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Inhibitory Effect of Green-Yellow Vegetables on the Mutagenicity
in Salmonella Assay System and on the Growth of AZ-521
Human Gastric Cancer Cells

Kun-Young Park', Kyeoung-Im Lee and Sook-Hee Rhee

Dept. of Food Science and Nutrition, Pusan National University, Pusan 609-735, Korea

Abstract

The antimutagenic effect of green-yellow vegetables on the mutagenicities induced by N-methyl-N’ -nitro-
N-nitrosoguanidine(MNNG) and N-nitrosedimethylamine(NDMA) in Salmonella assay system and also their
inhibitory effect on AZ-521 human gastric cancer cells were studied. Twenty-four items from twenty six
kinds of vegetables(92%) revealed antimutagenic activity toward MNNG (p< 0.01, 0.05). Perilla leaf, Korean
cabbage, cauliflower, lettuce, mustard leaf, water dropwort, small water dropwort, carrot and burdock in-
hibited the mutagenicity more than 80%. The methanol extracts of the vegetables also showed the antimuta-
genic activity toward NDMA (p<0.01, 0.05). Especially, perilla leaf, kale, soybean sprout and onion inhibit-
ed more than 80% of the NDMA induced mutagenicity in S. typhimurium TA100. Small water dropwort and
perilla leaf exhibited the strong inhibitory effect (97~100%) on the growth of the AZ-521 human gastric
cancer cells. Soybean sprout, water dropwort, broccoli, crown daisy, green red pepper, red pepper leaves,
spinach, cabbage and sweet potato also inhibited growth of the cancer cells (p<0.001~0.05).

Key words : green-yellow vegetables, antimutagenic, MNNG, NDMA, gastric cancer cells

M B

Abgie] =g Selviele] shiao] F 2 F
A5 F7tE 2 Yk 53 e LAl S v
H AR B3 ot dE o2 Fol AA A
29} ¢} A el 3 gLl JoossensT} Kesteloot”
£ $1%ke) f1¥AAE NOs/ NO2, 28, AN E, &
AAF, nebpstEAFolg) sl dukale A4
3 AT, 2= X3} x9AHPUFA), A {4, vl Elal

'To whom all correspondence should be addressed

C 5o)z stdct. 2 Sl fgt=a AR g3
2] o7 Aol ot A 2Fo an|EdlE St
WS A a7 o AgdAE IR L e
o 53] A E A Ad e 273 9L
= A = ol

53 A2FE AR ol o2 oy ¢ iy
7 sl ubz el &S st Bresnick 5ol
ot oS 2ol g AHT Ae #o FA-E ZA
ZrA o $WEFAES HE FHolxlegs 3
2A A elluol] AlxlEt Y] A FE T 9SS



150 utzded - o] 7Y - o] %3

gtz sich =3 FAAET o FE Hod AT
o *H o}Fe}l5Al B1g& Fo3sld 247k hepatic
DNAdl digt o} Fel &4 Bi1Y A¥P 5SS HEAS
87%vt S Ak SR S8 a5, 53] 9
2ol Bel Eo] 9l f-caratene A =91, H b, A
HAGY Soll g oz Ho FHAY & 71A 2 Qi)
3 stge vlE, AlFA, A=A, delF S X34
ANaTE Fol AFH3IH ARG L Yot Po] =4
WA "oty vy Hojglch =7 Colditz 5" »| =
2] fALFAFREE o] &7 Azt 712" &
f+ AE gol &vErE AL 24 =Heon
st ch.

Shinohara 528 167}%] &} M4 Y A 7o) =4 A
(dialyzates) o 2 g WHo] AAE 73l F Ames
AGANA 4, 7HA, AFA 5L Trp-p-2, Trp-p-1,
Wl Z o) #ll, Strigmatocystin, o}&&}E-41 B, 2-(2-furyl)-
3-(5-nitro-2—furyl)-acrylamide2} MNNG2] Eoi®o]
A& 2% A4 sty st

2 A e Fdde] EER & A #As
FHEE vtz g YEZ A 35HE < MNNGs}
NDMAS2] Edidio] iAol vlX & B3] 479
gEdo] Aol Al HAAEY A mixe
=34 HoFe AAAEH AF3-E A Es

A ERUET
A AR

Aol A1L4H 3 PAF FALA] F-A A A
A} 9l st YA B2 AL )

Soiol RUES T /WAEE

N-methyl-N’ -nitro-N-nitrosoguanidine (MNNG)+&
5]2 Aldrich 2| A2 ¥ Tl ale] ZFaol Hof A4
3}l .2 N-nitrosodimethylamine(NDMA)+<= =] =+ Sig-
ma 3] Abell A 71 3}e] 95% w'H--ol] od AP o) A}
ook

