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Antiproliferative Effect of Silybin on Gynaecological 
Malignancies: Synergism with Cisplatin and Doxorubicin 

G. Scambia,’ R. De Vincenzo,’ F.O. Ranelletti,2 I?. Benedetti Panici,’ G. Ferrandina,’ 
G. D’Agostino,’ A. Fattorossi, ’ E. Bombardelli3 and S. Mancuso’ 

Departments of ‘Gynaecology and 2Histology, Catholic University, Largo F. Vito 1, 00168 Rome, Italy; and 
31ndena, Milan, Italy 

The aim of this study was to test the antiproliferative activity of silybin, a flavonoid, on human ovarian 
and breast cancer cell lines. Since flavonoids are thought to act through Type II oestrogen binding sites 
(Type II EBS), silybin binding to Type II EBS was also examined. Silybin, used in concentrations from 
0.1 to 20 PM, exerted a dose-dependent growth inhibitory effect on OVCA 433, A2780 parental and 
drug-resistant ovarian cancer cells, and MCF-7 doxorubicin (DOX)-resistant breast cancer cells (q,, = 
4.8-24 PM). Both L and D diastereoisomers of silybin were effective in inhibiting A2780 WT cell growth 

(1c - 14 and 20 p.M, respectively). Flow cytometry revealed that silybin decreased the percentage of 50 - 
cells in the S and G2-M phases of the cell cycle with a concomitant increase in cells in the GO-G1 phase. 
Silybin was able to compete with [3H]E2 for nuclear but not cytosolic Type II EBS. Its affinity parallels 
its efficacy in inhibiting cell proliferation. Furthermore, silybin (0.1 and 1 PM) potentiates the effect of 
cisplatin (CDDP) (0.1-l pg/ml) in inhibiting A2780 WT and CDDP-resistant cell growth. Similar 
results were obtained on MCF-7 DOX-resistant cells when silybin (0.1 PM) was associated with 
doxorubicin (0.1-10 pglml). As assessed by the Berembaum isobole method, the effect of silybin-CDDP 
and silybin-DOX combinations results in a synergistic action. Using the ‘stem cell assay’ described by 
Hamburger and Salmon [Science 1977, 197, 461-4631, we found that silybin exerted a dose-dependent 
inhibition of clonogenic efficiency of cells derived from three ovarian tumours (q,, = 7.4,4 and 6.4 PM, 
respectively). Since CDDP and DOX are the two most commonly used drugs for gynaecological 
tumours, the clinical application of silybin is currently under investigation in our institute. Copyright 
0 1996 Elsevier Science Ltd 
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INTRODUCTION 
FLAVONOIDS ARE an important family of compounds widely 
distributed among plants and fruits and, therefore, present in 
the daily human diet. They have a broad pharmacological 
profile which includes antilipoperoxidant [l] and anti- 
inflammatory [2] properties, and the ability to exert anticancer 
[3] and chemopreventive activities [4]. 

In particular, the flavonoid, quercetin, has a strong inhibi- 
tory effect on the growth of several human cancer cell lines 
[5-81 and enhances the antiproliferative action of cisplatin 
(CDDP) both in vitro [9] and in z&o [IO]. 

In spite of this wide spectrum of pharmacological proper- 
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ties, the main limitation of flavonoids is their low bioavail- 
ability as unaltered compounds, since after oral adminis- 
tration, they undergo a rapid glucuronidation and are 
inactivated [ 111. 

However, it has recently been demonstrated that, when 
complexed with phosphatidylcholine, the flavonoid, silybin 
(the main flavolignan constituent of silymarin, widely used as 
an effective antihepatotoxic agent [ 12]), crosses the intestinal 
barrier with greater ease [ 131. 

These findings prompted us to test the antiproliferative 
activity of silybin on several established cell lines obtained 
from human ovarian and breast cancers, and investigate 
whether it can synergise the inhibitory action of CDDP and 
doxorubicin (DOX), the most effective drugs in the treatment 
of gynaecological malignancies. Moreover, since an involve- 
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ment of the binding interaction with the so-called type II 
oestrogen binding sites (Type II EBS) has been suggested [6, 
71 to explain the antiproliferative action of flavonoids, the 
possibility that silybin could bind Type II EBS was also inves- 
tigated. 

