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Abstract. Scutellaria altissima L. is a common traditional 
Chinese medicine used to treat inflammation in some coun-
tries. Scutellarin, an active major flavone glycoside isolated 
from the traditional Chinese medicine Scutellaria altissima L., 
has been shown to offer various beneficial biochemical effects 
on cerebrovascular diseases and inflammation. However, 
the antiproliferative effects of Scutellarin in prostate cancer 
and the underlying mechanism are not fully elucidated. In 
the present study, we aimed to ascertain whether Scutellarin 
inhibits cancer cell growth and to further explore the 
molecular mechanism. Scutellarin enhanced the sensitivity 
of prostate cancer cells to cisplatin. MTT assays revealed 
that cell viability was significantly decreased in the prostate 
cancer cells treated with Scutellarin. Flow cytometric analysis 
indicated that Scutellarin suppressed cell proliferation by 
promoting G2/M arrest and inducing apoptosis. We employed 
western blotting to delineate the underlying mechanisms 
involved in the G2/M arrest and apoptosis. Comet assay and 
γH2AX immunocytochemistry were used to detect levels of 
DNA damage in PC3 cells exposed to Scutellarin and/or cispl-
atin. Our data revealed that Scutellarin significantly induced 
prostate cancer cell apoptosis by activating the caspase 
cascade. An increase in the Bax/Bcl-2 ratio, depolarization 
of mitochondrial membrane potential and cell cycle arrest at 
G2/M phase were accompanied by the apoptosis induction. 

Additionally, Scutellarin altered the protein expression of cell 
cycle and apoptosis regulatory genes by downregulating Cdc2, 
cyclin B1 and Bcl-2 and upregulating caspase-3, caspase-9 and 
Bax in prostate cancer cells. Furthermore, Scutellarin sensi-
tized PC3 cells to cisplastin treatment in a dose-dependent 
manner. Taken together, our data confirmed the cytotoxicity of 
Scutellarin against prostate cancer PC3 cells and provide new 
findings in regards to Scutellarin sensitizing prostate cancer 
cells to chemotherapy. Our findings suggest that Scutellarin 
has potential to be used as a novel antineoplastic therapeutic 
candidate for prostate cancer patients.

Introduction

Prostate cancer remains the second cause of cancer-related 
death among men (1). It is difficult to detect this tumor at an 
early stage, and poses a major challenge for treatment (2). Due 
to late diagnosis and increasing chemoresistance of prostate 
cancer, the five-year survival rate of patients remains <50% 
after chemotherapeutic regimens and cytoreductive surgery (3). 
Prostate cancer metastasizes and transfers easily, is recurrent 
and is also resistant to chemotherapy, thus resulting in a high 
mortality rate (4). Therefore, development of novel effective 
and less toxic drugs is urgent for prostate cancer patients.

Recently, many types of bioactive phytochemicals play a 
vital role in tumor suppression and antioxidant capacity (5,6). 
Many flavone glycoside bioactive phytochemicals, such 
as hesperidin and puerarin, have been identified to exhibit 
anticancer activity (7,8). Scutellarin is one of the effective 
bioactive phytochemicals found in the traditional Chinese 
herbal medicine Scutellaria altissima L. (9). It is a traditional 
Chinese medicinal plants commomly used for upper respira-
tory infection, pneumonia and high blood pressure (10,11). 
Scutellaria altissima L. is a plant from the family Lamiaceae 
found on the top of the hills and slopes, and in forest margins 
in China. The chemical formula of Scutellarin is C21H18O12. 
Scutellarin has been widely used to treat cardiovascular 
and cerebrovascular diseases (12). It has been revealed that 
Scutellarin exhibits a variety of pharmacological actions, 
including antioxidative, anti-inflammatory and vasodilator 
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activity  (13,14). It has been confirmed to show antitumor 
effects in many types of cancers, such as gastric and breast 
cancer, glioblastoma, prostate, lung and hepatocellular cancer 
by inhibiting tumor cell growth, metastasis and inducing cell 
cycle arrest and mitochondrial pathway-mediated apoptosis. 
However, there is no sufficient evidence confirming the 
effects of Scutellarin on prostate cancer cells and the under-
lying molecular mechanisms remain unclear. Thus, whether 
Scutellarin can sensitize cancer PC3 cells to chemotherapy has 
not been revealed.

