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Abstract. Homonoia  riparia Lour (Euphorbiaceae) is a 
known source of herbal medicine in China, and riparsaponin 
(RSP) is an active constituent isolated from H. riparia. The 
aim of the present study was to investigate the antitumor 
effect of RSP on human oral carcinoma cells and its potential 
underlying molecular mechanism. RSP was isolated from roots 
of H. riparia and identified using nuclear magnetic resonance. 
An MTT assay was used to evaluate the cytotoxicity of RSP 
on human oral carcinoma cells. Subsequently, DAPI staining 
was performed to investigate the apoptotic effect of RSP. To 
investigate the potential underlying molecular mechanism of 
action of RSP, western blotting was performed to determine 
the expression of cleaved caspase 3/9, B‑cell lymphoma 2 
(Bcl‑2), Bcl‑2‑associated X protein (Bax), Bcl‑2‑associated 
death promoter (Bad), epithelial cadherin (E‑CAD), c‑MET, 
matrix metalloproteinase (MMP)‑2 and MMP‑9. RSP exhibited 
a significant anti‑proliferative effect on oral carcinoma cells 
at concentrations between 10 and 200 µg/ml via apoptosis. 
Following treatment with RSP (20, 40 and 80 µg/ml), expression 
of cleaved caspase‑3 (P<0.05, P<0.01 and P<0.01, respectively), 
cleaved caspase‑9 (P<0.01), Bad (P<0.01), Bax (P<0.01), 
c‑MET (P<0.01), MMP‑2 (P<0.01) and MMP‑9 (P<0.01) in 
oral carcinoma cells was increased significantly compared with 
the control group, whereas expression of Bcl‑2 (P<0.01) and 
E‑CAD (P<0.01) was decreased. These results suggest that RSP 
possessed notable antitumor activity against oral squamous cell 
carcinoma by inducing mitochondria‑mediated apoptosis.

Introduction

It is reported that oral squamous cell carcinoma (OSCC), one of 
the most common oral malignancies of the squamous epithelium 

of the oral cavity, is the sixth most common type of cancer 
globally (1‑3). It has been reported that developing countries 
have the highest incidence rates of OSCC and it is expected 
that the incidence will continue to increase (4); furthermore, 
OSCC commonly occurs in middle‑aged and elderly males 
because of tobacco and alcohol use (5). OSCC commonly 
occurs in the tissues of the oral cavity, including the gingiva, 
tongue, lip, hard palate, buccal mucosa and mouth floor (4,6). 
OSCC exhibits a marked propensity for invasive growth and 
metastasis, leading to damage of the original tissues or that 
of distant organs (2,4). The predominant treatment strategy 
for OSCC is radical surgery and postoperative chemoradia-
tion (4). Marked improvements have been made in clinical 
diagnosis and management of OSCC; however, high recur-
rence rates and low 5‑year survival rates have remained 
constant for several decades (7).

Increasingly, previous studies have revealed that chemo-
therapy using natural agents with low toxicity is a promising 
approach for treating various types of cancer (8‑10). In addi-
tion, traditional Chinese medicine (TCM) has been used in 
the treatment of various incurable diseases for centuries, 
and the reliability and effectiveness of TCMs have been 
demonstrated by long‑term clinical use in China  (11,12). 
Homonoia riparia Lour (Euphorbiaceae), is a known source 
of TCM with antipyretic and detoxification functions, and is 
commonly used as an effective agent for treating infection, 
hepatitis, hemorrhoids, ulcers, tumor and ambustion (13‑15). 
Riparsaponin (RSP; Fig. 1) is an active constituent isolated 
from H. riparia that possesses potential for treating gouty 
arthritis (16). In the present study, the antitumor effects of 
RSP on human oral carcinoma cells via the induction of 
apoptosis were systematically investigated, which has refer-
ence value for the clinical use of RSP in the treatment of 
OSCC.

