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Antimutagenic and anticarcinogenic activity of tea polyphenols (II)
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*Food Research Institute, Mitsui Norin Co., Ltd, 223-1 Miyabara, Fujieda, Shizuoka 426-0133, Japan

Summary

Recently, the antimutagenic and anticarcinogenic activities of green tea and black tea are
extensively examined. The active chemical components of green and black tea are polyphenols,
which include EC, ECG, EGC, EGCG and TFs. In the previous paper of the present review, the
epidemiological and experimental studies on the antimutagenicity of tea extracts and tea poly-
phenols have been described (Kuroda and Hara, 1999b).

In the present article, the experimental studies on the anticarcinogenicity of tea extracts and tea
polyphenols are described. The anticarcinogenic activity of tea polyphenols has been shown in
experimental animals such as rats and mice, and against lung cancers, skin tumors, leukemia,
tumor promotion and metastasis. The mechanisms of antimutagenesis and anticarcinogenesis of
tea polyphenols suggest that the inhibition of tumors may be due to both extracellular and
intracellular mechanisms including the modulation of carcinogen metabolism, of DNA replication
and repair, and of tumor promotion, the inhibition of metastasis, and the induction of novel
mechanisms.

This article is a Japanese edition of the review article published in Mutation Research, (Kuroda
and Hara, 1998) with the permission of Elsevier Science Publishers B. V.

Keywords : green tea, black tea, tea polyphenols, antimutagenesis, anticarcinogenesis
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C; (+) catechin

EC ; (-)-epicatechin

ECG ; (-)-epicatechin-3-gallate
EGC ; (-)-epigallocatechin gallate
EGCG ; (-)-epigallocatechin-3-gallate
GC ; (+)-gallocatechin

GTC ; green tea catechins

TF ; theaflavin

TFDG ; theaflavin digallate
(ZHG - DA )

2AA ; 2-dmm0anthracene

9AA ; 9-aminoacridine

ZAF 11999 4 2
ZH 199943 5 H
©OH ARBRE A R L

1221
15

AFB,: ; aflatoxin B,

2AF ; 2-aminofluorene

AOM ; azoxymethane

Bla]P ; benzo[a]pyrene

Bla]P diol expoxide ; 78, 8a-dihydroxy-9« ;
10@-epoxy-7,8,9,10-tetra-hydrobenzo| a |
pyrene

BBN ; N-butyl-N-(4-hydroxybutyl)
nitrosoamine

DEN ; N-diethyl-nitrosamine

DHPN ; 2,2’-dihydroxy-di-z-propyl-
nitrosamine

DMBA ; 7,12-dimethyl benzanthracene



L

DMH ; 1,2-dimethyl hydrazine

EMS ; ethyl methanesulfonate

ENNG ; N-ethyl-N’-nitro-N-nitrosoguanidine

Glu-P-1 ; 2-amino-6-methyl dipyrido[1,2-a : 3,
2’-d Jimidazole

IQ ; 2-amino-3-methylimidazo-[4,5-f]
quinoline

MNNG ; N-methyl-N’-nitro-N-
nitrosoguanidine

MNU ; N-methyl nitrosourea

NDEA ; N-nitrosodiethylamine

NDMA ;| N-nitrosodimethylamine

4ANQO ; 4-nitroquinoline 1-oxide

PAH ; polycyclic aromatic hydrocarbon

PB : phenobabital

PhIP : 2-amino-1-methyl-6-phenyl imidazo[4,
5-p] pyridine

TPA : 12-O-tetradecanolyl phorbol-13-
acetate

(ZDfth)

MMPS ; metalloproteinase

6TG ; 6-thioguanine
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o, 87T X CHOPUEREE - PLESAEIZ DO W
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(F%Eﬁﬁﬁ 21 % 1 SR T BW T B LWV

KLRDK T TH B 77X, EC, ECG, EGC, EGCG,
TFs 7 £ DAL EHUBR P H DS A DI AR, LA R
JEVED SBRIIESE, PUIEDTANED b TRERETEEE P18 /L
W, TR, W & AT T PR AAERIZ O W
Tk~ 7e, REPHNMWITBNTUIL, IUHEBATF D
YA AAED T, &%,ﬁﬁ 370 ¥ DY AR ML,
7TRE—v a3y, BB ETHRT EHAMERICONT
WA, S ST RBFESRLTI R A O, S 5127
TX VDN RIBYE L EI2OWTah X3S,

1. FEHAME

1) fAA

MliZsA 2SI L T, Katiyar et al. (1993 a, 1993 b) %*
A/J <7 ZTNDEA X B [a] P THRS NS MinAIC
xf LT, fkAepinER 2 Lo 2 & 2 Wi L 72, Komori
et al.(1993) Lk ADERY 7 = / — AWM A DiFEI %
T2 2@HmE LTV

2) EEHA

KIEDAIZOWTIE, =7 RICKEMZI2RAKE
ZHZEICE S THAZINT 52 L%, W 2PDIf
FIZE>TRINT WS, UVBEEFMEB) @ 10 HIF D
MGtTA =2 —3 3> 2k E%, TPA % 25 H 5 2
T7uE—v a2+ 2%, DMBA T4 =
VEI—y 3 rEEEE, TPA ZLBEMEBT7oE
— a3 Y ERREELT ADKEAD, IR0k
Wz k> TS 2 2 L 2N TwvwW b (Wang et
al., 1992, 1994). DMBA T4 =3 x—3 3 > %# %I},
UVBT70E—2 3 3N TRDKEIAITK L
T, LA DRI EBRICHIGIER O H 5 2 LR E
T % (Wang et al., 1994),

~ 7 212 UVB Mgt 13 B o 24 U 2 Bt A
AT Z M ANny /) —=)BLUWRETFEE»AD, 5%
1BEBRETL I EICL>THRIS N, ZOERT
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13, FRIZLS>TINLDHBADMIEHINZ S, B
BIUVERHOKEPGADT R =L RE2FEL, HAD
e B WA L7z (Lu et al., 1997). 77 =4 » %R
WL ek 7%, DMBA T =y x2—Y 3 %
L, UVBT7o®—y a3y LTHFHRLAE>YRDOKE
WANCK LT, #FH LwlfER %2758 L7z (Wang et al.,
1994).

3) ZRBEFEHLA

Hirose et al.(1993) (3 2% 72 A € 7L (Ito et al.,
1988) # W T, & LTHZ72GTCRKRY) 7=/ —)L
DENEE L HXTWD, F344 RDHET » b IZ DEN
7213 MNU D EENE S, 7212 DMH O K i 4
&, BkA/KE LTBBN £7213 DHPN # 52, 2D F v
MIZEEE L T1.0%F72020.1 %D GTC % 45-2 72,

5O0DKMPARKIEHMIZEH- 2727 v M, N, K,
I, WENE, B £ D ZhEGCIRIE, ATANE, 2K
ErFER L. Ty FLES) DN A (BRIES
TUDPAEORIZTI%GTC 25252 8iIck->TH
BICHA L, H B THFRPADIRE L LT
WEFALS-hT 27 27 —X (RBERBGER 7 + —
HADFSHRELR) DI 1 %GTCE722130.1%
GTCIZL»>TALTIIH s rHEITHML .

4) BHINFE

R ANRNIE D G-A5, AN T K b — 22
L HESEZR ST & v ) W AT nw K D2 B B (Jiang
et al., 1995 ; Piazza et al., 1995). Hibasami et al.
(1996) (2 & b & ) » 2<% [ 1 9% Molt 4 B il iz %
GTC, EGC, EGCG ¥ & Uhilifih i (PS) TRLBET % &,
MM OHFEL PR = 28R T 2 L & 7B
L7z, TR =3 2 2F8 3 L2 Milal3, DNA 254 ) o
X7 VAY —LDKRESDOW RS LR B
D, ZOHKRIIA T XX PS DURE B L ORLEERER] 12
RA- L Tk 5,

5) AN TOE— 3>

BN HEE D s A MR I LT 2 30TA DRIz
i3, A1 =vx—=v 3y, 7oE—var, B 7es
Ly iar 250 2B 5 5. Yoshizawa et al.
(1987) 13, CDEZEBHPAMBET, TLAL Y ITk

br7a€—2 3 rh, EGCG 2L THfIENGZ L%
Ry L7z, Fujita et al. (1989) (3 ENNG (2 J: é?ﬁ 2D
F ARG DR ADETF LR E M- T, c EIC BT
é%#&fm%—&;yﬁ,HEGK;ofﬂwéné
ZEERIBLTWS

AOM Z 72{3 MNNG (2 L » THE S 1L 5 < I
%,%,%%¥®ﬁAﬁ EGCG Rk IR) 72/ — )

Lo TSNS Z Ll ST 5 (Yamane et
al., 1991 5 1995 : 1996). AOM % 45-1%, fikA7k iz 0.01
% FE7212 0.1 %BDFREKRY) 7 =/ —)LorHi 2 Gk & 4.
2727 P TEDPADHBIRCH»A D 1 HHH 72 1) DYy
B, ZNFN38.1%L47.6%, BLU0.6X0.7T
HN, AOM DA% H-2 1208 Z v b TH 77.3%B &
P15ICHRTELER 72, LeH->T, KR
)7 =/ —=iE, AOMFBHDOKEPRADTnE— 3
Vwﬁw%W%Ltémtﬂbhé

B B 12 DMBA % 4% - L 72 CD-1 D 4 2D
77XK,1@%%#%70%—7—W%®%67v1
VU EER L2 A2, 53 %D RITHIAYS
FHRIN, TOTVA LY LBOREIZ, KEDE L
iz, EGCG & L8 L 728481203, A DRI 13
%Th-o72. EGCGORHIZ L), =7 X 1Y) Dy
ADVEHEIE2.1 55 0.112¥ L 72 (Fujiki et al.,
1990).

6) HANELTS

BN AN DRSS, BEBRORGAETE & 1 3 L~
Dz, RN < B2 550 O o) #HE S I 2~ D iz
BENL S0 D 5, PANNRDERI, L&D s
DIF AN D BEBE, L7123 > TREEMHLEL I e~ D F4
B, BERMEC S DR, # 2 ToOA ML R
ZEEZBEDWLOPDBRBEER TS,

b L DI S D AMBLDBEBL L, 2 b < DA
POBFWINDEHEZLNLIT0XxF—ERaF5—4F
—EDL I LWL DD Y N REERIZ L 5 TiT D
5. 7% AN A BE ISR I %5 (R 5 2 BEBS T U3,
WS OBD Y X7 EREEREDE T 2 D L Bbh
%. Sazukaetal. (1997) (3 #.ZE DK 5 T H 5 TF =
TFDG %%, =7 2% Lewis iin* Afiiiz LL 2-Lu 3 9 in
vitro IRMT v 4 RTALFEMRF =T 4 L —
EHMLC, MIa0RMEIHT 22 L2 RN, A
ARINEAS, Z DR EREROBICH ST 5 2L 5N
MMP-2(66 ¥ 2 ¥V F > D75 5 F F—+FA)B LU
MMP-9(92 ¥ u ¥ L o7 5F+—¥B)2at~ b
Vw7, x%07vF 1+—(MMPs) 2533 5
EWRESF Lo HAETFIT7I2E>TRENT, TRR
TFDG, EGCG (3, LL 2-Lu 3 #*AMMNaD 5538 5 5 1%
LNz MMPs(IVE 2 5 — %+ —¥) #lE L7 2 b
DI &6 TF, TFDG 5 £ ° EGCG (3, LL 2-Lu 3 #
BDIVE 2 5 — 5 — B2 3T 2 2 L 12k 5 T,

DAL 2 Z 5 Z LR Sz,

LL 2-Lu 3 #ila 2 g FICFRE§ % &, 3 BRI 130
CZSDOMEDPET 5, BRREROEGT 2L, Zok
HiD B A B2k L 72 (Isemura et al., 1997). < k1)
TN ERHINEF ©» > /N—« 74 L7 —DDOn72 A
IW R L7230 2 W T, DA MIE D W % L &

BRDOB L2k B I UZFDK9 TH 5 ECG,
EGCG, TFDG BLUT oA - Ira—2ank

T X RIS, MIRao I L 22, BURIME 2 o
b7 7028057, Wb a5 F—LRrS
FF—th, 77— 4B LI2EHZEE N7 EGCG 12
LoTHABZINT VR bt

EbDBA Y FoMlamE L, RS2
TN R ERLEL T D, CNLDEERD 1 Ot
7%+ —tWPA)THL, uPADIGIZE -~ 2
THADKEZZWMASE, PADEELFRE LA
¥ % (Jankun et al., 1997 a). EGCG (3 uPA 12§54 L
T, WPADfE=5rFDEZF 22 57T L2 v 195 %
7oy 7 L, uPADIGIZHE LAV =T 5T LE=
35 DH 2T % (Jankun et al., 1997 b). EGCG » =
D& BAED L, uPA ORE 2L, BRI
i % 2 £ TuPA DEEEIHT20TH S S, %
—#1250 mg EGCG #& A&, BEHEnE M3H 10
MOBRERD L5,

2. MEERUESIUTRREDAEOKE

1) MEERM

RABMFRIZII T TITHRA L 9 12 "SRR L p
END WO DA H 2, Fig. 1 (3 1F # Mila s ik
M7 ) A 22T 2 @R 2 BaiISR L2 T
HbH. RIPADE—EREIZ DNA Qe ta iRz 525k 28 s
ETHIET “4=vz—L a2 LIRS, E B
3 "7 me—2 3 7 LR, MBI IC 5
2 BERTNIER A DAL U, B3 7o ila ki sl Aot
b5, WM “Tarsrvy gy L Eh, B
AL U 7ol 25095 L, FBH O 1F 3 AR N 2 o0 v (235
LTWL., ILRPAMERZ LML 3 7 D5 7
HIZ& T, ZOEPADZENFIEN 2 BEPS I3
5.

Wattenberg (1983) (3R AME %2, FDIHA A
FETOEMBRECL > TRD 3 DDA F T — 12435 L
e,

(1) BiBRIRYE 20 5 28 RIG R DA ME DT &
o0 x50

(2) FEDAYE DR 2 il 12 F) % 2 0 2 3
L720, $RlZeMBE e d 202806 L7z
¥ % Ve GERr R -1 & M32)

(3) BOAWEIZE & S Nl T, B
B2 BIT 2 0 &S 2 W (BRI E & w»
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Fig.1 Multistep carcinogenesis and its
inhibition by tea polyphenols

J).

