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Abstract. Steroidal saponins have recently attracted atten-
tion due to their structural diversity and significant biological 
activities, including anti‑hyperlipidemic, antibacterial, 
anti‑inflammatory, immunomodulatory and anti‑HIV activi-
ties. In the present study, it was demonstrated that WRC3, 
a novel saponin derivative, can inhibit B16 cancer cells by 
inducing apoptotic cell death with an IC50 value of 12.09 µM. 
The inhibitory effect of WRC3 on B16 cells appears to occur 
in a time‑ and concentration‑dependent manner. The fluores-
cence distribution observed by confocal microscopy revealed 
that WRC3 entered cells and acted in the cytoplasm without 
causing genetic toxicity. Following administration of WRC3 
(2.5, 5.0 and 7.5 g/kg body weight) once a day for 7 days, no 
obvious abnormalities were observed in the organs of the mice 
as demonstrated by hematoxylin and eosin staining. Compared 
with the normal control group, aspartate transaminase (AST), 
alanine transaminase (ALT), creatine and urea levels in the 
serum of mice treated with WRC3 (2.5‑7.5 µM) remained 
unchanged. In conclusion, it was demonstrated that WRC3 
can induce cancer cell death without causing genetic toxicity, 
hepatotoxicity or nephrotoxicity.

Introduction

Diosgenin, isolated from Dioscorea zingiberensis C.H. 
Wright, is used as a raw material to synthesize WRC3, and 
is widely distributed throughout China (1,2). Diosgenin has 

been extensively used in traditional Chinese medicine for the 
treatment of various diseases (1,2). Steroidal saponins have 
recently attracted attention due to their structural diversity 
and significant biological activities (3), including anticancer, 
anti‑hyperlipidemia, anti‑inflammatory (4), hemolytic, anti-
bacterial, anti‑thrombotic  (5), immunomodulatory  (6) and 
anti‑HIV activities. Tong et al (7) and Rivera et al (8) reported 
that seven steroidal saponins isolated from Dioscorea zingibe‑
rensis C.H. Wright were cytotoxic and resulted in the apoptosis 
of cancer cells. Kvasnica et al  (9) reported that the twelve 
steroidal derivatives, platinum (II) complexes with steroidal 
esters of l‑histidine and l‑methionine, exhibited significant 
effects against the CEM T‑lymphoblastic leukemia cell line 
with IC50 values in the range of 14‑25 µM (10). However, the 
site of action of the effective compounds remains to be under-
stood and the precise mechanisms are not clear.

In recent years, our group has focused on identifying 
novel saponins from Dioscorea zingiberensis C.H. Wright and 
synthesizing new compounds of diosgenin with glucosyl, as 
well as determining the acute toxicity (11) and sub‑chronic 
toxicity, the structure‑activity relationships, and the phar-
maceutical activities of the natural and modified steroidal 
saponins. Tong et al  (7) reported that the sugar moiety of 
steroidal saponins may be crucial in the cytotoxic activity 
against cancer cell lines. A saponin derivative, WRC3 synthe-
sized by our laboratory, has previously been shown to exhibit 
an anti‑thrombotic effect (12). However, recently it was identi-
fied that this saponin derivative presented inhibitory effects on 
cancer cells.

The aim of the present study was to confirm the anticancer 
effect of WRC3 and to investigate the possible site of action 
using murine cancer cell lines.

Materials and methods

Reagents. Dichloromethane, acetonitrile, acetic anhydride, 
tin tetrachloride and sodium methoxide were purchased 
from Aladdin Chemical Co., Ltd. (Shanghai, China). 
Anhydrous dichloromethane was further purified by 
distilling with calcium hydride. Anhydrous acetonitrile 
was purified by distilling over potassium hydroxide. The 
probe shown in Fig.  1 was purchased from ABIDING 
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Technology Co., Ltd. (Chengdu, China). Diosgenin (≥99.0%), 
3‑[4,5‑Dimethylthiazol‑2‑yl]‑2,5‑diphenyltetrazolium (MTT), 
and dimethylsulfoxide (DMSO) were purchased from 
Sigma‑Aldrich (St. Louis, MO, USA).