Materials and methods

Plant materials. The roots of H. riparia were purchased from 
the Juhuacun Market of Traditional Chinese Herbs (Kunming, 
China) in October 2014, and were identified by the Department 
of Chinese Herbal Medicine in the Daqing Oilfield General 
Hospital (Daqing, China). A voucher specimen of this plant was 
deposited in the department of Stomatology laboratory, Daqing 
Oilfield General Hospital (reference no. S‑hptcm‑20141007).
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Chemicals and reagents. Dulbecco's modified Eagle's medium 
(DMEM), fetal bovine serum (FBS), and anti‑epithelial 
cadherin (E‑CAD) (1:2,000; cat. no. 13‑1700) and ‑c‑MET 
(1:2,000; cat. no. 44‑888G) antibodies were purchased from 
Invitrogen; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). 
MTT, DAPI and dimethyl sulfoxide (DMSO) were purchased 
from Sigma‑Aldrich; Merck KGaA (Darmstadt, Germany). 
Antibodies against cleaved caspase‑3/9 (C‑caspase‑3/9) 
(1:2,000; cat. nos. 9664 and 7237, respectively), matrix metal-
loproteinase (MMP)‑2 (1:2,000; cat. no. 87809) and MMP‑9 
(1:2,000; cat. no. 13667) were purchased from Cell Signaling 
Technology, Inc. (Danvers, MA, USA). Antibodies against B‑cell 
lymphoma 2 (Bcl‑2) (1:1,000; cat. no. AB112), Bcl‑2‑associated 
X protein (Bax) (1:1,000; cat. no. AB026), Bcl‑2‑associated 
death promoter (Bad) (1:1,000; cat. no. AB008) and β‑actin 
(1:1,000; cat. no. AB128), goat anti‑rabbit horseradish peroxi-
dase (HRP)‑conjugated secondary antibodies (1:1,000; cat. 
no. A0208), the enhanced chemiluminescence reagent and 
cell lysis buffer for Western and IP kit were purchased from 
Beyotime Institute of Biotechnology (Haimen, China). All 
other chemicals used in the present study were of analytical 
reagent grade.

Cell culture. Human oral carcinoma cell lines (Cal‑27, SCC‑9 
and Detroit 562) were purchased from the American Type 
Culture Collection (Manassas, VA, USA), and the human 
embryonic lung fibroblast cell line MRC‑5 was purchased from 
Cellcook Biotech. Co., Ltd. (Guangzhou, China). Cells were 
cultured in DMEM supplemented with 10% FBS, 100 U/ml 
penicillin and 100 µg/ml streptomycin at 37˚C in a humidified 
incubator containing 5% CO2.

Preparation of RSP. Dried roots of H. riparia were powdered 
and extracted with 60% ethanol under reflux. Then, the extracts 
were sequentially extracted with petroleum ether, ethyl acetate 
and n‑butanol to produce petroleum ether fraction, ethyl 
acetate fraction (AE), n‑butanol fraction and water fraction. 
The AE was subjected to column chromatography (CC) over 
a silica gel (200‑300 mesh), eluting with ethyl acetate‑acetone 
(20:1, 15:1, 10:1, 5:1, 3:1 and 1:1) to yield four subfractions 
I‑IV on the basis of the results of thin layer chromatography 
(TLC) analysis: The aforementioned CC elution samples (3 µl) 
were analyzed using silica gel G thin layer plate, and the chro-
matography was run for 8 cm using an ethyl acetate‑acetone 
mobile phase (10:1, 5:1 and 2:1) and the TLC spots were visua
lized using 10% sulfuric acid alcohol chromogenic agent. 
Fraction III was repeatedly subjected to CC over a silica gel 
(200‑300 mesh), eluting with ethyl acetate‑acetone (15:1, 10:1, 
5:1, 3:1 and 1:1) to yield four subfractions III1‑III4. RSP was 
crystallized from III2.

