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Abstract

Four saponins (1~4) were isolated from Akebia quinata pericarp through bioassay-guided fractionation. Pericarps
of A. quinata were extracted with ethanol and sequentially fractionated with dichloromethane, ethyl acetate, butanol
and water. Compounds 1~4 from the butanol fraction were identified as 3-O-a-L-arabinopyranosyl hederagenin (&
-hederin), 3-O-a-L-thamnopyranosyl (1—2) a-L-arabinopyranoly oleanolic acid (B-hederin), 3-O-B-D-xylopyranosyl
(1—3) a-L-arabinopyranosyl hederagenin (saponin C), and 3-O-a-L-rhamnopyranosyl (1—2) a-L-arabinopyranosyl
hederagenin (a-hederin) based on the spectroscopic evidences, respectively. Oleanolic acid and hederagenin were
identified as the corresponding sapogenins by acid-hydrolysis. These compounds exhibited strong cytotoxic activity
in MIS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-methoxyphenyl)-2-(4-sulfophenyl)-2H- tetrazolium, inner salt]
assay on HepG2 cells. B-Hederin obviously attenuated the expression of bcl-2, an anti-apoptotic protein. All of
the compounds also induced the activity of caspase-3, an apoptotic enzyme, while a-hederin was the most potent
activator of the enzyme. Our data demonstrate for the first time the apoptosis-inducing activity of A quinata. These
results suggest that 4. quinata could be used as a potential source of natural cancer chemopreventive agents.
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Introduction

Apoptosis is the stereotypical program of cellular suicide
and an inadequate apoptotic regulation can result in several
physiological disorders such as cancer, rheumatoid arthritis
and neurodegenerative diseases (1). Bcl-2 families, which
either reside or congregate to mitochondrial surface during
apoptosis, play a central regulatory role by interacting pro-
and anti- apoptotic members (2). Anti-apoptotic proteins such
as Bcl-2 inhibit the release of cytochrome c that binds to
apoptotic protease-activating factor 1 (Apaf-1) in the
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cytoplasm and trigger a cascade of caspase activation (3).
Caspases, a family of cysteinyl aspartate-specific proteases,
are considered responsible for activating other caspases in
a cascade or cleaving key cellular proteins such as cytoskeletal
proteins, and these processes lead to apoptosis (4). Several
natural chemopreventive compounds including catechins,
isothiocyanates, anthocyanins, gingerols, curcuminoids and
so on, have been reported to induce apoptosis (5-9).

Akebia quinata Dence (Lardizabalaceae), also called
‘Moktong’, has been used as an antiphlogistic, diuretic and
analgesic traditional medicine in Korea, which is a creeping
vine widely distributed around East Asia (10,11). Few data
have been reported to demonstrate the biological activity of
the fruits of A. quinata.
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In this study, we evaluated bioactivities of the ethanol
extract from A. quinata fruits and the structural components
including whole fruit, pericarp, flesh, and seed. Based on
the activity-guided fraction, the most potent pericarp extract
was further fractionated and four saponins were identified.
Apoptosis-inducing effects of these compounds on HepG2
hepatocarcinoma cells were evaluated.

Materials and Methods

Materials and reagents

Fruits of Akebia quinata were collected around the Mt.
Jiri, Hamyang Kyoungnam, Korea, in October 2007 and the
whole fruits (W) were separated into several part including
pericarp (P), flesh (F) and seed (S). They were sliced, dried
with hot air (80°C) and powdered. An antibody against Bcl-2
was obtained from Cell signaling Technology, Inc. (Beverly,
MA, USA) and B-actin was from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Tris-HCI (pH 7.4), 3-glycerophosphate,
MgCl,, EDTA, phenylmethylsulfonyl fluoride (PMSF),
dithiothrietol (DTT), sucrose, HEPES, CHAPS and digitonin
were purchased from Sigma-Aldrich chemicals Co. (St Louis,
MO, USA). Colorimetric peptide substrate of caspase-3
(Ac-DEVD-pNA) was obtained from Biomol International
Inc. (Plymouth Meeting, PA, USA). All the other reagents
were of analytical or molecular grade from commercial
sources.

