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Abstract
Objective: To demonstrate, with an in vitro approach, the efficacy and safety 
of a novel, multi-active principle formulation, Prostanox®, for the prevention 
and treatment of prostatic diseases, such as benign prostatic hyperplasia and 
correlated symptoms, with the aim of improving patients well-being.

Methodology: In the present work, we compared, with an in vitro approach based 
on a prostate and smooth muscle in vitro models, the prostatic safety and efficacy 
of Prostanox® with a commercial formulation, based only on Serenoa repens, and 
a 5αR inhibitor, Finasteride. 

Results: Our results showed a better prostatic safety and therapeutic efficacy 
of Prostanox®, compared to the commercial formulation and Finasteride, with 
an increased anti-inflammatory, pro-apoptotic and myorelaxing activity, and a 
stronger inhibitory effect on the key enzyme 5αR and Prostatic-Specific Antigen 
(PSA) release.

Conclusion: Based Considering the obtained results, thanks to its unique blend 
of active principles, Prostanox® formulation is more promising for BPH and LUTs 
therapy compared to Serenoa repens only-based formulations.
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Introduction
BPH is a benign enlargement of the prostate gland, due to the 
proliferation of stromal and epithelial glandular cells, leading 
to transitional and periurethral area overgrowth [1]. Among 
aging men, BPH is considered the most common prostatic non-
malignant condition and its incidence increases by 30% from 50 
to 80 years of age [2]. These conditions represent a significant 
challenge for the health care system of many countries, and their 
impact is likely to increase in the future due to the progressive 
consistency of worldwide population [3,4]. Furthermore, BPH may 
lead to the development of specific symptoms, commonly known 
as Low Urinary Tract Symptoms (LUTs), which negatively affect 
aging men lifestyle [5]. However, despite the scientific community 
effort, BPH etiology is not fully understood yet and, as such, the 
identification of an effective therapy is difficult [6–9]. At present, 
it is generally agreed that BPH is a consequence of stromal and 

epithelial prostatic cell proliferation [10], in particular of its smooth 
muscle component mediated, among others, by inflammatory, 
oxidative, hormonal and genetic factors [11–13]. The contraction 
of the hypertrophic prostatic smooth muscle component is 
responsible for many BPH-related symptoms [14,15]. However, 
as pointed out by the MTOPS (Medical Therapy of Prostatic 
Symptoms). the extension of the acronym was requested by the 
reviewer. and REDUCE (REduction by DUtasteride of prostate 
Cancer Events). The extension of the acronym was requested by 
the reviewer study [16,17], a prominent role for inflammation in 
BPH insurgence and development was proposed [12,13,18,19]. 
Taken together, this information indicates to a complex 
etiology for BPH, which treatment should require a multidrug-
based approach. Accordingly, BPH is presently treated with a 
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combination of 5αR inhibitors, which block testosterone to di 
dihydrotestosterone conversion, α-adrenergic receptor agonists 
that favour smooth muscle relaxation, and plant extracts, or 
phytotherapic agents [20,21]. Indeed, formulation based on plant 
extracts-based formulations are among the most popular drugs 
used in the medical management of BPH-induced LUTS [22,23]. 
Serenoa repens, extracted from saw palmetto tree berries, is 
the most popular phytotherapic medication for BPH since it is 
endowed with 5αR inhibitory activity and favour smooth muscle 
relaxation [24–26]. However, a formulation based on multiple 
active principles, other than Serenoa repens, would be more 
effective in BPH treatment, considering its multi-faceted origin 
[27,28]. To test this hypothesis, a novel formulation, Prostanox®, 
in which Serenoa repens therapeutic activity is complemented 
with other active principles (Boswellia carteri, Berberis vulgaris, 
Urtica dioica, Curcuma longa, Vaccinium spp. and magnesium), 
was compared to a commercially available, Serenoa repens only-
based formulation. Each phytoextract added to Serenoa repens 
in Prostanox® is endowed with specific activities in preventing 
BPH endpoints. Barberry (Berberis vulgaris) [29], curcuma 
(Curcuma longa) [30] and frankincense (Boswellia carterii) [31] 
extracts are known to be strong anti-inflammatory, anti-oxidant 
and antibacterial substances. Similarly, the black pepper (Piper 
nigrum) [32] and the stinging nettle (Urtica dioica) [33] are anti-
inflammatory substances, while the cranberry (Vaccinium spp.) 
[34] is endowed with antibacterial activity. Finally, magnesium 
has a myorelaxing effect on the smooth muscles. The effect of 
Prostanox® and the commercial formulation on different prostatic 
parameters, such as inflammation, 5αR inhibitory activity, 
prostate-specific antigen (PSA) release and smooth muscle 
activity were investigated with an in vitro approach, based on 
prostate and smooth muscle in vitro models.

