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Antioxidant and Quinone Reductase Activity of Soyasaponins in
Hepalc1c7 Mouse Hepatocarcinoma Cells
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ABSTRACT: Saponins have been reported to possess several health beneficial activities including hypocholesterolemic,
immune-stimulatory, and anticarcinogenic. The objectives of this study were to determine if soysaponins are radical scav-
engers and inducers of quinone reductase (QR) activity in Hepalclc7 murine hepatoma cell line. The antioxidant capacity
of soyasaponin was evaluated using the 1,1’-diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azino-bis(3-ethylbenzthiazo-
line-6-sulfonic acid) (ABTS) radical scavenging methods. Soyasaponin showed 75.7% radical scavenging activity in the
DPPH assay and 81.4% in the ABTS method at 100 pg/mL concentration. Cellular proliferation was determined using the
methylthiazolyldiphenyl-tetrazolium bromide colorimetric assay. Soyasaponin inhibited cell growth in a dose-dependent
(0.1~100 pg/mL) manner, and growth inhibition was 30% and 39% at 100 pg/mL of saponin after 24 h and 48 h incuba-
tion, respectively. Soyasaponin showed QR induction in a dose-dependent manner. Ten, 50, and 100 pg/mL of soyasapo-
nin resulted in a 1.6-, 2.2-, and 2.9-fold induction of QR, respectively. These results provide a basis for the potential of

soysaponin as a chemopreventive agent.
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INTRODUCTION

Saponins are triterpenoid or steroid glycosides naturally
occurring plants. Relatively high concentrations of sapo-
nins have been reported in soybeans and soy products
(1,2). Saponins are naturally occurring amphiphilic com-
pounds present in many foods of plant origin. Legumes,
in particular, are rich sources of dietary saponins (3,4).
Saponins are complex glycosidic compounds primarily
present in a diverse array of edible and inedible plants
(5). Soybeans, however, are one of the major sources of
glycosidic compounds found in the human food supply.
Although soy contains other glycolipids (steryl gluco-
sides and esterified steryl glucosides), saponins are one
of the most investigated glycolipids (6). Linked to one or
more sugar molecules, saponins consist of a steroid or
triterpene group (the aglycone) and have characteristic
surface activity (7). A detergent-like action has also been
attributed to saponins. This arises from its water-soluble
carbohydrate molecules being mixed with its fat-soluble
saponin portion.

There has been much attention given to the health ef-
fects of soy consumption. Soybean saponins have been
considered major active components contributing to the

cholesterol-lowering effect of soy products (8). They
were reported to inhibit tumor development in vitro and
in vivo, especially in colon cancer models (9,10). Soysapo-
nin I showed antihepatotoxic activity against carbon tet-
rachloride damage in primary cultured rat hepatocytes
11).

Saponins have been shown to provide antioxidant and
cell-protective properties (12), immunopotentiating ben-
efits (13) for both humoral and cellular responses (14),
antiviral activity, and inhibitory actions against human
immunodeficiency virus infection, offering potential for
the treatment of retroviral infections (15). Other research
points to the antibiotic, expectorant (16), and potential
cancer protective benefits that saponins may provide.
Further research supporting the cancer protective prop-
erties of saponins suggests that they may have cytotoxic
and growth inhibitory effects on tumor cells (5), while
providing antimutagenic activity (17,18).

Dietary saponins from soybeans and other sources have
been shown to enhance immunity (12,19), are cytotoxic
to Sarcoma 37 cells (20), inhibit DNA synthesis in tumor
cells (21), decrease the growth of human epidermoid
carcinoma cells (22) and human cervical carcinoma cells
(23), and inhibit Epstein-Barr virus genome expression
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(24).

There are two categories of detoxification enzymes,
phase I and II enzymes. Phase I enzymes modify the struc-
tures of foreign compounds via oxidation, reduction, or
hydrolyzation reactions (25). Phase II enzymes can add,
or conjugate endogenous compounds to the modified
foreign compounds (25). Usually, phase II enzymes com-
pete with phase I activating enzymes to limit the gen-
eration of electrophiles, thus reducing the risk of cancer
initiation (26). Therefore, the maintenance of elevated
levels of phase II enzymes in body tissues provides for a
cancer chemopreventive defense against highly reactive
electrophiles. Various synthetic organic compounds, such
as B-naphthoflavone (BNF), tert-butylhydrquinone, buty-
lated hydroxytoluene (BHT), and butylated hydroxyani-
sole, have been reported to be potent chemopreventive
agents because they can induce phase II enzymes in cul-
tured murine hepatoma cells (26).