Extraction and Isolation

The pericarp powder (3.3 kg) was extracted with 10 L
of 95% ethanol (EtOH) at room temperature for 24 hours.
The powders of whole fruits, flesh and seed were extracted
as the same way. The pericarp EtOH extract (839 g) was
suspended in water and partitioned with dichloromethane
(DCM), ethyl acetate (EtOAc), n-butanol (BuOH), and water
fractions (Fig. 1). BuOH fi. (441.2 g) was subjected to 70-230
mesh silica gel (Merck, Darmstadt, Germany) column
chromatography by eluting with lower layer of DCM-
MeOH-water (65:35:10) to obtain seven fractions (B1~B7).
The B3 (218.4 g) was further fractionated by the silica gel
column chromatography with DCM-MeOH-water (100:10:1)
as eluting solvent to give 19 sub-fractions (B3-1~B3-19) and
yield compound 1 (1.23 g), 2 (0.99 g), and 4 (71 g). The
B3-9 fraction (7.9 g) was re-chromatographed on the silica
gel with DCM-MeOH-water (80:10:1) to obtain compound
3 (25 mg). Thin layer chromatography (TLC) was also
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performed on a precoated Merck Kisselgel 60 Fass4 plates
(0.25 mm) and 50% H,SO; was used as a color detecting
reagent.

Akebia quinata pericarp powder (3.3 kg)

Ethanol ext. (839 g}
CHCl; : H0 (1:1)

CH,CI, fr. EtOAc
(3364q) |
EtOAc fr.
n-BuOH
(53.8 g) ’7_\
n-BuCH fr, HO fr.
(441.2 g) (234.4 9)

Fig. 1. Extract and fractionation procedure of pericarp of A
quinata fruits.

Compound 1  (8—hederin;
hederagenin)

Amorphous white powder, negative LCMS m/z 604.2
[M], positive LC-MS m/z 588.0 [M+2H-H,O]", 456.0
[M+2H-ara-H,0]", 438.0 [M+2H-ara-2H,0]", C3sHscOs,
'H-NMR (400MHz, pyridine-ds) §: 5.49(1H, brs, H-12),
5.01(1H, d, J=7.03, ara H-1), 3.30(1H, d, J=13.62, H-18),
1.25(3H, s, H-27), 1.04(3H, s, H-26), 1.01(3H, s, H-30),
0.95(3H, s, H-25), 0.94(6H, s, H-24, 29). "C-NMR (100MHz,

pyridine-ds) data are listed in Table 1.

3—0—a—L—arabinopyranosyl

Compound 2 (B—hederin; 3—O—a—L—rhammopyranosyl (1—2) a
—L—arabinopyranoly oleanolic acid)

Amorphous white powder, negative LC-MS m/z 734.2
[M], positive LC-MS m/z440.2 [M+2H-rhmOara-H,0]’,
C41H66011, 1H-N]\/[R (400MHZ, pyridine—d5) o: 621(1H, S,
rhm H-1), 5.49(1H, brs, H-12), 4.92(1H, d, J=5.49 Hz, ara
H-1), 3.32(1H, dd, J=3.66, 13.91 Hz, H-18), 1.65(3H, d,
J=6.22 Hz, rhm H-6), 1.31(3H, s, H-27), 1.20(3H, s, H-23),
1.09(3H, s, H-24), 1.02(3H, s, H-30), 1.01(3H, s, H-26),
0.97(3H, s, H-29), 0.85(3H, s, H-25). “C-NMR (100MHz,
pyridine-ds) data are listed in Table 1.

Compound 3 (83—0—B—D—xylopyranosyl (1-3) a
—L—arabinopyranosyl hederagenin)

Amorphous white powder, negative LC-MS m/z 736.0[M],
472.0 [M-xyl-ara], positive LC-MS m/z 738.0 [M+2H]’,
588.0 [M+2H-xyl-H,0]", 456.0 [M+2H-xyl-ara-H,O] ", 438.0
[M+2H-xyl-ara-2H,0]", CsHeOr, 'H-NMR  (400MHz,
pyridine-ds) 6: 5.49(1H, brs, H-12), 5.22(1H, dd, J=2.56, 6.96



Table 1. “C-NMR spectra of compounds from pericarps of A
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quinata fruits in pyridine-ds.

