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Effect of Soybean Saponins on the Growth and Oxidative Stress Biomarkers of
t-BHP Treated Human Liver Cancer Cells

Mi-Kyung Sung and Mi-Young Park

Department of Food and Nutrition, Sookmyung Women’s University, 140-742, Korea

Previous studies indicated that diets high in soybean-based foods are associated with
reduced cancer incidence. Possible anticarcinogens in soybeans include saponins, protease
inhibitors, and isoflavones. The present study was performed to examine the effects of
soybean saponins on the growth and oxidative stress makers of human liver cancer cells
(HepG2) exposed to a peroxide, and to compare their activities with major dietary
antioxidants. Cells were treated with -BHP (fert-butylhydroperoxide), and then incubated
with soybean saponins, L-ascorbic acid, a-tocopherol (300, 600, and 1200pg/plate) or
selenium (0.05, 0.1 and 0.2ug/plate) for 48 hours. Cells treated with ~BHP for 45 min
had a increased level (46%) of thiobarbituric acid reactive substances (TBARS), while
cell growth and enzyme activities were not changed. Soybean saponins and all of the
antioxidants used significantly decreased cell growth in a dose-dependent manner (p <
0.05), and soybean saponins exhibited the highest cell growth inhibition. The cellular
contents of TBARS were significantly reduced by soybean saponins and antioxidants
treatment (p<0.05). Cellular a-tocopherol content was increased in cells treated with
L-ascorbic acid and atocopherol, although L-ascorbic acid showed a minor increase
compared to a-tocopherol. The activity of SOD (superoxide dismutase) was slightly, but
significantly, increased in cells treated with L-ascorbic acid and a-tocopherol. However,
no dose-dependent effects was observed. Cellular GPx (glutathione peroxide) activity was
increased in cells incubated with selenium, L-ascorbic acid, and a-tocopherol in a
dose-dependent manner. Soybean saponins and all of the antioxdants used were effective
in enhancing GST (glutathione S-transferase) activity with no dose-dependent effect.
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These results suggest that soybean saponins and major dietary antioxidants inhibit cancer
cell growth possibly by reducing ~-BHP-induced oxidative stress in HepG2 cells. Further
mechanistic investigations on anticancer activities of soybean saponins is required.
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1) M|zzHHt

AATHIAEHepG2)E Aot g Al X5
23 (Korean Cell Line Bank, KCLB)o|| A] & kuto}
ALE-3lATh Al E(HepG2)= 10% fetal bovine serum
(FBS)Z} penicillin-streptomycing 1% &-f-3H= RPMI
1640 Wi Ao A 37°C, 5% CO,9] o= ujks}
Aot Advttt wiAE nds FUAx METH
plate®] 80% =% A)F+H 0.25% trypsin-EDTAS
Aejste] Al sty AlZE FAAAG

2) &EXE

A (1x10'cells/plate)el] 0.5mM +BHP (tert-

butylhydroperoxide)& 45%7F A3t A~E

== 713 & 5 AFEY, L-ascorbic acid 2

a-tocopherol 300, 600, 1200ug/plate=, selenium
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Aot ME] AEE-L trypan blue dye exclusion™H
o7 =743} 2™ membrane integrityS 23}
Aol B3R G2 ot e AT} T ANEFE

245 Wpgz AN,

(1) A= X|ZDHASHE(TBARS) &gt S3:
A A7 8HE Q) Al Ee TBARS &3-S Yagi'”®
S A8t SAsAT F, AEE A 20000
tricholroacetic acid (3 ml, 0.3 mol/L)E 7}3}] 4t
32 AA|A]7]3L thiobarbituric acid (0.5 ml 34
mol/L)E ¥l 100°Co|A 1583 ¥vFgAI7l & o
= oA 4°CE YAAIZIT Wz % 3,000 rpm
ol A 1087 AR FEde] FHEE 532
mmol A ZA3H EFEHAZE 1,1,3,3-tetrame-
thoxy propane= AH-&3} T},

