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Abstract
Recently, we observed that dietary feeding of silibinin
strongly prevents and inhibits the growth of advanced
human prostate tumor xenografts in athymic nude mice
without any apparent signs of toxicity together with
increased secretion of insulin-like growth factor-binding
protein 3 from the tumor in to mouse plasma (R. P.
Singh et al., Cancer Res., 62: 3063–3069, 2002). In the
present study, we investigated the effect of silibinin
feeding [0.05% and 0.1% (w/w) in diet for 60 days] on
the prognostic biomarkers (namely, proliferation,
apoptosis, and angiogenesis) in the prostate tumor
xenografts of the above-reported study.
Immunohistochemical analysis of the tumors for
proliferating cell nuclear antigen and Ki-67 showed that
silibinin decreases proliferation index by 28–60% and
30–60% (P < 0.001) as compared with their controls,
respectively. In situ detection of apoptosis by terminal
deoxynucleotidyl transferase dUTP-mediated nick end
labeling staining of tumors showed a 7.4–8.1-fold (P <
0.001) increase in apoptotic cells in silibinin-fed groups
over that of control group. Silibinin also increased
activated caspase 3-positive cells by 2.3–3.6-fold (P <
0.001). CD31 staining for tumor vasculature showed a
significant decrease (21–38%; P < 0.001) in tumor
microvessel density in silibinin-fed groups of tumors as
compared with control group of tumors. Tumor sections
were also analyzed for vascular endothelial growth factor
and insulin-like growth factor-binding protein 3 protein
expression, and a slightly decreased and a moderately
increased cytoplasmic immunostaining in silibinin-fed

groups were observed as compared with the control
group, respectively. Together, these results suggest that
inhibition of advanced human prostate tumor xenograft
growth in athymic nude mice by silibinin is associated
with its in vivo antiproliferative, proapoptotic, and
antiangiogenic efficacy in prostate tumor.

Introduction
Epidemiological studies followed by laboratory studies and
vice versa have shown that dietary agents are one of the
important factors in reducing cancer risk, as the differences in
worldwide human cancer incidence and mortality often depend
on lifestyle and dietary habits (1–3). There are several reports
in which diets rich in naturally occurring polyphenolic fla-
vonoid antioxidants have been shown to be associated with the
reduced incidence of various human cancers (1–5). Silymarin
belongs to one of these flavonoids, which is isolated from milk
thistle (Silybum marianum) L. Gaertn (6). It is already in
clinical use for its antihepatotoxic properties in Europe and
Asia and has also recently been marketed in the United States
and Europe as a dietary supplement (6, 7). Silibinin, a flava-
none, is the major bioactive component present in silymarin.
The recent studies showed that silymarin/silibinin is effective in
treating a wide range of liver and gall bladder diseases, includ-
ing hepatitis and cirrhosis as well as dermatological conditions
(7, 8). Nontoxicity is one of the most important properties of
this compound, which has been tested in various animal models
using different modes of administration; surprisingly, there is
no known LD50 in laboratory animals (7, 8). In humans, ad-
verse effects of silymarin/silibinin therapy are very rare and are
limited to nausea, headache, arthralgia (joint pain), pruritus
(itching), urticaria (temporary skin swelling), and mild laxative
(reviewed in Ref. 8). Several studies in rodents and cell cultures
by others and us have shown that silymarin/silibinin provides
significant protection against different cancers of epithelial
origin including PCA3 (9–13).

