
Abstract. Background: Phytotherapy is a third approach for
treating lower urinary tract symptoms associated with benign
prostatic hyperplasia (BPH). The lipido-sterolic extract of the
fruit of Serenoa repens is one of the more widely used
phytotherapeutic agents in this regard. Materials and Methods:
The effect of an ethanolic extract of S. repens (10-1000 Ìg/ml)
was tested in hormone-sensitive LNCaP, MCF-7 and
hormone-insensitive DU 145, MDA MB231 prostate, breast
carcinoma cell lines, renal Caki-1, urinary bladder J82, colon
HCT 116 and lung A 549 cancer cells. Its cell growth inhibitory
and apoptosis-inducing effects were tested using WST-1 assay
and flow cytometry (Annexin V/PI stain) and/or by
colorimetric assay (APOPercentage assayì). Results: The S.
repens extract induced a dose-dependent antiproliferative effect
on all human malignant cells tested, with GI50 values between
107 and 327 Ìg/ml. In hormone-sensitive prostate LNCaP and
breast MCF-7 cell lines, the effect of extract expressed in GI50
was 2.2- and 2.5-fold more potent (p<0.01) than in hormone-
insensitive DU 145 and MDA MB231 cells. The proportion of
apoptotic cells, except in A549 cells, lay between 22.5-36.3%.
S. repens extract did not induce apoptosis in lung cancer A 549
cells. Conclusion: This study showed that the antiproliferative
effect exerted by the ethanolic extract of S. repens is at least
triggered by induction of apoptosis. These in vitro data provide
some information that may be useful for clinical use and
render S. repens extract an interesting tool for new applications.

Phytotherapeutic formulations based on Serenoa repens
(saw palmetto) berry extract have traditionally been used

for treating lower urinary tract symptoms (LUTS)
associated with benign prostatic hyperplasia (BPH) (1, 2).
These preparations are derived from the fruit of S. repens
(Palmae), an American dwarf palm tree, by extraction
with either n-hexane, ethanol or supercritical fluid
extraction with CO2. The lipidosterolic extract of S.
repens is a complex mixture of various compounds. The
active constituents among them are probably the
numerous fatty acids (70-95%), mainly lauric, myristic,
palmitic, oleic and stearic acids and their ethyl esters, the
phytosterols, and glycerides (3). Different studies were
conducted with lipidosterolic S. repens extract and the
beneficial effects were documented either in placebo
controlled trials (4, 5) or its equivalent efficacy with the
selective ·-blockers finasteride (6) and tamsulosin (7).
The mechanism by which S. repens may act in the
treatment of BPH is not completely understood. The
multiple mechanism of S. repens action may include an
anti-estrogenic (8), anti-androgenic (9), anti-spasmolytic
(10) or anti-inflammatory effect (11, 12), or inhibition of
type 1 and type 2 isoforms of 5-·-reductase (13). In
addition, the inhibition of cell growth and induction of
apoptosis by S. repens extract in BPH (14) and in
prostatic cancer cells (15) were described. 

Apoptosis is a process that regulates cell numbers or
eliminates damaged cells, and differs morphologically and
biochemically from cellular necrosis. In recent years, it has
increasingly been recognized that malignancy may not
exclusively result from enhanced cell proliferation but also
from decreased physiological cell death i.e. apoptosis (16).
Apoptotic induction has been a new target for innovative
mechanism-based drug discovery (17). Cytostatic drugs
inducing apoptosis with low toxicity should be of interest in
the research and treatment of cancer. This study aimed to
evaluate the cytotoxicity and the mode of cell death caused
by the commonly used ethanolic extract of S. repens (SRE)
on a set of human cancer cells to determine their
susceptibility to SRE treatment. 
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Materials and Methods

Extract and agents. S. repens extract (Prostasan®) was provided by
Bioforce AG (Roggwil, Switzerland). SRE was prepared using a
drug extract ratio of 9-12:1 and 96% (v/v) ethanol as extracting
agent. According to the certificate of analysis, the extract was
characterized by 95% total content of fatty acids. 

