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Anti-cancer and Anti-inflammatory Effects of Mung Bean and
Soybean Extracts

Jee-Young Imm* and Seok Joong Kim'

Department of Foods and Nutrition, Kookmin University
'Department of Food and Nutrition, Dongduk Women’s University

Abstract The quinone reductase (QR) inducing activities of mung bean and soybean solvent extracts were compared
using murine hepatoma cells (Hepa 1clc7). The mung bean extracts (ethylacetate and ethanol) showed higher
chemoprevention index values (7.88-8.22) than those of soybean extracts (2.9-5.2) from four different cultivars. The mung
bean extracts also had significantly higher inhibitory effects (47-62% at 100 pg/mL) than the soybean extracts (15-42% at
100 pg/mL) against the production of nitric oxide and prostaglandin E, in lipopolysccharide stimulated macrophage
RAW264.7 cells without cytotoxicity. Among seven recovered fractions of mung bean ethanol extract obtained by C 18
silica flash column chromatography, the most non-polar fraction exhibited the highest chemoprevention index of 10.4.
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kB)9] &35 A5 nitric oxideNO)Y cyclooxygenase-2
(COX-2)7} A/d38l= prostaglandin E,(PGE,) 53 722 d=#d
AAES] AAPE A= 717 E dEA Urh©o). T3, A
0] B ot 2% mAe] IS frEshe sk e s
(antioxidant response element, ARE)2} NK-kB2| ‘3% t]sk(cross
talk)®] Ao AAE L ATH10).

ThRe 250 od FUoEA =
=4 59 AR Y8 AEE. bt
o] L 5= = A @
SvbEst Ridige] 982 ARE A ok
3 B SR v 2 SEd AT
289 v} Utk Kennedy(1)e S48 4742 EUd=E UF
EAe= @ E Esjad oA E2 (Bowman-Birk inhibitor),

535 oje

[

X

phytic  acid(inositol hexaphosphate), B-sitosterol, saponins 3!
isoflavones®] FEAYS JA|sl= T35 7L ATk RS
ok Slelld FRE s= A Ay wEd Fo vwe F=

ol AT &HFFoA QRE S FoHoE FIMTIL
benzo(a)pyrene = AT 99} Hite] IS ZHAAZTH(2).
A7 O] o oW 7122 BHEs] AuEH IXE K3t
ot T AFAE FFEt] & w 2Fel] EF F isoflavones
o[t} flavone®] o] oF A& TAVL = A= ATE
o fALEEE § I(phytoestrogenic effect), M2EZF7] A (cell
cycle arrest)e} Al EAPE (apoptosisy =, A3FAA|, 22 iAle] &
AE7 2 AA "HA] 2Had ol thdstA Fos= A
© 2 FAHEK13). 2 isoflavoneo] A5 FHF AYA| =] 7
e GeFS B3 Ao wE=H genistein lipopolysaccha-
ride(LPS)ell ¢J3te] =¥ HESMN cytokineS FolH o= A
Ao daidzeindll A= FrAFSH Aort BFER] ki B
H vk AT14).
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EE(70%)°] ksl 24, ol 9 ol tigh v
ol A= Mol mitomycin Cll Tiale] §-oF<Ql Fwolde
Eflom AAMES] S FXste 7T YERTH18). 3
o= FF9] ek FEEo] NUIA, FWAS) Alzheimer’s
disease®] 33} #Ho] & F3PA %ﬁ]r U E(advanced
glycation end products)?] A4S < ]'5‘}“* BT ol Bl
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A]E= USDA soybean germplasm collection®] =22 ¥o} o
¥ 4%(Glcine maxys DR =5 (Vigna radiatae LY= A3
F+= ZMadison, WI, USA)S BEEZ FYsle] ARSI
Toll AR Al52] 542 Table 17+ 2}

BiFES2| M=

nEl A]E 100g2 cellulose thimble(Whatman, Maidstone,
England)] ¥ SRYZAFZ FX A F 1000 mLo
hexane, ethylacetate, absolute ethanol, /5 ©|&3t] X4
oz gmiFES AT 7 Bl FE22 4AZF Bt A&
sRon F& £ AEZRE Poldle §ulE AWAIA AAT
% thimbleol] THA] AES %ﬂ ste] Ty &uje] &5 AAlst

