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It is now well established that angiogenesis, that is,
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In recent studies, we have shown that silymarin, a
aturally occurring flavonoid antioxidant, exhibits
nti-cancer effects against several epithelial cancers.
ere, we assessed its potential as an anti-angiogenic
gent employing human umbilical vein endothelial
ells (HUVEC) and human prostate and breast cancer
pithelial cells. When sub-confluent HUVEC were
reated for 48 h, adherent cell number decreased by 50
nd 90% at 50 and 100 mg/ml doses, respectively.
poptotic cell death principally accounted for cell

oss at >50 mg/ml doses. In biochemical analysis,
ilymarin treatment of HUVEC for 6 h resulted in a
oncentration-dependent decrease in the secretion
nd cellular content of matrix metalloproteinase
MMP)-2/gelatinase A. Silymarin also inhibited
UVEC tube formation (in vitro capillary differentia-

ion) on a reconstituted extracellular matrix, Matrigel.
n other studies, 5 to 6 h exposure of DU145 prostate,
nd MCF-7 and MDA-MB-468 breast cancer cells to
ilymarin resulted in a dose-dependent decrease in the
ecreted vascular endothelial growth factor (VEGF)
evel in conditioned media without any visible change
n cell morphology. The inhibitory effect of silymarin
n VEGF secretion occurred as early as 1 h. These
bservations indicate a rapid inhibitory action of sily-
arin on the secretion of this primary angiogenic cy-

okine by cancer epithelial cells. Taken together, the
esults of this study support the hypothesis that sily-
arin possesses an anti-angiogenic potential that may

ritically contribute to its cancer chemopreventive
fficacy. © 2000 Academic Press

Key Words: silymarin; HUVEC; MMP-2/gelatinase A;
n vitro capillary differentiation; vascular endothelial
rowth factor; angiogenesis switch.
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he growth of capillary vessels from existing blood ves-
els, is obligatory for the growth and progression of
olid cancers (1–3). During solid cancer genesis, initi-
ted cells undergo clonal expansion in an avascular
tate when the expanding lesions are small enough to
ake in nutrients and to expel metabolic wastes by
iffusion. However diffusion is not sufficient to support
ontinued growth of the lesion beyond a certain phys-
cal size (estimated ;2 mm diameter) because the ex-
anding lesions consume nutrients at a rate propor-
ional to their volume whereas the supply of nutrients
s delivered at a rate proportional to their surface area
4, 5). In order for avascular lesions to progress beyond
he size limit imposed by simple diffusion, they must
urn on their angiogenic switch to form a neo-
asculature. Angiogenesis critically depends on several
onditions such as the endothelial cells must prolifer-
te to provide the necessary number of cells for the
rowing vessels, the activated endothelial cells must
ecrete matrix metalloproteinases (MMP) required to
reak down surrounding tissue matrix and the endo-
helial cells must be capable of movement/migration.
n addition, the angiogenic stimuli (for example, hyp-
xia and production of angiogenic cytokines such as
ascular endothelial growth factor [VEGF]) must be
ustained. Because of the critical dependence of tumor
rowth and metastasis on angiogenesis, therapeutic
trategies have been developed targeting various as-
ects of the angiogenic processes, many with promising
esults. Cancer chemoprevention aims to block or re-
uce the occurrence or progression of human malig-
ancies by the chronic administration of naturally
ccurring or synthetic chemical agents. Chemopreven-
ion can be most effective on early lesions, the fate and
rowth of which are likely to be more critically depen-
ent on angiogenesis. Since the vascular endothelial
ells constitute the first line of exposure to blood-borne
gents, it is plausible that cancer chemopreventive
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



activity of many agents may be attributable, at least in
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ethanol (20:80). In all the studies, the selection of silymarin doses
w
d
n
t
t
n
f

p
w
s
w
m
p
w
p
s
u
O
H
fl
b
t

m
r
c
t
a
w
a
p
f
w
w
0
2
2
f
t
1
M
r
o
a
i
i

r
t
c
c
w
i
l
p
I
w
e
o
t

R

(

Vol. 276, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
art, to anti-angiogenic properties through an inhibi-
ion of one or more of the angiogenic responses of the
ndothelial cells.
Fruits, vegetables, tea as well as many medicinal