Genistein (4',5,7-trihydroxyisoflavone) and the flavonoid
quercetin were obtained from Alexis Corporation, Lausen,
Switzerland. Cell proliferation reagent WST-1 and Annexin V-
Fluos were purchased from Roche Diagnostica (Rotkreuz,
Switzerland) and propidium iodide (PI) from Sigma (Buchs,
Switzerland).

Cell lines and culture. Two different human prostate and breast
cancer cell lines were used: the androgen-sensitive, androgen
receptor (AR)-positive LNCaP and the androgen-independent AR-
negative DU 145 prostate cancer cells; the estrogen receptor (ER)-
positive MCF-7 and ER-negative MDA MB231 breast carcinoma
cells. HCT 116, A 549 NSCLC, Caki-1 and J82 carcinoma cell lines
were also investigated. All cell lines were from ATCC (Rockville,
MD, USA). 

Urinary bladder cancer J82 cells were grown in Eagle's MEM
medium supplemented with 10% fetal calf serum (FCS), 0.1 mM
non-essential amino acids, 1.0 mM sodium pyruvate and antibiotics,
1% penicillin/streptomycin. All other cell lines were maintained in
RPMI-1640, supplemented with 10% FCS, 2 mM L-glutamine and
1% antibiotics. All cell culture reagents were from Sigma. The test
medium in the cytotoxicity and apoptosis assays was appropriate
medium without phenol red, containing 5% charcoal stripped FCS
(Sigma). All cultures were grown in a fully humidified atmosphere,
5% CO2 at 37ÆC. In all experiments, untreated and vehicle-treated
cells were included. In some experiments, genistein and quercetin
at a concentration of 50 ÌM were used as positive controls. The
studies were carried out using cells from passages 3-7 pre-
incubated 24 h in test media to remove exogenous estrogens.

Cell viability assay. Cells at a density of 1x105 cells per well were
exposed to different doses (10-1000 Ìg/ml) of SRE for 48 h. After
treatment, cell viability was assessed by trypan blue exclusion assay.
Mean values from duplicate wells from two independent
experiments were determined for each treatment and expressed as
% of untreated control cultures.

WST-1 assay. Because of a possible interference of natural
substances with another tetrazolium salt MTT, the direct reductive
potential of SRE in cell-free system was measured. None of the
concentrations of SRE alone differed from that of the blank
(medium alone). In order to determine the effect of SRE (10-1000
Ìg/ml) on cell growth, treated cells at a density of 3000 cells/well
were incubated in microtiter plates for 20-68 h and then for 4 h
with a tetrazolium salt WST-1 (4-[3-(4-iodophenyl)-2-(4-
nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate). In this
assay, the cleavage of WST-1 to formazan by metabolically active
cells is quantified by scanning the plates at 450 nm and 650 nm
reference wavelength in a microtiter plate reader. Test medium was
used as background control (18). Three independent sets of
experiments performed in triplicate were evaluated. Controls with
the solvent ethanol and positive controls with genistein and
quercetin were tested simultaneously. The growth inhibition rate

was calculated as the growth percentage of that of parallel
untreated controls. The GI50 values (concentrations of compound
reducing cell growth by 50%) were evaluated from the dose-
response curves of each experiment using Microsoftì Excel. 

Crystal violet staining. The effect of SRE on the cell growth of eight
different human cell lines was also determined by colorimetric
measurement of cell numbers by crystal violet (CV) staining. Cells
at a density of 3000/well, which had been treated for 24 h and 48 h,
were centrifuged and supernatant was removed. Cells were stained
with 0.5% CV (in 20% methanol) for 10 min at room temperature.
After extensive washing with tap water, plates were blotted dry.
Cell-bound dye was dissolved in citrate-buffered ethanol (0.05 M
in 50% ethanol) and scanned at 540 nm in an ELISA reader. Two
independent sets of experiments in triplicates were performed.

