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ALzl o} AgHralel Wsle AF A8 dd=E
FEFE v|H Fe FFoly utzt BAEA A F
1, 2z 7159 digt BARGE 17 AFH A4
& FAot AT IR AAEHY 33 7]
o] ZzHx Yot 5 AW 8§ FFo=
@7] Fodhs gFER BuE o AFL OES
A AFFtEZ FastgEe] Aol vz =d=HA
U &Ao] & o= AW & =Hre e 8
BatA Art. o7 7154 AAE BAste AF
o F83}7] A= 1abllA] 3}l o]2& AF
7159 e 53t EF JE& £, 5531
HolgdAe WA T AHAY HFH Ao FHFA
< Higoz 7194 AFY A € F8H 97t
|FolHogtet.” UL S 1984dFE 4l
27150l ol=& dAAe] ozt ofu|E 7]
A} 2]Z (functional food), 5B AL A Fo]z}

gol9 A Edwe, 72EX, B &
Q5 AF dEEor ¥z A7) F3=o] o
b, u]ZFL o] A ¢ 8HE Z= JAEY F
e Bxor AZE designer food, phytofood
70 program % #AFEE Eeldte AFd &

oOTE

o3

fr off A

g3 W9 oo

pharma’ foods 7§ program® &

HE= nutraceuticals,
5t AAA
ol 1A Al=E sttt A7 AF MLe
A% Aol Y= A=Te HUY 7E FF¢FS
FAoR 23FFA, «8A, AL WA,
WaHlAl, MZEst F24, 2734, Akl o]
2717k FHsch fElvete] A9 Had A}
TUQY W ol d9F oz FAF /M A
9, 71834, 237] 2 TFA A8 o7 Al
B FA ZA2dta, Aoz EREHE &3
Al A¥7} AE (neoplasm)ol <J3F Algo] §3
3] Frtetn Jom 53] oA ANESQL ol o3t
AFERIZEZE 7B EobA? dddEd Eddo] o
|, itk 2 =31 Fo A AAE 4
S 2RE AMse A7t s A=z

X

o

o] B HAYEFLE FFEsHA WA A 31
1o}, initiation, promotion, progression®] A
DAE AF D= Aoew gEA Joy, Y
9] initiation2 Az} 3P4 @t 1z} (initiator)
7t AA WM fAIH oz A3} Eo] {Hzte] o
ol vi7tg Aoz Zgste FgAEe] DNA &
7] WiE £AE WSAA ABE HATAHE(prene-
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oplastic cell)& BAske EARC] 3oz 49
Hot. XA (promoter)+= ALz} SYPH o
2 A X2 receptorE w7z SHAFHo =L
9 23l 719 o = st FFAHNEE AAE
Al Z (neoplastic cell) 2 HAFA 7|8 FA3l= I
BN Fd3 el ZAEI FL(tumor)o]
% (cancer) 02 W3l Ho]E AR ¥ Adg
<, & BH3F 30% ol AT AF]?
Hojdts @Al initiation®} promotiono]ti. 1
7hedME AEFS AW FX9 i X &FHo=w
dF=Eez AAEH FTEAEL] Moy Aztel £
g AdAstE JgEFE 2 initiation A FE
P& vt Initiation@A|Ql EARClE T
7} 83% °]de =& AF/AYE YEYEE Ho]
4 Aoz /AT o 2Fe EAR]
qA A4S FHE A I Ay 7|z =

o}.

