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 AEAWThAET S FAMEESY ( Mutagens )
@4y ( carcinogen ) RIRER & HT & HEEW (
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BB AL (R AR AU EE ( axygen radical ) ROAERR
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2 ph T S B 2 R AL AV B i B £R3I DNA. - FFFIY
R e 5 7 (B RO R B AR BRI O T SRR - (RS
R A | R B R T R o HAAER

Wy HREBER -
EE AT 7 B2 25 B R ER B R E A 75 %~ 80 JH)

- WERAREERRERR o &M AEEE O K 28
EREEE  BEPHAELEY TR EE PR
BEE » B A S K A LB R (2 B e R
{gmawgmﬁﬁMﬁ%ﬁﬁﬁﬁmﬁﬁs%ﬁﬁzwm
| EECRRESER T RS EENAE - AR TIF
] ." BaE2 w4y /B (Biotransformation ) » T
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ANTIMUTAGENS AND ANTICARCINOGENS IN FOOD

g OBV 5
HTEBED I

A HiEEY 2 D7 RIAK 19505E £ 45 » Kada T, &8
B L2 I H R R B A AR 8B A9 AT IR T35 F8 TR f SR
# ( Antimutagens ) - 2R #EHM » Mutagen inhibi-
torsn ¥4 M WE# » B £Kada T, XK BHERAR
KR 41T A 30 ) B R B AE A I HA T #8 R desmutagen
o BV 43 SR E HLIMb 22 B RN F 5 R (B R
HR S 2 1 1 (2) 4 TR AL B > BrRE M T © O L
FRBHEAL o 75 7 10 B0 2R 88 A A 1 @ 311 4 B e S O T
B i 5 S B 2 (3) e A B Lt 0 TR MY H B
PR Y » LT G RERAY IR o 25 b 10 ) e s
BRI RERES BRI S R=KF » H—RE
EEFIR M4 - IS BRI A HO B SR T R
BT » 00K 22 BN R A i A R SRR A - B L1 BOE AR
B 22 SR BE ) B W A MR A = 2 R AIEPE 1R 7E AR
Fr o 3 B TS 0 M0 & W 2 S B EE A (B3 I E M < HE -
Bb T 7 B RS T — B s s B R S
A » Wattenberg FILHMESEY R rf'blocking agent
« MR MIEH YR FAMRDNA B AEHiFS B LIE
RV A » SERIEN EE 2 M LRE  BER
B r suppressing agent r o AR HIMAA 5 LR E R
J& » R blocking agent( PHEFH ) fy fR3E(F F 4 PARBRYZE
R =R R#EYME 197R -
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CATEGORY OF
INHIBITORS

INHIBITORS INACTIVATING

MUTAGENS OR PREVENTING

FORMATION OF GENOTOXIC
COMPOUNDS

BLOCKING AGENTS
SCAVENGERS OF RADICALS

SUPPRESSING AGENTS

AGENTS ACTING ON DHA REPAIR wecccmmmmmcccccceee et

______________________

Genotoxic Manifestation

Fig. 1. Classification of inhibitors of genoloxicity on the basis of the time at which they exert their prolective effects.

SEQUENCY LEADING
TO GENOTOXIC
EFFECTS

Precursor Compounds

Reactions with
Cellular Targets

=

=

REVERSIBLE
{Scavenging
binding)

IRREVERSIBLE
{Modification)

MUTAGENS

REVERSIBLE

IRREVERSIBLE
{Decomposition)

I ]

FIGURE 2. Inactivation Patterns of Mutagens.

Metabolic
activation Activated Trp-P2

Trp-P2 P metabolites

Peroxidases Hemins

NADPH oxidase
in vegetables

Trp-P*

FIGURE .3.Patterns of Desmutagen Action with
Mutagens Involving Metabolic Activation.
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RpFEZesE4) (Desmutagens)

desmutagens MIfEFAEEFHIE 2 » 3 i ;j
Yy AL BT TT R i (LB S AT TSt A A 23
5 RETLIE N » Eisa 7 REBY L At 290
B » RSB 2 Wik R AR BIHA 5 — ARG 2 EAR
75 3% Bl J2 W 28 S A i T e AR S AT S IR FE » 5%
T LABfE FIE 25 3% IR LA A AT SRR o 3 il O
My ek T o A% BEAL1F A2 R B 2 b R R PR ). de
smutagen f{EFIKXHE =% » 48—l peroxidase i
Trp-p-2 84t BB AT RENEEWLE Y » B FEHAR
sy NADPH oxidase fE i1 So FusiGE » (5178 Tro-
p-2 SEELAS IS (L S B A G 1A Trp-p-2fCH1Y - #2
I Hemins R 246 B4 WEHEH9 T rp-p-24% #K A8
EEME o T B it L £ B9 5 R desmutagens
T '

1.7 MRS 0 B R 8 YY R desmutagens,

SEIBURY 70 T R EBEL L R S Bty BE TR

AT » TG 0 TERE BUS nitric oxide» 7 4
Sve Namiki %5 ( 1975 » 1980 ) #H Ascorbic acid®
1% & &Y I sorbic acid fl sodium nitrite HAK
A4 X HETT 4 B A9 1, 4-dinitro-2-methyl pyrrole .‘
DNMP) W%, » 2 1E S B A S SR AL A L B
sy DNMP  Bokf A SR PO 1E gt SR /R B B s
NMAP ( Osawa et al , 1980 ) » Stich & ( 1982
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HO OH Oy ,/O
HOCH2'CHOH——\ /_;:_..0 HOCH,-CHOH o
H O H
ascorbic acid/—\‘ dehydro-ascorbic acid
FIG.4 Reduction of nitrous acid
2 HNO2 2 NO + 2 HpO to nitric oxide by ascorbic acid.