Ramel et al., (1986) (%, sfmithE o HFEWE A2 DI
FEMZHTEMZEARCLT, kDL T2
LERRMBL,

(1) ZREWE 2 NG L), SEZmEoH 5
LA I N5 D E B <

(2) WK1, 72 ANVBREWE

(3) DNA EAEIC{ER 3 2 K. #0HilHE

TR IR FE S A DINHINE (3 FIRAL R DS A S )
- THEATT B idi L 72 EB D h D W D e % Bl
L), B30T 5EHZ LD, 2DEH)%H2
Ji12#5 T, DeFlora and Ramel (1988) (3904 5 5%
BRI AME DI 2> WT, BfEDHMRE D
I EN G EEIT > T WS,

KOR) 7 2/ —WIRIRERRHEDVABEDZD
BRIRSR0, 25 AAMNE O 08 F8 7 £ fl 2 ot % BHE,
i3 2 %E L ->Twb, Tablel 328K ) 7=/ —
VAT )R (desmutagen) & L CHRe b CTIERI 3 % &
[AlWg 12, A4 25 (bioantimutagen) & L T#liliz
NTEAL, Al =vz—v a3 v 2ZiFiilan7ro
T3 3 YRPAMIBOELFE 2 HHI T AR R L T
5.

a, RN OIFIER GRERRIER)

Jain et al.(1989) (3, #&kAxH & UKL A YA K
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W WP 2 2# T, MNNG D% 55 2 48 S50 7
TS 2 2 L 2R L7e, ZRodliliPid MNNG i 7
DYEIRA T 2 FR AL DRI F 72 (Z[RINFL LI K - THPH
L7z, BRI L > TIHIER 2R3 kol 2
D XTI MNNG Z 7203 72 ORI 5 E
MT 2 L2R%ET D, ROATXIHID L) LIHE
WIGE LTER L, EMMDTERIEE LTIEHLZ W
CEERRLIEL L VCIETH D, ATX VNI L
9 AR OFE L, B L 22 ERIEE R 2 DR RO
FICHED LD TH S ).

b. #ERIRHIHITER (MR ERRIER)

(1) KRBk

Bla]P = AFB., 2AF, 2—=1L % =)D X%/ —)Lfl
WWIcl->THEREINDIHALERTTALNOSE L
TAYS DT v MFI 7 ay—LEHEALRIAA FTHIE
T2k AR Iz LT, GTC (3HIER % 77 L 72 (Wang
etal., 1988). PAH <X AFB: & L 9 % Hi» A e 7,
ZDOERIFEERHEP AR ZHTIZE, Fh7e—24
P-450 1A AFEOBER 1T & 2 GG L2 ¥ L § 5,
EW et E b OB A & 5 EPEmIE, 2%
RIGHERL R AN 2 RAET 2 72012, FENHERD T8
YNZERDNAD L) s FE AT A LAt
MHNTW5, ZOFERTIEGTCIIHES L UEKkD
VA= NENN 1)) DIEE R NV ol il =1 SN o
(AHH) &2 HlET 22 &b o7, 2512 GTC I
PHIBla]P s L S HERE R 20 LT DNA L #H
ZORMEL.. SNLDHERIT GTC P2 R G
ND—iiz, PAH D F + 7 0 — & P-450 (&7 D X 3G
PALD IR EICER L TE D, GTC »* PAH-DNA #46 %
HETLZLDEHZ LD,

7% IZNADPH-F b 70— 2 CEILEERDOHEA
IR T & 5 (Steele et al., 1985). Apostolides et
al.(1996) I2 L » TRE N & H 1z, S9mHzETL L
T4 7D TA IR T, #L4B L ORI K
)7 =/ =Nk % PhIP % RGN 3, Steek
et al.(1985) 12 X - Ty S 72 RIgEHE 0 ] & FH
LTwa, tn)DIEFHERIERLATX O T X
AL EEATOT, kA2 SRR L 72ALE S 9 B
KEMET LI EDREINLSLTH D, FRIEDKM
WiE, & FOREROCEB LR HETHEINSG, T4
DB, FRIRDIE (10 g) I2EE (400 ml) % hn 2 10 43 [ RGE
LT BLT25%(w/ VORI L»Ess, 2t
HFNLEATZDTAIRT, SOFEHILLI~ATEY A7)
v 2T 3%1Q, Glu-P-1 nERFEEHEZF L, @
FEIZHKAE L T3 % (Bu-Abbas et al., 1994)., F 7z,
FRAAm 12 S 9 WM L PAH < Bla]P, DMBA O %
BIGPEICH LT OHRER2H 5, =trYEX) U
BlUr=btovEoy)yyrrunwy2on=tavy 73
DAERIG L S 9 s % 2 72 HELR T, Rk

carcinogens acting extracellularly

(Desmutagenesis)
2. Inhibitions of mutagens and

carcinogens acting intracellularly

(Bio-antimutagenesis)
2.1. Modulation of metabolism
2.1.1. Inhibition of the
activation of
promutagens

2.1.2 Induction of the
detoxifying mechanism

2.1.3 Detoxification by
alteration of metabolic
enzymes

2.2. Blocking or suppression
2.2.1. Blocking of reactive
molecules
2.2.2. Scavenging of
reactive oxygen
species

2.3. Modulation of DNA
replication or repair
2.3.1. Increasing of the
fidelty of DNA
replication
2.3.1. Favoring of the
epair of
DNA damage
3. Inhibition by acting on
initiated or neoplastic
cells
4. Inhibition of invasion and
metastasis

5. Induction of apoptosis

GTP

Cytochrome P
Catechins

Green tea
extract

Tea

EC, EGC
ECG, EGCG

Tea

ECG, EGCG

€, EC., ECG,
EGCG

Theaflavins
Green tea

and black

tea polyphenols

EC, EGC, ECG,
EGCG

EGCG
ECG, EGC,
EGCG
EGCG
Catechins
and TF

Green tea
infusion

EGCG

EGC, EGCG

with MNNG

Inhibition of
cytochrome P-
450-dependent

metabolic activation

Inhibition of
the S9 enzymes
Interaction

with promutagens

Induction of
glutathione

Induction
of phase II
enzymes

Reduction of
cytochrome
P-450 and
increase in
phase I1
enzymes

Blocking or
suppression
Reduction of
hydroxyl
radicals
Inhibition
of DNA
cleavage
Antioxidant
activities

Inhibition
of catalytic
cytohrome
P450

Interction

with DNA

polymerase 111
Influence on

the excision-

repair system
Inhibition

of tumor

promotion
Inhibition

of matrix

enzymes
Inhibition

of matrix

enzymes
Inhibition

of urokinase
Induction

of DNA

fragmentation

Table 1 Mechanisms of antimutagenesis and anticarcinogenesis by tea polyphenols
Classification Tea polyphenols Mec.hamsms .Of References
carcinogenesis
1. Inhibition of mutagens and Tea extract Interaction Jain et al. (1989)

Wang et al. (1988)

Steele et al. (1985)
Bu-Abbas et. al. (1994)
Prestera et al. (1993)

Matsumoto et al. (1996)

Weisburger et al. (1997)

Kuroda (1996)

Ebata et al. (1998)

Shiraki et al. (1994)

Yamane et al. (1996)

Matsumoto et al. (1996)

Kada et al. (1985)

Shimoi et al. (1986)

Yoshizawa et al. (1987)
Fujita et al. (1989)
Fujiki et al. (1990)
Sazuka et al. (1997)

Isemura et al. (1997)

Jankun et al. (1997b)

Hibasami et al. (1996)
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Mk > THELLHRIEING, 72, 2AF R 2AA D&
9 AR E 32RO & - T2 D4 S (240
WS 5, WHEEHT 2 ZREWE 9 AA X MNNG ©
BRIV D, FRN I L - TR S s s, £
DOIERNEMEIER O L RIFUZ R 2 LB IZE .,

Bu-Abbas et al. (1994) (3, kIl A4 X2 L
NT4RIPFIVLYLT 4y, U PFL LY
74 D O-BET IV FNACIZE L IREARAFE DA %2
I HZ xRN L7 NADPH {&{fEnF b 7 v —
L C oA Tx§ B R Z#HIER b i LT b, B
SRR DKM (S, F2 o @S f R BREE T D 48
FJFIR L TP REEE > Tnd 2 & 2 fiamD
J72. 2 LT 2008, BT 52 L &R
L7c, S— RS 3HE 2 DR R o BOB T E £ 1
TEPEL & 2R DKM (A7 AR § 5 BUSAEYEL & D
HARDMEEHTH 5, BE_DOX SICHELMEE LT
13, BIZEREWEDF b 7 v — 2L P-450 R AF A1
{CDMHERTH 5, F + 7 v —24 P-450 iGHEOHLE (T
L7 L L—E13, NADPH 226 F F 7 v —2A~DET
DHALDIHFEIT & 52 b HIILZ W,

ROHNEZ v FRFOF FEWE IR O 2 L
S5, (I BLXOMMHITIOM Y DR SR L, FIAkFE
IIFFEDOBI L 72 % 6 B Z v T2 B2 EI2EH-T
X5 (Sohn et al., 1994). Kz &2k -»T
TN FA DL X)L E ESH S E (Prestera et al.,
1993), FEH¥ AW O OGS o fifkili: % 2RI 12k S
B3, BOWMHDAAEHIZOWTIZ, WD bEn) 72k
b HZ 6NTWT, 72k 213 DNA 548080 i 1
LI NTHP»AWE L DiERT £ Th 5 (Steele et al.,
1985 ; Hayatsu et al., 1992 ; Yang and Wang, 1993).
WD ZRDOFEI( 1 HIZ 5 MR E 721389 11 g DAt
fEI) 3RS TH D, H DD F DDA DIEk: 2 b
S BN )L TH S (Apostolides et al., 1996).

7 O AN T B4 T F kRS, v —
o > St o EER 12> W T, EC, EGC, ECG,
EGCG = flh o> Z5 41l 411 (0.05 %6 Z 7213 0.1 %) o il {
Iz DWW TUE, RO FEEES D 70V 8 FF » S§ifs
RO (GSTP) 7 + — 7 AR K E S 24
A SR 5 2 LR LT v S (Matsumoto et al.,
1996). Z DT, W < DD HiEERE 2L ST
Wb, EB—37y MFETIZIS-EbaX s 7T =0
% GSTP L7 + — A 2 L DRNICHIBE» 5 2 =
r (Kato et al., 1996), 2D 7 7 % (3l PHLEE{LIEH
%% % 2 ¥ (Matsuzaki and Hara, 1985 ; Nanjo et al.,
1993). L72h" > T, KD 47X Y FOMEIER 32 D9
FELIER IS 2 5 2 L Th D, F IR DA T X
YHIZ 7y PHFIE TGIu-P-lic k> TFERSI NS
GSTP bt 7 # — A R 23§ 3 ¥ %555, NDMA T
ENDT7 4+ =N ADERITIIHEN W2 LR N
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TWwd, L7 TROEHERIZAAH T 3 L O I oEE
FKOMEEP PR L T T, 54 7 X HHp5E4E GSTP b
Y7+ = ZDOWEEZMIHT2LDTLWEHZ T
5. ZDATXHIIF b7 o—24 P-450 DEBAEH %
[l L (Wang et al., 1988), AR I O fif w3 2 o5
5% (Kahan et al., 1992). Za» k512 LTDENX PB 2
X o THEZ 15 MO BRSO (2 7 7 % 51
2 & BRI/ ISR L TR L HZ L5,

DMBA X AOM D & 9 % & MDD AWE L, E
LA e i L2 R 2 35, RISFURDSA DFE 2
L, DMBA X AOM 2 &k » THER I L2 RIS
707 b DT+ — A 2 2 T 5 (Weisburger et
al., 1997). AOM T UERII DT I A% Y-
DYz btz BRIMMNCHh 72 2 K0k, & 2 GH
BEREZLSE, L<XIZF P27 —LP40DTALR
1A2,2B1 25T 205, fthodF 70 —24 P-450 T4
VA LT3 % b2 7 v (Katiyar and Mukutar,
1996 ; Sohn et al., 1994). DMBA DIt & % Bk
TR F P 7a—2LP450 D 1A 1L > T—HAEKS
MY, TNHI37NV 7 o= )VIBEERIC K > TS
Na, Lo T, KORIZZID L) LITHEROL
fbick > TS 1L 5.

(2) BT (blocking) & 3l (suppression)

IHFLEAIE DK R TlE, ECG B LW EGCG (37 +
A==Z222—DVIIHIET4NQO 12 & - Tk
BIND 6 TGIPIMED IR L R LT LI, DA T
XUOMIC X APUEREMER S T X o HiE 4NQO % 1/
IELRITIHE L 72 AICHOARIN, 4NQO &4 7%
SR IR L 22 I IR ER R S e o 72
(Kuroda, 1996).

