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Inhibitory Effect of Rice Extract on the Chemically Induced Mutagenesis

Hyang-Sook Chun, ‘n-Ho Kim, Young-Jin Kim and Kil-Hwan Kim

Rice Utilization Research Center, Kovea Food Research Institute

Abstract

The inhibitory effects of rice extract on mutagenicity induced by 3-amino-1,4-dimethyl-5H-pyrido
[4,3-b]indole(Trp-P-1), 3-amino-1-methyl-5H-pyrido [4,3-b]indole(Trp-P-2), sodium azide(SA), 2-nitrof-
luorene(2NF), mitomycin COIMMC), aflatoxin B,(AFB,) and 4-nitroquinoline oxide(4-NQO) were investi-
gated using Salmonella typhimurium reversion assay, SOS chromotest and spore rec-assay. In Salmone-
la typhimurium reversion assay, methanol extract from brown rice (Illpumbyeo, Japonica variety)
showed the highest inhibitory effect among other extracting solvent including hexane, chloroform and
water. Methanol extract showed stronger inhibitory effect, above 85%, on indirect-acting mutagens(Trp-
P-1, Trp-P-2 and AFB,) than those on direct-acting mutagens(4-NQO, 2NF). In SOS chromotest, metha-
nol extracts showed 77.6~889% effects on SOS function induced by Trp-P-1, Trp-P-2, AFB, and
4-NQO. In spore rec-assay, methanol extracts inhibited the mutagenicity induced by AFB; and MMC.
As the concentration of methanol extract increased, inhibitory effect on mutagenicity increased but
reached at steady state as inhibition rate of 90% when the concentration was above 5 mg/plate. In
inhibitory effects of methanol extracts by various rice varieties, all of 11 varieties turned out to have
inhibitory effect on mutagenicity. There was no significant difference (p>0.05) in inhibitory effect
of methanol extracts between brown and white rice against Trp-P-1, but showed difference (p<0.05)

against 4-NQO.
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3935, dnHA R A= 2w, 315w, 2heby, $-9) 383%,
okEwe & 115S *P&BP“L% FodHeldd
dium azide(SA), 2-nitrofluorene(@NF), mitomycin C
(MMC), aflatoxin B((AFB,) % 4-nitroguinoline oxide(4-
NQO)= Sigma Chemical Co.(USA)E %-E], 3-amino-
1,4-dimethyl-5H-pyrido [4,3-bJindole(Trp-P-D)2}  3-
amino-1-methyl-5H-pyrido [4.3-]indole(Trp-P-2)&
Wako Chemical Ins.(Japan)2¥-e] Falsielom ¥&
Aleke EGE o] A4S AFS-3}gir). Rat liver S-9(Aroclor
1254-induced)-2 Organon Teknika Corp{U.S.A.)ell 4]
el shol Abgstolet,

© 24 so-

AT F

Salmonella  typhimurium reversion assayol|l A}
A QT F= Salmonella typhimurium TA 983} TA 100
22 FAFEANE ] FAALE ol A Hokitel Abg-
slsdt}. SOS chromotestol] A}8-8 Escherichia coli PQ37
L =¥ ZEE AEY F AA bR §-E, spore rec-
assayoll A}-8-8 Bacillus subtilis H17(rec )2} M45(rec )

FFE A stne) G440 wf e e fapweiomn,
FFEE $AHAT W stag T Al Aashoch

uHo| HEFo| |

W2 A& 7)(Satake rice machine, Japan)& o} &-3}e]
47AE FelAA vl tbER, dulE %3 7](Satake
grain testing mill, Japan)& %A & 92%% =A s}k
o] A walEZ B 7l(cyclotec 1903 sample mill, Swe-
den)E o] &-3ted 60w g F . Wwg, I
2EE, a2 247t Fo] gl win] Fako] 10ul(w/v)E
H 1 rotary shakerg o]-£-3}o] ZSC o 4] 3K 4% 200
rpm 2 4 FEEedrt o) FE2EE of2A(Toyo
No4)Z of gk & 7hets%38 f—}% TR FEY s
R, 7l $uje F%¢ 4% dimethyl sulfoxide
OMSO)Z 123 E0) 1()%(w/\)7} Wi B M ato] 4T o
Bstuda oo ol Alglel A4-sheich