.ﬁﬁﬁa-tocopherol , tannic acid . phenols
rogenic acid JKEAH MHEHEEAEY ( nitroso
ds ) JUBHITEF » (B2 chlorogenic acid FEYE
phenolic cpds A & HI R B & 8RB ( St-
etal, 1982 ) - 4} » Brooke % ( 1983 ) 3
3 putrescine #BfH [k paraquate W A X fuch » TBY IE
raquate S5 SE BOE M o 1L _EATERAY IE = "
AE R AL o BEBCRAA) MeRs e AR IREURR o 0 0 ) %
B EEHER - Fraction Number

2. 76 Ml fra 4t 18 B R0 BB TR 54 B8 A IR ETT O 6515 Fld.é‘-. Chromatography and Inhibitory Effect of the
American Collee Extract by Sephadex G-50.
desmut agens,

B SRR R UL (R R DB ) A T

b
o
=)

Revertarts /plaie  ( x10° )

ARAASS A o

One ml of coflfee extract whose roasted degree was
Amecrican (low) was applicd 1o a Sephadex G-50 column

fa ’-‘ W GIINEATERIH ~ A5 ~ BF2EE4% trp-p-1 » (1.0x25cm). After fractionation, the color intensity and

Yol trp-p-2 2 B2 i ( Kada et a] » 1978 ) » Inoue inhilbi.lory cm.:c'l on mulagenicily. were delermined.

v FAY . Inhibitory aclivity was assayed with 0.08ml of each
i ( 1981 ) RIE—FE SIFEHITH 0Bl tH AR H BT fraction, 0.034 g of Trp-p-2 and 0.1 ml of S. typhinurium

B13 & —#fE heme-protein , MW 43,000 +» B# TA 98 cells. The number of spontancous reverlants was
5 b d.

peroxidase HINADPH-oxidase R[5 - B ILE A TTH aubtracls,

Symbols: @, color intensity; O, inhibitory activity.

Ip-p-1 F trp-p-2 4 bl — Rl K @i ok & 05 -
se Kada T, 2= ( 1985 ) AAMAPoMH—MmHiEE B
pigallo-catechin-gallare ( EGCg ) » H &1

T rp-
o H= ACTIVATING PROTECTIVE
4 3 SEQUENCE MECHANI SMS

Detoxification

GENOTOXIC COMPOUNDS Enzymes DETOXIF ICATION
o ; REQUIRING B> PRODUCTS
gensg - METABOLIC ACTIVATION

Inhibition of

Activating Activating Enzymes
Enzymes
-2l
4 k Detoxification
(& - ULTIMATE cENOTOXIC Enzymes DETOXIFICATION

acid@ @ SPECIES > PRODUCTS

Trapping
e GENOTOXIC REACTION Reactions by DETOXIFICATION
08 | PRODUCTS IN TARGET Nucleophiles PRODUCTS
B k TISSUES
E‘Eﬁg I Fig © Scheme depicting metabolism of genotoxic compounds to metabolites that react with ccllular target sites and protective
| Mzchanisms that can intervene.

B
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4 B 7R » IR & —%E polyphenolic cpds, Morita K ( BB 2 EEE 5 ) 2-ni tro- 1, 4-diamino benZena

1985 ) 43 ( Burdock )47Hf Hi—7& desmutagenic # 4-nitro-1, 2-diaminobenzene o

factor » ER—EIEEHER) polymer: X FEBAHR Yamaguchi T, f1 1ki M, ( 1986 Y3 Wik g 4

300,000 ° EAE—HEERE » MZASH carboxy! group B A IR BB 288 4 2 6tk » 2 Trp-p-2 . AAF ) |
f9 lignin-like aromatic cpds: B@MHMERR () PN EHEBEBWAIAL YA FA » HIIBPC Gy,

8y > B - fI20 Trp-p-1 M Trp-p-2» X EMIHE cidol , Acrolein & » 7 S {7 B 28 3 1k e

EE_

TanrLe ‘/‘. . ErfrecTs OF Corrie EXTRACTS ON THE MUTAGENICITY OF VARIOUS MUTAGENS

Cells of S. typhimurium TA 98 or TA 100 were treated at 37°C for 60 min with 0.1 ml of mutagens (with or
without 0.25 ml of the 5-9 mix) and 0.02, 0.05 or 0.1 ml of 1%/ callee extract, and then poured onto a histidine-
deficient agar medium. The plates were incubated at 37°C for 48 hr, before the His *-induced revertant colonies
were counted. The test strains used were S. typhimurinn TA 98 for the assay of Trp-p~2, AAF, Glu-p-1 and 1Q,
and TA 100 for that of all the other mutagens. The concentrations of the mutagens per plate were: for Trp-p-2,
0.1 ng: AAF, 10 ug; B(a)P, 5pg; ANQO, 5pg; AF-2, 0.1 ng; fi-propiolactone (BPL), 40 yig; glycidol, 500 rg;
propylene oxide, 350 jig; acrolein, 10 ig; linolenic peroxide, 100 sig; methylglyoxal, 20 yig; pL-glyceraldehyde,
100 yig; dihydroxyacetane, 150 sig.

(a) Mutngens which showed their mutagenicity by metabolic activation with 5-9 mix.

Revertant colonies/plate

Cofleé extract (1%)

Conlrol
0.02ml 0.05ml 0.1ml
Trp-p-2 5,526 1,340 374 37
(100.0) (24.2) ( 6.8) (0)
Glu-p-1 8,650 1,855 482 41
(100.0) (21.4) ( 5.6) (0)
AAF 3,616 1,272 563 53
(100.0) (35.2) (15.7) (0)
B(a)P 575 325 182 95
(100.0) (56.5) (31.7) (16.5)
1Q 3870 974 275 86
(100.0) (25.2) (1.1 (22)

()%

(b) Mutagens which showed their mutagenicity without metabolic activation.