erbs and plants have been shown to be rich sources of
hytochemicals with chemoprevention potential for
ome kinds of human cancer (6–9). Naturally occurring
olyphenolic antioxidants are among these phyto-
hemicals that have received increasing attention in
ecent years (6–9). Silymarin is a polyphenolic fla-
onoid antioxidant isolated from milk thistle (Silybum
arianum (L.) Gaertn) and is used clinically as a liver

etoxicant for almost three decades (10, 11). Several
tudies in recent past have shown anti-carcinogenic
ffects of silymarin in short-term bioassays (12–14).
ore recently, we have shown the cancer preventive

fficacy of silymarin in several mouse skin tumorigen-
sis models (15–19), and its anti-cancer potential for
uman breast, prostate and cervical cancers (20–24).
Whereas all the mechanistic studies done with sily-
arin in recent years have focused on the cancer epi-

helial cells as the targets, the present study was con-
ucted to explore potential inhibitory effects of
ilymarin on key parameters critical for tumor angio-
enesis. In this paper, we report that silymarin treat-
ent of human umbilical vein endothelial cells

HUVEC) inhibits their growth and survival, the secre-
ion and expression of matrix metalloproteinases
MMPs) and capillary tube formation (in vitro angio-
enesis). In addition, we report a rapid inhibitory ac-
ion of silymarin on the secretion of a primary angio-
enic cytokine VEGF by human prostate and breast
ancer epithelial cells. Together, these results support
n anti-angiogenic activity of silymarin that may con-
ribute critically to its cancer chemopreventive poten-
ial.

ATERIALS AND METHODS

Chemicals and reagents. Silymarin, bovine endothelial cell
rowth supplement (ECGS) and heparin were purchased from Sigma
hemical Co. (St. Louis, MO). Matrigel was purchased from Becton-
ickinson Labware (Bedford, MA). VEGF ELISA kit was purchased

rom R&D Systems (Minneapolis, MN).

Cell lines and cell culture. HUVEC cells, DU145 prostate cancer
ells, and MCF-7 and MDA-MB-468 breast cancer cells were ob-
ained from American Type Culture Collection (Manassas, VA).
UVEC were propagated in F12K medium containing 10% fetal
ovine serum (FBS), 2 mM L-glutamine, 100 mg/ml of heparin
Sigma Chemical Co., St. Louis, MO) and 30 mg/ml of bovine endo-
helial cell growth supplement (ECGS) (Sigma Chemical Co.) as
escribed previously (25). DU145 cells were cultured in RPMI1640
edium supplemented with 10% FBS. MCF-7 and MDA-MB-468

reast cancer cells were cultured in DMEM medium supplemented
ith 10% FBS and 2 mM L-glutamine.

HUVEC growth/survival. Cells were seeded into 6-well plates for
4–48 h to reach ;50% confluence. Fresh medium was replaced and
ilymarin was added from 1003 stock solutions prepared in DMSO/
372
as based on our earlier studies showing anti-proliferative and
ifferentiation-inducing effects in several human epithelial carci-
oma cells (20–24). Morphological responses were monitored over
ime under a phase contrast microscope. Adherent cells after 48 h of
reatment were fixed in 1% glutaraldehyde and stained. The cell
umber was counted under 1003 magnification for 5 random fields
or each condition. The experiment was repeated at least once.

Zymogram analysis for MMP-2. HUVEC were grown in 6-well
lates in complete medium for 24–48 h to near confluence. The cells
ere washed two times with PBS to remove spent medium and fed

erum-free medium supplemented with 100 mg ECGS/ml and treated
ith silymarin for 6 h (a time frame that did not result in any visible
orphological changes). Conditioned medium and cell lysate (pre-

ared in 1% Triton X-100, 0.5 M Tris-HCl, pH 7.6, 200 mM NaCl)
ere analyzed for gelatinolytic activities on substrate gels as we
reviously described (25). The gels were digitized with a transmis-
ion scanner and band intensity (on inverted images) was quantified
sing the UN-SCAN-IT gel scanner software (Silk Scientific, Inc.
rem, UT). As a comparison for the efficacy of silymarin to inhibit
UVEC MMP-2, curcumin, a polyphenolic component of the food
avor turmeric, was included in some experiments. Curcumin has
een reported to potently inhibit MMP-2 expression and tube forma-
ion in this model (26).