E0iH0| ATt

F 8o Zodwo) oA Salmonella typhimu-
riwm reversion assay® FE Ap&siglonm] Holwol
AA g7}t Q15 FE5%EE SOS chromotest % spore
rec-assay¥}- o] &-3lod &I Felslir wlarslelvh

Salmonella typhimurium reversion assay

Maron#} Ames2] "6 3} preincubation test&
sl gstol Wrzu el Bohwle] ol Erty #AbErch
Z 7% cap tubeel] 4% S-9 mix 0.5 mi(] A}EHAd 5L}
P29 A%, 0.2M phosphate buffer, pH 7.4, 0.5 m/)
9} AFZ2E 01m/, E93¥e] 0.1m/, nutrient broth
| Zab wioks #F 0.1 mi(1—2X 107 cells/m) %
w A vortex & F 37C 4] 20

B3k ol

Aol of ) & 189

skt ohg 45T 9] top agar 2 mi%-S HoVela 327
nle] Azl 2L %3~ g G|
(minimal glucose agar plate) $joll &% wataled 37
Colld 48417) ik BHZ2u(revertant)®] +% &
Aatolek o) W o Hd¥elde FrE AMEE
el disted 5448 el 2] o w24 4NQO7H
0.25 pg/plate, SAe] 1 ug/plate, 2NF7} 4 ug/plate, Trp-
-12} 79+ 1 ug/plate, Trp-P-23= 0.4 pg/plate, AFB, <]
49w lug/plate® stsdch. 7b Asivic} 3709 P

vortexdh %

s, B AR A wRe % FEES F
Ao} & %‘%‘3}11 okl o] W 2 FEES i)

o3 3l & #Hinhibition rate)*= [(a-b)/(a-c)]X 10028 }e}
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SOS chromotest

SOS chromotesty= Quillardet'*!”
AAlstget. & E coli PQ 379 a5k wiokeR S Law)
21 17 50(v/y) BAdEtar o] g 37C ellM of 24]7F A
ehul kgl ohE(ek 2X10° cells/ml), % whekaS oA
Lasizlell 11108 sj4sigich o] wifd 06ml, &
Aol 20, ¥ FEE 20WE AP Yoy SOS
HhEe Feqh oh 37C oA oF 24170 ARl 3
p-galactosidase} alkaline phosphatase 43
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9t} B-Galactosidase &AL 2.7 mie] B &g
37C o) A 5~10#7F Fo] &5 FU3 3 & o-nitro-
phenyl-B-galactoside(ONPG)&-<4-4- 0.6 m/ #H7}3led A
Ank-g-g oF 3087 2 PA7l F 2miel 1M NaCOs
SAg o] vhg-S AAAIZ S 420 nmell M 8] F%
L& ZAsledr}l Alkaline phosphatase?] &#-¢ B9
Fo tialell PghEolg, ONPGEY o 4lell p-nitrophe-
nyl phosphate(PNPP)&e4-2 A}-43F 71 9olli= B-galac-
tosidase F A3 Fdste vbg-9) AAE A= 025
M HCl 1m/E 92 5% F 2M tristhydroxymethyl)
aminomethane 1 mlE #7betgct. 40848 [1000X
Apo/t] o5 el ol o714 tiz 9hEAI7HE) olth
B-galactosidase unit2] alkaline phosphatase unitel] &k
H] S R(ratio)gho & vhehfie] 7340 i E4lo] ol
A gy Al AHa-g Yehlle ASeln sfi A FAAEe
Arels xgstedch SOS 479} fri(induction) A%
# vhebl = IFGnduction factor)y R(C/ROZ vlely)
G+=dl R(O)+= oo} AlgEAe] 9l& w2 ratio
gholm, R(0):: Eodso)dolv} Ng w e
ratiogtelth.
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Spore rec-assay
Spore rec-assay:= Kada™eo] whilell Fale] 44333
o okAdwlo)g) Bl xjstAlslyl H a3t aflato-
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xin By(1 pg/plate)s} SAt&EAd3}7} 29 st %}% mito-
mycin C(10 ng/plate)& AH&-3dch & %
wel Eaddeld 4 10 WE 96-well p;ateOII o] 37
TollA 3087 uhgA7] F wle] ghEe] ¥ HI7 ¥
M45 spore agar plateA}2] paper disco] 3%k thd-
4T oA 242)7F AH-eulodata thA] 37C o4 st
vl ofsled paper disc FHo| FAdE A HA e
& FAstY o] dAEHAE A sk