Several epigenetic alterations leading to constitutively ac-
tive mitogenic and cell survival signaling, as well as loss of
apoptotic response, are causally involved in uncontrolled
growth of PCA, leading to androgen-independent growth, ap-
optosis resistance, and increased expression and secretion of
angiogenic factors (14, 15). Therefore, one targeted approach
for PCA prevention, growth control, and/or treatment could be
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the inhibition of molecular events involved in PCA growth,
progression, and angiogenesis. In this regard, our extensive
studies with silibinin and silymarin in PCA cells have shown
that these agents exert pleiotropic anticancer effects in cell
culture studies. Our mechanistic studies showed that silibinin/
silymarin alters cell cycle progression and inhibits mitogenic
and cell survival signaling involving epidermal growth factor
receptor, IGF-I receptor, and nuclear factor �B in PCA cells
(16–18). We also observed that silymarin inhibits the secretion
of VEGF from PCA cells and causes growth inhibition and
apoptotic death of human umbilical vein endothelial cells ac-
companied by disruption of capillary tube formation on Matri-
gel (19). Our most recently completed study showed that die-
tary feeding of silibinin inhibits advanced human prostate
carcinoma DU145 tumor xenograft growth in athymic nude
mice (13). In the present study, we investigated the in vivo
effect of dietary feeding of silibinin on cell proliferation, ap-
optosis, and angiogenesis as well as VEGF and IGFBP-3 pro-
tein levels in DU145 tumor xenografts.

Materials and Methods
Research Strategy and Study Samples. Our strategy was to
investigate the biomarkers associated with the growth-inhibi-
tory effect of silibinin on prostate tumor xenografts. As men-
tioned earlier, we recently observed that dietary feeding of
silibinin strongly inhibits the growth of advanced human pros-
tate DU145 tumor xenografts in athymic nude mice without any
apparent signs of toxicity (13). In the present study, we took
these DU145 prostate tumor samples from the tumor xenograft
experiment in which mice were fed with control and silibinin
[0.05% and 0.1% silibinin (w/w) in AIN-93M purified] diets for
60 days, showing 35–58% (P � 0.05–0.001) decrease in tumor
volume/tumor in silibinin-fed mice at the end of the study. In
this study, we also observed that silibinin significantly in-
creases (up to �6-fold, P � 0.05) tumor-secreted human
IGFBP-3 levels in mouse plasma. These tumor samples were
used for the immunohistochemical analysis of prognostic bio-
markers (namely, proliferation, apoptosis, and angiogenesis)
and VEGF and IGFBP-3 protein expression in prostate tumors.
Immunohistochemical Detection of PCNA and Ki-67 in Tu-
mors. Tumor samples were fixed in 10% buffered formalin for
12 h and processed conventionally. The paraffin-embedded
tumor sections (5-�m thick) were heat immobilized, deparaf-
finized using xylene, and rehydrated in a graded series of
ethanol with a final wash in distilled water. Antigen retrieval
was done in 10 mM citrate buffer (pH 6.0) in a microwave for
2 and 18 min at full and 20% power levels, respectively.
Endogenous peroxidase activity was blocked by immersing the
sections in 3.0% H2O2 in methanol (v/v), followed by three
changes in 10 mM PBS (pH 7.4). The sections were then
incubated with mouse monoclonal anti-PCNA antibody IgG2a
(1:400) or anti-Ki-67 antibody, clone MIB-1 (1:150; Dako,
Carpinteria, CA) for 1 h at 37°C in a humidity chamber.
Negative controls were treated only with PBS under identical
conditions. The sections were then incubated with biotinylated
rabbit antimouse antibody IgG (1:200 in 10% normal rabbit
serum) for 30 min at room temperature. Thereafter, following
wash with PBS, sections were incubated with conjugated horse-
radish peroxidase streptavidin (Dako) for 30 min at room tem-
perature in a humidity chamber. The sections were then incu-
bated with DAB (Sigma Chemical Co., St. Louis, MO) working
solution for 10 min at room temperature, counterstained with
diluted Harris hematoxylin (Sigma Chemical Co.) for 2 min,
and rinsed in Scott’s water. Finally, proliferating cells were