MATERIALS AND METHODS 
Drugs and chemicals 

Silybin (2-[2, 3-dihydro-3- (4-hydroxy-3-methoxyphenyl)- 
2-(hydroxy methyl)-1,4-benzodioxin-6-yl]-2,3-dihydro-3,5, 
7-trihydroxy-4H-1-benzopyran-4-one), Dehydro-silybin, Sily- 
dianin and Silymarin were purchased from Indena Co. (Milan, 
Italy). Quercetin (3, 3’, 4’, 5, 7-pentahydroxy-flavone) was 
purchased from Aldrich (Steinhein, Germany). The com- 
pounds were added from an ethanol-DMSO solution (9: 1, 
v/v) and the control cells were treated with the same amount 
of vehicle alone. The final vehicle concentration in the culture 
medium never exceeded 1% (v/v) both in control and treated 
samples. CDDP (II) and DOX, in distilled water, were used 
at concentrations varying from 0.1 to 1 and from 0.1 to 
10 l&ml, respectively. 

plemented as above. Twenty-four hours after plating, the 
medium was replaced with fresh medium containing silybin or 
vehicle alone. After 24 h, cells were harvested and centrifuged. 
Aliquots of 5 X lo5 cells/ml were resuspended with 500 ~1 
freshly prepared DNA-staining solution (50 kg/ml propidium 
iodide, l-2 mg/ml (50-75 kU/mg) RNase A and 0.1% Non- 
idet I’40 in PBS), incubated for 30 min at room temperature 
and analysed immediately. Flow cytometric analysis was per- 
formed with an Ortho Cytoron flow cytometer (Werthwood, 
Massachusetts, U.S.A.) as previously described [ 141. 

Evaluation of drug interaction 

Cell culture 

The human ovarian carcinoma cell line A2780 was kindly 
provided by Dr R.F. 0~01s (NCI, Bethesda, Maryland, 
U.S.A.). Both parental (A2780 WT) and A2780 CDDP- 
resistant cells were cultured in RPM1 1640 medium sup- 
plemented with 10% fetal calf serum (FCS), 100 U/ml anti- 
biotics and 0.3 l&ml glutamine. Resistance was induced in 
our laboratory by continuous exposure of A2780 cells to 
increasing scalar doses of CDDP (range 0.1-0.6 pgiml). Cells 
were trypsinised every 4 days and plated at a density of 
6 X lo4 cells/ml. As revealed by a radioligand, whole cell assay 
previously described [8], both cell lines express Type II EBS, 
but not oestrogen receptors (ER) (unpublished data). 

Synergy experiments were carried out as previously reported 
[9], and the extent of the effect of the combined treatment was 
then analysed by the isobole method [ 151 for a combination of 
drugs A and B, applying the equation: AclAe + BclBe = D, 

where AC and Bc correspond to concentrations of drugs used 
in the combination treatment, Ae and Be correspond to con- 
centrations of drugs able to produce alone the same magnitude 
of effect. If D (combination index) <l, the effect of the 
combination was synergistic, while if D = 1 or D > 1, the effect 
was additive or antagonistic, respectively. Drug potentiation 
was calculated as the amount of the drug used alone to give 
the same effect as the drug in combination divided by the 
amount of the drug used in the combination. 

Culture assay for colony forming cells 

Human ovarian carcinoma cell line OVCA 433 was kindly 
provided by Dr B.A. Littlefield (Yale University, Newhaven, 
Connecticut, U.S.A.). 

Tissue samples were obtained from 3 patients with 
advanced ovarian cancers. Tumour specimens obtained 
immediately after surgery were processed for the clonogenic 
assay as described elsewhere [9]. The cell concentration was 
adjusted to 2 X lo5 ml for the clonogenic assay, performed as 
described by Hamburger and Salmon [ 161. Various concen- 
trations of the drugs to be tested were added to both 0.5% 
agar (underlayer) and 0.3% agar-containing cells. Cultures 
were incubated at 37°C in a 7.5% CO, humidified atmos- 
phere. The colonies (collections of 30 or more cells) appeared 
1 O-20 days after plating. 

The breast cancer cell line, MCF-7 DOXr, selected as 
previously described [8], was kindly provided by Dr Kenneth 
H. Cowan (NCI, Bethesda, Maryland, U.S.A.). Both cell 
lines were grown in monolayer culture in Minimum Essential 
Medium (MEM) supplemented with 10% FCS and 200 U/ml 
penicillin. Cells were trypsinised weekly and plated at a density 
of 8 X lo4 cells/ml. 