Capillary tube formation on Matrigel (in vitro angiogenesis). The
ethod of Kubota et al. was used (27). When seeded on Matrigel, a

econstituted extracellular matrix preparation of EHS mouse sar-
oma, vascular endothelial cells undergo rapid in vitro differentia-
ion into capillary like structures (27), providing a simple assay for
ssessing impact of agents on endothelial differentiation process
hich requires cell-matrix interaction, intercellular communication
s well as cell motility. To examine the effect of silymarin on this
rocess, HUVEC were treated in two ways in relationship to the time
rame of cell seeding onto the Matrigel. (A) Silymarin simultaneous
ith cell seeding: Twenty-four-well cell culture plates were coated
ith 0.3 ml of Matrigel and allowed to solidify at 37°C for 1 h. Then
.5 ml medium was added to each well and silymarin was added at
times of the desired concentrations. HUVEC were trypsinized and

0,000 or 40,000 cells were added per well in 0.5 ml medium. Tube
ormation was observed periodically over time under a phase con-
rast microscope. Representative Polaroid pictures were taken at 6 or
7 h. (B) Treatment of preformed tubes: HUVEC were seeded onto
atrigel for 6 h to form rudimentary tubes, then the medium was

eplaced and silymarin was added. Tube morphology was observed
ver time and representative Polaroid pictures were taken at 20 h
fter the initiation of silymarin treatment. Curcumin was included
n some experiments as a comparison for the efficacy of silymarin to
nhibit tube formation. The experiments were repeated twice.

VEGF secretion and expression in cancer epithelial cells. In dose-
esponse experiments, DU145 prostate cancer cells and MCF-7 (es-
rogen dependent) and MDA-MB-468 (estrogen independent) breast
ancer cells were grown in T25 flasks in complete medium until
onfluence (;48 h). The spent medium was removed, and cells were
ashed 33 with PBS. Cells were treated in serum-free medium with

ncreasing concentrations of silymarin. Conditioned media and cell
ysates were analyzed for VEGF protein content by an ELISA kit as
er manufacturer’s instructions (R&D Systems, Minneapolis, MN).
n time course experiments, confluent DU145 or MDA-MB-468 cells
ere treated in serum-free media with solvent vehicle (DMSO/
thanol), 50 or 100 mg/ml silymarin. Serial 1-ml aliquots were taken
f the culture media for VEGF ELISA. Each sample was measured in
riplicate. Experiments were repeated at least once.

ESULTS

HUVEC growth and survival. As shown in Fig. 1
A–D), treatment with silymarin for 48 h led to a
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oncentration-dependent decrease of cells remaining
dherent to the culture vessel and an increase of de-
ached floaters. The adherent cell number was inhib-
ted by 50 and 90% at 50 and 100 mg/ml doses of
ilymarin, respectively (Fig. 1E). The floaters dis-
layed typical apoptotic morphology as indicated by
ell condensation and fragmentation into apoptotic
odies. Such floaters did not re-attach or grow upon
eseeding into silymarin-free fresh medium (data not
hown).

HUVEC MMP-2 expression. Treatment with sily-
arin for 6 h, an exposure time that did not result in

ny visible morphological changes, led to a

FIG. 1. Effect of silymarin treatment on HUVEC growth and
urvival. (A–D) Representative phase-contrast photomicrographs of
UVEC at 48 h after treatment was initiated with DMSO/ethanol

ehicle (A), 50 (B), 75 (C), and 100 (D) mg/ml of silymarin. Most
oaters showed typical apoptotic morphology such as cell retraction,
ondensation, and fragmentation into apoptotic bodies. (E) Adherent
ell number as a function of initial silymarin treatment concentra-
ion. Each data point represented the mean 6 SEM of the adherent
ells in 5 randomly chosen fields.
373
elatinase A) in the conditioned media (i.e., secreted
MP) as detected by gelatin zymogram analyses (Fig.

