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ABSTRACT: Anticancer activity of silibinin, a flavonoid, has been demonstrated in various cancer cell types. However, the
underlying mechanisms were not elucidated in human ovarian cancer cells. The present study was undertaken to examine the
effect of silibinin in vitro and in vivo on tumor growth in human ovarian cancer cells. Silibinin decreased cell viability in a dose-
and time-dependent manner. Silibinin caused an increase in reactive oxygen species (ROS) generation, and the silibinin-induced
cell death was prevented by the antioxidant N-acetylcysteine (NAC). Western blot analysis showed silibinin-induced
downregulation of extracellular signal-regulated kinase (ERK) and Akt. Transfection of constitutively active forms of MEK and
Akt prevented the silibinin-induced cell death. Oral administration of silibinin in animals with subcutaneous A2780 cells reduced
tumor volume. Subsequent tumor tissue analysis showed that silibinin treatment induced a decrease in Ki-67-positive cells, an
increase in transferase-mediated dUTP nick end labeling (TUNEL)-positive cells, activation of caspase-3, and inhibition of p-
ERK and p-Akt. These results indicate that silibinin reduces tumor growth through inhibition of ERK and Akt in human ovarian
cancer cells. These data suggest that silibinin may serve as a potential therapeutic agent for human ovarian cancers.
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Bl INTRODUCTION marianum) and has been extensively used for its hepatopro-
Ovarian cancer is the most lethal of the gynecologic tective effects in Europe and Asia. Recently, anticancer activities
malignancies." Because of a lack of effective biomarkers for of silibinin have been demonstrated in various in vitro and in
screening, more than 70% of ovarian cancers are diagnosed at vivo cancer models.* " Silibinin has been reported to restore

advanced stages and associated with high morbidity and
mortality.” Although a moderate percentage of patients initially
respond well to the first-line chemotherapy, recurrence is

sensitivity to paclitaxel'> and potentiate the activity of

. .13 . . .
cisplatin® in ovarian cancers. However, the anticancer efficacy

commonly observed. Recurrence is frequently accompanied by of silibinin alone in both in vitro and in vivo ovarian cancer
resistance to the platinum-based chemotherapy administered as models and the underlying mechanisms of action remain to be
first-line treatment.®> Therefore, novel anticancer agents, which elucidated.

operate via different mechanisms than that of platinum-based The present study was undertaken to determine the

drugs, are required to improve outcomes for women with
advanced ovarian cancer.
Flavonoids are common constituents of the human diet,

molecular mechanisms of silibinin in human ovarian cancer

cells in vitro and to examine in vivo efficacy of silibinin in a

present in fruits, vegetables, and medical herbs. Flavonoids can subcutaneous ovarian cancer animal model. Our data
be divided into various classes according to their molecular demonstrated that silibinin induces human ovarian cancer cell
structures; the main groups are ﬂavanols, flavanones, flavonols, death via a reactive oxygen species (ROS)-associated down-
flavones, anthocyanins, and isoflavone.* Recently, flavonoids regulation of extracellular signal-regulated kinase (ERK) and

have received much attention as potential chemopreventive and

. _ ) Akt in vitro and causes dramatic regression of tumor growth in
chemotherapeutic agents.’”” Because currently available & &

chemotherapeutic agents have serious side effects and drug vivo.

resistance, their use is limited in cancer treatment. Flavonoids

may be a very promising group of compounds exerting the Received: January 18, 2013

chemopreventive and chemotherapeutic effects. Revised:  April 9, 2013
Silibinin, a flavonoid, is a major bioactive component present Accepted: April 9, 2013

in silymarin isolated from the plant milk thistle (Silybum Published: April 9, 2013
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B MATERIALS AND METHODS

Reagents. Silibinin, N-acetylcysteine (NAC), 3-[4,S-dimethylth-
iazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), Hoechst 33258,
and propidium ijodide were purchased from Sigma-Aldrich Chemical
(St. Louis, MO). Tween 20 was purchased from Calbiochem (San
Diego, CA). 2',7'-Dichlorofluorescein diacetate (DCFH-DA) was
obtained from Molecular Probes (Eugene, OR). Antibodies were
obtained from Cell Signaling Technology, Inc. (Beverly, MA). All
other chemicals were of the highest commercial grade available.