Investigation of apoptosis by flow cytometry. Apoptosis membrane
alteration was measured by flow cytometry and by colorimetric
assay. The 24 h- and 48 h-treated cells (2x104 cells/ml, in 12x75-mm
test tubes) were stained with AnnexinV/PI. Ten thousand cells were
analyzed on an FACSCalibur flow cytometer using the Cell Quest
acquisition and analysis software (B-D, Basle, Switzerland). Vehicle
treatment (0.5% ethanol) was always included and was not found
to affect apoptosis. Each treatment was performed twice. Genistein
and quercetin (at 50 ÌM) were used as positive controls.

Dye-uptake bioassay (APOPercentage assayì). After 24 h and 48 h
treatment of 10x103 cells/well with SRE (100-500 Ìg/ml), the
percentages of apoptotic cells were detected according to the
manufacturer's instructions (Biocolor, Newtownabbey, Northern
Ireland). Two independent sets of experiments were measured.

Statistical analysis. All treatment experiments were repeated at least
twice. Student's two-tailed t-test was employed to assess the
statistical significance of differences between the respective means.
GI50 values were obtained by linear or exponential regression
analysis of data using the Microsoftì Excel. Probability values
equal to or less than 0.05 were considered significant.

Results

Cytotoxicity of the ethanolic S. repens extract toward cancer
cell lines. Viability of 48 h-treated cells were investigated by
trypan blue uptake. Cell survival was estimated according to
following criteria. Cultures with more than 90% viable cells
were considered to be unaffected, 80-90% as modestly
affected, and values of less than 80% viable cells were
ascribed to cytotoxic effects of the compound. Considering
the above-mentioned criteria, the cytotoxicity of SRE was
low. At concentrations above 200 Ìg/ml SRE exerted
cytotoxic effects on all cancer cell lines, the survival of cells
ranging between 72%-78% at 333 Ìg/ml of SRE. However,
a concentration of 1000 Ìg/ml SRE did not cause 50% cell
death, the viability of cells being between 62-69%.

Growth inhibitory effect of the ethanolic S. repens extract on
human cancer cell lines. The effect of SRE was studied as a
dose-response experiment after 48 h at concentrations
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between 10-1000 Ìg/ml. The growth inhibitory effect of SRE
was dose-dependent. All eight cell lines exhibited significant
SRE-induced suppression of growth in concentrations above
100 Ìg/ml (MCF-7 and LNCaP), 200 Ìg/ml (MDA MB231,
DU 145, HCT 116, J82, Caki-1) and 333 Ìg/ml (A549) as
shown in Figure 1. There were differences between cell lines
in susceptibility towards growth inhibition by SRE, which
were mirrored in their GI50 concentrations (Table I, Figure
2). GI50 of SRE in ER+ MCF-7 breast and AR+ LNCaP
prostate cancer cells was about two-fold lower and differed
significantly from that of ER– MDA MB231 breast and AR–

DU 145 prostate cells (p<0.01) as well as from all other
cells (colon HCT 116, lung A549, bladder J82 and renal
Caki-1; (p<0.01)). SRE at 333 Ìg/ml almost completely
abrogated the metabolic activity of MCF-7, LNCaP, HCT
116, J82 and Caki-1 cell lines. The growth of MDA MB231,
and A549 cells was reduced by almost 100% with 500 Ìg/ml
SRE and of DU145 above 500 Ìg/ml SRE (Figure 1). A
comparison of the different sensitivity of individual cell lines
to the exposure of SRE is presented in Table I and Figure 2.
Figure 2 shows the Delta values, i.e. the deviation of log
GI50 of all cell lines. The deflection to the left indicates a
higher sensitivity of ER-positive MCF-7 breast cancer and
AR-positive LNCaP prostate cancer cells to SRE treatment
than the mean. As positive controls, genistein and/or
quercetin (50 ÌM) inhibited the growth of cells up to 47%
(Table II). Control cultures were similarly treated with 0.5%
final concentration of the solvent ethanol and this
concentration did not influence the outcome of the current
proliferation. The survival of vehicle-treated cells was
between 95.3 and 102.8%. The antiproliferative effect of
SRE by WST-1 was monitored for the first 72 h and was not
time-dependent.

