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Abstract. - OBJECTIVE: Fluxonorm® is a di-
etary supplement that includes water-soluble
extracts of Solidago virga-aurea, Phyllantus
niruri, Epilobium angustifolium, Peumus bol-
dus and Ononis spinosa. The aim of the pres-
ent study was to evaluate the tolerability and ef-
ficacy of Fluxonorm?® in improving lower urinary
tract symptoms in patients with benign prostat-
ic hyperplasia (BPH) in combination with stan-
dard of care.

PATIENTS AND METHODS: Lower urinary
tract symptoms can be improved by a marked
anti-inflammatory action on the lower urinary
tract (irritative symptoms) and/or by an anti-pro-
liferative action (obstructive symptoms) on the
prostate. Thirty patients were enrolled to evalu-
ate the effect of Fluxonorm® on improving lower
urinary tract symptoms. All patients complained
of lower urinary tract symptoms (LUTS), such as
hesitancy, poor flow, intermittent flow, incom-
plete voiding (obstructive symptoms), as well
as increased frequency, nocturia and urgen-
cy (storage symptoms). All patients were treat-
ed with one tablet of Fluxonorm® (1200 mg) dai-
ly for 30 days to corroborate the results of our
observation in which the food supplement (800
pg/mL) was also studied on the human pros-
tate cancer PC3 cell line (antiproliferative activi-
ty) and on prostaglandin (PG)E2 production (an-
ti-inflammatory activity). In addition, the effect
of this compound on cyclooxygenase-2 (COX-2)
gene expression was investigated. Finally, a bio-
informatic analysis was conducted with the aim
of unravelling the mechanism of action under-
lying the observed bio-pharmacological effects.

RESULTS: As hypothesized in our preclinical
research, adding Fluxonorm® to the therapy of
enrolled patients improved all studied clinical
parameters, including maximum flow (Qmax),
after one month of treatment. In the preclinical
evaluation, this formulation reduced PC3 cell vi-
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ability and PGE2 production. The effects were al-
so paralleled by reduced COX-2 gene expression
and Fluxonorm®’s partly related content of cate-
chin. While docking studies pointed out to the
putative inhibition of matrix metalloproteinse-2
by gallic acid, as a further mechanism under-
lying the observed anti-proliferative effects, in
PC3 cells exposed to Fluxonorm®.

CONCLUSIONS: Fluxonorm® improved the effi-
cacy of standard therapy, in terms of antioxidant/
anti-inflammatory effects, for the management of
lower urinary tract symptoms (LUTS). This could
be related, albeit partially, to the blunting effect of
this compound on PGE2 production.
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Introduction

Benign prostatic hyperplasia and inflammation
of the lower urinary tract (LUTS) may be common
disorders in men after the age of fifty'~. a-Blockers
are first-choice drugs for treating LUTS, especially
in patients suffering from prostatitis and benign
prostate hyperplasia (BPH)*. However, numerous
herbal extracts, especially in pharmacological
associations, revealed efficacious in reducing
the burden of oxidative stress and inflammation
that characterizes these disorders®?. The efficacy
was also paralleled by a low grade of side effects,
especially when the phytotherapy remedies were
prepared with biocompatible solvents, namely
water and hydroalcoholic solutions'*"*.
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Fluxonorm® is a novel supplement based on
water extracts from Phyllantus niruri, Solidago
virga-aurea, Peumus boldus, Ononis spinosa and
Epilobium angustifolium. All aforementioned
plants have traditional uses in the management
of inflammatory and/or infectious disorders,
in the urinary tract, although the mechanisms
underlying these effects are still matter of
debate®?!. Additionally, there is still lack in
scientific about the clinical efficacy. In a recent
paper®?, the phytochemical composition of the
water extracts of P. niruri, S. virga-aurea, P.
boldus, O. spinosa and E. angustifolium was
explored through HPLC-UV-MS technique.
The results showed the catechin as the common
prominent phenolic compound, in all tested
extract. All single extracts and the formulation
revealed effective in reducing prostaglandin
production in an ex vivo model of prostate
inflammation, although with different potency.
Additionally, in silico components-targets and
docking studies confirmed the catechin as the
main phenolic compound responsible of the
observed anti-inflammatory effects.