ATk FRFE ol8F DR 95CIIA 1417 B2 A8l
AeH FE F 1764><g°ﬂ/\1 1027+ 9428k Whatman No.
1 filter paperZ F-F oJ3sje] &+

E=S THISIAT Ethylaetate
9} ethanol —ir%%% A ES7IE 55 & 54 Axs] &

YA EES AZSA

Quinone reductase (QR) &M

A5 QR #% /4L Prochaska 5(3)2] HHS dF HY
3to] =23+ Th Murine hepatoma lclc7 A3 (ATCC, Rockville,
MD, USAYE 10% fetal bovine serum(FBS)e} A& EH-f-dl=
o-MEM ¥l A (a-minimal essential medium; Invitrogen, Carlsbad,
CA, USA)YIA 3l A ES A Eu 96 well plateo] 2.5
x10%well?] FE2 HF31aL 48417+ B2t 5% CO,, 37°C 279

A FE= 749 0.1% hydroxyprophyl-B-cyclodextring 3 7}5ke] Al
B7} &3HES Stk QR frE —7—01]% iR E AAG F
digitoni/EDTA §9-& H7}1sle] MEE &8|A1H 2 Prochaska
and Santamaria(20)] % 713 Z}Eﬂ%l 4L ol&3dt QR fr
T 48 4t QR g2
(Spectramax plus Molecular devices, Sunnyvale, CA, USA)E ©]
|31 490 nmollA 1027 S48tk BE AFX = Y3
A2]2719] duplicate plates FHISH] 2442 F7HELbA] il
A g S5t ALtsidt. ol i Fre FUS Al
E9] well platec] ™3t crystal violet FAHo= sl T),
QR specific activityS 2812 F7HA7]=t] 88 A 89 B8
CD value® A eJsl3ler QRS s=-uhg=d o=/ E CD
valueE A4S

microtiter plate scanner

MIEMEM(cell viability)

A EZefFAES A A T Prochaska S(3)°] AAIg HHo
crystal violet G4 2 AlH& AAIST A3 JAAS SDSE
St ol ehE-8-90(50%, viv)SE FE3te] g AlZE vl = 610
mellA FEEE 2o Axddde] w55 50% A
A7l o3k B2 FEE AE(IC,)5 AEdwd A=
de] AEE ARSI

NO gg XMal &N

ul$-2 &M 39l RAW264.7 cell(ATCC, Manassas, VA,
USA)2 10% FBS<} antibiotic mixture”} $H-+¥ DMEM(Dul-
becco’s Modified Eagle’s medium)si <44 5% CO,, 37°C &4
o2 ksl LPS°ﬂ oty f=®E NO A Azl &4
Z24317] 98te] MEZS 50,000 cellsiwell FFELZ H718la 24
AIZE &<k vieksied 96 well platecl] F-2Fek & v}kl F=o] A
9} LPS(1 pg/mL)yE SAo Agstar 24417 Fo ujkals
HjF Foll= Marcocci 5(21)2] Wl weh sl 23 100 ML
& Fsted T Griess AloFS H7isial 1087 WAIs &
570 nmollA] F3=E ST AAHE nitrite®] FEE sodium
nitriteS DMEM 8Aol] g3igt & 2t BFFAE o] g3t
ALl on LPSE A2lsh tl=a3 LPSE A5k 2
Zol AAAE nirite FS] xPolE 7IELRE Ft 7 AR
NO A4 As&dE T3t

M=Z=N
g9 MEEA H7He RAW264.7 cellS ©]&3to] 3-@4,5)-
dimethylthiazol-2yl)-2,5-diphenyl tetrazolium bromide(MTT) assay

£ sk St §U U0 ARE Ak AL
ok AES WGT F AN ARSI MTT A12H(100 plye
7 wello] B0l 44170 B9 WS ATt MY £2 T

7k MTT A2FS A 73 DMSOQ00 uL)S ©]-&38ke] &3]

