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Abstract: Natural compounds have emerged as an approach in cancer therapy. Pulsatilla koreana Nakai is used as 
a traditional medicinal plant that found throughout China and Korea. However, anti-cancer effects of Hederoside 
C (HedC) isolated from P. koreana has not been investigated in osteosarcoma. The present study aimed to demon-
strate anti-cancer functions of HedC against human osteosarcoma cells. Herein, we found that HedC suppressed 
the proliferation of MG63 cells and U2OS cells in the dose- and time-dependent manner, and caused intrinsic 
apoptosis pathways as evidenced by morphological changes, TUNEL-positive cells, cleaved-PARP, and cleaved-cas-
pase 9 and 3. HedC increased p53, Bax, and p21, whereas HedC reduced Bcl-2. HedC-mediated apoptosis was 
accompanied by decreases in the mitogen-activated protein kinases (MAPKs) and STAT3 phosphorylation. Wound 
healing and Boyden chamber assays also showed the anti-metastatic effects of HedC by suppressing migration 
and invasion. In addition, the anti-cancer effects of HedC were observed in in vivo xenograft mice model, and HedC 
treatment induced the decreased PCNA and p-STAT3 as well as the increased p53 and cleaved caspase-3. Taken 
together, our results provide evidence that HedC might be an attractive therapeutic strategy against osteosarcoma. 
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Introduction

The Pulsatilla koreana Nakai (P. koreana)  
locally called halmi-kkot is belonging to the 
Ranunculaceae. The P. koreana root has been 
treated as a traditional medicine in internal 
hemorrhoids, amoebic dysentery, and malaria 
[1]. P. koreanas revealed the presence of 
lupane and oleanane type triterpenoid sapo-
nins, phenolic acids which are potential sour- 
ce of cytotoxic and cancer chemopreventive 
agents [2-4]. Hederoside C (HedC) from isolat-
ed from P. koreanas is a pentacyclic triterpene 
saponin, which is naturally found in various  
vegetables, fruits, and medicinal plants as part 
of the human consumption [5, 6]. Pentacyclic 
triterpenes and derivatives have also received 
much attention as therapeutic agents in can-
cer, inflammatory disease, and other diseases 
[7].

Osteosarcoma is the most common type in  
children and teenager that produces immature 
and abnormal bones [8]. Five-year survival rate 
of the patients is 5-20%, and the insensitive of 
chemotherapy drugs is 35-45%, as well as pa- 
tients with metastatic osteosarcoma have no 
effective therapy [8-12]. Thus, it is essential to 
identify novel compounds against osteosarco-
ma by suppressing cell growth, migration, and 
invasion. 

Cancer is viewed as a result of an imbalance of 
proliferation and programmed apoptosis, and 
evasion of apoptosis from normal cells and 
benign tumors cause malignant transformation 
[13]. The programmed apoptosis induces cell 
death via extrinsic and intrinsic pathways, 
which is accompanied by caspase-dependent 
proteolysis, membrane blebbing, and chromo-
somal DNA cleavage [14]. Reduced apoptosis 
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or its resistance occurs in most types of can-
cer, and a variety of researches demonstrated 
that apoptosis is a promising target for treating 
cancer [15].

In the present study, HedC (> 98% purity), a 
pentacyclic triterpene, was obtained from P. 
koreanas dried root and we demonstrated its 
biological activities and anti-cancer effects in 
human osteosarcoma MG63 cells.

Materials and methods 

Plant material

P. koreana dried root was obtained in March 
2016 at the commercial herbal medicine mar-
ket (Cheongmyeongyakcho, South Korea). A 
voucher specimen has been deposited in the 
Natural Products Bank, National Institute for 
Korean Medicine Development (NIKOM).