Materials and Methods
 LNCaP androgen-sensitive human prostate adenocarcinoma cell 
line (ATCC® CRL-1740™), WPMY-1 human myofibroblast stromal 
cell line (ATCC® CRL-2854™) and THP-1 human monocytic cell line 
(ATCC® TIB-202™) were purchased from ATCC (Manassas, VA, 
USA). High glucose Dulbecco’s Modified Eagle Medium (DMEM), 
Roswell Park Memorial Institute (RPMI) 1640 Medium, Hanks’ 
Balanced Salt Saline (HBSS), non-essential amino acids (NEAA), 
L-glutamine, Penicillin-Streptomycin mix, lipolysaccharide (LPS), 
Diclofenac, dihydrotestosterone (DHT) and phorbol 12-myristate 
13-acetate (PMA) were purchased from Sigma-Aldrich (St Louis, 
MO, USA). Foetal bovine serum (FBS) was purchased from 
Euroclone (Milan, IT). Interleukin 1β (IL-1β), Tumor Necrosis 
Factor α (TNF-α), PSA and DHT ELISA kit were purchased from 
R&D Systems, PeproTech (London, UK), Abcam (Cambridge, UK) 
and Cloud Clone (Katy, TX, USA) respectively. Cell contraction 
assay was purchased from Cell Biolabs (San Diego, CA, USA). 
Transwell® insert were purchased from Millipore (Burlington, 
MA, USA). CellTiter 96® AQueous One Solution Cell Proliferation 
Assay (MTS) and Apo-ONE® Homogeneous Caspase-3/7 Assay 
were purchased from Promega (Madison, WI, USA).

Formulation composition
The comparative efficacy evaluation on prostate and smooth 
muscle in vitro models was performed between Prostanox® 

and commercially available formulation (CF; Permixon®), whose 
compositions are detailed in Supplementary Materials 1 (SM1), 
and Finasteride.

LNCaP cell culture
The human prostate cancer cell line LNCaP cells (passage 25 to 40) 
were maintained in RPMI-1640 medium supplemented with 10% 
FBS and 1% Penicillin-Streptomycin mix. The cells were grown at 
37°C in a humidified atmosphere with 5% CO2. Cells were seeded 
at 1 × 104 cell/cm2 and medium changed every other day. Cells 
were sub cultivated by tryspinization every 7 d when 80–90% 
confluent. For viability and anti-inflammatory experiments, 
LNCaP were seeded 96-well plates and 6-well plates respectively 
at a density of 1 × 105 cell/cm2 and allowed to adhere for 2 days 
prior to experiments experiment cells were seeded at a density of 
5 x 104 cells/cm2 in 24-well plates.

THP-1 cell culture
Human THP-1 monocytes (passage 22 to 32) was maintained in 
RPMI-1640 medium with glutamate supplemented with 10% FBS, 
100 U/ mL penicillin and 100 μg/mL streptomycin (GIBCO, UK). 
Cells were cultured at a density of 5 × 105 cells/mL in 5% CO2 
humidified atmosphere at 37°C and sub cultured twice a week. 
Macrophage differentiation was induced by incubation with 500 
nM phorbol myristate acetate (PMA; Sigma-Aldrich, MO, USA) 
for 24 h. Culture medium was then replaced and cells cultured 
for an additional 24 h. For medium conditioning, 6 × 106 cell 
were seeded in 75 cm2 flask, differentiate into macrophages as 
described before and treated with 1 ng/mL for 6 h. At the end of 
the LPS treatment, medium was recovered and stored at -80°C 
until use.