quantified by counting the PCNA-positive cells and the total
number of cells at 10 arbitrarily selected fields at �400 mag-
nification in a double-blinded manner. The proliferation index
(per �400 microscopic field) was determined as number of
PCNA- or Ki-67-positive cells � 100/total number of cells.
In Situ Apoptosis Detection by TUNEL Staining. The
formalin-fixed and paraffin-embedded 5-�m-thick sections of
all tumor samples (those used for PCNA staining) were used to
identify early as well as late apoptotic cells by TUNEL staining.
DNA fragmentation in individual apoptotic cells was visualized
by detection of biotinylated nucleotides incorporated onto the
free 3�-hydroxyl residues of these DNA fragments by Tumor
TACS in situ Apoptosis Detection Kit (R&D Systems, Inc.,
Minneapolis, MN). Briefly, tumor sections were cleared in
xylene and rehydrated in graded concentrations of ethanol.
Slides were rinsed with Ca2�, Mg2�, and DNase-free PBS [10
mM PBS (pH 7.4)] and permeabilized with proteinase K at room
temperature to make the DNA accessible to the labeling en-
zyme. For positive control, section was incubated with TACS
nuclease for 30 min, which generated DNA strand breaks in
virtually every cell. Endogenous peroxidase activity was
quenched using 5% H2O2 (in methanol, v/v) for 5 min, and
sections were incubated with TdT labeling buffer for 5 min
before starting the labeling reaction. Then sections were incu-
bated with TdT enzyme and biotinylated nucleotides (for neg-
ative control, labeling buffer was used instead of TdT enzyme)
for 1 h at 37°C in a humidified chamber. The reaction was
stopped by adding TdT stop buffer for 5 min. Sections were
incubated with streptavidin-conjugated horseradish peroxidase
for 10 min. Brown color was developed with incubation in
DAB solution (Sigma) for 7 min at room temperature. The
slides were counterstained in 1% methyl green for 1.5 min and
visualized and scored under a light microscope. The apoptosis
was evaluated by counting the positive cells (brown-stained
cells) as well as the total number of cells at 10 arbitrarily
selected fields at �400 magnification in a double-blinded man-
ner. The apoptotic index (per �400 microscopic field) was
calculated as number of apoptotic cells � 100/total number of
cells.
Immunohistochemical Detection of Activated Caspase 3.
Paraffin-embedded tumor sections were immunohistochemi-
cally analyzed for cleaved caspase 3 by following the vendor’s
protocol supplied with the antibody (catalogue number 9661;
Cell Signaling Technology, Inc., Beverly, MA) step by step.
The primary antibody used was polyclonal cleaved caspase 3
(Asp-175) in a 1:100 dilution overnight at 4°C. Finally, sections
were developed by DAB reagent and counterstained with di-
luted Harris hematoxylin. Cleaved caspase 3-stained cells
(brown) were quantified (number of positive cells � 100/total
number of cells) in 10 random microscopic (�400) fields per
tumor by an independent observer.
Immunohistochemical Analysis of Tumors for CD31 Ex-
pression. Staining procedure for CD31 (an endothelial cell-
specific antigen also known as platelet endothelial cell adhesion
marker 1) was similar to that of PCNA staining using specific
antibody for CD31. Briefly, paraffin-embedded tumor sections
were incubated overnight with goat antimouse CD31 poly-
clonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA) in
PBS containing 10% rabbit serum (1:200). Then sections were
incubated with biotinylated rabbit antigoat secondary antibody
(Santa Cruz Biotechnology) followed by streptavidin-conju-
gated horseradish peroxidase (Dako). Antigen-antibody com-
plexes were visualized by incubation with DAB substrate and
counterstained with diluted Harris hematoxylin. Microvessels
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stained with CD31 (brown) were quantified in 10 random
microscopic (�400) fields per tumor by an independent ob-
server.
Immunohistochemical Analysis of Tumors for VEGF and
IGFBP-3 Protein Expression. Staining procedure for VEGF
and IGFBP-3 was similar to that of PCNA staining using
specific primary antibodies. Briefly, paraffin-embedded tumor
sections were incubated overnight with human reactive rabbit
anti-VEGF (1:200) and goat anti-IGFBP-3 (1:200) primary
antibodies (Santa Cruz Biotechnology, San Diego, CA) fol-
lowed by incubation with appropriate biotinylated secondary
antibodies. Finally, antigen-antibody complexes were visual-
ized by peroxidase reaction with DAB substrate and counter-
stained with diluted Harris hematoxylin. Sections were viewed
and analyzed by microscope under low (�100) and high
(�400) magnifications in a double-blinded manner.
Immunohistochemical and Statistical Analyses. All of the
microscopic immunohistochemical analyses were done by
Zeiss Axioscop 2 microscope (Carl Zeiss Inc.). Colored images
were taken with a Kodak DC290 zoom digital camera. Micro-
scopic images were transferred and processed by Windows
Millennium DC290 Kodak microscopy documentation system
(Eastman Kodak, New Haven, CT). Mean and SE were used to
describe the quantitative data. The statistical significance of
difference between control and silibinin-fed groups was deter-
mined by ANOVA followed by Tukey test for multiple com-
parisons. Student’s two-tailed t test was used as needed, and P
was considered significant at P � 0.05. The level of statistical
significance was confirmed by the Mann-Whitney U test.