Hederoside C

White powder, EI-MS m/z 749 [M-H]-, Molecular 
formula C41H66O12; 

1H-NMR (500 MHz, Pyridine- 
d5) δ 6.32 (1H, s, Rha-1), 5.47 (1H, brs, H-12), 
5.12 (1H, d, J=6.3 Hz, Ara-1), 4.76 (1H, m, Rha-
2), 4.74 (1H, dd, J=9.4, 6.3 Hz, Rha-5), 4.68 
(1H, dd, J=9.4, 3.4 Hz, Rha-3), 4.62 (1H, t,  
J=7.7 Hz, Ara-2), 4.32 (1H, m, Rha-4), 4.28 (1H, 
m, Ara-5b), 4.19 (1H, m, H-23), 4.18 (1H, m, 
Ara-4), 4.12 (1H, dd, J=8.0, 3.7 Hz, Ara-3), 3.75 
(1H, d, J=10.6 Hz, H-23), 3.71 (1H, brd, J=10.3 
Hz, Ara-5a), 1.65 (3H, d, J=6.0 Hz, Rha-6), 1.23 
(3H, s, H-27), 1.09 (3H, s, H-24), 1.03 (3H, s, 
H-26), 1.00 (3H, s, H-30), 0.94 (3H, s, H-25), 
0.93 (3H, s, H-29); 13C NMR (125 MHz, Pyri- 
dine-d5) δ 180.5 (C-28), 145.1 (C-13), 122.9 
(C-12), 104.8 (Ara-1), 102.0 (Rha-1), 81.3 (C-3), 
76.0 (Ara-2), 75.3 (Ara-3), 74.5 (Rha-4), 72.9 
(Rha-3), 72.7 (Rha-2), 70.0 (Rha-5), 69.8 (Ara-
4), 66.2 (Ara-5), 64.2 (C-23), 48.4 (C-9), 48.0 
(C-5), 46.9 (C-17), 46.7 (C-19), 43.8 (C-4), 42.4 
(C-14), 42.2 (C-18), 40.0 (C-8), 39.3 (C-1), 37.2 
(C-10), 34.5 (C-21), 33.59 (C-22), 33.58 (C-29), 
33.1 (C-7), 31.2 (C-20), 28.6 (C-15), 26.5 (C-2), 
26.4 (C-27), 24.17 (C-11), 24.10 (C-30), 23.9 
(C-16), 18.9 (Rha-6), 18.4 (C-6), 17.7 (C-26), 
16.4 (C-25), 14.3 (C-24).

Cell culture 

Human osteosarcomas, MG63 cells and U2OS 
cells, were obtained from the Korean Cell Line 
Bank (Seoul, South Korea). Cells were incubat-

ed in Dulbecco’s modified Eagle medium sup-
plemented with 10% fetal bovine serum and 1 
X Gibco® Antibiotic-Antimycotic (Thermo Fish- 
er Scientific, Waltham, MA, USA) in a humidifi- 
ed atmosphere of 5% CO2 and 95% air at 37°C. 

MTT cell proliferation assay

Cell growth was measured using an 3- 
[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazoli-
um bromide (MTT) assay as previously des- 
cribed [16]. 

TUNEL assay

Terminal deoxynucleotidyl transferase-medi- 
ated FITC-dUDP nick-end labeling (TUNEL) 
assays were performed using an in situ Cell 
Death Detection Kit (Roche Diagnostics GmbH, 
Mannheim, Germany) as previously described 
[17]. 

Western blot analysis

20 μg lysates were resolved on sodium do- 
decyl-polyacrylamide gel electrophoresis and 
transferred to a polyvinylidene fluoride mem-
brane (Millipore, Bedford, MA). The following 
procedure was carried out as previously des- 
cribed [18]. 

Immunocytochemistry

Immunocytochemistry was carried out as pre- 
viously described [17], and Images were ana-
lyzed using a fluorescence microscope.

Boyden chamber assay 

The cell invasion of MG63 cells was done  
using a Boyden chamber assay as previously 
described [17], and images were analyzed by 
using a light microscope.

Wound healing assay 

The cell migration of MG63 cells was carried 
out using a wound healing assay as previously 
described [17], and images were analyzed by 
using a light microscope.