2. FEAWoUH AL 9
A @A ok AEFA Sl

FEAHO|YA AlFEL EGHo] R oA
A=2A Frislez SddcdAd AgAITE 7=
7} Aot Ed¥oldAd Y AlEe AT FAA ¥
ETFEE AE AUAE olgsls AT AE
® (in vitro assay system)d} HAXEE 83 4
AN, S, 2928 ggezd dhga
4 A 2 ZREE SFAEY fAE3H A g
= A3 Ag¥ (in vivo assay system)O g &
=9, ygeich setEd, AF J7ME 2 oE
o digte 7|2g=H, 1 AEAT Fog o4
2 AS A¥ste FELE Yo ¥oldA
BAe 7oz Angith $yah(BARE) <}
3 (OECD)L 7|2dFo =2 Algdy Ay,
FHEEoR A AlgHE Atz leon, o
E(EH4)2 n2(FDA)L 7|23 2oz A|d3d
Y AEY Qo A3;AE, in vivo DNA £347)

B4 T AAANR 5L, FHFEo2E 2

A8 5 AAAEE AANDBIAY ERFEANE B
AWg FY AlEE a7 Atk SAAAFEOIG
BelgAd B3 ANAE A48 Ege Ad
nyEe] fHA EQRCIE o]&7 Salmonella
typhimurium reversion assay”, SOS chromot-
est?, spore rec-assay”®} EHEE ujdA T
A o]A2 #EE= chromosome aberration
test 5'79 A|@EY AlgHo] 7|E¥Eoz JH
AeHA AHEE T At

FEAH|AA AlBol| AlE3t= Holde FA
E2 o] TRl (indirect mutagen)® 3
o] (direct mutagen)o 2 FEE=H, 714
Holde AAIYA WHoldde] EHA cyto-
chrome P450& 20 ¢]gte] Wo|9Ade YEll=
Eddolgdoeln AFWolde Aol o3 djAlA
24 glol= #ol9de Yehls Eddoldez
A AFe AN gr Ao FAH 2 H =
ARio] UYL AFozRE HESe 771 &
o] gtk O A FPAoldoez §AF v}
T 3 FAAHEAl A= nitrosamine Fol, 7t
Ho|Qo g FFHo|E 7124 aflatoxin B, 2]
9 7+4xelA A4 =E Trp-p-1 (3-Amino-1,
4-dimethyl-5H-pyrido[4,3-b]indole), Glu-p-1
(2-amino-6-methyldipyrido [1,2- 3",2"-d] im-
idazole) 2] amino acid pyrolysate®} carbo-
linef, 1Q(2-Amino-3-methylimidazo-[4,5-f]
quinoline), MelQ(2-Amino-3,4-dimethyl-imida-
zo-[4,5-f Jquino-line) &<¢] quinoline® % B[]
P(benzo[a] pyrene) Fo| 2&FoJA faid dix
ZQl HoldER oz ZAMEHUH'" wH=e
A% 3T AAlIA HoldAdE YElA] & 7
9] 40-100 revertants®} ®|madled oF 22,500
revertants?] Wol]d<& AHFHsT Qris B2y}
Ao, ztHsl, AT FA de $El9 44
HAME B73F Z 7H34EY dFgoz A4
o] vl &o] EUd $elo AFAF w3l ¥o]
9] H3e M Aoz Bo AEHY °
o] qAlE H dFske HAFL= FH Z2A

.,d_
fir e

o
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3. A FEdHold B2
9] JAEE L FE B w2t Ay
FE=dHol g4 &4 (bio-antimutagen)@} A X9
gEadoldd B (desmutagen) 2 FEE=H|,
A= Woldo] DNAY =gd= AL JAI3A
1} o]m] DNAd] £4o] dojd A$ AES

DNA F& 9 EARAE 351 ¥ole] LWl
= 3FHF= 988 = EZEEA polyphe
nolf 59 sl A2 Adslgdas ol ol
&3gith $ak= ¥olgo] DNAG Fsll g d27]7]
Aol AlxejollA ®iold AAE EAHIAI7IAY
Holde] MEY FrE JAZ= 24 £ ATFE
Ho] WolgAd EI=2 A== AL A=
EAE2A FYHo| = F4HHAl, peroxidase
59 a2t 2oldRE AAH 1A EF Tl
oY Al Z oA ZALE bio-antimutagen?] ¢
2E ExiA Eal® epigallo-catechin-gallate
(EGCg)2] DNA polymerase III &7} ¥3s}'97}
i E A o]5, desmutagen®] 7= FHjF2] per-
oxidased|| ¢]3} tryptophan pyrolysate2] &84
g9} B, afFe] Aoldfo o3 Woldo
FF98 d=2 § 7 Utk FEA|AA 244
o]2gt Edo] A EA FE nFlyEFSE 1
FozM o] oy A 7 F Y& Ao
2 7IdEy AFAAReIY AAE 7k ol 2
2 7SS vgeE oS Yeilie &
A& Table 13 2t}