Results
Antiproliferative Effect of Silibinin Feeding in Advanced
Human Prostate Tumor Xenograft in Athymic Nude Mice.
To assess the in vivo effect of silibinin feeding to mice on its
antiproliferative responses toward the inhibition of tumor xe-
nograft growth in athymic mice, the tumor samples were ana-
lyzed by PCNA and Ki-67 immunostaining. Qualitative micro-
scopic examination of PCNA- and Ki-67-stained tumor
sections showed a substantial decrease in PCNA- and Ki-67-
positive cells in silibinin-fed groups of tumors as compared
with control group tumors (Fig. 1, A�C and E�G). The quan-
tification of PCNA immunohistochemical staining showed
34.2 � 0.58% and 19.2 � 0.20% PCNA-positive cells in
silibinin-fed groups of tumors [0.05% and 0.1% (w/w) in diet]
as compared with 47.6 � 1.28% PCNA-positive cells in con-
trols, respectively (Fig. 1D). Similarly, the quantification of
Ki-67 immunohistochemical staining showed 31.6 � 1.9% and
17.8 � 3.7% Ki-67-positive cells in silibinin-fed groups of
tumors [0.05% and 0.1% (w/w) in diet] as compared with
control showing 44.72 � 1.46% Ki-67-positive cells, respec-
tively (Fig. 1H). In both PCNA and Ki-67 analysis, the decrease
in proliferation index in silibinin-fed groups was 28–30% (P �
0.001) at the lower dose of silibinin and 60% (P � 0.001) at the
higher dose of silibinin as compared with control (Fig. 1, D and
H). The negative controls, in which PBS was used instead of
PCNA or Ki-67 antibody, did not show any considerable pos-
itive staining (data not shown).
Apoptotic Effect of Silibinin in Prostate Tumors. In vivo
apoptotic response of silibinin feeding on prostate tumor was
investigated by TUNEL staining. Microscopic examination of
the tumor sections showed that, compared with control, silibi-
nin increases the number of TUNEL-positive cells (Fig. 2,
A�C). The quantitative evaluation of apoptosis showed that
silibinin [0.05% and 0.1% (w/w) in diet] causes 18.5 � 1.23%

and 20.32 � 1.81% apoptotic cells as compared with control
showing 2.51 � 0.39% apoptotic cells, which accounted for a
7.4-fold increase (P � 0.001) and an 8.1-fold increase (P �
0.001), respectively, over that of control (Fig. 2D). The positive
control, in which TACS nuclease was used to generate DNA
fragments with free 3�-OH end, showed positive staining in all
of the nuclei, whereas the negative control, in which labeling
buffer was used instead of TdT, did not show any considerable
positive staining (data not shown).