The isolated RSP was identified by 1H‑nuclear magnetic 
resonance (NMR) and 13C‑NMR, and compared with results 
of previous studies (13,16). The 1H‑NMR and 13C‑NMR spec-
tral data of this compound are as follows: 1H‑NMR (500 MHz, 
CDCl3) δ (ppm): 0.32, 0.92 (2 H, m, H‑19), 3.11 (1 H, m, H‑3), 
4.71 (2 H, brs, H‑31), 0.84, (3 H, d, J 8.1 Hz, 21‑CH3), 0.90 (3 H, 
s, 28‑CH3), 0.93 (3 H, s, 26‑CH3), 0.95 (3 H, s, 27‑CH3), 1.02 
(3 H, s, 29‑CH3), 1.09 (3 H, s, 30‑CH3), 1.17 (3 H, s, 18‑CH3); 
13C‑NMR (125 MHz, DMSO‑d6) δ (ppm): 30.97 (C‑1), 29.25 
(C‑2), 88.97 (C‑3), 42.19 (C‑4), 48.91 (C‑5), 71.90 (C‑6), 71.04 

(C‑7), 46.03 (C‑8), 25.14 (C‑9), 18.87 (C‑10), 26.99 (C‑11), 
33.07 (C‑12), 45.81 (C‑13), 45.00 (C‑14), 51.03 (C‑15), 71.13 
(C‑16), 58.31 (C‑17), 21.61 (C‑18), 32.04 (C‑19), 28.10 (C‑20), 
18.04 (C‑21), 37.03 (C‑22), 32.82 (C‑23), 160.07 (C‑24), 34.21 
(C‑25), 22.52 (C‑26), 24.01 (C‑27), 20.13 (C‑28), 24.82 (C‑29), 
16.88 (C‑30), 109.27 (C‑31), 105.01 (C‑1'), 73.26 (C‑2'), 78.38 
(C‑3'), 67.05 (C‑4'), 68.93 (C‑5').

Determination of cell viability. Cell viability was deter-
mined using the MTT assay. Briefly, cells (1x105 cells/ml) 
were plated in 96‑well plates for 24 h. Subsequently, cells 
were treated with RSP at various concentrations (0, 5, 10, 
20, 40, 80, 150 and 200 µg/ml) for 24 h. Subsequently, an 
MTT assay was used to determine the cell viability (n=4), 
and the optical density value was determined at 570 nm on 
a microplate reader (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA).

Nuclear staining with DAPI. A DAPI staining assay was 
carried out for the apoptosis assays. Briefly, cells were exposed 
to RSP for 24 h at 37˚C, and then cells were stained with DAPI 
at room temperature for 5 min. Alterations in the cell nuclei 
were determined using fluorescence microscopy (Olympus 
Corporation, Tokyo, Japan) at magnification, x200.

Western blot analysis. Following treatment with RSP (0, 20, 
40 and 80 µg/ml) for 24 h at 37˚C, cells were harvested and 
total proteins were extracted by using the Cell lysis buffer for 
Western and IP kit according to manufacturer's protocol. The 
concentration of protein was determined using a bicinchoninic 
acid protein assay kit. Equal amounts of protein (30 µg) were 
separated by SDS/PAGE (12% gel), then transferred onto a 
PVDF membrane and probed with various primary antibodies 
overnight at 4˚C, followed by incubation with HRP‑conjugated 
secondary antibodies for 1 h at room temperature. Finally, 
the protein bands were visualized using chemiluminescence 
detection with the enhanced chemiluminescence reagent. 
Densitometric determination of the blots was carried out using 
Quantity One software (version 4.0; Bio‑Rad Laboratories). 
To normalize protein loading, antibodies against β‑actin were 
used, and the protein level was expressed as a value relative to 
that of β‑actin.

Statistical analysis. All data are expressed as the mean ± stan-
dard deviation, and the significance of the differences between 
groups was determined using one‑way analysis of variance 
with SPSS for Windows software (version 19.0; IBM Corp., 
Armonk, NY, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Figure 1. Chemical structure of riparsaponin isolated from H. riparia.
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Results

Inhibitory effects of RSP on MRC‑5 cell and oral cancer cells 
in vitro. For investigating the toxicological effect of RSP, the 
human embryonic lung fibroblast cell line MRC‑5 was used. No 
significant cytotoxic effect of RSP on MRC‑5 cells was observed 
at concentrations <100 µg/ml compared with the control (Fig. 2).