ZHZ X, AT X HOPE RSN TA
SEMPTA R % D DM R - F 72 (3R 1 & LTl
WTWBILEa2RBLTWwE, INHDA T X VHHIE
EMS 12 & - Tah 78 S 41 5 2R JITAE L T
AREIETE 2 R S v, 4 NQO (ZERIME ISR T 2 8
ELTHLNTEY, ZoO#MEITKEE B/r WP 2 T%
WRHE R DR R LT ECG B L W EGCG 25T
ERFELZ DLV IRERE—FHL T3,

C= GC, EC, ECG, EGCG % E DDA 7 X » H
3, S9z=mmz7zHrELZ TA100 2T, NDMA
PEIEDGIRAE M 2 1] L 72 (Ebata et al., 1998). 77 7 2
—NWRBIVOATVL— MDA T X 5L 5 NDMA &%
RDIIREEDINHNIIHKI 30 % B L1100 % TH - 72,
550 mV LI FofgfbS s Efiics a2 o7 %~
MO INIETORIE, A T7a—NEDhT X 5
TR 2MHFYETH Y, L — DA T F A HITHON
TIISMREETH L. 26 DFEGD 5 NDMA F3#D
GERA IS 57 7 X HHOMEERIZ, 2~ 7% 8
IZE > THELURKRBILT VAN DETITE > THEEBI

LI EERLTND,

MDA TXTHD TFHICOWTIE, Zshil
FElt/RFI12 L - TiA7E & 112 DNA HUGHEIHr <2 22 58 4
DEREZIHIT 5 2 £ AR S LT v 4 (Shiraki et al.,
1994). TF iz, KRMERKET—2 F & I 7By —LRIIC
BWT, WBENIEE O BEELE T 5, WA T
X B Cu*DAMEfE T T, DNA Y 2 F &3 2
(Yamada et al., 1985). ‘E & 72filah o & ld 4 A+ > o
BHEZDE, NEY U NTENZDF DL )%y T
HAMDERBA A 13, HaO: 2 5 DIEHRED K 12 1
LT, i ERDH 2 52 6itsh, juk H:O: & F M7
o —24COMAEDLET, IRED &L DNA FHO UK
BFERINEZ WIS N TWw 5 (Radi et al., 1991,
Nakayama et al., 1993a). TF¥il3F+7v0—4CD
1745 F T HoO: 12 & - TiFkJ8 2415 DNA YJF % #0i) 3
20T, TF A HNEN TOUEELmE & L Tl Tw 3
ZENIREE NG,

TF o T, TFDG 2oy — k%L 5, )k
MERT— 2 F DR THOPLEELEH 27”3, TF 37
wIBELRLTWT, 378V —2R°H:0:12k-T
A5 DNA IR ICS WIIEITER L2 L 72w, 2 s
DFERI &, AV — b TF B DAL/ e h 4 52
BEER 2 RRTL2DICEHEL LD THH-T, ZVH0LD
BREFICE TR0 HEZ L5115,

2L DINFRETOWRT, BEBLIVHEDHT X
HHFEZ DDANK L THIRIER 2 2 2 L A9RE 1
7z. Fisher 7 v MICTBIFAT VX A9 2L Tiks
SNTRBERADREIC LT, AL DK TS
182, 0.01 %F 7203 0.1 %DfkkZE 2 fRAKIZHNZ
TI0HEM G 2 28412, PADFEAE 26 L 72
(Yamane et al., 1991). L& L, fhoffFse Tl 1 %ikis
R 7=/ =N T, Fv bDOREPADREZM
Hil L7272 (Tto et el., 1992). FHizkkz&izibig % 5 2
%L C5TBL o~ 20 K2 )7 +itile T, DMH (20
ug/k) T X BAERT K b — 3 ZDWK I x L TR
ZHNEIRh A B - 72 (Zao et al., 1992). HOEFIZ X -
TRED A T X v Hie 5272272 Tl3, DMH 2L 5
WADERKE 133 L < L 72 (Pingzhang et al.,
1994) 4k KD 7 7 X% Wik -2 foe 7 A0 LEER T
A % 28—+ (SOD) D43, DMH TR L7z~ 2
I LT rEman, INLDREIE, w7 RITBEIT Ak
RDATX 2L BEPADHIEN, BEOHAT XD
MBALERICL 200 THDL I L 2R LTV D, #kED
DTUREALIERT 2 L Do (3HE o0 e 55 2 8% 35 L O3 1 8%
AX DLV BWL SR, KD LBES VAL
DRERMZ, BREILEA I > T D HNRKEELT 27
NVEERE L, IRE @R 88 2 Bk § % (Liu and
Castonguay, 1991 ; Bhiman and Frenkel, 1991), X
LISRRERD A7 7% L Hld= b ot 3 L RIBIx LT L8

B A% ) (Bhiman and Frenkel, 1991), figf& g
A &4l L (Knan et al., 1988), #Ha i fifi 1 [543
2 it 2 #1013 % (Ruch et al., 1989).

(3) DNA &t

Fifi 2 DI RIGLAHD A WE DR T, BRIGWE A
I D K E T 2 HICIEH T 2WE 2 H 5. 20
& AL I3 4R JIF TR L THa s TER 3 2 98
+ LT Kada et al.(1982) 12 & - T “Desmutagen” (il
R & BT S, Zhucxt LTl TERT %
Z DML EWE 13 “Bioantimutagen” (At 4 i
J5) EWHEN S, BEBICEENS L- TR VE VEE(E
g C)Ra-ba7za—(Es I E),
e CITHARIBER G H 5. TNFE TICHREINITWX
SRS N2 RD A T % P HD £  DFUERIFRTERHL
FEDSAAEHIG, AW A R ER 2 2 0,

L met his mut-1 @ NIG 1125 R# T, EGCG (<
Lo THRRRERIWAT L5, THIIEIL 2
DNA Ak % & = 5 — % L > DNA # ke H
EGCGic - THHINE I LI, LDTH B
(Kada et al., 1985). EGCG (3 DNA &l B 521 12 B
THRBICERT2EEHEZ6N5, AT HFy o3
7EEBMEEZ DL > T bEDT, EGCG #* DNA Akl
KU EFFHNAHAAEH LT, DNA 8o B ok
IEHLTWaA Z L %2 6 NBIKEN,

Shimoi et al. (1986) D B T3, KEE B/r WP 2 T
7))y 7R, ECG, EGC B X W EGCG A4 743 C
(254 nm) FEFRDIIRE R Z WA I, Ealre -k
7 O 26 DA ITEE SR AB (295—400 nm) i 7E
DGIRERIZH L THHNTH 555, MNNG iFEH D%
SRAEITH LTI L A XSRS e v, S OEDINIE
F)EEZ, DNAYY H LIEERIBRHE WP 2s B L U°
ZA 159 R TIIA LN W, TNHDFRD S, Ear
O—NHEE LA T X CBIIAEE B/r oy ) L g
BRIEHLTW3 Ll bils,

SKH-1 =7 2 i2kkFzthzw 2L, UVB TiHRRS L
DG DA DF ML & A KR I AT 5
(Liu et al., 1998). Z @ UVB TiEdE S 725K 5 H% Al
Taz T, HAMGLEL T pd3 12/ Lok % L
5572912, PCRIC & - THIEL 72 pa3 i o=
7V 5—8I200nT, HEREED 2R B L EEDOH
KA. 66T S, ZoOfRUVB 2H4HL T
W ERER 27 RITE L 2AA S, UVB B2
DT ZADHA E IR LT, pb3 DEEFIZDONTHEL
ST 7 CINDFRER G LT WD b
72, Wk T X v LR TF (3, MissA LL 2-Lu 3 il
D 2 W3 % (Sazuka et al., 1997). LL 2-Lu 3 #l
falzx, WE £ 20y 37 50 fifEE R (MMPs) % 420§
%, 21U MMP-2 B LW MMP-9 # &4, »ARMIED
RESCIEBICEGT5EH2 615, ZNLDIE XS
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0% N REROINE 2 57 — i, KT
X D EGCGR TR 2L > THIHIZI 525, (+)-7
TEXTE-oTIEMRSIN L7, ZHZERBINK
VAN DRM E 25— =Dl L E, Bl
LTWwabZLZpR%LTna,

c. BN

AL — bEDZ G TF I & Sl 2 7 —7F—
LiGEo I #kE -, B2 65 <, EGCG B LU TF
37 =/ = WKERIE LA LIRS 2 D > T b &%
265,

<7 2Dl A LL 2-Lu 3 #ile D in vitro ixil B &
W in vivo DIEFEITH LT, FkROFIL 72 L DX HKIR
BRIZBWT, PAMEONM I 0 =—DKZ b3
(Isemura et al., 1997). Z O TIE, HIHIRhSH (2ikAs
DRELIZLDR, L —bEEELAT X B THOAIR
S, EME S HEIER & ot E R % 5. TFDG X7
oA NTNI=Z2D L) BV — kR ETHRD
Ay £ 72 LL 2-Lu 3 Mg {2 12 x5 2 B E{EH
PRl 72/ —NTNLa—NOEAIE-TTE
LRRERE DY, Z OHIEIERNICIY G- % D bR b,
DA MIE LL2-Ludfifan 2 7 -7+ —+1IC
o LTHIIER 27" 30T, oMkl ns 27—
7 F =L DMEDERAET 200 L i v, B2
o2t 77 70#%, EGCG L2757 —7F—X ik
HAhs, COBEOANGHEALZERT LI L Z2Rm% LT
W3, EGCG 12 & 2 28 AfIaDRE D HLEIZ D W T A
K7 BetE»* 4 2 5115 (Jankun et al., 1997 a). A A#H
fanfREZFEL, HBEEET L I2#< 2 » X785
fEERD 1 237 e ¥+ —+tTHh-72Jankun et al.,
1997 b).

d. FTLUWEEEDFR

L WTERHBREZ D OPIRDAEWE L LT, »AM
DT R b= ZFEEFET 5\ O DDA WL DS
HmESINTWwbE, £V 77K (Yanagihara et al.,
1993)%°, = —TF7 A7)t 7 AKY) EF
(Piomede et al., 1994), A&7 1 Y HLAAPUEME C
1027 (Jiang et al., 1995), R 1) « v Z7HNLT7 74 FX
F17 + > (Piazza et al., 1995) D & 5 Z4ins AW
DY GH5, DAKNED T R b= 22 L 2L EIRT 5,
Hibasami et al.(1996) (, EGC 3 X" EGCG %7 0.1
mM B LO0.3mM DEET, &b oM EHILK
Molt 4 B #fifehiei # 5¢ 228l L, EC 8 L * ECG
13 2 DD R % JH T 2 DITIZ & D) iRV ET
HHILEWMELTWS, TRV RICTE-THLR
DNA ol fbis, EGC 8 KWW EGCG 12 & » TaFE S
Na5, ECBLUWECGIZL»TFFHEI N LT,
SN SO TR CIEH cflalc b r ke 2 L%
<, PAMNBICT K b= 2 2FET 2 &) KREEDS,
i L WGBSR Ok D B I2m 2 > TH % T— LT
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HHIEERELTNS,

3. ROTFVEDFREE

FkIEB SN2 DM TH D A4 7 % 2R3N Pt
EMA ), Ikt o A & il S
5. RDAT X P HDOPUERIGERI RS AENIER
Wiz zoPEEEICL200TH Y, ZhrHlesnT
GYED & B A AW 2 ANWEIEAL L, WD WHA
P OTEPEAL 2 S0 (AR, RN TlEh 28R
DR F5H-&8, F 7o —A4PA450 2FFRL, R
YL TRPAWEDWEE 2T 5.

R T X VHHEEREWEDOWGE L2 IR L2,
BRI A % ANEIEAL L 720, O -1 % 5
Mrizzh, B3 L7220, DNA O #8805 4E 2 1% L 72
D, 77—y arzlFELLY, PAMIEDEECR
BaMELZ) TS OWTIZREICH L2270
DOHb, LPLIDL) LHENDZ DL DIFEIR
W F 72 IHEDBEED LD L 2, KA T X CHHOEH
HRE 12 D W T ORI RBIR DGR A 5222 7% 5 2 &
HHEFEND.

SEREN 25 72 DR 7 =/ — VDN R
IZDWTHDERT, KOG T X v DFEIDFE 2 D <2
MRS B2 ADREZRIHI L2, L L, iz DlE
RHELIC BT A AT X DR, FOBE), HEZ:
EIZOWTIZE/HLPTZ W,

Hackett et al. (1983) (2, 3 ADKRZ > T T D ANEIZ 2
gD (+) [MCl 77X 2RI, ZoIiks LUK
oML E Lo BB LA T X DRI55 %
13, FEIT% 2 R LA PR s Bk S 47z, kp o fGRH
EWMX(H)- 2 T7X% L 3-0-AFN(H)-ATFD7
7o B LURMBIAAERTH - 72, 2 s oG
MBI L 727 T X > DH)3/4 TH - 712,

Matsumoto et al.(1991) (2, 7 v b Zfli-> TH /M
Wi, Kb &9 Zid{tEnho A7 7% »ofm % L 6
b72012, IEEFPHARICRIN I N R T X o oEE L
A7z, REIHEIL 72 EGCG (3 20 6 /MG~ (3 $IFF T
BEIL, KB~ 8HEM%IcH 72, Hihosr 7%
WISKEICHMLL, 27X DH 55 3B IS
To TR N, 77X > D8 20 B3N LEHEICE->T
WX S L5 L b, B A TOHERNOFE 2 D
g g RE TP DD A T X L DI OWTHID LD
ZeRESEIRIEH ICHETH B,

KAT X P HOMERENES L OHRPAMECHET S
2 DD, $kIEH T X 2 DIEFII AR FLER N 70 B
WhofEbnTwd, L L, KCKEETIFLE» KD
FAIBHUBRETH 5. KLIRDES DAL ER A F i T
BELTHFICEMINT AW, FIL5KD TFIZOWTH
WL OLDFERT, AR TH IR FIFTws, 1%
X, Lo LREDH T X CHOMERIZ D W TILFEZ fIF5E

PURTHH .

EAHT X UBOARLEMICOWT O HITHEETHR
EMZ RS, AMOERZ W28 » 585515
XTHhbH, BDOHT X BT L DPERENE PR A
PEOMERES, B S72hAR, BT YITE-
THEET 2D T, KOEHRHSEE S NLIZRKIBIZBWTD
Py HDANTHT DR G 5 2 L EE b
5, L7chioT, A XMFLEM & i - 729850, IRb
N2 AD NI D W T OERIKRIZERAS,  1ERE 7 £ Hiy,
ETEE M 2 - T RRETH A ) LEDbILS,

COWMTIE, FELTERDORY) 7=/ —VOPER
BB L OHRPAEIC O W7D, DA T X~
Az, Zofbbe M ORI A% 2 < OREZ b
STwb, 2k 2, EEA-OH (51145, 1983),
MR B (- Bk, 1989), 2L AT 7 —LAfiX
& O A9 (Muramatsu et al., 1986 ; fi 5 &,
1986) % ¥ TH A, /2 boEMEDETNVEMITH %
AEW ST Z v M SHR) TROMA T X v 2k
2L, ToXF7Fryr EEReETLI 2L
- T, D 52 3100 L 72 (55, 1987 5 45 H 5, 1987).
F72, M7 7% I3 SHR 7 v b ChERIMIC & 256 %
PR L 72 U5t - R0, 1990). 777 % > oMM, Wik
BN A 52 CT7 Kb 2 L5 S w72 Wistar
Sy POME ESR-ZHHIL, ATFF 2B 7F
THEC A 2 SEDOREFIE, LSBT S a-T7 2
T—tRy 27 7—YOlEICLELDTH S (Matsu-
moto et al., 1993).

KA T % A bR o R R s R A Ot - A b
1980 ; Fukai et al., 1991), Hupgi# (Hattori et al., 1990)
Xz LCHiRtESH D, EGCGRTF XD A 7%
YR, A 7N T AN ZDHITEASN DN % Bk
L Tl % [ < (Nakayama et al., 1990, 1993). 2 Z
EIEDA 7N AL ZDHINEA~ DA DA ]
TP EL DI L ERL TS, DT X,
ECG, EGCG, TF, TFA, TFB, TFDG (3, t b %)k
A&7 A4 2 (HIV) I2xf LT, fileo DNA, RNA 4K
BERIC IS L7 W T A4 L 2 D WE GG % 5 < Hi)
52 EHREN T 5 (Nakane et al., 1993).

