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Summary

Risk assessment is the scientific evaluation and estimation of adverse health effects resulting from
exposure to a chemical, using available scientific information. The original four phases of risk assessment
include hazard identification, exposure estimation, dose-response assessment and risk characterization.
Recently, risk management and risk communication have been added. At present, however, models for
inferring human health effects from animal studies, techniques for estimating risks and predicting health
effects with few data, need improvement or development. Fortunately, remarkable advances in biotoxico-
logy and molecular biology have promoted new understanding of the metabolism of chemicals in the body
and the mechanisms of disease caused by chemicals. Incorporation of these new data moves the
evaluation closer to the goal of estimating actual human risks. Recently developed physiologically-based
pharmacokinetic models for the estimation of active chemical levels in critical organs, and their
conjugation with biologically-based pharmacodynamic models of the process of poisoning or carcino-
genesis, seem to be not only an essential part of a rational approach to quantitative risk assessment, but
also raise fundamental questions about the nature of events leading to disease. This scientific progress will
accelerate in the development of sound risk assessment, decrease the wide divergency in regulatory
decisions of agencies in different countries, and lead to better health protection.

Keywords: risk assessment, risk communication, physiologically-based pharmacokinetic model
(PBPK), biologically-based pharmacodynamic model (BBPD), molecular epidemiology
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Development and application of a gas exposure method
in microbial mutagenicity test
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Summary

A simple and safe gas exposure method was developed using a gas sampling bag as an exposure
vessel, and a preparation vessel filled with diluted gas. Mutagenicity testing of 1,3-butadiene was carried
out using a gas sampling bag for validation of the test method. Following exposure the conditions were
assessed and the method standard was established as follows: the amount of S9 in the plate, the volume
of gas for the plate, the amount of top agar, the length of the exposure period, and the exposure
temperature. Mutagenicity testing of 14 compounds including 1,3-butadiene on S. typhimurium TA98,
TA100, TA1535 and TA 1537, as well as E. coli WP2uvrA, was carried out using this gas exposure method.
1,3-Butadiene, propine (methyl acetylene), monochlorodifluoromethane, ethylchloride, diborane and
silane were mutagenic. 1-Butene, 2-butene, 2-methylpropene, methyl vinyl ether, trichlorofluoromethane,
dichlorodifluoromethane, 1,2-dichloro-1,1,2,2,-tetrafluoroethane, 1,1-difluoroethane and phosphine were
not mutagenic with or without metabolic activation. Some of these results were compatible with results
reported from a previous test using a glass exposure vessel. Mutagenicity testing of chloroform and
carbon tetrachloride on E. coli WP2/pKM101 was carried out using the pre-incubation method and this
gas exposure method. Using the gas exposure method, carbon tetrachloride was found to be mutagenic
to E. coli WP2/pKM101 without metabolic activation, and chloroform was found to be mutagenic to E.
coli WP2/pKM101 only when using S9mix supplemented with glutathione. The mutagenicity of
chloroform and carbon tetrachloride was not detected by the pre-incubation method, with or without
metabolic activation. Thus, this gas exposure method has the advantage that it can be easily and safely
used for testing combustible and self-combustible substances such as silane, diborane and phosphine, and
for volatile substances such as chloroform and carbon tetrachloride.

Keywords : microbial mutagenicity test; gas exposure method; gas sampling bag; gaseous chemical;
volatile chemical
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Fig. 1. Equipment and materials for the gas exposure method using a gas sampling bag. A, gas sampling bag (Tedlar™
bag); B, petri dish holder for 10 plates; C, pump; D, flow meter, calibrated gas flow meter E.
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Fig. 2. Preparation and dilution method of test substance
gas.
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VT FL— bDASTRBN Y JICRY TERAVT—E
BOFAREGCHLANS., AT VRORE LR
FREGQEGULS HERYEOREOBIEZEZ 5 C
LIk DTS, EEHEARVEWESR, 7TV T
L= bDA - BBy 7 OESEKE K Y 7 ERER
EHOTHERESEZ RP AN L, HRUWHEERE
FREGDOA - 1-RB/ Ny JICEBEAL, BBy 7
Ry b 7L— b BICESERPEBRES(ES E 5.

Tedlarbag  Flow meter Tedlar bag
=
Pump
Plate g;
Diluted test
substance gas
Fig. 3. Filling up method in the exposure bag with pre-
pared gas.
Tedlar bag Flow meter Tedlar bag
=4
Pump
e
Pte ] g;
Hot plate Dilution gas

Test substance solution
Fig. 4. Filling up method in the exposure bag with va-
porized gas.

RIS 2 40 A DEE EBRIFRESLRULS € 25BN
BIAKROBHELZZ 5T LIC&DITI.

@ REREOAE

IFHETs BRI ORIE I RTE N v 7 NOERYE A 2
BEAAR70= 75 70 R ERVWTHIET 5. 7
ARERICI T REY V7)) YT ROBf VTS D
THOWHOH 2 % EECH BT EBTEENTH 5.

3. HZARBREOKRE

B% L SHRBRR S ETEREEOR O N TV S
1,3-butadiene (de Meester et al., 1980) ZfH\, b v 77
-, BB RREE, FL- b4 RE,
FL— M DSIBEDH RARBRMEICOVTH L
£ x 7 TA1535 2T~ GiAfth, 1988; Araki et
al., 1993). 1,3-butadiene [3IE/KIEHETH 0, ZREMHED
FBIC S ZMNELT B,

by T H—BOREICOWTHHT, 1,3-butadiene
DZEREM L, RBEKE S 2D v — 2AERF
WREEHICR O G THER L 7N 2 F U T 7L — b AR
CREBET2L0b by 7T H — CTHREREKE S9 &
Zva— AFEREREEICER LN 7Y T 7L — b
A RICRE L bR RIBT & 7o (Fig. 5). 89 3#K
FERBTLRETHSH LD (Nohmiet al., 1981), S9 23K
Fe R h Txh%E ¢ 1,3-butadiene ZfR# L &EEAL 5N
7. Bridges 3, REEHKZRD 7 v 3 — AR PR
RO FTER LN 2 7V 7T 7L — P EBERAT R
BBT3hE (R 7V y FiE) BEESRBVERELT
% (Bridges, 1978). L4 L, 1,3-butadiene D & iR
SEMAL A LE L T AYHEICB L TREBEFPENATY
rLEZONS.
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Fig. 5. Effect of top agar on the mutagenicity of 1,3-
butadiene in S. typhimurium TA1535. The volume of
top agar was Om/ (A), 1m/ (V), 2m/ (@). Each
point represents the average of four plates.
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Fig. 6. Effect of exposure time on the mutagenicity of 1,3-
butadiene in S. typhimurium TA1535. 1,3-Butadiene
concentrations were 10% (A), 20% (V) and 50%
(@®). Each point represents the average of three plates.

BRI OLE IO VLTI, 1,3-butadiene DZER
RIS REE 4 BT IIRE T 23 TE S, Db
4 BRI LD RBOMETH - 72 (Fig. 6). TOHIF 1,3
-butadiene 25 4 Bf]LA L iy T 7L — D S9 i & b
RBEOWTERFEMEZRLAZEEZ SN, RERIZ S
TEBEIZ N7 7)) 7 7L — b E2RYEICRE LT
TABBOWI EEFLL.

RRIREOHEII>W\WTH Iz, 1,3-butadiene DZE R
JEME I3 FREE 30°C, 48 B DA 37°C, 48 Bk » ok
BRI BEMNTEL (Fig. 7). L L, Z20EEDT
DTHORBEEICLIZHEERI N1, RBEEM
30°C DIBA IR 3T CItHRTHEFBER L ZEOLEEMN
Bhao=—»/N&< 743, %7 1,3-butadiene DZFEF
o3 14 BRI EORBESEE LVWHE XD 37°C
TRET S HERRNHORBNTES0TEATL
3.

Tr— YDA ZOE (REBER) OFEICO>VT
<tz 7L — 24720 357ml (20% D 1,3-butadiene
2100 ml 2472 © D S9 B 1F 28 pl 1ITHHY) A 5 1250 ml
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Fig. 7. Effect of exposure temperature on the mutagenicity
of 1,3-butadiene in S. typhimurium TA1535. Exposure
temperatures were 37°C (@) and 30°C (A). Each
point represents the average of four plates.
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Fig. 8. Effect of exposure gas volume on the mutagenicity
of 1,3-butadiene in S. typhimurium TA1535. Concen-
tration of 1,3-butadiene gas in the bag was 20%.
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Fig. 9. Effect of S9 concentration in the plate on the
mutagenicity of 1,3-butadiene in S. typhimurium TA
1535.  1,3-Butadiene concentrations were 0% (V),
10% (A), 20% (H) and 50% (@). Each point rep-
resents the average of three plates.

(20% @ 1,3-butadiene /' 2 100m/ 247- 9 D S9 B3 8 ul
YY) ORBETIE, BE—E0ERERIo=——¥
R L7cH8 1250ml %22 5 &R L1 (Fig 8). Th
i3, 1,3-butadiene HSZERIFHE % R T O I RBEHEAL % 4
HeEL, oREMYIVBERMETH S L5 5 1,3-buta-
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Fig. 10. A: Mutagenicity of 1,3-butadiene (@) and propyne (A) tested on S. typhimurium TA1535 and E. coli WP2uvrA
using gas exposure method with S9. B: Mutagenicity of monochlorodifluoromethane (W) and ethylchloride (P) tested
on TA1535 without S9. C: Mutagenicity of diborane () and silane (4) tested on TA100 and TA98 without S9.

diene D#ERICKT 5 S9 BAZRFEHHKIICKE
BLTWEEEZONT.

FL— 4720 DS DEDOFEEICOVTHN 1,3-
butadiene PZ RIEMFREIC L ELHE SO BIZ 7L — b
Wt 100ul TH - 1= (Fig. 9).

P Lo#ER L0 7 2 RBEABRE BB L CEBL, £
DFERAE BRI T 5113, BEBEHRIZT TR TV -
FUEDORBEBLUSI B L —FIC L THER%EENE
TEMNENHLHELHPOME LT

4. HRAEKYEOEEFREHER

BA% L - SHRBABR S EE AV TH ZRYBEOZER
B A+ L E % 5 TA98, TA100, TA1535, TA1537 B &
URBE WP2uvrd % Bl THRETEH L O H T,
HRLVERINTVEH S ZARHRFEHV 2 XHHRE
RERDOFE RIS & e L 7o (Araki et al., 1993).
AERAFEME L 72 14¥ED 5 B 1,3-butadiene, mono-
chlorodifluoromethane, ethylchloride, diborane, silane @ 6
WIE I E REM MR S i (Fig. 10). Z Ofthod 8 ¥I'E
BERHOERTH 1. Fyr—9—F2RBEAHEL
THWVAHER HEICB W T 1,3-butadiene (de Meester et
al., 1980) i34 )V E % 5 TA1535 i< R#TEMALET,
monochlorodifluoromethane (Longstaff and McGregor,
1978) & ethylchloride (Zeiger et al., 1992) R EHETY
IVE X5 TAI535 ICERFMERT T &H, £ tri-
chlorofluoromethane, dichlorodifluoromethane, 1,2-di-
chloro-1,1,2,2-tetrafluoroethane, 1,1-difluoroethane (3 v
E% 5 TAI535 BXU TA100 icRBEEHALOBEC
Db LFERFEHAERSBLVEISRES LTV S
(Longstaff et al., 1984). # ZfHER%E MV 5 KUHRTER
BRAFEOFBRICh o ORBRERE—HK L ¥/, B
BYEH 2 Tdh 2 diborane, silane DZEFFHEIZ T DA
THIICRHE Lz, ZL LU AMESEHV 3 5HE
BABRS AR S 2 OBBRORLIERETE, HR
KUWED2 27 ) —=v 7RBICHVADIEL TV 3,

5. BRUEMEOSHRERR

ERUYEOTHRE I X 2 EREWRRSER, &
BRERR & S9 b L 3R B /D 7 v a — AR
SEMREEHIC by 7T A —TEBLTEKR LI N T )T
TU— b 2TV —89—FZDH 5 2FHBRICAN, BR
YIEBKR A BaaP TRULS ¥ TRBET 2 HE0HV S h
T\W5 (Bridges, 1978; Simmon et al., 1977; ¥ Fth,
1981). TN 5DHHER, REEBHNDEREEKDIENT
wRyE AR E <UL LS EE O 4 2 2R 2 EHHRE
T&H 5. Huges 5135550 Tedler™ bag 2 5 HIC
X0, BEEOH 2 ZBEICHRTE ZSHRERART
AL LTV B (Hughesetal., 1987). TDHEIZ 2
HLLIE3IMDNNZ 7Y T 7L — b EERRIOD Tedler™
bag ICATUERYEBKESILSE TRIEBET 5 HETH
3 RBECTEXBZNIF)TTL— FOWEBHRONEHE
kD7) —=v RECHW I RESEMETH
5. BaADERL A AHESEHV 2 SHRERRS
i (GEAAth, 1988; Araki et al., 1993) (FHHR®D 101 D A4
AWEREAVLOT, —FitHEKRETONITY T
FL— " BRBETE, EREYMEOR Y —= v 7HAER
KHWADIEL TV 3.

WETEEDS L REKROEREEMERIFICTL— b
# (Ames et al., 1975), L E T4 vyFax—¥Y 3
v (Matsushima et al., 1980) TRV EfHI LTV 5.
L» L, Ashby i3, fEFMEAEHL poKicET#OWYE
27V — FETRERFEM EHY T b SAHRBE TEE
AR EAEREMYE ORBE ORISR & L TR L T
W% (Ashby, 1989). FAEZ, HEFEMYHEOD 7L — M,
T4 vFaN—v 3 VEBXUKHEREORRER
EHBRYE OB R B X OK~NOBERTE R L. 20
fER, ERMEsE HoKIETEVWYERERD 7
L— b, TUA vEFaN—v s vETRRABWESR
BRproILEHahTLE A, SHREETARE
ERLBWEERFEWRAFE LT R VWELIERL
TW3 (KB, 1990). = I TERL -SHBREARR L3




%W CKIC A TS EREYE O REM A B~ 55 &
L.

6. BRMERLX Y VEOERRERR

JoaraBLUOPELRFEIGS v PBXLXU =T X
AR icRAREERRIcB O TREESHS Mt h
TWVW3, ZOHELS 7 ookilapkUOpaE(bRE#E
ZFIEEHA B >EEEZ L OWMEELTFHIL, MEM%
A2 ZREUABREZER L 721 bbb o FEREM
BHER SN TV W (Simmon et al., 1977; Barber et al.,
1981; Rosenthal, 1987). Th 5 DZEREWRBRICE T 3
RIS E LT (1) 7 o oh Lo X OPE LR EO RS
YITh DR v HEEBRIEH AR >IcbFbod, 2
UGB Z S & YTEICEEE O BOEKE F O TR
HERDBFEME N TV, (2) 4LE % 5 TA9S, TA100,
TA1535 75 & D GCHHRICKIGT 29E DA RIFH %5
REICRHTEZ 29 Ve X SEHEBHOVL OGN, ATHHRE
KRBT 2PEOERFEHARIETX 2 KIBEEH VT
SHRERBRBAEHBINATOREL, 3) RETEHLRE
L THEE D SIMix TR A+ TH Y v 7 Ltk
FZORBHCBEET 57V F 4 >~ (van Bladeren et al.,
1980) Z7N L CKMHBRBEBABRIEHIhTOREL, &
BEZLNS.

PboHEXD, ZLL-TAMERSEHV2SHRER
REBAEERVT no sV AR X OPTHELRFEDOER
[t % WP2/pKM 101 % W TRBTEH L O F TR~
fo (eia K, 1995). # RABRBEERHR, ~7FV T FL—
FE2ml Dby T H—-CTHEHBT 5 HETIERL, &
T % 24 B, REBEKE% 37°C, L —+rH7b D
HZABEZE500ml, FL—bYHDDSIEES0u &L
7. 14, FREEHALICHWS SIMix IC/ vy F4 v 45 7
L— Y70 Sumol A2 RICOVWT b RER % FEfE L
T,

Z DR, WELREBEEETERFEYARL
(Fig. 11). 7 ookl a3 SOMix I/ VY F4 v %7
L— FY720 5 pmol MNZ 7o RBTEMALR TERIEMH %
AL, BEEBITZ VY F 4 v 2MA S ORETEEL
FTRERFMA/RS 18 - 7 (Fig 12).

7 ookl s KOS LREOZ RS @E D 7
V= bEBLXUO LA vFaN—v 3 VETERHETX
T, "ARBETOAERFEUESRETE S (B4 A,
1995). 7 oo kLo Bk UPUHE(LRFEL T 2 BB
BOTEREMARTEABICOWTIE, 1990 FITHREH
ERELTVWA LS Ic/ oo haB L UOPHELRED X
S ISR Do KICE T HOWIE BRERDO 7L —
M, TUA v FaN— 3 VIETRERYENRBSR
PR LEHINTLZ 54, SMHRBREE THAERE LK
THRHICLOERFEWARLLEEZONS. 1, 7
ooRIVLARTVEFF vRINCE D ERFEZRTHE
HIZOWTIRWVWAWALFERDEZNWE T ATIRD 25,
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Fig. 11. Dose response curve of carbon tetrachloride on
E. coli WP2/pKMI101 using gas exposure and pre-
incubation method without S9 (@), with S9 (A) or
with S9+glutathione (H). Growth inhibition was
observed (*).
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Fig. 12. Dose response curve of chloroform on E. coli
WP2/pKM101 using gas exposure and preincubation
method without S9 (@), with S9 (A) or with S9+
glutathione (). Growth inhibition was observed (*).

TINEFA v EORIGREYIC LD, LRIV F
A VEINT & 0 & 24 v ic & B Hfa#EEHSE Y 5 AR
JFHAERLICEHELTWS, HZARBER 7L -+
B, LA vFaN—v a3 vEOLIIT—ENICEER
OEBYEICE SN BVWEHICLD /oo k L aBLlD
PR D & 5 ikt 0w W Ve O & SR M A
NBETHLAMTHELEALN, &5IKHBRRAR
T SRR E D FABUCIALE % F O 18O O TR S
DHHYES, DMSO &KLY 2YEAELRELIRET
RERERICEFH S B 3HATE S EELONS. KAD
TBRREDE  ERM O MO IE I SHERBERR S ETE
REMEFANETSENH 5.

7. b Y IC
HAMERER O A SHRBAR LR LI &
T, by ITH-B, RN RBEE YLy
DA ZE, FL— b4 DSIBEOHN ZREBES
4% 1,3-butadiene = W EICTHANDZHLTE /. D
FERAF LD DI BRI EE L%

DBEESTAYBEENEE LIEVWYE L TRIRBESRMZR
KAIEAD L#ERENI., 2T, HEZERYHETH
% ethylchloride % Ff \» T 1,3-butadiene & [a]#% Dl ER 5=
(Araki et al., 1993) TREBFRMHZR L. £ OFR,
ethylchloride (3 1,3-butadiene D& EEIFRIC/N7 7 1) 7
7L — b AEBETERLZESBRT Ly NETIER
LEa s bREIZRD - (Fig. 13). £/, ethyl-
chloride |3 7% 2 Fffi] AR 2R L &R BB R bl
L CERFM IR RIS i (Fig. 14). 7L — F4k
DDORERITB5mI A S 2500ml £ TRBRICHHIL
TERFM 8 < B & 1 1,3-butadiene DIFA & 13
DFER & 18 572 (Fig. 15). T 1id 1,3-butadiene H3H
EHALEZ Y, BRBERABHNORBMYIDRED LA 5HIC
& 0 ZRIFEMEA R D%t L ethylchloride (337 5 1)
T7LU— MR L RICHE L TERESER LA
LEZ oNhi., RHBIEKEIL30°C & 37°C TIRIT°CDIF
I WERFEM 3 RS iz (Fig. 16). Tho0F &
DR —=vrABRON ARBRIEE, /7T 7
L—t%A22ml Dby 77 H—CTHBET B HETERL,
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Fig. 13. Effect of top agar on the mutagenicity of ethyl-
chloride in S. typhimurium TA1535. The volume of
top agar was Om/ (A), 1m/ (V¥), 2m/ (@). Each
point represents the average of four plates.
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Fig. 14. Effect of exposure time on the mutagenicity of
ethylchloride in S. typhimurium TA1535. Ethylchloride
concentrations were 5% (A), 10% (V) and 20%
(@). Each point represents the average of three plates.
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Fig. 15. Effect of exposure gas volume on the muta-
genicity of ethylchloride in S. typhimurium TA1535.
Concentration of ethylchloride gas in the bag was 10%.
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Fig. 16. Effect of exposure temperature on the muta-
genicity of ethylchloride in S. typhimurium TA1535.
Exposure temperatures were 37°C (@) and 30°C (A).
Each point represents the average of four plates.

REEF % 24 B5RE), REERAE%E 37°C, 7L — +47D
D28 500ml, FL— Y4720 DS9EESOu LT
ZHTEL DN ARYEOER M EZFTHANB LA TE
5EEZOLND.
HARERER O3 RBEHE I T 2 BB RERHV
BOTNIFNTFL— AEBEOT RICRET ST
LRRETHS. SBEETRBEEZEMLIGS, L
BERKAICERERVICEA3RE N Y JThOBRES
EBNTHVEOEBNE S X ot BESIcpEs
RETHEBHERISI NS, RE Ny FHOETBOFEE
PFRBIDITHIVEXR T TAS, TAI00 % HWRBEN:
fLOBER|TERLERERB LERER 0 =— K%t
Bl BBEEHERINVF)VTTL—rE22mli O by
TT7H—TCHEHBET S HETIER L, REEFFN% 24 B,
RBEREZ 37°C, 7L — b Y72 ORFEEE 500ml L
THRER L7, HRER T o= -3 TAI00 DEEES
FORBESLEIC BV TR 2 El, TAS DARHBEHAL
BT 2EIERD LI T TH - 72 (Fig.
17). BHEERLIEH ZDE L 3% L NVORBHLE
TH, N7 FVTTL—1%50% OWBRYIERE
THRET 5 EIIHRWHEICERREEZE I TERB S
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Fig. 17. Effect of anaerobic condition on the spontaneous
revertant colonies number in S. typhimurium TA100
and TA98 with or without metabolic activation. Plates
were exposed to air or nitrogen gas for 24 hours.
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Summary

Antimutagens and co-mutagens in our living environment, especially in food, were screened by
mutation assays using E. coli. Polyphenols such as tannic acid and (—)-epigallocatechin gallate
suppressed UV-induced mutagenesis in E. coli. However, these compounds showed little antimutagenic
effect in DNA excision repair-deficient cells and in cells treated with N-methyl-N’-nitro-N-nitro-
soguanidine. It is suggested that these compounds prolong the pre-replication period, allowing cells to
carry out excision repair. On the contrary, 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]indole (Trp-P-1)
enhanced UV-induced mutations without microsomal activation in E. coli at neither toxic nor mutagenic
concentrations. The ELISA tests, using monoclonal antibodies against photolesions, demonstrated that
Trp-P-1 inhibited the removal of both cyclobutane dimers and (6—4) dimers in UV-irradiated E. coli. In
vitro studies with T4 endonuclease V suggest that Trp-P-1 changes DNA conformation by intercalation
and then inhibits the binding of the repair enzyme against UV-damaged DNA.

On the other hand, pre-treatment with antioxidative flavonoids reduced the frequency of micro-
nucleated reticulocytes (MNRETS) in the peripheral blood of 7-irradiated mice. Antioxidative activity
of flavonoids against Fenton’s reagent-induced lipid peroxidation was examined by thiobarbituric assay.
Good correlation (r=0.717) was observed between radioprotective and antioxidative activities. Luteolin
was most effective and suppressed lipid peroxidation in the bone marrow and spleen of 7-irradiated mice.
These results suggest that flavonoids act as antioxidants in vivo and may be important for good human
health.

Keywords : antimutagen, co-mutagen, DNA excision repair, antioxidative activity catechin, flavonoid,
Trp-P-1
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E LT, RRERBHAFORELZITV, &5IT, Th
S OIERBF 2 BIZF W, FLFEHNFETRIL L.

ZOFER, VIERFEELT, ¥ =8 (Shimoi et al.,
1985a), T ¥ A oh 5+ 4L — 1+ (Shimoi et al.,
1986), #io# 5% v (Matsuoetal., 1994), £ I~ B
(Shimoi et al., 1992a), 7 54K/ 4 F¥i (Shimoi et al.,
1994b) 2 R\ L, RAZEMEAFE LT, A Fv
+ ~<— h (Shimoi et al., 1985b, 1989), SEALRBILH| (F
RIS, 1988), #/Na 4 —, ~FaH L 7))y I T IV
¥ (Shimoi et al., 1992b) % H\ 72 L 72,

ARTIR, EYBATHEHITFFVE 758K /4K
BOMZEREA, MBAARSHKRO~NTOH A7) v 7T
I VOV EHSOTH S 3-amino-1,4-dimethyl-5H-pyrido-
[4,3-b]indole (Trp-P-1) DEREFIERIEHAB LT h
S DIERBFIC > W TR X 3,

2. HEYMPORERFRLEZDIERBF

AR, BRESHIFCER T 2RNICZRRE%E
AEELTLES b LERFESMICIER L, DNA
HBEMSAE Uk, DNAEBE - H8IAE L THEREREM
FEELEs 582 EMT 250055 (Kada et al.,
1986; Kada and Shimoi, 1987; Ohta, 1993; F{i, 1991).
ATFFUBHREBEC 7584 FHERIZECESEN
5.

o HFFU\|

E. coli Blr WP2 tf% UV B L 7:1%, FxDHRY 7 =
/= VEEERESE, )77 7 vERMD OIEESK
HANDERERICTT 2MENREREI LIcE A, ¥
v=vig, BBTR BROFEHTHE2IENohF
v AL -t (EGCg) X LiciifEHB R SNt Ly
L, 74 VEE, JouokX Vg rveFy, ¥ 7
o= EICRIGEERBR SN B ot EM S, M
FERORBIC I~ € vBRicEk L TE#R L3 DD
IKEEDHFENEEK LBbhic. Fig. 1 IcTh o
%4 D DNA BREEE/RE# (E. coli Blr WP2s uvrd ¥

KU ZA159uvrB) 1TB1F B UV FRERLER, » 71t
#|T & % N-methyl-N'-nitro-N-nitrosoguanidine (MNNG)
FRERERICHT 2HEER LIz, WFhic LT
MEFERH R ELALER SN, #-> T, EGCg% i3
DNA fREBE ZERIIC{EE L T DNA 554 R &
HTRRERZMEIT 26D EEZ SNtz (Shimoi et
al., 1985a, 1986).

2 75K/4 K8
HEAENTIEEE PO, BEX b L 22 EIckD
Rk ATEHREHEL 7 ) — 5 VA vid, HIBEORERRSY
THADNAR Y v X7 H, BEOBRERLEZ &k
L, ffafEsE, HA LRGSO/~ DiRE, Zftic
BS54 2 EMNHLMITIE > TETWA, R IZAAE
NTERS TFICEEEH L TEES VA LVE, 507
I R IVF =KD FI R E N TRIERIC -OH %D 5
YA NVZEER L T DNA RN S 37 21815 LGk
REEZFERT S, €T, FEHIT BIEERTLL
THEHR (r $0) 2RV, = v 2 OHKIH IS O $#5 7R I1ER
ICHER S LB /IMLITX S B ERZK (Cameria sinensis), B8
(Cameria assamica), FE7 7 ) HEED/N— T X (Aspala-
thus linearis) @ 3 FDORIEBRGHMY O L EERET L 1:
LA RREENAN—TRCMEEREZRVE L L
(Shimoi et al., 1994a). > — 7 Zh OIS % 5 84
fodd, BGHMHE A ViR & 0 S8 L, BRI
KIS, A%/ — VS, 7584 FEL, §v=v
SO 4 BN AEE, TS 4ESICTOVWTT ) Y v A
VY UBAERREFIC K Z/AERR, 7= v b v RE
(Fe*"[H,0,) % F 2 Bl LaBR % 1T - 7o, /%A I
BOLWTIR, SAEYE <Y 2ITRORS LTh S 6 B
Ricry ez L. gt vwTiz, kAo
7 = ¥ b YIRIG H,0,+Fe**—>-OH+0H ™ +Fel* ik b
KR4 5 -OHICkD ) / —VEEX FLABRLL, 20
WL % TBA 2 (ODsynm) 1< & 0 HlIE LKRET L 72,
ZOFER, 75K/ 4 FESICHR S ROPTRRILH: & /%
FRMEIESE SN I-DT, T DHES%E 5IC HPLC

Yo +—MNNG —

Name of Dose Wp2
tested campounds (mg/plate)

0

WP2g 2A159 Wp2

0 50 100
T T

catechol 0.5

50 100 0 50 100 O 50 100 (%)
T T T T T T

I

tannic acid 1.0 (0.2)"

gallic acid 1.0

ECG 1.0
EGC 1.0
EGCG 1.0

crude catechin 1.0

Ve

TTTTITH

UL

|

Fig. 1. Effects of plant components on UVC or MNNG-induced mutagenesis in E. coli WP2, WP2suvrd, ZA15%vrB. The
cells were irradiated by UVC (WP2: 20.4J/m?, WP2s and ZA159: 1.5 J/m?) or treated with MNNG (40 M, 30min).
Each value represents the mean of two independent experiments with duplicate plates. (a) This concentration was used
for WP2s; [, relative mutagenic activity %; [, survival%; ND, not determined.
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EEROTESRSERE LICEIA, VT4 ) v Th
% E&B ST LT (Shimoiet al., 1996). VT A1) v
375K VIK@dT 575K /4AFT, ko) vk
EOBFEPCREMCOEENTVWE, FueF v LR
By, T—a2Z2ABRICBVTERFEZ RSV
(Nagao et al., 1981),

wic, ViAY vEESDL RENOBMOT 5K/ 4
F OB LM &/ MK ERIMGINN R % LLBRET Lo & C
%, miEtEORICIEDHERE (r=0.717, p<0.01) %Z3B¥H i
(Fig.2). W54 Y YDl bMWEEZRLICH, 77K
J A FBED 3,7,3,4 (MOKEBESA Ffbantyr
NEeFVFESAFILVI—FTARCERMEHEE L7 O
VF I BIEWEHDS RSN 1o, BE- T, MGt
DOFBICIE, CBREEDICARBLEBRICEAT /KE
BEPSEETH S T & H/RE S 1L/ (Shimoi et al., 1994b),

ETAT, 758/ 4 FOFEFICHEABSHIEELECD
WTIE, invitro RBRREHVEZL OMELEH L. F0D

fEFRFE LT, 1) 7)) =35 YA VORIRIER, 2) &
JBA A v &0+ L — MEA, 3) IEE BB LESRIEDE
IHERB EBEZONTWS., LhL, 75F/4FD
HEANTTER BT 2GRV, 22T, rRR
B2BfRfic v T4 Y vE < 2ICRO&E5 L, B
24, 48 el ic B HE & ML G L, rfgiEs T o @Rkt
AN ) — e F s o— s CHREERHVALE
FFEIT L0, FOFER, Fig 3 1Rt DI
g5 ic BV CTRBRLE 3R OB E & bicmL -
», VvFA) vORHRSIcE D ARICHIEENE T LM
b b -7 (Shimoi et al., 1996; NI, AfH, 1995a,b).
TRIANEVEERa-b 37 20— 1 LTI
By BER/ T 2HERNRICOLWTHRES N T
WB, REE»STEENTFA) VORONEND S
LBbn s (AL, K, 1995a). V7% Y v DAEERNHT
BRLIER OB & LT3, -OH OHEMER, AERTO
7Y =5 VhNVERICBES T 28B4 v DOFL— ME

5.5

MNRETS (%)
H
4]

3.5

r=0.717, p<0.01

1 Luteolin
2 Quercetin
3 Quercetin tetramethylether
4 Kaempferol
5 Morin
6 Rutin
7 Fisetin
8 Myricetin
9 Epicatechin
10 Genistein
11 Eriodictyol
12 Phloretin OH
13 Control

T T T T T
0.00 0.02 0.04 0.06 0.08

O D 532nm

T
0.10 0.12 Luteolin

Fig. 2. Relationship between antioxidative activity (ODs3um) and anticlastogenic activity (MNRETSs, %) of flavonoids. The
dose of flavonoids used for determination of antioxidative and anticlastogenic activities was 0.2 zmol/m/ and 5 zmol/kg,
respectively. A simple linear regression analysis was performed on all data. Closed circle represents mean value of each
group. Quercetin(OMe)4: quercetin-3,4,3’,7 -tetramethylether.

Bone marrow
(p<0.05, n=3)

Control (-) a

” (+,24hr)

” (+,48hr)

Luteolin (+,24hr)

»  (+,48hr)

Spleen
(p<0.05, n=4)

0 12500

Chemiluminescence intensity
(counts/mg protein)

T T T T

25000 o0 300 600 900 1200

Chemiluminescence intensity
(counts/mg protein)

Fig. 3. Effect of luteolin on lipid peroxidation in bone marrow and spleen of y-ray irradiated mice. Mice received a single
gastric intubation of luteolin (10 zmol/kg) 2hr before 7-ray irradiation (6Gy). 24 and 48hr after y-ray irradiation, the
bone marrow and spleen were removed and homogenized. Luminol and cytochrome C were added to the mixture and

chemiluminescence intensity was automatically measured.

different. (—): unirradiated, (+): irradiated.

Values (mean+SD) with different letters are significantly
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Rlic & 2 RNiEHEAL, BEX b L 2iTxtd 2B OF
HRENEZONBY, BRETRPSHATREISR
DTSR BLETSH 5.

3. AFOYAIU VI 7 IVEORARERIERIERL
Z D

E. coli Blr WP2 #kic UV B85t L 72%&, % /Y3 % — Vil
HYIEEHS & T A, RAREEMEBIERSED S
n, EHRSE LT/ e v EBWE L 22T,
Iy EALEREBEUL TWAANT oY (s
Vw27 I VEICHEB L CHIERERET L., £ ok
B, RBEHBREIEGET T, ThoHEBERER
EFRELBVEEICBOVLT 10EDO~NTFOH A7) v 7
7 3 VDS B 2-amino-1-methyl-6-phenylimidazo[4,5-b]-
pyridine (PhIP) %BR< 9EDO~F o442 1) » o7 73
VICHESRIER AR .. Thif, HKbmOEEERIEH AR
L 7z Trp-P-1 & BEs@{E 2 /R & 184> - 7 PhIP % € 7V
fbameE L THOWTERBF 2 RET Lcds, Comf%Eic
SVWTR, FBMEALNNRZVF 4+ ZHy ¥ a v [BREE
RIFOEATER & = OFHl) OFHIdEE LT, BREE
BIFBFZ Vol. 17 (FALS, 1995¢) TR X HTIHW 2D
T, ThAEBRBLTHILOELETH 3.