Revertant colonies/plate

ColTee extract (1%)

Control
0.02ml 0.05ml 0.1ml
AF-2 955 735 468 245
(100.0) ( 77.0) ( 49.0) (257
4NQO 4,800 3,000 1,500 700
(100.0) ( 62.5) (313) ( 14.6)
BPL 1,270 1,350 1,570 1.890
(100.0) (106.3) (123.7) (148.8)
Glycidol 1,150 1,285 1,370 1,570
(100.0) (L7 (119.1) (136.5)
Propylene oxide 627 520 746 9235
(100.0) ( 829) (119.0) (149.1)
Acrolein 595 583 603 695
(100.0) ( 98.0) (101.3) (116.8)
Autoxidized 415 550 730 983
linolenie acid (100.0) (126.4) (167.8) (226.0)
Mcthylglyoxal 1,850 2,250 3,670 4,370
(100.0) (121.6) (198.4) (236.2)
pL-Glyceraldehyde 551 650 870 9RS
(100.0) (116.7) (156.2) (176.8)
Dihydroxyacelone 663 710 920 1,150
. (100.0) (107.1) (138.8) (173.5)

[
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Ffe 78 AR A S JE88 Tt -
4775 (Blocking agents)

R 1O o (R — YRR AL
fex G -50 column St A BRAL A8
B bz S + 0 5 TR » ISR BB ok

i R— TRIT

1 2 [ BORR AR 3 10 554 1t 2 B
oo 3 R0 B B R R o 3B 6 A T R
AL (E T o B 55 R B A (L B AR
1 T B BRI A » KBS T
T B REOIE e o Bk — ARG B B

iy ultimate carcinogenic species [Jelectrophi-
les R MRGHEINIFRME R MBI ESD R EHEBKAMN
nucleophiles §f#mkd(t B KEHHILEW - B
LitpyEe o EATIHER S R=8
1. 3050 BB B A 488 % L TR 1 B (o BT
FlmDisul firam fn B &%+ a2 & B RAIEIDH 1.2-
dime thyl hydrazine ( DMH ) §|&HABE ( Wat-
enberg , 1980 ) o El-Torkey f1Weisburger (1983)
FWH Ll disulfiram 3A#&5H 2-acetylaminof luore -
ne BEIRYEFEAGERINROBERSY  EEERESR
disulfiram BE{23 2- Acetylaminof luorene 2 G luc-

~h

'oreign Compound
withou! Polar Group

Phase |

Enzymes

Foreign Compound

wilh Polar Group
Phase Il
Enzymes

lar Group Introduced
Phase I

Enzymes

Metabolite that
is Excreled

Meltabolite that
is Excreted

ys of b of loreign to thal are
CHy oH oH
\ OCHy
CHy
Hy CHy CH=CHCOOH CHaCH=CH,
Limonene y-Blsabolene p-Coumaric Eugenol
[ acid
~ Ho o0 i
@-CHZCDDH Cily
= ’ Hy
CaHs,
Umbelllforone Indoleacolic
acld
HO' Stigmaslerol
OH
i OH oy oH
1o 0
e @ ] CH=CH OCHy
!
Bl on OH CHaNCS
o o Rhaponligenin
¥ Bonzyl
Quercelin Isolhiocyanale

ngrle 3, Some examples of xenoblalic compounds occurring In food of plant

Table 4
Elfects of additions of test compounds lo the diet on GSH S-Iranslerase aclivily of
the mouse foreslomach and the neoplastic response of this tissue to BP
administration (31)

GSH S-translerase
* aclivily (lest”/

Forestomac‘t:l
tumors (lest™/

Experiment Addilions lo the diet” control ralio) control ratio)
1 p-Methoxyphenol 245 0.22
2-BHA 2.82 0.30
3-BHA 1.14 0.54
2,3.5,6-Telralluorophenol 1.22 0.73
2 a-Angelicalaclone 1.95 0.19
Coumarin 1.78 0.50
Umbeliiferone 0.92 1.15
~-Valerolactone 1.16 1.15
3 Benzyl isolhiocyanale 2.46 0.19

® Female ICR/Ha mice were fed diets containing 0.03 mmol ol the test com-
pounds per g of diet for 2 weeks before being killed for determination of GSH S-
transferase aclivity. The semipurified diet consisted of 27% vilamin-free casein,
59? starch, 10% corn oil, 4% salt mix, and a complete mixture of vilamins,

Ratios of GSH S-Iransferase aclivity ol the lorestomachs ol mice receiving the
test subslance lo the aclivily in control mice.

° Reported ratios of BP-induced forestomach tumors per mouse in animals fed
the test compounds to those in corresponding conlrols. BP (1 mg) was given p.o.
twice a week for 4 weeks. The experimenl was lerminated 20 weeks aller the
inilial dose of BP, and lumors of the foreslomach were counled (31).

R\

Cation responses. X, carcinogens lacking a polar group; X-PG. metd
Containing a polar group: Y-PG, carcnogens conlaining a polar group:

-
|

{ 3 ety of oo o Sy
1 # Tyoe A Tyoe B

‘1 " ; ¥s—————-—-———Phase | reactions selective allaralion  anhances

i | l (oxidation or reduction) ~ =ithout enhancemant

.

J:. j

i 3 X-PG  Y-pPG

i st fisiniin = Phase |l reaclions...———. anhances Ll

i 8 {conjugation and athers)

| Coniugated Metabolites {excreted)

l . detoxifi-

i Table 4. Two categories of biocking agents that enhance owd’"g';i‘:a of X"

Table &

Eflects of leeding green colfee beans prior lo DMBA administration on DMBA-
induced mammary neoplasia

Female Sprague-Dawley rats (King Laboratories, Oregon, Wis.) were random-
ized by body. weight al 34 days of age and placed ip their respeclive experimental
groups. They were placed on diels conlaining the lesl subslance or on a conlrol
diet and were maintained on these diels for 14 days. One day later, all rats were
given 12 mg of DMBA in 1 ml of olive oil by p. o. intubation. The experiment was
terminated 18 weeks after DMBA adminisiration.