RKDHTx BRI L CET, 2 oMm 355 2
DEGHRMEHIHAL Z LD TE DL, ROAT X %
BUM 2 DRSNS, ABOFEIZL ST, AN
DIEIRIE KN 32, Mz LHEEREE RFFL, /a7
AFURIEZ MRS T ADICHNTH B b S,

At i
AHEE3 Mutation Research (Kuroda and Hara,
1998) i= Review article & L TH ik L 72 L o %, El-
sevier Science Publishers #tiF uf % 727250 TAGE
DHSGERE L2 nTH D, HERG ST 2285

Tzt nwie s v A KRFBEYMHCE Delbert M.
Shankel f I:, # X ¥ Mutation Research it &
Review Dt F4% David M. DeMarini [ 1 (2% 7%
piEMOEmERLET. o, HRERICZ W2
Wz IR LT
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Summary

Hot-water extracts of green tea (Camellia sinensis) were examind for their
antimutagenic actions on 6-thioguanin (6TG)-resistant mutations (HGPRT") induced by
4-nitroquinoline 1-oxide (4NQO) and ethyl methanesulfonate (EMS) in cultured Chinese
hamster V79 cells. Green tea extracts (Polyphenons) reduced 4NQO-induced 6 TG-resistant
mutations to about one third or a half, when cells were post-treated with the green tea
extracts after 4ANQO treatment in the mutation expression time.

On the other hand, the extracts were not effective in reducing EMS-induced mutations.
Further studies were carried out to examine the effect of green tea extracts on 4NQO-
induced DNA strand breaks in the excision repair process by using the fluorometric
analysis of DNA unwinding (FADU) methods. The amount of DNA strand breaks in V79
cells, increased by treatment with 4NQO in incubation of cells in arabinofuranosyl cytosin
and hydroxyurea (araC-HU) medium. The repair of DNA strand breaks was found when
cells were incubated in araC-HU medium containing green tea extract after ANQO expo-
sure. These results indicate that the green tea extracts (possibly catechins) stimulated the
repair process of nucleotide excision by removing the DNA adducts produced by 4NQO,
and reduced the frequency of 6TG-resistant mutations in V79 cells.

Keywords : excision-repair activity, antimutagenicity, green tea extracts, Chinese

hamster V79 cells

Introduction

It has been found by way of various test systems
that many chemicals present in our environment
have mutagenic activity. On the other hand, it has
been shown that many plants contain some compo-
nents with strong antimutagenic and anticar-
cinogenic activity. The first demonstration of the
antimutagenic activity of vegetables was made by
Kada et al.(1978) by using the histidine reversion
test with Ame’s strain of Salmonella typhimurium
TA98 strain with metabolic activation of liver
homogenate (S9) obtained from polychlorinated
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biphenyl (PCB)-treated rats. They found that some
vegetables reduced markedly the frequency of
reverse mutations induced by tryptophan pyrolysate
(Trp-P).

Most of the antimutagenicity studies on tea poly-
phenols have been carried out by microbial test
systems using S. typhimurium, Bacillus subtilis and
Escherichia coli. Recently, the antimutagenic activ-
ity of tea polyphenols against ANQO was reported in
cultured Chinese hamster cells (Kuroda, 1996). The
antimutagenic and anticarcinogenic activity of tea
polyphenols has been extensively investigated in
epidemiological studies, short-term mutagenicity
tests, and experimental animals (Reviews : Yang
and Wang, 1993 . Katiyar and Mukhtar, 1996 ; Kur-
oda and Hara, 1999). The cultured mammalian cell
systems may be more useful and advantageous for

95



|

Table 1 Components of hot-water extracts of green tea (polyphenons)

Percentage of components (%)

Components

Polyphenon G

Polyphenon 30 Polyphenon 60

(-)-epigallocatechin (EGC)
(-)-epicatechin (EC)

(-) -epigallocatechin gallate (EGCg)
(-)-epicatechin gallate (ECg)
Total Polyphenols

Caffeine

8.90 13.00 21.00
4.90 3.80 7.30
17.30 15.00 29.20
4.40 3.50 7.90
35.50 35.30 65.40
5.40 5.90 8.30

the evaluation of carcinogenicity of chemicals which
are non-mutagenic in microbial systems, since the
mutagenicities of some carcinogens, which are not
detected by microbial systems can be detected by
cultured mammalian cell systems. Furthermore
treatment times with mutagens and antimutagens
may be strictly controlled, providing some useful
informations for understanding the mechanisms of
antimutagenesis.

In the present study, the antimutagenic activity of
the hot-water extracts of green tea on 6 TG-resistant
mutations induced by 4NQO, a chemical producing
DNA-adducts, and EMS, an alkylating agent, was
examined using cultured Chinese hamster V79 cells.
Further studies also were carried out to elucidate
the mechanisms of antimutagenesis of hot-water
extracts of green tea by using the fluorometric analy-
sis of DNA unwinding (FADU) method (Birnboim
and Jevcak, 1981 ; Matsuda et al., 1993) to deter-
mine 4NQO-induced DNA strand breaks.

Materials and Methods

1. Cells and culture

The cells were cloned from a single cell colony of
the original V79 strain and maintained in Eagle’s
minimum essential medium (MEM : Nissui Seiyaku
Co., Tokyo) supplemented with 10% fetal bovine
serum (CSL Limited, Australia) in 60-mm petri
dishes (Sumilon MS-11600, Sumitomo Bakelite Co.,
Tokyo) under a controlled atomosphere of 5% CO.
and 95% air at 38°C. The cells were mycoplasma
free, gave a colony-forming ability of more than 80%
under the above culture conditions.

The cells are grown in a large mass, distributed in
many small ampules, and frozen at —80°C. Before
use, cells are thawed to 38C, suspended in fresh
medium and cultured in HAT medium (10°* M
hypoxanthine, 4xX10°7" M amethopterine and 1.6
10° M thymidine) at 38°C for 24 h, to remove the
pre-existing hypoxanthine-guanine-
phosphorybosyl-transferase (HGPRT) deficient
(6TG-resistant) cells in the population. The cells at
exponential growth phase in monolayer were dis-
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sociated by treatment with 0.25% trypsin (Difco,
Detroit, MI, 1 : 250) solution, and centrifuged at
1,500 rpm for 2 min. The cells were resuspended in
the culture medium and used for experiments.

2. Chemicals

The chemicals used for inducing mutations were
ANQO and EMS (Wako Pure Chem. Ind., Osaka).
The extracts of green tea were pruduced in Food
Research Inst. Mitsui Norin Co., Shizuoka, and used
to examine the inhibitory effect on mutations in-
duced by above two chemicals. Polyphenon G,
Polyphenon 30, and Polyphenon 60, which are dif-
ferent extracts by hot-water, filtration, and conden-
sation, respectively, of green tea. Therefore , Poly-
phenon G contains the similar components of boil-
ing water in which green tea leaves are decocted and
used for usual drinking, Polyphenon 30 is a filtrate
of Polyphenon G, and Polyphenon 60 is condensed
to contain more than 60% of total polyphenols.
Table 1 shows the amounts of each polyphenols,
(-)-epigallocatechin (EGC), (-)-epicatechin (EC),
(-)-epigallocatechin gallate (EGCg) and (-)-
epicatechin gallate (ECg) contained in these Poly-
phenons. 6TG (Wako Pure Chem. Ind., Osaka) was
used for selecting 6TG-resistant mutant colonies.
The solutions dossolving these chemicals were steril-
ized by filtration through a millipore filter with 0.45
pum pore size, diluted, and used for treatments of
cells at various concentrations.

The amount of single-strand breaks in DNA
produced by 4NQO was determined using the
FADU method, in which cells were exposed to
4NQO, followed by incubation in araC-HU medium,
MEM medium containing 10% serum, 10x10° M
arabinofuranosyl cytosin (AraC ; Wako Pure Chem.
Ind., Osaka) and 2x10° M hydroxyurea (HU ;
Sigma Chem. Co., USA) (Dunn and Regan, 1979 .
Snyder et al., 1981).

Compositions of solutions used for the FADU
method were as follows (Matsuda et al., 1993).
Solution A:9 M wurea (Nacalai Tesque, Inc.,
Kyoto), 10> M NaOH, 2.5x10°° M

cyvclohexanediamine-tetraacetate, and 0.1% SDS.
Solution B : diluent of solution A in 0.2 N NaOH at
the ratio of volume 8.5 : 11.5. Solution C : 1 M glu-
cose, 14x107* M mercaptoethanol (these chemicals
were purchased from Wako Pure Chem. Ind.,
Osaka). Solution D :2 xg/m/ ethidium bromide
(Sigma Chem. Co., USA ) and 13x10"* M NaOH.

3. Cytotoxicity assay

The cytotoxicity effect of chemicals was examined
by determining the colony-forming ability of cells, as
described previously (Kuroda et al., 1985).

The inocula of 3x10* cells in 5 m/ of normal
medium in three 60-mm petri dishes were incubated
at 38°C for 24 h. The cells were rinsed 2 times with
Hanks’ salt solution (Nissui Seiyvaku Co., Tokyo)
and treated with mutagens (ANQO or EMS) at
various concentrations at 38°C for 3 h in the presence
or absence of green tea extracts (Polyphenons). The
cells were then rinsed 2 times with Hanks’ salt
solution, and incubated in normal medium. In addi-
tional experiments, cells were incubated for 24 h in
normal medium, rinsed 2 times with Hanks' salt
solution, treated with mutagens for 3 h and incubat-
ed in normal medium with Polyphenons at 38C for
6 days.

The colonies formed were fixed in absolute meth-
yl alcohol and stained with May-Griinwald Giemsa
and Giemsa (Merck, Darmstadt). The number of
colonies containing more than 50 cells was scored
under a binocular microscope. And the colony-
forming ability was calculated from the average
number of colonies formed as a percentage of the
number of cells initially inoculated. The effects of
chemicals on cell survival are expressed as surviving
fractions of the colony-forming ability of untreated
control cultures.

4. Mutagenicity assay

The activities of mutagens (ANQO or EMS) and
antimutagens (green tea extracts) were determined
by the replating method (Chu and Malling, 1968 ;
Fox, 1975 ; Kuroda et al., 1985).

The inocula of 2x10° cells in 10 m/ of normal
medium in 90-mm petri dishes (Sumilon MS-13900,
Sumitomo Bakelite Co., Ltd) were incubated at 38C
for 24 h, rinsed 2 times with Hanks’ salt solution,
and treated with mutagens with or without Poly-
pPhenons. The cells are again rinsed 2 times with
Hanks’ salt solution and incubated in normal
medium or medium with Polyphenons at 38°C for an
e€xpression time of 6 days. Then the cells were
dissociated by treatment with 0.25% trypsin solu-
tion, centrifuged, and 2% 10° cells were replated each

s

in five 90-mm petri dishes in medium containing 1
ug/ml 6TG and incubated at 38°C for 10 days.

In parallel experiments, inocula of 3x10* cells
each in three 60-mm dishes were incubated in nor-
mal medium. After incubation for 6 days, the col-
onies formed were fixed, stained and scored. The
observed numbers of 6TG-resistant mutant colonies
were corrected for the decrease in the colony-
forming ability of replated cells in normal medium.
The number of induced mutants was calculated by
subtracting the number of colonies in untreated
control cultures from those in treated cultures. The
induced mutation frequency was expressed as the
number of induced mutants per 10° colony-forming
cells.

5. Fluorometric analysis of DNA unwinding
(FADU)

The fluorescent dye, ethidium bromide, binds
selectively to double-stranded DNA in the presence
of single-stranded DNA, when short duplex region
in “single-stranded” DNA molecules are destabilized
by alkali (Morgan et al., 1975). The FADU method
used under this condition may be applicable to
crude extracts of mammalian cells. Under this con-
dition, the dye would show fluorescent enhance-
ment preferentially with double-stranded DNA with
little interference by RNA and other cell compo-
nents or single-stranded DNA.

The inocula of 1.1x10° cells in 10 m/ of normal
medium in 90-mm petri dishes were incubated at
38°C for 24 h, rinsed 2 times with Hanks’ salt solu-
tion, and treated with mutagens. The procedure
was the same as described in the cytotoxicity assay.
After treatment with mutagen, the cells were again
rinsed 2 times with Hanks’ salt solution and in-
cubated for 3 h in araC-HU medium with or without
tea extract. The accumulation of DNA single-strand
breaks produced by 4NQO were detected by using
this method followed by incubation in araC-HU
medium (Dunn and Regan, 1979 ; Snyder et al.,
1981). Then the cells were dissociated by treatment
with 0.25% trypsin solution, centrifuged, and
suspended in 1.5 m/ of Dulbecco’s phosphate buffer-
ed saline (PBS, Nissui Seiyaku Co., Tokyo). Ali-
quots of the cell suspension (0.2 m/) were distribut-
ed to disposable tubes (Corning, NY), designated T,
P, or B containing 2 tubes in each group.