EHEN
ek 23l Falwol oAl Lol oola Eol
uE 1}°]" SASY9E °] 3o HARRALS AR F
a=005 o4 Duncane] t}Eu|ay o FAdssd
i, Rujst delzke] vlae ttest® FHakgich
A o ag

Salmonella typhimurium reversion assay
Huj(dF)E 243le] & viwrg, FEEEE, o
Ao g Z+zd sl Salmonella typhimurium rever-

2 w26 A 2% (1994)

sion assayel] oj#] Edwlo]flol] W3t AAAENE 2A}
stadvh FEo)%8(frame shift) WolFql TA 9884
Solwe] AEFAS AHE A7} Table 13} ze] 4}

43 Eololdl m5o da| B FREALE F A4
F&E o) dgg 2550 dA A :Uﬂ eyt
E3 egewol AEs)(pyrolysis)E Ea HAFHE &
2 g =

2 4] hepatic Sy systemel] &3l @A stz]o] Hedo
Lhepl 3= Trp-P-1 % Trp-P-2¢] &J&l f-utsl ool th gk
dete FEEo AAETA7} 954%, 89.9%=A wi$
AA Jepdoh TA 98 7o qlela] zAdwe]flal 4-
NQOZ o) frugt 25+ vute F5E9 A7
o] 63.8%2] sl 35 Jeb L2, 2-NFel| 2jgh wo]e]
el e 49.7%2) MAENE Jepich 71 xEE
(base substitution) ¥Weo]ZFal TA 1002.E 4] Ed¥o)
A &2 4w R A} Table 29} 7o| hepatic S9 sys-
temell ojsf #HAslElo] FaAWelE iepl= Trp-P-1
olu} AFB ol wiall A mighg- F&5F2] Folwlo] AAR
27} 7+zk 85.1%, 88.1% 24 2 A viebyith. Hepatic S9
systemS KT &x o AAHH U 4-NQOE H
o] & kgt A& vk $5-8(23.7%) Hc} 3 4K60.

Table 1. Inhibitory effects of solvent extracts from brown rice(Illpumbyeo) on the mutagenicities of Trp-P-1(1
ug/plate), Trp-P-2(0.4 pg/plate), 4-nitroquinoline oxide(d-NQO, 0.25 pg/plate) and 2-nitrofluorene(2-NF, 4 pg/

plate) in Salmonella typhimurium TA 98

Solvent Trp-P-17 Trp-P-2Y 4-NQO? 2NF?

extracts No. of revertants”

Positive control 3486+ 226.4 2819+ 2342 200 9.6 738+ 73.7

Spontaneous 37t 30 37 30 25+ 52 32+ 38
Hexane 656+ 30.7(82.1)" 1980+ 280.5(30.2) 118+ 19.7(46.6) 470+ 88.0(38.0)
Chloroform 852+ 478.6(76.4) 1094+ 159.7(62.0) 1394+ 346.4( 0.0) 721+ 36.8( 24)
Methanol 196+ 39.2(954) 320+ 17.3(89.9) 88+ 17.0(63.8) 387+ 178.3(49.7)

Water 2173+ 185.0(38.1)

1963+ 277.8(30.8) 365 45.0( 0.0)

804+ 150.1C 0.0)

bWith metabolic activation

2Without metabolic activation

YValues are meanst standard deviation.

“Values in parenthesis indicate inhibition rate(%).