(I:\i(r)b g[f 1 2 3 4 Hederagenin 0;2?3011 e
1 3926 3932 3929 3945 39.28 3840
2 2661 27.01 2662 2671 28.16 27.18
3 82.33 89.20 82.23 81.50 73.90 79.03
4 43.99 39.97 44.03 43.99 42.67 38.76
5 5016 5638 4865  50.16 49.10 5521
6 18.63 18.98 18.61 18.61 19.08 18.30
1 33.36 33.601 33.37 3332 33.46 32.64
8 4025 4019 4026 4021 40.25 39.26
9 4864 4849 4804 4819 46.94 47.61
10 3743 3749 3741 37.36 37.72 37.07
11 24.14 2424 24.35 24.13 2434 23.40
12 123.07  123.00 123.08  123.08 123.08 122.66
13 14528 14527 14528 14526 145.32 143.56
14 42.62 42.62 42.44 42.60 43.37 41.64
15 2881 2877 2881 28.82 28.83 27.68
16 2435 2414 2416 2431 24.19 22.97
17 47.12 47.12 47.12 47.10 47.15 46.48
18 N4 44 063 24 42.50 41.05
19 4807 4691 4688  48.63 48.65 45.87
20 31.42 31.44 31.42 3142 31.44 30.67
21 46.86 34.68 34.68 46.85 34.70 33.79
22 3467 3367 3373 3466 33.69 3242
23 6493 2853 6469 6441 63.40 28.10
24 14.10 17.49 14.14 14.49 13.61 15.54
25 16.58 15.99 16.57 16.54 16.46 15.32
26 17.94 17.83 17.94 17.91 17.97 17.09
27 26.61 26.64 26.62 26.63 26.64 25.90
28 180.66  180.66  180.66  180.67 180.67 181.90
29 3373 3376 3373 3373 3373 33.06
30 2424 2424 2424 2424 2425 23.56

ara-1 10722 10543 107.15 10495
2 73.61 7636 7333 7625
3 75.22 7447 83.78 75.37
4 70.14 09.30 69.78 69.94
5 6749 6536 6729 6633

thm-1 102.25 102.17
2 72.92 72.88
3 73.07 73.04
4 74.56 74.62
5 7036 70.17
6 19.08 19.05

xyl-1 107.08
2 74.92
3 78.75
4 72.39
5 67.55

"Data were determined in CDCls.

Hz, xyl H-1), 5.02(1H, d, J=7.32 Hz, ara H-1), 3.31(1H, dd,
J=4, 13.92 Hz, H-18), 1.26(3H, s, H-27), 1.04(3H, s, H-26),
1.023H, s, H-30), 0.94(9H, s, H-24, 25, 29). "C-NMR
(100MHgz, pyridine-ds) data are listed in Table 1.

Compound 4 (a—hederin; 3—0—a—L—rhamnopyranosyl (1-2) a
—L—arabinopyranosyl hederagenin)

Amorphous white powder, negative LC-MS m/z 750.3
[M], positive LC-MS m/z 752 [M+2H]', 602.0 [M+2H-thm]’,
456.0 [M+2H-rhm-ara-H,0]", 438.0 [M+2H-rhm-ara-2H,0]",
CyiHsO12, 'H-NMR (400MHz, pyridine-ds) 6:6.31(1H, s, thm
H-1), 5.48(1H, brs, H-12), 5.13(1H, d, J=6.64 Hz, ara H-1),
4.18(1H, brs, H-23a), 3.76(1H, d, J=10.37 Hz, H-23b),
3.30(1H, dd, J=3.32, 13.69 Hz, H-18), 1.24(3H, s, H-27),
1.09(3H, s, H-24), 1.03(3H, s, H-30), 1.01(3H, s, H-26),
0.95(3H, s, H-25), 0.94(3H, s, H-29). "C-NMR (100MHz,
pyridine-ds) data are listed in Table 1.

Hederagenin (230hydroxy—oleanolic acid)

'H-NMR (400MHz, pyridine-ds) 6: 5.51(1H, brs, H-12),
4.22(1H, dd, J=5.84, 11.36 Hz, H-3), 4.20(1H, d, J=10.6,
H-23a), 3.74(1H, d, J=10.24, H-23b), 3.32(1H, dd, J=4, 13.56
Hz, H-18), 1.26(3H, s, H-29), 1.07(6H, s, H-27, 30), 1.02(3H,
s, H-26), 0.99(3H, s, H-25), 0.95(3H, s, H-24). "C-NMR
(100MHz, pyridine-ds) data are listed in Table 1.