ARTI}, KBEICBT 2056 R OIS & DNA B
FEEMEDVEODTHET4IT Y FXILT—EVE
F W ks R A ol B,

1) KBHEICHTS Trp-P-1 DEAERIERIER &

Z DHFF

Trp-P-1 (3 UV % 4-nitroquinoline-1-oxide (4NQO) 73
& DNA REBEONR LS5 DNABEL2EL LR
JRic &k - THER SN B ERARZR IO L TEE®RIERZR
L7zds, 2 F U LHID MNNG ® r ik - THRE N
BZRMREFRICH L THE®RIER 2/~ & 3, DNA BREEHE
RIBHETIIEARE RIGARIER bBOUEER b RS 5 h -
fo. A5, 7oA ) v s EREAREOEICKD,
DNA [& = E1EEEF IC & 5 DNA O B % Trp-P-1
MHET 3 T &b - 72 (Shimoi er al., 1992b). %
T, UVEEDOY /7075 v RISA < —BXU (64) ¥
A< — RN T 2 2 0 —F+ VA% T ELISA
Ik b UV % O DNA [BEEIEZE BRI ket L
& T A, Trp-P-1 ZREKFRICHIEHOREZHE L
7275, PhIP REIEEICE VW TR HEMEHAERS R
> -tz (Mori et al., 1993).

VI E DR A S Trp-P-1 S DNA REEEAZHES 3
CEMEHOMEN S .

2 TrpP-1DT4TY KXY L7—EVICXTEE

g

T4TYFXI7LT7—¥VIiET47 7 — Y DdenV ik
fzFHa— F94 % DNAEBERET VIV yyA
2—D5fle) I Y vEFEF V) K- 2D E UM
4 % glycosylase it & 7 D FEHA U 72 AP #AL D 3/l
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1T 1 AGHUIKT 2 AN B APlyase i1 & "B O A& TEN:
2HLTWS.

B KIEHE 1T xt 4 5 Trp-P-1 O % % pBR322DNA %
HWT7 e — 27 VESKEIEICLOREFTLALED
A, Fig.4 lIT/xLc&kDiC, TrpP-1i3T4xVFRI L
7 —¥ Vick s DNA | AGHUIM2FHE L 708, (62
IZHB T PhIP (T SPHEFRAED Shish - 1.

I T:A DL DA LB %G T % T8-3 EcoRl/
HindIII DNA fragment W CH vy 7 bkt kD,
T4 TV FX72 L7 —+VODUVIEE DNA NDE -
FEEITKXET B Trp-P-1 OFEA I~ & T A, 20ug/ml
F TRIEAHESR O, Fhll EoEE TR
BfEaRON. DR LD Trp-P-1 5 DNA D1
AEEEAZESE TV EARESSRB S NLDT,
Trp-P-1 & DNA & DMBELERHIZOWT F#£4 YV £ 55—

Jalesfsfsfaf:]:] //////

(~ uv)
uuv
25
250
“9/m

133 ¢
i b T S o
L O. = By 5
& a =¥ 3 T
£ a £ 29 £ £
~ £ 5 &
8 Q £3 g 8

-F1I
-FI

12 3 4 5 6 7 8 9 10 11 12 13

Fig. 4. Effects of Trp-P-1, PhIP and known intercalators
on the DNA strand scission by T4 endonuclease V.
Non-irradiated and UV-irradiated pBR322 plasmid
DNA (40ug/ml) were treated with the sample at the
indicated concentrations at 37°C for 10min, and
incubated with T4 endonuclease V for 10min. After
phenol extraction, the reacted DNA was analyzed by
0.7% agarose gel electrophoresis. FI: relaxed (open
circular) DNA, FII: supercoiled (covalently closed
circular) DNA.

/////E///Hﬁ

Contrg,
ethidjy,
m
br OMide
Phip

- relaxed

- supercoiled

1 2 3 4, 5 6 _ Z S8y

Fig. 5. DNA unwinding by Trp-P-1, PhIP and ethidium
bromide with topoisomerase I. Supercoiled pBR322
plasmid DNA was incubated with a calf thymus DNA
topoisomerase I and reacted with the samples at 37°C
for 15min. Reactions were stopped and DNA samples
were extracted with neutralized phenol and analyzed by
1% agarose gel electrophoresis in TBE buffer.

%
XTXC
® | =

Fig. 6. The action mechanism of Trp-P-1 on DNA exci-
sion repair by T4 endonuclease V.

+ 1% & U pBR322DNA % F{ L) T DNA % & & L il BR
EiT-1-& T 5, BEKGENE DNAARZRLBRON
t- (Fig.5). %> T, Trp-P-1 2SDNAICA ¥ ¥ —Hh L —

b BAFEHEASRIEE A, TOERET-TV
tH, CD 2<% hIVOf#HTIC L » Trp-P-1 45 DNA i A
vy —hr— 95 ENMEINT (Inohara et al.,
1993).

—%, BRIDA v ¥ —Hh L —4%—Td5 ethidium bro-
mide * acriflavine & Trp-P-1 &[Gk, T4 =V FX 7 L
7—€VOREEHAHES S L (Fig. 4), DNA D
ABEXRLME SN A -7 PhIP I BHEFEHABR SN
W Ehbh-t, zhik, ULoER»S, TrpP-1
ADNAICA v ¥ —#L— L LTDNA OYIKEEEZE
ftsH, T4z FX27 L7 —+VODUViEH DNA N
DB FESEHEST 3 D EEZ Shic (Fig 6).

LZAT, KBEEODNAREBEMETH 3
UvrABC = v F X 7 L7 — ¥ OEAHERIE, T4z v F
XILT—EVDOENERREBEN, vIuTs 54

3BT HDIBELTHS. UrABCT v FX 7 L
7—¥ ARV in vitro RBRTIF VO LT 0<A K
BEDEADA v —hL—4%—» UvrA EMELEAL
T, incision D@EREEZPHET S Z EpHEINTVS. &
hoDER» S, KBEICBWT, Trp-P-1 1318 DNA
KA vy —hLr— 1+ 5T EICLD DNA OIEEESE
L ¥, BEBFELEOIER DNA ~ORH « S E
%57, incision DBEEHET 20 TRETVWNEEX

Shtz. #L T, BESHhTICEE- - DNA EBEIERK
L1 - TERERNEREINE O EHE LI (FAOL
A, 1993; Shimoi et al., in press).

4. BhVIC
A Bh, ERZEROME], MmN T 5E
MR FAEBEWE L, dv=vigeh s+ V8

Trp-P-1 B EDAFOH A7) v 27 I VEHLVERD
DNA B EEREZERICEED 52 VW IEHEST S L08
oM ER -, Th SEMRT OBV B
BIERI>VWTIE, EAKRSICK D, GetbkSRHE itk
et AR L L CEHlICRET S h, [EIRR7SHEF
DHEE S LTV B (Sasaki et al., 1989, 1992).

WELE, BRAAEO BHTHREIRIC Kb TR - it
ROAYHE E = OREE] RS0, FHS0HEE
HEXETWEWEY, TOHHEORICE AR
FEoRHEnTEr, Tk, &I, EYESICL DA
DILEFHIC >V THECBLAEE - T3, FEHR
B, B, XuEicazhbs 75K 4 FEHOIAR
FYER AVt OBE» 57 7o —F L. UL,
758/ 4 FRERFEWHORESAMEWER bHEINT
By, Mo wWTERSOWTEILAYITH S, F
1z, invitro RERRAE W I IEFEICE iR ki IcBE 9
LD B bDD, HENTIBRILEICET 2ME R
v, zhilf, 4%, EEIALKERFEOEGH»
575K/ 4 FOBINEPHRIN « RHEED IR LE
W, 7V -3 VAVRRTFE L TREREHS N TE
a-F A7 20— AR TRINEVEERELERC, 735
R A KD, EEANTHRBLHESREEZRZLTWEOD
DEH», b MIBUAFHIEERECRI LTV ELL
EE-TV3,

HUBREIBRE O BRIETE Y & A OIS AE S BXRRIE % H»
DPALEBHEENZ5oHBEAICE ST, BA%E
B UHEL OBRARETFHL, BOLICEVWS &I
WICHEETHS. Fhif, T0HITITESMRy, »
AEMZERFEASBR L, 440 b oL SO TY
L TEDBKUITH S LB, RERRPERZLRIEEK
FICBET AR ZD—BIE 85 T L EFH->TWVW S,

E i} 33

AWFLE T DE L OF 2D THINT IO LGK b
DTY. FFAETKFRLKERFROAREESER,
HE=TREL, BREEFHAZEERE, BIUXKX
H, ENIDA® Y ¥ - R OB W
+, ZREVENK¥EOFKF REDER E/\FLX
EEHEROEA R EHERR JtEERFEFRO
KB THIE, FHESARFEBSREYIRE €~ & — OFE
MiEt, #REAFEFROEH BERR $PNirE
BT, FmHEMC S SV LET. £k, &
ERHBE LB W72 & F L BAKFBEEFE
O b IEBEEE, BRI GRS O K HE
R, ZEBRFEFSOKNBEEERR, SHEMHIL
KEFFAMOSBFEHM IR BV LET. £ L
T, &k, REEZRFEMEOBERITILEVEL
roiE AE AR (ENLRZFHRER) CRHOBELE
&I
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Monitoring and identification of Ames mutagenic compounds
in river water
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Yuko Sasaki, Harumi Kise and Mikio Kikuchi
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136 HEHELRXH 1-7-5

The Tokyo Metropolitan Research Institute for Environmental Protection,
1-7-5, Sinsuna, Koto-ku, Tokyo 136, Japan

(3ZAF: 1996 2 H 27 H; 3 1996 %4 H 4 H)

Summary

Samples of river water were collected between May and August 1995 from eight different locations
on four rivers and one tributary in Tokyo. Organic extracts were tested with the Ames Salmonella/micro-
some assay. More than half of the samples of river water showed frameshift mutagenicity. Individual
pesticides were also evaluated for mutagenicity and their concentrations in river water were measured by
GC/MS analysis. Pesticides positive in these tests were shown to be base-pair substitution mutagens.
Furthermore, no correlation was observed between the mutagenic potency of river water and 36 kinds of
pesticide concentrations. These findings indicate that the mutagenicity of river water is independent of
the pesticides tested. The samples collected from the downstream Tama River showed higher, constant,
indirect-acting mutagenicity with YG1024, suggesting the possible presence of aromatic amines. The
downstream sample collected by using blue rayon, which adsorbed aromatic hydrocarbons efficiently, was
analyzed using HPLC. Trp-P-1 and Trp-P-2, which are typical heterocyclicamines, were detected. It
seems that Trp-P-1 and Trp-P-2 play some role in the mutagenicity of river water.

Keywords : river water, Ames assay, pesticide, domestic waste water, heterocyclic amines

1. FLC&HIC

bhbhERD & < KEREPICEEEREEFELTY
BOEEMHS LD, NN DEEHKE 1SR
BLizoTwa, LhL, WIKFEENEHE,LD
ZREBOFMEORESHI S E%E, M4 OLFWHE I
DVTOMHEPHHABE R SHo ML TV Z
LICRERDH B, 20w, F)IIKEEDZRRs R
IO W TR TZ % Ames iR, umu A ER,
rec-assey 75 & DA RIFHAERDS, KON DTS %
LTI AAONB L HICIE>TET,

FERIC, KbhomME (L FEOEZEERICLE
15 SRS R D IFZCBH7 (Watanabe et al., 1990; Oda
et al., 1993) AL —4, KhZLRIFEYIE % &R Rk
ETA5MER MRS NTE TV S (Hayatsu et al.,
1983; HEF 5, 1994). Z OFER, KoLeMFHEEE L
TOERFWARIIKE, BE, HooEteagunsdo
E13n, SHIOFIDKOERFHENMSHOMricsh>0dH

© HARBEERFFR

% (Sakamoto et al., 1990; Sayato et al., 1990; PN#§ 5,
1990; Hashizume et al., 1992; ¥4 5, 1993; Kusamran et
al., 1994; Filipic, 1995). L L, BfEE THl)IkOZER
%2+ L S 2RKYE OEE ZEA TS,

FHOR, HpEEHEN S 5o oWVT,
Ames ;AABRIC K AERFEWFETTSO & & i, FERY
BHowFEERAA T, WK S EEEER S LFYE D
RIEBHES N TV EAH, SRl KRG R
B9 2 RNEH O IR RHE « BEREHIHE IEmMS hic
AR L, 2RI M: DR B O R A O | DRI 78 &
DOBEPHESNIHFBERT 3 VIT 2V TRE %217 -
7.

o bEEE, WK ECME A DREOZE R
JFHED S, W DOERFHENDHFE ZIEERD S
ot —H, FHEET I v TRINBAKSSOERFY)
'H (Sugimura, 1986; Wakabayashi et al., 1992) & L THI S
1, A®DLJK (Hayatsu et al., 1985; Wakabayashi et al.,
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1993) K EMSRIBENTVWAANTFOH A2 ) v 773
¥ @ Trp-P-1, Trp-P-2 25H[JII7k D SR S N, )1 DZE
RFHICCh SWHEDBEE L T 2 aJfetEARE S hic
DTHET 5.

2. BEHE

2.1 Ak E BN

HEEHN oG, LRI, BAR)ID& 1S, ZEE)
4EE ZOK)ITH BRI HEDEE 5 )11 8 Hik
ITBWT, 199545 A5 8 AT 28T &< 8 [l
K%E1T - 1 (Fig. 1). ZREFEHHERMHICIE, 31 ORIk
A H 5 ZEHEA#E (1 #m GF/D, Whatman %)) T Ai#1%,
Bt 21T - 7o, EfEA 7 21Ti3EREDK « BREBKED
i (EkaBREE, 1993; BEVKEMrik~ =2 T 1,
1993) THLLNZHDDVEDT, CI8ICH AN
BEHEOEWVEE TRETAIRXAFL Y VE= RNV E Y
HFEA{AD Sep pak Plus PS-2 (Waters &) AW\ 7z, 7
k%S S5h UDTEMALL/ZPS21c1 A — 1) » VY
720 0.51 9> 31, F# 15 ml/min THERICHEAK L
fz. WKE, PS2%E N, HATHEHME LK, Y/oox
s T L, Hic DMSO Icisis L, ABEE (0.22

pm, IYFTER) LTRIAL L1

RERHEIRE, EEMERB X OKEHIES IR T
HHEIEICHE (Table 1) OHTHICIE, #)II7K 200ml
ZHohUWEHLLEzaETF 4227 (ERRY) —
T8 ZHAVCCEMMEL, Y/7oox sy THEHEL
fz. I NaSO, 71 5 & THiKki%, N, 2 TERIC
LRk E L.

Trp-P-1, Trp-P-2 S3rHICI3, ZB)IIFEHREUKIEICE
W\, Sakamoto 5 (1990) D HEICHEL, =BU 0%

RAEBBRRIOKEZ RO IcHEST T V-1 —3a v

(723 V8 50g % 24 K5 IKepickEL /2. 7
V=L —3 v &R, BRUKTHERRL, Ko ERER,
A8 ) =N/TVE=T (50:1, vjv) T2EHRE S HiH
ZfTofc. MEIE e —% ) —z2NRL— 5 —TRIET
TERL, BICN, F2T1ml  THABEZHEEL:. B
S kY%, benzo(a)pyrene, 2-aminofluorene 73

Naruki river

AKIFIVET 72 Higdsiakikawa

Haijima\

L L ONBED 12 DI S (1995) DHEICHEL, Sep pak
Plus Silica (Waters &) 2\ T 5 24, B 7
W/ A5 7 = (11, vlv) BIRERIKE Lic, 188, &
I IR EBEABRAAE FOEAETERD 2/,
SJOLHECET G S AT

2.2 ERFHEER

AEREEKE Ames © O Salmonella typhimurium TA100,
TA98 #b L UVENVBERRIREEE L S h 558 h
72 TA100 B & U TA98 ¥k D 5 &2 M Ik & ¥k YG 1021,
YG1024, YG1026, YG1029 @ 4 kAW /2. 7L — A
v 7 MIOZRFEH OB OHE DL WE)IIKicxt L T
i3, TA98 k& YG1024 &V CRABRE K L 7. 12
B, MOERFEMEZR U W) KRAEO—Ridftho 4 B
HOREBREMA, HEEERYNOZRFEYEOGFHEDEE
bRET L7c. BEREMER, BERAHAEY FOEM¥ET
EXRY—zry4z/28) &, 7v—av7b, B
HEMBOW 5 1 7OERFHOFEEHS M iIcT 5720
FieeEkeTERY, ABEEML 2. ZREMER
$10.1ml, 5 v bHF S9mix (phenobarbital +5,6-naphto-
flavone F&E, v a—<vED) F/1301M Y AREEE
# 0.5ml, REREHK 0.1m! Z/EA L, 37°C T 20 4k
& KRR, RMEHI B X, 48 BRREEE L THIE L
fe. BRFEHOFRE, ERERI o =—-¥HPERER
ZRao=—HD 25 LT Y dose-response 5 %
BaEGEE L, KISy, BIEEER mg Y
DOFRER 10 =—FERH LI

23 BED GCMS 7

ARy a= 77 7BRME (BEE QP-5000) %
W, BIRA & YRRBET O pgll ZREBAL L T,
TEERMHT 36 BEO—FMTE(T - 12,

#5 4 DB-5 (J&W H) 30mX0.25mm X0.1 zm
FIREM: 50°C (2min)—20°C/min—100°C (0 min)—
10°C/min-170°C (0 min)—5°C/min—245°C

AR 250°C

HEARE 7Yy b2

1 v4—7=—REE: 250°C

F9)T7—HR: He H/ R

Naka river

ngun / Siedope | Edo river
Ha k e T S anamachi

SEH
or ‘-}""'.'_— ‘
ISR RS
Kinutasimo ‘ 4
Chofiiseki—<¢Z,

Fig. 1. Map of study area (Tokyo).

22

24 AFOH¥AH Yy 7320 HPLC ST

KD 7 v— v —3a viiE O F v,/ % 5
) —VEDICOVWTATFOFA 7Y 2T IVDIB
Trp-P-1 (3-amino- 1,4-dimethyl-5 H - pyrido [4,3-b] indole,
CAS No. 75104-43-7), Trp-P-2 (3-amino-1-methyl-5H-
pyrido[4,3-b]indole, CAS No. 72254-58-1) %, Tal2%
BT L, RS, (s TR CchElEiT->7c.
13, HEHHICI3 HPLC AiatE (B L¥8) ZHu
e
« & 1

ks o< 757 (HLC-803D, Hv —%&)

HOERR S (F1000, HIZED

Fhti s 266 nm, B E 397 nm, i 1 m//min

# 5 L4 ODS 4.6 X150mm (Waters %)

% 5 LR 35°C

#EfH 12% CH,CN/25mM H;PO.,/Na,HPO, (pH 2)
o« &2

Bk o= b 75 7 (Waters 600)

W2 (Waters 470) i 1 m//min

Gt 266 nm, HOGHE 397nm 4 5 A 40°C

# 5 L ODS 4.6X250mm (TSK-GEL, #v —%)

Bk 20% CH,CN/20mM H,;PO, (pH 2)

3. & 2

31 FANKOEREREYE

Fig. 2(a)—(d) &BA 8 L dmEJIIZKIZ>WT, 1995
F£5H11A»S 8 H 17T HE TD TA9S, YG1024+89 D
BRERFEHER LI,

311 FRANOERRMEEZOXE)

ZEE)I|T3, FREOPINBUKE & KO TRE
REWMSR SN -1, FHEOERRKMHRLATI S
[Edh 3 [8] YG1024+89 THHWERFEMAR SN/, BT
F o 2 FHUKA, FEHREBUKED 2 #iH 05 3RIED
R4 LT YG1024+S9 TEREW MR S, YG
1024 —S9 % TA98 D +89 T b HAIZREH SR S
fo. UL, o2 HiSTRERER ST E OERETE
PICKZXMEVRED SN - T,

di)il, LA, BANID 3 ) 08E TAIS KT ke
BRIEFBRIETH D, YG1024 ¥k D +S9 Tl 8 [A]rf1 3~7
[, —S9 TWRILA)IT 1 REREESKR s, L
L, z0ZREENIZEITR 2 thAIckiKd 3 LK
ot

HIE AR 2 RIS R Z B F iR 2 iR 05413
YG1024+S9 TH 4 fzn AR SN, Bl LA,
A, ZEEHEBFKR A0S BEREEORT
Lib‘ﬁﬁﬂ’]'(&‘) ) f:.

3.1.2 FANIKOERREDF M

Akdc 3RS Lo sl 4wl o 7 L — LY
7 VOZEREYBOGAESEY O, ¥, TOE
RIEMIZWE N b YG1024 £ T SImix ZRANEF ICRFICE

Choufu,
Kinutasimo
Haijima
Hamura
Higasiakikawa
Ryougun

© O —
~ <

Net Rev/1

i
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|
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Fig. 2. Mutagenicity of river water in S. typhimurium TA98
and YG1024 with and without S9mix.

WiRHEE, ZERFEEESR S0

tz#2L, 8 A3 HOZE DR SIE, SImix MR
MOBE S YG1024 B ThE FBUKS, FMBUKHEAS R %
810rev/l, 720rev/l, TA98 ¥k TFHTRHUKIEDS 340 rev/l & W
HSEREMSTH ON. THbE, 7v—av 7 bR
Tlid A HERLE L RIS N ERFEYHE &R
13 B EEERFEMEORANHS &8 12,

1, —ikiE (B FEUKE, FAHBUKE) o0 T
Ehs L 7-fhD 4 B TORRD 5 b YG1021 HROFER
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13, TAIS HRICHANEREEWD EREBED Sidh -
7o, IEEE B BRI TA100, YG1026, YG1029
DFERTIR, WIFhOERFHEIARETH - .
32 AkhoREIN-BRELZORRRME
K> WTEREWAR TS L[ERIC, 36 D
BEENTL, 0.1ugl D EoBESRHE SN 19D

BIEICOVWTZ OMRIKIL % Table 1 1T/R LA, LR
IKIEWERH 2 A 2SR HEE, R EE D S &%
bEEFERNELL, AKX, ZEIOR
HIE /D15 5 2. Table 2 ICBRESHHAED, BECHIFH%
WWEBREINTVAEED 6 Hhk+S9 TOZERFEM %R
L7, F1, BEICIREMOMIC K > TERREMEH 1

Table 1. Concentration of the pesticides in river water. (ugll)
Tama river Naka river Edo river Naruki river
Kinutasimo Chofuseki Siodome Kanamachi Ryogun

Isoprothiolane ~0.0001 (1/8) (0/8) ~0.0010 (7/8) ~0.0002 (2/8) (0/8)
Iprobenfos ~0.0002 (1/8) ~0.0002 (1/8) ~0.0125 (7/8) ~0.0005 (2/8) ~0.0040 (1/8)
Esprocarb (0/8) (0/8) ~0.0004 (3/8) (0/8) (0/8)
NAC (0/8) (0/8) (0/8) ~0.0001 (1/8) (0/8)
Dichlorvos ~0.0001 (3/8) ~0.0001 (3/8) ~0.0001 (1/8) (0/8) ~0.0003 (1/8)
Simazine ~0.0002 (2/8) ~0.0001 (1/8) ~0.0004 (2/8) ~0.0001 (3/8) (0/8)
Simetryne (0/8) (0/8) ~0.0013 (7/8) (0/8) (0/8)
Diazinon ~0.0002 (1/8) ~0.0002 (1/8) ~0.0006 (5/8) ~0.0003 (2/8) ~0.0003 (1/8)
Benthiocarb ~0.0001 (1/8) ~0.0001 (1/8) ~0.0017 (6/8) ~0.0001 (2/8) (0/8)
Pyridaphenthion (0/8) (0/8) ~0.0201 (2/8) (0/8) (0/8)
Fthalide (0/8) (0/8) ~0.0001 (1/8) (0/8) (0/8)
Buprofezin (0/8) (0/8) ~0.0001 (2/8) (0/8) (0/8)
Pretilachlor (0/8) (0/8) ~0.0005 (5/8) ~0.0001 (1/8) (0/8)
Bromobutide (0/8) (0/8) ~0.0012 (6/8) ~0.0003 (2/8) (0/8)
Flutolanil (0/8) 0/8) ~0.0005 (3/8) ~0.0001 (2/8) ~0.0008 (3/8)
Fenitorothion ~0.0002 (3/8) ~0.0004 (4/8) ~0.0005 (2/8) (0/8) (0/8)
Fenobucarb (0/8) (0/8) ~0.0090 (6/8) ~0.0004 (5/8) (0/8)
Mefenacet ~0.0002 (1/8) ~0.0002 (1/8) ~0.0220 (7/8) ~0.0033 (4/8) (0/8)
Molinate ~0.0001 (1/8) (0/8) ~0.0022 (6/8) (0/8) (0/8)

* Blank: not detected, not detected~maximum concentration (detected sample/total sample).

** Detected pesticides CAS No.: Isoprothiolane (50512-35-1), Iprobenfos (26087-47-8), Esprocarb (85785-20-2), NAC (63-25-2),
Dichlorvos (62-73-7), Simazine (122-34-9), Simetryne (1014-70-6), Diazinon (333-41-5), Benthiocarb (28249-77-6),
Pyridaphenthion (119-12-0), Fthalide (27355-22-2), Buprofezin (69327-76-0), Pretilachlor (51218-49—-6), Bromobutide (74712—
19-9), Flutolanil (66332-96-5), Fenitorothion (122-14-5), Fenobucarb (3766-81-2), Mefenacet (73250-68-7), Molinate (2212—

67-1).

*¥* Isoxathion (18854-01-8), EPN (2104-64-5), Iprodione (36734-19-7), EDDP (17109-49-8), Butamifos (36335-67-8),
Chlorpyrifos (2921-88-2), TPN (1897-45-6), CNP (1836-77-7), Tolclofos-methyl (57018-04-9), ECP (97-17-6), Tricyclazole
(41814-78-2), Propyzamid (23950-58-5), Probenazole (27605-76-1), Pendimethalin (40487-42-1), Malathion (121-75-5) and

Mepronil (55814—41-0) were not detected.

*¥k¥Rk No pesticide was detected in Hamura, Haijima in Tama river and Higasiakikawa in Akikawa river.

Table 2. Mutagenicity of the pesticides in S. typhimurium.

(net revertants/mg)

TA98 YG1021 YG1024 TA100 YG1026 YG1029

—S9 +89 —S9 +89 -89

+89 —S9 +89 —S9 +89 -89 +S9

Isoxathion — — - = -
Isoprothiolane — — — = =L
EPN — — = - =
Iprobenfos — — - S -
Oxine-copper == — — — —
Captan 12000 200 11000 1400 18000
Chlorothalonil — — - - _
CNP — — — = _
Dichlorvos — — = — _
Simazine — — — = —
Diazinon = — - = s
Benthiocarb — — === = _
Thiuram — — e — _
Bromobutide = — = — _
Fenitorothion = — = - =
Propyzamid —_ — = — .
Fenobucarb — — —_ — s
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Table 3. Mutagenicity of the metabolites of the pesticides in S. typhimurium.

(net revertants/mg)

TA98 YG1021 YG1024 TA100 YG1026 YG1029
—-S9  +8S9 -S9  +59 —-S9  +S9 —S9  +S9 -S9  +S9 —-S9  +S9
Benthiocarb sulfone e — — — — = o - _ —— - .
Bromobutide desbromide — — — ==¥ — — _ _ _ p=a . o
Fenitorothion-oxon — — = == = = 440 430 530 490 510 1610
3-Methyl 4-nitrophenol — — — — — == = == — - — _
p-Chlorotoluene = — — — — — = I — sy - e
= = 3300 o 3900 790 st —

p-Chlorobenzoyl chloride — - S —

456 (RS, 1994) 655 E05, W 2hOR
AR OZ RIFHERER & FM L 7 (Table 3). BT L
F1TREOEELE 6 O EERMARYIO S bERETHE,
Ry 2 BIcEREHSED st

Z D5 5 captan (CAS No. 133-06-2) O & 13, REEM
{toBEIch b O FEEERRY, 7L—6v7 MO
6 Btk T R T TERFEMASRIBS A, Table2 IR 5
N3 &5 i hBRnMERERY O EEEREE V&G -
t-. %7z, TA100, TA98 OB L £ DIREKRTOD
EREEEO FRIEIR SN - 12,

FOfoBEITVFN LEEERAO SEKTOAZK
REHSBRIE S, ZRFEFEREIRS T mg 7D
14,000 7 0 =— (YG1029+89) Th~7. F1, R#M5
R b EEAKRE KX R IERFEWEZ RS-
y ol

33 AFOYA U7 IVOBREEERRN
Fig. 3 I HMBUKED 7 v— v — 3 YHitHPI D Sep
pak Plus Silica i & 2 EE OB F v,/ * 5/ =N
#i4yD HPLC DR AR L7z, 158, [EHETI, BEER
AWV IRET Trp-P-1, Trp-P-2 @ 70% Ll kD[R %
HezE LT\ 5. HPLC O ¥ — 7 OFFHERD &, #Jlch
KRREHEA~AFOHF A2 ) v 2T 3V THDB Trp-P-1,
Trp-P-2 DFEAEMNREE NI, £ I T, HPLC D% 1,2

TI‘D"P"Z Trp-P—l
(A) t ;
s L. . N
E (8)
- \ 2\

8.00
.75
23.58°
35.25
47.80

Retention time(min)

Fig. 3. HPLC chromatograms of Trp-P-1, Trp-P-2 using
an ODS column. Mobile phase was 12% CH;CN/25
mM H;PO,/Na,HPO, (pH 2) (A) Standard of Trp-P-1,
Trp-P-2 (5ng/ml). (B) Ethyl acetate/methyl alcohol
fraction of blue reyon extract of river water collected at
Choufuseki in the Tama river.

R L7z & ) icinBik oMk 2 12% CH,CN/25 mM
H;PO,/Na,HPO, (pH 2) »* 5 20% CH;CN/20mM H;PO,
(pH2) 12fRA, #15 & bRA AR, R D RRHRFH
(3 Trp-P-1 %5 45min %> 5 13.7min {Z, Trp-P-2 (& 27 min
5 105minicKELEb-7. LhL, WFhb 7
V=L —3 VHIEORERE T F v,/ A 4 7 — VEA IZEE
G & — 7 ORFIFA—H L, ZTOFESHERS N
= F1, Tu—L—3 viikthoaERE, Trp-P-1
12049ng/g s 7v—L—3 v, Trp-P-213037nglg 7
V—L—3 Vv THot.

¥ 1, 7u—L—3 Vi o—E T - R ZEREM
RERTIE, 7A—L—3v1g4n18907 0 =—
(YG1024+89) &\ ) §ER %187/, —7, Trp-P-1, Trp-P-
2 OEHS OEREMIZ/ A1 ug247- 0 87,300 2 o
=—, 100,900 2 v =— L WHFERTH > 7. T DFER,
T—v—3a vt oZERES oL EYHEICL
FRAERAFRIS ERWERET 5 & Trp-P-1, Trp-P-2
Ik - T 4.4% DI N 5.

4. E =

41 @)kOEZREDKR

HREOM)IIkD S 5, ARENEL, ABHILEHELR
DIADD1E VL EE) PIRHE R [ H> & 132 R A58
»oNT, AT BRI -> TERFEWSEE TSRS
hiz. SEhiERE, REBEAOLEL, &l FKEP
TKALERS A & DHEKAE S AT 5. Bl FHUKHLIRE
BEEBEREESBEE NI ED S, FEAE TR
ZRIFYEOFIHERIENH 5 EHA T

72, HIEHRh& S TERFEROZF SR SN
1S, BEHOEVWEEOFHORBIIED ST, C
DOEFFATRA O BER 2 E]) [ FREOZEF I X 5/
CHoERICL 3 D0 IRIAS ML TIRED - 1.

K DZERFEHZE U KEHEEREO 2 H) 05
2, TA98 ¥ET SOmix IR TId 7 v — L —3 v /¥y Fik
(Sakamoto et al., 1990) (3 [ 247 0 250~3600 73 0 =—T
» 0, XAD KgW#H: (Maruoka et al., 1982) T3 600
ml247- 0 683136 I m=——EHEENTWS, —4, ®
ZID]J1]12 TA98 ¥k +S9 T 3R IA%L 64 1ot LR AL
5ThHD, BAMBTHINAD 30T =—-TdH-1
(Fig. 2) T &n 5, WO OZERFEYIEIC L 5753
BidbEhE BLEHES NS,
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Fig. 4. Mutagenicity of river water in S. typhimurium
YG1024 with S9mix and concentration of pesticides in
river water on June 22, 1995.
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KBRS & 533 2 nfREtE D OB, HElsh T 32
ROYHU Eh o 3ERFEUSRIBES WS -1, ZR
Rt %R RSP T DR AR DFE & 3]k & Ris
LIERBEBUOERFYMETH D, T OERFENE I
Moto. TAS KR £ OIREKT SEREM SRS
7z captan DA d, mg X720 D3 o= - YG1024
+89 T 1300 D7 D] | O RIFHICHEST 5 L 13EZ
SNV, BT, 6 H22 HOBIC b/Rd@D (Fig. 4) &
H SRR & 25 RRME (YG1024+S9) 1 12 BE itk 13385
St otz KR L TOWRWEORIER b [EkE I
FRtE & BEIC K 3EROMEIIRT > TV,
BELIEIIKOZEREN & ORIFRIC>WVWTIE, DDT
BEDHABERFBELBETOHAL TV 2HETIR
BRENFNOERFH CHEST I LMESATVLS
(Rehana et al., 1995). L L, AlloREHc & v BAEH
ATHHSN, KREBELRT 2O H 2 B, W
JNOZERFEHICIES L TOWREWI EMNHLMER -
Iz,
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)| DFERED 5 5 THPKD & 2 HAR, dills

28%, {LF)IIA333% 15 LI ~EEE)II 6% 55 (B
#, 1996) THY, {LFYHEIC X BFERbBEDE=¥
Vv I ORER (FaK, 1995) o LB E W AN
Hote. —h, ZENIKEPEERIEOEFEHIKD
Fasmnicy, HBEHKICE TN 2MEOZREEA
DHEGEHER L 7.
FIKDOEREN R, O7Lv—5sy7 bRIT, H&HEK
T 3 VI EITE WS A FF > O-acetyltransferase 1555
H:#E (Watanabe et al., 1990) @D YG1024 ¥ S9mix 7511
FRICEZRFMHEAE . Onitroreductase SFELEED YG
1021 %k Tid, TA9S LERFEHLEDL STV, BED
A7, MK EERKT 3 v OFEELS#
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ALt £I7T, HEHKPOFEHRESTH B LIR
& EN A (Hayatsu et al., 1985; Wakabayashi et al.,
1993) ~NFOHA 75 ) 7T I YOMTFETY, FK
D oBREREYE TH B Trp-P-1, Trp-P-2 2 H L 12,
1EIORFFERTRS 50, 7r—L—3 Vil o
YG1024 +S9 OZRFHIcx L, EEEL & o g T
4.4% F2E Trp-P-1, Trp-P-2 HHFLE L TV 3B T & 2H#E
SHBHERER. WIOZERFEH RS ORI T L,
O E#HH B, Trp-P-1, Trp-P-2 HE %GRS L
TWAAREHD H B EEZ 5.
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HED» S, ARIRH SN Trp-P-1, Trp-P-2 ZAO L
REIRT, HEKLE T2 3RS TRIINCHEA L1
bDEEZ B,

BB, GEIDTNV— 1 —3 vEEEIHE L 7Rk
BEEETEL VY, @AIIKFPD Trp-P-1, Trp-P-2 ®
FHERERHS TRV, Trp-P-1, Trp-P2 o~ 5
¥4 7).y 773 VICERT BZREM:Em)IKDZE
HEHOMEII>WT, thoZRFEMEORKEAD
H, ISIKHSMTLTLELL,
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Summary

The human cell line RSa is hypermutable after irradiation with far-ultraviolet light (UV) or
treatment with 4-nitroquinoline 1-oxide (4NQO), as assessed by a phenotypic mutation test estimating
cloning efficiency of ouabain- or 6-thioguanine-resistant mutants. In the present study, K-ras codon 12
mutation in genomic DNA from UV-irradiated or 4NQO-treated RSa cells was analyzed by polymerase
chain reaction following differential dot blot hybridization. More than 3 days after UV irradiation,
mutations were identified at all doses tested up to 10J/m?. However, no mutations were identified at all
periods up to 6 days after treatment with 4NQO at concentrations up to 1X 10" °*M. Thus, although 4
NQO is known to be a UV-mimetic agent, inducibility of K-ras codon 12 mutation was found to be
dissociated from UV-induced mutagenicity in RSa cells.

