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Swerchirin exerts anticancer activity on SKOV3 human ovarian cancer cells via induction of mitochondrial apoptosis,
G2/M cell cycle arrest and inhibition of Raf/MEK/ERK cascade
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Results: The results indicated that swerchirin reduced the
cell viability in a dose-dependent manner and exhibited an
IC50 of 20 µM at 48 hrs of incubation. The anticancer activity of swerchirin was found to be due mitochondrial apoptosis and G2/M cell cycle arrest. This anticancer activity of
swerchirin against SKOV3 was found to be concentrationdependent and increased with increase in the concentration
of swerchirin. Additionally, swerchirin inhibited the expression of phospho-MEK and phospho-ERK in a dose-dependent manner.
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Purpose: Ovarian cancer is one of the major causes of
death in females around the world. There are several drug
regimens available for this type of cancer, but despite initial
response to chemotherapy, the disease consistently relapses,
showing that there is a need to find more efficient and novel
anticancer agents. Plant-derived natural products may
prove beneficial in this case due to their lower cytotoxicity.
In the present study we evaluated the anticancer activity
of swerchirin against human SKOV3 ovarian cancer cell
line.
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Conclusion: In summary, we conclude that swerchirin significantly increased SKOV3 cell death due to cell cycle arrest, loss of MMP, apoptosis and inhibition of Raf/MEK/
ERK pathway.
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Methods: Cell viability was evaluated by MTT colorimetric
assay. Effects on the cell cycle phase distribution as well as
mitochondrial membrane potential (MMP) were evaluated
by flow cytometry. Effects on cell apoptosis were evaluated
by annexin-V/propidium iodide (PI) staining assay while
effects on apoptosis related protein expressions were evaluated by Western blot assay.

Introduction

Ovarian cancer is one of the most deadly malignancies across the globe, while chemotherapy
still remains the backbone for its management
[1,2]. According to an estimate, more than 20,000
new cases of ovarian cancer and 14,000 new
deaths have been recorded in United States only
in 2013 [2]. Although surgical interventions may
prove useful in the treatment of ovarian cancer,
most of the cases are diagnosed at advanced disease stages. Additionally, despite frequent pre-

liminary responses to chemotherapy, the disease
often relapses. Moreover, there are limited chemotherapeutic agents available for the management of ovarian cancer [3,4]. So far, bevacizumab
is the only approved therapy in ovarian cancer for
which consistent analytical markers are yet to be
established. Xanthones are secondary metabolites
commonly occurring in higher plant families, fungi, and lichens. Their pharmacological properties
have raised great interest. Structures of xanthones
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Methods
Chemicals, reagents, cell line and culture conditions

SKOV3 cells were seeded at a density of 2×105
cells/well in a 6-well plates, kept for 24 hrs and treated
with 10 mM swerchirin for 6-72 hrs at 37°C in 5% CO2
and 95% air. Thereafter, cells from all samples were collected, washed twice by PBS and re-suspended in 500
μl DiOC6 (1 μmol/l) for MMP at 37°C in the dark for 30
min. The samples were then examined instantly using
flow cytometer as previously described [9].
Assessment of apoptotic cell populations
SKOV3 cells at a density of 2×105 cells/well were
seeded in 6-well plates and were administered 10 to
40 mM swerchirin for 48 hrs. The cells were then subjected to annexin V/PI treatment. Afterwards, the cell
sample was studied by fluorescent microscopy as previously described [10].
Determination of protein expression by western blotting
analysis
The swerchirin-administered cells were harvested
and lysed. The protein concentrations of the lysates
were quantified by bicinchoninic acid assay (BCA) using
specific antibodies. β-actin was used as a control. From
each sample equal amounts of protein were loaded and
separated by electrophoresis on a 12% denaturing SDS
gel. Afterwards, the proteins were then electroblotted
on polyvinylidene difluoride membranes (0.45 m pore
size).
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Swerchirin (purity ≥98%), annexin V-fluorescein
isothiocyanate (FITC)/propidium iodide (PI) apoptosis
detection kit, and MTT were procured from SigmaAldrich (St. Louis, MO, USA). Dulbecco’s Modified
Eagle’s Medium (DMEM), fetal bovine serum (FBS),
penicillin, streptomycin and phosphate buffered saline (PBS), supplemented with calcium chloride and
magnesium chloride, were procured from Gibco Life
Technologies, Grand Island, NY, USA. All other chemicals and solvents used were of the highest purity
grade. Ovarian cancer cell line cell SKOV3 was procured from Cancer Research Institute of Beijing, China,
and it was maintained in DMEM supplemented with
10% FBS and antibiotics (100 μg/ml streptomycin and
100 U/ml penicillin G) in a incubator at 37ºC (5% CO2
and 95% air).