WPMY-1 cell culture
Human prostate stromal cells (myofibroblast) (WPMY-1) (passage 
40 to 50) were cultured in DMEM, supplemented with 10% foetal 
bovine serum (FBS) and 1% Penicillin-Streptomycin mix. Cells 
were seeded at 2 x10^3, always for consistency and sub cultivated 
by tryspinization every 7 d when 80–90% confluent. The medium 
was refreshed every other day. For cell contraction experiments, 
1 × 106 cells were loaded into each collagen gel.

Evaluation of the impact of tested formulations, 
Finasteride and Diclofenac on LNCaP and 
WPMY-1 cells
To evaluate Prostanox®, CF, Finasteride and anti-inflammatory 
drug Diclofenac impact on human prostatic cellular model, and 
to determine their higher, non-toxic concentration, a dose-
response curve experiment on LNCaP cells was performed. 
Briefly, LNCaP cells were treated with increasing concentrations 
of Prostanox® (from 0 to 2000 𝜇g/mL), CF (from 0 to 4000 𝜇g/
ml) and Finasteride (from 0 to 372.5 𝜇g/mL) for 6 and 24 h. 
Diclofenac treatment (from 0 to 1591 𝜇g/mL) was limited to 6 
h, corresponding to the duration of anti-inflammatory activity 
experiments. At the end of incubation time, LNCaP cells viability 
was determined by MTS assay, according to the manufacturer’s 
instruction. Obtained dose-response curves were fitted with 
OriginLab software and half-maximal effective concentration 
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(EC50) calculated. Dose-response curve were also determined 
for human prostate stromal cells (WPMY-1), the in vitro model of 
smooth muscle, considering the same concentration range tested 
for Prostanox®, CF and Finasteride on LNCaP cells, but limiting the 
exposure to 24 h.

Prostate-specific anti-inflammatory activity
The prostate-specific anti-inflammatory activity of tested 
formulations and drugs was evaluated in a LNCaP cell-based 
prostatic epithelium in vitro model, with a two-step protocol: 

i)	 2 h pre-treatment of the prostatic epithelium in vitro 
model with the highest, non-toxic concentrations of 
formulations and drugs;

ii)	 4 h exposure to inflammatory stimulus (LPS-stimulated 
macrophage conditioned medium) in presence of 
formulations and drugs. 

LNCaP cells inflammation was achieved with the method 
described by Wong CP, et al. [35]. At the end of the treatment, 
LNCaP cells were washed with DPBS, scraped in ice-cold PBS, 
centrifuged and lysed by sonication in lysis buffer. Following 
centrifugation at 10000 g for 15 min, the level of interleukin-
1beta (IL-1β) and tumor necrosis factor-alpha (TNF-α) cytokines 
in obtained surnatants were quantified by commercial ELISA 
(Enzyme-Linked Immuno sorbent Assay) kits, following the 
manufacturer’s instructions.

Prostanox®, CF and Finasteride pro-apoptotic 
activity
To evaluate the pro-apoptotic activity of Prostanox®, CF and 
Finasteride on the prostatic epithelium in vitro model, LNCaP cells 
were exposed for 6 h at the highest, non-toxic concentration of 
formulations and Finasteride. Staurosporine (STS), a well-known 
pro-apoptotic agent, was used as positive control. To correlate 
anti-inflammatory activity with pro-apoptotic activity, the same 
experimental setup described above for the anti-inflammatory 
activity was applied. At the end of the incubation, pro-apoptotic 
activity was measured with a commercial fluorometric assay, 
based on caspases 3/7 activation of a fluorescent probe, following 
the manufacturer’s instruction. Fluorescence measurements 
were acquired with a multiwall-plate reader setting the excitation 
wavelength at 499 nm and emission wavelength at 521 nm.

5αR activity
The formulations impact on 5αR activity was assessed following 
the protocol described by Assinder SJ [36]. Briefly, equal amounts 
of the same LNCaP cell lysate (i.e. same total protein content) were 
incubated for 16 h at 37°C under agitation with Prostanox® (750 
μg/mL) and CF (100 𝜇g/mL), in presence of 5αR cofactor NADPH 
(100 𝜇M) and the substrate testosterone (100 𝜇M). Finasteride 
was used as a positive control (93.1 𝜇g/mL) while no testosterone-
incubated cell lysate was considered as negative control. At the 
end of the incubation period, the reactions were blocked with ice 
and the DHT content of the different lysate measured by ELISA 
assay, according to the manufacturer’s indications.