Oleanolic acid

'H-NMR (400MHz, CDCL) & 5.29(1H, brs, H-12),
3.12(1H, dd, J=4.1, 10.5 Hz, H-3), 2.82(1H, dd, J=4.1, 13.7
Hz, H-18), 1.14(3H, s, H-27), 0.99(3H, s, H-23), 0.93(3H,
s, H-24), 0.91(3H, s, H-30), 0.903H, s, H-26), 0.77(3H, s,
H-29), 0.76(3H, s, H-25). "C-NMR (100MHz, CDCls) data
are listed in Table 1.

Acid-hydrolysis of saponin

The acid hydrolysis of saponin (50 mg) was carried out
by refluxing with 5% H,SO4 (20 mL) at 90C for 3 hours.
The reaction mixture was partitioned with EtOAc and water,
and the upper layer was washed 3 times with water for
neutralization. The EtOAc fr. was concentrated and purified
on a silica gel column chromatography with EtOAC-Hexane
(3:7) to produce sapogenin, which were identified as
hederagenin and oleanolic acid by TLC spectroscopic with
authentic compounds.

Cell culture and treatments
HepG2 human hepatocarcinoma cells were obtained from
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American Type Culture Collections (Manassas, VA, USA).
Cells were maintained in F-12 media supplemented with 10%
FBS, 1.17 g/L sodium bicarbonate, 100 units/mL penicillin,
100 pg/mL streptomycin, 1% essential amino acids, and 0.1%
insulin, in a humidified atmosphere of 95%, 5% CO, at 37C.
Cells were seeded in 6-well plates and allowed to grow for
24 hours (about 80% to 90% confluency). Then, the cells
were starved overnight with serum-free media prior to further
treatments with either vehicle (DMSO, 0.1%) or samples from
A. quinata.

MTS assay

The MIS [3+4,5-dimethylthiazol-2-y1)-5-(3-carboxy-methoxyphenyl)
-2-(4-sulfophenyl)-2H-tetrazolium, inner salt] assay was
performed with CellTiter 96 Aqueous nonradioactive cell
proliferation assay kit (Promega Corp., Madison, WI, USA)
by the manufacturer’s instructions. Briefly, the cells were
plated on 96-well plates and incubate for 24 hours. The cells
were starved overnight with serum-free media prior to
treatments with different doses of each sample for 24 hours.
After removing the media, culture media containing MTS
and phenazine methosulfate solution were added and
incubated for 1-2 hours. The absorbance was measured at
490 nm with OQuant ELISA reader (BIO-TEK Instrument,
Inc., Winooski, VT, USA).

Western blot analysis

For the evaluation of anti-apoptotic protein expression,
cells were treated with different concentrations of samples
for various time periods. After treatments, cells were washed
with ice-cold PBS (pH 7.4) and harvested with 200 pL of
a whole cell lysis buffer (pH 7.4) containing 10 mM Tris-HCl,
50 mM sodium chloride, 30 mM sodium pyrophosphate, 50
mM sodium fluoride, 100 yM sodium orthovandate, 2 mM
iodoacetic acid, 5 mM ZnCl,, 1 mM phenylmethylsulfonyl
fluoride and 0.5% Triton-X 100. After homogenizing and
standing on ice for 30 minutes, cell lysates were centrifuged
at 13,000 x g for 15 minutes at 4C. The supernatants were
collected and equal amounts of total protein of each sample,
as determined by BCA protein assay (Pierce Biotechnology,
Inc., Rockford, IL, USA), were mixed with 4 x loading buffer,
and heated at 95C for 5 minutes. The samples were loaded
and electrophoresed in a 10% SDS-polyacrylamide gel at 150
V and transferred onto polyvinylidene difluoride (PVDF)
membranes (Immobilon-P, Millipore, Bedford, MA, USA)
for 1.5 hour using a semidry transfer system (Bio-rad,