Apoptotic effect of silibinin in prostate tumors was further
confirmed by activated caspase-3 immunostaining. Micro-
scopic examination of stained sections showed an increase in
cleaved caspase 3-positive cells in silibinin-treated groups as
compared with control group (Fig. 2, E�G). Quantitative anal-
ysis of these sections showed 2.0% and 3.1% cleaved caspase
3-positive cells (in 0.05% and 0.1% silibinin groups, respec-
tively) as compared with 0.87% in control (Fig. 2H). The trend
in silibinin-caused increase in activated caspase 3 (2.3–3.6-
fold) was quite similar to that of the TUNEL staining data,
although it was less in terms of quantitative immunostaining.
This could be explained by the fact that caspase activation is an
upstream event in apoptosis and could amplify the downstream
signal leading to apoptotic death of the cell, and on the other
hand, apart from the second executioner caspase 7, there might
be caspase 3-independent mechanism(s) involved in the apo-
ptotic effect of silibinin.
Silibinin Inhibits Microvessel Density in Prostate Tumors.
The growth and progression of cancers from latent and local-
ized focal carcinomas to invasive carcinomas is dependent on
angiogenesis. Tumor microvessel is regarded as an important
prognostic marker and an independent predictor of pathological
stages and malignant potential of PCA (20). To examine
whether strong inhibition of prostate tumor growth by silibinin
is accompanied by its in vivo antiangiogenic effect, we inves-
tigated intratumoral microvessel density by immunohistochem-
ical analysis of endothelial cell-specific marker CD31 (platelet
endothelial cell adhesion marker 1). The microscopic exami-
nation of tumors after immunohistochemical staining showed
numerous cells positive for the expression of CD31 in control
group of tumors but showed only sporadic positive cells in the
tumors derived from the silibinin-fed group of mice (Fig. 3,
A�C). We also observed more dilated vessels in control group
of tumors as compared with silibinin-fed groups of tumors.
Quantification of microvessels showed 14.8 � 1.0 microves-
sels/�400 field in control tumors as compared with 11.7 � 0.24
and 9.1 � 0.22 microvessels in 0.05% and 0.1% silibinin-diet
fed groups of prostate tumors, respectively (Fig. 3D). The
decrease in microvessel density in silibinin-diet fed groups was
21% (P � 0.001) and 38% (P � 0.001) over that of control
group, respectively.
Silibinin Moderately Alters VEGF and IGFBP-3 Immu-
noreactivities in Prostate Tumors. It has been also shown
that tumor cells produce and secrete VEGF, a potent and
strong mitogen for endothelial cells, for neovascularization
of the tumor. Our earlier cell culture study showed that
silymarin strongly inhibits VEGF secretion from DU145
cells but not the cellular level of VEGF (19). We recently
observed that silibinin increases IGFBP-3 secretion from
DU145 tumor xenograft into the mouse plasma (13). There-
fore, to assess the in vivo effect of silibinin feeding on VEGF
and IGFBP-3 protein levels in DU145 prostate tumor xe-
nograft, paraffin-embedded sections of the tumor samples
were analyzed by immunohistochemical staining for VEGF
and IGFBP-3 using specific antibodies. Microscopic exam-
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ination of VEGF-stained tumor sections showed a slight
decrease in the intensity of VEGF-positive cytoplasmic
staining in silibinin-fed groups of tumors as compared with
control group tumors (Fig. 3, E�G). Similarly, immunohis-
tochemical analysis of tumor sections by IGFBP-3 staining
showed a moderate increase in IGFBP-3-positive cytoplas-
mic staining in silibinin-fed groups of tumors as compared
with control group tumors (Fig. 3, H�J). These results were
evident in about 50% of the 10 randomly selected areas
viewed under the microscope (�400) in 60 – 80% of the
tumors examined in the study.

