w#MHi. I SO & Bl
DORFIC F\TrE, 300 20 S9 1 550 x1 CH,CN
&Y VEREERE (PH7.4) Znx CT&ds lml &
L, 1500g CEOLAMEERO LEX v 7 r e L
7o, WRep BL oflEL, BLESLic7 v b & ]|
Ry — o TRE L, #5% 24 REoR%E
Vedik & b 100ml i@ LAz, Zh# Sep-Pak 7
— Y » v C,y (Waters Associates) 123 X 4,
10 ml DK CTHEH, 2ml CH,CN THH L.
FRFhow v 7 20 pl % HPLC EEHEA
L, CH,CN-0.05M NH,H,PO, k% (15 : 85)
RV, PiE 1.5 ml/min cEH L7z (Cavrini
et al., 1982)

o OR
1. BILEF oy MiF Ms #2897 & CYP §B
Table 1 i, BI T3 HRE ig Xk ip WEL
FHED 3BT » MCOWT DL DHD T A
—2%RL7. SD®RJ v b DRMWER L Tween
20 DB EMUE LIca v be—A BT, Ms 2 v
A7 & CYP SRIIICHE ZMIsh - 7. Bl
T ig WE LIS E I RUERCHFERE, Ms
2V A7 RO” CYP BTN LER 1.5, 1.7 RO
27BN ER L, B, CYP D COZE
ARZ bk 45Inm 25 449nm ~> 7 b L,
—7, ip LB L&D Ms 2 w227 & CYP &
B FrhFn 1.5 L 12 Thh, A2 L
D7 ML 450nm THote. ig & ip MEBEREL
5L, 3FR/MT v b TRTR BT CYP
SET ig BN 1.5~2.8 f£5<, %7 CYP »
CO #2227 + L DZENT ACI/N & Wistar RiC
BT HFAETH - 7. PCB 4LE L7 Wistar H
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Table 1. Microsomal protein and cytochrome P-450 (CYP) contents in rat liver

SD ACI/N Wistar
Parameter e
ig ip ig ip ig ip PCB

b.w. (g) 147-179  170-200 120-125 163-181 172-179  143-169  130-160
No. of rats 10 5 3 5 5 3 10
Liver/b.w. (%) 5.96 4.95 6.47 5.32 7.50 6.10 7.00
Protein content

(mg/ml) 7.38 6.40 7.50 6.27 8.00 6.40 10.94
CYP content

nmol/mg 2.33 1.05 2.44 1.07 2.92 1.03 1.72

(nm) 449 450 449 450 449 450 449

Male rats were treated with 75 mg/kg of BI ig or ip, once daily for 3 days.
PCB was given as a single ip injection at a dose of 500 mg/kg.

TA 100

Survivors(%)

0 1 1
0.00001 0.0001  0.001 0.01 0.1 1 10

Amount of Bl (mg)
500

400

TA100 revertants /plate

o L
0.001 0.01 0.1 1 10
Amount of Bl (mg)

TA98

0.00001 0.0001  0.001 0.01 0.1 1 10
Amount of Bl (mg)

200

Amount of Bl (mg)

Fig. 1. Toxicity and mutagenicity of commercially available BI on TA100 and TA98 in the
absence (O) or presence of 0.15m/ liver S9 from untreated (0J) or Bl-treated (A) Wistar
rats. Survivors represent the percentages of 680~966 (TA100) or 480~945 (TA98) bacteria
that survived exposure to BI. Dotted lines indicate the numbers of spontaneous revert-

ants.

S5y FIFOREHE Y Table 1 i Licas, Bl Tig
MELce &0 CYP BEERXVWThOSLAED %
hib 14~17 EEDL - 7.

2. Bl OHLEXTEEKCHTZIEHLERE
i3
#ifE BI © TA98 & 100 &3 5 B IERN R & 2
REMOWT, 0.01 zg~20 mg/plate & BI
B Wistar 25 » MIF S9 oW THE Lk
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B2 Fig. 1 il Bl ks » bHF SO BT
TFeix TAL00 & 98 et LCFhFh 1l & 2mg
FIRT 58% CHEBEBA IR, SORETT
3, TA100 =t LT 2mg HET 56% b X
2, Smg ARETRVThOBE b 3E 100% O
FIERN R AR Lic, Bl OZRFEMHIIRLER S9
FHEMUESE LA THRN Licsy, TAR T
34T T 0.1mg B ENENRDOEETTO
HARERERK L ZXRDLAT, 10mg L ED

AECRUALILBESHROEENR R bh .
TA100 &t LTix, HF S9 kT ¢ 0.1~5mg
CHERFCEEN LA L, 10~20mg f&ET
ZEHRBRERE T lcot. Lo L, BLALE
LRMBIF S9 12 Thb EEERFIE RS
Lichote. W Bl (RIS RMERER, Ak
68~70°C) % methanol THEEML LI & o A,
kst ERo Bl (@4 67~68°C) 28 bh
%o, # 2 CHEER Bl wouwT TAL00 % REBE
Fric Bl ALEFF S9 0T LIERFET TR L
et WTFhOBELERFEHIED bhithr -
=

3. Bl CI2REUREVEOLTR FEEFE
RE

BI o (REE LB ERE % FEili 3~ 5 7cdic, PCB
Sy T S oW TEEMDEBREM: T T,
18 WOMRMWED SD %5 v MiF SO HKHFETF T
BREEZHF Lic, RUBEHL=2v Pe—1H
OHEITIE, TXRTCOBEVE CERRESRCHE
Zixieh ot Fig. 2R LELXOIE, 2vte
— LBED 3-CH,-DAB, 3/-CH,0H-DAB, Glu-
P-1, Glu-P-2, MC, DMN % B(a)P OiE#:Ix
BRERERED 3T CTH-7p, Bl o ig

WERE TR S h bt 2~T78 f5icii < SFE I huie.
Zoftio 11 FEESEIL = v Fr —AFETHH
D BRI AR Licsy, Bl o ig AERILZ
hooiElL 2 v e —ABED 2~34 fFIC LR X
.

27 3 7 7 MEEWDO3IR/MT » FEITOR
#ie%, PCB & BI LB\ T TAIS %Rk
Hikkic#st L7, Fig. 3 iz PCB g L7 SD
L ACI/N %5 » M S9 i oW T o BHE-IHEM
AR Lieay, Wb e bic ACIN %7 v b
T _To AR CEECECEEA/R L. #
iz, Wistar %% » FJFS9 ST T 1 pmol ©
3’-CH,-DAB [ 3'-CH,OH-DAB 0 H R 1HIF LR
Ba B\ e TEMIT F R AR 333 & 360 revertants/
plate THH, SD %F v b LDORFEEIL L)
fo. Bl % ig ALE L1- ACUN R 5 » T S9 3%
TFTo 3’-CH,~-DAB ¢ 3/-CH,0OH-DAB 1 pmol
A ToBREREREY 5 clERzh Eh
152 ¥ 214 revertants/plate ThH-7z. SD %7 »
roxh b (Fig. 2) LHlkdT 5 &, Bl LELC
B& L Wistar & SD %7 » METIRIZIE—%T
HDOREX LT, ACI/N % F » M SO B TEH
R L., ZORHEN CYPL @k b R#TEE
fbZh B EEWECIBOBE TH 5 DL TR

Revertants / plate

.\“ N e
AN N LD uew 4N

-

90 4’0 4’,9 Qy . & 410 Y 7% x 2
o Oy, T, e T8, Ty, o % © %y, NN % %

S
2N 4w~

@ @
s, O %
&y 20

o 6(0

3

X5

Fig. 2. Mutagenic activities of various carcinogens in the presence of liver S9 from control rats
() and from SD rats treated with BI ig (&). Each test was carried out in duplicates (n=
4) or triplicates (n=6, DMN, AAF, MeIlQ and Glu-P-1) Spontaneous revertant colonies

(TA98, 30; * TA100, 135) were subtracted.
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Fig. 3. Strain differences in mutagenicity of aminoazo compounds in the presence of liver S9
from SD (®) and ACI/N (A) rats treated with PCB ip. Dotted line indicates the number

of spontaneous revertants (n=4-8).

Table 2. Strain differences in mutagenicity of amino acid pyrolysates in the presence

of liver S9 from rat treated with BI ig

TA98 Revertants/plate

Strain —_—

(0] MelQ Trp-P-1 Trp-P-2 Glu-P-1 Glu-P-2
SD 4428 8139 2481 2861 982 3113

(1.0) (1.0) (1.0) (1.0) (1.0) (1.0
ACI/N 3841 8392 2531 2779 1492 2991

0.9) (1.0) (1.0) (1.0) (1.5 (1.0)

Spontaneous revertant colonies (30) were subtracted. Each test was carried out in dupulicates (n=4).
Values in parentheses show the ratio to the revertants obtained with SD rats.

TAHIDIE, 6fE7 I 2 BB OWTHRE
L7. Table2 i2ix SD %5 » F OREHE L L
TmRLieh, ACIIN R3J v MFO EHE: Glu-
P-1 TiX 1.5 f5&<, ZofTiE SD %5 » b
FhbE X {—FKL.

norharman 1 X 2By RFEMH I D\ Tlix, BI
D ig L ip ALE ¥ 7213 PCB ALERF SO L7 T T
# L7 (Fig. 4). norharman % ¥sin LicE&iiv
ThOMBERFTHHERFEHRIEETH Y, 3/~
CH,-DAB nDZERFEEML SD R T 9~12 ff,
ACI/N % T 12~16 R0 Wistar 52T 7~11 %
kR L, 3-CH,OH-DAB o FhiiRECFhF
T~ f2, S~ISERU8 ~ 95D LR TH -
7. %7z, 3’-CH,-DAB » Wistar;z 5 » tJFo
xR < &, Bl % ip 4LE L7=%5%& @ norhar-
man FE T OFERFIE/RILTXT ig ALE & PCB
AEBREL D SHLLAEL 572, Tiih, PCB
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JLE ¥ ik Bl % ig AUE Lo & & OEMIEWT
ht Bl % ip LI L XD Zh D 1.4~3.6
BThote.

4. BIEF vy MF S9 &Rk BI O#kiH

{5 BI 2y hn L7- Wistar %5 » M S9 v
7 U b DERER L, 0.08, 0.17, 0.33 K% 0* 0.66
mg/0.3 ml/ fif S9 o BI %% LT HPLC (T
WLizkoh, 90+1.2% L BIFCH 1. Fig.5
WCITRALERF S9 1 0.2 mg/ml @ BI %% L7
L%, RWER SO RO BIAWEHSI D7 r= b
75 A%k Licht, BLALE S » +FFS9 shic BLi
Ll hirote (BHER 11.7 £g/0.3 ml
IiF S9).

Bl o H#EDOE I X b, FCYP &RFERE
K ELENBD LI IDOT (Table 1), Bl % ig
F 7ot ip AU L7 Wistar %5 » + OB 5 24

5000
3'-CHg-DAB 3'-CH,OH-DAB
Y /
o U %
SD ACI/N Wistar sD ACI/N Wistar

Fig. 4. Mutagenic activities of aminoazo compounds in the presence of liver S9 from rats
treated with BI ip (), BI ig (®) or PCB ip (%) with or without (open marks) 0.2 mg of
norharman. Spontaneous revertant colonies (TA98, 30; * TAI100, 135) were subtracted.