In this context, the aim of the present study was
to explore the efficacy of Fluxonorm® in multiple
models of lower urinary tract inflammation, with
particular regards to BPH, in a clinical trial,
and antiproliferative effects on human prostate
cancer (PC3) cell line, in vitro. Basing on our
recent investigation of the phenolic composition
of food supplement, a bioinformatics analysis was
conducted for unravelling the mechanism of action
underlying the observed bio-pharmacological
effects, as well. The obtained results support the
rationale for this formulation use in the clinical
management of LUTS.

Patients and Methods

Plant Material

Water soluble extracts of P. niruri, O. spinosa,
S. virga-aurea, P. boldus, E. angustifolium and
the registered trademark formula Fluxonorm®
(O. spinosalS. virga-aurea/P. niruri/P. boldus/E.
angustifolium 12.5:12.5:18.7:25.0:31.2), were kindly
provided as dried materials by Omega Pharma
S.r.l. (Cantu, Italy). These extracts were rehydrated
in bidistilled water, as previously described?.

Cell Culture and Viability Test
The effects of Fluxonorm® (800 ug/mL) on the
human prostate PC3 cancer cell viability were

determined through the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) test.
The viability was measured in basal conditions
and after exposure to serotonin (5-HT) 100 nM.
The experimental conditions were fully described
in our previous paper?,

PGEZ Radioimmunoassay

As reported in our previous study?, the level
of prostaglandin (PG)E, in cell medium were
determined by radioimmunoassay.

RNA Extraction, Reverse Transcription
and Real-Time Reverse Transcription
Polymerase Chain Reaction
(Real-Time RT PCR)

Total RNA was extracted from the PC3
cells using TRI Reagent (Sigma-Aldrich, Milan,
Italy), according to the manufacturer’s protocol.
Contaminating DNA was re-moved using 2 units
of RNase-free DNase 1 (DNA-free kit, Ambion,
Austin, TX, USA). The RNA concentration was
quantified at 260 nm by spectrophotometer reading
(Bio-Photometer, Eppendorf, Hamburg, Germany),
and its purity was assessed by the ratio at 260 and
280 nm readings. The quality of the extracted RNA
samples was also determined by electrophoresis
through agarose gels and staining with ethidium
bromide, under UV light. One microgram of total
RNA extracted from each sample in a 20 pL re-action
volume was reverse transcribed using High-Capacity
cDNA Reverse Transcription Kit (Thermo Fisher
Scientific, Waltham, MA, USA). Reactions were
incubated in a 2720 Thermal Cycler (Thermo Fisher
Scientific, Waltham, MA, USA) initially at 25°C for
10 min, then, at 37°C for 120 min and finally at 85°C
for 5 s. Gene expression of COX-2 was determined
by quantitative real-time PCR using TagMan probe-
based chemistry. PCR primers and TagMan probes,
including PB-actin used as the housekeeping gene,
were purchased from Thermo Fisher Scientific
[Assays-on-Demand Gene Expression Products,
Mm00478374 ml for cyclooxygenase-2 (COX-
2) gene; Hs99999903 ml for B-actin gene]. The
real-time PCR was carried out in triplicate for
each cDNA sample. Data were elaborated with the
Sequence Detection System (SDS) software version
2.3 (Thermo Fisher Scientific, Waltham, MA, USA).
Gene expression was relatively quantified by the
comparative 244 method.

In Silico Molecular Docking

Docking calculations were conducted through
the Autodock Vina of PyRx 0.8 software. The

3075



G. Orlando, A. Chiavaroli, C. Ferrante, L. Recinella, S. Leone, L. Brunetti, S.C. Di Simone, et al

crystal structures of the target proteins were
derived from Protein Data Bank (PDB). The PDB
code was: 1CK7 for matrix metalloproteinase-2
(MMP-2). Details about docking calculations are
described in our recent paper?.

Clinical Study

A total of 30 patients were enrolled for this
study. The study was conducted in the Clinical
Center “Vita Salus” (Isernia, Italy), in the period
1-31 August 2019. The informed consent of all 30
patients was collected by Dr. F. Neri, before the
beginning of the study. An Internal Review Board
approved the study protocol that was designed
and conducted according to all good clinical
practice criteria. All the patients complained of
lower urinary tracts symptoms (LUTS), such
as hesitancy, poor stream, intermittent flow,
incomplete emptying (obstructive symptoms), as
well as increased frequency, nocturia and urgency
(storage symptoms). Inclusion criteria included:
patients with LUTS requiring a-blocker, patients
with LUTS not eligible to therapy with a-blocker
or not willing to start a-blocker treatment due to
possible adverse events, patients not responsive to
a-blockers (as for example patients who required
urethral catheterization even when treated with
a-blocker). All patients underwent physical
examination, with rectal examination in order to
exclude prostate cancer. All patients answered
the International Prostatic Symptoms Score
(IPSS), a validated questionnaire. The eighth
question was used to assess quality of life (QoL).
Moreover, patients underwent uroflowmetry
and the maximum flow (Qmax) was noted.
All the patients were treated with one tablet
of Fluxonorm® (1200 mg) daily for 30 days. At
the end of the treatment, all tests were repeated.
Moreover, 20 patients underwent urine analyses
including pH and specific urine weight before and
after the treatment.

