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Abstract

AIM: To investigate the effect of metformin on
silibinin-induced apoptosis in human colorectal cancer
(COLO 205) cells.

METHODS: MTT assays were performed to quantify
cell viability. Western blot assays were applied to
identify the expression of signaling proteins.

RESULTS: The combined treatment of COLO 205 cells
with metformin and silibinin decreased cell survival at
a dose insufficient to influence the non-malignant cells
[Human colonic epithelial cells (HCoEpiC)]. Silibinin
and metformin increased phosphatase and tensin
homolog and 5’-adenosine monophosphate-activated
protein kinase expression in COLO 205 cells and
inhibited the phosphorylation of mammol/Lalian target
of rapamycin. This combined treatment resulted in an
increase in the expression of activated caspase 3 and
apoptosis inducing factor, indicating apoptosis.

CONCLUSION: The combined treatment of human
colorectal cancer cells with silibinin and metformin
may induce apoptosis at a dose that does not affect
HCoEpiC. This finding reveals a potential therapeutic
strategy for the treatment of colorectal cancer.

Key words: Silibinin; Metformin; COLO 205; Mammol/
Lalian target of rapamycin; Apoptosis; Colorectal cancer
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Core tip: Silibinin is known to provide protection against
hepatotoxic stress. Silibinin has also been shown to have
high efficacy against cancer cells through increased
expression of the phosphatase and tensin homolog;
Metformin, a well-known antidiabetic agent, has recently
been reported to inhibit cancer by increasing adenosine
monophosphate-activated protein kinase expression.
We investigated the effect of metformin on silibinin-
induced apoptosis in human colorectal cancer cells. The
combined treatment of human colorectal cancer cells
with silibinin and metformin may induce apoptosis at a
dose that does not affect human colonic epithelial cells.
This finding reveals a potential therapeutic strategy for
the treatment of colorectal cancer.

Tsai CC, Chuang TW, Chen LJ, Niu HS, Chung KM, Cheng JT,
Lin KC. Increase in apoptosis by combination of metformin
with silibinin in human colorectal cancer cells. World J
Gastroenterol 2015; 21(14): 4169-4177 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4169.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.114.4169

INTRODUCTION

Colorectal cancer is one of the leading causes of cancer
associated deaths globally!!, The high mortality of
patients with colorectal cancer is mainly attributed to
its metastasis to distant organs™™. The application of
traditional radiotherapy and chemotherapy treatments
is limited due to their high toxicity and damaging side
effects. Therefore, the development of alternative
treatments is a viable strategy that may help lower the
side effects from the treatment of colorectal cancer.
Interventions using nontoxic phytochemicals, which are
aimed at multiple targets, have been shown to reduce
carcinogenesis and overall cancer risk'. Numerous
studies have reported strong anticancer properties of
both dietary and non-dietary phytochemicals against
multiple cancers, including colorectal cancer™, Thus,
phytochemicals have received increased attention due
to their potential uses in cancer therapy, and many
phytochemicals have been investigated in various
phases of clinical trials'™.

Milk thistle (Silybum marianum) has been widely
utilized in the United States and Europe as a popular
dietary supplement for treating liver diseases™®. Silibinin,
a polyphenolic flavonoid, is the major active compound
in milk thistle™. Milk thistle is known to be safe and
effective without side effects when administered to
protect the liver against chemical or alcohol-related
injury®™. The inhibitory action of silibinin has been
demonstrated in multiple cancer cell lines, including
lung™, liver™™, skin!, colon™ and prostate™ cancer
cells.
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Metformin is an antidiabetic agent widely used to
treat diabetic patients. Its action is mainly mediated
by the activation of 5’-adenosine monophosphate
(AMP)-activated protein kinase (AMPK), which inhibits
hepatic gluconeogenesis and enhances glucose uptake
in skeletal muscle!™®. In addition, metformin has been
reported to reduce cell proliferation in several human
tumors, including breast cancer'”, pancreatic cancer™™®
and gastric cancer!’”’, Metformin also inhibited the
growth of tumors in xenograft mouse models of breast
cancer’®, prostate cancer'®), ovarian cancer’”® and
melanoma!®!. The administration of metformin to
diabetic patients was associated with lower rates of
cancer incidence and mortality™®. Colorectal cancer
patients with diabetes who were treated with metformin
as part of their diabetic therapy exhibited a greater
overall survival rate®,

Metformin might inhibit mammol/Lalian target of
rapamycin (mTOR) through regulation at multiple sites.
The low energy charge in metformin-treated cancer
cells activates AMPK, which can inhibit cell growth and
proliferation. AMPK activates the tumor suppressor
gene, resulting in inhibition of MTOR and an increase
in apoptosis™. Silibinin was shown to be associated
with increased phosphatase and tensin homolog (PTEN)
activity and decreased phosphorylated protein kinase
B (p-Akt) production, indicating a role for the PTEN/Akt
pathway in the apoptosis of cancer cells™.