Mammary tumors?

No. of Time of WL %olrals
rals at leeding gain with tu- No. of tu-
Addilions 1o the diet’ risk (daysP  {g)°  mors morsjral®
None 32 114 91 2302
Green coffee beans 16 -15 112 75 1.6 £ 037
(Colombian) (10%) lo
Green colfee beans 16 -1 116 44" 0.8+03"

(Colombian) (20%)

® Addilions lo a semipuritied diel (see Table 1J.
0 = day ol DMBA administration.
€ Weight gain from 34 lo 175 days (25 weeks) of age.
Mammary tumors present 18 weeks aller adminisiralion ol DMBA.
° Number of mammary lumors occurring in the enlire group divided by the
nurpber ol rats al risk.
Mean + S.E.
: p=0.06.
p < 0.001.
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(5) Escherichia coli WPs her trp (Trp™ = Trp*)

Table 7
BIO-ANTIMUTAGENIC CHEMICALS OF NATURAL ORIGINS

The following bacterinl mulation systems were used: (1} Escherichia coli B/r WP2 trp (Trp~ — Trp* ), (2) Pacillis subtilis N1G112 _{
his miet mur-1 (His™ = His* ), (3) Salmonella typhimuriun TA98 (His~ — 1lis ), (4) Salmonella typhimurium TA1538 (His™ — Ilis‘l' ; f}

Chemicals Antagonistic Dacterial Rel.
mulngenic agents syslems
Cobaltous MNNQ (0] Kada and Kanamatsu, 1978
chloride y-ray ) Kada et al,, 1980
uyv ()] Komura et al., 1983
Spontaneous 2) Inoue et nl., 1981
Tip-P-1 3) Mochizuki nnd Kada, 1982
(4) Mochizuki and Knda, 1982
Ge-132 y-ray (n Mochizuki and Kada, 1982
' GeO, Tip-I-2 3 Kadn ct al., 1984
4) Knda et al., 1984
Cinnamaldehyde uv (4] Kakinumn et al., 1984
ANQO (5) Ohtn et al., 1983a
AF2 (5) Olna et al,, 1983b
Cnplan (5) Ohtn et al,, 19830
prL (5) Olta et al,, 1983b
Coumarin uyv (5) Ohta et al,, 1983
4ANQO (5) Ohta et al., 1983
Umbelliferone uv (5 Ohtaet al, 1983
4NQO (5) Olta et al.,, 1983
Enmein uv ()] Kakinuma et al., 1984
Nodosin uv ()] Kakinuma et al., 1984
Oridonin uv () Kakinuma et al,, 1984
Protoanemonin uv (1)) Minakata et al., 1983
Human placenta uy nH Kada and Mochizuki, 1981
(crude) ((}] Komura et al., 1983
Mammalian placenta y-ray m Mochizuki and Kada, 1982
(crude) MNNG () Mochizuki and Kada, 1982

urom idef& 3 #iy REEEIE By FR3E e -
2. {I2 3t 7 7% 1 M Y BEL B

55 FHPH [0 PG 75 58 B 45 B 1 T {1 T 22 20 B B BUR R
HIRVEEAE o Williams ¥5 b BERAD L EHABMER
Het e B3k 0 R M8 0 T8 /% phase | ) phase [[/ZHE »
phase | [RHERAG Mt 2 MINBIRELEDEEY ( Xano-
biotic cpds ) » 5EMR Ml A M BRI RIE » EH DT
10 R R R » 2 SR [ RE Y SR #0020k 110 B SRR
Mo ERE4AYEHEN FEEEEER B AESER
HE C conjugation ) T %5 5 ¢ HEHH #8414 » T phase [[ X
MEA IR i54 RIE  » BIAERK Glucuronides , G SH
conjugates fl sulfates » fNF&E 2 Af 7l o

BaEyPEENEEAEDEESYREHNR ERAEDE
b RAEAWA Y5 REFNEETF £ mEACR
2 NEMSETENEDPEEESERREELYD
&Y m#E3 M7 - BARHTRA TN EEELaYhm
BHEAEELWEY » FRENHH M EXANE SR
EHRMEFLEY  AEEDREY -

90

ST BB R B PO 75 R ATAOBR BT » — I XN 4 B
1 type AF type B Mif » 357 e B AT - A
FUR )47 6 02 58 phase [T f9%f » FIConjugated enz-
yme FAHEE B % » A H EREH GSH- transferase ﬂ]Ule
-glucuronosyl transferase & PR 8 o A BV TF%
R REFRALH — BHA, EEBZWBRDRLER
IFf > Gl Wattenberg » L W, ( 1980 , 1981 ) %
3 B(@)P » 7,8-dihydrodiol , DMBA , dibenz (a
» h ) anthracene » diethylnitrpsamine , 4-nitrog-
uinoline N-oxide , uracil mustard .urethan , rne--;
thylazoxymethanol acetate i trans-5-amino-3-[(2-(
5-nitro-2-furyl ) vinyl ) -1,2.4-oxadiazole ff5|&
ZIEAGIE RS BHA ) - B BV M 32 2 (R Bl
L B4 H 2 15 ¢ » 120 B-naph thof lavone, 'Eff fE#EE
W kA B » #N1 GSH-S - transferaser 1 UDP
-glucuronosyltranferase_E?ﬂ]ﬁmﬁ#&ﬂﬂ’g%?ﬁﬁﬁi |
aromatic amines » 'EA{EMR %GR MED » BB @t
) 45 B4 TUER ISR Bt B RVIDGE F IR SE 0 AL 1 7B - e |
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F{;.?. Chemical structure of (- )epigallo-catechin gallate.

ohn

CINNAMALDEHYDE

&

7410 6.27 (ddd)
i H H

;;‘ (ddd) H 1 [

H
525 (ddd)

Jouble-doublets; dt, doublet of Iriplets.