Hercules, CA, USA). The membranes were blocked with 5%
nonfat dry milk in 1 x PBST buffer (0.1% Tween 20 in
PBS) for 1 hour at room temperature and incubated with
anti-Bcl-2 antibodies in 3% nonfat dry milk (1:500 dilution)
overnight at 4°C. After hybridization with primary antibody,
membranes were washed three times with PBST, and then
incubated with anti-rabbit (for Bcl-2) or anti-goat (for [3-actin)
antibodies with horseradish peroxidase (Santa Cruz
Biotechnology) for 1 hr at room temperature and washed
with PBST three times. Final detection was performed with
enhanced chemiluminescence (ECLTM) Western Dblotting
reagents (Amersham Pharmacia Biotech, Piscataway, NI,
USA).

Caspase assay

After treatment with isolated compounds for various times
(2, 6, 12, 24, 36 and 48 hours) at the concentration of each
ICso value observed in MTS assay, cells were harvested in
a lysis buffer containing 50 mM Tris-HCI (pH 7.4), 50 mM
B-glycerophosphate, 15 mM MgCl,, 15 mM EDTA, 100 uM
phenylmethylsulfonyl fluoride, 1| mM dithiothrietol (DTT)
and 150 pg/mL digitonin. The lysate was passed through 26-G
needle 5~6 times in order to homogenize, and centrifuged
at 13,000 x g for 10 minutes at 4C, after leaving for 30
minutes on ice. The supernatants were analyzed for their
protein concentrations. The caspase-3 activity was determined
in a reaction mixture containing of 10 pg protein and 200
M Ac-DEVD-pNA as a substrate of caspase-3 in assay buffer
(100 mM HEPES, 10% sucrose, 10 mM DTT, and 0.1%
CHAPS). After 2~4 hours incubation of the reaction mixture
at 37C, the absorbance was measured at 405 nm using a
microplate reader.

Instrumental analyses

The isolated compounds and solvent fractions were
analyzed on an Agilent 1100 HPLC system (Agilent
Technologies, Wilmington, DE, USA). Mobile phase was
consisted with HPLC grade water (A) and acetonitrile (B):
0 minute, 15% B; 10 minutes, 30% B; 17 minutes, 65% B;
30 minutes, 90% B; 40 minutes, 90% B; 41 minutes, 15%
B; 45 minutes, 15% B. Detection was set at 203 nm at 40C
with a flow rate of 1 mL/minute. APCI-MS was measured
on Agilent-1100 HPLC/MS (G2708DA, Agilent Technologies)
using Alltima HP C18 AQ (5um, 250 x 4.6 mm, Alltech,
IL, USA) with HPLC grade water and acetonitrile (Duksan,
Korea). 'H-, "C-NMR and HMQC, HMBC spectra were
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measured by JNM ECP-400 spectrometer (Tokyo, Japan).

Results and Discussion

Cytotoxicicity of structural components from A. quinata
fruit on HepG2 cells

Ethanol extracts of whole fruits of 4. quanta as well as
the structural components including pericarps, flesh, and seeds
were evaluated for the inhibitory activity on cell viability
of HepG2 cells by a colorimetric MTS assay. The activity
was expressed as percent cell viability against that of control
(DMSO, 0.1%) (Fig. 2). The concentration of each treatment
ranged 2.5 to 100 pg/mL. Pericarp extract displayed the most
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Fig. 2. Effects of ethanol extracts 4. quinata fruits and its structural
components on cell viability of HepG2 cells.
HepG2 cells were treated with vehicle (DMSO, 0.1%) or each EtOH extract for 24

hours and the cell viability was measured by MTS assay. Vertical bars show the mean
of 3 replicates and standard deviation.
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Fig. 3. Effects of solvent fractions from pericarps of A. quinata
fruits on cell viability of HepG2 cells.
HepG2 cells were treated with vehicle (DMSO, 0.1%) or each solvent fraction for

24 hours and the cell viability was measured by MTS assay. Vertical bars show the
mean of 3 replicates and standard deviation.

potent inhibitory activity (ICso 4.70 pg/mL) followed by
whole fruits (ICso 8.33 pg/mL) and seeds (ICso 23.5 pg/mL)
while the flesh part was not effective even at 100 pg/mL.
The most active pericarp extract was divided into five solvent
fractions by liquid-liquid partition using hexane, DCM,
EtOAc, BuOH and water as shown in Fig.1. Inhibition of
each solvent fraction on the cell viability was also determined
by MTS assay and the results are in Fig. 3. BuOH fraction
exhibited almost complete inhibition even at the
concentrations as low as 5 pg/mL and EtOAc fraction also
displayed similar results. Based on the activity and the
extraction yield, we decided to further fractionate the BuOH

fraction to isolate the active compounds.