In the present study, our results showed that Scutellarin 
exerts antitumor effects on prostate cancer cells and we 
furthered explored the molecular mechanism underlying this 
process. Data from the present study revealed that Scutellarin 
significantly induced dose-dependent apoptosis and sensitized 
PC3 cells to cisplatin through induction of DNA breaks. Our 
results show that Scutellarin warrants future development as 
an effective and novel drug for patients with prostate cancer.

Materials and methods

Materials, reagents and chemicals. Antibodies against 
caspase-3, caspase-9, Bcl-2, Bax, Cdc2, cyclin B1, β-actin 
and γH2AX were obtained from Cell Signaling Technology 
Inc. (Beverly, MA, USA). The enhanced chemiluminescence 
(ECL) kit was purchased from Amersham Life Science, Inc. 
(Arlington Heights, IL, USA). The Annexin V-conjugated FITC 
apoptosis detection kit and JC-1 mitochondrial membrane 
potential detection kit were purchased from NanJing KeyGen 
Biotech Co., Ltd. (Nanjing, China). The Comet Assay kit 
was from NanJing KeyGen Biotech Co., Ltd. (Nanjing, 
China). 3-(4,5-Dimethylthiazole-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) and 4'6-diamidino-2-phenylindole dihy-
drochloride (DAPI) were obtained from Sigma Chemical 
Co. (St. Louis, MO, USA). Scutellarin (>98%) powder was 
purchased from Sichuan Best-Reagent Industry Co., Ltd. 
(Sichuan, China, lot no. B01146801) and dissolved in dimethyl 
sulfoxide (DMSO). The final concentration of DMSO was 
0.1% in all groups and had no effect on cell viability. The 
chemical formula of Scutellarin is C21H18O12.

Cell lines and cell culture. The prostate cancer cell line PC3 
was purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA) and cultured in Dulbecco's 
modified Eagle's medium (DMEM) supplemented with 10% 
fetal bovine serum (FBS) and 100 U/ml penicillin (all from 
Gibco-BRL, Grand Island, NY, USA) at 37̊C with 5% CO2.

Cell viability assays. The effect of Scutellarin on the viability 
of cells was detected by MTT assay. The cells (1x104/well) 
were seeded into 96-well plate and incubated for 24 h. After 
treatment with Scutellarin (0, 100, 200, 300, 400, 500 or 
600 µM) for 24, 48 and 72 h, the viability of the cancer cells 
was detected with MTT assay. Twenty microliters (20 µl) of 
MTT solution [5 mg/ml in phosphate-buffered saline (PBS)] 
was added to each well, and the mixtures were incubated 
for 4 h at 37̊C. Then, the MTT solution was removed and 
150 µl of DMSO was added to the wells. The absorbance was 
measured using a Multiskan Ascent plate reader at 540 nm 
wavelength.

Cell cycle analysis by flow cytometry. The cells were treated 
with Scutellarin (0, 200, 400 or 600 µM) for 24 h, washed 
twice with PBS and fixed with 70% ethanol overnight at 4̊C. 
Following fixation, the DNA fragments were stained in PBS 
containing propidium iodide (PI) and RNase A for 1 h at 
37̊C. The DNA content was evaluated on a flow cytometer 
Accuri C6 (BD Biosciences, Franklin Lakes, NJ, USA). The 
data were analyzed using ModFit LT V4.1.

DAPI staining assay. Approximately 4x104  cells/well of 
prostate cancer cells were treated with Scutellarin at 0, 200, 
400 or 600 µM for 24 h. Cells in each well were stained with 
DAPI before fixation with 3.7% formaldehyde. The cells 
were then washed with PBS and detected using fluorescence 
microscopy.