Discussion
The present study provides in vivo evidence of the efficacy of
silibinin against advanced human PCA growth in nude mice on
the basis of immunohistochemical analysis of common biomar-
kers of cancer therapy in preclinical studies. The end point
biomarkers studied were cell proliferation, apoptosis, and tu-
mor angiogenesis. The outcomes of the present investigation
showed that dietary feeding of silibinin causing inhibition of
advanced human PCA growth in nude mice is associated with
a strong and significant decrease in tumor cell proliferation, an
increase in apoptosis, and a decrease in tumor microvessel

Fig. 1. In vivo antiproliferative effect of dietary
feeding of silibinin in human prostate tumor xe-
nograft in athymic nude mice. At the end of the
study detailed in “Material and Methods,” tumors
were excised and processed for immunohistochem-
ical staining for (A�C) PCNA and (E�G) Ki-67.
Immunohistochemical analysis was based on DAB
staining as detailed in “Materials and Methods.”
Top panels, control; middle panels, 0.05% silibinin
(w/w) in diet for 60 days; bottom panels, 0.1%
silibinin (w/w) in diet for 60 days. Quantification of
(D) PCNA-positive cells and (H) Ki-67-positive
cells for proliferation index. Proliferation index was
calculated as the number of positive cells � 100/
total number of cells counted under �400 magni-
fication in 10 randomly selected areas in each tumor
sample. The data shown are the mean � SE of five
samples from an individual mouse in each group.
The pictures shown are at �400.

936 Short Communication: In Vivo Prostate Tumor Growth Suppression by Silibinin



density. Further investigation by immunohistochemical stain-
ing of tumor sections showed a slight decrease in VEGF and a
moderate increase in IGFBP-3 cytoplasmic staining in silibinin-
fed groups of tumors.

Overall, these findings translate the pleiotropic anticancer
effects of silibinin in human PCA cell culture studies in to an
in vivo preclinical PCA model, although mechanistic details of
its in vivo efficacy remain to be studied. Our present data of
PCNA and Ki-67 immunostaining show that silibinin has a
strong and significant in vivo antiproliferative effect against
PCA growth that might involve the inhibition of one or more
mitogenic pathway(s), as we observed in cell culture studies

(16–18). Recent epidemiological studies have shown a close
association between increasing plasma level of IGF-I and PCA
risk, as well as an inverse association with plasma IGFBP-3
levels (21, 22). The observation that silibinin caused a moderate
increase in IGFBP-3 immunostaining in tumor xenograft in the
present investigation, together with a significant increase (up to
�6-fold) in its secretion from tumor cells into mouse plasma as
reported earlier (13), suggests that up-regulation of IGFBP-3 by
silibinin and specifically its enhanced secreted levels in blood
circulation might have an inhibitory effect on the mitogenic
action of IGF-I in PCA xenograft. It has been reported that apart
from antagonizing the mitogenic activity of IGF-I, IGFBP-3

Fig. 2. In vivo apoptotic effect of dietary
feeding of silibinin in human prostate tumor
xenograft in athymic nude mice. At the end of
the study detailed in “Material and Methods,”
tumors were excised and processed for immu-
nohistochemical staining for (A�C) TUNEL
and (E�G) activated caspase 3. Immunohisto-
chemical analysis was based on DAB staining
as detailed in “Materials and Methods.” Top
panels, control; middle panels, 0.05% silibinin
(w/w) in diet for 60 days; bottom panels, 0.1%
silibinin (w/w) in diet for 60 days. (D) Apo-
ptotic index (TUNEL) and (H) activated
caspase 3 staining were quantified as the num-
ber of positive cells � 100/total number of
cells counted under �400 magnification in 10
randomly selected areas in each tumor sample.
The data shown are the mean � SE of five
samples from an individual mouse in each
group. The pictures shown are at �400.
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also has IGF-I-independent apoptotic and antiproliferative ef-
fects (23). We have observed that silymarin/silibinin causes
strong apoptotic death of endothelial cells in culture (19).4

Therefore, the in vivo apoptotic effect of silibinin in prostate
tumor xenografts was expected, as we observed in the present
study. Furthermore, an increase in activated caspase 3-positive

cells in silibinin-fed tumors indicates that the activation of the
caspase cascade could be one of the in vivo mechanisms in
silibinin-induced apoptotic cell death of prostate tumor.