Both metformin and silibinin exhibit anticancer
activities. Thus, we administered silibinin and metformin
in combination to investigate the anticancer efficacy of
the combination therapy in human colorectal cancer cell
line (COLO 205). In the present study, we determined
an effective dose for this combination of two agents that
was not nontoxic to non-malignant cells.

MATERIALS AND METHODS

Materials

Antibodies against activated caspase 3 and apoptosis
inducing factor (AIF) were purchased from Millipore
(Millipore, Bedford, MA, United States). Antibodies against
the PTEN, signal transducer and p-Akt, phosphorylated-
AMPK (p-AMPK), phosphorylated mammol/Lalian
target of rapamycin (p-mTOR) and B-actin (actin) were
purchased from Abcam (Cambridge, MA, United States).
Metformin and silibinin were purchased form Sigma-
Aldrich (St Louis, MO, United States).

Cell culture

The human colorectal cancer cell line (COLO 205) was
purchased from the Culture Collection and Research
Center of the Food Industry Institute (Hsin-Chiu City,
Taiwan). Human colonic epithelial cells (HCoEpiC) were
purchased from ScienCell (CA, United States). COLO
205 cells were cultured in RPMI-1640 supplemented
with 10% heat-inactivated fetal bovine serum (FBS;
GIBCO). HCoEpiC were cultured in Colonic Epithelial
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Cell Medium (CoEpiCM, Cat. No. 2951) purchased from
ScienCell (CA, United States). The cells were maintained
at 37 °C in a humidified atmosphere of 5% COz. When
cells reached approximately 60% confluence, the
medium was replaced with serum-free cell medium
containing various concentrations of silibinin (0, 50,
100, 150 or 200 pmol/L)"” and metformin (0, 5, 10,
15 or 20 mmol/L) and the cells were cultured for 24 h
as previously described'. The cells were trypsinized
with 0.25% trypsin and 0.2 g/L EDTA and harvested for
further studies.

Analysis of synergy by combination index

The Loewe additivity model® was used as a second
method of analyzing the interaction between silibinin
and metformin. The interaction between the compounds
is reported as the combination index (CI) in the
following equation: CI = (d1/Dx.1) + (d2/Dx,2).

In the equation, d1 and d2 represent the concen-
trations of the compounds in combination required
to achieve x effect. Dx,» and Dx,2 represent the
concentrations of the same compounds individually that
would quantitatively achieve the same x effect. A CI <
1.0 indicates that the combination is synergistic, and
a CI > 1.0 indicates an antagonistic interaction. The
combination indexes for this study were determined
by using concentrations corresponding to the EDso of
the dose response curves for silibinin, metformin and
silibinin + metformin.

Apo-Glo assay

Apoptotic response was quantified by the detection of
DNA histone complexes released from the nucleus to
the cytosol of cells using the Apo-Glo Assay (Promega,
WI, United States). The assay was performed to
assess viability and caspase 3/7 activation within a
single assay well. Briefly, 10* cells were seeded on
96-well plates in triplicate and treated with different
combinations of varying concentrations of metformin
and silibinin for 24 h. Each well contained a final
volume of 0.2 mL of culture medium. Viability reagent
was added to each well and mixed with culture medium
using orbital shaking (500 rpm for 30 s), and the cells
were incubated with the viability reagent for 1 h at
37 C. Fluorescence was measured at two wavelengths:
400 nm/505 nm. Following the addition of caspase-
Glo 3/7 (100 pL), we mixed the samples using orbital
shaking (500 rpm for 30 s). After incubation for 30 min
at room temperature, luminescence was measured
using a microplate reader to assess apoptosis while the
fluorescence was measured at 380Ex/510Em.