Statistical Analysis

The in vitro experimental data were analyzed
through the analysis of variance (ANOVA)
followed by Newman-Keuls post-hoc test. The
GraphPad Prism software was employed for
the statistical analysis (La Jolla, CA, USA).
Regarding the clinical study, differences before
and after treatment with Fluxonorm® in terms of
Qmax, IPSS score and QoL were evaluated with
the Wilcoxon test for paired values. All tests were
two tailed. p<0.05 was considered statistically
significant.
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Results

Fluxonorm® treatment (800 pg/mL) induced a
significant reduction of PC3 cell viability, in both
basal and proliferative conditions induced by the
challenging with serotonin (5-HT) 100 ng/mL
(Figure 1).

In PC3 cells, the food supplement (800 pg/mL)
was also able to inhibit the release of PGE, (Figure
2) and the gene expression of COX-2 (Figure 3).
In Figure 4, the putative interactions between gallic
acid, one of the most prominent phytocompound
in the whole food supplement, and matrix
metalloproteinase-2 (MMP-2) are described. The
virtual screening experiment demonstrated the
micromolar (24.4 pM) affinity of gallic acid with
the docked enzyme.

While Table I and Table II report the main
characteristics of included patients and the
evaluated parameters following Fluxonorm®
(1200 mg/die) administration, respectively.
Specifically, Table II shows the improvement
of IPSS, Qmax, and QoL parameters. More
specifically, the median Qmax improved
from 12.0 to 14.0 ml/s (Figure 5A). Moreover,
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Figure 1. Antiproliferative effects induced by Fluxonorm®
800 png/mL in human prostate cancer PC3 cell line in basal and
serotonin (5-HT: 100 ng/mL)-induced proliferative conditions.
ANOVA, p<0.0001, ***p<0.001 vs. CTR, ###p<0.001 vs.
5-HT 100 ng/mL.
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Table I. Main baseline characteristics of included patients
(n =30 patients).

Median (IQR), N (%)

Age (years)
Prostate volume (mL)
Medical therapies at baseline

67.0 (55.0-72.5)
40.0 (29.0-62.5)

a-blocker 9 (75.0%)
Combination 2 (16.7%)
5-a-reductase 1 (8.3%)

Medical therapies associated with Fluxonorm®

a-blocker 10 (66.7%)
Combination 5(33.3 %)
Bladder catheter history 2 (8.0%)

the median IPSS reduced from 19.5 to 9.5 points
(Figure 5B). Finally, the median QoL score
improved from 5.0 to 2.0 points (Figure 5C).
One patient reported hypotension for the use of
the a-blocker whereas one of the patients that
was receiving Sa-reductase inhibitor suspended
it because not-tolerant to the drug and willing to
suspend it. For the assessment of adverse events,
we relied on “Common Terminology Criteria for
Adverse Events methods”. Any abnormal clinical
finding temporally associated with the use of
Fluxonorm® was considered as an adverse event.
No statistically significant variation in the urinary
pH and urinary specific weight was recorded (data
not shown).

Discussion

In the present research, Fluxonorm® 800 pg/
mL was tested in PC3 cells in both basal and
after challenging the cells with 5-HT 100 ng/mL.
Besides, being a well-known neurotransmitter
in the brain, 5-HT acts as pro-inflammatory

PGE; pg/mL

Figure 2. Inhibitory effects on PGE2 synthesis induced by
Fluxonorm® 800 pg/mL in human prostate cancer PC3 cell
line challenged with serotonin (5-HT: 100 ng/mL). ANOVA,
p<0.01, *p<0.05 vs. 5-HT 100 ng/mL.

agent in the periphery®. Additionally, several
investigations suggest the capability of 5-HT to
increase the viability of tumoral cells”. Recently,
we demonstrated**** the mitogen effect of 5-HT
in colon cancer HCT116 cells, whereas herbal
extracts proved efficacious in preventing the
cancer proliferation induced by the 5-HT. The
antiproliferative effects induced by Fluxonorm®
suggest protective effects against prostate cancer
onset. Considering our previous findings of
reduced PGE, production in isolated prostate
specimens challenged with the pro-inflammatory
lipopolysaccharide stimulus, we suggest that

Table Il. Main results after treatment. Wilcoxon ranked test for paired data; Quality of life is referred to question n° 8 of the

International prostatic symptoms score.