Cell Culture. A2780 and SKOV3 cells were obtained from the
American Type Culture Collection (Rockville, MD) and maintained
by serial passages in 75 cm? culture flasks (Costar, Cambridge, MA).
The cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco BRL, Invitrogen, Carsbad, CA) containing 10%
heat-inactivated fetal bovine serum (HyClone, Logan, UT) at 37 °C in
a humidified 95% air/5% CO, incubator.

Normal ovarian surface epithelial (OSE) cells were provided by Dr.
Gil Mor (Yale University, New Haven, CT) and cultured in a 1:1
mixture of Medium 199 (WelGENE, Inc.) and MCDB 105 medium
(WelGENE, Inc.), supplemented with 15% fetal bovine serum,
penicillin/streptomycin (100 and 100 pg/mL), and L-glutamine (1
mM final concentration) at 37 °C in a 95% air and 5% CO, incubator.

When the cultures reached confluence, a subculture was prepared
using a 0.02% ethylenediaminetetraacetic acid dipotassium salt
dehydrate (EDTA)—0.05% trypsin solution. The cells were grown
on 96-well tissue culture plates and used 1—2 days after plating when a
70—80% confluent monolayer culture was achieved. Cells were treated
with silibinin in serum-free medium for 24 and 48 h. NAC was added
to the medium 30 min before silibinin exposure.

Measurement of Cell Viability. Cell viability was evaluated using
a MTT a.ssay.14 Culture medium containing 0.5 mg/mL MTT was
added to each well. The cells were incubated for 2 h at 37 °C. The
supernatant was removed, and the formed formazan crystals in viable
cells were solubilized with 0.11 mL of dimethyl sulfoxide. A 0.1 mL
aliquot of each sample was then transferred to 96-well plates, and the
absorbance of each well was measured at 550 nm with a ELISA Reader
(FLUOstar OPTIMA, BMG LABTECH, Offenburg, Germany). Data
were expressed as a percentage of the control measured in the absence
of silibinin.

Annexin V Staining Assay. Phosphotidylserine exposure on the
outer layer of the cell membrane was measured using the binding of
annexin V—fluorescein isothiocyanate (FITC). Cells were harvested
and washed with cold phosphate-buffered saline (PBS). The cells were
incubated for 15 min with annexin V—FITC and propidium iodide and
were analyzed by flow cytometry (Becton Dickinson, Franklin Lakes,
NJ).

Measurement of Reactive Oxygen Species (ROS). The
intracellular generation of ROS was measured using DCFH-DA. The
non-fluorescent ester penetrates into the cells and is hydrolyzed to
2',7’-dichlorofluorescin (DCFH) by the cellular esterases. The probe
(DCFH) is rapidly oxidized to the highly fluorescent compound 2',7'-
dichlorofluorescein (DCF) in the presence of cellular peroxidase and
ROS, such as hydrogen peroxide or fatty acid peroxides; thus, the
fluorescence intensity is proportional to the amount of ROS produced
by the cells. Cells cultured in 24-well plates were preincubated in the
culture medium with 30 uM DCFH-DA for 1 h at 37 °C. After
preincubation, the cells were exposed to 50 yM silibinin for indicated
times. Changes in DCF fluorescence were assayed using a FACSort
Becton Dickinson flow cytometer (Becton-Dickinson Bioscience, San
Jose, CA), and data were analyzed with CELLQuest Software. Each
measurement of ROS was performed 3 times in duplicate for
calculation of the mean fluorescent intensity, which represents the
amount of ROS generation. The mean fluorescent intensity was
plotted along the y axis in panels A and B of Figure 2.