WRC3 synthesis. WRC3 was synthesized as previously 
described and its purity was determined by high performance 
liquid chromatograpgy (HPLC, >98.0%)  (12). WRC4 was 
synthesized by our group (purity determined by HPLC, >98%) 
and was further modified with alkynyl group (13,14) for inves-
tigating cell distribution of WRC3.

Cell lines and culture. Mouse B16 melanoma cells (BCRC 
60031) were purchased from the Bioresources Collection 
and Research Center (BCRC, Hsinchu, Taiwan) and cultured 
in Dulbecco's modified Eagle's medium (DMEM; Gibco 
Life Technologies, Carlsbad, CA, USA). The cells were 
supplemented with 10% fetal bovine serum (FBS; Gibco Life 
Technologies), 100 U/ml penicillin and 100 µg/ml strepto-
mycin, at 37˚C in a 5% CO2 atmosphere (15).

Animals. All animal experiments were approved by the ethics 
committee of the West China Hospital, West China Medical 
School, Sichuan University (Sichuan, China), and conducted 
according to the Institutional Animal Care and Use Committee 
Guidelines of the West China Hospital, West China Medical 
School, Sichuan University. Male Kunming mice (36±2 g) 
were provided by the West China Hospital Experiment 
Animal Center (Chengdu, China). The animals were housed 
in a comfortable environment under appropriate temperature 
(22±1˚C) and humidity (55±5%) control with a 12 h light/12 h 
dark cycle, and allowed free access to food and water.

Cell viability measurement. B16 cells, purchased from the 
Cell Bank of the Shanghai Institute of Biochemistry and Cell 
Biology, Chinese Academy of Sciences (Shanghai, China), 
were cultured in RPMI‑1640 (Gibco‑BRL, Carlsbad, CA, 
USA) supplemented with 10% fetal bovine serum, 100 U/ml 
penicillin and 100 U/ml streptomycin, at 37˚C and 95% rela-
tive humidity with  5% CO2. The cell viability assay was 
performed using MTT. Briefly, cells were plated in 96‑well 
plates at a density of 5x103 cells/well, following incubation 
overnight. A series of diosgenyl derivative (WRC3) were 
dissolved in DMSO, and diluted with culture media to a series 
of concentrations  (10, 20, 40, 60 and 80 µM). When the cells 
were exposed to diosgenyl derivatives for 48 h, 10% MTT was 
added, and cells were incubated for an additional 4 h at 37˚C. 
The absorbance was then measured with a microplate reader 
(Molecular Devices, LLC, Sunnyvale, CA, USA) at 540 nm. 
All experiments were repeated three times.

Annexin V‑f luorescein isothiocyanate (FITC)/prop‑
idium iodide (PI) staining of WRC3 treated B16 cells. 
Annexin V‑FITC/PI double‑staining assay was used to quan-
tify apoptosis, according to the manufacturer's instructions 
(KeyGEN, Nanjing, China). B16 cells were treated with WRC3 
(2.5 µM) for 24 h and collected. Cells from each well were 
centrifuged for 5 min at 2000 x g at 4˚C, washed twice with 
phosphate‑buffered saline and suspended in 300 µl binding 
buffer (Beijing Solarbio Science & Technology Co., Ltd., 

Beijing, China). Annexin V‑FITC conjugate (3 µl) and 3 µl PI 
solution was added to each cell suspension and incubated for 
15 min at room temperature in the dark. The samples were 
analyzed on a flow cytometer (MoFlo™ Cytomation, Modular 
Flow Cytometer) and Cell‑Quest software (version 3.1; BD 
Biosciences, Franklin Lakes, NJ, USA). Double staining of 
cells with FITC‑Annexin V and PI permits the discrimination 
between live cells (FITC‑PI‑), early apoptotic (FITC+PI‑), late 
apoptotic (FITC+PI+) and necrotic cells (FITC‑PI+) (16,17).