2) 2M=ZLH a-tocopherol &H2F =X: g-Toco-
pherol 32 Bieri 579 HPLCE o] &3 WY

o F3l] ZSAstATh Az A 300ul WH
EFEZZ a-tocopherol acetate (50pg/ml EtOH)E
Fet ¥ vortex® 10%7F 4=t} 719l n- hexane
40001 Y3 187 vortex® AA £33 F
1,500 rpmol A 1087 AR A5 n-
ZA vial (45 mhel] €il, =S n-
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A vialel &k vialel = F
filter (0.45pmembrane)® o #a}le] ZHAA
AZAIZY. dz8 A|F9 diethyl ether : methanol
(1:3) 1005 ¥ol & &3|A7|2L L F 2005
HPLC (Waters, USA)ol 29late] 4 2atich
Column- Bondapak Cis (Waters, USA)S ©] &3}
Fom o]Fde F4-L methanol : H,O (95 :5),
FE£L | m/minl Z g o™ I3 292 nmel A

B2,

N

hexaneS

UV detectors ©]-&
Tocopherol 7}
A28+ weight ratioS 3}l
S35l peak height ratioS
Aol FFS ALtstAh
() Sutstgastyd B Axe] Fiksta i
ZA35t7] st 3000 AlE
3000 rpmell A 20&7F AR A5 AE A
shef LSS

@ Superoxide dismutase (SOD) &AM =3,
SODE A4 =742 NAD(P)H oxidation®] A 3=
Z3}E Francesco W 'VS ALEEIITH = 1
triethanolamine-diethanolamine HC1 buffer (TDB)
800ul, EDTA-MnCl, 255, NADH 40yl, mercap-
toethanol 100plell AlE 100pE 2] 340 nmol A
2087 3= ¥istE SH AT aie] &4
=+ NAD(P)H oxidationS 50% A3f3l=d T
B G40 %S 1 miteZ AT

@ Glatathione peroxidase (GPx) &4 =7,
Glatathione peroxidase 24]2 Flohe Mo 21835}
Ak <At f=N(50 mM, pH 7.0) 3.0 milol
NADPH 1.17 mg, glutathion (3+g3¥) 1.842 mg,
glutathione reductase 33.6ul, H,O 4.8 mlE Yol &
FAS Az F o] £FH 1.6 mlol H0 : H,0,
(1:1) 02 m 718 & A2 100U H7}ste]
340 nmol A 3% T FEFES HIE SAHA
o 849 == 18 5o 1pmold H0,E
A7 FE 1 wmite = O}i’i‘:}

@ Glutathione S-transferase (GST) &M =X,
A E 2] GSTS] &AL chlorodinitrobenzene (CDNB)
¢} GSHE 7|2 & A}l&3lE Habig 5779 W<
AREste] S48tk AlE 100pE 0.1 M phos-
phate buffer (pH 6.5)Z 3] 23l & 8] 0.5 mld]
1 mM 2943 glutathione (GSH) 1 mlZ} 1 mM
CDNB 1 ml& 7}8}o] 340 nmoll A+ 283 F3%
o] Wgls A3 Th GSTS A=+ 340 nmol|
4] 1 mg protein & 14 &< conjugate== CDNB

o) nmol%2 FA8Hgth.
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Table 1. Effects of tert-butylhydroperoxide(--BHP) expo-
sure on HepG2 cell growth

Control t-BHP
Cell b
¢ number 2154125 27.6:1.61
(x10” cells/plate)
TBARS
. 0.24+0.03 0.35+0.02*
(nmol/mg protein)
-T herol
a-iocophierol 219.3+1825  162.5+4.28*
(pg/mg protein)
S0D . . 1.44+0.45 1.09+0.11
(units/mg protein)
GPx
. . 0.66+0.01 0.65+0.01
(units/mg protein)
GST
21.12+0.84 18.91+0.31*

(units/mg protein)