The objectives of this study were to determine if soya-
saponins are radical scavengers and inducers of phase II
quinone reductase (QR) activity in Hepalclc7 murine
hepatoma cell line.

MATERIALS AND METHODS

Materials
Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic ~ acid
(Trolox), 1,1’-diphenyl-2-picrylhydrazyl (DPPH), 2,2’-azi-
no-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammo-
nium (ABTS), potassium persulfate, L-ascorbic acid, a-
tocopherol, and BHT were obtained from Sigma Chemi-
cal Company (St. Louis, MO, USA).

Cell culture

Hepalclc7 cells (KCLB 22026) were obtained from the
Korean Cell Line Bank (Seoul, Korea), and cell culture
supplies were purchased from Sigma Chemical Company.
Cells were maintained at 37°C with 5% CO, in minimum
essential medium (high glucose) (Sigma Chemical Com-
pany) supplemented with 10% fetal bovine serum (FBS),
2.2 g/L NaHCQO;, penicillin (40 pg/mL), and streptomy-
cin (100 pg/mL).

Preparation of soyasaponins

Semi-purified soyasaponins were prepared from a com-
mercial preparation of soybean saponins (Wako Pure
Chemical Industries, Ltd., Osaka, Japan), a fine yellow-
brown powder. Nonsaponin constituents were extracted
from the preparation by gently agitating the 3 g of sap-
onins in 30 mL acetone at room temperature, and then
centrifuging the mixture at 2,000 g for 30 min. This ace-
tone extraction was repeated three times. The residue
was then extracted in distilled water three times, and

then washed in acetone to facilitate drying. The purified
soyasaponin (3.3 mg) obtained was a white-yellowish
powder, but the acetone and water extracts were yellow
in color.

DPPH radical scavenging assay

The DPPH radical scavenging capacity was determined
using the method of the Lee et al. (27) with slight modi-
fications. The soyasaponin, ascorbic acid, a-tocopherol,
or BHT was standardized to give a stock solution (25
mg/mL) and filtered through a 20 um Whatman paper
no 4. Aliquots (25 pL) were placed in a cuvette, and an
ethanolic solution of DPPH (100 pM) was added to a fi-
nal volume of 1 mL. The decrease in absorbance at 515
nm was determined continuously with data capturing at
30 s intervals using a UV-1601 PC spectrophotometer
(Shimadzu Corporation, Kyoto, Japan). The degree of
DPPH radical scavenging activity of the antioxidants was
calculated as percentage of inhibition (% inhibition) us-
ing the following equation:

AbSscontrol _Abssample

x100
Abscontrol

% Inhibition=

where Abscontol is the absorbance at 0 min and Abssample
is the absorbance of the sample at 5 min. An ECso value
was determined as the concentration that elicited a half-
maximal response.

ABTS radical assay

The antioxidant scavenging capacity was determined us-
ing our modification of the technique of Pellegrini et al
(28). Briefly, the ABTS radical cation was prepared by
reacting 7 mM aqueous solution of ABTS with 2.45 mM
potassium persulfate and diluted in ethanol to an ab-
sorbance of 0.70+0.20 at 734 nm. Then, 1 mL of this di-
luted solution was added to 100 pL of soyasaponin (final
concentration of 3.1, 6.3, 12.5, 25, 50, and 100 pg/mL),
ascorbic acid, a-tocopherol, and BHT. The absorbance
was determined exactly 1 min after initial mixing. Ap-
propriate solvent blanks were run for each assay.