Animals

Mice were housed in standard cages in an As- 
sessment and Accreditation of Laboratory Ani- 
mal Care credited specific pathogen-free ani-
mal facility. All procedures were approved by 
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Figure 1. Isolation of HedC from root of P. koreana. A. Roadmap of HedC isolated from root of P. koreana. B, C. The 
1H and 13C nuclear magnetic resonance spectra of HedC. D. The HPLC and structure of HedC.

the Chungbuk National University Institutional 
Animal Care and Use Committee and complied 
with Health Guide for the Care and Use of 
Laboratory Animals (CBNUA-792-15-01).

Xenograft animal model

BALB/c athymic nude mice (Six-week-old male) 
were obtained from Samtako (Osan, Kyoung 
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Figure 2. Effects of HedC on cell growth, migration, and invasion in human osteosarcoma MG63 cells. (A, B) MG63 
cells (A) and U2OS cells (B) were cultured with HedC for 48 h, and cell proliferation was done using an MTT assay. 
(C, D) MG63 cells were cultured with HedC for 48 h, and then migration was performed using a wound healing assay 
and detected under a light microscope (C). The migration was shown as a bar graph (D). Scale bar: 100 μm. (E-G) 
Cell invasion was analyzed using a Boyden chamber assay and detected using a light microscope (E), and invasion 
rate was shown as a bar graph (F). Relative invasion rate (%) was calculated and shown as a bar graph (G). Scale bar: 
50 μm. * indicates P < 0.05 compared to the control. Data are representative of three independent experiments 
and expressed in mean ± SEM. 

Gi-Do, South Korea). Cells (1 × 108 cells) were 
injected as previously described [19, 20]. After 
14 days, HedC (I.p., 7.5 mg/kg) were treated 
twice a week, and on day 42, mice were sacri-
ficed by cervical dislocation.

Immunohistochemistry

Immunohistochemistry was done as previously 
described [17], and the sections were analyzed 
using a light microscope.
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Figure 3. Effects of HedC on apoptotic cell morphology and DNA fragmenta-
tion in human osteosarcoma MG63 cells. (A) HedC was treated for 24 h in 
MG63 cells, and the morphological changes were detected under a light 
microscope. Scale bar: 100 μm. (B, C) 24 h after the treatment of HedC, 
apoptotic DNA strand breaks were analyzed by using TUNEL assay and were 
detected under a fluorescence microscope (B) and shown as a bar graph 
(C). Scale bar: 50 μm. * indicates P < 0.05 compared to the control. Data 
are representative of three independent experiments and expressed in 
mean ± SEM. 

Statistical analysis

Data were tested using Student’s unpaired t 
test (statistical significance, P < 0.05) in 
GraphPad Prism version 5 program (GraphPad 
Software, Inc., San Diego, CA) and expressed 
as mean ± S.E.M. 

Results

Isolation of HedC from the dried root of P. ko-
reanas

P. koreana (5 kg) dried root was extracted  
three times with 80% MeOH for 48 h at room 

temperature. The filtrate was 
combined and evaporated in 
vacuo to dryness. The crude 
extract (972.6 g) was sus- 
pended in distilled water, and 
liquid-liquid extraction succes-
sively with n-Hexane, EtOAc 
and n-BuOH. The n-BuOH so- 
luble fraction (274.58 g) was 
applied to MCI gel column 
chromatography (CC) eluting 
with a MeOH-H2O gradient  
system (4:6, 6:4, v/v) to give 
F1-F36 fractions. F14 was 
purified by ODS-A gel CC elut-
ing with (MeOH-H2O, 5:5→ 
6:4→8:2, v/v) to give F1-F34 
fractions. HedC (50.96 mg) a 
pentacyclic triterpene, was 
obtained from F26. 1H- and 
13C-NMR spectra, HPLC chro-
matogram, and structure are 
shown in Figure 1B and 1D. 

