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ABSTRACT Silymarin is an active principle from the seeds of the milk thistle plant and is widely used as a hepatoprotective

gent due to its antioxidant-like activity. In the present study, we evaluated the potential efficacy of silymarin against oral

cancer and investigated its possible mechanism of action. Cell viability assay and western blotting analyses were used to

identify silymarin-induced apoptotic cell death in human pharynx squamous cell carcinoma (FaDu) cells. The short interfering

RNA (siRNA) is used to confirm the role of phosphatase and tensin homolog (PTEN) in silymarin-induced apoptosis.

Treatment of FaDu cells with silymarin resulted in a significant decrease in cell viability (up to 70%). Silymarin inhibited the

phosphorylation of Akt (over 10-fold) with an increase in expression of PTEN (five to sixfold). Consequently, the level of

Bcl-2 expression was decreased five to sixfold and caspase 3 activated to induce apoptosis. Treatment with siRNA specific to

PTEN gene diminished the action of silymarin. The results suggest that silymarin inhibits the Akt signaling pathway by

increasing PTEN expression in FaDu cells and directly affects Bcl-2 family members. Also, we demonstrated the inhibitory

activity of silymarin for oral cancer is related to cell survival. These mechanisms may in part explain the actions of silymarin

and provide a rationale for the development of silymarin as an anticancer agent.
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INTRODUCTION

S ilymarin is an active principle obtained from seeds of
the milk thistle plant Silybum marianum (L.) Gaertn.

(Asterceae). It contains *65–80% silymarin flavonolignans
(silymarin complex) with small amounts of flavonoids
and *20–35% fatty acids and other polyphenolic com-
pounds.1 It is a mixture of flavonolignans, which are widely
used as herbal medicine and/or dietary supplement in the
treatment of alcoholic liver disease, acute and chronic viral
hepatitis, or toxin-induced liver damage.2,3 Silymarin is
known to be safe and well tolerated for protecting against
liver injury.4–6 Silibinin is another active principle of milk
thistle, the polyphenolic flavonoid that is a known antioxi-
dant and/or free radical scavenger.7–9

Apoptosis is a physiological cell suicide program that can
be evoked in response to stimuli such as ionizing radiation,
toxins, and anticancer drugs. The induction of apoptosis is

known to be an efficient and promising strategy to kill
cancer cells.10 Many plant extracts and phytochemicals have
been reported to induce apoptosis in cancer cell lines.11–13

The PI3K/Akt pathway is a pivotal signaling pathway,
which controls cell growth, survival, proliferation, and tumor
genesis.14,15 PI3K-activated (phosphorylated) Akt promotes
cell survival by inhibiting apoptosis through its ability to
phosphorylate/inactivate downstream targets of apoptotic
machinery, such as anti-apoptotic Bcl-2 family member
Bcl-2 and pro-apoptotic Bcl-2 family member BAD.16 The
(PI3K)/Akt pathway is regulated by several critical upstream
factors, for example, tumor suppressor phosphatase and
tensin homolog (PTEN).17 The tumor suppressor gene PTEN
is one of the most common targets of mutation in human
cancers. Genetic mutation of PTEN resulted in increased Akt
activity in many types of tumor.18 PTEN exerts a tight reg-
ulatory control over the PI3K pathway and downstream
functions, including activation of protein kinase B/Akt, cell
survival, cell proliferation, and cell migration.19,20 Inhibition
of the PI3K/Akt pathway has been targeted as a strategy for
drug development.21 For instance, some of the dietary phy-
tochemicals have been shown to down regulate PI3K/Akt
pathway and induced apoptosis.
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Previous reports have shown that apoptosis can be in-
duced by silibinin in hepatocellular carcinoma (HCC) by
increasing production of caspase 3 or 9,22 or by inhibiting
p-survivin.23 Also, it has been indicated that silibinin sig-
nificantly increased PTEN expression and activity that was
further associated with reduced p-Akt production in HCC
xenograft tissue.24 However, the anti-cancer effect of sily-
marin related to PTEN expression is still obscure. The
current study investigated the effect of silymarin on oral
cancer and investigated the potential mechanism(s) relating
to PTEN/PI3K/Akt pathway.