Keywords : K-ras, mutation, UV, 4NQO, human RSa cells

Introduction

Various methods for identification of mutagenic agents
have been developed; for example, bacterial mutation test
systems such as the Salmonella reverse mutation assay
(Ames test) (Zeiger, 1995). However, much remains to be
improved in systems for recognition and quantification of
mutation in human cells. In vitro assay systems which are
easily handled and highly sensitive for identification of
mutagenic potential are required for estimation of human
genetic risk factors (Clive, 1995).

The human RSa cell line may be a powerful tool for
identification of agents with mutagenic potential in human
cells because of its hypermutability (Suzuki and Suzuki,
1995b). Phenotypic mutation frequencies in RSa cells,
when estimated as generation of clones resistant to ouabain-
or 6 thioguanine-induced cell killing, are more than one
resistant mutant per 10° survivors after irradiation with
far-ultraviolet light (UV, principally 254 nm wavelength)
(Suzuki and Suzuki, 1988a) and after treatment with chem-
icals such as orthophenylphenol (OPP) (Suzuki et al.,
1985), sodium saccharin (Suzuki and Suzuki, 1988b), 4-
nitroquinoline 1-oxide (4NQO) (Suzuki et al., 1994), and

' To whom correspondence should be addressed.
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piperonyl butoxide (Suzuki and Suzuki, 1995a).

In addition to the phenotypic mutation tests, we recently
developed a method to detect base substitution mutations of
K-ras codon 12 in genomic DNA by PCR following differ-
ential dot-blot hybridization (Suzuki and Suzuki, 1993).
Using this method, induction of K-ras codon 12 mutations
was observed in RSa cells treated with sodium saccharin
(Suzuki and Suzuki, 1993; Suzuki and Suzuki, 1995b),
perillaldehyde (Suzuki and Suzuki, 1994), and Piperonyl
butoxide (Suzuki and Suzuki, 1995a). Mutated ras genes
have been found in over 20% of all human malignancies
(Cohen and Ellwein, 1991; Bos, 1989), and the incidence of
K-ras codon 12 point mutations is particularly high in
pancreatic carcinomas, accounting for more than 90% of
reported cases (Almoguera et al., 1988). Therefore, it is
important to determine whether treatment of human cells
with mutagenic agents results in mutation in this locus.

In the present study, we comparatively evaluated K-ras
codon 12 mutation induction in RSa cells irradiated with
UV and treated with 4NQO.

Materials and Methods

Agents
The UV lamp used was described previously (Suzuki and
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Kuwata, 1979), as was 4NQO (CAS: 56-57-5) purchased
from Nakalai Co., Japan. Other agents were purchased
from Wako Pure Chemical Industries (Osaka, Japan).

Cells and culture conditions

Establishment of the human cell line RSa and details of
its characteristics reported until 1990 were summarized
previously (Suzuki, 1993). Hypermutability of RSa cells
after UV irradiation or treatment with chemical mutagens
was described elsewhere (Suzuki et al., 1994; Suzuki and
Suzuki, 1995a; Suzuki and Suzuki, 1995b). The normal
sequence of K-ras codon 12 in genomic DNA from RSa
cells reported previously (Suzuki and Suzuki, 1994). The
human cell line SW480 with a K-ras codon 12 mutation
(GTT) was described elsewhere (Suzuki and Suzuki,
1993). Eagle’s minimum essential medium (EMEM) sup-
plemented with 109 heat-inactivated fetal bovine serum
and antibiotics (100 yg streptomycin/m/ and 100 units pen-
icillin G/m/) was used for cell culture. Cells were cultured
by incubation with medium at 37°C in a humidified atmos-
phere containing 5% CO,.

Conditions of UV irradiation and 4NQO treatment

Contidions for UV irradiation were as described (Suzuki
and Fuse, 1981). For 4NQO treatment cells were exposed
to EMEM containing 4NQO for 1h as described elsewhere
(Suzuki and Kuwata, 1979).

Cell proliferation assay

The cell proliferation assay was carried out as described
previously (Suzuki and Kuwata, 1979). Briefly, one day
after inoculation into culture dishes, cells were irradiated
with and without UV, or treated with or without 4NQO.
Immediately after UV irradiation or 4NQO treatment, cells
were cultured and surviving cell numbers were counted.
Viable cells were determined by the trypan-blue dye exclu-
sion test and counted with a hemocytometer. Survival
percentage ratios were estimated as (counts of viable cells
in test dishes divided by counts of viable cells in control
dishes) X 100. Results are shown as means of 2 independent
experiments, in each of which 4 dishes were tested at each
UV or 4NQO dose tested.

Detection of K-ras codon 12 mutation
Mutations in codon 12 of K-ras were detected according
to the method described previously (Suzuki and Suzuki,

1993). Briefly, extraction of genomic DNA from cells on -

the indicated days after UV irradiation or 4NQO treatment
was performed by a standard proteinase K/SDS/phenol
chloroform procedure. Genomic DNA from SW480 cells
and human placenta was also obtained by the same stand-
ard procedure. Target sequences of sample DNA were
amplified in vitro by PCR using the primers 5'-GACTG-
AATATAAACTTGTGG-3" and 3’-GCTTATACTAGG-
TTGTTATC-5’, and the amplified DNA was dot-blotted
onto nylon membranes. After prehybridization and hybrid-
ization with digoxigenin-11-dUTP-3" end-labeled K-ras
codon 12 normal or mutant probes, the membranes were
washed, blocked with blocking reagent, reacted with poly-
clonal sheep anti-Dig Fab conjugated to alkaline phos-
phatase (Boehringer Mannheim, Mannheim, Germany)

30

and colored with nitroblue tetrazolium and 5-bromo-4-
chloro-3-indolyl phosphate solutions (Boehringer Mann-
heim). As a normal probe, the oligonucleotides 5’-
GTTGGAGCTGGTGGCGTAGG-3" was used, while
mutant probes contained the following oligonucleotides
mixed at the same concentration ratios; 5'-GTTGGAGC-
TAGTGGCGTAGG-3', 5-GTTGGAGCTCGTGGCGT-
AGG-3/, 5-GTTGGAGCTTGTGGCGTAGG-3’, 5-GT-
TGGAGCTGATGGCGTAGG-3', 5-GTTGGAGCTG-
CTGGCGTAGG-3’ and 5'-GTTGGAGCTGTTGGCGT-
AGG-3’. Photographs were taken as permanent records.

Dideoxynucleotide chain-termination sequencing of the
PCR products was also performed according to the method
described previously (Suzuki and Suzuki, 1994), using an
AmpliTag Cycle Sequencing Kit (Perkin Elmer, Norwalk,
USA), and [7-*P] ATP (4000Ci/m mole, Amersham,
Buckinghamshire, UK).

Other conditions

All of the experiments were performed under dim light or
a yellow lamp (National FL 20S-Y-F; Matsushita Electric
Industrial Co., Ltd., Osaka, Japan).

Results
Sensitivity of K-ras codon 12 mutation analysis

To determine the sensitivity of the K-ras codon 12 muta-
tion assays performed here, genomic DNA from SW480
cells carrying K-ras codon 12 mutations was serially diluted
into human placental DNA, followed by amplification of
the target sequences. On differential dot-blot analysis,
PCR-amplified oligonucleotides from genomic DNA from
only SW480 cells hybridized with digoxigenin-labeled syn-
thetic oligonucleotides containing codon 12 substitutions as
probes (a mutant probe) (Fig. 1). However, the amplified
oligonucleotides did not show such clear hybridization sig-
nals with the labeled synthetic oligonucleotides containing a
normal codon 12 sequence (a normal probe) (Fig. 1). In
contrast, oligonucleotides amplified from human placental
DNA alone hybridized with normal but not with mutant

Cell DNA(%) Probe
Mutan? Normal Mutant Normal
100 0 |

1 99 ®

0.01 99.99 L

0 100 LB

Fig. 1. Discrimination of K-ras DNA with and without
codon 12 mutations by PCR and differential dot blot
hybridization. DNA preparations were mixed at the
concentration ratios (weight per weight) indicated at
the left side of the panel. Each DNA mixture was
analyzed by PCR following differential dot blot hy-
bridization, as described in Materials and methods.

probes (Fig. 1). Under these assay conditions, preparation
of the two genomic DNA mixtures containing more than
1% (weight per weight) DNA from SW480 cells showed
positive hybridization signals with mutant as well as with
normal probes (Fig. 1).

Direct sequencing analysis of non-coding strands was
also performed. However, base substitutions in codon 12
were not observed when SW480 cell DNA was mixed at 1%
with placentral DNA, although at 50% an ACC—AAC
substitution was clearly seen (Fig. 2).

GATZC

GATC

A B

Fig. 2. Partial sequence of the antisense strand of exon-1
of the K-ras gene in DNA amplified from mixtures of
SW480 cell and human placental genomic DNA. DNA
mixtures were amplified by PCR, and the PCR
products were analyzed by a dideoxynucleotide
chain-termination sequencing method, as described in
Materials and methods. (A) DNA mixtures consisted
of 50% SW480 cells DNA and 50% human placental
DNA. (B) DNA mixtures consisted of 1% SW480
cells DNA and 99% human placental DNA.

10° |

10’

Log Number of Cells per Dish

1 1 1 1 1 1 |

0 1 2 3 4 5 6 7

Days after Inoculation

Fig. 3. Effects of UV irradiation on cell proliferation in
RSa cells. Cell numbers were measured after inocu-
lation into dishes followed by UV or mock irradiation,
as described in materials and methods.

O, mock irradiation; [, 2.5J/m?* UV; A, 5J/m* UV;
@, 10J/m? UV.

UV-induced K-ras codon 12 mutations

RSa cells are highly sensitive to UV lethality when in-
oculated into dishes at low density. Thus, cell selection by
the lethal effect was avoided by confluent inoculation of
RSa cells, whereby proliferation rates of cells irradiated
with 2.5J/m? UV were almost equivalent to those of mock-
irradiated cells (Fig. 3). However, irradiation of RSa cells
at 5J/m? and 10J/m? resulted in reduction of cell prolifera-
tion, showing 85% and 50% survival 6 days after irradia-
tion, respectively.

Genomic DNA was prepared from these cells at conflu-
ency and UV (5J/m?)-induced K-ras codon 12 mutations
were analyzed on various days (up to 6 days) after irradia-
tion. Hybridization signals with mutant probes were not
detected in mock-irradiated cells or in cells immediately
after 5J/m*> UV irradiation (on O days), while positive
signals were detected 3 and 6 days after UV irradiation
(Fig. 4A). UV exposure at 2.5J/m? and 10J/m? also gave
positive hybridization signals with mutant probes 6 days
after irradiation (Fig. 4B).

Lack of induction of K-ras codon 12 mutation in 4NQO-

treated RSa cells
Cell selection by the lethal effects of 4NQO was also

A uv Days after UV
(3/m2) 0 3 6

o o

B UV (J/m2)
0 2:3 10

Fig. 4. Detection of K-ras codon 12 mutations in RSa
cells at various times after irradiation with 5J/m?* UV
(A) and 6 days after irradiation with various doses of
UV. Mutations at codon 12 of K-ras were analyzed by
PCR following differential dot blot hybridization with
mutant probes, as described in Materials and methods.
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Fig. 5. Effects of 4NQO on cell proliferation in RSa cells.
Cell numbers were measured after inoculation into
dishes followed by treatment with 4NQO or mock
treatment, as described in Materials and methods.

O, mock treatment; [ ], 10°*M 4NQO; /\, 100’'M
4NQO; @, 10 °M 4NQO.

avoided by inoculating RSa cells at confluency, whereby
proliferation rates were almost equivalent among cells
treated with and without 1 X 10" M 4NQO for 1 h (Fig. 5).
However, cell survival decreased to 70% and 50% on 6
days after treatment with 4NQO at 1 X10"’M and 1 X 107¢
M, respectively (Fig. 5).

Under conditions of cell proliferation, no hybridization
signals with mutant probes were detected at any stage (up
to 6 days) after treatment with 1 X 107" M 4NQO, similarly
to mock-treated controls (Fig. 6A). There were no signals
with mutant probes 6 days after treatment with 1 X 107*M
or 1 X107°M 4NQO (Fig. 6B). In contrast, hybridization
signals were detected with normal probes on dot blots of
DNA samples from all 4NQO-treated cultures (Fig. 6B),
indicating successful amplification by PCR. Thus, 4NQO
appeared not to induce detectable levels of K-ras codon 12
mutation, in contrast to the effects of UV irradiation.

Discussion

Here, we demonstrated that UV induces K-ras codon 12
mutations in RSa cells (Fig. 4), as assessed by PCR and
differential dot blot hybridization. To determine the se-
quences of mutant alleles, a ratio of 10% or more DNA
containing the mutant allele to that with the normal se-
quence is usually required (Jacobson and Mills, 1994). In
accordance with this requirement, direct sequencing analy-
sis did not reveal base substitution in DNA preparations
with 1% DNA containing the mutant allele, although
mutant sequences were detected in preparations with 50%
mutant DNA (Fig. 2). However, PCR followed by allele-
specific oligonucleotide hybridization has recently been ap-
plied for detection of mutations with the mutant allele
present at only a few percent (Jacobson and Mills, 1994).
Our method also appeared applicable for identification of
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Fig. 6. Detection of K-ras codon 12 mutation in RSa cells
at various times after treatment with 107’M 4NQO
(A) and 6 days after treatment with various
concentrations of 4NQO. Mutations at codon 12 of
K-ras were analyzed by PCR following differential dot
blot hybridization with mutant and normal probes, as
described in Materials and methods.

K-ras codon 12 mutations present at only one percent DNA
in genomic DNA preparations (Fig. 1).

In addition to the highly sensitive method applied here,
the hypermutability of RSa cells after UV irradiation
(Suzuki et al., 1994) allowed us to detect a small fraction of
cells containing K-ras codon 12 mutation. Besides their
hypermutable phenotypes, we showed that UV-irradiated
RSa cells are partially defective in DNA-repair capacity;
less than one half of total levels of cellular repair replication
and unscheduled DNA synthesis in HeLa cells (Suzuki and
Fuse, 1981). At present, it remains unclear whether this
defect in RSa cells contributes to their hypermutability,
because a variant cell line resistant to UV cell killing, with
the same DNA-repair capacity as the parent RSa cells, was
shown to be hypomutable (Suzuki et al., 1994).

The mechanisms underlying UV-induced mutagenicity in
human cells have been studied extensively but have not
been unequivocally clarified (Cooper and Krawczak, 1993;
Isogai and Suzuki, 1994; Walker, 1995). However, with
respect to the molecular mechanisms of UV-induced mu-
tagenicity, an SOS mutagenesis response characterized in
Escherichia coli has been suggested in mammalian cells

, ,

(Friedberg, 1984; Walker, 1995). In this response, RecA
protein is activated early after UV irradiation, leading to
proteolytic cleavage of the transcriptional repressor pro-
tein. As a consequence, the genes under control of the
repressor are expressed and their products participate in
UV-induced events such as genetic mutation (Walker,
1995). In the yeast Saccharomyces cerevisiae, the puta-
tive RecA homologs which are involved in DNA repair
and recombination have been identified (Johnson and
Symington, 1995). On the other hand, we found induction
of protease activity in correlation with hypomutable
changes in human cells (Isogai and Suzuki, 194; Suzuki,
1995; Suzuki and Suzuki, 1995b). Thus, defects in such
protease induction and/or subsequent error-prone functions
may be closely related with hypermutability in UV-
irradiated RSa cells.

4NQO has been extensively studied with respect to car-
cinogenicity, mutagenicity, DNA adduct formation, and
DNA repair (Sugimura, 1981; Bailleul et al., 1989). The
cellular effects of 4NQO are partially radiomimetic; UV-
mimetic in prokaryotes and eukaryotes, and X-ray-mimetic
in eukaryotes (Bailleul et al., 1989). We also reported
previously that a variant, established as cells resistant to UV
cell killing from a UV- and 4NQO-sensitive human RSb cell
line, showed increased resistance to 4NQO cell killing
(Suzuki et al., 1982), while a 4NQO-resistant variant from
RSb cells has increased resistance to UV (Suzuki, 1987). A
UV-resistant variant of RSa cells has also been shown to
exhibit increased resistance to 4NQO (Suzuki, 1984). In
RSa cells, 4NQO inhibits cell proliferation and total cellular
DNA synthesis and induces DNA-repair synthesis, similar-
ly to UV (Suzuki et al., 1994; Suzuki, 1984). Frequencies
of ouabain-resistant (Oua®) phenotypic mutations induced
by treatment with 4NQO (1X10*M-1X10"*M) are
more than one Oua® mutant per 10° survivors (Suzuki et
al., 1994). Nevertheless, in the present study 4NQO did
not induce K-ras codon 12 mutations to levels detectable by
PCR analysis following differential dot blot hybridization
(Fig. 6).

The mutant sequences of the antisense strand at K-ras
codon 12, expected to be detected by the mutant probe
used, were ACT, ACG, ACA, ATC, AGC and AAC.
4NQO, after metabolic activation, binds to DNA produc-
ing three main adducts on guanine and adenine (Sugimura,
1981; Bailleul et al., 1989), while UV is known to modify
pyrimidine (Walker, 1995). The absence of mutation in-
duction in the codon 12 sequence by 4NQO might be due to
the difference in base-specificity for adducts formation be-
tween the two agents.

Interestingly, hypersensitivity to cell killing and impaired
inhibition of DNA synthesis after 4NQO treatment were
reported to show no correlation in cells derived from ataxia
telangiectasia patients (Mirzayans and Paterson, 1991).
RSa cells exhibit high susceptibility to X-ray cell killing,
similarly to ataxia telangiectasia cells (Suzuki and Suzuki,
1990). Thus, to determine the reason for the discrepancy
regarding susceptibility of RSa cells to 4NQO-induced
phenotypic and genetic mutations, further characterization
of RSa cells will be necessary in addition to detailed studies
on 4NQO metabolism in the cells. It is intriguing whether
4NQO-induced error-prone functions, which lead to K-ras

codon 12 mutations, differ from those induced by UV and
are defective in RSa cells.
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(5ZfF: 1996 3 H 15 H; 5H: 1996 %3 H 15 H)

Summary

The mutagenicity of 27 different kinds of activated oxygen species (AOS)-generating systems was
examined using Salmonella TA102 and TA104 tester strains. The AOS-generating systems used in this
study include superoxide-, hydrogen peroxide-, hydroxy radical-, and singlet oxygen-generating systems,
hydroperoxides, and AOS-related compounds. The data indicate that the TA102 strain is sensitive to the
mutagenicity of the AOS-generating agents possessing the ability to bind intercalatively to DNA, and of
peroxides, while for most of the AOS-generating systems the TA104 is more sensitive than the TA102
strain. The present study also suggests that for the AOS-generating systems mutagenic towards the TA
102 and TA104 strains, the degree of mutagenic activity of the system is well-correlated with its
cytotoxicity, while all non-mutagenic AOS-generating systems, show non-insignificant cytotoxicity.

Keywords : activated oxygen species (AOS), Salmonella typhimurium TA102, Salmonella typhimurium

TA 104, mutagenicity
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8-oxoguanine % 2 DNA O MAILHIIEE 13, BRE
R, B Elt ot oOFKROBERICKE S D EH#
XN T3 (Ames and Gold, 1991). DNA i E{LH3E
BES X TV S OTEWREFREA A D RN
MEEHWERBRRICE-> TRIETE A2 EBHONT
WA M, ¥ILE X TABREHK TA102 13, BILAIIEBIC
Lo TH I FE T SN AL RFM SR ATRESEKE L T
HRETESEHShTWS, L LEAS, TAI02 &
Xt ZZERFEHASTFES SN TV R{EAYERI»P B0 E
Wboo, EEEEELFICOVTIE, DNAKA ¥
¥—hv—va vieEETAEENIUEYE, BRRL
Y1, % OfHEIIIR S Ko ke > LW TRt E h
TWAEETH 5 (Levin et al., 1982, 1984; Wilcox et al.,
1990; Jung et al., 1992). TA102 ¥kid TA100 #%> TA98

© BARBIZRFEEE

P& 13RS > T, DNA Gk Lo G: CHEEMMICER
BEEET, 75 &3 FpAQl Lo hisG428 &i=TFhic
AT IEENDZER (ochre mutation) SELALL, & 51T,
BREEBEHEEZRFELTWS, —F4, TAIRKEFRL
ochre mutation % DNA $fO(k Fickb, REEEESE
RIBLTW3B TA104 £k, 757 FEOZEREH%
EEREICRHETIRETH 3 LA HES L TVLEHDO,
EHBEEEFIC O VTR T ORISR TLREL
(Marnett et al., 1985; Han, 1992).

TEMBFEICL ALERFEMDO A A =X a3V ELLHE
REINTEOT, T - - RBHOMEISNLELEZ S
N5, AWFRE, 27 O~ SIEMRERRELAREHAV
T, ZOERFMA TA102 ¥k L U TA104 k2 FH W T
HERF LD TH 5.
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Table 1. Test materials used in this study.

Test material Abbreviation or formula CAS No. Manufacturer
Adriamycin ADR 25316409 Sigma
Bleomycin BLM 9041-93-4 Sigma
Streptonigrin STR 3930-19-6 Sigma
Danthron DT 117-10-2 Tokyo Kasei
Potassium superoxide KO, 12030-88-5 Aldrich
1,4-Naphthoquinone NQ 130-15-4 Aldrich
Xanthine XA 69-89-6 Sigma
Xanthine oxidase XAO 9002-17-9 Sigma
Phenazine methosulfate PMS 299-11-6 Wako
Hydroquinone HQ 123-31-9 Tokyo Kasei
Phenylhydrazine PH 100-63-0 Wako
Fe(III)-EDTA Fe(III)-EDTA 15708-41-5 Dojindo
DL-Epinephrine EP 329-65-17 Tokyo Kasei
Paraquat PQ 1910-42-5 Wako
Cu(II)-EDTA Cu(II)-EDTA 39208-15-6 Dojindo
Hydrogen peroxide H,0, 7722-84-1 Wako
Glucose GC 50-99-7 Wako
Glucose oxidase GCO 9001-37-0 Tokyo Kasei
Acridine orange AO 10127-02—3 Wako
Methylene blue MB 61-73-4 Schmid
t-Butyl hydroperoxide BHP 75912 Aldrich
Cumene hydroperoxide CHP 80-15-9 Nacalai
Potassium bromate KBrO; 7758-01-2 Kanto Chemical
Sodium hypochlorite NaOCl 7681-52-9 Wako
Sodium ascorbate v.C 134-03-2 Tokyo Kasei
Carbon tetrachloride CCl, 56-23-5 Wako
Ethyl methanesulfonate EMS 62-50-0 Kanto Chemical

EBMEBLUAE (Wilcox et al., 1990). S9 |3, phenobarbital 35 & 0¥ 5,6-
1. {t&®Y benzoflavone ZHiMLE L 7= 4 Sprague-Dawley 7 » +

A CIEBRBELESRE L TR L LMo
PR, B85, CASES, WEASL% Table 1 IZiCL 7.

2. HBREH

Salmonella typhimurium TA102 (hisd(G)8476,rfa/pKM
101/pAQ1) B LU TA104 (hisG428,duvrB,rfa/lpKM101)
BREBER L 7c.

3. ZERRMER

Z R F S ER 13, 20 43 @ pre-incubation % fHf [ L 72
Ames /EICHE > TIT - 72 (Maron and Ames, 1983; Hakura
etal., 1994). 7:72L, AO & MBIZ>W\TI3, flfaktE
REALBMEMAL ) Y BEEIRE 7 1 ¥ 2 P OLRS
L 72%%, histidine-biotin AV soft agar % JEF1L, hard
agar LICEHB L. SLBEHE, ML30ELEL v REo v
4% JCM15-150F.FP Y. %% L 72 LGPS Bl a4t
HE () vy 2EFETE ERD)) Z2REARKRY) 2 — 4
(#9400001x) 1= LT 2 S3EERTIT - 7. BRIKZIBHF L
foisiEE LT, ¥EBYK, dimethyl sulfoxide (DMSO) & 5
WiE 1% O 18-crown-6 (Aldrich) %% DMSO % F W
fo. WRREIE, 92X 10°cellsm! THEEFHEINTH
72 40 R A ik 20 pl % 25 pglml @ ampicillin & 2 pg/ml
O tetracycline (TA102 k), &3\ iF 25ug/ml D am-
picillin (TA104 %) % &% Oxoid nutrient broth No. 2
Qoml) IHEREL, 10 E L TS bD2EM L
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FrofABLzb0Z24 ) = v s VEERIMRAH (R
) DOA LK. RilEEbA) v s VEERID SIEA
L., BHBICO 7L — ME2BIERAL, FEEZDR
&b 2EPIET- 12,

HRRUEZE
TEHBEELEROZRFEMIC OV TRV 72 & PR
INTWVWEWYL, DNARKA VI —HLr—va ViEABT
BB R EEA DS O UAEE, AROBRILY), Ak
k%, Z DR & N 7 #ilks DAY D 2 FF AR
SNTVERETHY, b bAYdintmEEL
FO—HIcd X732\ (Levin et al., 1982, 1984; Wilcox,
1990). AWFFLId & 0 [LEEFH OO EMMAREETR (27
D ZHVT, EHREOERFIcEEZELED
NTVLEHILE X FHABREK TA102 8 L U2 ORRE
BHTdH 5 TA104 1o X3 5 R Z Ames iEZE H W T
Rt L 7.
TEUBREARE L TRA— = FH A FT=4 V5
TV (-07) EERER, BRRILKE (H0:) AT, A
Fo+v35Yhv (-OH) EASR —EHHRE ('0,) EA
*, AEBRILYB L UOZ OO TEHREB S A
ZHW7z, -0,” FEAERE LT, adriamycin, bleomycin,
streptonigrin, danthron, KO,, 1,4-naphthoquinone, xan-
thine oxidase+ xanthine, phenazine methosulfate, 1,4-hy-
droquinone, phenylhydrazine, Fe(III)-EDTA, epinephrine,

e

Table 2. Mutagenicity” of activated oxygen species (AOS)-generating systems towards Salmonella typhimurium TA102 and
TA104 tester strains.

Mutagenicity
S-generating system B B czlz;l:il; o i Al
AOS-gen g sy vent? mix activityi Mutagenic Mutagenic
activity® Fold increase?) activity Fold increase
(rev./nmol/plate) (rev./nmol/plate)
-0, -generating system
ADR W - + 4800 73 (1.7) 36000 3.5 (0.17)
BLM w o - + 190%* 1.8 (2.9)* 34% 1.6 (5.8)*
STN D = + 12000 =7.8 [0.79] 23000 5.1 (0.20)
DT D + + 20 5.6 (1300) — — ND [=1300]
KO, € — = = — [5600] 0.74 4.2 (1400)
NQ D — = — — [15] 46 2.3 - (12)
XAO (0.1U) +XA D = = == — [2600] 3.1 3.5 (660)
PMS W+ - — — 98] 6.5 22 (98)
HQ D - - - — [1600] 15 4.2 (680)
PH D + = 0.26 1.6 (930) 0.64 6.7 (9300)
Fe(II1)-EDTA W+ - - — ND [=14000] 0.04 1.7 (14000)
EP w + = — — [11000] = — ND [=11000]
PQ w - - - — [39] - — 2
Cu(II)-EDTA v+ = — — [6400] = — ND [=6400]
H,0;-generating system
| H,0, w = = 0.24 3.1 (5900) 2.3 5.5 (740)
GC (3 umol)+GCO w = = 0.64* =22 [720]* 7.2% 3.3 (180)*
PR-EDTA (638omal) o . _ = — ND [21500] 10 =24 ND (=1500)
+V.C
-OH-generating system
H,0, (185nmol) B _ o _ > — — >
+Fe(III)-EDTA w ND [=240] ND [=240]
!0,-generating system
AO+v.1® w — + 9200 2.8 (0.19) 4800 4.5 (0.57)
MB+v.1® W - + 570 2.7 (1.9) 2500 4.1 (0.95)
NaOCl+H,0;” w — = e — [100] 12 4.4 (100)
Hydroperoxide
BHP w ~ = 0.50 >6.4 (11000) 4.6 3.8 (350)
CHP D - 1.0 =32 [2000] 2.8 2.1 (123)
Others
KBrO; W+ - — — ND [=30000}" 0.018 =23 ND (=30000)
NaOCl w = = = — [200] = + ND [=200]
v.C w o+ - — —  [15000] — — ND [215000]
CCl, D + — — — [13000] — — [3200]
EMS D = = 0.015 =3.2 ND (=61000) 0.061 =8.5 ND (=61000)

a) The Ames test, modified by preincubation at 37°C for 20 min, was conducted at least twice, and two plates were used for each
dose. The means and standard deviations of the spontaneous revertants observed with the tester strains used were indicated in
parentheses as follows: TA102, —S9, water (413£32): TA102, —S9, DMSO (371%+31): TA102, +89, water (3811+44): TA102,
+S9, DMSO (352+34): TA104, —S9, water (399+84): TA104, —S9, DMSO (3311+41): TA104, +S9, water (454+40):
TA104, +S9, DMSO (463+41).

b) ADR (Bhuyan et al., 1983), BLM (Kuwahara and Sugiura, 1988), STN (Sugiura et al., 1984), DT (Swanbeck, 1966), AO

(Wolfe et al., 1972), MB (OhUigin et al., 1987).

In this paper, a positive response in the test is defined to be a response where the maximum number of revertants per plate relative

to the number produced spontaneously represented an increase of at least 1.6-fold, and a reproducible dose-response curve was

observed. Mutagenic activity is expressed as induced revertants/nmol/plate, calculated from the dose-response curves; the

maximum number of induced revertants per nmol observed on the plates examined. The symbols, “—” and “X” indicate a

negative and an equivocal response, respectively.

d) The figures show the maximum fold increase of the revertants observed per plate relative to the number produced spontaneously.
The figures in the parentheses () are Cpmax, Which are doses giving the maximum number of revertants per plate. The figures in
the parentheses [ ] are LD, (nmol/plate), which are designated as the lowest doses giving significant decrease in the background
lawns of the bacteria, or the lowest doses causing significant growth inhibition, the degree of which was the T2 level (Kikuchi and
Miyake, Eds., 1992; Hakura et al., 1994).

e) W; water, D; dimethyl sulfoxide (DMSO), C; DMSO containing 1% 18-crown-6.

f) ND; not determined. The figures indicate the Cpnax or LDr, to be expected, since no significant toxicity was observed below the
doses described.

g) Test chemical was excited by visible light at ca. 400001x (see Materials and method) for 2 min at room temperature.

h) Equivalent molar ratio was employed in the reaction mixture.

* unit of dose; mU.

(4

~
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paraquat, Cu(II)-EDTA @ 14 fEi%, H,0, FEAERE L
T H0, glucose+glucose oxidase, Cu(II)-EDTA +
sodium ascorbate O 3 fE¥f%, -OHpFEARE LT H0,
+Fe(III)-EDTA O 1 @¥i%, 'O, AR E LT, acri-
dine orange+visible light (v.l.), methylene blue+ visible
light, NaOCI+H,0, ® 3 fE¥i%, HHE™(tE LT+
butyl hydroperoxide, cumene hydroperoxide @ 2 FE¥f % %
AtE ZOMBRELEYIE L TRRI{LAITH S  KBrO,,
NaOC]|, 2t Td % sodium ascorbate (V.C), FERILAI
eI EHURECEAT B CClL D 4 I ZEA T
0 S OIEWRFEEARICO W TIREE ICHEM IR
IhTVB GEURRHELY - £V - K¥—, 1987
7)) =5 VANEEL, 1988, BAEMKBEEER —TEIR
F—, 1988). BHEMRILEY L LTz FViLAITH B
ethyl methanesulfonate (Guttenplan and Hu, 1984; Hakura
et al., 1984) Z{HfH L 7.

EMMREEROERRE

AHATRERFEUOES OEEL L T, dose-
response curve DERRILTH S5O NIHAKDERTE
¥ (revertants/dose/plate) Z i L 7c. FH~ 7 iEMERERRE
HREFMLEITH BEMSOERFHOFERE
Table 2 ICF & 7.

TEHRERELER 2T ERHO S b, 11 EEOENBEE
H%h8 TAI02 R CREFEHBIETH > 72 Dicx L T,
19 FEXE S TA104 %k TR T - 7. ADM, BLM, STN,
PH, H,0,, GC+GCO, AO+v.l, MB+v.l, BHP, CHP &
TA102 ¥k6 L U TA104 R CERFEHBHTH - 7. —
75, DT (3 TA102 Bk CERFHRBIETH b, TA104 BT
M TH - 7. Wi, KO, NQ, XAO+XA, PMS, HQ,
Fe (II1)-EDTA, Cu (II)-EDTA + V. C, NaOCl + H,0,,
KBrO; (3 TA104 thCEEFEHEHTH - 7243, TA102

(a)

_.100000 -

()]

9 A0 STN

S 10000 o ® _aor

a [

g 1000 | k"B

(=

£ ®* BLM

) 100 |

o

E 10

0 . CHP

8 1k GC+GCA0 o gw
5 PHO® A

g 0.1 | H202
8 K02

R soil Cu(ll)-EDTA
e y NaOCH+H202  XA+XAO V.C  Fe(ll)-EDTA
2 PQ NQ PMS NaOCI HQ EP CCi4 kgro3
g 0

I — — (] o o

2 — S o

- S
cytotoxicity (LDT2 or Cmax) (nmol/plate)

WTRRHETH - 7o, ZRRIEHTHER L 1854, 1878
DIEMRREERICOWVTIZ, TA104 kD5 b TA102
L O REBEER LURZELED» > oDt LT,
BLM, DT, AO+v.l @ 3 FEHORICOWVTIE TAL02 ¥k
DF5H TA104 Bk & O KX 1% R LRSS E A - 12,
ftho 6 IO R IMEMK TR TH - 2. LILEOERE
D, —BICA vy —AL—va vEERBET A{LAYB
L OB LB OZ RFM 1 TA102 Bk CTRZMHLE <,
—4, %< OIEWBFEEAFZOZERFEM: <%t L T TA104
PEIZ TAI2 R & D SRZMTH L EHO N EL -
fz. TORERIZHWE 2T EEOERBEREERICOL
T, MtEcEREHOMRIELS L CERIE A, #ihic
HIEHDIEELE LT Cmax 35V IE LD % & D, Z0
R & BN & OB & 2 OBRICOWTRL
72 Fig. 1 6 bSO MTH -7z, T T THWV K Cmax F
RAKERERESBEIN-HETH D, LDy 3B
OHEBHEFESBE SN HE EREMSBEIOLL
Mo ti5E) Th D (Hakuraet al., 1984, 1994; 25 5
RER Q&A, 1992).