A). The extent of inhibition of the secreted MMP-2 by
00 mg/ml of silymarin was comparable to that induced
y 25 mM curcumin, which has been shown to inhibit
UVEC MMP-2 and in vitro angiogenesis (26). In the

ell lysate (Fig. 2B), 100 mg/ml silymarin inhibited
MP-2 by 67% and this effect was greater than that

xerted by 25 mM curcumin, even though the secreted
MP-2 was decreased to the same extent by both com-

ounds at the respective concentrations. At 50 mg/ml
ose, silymarin did not decrease MMP-2 in the cell
ysate even though it decreased the secreted MMP-2 by
s much as 63%, indicating that at this level, silymarin
ight only inhibit the secretion of MMP-2 from the

ells but not the cellular level. Incubation of the control
edium (MMP-2 containing) with silymarin directly in

he test tube did not inhibit its zymographic activity
data not shown), indicating a cellular dependent pro-
ess for the inhibitory action on MMP-2 secretion and
xpression by silymarin.

In vitro angiogenesis on Matrigel by HUVEC. In
xperiments assessing the inhibitory effects on capil-
ary tube formation, silymarin exposure, commenced
t the time of seeding HUVEC onto Matrigel,

FIG. 2. Effect of silymarin or curcumin on secreted (A) and
ell-associated (B) matrix metalloproteinase-2 detected by gelatin
ubstrate gel zymography. HUVEC were treated in serum-free me-
ium supplemented with 100 mg/ml of ECGS with silymarin or
urcumin for 6 h. The conditioned media (A, lanes 2–5) and cell
ysates (B) were analyzed on gelatin I impregnated substrate gels.
ilymarin concentrations were 50 and 100 mg/ml. Curcumin treat-
ent concentration was 25 mM. Inverted images of the zymograms

lower panels) were used for densitometric quantitation. The relative
ixel density for the 72 kD gelatinase A/MMP-2 was shown below
ach lane. Arrowheads on the left mark position of molecular weight
tandards corresponding to (from top) 97, 66, and 47 kD. Lane 1 was
erum-free medium as a blank control.



c
b
a
r
c
T
t

r

cells for 6 h decreased the secreted (in conditioned
m
m
d
t
c
m
m
b
c
M
i
V

H
p
c
f
e
T
r
t
a

(
i
c
(
s
w
i
m

Vol. 276, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
oncentration-dependently inhibited tube formation at
oth 6 (Figs. 3A–D) and 17 h (Figs. 3E–H), achieving
lmost a complete block at the 100 mg/ml dose. Silyma-
in exposure of pre-formed tubes led to the retraction of
ells and capillary disintegration (Fig. 4B versus 4A).
he efficacy of silymarin at 100 mg/ml was comparable
o that of 25 mM curcumin (Fig. 4C).

VEGF secretion by cancer epithelial cells. Silyma-
in treatment of DU145 human prostate carcinoma

FIG. 3. Effect of silymarin on HUVEC capillary tube formation
in vitro differentiation) on Matrigel. HUVEC (20,000 cells/per well)
n medium containing 10% serum was seeded into Matrigel pre-
oated 24-well plate and treated with DMSO/ethanol solvent vehicle
A, E) or increasing concentrations of silymarin (B–D, F–H). Repre-
entative phase contrast photomicrographs (1003 magnification)
ere taken at 6 h (A–D) and 17 h (E–H) after seeding. Each exper-

ment condition was performed in duplicate wells and the experi-
ents were repeated twice.
374
edium) VEGF content in a concentration dependent
anner, resulting in a complete block by the 100 mg/ml

ose (Table 1). Such inhibitory effect was observed in
he absence of a reduction of the cell lysate VEGF
ontent (Table 1). In human breast cancer cells, sily-
arin exposure reduced VEGF level in conditioned
edia in both MDA-MB 468 and MCF-7 cell lines (Ta-

le 1). The impact of silymarin on the cellular VEGF
ontent was similar to that on DU145 cells, i.e., in
CF-7 cells as well as MDA-MB 468 cells at low to

ntermediate exposure levels, a reduction of secreted
EGF level was not associated with decreased cellular