Measurement of PSA secretion by LNCaP 
prostatic cells
The effect of Prostanox®, CF and Finasteride on PSA secretion 

was evaluated in LNCaP prostatic cells, following the protocol 
described by Kampa M, et al. [37], in presence and absence 
of DHT (10 nM), an androgen known to increase PSA release. 
Secreted PSA levels were measured with a commercial ELISA 
kit, following the manufacturer’s instructions. Results were 
expressed as percentage of secreted PSA in cells treated with 
different formulations compared to control.

Smooth muscle myorelaxing activity
The myorelaxing activity of tested formulations bioavailable fraction 
was evaluated in an in vitro model of smooth muscles, based on 
WPMY-1 human myofibroblast stromal cell. The myorelaxing effect was 
analysed by means of a two-step gel-contraction assay, following the 
manufacturer's instructions. Fibroblast-containing gels were exposed 
to the bioavailable fraction of the formulations for the duration of the 
experiment (24 h). The myorelaxing activity was calculated with the 
following formula:

 100)/C (( - 100  (%)Activity  gMyorelaxin Fibroblast ×= controlC
where Cfibroblast is the contraction of the fibroblast-containing gels exposed 
to the bioavailable fraction of the different formulations and Ccontrol the 
contraction of the untreated fibroblast-containing gel (positive control 
of contraction).

Statistical analysis
Results were statistically analysed by t-test, using Origin Lab 
software (Origin Lab Corporation, MA, US). Experiments were 
performed in triplicate and results presented as average ± 
standard deviation. A p value of ≤ 0.05 was considered significant.

Results
Impact of Prostanox®, CF, Finasteride and 
Diclofenac on the in vitro prostatic model
Before comparing the efficacy of Prostanox® with a commercial 
formulation (CF) and Finasteride, we investigated their safety 
on LNCaP cells through dose-response toxicological analysis, 
considering 6 and 24 h as relevant exposure times. LNCaP cells 
viability is significantly reduced, following 6 and 24 h treatment, 
at 2000 𝜇g/mL and 1000 𝜇g/mL of Prostanox® respectively 
(Figure 1E and Figure 1F) while CF completely abrogates 
LNCaP viability at 250 𝜇g/mL, independently of exposure time. 
Concerning Finasteride, an adverse effect on LNCaP cells was 
observed at 373.0 𝜇g/mL and 186.3 for a 6 and 24h treatment 
respectively. Finally, since Diclofenac is used as a positive control 
in inflammation experiment, its impact on LNCaP cells were 
also evaluated (SM2). EC50 value is reported in SM3. Based on 
cytotoxicity results, 6 h exposure-efficacy tests were performed 
with 1500 𝜇g/mL of Prostanox®, 100 𝜇g/mL of CF, 279 𝜇g/mL of 
Finasteride and 32 𝜇g/mL of Diclofenac, while for 24 h exposure-
efficacy a concentration of 750 𝜇g/mL, 100 𝜇g/mL and 93 𝜇g/mL 
was applied for Prostanox®, CF and Finasteride respectively.

Effect of Prostanox®, CF and Finasteride 
treatment on pro-inflammatory cytokine release 
from the in vitro prostatic model
In recent years, a direct correlation between inflammation 
and BPH development was highlighted [17–19]. Prostanox®, 
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Figure 1 Impact of Prostanox® (A and B), CF (C and D) and 
Finasteride (E and F) on in vitro prostatic model vitality, 
following 6 and 24 h exposure. * p<0.05.

CF and Finasteride anti-inflammatory activity was assessed by 
measuring pro-inflammatory cytokine (IL-1β and TNF-α) release. 
Diclofenac, an anti-inflammatory drug, was used as positive 
control. As shown in Figure 2A and SM4, a significant reduction 
in IL-1β release, compared to inflamed and untreated LNCaP cells 
(403 ± 8 pg/mL), was observed for Prostanox® (48 ± 4 pg/mL), 
CF (331 ± 3 pg/ml) and Diclofenac (247 ± 11 pg/mL) following 
6 h treatment. Prostanox®-induced IL-1β release reduction is 
significantly higher compared to CF, Finasteride and Diclofenac, 
with the latter being more effective of CF and Finasteride. CF 
is more effective than Finasteride in reducing IL-1β release. 
Prostanox® anti-inflammatory activity was further confirmed 
by TNF-α release (Tables 6 and 7). Indeed, conversely to CF and 
Diclofenac, Prostanox®, compared to inflamed, untreated control, 
reduced TNF-α release by 85% (93 ± 19 pg/mL compared to 635 
± 66 pg/mL of the inflamed, untreated LNCaP cells). No effect on 
both cytokine releases was observed following treatment with 
Finasteride. 

