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Abstract
Human hepatocellular carcinoma is one of the most common recurrent malignancies since
there is no effective therapy for it. Silibinin, a widely used drug and supplement for various
liver disorders, demonstrated anti-cancer effects on human hepatocellular carcinoma, human
prostate adenocarcinoma cells, human breast carcinoma cells, human ectocervical carcinoma
cells, and human colon cancer cells. Considering the anti-hepatotoxic activity of silibinin and
its strong preventive and anti-cancer efficacy against various epithelial cancers, we investigated
the efficacy of silibinin against human HCC and HUVEC cell lines. Silibinin effects on the
growth and mode of cell death of these two cell lines are presented in this paper. HepG2 and
HUVEC cells were incubated with different doses of silibinin (12.5, 25, 50, 100, 150 and 200
μg/mL) at 24, 48, and 72 h. Cytotoxicity was assessed using MTT and Trypan blue assays.
Mode of cell death induced by silibinin was investigated using LDH assay and acridine orange/
PI double dye staining. The results showed that silibinin has dose-dependent inhibitory effect
on the viability of HepG2 and HUVEC cells. However, Silibinin causes a more continuous
dose-dependent cytotoxicity in HepG2 cells compared to the HUVEC cells in which some
degrees of resistance is apparent at the beginning. The mode of cell death looks also different
in these two cell lines with HepG2 cells being more in favor of apoptosis while necrosis is more
evident for the HUVEC cells.
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Introduction
Cancer is one of the leading killers of human
being in the world, which most likely happens as
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the result of different causes such as mutagenic
and carcinogenic chemicals in the environment
(1). Hepatocellular carcinoma (HCC) is one the
most common cancers with more than 1 million
fatalities occurring annually worldwide (2), and
thus looking for newer therapeutics agents to
treat this illness is still an ongoing concern for
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many researchers.
Antioxidants have long been as effective
agents in prevention and medication of many
diseases including cancer. Therefore, many
fruits and vegetables, which are sources of
abundant antioxidants (3), are good candidate
for pharmacological investigations. Certain
foods have been shown to offer significant
protection against various cancers, although
their molecular mechanisms of protection are
not yet completely known (3-7). Silibinin, a
standardized milk thistle extract, is widely
consumed as dietary supplements (8-10). It is
one of the most interesting known antioxidants
to date (11-13). Some of researches have tried
to investigate on the cytotoxicity effects of
silibinin on cancer cells. Several studies have
shown that silibinin is a very strong compound,
which enhances cellular antioxidant defense
machinery of cells (15-18). This might prove to
be a significant tool in the prevention of cancer
growth and metastasis, and in reducing the risk
of cancer. Researchers have also evaluated the
anti-angiogenic efficacy of silibinin in human
endothelial cells (19). Silibinin has been shown
to inhibit human prostate tumor xenograft
through the increase of apoptosis as well as the
inhibition of tumor angiogenesis (20). In many
animal studies, no apparent toxicity has been
observed in the oral administration of silibinin
(19). In addition, other studies have shown the
hepatoprotective and nephroprotective effects of
silibinin against various toxins (19-21). Many
studies have proved the growth inhibition of
many types of cancer cells derived from skin,
prostate, breast, lung, cervix, colon, and blood
(20, 22-28). Silibinin is already in clinic as
hepatoprotective drug (21).
Controversial results are observed from
different publications on the cytotoxicity and/
or modes of cell death induced by this agent in
different cell lines (10, 18, 19, 22-33). Hepatoprotectivity effects of this agent has also been
mentioned in some articles (11, 15, 16, 21). To
further investigate and clarify these controversial
findings, we have therefore investigated on the
cytotoxicity effects and mode of cell death or
protection induced by this agent in two different
human hepatic and endothelial cell lines whose
results are presented in this paper.