Purification and Identification of active compounds

Four saponins were isolated from BuOH fraction as
described in the materials and method section. Compounds
1~4 were obtained as white amorphous powder and APCI
mass spectra of these compounds revealed that they had one
or two molecules of sugar moieties (see the materials and
methods). The 'H-NMR spectrum of compound 1 showed
six tertiary methyl singlets at 6 1.25, 1.04, 1.01, 0.95, 0.94
and 0.94, one broad singlet of olefinic proton at § 5.49 and
one doublet of anomeric proton at § 5.01 (J=7.03 Hz). The
“C-NMR spectrum of compound 1 revealed the presence
of 35 carbon atoms in the molecule. Five carbon signals were
assigned to a sugar moiety and the anomeric carbon was
shown at 6 107.22. The olefinic carbon signals were at §
123.07 and 145.28. Based on these results, compound 1 was
considered as olean-12-en type triterpenoid glycoside. The
HMBC data also showed the location of glycosidic bond at
C-3, and finally the compound 1 was identified as 3-O-a
-L-arabinopyranosyl hederagenin (6-hederin). The data of
compound 1 were well agreed to the previously published
data (12).

The 'H- and "“-C NMR data of compounds 3 and 4
were very similar to that of compound 1 except the additional
sugar moiety of xylose or rhamnose, respectively. Each
glycosidic bond was determined by the HMQC and HMBC
analyses. Compounds 3 and 4 were identified as 3-O-B
-D-xylopyranosyl (1—3) a-L-arabinopyranosyl hederagenin
(saponin C) and 3-O-a-L-rhamnopyranosyl (1—2) «a
-L-arabinopyranosyl hederagenin (a-hederin). The spectral
data of compound 2 were almost same as that of compound
4 except the methyl moiety of C-23 and it was identified
as 3-O-a-L-rhamnopyranosyl (1—2) a-L-arabinopyranoly
oleanolic acid ([-hederin). The NMR data of those



316 S A FEA S 3 A ANTE A3E (2010)

compounds were consistent with references (12-14).
Importantly, it is the first report on original NMR data of
saponins from A. quinata pericarp, because previous article
by Higuchi and Kawasaki (15) reported incomplete 'H- and
PC-NMR spectra of intrinsic compounds.

P
=
,}

R, O
Ry
R1 R2
OA CH; H
Hgn CH.OH H
1 CH.OH Ara
2 CH; Rham (1-2) Ara
3 CH,OH Xyl (1-3) Ara
4 CH.OH Rham (1-2) Ara

Fig. 4. Structures of compounds identified from pericarps of A.
quinata fruits.

OA, oleanolic acid; Hgn, hederagenin; 1, compound 1; 2, compound 2; 3, compound
3; 4, compound 4
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Fig. 5. Effects of saponins isolated from pericarps of A. quinata
fruits on cell viability of HepG2 cells.

HepG2 cells were treated with vehicle (DMSO, 0.1%) or each compound for 24 hours
and the cell viability was measured by MTS assay. 1, compound 1; 2, compound 2;
3, compound 3; 4, compound 4. Vertical bars show the mean of 3 replicates and standard
deviation.

Effects of saponins and the corresponding aglycones
from A. quinata pericarps on the viability of HepG2
cells

The effects of compounds from A. quinata pericarp were
determined by MTS assay after 24 hours treatment.
Compounds 1~4 showed extremely strong cytotoxicity with
ICso values of 1.25, 0.68, 1.57 and 1.96 ng/mL, respectively