Pro-apoptotic activity of Prostanox®, CF and 
Finasteride
This prostate enlargement is mainly due to the uncontrolled 
proliferation of prostatic cells. As a consequence, a formulation 
able to contain such proliferation, via cell death mechanisms 
like apoptosis, may slow down the BPH onset and development. 
Considering the underlying inflammatory processes, it is also 

Figure 2 IL-1β (A) and TNF-α (B) release variation in inflamed 
LNCaP-based in vitro prostatic model before and 
after treatment with Prostanox®, CF, Finasteride and 
Diclofenac (positive control), compared to control (Ctrl; 
non-inflamed, untreated LNCaP cells). *p<0.005.

fundamental for such formulation to affect cell proliferation in an 
inflamed environment. To this aim, we investigated the potential 
pro-apoptotic activity of Prostanox®, CF and Finasteride in both 
non-inflamed and inflamed LNCaP cells. The activation of key 
enzymes in the apoptotic signaling cascade (caspase 3 and 7) 
was used as an indicator of apoptosis activation. In non-inflamed 
conditions, Prostanox® treatment showed a caspase 3/7 activity 
increase of 4.8 ± 0.3 fold-change times compared to control. CF 
and Finasteride also increased caspase 3/7 activity but to a lower 
extent (1.9 ± 0.1 and 2.9 ± 0.5 fold-change compared to control 
respectively) (Figure 3 and SM5). The same trend was maintained 
in inflamed condition (9.4 ± 1.2, 3.6 ± 0.5 and 7.9 ± 0.6 fold-change 
compared to inflamed, untreated LNCaP cells for Prostanox®, CF 
and Finasteride respectively) (SM5). 

Impact of Prostanox®, CF and Finasteride 
treatment on in vitro prostatic model 5αR 
activity
The 5αR is fundamental in the insurgence and development 
of some prostatic pathologies (i.e. BPH). Indeed, it stimulates 
PSA production through dihydrotestosterone, a hormone 
characterized by a higher androgenic activity compared to 
testosterone itself [43]. As such, 5αR activity inhibition may be 
indicative of a positive effect at prostatic level. To evaluate the 
impact on 5αR activity of tested formulations and Finasteride, 
a specific 5αR inhibitor, LNCaP cell lysates were incubated with 
Prostanox®, CF and Finasteride for 16 h, in presence of with 
5αR cofactor (NADPH) and substrate (testosterone). DHT, the 
product of 5αR-catalyzed reaction, was measured at the end 
of the incubation period. Cell lysates incubated in absence of 
testosterone were considered as controls. As shown in Figure 
4 and SM6, the addition of testosterone to 5αR, in presence of 
NADPH, stimulated the enzyme activity, leading to an increase 
in DHT synthesis compared to control. Prostanox® showed to be 
more effective in reducing DHT production than CF, with CF being 
the less effective, while Finasteride showed a 5αR inhibitory 
efficacy comparable to Prostanox® (51.0, 24.2 and 41.3% 
reduction for Prostanox®, CF and Finasteride respectively).
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Effect of Prostanox®, CF and Finasteride on the 
release of PSA
PSA is a protein released from the prostatic epithelium and its 
increase in the bloodstream is associated with the development 
of prostatic pathologies, like the BPH. As such, PSA is a useful 
marker to assess the potentially positive effect of a formulation 
at the prostatic level. Following stimulation with androgenic 
hormone DHT, a significative increase in PSA release (361.2 ± 
11.9% increase compared to untreated control) was observed 
in LNCaP cells (Figure 5 and SM7). Both Prostanox® (750 𝜇g/mL) 
and Finasteride (93 𝜇g/mL) significantly reduced PSA release, 
with Prostanox® being the most effective (46.1 ± 3.3% and 56.4 
± 9.5% PSA release respectively, compared to 461.2 ± 11.9% 
PSA release of the DHT-stimulated control) (Figure 5 and SM7). 
Conversely, no decrease in PSA release from DHT-stimulated 
LNCaP cells was observed for CF, indicating that both Prostanox® 
and Finasteride are more effective than CF. Effect of Prostanox®, 
CF and Finasteride on non DHT-stimulated LNCaP cells PSA release 
is reported in SM8 and SM9.