Before Fluxonorm®

After Fluxonorm®

Median (IQR) Median (IQR) p-value
Qmax (mL/s) 12.0 (6.5, 14) 14 (22.7, 16.1) <0.001
International
Prostatic Symptoms Score (IPSS) 19.5 (16.1, 25) 9.5(4.8,12.3) <0.001
Quality of life (QoL) 5.0 (4.0,5.8) 2.0 (1.0, 3.0) <0.001
Combination 5(33.3%)
Bladder catheter history 2 (8.0%)
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Figure 3. Inhibitory effects on COX-2 gene expression
induced by Fluxonorm® 800 pg/mL in human prostate cancer
PC3 cell line challenged serotonin (5-HT: 100 ng/mL).
*p<0.05 vs. 5-HT 100 ng/mL.

the reduction of PGE, production could be one
of the main factors influencing the observed
antiproliferative effects, in PC3 cells. PGE, is the
main COX-2-deriving prostanoind*, whose levels
were increased in prostate and kidney, in both
inflammatory conditions and cancer’*. This
is consistent with the antiapoptotic properties
of this prostanoid. In this regard, in the present
study we also measured the Fluxonorm® effects
on both PGE, production and COX-2 gene
expression in PC3 cells exposed to 5-HT. The
5-HT stimulus increased both PGE, level and
COX-2 gene expression, in PC3 cells, compared
to the untreated control group. This is consistent,
albeit partially, with the aforementioned increase
of cell proliferation. By contrast, the Fluxonorm®
treatment blunted both 5-HT-induced PGE,
production and COX-2 gene expression, thus
partly corroborating the PGE, as a putative
antiapoptotic factor underlying the PC3 cell
proliferation®. Currently, literature data®-*
suggest that the content in catechin could be
responsible of the reduced PGE, production,
in the prostate. Additionally, catechins were
found effective in reducing PC3 cell viability,
possibly through the stimulation of apoptotic
pathways®-¢. Our experimental results suggest
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the PGE, as a reliable biomarker to predict
anti-inflammatory and pro-apoptotic effects
exerted by Fluxonorm® administration, in vitro.
However, considering the phenolic composition
of the herbal extracts included in the Fluxonorm®
formula, we cannot exclude further mechanisms
involved in the observed anti-inflammatory and
anti-proliferative effects. In our recent study?*?, the
targets-components analysis conducted via the
bioinformatics platform STITCH (http:/stitch.
embl.de/) highlighted, besides the capability
of catechin to interact with COX-2, also
putative interactions of gallic acid, with matrix
metalloproteinase-2 (MMP-2). Recent studies®”**
also pointed out the inhibition of MMP-2 as one
of the mechanisms underlying the reduced PC3
cell viability induced by natural compounds. The
present docking results showed that gallic acid
could form hydrogen bonding interactions with
the catalytic site of the MMP-2, with a putative
affinity in the micromolar scale. This further
suggests the cooperation of multiple mechanisms
underlying the observed bio-pharmacological
effects. Nevertheless, the evaluation of PGE, level
in PC3 cells remains a cornerstone, in the present
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Figure 4. Putative interactions between gallic acid and matrix
metalloproteinase-2 (MMP-2; PDB: 1CK7). Free energy of
binding (AG) and affinity (Ki) are —6.3 kcal/mol and 24.4 uM,
respectively.
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Figure 5. (A-C). All patients underwent physical examination, with rectal examination in order to exclude prostate cancer.
All patients answered to the International Prostatic Symptoms Score (IPSS), a validated questionnaire. The eighth question
was used to assess quality of life (QoL). Moreover, patients underwent uroflowmetry and the maximum flow (Qmax) was noted.
All patients were treated with one tablet of Fluxonorm® daily for 30 days. At the end of the treatment, all tests were repeated.
Descriptive statistics relied on median and interquartile range (IQR) for continuously coded covariates and on absolute and
relative frequencies for categorical covariates. Differences before and after treatment with Fluxonorm® in terms of Qmax (A),
IPSS score (B), and QoL (C) were evaluated with the Wilcoxon test for paired values. All tests were two tailed. p<0.05 was
considered statistically significant.