(Fig. 5), suggesting that the cytotoxicity of this fruit on HepG2
cells came from the activity of these isolated compounds.
Compound containing oleanolic acid skeleton displayed more
potent inhibitory activity than that of hederagenin glycosides.
It has been suggested that the type of aglycone, number of
sugar and the sequence considerably affect the bioactivities
of saponins. Chwalek ef al. have reported that a
-L-rhamnopyranosyl (1—2) a-L-arabinopyranosidic chain in
a-hederin is critical for its cytotoxicity in KB cells (16). In
this study, [B-hederin was more cytotoxic to the cells than
a-hederin. Our results indicate that the C-23 methyl group
of oleanolic acid is crucial in the cytotoxicity on HepG2 cells.
Chwalek ef al. also suggested the role of methyl group,
explaining that the saponin methyl esters were more active
than the free carboxylic acid saponins (17). Taken together,
the structure of sapogenin, the aglycone, seems obviously
more effective in inhibition of HepG2 hepatocarcinoma cells
than the corresponding glycosides. In fact, oleanolic acid itself
showed stronger activity than hederagenin. The ICsy values
of oleanolic acid and hederagenin were 4.32 and 12.28 pg/mL,
respectively (Fig. 6).
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Fig. 6. Effects of sapogenins from pericarps of A. quinata fruits on
cell viability of HepG2 cells.

HepG2 cells were treated with vehicle (DMSO, 0.1%) or the sapogenins for 24 hours
and the cell viability was measured by MTS assay. Vertical bars show the mean of
3 replicates and standard deviation.

Induction of apoptosis by the saponins and sapogenins
from A. quinata pericarp

In order to analyze the cytotoxic principle of isolated
compounds, we determined the effects of these compounds
on the apoptosistelated proteins including Bcl-2 and
caspase. Cells were treated with compounds from A. quinata
pericarp for 6, 12 and 24 hours and results are shown in
Fig. 7. After 12 hours of treatments, the compound 2 (3
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Fig. 7. Bel-2 protein expression by saponin and sapogenins from pericarps of A. quinata fruits in HepG2 cells.

HepG2 cells were treated with vehicle (DMSO, 0.1%) or each compound for various time periods and equal amount of proteins from whole cell lysates were analyzed for
Bel-2 and B-actin by Western blotting. The data shown are representative of three independent experiments with similar results. Con, control; OA, oleanolic acid; Hgn, hederagenin;

1, compound 1; 2, compound 2; 3, compound 3; 4, compound 4
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Fig. 8. Caspase-3 actvities of saponins and sapogenins from pericarps of A. quinata fruits in HepG2 cells.

HepG2 cells were treated with vehicle (DMSO, 0.1%) or each compound for various time periods at the concentrations of ICsy values observed in MTS assay and the casapse-3
activity was measured by a microplate reader as described in the Materials and Methods. OA, oleanolic acid; Hgn, hederagenin; 1, compound 1; 2, compound 2; 3, compound

3; 4, compound 4. Vertical bars show the mean of 3 replicates and standard deviation.

-hederin) clearly attenuated the expression of anti-apoptotic
Bcl-2 protein while other compounds did not inhibit the
expression of Bcl-2. In addition to the Bcl-2 inhibitory
activity, we evaluated the effects of the isolated compounds
on the enzyme activity of an apoptotic protein caspase-3 and
the results are shown in Fig. 8. After exposure of each
compound to HepG2 cells for various time periods (0 to 48
hours), the caspase-3 activity was measured using a
colorimetric method described above and the enzyme activity

was expressed as the fold induction compared to the activity
of the control (0 hour). The treatment concentration of each
compound was decided according to the IC50 values in MTS
assay. All of the compounds stimulated the enzyme activity
of caspase-3 about 2- to 3-fold. Taken together, the cancer
cell death by B-Hederin could come not only from its activity
to down-regulate the expression of anti-apoptotic protein
Bcl-2 but also from its ability to induce the enzyme activity
of apoptotic protein caspase-3. Although other compounds
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did not inhibit the expression of Bcl-2 protein, they seemed
to induce apoptosis of HepG2 cells via activation of capase-3.

In conclusion, the inhibitory activity of 4. quinata fruits
on HepG cells seems to be at least in part originated from
the pericarp with active compounds of saponins. Our current
results imply that the fruits of A. quinata as well as its active
compounds can be a potential source of natural
chemopreventive and/or chemotherapeutic agents. Further
studies on the upstream signaling pathway and biological

consequences in vivo should be followed.
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