FIG. 4. Effect of silymarin or curcumin treatment on preformed
UVEC tubes. HUVEC (40,000 per well) were seeded into Matrigel
re-coated 24-well plate for 6 h for tube formation. The unattached
ells and conditioned medium were removed and the tubes washed in
resh medium. The preformed tubes were treated with DMSO/
thanol vehicle (A), silymarin (B, 100 mg/ml) or curcumin (C, 25 mM).
he cells were fixed in 1% glutaldehyde at 20 h after seeding and
epresentative phase-contrast photomicrographs (1003 magnifica-
ion). Each experiment condition was performed in duplicate wells
nd the experiment was repeated twice.
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EGF content (Table 1). The exception was MDA-MB
ells treated with 100 mg/ml silymarin where cellular
EGF content was decreased. In time course experi-
ents, the secretion of VEGF was significantly de-

reased at 1 h of exposure to silymarin in both DU145
nd MDA-MB 468 cells (Fig. 5). The inhibitory effects
n all three cell lines were observed in the absence of

orphological changes such as cell retraction, round-
ng, detachment or cytoplasmic vaccuolation.

ISCUSSION

A number of recent studies by Agarwal and associ-
tes (15–24) have shown that silymarin possesses sig-
ificant chemopreventive and anti-cancer activity. Al-
hough cell culture studies have revealed many
nsights concerning the potential direct effects of sily-

arin exposure on cancer epithelial cells with respect
o growth and survival signaling and cell cycle regula-
ion, there has been no published work to address the
otential impacts of silymarin on vascular endothelial
ells and angiogenesis. The results of the present study
upport a potential anti-angiogenic activity of silyma-
in. Because tumor epithelial cells in vivo depend on
ngiogenesis to provide nutrients for their growth and
urvival, it is plausible that an anti-angiogenic effect
ay play a primary role in mediating the cancer che-
opreventive activity of silymarin.
In the present study, first, silymarin inhibited endo-

helial cell growth and survival through induction of
poptosis in a concentration dependent manner (Fig.
). Because angiogenic factor-stimulated proliferation
f endothelial cells is crucial for capillary sprouting,
rowth inhibition and apoptosis induction can be one

Effects of Silymarin Treatment on Vascular Endothelial
rowth Factor (VEGF) Content in Conditioned Media (Se-

reted) and in Prostate and Breast Cancer Cell Lysates

Cell line
Silymarin

mg/ml
Exposure
time, h

VEGF in
medium
pg/flask

VEGF in
lysate

pg/flask

U145 0 6 4272 6 516a1,2 640 6 54c

25 6 4128 6 480a 760 6 16b

50 6 2658 6 264b 894 6 10a

100 6 72 6 1c 758 6 22b

DA-MB-468 0 5 7815 6 480a 1112 6 24a

25 5 6150 6 165b 1222 6 42a

50 5 5300 6 105c 1140 6 26a

100 5 2590 6 65d 742 6 14b

CF-7 0 6 3420 6 120a 455 6 24
50 6 3156 6 246a 447 6 9

100 6 2178 6 102b 501 6 22

1 Mean 6 sd; n 5 3 replicates.
2 Data were analyzed by one-way ANOVA. Dissimilar superscripts

ndicate significant difference between means (P , 0.05).
375
ponse. Second, silymarin inhibited endothelial
MP-2 secretion and expression (Fig. 2) and such an

ffect occurred rapidly prior to the onset of any mor-
hological changes. Because matrilytic activity of
ngiogenically-stimulated endothelial cells via MMP-2
s another important requirement for capillary sprout-
ng (28–31), the inhibition of MMP-2 secretion and
xpression by silymarin may provide an inhibitory
echanism on angiogenesis independent of and/or in

ddition to endothelial growth arrest and apoptosis.
urthermore, silymarin inhibited in vitro capillary for-
ation on Matrigel, a process requiring cell-matrix

nteraction, inter-cellular communications as well as
ell motility, to name a few. It was noteworthy that the
nhibitory effect on tube formation manifested whether
he treatment was initiated simultaneous with seeding
ells on the Matrigel (Fig. 3) or when the tubes had
reformed (Fig. 4). These results support an anti-

FIG. 5. Representative time course of silymarin effects on VEGF
ecretion by DU145 prostate cancer cells (A) and MDA-MB-468
reast cancer cells (B) in serum-free media. Confluent cells in T25
asks were treated with solvent vehicle (DMSO/ethanol) or silyma-
in in 6 ml serum-free medium. At designated time points, 1-ml
liquots of conditioned media were taken for VEGF assay by ELISA.
ach data point represents the mean of triplicate measurements.
D , 5% of respective means.
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ted effects on endothelial proliferation and survival
nd matrix degradation activity and the capillary dif-
erentiation process. Work is in progress to further
ubstantiate an anti-angiogenic effect of silymarin in
ther human endothelial cells in culture and in in vivo
odels.
In addition to these inhibitory effects on endothelial

esponses and in vitro angiogenesis, silymarin also
xerted a rapid inhibitory action on the secretion of
EGF by cancer epithelial cells (Table 1 and Fig. 5).
EGF, also known as vascular permeability factor