§
H
;
Bl
i
& ...‘.
untreated + Authentic BI (0.2mg) { .
untreated
o
BI treated
5 16 12 17 1% T8

Retention time (min)

Fig. 5. High performance liquid chromatograms of the supernatant extracts from liver S9 from

Wistar rats treated with or without BI.

RO R Bl B2HIE Lic. ig & ip UES »
FRep~ o Bl otz zhth 192.3+5.6 &
58.6+3.8ug THhH, WEEDOFRFH 1.28 &
0.39% Thotc. M, ZOHE DR LB % Sep-
Pak 7 — 1ty » o CTUHE LK Bl oiRinENIY
it 88% Thoic.

zZ B

BI 233 ERE #E TA98 L 100 1ot L CHEE %K
JEfER %7~ L1, miconazole, clotrimazole
O tioconazole M EEKITH B = & (&
K, 1985) ## 2 &b¥ 5% L, N-E# imidazole
FHEO1ODXB LR TE S C EAHEZSH
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%. T BI 23 TA100 ioxt UCE9\ EEAE R
MeaR Lizas, 0.3ml JF S9 dhicit BI 34 & K
HIhigh -7tz & (Fig. 5), AUE Lic Bl i3
RTHERfTHERELFR LTS T o
0.23mg/0.15m/ fF S9 TH B = L KRV Bl 4UE L
7o Wistar %27 » T SO 3£ F o BRERER
¥ (Fig. 1) XWEHKCE\C PCB FHE LicH
BleEDRy 775 FEELWC LEDHK
2 b, Ames REETOERFEOBEICIL4e { &
Lix7e b\, il BL BB RE M HKIER
ENBEIh I EHETCOLRRD LR, RUE
v b& Bl UEZ » +IF SO A oiEicipE L
b otehl, EELIX, FAEOBS%E N-=|r
ViAoV THELTE H (Mori et al.,
1987), Wil O HWEHICE T h 5 HEOTHIIC
BRTHZELEHRLT 5.

Bl % ig XX ip 4LE Ui Wistar, ACI/N K
0 SD %7 v MEITIEHF Ms & vtz & CYP
BRCAEBLEIZED bh T (Table 1), Bl %»
ig ME LI SD %7 » POV TR EE
(Papac and Franklin, 1988) & % X < —% L,
¥howThd PCB X b & CYP i
THote. BRFEEELEELT5 LXK CYP2
I X b fREHEM: L & h 5 NDMM, MHP, BAP &
" BOP (Mori et al., 1985) % 7-1% AFB, (Taga-
shira et al., 1985) @ BI % ig L& L7 SD %
7y MIF SO RETCoOERZ=2 v e —L D
2~15 2T HhH - 7= (Fig. 2). [EkEic CYPL1 ¢ 21
X hEH{EE A DMN L MC (Tagashira et
al., 1985) TWxxhLth3 L R2fFEERL, %
feExie CYPL wXk b &EH(EIhs 2737 7
V{b&% (Mori et al., 1983) #t- B(a)P; AF,
AAF RO 6fE7 3 7 BBy f#Y) (Tagashira et
al., 1985; Kamataki and Kato, 1985; Soucek
and Gut, 1992) TiL 2~78 ZDFEETH - I=.
ZhboiEtks PCB AEZ » P S9 RFETO
IZIER CEBREH T CRE S cimiEE & & ik
3%&, AAF T PCB (@& LEED 0.5 £
¥ 7= AF, MelQ, Glu-P-2 B0 MC TFhFh
1.6, 1.8, 1.8 KO 1.9 % L £ D BT, 13
EEREmE Iz 0.7~1.1 20 HET—&K L.
M, AAF O#HEEILRBRBEK TAIS38TH b,
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TAL00 T Wl TE e ote. Lichio
T, PCB A&7 » M S9 oW COfEHE & Bl
B Z v FFE VTR bR B ERIE ORI
EERNT S ERANT S T 5 Z ERWETH S
L#2bhn%. AF, MelQ, Glu-P-2 0t MC o
MR CYP GRCHAILTV 52, Sh bR
WwE o REEME L Bl S h 5 £ E e CYP
Poo714 %1 20T 5 LbHEEI R
%. %7, Bl % ig JLiB L7 Wistar %7 » + D
k&9 (Mori et al., 1993) L34, DMN %< 17
MEREHECH\ T, 0.7~1.4 fEofFETIZIE—
KLt

ACI/N %7 » +HF S9 1 PCB 4Li& & BI 4Li&
WTFhoBES 7 3 7 7 Va5 &L
RN L &L (Fig. 3), 7 » b O REZHE
LT S9 o fRHEHEILEEAHBE LT, —7,
Fkgic CYP1 CTiEH bEh 5 6 7 3 / BB
s\ it ACIIN %7 » HIF S9 ofFE#1L
B SD %7 v bOZThD L HAREL ZIgh o1
(Table 2). La L, —#OERERYEDEME(LRES
B o b1, EREEoEEERT ACYN F
7y POBFERIIHERT A ENRTER. WTh
LTh, ThboZ ERBET 5 H T,
Bl ME L5 v FFD CYP 74 VA A1KD
WCECHETHIUNELRD .

BI LB % 24 B¥f D 5 » b IRHICHE S5 Bl
BB EED 1.3% LT LB Tch, ip EL
Tel Bk ig WBOZHhD 13 ThHHZ &hb
FREhONEREC XS Bl © CYP & AR
F# (Mori et al., 1993) xt3 5HEEDOA X
IBEWIES » MERTO Bl RIRCEDH BT &
N—EHTHB EE2 b b, clotrimazole % 7
FEEOEE TS L, BEEOK 10% 25 24 K
R it S, Lo dRECEO PRl E XD
TH % & ¥7- miconazole ®»F o, +EAHET
ZEGED 20% HE5R 4 BECRPCARBEE
WE L THtEh, 55% LLEA 6 HREo FEfic
REGTHEER S LAMEIhTW5 (&
A, 1985). BI & imidazole (L& 4 @ R k&
BN ER—FKT BT EnD, BLIIRIAE
W, BRIRXNWIHDIXIFEAERBE B &
PHEINS, LihisaT, #E5ERCLS Bl &

=

Mg ERYFHUT 5wy, RBEDLYED
=y HiET Bl L, BIRRICOWTEIKET 5
DHERDD.

norharman 7% DAB &k} LT BhZAERFE R R A
Rt & ENERALRIGTH B 7 /DR T E M
#35 c & (Hayashi, 1981), *7c7 vIRTIC
1. CYP oP§5-4 %z & (Fujita and Peisach,
1978) &b h T\ 5. F#HH L, 3-CH;-
DAB & 3'-CH,OH-DAB =% % PCB Jjf S9
HHETFTCOMEREGHE L RSO 7 VIR
o Ml A BE LTV 50 GREEF —4), BI
MBLI=3RH T » TS9O StFETIRBVTH
norharman |2 X % BHE /B RFERE N &
hi- (Fig. 4. ShbooBERFEERCET % ip
&g AUEW X D FE I N B BRI G O 2
CYP FHEDxEL —FKTrz &1, 777V
S OMERFEMCE CYP 25T 5 L5
Rtz TR LT 5.

BI o CYP ;FE%F iz, €M7 » b TH5B SD
R L Wistar R ig MET % & CYPL L 212X
D REHENEAL S h B R E ORI EE T
hIFEBECHET L L, 737 7 LM
ERWTHRFEDMONSB ACIN RTIXEDHE
NBEINLZ LR CYP R LB 7 VIEERTO
BIEN b 2 BERFHREORBD b B 2 &
%, WThi PCB LAKD FAZRT C &0
Ames REBOERNSHBA LA, L - T,
BI i, #@E{b2E PCB ik PB & ANF o fjf
A5+ 5%, Ames REpTcRFES
nB invitro ZRFEWRBIC BT 5 REHEELR
D CYP FEFK L LTHEHETH D Z EXWHMT
ol
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Summary

Effects of lower doses than 5.0 Gy gamma-ray irradiation on the following mitotic
index and the incorporation quantity of ®H-thymidine (*H-TdR) in the root apical meristem
of germinating barley were investigated. Dry seeds of barley, Hordeum distichum L. cv.
Amagi 2-jyo were germinated for 48 h in distilled water at 25°C in the darkness, then
treated with 0.03% hydroxyurea (HU) solution further 24 hrs. Two hours after washing
away the chemicals, the seedlings were exposed with different doses of 7-ray and con-
tinued germination. They were fixed at 2hr intervals. Meanwhile, the germinating
seedlings were treated with *H-thymidine at different time after irradiation and the in-
corporated radioactivity in root meristem was measured. HU was found efficient in
partially synchronizing the root apical meristem cells of germinating barley. An early
increase of division cells in HU-treated meristem was delayed about 4 hrs 5.0 Gy-irradia-
tion and the incorporation of *H-TdR into the meristem DNA also reduced a fourth.
But, with 0.25 or 0.50 Gy, the duration of (the second half of S+4G,) phase was reduced
about 4 hrs and the 0.5 Gy-irradiation increased three times incorporation of 3H-TdR
into the meristem immediately after irradiation, as compared with that of non-irradiated
meristem.

It was suggested, therefore that the progression of middle S phase cells to mitoses

i 3C

in 0.25 or 0.5 Gy-irradiated meristem was accelerated.

Keywords: Gamma-ray/mitotic index/?H-thymidine/barley

Introduction

High doses of radiation are known to in-
hibit both cell division in the meristem of a
plant and its subsequent growth, i.e., pro-
gression of interphase cells to mitosis tem-
porally inhibited during the G, stage by -
irradiation of 3.6 Gy, while the 20 Gy of
irradiation completely stops the development
(Yamaguchi and Tatara, 1973). Such effects
have been explained by a defect occurring in
the synthesis of DNA, RNA, or proteins, or
by the presence of the G,-block that independ-
ently (Ishida er al., 1979). Very low-dose
X- and p-irradiation produced hormesis effects

© RARBIZRE S

on plants, with several hypotheses having
been proposed to interpret these effects (Shep-
pard and Rejitnig, 1987; Kondo, 1988). On
the other hand, only limited information is
available concerning resultant low-dose effects
on the DNA synthesis activity and the dura-
tion of the component phases in the cell
cycle.

Hydroxyurea is used to synchronize mul-
tiplying cells by arresting at G,/S phase
(Rosenkranz and Levy, 1965; Slater, 1973;
Yamaguchi er al., 1976). Then, germinating
seedlings were previously treated with HU,
in order to investigate the radiation effects
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on the component phase of cell cycle. This
led to the study which investigates the effects
of less than 5.0 Gy of p-irradiation on the
root apical meristematic cells of HU-treated
barley seedlings.

Materials and Methods
Partial synchronization of root meristem cells
with hydroxyurea-teatment in barley

Barley seeds of Hordeum vulgare L. cv.
Amagi 2-jyo (Two-rowed barley) were placed
in petri dishes with distilled water and allowed
to germinate in the dark for 48 hrs at 25°C.
The young seedlings were immersed in a
0.03% HU solution for another 24 hrs. After
washing three times with distilled water, they
were continued germination in distilled water
until y-ray irradiation.