Cell apoptosis by flow cytometry. The extent of apopotosis 
was evaluated by flow cytometry using Annexin V-FITC. 
After treatment with 0, 200, 400 or 600 µM Scutellarin for 
24 h, prostate cancer cells were harvested and washed with 
PBS for three times, and then incubated with Annexin V-FITC 
and PI for 10 min in the dark. The cells were detected by a flow 
cytometer Accuri C6.

Assay for mitochondrial membrane potential. Changes in 
mitochondrial membrane potential of prostate cancer cells 
were detected by flow cytometry using JC-1 detection kit. 
After treatment with 0, 200, 400 or 600 µM Scutellarin for 
24 h, cells were harvested and incubated with JC-1 dye for 
15 min at 37̊C according to the manufacturer's protocol. The 
cells were detected by a flow cytometer Accuri C6.

Colony formation assay. Cells (500 cells per 35-mm dish) 
were plated before treatment. Then, 1 ml medium with or 
without drug was added into each well. Cells were fixed 
using 70% ethanol, and stained using crystal violet (Sigma, 
St. Louis, MO, USA) dissolved in 10% ethanol for 15 days. The 
number of colonies was obtained by cell counting. Colonies 
were defined as a minimum of 50 cells in a group.

Comet assay. DNA damage induction of Scutellarin in 
hepatocellular carcinoma cells was determined using the 
Comet assay, according to the manufacturer's protocol. 
Briefly, cells were treated with Scutellarin (200 µM) and/or 
cisplatin (6 µM) for 48 h in complete medium, and then cells 
were harvested and resuspended in ice-cold PBS buffer. We 
used the concentration of 6 µM for cisplatin and 200 µM for 
Scutellarin as these concentrations do not inhibit the prolif-
eration of cells significantly, and thus it could be ascertained 
whether Scutellarin enhances the sensitivity of prostate cancer 
cells to cisplatin. Approximately 1x104 cells in a volume of 
75 µl of 0.5% (w/v) low-melting-point agarose were pipetted 
into a frosted glass slide coated with a thin layer of 1.0% (w/v) 
agarose, covered with a coverslip, and allowed to set on ice for 
10 min. Following removal of the coverslip, the slides were 
immersed in ice-cold lysis solution. After 2 h at 4̊C, the slides 
were placed into a horizontal electrophoresis tank filled with 
electrophoresis buffer and subjected to electrophoresis for 
30 min at 30 V at 4̊C. Cells were stained with 2.5 µg/ml PI for 
5 min and visualized under a microscope at a magnification of 
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x200. Tail length from a minimum of 10 cells was quantified 
as the distance from the center of the cell nucleus to the tip of 
the tail.

γH2AX immunocytochemistry. Cells were seeded on micro-
scope slides and treated with Scutellarin (200 µM) and/or 
cisplatin (6 µM). Cells were fixed with 4% polyformaldehyde, 
washed with PBS and blocked with 1% bovine albumin 
serum with 0.1% Triton-X. Slides were washed in PBS, and 
then incubated with γH2AX primary antibody at a dilution of 
1:800 in 1% BSA in PBS overnight at 4̊C with gentle shaking. 
Cells were then washed three times in PBS before incubating 
in the dark with goat anti-rabbit IgG/FITC-conjugated 
secondary antibody at a dilution of 1:1,000 in 1% BSA in PBS 
for 2 h. Nuclei were counterstained with DAPI (1 µg/ml) in 
PBS for 5 min. Images were collected using a fluorescence 
microscope.

Western blotting. The total protein was extracted from 
the cell samples using lysis buffer (Beyotime, Shanghai, 
China) and protease inhibitor (Biocolors, Shanghai, China). 
Lysis buffer and protease inhibitor were used after being 

mixed in a proportion of 1:100. Equal amounts of protein 
were loaded on a 10% SDS-PAGE gel. The lysates were 
resolved by electrophoresis (80 V for 30 min and 120 V 
for 1.5 h), and transferred onto polyvinylidene difluoride 
(PVDF) membranes (nitrocellulose membrane; Bio-Rad, 
Hercules, CA, USA). After blocking in 5% nonfat milk for 
1 h at room temperature, incubation was carried out with 
the different antibodies overnight at 4˚C. This was followed 
by incubation with relevant secondary antibodies for 1 h at 
room temperature. Protein bands were visualized using the 
Chemiluminescent ECL assay kit for each group and the 
Bio-Rad ChemiDoc XRS+ image analyzer. Protein expres-
sion levels were quantitatively determined using ImageJ 
software (National Institutes of Health, Bethesda, MD, 
USA). β-actin was used as an internal reference for protein 
expression in the treated cells.