Western blot analysis

Protein was extracted from tissue homogenates
and cell lysates using ice-cold radio-immol/Luno-
precipitation assay (RIPA) buffer supplemented with
phosphatase and protease inhibitors (50 mmol/L
sodium vanadate, 0.5 mmol/L phenylmethylsulphonyl
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fluoride, 2 mg/mL aprotinin, and 0.5 mg/mL leupeptin).
The protein concentrations were determined using
a Bio-Rad protein assay (Bio-Rad Laboratories, Inc.,
Hercules, CA, United States). Total protein samples
(30 ug) were separated by SDS/polyacrylamide
gel electrophoresis (10% acrylamide gel) using the
Bio-Rad Mini-Protein 0 system. The proteins were
transferred to polyvinylidene difluoride membranes
(PerkinElmer, Waltham, MA, United States) using a
Bio-Rad Trans-Blot system. After the transfer, the
membrane was blocked with 5% non-fat milk in Tris-
buffered saline containing 0.1% Tween 20 (TBS-T)
and then incubated for two hours. The membrane
was then washed in TBS-T and hybridized with
primary antibodies, which were diluted to a suitable
concentration in TBS-T, for 16 h. Specific antibodies
for activated caspase 3, AIF, PTEN, p-Akt, p-AMPK and
p-mTOR (1:1000 dilution) were used. Additionally,
the membranes were incubated with a goat polyclonal
antibody specific for B-actin (Actin) (1:10000 dilution)
to serve as an internal control. Incubation with
secondary antibodies and detection of the antigen-
antibody complex were performed using an ECL kit
(Amersham Biosciences, United Kingdom). After
comparing with the marker to determine specificity, the
immol/Lunoblots of B-actin (43 kDa), activated caspase
3 (17 kDa), AIF (57 kDa), PTEN (42 kDa), p-Akt (60
kDa), p-AMPK (62 kDa) and p-mTOR (289 kDa) were
quantified with a laser densitometer (Avegene Life
Science, Taipei, Taiwan).

Statistical analysis

The data are expressed as the mean = SEM for the
indicated number (n) of samples in each group.
Repeated measures analysis of variance (ANOVA) was
used to analyze gene and protein expression level
changes and other parameters. Differences resulting
in a P-value of 0.05 or less were considered to be
significant.

RESULTS

Silibinin and metformin inhibit cell viability
synergistically

Figure 1A shows the survival rate of COLO 205 cells
and HCoEpiC treated with a combination of silibinin
and metformin at various concentrations for 24 h.
Both silibinin and metformin at their highest dose, in
combination or individually, exerted an inhibitory effect
on the survival of COLO 205 cells. However, individual
treatment with silibinin or metformin at their highest
respective dose exerted a toxic effect on HCoEpiC,
and the rate of cell death was even greater following
the combination treatment. Furthermore, combined
treatment with 100 umol/L silibinin and 10 mmol/L
metformin was more effective than treatment with
50 pmol/L silibinin and 5 mmol/L metformin without
altering the survival of HCoEpiC. Figure 1B shows
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Figure 1 Treatment with silibinin and metformin in combination or alone reduces the viability of COLO 205 cells. Reduced cell viability was observed following
24-h incubation with silibinin (0-200 umol/L) and metformin (0-20 mmol/L) in combination or alone. The gray bars depict the results from COLO 205 cells, and the
open bars correspond to the results from human colonic epithelial cells (HCoEpiC) (A). The time course (0-24 h) (B) and combination index (C) are shown in COLO
205 cells treated with silibinin (100 umol/L) and metformin (10 mmol/L) in combination (M + S) or alone. The data are expressed as mean + SE (n = 6 for each group).
%P < 0.01 and °P < 0.001 vs Control COLO 205 cells; °P < 0.05 and °P < 0.01 vs Control HCoEpiC. M + S: Metformin and silibinin.

the survival curves of COLO 205 cells treated with
silibinin (100 pmol/L) and metformin (10 mmol/L)
in combination or individually at different exposure
times. The survival curves shifted to the left after a
longer exposure to the combined treatment, while
the individual treatments did not affect the survival
of COLO 205. The synergistic effect of silibinin +
metformin on COLO 205 cells was further confirmed
using an alternative approach of calculating the CI. The
combination of silibinin at concentrations below 100
umol/L + metformin at concentrations below 10 mmol/
L metformin had a CI < 1, indicating synergy between
the two compounds (Figure 1C). Thus, in the following
experiments, we used 100 pumol/L silibinin with 10
mmol/L metformin in combination to compare the
effects of this combination treatment with the individual
treatments on COLO 205 cells after 24-h incubation.