"Mean+SE
*Significantly different from the control by t-test at p<
0.05

st= 749 a-tocopherol¥} B-carotene?] A7}
1 ge Aor AAHITG? gk B A
oA B g-tocopherol F#Fe] HAE o]e} HF
ARSE 7170 gt AgE AlgE Y ol A &

st aae) 24 AAaE YHE o E B
2 A7ES T Atxda 45 FtsEdE
o] ASAEYAE e JAADGA T G
EE ATeA oo 2 A
A} > g-tocopherol > L-ascorbic  acid=selenium.©.
2 YEGtFg ). tF AAZEUS giz2ad] H
3l 300ug/plate| Al 41.3%, 600ug/plate®l*] 38.4%,
1200ug/plate®l] A 37.0% = JAAA 71 &EH7}
HolWal, a-tocopherol®] S TEEZE 41.8%,
40.8% % 38.0%= A= o] Fist A T
Z A axES B Yl L-ascorbic acid®] A%
1200ug/plate =04 thx o] Hl& 372%2 ©
A SFF L selenium A B+ S A] 1200pg/plate ol A
419%% =& AX 4% dAaHE Yl AS
(p<0.05). Cerutti 5" 3}43}E0] DNAY 7]H)
H3lo] #A3}A o= cfos?t c-mycE LA
A AT 44e SanATT St 2o
B ATA ekt $7e) AAnsE 9%

Z7ke AZ AR /% 9FL 04 G
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Fig. 1. Effects of soybean saponins and major antioxidants on the cell growth of +-BHP treated HepG2 cells. Results
are expressed as means+SD. Bars with different letters indicate significant differences by ANOVA (p<0.05).
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a-tocopherol=L-ascorbic acid >selenium >t & A}
Xde o7 YElRt(Fig. 2). a-Tocopherol ¥}
L-ascorbic acid< 300ug/plate &=l A W)z ol
Hs] 247k 5048%, 51.43% 2 HAadtd AsEof
A &3 Hojuk o™ seleniume  1200pg/plate©l]
A 39.04% 742 A A HASHE O] FFeFo] FAdte
Ao g2 JebthHp<0.05). ¥ ALEU Y 3§ 3
AERIAE S Aol E H A A XSFH o AR
H BE sxoA AdAIEE FEFe foHQ
#AE =3t 53] 1200pg/plate H7HA]
Z9 58.10%7HA AEFTE ¢ & AT <
0.05). tFol EAlste tho] ALEU ] &4ks)
e Az A3 o] = DDMP (2,3-dihydro-
2,5-dihydroxy-6-methyl-4H-pyran-4-one)°ll 7]<18}=
Ao Z BAY. o]= SOD$} FA}e superoxide 2}
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Fig. 2. Effects of soybean saponins and major antioxidants on the thiobarbituric acid reactive substances (TBARS)
contents of ¢-BHP treated HepG2 cells. Results are expressed as meanstSD. Bars with different letters indicate

significant differences by ANOVA (p<0.05).

HOZHO0, - )&A 71%el de FHeR dHA
Qg o]z &I DDMPTES} HZHAl C-28
o $JX%t aldehyde ZHFF #Ho] Ue FHO=E
X1 Ity DDMPAIEU S 2f/7]9 FZFo2H
B DNAS} ©huld el wo] 8l A A3ikstE El‘——
FTag AeA 7lsol e AeE Bad v
o] B AFox #FE saponins®] = A }iks}
E A& 7ol= DDMP7} #ol® Ao F Bl