HEFEe 784 oA ®eld tryptophane
pyrolyzatec]] sl wloldde] vEpgom'?
H|Foll 4= polyphenolfF, Aojdf, HAF
(heme protein, peroxidase, NADPH oxidase
5) & 92k So] AJRo] amino acid pyrolyza-

=

te, aflatoxin B,, benzopyrene, nitosamine % 2]

Sl ol st A&l =AM ES]
t}. A Fe 2P| AHE tannic acid, chlorogenic
acid 59 phenolic acide} §7]8m] FZEJ A
ol 9AL YEFHE amino acid, @A, vi-
tamin, carotenoid, At 2 FikslA T HIME
NA=E 3}5H wioldz AF el Holdd it
o] o] B Q). T3 Maillard reac-
tion producto M= E&e] izt oz A3l
grlojPdAdo] ZAFEIoY o] B B
amino acid®] FfF w2t th2n 12 AelFd
FAE FEAY B HoldA g Yepdode 21
BE Qo] Bt FAHYA A7 2FHGD. F4
449 5/, Fi distdes ¢ 40 2
Bu¥e Qo o]y At Foll thet Bt
TAZHA 7= vgsy I JheHAE &L 4
F AdozMe] Fedo] ZFxEHo orE E 4
HALE A% FF MEH 7153 SHA #sHS
g BAle] AFEHY It YGHo2E B E
o FUo 2T Q=] SIS FAYAY T A
2 75 T AFE EsHA £t @
o} u7Ze ‘g FH®r7} wl= NCI(National
Cancer Institute) 2] designer food program oA
gl=re oy A A, 4% T 74
A Hie glow, FHolddd Mz IF7
E 23 o %o &u FEEoA HoldA
o] A=A sicke Ao} uF SuFEE
HoleAd gA® Fo 2HFHQ 2ug e 8
AEADL] 2ot FAEL4 F FAHFY A7
== ergreh. whabd B4 (specific activity)
2 FeFo] &4 gvtn JHslHets gdFHo=s
A&H AFHE slez HEFoz J5s 4IE
Aoz Z|HEI FAL2ME Fa3dlttn 13E
o] Az} & Ao 4] JA AL HHA
AlEHo R Flsty EH4ES AR, T4
2 F8E 5 ABIEeE 2 298 208
1z} g
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Table 1. Inhibitory effect of food components
on chemically-induced mutagenesis

Source Compounds Mutagen
Aquatic plants
Marine algae water insoluble tryptophan
fractions pyrolyzate
Fruits
Apple polymerized- amino acid-
polyphenol pyrolyzate
Fungus
Mushrooms  ethanol extracts AFB},Bla]”
Plant leaves
Perilla leaf ~ methanol Trp-p-2
AFB,, B[a]P
Persimmon-  hexane fractions MNNG®
leaves (1’ -oxacanabinol AFB,
etc.)
Tea phenolic compunds ~ nitrosamine
(tannic acid,
chlorogenic acid)
Vegetables
Broccoli heme-protein tryptophan-
pyrolyzate
Burdock fiber amino acid-
pyrolyzate
lignin-like compound amino acid-
pyrolyzate
Cabbage heme-protein tryptophan-
(peroxidase, NADPH pyrolyzate
oxidase)
fiber
Carrot acetone extract Bla]P, 2-AF?
Cinnamon cinnamaldehyde UV-mutation
Garlic methyl linoleate AFB, MNNG
Onion acetone extract Bla]P, 2-AF
Raddish phenolic compounds  nitrite
fiber amino acid-
pyrolyzate
Ranunculus  protoanemonin UV-mutation
ranunclin MMC?
Vitamin
Ascorbate(C) NO"
MNNG, DMN¥