'%.ig.ﬂ’, Structure of protoanemonin. The numbers in the structure represent chemical shifts of the protons,
360 Mllz 'I-NMR in CDCl,. Muliiplicities of each signal are in parentheses; ddd, doublet of

VA
Jﬁq:ﬂ;%ﬁé:&?ﬁ%GSH- S-transferase 'E& it
trophiles Ji_F sulfydryl group AR v 52
¥ K electrophiles » il GSH - S-transfe-
. BEARBEBENR SRR AR EEENA
8 9 A (R (R RO I 0 B R AE DAL SR BB 9 5 i e
JE - 3% 5 AT 7 A HIBE (Lt GSH S-transfe-
ZIEME 78 ~ 182 %+ (NMAENIH B(a)P 5 [ #2[HY 3 B
[ A 43R « it —# Sparnine , V., L 5§ (1982
3 3-BHA , benzylisothiocyanate , a-angeli-
N4 M calactone
. :_.*-aCetoni trile , disulfiram 1 S5-naphthoflavoneff
JFRER /N B AT Moty GSH S-transferase 2 {Ef:
il B()Po R 5 |62 49 ik ~ SLAR R ISR RO BRAEE
BT 215 A W e GSH S- transferaself itk 2 33 i1 4 6738
MR AR 2 BB AT - E—ARRARR 2
i o B — BT £ (D GSH S-transferase T
BRI BEAECHN AR SR RAREERE
SH-S- transferase 2 it » # MR &6 & BA+F1E

, coumarin , indole-3-carbinol ., indole

1, E A EW e citrus fruit oils ZRAg{R#E GSH-S-
3-C2CR transi erase 2 it o 54t 8RS KA HBH X
Eﬁ"}'lﬂ‘g B YIET B GSH S- transferase j5 i 43670 A9 {2

t o e (Rt AF B GSH- S~ transferase J {E3E 6 15 »
B 402 GSH-S- transferase .24 - Ml &
HESB 2 o S » s Ao » S TR o R 2 S Ak A
| B GSH- 5- transferaseff 2 #7) » Lam L K,
L T %1982 ) BUs#E0NYET h{TilE GSH- S- transfe-
| 3 rase > ¥EM:4'E 4B ETHE 2 B kahweol palmi tate I

cafestol palmitate ° 13 6 FI#SSR BT Ak vt S HE
7B M Bomis Hny it » A 2L #EE B ( Sora-
gue-Dawley )0 » &% ER MR T EEY DMBA
i H BB A 31K 2 Al 157K B 04 SE RS T 0wk = 2 B RHE &
s i SRR IR U R ML o BB A B > SRS B R A PARA
FRE {5
3. B 35 e ble FE Yo B I 77

2 S5 B R Y RE KR D R e A S T B T S K
HEZEE  NMEESEEBERGES 3 HAAERRNEL (
Ames , 1983) - HHY B EH T SBRBY » TREELSR
Ve > FIANAS — 26T Atk ¥ FH & A hydrazines: 7%
g &4 A~ ( quinone ) MR ATEE 4 ( ph-
enol precursors ) » HilF =AY KiFAR ( gosspol ) Ml
cyclopropanoid fatty acids » LI — e ch @8t iy
phorbol esters #5874 Bkt B M ( Ames ,
1983 ) T¥H By A4 OB HE B R — Ml A e KRR
s MIREAEREES A5 FOET ABRBTFHRK &
SEBE YU = AR EEY - BIRS ( superoxide )
SR AL EFFE W 2 ( hydroxyl radical )

le le le le
0, —- 0O, » H,0, - OH — H,0

mTR MR A AR BB K ER - NG EESR
Ul A+ BRANKN ahie v AR ED A0 SB AL A5 F— £ » THIHE S
P9 45 — 5B R RS HUUE B S 1R P+ () A0RT 2% SR EE

B iME M iy 4 {6 852 o 4 superoxide dismutase ?
glutathione peroxidase , NAD(P)H : quinone reduc-
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Table &

EXAMPLES OF INHIBITORS OF NEOPLASIA

(1) Compaunds preventing the formation of carcinogens from precursor compounds*

Reductive acids ascorbic acid ' (Mirvish, 1981)
Tocopherols a-tocopherol ', y-tocopherol ' (Newmark and Mergens, 1981)
Phenols gallic acid. propyl gallate ? (Newmark and Mergens, 1981)

(2) Biocking agenis )
Phenols 2(3)-terr.-butylhydroxyanisole 2, butylated hydroxytoluene 2, hydroxyanisole, calfeic acid !
ferulic acid ', p-hydroxycinnamic acid !, and others (Watlenberg, 1983)
indole-3-acetonitrile ', indole-3-carbinol !, 3,3"-diindolymethane ! (Wautenberg, 1979)

Aromatic isothiocyanates benzyl isothiocyanate !, phenethyl isothiocyanate ! and phenyl isothiocyanate
(Wattenberg. 1979)

Coumarins coumarin ', limettin (Wattenberg, 1979)

Flavones B-naphthoflavone, quercetin pentamethyl ether * (Wattenberg, 1979)

Dithiothiones 5-(2-pyrazinyl)-4-methyl-1,2-dithiol-3-thione, 3-( p-methoxyphenyl-1,2-dithiol-3-thione
(Bueding et al., 1983)

Diterpenes kahweol palmitate ' (Wattenberg, 1983)

Dithiocarbamales tetracthylthiuram disulfide (disulfiram), sodium diethyldithiocarbamate, bis(ethylxanthogen,
(Wattenberg, 1979)

Phenothiazines phenothiazine (Wattenberg, 1980a)

Barbiturates phenobarbital (Yamamoto et al,, 1971)

Trimethylquinolines 6-cthoxy-1.2-dihydro-2.2,4-trimethylquinoline (ethoxyquin) (Wattenberg, 1983)