To each tube 0.2 m/ of solution A was added, and
the tubes were holded at 0°C to allow the reaction to
proceed for 10 min. During this time, cell lysis and
chromatin disruption occurs. To tubes P and B, 0.2
m/ of solution B was added very gently without
mixing, especially in tubes P. During the subsequent
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Table 2 Effect of Polyphenon G on survival of V79 cells Table 3 Effect of ANQO on 6TG-resistant mutations in V79 cells

Concentrations No. of cells No. of colonies Aver. g, of Colony-forming Surviving Concentrations No. of cells No. of 6TG" Average no. of Corrected Induced mutation
of Polyphenon G' inoculated formed colonies activity (%) fraction of ANQO (M)* replated” colonies 6TG" colonies no. of (j'l‘@' frequenc__\' per 10°
0 300 257,264,256 259 86.3 1.00 i i
1 300 262,267,250 260 86.6 1.00 102 : ) ig ,EIT",;‘ZQS" ig j; 2‘3
B 300 266,251,242 253 84.3 0.98 - N . I o _ -
8 300 110,107,109 109 36.2 0.42 v il 24054, 3.58 - R e
9 300 108,103,106 106 35.2 0.41 e 2ol b o= - 24
10 300 95.34.29 99 038 011 1077 2x10° 153,161,148,144,154 152 166 83.0
12 300 18,28,17 23 79 0.09 ? Cells were treated with 4ANQO for 3h in Hanks’ salt solution
15 300 0,0,0 0 0 0 " Cells were replated after expression time of 6 days in normal medium

' Cells were treated with Polyphenon G for 6 days

1.0

0.1

Surviving fraction

0.01 L
0 5 10 15

Concentration of Polyphenons (pg/ml)

Fig. 1 Effects of Polyphenons on survival of V79 cells. @ :
Continuous treatment with Plyphenon G for 6 days.
[]: Continuous treatment with Polyphenon 30 for 6
days. A : Continuous treatment with Polyphenon
60 for 6 days

incubation at 0°C for 30 min, alkali solution diffused
into the viscous lysate to give a final pH of approxi-
mately 12.8 (measured at 23C). In the tubes B the
cell extract was first sonicated lightly and then
treated with alkali solution under conditions
producing complete unwinding of low-molecular-
weight double-stranded DNA at 50C for 60 min.
Denaturation was stopped by addition of 0.4 m/
solution C. This lowered pH in the mixture to about
11.0 (measured at 23°C). The tubes T differ from
tubes P in the way in which solution C for neutrali-
zation was added before the alkaline solution B.
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1.0

0.1

Surviving fraction

0.01 ! !
0 108 3x10-8

7x10°8 10”7
Concentration of 4NQO (M)

Fig.2 Effect of Polyphenon G on survival of V79 cells
treated with 4NQO. @ : Single treatment with
ANQO for 3 h. []:Simultaneous treatment with
ANQO and Polyphenon G (Gxg/ml) for 3 h. A :
Treatment with 4ANQO for 3 h and post-incubation
with Polyphenon G (5¢g/ml) for 6 days

Therefore the DNA was never exposed to denatur-
ing pH conditions. Also the lysates in tubes T and P
were sonicated briefly to render them homogeneous
and they in all tubes were diluted with 1.5 m/ of
solution D. Their fluorescence was read at room
temperature by a spectrofluorometer (Model EP-
770, Japan Spectroscopic Co., Ltd., Tokyo) under
the conditions of exciter wavelength 537 nm and
emission wavelength 593 nm. '

The extent of DNA unwinding after a given time
of exposure of cell extracts to alkali solution was
calculated by the fluorescent values of tubes T, P,

¢ Number of 6TG" colonies were corrected by the colony-forming activity of replated cells in normal medium

90 —

80 —

70 —

60 —

50—

30 =

Induced mutation frequency (107)

10—

0 107 3x107* Ix107® 107

Concentration of ANQO (M)

Fig.3 Effect of different treatments with Polyphenon G on
6 TG-resistant mutations induced by 4NQO in V79
cells. [] : Single treatment with 4NQO for3 h. | :
Simultaneous treatment with 4NQO and Poly-
phenon G (5xg/ml) for 3 h. [J: Treatment with
4NQO for 3 h and post-incubatation with Polyphenon
G (5 g/ml) for 6 days

and B. Percent D was obtained by (P—B) +~ (T—
B) <100 ; the use of 6 tubes permits estimation of
percent D in a trilogy. The DNA strand breaks
induced by 4NQO were determined by the amount
of remaining double stranded DNA in control cells
after subtraction of that in 4ANQO-treated cells. The
repair activity of Polyphenon was calculated from
the amount of double stranded DNA in 4NQO-
treated cells after subtraction of those in 4NQO- and
polyphenon-treated cells.

90 —
80 — T
70 —
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7x107®

3x10%
Concentration of 4ANQO (M)

Fig.4 Effects of post-treatments with three Polyphenons
G, 30 and 60 on 6TG-resistant mutations induced by
4NQO in V79 cells.[]: Single treatment with 4NQO
for 3 h. : Treatment with 4NQO for 3 h and
post-incubation with Polyphenon G (5, g/ml) for 6
days. []: Tretment with 4NQO for 3 h and post-
incubation with Polyphenon 30 (5, g/ml) for 6 days.
M : Treatment with 4NQO for 3 h and post-
incubation with polyphenon 60 (2, g/ml) for 6 days

Results

The green tea extracts showed a relatively strong
cytotoxicity at high concentrations in Chinese ham-
ster V79 cells, when cells were treated for 6 days
continuously (Table 2). The extracts, however, did
not induce 6TG-resistant mutations. As shown in
Fig.1, green tea extracts, Polyphenons G, 30, and 60
at concentrations of less than 5 xg/m/ had no detect-
able effects on survival of V79 cells. In following
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Repair of DNA strand breaks (%)
(Increase in DNA unwinding)
wn

O

Table 4 4NQO-induced DNA strand breaks determined by Ethidium bromide binding

Concentrations Unwinding  Other components Double strand P—-B/T—B! % decrease

of ANQO double stand than double DNA and other (x100%) in remaining
(M) -~ DNA strand DNA components double strand

(tube P) (tube B) (tube T) DNA

0 0.101 0.070 0.111 75.6

7x10°® 0.108 0.072 0.120 75.0 0.6

1077 0.115 0.077 0.130 71.7 3.9

5x10°7 0.103 0.072 0.118 67.7 7.9

81077 0.107 0.075 0.125 64.0 11.6

10° 0.105 0.071 0.126 61.8 13.8

! Rates of remaining double strand DNA

10

~

[o)}

SN

w

1 L 1 ]

0 5 10 15 20
Concentration of Polyphenon G (pg/ml)

Fig.5 Effects of Polyphenon G on the DNA strand breaks
in V79 cells, when cells were treated with 8 10 * M
4ANQO for 3 h, followed by incubation for 3 h in
araC-HU medium with Polyphenon G

experiments, 5 xg/m! Polyphenons G and 30, 2 xg/
m/ Polyphenon 60 were used to examine their
antimutagenicity against mutations induced by
4NQO or EMS.

The concentration of 6TG used for selecting 6 TG-
resistant mutant colonies was determined by
examining the effect of 6TG on survival of V79 cells.
At a concentration of 1 #g/m/ of 6 TG, all inoculated
cells died and did not survive. In the following
mutagenicity assay, 1 #g/ml 6TG was used. Fig. 2
shows the effects of Polyphenon G on 4NQO-
induced cytotoxicity in various treatments. The 50%
lethal dose (LDso) of 4NQO was 2.4x10°° M for
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single treatment with 4NQO, 3.4x<10"* M for simul-
taneous treatment with 4NQO and Polyphenon G. A
little increase was observed in survival of cells post-
treated with Polyphenon G.

As shown in Table 3 and Fig. 3, 4ANQO markedly
induced 6TG-resistant mutations in a dose-
dependent manner, Polyphenon G slightly reduced
mutations induced by 4NQO in simultaneous treat-
ment, and markedly reduced 4NQO-induced muta-
tions in post-treatment. Induced mutation fre-
quencies in post-treatment with Polyphenon G
reduced to about one third, compared with those in
treatment with 4NQO alone.

Fig. 4 shows the effects of three Polyphenons used
in post-treatment on 4NQO-induced 6TG-resistant
mutations. Polyphenons G and 60 reduced 4NQO-
induced mutations to about one third. Polyphenon
30 reduced mutations to a half. The different inhibi-
tory action of Polyphenons may be due to the differ-
ence in concentrations of EGCg and ECg involved in
each green tea extract, as shown in Table 1. On the
other hand, these Polyphenons were not effective in
reducing 6 TG-resistant mutations induced by EMS
(data not shown).

The dose-dependent increase in DNA strand
breaks in V79 cells, which were treated with 4ANQO
for 3 h, followed by incubation for 3 h in araC-HU
medium, was shown in Table 4. The DNA strand
breaks which are expressed as decrease in remain-
ing double strand DNA increased as the concentra-
tions of 4ANQO increased. Fig 5 shows the repair
activity of Polyphenon G for DNA strand breaks in
V79 cells, which were treated with 8 x10~* M 4NQO
for 3 h, followed by incubation for 3 h in araC-HU
medium with Polyphenon G. The repair activity of
Polyphenon G was calculated by the determination
of increase in unwinding DNA to single strands. It
was observed that Polyphenon G at concentrations
of 5 pg/ml to 20 ug/ml increased the amount of
unwinding DNA, indicating the repair of DNA
damages by Polyphenon G.

Discussion

During past two decades, a number of reports
have been made on carcinogenesis and mutagenesis
induced by various environmental chemicals. On the
other hand, it was also reported that the extracts of
various vegetables and fruits had antimutagenic and
anticarcinogenic activity in various organisms.

It was shown by Kada et al.(1985) that the
extracts of green tea had the high bio-antimutagenic
activity in B. subtitles NIG 1125. They isolated four
catechins such as EC, EGC, ECg, and EGCg and
found that only EGCg reduced the frequency of
spontaneous mutations due to altered DNA
polymerase III in a mutator strain of B. subtitles
NIG 1125.

Shimoi et al. (1985) also screened green tea compo-
nents with bio-antimutagenic activity in E. coli B/r
WP2, and found that gallic acid, ECg, EGC, and
EGCg, reduced UV-induced mutations, but caffeic
acid, chlorogenic acid and quercetin did not. These
catechins had also little effect on mutations induced
by N-methyl-N’-nitro-N-nitrosoguanidine (MNNG).
This antimutagenic effect of catechins was not
found in the DNA excision-repair-deficient strains,
WP2s and ZA159.

In the present study, the frequency of 6TG-
resistant mutations induced by chemicals was
examined in the mammalian cultured cells. In
mammalian cells, the 6TG-resistant mutations are
usually produced by loss or reduction in HGPRT
activity. It was reported by Lindahl (1982) and
Nakatsuru et al.(1989) that mammalian cells have
repair systems for alkylated DNA damages. The V79
cells treated with N-methyl-N-nitrosourea eliminat-
ed 7-methylguanine and 3-methyladenine from their
DNA by a repair process, but were unable to excise
or repair O°-methylguanine or methyl phosphotries-
ters (Warren et al., 1979). The DNA adduct forma-
tion was detected with the induction of mutations at
two gene loci in Chinese hamster CHO cells after
exposure to EMS (Fortini et al., 1993). The extent of
ethylation at the N7 and O° positions of guanine and
at the N? site of adenine was measured and the
possible relations to 6TG-resistant and ouabain
(OUA) -resistant mutations were examined. They
found a good correlation between the level of meth-
vlations at O° guanine and the mutation frequency
at the HGPRT gene after treatment with ethylating
agents.

In the present study the green tea extracts had no
significant effects in reducing EMS-induced muta-
tions in various treatments. The above reports sup-
port the results obtained in the present study that

green tea extracts did not contribute the repair
process for mutagenic damages such as ethylated
DNA lesions induced by EMS. In comparison with
the surviving fractions of cells treated with single
exposures to EMS, simultaneous treatment with
EMS and Polyphenon G were markedly increased
cytotoxic activity of EMS (data not shown). This
indicates that Polyphenon G may enhance the EMS-
induced sublethal damages.

4NQO used as another mutagen was first reported
by Nakahara et al.(1957). It induced cancers in
various tissues, particularly in the lung, pancreas
and stomach (Mori and Yasuno, 1961 : Hayashi and
Hasegawa, 1971 ; Mori ; 1967). 4NQO also induces
principally 3 stable adducts : two different guanine
adducts and one adenine adduct (Tada and Tada,
1976). They showed that 4NQO binds covalently to
guanine and adenine residues in cellular DNA,
producing two guanine adducts and one adenine
adducts. Among these adducts, N-(guanine-8-yl)-
4AQO, 3-(guanine-N*-yl)-4AQOQO, and 3- (adenine-N°-
v1)-4AQO have been identified. These 4NQO-purine
adducts are excised in wild type E. coli and were not
excised in excision-repair deficient strain («ovrA) or
xeroderma pigmentosum cells, which can not excise
pyrimidine dimers (Ikenaga et al., 1975 ; 1977).
From these UV-mimetic characteristics of 4NQO, it
seems likely that 4ANQO-induced DNA damages may
be subjected to excision of damaged nucleotides,
such as pyrimidine dimers. van Loon et al.(1991)
reported that y-rays-induced 2.5<10' single strand
breaks/Gy/dalton in human blood cells. This single
strand breaks may correspond to 1077 base pair
breaks/Gy/dalton. UV produce 15x10~7 pyrimidine
dimer/J/m?. However, only 0.67 single strand
breaks/J/m’ was detected in UV-irradiated human
WI-38 VA13 cells (Matsuda et al., 1993).

The amounts of DNA breaks induced by y-rays
and chemical carcinogens may be estimated from
those of corresponding DNA breaks induced by UV.
4NQO induced 2.5 single strand breaks of y-ray
equivalence, Gy, 3 h after treatment with 4NQO at a
concentration of 0.2 mg// (=10"° M) in WI-38 VA13
cells. This indicates that UV-induced pyrimidine
dimmers which are excision-repaired for 3 h after
UV-irradiation, are 4.5% of total DNA damages
produced.

In the present study, although green tea extracts
had no significant effects in reducing cytotoxic activ-
ity of 4NQO, they markedly reduced 4NQO-induced
mutations in their post-treatment. Polyphenon G,
showed a slight reduction in 4NQO-induced muta-
tions in simultaneous treatment with both chemi-
cals. These results support the findings by Shimoi et
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al (1985) that green tea catechins were effective only
in reducing UV-induced mutations in E. coli B/r
WP2, but not effective in DNA excision repair defi-
cient strains, WP2s and ZA159.

The results obtained in the present study suggest
that the green tea extracts may stimulate the repair
process of the DNA damages induced by 4NQO.
Further experiment was carried out by the FADU
method for elucidating the repair activity of green
tea extracts to 4NQO-induced damages. It was
found that the activity to induce the strand breaks
as one of the repair process increased by incubation
of cells in araC-HU medium with Polyphenon G
after exposure to 4NQO. This indicated that green
tea extracts may contribute some repair process of
ANQO-induced DNA damages in Chinese hamster
V79 cells.
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Suppression of genotoxicity of X-rays in somatic cells
of Drosophila melanogaster by (-)-epigallocatechin
gallate, (-)-epigallocatechin, and theaflavin digallate
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Summary

Larval Drosophila melanogaster heterozygous for the somatic cell marker mutation
mwh were fed on medium containing green tea catechins (-)-epigallocatechin gallate
(EGCg, (-)-epigallocatechin (EGC), or theaflavin digallate (Tdg) or on catechin-free
medium and irradiated with X-rays ; after emergence as adult flies, the wings were
inspected for mutant clones expressing the phenotype of the marker. The EGCg-, EGC-,
and Tdg-treated groups all showed a clear reduction in the yields of X-ray-induced mutant
clones compared with the untreated groups. Since the size distributions of mutant clones
were not affected by the presence of the catechins, we conclude that EGCg, EGC, and Tdg
have a radioprotective effect at the chromosomal level in somatic cells of D. melanogaster

under the conditions applied.