Western Blot Analysis. Cells were harvested after silibinin
treatment and disrupted in lysis buffer [1% Triton X-100, 1 mM
ethylene glycol-bis(f-aminoethyleter)-N,N,N’,N’-tetraacetic acid
(EGTA), 1 mM EDTA, 10 mM Tris-HCI at pH 7.4]. Cell debris
was removed by centrifugation at 10000g for 10 min at 4 °C. The
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resulting supernatants were resolved on a 10% sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS—PAGE) under
denatured reducing conditions and transferred to nitrocellulose
membranes. The membranes were blocked with 5% nonfat dried
milk at room temperature for 30 min and incubated with primary
antibodies. The membranes were washed and incubated with
horseradish peroxidase-conjugated secondary antibodies. The signal
was visualized using enhanced chemiluminescence (Amersham,
Buckinghamshire, U.K.).

Transfection of Constitutively Active Form of MEK (caMEK)
and Akt (caAkt). Constitutively active forms of MEK and Akt were
kindly provided by Dr. P. G. Suh (POSTECH, Pohang, Korea). A 2 yig
cDNA sample was transiently transfected using Lipofectamine
(Invitrogen) according to the guidelines of the manufacturer. After 4
h of incubation at 37 °C, cells were maintained in normal culture
media for 24 h. In these experiments, cells transfected with an empty
vector were employed as a control.

In Vivo Tumor Growth Assay. A2780 cells (3 x 10°) were
injected subcutaneously into the right hind leg of 4-week-old female
Balb/c nude mice. After injection, animals were fed with 50 and 100
mg/kg doses of silibinin (n = §) in SO L of saline or with SO uL of
saline (vehicle; n = 5) by oral gavage daily. After 8 weeks, tumors were
excised and tumor volume was calculated using the following equation:
tumor volume (mm?) = (length X width?) X 7/6."* Tumors were fixed
in formalin, embedded in paraffin, and sectioned by standard methods
for immunohistochemical analyses.

Immunohistochemistry. Excised tumors were fixed in 4% (v/v)
paraformaldehyde in PBS and embedded in paraffin. The tumor
samples were subjected to antigen retrieval with 10 mM sodium citrate
buffer (pH 6.0) for 10 min and blocked with 8% bovine serum
albumin (BSA; Sigma) for 1 h. For immunostaining, sections were
incubated overnight at 4 °C with rabbit polyclonal anti-Ki-67 (1:1000
dilution), anti-p-ERK (1:500 dilution), anti-p-Akt (1:500 dilution),
and anti-caspase-3 (1:500 dilution) antibodies. The anti-Ki-67 sections
were then incubated with appropriate fluorescein (FITC) secondary
antibody for 1 h. Sections were stained with Hoechst 33258 for 15
min. For Ki-67 expression, a minimum of 400 cells were counted on
one section per mouse and expressed as the number of positive cells at
a magnification of 400X. Other sections were followed by biotinylated
anti-rat IgG (Vector Laboratories, Burlingame, CA), and staining was
visualized using biotin—avidin—peroxidase complexes (Vector Labo-
ratories) and diaminobenzidine (Vector Laboratories). Slides were
counter-stained with hematoxylin to allow for visualization of nuclei.
The diaminobenzidine (DAB)-positive cells were measured by the
color deconvolution plugin for Image] (NIH Image) and evaluated as
the percentage of area.

Terminal Deoxynucleotidyl Transferase-Mediated dUTP
Nick End Labeling (TUNEL) Assay. The TUNEL assay was
performed using an In Situ Cell Death Detection Kit (Roche, IN)
according to the instructions of the manufacturer, and pictures were
taken on an inverted fluorescence microscope. Briefly, slides were
deparaffinized and treated with permeabilization solution (0.1% Triton
X-100 + 0.1% sodium citrate) at 4 °C for 2 min to enhance the
staining. For detection of single- and double-stranded DNA breaks,
slides were incubated for 1 h at 37 °C with a TUNEL reaction mixture
(enzyme solution + labeling solution). Sections were stained with
Hoechst 33258 for 15 min. The TUNEL-positive cells were counted
and expressed as the percentage of total cells.