(3) Suppressing agents

Relinoids retinyl palmitate ! (Saffiotti et al., 1967), retinyl acetate, 13-cis-retinoic acid, retinyl ether.
N-(4-hydroxyphenyl)retinamide and others (Moon et al., 1983)

Protease inhibitors antipain (Nomura et al., 1980), soybean protease inhibitors ' (Yavelow et al., 1983)

[nhibitors of arachidonic

acid metabolism indomethacin (Narisawa et al., 1981) ‘

Selenium salts - sodium selenite !, selenium dioxide !, selenious acid ! sodium selenide (Grilfin, 1982)

Cyanates and isothiocyanates sodium cyanate, rert.-butyl isocyanate, benzyl isothiocyanate ! (Wattenberg, 1983)

Plant sterols B-sitosterol ' (Wattenberg 1983)

Methylated xanthines caffeine ! (Namura, 1980)

Others dehydroepiandrosterone (Schwarz and Tannen, 1981), fumaric acid ! (Kuroda et al., 1982)

1 1 Naturally-occurring compound present in food.
; 2 Synthetic antioxidant used as a food additive.

? The closely related compounds tangeretin and nobilitin occur in citrus fruils.

&N

'l':lhlt:? Inhibition of mutagenicity by apigenin, robinclin and indole-3-carbinol

| Test niol S9*  Dacterial  pg inhib, Apigenin Raobinetin Indale-3-carbinol
I ‘ mutagen  mulagen/ strain plate His * % q ist 9% % His * % %
I plate rev./ inhib.*  inhib.fugt  rev.s inhib,  inhib./ug rev./ inhib, inhibpg
plute® : plate plite
I MNNG 5 - TAI00 0 2597 + 146 2597 % 146 ' 2597 * 146
i | TAI00 20 2152 = 31 17 0.85 2441 x 354 6 0.3 2295 x 431 12 0.60
li MNU 400 e TA100 0 2515 x 148 2535 & 148 2020 x 137
i TAI100 20 2215 = B84 13 0.65 2250 & 145 11 0.55 1642 + 158 I8 0.9
i \
I BaP 30 + TA98 0 174 &+ 44 174 = 44 174 = 44
! TA98 20 100 = 18 43 2.15 133 & 15 24 1.2 146 =+ 32 16 0.8
: 2-AA 13 +  TA9 0 2415 = 110 2415 = 100 2415 110
TA98 20 930 £ 34 62 3 326 % 84 87 4.3 1838 + 124 24 1.2

*The S9 fraction (9000 g supematant of rat liver). Liver was from rats induced by Aroclor 1254. Preparation was by the method of Ames (21).
bHis* reveranis/plate. Numbers of colonics on minimal agar plates following 48 h incubation. Counts of spontancous revertants on conteol plates have been
subiracted. o
100% — revertanis/plate with compound + inhibitor X 100.
revertantsiplate with compound alone

9Percentage of inhibition/ug = percentage of iuhibition.
’ pg inhibitor

Percentage of inhibition =
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'glutathione-S- transferases ;5 BEFERI TG RN
s g P TR U Bl 2 4 5 SO BRI £ {7 40 C
um ) & glutathione peroxidase fy— FERE 1 »
o o) e BT 5 SR S ALAR ) ( Flohe 1982
;ﬁt’.ﬁ‘ﬁﬁﬁ B B3 A 5 3 il 8 1E % 0 R R B RS
e at @B ( Wilett . 1983 ) - B T AL A
a0 RERE A 1R R 25 0 FER G RSB P
FIZ) A + G0 vitamin BRI E 3 By

Wit Btk ( Scavengers ) By LUEH EA UFHER

iy A4 Hiftt ( Wang et al . 1982 ) - fEAERARE
5 —FE S AL FI TR AL B U B 25 » Tuynes ( 1983 ) &3
MR A RNAF AR R ER R I 5 M iR
AR o Hi AW PHIHRA( K — f-carotene HEBF LI
Plg I R IR E (L - FERBEYPEEREN
-carotene fEiM#IE & fEFEE4: singlet oxygen, ER'E
RE A FEENB A 58 —H U5 -

Ft—

IMUTAGENIC ACTIVITY OF VARIOUS CHINESE

UGS ON THE MUTAGENICITY OF PICROLONIC

é_ll) (50 pg/plate) WITH Salmonella ryphinurivun TA98 ®
Crude drugs (3 mg)

Revertants/plate ® PI (%)
—Pa® +Pa

TABLE ],

ANTIMUTAGENIC ACTIVITY OF VARIOUS CHINESE
DRUGS ON THE MUTAGENICITY OF BENZO[«]l'Y-
RENE (50 pg/plate) WITH Salmonclla typhinurium TAS :

Revertants/plate ™ PI(%)
—Bla]P " +Bla)P

Crude drug (3 mg)

