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ABSTRACT
Objective: Proliferation and activation of hepatic stellate cells play pivotal role in the progression of hepatic fibrosis consequent to chronic
liver injury. Thus, the inhibition and clearance of activated HSCs from the injured liver by apoptosis and cellular senescence is clearly an
appropriate approach for therapeutic treatment for hepatic fibrosis. To evaluate the pro-apoptotic and cellular senescence inducing potential
of silibinin, a flavonoid compound in LX-2 cells. Methods: LX-2 cells treated with various concentration of silibinin (10, 50 and 100 µM)
treatment for 96 h, cytotoxicity test, cell counting pro-apoptotic and cellular senescence induction properties of silibinin were evaluated.
Results: The present study demonstrates that SBN treatment shows a dose-dependent fall in active proliferation of immortalized LX-2 cells
in serum supplemented medium with out affecting its cell viability. Further, SBN treatments neither induce apoptosis nor cellular senescence
in the human hepatic stellate LX-2 cells. Conclusion: The anti-proliferative effect of SBN reported in this study might be due its cell cycle
arresting properties.
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1. INTRODUCTION
Fibrosis is a reversible scarring response that occurs in almost all
patients with chronic liver injury. Ultimately, hepatic fibrosis leads to
cirrhosis, associated with nodule formation and organ contraction. It
is an established fact that activation and proliferation of hepatic stellate cells (HSCs) play a vital role in development and progression of
hepatic fibrosis 1,2. Experimental and clinical studies have shown that
suppression of HSCs proliferation could be an index towards the
reversal of hepatic fibrosis 3,4. It is suggested that suppression of
HSCs proliferation could be achieved by enhancing i) apoptosis and
ii) cellular senescence 5. Any one of the above mechanisms or together might be employed effectively towards clearance of actively
proliferating HSCs from fibrotic liver, and thereby the suppression of
hepatic fibrosis.

prolonging survival of activated HSCs or increasing resistance to
apoptosis have been shown to contribute towards progression of
hepatic fibrosis. It has been proved experimentally by administration
of gliotoxin, an agent that provokes selective apoptosis of HSCs in
both in vivo and in vitro studies has been shown to retard hepatic
fibrosis 8. Hence, promoting the clearance of proliferated and activated HSCs by enhancing its apoptosis is considered as an effective
strategy towards mitigation of hepatic fibrosis.

Further, cellular senescence is the process of preventing cell division
and it is controlled by expression of certain genes and this could
occur once the cells exceed a finite proliferative capacity. Senescent
cells could be distinguished morphologically from quiescent cells by
expression of senescence associated factor i.e., ß-galactosidase (ßExperimental evidences have concretely proved that apoptosis of gal) enzyme activity 9. Cellular senescence down regulates genes inactivated HSCs play a vital role towards recovery from CCl4 6 and bile volved in cell proliferation, extracellular matrix (ECM) production, up
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Silibinin (SBN) is a natural polyphenolic flavonolignan extracted from
the seeds of the medicinal plant Silybum marianum and it is reported
to possess strong anti-proliferative and pro-apoptotic activities and
it also possess pro-apoptotic properties in actively proliferating cancer cells of prostate, skin and bladder 11,12,13. The mechanism of SBNinduced apoptosis varies depending upon the cell type in study. For
instance, SBN-induce apoptosis by down regulation of “survivin”
protein expression in lung cancer cells 14. by activating caspasemediated cleavage of p21 protein in RT4 bladder cancer cell lines, and
by suppression growth in ECV304 human umbilical vein endothelial
cell lines. SBN is also reported to induce apoptosis by enhancing
ROS formation in various cell lines 11,12,13. In the light of these reports, it is likely that SBN exposure would produce anti-proliferative
effects by inducing apoptosis and cellular senescence in LX-2 cells.
To investigate whether or not the above mechanisms play a role in
inducing anti-proliferative effect, nuclear morphology and cellular
senescence were investigated in LX-2 cell lines upon SBN exposure.
In the current study, we report that SBN treatments dose dependently inhibit the proliferation of LX-2 cells with out inducing cytotoxicity, apoptosis and cellular senescence.
2. MATERIALSAND METHODS
2.1. Reagents and Drugs
Silibinin (C25H22O10; CAS No. 22888-70-6) was purchased from Sigma
Chemical Co. (Belgium) is a mixture of two diastereoisomeric compounds (silybin A and silybin B).
2.2. Cell culture
LX-2 cells used for this study were kindly provided by Dr. S. L. Friedman, Mount Sinai School of Medicine, New York. These cells are
derived from normal human HSC that are spontaneously immortalized. LX-2 cells exhibit the typical features of HSCs in primary culture, expressing desmin, glial acidic fibrillary protein, and response to
platelet-derived growth factor BB and TGF-ß1. It express a- smooth
muscle actin (α-SMA) under all culture conditions and therefore were
regarded as at least partially activated even after immediate replating
15
. The cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) containing 1% of fetal bovine serum (Gibco, Belgium) and
penicillin-streptomycin (Life Technologies, Belgium) and maintained
at 37° C in a fully humidified atmosphere containing 5% CO2 . In the
present study, cells in passages 6-10 were used. The protocol and
experiments were approved by the ethical committees of the St-Luc
Hospital and faculty of Medicine of Université Catholique de Louvain,
Brussels, Belgium.
2.3. Cell treatment
SBN was dissolved in 0.1% DMSO (v/v). LX-2 cells were plated at