Statistical Analysis. The data were expressed as the mean =+
standard error of the mean (SEM), and the difference between two
groups was evaluated using the unpaired t test. Multiple group
comparison was performed using one-way analysis of variance
followed by Tukey’s post-hoc test. A probability level of 0.05 was
used to establish significance.

B RESULTS

Antiproliferative Effect of Silibinin on Ovarian Cancer
Cells. To determine the effect of silibinin on human ovarian
cancer cells, A2780 and SKOV3 cells were exposed to various
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Figure 1. Effect of silibinin on cell viability and apoptotis. (A) A2780 and SKOV3 cells were exposed to S0 M silibinin for 24 and 48 h. Cell viability
was estimated by the MTT assay. Data are the mean + SEM of four independent experiments performed in duplicate. () p < 0.05 compared to the
control without silibinin. (B) Cells were exposed to S0 uM silibinin for 48 h, stained with FITC-conjugated annexin V, and quantified by flow
cytometric analysis. Numbers indicate the percentage of cells in each quadrant. Early apoptotic and late apoptotic cells were shown in the right lower

and right upper quadrants, respectively.

concentrations of silibinin for 24 and 48 h. As shown in Figure
1, silibinin decreased cell viability in a time- and dose-
dependent manner, with similar patterns in both cell types.
Silibinin induced approximately 58—65% of cell viability at SO
UM after 48 h of exposure. In subsequent experiments,
therefore, we exposed cells to 50 yM silibinin for 48 h.

To determine whether the reduction in cell viability was due
to apoptosis, an annexin V binding assay was performed.
Silibinin treatment increased apoptosis from 0.25% in the
control to 42.09% and from 0.21 to 26.19% in A2780 and
SKOV3 cells, respectively (Figure 1B). These results indicate
that silibinin-induced reduction in cell viability is largely due to
apoptosis.

We next examined the effect of silibinin on cell viability in
the normal ovarian epithelial cells (OSE). Silibinin did not
induce significant changes in cell viability even after exposure of
S0 uM for 48 h (MTT assay: 98.80 = 3.37% of the control; n =
4).

Role of ROS Generation in Silibinin-Induced Cell
Death. To determine whether silibinin induces ROS
generation in human ovarian cancer cells, A2780 and SKOV3
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cells were exposed to silibinin for 24 and 48 h and changes in
DCF fluorescence were measured. Silibinin caused a significant
increase in ROS generation after silibinin treatment in both cell
types (panels A and B of Figure 2).

To ascertain whether ROS generation is involved in the
silibinin-induced cell death, the cell viability after the addition
of antioxidant NAC was measured. The silibinin-induced cell
death was prevented by the addition of NAC (Figure 2C),
suggesting that the silibinin-induced cell death is associated
with ROS generation in human ovarian cancer cells.

Role of ERK and Akt in Silibinin-Induced Cell Death.
ERK and Akt play a pivotal role in cell proliferation,
differentiation, and survival.'®™'® If these kinases are down-
regulated by silibinin, cell death could be induced. To assess
this possibility, activities of these kinases were evaluated by
detecting their phosphorylation forms. Cells were exposed to
silibinin for indicated times, and changes in the phosphor-
ylation of ERK and Akt were estimated by western blot analysis
using antibodies specific to the respective phosphorylated form.
Silibinin treatment caused a decrease in phosphorylation of
these kinases (panels A and B of Figure 3).

dx.doi.org/10.1021/jf400192v | J. Agric. Food Chem. 2013, 61, 4089—4096
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Figure 2. Role of ROS generation in silibinin-induced cell death. (A)
A2780 and (B) SKOV3 cells were loaded with DCFH-DA for 1 h and
treated with 50 yM silibinin for 24 and 48 h. DCF fluorescence
intensity was measured by flow cytometry. Data are the mean + SEM
of three experiments performed in duplicate. () p < 0.05S compared to
the control. (C) Cells were treated with SO uM silibinin in the
presence or absence of 2 mM NAC for 48 h. Cell viability was
determined by the MTT assay. Data are the mean + SEM of four
independent experiments performed in duplicate. (%) p < 0.0S
compared to silibinin alone.