Head and neck squamous cell carcinomas of the oral
cavity, pharynx, and larynx occur at a rate of *500,000
new cases per year worldwide25 and represent the sixth
most common human neoplasm.26 One of the active com-
ponents of silymarin, silibinin, has been reported to inhibit
the activation of ERK1/2 in SCC-4 tongue cancer cells.27

Our previous report indicated that silymarin had the po-
tential to suppress the survival, migration, and invasion of
C-33A cancer cells in vitro.28 However, the effect of si-
lymarin on oral cancer is still unknown. FaDu is derived
from the human pharynx squamous cell carcinoma and the
effect of silymarin on the squamous cell carcinoma from
lower oral cavity is still unknown. Thus, we used it in this
study.

MATERIALS AND METHODS

Reagents

Silymarin, silibinin, and MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Opti-MEM� I
Reduced Serum Medium, Stealth� Select RNAi (short in-
terfering RNA [siRNA]-PTEN), scramble siRNA (siRNA-
control), and Lipofectamine 2000� were purchased from
Invitrogen (Carlsbad, CA, USA). Antibodies against cas-
pase 3, Bcl-2, p-Bad, and actin were purchased from Mil-
lipore (Bedford, MA, USA). Antibodies against Akt and
phospho-Akt (Ser 473) were purchased from Cell Signaling
Technology (Beverly, MA, USA). Antibodies against
PTEN were purchased from Abcam (Cambridge, United
Kingdom).

Cell cultures

FaDu cells, a human pharynx squamous cell carcinoma
cell line, were obtained from the Culture Collection and
Research Center of the Food Industry Institute (Hsinchiu
City, Taiwan). The FaDu cells were cultured in a-MEM
(Hyclone, Logan, UT, USA) supplemented with 10% (v/v) FBS,
100 IU/mL penicillin (100 lg/mL) streptomycin, sodium
pyruvate (0.11 mg/mL), and 1% (v/v) nonessential amino
acids at 37�C in 5% CO2:95% air with high humidity.
After *60% confluence, serum-free cell medium with
varying final concentrations of silymarin (28.8, 38.4, 48,
57.6, and 67.2 lg/mL) were dispersed and cells were cul-
tured for a further 24 h. The cells were harvested by treating
with 0.25% trypsin with 0.2 g/L EDTA for further studies.

MTT assay for cytotoxicity

Cell viability and survival was determined by MTT (3-
(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide) assay.29 Briefly, 104 cells were plated in 96-well
plates in triplicate and treated with different concentrations
of the compounds during 6, 12, 24, and 48 h. After treat-
ment, the medium was removed and replaced with 100 lL/
well of fresh medium and 10 lL of MTT (final concentration
0.5 mg/mL) was added to each well. The plates were incu-
bated at 37�C for 4 h, allowing viable cells to reduce the
yellow tetrazolium salt into dark blue formazan crystals.
The formazan crystals were dissolved using a solution of
0.01 M HCl/SDS 10%. Finally, the absorbance in each
individual well was determined at 595 nm, absorbance of
the cells counted by Synergy HT Multi-Mode Microplate
Reader (BioTek, Winooski, VT, USA). The results of the
assays were presented as mean – SEM. The data were col-
lected from the time- and dose-responsed data of at least three
independent experiments. Cells were treated with various
concentrations of silymarin (0–140 lM) at the time point of 6,
12, 24, or 48 h, as described in the previous study.30

Western blot analysis

Protein was extracted from tissue homogenates and
cell lysates using ice-cold radioimmunoprecipitation assay
(RIPA) buffer supplemented with phosphatase and prote-
ase inhibitors (50 mM sodium vanadate, 0.5 mM phenyl-
methylsulphonyl fluoride, 2 mg/mL aprotinin, and 0.5 mg/mL
leupeptin). Protein concentrations were determined using
the Bio-Rad protein assay (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Total proteins (30 lg) were separated
by SDS/polyacrylamide gel electrophoresis (10% acrylam-
ide gel) using the Bio-Rad Mini-Protein II system. Protein
was transferred to polyvinylidene difluoride membranes
(PerkinElmer, Waltham, MA, USA) with a Bio-Rad Trans-
Blot system. After transfer, the membranes were washed
with phosphate-buffered saline (PBS) and blocked for 1 h at
room temperature with 0.05 g/ml skimmed milk powder in
PBS. Blots were incubated overnight at 4�C for the primary
antibody reactions to bind the target protein such as PTEN.
The blots were incubated with goat polyclonal antibody
(1:1000) to bind the actin serving as the internal control.
After the removal of primary antibody, the blots were ex-
tensively washed with PBS/Tween 20. The blots were then
incubated for 2 h at room temperature with the appropriate
peroxidase-conjugated secondary antibody diluted in PBS/
Tween 20. The blots were developed by autoradiography
using the enhanced chemiluminescence western blotting sub-
strate (Amersham International, Buckinghamshire, United
Kingdom). The immune blots were quantified with a laser
densitometer (Avegene Life Science, Taipei, Taiwan).