The reduction in the cell number by SRE was assessed
using CV staining as a second method. The dye in this assay,
stains DNA. Each evaluation was carried out at
concentrations of 10-1000 Ìg/ml of SRE. Significant
concentration-dependent decreases in the rate of cell
growth were found. The doses of SRE causing 50%
reduction in the cell number of individual cancer cell lines
were established from individual dose-response curves by
regression analysis (Table I). In spite of the fact that this
stain could not differentiate between live and dead cells, the
GI50 values established using CV staining after 48 h were in
accordance with the GI50 values obtained using the WST-1
assay. However, the cell-reducing effect of SRE detected
with CV staining was time dependent. The reduction in cell
number was greater after 48 h treatment as compared to 24
h mainly at concentrations between 100-500 Ìg/ml SRE. The
viability of cancer cell lines at their GI50 concentration was
between 69-83.5% (Table I).

Induction of apoptosis by the S. repens ethanolic extract in
human cancer cells. The changes occuring in the early stages
of apoptosis i.e. the breakdown of asymmetrically
distributed plasma membrane phospholipids were assessed
by binding Annexin V to phosphatidylserine (PS) exposed
on the outer layer of the cell membrane using flow
cytometry. We established the kinetics of cell death
induction by SRE (200 and 333 Ìg/ml) in six cell lines after
24 h and 48 h treatment. SRE induced apoptosis in five cell
lines. In contrast, no apoptotic cells were detected in lung
A549 cancer cells (4.7% in SRE treated vs. 4.6% in the
untreated control). The proportion of early apoptotic cells
reached their maximum after 24 h in four cell lines. After
48 h, the late apoptotic/secondary necrotic cells increased
proportionally with proportion of early apoptotic cells after
24 h. Breast ER-MDA MB231 cells responded after 48 h
SRE treatment with the induction of apoptosis (Table III).
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Table I. Growth inhibitory potency and cytotoxicity of SRE on cancer cell
lines after 48 h exposure.

Cell growth inhibition Cytotoxicity of SRE at GI50
GI50 (Ìg/ml) (% of viable cells)

Cell line WST-1 CV stain Trypan blue dye

MCF-7 107**±11.3 165#±21.2 83.5±0.71
MDA-MB231 265.3±31.1 342.5±24.8 76.0±2.83
LNCaP 127.7**±17.5 195#±7.1 82.5±2.12
DU 145 283.3±20.2 282.5±10.6 73.0±1.41
J82 245±15.0 212.5±17.7 80.5±0.71
Caki-1 250.3±11.2 237.5±10.6 79.5±0.71
A549 326.7±16.1 368±5.7 69.0±1.41
HCT 116 227.3±10.0 346.5±30.4 77.5±0.71

Mean values±SD from triplicate of three (WST-1 assay) or two (CV
stain) experiments are shown. **p<0.01 and #p<0.05 in comparison
to MDA-MB231, DU 145, J82, Caki-1, A549 and HCT 116 using WST-
1 and CV stain, respectively. 

Table II. Cell growth inhibitoion and apoptosis-inducing effect of
genisteina or quecetinb at a concentration of 5x10–5M as positive controls.

Growth inhibition (%) Apoptosis induction (%)
Cell line WST-1 assay Annexin V adhesion 

MCF-7 43.7a±7.4 38.9a±5.3
MDA-MB231 31.6a±5.9 19.3a±3.8
LNCaP 39.5a±6.1 28.5a±7.2
DU 145 33.2a±5.3 21.4a±4.2
A549 47.2b±8.8 31.3b±5.7
HCT 116 32.8b±4.2 23.8b±4.2
J82 36.3b±3.9 *29.9b±2.9
Caki-1 39.4b±6.2 *30.7b±3.6

Mean values±SD from three (WST-1 assay) or two (Annexin V adhesion
or dye uptake bioassay *) independent experiments are presented.
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Figure 1. Cell growth reducing effect of SRE on eight different human cancer cell lines. The cells were treated for 48 h with the indicated concentrations
of SRE and evaluated with WST-1 assay. Dose-response curve of SRE treatment on the growth of A) breast MCF-7 (ER+), MDA-MB231 (ER–),
prostate LNCaP (AR+), DU 145 (AR–) and B) lung A549, colon HCT 116, bladder J82, renal Caki-1 cells. Mean values±SD from three independent
experiments performed in triplicate; *p<0.05.