All cells were incubated at 37°C under 5% CO,-95% air in 
a high humidity atmosphere. 

Both OVCA 433 and MCF-7 DOXr cells express Type II 
EBS, as previously reported [7, 81. 

Growth experiments 

For growth experiments, cells were plated in six-well flat 
bottom plates (Falcon 3046, Becton Dickinson, Lincoln Park, 
New Jersey, U.S.A.) at a density of 4 X lo4 cells/ml (8333 
cells/cm’) in the appropriate medium as described above. 
After 24 h, the medium was replaced with fresh medium 
containing the compounds to be tested. Quadruplicate 
haemocytometer counts of triplicate culture dishes were per- 
formed after three days of exposure. Results are expressed as 
percentage of variation as compared to vehicle treated cells. 

Measurement of cytosolic Type II EBS by 3H-oestradiol exchange 

Tissue specimens obtained from a pool of three advanced 
serous ovarian carcinomas were homogenised in TE buffer 
(10 mM Tris; 1.5 mM EDTA; pH 7.4) (wet tissue/buffer: 
100 mg/ml) by the Ultra-Turrax homogeniser (4’C). The 
homogenate was centrifuged (SOOg for 20 min) to obtain 
the low-speed supematant and crude nuclear pellet. The 
supernatant was ultracentrifuged (105 OOOg for 60 min) and 
the resulting cytosolic fraction was diluted to 0.2-0.4 mg 
protein/ml. Protein determination was performed by the 
method of Bradford [17]. An aliquot of the cytosol was 
assayed for Type II EBS by the hydroxylapatite (HAP) 
exchange method described by Markaverich and associates 
[18]. Radioactivity of the samples was determined by liquid 
scintillation spectrometry in a beta-counter (Packard 1900 
TR). Saturation analysis was performed by incubating the 
HAP-cytosol suspension with increasing (2.5550 nM) con- 
centrations of [3H]-E, with or without a 300-fold molar excess 
of quercetin, and analysed by the Scatchard method [19]. 
Results were expressed as fmol/mg of cytosolic protein. 

Cell cycle analysis 

Measurement of nuclear Type II EBS by sucrose pad nuclear 

exchange assay 

A2780 cells were plated in 75 cm* tissue culture flasks at a Nuclear Type II EBS were analysed by the sucrose pad 
concentration of 1 X lo5 cells/ml in RPM1 1640 sup- assay, as described by Syne and associates [20]. For saturation 
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Figure 1. Antiproliferative effect of different concentrations of 
silybin on A2780 WT cells, plated at different densities. Each 
value is the mean of three experiments performed in triplicate. 

Standard deviations were less than 10%. 

analysis, the purified nuclear pellet was incubated with 
increasing concentrations (2.5-50 nM) of [3H]-E2 with or 
without a 300-fold molar excess of quercetin, for 60 min at 
30°C. Radioactivity of the extracts was determined as 
described above. DNA content was determined by the method 
of Burton [2 11. Results were expressed as fknol/mg DNA. 

RESULTS 
Figure 1 shows the effects of silybin on ER-negative, Type 

II EBS positive A2780 WT ovarian cancer cells. The inhi- 
bition of cell growth was dose dependent, and more evident 
when cells were plated at low density, thus the growth exper- 
iments were carried out at a density of 30000 cells/ml (6250 
cells/cm2). 

Silybin, used in concentrations from 0.1 to 20 PM, exerted 
a dose-dependent growth inhibitory effect on A2780 parental 
and drug-resistant cancer cells, OVCA 433 and MCF-7 
DOXr cancer cells. The concentration giving 50% inhibition 
of cell growth (I+,~) varied from 4.8 to 24 PM (Table 1). 
Furthermore, we demonstrated that both L and D diastereoiso- 
mers of silybin were effective in inhibiting A2780 WT cell 
growth with an lcsO of 11 and 18 PM, respectively (data 
not shown). 

We also tested the effect of the flavolignans, dehydrosilybin, 

silydianin (a constituent of silymarin) and silymarin, on A2780 
WT cell growth, and the order of their potency, in terms of 
growth inhibition, after a 72-h exposure, was dehydrosilybin 
> silydianin = silybin > silymarin (lcso = 2.88, 12, 12, 
> 20 PM, respectively). 