Combined metformin and silibinin treatment inhibits Akt
phosphorylation by enhancing PTEN expression

The effects of combined metformin and silibinin (M + S)
treatment on the expression of PTEN were examined
by Western blot. As shown in Figure 2, expression
of phosphorylated AKT decreased while expression
of PTEN increased in COLO 205 cells after silibinin
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treatment or M + S treatment for 24 h.

M + S treatment enhances AMPK phosphorylation

The effects of M + S treatment on the phosphorylation
of AMPK were examined by Western blot. As shown
in Figure 3A, expression of phosphorylated AMPK
increased in COLO 205 cells after treatment with
metformin or M + S for 24 h. Additionally, treatment
with metformin or M + S inhibited the phosphorylation
of mTOR in COLO 205 cells (Figure 3B).

M + S treatment induces COLO 205 cell apoptosis

We measured COLO 205 cell apoptosis using an Apo-
Tox Glo assay. As shown in Figure 4A, the combination
treatment with 100 umol/L silibinin and 10 mmol/L
metformin induced cytotoxicity and apoptosis in COLO
205 cells, however, this effect was not seen when cells
were treated with silibinin or metformin alone. The
levels of activated caspase 3 and AIF were determined
by Western blot, as described previously'””’, to assess
the apoptosis. M + S treatment increased the levels of
activated caspase 3 and AIF in COLO 205 cells, whereas
treatment with silibinin or metformin alone did not
produce the same effects (Figure 4B and C). Thus, (M
+ S)-induced inhibition is primarily mediated by the
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Figure 2 Combined metformin and silibinin treatment inhibits protein kinase B phosphorylation by enhancing phosphatase and tensin homolog
expression. Proteins isolated from COLO 205 cells were probed using an antibody against phosphatase and tensin homolog (PTEN) (A) or phosphorylated protein
kinase B (p-Akt) (B). The data are expressed as mean + SE (n = 6 for each group). °P < 0.01 and P < 0.001 vs Control. Con: Control; Veh: Veehicle; Sili: Silibinin; Met:

Metformin; M + S: Metformin and silibinin.
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Figure 3 Combined metformin and silibinin treatment enhances AMP-activated protein kinase phosphorylation. COLO 205 cells were treated with silibinin
and metformin in combination or alone. The protein samples were then probed using an antibody against phosphorylated AMP-activated protein kinase (p-AMPK)
(A) or phosphorylated mammol/Lalian target of rapamycin (p-mTOR) (B). The data are expressed as mean = SE (n = 6 for each group). °P < 0.001 vs Control. Con:

Control; Veh: Vehicle; Sili: silibinin; Met: Metformin; M + S: Metformin and silibinin.

induction of apoptosis in cancer cells.

DISCUSSION

In the present study, we found that the co-treatment
of human colorectal cancer cell line (COLO 205
cells) with silibinin (100 umol/L) and metformin (10
mmol/L) directly inhibits cell survival. In addition, the
combination of silibinin (100 pmol/L) and metformin (10
mmol/L) at the doses that effectively inhibited COLO
205 cell survival did not affect normal HCoEpiC. There
was considerable specificity in the inhibition of cancer
cells using this combination therapy. Moreover, silibinin
alone or in combination with metformin increased the
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level of PTEN expression in COLO 205 cells, resulting
in a significant reduction in phosphorylated Akt (at
Ser*’?). Moreover, metformin alone or in combination
with silibinin increased the phosphorylation of AMPK
and inhibited the phosphorylation of mTOR in COLO
205 cells. Furthermore, results of the Apo-Glo assay
indicated that treatment of COLO 205 cells with 100
umol/L silibinin and 10 mmol/Lol/Lol/L metformin in
combination induced apoptosis, while this effect was not
seen when cells were treated with silibinin or metformin
alone. Finally, the combined treatment of cells with
silibinin and metformin increased caspase 3 activation
and AIF expression, both of which are widely used as
indicators of apoptosis'”’. Therefore, our results suggest
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Figure 4 Combined metformin and silibinin treatment induces COLO 205 cell apoptosis. COLO 205 cells were treated with silibinin and metformin in
combination or alone. Apo-Glo assay showing apoptosis of COLO 205 cells treated with silibinin (100 umol/L) and metformin (10 mmol/Lol/L) in combination (M + S)
or alone (A); The protein samples were probed using an antibody against AIF (B) or activated caspase 3 (C). All data are expressed as mean + SE (n = 6 for each
group). °P < 0.001 vs Control. Con: Control; Veh: Vehicle; Sili: silibinin; Met: Metformin; M + S: Metformin and silibinin.

that the combination of silibinin and metformin more
effectively induced apoptosis compared to treatment
with silibinin or metformin alone in COLO 205 cells and
at a dose that was nontoxic to normal cells.