Non-treated seedlings were germinated under
the same conditions for various durations
until fixation.
r-irradiation

Seedlings were exposed to 0, 0.25, 0.50,
0.75, 1.0, and 5.0 Gy of ¥"Cs-y-irradiation 2
hrs after HU treatment. Applied dose rates
were from 0.0 to 0.5 Gy/min.

Measurement of mitotic index

At 0.5, 2, 4, 6, 8, and 10 hr after irradiation
(which were 2.5, 4, 6, 8, 10, and 12 h after
HU treatment), lots of 10 irradiated seedlings
were fixed with ethanol and acetic acid (3:1),
then stained with Feulgen’s reagent after
squashing the root apical meristem (1~1.5mm
in length from the root tip) onto a slideglass.
Using microscopy, we scored the number of
division and total cells in the irradiated/non-
irradiated roots. The proportion of mitotic
to total cells (mitotic index, M.I.) was eval-
uated by observing at least 2000 cells. The
experiments were triplicated.

Assay of DNA synthesis activity

In order to evaluate the DNA synthesis
activity in irradiated roots, the incorporation
quantity of *H-thymidine into the y-irradiated
or un-irradiated root meristem was inves-
tigated.

Ten barley seedlings were soaked for 30
min (25°C) in 7.4x10* Bg/ml [*H]thymidine
(0.74 TBg/mmol) at 0.5, 2.5, 4.5, and 6.5h
after irradiation (which were at 2.5, 4.5, 6.5,
and 8.5h after HU removed). Immediately
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after the incorporation-treatment, the roots
were cut and homogenized with 5 ml of grind-
ing buffer (S mM MES pH 7.6, 4mM Mg-
acetate, 0.25 M sucrose), the homogenate then
being filtered through nylon mesh (50 zm open)
and centrifuged 6,000 g for 30 min at 4°C.
The pelleted precipitate was washed three
times with 10 ml of 10% TCA, resuspended
in an ethanol/ether (2:1) mixture (10 ml), and
centrifuged again 2,000 g for 10 min at 4°C.
This pellet was suspended in 1 ml of TE buffer
(10 mM Tris-HCI1 (pH 8.0), 1 mM EDTA) and
the radioactivity was determined by a liquid
scintillation counter (Tri-CARB 4640, Packard
Co., Ltd.). The total amount of recovered
DNA were spectrophotometrically determined.
The DNA synthesis activity was represented
by the mean value of incorporated radioac-
tivity per 1pg of DNA. Data from three
identical experiments were evaluated.

Results

It is generally known that HU is a specific,
reversible inhibitor of DNA synthesis (Hart-
well, 1971), having been used to synchronize
the irregular progression of a plant cell popu-
lation by arresting the cells at the G, to S
transition stage (Gudkov and Grodinsky,
1982).

Fig. 1 shows the resultant M.I. values
versus the fixation time after HU treatment
(HU-treated) or normal germination (non-
treated). The M.L. in non-HU treated mer-
istem kept a definite value of about 4~6%
throughout the fixation time, while that for
the HU-treated ones is close to zero at 0~4
h, then rapidly increased to a peak of about
229, at 8 h, followed by a decrease until 12
h. It was reported that the duration of S
and G, phase was about 4.5 and 4.0 hr re-
spectively in six-rowed barley (Yamamoto and
Yamaguchi, 1966). Thus, we supposed that
a smaller proportion of multiplying cells were
temporarilly stopped at the G,/S transition
stage with HU treatment, whereas the major-
ity of cells which were at or near the center
of quiescent center required either a longer
cell cycle time (Clowes, 1961) than 24 hrs
(the duration of HU treatment). After HU
treatment, about 20% of cells took about 8 h
to reach mitosis, thereby suggesting that the

0 Un-treated root
@ Hydroxyurea-treated

n
(=]

Mitotic index (%)
S

00 4 8 12
Time after release from hydroxyurea
(hr)
Fig. 1. Proportion of division cells to totally
scored cells (Mitotic index, M.I.) in HU-
treated or non-treated root meristem of
germinating barley.

treatment may be effective in partially syn-
chronizing this paticular germinating cell
population.

At 2h after HU treatment, the seedlings
were 7-irradiated with 1.0 or 5.0 Gy and the
M.IL. values were determined. The duration
from the completing of HU treatment until
the time which the M.I. reached 50% level
of the M.I. on the ascending side of the peak
was inferred as the time which was necessary
for the HU arrested cells passing through S
and G, phase, then to mitosis.

The duration of S phase was already deter-
mined as 4.5 hr (Yamamoto and Yamaguchi,
1966). In present study, the seedlings were
irradiated 2 hrs after HU removed, as men-
tioned in Materials and Methods. Then, we
supposed that the interphase cells arrested at
G,/S stages was irradiated at the middle S
period.

As shown in Fig. 2, in comparison with
no irradiation, the M.I. in 5.0 Gy-irradiated
roots increased about 4 hrs later than that in
non-irradiated meristem, which indicates this
dose of exposure extended the (shS-+G,) stage.
In present study, the middle S period and the
second half of S phase was named mS and
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r

Fig. 2. Mitotic indices in the 1.0 and 5.0 Gy-
7-irradiated meristem, relating to the fixa-
tion times of roots.

The M.I. of non-irradiated meristem was
illustrated, in comparison with that in irra-
diated roots.
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Fig. 3. Radiation effects of lower doses than
0.75 Gy-gamma-rays on the mitotic indices
after HU-treatment in germinating barley.

shS, respectively. Such a delay in cell cycle
progression was also induced by 3.6~7.8 Gy
of y-irradiation (Yamaguchi and Tatara, 1973).
The 1.0 Gy irradiated roots had a higher M.I.
value from 2.5~6h, but it leveled off sub-
sequently.

Effects of lower doses than 0.75 Gy are
correspondingly shown in Fig. 3. The pro-
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Fig. 4. Incorporation quantity of *H-thymidine
into nuclear DNA fraction of 7-irradiated
root meristem in barley.

portion of division cells increased earlier than
that in non-irradiated meristem from 2.5 to
6.0h and the M.IL. in 0.25- and 0.50-Gy irra-
diated roots increased earlier to 19~20% until
6.0 hr than that of the non-irradiated mer-
istem. The duration of (shS+G,) stage in
non-irradiated cells was estimated as about
6.5h, while it was shortened to about 2.5 hr
with 0.25 or 0.5 Gy-irradiation towards the
mS cells. Then, it was suggested that the
progression of mS cells to mitoses was short-
ened about 4.0~4.5 hr with 0.25 or 0.5 Gy-
y-irradiation. Obviously then, low dose irra-
diation was found to accelerate the appearance
of mitotic cells.

Results of *H-TdR incorporation activity in
root meristem at various times after removal
of HU detected by pulse-labelling with *H-
thymidine are shown in Fig. 4. The incor-
porated activity of non-irradiated seedlings
has a maximum of 1.25x107°cpm/pg DNA
at 4.5h after eliminating HU. However, a
5.0 Gy of irradiation reduces the level to
about 0.3 X107 cpm/pxg DNA at 4.5 h, which
then recovers to nearly 0.7 X 1072 cpm/pzg DNA
at 6.5 h, though it is well below that for the
non-irradiated seedlings. The maximum radio-
activity for 0.5 Gy occurred at the same time
as the non-irradiated samples, being around
four times greater at 2.5h (30 min after ir-
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radiation) than that of the non-irradiated
seedlings. It was inferred that the 0.5 Gy ir-
radiation stimulated the incorporation of *H-
thymidine into root meristem cells.

Discussions
Hydroxyurea (HU) is a preferential inhibitor
of DNA synthesis, inhibited incorporation of
*H-thymidine into DNA, and its action was
a result of interference with ribonucleotide
diphosphate reduction (Rosenkranz and Levy,
1965). And even cells synthesizing DNA at
the time of HU was added incorporated thy-
midine again when the drug was removed,
and allowed immediate resumption of DNA
synthesis without lag (Slater, 1973). It is used
to synchronize randomly proliferating cells
arresting in S phase (Gudkov and Grodinsky,
1982; Yamaguchi er al., 1976). Thus, we
supposed that HU was likely an effective syn-
chronizing agent for asynchronous population.
Germinating seedlings were exposed to
0.03% HU as described in Materials and
Methods. With the HU treatment, about 20%
of meristematic cells were partially synchro-
nized 8 hrs after HU removed, whereas they
showed an uniform mitotic proportion of 4~
6% in normal (HU-unexposed) seedlings (Fig.
1). The root meristem cells of barley spent
about 8.5 hrs for (S+G,) phase (Yamamoto
and Yamaguchi, 1966; Yamaguchi and Tatara,
1973). Thus, we supposed that about 20%
of interphase cells were arrested near G,/S-
period during HU-treatment, while a few
percent of division cell figures was observed
at 2~6hr after HU-removal. It was de-
scribed that HU didn’t completely suppressed
the nomal synthesis of DNA (Evans and
Norman, 1968), and otherwise root apical
meristem was organized with quiescent centre,
cortex, cap initials, central stele and endo-
dermis and so on, having different durations
of cell cycle and the phases (Clowes, 1965).
Then, we supposed that division cells appeared
such early time after HU removed took dif-
ferent duration in cell cycle and the phases.
Since an efficiency of synchronization applied
in present study was relatively lower, as
compared with that explained in bacterial
culture or animal cell culture (Hochhauser et
al., 1981). However, present study suggested

.

that synchronization by 0.03% HU treatment
was applicable to root meristematic cells of
barley, as demonstrated in other organisms
(Gudkov and Grodinsky, 1982; Yamaguchi
et al., 1976).

An exposure to 5.0 Gy delayed about 4 hrs
the progress of mS cells to mitoses, as seen
in Fig. 2. It was already indicated that ion-
izing radiation such as gamma-rays delayed
the cell cycle advance of many species (Ishida
et al., 1979; Yamaguchi and Tatara, 1973).
It seemed, therefore that the duration from
the middle S to mitosis was extended with
5.0 Gy.

An 5 Gy-irradiation reduced the incopora-
tion activity of *H-TdR in nuclear DNA
fraction (Fig. 4) and also delayed arrival of
S cells to mitoses (Fig. 2). It seemed likely
that such a reduction of DNA synthesis ac-
tivity with 5.0 Gy-irradiation was correlated
with the delay of cell cycle progression. On
the other hand, low dose of 0.5 Gy j-ray
increased incorporation of *H-TdR into nu-
clear DNA soon after irradiation, and further
the duration of (shS-+G,) phase was shortened
by such irradiation. It was already suggested
that ultraviolet light stimulated incorporation
of tritiated-TdR into the DNA of human
lymphocytes (Evans and Norman, 1968). But
no results have been reported that low dose
of y-ray promoted an advance of S cells to
following mitosis in plants. Then, we sup-
posed that the reduction of (shS-+G,) duration
was probably relating to an increase of °H-
TdR incorporation activity and of the M.I.
in low dose-irradiated root.