Statistical analysis. Data are presented as means ± SD for 
three independent experiments. Statistical differences between 
two groups were analyzed using a Student's t-test by GraphPad 
Prism  5.0 (GraphPad Software, San Diego, CA, USA). A 
significant difference was considered as P<0.05.

Figure 1. Effect of Scutellarin on the proliferation of prostate cancer cells. (A) Chemical structure of Scutellarin. (B) Prostate cancer PC3 cells were treated 
with Scutellarin (0, 100, 200, 300, 400, 500 or 600 µM) for 24, 48 and 72 h. Cell viability was determined by MTT assay. (C) The proliferative effect of 
Scutellarin on PC3 cells by colony formation assay. The surviving colonies were stained. (D) Cells were photographed with inverted contrast microscopy 
at a magnification of x200. Data shown are representatives of three experiments; *Significant difference (P<0.05) and **/***extremely significant difference 
(P<0.01/P<0.001) compared to the control group.
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Results

Scutellarin inhibits prostate cancer cell proliferation. The 
chemical structure of Scutellarin is shown in Fig. 1A. In order 
to determine the cytotoxic effects of Scutellarin on prostate 
cancer cells, cell viability was detected by MTT assay. Prostate 
cancer PC3 cells were treated with different concentrations of 
Scutellarin (0, 100, 200, 300, 400, 500 or 600 µM) for 24, 48 or 
72 h (Fig. 1B). Scutellarin exhibited cytotoxicity against the 
PC3 cells. The prostate cancer cells treated with Scutellarin 
showed a reduced proliferation capacity in a dose- and time-
dependent manner (P<0.05).

In order to determine the long-term growth inhibitory 
effects, we pre-incubated PC3 cells with Scutellarin (0, 200, 
400 or 600 µM) for 24 h, washed the cells, and cultured 
them for 7 additional days. As shown in Fig. 1C, the colony 
formation ability of the prostate cancer cells was significantly 
reduced in a dose‑dependent manner.

In addition, the morphological changes in prostate cancer 
cells were examined under a phase contrast microscope. PC3 
cells cultured with complete DMEM without Scutellarin 
displayed a normal shape with 60% confluency for 24 h. 

However, the cell confluence was markedly reduced and the 
morphologic changes in PC3 cells were also quite obvious 
after Scutellarin treatment. The cells started to shrink, lost 
their normal shape, became round and ultimately detached 
from the culture dish (Fig. 1D). All of these results indicated 
that Scutellarin inhibited prostate cancer cell growth and 
caused cell death.

Scutellarin induces G2/M arrest. To further demonstrate that 
the growth inhibition of human prostate cancer cells leads to 
alterations in cell cycle distribution, cells were treated with 
Scutellarin and stained with PI. The percentage of cells in 
each stage of the cell cycle was evaluated by flow cytom-
etry (Fig. 2A). Treatment of the human prostate cancer PC3 
cells with Scutellarin (0, 200, 400 or 600 µM) for 24 h resulted 
in accumulation of cells in the G2/M phase from 16.6%±2.1 to 
47.2%±2.3 (P≤0.01; Fig. 2B).

Scutellarin induces prostate cancer cell apoptosis. To assess 
whether the growth inhibitory effect of Scutellarin on PC3 
cells was associated with apoptosis, the prostate cancer cells 
were stained with DAPI and observed under a fluorescence 

Figure 2. Cell cycle distribution analysis by flow cytometry. (A) Cell cycle analysis of PC3 cells following Scutellarin (0, 200, 400 or 600 µM) treatment for 
24 h by flow cytometry. (B) Histogram showing the percentage of cells in the G2/M phase; *Significant difference (P<0.05) compared to the control group.
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microscope (Fig. 3A). After treatment with different concen-
trations of Scutellarin (0, 200, 400 or 600  µM) for 24  h, 
nuclear chromatin condensation and fragmented punctuate 
blue nuclear fluorescence were observed in the prostate cancer 
cells in a dose-dependent manner, which was similar to the 
morphological changes in the apoptotic cells, while the control 
cells displayed normal and intact nuclei. This suggested that 
Scutellarin may induce prostate cancer cell apoptosis.