¢

A R ¥ 5AAZE B RS OO BE WIR 245 7 F 570mmold FRES SR Az 4Eee Yz
AR F 24N O Sk AR uAe] SRS gals ol @ MEER EASI
Table 1. Characteristics of samples used in this study
Variety Cultivar Remark

Soy bean Williams 82 Genotype that was selected for DNA sequence for soybean

Soy bean LD00-3309 Recent high yielding release from University of Illinois

Soy bean PI458091 Red brown seed coat color from Kangwon, Korea

Soy bean PI458080 Black seed coat color from Chonnam, Korea

Mung bean -

Obtained from local supermarket




9] 7% W3}E assay kit(Cayman chemical, Ann Arbor, MI,
USA)E o|&3ted ZA3IGTh RAW264.7 cellS A 7|3t W
HoR 2407 wjdSt & FEES HUIsle] 18A1%F vl staL vy
FAL NEE ARSIITE Assaye AlE9] PGESH H7HE PGE,-
peroxidase conjugate®}9] ZZAYNESS o] 83l FHEL T
FErFAoE AsAau|gde] ¥ PGE2S] &S A=l

SHEN

BE AFL 33 o] vhE SAsiglom, Ao FARALS
SPSS 14.0(SPSS Inc., Chicago, IL, USA)2] ANOVAZ ©]&-3}%]
ok A7k 948 2] (p<0.05)7t FEE S Tukeyl o
FH LAY S AREete] froAd A4S A

A9

=5 % liF SFES FEE
2ol AgHd o 24EAAY & fA=E HEH & o
71#olt}, 2248 24l NADP(H): QR2} GST, UDP-glucuronosyl

I

transferase 522 TAES] JEH ©1F QRS GSTS} 3 %=
HE gout §4A19 AFFAR BAFo] glorg2) B o
TFoME 5o EAlstke & G 4 B gl AR K
24 QR FE8AEE o83tk
A2 gujFEEC] QR FEEAC v a3E 243
A3t vdet w2 §uiFEES AZSIL murine hepatomalcle?
cellE o]g3t FEES srdsld & QR F=8/4¢ ®ist
£ Z4¢ ZA3= Table 291 7T}l Hexane FEE-S F470] #|
AZA QR =84S HolR ken, BE AR dF553E
B 9A] 1,000 pg/mLe] A7} £ZIAME CD value(QR FE2H4
S 2R FEA7ler R A50] ) TR XalSl
o AW 0 2 ethylacetate FF = ethanol FE&E3 H]|w 3}
8 QR FEEES BYoH dlFe EF53 Hluwste %
T 52 QRAE S YERLh dRiFeR F5E9] CD value
7} <10 pg/mLd A & &dol] 3AAQ A5 JEpd F
Ao g 7HFE 4 9)o1}(23) CD valuee AlE9 QR F%
F AA7F 7R e AE B4 tg 4
= AFEA 7] wwel & o &S 7 71 AE 4
ns

Ao AERAE FEA Fe 5 ATk wH B ATelMe

Jo} 0l g}od==ghA 757

IC,, &< CD valueZ o] 3 Cl(chemoprevention index)
valueE S FAISISIT. Table 20 LERD ule} 7ro] ethylacetate
FZEE2 cthanol FF=3 Y3t CD valueZ} Hof Hr} @
FEAA QR =84S YER WA ICE= 63-250 pg/mL 75
OS24 M Fdo] ethanol FEEET E3UTH AR Fodle &
9] ethylacetate 2 ethanol F&&°] Zt7z} 7.883 8329 CI
valueE UElfo] tiF FEE3 Hlwste] =2 @48 Bt

Ku 524y M2 tIF AR o7k 3(Agakong3)©] methanol
FEEe AxsL b WFFASe] QRAE=ESEYS WAL

O3 o gl st 2 dAslsE s QRAE
A= olet 2 Axe oyhg3e] HE tlFEA el

o g2 =& isoflavone T (genistein+daidzein)yS 7+
2l RSk T3 FElEdEI QRA=EAS T

= 0.79°1912H isoflavoned}2] AJFAF= 0.84F
ol A UERRT oleh 22 A3= QRo| FXAR] S'upstream
HArtzd F9lol oeFst s dEa vheshs AREE 239