Source Compounds Mutagen
Coba]amjne(Bn) MNNGy
Pyridoxine(B;s) DMN®
Riboflavin(B,) AFB,
Thiamine(B;)

Retinol(A) amino acid-
pyrolyzate

Tocopherol(E) im0 acd-
pyrolyzate

Micellaneous
Amino acid  most amino acid diazo-

(Pro, Cys, Trp) quinone
Protein BSA, trp-casein Bl«]P
Additives coconut meat
coconut milk
coconut water
flavor enhancer DMN

free glutamate
Inosine monophosphate
Carotenoid DMABY
Lipid arachidonic acid 1Q°
eicosapentaenoic acid
docosahexaenoic acid
Maillard rxn. xylose and lysine MNNG,

product quinoline,
imidazole
Metal (Se) DMAB
Soy milk water and methanol MNNG
extract
Synthetic BHA, BHT, PG 1Q, MelQ”

antioxidants MelQX"

a) Aflatoxin B,

b) Benzo[a] pyrene

¢) N-methyl-N’ -nitro-N-nitrosoguanidine

d) 2-Acetylfluorene

e) Mitomycin C

f) Nitric oxide

g) Dimethylnitrosamine

h) 3,2’ -Dimethyl-4-aminobiphenyl

1) 2-Amino-3-methylimidazo-[4,5-f Jquinoline

j) 2-Amino-3,8-dimethylimidazo-[ 4,5-f Jquinoxaline
k) 2-Amino-3,8-dimethylimidazo-[4,5-f Jquinoxaline
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4. &2 FdHo] A EF

Eddo] JABAAE XA 4A ®oldA
& AABRE AL o), g, Ve BE T
sl ®rl 23BN Wolg4ol wANA 9%
o 348 $ulFEEe] FEAWC] BHL I3
HolY Brhe= Trp-p-1, Trp-p-2, aflatoxin B,
T AEoA g el digte] A"
o] ¢+ o ™ hexane, chloroform, & F&&29] o
AGA 62%, 76% = 91%<} ¥]wdle] metha-
nol &84 ABY 91%2 M Ech B
FTHE AFT AL L it A
&, AuoA AAFA o] whovt HRHola
dsted= Fe A<l abol7t ik Aol 7 =
*d @r| methanol FEE2 AFWHERE B4
Zxo] ztols Aoy F9 AlFHERA Salmonella
typhimurium reversion assay(Fig. 1, Fig. 2)¢]
d= UvrHoz ALEHE HAEA AEHEY
SOS chromotest(Fig. 2), spore recassay(Table
e} THFE G EY] FAH o]ts TES
+= chromosome aberration test(Table 2) %29

Fig.1 Photograph showing inhibitory effect of
the methanol extract of brown rice on in-
direct mutagenesis of Trp-p-1 in the S.
typhimurium(TA 98) reversion assay.

A : Positive control(Trp-p-1)
B : Mutagen+ methanol extract

100

Inhibition rate (%)

0 1 1 1 1 L

0 2 4 6 8 10 12

Conc. of MeOH ext. (mg/assay)

Fig. 2 Dose response relationship of the metha-
nol extract of brown rice in chemically
induced mutagenesis.