To further investigate whether the antitumor effects of 
Scutellarin on PC3 cells are associated with apoptosis, the 
apoptotic cell percentages were analyzed by flow cytom-
etry (Fig. 3B). After treatment with different concentrations 
of Scutellarin for 24 h, the numbers of early and late apoptotic 
cells were significantly increased compared to these numbers 
in the control group. The percentage of total apoptotic cells 
was 2.7% in the PC3 control cells (early-stage, 2.7%; and late-
stage, 0%), 14.9% in the cells treated with 200 µM Scutellarin 
(early-stage, 8.3%; and late‑stage, 6.6%), 35.4% in the cells 
treated with 400 µM Scutellarin (early-stage, 22.2%; and 
late-stage, 13.2%) and 59.8% in the cells treated with 600 µM 
Scutellarin (early-stage, 29.4%; and late‑stage, 30.4%).

It is known that changes in mitochondrial membrane 
potential involved in apoptosis are induced by mitochondrial 

damage (15). To explore the effect of Scutellarin on mitochon-
drial membrane potential, the cells were treated with Scutellarin 
and mitochondrial membrane potential was detected by JC-1 
dye. As shown in Fig. 3C, the average percentage of green 
fluorescence-positive PC3 cells was 37.1% in the control cells, 
42.3% in cells treated with 200 µM Scutellarin, 64.7% in cells 
treated with 400 µM Scutellarin and 90.0% in cells treated 
with 600 µM Scutellarin. These results showed a significant 
dose-dependent increase in green fluorescence-positive cells, 
suggesting occurrence of the loss of mitochondrial membrane 
potential with Scutellarin treatment. Thus, the apoptosis of 
prostate cancer cells by Scutellarin was associated with the 
damage of the mitochondrial membrane.

Chemosensitizing effects of Scutellarin on PC3 cells. Although 
research has been carried out to investigate the antitumor 
activities of Scutellarin (16), to date no research studies have 
been performed to explore the sensitizing effects of Scutellarin 
on tumor cells. In the present study our data showed that cell 
death induced by cisplatin treatment was further enhanced by 
combination with Scutellarin treatment in a dose-dependent 
manner (Fig. 4A), which proved the chemosensitizing effects 
of Scutellarin on PC3 cells. Scutellarin sensitized PC3 cells 

Figure 3. Scutellarin induces the apoptosis of prostate cancer PC3 cells. (A) Morphology of cell nuclei in the PC3 cells treated with Scutellarin were observed 
after DAPI staining (magnification, x100). (B) PC3 cells were treated with Scutellarin (0, 200, 400 and 600 µM) for 24 h. Annexin V/PI staining was performed 
to detect apoptosis. The lower right quadrant of the fluorescence activated cell sorting (FACS) histogram indicates the percentage of early apoptotic cells 
(Annexin V+/PI- stained cells), while the upper right quadrant indicates the percentage of late apoptotic cells (Annexin V+/PI+ stained cells). (C) The PC3 cells 
were treated with Scutellarin (0, 200, 400 and 600 µM) for 24 h and then harvested, stained with JC-1 dye, and finally analyzed using flow cytometry to assess 
changes in mitochondrial membrane potential.
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Figure 5. (A) DNA damage in PC3 cells was examined by comet assays. The cells were treated with cisplatin (6 µM) and/or Scutellarin (200 µM). The tail 
length of comets was measured in each cell and the tail length is expressed in µm as a mean ± SD from at least 10 cells in each treatment group; *Significant 
difference (P<0.05) and **extremely significant difference (P<0.01), compared with the negative control. (B) DNA damage in PC3 cells was examined by 
immunofluorescence staining. The cells were treated with cisplatin (6 µM) and/or Scutellarin (200 µM), and the cells wer examined for γ-H2AX foci forma-
tion. (C) The expression of γ-H2AX was examined by western blot analysis.