Cell proliferation assay

The proliferation of cells was determined using the meth-
ylthiazolyldiphenyl-tetrazolium bromide (MTT) assay. To
evaluate the effect of the soyasaponin on cell viability,
the cells were seeded at a density of 1x10" cells per well
containing 100 pL of culture medium in 96-well plates.
After cultivation for 24 h, the medium was changed to
fresh medium supplemented with the soyasaponin. The
soyasaponin dissolved in medium was added at a final
concentration of 0.1, 1, 10, or 100 pg/mL. After the cul-
tivation for 24 or 48 h, cell viability was evaluated by the
MTT assay. MTT (Sigman M5655) was dissolved in phos-
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phate-buffered saline at 5 mg/mL and filtered to sterilize
and remove a small amount of insoluble residue. Ten pL
of the MTT stock solution (10 pL MTT+90 pL of phenol
red-free and serum free medium) was added to all the
wells of the 96-well plate culture. After the plate was in-
cubated for 4 h at 37°C, dimethyl sulfoxide was added to
the wells and mixed by pipetting to dissolve the dark
blue formazan product. The absorbance of dissolved for-
mazan in each well was measured with a microplate
spectrophotometer at 570 nm with a reference wave-
length of 690 nm. Cell viability was calculated by the fol-
lowing formula:

Cell viability (%)=
Soyasaponin-treated Abssos —Blank Absses
Control Abssgs —Blank Abssgs

x100

The wells without the soyasaponin and the cells (cul-
ture medium alone) were used as the blank.

Reduced nicotinamide adenine dinucleotide phosphate
[NAD(P)H]:quinone reductase activity

Quinone reductase was measured using a spectrophoto-
metric assay (29). Briefly, an aliquot of 300 pL cytosol
was added to the 2.65 mL reaction mixture [final con-
centration: 25 mM Tris buffer, 0.7 mg bovine serum al-
bumin (BSA), 0.01% Tween 20, 5 uM flavin adenine di-
nucleotide, 0.2 mM NAD(P)H]. The reaction was start-
ed by the addition of 10 uL 12 mM 2,6-dichlorophenol-
indophenol (DPIP), and the product was measured at
600 nm over 90 s, using a Hitachi U-2000 spectropho-
tometer (Hitachi High Technologies, Dallas, TX, USA).
Activity was measured in the presence and absence of
dicumarol (10 uM). The dicumarol sensitive portion of
the activity was taken as a measure of QR activity.

Protein analysis

Protein in cytosolic preparations was measured using a
BioRad protein assay kit (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Samples were analyzed in triplicate
with BSA as a standard.

Isolation of total RNA

Hepalclc7 cells were plated in 100-mm culture dishes
at a density of 3x10° cells in 100 mL medium. After
pre-incubation for 24 h, each plate was filled with fresh
FBS-free medium that contained various concentrations
of saponins. The cells were then incubated for a further
24 h at 37°C. Total RNA was isolated using TRIzol re-
agent (Life Science Technologies Ltd., Boone, NC, USA).
The homogenized samples were incubated for 5 min at
room temperature to allow the complete dissociation of
nucleoprotein complexes. After the addition of 0.2 vol-
umes of chloroform, samples were shaken vigorously for

15 s, incubated for 2~3 min, and centrifuged at 12,000
g for 15 min at 4°C. The total RNA remaining in the up-
per aqueous phase was precipitated by mixing with an
equal volume of isopropanol. The mixtures were incu-
bated for 10 min at 4°C and centrifuged at 12,000 g for
10 min at 4°C. The total RNA pellet was washed with
70% ethanol, dried, and dissolved in RNase-free water.
The concentration and purity of total RNA were calcu-
lated by measuring the absorbance at 260 and 280 nm.

Semi-quantitative reverse transcription (RT)-polymerase
chain reaction (PCR)

First-strand cDNA was synthesized with 1 pg of total
RNAs and 1 uM of oligo (dT15) primer using Omniscript
Reverse Transcriptase (Qiagen, Valencia, CA, USA). The
primers used in this study are shown in Table 1. The
PCR consisted of initial denaturation at 94°C for 3 min,
3-step cycling (30 cycles) at 94°C for 1 min, 60°C for 1
min, and 72°C for 1 min, and final extension at 72°C for
10 min. The amplified PCR products were loaded into
1.0% agarose gel. After ethidium bromide staining, the
gel was illuminated on the UV transilluminator, and it
was photographed using a Polaroide (Kodak, Needham,
MA, USA). The densities of bands were measured by
ImageJ version 1.34 software program (National Insti-
tutes of Health, Bethesda, MD, USA).

Statistical analysis

Statistical analysis was performed using the SPSS Statis-
tical Analysis System (version 17.0, SPSS Inc., Chicago,
IL, USA). Data were analyzed using ANOVA and Dun-
can’s multiple test; P<0.05 was considered significant.