Determination of MMP
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are related to that of flavonoids and their chromatographic behaviors are also similar [5]. Xanthones have reported to exhibit anticancer activities
against a range of cancers [6]. Swerchirin is an
important xanthone generally isolated from the
plants of Gentianaceae family. Plants belonging to
this family are well known for their bitter taste
owing to the presence of xanthones and are used
in traditional remedies against fever, loss of appetite and are still used in many “tonic” formulations [7]. The present study was designed to evaluate the anticancer properties of swerchirin against
the ovarian cancer cell line SKOV3.
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Statistics
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All experiments were carried out in triplicate. The
values obtained were the mean ± standard deviation
(SD) of the triple experiments and were considered significant at p<0.05.
MTT assay for assessment of cell viability
Student’s t-test using GraphPad7 software was employed
for statistical analyses.
The anti-proliferation effect of swerchirin on ovarian cancer SKOV3 cells was demonstrated by MTT ([3(4, 5-Dimethylthiazole-2-yl)-2, 5-duphenyltetrazolium Results
bromide]) assay. SKOV3 cells were grown at 1×106 cells
per well in 96-well plates for 12 hrs and then exposed Effect of swerchirin on cell viability of SKOV3 human
to doubling dilutions starting from 2.5 to 40 μM swer- ovarian cancer cells
chirin dose for 24 and 48 hrs. To each well, MTT solution (20 μl) was added. Prior to the addition of 500 µl of
To identify the anti-proliferative effect of
DMSO, the medium was completely removed. To solu- swerchirin (Figure 1) on ovarian cancer SKOV3
bilize MTT formazan crystals, 500 μl DMSO was added. cells, cells were treated with swerchirin concenELISA plate reader was used for the determination of
optical density (OD).
Estimation of cell cycle distribution of SKOV3 cells
For estimation of cell cycle distribution, the cells
were seeded in 6-well plates (2×105 cells/well) and
swerchirin treatment was given to the cells at doses
of 0, 10, 20 and 40 µM followed by 24-h incubation.
For estimation DNA content, PBS was used to wash the
cells and fixed in ethanol at -20°C. This was followed by
re-suspension in PBS holding 40 μg/ml PI and RNase A
(0.1 mg/ml) and Triton X-100 (0.1%) for 30 min in the
dark at 37°C. Afterwards, analysis was carried out by
flow cytometry as previously reported [8].
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Figure 1. Chemical structure of swerchirin.
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µM concentration of swerchirin, however tremendous increase in G2 phase cells was observed at 40
µM. This swerchirin-induced G2 phase increase of
SKOV3 cancer cells was found to exhibit a dose–
dependent pattern.
Effect of swerchirin on MMP
Since mitochondria play an important role in
the normal functioning of cells and disruption of
mitochondrial integrity may cause cell death, we
speculated whether swerchirin reduces the MMP
in SKOV3 cells treated with swerchirin at varied
concentrations (0-40 µM). Our results indicated
that swerchirin-treated SKOV3 cells showed a significant reduction in MMP in a dose-dependent
manner. The MMP was reduced by 67% at 40 µM
of swerchirin as compared to untreated control
(Figure 4).