A2 H=E

A2 F 2ml (50%)2] DMSO (MNNG$} 633 799}
95% " (NDMASE wH-g-& A-9)ell Hox g2
ZAsta dEddo] &3} o AGAE A AW &
= ARl 283t

=
S
(DF

S¢igio] UMY

P2 Ameso] Hh & oj-dlg & AY FFw
Salmonella typhimurium TA100 324 A @A) 7+
2 A 71" 2 = histidine reguirement, deep rough char-
acter, UV sensitivity @ R factor &) 9 §-48 3¢
HAGF AHTFE A S/ A
#3 hamster S9mix, wix] 2 BF Aok FAE=
Marons} Ames?2} Kim 52} u}H o wlgk o m Mat-
sushima 52 wlof wie} Fdde]-ft AHS 3
Atk gEduo] A¥E Al A APHE 9=
off BabwA S9mix 0.5ml (& alAtgkZo 0.5ml),
stERE vl ok F3 (1~2 X% 10° cells/ mi) 0.1mi2} Al &
5019} mutagen 50x 148 AJ el A7}3EE 71 A
vortex3} 3 37° CellA] 3087} o] uf <} d)lgc}. 45°C
o BFo|d top agar 2ml® & z} AJH Aol B3 3%
7} vortex ¥ minimal glucose agar plateoll =23} o}
< 37° Cell 4] 484 7} ul o3} a1 revertant =212 A 43}
Aok FH A A8-d A5t S EEA
9 Fx+ o9u] A 3 (dose response T EAAF)S &

she] A shsdeh.

il

M| IE HY 2F

Alekel 9ol AEQl AZ-5218 Q£ cell line col-
lection £5-2 F-g] Eofytol Afe Al-&-3laich A
FE= FAAE H7)EkA @23 5% FCS(fetal calf
serum)7} 8% Dulbecco’ s modified Eagle’ s medi-
um (DMEM, Gibco, Co.)& A}£-3}ed 37°C, COxmli eF7]
(5% CO2llA wiFstdch. wiFA 2 5L 2~3
A refeedingsd} i 7~8YU "ol PBS (phosphate buffered
saline) o] 0.05% trypsin~0.02% EDTAE 9] &0
2 HARY AZE oz EEste] A e ekaiaA
Aol AH&-sgi )

StHE Z4lox 5ot £

A EE 24 well plateel] welled 20,000cells/ml<)
FEE EFst 21 whekstslch A2} plates)]
FaAH9S o elgddL welzm FCSG%IE FHH



534 H2Fe) B4

DMEM3} Al 8 FZ&E-8 welld DMSO¢| 4] o|gk-&
£2% 2002g/mlE A7}std PAZ Sl 4] 23S
T A vl g AFE 2dF 9 refeeding
3la A A 8E W2 44 Fd 249 A XSFE hemo-
cytometer2 A4 3}t

SAZY
AY datas 2E] 273 A7 Ape|E 27 stu-
dent t-tests}odA] BA] ¥A3g b,

Znt 3 nE

MNNGE E3] ¢i¢ WA= #31® 4 gJx direct
mutagen 2 2 g2l 4 9l =] Table 194 R ule} 7
o] AR -9 A7 MNNGe] Ede]
WS 3A FaAFE 98-S sdckp<0.01, 0.
05). 26&3] A A2FF 242(92%)0] FEHA o] A7)
ARz FRHAL 53] 80%)4 A aAE B
o *]i“ SR, M3, FohE, A4, 7%, mve,
Erive], 2, 99 Selda e, A, dee,
7%, AFY, F5, AFA, ¥E, dzet, A, F, 3
4, 29 F= 433 2 A axE Jesddkp
<0.01). Shinohara %% Salmonella typhimurium
TA100 oM 9, 7}R], AlFA], AL} 59 dialyzates
£ MNNGS] Edidle] #844¢ Aslske 3} 9l
o} shedch

Table 2& YER 2ol AR de] &8yl
N-nitrosodimethylamine (NDMA)2] E-iwo] fA]
of PlAl& ¥ ALFe] FEAHI AL AER A
o] c}. NDMAS] activation- €] 8l hamster S9mix'¥&-
*}%s}ﬁr‘ﬂ] o] A= 20572 HAF AxF 17

F+(85%)7F BEAHel At 9lv Aoz =

aiu} (p<0.01, 0.05). 80%o]AF A8 &S WA=
= 2%, & A, FTHE, I FoR veEidn
ol B2ge, ¥3F, ASA, & FA, A=
NDMAS] EdHo] f-A-S =A JA R} (p<o.
01). 22} A%, 20], G- A3 E3E cha 3l
A% AR QL oL et

ol ARz NE fevietel zbo] gt gol
< A AAY 3 ArRe] FET A o
WAL Y-S WRAE e 845 shirl g ¢
Utz Atz e 53] felgvle] &4 W& £4Y