eris multifida P. 204+ 3 215431 69.0 Smilax china L. 23+ 4 2746 103.1
tinidia chinensis P. 234+ 7 266422 604 Prunella vulgaris L. 214+ 6 2864 8 1027
" Artemisia lavendulaefolia DC. 26+ 5 282433 573 Actinidia chinensis P. 13+ 8 28410 1008
Crotalaria sessiflora L. 33+ 8 286437 57.1 Paris polyphylla S, 25411 40411 98.1
Prunella vulgaris L. 294 4 315440 522 Ampelopsis brevipedunculata T, 35412 0414 981
ris polyphylla S. 274+ 5 319433 515 Duchesnea indica F. 16+ 6 41 410 97.7
_uptlupsij hrf{'!’pt’th"l(‘“’t"ﬂ T. 36 + 7 3194+ 42 51.5 G(ux_pp[m” herbaceum L. 18+ 6 4] + 14 97.7
ephania sinica D. 21+ 3 330429 497 Lithospermum erythrorrhizon SZ. 27+ 4 64411 88.9
irinia heterophylla B. 22+ 5 333149 492 Artemisia lavendulaefolia DC. 29411 79412 831
Oldenlandia diffusa R. 17+ 8 334147 490 Selaginella doederteinii 11. 29+ 14 89421 79.3
Smilax china L. 344+ B 337444 485 Dianthus superbus L. 33410 122420 66.7
E ;E.S‘elugiuelm doederleinii 1. I+ 6 346+51 47.0 Centipeda minima ABA. 184 7 127418 64.8
| Centipeda minima ADA. 20+ 5 354455 45.6 Curcuma zedoaria R. 28412 135426 61.7
| Sewrellaria barbata D. 25+ 6 354447 45.6 Marsdenia tenacissima WA, 194+ 7 145 424 51.9
Dioscorea buthifera 1. 174+ 8 367452 435 Kalopanax sepremiobus K. 164 4 156422 53.6
Lithospermum erythrorrhizen SZ. 21+ 6 379+ 34 414 Crotalaria sesi flora L. 224 7 166+ 34 49.8
Taraxacum mongolicum HM. 25+ 9 381448 4l Preris muliifida P 25+ 5 173+ 27 47.1
Duchesnea indica F. 38412 394457 389 Taraxacum mongolicunt 1M, 26+ 9 189443 41.0
| Solantun xanthocapum SW. 204+ 8 422461 342 Patrinia heterophylla B. 26413 188 +28 40.9
GDISj'pfl'ml herbaceum L. 27411 4284+ 64 33.2 Scutellaria barbata . 18+ 8 191 437 40.6
{ | Kalopanax septemiobus K. 3B+ 10 431445 327 Humuldus scandens M. 29+ 6 202454 36.0
- | Coix lachrymajobi L. 254 8 445457 304 Dioscorea bulhifera L. 21+ 5 206+ 29 345
" L | Dianthus superbus L. 254 7 473455 257 Mirabilis jalupa L. 284 4 230+39 253
! - | Mirabilis jatapa L. 34+ 4 475466 253 Akebia quinata 1. 30414 237428 226
| Commeline communis L. 24+ 8 481466 243 Commeline communis L. 22410 246+ 44 19.2
| Impatiens balsamina L. 25+ 8 483470 240 Oldenlandia diffusa R. 27412 258463 14.2
| Curcuma zedoaria R. 22+ 5 485+63 237 Stephania sinica D. 29+ 14 261 148 134
i . Humulus scandens M. 224 8 489175 230 Solanum xanthocarpum SW. 3115 263462 12.6
" i Akebia quinata . 24+ 6 490+78 22.8 Polygonum perfoliatum L. 32410 296457 0.0
o Muarsdenia tenacissima WA, 30411 505462 20.3 Sophora subprostrata CTC. 28+ 9 307+54 —4.2
) Cudrania tricuspiduta B. 16+ 9 534147 154 Asparagus cochinensis M. 23+ 6 315437 73
i Asparagus cochinensis M. 234+ B 550493 128 Impatiens balsamina L. 34414 328462 —123
ﬁ i Polygonum perfolianum L. 35412 554482 12.1 Pinellia pedatisecta S. 26410 337464 —157
1 i Sophora fluvescens A. 27411 564175 104 Sophora flavescens A. 40415 344455 —184
1 Sophora subprostrata CTC., 274+ 6 579488 19 Cudrania tricuspidata B, 25411 352471 —215
L | Pinelliu pedatisecta S. 20+ 8 596+53 5.0 Coix luchrymajobi L. 14+ 7 365+56 —264
4 " The spontancous revertant is 3044, while the revertant 4 Phe spontancous revertant is 3547, while the revertant
’ colonies induced by picrolonic acid (50 pg/plate) are 626 & colonies induced by benzola |pyrene (50 pg/platef ure 296 1
32 29.
® —Pa,in the presence of the extract of crude drug only; +Pa, b _1{a|P, in the presence of the extract of crude drug only;
in the presence of the extract of crude drug and picrolonic 4+ B[a]P, in the presence of the extract of crude drug and
acid. benzof a |pyrene.
| e
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SFE4F e TR0 28 3 R BB At 0 Ui 2L T B35 R
B ER o IRE B we KRS EVRAGAR ( Cross
Slink ) T B4 S R 4 k4 AR O A - TDIE AR R
¥4 2 SRR F TV B A L A R B o [ B2 R BB AL 1 B
— S Y I T 2 A R 7 % /N6 T T R RR I B A C
promoting agent ) (fsE{LBALATEL: - RULH AR 5
Superoxide desmutase LR34 prostaglandin 5 & BRHY
447 indome thacin ] imidazole el 1 BB BIEE

FRITT 4096 T R OB 4
Suppressing agent

suppressing agent fEfH (L& 3 A LA 25 BE B A
S G i L o FF RO 75 LA PRI PR AT A 1R
(7 TBRE » A T AL R B S R fIMEASE A
( Retinoids ) , protease inhibitors , inhibitors
of arachidonic acid metabolism , selenium salts,
plant sterols % » Mk 8ATF ° T MR B A i e
RO PE R+ T BE R e 5B MR ) 2 BUK HU I HEE TURL Y
#e4 o SR arachidonic acid fy—3E AR AE » #IAN
indomethacin fEMELIMNNG 7 B0 ( Nari-
sowa . 1981 ) 5 N4 (F R A TURIECR » EI'EM
5 Antipromo te r 2 31 %5 N B fr S A I HE TV bR F e A

H A3 [ty suppressing agents Sl & A2 30 e i e
#|— 12- O- tetradecanoylphorbol -13-acetate( TPA)

