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Summary

Objective: To explore the influence of salvianolic acid B (Sal B) on cell proliferation and apoptosis of ovarian cancer cell line SKOV3,
livin, and caspase-3 gene expression. Materials and Methods: Ovarian cancer cell line SKOV3 was cultured in vitro and the cell pro-
liferation was detected by MTT method. Cell apoptosis and cell cycle were measured by Annexin V/PI flow cytometry. Karyon mor-
phology was observed by Hoechst33258 fluorescence staining. Livin and caspase-3 expressions were assayed using western blot.
Results: Sal B with different concentrations had an inhibition effect on growth of SKOV3 in vitro and the inhibitory effect was strength-
ened with the increase of Sal B concentration, which showed an obvious dose-effect relationship and the half inhibitory concentration
(IC50) was 45.6 umol/L. The proportion of GO/G1 phase increased and that of S phase decreased after treatment with Sal B. In addi-
tion, the apoptosis rate increased significantly with the increasing of Sal B concentration. Results of Hoechst33258 fluorescence stain-
ing showed that cell apoptosis appeared after effect of Sal B with the characteristics of cell shrinkage, appearing vacuoles in cells,
condensed chromatin and fracture, etc. Sal B had some inhibitory effects on livin expression in SKOV3 cell but promoted the expres-
sion of caspase-3. The corresponding effects were enhanced with the increase of drug dosage. Conclusions: Sal B has obvious effects
on inhibiting growth and promoting apoptosis of ovarian cancer SKOV3 cell, which may be realized by downregulating livin expres-
sion, upregulating caspase-3 expression, and blocking the cell cycle.
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Introduction

Ovarian cancer is one of the common tumors of female
reproductive organs, with the five-year survival rate of only
20%-30% [1], and brings serious threats to women’s lives.
Surgery and chemotherapy are the main treatment means
of ovarian cancer. However, tumor cells often develop pri-
mary or secondary drug resistance to lead the recurrence of
disease and easily cause the destruction of normal cells.
Therefore, new effective anticancer drug needs to be de-
veloped in clinical. Apoptosis is programmed cell death and
has close relationship with the occurrence of tumor [2]. It
has become one of therapeutic strategies for tumor to in-
duce apoptosis of tumor and correct the unbalanced inter-
nal environment [3]. At present, the concept that traditional
Chinese medicine is used to induce the apoptosis of tumor
cells has attracted extensive attention.

Salvianolic Acid B (Sal B) is the most abundant active
ingredients with the most biological activity in Chinese
herbal medicine salvia miltiorrhiza [4, 5]. Studies confirm
that Sal B has the efficacies of scavenging free radicals,
inhibiting lipid peroxidation, anticoagulation effect, anti-
inflammatory reaction, etc [6-8]. Another study shows that
Sal B can resist tumor and induce apoptosis [9]. Sal B has
been found to inhibit the growth of squamous-cell carci-
noma of the head and neck or hepatocellular carcinoma
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cell lines [10, 11]. Nevertheless, the effects of Sal B on in-
hibiting growth and inducing apoptosis of ovarian cancer
cells have not been reported. Here, this study took the
apoptosis rate and expressions of livin and caspase-3 as
the main detection indexes, in order to discuss the anti-
tumor function of traditional Chinese medicine Sal B in
ovarian cancer.

Materials and Methods

Cell lines and culture

Human ovarian cancer SKOV3 cell lines were provided by
Henan Tumor Hospital Scientific Research Centre. SKOV3 cells
were cultured in RPMI-1640 complete medium containing 10%
fetal bovine serum, which was placed into incubator with 5% CO,
and 95% saturated humidity at 37°C for regular culture.

Detection of cell growth by MTT method

SKOV3 cells in logarithmic growth phase were digested using
0.02%EDTA and made into 1x108 mL"! cell suspension. They were
inoculated in 96-well culture plates with 200 pL in each well and
cultured for 24 hours. After removing the nutrient solution, Sal B
was added to make the final concentration up to 0, 6.25, 12.5, 25,
50, and 100 pmol/L, respectively. Meanwhile, the control wells
and zero-adjustment wells were arranged, with all the experiments
repeated three times. After cultivation for 48 hours, 20 uL MTT (5
g/L) was added into each well. After another four hours of culti-
vation, all the supernatant was abandoned and then 200 pL di-
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methyl sulfoxide was added into each well. Oscillation was car-
ried out to terminate the reaction and the optical density (OD) at
490 nm was measured by ELISA Reader. Finally, SKOV3 cell
growth inhibitory rate (GIR) was calculated and expressed as a
percentage (%).

