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Milk thistle (siybum marianum) is a famous dietary supplement widely used in the United States and
Europe. Silbinin is a major biologically active compound of milk thistle and has strong antioxidant
and radical scavenger activities. Anticancer activities, as well as chemopreventive effects on various
cancer cell lines, including prostate, lung, colon, skin, and bladder, have also been reported in silbinin.
In the present study, we investigated the anticancer effects of silibinin and apoptosis through cell cy-
cle arrest on prostate cancer cell PC-3. We performed cell viability by MTT assay and western blotting
to confirm cell cycle check point proteins such as cyclin A/D1/E and cyclin-dependent kinase (CDK)
2/4/6. To quantify silibinin-induced apoptotic cell death of PC-3, Annexin V and PI double staining
was performed by flow cytometry, by which its cell distribution was determined. As a result, silibinin
inhibited the cell growth of PC-3 cells in a time- and dose-dependent manner, and its treatment re-
sulted in cell cycle arrest at the G; phase. Also the level of cell cycle check point proteins (cyclin,
CDK) was decreased by silibinin in a dose-dependent manner. Taken together, we suggest that apop-
tosis of prostate cancer cell line PC-3 induced by silibinin is associated with cell cycle arrest through
decrease of cell cycle check point proteins, caspase-3 activation and poly (ADP-ribose) polymerase

(PARP) cleavage.
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Fig. 1. Growth inhibitory effect of silibinin on PC-3 cells. (A)
PC-3 cells were treated with silibinin for 12 hr, 24 hr,
36 hr, and 48 hr. Cell viability was determined by MTT
assay. (B) PC-3 cells were incubated with silibinin
(100-250 pM) for 48 hr. Cell morphology was visualized
by inverted microcopy. Data are presented as mean+SD
(n=3 in each group). *p<0.05, ! p<0.01, *p<0.001 vs. the
control group.
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Fig. 2. Effect of silibinin on cell cycle distribution in PC-3 cells.
(A) Intracellular DNA contents with PI staining and cell
cycle arrest analysis were observed by flow cytometry.
PC-3 cells were treated with 150 uM of silibinin for 24
hr. The cells were harvested, washed, and then fixed
with ice-cold 70% (v/v) ethanol. After that, PI (1 mg/ml)
was stained at 4C for 5 min. (B) The percentage of the
cell cycle distribution data in histograms.
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Fig. 3. Effect of silibinin on expression of cell cycle-related
proteins. Cells were treated with silibinin (100-200 nM)
for 24-48 hr. (A) Expression of cyclin D1, cyclin E and
cyclin A. (B) Expression of CDK 2, CDK 4 and CDK

6. B-Actin was used as a loading control.
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Fig. 4. Effect of silibinin on apoptosis in
PC-3 cells. (A) Annexin-V/ propi-
dium iodide (PI) double staining
assay detected by flow cytometry.
PC-3 cells were treated with silibi-
nin (100-200 uM ) for 24 hr, 48 hr.
(B) The percentage of apoptotic cell
data in histograms. Data are pre-
sented as meantSD (n=3 in each
group). ﬂp<0.01, *r<0.001 vs. the
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Fig. 5. Effects of silibinin on expression of apoptosis-related pro-
teins in PC-3 cells. Cells were treated with silibinin
(100-200 uM) for 24-48 hr. (A) Expression of Bcl-2 and
Bax proteins. (B) Expression of procaspase-3 and PARP.
B-Actin was used as a loading control.
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