Materials
All the compounds used in this study were
purchased form Sigma, USA, and otherwise
mentioned in the text.
Cell Culture and Silibinin Treatment
Human hepatocarcinoma cell line (HepG2)
and human umbilical vein endothelial cell line
(HUVEC) were obtained from the National Cell
Bank of Iran (NCBI). The cells were cultured
in DMEM media containing 10% FBS, under a
humid atmosphere (37 °C, 5% CO2, 95% air).
For silibinin treatment, 1 mg/mL stock solution
of silibinin was prepared in dimethyl sulfoxide
(Merck, Germany). The stock was then mixed
with appropriate amounts of media to expose the
cells with doses of 12.5, 25, 50, 100, 150, and
200 μg/mL for 24, 48, and 72 h to any of above
mentioned cell lines. Further to exposure, the
following tests were performed on the cells.
Determination of Cell Viability
The effect of silibinin on HepG2 and
HUVEC cell viability was determined using
MTT assay. Briefly, 1×l04cells/well was treated
with 0-200 μg/mL doses of silibinin. After 24,
48, and 72 h of incubation, MTT (0.5 mg/mL
PBS) was added to each well and incubated at 37
°C for 3 h. The formed formazan crystals were
dissolved in dimethyl sulfoxide (150 μL /well)
and the absorbance was read at 570 nm using a
microplate scanning spectrophotometer (ELISA
reader, OrganonTeknika, Netherlands).
Viable Cell Count
Exponentially growing cells seeded in 12well plates were trypsinized, washed twice with
PBS and 50 µL of cell suspension (obtained from
treated and non-treated HepG2 and HUVEC
cells) was mixed with 50 µL of 0.4% trypan
blue dye and left for 5 min at room temperature.
Trypan blue exclusion was measured using a
haemocytometer and the percentage of viable
cells was determined.
LDH Assay
To determine the effect of silibinin on
membrane permeability in HepG2 cell line,
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Figure 1. MTT assay on A) human hepatocarcinoma cell line and B) human umbilical vein endothelial cell line
Figure 1.toMTT
assay on
(A) human hepatocarcinoma
(B) human
vein72
endothelial
line survivals
exposed to are
different
exposed
different
concentrations
of Silibinincell
forline
24and
(dotted),
48 umbilical
(dash) and
h (line).cellCell
concentrations of Silibinin for 24 (dotted), 48 (dash) and 72 h (line). Cell survivals are significantly different from each other in all
significantly
different from each other in all concentrations with a p <0.05.
concentrations with a p <0.05.

lactate
(LDH) assay
was
deviations
(SD) of three
to fourcytotoxicity
determinations.
The
MTTdehydrogenase
assay on non malignant
HUVEC
showed
a concentration
dependent
performed. 1×104 cells were grown in 96-well
Significance level was considered as p <0.05.
whereas the significant differences were not observed between the results for different
plates. 50 µL of culture media supernatant was
exposure
times.
In the
of and
twomixed
studied cell lines, the sensitivity
of HepG2 is higher
transferred
to a well
of acomparison
96-well plate
Results
with 50 µL of the substrate. Then, to determine
than HUVEC to silibinin.
LDH release, 50 of 6% triton X-100 was added
Cytotoxicity of silibinin on HepG2 and
We
alsooriginal
observed
death-inducing
effect of of
silibinin
by trypan
dye exclusion
to the
plate
for the determination
HUVEC
cells blue
was assessed
using amethod
MTT assay
total LDH. The absorbance was measured after
(Figure 1A and 1B). As is shown in Figure 1,
(Figure.2A and Figure.2B). There was a significant difference between silibinin effect on
the suggested reaction time at 490 nm. The
Silibinin could cause concentration-dependent
growth
inhibition
of release
HepG2 was
and HUVEC
cells
48,death
and 72
h (P <0.01).
percentage
of LDH
determined
byat 24,cell
in both
of malignant HepG2 and nondividing the LDH released into the media by the
malignant HUVEC cell lines. However, the
total LDH following cell lysis in the same well.
level of cytotoxicity in HUVEC cells is barely
The positive control cells used to show total
reaching 25% even after the exposure of 200 μg/
LDH release were treated with 1% Triton X-100
mL of silibinin for 72 h. This effect is, however,
in culture media.
not time dependent in either cell lines. HepG2
cells seem to be more sensitive to silibinin at
Acridine Orange/Propidium Iodide Doubleshorter exposure times, and highest sensitivity
Staining Assay
to MTT assay was observed in this cell line at
The possible apoptotic cell death mode
the highest exposed concentration during the
induced by silibinin was evaluated by acridine
shortest exposure time.
orange-propidium iodide staining, followed by
The MTT assay on non malignant HUVEC
fluorescence microscopy analysis10 . μL of the
showed a concentration dependent cytotoxicity
staining solution (10 μg/mL of acridine orange
whereas the significant differences were not
and 10 μg/mL of propidium iodide) was added
observed between the results for different
to 10 μL of cell suspension (exposed to 100 µg/
exposure times. In the comparison of two studied
mL silibinin). Glass slides of the freshly stained
cell lines, the sensitivity of HepG2 is higher than
cells were observed under a UV-fluorescence
HUVEC to silibinin.
microscope to look at the incidence of cells
We also observed death-inducing effect of
stained by each dye.
silibinin by trypan blue dye exclusion method
(Figure.2A and Figure.2B). There was a
Statistical analysis
significant difference between silibinin effect on
The data were evaluated statistically using
growth inhibition of HepG2 and HUVEC cells at
one-way ANOVA and Dunnet comparison
24, 48, and 72 h (P <0.01).
test. Data are given as the means ± standard
Treatment of HepG2 cells with the different
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48 h exposure), and 70% (for 72 h exposure). The comparison between 24 to 72 h exposure
data showed that HUVEC cell viability was also decreased with increasing exposure time
(Figure 2B).
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Furthermore, we evaluated the possible apoptotic or necrotic modes of cell death caus
264

