
Abstract. – Background: The extract of
Serenoa repens is the phytopharmaceutical prod-
uct most often used for the treatment of urologi-
cal symptoms associated with benign prostatic
hyperplasia (BPH). Several extracts are commer-
cially available but extraction processes vary be-
tween manufacturers and thus not all these prod-
ucts are equivalent in terms of active ingredient
content and composition of preparations.

Aim: As there is a paucity of comparative
studies, we compared the activity of different ex-
tracts of Serenoa repens widely available on the
world market.

Materials and Methods: Beltrax Uno®, Permi-
caps®, Permixon®, Prostadyn®, Prostagutt®,
Prostamen®, Prostamol Uno®, ProstaX®, Urocaps®
and Urogutt® were assayed for 5-αα-reductase ac-
tivity on 10 day fibroblasts and epithelial cells co-
cultures. Human fibroblast growth factor (hFGF)-
induced-proliferation inhibition was also assayed.

Results:: As to extract activity, differences
were observed between the tested extracts, but
all were able to inhibit 5-αα-reductase types I and
II isoenzymes (5ααR-I and 5ααR-II) as well as fi-
broblast proliferation. 

Conclusions: Extract potency differs between
products and so does proliferation inhibition po-
tency. Quantitative and qualitative variations in
the active ingredient are likely to account for
these differences.
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Introduction

About one third of men with benign prostatic
hyperplasia (BPH) who choose non-surgical op-
tions will resort to phytotherapeutical medication
alone or in combination with traditional pharma-
cotherapy. One widely used phytoceutical is the
extract from the drupes of the American Saw pal-
metto (Serenoa repens, but the taxon is often la-
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belled Sabal serrulatum, actually a trademark1

and a different genus of the Arecaceae family)2,3.
However, there are several saw palmetto extracts
available and all differ qualitatively because of
varying proprietary extraction process and quan-
titatively because of variations in the active in-
gredient content and the composition of prepara-
tions. Variability between clinical studies using
heterogeneous methodologies and the relative
paucity of comparative studies also explain why
biological medicine cannot substantiate the
equivalence of all Serenoa preparations. Also be-
cause the composition of proprietary preparation
may not be exactly known, it is conceivable that
clinical efficacy may also vary between brands.
We, therefore, carried out a comparative study to
assess the different pharmacological activity of
various commercial Serenoa repens extracts
available on a worldwide basis. In particular, we
mounted assays designed to compare the ability
of extracts to inhibit the two 5α-reductase-1
(5αR-I) and 5α-reductase 2 (5αR-II) isoenzymes
in co-cultured human prostate fibroblasts and ep-
ithelial cells as well as the anti-proliferative ef-
fect of extracts on fibroblasts.

Materials and Methods

Extracts
The preparations we procured were Beltrax

Uno® (Beliarda, Argentina), Permicaps®, (Bago,
Argentina) Permixon® (Pierre-Fabre, France),
Prostadyn® (Dr. Dunner, China), Prostagutt®

(Schwabe Pharma, Russia), Prostamen® (Ancal-
mo, Panama), Prostamol Uno® (Berlin Chemie,
Poland), ProstaX® (Interfarma Corporation,
Panama), Urocaps® (Division Fitoterapeutica,
Mexico) and Urogutt® (Farmasa Schwabe, Thai-
land). For the sake of comparison, the solid-state
active ingredient was extracted by evaporation
with hexane. This solid was dissolved in 10 mL
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ethanol to yield a concentration of 10 mg/mL.
The stock solution obtained was further diluted
in appropriate media to provide a working solu-
tion of 1 mg/mL.