Recently, Okamoto et al. (private commu-
nication) showed by short-term labelling with
*H-TdR and chasing them that the 0.25 or
0.5 Gy reduced the duration of DNA synthesis,
G; phase, and also cell cycle, besides the
average number of silver grains per nucleus
increased immediately after irradiation. It is
unknown how the irradiated cells reduced the
cell cycle duration. Further investigation for
this results is required. Hydroxyurea is known
to possess multi-function on cells (Harn er al.,
1986). It will be necessary to study whether
present results reflect only gamma-irradiation

or the mutual effects of HU and ionizing
radiation.
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Summary
Ethyl acrylate (EA) is a suspected human carcinogen that induces squamous-cell

papillomas and carcinomas in the forestomach of mice and rats when orally admini-
stered. Both positive and negative results have been reported for EA in the mouse
bone marrow micronucleus test. As part of the sixth collaborative study organized by
CSGMT, we re-examined the ability of EA to induce bone marrow micronuclei using

BDF,; male mice.

As the result of dose-finding assays, the MTD of EA was estimated

to be 750 mg/kg for both single and double oral gavage, and in a preliminary test, 24
hr was selected as the optimum sampling time after single oral administration. All

tests were conducted at that highest dose and sampling time.

We found no evidence

of increased micronucleus induction for single or double oral administration or single

i.p. injection at any dose level.

The relationship between micronucleus data and the

positive results reported in the in vitro tests is discussed in view of metabolism.

Keywords:

Introduction

Ethyl acrylate is used as adhesives and
emulsion polymers for a variety of materials,
such as coatings and textiles. Oral admini-
stration of EA induces squamous-cell papil-
lomas and carcinomas of the forestomach in
both sexes of B6C3F, mice and Fischer 344/
N rats (National Toxicology Program, 1983),
while carcinogenicity is not induced by skin
application in C3H/HeJ mice (DePass et al.,
1984) or by inhalation exposure in B6C3F,
mice and Fischer 344 rats (Miller et al.,
1985). No data, however, are available to
evaluate the carcinogenicity of EA in humans.
Thus, the IARC Working Group (IARC, 1987)
concluded that EA is possibly carcinogenic
to humans (Group 2B). When EA was ex-
amined in the bone marrow micronucleus
test, which detects the ability of compounds
that reach the bone marrow to cause chro-
mosomal damage, conflicting results were

© RABRBEERFE¥S
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reported. Przybojewska et al. (1984) reported
a high micronucleus incidence after i.p. in-
jection of EA in Balb/c mice, while Ashby
et al. (1989) reported negative results by the
same route of administration in C57BL6J and
Balb/c mice.

The study described here was part of the
sixth collaborative study organized by the
Collaborative Study Group for the Micro-
nucleus Test (CSGMT). Its aim was to re-
examine whether EA is detectable as a
clastogen in the mouse micronucleus test.

Materials and Methods
Animals

Eight-week-old male BDF, mice were
purchased from Charles River Japan, Inc.
and used at 9-10 weeks of age for all ex-
periments. The body weights at dosing
ranged from 23 to 31g. The animals were
randomly allocated to each group and treated
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by single or double oral gavage or single
intraperitoneal (i.p.) injection at a dose
volume of 20 ml/kg body weight. The animals
were individually housed in cages in an animal
room (temperature; 23+1°C, relative humid-
ity; 55459, lighting condition; 12L:12D)
and fed commercial food pellets for mouse
breeding (NMF, Oriental Yeasts Co.) and tap
water ad libtum.

Test substances

Ethyl acrylate (CAS No. 140-838-5) was
purchased from Wako Pure Chemical In-
dustries, Ltd. (Lot no.: 305P4044, Purity:
>99.0%) and was homogenized in 2%
Tween® 80. Cyclophosphamide (Sigma), which
was used as the positive control, was dis-
solved in physiological saline.

Dose-finding assays

Male mice was given EA by single or
double oral gavage at several dose levels.
All animals were observed for 4 consecutive
days and clinical signs and deaths were re-
corded. @The maximum torelated doses
(MTDs) were selected as the highest doses
for micronucleus test.

Micronucleus tests

Mice were sacrified by cervical dislocation.
For observation of micronuclei, bone marrow
cells were smeared on glass slides and stained
with 5% Giema’s solution for 25 minutes.
For observation of reticulocytes, bone mar-
row cells were supravitally stained with New
Methylene Blue (NMB) solution (0.5g NMB
and 1.6 g potassium oxalate in 100 m/ DW)
for 3 minutes, smeared on glass slides and
stained with Giemsa’s solution.

All slides were coded and observed in a
blindfold manner. The number of micro-
nucleated polychromatic erythrocytes
(MNPCE:s) in 2000 polychromatic erythrocytes
was counted in each mouse, and the ratio
of reticulocytes to 1000 erythrocytes was
determined.

The MNPCE frequency was statistically
analyzed by Tables of Kastenbaum and
Bowman (1970) and the reticulocyte ratio by
the r-test.

Results
Dose-finding assays
To determine the doses for the single oral
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gavage study, groups of six male mice were
treated with either 250, 500, 750 or 1000 mg/
kg EA. A decrease in spontaneous motor
activity was observed at 500 mg/kg or more,
and tremor was observed at 1000 mg/kg. All
mice died at 1000 mg/kg 1 to 3 days after
administration, while death was not seen at
750 mg/kg or less. Thus, the highest dose
selected for the micronucleus test by single
oral gavage was the MTD, 750 mg/kg.

To determine the doses for the double oral
gavage study, groups of three male mice
were dosed twice at 250, 375, 500, and 750
mg/kg EA. Death was not seen in any
group, although a decrease in spontaneous
activity was observed at 500 mg/kg or more,
given twice. Since 1000 mg/kg was lethal by
single oral gavage, the MTD for double oral
gavage was again estimated to be 750 mg/kg
and was used as the highest dose.

A dose-finding assay was not conducted for
the single i.p. injection study and a wide
range of doses was chosen for the main
micronucleus test.

Preliminary micronucleus test

To determine the optimum sampling time
after single oral administration, groups of
four male mice were given 750 mg/kg EA by
gavage and smear slides of bone marrow
cells were prepared 24, 48, and 72 hr later.
The MNPCE frequency was highest (0.39+
0.10%) 24hr after administration and the
decrease in the ratio of reticulocytes to total
erythrocytes was not remarkable (30.2~34.8 %)
at any sampling time. The optimun sampl-
ing time after single administration was
therefore selected to be 24 hr.

Micronucleus tests by oral gavage

For the single oral gavage study, EA was
administered to groups of six mice at 0, 188,
375, and 750 (mg/kg) with a sampling time of
24hr (Bxp. 1). The results are shown in
Table 1. There was no significant difference in
the MNPCE frequency between the vehicle
control and any treatment group. In contrast,
the MNPCE frequency of the positive control
(CPA, 50mg/kg) was significantly elevated
(p<0.01). There was no significant difference
in the ratio of reticulocytes to total erythro-
cytes between the vehicle control and any
treatment group.

Table 1. The results of the micronucleous tests by single or double oral gavage
Exp. Dose No. of  Sampling MN cells/2000 PCEs MN cells (%) RETSs (%)
no. (mg/kg) doses time (h) assessed per animal Mean=+S. D. Mean=+S. D.
1 0e 1 24 1 4 4 0 2 3 0.1240.08 57.8+ 9.7
188 1 24 1 2 0 0 2 0 0.04+0.05 55.5+ 9.5
375 1 24 7 2 6 1 1 4 0.18+0.13 58.7+10.9
750 1 24 3 4 2 0 4 2 0.13+0.08 46.4+ 8.7
CPAS50® 1 24 46 41 21 19 28 21 1.4740.58** 45.9+ 9.1
2 0s 1 24 4 1 2 4 6 0 0.14+0.11 52.3+15.7
375 1 24 3 3 8 4 4 4 0.22+40.09 49.5+15.4
750 1 24 2 5 8 3 3 3 0.20+0.11 46.7+ 9.2
02 2 24 6 5 4 3 6 2 0.2240.08 58.3+ 6.9
188 2 24 4 3 6 4 4 3 0.2040.05 60.7+ 8.4
375 2 24 4 1 5 3 3 1 0.1440.08 58.9+ 9.1
750 2 24 6 0 4 1 3 1 0.13+0.11 39.6+10.2#
CPA 50° 1 24 41 43 40 55 35 31 2.0440.41%* 45.1+ 7.4

2 Vehicle control (2% Tween® 80).
** p<0.01 (Kastenbaum and Bowman).

b Positive control (Cyclophosphamide 50 mg/kg).
# p<0.01 (s-test).

Table 2. The results of the micronucleous test by single i.p. injection

Dose Sampling MN cells/2000 PCEs MN cells (%) RETs (%)
(mg/kg) time (h) assessed per animal Mean=+S. D. Mean=+S. D.
0= 24 3 3 5 4 2 2 0.164-0.06 57.6+ 8.4
375 24 0 3 2 5 4 4 0.154+0.09 51.1+10.3
500 24 7 1 2 1 3 3 0.1440.11 43.9+16.9
750 24 9 0 5 4 5 1 0.20+0.16 27.7+12. 544
CPA 50° 24 42 30 45 27 39 44 1.8940.38** 42.6+10.1%

@ Vehicle control (225 Tween® 80). " Positive control (Cyclophosphamide 50 mg/kg by oral ,

gavage).
** p<0.01 (Kastenbaum and Bowman).

Another test was conducted by single oral
gavage at 0, 375, and 750 mg/kg and by
double oral gavage at 0, 188, 375, and 750
mg/kg at the same sampling time (Exp. 2).
Again there was no significant treatment ef-
fect, although the MNPCE frequency signi-
ficantly increased in the positive control (p<
0.01). A significant reduction in the reti-
culocyte ratio was only seen in the 750 mg/
kg double oral gavage group (p<0.01).
Micronucleus test by i.p. injection

The results of the i.p. injection study are
shown in Table 2. Groups of six mice were
treated with 0 or 375 mg/kg EA or 50 mg/kg
CPA (positive control by oral gavage); eight
mice received 500 mg/kg and groups of nine
mice received 750, 1000, or 1500 mg/kg EA.
All the mice in the 1000 or 1500 mg/kg groups
and one in the 750 mg/kg group died. Slides
were prepared and observed for the 0 and 375

# p<0.05 (¢-test).

#% p<0.001 (s-test).

treatment groups and for the positive control
group and six animals of the 500 and 750
mg/kg treatment groups. Again, there was
no significant increase in micronucleus induc-
tion in any treatment group, although the
MNPCE frequency significantly increased in
the positive control group (p<0.01). The
reticulocyte ratio was significantly reduced
in the 750 mg/kg group (p<0.001).