In order to obtain some insight into the cell kinetics modifi- 
cations induced by silybin, its effect on the A2780 WT cell 
cycle was analysed by flow cytometry (Figure 2). Results 
revealed that silybin (10 PM) decreased the percentage of 

(a) Untreated cells 

DNA content 

(b) 24 h Exposure to silybin (10 p..M) 

DNA content 

Figure 2. Effect of silybin on A2780 WT cell cycle. (a) Phase 
Gl: 58.7%, S: 31%, G2-M: 10.3%. (b) Phase Gl: 70.5%, S: 
20.9%, GZ-IM: 8.6%. The above shows one of four experiments 

performed. 

Table 1. Antiproliferative effect of silybin on cancer cell lines 

Cell lines Number of experiments* Cell type 
Exposure time 1c50 

(h) (@)t 

OVCA-433 3 Ovarian cancer 
A2780 Wl- 8 Ovarian cancer wild type 
A2780 CDDP 5 Ovarian cancer CDDP-resistant 
MCF-7 DOXr 5 Breast cancer DOX-resistant 

* Each experiment was performed in triplicate. t Concentration giving 50% inhibition of cell growth. 

72 4.8 

72 12 

72 14 

72 24 
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Figure 3. Competition of silybin and quercetin for nuclear and 
cytosolic Type II EBS in ovarian tumour samples. Silybin 
and quercetin were used at concentrations varying from 10 to 
9000 nM. Results are expressed as the percentage of “H-E, 
bound in the absence (100%) or presence of competitors. Each 
value is the mean of three experiments performed in triplicate. 

Standard deviations were less than 10%. 

cells in the S and G2-M phases of the cell cycle with a 
concomitant increase in the GO-G1 phase. 

Since the antiproliferative effect of flavonoids has been 
thought to be mediated by the interaction with the Type II 
EBS [6, 71, we tested the ability of silybin to bind to these 
receptors. In Figure 3, the competition curves of quercetin 
and silybin for Type II EBS are shown. Quercetin was able to 
compete with [3H]-EZ for both nuclear (Figure 3a) and cyto- 
solic Type II EBS (Figure 3b), whereas silybin competed only 
for nuclear Type II EBS (Figure 3a). 

We also tested the ability of silybin to potentiate the antipro- 
liferative effect of CDDP and DOX, which are commonly 
used in the treatment of gynaecological malignancies. CDDP 
(0.1-l pgiml) proved to be more effective in inhibiting A2780 
WT cell growth when associated with silybin (0.1 and 1 yM) 
than when used on its own (Figure 4a). Similar results were 
obtained for A2780 CDDP-resistant cells with the combi- 
nation silybin-CDDP (data not shown). Figure 4b shows that 
silybin (0.1 JLM) also enhances the antiproliferative effect of 
DOX (0.1-10 pgiml) on MCF-7 DOXr cells. As assessed by 
the Berembaum isobole method, the effect of silybin-CDDP 
and silybin-DOX combinations was due to a synergistic 
action, in that the combination indexes were less than 1 in 

(a) Silybin and CDDP 
100 

P + 0.1 pM silybin 

Cisplatin (pgiml) 

(b) Silybin and DOX 
loo, 

0 I 
0. 1 

Doxorubicin (kg/ml) 

I 
10 

Figure 4. Combined effect of silybin with CDDP (0.1-l pg/ml) 
on A2780 WT cells, or with DOX (0.1-10 pglml) on MCF-7 
DOXr cells. Each point is the mean of three experiments 
performed in triplicate. Standard deviations were less than 

10%. 

A2780 WT (Table 2), A2780 CDDP-resistant (data not 
shown) and MCF-7 DOXr (Table 3) cell lines. 

The antiproliferative activity of silybin was exerted not only 
on established cell lines, but also on cells obtained from 
primary human turnours. Using the ‘stem cell assay’ described 
by Hamburger and Salmon [ 161, we found that silybin exerted 
a dose-dependent inhibition of clonogenic efficiency of cells 
derived from ovarian cancers (Table 4). The lcsO for cases 1, 
2 and 3, were 7.4, 4 and 6.4 PM, respectively. 