3079



G. Orlando, A. Chiavaroli, C. Ferrante, L. Recinella, S. Leone, L. Brunetti, S.C. Di Simone, et al

study, also considering the clinical relevance
of this biomarker, whose urinary levels were
increased in patients suffering from LUTS™®.

Considering the efficacy as antiproliferative
and anti-inflammatory agent, in PC3 cells,
Fluxonorm® was clinically tested on a cohort of
30 patients suffering from LUTS. The median
age was 62.0 (IQR 52.5-70.5) years. The median
prostate volume was 40.0 (IQR 29.0-60.0) mL. Of
all, two patients (8.0%) had an history of urethral
catherization. Moreover, 12 patients (40%) were
already treated with a-blocker, S5a-reductase
inhibitor or both. In the selected cohort, 4 patients
(10.0%) not receiving any treatment were treated
with Fluxonorm® in association to the standard
of care. Two patients started a triple treatment
with combinations of S5o-reductase inhibitor,
a-blocker, and Fluxonorm® and other two patients
received the sole food supplement in association
to the a-blocker. After one month of treatment,
all studied parameters improved, and overall
Fluxonorm® had a good safety profile. Indeed, in
patients treated with the sole food supplement no
adverse event was reported. Moreover, the study
suggests that this formulation could be an effective
adjuvant treatment for LUTS. In particular, the
association of the extracts was effective on the
dynamic component of the obstruction improving
the a-blocker effect of the standard therapy
when used in association or exercising a putative
a-blocker action by itself. As a concluding remark
to highlight the protective effects displayed by the
food supplement assayed in the present research,
it is of noteworthy interest to mention the clinical
study carried out by Micali et al*’, that evidenced a
significant reduction in prostate-specific antigen,
following green tea catechin administration.
Another analogy with the present study was the
good tolerability, as well, that further supports
the use of catechin-rich food supplements, such
as Fluxonorm®, in order to improve the efficacy
of the standard pharmacological therapy, in terms
of antioxidant/anti-inflammatory response, in the
LUTS.

Conclusions

Shortly, Fluxonorm® improved the efficacy of
standard therapy, in terms of antioxidant/anti-
inflammatory effects, for the management of
lower urinary tract symptoms (LUTS). This could
be related, albeit partially, to the blunting effect of
this supplement on PGE, production.

Authors’ Contributions

Conceptualization, M.P., G.O. and F.N.; methodology, C.F.,
L.M., F.C.; software, L.M.; validation, C.F., L.M., F.C,,
G.Z.; formal analysis, C.F., G.P.; investigation, A.C., S.L.,
M.Po., F.C., F.N.; resources, G.O.; data curation, C.F., G.O.;
writing—original draft preparation, C.F., G.O.; writing—re-
view and editing, L.M., C.F., G.O — this paper was also read
by an English language mother-tongue individual; visual-
ization, L.B., G.Z.; supervision, L.B.; project administra-
tion, M.P., L.M., G.O., C.F., F.N,; funding acquisition, M.P.

Funding

This work was supported by a grant from Omega Phar-
ma S.r.l. (Cantu, Italy) within the project entitled “Preclini-
cal and clinical investigations on the food supplement Flux-
onorm®” (Coordinators: Luigi Menghini, Giustino Orlan-
do, Claudio Ferrante, Massimiliano Petrucci, Fulvio Ce-
saroni).

Conflict of Interest

Dr. Massimiliano Petrucci, belonging to the company
“Omega Pharma S.r.1.”, is also co-author of the manuscript.
We state that Dr. Petrucci designed the Fluxonorm® formu-
la, although he did not exert any active role in the experi-
mental procedures, that were conducted by the sole exper-
imenters, independently. Before submission, all co-authors
approved the manuscript.

Acknowledgements

The authors would like to express their gratitude to Dr. Re-
nato C. Barbacane, for his careful and professional English
language editing.

References

1) Steenkamp V, Gouws MC, Gulumian M, Elgorashi
EE, van Staden J. Studies on antibacterial, an-
ti-inflammatory and antioxidant activity of herbal
remedies used in the treatment of benign prosta-
tic hyperplasia and prostatitis. J Ethnopharmacol
2006; 103: 71-75.