F7:, Fig.1 & Table2 ic R 6N 3 k5T, IEHREHRE
HROKEE (0,7, H)O,, -OH, 'O, RELR, ARERE
LBt S & O 2 Dt OTEHERERBELAYED) kil T
TA102 £k & TA104 FRIZ R % H &5 B RZHDEHIR X
N7z, TA102 bk& TA104 BRI BV TIEMBRELER D
ZRFHIC T 2 REMOESFFICHEETH - 12D 3,
AV —HL—va VEBERIIEWV-0,” EAERTH -
fo. DX UEHBRIREEROZHICL-TINS 2
RO TRZMOZBED S - BHRAHTSH D,
SHROMEPLETH 55, EHBRBELRREICEL -
TH U % DNA oD%, BLUh S DNAE
HBOYILE X 5 DNA BEEEICT T 2I0E0EL L

100000  apr (b)
) L Y
2
£ 10000 o
3 - A MB
g 00
> 100
\ - NQ
£ e dof *GC+GCO
L NaOCI+H20 Bt
£ 10 IS A Q8P
3 CHPO XA+XAO
= Tr oKO2@ py
Pl
£ 01 F Fe(ll)-EDTA
8 ® KBrO3
s 001} g
- PQ ccl4 V.
g’ 0 | = | 4LAE 1 3
s - — o o o o
=) (<] = o o o
£ — o o
+ &

cytotoxicity (LDT2 or Cmax) (nmol/plate)

Fig. 1. Correlation between mutagenicity and cytotoxicity of the activated oxygen species (AOS)-generating systems towards

S. typhimurium TA102 (a) and TA104 (b) strains.

Mutagenic activity (revertants/nmol/plate), #nd Cpa or LDp

(nmol/plate) are used as indicators of the mutagenicity and cytotoxicity, respectively. These data are taken from Table 2.
Abbreviations and chemical formulae in the figures are listed in Table 1, and the symbols @, /\, A, O, and [] indicate
superoxide-, hydrogen peroxide-, and singlet oxygen-generating systems, hydroperoxides, and AOS-related compounds,
respectively. *; with respect to BM and GC+GCO, the mutagenic activity and cytotoxicity are expressed in the unit of

mU.
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NEZONS.
EMREEAEROERRFMEICH LT, TAI04 BROJy
£5 TA102 Bk & 0 REZM DG D - 1Bl O—> & L T,
TAI04 RO EBEEEEAREBLTVEIENEZLS
n5. EB Fhlo B3 TA104 ¥k (hisG428|duvrB,rfal
pKM101) & TA2638 Fk (hisG428/rfalpKM101) O M >
5, TEHREEELERICT 2 AR IIBREEERED
BEOSAE VI EEHELTVS (RS, 1995).
AO & MBI DLW TRAELERHM T 5 &ick
» Table 1 TRSNAZERFEUGEZESH, ALK
o BB BERFH B OB -7, £/, H
WAL RSN X 2B R ERTE 50T
H- 1=

EUBERELEROERRY SBIEEDOMER

Fig. 1 KR 5N 3L 51c, TA102 KU TA104 Dtk
BT, ZREMARVE S NENBEELSRTIE
7 OERFEM: EBHM O S I & WIEOHHBABIRAGE D
shtz. —h, ZBRFEWSED O NILh - fiEHERRIRE
HZRICOVWTREOHEAMBHLT L HFHFV D TIFE
Mot TOMRIZRFEUSBIEINILRICBVLTIR
ZRFEM & B 3BT 5 boo, £ TOEMREE
HFRTEREN EBOH I HBM 5 5 L BSTLLE
AW EEER®RTEEEZONS, JlOoRAETH
i, B omW AT O EREMSRHTE S 6D
WL LT-C &0 5, EHMHEOERFES AR
Hahic VEHD 1HE LT, (LAYMOBIIEH DR
ETRIL, BHHBRICHTIERFRIROBEIICH
5LbBFALD.

Avs—hv—vaviErdET5EMREELA
ADR (Bhuyan et al., 1983), BLM (Kuwahara and Sugi-
ura, 1988), STR (Sugiura et al., 1984), AO+v.l. (Wolfe et
al., 1972), MB+v.l. (OhUigin et al., 1987) 13 TA104 ¥ &
U TA102 Ofivk TERFEM B L OB A5 - 1o,
COBHO—2 & LT, IEHBRENLEYIOA VS —N
L— b L7 DNAEBETHE LD ELEZONS.
#ALH) DNA 8O h TERFEHEMSZD SN TS b
D3, 8-oxoguanine, 5-hydroxymethyl-2’-deoxyuridine %
EHVLO»rDbOBFEINTVWS, LALEES,
Ih o B oZ RFRERRLY) DNA HEFRZV-oNnbd
G:CHEMOEREREZF L LTHIEREIT I LEPR
&N TH Y (Shibutani et al., 1991; Cheng et al., 1992;
Shirnamé-Moré et al., 1987; #5423 « B, 1995), A:Ti§
EXHcZE R (ochre mutation) %79 % TA102 ¥k LU
TA104 bR DS TEMERE R PEAE RO A T ISR TH
D, G:CHEREXNZEREHT 5 TA100 FRHMEWRZM:
Tho1: (FHS, 1995) T&EF—HLEL, TA102
R & O TA104 BRASTEMERE 362 A 3R D8 IR M < =
ZHTH - BRSO EIARHATH B0, LIFOH
REMsZEZ OB, bbb, EHBEEERICE-T
(1) A:T AR L 72 & 5B(LH) DNA 18, (2)

HARYE 0@ LA U THR L b % 2 IRH (8
%) DNA 85 (3) G:C EHExticAmk L 7<% % DNA 8
BoO¥ 7Ly —ERHBVIE, 1) £U1d M
X7 LAF FORDAAEYICX BAHE®AE T SN
5. iEMEREEARORARERICBEE 45 FEEGS &
VZDERZRY P VIZOWTEHICKRITT 2 408
3.

AW B S TERRREERLEEIZONTVS
27 T O RE ARSI Lz, Lo LEss, FHSh
FRERFEM R N SIERBBEERROLT L b 1 FEHO
RS TEMBEROAICL B bDOTREL, ZTOEVIK
IS 2 DHE L DdH %V IEMESTEHERER S TR
SWTLWAARE b H 5. &5, FOERFRIEL
SNLEUBES TR I TEL, (LAYAKS 3V
ZD5 VA NOEVRIGHICES A b RS TV
3.t A, NQ OZFEFM:IE NQ OiEHEREFREARE
Nz, shBH0RVWKEFERICE I, -
DNA HIMATERRREDBISIc & B T EHSRIBEN TV S
(Hakura et al., 1994), iEHBFREAFNC X 2 ZRFEED
BHORBIEHAEDSFRITH 200 EFHRBELRIINLD
ERFRAN =X LZMRATZ L THEHERLILLEZLS
na.

# ¥

S. typhimurium TA102 #E X U TA104 FRIFH K
EERFEIIFIRT DM EBRIRERBIR D G5 L Th /& &
L, TTIRBHLET.
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Suppression of spontaneous mutation due to oxygen radical
in Escherichia coli mutT strain

A E BIKH— REBEEXR ERE—
WA ZF A —

Kanae Miyoshi, Shinichi Kashima, Masao Matuzawa, Ryoichi Miyasaka,
Takashi Yamamoto and Hajime Nishioka

FEEFERT: « THEL » N4 4 ¥ 27 AWPRE 610-03 SR = ARH U]

Bio-system Research Laboratory, Faculty of Engineering, Doshisha University,
Tanabe-cho, Tuzduki-gun, Kyoto 61003, Japan

(P 199644 A1 H)

Summary

MutT protein existing in cells prevents the incorporation of 8-OH-dGTP into DNA strands by
causing the decomposition of 8-OH-dGTP, produced in the nucleotide pool, to 8-OH-dGMP. Therefore,
a high frequency of spontaneous mutation (SM) in the mutT-deficient strain was expected. E. coli
DSH71 (mutT), which is deficient in the mutT gene, was created in our laboratory by genetic
engineering. As expected, the frequency of SM in the mutant strain was 13.5 times that in the parent
strain, DSH7. SM observed here could be due to oxygen radicals generated in the cell spontaneously.

Using the strain, E. coli DSH71 (mutT), the suppressive effect on SM of such anti-oxidants as
pyrogallol (PG), pyrocatechine (PC), tannic acid (TA), ascorbic acid (AsA) and 3-carotene (5-C) was
investigated. The results indicate a strong suppressive effect on SM by these anti-oxidants.

Green tea extract (GTE) and the infusions of three teas also suppressed SM in the same strain to
some extent.

These results suggest the possibility that regular intake of food and drink containing these anti-
oxidants is a major factor in the suppression of spontaneous cancer, by scavenging oxygen radicals

generated spontaneously in an organism.

Keywords : spontaneous mutation, anti-oxydants, mutT

X C &I

RO ZEREROMEZ, HAOMHIE V> BHlin S
bEHEN, HIZERFEHE LTI E THEIMICHIRES
NTx7. LhLIhg cCoMERFEWUPFEDOTEE 3,
FENRPHEOERIFYE T & > TH U 7455k DNA
BED» O FER SN BEHEEREROME|IZRTRE LT
BY, WHIIHBRENBEDTH B, K-> THRBA DI
DEHMID 513, [6—D DNA BEICHIRT 3 FBAIR
EShzEEbh, HEMEENEVEEbhSE D
HARFEMA & B4 L SRIE LS WAREEA & 5.
—7, fRERIC 3—E DR THRERER (spon-

© BABRBZRFFEE

e

taneous mutation, LI#%, SM &9 %) FlahIEES 5.
SM FEHE OB I Rl &S LTI WIs WA, DNA
® D error R HH AN T constitutive (2 KT B iEHEEFE
itk 2 DNAHEENFREREEZ SN TV S,

SM FEEH B O T, ZoMEHEIOHEIZHAREIAD
Mo Bt S RELEKRERSDEELSNS. L
L, #%, SM DS R, 10°~10"° LD TEVL DT,
KRN RN RBAREERORP RO NETSH 5.

f# 3% radical IC & % B2 {L.#) DNA {24 (4, Thymine
Glycol (Leaden et al., 1983), 5-Hydroxymethyluracil, 8-
Hydroxyguanine (8-OH-Gua) (Kasai et al., 1984; B4,
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Table 1. The characteristics of bacterial strains used in
this experiment.

Strain Description Reference
CSH7 F~, lacY, rpsL, thil 16)
DSH71 as CSH7, but dmutT::Tn5

UM196
DSH191

as CSH7, but his, katEl, katG17::Tnl0 17)
as UM196, but dmutT::Tn5

1988) Ie EMHIONT W 5, K, 8-OH-Gua IR FHIC
fER L, ZOERERANG T 2EI5T, mutM, mutY
REMWRRIN, ThoDBEEETFERIBESESE, UL
SMHE AR T ENFSN TV,

Frlz, ThOoDBIETD—D2TH S mutT 2/RIES
¥ E R DSH7l (mutT) 8 & DSHI191 (katEG-
mutT) Z2{ERIL7.. ThooZREEBITFHEEBLESL
SMBEAE/RL., T THL % SM RN T con-
stitutive ICFHF A F radical ITL > THEL B D &
ZZ 56N, radical tESM £ WS T EMNTE 3B,

AHETIE, ThoDEREMKDOANDSHTI 2V T&
U LYIE 1< X % radical ¥ SM @ il % 5T L 72
(Kasprzak et al., 1990). HiEg{LAE & LT3, #E#) poly-

(1) pyrogallol(PG)

OH

OH

(3) tannic acid(TA)

H €O

OH HO COOH

OH

(5) B-carotene (B-C)

HaC._ _CHs

CH=CH-C=CH~CH=CH-
CHy

CHy

phenol $i® pyrogallol (PG), pyrocatechine (PC) % & O
tannic acid (TA) @ 3 f& (Shimoi et al., 1990), ZHiZ
vitamin ¥{®, vitamin-C (AsA) B & U¥ B-carotene (3-C)
D2fER WL, Thoit S EolbiE%, Fig 1
WRLe.

Bll, fRAROTIERRFECTHBAERMBER S N,
green tea extract (GTE) (Yamane et al., 1991; Kuwata,
1993) HEEEHBABFIESShTWE, O GTE
DRkSY% Table 2 17k L7z#8, catchine 2% BB 5
EDbP-TVS, SSIKHENCKRAEN TV SR
&R (sencha), E#& (gyokuro) £ & ML (koucha) D =
HoXORHBKICOVWT bRETL 7.

1. EBRMESLUAE

1-1 e K URE

(1) M9 buffer: ZEE/K 1000m/ 2 NH.Cl 1g,
Na,HPO,- 12H,0 15g, KH,PO, 3g, NaCl 0.5g % /#fi# L
THE L72t%, BICHE L TH 1 0.5 M-MgSO, /A %
3.3ml A 7z,

(2) LB medium: ZF47K 1000m! |Z polypepton 10g,

(2) Pyrocatechine(PC)

(4) ascorbic acid (AsA)
(IZO
ﬁOH
fOH
H
HO;H
CH,OH

CH=C|)—CH=CH—CH:?—CH=CH

CHs

CHg

H3C

Fig. 1. Chemical structures of the samples.
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Table 2. Components of green tea extract (GTE)”.

(+)-catechin 3.5%
(—)-epicatechin 7.0%
(+)-gallocatechin 14.8%
(—)-epigallocatechin 15.0%
(—)-epicatechin gallate 4.6%
(—)-gallocatechin gallate 11.6%
(—)-epigallocatechin gallate 18.0%
Caffein 10.0%
Sugars 4.0%
Amino acids 1.5%
Minerals* and moisture 10.0%

* Minerals: Na, 7.5mg/100g; K, 34.1mg/100g; Mg, 0.5 mg/
100g; Ca, 0.7mg/100g; Fe, 0.2mg/100g; Cu, 49.0ng/100g; Zn,
8.0ng/100 g.

bacto yeast extract 5g, NaCl 5g /%, BE%, IN-
NaOH 7i# T pH 7.2 <8 L 1.

(3) LB plate: Z&B/K 1000m/ i< polypepton 10g,
bacto yeast extract 5g, NaCl 5 g, agar powder 15g 21X
#E%, IN-NaOH /A# T pH 7.2 Ic## L, plate i 20
ml §oaEL k.

(4) Rifampicin plate (Rif plate): 77K 1000m/ i
polypepton 10g, bacto yeast extract 5g, NaCl 5g, agar
powder 15g Z/NZ THEHK, IN-NaOH & T pH 7.2 I
% L, Rifampicin 80mg %A, plate I 20m/ §°5%%
EL

(5) VB plate: Z&E7K 600m/ iZ MgSO4-7H,0 0.2 g,
Glucose 15g, agar powder 15g Z/AtzbD &, ZREK
400 m/ | citric acid 2 g, K,HPO, 10 g, NaNH,HPO,-4H,0
3.5g 2MA - b DEREK, BEAL, plate iZ 20m/ 37>
RiELL,

(6) green tea extract (GTE) (3 & FFLIERIRFE D (L
REREE > S5 S bDT, ZT ORI Table 2
IR L7

(7 #RoRLK: 3MOXDE, $HbLLREE, £
BB IR (% 10g) % 80°C DZAEE/K 100m/ I 2-3
SRS .

(8) BUBRIYMEORE: AEBRTHO S ic&iL
B{LYE 13 H;O, DMSO O W NI/ L, KEEIC
HEEL 72,

(9) HEIET X T autoclave 1T & 2 MERSEE TH
5. I NIALFYE B L ORFEIE T X T nacalai
tesque R\t L DIBA L 7.

12 [ER&EkKk

ARFERICHA L KIGE & Z OB IzFFE% Table 112
Al ThoDEKREVTNOARRETIERL 2
B, = 0Fikd 1-3-3 BT Tili~ 5. DSH 3[4t
EEKT 5.

1-3 EBRAE

(1) mutT RIE¥RDIERL (Fig. 2)

mutT BI=F 13, KBED genome F#]2.5min D&
IZ secA 1BI5F & guaC Bz ORIICALE L TV 32 HD

A 15B8(Kohara Library) mi

BamH [ + Sal |
S BamH I +8Sal |
P B
H
E

s H mutT

AN
H
P
E
H
B
Pp u
pUC1QQ Pwu Il
Sca |
E
H
)

Sca |

&8 - . EcoR I +Hind Il
Km
H) BamH |
8
E
P

Q KmR
Sca | P

Sca |

s
]

|-m

i
-m

[+2]
o4

1

Pvi
P

transformation

3
mutT B

Fig. 2. Scheme of molecular cloning and constructing of
deletion-mutant and overproduction-plasmid of mutT
gene.

MonTuwas, KEE®O 2.5min (L ZHEIgd 57 Hic
Kohara O KIBEE DNA library W7, mutT =88
23k O KMEE genome % & > No. 15B8 @D phage clone 7»
5 mutT &% L 7z, mutT {5113 start codon 7>
5 stop codon ¥ T2 876bp D KIS FRED/NE L
BzfTHhOEHTDH S,

A phage 15B8 Z KIGEIC &G s & RRICEUL L 1%,
polyethyleneglycol iZ & 2 HU O #IEAME L, FHIT gel &
BICE D RNAPEABESFO A MY ZRRZEL 15B8 ©
DNA %[E{ L7z, T® DNA & ©» BamHI-Sall D[R
BETUIVHENE muT 258 125K DM %24]0
H L, pBR322 (2, sub-cloning L 7z. T ® sub-cloning L
7z BamHI-Sall I}y % plasmid | THElE L, plasmid % [5]
L 7: % gel BIC X ORI, muT 253 51/h
& WA Pvull-Pvull (0.9k) 240 Hi L 7=.
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[@ U < Pvull TYIWr %47 - 7= high copy plasmid
pUC19 2L, I mutT Wifr% ligation #{FIC &
DHAAIAA L. BT, mutT BT D EcoRI HindIII 3
{iL (384-587) % plasmid 7> SV fr %, plasmid pUC4k
H» 540 H L7 kanamycin (Km) fifth casette Z$H 414
AT T OBRIET muT Bz O LRO—EE FRO—
BAEFED, Kmlitt casette 24l A AL Wi % F5D pla-
smid %81 LT B,

Z @ plasmid %, liner 7SWrficd % 72, Scal TYJ
Wi L, recD ‘RiE#K JC7623 I transform 35 Z &2 &Y
AME genome b D IEH 75 mutT & plasmid | O AR5ES
15 mwtT OFAPZ 2 &S, muT REKETHH L
R L 72,

(2) EHEZEA

(A) Ht5 phage K DT

Over night (ON) culture % LB medium T 10 57
L, log phase (ODgo=0.4~0.5) IZiEd % £ TREPLMIC
PRBEE Lz, CORERK0.8ml 2 & D, 20mM-CaCl,
% 0.1ml 1A 72#%, & 51T phage k% 0.1ml fliZx, 37°C
THI 15 S EREE L1z, THIT soft agar 3.5ml Z
%, LBplate ICH/E L, plaque 23BN % £ T (4~8hr) i
#FL. LB#2.5ml 2MZ, 37°C T 15 RIER,
spreader T soft agar 27 & &L 0, X< BRI, soft
agar 238 Sml Z[EL L 7. 4T chloroform % 2 i
fnZ, 3000 rpm T4 B L 72 E#E % phage ik & L
7.,

(B) FHEHBAH

ZRED ON culture % LB KT 10 {51 L, log
phase (ODgo=0.4~0.5) IZiET % ¥ THEPLH ITIREEE &
L7, COBEK 9ml % & D, 20mM-CaCl, % 1ml flIZ
TELHARL, &51T (A) THEL 7z phage % 0.05 m!
AT, 155K L%, 37°C T 20 s EE#E L
fz. ThERLDBECIVERL, AMEEMZ 2
LB plate iC spread LT, 37°C T—Huts& L. Boh
TeBiAEYE R clone 2> & TEVERR IR IR R 2 47 Bl L K
EXICHW-.

FEBRIT1E LSS P1 phage 2 W IEEBEAEICKD
DSH71 ¥RZ/EBIL 7. = O FIHIFHES5E & » kanamycin

it (KmR) cassete ZflAIAA 7 mutT Bz Fx 7 hT )

NZAE CSHT (wild) ~BABIEL 7248, Km® #{zT
% marker & 9 3 selection 21T\, O, MWEEER|ITX T 5
BEZMIc L > TERENDBEL 1.

3) HE#E

REMEA R EK (LB medium) (THERE L, ¥l (1-3
X 10 cells/ml) (233 % £ T 37°C THRIZHEE L ON cul-
ture & L7z,

(4) SMEROHIE

DSH71 @ ON culture 1 m/, LB medium 8 m/, %% sample
B 1 ml AEFEPICEST 3 ¥ T37°C TBiRiBREE
L, 3800rpm T 15 53@LvorgfE L 724, M9 T 1/10 &ic
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W L 7.

(A) HHEEHEONE

ARERKEMI T, SOICEYSEEICHRL, LB
plate {Z 0.1m/ % spread L T, 37°C T—Hplf%#%,
colony ¥ 2515 L, HEEKEKD 1.

(B) SM R DHIE

H% & 0.1 m/ % rifampicin plate | spread L T,
37°C T2 HMIE#|H&, 4 X T &/ rifampicin i #
colony 2515 L, SME& R/,

2. BEBLUEE

DSH71 $ & ¥ DSH191 @ Rifampicin &1 H & KT
HADOHIELZ RO SMEEL2 Z W T OB E KL
T, Table3 1T/ L7z, SEHEDK] 10° cell 28 plate (T & /»
f7zh3, DSH71 @ SM S 13 216/plate T, #ikk CSHT
D135fETH B, F1- DSHI91 @ SM $fE 13 1081 T,
BB UM196 © 49.1 15 Tdh 5. STIBIIEB & U ex-
tract IZ & 5 HAREARLEADOEEDOHERIC |3 DSHT1 %
HAuwt., FHE{YEOEE R, LWINLEERHE L
LIMWMVWEELE L.

KEVE DMEIRNE %, Figs. 3~6 (Zn L1z, Hdhid s
YIVE DB (ug/plate), #tiidild RMA [%] (relative muta-
tion activity = (mutation frequency of treated cells)/(muta-
tion frequency of control) X 100) Ta& 4. Fig. 3 IZ/RS N
5L 91T, PG, PC 8XU TA I3, 1.0ug/plate DIKERE
THOVIIERIREZR L, SSEVEBETLELTS
BHRIZIBEHEVTH - 2. MEIRNE I TA »ix bl
<, #925% £ T, D\ T PG %7 30%, PC 2549 50% %
TTh-1.

vitamin ¥ T3, Fig. 4 IZ/R& 15 & 91T, B-C 23 poly-
phenol DA &M OMRIZ R L, (KRR <@ EIHEIR)
BAERL, BEETRZOMBIRBRLICHD SN BFEE
Thote. AsAld, EKEEDSFHEE IO TRL I
RAR L CEE OBMEBZRNSZED s,

GTE O%hHIZ Fig. 5 IT/REN B K D1, AsA KM
DM ER LUTDS, EBE L AsA DK 1/10 T AsA A D
EMBFED St 3FEORRMEK TIE 200 pg/plate T,
wWIh b 25% ik oMHlIEZR LI, ThoDfERIE, C
NSYE OBIRILIERAAS, T constitutive 12 A
3 % radical Zffi#E L, radical ¥ SM 214 5 729
tEbLN B,

fRAH Y (GTE) 23545 A Dt promotion E ] % £
% (Inagaki et al., 1993), [EMEERFR radical @ scavenging

Table 3. Number of spontaneous mutants.

Strain Mutants/plate
CSH7 16+3
DSH71 21626
UM196 22+5
DSHI191 108155

-y

100( 3
—O— PG
—{1 pC
—O— TA
754
= ]
< 50
2
R e A
ed —
251 3
0 T T T T
0 25 5 7.5 10
Conc. [pg/ml]

Fig. 3. Effect of pyrogallol (PG), pyrocatechine (PC) and
tannic acid (TA) on spontaneous mutation in E. coli

DSH71.
100}
~O— AsA
—{F sc
754
S
5
24
254
0 T T T T
0 5 10 15 20
Conc. [pg/ml|

Fig. 4. Effect of ascorbic acid (AsA) and p-carotene
(B-C) on spontaneous mutation in E. coli DSH71.

&A% (Wang et al., 1989; Zhao et al., 1989), F7:
anti-oxidant fEF A H 5 T EBWE SN TV S (Osawa et

al., 1990). GTE OMIHIERZ, BRSrtH D catechin ¥ Dt

BILERIck b EBbn b, R, L&, ARORKR
Hik OMEIEhE 1L, 2108 £ N 3K polyphenol ¥, i
B vitamin $i A KBICEATLWA LD EEZ SN
3,

1000)
L TR
15
S
< 4
S 50
o
25+
0 T T T T
0 0.5 1 1.5 2
Conc. [pg/ml]

Fig. 5. Effect of green tea extract (GTE) on spontaneous
mutation in E. coli DSH71.

100

754

25+

T T T T
control  sencha gyokuro koucha

Samples (200 g/plate)

Fig. 6. Effect of 3 tea-exudations on spontaneous mutation
in E. coli DSH71.

KIGE mutT Bz F/RIEHKTIE, F& LT 8-OH-Gua
IZ & 3 radical EHARERERBELTVWEEEZ SN
%. 8-OH-Gua |3, X8, H,0, & asbest & OHLfE, £ /¥
2 DEEEEY, DA Y53, nickel (LAMEEDE b FE
DAHES 3 L BbNBINT% in vitro T DNA IZfE
HEHBZEICEDELB T EBHIONT WA, Fenton
[ It%> Haber-Weiss KIGIC & WA U % hydroxy radical
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(+OH) 7% 8-OH-Gua DARKICEAE L TWE EEZ 6N
5.

8-OH-Gua |3, Cytosine (C) 721} Tl37% <, Adenine
(A) & bHmtERL, EEGERKICLD AT->CG
transversion 25¢2 C 5. 8-OH-Gua |3 MutT EEIZ & O B
fHExhTWBH, DNA HEHRIDEE, nucleotide pool H1D
DNA # &4 KL © dGTP HBRILHIHEME %= % 1F, 8-OH-
dGTP £755%. ThaH L < &S N DNA $HICHD
AFh 3 ERAREREB T DT, MutT HEHAS 8-OH-
dGTP % 8-OH-dGMP [Z43fi#D % T &1k - T DNA
~OHLY A &bl EFRAREREMEIT 2 (B, 1992).
D7 muT B FRIEKRESM 2B LPT0ESE
Zoh s,

AETR SN & 91T, i) polyphenol £, vitamin
¥, GTE ® &M D radical ¥ SM OHIHIZIR O E 13
RS 12, HMRIPIC AL L 72 hydroxy radical (-OH) D4
#1t (-OH—H,0) IT & % 8-OH-dGTP DA KK D M| T
HHrLEEDLNS,

BlLxhPdv, $LLRBBETHVBOE VS HE
AETAVHEG DIBIYMEE LT, EHERED
scavenging 1R MH 5 LEbh b, COXSBIEHEAR
T 5YHEE, FAHA initiation 2T 5 DAL 5 S,
promotion % bl 2 AIREM b H 5. AR OFER K
v, #E¥) polyphenol $5+° vitamin $H D REMRI) ZHEH, &
5 HEHISRRAR QRS BARFES A OIFIP FHICH
FTd 2alfetEM R I N,

| B
GTE D5 %) - fo SIS EE R O 1L ERER I
JZ A B,

&5 XH

Inagaki, M., T. Yamane, Y. Kitao, K. Oya, Y. Okuyama and
T. Takahashi (1993) Inhibitory Effect of Green Tea Extract
Against Azoxymethane-induced Colon Carcinogenesis in Rat.

46

In: Takahashi, T. editor. Rcent advances in management of
digestive cancers. Tokyo: Splinger-Verlag, pp. 474—476.

BE % (1988) %S VA vic Lk B DNA 5 & BERER,
BRIEZ RS, 10, 73-83.

a7 (1992) EHRRFER O, S, R R,
14, 93-98.

Kasai, H. and M. Sekiguchi (1984) Hydroxylation of deoxyguan-
osine at the C-8 position by ascorbic acid and other reducing
agents, Nucl. Acids Res., 12, 2137-2141.

Kasprzak, K. S., K. Higinbotham, B. A. Diwan, A. O. Perantoi
and J. M. Rice (1990) Correlation of DNA base oxidation with
the activation of K-ras oncogene in nickel-induced renal tumors
(Meating Abstract), Free Rad. Biol. Med., 9 (Suppl. 1), 172—
177.

Kuwata, K. (1993) Inhibitory effect of (—)-epigallocatechin
gallate, a component of green tea, on the process of chemical
carcinogenesis in gastrointestinal tract, Kyoto Prefectual Univ.,
102(10), 1183-1193.

Leaden, S. A. and P. C. Hanawalt (1983) Monoclonal antibody to
DNA containing thymine glycol, Mutat. Res., 112, 191-200.
Loewen, P. C., B. L. Triggs, C. S. George and B. E. Hrabarchuk
(1985) Genetic mapping of katG, a locus that affects synthesis
of the bifunctional catalase-peroxidase hydroperoxidase I in

Escherichia coli, J. Bacteriol., 162, 661-667.

Miller, J. N. (1972) “Experiments in Molecular Genetics” Cold
Spring Harbour Laboratory, Cold Spring Harbour, New York.

Osawa, T., M. Namiki and S. Kawakishi (1990) Role of dietary
antioxidants in protection against oxidative damage. In:
Kuroda, Y., D. M. Shankel and M. D. Waters, editors. Basic
Life Science, Antimutagenesis and Anticarcinogenesis Mecha-
nisms II, Vol. 52, New York: Plenum Press, pp. 39-153.

Shimoi, K., Y. Nakamura, I. Tomita, Y. Hara and T. Kada (1986)
The pyrogallol related compounds reduce UV-induced muta-
tions in Escherichia coli B/r WP2, Mutat. Res., 173, 239-244.

Wang, Z. Y., S. J. Cheng, Z. C. Zhou, M. Athar, W. A. Khan, D.
R. Bickers and H. Mukhhtar (1989) Antimutagenic activity of
green tea polyphenols, Mutat. Res., 223, 273-289.

Yamane, T., N. Hagiwara, M. Tateishi, S. Akachi, M. Kim, J.
Okuzumi, Y. Kitao, M. Inagaki, K. Kuwata and T. Takahashi
(1991) Inhibition of Azoxymethane-induced Colon Carcino-
genesis in Rat by Green Tea Polyphenol Fraction, Jpn. J. Res.,
82, 1336-1339.

Zhao, B., X. J. Li, R. G. He, S. J. Cheng and W. J. Xin (1989)
Scavenging effect of extracts of green tea and natural antioxi-
dants on active oxygen radicals, Cell Biophys., 14, 175-181.

Environ. Mutagen Res., 18: 47-51 (1996)

FEURARRI=vVvEI I A
R - VIRPBALES VAV

BBl 4 @

BRIIBTE7Y) -3 VhNVHERFEOARE Z OFHIE

Formation of free radical mutagens in foods and its prevention
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Summary

Free radicals generated in food caused DNA damage and the formation of mutagens in the food.
Scavenging of the free radicals by phenolic anti-oxidants effectively prevented DNA damage and
formation of mutagens. Carcinogenic 4-(hydroxymethyl)benzenediazonium salt (HMBD) in fresh mush
room damaged DNA via the carbon-centered 4-(hydroxymethyl)phenyl radical, and this damage was
inhibited by phenolic anti-oxidants. Fragrant components 4-hydroxy-3(2H)-furanones (HHMF, DMHF
and HMF), found in the Maillard reaction mixture of glucose/glycine and soy sauce, generated hydroxyl
radical which broke the DNA strands. Strand breaks caused by the hydroxyl radical were prevented or
accelerated by phenolic anti-oxidants. Heterocyclic amine mutagens in the model system and in bonito
were found to be formed through free radical Maillard intermediates. Formation of the mutagens was
prevented by scavenging of the radicals by phenolic anti-oxidants.

Keywords : carbon-centered radical, hydroxyl radical, Maillard reaction, phenolic anti-oxidant

1. IC®HIC

7)) =5 VA NVIERFEOHERB LUOHBRIRb->T
WBLEEZONTVAICHIST, TOEEDE IR
BHThHo-7. 7V -5 VANEERFRELDEDD
3, REEhTERFEAERT 21858, REDORSHE
EFlEEL0| 32 +EE BERTHEANTREE S
Db B TFHEELS R TBRED 3213 TE
ABIENTESE, TITR, FESOMEETLICE
S TOZEREEBBRIC BT 3%b0 L Z0MIE, B
LURGPORA BRI THEELECTHEOKRDY &
ZOMHIFic oW TR B,

2. ¥/00REVHEOKREPLT Y -3 HIVEEH
T % DNA EE & ZDELE
Wit PRS2 3 Agaricus bisporus \Z I3FEFEYIE 4-
(hydroxymethyl)benzenediazonium ¥ (HMBD) %5 & &

© BABLRF YL

NTW53 (Tothet al., 1981, 1982). F& o ZBLIEM O
&I diazonium HEBERSFORBEEIC & b REFL 5
YA v R L DNA RIS L O#{Z K% L T DNA
fEEAF R I EE2R WL TV (Hiramoto et
al., 1993a; Hiramoto et al., 1994a; Hiramoto et al., 1994b;
Kato et al., 1992; Kikugawa et al., 1992) ® G, HMBD &
[Ekk7S DNA fEEL5| 2 3L E ARG L/ (Hira-
moto et al., 1995a; Hiramoto et al., 1995b). HMBD % Z
Y b+ 35 v 7%|0 DMPO, PBN ¥ XU DBNBS &iEH
ESR 27 bV ERIEST B E Fig. 1 IR 7+ uhs
BHoN, TOVTFNIPSKREFLT IAUBREL
TW3 Z EpHERI Nz, HMBD % KF#EHE5(4 ethanol
LB % & benzyl alcohol DAERMED Sh, AL
RFEHULNS ¥ A Vit 4-(hydroxymethyl)phenyl radical T
B ELAkD% &L/, HMBD (3 DNA $iI¥r % 5| &
# L, UIWrid ethanol 75 & Dk FE AL 5.1, butyl hy-
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Fig. 1. ESR spectra of HMBD and spin-trapping agents.

droxyanisole (BHA) 75 £ D 7 = / — WHEHTER(LA], Z &
v+ 5y TRITHES N 7)5, superoxide dismutase &
catalase DIELFE FTRAEE NS, KIEHFLT I H b
BEEDNASHAKE L TW5E I EMNbh > 7. HMBD
IZ& > T DNA ORI IZTNTEMish 505, 7Y v
EHICBOWTIRSMA I VI NVTHEINE I EhD
otz PLEo T &5, HMBD I & 3 DNA fEE (3%
FhLs VA vENLTEID, BEPLS VI VER
BT EBHET BT EMIFAPITIE - (Fig. 2). £HS
L3FEAc T ic HMBD O RE D 7 v — 7 (Lawson
et al., 1995) I X > THEKRBBEN L EIN TV S,
HMBD (3/MEFEFRIEH /R 53, vitamin E/RZ 5 » b
Tl Z OERM &, vitamin E XED7 =/ — v
HHERBERIDSREDL S YV VOIERABRRT 2 L b
b otc (NEES, 1995).