®, S, typhimurium reversion assay(Trp-p-1);
¥, SOS chromotest(AFB,);
V¥, SOS chromotest(Trp-p-2)

==
59 FAH ¢ 2

o
ol thste] FEARe] Aol FAHNU

utagenicity) 2 AM|E2] A (desmutagenicity)
S4¢ 25 Jehlide &8¢ a3t #4
MEL ZAEISEE 729 o-hydroxy benzyl alco-
hol(saligenin), octanoic acid(caprylic acid), 9,
12-cis-octadecadienoic acid(linoleic acid), 11-
cis-octadecenoic acid(oleic acid), hexadeca-
noic acid(palmitic acid), 1H-indole-2-carbox-
ylic acid, % 1,2-benzenedicarboxylic acid(pht-
halate)7} 8 FAGEL Aoz E4= AF
7} phenold 3}jHEc] HEE = ZoE &
=k 2 FdL =2 oleic acid, linoleic acid 5
o] P450 &49 &g JAFo RN WHoldAd e
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Table 2. Inhibitory effect of the methanol ex-
tract of brown rice on the mutageneses of
aflatoxin B, and mitomycin C by spore rec-
assay

Inhibition zone(mm)

17 MAG Difference

AFBY’ 3 18 15
AFB,

+ 4 15 11

Methanol extract

MMC? 4 23 19
MMC

+ 5 21 16

Methanol extract

Y AFB,(1pg/plate) and MMC(10ng/plate)
with metabolic activation were used as posi-
tive controls.

fatsl= N-OH-Trp-p-29] AL AA ALY
Ad s8] N-OH-Trp-p-29F uH3-3}ed
aryl hydroxyamine®} 2| Zo] 2 & A=
Zgol o3td®, sE HFEY A= st F
|02 islo] oF ®olde] At FAE JA
e ZRoll ot FA4E ZAAE Fez &
HA o] Bl EAsls FHoldAY EAE ol9}
Z2e g9 93l 4L Yehlie ez 5
"ot g3 AFAEE e FEde &
o] AMo] AzEo] A AL 7HsAde] Y
Eid AEE tiUoE YT AgEe He, W
ojde] A, A EWYRTLS] v|uE 5T HEH 2
o] 3 B A4 7|Az EFo £ T3] Al
&xlojo} & Zlo|o}.

Table 3. Effect of the methanol extract of brown rice on the chromosome aberration of mitomycin C"

Frequencies of aberrant cells(No.)

Test Chromatid Chromosome Normal Total
materials cells cells
gap brk.? exch.? gap brk.? exch.® (No.) (No.)
negative
control 2 98 100
(DMSO)
positive
control 27 6 18 b 3 1 40 100
(MMC)
MMC+ methanol extract
0.15g/assay 22 4 . 15 4 0 50 100
5
0.25g/assay 27 2 16 3 1 44 100
6
0.50g/assay 19 3 14 2 0 58 100
5
1.00g/assay 28 2 14 2 0 49 100
4
2.00g/assay 22 2 11 2 0 59 100

" MMC(25ug/assay) were used as positive control.

2 brk,; breakage
¥ exch,; exchange
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5. =%-2] A

EQHo|YGAl= TIFFHoR I A9 73S
93 7|z AoleZ Aete] initiation¥ETh ofiz}
AN ZAHNTE YNETE HSA|7]E promo-
tiono]] ¥ <JAE}ES EBV(Epstein barr
virus) 843} A|EY To= 431 on A4
H GAEY g & FEE9 dARRE A
o A wAYUZFS] F71HA Az ola7t 3
Fojof gt Yolrt §FF EAAE At Al
T (phase IO cell) 5 M2 WL in vitro A&
Yoz gHlo], LA EHE Bt FF3] B
gl HE 2 JAAE 5 in vivo systemS 53}
o AUellAe] &4& gsteiof gt ET F
24 E2¢& £ BAZ 4Fde] 88 =4
e &9E Fo|7] 9T AFY 9F Tl sy
E A&AA AFE WY FEEHAE 2= o
AHQ AFe FHE A8 2AE iRz T
HAHoz AAsL B71F XN8gE FHOR It
oJokE T} H|wate] UHoln Aoz HH3)
= AF9 (el gl dE A&EHY
AT7F lojok & Folnt.
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