silibinin in these two cell lines using acridine orange-propidium iodide staining

fluorescence microscopyanalysis. As is shown in Figure 4, while more of apoptotic cell

is apparent under the fluorescence microscope for HepG2 cells after exposure to sili
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Figure 4. Fluorescence spectroscopy examination onhuman hepatocellular carcinoma (A) andhuman umbilical vein endothelial (B) cells
after 24 h exposure to 100 µg/mL of Silibinin. Cells express more of apoptotic
death (A; green
dotted cells)examination
at the beginning
followed
Figure cell
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Figure 4. Fluorescence spectroscopy examination onhuman hepatocellular carcinoma (A) an
by secondary necrosis (B; red dotted and homogeny cells) afterthe exposure
to Silibinin.(B) cells after 24 h exposure to 100 µg/mL of Silibinin. Cells express more
vein endothelial
vein endothelial (B) cells after 24 h exposure to 100 µg/mL of Silibinin. Cells express more
death (A; green dotted cells) at the beginning followed by secondary necrosis (B; red dotted
death (A; green dotted cells) at the beginning followed by secondary necrosis (B; red dotted
cells) afterthe exposure to Silibinin.
cells) afterthe exposure to Silibinin.

indication of necrotic death.

time intervals (24, 48 and 72 h) dependent (31).
and Ge et al. has also shown that the cytotoxicity
Discussion
of Silibinin on human pancreatic cancer cell line
AsPC-1, Panc-1 and BxPC-3, by MTT assay
Many scientists are now interested in
follow a concentration- and time-dependent
examining the use of herbal medicines as a health
manner (32). In the contrary, Li Jin study of
care method (13). Developments of biologically
silibinin on esophageal squamous cell carcinoma
targeted agents that exploit differences between
proliferation on two cell lines of KYSE 270 and
cancerous and normal cells with plant derived
T.Tn using MTT and colony forming assays
and
less
damage
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normal
cells
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compare
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a significant cytotoxicity
cells) afterthe exposure to Silibinin.
cytotoxicity of a novel compound between cell
of sibilinin is shown on HepG2 cells, but HUVEC
lines and even with other commercial cytotoxic
cells are only about 25% died by sibilinin even
agents.
after exposure to the highest concentration of
In this study, we showed that silibinin is
200 μg/mL.
cytotoxic against both of HepG2 and HUVEC
Necrotic cell death is almost the dominant
cell lines in the studied concentrations.
pattern in HUVEC cell line. Since a variable of
We also revealed that the inhibition of
apoptosis and necrosis have been recognized in
silibinin on HepG2 cell growth follow a doseHepG2 cells, we have conducted LDH assay to
dependent linear pattern. Our study revealed
confirm the necrotic variation mode of cell death
no time dependency in MTT assay results for
in this cell line. We have also found increasing
HepG2 cell line after exposure to silibinin.
lactate dehydrogenase (LDH) release to the
Controversies are shown in published data
media pattern, after exposure to silibinin for 24,
for silibinin cytotoxicities in different cell lines.
48, 72 h in HepG2 cell line.
Yousefi et al. has shown that the inhibitory effect
Based on the results of the trypan blue dye
of silibinin on metabolic activity of metastatic
exclusion assay, increasing silibinin exposure
human breast cancer cell line, SKBR3 (ErbB2time had a detrimental effect on HepG2 and
overexpressed and ER-negative breast carcinoma
HUVEC cell viability. In our study, silibinin
cell line) by MTT assay is concentrations and
at IC50 doses for HepG2 and HUVEC cells
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(2000) 60: 1051-59.
(6) Hong W K and Sporn M B. Recent Advances in
Chemoprevention of Cancer. Sci. (1997) 278: 1073-77.