Co-culture Cell Model
Human prostate tissue was obtained after in-

formed consent from men undergoing
transurethral resection of the prostate for BPH.
Primary fibroblast and epithelial cultures were
established as previously described4-6. Briefly,
fragments 1 to 3 mm in diameter were digested
with 150 U/mL collagenase and 150 U/mL
hyaluronidase for 18 to 20 hours at 37°C in Dul-
becco’s modified Eagle’s medium (DMEM) con-
taining 5 percent foetal bovine serum, 50 IU/mL
penicillin, 50 µg/mL streptomycin and 2 mM L-
glutamine. Cells were isolated on a Ficoll gradi-
ent and the presence of epithelial cells and/or fi-
broblasts was confirmed by phase-contrast mi-
croscopy and immunocytochemical staining.
AE1/AE3 epithelial cell markers (Dako A/S, Mi-
lan Italy) and TE-7 fibroblast markers (Chemicon
Europe, Ltd Hampshire, UK) were used. This in-
vitro co-culture model of fibroblasts and epithe-
lial cells expresses many of the phenotypical
characteristics of the prostate, including both
5αR-I and 5αR-II4. From the primary cultured
cells, fibroblast and epithelial cell co-cultures
were prepared (as described in reference7) by fit-
ting the cell culture plates with a microporous
membrane to separate the two cell populations
while maintaining cell communication by means
of diffusible factors. Co-cultures were main-
tained in a mixed medium of DMEM and RPMI-
1640 (1:1, v/v) containing 10% foetal calf serum
(FCS) at 37°C in 5% CO2.

5αα-reductase Activity Assay
As per protocol, to compare the efficacy of the

various Serenoa extracts in the inhibition of 5αR-
I and 5αR-II, prostate fibroblasts and epithelial
cells were equally mixed and assayed as de-
scribed at 10 day co-culture for 5α-reductase ac-
tivity, as in references 7 and 8. In brief, cells were
harvested by trypsinization, centrifuged and the
pellet re-suspended in RPMI-1640 supplemented
with 10% FCS and counted. Cells were re-sus-
pended in 4 mmol/mL sodium phosphate buffer
either at pH 7.5 (5αR-I) or pH 5.5 (5αR-II). 
Cell suspensions were added to glass tubes

containing [3H]testosterone ([1,2,6,7-3H]testos-
terone, specific activity 105 Ci/mmol, 8 × 106

dpm/dish, 20 mmol/L; 1 µCi, from Amersham

International, Cardiff, UK), as substrate, a
NADPH-regenerating system and different con-
centrations of each extract. The tubes were next
incubated at 37°C for 30 minutes in a shaking
water bath. The reaction was stopped by immer-
sion into liquid nitrogen.
Samples were evaporated to dryness in a vacu-

um oven at 40°C and the residues re-suspended
in ethanol. 5αR-I and 5αR-II isoenzyme activi-
ties were determined by measuring the conver-
sion of 3[H]-testosterone to dihydrotestosterone
(DHT) – as described elsewhere7,8.
Results of isoenzyme activity are expressed as

percent control. The conversion of 1 µM 3[H]-
testosterone in the absence of inhibitors is de-
fined as 100 percent activity (0.8-1.5 nmol
DHT/106 cell/min for 5αR-I; 30-35 nmol
DHT/106 cell/min for 5αR-II). Dose-effect re-
sponse curves were analysed using a sigmoid
maximum effect (Emax) model with a variable
slope (GraphPad Software, Inc. La Jolla, CA,
USA). Inhibitory potency was assessed by deter-
mining the half maximal inhibitory concentration
(IC50).

Proliferation Assay
In this experiments was evaluated the potency

of various extract to inhibit the proliferative ef-
fect of human Fibroblast Growth Factor (hFGF
basic) that induces a considerable increase in
proliferation of human prostatic fibroblasts. 
Fibroblasts (20 000 cells per well) were plated

on 96-well cell culture plates and cultured in the
presence or absence of basic FGF (0.5 ng/mL).
One, 10 and 30 ng/mL of each Serenoa extract
were added after 24 hours. Extracts had been ini-
tially solubilised in dimethyl sulfoxide (DMSO)
and further diluted in minimum essential medi-
um. Appropriate controls to which equivalent di-
lutions of DMSO were added showed no interfer-
ence with cell proliferation. The relative increase
in cellular proliferative activity against a bovine
serum albumin (BSA)-treated negative control
sample was calculated using 3(-4,5 dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) conversion in an MTT cell proliferation
assay (Sigma Chemical Co., St Louis, MO,
USA). Cultures were stopped after 72 hours and
each assay was run in triplicate.