°

Kim(26) isoflavone®] QRF-E=E4S ZASH A3 isoflavone?]
QR =G 7]l wet 2t Histglon 2 ol &
3= isoflavone’} AFSH= estrogen G-8-A2] Fx7}F 7| Falch
th2A] #xsb7] wEelgal F533h

2, H2 I7RE dEs FE=s 7L FAdE QR fE
EZ9 ¥, ZA Al wE2W isoflavone®] QR = &4
FTFEE] 7= A 49 9] YR dlgeitiy B
H v} Atk 2 ZAZA T ethanol FEES £351] QR
T &S Bl A} isoflavoneo] THiE £E9] QRAE B4
S AHoR wopom it QRAEEIS TP 450l
Ae BN JERTH27.28). U (Glycine Maxy= £, AW
37, AAAE S0 ugl zpeo]E Holr]+ AT isoflavone
71 wol el dom HwER diadzein 105-560, genistein
268-841 png/g o WHH 7o A9 ZHzF 0.09, 3.65 gl B=2
isoflavones FHrste](29) A3 lolE Holal Urt. wbA, =
FEEEY =& QRAEZAL isoflavonedlA F23k 2oz
©@st7] oYt

5% (mung bean hull)oll= thF9f Hluwste] 54221 fla-
vonoid #3421 vitexin@} isovitexin®] Z=A]3TH30,31). ©|9}
AL ksl dd5 a332) oYl s, A, 7H
&, dAHE SOl gk dAEHG3)7E 1 b 2l 55
FEEY B2 QRA=EAT #Ho] IS Fo=m FPEY. &

Table 2. QR inducing activities of mung bean and four soybean extracts”

Solvent Sample CD (ng/mL)? IC,, (ng/mL)? cr’
Ethylacetate Soybean (W)? 48+5.5 250 5.20
Soybean (LD) 40+4.2 200 5.00
Soybean (91) 3243.4 166 5.19
Soybean (80) 20+4.7 92 4.60
Mung bean 8+2.6 63 7.88
Ethanol Soybean (W) 163423 734 4.50
Soybean (LD) 153417 719 4.69
Soybean (91) >1,000 >1,000 -
Soybean (80) 477£35 >1,000 2.09
Mung bean 94+16 783 8.32

YQR induction assay was carried out by Hepa Iclc7 cells.

JCD: concentration required to double QR activity, IC,: concentration required to inhibit cell growth by 50%, CI: IC,/CD, The highest tested
concentration was 1,000 pg/mL. When IC,; value is higher than 1,000 pg/mL 1,000 pg/mL was used for CI calculation.
W, soybean Williams 82; LD, soybean LD00-3309; 91, soybean P1458091; 80, soybean PI1458080.
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Fig. 1. Effect of solvent extracts (100 pg/mL) on NO production.
SB(W), soybean Williams 82; SB(LD), soybean LD00-3309;
SB(91), soy bean P1458091; SB(80), soybean P1458080; MB, mung
bean. NO assay were carried out using macrophage cells
(RAW264.7). Results are expressed as mean+SD. Means with
different letters are significantly different at p<0.05.

o

ZAl tist A3 ofyATE, it €3l quercetin(34)
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Fig. 2. Effect of solvent extracts (100 pg/mL) on cytotoxicity.
SB(W), soybean Williams 82; SB(LD), soybean LDO00-3309;
SB(91), soy bean P1458091; SB(80), soybean P1458080; MB, mung
bean. The cytotoxicity was evaluated by MTT assay.
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Fig. 3. Dose-dependent effect of mung bean ethanol extracts on
NO production. MB25, mung bean 25 pug/mL; MB50, mung bean
50 pg/mL; MB100, mung bean 100 pg/mL; MB200, mung bean
200 pg/mL. NO assay were carried out using macrophage cells
(RAW264.7). Results are expressed as meantSD. Means with
different letters are significantly different at p<0.05.
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Abs at 254 nm