VPF) (32, 33), plays several critical roles in vasculo-
enesis as well as angiogenesis. Its expression is so
rucial that germ-line knockout of even one VEGF al-
ele leads to embryonic lethality and homozygous
nockout embryonic stem cells are incapable of form-
ng tumors (34, 35). Whereas overexpression of VEGF
s linked to increased angiogenesis and more aggres-
ive tumor behavior (36, 37), anti-angiogenic interven-
ions based on VEGF antibodies or interference of sig-
al transduction through its receptors (38–42) have
een shown to result in the inhibition of tumor growth
nd induction of endothelial apoptosis. Transformed
pithelial cells have been shown to be the major source
f VEGF expression in many types of solid cancers
43–46), however, recent data suggest that stromal
ells and even vascular endothelial cells may also ex-
ress VEGF in the hypoxic angiogenic microenviron-
ent of tumors (47). These findings are supported by

he observations that certain oncogenic mutations con-
titutively upregulate VEGF expression (48–51), and
hat cancer epithelial hypoxia, as a result of dysregu-
ated cellular proliferation (5), is a potent in vivo in-
ucer of VEGF expression (52, 53). The inhibitory ef-
ect of silymarin on secretion of VEGF in cancer
pithelial cells, therefore, may be an important mech-
nism to negatively regulate the angiogenic switch of
vascular lesions, further contributing to the overall
ontrol of lesion growth and progression.

The manners by which epithelial VEGF and endo-
helial MMP-2 were inhibited by silymarin are note-
orthy and suggestive of a commonality with regard to

he mechanisms of action by silymarin on these secre-
ory proteins. In DU145 and MCF-7 cancer cell lines,
ilymarin exposure decreased secreted VEGF in the
onditioned media without a reduction of cellular
EGF protein level (Table 1). In the MDA-MB468 cell

ine, exposure at low to intermediate levels of silyma-
in (25 or 50 mg/ml) decreased secreted VEGF level
ithout lowering the cellular VEGF content, and only
t the higher exposure level (100 mg/ml) a reduction of
ellular VEGF level was observed (Table 1). This pat-
ern was similarly to that observed for HUVEC MMP-2
xpression in that an intermediate level of silymarin
xposure (50 mg/ml) significantly decreased secreted
MP-2 level without a change in cellular MMP-2 (Fig.
376
ells suggest that a primary action of silymarin may
nvolve preferential targeting of the secretion and/or
xport (exocytosis) of these proteins critical for angio-
enic switch regulation. We are currently investigating
uch mechanisms.
When the results of the present study showing cell

eath effect of silymarin on HUVEC were compared to
hose published by us showing anti-proliferative, but
ot cytotoxic and apoptotic effects, in several different
uman carcinoma and normal epithelial cells (20–24),

t is important to emphasize here that apoptotic effect
f silymarin is possibly specific to vascular endothelial
ells. Based on these results, there is a possibility that
n one hand silymarin is an anti-proliferative and a
ifferentiation-inducing agent for cancer epithelial
ells and on the other hand is both an anti-proliferative
nd an apoptogenic agent for vascular endothelial cells
hat are involved in neo-vascularization. These dual
ffects of silymarin possibly make it a useful agent for
he prevention and therapy of epithelial cancers in
umans.
In summary, this study, for the first time, documents

he inhibitory actions of silymarin on several angio-
enic responses, including growth and survival,
MP-2 expression and in vitro angiogenesis, of vascu-

ar endothelial cells as well as an inhibitory effect on
he secretion of a primary angiogenic cytokine VEGF
y cancer epithelial cells. The anti-angiogenic activity
eported in this paper combined with the previously
ublished multi-faceted broad spectrum anti-cancer ef-
ects of silymarin support the merit of further investi-
ations to assess and define its cancer chemopreven-
ive and/or therapeutic potential for humans.
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