3. XMS—FRICEECLI-BRICEETEI5 /v

{LEMIC L ZBERLS CHINEEHT S DNA &
=
TI/BERED A4 57— FRIBRE S OEBRYIZA U
50, TORIGKROZERFHPHARFEHIC O VWTIEE
COHADMH B IS T, AECBLTRIEBEALED
Mo TWhot, EHESRT I/ BE glucose %N
B 5L DNASFHUIMIMHESLELSZ L ED&E LD
(Hiramoto et al., 1993b; Hiramoto et al., 1994c), Z it
(LR —HIHRE LR T AIME L IR L EE2H
izl 73 BREANKFEZKERBMEAL, DNA
DOUMTENTE=s - LA S, gz F VBB XU
HPLC 2 & © UIlriEHYE 2 %58 L 72 (Hiramoto et al.,
1995¢c). Z DOFER, UMEDO—> BHicbhr-TWV5
HEMYIE 4-hydroxy-2-hydroxymethyl-5-methyl-3(2H)-
furanone (HHMF) (Fig. 3) ThH b T &b - 1.
HHMF $RIGEH OF5BRIETIRIEZETH 54, pHT T
BMREL T L, & ERICEERICIKTE L 72 DNA 84
YUlrakd 4. UIMTEMEIZ superoxide dismutase, cata-
lase, #k+ L — bHlICX DR S, DMPO %R E v b+
7 v 7#|& L THW /- ESR DRtz & b, DMPO-OH
adduct 23#Hi & f1v7-. HHMF |3 Fig. 4 ISR ¢ & 9 I pH
7 TEITHE D endiol-ketol HEEDILAYNT IR L, BEFE%E
12T L T superoxide I275 0, WER{LKF B LL, B
IZ Fenton JXJ&IT & © hydroxyl radical 1278 > T DNA 4
Uiz b EEL SN S, HHMF 3550 EH55
RETENEAL 7S LT Salmonella typhimurium TA100 kI Xt
LTEREWERLI. A4 5 — FRIGHTITIZ DNA
B ER % & XD 4-hydroxy-3(2H)-furanone ¥fiAs
WEEEAET 2 AleEDNEL, A4 5 — FRIBEP DO Zh
5 4-hydroxy-3(2H)-furanone $iDEZEFIL 5 ¥ H VFEA
I2 & % DNA SHUM PERFEH I EHTEZ RV bD L
Aohb,
ZLORMICHERT S LGS TV 2 5EYE
2,5-dimethyl-4-hydroxy-3(2H)-furanone (DMHF) (Fig. 3)
FakdEE LehilRah Ty, et LR AMED

N H,0H
E;zo}l I 2 é . DNA Purine bz‘a)se damage
% = HN Pi: <:>
+N=N 4-(Hydroxymethyl)phenyl u J:IN CH,0H
B radical CH3CH20H 2 | ——
HMBD Ethanol NH, i =HB00
DMPO CH3CHOH NN
Cys PEN DBNBS 3 U y_<:>_CHﬂH
2-Mercaptoethanol N {4
8-HMP-dAdo
CH0H Pyrimidine base damage

H 0 CHy

H,0H
Adduct CH,0H
O pr |
9 OhE <
N=~CH; NaO
cHy ¥ m J NO. l
0¥ Br

DMPO-adduct PBN-adduct

DBNBS-adduct

CH,0H Deoxyribose damage

Benzyl alcohol
Strand breaking

Fig. 2. Reaction of HMBD through carbon-centered radical.
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\

R™ 0" CHj;

HMF : R=H
DMHF : R = CH;
HHMF : R = CH,0OH

Fig. 3. Structures of 4-hydroxy-3(2H)-furanones.

HHMF & 2 < [A]BRIC hydroxyl radical 2% L T DNA
v Es ERC L, EREME LS ENbh 1
(Hiramoto et al., 1996a).

245 — FRIGEEI LTV A EIz> L THEMOA4
B EEE L. b ERRSRETOER, BmEH,
B DNA SHUIMIEEZ R L, EERSO—D &L T,
HEHYE 4-hydroxy-5-methyl-3(2H)-furanone (HMF)
(Fig. 3) % [E]5E L 7 (Hiramoto et al., 1996b). A¥H 13 7
I/BERARED A A 5 — FRIBICE DAERT 5 &£ L
54, HHMF, DMHF & [alik 75 8% (Fig. 4) T hydroxyl
radical %4 L T DNA Ui 25| &2 L ob
o1, HMF bEREMZ/R L. T TEHEEDR
S 518 BEHICE R « FIEHEAGED ShicHliiE iR un
B, TOXIZTORFICERFEMSD B LN, E
MOZRFEM G H 51D TRETHLENS S 5.

TI—b—bAA - FRIEZEILTVWARMTH
5. Lbidl[EBEORRETIC & » DNA SHUIKITEM % & o8
LWERF %R\ L (Katoeral., 1994). T OYIWIE
D —# 13 4-hydroxy-3 (2H)-furanone O —FE & & X 5
4, hydroxyl radical % %E L T DNA $4UIMi &5 X #2
TEEZDS 5.

R” ~0” "CH; 00
H H

HMF : R=H

DMHF : R = CHj HO

HHMF : R = CH,OH

4. EROFIINSPANRARY D y—ELTDT
/ — IV ER L

Hydroxyl radical FEA L TWVW AR TIE—MBIC7 =
J — WVHHUER L&A scavenger & L TR 6 LanT
W3, ¥ prooxidant & L TS5 EVWHHIR B A
S5 3. FEESIE Fenton KIGIT & WAL L7 hy-
droxyl radical ® DNA S{UIMTIcX4 T 5 7 = / — W HEHIRR
(LRI RAERRET L& T A, OHED/DITW sesamol,
esculetin 7% EIFHERNRZR L7248, OHEDHOEL WV
epigallocatechin (EGC) *° epigallocatechin gallate
(EGCG) 73 &3 prooxidant & L Ti37- 5 % DNA $41]
W& 158 L 72 (Hiramoto et al., 1996c), TDT Eid7 =
7/ = BT AN IZ—HEIC hydroxyl radical #7H%d %
LRV, Ffck - TRERERAERTIEE
YrE->TW 53,

5. MBESRFOAFOHYLIY I 7IVvERICET
37U—-35ThI0BE5EZFDMALE

&SI iZB L% 20 D imidazoquinoline, im-
idazoquinoxaline, imidazopyridine ZD~NF o H A 7 1) «
77 3 VERREYHAOERSRBD SN TWE, Thb
DOHR%IZT 3 /B, BB X O creatinine 23t L THRK
TEIEDBDDP>TVEY, T OHERKEEIILS L S
TRV, EE, IhS0ERICT ) =5 I A vhEE
H5LTW3 EDREiHDH B (Peasonet al., 1992) 3, 7D
RIS A TV B DId BHA ZFML 72N v 85— 7T
ERFEDERBDIIVEVWSHIRI T TH S (Wang et
al., 1982).

EES BN, »HoBH, BLUEFNVEOD glucose
glycine/creatinine % diethylene glycol-water Hifji&h L 7- %
T D MelQx 75 & @ imidazoquinoxaline B! ~ 5 o 4 1 7
Vw27 I VERFOERICEBITS7 ) -5 Y h VDR
&, 20KABLU7 = 7 — iEGiR EHIC & BBHIE
et L7 (Kikugawa and Kato, 1987; Kato et al.,
1996). Z DFER, oBBLUEFLRE S ITKSDE
W EERFOARIIHS O, £, VFRIZBV TS,

DNA breaking
Fig. 4. Possible mechanisms for DNA strand breaking by 4-hydroxy-3(2H)-furanones.
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Table 1. Effect of pretreatment of bonito meat with EGCG and green tea extract on the mutagen formation during heating-

and-drying.
Heating-and-drying
Pretreatment His"* revertants/g weight 96 Mutagenicity
Temperature Time (h)
Water a 24 118 100
0.5% EGCG a 24 55 47
Water a 48 416 100
0.5% EGCG a 48 122 29
Water b 24 1582 100
5% Green tea extract b 24 450 28
Water b 48 1201 100
5% Green tea extract b 48 367 31

Two pieces of 20 g bonito meat were pretreated by boiling in 500m/ of water, 0.5% EGCG solution or 5% green tea extract for 40
min, and they were heated-and-dried at temperature a (100-110°C) or b (110-120°C) for 24 or 48h. After purification of the
mutagens using blue rayon, the mutagenicity was tested on S. typhimurium TA98 with metabolic activation.

BHA, propyl gallate, sesamol, esculetin, EGCG ¥ & ¥
EGCG 2 ZBICGURMMAMNBEZR/RMT 5T itk
ZRFEDHERHSIFHI S iz, hroBoMBIMTICH T3
EGCG &igZlithikic & 2 BB 0%h R % Table 1 (/R
ER

E FIVIRIGZRDERED ESR JlI5E Tl signal 13389 5
N> 1oh, Th S creatinine ARV 7o BB TS 2 A
5 — FIRJGFH T3 pyrazine cation radical &, Wb 3
melanoidin radical 2332 5Nz, TDRDKDEED
% & signal (3D SN h o1, £, TDORIT BHA,
sesamol, EGCG % {145 & signal 328D SN 75< 1-
75,

¥/, EFNVRIGHRICDMPO BLUPBN DR E Vb
7y 7H|ZMA TESR % {I5EF 5 &£ DMPO & & U
PBN & iR#Eduly 5 ¥ A LD adduct D signal 589 S h
7. T 5D signal 137K % 58720, BHA, sesamol,
EGCG %Nz 7-0 ¢ % & signal BMEHME L B L.
INSDFEERIKFESDILD, 7=/ — VTR
ZEMT 5 LIk 2ERFEOHEBIERZIR & & < FEIR
LTkb, ZRFDARKIC pyrazine cation radical K ¥
FLI VAVDBFEELTVE I LERELTVS, &8
BOKGZP T = /) — VHEBBERIR 7 ) — 5 Y H kD
A4 5 — FRISHREEOARRZME T2 Licky, &
RFEOHEREMA TR EEZIONS. 7=/ — VG
BRALAIOER BRSO ERFOERICEMLTE 3
aJfEtEd b 5.

6. B VY IC

AR RBEALBET7Z ) -5 VA VBREL, £h
DEEDNA ICEEEFZ D, $h7)—5Ihuh
JRKRIE 78 » TERBEEER LD T2 E0bh - 1.
NS 7 ) =5V hNVET =/ —WHERB(LHITN 5 v
745 Eick, DNABEEZMEILA-, BYhT
DERFOHEREMHTX BT LM -7, L
L, 7=/ — )WVHHEEREA b & - Tid prooxidant
KRBT EAENTRES TV,
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Anti-lipid-peroxide radical activity of vegetable extracts and plant oils,
and their suppressive effect against DNA cleavage induced by
alkylperoxide radicals: Implication in cancer prevention
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Summary

It is known that diet high in fat and red meat has a high correlation in cancer incidence. Fat,
especially unsaturated fat, is readily oxidized to become lipid hydroperoxide. Reaction between lipid
hydroperoxides (alkylhydroperoxide; ROOH) and heme iron (derived from red meat) form a lipid
radical (alkylperoxide radical; ROO"). A reaction between hemefiron and t-butyl hydroperoxide
(z-BuOOH or ROOH) yields t-BuOO" (or ROO") which has an apparently very long half life, and it
exhibits much more potent biological activity such as bactericidal action or DNA strand breakage than
t-BuOOH per se. Using the ROO"(-BuOO") generating system we have quantified the ROO®
scavenging potency of vegetable and plant (beans, tea) extracts. Futhermore, we examined the
anti-tumor-promoter effect of the vegetable/plant extracts. There was a significant correlation between
anti-tumor-promotor activity and anti-ROO" activity, in which greener the vegetable, the higher in both
values. Lastly, edible vegetable oils were examined for their susceptibility against peroxide formation,
ROO" formation and ROO"-scavenging activity, and the results showed that purified/refined vegetable
oils have virtually no ROO "-scavenging capacity, while virgin/extra virgin olive oil, and crude oils from
sesame, corn germ, rape seeds, had much higher lipid radical scavenging activity in this order, as well as
resistant against air oxidation, than the commercial purified oils. Animal experiments, using rats which
administerd with N-methyl-N-nitrosourea, 2 mg X 6/2 wk, intrarectally, and being fed with the diet high in
both lipid (safflower oil) and iron (hemoglobin), showed a significantly high incidence of colon cancer.
All these data support possible carcinogenic potential of lipid radical generated by reaction with heme
iron which derived from myoglobin in red meat. Importance of lipid radical scavenging components in
vegetable, other plant derived foods and edible oils is discussed.

Keywords :  lipid radical, green vegetables, high fat diet, DNA cleavage, carcinogenesis, edible vegetable
oils
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BESKIBIC®ES 3 2 EhliGsh, EHshTVWS
(Wang, Y. et al., 1995).

P bofkGor EIEHEOBRIBERA VAL 2 EET
[HSAAL] ICB#ES 1 SNTH 5D h. Wk i3, IEHERE
(KD EETHEEELTVS, ZRIBRLIEEH,SH
WHNCETBIbIc k> THELTEBY, LIk T5HE
YERMIES I CBRIMERL N S5TH S,

K~ i3, BSEBRILY E LT O ROOH, E_ﬁ
_R\SB' nEE, REDHORAD~L, 7o h~n,
NIV, ANRFUBELDORIGCE > TBBILIEE 5 ¥
ANELIXTNVFVN=FFHALFS5THN0 QIF
ROO") AT 3 &% RH L7 (Akaike, T. et al.,
1992). Db DIMhDOEEFZ S ¥ AV (0,7, -OH) 1L & &
D bR ERWEHS EENERT >304) 26LT
W37, lEESEESHMEECRES FLR AR ?)
KERTBIENEZIONSL, BENTIEES YA
BESTZEAEZD L, BELRMICES cHER L
TEEAXS5Z, 403200 E5-5TY) VR
o AE TP NEETEENEZI LN S,

F4 3BT ROOH E~NADKIGD SHEST B EEZ S
N353 A10ELT, ROO', RO" (Z7NaFvy59h
W), RE(FNVFNSTHN/C- VI —5THhN) HdH
5705, ROO" BEAINEBITH S ExMELT
(Akaike, T. et al., 1992).

FRFHTIIROO R EZD AN RV Y v+ —YH,
ROO" ic & % DNA DUME ZDRANY Y v —iz &
% DNA S0 UIMril#l, ROO™ 2 A XV Y v —[EHE &
EB-9ANVRICLB NI VRT3 — 24— a3 vENET
3 EDMHERFBRAES DR TN T . 72, HEMIC
BT 2 FFE D ROO" (HETEH, HRAEHKD ROO”
DHERREEE ROO" OHEE] S bE TEET 3.

2. ANALLBE{LIEE (ROOH) DRIGICELB 7 IV F I
N—=FFH4 F3ZHI (ROO") DEREREER
EERICHWSH 5 ROOH & LT, t-butylhydroperox-
ide (--BuOOH), methylethyl ketone peroxide, cumene hy-
droperoxide, methyl linoleate hydroperoxide % Fi\» T FER
ZfTo1z. £DHHTH, +-BuOOH FKICBBEHDO E F
onN—ZFY FELTHRHTH 5.
Fig. 1 it 5 ROOH+ ~ADKIEG, HIb,

B) [ ——A— A}

©)

Fig. 1. ESR spectra of DMPO spin adducts in the reaction
systems of +~BuOOH plus metHb or DTPA-Fe**. (A)
Spectrum obrained in the reaction mixture of 20 mM
t-BuOOH, 500 ¢g/m/ (311«M heme iron) of metHb, 500
#M DTPA, and 9mM DMPO in sodium phosphate
buffer, pH 7.3. (B) Spectrum obtained in the reaction
mixture of 20mM ¢BuOOH, 31 M DTPA-Fe**, and
9mM DMPO in the same buffer as (A). (C) Spectrum
observed in the same reaction system as (A) except
that the concentration of DMPO was increased to 90
mM. (D) Spactrum observed in the same reaction
system as (B) except that the concentration of DMPO
was increased to 90mM. All spectra were recorded at
Imin after incubation at room temperature (from
Akaike et al., 1992).
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Fig. 2. Cytocidal effect observed in the reaction of various peroxides and iron complexes. Staphylococcus aureus (1-2%10°
CFU/ml) was incubated at 37°C for 30min in various concentrations of +-BuOOH (A), methylethylketone-OOH (B), or
CumeneOOH, (C) in PBS with iron complexes. The number of viable bacteria was measured by the colony formation
assay. (@) Control, peroxides alone; (O) incubation with peroxides and 500 zg/m/ of metHb (from Akaike et al., 1992).
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%%, ChTH->7C L3 ROOH D% & TRITE
13885, T YAV ROO" L1355 LHIERAA M FBLT
BTLETHAS.
ZofViz~ LBEOBEEHLEMIOVT I VA
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Fig. 3A. Cytocidal effect against S. aureus in the reaction
of various iron complexes and -BuOOH. S. aureus was
incubated in a mixture of 10mM of ~BuOOH and
various concentrations of iron complexes at 37°C for
30min. Incubation with metHb (—@—), myoglobin
(—O—), hemin (—A—), cytochrome ¢ (-~O-),
DTPA-Fe?* (—[}—), and catalase (—A—). See
reference (Akaike et al., 1992) for details.

XIDTPA® A ¥ 5—ETRELKL, T, TOEI I
~NESDEVHOBEMMS ¥ 5 L8 05 (Fig. 3A)
(ESR DF— 4% b[EL). —fRIc~ESOEY, A bNE
Jsovry, 347vbEy, NIV, NIFURETIER
HEBEFRARET 5. ChEfE L TR» EDK
ISTAKTTO ROO” DEHEMEASLEAPNEIDEY
SNESubE YR bEL, Fosu—La>hs -+
>DTPA-#SEADIAICE L 50, ~2BBEEZLOH
DDAV HEEICEL, EENTIE 05U EOFR
WrE oL EZ LN 5B (Fig 4).
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Fig. 3B. Time course of bactericidal action induced by the
reaction of -BuOOH and various iron complexes. S.
aureus was incubated with 10mM ¢-BuOOH and 500
ug/m! metHb (31xM heme iron) (@), 384pg/ml
cytochrome ¢ (31#M heme iron) (O), 1.84mg/ml
catalase (31 M heme iron) ([J), or 31xM DTPA-
Fe** (A) at 37°C for various incubation periods
(Akaike et al., 1992).
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Fig. 4. Time course of generation of DMPO spin adduct for -BuOO" in ~-BuOOH + various heme or non heme iron

(Akaike et al., 1992).
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D, CONTHE (FLFLN—FFH A Fe5THL)
DAEREBHEEHh 0, NAKOHEHHEELT
W L 72 (Akaike, T. et al., 1995).

ZDEHROO S UV HNVDFEETFRH 5V IdiEE
TAEYEADHERHWTR 7 ) —=v 7 LikEl
A, Fo7a— ), a-ba37z0—), JINVIF XV, L
YRTA VIR EDBBROEMAR LA (Table 1), Bk
HBEERV VYTV b EAFUHFVDRANY Y v — &
LTHIGNTWAB-HoF VU, AF4+=V, RA—/N—
AFHA FRARY Y 5 —DRBEP X —/¥—FF 94 F
F4 ALY —+F (SOD), 7LV, TRIANE VR,
ERFOFVYSUAINIARYIY »—DETOv o VERIC
£BZDOROO" 7 VANBEEHRBREALERT LD,
& > T b TFHH - 7= (Akaike, T. et al., 1995).

3. BEZO7IVFININS—FFYA K5 HI (ROO)
HEEREM T 0E—Y—EA: MB HEX—T0D
AR
—%, TDOROO" I3 /7 —VEROINERLET

LBBICEHT A EMNTEZDT, ZTOHEEZHVT

RDOEERZTT - 1. B, A 13 LFLD -BuOOH + ~ 4

DR IEHH ROO" ZHRMICAERT 3 Z L 2FIFALT,

ROO" ohfliEtE %, A OFROB/KMEEK L 5 53K

Table 1. Antioxidant activities of various substances de-
termined by a bioassay based on bactericidal action of

ROO".
Antioxidant activities (uM) (MIC)*
Antioxidant
t-BuOO” CumOO* MeLOO"
a-Tocopherol 15.6 31.3 72.0
Probucol 31.3 7.8 3.9
L-Cysteine 125 250 15.6
Glutathione 250 125 7.8
DMPO 250 125 > 10000
DPPD 125 125 >2000
L-Ascorbate 500 250 >3000
BHA 2000 >2000 313
n-Propyl gallate 500 60 500
Luminol 500 125 125
Trolox 500 125 >2000
Uric acid 1000 500 1000
BHT >2000 >2000 31.3
PBN >10000 >10000 > 10000
Diphenylamine >2000 >10000 >10000
Hydroquinone >10000 >2000 >2000
Ebselen >5000 > 5000 > 5000
L-Methionine >10000 > 10000 > 10000
B-Carotene >2000 >2000 >2000
Hyaluronic acid > 10000 > 10000 > 10000
DMSO 20% >20% >20%
Cu, Zn-SOD >10000U >10000U >10000U

* MIC indicates the minimal concentration needed to inhibit
the ROO "-induced cytotoxicity against S. aureus.

r.-'-'

fﬁ%btﬁ%@iﬁ(x—f)%ﬁ+ﬁ¢§mmf@
L7, $ERIF, REOHEOERIZL ROO™ £ Hfl
WL, &7, EFRORKMHYLD, Bokihiti
OHHEAE - BEE bW BBTLTH S (Fig. 5). &
oEmIR— I, HYHIEE (Lrve -2, ~Ivv
=2, RIFURE) BESNIAKSH, EiHE
OREFFAE—Y a Y OUMHETESICTHER LTV OIC
KL, MmEic& - THIRMBERIREE LS B L & bIC,
s & 0 £y o — 21 ETRE LTV B NS
2 LD#EZ 505 (Maeda, H. et al., 1992).

—%, EBYA VA% EB-7 A VA* v ) 7 —HlikD
Raji i (B ) ¥/ B WERREH, 740K —-3
yR7F—FT7TEF— b (PMA) ZMAEEREZITOE, C
D B-) vERIT, OB IANVRICLB T VR
7 3 — LA SR IV T 5 EA PURD AT 5.

ZODEA JiF) oFAEEZMET L LE, FF R
Tr—AvavOfiflEELZONS. T, TOEA%
BT PMA OFERMETH 5.
CDEBYANVRICED RaiflilEDO 5 v 27 4 —
A= a VERRICBOTHRI E OKMIHESY 2 a8
L CHibkd 5 2 ¥ - 7. BB, ROO" DLl
TEYESENIZE, EATAB IS VYR T4 —A—VaV
DHASFEEMA 5 L TH5 (bl EA RBIEY:, Fig. 6
DOl D IEAs). & 51T 60 L EOHYIRMICOWT
B LTHBE, —RIcEH S D LEDTN, KO
KK L D ZEh BTV ETHE. —4, B
hoFuP)aRyEERBICEETS=VvY VP2 L
i2 % @ EA MIEIER % ROO" O hfIiEME/ER 3D T
Bt Fh, HBMBHDO N7 4140+ + XY DR
fDOTEPLKIE GR) 13 OREREILAD S 13D THISK
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T Ve T IR T I B AR T T T | LA L
O @ Perilla
O: fresh O >@® Green perilla
. . O >@ Lettuce |
®: boiled in water O —>@ Japanese horwort ("Mitsu-ba")
O— >@ Carrot (leaf)
(@, —>@ Green pepper
@, >@ Water dropwort ("Seri")
O——— >® Radish (leaf)
= >® Pleats lettus
O—————>® Field mustard
@<——— O Shiitake mushroom
O >® Head lettuce
O —@ Garland chrysanthemum
O—>@ "Komatsuna"
O >@® Egg plant
O——————— @ Kidney beans
O—>® Japanese radish (leaf)
O——>@ Spinach
O >@® "Santo-na"
(®, >@ Celery
O———>® "Kyo-na"
O——>@ Radish (root)
O——>®@ Parsley
O— —->@ Broccoli
O——— @ Pakchoi (Chingen-sai")
O————>® Onion
O ->@ Cauliflower
O® Chinese chive ("Nira")
O—>@ Tomato
O——— @ Ginger root
@O Sweet pepper
O—>@ Carrot (root)
@<—0 Garlic
Cabbage
O@® Pumpkin
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Fig. 5. Alkyl peroxide radical-scavenging activity of various vegetable extracts. A given amount of ~BuOOH (5.0 #zmol)
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was reacted with the methemoglobulin/hemoglobin system, which generates predominately alkyl peroxide radicals.
Various cold-water vegetable extracts after homogenazation or hot-water vegetable extracts after 5Smin boiling were tested
for anti-alkyl peroxide radical activity (IPOX) by the chemiluminescence method using luminol. IPOXjy, is defined as the
50% inhibitory dilution (fold) number of vegetable extracts toward alkylperoxide radical formation, as described in the
reference (Maeda et al., 1992). Higher values indicate greater lipid-radical-scavenging potency.
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Fig. 6. Correlation between anti-tumor-promoter effect (IEAs) and alkylperoxide radical-scavenging effect (IPOXs) of

various hot-water extracts of vegetables, beans, mushrooms, and root vegetables. The correlation factor was 0.82. (1)
Japanese lettuce (“chisha”), (2) green perilla, (3) black bean, (4) carrot leaf, (5) red bean (Japanese “azuki”), (6) mung
bean (green bean), (7) radish (Japanese “daikon”) leaf, (8) Japanese hot pepper (“shishito”) leaf, (9) horwort (Japanese
“mitsuba”) leaf, (10) fern sprout with stalk (“warabi”), (11) cauliflower, (12) edible burdock (“kaori-gobo”) root, (13)
parsley, (14) Japanese radish leaf (“hatsuka daikon”), (15) water dropwort, (16) ginger root, (17) mustard leaf
(Japanese “kyona”), (18) garland chrysanthemum, (19) soybean, (20) stalk of butlerbur, (21) kidney bean, type I,
sheath/fresh green (Japanese “saya-ingen”), (22) spinach, (23) eggplant, (24) cabbage, outside green leaf, (25) lotus root,
(26) mustard leaf, (27) lettuce, (28) celery, (29) leaf lettuce (lactuca sativa), (30) broccoli, (31) Japanese radish
(“hatsuka daikon”) root, (32) rape/brassica leaf (Japanese “mibuna”), (33) non-heading Peking cabbage (Japanese
“santona”), (34) plum (Japanese “ume”), (35) taro root (Japanese “satoimo”), (36) kidney bean, type 2, fresh
green/sheath (Japanese “ingen”), (37) potato, (38) Japanese hot pepper (kyoto var. 1), (39) carrot root, (40) Japanese
hot peper (kyoto var. 2), (41) brassica family vegetable leaf (“hiroshimana”), (42) sweet potato, (43) green pepper, (44)
red pepper, (45) asparagus, (46) green pea, (47) green pea sheath, (48) kidney bean, type 3, fresh green sheath (var.
“master-ingen”), (49) Chinese chive leaf, (50) red onion, (51) kidney bean, type 3, var. Japanese “toramame”, (52)
Japanese “komatsuna”, thick stalk brassica family, (53) Japanese champignon (‘shimeji‘ mushroom), (54) “enoki”
mushroom, (55) onion root, (56) bamboo shoots, (57) pumpkin, (58) pak choi, Chinese vegetable leaf, (59) onion,
miniature type, (60) cabbage, inside leaf, (61) “shiitake” mushroom, (62) Japanese radish root (“daikon”), (64) tomato
var. 1, (65) tomato var. 2, (66) tomato var. 3. See also Fig. 5 and text for details.
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MEIWER Lv s h - 72 (Fig. 5, 6). Thucxfl, HEP
F v Xy ONMUNOEBIHOB S ¥ A ViEHIR TS, B
bDTHot. BICIiIRL TRV, G (&K IR,
ING, K, KGOIE) BRI OIS OHEEL,
BTl - 7z,

4. FZIFIIN—FFY A FS5 D HIVICK S DNA B
ES T HIVEIC & B DNA LB D)

Ficid L7z & 512 +-BuOOH »» 54:4° % ROO" i2H W
T, E. coli 75 2 3 F DNA (pBR322 & % (3 pUC19)
Xt A EEBARST L. T OB4, ROOH Bijl, ~ .4
BN D4 b DNA YIKTZA S hish - 7248, T
DOlj#EAEE T ROO" 4L 5% T, DNA UIMAHA S
N7z (Fig. TA). ¥ 5ICROO" DEEFID b oo v 7 2,
a-bI37xo0—=), ESI7OMITFVERIEEDRN
IZ & h g DNA Yo Midls A Shfc (Fig. 7B, K%
£%288). ThoDF—45»5 RO0" T % sHfamE
P DNABEICBI2ROMNBRFTHELEEZLN
3.

5. BRAMICHITIBRBILIEEDER, SHICALRKEK
SEIMICE > TET 3 ROO DS HEUERMD
RESES UhIiEERE
FRIm oS L LU TBRRILIEE (ROOH) L1720 5

WZ & TH5, Fig 8 ITKEREDRE 2 Y OIEHEE

B OHEREEZR L. ¢TI Lk,

ROOH Z£BHEAE FICiZE 51T RO0™ &755,
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oc-
SC-

Fig. 7. DNA cleavage revealed by agarose gel electro-
phoresis of plasmid DNA (pBR322) after treatment
with either ~BuOOH, hemoglobin (Hb), or combi-
nation of both. SC, super coiled DNA, OC, open circle
DNA, or degraded product (as invisible). Gels were
stained with ethidium bromide and it was viewed under
ultraviolet light after washing. (A) The each reaction
mixture contained 20ug/m/ pBR322 DNA (final
conc.), 100ug/m/ Hb, 0.5mM DTPA and various
concentration of +-BuOOH in 25 mM sodium phosphate
buffer (pH 7.5) at room temperature for 120 min. Lane
1 pBR322 DNA alone; lane 2, DNA + 100 zg/m/ Hb;
from lane 3 to lane 6 contain DNA+1, 3, 10 and 100
mM t-BuOOH without 100ug/m/ Hb, respectively.
Lane 7 to lane 10 contained 1, 3, 10, and 100 mM
t-BuOOH, respectively, with 100 zg/m/ Hb. (B) The
reaction mixture contained similar to (A). Lane 1,
pBR322 DNA alone; lane 2, DNA + 100 zg Hb/m/+20
mM BuOOH; from Lane 3-10, each contained 1, 4, 12,
36, 110, 330, 1000, and 3000 uM of protocatechuic
acid, in addition to lane 2. Both ROOH and heme are
required for DNA cleavage (unpublished).
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Fig. 8. Lipid peroxide values (POV) of various oils from different processing steps exposed to air at 37°C. Samples from

each processing step with different symbols are shown in C.

58

b 5
o
<1000 ’
£ (A) Rapeseed
53
750
(]
(o]
T
B 500 |
(]
=
@
>
g -
[$]
2
[«
0 o
0 10 20 30 40

1000

[(C) Corn

~
o
o

—0— Oiriginal oil
—%— Deacidificazed oil
—O— Decolorized oil
—%— Deodorized oil

n

a

o
T

Detected value of ROO+ / cpm x 104
3
o
T

|

o
o
n
o

30 40

g

((E) Olive
—0— Virgin olive oil (A)
—%— Virgin olive oil (B)
—O— Virgin olive oil (C)

3
8

8
8

—¥— Olive oil (S)

Detected value of ROO« / cpm x 104

—o— Olive oil (Reagent, aged)

—— Extra virgin olive oil (D)
—a&— Extra virgin olive oil (E)
—&— Extra virgin olive oil (F)

1000
(B) Soybean
750
500
250 |-
0
0 10 20 30 40
1500

((D) Safflower

1000 -

500

0 1 L J

—¥— Safflower oil (S)
—a&— Safflower oil (N)
—e— Safflower oil (M)
—0O— Rapeseed oil (G)
—— Rice bran oil
—o— Sesame oil (Ko)
—o— Sesame oil (A)
—a— Sesame oil (K)
—e— Salad oil (M)
—&— Cornoil (S)

[(F) Marketed oils

Oxidized days

Fig. 9. ROO" generation determined by luminol enhanced chemiluminescence method using various oxidized oils from
different refining processes and commercial oils exposed to air at 37°C.
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[ Fig. 10. Lipid peroxide radical (ROO") scavenging potential of edible oils expressed as trolox or quercetin equivalent.

ROO" was generated by the reaction between #-BuOOH and hematin and quantitated by luminol enhanced chemi-
luminescence assay. All samples are commercial material except those obtained from different refining process.
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11. Effect of high fat/high iron diet in the carcino-
genesis in rats pretreated with N-methyl-N-nitrourea
From Fukushima et al., 1995).

(see text for details.
n =25 for each group.
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Table 2. LOO-scavenging potential of various commercial
oils and oils from different processing steps.