Keywords : Drosophila melanogaster, X-rays, (-)-epigallocatechin gallate (EGCg),
(-)-epigallocatechin (EGC), theaflavin digallate (Tdg)

Introduction

Since the pioneer work by Okuda et al.(1984),
intensive studies have been conducted on the
antigenotoxicity of catechins, major components of
green tea (Kada et al., 1985 ; Shimoi et al., 1986 ;
Wang et al., 1989 ; Jain et al., 1989 ; Hayatsu et al.,
1992 ; Yen and Chen, 1996 ; Aiza et al., 1996 . Kur-
oda, 1996 ; Han, 1997 ; Apostolides et al., 1997). It is
now well recognized that in wvitro, (-)-
epigallocatechin gallate (EGCg) and other catechins
have a high activity as suppressors of mutagenic and
clastogenic effects of carcinogens. A suppressive
effect of EGCg on X-ray-induced oncogenic transfor-
mation in a murine cell line has also been reported
(Komatsu et al., 1997). However, our knowledge on
the antigenotoxicity of catechins in whole-body sys-
tems is still limited. In vivo studies would be valu-
able, however, in view of a realistic evaluation of the
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health effects of green tea ingestion in relation to a
possible cancer prevention as was suggested by
epidemiological studies (Oguni et al., 1989 ; Imai et
al., 1997).

Negishi et al.(1992) reported that, in Drosophila
melanogaster somatic cells, the major catechin
EGCg showed a clear suppressive effect on the
genotoxicity of a wide spectrum of carcinogens. In
the present study, we tested EGCg and two other
catechins, namely, (-)-epigallocatechin (EGC) and
theaflavin digallate (Tdg), for their antigenotoxic
effects against X-ray damage using the Drosophila
wing-spot test. With this test system, we analyze the
yield and the size of mutant somatic clones resulting
from mitotic recombination and other mutational
events induced by X-rays in the cells of the wing
discs of irradiated larvae (Ayaki et al., 1990). We
define an agent as antigenotoxic if it decreases the
yield without affecting the size distribution of
mutant clones. Here, we report that all the catechins
had an antigenotoxic effect against damage induc-
tion by X-rays in somatic cells of D. melanogaster.
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4. Wing spot test

3 S -
Materials and Methods Hatched adult flies were preserved in 70 % eth- f\j S %
1. Catechins anol. For screening, their wings were first rinsed in g E S| SEESEE 2EREIgF28 5
(-)-Epigallocatechin gallate (EGCg,>98 %, CAS water for 5—10 min, and then mounted on glass ?d 'g IR R ) csEscessssSsSdese i
no. 989-51-5), (-)-epigallocatechin (EGC,>98 %, slides using Faure’s solution (Graf et al., 1984). The o & = %
CAS no. 970-74-1) and theaflavin digallate (Tdg,>98 permanent wing preparations were microscopically = & -
%, CAS no. 33377-72-9) were kindly supplied by Dr. examined at 400 X magnification. Spots on the wing éf ? - . . ;
Y. Hara, Food Research Laboratories, Mitsui-Norin ~ blade were detected as mutant clones expressing the B g % o~ c 2 g N 2EEE g gaBsgs ’éc'g g § i
Co. Ltd., Shizuoka, Japan. Immediately before use, phenotype of the mawh allele. They arise from § g % SERa SRS saSREREE R =S _Zf g
they were dissolved in distilled water. The concen- mitotic recombination and other genetic events o0 E E 2
trations of the solutions used were 44umol/l for  generated in wing disc cells during larval develop- § g g
EGCg, 3454mol/! for EGC and 115xmol// for Tdg. ment. Mutant spots detected were classified into z 58 ERETSSIBERESTREIILEES E S
clone size classes of 1, 2, 3-4, 5-8, 9-16 cells, and so on, g $.E g Z
2. Tester flies according to the number of mutant cells they compr- E, = o ~:
Four-day old virgin females of D. melanogaster ized. 3 - "é 2
with genotype mwh jv ; spa’®* were mated to 3-4 $ ° B B B e i e e e 2 3
day old Oregon-R wild-type males and allowed to Results § _Eé TR ST AR Teameees e § qu
lay eggs for 4 hrs in vials containing standard Table 1 summarizes the frequencies and clone size § g * by é
Drosophila medium. F: progeny from this mating distributions of mutant spots recovered after X- S & E §
are heterozygous for the recessive wing-cell marker  irradiation of larvae heterozygous for the wing cell = = & n
mutation multiple wing-hairs (mwh). The progeny  marker mwh that were raised in the presence or E S s=s===-< - =
were sampled as second instar larvae 48+2 hrs after absence of a catechin. The size of the mutant spots é - § £
oviposition and used as testers for induction of  in the irradiated series, either catechin (+) or (), E A ? s
somatic mutation and recombination. varied widely, e.g., from size class 1 to the class of % E ﬁ cococococo z _;cj
33-64 cells in the 3 Gy irradiation series of experi- ; E = ﬁg %
3. Treatments with catechins and X-rays ment # 1. Two-sided contingency x? tests at P=0.05 5 5 . = B2
The heterozygous larvae were transferred to indicated that none of the size distributions in the | £ |2 oS S e B e E 5
30mm X 110mm polycarbonate vials containing 1.2g  catechin (+) series, except the Tdg (+) series g5 é 8 £ é
of Drosophila Instant Medium (Formula 4-24 ; Car- irradiated with 6 Gy, differed significantly from that % ; - £ E
olina Biological Supply Co., Burlington, NC, USA) of the corresponding catechin (-) series. The signif- © 2 |5 R e =54 =S .‘Eﬂ §
| hydrated with 4m/ of EGCg, EGC, or Tdg solution icant result may be due to unknown fluctuations of E g |7 E -
| or with 4m/ of distilled water. Hereafter, presence  the experimental conditions or may be due to a é § o E L §
i or absence of catechins in the medium are shown by statistical type I error, as the distributions in the § e = - T 0T I _ g E A,
; the symbols+or-, respectively. For example, EGCg  Tdg (+) series after irradiation at 3 and 9 Gy did E < o USRI g =
(+) or catechin (-) designate the presence of EGCg not differ significantly from those in the catechin (-) 5 fé & SRR I ; g §
in the medium or the absence of all kinds of cate-  series. Therefore, we relied on the totals of spots 2 P c |o|ao E RO EINS SO e ® = o E § g =
chins, respectively. produced to evaluate the effects of the catechins. L=l 2 |" ” o - Ty £ E
Two days after the onset of feeding with a cate- As shown in Table 1, all the catechins tested S 28|z Iegea Ty E R
chin, the larvae were transferred to 60mmXxX15mm  reduced the yields of mutant spots induced by §°g 5 |7 = § g€ 5
plastic dishes together with the medium and  X-rays. Statistical assessment of the reductions by i 5| 2 5 o 3o & g $.5¢g
irradiated with X-rays. After irradiation, they were means of x? tests carried out on the observed num- g* g E E < \3 W
washed and transferred to vials containing fresh bers of wing spots was significant for EGCg at all § '§ FogE® ; IS % = j‘:
catechin (+) or catechin (-) medium, in which they  dose levels, at the 3 Gy and 9 Gy levels for EGC, and R - s z
were allowed to develop to adulthood. at the highest dose level of 9 Gy for Tdg, although a g % 2 2 S in §
For X-irradiation, a Hitachi X-ray generator was trend for reduction was always seen for all three S @ o o oo hr o %o oo o o % e . = ; T = g
operated at 140 kV and 4 mA with 0.5mm Al filtra-  catechins at each dose level. B ol 4 SR EREFERER IS M YER NI 2R S
tion ; the dose rate was 0.64 Gy/min as determined The percentages of suppression by each of the “_E E g ERSSIEEREEN EE HEE aEE %‘ 3 § E"‘: 2
with a Victoreen ionisation dosimeter. The doses catechins were calculated as g o mU —‘g t N %
administered were 9 Gy or lower, because in a S (%) = (1-f,/f2) X100, (1) 3 % 5% ® ® «®© B+ & o © = 3 g :O E
preliminary experiment, X-irradiation of larvae with where f, is the frequency of spots induced by X-rays e \: b = E E - £ k)
doses below 10 Gy did not significantly reduce the  in the catechin (+) series and f. the frequency in 3 § ?;; P b~ é
survival to adulthood (data not shown). the catechin (-) series. As shown in Table 2, the S | = g) é % é %
i values at the three dose levels were about 30—40 %, = ‘é‘g 8 o S= £ 228
35—65 % and 30—35 % for EGCg, EGC and Tdg, s |HE - ++ H=ay
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respectively. Regression analyses showed that the
overall reductions were in the range of 30—40 % and
rather similar for the three catechins tested (Fig. 1
a—c, Table 2).

4 o Catechin () a
3| + EGCg (+)

O,

Induced sbots / wing
b

15 o Catechin (-) b
o]
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Induced spots / wing
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0 3 6 9
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Fig.1 a-c: X-ray induction of multiple wing
hairs (mwh) mutant spots in wing disc
cells of Drosophila larvae raised in the
presence or absence of catechins in the
food. Linear regression analyses (no-
intercept model) of the spot frequency
reductions resulting from radioprotection
by catechins taken up by the irradiated
larvae ; (a) EGCg experiment #1, (b,c)
EGC and Tdg experiment # 2

Discussion

Oral administration of the green tea catechins
EGCg, EGC, or Tdg to larval D. melanogaster heter-
ozygous for the wing-cell marker mutation mwh
caused a clear reduction in the yields of mwh spots
induced by X-rays (Table 2). The size distributions
of mutant spots did not show a difference that could
be ascribed to the presence or absence of catechins
in the X-ray experiments, suggesting that none of
the catechins tested affected normal development of
the wing discs in the larvae. The results support the
conclusion that EGCg, EGC and Tdg antagonize the
genetically damaging effects of X-rays under the
present experimental conditions.

We may interpret the antagonistic effect of cate-
chins as evidence for a radical scavenging activity of
the catechins, as X-ray damage to cellular DNA is
caused mainly by hydroxyl radicals and other radi-
cals generated through radiolysis of intracellular
water (see Kondo, 1972). In fact, biochemical
studies have shown that EGCg and green tea
extracts are highly active antioxidants (Matsuzaki
and Hara, 1985 ; Wang et al., 1994 ; Yoshino et al.,
1994 ; Shiraki et al., 1994 ; Yen and Chen, 1995).
Furthermore, 5,5-dimethyl-1-pyrroline-N-oxide
(DMPO), as an effective scavenger of hydroxyl
radicals, markedly reduced the induction of mutant
wing spots by X-rays in mwh heterozygous flies
(Kimura et al., 1998). Alternatively, although not
exclusively, the observed effects may result from an
enhanced repair capacity for X-ray induced
chromosomal damage in the presence of a catechin.
The finding, that EGCg can suppress genotoxicity of
a wide variety of carcinogens in the wing-spot test
system (Negishi et al., 1992), suggests that mecha-
nism(s) other than antioxidant activity could be
involved. Further experiments are needed to sub-
stantiate the idea of a radical scavenging mechanism

Table 2 Suppressive effects of catechins on X-ray genotoxicity in wing disc cells of Drosophila melanogaster

Percent of suppression® at

Linear regression lines forced through the origin®
Induced spots per wing/Gy Suppression (S)°©

Catechins . . .
3Gy 6Gy 9Gy Catechin (+) Catechin (—) 9%+SE
slope bi s slope bzt sp.
EGCg(44mol/1) 33 40 29 0.241+0.012 0.359+0.024 33+6
EGC(345¢mol/1) 65 37 37 0.087+0.009 0.144+0.013 40+8
Tdg(115¢mol/1) 31 35 32 0.096+0.010 0.144+0.013 33+9

? Percentages calculated according to equation (1) in the text.
" Computed with program StatView, version 4.02, implemented on a Power Macintosh 7200/90 (see also Figs. la-c).
¢ Calculus of error propagation for standard errors (SE) of ratios b:/b: is based on the respective standard errors s, and

sbz of the slopes b, and by, ie., S % (+SE) :100><[1~K:

Sachs, 1982)
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bllfx/'blzsbzz-kl)zszlz}. following Fenner (1931, quoted by

explaining the effects of catechins in X-irradiated
somatic cells of Drosophila. Anyway, the present
study has shown that green tea catechins can be
radioprotective at the chromosome level in somatic
cells in vivo.
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Comparison of MNU-induced micronuclei between bone marrow
and peripheral blood in the male rat

Shoji Asakura, Tadakazu Sugihara, Shigeki Sawada, Hirohiko Daimon

Tsukuba Drug Safety Research, Drug Safety Research Laboratories, Eisai Co., Ltd.
1-3, Tokodai 5-chome, Tsukuba-shi, Ibaraki 300-2635, Japan
Kawashima Drug Safety Research Department, Drug Safety Research Laboratories, Eisai Co, Ltd.
1 Takehaya, Kawashima-cho, Hashima-gun, Gifu 501-6195, Japan

Summary

The present study was performed as part of the 9" collaborative trials of the CSGMT (Collabor-
ative Study Group for the Micronucleus Test) to evaluate the performance of the rat micronucleus
test in detection of chromosomal damage. Rats were treated orally with a single dose of N-methyl-
N-nitrosourea (MNU) at 6.25, 12.5, 25, 50 and 100 mg/kg body wt. Femur bone marrow was
obtained from the rats 24 and 48 hours after administration. Peripheral blood was collected from
the tail of rats just before administration or 24, 48 and 72 hours after administration. In the assay
using bone marrow, all animals treated with MNU showed statistically significant increases in
micronucleated polychromatic erythrocytes (MNPE) at both time points examined, and the
frequencies of MNPE at 48 hours were higher than those at 24 hours. In the assay using peripheral
blood, statistically significant increases in MNPE were observed at 48 and 72 hours, and the
frequencies of MNPE at 48 hours were higher than those at 72 hours. Higher frequencies of MNPE
in bone marrow were observed as compared with those of MNPE in peripheral blood at the same
dose. We concluded that it is possible to use both bone marrow and peripheral blood in the rat
micronucleus test. However, because of the relatively low number of MNPE found in rat periph-
eral blood, it is suggested that the use of the bone marrow or the examination of a large number
of erythrocytes in peripheral blood may be necessary for standard test and for clear detection of
weak chromosomal damage.