Discussion

Przybojewska et al. (1984) were the first
to report the results of micronucleus testing
of EA. Balb/c male mice were injected
twice i.p. at 24 hr intervals and bone mar-
row samples were taken 6 hr later. High
incidences of MNPCE were observed and
significant increases were detected within a
wide dose range (225-1800 mg/kg). Ashby
et al. (1989), however, did not obtain posi-
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tive results either by single i.p. injection with
C57BL male and female mice or by almost
the same protocol as Przybojewska er al.
with C57BL or Balb/c male mice. In this
study, we used BDF, male mice and three
types of administrtion—single and double oral
gavage and single i.p. injection. No signi-
ficant increase in MNPCEs was observed for
any type of administration. As Ashby er al.
(1989) noted, this discordance among labo-
ratories may be attributed to a difference in
purity of EA, or to a difference in meta-
bolism among mouse strains or sub-strains.
But, no matter what the reason may be, EA
can not be consistantly detected in the mouse
bone marrow micronucleus test.

EA was positive in the in vitro chromosome
aberration test with CHL cells (Ishidate er al.,
1983) and induced small colonies in the in
vitro mutagenicity assays with mouse lym-
phoma cells (L5178Y), further suggesting its
clastogenicity (Moore et al., 1988). Micro-
nucleus tests, however, did not detect EA
clastogenicity in mouse bone marrow. This
discordance may be explained in view of EA
metabolism. NTP data (National Toxicology
Program, 1983) showed that after p.o. ad-
ministration of 200 mg/kg in corn oil to
Fischer 344 rats, EA was detected in the
portal venous blood after 15 or 30 min (up
to 27 pg/ml), but detectable amount was not
present in blood samples from the retro-
orbital venous plexus after 15, 30 or 60 min.
This suggests that EA is metabolized rapidly
in the blood and/or liver after absorption
and therefore does not circulate throughout
the body. Metabolism may be by hydrolysis
(National Toxicology Program, 1983) or by
binding to nonprotein sulfhydryls such as
glutathione (Miller ef al., 1981). Thus, there
is a good possibility that not enough EA
reached the bone marrow to induce micro-
nuclei, although the presence of some EA or
toxic metabolites was suggested by bone
marrow suppression in the highest dose of
the double oral gavage or single i.p. injection.

At present, EA is thought to be a local
carcinogen that induces squamous-cell papil-
lomas and carcinomas only in the foresto-
mach after oral administration (National
Toxicology Program, 1983). The most con-
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the mechanism of

vincing hypothesis for
tumor production by EA is that local damage
or inflammation promotes cell proliferation,
and this, ultimately, leads to carcinogenesis
(Ghanayem et al., 1986; Clayson et al.,
1991). Data from in situ genotoxicity tests
at forestomach, such as unscheduled DNA
synthesis tests or mutagenicity tests with
transgenic mice, are needed to conclude
whether genotoxic damage is involved in the
initiation of EA carcinogenesis.
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2,2’-Azobis(2-amidinopropane)dihydrochloride (AAPH) 7 %
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Mutagenicity of the carbon radical generated from 2,2’-azobis
(2-amidinopropane)dihydrochloride (AAPH)
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(ZHf: 1994 423 4 22 A; SH: 1994 4£ 5 F 2 )

Summary

The mutagenicity of 2,2’-azobis(2-amidinopropane)dihydrochloride (AAPH) was
measured by Ames method and the micronucleus assay. AAPH was mutagenic on
Salmonella typhimurium TA98 and TA100 strains without metabolic activation showing
59 and 470 His* revertants/100 zmol AAPH, respectively. Addition of S9-mix reduced
the mutagenicity. Induction of micronuclei in mouse peripheral blood reticulocytes was
not found. The mutagenicity of AAPH was reduced by addition of spin trapping agent
N-tert-butyl-a-phenylnitrone (PBN). Because PBN trapped the carbon radical generated
from AAPH effectively, the reduction of the mutagenicity may due to the loss of the
radical by PBN. The mutagenicity of AAPH was found to be due to the carbon radical.

Keywords: 2,2’-azobis(2-amidinopropane)dihydrochloride; carbon-centered radical; muta-
genicity; Ames method; micronucleus test
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73, hydrazine $ic 3 ZREH: (Kimball, 1977;
Parodi er al., 1981) =3¢k (Toth, 1976) %4
TH5LORBEIR T2, hbicik hydra-

© BAREZRFEYS

- ——

zine i HAER L RFE T 2 » LI X 5 DNA 84
DY T 5 L ARBIhTW5 (Augu-
sto et al., 1984; 1990; Leite and Augusto, 1989).
FRBERFEN AR T HEER diazo (L& o dia-
zoquinone (Kato et al., 1992) % 5-diazouracil
(Hiramoto et al., 1994) %5 X OF benzenediazonium
#5 (Griffiths and Murphy, 1992) s 5 A B U7
%% v L (phenyl radical) 3 DNA 5871
BIGE LTV B EAMEIR TV 5.
2,2’-Azobis(2-amidinopropane)dihydrochloride
(AAPH) 3.0 UCIRIFIRIRE 7 o H V2 BT
LT ErmMbhTEY, REBRIERE (Niki e
al., 1985) R EEEERIED 1 =v=—2—L 1L
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TXiambhiclbtdwThsr. 4k AAPH %
Rz v rrDEeFA L LTHLW, DNA
DT D\ T HeEt LickER, AAPH DRF%E
SonAEh DNA g0l I h 5 2 &2
BT e - 7o (Hiramoto et al., 1993). % Z T4
G, AAPH oZFRJE#: 2\~ Salmonella B
e Ames Bk X OV~ v ARMME AVTc
INEREBRC X D BRE LT,

KERMEBSLVFE

1. ®HXE
2,2’-Azobis(2-amidinopropane)dihydrochloride

[2997-92-4] (AAPH) (3 FYEATEE T3 (bF) WO

[5 i % FA \» #=. N-tert-Butyl-a-phenylnitrone

[3376-24-7] (PBN) (% Aldrich Chem. Co. #®

b D% AT,

2. Ames (ICkBZEREMRBRG L UVEREK

IHIRER

£ fEEE D AAPH KIEWK 100 pl o WTER
R A 4T - %o, F7- 100 pmol AAPH % &
TeKEW 50 pl K fEEREE © PBN 241y dime-
thylsulfoxide (DMSO) 50 pl % hnz 7o d D % ¥k
ELCERFEMRBR % T\, PBN fnzicw&
& DI RT 5 K b2 RFEHIMEIR A kD
to. 28 B M R B 1k Salmonella typhimurium
TA98 ¥ X8 TA100 # (Ames et al., 1975) %
Fus, 37°C © 20 HfED 7 vA4 vF o XN—v 3
V%175 Yahagi & (1977) ©JEEI‘ESTIT
»7-. S9-mix | phenobarbital » 5,6-benzo-
flavone THLEE L7cF » MHFIEA D 2B Lic S9
FIAMETE@H) o S0pu #Eb 0% H
Wi, REIEZ IO T 2 U ED S
v— FTfTV, BRIEEEE, #FHRE O His’
revertant B OFHEID =2 v b r LR BT BF

Bl x5\ IfE TR L.

3. pEEER

7~8 @h® ICR R~y 2 (7 v7 (¥) %
AWTiFot. #EEED AAPH #4510 Y V&
R 1 gD 5~6 Lo~ v A HEA
BrE L, 24 35 XO° 48 BRI O KA MmAAR AR MLER
e B3 % /ME A Hayashi 5 (1990) DI
HOEFPE L.

BRELUER

AAPH 1 Scheme 1 &3 X 5i1c, =fkRFE
BEFCRET S HARERLT, A—~—=2 L
DNA %2 ¥kr3 % & & 237k & hufe (Hiramoto ef
al., 1993). 4[E, AAPH o DNA g4UJliiEtk &
LREMEFHOBEMECOWTHRE T 5 D,
Salmonella typhimurium TA98 3 X 0° TA100 &
i Ames Bl & OV < v ARMIMA VT
INERBRE AT - Te.

Fig. 1 1© Ames BiC X 5 ZREWRBRORER
#id. S9-mix JEFEFE T C TAI8 % L 0 TA100
BoLWFhizE\ T AAPH DEECEF LT
His* revertant (/X 3¥mL, AAPH » & REH:
BT Eavbho fo. HEMEX AAPH RE 100
12 mol/plate ¢ TA 98 Bz 3\~ T 59, TA 100 Fkic
33T 470 His* revertant T - 7=. Zh b D
Pz S9-mix DFZET TIL 50~65% &% THA
L7-. 4eic Hiramoto » (1994) 1% 5-diazouracil
MHER LT OH kS LEL LR AER
JEiEM A S9-mix Fr D FELSE > NADH, NADPH
B IO ATP K L » THHEIR LI L2MELT
W5, 4E0 AAPH oZRFEEEO S9-mix 1
X BBHES, AAPH msbAR LT AL LM
BRELORIBC LB EELDRS.

&Kic DNA 4Gl ER % & B, BMAEMCH LT

HN, s CHs ng, N, s
JC-C-N=N-C-C, ~+2H0l —> 2 ,C-C: + N,
CH; CH, NH CH,
AAPH
Scheme 1
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Fig. 1. Dose-response curves of mutagenicity of AAPH on S. typhimuriumu TA98 and TA100

with (O) and without (®) S9 mix.

LERFEMAYFT 5 AAPH pUHA B st %
BRFRCE LIFTHECOCTRNT 5710,
=7 AR Z B e /MERE R 7o e, T8
B D I ~ 7 21 AAPH % 50~100 mg/kg i
PR BE 555 24 s X O° 48 IRg Rl A ML AFPIR 7% i BR
FRICFED bR B /IMEDOHEL 0.03~0.3% T, =
vir— L EBEIRDORICH -1 (AAPH
150 mg/kg # 5-RfIXFET). = v 2A/MERBRICE
WTERFEESENBD Dhich o oD, R
L Ihic AAPH nBAER LT 2 H Ah,
DNA DA DAEERRS L BT RIG Licied &
Zzbh5.

AAPH 3 2v¥ v 5 o 7% THhH % PBN 1T X
STREFCHNELTI T w7 8RB LM
ESR 2 <7 F L DHERML LB LMCIRTVS
(Hiramoto er al., 1993). ¥ 7= AAPH & I %
DNA SHUIi 2 MK DB ECh i B3 PBN 1@
Lo THEI R 25, AAPH 2B L
TeRFEZ v 7 1 pt DNA S BE L Tuwv %
C EMRE I hute, Ames 3 TR bh iz AAPH
DERFEHHN AAPH 2 HER LIcT oA k
BT LEHLNICT 5, AAPH OZFRFE
B RiET PBN o 8B o TR % 1T- 7%
(Fig. 2). AAPH 0ZRFEMZ PBN 12 X 5T
WREERIFR A% X h, AAPH cxfLT% =1
(100 1 mol) ¥ I #y 50% DR AR Li-,

» (2]
o (=]

% Loss of His* revertants
N
o

0 a
0.1 1 10 100
PBN (pmol/plate)

Fig. 2. Effect of PBN on the mutagenicity of
AAPH. The mutagenicity of AAPH (100
pmol/plate) was tested with S. typhimurium
TA100 without S9 mix in the presence of
PBN.