C

Figure 2. Effect of indicated doses swerchirin on ovarian
cancer cell viability. The experiments were carried out in
triplicate and expressed as mean ± SD (*p <0.05). The results indicate that swerchirin decreases significantly cell
viability in a concentration-dependent manner.
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tration ranging from 0-40 µM for 48 hrs. Swerchirin displayed potent anti-proliferative effect
against SKOV3 cells and significantly reduced the
cell viability, exhibiting an IC50 20 µM at 48 hrs of
incubation (Figure 2). This anti-proliferative activity of swerchirin was found to be concentrationdependent and increased with increasing concentration of swerchirin.
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Effect of swerchirin on cell cycle phase distribution of
SKOV3 cells
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Swerchirin caused alterations in cell cycle
distribution of ovarian cancer SKOV3 cancer cell
line. It was observed that the percentage of SKOV3
cells was considerably increased in G2 phase at
swerchirin concentrations of 0 to 40 µM, causing
G2/M cell cycle arrest (Figure 3). Additionally,
the populations of SKOV3 cells in G2 phase were
slightly but significantly increased at a dose of 10

Figure 4. Effect of indicated swerchirin doses on mitochondrial membrane potential carried out by flow cytometry. The images are representatives of three biological
experiments. The Figure shows that swerchirin decreases
the mitochondrial membrane potential in a concentrationdependent manner.

Effect of swerchirin on induction of apoptosis in
SKOV3 cells

Figure 3. Effect of indicated doses swerchirin on cell cycle distribution as determined by flow cytometry. The experiments were carried out in triplicate and the images are
representatives of three biological replicates. This Figure
shows that swerchirin increases the cells at G2/M phase of
the cell cycle in a concentration-dependent manner.

Analysis of apoptotic cells indicated that
swerchirin administration caused cancer cells apoptosis in a concentration-dependent manner. The
apoptotic cell populations increased from 5.2% in
control to 67.8% at 40 µM concentration (Figure
5). Furthermore, the results showed that swerchirin induced cytosolic cytochrome c, Bax, cleaved
caspase 3 and cleaved caspase 9 expressions with
associated suppression of Bcl-2 expression as
compared to the untreated cells taken as control
JBUON 2018; 23(1): 113
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(Figure 6). Additionally, treatment of SKOV3 cells
with swerchirin also caused cleavage of PARP
fragment (Figure 6), an endogenous substrate of
activated caspase-3 and its cleavage is known to
be characteristic of cell apoptosis. Taken together,
the results indicate that mitochondria and Bcl-2
family members were associated with swerchirintriggered cell apoptosis in SKOV3 cells.
Swerchirin targets Raf/MEK/ERK signalling pathway
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Figure 6. The effect of indicated doses of swerchirin on
the expression of caspase-dependent mitochondrial apoptosis pathway proteins in SKOV3 cells. Representative images of cytochrome c, Bax, Bcl-2, PARP, cleaved caspase 9
and cleaved caspase 3 protein expression detected by western blot. β-actin was used as a control. The results indicate
that swerchirin enhances the expression of Cytochrome c,
Bax, PAPRP, cleaved caspase 9 and 3 but downregulates
the expression of Bax.
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Figure 5. Effect of indicated doses of swerchirin on
SKOV3 cell apoptosis as depicted by annexin V/PI staining.
The images are representatives of three biological experiments. The results indicate that the apoptotic cell populations increase in a concentration-dependent manner.
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The protein expressions of Raf/MEK/ERK signalling pathway were evaluated using Western
blot assay. The findings are shown in Figure 7 and
indicate an interesting outcome. Compared to the
untreated control cells, swerchirin-treated cells
showed a concentration-dependent downregulation phospho-MEK and phospho-ERK in a dosedependent manner. Thus it may be concluded that
swerchirin induced anticancer partially through
via Raf/MEK/ERK signalling pathway.
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Figure 7. Effect of indicated doses of swerchirin on protein expression of MEK/ERK signaling pathway determined by western blotting. β-actin was used as a control.
The images are representatives of three biological experiments. The results of this Figure indicate that swerchirin
decreases the expression of p-ERK and p-MEK in a concentration-dependent manner.