Table 2. Inhibitory effects of solvent extracts from brown rice(Ilpumbyeo) on the mutagenicities of aflatoxin B (AFB,,
1 pg/plate), Trp-P-1(1 ug/plate), 4-nitroquinoline oxide(4-NQO, 0.25 pg/plate) and sodium azide(SA, 1 ug/plate)

in Salmonella typhimurium TA 100

Solvent Trp-P-1 AFB," 4-NQO? SA?

extracts No. of revertants”

Positive control 261+ 27.1 277+ 33.2 990+ 50.9 1024+ 98.0

Spontaneous 67+ 18.0 101+ 12.2 63+ 15.3 98+ 17.3
Hexane 236+ 15.3(12.9)" 149+ 23.5(72.7) 432+ 60.6(60.2) 873+ 82.9(16.3)
Chloroform 385+ 20.6( 0.0) 121+ 2.8(88.6) 414+ 206.8(62.1) 926+ 65.3(10.6)
Methanol 96+ 9.2(85.1) 122+ 10.2(88.1) 770+ 165.0(23.7) 805+ 118.8(23.7)
Water 837+ 203.8( 0.0) 247+ 19.9(17.0) 1068+ 35.4( 0.0) 1068+ 73.6( 0.0)

DWith metabolic activation

2Without metabolic activation

¥Values are meanst standard deviation.

“Values in parenthesis indicate inhibition rate(%).
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oo Exfs= Aol ulFA4 £
Aol 73k B om Aoz Abagrh w3 TA 100
9 TA 980l 2& =Aoll A hepatic Su systemeoll 3}
gAstx]e] el & et 1HA M o) U(AFB,, Trp-
P-1 % Trp-P-2)o) gt ) A2}t 4o 84-NQO,
2NF) 2o} o] & Ze2 vtebhdon], g7)x3e wie]
Z9] TA 100 HBrls F2o)%3d wa]Zql TA 98] 4
AR B o] T2 Ak

SOS Chromotest

SOS Chromotest-& ] 3ty Salmonella typhimurium
reversion assay°ﬂ A Zodvo] oA g3r} gliz Ao
viehd Eol(AFH) Y w"-e FEEo] AFB,, Trp-P-1,
Trp-P-2, 4—NQO % MMCell 2] SOSH =5 sl sk
o] QleAg Abdusbeh L A Fig 1o vehd
upe} o] wolebg FEEE 47h¢] ofidwlel’]l Elol
23t SOSH=E A3 A Halisted Salmonella typhi-
murium reversion assayol 4 vhelyt Azlo} e AHakg
vebldoh slehE $E8-2 AFB,(4 ug/plate)oll 2] sl
fregl IFgh 7108 0.7974# #3141 # 88.9%2] 7}=g
Eolio] A EAE el Aol B g Eal

Induction factor
IS >

N
TR

il

AFS, AFBy
.

Lo
+ +
MeOM Ex. NeCH Ex, MelM Ex_ MaOH Ex. MeOH Ex.

Tre-P-1Trp-r-1 "'v-P-Z'rtP*Z 4-MO0 4400
Fig. 1. Inhibitory effects of methanol extract from
brown rice(Ilpumbyeo) on the induction of the SOS
function by aflatoxin B(AFB,, 4 pg/plate), Trp-P-1(4
ug/ plate), Trp-P-2(4 pg/plate), 4-nitroquinoline oxide(4
pg/plate) and mitomycin C (MMC, 0.5 ug/plate) in
E. coli PQ37

AFB,, Trp-P-1, Trp-P-2: With S, mix

4-NQO, MMC: Without Sy mix
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Trp-P-2¢l Al A e F== IFz 5038 0922 w3
81.7% 2] A ARE vlehldon, Trp-P-19) 7%=
e 1Fghe] 1.032.2 o} & WHoldHe uls] wak=)ut
dgrs FEE0] Hrke Lol 0228 volz 791
%2l A HAE Hlch

Hrrabdehs FHaw shx ofe Aol A
*ﬂ ©@E FEES 4-NQO o8 fx % IFgh 5565 1.25
2 uho] 77.6%2) SIH &S Bglon], MMCel o3|
Tr.rLkJ IFgh 3068 22302 uio] 4NQO\1E} e
26.9%2] A AZE vhep ook olo} e A= e
Aol dele} Ftrigte Helsl FFe 4" Yol uw}e}
SOS f=2 AMFA S FHTel 9lolH 3t 2ol g
Rl 7 9lgs Arshe Aoz valrh
Spore rec-assay