10,000 cells/cm2, and after 24 h, fed with fresh expansion culture medium supplemented or not with different final concentrations of SBN
(10, 50 and 100 µM). After 96 h of treatment, cells were collected by
0.05% trypsin (Life technologies, Belgium) application. Total cell number was determined by counting each sample in triplicate using a
KOVA Glasstic® Slide 10 under Leica DMIL inverted microscope.
2.4. Analysis of cytotoxicity
Confluent LX-2 cells were incubated with expansion culture medium
supplemented or not with different final concentrations of SBN (10,
50 and 100 µM) for 96 h. Cell viability was evaluated by the trypan
blue dye exclusion test.
2.5. Cytochemical staining for ß-galactosidase
β-galactosidase staining of LX-2 cells were performed to assess the
induction of cellular senescence by SBN treatment, using histochemical staining kit (Sigma-Aldrich, Belgium, Product Number: CS0030).
Briefly, After 96 h of treatment, existing medium was aspirated, cells
were washed twice with D-PBS and then 1.5 ml of fixation buffer was
added and incubated for 6 to 7 min at room temperature. Then, the
cells were rinsed 3 times with D-PBS and 1 ml of β-galactosidase
staining solution was added, and was incubated at 37º C for overnight. Stained cultures were viewed under bright field phase contrast
microscope (Leica) and representative fields were photographed (IM50
image analyzer).
2.6. DAPI nucleic acid staining
Condensed chromatin and nuclear fragmentation, characteristic of
apoptosis was performed by using DAPI staining (Thermo Scientific,
Belgium). The fluorescent dye 4’, 6-Diamidine-2’-phenylindole
dihydrochloride (DAPI) binds selectively to DNA and forms strongly
fluorescent DNA-DAPI complexes with high specificity. On adding
DAPI to culture cells it is rapidly taken up into cellular DNA yielding
highly fluorescent nuclei and no detectable cytoplasmic fluorescence.
Briefly, the cells were seeded in 24 well plates at density of 5,000 cells/
cm2 and treated with increasing concentrations of SBN for 96 h. For
the nuclear analysis, at the end of the treatment period, the monolayer of cells were washed with PBS and stained with DAPI at
0.5µg/ml for 5 min. The apoptotic nuclei (intensely stained, fragmented nuclei, and condensed chromatin) were observed under a
digital fluorescence microscope EVOS (AMG, USA).
2.7. Statistical analysis
The values are presented as mean ± S.D. One way Analysis of Variance (ANOVA) and the Post-hoc multiple comparisons was performed
by Newman-Keul’s Multiple Comparison Test using Graph Pad Prism
software (version 5).
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3. RESULTS
3.1. Effect of SBN treatments on the cytotoxicity of LX-2 cells
The data shows that DMSO and SBN treatments (10, 50 and 100 µM)
did not produce any cytotoxic effects and the cell viability was more
than 90% as compare to control during their exposure for 96 h (Fig. 1).
The viable LX-2 cells were observed as cultured activated and acquired myofibroblast like phenotypes, which were the characteristic
features of the activated HSCs in fibrotic liver diseases (Fig. 2).

3.2. Effect of SBN treatments on the proliferation of LX-2 cells
Treatment of LX-2 cells at different concentrations of SBN for 96 h in
serum supplemented medium produced a dose-dependant fall in the
proliferative activity of LX-2 cells as compared to control and DMSO
treatments (p<0.01; p<0.001). The anti-proliferative activity of SBN
on LX-2 cells was at the maximum in the highest concentration (100
µM) (Fig. 3).
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Fig. 1. Analysis of cell viabiity. Values are presented as mean ± S.D.
of 4 nos. of observations for 96 h of different concentrations of SBN
exposure respectively. Multiple comparisons between treatment
groups were performed by Newman-Keul’s test
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Fig. 3. Proliferation of LX-2 cells. Values are presented as mean ±
S.D. of 4 nos. of observations for 96 h of different concentrations of
SBN exposure respectively. Multiple comparisons between treatment
groups were performed by Newman-Keul’s test. a – control compared
to DMSO and SBN treatment groups. b – DMSO group compared to
all the SBN treated groups. ** p<0.01; *** p<0.001.

3.3. DAPI staining for the evaluation of apoptosis and nuclear morphology
DAPI staining was performed in LX-2 cells exposed to different concentrations of SBN (10, 50 and 100 µM) for 96 h to evaluate its effect on
apoptosis. DAPI staining permits its binding to cellular DNA and
changes in nuclear morphology of apoptotic cells is indicated by
shrunken or dot-shaped nuclear fragments when visualized under
fluorescent microscope. In this study, this evaluation shows identical nuclear morphology in control, DMSO and all SBN treatments in
LX-2 cells, clearly indicating that SBN exposure does not cause
apoptosis in these cells and the nuclear morphology was intact (Fig.
4).