Previous studies have identified the major roles
of PTEN/Akt signaling in carcinogenesis and cancer
progression®., PTEN is an upstream factor that inhibits
p-Akt, and silibinin may increase PTEN expression to
inhibit cell growth!'®#*), The PTEN/PI3K/Akt pathway is
associated with silibinin-induced inhibition of growth in
human hepatic cellular carcinoma (HCC) cells™®. Many
cellular events are associated with silibinin-induced
apoptosis. Silibinin could cause the loss of mitochondrial
membrane potential, resulting in an increased release
of cytochrome c or Bax from mitochondria, as well as
the decrease in expression of Mcl-1 protein, indicating
that silibinin-induced apoptosis is mediated through
caspase-dependent and/or caspase-independent
mechanisms®. Additionally, our previous reports show
that the silibinin-induced increase in PTEN expression
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and the resulting decrease in p-Akt expression are
associated with decreased survival rate and enhanced
apoptosis in FaDu oral cancer cells®®®! and c33-A cervical
cancer cells®”, In this study, we found that silibinin
alone or in combination with metformin increased PTEN
expression, resulting in decreased p-Akt in COLO 205
cells, consistent with our previous reports.

Suppression of growth in human colorectal car-
cinoma (SW480) cells by silibinin at a concentration
of 200 pumol/L has been reported™!, indicating that
silibinin exerts anticancer effects at a dose of 200
umol/L. In this study, we are the first to report that co-
treatment with silibinin (100 pmol/L) and metformin
(10 mmol/L) more effectively induced apoptosis than
treatment with silibinin 100 pmol/L alone. Moreover,
this combination treatment did not affect normal
HCoEpiC. Thus, there was considerable specificity in
the inhibition of cancer cells using this combination
therapy.

Metformin has widely been used to treat patients
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with type 2 diabetes™®!, Interestingly, the concept that
this compound may be a promising anti-cancer agent
was first developed in the early 1970s"”. Later on,
two population-based studies provided preliminary
evidence that metformin may reduce cancer risk
and improve prognosis in type 2 diabetic patients™?.
Metformin inhibits cancer cells by activation of AMPK
and S6 kinase and suppression of mTORP*., Moreover,
significant down-regulation of the anti-apoptotic
proteins Bcl-2 and Bcl-xL and up-regulation of the pro-
apoptotic protein Bax were observed in malignant
cells following metformin treatment™®. In this study,
we found that metformin alone or in combination
with silibinin increased the expression of p-AMPK and
inhibited the phosphorylation of mTOR, consistent with
previous reports®®,

Cell apoptosis is activated in response to both
intrinsic and extrinsic pathways. Drug therapies that
induce apoptosis cause DNA damage-induced, p53-
regulated release of cytochrome c from mitochondria.
Cytochrome c then binds to apoptosis-activating
factor-1 (Apaf-1), resulting in activation of caspase 9,
which is followed by the activation of effector caspases
including caspase 3. Following ligation, death receptors
signal cell death by inducing a death-inducing signaling
complex composed of the cytoplasmic adapter protein
FADD (Fas-associated death domain) and caspase
8. Activated caspase 8 can activate caspase 3 both
directly and indirectly by truncation of Bid™". Metfor-
min®® and silibinin® have been shown to induce
cancer cell apoptosis through both the intrinsic and
extrinsic pathways. In this study, we observed that
the combination of silibinin and metformin increased
caspase 3 activation or AIF expression.

Metformin at 20 mmol/L has previously been shown
to be effective against breast cancer™”, melanoma™
and gastric cancer''”). The concentration of metformin
administered to type 2 diabetic patients is approximately
30-60 pmol/L"Y. Thus, the doses of metformin that
were shown to be effective against cancer cells are
approximately 300-600 fold (approximately 20 mmol/L)
greater than the dose routinely administered for diabetic
disorders. In this study, we applied a low dose of
metformin (10 mmol/L) in combination with silibinin (100
umol/L) in order to more effectively induce apoptosis
than the administration of 10 mmol/L metformin alone.
Furthermore, this combination treatment did not affect
normal HCoEpiC.