Keywords : rat, bone marrow, peripheral blood, micronucleus test, N-methyl-N-
nitrosourea
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Table 1 Micronucleus induction in bone marrow of rats treated with MNU

Compound Dose Number MNPE per 2000 PE %MNPE %PE
(mg/kg) of rats Individual animal data Mean +SD Mean +=SD
24 hours sampling time
Water (Negative control) 5 7,2,4,1,5 0.19+0.12 52.7+5.1
MNU 6.25 5 12,12,9,7,12 0.52+0.12** 35.6+8.1
12.5 5 9,10,7,10,14 0.50+0.13** 36.0-9.0
25 5 22,18,13,16,17 0.86+0.16** 33.6+3.8¢
50 5 23,20,21,27,24 1.15+0.14** 25.1+£7.4%
100 5 18,21,14,10,11 0.74+0.23** 16.7+2.5%
cP 20 5 27,23,25,28,24 1.27+0.10** 36.9+5.7°%
48 hours sampling time
Water (Negative control) 5 1,0,1,1,3 0.06+0.05 48.9+5.1
MNU 6.25 5 12,8,11,19,20 0.70+0.26%* 35.3+7.0%
125 5 10,19,16,23,13 0.81+£0.25** 28.8+6.27
25 5 18,28,38,25,36 1.45+0.41** 22.8+2.8*
50 5 25,34,58,61,43 2.21+0.77** 22.2+2.3%
100 5 80,72,95,87,92 4.26+0.47** 5.1+24¢%

MNPE : micronucleated polychromatic erythrocytes, PE : polychromatic erythrocytes
** 1 Significant difference compared to the water group, p<0.01 Fisher’s exact test

“ ! Significant difference compared to the water group, 0.01<p<0.05 Steel’s test

S I Significant difference compared to the water group, 0.01 <p<0.05 Wilcoxon’s rank sum test

Table 2 Micronucleus induction in peripheral blood of rats treated with MNU

Compound Dose Sampling Number MNPE per 2000 PE %MNPE %PE
(mg/ke) time of rats 1, 4ividual animal data Mean +SD Mean +SD
Water (Negative control) Pre 5 1,2,0;2.1 0.06+0.04 3.88+1.16
24 3.0,1.2,1 0.07+0.06 3.98+0.81
48 1,0,1,1,1 0.04+0.02 3.60+0.84
72 2,1,0,0,1 0.04+0.04 3.68+0.36
MNU 6.25 Pre 5 1,0,2,1,1 0.05+0.04 4.14+0.65
24 0,0,2,2,1 0.05+0.05 3.86+0.69
48 4,7,5,10,6 0.32+0.12** 2.94+0.43
72 1,1,1,2,5 0.10+0.09 2.94+1.14
12.5 Pre 15 0,0,1,2,3 0.06+0.07 3.84+0.41
24 2,1,2,1,2 0.08+0.03 3.06+0.30 7
48 13,8,8,11,7 0.47+0.13** 2.62+0.257
72 2,4,2,3,2 0.13+0.04 1.80+0.38
25 Pre 5 2,0,2:1,1 0.06+0.04 4.10+1.38
24 3.2,1,2,0 0.08+0.06 3.32+0.61
48 16,10,11,7,12 0.56+0.16%* 2.16+0.34 7
72 6,3,4,3,3 0.19+0.07* 1.18+0.44 %
50 Pre 5 1,0,0,0,1 0.02+0.03 4.38+0.74
24 1,1,0,0,1 0.03+0.03 2.90+0.73¢
48 18,13,7,11,16 0.65+0.22** 1.18+0.16 ¢
72 5,5,9,9,8 0.36+0.10** 0.62+0.16*
100 Pre 4 0,1,1,2 0.05+0.04 3.60+0.55
24 0,0,1,0 0.01+0.03 3.35+0.44
48 29,7,4,— 0.67+0.68** 0.37+0.12
72 b _b __b __a
CP 20 Pre 5 2:1.1.1.2 0.07+0.03 4.18+0.75
48 12,7:13,13,12 0.57+0.13** 1.26+0.35°

“ > dead, b : not observed because of cytotoxicity
MNPE : micronucleated polychromatic erythrocytes, PE : polychromatic erythrocytes

* ¢ Significant difference compared to the Pre group, 0.01 <p<0.05 Fisher’s exact test

** 1 Significant difference compared to the Pre group, p<0.01 Fisher’s exact test

# . Significant difference compared to the Pre group, 0.01 <p<0.05 Steel’s test

I Significant difference compared to the Pre group, 0.01 <p<0.05 Wilcoxon’s rank sum test
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Special Lecture

This paper, in a session chaired by Yasutomo Kikuchi, was presented to the special
lecture “Reproductive biology”, organized by Yasutomo Kikuchi, at the 27" annual
meeting of the Environmental Mutagen Society of Japan, and held at the Mielpar-

que Osaka in Osaka, Japan, on November 24-26, 1998.

Fertilization and the initiation of

development in

orthodox and unorthodox ways

Ryuzo Yanagimachi

Department of Anatomy and Reproductive Biology, University of Hawaii Medical School
Honolulu, Hawaii 96822, USA

1. Germ cells and somatic cells

Male and female germ cells (sperm and ova) are
the bridge between one generation to the next.
Without germ cells our own species, like others, will
not continue to exist on the surface of the earth.
“The child does not inherit its characters from
parent body, but from the germ cells. As far as the
heredity is concerned, the body is merely a carrier of
germ-cells (Nussbaum-Weismann-Wilson).”

2. Mammalian reproduction in the
orthodox way

The youngest germ cells (primordial germ cells)
in mammals begin to appear at the top of the yolk
sac of the developing embryo. They travel through
the tissue by active amoebic movement to reach the
presumptive gonads where they multiply and
become oogonia in the female embryo and sper-
matogonia in the male embryo.

The number of the oogonia reaches the maximum
during the fetal stage and declines sharply there-
after. In most mammals, oogonia stop multiplica-
tion and enter meiosis before fetuses reach term. All
surviving oocytes remain at the prophase of the first
meiotic division until shortly before ovulation. In
other words, the oocytes released from the ovaries of
a 35 years old woman, for example, were in the
Prophase of the first meiotic division for 35 years. A
sharp decline in the fertility of women over 35 vears
old could be due to the gradual degradation of
Cytoplasmic components of the oocyte by metabolic
by-products such as radical oxygen species.
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Spermatogonia in the testis enter meiosis after
puberty. Although spermatogonia keep multiplying
throughout man’s life, spermatogenic activity may
decline with the advancement of man’s age.

Fully grown female germ cells or the mature
oocytes become fertilization-competent at the meta-
phase of the second meiotic division. In contrast,
male germ cells become competent to fertilize only
after they have completed meiosis, transformed into
spermatozoa, and undergone epididymal matura-
tion and capacitation within the female genital
tract. Only capacitated spermatozoa are able to
interact with oocyte’s vestments and fuse with the
oocytes only after the acrosome reaction. The
processes and mechanisms by which spermatozoa
become fertilization-competent have been studied
extensively during the past three decades, but are
not yet fully understood. Embryos reaching the
blastocyst stage implant to uteri and continue to
grow. Male and female germ cells as well as develop-
ing embryos are protected from mutagens. Reactive
oxygen species which are constantly generated by
normal oxidation metabolism must be scavenged, or
they will harm cellular components (including
DNAs) of germ cells and developing embryos. P-
protein, a plasma membrane-bound multi-toxin
transport protein, is very rich in the placenta and
fetus. This protein may prevent drugs/mutagens
from entering cells or extrude these substances from
cells, thus protecting developing embryos and
fetuses from undesirable environmental mutagens.
These must be other yet-to-be discovered substances
and mechanisms which protect germ cells and devel-
oping embryos/fetuses from initial and external
mutagens.
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3. Development initiation in
unorthodox ways

Under normal conditions, the fertilizing spermat-
ozoon passes through the oocyte’s vestments then
fuses with the oocyte itself. Fertilization can be
achieved by injecting a spermatozoon directly into
an oocyte. This procedure, commonly called
intracytoplasmic sperm injection or ICSI, has been
used widely in human infertility clinics to overcome
severe male infertility factors. The incidence of
congenital malformation in newborns following
ICSI is reported to be about the same as that follow-
ing the conventional in vitro fertilization (IVF) or
natural conception. Perhaps, ICSI embryos have
higher incidences of genetic (chromosomal) abnor-
malities, but most of them must be aborted before
or after implantation and do not reach term. Our
study using BALB/c strain mouse revealed that the
spermatozoa with grossly misshaped heads are not
necessarily genetically abnormal (Burruel, V. et al.
1996). Human spermatozoa with grossly abnormal
heads are not necessarily chromosomally abnormal
(Lee, J.D. et al. 1996). We found that spermatozoa
need not be motile and alive to fertilize oocytes by
ICSI. Spermatozoa frozen without any cryoprotec-
tion and those freeze-dried are all dead in the con-
ventional sense, but they can produce normal off-
spring by ICSI (Wakayama, T. et al. 1998, Wa-
kayama, T. and R. Yanagimach 1998a).

Testicular spermatozoa and round spermatids are
normally unable to fertilize oocytes either in vivo or
in vitro. When injected into oocytes, however, nu-
clei of these cells are able to participate in normal
embryonic development (Ogura, A. et al. 1994,
Kimura, Y. and R. Yanagimachi, 1995a). Even the
nuclei of the primary and secondary spermatocytes
are able to participate in embryonic development if
they are allowed to complete their meiosis within
maturing or mature oocytes (Kimura, Y. and R.
Yanagimachi 1995b, Ogura, A. et al. 1998, Kimura,
Y. et al. 1997). Under normal conditions, polar
bodies are destined to degenerate. We found that as
long as the polar bodies are “alive” (their plasma
membranes are intact) they can be rescued from
degeneration. Theoretically, four offspring can be
produced using tetrad chromosomes in one primary
oocyte (Wakayama, T. and R. Yanagimachi,
1998b) .

Cloning is the production of genomically identical
offspring using embryonic or adult somatic cells. As
of today, cloning requires the cytoplasm of the

blastomere of an early (e.g. 2-cell) embryo is enu-
cleated, then fused or injected with a donor cell
(nucleus). It was not until very recent years that
viable offspring were obtained using adult somatic
cells ; a sheep using a mammary gland cell (Wil-
mut, I. et al. 1998), mice using cumulus cells
(Wakayama, T. et al. 1998) and cows using muscle
cells (Vignon, X. et al. 1998). Whether donor cells
must be at GO phase of the cell cycle during fusion
or injection is still the subject of debate. At present
only a very small portion of reconstructed oocytes
(less than 1%) reach term. The reasons for this
must be clarified quickly.
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Studies on detection and inhibition of gene mutations
in cultured mammalian cells

Yukiaki Kuroda
National Institute of Genetics, 1111 Yata, Mishima, Shizuoka 411-8540, Japan

Summary

The procedure for monitoring the accumulation of gene mutations in human embryonic lung
was developed in 1970s. A detection procedure of chemical mutagen-induced gene mutation by
using cultured mammalian cells was established by the author in Japan in 1974. The mutagenicity
of AF2 (furylfuramide) and red dye 104 (phloxine) was detected as 8-azaguanine (8AG) -resistant
mutations (HGPRT ) in human diploid cells. Furthermore, the use of cultured Chinese hamster
V79 cells was found to be more useful for efficiently detecting the mutagenicity of “non-
mutagenic” carcinogens such as benzene, safrole, acrylonitrile, etc., quantitatively and reproduci-
bly. The mutagenicity of 8 “non-mutagenic” carcinogens was tested for the International Program
on Chemical Safety (IPCS) in the Evaluation of Short-term Tests for Carcinogenes directed by
WHO in 1983.

Human beings are usually exposed to more than two mutagens and/or carcinogens simultane-
ously in their environment. The combined effects of two chemicals, two alkylating agents such as
EMS and MMS, and a mutagen and a non-mutagen such as EMS and cytosine arabinoside (Ara
C) on induction of 6-thioguanine (6TG)-resistant mutations were examined by using V79 cells. A
synergistic effect of EMS and MMS on mutation induction and an enhancing effect of Ara C on
EMS-induced mutation were detected.

The antimutagenicity of vitamin C and its derivatives, dehydro-vitamin C and iso-vitamin C on
EMS-induced mutation in V79 cells was examined. Vitamin C was more effective than the two
vitamin derivatives and the inhibition of EMS-induced mutation by vitamin C was detected when
cells were treated with EMS and vitamin C simultaneously or treated with a mixture of EMS and
vitamin C incubated without cells. The antimutagenicity of green tea polyphenols, EGCG and
ECG, was also detected for 4ANQO-induced gene mutations by post treatment with polyphenols.

(This paper, in a session chaired by Yoshinari Ohnishi, is the lecture of The JEMS Award (1998)
presented at the 27" annual meeting of the Environmental Mutagen Society of Japan, held at the
Mielparque Osaka in Osaka, Japan, on November 24-26, 1998.)