RESULTS AND DISCUSSION

Antioxidant activity

The antioxidant potential of soyasaponins was measured
by different chemical assays: DPPH and ABTS assays.
Fig. 1 shows the DPPH free radical scavenging activity of
soyasaponins compared with known antioxidants of as-
corbic acid, a-tocopherol, and BHT. The scavenging ac-
tivity of ascorbic acid, a-tocopherol, and BHT, used as
positive controls, were relatively more pronounced than

Table 1. Sequences of primers used in this study

Target . Sequence
gene Primer (53
QR Sense TCG GAG AAC TTT CAG TAC CC
Antisense TGC AGA GAG TAC ATG GAG CC
GAPDH Sense GAC CCC TTC ATT GAC CTC AAC
Antisense CAT ACC AGG AAA TGA GCT TG

QR, quinone reductase; GAPDH, glyceraldehyde-3-phosphate
dehydrogenase.
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Fig. 1. Effects of soyasaponin and known antioxidants on DPPH-
induced free radical scavenging activity. Data are meanzstand-
ard deviation (n=5). Saponin, soyasaponins; AA, ascorbic acid;
Toco, a-tocopherol; BHT, butylated hydroxytoluene.

that of soyasaponins. We found a direct dose-response
relationship between soyasaponin concentration and an-
tioxidant activity as determined from DPPH removal.
The scavenging effects of soyasaponins and positive con-
trols on the DPPH radical decreased in the order: ascor-
bic acid, BHT =a-tocopherol, and soyasaponin, which
were at the concentration of a 100 pug/mL. Free radical
scavenging activities of these samples also increased
with increasing concentrations.

DPPH is a free radical that forms a stable molecule on
accepting an electron or a hydrogen atom. In the DPPH
assay, the antioxidants were able to reduce the stable
radical DPPH to the yellow-colored diphenyl-picrylhy-
drazine (30). The method is based on the reduction of
alcoholic DPPH solution in the presence of a hydrogen-
donating antioxidant due to the formation of the non-
radical form DPPH-H by the reaction (30). Fig. 2 illus-
trates the effects of soyasaponins on the suppression of
the absorbance of the ABTS radical cation at 734 nm.
The known antioxidants ascorbic acid, a-tocopherol, and
BHT were used as positive controls. We also found a di-
rect dose-response relationship between soyasaponin con-
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Fig. 2. Effects of soyasaponin and known antioxidants on ABTS-
induced free radical scavenging activity. Data are meanzstand-
ard deviation (n=5). Saponin, soyasaponins; AA, ascorbic acid;
Toco, o~tocopherol; BHT, butylated hydroxytoluene.

centration and antioxidant activity as determined by the
ABTS assay. Soyasaponins showed antioxidant potential,
but a weaker radical scavenging power compared with
ascorbic acid, a-tocopherol, and BHT. The scavenging ef-
fects of soyasaponins and the positive controls on the
ABTS radical decreased in the order: ascorbic acid, BHT,
o-tocopherol, and soyasaponin, which were at the con-
centration of a 50 pg/mL.

Lee et al. (31) reported that 70.2 mM soyasaponin
scavenged 50% of DPPH radicals comparable to the 50%
DPPH radical scavenging activity of 52.1 mM o-tocophe-
rol. Soyasaponin treatment decreased the lipopolysac-
charide elevated levels of reactive oxygen species (ROS)
and increased superoxide dismutase activity (32). Soya-
saponins scavenged ROS and changed the NF-xB signal-
ing pathways through increasing the regulation of an im-
portant anti-oxidation system (32).

Cell proliferation assay

Fig. 3 illustrates the effects of saponins at concentra-
tions of 0.1~100 pg/mL on the growth of Hepalclc7
cells after 24 and 48 h of incubation. Soyasaponins in-
hibited the Hepalclc7 cell proliferation in a dose-de-
pendent manner (n=>5). At saponin concentrations of
0.1~100 pg/mL, the cell numbers were significantly re-
duced by 1.4~38% compared with the control. After 48
h of incubation, the cell numbers were decreased by
27% with 10 pg/mL soyasaponin and by 38% with 100
ug/mL soyasaponin.