The reduction in microvessel density in silibinin-fed
groups of prostate tumors revealed a novel in vivo property of
silibinin, the inhibition of tumor angiogenesis, which could
have contributed to the inhibition of prostate tumor growth. The
observation that silibinin caused a significant decrease in mi-
crovessel density (number of microvessels/unit defined area)4 Singh, R.P., and Agarwal, R., unpublished data.

Fig. 3. In vivo effects of dietary feeding of silibinin on microvessel density, VEGF, and IGFBP-3 expression in human prostate tumor xenograft in athymic nude mice.
At the end of the study detailed in “Material and Methods,” tumors were excised and processed for immunohistochemical staining for (A�C) endothelial cell-specific
antigen CD31, (E�G) VEGF, and (H�J) IGFBP-3. Immunohistochemical analysis was based on DAB staining as detailed in “Materials and Methods.” Top panels, control;
middle panels, 0.05% silibinin (w/w) in diet for 60 days; bottom panels, 0.1% silibinin (w/w) in diet for 60 days. (D) In vivo antiangiogenic effect of silibinin was assessed
by counting intratumoral microvessels (CD31-positive staining) under �400 magnification of microscopic field in 10 randomly selected areas in each tumor sample. The
data shown are the mean � SE of five samples from an individual mouse in each group. The pictures shown are at �400.
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could be a biologically important difference because growth of
the tumor depends largely on the supply of nutrients and oxy-
gen as well as excretion of the waste metabolic products and
CO2, which are facilitated by the blood vessels. The in vivo
antiangiogenic effect of silibinin is further supported by a
moderate inhibitory effect on VEGF in tumor xenograft and by
in vitro studies showing inhibition of endothelial cell growth
and induction of apoptotic death together with suppression of
capillary tube formation on Matrigel assay (19).4

Our study supports the argument that silibinin, which
inhibits PCA cell growth and has an angiopreventive effect,
could be a potential chemopreventive agent for human PCA
control. The antiangiogenic effect of silibinin could be helpful
in controlling the development of cancer at earlier stages, at
which time tumors are latent and localized, before tumors
become aggressive and metastatic and require angiogenesis.
Furthermore, we would like to mention that in a completed
nude mice study, we did not observe any toxicity, which was
consistent with earlier reports showing that silibinin and sily-
marin as well as milk thistle extract (consumed as dietary
supplement) are devoid of toxicity. Based on the dose-depen-
dent effect of silibinin on tumor cell proliferation, apoptosis,
and angiogenesis, there is a strong possibility that higher doses
of silibinin might achieve better and possibly complete PCA
growth inhibition. In terms of doses, it should be noted that
Neutraceutical Companies suggests up to 2.0 g/day oral con-
sumption of milk thistle extract as a dietary supplement, which
corresponds to 0.1% of silibinin on the basis of average food
intake in terms of calories. Therefore, PCA xenograft growth
inhibition accompanied by the antiproliferative, proapoptotic,
and antiangiogenic efficacy of silibinin at dietary dose levels
without any noticeable toxicity could have a direct practical and
translational relevance to human PCA patients. In this regard,
based on our extensive studies with silibinin/silymarin in PCA
showing strong efficacy with a mechanistic rationale, we have
an ongoing Phase I dose-escalating clinical trial with silibinin in
PCA patients.
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