Short interfering RNA

Duplexed RNA oligonucleotides for human PTEN
(Stealth RNAi) were synthesized by Invitrogen. FaDu cells
were transfected with 40 pmol of PTEN-specific siRNAs
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(siRNA-PTEN) or scrambled siRNA using serum-free Li-
pofectamine 2000 (Invitrogen) according to the manufac-
turer’s protocols, and treated 48 h post-transfection. The
sequences of the siRNA-PTEN were AUU GUC AUC UUC
ACU UAG CCA UUG G (sense strand) and CCA AUG
GCU AAG UGA AGA UGA CAA U (antisense strand) as
described previously.31

Statistical analysis

Data are expressed as the mean – SEM in one group as
indicated. Repeated measures analysis of variance (ANOVA)
was used to analyze the changes in gene and protein ex-
pression or other parameters. A P value of .05 or less was
considered significant.

RESULTS

Cytotoxicity of silymarin against FaDu cells

To screen the inhibitory effect of silymarin on FaDu cells,
cytotoxicity assays were carried out as described above.
Figure 1A shows the survival curves of FaDu cells treated
with various concentrations of silymarin for different ex-
posure times. The survival curves shifted to the left with
longer drug exposures. The 50% inhibitory concentration
values for silymarin treatment were estimated to be 28.8–
67.2 lg/mL for 6, 12, 24, and 48 h, respectively. The control
cells were treated with ethanol (0.1%), which did not affect
cell proliferation, viability, or morphology (survival rate:
100% for 0 h, 99.34% for 6 h, 97.62% for 12 h, 95.40% for
24 h, and 93.41% for 24 h). These data indicate that sily-
marin exerts a significant cytotoxic effect on FaDu cells in a
dose- and time-dependent manner. Also, the time point at
24 h and the dose of 57.6 lg/mL showed the plateau re-
garding the inhibitory effect of silymarin on FaDu cells.
Thus, this time point and the dose were used in all experiments.

Silymarin inhibits Akt by enhancing PTEN expression

The effects of silymarin on expression of PTEN were
examined by western blot analysis. As shown in Figure 1B
and C, the expression level of phosphorylated AKT was
decreased with an increase of PTEN in FaDu cells treated
with silymarin for 24 h in a concentration-dependent
manner.

Silymarin induces caspase-dependent cell apoptosis

Apoptosis is a type of programmed cell death that is
caspase dependent.32 To determine whether silymarin-
induced apoptosis was caspase 3 dependent, the levels of
pro-caspase 3, cleaved-caspase 3, and Bcl-2 were visualized
by western blot of protein extracts from cells treated with
silymarin. A concentration-dependent decrease in the
levels of Bcl-2 and p-Bad was observed in FaDu cells when
treated with silymarin (Fig. 2). The increase of cleaved-
caspase 3 was also observed. These results indicate that
silymarin-induced cell death mediated caspase-dependent
apoptosis.