4 SAC/E i » G0 retinoids o indomethacin o
protease inhibitors ( Ficsher etal . 1982 3
zyl isothiocycinate Ml sodium cyanate ZRgh
> %4 ( Wattenberg . 1981 ) * BAH —&RK
BAGHEBMIERE » E 8 HBUS Suppressi
tse fEiHel DMBA BT - sEERAY
WS - T o HE AR H A S R R
DHEE » (AAME EVIE > ERRERREOHLS
ML — retinoids » SEFLAWE B Saffioy
( 1967 ) FMoon 3§ ( 1983 ) Tﬂ?%"ﬁﬁﬁ?ﬂu
BT BN ~ SUFE ~ B IDERER B2 4 - [RRE
B retinoids 745 i 52 B2 84— Cyclovhé )
mide » WifEEHFEEZ G ( Busk etal,
@i‘#ﬁéﬁﬁl%@@sZﬁ%@ﬁ%ﬂﬂﬁﬁ{Eﬁﬁ ( Busk
and Ahlborg . 1982 ) » X SHEHS I fE R 1EF M
SRR T JE E B E B ey - TAEA: R Bt 2 e
FI%A M fEMA ( Busk etal » 1984 ) © '
% 4 —¥ffy suppress ing agent FI /I DNA 48
J§Z - i Kada and Kanematsu ( 1978 )&% H
& ( cobaltous chloride A fuZei#: » HEESY
28 Rec A proteinz THek MILHE SOS DNA 2 4l
DNA 175 6530 Hh 57 Bl T B R B O TG 1 »
Bl ) 3K FERR G 1LY AR HIX K ~ 84K "MNN G RIf
i AR A o B R A :

F“jrfo.

OH
Enmeln
(Cryswal B}

lsodonal 1 Inoctive
(Crystal Al

Hodosln Orldonin
[Crysial C) (Crysial D)
COCH4
OH
0CHy

F1G. {I. Chemical Structure of Paconol.
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ease inhibi tor [ty $2e 88 it v] B 7R 22 BIDNA
g , TEEHE (RS AR A DNA  454F ( Meyn et
, Rossman etal ( 1980 FRf protease

o (0 VL FOB R » TR T 18ALEL HAUR

8 ApE A B 1D RO B2 884 D RAFFERY A IR — i vl
e FIMNE S HERMAKR PR BHREY -
e & (1986 ) B HA FHEH G T EIERHE A
flavon FX{) : Apigenin , robinetin E7INH
P Al 2-aminoanthracenef) B 528 tE &t - (BH
NG 1 MNU [l %45 {FF » 1% 9 BT 7R ° Morita K
s (1984 . 1985 ) Br9e 4% ) desmutagens;/g —
BT A1 » 55T B AR 300,000 » B4 I R
s 2-nitro-1,4-diamino benzene Ff 4-Nitro-1,2-
nino benzenefyB Sk » IR AL IIHI R B R4 Y
p-1, Trp-p-2/i&tet » 3 H BB HIRE WAR &
s i & B4 carboxyl group X 10 %Ei ¥ 1ignin
&Y -
T, (1985 ) 1 E AR&EAH AL H— LR
Bepigallo-catechin-gallate ( EGCg ) » H ¥
M 7 B o 'EAEdsE DNA 2B A [IAY 1F A i)
llus subtilisZEBEHLIS H ARERE o
- OEERBEHDIRS HEH AT S HUREEY) - Minakata
H etal ( 1983 ) f Ranunculus F1 Anemones{f#)5) B
' —fi Ji B 54 - protoanemonin &N UV FIMNNGH|
RGBSR » HLASHIK 0 8 FF7R  Kakinuma K4 (
: 984 ) X [ cinamonicor texsh4y B — 1 P R #4 c inna-
aldehyde » H &t f38 INE 9 77 7= o M4 Kakinuma %%
7 —ffih¥4t 1 sodonis herbs %% —L Diterpen-
- Oids [y §i i) » W10/ » Fukuhara Y, ) Yosh-
ida D, ( 1987 ) FgMoutan cor tex43 B 3| paconol 2 §i
- R By M@ B o B4 0 Sakai YEA ( 1986 )
4 if'fﬁﬁmﬁ¢%— paeoniae radix , Bupleuri radix ,
i,} i HoelenﬂlGlycyrrhlzae radix AYE K HI % Bla) P
l & Eﬁmﬂmﬁﬁﬁﬁﬁ s paeonjae radix f1Hoelenfy &
| K 5 s r s Be)PRFRSEES - MG lycyr-
- Thizal radix AISH TA100 AT A9B WG R &tk » W
b REB A REN B @) P AHRSE - B4 Bupleuri

et » S L AWM T FIF] o 5 AR

radix {¥¥ B(a) P5[5& TA98 B 54 g Promss ififd: »
iM% TA0RI4E/EA] - Lee H, FLin J-Y ( 1988 ) [l
B = 2 R R E AP 0 Sl #H picrolonic
acid( —FFEEHESY )M Ba)P ( FHEHESY ) I
3| o B O T 2ech BBV B A M ER b st
MFEL0FFR » = AR EENKMNY ( 3mg /
plate ) ¥ picrolonic acid ( 50 #& plate Xy 525
M BG Y E pteris multifida P, , 3£ 69,0 % » Mk
52/ qinellia pedatisecta S, (%K 5% » MF1177~ »
E+AEHEREEEE B@P iRl EREKX
smilax., China I, , prunella vulgaris L, HlActi-
nidia chinensis P 524 M4 B(@) P ( 50 pg” plate)
(9B 554 » T 554+ Sophora Subprostrata CTC %\l
B2 5E 2454 B (a) P RYB R4 - BT BRE —KE
BAME Ae H R (A F e S D ARE—F TREE
BEMRESAT 24 E? EEAAEMNNERRT7H
E R I 3 anfa] 7 SR IRSH A DT 745 SRER plant sterol
ML &Y » T EHBEER TEWHREY ( Lee .

wnpublished data ) o Kakinuma K, % (1986 )
% B K ZR B T R0 1b SR 5 R B SR A i 2 e A R 4 1
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