2) Marzano R, Dinelli N, Ales V, Bertozzi MA. Effecti-
veness on urinary symptoms and erectile function
of Prostamev Plus® vs only extract Serenoa re-
pens. Arch Ital Urol Androl 2015; 87: 25-27.

3) Bjorling DE, Wang ZY, Bushman W. Models of in-
flammation of the lower urinary tract. Neurourol
Urodyn 2011; 30: 673-682.

4) Nickel JC. Alpha-blockers for the treatment of pro-
statitis-like syndromes. Rev Urol 2006; 8: S26-34.

5) Stamatiou K, Pierris N. Serenoa repens extract
additionally to quinolones in the treatment of chro-
nic bacterial prostatitis. The preliminary results of
a long term observational study. Arch Ital Urol An-
drol 2013; 85: 190-196.



Protective effects induced by the food supplement Fluxonorm® in the lower urinary tract

6)

7)

8)

10)

11)

12)

13)

14)

15)

16)

Cai T, Morgia G, Carrieri G, Terrone C, Imbimbo C,
Verze P, Mirone V; IDIProst® Gold Study Group.
An improvement in sexual function is related to bet-
ter quality of life, regardless of urinary function im-
provement: results from the IDIProst® Gold Study.
Arch ltal Urol Androl 2013; 85: 184-189.

Wang M, Ma HL, Liu B, Wang HB, Xie H, Li RD,
Wang JF. Pinus massoniana bark extract protects
against oxidative damage in L-02 hepatic cells
and mice. Am J Chin Med 2010; 38: 909-919.

Iglesias-Gato D, Carsten T, Vesterlund M, Pousette
A, Schoop R, Norstedt G. Androgen-independent
effects of Serenoa repens extract (Prostasan®) on
prostatic epithelial cell proliferation and inflamma-
tion. Phytother Res 2012; 26: 259-264.

Chiavaroli A, Recinella L, Ferrante C, Locatelli
M, Carradori S, Macchione N, Zengin G, Lepori-
ni L, Leone S, Martinotti S, Brunetti L, Vacca M,
Menghini L, Orlando G. Crocus sativus, Serenoa
repens and Pinus massoniana extracts modula-
te inflammatory response in isolated rat prostate
challenged with LPS. J Biol Regul Homeost Agen-
ts 2017; 31: 531-541.

Menghini L, Ferrante C, Leporini L, Recinella L,
Chiavaroli A, Leone S, Pintore G, Vacca M, Or-
lando G, Brunetti L. A natural formula containing
lactoferrin, Equisetum arvensis, soy isoflavones
and vitamin D3 modulates bone remodeling and
inflammatory markers in young and aged rats. J
Biol Regul Homeost Agents 2016; 30: 985-996.

Tabatabaei-Malazy O, Larijani B, Abdollahi M.
Targeting metabolic disorders by natural pro-
ducts. J Diabetes Metab Disord 2015; 14: 57.

Jones WP, Chin YW, Kinghorn AD. The role of
pharmacognosy in modern medicine and phar-
macy. Curr Drug Targets 2006; 7: 247-264.

Chichiriccd G, Ferrante C, Menghini L, Recinella
L, Leone S, Chiavaroli A, Brunetti L, Di Simone S,
Ronci M, Piccone P, Lanza B, Cesa S, Poma A,
Vecchiotti G, Orlando G. Crocus sativus by-pro-
ducts as sources of bioactive extracts: pharmaco-
logical and toxicological focus on anthers. Food
Chem Toxicol 2019; 126: 7-14.

Ferrante C, Recinella L, Ronci M, Menghini L, Bru-
netti L, Chiavaroli A, Leone S, Di lorio L, Carradori
S, Tirillini B, Angelini P, Covino S, Venanzoni R,
Orlando G. Multiple pharmacognostic characteri-
zation on hemp commercial cultivars: Focus on
inflorescence water extract activity. Food Chem
Toxicol 2019; 125: 452-461.

Tang YQ, Jaganath I, Manikam R, Sekaran SD.
Phyllanthus suppresses prostate cancer cell, PC-
3, proliferation and induces apoptosis through
multiple signalling pathways (MAPKs, PI3K/Akt,
NFkB, and Hypoxia). Evid Based Complement Al-
ternat Med 2013; 2013: 609581.