AAPH 1 & % DNA g0l o8a LAk A
v +J o 7HID PBN T X ARHER RS Ames 3
CXAERFEHRBCECTLIRDORIT &b
b, BRFEE®OFREIC S AAPH RFEF v
MG LTWB Z LAVUREE S i, AAPH 3%
RV BERLIE, BRERGLAv+F
G UAN LI BAEEMN D B, ESRARY b
LNOFERMNBIZEDE 5T v riciBRT S >
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7 F B ST e\ (Hiramoto ef al., 1993),
FREEREOFRBIIL AAPH ORFEF a1 H
HNEEREL TR EEZDRS.

Athar % (1989; 1991) 1% AAPH 7% B pa-
pilloma DELA B[ ER-FT &, BIVOZ DM
{23 retinoic acid CPHEI N B Z &% HE L T
W3, ¥tz D AAPH & aERIGCE, 4
RUIKREF CHAAREDAN AT T ANIT
L5 BETFOEENEE LTS E2RRE
TW5. #%-TC DNA # )i+ 5 EMA% &2
AAPH RF 7 v » nix, BIETEEBHMIL, R
SR D BSOS R B o progression Byf7c K
MCEELYRITLT S EELDRS.

CHETRERFERCPEBRELES2E LD
hydrazine ¥§=> diazo {tL&WnmbhTEbH, =
RORRFZ v »ric & h DNA gx Ui+ 5
ZEBRHELHT I TV B (Augusto er al., 1984;
1990; Leite and Augusto, 1989; Kato et al., 1992;
Griffiths and Murphy, 1992; Hiramoto et al.,
1994), S EIDFERE L AAPH ORET o h A
ERFHEORBCEBEF LTV B ERRLT
kY, KE7 a1tk s DNA SHYIM»n%E R
Rtk s X ORIR M D FBUC i U CEE a8
> TWBEELZbRS,

2 £ X #®
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Summary

Four nongenotoxic (Ames-negative) hepatocarcinogens, carbon tetrachloride, clo-
fibrate, phenobarbital sodium, and safrole were assessed for cell proliferative activity by
immunohistochemical staining with anti-PCNA monoclonal antibody, using paraffin-
embedded rat liver sections. Male F344 rats were treated once with each nongenotoxic
compound by gavage. In this study, the spontaneous PCNA index in rat livers was less
than 1%. However PCNA indexes in the rat livers treated with these compounds in-
creased significantly, being 9.8% for carbon tetrachloride, 11.6% for safrole, 4.1% for
clofibrate, and 4.1% for phenobarbital sodium. Similar results were obtained using
bromodeoxyuridine.

Our in vivo hepatocyte proliferation test using PCNA appears to be comparable in

Detection of Nongenotoxic Hepatocarcinogens by Immunohistochemical

sensitivity to that of the in vivo-in vitro procedure using [methyl-*H]-thymidine.

Keywords:
cell nuclear antigen (PCNA)

Introduction

The Ames test has been generally used as
a short term test for predicting chemical
carcinogenicity. During the mid 1970s, 90%
of assayed carcinogens were mutagenic and
90% of assayed non-carcinogens were non-
mutagenic in the Ames test (McCann et al.,
1975; Purchase et al., 1976). However, re-
cent reports have indicated that only 50%
of those carcinogens were mutagenic (Tennant
et al., 1987; Zeiger et al., 1990). The reason
for this is that the Ames test cannot detect
hepatocarcinogens such as aliphatic and aro-
matic halogenated hydrocarbons and peroxi-
some inducers (Uno et al., 1992d).

To detect putative nongenotoxic (Ames-
negative) hepatocarcinogens, an in vivo-in
vitro replicative DNA synthesis (RDS) test
was established (Uno et al., 1992a; 1992b).
This test uses primary hepatocytes prepared

© RAREERFRS
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cell proliferation; rat liver; nongenotoxic hepatocarcinogen; proliferating

from the livers of rats treated with hepato-
carcinogens and noncarcinogens. In the RDS
test, cell proliferation is evaluated by the
number of *H-thymidine-labeled hepatocytes.
This test detects a large number of non-
genotoxic hepatocarcinogens (Furihata et al.,
1993; Uno et al., 1992c; 1994).
Immunohistochemical staining with anti-
proliferating cell nuclear antigen (PCNA)
monoclonal antibody is useful for evaluating
cell proliferation (van Dierendonck et al.,
1991; Kawakita et al., 1992; Hayashi et al.,
1993). PCNA is a 36kDa acidic nuclear
protein synthesized during the G1 and S phases
of the cell cycle. Recently, a method as-
sessing the proliferation and growth of tumors
using anti-PCNA monoclonal antibody has
been used to examine prognosis. This anti-
body labels proliferating cells in paraffin-
embedded tissue. Thus, the PCNA index has
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been used in some tumors as an independent
prognostic variable (Matsuta et al., 1993;
Woods et al., 1991; Yu et al., 1991).

In this report, we describe the usefulness
of the in vivo hepatocyte proliferation test
using PCNA as a rapid detection assay for
putative nongenotoxic hepatocarcinogens.

Materials and Methods

1. Animals

Male F344 rats (9 weeks old, 215-242g)
were obtained from Charles River Labora-
tories (Atsugi, Japan). Animals were housed
in a temperature-controlled room with a 12-h
light/dark cycle. A balanced diet (MF, Ori-
ental Yeast Co., Ltd., Tokyo, Japan) and
water were given ad libitum.

2. Model compounds

The four nongenotoxic hepatocarcinogens,
carbon tetrachloride, safrole, clofibrate, and
phenobarbital sodium, were obtained from
Wako Pure Chemical Co. (Osaka, Japan).
Corn oil was obtained from Junsei Chemical
Co. (Tokyo, Japan).

3. Animal treatment

All compounds were dissolved in corn oil
except phenobarbital sodium, which was dis-
solved in water. Test compounds in 2 m!/ of
corn oil or water were given by p.o. ad-
ministration at various concentrations which
were the maximum tolerated dose (MTD),
1/2MTD and 1/4 MTD. The HTD of each
compound was set at about half of the LD,
value from three references (Lenga, 1988; Uno
et al., 1992a; 1992b), and the MTD values
of these compounds were as follows; 1400,
1000, 470, 75 mg/kg b.w. for carbon tetra-
chloride, safrole, clofibrate and phenobarbital
sodium respectively. Animals in the control
group received 2 m/ of the corn oil or water
without test compounds.

4. Tissues

One hour before dissection, the rat was
given 100 mg/kg b.w. of BrdU (Wako Pure
Chemical Co., Osaka, Japan) in physiological
saline intraperitoneally (ip).

The rat was anesthetized by an ip injec-
tion of 5% pentobarbital sodium at a dose
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of 0.1 m//100g b.w. The liver was perfused
with HBSS for 3 min and 75% ethanol for
3 min, then removed for routine processing
for histological and immunohistological ex-
amination. Conventional histological sections
(3 #m thick) were prepared from paraffin-
embedded tissues. The sections were mounted
on gelatin-coated glass slides and air dried
overnight at room temperature.

5. Antibodies

Peroxidase-labeled anti-PCNA (anti-PCNA/
HRP) was obtained from DAKO Japan Co.
(Kyoto, Japan). Anti-bromodeoxyuridine
(BrdU) monoclonal antibody was obtained
from Sanbio bv (Amsterdam, Holland). The
avidin biotin complex (ABC) kit and the
substrate kit for 3,3’-diaminobenzidine (DAB)
were obtained from Vector Laboratories inc.
(Burlingame, USA).

6. Immunohistochemistry

The sections were dewaxed, passed through
a series of alcohol, then immersed for 15 min
in methanol with 0.3% hydrogen peroxide
to block endogenous peroxidase activity. The
sections were then washed in water and im-
munostained with anti-PCNA/HRP. The an-
tibody at a dilution of 1:6 and an incuba-
tion period of 1h were optimal for staining
the samples. Sites of anti-PCNA/HRP bind-
ing were detected by the DAB Kkit. The
protocol for detection of BrdU incorporated
DNA was as described (Sugihara er al., 1986;
Tatematsu et al., 1988). The sections were
also counterstained with haematoxylin.

7. PCNA index

Random fields were sampled and 1000 hepa-
tocyte were analyzed. The PCNA index was
calculated as follows:

PCNA index (%)

No. of hepatocytes with
positive staining
~ Total no. of hepatocytes analyzed

x 100

The BrdU labeling index was also calculated
by same formula.

Results

1. Fixation and staining conditions

To optimize the immunostaining to detect
PCNA, various fixation protocols were tested.
The results are summarized in Table 1. Im-
mnuoreactivity was detectable with all fixa-
tives except acetone. Satisfactory anti-PCNA/
HRP immunostaining was obtained by means
of alcohol perfusion. We fixed the tissue
by means of 75% ethanol perfusion methods,
as it was less toxic compared with the other
fixation studied.

2. PCNA-positive cells

The number of PCNA-positive cells in-
creased in the rats treated with hepatocar-
cinogens. In those treated with carbon tetra-
chloride, the number of PCNA-positive cells
increased and necrosis was observed in the
tissue (Fig. 1).

Table 1. The effect of various fixative on anti-
PCN immunoreactivity in rat hepatocytes

Immunoreactivity
Fixative
by dipping by perfusion
Formalin + +
Methanol + ++
75% Ethanol -+ ++
Acetone == -

Scored as negativer (4) posit'iv;(-i}-i)iér'ld str(;r{gly
positive (+ +).

Clofibrate increased the number of PCNA-
positive cells, however necrosis was not evi-
dent and PCNA-positive cells diffused in the

Table 2. PCNA indexes in various lobes of
the rat liver

Test chemical Lobes 9f the PCN{\%;ndeX
rat liver (mean--SD)
Carbon Median 5.6+1.10
tetrachloride Left 7.54£1.37
Right 5.14+0.84
Caudate 5.940.31
Safrole Median 13.2+3.52
Left 14.143.46
Right 15.14+3.29
Caudate 14.9+2.53
Clofibrate Median 5.041.40
Left 5.1%1..57
Right 5.4+2.05
Caudate 6.14+1.97
Phenobarbital Median 3.44+0.78
sodium Left 4.3+0.71
Right 4.44+1.25
Caudate 4.240.64
Control Median 0.6+0.21
Left 0.74+0.42
Right 0.5+0.21
Caudate 0.9+0.67

" Dose, 1/2MTD; Time, 39h; £SD, (n=4).
PCNA index calculated from the number of
positively stained cells in 1000 hepatocytes/liver.

Fig. 1. Immunoperoxidase staining with PCNA MADb of livers from rats given Ames
test-negative hepatocarcinogens.
Carbon tetrachloride (A) Clofibrate (B) Control (C).
Dose, 1/2MTD: Time, 39h after carcinogen administration (x300). In the
rats treated with carbon tetrachloride, necrosis (bold arrow) was observed (A).
Some cells (small arrows) had stronger nuclear staining (PCNA-positive) than the
majority of cells in the tissue section (A, B, C).
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tissue. Safrole and phenobarbital sodium also
produced similar results (data not shown).

3. The PCNA index in different lobes of
the liver
The rat liver consists of several lobes. To
investigate cell proliferation, the PCNA in-
dexes in these lobes were examined. The
test compounds were given at 1/2 MTD.
Thirty nine hours thereafter, the liver was

fixed. Four lobes (median, left, right and
caudate) were studied individually. Table 2
shows slight differences in the PCNA index
among the four lobes, but they were not
statistically significant (P>0.05, z-test). There-
fore we mainly examined the PCNA indexes
in the left and right lobes of rat livers treated
with test chemicals or control rats to evalu-
ate cell proliferation.