Similarly elevated levels of PTEN expression were
observed in both the cells co-treated with metformin
and silibinin and those incubated with silibinin (100
pmol/L) alone. Additionally, the increase in AMPK and
decrease in mTOR phosphorylation were also the same
between combination treatment and metformin (10
mmol/L) alone. In this study, we provide evidence
demonstrating that combined treatment with low
doses of silibinin and metformin can produce anti-
cancer effects on COLO 205 cells similar to the effects
of higher doses of each drug. There were no toxic
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effects observed on HCoEpiC with this co-treatment.
We also observed a synergistic effect at the molecular
level mainly for the phosphorylation of AKT. The
interaction of AMPK and the PTEN/Akt pathway has
yet to be elucidated. This could be a new target for our
studies in the future.

Recent evidence suggests that the combination
of treatment with dietary supplements and other
compounds may help to alleviate toxic side effects,
enhance quality of life and prolong the lifespan of
patients*?. In the present study, we are the first to
examine the effects of co-treatment with low doses of
metformin and silibinin on cancer cells. This combination
treatment effectively induced apoptosis of COLO 205
cells, but did not affect normal HCoEpiC. Thus, this
combinatory therapy may be helpful for the treatment
of colorectal cancer due to not only its effectiveness,
but also the reduction in toxic side effects with this
treatment.

In conclusion, in the present study, the combination
treatment of COLO 205 cells with silibinin and met-
formin synergistically enhanced the inhibition of cell
survival through increased PTEN expression and AMPK
phosphorylation, resulting in the induction of caspase
3 and AIF. These results suggest a novel therapeutic
strategy for colorectal cancer that induces few toxic
side effects on COLO 205 cells.
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Background

Silibinin is the major active compound in milk thistle and is known to display
high efficacy against cancer cells through increasing the expression of
phosphatase and tensin homolog (PTEN) and for hepatic protection. Metformin,
a well-known antidiabetic agent, has recently been reported to inhibit cancer
by increasing AMP-activated protein kinase (AMPK) expression. Recent
evidence suggests that combined treatment with dietary supplements and other
compounds may help to alleviate toxic side effects, enhance quality of life and
prolong the lifespan of patients. However, the effect from combination of silibinin
with metformin is still unknown.

Research frontiers

Silibinin is known to display high efficacy against cancer cells in addition
to hepatic protection. Metformin, as the well-known antidiabetic agent, has
recently been mentioned to produce cancer inhibition. The current research
hotspot is to demonstrate that the combined treatment with silibinin and
metformin may synergistically enhance the inhibition of COLO 205 cell survival
via increased PTEN expression and AMPK phosphorylation, resulting in the
induction of caspase 3 and AIF.

Innovations and breakthroughs

Metformin at 20 mmol/L has previously been found to be effective against
breast cancer, melanoma and gastric cancer. In fact, the doses of metformin
that were effective against cancer cells appear to be approximately 300-600
fold (about 20 mmol/L) greater than that which is administered for diabetic
disorders. In this study, authors applied a low dose of metformin (10 mmol/L) in
combination with silibinin (100 umol/L) to produce the same result of apoptosis
in colon cancer cells.

Applications

In the present study, combined treatment with silibinin and metformin
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synergistically enhanced the inhibition of COLO 205 cell survival via increased
PTEN expression and AMPK phosphorylation, resulting in the induction of
apoptosis. The obtained findings suggest a novel therapeutic strategy for
colorectal cancer with less side toxic effects.

Terminology

Colorectal cancer is one of the leading causes of global cancer associated
deaths. The high mortality of patients with colorectal cancer is mainly attributed
to the metastasis. Combined treatment with silibinin and metformin may induce
apoptosis of human colorectal cancer cells at a dose that does not affect
nonmalignant colon epithelial cells. This finding reveals a potential therapeutic
strategy of colorectal cancer.

Peer-review

This paper assessed the efficacy of combined United Statesge of silibinin,
which is a phytochemical, and metformin, which is an oral antidiabetic drug
in the biguanide class. Authors successfully showed the synergistic effects of
the two compounds regarding the apoptosis induction in COLO 205, a human
colorectal cancer cell line. They also investigated the molecular basis for the
synergism by studying activation of Ak/PTEN and AMPK. This paper is well
written, showing a possibility towards a novel therapeutic regimen for the
treatment of colorectal cancer.
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