Gerhardt D, Bertola G, Dietrich F, Figueird F, Za-
notto-Filho A, Moreira Fonseca JC, Morrone FB,
Barrios CH, Battastini AM, Salbego CG. Boldine
induces cell cycle arrest and apoptosis in T24
human bladder cancer cell line via regulation of

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

ERK, AKT, and GSK-3B. Urol Oncol 2014; 32:
36.e1-9.

Gampe N, Darcsi A, Kursinszki L, Béni S. Sepa-
ration and characterization of homopipecolic acid
isoflavonoid ester derivatives isolated from Ono-
nis spinosa L. root. J Chromatogr B Analyt Tech-
nol Biomed Life Sci 2018; 1091: 21-28.

Choi SZ, Choi SU, Lee KR. Phytochemical consti-
tuents of the aerial parts from Solidago virga-aurea
var. gigantea. Arch Pharm Res 2004; 27: 164-168.

Choi SZ, Choi SU, Bae SY, Pyo Sn, Lee KR. Im-
munobiological [correction of Immunobioloical]
activity of a new benzyl benzoate from the aerial
parts of Solidago virga-aurea var. gigantea. Arch
Pharm Res 2005; 28: 49-54.

Deng L, Zong W, Tao X, Liu S, Feng Z, Lin Y, Liao
Z, Chen M. Evaluation of the therapeutic effect
against benign prostatic hyperplasia and the acti-
ve constituents from Epilobium angustifolium L. J
Ethnopharmacol 2019; 232: 1-10.

Schepetkin IA, Ramstead AG, Kirpotina LN, Voyi-
ch JM, Jutila MA, Quinn MT. Therapeutic potential
of polyphenols from Epilobium angustifolium (Fi-
reweed). Phytother Res 2016; 30: 1287-1297.

Ferrante C, Chiavaroli A, Angelini P, Venanzoni R,
Angeles Flores G, Brunetti L, Petrucci M, Politi M,
Menghini L, Leone S, Recinella L, Zengin G, Ak
G, Di Mascio M, Bacchin F, Orlando G. Pheno-
lic content and antimicrobial and anti-inflamma-
tory effects of Solidago virga-aurea, Phyllanthus
niruri, Epilobium angustifolium, Peumus boldus,
and Ononis spinosa extracts. Antibiotics (Basel)
2020; 9: 783.

Orlando G, Leone S, Ferrante C, Chiavaroli A,
Mollica A, Stefanucci A, Macedonio G, Dimmito
MP, Leporini L, Menghini L, Brunetti L, Recinella
L. Effects of Kisspeptin-10 on hypothalamic neu-
ropeptides and neurotransmitters involved in ap-
petite control. Molecules 2018; 23: 3071.

Ozdemir Z, Utku S, Mathew B, Carradori S, Or-
lando G, Di Simone S, Alagdéz MA, Ozgelik AB,
Uysal M, Ferrante C. Synthesis and biological
evaluation of new 3(2H)-pyridazinone derivatives
as non-toxic anti-proliferative compounds against
human colon carcinoma HCT116 cells. J Enzyme
Inhib Med Chem 2020; 35: 1100-1109.

Sinan KiI, Chiavaroli A, Orlando G, Bene K, Zen-
gin G, Cziaky Z, Jeké J, Mahomoodally MF, Pi-
cot-Allain MCN, Menghini L, Recinella L, Brunetti
L, Leone S, Ciferri MC, Simone SD, Ferrante C.
Biopotential of Bersama abyssinica Fresen Stem
Bark Extracts: UHPLC profiles, antioxidant, enzy-
me inhibitory, and antiproliferative propensities.
Antioxidants (Basel) 2020; 9: 163.

Orlando G, Recinella L, Chiavaroli A, Brunetti L,
Leone S, Carradori S, Di Simone S, Ciferri MC,
Zengin G, Ak G, Abdullah HH, Cordisco E, Sor-
tino M, Svetaz L, Politi M, Angelini P, Covino S,
Venanzoni R, Cesa S, Menghini L, Ferrante C.
Water extract from inflorescences of Industrial
Hemp Futura 75 variety as a source of anti-inflam-
matory, anti-proliferative and antimycotic agents:



G. Orlando, A. Chiavaroli, C. Ferrante, L. Recinella, S. Leone, L. Brunetti, S.C. Di Simone, et al

27)

28)

29)

30)

31)

32)

33)

results from in silico, in vitro and ex vivo studies.
Antioxidants (Basel) 2020; 9: 437.