There were only moderate variations in response with
different drug concentrations (200-333 Ìg/ml) and in the
degree of apoptosis between individual cell lines (24.6%-
33.8%). In colon HCT 116 cells after 24 h with 200 Ìg/ml
SRE, a mixture of early apoptotic (17.1%) and late
apoptotic cells (10.5%) was detected. In all remaining cell
lines the proportion of necrotic cells was below 10%. The
extent of SRE-induced apoptosis was comparable with
genistein (19.3%-38.9%) and quercetin (23.8%-31.3%)
(Table II). The percentage of apoptotic cells in untreated
controls was between 3.5% and 11.4%.

In addition, the membrane alteration of cells after 24 h
and 48 h exposure to (100-500 Ìg/ml) SRE was measured by
the use of dye that was selectively imported by cells
undergoing apoptosis. Fresh 5 mM hydrogen peroxide was
used as an effective apoptotic inducer with low toxicity.
Cells were treated with H2O2 for 4 h. The proportion of
apoptotic cells detected by dye-bioassay correlated with
results obtained by Annexin V adhesion in the early phase
of apoptosis (Table III). Apoptosis was induced at SRE
concentrations between 100-333 Ìg/ml. A higher
concentration of SRE (500 Ìg/ml) did not increase
apoptosis induction (Figure 3). As in the Annexin V
adherence assay, apoptosis was not observed in lung A549
cells (8.4% vs. 6.7% in untreated controls) with SRE

treatment. In breast MDA MB231 ER-negative cells,
apoptosis was induced after 48 h treatment. The other six
lines responded with induction of apoptosis after 24 h
(Table III, Figure 3). The percentage of apoptotic cells lay
between 19.0-33.2%. The positive control at 5 mM H2O2
caused apoptosis between 27.1% and 38.7%. In control cells
spontaneous apoptosis ranged between 6.7% to 10.4%.

Discussion

The ratio of apoptosis to mitosis is predictive of tumor growth,
with increased apoptosis favouring a positive prognosis. An
important prediction of the relevance of apoptosis in
malignancy is that the rate of apoptosis versus mitosis should
influence the behaviour of a tumor (19). Agents which can
influence inhibition of cell growth as well as induction of
apoptosis are therefore of great interest. Within the last
decade there has been an increase in the use of plant-derived
medication e.g. the lipidosterolic extract of saw palmetto (S.
repens) in the medication of LUTS and BPH. Apoptosis has
also been demonstrated to occur in BPH and its induction has
emerged as a potential target for optimizing the medical
treatment (20). The aim of this study was to compare the
relation between cell proliferation and cell death (apoptosis)
in hormone-dependent and -independent prostate and breast
cancer cells, as well as in cancer cells from organs related to
the lower urinary tract, kidney and urinary bladder. In
addition, regarding the anti-inflammatory properties of S.
repens extract (11, 12) and its use to relieve chronic bronchial
coughs and laryngitis (21), its effect on colon HCT116 and
NSCLC A549 cell lines were also investigated.