Figure 4. Scutellarin enhances cisplatin-induced cell death. (A) The cell viability inhibitory effects of the single and combined treatment were analyzed using 
MTT assay. Cisplatin-induced cell death was further enhanced by combination with Scutellarin treatment in a dose-dependent manner. (B) Colony formation 
assay was performed to verify the proliferative potential of PC3 cells after cisplatin (6 µM) and/or Scutellarin (200 µM) treatment. Data shown are representa-
tives of three experiments; *Significant difference (P<0.05) and **extremely significant difference (P<0.01) compared to the control group.
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to cisplatin-induced cytotoxicity. PC3 cells were treated 
with different concentrations of cisplatin (3-12 µM) for 24 h 
in the presence or absence of different doses of Scutellarin 
(50-200 µM). Cell viability was measured using MTT assay 
as described in the Materials and methods section and 
presented as a percentage of the control. Data are presented 
as mean ± standard deviation (SD). The inhibition of colony 
ability by cisplatin treatment significantly enhanced after 
combination with Scutellarin treatment in the prostate cancer 
cells (Fig. 4B).

DNA damage is induced by cisplatin and/or Scutellarin in 
PC3 cells. Cisplatin is one of the most important chemothera-
peutic agents for cancer treatment (17). To further investigate 
the effect of Scutellarin on cisplatin sensitivity through induc-
tion of DNA damage, cells were treated with Scutellarin 
and/or cisplatin, and comet assay and immunofluorescence 
staining was carried out 24 h later. Scutellarin combined with 
cisplatin induced a significant increase in the frequency of 
DNA damage using the comet assay (Fig. 5A).

We further used the immunofluorescence focus assay to 
measure the levels of DNA damage in PC3 cells exposed 
to Scutellarin and/or cisplatin. An increase in the cellular 
levels of γ-H2AX foci is associated with the formation of 

double-strand breaks (DSBs) in DNA. γ-H2AX can there-
fore be considered as a marker of general DNA damage. We 
used specific antibodies to determine the levels of γ-H2AX 
foci (Fig. 5B). Scutellarin increased the sensitivity to cisplatin 
through induced DNA damage, as shown by the higher level of 
γ-H2AX expression (Fig. 5C).

Scutellarin decreases cyclin B1 and Cdc2 expression. To inves-
tigate the mechanism underlying the cell cycle arrest induced 
by Scutellarin, we tested the effect of this compound on Cdc2 
and cyclin B1 protein levels. As shown in Fig. 6A, western blot 
analysis revealed that Scutellarin decreased the protein levels 
of cyclin B1 and Cdc2 in a dose-dependent manner.

Effects of Scutellarin on apoptosis-related proteins. Since 
Scutellarin induced apoptosis in prostate cancer cells, we 
further investigated the apoptosis-related proteins involved 
in this process by western blotting. The level of β-actin 
served as an internal control. We found that the expression 
of anti-apoptotic protein Bcl-2 inthe  prostate cancer cells 
treated with Scutellarin was decreased in a dose-dependent 
manner (Fig. 6B). The expression of caspase-3 and caspase-9 
were also assessed. The results showed that cleaved-
caspase-3 and caspase-9 expression levels were upregulated 

Figure 6. Effects of Scutellarin on cyclin B1, Cdc2 and apoptosis-related protein expression. (A) The protein levels of cyclin B1 and Cdc2 were measured by 
western blotting. β-actin served as a loading control. (B) The protein levels of cleaved-caspase-3, cleaved-caspase-9, Bcl-2 and Bax were measured by western 
blotting. β-actin served as a loading control. All experiments were repeated three times. Data analysis was performed using ImageJ software by measuring the 
integrated band densities following background subtraction. Each bar represents the means ± SD calculated from three independent experiments. *Significant 
difference (P<0.05) and **extremely significant difference (P<0.01), compared to the control group.
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in the Scutellarin-treated prostate cancer cells. These results 
suggest that Scutellarin activates the caspase-dependent 
pathway.