Furthermore, the cytotoxic effects of RSP on three human 
oral carcinoma cell lines (Cal‑27, SCC‑9 and Detroit 562 cells) 
were evaluated. RSP exhibited a marked anti‑proliferative 
effect on the three oral cancer cell lines, which was concentra-
tion‑dependent between 10 and 200 µg/ml (Fig. 3).

Pro‑apoptotic effect of RSP on SCC‑9 cells. Results of the 
cytotoxicity assay indicated that RSP exerts significant anti-
tumor potential on human oral carcinoma cells. Furthermore, 
in order to determine whether the antitumor effect of RSP was 
due to apoptosis, DAPI, a widely used cell‑permeant DNA 
dye, was used to stain SSC‑9 cells for observing the nuclear 
morphological changes (Fig. 4). The results indicated that 
the cell nuclei in the control group were round and normal 
with faint staining (cells were alive). By contrast, following 
treatment with RSP at concentrations of 20, 40 and 80 µg/ml, 
characteristic features of apoptosis were observed, including 
typical nuclear condensation, increased brightness and nuclear 
fragmentation. These results revealed that RSP induced SSC‑9 
cell death due to apoptosis.

RSP upregulates C‑caspase‑3, C‑caspase‑9, Bad and Bax, 
and downregulates Bcl‑2 in SCC‑9 cells. To investigate the 
potential apoptotic mechanism induced by RSP in SSC‑9 cells, 
the expression levels of associated mitochondria‑mediated 
intrinsic apoptosis proteins were determined using western 
blotting. As presented in Figs. 5 and 6, following treatment with 
RSP (20, 40 and 80 µg/ml), expression of C‑caspase‑3 (P<0.05, 
P<0.01 and P<0.01, respectively), C‑caspase‑9 (P<0.01), Bad 
(P<0.01) and Bax (P<0.01) in SSC‑9 cells were significantly 
increased compared with the control group, whereas Bcl‑2 
expression (P<0.01) was decreased.

RSP downregulates c‑MET, MMP‑2 and MMP‑9, and 
upregulates E‑CAD in SCC‑9 cells. As presented in Figs. 7 
and 8, following treatment with RSP (20, 40 and 80 µg/ml), 
expression levels of c‑MET (P<0.01), MMP‑2 (P<0.01) and 

Figure 5. Effects of RSP on caspase family protein expression in SCC‑9 
cells. Cells were treated with RSP (20, 40 and 80 µg/ml) for 24 h. Total cell 
proteins were extracted and subjected to western blot assay using antibodies 
against C‑caspase‑3 and C‑caspase‑9, with β‑actin used as an internal 
control. Results are expressed as the mean ±  standard deviation (n=4). 
*P<0.05, **P<0.01 vs. control. RSP, riparsaponin; C‑, cleaved.

Figure 3. Cytotoxic effects of RSP on Cal‑27, SCC‑9 and Detroit cells in vitro. 
Cells were treated with RSP at various concentrations (0, 5, 10, 20, 40, 80, 
100, 150 and 200 µg/ml) for 24 h. An MTT assay was used to determine cell 
viability (n=4). **P<0.01 vs. control. RSP, riparsaponin. 

Figure 4. RSP induces apoptosis in SCC‑9 cells. Cells were treated with RSP 
at 20, 40 and 80 µg/ml for 24 h, and apoptotic cells were detected by DAPI 
staining and visualized using a fluorescence microscope (magnification, 
x200). (A) Control (untreated cells). Cells treated with RSP at (B) 20, (C) 40 
and (D) 80 µg/ml, respectively. RSP, riparsaponin. 