The cytotoxicity of SRE extract towards the cancer cell
lines investigated was only moderate (Table I). For
establishing the effect of SRE on cell growth we used the
WST-1 assay in which the cleavage of the tetrazolium salt
to formazan by cellular enzymes of active cells was
quantified. It is known that this reaction is also sensitive to
the concentration of glucose, hydrogen ions, NADH and
NADPH. Therefore, we first measured the effect of SRE in
a cell-free system and the results of the WST-1 assay were
verified using a CV assay. The dose-dependent decrease of
cell growth, shown in Figure 1, was confirmed in this assay.
The inhibition of cell proliferation was dose-dependent for
the CV assay and did not differ from results of the WST-1
assay. Comparing the two assays, the WST-1 assay was more
sensitive. The GI50 results suggest that the significant
inhibition of cell growth is due to the interference with cell
proliferation rather than direct cytotoxicity. The dose of
SRE extract required to cause 50% reduction in the cell
growth of single cell lines showed significant difference
between AR-positive prostate and ER+ breast cancer cells
as compared to all other cell lines (Table I, Figure 2). These
two cell lines responded strongly to the SRE. This sensitivity
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Figure 2. Comparison of the sensitivity of individual cancer cell lines to
the exposure of SRE. Effect of SRE on eight different cell lines after 48 h
treatment expressed as Delta. Delta for a cell line was defined as the log
GI50 for the cell lines minus the mean of the log GI50 of all eight cell
lines. A deflection to the right indicates lower and to the left a higher
sensitivity than the mean. The mean log GI50 was 2.334. Mean±SD of
triplicate determinations from experiments performed three times are
presented. The solvent 0.5% ethanol did not affect the growth of individual
cells. The survival of vehicle-treated cells (n=8) was 98.7%±2.5.



could be related to the reported anti-androgenic and anti-
estrogenic effect of SRE (8, 9).

The disruption of the molecular mechanisms that
regulate apoptosis and cell proliferation among the stromal
and epithelial cell populations may underlie the abnormal
growth of the gland that characterizes neoplastic
development of the prostate (20). Therefore, we further
substantiated the cell growth inhibition caused by SRE. We
showed that SRE induced apoptosis in cancer cell lines,
except NSCLC A549 cells, by two methods (Table III). 

A549 cells showed lowest sensitivity to the SRE growth
inhibitory effect (highest GI50 value). The cells died by
necrosis as detected by light microscopic inspection. The
degree of apoptosis in remaining cell lines was comparable
to the plant-derived compounds genistein and quercetin
which were used as positive controls (Table II). Apoptosis
occured after 24 h treatment in cancer cells, except breast
ER-MDA MB231 cells which required 48 h to reach a
comparable value (Table III, Figure 3). The difference
between the antiproliferative action of SRE in hormone-
sensitive prostate and breast cancer cells and their hormone-
insensitive counterparts was not related to its apoptosis-
inducing property. Apoptotic cell death is most likely not the
only mechanism involved in down-regulation of cell growth
by SRE. The analysis of cell morphology based on light

scattering characteristics showed scatter properties of treated
cells typical for apoptosis, namely the reduction of cell size
according to forward scatter and no change or enhancement
of granularity according to side scatter (data not shown). 

The results of this study indicate that SRE prevented the
exponential growth of cancer cells and activated apoptosis
in human cancer cells of different origin. There are several
studies reporting antiproliferative and apoptosis-inducing
effect of S. repens extracts, mainly on cells of prostatic origin
(14, 15, 22-24). However, these studies produced some
controversial results. Interestingly, the selectivity and
specifity of the apoptotic induction of S. repens extract for
epithelial and stromal cells of prostatic origin and not from
other organs (breast, testes, epidermis, and kidney) using
primary cultures was reported (23). Another group of
researchers found that an n-hexane S. repens extract
inhibited the growth of breast MCF-7 cells comparable to
the prostate LNCaP (25). Our results are in accordance with
that study and the effective dose of both extracted
preparations was also about the same. However, whereas no
difference was found between the effect of S. repens extract
on androgen-dependent LNCaP and androgen-independent
PC-3 and DU-145 prostate cells, we established a significant
difference between the LNCaP and DU-145 cells as
mirrored by their GI50. However, our results are in
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Table III. Apoptotic cell detection by flow cytometry (Annexin V adherence accompanied with PI) and by colorimetry (APOPercentageì dye uptake) after
24 h and 48 h incubation with SRE.