B AT AR AFE(300ug/plate)e] FAiH3A
Al M EZW  a-tocopherol ¥ #H-2  a-tocopherol >
L-ascorbic acid >selenium >t % AFX U] £o0 7
S 718 th(Fig. 3). a-Tocopherol®] 7-$- 300ug/
plate’s =0l A thZT 2] 200%7+A §ako]l Z7}3t
= FeR Yoy Ay vEvt FUMEFE
F7HES oA faste o2 yEwTth L-

ascorbic acid AT 9 ¥E gEFHOZT (-

=

o

1r

gO

tocopherol ¥ &Ho| FT7IEgS & F AdGT L-
ascorbic acid= a-tocopherol®] A4 7] H o F s}
' Aoz 484 ded® AEZ=F lipoproteins
ol A a-tocopherol> peroxyl FT]ZHLOO - )=

g ¥ a-tocopheroxyl ZHHZ (T -)Z HFEH
31 ascorbic acid®] 2]3l a-tocopherolZ A A = Al
Ht}. 3+ selenium-2 L-ascorbic acid®] Aol &+
o] 3} thioredoxin reductase (TR)E S 3}A1A
a-tocopherol AoF7]50] U= Aoz dHA A
oY B Ao AMEE FEAME F9F<
EHE HolA gyt tF Atxd A =3
a-tocopherol 3ol Fo] A1 Apo]E HolA] &
ROt (p<0.05) HAHdE=7t E71E+E a-toco-
pherol o] F7tE = Aol yElY ~BHP7}F
A 2d8l= t-butoxyl, t-butylperoxyl % methyl Z}t]
Z+S soybean saponin’} Q¥ A A ste] AFAE
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Fig. 3. Effects of soybean saponins and major antioxidants on the a-tocopherol contents of #-BHP treated HepG2
cells. Results are expressed as means=SD. Bars with different letters indicate significant differences by ANOVA (p<

0.05).

gl ze gk 12 Wo] H&& Sh= a-tocopherol
o] Fokx 8-S = o2 HQlth DPPHO| Udh
AAEs A7 23S AR EY a-tocopherol
o] F AtEY Hoh #7 ¢33 AL UE
U AStEEd A AgdA gHZAAE «
-tocopherol©] 1x}H o2 HFsl= Aoz Rl

?——_]H]’X—'} oi ouﬂg_lg A E Bl a3}

B2E) @Ao] Fa® Auom® B ATl
= Eﬁﬁi‘ﬂ 30 A} ‘iJ SOD, GPx ¥ 3 =3}
Hg 7} FarsiA o] BT #oste GST &4S
SAsAh Al Z U OD-J g g% AU

seleniumfl] A AYF=rt S/EFE Skeke
93\014' xR FolFl 2ol E
"k L-ascorbic acid®} a-tocopherol
RN froHoz IS &

F A ATHp <0.05)(Fig. 3). ¥H-&-4°] & superoxide
radical SODe®l| <J3] ¥H&-Ao] AL hydrogen
peroxide (H,00)E H} I o]= GPxol|l ¢l3] H,0E
HlH o] F=3}E ). L-ascorbic acid= 9@ 29 A
HZH 2l Aksat-S-S v F4FSIA| 2 superoxide £
singlet oxygen (O; - )@ AF wh-g3hy tx A<
A4 WIEFUIEQ! a-tocopherol> A3 53} lipop-
roteins®| 4] peroxyl radicalsS ZAA3% & a-toco-
pherol radical2 3531 A AF3LE oA g},
A8y Aol A= L-ascorbic acid®} a-tocopherol-&
iksl mAae] 84 FUkeF U MlE Ao
AAE FEdte] B A7dnet dxstHg?
AEZW GPx2] &4 selenium > a-tocopherol >
L-ascorbic acid®] =22 Z7}38F% th(p <0.05)(Fig.
4). GPx9] cofactor?] selenium®] 73-%- 0.05pg/plate
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Fig. 4. Effects of soybean saponins and major antioxidants on the SOD activities of -BHP treated HepG2 cells.
Results are expressed as means+SD. Bars with different letters indicate significant differences by ANOVA (p <0.05).
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EE AlEAETA FY940 SV #EEHA
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Fig. 5. Effects of soybean saponins and major antioxidants on the GPx activities of -BHP treated HepG2 cells.
Results are expressed as means+SD. Bars with different letters indicate significant differences by ANOVA (p <0.05).
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Results are expressed as means+SD. Bars with different letters indicate significant differences by ANOVA (p <0.05).
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