FIG. 1. Silymarin inhibits Akt by enhancing PTEN expression and
cytotoxicity in FaDu cells. Cell proliferation and viability were de-
termined by an MTT assay. Reduced cell viability was observed with
silymarin treatment (28.8–67.2 lg/mL) at 6, 12, 24, and 48 h (A).
Proteins isolated from FaDu cells were probed with antibodies against
PTEN (B), p-AKT, and AKT (C). The same membrane was re-probed
with the antibody for b-actin to verify that equal amounts of protein
were loaded. Data are expressed as the mean – SE (n = 4 for each
group). **P < .01 compared with control; ***P < .001 compared with
control. PTEN, phosphatase and tensin homolog.
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Silencing of the PTEN gene diminished the apoptotic
effect of silymarin in FaDu cells

In the current study, we observed that the protein level of
PTEN increased in FaDu cells by silymarin and the level of
p-Akt also decreased. Consequently, the cells underwent

apoptotic cell death. To identify the key role of PTEN in
silymarin-induced apoptosis, we applied siRNA of PTEN in
FaDu cells. As shown in Figure 3, the cytotoxic effects of
silymarin (28.8–67.2 lg/mL for 24 h) on FaDu cells were
attenuated in cells receiving siRNA of PTEN (P < .001
compared with control, for silymarin and silymarin with
scRNA group). According to Figure 1, the time point at 24 h
and the dose of 57.6 lg/mL reached a plateau for the in-
hibitory effect of silymarin on FaDu cells. We used this time
point and dose in this part of study. The levels of p-Akt
(P < .001 compared with control, for silymarin and silymarin
with scRNA group), p-Bad (P < .001 compared with control,

FIG. 2. Silymarin treatment resulted in altered levels of apoptosis-
associated proteins. (A) FaDu cells were treated with silymarin, and
then protein samples were probed with antibodies against p-Bad (A),
Bcl-2 (B), por-caspase 3, and caspase 3 (C). The same membrane was
re-probed with the antibody for b-actin to verify that equal amounts
of protein were loaded. Data are expressed as the mean – SE (n = 4 for
each group). **P < .01 compared with control; ***P < .001 compared
with control.

FIG. 3. PTEN siRNA attenuated cytotoxicity and PTEN expression
in FaDu cells treated with silymarin. Cell proliferation and viability
were determined by an MTT assay (A). After treated with silymarin
57.6 lg/mL for 24 h, proteins isolated from FaDu cells were probed
with antibodies against PTEN, p-AKT, and AKT (B). Proteins iso-
lated from FaDu cells were probed with antibodies p-Bad, Bcl-2, and
caspase 3 and pro-caspase 3 (C). siRNA, short interfering RNA.
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for silymarin and silymarin with scRNA group), caspase 3
(P < .001 compared with control, for silymarin and silymarin
with scRNA group), and Bcl-2 (P < .001 compared with
control, for silymarin and silymarin with scRNA group)
were also reversed by the treatment of siRNA (Fig. 3B, C).

Silymarin is a more potent inducer of apoptotic
cell death than silibinin

Cytotoxic effects of silymarin and silibinin on FaDu cells
were examined. To identify the inhibitory effect of sily-
marin and silibinin on FaDu cells, cytotoxicity assays were
carried out as described above. Also, the potency between
silymarin and silibinin was compared from the used dose.
Figure 4A shows the survival curves of FaDu cells treated
with 57.6 lg/mL of silymarin, which is more marked than
96.4 lg/mL of silibinin showing as effective dose from
previous reports22,23,33 at different exposure times (0–24 h).
These data indicated that silymarin exerts much stronger
cytotoxic effect than silibinin on FaDu cells. We further
tested the expression level of PTEN induced by silymarin

or silibinin. Figure 4B shows that both silymarin and silibinin
could increase PTEN in FaDu cells at the time point of 4 h.
However, increased expression of PTEN by silibinin is soon
diminished at the time point of 12 h, but the effect of sily-
marin is continuously expressed until the end of experiment.

DISCUSSION

In the present study, we investigated the direct cytotox-
icity of silymarin in human pharynx squamous cell carci-
noma cell line (FaDu cells). Silymarin increased PTEN
expression to result in a significant inhibition of phosphor-
ylated Akt (at Ser473) in these tumor cells. Moreover, the
loss of Bad phosphorylation and higher cell apoptosis were
observed. The actions of silymarin including a decrease in
anti-apoptotic proteins and PI3K/Akt pathway inactivation
were both reversed by silencing of PTEN gene through
siRNA. It has also been suggested that silibinin, another
component of milk thistle extract, significantly increases
PTEN expression resulting in a decrease of p-Akt produc-
tion in hepatic tumor.24 This action of silymarin is consistent
with that observed in cervical cancer cell.28 However, in the
present study, silymarin showed a higher potency than
silibinin to induce apoptotic cell death in oral cancer cells.
Also, the current study confirmed that silymarin is effective
against more than one cancer cell type. Thus, silymarin is
suitable for the development of anticancer drugs for oral
cancers, which need effective agents now.34