Apoptotic cells (%)

Early apoptotic cells Late apoptotic/necrotic cells Early apoptotic cells

Cell lines Annexin V +/PI- Annexin V +/PI+ Bioassay

24 h 48 h 24 h 48 h 24 h 48 h

MCF-7b 24.6 12.4 1.5 10.3 26.6 11.3
SD 3.0 1.9 0.2 1.5 3.9 0.4
MDA MB231 4.2b 24.5b 1.5b 3.9b 10.9a 27.4a

SD 0.4 2.0 0.5 0.4 0.5 1.1
LNCaPb 33.8 16.2 7.5 18.7 33.2 14.5
SD 3.5 0.8 1.3 0.8 1.8 0.9
DU 145c 28.4 13.6 3.1 22.1 25.2 11.7
SD 2.3 2.4 0.6 1.6 3.2 1.3
J82b n.d. n.d. n.d. n.d. 27.9 17.7
SD 0.6 0.9
Caki-1a n.d. n.d. n.d. n.d. 29.0 12.4
SD 0.7 0.6
A549b 1.6 3.5 2.4 2.2 7.3 11.0
SD 0.1 1.5 0.3 0.1 0.8 0.8
HCT 116b 17.1 16.4 10.5 16.4 19.0 14.0
SD 2.3 0.6 0.1 0.8 1.9 4.0

Concentrations of SRE: a100 Ìg/ml, b200 Ìg/ml and c333 Ìg/ml. Means and SD from two independent experiments are presented. Overall
spontaneous apoptotic rate was between 3.5-11.4% in the Annexin V adherence assay and 6.7-10.4% using the bioassay.



accordance to those described by Ravenna et al. (9). They
found higher sensitivity of LNCaP cells than of PC-3 (AR-)
cells to the extract. It was shown that an extract of S. repens
and its main components, unsaturated fatty acids, inhibited
the basic fibroblast growth factor (b-FGF)-induced cell
proliferation in biopsies of human prostate (22). In addition,
extract from S. repens was shown to induce mixed cell death
due to apoptosis and necrosis in the LNCaP prostate cancer

cell line (24), to inhibit proliferation and induce apoptosis
in human BPH tissues (14), down-modulate cyclooxygenase-
2 (COX-2) (15), and to increase Bax/Bcl-2 index and
caspase-3 activity (26) in the apoptotic processes. It was
suggested that inhibition of specific components of the
insulin-like growth factor (IGF)-I signalling pathway
resulted in antiproliferative and proapoptotic effects of S.
repens extract on the growth and development of prostate
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Figure 3. Apoptosis induction by SRE on cancer cells measured by dye-uptake bioassay (APOPercentageì). Cancer cells (2x104/well) were cultured for
24 h (A) and 48 h (B) with (100-500 Ìg/ml) concentrations of SRE or in medium alone. The dye accumulated within apoptotic cells was recovered in
solution and measured using a microplate colorimeter at 550 nm. The positive control of fresh 5 mM hydrogen peroxide for 4 h induced apoptosis at
between 25.5% and 39.5% in eight cancer cell lines. The solvent of 0.5% ethanol did not increase the spontaneous apoptotic rate in any of the cancer
cell lines tested. Results are the means of two replicate experiments performed in triplicates. SD values were less than 8.5%.



epithelia (27). In contrast, a lack of apoptotic action of S.
repens extract on human prostate cells was also reported
(25). One reason for the discrepancies between studies of S.
repens extracts could be due to the different extraction
procedures and their composition. S. repens extracts consist
of multiple biologically active compounds in varying
proportions resulting in the variability of preparations. Fatty
acids, with antiproliferative (22) and antiinvasive activity
(28), and myristoleic acids, with cytotoxic and apoptosis-
inducing activity on prostate cancer cells (24), were shown
to be active components of extracts. 

Conclusion

Phytochemicals as chemopreventive modulators with low
toxicity have received considerable attention over several
decades. In the present study we showed that an ethanolic
extract of S. repens (Prostasan®) inhibited cell growth and
induced apoptosis in human cancer cells of different origin
with low toxicity. These activities, in addition to suppressive
effects on the invasive activity of cancer prostate cells (28)
and an in vitro antitumor effect by inhibition of Epstein-Barr
virus early antigen activated by 12-O-tetradecanoylphorbol-
13-acetate (29), make SRE an interesting tool for new
applications and further studies as cancer chemopreventive
agents since they are already in clinical use.
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