HedC suppresses cell prolif-
eration in human osteosarco-
mas, MG63 cells and U2OS 
cells

To investigate the activities of 
HedC on the proliferation of 
human osteosarcomas, HedC 
(0, 1, 5, 10, 30, 50, and 100 
μM) was treated for 48 h in  
the MG63 cells and U2OS 
cells. The MTT assay showed 
that HedC significantly inhibit-
ed cell proliferation in a time- 
and dose-dependent manner 
in the MG63 cells and U2OS 
cells (Figure 1A and 1B). How- 
ever, HedC strongly suppress- 

ed cell proliferation on the MG63 cells com-
pared with the U2OS cells (Figure 1A and 1B). 
For the following experiments, the MG63 cells 
were selected and HedC concentrations (0, 1, 
5, and 10 µM) were used.

HedC suppresses the migration and invasion 
of MG63 cells

Next, to find out whether HedC possesses anti-
metastatic effects, we examined cell migration 
using a wound healing assay. Compared to the 
control, the migration was significantly attenu-
ated by the treatment of HedC during 24 and 
48 hours in the MG63 cells (Figure 2C and 2D). 
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Figure 4. Effects of HedC on the regulatory proteins 
of apoptosis in human osteosarcoma MG63 cells. (A-
C) HedC was treated for 24 h in the cells, and PARP 
(A), or caspase-3, cleaved-caspase-3, and cleaved-
caspase-9 (B), or p53, p21, Bax, and Bcl-2 (C) were 
subjected to western blot analysis. β-actin was de-
tected as a loading control. Data are representative 
of three independent experiments.

Since extracellular matrix (ECM) degradation is 
required for metastasis, we examined cell in- 
vasion using a Boyden chamber assay. HedC 
significantly attenuated the penetration of the 
MG63 cells through the Matrigel-coated poly-
carbonate filter compared to control (Figure  
2E and 2F). Since the cell proliferation was 
decreased greatly after HedC treatment, inva-
sion cells were divided by total survival cells 
and relative invasion rate was calculated. The 
results showed that HedC (0, 1, 5, and 10 μM) 

significantly inhibited cell invasion in the MG63 
cells (Figure 2G).

HedC enhances apoptotic cell death in human 
osteosarcoma MG63 cells 

Next, to examine whether HedC induced apop-
totic cell death, HedC (0, 1, 5, and 10 μM) was 
treated in the MG63 cells, and morphologic 
changes were observed using a light micro-
scope. The results showed that HedC treat-
ment induced the small-round-single cell sha- 
pe and reduced cell size, which is the pheno-
type of apoptotic cell (Figure 3A). We also vali-
dated the apoptotic cell death by examining 
DNA fragmentation using the TUNEL assay.  
The observation showed that HedC treatment 
significantly enhanced TUNEL-positive cells 
(green) compared with the control (Figure 3B 
and 3C). 

HedC regulates the regulatory proteins of 
apoptosis in human osteosarcoma MG63 cells

Next, HedC-mediated apoptosis was examined 
using western blot analysis for the cleavage of 
PARP, a hallmark of apoptosis, and active cas-
pase-3 enzymes. HedC (1-10 μM) treatment 
increased the cleaved-PARP proteins and ac- 
tive caspase-3 as seen by the cleaved-cas-
pase-3 proteins (Figure 4A and 4B). The intrin-
sic apoptosis pathway activates caspase-9  
and caspase-3 is cleaved. Cleaved caspase-9 
was induced in response to HedC treatment 
(Figure 4B). We further investigated apoptotic 
and anti-apoptotic proteins in the MG63 cells. 
As shown in Figure 3C, the treatment of HedC 
enhanced p53, Bax, and p21 expressions, wh- 
ereas reduced Bcl-2 expression in the MG63 
cells (Figure 4C). 