Wol gt A ¥ AZ-521 $JdA xe AR Hfiz 151

Inhibitory effect of green-yellow vegetables on the
mutagenicity induced by N-methyl-N’ -nitro-N-ni-
trosoguanidine (MNNG, 0.54 g /plate) in Salmonel-

Table 1.

la typhimurium TA100
A B.(Sample) Revertants / plate  Inhibition
(%)
S Y (Perilla leaf) 290+ 40' 84*+
vl) 3=(Korean cabbage) 329+59' 80**
o}l 3=(Cabbage) 504 +59' 64+
Zofu] 3=(Cauliflower) 288+16' 84**
A d (Kale) 5311 61**
AbA] (Lettuce) 248442 88**
B.2 22| (Broccoli) 1280+167 -
A ]2 (Celery) 387416 75%*
Zk(Mustard leaf) 451+477 81+
%7+ Crown daisy) 398+67' 74**
v }e)(Water dropwort) 337+£24° 80**
E-v] 3] (Small water dropwort) 302+19° 82**
F-313(Green red pepper) 936+4' 23
.39 (Red pepper leaves) 228+17¢ 58%*
3] 8HGreen sweet pepper) 776480 38*
23 (Leek) 387+43° 60**
A 22| (Spinach) 370+91" 76**
H]E-(Amaranth) 383+£17° 60**
F1}E-(Soybean sprout) 7791494 38*
ofl ¥} (Pumpkin, immature) 523+11" 62**
2 o)(Cucumber) 759422 40*
7] (Egg plant) 477 +35° 47%*
a-FeHSweet potato) 1106 +54' 8
(Carrot) 269+27 86**
F-(Radish root) 377175 76**
5 A (Radish leaves) 517 +10% T7**
2-<3 (Burdock) 330420 80**
<t (Chard) 335+271° 67**
118+ 71186175, 97+6;1936+117, *77+10;

1354472, *94+10;410+£2, °88+7 ; 827+49 (The first
values are spontaneous reverants / plate and the seconds are
revertants / plate from the control of MNNG)

*Significantly different from the control at the p<0.05 level
**Significantly different from the control at the p<0.01 level
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Table 2. Inhibitory effect of green-yellow vegetables on the
mutagenicity mediated by N-nitrosodimethylamine
(NDMA, 3mg/plate) in Salmonella typhimurium

TA100
2] &(Sample) Revertants / plate’  Inhibition
(%)
£ 74 Y (Perilla leaf) 282113 86**
ul) =(Korean cabbage) 346+ 21 80**
o}vll 3(Cabbage) 361+27 78**
A A (Kale) 323+14 82**
A} (Lettuce) 992475 20
B 2 Z%|(Broccoli) 472458 68**
A2 (Celery) 882+8 30*
2= 7} Crown daisy) 887 +64 30*
¥-51.3(Green red pepper) 403+77 74**
7 u}HGreen sweet pepper) 779+140 40*
A} A (Spinach) 488140 70**
F1}E(Soybean sprout) 339+82 80**
IHGreen onion) 353+128 79%*
e} z}{Onion) 22046 91*+
of) 3 3}HPumpkin, immature) 837+40 34*
2 0] (Cucumber) 1070+83 13
F°HSweet potato) 890+11 30*
3 2(Carrot) 971425 22
-3 (Radish leaves) 502+89 65%*
-9 (Burdock) 484+88 67

'Spon ; 125+2, Control(NDMA) ; 1211+180
*Significantly different from the control at the p<<0.05 level
**Significantly different from the control at the p<0.01 level

% 25.8%10'cells/mlejgl &4 Evivlz] A3 tFe
e FEAAN A2 RS FH3] A st
(100%) EA U= A2 cf¥-3-2] A Z A Fo] A =
UtH97%). 283 me]e} FUEE 27t 78%%t
95%2] A& &3 et} (p<0.001). B2 Fe],
&7, F3F, 13, A, dlS, 270 S 4
A 22 A& FrAUA A she ) sl
(p<0.01, 0.05). HA2F2 GAX A& aztel of
A HZol 2 Bt gxg w Qg 0L
vlse 22228 238 HT-29 human A& AE
o] 4R& aA A& st st o, =3 & F0%
&3 02 v 4F FEEH HFAHE FEF
< A8 A2 A& Asie g AU} sl
3 B3 Ekede).

Y el E, A, AH, e, F2aF, A |
E, 3}, o Ent, eo], B, T4, 99, 7 T Al

REDENES

4
Cell Number { x10 cells/ ml)

0 5 15 25
s L : L . s
Control 25.8 + 3.9 1
Perilla leaf l“'*** 0.7 + 0.8
Korean cabbage 26.7 + 2.5 }—
Cabbage | 150+ 3.5 [
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Fig. 1. Inhibitory effect of green-yellow vegetables on the

growth of AZ-521 human gastric cancer cells.
*p<0.05, *p<0.01, **p<0.001
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