Smooth muscle myorelaxing activity of 
Prostanox®, CF and Finasteride
Some of LUTS, like voiding or obstructive symptoms, are due 
to the progressive increase and contraction of the stromatic 
portion of the prostate, composed mainly of smooth muscle. For 
this reason, a therapy based on α-blocker drugs (i.e. doxazosin, 
terazosin, etc.) are effective in LUTS mitigation [44]. To explore 
their potential myorelaxing ability, WPMY-1 cells (smooth muscle 
cell line) were treated with Prostanox®, CF and Finasteride. As 
for the LNCaP cells, a toxicological, dose-response analysis was 
performed (SM10 and SM11). To test their effect on smooth 
muscle contraction, WMPY-1 cells were exposed to 750 𝜇g/mL 
of Prostanox®, 100 𝜇g/mL of CF and 93.1 𝜇g/mL of Finasteride 
for 24 h. No effect was observed for Finasteride (Table 6), 
while Prostanox® and CF significantly increased smooth muscle 
relaxation, with Prostanox® being endowed with the highest 
myorelaxing activity (28.0 ± 2.6% and 7.8 ± 2.5% of myorelaxation) 
(Figure 6 and SM12). Contraction data are reported in SM12.

Discussion
BPH represents a significant burden in aging men frequently 
associated with LUTS, which may impair quality of life [1,5]. BPH 
etiology is complex, underlying different mechanisms, such as 
steroid-mediated cell proliferation and inflammation [10,17–19]. 
However, Serenoa repens, the most widely used phytotherapic 

Figure 3 Caspase 3/7 activation compared to non-inflamed, 
untreated LNCaP cells (A, Ctrl) and inflamed, untreated 
LNCaP cells (B, Ctrl) following 6 h treatment with 
Prostanox®, CF, Finasteride and staurosporine (STS, 
positive control). *p<0.05.

Figure 4 Percentage of DHT produced by 5αR from testosterone 
reduction, calculated compared to control, in presence 
or absence of Prostanox®, CF and the specific inhibitor 
Finasteride. *p<0.05.

Figure 5 Prostate-specific antigen release in LNCaP prostatic 
cells following stimulation with DHT and treatment with 
Prostanox®, CF and Finasteride. *p<0.05.
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agent for the treatment of BPH, is able to mitigate only parts of 
BPH-related symptoms [24–26]. To enhance and complement 
Serenoa repens therapeutic activity, a new multi active ingredient-
based formulation, Prostanox®, have been proposed. Our in vitro 
approach, demonstrated, that the presence of multiple active 
improved the overall efficacy of Prostanox® by enhancing its 
anti-inflammatory, anti-androgenic, pro-apoptotic and smooth 

muscle relaxing activity. Indeed, our results clearly show that the 
association of multiple active principle decreases more efficiently 
the release of pro-inflammatory cytokine IL-1β and TNF-α, 
compared to Serenoa repens only based formulations. Such 
behavior is probably due to the synergic effect of the phytotherapic 
agents contained in the formulation, such as Boswellia carteri 
[40], Curcuma longa [30,41] and Berberis vulgaris [42]. Similarly, 
the higher pro-apoptotic activity of Prostanox® on inflamed or 
non-inflamed LNCaP cells, could be explained by the presence 
of curcumin among formulation’s active principles. Indeed, 
curcumin and its active principles (i.e. curcuminoids), are well-
known to induce apoptosis in tumoral cells [43]. Furthermore, 
compared to the Serenoa repens-based commercial formulation, 
Prostanox® is more effective in reducing some BPH-connected 
symptoms, such as PSA release and smooth muscle contraction, 
while retaining a better safety towards the prostate. 

Conclusion
Prostanox® formulation, thanks to its unique blend of active 
principles, might be useful in BPH and LUTs treatment, in 
particular compared to Serenoa repens only-based formulations.
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Figure 6 Myorelaxing activity of Prostanox®, CF and Finasteride 
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