LOO-scavenging potential

(1) Commercial oils Quercetin Trolox
equivalent equivalent
(mg/g) (mg/g)
Extra virgin olive oil (A)* 417 58.1
Extra virgin olive oil (B) 308 41.4
Extra virgin olive oil (C) 273 36.8
Virgin olive oil (D) 522 70.3
Virgin olive oil (E) 488 65.7
Virgin olive oil (F) 108 14.5
Olive oil (G) 134 18.0
Olive oil (H) 75.4 10.2
Rapessed (I) 72.4 9.74
Sesame (J) 137 18.5
Sesame (K) 99.0 13.3
Sesame (L) 48.9 6.58
Flax seed (M) 3.74 0.505
Salad (N)® <172 <0.232
Safflower (O) <1.72 <0.232
Safflower (P) <1.72 <0.232
Safflower (Q) <1.72 <0.232
Corn (R) LILT2 <0.232
Rice bran (S) <1.72 <0.232
(2) Oil sample from different
processing steps
Rapeseed (original) 30.0 4.04
(deacidified) <1.72 <0.232
(decolored) <172 <0.232
(deodorized) <1.72 <0.232
Soybean (original) 8.36 1.13
(deacidified) <172 <0.232
(decolored) K172 <0.232
(deodorized) <1.72 <0.232
Corn (original) 254 3.42
(deacidified) 9.28 1.25
(decolored) <1.72 <0.232
(deodorized) £ 172 <0.232
Safflower (original) 10.9 1.46
(deacidified) < 172 <0.232
(decolored) <1.72 <0.232
(deodorized) =172 <0.232

» A-S, different source. ® N, mixture of purified oils.
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Anti-tumor-promoter activity and oxygen radical scavenging
activity of flavonoid compounds
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Tsukiji 5-1-1, Chuo-ku, Tokyo 104, Japan
2Department of Public Health, Kyoto University School of Medicine,
Yoshida-Konoecho, Sakyo-ku, Kyoto 606, Japan
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Summary

Flavonoids, such as quercetin, have been shown to have anti-tumorigenic activity. We have surveyed
flavonoids more active than quercetin in carcinogenesis inhibition, and found that luteolin showed strong
anti-tumor-promoter activity. In this study, on the radical scavenging activity of luteolin, quercetin,
kaempferol and flavone was examined by the ESR method to clarify the mechanism of anti-tumorigenic
action. Luteolin proven to have potent radical scavenging activity, as quercetin, which correlated well
with their anti-carcinogenic activity. Thus, the radical scavenging activity of flavonoids seems to play an

important role in their anti-tumorigenic action.

Keywords : flavonoids, oxygen radicals, ESR, tumorigenesis, luteolin
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Fig. 1. Effect of luteolin on the 12-O-tetradecanoylphor-

bol-13-acetate (TPA)-stimulated phospholipid synthesis
of HeLa cells.

Various concentration of luteolin was added to medium
for the culture of HeLa cells. After 1h, ¥Pi was added
to the medium with TPA (50nM), @, or its vehicle,
(. Incubation was continued for 4h, and then in-
corporated radioactivity in phospholipid fraction was
assayed. Each point represents the mean of duplicate
experiments.
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ig. 2. Effect of luteolin on tumor formation in two-stage

carcinogenesis of mouse skin.

Initiation of skin carcinogenesis was carried out by a
single application of 100,g DMBA on the back of 8-
weeks-old female ICR mice. For promotion, TPA (1st-
stage promoter, applied once after the initiation, 10
nmol) and mezerein (2nd-stage promoter, applied twice
weekly from 3 days after TPA application, 3nmol for
15 weeks, and 6nmol for subsequent 15 weeks), were
used. Luteolin (30xmol) or its vehicle were applied
topically 40min before and 16h after the TPA treat-
ment. O, control group; @, luteolin-treated group.
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Fig. 4. ESR spectra of the superoxide adduct of DMPO
produced from hypoxanthine and xanthine oxidase in
the presence of flavonoids.

Sample (100 /) contained 0.005 units xanthine oxidase
(XOD), 0.45mM hypoxanthine and 146 mM DMPO in
20mM sodium phosphate buffer (pH 7.9). Where
indicated, flavonoid (0.5mM) was added to the sample
solution. After the addition of XOD, aliquots of the
solution were taken in a calibrated capillary, and ESR
spectra were measured at room temperature.
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Fig. 5. Inhibition by luteolin of heat shock protein (hsp)
induction.

Effect of luteolin on hsp induction in COLO 320DM
cells was studied by SDS-PAGE. Arrowheads indicate
the inducible hsps. + or — means with or without
heat shock. L or C means with or without luteolin (25

#M). Luteolin was proven to inhibit the induction of
hsp70.
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Fig. 3. ESR spectra of the hydroxyl radical spin adduct of DMPO produced by the decomposition of hydrogen peroxide

catalyzed by Fe’*-NTA in the presence of flavonoids.

Sample (100 u/) contained 20 uM FeCl;, 40 uM NTA, 0.2mM H;0, and 146mM DMPO in 20mM sodium phosphate
buffer (pH 7.9). Where indicated, flavonoid (0.25mM) was added. After the addition of H,0,, aliquots of the solution
were taken in a calibrated capillary, and ESR spectra were measured at room temperature.
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Inhibition of heterocyclic amine-induced carcinogenesis
by antioxidants in rats
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Summary

Chemo-preventive effects of antioxidants against 2-amino-6-methyldipyrido-[1,2-a:3",2’-d ]imidazole
(Glu-P-1)- or 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MelQ;)-induced hepatocarcinogenesis
and dose dependent inhibition of 1-O-hexyl-2,3,5-trimethylhydroquinone (HTHQ) against MelQ;-
induced hepatocarcinogenesis, were investigated in a rat medium-term liver bioassay featuring diethyl-
nitrosamine initiation and partial hepatectomy. Effects of antioxidants against 2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine (PhIP)-induced mammary carcinogenesis were examined in female rats.
In the medium-term liver bioassay, the number and total area of pre-neoplastic glutathione S-transferase
placental form (GST-P) positive liver foci in rats treated with 0.03% Glu-P-1 alone increased signifi-
cantly (46.8 and 12.0, respectively) compared to control values (3.8 and 0.4). Combined treatment with
1% HTHQ, 1% green tea catechins, 0.1% [-carotene or 1% 3-O-dodecylcarbomethylascorbic acid
reduced both of these parameters. The effect of HTHQ was greater and the bercantage inhibition of the
number and area reached 90 and 98.3, respectively. In the dose-response study, up to 0.125% HTHQ
significantly reduced the effect of MeIQ; on the number and area of foci. In the mammary carcinogenesis
study, combined treatment with HTHQ, a-tocopherol, green tea catechins and chlorophyllin reduced the
incidence, multiplicity or mean size of mammary tumors induced by dietary treatment with 0.02% PhIP.
Again the effect of HTHQ was the greatest among these antioxidants, and the incidence of carcinoma was
reduced to 5% by the combined treatment as compared with 40% incidence in the group the area with
PhIP alone. These results indicate that antioxidants, particularly HTHQ, exert a potent chemo-
preventive action against heterocyclic amine-induced carcinogenesis.

Keywords : antioxidant, chemo-prevention, hepatocarcinogenesis, mammary carcinogenesis
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bd 0 (Laytonet al., 1995), BRIEH DR & EELREY)
Bo—o&&h, FFRKAICKENSA, ABADEZV
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FFREMES 5\ 3 70—y —2EHRICRVWE4H
T & h b RSB (Tto er al., 1992) %5
FH L 73BT, diethylnitrosamine (DEN) T4 =¥ T —
va vikic, FFicREtod %5 HCA BT, 50
HCA & [RIFFICHRYIE 25 L, HCA o5 THEmL
T HFRIEIRZE DS, HRYEOREG TLoRENFIs 02
DERIT S &ic & HCA OIFRREER Ik 540
HIFHE A T4 5. EER 2 T3 PhIP B, PhIP &[4
BricRIE A5 L B 2%, PhIP THAT 53
RIS SR E & OFRIRF 51 L » & OFRENHIF 5
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Fig. 1. Experimental protocol of experiment 1. Six-week-old male F344 rats were used.
3 : DEN 200 mg/kg body wt, ip; [ ]: Glu-P-1 or MelQ, at a dose of 0.03% in diet; V77): Test chemicals in diet;
V: Two-thirds partial hepatectomy; S: Sacrifice for GST-P immunohistochemical staining.
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GST-P [GHAIFE D 1cm? X472 » O H K UHIREE, *F
BoOZzhZ43.8:04 1KLL T46.8:12.0 L& L < 1
finL7z. LA L HTHQ, GTC, B-carotene & % L 3 DAsA
ZEEICHES T A LIk ThoFERICEDL, &
< IT HTHQ TO#DHE L > 12 (Table 1).

WICE UK FFIc Rt D » 5 HCA THEXHEFodhic
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13 EERBARAH 30 18 H i< PhIP BUMEE 58T 20% 1o &4
L7:h%, GTC[ER#S5#TII5% TH Y, ellagic acid,
chlorophyllin, a-tocopherol, HTHQ [E|H &5 T3 % 1
Zh 34,36,42, 52 BB ICIZ U THESFEAE L. &K

L7. LA L HTHQ D [aH#51c & b FEMEIH:

B 75 RS D FEAE SRR 13, PhIP BB T 40% Td - 7=

Table 1. Final body weight and effects of antioxidants on Glu-P-1-associated increase in liver GST-P positive foci.

Body weight

GST-P positive foci

Treatment No. of rats @®) Number Area
(No./cm?) 9% inhibition (mm?/cm?) 9% inhibition
Glu-P-1 10 262+ 9° 46.81t11.0° = 12.0£5.6* —
Glu-P-1+HTHQ 13 264112 8.1+ 2.1¢ 90 0.6+0.2¢ 98.3
DAsA 12 25511 38.2% 7.6° 20 7.9+3.5° 353
EAsA 14 25515 39.1+14.5 17.9 11.2+54 6.9
GTC 15 276+12° 255+ 6.0¢ 49.5 44118 65.5
Chlorophyllin 15 253+18 56.0t 9.7° — 18.8+8.3% =
TTAD 15 261+11 38.0t10.2 20.5 9.0+4.6 25.9
a-Tocopherol 11 271%11 353% 9.2° 26.7 11.91+6.6 0.01
B-Carotene 16 258+16 34.4+10.5° 28.8 6.21+2.8° 50
Basal diet 15 288+18 3.8t 1.6 s 0.4+0.2 =
Mean=*SD.

Significantly different at *P<0.01 vs basal diet group value, and at *P<0.05, °P<0.001 vs Glu-P-1 alone group value.

Table 2. Final body weight and dose-dependent effect of HTHQ on MelQ,-associated increase in liver GST-P positive foci.

Body weight

GST-P positive foci

Treatment No. of rats @ Number Area
(No./cm?) % inhibition (mm?/cm?) 9% inhibition
MelQ, 15 241£12° 32.8+8.2* = 3.94£1.35 =
MelQ,+HTHQ (1.0%) 15 213+ 8¢ 9.6+4.8¢ 80.6 0.91£1.08¢ 82.8
MelQ,+HTHQ (0.5%) 14 238+ 7 11.4+3.2¢ 74.3 0.95+0.36 81.7
MelQ,+HTHQ (0.25%) 13 238*£15 14.6+5.6¢ 63.2 1.27+0.52¢ 73.0
MelQ,+HTHQ (0.125%) 15 249+ 8 23.9+6.1° 30.9 2.51+0.97° 39.1
MelQ,+HTHQ (0.0625%) 14 246+12 31.8+9.8 3.5 3.491t1.41 12.3
Basal diet 15 265£10 4.0%2.1 — 0.28+0.16 —
Mean=*SD.
Significantly different at *P<0.001 vs basal diet group value, and at ®*P<0.05, P<0.001 vs MelQ, alone group value.
Table 3. Effects of antioxidants on PhIP-induced rat mammary carcinogenesis.
Adenocarcinoma Fibroadenoma
Treatment No. of rats Incidence Multiplicity Mean size Incidence Multiplicity
(%) (No./rat) (diameter, mm) (%) (No./rat)

PhIP 20 8 (40) 0.40£0.50 49*15 2 (10) 0.10+0.31

PhIP+HTHQ 21 1 5y 0.05+0.22%* 16 0 0

PhIP+GTC 21 6 (29) 0.29+0.46 31+20* 0 0

PhIP +a-Tocopherol 20 4 (20) 0.20£0.41+* 30£18 1(5) 0.05+0.22

PhIP + Chlorophyllin 20 3 (15) 0.15+0.37* 3531 0 0

PhIP + Ellagic acid 19 5 (26) 0.32%0.58 4425 0 0

Basal diet 10 0 0 0 0 0
Mean=*SD.
Significantly different at * P<0.05, ** P<0.01 vs PhIP alone group value.
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B, ViBLHI ORI SEE TRV h b RAERE SR
L, ¥ HTHQ B T3 5% I &7 H - 7. a-toco-
pherol 3 & TF chlorophyllin #¢ 58 T 13 1 /LY 72 © O F
RS D A 55, GTCBHTREBOFEY A XDH
DBEBEICED LT (Table 3).

£ =

EER 1 TRV L S OHiBLAID Glu-P-1 51tk 5
GST-P (G D BN % M| L 7258, BREHED 7 =
J — VREBIBILFTH 5 HTHQ DR R A &
58 <, HTHQ %5 Glu-P-1 Off#fE % < M4 5 2 & A8
RN, IROEERTIE, 5D HCA TH 5 MelQ, ®
FF3HE k3 5 HTHQ iiilh 5 o F BAHBAM: % #R5S
L, HTHQ 75 MelQ, iZxf L T & Glu-P-1 & [a# 7230
RL, »D0.125% F TR Rrs bl &%
Bohic L, AEBREFVIIEHETHD, EBEED
BREROREAZMHE T 200 AHTH 5729, 0.03%
Glu-P-1 & 0.5% HTHQ %2#BRWE & LT, [EkDEER
F& 268 % TEE L THIEES OMIGIOREE © &aEt L 7.
7 O RIS B L OBIE O R AR 13 HTHQ 05 ic
X0 Glu-P-1 252 18V L N v TR L, HTHQ
D WFFEAMFH R AKER & 1172 (Hirose et al., 1995d).
EER2 TH %3 Y HTHQ »5 PhIP 12 X 5 FLARIEE O %
He % HIEI L 72 (Hirose et al., 1995a). T4 13
HTHQ 45 PhIP i2 & % 5 » b KIBFEA A IS4
BIEEPSHITLTVWS CREET— ).

HTHQ (3 Salmonella TA100 *F\ 72 Ames Assay T
i& Glu-P-1, PhIP D &75 5 ¢° Glu-P-2, Trp-P-1, Trp-P-2,
1Q, MelQ, MelQ, i & % ZEARE FIFH:% 60~100% DI
1 %4 5 —7%, N-methyl-N'-nitro-N-nitrosoguan-
idine, AF-2 % benzo(a)pyrene Tahrt & 1 5 ZEREFF
P L TIRENE M5 < (Hirose et al., 1995¢), dimeth-
ylnitrosamine i & % fFFHE ($40F] L 73\ (Hirose et al.,
1995b). i > T HTHQ |3 HCA RHEITxt 4 2 775 0
RO RBIEIETH S EVZ LS.

Ames Assay % i\ T HTHQ ® Glu-P-1 i2 %4 2 1%
RESHREEMD 7 = 7 — VERHIRILFITH 5 BHA,
BHT, propyl gallate, tert-butylhydroquinone (TBHQ) & It
B L TH%EHTHQ OMEIZN R A R b WA R S
(Hirose et al., 1995¢), FFEMGHIZNE & HTHQ M b o
W EhHEI N, XokcInd 7/ — VRIE(L
HIOWMERFEHREF 7 0V — 2 2HOHIBLEIER
DREENLILL—HLTVWEIER3EKHZHTH D
(Nihro et al., 1994).

AEEBRTHOV I HCA 05 & 13 0.02~003% TH
D, EWIEERTIZ HTHQ (3 HCA D 17~25 {5 D#5&
THEPCHROFRE LR IMHEH L T0s,. £ b—HY
DOHCADHEBHBREATHI0 pgiBETH Y
(Layton et al., 1995; Wakabayashi et al., 1993), BiffistH
T3 170~250 ng ® HTHQ D EHL T FefE D M H3FE
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St T% 5. BHAHB5WIZBHT Dk b ADI 3%
NZ1 0~0.5mg/kg {AHE (JACFA, 1989), 0~0.125 mg/kg
(A% (JECFA, 1986), % 7- BHA/BHT OB HR 13 &
F—HX7:0 % 8mg T&d % (Kirkpatric and Lauer,
1986). fit > T 170~250 ug ® HTHQ 3 & b ASFE4HEHL
TfesBTh B EEZLONS. FHEABREhTVLS
BHT 75 & i L# & HCA i o MiEIcF 5 L Tw
3LbELAONS.

HTHQ O FFEIMFIHEF 1> W\ T IR 4 O EEREE B h
5, HCA ORHEEHALDOE B X OTEHALRE Y O Fl
AKX  BI5 L (Hirose er al., 1995¢) & & oG
OFftE bBE L TV 2 AfEMEAVRIE I TV 5 (Kato et
al., 1996).

PIE, ViBg{t#ITH B HTHQ EE N FF v BLUB-
carotene (& HCA T® % Glu-P-1, MelQ, & % (3 PhIP
WX ARBAEMHE LA HFIi7=2/ - NVRTH S
HTHQ O#hFR 358 <, & b HBHAIRES AR THCA i<
X B, HIRCKBRELZIH T 2 L HFSN,
HCA HEicxtd 2 FRAAIE LTHETH 5. 1Bk
Cho DB EZARSICIGHT A &Itk h HCA %
FEOGKRERP R OVBRBINEIbDEEZLOLNS,
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Summary

A number of naturally-occurring compounds possess chemopreventive properties against carcino-
genesis in the digestive organs. In general, they are considered to relate to activation or detoxification of
carcinogens and have potential to control carcinogen-induced hyper-cell proliferation in the target
organs. Meanwhile, many of them have anti-oxidative activities and the properties appear to be very
important, especially those of agents such as phenolic compounds or carotenoids. As shown here,
chemopreventive organosulfur compounds also exert protective effects on lipid peroxidation especially
ofter in vivo exposure. This point may also be important for the display of the protective effects of sulfur
compounds together with the detoxification of carcinogens. Thus, combined intake of these naturally-
occurring agents will be useful in the prevention of human cancers, particularly those of the digestive

organs.

Keywords : chemoprevention, anti-oxidation, phenols, organosulfur compounds, carotenoids

Introduction

Digestive tract epithelium is continously exposed to the
substances taken orally and liver is the representative organ
to metabolize these absorbed agents. Accordingly, diges-
tive organs could be those where carcinogenesis is most
strongly influenced by environmental agents. In our envi-
ronment, exist a variety of natural antioxidants, some of
which have been known to possess antimutagenic and anti-
neoplastic effects. Currently, these naturally occurring
chemicals with antioxidative properties are regarded as
promising chemical group for cancer prevention. Our
group has demonstrated the intervening effects with a
number of naturally occurring compounds including anti-
oxidants using animal models for carcinogenesis in diges-
tive organs (Mori et al., 1995a, b).

Antioxidative Chemopreventive Agents

1) Phenolic compounds

Chlorogenic acid is a phenolic compound widely dis-
tributed as a plant constituent. We have examined the
modifying effect of chlorogenic acid in a hamster model
with methylazoxymethanol (MAM) acetate and found that
the phenolic compound has a chemopreventive effect for
the large bowel cancer (Mori et al., 1986). With the
reasons that chlorogenic acid is well contained in coffee

O HARGRERFFER

beanes and the beans contain other chemopreventive
phenolic compounds like caffeic acid, modifying effects of
coffee beanes extracts containing a high concentration of
chlorogenic acid on large bowel carcinogenesis was done in
the expression of aberrant crypt foci (ACF) which are
regarded as one of precursor lesions for the bowel cancers
and a reliable intermediate biomarkers for detection of
chemopeventive agents (Kawamori et al., 1995a). Two
types of coffee beanes extracts [K-401: 36.9% chlorogenic
acid, 0.6% caffeine and others, K-409: 21.9% chlorogenic
acid, 6.5% caffeine and others] inhibited the occurrence of
ACF (Fig. 1), suggesting that phenolic compounds con-
tained in coffee beans have a protective action on the large
bowel carcinogenesis and coffee drinking may be useful for
the protection. The preventive effect of chlorogenic acid is
suggested to relate to the antioxidative properties. Previ-
ously, Kasai et al. (1993) reported that chlorogenic acid is
a potent inhibitor of formation of 8-hydroxydeoxy-
guanosine being generated by oxidative DNA damages.
Ellagic acid is also a popular phenolic compound contained
in a variety of edible plants. We have shown the inhibitory
effect of this compound on hepatocarcinogenesis in rodents
(Tanaka et al., 1988). Related phenolic compounds such as
caffeic acid or ferulic acid are also known to act as elec-
trophilic trapping agents and are inhibitors of TPA. These
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Fig. 2.
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Modifying effect of each compound on lipid peroxidation in erythrocyte membrane
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Fig. 1. The data are the total numbers of lesion/colon.

phenolic compounds were found to have chemopreventive
properties for oral cancer in a rat model using 4-nitro-
quinoline-1-oxide (4NQO) (Tanaka et al., 1993a) indicat-
ing that these naturally occurring phenolic compounds are
applicable for prevention of human oral neoplasia. A
simple phenolic acid, protocatechuic acid is one of the
constituents in edible plants, fruits, and vegetables. This
phenolic compound is also known as a natural antioxidant.
Modifying effects of protocatechuic acid in carcinogenesis
of oral cavity, liver, stomach or large intestine were respec-
tively tried using rat models with 4-NQO, diethylnitros-
amine (DEN), N-methyl-N-nitrosourea or azoxymethane
(AOM), and the phenolic compound was found to have
clear chemopreventive effects in all of these digestive organs
(Tanaka et al., 1993b, c; Tanaka et al., 1994a; Tanaka et al.,
1995a). Curcumin is the major pigment in turmeric which
is widely used as a spice and coloring agent. Hesperidin, a
major citrus flavonoid, is the 7B-rutinoside of the flavon
hesperitin. Both compounds are known to possess anti-
oxidative, antimutagenic or antitumorigenic effects. Modi-
fying effects of curcumin or hesperidin on oral carcino-
genesis were examined in the rat model with 4-NQO and
the results were compared with that of S-carotene, another
natural antioxidant. All of these antioxidants exerted pro-
tective action in the animal model and the order of chemo-
preventive efficacy was curcumin >fS-carotene > hesperidin
(Tanaka et al., 1994c). Gingerol is an active compound
contained in ginger which is widely used as a spice in food
and an oriental medicine. Chemopreventive effect of this
phenolic compound on intestinal carcinogenesis was also
confirmed by us (Yoshimi et al., 1992).

2) Organosulfur compounds

Organosulfur compounds belong to a member of chemo-
preventive agents. For the mode of action, activation of
detoxifying enzymes has been considered to be important.
But, they intend to have antioxidative activities, and this is
possibly related to the preventing action. Glucosinolates
and indoles which are present abundantly in cruciferous

74

vegetables, are representative chemopreventive organo-
sulfur compounds. We have proved that sinigrin has in-
hibitory effects on DEN-induced hepatocarcinogenesis
(Tanaka et al., 1990) and 4-NQO-induced oral carcino-
genesis (Tanaka et al., 1992) in rats. Benzyl isothiocyanate
(BITC) and benzyl thiocyanate (BTC) are also constitu-
ents of cruciferous vegetables, being present as their gluco-
sinolates precursors. Both thiocyanate compounds exerted
chemopreventive effects on carcinogenesis in liver and large
bowel of rats (Sugie et al., 1993, 1994). Recently, we have
confirmed that methyl methane thiosulfonate (MMTS),
also one of constituents of cruciferous vegetables, has a
clear suppressive effect on colon carcinogenesis (Kawamori
et al., 1995b). Inhibitory effect of this compound on
hepatocarcinogenesis was also confirmed (Unpublished).
Taurine is an organosulfur compound and is contained in a
variety of animals and plants. Taurine has been reported to
have antioxidative as well as antiatherosclerotic or anti-
hypertensive effects. A chemopreventive effect of this org-
anosulfur compound on large bowel carcinogenesis in rats
was recently reported (Reddy et al., 1993) and we have
proved a clear inhibitory effect of this agent on hepatocar-
cinogenesis in rats (Okamoto et al., 1996).

3) Oxygenated carotenoids

A number of carotenoids are present in nature mostly as
constituents of vegetables, fish and sea algae. S-carotene
and carotenoids have been found to have some biological
functions such as photoprotection and antioxidative pro-
perties including singlet oxygen quenching. Some oxy-
genated carotenoids (xanthophylls) have been reported to
possess antitumor effects. We have shown a protective
effect of astaxanthin rather than canthaxanthin on mouse
urinary bladder carcinogenesis induced by N-butyl-N-(4-
hydroxybutyl)nitrosamine in mice (Tanaka et al., 1994b).
In subsequent studies, both xanthophylls (Fig. 2) were
found to have potent chemopreventive effects on 4-NQO-
induced oral carcinogenesis and AOM-induced large bowel
carcinogenesis in rats (Tanaka et al., 1995a,c). Such
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chemopreventive effect of the oxygenated carotenoids may
not be dependent to their provitamin A activity but to be
related to their effectiveness as an antioxidant and free
radical scavenger. These naturally occurring antioxidants
are regarded as promising preventive agents for human
cancers.

Antioxidative Activities of Chemopreventive Agents
against Lipid Peroxidation

A number of compounds which have been demonstrated
to have preventive effects in animal models for digestive
organs carcinogenesis in our laboratory were further ex-
amined for the activity against lipid peroxidation.

1) Assay using erythrocyte membrane ghost system

Rabbit blood was diluted with isotronic buffer, centri-
fuged and lysed. The erythrocyte membrane ghosts were
pelleted by centrifuging and the precipitate was diluted to

rrrr T T T T T T T T T T T

20 40 60 80 100

Fig. 3. Modifying effects of a number of agents on ~-BuOOH-induced malon dialdehyde in the erythrocyte membrane. The

give a suspension. Peroxidation of the erythrocyte mem-
brane ghosts was generated by tertial butylhydroperoxide
(+-BuOOH), and the ghosts were incubated for 20 min at
37°C together with test compound dissolved in DMSO.
The modifying effects of chemopreventive compounds on
the lipid peroxidation was evaluated with the values of
t-BuOOH-induced malon dialdehyde (Osawa et al., 1987).
Results of this assay are indicated in Fig. 3. Phenolic
compounds such as curcumin, caffeic acid, ellagic acid and
gingerol exerted strong inhibitory effects on the peroxida-
tion. Isocoumarins phyllodulcin and hydrangenol, naph-
thoquinone shikonin, which are contained in plants and
used as oriental medicine also showed strong suppressive
activities. Organosulfur compounds such as BITS, BTC
and MMTS also exerted antioxidative properties although
the effects were rather weak. In this assay, a synthetic
butenoliode compound, KYN-54 having protective effect
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Modifying effect of each compound on lipid peroxidation in erythrocyte membrane in liver homogenate
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Fig. 4. Effects of each agent on 2-nitropropane-induced lipid peroxidation in the liver tissues.

in large bowel carcinogenesis (Mori et al., 1992) did not
indicate any positive reaction on the peroxidation.

2) Assay using rat liver cells

Male F344 rats, 5 weeks old, were divided into 3 groups.
Rats in group 1 received test chemical in diet at cencentra-
tion of 100 ppm and those of group 2 were given the basal
diet alone. Both groups were exposed to 2-nitropropane at
dose of 100 mg/kg at 10 days after the start of experiment.
Animals of group 3 were given injection of saline alone and
kept on the basal diet, and treated as controls. Twenty four
hours after the injection, the livers were excised and chilled
in ice cold PBS. The livers were homogenated in an tissue
homogenizer, centrifuged at 15,000 g for 30 min. The su-
pernatant was assayed for lipid peroxidaton. Protein count
was measured by Bio-Rad protein assay kit, utilizing bovine
serum albumin as a standard (Osawa et al., 1987). Results
of this assay are shown in Fig. 4. As like in the assay with
erythrocyte membrane, phenolic compounds such as ellagic
acid, caffeic acid or chlorogenic acid indicated fairly strong
activity on the lipid peroxidation. Organosulfur com-
pounds like taurin, MMTS or BITC, and sesquiterpene
compound, costunolide which had been proved as preven-
tive on large bowel carcinogenesis (Mori et al., 1994), also
had strong activity. Shikonin and paeoniflorin did not exert
any positive responses.
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Summary

DNA modification and the following structural changes of DNA are considered to be the initial
event of carcinogenesis or other age-related disorders. DNA methylation is one of the most common
forms of DNA modification induced by environmental methylating agents such as N-nitroso compounds.
We measured the level of N’-methyldeoxyguanosine 3’-monophosphate (7-MedGp) in human peripheral
leukocytes by high-performance liquid chromatography (HPLC)/*’P-postlabeling method in various
groups. The level of 7-MedGp of healthy non-smokers (3-80 residues/10’ dGp) tended to decrease with
age, and was significantly lower than the that of smokers and rather higher than that of the cancer
patients. A wide variation of the level was found in non-smokers at age groups between 20 to 60 years.
Thus the 7-MedGp level seemed to reflect that of the recent exposure of each individual to environmental
methylating agents. To see if the 7-MedGp level in peripheral leukocytes serves as a marker of cancer
risk, follow-up studies on the subjects with high and low levels of this marker should be necessary.

Keywords : HPLC/*?P-postlabeling method, N’-methyldeoxyguanosine 3’-monophosphate (7-MedGp),
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monitoring, cancer risk
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Summary

Previous studies on chromosome abnormality in human gametes were reviewed with emphasis on the
effects of mutagens. A marked increase of structural chromosome aberrations has been found in human
spermatozoa irradiated in vitro with X-, gamma-, and beta-rays and in those treated in vitro with
anti-neoplastic agents such as bleomycin, daunomycin, methyl methanesulfonate, and triethylene-
melamine. In contrast, no chromosome-damaging effect has been found with microwaves, cyclophosph-
amide, mitomycin C or dioxin. Some investigators have carried out sperm chromosome analysis in cancer
patients who had undergone radio- and chemotherapy and found a significant increase of chromosome
aberrations, while others have found no such effect. Recently, sperm chromosome analysis has become
more convenient with the use of frozen-thawed human spermatozoa and frozen-thawed hamster oocytes
for in vitro fertilization. Further prospects of sperm chromosome study are discussed in relation to recent

advances in methodology.

A number of cytogenetic studies have also been carried out with human oocytes. However, the direct
effects of mutagens on human oocyte chromosomes have not yet been studied because of difficulties in
using them for mutagenicity testing. This kind of study is still dependent upon the use of animal models.

Keywords: human spermatozoa, human oocytes, chromosome aberrations, radiation, chemical agents

Introduction

Cytogenetic study of human gametes is important in
assessing genetic (transgenerational) effects of various mu-
tagens. A number of studies have been carried out in
human spermatozoa during the last decade because of the
development of the interspecific in vitro fertilization system
between human spermatozoa and zona-free hamster oo-
cytes. Using this method, it has been shown that spon-
taneous incidences of sperm chromosome aberrations are
considerably high. This method has also been applied to
chromosomal studies of spermatozoa exposed in vitro to
various mutagens. At present, this experimental approach
is the only way to assess directly the effects of mutagens on
human sperm chromosomes.

A large body of human oocyte chromosome studies have
also been carried out in the last decade with the wide use of
in vitro fertilization-embryo transfer technique. These stu-
dies have shown that chromosome aberrations also occur
with high frequency in human oocytes.

We review here the previous studies on the chromosome
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abnormality in human gametes exposed to mutagens.

I. Sperm chromosome studies

1. In vitro effects of mutagens

A marked increase in structural chromosome aberrations
has been reported in human spermatozoa irradiated in vitro
with X-rays (Kamiguchi et al., 1990b), gamma-rays
(Brandriff et al., 1988; Mikamo et al., 1990, 1991), and
tritium beta-rays (Kamiguchi et al., 1990a). The incidence
of spermatozoa with radiation-induced structural chromo-
some aberrations (Y) increased exponentially with increas-
ing dosage (D), being expressed by an equation, Y (%)=
100(1—e %%%P) for gamma-rays (Fig. 1). Within the low
dose area below 2 Gy, however, the dose-dependent in-
crease was approximately linear, showing nearly the same
rate in each kind of radioactive ray (Y =0.08+34.52D
for X-rays; Y=4.25+31.65D for gamma-rays; Y =2.20+
34.62D for beta-rays) (Mikamo et al., 1990, 1991). The
breakage-type aberrations were induced by radiation far
more frequently than the exchange-type aberrations. The
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Fig. 1. Dose-response relationship for the induction of
human spermatozoa with radiation-induced structural
chromosome aberrations.

former showed a linear increase, whereas the latter showed
a quadratic increase. In both types of aberration, the slope
of dose-effect equation was also nearly the same for each
kind of radiation. The dose-dependent increase of chro-
mosomally abnormal spermatozoa was almost the same
between acute (135.5cGy/min) and chronic (1.7 cGy/min)
exposures to gamma-rays (Tateno et al., unpublished).
This was in a marked contrast to the results in somatic cells
in which chronic exposure has been shown to be far less
effective in inducing structural chromosome aberrations.
The possible reason for this is that spermatozoa have no
cytoplasm, and therefore have no enzyme to repair radia-
tion-induced DNA damage. Microwave irradiation has
been shown to have no clastogenic effect on sperm chromo-
somes (Kamiguchi et al., 1995b).

The in vitro effects of some chemicals have also been
studied (Kamiguchi et al., 1995a). A significant increase in
structural chromosome aberrations was found in sperma-
tozoa treated with antineoplastic agents such as bleomycin,
daunomycin, methyl methanesulfonate, and triethylene-
melamine (Fig. 2). In contrast, cyclophosphamide and
mitomycin C had no such effect, although they are known
to be clastogenic in somatic cells. However, this is not
surprising, because it has been shown that their metabolites,
rather than the chemicals themselves, actually act to induce
aberrations. Spermatozoa have no cytoplasm, and there-
fore have no enzymes to metabolize these chemicals. More-
over, no chromosome-damaging effect was found with

Non-treated

T T
0 0.5 1.0
No. of structural chromosome aberrations per spermatozoon

m chromosome breaks :I chromosome exchanges
- chromatid breaks

Fig. 2. Types of mutagen-induced structural chromosome
aberrations and their incidences in human spermatozoa.
The net incidence of mutagen-induced aberrations was
calculated with the formula previously described by us
(Kamiguchi et al., 1990b).

MMS, methyl methanesulfonate; TEM, triethylene-
melamine.

chromatid exchanges

2,3,7,8-tetrachlorodibenzo-p-dioxin (Kamiguchi, 1995).
These results are summarized in Table 1.

The above-mentioned in vitro studies indicate that human
sperm chromosomes are highly vulnerable to radiation and
some chemicals. Furthermore, it has been found that
human spermatozoa retain a high fertilizing ability even
after a high-dose exposure to mutagens (Kamiguchi et al.,
1990a, b; Mikamo et al., 1990, 1991; Kamiguchi et al.,
1995a,b). This suggests that mutagen-induced sperm
chromosome aberrations may be transmitted to the next
generation without being selected out at fertilization, so far
as these mutagens are concerned.

2. In vivo effects of mutagens

Some data on the in vivo effects of mutagens on male
germ cells have been accumulated. Several investigators
carried out sperm chromosome analysis in cancer patients
who had undergone radio- and/or chemotherapy. In these
patients, spermatozoa were exposed to the therapeutic
agents at their spermatogonial stage. As shown in Table 2,
however, the results were not consistent. Some investi-
gators found significant increases in both numerical and
structural chromosome aberrations (Martin et al., 1986,
1989; Brandriff et al., 1994), another found increases
only in structural aberrations (Genesca et al., 1990), and
others found no effect in either aberrations (Jenderny and

_Rohrborn, 1987; Jenderny et al., 1992). In these studies,

Table 1. Cytogenetic effects of various mutagens on human sperm chromosomes.