Vasileva LV, Savova MS, Amirova KM, Balche-
va-Sivenova Z, Ferrante C, Orlando, G, Wabitsch
M, Georgiev MI. Caffeic and chlorogenic acids sy-
nergistically activate browning program in human
adipocytes: implications of AMPK- and PPAR-me-
diated pathways. Int J Mol Sci 2020; 2: 9740.

Regmi SC, Park SY, Ku SK, Kim JA. Serotonin re-
gulates innate immune responses of colon epithe-
lial cells through Nox2-derived reactive oxygen
species. Free Radic Biol Med 2014; 69: 377-389.

Ballou Y, Rivas A, Belmont A, Patel L, Amaya
CN, Lipson S, Khayou T, Dickerson EB, Nahleh
Z, Bryan BA. 5-HT serotonin receptors modulate
mitogenic signaling and impact tumor cell viabili-
ty. Mol Clin Oncol 2018; 9: 243-254.

Koeberle A, Werz O. Inhibitors of the microsomal
prostaglandin E(2) synthase-1 as alternative to
non steroidal anti-inflammatory drugs (NSAID-
s)--a critical review. Curr Med Chem 2009; 16:
4274-4296.

Brunetti L, Leone S, Chiavaroli A, Orlando G, Re-
cinella L, Ferrante C, Di Nisio C, Verratti V, Vacca
M. Cafeteria diet increases prostaglandin E2 le-
vels in rat prostate, kidney and testis. Int J Immu-
nopathol Pharmacol 2010; 23: 1073-1078.

Verratti V, Brunetti L, Ferrante C, Orlando G, Re-
cinella L, Chiavaroli A, Leone S, Wang R, Berar-
dinelli F. Physiological and pathological levels of
prostaglandin E2 in renal parenchyma and neo-
plastic renal tissue. Prostaglandins Other Lipid
Mediat 2019; 141: 11-13.

Altavilla D, Minutoli L, Polito F, Irrera N, Arena S,
Magno C, Rinaldi M, Burnett BP, Squadrito F, Bitto
A. Effects of flavocoxid, a dual inhibitor of COX
and 5-lipoxygenase enzymes, on benign prostatic
hyperplasia. Br J Pharmacol 2012; 167: 95-108.

34)

35)

36)

37)

38)

39)

40)

Cheng AW, Tan X, Sun JY, Gu CM, Liu C, Guo X.
Catechin attenuates TNF-a induced inflammatory
response via AMPK-SIRT1 pathway in 3T3-L1
adipocytes. PLoS One 2019; 14: e0217090.

Afsar T, Trembley JH, Salomon CE, Razak S,
Khan MR, Ahmed K. Growth inhibition and apop-
tosis in cancer cells induced by polyphenolic
compounds of Acacia hydaspica: involvement of
multiple signal transduction pathways. Sci Rep
2016; 6: 23077.

Tsai YJ, Chen BH. Preparation of catechin extracts
and nanoemulsions from green tea leaf waste and
their inhibition effect on prostate cancer cell PC-3.
Int J Nanomedicine 2016; 11: 1907-1926.

Cai F, Guo S, Huang S, Li J, Liu W. Rubimaillin
suppresses proliferation, migration and invasion
of prostate cancer cells via the Notch-1/MMP si-
gnaling pathway. Cell Mol Biol (Noisy-le-grand)
2020; 66: 130-134.

Yang B, Zhang D, Qian J, Cheng Y. Chelerythrine
suppresses proliferation and metastasis of human
prostate cancer cells via modulating MMP/TIMP/NF-
kB system. Mol Cell Biochem 2020; 474: 199-208.

Peyronnet B, Bendavid C, Manunta A, Dam-
phousse M, Cheensse C, Brochard C, Castel-La-
canal E, Siproudhis L, Bensalah K, Gamé X. Pla-
ce des biomarqueurs urinaires dans le diagnostic
et le suivi des troubles du bas appareil urinaire:
une revue de la littérature [The role of urinary
markers in the assessment and follow-up of lower
urinary tract disorders: a literature review]. Prog
Urol 2015; 25: 188-199.

Micali S, Territo A, Pirola GM, Ferrari N, Sighinol-
fi MC, Martorana E, Navarra M, Bianchi G. Effect
of green tea catechins in patients with high-grade
prostatic intraepithelial neoplasia: results of a short-
term double-blind placebo controlled phase Il clini-
cal trial. Arch Ital Urol Androl 2017; 89: 197-202.