(7) Kelloff G J, Lieberman R, Steele VE, Boone CW,
Lubet RA, Kopelovitch L, Malone WA, Crowell JA
and Sigman CC. Chemoprevention of Prostate Cancer:
Concepts and Strategies. Eur. Urol. (1999) 35: 342250.
(8) Kroll DJ, Shaw HS and Oberlies NH. Milk thistle
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6: 110-9.
(9) Gazak R, Walterova D and Kren V. Silybin and
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Curr. Med. Chem. (2007) 14: 315-38.
(10) Singh RP and Agarwal R. A cancer chemopreventive
agent silibinin, targets mitogenic and survival signaling
in prostate cancer. Mutat. Res. (2004) 555: 21-32.
(11) Jacobs BP, Dennehy C, Ramirez G, Sapp J and
Lawrence VA. Milkthistle for the treatment of liver
disease: a systematic review and meta-analysis. Am. J.
Med. (2002) 113: 506-15.
(12) Jacob R, Hasegawa SH and Manners G. The potential
of Citrus Limnoids as Anticancer agents. Perishables
Handling Quarterly (2000) 102: 6-8.
(13) Mazaki M, Ishii T and Uyeta M. Mutagenicity of
hydrolysates of citrus fruit Juice. Mutat Res. (1982)
101: 283-91
(14) Bhatia N, Zhao J, Wolf D M and Agarwal R. Inhibition
of Human Carcinoma Cell Growth and DNA Synthesis
by Silibinin, an Active Constituent of Milk Thistle:
Comparison with Silymarin. Cancer Lett. (1999) 147:
77-84.
(15) Mourelle M, Muriel P, Favari L and Franco T.
Prevention of Ccl4-Induced Liver Cirrhosis by
Silymarin. Fundam. Clin. Pharmacol. (1989) 3: 18391.
(16) Saller R, Meier R and Brignoli R. The Use of Silymarin
in the Treatment of Liver Diseases. Drugs (2001) 61:
2035-63.
(17) Pepping J. Milk Thistle: Silybum Marianum. Am. J.
Health Syst. Pharm. (1999) 56: 1195-7.
(18) Lahiri-Chatterjee M, Katiyar SK, Mohan RR and
Agarwal R. A Flavonoid Antioxidant, Silymarin,
Affords Exceptionally High Protection Against Tumor
Promotion in Sencar Mouse Skin Tumorigenesis
Model. Cancer. Res. (1999) 59: 622-32.
(19) Singh R P, Dhanalakshmi S and AgarwalC. Silibinin
strongly inhibits growth and survival of human
endothelial cells via cell cycle arrest and downregulation
of survivin, Akt and NF-[kappa] B: implications for
angioprevention and antiangiogenictherapy. Oncogene
(2005) 24: 1188-202.
(20) Singh RP, Sharma G, Dhanalakshmi S, Agarwal C and
Agarwal R. Suppression of advanced human prostate
tumor growth in athymic mice by silibinin feeding is

also resulted in reduced growth of HepG2
and HUVEC cells with trypan blue assay test,
confirming the previous reports at hepatocellular
cell lines (31,32), These results promoted to
further test silibinin for HCC chemoprevention.
Furthermore, we evaluated the possible
apoptotic cell death effect of silibinin by
acridine orange-propidium iodide staining and
fluorescence microscopy analysis, in which only
acridine orange-stained cells were considered as
apoptotic cells (Figure 4). Silibinin (100 µg/mL)
treatment for 24 h caused more of necrotic cell
death in HUVEC cells, but apoptotic death in the
HepG2 cells.
In general, we have found necrosis as the
dominant mode of cell death caused by silibinin.
The delay LDH release after exposure of
HepG2 cells to silibinin might be correlated to
the secondary necrosis of these cells further to
the late stage of apoptosis. A primary start in
apoptotic cell death is evident in the double-dye
staining of these cells which led to secondary
necrosis by the time. HUVEC cells do not reach
necrosis through an initial apoptotic pattern
since these cells are more resistant and a higher
concentration of silibinin for these cells causes
necrotic cell death.
As a conclusion, our results suggest a dual
mechanism and mode of cell death in two
different cell lines for silibinin; apoptotic and
dose-dependent death for more sensitive hepatic
cells, while necrotic at high concentrations death
for endothelial cells. Further investigations are
recommended to reveal the biological effects of
this agent on different cell lines and tissues.
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