Discussion

Prostate cancer patients still face the challenging problem of 
chemotherapy resistance (18). Monomer compounds derived 
from herbal medicine have been demonstrated as therapeutic 
agents for current cancer treatment  (19,20). Therefore, we 
explored the latent capability of Scutellarin on prostate 
cancer cells in the hope to discover new and effective drugs 
for prostate cancer patients. Scutellarin, a well known phyto-
chemical composition of Scutellaria altissima L. was found 
to have widespread applications as an anti-inflammatory (21), 
anti-hepatitis (22) and antioxidation agent (23). Moreover, the 
anticancer effect of Scutellarin has been previously docu-
mented (16). Our results here explored the effects of Scutellarin 
on prostate cancer cells to develop a novel effective anticancer 
drug.

Monomer compounds extracted from plants have been 
reported to induce cell cycle arrest (24) and apoptosis (25). 
Proliferation inhibition and apoptosis induction can be trigger 
by cell cycle arrest in cancer cells (26). Cdc2 and cyclin B1 are 
involved in controlling the G2/M checkpoint (27), and some 
anticancer-drugs induce G2/M  arrest by deregulating the 
expression of cyclin B1 and Cdc2 (28,29). The results in the 
present study indicated that treatment of the prostate cancer 
cells with Scutellarin induced G2/M arrest which was mainly 
due to a decrease in cyclin B1 and Cdc2 expression.

Various natural compounds have been found to prevent 
the growth of tumor cells by inducing apoptosis  (30,31). 
Apoptosis is programmed cell death which plays a vital role in 
eliminating the mutated or increased growth of cancer cells. 
Therefore, induction of apoptosis has become a major target 
of most anticancer agents. Our data indicated that prostate 
cancer cells treated with Scutellarin displayed specific apop-
totic morphological changes. In addition, flow cytometry data 
further indicated that the percentages of early and late apop-
totic cells were markedly increased following treatment of 
Scutellarin. All these data indicated that Scutellarin induced 
apoptosis in prostate cancer cells.

Mitochondrial proteins directly activate cellular apoptotic 
programs (32). Bcl-2 protein is involved in the mitochondrial-
associated apoptotic pathway (33). Downregulation of the 
Bcl-2 protein level leads to loss of mitochondrial membrane 
potential and triggers a series of apoptotic events such as 
activation of caspase-9 and caspase-3. In the present study, 
Scutellarin significantly decreased Bcl-2 protein expression 
accompanied by upregulation of cleaved-caspase-9 and -3 
levels in prostate cancer cells. All these results indicated 
that Scutellarin treatment induced apoptosis through the 
mitochondrial-associated apoptotic pathway in prostate 
cancer cells.

Cisplatin [cis-diamminedichloroplatinum II (cDDP)] is 
one of the most effective cancer chemotherapeutic agents and 
is used in the treatment of many types of human malignancies. 
Cisplatin is considered to be a cytotoxic drug, for damaging 
DNA and inhibiting DNA synthesis, resulting in apoptosis 
via the mitochondrial death pathway or plasma membrane 

disruption (34). However, inherent tumor resistance is a major 
barrier to effective cisplatin therapy  (35). Therefore, it is 
necessary to discover new antitumor mechanisms and enhance 
cisplatin sensitivity. In the present study, DNA damage was 
determined using comet assay and confirmed by detection 
of γH2AX, a biomarker for DNA double-strand breaks. We 
observed DNA damage after cisplatin and/or Scutellarin 
treatment, as indicated by an increase in tail length and 
accumulation of γH2AX. The results indicated that Scutellarin 
treatment enhanced chemosensitivity by strengthening 
cisplatin-induced DNA damage in prostate cancer cells.

In conclusion, we demonstrated that Scutellarin exerts 
an antitumor effect through inhibition of cell proliferation, 
induction of apoptosis and G2/M arrest, and Scutellarin also 
sensitized prostate cancer PC3 cells to chemotherapy. Our 
results suggest the potential use of Scutellarin as a new and 
effective antitumor treatment for prostate cancer patients.
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