Discussion
Ovarian cancer is one among the main reasons
of gynecological cancer-related deaths around the
globe. Despite initial responses to chemotherapy,
the disease consistently relapses. Xanthones, like
swerchirin, have recently received attention for
their antitumorigenic activity [5,6]. In the present
study swerchirin showed potential growth inhibiting activity against SKOV3 cells as evidenced
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sis revealed that swerchirin caused considerable
downregulation of Bcl-2 expression and upregulation of Bax protein, therefore ultimately favoring apoptosis. Additionally, swerchirin elevated
caspase 3 and caspase 9 as well as cleaved PARP
expression in a concentration-dependent manner. It was also observed that swerchirin induced
intracellular ROS alterations in SKVO3 ovarian
cells in a dose–dependent manner. Flow cytometry using PI as a probe was used to study the effects of swerchirin on cell cycle progression. Further, it was shown that swerchirin could inhibit
SKOV3 cancer cells in a concentration-dependent
manner. These findings are promising since it is
well established that ovarian cancer is one of the
most lethal malignancies and swerchirin could inhibit this process. The induction of the Raf/MEK/
ERK signalling pathway is one of the main Rascontrolled cascades, and has been reported to be
linked to cancer cell proliferation and survival. It
is believed that that inhibition of the Raf/MEK/
ERK pathway may prove a handy target for inhibition of tumor cell growth [16]. Therefore, targeting Raf/MEK/ERK pathway is a favorable strategy
for cancer treatment. Our experiments indicated
that SKOV3 ovarian cancer cells were sensitive
to swerchirin in vitro. Swerchirin inhibited the
Raf/MEK/ERK pathway through suppression
of p-MEK and p-ERK in a dose-dependent manner which is consistent with studies carried out
previously.
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from the MTT cell viability assay. As previously
reported, many drugs exhibit antiproliferative
effect through apoptotic cell death. For example
several chemotherapeutic drugs, such as cisplatin [12,13], have been reported to alter apoptotic
pathways. Additionally, drug resistance is partially explained by the ability of cancer cells to bypass apoptosis [14]. One of the reasons for apoptosis might be the observed capacity of swerchirin
to cause cell cycle arrest as it induced the G2/M
phase increase of SKVO3 cancer cells in a dose–
dependent manner. Cell cycle and apoptosis are
known as the main controlling mechanisms for
cell growth and proliferation. Apoptotic cell death
is triggered when explicit checkpoints are arrested during cell cycle [12]. Consistent with this,
several anticancer agents lead to cell cycle arrest
and have been found to be clinically effective for
cancer treatment [15]. Further, drugs with apoptosis-inducing properties may potentially minimize
drug resistance. Our results indicated that cells
treated with swerchirin induced apoptosis in vitro
in a dose-dependent manner as evidenced by annexin V/PI staining. Although apoptosis is triggered though different routes, the mitochondrial
pathway is a crucial signalling pathway in the
induction of apoptosis. It is well established that
Bcl-2 family proteins are frequently main players in the mitochondrial apoptotic pathway. The
anti-apoptotic and pro-apoptotic protein members of Bcl-2 protein family control apoptosis by
regulating the mitochondrial membrane permeability [15]. While Bcl-2 is a strong antiapoptotic
protein, Bax is inducer of apoptosis. Bax is present in the outer membrane of the mitochondria,
facilitating the discharge of cytochrome c and
stimulating caspase 9. Caspase 3 is activated by
proteolytic cleavage of caspase 9 and is a key apoptotic executive caspase. Stimulation of the caspase signalling and concomitant PARP cleavage
is considered as the main feature of the apoptotic
cascade. In the present study involvement of the
mitochondrial apoptotic pathway in swerchirininduced cell death were first detected by the observed reduction in the MMP. This was further
strengthened by the changes observed in the Bcl2 and Bax expression levels since mitochondrial
malfunction is often due to MMP loss and discharge of cytochrome c release into the cytosol.
We observed swerchirin lessened the MMP, leading to cytochrome c release from the mitochondria into the cytoplasm. Protein expression analy-
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Conclusion
Taken together, we conclude that swerchirin
may prove a potential candidate for the treatment
of ovarian cancer by controlling Raf/MEK/ERK
signalling pathway. With limited drug options
available and limited toxicity associated with naturally occurring plant-derived molecules, swerchirin seems a strong option and deserves further
research endeavors.
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