HedC inhibits the MAPKs and STAT3 pathways 
in human osteosarcoma MG63 cells 

To find out the mechanisms associated with 
HedC-mediated apoptosis, the phosphoryla- 
tion of MAPKs (ERK1/2, JNK, and p38 MAPK) 
and STAT3 was analyzed in the MG63 cells.  
The results showed that HedC treatment mod-
erately suppressed the constitutive ERK1/2 
and JNK activities, but the treatment signifi-
cantly inhibited the constitutive p38 MAPK 
activities in a dose-dependent manner (Figure 
5A). Moreover, HedC significantly reduced the 
constitutive STAT3 activities in a dose-depen-
dent manner (Figure 5B). Innunocytochemistry 
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Figure 5. Effects of HedC on MAPKs 
and STAT3 phosphorylation levels 
of in human osteosarcoma MG63 
cells. (A, B) HedC was treated for 
24 h in the cells, and the phospho-
ERK1/2 (p-ERK1/2), ERK1/2, phos-
pho-JNK (p-JNK), JNK, phospho-p38 
(p-p38), and p38 (A), or phospho-
STAT3 (p-STAT3) and STAT3 was 
subjected to western blot analysis 
(B). (C) The phosphorylation and 
nuclear localization of STAT3 were 
detected using anti-p-STAT3 and 
Alex-488-conjugated secondary an-
tibodies. Scale bar: 50 μm. Data 
are representative of three indepen-
dent experiments.

also validated that HedC treatment reduced 
the phosphorylation and nuclear localization  
of STAT3 in a dose-dependent manner in the 
MG63 cells (Figure 5C).

HedC suppresses tumorigenesis in an xeno-
graft nude mouse model

To elucidate the effects of Chi3L1 on the grow- 
th of osteosarcoma in vivo, we investigated the 
effects of HedC an nude mice model. The tu- 
mor growth was monitored for 42 days. The 
observation showed that the tumor volume 
(mm3) and weight (g) were significantly attenu-
ated by HedC compared with those of the con-
trol (Figure 6A and 6B). Moreover, there was  
no significant change by HedC treatment in 
body weight excluding the tumor weight during 
the experiment period (Figure 6C). The immu-
nohistochemistry analysis of tumor section 
revealed that HedC treatment suppressed the 

proliferating cell nuclear anti-
gen (PCNA) and p-STAT3 ex- 
pression compared to those  
of the control, whereas HedC-
treated tumor section showed 
the increased expression of 
p53 and cleaved caspase-3 
(Figure 6D). Moreover, the re- 
sults were validated by using 
western blot analysis (Figure 
6E). Overall, our data suggest 
that HedC attenuates the tu- 
morigenesis of osteosarcoma.

Discussion 

Natural compounds used as 
traditional medicine for centu-
ries have received great atten-
tion in drug development to 
treat various diseases includ-
ing cancer because they are 
relative inexpensiveness and 
safety compared with chemi-
cally synthesized drugs [21-
23]. We previously reported 
evidences on the biological 
activities of flavonoids, 4-Me- 
thoxydalbergione and 4-parvi-
furan, from Dalbergia odorif-
era heartwoods in osteosarco-
ma [24, 25]. Pentacyclic triter-
pene is a natural compound 
that possesses therapeutic 

effects against human diseases including vari-
ous cancers [26, 27]. 

In the present study, we demonstrated the  
anti-cancer effects of HedC, a pentacyclic trit-
erpene saponin, isolated from P. koreanas in 
osteosarcoma. We demonstrated the inhibi- 
tory effects on cell growth of HedC via MTT 
assays, and found that HedC induces morpho-
logical changes, which represent an apoptotic 
phenotype. It was well known that endonucle-
ases induce the cleavage of chromatin into 
about 180-bp oligomers, which is called DNA 
fragmentation, and thus it is the main feature 
of apoptosis and is used as a marker of ap- 
optosis [28]. Our results demonstrated that 
HedC increases the apoptotic DNA fragmenta-
tion, as assessed by TUNEL assay. It was re- 
ported that caspase-3 causes the DNA frag-
mentation by inactivating inhibitor of caspa- 
se-activated endonucleases and by activating 
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caspase-activated endonucleases [29]. Cas- 
pase-3 is cleaved by caspase-9 through the 
intrinsic apoptosis pathway that is controlled  
by apoptotic regulator proteins such as p53, 
p21, and Bcl-2 family (Bax and Bcl-2) [30, 31]. 
In the present study, HedC also induces the 
caspase-9, caspase-3, and PARP cleavages. 
HedC-mediated apoptosis was validated by  
the enhanced expression levels of p53, p21, 
and BAX, and the reduced expression level of 
Bcl-2. Therefore, our data suggest that HedC 
has anti-cancer effects through the intrinsic 
apoptosis pathway in osteosarcoma. 