Detection of cell cycle and apoptosis

SKOV3 cells treated by Sal B with different concentrations
were collected and resuspended using the complete medium to
make the cell concentration up to 1x10° ml-'. One-ml cell sus-
pension was centrifuged for at 1,000 rpms for ten minutes. Pre-
cipitates were added with one-ml cold PBS to resuspend and
centrifuged again. Then, 200 pL binding buffer was added to sus-
pend cells and ten pL Annexin V-FITC, five uL PI was added with
blending. The mixture was incubated at room temperature for 15
minutes without light, followed with 300 pL binding buffer added.
Flow cytometry was adopted to detect the cell cycle and apopto-
sis rate.

Observation of karyon morphology

After the 0.7 mg/ml, Sal B acted on SKOV3 cells respectively
for 24, 48, and 72 hours and the cells obtained in every time point
were washed and resuspended by PBS buffer. Five mg/L
Hoechst33258 fluorochrome was added and incubated at room
temperature for ten minutes. The change of karyon morphology
was observed by fluorescence microscope.

Expressions of livin and caspase-3

Western blot method was employed to detect the expressions
of livin and caspase-3. After treated by Sal B with different con-
centrations (0, 25, 50, 100 pmol/L) respectively, 1x10” SKOV3
cells were collected from each group and added with 20 OpL pro-
tein lysis buffer. The lysis reaction proceeded at 4°C for one hour,
and then the mixture was centrifuged at 4°C and 12,000 rpms for
20 minutes. The supernatant was reserved to determine the protein
concentration by Coomassie Brilliant Blue method. Eighty pg
sample total protein was denaturized for ten minutes and con-
ducted SDS-PAGE gel electrophoresis. The separated protein was
transferred to PVDF membrane by electrotransformation, fol-
lowed by antigen blocking using 5%BSA at 37°C for one hour,
and binding reaction of anti-livin or anti-caspase-3 primary anti-
body, which was incubated at 4°C for 16 hours. The goat-anti-
rabbit IgG second antibody was added after the PVDF membrane
was washed for three times, and then they were incubated at 37°C
for one hour. Following with another three times of washing
PVDF membrane, chemiluminescence color test was used to an-
alyze the results. With B-action band as the reference, objective
protein was relatively quantified.

Statistical analysis

SPSS 16.0 software was adopted to calculate the data. Measure-
ment data were indicated by mean + standard deviation (x s ).
One-way ANOVA or f-test was adopted to compare the difference
among groups. Statistical significance was defined as p <0.05.

Results

Cell proliferation inhibition rate

According to the detection of MTT (Table 1), different
concentrations of Sal B had inhibitory effect on SKOV3
cell proliferation in vitro. In addition, the inhibitory ac-
tion strengthened with the increase of Sal B concentra-
tion and there existed a remarkable dose-response

Table 1. — Inhibition effect of Sal B on SKOV3 cell growth

(x£s).

Group Dosage (umol/L) ~ OD 490 nm Inhibition rate (%)
Control  — 0.435+0.012 —

Sal B 6.25 0.375 £ 0.008* 7.9

Sal B 12.5 0.328 £0.019* 13.6

Sal B 25 0.287 £0.015**  35.48

Sal B 50 0.181 £ 0.024**  60.32

Sal B 100 0.112 £ 0.010**  78.25

Compared with control group, “P<0.05, *P<0.01.

Table 2. — Effects of Sal B on SKOV3 cell cycle and apop-

tosis.

Group Dosage Go/Gq S (%) Goy/M Apoptosis
(umol/L) (%) (%) rate

Control — 32.96 55.52 11.52 235

Sal B 25 52.97*%%  3328%* 13775  3533%*

Sal B 50 56.68%*%  35.14** 818 41.57**

Sal B 100 64.38%*%  24.03**  11.59  63.29%*

Compared with control group, “p < 0.01.

relationship. Compared with control group, the

ODy49¢nm in every-dosage group decreased significantly
(p <0.05 or p <0.01). The half inhibitory concentration
(IC5() was calculated as 45.6 umol/L by Logit model
method.