Figure 2. Cytotoxic effect of RSP on MRC‑5 cells in  vitro. Cells were 
treated with RSP at various concentrations (0, 5, 10, 20, 40, 80, 100, 150 
and 200 µg/ml) for 24 h. An MTT assay was used to determine cell viability 
(n=4). **P<0.01 vs. control. RSP, riparsaponin. 
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MMP‑9 (P<0.01) in SSC‑9 cells were significantly decreased 
compared with the control group, whereas the expression of 
E‑CAD (P<0.01) was increased.

Regulatory effects of RSP on the expression of C‑caspase‑3, 
Bad, Bcl‑2, c‑MET, E‑CAD and MMP‑9 in Cal‑27 cells. The 
regulatory effects of RSP on caspase‑3, Bax, Bcl‑2, c‑MET, 
E‑CAD and MMP‑9 in Cal‑27 cells were determined. Similar 
to SCC‑9 cells, it was identified that RSP significantly 
downregulated protein expression of Bcl‑2 (P<0.01), c‑MET 
(P<0.01) and MMP‑9 (P<0.01), whereas protein expression of 
C‑caspase‑3 (P<0.01), Bax (P<0.01) and E‑CAD (P<0.01) was 

upregulated (Fig. 9). These results confirmed the antitumor 
effects of RSP on OSCC.

Discussion

To the best of our knowledge, the present study is the first 
to investigate the antitumor effect of RSP on human oral 
carcinoma cells. Results demonstrated that RSP exhibited a 
notable antitumor effect against human oral carcinoma cells 
by inducing the intrinsic apoptosis pathway.

Figure 6. Effects of RSP on Bcl‑2 family protein expression in SCC‑9 
cells. Cells were treated with RSP (20, 40 and 80 µg/ml) for 24 h. Total cell 
proteins were extracted and subjected to western blot assay using antibodies 
against Bcl‑2, Bad and Bax, with β‑actin used as an internal control. Results 
are expressed as the mean ± standard deviation (n=4). **P<0.01 vs. control. 
RSP, riparsaponin; Bcl‑2, B‑cell lymphoma 2; Bad, Bcl‑2‑associated death 
promoter; Bax, Bcl‑2‑associated X protein.

Figure 7. Effects of RSP on E‑CAD and c‑MET protein expression in SCC‑9 
cells. Cells were treated with RSP (20, 40 and 80 µg/ml) for 24 h. Total cell 
proteins were extracted and subjected to western blot assay using antibodies 
against E‑CAD and c‑MET, with β‑actin used as an internal control. Results 
are expressed as the mean ± standard deviation (n=4). **P<0.01 vs. control. 
RSP, riparsaponin; E‑CAD, epithelial cadherin. 

Figure 8. Effects of RSP on MMP protein expression in SCC‑9 cells. Cells 
were treated with RSP (20, 40 and 80 µg/ml) for 24 h. Total cell protein 
were extracted and subjected to western blot assay using antibodies against 
MMP‑2 and MMP‑9, with β‑actin used as an internal control. Results are 
expressed as the mean ± standard deviation (n=4). **P<0.01 vs. control. RSP, 
riparsaponin; MMP, matrix metalloproteinase.