Statistical Analysis
Non-linear regression curves were compared

by ANOVA tested by Bonferroni’s adjustment in
post-hoc comparisons.
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Figure 1. Inhibition of 5α-reductase type I .Enzyme activity is expressed as a percent of the control. (The conversion of 1 µM
of testosterone in absence of inhibitors is defined of 100% activity).
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Sigmoidal p value
dose-response EC50 vs permixon

Permixon® 6.717
Prostamol Uno® 10.24 p < 0.01
Urogutt® 13.51 p < 0.01
Permicaps® 8.063 p < 0.05
Prostagutt® 7.737 p > 0.05
Prostadyn® 13.86 p < 0.001
Prostamen® 15.30 p < 0.001
Prostax® 10.71 p < 0.001
Beltrax Uno® 18.58 p < 0.001
Urocaps® 12.16 p < 0.001

Table I. EC50 of various extracts of Serenoa repens on 5α
reductase I compared to Permixon.
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Results

5αα-Reductase Activity Assays
All Serenoa extracts inhibit 5α-reductase

isoenzymes in co-cultures of prostate epithelial
cells as well as fibroblasts but their inhibitory ac-
tivity (IC50) differs widely. 
Figure 1 plots the activity (versus control) of

the extracts on 5αR-I concentrations and Table I
summarises the dose-response curve for agonist
assay (IC50) of the various brands of Serenoa ex-
tracts (with unadjusted comparisons).
Permixon® (ic50 = 6.717) shows the highest effi-

cacy on 5α-reductase type I and is statistically dif-
ferent compared to the others extracts. However,
there is a different weight in statistical differences.
Permixon® is statistically superior versus Per-

micaps® (ic50 = 8.063) and Prostagutt® (ic50 =
7.737) with p < 0.05; versus Prostamol uno® (ic50
= 10.24) and Urogutt® (ic50 = 13.51) with p <
0.01; versus Prostadyn® (ic50 = 13.86),
Prostamen® (ic50 = 15.30), Prostax® (ic50 =
10.71), Beltrax uno® (ic50 = 18.58) and Urocaps®

(ec50 = 12.16) with p < 0.001.
Figure 2 reports the 5αR-II activities of

Serenoa extracts and Table II their IC50 concentra-
tions. Also against this enzyme, the inhibithory ac-
tivity of Permixon® yields a lowest IC50 with a val-
ue of 3.994 and outperforms Urocaps® in this abil-
ity by five orders of magnitude, Beltrax Uno®,
Prostamol Uno® and Urogutt® by four, Prostadyn®

by almost four, Prostamen® by three and Permi-

caps®, Prostagutt® and ProstaX® by two. The pair-
wise comparisons with Permixon® reach less than
0.001 significance levels in all cases except
Urogutt® (p < 0.05), Permicaps® (p < 0.05), and
Prostagutt® (p < 0.01), though without losing sta-
tistical superiority (0.05 > p < 0.01). 

Proliferation Assay
Figure 3 shows the effect of three-day in-vit-

ro treatment with the various extracts on prolif-
eration of fibroblasts against pooled controls
and on hFGF induced proliferation vs. a nega-
tive control (with bovine serum albumin). None
of the extracts tested were able to influence the
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basal proliferation of prostate fibroblasts within
the 72-hour range of the experiments. While the
addition of hFGF increases the proliferation of
fibroblasts by about 87%, there is no difference
with the negative control-treated culture (Figure
3). All extracts inhibit the proliferation induced
by hFGF but Permixon® supplementation highly
and significantly correlates (r2 = 0.85; p < 0.05)
with proliferation control, in contrast to all oth-
er extracts (Figure 4). The adjusted post-hoc
comparisons show highly significant (p < 0.01)
proliferation differences with Prostadyn®, Uro-
caps® and Urogutt® and statistical significance
is maintained in comparisons with other extracts
(Table III).
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Figure 2. Inhibition of 5α-reductase type II (for details see Figure 1).