In soy and other saponin-containing plants, the sapo-
nin and glycoside contents vary considerably and depend
on the plant part being extracted, plant species, environ-
mental storage, and processing conditions (31,33). Zhang
and Popovich (34) reported that soyasaponin inhibited
HepG2 human hepatocellular carcinoma cell proliferation
in a dose-response manner with 72 h LCso values of
0.594=0.021 mg/mL. Soyasaponins have also been re-
ported to protect against tert-butyl-hydroperoside dam-

100 4
fo\ 80'
=
0
© 60 1
[&]
5
g 0]
c
=)
@ 204
—— 24 h
0 —%— 48 h
0 0.1 1 10 100

Conc. of saponin (ug/mL)

Fig. 3. Effect of soyasaponin on Hepalclc7 cell proliferation
measured by MTT assay. Data are meanztstandard deviation
(n=4).
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Treatments
Fig. 4. Effects of soyasaponin on catalytic activity of quinone
reductase (QR) in Hepalclc7 cells treated for 24 h. Data are
meantstandard deviation (n=5). The different letters (a-c) in-

dicate significant differences at (~<0.05). DPIP, dichlorophenol-
indophenol; BNF, B-naphthoflavone.

age in HepG2 cells and rat hepatocytes (11). Xiao et al.
(35) showed that soyasaponins inhibit the proliferation
of Hela human cervical carcinoma cell in dose- and time-
dependent manners at the concentrations of 100~ 800
mg/L measured by the MTIT assay. Soyasaponins de-
creased HT-29 human cancer cell growth in dose- and
time-dependent manners by inducing differentiation and
increasing alkaline phosphatase activity, suppressing
protein kinase C and cyclooxygenase-2 activities (36,37).
Soyasaponins effectively inhibited the growth of human
hepatoma QGY-7703 and HCT-15 colon cancer cell pro-
liferation by apoptosis and S-phase cell cycle arrest, re-
spectively (38,39).

NAD(P)H:quinone reductase activity

Soyasaponin induced QR activity at all concentrations
(Fig. 4). The QR activity was expressed based on the pro-
tein concentration of each treatment. The positive con-
trol (1 uM BNF) showed 106.5 nM DPIP/min, which was
about a 2-fold induction of QR compared with the activ-
ity of the negative control (53.2 nM DPIP/min). The
dose-dependent induction of QR was observed from 10
to 100 pg/mL soyasaponin, reaching maximum induc-
tions of 2.2- and 2.9-fold with 50 and 100 pg/mL soya-
saponin, respectively.

Fig. 5 shows the QR mRNA levels in Hepalclc7 quan-
tified by RT-PCR with an endogenous standard (glycer-
aldehyde-3-phosphate dehydrogenase) after cells were ex-
posed to saponins for 24 h. Saponins expressed dose-de-
pendently the QR mRNA in Hepalclc7 cells and 50 and
100 pg/mL saponins for 2- and 4-fold increases. Phase II
enzymes (such as glutathione transferase, NAD(P)H:
quinone reductase, peroxide hydrolase, heme oxygenase,
and uridine diphosphate-glucuronosyltransferase) are a
series of enzymes that cause detoxification of reactive

Saponin (ug/mL)
0 10 50 100

Jall

Conc. of saponin (pg/mL

o

Ratio of QR/GAPDH

Fig. 5. Expression of quinone reductase (QR) mRNA in
Hepalclc7 cells by RT-PCR analysis after the cells were treated
with different concentrations of saponin for 24 h. Experiment
was repeated three times with similar results. (A) Electro-
phoresis gel photo of PCR products. (B) The ratio of QR/glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) in the cells treat-
ed with different concentrations of saponin by measuring den-
sitometry. Data are meanzstandard deviation (n=3). The differ-
ent letters (a-c) indicate significant differences at (~<0.05).

metabolites generated by phase I enzymes, typically cy-
tochrome P450 (40). They play important roles in the
detoxification of electrophiles, protecting against carci-
nogenesis and mutagenesis (40,41). QR is an important
phase II enzyme in detoxification of quinones and meas-
urement of the induction of QR provides a rapid and re-
liable indicator of the ability of compounds to induce an-
tioxidant responsive element regulated enzymes (40).
QR is generally thought to act as an antioxidant by pre-
venting the formation of hydrogen peroxide from redox
cycling of quinones and to not have direct effects on hy-
drogen peroxide, which was used to induce DNA in the
present study.
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