Table 3. Time-course of cell proliferation in the rat liver

Test chemical Treatment dose T(l}rlr)xe PCI(\rInA;aII?ieS)]{))(% )  BrdU L(irlr?galgli SIBc)lex (%)
Carbon 1/AMTD 24 0.3:+0.08 0.240.07
tetrachloride 39 0.440.20 0.6+0.32
48 0.5+£0.17 0.2+0.08
1/2MTD 24 1.0+£0.65 0.7+0.13
39 7.6+4.23 8.0+2.30
48 0.4+0.13 0.7+0.19
MTD 24 0.7+0.42 2.44+2.90
39 9.8+3.36 15.84+4.49
48 1.14+0.88 0.9+1.20
Safrole 1/4MTD 24 1.7+0.76 1.44-0.38
39 7.2+1.62 7.1+2.47
48 3.24+1.38 2.7+1.06
1/2MTD 24 2.44+0.70 1.2+0.74
39 11.6+£4.70 12.04+3.42
48 4.4+2.83 4.1+2.47
MTD 24 0.9+0.60 0.7+£0.22
39 3.0+2.71 0.440.13
48 8.0+2.38 6.6+1.26
Clofibrate 1/4MTD 24 1.34+0.97 1.3+0.91
39 2.6+1.28 3.3+0.73
48 0.8+0.13 0.5+0.17
1/2MTD 24 2.440.83 1.4+0.53
39 4.1+£1.25 4.1+0.44
48 0.9+0.34 0.4+0.20
MTD 24 0.7+0.27 0.5+0.18
39 1.64+1.29 1.3£1.37
48 1.1+£0.62 1.3+0.56
Phenobarbital 1/4MTD 24 1.74+0.41 1.6+0.45
sodium 39 4.1+0.80 3.74+0.76
48 1.040.23 0.4+0.11
1/2MTD 24 1.84+0.46 0.6+0.14
39 2.5+0.92 1.5+1.16
48 0.8+0.13 0.3+0.08
MTD 24 2.9+0.61 1.6+£0.62
39 3.94+1.45 2.9+0.67
48 1.8+0.68 0.6+0.26
control 39 0.9+0.36 0.5+0.25

PCNA index and BrdU labeling index were calculated from the number of positively stained cells
in 1000 hepatocytes/liver. +SD (n=4) control (n=20).
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4. Time-course and dose-response of cell
proliferation in rat liver

The time course and dose-response of cell
proliferation in the rat liver are shown in
Table 3. The time-course with the MTD,
1/2MTD, and 1/4MTD of each compound
was studied and we found that the PCNA
indexes were elevated 39 h after the admin-
istration of all of the compounds. The mean
value of spontaneous PCNA index never ex-
ceeded 1%. PCNA indexes increased sig-
nificantly, being indexes were 9.8, 11.6, 4.1
and 4.1% for carbon tetrachloride, safrole,
clofibrate and phenobarbital sodium respec-
tively. Similar results were obtained using
BrdU.

Discussion

The traditional method of assessing cell
proliferation requires in vivo or in vitro la-
beling with [methyl-*H]-thymidine or its non-
radioactive analog, bromodeoxyuridine. The
procedure using [methyl-*H]-thymidine in-
volves autoradiogradhy for 7 days. Detection
with bromodeoxyuridine requires HCI treat-
ment before immunostaining.

PCNA was discovered by Miyachi et al.
using auto antibodies in the sera of patients
with systemic lupus erythematosus (Miyachi
et al., 1978). PCNA is an auxiliary protein
of DNA polymerase 6. An anti-PCNA mono-
clonal antibody which can act on paraffin-
embedded tissue has been developed (Wassem
et al., 1990). This antibody enables cell
proliferation to be easily and rapidly assessed,
which is more useful than the traditional
methods.

An in vivo-in vitro RDS test using per-
fused rat livers has been established to detect
putative nongenotoxic hepatocarcinogens (Uno
et al., 1992a; 1992b). This test used primary
hepatocyte cultures. In the method described
here, cell proliferation can be assessed in
paraffin sections to minimize the artificial
effect of culture; it can also be applied to
tissues that are difficult to culture. The
characteristics of hepatocytes in culture may
change. Some organs are difficult to establish
in primary cultures.

The hepatocarcinogens studied here report-
edly increase the index of replicative DNA

synthesis, according to the in vivo—in vitro RDS
test using the perfused rat liver (Uno et al.,
1992b; 1994). Therefore we consider that
hepatocarcinogens will be detected to a simi-
lar degree by means of PCNA immunohis-
tochemical staining using paraffin-embedded
rat liver sections.

Our results indicated that nongenotoxic
hepatocarcinogens can be detected by the
PCNA method. We therefore think that our
PCNA method will be useful as a rapid
means of detecting putative nongenotoxic
hepatocarcinogens.
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N-methyl-N’-nitro-N-nitrosoguanidine 1= J % % %o fiZ#7

Analysis of mutation caused by
N-methyl-N’-nitro-N-nitrosoguanidine

# H HBE T
Yuriko Tkuta
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740 |l o RIFTERFIARRIFIA 6-1-2
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(2fF: 1994 426 F 12 A; SF: 1994 £ 9 A 1 H)

Summary

Mutation analysis of genotype of Salmonella typhimulrium TA1535 strain treated with
mutagen MNNG was performed. The bacteria were preincubated with the mutagen.
The bacteria were cultured in Voger-Bonner medium E containing both histidine and
biotin at 37°C for 4 h to cause mutation, then in the medium with biotin and without
histidine at 37°C for 14h to grow histidine-independent revertants selectively. The
bacterial DNA was extracted and his G gene was amplified by polymerase chain reaction
(PCR) using a set of primers which give 343 bp DNA around the site of mutation. The
double stranded DNA was directly cycle-sequenced by AmpliTag DNA polymerase with
fluorescent labeled primer and analyzed in the automatic DNA sequencer. The analyzed
data pattern of the #isG46 codon showed -TCC-, which was also observed in purified
revertants DNA, over the base sequence of mutant, -CCC-. The method, newly devised
here, may be useful in estimating the genetic level of mutation and the mechanism of

the mutation.

Keywords: Polymerase chain reaction (PCR), Cycle-sequencing, Salmonella typhimurium
TA1535, N-methyl-N’-nitro-N-nitrosoguanidine (MNNG)

# &

Ames REETIZ7 § » BERMOFECERRF
HrmE L TR Y, BET VAL TIYEORE
BROTEROSHBELZRL TV 52 Bbb
T, BREBE—Dx v 7 L TOELELT
LT 5z EaiTcEicw., BETLVALTO
BRERNE ORI, TREBOMB LEL
CEBMEELEEDEE L DN S, £Z T, Ames
ABRER Y AV CTERF A E R DNA 0ZE 2
(L DIEIEELF% DNA © — » v CHEHERVT 5

© AARBARF¥E

ZEick b, BETFVv_ATOERLBHECHRE
T3 HEIEOWTHRE L.

KRBRMEGSLVHE

ERFEEWE & U THEKCER LI N-
methyl-N’-nitro-N-nitrosoguanidine (MNNG,
Cos. No. 70-25-7) (Aldrich) 1 pg/7 v — +Hi24
%, HFk & LT Salmonella typhimurium TA1535
9ii LAY N
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BHEE Ames HER
Ames 3 Revised methods (Maron, D. M.,

1983) wH# Ui,

DNA L —=H 2%

BERORERLL S vA v F 2 - Y a VET
LEEREY: Ames RBR & RRCTo%k. TabD
T3 F sy 7 E Sml RBREC AR BRER
% 0.1ml, 0.1 M v v [fEHEw (pH 7.4) (20 mM
sodium phosphate, monobasic dihydrate (Fi:
4hi%%), 80mM sodium phosphate, dibesic, an-
hydrous (FG#EE)) 0.5 ml (R EW 0.1 ml %
Bz, 37°C T 20 4fH, 60 cpm THREREHE Lic.

Fot%, BRFEROKD, 2hic0.5mM o L-
histidine, D-biotin % 0.18 m/, 10 {5} Vogel-
Bonner A iE# E # 0.11ml % X O 20%
glucose ¥4 0.11ml jnx, 37°C T 4 KfEiE
UhEEER L, BOWMEIT - k. KRR EEO
BRFRIEHR R EDO D OBREOREC S
T, MNNG & X BZERRNEHEANR L BT
BRECHEMT 5 »CBT5RHE LTREL
y i

W BUREE RO BIRMBIIE L AT 5 1ed, b
AyEE (4000 g, 107y) Lictk, Bf% ) v BRiE
WCHE L, BRFEOID OREHERE &R CHR
¢ L-histidine D&% & % i\ WEE A AV,
37°C < 14 BRMRMEIGHE Lic. FERE I RD
DI T O FARA SR O BB HE > TR
ELi. TOBREOOMEL THAY ) v IREER
THEESL, ShiELk.

WE X B e BRERK OBk~ 95°C, 5 7y
MomMBME X - T, B2 5 DNA 2k
L, 7=/ —AdhH, =% — Ak (Maniatis,
T., 1990) i X b DNA #f5Hl Lic.

Z ol DNA o hisG RIZT AR O
(Barnes, W., 1982; Carlomagno, M. S., 1988)
%Y 2 T — EHSHEIE &G (PCR) (Saiki, R.K.,
1988) 1k IR X R, IR TR
D2 FEDOERT 714 ~— S2104, A2106 % F\»
7o,

S2104: 5’-GCGATGATTCACGAGAATTGC-

3 (+88)
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A2106: 5-GGATATGAGGTAGCGATACG-
T-3" (—859)

75 4 =— DAL DNA 4 3 & Gene As-
sembler Plus (7 r 4=+ 7) T X-i. PCRIC
FFA =y 7 2 x— (ATTO) %\, AmpliTaq
PCR reagent kit (ififh) X b RIS& T~ 7.
v 71— DNA (% 100ng/pl, 7514 <—
B 0.5M &L, RIGHRHIROMEY & LT

94°C 1.5 4 -
94°C 1 4 )

5570 2.5 4y 30 4 70
72°C 3.4 4 ] 7
72°C 5 4

chick b, 343bp o DNA 2 #iE S h i,
PCR #1345 (cDNAspum column, 7 7 /v
=v7) #AWCTIA = —BIORRIEE/
—wRE LK.