To evaluate whether downregulation of ERK and Akt is
responsible for the silibinin-induced cell death, the effect of
silibinin on cell viability was examined in cells transfected with
constitutively active forms of MEK (caMEK), the upstream
kinase of ERK, and Akt (caAkt). Transfection of caMEK and
caAkt prevented effectively the silibinin-induced cell death
(Figure 3C), suggesting that downregulation of ERK and Akt
plays a critical role in the silibinin-induced cell death.

To ascertain whether the downregulation of ERK and Akt by
silibinin is associated with ROS generation, the effect of
antioxidant NAC on the downregulation of these kinases was
examined. The silibinin-induced inhibition of ERK and Akt
phosphorylation was blocked by NAC (Figure 3D). These
results indicate that ROS generation may act upstream for the
downregulation of ERK and Akt in ovarian cancer cells exposed
to silibinin.

Effect of Silibinin on Ovarian Tumor Growth in Vivo.
To determine the antineoplastic effect of silibinin in vivo, A2780
cells were injected subcutaneously into Balb/c nude mice. After
injection, silibinin or vehicle (saline) was given by oral gavage
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Figure 3. Role of ERK and Akt in silibinin-induced cell death. (A)
A2780 cells were exposed to S0 uM silibinin for various times.
Expression of phospho-ERK (p-ERK) and phospho-Akt (p-Akt) was
evaluated using the specific antibodies. (B) Quantitative data of
densitometric analysis. Data are the mean + SEM of three
independent experiments. (%) p < 0.05 compared to the control.
(C) A2780 cells were transfected with constitutively active forms of
MEK (caMEK) and Akt (caAkt) and exposed to S0 M silibinin for 48
h. Cell viability was estimated by the MTT assay. Data are the mean =+
SEM of four independent experiments performed in duplicate. () p <
0.05 compared to the control. (#) p < 0.05 compared to the empty
vector. (D) A2780 cells were exposed to SO uM silibinin in the
presence or absence of 2 mM NAC for 24 h. Expression of p-ERK and
p-Akt was evaluated by western blot analysis. C, control; S, silibinin;
and NAC, N-acetylcysteine.

daily. Because previous studies have shown that doses of 100—
200 mg/kg of silibinin exert antitumor effects in the animal
model of colorectal cancer and human bladder cancer®'® and
glioblastoma, animals were gavaged orally with 50 and 100
mg/kg doses of silibinin. All vehicle mice developed
subcutaneous tumors with a volume of approximately 1166
mm?® after 8 weeks. In each case, the tumor volume in the
silibinin-treated mice was significantly smaller than that of
vehicle mice (panels A and B of Figure 4).

Effect of Silibinin on the Proliferation and Apoptosis
in Vivo. To assess whether silibinin inhibits tumor proliferation
in vivo, Ki-67 expression was evaluated. Silibinin treatment
decreased the proliferative rate of tumor cells (Figure 5). While
A2780 cells from the vehicle mice showed almost no TUNEL-
positive cells, tumor cells from mice treated with silibinin
showed a marked increase in TUNEL-positive cells (Figure 6)
and activation of caspase-3 (Figure 7), which indicated that
silibinin induced apoptosis in vivo.

Effect of Silibinin on the Activation of ERK and Akt in
Vivo. To assess whether silibinin affects activation of ERK and
Akt in vivo, phosphorylation of ERK and Akt was evaluated.
Tumor tissues of animals treated with 50 mg/kg of silibinin
alone were chosen for these studies, because tumor volume was
too small in animals treated with 100 mg/kg of silibinin.
Activation of ERK and Akt was apparent in tumor tissues of
vehicle mice, which was significantly inhibited by silibinin
treatment (Figure 7).

dx.doi.org/10.1021/jf400192v | J. Agric. Food Chem. 2013, 61, 4089—4096
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Figure 4. Effect of silibinin on ovarian tumor growth in Balb/c nude
mice. A2780 cells (2 X 10°) were injected subcutaneously into the
right hind leg of 4-week-old female nude mice. After injection, silibinin
(50 and 100 mg/kg) in SO uL of saline or with SO uL of saline
(vehicle) was administered by oral gavage daily. The tumor volume
was recorded weekly throughout experiments. After 8 weeks, the
tumors were excised and tumor volume was calculated using the
following equation: tumor volume (mm?®) = (length X width®) X 7/6.
Data in panel B are the mean + SEM of five animals in each group. ()
p < 0.05 compared to the vehicle group.