Mutagen Dose Duration of exposure Induction of structural chromosome aberrations
X-rays 0.23-1.82 Gy 3.8 min > + (Kamiguchi et al., 1990b)
7-rays 0.06-4.25 Gy 3.2min> + (Brandriff et al., 1988; Mikamo et al., 1990;
Mikamo et al., 1991)
B-rays 0.25-3.74 Gy 80 min + (Kamiguchi et al., 1990a)
Microwaves 2.45 GHz, 500W 5-10sec — (Kamiguchi et al., 1995b)
Bleomycin 50 p£g/ml 90 min + (Kamiguchi et al., 1995a)
Daunomycin 0.1 zg/ml 90 min + (Kamiguchi et al., 1995a)
Methyl methanesulfonate 100 pg/ml 120 min + (Kamiguchi et al., 1995a)
Triethylenemelamine 0.1 1£g/ml 120 min + (Kamiguchi et al., 1995a)
Cyclophosphamide 1-1000 1.g/ml 120 min — (Kamiguchi et al., 1995a)
Mitomycin C 0.1-100 pg/ml 120 min — (Kamiguchi et al., 1995a)
Dioxin 1-5 pg/ml 120 min — (Kamiguchi, 1995)
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Table 2. Induction of chromosome aberrations in spermatozoa of cancer patients.

Chromosome aberrations

Author Disease Treatment
Aneuploidy Structural anomaly

Martin et al. (1986) Seminoma etc. Radiotherapy + +
Jenderny and Rohrborn (1987) ? Raqdiotherapy — —

Martin et al. (1989) Seminoma etc. Radiotherapy +

Genesca et al. (1990) Wilms’ tumor etc. Radio- and/or chemotherapy - +
Jenderny et al. (1992) Seminoma etc. Chemotherapy — —
Brandriff et al. (1994) Hodgkin’s disease Radio- and/or chemotherapy + +2

* The increase was not statistically significant.

therapeutic treatments were done in spermatogonia, so that
the chromosomally abnormal spermatozoa detected are
thought to be descendants of affected spermatogonia which
had survived during subsequent mitotic and meiotic divi-
sions to form mature spermatozoa. Thus, the majority of
abnormal spermatozoa are expected to have structural
chromosome aberrations of stable type such as inversion
and reciprocal translocation. However, a considerable
number of abnormal spermatozoa did have unstable aberra-
tions. Therefore, existing results are still controversial and
further studies are necessary to be able to draw a definite
conclusion.

3. Data from normal men

Several investigators have carried out sperm chromo-
some analysis in normal men and found that spontaneous
incidence of spermatozoa with structural chromosome ab-
errations varies considerably from donor to donor, ranging
from 0.0 to 23.1% (Martin et al., 1987), 1.9 to 14.5%
(Brandriff et al., 1990), or 3.6 to 24.8% (Kamiguchi et al.,
1994). These great individual variations suggest that the
donors of high incidence may have been exposed to some
mutagens, but no investigator was able to find any possible
correlation between these donors and their exposure to
specific agents. Both positive (Martin and Rademaker,
1987) and negative (Kamiguchi et al., 1994) results have
been reported as to the possible correlation of aberration
frequency with donor age. While, the habit of cigarette
smoking has been shown to be unrelated (Kamiguchi et al.,
1994). Consequently, causal factors of individual varia-
tions remain unknown.

4. Recent advances in methodology

Sperm chromosome analysis has recently become more
convenient and reliable due to the following methodological
improvements. Martin et al. (1991) have succeeded in
chromosome analysis of frozen-thawed spermatozoa and
found that cryopreservation does not affect the frequency
of sperm chromosome aberrations, so spermatozoa can now
be frozen and sent over long distances for later cytogenet-
ical studies. Tateno et al. (1992, 1995) have developed a
freezing method for unfertilized hamster oocytes and
shown that freezing of the oocyte does not affect the
frequency of sperm chromosome aberrations, so hamster
oocytes can now be stored for ready supply and transporta-
tion. These oocytes are of particular value in clinics where
animal care and experiments with live animals are pro-
blematical or forbidden. Cui et al. (1994) have developed
a chromosome painting method using fluorescent in situ
hybridization, allowing sperm chromosomes to be analyzed
more precisely. This technique is especially useful in detect-

ing chromosomal rearrangements. Most recently, sperm
chromosomes have been successfully analyzed after in-
tracytoplasmic injection of human spermatozoa into mouse
oocytes (Rybouchkin et al., 1995). This method seems
to be useful in studying the possible correlation between
specific morphology of a spermatozoon and its chromo-
somal abnormality.

II. Oocyte chromosome studies

It has been shown that chromosomal abnormalities are
the major cause of spontaneous abortions and that trisomy
is the most predominant chromosome aberration found in
abortuses and newborns. In trisomies 13, 18, and 21, about
809% of the extra chromosomes were shown to be maternal
in origin (Chandley, 1991). To obtain more direct evidence
of maternal contribution, a large number of cytogenetic
studies have been carried out in human unfertilized oocytes
(Pellestor, 1991; Kamiguchi et al., 1993, 1994; Nishino et
al., 1994). Incidences of chromosome aberrations were
reported to be surprisingly high, ranging from 18% to more
than 50%. Unfortunately, however, there has been no
experimental data on the effects of specific mutagens on
human oocyte chromosomes because of the difficulties in
using them for mutagenicity testing. This kind of study still
has to rely upon animal models. Until now, much direct
evidence has been accumulated in murine species as to the
induction of aneuploidy and structural chromosome aber-
rations by radiation (Mikamo, 1982; Griffin et al., 1990)
and chemicals (Mailhes and Marchetti, 1994).

III. Conclusion

In vitro studies on the effects of mutagens have shown
that human spermatozoa are highly vulnerable to radiation
and some chemicals. Sperm chromosome studies in normal
men have revealed that there is a great individual variation
in the frequencies of chromosomally abnormal sperma-
tozoa. However, causal factors of this variation still remain
unknown, although influences of some environmental mu-
tagens are suspected. In future, therefore, epidemiologic
studies have to be performed in relation to the race, profes-
sion, immediate environment, pesticides, food additives,
medicaments, etc. Chromosome studies in men occupa-
tionally exposed to a specific mutagen and men living in
highly polluted areas seem to be especially important.
Moreover, in vitro mutagenicity tests with human sperma-
tozoa have to be further expanded to include a greater
range of agents suspected of causing mutagenesis.
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Summary

Excessive drinking of alcohol is now widely known to be one of the major life-style components that
can cause deleterious effects on health. Among these effects, of major concern from the view point of
prevention of alcohol-related diseases, are cytogenetic and other genotoxic effects. Alcohol is first
metabolized to acetaldehyde, a direct cause of various types of chromosomal DNA lesions and alcohol-
related diseases, and is then further detoxified to the much less toxic metabolite, acetate. Some 50% of
Oriental people are deficient in the aldehyde-dehydrogenase 2 isozyme (ALDH2) that can most efficiently
detoxify acetaldehyde. In the present study we investigated, in 524 Japanese workers, the relationships of
the ALDH2 genotype with alcohol-associated symptoms, drinking behavior and the levels of genetic
damage in peripheral blood lymphocytes. The latter was assessed by sister chromatid exchange (SCE),
utilizing a new, rapid and non-isotopic PCR method. We found ALDH2 genotypes had a great effect on
alcohol sensitivity and alcohol-drinking behavior. We showed that lymphocytes from habitual drinkers
lacking the ALDH2 enzyme had significantly higher frequencies of SCE than those from ALDH2
proficient individuals. Hemoglobin-associated acetaldehyde levels were also high among habitual drinkers

with ALDH?2 deficiency.

Keywords :  alcohol-drinking, acetaldehyde, aldehyde dehydrogenase, genetic polymorphism, sister chro-

matid exchange

1. FC&HIC
BADFRDOKE SN A2RHE, sa%23LnET
5547254 NVEEERD D TWS T &MEEFHIC
IRENTHED, 747294 VEBEORBEZELY ERY
KT 52 C L B3EELHFETH S (Doll and Peto,
1981). AR IhFTRESLOBRELELTDS 17
A ZAND, & FKMIMMY v EROPBEZE R (tigkg
BoHAZHR (SCE), /MX) BRICKE L BAEZ 5L
%75 L T &7: (Morimoto, 1990; Morimoto, 1993; Mori-
moto et al., 1984; Morimoto and Takeshita, 1996). L 7 L
E MWV Ti}, RECFEMEORMBEREEICE LV
EEZEDH 2 LBWMESNTETEY (Ayesh et al.,

© HARGARFFER

1984; Blum et al., 1991; Nakachi et al., 1993; Seidegard et
al., 1986), 514 7 29 4 VIREEOREEES, &EED
BIEHRE, R RERBERTEE O A E O EE &bk L
Tl 2175 C EMNEELFBEE L > TV 3B,
HAAZRLHEFTIHEAICBOTIER, TAFEF
ik #ZBFZ (ALDH) B L O 7 V3 — Vi KEREE
(ADH) 5 &7 v a — v OREBERICSHEICE RS
51 (Agarwal and Goedde, 1990; Goedde et al., 1979),
T = VEZHICKEBFEELRIFLTWS (Woff,
1972). £ KT b7 AUFE F (AcH) GHfitETH 3
ALDH2 OZ R IHEAOKERKIcA S h, Kl
I+ AcH BEEA LR LRBETTB2ME T3 L s hTw
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% (Haradaet al., 1981; Harada et al., 1982). AcH (344
ARERPBILTFEREFRT 518 EBIFBWUHSHS I
ENTW3 (Lambert et al., 1994; Obe et al., 1986; Obe
and Ristow, 1977; Singh and Khan, 1995). & Z T4 I3,
HAOBBRERABEZ MR L LT, ALDHFO#IET
Rl%PCREEZHVWTR 2 Y —=v 7L, BHRE#EICT
T3 — VEZHE S URKETHAEEL, & 51ITKK
mY v ~BRogetafkZ 2 (SCE) B2 flliEL, ThoD
RS o BAEME O RGET %2 1T - 7o (Morimoto and Take-
shita, 1996; Takeshita and Morimoto, 1996; Takeshita et
al., 1993; Takeshita et al., 1994).

1. BFxAL£RHICHIF3 ALDH2 BEFRE7IVa—I

RS, RETTENE DRSE

ALDH2 O &= R 0 #ztic 13 PCR-RFLP &% L
7o, KMyEIMERE b DNA ZfitH L, ThagERE LT
PCREICED 7V v 12 DEIEAT-7. —HD 75
41 <2—D1ERICATIHICI A2y FEBIT I EIT
K-> TEERT Y VO A HIFREEFR Ksp6321 OEFIAL
MH U % (Takeshita et al., 1993; Takeshita et al., 1994).
Big%IcCOBRTHILT AT ik, BERFE
(ALDH2*1/2*%1), ~5 ol (ALDH2*1/2¥2) & Z R+
£ (ALDH2*2/2*%2) @ 3 > O#=TFRIAHBICHIE S 1
7z,

Fig. 1 D& 5, BHEBOKETD7 5 v v v 73,
WEER A E L Z LA ORETR & ORYICEARES ZH53R
ot ~FoRllEZRUFEDOMICIIEZRA SN
kot E—nZay AT 4REVSDBKBETD
759 sid, AT oRITIR19% T ERVS, KR
Bk £ T 79% HBEICHET 5 LB . BiIECTE,
RXUC2VWTd 3 >0OBETROMT, R T Y VD

B always B sometimes [ never N=424
o
%‘, 11 235
£ 112 160
. 2/2
% Wi 29
= 0 20 40 60 8 100 %
< Facial flushing with usual dose
N=424
n 235

1/2 ﬁ 160
2/2 | , , 29

0 20 40 60 80 100 %
Flushing with a small dose
Fig. 1. Frequency of facial flushing after alcohol drinking
in three ALDH2 genotypes among males. 1/1, 1/2, 2/2
denotes ALDH2*1/2*1, ALDH2*1/2*2, ALDH2*2/2*2,
respectively.
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BOZVWEEHENE BTV ThoRBTiIcs
FRFERTHEH, BT THIREALRHORERTH -
fo. TS ORBEHIER G, MM AcH B A5 &l &
BotlzDITE R I VRAFINT I VBRI T
HLB3bDEEZL SN TWS (Takeshita and Morimoto,
1996).

RBETEIC DWW T b, Fig, 2 O X 5113135 HEEBN
KRB L TV AEOHE IR, @EER AT N% LD
%<, ~7T ol 28%, ZERMFETIION L1610,
ZFReECHF L0 REFESEVD, P30 EF
Bk e, ~7ofl ZEREAFEOIEICKEHEHEL
ot BFTE 1 BEIRER & R & [k,
ZRBM7VILVOKEBEL BB -> TRk
(Fig. 3).
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8 22
-
<

Females N=100
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g R a2 B tatimesm
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<

T T T

0 20 40 60 80 100 %
Fig. 2. Drinking frequency in three ALDH2 genotypes.

mi/day
Females *° 1

20

n 1/2 2/2
Fig. 3. Mean amounts of net ethanol consumption (per
day) in three genotypes.

ChETIRERMIED ALDH2 BZiEN O H I
-7, @ERFELZNLAOBOMICHH S »EERB
ROENS D EBHONTOWED, SEEEHTNT
oL ERA KT LORICOHOOLBEDH S T EAUR
&N 7o (Takeshita et al., 1993; Takeshita et al., 1994).
FrxHAAOHIZE, E—Eay FITINRGA SN
BWEWD X BEBHDTT VT — VRZHDOFHW 7V —
THRLTRESTEELTVEH, TOLIBADE
(I3 ALDH2 0ZERBFEEEZL 5N B,

7V a3 — itk F#EEEFRE (ADH2) OZ R b€ v T o4
FIcZ WERBIIESEASWESh TV S, KO
AcH BRI i3ZENA LNV ERESN TV S (Yama-
moto et al., 1993). AFHETIZ, ADH2 LRIIEHHHLH
PNy FFRPOERICBREORELEZ TV LD
D, KETEHNOFEBIIAH SNIED - 7o (Takeshita et
al., 1996).

3. ALDH2 BREFE &LKHEMY /3B SCE 4, R
BAES OE Y AcH &R & DOREE
FAEIMN Y ~ /- ¥ERD baseline SCE $HfE %, ALDH2 fEiE
BXOBEBRRKBEOAREIC L - T 4 BHTO T THERGT

SCE/cell

Fig. 4. Baseline sister chromatid exchanges in peripheral
lymphocytes from ALDH2-deficient and nondeficient
individuals. ALDH2(+) denotes ALDH2*1/2*], and
ALDH2(—) denotes ALDH2*1/2*2 plus ALDH2*2|
2%2,

700 -
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n 1/2 2/2
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Fig. 5. Levels of hemoglobin-associated acetaldehyde ad-
ducts in three ALDH2 genotypes.

L7cAr, ALDH2 {EHMSZ L LW ASEERICREL TV 3
B, fho 3B SXTHBICEWVWETS - /- (Fig.
4) (Morimoto and Takeshita, 1996). B24&nD SCE $HE ~
D ARIE L T bAERIIEHTH - 72 (Morimoto and
Takeshita, 1996). Z OE T3, ALDH2 JEMAZ L7
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and Polizzi, 1987) IZ CHIE L7z, O ¥/ — VAR
& O ~F oRITIIERS AcH-HB BOEIN% & 7245,
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R E TdH - 7= (Fig. 5) (unpublished data). it > T
AcH-HB &3, AcH OFREEO FRINIEELE L TH
HEEZ SN

4. BhYIC

P bkoc &5 5 AcH D@ EH ALDH2 % DB ix
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T EMREE NI
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Role of environmental factors in atopic dermatitis
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Summary

.A recent increase in the incidence of atopic dermatitis has become a major concern for both the
pub.hc and the medical profession. This increase may be at least partly attributable to changes in
env1roqmenta] factors. The role of environmental factors in triggering and/or exacerbating atopic
dermatitis is reviewed. One of the most important factors suggested is the increase of house dust mite in
the warm and humid accommodation which has been built increasingly during the last two decades.
Other environmental factors such as fungi, infection, air pollution and metals in drinking water, may also

contribute to the recent increase in atopic dermatitis.

Keywords :  house dust mite, fungi, metals
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BAEICHT 27 b & — MR EELEER L
DOBHLLVHIHENEZROoN S (M, 1996; FfE,
1991; ¥4 5, 1986; HH S, 1991). Fig. 1 1o iF A
BRI BB R AR Ic B I 2 B ER B -0 O
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135.196, 1994 4EiTi3 8.1% &ML TW3, F7#- 1973
T, 1983 FE & KT 1992 35 & U 1994 4E T3 20 B4
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atopic dermatitis patients x 100
total new patients

1973 1983 1992 1994

Fig. 1. Increasing trend of the relative population of
atopic dermatitis patients among out-patients in the
Dermatology Clinic of Kobe University Hospital. Each
number of atopic dermatitis patients in each year is
presented as % population of all the out-patients in a
year.
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Fig. 2. Prominent increase of adult atopic dermatitis
patients observed among out-patients of Dermatolgy
Clinic of Kobe University Hospital. Data are shown as
9% incidence from each generation: Closed sqare
indicates the % population in 1994, closed circle in
1992, open triangle 1983, and open circle 1973.
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Fig. 3. The upward trend of female atopic dermatitis patients is more prominent than male after adolescence. The incidence
rate of male and female atopic dermatitis among the out-patients are presented as % total out-patients in a year. Hatched
bar indicates % population of 1994 male atopic dermatitis patients from each generation, black bar 1994 female, white

bar 1978 male and grey bar 1978 female.
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BINL T & & oMEMNEa N (EkE, 1989). JOE
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4t 2 ¥ & ¥ = (Dermatophagoides farinae: Der f) {23}
4% IgE $ifkn%  OER TS % (Chapman et
al., 1983). Hic, 1ELBOT b E-—HREREE S
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PERZ 25 B3 D 809 A3 Der p & %\ i3 Der f X9
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Fig. 4. Increase of the relative population of atopic
dermatitis patients among the out-patients in the
Dermatology Clinic of Nishiwaki Municipal Hospital.
Each number of atopic dermatitis patients in each year
is presented as % population of all the out-patients in a
year.
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0 /
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Fig. 5. The difference of diseasde rate in atopic dermatitis
patients among city, suburb and countryside. Data are
presented as relative rate of atopic dermatitis in all
students tested. The data are from the study by
Matsumoto et al., 1986.

Table 1. Possible environmental factors which may pro-
voke or exacerbate atopic dermatitis.

Inside
house dust mite
fungi
smoking
animals
Outside
fungi
pollen
insects
light
air pollution
Others
social environment
stress
metals in drinking water
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The mouse lymphoma assay (MLA) was first described
by Clive et al. (1972) as an in vitro assay for the detection
of gene mutations in cultured mammalian cells. The assay
system utilizes the thymidine kinase (tk) locus in L5178Y
mouse lymphoma cells and involves selection of tk~/~ mu-
tants in a tk*/~ clonal line. Non-mutants (tk*/~) produce
thymidine kinase and die in the presence of the selective
agent and mutants (tk ~/~) do not produce thymidine kinase
and survive. Originally, bromodeoxyuridine was used as
the selective agent but this was improved with the use of
trifluorothymidine (Clive et al., 1979).

The mouse lymphoma assay has a number of advantages
over other mammalian cell mutation assays. There is a
short expression time of 2—3 days for tk mutants, compared
to 1 week for Aprt mutants and the mutant frequency is
relatively high so a large number of events can be recorded.
The mouse lymphoma cells grow in suspension culture
facilitating the treatment, subculturing and plating of large
numbers of cells ensuring the use of statistically sound
experimental protocols. Furthermore, the assay is sensitive
from a genetical point of view as a wide range of genetic
changes are detected. The tk gene is on chromosome 11 in
the mouse and the homologous chromosomes are distin-
guishable because of a centromeric heteromorphism and
are designated 11a and 11b (see Fig. 1). Extensive cytoge-
netic and molecular analysis of tk '~ mutants has revealed
the variety of genetic changes that may be detected in the
assay. These include point mutations and small deletions

® Genetic changes detected in the MLA

point mutations within tk gene

deletion of entire gene

chromosomal events involving chr 11 tk+ allele
(visible chromosome rearrangements)

large deletions/loss entire chromosome 11

mitotic recombination

Fig. 1. Diagramatic representation of the tk locus and the
wide range of genetic changes detected in the MLA.
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within the tk gene, deletion of the entire gene, chromosomal
events involving the chromosome 11 tk* allele (visible
chromosome rearrangements), large deletions and loss
of the entire chromosome 11 and mitotic recombination
(Applegate et al., 1990; Clive et al., 1990; Hozier et al.,
1989). Essentially, the mouse lymphoma assay may be
regarded as an assay for loss of heterozygosity.

Two types of mutant colony are found on the selective
plates and these are defined as LARGE and SMALL colony
mutants. Clive and Moore and co-workers have shown
that, as a general rule, mutation within the tk gene results in
LARGE normally growing colonies whereas many
SMALL slow-growing colonies have visible have visible
chromosome aberrations. It has therefore been suggested
that by recording colony size, MLA may indicate gene
mutation and chromosome breakage potential of chemicals.
The frequencies of small and large colony mutants are
mutagen and dose-dependent. The chromosome aberra-
tions in the small colony mutants tend to be associated with
the distal end of chromosome 11b where the tk gene maps
and the mutants have lost tk* sequences. Large colony
mutants tend to be karyotypically indistinct and show var-
iable loss of tk* sequences (Applegate et al., 1990).

In the past, many laboratories have experienced problems
with the standard MLA, particularly relating to mutant
selection using agar cloning. Cole et al. (1983) developed a
microwell cloning procedure for the MLA, a procedure
originally described by Thilly (1980) for human lympho-
blastoid cells, and obtained similar results with this method
and agar cloning. Using the microwell method, Cole et al.
(1990, 1991) compared tk mutant induction with other
genetic endpoints (hprt, ouabain, micronucleus) in the
same treated cell populations and demonstrated the utility
of the methodology. Although agar cloning is simple and
reproducible with practice, the microwell method of MLA
is considered to be technically less complicated and it saves
both time and effort. Many laboratories have now demon-
strated the utility of the microwell MLA and the assay
has given comparable, reproducible results. In the early
days, before and during the National Toxicology Program
(Tennant et al., 1987), the standard agar MLA had a
reputation for unreliability and “over sensitivity” but this
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Results with full regulatory tests
% of tests
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Fig. 2. Proportion of positive, weak and negative results
for a variety of full regularoty tests, illustrating that the
MLA is not over-sensitive.

has now largely been overcome by the use of robust proto-
cols and controlling for pH, osmolality and extremes of
toxicity. Indeed, the results of several full regulatory tests
for a variety of assays performed in our laboratory are
shown in Fig. 2, illustrating that the proportion of positive
results in the MLA is in line with other assays.

When performed correctly, the agar and microwell meth-
ods for the MLA are equally acceptable. The treatment
phase (usually 3—4 hours) and the expression period (2-3
days) are identical. Non-toxic, soluble chemicals are tested
up to S5mg/ml, 5ul/ml or 10mM whichever is the lowest.
Relatively insoluble chemicals should be tested up to or
beyond their limit of solubility but any precipitate should
not interfere with the assay (Draft OECD Guideline, Sep-
tember, 1995). Indeed, caution should be exercised in view
of the fact that the mouse lymphoma cells grow in suspen-
sion culture and hence the potential difficulty of removing a
test chemical from the cultures when it is tested up to
precipitating doses. Interestingly, the Step 4 ICH Guideline
(1995) suggests that if no cytotoxicity is observed then it is
reasonable to use the lowest precipitating concentration of
test chemical as the top concentration. However, if dose-
related cytotoxicity or mutagenicity is observed, irrespec-
tive of solubility, the top concentration should be based on
cytotoxicity (unless precipitation interferes with the test).

The main difference between the agar and microwell
MLA is in the cloning of the cells. For the agar method,
the cells are cloned in soft agar selection medium and
typically three petri dishes containing 200 cells per dish
might be used for viability assessment and three dishes
containing 1 million cells per dish might be employed for
mutant selection. In contrast, for the microwell method,
cells are cloned in 96-well microtitre plates and typically
two plates for each culture (1.6 cells/well) might be used
for viability assessment and four plates (2000 cells/well)
might be used for mutant selection. One key point to note
is that, for the microwell method (essentially a fluctuation
test), the number of clonable cells per well is calculated
from the proportion of wells containing no clones (negative
wells) using the zero term of the Poisson distribution.

The means of determining cytotoxicity can vary between
the agar and microwell method of the MLA. When using
the agar method, cytotoxicity is traditionally measured by
relative total growth (RTG) which is defined as the cumu-
lative relative suspension growth (compared to control)
multiplied by the relative plating efficiency for each culture.
Ideally, the top concentration of test chemical should yield
less than 20% RTG, when possible. When using the
microwell method, cytotoxicity is measured by Day O rela-
tive survival (%Rs). The cells are counted immediately
post-treatment and plated to determine relative plating
efficiency. Ideally, the top dose of test chemical should
yield less than 20% RS. Both methods for determining
cytotoxicity (RTG and RS) are acceptable (Clive et al.,
1995; OECD and ICH guidelines) and it is possible to
determine RS for the agar method and RTG for the micro-
well method. For both the agar and the microwell MLA,
caution must be applied when interpreting data at less than
10% RTG or RS as biologically irrelevant events may
occur at such high levels of toxicity.

Recovery of small colony mutants is critical in the MLA.
This category of mutants is most susceptible to under-
estimation when using agar cloning and this may be attrib-
utable to suboptimal cloning medium, low colony counter
sensitivity to small colonies and possibly lack of detection
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Fig. 3. Recovery of small and large colony mutants following exposure of cells to MMS, cells from the same treated
populations were cloned using the agar and microwell methods.
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of the very small colonies. Thus, ease of recovery of small
colony mutants is perhaps the main advantage of the micro-
well MLA method. This is illustrated in Fig. 3, where cells
were treated with MMS at different concentrations and
then samples from the same treated populations were
cloned using both the agar and the microwell methods.
Dose-related increases in mutant frequency were seen for
both methods of cloning. However, the mutant frequencies
obtained following cloning in microwells were higher than
in agar and this was attributable to better recovery of the
small colony mutants.

It is possible to score small and large colony mutants by
eye or in an automated way for both agar and microwell
cloning. It is perfectly acceptable to distinguish large and
small colonies by eye in microwells but in order to generate
colony size distributions, we have developed an objective
automated scoring system using image analysis. The size
(area) of each colony is measured. Typical colony size
distributions for a selection of chemical mutagens are
shown in Fig. 4. For the doses shown, aminoacridine and
ethidium bromide (intercalating agents) and amethopterin
(methotrexate) and methapyrilene (mammalian cell but
not bacterial mutagens) mainly induce small colony mu-
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tants whereas the alkylating agent EMS induces large
colony mutants.

At the MLA workshop in Portland (Clive et al., 1995) it
was agreed that colony sizing should be performed for the
positive controls in all experiments. This can be regarded as
a quality control measure for mutant recovery and ideally
60-75% small colonies should be obtained. Similarly,
sizing in the negative controls is recommended for all
experiments as a quality control for mutant colony growth.
If relevant, and as an assessment of potential clastogenicity,
colony sizing should be performed on at least one positive
dose of test chemical, including the culture with the highest
mutant frequency. A slightly different approach is recom-
mended in the Draft OECD guideline (September, 1995)
which states that if the test chemical is positive, colony
sizing should be performed on at least one of the test
cultures (the highest positive concentration) and on the
positive control. However, if the test chemical is negative,
the Draft OECD guideline suggests it is only necessary to
perform colony sizing on the positive control.

The definition of “Positive”, “Negative” or “Question-
able” responses in the MLA will depend on experimental
variability (Clive et al., 1995). When using the agar
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Fig. 4. Typical colony size distributions for a selection of
chemical mutagens, obtained using an automated image
analysis system for microwells (small colonies design-
ated as less than 1 mm?).
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method of MLA, variability can be determined in specific
experiments (for example using 20 replicate cultures for a
non-mutagen at 20% relative survival) or by using replicate
cultures. With the microwell method, replicate cultures
tend to be used and a heterogeneity factor may be applied
as recommended in the United Kingdom EMS (UKEMS)
statistical guidelines (Robinson et al., 1990).

For the agar MLA method, a positive response is often
defined as a dose-response plus a predetermined increase in
mutant frequency at one dose. However, it must be empha-
sized that the predetermined increase in mutant frequency
should be defined for each laboratory using historical data.
A negative response for the agar method is where all
parameters for negative and positive controls and cytotox-
icity are fulfilled but there is no increase in mutant frequen-
cy above the predetermined value. For the microwell
method, the UKEMS statistical package (Robinson et al.,
1990) determines significant increases in mutant frequency
and tests for linear trend. Reproducibility of results always
provides additional confidence. Similarly, for a negative
response, the UKEMS package applies, taking variability
into account with the heterogeneity factor.

Two areas of discussion lately have focused on the need
for replicate cultures and replicate experiments when per-
forming the MLA. The need for replicate cultures depends
on how the laboratory measures and applies its variability
(see above) both within and between experiments. With
the agar method, if single cultures are used then more doses
should be evaluated. When using microwells, replicate
cultures are required for the UKEMS statistical package
and as a quality control and this is strongly supported by
many experienced workers in the field. The Draft OECD
Guideline (September, 1995) indicates that either single or
replicate cultures may be used at each concentration but
recommends the number of concentrations in the range
should be increased if only single cultures are used (at least
8 analysable) and replicate negative (solvent) control cul-
tures should always be used.

When considering the issue of replicate experiments, if all
the acceptance criteria for the assay are not strictly fulfilled,
a repeat experiment must be performed (Clive et al., 1995).
According to the Draft OECD Guideline (September,
1995), there is no requirement for replicate experiments to
confirm a clear positive response. However, equivocal
results should be clarified by further testing (with modifi-
cations to the protocol) and negative results need to be
confirmed on a case-by-case basis (modifications to the
protocol should again be considered).

One of the problems in evaluating the role of the MLA in
a battery of short-term tests is the quality of the data used
to make the assessments and the comparability of the
protocols and therefore the debate is likely to continue for
some time. There are some advantages with the MLA
which favour its inclusion in the test battery. The bacterial
mutation assays detect very small genetic changes whereas
the chromosome aberration assays detect very large genetic
changes. In contrast, the MLA detects a very wide range of
changes, the mutants are viable and the mutations can be
analysed by molecular techniques. Thus, a lot of informa-
tion can be provided by the MLA and the genetic changes
detected are known to be important in tumour develop-
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Fig. 5. Examples of how the MLA can help to influence
the choice of in vivo tests when a battery of in vitro
tests are performed.

ment. One other area where the MLA can contribute is in
helping to influence the choice of in vivo tests and this is
illustrated in Fig. 5.

In summary, the background to the MLA has been
described in this paper, the agar and microwell methods for
the assay have been compared, data analysis and the use of
replicate cultures and experiments have been discussed and
the role of the MLA has been addressed.
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Clastoges and/or spindle poisons can be detected by mouse
lymphoma tk assay
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Summary

Mouse lymphoma tk assay (MLA) has been one of the focused issue to introduce or not into a
standard test battery for ICH (International Conference on Harmonizarion of Technical Requirements
for Registration of Pharmaceuticals for Human Use) guideline of genotoxicity. It is recognized that the
MLA can detect not only mutagens but also clastogens. Based on the outocums of the international
collaborative studies of the MLA organized by the Ministry of Health and Welfare Japan and the Japan
Pharmaceutical and Manufacturers Association, 22 chemicals out of 29 clastogens and/or spindle poisons
(76%) could be detected by the standard 3h treatment protocol of the MLA. Most of the chemicals
having negative or inconclusive results become to show positive responses by the 24h continuous
treatment in the recent study. In addition the percentage of increase of small colonies in the MLA
positive clastogens was 66.295, whereas the MLA positive non-clastogens was 25.0%. These results
indicate that MLA can detect chromosomal damaging agents and a dominant increase of small colonies
suggests the induction of chromosomal aberrations in the MLA.

Keywords : mouse lymphoma assay, clastogen, small colony
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& GLta kSR Ol & WILBYMIRE TRIE L 5 25 B5% bt —=Thd [ R v 7+ —<ABRIIGEA
LT, BERZOHA K4 VicBAd 3EEBEN—EF 4 REFRYHERHETEZ200 2] K2V THRT 3.
¥ — < a . ICH (International Conference on Harmo-
nisation of Technical Requirements for Registration of 2. HARSAVICEIFEITVRY T »—7HBRODA
Pharmaceuticals for Humen Use) 1T 81} % 2 25 M5 B
DIEHEFH A (standard test battery) TOiEam DUl & MLA TIZF 3 ¥ v %+ — il THE (tk) 2~ F 0 ic
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FRYEISBRETEZ 2 hEPITOVT, F4EYE (MHW) % (Blazakeral, 1898). F7:, REARFEARTIIZO
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Table 1. Standard battery of genotoxicity tests.

Test category Japan EU USA
Reverse mutation in bacteria [ ] ® o O
Mouse lymphoma tk assay [ ]

. . ®
Mammalian cell gene mutation ®
Chromosome damage in vitro @ [ ) ®
Chromosome damage in vivo [ ] ® ® o

Xt L, MLA TRERL TEEK- cfifaz8icn s
EWVIET, FIT) R7FEE VD BRTHEMLS S
3.

Table 112, HA, 3 —o v BIOKEICBY 58z
HFEHABROEEHASDHICOVWT/RLEZ. BATO
standard battery (ZFHE A H W B ERERERLAER, in
vitro R ARERERB LU in vivo /MEEERD 3 HERD
HAEBDETH 54, KHKkTRHEIEYMEEHV 28
L RERERABSVETH D, TDI, I —8 ys3
TRHAD 3 &t v MCHEALEWIMIETORBIZFRARZE
RABREMA 4By FEB-TVWE, —F, KET
13 in vitro SR TOWHILENWIMIIISER & L Tid MLA AR
DATRWVWELTWVWS, i3 MLA B#TRARER
LA I AR bRHTE 2 BRTH 5 & D
IHSL bDTHD, b L MLA 2iTH I HPRT FH0D
fhDBIEFERERAERZ 1T - 15/, invitro &t
AREAREZEMERLTVS,

ICH OFELHND 1 013, HARETHELHZ 3
B — s 3BEVICFIHLAYL, B, BHEOMK%E
BT IETHB ZITREBNCIHFEHREHZET5
1B HARSTA VvDN—FF A E—¥ 3 VMBS
-TL 3iRTH 5. BEHARICODVWTEAR, A
BoEEHAGDED S B, MLA BHATRERDO TV
HERRE LT Eicd s> TE/. MLA Z1E 245
TEHHICOOVBETORBRIMNATHD, TD/H
MHW & JPMA O3t X b fBREO Y F—v 3 v
D 1o DHLERFFEEIT - 7.