Fo7hA okAdwelsl Eaal AFB, % MMCel ok
dul(fEn) oeky FEEQ EodWe] AAATE
spore rec-assayell ©a AtsiE A= Table 32} 7ie}.
Ao 272l AFBi(1 pg/plate)el] 213k 4 #|eh 2} =}o] 15
mmel tfsted wgkbE FEE(10 W/plate)o] H7HE 7
F-= Nlmme AE gl o e z-1e MMCel
oz A= 2ol 19 mmell &) v ghg FEEo
16 mmi A o3 =85 ‘/PE]"'HO*D}. ol9} 4hg A=
#vle] vekd =552 AFB, ¥ MMCel 9% B. subti-
lis DNA9] & J% ilﬂﬁhr zhgo] gliz Ze® ot
v, Salmonella typhimurium reversion assay % SOS
chromotestell 4 ebd oiet-& &5 A4 avtele
A A gelalrh

HEZ F&E29| s%-38 2

Salmonella typhimurium reversion assay, SOS chro-
motest 3 spore rec-assayS AFE3F Boiwo] oA E )

o leta] mivke 3% 0] sAlo] gk Aoz veht
wErS- F &5 Fr-wb-e DA S Salmonella typhimu-
rium reversion assayoll )8 srolwgic} 1 A3} Fig 2
2} jlo] Erpvl = 27} go]| oz} of 17) ;.7 7) Z27bsld CABN
+127H 5 my/plate(5%, w/v) o] df-olliz oA Ax}r}

Table 3. Inhibitory effects of the methanol extract from
brown rlce(llpumbyeo) on the mutagenicities of aflato-
xin B,(AFB,, 1 ug/plate) and mitomycin C (MMC, 10
ng/plate) by spore rec-assay

Test Inhibition zone(mm) )
— — Difference

materials H17

AFB," 3 18 15

AFB;+Methanol extract 4 15 11

MMC? 4 23 19

MMC + Methanol extract 5 21 16

1)With metabolic activation
2)Without metabolic activation
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Inhibition rate (%)
3
—t

o + + + t + + +
° 1 a s ] 10 » 50 80 100

Concentration of methanol extract(mg/plate)

Fig. 2. Dose-response of methanol extract from brown
rice(llpumbyeo) in inhibitory effect on the mutagenicity
of Trp-P-1(1 ug/plate) by Salmonella typhimurium TA
98

ok 90% = olﬂal— -] T,
%7} 5mg/plate Ul &;1 Aol o
ul#) slL} 5 mg/plate o)Akl A

A| Abghct,

Sato 5ol o)t W -E-of 7 (Polygorum hydropiper L.)
o) o}ME FE:Fo| S typhimurium TA 1008 o} 83
A&l A 3 mg/plate®] FEZ benzo_alpyrene?] o
Hol NS 40~60% JAA1ZAckr Avgic mal A
% 2mg/plate FE2 QA dlel 2 FEFEe] S iy
phimurium TA 988 o]&3F A&l A 7,12-dimethylbenz
[a]anthracene®] Edwleo]d4d& 38%7tx] A A #Hc}
I kodch oledt AnExl ¥ oo Axs wws)
E o Bl Exfzhe Fdwe] JAE UL 3 myg/plated]
Emoll 4] oF 83%, 2 mg/plates] Fwol i oF 50%
AA A7 vepd vlad whe] FAg dide] ko
FAR 2

Y EZTY e FESe o 53

el TrpP-1 2 =ahdels 2-NFo gt &
F3 viRe 23Ee) Hahyo) dEHE AR
A= Table 49} ok 2 2y xaksl 110 % $52
HeE FE5Ee TAHeld Trp-P-1o e =5 9]
100%2} AA &5 ehfdon], FPAH ﬂf 74
3930] dutAlell A= Aate] vl A sHAde] 7pakel
t} o]s}h o] 1170 & FFell aleial 7hdwo]flol &gt
WHolell s wlgts F5E2] x| Azt 99.5~100.2
DE 1 Apo]7} ML e Rol Folwo|E o4 )=
AL R EEY g sk
F2qc