Table 2. Synergistic antiproliferative combination of CDDP and silybin on A2780 WTcells 

CDDP (p&11) Silybin (FM) 

(AC) (Bc) % of control growth 

CDDP (pg/ml) Silybin (PM) 

(Ae) (Be) Combination index* 

0.1 

0.25 
0.5 
1 

0.1 

0.25 

0.5 
1 

0.1 
0.1 

0.1 
0.1 

1 

1 

1 
1 

67 0.23 2.9 0.46 

58 0.31 6.4 0.81 

37 0.54 >50 10.92 

18 >l >50 Cl.00 

54 0.34 8.2 0.41 

35 0.56 >50 10.46 

25 0.82 >50 co.62 

12 >l >50 Cl.02 

* Calculated by the isobole method [ 151 
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Table 3. Synergistic antiproliferative combination of DOX and silybin on MCF-7 DOXr cells 

DOX (&ml) 
(AC) 

Silybin (PM) 
(Bc) % of control growth 

DOX (&ml) 
(Ae) 

Silybin (PM) 
(Be) Combination index* 

0.1 0.1 80 0.6 0.1 1.16 
0.5 0.1 76 0.9 0.3 0.77 
1 0.1 69 2.5 2.2 0.44 
2.5 0.1 62 5.4 7 0.51 
5 0.1 47 >lO 35 co.50 

10 0.1 39 >lO >50 Cl.00 

* Calculated by the isobole method [ 151. 

Table 4. Effect of silybin on the clonogenic e#iciency of cells derived from prima y ovarian tumours 

Number of colonies (% of control) 

Treatment Case 1 Case 2 Case 3 

None 139 (100.0) 135 (100.0) 160 (100.0) 
Silybin 0.1 PM 121 (87.0) 109 (80.7) 136 (85.0) 
Silybin 1 )LM 109 (78.4) 89 (65.9) 116 (72.5) 
Silybin 5 )LM 84 (60.4) 64 (47.4) 88 (55.0) 
Silybin 10 (LM 60 (43.1) 50 (37.0) 67 (41.8) 

1c5o (PM) 7.4 4.0 6.4 

DISCUSSION 
Our in vitro results show that, in the range 0.1-20 FM, 

silybin displays a dose-dependent antiproliferative action on 
sensitive and drug resistant established tumour cell lines and 
on cells obtained from primary malignant tumours. It has 
been previously reported [ 1 l] that the concentrations used in 
our study can be reached by oral administration, are effective 
and non-toxic in vivo [22]. These results are also in keeping 
with the demonstration that silymarin, in the same range of 
concentrations effective in our in vitro experiments, suppresses 
the ability of several tumour promoters to increase ornithine 
decarboxylase (ODC) activity and ODC mRNA expression in 

vivo [23]. 

In view of the potential clinical applications, the demon- 
stration that silybin is synergistic with two of the drugs most 
commonly used in the therapy of gynaecological cancers, 
namely CDDP and DOX, would appear to be particularly 
interesing. 

The synergistic antiproliferative effect of silybin and CDDP, 
could depend on the fact that silybin recruits cells in GO-G1 
phases of the cell cycle, when cells are more sensitive to the 
action of CDDP [24]. 

As far as the synergism between silybin and DOX is con- 
cerned, it may be explained by the possibility that, like other 
flavonoids [25], silybin inhibits expression and function of the 
~170 glycoprotein. 

Type II EBS are present in all the established cancer cell 
lines ( [7, 8]and unpublished data) and in the primary ovarian 
cancers examined by us. In the latter, silybin bound to nuclear 
Type II EBS with a lower affinity than quercetin and was less 
effective than quercetin in inhibiting tumour cell proliferation. 
This correlation between the affinity for Type II EBS and the 
antiproliferative effect, together with previous data reported 
for other flavonoids tested [26], suggests that the inhibitory 

action of silybin can be mediated by an interaction with 
nuclear Type II EBS. Unlike quercetin, silybin binds to 
nuclear, but not cytosolic Type II EBS. However, it has been 
reported that only nuclear Type II EBS mediate the growth 
inhibitory effects of flavonoids [6], although the mechanism 
has still to be understood. 

In conclusion, the data reported here, together with the low 
toxicity and the good bioavailability [13] of silybin, may 
constitute the basis for the introduction of this compound into 
the treatment of gynaecological cancers, either alone or in 
combination with other cytotoxic drugs. At present, a phase I 
study using silybin in patients with advanced ovarian cancer is 
in progress in our institution. 
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