Fo%, S e T S LT I = —
A2106 % 1pM B\v, ¥4 ) 7 7 2=,
AmpliTaq Sequencing Kit (F{#E) X »>T,
2 REEDEEA 2 v — i vy v 7RG (Mur-
ray, V., 1989) #{iic-7%. 7 v 7 v— I DNA
% 67 fmol/pl LU, RIGGMHEIROMD & L
e,

95°C 30 B 1
50°C 30 15 4 70
72°C 90 !
- 7 !
95°C 30 ll

15 1 70
72°C 92 l

KSCTHIEREE) DNA > — & v 4 SQ-3000
(A7) TR L. tkBix 7M o R #E (Bio
Rad) &% 5.5% ©~14 Fr ) v 2751 (AT
Biochem) Tffotc. Hv 7 A7 7 74 8k 2pl
&L,

TEFEERBMREO-HOERKORE
TV vF o N— v a VROBRE EREEMFT
4, 6’ 89 24 B#Faﬁﬁé@%ﬁfﬁ» %ﬁiéﬁ‘l}ﬁﬁﬁ

X OIEE, v vEEBER T B AT, 0.5mM
L-histidine, D-biotin % 0.1m/ 45 L cix4 7
a2 — AFER M EE Y £ O 0.5 mM D-bioin %
0.1ml B Licikd 7 12— RER B -
Tar=—%AFILk. HECEFT Lkar=
— DB E LR, BETEF Lar=-D
BRATIRERGE L LT TRoRTEREKYH
ML,

ERE= BN
R E RO RRI B O R

BRFRBED WK & LT 0, 3, 14 K
BRE, BREOWEHEFCELT, &24RWHE
IOERERKRE AL, WELRR VL L
BRI Z Rz,

HEt X n/-EH DNA O —4L L4

EeyE Ames R X b, AP/ a2 — %k
FFEEH LBl ERa e = — 2 AF IR, £
o histidine JEF R k% histidine 24 & 7o\ B2
W ECBMALTHEELL. cha3EErRELE
D% BEEX e histidine FJEERMREE Ric L
7o, BB X R 7o histidine JEFRM:#EA Nutrient
broth No. 2 (Oxoid) ##3#E CE3E UTe.

FDOBOEIEX, DNA v—r vo v 73RS
T % DNA i E ML L.

% 7

TREMYE L LT MNNG, ®ike LT TA
1535 #F\w, DNA v—4r v o v 7Bt 2%
RIFHEB 3 X OV RPNE O IRMT O WM & B
L. Thédtdic, DNA v—»r v v ZEER
X BRHTER L T 5 e, MNNG i X

Table 1. DNA sequence at the hisG46 codon
in TA1535 DNA extracted from a single
colony mutant and revertant induced by
MNNG

Bacterial DNA Base sequence

TA1535 (untreated) 5-CCC-3/
3 revertants 5'-CTC-3/
3 revertants 5/-TCC-3’

B oy By (B o, T e

Fig. 1. DNA sequencing data of the #isG46 re-

gion in MNNG treated TA1535. The hisG46
codon is underlined. As the complemen-
tary sequence was used as a primer, the an-
alysed data show complementary sequence.

AAC C G G G A T C ©

Fig. 2. DNA sequencing data of the hisG46

region in solvent (H,O) treated TA1535. The
hisG46 codon is underlined. As the com-
plementary sequence was used as a primer,
the analysed data show complementary
sequence.
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B IR RO BREX hickk © DR DNA ©
RAERSIRNT 21T - 2.

B LIRS Rk 6 fio DNA TR R %
Table 1 &iRT. ChbDZERIZWTRE C 0
b T ~OEEHEILDTHH .

Fig. 1 & MNNG, Fig. 2 ¥ xR X b L
B L 7-Etk DNA 0 his45 FOEERTIHHT
@A w3, Fig. 112k T MNNG 43 DNA
DI RIPEL B T — x 13 5-GGG-3 (FFHH:
5'-CCC-3') TH 51, F+— Ficix 5-GGG-3/
& - T 5-GGA-3 (F#s4: 5'-TCC-3) &
WA RFINEE I, —JF Fig. 2 TWXERD
i, TOERKD 5-GGG-3 L5 IO
BTH I,

% B

DNA v— 4 vy v 7R DWW THER Lok
BRI — 2 = MNNG AR DNA @ik
TR LUk HERS] S'-TCC-3 1EESh, HE
SR E R DNA i 7t O o 5 EES) 5/
CCC-3¥ D HZNBBEI i, S-TCC-3" L)
FF B X h R E RO BRI B S
hicbDLA—TH-1e

MNNG iz X 2ZFRIZDNA Lo 77 7 v v 06
firz 2 Fa{blL, G-C iEH % AT HFHikx
A LR B edI BB EIRTED (Yang,
J.-L., 1991), SEIDOFBER I h E—F L.

EDz &, DNA v— 4 v v 7 ERE
RE/MEE DNA L gix B2 B %k DNA
BT — 2T az e b, BREEDOER
g2 T, BEFUVILVTOERERELES
e ERALRFRTHHE D T L RHERTE
7z,

DNA v— 4, vo v Z7EDAY » MY, AR
Ames R & i LcBA R, B0 v<raul
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Formation of rough-shaped revertant colonies in the Ames test
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Summary

We carried out the Ames test for every lot of agar plates to guarantee their quality.
We sometimes detected rough-shaped revertant colonies (rough colonies) among normal-

shaped revertant colonies (normal colonies).

Rough colonies appeared when S. typhi-

murium TA100 and TA1535 strains were used, but did not when S. typhimurium TA9S,
TA1537 strains and E. coli WP2uyrA strain were used. The motilities of these five
strains were compared and it was found that TA100 and TAI1535 showed the motility
higher than those of the others. TAI100 formed rough colonies only when jelly strength
of top agar was low enough to increase apparent motility of the strain. These results
suggest that a tester strain can form rough colonies in the Ames test when it has high
apparent motility in the top agar of low jelly strength.

Keywords: Ames test, rough-shaped revertant colony, motility, jelly strength

# =
M T = — A ARBRCHAT 5D 72—
ATERKEM (= — A ABEH) BB LTRD, *
DIMEBREDO O Lo & LTS X OEEXIEY
BHa e — A ARE (D. M. Maron et al.,
1983) #FEBEL 5. ZHurllige , r L
= — A ARBICHERRED & O R T A 2 &
HMHEIT, Salmonella  typhimurium  TA100,
TA1535, TA98 3 X% TA1537 L, Escherichia
coli WP2uwrA o 5 ¥k illriakk & LCHV T
L. WERCEER2r=—HDA Y v Ean
= —MHEOBERIT-> TV AN, ThE AR
FmBEOHECEH 5T, TAL00 & LU TALS3S

© AABUAREFE

THREEEY RTar=—(57{bar=—)%
BOLZER Dot 77fbar ==Ly, HE
A l~Smm BED F—alkoar = —T, HE
ARG DAL & M2 H 5 & o (Fig. 1)
L, Bl chdkEL ek HED 10~20 mm
REORER TRRCHN 2 v = =2 IR
T 2b0 (Fig. 2) "5 %.
7fbar==3, ® A—7v— 1t ECER
I RED 2 » = — (Fig. 3) LAELTHBIL,
@ FreFv— RIS AR D 2 &, @
TA100 & TAIS35 iIckWTC LI BE IS C
£, @ REEHAOFECIZBEDL B Lo i
EDOBMMEEDL. ThLDHEND, =— 2AF
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Fig. 1. Rough-shaped spontaneous revertant colonies (TA100).
method: plate incorporation test without S9, diameter: 1-2 mm.

Fig. 2. A remarkable rough-shaped spontaneous revertant colony (TA100).
method: plate incorporation test without S9, diameter: ca. 20 mm.

oo BlEEFR M B RAD B 5 & LB S
HeRHIR 7.

—77, BEMC2 v = —DRBREIND &
W5 R (O.T. Avery et al., 1979) 12550 1
HERY T H, F7fbar=—13, @
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RIS T 5 L ER D 2 m = —IT)F L
@ vAFLv, AT v ERME R IO &IFES
RTEHE R BEDO 2 r = - L b b lg 2 &
b, BEMCERYRC LicbD Tk, Kk
WCDOBREFEHRRT 2w =—ThHhHEHI L.

Fig. 3. Normal-shaped spontaneous revertant colonies (TA100).
method: plate incorporation test without S9, diameter: ca. 1 mm.

2T, 77Mk=m = - OREFRCOWTHET
U)*ﬁg‘f’:‘_’??/) e

REMEGSLITHEE

1. SRERFIH

Dimethylsulfoxide (DMSO, FGHl#E T2 (),
Cas No. 67-68-5), = . — 1V =+ } 72 No.
2 (NB, OXOID #f), %&X (X #, ke, b A,
B, C, D, E,F 5J0 G) s b0 B L L
T TAI100, TA1535, TA98, TA1537 %1
WP2uvrA (Dr. Ames I H ATF) % (i L7-.
2. A &

RER 1 HABREHKOEHMEIAR

NB IcJER (m » b G) &z TR/
LT a8 Lo AR 9E KisHic, NB T 37°C,
8 IRFfH] i A B 4% U C 4 B M te % ok BR s bk 2 2l L
T 37°C T 48 RpfHlB5 4%, B WL LA D
PRR DB O 4 fER U e, SeaSE R
IHCFEREREAY 0.2, 0.4, 0.6, 0.8 3510 1.0%
b X 5B L.
KREE2 Py T TH-CHERTIEXOE) -4

ELF7{LDRMEF
YY) —EOWEL LT O FIHTH - 72, X 4#:

LOERCHEALIZ6m » L DHR (=, }A,B,
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vy P LB L, 121°C T 15 R EESK
W L7cE, 47°C DfEE KK 30 48 LT
5, 10 MDOWE >~ v+ — vic 30 ml Fo5 0 Lz
Ffbt%, 25°C o 5008 15 BERIBE L, v
A A== (RE)LEE (BF), NRM-2002] #) ©
LY —gBERRE L, FOFHER L.
== A ARBUE, LT 37°C, 12 i
iRk 55548 L7z TA100 & DMSO %, &
RS L OV v — T 7572 (D. M. Maron
et al., 1983). ., 77w -1, €Y —HED
WEXIT-726m y FOFEREHEHL, &, b
ZEICTERIRIED 0.6% 1ie b X 5 L L7
K8 3 HREKOEHFHMEL T 7LOME
ABREE (TA100) o BhH: 4 & B foig 3
D 72T 48 FHIESFE 5 o e B B ER B o e %
ATFDOFEHTIT > 7. = — 2 AR = — 2 2
BN G T 2 B & [ CHERBERC /5 X 51
BB L7 R IE RS (= + A,B,D ¥ X
O EDEREMEHA L) i, HBihds=— 223
BRCfi L7z TAL00 D% 50 pl {hc @
LT 37°C CTREE%AT - 7o, Biaeh, Bidh |-Je
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Table 1. Motility of the tester strains

Agar concentration (%)

Strains

0.2 0.4 0.6 0.8 1.0
A0 w0 # - - -
TTAISSS # w0 -~ —
T WPuwrA  + - - - —
TTA® # o - - -
TA1537 + - — - =
W very highly motile, 4#: highly motile, +: 7

motile, +: weakly motile, —: not motile
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Fig. 4. Jelly strength and appearance of rough-
shaped revertant colonies (TA100) in each
lot of agar.

opened: with no rough-shaped revertant
colonies, closed: with rough-shaped rever-
tant colonies.
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tion of top agar and appearance of rough-
shaped revertant colonies (TA100).
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opened: with no rough-shaped revertant
colonies, closed: with rough-shaped rever-
tant colonies.
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