QA M) Q) ONFo| thgh 117 £29] vete 223
41~752%) AAEDHE dehhR 2w Ed Al
481 393, kAol e vl vl 2ol
Ao 2 vehgrl & 714 wHolyl Trp-P-1 ¥ 23

Balo) o

o

mo}i o
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Table 4. The comparision of inhibitory effects among
methanol extrects from 11 rice varieties by S. typhimu-
rium 98 reversion assay

Rice Inhibition rate(%)
Without Sy" With S¢?

varieties

Tongil-type®

Suwon 382 3554 99.8:d
Suwon 393 74.9% 100.2¢
Yongmoonbyeo 4.1 99.8:0cd
Yongjoobyeo 49,9 100.0%4
Taebeckbyeo 26.7 100.07°d
Japonica
Suwon 383 27.9% 99,gbed
Annjungbyeo 5472 99, 74b¢
[lpumbyeo 71.8> 99.6*
Jangannbyeo 47.9™ 100.2¢
Jinmibyeo 75.2¢ 99,970
Jinboobyeo 42 20 99.5°

"2:Ntaflimans was asad as pasitine contral

“Tlrp’P-l was usell as posifive coritrdl.

“There was no significant differences between Tongil-type
variety and Japonica variety (p>0.05).

YValues within the same column with different superscri-
pts are significantly different at p<0.05, a=0.05 by Dun-
can's multiple range test.

o2 2NFell o] oo o
SEERE

FolAsh Aol o

Fo Al wol YA (p>005), A
v FEl Qleid Agel gl ek el Aol ohsh
o e asE vehisich

% H0jZte| S0 AMFDt Hi
3 Hul(dEF)E vwh R &3 FEE
Eole] AR ANE wlwg 71> Table 59 #rh
Az 7b4 wHolf) Trp-P-1 2 Trp-P-2¢] #)&F wele]
a4 &rlel wo|o] ofurg FEEE oF 90% o)A
A EE wolow, Todwo] A&zt gleH &
vle} win|o] wigbg FEE b= fojHel A7t
HA ME]'(p>O 05).

qhal A el €9l 4-NQOe] 1%k wolol] sl
o] olete FEEate] 638%) AMANS el
of, #luls} Wvlel Hgte 2 ol foldel Hol
Bl olp<0.05),

o] Ake] ZAufol 4] o) WMn) gl Hulo] figkd FEE L
Trp-P-1, Trp-P-2, SA, 2NF, MMC. AFB, ¥ 4-NQO-¢i
ofah frel oiolo] tha) of 4 E3hE iehlm, 53]
el Rol ohsh B oA BAel UsE %
o). ole} o] SLele] =alal Mol Feiwo]Z of
sl B4 £a7h Ssiglon o ofdHg-
dehle B §4 W eA7IRE vEsel 2el -
ThEE B4l Wk ThE EQPe EHe 5

Thzhae) Ao} o] Fof Ao}

M

2

<3}
AR

4

o
el

3} 7o)},
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Table 5. The comparision of inhibitory effect” on chemically induced mutagenesis between brown and white rice(Il-
pumbyeo) methanol extracts

Trp-P-1? Trp-P-2? 4-NQO?
No. of revertant%
Positive control 3486+ 2264 2819+ 234‘2 200+ 96
Spontaneous 37+ 30 37+ 30 25+ 5.2
Brown rice +methanol Ex 196+ 39.2(95.4)N" 320+ 17.3(89.9)N 88+ 17.0(63.8)">
White rice+ methanol Ex 176+ 6.4(96.0) 286+ 33.7(91.0) 217+ 1.4( 0.0)

"Inhibitory effect was assayed by S. typhimurium TA 98.

ITrp-P-1(1 ug/plate) and Trp-P-2(0.4 pg/plate) with metabolic activation was used as positive control.

¥4-NQO(0.25 ug/plate) without metabolic activation was used as positive control,

“NS: not significant. There was no significant differences between brown and white rice methanol extracts in inhibitory
effect on Trp-P-1-, Trp-P-2- induced mutagenicity.

9Values within the same column with different superscripts are significantly different at p<0.05, a=10.05 by t-test.
%Values in parenthesis indicate inhibition rate(%).
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