Microscopy analysis distribution of fluorescence in cells. B16 
mouse melanoma cells were seeded in 6‑well plates (3x105/2 ml 
per well) containing glass coverslips, and were cultivated in 
10% FCS/RPMI‑1640 medium at 37˚C. Growth medium was 
supplemented with alkynyl‑modified WRC4 (100 µM). After 
growing for 3 days, the cells were washed with 10% PBS on 
cover slips, and cells were fixed and permeabilized with para-
formaldehyde for 10 min, then subjected to the probe labeling 
reaction as follows: 0.1  mM probe/1  mM CuSO4/2  mM 
sodium ascorbate were mixed in PBS at room temperature for 
30 min. Subsequently, the fixed and labeled cells were rinsed 
with PBS and stained with PI (2 µg/ml in 5% BSA/PBS) at 
room temperature for 30 min (13). Fluorescent images were 
captured by Nikon ECLIPSE Ti (Chengdu, China) laser scan-
ning confocal microscopy system.

Acute toxicity studies in mice. Twelve Kunming mice were 
administered WRC3 (2.5, 5.0 or 7.5 g/kg) dissolved in 0.9% 
normal saline and were observed for a week. After 1 week, 
the mice were sacrificed by decapitation under pentobarbital 
anaesthesia (60 mg/kg body weight), and blood and main 
viscera samples were obtained, prior to biochemical analysis. 
Serum was collected to measure alanine transaminase (ALT), 
aspartate transaminase (AST), UREA and creatine (CREA). 
Liver tissue recovered from the necropsy was divided into 
two sections, one was used for visual inspection of any 
morphological changes in the organ tissue samples, and the 
other was fixed with 10% formalin, embedded in paraffin, 
sectioned and stained with hematoxylin and eosin (HE) 
(Aladdin Chemical Co., Ltd., Shanghai, China) for histo-
logical examination using standard techniques. Following 
HE staining, the slides were observed and the images were 
captured using a BX51TF BX51 optical microscope (Olympus 
Corporation, Tokyo, Japan).

Statistical analysis. All data are presented as the mean ± stan-
dard error of the mean. Data were analyzed by one‑way analysis 
of variance followed by post hoc least significant difference 
test using SPSS software package Version 19.0 for Windows 
(SPSS, Inc., Armonk, NY, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Figure 1. Structure of probe. 
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Results

Effect of WRC3 on the proliferation of B16 melanoma 
cells. The survival rate of B16 melanoma cells treated with 
WRC3 was determined using an MTT assay. As shown in 
Figs. 2 and 3, the effect of WRC3 on the survival rate of B16 
melanoma cells was examined. Significant WRC3 cytotoxic 
effects were observed and the viability of the B16 melanoma 
cells decreased to 37% at 20 mM, and 71% at 80 µM (Fig. 4). 
Notably, WRC3 significantly inhibited B16 cell survival in 
a dose‑dependent manner, starting a 12.09 µM of IC50. In 

Table I. Effects of the WRC3 on AST, ALT, CREA and UREA levels in the serum of rats.

Group	 AST (U/l)	 ALT (U/l)	 CREA (µmol/l)	 UREA (µmol/l)

Control	 104.67±0.81	 35.73±0.93	 49.87±0.81	 4.20±0.14
2.5 g/kg of WRC3	 171.33±6.58	 50.13±2.89	 58.13±0.35	 5.45±0.35
5.0 g/kg of WRC3	 135.60±7.43	 43.33±0.74	 50.67±0.71	 5.77±0.74
7.5 g/kg of WRC3	 128.80±1.44	 37.73±0.93	 62.13±0.35	 6.37±0.71

Data are expressed as the mean ± standard error of the mean; n=3. *P<0.05, vs. the control group. AST, apsartate transaminase; ALT, alanine 
transaminase; CREA, creatine.

Figure 2. Effect of WRC3 on the proliferation of B16 melanoma cells for 24 h. 
Following incubation of B16 cells with WRC3 for 24 h, the rate of inhibi-
tion was detected by a 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
assay. Values are presented as the mean ± standard error of the mean of three 
experiments. *P<0.05, vs. control group. 