B DISCUSSION

Although the antioxidant effect of flavonoids has been well-
known,® they may also behave as a pro-oxidant, generating
ROS, which is responsible for cell death in some cancer
cells.”*~>* However, the role of ROS in the silibinin-induced
cell death is not clear in human ovarian cancer cells. In the
present study, silibinin increased ROS generation and the
antioxidant NAC prevented the silibinin-induced cell death
(Figure 2). These results indicate that the silibinin-induced cell
death is possibly linked with ROS generation and are consistent
with those reported in human glioma cells.”® In our previous
study,”® we observed that silibinin induced cell death via a
Ca**/ROS/MAPK-dependent mechanism in glioma cells.
Silibinin caused an intracellular Ca** increase and ROS
production. The silibinin-induced ROS generation was blocked
by the addition of Ca®" chelator EGTA, implying that silibinin
causes ROS generation through a Ca**-dependent mechanism.
Although we did not assess the role of Ca* in silibinin-induced
ROS generation in the present study, one possible mechanism
of ROS production by silibinin is through a Ca**-dependent
mechanism in ovarian cancer cells. The detailed mechanism of
silibinin-induced ROS generation is still not clear. p53 was
found to be related to silibinin-induced ROS generation in
fibrosarcoma HT1080 cells, melanoma A375-S2 cells, and
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Figure S. Effect of silibinin on cell proliferation in tumor tissues.
Animals were sacrificed at 8 weeks after subcutaneous injection of
A2780 cells. Tumor tissues were incubated with rabbit anti-Ki-67 at 4
°C overnight. Counterstaining was carried out with Hoechst 33258.
The green color shows Ki-67-positive cells. (A) Representative and
(B) quantitative results of five animals are shown. Data are the mean +
SEM of five animals in each group. (%) p < 0.05 compared to the
vehicle group.

breast cancer MCE-7 cells.”> ™" Fan et al. suggested the JNK—
p53—ROS };athway in silibinin-induced ROS generation in
HelLa cells.”

ERK is activated by a variety of extracellular signals, including
mitogens, contributes to the proliferative responses in cells, and
is considered to be an essential common element of mitogenic
signaling.m’29 Its constitutive expression causes cell trans-
formation and plays a putative role in carcinogenesis and drug
resistance.’® However, the effect of flavonoids on ERK
activation is controversial. Activation of ERK is inhibited by
flavonoids in vascular smooth muscle cells,*' human epidermal
carcinoma cells,®* and neuronal cells,*® whereas its activity is
increased following flavonoid treatment in lung cancer cells.*
Previously, we observed that ERK is activated by silibinin*® and
inhibited by kaempferol®* in human glioma cells. These studies
suggest that the effect of flavonoids on ERK activation may be
dependent upon cell types and flavonoid structures. In the
present study, silibinin caused an inhibition of ERK
phosphorylation (panels A and B of Figure 3) and the
silibinin-induced cell death was prevented by overexpression of
ERK (Figure 3C). These data imply that downregulation of
ERK signaling pathway plays an important role in the silibinin-
induced cell death in ovarian cancer cells.