%
 a
ct
iv
it
y 
vs
 c
o
n
tr
o
l

Log conc (mg/L)

Permixon

Prostamol Uno

Urogutt

Permicaps

Prostagutt

Prostadyn

Prostamen

Prostax

Beltrax Uno

Urocaps

Sigmoidal p value
dose-response EC50 vs permixon

Permixon® 3.994
Prostamol Uno® 17.37 < 0.001
Urogutt® 19.51 < 0.05
Permicaps® 9.888 < 0.05
Prostagutt® 8.237 < 0.01
Prostadyn® 15.52 < 0.001
Prostamen® 13.49 < 0.001
Prostax® 10.41 < 0.001
Beltrax Uno® 17.61 < 0.001
Urocaps® 20.96 < 0.001

Table II. EC50 of various extracts of Serenoa repens on 5-
reductase II compared to Permixon.

Figure 3. Fibroblasts prolifera-
tion in presence of Permixon,
hFGF and hFGF + BSA.
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Discussion 

In this study we demonstrated that various ex-
tract of Serenoa repens purchased in various
countries show different intrinsic activity in vitro,
even if all show activity.
In 2008, our group studied different brands of

Serenoa repens extracts, purchased in Italy, for
their comparative potency and the present study
falls in line with our then conclusion that each
preparation should be individually tested for
bioactivity beyond clinical efficacy9 Earlier still,
a pioneering study by Habib and Wyllie10 had
drawn attention to the importance of variations
among brands resulting in a discrepancy be-
tween actual and stated dose of Serenoa repens
across the spectrum of commercially available
preparations, due to different product formula-
tions, plant sources, extraction process and con-
tent in the active ingredient and bioactive adju-

vants10. In this context, the present study com-
pletes the earlier investigation by focusing on
the potency of 10 lipidosterolic extracts of
Serenoa repens on the inhibition of 5αR-I and
5αR-II isoenzymes and on the inhibition of the
proliferation of human prostatic fibroblasts after
the induction with hFGF. We have demonstrated
that the brands assayed are significantly differ-
ent. The possible explanation of this to t vari-
ance in effective concentrations may be attribute
to the different composition in the active com-
ponents11.
One limitation of this study is in its nature.

Our work has been performed to assess com-
parative potency but not directly address clini-
cal efficacy or safety. All products analyzed
are recommended at 300-320 mg per day in
spite of their different potency. Theoretically,
we do not know if the clinical efficacy of the
tested extracts is different because the exact
dose of the Serenoa extract has not been estab-
lished. However, many trials extensively re-
viewed12,  using mainly Permixon®, have
demonstrated mild to moderate improvement
in urinary symptoms and in flow measures in
men with Benign Prostatic Hyperplasia. Com-
pared to finasteride13 and tamsulosin14, Per-
mixon® has produced similar improvements in
urinary symptoms and flow measure, with few-
er Adverse Drug Reactions. 
Further comparative studies are needed to as-

sess the bioequivalence of other bioactive com-
pounds (e.g., Pygeum africanum or Urtica
dioica)15 which may affect the effectiveness of
Serenoa repens in mixed-type preparations16.
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Bonferroni’s multiple 
comparison test t p value

Permixon vs Prostamol Uno 4.872 < 0.01
Permixon vs Urogutt 4.854 < 0.01
Permixon vs Permicaps 4.038 < 0.05
Permixon vs Prostagutt 3.974 < 0.05
Permixon vs Prostadyn 5.285 < 0.01
Permixon vs Prostamen 4.504 < 0.05
Permixon vs Prostax 4.321 < 0.05
Permixon vs Beltrax Uno 4.398 < 0.05
Permixon vs Urocaps 4.639 < 0.01

Table III. Statistical analysis of proliferation.

Figure 4. Inhibition of fibroblasts proliferation induced by hFGF of the different extracts of Serenoa repens.
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