Figure 3. Effect of WRC3 on the proliferation of B16 melanoma cells for 48 h. 
Following incubation of B16 cells with WRC3 for 24 h, the rate of inhibi-
tion was detected by a 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
assay. Values are presented as the mean ± standard error of the mean of three 
experiments. *P<0.05, vs. control group. 

Figure 4. Incubation with WRC3 for 24 h inhibited the proliferation of and 
resulted in a morphological change in B16 cells. (A) Control; (B) cells treated 
with 10 µM WRC3; (C) cells treated with 40 µM WRC3; (D) cells treated 
with 80 µM WRC3. Phase‑contrast microscopic images with no staining; 
magnification, x40.
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addition, the survival of the cells treated with 20 µM WRC3 
for 48 h was significantly decreased (<10%), compared with 
that at 24 h (Fig. 3). These results suggest that the inhibitory 
effect of WRC3 on B16 cells increases in a time‑dependent 
manner. Therefore, a 24 h treatment time was selected for the 
subsequent experiments.

Analysis of apoptosis by flow cytometry in B16 cells. Flow 
cytometric analysis using an Annexin V‑FITC apoptosis kit 
identified apoptosis of B16 cells induced by WRC3. As shown 
in Fig. 5, the B16 cells were treated with WRC3 (2.5 µM) for 
24 h, which caused the percentage of early apoptotic cells 
to increase to 10.64% and the percentage of late apoptotic 

Figure 6. Distribution of WRC4 in B16 melanoma cells. Original magnification x1,000. The cells were incubated with WRC3 for 24 h, washed with PBS and  
fixed with paraformaldehyde for 10 min, then subjected to a probe-labeling reaction as follows: A total of 0.1 mM probe and 1 mM CuSO4/2 mM sodium 
ascorbate were added to the PBS at room temperature for 30 min, and then rinsed with PBS and stained with PI (2 µg/ml in 5% BSA/PBS) for 30 min. 
(A and E) Double staining; (B) WRC4; (C) PI; (D) normal cells. PBS, phosphate-buffered saline; BSA, bovine serum albumin; PI, propidium iodide.

Figure 7. Effects of WRC3 on liver histomorphology in mice. (A) Control, (B) cells treated with 7.5 g/kg WRC3. Original magnification, x200. 

Figure 5. Assessment of apoptosis in WRC3 treated B16 cells. After 24 h of WRC3 treatment, a flow cytometry assay was used to investigate the apoptosis of B16 
cells with Annexin V‑fluorescein isothiocyanate/propidium iodide staining. (A) Control group and (B) cells treated with 2.5 µM WRC3. Data are the representative 
from three parallel experiments. 
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cells to decrease to 1.15%. In the control group, the early 
and late apoptotic cells were observed to be 7.17 and 2.42%, 
respectively. These results suggest that WRC3 predominantly 
induces early apoptosis in B16 cells.

Visualization of WRC3 in melanoma B16 cells. Fluorescence 
analysis was used to investigate the distribution of the drug 
compounds, which may provide information for future drug 
development. The use of a murine B16 cell line verified that 
WRC4 was not located in the nucleus, but was distributed 
in the cytoplasm. In addition, the specific sequestration of 
WRC4 in the cell was monitored by confocal microscopy, 
to produce high resolution images. Notably, WRC4 was not 
located in the nucleus, but was distributed in the cytoplasm 
(Fig. 6), suggesting that WRC3 may enter the cell and reach 
the cytoplasm where the primary targets of WRC3 are located, 
and interfere with cell growth without causing genotoxicity.

Acute toxicity studies in mice. In the acute toxicity study 
(Table I), no cell death was recorded in any of the animals that 
received WRC3 (2.5, 5.0 and 7.5 g/kg body weight). In addi-
tion, no obvious alterations in organ color were observed in 
the treated animals, as compared with the control. The levels 
of ALT, AST, CREA and UREA in the serum of mice treated 
with various concentrations of WRC3 (2.5, 5.0 and 7.5 g/kg 
body weight) were not observed to be significantly different 
(Table I). Histopathological examination of the mice treated 
with or without WRC3 was evaluated by HE staining to deter-
mine the toxicity of WRC3 on organ tissue samples. Fig. 7 
revealed that the liver tissue samples of the mice fed with 
WRC3 did not exhibit significant histological changes, and the 
structure of the mouse liver lobules and sinusoids were clearly 
defined, as compared with the control group, suggesting that 
WRC3 exhibits no hepatotoxicity.