Keywords : gene mutations, mammalian cells, non-mutagenic carcinogens, HGPRT"
antimutagenicity

; Nature, 394 : 469-374. ZAF 11999 43 1 24 B
oocyte or egg. First, a mature oocyte, a zygote or a R 11999 46 4 20 1
CLES B P TIEA

114



BRI R

I

&

74 j’ﬂey v, BERLVEC LY ARIDEY L
, AHIEE AMOEARRFEICECBE D
N2L-T& f__ Y7o, 1985 GELLK, [H%A 109 haAs
R LB BWIRWT, BHARADERDFE—(LZ o
2 Y51t o205, FOWADIEK D 70—80 % (3B
DAL R AHRIC L 5 2 RS NT W 5

213 1950 KA LR, KIRKFEHF ISR S L7z
b &, AR h oMl % N&IEREOH THi#E L,
HARNTHR S £ DHRE, Mo L~V TR 5 2

YIzERE D - THFERIT-> T &, EEvyaTYa
? X THINE DRI BIE DT & Z L' Hl W72 Ay
(LR T RBIOIIZE 21T, 1960 FEL L D, E b,
AR —, =7 M) LY ESimomizz e, iy
DREFERR ML, HIAALD A Fp = X L% M L~V THET
LT &7 1970 RIS 7% - T, BB A o NS x)
TSN AMMEL LTKRES 78 —XT v 7' &
1, AF 2 Rt 104 570 ¥ D RSTRIMPIO F 05 ANED T
HEh, B+, "aRF—HEnREHEMBZEZHANT
HGPRT B2 K0 2 4545 & ¥ 2 805 F 2R L BB R
#, bHETHO THEL L 72,

1980 41212, 2 omFLEE ML 2 W B8R TR
SRAE MR IE, Ames DR ¥ TERIFIELRRIN S 1L
BWRPAMENEREEZRET S A TE, 2
LB & R ST X B 2 e s, 2HL RO E
WEREREWEDBAIRERIET I LTS,
1990 4FEL L ), ZosEEManmitREHWT, £ 3
L CREFENEY) 72 2 —, il DHA % £ 2585
TRRERZIBT LI L 2R, Z2OXH=ZLD
MR 24T - 72, Al 1395 F b ARPFEDFME 2 2
FT22LICh572DT, NETEHEDIT>TELH

%W¥%mhfﬁﬁ?¥ﬁﬁﬂmﬁﬁﬂﬁﬁt %@ﬁ

P, ZRIGPE O AR, HIEIE OB et

Tk~ 5%,

1. IEEMAZAVCEGCFEARAZERLRO
f&aL

S DORN T > TWABHRRLILEM S 72D
12, MM £ bz ) L, ABIBESERMFOT
T L L T aRAE, Bttty HOFRFEHENET
H o7z, 1950 4 F ToORIMEEOIRIL, MERSY X
k7 ¥ o Wismla LIsk T IE, MR & bl & L 7o R g T
L, MR 5 &l % ek LT, < ofile & Al
NLLZAE LT Ml A T b IS L) 12k » 7
DT, 1950 LIS A - TH 6T, AMIEHERDORHIE L M
Nakk BT b2 212 & b, E e iilabk 2 A
KT RET LI LICE ST, EbOHTHBMELER
PRI < N2 TSRS S L7z,

1960 E{CIc % - T, 7 4 V) 7% Tld Puck £ Marcus
(1955) & b FEasA ko HeLa fiilez HWT, a0
=K & o TRl AAFH 2 E B IZH) #5) F
J:a#% |, Elkind £ Sutton(1960) »*F x4 =— X+
NAZZ =V 198l TInlikE W TXBROWEE
L 6T,

HHETIE, LI T2 HEHLE LIHED
FILCHIB LT, WHRECIRADER Z PO & L%
TN —THZ OflaRE %D F 2 AT, HelLa iz
Rw w7 20 Lifila % v TREAMAEIE A F <A
v v Coyilaighize DNA, RNA, % v/ 37 Ak LI

g B B R E R IZEAT L 72 (Kuroda and  Fur-

uyama, 1963).
1970 4RI 70 - T, BB EMEL O & b DR
Hr2nnkolcn), ZBHADEREOWH 21T,

@wws,.¢é‘w%
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Fig.1 Procedure to determine the frequency of 8AG-resistant mutations in clonal
cultures of dissociated single cells of human embryonic organs
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Fig.3 Effects of AF2(A) and phloxine (B) on induction of 8AG-resistant mutations in human diploid cells
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Table 1 Results of WHO international programme on evaluation of short-term tests

for chemical carcinogens

Chemicals Bacteria Fungi Insects Cultured mammalian cells
Gene Chromosome  DNA Trans-
mutations aberrations damages formations
Carcinogens
Hexamethyl
phosphoramide — + + + + + 4
o-Toluidine - + * + + o +
Benzene — + + + -+ + +
Safrole = + + + + + +
Acrilonitrile = + + + + + +
Diethylhexyl
phthalate — + + + - + +
Diethylstibestrol = + — - + 4 +
Phenobarbital + + + = +
Non-Carcinogens
Benzoin = + - + + = _
Caprolactam — * + - + =

Table 2 Comparison of 8AG-resistant mutations induced by chemicals
in Chinese hamster V79 cells

) S-9 LD:o Induced mutation frequency (x<10°°)
Chemicals 2
Mix (#M.hr/m/) («M.hr/m/) (#g.hr/m)

Aniline — 111 0.65 0.007

+ 66 0.19 0.002
0-Chloroaniline = 20 0.12 0.001
m-Chloroaniline — 16 0.26 0.002
p-chloroaniline — 16 0.26 0.002
Nitrobenzene — 21 0.12 0.001
Hexachlorobenzene  — 1.7 0.14 0.004
EMS = 80 0.25 0.002
MNNG = 4x10°7 80 0.54
Trp-P-1 = 0.05 46 0.22

— 0.4 36 0.22
Trp-P-2 — 0.3 9.9 0.06

+ 373 2.27
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et al., 1987).
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Fig.7 Effects of vitamin C treated with different
procedures on EMS-induced 6TG-resistant
mutations in Chinese hamster V79 cells. V.
C.+EMS, pretreatment with vitamin C
EMS, single treatment with EMS ; EMS, VC,
simulatneous treatment with both agaents .
EMS+V.C., post-treatment with vitamin C ;
EMS V.C., treatment with incubated mixture
of EMS and V.C.
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New genetically engineered Salmonella typhimurium
tester strains with super-sensitivity to
mutagenic alkylating agents

Masami Yamada

National Institute of Health Sciences
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

Summary

Of the DNA lesions generated by methylating agents, a minor alkylation product O°-
methylguanine is responsible for most of the mutations induced. To counteract such mutagenic
effects, most organisms possess O°-methylguanine DNA methyltransferases (MT). This enzyme
is ubiquitous in various organisms and has already been cloned from human, mouse, rat, and
other species. It is reported that many cultured human cell lines are sensitive to alkylating agents
compared to normal cells and in many cases such cell lines do not exhibit MT activity. Thus, the
study of the role of M'T may be important for cancer prevention. In this study, MT-deficient tester
strains of Salmonella typhimurium were constructed using a newly developed preligation method.
Since the new strains are highly sensitive only to alkylating agents, they will be useful to detect
associated mutagenicity with high efficiency and to study the mechanism of mutagenesis induced
by environmental alkylating agents.

(This paper, in a session chaired by Yoshinari Ohnishi, is the lecture of The JEMS Achievement Award
(1998) presented at the 27" annual meeting of the Environmental Mutagen Society of Japan, held at the
Mierparque in Osaka, Japan, November 24-26, 1998.)

Keywords : O°-methylguanine DNA methyltransferase, Ames test, alkylating agents, gene
disruption, mutagenicity

HE B>

CAS registry numbers diethylnitrosamine (DEN), 55-18-5
2-(2-Furyl) -3- (5-nitro-2-furyl) acrylamide (AF- ethyl methanesulfonate (EMS), 62-50-0

2), 3688-53-7 N-ethyl-N’-nitro-N-nitrosoguanidine (ENNG),
4-nitroquinoline 1-oxide (4-NQO), 56-57-5 63885-23-4

dimethylnitrosamine (DMN), 62-75-9 ethylnitrosourea (ENU), 759-73-9

methyl methanesulfonate (MMS), 66-27-3 N-propyl-N’-nitro-N-nitrosoguanidine (PNNG),
N-methyl-N'-nitro-N-nitrosoguanidine 13010-07-6

(MNNG), 70-25-7 N-butyl-N’-nitro-N-nitrosoguanidine (BNNG),
methylnitrosourea (MNU), 684-93-5 13010-08-7

1999 454 1 1
11999 47 4 J 2

5H
7
OLES 3P T T

H

)
=

123




J

&

EREIARIEORE T, L@ e b DNA (26§
LIEH 2~ B 72012, ~7 7 ) 7, WFLEME, <
R, WAHWALEYIHALNTETWS, Zop
T, T—2ZBxD L 512, MEWE M 248851
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HdgEnxE=2Y) v 72 b Hws T &, g, =

O LA RGEREEOR 2 L ) md b 2 L &
HIZ, LRI 7 7 ) T OO IE1EERER % 1k
A 2 FIET, 2NE 0D b &2 1 %
DIEHNVERT « TR —HREERLTETHS, T
XUALHNZ, X FAP T F NI L A DNA ot %
ARSI § 5 2 12k 1), RIXELES DNA #HBHE I
L2EIEERGIERIFTE L TUACMLNT WS, L
L D% Fig. 1ICRd., Mgz 2o k9 e fid &3
L2ODEHTEE LT O—XF)L277=>DNA £
FIEREER (MT) 2852, ZORERIT 2 < oEDiEIC
FEL, b, Fo b, 22 ERLLLTTIZZ0—
=7 &N Tw % (Hayakawa et al.,, 1990 ; Rahden-
Staron et al., 1991 ; Shiraishi et al., 1992). t b
KAilakko £ <13, 1EFHHIL I LT T v F (LA L)
LERZEArEL, LrbIFEAE MTIED w2 e
ety 4T v 5 (Sekiguchi et al., 1996 ; Becker et al.,
1997 ; Mattern et al., 1998). A% Tz, TIHHED
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Fig.1 Structure of methylating and eth-
vlating agents. The name of each
chemical is under its structure

BE TR Z(ERT 2 200 T 2R L, vz
— L ZREBRITHC LN DT ILER TRRIZBWT MT %
KIAL 722 fERL L 72, 20 MT RIBRK(Z, 220845 %
Gl T TR Z 2R L RIS 57280, Bk
Witk LTHRTH DL BAANDZ L, N2 F )T
12517 2 7% AL DNA RGOSR D i 12 3 %
Vo TWwhb,

1. ZILFIERIBREREY L EXR SHREROER

1) ogts BIzFnoro—=>4

S. typhimurium (X, KW & B MT % 2 FERIEE
>Twa, Tablel IZEEEZ £ L7z, Y B 560, WiRT
S/WDOWND, FEEDT AT 4 B8, A FNILDZRRIK
EZoTWaDY, AdaiCiZZns 274 5241,
CARERN D > Z T 4 » THRIRERZ5H35 5 DNA f+in
KTH 2 0°-MeG, O*-MeT 26, F72, NAGMOD L
AT 4 Y TAFIVKRARN)ZZATNDE, ZRENA
FNEZRS Z LITENEHEZIT-TWS, oK
A TH 572D, BRIE 151 T HRDOAHIAR L 2
BEHTELZVWEV ) WISIPHEDE NS 2T LATH
S NKEUMD L ZT 4 A FALINE Z XI2L ),
Ada (F Ada B %250 HDEARDORB 2 FHET %
RN %), EARGFENOBEREICL 5. I
NDEIZHTH-TDILICh D5, —F, Ogtl
Ada O CEEHIPES E REQ Y —DH ), X F)LKZ K
M) ZZATNVONEEDATZ T, ZDORBEHGFEEI N\
HTAda tMEEZRICT S, 2 —2 2 BRICHW LT
WAL EATHIZY, ada <X ogt (KN T 2E(E 17
HHET 2D THRENT WD, ZDEERIIAHTH
-7z, L2 L, Adasr GE st (& Salmonella typhimar-
um DX T2 MWM->725 D) % a2 — F¥ %8515 Ha-
kura Hi2 L) 7o—=v7& 0, ZDHER D & HE
oy 39 kDa @, KD ada & #1511V~ T 70

BOMEMEEZRT LD TH LI MLz
(Hakura et al., 1991), ABF%€I2 3T, £ 7, Rebeck

598N L D ZDHFEPRE ST w»72S.
typhimurium OL ) —oOD MT #2323 — N3 25851 %
7u—=70, BIEA ZP0E L7z (Yamada et al.,
1995). 7 —=> 713, ada B LW ogt 2 & LIZRIAL

Table 1 Comparison of characteristics for two types of
O°-methylguanine-DNA methyltransferases

E. coli Ada Ogt
Molecular Weight 39 kDa 19 kDa
Expression inducible constitutive

Repaired adducts

0O°-methylguanine
O‘-methylthymine

O°-methylguanine
O‘-methylthymine

methylphosphotriester
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E. coli S. typhimurium

Fig. 2 Fluorography of crude cell extracts (100xg of
protein) following incubation with *"H-MNU-
treated DNA. The existence of ada and ogt
genes in the crude extracts is indicated above
each lane with+and—. The position for Ada
and Ogt/Ogts: is indicated by an arrow. The
detail of the procedure for sample preparation
is described in the paper (Yamada et al.,
1995)
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Fig. 3 Effects of deletions of the adasr or ada gene on the
cell killing and mutagenesis induced by MNNG in
S. typhimurium (A) and E. coli (B), respectively.
Symbols : @, TA1535 (adas:®) ; O, YGT7100
(adas+) ; A, AB1157 (ada™) ; 2, GWT7101 (ada™)
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ligation with T4 DNA ligase
\/

introducing into a host strain

\/

Cmr colonies
\/

Southern blot analysis

candidates of deletion strains
\/

characterization/confirmation

Fig.4 Scheme for ogtsr gene disruption in S.
tyhpimurium. The details are written in the
Symbols : Ap', resistance
gene ; ori, . plasmid replication origin ; Cm’,
chloramphenicol resistance gene. The meshed
pattern indicates the fragment containing
ogtsr gene, which is replaced with Cmr gene.
The hatched pattern indicates the replaced

fragment containing Cmr gene. The black box

text. ampicillin

indicates Ap" gene

PWZDFENF TITE NI RIRIITESL, 2D LR
KIGHEIZ LIS TE 5, Ogtst D RAARE % 12 LRI 7
FFEreh L ThREHY, WL TFET, HRERERICH

D B AL umuDCsr/samAB @ K4tk (Nohmi et al.,

1992), F&fbit) DNA fHIEE45 12 D 2 8851 mutM O
RIERK (Suzuki et al., 1997), = b v iEJcEE R KIERE
(Yamada et al., 1998), O-7 ‘l:%/lxiauﬁy SRR BR

(Espinosa-Aguirre et al., 1999) 7 ¥ 2 {E#l L, Zi11 %
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Fig.5 Southern hybridization analyses of
chromosomal DNAs of S. typhimurium

TA1535, YG7104 and YG7108. Bacterial DNAs
were digested with EcoRI or EcoRV and run
on a 0.8% agarose gel. A 1.5-kb HindIll-
Hind111 DNA fragment containing the o0gfs:
coding region was labeld with [a-*P] dCTP
and used as a probe. Lanes 1 and 4, TA1535 .
lanes 2 and 5, YG7104 ; lanes 3 and 6, YG7108
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HEPEIE KR T 2 1R - T, 10 0 1 & 2 d/ Mg, 4
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iz ii%aﬁw%TLfmfm>mv:>f%é Z
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Fig. 6 Sensitivity of ogfsi-deletion mutants to the lethal (A) and mutagenic (B) effects of
MNNG. Symbols : O, TA1535(adas+”, ogts:”) . @, YGT7100(Aadasy) ; ], YGT7104
(A()gfs'r) § .,YG7108(Aadds'rAOgtm).
MEDOIEEE L LTIT-> Ty 2BE O & LT3 D) TH 5. adasr KIKRIZ T VX ALK O EBE(EH

Fglcza—=>27L70gtst B¥FZ LNT2DT, K
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T4DNA ) 7 — T, 15 1ETHS TA13L HB
U, YGTI00#kiczv 7 belbv—y 3 vikic k) #
AL7(Fig.4). #nZFNhD 7