3. TURY VT x—vEBRIFEHR

HEFZEDFE - 5 HHIZ, MLA %5 standard battery O
—B & L TERTFE LORMES D THEYIN &S D,
B L UHGRE D ICREARREFERYELS MLA TRIET
X30hD2HTH S, F1EHOKEHEIEN 42
BERE, #EA 7 BBASSIIL, 21 (OB 1{LEYRARS
KD FBEEFENZ LD ORI OfLAYIc>VTEHF
liL7. F2RHOERHEIFIRBEHO7 0 -7 v
7 & L CEWN 40 B8, E4 6 MBS MML T, 5 1HE
THSET X - 12 3{bAME ST 23 LaPic> W\ T
FFAM L <.
RBRBILTISRDTA 270945 —7FL—rEHL
TITV, Cole 5D H i (1983) iIcES WifE— 7o +
I —ZREW, 1 DD{EAMIC oW T 2 2L FOKET
FHl L7, 7, HEFEOF— 9 —OHBEEFIET 57
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BHIT, 1994 FiIcH— b5 v FCRgES N MLA D7 —
7Y ay Z7TORDRD LE[E UZF ANEELRA L
(Clive et al., 1995). §75bH, HYPLEHE % OREHXE
ICBF % plating efficiency (PEO) %45 60~140%, expres-
sion time % @ plating efficency (PE2) 75 70~130%, ¥4
MERE% D relative survival (RS) 73 10~20% TH 5
L, BB X OB IRIC 3 5 RRE SRS hs 72418
BTHBIEBEEF—SDZFFANEHELE B
B, BiE - 3BEEoYEICR, KEORELZRFEYS
THEER L TV Bkt Yy r— YRRV,

1 [8] B @ 4L [EIHF %2 T PEO/PE2 D521 A Ui HE 24l 12
LTWicbDid83.0%, 2BIHTIE844% THY, F
fo, Bett - BtEtiBIc k1) 3 RARE REE & 2~3 O
REZZBROTOF NS ZYBEFANTS - 2. 40{LEY
BT 5 MLA ORI 57.5%, 34 O YA HHR
Y TD MLA [BHRI13 64.7% TH -1, £ odh
5P DMERE L 735 - 72 SALEME RV 72 29 D Gufifk
FEFRYE D MLA BYERIE 759% L7150, MLA B
FEEREEYEEELYICRHETE R EDHE N EE S
tz. AEIOEETIZE T S stk & 75 5 e ot
i3, REAREARTRFMUEEZ LW ERENR
SN WIKBRIERFUYEESEE TR I LN,
MLA BT b RIFMLEO L ESESFE RSN TV 3.
7z, SEERER L 72 40 (LAY L, EEUA A%
BT B8 OEENT VAL, D5 BEHD4
{b&¥hs MLA TS - 722 &5 5, MLA I3£55K
&/ BEAEFERYE bR TE 3 2 &85 R OEEHE
MO SMTTE 5 72,

4. REAEFEBROLR

FE L 72 40 (LaMc> 0T, XERE D ED LR in
vitro GyEfRREKERDOFER B X O HPRT 2455 L 9 5
B FRAZFEARE OH#ZTT - 7o (Table 2). 3l
DEE SRV LAY ARV 72 33 (LAY D MLA [BiER
1357 69.7% TdH > 72h, HPRTHER TR 2 HH TEL
25.0% Th-7c. Thid, MLAHABRTIIROEMAERT
N&1av=—L LTKRIHTEZ %5, HPRT TR TXX

Table 2. Summary of the 6 mammalian test systems.

Concordance
No. of f
No. of .. with
Test system ; positives ; 5
chemicals %) carcinogenicity
’ (%)
Gene mutation
MLA 33Y 23 (69.7) 70.0 (14/20)
HPRT 13 3 (25.0) 50.0 (3/6)
Chrom aberration
CHL 30 26 (86.7) 72.2 (13/18)
CHO 26 13 (50.0) 42.1 (8/19)
HL 14 13 (92.9) 70.0 (7/10)
V719 10 9 (90.0) 50.0 (3/6)

D Excluding inconclusive or equivacal chemicals.

W&V BEERIRILE —B L TV,

—%, REAREAREETORZLA KT 5 &,
CHL, t b ) Y/¥ERB KU V719 TORSZM:F131E 90%
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CHO #iffa % F\\ % IRk T o Gt (& R Bk o F e
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K T & % T & »Galloway 5 (1996) ® Kirkland
(1992) Itk - CHEICHiE s hTw 3, CHL fiflazfu
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BOOKESDIO=—t8->THEY, 12 HHAHED 2
0=—TH%&E, LGHHs diffuse L TWEDONBEE SO
5., —HETOao=—=HBICXFTE 2h1 TR
$, HTIRHIESREL D bH 5. Fig. 1(C) i1 10
HEE»SEIC I o = =R LHT, JBITKELS
3o tflE/R LI, THhEsmall &9 5 DMHhlarge &9
200 FE L WEETH 3.

IhosDao=—m=61)ITOWVWT, ¥ 7oy
TA VIR BBIEFHTEIT-> &5, small
colony T3 tk locus % 100% R4 L TWiz, F i large

Fig. 1. Mutant colonies were classified by size and morphology on day 12. Small colony (A) is defined as less than a quarter
of well’s diameter with compact morphology, and large colony (B) is defined as a qaurter of well’s diameter or more with
diffused or totally in peripheral morphology. Some colony (C) showed very rapid growth and was difficult to classify

small or large.
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Table 3. Analysis of colony size.

Increase of small colonies (%)"

MLA CA+
CA=
Structural ab. Polyploid
+ 66.2 50.0 25.0
= 333 26.7 21.4
I 62.5 62.5 25.0

I: Inconclusive.
D Significant or more than 20% increase of small colonies com-
pared with solvent control.

colony @ 67% Hi% 13V tk locus ZRELTHD, Th
12 Clive & D% (1990) & iBIF—H L T, BEROR
WD 2 0 = — b tk locus % 100% KRIEL TV 7.
CNDBICEERT 3 0h IZESBRORETRETH 505,
ao=—H44 X3HABEOHRICNE 1L LTS, T
hi: 3 CREEREARWEL E S »EHET 513
Ak S LS IcEbNE, L3 o= —OREHKS
FLEHT, SRS SIRHADBBETDH 5.

)0V RAOKRMEA I ROERELFERT 2D
Ames OEE OREKTREHEERYT. ORKOEHAD
SIBIVER 2 # = X 13 Topo 11 HE T, REMAKREZR
W ERT B0, BYMIACERTARELD N7 T
) 7 IAERT BEEOH MBI EMITENT LD E R
W s esEVEIhTWS, L L, &l topoll
FEEROBRVYELGBERShTETEY, ERETH
YA HIERT 5 Db TTE TS, Ofloxacin (3 d
KE KD S & SIATH B HBQREERTEIFRELT.
L, TEMAAED1{ATH S levofloxacin (LVFX) T
13 CHL #ifa i 5f L T HBICIKAE L o kR 2 5%
4% (Shimada et al., 1992). LVFX 3, CHO #fifa®
HPRT 2588 & L - Bz FERERABRTREEMET
& - 7-05, L5178Y fKAD tk Z5EE & L R TR ARIK
BN ERE R AN L, [RIFRFIC small colony DE|
AHEHEICHEM L. 375b b, Topo I HERIHSFEFS
2ok R% %, MLA Tl small colony & L TR L
Bl Eici 3,

%7, AEOKFERRICET % 3 0=—5 41 X0
$EEA Table 3 IR L7. MLA TREHEZERL L&Y
® 5t small colony 25N L - 1413, REAREES
LIS WLAY T 25.0% TH - DL, HiER
WRRYE T3 66.2%, fEHAEFEREMETIE50.0% T
H 1o, DEERH 5, small colony % BHEICFEFE L -5
S 3REEREAREE-> TRV I EBRKRENT.
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6. #& i
P bEofERELD,

1) MLA BREERFERMEL S SBEREL D
%. AROLEFETE, ¥ 76% OYEARERE
YIE ARt L.

2) HMEEEOMES S sEoRBAREAERNA
i3, O 7o b3 — NV TIIMLA THRIETZX
V. ChicBIL T, BERERMEIC X R
+4HonTEy, EREMMEICED MLA THR
WAk ThH 5 T EDRENDDH 5.

3) Small colony Z#FH T 21LAYI, QLN T
VIR TH B AREMEDSHERI S N B A5, YefikSREFHRR
WIE 4 THS small colony & L THRIETE 2RTRE
W,

E ) 33
AERFECEmML, G0 > bIcEEL T - %
LT & - AR SIE S & OCLEFEMEEA
DERRICES R L E T
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Deletional and recombinational mutations at heterozygous
thymidine kinase (tk) locus in human
lymphoblastoid cells
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Summary

Heterozygous thymidine kinase (tk) locus in human cells represents an attractive system for
mammalian gene mutation assays. The TK gene mutation assay detects a wide mutational spectrum,
ranging from point or frameshift mutations to gross structural changes at chromosomal level. It can
especially detect allele loss, which is observed as loss of heteroxygosity (LOH) by molecular analysis,
using a polymorphic DNA marker. LOH is an important event in human tumorigenesis and is frequently
observed at critical loci, which shgould locate tumor suppressor genes in a variety of human tumors.
Mutations detected in the TK gene mutation assay are recessive and correspond to the second hit
proposed in the two-hit theory of tumor suppressor genes. We believe that the TK gene mutation assay
§ystem is suitable not only as a genotoxicity test, but also as a good model for examining genetic changes
in human tumorigenesis. We provide a brief review of the TK gene mutation assay using human
lymphoblastoid cells TK6 and discuss the molecular bases of TK mutants occurring spontaneously and
induced by some mutagens. We briefly describe the application of the TK gene mutation assay in the

]

study of genetic instability and DNA repair in mammalian cells.

Keywords : thymidine kinase (tk) locus, TK6 cells, gene mutations, loss of heterozygosity (LOH),

multi-step carcinogenesis

1. FC&HIC
WhEAEBETFTHEF IV Vv FF—F (k) iE~
5o OIRETHAET 2551CRY, hprt BIzF & [EIRE,
FAMM TR L L o FREARERARICRHST 5 C
EMTES, th 2RI L 0B TRAERBRHRERER
@ hprt ® Na/K ATPase 75 & Ofi{n FRERERRER &
RI5Y, REAREREFED/NEIIDNADERIZF TR
<, BofRL N KK E L DNA ORERP, Rl
MOMBMAICL2ERELAORETE 200K TH

! Corresponding auther.

© HAREERFFER

5., TDHRERD T — 4 2RER TR SN B mutagen
LR RE B TRIE & 115 clastogen Dl E & 4
N=LIBHLVWEREHRABRRE LTEHE ATV S
(Clive et al., 1979). %7z, T THREENBRER,
BAUERAZSUL2TOERIE, b MEMEBRICBVLTH
HIN BB PEIGBETFOEREOHIGLTE
D, ffOE(LARICBY 2B TFEIOEFLVREL
T bEHTH B EEZ 515 (Cavenee et al., 1983),
FHELIDthk BT E~TOICHE>E b)) voNEE
BRERAMAaKE TK6 2V Cix ORBARFIC K > TH
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RENBERERFFHBBE, T oEHET AR
Koo W TH TRIEFHIIRET> T, ARTR k
BEFA S -7 v b & LB TRRERBRROEH
Pk & EEM IO W T TK6 Ml % fl WA RBRIERE b &
KNS 5.

2. FIvviF—F @) REFENRLULCRAKER

HROBH

E btk BETE 17 BifakRERICAIE L, TK6 il
CRA B OILRIEETIC SERE RS LIREE R -
w3, Lizh-CiElR tk Bz Fld1a3E-THY,
chE S -7y b & LIBETRERERRIRSHEILS
T3 (Liber and Thilly, 1982).

Fig. 1 i hprt & th BIEFRAREROFEE LB L 72
hprt T GBIETFRICEERERP/NS BREPHEAFD
ERERDBHE B L 6 F 477 =7 (6TG) itk OZR
hELTHRIET A ENTE S, LpL, hprt BETFE
Z OB EAET % essential 7Bz T % B XALK
X B REROERERENET 5 LHRABIFEL BV E
RkL LTRINT B EMTEIRL, HEE, 3Mb 2R
BRERID hprt ZREORIIAAIRELE STV S, —
4, th TRAERERISBAADIE, KEWRAKIC
X DIEEEICH B essential MBI TEOBWALICLLT
b, b —HOMLBIEFORAEDIHBEIR LIS

lnlrageruc
mutation
hprtlocus
(hprt +/0) 2 ..
Multi-locus
deletion

TG Sensitive

Intmgemc
mutation

g Multi locus

tk locus "e“’“S“
(tk +/-)

@G"

. TFT Sensmve

a3

@t @

TFT Resistant W | &
W
Recombination or ((?Owrmt;:; or Slo "
gene oon\erslon A G+ // * TO s ]

¥, RERERKELTLY 7t vF Y Y (TFT)
CEING B2 ENTES. bkt Tsd bR
EABOMBEIIC LD, FELLIERAORIEAET
$5. O ICHERIMNCHEERERD SREE A
OLERETHEOANN—L I BILERHOERRARI b T A
Ao LNtk 5 EDERBARBR - -EHVE
BIEFEARERRHFOKRESBEHTH 5.

Fig. 2 TRt b7/ AORBAOH A X&, & MET
BRI N3 BIZTECOEHE BIUBRAMASNATYL
2 /EEREMRR LS TEYFOFEOR N E
DNADE& A b &t L. £ 0RBREOHT,
BB AR S TR R b LSRR R R
=7+ LERED, T—aZ2RBREREAREHROM
EAEHN—LHBEYTHL, ENOOHETRRHT
XL VH N — 2 HH A HX— 2D DNA DZER% bR
W53, Hicl DY 4 X0 DNA OERBEEIETP
EEELET b E RS ON, B TEAERONR
LLTRBHCEETHL EELAONS, FHERDY
4 7ELTIR, HHOERERRHRTH DR
Btz &S i LRIE T RA DK E bRILT B T LA
TX3%. ZOkHHERE p5S3 P Rb 15 EOFINHEER
FoZERE L TEHEICBEINS Loss of Heterozy-
gosity (LOH) &[AEOBETERTHS. TOXIICH
gefifk< — 5 — CORRER IR T, BIHEET

hprt

TG Resistant
hprt
i " No Recovery of
TG Resistant
B kb

14.8 -

k" TFT Resistant =~ ®
(Normal Growth) 841
(

+

]

w TFT Resistant 148
(Slow Growth)

i G 8.4
)

Fig. 1. Possible mutational events occurring at the hprt locus (TG sensitive) and tk locus (TFT sensitive) and hybridization
patterns of genomic DNA of tk mutants. G is a hypothetical essential gene neighboring the hprt and tk genes.
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Fig. 2. Capacity of genotoxicity tests and molecuar
analysis based on genome sizes and types of mutational
events.

KB ERARERA ISR L TE Y, ARER M
AL B 2B TEILOEFLVRELTHOEHATS

I5IT, tk BIETFOES, ZRAIMEREORI 3
2 D®D % 4 7 normal growth (NG) ZR{A & slow growth
(SG) ZR{kL L ThRiEEh 3B, F &L LTNGZEEEKIZ
MERER, SGERKILREE L NVOKEBERIC
Thid tk BITE2FIH L BRER
BRHERFEOHHTHD, w9 R ¥ 7 + —< L5178Y
HREZHWIESICHBEDONS. E b BLUTY 2D
tk Bl R fa0EhE I BE 4 2 Bz T b, K
KEFEICE D Z 03 €—EHRDd 5 a0 REHEEE b
TeHEEZOSNTVEY, LW EIFEIE

WE W (Amundson and Liber, 1992).

Fig. 3 1 TK6 #ifdZH W\ T X ## & EMS OZRFH:%
tk & hprt BIZTRRERTRIE L 1Bl A2 Rd. XEET
13 hprt & th-NG ZREDFEHEB O T ORI STV DIC
% LT th-SG EFYKOFERRPEE TH - 12,
ZOWTH-1. TDI EIFXHRIZ clastogen
Thy, HERERID T LARMBIKL N VDOERE
REFRL, TAFVLAITH % EMS 3ERRER%E
BEHNCHERT S EARL TV A (Liber et al., 1989).
D& th BIFRAERBRHFRTIE, BUICERF
KL BRAEROFERM AR T LN TEEREIT

T T T T . T T
100 100 102 103 104 105 106 107 108  1093X10°

—%, EMS

X-ray EMS

& 80 40

= 70

o

g 60 304

L

3 501

= 404 TK-SG .

< 40 20

< 301 TK-NG
g 30

E 207 TK-NG| 107
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Fig. 3. Comparative mutagenicities following X-ray and
EMS treatments in TK6 cells. ([]) HPRT mutation
frequency; (O) normal growth TK mutation fre-
quency; (@) slow growth TK mutation frequency.

154, WEREEE DRI 3 2 D DERKOHERDE WA
S5EDEIN A TORRERNEETWENEHSC
ENTE, TOEEFEYHEOWEETFRIT 5 &5l
Thb.

3. th BRIGFRAZERGEORETFRINEZDERZARY
[N

th Z5SRAK T BEREERE O RIS 2B RO HER D 5 72
FTEL, th BIEFOERBAABINT A LIcLDE
RERD YA TERDETE, TOREDA h=X 1%
MICHRET T A2 2 EDSA[RETH 5. TK6 flikD tk s T
DT 13 HIPREE R Sacl D LRI ASHEEST 5. T
NZFIH U7 RFLP-% 4 VRHTic & b th BIZFD 2>
D7 ) VEXRIT S ENTES (Fig. 1). [EHD TK6
HETAONS 148kb D/NY KD F —4 0 b L1 BIE
HRIT )LD/ FT84kb DNV KT Tio HERE
REOGOANEHRO T ) VickMT 5. ERIIKEXLH
FT3IDIAEEhE, B13k BEFATSLL IR
Z DR SN E TOZR T intragenic mutation & L
THHEEN 3, 14.8kb DNy FIZB LML WA, NV K
DNBEHET EHDT, TS REERERE/NST
RE, WABOERTHS. ftho 2213 vy FHTELRI
HETHH0T, WbW3 LOHRIDZERTH 3. LOH
HMOEROFEE IR IRz L3220 2 H =X 4
BEZOND. 1 DIIREITE - Ttk FBRIAN IITH B
BEE, $9—2R 7Y VEIOMABZICE > THEIIC
BA58THD. MHDXHIIEK -7z 8.4kb DNV FD
BIhoYMTEs, 2%, FETHNEZEDNNVF
DEX 132151275 5. LOH DFA I I3 fthic MRS Bk
DOREEDARSEEIC L BTEBR T ) v E b2 17 Fjh
A2EDOHEL, ZHIEI NELT ) vE o bk
DEEMIS EHERINCTEZ 5N 5D, TK6 TiHIFEA
EEEINWBVL I EPHEINTWS (Yandell et al.,
1990).

T 2 ZREAOREH (NG 8L U SGZERK) Dt
L Z DBIETRITOERELSBONLERERZ <7 b
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Table 1. Mutational spectrum at TK locus in TK6 cells.

9% of Mutants

Category of Mutants X-ray EMS*

Spont (3Gy)  (150uM)

A LOH— Point mutation, intragenic mutation 29.6 14.3 62.3

Nermal Growfh Mutant 7 Hemi— Intermidiate deletion 5.6 16.7
N LOH+ ) 5.4

TK6 \ Homo — Recombination or gene conversion 3.7 0
A LOH— Multiple mutation 0 0 2.6
Slow Growth Mutant N /' Hemi— Large deletion 14.6 58.0 26.2
LOH+ )

\ Homo — Recombination or gene conversion 46.4 11.0 33

* Data from Li et al. (1992).

5 L DFER% Table 1 ITR"9. HAERER TR 24D
#130% HEERERL EORBH/NS KB FOER
THBEDICKLT, BoD70% i LOHEOERTH
D, ZOKMAMIFMBEZICLEbDTH - 7. XEREH
THZDEROKES I LOH R TH - 2 (85%) 13, [d]
CLOH THEN ORI L 3T LARKICL S b
DML -1, XEidFEE LT DNASEOUM 5| X
LSRR L NVOKRE B FEREZR T I EMH
SNTVWEY, ZORBRIZNEEMNTZb0TH 5.
FTVFMEFTH B EMS TR FHEEN/IEHITH
ERERDZOFELBERTH -7 (Lietal, 1992).
D& DItk BIETFREAEERT IERFEOR#%E X
L EREREWOZA B EMNTE, ThEFHTS
LKW RBERFOEARERFRD A = X b %R
e 5T EDE[RETH 5.

37, ZRFEOEHICELD L SGERAKDIZLEA
ETXTHLOHBIOZERZ/R LIz, T & IFHEhE®
EOEVIHHEICBEFLNVTOERERML, SG
ZRAEDOHBERICL ZZEROEHELTFHTE 5 LR
HERTEDTH 5.

4. BOFREFICEIIREFERSE th RIEFRA

R

tk BIEFDOERERZARY F 564255 E LOHREOD
RRERDBDIZLY OES4E2 LD S ENEBICERTE
3. CHhRENHRETFORRERIZETRON S HHE
RIERERDORRKDOEHTH 5. Table 2 ITRENTHE
MEEZTFTH 5 Rb, p53, APC THIE Stz LOH ©
$HFE A/~ 9 (Lasko and Cavenee, 1991). LOH RUZERZ
HEOENHREFOFERBIZFREILTHY, /22D
YERE 3 tk ORRERTEH O/ LOH OE &L L
TW5, IOtk BT TORRER IEINE &
EFToOEA Y Fey b ORAREREZIFEFICI ML
THBY, TOTEBERMPEBREICE T 2 BETEL
DEFNZRELTHOEHTHB I LEDHmMEL >TL
3,
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Table 2. Frequency of LOH at Tumor Suppresor Genes in
Human Tumors.

Gene Tumor type o *
(Locus) (Cell) Py i RS
tk (17q) TK6 70
Rb (13q) Retinoblastoma 70
Osteosarcoma 63
Small cell lung carcinoma 94
Breast cancer 21
Hepatocellular carcinoma 23
Neuroblastoma 18
p53 (17p) Colorectal carcinoma 80
Breast carcinoma 57
Hepatocellular carcinoma 44
Bladder carcinoma 31
Stomach cancer 60
Small cell lung carcinoma 100
Ovarian cancer 75
Astrocytoma 50
APC (59) Colorectal carcinoma 70
Stomach cancer 60

* Data from Honma and Little (1995), Lasko and Cavenee
(1991).
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ZAERC hprt 15 L TRIRBNEE T b tk TIIRHTES
ZREVBEIEHAFAET 5. HEEDNA KEHES
Z9, DNA OHEEISLRHS S EL T L, [BEN
KRREREFRT DL 5B L TS 0RIZ
BHTREZOMEZEITWS, Bolt, Bk 1d TK6 Hifa %z
HWTHRHBRA Y 7o E— ¥ —Th 5 TPA DERE
HFEHM:AED - (Honma and Little, 1995). TPA (31
AL ENEZIR L, BRAEREZR2EEZML LIP3
bDEFELZONT., COBIEHIALENNS T E—F —
ER L BEMR L TV B AjHEMEAS S 5.

—F4, TOXIRBRERFLEDONANKTIC & 5 ERE
Rz cad, RREREZGIET 2 Miaflo AR T o
HRICODVTEARRBFHTE S LEZTVWA, K,
DNA &18, fi#Z, guafhanie, MiaEmoeiL, apo-

ptosis S EZ T ¥ b o — LT ZHIARFHERZERD
HERREESBIRL TV A T EMIHEhH>>5H 3. <D
LOUBRFOBEFEBEL 20, FHRERBESE,
RAREROIERZDERZARY b5 a5 REHTE L
3, TORFOBEELXH 27T, BOBREHER
ERFUNVTRIAT 2 LiIcouhsb0EEZ SN
3.
FESRINSERDS b psS3iciEHL TV S, p53
131855 L 7- DNA & E#E % 7o 3R /ER L, flafE
WL, apoptosis, DNA {EHDTTHES &4 H X, 228
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KBS LTW3bDEEZS5NS (Honma et al., #fs
H). ThoDFERIT, TERERERRICET 3 ps3 D&
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Aot 5. TK6MfDZERKE L Tidfthic 3 X< F&
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1993).
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Detection and molecular analysis of mitotic recombination by using
APRT marker in human lymphoblastoid cells
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Summary

Constitutional loss or inactivation of one allele of a tumor suppressor gene, as illustrated by
hereditary retinoblastoma, Wilms tumor or Li-Fraumeni syndrome, increases the suseptibility to malig-
nancy by reducing the number of events necessary for the complete loss of the negative regulatory

function.

A mutation assay system at the APRT locus in human lymphoblastoid cells has been developed to
dissect the second step in loss-of-function mutations, that is, the forward mutation from APRT"/~ to
APRT'~ or APRTY", and also to determine the potency of physical and chemical agents to produce such
mutations. Molecular analysis of 2,8-diaminopurine-resistant mutants revealed that 85% of the sponta-
neous mutants and 93% of the gamma-ray-induced mutants resulted from the loss of the intact allele at
the APRT locus. It also indicated that somatic recombinations and large deletions were the major causes
for the allelic losses, and that non-disjunctions were unlikely. Sites of somatic recombinations or deletions
were not randomly distributed along the long arm of the chromosome but clustered at the border of
heterochromatic and euchromatic regions near the centromere.

Keywords : somatic recombination, deletions, non-disjunction, LOH, microsatellite

1. FC&HIC

KEISBRIE SR EEAL U TR IC st 3 2852 1R
ENB LI, AREEMETDH 5 REBIERIZTORE
B TRE, THOLERILOAE ST, BHOEN
FBzTFOHMRETRE, TR8LLEENEELTL
5. AR OXI BRI FEESK (allelic loss) DSFFEIC E D
HESEFTH AT LT, MIEFMmaE Bty v
L ZAMEE, FEUEABRY -V X, V- 759 %=
SEMREE S & —HO@mBERRERICB VT, BHEET
D— DILBIETFH3H S H U DRI EEA F 713k

O HARBEZRRFER

ELTED, %5 —HDIEFEM I FHEEE
WBERET D ETHRIBICELCEMS BT -
fo. REURAHHKR (LOH) 25 E L TRIES W B x
R FERE, RE, Al (BRaRD) Mz GE
D#RZ), BILTER REELIBEDS, F1oldRMEE4
Ao#E L EE, oOfhhENLTHET S (Cavenee et
al., 1983). Tk A DFT, BERoLHEE
Gz T) REOKKE L TERMEMBRL o EEH
ZRANCEERE L 7o 0 I KB4 141 (Ohno, 1974) TH 5.
FhEid, TERRIZEHORRERRIEFRE £ A
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@A L2V, WO RRD THMLERS S, HiEt
b voSFERBR T RS X REA Eo e R F Yy v
FUeTAZRTAVRYNVITVRT 2T —¥H#IETF
(HPRT) 123 T <, Btk l6FZERK Lo 77 =
VeTZxR7 4+ YKRYINIFTVRT 2T — EHBIETF
(APRT) ic2 W T b ERMERZE IR &L BT
AT ERT A AR L TO K NS, EHEK ETRREE L
b I AM Ak 2 A S T EERICE L TV B

S5LWVWI EAEHMBICE - 7z (Fujimori, A. et al., 1992;
Tatsumi, K. et al., 1992).

AR TREREEBLFREERETFVELTD 2,6-
V737 7Y &G (DAP) BRRERER V2R
L OEBRERAANL, M TEEOFERE LTO
AR 2 OBERICO VW TEE T 5.

2. BLICBARO LG WEREERREFCOVTHILRIE

FHEFEDL BVVERKICEZBH\?

7Y v OH LR — SRR A F] DL D—> APRT
/RIBT 3 HMBEEFE TR, BBRLS MGk
FoT7TF=vEBbEh T#ARD 28 YN, FoF
Ve T F=VICRY, REBEAIEEEZES. O#
ERDRRE O — A» SKIL S fc ) v FFERERAE
FEl1ey PIE3IZFY vDF vV RER) 25&
LT, FEEIBEE2 by ~OEES DAP 2151
LTHNDE, HREARZRRIZ LTX107¢ i,
R%ERL, HPRT BRI TD 6 F % 77 = vikbitE (TGY)
DAL b 10fEERTH 7. F/- Fig. 1 IR
BICrBR2bDTHRE DAPFEREZFHL, BFE
RIS RSAE (1.8X107°%) 22 L5 WA IEROHE 7
i3 DAPF T TG DR IE W 10fETH»7. LHLE
AR IIDAPZER%EH T Vo FRET (EMRER
17.6 JJm?), IEBROMENNIZ TG ER DA & 1ZIXEREE
ThH-1:.

E FDAPRT BIZFIR 52D+ V vy Sii 5, £

x10% [ ! 1 !

3 —+ o

GAMMA-RAY

UV-LIGHT

Mutant Fraction

20 10 20

Gamma-ray Dose (Gy) UV Dose (J/m?)

Fig. 1. Concurrent measurement of the mutation fre-
quencies for DAP" and TG in WR10 cells after gamma-
irradiation (left panel) and UV-irradiation (right
panel). Closed circles, DAP"; open circles, TG"
(Tatsumi et al., 1992)
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12kb
8kb

A G B F ¢ D E

Fig. 2. Mechanisms for the loss of wild-type allele in
APRT heterozgote WR10 cells and the corresponding
Southern blot patterns for LOH at the APRT locus. A,
heterozygous inactivation; B, chromosomal non-dis-
junction; C, non-disjunction followed by re-duplication;
D, somatic crossing-over (mitotic recombination); E,
gene conversion; F, deletion; G, point mutation.

E325kb T LA HPRT #IzFL 0 ERNE L TIRIZ
BIMTNEV, LIcds-> T, HATOMHEIC X 2 EER
HEEOEVHEHRBLUBRBEORZIBEDFKN &
ZZoht, % THREMIIKK WRIO »5 APRT #1nF
i@ Sphl RFLP (2Bl T 12kb & 8kb %73 2R
BEATHAIEAFAL (Fig. 2), BRBIUrEHER
D DAPZEEAK /7 o—vicoDWTLOH 2 X3 &, H
FRRAERIA S v — v D 85% (22/26), 7 #% (2Gy) Mt
s > DERIA7 o — v D 93% (64/69) i LOH %
EoTWi, THbbE M) Y AFERTIIELBE TS
KB TG EREOK 10 5L LoFETHRICKEC - TH
D, rHRBEHCX D 25% OHGFREBZ 2ETH 2X
104 LI EiciFRE N 5.

3. ZORTHMERBEBRZIICLIZDOOHERIEDA

m?

Ftofk 17 BIFT 5 TK Bz FORENEEEL L
TA A=Y T+ 54— (BAS2000) iZ & % APRT &iz
FE 7oy MET (Fig. 3) 2175 &, LOH %2££5 DAP"
EZFRMEDON, HRZERTEIFEHD, BURERELRT
H60% MH2ar—%RLEk THOEFEIELY FTH
AREMRETEN LRI FORMES ZEK L, FHkas
ZHHHZ B L BRI FEH (Fig.2 DD, E) /i3
ARS8 - FHE (Fig. 2 0 C) OB5ARE LA, 2L
T, ¥¥ED 1 3 E—D¥EETH » TEHAR LRI
FDRE (Fig. 2 DF) ICLBERKTH B T &H4BH

1 2 3 4 56 7 8 9 10 11 12

(A) APRT

(B) TK

Fig. 3. Dosage blot analysis of DNAs from parental WR
10 cells (lane 1 and 12) and gamma-ray-induced DAP*
mutant clones (lane 2-10). DNA from TK6 with 2
copies of 8kb allele was included as an internal
reference (lane 11). Genomic DNAs were digested
with Sphl, fractionated on an agrose gel, and blotted
onto a nylon membrane. The upper part was hy-
bridized with the APRT probe (A) and the lower part,
with the TK probe (B). (Fujimori et al., 1992)

L. Ssic 16 BRBEEHM EDI 7045754 b
DNA @ VNTR = — /1 — (D16S298 % & UF D16D292)
%2HWT (CA), ) E— FBRIOMENT %2 PCRICE DT>
&l A, IhoomEk~—h—IcBLTIRER &%
FERMANOEATS LOH AR SHh -1 (i
0/10,0/22). & » THEAEARSBED ATREME DR T X 72,
Pk S IEESLBIE T OHKR, FEAREATIIE
T ER AR BETFEBREESD) ¢S,
B0 ERDRE, BZ O HERBMADOEEIC X > TH
HABGTE R BRI IE A oG B M3 D KREIWREKTH BT
EMBHS M ER ST, TNSA DAP EREE L TG A
FHED 10fE0 LOERDFERTH A5 LHETX 5.
158, APRT BT 16 HFEB T 0 4 7T TEWL
123, X DBER D STS = —H —HFHTES, Mz &
BIETFEBROXFIETE TR,

4. GHRBHEZI PKELREOUM SIS V5 AICH

HLTWLHWBDM?

LOH %5 ZERIK Y 0 — Vi B1T 2 (KM # A
CREDEPFHAETA 7 OFTFSA b e v =D —%H
WTHNBE, BH, v RERICED 53 APRT FEf
(16q24.3) H S#) 50cM B 7 D16S266 (16q23.3), 70
cM @ D16S265 (16q21), 80cM d D16S308 (16q12.2) T
bLFN B 70% H LOH %2> T 7z (Fig. 4). 473
D B HETTEBAI AT 16q23.3 £ TORTERA 7 o — v
D 20~30% (YW ASEE T B A5, FORIIBIFRMAEL
TUMREISBTWESICRA S, Lich-T, fH#Z
PREDYMTEIRS v & oS, R mE L E

MICROSATELLITE LOCI y-ray-ind

‘— D16D292 0/22 010

|—— Dpies298 022 010

'—— D16S308 15/22 710

—— nDp1es2ss 16722 8/10

—— Dpieszes 16/22 8/10

APRT 22/22 10/10

Fig. 4. Proportion of mutant clones with loss of heter-
ozygosity at polymorphic microsatellite loci along
Chromosome 16 in spontaneous and gamma-ray-in-
duced DAP" mutations. (Tachibana et al., unpublished)

gt B OBRAELICETTE5 LT AL 72,
YauYauNT B EHEBLUXBEHEROKH
faf#e z iIc> VT, ZOMESHFAFARLATL S
(Becker et al., 1976). faihdZffkic>W\WTd, BFE
HEO~NFo /s o<F VA THRST, FAHME 16
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1551, FEELRET O FMmiakse 2 i X 205 LR =T
HRDSAF I T 2R MBE LOREOKEIIH E h K&
IBWT LI B, AR, BOHRICL->TT v 5 aicd
X115 DNA Y72 & DEEZ O b D BEHEIICRE
CHMBZ DXL EZLDBLE, TOFTvFLDOYE
ZEAHEEE LIV, BS54 L LTDODNA
BFOMEICED 5, 3Zd DNA RSP 7 o<
F v EOBBRTHESNIREDEHATRIDPTLD
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B X UBUNRED 30% TdH % (Benedict et al., 1987; Zhu
et al., 1992). AF#lifasE 70 filh, Zutafk 16 & T LOH
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L A&\ (Tsuda et al., 1990). TEEEMEHR O R EAELS
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