Fraction number

Fig. 4. C-18 silica flash fractionation of mung bean ethanol
extract. Fractions were pooled according to absorbance at 254 nm.
QR induction and NO bioassay were carried out using Hepa 1clc7
cells and macrophage cells (RAW264.7), respectively.
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S (ethylacetate: ©F 0.53%, ethanol: F 2.66%)3} 25 71573 4|
2A9 8§ TFeAEFE Azl A8 Thse ethanol% ol 43}

o FE2H =5 ethanol FEE)S IH3sle] YAHOZ ethanol
FEE FE4 AAE A=A

C18 silica flash column chromatographyE ©]-8-3}] =5 etha-
nol FEE9 #E& AAgt A 779 peak fraction® = T
= ATHFig. 4). 7 £ QRAEEAY 2 NOUA oA 84<
4% A3 TuEAlE AA &2 5%l dEete Frolx A
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Fig. 5. Effect of F7 of mung bean ethanol extract on PGE,
production in LPS-stimulated RAW264.7 cells. The RAW264.7
cells were stimulated by LPS in the presence of designated
concentrations of sample. The supernatant were collected after 24 hr
and PGE2 concentration was determined by ELISA method. Results
are expressed as meantSD. Means with different letters are
significantly different at p<0.05.

830014 1042 A5atdon NOAAAAl SAE o2 94 H]
G “W*OE =9ith d5ukee T g2 Ay miiEd F
9] sl PGE, Al tht F7¢] &7E assay kitg ©]-&-3}]
ZAV8 A3 Fig 59 2 FrEZe] e vk gEFoeg
PGE, A4S AAISIH =T 200 pg/mLe] A7t Aldls ti2-<}

Hlwste] oF 42%7}, 400 pg/mle] H7HpEolAlE PGE, A<
oF 83%7F AAHATE. A F1F6S T2 EIEL 400 pg/mlL
o] koAl §214Ql PGE, A oAl g3t BEERA] &
oLr/}_

AZuk-3o 2]3ke] arachidonic acid’} Al AA2HE H
Z)=H lipoxygenase(LOX) = COX-29] 28l 2Js|| prostaglan-
dino] ¥t COX-2& ARl A e A9 =d A
gom tAMEdA F= Ho] xS FHe B8 FTWE
o] o} HlE FHe] R P24 (angiogenesis)oll =

zu <l

oJ3}aL AF7|APE (apoptosis)E A s JTE St} uehA] AE
2 COX2 A AES ddS ¢4 & A o R HAS
s Faos xHo=z AT 5 k).

Aoz =2 QR%T: A L NOA A &EAdo] FeolE it Kwon 5(42)_0_ 3009F9] A& /K-] A ZAFO o ErE E=ZES
F7¢] CD value= &% & 94914 24 pgmLO 2 7H43te Cle Azt FE5EHgol Holskes e a4l wX= I
Table 3. NO inhibition activities of mung bean ethanol extract fractionated by C-18 silica flash column chromatography”
. . NO inhibition (%)
() 2) 2) 2)
Fraction Yield (%) CD (ug/mL) IC,, (ng/mL) CI (at 100 pg/ml)

F1 53 260+23 >500 1.9 13

F2 21 >500 >500 32 11

F3 12 >500 >500 - 28

F4 2 159+19 >500 3.1 4

F5 3 480+32 >500 1.0 9

F6 4 >500 >500 - 9

F7 5 24+11 250 10.4 42

YQR induction and NO bioassay were carried out using Hepa Iclc7 cells and macrophage cells (RAW264.7), respectively.
JCD: concentration required to double QR activity, IC,: concentration required to inhibit cell growth by 50%, CI: IC,/CD, The highest tested
concentration was 1,000 pg/mL. When IC,; value is higher than 500 pg/mL, 500 pg/mL was used for CI calculation.
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= ARSI 5% B 550 dolgHel S U] s
FEEL M v ¥ 7R, FRAHAE, AE PR, dAL
W, s, v, A B $4F 3099 S LOX, phospholi-
pase A,(PLA,) COX-2 5 2] 7HA] d5 aadle] 842 Ant
Zog AABIAS™ PLAS A E4do] mig- Zste] H|AlE A
A3 A2 indomethacin?} FAFSFATE 3 LOX 2 COXS] 7132
?1 arachidonic acid 84S Ao = TN Z7ITA A
IS 85 M F e Zer Bl o9k 2 4

e 2 AT At A
(=) (]
L
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