Discussion

Steroidal saponins have diversity of structure, and are reported 
to have various biological activities, including anti hyperlip-
idemic, antibacterial, anti‑inflammatory, immunomodulatory, 
anti‑human immunodeficiency virus and anticarcinogenic 
activities  (18). However, the mechanism and site of action 
underlying the effects of the compounds remains to be eluci-
dated. In the present study, the effects of WRC3, a saponin 
derivative, was investigated on the proliferation of B16 cells. 
The IC50 of diosgenin was >20 µM in the B16 cells (data not 
shown), whereas that of WRC3 was 12.09 µM, which is lower 
than that of diosgenin. The results of the present study indi-
cated that WRC3 is able to enter melanoma cells and inhibit the 
growth of cancer cells in a time and concentration‑dependent 
manner. In addition, the liver of mice treated with WRC3 did 
not exhibit significant histological changes. Simultaneously, 
the target of WRC3 in B16 cells was investigated by fluores-
cence analysis.

A greater understanding of the mechanisms of action 
associated with anticancer activity will facilitate the use of 
drug intervention as an important strategy to prevent cancer 
development (19). A previous study reported that the patho-
genesis of numerous diseases, including cancer, are closely 
associated with aberrantly regulated apoptotic cell death (20). 

In the present study, the saponin derivative WRC3 was able 
to suppress the proliferation of B16 cells in a dose‑dependent 
manner, and the results from the Annexin V‑FITC/PI staining 
assay also demonstrated that WRC3 induced early apoptosis 
in B16 cells, as compared with the control group. These results 
indicated that WRC3 may prove beneficial in cancer treatment 
by mediating apoptotic cell death.

The ability of drugs to enter cells to effect the growth of 
cancer cells is important. Knowledge regarding the cellular 
distribution of drugs is important for understanding and 
predicting drug action and toxicity. Therefore, identifying the 
targets of a drug is important for drug development (21). The 
present study investigated the distribution of WRC3 using a 
fluorescence tracker technique, and demonstrated that WRC4 
was not located in the nucleus, but was instead distributed in the 
cytoplasm. The results of the present study also demonstrated 
that the fluorescence tracker technique is an important tool for 
the detection of drug distribution. WRC3 contains a hydroxyl 
group (chemical handle), which is important for the fluores-
cence tracker technique. The chemical handle is able to react 
with terminal alkynyl compounds to obtain alkynyl‑WRC3. 
Alkynyl‑WRC3 and 3‑azido‑7‑hydroxy‑coumarin reacted in 
the cells catalyzed by CuSO4 and sodium ascorbate, which 
may be detected in the cells by fluorescence microscopy. In 
our previous studies, a WRC3 analogue with alkynes was 
designed to investigate WRC3 distribution in cells (22,23). 
WRC3 was observed in the cytoplasm of B16 cells by confocal 
microscopy (Fig. 6) suggesting that WRC3 can enter into B16 
cells to induce the apoptotic cell death of cancer cells without 
causing genetic toxicity. ALT, AST, CREA and UREA levels 
in the serum together with tissue H&E staining, indicate that 
WRC3 was not toxic to mice organs.

In conclusion, it was demonstrated that a diosgenyl analogue 
WRC3 inhibits cancer cells in vitro and is not toxic to the liver 
and kidneys. In addition, the present study also provided a 
method for locating the action site of WRC3 using click‑chem-
istry, which is important for the determination of  the drug 
target in the cells by fluorescence labeling. The results further 
provided evidence that the sugar moiety of steroidal saponins 
may be crucial for their antitumor activity. These findings were 
concordant with those of a previous study demonstrating that 
the anti‑cancer effects of steroidal saponins with sugar moieties 
are markedly higher compared with those of parent nucleus 
diosgenin (7). Saponins have the potential to be developed as 
anticancer agents, and thus require further investigation.
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