PTEN mutation in some cancer cells was found with dis-
tant metastases or tumor invasions, suggesting that PTEN
mutation is a late-stage event that may contribute to an in-
vasive and metastatic tumor phenotype.35 A prominent
phosphorylation of Bad was observed also, thus suggesting
that pro-apoptotic Bad protein was inactivated. It is con-
ceivable that phosphorylated Bad may play a role in the
survival of cancer cells and that dephosphorylation by Akt
inhibitor may induce cancer cells to undergo apoptosis. Bad
phosphorylation may be closely related to aberrant survival,
namely, carcinogenesis. In various types of human malignant
tumors, an elevated Akt activation has been demonstrated and
the mechanisms for Akt activation have been shown to de-
pend on the types of tumors. For example, ovarian carcino-
mas and endometrial carcinoma have shown to increase Akt
activation due to a high frequency of PTEN inactivation.18,36

In 2005, an article offered new insights into the regulation of
the PTEN/AKT pathway and the mechanisms of resistance to
tumor genesis. This article also suggested that inhibitors of
the AKT pathway should be tested and potentially be de-
veloped as new therapeutic agents.37 In the present study, we
found that silymarin can inhibit AKT pathway by increasing
PTEN. Finally, if the anti-apoptotic protein Bad is inactivated
it may directly trigger caspase-dependant cell death.

Silymarin at concentrations of 24–48 lg/mL induced
apoptotic death by inhibiting Akt activity38 or the p53-
dependent pathway,39 decreasing cell viability by 40–20%.38

In contrast to silymarin, silibinin caused cell cycle arrest
in the G1 phase in human colon carcinoma HT-29 cells
and inhibited cell proliferation rate at concentrations of

FIG. 4. Comparison of cytotoxic effects of silymarin and silibinin
on FaDu cells. Cell proliferation and viability were determined by an
MTT assay. Reduced cell viability was observed with silymarin
(57.6 lg/mL) or silibinin (96.4 lg/mL) treatment at 0–24 h (A). Pro-
teins isolated from FaDu cells were probed with antibodies against
PTEN (B). The same membrane was re-probed with the antibody for
b-actin to verify that equal amounts of protein were loaded. **P < .01
compared with control; ***P < .001 compared with control.
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75–100 lg/mL (about 150–200 lM)33 that is higher than the
effective dose of silymarin ( < 48 lg/mL). Also, suppression of
growth in human colorectal carcinoma (SW480) by silibinin
has been observed at concentrations of 200 lM.40 It is clear
that silymarin has higher potency than silibinin to induce ap-
optotic cell death. Silibinin is a compound purified from sily-
marin. However, direct increase of PTEN gene by silymarin is
still not observed in silibinin-treated cells. Our study shows
that increased expression of PTEN by silibinin is diminished
within 4 h, but the effect of silymarin continued until the end of
experiment. The result of cytotoxicity assays also reflects that
silymarin has higher potency than silibinin to induce apoptotic
cell death. This point was not mentioned before. However, the
pharmacokinetic factors may be important and more in vivo
studies are warranted to understand the stability and bio-
availability of silymarin for the clinical applications.

Silybin A, silybin B, isosilybin A, isosilybin B, silydianin,
silychristin, and isosilychristin were other components iso-
lated from silymarin and they were used to screen the effect
on prostate cancer cells.7 Then, isosilybin B (one of the
active components) was found to cause cell cycle arrest.41

This may explain why silymarin is more effective for in-
ducing cancer cell apoptosis.

In conclusion, the present study shows, for the first time,
that silymarin has a higher potency than silibinin to induce
apoptotic cell death in oral cancer. Also, silymarin inhibits the
Akt signaling pathway by increasing PTEN expression in
FaDu cells and directly affects Bcl-2 family members without
other factors. These results provide a rationale for the devel-
opment of silymarin as a therapeutic agent for oral cancer.
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