SKOV3 cell cycle and apoptosis

Results showed that Sal B made the ratio of SKOV3
cells in Gp/G phase increase and that in S phase decrease
(Table 2). Compared with control group, the apoptosis
rate in each dosage group increased significantly (p <
0.01). Meanwhile, the apoptosis would strengthen with
the increase of Sal B dose.

SKOV3 cell karyon morphology

Hoechst33258 fluorescence staining showed that the
chromatin was even and karyomorphism was inerratic in
SKOV3 cell of control group. After the action of 0.7
mg/ml Sal B on SKOV3 cells, respectively for 24, 48, and
72 hours, the apoptotic cells could be seen and the vol-
ume of cells shrunk, with the apoptosis characteristics of
vacuoles inside cells, chromatic agglutination, and frag-
mentation, etc (Figure 1).

Expressions of livin and caspase-3 in SKOV3 cell

Sal B with different concentrations had a certain in-
hibitory effect on the expression of livin protein in SKOV3
cell, and this effect would enhance when the concentration
of Sal B increased. On the contrary, the relative content of
caspase-3 expression rose with the increase of Sal B con-
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Figure 1. — Effects of Sal B on SKOV3 cell karyon morphology.
A: Control group. B: Sal B treatment for 24 hours. C: Sal B treat-
ment for 48 hours. D: Sal B treatment for 72 hours.

centration. The differences between every-dose group and
control group had statistical significance (p < 0.01) (Fig-
ure 2).

Discussion

Ovarian cancer is a kind of polygenic and multi-stage
disease, which involves changes in multiple genes in-
cluding chromosome abnormalities, oncogene alteration,
antioncogene inactivation, apoptosis inhibition, etc [12].
Studies have shown that the occurrence and development
of tumor is not only related to abnormal cell proliferation
and differentiation, but also to the apoptotic dysfunction
[13]. Inhibition of cell apoptosis plays an important role
in the occurrence of ovarian cancer [14]. The present re-
sults showed that Sal B could obviously inhibit the growth
of SKOV3 cell in vitro and the cell apoptosis rate rose
with the increase of Sal B concentration. It suggested that
Sal B had the function of promoting apoptosis. This was
consistent with the relevant reports that traditional Chi-
nese medicine has the ability to eliminate ovarian cancer
cells by triggering cell apoptosis [15, 16].

One of the main features of malignant cell is uncon-
trolled and autonomous proliferation. Abnormal tumor
cell proliferation regulation is the result of cell cycle cor-
rection disorder, which causes the unlimited proliferation
of tumor cell and reduces cell death. Among the four cell-
cycle checkpoints, G1/S is the most important one [17].
Blocking or delaying action produced by antitumor drugs
on some point of tumor cell cycle will affect the process
of cell cycle and make tumor cell proliferation retard
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Figure 2. — Effects of Sal B on expressions of Livin and caspase-
3.

even stop, which brings the change of cell cycle phase
distribution. In this study, after the treatment of Sal B,
the proportion of SKOV3 cells in G(/G | phase increased
and that in S phase decreased and this trend was signifi-
cant dose-dependent. It could be concluded that Sal B
blocked the SKOV3 cells to enter into S phase and G2/M
phase and then inhibited cell growth further, which indi-
cated the anti-tumor effect of Sal B from the aspect of
cell cycle.

The process of cell apoptosis signal transduction is re-
garded as follows: various kinds of apoptosis that signals
outside cell are integrated by cell and form a complex
with their receptors. These complexes are delivered to a
group of cell apoptosis executors caspases that degrade
their specific substrates, which causes the cell apoptosis
finally [18]. Livin is a member of apoptosis inhibitory
protein family (IAPs). It can inhibit the activation of cas-
pase-3 to block the process of cell apoptosis and the over-
expression of livin may be the main factor for the
occurrence, development, and poor prognosis of tumor
[19, 20]. In the present experiment, under the action of
Sal B with different concentrations, the expression quan-
tity of apoptosis inhibitory protein livin was obviously re-
duced but the expression quantity of pro-apoptotic protein
caspase-3 increased significantly. This suggests that the
mechanism of Sal B inhibiting ovarian cancer SKOV3
cell that perhaps the anti-tumor function was realized by
regulating the expression of apoptosis-related proteins
[21, 22]. In conclusion, Sal B has a certain antitumor ef-
fect on ovarian cancer, which can provide theoretical and
experimental foundation for its application as the effec-
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tive cancer chemotherapy auxiliary drug.
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