Fig. 2. Morphology of LX-2 cells treated with silibinin for 96 h. A –
Control; B – DMSO; C, D, E – SBN 10, 50 and 100 µM treatments
respectively (100x).
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Fig. 5. Analysis of cellular senescence. β- galactosidase staining of
LX-2 cells treated with silibinin for 96 h (100x). (b) 17 passages old
Adult Derived Human Liver Stem Cells (ADHLSCs) used as positive
control.

Fig. 4. DAPI staining. Nuclear morphology of LX-2 cells treated
with silibinin for 96 h (100x).
3.4. ß-galactosidase (ß-gal) assay for evaluation of cellular senescence
ß-gal staining is an index to evaluate the cellular senescence and this
technique was employed to investigate the senescence inducing capacity of SBN on rapidly proliferating LX-2 cells. Adult Derived Human Liver Stem Cells (ADHLSCs) of 17th passage shows positivity
towards ß-gal staining indicating cellular senescence in these cells.
None of the LX-2 cells of control, DMSO and SBN treatments (10, 50
and 100 µM) exhibit any positivity towards ß-gal staining during 96 h
period of study. These results clearly indicate that SBN treatment
does not induce cellular senescence in rapidly proliferating LX-2 cells
(Fig. 5).

4. DISCUSSION
The flavonoid SBN is known to intervene in many cellular processes
involved in a variety of pathologies, thus appearing a promising therapeutic tool 16. Ironically, SBN exposure has been reported to induce
cytotoxicity in various cell lines 17,18. In contrast to these reports, we
have observed that SBN exposure is not cytotoxic in LX-2 cells in the
present study. It is likely that this discrepancy in cytotoxic response
to SBN exposure could be due to different mechanisms of action of
SBN on various cell types as being proposed byZhang et al 19 . SBN
treatment shows a dose-dependent fall in active proliferation of immortalized LX-2 cells in serum supplemented medium. These observations clearly indicate that SBN treatments retard active proliferation of LX-2 cells with out affecting its cell viability.
It is suggested that the rapidly proliferating HSCs can undergo spontaneous cell death or receptor mediated death and thus they are susceptible to apoptosis 20. Further, fibrosis is reported to stimulate
apoptosis. It is proposed that certain pro-apoptotic genes are ex-
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pressed in parenchymal cells, which leads to the up regulation of
death receptors (FAS/FASL) leading to apoptosis during ECM accumulation in fibrosis 21,22. Conversely, it is also reported that the ECM
mediated expression of collagen l and TIMP I sends anti-apoptotic
signals, rending the HSCs to be resistant to apoptotic stimuli 23. In
view of these reports, inhibiting parenchymal cell apoptosis and enhancing HSCs apoptosis could be an effective therapeutic approach
for stepping down hepatic fibrosis. In the present investigation, the
pro-apoptotic potentials of SBN treatments on LX-2 cells were evaluated in order to ascertain whether SBN can be a better candidate to
induce apoptosis of rapidly proliferating LX-2 cells.
SBN is reported to possess apoptotic inducing properties in rapidly
proliferating cancerous cells and hence it was suggested as better
candidate for suppressing cancer 12,13,19. DAPI fluorescent stain binds
to the fragmented nuclear debris (apoptotic bodies), which could be
visualized clearly by dot shaped nuclear fragments 19,24. SBN treated
LX-2 cells did not show any alteration in their nuclear morphology,
clearly indicating that these cells has not undergone apoptosis. Briefly,
in the present study, DAPI staining fluorescent microscopic studies
have clearly shown that SBN exposure at different concentrations
does not have any apoptotic effect on rapidly proliferating LX-2
cells. Gonzalez et al 25 reported that the higher incidence to resistance of human primary HSCs by expressing pro-apoptotic protein
Bcl-2 (B-cell lymphoma 2) and our results are in agreement with this
report.
Cellular senescence is the process of irreversible arrest of cell growth
and hence it is a major barrier for cell proliferation 26,27. ß-gal staining
is prominent technique developed to evaluate the senescent stage of
cells. The senescent cells take up this dye and yield blue color when
visualized under microscope and non-senescence and actively proliferating cells will not take up this dye. It is the most sensitive and
appropriate cytochemical technique for evaluating cellular senescence.
Exposure of LX-2 cells to various concentrations of SBN did not
show any positivity towards ß-gal staining and this cytochemical
evaluation clearly indicates the fact that SBN does not promote cellular senescence. This novel observation is not reported elsewhere in
the literature. In conclusion, the present study demonstrates that
DAPI staining technique has shown that SBN treatment does not
have any apoptotic effect on LX-2 cells. ß-gal staining has shown
that LX-2 cells does not under go cellular senescence during SBN
treatments.
5. CONCLUSION
From these experimental evidences, we conclude that SBN treatments
neither induce apoptosis nor cellular senescence in the human hepatic stellate LX-2 cells. The anti-proliferative effect of SBN reported

in this study might be due its cell cycle arresting properties and
further studies are warranted on these lines.
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