osteosarcoma [36, 37]. Many studies suggest 
that constitutively activated STAT3 has a key 
role in growth and metastasis, and thus the 
inhibition of STAT3 has anti-tumor and anti-
metastasis effects [38, 39]. It was reported 
that the inhibitors of STAT3 show potential  
as therapeutic candidates for patients with 
osteosarcoma [40, 41]. In the present study, 
we demonstrated that HedC inhibits migration 
and invasion in the MG63 cells, and HedC  
suppresses tumorigenesis in xenograft nude 
mice. Our in vivo observation also showed that 
HedC reduces tumor proliferation, enhances 

Figure 6. Effects of HedC on in vivo tumorigenesis in an xenograft mice 
model. (A-C) BALB/c athymic nude mice were injected with MG63 cells into 
and sacrificed 42 days later. The tumor volume (A) and weight (B) of tumors, 
and body weight (C) were analyzed. (D) The sections were subjected to im-
munohistochemistry to detect PCNA, p-STAT3, p53, and cleaved caspase-3. 
Scale bar: 100 μm. (E) Tumor extracts were was subjected to western blot 
analysis to detect PCNA, p-STAT3, STAT3, p53, and cleaved caspase-3. 
β-actin was detected as a loading control. * indicates P < 0.05 compared to 
the control. Data are representative of three independent experiments and 
expressed in mean ± SEM. 

STAT3 protein is a critical tran-
scription factor which regulat- 
es multiple key genes in cell 
growth, apoptosis, and metas-
tasis, and importantly in malig-
nant transformation [32, 33]. 
Thus, the regulation of STAT3  
is a critical target for tumor 
therapy. In the previous stud-
ies, we found that G721-0282, 
a ligand of chitinase 3 like 1, 
attenuates cell proliferation 
and induces apoptotic cell 
death via STAT3 downregula-
tion in osteosarcoma [17]. In 
the present study, we demon-
strated that HedC inhibits the 
nuclear STAT3 phosphoryla- 
tion in the MG63 cells. One of 
the main regulators of STAT3  
is MAPKs proteins in signal 
transduction cascades in vari-
ous cancers [34, 35]. Our data 
also demonstrated that HedC 
inhibits the phosphorylation  
of ERK, JNK, and p38 MAPK. 
These results suggest that 
HedC suppresses STAT3 activi-
ties via MAPKs signaling cas-
cades, leading to inhibiting  
cell proliferation and inducing 
apoptosis in osteosarcoma.

Osteosarcomas tend to invade 
frequently into surrounding tis-
sues, and the primary site of 
metastasis is commonly the 
lung tissues [8-10]. It was clini-
cally reported that five-year 
survival rate shows about 20% 
in patients with metastatic 
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apoptosis, and inhibits STAT3, which are con-
sistent with in vitro findings, suggesting that 
HedC has anti-tumor and anti-metastatic 
effects by targeting the STAT3 signaling path-
way in osteosarcoma.

In conclusion, we firstly demonstrated the  
anti-cancer effects of HedC in osteosarcoma 
through STAT3 signaling using in vitro human 
osteosarcoma cells and in vivo xenograft 
model. These findings indicate that HedC is a 
potential candidate as therapeutic agents 
against patients with osteosarcoma.
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