The Akt signaling pathway plays a critical role in the
transmission of signals from growth factor receptors to regulate
gene expression and prevent apoptosis. The relationship

dx.doi.org/10.1021/jf400192v | J. Agric. Food Chem. 2013, 61, 4089—4096
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Figure 6. Effect of silibinin on apoptosis in tumor tissues. Animals
were sacrificed at 8 weeks after subcutaneous injection of A2780 cells,
and tumor tissues were sectioned. Apoptosis (green) was estimated
with the TUNEL assay using an In Situ Cell Death Detection Kit. (A)
Representative and (B) quantitative results of five animals are shown.
Data are the mean + SEM of five animals in each group. () p < 0.0S
compared to the vehicle group.

between dysregulated Akt activity and the initiation of cancer is
well-documented.®® It has been reported that the aberrant
activation of Akt signaling in ovarian cancer may be used as a
predictive marker of patient outcomes.*® Therefore, regulation
of the Akt signaling pathway may be a promising target for the
clinical management of ovarian cancers. In the present study,
Akt was highly activated in A2780 cells, and the Akt activation
was inhibited by silibinin (panels A and B of Figure 3). The
silibinin-induced cell death was also prevented by transfection
of caAkt (Figure 3C). These data imply that silibinin induces
ovarian cancer cell death through inhibition of the Akt pathway.

ROS induces the activation of multiple signaling pathways,
including Akt and ERK, leading to cell survival or cell death.*”
On the other hand, the ability of ROS to trigger down-
regulation of the ERK and Akt pathway has also been
reported.>®*® In the present study, inhibition of Akt and ERK
by silibinin was blocked by the antioxidant NAC (Figure 3D),
suggesting that ROS generation may act upstream of the
downregulation of ERK and Akt.

To evaluate the antineoplastic effect of silibinin in vivo, tumor
growth after subcutaneous implantation of A2780 cells was
examined in nude mice. Oral silibinin administration markedly
reduced tumor volume (Figure 4). Silibinin treatment also
caused inhibition of cell proliferation and induction of
apoptosis, as evidenced by a decrease in Ki-67-positive cells
(Figure 5), an increase in TUNEL-positive cells (Figure 6), and

. - -

4094

p-Akt

Caspase—.‘!

Silibinin

(S0mg/kg)

(B) = 0 Vehicle
£ W m Silibinin
L‘.‘l -
8 60 |
o
>
Z a0}
= :
o
2 2} *
[11]
<
o
p-ERK p-Akt Caspase3

Figure 7. Effect of silibinin on activation of phospho-ERK (p-ERK),
phospho-Akt (p-Akt), and caspase-3 in tumor tissues. Animals were
sacrificed at 8 weeks after subcutaneous injection of A2780 cells.
Tumor tissues of animals treated with 50 mg/kg of silibinin were
incubated with anti-p-ERK, anti-p-Akt, and anti-caspase-3 antibody,
followed by biotinylated anti-rat IgG, and staining was visualized using
biotin—avidin—peroxidase complexes and diaminobenzidine. Slides
were counter-stained with hematoxylin to allow for visualization of
nuclei. DAB-positive cells were measured by the color deconvolution
plugin for Image]. Data are the mean + SEM of five animals in each
group. (%) p < 0.05 compared to the vehicle group.

caspase-3 activation (Figure 7). Silibinin treatment caused the
downregulation of ERK and Akt phosphorylation in vivo
(Figure 7).

The concentration of silibinin in the blood after oral gavage
was not provided in this study. An assay that can accurately
quantify the concentration of silibinin in the blood is necessary
for proper pharmacokinetic analysis. Wu et al.* reported that
the absolute oral bioavailability of silibinin in rats was calculated
to be about 0.95%. After silibinin administration in rats, the
disposition of silibinin in the plasma and bile fluid was due to
rapid distribution and equilibration between the blood and
hepatobiliary system, and the bile levels of unconjugated
silibinin and total silibinin were greater than those in the
plasma.

Taken together, the results of the present study demon-
strated that silibinin inhibits ovarian tumor growth through
inhibition of proliferation and induction of apoptosis. ERK and
Akt signaling pathways play a critical role in the antineoplastic
action of silibinin. A further study to understand better the
cytotoxicity of silibinin is required in ovarian tumor xenograft
through the blood biomarker assay. The data that we present
herein suggest that silibinin may be considered a potential
candidate in the treatment of human ovarian cancers.
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