Figure 9. Effects of RSP on caspase‑3, Bax, Bcl‑2, c‑MET, E‑CAD and 
MMP‑9 in Cal‑27 cells. Cells were treated with RSP (40 µg/ml) for 24 h. 
Total cell proteins were extracted and subjected to western blot assay using 
antibodies against caspase‑3, Bax, Bcl‑2, c‑MET, E‑CAD and MMP‑9, with 
β‑actin used as an internal control. Results are expressed as the mean ± stan-
dard deviation (n=4). **P<0.01 vs. control. RSP, riparsaponin; Bcl‑2, B‑cell 
lymphoma 2; Bax, Bcl‑2‑associated X protein; E‑CAD, epithelial cadherin; 
MMP‑9, matrix metalloproteinase 9.
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It has been suggested previously that uncontrolled cell 
proliferation and deregulation of apoptosis may be the primary 
reason for the occurrence of tumors (17). In addition, evidence 
is accumulating that apoptosis, a programmed physiological 
cell suicide process, is considered to be an ideal strategy for 
inhibiting the development and progression of cancer (18,19). 
Apoptosis is characterized by distinct morphological changes 
involving the nucleus (such as pyknosis, chromatin condensation, 
karyorhexis and nuclear fragmentation), the plasma membrane 
(phosphatidylserine exposure) and the entire cell progressively 
shrinks and eventually breaks into a number of ‘apoptotic 
bodies’. Furthermore, apoptosis is regulated by a series of 
biochemical events and eventually results in cell death (19,20). 
For apoptosis, there are two major signaling pathways including 
the extrinsic and the intrinsic pathway. The extrinsic apoptosis 
pathway is primarily mediated by ligand‑bound death recep-
tors of the tumor necrosis factor receptor family, and the 
intrinsic pathway, called the mitochondria‑mediated apoptosis 
pathway, is activated primarily by mitochondria and the Bcl‑2 
family. However, the two apoptosis pathways ultimately acti-
vate members of the caspase family (19). The present study 
focused primarily on the mitochondria‑mediated apoptosis 
induced by RSP in oral cancer cells. Caspase‑9, first activated 
by cytochrome c in the cytoplasm, is the initiating caspase 
protein of the caspase cascade reaction, and the activated 
caspase‑9 subsequently activates the executioner caspase‑3. 
Activated caspase‑3 is commonly considered to be a biomarker 
for cells undergoing apoptosis (19,21). Proteins in the Bcl‑2 
family, including Bax, Bad and Bcl‑2, have been demon-
strated as important members in controlling cytochrome c 
release in the intrinsic apoptosis pathway (22). Bax and Bad, 
pro‑apoptotic Bcl‑2 family members, promote the release of 
cytochrome c into the cytosol (19,21). In contrast, Bcl‑2 is the 
anti‑apoptotic protein that prevents the release of cytochrome 
c by preserving mitochondrial integrity (19,20). The results of 
the present study revealed that RSP upregulates C‑caspase‑3, 
C‑caspase‑9, Bad and Bax, and downregulates Bcl‑2, leading 
to mitochondria‑mediated apoptosis.

Increasingly, previous research has indicated that metas-
tasis is a primary reason for the recurrence and mortality of 
patients with OSCC. The process of metastasis is regulated 
by a variety of genes, such as E‑CAD, c‑MET, MMP‑2 and 
MMP‑9. E‑CAD, a membranous glycoprotein, exerts impor-
tant effects in the maintenance of cell‑cell adhesion, epithelial 
tissue polarity preservation and structural integrity (23‑25). 
Epidemiological studies have identified that the expression of 
E‑CAD is commonly downregulated in OSCC, thus decreased 
E‑CAD levels may be considered an indicator of unfavorable 
prognosis in OSCC (24). c‑MET, a transmembrane tyrosine 
kinase receptor is commonly recognized as a crucial factor 
for mediating the oncogenic activities of hepatocyte growth 
factor. Upregulation of c‑MET has been reported to contribute 
to the progression and dissemination of various malignan-
cies  (26). MMPs, a family of zinc‑dependent proteinases, 
are able to degrade the majority of the extracellular matrix 
components  (27,28). In the development of malignancies, 
activated MMPs may promote the degradation of extracellular 
matrix, movement of tumor cells and tumor growth, which 
are directly associated with invasion, metastasis and poor 
prognosis of malignancies. Previous studies have demonstrated 

that MMP‑2 and MMP‑9 are commonly upregulated in various 
types of malignant tissues (2,29,30). Results of the present 
study revealed that RSP downregulates E‑MET, MMP‑2 and 
MMP‑9, whereas RSP upregulates E‑CAD, indicating that RSP 
exhibits inhibitory potential on the metastasis of OSCC.

The results of the present study demonstrated that RSP 
exhibited significant antitumor activity against OSCC via 
inducing mitochondria‑mediated apoptosis.
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